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Abstract

Background: Chronic obstructive pulmonary disease (COPD) affects approximately 16 million Americans and often results
in avoidable readmissions due, in part, to medication errors and lack of education. Telehealth interventions can support medication
reconciliation and inhaler education following hospital discharge for patients with COPD.

Objective: This study aimed to design and prototype TELE-TOC (Telehealth Education: Leveraging Electronic Transitions of
Care), a post-discharge, in-home, televisit intervention, and to map its workflow to ensure integration into the routine discharge
care transition process for patients with COPD.

Methods: A user-centered design approach across 3 phases was followed to develop and prototype TELE-TOC. Participants
included adult patients hospitalized for COPD exacerbations, their caregivers, clinicians involved in COPD care, and organizational
leaders. Data collection methods included semi-structured interviews, system usability scale surveys, and cognitive walkthroughs
of the TELE-TOC prototype to assess participants’ perceptions on usability and feasibility of TELE-TOC implementation as part
of routine COPD discharge care transitions. Qualitative data were analyzed using inductive thematic analysis and an
inductive-deductive approach guided by the Agency for Healthcare Research and Quality–endorsed Care Transitions Framework.
Quantitative data were summarized using basic descriptive statistics.

Results: Participants included 18 patients, 18 clinicians, 8 organizational leaders, and 2 caregivers. Phase 1 identified 3
interdependent stages of COPD hospital-to-home discharge: inpatient pre-discharge, at-home post-discharge, and outpatient clinic
visit post-discharge. Key facilitators of discharge care transitions included the hospital’s “meds-to-beds” program and high patient
health literacy, while barriers to discharge included poor timing of education and conflicting patient priorities. Phase 2 delineated
the core televisit components (eg, dedicated clinician, medication reconciliation, inhaler use, and self-management education)
and flexible components (eg, reminder system and session frequency). Potential implementation enablers included multiple
techniques for clinicians to access and support patient education and backup communication strategies in the event of technical
issues. Potential implementation barriers included insufficient patient technology access and limited technology and health literacy,
as well as limited clinician bandwidth for thorough COPD education and medication reconciliation. Phase 3 TELE-TOC prototype
walkthroughs demonstrated a positive patient experience (average system usability scale score of 97.5/100), attributed to the
benefits of videoconferencing technology for hands-on teaching and the use of the virtual teach-back method. Identified barriers
included varying levels of patient technology literacy, insufficient inhaler education, limited patient understanding of medication
lists, and clinician uncertainty around TELE-TOC documentation. Suggestions for mitigating these barriers included patient
training for TELE-TOC sessions, amendments to pharmacists’ “visit note,” and enhanced patient preparation for medication
reconciliation.

Conclusions: Using a co-design approach, we integrated multiple perspectives to develop and optimize TELE-TOC, a
patient-centered televisit intervention aimed at supporting discharge care transitions to improve continuity of care and outcomes
for patients with COPD. Future research will evaluate the impact of TELE-TOC on readmissions from acute exacerbations.

(JMIR Hum Factors 2025;12:e77953)   doi:10.2196/77953
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Introduction

Chronic obstructive pulmonary disease (COPD) affects over
16 million Americans [1]. A leading cause of hospital
readmissions [2] and mortality [3], COPD is projected to cost
American health care systems over US $60 billion by 2029 [4].
To reduce costs related to preventable readmissions after an
index admission for COPD [5], the Centers for Medicare and
Medicaid Services included COPD as part of the Hospital
Readmissions Reduction Program (HRRP) financial penalty to
reduce hospital readmissions and their associated costs [6,7].

Several factors contribute to readmissions, including inadequate
patient self-management of COPD and suboptimal care
following a hospital discharge. These factors are often attributed
to poor implementation of COPD care guidelines among
clinicians during discharge [8], fragmented and inadequate
discharge education on strategies to improve skills for COPD
self-management at home [9,10], lack of follow-up with patients
[11], and insufficient understanding about proper use of
medications, including inhaler techniques [12-14]. To address
these gaps in medication and symptom self-management, care
transition interventions have been explored by many, including
our team [15,16]. For instance, pharmacist-led medication
reconciliation programs at discharge have been shown to reduce
medication discrepancies and 30-day readmission rates for older
patients with COPD [17]. Similarly, inhaler technique education
using a “Teach-To-Goal” (TTG) approach, consisting of rounds
of assessment and education prior to discharge, was shown to
reduce all-cause readmissions after initial admissions for COPD
compared to simply providing verbal instruction [13,16].

While promising, both medication reconciliation and TTG at
discharge can be resource-intensive and challenging to
implement at large scale within existing hospital workflows
[16,17]. Moreover, although in-hospital pre-discharge
interventions may improve patient self-management and
potentially reduce readmissions, medication errors still occur
in more than half of patients after hospital discharge [18].
Inpatient-only care is likely insufficient for many patients, and
researchers recommend that interventions (eg, medication
reconciliation and education) extend post-discharge for
sustaining medication and COPD self-management skills [19].

To address sustainability and effectiveness concerns, our team
helped to develop a pharmacist-led, at-home telehealth program,

which has improved inhaler technique and quality of life among
patients with COPD, while reducing symptoms [20,21]. Other
research has also shown that post-discharge televisit medication
reconciliation reduces medication errors across populations
[22,23]. The virtual approach for medication review and
reconciliation and teaching inhaler technique could enhance
COPD education, medication management, and care quality
without increasing costs. Informed by published evidence
[20,21,24], we developed an end user–informed, comprehensive,
post-discharge televisit service termed TELE-TOC (Telehealth
Education: Leveraging Electronic Transitions of Care) to
facilitate inhaler education and reinforcement of COPD
self-management skills and provide opportunities for medication
reconciliation and counseling by clinical pharmacists. Here we
report on the development and prototyping of the TELE-TOC
intervention and identify the components and implementation
process necessary to fit TELE-TOC into our current COPD
HRRP and DTOC (Discharge Transitions of Care) workflow.

Methods

Study Setting
The study was conducted at the University of Chicago Medicine
(UCM). We are developing the TELE-TOC intervention for
integration into our existing COPD HRRP [25].

Study Approach
We followed a user-centered design (UCD) approach to ensure
TELE-TOC met the needs, preferences, and behaviors of end
users (eg, patients, clinicians, and organizational leaders [OLs])
while considering usability and accessibility (eg, older age,
limited health, and technology literacy) [26,27]. Multiple end
users were actively engaged in the development of TELE-TOC
across 3 iterative phases (Figure 1). Phase 1 mapped the current
hospital-home-outpatient care transition workflow for patients
with COPD, with emphasis on perceived workflow facilitators
and barriers from multiple perspectives (ie, patient, caregiver,
clinician, and OLs). Data-informed strategies were then
developed to address care transition barriers and inform the
TELE-TOC role within the current workflow. Phase 2 identified
design ideas and implementation considerations using a
low-fidelity TELE-TOC prototype with emphasis on potential
facilitators and barriers to adoption and implementation. Phase
3 focused on evaluating the usability and feasibility of a
high-fidelity TELE-TOC prototype.
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Figure 1. User-centered design phases for Telehealth Education: Leveraging Electronic Transitions Of Care development. APN: advanced practice
nurse; COPD: chronic obstructive pulmonary disease; RN: registered nurse; TELE-TOC: Telehealth Education: Leveraging Electronic Transitions of
Care.

Participants
Phases 1 and 2: (1) adult patients admitted for COPD
exacerbations enrolled in our COPD HRRP, (2) clinicians
(pharmacists, advanced practice nurses [APNs], hospitalists,
primary care physicians, pulmonologists, and respiratory
therapists), and (3) OLs (patient safety and quality improvement
hospital leaders). Phase 1 also included patient caregivers. Phase
3: TELE-TOC end users (adult patients and inpatient clinical
pharmacists). While we planned to include caregivers in all
phases, they were ultimately only included in Phase 1 due to
challenges with further caregiver participation (eg, patient
discomfort with caregiver involvement, lack of caregiver
availability, passive caregiver, and lack of caregiver altogether).

Data Collection
We used semi-structured interviews to gather participant
perspectives on current discharge care transitions. Interview
guides were iteratively developed and refined with input from
pilot interviews with 2 patients and caregivers from the COPD
Foundation, a clinician involved in caring for patients with
COPD, and an OL.

Phase 1 mapped current DTOC workflows, ascertained
facilitators and barriers, and delineated potential for televisit
interventions. Phase 2 assessed attitudes toward the proposed
televisit intervention, a low-fidelity prototype of PowerPoint
slides with process maps and instructions for inhaler education

and identified potential facilitators and barriers to
implementation. We asked participants to rate their experiences
with medication reconciliation and COPD medication education
using a Likert scale from 1 to 5, where 1 indicated “not
prepared” or “not good” and 5 indicated “prepared” or “very
good.” We requested patient feedback on preferred televisit
format (phone, text, or video), comfort levels with video
technology, experiences with technical difficulties, and
confidence in internet usability. Phase 3 comprised televisit
walkthrough usability sessions with 4 patients post-discharge
from UCM and 2 clinical pharmacists using the TELE-TOC
prototype, as previous research demonstrated that only 3‐5
sessions were required to identify most usability issues [28].
High-fidelity TELE-TOC prototypes consisted of interactive
web-based sessions integrated into MyChart (Epic Systems).
Additionally, pharmacists piloted a TELE-TOC–specific
templated “visit note” in the electronic health record (EHR) to
document medication reconciliation and inhaler education
(Figure 2). Participants verbalized their actions during the
TELE-TOC process. After medication review and inhaler
education, patients rated TELE-TOC usability on the system
usability scale (SUS) [29] and completed debriefing interviews
to assess user satisfaction and suggestions for improvement.
Walkthroughs were conducted and recorded via a HIPAA
(Health Insurance Portability and Accountability Act)–compliant
Zoom platform (Zoom Video Communications Inc) (refer to
guides in Multimedia Appendix 1).
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Figure 2. Screenshot of electronic health record–embedded “visit note.” COPD: chronic obstructive pulmonary disease.
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Data Coding and Analysis
We followed an inductive (data-driven) thematic analysis
approach for Phase 1 [30]. Two researchers (JA and EZ)
independently read the data transcripts multiple times and openly
coded the data with keywords representing the data, then
identified relationships among codes, highlighting areas of
similarity and overlap to form subthemes; repeated patterns
among established subthemes identified overarching themes.
Additionally, interview responses informed the development
of a process map for care transitions of patients with COPD.

In Phase 2, we used an inductive-deductive thematic analysis
approach to integrate insights on current discharge care

transition processes with elements of an evidence-based
AHRQ-endorsed care transition framework and implementation
science guidelines, informing the design and implementation
of our intervention [31]. This framework offers relevant
guidelines for addressing challenges in discharge care transition
processes and identifies contextual determinants that can inform
intervention design and implementation (Figure 3). We used 5
of the 8 AHRQ-endorsed Care Transition Framework domains:
intervention characteristics, organizational characteristics,
characteristics and roles of clinicians, characteristics and roles
of patients, and the process of implementation (Table 1).

Figure 3. Domains of the Agency for Healthcare Research and Quality–endorsed care transitions framework. APN: advanced practice nurse; COPD:
chronic obstructive pulmonary disease; RN: registered nurse; TELE-TOC: Telehealth Education: Leveraging Electronic Transitions of Care; UCM:
University of Chicago Medicine.
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Table . Agency for Healthcare Research and Quality–endorsed care transitions framework for the Telehealth Education: Leveraging Electronic
Transitions of Care context.

Domain contextualized for TELE-TOCaDefinitionDomain

TELE-TOC characteristics (TELE-TOC visit
scheduling, set-up of the reminders, TELE-TOC
visit content, and TELE-TOC documentation)

Characteristics and features of the intervention
that impact implementation success

Intervention characteristics

UCMb characteristics (insurance coverage,
funding and sustainability, and ownership of
TELE-TOC)

Characteristics of organizations involved in the
intervention, including structural characteristics,
networks and communications, culture, climate,
and readiness that influence implementation

Organizational characteristics

Clinicians (medical assistant, patient service

representative, pharmacist, APNsc, RNsd, etc)
and their roles in TELE-TOC

Attributes (eg, type of clinician, affiliations, and
duties) of individuals who are engaged in the
provision of care or treatment

Characteristics and roles of clinicians

Adult, low-acuity patients with COPDe enrolled

in HRRPf

Attributes (eg, type of patients) of individuals
who are the recipients of care or treatment in the
given intervention setting

Characteristics and roles of patients

Implementation strategies for TELE-TOCProcesses including planning, engaging, and re-
flecting to achieve the intended use of the inter-
vention at both individual and organizational
levels

Process of implementation

aTELE-TOC: Telehealth Education: Leveraging Electronic Transitions of Care.
bUCM: University of Chicago Medicine.
cAPN: advanced practice nurse.
dRN: registered nurse.
eCOPD: chronic obstructive pulmonary disease.
fHRRP: Hospital Readmissions Reduction Program.

First, we (JA and LP) followed an inductive approach consistent
with our Phase 1 analysis to generate open codes about the
current discharge care transition process and contextual
determinants for intervention design and implementation. We
then applied the constructs underlying the AHRQ-endorsed
Care Transitions Framework (CTF) [32] as a structured coding
template to guide deductive thematic analysis. This step helped
us to align and integrate our open codes with the constructs
within each of the 5 domains in the CTF as outlined in Table 1
[33]. Following this, we then formed overarching themes, or
patterns across the data that related to constructs within each
care transition domain, highlighting the design and
implementation needs for TELE-TOC.

In Phase 3, we (JA and AM) analyzed the cognitive walkthrough
transcripts using an inductive thematic analysis approach.
Usability, TELE-TOC ease-of-use, and televisit effectiveness
were coded and categorized into themes and subthemes (eg,
barriers and facilitators). In addition, debriefing interviews were
thematically analyzed to identify TELE-TOC user experiences
and suggestions for improvement.

Phases 1 and 2 surveys were summarized using basic descriptive
statistics (mean). Phase 3 SUS surveys had 10 questions rated
from 1 to 5. In accordance with recommendations and standard
practice for analysis [29,34], we subtracted 1 from each value
for odd-numbered questions sharing positive statements, and
we subtracted each value from 5 for even-numbered questions
sharing negative statements. After summing the new values
across questions, we multiplied this final value by 2.5 and then
found the average score across participants.

To ensure validity and reliability, we followed best
methodological practices, including member checking and team
debriefing [35]. Two researchers independently coded all data,
and any inconsistencies were resolved through team discussions
to reach a 100% consensus.

Ethical Considerations
This study was approved by the University of Chicago
Institutional Review Board (IRB21-0947). All participants were
informed of the study purpose, procedures, risks, and rights.
Patients and caregivers provided written consent, and clinicians
and OLs provided oral consent after reviewing the consent form
with study staff. Trained personnel conducted all activities using
standardized protocols, with strict confidentiality safeguards to
protect participant privacy. Paper records were stored in a locked
office, and electronic data were encrypted, password-protected,
and housed on secure institutional servers. Hospital data were
collected and stored in REDCap (Research Electronic Data
Capture; Vanderbilt University), and interview data were
maintained on a secure, HIPAA-compliant shared drive. Virtual
sessions used the HIPAA-compliant Zoom platform with full
security features enabled. Study identification numbers were
used in place of personal identifiers for all analytic files. Any
identifiable contact information used for scheduling or
compensating participants was stored separately from study
data and will be destroyed, along with audio recordings, at the
conclusion of the study.

Participants in the semi-structured interviews were compensated
for their time. Patients and caregivers received a US $50 gift
card for each study phase they completed, and clinicians and
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organizational leaders received a US $15 gift card for each phase
in which they participated.

Results

Study Overview
Forty-five participants were enrolled across Phases 1, 2, and 3
(Table 2). Findings are presented across the following themes:

Phase 1: current DTOC workflow for patients with COPD
enrolled in HRRP; Phases 2 and 3: considerations for
TELE-TOC design and implementation.

Table . Participant numbers and characteristics by phase.

Phase 3Phase 2Phase 1Participants

2412Clinicians

222Pharmacist

023Respiratory therapist

003Advanced practice nurse

001Nurse

003Physician

035Organizational leaders

002Caregivers

468Patients

56.3 (11.0)65 (11.3)63.3 (9.7)Age (years), mean (SD)

Race

468Black

000White

000Other

458Non-Hispanic

Sex

324Female

144Male

000Other

The mean (SD) patient age across phases ranged from 56.3
(11.0) to 65 (11.3) years (Table 2). Most patients were identified
as Black and non-Hispanic, with no representation from White
or other racial groups. Sex distribution was evenly split, with
9 female and 9 male patients overall.

Phase 1: Current DTOC Workflow for Patients With
COPD
The current inpatient-outpatient discharge transition of care
workflow for acute exacerbations of COPD consists of 3
interdependent stages: (1) inpatient pre-discharge (hospital
admission to discharge to home), (2) at-home post-discharge
(home to outpatient follow-up), and (3) outpatient visit - (Figure
4).
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Figure 4. The interdependent stages of the Discharge Transitions of Care workflow. APN: advanced practice nurse; COPD: chronic obstructive
pulmonary disease.

All participants emphasized that each stage relied on the
successful execution of activities in the preceding stage, given
the interdependence in the workflow. We identified additional

key facilitators and barriers to the current DTOC workflow
across these stages (Table 3)—with potential impacts on safety
and care continuity outcomes (Figure 5).

JMIR Hum Factors 2025 | vol. 12 | e77953 | p.30https://humanfactors.jmir.org/2025/1/e77953
(page number not for citation purposes)

Abraham et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 5. Facilitators and barriers to standard inpatient to outpatient Discharge Transitions of Care workflow. COPD: chronic obstructive pulmonary
disease; SES: socioeconomic status.
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Table . Phase 1 topics with representative quotes. (+) Observed facilitators to current workflow; (–) observed barriers to current workflow.

QuoteStage and topic

Inpatient pre-discharge

(+) Medication reconciliation conducted with inpatient team • Q1. “[The nurses] always keep contact. Because he doesn’t
have—he’s not aware of a lot of things, and we always keep every-
thing on my phone, his charts and everything. He always tells them,

‘Ask my wife. I don’t know anything.’” [CG1a]
• Q2. “We try...talking to caregivers and involving caregivers on that

discharge med reconciliation process.” [C5b]
• Q3. “I think that one of the tools that pharmacists sometimes use for

medication reconciliation...It’s a button called the dispense report in
Epic, which can show you what patients have picked up at local
pharmacies.” [C11]

(+) Efficient meds-to-beds program • Q4. “Meds-to-beds was the big thing, just because pharmacies are
super short right now to make sure that they got their inhalers before
they are able to go home, or a bronchodilator or steroids, anything
really crucial for a COPDer.” [C10]

(+) Teach-to-goal COPDc education • Q5. “Our pharmacists will make sure everything’s clinically rele-
vant...[The prescription] goes over to a technician who enters it, fills
it, gets it ready. Before we deliver it to the patient, my pharmacist
will do a med education over the phone with the patient. So, they call
the patient, do education. Once the patient confirms they understand
what they’re taking, what they’re receiving, the technician will take
it and deliver it to the room. And then the patient is discharged home.”

[OL3d]

(+) Teach-back of inhaler education • Q6. “Really, the first step is just to have them try to explain it to
me...what they’re doing. And not only what they’re doing, we try to
get them to verbalize why they think they’re doing it and connect
those dots. So that’s the primary mechanism.” [C2]

(+) Building rapport with patients • Q7. “Part of our needs assessment when they come in on admission
is asking them about their history of smoking, how many packs, and
for how many years. Sometimes they won’t be as honest with you as
others, that’s why you try to establish rapport with them first so they
kind of open up with you a little bit better.” [C10]

(+) High patient health literacy • Q8. "What I like a lot is when...the patient’s...very well-educated,
and they take care of their own health...I’ll go over the medications.
They’re like, ‘Yup, I know what this is for. I take it at this time.’ And
they verbally understand, and they can kind of repeat back to me,
what’s going on. And they already know that their scripts are ready
at home as well.” [C10]

(–) Discharge delays • Q9.“On the day that I’m supposed to be released, it was either you’re
waiting for the doctors to do the final paperwork, and the nurses
having to bring it together to even the pharmacy gathering up the
medicines that you’ll be taking home with you to carry you until you
get it going with your primary care and your pharmacist. So those
were things that you just simply have to wait. And if one couldn’t do
something without—the pharmacist [can’t] do their thing until the
doctor does theirs. And the nurse can’t do their thing until the doctor

does their thing.” [P4e]

(–) Insurance coverage issues • Q10. “I would say 50% of drugs that we receive require prior autho-
rization. If it’s a prior authorization and we can’t get it approved in
time or we can’t get it switched to a different therapy, we tell the
patient to go home, and then we’ll work on the prior authorization.”
[OL3]
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QuoteStage and topic

• Q11. “The information contained (in the expense report) is limited
because sometimes people will pay cash rather than use insurance or
may obtain their inhalers through different sample programs or free
drug programs if they haven’t been affordable to them. So, I think
the incompleteness of records that people are going into those scenar-
ios with can be a barrier and inaccuracy in existing records, and that
temptation to just confirm what’s already there can be a barrier.”
[C11]

(–) Absent or incomplete medication reconciliation

• Q12. “Unfortunately, the great majority of our patients don’t know
their meds. And so, trying to speak to them about what is accurate
and what might not be accurate on their medication list is a challenge.”
[C2]

• Q13. “I think it really depends on the patient’s health literacy and
level of understanding and...we sometimes are able to get pharmacy
teaching, but we don’t always get all of those patients. So, I think
they’re not always as equipped as we would like them to be [for dis-
charge].” [C5]

(–) Low patient health literacy

• Q14. “When a patient is getting discharged, all they think about is
going home. So, we counsel them at bedside, and we give them their
meds, and we teach them how to use an inhaler or whatever medica-
tion they’re receiving. But I think all they’re thinking about is going
home.” [OL2]

(–) Poor timing of COPD education

• Q15. "But here, once a patient is discharged, the inpatient team is
100% done with that patient. There is no follow-up.” [C2]

(–) Loss of patient follow-up

• Q16. “For patients that are started on biologic therapies that are
hopefully helping them with their asthma/COPD, I think there’s
sometimes confusion about whether or not they’re supposed to con-
tinue first-line therapy.” [C11]

(–) Varied quality of education

• Q17. “I think a lot of it is done by pharmacy or nursing. The physician
teams are not sitting and going through medications with patients for
the most part.” [OL1]

• Q18. “I’d say mostly just because it’s not often done by a pharmacist,
and it’s done by another person who works in the institution...They
don’t look to see what [the patient has] been taking, the dosage and
frequencies are wrong. Routes are often wrong as well, so maybe
due to lack of knowledge of some of the medications and how they’re
supposed to be taken.” [C4]

(–) Limited knowledge of patient medications

• Q19. “The other times when med reconciliations kind of fall apart
are if they get admitted in very severe illness in the MICU, they’re
focused on stabilizing the patient rather than on the med reconcilia-
tion, and so sometimes...it’s not prioritized as much as it could be...”
[C5]

(–) Time barriers and competing priorities

At-home post-discharge
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QuoteStage and topic

• Q20. "We do have a nurse that is part of the team that does make a
48-hour phone call. And so that’s another mechanism where—if the
patient actually answers the phone and is willing to engage in that
conversation, that’s another opportunity for the patient to voice like,
‘Oh, I didn’t get this inhaler.’ I think she maybe reaches the patient
50 to 60 percent of the time.” [C2]

• Q21. “And then we also definitely found that there had to be an edu-
cation component before the patient leaves the hospital, of course...I
think because I think that one round of education might not be enough.
And again, things might seem okay after you meet with a patient or
a family, and they might feel okay about it, but then they have ques-
tions later or they forgot something.” [OL4]

(+) Active post-discharge communication

• Q22. “You see all them doctors I got? [sharing MyChart screen] I
use [MyChart] for everything. Doctor, pharmacy, everything.” [P3]

(+) Use of MyChart portal to facilitate communication

• Q23. “I’m thinking about one patient in particular with COPD
that—and this is where the family caregivers come into play, when
I need to talk to her, it’s actually through her daughter.” [C12]

(+) Caregiver support

• Q24. “...the papers given explaining about different things concerning
my treatment and the issues that I have, they were pretty thorough.”
[P4]

(+) High patient health literacy

• Q25. “Someone who has a low literacy, you can explain it to them,
but they still wouldn’t get it.” [C8]

• Q26. “We do want our patients to be involved as much as they can
be with their plan of care...But it is a lot for them at times...Sometimes
we’ll have charts of different inhalers, because they’ll be trying to
explain to us, ‘Oh, I lost this one.’” [C4]

(–) Low patient health literacy

• Q27. "Unfortunately, again, it’s this demographic where there is such
a high amount of poor health literacy, competing priorities with pa-
tients, housing instability, food insecurity, all of those things. So
taking all [medications] of this in is just not on the top of their prior-
ity list.” [C1]

• Q28. “I think in terms of barriers...they may have different social
situations or socioeconomic factors that kind of contribute to them
being able to even take care of themselves when it comes to their
health.” [C5]

(–) Cost-related nonadherence to COPD management

• Q29. “Quite a few of our [patients]...with COPD are still heavy
smokers, and a lot of it’s like, ‘Yeah, I still smoke,’ even though
they’re on oxygen. And so that’s something else you also have to
educate them on, and they’re like, ‘Well, I’ve been doing this for
years. I’m okay.’” [C9]

(–) Comorbidities impacting patient health

Outpatient post-discharge
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QuoteStage and topic

• Q30. “[In my] follow-up visit with primary care...[We go over] full
medication review, how I’m feeling, [ask about] medicine I’m taking
and everything.” [P7]

• Q31. “But sometimes people aren’t really sure which medications
they are taking. I mean, the names are different, and they get changed
around from time to time. And so having someone actually at home
verifying, ‘Oh, these are the inhalers that they actually have at
home...’” I try to have them bring in their medications.” [C3]

(+) Medication review in clinic

• Q32. ”Also encourage them, if there is a family member or someone
else that is sort of helping them with meds and kind of to keep things
straight, to bring that patient—bring that person, rather, to the appoint-
ment“ [C2]

(+) Caregiver support

• Q33. “...it’s often not super easy for them to leave the house. A lot
of them require oxygen. They’re not extremely mobile. And so actu-
ally physically getting to the pharmacy or having someone pick their
medications up can sometimes be difficult.” [C4]

(–) Missed appointments due to travel barriers

• Q34. “They discuss[ed] price, like how would a medicine be obtained
or any co-pays, any substitutions, or generic types. Because I was
switched over to this Eliquis and more could have been explained
about that.” [P4]

(–) Missed appointments due to costs

• Q35. “Patient comes for follow-up and generally, when you’re a
primary care doctor or any doctor, I would imagine, you’re sort of
triaging the most important to the least important. And education and
med rec tend to fall further on the bottom than direct patient care and
acuity of the patient.” [OL2]

• Q36. “Every ambulatory clinic has a different system of how they
reconcile or who reconciles or if they reconcile. So, for patients who
see a lot of providers, they may or may not have a very up-to-date
list.” [C2]

• Q37. “I think the other thing, too, is, depending on the patient’s envi-
ronment...there might be a language barrier as well.” [OL3]

(–) Incomplete information/ communication with outpatient team

aCG: caregiver.
bC: clinician.
cCOPD: chronic obstructive pulmonary disease.
dOL: organizational leader.
eP: patient.

Inpatient Pre-Discharge Stage

Facilitators
Several facilitators enabled successful inpatient management
and preparation for discharge. First, the COPD APN consultation
was a mandatory step for enrolling in the COPD HRRP. In
addition to clinical recommendations for the primary inpatient
team, APNs provided written discharge materials to patients in
the form of a COPD Action Plan. When possible, the pharmacy
team provided medication reconciliation, which helped clinicians
and patients to identify and address issues concerning missing
or misused medications. At times, caregivers facilitated this
process by playing an active role in medication reconciliation,
aiding patients in recalling their home medications (Table 3,
Q1 and Q2). Clinicians further noted that the Epic EHR
medication dispense report aided in the medication reconciliation
process (Table 3, Q3).

At discharge, eligible patients could receive additional
medication reconciliation facilitated by the “meds-to-beds”

program that delivered prescription medications directly to the
bedside before discharge (Table 3, Q4). Finally, the pharmacy
team provided inhaler instructions, using the TTG method to
assess and encourage patient understanding (Table 3, Q5) [14].
Clinicians and OLs especially emphasized that using TTG at
discharge significantly improved patients’ understanding of
inhaler usage and follow-up care instructions (Table 3, Q6).
Therefore, 67% of patients who responded in Phase 1 (4/6) felt
prepared or extremely prepared to manage their COPD following
inpatient discharge, with a mean (SD) survey score of 4.5 (1.03).
Additionally, 83% of Phase 1 patients (5/6) agreed or strongly
agreed that their inhaler education was helpful, with a mean
(SD) survey score of 4.5 (0.84).

Clinicians and OLs further noted that an established positive
clinician-patient relationship facilitated effective COPD
education by creating rapport and improving patient comfort in
speaking honestly about their needs (Table 3, Q7).

High patient health literacy also significantly aided the discharge
process: both clinicians and patients felt that patients with a
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clearer understanding of their health were better able to retain
and use COPD self-management instructions. They also felt
that patients’ health literacy significantly improved medication
reporting (Table 3, Q8). Finally, patients benefited from
scheduling an outpatient follow-up appointment at discharge,
which promoted care continuity and coordination of the next
care steps with our program.

Barriers
Several barriers prevented a streamlined workflow and
successful COPD education. Only 22% of clinicians in Phase
1 (2/9) felt satisfied with pre-discharge medication
reconciliation, rating current practices a mean (SD) of 3 (0.83).

Frustrations were also reported around discharge delays due to
inpatient processes that depended on multiple clinicians
performing patient care tasks in a timely manner (Table 3, Q9).
Another concern was inconsistent insurance coverage for
“meds-to-beds.” Clinicians reported other issues with insurance,
stating that time-intensive processes (eg, prior authorization
and communication with pharmacies) delayed medication
delivery (Table 3, Q10). While medication reconciliation was
highly recommended at admission and at discharge, limited
pharmacy availability during some off-hour admissions resulted
in missed consultations. In cases where pharmacists were
available, other complications led to a lack of clear or accurate
information on patient medication, hindering medication
reconciliation (eg, complex medication lists, multiple patient
records, undocumented and uninsured pharmacy purchases)
(Table 3, Q11). Furthermore, clinicians and OLs observed that
patients with poor health literacy struggled to correctly report
their home medications, often relying on caregivers to
understand their medication lists and provide accurate
information (Table 3, Q12). Many clinicians noted that
fast-paced education at discharge coupled with poor health
literacy often resulted in patients failing to retain instructions
(Table 3, Q13).

A few participants noted that educating patients immediately
before discharge was not the optimal time, as patients with
COPD were disoriented or eager to go home, failing to engage
with the discharge COPD education and medication review,
and returning home confused about self-management (Table 3,
Q14). Furthermore, some patients were unable to contact their
inpatient team following discharge when they had questions or
were unsure about self-management (Table 3, Q15). Depending
on the clinician’s role (eg, respiratory therapist vs nurse vs
pharmacist) and experience, the quality of patient education
varied widely.

Additionally, with several inpatient team members visiting the
patient and multiple lines of COPD therapy, confusion
sometimes arose about instructions (Table 3, Q16). A few
clinicians reported that with 6‐12 patients to manage
simultaneously, challenges such as fatigue and limited
understanding of roles and responsibilities in the discharge
process prevented complete and successful education (Table 3,
Q17 and Q18). Due to excessive clinician workloads, many
stated that they frequently prioritized direct care over medication
reconciliation and COPD education. As a result, only 17% of

Phase 1 clinicians (2/12) felt that patients were prepared to
manage their COPD following discharge (Table 3, Q19).

At-Home Post-Discharge Stage

Facilitators
Despite clinician dissatisfaction, 86% of Phase 1 patients (6/7)
felt that they were prepared to take their medications following
discharge from the hospital, with a mean (SD) score of 4.5
(0.76). Several aspects of the DTOC workflow enabled
successful COPD self-management. Patients received a
follow-up 48-hour phone call from a COPD registered nurse to
check in on health and address any concerns or questions (eg,
obtaining medications and post-discharge visit scheduling)
(Table 3, Q20). Most patients appreciated the clarification on
COPD self-management that the phone call offered (Table 3,
Q21). Furthermore, patients enrolled in the MyChart patient
portal had easy access to communication with both inpatient
and outpatient teams during transitions (Table 3, Q22). Some
patients received further support from caregivers who helped
with medication compliance and proper inhaler use (Table 3,
Q23). Patients with higher health literacy took a proactive role
in their COPD self-management and remarked that the discharge
materials given to them were useful and effective (Table 3,
Q24).

Barriers
Conversely, patients with lower health literacy or patients of
lower socioeconomic status are more likely to throw their
discharge instructions away or neglect to read them, resulting
in improper COPD self-management. In a few cases, patients
lost their nebulizers or inhalers (Table 3, Q25 and Q26). Lower
socioeconomic status patients also reported competing priorities
(eg, housing and food insecurity) that prevented them from
focusing on COPD self-management. In addition, some could
not afford the cost of their medications and therefore did not
fill their prescriptions (Table 3, Q27 and Q28). Finally,
clinicians reported poor patient self-management due to
individual factors, including substance abuse and mental health
issues (Table 3, Q29).

Outpatient Post-Discharge Stage

Facilitators
At outpatient post-discharge follow-up, clinicians continued to
monitor patient condition and COPD self-management. Patients
were scheduled with COPD APNs for a post-discharge visit
within 1‐2 weeks, where ongoing COPD care needs were
evaluated and attended to; patients also received additional
inhaler training from the pharmacy team. All Phase 2 patients
(6/6) felt prepared or extremely prepared to manage their COPD
following their outpatient follow-up, with a mean (SD) score
of 4.5 (0.55). Like the inpatient setting, successful outpatient
follow-ups were supported by an established relationship
between the patient and the outpatient team.

Some patients were able to discuss medications more clearly
by physically bringing the medications to their appointment or
having their caregivers attend. This, along with access to the
medication dispense report, helped clinicians to clearly
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understand the medications and dosages that patients were using
(Table 3, Q30 and Q31).

Additional caregiver responsibilities included coordinating
transportation to outpatient clinics and providing accurate
descriptions of medication and inhaler use (Table 3, Q32).

Barriers
Clinicians reported that many patients missed their follow-up
appointments for several reasons. Some could not physically
travel to their outpatient follow-ups without assistance (Table
3, Q33). Furthermore, issues with insurance and medication
costs continued into the outpatient stage, with patients sacrificing
their follow-up appointments to pay for other necessities.
Patients also reported going without medications due to
expensive copays or if they were uninsured, leading to
medication adherence discrepancies (Table 3, Q34).

Even though many patients spoke with their outpatient
clinicians, the short appointment duration often resulted in
incomplete medication reconciliation and limited assessment

of patient literacy about medication use and COPD
self-management. These issues, in addition to occasional cultural
or language barriers, prevented clear communication and
understanding between patient and clinician and sometimes
resulted in misunderstandings about at-home care and
medication use (Table 3, Q35-Q37).

Phase 2: Potential Role and Impact of Televisit
Intervention on DTOC Workflow
Following our assessment of the DTOC workflow, we designed
the televisit service with an initial, post-discharge, at-home
televisit, followed by additional follow-up televisits before or
after outpatient follow-up to maintain continuity of care. We
developed a low-fidelity, televisit prototype for virtual
pharmacist-led follow-up to provide inhaler training and
medication reconciliation. Based on participant feedback, we
categorized intervention design requirements as core
(fundamental) or flexible (aspects tailored to patient preference)
(Figure 6).

Figure 6. Telehealth Education: Leveraging Electronic Transitions of Care–integrated inpatient to outpatient Discharge Transitions of Care workflow.
COPD: chronic obstructive pulmonary disease; TELE-TOC: Telehealth Education: Leveraging Electronic Transitions of Care.

Participant-proposed core components included a dedicated
care transition clinician role, medication reconciliation, and
coordination with outpatient care teams, and COPD education
to reinforce inhaler techniques and skills with teach-back.
Flexible components, adapted to patient needs and preferences,
would include format, structure, reminders, and platform
options. Participants felt that multiple options for these
components would allow for flexibility and customization based
on patients’ preferences and needs. During the televisits,
clinicians would use a checklist to ensure thorough inhaler
education and teach-back. Additional patient COPD resources
would be provided, including an inhaler use handout with visual
aids and step-by-step instructions.

Most participants stated that televisits could address several
barriers and augment the current DTOC workflow. They
specifically mentioned potential improvements in patients’
accessibility to virtual care, which could increase outpatient
follow-up adherence. Participants’ insights informed the iterative
design of the televisit service, along with details on workflow
and components according to patient and clinician preferences.
We highlight the potential facilitators and barriers to televisit
implementation (informed by the AHRQ-endorsed care
transition framework) that may impact its buy-in and adoption
(Table 4).
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Table . Phase 2 topics with representative quotes. (+) Potential televisit facilitators; (–) potential televisit barriers.

QuoteCTFa domain and topic

Intervention characteristics

(+) Use of televisit reminders • Q1. "Maybe there’s an initial text message that you’re set for your
appointment, this is your day, maybe 24 hours prior and then an hour
maybe prior to their visit...Because I think that will remind a pa-
tient...like, ‘Hey, it’s time for you to get ready for your tele visit.
Please sign on.’ And maybe there’s the link, and they go right to that

link, and it takes them right to the visit." [OL6]b

• Q2. “A text would be best [to remind me].” [P9]c

(+) Convenience of televisit • Q3. “When it be cold and they don’t have me coming out, that’s when
I do it on the phone with the doctors...Yeah. And raining. I ain’t going
out in the rain.” [P11]

• Q4. “We’ve actually seen an increase of [patients] attending visit(s)
when it was telehealth because they didn’t have to worry about getting
a ride or commuting here.” [OL3]

(+) Flexible televisit timing and frequency • Q5. “[Wait to schedule the visit for] at least about a week...And that
way, they...try to get familiarized with their house again because...com-
ing home from the hospital is an experience.” [P14]

• Q6. “I think most of the time, patients are still overwhelmed when
leaving the hospital...I think the sooner, the better to ensure that they
start off on the right foot as far as utilizing their medications appro-

priately to prevent readmission.” [C16]d

• Q7. “I think two to three visits would be reasonable...” [C15]

(+) Convenient documentation and education via televisit • Q8. “One of the cool things about telehealth is you can actually have
someone show you. So as long as they were doing it through a cell
phone or a laptop or was mobile, I would say, ‘Okay. Show me where
you’re storing your medications.’ But through having patients show
me their meds, I had a checklist of...is it being stored at the correct
temperature, right? Is it in their fridge or not? Is it being stored
mindfully with regard to if it’s something that shouldn’t be exposed
to light?” [C11]

• Q9. “I think the first visit is going to be primarily teaching, me
showing them, ‘This is how it’s done, essentially.’ And then second
and third visit would be more assessing, ‘Now that you’ve learned
how to do this properly, how are you actually doing it?’ And then
additionally, outside of even inhaler technique, "Are you remembering
to take it every day? How can we do those adherence sort of things,
like setting reminders on your phones, engaging family members to
help you, things like that?” [C13]

• Q10. “In the first half, making sure there’s no contraindications or
medication, like disease and drug interactions. I always document
that it’s a virtual visit. And I also document if an interpreter or
translator is needed. In the second half, I talk about medications: ‘Are
you still taking amlodipine? What are you taking for blood pres-
sure...What medications are you taking?’” [C14]

(+) Dedicated role to support patients post-discharge • Q11. “Just need the support (for a patient), either over the phone or
in person to help navigate.” [P9]

(–) Patient lack of access to technology • Q12. “You want to make sure people have a camera, obviously, to
use the video visits...So, getting a webcam. Making sure you either
have headphones or a speaker or some way that you’re going to
physically communicate because a lot of the webcams may have
speakers but may not necessarily have a microphone to pick up
sound.” [C15]

• Q13. “I mean, there’s plenty of barriers. Do they have phone service?
Do they have cell service? Do they have internet access? Are they
able to use Zoom or other video-conferencing software or MyChart
software to access the visit?” [C5]

Characteristics of clinicians
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QuoteCTFa domain and topic

• Q14. “I think you also need a PSR to schedule them...It’s a big burden
to worry about constantly scheduling the patients. What we do is we
provide the schedulers with a template of the times where we are
available, and then the schedulers place patients on that schedule.”
[C14]

• Q15. “I think the person that probably has the least time (to conduct
a tele-visit) is probably the MD...It’s hard to say. My mind drifts to-
wards RN maybe having more time.” [C13]

(+) Clear roles and responsibilities for clinicians

• Q16. “One big barrier for myself has kind of been a theme all
along...doing the notes was a barrier for me. These notes...were rela-
tively in-depth in that they were kind of like progress notes...But I
think that was a major barrier for me in that if the average visit was
45 minutes and I had 60 minutes allotted to it, that meant I had to
write my note in 15 minutes, which wasn’t always possible. And then
sometimes staying late taking work home.” [C13]

(–) Lack of clinician bandwidth

• Q17. “Some patients feel like it’s not a good visit, like it’s not a real
visit because we didn’t touch them or really get to see them or do
full vitals.” [C1]

(–) Inability to conduct in-person physical assessments

Characteristics of patients

• Q18. “[I want to learn about] my health, medications, the do’s and
the don’ts.” [P9]

• Q19. “I do think you’re right. I think that there are some patients who
you could probably do this in 10, 15 minutes, and it just goes by re-
ally quickly, and other patients that are going to take 45.” [C3]

(+) High patient health literacy

• Q20. “Oftentimes, our patients have a gap in health literacy which
impedes some things, which this would be a nice bridge to. But there
would be also the concern that their technical literacy might also
prevent them from doing a visit...” [OL4]

(–) Low patient health literacy

• Q21. “What is their, I guess you can say, digital literacy? Do they
know how to use it? Do they know how to get on to that?...When I
think about the population that are most likely COPD, it’s usually an
older population. I don’t know if they understand how to use that
technology.” [OL3]

(–) Low patient technology literacy

Process of implementation
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QuoteCTFa domain and topic

• Q22. “So, I mean, if we’re doing these visits through like a telehealth
type visit...maybe it’s techniques of how to be able to engage with a
patient through a Zoom type of link and different techniques to make
sure that you can assess the patient is able to do the proper techniques
if they’re using an inhaler or something.” [OL6]

(+) Provision of training strategies for patients

• Q23. “Usually, we’ll just ask the patient if we can call them on their
cell phone. So that way, at least if there’s anything major that we can
still conduct most of the visit and still address anything that’s imme-
diate.” [C16]

(+) Back-up strategies for implementation

• Q24. “I ask them to show me basically how do you do it, without
actually doing it. And if they don’t, then what I usually try and do is,
if there’s a video, I’ll show them that, because I think that’s really
nice and typically, they can explain it better than I can. And then I’ll
supplement that with, “Okay. What questions do you have? And kind
of show me what they showed you,” and kind of do hands-on teaching
from there.” [C13]

(+) Use of hands-on teaching strategies

• Q25. “Yeah. And then you make sure that their inner (support) cir-
cle...knows [about COPD management].” [P14]

(+) Incorporation of buy-in strategies

• Q26. “I think doing the telemedicine at the skilled nursing facility
is...really difficult. And the reason...is because they basically have
somebody there giving them the medication...And theoretically, it’s
a trained professional who should be watching them do it. So I think
that’s difficult. Are you kind of stepping on someone’s toes by doing
it there? I don’t know.” [C13]

(–) Health care hierarchy clashes

Organizational characteristics

• Q27. “I think that you’re going to want to think about how...if the
program is successful, how are you going to sustain it? A lot of these
things that—it’s great. They get grant funded. They get developed.
And then once the grant funding runs out, then sustainability becomes
an issue.” [OL1]

(–) Insufficient funding

• Q28. “One of the things we had to figure out was who’s going to own
this process? Was it going to be nursing? Was it going to be my team?
Was it going to be ambulatory? And so, coming up with that solution,
I think, is one of the initial steps.” [OL5]

(–) Lack of TELE-TOCe ownership

aCTF: Care Transitions Framework.
bOL: organizational leader.
cP: patient.
dC: clinician.
eTELE-TOC: Telehealth Education: Leveraging Electronic Transitions of Care.

Intervention Characteristics

Facilitators
All participants felt that televisits could be supported with 2‐3
text or phone call reminders to increase attendance and effective
usage. While most were flexible with reminder timing, some
specifically requested a reminder the day before or on the day
of the televisit. Patients who preferred text reminders also felt
that helpful messages should include tele-visit details (eg,
clinician information, timing, and connection instructions)
(Table 4, Q1 and Q2). Several patients believed that clarification
for questions and concerns was more easily addressed via
televisit between discharge and outpatient follow-up, allowing
easy access to a pharmacist in the comfort of their homes (Table

4, Q3 and Q4). All patients and most clinicians and OLs believed
that 2‐3 televisits would be optimal (Table 4, Q7). They also
felt that patients needed to settle in at home, observe treatment
effectiveness, and gather any questions or concerns they have
regarding medication use or discharge instructions, so televisits
should be scheduled at least a week past discharge (Table 4, Q5
and Q6).

A few clinicians highlighted that using video televisits allowed
patients to more easily show pharmacists their medications and
inhaler routines (Table 4, Q8 and Q9). Most clinicians and
several OLs also felt that the televisit service could be facilitated
with the Epic EHR visit note template to document patient
information, medication regimen, adverse events, quality of
life, and patient counseling. In the event of an emergency, this
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template could be forwarded to other clinicians. Clinicians stated
that documentation could reduce information omission and
maintain consistency (Table 4, Q10). Additionally, clinicians
suggested that visits should be led by a nurse or pharmacist, as
they were knowledgeable about their patients and often had
more availability. Some patients also believed that televisits
could be more effective with technical support (Table 4, Q11).

Barriers
A few clinicians and OLs highlighted that a fraction of patients
might not have internet access, limiting their ability to connect
to the televisit. Furthermore, issues with internet connectivity
or video quality could prevent clinicians from seeing patients
and medications clearly (Table 4, Q12 and Q13).

Clinician Characteristics

Facilitators
To avoid confusion about responsibilities and promote
successful televisit implementation, most clinicians felt that a
medical assistant, patient service representative, or nurse should
schedule televisits. Many also recommended that clear roles
and responsibilities be outlined to ensure better coordination
and improvement of patient outcomes (eg, medical assistant or
patient service representative for scheduling, nurse or pharmacist
for televisit) (Table 4, Q14 and Q15).

Barriers
Several clinicians mentioned that time and workload could
significantly limit their ability to conduct and document
televisits. They worried that extra time after the visit would be
required to accurately document the session, increasing the
workload and potentially affecting documentation quality (Table
4, Q16). Others also stated that they might struggle with
assessing physical symptoms through virtual televisits,
impacting patient satisfaction (Table 4, Q17).

Patient Characteristics

Facilitators
Several clinicians felt that patients with high health literacy
would be the most proficient users of the televisit service, as
they would be more likely to engage during COPD education
(Table 4, Q18 and Q19).

Barriers
Some clinicians and OLs worried that poor patient health literacy
or technology literacy could negatively impact patient
engagement during the visit, limiting the effectiveness of
televisit outcomes (Table 4, Q20 and Q21). A total of 50% of
Phase 2 patients (3/6) stated they had never used video
technology platforms or conducted televisits, and several were
not comfortable with FaceTime (Apple, Inc), WhatsApp
(WhatsApp LLC), or other video chat technologies, scoring

their comfort a mean (SD) score of 2 (2.00). Furthermore, some
clinicians predicted that patients might have difficulty using
apps such as Zoom videoconferencing software or the MyChart
patient portal. Only 1 patient respondent was 100% comfortable
using the internet, and many stated that they would need help,
with a mean (SD) score of 2.3 (1.63).

Process of Implementation

Facilitators
To successfully implement the televisit, participants all
suggested training and education for both clinicians and patients
on the visit procedure (Table 4, Q22). A few clinicians and OLs
also suggested conducting televisits via phone call if technical
issues occurred (Table 4, Q23). Several clinicians believed that
using demonstrational videos or other visuals would help to
engage patients during televisits, increasing their understanding
of COPD management and improving patient outcomes (Table
4, Q24). To encourage buy-in, a few clinicians and patients
suggested involving caregivers in the televisit. As caregivers
played an active role in patients’ lives, participants speculated
that they could encourage treatment adherence and aid the
medication reconciliation process (Table 4, Q25).

Barriers
Several clinicians mentioned that some patients might receive
care at skilled nursing facilities, which could introduce patient
management conflict between tele-visit clinicians and in-facility
clinicians (Table 4, Q26).

Organizational Characteristics

Facilitators
Our participants did not report any organizational facilitators
within our data.

Barriers
All clinicians and some OLs strongly felt that secured funding
for and clear, defined ownership of the televisit service were
essential for long-term sustainability and consistent clinician
accountability (Table 4, Q27). A small number of clinicians
also highlighted their lack of dedicated space to conduct
televisits, potentially making both the clinician and patient
uncomfortable and affecting the quality of communication
(Table 4, Q28).

Phase 3: Participant Perceptions of TELE-TOC
Prototype
Following 5 walkthroughs with our high-fidelity TELE-TOC
prototype, patients and pharmacists discussed their perceptions
of TELE-TOC and identified facilitators and barriers to
TELE-TOC overall, medication reconciliation, and inhaler
education. Furthermore, suggestions for improvement were
made (Table 5).
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Table . Phase 3 topics with representative quotes. (+) Observed facilitators to Telehealth Education: Leveraging Electronic Transitions of Care; (–)
observed barriers to Telehealth Education: Leveraging Electronic Transitions of Care.

QuoteTheme and topic

Participant perceptions of TELE-TOCa

Appropriate content and duration of TELE-TOC sessions • Q1. “I still have some questions too. And with the pharmacists too,
we could sit down and we could talk a little bit more. I figured we

didn’t talk long enough.” [P16]b

• Q2. “[The tele-visit] gave you all the—it gave me all the information
I needed to help me, like I said, because I have to help me, not just
let somebody else help. So that’s what I like about this.” [P17]

Preference for hands-on engagement • Q3. “Just it was helpful to have someone actually really explain it
rather than just hand you a piece of paper and your meds and say,
‘Here you go.’” [P16]

• Q4. “[The inhaler instruction] was easy because I can actually see
the way he was showing me how to do it because I’m a visualist. I
need to be able to see you do it so I know, ‘Okay. This is how I need
to do it.‘ And that helped me.” [P17]

Improved confidence in COPD self-management • Q5. [Upon being asked by the clinician whether the tele-visit made
the patient more confident in COPD self-management] “Yes, because
I know as long as I do what I’m supposed to do, my chances of going
to the emergency room are decreased. I prefer to be able to—like you
said, I’m in the comfort of my own home...I just want to have every-
thing that I need right here with me and it’ll be accessible to me so
I can take care of me better.” [P17]

• Q6. “For me, it’s just like a sparkle that somebody even cared enough
to talk later...You came in there—you came in there and talked to
me, and I feel like we’ve been knowing each other for—do you un-
derstand what I’m saying?” [P18]

Experiences with medication reconciliation component of TELE-TOC

(+) Straightforward medication reconciliation with use of video technology • Q7. [Upon patient confusion about two medications with the same
cover but different names] “No, no, no, no, no. We got the Symbicort.
I told you I had two of them. It was only one...Can you see that?”
[P16]

(+) Easy access to patient health information via MyChart • Q8. [Upon clinician asking if the patient was taking Lasix] ”I was
taking some Lasix. And I was just told to leave that alone too. So I’m
not taking Lasix anymore...They cut that out.” [P16]

• Q9. [Upon clinician asking if the patient received azithromycin re-
cently] “No, I don’t even know what that is.” [P16]

(+) Improved understanding of medication through in-depth patient edu-
cation

• Q10. “When you give somebody or tell somebody to take stuff, tell
them what it’s for and make sure they understand what it’s for. Just
don’t [say] like, ‘Here, take this here three times a day and call me
next week and let me know how you feel.‘” [P16]

• Q11. [Upon patient asking about what a spacer does in relationship
to inhalers] “Oh, that’s not for your inhalers. That helps strengthen
your lungs. So that helps kind of control—so when you push this
button, the medication comes out really quickly. This allows it to just
kind of—allows us to take a much easier and deep breath with the

medicine, and it allows it to get fully into our lungs.” [C17]d

(–) Lack of patient preparation for medication reconciliation • Q12. “It would have been better if I had a copy of that [medication]
list to go over it with you. [When asked if the patient could find their
medications to show the clinician] I can’t find them right now. That’s
what I was looking around for, but I was getting short of breath just
looking for them.” [P16]

Experiences with inhaler education component of TELE-TOC
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QuoteTheme and topic

• Q13. “So what I’m going to have you do is you’re just going to act.
As we go through this, you’re just going to act like you’re taking it.
I’m not asking you to take an extra dose. But as we go through it, I
want you to show me what you would normally do. So from the be-
ginning, and don’t open the lid all the way, that’ll waste a dose, but
we’ll act like the lid is open.” [C18]

(+) Enhanced inhaler education through visual cues from video technology

• Q14. “I’m going to go ahead and show you really quickly. I’m just
going to show you the steps and how I would use the inhaler and then
have you show me one more time on how you go ahead and use it,
okay?...[Upon explaining the steps and demonstrating inhaler use]
That’s all I would do...Can you just go ahead and show me one more
time how you would do it?” [C17]

(+) Improved understanding of inhaler education through teach-back
method

• Q15. “[My confidence in my inhaler use is] still up in the air because
I don’t know what triggers it. I don’t have a full understanding of my
concentrators, of how they’re working and what to look for or when
do I need to change the hoses on that and stuff. So there is still a lot
more to be done with this topic.” [P16]

(–) Lack of patient understanding despite education

TELE-TOC use and implementation
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QuoteTheme and topic

• Q16. “Yeah. It was not something that I had to think hard about. It
was easy for me to just go with the flow. I didn’t have to struggle
trying to understand, “Okay. What are they going to ask?” I just went
with it, and everything flowed right through naturally for me.” [P17]

• Q17. “In terms of the last one, I think, honestly, overall, the flow was
a little bit better. Obviously, this patient didn’t have their medications,
but that is real world. But I think overall, say we were able to do the
full visit top to bottom...” [C17]

(+) Smooth TELE-TOC process

• Q18. [Interviewer asks whether the order of the tele-visit was easy
to follow] “Yeah. Because I [inaudible] I see it.” [P15]

• Q19. “[The tele-visit was] Great. I don’t have to come out. [laughter]
I kind of struggle with [leaving the house]. And then I got anxiety.
So, the fact is, when I can’t breathe, I panic, and it’s bad.” [P15]

• Q20. “I felt good because I’m comfortable here. I didn’t have to come
out into the cold or sitting in an office where I’d be uncomfortable.
I’m comfortable sitting here. I’ve got my oxygen on too, so. But it
felt good to be able to be at home and do something like this.” [P17]

(+) Convenient use of video technology

• Q21. “I appreciated [the reminder]. Yeah, it was very helpful because
sometime I will forget some stuff. Then this morning they sent me
one at 7:47 to say, ‘It’s time to log in.’ So I was able to log on in.”
[P17]

(+) Helpful reminders for sessions

• Q22. “I’m concerned about it all. And I need someone to be there to
go over all of it. What should I do? If there’s something should hap-
pen, what should I do? I don’t want to be—I don’t want to be the one
doctoring on myself.” [P16]

(–) Patient desire for more in-depth education

• Q23. “I can’t hear them. Can’t hear anybody.” [P16]
• Q24. “My phone is not muted. My phone is not—hold on. Let me

see. Microphone, iPhone microphone. We have your audio. I don’t
know why you can’t hear me.” [C18]

(–) Technical issues with Zoom

• Q25. [When asked about difficulty of logging into MyChart for tele-
visit] “Usually, it’s really hard for me to get in, and I just give up.
But it really wasn’t that bad. I guess I needed the hands-on to show
me how to do it.” [P15]

(–) Low patient technology literacy

• Q26. “[It was confusing inputting information into the “visit note”].
Specifically under the section, quote, ‘script for pharmacist.‘ It just
doesn’t feel like this necessarily belongs in a ‘visit note.‘ I’ve never
seen an outpatient note say, ’This is your script that we want the
doctor to say or the pharmacist to say, and then these are the respons-
es.‘ So I just find it difficult to know what’s supposed to be included
there. I’ll include his answers, but his answers are also included two
or three other times in the note. For example, the question, ‘What
medication do you take at home?‘ And then further down, it has a
list of his medications. So I don’t really know. Do I type every med-
ication there? It doesn’t make sense.” [C18]

(–) Confusing “visit note” for pharmacists

Suggestions for improving content and implementation

JMIR Hum Factors 2025 | vol. 12 | e77953 | p.44https://humanfactors.jmir.org/2025/1/e77953
(page number not for citation purposes)

Abraham et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


QuoteTheme and topic

• Q27. “Right. And then I would like to have— like to know to have
all my medicines with me that I’m taking so that we can go over
them. Don’t wait till I get on the meeting and say, ‘Dude, where’s
your medicine? You got this. You got that.‘ You have all your
medicines with you before we start this meeting. And that way, you
got my undivided attention.” [P16]

Ask patients to prepare medications prior to sessions

• Q28. “[I’d like to know more about...] Maybe the causes of COPD.
And how it could be treated. [Clinicians] usually just give you a paper
and tell you to read aftercare, but I think if you talk about it more,
people will understand it more.” [P15]

Provide detailed education on COPD

• Q29. “The [first day] I made it to a visit anywhere and somebody
gave me an inhaler, we should have went over what we went over
today. That should have been from day one...Anything that’s being
used to help you breathe, it should be an in-depth— get a video of
something that you should watch. All right? I mean, okay, a video is
something. It’s a start.” [P16]

Provide clearer inhaler instructions at discharge

• Q30. “It probably would take maybe some training for them, or I
would say if they were going to participate, don’t you know how you
came in the room with me before we—you probably want to just ask
them if you can see their phone and make sure the Zoom is set up on
there.” [P18]

Provide a tutorial for TELE-TOC video chat

• Q31. “Probably, just the template of the note I would reorganize a
little bit because it kind of goes from med rec to COPD med rec and
then—or COPD meds, and then it goes back to med rec again, which
definitely threw me off. And there’s a lot of noise in the note, so it’s
kind of hard to—while you’re trying to look at a patient, look at a
note, but then also conduct something, it’s a lot to go back and forth.
So I think probably rearranging the note a little more will be pretty
beneficial by kind of just grouping med rec and then all the COPD
stuff itself.” [C17]

Amend “visit note” for streamlined sessions

• Q32. “I would like to do it as a group. I’d like to have more than one,
besides me, I want to have another patient there with me also. So we
can compare our notes together. Me and that patient can talk. And
that way, you’ll get a better understanding [of] how we feel...” [P16]

Conduct TELE-TOC in a group setting

• Q33. “I think we were able to still go through the entire visit, identify
some things that the patient can do better from their inhaler standpoint
and then also how we can go ahead and assist the patient in terms of
their medicines, not necessarily with adherence because we can’t
dive too much into that, but in terms of medicines they need.
Medicines that they’re out of and they need refills and stuff like that
and also duplicate therapies.” [C17]

Target patients with medication needs

aTELE-TOC: Telehealth Education: Leveraging Electronic Transitions of Care.
bP: patient.
cCOPD: chronic obstructive pulmonary disease.
dC: clinician.

Participant Perceptions of TELE-TOC
Patients and pharmacists described an overall positive
experience with TELE-TOC. Patient SUS scores were reported
as an average of 97.5/100, indicating that patients found
TELE-TOC to be user-friendly and easy to use. Furthermore,
when asked to rate the overall quality of TELE-TOC on a Likert
scale from 1 (very poor) to 5 (very good), on average, patients
rated TELE-TOC 5/5, while pharmacists rated TELE-TOC
3.8/5.

Most participants felt that TELE-TOC was not difficult to
engage with and even suggested lengthening the sessions to
create more time for questions and patient-specific concerns
(Table 5, Q1 and Q2). When asked about TELE-TOC content,
patients responded that they did not feel that any content needed
to be removed; on the contrary, they requested the addition of
more in-depth COPD information. Pharmacists and patients
agreed that TELE-TOC was engaging and helpful, especially
the inhaler education, which patients described as more hands-on
than their discharge education and in-person follow-up visits
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(Table 5, Q3 and Q4). Patients stressed that TELE-TOC’s
follow-up helped them to feel cared for and improved their
confidence in medication management and inhaler use (Table
5, Q5 and Q6). They also felt that TELE-TOC motivated them
to learn more and improve their COPD management.

Experiences With Medication Reconciliation
Component of TELE-TOC

Facilitators
Regarding medication reconciliation, a pharmacist noted that
it was easier to confirm which medications each patient was
taking based on what they presented on video (Table 5, Q7).
Furthermore, use of MyChart allowed pharmacists to easily
access medication lists to double-check medication names,
dosages, and frequency of use (Table 5, Q8 and Q9). Through
TELE-TOC, pharmacists could identify prescription
discrepancies while helping patients to better understand the
purpose of each medication (Table 5, Q10 and Q11).

Barriers
Challenges with medication reconciliation included lack of
patient preparation and low patient health literacy. Pharmacists
noted that patients were not always adequately prepared to
review their medication lists and may need reminders to have
their medications ready for review in future sessions (Table 5,
Q12). Some patients also simply read their medication labels
but were unable to fully understand their medication
management, even with help from the pharmacists.

Experiences With Inhaler Education Component of
TELE-TOC

Facilitators
During inhaler education, video technology enabled pharmacists
to see how patients used their inhalers and instruct them
accordingly (Table 5, Q13). Most patients agreed that video
technology made instructions easier to follow through visual
feedback. They also enjoyed the teach-back method used by
pharmacists, noting that it felt more engaging and helped them
process and understand clinician instructions (Table 5, Q14).

Barriers
While most patients felt satisfied with their inhaler education
from the TELE-TOC pharmacist, others reported that the lack
of further in-depth education left them with an incomplete
understanding of how to use an inhaler (Table 5, Q15). They
felt that even with the education provided during the session,
they were still not fully confident in their inhaler use.

TELE-TOC Use and Implementation

Facilitators
Overall, patients noted that TELE-TOC’s flow was easy to
follow and led to a more streamlined process of medication
reconciliation and inhaler education (Table 5, Q16). Both
pharmacist interventionists agreed that both components of
TELE-TOC were easy to complete smoothly, and TELE-TOC
did not require too much extra work to conduct (Table 5, Q17).
Using video technology also allowed patients to speak to their
pharmacists from the comfort of their home. Unanimously,

patients agreed that the telemedicine nature of the intervention
allowed for improved access to their clinicians and increased
the likelihood of attending the virtual session, in comparison to
a similar in-person follow-up (Table 5, Q18-Q20). Additional
facilitators to TELE-TOC implementation included patient
reminders via MyChart to ensure patient attendance (Table 5,
Q21), as well as technology literacy among pharmacists to
correctly set up visits. Both pharmacists noted that they did not
have issues with navigating TELE-TOC or MyChart.

Barriers
Patients and pharmacists listed different barriers to TELE-TOC
implementation. Several patients believed that TELE-TOC was
helpful for those who were unfamiliar with their medications
or inhalers, but others voiced the desire to learn more about
their COPD and management beyond the general information
provided alongside medication and inhaler education. For
example, some patients wanted to better understand COPD
epidemiology, along with signs and symptoms to watch out for
at home; lack of further in-depth discussion about their condition
and experiences left them feeling mildly dissatisfied (Table 5,
Q22).

Technology literacy and technical issues were observed as
impediments to conducting TELE-TOC. Over multiple sessions,
technical issues within Epic EHR and over Zoom made
TELE-TOC difficult to conduct (Table 5, Q23 and Q24).
Further, while patients stated that they did not have too much
difficulty or concern with navigating the technology required
to conduct TELE-TOC, issues such as forgotten passwords,
confusion about MyChart login information, and
misunderstandings about Zoom settings were observed during
walkthroughs. One patient even noted that without technology
assistance from the clinician or a caregiver, they would likely
have given up on TELE-TOC (Table 5, Q25). These issues were
quickly resolved with the help of TELE-TOC pharmacists, who
were trained to provide several solutions to technical barriers
(eg, switching to telephone calls, moving from MyChart to
Doximity, and providing clear instructions in the event of patient
problems with log-in or calling).

Both pharmacists also provided feedback on the TELE-TOC
workflow and tools, primarily voicing initial dissatisfaction
with the “visit note.” They initially felt that the “visit note” was
not structured in a way that allowed for streamlined conversation
and were unsure of the needed depth for the notes (Table 5,
Q26). As both pharmacists conducted more walkthroughs, they
verbalized that the structure and clarity of the “visit note” greatly
improved over time.

Suggestions for Improving TELE-TOC Content,
Function, and Implementation
Following the discussion of the barriers to their TELE-TOC
experiences, participants provided a few suggestions to mitigate
these challenges. To combat a lack of patient preparation for
and to streamline medication reconciliation, it was suggested
that pharmacists ask patients to preemptively prepare their
medications prior to TELE-TOC (Table 5, Q27). Furthermore,
more detailed education and anticipatory instructions on inhaler
use and general COPD management were suggested as a method
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to support patients who still felt unsure in how to care for their
conditions (Table 5, Q28 and Q29).

Participants also felt that providing clear instructions and a
tutorial on how to use Zoom and MyChart technology would
be helpful in assisting patients with lower technology literacy
(Table 5, Q30). Furthermore, amendments to the “visit note”
were suggested: sequence the note in alignment with the
structure of each session and provide clearer instructions for
pharmacists to complete the document (Table 5, Q31). Other
suggestions included establishing an additional group format
of TELE-TOC to provide inhaler and COPD education for
multiple patients at once (Table 5, Q28), as well as using
TELE-TOC as an additional source of support for patients with
medication needs, such as checking on refills or checking for
duplicate therapies (Table 5, Q32).

Discussion

Principal Results
Our 3-phase, UCD approach tailored and optimized an
evidence-based televisit medication management and education
intervention for patients with COPD transitioning from hospital
to home. We identified facilitators, barriers, and
interdependencies across the current DTOC workflow for
patients with COPD, seeking to amend the workflow and
improve patient outcomes. Key facilitators across settings
included the “meds-to-beds” program and caregiver support,
while challenges to effective care included inopportune
education timing, inaccurate medication records, and limited
outpatient follow-ups. These findings suggested the need for
more comprehensive post-discharge patient support, which
indicates the utility of the TELE-TOC intervention.

While the study was open to patients of all races and ethnicities,
all enrolled patients identified as Black and non-Hispanic. This
aligns with trends observed in UCM’s COPD HRRP, in which
a large proportion of eligible patients are Black. As a result, our
study sample reflects the demographic makeup of UCM’s patient
population. Several factors, including lower utility of health
care services, health insurance coverage, and behavioral
differences (eg, smoking habits), have increased COPD’s impact
on Black patients [36,37]. Hence, Black patients hospitalized
with COPD exhibit greater symptom severity and have
significantly higher odds of 30-day readmission in comparison
to non-Hispanic White patients [38-40]. Despite this
disproportionate effect, very few studies examining the
implementation and effectiveness of COPD DTOC interventions
have explicitly included Black populations [41].

Comparisons With Prior Work
Our study corroborates existing literature, which emphasizes
clinician COPD training and positive patient-clinician
relationships as key facilitators to successful post-discharge
care, alongside key barriers such as resource constraints, limited
patient understanding of the education provided, and
inappropriate allocation of tasks among clinical staff [17,42,43].
However, we identified additional barriers not widely discussed
in prior research, such as patients using cash online pharmacies,
resulting in undocumented medication use. This underscores

the importance of accurate medication reconciliation, which is
often limited in hospital settings.

We then explored how to address these barriers using
pharmacy-led, virtual, in-home televisits for medication
reconciliation and inhaler education. Our data suggested that
televisits would be well-received and engaging due to their
convenience and the addition of a dedicated pharmacist during
the critical care transition period. Prior literature also highlighted
the significant advantages of telehealth in medication
management and virtual health education. For example, a
previous study found that patients benefited more from
telehealth (vs usual care) medication reconciliation, showed
higher engagement and buy-in, and maintained better adherence
to prescribed medications [44]. Further, multiple reviews
[24,45,46] noted that telehealth-based interventions have
improved patients’ post-discharge healthcare outcomes and
quality of life.

Based on these insights, we refined the TELE-TOC components
and workflow. Notably, TELE-TOC offers a customizable
telehealth experience that tailors televisit format (eg, visit mode,
dose, frequency, and structure) to meet patient preferences and
clinical needs, enhancing engagement and ensuring more
personalized care while retaining core patient discharge
components. Both patients and clinicians found TELE-TOC
effective and efficient for medication reconciliation and
comprehensive inhaler education. Despite some patients
suspecting they would struggle to log in and navigate to
TELE-TOC on their own, SUS scores remained high due to
support and clear instructions from clinicians. Furthermore, due
to a 766% increase in telemedicine encounters following the
COVID-19 pandemic [47,48], many patients and providers
report improvements in their televisit competency, which could
explain the high success rate of TELE-TOC among our
participants. Apart from a few technical difficulties, both
patients and providers noted positive experiences with
TELE-TOC usability and effectiveness [49]; other studies have
reported similar feasibility and usability of eHealth interventions
for patients with chronic conditions [50]. Other key success
factors included remote monitoring and feedback from
clinicians, visual aids via videoconferencing tools, and access
to medication lists at home. Use of previously successful
implementation strategies, such as patient-personalized televisit
format, inhaler education teach-back, and TTG methods, was
crucial to the success of our TELE-TOC prototype [13,16,51].
Several implementation barriers were addressed, including
clinician availability for COPD education and patient
forgetfulness about medications [52-58]. However, structural
barriers, such as patient financial burden related to payment
structures, remain unaddressed [52,59-61].

To evaluate the clinical impact of TELE-TOC, we are currently
conducting a randomized controlled trial evaluating the
effectiveness and implementation potential of TELE-TOC
compared to usual care at UCM (NCT06461403), which is
expected to be completed in 2026 [62]. Our primary
effectiveness outcome assesses inhaler technique at 30 days
after discharge, based on a validated 12-step checklist.
Secondary outcomes include acute care revisits,
rehospitalizations, and mortality rates at 30, 90, and 180 days
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post-discharge, in addition to medication errors, changes in
COPD symptoms based on the COPD Assessment Test and the
Modified Medical Research Council dyspnea scale, and inhaler
technique. Our primary implementation outcome is intervention
reach. If successful, TELE-TOC could serve as a scalable model
for improving COPD discharge care transitions and reducing
avoidable acute exacerbations of COPD readmissions.

Limitations
We acknowledge our study limitations. First, this is a single-site
study at an urban academic medical center, which may limit
generalizability. In particular, the racial homogeneity of our
study sample may limit the generalizability of our findings to
the broader US population. Nevertheless, this study attempts to
address the research gap in developing COPD discharge care
transition interventions to meet the needs of Black patients.
Second, we acknowledge that within our small sample for Phase
3, some patients mentioned familiarity and experience with
using phones and computers to perform tasks, including video
calls. This experience with technology may strongly contribute
to their usability ratings, and we acknowledge that our SUS
findings may reflect limited sample diversity. However, as

previously mentioned, televisit proficiency increased
significantly during the COVID-19 pandemic, and we anticipate
that within our current randomized controlled trial, with a larger,
more diverse sample, we may see similar TELE-TOC
proficiency among our target population. Third, the feasibility
of televisit interventions may not be applicable across health
care organizations, depending on institutional resources. To
best address this, we will develop an evidence-based roadmap
for pragmatic implementation and dissemination of TELE-TOC
across diverse rural, urban, and suburban US hospitals.

Conclusions
We adopted a UCD approach to codevelop and optimize a
pragmatic and patient-centered COPD televisit intervention to
support hospital-to-home care transitions. The goals of the
proposed TELE-TOC intervention were to reduce unnecessary
readmissions and improve continuity of care, provide impactful
medication management and education to improve outcomes
such as COPD symptom control, and ascertain implementation
outcomes, including reach, sustainability, and scalability of
TELE-TOC.
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Abstract

Background: Regular lifestyle modification is crucial for chronic kidney disease (CKD) management; yet, older patients often
struggle to sustain behavior change and rely on support from their significant others such as family caregivers or partners. In such
cases, both members of the dyad require accessible, jointly usable tools to maintain healthier behaviors over time. Given the
ubiquity of instant messaging platforms, a digital intervention delivered via such a platform offers strong potential to empower
CKD dyads in active lifestyle modification.

Objective: Guided by the Digital Dyadic Empowerment Framework, this study aimed to develop, optimize, and test the usability
of a digital platform named “Kidney Lifestyle,” using the LINE Official Account (OA) and an integrated extended app to facilitate
collaborative lifestyle modification among CKD dyads.

Methods: We adopted a three-phase Agile-based development cycle: (1) iterative development and trial use, (2) heuristic
evaluation, and (3) usability testing. In phase 1, the platform prototype was codeveloped with health care professionals and trialed
by CKD dyads who provided feedback on interface clarity, ease of use, acceptance, intention to continue usage, and overall
satisfaction. In phase 2, multidisciplinary experts conducted heuristic evaluations, rating compliance with Nielsen’s 10 usability
principles and suggesting improvements. In phase 3, experienced CKD dyads from phase 1 performed 6 representative tasks
using the platform. Task success rates, completion times, and operational errors were recorded, and usability perceptions were
assessed using the After-Scenario Questionnaire (1‐7) and the System Usability Scale (0‐100).

Results: In phase 1, 10 CKD dyads (19 individuals) reported high acceptance (mean overall satisfaction 4.1/5), valuing real-time
interaction, convenient health data monitoring, and educational resources. In phase 2, 5 experts found high usability compliance
(89%‐93%) but noted navigation complexity and the need for more interactive feedback. In phase 3, usability testing with 5
dyads showed high task success (60%‐100%) and short completion times (1‐5 minutes). Extended app tasks used for structured
self-monitoring achieved higher satisfaction, reflecting simpler navigation than tasks within the LINE OA (mean After-Scenario
Questionnaire 5.64 vs 3.87). Navigation difficulties within LINE OA were likely due to multilayered menus and limited
customization. The average System Usability Scale was 67.5, indicating marginally acceptable usability.

Conclusions: The LINE-based digital dyadic empowerment platform “Kidney Lifestyle” demonstrated promising usability and
engagement. It has clinical potential to improve CKD control by extending health education, enabling continuous self-monitoring,
and allowing clinicians to track patients’daily living conditions. To enhance effectiveness, future work should include a larger-scale
feasibility trial while pursuing ongoing platform optimization, specifically by simplifying navigation pathways, adding a return
option, and improving interactive feedback. The platform is now publicly accessible via LINE ID search, as provided in phase 1
results.

(JMIR Hum Factors 2025;12:e73935)   doi:10.2196/73935

KEYWORDS

chronic kidney disease; dyadic empowerment; lifestyle modification; digital health; instant messaging; usability testing; LINE
app
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Introduction

Background
Chronic kidney disease (CKD) poses a serious burden to global
health, affecting approximately 9.1% of the population or around
700 million people worldwide [1]. In Taiwan, the increasing
prevalence of end-stage kidney disease has escalated health care
costs, imposing substantial strain on the National Health
Insurance system [2]. Effective CKD management can delay
disease progression to end-stage kidney disease, reduce the risk
of complications, and enhance patients’ quality of life [3,4].
However, significant barriers remain, including insufficient
continuous monitoring, limited patient education, and restricted
access to health care providers [5,6].

CKD primarily affects older adults, especially those older than
60 years with lower educational levels, underscoring the need
for tailored interventions for this group [7-10]. Digital health
interventions (DHIs) offer unique opportunities to maintain
patient engagement and provide tailored health education,
particularly for older adults to improve autonomy and overall
well-being [11]. With the widespread use of digital and mobile
technologies, DHIs have become a key part of chronic care,
supporting various health needs effectively [12]. Previous
studies have shown that DHIs can improve self-management
among patients with CKD [13]. This potential has led to the
ongoing development of diverse tools—ranging from
smartphone apps to web-based platforms—designed to support
CKD and dialysis self-care [14-17].

Building on these advances, instant messaging platforms have
emerged as promising tools for ubiquitous CKD management
support. LINE, in particular, has gained significant popularity
in Asia due to its user-friendly interface and broad demographic
reach, effectively engaging users of all ages [18]. In Taiwan,
LINE dominates the instant messaging market with more than
90% market share, making it a highly suitable platform for
health communication [19]. The LINE app has already
demonstrated potential in facilitating health education and
self-management among middle-aged patients with CKD
[20,21]. However, a LINE-based platform promoting lifestyle
modification for older (older than 60 years) patients with CKD
and their caregivers remains scarce. The extensive user base of
LINE presents a unique opportunity to deliver cost-effective

DHIs supporting multifaceted CKD management for this older
population through a LINE Official Account (LINE OA).

Previous Work
In our previous work, we developed the Digital Dyadic
Empowerment Framework (DDEF) as a conceptual and practical
guide for designing DHIs that empower both patients with CKD
and their significant others (SOs) (eg, spouses and children) to
sustain lifestyle modification. The framework identifies 5 core
domains of dyadic empowerment, including perceived control,
understanding, adaptation, dyadic efficacy, and dyadic support.
It further proposes 5 digital strategies: digital education, digital
communication, digital monitoring, digital feedback, and digital
analysis, through which DHIs can be designed to strengthen
these dyadic empowerment domains. Together, these domains
and strategies specify what to empower in the dyad and how to
operationalize dyadic empowerment through concrete digital
features, providing a structured pathway for designing and
evaluating DHIs that support collaborative CKD
self-management.

Objectives
This study aimed to develop, evaluate, and optimize the usability
of the LINE-based digital platform “Kidney Lifestyle” for CKD
dyads. The platform was directly developed under the guidance
of the DDEF, applying its 5 digital strategies to strengthen
dyadic empowerment and promote sustainable lifestyle
modification among CKD dyads. This research specifically
investigates the platform’s usability, user acceptance, and
potential clinical application in CKD management.

Methods

Study Design
Following the guidelines outlined by Kushniruk and Patel [22],
a 3-phase iterative system development cycle was used to
develop and test our LINE-based digital dyadic empowerment
platform. These phases included (1) iterative development and
trial use, (2) heuristic evaluation, and (3) usability testing (Figure
1). An Agile project management methodology was applied
throughout the development cycle to manage initial uncertainties
and facilitate continuous stakeholder interaction [23]. During
each phase, participants identified usability issues, which guided
subsequent refinements of the digital platform. The details of
each phase are described in the following sections.
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Figure 1. A visualization of the 3-phase iterative system development cycle. Blue arrows denote the input provided by the participants from each phase.
ASQ: After-Scenario Questionnaire; CKD: chronic kidney disease; SUS: System Usability Scale.

Phase 1: Iterative Development and Trial Use
Phase 1 focused on developing the platform, especially the
functionalities and content. Summarizing retrospectively, the
platform development process involved the following four
iterative steps: (1) platform establishment, (2) technical partner
collaboration, (3) extended platform development, and (4) all
platform integration and intervention design.

Step 1: Platform Establishment
A regular LINE OA was first set up to explore its basic
functionalities, applying two functions aligned with 3 DDEF
digital strategies: (1) chat: “Digital Feedback” and “Digital
Communication,” and (2) multimedia and multipage messages:
“Digital Education.” For example, CKD-related information
(eg, symptoms, staging, and risk factors) could be delivered
through autoresponse messages triggered by specific keywords.
However, such keyword-based use was inconvenient and
insufficient for promoting lifestyle modification among CKD
dyads, as prior medical applications of LINE OAs mainly
focused on clinic operations (eg, appointment scheduling and
reminders) rather than ongoing lifestyle support [24]. These
limitations highlighted the need for integration with third-party
application programming interface (API) plug-ins to enable
more advanced functionalities.

Step 2: Technical Partner Collaboration
AlleyPin Interactive Ltd Co is a LINE-certified Gold-level
technical partner in the health care industry, providing API
technical resources to meet diverse needs. Their cloud-based
doctor-patient interaction management system, “DoctorConnect
1.Talk,” when integrated with the team’s LINE OA, can provide
more advanced and user-friendly functionalities, including (1)
service menu setup: it allows up to 8 buttons with multilayered
structures for resource integration, beyond the 6-button limit of
LINE OA; (2) enhanced multimedia and multipage messages:
multiple buttons can be set within a single message, enabling
users to access tailored health information via menu clicks
without manual text input; and (3) case tracking system: it
supports member management, scheduled “Push” messages,
and interaction through AlleyPin’s independent backend.

The service menu content and layout were designed not only
by following the DDEF but also in consultation with a health
education nurse from a university-affiliated hospital and 2
nephrologists, ensuring the platform met clinical needs. Through
the integration of LINE OA and AlleyPin Interactive’s API
plug-in, our platform now effectively adopted 3 digital
strategies—“Digital Education,” “Digital Feedback,” and
“Digital Communication”—to support CKD dyads. To further
apply the other 2 digital strategies—“Digital Monitoring” and
“Digital Analysis,” an extended app was developed and
integrated with the LINE OA in the next step.
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Step 3: Extended App (AppSheet) Development
After exploring various options and evaluating alternative
platforms, the team discovered that Google’s AppSheet platform
could effectively compensate for the current platform’s
shortcomings and integrate with LINE OA. AppSheet is a
platform for developing mobile and web apps that do not require
programming code and can integrate with cloud spreadsheets
or databases such as Google Drive and Office 365 as data
sources [25]. The team immediately began developing the app
prototype and conducted iterative testing.

Step 4: Platform Integration and Intervention Design
As the digital platform was not selected during the development
of DDEF, the team, after the platform selection and development
process outlined in steps 1-3, reviewed the correspondence
between the DDEF and the functions provided by this integrated
digital platform. Based on this, interventions were designed to
promote lifestyle modification for CKD dyads.

Platform Trial Use
After establishing our digital platform prototype, the team
invited 10 early-stage CKD (stages 1-3) dyads receiving regular
treatment at a university hospital to use the platform in their
daily lives. Besides assisting dyads in installing the digital
platform on their smartphones, a user manual (Multimedia
Appendix 1) was provided for each dyad to learn the operations
at home. At the time of enrollment, operational instructions for
various functions were provided by a research assistant (CYH)
according to the manual.

A user feedback form (Multimedia Appendix 2) was provided
to be filled out by the dyads at least 1 month apart during their
next clinic visit. For each of the 6 major functions, the form
assessed the following five elements: (1) interface clarity, (2)
ease of operation, (3) acceptability: like or not, (4) intention to
continue usage, and (5) satisfaction rating from 1 to 5 (Table
1). A brief interview was conducted with each dyad to obtain
further feedback. The platform was iteratively optimized based
on both system usage data and user feedback.
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Table . Content of user feedback form for phase 1 dyadic trial usea.

TypeElement (item number) and question

Interface clarity (N-1)

Yes/NoAre there any unclear elements on
the screen?

Short answerIf yes, please specify.

Ease of operation (N-2)

Yes/NoIs this function easy to use?

Short answerIf not, please explain why.

Acceptability (N-3)

Yes/NoDo you like this function?

Short answerTell us what you like about this
function?

Short answerIf you dislike this function, how can
we improve?

Intention to continue usage (N-4)

Yes/NoWill you keep using this function?

Short answerWhy or why not?

Satisfaction (N-5)

5-Point ScalePlease rate your satisfaction with
this function on a scale from 1 to 5.

Previous experience (7-1)

Yes/NoHave you ever used any other apps
or websites for managing chronic
kidney disease?

Short answerIf yes, what did you like or dislike
about them?

General platform satisfaction (7-2)

5-Point ScaleWhat is your overall satisfaction
rating with our platform?

Yes/NoWill you continue to use our plat-
form for chronic kidney disease
management?

aItems N-1 to N-5 are inquired repeatedly for each of the 6 functions of the platform, resulting in a total of 30 questions. Items 7‐1 and 7‐2 are general
questions asked once, adding 2 more questions. Therefore, the total number of questions in this form is 32.

Phase 2: Heuristic Evaluation
To further examine whether our digital platform is user-friendly
in its design, a heuristic evaluation involving 5 evaluators with
backgrounds in health care or information engineering was
conducted. Evaluators tried out the digital platform and assessed
how well each of the 6 major functions in the interface design
complies with Nielsen’s 10 usability principles (10 usability
heuristics) [26].

The team referred to Moran and Gordon’s [27] suggested
heuristic evaluation steps and designed an evaluation form based
on their published Heuristic Evaluation Handbook. Considering
that the digital platform’s access is not limited by time or space

and acknowledging the need for evaluators to independently
conduct the evaluation, the team opted for evaluators to fill out
Google Forms for remote participation.

The form begins by inviting evaluators to join our digital
platform on LINE and set up the initial settings. Evaluators were
then asked to use the platform for 3 days. Specifically, they
explored the buttons’ functionalities and information on the
LINE OA service menu and the extended app, similar to the
real-use scenarios in phase 1 dyadic trial use. Before starting
the evaluation, evaluators are invited to visit relevant websites
to familiarize themselves with the content of Nielsen’s 10
usability heuristics [28]. The explanations and the assessment
questions for each principle are shown in Table 2.
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Table . Explanation of 10 usability heuristics and assessment questionsa.

Assessment questionsExplanationHeuristic

The design should always keep users informed
about what is going on through appropriate
feedback within a reasonable amount of time.

Principle 1:

Visibility of System Status

• Does the design clearly communicate its
state?

• Is feedback presented quickly after user ac-
tions?

The design should speak the users’ language.
Use words, phrases, and concepts familiar to the
user, rather than internal jargon. Follow real-
world conventions, making information appear
in a natural and logical order.

Principle 2:

Match Between System and the Real World

• Will the user be familiar with the terminol-
ogy used in the design?

• Do the design’s controls follow real-world
conventions?

Users often perform actions by mistake. They
need a clearly marked “emergency exit” to leave
the unwanted action without having to go through
an extended process.

Principle 3:

User Control and Freedom

• Does the design allow users to go back a
step in the process?

• Are exit links easily discoverable?
• Can users easily cancel an action?
• Is Undo and Redo supported?

Users should not have to wonder whether differ-
ent words, situations, or actions mean the same
thing. Follow platform and industry conventions.

Principle 4:

Consistency and Standards

• Does the design follow industry conven-
tions?

• Are visual treatments used consistently
throughout the design?

Good error messages are important, but the best
designs carefully prevent problems from occur-
ring in the first place. Either eliminate error-
prone conditions or check for them and present
users with a confirmation option before they
commit to the action.

Principle 5:

Error Prevention

• Does the design prevent slips by using
helpful constraints?

• Does the design warn users before they
perform risky actions?

Minimize the user’s memory load by making el-
ements, actions, and options visible. The user
should not have to remember information from
one part of the interface to another. Information

required to use the design (eg, field labelsb or
menu items) should be visible or easily retriev-
able when needed.

Principle 6:

Recognition Rather Than Recall

• Does the design keep important information
visible, so that users do not have to memo-
rize it?

• Does the design offer help in context?

Shortcuts—hidden from novice users—may
speed up the interaction for the expert user such
that the design can cater to both inexperienced
and experienced users. Allow users to tailor fre-
quent actions.

Principle 7:

Flexibility and Efficiency of Use

• Does the design provide accelerators such
as keyboard shortcuts and touch gestures?

• Is content and functionality personalized or
customized for individual users?

Interfaces should not contain information that is
irrelevant or rarely needed. Every extra unit of
information in an interface competes with the
relevant units of information and diminishes their
relative visibility.

Principle 8:

Esthetic and Minimalist Design

• Is the visual design and content focused on
the essentials?

• Have all distracting, unnecessary elements
been removed?

Error messages should be expressed in plain
language (no error codes), precisely indicate the
problem, and constructively suggest a solution.

Principle 9:

Help Users Recognize, Diagnose, and Recover
From Errors

• Does the design use traditional error mes-
sage visuals, such as bold, red text?

• Does the design offer a solution that solves
the error immediately?

It is best if the system does not need any addition-
al explanation. However, it may be necessary to
provide documentation to help users understand
how to complete their tasks.

Principle 10:

Help and Documentation

• Is help documentation easy to search?
• Is help provided in context right at the mo-

ment when the user requires it?

aAdapted from the “Heuristic Evaluation Workbook,” by K. Moran & K. Gordon, 2023, Nielsen Norman Group.
bField labels are commonly used in forms to provide context for information input.

Consistent with Donald et al [29], the evaluators assessed the
degree to which each of the 6 major functions from our digital
platform complies with the 10 usability principles. They gave
ratings of “−1 (does not comply),” “0 (partially complies),” or

“1 (complies).” If an item scores “does not comply” or “partially
complies” with a principle, the evaluator will be asked to note
specific issues in not adhering to that principle and provide
suggestions for fixing these problems. If the evaluator finds that
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the assessed principle does not apply to a specific function, they
can select “N/A (not applicable).”

Phase 3: Usability Testing
Usability testing involves observing how users interact with the
platform to fulfill their needs; understanding their behaviors,
preferences, operational strategies, and paths; and collecting
feedback to identify existing interface problems and possibilities
for improvement.

We designed a task for each of the 6 major functions of our
digital platform, which a realistic user would typically use in
their daily lives. Five dyads who participated in phase 1, with
at least 1 month of experience using the platform, were invited
to perform the designed tasks. As the DDEF emphasizes helping
relationships, tasks were performed jointly by the dyads, with
each assisting the other throughout the process. Researchers
provided instructions on task execution and responded to
participant queries but refrained from providing guidance to
avoid influencing their behavior. Task design and testing

followed usability testing guidelines from Moran [30] and
Nielsen [31]. Task success, time spent, and the number of
operational errors during execution were recorded for each task.

Upon completion of each task, whether successful or not,
participants filled out a postscenario questionnaire
(After-Scenario Questionnaire [ASQ]) consisting of three
questions to assess the perceived (1) ease of the task, (2) time
required, and (3) support received during execution (help from
the manual) on a scale from 1 to 7 [32]. A higher average ASQ
score indicates greater user satisfaction and perceived usability.
After completing all tasks, participants also filled out the System
Usability Scale (SUS), a 10-item questionnaire designed to
evaluate the overall usability and learnability of the digital
platform [33]. A SUS score ranges from 0 to 100, with 68
indicating marginally acceptable perceived usability by the user
and suggesting the existence of areas for improvement [34].
See Multimedia Appendix 3 for the full usability testing
instrument. The task scenario and instruction for each of the 6
functions are shown in Table 3.

Table . Usability testing task scenarios and instructions for tested functions.

Tested functionInstructionTask scenario

Record ValuesPlease attempt to log the above values into our
digital platform.

Task 1: Here are the values of your blood pres-
sure and blood test results from today’s visit:
systolic blood pressure 125, diastolic blood
pressure 78, heart rate 65, and creatinine (CREA)
1.4 mg/dL.

Health Education InformationPlease try to explore our digital platform and
calculate your eGFR.

Task 2: You want to know which stage of
chronic kidney disease you are currently in.
However, you found that your recent blood test
report does not provide your “estimated
glomerular filtration rate (eGFR)” value. You
need to calculate your eGFR using “Creatinine
(CREA)” (1.4 mg/dL), combined with your
“gender” and “age.”

Reminder SettingsPlease update the above information on our digi-
tal platform and notify the researchers through
the platform.

Task 3: Here is the date and time of your next
appointment: December 28, 2023, afternoon
clinic; suggested check-in time 14:10.

Inquiry & ConsultationPlease try to explore our digital platform and find
the 7 possible symptoms of hypoglycemia.

Task 4: You want to learn about the symptoms
of “hypoglycemia.”

Kidney Health MissionPlease record the above dietary information on
our digital platform via photo or text note.

Task 5: Here is the content of your most recent
meal: Half a bowl of white rice, 2 servings of
bok choy, and 1 serving of chicken thigh.

Kidney Support TeammatePlease try to explore our digital platform and
write out support strategies corresponding to the
following specific behaviors.

Task 6: Your partner (family member) has been
trying hard to adjust their lifestyle recently. You
want to know some ways to support their change.

Data Analysis
Data were compiled and analyzed using Google Sheets.
Categorical variables (eg, user responses in feedback forms)
were summarized as frequencies and percentages. Continuous
variables, such as ASQ and SUS scores, were reported using
means and ranges. Task success rates, completion times, and
error frequencies were recorded and descriptively summarized
for each usability task. No inferential statistical analyses were
conducted, as the study primarily aimed to assess usability
outcomes through descriptive measures.

Ethical Considerations
This study received approval from the institutional review board
of National Cheng Kung University Hospital, Tainan, Taiwan
(institutional review board no. B-ER-110-110). All participants
were fully informed about the study’s purpose, procedures, their
rights, and data protection measures. Participation was
voluntary, and participants could withdraw at any time without
consequence. Paper source data were collected and stored in
locked cabinets on site at the institution. Deidentified research
data were stored on the institution’s cloud servers and on
password-protected personal computers, with access restricted
to authorized study personnel only. All data will be retained
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until 2029 and then securely destroyed. Each participant received
a signed copy of the informed consent form. Participants
received a gift voucher of NT $200 (approximately US $6) as
compensation each time they completed a study task.

Results

Phase 1: Iterative Development and Trial Use
After collaborating with health care providers and technical
partners for 3 months to develop our digital platform for
intervention, we officially launched the prototype on July 25,
2023. Our LINE OA, named “Kidney Lifestyle,” can be
accessed by searching for LINE ID: @509kgajt. In addition,
the extended app, named “Kidney Lifestyle App,” is currently
available through a dedicated link.

LINE OA “Kidney Lifestyle” With API Plug-Ins
Our LINE OA acts as the main hub for real-time interaction
with users via text or voice chat. Moreover, by clicking buttons
from the service menu (Figure 2A), users can access various
resources for CKD management, retrieved or adapted from the

official websites of Taiwan Society of Nephrology and Taiwan
Kidney Foundation. The eight buttons featured on the service
menu were introduced: (1) Health Education Information:
providing basic kidney disease knowledge, evaluating kidney
function, dietary and exercise guidelines, and so on (Figure 2B).
(2) Kidney Support Teammate: multipage messages providing
support resources for caregivers (SOs) (Figure 2C). (3) Frailty
Section: providing health education information about frailty
prevention and intervention. (4) Latest News: linking to the
LINE OA’s post area, forwarding information about relevant
hospital events. (5) Record Values: users can log self-measured
physiological values, and the system records and generates
reports for feedback. (6) Reminder Settings: users can log their
next appointment dates, and reminders are scheduled through
the AlleyPin Interactive backend. (7) Kidney Health Mission:
encouraging daily completion of “Record Values” and “Kidney
Health Diary” (recording daily diet, medication, and physical
activity). (8) Inquiry & Consultation: providing answers to
frequently asked questions for CKD management; a consultation
channel is provided for further queries (Figure 2D).
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Figure 2. Interfaces of the LINE Official Account “Kidney Lifestyle” with a demonstration of user making inquiry about CKD management via
automatic reply messages. The QR code provides access to “Kidney Lifestyle.” (A) Basic Interface, (B) Health Education Information, (C) Kidney
Support Teammate, and (D) Inquiry & Consultation. CKD: chronic kidney disease; FAQs: frequently asked questions; SO: significant other.

The Extended App “Kidney Lifestyle App” (AppSheet)
Our extended app mainly interconnects with the functions of
“Record Values,” “Reminder Settings,” and “Kidney Health
Mission” provided by our LINE OA with API plug-ins. Users
can directly access the corresponding pages of the extended app
by clicking on LINE OA service menu buttons, with the specific
paths as follows: (1) Clicking “Record Values” on LINE OA
service menu jumps to the “New Entry” page of the extended
app, where users can log blood pressure, heart rate, and weight,
and optionally enter blood sugar or blood test report data (Figure

3A). (2) Clicking “Reminder Settings” → “Go to Reminder
Setting Page” on LINE OA service menu jumps to the extended
app to view the next appointment date and time, which users
can update manually (Figure 3B). (3) Clicking “Kidney Health
Mission” on LINE OA service menu allows users to perform 2
“Daily Tasks,” jump to the extended app to log physiological
values or write a kidney health diary (recording daily diet,
medication, and physical activity) (Figure 3C1). Alternatively,
they can click “Challenge Missions” → “View Title Challenge
Progress” on the extended app to confirm task execution status
(Figure 3C2).
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Figure 3. Interfaces of the extended app “Kidney Lifestyle App” and their connections with the LINE Official Account “Kidney Lifestyle” service
menu. (A) The entry form of “Recording Values” and the chart viewing for self-measured physiological values, (B)“Reminder Settings” interface, and
(C)“Kidney Health Mission,” directing to (C1) Kidney Health Diary, records of daily diet, medication, and physical activity, and to (C2) Usage Report,
presenting daily tasks execution status and progress.

In addition to the functionality accessible via LINE, the extended
app interface also has a bottom-placed menu with five buttons
(Figure 3), each briefly described as follows: (1) My Entries:
viewing the “Usage Report” (the page redirected after clicking
“View Title Challenge Progress” on LINE), “Physiological
Value View,” and “Blood Test Record” to check entered values.
(2) Chart View: visualizing self-entered physiological values
in graphical form. (3) New Entry: same as clicking “Record
Values” on LINE OA. (4) Kidney Health Diary: adding,
viewing, or editing written kidney health diaries. (5) Reminder
Settings: same as clicking “Go to Reminder Setting Page” on
LINE OA.

The data entered by users on various pages of the extended app
were synchronized with their device IDs and sent back to the
corresponding Google Sheets worksheets. Through these
worksheets, the team can view all user-entered data and identify
them based on the device ID and a custom user identification
code. Subsequently, security filters were set up, distinguishing

by device ID, enabling individual users on the front end (ie,
extended app interfaces) to access only their entered data.

With the completion of the extended app’s development and
integration with the LINE OA, it can now fully use the “Digital
Monitoring” strategy to allow both the research team and the
users to track physiological values, daily diet, medication, and
physical activity. For the application of the “Digital Analysis”
strategy, we calculate user metrics such as accumulated entry
counts, entry activity rates (EARs), and consecutive entry days.
These serve as reference indicators for users’ lifestyle
modification progress, enabling personalized interventions
through the LINE OA.

Interventions to Promote Platform Use
Referring to the DDEF, interventions delivered through our
integrated digital platform were designed and finalized through
the following three processes:
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1. Defined 4 specific lifestyle modification behaviors:
physiological values monitoring, healthy diet, adequate
physical activity, and proper medication.

2. Designed 2 daily tasks on the digital platform to execute
these four specific behaviors:
• Record Physiological Values: measure physiological

values and log them through “Record Values” (multiple
times allowed).

• Write Kidney Health Diary: record daily diet
(photographs or textual notes); check whether
medication was taken correctly and, if not, select a
reason; and check whether physical activity for more
than 30 minutes was done and record the number of
steps taken.

After consulting health care providers and observing practical
scenarios, we confirmed the benefits of regular execution of the
2 daily tasks for both patients and health care providers.
Recording physiological values generates easily readable reports,
facilitating quick understanding of trends in physiological value
changes. Writing a kidney health diary allows health care
providers to confirm whether the patient’s meals align with the
principles of a CKD diet, and it serves as a reminder for the
patient to engage in physical activity and take medication
correctly. Inappropriate medication check items reference the
Chronic Kidney Disease Self-Care Scale [35] and the Elderly
Medication Adherence Assessment [36], consolidated into 4
items: “missed medication,” “not taking medication on time,”
“self-adjusted medication or dosage changes,” and “using
nonprescribed medication.”

1. Designed strategies to promote the execution of daily tasks
based on the principles of behavior change and processes
of change listed in the DDEF, including:
• Gamification Mode for Behavior Shaping: Different

“Kidney Health Titles” are granted upon completing 2
daily tasks consecutively for 3 (novice), 7
(intermediate), 14 (veteran), 30 (master), and 60
(grandmaster) days. Users can view title challenge
progress (in percentage) through the “Usage Report”
page on the extended app.

To implement the gamification strategy, the team needed to
calculate the number of consecutive days a user completed daily
tasks from today backward. With the assistance of generative
artificial intelligence, ChatGPT, for syntax writing, we used
Google Apps Script to execute custom functions to solve this
issue. Furthermore, the team further simulated data using
RStudio (Posit Software, PBC) and attempted to interpret it
using Item Response Theory to link the 2 indicators,
“consecutive days” and “entry activity rate.” The calculation
method for the EAR is as follows:

E n t r y  a c t i v i t y
rate=Days performing daily tasksTotal observation days×100%

The EAR can be viewed as an “ability” indicator for users
performing daily tasks. A higher EAR indicates a more regular
execution of daily tasks. The team simulated different levels of
EARs (from 0% to 100%, at intervals of 5%) for 180 observation
days, with or without task execution, a total of 10,000 times.
The frequency of achieving various Kidney Health Titles was
calculated among these 10,000 simulations (Table 4).
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Table . Occurrences of achieving different titles within 180 days based on various entry activity rates (simulation counts=10,000)a,b.

Grandmaster

achieving counts

Master

achieving counts

Veteran

achieving counts

Intermediate

achieving counts

Novice

achieving counts
EARc, %

000000

00002115

0000150710

0001404015

00013683920

00064887325

000248972330

000698995435

0021590999640

0013299910,00045

0048500310,00050

00192719110,00055

00502885210,00060

001275971210,00065

0173001996410,00070

0825629999910,00075

0355817910,00010,00080

121699974610,00010,00085

2505394999410,00010,00090

3119954110,00010,00010,00095

10,00010,00010,00010,00010,000100

aEAR= (Number of days executing daily tasks/Total observation days) ×100%.
bContinuous execution days for each title: Kidney Health Novice—3 days; Kidney Health Intermediate—7 days; Kidney Health Veteran—14 days;
Kidney Health Master—30 days; and Kidney Health Grandmaster—60 days.
cEAR: entry activity rate.

The simulation results provided item characteristic curve for
each Kidney Health Title (Figure 4). These curves suggested
that higher ability to perform daily tasks (indicated by a higher
EAR) leads to a higher chance of achieving specific titles
(indicated by more achievement instances). Using 5000 times
of achievement as a baseline, its corresponding EAR on the
item characteristic curve represents the difficulty level in

achieving that specific Kidney Health Title. These results
provide adequate rationality for the gamification strategy:
assuming users in different stages of change have different
EARs, this strategy sets appropriate challenges accordingly,
aligning with our aim of providing corresponding interventions
based on CKD dyads’ different motivational states.
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Figure 4. Item characteristic curves (ICCs) of achieving various kidney health titles within 180 days (simulation counts=10,000). According to Item
Response Theory, with an achievement rate of 50% (ie, achieving 5000 times out of 10,000), the entry activity rate (EAR) corresponding to the ICC
indicates the difficulty level to achieve that title. This simulation demonstrated the relationship between consecutively completing daily tasks for N
days and its corresponding ability level, indicated by EAR. EAR = (Number of days executing daily tasks/Total observation days) × 100%. Continuous
execution days for each title: Kidney Health Novice—3 days; Kidney Health Intermediate—7 days; Kidney Health Veteran—14 days; Kidney Health
Master—30 days; and Kidney Health Grandmaster—60 days.

• Reinforcement management: Upon completing 2 daily tasks,
users receive encouragement messages through the LINE
OA; when obtaining a Kidney Health Title, the team sends
encouragement messages and title certificates via LINE
and informs their SOs. It also informs the patient’s
physician to provide face-to-face encouragement during
the next visit (providing social reinforcement).

• Nudging through helping relationships: If a patient cannot
complete tasks independently, the SO assists in recording.
For patients in the early stages of change (eg, EAR below
50%) or those who have not performed tasks for more than
2 days, the system schedules LINE reminders via AlleyPin
Interactive’s case tracking system or notifies SOs to assist
in reminders. References are drawn from the resources in

“Kidney Support Teammate,” providing assistance based
on the patient’s lifestyle context.

Platform Trial Use to Optimize the Platform
After the initial prototype of our digital platform went live, 10
CKD dyads visiting nephrology clinics regularly at a university
hospital were invited to participate in the trial use from August
to October 2023. One of the SOs (no. 003S) was invited by the
patient but did not decide to participate in the end, resulting in
a total of 19 participants. All dyads completed the user feedback
form and returned it during the next visit. Table 5 shows the
basic demographics of the participants. The following sections
separately analyzed (1) the LINE message activity, (2) usage
of the extended app, and (3) dyadic feedback content.
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Table . Basic information of participants in phase 1 platform trial use (n=19).

Primary userbStage of changeRelationsEducationAge (years)SexIDa

PMaintenanceSpouse001P and 001S

College67Male    001P

Junior college59Female    001S

PMaintenanceSpouse002P and 002S

    College63Male    002P

    Senior high62Female    002S

PPreparationN/A003P and 003S

College64Male    003P

N/AN/AN/Ad    003Sc

SMaintenanceMother-son004P and 004S

Elementary81Female    004P

College53Male    004S

SMaintenanceFather-son005P and 005S

Illiterate82Male    005P

Junior college56Male    005S

PPreparationMother-daughter006P and 006S

College37Female    006P

Junior college73Female    006S

PMaintenanceSpouse007P and 007S

Junior high64Male    007P

Elementary59Female    007S

PContemplationSpouse008P and 008S

Junior college67Female    008P

Junior high68Male    008S

PActionSpouse009P and 009S

College52Male    009P

College51Female    009S

PMaintenanceMother-daughter010P and 010S

Senior high70Female    010P

Junior college42Female    010S

aID marked with P denotes patients; S denotes significant others.
bPrimary user refers to the one using the app for daily tasks, primarily patients.
c003S was invited by 003P to participate in the study but eventually chose not to.
dN/A: not applicable.

LINE Message Activity

Based on data from the LINE OA backend, a total of 849
messages were sent during the initial 28 days (October 30 to

November 26, 2023) after participant recruitment completion
(as shown in Table 6), averaging approximately 30 messages
per day. This indicates continuous interaction and usage.
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Table . Number of messages sent via LINE Official Account and application programming interface module in the initial 28 days after participant

recruitment completiona.

Daily totalAPIb moduleLINE Official AccountDate

ReplydPushcManual ChatWelcomeAuto Response

75551225110/30

2420400010/31

38221501011/1

72461763011/2

37171370011/3

2161140011/4

2111901011/5

34221200011/6

1421110011/7

31111811011/8

32131522011/9

26131120011/10

2314900011/11

29171110011/12

188910011/13

39161832011/14

2691511011/15

40211531011/16

33191130011/17

1961120011/18

133910011/19

29121520011/20

27121131011/21

67451831011/22

1651010011/23

1521111011/24

165920011/25

1411210011/26

84943334253201Total

aData obtained from LINE Official Account Manager.
bAPI: application programming interface.
cPush messages sent to remind users of follow-up visits and daily tasks execution.
dMessages returned when clicking service menu layers or push message buttons.

Notably, the proportion of messages sent through API plug-in
modules is extremely high: there were 342 Push messages,
accounting for approximately 40% (342/849) of all messages,
used for reminders on returning for checkups or daily task
reminders and regular automatic care. There were also 433
Reply messages, constituting around 51% (433/849) of all
messages, automatically sent by the system when users clicked
buttons in the service menu or Push message prompts. In
comparison, manually sent messages amounted to only 53,

which is around 6% (53/849) of the total, primarily aimed at
assisting users with operational issues or scheduling
research-related appointments. These data demonstrate that our
LINE OA with API plug-in modules shows a high degree of
automation and convenience, allowing remote and real-time
intervention, significantly reducing manpower costs, and
reserving resources for handling more complex and specific
user queries.
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Usage of the Extended App

Upon observing the data on daily task execution by the primary
users among the 10 dyads on the extended app (as shown in
Table 7), since the start of enrollment on August 29, 2023, until
2:30 PM on April 29, 2024, a total of 2402 sets of physiological

values have been logged, and 1079 kidney health diaries have
been uploaded. Notably, it was found that the average EAR for
logging physiological values (63.70%) was higher than that for
writing kidney health diaries (50.74%). This difference might
be due to the ease of recording physiological values and the
immediate feedback obtained through trend chart viewing.

Table . Phase 1 primary users’ usage of extended app for daily tasks (n=10)a.

Highest kidney

health titled
Kidney health diaryPhysiological valuesDaysEnrollment date

(YY/M/D)

ID

Activity rate, %cCountsActivity rate, %bCounts

Master94.6923295.9253024523/8/29001P

Master92.89209100.0043822523/9/18002P

Intermediate59.9113362.6116422223/9/21003P

None0.0000.95221123/10/2004S

Master80.0016889.5257921023/10/3005S

Novice3.57751.0210019623/10/17006P

Intermediate12.892563.9212519423/10/19007P

None0.0000.00019023/10/23008P

Master84.7416190.5330719023/10/23009P

Master78.6914482.5115718323/10/30010P

N/Ae50.74107963.702402206.6Total (Average)

aThis table is updated until April 29, 2024, at 2:30 PM.
bActivity rate for physiological values = (Days logged/Days enrolled) × 100%.
cActivity rate for kidney health diary = (Days written/Days enrolled) × 100%.
dContinuous execution days for each Kidney Health Title: novice—3 days; intermediate—7 days; veteran—14 days; and master—30 days.
eN/A: not applicable.

Eight users had an activity rate higher than 50% for logging
physiological values, and among them, 6 also had an activity
rate higher than 50% for writing kidney health diaries, indicating
these users have a moderate to high level of acceptance and
capability in performing daily tasks on the extended app.
Regarding the challenges for Kidney Health Titles: 8 out of 10
users achieved consecutive logging of physiological values and
writing kidney health diaries for at least 3 days (granted the
“Kidney Novice” title) during the observation period; among
the previously mentioned highly active 6 users, they achieved
challenges of logging physiological values and writing kidney
health diaries consecutively for 7 days (intermediate) or even
30 days (master). This demonstrates that higher activity levels

correlate with a higher chance of long-term adoption of a healthy
lifestyle, aligning well with the conclusions drawn from the
simulation study.

Dyadic Feedback Content

Table 8 summarized the average ratings for each of the 6 major
functions of our integrated platform, as provided by the 10 dyads
in their user feedback forms. Generally, more than 80% of the
dyads (more than 8) perceived each function to have a clear
interface and to be easy to use. Similarly, most of the dyads
(more than 80%) found each function acceptable and expressed
their intention to continue usage. The average satisfaction rating
for each function ranged from 3.5 to 4.3, with an overall rating
of 4.1 for the platform as a whole.
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Table . Phase 1 dyadic trial use feedback form rating summary (N=10)a.

Assessed elementsFunctions of the digital
platform

#N-5, 7‐2: Satisfac-
tion rating (from 1 to
5)

#N-4, 7‐2: Intention
to continue usage

#N-3: Acceptability#N-2: Ease of opera-
tion

#N-1: Interface clarity

3.990%90%90%90%Health Education Infor-
mation

3.590%90%100%90%Kidney Support Team-
mate

4.380%90%80%90%Record Values

4.190%90%90%100%Reminder Settings

3.880%80%90%80%Kidney Health Mission

3.790%80%90%100%Inquiry & Consultation

3.986.67%86.67%90%91.67%Average

4.190%N/AN/AN/AbOverall platform evalu-
ation

aThe percentages in this table reflect the proportion of participant dyads who answered “Yes” to the corresponding Yes/No questions in the user feedback
form.
bN/A: not applicable.

Qualitative feedback on each function, gathered through user
feedback forms and brief interviews, is organized according to
its positive and negative aspects:

1. Health Education Information (LINE): Dyads generally
appreciated this function for its simplicity, clarity, and
informative nature, noting that “it provided access to
various, accurate CKD-related information at any time”
(no. 005). However, one dyad (no. 010) suggested that “the
font size should be enlarged, and the navigation of this
function needs simplification to avoid getting lost.”

2. Kidney Support Teammate (LINE): The majority of dyads
found this function to be beneficial, appreciating its
provision of “mutual support, encouragement, reminders,
and detailed knowledge” (nos. 001 and 002). However, 2
dyads expressed concerns regarding its usage, with one
noting “not using this function” (no. 005) and the other
mentioning that “the colors are too vibrant, making it
difficult to grasp key points, and navigating within the
function could lead to getting lost” (no. 007).

3. Record Values (LINE+ App extension): Overall, dyads
expressed satisfaction with this function, noting its
advantages in “replacing traditional paper records,
convenience, ease of use, and the ability to track data” (nos.
001, 002, and 009). Specifically, 1 dyad (no. 005)
appreciated the support for chart view upon logging in data,
facilitating easy tracking. However, 1 dyad (no. 010)
mentioned dissatisfaction with the small font size and
confusion regarding certain actions due to unclear wording.

4. Reminder Settings (LINE+ App extension): Dyads
expressed overall satisfaction with this function, particularly
highlighting its capability to provide advance notifications
for upcoming clinical appointments. This function was
deemed convenient and provided peace of mind by several
dyads (no. 001, 005, and 009), eliminating the need to

remember appointment dates. No negative feedback was
received about this function.

5. Kidney Health Mission (LINE+ App extension): Overall,
dyads who appreciated this function found its operation to
be straightforward. Some dyads specifically noted its
convenience for recording daily diet by uploading a
photograph (no. 005) and its provision of daily data for
tracking (no. 002). Conversely, 1 dyad found this function
“troublesome, causing psychological pressure,” and despite
its good intent, felt “it lacked feedback from healthcare
providers” (no. 001). Another dyad expressed inconvenience
due to the small font size and difficulties logging in data
(no. 010).

6. Inquiry & Consultation (LINE): Dyads provided positive
feedback regarding the helpfulness of this function,
particularly emphasizing its ability to provide answers to
various relevant questions (nos. 002, 005, and 009). One
dyad noted that “for new CKD patients, this function could
serve as a substitute for in-person health education;
however, for experienced patients, this function may seem
unnecessary as they are already familiar with the answers”
(no. 001). Another dyad commented on the potential for
getting lost while navigating through the content of this
function (no. 007).

Regarding the overall evaluation of the digital platform, neither
dyad had previously used other apps or websites for managing
CKD. Almost all of the dyads (90%) expressed willingness to
continue using it to aid in managing their CKD. Upon further
in-depth interviews with researchers about dyadic feedback, all
agreed that the digital platform’s functions were comprehensive,
with no suggestions for additional functions. The first patient
(no. 001P) mentioned that using the platform provided a
“routine” after retirement. His SO (no. 001S) also mentioned
the lack of diverse social activities after retirement for the patient
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and expressed interest in participating in hospital support groups
to share their experiences with other CKD dyads.

Phase 2: Heuristic Evaluation
By early November 2023, the team collected responses from 5
evaluators who participated in the heuristic evaluation. The
evaluators’ basic information is shown in Table 9.

Table . Basic information of phase 2 heuristic evaluation participants (N=5).

Current occupationBackgroundEducationAge (years)SexNo.

ProfessorNursingPhD55Female1

Associate professorHealth care sciencePhD42Female2

Assistant professorNursingPhD45Female3

Assistant professorNursingPhD54Female4

EngineerElectrical engineeringMaster’s degree28Male5

General Compliance Rating
Their scores regarding the compliance of various functions with
usability principles were tallied, averaged, and summarized in
Table 10. On average, the compliance scores for each principle

ranged between 0 (partially complies) and 1 (complies). The
functions’ average compliance with the 10 usability principles
ranged from 89% to 93%. This suggests that the evaluators
generally perceived that the digital platform’s various functions
mostly complied with the usability principles.

Table . Phase 2 heuristic evaluation compliance rating summary (N=5)a.

Functions of the digital platformDegree of compli-
ance with each us-
ability principle Inquiry & Consulta-

tion, %
Kidney Health
Mission, %

Reminder Settings,
%

Record Values, %Kidney Support
Teammate, %

Health Education
Information, %

10080801008060Principle 1

10080100100100100Principle 2

75100608080100Principle 3

100100100100100100Principle 4

100100100100100100Principle 5

751001001008080Principle 6

80100601008080Principle 7

100100100100100100Principle 8

10033.3310033.33100100Principle 9

100100100100100100Principle 10

9389.339091.339292Overall result

aCompliance percentages represent the sum of evaluator ratings (−1, 0, or 1) for each function’s compliance with each usability principle, divided by
the number of valid responses (ie, excluding “N/A [not applicable]” selections), and then multiplied by 100%.

Recommendations for Improvement
The breakdown of issues raised by evaluators about each
function’s incompliance with certain principles and their
recommendations is as follows:

1. Health Education Information

• Principle 1 (60% compliance): Evaluator 1 found that
“clicking into the five stages of CKD and lab test reports
didn’t lead to corresponding content.” Evaluator 5 suggested
“transforming health education information into daily
articles and actively pushing them to users with thematic
context.”

• Principle 6 (80% compliance): Evaluator 2 felt that the
design here might cause information loss or be easily

forgotten after closing the linked web page and suggested
implementing a memory function for highly clicked queries.

• Principle 7 (80% compliance): Evaluator 2 believed that
this function lacked personal flexibility and suggested
establishing personalized zones based on click rates to
access or push commonly used information.

2. Kidney Support Teammate

• Principle 1 (80% compliance): Evaluator 5 felt that while
the information was comprehensive, the incentive for users
to actively read this information was slightly weak and
suggested recommending correct concepts based on user
records.

• Principle 3 (80% compliance): Evaluator 2 noticed that
once clicked, the buttons for some information, returning
to the previous message is not supported, requiring scrolling
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or clicking on the service menu again, recommending
immediate display of original options after dialogue box
content appears.

• Principle 6 (80% compliance): Same as evaluator 2’s
feedback in (1) “principle 6 (80% compliance).”

• Principle 7 (80% compliance): Same as evaluator 2’s
feedback in (1) “principle 7 (80% compliance).”

3. Record Values

• Principle 3 (80% compliance): Evaluator 1 noted that after
entering values, the entire app needed closing to return to
the main screen and suggested adjusting this.

• Principle 9 (33% compliance): Evaluator 5 noticed that
there were no notifications for abnormal physiological
values and suggested providing automatic or manual
messages based on professional or objective facts for
abnormal values.

4. Reminder Settings

• Principle 1 (80% compliance): No specific issues or
suggestions were mentioned by the evaluator.

• Principle 3 (60% compliance): Evaluator 5 discovered that
alterations in the reminder function required notification to
researchers and suggested allowing users to freely set daily
or appointment reminders, similar to setting alarms on a
phone.

• Principle 7 (60% compliance): Same as evaluator 5’s
feedback in (4) “principle 3 (60% compliance).”

5. Kidney Health Mission

• Principle 1 (80% compliance): Evaluator 5 felt that the
current daily diet recording was based on self-assessment
without professional guidance and suggested having
professionals review information and provide guidance.

• Principle 2 (80% compliance): Same as evaluator 5’s
feedback in (5) “principle 1 (80% compliance).”

• Principle 9 (33% compliance): Same as evaluator 5’s
feedback in (3) “principle 9 (33% compliance).”

6. Inquiry & Consultation

• Principle 3 (75% compliance): Same as Evaluator 2’s
feedback in (2) “principle 3 (80% compliance).”

• Principle 6 (75% compliance): Same as evaluator 2’s
feedback in (1) “principle 6 (80% compliance).”

• Principle 7 (80% compliance): Same as evaluator 2’s
feedback in (1) “principle 7 (80% compliance).”

Overall, based on the evaluation scores and feedback from
evaluators on each function of the digital platform concerning
various principles, this phase successfully acquired specific
recommendations for improving the platform’s usability. These
suggestions can generally be categorized into three aspects: (1)
enhancing user operation convenience, such as adding a return
option in Health Education Information, Kidney Support
Teammate, and Inquiry & Consultation, reducing repetitive
operation hassles; (2) pushing more relevant and engaging
information, for instance, pushing corresponding educational
content based on user records; and (3) enhancing interactivity
and feedback of functions, such as providing personalized
memory functions for highly clicked content, warning after
inputting abnormal physiological values, or providing feedback
from professionals. Results of the heuristic evaluation have
guided the modification of the digital platform for the next
iteration to enhance user experience.

Phase 3: Usability Testing
Following the design of tasks, the selection of participants for
phase 3 involved convenience sampling by inviting 5 dyads
who participated in phase 1 trial use during their next clinic
visits. Eventually, dyad numbers 001, 002, 005, 007, and 009
agreed to take part in the testing. The results of their average
performance on our designed tasks and their average ASQ
ratings are summarized in Table 11.

Table . Phase 3 usability testing task performance and rating summary (N=5).

Functions of the digital platform

Inquiry & Consulta-
tion

Kidney Health
Mission

Reminder SettingsRecord ValuesKidney Support
Teammate

Health Education
Information

80%100%100%100%80%60%Task successa

02:5501:0401:5201:0605:1604:23Task time (mm:ss)

1.2 (0‐2)00.8 (0‐1)0.2 (0‐1)1.4 (1-2)1 (0‐2)Average error times
(range)

4.265.46.243.6ASQ: ease of useb

4.26.25.26.44.23.4ASQ: time required

3.65.24.263.83.8ASQ: help received

45.84.96.243.6Average ASQ score

aTask success = (Number of dyads successfully completed the task/N) × 100%.
bASQ: After-Scenario Questionnaire. The score of ASQ ranges from 1 to 7, with higher score indicating higher level of satisfaction.
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Task Performance and ASQ
This section describes the designed task scenario for each
function and summarizes participants’general task performance
as well as their ASQ ratings:

1. Health Education Information: The task scenario reflected
the need for patients with CKD to calculate their estimated
glomerular filtration rate (eGFR) independently. To accomplish
this task, users can navigate through the Health Education
Information section in our LINE OA to find a link to a web
page with an eGFR calculator. Results indicated that 3 out of
5 dyads completed this task successfully (success rate 60%),
with an average completion time of approximately 4.5 minutes.
Operational errors were observed with numbers 002, 005, and
009, who navigated to the wrong sections, causing them
additional time to locate the eGFR calculator. Another error
occurred when number 007 could not find the box to enter the
value of creatinine (CREA), as the enlarged font size setting
obscured a clear presentation of the calculator elements on the
smartphone. The average ASQ score for this task is 3.6, which
is the lowest score among all tasks, indicating that dyads were
the least satisfied with the ease and the time required for this
task. They also perceived minimal help from the user manual.

2. Kidney Support Teammate: The task scenario involved an
SO finding effective ways to support a patient who is attempting
lifestyle modification. The Kidney Support Teammate in our
LINE OA provides such information for SOs to implement
supportive strategies. The task success rate is 80%, with only
1 dyad failing to complete this task. The average completion
time exceeded 5 minutes, which is the longest among all tasks.
All dyads took time to navigate different sections before they
located the target information for this task. Dyads numbers 005
and 009 experienced uncertainty as they browsed through the
correct section but did not recognize the target information. The
average ASQ score is 4, indicating a moderate but relatively
low level of user satisfaction compared with the other tasks.

3. Record Values: The task scenario reflects the need for patients
with CKD to monitor their own physiological data. Completing
this task requires the user to click “Record Values” on the
service menu of our LINE OA or click “New Entry” on the
extended app and input the numbers. The task success rate is
100%, with an average completion time of only 1 minute. Dyad
number 007 encountered initial difficulty when trying to input
the CREA value. The average ASQ score is 6.2, which is the
highest among all tasks. These results suggested that this
function is user-friendly and intuitive, leading to high user
satisfaction.

4. Reminder Settings: The task scenario arises when patients
with CKD wish to set a reminder for their upcoming clinical
appointment. Dyads will need to input the date and time of their
next appointment using the extended app and notify the research
team via LINE OA to set an automatic message reminder. The
task success rate is 100%, with an average completion time of
around 2 minutes. Dyads numbers 002 and 007 seemed
unfamiliar with this function as they clicked “New Entry” on
the extended app, which redirected them to the wrong page.
The average ASQ score is 4.9, indicating a moderate satisfaction
level with this function.

5. Kidney Health Mission: The task scenario revolves around
the essential practice of tracking daily diet, a key aspect of
managing CKD. Users can access this task by clicking “Kidney
Health Mission” on the service menu of our LINE OA or
selecting “Kidney Health Diary” on the extended app to upload
a photograph or text note regarding their diet. The task success
rate is 100%, with an average completion time of just 1 minute.
All dyads completed the task without encountering any
operational errors, indicating that the design of this function is
sufficiently intuitive. The average ASQ score is 5.8,
demonstrating a relatively high level of satisfaction compared
with the other tasks.

6. Inquiry & Consultation: This task scenario arises when
patients with CKD encounter health-related inquiries at home
without access to a health care professional. Users can explore
the frequently asked question section in our LINE OA to seek
answers to their questions. For instance, this task involves users
wanting to learn about the symptoms of hypoglycemia (low
blood sugar) using our platform. The task success rate is 80%,
with dyad number 002 failing to complete the task. On average,
it takes around 3 minutes to complete the task, as all dyads
navigate through different sections of our LINE OA to find the
desired information. Errors occurred when all dyads, except
number 001, attempted to locate the answer in the Health
Education Information section. The average ASQ score is 4,
indicating a moderate but relatively low level of user
satisfaction, highlighting areas for usability improvement.

Overall Platform Usability
The SUS scores provided by the 5 dyads range from 57.5 to
87.5, with an average score of 67.5, just below the industry
standard threshold of 68. This indicates that users found the
platform to be marginally acceptable in terms of usability,
indicating areas for improvement. In combination with the
performance and ASQ ratings of the 6 tasks, it was observed
that the 3 tasks involving operations on the extended app (ie,
Record Values, Reminder Settings, and Kidney Health Mission)
all achieved a 100% success rate, with shorter completion times,
fewer operational errors, and higher satisfaction (mean average
ASQ score: 5.64 vs 3.87 for the other 3 tasks). Conversely, tasks
with lower performance and ASQ scores (ie, Health Education
Information, Kidney Support Teammate, and Inquiry &
Consultation) all involved finding information within LINE
OA, suggesting that underlying significant usability issues in
this area may have contributed to the low overall platform SUS
score.

Discussion

Principal Results
In this study, we demonstrated that through an instant messaging
app, our digital platform aimed at empowering lifestyle
modification for CKD dyads holds promise for its
cost-effectiveness, high user engagement, and potential clinical
practicality. Key insights emerged from the 3-phase
development cycle are as follows.

First, the application of Agile methods facilitated a flexible and
efficient process in developing our digital platform. Notably,
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the platform design and deployment were accomplished within
a remarkably short time frame of 3 months, with the ability to
accommodate modifications, typically within a week. Such
adaptability of our platform ensured responsiveness to user
needs throughout the development cycle.

Second, guided by the DDEF, this study introduced 2
quantifiable daily self-management tasks—logging physiological
values and maintaining a kidney health diary—to address the
multifaceted nature of CKD management. These tasks, coupled
with behavior change techniques, aimed to promote sustained
user engagement. The EAR of these tasks emerged as a simple,
innovative, and promising indicator of users’ lifestyle
modification abilities, which could facilitate more precise
tailored interventions based on different user activity levels.

Third, comprehensive evaluation across 3 phases revealed high
user acceptance and satisfaction with our digital platform.
However, usability challenges, particularly concerning
information layout within the LINE OA, were identified. The
absence of CKD dyad involvement during the initial prototype
development hindered the alignment of the content of LINE
OA service menu with varying user mental models, potentially
causing users to struggle with navigation [37]. This finding
underscores the importance of considering user expectations
early in the development cycle to ensure optimal usability.

Comparison With Prior Work
Previous DHIs for CKD management have adopted various
approaches, including a mobile app [15], a web-based platform
[17], a chatbot [21], and the combination of a mobile app and
wearable devices with instant messaging support [20]. These
interventions have demonstrated potential in supporting CKD
health education and self-management. However, challenges
were faced such as limited evidence of sustained use—many
reported low [15] or unclear usage rates [17,20,21]—and
participant samples skewed toward younger, tech-savvy patients
(mean age around 50 years), due to the necessity of internet
access and smartphone proficiency. Moreover, prior systems
typically focused on a single aspect of care (education or
tracking) and rarely involved patients’ family members,
potentially excluding older patients who require caregiver
support. In contrast, our LINE-based digital dyadic
empowerment platform addresses these gaps through the
following strengths mentioned in the subsections.

Diverse Participant Backgrounds
Our study encompassed participants with diverse backgrounds,
ranging from health care providers (including nephrologists and
nurses) within the institution involved in phase 1 system
development, to patients with CKD and SOs engaged in both
phase 1 platform trial use and phase 3 usability testing. Health
care and electrical engineering experts from external institutions
were involved in phase 2 heuristic evaluation. Of these
participants, 41.7% (10/24) were male, spanning ages from 28
to 82 years, and educational attainment ranging from elementary
school to doctoral degrees. Such diversity maximized the input
from all potential stakeholders who could use or benefit from

our digital platform. We ensured that various perspectives were
considered throughout the development cycle, thereby
optimizing platform usability while accommodating user
differences.

Notably, the design of including SOs with patients with CKD
in our study was pivotal. It not only enriched the diversity of
perspectives but also prevented the exclusion of patients who
might face challenges participating independently, such as those
from older age groups or with lower educational levels,
potentially constituting digitally disadvantaged groups. This
inclusive approach, exemplified by dyads numbers 004 and 005
(Table 5), served to mitigate selection bias and promote health
equity at the digital resource level.

A Scalable and Practical Digital Platform
In a 2023 internet survey conducted in Taiwan, it was found
that 98.51% of internet users use instant messaging tools, with
LINE holding a dominant market share of 91.61% [38]. Our
digital platform operates within Taiwan’s most prevalent instant
messaging app, significantly improving its accessibility and
ubiquity. This integration closely aligns CKD self-management
with the most frequent daily use of digital technology. Data
extracted from the backend of the LINE OA further revealed
consistent user engagement with our digital platform, with more
than 90% of interactions being automatic Push or Reply
messages (Table 6). This underscores the high automation and
low-cost model of our digital platform, demonstrating its
potential for scalable application in medical settings.

Figure 5 further illustrates the interactive relationship between
CKD dyads, the research team, and health care providers,
elucidating how our digital platform can enhance CKD care in
medical settings. The green arrow at the bottom represents
patients with CKD and their SOs seeking routine care at the
hospital. Blue arrows depict CKD dyads using LINE OA, either
through encouragement or voluntary interaction, to stay
connected with the research team (communication strategy); or
using the extended app to log home-based health records,
including blood pressure, diet, medication, and physical activity
(monitoring strategy). Red arrows signify the fully automated
services offered by our digital platform, such as providing health
education information through LINE OA Push or Reply
messages (education strategy); or accessing physiological trend
charts and usage reports via the extended app (feedback
strategy). Orange arrows indicate the interventions that the
research team can deliver through the digital platform, such as
maintaining contact with CKD dyads (communication strategy);
or answering CKD dyads’ queries and sending encouraging
messages (feedback strategy) via LINE OA. Finally, the research
team can further analyze and aggregate home-based
self-monitoring records logged by CKD dyads through the
extended app (analysis strategy) and provide reports to health
care providers. This additional information will furnish health
care providers with supplementary insights during CKD dyads’
visits, aiding in treatment recommendations to enhance the
quality of CKD care.
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Figure 5. The schematic diagram of the LINE Official Account “Kidney Lifestyle” and the extended app in enhancing CKD care. The arrows marked
with an asterisk (*) represent the practical application of the 5 digital strategies mentioned in the Digital Dyadic Empowerment Framework. Blue arrows
represent the active engagement from CKD dyads. Orange arrows denote service flows involving human support, while red arrows denote service flows
with full automation. BP: blood pressure; CKD: chronic kidney disease; PA: physical activity.

Empirical Evidence for Sustained User Engagement
This study provides empirical evidence of high user acceptance
and satisfaction with our digital platform, as indicated by
self-reported satisfaction ratings and intentions to continue usage
during phase 1 trial use, as well as by the ASQ scores obtained
from phase 3 usability testing. While self-reported ratings could
potentially be inflated by demand characteristics [39,40], the
robustness of these findings is further supported by users’
consistent execution of the 2 daily self-management tasks. As
depicted in Table 7, more than half of the 10 trial users
maintained an EAR from 50% to 100% for the 2 daily tasks for
more than 6 months. Notably, 5 users had a record of executing
the 2 daily tasks consecutively for 30 days or more,
demonstrating their ability to sustain regular usage. These
findings imply their persistent commitment to using our digital
platform for managing CKD, even after they completed the
study. Such ongoing engagement serves as compelling evidence
of our digital platform’s potential as a highly acceptable digital
health solution, empowering CKD dyads in the process of
lifestyle modification.

Limitations

Potential Selection Bias Induced by Digital Divides
Despite the wide availability of our digital platform on LINE
OA and the inclusive dyadic design, this study might still have
suffered from selection bias due to digital divides between those
with access to our platform and those without [41]. During phase
1 participant recruitment, we encountered instances where some
CKD dyads, particularly spouses, reported lacking access to
smartphones or the internet. Conversely, some dyads had
smartphones with internet access but lacked diverse digital skills
or did not have LINE installed on their phones. All these factors
could impede the implementation of our study and raise concerns
over health inequity. Although the extent of these digital divides
was not thoroughly investigated within the scope of this study,
their existence warrants careful consideration in our future work
to prevent selection bias favoring participants with higher digital
proficiency.

For participants facing difficulties in using our platform,
personalized assistance will be provided through interactive
learning sessions and the user manual, reducing the likelihood
of their attrition from the study. Furthermore, future research
could investigate the prevalence and characteristics of digitally
disadvantaged groups within the CKD population. Assessing
the severity and underlying causes of digital divides may help
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mitigate their impact on the implementation of our DHI.
Alternatively, programs empowering lifestyle modification
tailored to CKD dyads who are not internet or smartphone users
could be developed.

Usability Issues With LINE OA Navigation
Despite continuous optimization, the SUS scores obtained from
phase 3 usability testing indicate that the usability of our digital
platform remains marginally acceptable. Particularly, significant
usability issues were identified within the information layout
of the service menu on LINE OA. During phase 1 trial use,
dyads reported difficulties navigating sections including Health
Education Information, Kidney Support Teammate, and Inquiry
& Consultation, often getting lost. Similarly, task performance
and user satisfaction related to these sections were relatively
low in phase 3 usability testing. However, tracking individual
user interactions with specific sections in LINE OA is
challenging due to its backend limitations, as only aggregate
user activity data are available. This impedes the establishment
of personalized sections, as suggested by the heuristic evaluators
in phase 2.

Analysis of phase 3 error records further revealed 2 major
sources of confusion (Multimedia Appendix 4). First, users
were often unsure whether to seek answers in Health Education
Information or Inquiry & Consultation, as both sections were
perceived to serve a similar purpose of obtaining CKD-related
knowledge. This mismatch between users’ mental models and
the platform’s menu structure frequently led them to attempt
tasks in the wrong section, causing navigation failures. Second,
the design of LINE OA as an instant messaging interface posed
inherent challenges: the service menu occupies nearly one-third
of the small mobile screen, while new messages push earlier
information upward, forcing users to scroll back or reselect
menu buttons to revisit prior content. When combined with
multilayered menu depth, these constraints increased cognitive
load and disorientation, further compounding the likelihood of
users getting lost.

To overcome these challenges, several measures have been
introduced and others are planned. In response to phase 2
feedback, we incorporated a “return to previous level” option
within the Kidney Support Teammate and Inquiry &
Consultation sections (Figure 2D), providing a route back when
disoriented. Future platform refinements could also consolidate
Health Education Information and Inquiry & Consultation into
a single section, for instance, by embedding Inquiry &
Consultation under Health Education Information to reduce
functional overlap and user confusion. Moreover, involving
CKD dyads in early stages of prototype development remains
essential. Interviews on information needs and common
questions could align menu structures more closely with users’
mental models. Finally, harnessing the instant messaging nature
of LINE OA, the inclusion of a chatbot could provide more
efficient and context-sensitive access to disease-related
information through automated dialogue interactions, thereby
enhancing overall usability [21].

Concerns for Low EARs
Despite our efforts to simplify the design of our digital platform,
reducing hierarchies and operational paths, along with manual
support and relevant skill teachings, some users, as shown in
Table 7, have an activity rate below 50% for logging
physiological values (2 users) or writing kidney diaries (4 users).
We identified 3 potential reasons for these low EARs, indicating
the need for more comprehensive interventions as mentioned
in the following sections.

Dyads in the Preaction Stages of Change

Observations from Tables 5 and 7 revealed a positive
relationship between dyads’ self-reported readiness for lifestyle
modification (ie, stages of change) and their execution of daily
tasks. The 5 most active dyads, with EARs exceeding 75% for
both tasks and having achieved the Master kidney health title,
were all in the late stages of change (action or maintenance),
while of the other 5 dyads, 3 were in the preaction stages
(contemplation or preparation). Despite daily task reminders,
there was no observed increase in activity rates among
lower-activity users. Future interventions may focus on
leveraging helping relationships with SOs and providing
proactive caring phone calls to enhance their motivation for
change.

Dyads Perceive No Need for Use

Among the previously mentioned 5 dyads with lower activity
rates, 2 self-reported being in the late stage of change
(maintenance). These dyads might have already engaged in
regular lifestyle modifications but perceive minimal help from
our digital platform and hence feel no necessity in using it. To
address this, future implementation could focus on highlighting
the platform’s strengths and collaborating with health care
providers to promote the platform’s benefits to patients and
their caregivers.

Dyads Face Usage Obstacles and Perceive High Execution
Difficulty

Another possible cause of low EARs is shortcomings in the
digital platform’s design and user manual, leading dyads to
perceive high cognitive load and execution difficulty. To address
this, helping relationships from SOs and providing assistance
are crucial. Regular caring and reminder messages, platform
design optimization, and personalized teaching during return
visits can help address usage obstacles and enhance usability.

Another promising future direction is to assess the feasibility
of organizing support groups for CKD dyads, based on our
dyadic feedback in phase 1. Support groups may facilitate the
process of social liberation, exposing dyads to a supportive
social environment for behavior change [42]. Dyads in the
preaction stages might find positive support from the group,
enhancing their motivation for change. Support groups can also
promote community participation through connections and
information exchange and allow their efforts to gain recognition
and reinforcement from the group. For dyads perceiving minimal
help from the digital platform or finding it too challenging to
use, they can observe and learn from other dyads in the support
groups, enhancing their confidence and skills in usage.
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Lack of Feedback From Health Care Providers
In phase 1 dyad trial use and phase 2 heuristic evaluation,
participants highlighted the need for health care provider
feedback on user self-monitoring records. However, our digital
platform currently lacks feedback mechanisms beyond
system-generated physiological trend charts and platform usage
reports from the extended app (Figures 3A and 3C). Specifically,
feedback from health care providers on dietary, medication, and
exercise content in the kidney health diary is absent. As observed
in Figure 5, health care providers currently do not interact with
CKD dyads through our digital platform and are thus unable to
provide feedback on the content of the kidney health diary. This
gap may contribute to lower activity rates for the kidney health
diary compared with physiological values (Table 7). Workflow
integration challenges are common in the development and
application of new digital health tools, as they might potentially
burden health care providers with additional tasks or even
necessitate practice reorganization [15,43].

Recognizing the temporary difficulty in overcoming this
challenge, an alternative approach involves compiling CKD
dyads’ self-monitoring records into paper-based reports for
health care providers. These reports are provided to health care
providers on CKD dyads’ follow-up visit days for reference.
During consultations, health care providers can then access the
extended app with CKD dyads to review the kidney health diary
content as needed. While conducting trials to assess the effect
of our digital platform on CKD management is imperative, our

future work should also tackle workflow integration issues
through close collaboration with health care system personnel
to promote platform adoption.

Conclusions
Guided by DDEF and using Agile methods, this study
successfully developed, evaluated, and optimized an instant
messaging–based digital platform tailored for CKD care across
a 3-phase development cycle. The resulting product, the LINE
OA “Kidney Lifestyle” and its associated extended app, aims
to empower lifestyle modification for CKD dyads. Our
investigation uncovered robustly high user acceptance and
satisfaction with the platform, evidenced by both self-report
ratings and ongoing engagement beyond the study period, lasting
over 6 months. The platform’s wide availability, high
automation, and cost-effective operational model underscore
its potential for scalable application in practical health care
settings. While our digital solution shows considerable promise,
a feasibility study is the logical next step to evaluate
implementation factors and potential impacts on CKD
management outcomes. Meanwhile, our future works should
also bridge digital divides, enhance usability, foster support
groups, and integrate our platform into current health care
workflow to maximize its effectiveness and scalability. In sum,
this study contributes significantly to the growing field of digital
health for CKD management by showcasing the potential of an
innovative platform integrated with the LINE instant messaging
app.

 

Acknowledgments
The authors would like to thank all participants who took part in this study. The authors are especially grateful to the Taiwan
Kidney Foundation for authorizing the use of their official educational resources within the platform developed in this study. The
authors also extend their sincere thanks to Ms Yu-Chen Kuo, health education nurse at the Health Education Center of National
Cheng Kung University Hospital, and to their technical development partner, AlleyPin Interactive Co, LTD, for their valuable
suggestions and support throughout the platform development process. The authors additionally thank 2 research assistants,
Jung-Jung Liang and Wei-Tung Kao, for their assistance in participant enrollment and data processing. During intervention
development, OpenAI’s ChatGPT was used to assist in the creation of Google Apps Script functions for backend automation,
such as calculating daily task patterns and simulating gamification logic. It was also used to improve language clarity and structure
in the manuscript. All outputs were reviewed and edited by the authors, who assume full responsibility for the final content.

Funding
This study was supported by the National Health Research Institutes, Taiwan, through the Integrated Research Grants in Health
and Medical Sciences (Innovative Research Grant, grant no. NHRI-EX112-11106PI). The funding agency had no role in the
design and conduct of the study; collection, management, analysis, and interpretation of data; or preparation, review, and approval
of the manuscript.

Data Availability
The complete dataset generated during this study—including raw item-level feedback from phase 1 dyads, heuristic evaluation
scores and qualitative comments from phase 2 experts, and individual-level task performance metrics and questionnaire responses
from phase 3 usability testing—is available in Multimedia Appendix 4. Multimedia Appendix 4 also contains summary tables
that correspond to the results reported in Tables 8, 10, and 11 of the manuscript.

Authors' Contributions
MY conceived the study idea, developed the initial study design, secured research funding, and supervised the overall
implementation of the study. CYH optimized the study design based on practical considerations, led the development and
integration of the digital platform, and was responsible for participant recruitment, data collection, analysis, interpretation, and

JMIR Hum Factors 2025 | vol. 12 | e73935 | p.76https://humanfactors.jmir.org/2025/1/e73935
(page number not for citation purposes)

Ho et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


manuscript preparation. DS contributed to the initial drafting of the "Introduction" section. JMS, MCW, and WHL provided
suggestions on platform design and assisted with participant referral. All authors critically reviewed and revised the manuscript
for intellectual content and approved the final version for publication.

Conflicts of Interest
None declared.

Multimedia Appendix 1
User manual.
[PDF File, 2359 KB - humanfactors_v12i1e73935_app1.pdf ]

Multimedia Appendix 2
Phase 1 user feedback form.
[PDF File, 232 KB - humanfactors_v12i1e73935_app2.pdf ]

Multimedia Appendix 3
Phase 3 usability testing instrument.
[PDF File, 268 KB - humanfactors_v12i1e73935_app3.pdf ]

Multimedia Appendix 4
Complete dataset and summary tables.
[XLSX File, 39 KB - humanfactors_v12i1e73935_app4.xlsx ]

References
1. Bikbov B, Purcell CA, Levey AS. Global, regional, and national burden of chronic kidney disease, 1990-2017: a systematic

analysis for the Global Burden of Disease Study 2017. Lancet 2020 Feb 29;395(10225):709-733. [doi:
10.1016/S0140-6736(20)30045-3] [Medline: 32061315]

2. Lee CC, Hsu CC, Lin MH, Sung JM, Kuo TH. Healthcare utilization and expenditure among individuals with end-stage
kidney disease in Taiwan. J Formos Med Assoc 2022 Feb;121 (Suppl 1):S47-S55. [doi: 10.1016/j.jfma.2021.12.010]
[Medline: 34980549]

3. Megari K. Quality of life in chronic disease patients. Health Psychol Res 2013 Sep 24;1(3):e27. [doi: 10.4081/hpr.2013.e27]
[Medline: 26973912]

4. Neale EP, Rosario VD, Probst Y, Beck E, Tran TB, Lambert K. Lifestyle interventions, kidney disease progression, and
quality of life: a systematic review and meta-analysis. Kidney Med 2023 Jun;5(6):100643. [doi: 10.1016/j.xkme.2023.100643]
[Medline: 37235039]

5. Chen J, Fowler KJ, Grams ME. Knowledge is power: patient education as a tool for patient activation. Am J Kidney Dis
2020 Aug;76(2):163-165. [doi: 10.1053/j.ajkd.2020.03.012] [Medline: 32560974]

6. Hirsch JS, Danna SC, Desai N, et al. Optimizing care delivery in patients with chronic kidney disease in the United States:
proceedings of a multidisciplinary roundtable discussion and literature review. J Clin Med 2024 Feb 20;13(5):1206. [doi:
10.3390/jcm13051206] [Medline: 38592013]

7. Wen CP, Cheng TYD, Tsai MK, et al. All-cause mortality attributable to chronic kidney disease: a prospective cohort study
based on 462 293 adults in Taiwan. Lancet 2008 Jun 28;371(9631):2173-2182. [doi: 10.1016/S0140-6736(08)60952-6]
[Medline: 18586172]

8. Chao S, Yen M, Lin TC, Sung JM, Wang MC, Hung SY. Psychometric Properties of the Kidney Disease Quality of Life-36
Questionnaire (KDQOL-36. West J Nurs Res 2016 Aug;38(8):1067-1082. [doi: 10.1177/0193945916640765] [Medline:
27026384]

9. Chen TK, Knicely DH, Grams ME. Chronic kidney disease diagnosis and management: a review. JAMA 2019 Oct
1;322(13):1294-1304. [doi: 10.1001/jama.2019.14745] [Medline: 31573641]

10. Krishnamurthy S, Ks K, Dovgan E, et al. Machine learning prediction models for chronic kidney disease using national
health insurance claim data in Taiwan. Healthcare (Basel) 2021 May 7;9(5):546. [doi: 10.3390/healthcare9050546] [Medline:
34067129]

11. Daniels K, Bonnechère B. Harnessing digital health interventions to bridge the gap in prevention for older adults. Front
Public Health 2023;11:1281923. [doi: 10.3389/fpubh.2023.1281923] [Medline: 38259780]

12. Classification of digital health interventions v10: a shared language to describe the uses of digital technology for health.
World Health Organization. 2018. URL: https://www.who.int/publications/i/item/WHO-RHR-18.06 [accessed 2025-11-12]

13. Jeddi FR, Nabovati E, Amirazodi S. Features and effects of information technology-based interventions to improve
self-management in chronic kidney disease patients: a systematic review of the literature. J Med Syst 2017 Sep 18;41(11):170.
[doi: 10.1007/s10916-017-0820-6] [Medline: 28920174]

JMIR Hum Factors 2025 | vol. 12 | e73935 | p.77https://humanfactors.jmir.org/2025/1/e73935
(page number not for citation purposes)

Ho et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e73935_app1.pdf&filename=14561863-cb0f-11f0-a8bd-b32ed1b687c4.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73935_app1.pdf&filename=14561863-cb0f-11f0-a8bd-b32ed1b687c4.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73935_app2.pdf&filename=14733d51-cb0f-11f0-a8bd-b32ed1b687c4.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73935_app2.pdf&filename=14733d51-cb0f-11f0-a8bd-b32ed1b687c4.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73935_app3.pdf&filename=148abcf1-cb0f-11f0-a8bd-b32ed1b687c4.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73935_app3.pdf&filename=148abcf1-cb0f-11f0-a8bd-b32ed1b687c4.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73935_app4.xlsx&filename=14a5bf01-cb0f-11f0-a8bd-b32ed1b687c4.xlsx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e73935_app4.xlsx&filename=14a5bf01-cb0f-11f0-a8bd-b32ed1b687c4.xlsx
http://dx.doi.org/10.1016/S0140-6736(20)30045-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32061315&dopt=Abstract
http://dx.doi.org/10.1016/j.jfma.2021.12.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34980549&dopt=Abstract
http://dx.doi.org/10.4081/hpr.2013.e27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26973912&dopt=Abstract
http://dx.doi.org/10.1016/j.xkme.2023.100643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37235039&dopt=Abstract
http://dx.doi.org/10.1053/j.ajkd.2020.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32560974&dopt=Abstract
http://dx.doi.org/10.3390/jcm13051206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38592013&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(08)60952-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18586172&dopt=Abstract
http://dx.doi.org/10.1177/0193945916640765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27026384&dopt=Abstract
http://dx.doi.org/10.1001/jama.2019.14745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573641&dopt=Abstract
http://dx.doi.org/10.3390/healthcare9050546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34067129&dopt=Abstract
http://dx.doi.org/10.3389/fpubh.2023.1281923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38259780&dopt=Abstract
https://www.who.int/publications/i/item/WHO-RHR-18.06
http://dx.doi.org/10.1007/s10916-017-0820-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28920174&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Ren Q, Lian M, Liu Y, Thomas-Hawkins C, Zhu L, Shen Q. Effects of a transtheoretical model-based WeChat health
education programme on self-management among haemodialysis patients: a longitudinal experimental intervention study.
J Adv Nurs 2019 Dec;75(12):3554-3565. [doi: 10.1111/jan.14182] [Medline: 31441525]

15. Hsiao PN, Hsu P, Hsiao SM, Chen TH, Lee CL. Project to increase the usage rate of iCKD application mobile healthcare
on chronic kidney disease patients. Hu Li Za Zhi 2019 Feb;66(1):84-92. [doi: 10.6224/JN.201902_66(1).10] [Medline:
30648248]

16. Yang Y, Chen H, Qazi H, Morita PP. Intervention and evaluation of mobile health technologies in management of patients
undergoing chronic dialysis: scoping review. JMIR Mhealth Uhealth 2020 Apr 3;8(4):e15549. [doi: 10.2196/15549]
[Medline: 32242823]

17. Donald M, Beanlands H, Straus S, et al. An eHealth self-management intervention for adults with chronic kidney disease,
My Kidneys My Health: a mixed-methods study. CMAJ Open 2022;10(3):E746-E754. [doi: 10.9778/cmajo.20210332]
[Medline: 35973709]

18. LINE Business Guide (Summary) v11. LY Corporation. 2024. URL: https://www.linebiz.com/sites/default/files/media/
jp-en/download/EN_LINE%20Business%20Guide_202304-09_summary.pdf [accessed 2025-04-15]

19. 2022 Taiwan Internet Report. Taiwan Network Information Center. 2022. URL: https://report.twnic.tw/2022 [accessed
2025-04-15]

20. Li WY, Chiu FC, Zeng JK, et al. Mobile health app with social media to support self-management for patients with chronic
kidney disease: prospective randomized controlled study. J Med Internet Res 2020 Dec 15;22(12):e19452. [doi:
10.2196/19452] [Medline: 33320101]

21. Chen NJ, Huang CM, Fan CC, et al. User evaluation of a chat-based instant messaging support health education program
for patients with chronic kidney disease: preliminary findings of a formative study. JMIR Form Res 2023 Sep 19;7:e45484.
[doi: 10.2196/45484] [Medline: 37725429]

22. Kushniruk AW, Patel VL. Cognitive and usability engineering methods for the evaluation of clinical information systems.
J Biomed Inform 2004 Feb;37(1):56-76. [doi: 10.1016/j.jbi.2004.01.003] [Medline: 15016386]

23. Serrador P, Pinto JK. Does Agile work? A quantitative analysis of agile project success. Int J Proj Manag 2015
Jul;33(5):1040-1051. [doi: 10.1016/j.ijproman.2015.01.006]

24. 用LINE官方帳號做到約診提醒-醫療業 [Using LINE Official Account for appointment reminders—medical industry].
LY Corporation. URL: https://tw.linebiz.com/smb/industry-application/medical/ [accessed 2025-04-15]

25. AppSheet: the fastest way to build apps and automate work. Google. URL: https://about.appsheet.com/home/ [accessed
2025-04-15]

26. Nielsen J. Heuristic evaluation. In: Nielsen J, Mack RL, editors. Usability Inspection Methods: John Wiley & Sons;
1994:25-62.

27. Moran K, Gordon K. How to conduct a heuristic evaluation. Nielsen Norman Group. 2023 Jun 25. URL: https://www.
nngroup.com/articles/how-to-conduct-a-heuristic-evaluation/ [accessed 2025-04-15]

28. Nielsen J. 10 usability heuristics for user interface design. Nielsen Norman Group. 1994 Apr 24. URL: https://www.
nngroup.com/articles/ten-usability-heuristics/ [accessed 2025-04-15]

29. Donald M, Beanlands H, Straus SE, et al. A web-based self-management support prototype for adults with chronic kidney
disease (My Kidneys My Health): co-design and usability testing. JMIR Form Res 2021 Feb 9;5(2):e22220. [doi:
10.2196/22220] [Medline: 33560245]

30. Moran K. Usability testing 101. Nielsen Norman Group. 2019 Dec 1. URL: https://www.nngroup.com/articles/
usability-testing-101/ [accessed 2025-04-15]

31. Nielsen J. Why you only need to test with 5 users. Nielsen Norman Group. 2000 Mar 18. URL: https://www.nngroup.com/
articles/why-you-only-need-to-test-with-5-users/ [accessed 2025-04-15]

32. Lewis JR. IBM computer usability satisfaction questionnaires: psychometric evaluation and instructions for use. Int J Hum
Comput Interact 1995 Jan;7(1):57-78. [doi: 10.1080/10447319509526110]

33. Brooke J. SUS—a quick and dirty usability scale. In: Jordan PW, editor. Usability Evaluation in Industry: Taylor & Francis;
1996:189-194.

34. Sauro J. Measuring usability with the System Usability Scale (SUS). Measuring U. 2011 Feb 3. URL: https://measuringu.
com/sus/ [accessed 2024-04-11]

35. Wang SL, Kung LF, Chen TH, Hsiao SM, Hsiao PN, Chiou CJ. Construction and validation of a chronic kidney disease
self-care scale. Hu Li Za Zhi 2016 Aug;63(4):90-99. [doi: 10.6224/JN.63.4.90] [Medline: 27492299]

36. Lin CY, Chang JH, Shih CD. Assessment of medication adherence in elderly residents in Pingtung City. J Taiwan Pharm
2019;35(1) [FREE Full text]

37. Norman D. The psychopathology of everyday things. In: The Design of Everyday Things: Revised and Expanded: Basic
Books; 2013:1-34.

38. Taiwan internet report. Taiwan Network Information Center. 2023. URL: https://report.twnic.tw/2023 [accessed 2025-04-15]
39. Demand characteristics. Interaction Design Foundation. 2015 Jul 5. URL: https://www.interaction-design.org/literature/

book/the-glossary-of-human-computer-interaction/demand-characteristics [accessed 2025-04-15]

JMIR Hum Factors 2025 | vol. 12 | e73935 | p.78https://humanfactors.jmir.org/2025/1/e73935
(page number not for citation purposes)

Ho et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1111/jan.14182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31441525&dopt=Abstract
http://dx.doi.org/10.6224/JN.201902_66(1).10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30648248&dopt=Abstract
http://dx.doi.org/10.2196/15549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32242823&dopt=Abstract
http://dx.doi.org/10.9778/cmajo.20210332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35973709&dopt=Abstract
https://www.linebiz.com/sites/default/files/media/jp-en/download/EN_LINE%20Business%20Guide_202304-09_summary.pdf
https://www.linebiz.com/sites/default/files/media/jp-en/download/EN_LINE%20Business%20Guide_202304-09_summary.pdf
https://report.twnic.tw/2022
http://dx.doi.org/10.2196/19452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33320101&dopt=Abstract
http://dx.doi.org/10.2196/45484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37725429&dopt=Abstract
http://dx.doi.org/10.1016/j.jbi.2004.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15016386&dopt=Abstract
http://dx.doi.org/10.1016/j.ijproman.2015.01.006
https://tw.linebiz.com/smb/industry-application/medical/
https://about.appsheet.com/home/
https://www.nngroup.com/articles/how-to-conduct-a-heuristic-evaluation/
https://www.nngroup.com/articles/how-to-conduct-a-heuristic-evaluation/
https://www.nngroup.com/articles/ten-usability-heuristics/
https://www.nngroup.com/articles/ten-usability-heuristics/
http://dx.doi.org/10.2196/22220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33560245&dopt=Abstract
https://www.nngroup.com/articles/usability-testing-101/
https://www.nngroup.com/articles/usability-testing-101/
https://www.nngroup.com/articles/why-you-only-need-to-test-with-5-users/
https://www.nngroup.com/articles/why-you-only-need-to-test-with-5-users/
http://dx.doi.org/10.1080/10447319509526110
https://measuringu.com/sus/
https://measuringu.com/sus/
http://dx.doi.org/10.6224/JN.63.4.90
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27492299&dopt=Abstract
https://jtp.taiwan-pharma.org.tw/138/021.html
https://report.twnic.tw/2023
https://www.interaction-design.org/literature/book/the-glossary-of-human-computer-interaction/demand-characteristics
https://www.interaction-design.org/literature/book/the-glossary-of-human-computer-interaction/demand-characteristics
http://www.w3.org/Style/XSL
http://www.renderx.com/


40. Orne MT, Whitehouse WG. Demand characteristics. In: Kazdin AE, editor. Encyclopedia of Psychology: American
Psychological Association and Oxford University Press; 2000:469-470. [doi: 10.1037/10517-173]

41. Ragnedda M, Muschert GW, editors. The Digital Divide: The Internet and Social Inequality in International Perspective,
1st edition: Routledge; 2013. [doi: 10.4324/9780203069769]

42. Banbury A, Nancarrow S, Dart J, Gray L, Parkinson L. Telehealth interventions delivering home-based support group
videoconferencing: systematic review. J Med Internet Res 2018 Feb 2;20(2):e25. [doi: 10.2196/jmir.8090] [Medline:
29396387]

43. Steele Gray C, Gill A, Khan AI, Hans PK, Kuluski K, Cott C. The electronic patient reported outcome tool: testing usability
and feasibility of a mobile app and portal to support care for patients with complex chronic disease and disability in primary
care settings. JMIR Mhealth Uhealth 2016 Jun 2;4(2):e58. [doi: 10.2196/mhealth.5331] [Medline: 27256035]

Abbreviations
API: application programming interface
ASQ: After-Scenario Questionnaire
CKD: chronic kidney disease
CREA: creatinine
DDEF: Digital Dyadic Empowerment Framework
DHI: digital health intervention
EAR: entry activity rate
eGFR: estimated glomerular filtration rate
OA: LINE Official Account
SO: significant other
SUS: System Usability Scale

Edited by E Borycki; submitted 08.05.25; peer-reviewed by M Gasmi, R Wiraguna; accepted 21.10.25; published 26.11.25.

Please cite as:
Ho CY, Siregar D, Yen M, Sung JM, Wang MC, Lin WH
A Messaging App Empowering Lifestyle Modification in Chronic Kidney Disease (LINE Official Account “Kidney Lifestyle”): Platform
Development and Usability Study
JMIR Hum Factors 2025;12:e73935
URL: https://humanfactors.jmir.org/2025/1/e73935 
doi:10.2196/73935

© Chun-Yi Ho, Deborah Siregar, Miaofen Yen, Junne-Ming Sung, Ming-Cheng Wang, Wei-Hung Lin. Originally published in
JMIR Human Factors (https://humanfactors.jmir.org), 26.11.2025. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly
cited. The complete bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this
copyright and license information must be included.

JMIR Hum Factors 2025 | vol. 12 | e73935 | p.79https://humanfactors.jmir.org/2025/1/e73935
(page number not for citation purposes)

Ho et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1037/10517-173
http://dx.doi.org/10.4324/9780203069769
http://dx.doi.org/10.2196/jmir.8090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29396387&dopt=Abstract
http://dx.doi.org/10.2196/mhealth.5331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27256035&dopt=Abstract
https://humanfactors.jmir.org/2025/1/e73935
http://dx.doi.org/10.2196/73935
http://www.w3.org/Style/XSL
http://www.renderx.com/


Impact of Digital Phenotypes and Question-Asking on Emotional
Disorders in Adolescents: 4-Week Field Study

Minseo Cho1, MEng; Doeun Park2, PhD; Myounglee Choo3, MEng; Doug Hyun Han4, MD, PhD; Jinwoo Kim1,3,
PhD
1Human Computer Interaction Lab, School of Business, Yonsei University, 50, Yonsei-ro, Seodaemun-gu, Building 212, Seoul, Republic of Korea
2School of Management of Technology, Human Computer Interaction Lab, Yonsei University, Seoul, Republic of Korea
3HAII Corporation, Seoul, Republic of Korea
4Department of Psychiatry, College of Medicine, Chung-Ang University, Seoul, Republic of Korea

Corresponding Author:
Jinwoo Kim, PhD
Human Computer Interaction Lab, School of Business, Yonsei University, 50, Yonsei-ro, Seodaemun-gu, Building 212, Seoul,
Republic of Korea

Abstract

Background: Adolescence is the period with the highest incidence of mental disorders, with approximately one-third, half, and
two-thirds of cases emerging by ages 14, 18, and 25 years, respectively. Proactive interventions are essential, and digital phenotyping
has emerged as a promising approach for timely detection and management. However, passive digital phenotyping is limited to
sensor-detectable behaviors, while active phenotyping is often confined to clinical scales, missing the opportunity to capture
users’ subjective perspectives and emotional nuances. Furthermore, the potential therapeutic effect of the data collection process
itself on emotional disorder management remains underexplored.

Objective: This study developed and tested a mobile app that collects passive and active digital phenotypes related to adolescents’
emotions and daily behaviors. The study aimed to assess the app’s impact on managing emotional disorders through self-monitoring
and to identify daily lifestyle indicators that can predict and track the development of such disorders.

Methods: A 4-week parallel, nonequivalent control group design was employed. The intervention group installed a digital
phenotype collection tool on their mobile devices for 28 days. Passive data (location, sleep, and screen time) were continuously
recorded. Active data were collected through ecological momentary assessments delivered randomly up to 8 times daily, prompting
participants to report their current mood and levels of depression, anxiety, and stress. The control group received no intervention.
Both groups were assessed at time points on emotional disorders, self-efficacy, and time management. Postintervention interviews
were conducted with the intervention group.

Results: Thirty-six Korean adolescents participated (19 control, 17 intervention). The intervention group showed significant
reductions in depression (P=.04, d=0.42) and stress (P=.03, d=0.46) and improvements in self-efficacy (P=.002, d=0.50) and
time management abilities (P<.001, d=0.39), with small to large effect sizes. No significant change was observed in anxiety levels
(P=.11). Correlational analysis revealed weak but significant links between passive digital phenotypes and daily emotional states.

Conclusions: Integrating active and passive digital phenotypes through a mobile collection tool can help manage emotional
disorders in adolescents. Use of the tool was associated with moderate reductions in depression and stress, as well as improvements
in self-efficacy and time management, while anxiety levels remained unchanged, possibly due to adolescents’differing perceptions
of anxiety. Passive digital phenotypes such as location variability and phone usage showed modest correlations with daily emotional
states, supporting their potential as ecological markers. These findings suggest that digital phenotype collection not only aids in
monitoring but may also have therapeutic benefits by promoting self-reflection on mood and behavior. High adherence rates
further support the practicality and acceptability of this approach for long-term emotional disorder management in adolescents.

(JMIR Hum Factors 2025;12:e66536)   doi:10.2196/66536

KEYWORDS

adolescent; emotional disorder; digital phenotype; digital health; field study; EMA; self-monitoring; ecological momentary
assessment
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Introduction

Background
Alarming statistics reveal that nearly half of all mental illnesses
begin before the age of 18 years, placing adolescents at the
highest risk of developing emotional disorders [1,2]. Depression
and anxiety are the most diagnosed conditions in adolescents,
affecting nearly every aspect of their lives. These conditions
can disrupt school, strain family relationships [3], and fuel risky
behaviors such as smoking, drinking, and substance abuse. Most
disturbingly, depression is a leading risk factor for suicide
among adolescents [4]. Adolescence is a critical period of
physiological, psychological, and social development; as such,
mental health during this phase is intricately linked to well-being
in adulthood [5]. This underscores the urgent need for early
diagnosis and timely intervention in adolescent emotional
disorders.

Digital phenotypes, the real-time collection of physiological
and behavioral data through computer-based tools, have gained
attention as a means to prevent and address mental disorders
[4]. By capturing continuous, comprehensive data often
unavailable through traditional methods, digital phenotypes
offer new opportunities for the early detection and treatment of
emotional disorders. These phenotypes can be categorized as
active and passive. Active digital phenotypes require conscious
user input, such as responses to self-reported surveys. Passive
digital phenotypes collect data unobtrusively through
smartphone sensors like accelerometers and Global Positioning
System (GPS) as individuals go about their daily lives [6].
Research shows that digital phenotypes can effectively detect
the severity of social anxiety, predict depression recurrence [6],
identify suicidal ideation, and even prevent symptom
deterioration with real-time monitoring [7].

However, opinions vary on whether passive digital phenotypes
are sufficient to understand and explain emotional disorders.
Context is crucial in shaping an individual’s emotional
perceptions and reactions, yet passive digital phenotypes often
fail to capture this nuanced information. While behaviors such
as movement or physical activity can be easily inferred from
GPS and accelerometer data, more complex activities or
emotional states that require inferences or are inaccessible to
sensors remain unknown through passive sensing alone.

To gain a deeper understanding of emotional disorders, active
digital phenotypes must be used to complement passive methods
[8]. However, existing research primarily relies on clinical scales
that may not fully account for the contextual factors relevant to
emotional disorders [6,9-13]. Moreover, much of the literature
treats digital phenotypes merely as data collection outcomes
[14,15]. In contrast, active digital phenotyping functions as a
form of self-monitoring, empowering individuals to gain insights
into their emotional responses and develop targeted strategies
to improve their mental health [16]. Therefore, the process of
collecting active digital phenotypes may itself contribute to
addressing emotional disorders.

In this context, our study is among the first to integrate both
passive and active data collection in a single tool and to deploy

it in the real world among adolescents. This dual-mode approach
enables the collection of context-rich, ecologically valid data
that neither passive nor active methods alone can provide. By
analyzing the relationship between these digital phenotypes and
daily assessed emotional disorder levels, we aim to determine
how passive and active digital phenotypes function as
complementary, parallel indicators of adolescent emotional
health. Furthermore, this study investigates how the process of
data collection can promote emotional disorder levels,
self-efficacy, and time management skills.

Related Works

Digital Phenotypes and Emotional Disorders
Passive digital phenotypes are data collected about people’s
daily lives using digital devices [6]. This definition contains 4
further elements [9]. First, it involves continuous data collection
and analysis rather than collecting data at specific time points.
Second, the individual is the unit of analysis. Third, data are
collected in natural, uncontrolled environments to capture
real-world behavior. This point distinguishes passive from active
digital phenotypes, such as ecological momentary assessments
(EMAs), which will be discussed later. Fourth, passive digital
phenotypes can be collected by devices that individuals already
own, such as smartphones, without additional instruments [9].

A variety of physiological and behavioral passive digital
phenotypes can be used to identify abnormal behavioral patterns
associated with mental disorders [6,10]. People with mental
disorders exhibit symptoms that affect mobility, life satisfaction,
and social interactions, some of which can be quantified through
digital phenotypes [11,12]. Symptoms of depression include
negative affect, hopelessness, devaluation of life, and inertia,
while anxiety is characterized by physiological arousal such as
sweating, trembling, increased heartbeat, and avoidance
tendencies [13]. Tracking these symptoms with passive digital
phenotypes can allow for the early diagnosis and timely
treatment of certain diseases, thereby more effectively managing
health.

Adolescence is a particularly vulnerable developmental stage,
often characterized by exposure to various stressors and their
debilitating mental health effects [17]. Stress is accompanied
by physical, psychological, or social complaints or dysfunctions
resulting from individuals feeling unable to meet requirements
or expectations placed on them. Stress during adolescence is
associated with negative outcomes such as decreased well-being,
impaired mental health, anxiety, and depression [17-20]. These
challenges often co-occur, and symptoms of one disorder may
predict the concurrent or future development of other mental
health disorders. Therefore, addressing stress and emotional
disorders is crucial for promoting long-term mental health.

Digital phenotyping could be particularly effective in addressing
adolescent mental health challenges as adolescents often lack
self-awareness or face communication barriers, particularly due
to externalizing psychiatric disorders [21]. Given that
approximately 95% of adolescents own or have access to
smartphones, most by age 11 years, these technologies could
be especially effective at tracking and intervening in mental
health issues [22]. Mobile sensing and digital phenotypes can
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support health behaviors by enhancing individuals’
responsibility for their health and have been shown to increase
health literacy [23]. These technologies also promote stronger
relationships between health care providers and adolescents by
facilitating meaningful conversations based on collected data,
enabling timely treatment and encouraging help-seeking
behaviors [24].

Ecological Momentary Assessment
An EMA [25] is used to build a comprehensive understanding
of individuals [26,27]. It collects real-time self-reports of
individuals’ behaviors, thoughts, and emotions in their daily
lives [28]. EMAs examine the present moment and so are
conducted repeatedly over an extended period. With
advancements in technology, EMAs are often implemented
through digital platforms, such as smartphones and wearable
devices [25].

Emotions are not fixed or stable; they are highly responsive to
immediate circumstances and daily experiences [29]. Traditional
data collection methods that rely on retrospective reports may
struggle to capture these dynamics due to several biases, such
as recency and novelty effects, which may compromise their
validity [30]. EMAs overcome this limitation by gathering data
at the moment when these experiences occur. This real-time
approach allows for a detailed examination of how emotions
evolve throughout the day [31].

To effectively manage emotional disorders, it is necessary to
understand the conditions that trigger them [32]. Clinical scales
and interviews with health care providers rarely address the
context of the symptoms. In contrast, EMAs solicit a wide range
of information from individuals, such as their location, time,
and interpersonal influences, which can identify specific
contexts in which emotional disorders are triggered [25,33].
Such detailed information can be used to better manage these
conditions.

Unlike passive digital phenotypes, which rely on data collected
by sensors, EMAs can directly ask individuals about their
subjective experiences, which allows them to capture contextual
data that sensors may not be able to [33]. Active and passive
digital phenotypes complement each other, and neither is
inherently superior. By integrating EMAs with passive digital
phenotypes, researchers can achieve a more comprehensive
understanding of emotional disorders [34]. This study collected
active digital phenotypes through EMAs and passive digital
phenotypes to develop detailed insights into the contextual
factors influencing emotional disorders in adolescents.

Self-Monitoring and Self-Efficacy
Self-monitoring is the process in which individuals observe and
record their own behaviors, emotions, and thoughts and adjust
themselves accordingly [35]. Through this process of data
collection and reflection, individuals can enhance their
self-awareness and choose to engage in behaviors to achieve
specific goals. Emotional self-monitoring helps identify factors
that influence mood, both positively and negatively, allowing
individuals to develop strategies to improve their mental health
[36]. Self-efficacy is an individual’s belief in their ability to
plan and execute actions to achieve desired outcomes [37] and

is closely linked to mental health. By boosting self-efficacy,
self-monitoring can enhance mental health, increasing an
individual’s belief that they can autonomously manage and
overcome emotional challenges [38,39].

Previous studies have identified several benefits of
self-monitoring. Regularly measuring symptoms of emotional
disorders can help predict their recurrence and evaluate the
effectiveness of the ongoing treatments [40]. It provides
opportunities to reflect on the context surrounding symptom
occurrences, aiding in understanding the causes. Moreover,
self-monitoring helps identify factors that either alleviate or
worsen emotional disorders, providing insights into their patterns
and impacts [41]. Finally, self-monitoring is done independently
without external interventions, so it encourages individuals to
actively participate in managing their mental health [36,42,43],
which can enhance an individual’s agency, positively
influencing their self-efficacy.

Combined with these benefits, self-monitoring has been shown
to improve mental health symptoms [44]. Studies on adolescents
in the early stages of depression have demonstrated that
self-monitoring gives them insights into their health, which is
the first step in a stepped-care approach [33,45,46]. Furthermore,
self-monitoring extends symptom-free periods in patients with
depressive disorders [47] and helps them focus on behaviors
that can help them control their emotional disorders [48]. Even
for individuals not clinically diagnosed with emotional disorders,
self-monitoring has been shown to have positive effects, such
as motivating them to pursue health management [49].

To effectively define the role of digital phenotypes in managing
emotional disorder, it is crucial to understand them as
self-monitoring. However, the role of digital phenotypes as a
tool for self-monitoring has not been investigated yet. This study
explored whether digital phenotypes could help individuals
engage in self-monitoring of emotional disorders. Accordingly,
a service was developed for this study that integrates the
collection of digital phenotypes, which have been validated for
their use in the early diagnosis and treatment of adolescent mood
disorders. The study evaluated the effects of this service on
adolescents’ depression, anxiety, stress, and self-efficacy levels
and time management abilities.

Methods

Study Design
Participants were not randomly assigned due to constraints
related to the study tool’s operational environment as the app
was only compatible with Android smartphones. Given the
limited number of adolescents using Android devices who were
available to participate, it was not feasible to recruit a
sufficiently large sample for both groups exclusively from
Android users. The study used a 4-week parallel, nonequivalent
control group design.

The intervention group consisted of Android users who installed
and used the app for 28 days. The control group, which was not
required to use the app, had no restrictions on smartphone type.
Both groups were assessed on key variables at baseline (day 0),
midpoint (day 14), and postintervention (day 28). Following
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the intervention, semistructured interviews were conducted with
the intervention group to explore their experiences using the
digital phenotype collection tool.

Interviews were conducted via the Zoom online conferencing
tool within 1 week after the intervention period ended. With
participants’ consent, all interviews were audio-recorded,
transcribed verbatim, and then deleted to maintain
confidentiality. Topics covered the perceived impact of app
usage on personal life and mood and suggestions for
improvement. Data were analyzed using thematic analysis, with
2 researchers independently coding to identify recurring themes
and patterns.

Recruitment
This study included individuals who: (1) were South Korean
residents in the age group of 12‐18 years, (2) were enrolled
in middle or high school, (3) spoke Korean as their native
language and had no difficulty communicating in it, and (4)
understood the study purpose and voluntarily agreed to
participate. Participants were recruited to the intervention group
if they owned an Android smartphone and had no issues using
it to ensure the efficient operation of research tools.

Participants were recruited through multiple channels, including
digital flyers posted on social media platforms (eg, Instagram,
KakaoTalk channels), online youth community forums, and
outreach via collaborating clinicians. Recruitment materials
briefly explained the study purpose and provided a link to an
online preassessment survey. Those who completed the survey
received the download link to the study tool via a text message.

This recruitment strategy may have introduced selection bias
as participants were more likely to be adolescents who actively
engage with digital platforms and possess higher digital literacy.
Additionally, the requirement for Android smartphone
ownership in the intervention group may have introduced
systematic differences between groups, particularly in terms of
socioeconomic status and smartphone usage patterns.

Sample Size Calculation
The sample size was calculated using a 2-sided significance
level of .05, a statistical power of 80%, 2 groups, and 3 repeated
measures. Based on these parameters, a sample size of 26
participants per group was estimated to be sufficient to detect

an effect size of .33 in the reduction of depression levels. This
effect size was selected based on findings from a systematic
review of digital mental health interventions targeting young
people, which reported small to moderate effect sizes for similar
outcomes. To account for a potential 5% dropout rate, we
increased the target sample size to 56 participants in total.

Intervention
The study tool was an app that collects digital phenotypes
validated as predictive indicators for emotional disorders. The
app was developed based on exploratory research into
adolescents’ intentions and behaviors in voluntarily recording
emotions and daily activities [50]. To develop the tool, we first
observed how adolescents recorded target active digital
phenotypes regarding emotions and lifestyle behaviors within
a digital environment and inquired about the tools they used,
including their advantages and disadvantages.

These observations were then translated into system design
goals, which included designing interfaces that resemble digital
planners, streamlining data input processes with shortcut
interactions, providing visual reports on collected data to reward
users’ efforts, and writing friendly EMA prompts. By aligning
the system’s features with users’ natural behaviors, the app was
designed to enhance the quality of collected active digital
phenotypes.

Emotional recording followed an EMA methodology where
users responded to notifications delivered randomly throughout
the day (Figure 1). These notifications were sent upon waking,
before school, during lunchtime, after school, before private
tutoring, after private tutoring, before bedtime, and if the phone
was used for more than 30 minutes after midnight. Users were
restricted to recording their emotions only when prompted by
these notifications.

The recording of lifestyle behaviors was facilitated through a
screen displaying a table that divided the 24-hour day into
30-minute intervals, resulting in 48 cells (Figure 2). By clicking
on each cell, users could access a pop-up screen with sleep,
exercise, leisure, and study categories, each of which included
specific activities, like napping or meeting friends. The recorded
data were then processed into reports, allowing users to gain
detailed insights into the structure of their daily lives and their
levels of emotional disorders.
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Figure 1. Process of mood recording with corresponding system interface screens. EMA: ecological momentary assessment.

Figure 2. Process of lifestyle behavior recording with corresponding system interface screens.

Measures

Demographic Information
Participants provided demographic information, namely gender,
age, level of education, and address. The level of effort typically
invested in mood and life management was assessed using a
5-point Likert scale, ranging from 1 (“very low”) to 5 (“very
high”).

Korean Version of the Depression Anxiety Stress Scale
The Korean version of the Depression Anxiety Stress Scale,
adapted by Lee (2002) from the version shortened by Henry of

the original developed by Lovibond, was used to measure levels
of depression, anxiety, and stress [51-53]. This shortened scale
consists of 21 items, with 7 items assessing each symptom. Each
item is rated on a 4-point Likert scale from 0 (“does not apply
at all”) to 3 (“applies most of the time”), with higher scores
indicating greater severity of symptoms.

Self-Efficacy Scale
Self-efficacy was measured using a scale developed by Sherer
and translated by Kim [54,55]. The scale includes 22 items
divided into 3 subfactors: confidence, self-regulatory efficacy,
and preference for task difficulty. Each item is rated on a 5-point
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Likert scale from 1 (“strongly disagree”) to 5 (“strongly agree”),
with higher scores indicating higher self-efficacy. The internal
consistency coefficient, Cronbach α, for this scale is 0.88.

Time Management Ability Scale
Time management ability was evaluated with a scale developed
by Jeong and Jang, which includes 30 items categorized into 3
subfactors: planning ability, execution ability, and evaluation
ability [56]. Participants rated each item on a 5-point Likert
scale from 1 (“not at all”) to 5 (“always”), with higher scores
indicating better management ability. The internal consistency
coefficients, Cronbach α, for these subfactors are 0.91, 0.86,
and 0.89, respectively.

mHealth App Usability Questionnaire
To evaluate the usability of the app developed for this study,
we used a self-reported scale that assesses the usefulness and
usability of mobile health apps [57]. The scale consists of 21
items rated on a 7-point scale from 1 (“strongly disagree”) to 7
(“strongly agree”). The questionnaire is divided into 3
subfactors: ease of use and satisfaction, assessed by 8 items,
system information arrangement, assessed by 6 items, and
usefulness, assessed by 7 items.

Passive Digital Phenotypes
The location digital phenotypes, collected using the devices’
GPS functions, included total distance traveled, total travel time,
location variance, entropy, and normalized entropy. These data
were preprocessed by estimating travel speed through time
derivatives. Using a threshold of 1 km/h, the data were classified
as either stationary or moving [57,58]. The stationary data were
analyzed with the K-means clustering algorithm to identify the
locations where participants spent most of their time.

The sleep digital phenotypes included total amount of sleep,
total daytime sleep, and total nighttime sleep. Considering the
daily routine and schedule of adolescents, daytime was defined
as 7 AM to 11 PM and nighttime as from 11 PM to 7 AM. Sleep
states were estimated using data collected from cameras,
microphones, accelerometers, and smartphone log data,
considering factors such as ambient light, noise, and smartphone
screen time [59].

Digital phenotypes calculated from screentime data contained
in device logs included total phone usage duration, total daytime
phone usage, total nighttime phone usage, total phone lock
duration, and the frequency of phone unlocks [60]. We handled
outliers using the interquartile range method, where values
outside 1.5 times the IQR were considered outliers and excluded.
We did not attempt to impute missing values as the data were
passive and imputation could introduce artifacts.

Active Digital Phenotypes
Mood records were collected using EMAs. System notifications
were delivered randomly throughout the day, except during
school, private tutoring, and sleep. Upon receiving a notification,
participants recorded their current mood by selecting the
mood-related adjectives (eg, happy, sad, relaxed) and rated their
levels of depression, anxiety, and stress on a scale from 1 (“very
low”) to 5 (“very high”).

Participants recorded their daily activities using predefined
options. Key lifestyle areas include sleep, exercise, leisure, and
study-related activities. Each 24-hour day was divided into
30-minute intervals and participants were asked to select the
corresponding activity for each time slot (eg, studying, walking).
The recorded lifestyle behaviors were organized by type, start
time, and end time.

Statistical Analysis
Analyses were conducted using SPSS 26.0. Descriptive statistics
were used to describe and compare participants’ baseline
characteristics. Univariate analyses were performed to compare
baseline values using the t test for independent samples. A 2-way
ANOVA model followed by Scheffé post hoc tests was used to
test the effect of app usage on each variable. Data were analyzed
using 2×3 repeated measures ANOVAs with 1 between-subject
factor (intervention group and control group) and 1
within-subject factor (preintervention, midintervention, and
postintervention). The statistical significance level was defined
as α=.05.

Ethical Considerations
This study was reviewed and approved by the Yonsei University
Ins t i t u t i ona l  Rev iew Board  ( IRB no .
7001988-202406-HR-2045-05). All participants provided written
informed consent after receiving a full explanation of the study
purpose and procedures from the research team. Participant
confidentiality was maintained throughout the study, with each
individual assigned a numerical code according to their order
of participation. Upon completion of the study, participants
received compensation of 100,000 KRW (US $72.00).

Results

Descriptive Statistics
Of the 21 participants in the intervention group, 17 completed
the study, resulting in an 81% retention rate. Dropouts occurred
due to technical issues (n=2), failure to complete the
preintervention survey (n=1), and personal reasons (n=1). In
the control group, all 19 participants completed the study,
resulting in a 100% retention rate. The intervention group
consisted of 3 male and 14 female participants, with a mean
age of 16.70 (SD 0.98) years. The control group included 2
male and 17 female participants, with a mean age of 16.63 (SD
1.02) years. There were no statistically significant differences
in gender distribution or age between the two groups.

At baseline, there were no statistically significant differences
between the groups in anxiety, self-efficacy, or time
management abilities. However, the intervention group showed
significantly higher levels of depression and stress. For
depression, the control group had a mean score of 10.21 (SD
2.20), while the intervention group had a mean score of 18.12
(SD 3.60); this difference was statistically significant (t34=–2.25,
P=.03). For stress, the control group’s mean score was 12.00
(SD 3.10) and the intervention group’s score was 19.76 (SD
3.80). A Mann–Whitney U test indicated a significant difference
between the groups (U=234.5, P=.02).
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Adherence to lifestyle records was defined as the percentage of
records made from the 48 requests. Adherence to mood records
was defined as the percentage of responses to the 28 daily EMA
alerts sent. Lifestyle record adherence had an average of 89.68%
and a range of 71.5%‐99.6% (Multimedia Appendix 1). Mood

record adherence had an average of 90.65% and a range of
79.3%‐99.6%. The average adherence rates per participant
indicate that most participants complied with the system’s
requests for collecting digital phenotypes (Figure 3).
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Figure 3. Average adherence rates for mood and lifestyle recording over 4 weeks.
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Intervention group satisfaction was assessed using the mHealth
App Usability Questionnaire at the end of the intervention. The
survey consisted of 21 items rated on a 7-point scale, evaluating
the tool’s ease of use, user satisfaction, system information
arrangement, and usefulness. Participants’ responses showed a
high level of satisfaction, with an average score of 6.31 of 7.
The median score was 6.29, indicating that half of the
participants rated the tool at or above this value.

Scores ranged from a minimum of 5.81 to a maximum of 6.86,
demonstrating relatively low variability in user evaluations. The
SD was 0.31, further confirming consistent positive feedback
across the participant group. These findings suggest that the
digital phenotype collection tool was generally well-received
by adolescents, both in terms of usability and usefulness, which

is also reflected in the high adherence rate throughout the
intervention period [57].

Changes in Repeated Measures
A repeated measures ANOVA revealed a significant main effect
of time (F2, 68=3.62, P=.04), indicating that depression levels
changed significantly across the 3 time points, regardless of
group. A repeated measures ANOVA revealed a statistically
significant interaction effect between time and group for
depression levels (F2, 68=3.65, P=.04), indicating that the
intervention group experienced a different trajectory of change
compared with the control group (Figure 4). For anxiety,
although a significant main effect of time was observed (F2,

68=5.64, P=.009), the interaction effect was not significant (F2,

68=2.35, P=.11), suggesting similar changes across both groups.

Figure 4. Repeated measures ANOVA results comparing the intervention and control groups.

In contrast, stress levels showed no significant main effect of
time (F2, 68=2.56, P=.07), but there was a significant interaction
between time and group (F2, 68=3.55, P=.03). Time management
ability significantly improved over time (F2, 68=11.54, P<.001),
with a significant interaction effect (F2, 68=4.78, P=.01),
indicating a greater improvement in the intervention group.
Similarly, self-efficacy scores showed both a significant main
effect of time (F2, 68=6.99, P=.002) and a significant interaction
effect (F2, 68=5.27, P=.007). These results suggest that the
intervention had a positive and differential effect on depression,
stress, time management, and self-efficacy when compared with
the control group.

Passive Digital Phenotypes and EMA
We analyzed the relationship between passive digital phenotypes
and emotional disorder levels over time. While previous studies
often clustered subjects based on their baseline emotional
disorder scores, this study used ecologically assessed emotional
disorder levels collected over a 4-week period [61,62]. This
approach aimed at the same timeframe of the data in the analysis
and to capture the dynamic nature of an individual’s emotional
disorders, which fluctuate within a day.

Collected passive digital phenotypes were categorized by
participants and averaged daily, resulting in 28 sets of passive
digital phenotypes per participant. Outliers and missing values
were excluded from the analysis. The results of the analysis are
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presented in Tables 1-3, summarizing Pearson correlation coefficients with a significance level of α=.05.

Table . The correlation analysis of passive digital phenotypes and depression ecological momentary assessment.

P valueDepression

Location

.04−0.0932a    Total travel distance

.08−0.0806    Total travel time

.020.1041a    Location variance

.01−0.1186b    Location entropy

.02−0.1089a    Normalized location entropy

Sleep

.91−0.0053    Total sleep duration

.030.0988a    Daytime sleep duration

.35−0.0429    Nighttime sleep duration

Phone log

.01−0.1123a    Total phone usage time

.030.0980a    Total phone screen lock time

.27−0.0511    Daytime phone usage time

.002−0.1421b    Nighttime phone usage time

<.001−0.1511c    Phone screens unlock frequency

aP<.05.
bP<.01.
cP<.001.
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Table . The correlation analysis of passive digital phenotypes and anxiety ecological momentary assessment.

P valueAnxiety

Location

.09−0.0782    Total travel distance

.11−0.0735    Total travel time

.0030.1376b    Location variance

.007−0.1234b    Location entropy

.005−0.1296b    Normalized location entropy

Sleep

.330.0452    Total sleep duration

.0030.1342b    Daytime sleep duration

.90−0.0057    Nighttime sleep duration

Phone log

<.001−0.9078c    Total phone usage time

.01−0.1159a    Total phone screen lock time

.38−0.0401    Daytime phone usage time

.004−0.1329b    Nighttime phone usage time

.01−0.1159a    Phone screens unlock frequency

aP<.05.
bP<.01.
cP<.001.

Table . The correlation analysis of passive digital phenotypes and stress ecological momentary assessment.

P valueStress

Location

.73−0.0156    Total travel distance

.800.0118    Total travel time

.040.0955a    Location variance

.22−0.0566    Location entropy

.05−0.0896    Normalized location entropy

Sleep

.540.0281    Total sleep duration

.006−0.1262b    Daytime sleep duration

.67−0.0197    Nighttime sleep duration

Phone log

.06−0.0881    Total phone usage time

.130.0694    Total phone screen lock time

.32−0.0461    Daytime phone usage time

.02−0.1074a    Nighttime phone usage time

<.001−0.1798c    Phone screens unlock frequency

aP<.05.
bP<.01.
cP<.001.
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For location digital phenotypes, there were no statistically
significant correlations between total travel time and emotional
disorders. Total travel distance was negatively correlated with
depression (r=−0.0932, P=.04). Statistically significant positive
correlations emerged between location variance and depression
(r=0.1041, P=.02), anxiety (r=0.1376, P=.003), and stress
(r=0.0955, P=.04). Location entropy was negatively correlated
with depression (r=−0.1186, P=.01) and anxiety (r=−0.1234,
P=.007), while normalized location entropy was statistically
significantly negatively correlated with depression (r=−0.1186,
P=.01) and anxiety (r=−0.1089, P=.02).

Regarding sleep digital phenotypes, there were no statistically
significant correlations between total sleep duration, nighttime
total sleep duration, and the level of emotional disorders.
However, daytime total sleep duration showed statistically
significant positive correlations with depression (r=0.0988,
P=.03), anxiety (r=0.1342, P=.003), and stress (r=0.1262,
P=.006). These results suggest that as daily levels of emotional
disorders increase, daytime sleep duration or nap duration also
tends to increase.

The relationships between digital phenotypes of phone use and
daily depression, anxiety, and stress levels are presented in
Tables 1-3. Statistically significant correlations were found
between all variables except for daytime phone usage. Total
phone usage exhibited a statistically significant negative
correlation with depression (r=−0.1123, P=.01) and anxiety
levels (r=−0.9078, P<.001). Phone screens unlock frequency
showed statistically significant negative correlations with
depression (r=−0.1151, P<.001), anxiety (r=−0.1159, P=.01),
and stress levels (r=−0.1798, P<.001).

Total phone screen lock time showed a statistically significant
positive correlation with depression (r=0.0980, P=.03) and
negative correlation with anxiety (r=−0.1159, P=.01), whereas
nighttime phone usage time exhibited statistically significant
negative correlations with depression (r=−0.1421, P=.002),
anxiety (r=−0.1329, P=.004), and stress levels (r=−0.1074,
P=.02). These findings suggest that as daily levels of emotional
disorders increase, nighttime phone usage decreases. Overall
phone usage tends to decrease on days with higher depression
and anxiety levels, while total phone screen lock time increases
on days with higher anxiety levels.

Discussion

Main Results

Overview
This study developed and deployed a tool that captures both
passive and active digital phenotypes in real-world settings to
build a comprehensive dataset for understanding emotional
disorders in adolescents. The tool collects behavioral data
commonly used in prior studies of passive digital phenotypes,
such as location, sleep patterns, and phone usage, and extends
data collection into domains that are not easily captured by
sensors, including study and rest routines, self-reported mood,
and subjective emotional distress.

Unlike studies that focused solely on passive sensing or
retrospective self-reports, this study positioned self-monitoring
as both a data collection strategy and an intervention mechanism.
As participants recorded their emotions, they became more
aware of their levels of depression, anxiety, and stress and
examined the underlying causes of these feelings. This process
caused participants to integrate their reflections on both
emotions and daily life, allowing them to construct causal
relationships between daily experiences and emotional states
based on the gathered digital phenotypes. This aligns with prior
findings that self-monitoring can facilitate emotional awareness
and behavior change, but this study extends that work by
integrating real-time active digital phenotypes with passively
collected context.

Furthermore, the correlation analysis between passive and active
digital phenotypes revealed patterns consistent with earlier
findings. For instance, higher late-night phone use and irregular
sleep patterns were associated with elevated stress and
depression levels. These observations suggest that integrated
digital phenotype systems can surface meaningful, co-occurring
patterns between lifestyle behaviors and emotional states among
adolescents. The strength of this study is further supported by
the high adherence rate across both active and passive data
streams. Overall, the findings demonstrate how combining
passive sensing with active self-reporting can generate a
comprehensive understanding of emotional well-being and
support light-touch interventions through self-reflection.

User-Centric Design for Digital Phenotypes
As demonstrated in this study, having individuals consistently
record their mood and lifestyle behaviors can aid in managing
emotional disorders by leveraging the benefits of
self-monitoring. While developing our study tool, we applied
exploratory research to enhance both the quantity and quality
of active phenotype data. A pilot study with adolescents helped
us understand how their daily routines and digital habits could
inform a design aligned with their lived experiences.

Based on these insights, we implemented a timetable-based
interface that reflected the structure of a typical adolescent day,
allowing participants to intuitively locate and record emotions
in the context of their daily schedules. We designed
context-aware EMA nudges that prompted emotion recordings
at relevant points in the day, increasing compliance without
causing notification fatigue. The visualization of the collected
data prioritized the types of insights adolescents reported to
value most, making the reflection more meaningful.

The impact of these design features is reflected in the tool’s
high usability and strong adherence. Our findings suggest that
in designing tools to collect active digital phenotypes from
adolescents, it is essential to find an appropriate balance between
the burden of self-reporting and the perceived value of data
reflection. A well-designed interface that minimizes friction
and maximizes personal relevance can significantly improve
both engagement and the quality of self-reported data.

Digital Phenotypes and Personalized EMAs
The potential of digital phenotype collection as an intervention
also emerged using EMA notifications. In follow-up interviews,
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participants reported that when EMA alerts were tailored to
their daily life context rather than generic reminders, they
experienced a stronger sense of social support and were more
motivated to engage with the tool. The effect was particularly
notable when prompts included words of encouragement and
comfort, such as cheering them on to attend school or private
tutoring sessions. Additionally, the tool issued EMAs during
extended periods of late-night device usage. Participants
interpreted these messages as expressions of care, which
encouraged them to reflect on their behavior and, in many cases,
reduce nighttime screen time.

In this study, EMA notifications were primarily time-based and
followed a fixed template designed by the researchers. However,
by integrating both passive and active digital phenotypes, EMA
prompts could be further personalized to match each user’s
real-time context. For example, if an adolescent logs study time
that exceeds recommended limits, the tool could deliver a
supportive message acknowledging their effort while gently
encouraging balance. Likewise, if an increase in physical activity
is detected, a message might inquire about their experience,
reinforcing awareness and positive habits. Such personalization
could be significantly enhanced by generative artificial
intelligence, which would allow EMA content to evolve
dynamically based on ongoing user interactions and behavioral
patterns.

This personalized, context-aware approach can extend to
facilitating more proactive interventions. By analyzing trends
in digital phenotype data when heightened distress is reported,
we can infer individual patterns related to emotional disorders.
For instance, this study found a positive correlation between
increased nap duration and elevated emotional disorder levels.
If the system detects more frequent or longer naps, it could
adjust EMA notification such as, “You’ve been napping more
than usual; have you been feeling more down lately?” However,
it is important that these prompts are framed with care. Messages
should invite introspection rather than make assumptions and
always be mindful of user privacy, especially when dealing with
sensitive behavioral data.

Our findings extend the current discourse on digital phenotypes
in 2 significant ways. First, EMA can be more than simply
assessments by indirectly helping to alleviate emotional
disorders. EMAs involve frequent interactions between the
system and the user, with each session shaping the user
experience. In this study, we particularly designed empathetic
survey prompts, which helped build rapport with and provide
emotional support to participants. Second, this study showed
how passive digital phenotypes, which are commonly used to
determine the timing of EMA prompts, could be used.
Participants viewed the tool’s apparent interest in them as a
major benefit, which suggests that passive digital phenotypes
could be used more broadly to optimize timing and personalize
other aspects of EMAs based on users’ behavioral and
psychological characteristics.

Limitations
This study has several limitations. First, although it included
both an intervention group that used a tool for 4 weeks and a
control group that did not use it, participants were not randomly

assigned to the groups and there was a gap in recruitment timing.
The tool was exclusively designed for Android phones, which
limited our ability to randomly assign participants to groups.
While we attempted to ensure homogeneity by considering
factors such as age, gender, residential area, and grade, there
may have been unexamined characteristics that could have
influenced the study results.

Second, active digital phenotypes were collected via
self-reporting, which was only possible when participants were
not otherwise engaged. To accurately assess participants’ daily
routines, the study needed to be conducted during school terms
but not around major school events, such as national
examinations, which could affect levels of depression, anxiety,
and stress. Thus, there was a 1-month difference in the start
times between the intervention and control groups, which might
have affected the results. Third, there were statistically
significant differences in depression and stress level baseline
scores between the two groups. The intervention group reported
higher levels of both depression and stress initially. This
discrepancy indicates that the intervention group had greater
potential for improvement, so the positive impact of the digital
phenotype collection service should be interpreted with caution.

Fourth, there was an uneven distribution of gender and grade
among participants. Female participants were more represented
than male participants in both groups, and there were more high
school students than middle school students. These imbalances
may limit the generalizability of the findings to male and middle
school students. However, emotional disorders are generally
more frequent and severe among female adolescents, so this
distribution may reflect real-life conditions. Additionally, as
the study was conducted exclusively with Korean adolescents,
cultural factors unique to Korea may have influenced
participants’ behaviors and responses. This cultural specificity
could limit the applicability of the findings to adolescents in
other cultural contexts. Future studies should aim for a more
balanced representation by gender and grade and include more
diverse cultural settings to improve the generalizability of the
results.

Fifth, this study did not specifically target adolescents diagnosed
with emotional disorders. Although some participants had high
emotional disorder scores, these scores did not necessarily
equate to clinical diagnoses. Furthermore, the EMAs assessed
depression, anxiety, and stress levels using single items for ease
of response, which may not fully represent the participants’
clinical status. Future research should focus on participants with
clinically diagnosed emotional disorders to enhance the
generalizability and clinical relevance of the study findings.

Conclusions
This study explored how digital phenotypes can be used to
manage emotional disorders among adolescents. To this end,
we developed a digital phenotype collection tool that integrates
active digital phenotypes into EMAs for mood disorders and
related daily contexts. This study included a 4-week field test
to investigate the potential diagnostic and therapeutic roles of
active digital phenotypes to assess how participating in digital
phenotype collection affects the emotional disorders of
depression, anxiety, and stress; self-efficacy; and time
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management abilities. We also examined the relationships
between passive digital phenotypes and adolescents’ daily
emotional states.

The results showed that tool use was negatively correlated with
depression and stress levels and positively correlated with
self-efficacy and time management abilities. However, it was
not correlated with anxiety levels and interviews with
participants provided insights as to why. Adolescents understood
depression in a way that matched clinical definitions, such as
lethargy and sadness. However, adolescents tend to interpret
anxiety in a more situational manner, associating it with specific
stressors like upcoming examinations or incomplete homework,
rather than recognizing it as a clinical condition. This
discrepancy might explain why no significant improvement in
anxiety levels was observed when assessed using clinical scales.

Furthermore, we analyzed the relationship between passive
digital phenotypes and their relationships with adolescents’
levels of depression, anxiety, and stress via EMAs. This
correlation analysis revealed that location variance, location
entropy, daytime sleep duration, phone usage time, and phone
screens unlock frequency were weak but statistically
significantly correlated with daily levels of depression, anxiety,

and stress, which is like trends observed in other studies [4,63].
Unlike past research that typically compared baseline scores,
our study used long-term, ecologically assessed data, showing
that EMAs can be used to establish predictive correlations with
passive digital phenotypes.

These findings suggest that digital phenotype collection services
can be used to understand and manage adolescent emotional
disorders. Despite the recognized potential of digital phenotypes
for this purpose, few studies have collected active digital
phenotypes in the context of emotional disorders, and none have
focused on their effectiveness in managing these disorders. This
study provides preliminary evidence that the use of a digital
phenotype collection tool, particularly through the process of
reflecting on both mood and lifestyle-related behaviors, may
contribute to improvements in depression, self-efficacy, and
time management among adolescents. These findings suggest
that the integration of passive and active digital phenotypes
could play a supportive role in better understanding and
potentially addressing emotional challenges in this population.
Additionally, the high level of adherence maintained throughout
the study, despite the extensive user participation required,
indicates that the methods used to collect digital phenotypes
were successful.
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Abstract

Background: Despite the popularity of concurrent use of electronic cigarettes (e-cigarettes) and cigarettes (dual tobacco use)
among young adults, few interventions address the cessation of both tobacco products. The application of a human-centered
design (HCD) approach in the development of such interventions remains limited.

Objective: This study used an HCD approach to develop smartphone-based intervention messages for dual tobacco cessation
for young adults.

Methods: Intervention messages were developed based on theories, cessation guidelines, existing messages, and our previous
formative study. Three rounds of message testing were conducted asynchronously via an online platform with 35 young adults
(18‐29 years old) who currently used both e-cigarettes and cigarettes and were motivated to quit either smoking or vaping in
the next 6 months. In each round, a new sample of 10‐12 participants evaluated the messages individually. For the quantitative
assessment, participants viewed and rated each message on a scale from 1 (“very low degree”) to 5 (“very high degree”) across
4 components: Comprehension (“This message is easy to understand”), Usefulness (“This message is useful for encouraging
tobacco cessation”), Tone (“The language is clear and non-judgmental”), and Design (“The design is appealing”). For the qualitative
assessment, participants used a platform-enabled feature to place markers on specific parts of messages they liked, disliked, or
found confusing and then provided brief explanations for their feedback. Initial messages were assessed during the first 2 rounds
of testing, and those with low mean scores were revised based on participants’ feedback and retested in the third round.

Results: We found significant improvements in message ratings after refinement. The overall mean score increased from 3.6
(SD 0.4) to 4.6 (SD 0.2) (P<.001), using paired t tests. Specifically, the mean score of “Comprehension” improved from 4.0 (SD
0.5) to 4.9 (SD 0.2) (P<.001), the mean score of “Usefulness” increased from 3.0 (SD 0.6) to 4.4 (SD 0.4) (P<.001), the mean
score of “Tone” increased from 3.8 (SD 0.6) to 4.8 (SD 0.2) (P<.001), and the mean score of “Design” increased from 3.4 (SD
0.48) to 4.4 (SD 0.3) (P<.001). The qualitative assessments highlighted design elements related to message liking, such as clear
layout, minimalistic imagery, italicized quotes, and highlighted keywords. Conversely, design features related to message dislike
included color shades, lengthy text, and confusing wording.

Conclusions: This study demonstrated the use of HCD in developing smartphone-based intervention messages to support dual
tobacco cessation among young adults. Integrating remote message testing improved the feasibility of rapid prototyping while
enhancing the relevance and appeal of message content and design. Future interventions targeting emerging health behaviors
among young adults may benefit from incorporating a remote testing method to efficiently gather user feedback and refine
intervention messages in a timely manner.

(JMIR Hum Factors 2025;12:e76503)   doi:10.2196/76503

KEYWORDS

tobacco cessation; vaping; smoking; dual tobacco use; human-centered design; mHealth; smartphone intervention; young adults;
mobile health
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Introduction

Concurrent use of electronic cigarettes (e-cigarettes) and
cigarettes in the past 30 days (dual tobacco use) is prevalent
among US young adults aged 18 to 29 years. In 2021, among
young adults who smoked cigarettes, 15%‐30% also used
e-cigarettes; among young adults who used e-cigarettes,
30%‐67% also smoked cigarettes [1,2]. This dual-use behavior
is associated with a higher risk of various health conditions,
such as stroke, metabolic dysfunction, asthma, chronic
obstructive pulmonary disease, and oral disease [3], and has
been linked to an increased risk of nicotine dependence,
subsequent substance use [4], and more difficulty with cessation
[5]. Most young adults who use tobacco express a strong desire
to quit and want to stop using all tobacco and nicotine products
[6,7]. Yet, cessation interventions addressing both e-cigarettes
and cigarettes remain limited [8].

Smartphone-based apps could offer cost-effective access to
evidence-based cessation support for young adults [9], as over
95% of them own smartphones [10]. Of several available
smartphone-based cessation apps, almost all were either for
smoking cessation or vaping cessation [11], offered limited
features for vaping cessation [12], and lacked rigorous
development and testing [13-15]. Furthermore, existing apps
typically adopt a “one-size-fits-all” approach and often fail to
incorporate meaningful input from end users early in the
development process [16]. This limited evidence on effective
strategies addressing dual tobacco use among young adults
highlights the need for developing new intervention messages
addressing the use of both e-cigarettes and cigarettes among
young adults [8,17].

A human-centered design (HCD) approach can be used to
develop a smartphone app intervention that meets a variety of
individual cessation needs [18]. HCD is defined as “an approach
to systems design and development that aims to make interactive
systems more usable by focusing on the use of the system and
applying human factors/ergonomics and usability knowledge
and techniques” [19]. Its systematic approach engages with and
prioritizes the needs and preferences of end users in the
development of an intervention, ensuring that interventions are
likely to be used effectively in a real-world context [18]. We
used the IDEAS framework (including 4 stages: Integrate,
DEsign, Assess, and Share, described in the next paragraph),
which integrates behavioral theory, design thinking, and
intervention evaluation and dissemination into systematic
guidance for the development of effective interventions [20].
This framework has guided the development of previous
substance use interventions, including tobacco smoking
cessation [21-23]. There are 10 phases (Empathize, Specify,
Ground, Ideate, Prototype, Gather, Build, Pilot, Evaluate, and
Share) across the 4 stages. Although HCD is increasingly used
in mobile health interventions, there is limited published
research on how the HCD approach is applied to developing
interventions for young adult dual tobacco cessation [24].

By applying the HCD approach, the first 3 phases in the
“Integrate” stage (empathizing with the target users, specifying
targets for future interventions, and grounding findings in

behavioral theories) were conducted in our previous formative
research using in-depth interviews with young adults to elicit
needs and preferences for dual tobacco cessation interventions
[6]. This formative work led to our “Design” stage, in which
we aim to ideate intervention strategies, prototype intervention
messages, gather user feedback, and build an intervention
prototype that includes smartphone-based intervention messages
for dual tobacco cessation among young adults. The developed
intervention prototype will then be used in the next stage,
“Access,” where we plan to pilot and evaluate its efficacy in a
randomized controlled trial (RCT). Focusing on the “Design”
stage, this study aims to describe our process for ideating,
prototyping, and refining intervention message mockups through
iterative feedback from young adults. Our remote HCD approach
may serve as a methodological model for message development
and remote testing in future digital health interventions.

Methods

Design
This study is the second phase of a project aiming to develop a
smartphone-based intervention targeting dual tobacco cessation
among young adults. In the first phase, we conducted a needs
assessment study to understand young adults’ desires and
preferences for cessation of both e-cigarette vaping and cigarette
smoking [6]. In the second phase (ie, this study), we developed
intervention messages for use in the smartphone-based
intervention, which will be evaluated in an RCT in the next
phase.

Participants
Participants were recruited through targeted advertisements on
Instagram linking to the study website. Eligible participants
were young adult men and women (aged 18 to 29 years) who:
(1) speak English, (2) own a smartphone, (3) report use of both
cigarettes and e-cigarettes at least weekly during the past month
[6], and (4) intend to quit either smoking or vaping in the next
6 months. Overall, 35 participants were enrolled in message
testing.

Message Development
The HCD approach in the development of tobacco cessation
messages is displayed in Figure 1. The message development
was guided by behavioral theories (eg, Social Cognitive Theory),
behavioral change strategies (eg, goal setting, self-regulation,
self-efficacy enhancement, social support, motivation, and
reinforcement) [25], and the US Clinical Practice Guidelines
for smoking cessation [26]. The message content was also based
on existing messages in a previous intervention that effectively
increased smoking abstinence among young adults [26]. We
further refined message content to specifically target young
adult dual tobacco users’ needs and preferences determined
previously in our formative research, including providing
cessation support to quit one prioritized product while
preventing switching between 2 products, and emphasizing
unique facilitators and barriers to quitting each product (eg,
unpleasant smell of cigarettes facilitating smoking cessation
and accessibility of e-cigarettes hindering vaping cessation) [6].
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Figure 1. Human-centered design approach in the development of tobacco cessation messages for young adults who use both electronic cigarettes and
cigarettes. RCT: randomized controlled trial.

To fit with smartphone interfaces, we then designed 90 mockups
of the messages. We added design elements (eg, color and style
of text, graphics, and pictures) to the text messages to enhance
visual aesthetics and user engagement.

Message Testing and Refinement
The testing was conducted remotely via Recollective
(Recollective Inc), a platform for conducting user experience
research. Each participant logged into the platform via phone
or computer to complete the message rating tasks at a time
convenient for them. This flexible and self-paced approach with
asynchronous features could enhance accessibility to the testing
process. We conducted 3 rounds of testing, with the first 2
rounds assessing the developed messages (prerefinement) and
the third round retesting the refined messages (postrefinement).
To enhance the representativeness of the target users and gather
diverse insights, we included a new sample of 10‐12 young
adults in each round. This approach also minimized participant
fatigue and disengagement through repeated rounds of testing.
We provided participants with a video with detailed instructions
to facilitate their message assessment. Participants evaluated
the messages individually, with no access to others’ assessments.
Each message rating task took 3‐5 minutes to complete. To

avoid overburdening participants and allow sufficient time to
complete all message ratings, we asked participants to evaluate
45 messages within 2 weeks in each round of testing (a total of
2 testing rounds). Our team monitored participants’ progress
daily and sent reminders to ensure the message evaluation was
completed within the predefined timeframe.

Messages were evaluated using both quantitative and qualitative
assessments. For the quantitative assessment, participants
viewed and rated each message on a scale from 1=“very low
degree” to 5=“very high degree” across 4 components, with 1
question for each component: Comprehension (ie, “This message
is easy to understand”), Usefulness (ie, “This message is useful
for encouraging tobacco cessation”), Tone (ie, “The language
is clear and non-judgmental”), and Design (ie, “The design is
appealing”) [27,28], together with optional text box provided
for participants to explain their ratings (Figure 2A and 2B). For
the qualitative assessment, participants could place an unlimited
number of markers on specific parts of the messages they liked,
disliked, or found confusing, without seeing others’ markers
(Figure 2C). For each marker placed, participants were asked
to type in a pop-up text box to briefly explain their specific
reasons for liking, disliking, or confusion (Figure 2D).
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Figure 2. Screenshots illustrating the testing process: (A and B) examples of component rating, (C) markers indicating whether participants liked,
disliked, or found messages confusing, and (D) a text box for providing brief explanations of their specific reasons. The icons on the original message

indicate the specific parts that participants liked ( ), disliked ( ), or found confusing ( ).

All 90 developed messages were revised based on participants’
feedback. Due to time and resource constraints for rapid testing,
we retested only 35 out of 90 messages with low rating mean
scores (eg, a mean score of less than 4 out of the maximum
score of 5) in the subsequent round, while the remaining
messages with high rating scores were also revised but not
retested [24].

We encountered a small number of open-ended comments that
were ambiguous or lacked sufficient context for accurate
interpretation. Our team carefully reviewed these comments
and collaboratively discussed potential meanings. When a
comment could not be reasonably interpreted through consensus
discussion, it was excluded from the message revision to avoid
potential misrepresentation. These exclusions were minimal
and ensured that only responses with sufficient clarity informed
the message refinement.

Data Analysis
For the qualitative analysis of participants’ comments, we
summarized their feedback on design features, confusing
content, notes on usefulness and tone, and suggestions for
message improvement.

To evaluate the overall improvement of the 35 retested
messages, we compared the mean scores across the 4
components (Comprehension, Usefulness, Tone, and Design)
and the overall score before and after refinement. Messages that
initially had high scores and did not require refinement were

excluded from the analysis. Paired t tests were conducted to
examine whether the postrefinement mean scores were
significantly higher than the prerefinement mean scores. The
quantitative data analysis was performed using STATA software
version 18 (StataCorp LLC).

Ethical Considerations
The study was approved by the Institutional Review Board at
the University of California, San Francisco (no. 352216). All
participants were provided with the study information and
completed electronic informed consent on the study website.
An identification number was assigned to each participant to
maintain anonymity, and all data were deidentified. Participants
received a US $100 e-gift card for their participation.

Results

Participants’ Characteristics
The demographic characteristics of study participants are shown
in Table 1. The study sample had a mean age of 22 years (SD
3). In total, 20 out of 35 participants (57%) were female and 26
participants (74%) were not Hispanic, Latino, or of Spanish
origin. Regarding race, the largest group was White (n=20,
57%), followed by multiracial individuals (n=6, 17%), Asian
(n=4, 11%), and Black or African American (n=3, 9%). In
addition, 27 out of 35 participants (77%) were currently enrolled
in college.
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Table . Demographic characteristics of study participants (N=35).

ValueCharacteristics

Age (years), n (%)

18‐29Min-max

22 (3)Mean (SD)

Gender, n (%)

20 (57)Female

15 (43)Male

Ethnicity, n (%)

9 (26)Hispanic, Latino, or Spanish

26 (74)Not Hispanic, Latino, or Spanish

Race, n (%)

20 (57)White

4 (11)Asian (Chinese, Vietnamese, Asian Indian)

3 (9)Black or African American

1 (3)American Indian or Alaska Native

1 (3)Middle Eastern

6 (17)Multiracial

Education attainment, n (%)

27 (77)Currently in college

2 (6)Currently in graduate school

1 (3)Currently in professional or technical school

5 (14)Not attending school

Results of Message Development
To address dual tobacco cessation, we developed messages that
encourage quitting all tobacco and nicotine products by using
terms “any tobacco” or “nicotine.” Another strategy was to
develop messages that address shared barriers (eg, craving) and
facilitators (eg, social support and rewarding) for quitting both
e-cigarettes and cigarettes, as identified in our previous
formative research. In addition, our previous study indicated
that users usually did not attempt to quit both tobacco products
simultaneously but instead prioritized quitting one before the
other. Therefore, in addition to promoting dual tobacco
cessation, we also developed single-product cessation messages.
This tailored approach allows message delivery to align with
an individual’s preferred quitting sequence, which can be
implemented in the next phase. For instance, if a user prioritized
quitting smoking, they would receive more messages focused
on smoking cessation while still being exposed to messages
encouraging the cessation of all tobacco and nicotine products
in our future RCT. Moreover, we also developed messages to
prevent switching between e-cigarettes and cigarettes.
Multimedia Appendix 1 provides examples of these messages
before refinement, including those promoting dual tobacco
cessation, addressing shared barriers and facilitators to quitting
both products (eg, craving management, social support, and
rewarding), targeting single-product cessation, and discouraging
switching between e-cigarettes and cigarettes.

Results of Message Testing and Refinement

Overview
After each round of testing, we revised the messages based on
participants’ feedback. One key challenge in this refinement
process was balancing the diverse needs and preferences of
young adults. Participants often provided multiple, sometimes
conflicting, suggestions for improving the messages, making it
difficult to determine the best approach to fully address the
diverse feedback. To address this issue, our team balanced their
needs with practical feasibility and resource restraints. In some
cases, we created multiple versions of messages tailored to
different subgroups. Multimedia Appendix 2 shows an example
of two revised versions of a message promoting exercise to
manage nicotine cravings, tailored separately for males and
females.

Quantitative Results
To meet the rapid timeline of iterative testing cycles, we
prioritized refining the 35 messages with low ratings and retested
them in the subsequent round. Multimedia Appendix 3 presents
average scores for the 35 retested messages before and after
refinement, covering 4 components. All 4 components showed
significant improvement after refinement: Comprehension
increased from 4.0 (SD 0.5) to 4.9 (SD 0.2), Usefulness rose
from 3 (SD 0.6) to 4.4 (SD 0.4), Tone increased from 3.8 (SD
0.6) to 4.8 (SD 0.2), and Design increased from 3.4 (SD 0.48)
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to 4.4 (SD 0.3). Overall, the mean score increased significantly
after refinement, rising from 3.6 (SD 0.4) to 4.6 (SD 0.2). All
paired t tests showed statistically significant results with P<.001.

Qualitative Results
Overall, based on the participants’comments during the message
testing, the design features that participants liked the most
included a clear layout, minimalistic imagery, italicized quotes,
and highlighted keywords. The design features of message
disliking included color shades, lengthy text, and confusing
words. Given the large number of refined messages, below we
provide 2 examples illustrating how specific messages were
revised based on participants’ feedback.

Figure 3A provides an example of a message encouraging
self-reward after quitting. While many participants liked
illustrations and colors, some found the original messages
confusing, with one stating, “a bit confused as to why the bottom
half of the left tooth looks like cheese.” To address this, we
revised the graphic by removing the yellow streaks and replacing
them with smiley teeth illustrations to maintain consistency
across messages. In addition, we removed the word “dentist,”
as many participants expressed their dislike of this word. Some
participants also found the message somewhat unclear and
“seems kind of out of left field, not extremely relevant,” and
suggested “change the text to make it more convincing.” In
response, we revised the bottom text to be more direct and
affirmative, aligning with a common theme of the message.
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Figure 3. Two examples of messages before and after refinement based on participants’ feedback.
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Figure 3B provides an example of a message promoting
gratitude and emotional well-being as supportive strategies for
tobacco cessation. Some participants expressed that the message
seemed unrelated, stating that “not see how this relates to
vaping,” “not specific to tobacco,” “not sure if they are trying
to convince people to give up tobacco,” and “not sure what this
message is trying to address.” To strengthen its relevance to
tobacco cessation, we added an element acknowledging that
“quitting tobacco is hard.” In addition, given that messages
telling people to be grateful can come off wrong to some people,
we refined it as a coping strategy for quitting. The bottom part
was refined to be more specific and actionable, encouraging
participants to identify 3 things they are grateful for.

Discussion

Principal Results
This study showcases an HCD approach to develop messages
for a smartphone-based intervention to support young adults’
dual tobacco cessation. As an early stage of intervention
development, we built a low-cost and low-fidelity prototype of
the intervention (mockups of intervention messages) that could
be developed rapidly to gather feedback from target users early
and often, allowing exploration of alternative solutions before
investing significant resources in any one particular or
potentially suboptimal solution. We found that the HCD
approach significantly improved the comprehension, usefulness,
tone, and design of the intervention messages, which can
ultimately increase the intervention’s real-world impact and
end-user engagement. As a methodological example of remote
message testing, our study demonstrated the feasibility of
engaging young adults in remote user experience testing without
the need for face-to-face interactions, which can speed up the
intervention development process while saving research costs.
Another notable contribution of this study is to develop
intervention messages specifically for dual tobacco cessation
among young adults—a critical gap in the literature.

In this study, we applied the HCD principles to translate
evidence-based tobacco cessation treatment into a real-world
solution. Aligned with a traditional approach, we initially
developed core message content based on a comprehensive
evidence base, combining best practices for tobacco treatment,
behavioral theories, behavior change techniques, previous
interventions, and our formative needs assessment. Traditional
message development methods are typically content-focused
and expert-driven, which could overlook the lived experiences,
preferences, and contextual needs of the end users. Rooted in
empathy-driven focus, our HCD approach addresses these issues
by prioritizing the preferences of end users and integrating
design strategies that enhance the engagement and usability of
the core content. Particularly, our participants’ iterative feedback
revealed that messages could be made more appealing by
incorporating a clear layout, minimalistic imagery, italicized
quotes, and highlighted keywords while avoiding lengthy text
and confusing wording. This is especially important for
smartphone apps, as well-designed message interfaces can
significantly influence how young adults perceive messages’

clarity, appeal, and the overall effectiveness in supporting
tobacco cessation.

Comparison with Prior Work
Unlike previous smartphone app interventions that primarily
focused on single-product smoking cessation (eg, cigarette use)
and were often grounded in single behavioral change theory,
our study used a more robust approach to intervention design.
We integrated multiple behavioral theories or techniques and
clinical guidance with users’ needs and preferences. This
user-centered design process ensured that the messages were
not only scientifically evidence-based but also relevant and
engaging in a real-world context. Previous studies used an HCD
approach to design mHealth apps for smoking cessation among
pregnant women [29], people with serious mental illness [30],
and people with HIV [29-33]. Consistent with our findings,
user-centered design and usability testing in these studies helped
align the interventions with users’needs for smoking cessation.
Moreover, this approach also enhances the ability to create
multiple tailored message versions (eg, for males and females),
enhancing the personalization of interventions, which is an
important direction highlighted in previous mHealth research
[34].

A key contribution of this study is the use of remote quantitative
and qualitative assessments from target users, offering greater
flexibility and accessibility than traditional in-person feedback
collection. This approach enabled participants to provide
detailed input not only on content but also on specific design
elements, such as colors, symbols, and other visual features.
The entire process of message testing was conducted remotely,
with the self-guided video instruction provided beforehand,
which allowed participants to complete the tasks independently.
Unlike prior studies that relied heavily on researcher-facilitated
interviews or focus groups, our method reduced the need for
real-time involvement from the research team, minimizing the
time and resource burden on both researchers and participants.
This low-cost, asynchronous approach also enhances access to
user testing and may facilitate more open and honest feedback
as participants provide responses privately, potentially reducing
social desirability bias often present in interviews and the
“groupthink” effect commonly observed in focus groups [35].
Overall, our remote testing method presents a promising and
scalable methodology for future message development efforts
targeting emerging health behaviors among young adults.

Future Research
The final message set will be implemented in the next phase,
“Assess,” in which we will deliver the intervention via
smartphone app and evaluate its efficacy and effectiveness on
dual tobacco cessation among young adults. Past research
highlighted the need to investigate important mediators of
smartphone interventions’ success, such as psychological
empowerment (the intervention helping one find ways to think
and behave differently), hedonic well-being (the intervention
making one happier), and inspiration (the intervention
motivating one to be a person they want to be) [36]. These
perceptions are influenced by the content of the intervention
and are, in turn, predictive of behavior, such that psychological
empowerment and hedonic well-being are positively, but
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inspiration is negatively, associated with quitting and reducing
smoking [36]. Thus, in future studies, it would be worthwhile
to not only assess the impact of the intervention on tobacco
cessation, but also examine these and other potential
mechanisms of impact.

Limitations
First, the participants in our study may not fully represent the
broader young adult population, and recruiting through social
media may have restricted our reach to more diverse groups.
This may reflect the perspectives and experiences of White
younger individuals who are more digitally connected, limiting
the breadth of feedback for the intervention messages and the
generalizability of our findings to the broader target population.
Therefore, future studies could consider alternative recruitment
strategies to ensure a more representative sample. Second, some
open-ended comments from participants were unclear, which
posed challenges for interpretation. Finally, since our repeated
testing involved different participant samples, significant
differences in quantitative assessments may reflect not only
improvements to the messages but also variations in sample
characteristics. While engaging different groups allowed us to
capture feedback from more young adults, this approach may

introduce the possibility of confounding due to between-sample
differences. To mitigate this limitation, future studies may
consider a longitudinal design in which the same participants
assess messages over time, allowing for greater control over
individual-level variability and clearer attribution of changes
to message revisions.

Conclusions
In conclusion, this study offers valuable insights into using a
remote HCD approach to develop smartphone-based intervention
messages for young adults aiming to quit e-cigarettes and
cigarettes. The use of self-instructional videos and asynchronous
feedback collection enhanced the accessibility and feasibility
of remote message testing. This approach improved message
comprehension, usefulness, tone, and design. These findings
can inform future message development and remote user testing
efforts for tobacco cessation. Moreover, our HCD process is
adaptable to other behavioral topics, populations, delivery
formats (eg, video and audio), and platforms (eg, social media).
Future research can build on this work to optimize engagement
and effectiveness in digital health interventions targeting health
behavior changes among young adults.

 

Acknowledgments
We are grateful to all study participants who helped to advance the science of tobacco cessation for young people. We would
also like to thank Dr Johannes Thrul for inspiring us to conduct remote user experience research, Dr Kimberly Koester for guiding
the use of the Recollective platform, and Sara Perez for helping with the initial study setup. Preliminary findings were presented
as a poster at the Society of Behavioral Medicine Annual Meeting 2024. This research was supported by the National Institutes
of Health (NIH)/National Institute on Drug Abuse (K01DA056693), the California Tobacco-Related Disease Research Program
(T32KT5071), and the NIH/National Center for Advancing Translational Sciences through UCSF-CTSI (UL1 TR001872). NN
is also supported by the IPA HSR & D from the US Department of Veterans Affairs Health Services and the Hellman Fellowship
Program. The content is solely the authors’ responsibility and does not necessarily represent the official views of the funding
agencies.

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
All authors have been involved in analyzing the data, interpreting the results, and writing the manuscript. TPTT conducted the
analysis, drafted the initial manuscript, and contributed to all subsequent drafts of the manuscript. CT assisted with the data
collection and analysis and reviewed and revised the manuscript. LP assisted with the interpretation of the result and reviewed
and revised the manuscript. PML assisted with the interpretation of the result and reviewed and revised the manuscript. NN
obtained funding, conceptualized the study, planned and supervised the data collection and analysis, reviewed and revised the
manuscript, and contributed to all subsequent drafts of the manuscript. All authors have read and approved the final manuscript
for submission.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Examples of messages before refinement in this study.
[DOCX File, 1021 KB - humanfactors_v12i1e76503_app1.docx ]

Multimedia Appendix 2
Examples of messages tailored to males and females.
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Multimedia Appendix 3
Average scores for the 35 retested messages before and after refinement, covering 4 components: Comprehension, Usefulness,
Tone, and Design.
[PNG File, 39 KB - humanfactors_v12i1e76503_app3.png ]
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Abstract

Background: The transfer of patients between hospitals, that is, interhospital transfer (IHT), introduces discontinuity of care,
including gaps in health information transfer, which may worsen patient outcomes.

Objective: This is the first phase of a 5-year research study. Our goals are (1) to understand the gaps in health information
exchange (HIE) and the clinician experience in accessing and using the electronic health record (EHR) during IHT and (2) to
identify clinician user requirements for the development of an internal EHR solution for IHT.

Methods: We used prior work on HIE during IHT, coupled with a user-centered design (UCD) process to engage in discussions
with clinical users and gather input on EHR workflow during IHT patient admission and planning. A total of 8 UCD sessions
were held between February and July 2023, involving 18 clinicians who interact with the EHR during IHT, including 3 medicine
residents, 10 advanced practice providers (APPs), and 5 direct care attendings—all responsible for caring for IHT patients at
Brigham and Women’s Hospital Cardiology, Medicine, Oncology, and intensive care unit services. Discussions highlighted
facilitators and barriers and suggested improvements for data access and availability at the time of transfer. UCD sessions were
recorded, analyzed, and coded by 2 independent reviewers to identify common themes driving suboptimal HIE. User requirements
were derived from the sessions with users and iteratively refined throughout the process.

Results: Qualitative analysis revealed that a significant number of frontline clinicians experience suboptimal availability of
clinical information in the EHR at the time of IHT, including gaps in communication, incomplete data, and inefficient access to
clinical data. User requirements emerged from these themes and primarily focused on information prioritization, data accessibility,
and workflow and efficiency.

Conclusions: Notable levels of missing information and inefficient access to clinical data were reported by end users caring
for IHT patients at the time of transfer. Conducting user research to understand the current process of IHT, involving users in
conceptual design and information architecture, and generating prototypes for feedback from users can aid in designing a solution
that meets user needs. The results of these early UCD activities will be used to develop and implement a data platform to support
clinicians during IHT.

(JMIR Hum Factors 2025;12:e67884)   doi:10.2196/67884
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interhospital transfer; health information exchange; user-centered design; electronic health record; electronic data; acute care;
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Introduction

The transfer of patients between acute care hospitals
(interhospital transfer [IHT]) occurs regularly, with one study
of nationally representative Medicare data reporting over
100,000 patients undergoing IHT each year and a particularly

high frequency of IHT among patients with multiple chronic
conditions [1-5]. During IHT, health information exchange
(HIE), which can be defined as “appropriate, timely sharing of
vital patient information,” is an essential part of the transfer
process for appropriate care to be provided to the transferred
patient [6]. Importantly, effective HIE encompasses both timely
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access to data (ie, data exchange), as well as an organized
presentation of clinical information (ie, data visualization) so
that the receiving or accepting clinician can safely and efficiently
provide care to transferred patients without unnecessary
cognitive load [7].

Though the concept of HIE is easy to understand, achieving
effective HIE has proven difficult due to several factors: (1)
accepting clinicians who care for IHT patients after arrival are
working within a busy hospital environment. Thus, any solution
aimed at improving HIE during IHT must fit seamlessly into
the workflow of these busy clinicians, while also not creating
delays in patient transfer which could impact patient outcomes;
(2) existing interoperability of different electronic health records
(EHRs) between different hospital systems is often insufficient,
resulting in lack of complete or adequate data exchange [8-13].
In some cases, this is due to active information blocking by
developers of certified HIEs or others, but in many cases, it is
due to insufficient adoption of interoperability standards [14,15].
Therefore, effective HIE must include adequate interoperability;
and (3) even when HIE occurs effectively, there is often a lack
of organized presentation of the data; up to 34% of clinicians
report delays in their care of transferred patients due to
disorganization of medical records requiring extra time to review
[16,17]. Thus, improving HIE during IHT must also address
the user interface.

There is a critical need for an integrated, interoperable HIE that
addresses these 3 factors, along with other domains such as ease
of use and usability of the information. At the same time, there
is limited research on user requirements to support the
development of such HIE.

This is the first phase of a 5-year study that aims to design,
implement, and rigorously evaluate the implementation of an
HIE platform to improve data access during IHT [18]. This
paper reports on the utilization of user-centered design principles
to better understand the clinician experience of HIE in the IHT
process and identify key user requirements for the design of an
effective HIE platform to support IHT. User requirements reflect
the user needs of a system and can be used broadly to design
solutions to address them.

Methods

Design, Setting, Participants, and Recruitment
This study was conducted at Brigham and Women’s Hospital
(BWH), Boston, Massachusetts, an 826-bed quaternary care
hospital that cares for a high volume of patients who are
transferred from other acute care facilities for specialized care.
BWH uses Epic (Epic, MyChart, Care Everywhere; Epic
Systems Corporation) as their enterprise EHR, which allows
the transfer of health information between institutions using
Epic through an HIE feature called Care Everywhere [19].

We recruited APPs, direct care attendings, and residents who
regularly care for patients who undergo IHT to the general
medical, oncology, cardiology, and intensive care unit services
at BWH to participate in the design sessions. A general
recruitment letter with information describing the goals of the
study, human research committee approval, and study team
contact information was emailed to all eligible clinicians
requesting volunteers to participate in design sessions, with
recurring emails sent up to 3 times until target recruitment was
reached, ensuring appropriate representation among each
participant role. Interested participants could sign up via a link
included in the email and were contacted by the study team to
coordinate available timing for the design session.

Ethical Considerations
The study was approved by the Mass General Brigham
Institutional Review Board for Human Research (2022P001284).
Participants were informed that their participation was voluntary,
would not affect their employment, and that all collected data
would remain confidential, with results presented only in the
aggregate. Participants gave verbal consent to participate in the
design sessions. At the completion of the session, participants
were given a US $50 gift card for their time.

Design Sessions
All sessions were conducted virtually over Teams (Microsoft
Corp). Sessions were led by a user experience specialist (PG)
and assisted by a research team member with content expertise
(SM).

Following a user-centered design process (Figure 1), we
conducted the first round of 4 group design sessions to
understand existing processes around HIE during IHT, using a
semistructured group discussion guide (Multimedia Appendix
1). The interview guide was developed by the user experience
specialist (PG) and qualitative research expert (RR) with input
from the content expert (SM) and additional research team
members and piloted prior to participant sessions. The discussion
guide covered topics including prompts for sharing the current
state of workflow during IHT and interaction with the EHR,
with a particular focus on accessing clinical data from hospitals
in different systems and with different EHRs, as well as a
discussion of barriers and facilitators with the current systems
of data access during IHT. During this part of the discussion,
we included current screenshots of Epic using redacted real-life
patient transfer examples to understand their data-gathering
activities more explicitly. Design sessions also gathered
participant input on essential clinical data elements available
during IHT and included an interactive information architecture
activity using previously identified key data elements during
IHT (Multimedia Appendix 2), where participants were
prompted to group, add, and organize data elements according
to their preferences for optimal data review when caring for a
transferred patient [20].
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Figure 1. User research process.

Following this first round of design sessions, we performed
rapid analyses to generate a preliminary list of user requirements
to be refined and discussed during later rounds of design
sessions. We drafted an initial wireframe based on these user
requirements to be used during our next round of design
sessions. The second round of 2 design sessions focused on
iteratively refining the draft wireframe and preliminary list of
user requirements, with directed input from participants on what
they liked and disliked, what was missing, and how they would
use, reorganize, group, and manipulate the data. We again
performed rapid analysis to develop the draft wireframes into
low-fidelity prototypes of an IHT data platform within Epic,
developed by Mass General Brigham Digital, which we then
presented to end users in the third round of 2 design sessions.
In this last stage, we gathered iterative end user feedback to
optimize data elements and presentation prior to further
development and testing of the IHT data platform within the
EHR.

Analysis
We used a modified framework and rapid analysis approach to
analyze the focus group data starting after the first round of
design sessions and continuing with each additional session.
Sessions were transcribed using the automated feature of Teams,
reviewed for accuracy, and then reviewed independently by 2
study team members (JK and PG) to develop a preliminary set
of codes. The codebook was refined during multiple meetings
among the 2 coders and a third research team member to provide
content expertise (SM) until a final codebook was developed.

Data were input into MAXQDA qualitative analysis software
(VERBI GmbH), and the final analytical framework was applied
to participant comments. To further analyze the data, a matrix
was created to identify larger themes and subthemes among the
data. Data from the information architecture activity was
organized using Excel (Microsoft Corp) to identify how often
data elements were sorted into any given category.

User requirements emerged from the participant comments,
including the information architecture activity. The user
requirements reflect the user’s needs, expectations for the
system, and what is required to support the user’s goals and
tasks. Although we identified solutions to these requirements
within our Epic environment, the user needs and expectations
are applicable regardless of the platform or technology. The
requirements were iterated on throughout the design sessions
using a rapid analysis approach and summarized as refinements
to the user requirements.

Results

Participant Characteristics
Of the 34 clinicians who expressed interest in participating in
one of our design sessions during this period of the study, 18
clinicians were selected. We conducted 8 design sessions
between February and November 2023, involving 3 medicine
residents, 10 APPs, and 5 direct care attendings. Most
participants were female (n=14, 78%), general internal medicine
clinicians (n=13, 72%), and APPs (n=10, 63%; Table 1).
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Table . Group design session participant demographics.

Participants, n (%)Characteristicsa

Age (years)

3 (17)    <30

5 (28)    30‐35

7 (39)    36‐44

3 (17)    45‐54

Sex

14 (78)    Female

4 (22)    Male

Race

3 (17)    Asian

1(6)    Black or African American

14 (78)    White

Ethnicity

1 (6)    Hispanic

17 (94)    Non-Hispanic

Role

10 (64)    Advanced practice provider

5 (23)    Direct care attending

3 (14)    Resident

Department

2 (11)    Cardiology

13 (72)    General or internal medicine

2 (11)    Oncology

1 (6)    Intensive care unit

Years of experience in role

10 (56)    0‐4

5 (28)    5‐9

1 (6)    10‐15

2 (11)    Over 15

Frequency of IHTb patient admission

6 (33)    Around once per month

7 (39)    Once every 2‐4 weeks

5 (28)    At least once per week

Time conducting direct care as a responding clinician (%)

3 (17)    0‐25

3 (17)    26‐50

3 (17)    51‐75

9 (50)    >76

aAll characteristics were self-reported, collected via recruitment survey prior to participation.
bIHT: interhospital transfer.
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Design Sessions

Summary
The analytic process resulted in multiple codes which were
categorized into three main themes and subthemes that reflect
the essential aspects of effective HIE during IHT from the
perspective of frontline clinicians: (1) communication, (2) data
availability and completeness, and (3) efficiency of access to
data.

Theme 1: Communication

Overview

Clinicians tended to frame their responses about data in a way
that was often tied to a desire for complementary communication
to accompany the discrete patient data available to them within
the EHR. Participants expressed that, in current IHT processes,
communication is often lacking, and felt as though adding
information on the timing of patient arrival or a “warm handoff”
(verbal communication to help synthesize the clinical
information) would add valuable contextual information to
improve their ability to care for IHT patients on arrival.
Communication was categorized into 2 subthemes: written and
verbal.

Written Communication

In addition to specific data elements (as described below),
participants also identified a requirement for additional
communication related to aspects of the transfer process that
would be essential in guiding their workflow. These included
transfer process characteristics such as status or timeline of the
transfer (eg, final decision to accept and anticipated time of
arrival), any other consultants or care team members that were
involved in the transfer process (eg, transferring clinician contact
information, accepting physician, and consultants involved prior
to transfer), and clinical aspects of care that required follow up
(eg, pending tests or reports).

Verbal Communication

One of the challenges mentioned by accepting clinicians was a
lack of verbal communication or “warm handoff.” Participants
relayed that with select, complicated patient transfers, the
opportunity to have a “warm handoff” was helpful to synthesize
the clinical data available to them within the EHR, to help them
optimize care for IHT patients. As such, participants identified
that the availability of accurate contact information for the
transferring physician, as well as the accepting physician, would
be beneficial, such that they could then directly contact these
individuals to help clarify information as needed. One participant
shared, “Patient information can be lost or forgotten due to
unclear communication ... if communication for pass off is not
addressed, patients can be harmed.”

Notably, there were some overlaps between these 2 subthemes.
For example, in many circumstances, participants expressed a
need for clearer communication without distinction as to whether
they prefer that this occurs via written or verbal communication,
particularly related to the contextual aspects of the transfer (eg,
timing of arrival).

Theme 2: Data Availability and Completeness

Overview
Participants additionally shared their challenges in being able
to access complete data about a patient from the transferring
hospital. Data completeness was defined as access to essential
clinical patient information to effectively care for the transferred
patient on arrival, and was categorized into 6 subthemes: brief
summary, imaging, laboratory data, notes, medications, and
contact information.

Brief Summary
Commonly mentioned as one of the most important data
elements that was commonly unavailable to frontline clinicians
was a “brief summary” of the clinical scenario. Clinicians
described the need for access to a “brief summary” or “snapshot”
of the patient, including a “one-liner” on the patient’s active
medical issues and pertinent past medical history, the reason
for transfer and the patient’s immediate needs, and the patient’s
acuity level or illness severity. Participants relayed the need for
this summary for all transferred patients and endorsed that this
information was especially critical when patients were unable
to provide history on their own. Importantly, participants also
indicated the need for real-time updates to this summary if the
clinical status of the patient were to evolve while awaiting
transfer.

Radiology Imaging
In addition, one of the most challenging data completeness
issues expressed by the participants was the availability of
radiology images (eg, the computed tomography scan or chest
x-ray images) rather than solely the interpretive reports of the
imaging studies completed by the radiologist at the transferring
hospital. Participants relayed that EHR system incompatibility,
specifically the part of the EHR system that manages radiology
images, contributes to the lack of access.

Laboratory Data
Participants requested access to specific laboratory data
depending on the clinical condition of the patient (eg, cardiac
enzymes for patients with cardiac symptoms), as well as
information about laboratory tests that were pending at the time
of transfer (eg, sent by the transferring hospital but not yet
resulted), which was often unavailable at the time of transfer.
One participant stated, “…we want to be able to have previous
data for what’s happening, is patient getting better or worse.”

Clinical Notes
Participants also relayed that incomplete availability of clinical
notes felt to be important in caring for transferred patients,
including notes related to prior admissions (eg, discharge
summaries), prior office visits, and notes related to the patient’s
current admission at the transferring hospital (eg, their initial
history and physical, or “H & P”). One participant stated their
need for “the most recent pertinent data from the hospitalization,
if they do not get most of the care from our hospital, we want
a bigger time frame of information ... is their health problem
new? We need back data or a link out to prior data. That would
be helpful.”
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Medications
Participants relayed challenges with the availability of an
accurate medication list at the time of transfer. Importantly,
they expressed the desire for access to several different aspects
of the patient’s medication list, including an accurate list of
medications the patient was taking prior to admission to the
transferring hospital to provide historical context, an accurate
list of medications the patient was taking at the time of transfer,
and particularly a desire for access to the medication
administration record, which is a documentation of the timing
of medication administration. This latter list was felt essential
to be able to make efficient decisions about medication orders
when the patient arrives at the hospital.

Contact Information
Participants expressed that they infrequently have available to
them contact names and numbers they need throughout the
transfer process, including the contact information for the
transferring clinician (ie, to be able to contact with any
questions), as well as the contact information for the patient’s
specialists, which in many cases can help provide significant
insight into the case.

Theme 3: Efficiency of Access to Data

Overview
In addition to challenges with the availability of data from
transferring hospitals, participants noted that, even when
available, they experienced inefficient access to it. Efficiency
of access to data was categorized into 5 subthemes: dependence
on manual processes, EHR organization and presentation,
clinical notes, laboratory data and vital signs, and awareness of
existing EHR capabilities.

Dependence on Manual Processes
Participants explained that in cases when the patient is
transferred from a hospital outside the health care system, many
processes are manual, such as searching through paper or
electronically faxed records that are often PDF scans of paper.
They also relayed that occasionally, the clinical data for the
patient is on a disc or USB that requires manual uploading and
sorting. This dependence on manual processes is felt to be
extremely cumbersome and an inefficient way to access patient
data.

EHR Organization and Presentation
Participants explained that for patients transferring from a
hospital within the health care system or from a hospital with
the same EHR, the “Care Everywhere” feature of Epic provides
access to data but processes of distilling that information and
finding relevant data points to the current patient situation is
challenging and inefficient. Participants described it as
“disorganized, difficult to navigate” and requiring “lots of
digging.” In addition, participants describe organizational issues
that impact their workflow. For example, one participant shared
this about imaging and imaging reports: “Putting images and
encounters together would be helpful. They are usually separate
from the report.”

Clinical Notes
In addition to the incomplete availability of select clinical notes
(described above), relevant notes such as the discharge summary
and history and physical from the transferring hospital are not
always easy to find. In addition, participants shared that, when
available, they use the filtering feature for notes and different
specialty tabs, such as the cardiology tab, to find relevant notes
more quickly.

Laboratory Data and Vital Signs
In addition to incomplete access to laboratory data (described
above), participants also described frequent inefficiencies in
the ability to view historical laboratory data and vital signs to
be able to effectively evaluate for trends, particularly if the
patient had data in disparate hospital settings or EHRs.
Participants expressed a desire for direct access to the most
recent laboratory data and vital signs, but with easily accessible
historical data organized in a coherent chronological way, even
when these data are coming from disparate sources. A
participant shared, “I think it’s great to have it [lab data] in one
spot. I think not everybody knows how to grab things from Care
Everywhere...”

Awareness of Existing EHR Capabilities
Most participants noted a lack of familiarity with or use of the
“access center note”—a document reflecting a brief summary
of the most recent transfer hospital information entered by access
center nurses at the time the patient was accepted for transfer
until the time of patient arrival. Additionally, most participants
relayed not knowing how to locate the “transfer module,” also
used by the access center nurses during the acceptance process,
which includes a call log and running timeline of transfer
hospital information and communication. “Two reasons why
people cannot see the transfer module is either because they do
not have access to see it or they don’t know what it is (that the
information exists) and don’t bother to look for the information
in notes.”

Information Architecture: Organization of Data
Elements
In parallel to the above analyses, we analyzed participant
feedback from the information architecture activity conducted
as part of the first 4 design sessions to identify the preferred
organization of essential data elements, naming for the
groupings, and additional data elements to include. Participants
grouped patient demographic data and transferred hospital
contact information together. Participants organized data
elements such as the reason for transfer, needs of transferring
hospital, and a patient “one-liner” into a “brief summary” or
“snapshot” section. Most participants grouped clinical patient
data together, including vital signs, laboratory data,
microbiology data, radiology data, and other clinical data.
Narrative data, like clinical notes and summaries, were grouped
together, and medications often got placed in a category of their
own.

User Requirements
Throughout the design sessions, we generated and refined a list
of user requirements. The user requirements represent how the
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system needs to support the work of the end user and were
identified from the themes and subthemes outlined above, as
well as the results of the information architecture activity. In
total, we generated a list of 17 user requirements categorized
into information prioritization, data accessibility, and workflow
and efficiency:

Information prioritization includes requirements that reflect the
user preferences for the order in which they view data (ie, user
needs to see select patient data in line-of-sight vs via
click-to-expand, eg, second or third priority).

Data accessibility requirements cover the users’ needs for
relevant data elements and additional clinical information that
is not currently readily accessible to them. For example, users
describe a desire to access the various data elements within
“medications,” including access to the patient’s home
medications (prior to hospitalization at the transferring hospital),
medications at the time of transfer, and the medication
administration record, which includes details of the timing of
most recent medication administration.

Workflow and efficiency include requirements that address the
user needs for solutions that work within their current workflow,

minimize steps, and provide easier ways to accomplish their
task. (ie, user wants flexible displays of data to be able to view
the most critical and choose to access more detail).

For each identified user requirement within these 3 categories,
we brainstormed potential solutions to address the requirement
and iteratively refined each requirement and proposed solution
via additional design sessions. Wireframes were developed
based on these user requirements and used during subsequent
group sessions to elicit feedback and validate requirements
(Figure 2). The wireframes included sections for demographic
data and transferring hospital contact information; a collated
patient “snapshot” or “brief summary” including a “one-liner”
and reason for transfer; and sections of clinical data grouped
into classical categories including vital signs, laboratory data,
microbiology data, radiology data, other clinical data, clinical
notes, and medications. Participants from later design sessions
shared more specific feedback on how they prefer to view and
organize certain data based on refinement from earlier sessions.
More details on our user requirements and proposed solutions
can be found in Table 2.

Figure 2. Wireframe of the electronic interhospital data platform.
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Table . User requirements and proposed design features.

Proposed solutionsUser requirement

Information prioritization

    System places contact information as high priority • Suggested data elements: number for transferring floor, name or
contact of transferring physician, name of accepting hospital and
other clinicians involved, contact information for health care proxy.

• Contact information section in the top left corner of the summary
page.

    System places critical clinical information as high priority • Suggested data elements: a brief summary of the patient’s clinical
status, reason for transfer, anticipated patient needs in the first 24
hours, length of stay at the transferring hospital, code status, and
level of illness severity.

• “Snapshot” section in the top right corner of the summary page.

    System places clinical patient data as mixed high and low priority • Suggested data elements: vitals data, laboratory data, radiology data,
microbiology data, pathology data, vaccination status including
COVID-19, and recent procedures.

• Data section in the left center of the summary page.
• Combination of preview and controls that expand or link out.

    System places narrative of clinical course at transferring hospital as
mixed higher and lower priority

• Suggested data elements: progress notes, discharge or transfer sum-
mery, prior discharge summaries, consult notes, history and physical
note.

• Notes section on the right side of the summary page, below the
snapshot.

• Combination of preview and controls that expand or link out.

Data accessibility

    System supports user in efficiently accessing contact information for
the patients care team

• Provide contact information within line of sight.

    System allows easy access to home medications, medications at time
of transfer, and medication administration record

• Active medication list shown before home medication list.
• Medications listed in alphabetical order.
• Access to medication administration record via a link or collapsible

content (to reduce overcrowding on the summary page).

    System includes a way to view trends in vitals, laboratory data, and
historical out of range lab data

• Display last 3 values or days.
• Search function for specific laboratory data.
• Present an option to view laboratory data in tabular format.

    System supports access to current and prior admission notes, progress

notes, recent PCPa notes, specialist consult notes, and discharge summary

• “Notes” displays patient clinical notes in reverse chronological order.
• Links to admission notes, progress notes, recent PCP notes, specialist

consult notes, and discharge summary.

    System allows user to access all prior patient records • Display links to all available outside hospital records.

    System allows user to access pending data at time of transfer • Links to pending data included within pertinent sections (eg, labora-
tory data and microbiology data).

Workflow and efficiency

    System supports user in accessing transferred patient data in one location
and in one logical timeline to avoid searching through outside records and
faxes

• Generate a Patient Summary Page with all outside records pulled into
structured sections.

• List data in reverse chronological order.
• Provide links to specific data points or outside records for additional

information.

    System provides flexible displays of data so users can view most critical
and choose to access more detail

• Provide progressive disclosure for lengthy content.
• Combination of preview and controls that expand or link out

    System provides user with access to the status of a transfer as it evolves
during the transfer process

• Provide access to the patient timeline documentation as documented
by the accepting hospital (generated at time of acceptance for trans-
fer).
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Proposed solutionsUser requirement

• Provide access to the radiology image and report within same location.
• Organize this within the “radiology data” section.

    System provides user with access to radiology images (not just reports)

• Provide link out to additional historical data.    System allows user to choose their timeline for select data presentation

• Design Patient Summary Page as an embedded tab within the elec-
tronic health record.

• Option to open other parts of the patient chart on the side panel while
viewing the Patient Summary Page.

• Option to “pin” page to workbench for easier access.

    System allows user to view Patient Summary Page while viewing other
windows with detailed information to reduce back and forth between tabs

• Provide functionality to pull data from the Patient Summary Page to
patient documentation.

    System allows user to pull data from the Patient Summary Page into
their current patient documentation

aPCP: primary care provider.

Discussion

Principal Findings
We identified 3 major themes that are important to address in
the design and development of an IHT summary:
communication, data completeness, and efficiency of access to
data. The user requirements generated from the design sessions
were centered around these themes and focused on prioritizing
critical information, easily accessing and viewing data from
outside sources in one place, and organizing the data within the
existing workflow to maximize efficiency. This study highlights
the need for one location within the EHR where clinicians can
access all the relevant and available data from a transferring
hospital as it relates to the care of the transferred patient.

Most prior studies of HIE have focused on the technical
requirements for the exchange of data, such as addressing the
fragmentation caused by a lack of standards and the governance
of EHR vendors [21,22]. Within this framework, several studies
have targeted select aspects of HIE; for example, several studies
targeted the transfer of medications between systems. One such
study relied on qualitative semistructured interviews of key
stakeholders to assess challenges and opportunities for more
effective information exchange to achieve more accurate
medication lists. This study identified similar challenges to our
findings, including incomplete patient records and gaps in the
availability of digital data, along with barriers related to lack
of interoperability and poor IT and change management [23].
Another study reported the use of a design science research
methodology, including assessing stakeholder requirements, to
develop an interoperable open standards solution for the transfer
of medication information between acute and postacute care
facilities using 2 different EHRs [24]. Although the transfer of
medication information is an essential component of HIE, it
does not encompass the entirety of clinical information that
should be included with effective HIE. A third study, which
also used qualitative semistructured interviews of key
stakeholders to address HIE more broadly, identified 3 themes
related to user requirements for interoperability of HIE between
systems: technological (eg, interoperability challenges),
organizational (facilitators of interoperability), and
environmental (policy domain) [21]. Other studies have
identified similar themes, such as technological and

organizational barriers to interoperability [22,25-27]. This study
contributes to this body of literature, importantly by highlighting
user needs beyond interoperability, particularly regarding the
presentation and usability of the data once integrated into the
EHR, and the ability to act upon the data within clinical
workflow. Our rigorous methodology, using tools such as
prototyping and participatory design, ensured that we adequately
represented the clinician’s perspective and defined the user
requirements [28]. This distinction is essential to ensuring that
HIE is effective in allowing data to be easily accessible and
understandable by the end user.

While addressing the technical aspects of data availability is
critical, our findings suggest that improving clinician
experiences during IHT requires more than back-end technical
solutions alone. This study found that access to critical data
remains a challenge for providers, particularly when it comes
to imaging, medication records, and laboratory values. In
addition, this study highlights the burden on the clinician when
the data is available but difficult to find or digest. Many
providers are experiencing significant effort required to “click
around” and find the data they need, which has been shown in
other studies to contribute to clinician burnout [29]. Even within
existing HIE tools that allow access to external data (eg,
CareEverywhere within Epic), this study highlights that
clinicians still struggle to navigate the information and quickly
retrieve essential details needed to care for the patient in front
of them. Although EHR vendors are continually improving and
working to address these issues, our findings show that there
are still significant challenges in distributing these solutions to
end users [30]. This may lead to delays in patient care and
increased effort for clinicians, negatively impacting the transfer
process. This is supported by prior work that demonstrates a
high frequency of suboptimal HIE, with up to 35% of patient
transfers missing essential clinical data on transfer [16,17,31].
Suboptimal HIE during IHT has also been associated with
patient harm, such as therapeutic errors and delays in care, and
it may contribute to greater mortality observed among IHT
patients with select diagnoses, in addition to other outcomes
such as greater resource utilization [4,9,17,32-35].

One significant subtheme that we identified within the data
availability and completeness themes was the mention of the
“brief summary” or “snapshot” of the patient transfer. This data
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request was unique in that it is an unstructured piece of
information, often evolving and dynamic; therefore, unlike more
discrete pieces of data such as lab values or medications, there
are challenges in identifying the source and responsibility for
this information and making it available to clinicians in an
accurate and useful presentation. With advances in existing
technologies such as artificial intelligence and natural language
processing [36], our findings highlight the potential to leverage
these newer modalities to assist in this identified need to
synthesize clinical information and present a “brief summary”
to the clinician. For example, natural language processing
algorithms can be used to analyze unstructured text and parse
the data to create a structured patient summary. In addition,
artificial intelligence algorithms can pull data from disparate
sources and consolidate it into a unified summary for a full
picture of a patient’s relevant history.

Limitations
Our study has several limitations. We gathered requirements
from clinicians working at one health care institution using Epic,
therefore, the results may not be generalizable to other settings
and EHRs. While the user requirements can be applied broadly,
the information exchange may vary depending on the health
system, so the successful application of these findings may vary
depending on the environment. Indeed, any solution that meets
these identified user requirements must also comply with data
privacy and security regulations, which may restrict the extent
of successful information exchange. Future research will include
additional sites and EHR systems to understand whether there
are additional needs across different health care environments

and geographical regions. Furthermore, we restricted the
qualitative sessions to direct care attending physicians, residents,
and APPs on the medicine, oncology, cardiology, and intensive
care units. Thus, the providers who participated may not be
representative of all providers. However, we wanted to focus
on those who had been most relevant to this study in order to
get more detailed feedback about our potential intervention. In
exploring solutions to address the user requirements, constraints
of the Epic system and compatibility issues surfaced as
limitations in addressing the user needs fully. Additional
iterative refinement and usability testing will be essential during
the development of an HIE platform to ensure its usability and
relevance in improving the IHT process, as technology advances
and health care culture and workflows evolve.

Conclusions
Optimal HIE has the potential to improve the safety of IHT and
to meet the workflow needs of the clinicians caring for
transferred patients. Current EHR interoperability and
disorganized, insufficient information make these conditions
difficult and can cause delays in patient planning and treatment.
We have identified key themes within existing HIE and end
user requirements for effective HIE, incorporating both data
needs and interface design of key data elements. The next steps
include using these key findings to develop an organized IHT
HIE platform within the EHR, capable of gathering the most
pertinent transfer patient information quickly and securely, with
the goal of both bettering patient outcomes and reducing
provider burden.
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Abstract

Background: Although eHealth has shown promise in managing chronic diseases, there remains a substantial digital divide
among older adults. The concept of a growth mindset, based on psychological theory, offers a new direction and potential
breakthrough for addressing this dilemma.

Objective: This study aims to develop and explore the feasibility and efficacy of a growth mindset intervention for older adults
with chronic diseases and their positive response to eHealth.

Methods: A randomized controlled trial was conducted at the internal medicine departments of a hospital in Hangzhou, Zhejiang
Province, China, from September 2021 to October 2022. A total of 77 older patients with chronic disease initially participated
in the study. The mean age of the participants was 67.16 (SD 7.04) years, with 42.86% (33/77) being women and 57.14% (44/77)
being men. The experimental group received an eHealth program intervention plus a growth mindset intervention over 12 weeks,
with weekly sessions for the first 6 weeks and biweekly follow-up phone calls for the next 6 weeks. Each session lasted at least
25‐45 minutes. Data were collected using a personal information form, the Implicit Theories of Intelligence Scale-6 (ITIS-6),
and a questionnaire on knowledge, willingness, confidence, and practice of smart medicine (KWCP-SM). Measurements were
taken at the beginning of the study (T0), immediately after the 6 weeks of training provided to the experimental group (T1), and
after the 12 weeks of training for the intervention (T2). Data were analyzed using repeated-measures analysis of variance and
analysis of covariance.

Results: The final sample comprised 74 participants, of which 36 were in the experimental group and 38 in the control group.
After 12 weeks of intervention, the level of growth mindset was significantly higher in the intervention group (P<.05) and
significant group × time interaction was observed (Wald=11.57; P<.05) between the two groups. KWCP-SM scores increased
in both groups (P<.05), with more significant changes in the intervention group.

Conclusions: This study demonstrated the effectiveness of the intervention program in improving the growth mindset level of
older adults with chronic diseases and bridging the “digital divide” among them. Future studies should refine this intervention,
considering the characteristics and needs of this population, to create fault-tolerant and lifelong growth environments that enhance
growth mindset in older adults.

Trial Registration: ClinicalTrials.gov NCT06550817; https://clinicaltrials.gov/study/NCT06550817

(JMIR Hum Factors 2025;12:e65519)   doi:10.2196/65519
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Introduction

Chronic disease is one of the major causes of morbidity and
mortality worldwide, which occurs predominantly among older
adults [1]. According to the Chinese Bureau of Statistics, the
population aged 60 years and older reached 260 million in 2020,
while 75% were diagnosed with at least one chronic disease

[2,3]. As a health-vulnerable group, older adults with chronic
disease require long-term health care service and
self-management to adapt to physiological changes, posing a
tremendous burden on patients, caregivers, and the health care
system [4-6], and this is where eHealth can contribute.

eHealth is characterized by information technology, automation,
and intelligence, and enables patients, especially those with
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chronic disease, to monitor their health parameters
automatically, receive quality clinical care remotely, and achieve
health management goals through interactions with eHealth
systems, medical personnel, and health care institutions [7,8].
It is regarded as an efficient approach to solve the uneven
distribution of limited medical resources and reduce the burden
of health care expenses [7-9]. By 2020 , more than 5000
hospitals in China provided online medical services, and over
900 internet hospitals were established, covering national
prefecture-level cities [10]. Studies have shown that eHealth
such as eHealth apps, monitoring devices [11], wearable devices
[12], and rehabilitation systems [13], can improve the outcomes
of chronic disease significantly. However, patients with chronic
diseases in old age, especially those with age-related stereotypes
and fixed mindsets, possess a low degree of willingness and
confidence in using eHealth services. Vailati Riboni and Pagnini
[14] found that negative stereotypes can trigger stereotype threat,
causing older adults to experience anxiety and inferiority when
encountering new technologies, thereby impairing their
operational abilities. They frequently struggle to comprehend
overwhelming and boring information offered across eHealth
services [15,16], and may be reluctant to try eHealth service
due to previous unsuccessful experiences [17,18]. Consequently,
the online health care resource use rate among older adults is
merely 15.2% [19]. Previous studies have demonstrated that an
increased growth mindset is a potential key strategy for
improving positive responses to eHealth because older adults
with a growth mindset can improve age-related stereotypes,
increase their willingness to adopt healthy behaviors and
resilience in the face of difficulties, and tend to use eHealth
more [20-23].

The growth mindset theory, proposed by Dweck and Leggett
[24], theorizes that individuals possess one of two types of
mindsets—fixed mindset and growth mindset—regarding the
malleability of abilities, intelligence, and other attributes.
Individuals with fixed mindsets view the attributes as
unchangeable and uncontrollable internal parameters, and often
withdraw or abandon efforts when faced with difficulties.
Conversely, growth mindset individuals believe the attributes
are malleable and controllable, and they always view failure as
an opportunity to learn and improve [25]. In addition, the
literature suggests that a mindset intervention is particularly
effective in changing behavior by improving participants’
persistence in goal-oriented behavior [26]. Therefore, the
eHealth mindset for an intervention program appeared to be a
promising approach.

Many studies have shown that interventions fostering a growth
mindset are beneficial to behavior change, such as improving
performance in students [27-29]. mitigating weight gain
resulting from dieting setbacks [30], controlling healthy eating
and exercise in obese youth [31], and smoking cessation [23].
In the geriatric population, existing studies have shown that a
growth mindset is significantly associated with intention to
engage in health behavior [32], cognitive function [33], and
successful aging [34]. Experimental studies have demonstrated
its benefits in improving age-related stereotypes [35] and
memory performance [36] as well. Dang and Liu [37] have
provided evidence that individuals who believe human mental

capacity is incremental report more positive feelings about
robots and show higher willingness to interact with them.

In summary, previous studies have investigated the growth
mindset in different populations and have demonstrated potential
relationships between growth mindset and positive responses
to eHealth. Studies have also been conducted on the growth
mindset levels of older adults, the results have demonstrated
that this aspect needs to be improved [20,38], and that growth
mindset may be a key target in bridging the “digital divide”
among older adults. However, most of these studies were
cross-sectional and descriptive, making it difficult to provide
direct guidance for practice. Therefore, this study was conducted
to develop and investigate the effectiveness of a growth mindset
intervention based on growth mindset theory. It aimed to
improve the levels of growth mindset and knowledge,
willingness, belief, and practice of smart medicine among older
patients with chronic disease in the context of global trends in
aging and chronic diseases.

Methods

Design
This study used a quasi-randomized controlled trial design
conducted over 12 weeks. Before conducting the study, the
researchers numbered the wards of internal medicine
departments (excluding intensive care units) according to the
order of bed number. The wards were then randomly divided
into intervention wards and control wards using a random
number generator. Patients were recruited to the control group
(eHealth only) in the control ward and the intervention group
(growth mindset intervention + eHealth) in the intervention unit.
Participants in the control group could undergo the training after
the study concluded. The study was registered on
ClinicalTrials.gov (NCT06550817).

Setting and Participants
Participants (N=77) were enrolled from a hospital internal
medicine department in Hangzhou, Zhejiang Province in China
between September 2021 and October 2022. The inclusion
criteria were: (1) participants aged 60 years and older, (2)
diagnosed with ≥1 chronic disease, (3) owned at least one
smartphone, (4) ability to communicate clearly in writing or
orally, and (5) willingness to participate in this study. The
exclusion criteria were: (1) inability to use WeChat (Tencent
Holdings Limited) or phone to communicate, (2) diagnosed as
having a mental illness or cognitive impairment, (3) acute severe
disease or loss of self-care ability, and (4) concurrent
participation in other similar training.

This study used a quasi-experimental design, and the sample
size was calculated based on comparing the means of the two
samples [39]. An a priori power analysis showed that 34
participants per group (total N=68), accounting for anticipated
attrition, would achieve 90% power at a 5% significance level
to detect the expected mean difference. Finally, 77 participants
started the intervention, and 74 completed the 12-week
intervention period, with an attendance rate of 96.10% (74/77).
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Ethical Considerations
The ethics committee of the School of Nursing at Hangzhou
Normal University has approved this study (2022015). Informed
consent was obtained from all participants involved in this study.
Participants were informed of the study’s purpose, methods,
and process, as well as their right to withdraw at any time. Only
the relevant data of the participants were used for this study and
all collected data were pseudonymized to protect participants’
confidentiality. As compensation for study participation,
participants received a ¥50 (US $6.95) supermarket voucher
and a vegetable package upon study completion.

Blinding and Randomization
The single-blind principle was strictly applied in this study.
Neither the study participants nor the data collectors had access
to the grouping and the content of the intervention, thus
mitigating subjective bias. Patients were recruited into the
control group in the control ward and into the intervention group
in the intervention ward. Random grouping by ward avoided
cross-contamination when patients in the same ward were
divided into different groups. Participants were debriefed at the
end of the study regarding the full purpose and differences
between groups in the study.

Intervention
The eHealth training program was delivered to participants by
nursing students with a master’s degree, who have received
training in growth mindset knowledge, and training related to
the construction and implementation of nursing training studies.
Psychological counselors, professors in geriatric nursing, and
clinical experts in geriatric nursing served as consultants. The
purpose, duration, and main contents of the training were
introduced to the patients by the faculty before the training.
Patients were asked about their learning experience and whether
they were confused about the content of the lectures after the
training. The faculty used the video training platform to track
patients’ learning, and for those who did not complete the
training in time, telephone communication was implemented
to encourage them to improve their learning progress. This
ensured that the patients mastered the content of the training
and assistance was offered in solving problems.

Growth Mindset Intervention
Based on the previous literature review, this study found that
previous intervention [27], deeply aligned with the growth
mindset theory. The program is mature and verified by large
samples in multiple regions, and hence, based on the framework
of the intervention, the following 3 strategies were used for
creating the intervention content: recognize growth mindset,
explore growth mindset deeply, and apply growth mindset. The
purpose of “recognize growth mindset” was to convince patients
that they could still change their intelligence through learning,
strengthening the belief that their brain can be exercised. The
purpose of “explore growth mindset deeply” was to increase
patients’ understanding of growth mindset and promote their
willingness to cultivate a growth mindset. The purpose of “apply
growth mindset” was for patients to learn to apply a growth
mindset and connect it to real life. In addition, some studies
have noted that there are adaptation issues in the implementation
of the growth mindset [40]. The physical and mental functions
of older adults show an irreversible decline trend, thus the
cultivation and adaptation of the growth mindset in older adults
are more difficult. Therefore, this study takes the characteristics
of older adults into account and adds the theme “growth mindset
in life” under the guidance of ife span theory by Baltes et al
[41], to further cultivate the habit of using growth mindset in
practice in older patients with chronic diseases. In this manner,
the above 4 strategies were identified for the study.

Research shows that the introduction of brain science, story
rewriting, skill training, and other methods can enhance the
subjects’ identification and internalization of the growth mindset
[42,43], so the research group formulated the intervention
program based on this and the actual situation of older patients
with chronic diseases. Table 1 shows the specific content. The
intervention duration is 12 weeks. Themes 1‐6: once a week,
online intervention is implemented and it lasts about 20 minutes
each time, while face-to-face intervention lasts about 30 minutes
each time, and they are carried out for a total of six weeks;
theme 7: face-to-face or telephone intervention is implemented
once every two weeks for about 15 minutes each time, and it is
carried out for a total of six weeks.
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Table . Implementation form of the growth mindset intervention program.

Intervention formIntervention contentIntervention themeIntervention strategy

Video lessonsIs intelligence innate?Recognize growth mindset • Introduced the structure and
function of the brain and neu-
rons.

• Explained the plasticity of the
brain.

• Emphasized the importance of
learning and challenging new
things.

• Strengthened the belief of “ex-
ercising the brain” and “the
more the brain is used, the
more flexible it is.”

Video lessons and face-to-face inter-
action

Can older adults become smart? • Introduce the changes in brain
structure and function in older
adults.

• List relevant scientific research
to encourage patients to believe
that the brain of older adults is
still plastic.

• Encourage patients to talk
about the relationship between
“the plasticity of older adults’
brain” and their own intelligent
medical.

Video lessons, telelecture, and story
rewriting

The 2 different mindsetsExplore growth mindset deeply • Introduce the concept of
growth mindset.

• Share different mindsets in the
process of learning eHealth,
and guide patients to under-
stand different behaviors, and
results of the 2 mindsets.

• Emphasize the benefits of the
growth mindset for older
adults.

• Encourage patients to rewrite
stories from the perspective of
the growth mindset.

Experience sharing and case studiesFacing difficulties and challenges • Encourage patients to share
their experiences of overcom-
ing difficulties and guide them
to discover the importance of
a growth mindset.

• Make a case of the common
difficulties and challenges of
older adults with chronic dis-
eases in the use of eHealth.

• Ask patients to imagine how
to solve the problem through
efforts, strategies, seeking help,
and other ways if they are the
parties.
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Intervention formIntervention contentIntervention themeIntervention strategy

Video lessons and telelecture• Introduce Dweck’s 4 step
strategy to change the mindset:
accept, observe, name, and ed-
ucate.

• Encourage patients to describe
the experience of the emer-
gence of a fixed mindset dur-
ing eHealth use and discuss
how to implement the 4 steps
of the growth mindset.

The 4 steps of growth mindsetApply growth mindset

Face-to-face interaction• Review the interventions that
have been implemented.

• Encourage patients to talk
about the challenges related to
eHealth, and guide them to
think about how to use a
growth mindset to face the
challenges.

• Complete the “growth mindset
habit cue card.”

Growing mindset habit cultivation
plan

Telephone follow-up• Encourage patients with good
application of the growth
mindset, and help patients with
difficulties to solve problems.

Growth mindset in lifeGrowth mindset in life

eHealth Program
The eHealth program intervention aimed to increase patients’
knowledge of eHealth and help them master common
operational skills. The intervention forms included face-to-face
instruction, video teaching, training manual, and telephone
follow-up. Video teaching included “Smart Phone Basics, Online
Registration, Mobile Phone Payment and Report Query,”
“Introduction and Operation of Online Health Consultation,”
“Introduction and Operation of Online Prescriptions and
Residents’ Electronic Health Archives,” “Introduction and
Operation of Hospital Online Disease Management,” “Methods
to Obtain and Identify Reliable Health Knowledge,” and
“Introduction to Wearable Mobile Medical Devices.” The
training manual was a video supporting content, which was
used with the videos. Finally, telephone follow-up was
conducted to understand the learning situation and difficulties
of the participants. The program lasted for 12 weeks. In the first
6 weeks, face-to-face eHealth teaching in the internal medicine
department and telephone follow-up were conducted once a
week, for about 10 minutes each time. In the last 6 weeks, only
telephone follow-up was conducted.

Measures

Implicit Theories of Intelligence Scale-6 (ITIS-6)
The Implicit Theories of Intelligence Scale-6 (ITIS-6) [44] was
used to assess participants’ level of growth mindset. Participants
completed the scale at baseline, 6, and 12 weeks of intervention.
The scale contains 3 growth mindset items and 3 fixed mindset
items. The Likert-6 scoring method was used, and a reverse
scoring method was adopted for the fixed mindset dimension,
with a higher score on the scale signifying a higher level of

growth mindset. In this study, the Cronbach α coefficient for
ITIS-6 was 0.95, indicating good internal consistency.

Questionnaire of Knowledge, Willingness, Confidence,
and Practice of Smart Medicine (KWCP-SM)
According to the relevant policy documents on the promotion
and implementation of eHealth, this study invited 5 experts with
10 years or more of work experience (including 2 clinical nurses,
1 community nurse, and 2 community doctors) to conduct
face-to-face interviews, and developed the questionnaire of
knowledge, willingness, confidence, and practice of smart
medicine. The final questionnaire had the 4 dimensions of
knowledge, willingness, confidence, practice, and 9 items
including online registration, and mobile phone payment. There
were 36 items in total. The questionnaire adopted the Likert-5
scoring method. The higher score indicated a higher level of
knowledge, willingness, confidence, and practice of smart
medicine. The Cronbach α coefficient for the scale was 0.97,
indicating good internal consistency.

Statistical Analysis
Baseline demographic and medical characteristics within groups
were compared with an independent-sample t test (for
quantitative variables), χ2 test (qualitative variables), or
nonparametric rank-sum test (qualitative variables following
grade data). The Mann-Whitney U test was applied to assess
the difference in growth mindset and KWCP-SM between the
two groups because of their abnormal distributions.
Within-group comparisons were performed by the Wilcoxon
signed ranks test. To evaluate the between-group differences
over time, a generalized estimation equation (GEE) was
performed. Statistical analysis was carried out with SPSS 25.0
version (IBM). P<.05 was considered statistically significant.
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Results

Participants
Out of the 77 participants who participated in the intervention,
74 completed the 12-week intervention period, resulting in an
attendance rate of 96.10% (74/77), with 36 in the intervention
group and 38 in the control group. Among the 3 participants in
the two groups who withdrew from the study, 2 participants in

the intervention group reported health issues and lost interest,
respectively, and 1 participant in the control group lost interest.
Figure 1 shows the CONSORT (Consolidated Standards of
Reporting Trials) diagram of the participant flow and the
EHEALTH checklist is provided (see Checklist 1). Table 2
shows the baseline characteristics of participants. No significant
differences were observed between the intervention and control
groups regarding demographic and medical characteristics,
growth mindset, and KWCP-SM of participants.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow chart of participation in the eHealth training program.
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Table . Baseline demographics, growth mindset, and knowledge, willingness, confidence, and practice of smart medicine (KWCP-SM) of participants.

P valueZ, t test, or χ2(df)Control

(n=38)

Intervention

(n=36)

Characteristic

Demographics

.530.27a(72)67.03 (6.64)67.47 (7.44)Age (years), mean (SD)

.162.60b(1)Sex, n (%)

26 (68.42)18 (50)    Male

12 (31.58)18 (50)    Female

.112.81b(1)Religious belief

20 (52.63)12 (33.33)    Have

18 (47.37)24 (66.67)    Do not have

.53−0.63cEducational level

14 (36.84)15 (41.67)    Primary school and below

14 (36.84)14 (38.89)    Middle school

7 (18.42)5 (13.89)    High school

3 (7.89)2 (5.56)    Junior college and above

.740.35b(1)Marital status

32 (84.21)32 (88.89)    Married

6 (15.79)4 (11.11)    Others (including di-
vorced, etc.)

.640.45b(1)Place of residence

15 (39.47)17 (47.22)    Urban

23 (60.53)19 (52.78)    Rural

.713.10b(5)Occupation (previous main
occupation if retired)

6 (15.79)4 (11.11)    Public institution person-
nel

13 (34.21)10 (27.78)    Enterprise employee

5 (13.16)9 (25)    Worker

9 (23.68)9 (25)    Farmer

2 (5.26)3 (8.33)    Self-employed

3 (7.89)1 (2.78)    Others (including free-
lance, etc.)

.55−0.60cMonthly income (RMB)

4 (10.53)5 (13.89)    <1000（<US $139.10)

7 (18.42)7 (19.44)    1000‐2999（US
$139.10‐US $417.14)

13 (34.21)13 (36.11)    3000‐4999（US
$417.28‐US $695.33)

14 (36.84)11 (30.56)    >5000（>US $695.47)

.572.94b(4)Living places

11 (28.95)13 (36.11)    Living with a spouse and
children

19 (50)20 (55.56)    Living with a spouse

4 (10.53)1 (2.78)    Living with children
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P valueZ, t test, or χ2(df)Control

(n=38)

Intervention

(n=36)

Characteristic

1 (2.63)1 (2.78)    Living in institutions (in-
cluding nursing home, etc)

3 (7.89)1 (2.78)    Living alone

.562.05b(3)Health insurance

22(57.89)17(47.22)    Urban resident basic
medical insurance

11(28.95)16(44.44)    New rural cooperative
medical scheme

2(5.26)1(2.78)    Commercial medical insur-
ance

3(7.89)2(5.56)    No medical insurance

.76−0.31cThe number of comorbidi-
ties

9(23.68)12(33.33)    1

19(50)13(36.11)    2

10(26.32)11(30.56)    ≥3

.60−0.54a(72)5.91 (2.05)6.32 (1.72)Self-rated health status (0‐
10), mean (SD)

.81−0.47a(72)17.53 (9.09)18.50 (8.65)ITISd score, mean (SD)

.75−0.32f79.58 (28.05)80.06 (22.25)KWCP-SMe score, mean
(SD)

.60−0.52f23.47 (8.21)23.75 (7.24)Knowledge score, mean
(SD)

.95−0.06f23.29 (9.46)23.19(7.63)Willingness score, mean
(SD)

.85−0.19f20.74 (9.68)20.56 (8.47)Confidence score, mean
(SD)

.82−0.23f12.08 (4.72)12.56 (4.77)Practice score, mean (SD)

aDenotes the independent-samples t test (t).
bDenotes the χ² test (χ²).
cDenotes the Wilcoxon or Mann-Whitney Z test (Z).
dITIS: implicit theories of intelligence scale.
eKWCP-SM: knowledge, willingness, confidence, and practice of smart medicine.
fDenotes the Mann-Whitney U test (Z).

Growth Mindset
In terms of growth mindset level, there was no significant
difference between the two groups at baseline (P>.05), but there
was a significant difference between the two groups after
intervention (P<.05). The intervention group demonstrated a
significant improvement in group changes in growth mindset
at 12 weeks (9.89% change from baseline; z score=−5.13,
P<.05), while no statistically significant change was observed
in the control group (2.68% change from baseline; z
score=−5.13, P>.05). The GEE analysis revealed the growth
mindset changes over time in the intervention and the control
groups. A significant group × time interaction was observed at
12 weeks of intervention (Wald=11.57; P<.05), indicating that

there was a significant improvement in the intervention group
than the control group.

KWCP-SM
Table 3 shows the mean, SE, percentage change of outcomes,
and the results of the Wilcoxon signed ranks test. Table 4 shows
the GEE results of outcome valuables over time between the
two groups. Regarding knowledge of smart medicine, at 12
weeks both the intervention group (29.35% change from
baseline; z=−5.20; P<.001) and control group (27.06% change
from baseline; z=−4.85; P<.001) had statistically significant
within-group changes, but the difference between groups
(Wald=1.14; P=.57) was not significant.

For willingness to use smart medicine, at 12 weeks the
intervention group (19.53% change from baseline; z
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score=−3.25, P=.001) showed a marked improvement compared
with baseline score, while the control group (1.12% change
from baseline; z score=−0.67; P=.50) showed a slight decrease.
The GEE analysis revealed a significant interactive effect
between time and groups (Wald=10.63; P=.005).

For confidence in smart medicine, both groups experienced
improvement during the 12-week intervention, while this
improvement was larger in the intervention group (30.25%
change from baseline; z score=−3.75; P<.001) than the control

group (5.45% change from baseline; z score=−1.77; P=.08). In
addition, a significant difference in group × time interactive
effect was observed (Wald=25.09; P<.001).

For the practice of smart medicine, both the intervention group
(6.61% change from baseline; z score=−1.69; P=.09) and control
group (4.14% change from baseline; z score=−1.50; P=.13)
showed a slight improvement at 12 weeks compared with
baseline. However, no significant between-group difference
was observed (Wald=1.51; P=.47).

Table . Comparison of pre- and postintervention mean of outcomes (growth mindset; knowledge, willingness, confidence, and practice of smart medicine
[KWCP-SM]).

P valuebz scoreRelative to base-
line, %

T2a, mean (SD)T1a, mean (SD)T0a, mean (SD)GroupsVariables

<.001−5.139.8920.33 (8.53)21.89 (7.99)18.50 (8.65)IGdGrowth mindset,

ITISc

>.001−5.132.6818.00 (9.16)17.79 (10.03)17.53 (9.09)CGe

<.001−5.2029.3530.72 (6.09)31.67 (5.13)23.75 (7.24)IGKnowledge,

KWCP-SMf
<.001−4.8527.0629.82 (7.45)31.61 (6.82)23.47 (8.21)CG

.001−3.2519.5327.72 (8.16)29.69 (7.52)23.19 (7.63)IGWillingness,
KWCP-SM

.50−0.671.1223.55 (7.13)24.92 (8.55)23.29 (9.46)CG

<.001−3.7530.2526.78 (9.13)28.64 (8.23)20.56 (8.47)IGConfidence,
KWCP-SM

.08−1.775.4521.87 (9.45)21.87 (9.45)20.74 (9.68)CG

.09−1.696.6113.39 (5.18)14.56 (5.57)12.56 (4.77)IGPractice,
KWCP-SM

.13−1.504.1412.58 (4.79)13.21 (5.31)12.08 (4.72)CG

aTime points. T0: baseline; T1: 6-week; T2: 12-week.
bWithin-group changes were examined with Wilcoxon signed ranks test.
cITIS: Implicit theories of intelligence scale.
dIG: intervention group.
eCG: control group.
fKWCP-SM: Questionnaire of knowledge, willingness, confidence, and practice of smart medicine.

Table . Effects of intervention on outcome variables between two groups: Growth mindset and knowledge, willingness, confidence, and practice of
smart medicine (KWCP-SM).

(Group × time)aTimeGroupOutcomes

P valueWaldP valueWaldP valueWald

.00311.57<.00115.84.201.63Growth mindset

.571.14<.001204.28.780.08Knowledge

.00510.63<.00126.53.073.26Willingness

<.00125.09<.00140.95.0493.89Confidence

.471.51<.00119.47.410.68Practice

aResults of growth mindset and knowledge, willingness, confidence, and practice of smart medicine (KWCP-SM) outcome analysis using the generalized
estimation equation (GEE).

Discussion

Principal Findings
This study constructed a growth mindset intervention program
for older patients with chronic diseases and evaluated its effects
on their growth mindset and positive response to eHealth. After
12 weeks of intervention, the findings showed a significant

improvement in the total ITIS-6 and KWCP-SM scores of
patients in the intervention group compared with the control
group, which suggests that the intervention was effective. We
tailored our growth mindset program to address the mindset
and micro-psychology of older adult patients with chronic
diseases. This approach offers a new direction in bridging the
digital divide targeting older adults.
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Comparison With Previous Work
While the intervention program of this study effectively
improves the growth mindset of older adults with chronic
diseases,research on the effectiveness of growth mindset
interventions in increasing the level of growth mindset in
different populations is not entirely consistent. For example,
Plaks and Chasteen [36] conducted a growth mindset
psychological experiment with 88 older adults and found
significant increases in the growth mindset in the experimental
group. Orvidas et al [31] conducted an online growth mindset
intervention with 48 obese children and adolescents and showed
that the experimental group had better levels of growth mindset
than the control group and significantly improved perceptions
of health behaviors and self-efficacy. However, Sridharan et al
[23] conducted an online growth mindset intervention with 398
smokers for 24 days and found that there was no significant
difference in the level of growth mindset between the
intervention group and the control group after the intervention,
which may be due to the excessive amount of growth mindset
intervention content provided to the participants. In this study,
the intervention group showed better improvement in growth
mindset than the control group, which could be attributed to the
following reasons: First, we consulted previous growth mindset
interventions that worked and adopted the framework of the
intervention program previously published [27] as the main
theme. At the same time, we combined the characteristics of
psychological dependence of older adults to construct the
themes, a total of 4 strategies along with the themes were
included. The “Recognizing growth mindset” strategy used
video lessons and face-to-face interaction to let the participants
believe the plasticity of the brain of their own; the “Exploring
growth mindset deeply” strategy used video lessons, telelecture,
and story rewriting to promote deeply understanding and
internalization of the growth mindset; the “Applying growth
mindset” strategy used daily practice to promote the integration
of growth mindset into the patient’s real life and learn to apply
it; the “growth mindset in life” strategy used phone follow-up
to help older adults with difficulties to solve problem and
promote habit formation. Second, considering that effective
training and dependence behavior are important measures for
individual growth in old age [45], we helped patients identify
the timing of a fixed mindset and adjust and cultivate a growth
mindset through four steps: acceptance, observation, naming,
and education. Furthermore, by teaching older adults about
brain plasticity and the experience of growth mindset activities,
this study, to a certain extent, broke the stereotype of “old age
is frailty,” and instilled the hope of improvement in older adults.
In addition, patients overcame difficulties through the growth
mindset intervention and successfully mastered the experience
of eHealth treatment, enabling them to realize that the growth
of older adults is controllable, achievable, and recognized by
society. This hopeful and emotional experience enhanced their
belief that their ability can still be developed, improving their
level of growth mindset.

After the 12-week eHealth program intervention, the total score
of KWCP-SM, which measured the level of willingness and
confidence in smart medicine, improved significantly in both
the intervention and control groups compared to the

pre-intervention period. This suggests that the traditional
teaching model can improve the ability of older adults to use
eHealth to some extent, and the result is consistent with the
study by Zhao et al [46]. There are some possible explanations
for this. First, existing studies have found that older adults
experience major negative psychological emotions such as
age-related stereotype, frustrated self-esteem, and dwindling
motivation, which hinder the integration of eHealth in their lives
[47,48]. Growth mindset intervention can effectively improve
age-related stereotypes by instilling the belief in the plasticity
of older adults’ intelligence and ability [49,50]. It also reduces
patients’ excessive attention to learning outcomes, regards
failure as a process of learning and improvement, protects their
self-esteem and secondary fear of science and technology in the
event of failure to a certain extent, and stimulates their internal
motivation [51-53]. Second, the theory of growth mindset
emphasizes that efforts, strategies, and timely help-seeking are
important paths for learning and growth [27]. This study not
only teaches patients to learn knowledge and skills, emphasizing
that the key premise is hard work, but also empowers patients
with eHealth learning strategies and help-seeking methods.
Furthermore, our intervention met the practical needs of older
adults who urgently need eHealth health care but are unable to
take full advantage of it because they have not kept pace with
technological developments. As a result, the willingness and
interest of older people to learn are relatively high and the
outcomes of this eHealth program are more positive.

Strengths and Limitations
The growth mindset intervention in this trial was developed in
a theoretical and evidence-based manner and contains a tailored
education program taking the characteristics of the older adults
with chronic diseases into account. In addition, the training
program organically integrates local slang into the training,
increases the patients’ trust in the plasticity of older adults’
brains and their belief in lifelong learning, and sets up regular
and multiple nurse-patient communication sessions, which
facilitate real-time interaction and feedback, thus meeting the
patients’ personalized needs.

Several limitations of this study should be noted here. First, the
study was carried out at only one comprehensive hospital in
Hangzhou. More multicenter and large sample studies should
be carried out to further verify the scheme’s effectiveness.
Second, the between-group difference in actual eHealth behavior
change was not statistically significant. This may due to time
constraints, only the effect of the growth mindset intervention
for 12 weeks was confirmed. In the future, research should
continue to track participants for 12 weeks or more to identify
the effectiveness of the intervention program over the long term.
Third, this study took the lead in building a growth mindset
intervention program for older patients with chronic diseases
and preliminarily verified the effectiveness. However, during
the intervention, individual differences were found among older
adults which may partly explain the nonsignificant finding, so
future studies need to constantly adjust and improve the
intervention plan according to the characteristics and needs of
the participants.
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Future studies should also implement the double-blind method
and increase the objective evaluation indicators related to
eHealth (such as frequency of visiting doctors, compliance,
clinical nursing outcomes, etc.) to verify the efficacy of this
program. Finally, future studies can build a platform for elderly
growth mindset intervention with emerging technologies to
achieve large-scale and accurate intervention, to improve the
level of growth mindset in older adults to a greater extent.

Conclusions
The growth mindset intervention program for older adults with
chronic diseases constructed in this study effectively improves
the growth mindset of older adults with chronic diseases,
enhances their mastery of eHealth knowledge, and boosts their
confidence and willingness to use eHealth tools. It is expected
to help patients meet their own diagnostic, treatment, disease

control, and other practical needs through eHealth solutions. A
growth mindset shows high potential in promoting eHealth use
among older adults. This study is referable due to its creation
of training content based on the growth mindset theory and
investigation of the effect of the training on a range of variables.
Further research is needed to improve the growth mindset
intervention, in particular by considering older patients’ needs
and interests, improving its adoption, and developing
fault-tolerant and lifelong growth environments that enhance
growth mindset among older adults with chronic diseases. The
growth mindset intervention program in this study could also
be applied to enhance growth mindset and eHealth behaviors
among older adults with chronic diseases in other countries by
integrating localized case examples, community specific
customs, and beliefs.
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Abstract

Background: Informed consent (IC) is a cornerstone of ethical clinical research, yet comprehension gaps persist. The i-CONSENT
guidelines aim to improve IC materials by enhancing clarity, accessibility, and tailoring them to the needs of diverse populations.
This study evaluates the effectiveness of electronic IC (eIC) materials developed under these guidelines for 3 target
populations—minors, pregnant women, and adults—across Spain, the United Kingdom, and Romania.

Objective: The primary aim of this study is to assess participants’ comprehension of and satisfaction with eIC materials tailored
to their specific needs. The secondary objectives are to identify demographic predictors of comprehension, evaluate the cross-cultural
applicability of materials, and explore format preferences.

Methods: A cross-sectional study was conducted with 1757 participants (620 minors, 312 pregnant women, and 825 adults),
who reviewed eIC materials through a digital platform offering layered web content, narrative videos, printable documents, and
infographics. Materials were co-designed using participatory methods, including design thinking sessions with minors and pregnant
women, and online surveys with adults. Comprehension was assessed using an adapted version of the Quality of the Informed
Consent questionnaire. Objective comprehension (part A) was categorized as low (<70%), moderate (70%‐80%), adequate
(80%‐90%), or high (≥90%). Subjective comprehension (part B) was measured using a 5-point Likert scale. Satisfaction was
evaluated through Likert scales and usability questions, with scores ≥80% considered acceptable. Multivariable regression models
were applied to identify predictors of comprehension.

Results: Objective comprehension exceeded 80% across all groups: minors (mean 83.3, SD 13.5), pregnant women (mean 82.2,
SD 11.0), and adults (mean 84.8, SD 10.8). Women/girls outperformed men/boys (β=+.16 to +.36). Generation X adults scored
higher than millennials (β=+.26, P<.001), while prior trial participation was associated with lower comprehension scores (β=−.47
to −1.77). Among minors, compared with participants from Spain with no previous clinical trial experience, comprehension was
significantly lower in Spain (P=.03), Romania (P<.001), and the United Kingdom (P<.001). Format preferences varied: 382 out
of 620 (61.6%) minors and 152 out of 312 (48.7%) pregnant women preferred videos, whereas 452 out of 825 (54.8%) adults
favored text (P<.001). Satisfaction rates surpassed 90% in all groups (minors, 604/620, 97.4%; pregnant women, 303/312, 97.1%;
and adults, 804/825, 97.5%), with 777 out of 825 (94.2%) adults also indicating that the materials facilitated understanding. While
translated materials maintained high efficacy across countries, comprehension scores in Romania were lower among participants
with lower educational levels (β=−1.05, P=.001). Materials cocreated in Spain were effective across countries but yielded higher
comprehension within the original target population.

Conclusions: eIC materials developed following the i-CONSENT guidelines achieved high levels of comprehension and
satisfaction across diverse populations, demonstrating scalability for multinational trials. Cocreation and multimodal design
effectively addressed participant preferences; however, cultural adaptation remained crucial for optimizing outcomes. The negative
impact of prior trial participation highlights the need for tailored engagement strategies for returning participants. Future research
should explore regional disparities, evaluate interventions for overconfident returning participants, and validate these tools across
broader cultural contexts.
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Introduction

Background
Informed consent (IC) is a key element in ensuring the autonomy
of potential participants when deciding whether to partake in a
study. To be effective, IC must meet 5 key criteria:
voluntariness, capacity, disclosure, understanding, and
decision-making. However, numerous studies have highlighted
persistent gaps in participants’comprehension of the information
provided during the IC process [1].

The i-CONSENT project was initiated to address these
challenges by improving IC materials to make them more
comprehensible, accessible, and tailored to the specific needs
of diverse populations. As part of this initiative, the project
developed the “Guidelines for Tailoring the Informed Consent
Process in Clinical Studies” [2] (i-CONSENT guidelines).
Among the recommendations included in the guidelines,
involving potential participants in the preparation of the IC and
its associated materials has been identified as a key factor [3].

To evaluate the impact of these guidelines, 3 mock studies were
conducted, each focusing on a distinct population: minors,
pregnant women, and adults. The IC materials were presented
in electronic formats (electronic IC [eIC]), incorporating
innovative features such as layered web content, narrative
videos, printable documents, and customized infographics.
These formats allowed participants to engage with the
information in ways that suited their preferences and cognitive
styles.

This study aims to assess participants’ comprehension of and
satisfaction with eIC materials tailored to their specific needs.
Additionally, it seeks to explore cross-cultural applicability by
implementing these materials across 3 countries—Spain, the
United Kingdom, and Romania—and examining demographic
predictors of comprehension. The findings contribute to
advancing inclusive and participant-centered IC processes in
clinical research while promoting informed decision-making.

Objective
The main objective of this study is to estimate the proportion
of potential participants who understand the 3 different eIC
materials prepared following the i-CONSENT guidelines.
Additional objectives are to (1) analyze differences in
comprehension across countries (Spain, the United Kingdom,
and Romania) and evaluate whether materials designed for one
region apply to other regions or languages; (2) assess
comprehension within specific domains of IC information; and
(3) evaluate participant satisfaction with the eIC materials.
Additional objectives for adults include exploring differences
in comprehension by gender and age, while for minors, the
objective is to explore differences in comprehension by gender.

Methods

Elaboration of e-Consent Materials

Overview
Electronic information materials have been prepared for 3 mock
studies on vaccine clinical trials, each addressed to a different
population group (see Table 1).
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Table . Description of the 3 case studies.

AdultsPregnant womenMinorsVariable

Target population

Millennials: 18‐38; Generation X:
39‐53

≥1812-13    Age (years)

Both male and femaleN/AaBoth male and female    Genders included

825312620Sample size, n

Meningococcal vaccination in
adults, considering gender and gen-
erational differences.

Respiratory syncytial virus vaccina-
tion in pregnant women, considering
both their needs and those of their
babies.

Human papillomavirus vaccination
in minors, considering gender differ-
ences.

Case scenarios

An online-based self-administered
survey used for piloting.

Two design thinking sessions with
pregnant women and piloting of
materials.

One design thinking session with
children and parents, 1 session with
children alone, and piloting of the
contents of the information sheet
and the survey.

How was the target population in-
volved?

eConsent included information in 3
formats: a website page (layered
approach), 5 infographics (covering
general information, procedures,
benefits and risks, legal aspects, and
data protection), and a document
(improved format).

eConsent included information in 3
formats: a website page (layered
approach), 1 infographic (about the
study procedures), a video (ques-
tion-and-answer format), and a
document (improved format).

eConsentb, including information in
3 formats: a website page (layered
approach), a video (storytelling for-
mat), and a document (improved
format).

Materials prepared

aN/A: not applicable.
beConsent: electronic consent.

The materials have been prepared following the i-CONSENT
guidelines, taking into account potential participants’preferences
and needs [4]. Different formats were included, and participants
could choose among these formats or combine them. Table 1
provides information about the materials prepared.

Development Process
The materials were originally prepared in Spanish through a
cocreation process involving representatives from the target
population. A multidisciplinary team comprising clinical trial
physicians, epidemiologists, a sociologist, a journalist, and a
nurse collaborated on the design. This approach ensured that
the materials were scientifically accurate while addressing the
cognitive and cultural needs of participants. The cocreation
methodology included participatory sessions with minors and
pregnant women in Spain to ensure that the materials were
relevant and engaging for these groups. For adults, online
surveys provided insights into preferences and usability. This
iterative process allowed for refinement based on user feedback
before finalizing the materials.

To facilitate cross-cultural implementation, the materials were
professionally translated into English and Romanian by native
speakers of the target languages. The translation process adhered
to a rigorous rubric that prioritized fidelity to meaning,
contextual appropriateness, and adaptation to local customs and
linguistic conventions. Each translation was independently
reviewed by another professional translator to ensure quality
and consistency.

Formats Offered
Participants accessed the eIC materials via a dedicated website,
where they could choose from multiple formats based on their

preferences or combine them as needed. The formats offered
(depending on the specific case study) included the following:

• Layered web content: A modular approach that allowed
participants to access additional details or definitions by
clicking on specific terms.

• Narrative videos: Tailored video formats for minors and
pregnant women (a question-and-answer style for pregnant
women and narrative storytelling for minors).

• Printable documents: Text-based materials with integrated
images, designed for participants who prefer physical
copies.

• Infographics: Simplified visual representations of complex
topics such as legal aspects or participant rights.

The formats were not mutually exclusive, and participants could
engage with any combination of formats according to their
preferences.

Comprehension Assessment Tool

Adaptation of the Quality of the Informed Consent
Questionnaire for Target Populations
To evaluate comprehension, 3 tailored adaptations of the Quality
of the Informed Consent questionnaire (QuIC) [5] were used,
1 for each mock study. The adaptations were based on the
original version of the QuiC developed by Joffe et al [5] and
subsequent modifications by Paris et al [6,7]. The adjustments
accounted for the nature of the study (vaccine clinical trials in
healthy populations), the characteristics of the target groups
(minors, pregnant women, and adults), and European regulations
on data protection and clinical trials.
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Development and Validation
Each adaptation process was conducted independently for the
respective population. For minors and pregnant women,
cocreation sessions were held with representatives from these
groups to ensure that the questionnaires were appropriate and
comprehensible. Feedback from these sessions informed iterative
revisions, resulting in the final versions of the tools. The adapted
questionnaires were originally developed in Spanish and
subsequently translated into English and Romanian by
professional translators. These translations followed a rigorous
rubric that prioritized fidelity to meaning, cultural
appropriateness, and linguistic clarity.

Structure of the Questionnaires
The surveys, as their predecessors, consist of 2 parts to assess
understanding: part A measures objective understanding, and
part B measures subjective understanding.

In the surveys for adults and pregnant women, part A includes
22 questions with 3 response options (“no,” “don’t know,” and
“yes”). The scoring system follows that of the original version
of the QuIC [5]: 0 points for an incorrect answer, 50 points for
a “don’t know” response, 100 points for a correct answer. The
questions in part A are grouped into 7 domains:
“Nature/purposes of research,” “Risks and benefits,”
“Alternative procedures,” “Legal, participant protection,”
“Compensation,” “Contacts, information,” and “Participants’
rights.” Part B consists of 13 questions scored using a 5-point
Likert scale. Scores are assigned as follows: 0 points for a rating
of 1, 25 points for 2, 50 points for 3, 75 points for 4, and 100
points for 5.

The survey to measure children’s understanding was designed
in a cocreation session with children and resulted in the Assent
Comprehension Questionnaire for vaccine studies (abbreviated
CCAsIn, from its Spanish title Cuestionario de Comprensión
del Asentimiento Informado) [4]. In this survey, part A includes
14 questions with 2 response options (“agree” and “disagree”);
correct answers score 100 points, and incorrect answers score
0 points. Part B consists of 10 questions, scored using the same
values as in the adult version. The minors’ survey includes 3
domains: “Nature/purposes of research,” “Risks and benefits,”
and “Participants’ rights.”

The global score of each part was calculated as the average
score of all questions in that part. Domain-specific scores were
also calculated for part A by averaging the scores within each
domain.

Additionally, 2 sections were added: 1 with sociodemographic
questions and 1 with questions addressing acceptance,
preferences, and satisfaction with the eIC materials. A
multiple-choice question was included to capture participants’
preferences regarding information formats.

The final versions of the questionnaires underwent pilot testing
with representatives from each target population to ensure
validity and reliability. Feedback from participants informed
minor adjustments before implementation in the main study.

Parts A and B of each survey are included in Multimedia
Appendix 1, along with the frequency of responses for each

question. Multimedia Appendix 1 also presents the questions
grouped by domain.

Ethical Considerations

Ethics Review and Approvals
This study was conducted in accordance with the Declaration
of Helsinki and received ethical approval from the Research
Ethics Committee of the Foundation for the Promotion of Health
and Biomedical Research of the Valencia Region (FISABIO;
approval number 20200109/09).

Informed Consent
All participants provided IC before participation (see Multimedia
Appendix 1). For minors, parental/guardian consent was
obtained alongside assent from the children themselves. Online
participants provided consent/assent electronically via a digital
form integrated into the survey platform. Participants were
explicitly informed that their involvement was voluntary and
not related to any actual clinical trial.

Privacy and Confidentiality
All data collected were anonymized and securely stored on
password-protected servers. Personal identifiers were removed
before analysis, and participants were assured that their
responses would remain confidential. Access to the raw data
was restricted to the research team.

Compensation
Participants received compensation based on their recruitment
group:

• Minors in Spain: Schools where the surveys were conducted
received an Amazon voucher worth €200 (US $235) as an
institutional incentive. For minors outside Spain, no direct
compensation was provided due to logistical constraints;
instead, recruitment was facilitated by the market research
company (GfK) that visited schools to oversee participation.

• Adults and pregnant women: Participants recruited through
the market research company’s panel database received
points equivalent to €4 to €5 (US $5 to US $6), which could
be redeemed for gift cards or other rewards through the
panel’s system.

Recruitment

Rationale for Selecting Target Populations
The study targeted 3 distinct populations: minors, pregnant
women, and adults. These groups were selected due to their
specific ethical and regulatory considerations in vaccine clinical
trials. Minors were included because their participation requires
both assent and parental authorization, presenting ethical
challenges due to their classification as a vulnerable population.
Pregnant women were chosen to examine ethical safeguards
and risk perceptions that may influence their willingness to
participate, particularly in the context of vaccines administered
during pregnancy to protect the unborn child. Adults were
included as they represent the primary target population for
vaccine trials, allowing for an assessment of IC comprehension
and decision-making within a generally healthy population, as
well as enabling intergenerational comparisons.
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Surveys were conducted in 3 countries —Spain, the United
Kingdom, and Romania—through the market research company
with established household panel databases (30,000 panelists
in Spain, 700,000 in Romania, and 2 million in the United
Kingdom). The selection of these countries followed a cluster
sampling approach based on their geographical distribution
across Northern, Southern, and Eastern Europe. Factors such
as cultural and linguistic diversity, country size, the number of
registered clinical trials, and affiliation with the consortium
were considered in the selection process.

Recruitment of Minors
For minors, recruitment was initially intended to be conducted
face-to-face in schools. However, due to COVID-19 restrictions,
this approach was adapted to online surveys in the United
Kingdom and Romania. In Spain, surveys were partially
conducted at state-subsidized schools under controlled
conditions and complemented by online surveys completed at
home. To ensure comparability across countries, recruitment
targeted children aged 12‐13 attending state-subsidized schools
or equivalent educational settings.

A recruitment questionnaire was sent to randomly selected
panelists with children aged 12 or 13 years. Parents were asked
whether their children attended subsidized schools; if they
responded affirmatively, they were invited to participate. Once
parental IC was obtained, children were asked to provide their
assent to participate. Parents also signed a certification
confirming that survey responses were provided by their children
rather than themselves. Materials and surveys were then sent
online to participants who agreed to participate.

In Spain, 187 out of 312 students completed the survey in
information technology classrooms under the supervision of
study representatives, while the remainder participated from
home. The data obtained across all 3 countries were fully
comparable, as the sample profiles of children were matched
across regions and the surveys that were conducted using similar
procedures.

Recruitment of Adults and Pregnant Women
Adults and pregnant women were recruited using the market
research company’s household panel database for online studies.
Invitations were sent to randomized samples of panelists who
met the age and sex criteria. Sampling was controlled by area,
age group, and socioeconomic level to ensure representativeness.

To identify pregnant women, the recruitment questionnaire
included the question, “Are you currently pregnant?” All women
who replied in the affirmative were included in the study group
for pregnant women.

In Spain, due to the smaller panel size for pregnant women and
the larger sample requirements, part of the recruitment was
conducted face-to-face near health centers in Valencia and
Madrid. This was carried out by professional recruiters using
convenience sampling criteria. Pregnant women approached by
recruiters were asked whether they wished to participate after
being presented with the study details. Interested participants
provided their email addresses via a dedicated form for
follow-up communication. Subsequently, documentation and

participation links were sent electronically in the same manner
as for other panelists.

Instructions Provided to Participants
Participants received materials via email along with a
standardized script explaining the study’s purpose and
procedures. This script included (1) an introduction to
FISABIO’s research within the framework of the European
i-CONSENT project; (2) a statement clarifying that participation
was voluntary and unrelated to any actual clinical trial; (3) an
overview of the study structure (reviewing IC materials followed
by a survey); and (4) estimated times for viewing the materials
(35-40 minutes) and completing the survey (a minimum of 12
minutes).

Participants were instructed to review all materials before
completing the survey. They accessed the materials via a private
link sent to their email or provided during recruitment. The
website allowed participants to open the materials in a browser
tab while completing the survey in another, enabling them to
refer back to the information as needed during data collection.

Fieldwork Period
All fieldwork for all study groups and countries was conducted
between September and October 2020.

Survey Platform and Data Management
The surveys were administered using Confirmit Horizons v24,
a multimodal platform employed by GfK for data collection via
computer-assisted telephone interviewing, computer-assisted
personal interviewing, or computer-assisted web interviewing
methodologies. Data were securely transmitted from the
platform to the research team, ensuring anonymization and
compliance with data protection standards.

Adaptations Due to the COVID-19 Pandemic
A pilot test was conducted in Spain in July 2020 to evaluate the
feasibility of face-to-face recruitment. The results (530 people
approached, 467 uninterested, 5 completed surveys on-site, and
58 completed surveys from home via email) highlighted
significant challenges with in-person recruitment and
demonstrated the practicality of online data collection methods.
Consequently, all surveys were conducted online, except for
minors in Spain, where a hybrid approach was used (see the
CHERRIES [Checklist for Reporting Results of Internet
E-Surveys] checklist in Multimedia Appendix 1).

Statistical Analysis

Summary of Descriptive Statistics
Descriptive statistics were calculated for the study database,
stratified by country, age, and gender (except for pregnant
women, where gender was not applicable). Categorical variables
were summarized using frequencies and percentages, while
quantitative variables were described using means and SDs.

Comprehension Score
Comprehension of the study materials was assessed using the
total score from part A of the adapted QuIC surveys, as well as
by individual domains of IC. Scores were categorized as follows,
based on the maximum score: below 70% indicated low
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comprehension; between 70% and 79% indicated moderate
comprehension; between 80% and 89% indicated adequate
comprehension; and 90% or higher indicated high
comprehension.

These cut-off points were established based on previous studies
[8-10].

Regression Modeling
To evaluate differences in comprehension scores (part A) by
country, age (adults), or gender (adults and minors), a linear
regression model was constructed. Given the exploratory nature
of the objectives, the model was adjusted for age (adults only),
country, gender, previous participation in a clinical trial, and
educational level (up to primary vs tertiary education, adults
only), as these factors were anticipated to be strong predictors
of comprehension. Interactions between variables were tested,
and the Akaike information criterion (AIC) was used to select
the optimal model by penalizing for model complexity. As the

mean score did not follow a normal distribution, an ordered
quantile normalizing transformation was applied to the data
before regression analysis [11].

The analysis was carried out using the statistical software R,
version 4.0.3 (R Foundation).

Data Exclusion Criteria
Participants whose response pattern indicated that more than
80% of items in the part A questionnaire were answered as
“don’t know” were excluded from the analyses (n=6).

Results

Study Sample and Participant Characteristics
After exclusions, a total of 1757 participants were included in
the analysis: 825 adults, 312 pregnant women, and 620 minors.
Key sociodemographic characteristics are summarized in Tables
2-4.

Table . Characteristics of the minors (n=620).

All (n=620), n (%)United Kingdom (n=183), n
(%)

Romania (n=125), n (%)Spain (n=312), n (%)Characteristics

Age

324 (52.3)103 (56.3)72 (57.6)149 (47.8)12 years old

296 (47.7)80 (43.7)53 (42.4)163 (52.2)13 years old

Gender

302 (48.7)88 (48.1)47 (37.6)167 (53.5)Male

318 (51.3)95 (51.9)78 (62.4)145 (46.5)Female

Previous participation in a real clinical trial

587 (94.7)176 (96.2)118 (94.4)293 (93.9)No

33 (5.3)7 (3.8)7 (5.60)19 (6.1)Yes

Table . Characteristics of the pregnant women (n=312).

All (n=312), n (%)United Kingdom (n=60), n
(%)

Romania (n=89), n (%)Spain (n=163), n (%)Characteristics

Age groups

99 (31.7)28 (46.7)30 (33.7)41 (25.2)<29 years old

176 (56.4)29 (48.3)47 (52.8)100 (61.3)29‐38 years old

33 (10.6)3 (5.0)12 (13.5)18 (11.0)39‐45 years old

4 (1.3)0 (0)0 (0)4 (2.5)>45 years old

Previous participation in a real clinical trial

263 (84.3)45 (75.0)76 (85.4)142 (87.1)No

49 (15.7)15 (25.0)13 (14.6)21 (12.9)Yes

Educational level

79 (25.3)10 (16.7)17 (19.1)52 (31.9)None completed/primary
school/high school

233 (74.7)50 (83.3)72 (80.9)111 (68.1)University or higher
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Table . Characteristics of the adults (n=825)

All (n=825), n (%)United Kingdom (n=160), n
(%)

Romania (n=245), n (%)Spain (n=420), n (%)Characteristics

Gender

420 (50.9)79 (49.4)122 (49.8)219 (52.1)Male

405 (49.1)81 (50.6)123 (50.2)201 (47.9)Female

Age group

199 (24.1)37 (23.1)57 (23.3)105 (25.0)<29 years old

218 (26.4)43 (26.9)63 (25.7)112 (26.7)29‐38 years old

204 (24.7)40 (25.0)65 (26.5)99 (23.6)39‐45 years old

204 (24.7)40 (25.0)60 (24.5)104 (24.8)>45 years old

Previous participation in a real clinical trial

765 (92.7)134 (83.8)230 (93.9)401 (95.5)No

60 (7.3)26 (16.3)15 (6.1)19 (4.5)Yes

Educational level

248 (30.1)46 (28.8)23 (9.4)179 (42.6)None completed/primary
school/high school

577 (69.9)114 (71.3)222 (90.6)241 (57.4)University or higher

Objective Comprehension (Part A)

Comprehension Outcomes by Population Group
The mean objective comprehension scores (adapted QuIC part
A) were high across all groups: minors, mean 83.3 (SD 13.5);

pregnant women, mean 82.2 (SD 11.0); and adults, mean 84.8
(SD 10.8). All domains achieved mean scores above 70%, with
no domains falling below 80% in any of the target populations
(Table 5). The distribution of comprehension levels is presented
in Table 6.

Table . Mean scores and SDs of each domain by study case (adapted QuICa part A).

Adults, mean (SD)Pregnant women, mean (SD)Minors, mean (SD)Domain

85.7 (15.3)85.8 (17.3)84.3 (16.2)Nature/purpose of research

82.8 (19.3)70.5 (21.4)85.4 (13.2)Risks and benefits

77.0 (23.4)90.2 (24.9)N/AbAlternative procedures

87.3 (15.6)78.9 (19.9)N/ALegal, participant protection

82.7 (21.3)84.0 (20.3)N/ACompensation

79.2 (20.7)80.8 (16.4)N/AContacts, information

92.3 (13.0)90.0 (14.7)88.8 (23.2)cParticipants’ rights

84.8 (10.8)82.2 (11.0)83.3 (13.5)Final score for QuIC part A

aQuIC: Quality of the Informed Consent questionnaire.
bN/A: not applicable.
cIn the minors’ survey “Contacts, information” and “Participants’ rights” were grouped into a single domain, as there was only 1 question on “Contacts,
information” (A12), which made it very weak for analysis.

Table . Distribution of participants in each level of comprehension by case study (N=1757).

Adults (n=825), n (%)Pregnant (n=312), n (%)Minors (n=620), n (%)Degree of comprehension (part A)

322 (39.0)91 (29.2)259 (41.8)High (≥90%)

287 (34.8)100 (32.1)109 (17.6)Adequate (≥80% and <90%)

117 (14.2)80 (25.6)153 (24.7)Moderate (≥70% and <80%)

99 (12.0)41 (13.1)99 (16.0)Low (<70%)
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Factors That Have an Influence on the Understanding
Regression analyses identified several predictors of
comprehension: (1) in minors, lower scores were associated
with being male, aged 13, non-Spanish, and having prior clinical
trial participation (Table 7); (2) among pregnant women, lower

scores were linked to previous trial participation and lower
education levels, particularly in Romania (Table 8); and (3) for
adults, higher scores were observed among women, members
of Generation X, Spanish participants, those with higher
education, and those without prior trial participation (Table 9).

Table . Association between adapted QuICa part A and covariates: minors.

Multivariable model, β coefficient (95% CI); P
value

Univariable model, β coefficient (95% CI); P
value

Variables

Gender

N/AN/AbBoy

0.36 (0.22 to 0.50); <.0010.32 (0.18 to 0.47); <.001Girl

Age

N/AN/A12 years old

−0.20 (−0.34 to −0.06); .006−0.17 (−0.32 to −0.02); .0213 years old

Which country do you live in?/Previous participation in a clinical trial

N/AN/ASpain/No

−0.46 (−0.87 to −0.04); .03−0.52 (−0.95 to −0.10); .01Spain/Yes

−0.26 (−0.45 to −0.07); .009−0.18 (−0.38 to 0.01); .06Romania/No

−1.77 (−2.43 to −1.10); <.001−1.71 (−2.40 to −1.03); <.001Romania/Yes

−0.29 (−0.45 to −0.12); .001−0.25 (−0.42 to −0.08); .004United Kingdom/No

−1.34 (−2.01 to −0.67); <.001−1.37 (−2.05 to −0.69); <.001United Kingdom/Yes

aQuIC: Quality of the Informed Consent questionnaire.
bN/A: not applicable.

Table . Association between adapted QuICa part A and covariates: pregnant women.

Multivariable model, β coefficient (95% CI); P
value

Univariable model, β coefficient (95% CI); P
value

Variables

Generation

N/AN/AbMillennials

0.21 (−0.12 to 0.54); .220.25 (−0.09 to 0.59); .15Generation X

Previous participation in a clinical trial

N/AN/ANo

−0.68 (−0.97 to −0.39); <.001−0.71 (−1.00 to −0.41); <.001Yes

Which country do you live in? (Educational level)

N/AN/ASpain (none completed/primary school/high
school)

0.03 (−0.28 to 0.34); .870.06 (−0.26 to 0.38); .72Spain (university or higher education)

−0.26 (−0.78 to 0.26); .33−0.16 (−0.69 to 0.38); .56United Kingdom (none completed/primary
school/high school)

−0.02 (−0.36 to 0.32); .91−0.03 (−0.38 to 0.32); .86United Kingdom (university or higher education)

−1.05 (−1.69 to −0.41); .001−1.15 (−1.81 to −0.49); .001Romania (none completed/primary school/high
school)

0.20 (−0.17 to 0.56); .300.12 (−0.26 to 0.50); .53Romania (university or higher education)

aQuIC: Quality of the Informed Consent questionnaire.
bN/A: not applicable.
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Table . Association between adapted QuICa part A and covariates: adults.

Multivariable model, β coefficient (95% CI); P
value

Univariable model, β coefficient (95% CI); P
value

Factors

Gender

N/AN/AbMale

0.16 (0.03 to 0.29); .020.18 (0.04 to 0.31); .01Female

Generation

N/AN/AMillennials

0.26 (0.12 to 0.39); <.0010.25 (0.12 to 0.38); <.001Generation X

Which country do you live in?

N/AN/ASpain

−0.27 (−0.43 to −0.11); .001−0.19 (−0.34 to −0.04); .02United Kingdom

−0.25 (−0.43 to −0.07); .005−0.27 (−0.45 to −0.09); .003Romania

Educational level

N/AN/ANone completed/primary school/high school

0.22 (0.07 to 0.38); .0040.15 (0 to 0.30); .04University or higher education

Previous participation in a clinical trial

N/AN/ANo

−0.47 (−0.73 to −0.21); <.001−0.58 (−0.84 to −0.33); <.001Yes

aQuIC: Quality of the Informed Consent questionnaire.
bN/A: not applicable.

Materials cocreated in Spain were effective across all countries,
although comprehension was generally higher in the original
target population. Lower educational levels in Romania were
associated with reduced comprehension.

Subjective Comprehension (Part B)

Comprehension Outcomes by Population Group
This was measured using a 5-point Likert scale ranging from 1
(“I did not understand anything”) to 5 (“I understood
everything”), and a final score was calculated. Subjective
comprehension was high across all groups, with mean scores
exceeding 85 out of 100 (Table 10).
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Table . Mean scores and SDs by study case (adapted QuICa part B).

Adults, mean (SD)Pregnant women, mean (SD)Minors, mean (SD)Study case

4.60 (0.72)4.56 (0.72)4.31 (0.81)B1

4.81 (0.53)4.73 (0.62)4.68 (0.66)B2

4.50 (0.83)4.50 (0.82)4.38 (0.87)B3

4.50 (0.79)4.57 (0.70)4.42 (0.79)B4

4.42 (0.85)4.44 (0.90)4.49 (0.79)B5

4.54 (0.78)4.35 (0.81)4.16 (0.98)B6

4.43 (0.83)4.33 (0.86)4.39 (0.78)B7

4.47 (0.84)4.29 (0.91)4.07 (1.07)B8

4.61 (0.70)4.58 (0.67)4.54 (0.72)B9

4.46 (0.86)4.51 (0.72)4.66 (0.66)B10

4.57 (0.75)4.51 (0.81)N/AbB11

4.76 (0.58)4.77 (0.54)N/AB12

4.56 (0.65)4.56 (0.63)N/AB13

88.9 (13.2)87.9 (13.7)85.2 (14.1)Total score (QuIC part B)

aQuIC: Quality of the Informed Consent questionnaire.
bN/A: not applicable.

Preferences and Satisfaction
Minors and pregnant women preferred video, while adults
favored text (Table 11). Satisfaction was high, with over 90%

of participants in all groups (minors, 604/620, 97.4%; pregnant
women, 303/312, 97.1%; and adults, 804/825, 97.5%) reporting
that the materials were easy to understand and helpful (Table
12).

Table . Preferred information formats by target population.

Adults (n=825), n (%)Pregnant women (n=312), n (%)Minors (n=620), n (%)How would you prefer to be given
the information if you were to partic-
ipate in a clinical trial? (You may
choose various answers)

Written text on paper

373 (45.2)166 (53.2)438 (70.6)No

452 (54.8)146 (46.8)182 (29.4)Yes

Web

397 (48.1)210 (67.3)385 (62.1)No

428 (51.9)102 (32.7)235 (37.9)Yes

Video

586 (71.0)160 (51.3)238 (38.4)No

239 (29.0)152 (48.7)382 (61.6)Yes

To be told by someone in charge of the trial

457 (55.4)213 (68.3)488 (78.7)No

368 (44.6)99 (31.7)132 (21.3)Yes
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Table . Satisfaction and perceived difficulty of information by the target population.

Adults (n=825), n (%)Pregnant (n=312), n (%)Minors (n=620), n (%)Question

What is your overall satisfaction with the information you have read/seen?

21 (2.5)9 (2.9)16 (2.6)Not at all satisfied/not happy at alla

466 (56.5)188 (60.3)358 (57.7)Satisfied/happya

338 (41.0)115 (36.9)246 (39.7)Very satisfied/very happya

Has the information you have read/seen helped you to understand the clinical trial?

8 (1.0)5 (1.6)16 (2.6)No

40 (4.8)17 (5.4)98 (15.8)Somewhat/a bita

777 (94.2)290 (92.9)506 (81.6)Yes

What is your impression of the information you have read/seen in terms of understanding?

7 (0.8)6 (1.9)9 (1.5)Very difficult

64 (7.8)23 (7.4)44 (7.1)Difficult

526 (63.8)201 (64.4)410 (66.1)Easy

228 (27.6)82 (26.3)157 (25.3)Very easy

Have you felt the need to ask questions about the clinical trial to the medical professional who appeared in the video/informational materials?

604 (73.2)189 (60.6)N/AbNo

221 (26.8)123 (39.4)N/AYes

aWording used in the minor’s survey.
bN/A: not applicable.

Discussion

Principal Findings
This exploratory, cross-sectional study provides preliminary
evidence that eIC materials developed according to the
i-CONSENT guidelines may be associated with high levels of
comprehension and satisfaction among minors, pregnant women,
and adults in 3 European countries. Objective comprehension
scores (part A) exceeded 80% in all groups, and subjective
comprehension (part B) was similarly high. However, a
discrepancy was observed between subjective and objective
understanding, consistent with previous research using
QuIC-based tools [6,12-16]. This suggests that self-perceived
understanding may not always reflect actual comprehension,
underscoring the importance of ongoing assessment and targeted
improvements in consent materials.

Minors exhibited greater variability in comprehension scores,
with a higher proportion of both high (≥90%) and low (<70%)
results compared with other groups. This finding highlights the
challenges in tailoring materials for younger populations and
suggests that additional support may be needed to facilitate their
understanding. Certain domains, such as randomization and
placebo concepts, remained difficult to understand for all groups,
consistent with prior studies [1,14,17].

Notably, some survey questions yielded poor comprehension
rates, particularly those requiring a “disagree” response or
containing negative phrasing, consistent with findings from the
original QuIC questionnaire [5]. Negatively worded items are
known to increase cognitive load and reduce response accuracy

[18]. Although these questions aimed to assess understanding
of critical concepts such as randomization and placebo, their
structure may have contributed to the observed difficulties. In
the case of minors, the questionnaire was cocreated with children
to ensure suitability [4], making it difficult to determine whether
the phrasing of the questions or the complexity of the concepts
was the primary factor influencing comprehension.

Formats designed using a layered approach allowed participants
to engage with content according to their needs and preferences,
which may have contributed to the overall high satisfaction and
comprehension rates. Format preferences varied by population:
minors and pregnant women tended to prefer video, while adults
favored written text. These findings are consistent with previous
research suggesting that offering multiple formats can
accommodate diverse learning styles and improve engagement
[19,20]. The separation of information delivery from discussion
with the investigator was reinforced, aligning with literature
indicating that combining both methods—especially when
accompanied by extended discussion—can further enhance
understanding [21].

Satisfaction with the materials was high across all groups, with
1604 out of 1757 (91.29%) participants rating the materials as
easy or very easy to understand, and fewer than 3% (46/1757,
2.62%) expressing dissatisfaction. These results suggest that
the cocreation process, which actively involved representatives
from each target population, contributed to the development of
user-friendly materials tailored to diverse needs [3,4,19]. The
integration of multimedia tools, including layered content
presentation and interactive features, likely supported
engagement and comprehension [19], although the impact of

JMIR Hum Factors 2025 | vol. 12 | e65569 | p.145https://humanfactors.jmir.org/2025/1/e65569
(page number not for citation purposes)

Fons-Martinez et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


these features on actual decision-making remains to be further
explored. It is also important to consider the potential limitations
of digital resources, particularly for populations with limited
access to technology or low digital literacy, as these factors
could influence both comprehension and satisfaction outcomes
[22,23].

Comparison With Previous Work
The results of this exploratory study are consistent with previous
research indicating that structured, multimodal information
materials can enhance participant comprehension and
satisfaction in the IC process. Compared with the original QuIC
study by Joffe et al [5], which reported a mean objective score
of 77.8, our study achieved higher mean scores across all target
populations (ranging from 82 to 84.8), while subjective
comprehension scores remained similar (mean 85.2‐88.9).
This suggests that the application of the i-CONSENT guidelines,
particularly the use of layered and cocreated materials, may
contribute to improved understanding without inflating
self-perceived comprehension.

The layered approach and the inclusion of multiple formats
(text, video, infographics) align with recommendations from
the i-CONSENT guidelines and recent systematic reviews,
which highlight the importance of tailoring information to
participant needs and preferences to address health literacy
barriers and support informed decision-making [3,4,19]. Our
findings reinforce the value of cocreation, as actively involving
representatives from the target population in the development
of materials has been shown to increase relevance, accessibility,
and user satisfaction [4]. This is consistent with the i-CONSENT
project’s emphasis on participatory design and the
RAND/UCLA (University of California, Los Angeles) expert
consensus, which identified cocreation and a layered approach
as key strategies for improving IC [3].

Demographic factors such as gender, age, and education were
significant predictors of comprehension, consistent with previous
literature. Women consistently achieved higher comprehension
scores than men, a trend also observed by Raich et al [24] and
Tam et al [1]. Age-related differences were apparent: older
adults generally outperformed younger adults, in line with
findings by Klima et al [25] and Tam et al [1]. By contrast,
among minors, older participants scored lower than their
younger peers, suggesting that factors such as motivation or
engagement may influence comprehension in this subgroup and
warrant further investigation [26].

A notable and unexpected finding was the negative association
between prior clinical trial participation and comprehension.
While some previous studies have suggested that experience in
clinical trials enhances understanding [22,25], our results
indicate that returning participants may overlook critical
information due to perceived familiarity, potentially leading to
overconfidence and knowledge gaps. Given the relatively small
proportion of prior participants in our sample (adults, 60/825,
7.3%; pregnant women, 49/312, 15.7%; and minors, 33/620,
5.3%), this trend should be interpreted with caution. Future
research should explore whether repeated exposure to trial
materials influences learning patterns or whether targeted

interventions can address overconfidence in returning
participants.

Socioeconomic and cultural factors also played a role in
comprehension outcomes. Higher education attainment was
associated with better understanding, as reported in previous
studies [1,16,22,27], yet participants with lower education still
achieved reasonable scores, suggesting that the design of the
materials may have mitigated some barriers related to health
literacy. Comprehension remained high (>80%) in translated
materials, consistent with Addissie et al [22], indicating that
cocreated materials developed in one country can be effectively
utilized in others. However, the observed differences in
comprehension between Spain and other countries suggest that
further adaptation to local linguistic and cultural contexts may
be beneficial to optimize understanding across all populations.

Format preferences also influenced comprehension. The
preference for video formats among minors and pregnant women
aligns with Gesualdo et al [19], while adults’ preference for
text-based materials is consistent with health literacy principles
described by Lorenzen et al [28]. These findings underscore the
importance of offering multiple formats to accommodate diverse
learning styles and ensure accessibility for all participants.

Strengths and Limitations

Overview
This section presents the main strengths that support the validity
and applicability of the findings, as well as the limitations that
should be taken into account to interpret the results and guide
future research.

Strengths
One of the key strengths of this study is its multinational design,
which evaluated eIC materials across 3 distinct cultural
contexts—Spain, the United Kingdom, and Romania. This
approach enhances the external validity of the findings and
demonstrates the potential applicability of the i-CONSENT
guidelines in diverse settings. The large sample size (1757
participants) and the inclusion of 3 target populations—minors,
pregnant women, and adults—allowed for robust subgroup
analyses and increased the generalizability of the results.

The cocreation process, which actively involved representatives
from each target population, is another notable strength. This
participatory methodology ensured that the materials were
tailored to real-world needs and preferences, likely contributing
to the high satisfaction and comprehension rates observed [3].
The use of multiple content formats (layered web content,
videos, printable documents, and infographics) provided
participants with flexibility in how they accessed information,
accommodating different learning styles and potentially reducing
barriers related to health literacy [19].

The study also benefited from the use of adapted versions of
the QuIC questionnaire, which enabled a comprehensive
assessment of both objective and subjective understanding. This
dual assessment helped identify specific comprehension
challenges, allowing for targeted recommendations for
improvement [5]. For minors, the survey was codeveloped with
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children, further enhancing its relevance and appropriateness
for this group [4].

Limitations
Several limitations should be considered when interpreting these
findings. First, the study used a cross-sectional design without
a control group, which limits the ability to attribute observed
outcomes directly to the i-CONSENT guidelines.

Second, the materials tested represent only 3 specific examples
of eIC products developed according to the i-CONSENT
guidelines. While these materials were tailored to the needs of
minors, pregnant women, and adults, they do not encompass
the full range of possible designs or clinical contexts.
Additionally, participant engagement with specific formats was
not monitored, so the impact of each format on comprehension
could not be directly assessed.

Third, recruitment was conducted primarily online due to
COVID-19 restrictions, which may have excluded individuals
with limited digital access or lower digital literacy. Although
printable documents were offered as an alternative format to
mitigate this limitation, the sample may not fully represent
populations with the greatest barriers to digital participation.

Fourth, while professional translators prepared the English and
Romanian versions of the materials, end-user validation of
translations was not performed. Although the translations were
reviewed by native speakers within the consortium, the lack of
direct feedback from target users may have affected
comprehension, particularly in non-Spanish populations. Prior
studies have highlighted that lower education levels can
negatively impact comprehension of IC materials [22], and this
effect has been particularly noted among Romanian participants
[23].

Finally, the proportion of participants with prior clinical trial
experience was relatively small, which may limit the
interpretation of findings related to this subgroup. The
exploratory nature of the study and the specific sample
characteristics further limit the generalizability of the results.

Future Directions
Building on the exploratory findings of this study, several
avenues for future research are warranted to further advance
the development and implementation of IC materials tailored
to diverse populations.

First, additional research should investigate the underlying
causes of the polarized comprehension scores among minors
and the negative association between prior clinical trial
participation and understanding. Qualitative studies or
mixed-method approaches could help elucidate whether factors
such as motivation, engagement, or overconfidence contribute
to these trends. Interventions designed to address these factors,
such as interactive modules, adaptive content, or targeted
reminders, should be evaluated for their effectiveness in
improving comprehension, particularly among returning
participants.

Second, the impact of multimedia formats on comprehension
and satisfaction merits further exploration. While video content

was preferred by minors and pregnant women, its overall
effectiveness in improving comprehension remains unclear [19].
Future studies could apply experimental designs, user
engagement analytics, or eye-tracking methodologies to assess
how participants interact with various formats and which
features most effectively support comprehension and retention.
Additionally, the role of specific multimedia elements, such as
animations or interactive elements, should be systematically
evaluated.

Third, the generalizability of cocreated materials across broader
cultural and linguistic contexts requires further validation.
Although this study demonstrated that materials cocreated in
one country can be applied in others, local adaptation and
end-user validation may be necessary to optimize
comprehension, especially in populations with lower educational
attainment or limited health literacy. Comparative studies across
additional countries and languages, as well as research on the
impact of different translation and adaptation strategies, would
provide valuable insights.

Finally, longitudinal research is needed to assess whether
improved comprehension at the time of consent translates into
better retention of information and more informed
decision-making over the course of clinical trial participation.
Such studies could also explore the long-term effects of digital
consent tools on participant engagement, satisfaction, and trust
in research.

Conclusions
This exploratory study provides preliminary evidence supporting
the effectiveness of eIC materials developed according to the
i-CONSENT guidelines in enhancing comprehension and
satisfaction among diverse populations. Across 3
countries—Spain, the United Kingdom, and Romania—and 3
target groups—minors, pregnant women, and adults—objective
comprehension scores consistently exceeded 80%, while
subjective comprehension and satisfaction rates surpassed 90%.
These findings highlight the potential of cocreated, multimodal
consent materials to address diverse participant needs and
preferences.

Demographic factors such as gender, age, and educational
attainment significantly influenced comprehension outcomes.
Women consistently outperformed men, and older adults
achieved higher scores than younger ones. However, the
negative association between prior clinical trial participation
and comprehension underscores the need for targeted strategies
to engage returning participants and address potential
overconfidence or reduced attention to consent materials. These
findings call for further investigation into how prior experience
shapes participant behavior during the IC process.

The study also demonstrated that materials cocreated in one
cultural context can be effectively applied in others, provided
that cultural and linguistic adaptations are carefully
implemented. However, differences in comprehension scores
between countries suggest that additional localization efforts
may further optimize outcomes. Format preferences varied
across populations, reinforcing the importance of offering
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multiple formats to accommodate different learning styles and
align with cognitive needs.

While these results are promising, they should be interpreted
with caution due to the study’s cross-sectional design and
exploratory nature. The absence of a control group limits causal
inference, and the findings may not be generalizable beyond
the specific populations and settings studied. Future research
should employ longitudinal designs to assess comprehension
retention over time and explore whether improved understanding

translates into more informed decision-making throughout
clinical trial participation.

These results highlight the potential of user-centered design
principles, such as cocreation, multimodal delivery, and cultural
adaptation, to improve IC processes in clinical research. The
present findings provide a foundation for further development
and validation of digital consent tools across broader populations
and contexts. Continued efforts to refine these approaches will
be essential to ensuring that IC processes remain inclusive,
effective, and responsive to participant needs.
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Abstract

Background: A significant cause of postpartum hemorrhage (PPH) is access to and delivery of maternal health care services.
Several multisectoral strategies have been deployed to address the challenges with little success, thereby necessitating the use of
human-centered design (HCD) to enhance health care delivery, particularly in PPH management.

Objective: This study aims to develop facility-level solutions for optimizing uterotonic supply chain systems and health service
delivery in PPH management through an HCD approach in selected Nigerian states.

Methods: The research used a four-phase HCD methodology: (1) co-research, (2) co-design, (3) co-refinement, and (4)
implementation. However, this paper focused on the first 3 phases. In the co-research phase, 203 interviews were conducted,
involving 80 pregnant women and nursing mothers, 97 health care workers, and 26 key stakeholders. Additionally, 33 sites were
observed across a 3-level continuum of care. Interviews and focus group discussions revealed insights into the distribution of
health workers and observed PPH cases, alongside knowledge and administration of uterotonics. Data analysis was carried out
using three key steps: (1) identifying key themes from the collected data, (2) developing insight statements that encapsulate these
themes, and (3) translating each insight statement into actionable design opportunities.

Results: About 150 ideas were produced and translated into 12 solution prototypes in the co-design phase. Progressive refinement
following feedback from 140 stakeholders led to the selection of three final solutions: (1) implementing a referral linkage system
to improve the transportation of pregnant women to nearby health facilities, (2) increasing demand for antenatal care services
among pregnant women and their families, and (3) delivering a comprehensive uterotonic logistics management program for
streamlined uterotonic storage and management.

Conclusions: This approach aligns with global health trends advocating for HCD integration in health care programming and
aims to empower local champions to drive sustainable improvements in maternal health outcomes. Judicious implementation of
the developed prototypes across the states can strengthen clinical care and potentially reduce maternal health service delivery
gaps.

(JMIR Hum Factors 2025;12:e58577)   doi:10.2196/58577

KEYWORDS

human-centered design; postpartum hemorrhage; maternal health; health care services; maternal; health care; service; postpartum;
facility; uterotonic; supply chain; Nigeria; interview; focus group; pregnant; female; health care workers; stakeholder; participatory;
prevention; treatment; hospital setting; community
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Introduction

Maternal mortality occurs due to complications that arise during
and after pregnancy and childbirth. The major complications
responsible for most maternal deaths include postpartum
hemorrhage (PPH), postpartum infections, pre-eclampsia and
eclampsia, complications during delivery, and unsafe abortion
[1].

Globally, PPH is most pronounced in low-income countries [2],
inflicting suffering on women and their families and also causing
a strain on local and national health systems. Generally, PPH
varies among regions, largely due to demographic and
socioeconomic factors such as age, race, and social status, with
low-income countries having a 12% higher occurrence [3]. One
of the major drivers is limited access to timely, safe, and quality
maternal care, which results in inequalities in maternal health
services globally. Following a systematic review, 24.5% of
maternal deaths in sub-Saharan Africa were attributed to PPH
[4]. Over the past two decades, substantial efforts have been
made to improve maternal care in sub-Saharan Africa, resulting
in a 40% reduction in maternal mortality [5]. However, there
are still significant challenges, such as substandard care, poor
management skills, lack of knowledge, and delays in transferring
women to the next level of care [6].

In Nigeria, PPH is the leading cause of maternal mortality,
responsible for at least 21% of maternal deaths [7]. The country
also bears a significant burden of maternal deaths, with 28.5%
(82,000) of global maternal deaths occurring there annually [8].
Roughly 31% of female deaths in Nigeria are attributed to
maternal causes, and in 2018, the country recorded a maternal
mortality ratio of 512 maternal deaths per 100,000 live births
[9]. Some factors contributing to this sad reality include poor
access to essential medicines, including uterotonics for PPH
management, and inadequate health care providers [10]. To
address this threat, timely dissemination of information, primary
preventive measures, comprehensive antenatal care (ANC), and
strong political commitment are essential [3]. The key lies in
proactive prevention, underscoring the need to analyze PPH
comprehensively to develop effective mitigation and treatment
strategies. Although several interventions have been carried out
to prevent PPH, such as assessing coverage, acceptability, and
feasibility of a comprehensive program [11-14], these
interventions were health facility-centered and overlooked the
broader ecosystem of care. Therefore, it was imperative to
introduce the human-centered design (HCD), a collaborative
method to enhance clinical care and bridge gaps in maternal
health services delivery. This method involves not only health
care providers but also other actors integral to providing and
receiving care, including policy makers and patients [15,16].

The HCD approach has been applied successfully in global
health programming, offering a human-centered approach to
entrenched issues [15]. One example is the Support Sisters

Intervention in the United States, a community-based
peer-support intervention to help Medicaid-insured pregnant
women access services and appointments [16]. In light of the
global successes of using HCDs, its application to address
service delivery complexities associated with maternal health
care in Nigeria became imperative.

Hence, this study aimed to describe the use of HCD as an
approach to develop facility-level solutions for optimizing
uterotonic supply chain systems and health service delivery in
managing PPH in selected Nigerian states.

Methods

Study Design and Setting
This study was designed as participatory research using the
HCD through co-research, co-design, and co-refinement phases
involving desk reviews, interviews, brainstorming, and rapid
prototyping. The aim was to identify and develop facility-level
solutions to strengthen the appropriate use of uterotonics for
PPH prevention and treatment, reduce gaps in maternal health
services, and drive improvements in uterotonic use for PPH
prevention and treatment in Kano, Lagos, and Niger states in
Nigeria through the development and integration of solutions
to achieve a safe pre- and post-childbirth delivery experience
for women in Nigeria.

This study was guided by the principle that the quality of PPH
care spans the entire lifecycle of the uterotonic administration,
beginning from production to proper usage within the hospital
setting. It recognizes that people play a pivotal role at every
stage of this process and emphasizes the importance of
understanding the system to facilitate necessary improvements
for better outcomes.

HCD Approach
The data collection and synthesis involved incorporating the
principles of HCD. This is a user-inclusive approach that has
been adopted to address and proffer customized solutions to
complex challenges that impact the public health space, as well
as suit the beneficiaries of the solutions [16]. It entails a mindset
that starts with the people for whom the intervention is designed
and ends with new solutions that are tailor-made to suit their
needs. This approach disrupts traditional methods where
researchers, health care providers, and administrators design
new care models based solely on studies and expert opinions,
instead integrating health care users’ perspectives across all
stages of the process [17-19].

The HCD process used in this study included co-research,
co-design, and co-refinement phases (Table 1). Each of these
phases enabled the discovery and an understanding of the
problem and allowed us to co-create and test the developed
solutions using iterative processes (Figure 1).
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Table . The study’s HCDa phases, approaches, and rationale.

Rationale or commentParticipatory approachHCD phases

Understand the PPHb landscape in the states,
frame research questions, design the data collec-
tion tools, and collect data

Desk reviews, interviews, and site observationsCo-research

Promote creativity, idea generation, and collabo-
rative problem-solving

Brainstorming and alignmentCo-design

Generate tangible results iteratively through
early feedback and revision of solutions

Rapid prototyping and streamlining (redoing,
discarding, and refining)

Co-refinement

Recommendations were made to the states on
the need to implement the developed prototypes

Not part of the studyCo-implementation

aHCD: human-centered design.
bPPH: postpartum hemorrhage.

Figure 1. The study’s human-centered design framework.

Co-Research Phase: Understanding the User Needs,
Goals and Contexts, and Tool Design (Phase 1)
The co-research phase was conducted across the 3 program
states—Kano, Lagos, and Niger—from May 24 to October 24,
2022. It kick-started the HCD process and involved identifying
the knowledge gaps around maternal mortality due to PPH
through desk reviews to (1) understand the current status of
PPH in Kano, Niger, and Lagos states; (2) frame research
questions; and (3) design the data collection. The insights
gleaned from this phase were subsequently translated into
opportunities for impact.

Co-Design Phase: Designing, Piloting, and Testing
(Phase 2)
The co-design phase was conducted across the 3 program states
from November 7, 2022, to January 10, 2023. The co-design
phase aimed at transforming insights that were identified during
the co-research phase into new and more structured ideas via

the brainstorming process, which encouraged the champions to
think expansively.

Co-Refinement Phase: Refining the Prototypes (Phase
3)
The co-refinement phase took about 1 month to achieve between
January 2 and February 23, 2023. During the co-refinement
phase, each of the context-based solutions was validated through
rapid prototyping.

Data Collection
In the co-research phase, 58 champions were trained in data
collection across these 3 states. Training on proper interviewing
techniques and mock sessions were held across the states. This
enabled the government stakeholders from the program State
Ministries of Health and the State Primary Health Care Boards,
assigned as HCD champions, to review existing knowledge,
identify gaps, and define the research methodology needed to
deepen understanding of the problem.
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The methodology for data collection was selected based on the
timeframe, understanding of the local context, and resources
available. The following exploratory methods were selected:
(1) site visit observation (live-birth observation); (2) interviews
with key informants (government officials); and (3) one-on-one
interviews with pregnant women, health care providers (ie,
nurses, midwives, doctors, and other health professionals),
traditional birth attendants (TBAs), or health facility
representatives (ie, facility in-charges and administrators).

The data collection tools were developed based on identified
gaps from the landscape review and to answer the research
question on these core areas: facility profile, knowledge and
information on the use of uterotonics, the types and challenges
regarding uterotonic use, facility equipment, and uterotonic
availability.

Three unique tools were developed to solicit responses from
the participants: (1) an observatory tool for the site visit (health
facilities); (2) key informant interview guides; and (3) survey
tools for health care providers, TBAs, and pregnant women.
These tools differed for each group, ensuring the questions were
tailored to their various contexts.

A 3-day workshop was organized in each of the 3 program states
to gather the data collected from the field activities. This
workshop focused on identifying the knowledge gaps gathered,
having a clear and robust understanding of the challenges to be
addressed, as well as generating insights to be translated into
areas for opportunities.

Data Analysis: Synthesis and Intervention
Development
The data collected (site visit observation, interviews with key
government informants, and one-on-one interviews with
pregnant women, health care providers, TBAs, or health facility
representatives) were analyzed using a descriptive analysis
method to constructively summarize data points.

Data analysis followed three steps in accordance with the HCD
methodology: (1) identifying key themes from the collected
data, (2) developing “insight statements” that encapsulate these
themes, and (3) translating each insight statement into actionable
“design opportunities” [16,20]. The synthesis and actionability
of the findings from the co-research phase were carried out in
the co-design and co-refinement phases.

The co-design phase featured a 2-day workshop in the program
states where the HCD champions collectively brainstormed

over 60 unique ideas from individual concepts and bundled
them into 12 distinct robust prototypes of substance that were
best suited to address the challenge. In the co-refinement phase,
the solutions (prototypes) were tested with the intended users,
and their feedback was integrated. This involved redoing,
discarding, and refining the solutions based on a rich
understanding of the context, and many potential points of
failure that have been uncovered and resolved. Following the
testing and feedback activity, the most viable solution was
selected, one for each state, and a plan of action was created for
implementation on a larger scale. These co-design and
co-refinement processes were iterative to ensure the most
appropriate models were achieved.

Ethical Considerations
The study was carried out between May 24, 2022, and February
23, 2023, and was conducted in strict compliance with the
ethical standards outlined in the Helsinki Declaration, ensuring
the well-being of the participants. These standards encompassed
obtaining informed consent, guaranteeing confidentiality, and
safeguarding participants’ rights. Prior to commencement, the
research received its ethical approval from the National Health
Research Ethics Committee of Nigeria (NHREC) under the
approval number NHREC/01/01/2007-15/03/2022 on March
15, 2022.

Results

Participant Groups
In total, 203 interviews were conducted among 97 health care
providers, TBAs, and CHIPS (Community Health Influencers,
Promoters and Services) Programme agents; 80 pregnant women
or nursing mothers; and 26 government officials, with
observations conducted at 33 sites across a 3-level continuum
of care. Table 2 presents the participant distribution across the
states.

The findings were classified based on the 3 HCD phases used
in this research. Following the analysis of the data collected in
the field during the co-research phase, the strong findings were
subsequently categorized under common themes according to
the different participant groups as described in Table 2. The
findings were further synthesized into insights that were
translated into opportunity areas for impact in the co-research
phase.

Table . Distribution of study participants interviewed during the co-research phase.

Government officials inter-
viewed (n=26), n

Pregnant women or nursing
mothers interviewed (n=80),
n

Doctors, nurses or mid-

wives, TBAsa, and CHIPSb

agents interviewed (n=97),
n

Site observation (n=33), nState

8283312Kano State

10263511Niger State

8262910Lagos State

aTBAs: traditional birth attendants.
bCHIPS: Community Health Influencers, Promoters and Services Programme.
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Co-Research: Understanding the User Needs, Goals
and Contexts, and Tool Design
All of the activities in the co-research phase ensured a robust
and clear understanding of the challenge to be addressed. The
key insights from the co-creation phase across the 3 program
states included the challenges faced by pregnant women in rural
areas concerning affordability, accessibility, and awareness of
health care services; health care workers’ strong commitment
to maternal health despite issues with service efficiency and
working conditions; observations indicating inadequacies in
equipment and space management within health care facilities;
and key informants expressing concerns about the current health
care system’s ability to deliver adequate maternal care,
emphasizing the need for ongoing improvements in service
delivery and coordination.

Co-Design: Designing, Piloting, and Testing
The workshop focused on finding solutions to the challenges
from the findings from the co-research phase. These solutions
aimed to provide improvements in clinical care and appropriate
use of uterotonics for PPH management and treatment.

During the co-design session, ideas and concepts were
synthesized, reviewed, and narrowed down to a set of concepts
that could be developed for testing. The main components of
this phase were framing the design challenge, generating “how
might we” questions to proffer solutions to the identified
challenge area, brainstorming ideas, creating appropriate
storyboards for promising solutions, and conducting rapid
prototyping sessions. In this phase, over 100 different ideas
were submitted by champions across the various states to resolve
the identified challenge statement.

Co-Refinement: Refining the Prototypes
The co-refinement phase comprised 2 stages to contextualize
the prototypes developed from the co-creation phase (Figure
2). In the first stage, 12 initial prototypes were carefully
evaluated for their suitability to address the state-specific issues
and narrowed down to 5 prototypes with the most promising
qualities. These 5 prototypes underwent further evaluation in
the second co-refinement stage to produce 3 prototypes, one for
each state, that best addressed the specific issues related to
optimizing uterotonic supply chain systems and health service
delivery in managing PPH.

Figure 2. Stages of the co-refinement phase.

Prototype Profile 1

Challenge Statement 1: How Might We Increase the
Storage of Uterotonic Drugs in the Health Facilities in
Kano State?
The Uterotonics Logistics Management Program is an
integrative program that aims to include uterotonics in the

general supply chain and storage for routine vaccinations within
the state (Figure 3). This program aims to create an advocacy
strategy by creating an alliance within the State Ministry of
Health to include uterotonics into the integrative supply list for
routine immunization.
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Figure 3. Flowchart of the Uterotonics Logistics Management System. HCW: health care worker; HF: health facility; ISS: integrated supportive
supervision; PHCB: Primary Health Care Board; PPH: postpartum hemorrhage; SMOH: State Ministry of Health.

Challenge Statement 2: How Might We Improve
Care-Seeking Behavior for Handling PPH Cases Among
Women of Childbearing Age in Kano State?
The need to increase the level of awareness about PPH in Kano
State is high, particularly due to women’s preference for home
delivery (Figure 4), a decision that is highly influenced by their
spouses. Hence, women of childbearing age may tend to demand
health services like ANC following reinforcement from their
husbands. The Kan-App program has three core elements for
improving care-seeking behavior among women of childbearing

age in Kano: (1) health care workers will be able to send
reminders to husbands about the ANC visit schedules of their
wives; for unmarried women or single mothers, the app will
send reminders to their close relatives; (2) distribution of
maternity blankets designed with key information on PPH and
why women should attend ANC sessions, highlighting the role
of the community in identifying the danger signs of pregnancy
and the safety of facility-based delivery; and (3) radio programs
to educate women on the dangerous signs of pregnancy and
delivery.

Figure 4. Kan-App for the increase in the demand for antenatal care services among pregnant women and their families, particularly their spouses.
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Prototype Profile 2

Challenge Statement 1: How Might We Improve the
Transportation and Referral Linkage for the Primary
Health Care Facilities?
The community-based transport system is a simplified
intervention designed to leverage the already existing network
of Keke Napep drivers, Yellow Cab drivers, or the National
Union of Road Transport Workers (NURTW), as well as the
local security agencies in Lagos State (Figure 5). The State
Primary Health Care Board in conjunction with the State
Ministry of Health will develop a memorandum of
understanding with the NURTW, Keke Napep, and the security
agencies. A database of drivers will be developed for the 20

local government areas in Lagos State, and drivers will be
informed of the MoU (memorandum of understanding) and the
program, allowing them to volunteer their services and provide
their contact details. Each primary health care (PHC) facility
would be furnished with a list of drivers and emergency contacts,
which will be shared with pregnant women as well as TBAs
nearby. TBAs can use the drivers to refer women to PHC
facilities. The key elements of the program include (1)
pre-established communication between the health facilities,
drivers, and security agencies; (2) a database of the drivers and
unique communication lines; (3) unique terrain and level of
care specific to hard-to-reach areas and gridlock areas (Keke
Napep and Yellow Cabs); and (4) selection (volunteer),
remuneration, and recognition of the drivers.

Figure 5. Community transport system app for improving the transportation and referral linkage for the primary health care facilities.

Prototype Profile 3

Challenge Statement 1: How Might We Increase the
Storage of Uterotonic Drugs in the Health Facilities in
Niger State?
The Niger State Primary Health Care Development Agency
(NSPHCDA) Mobile and Electronic Application Platform
(Kampe Mom) is an open-source web-based application that
visualizes the equipment needs of PHC facilities within the
state. This platform will be open to government actors
(ministries, departments, and agencies), philanthropists, and
organizations who are willing to contribute toward purchasing
equipment for PHC facilities based on identified needs (Figure
6). The equipment will be displayed based on the order of
priority and needs of the PHC facility at the time. In addition,
there would be key events such as charity walks and fundraising
events to create awareness of PPH and safe motherhood and
generate funds that will feed into the purchase of this equipment
for the PHC facilities.

The elements of the solution include the following:

• Registration of 1400 PHC facilities in Niger State on the
platform. These PHC facilities will be disaggregated by
location, accessibility, patient in-flow, etc.

• Equipment needed in all 25 local government areas will be
captured on the platform and open to philanthropists, key
decision-makers, legislators, community-based
organizations, civil society organizations, women groups,
etc.

• Charity walk can be placed on the platform for fundraising.
• Create awareness once a year on May 22, which is the

world’s safe motherhood day. Progress updates will be
provided on programs about maternal and child health.

• The target audience will be pregnant women, fathers,
families, policy makers, community and religious leaders
and gatekeepers, TBAs/CHIPS agents, other community
volunteers, community-based organizations, civil society
organizations, etc.
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Figure 6. Kampe Mom app for increasing the storage of uterotonic drugs in the health facilities in Niger State.

Discussion

HCD Process and Outcomes
While much of the global effort has focused on a health
system–strengthening approach to reducing pregnancy-related
deaths in low- and middle-income countries [21,22], less energy
has been focused on solutions that take into consideration the
major challenges mothers go through during pregnancy, so as
to develop a client-centered solution that effectively addresses
their needs. This research was aimed at proffering solutions to
develop context-specific solutions to enhance service delivery
for postpartum care in Lagos, Kano, and Niger states using
HCD.

In the co-discovery phase, the study was able to uncover critical
challenges faced by both pregnant women and health care
workers in rural settings, with a focus on maternal health care
access and service delivery. Pregnant women primarily struggle
with affordability, accessibility, and awareness. Many of these
women are housewives in rural areas, with limited financial
resources and logistical difficulties in accessing health care
facilities [23]. These findings are consistent with existing
literature, which highlights that rural women often face
significant socioeconomic barriers, including poverty,
transportation challenges, and limited access to health care
services [24-26].

Health care workers, on the other hand, are very committed to
improving maternal health but face challenges resulting from
gaps in care levels between primary and secondary facilities.
The strain is particularly evident in facilities with high client
volumes and limited human resources [27,28], underscoring

the need for better support systems for health care providers in
these settings. There were also issues of inadequate health care
infrastructure, such as insufficient storage systems and
overcrowded delivery wards, which could compromise the
quality of care provided during critical moments like prolonged
labor [28,29]. There is also the issue of the service delivery
system, which requires continuous strengthening to meet the
needs of these vulnerable populations. Addressing these issues
will require a multifaceted approach, which should include a
better system for managing the human resource problems,
improved health communication strategy, demand generation,
and enhanced coordination of care to ensure that both health
care workers and pregnant women receive the support they need
to achieve better health outcomes [11].

In this research, the co-design phase was aimed at synthesizing
relevant questions to create potential solutions for the identified
problems affecting the appropriate use of uterotonics and PPH
care, particularly in resource-limited settings. This process
highlighted the importance of involving the intended users in
the HCD co-design process to ensure that the developed
solutions are tailored to the specific contexts and challenges
identified [30,31]. For instance, the HCD co-design phase was
used to develop health solutions to enhance the comfort, health
outcomes, and overall satisfaction and experience of patients
[16,32].

More than 100 questions and ideas gathered from the initial
co-research phase were ideated in brainstorming sessions to
identify the 12 most feasible prototypes. These solutions were
narrowed down by selecting the questions that most exhaustively
discussed the challenges with service delivery for PPH care,
suited the contexts in each state, and considered the most
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frequently occurring challenges and issues. This was done to
ensure the final prioritized questions would generate solutions
that would incite the most impact in each state. The
brainstorming approach to co-design was used to further foster
creative thinking and ideation, as well as generate
comprehensive, user-centric solutions [16,33]. The 12 prototypes
were further refined to select the most fitting solutions for the
3 states.

The implementation of brainstorming sessions in the co-design
phase aided the co-refinement of the 12 prototypes. The
collaborative relationships built during this session fostered the
iteration and feedback process, ensuring that the prototypes
selected aligned with the needs of the users and were actionable
and sustainable [33,34]. The 12 prototypes were narrowed down
to 3 final solutions, which were selected based on their
operationalizability (how well they worked), feasibility (how
possible it is to implement), and specificity (how they matched
each state’s unique challenges).

Challenges Faced and Lessons Learned

Stakeholder Engagement
The project team had to put mechanisms in place to consistently
check in and follow up with stakeholders on aligned timelines
to ensure the timely execution of activities. Moreover, additional
meeting time was allocated with stakeholders for the review of
data and findings to generate insights for further validation.

Technical Execution
Priority and preference were given to hybrid engagements or
blended delivery to ensure that the entire process was
worthwhile and all planned activities were completed in record
time. Due to the emergence of the COVID-19 pandemic, the
development of an engagement protocol for physical sessions
had to be developed in accordance with globally accepted
guidelines.

Teamwork
It became apparent that the sharing of lessons learned was
instrumental to team bonding and fostered synergy within the
team. The project leveraged the expertise and strengths within
the consortium in cases where such was necessary.

Program Management
During the course of the project, appropriate and real-time
communication channels and structures had to be put in place

for the effective passage of information across partners and
stakeholders.

Schedule Conflict
Some of the champions were involved in other programs that
were running simultaneously as the HCD co-research workshop.
This necessitated the modification of the workshop agendas to
suit the needs and time demands of the participants. Going
forward, the scheduling process should be improved to enable
more champions to attend the workshop.

Conclusion
The study has successfully applied HCD to develop unique
solutions capable of strengthening clinical care, reducing gaps
in the delivery of maternal health services, and driving
improvements in the use of uterotonics for PPH prevention and
treatment using statements generated from the co-research and
co-design phases. The study objective of developing
facility-level solutions for optimizing uterotonic supply chain
systems and health service delivery in PPH management was
achieved through the creation of solutions that were able to
increase the demand for ANC services among pregnant women
and their families, particularly their spouses, improve the storage
and supply of uterotonics, and generate equitable distribution
and improved capacity of health care workers to handle PPH.
Although the designed solutions do not address all the issues
raised, their implementation can strengthen an evidence-based
approach to maternal and child health services and, in turn,
improve PPH management. This implementation phase will
involve deploying the uptake building of the solutions and
documentation outcomes, building a comprehensive picture of
the entire process, and identifying potential points for
intervention.

Study Limitations
First, this study was conducted in only 3 states within Nigeria,
indicating that the developed solutions may not be applicable
in other regions with different cultural, socioeconomic, and
health care contexts. Second, it focused on proffering solutions
to improve uterotonic supply chain systems and health service
delivery in PPH management, overlooking other critical aspects
like cultural and religious beliefs, as well as the quality of care.
Third, the short timeframe of the study and the lack of
implementation mean that the long-term outcomes or
effectiveness of the solutions were not captured.
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Abstract

Background: Problem anger is common after experiencing trauma and is under-recognized relative to other posttraumatic
mental health issues. Previous research has shown that digital mental health tools have significant potential to support individuals
with problem anger after trauma.

Objective: The objective of this study was to describe the co-design and development of a just-in-time adaptive intervention
(JITAI) targeting problem anger in individuals who have experienced trauma.

Methods: We used a participatory design process following the double-diamond framework. Phase 1 involved one-on-one
qualitative interviews with trauma-exposed individuals with problem anger (n=10). Using an inductive approach (interpretative
phenomenological analysis), we thematically coded interview data to create design principles for this population and generate
potential content for the intervention. Phase 2 involved academic and clinical experts in trauma and experts in digital health
reviewing the Phase 1 results and an evidence-based cognitive behavioral approach to treating anger. We then created intervention
content and prototypes, which we then took to workshops with all participants for feedback, using group discussions and ratings
of desirability and feasibility.

Results: From Phase 1, core considerations for a JITAI included look and feel preferences, self-led and personalized support
and content, and different support needed for each anger stage. A JITAI was developed with the following components: (1)
personalized schedules and content onboarding; (2) psychoeducation about problem anger; (3) crisis support; (4) mood monitoring
via anger check-ins; (5) self-led and personalized circuit breakers; (6) cognitive-behavioral based skills; (7) and a digital Coach
embedded in the app. Some suggested features, such as social networking and sharing data with loved ones, were not pursued
due to feasibility reasons relating to participant safety or technical costs.

Conclusions: The resulting JITAI, termed “Shift,” is the first digital mental health tool designed with end users to manage
anger after trauma.

(JMIR Hum Factors 2025;12:e62960)   doi:10.2196/62960

KEYWORDS

co-design; just-in-time adaptive intervention; mental health; anger; trauma; design; tool; digital tool; post-traumatic; mental
health; participatory design; development; user; support; feedback; mood; monitoring; manage

Introduction

Problem anger, defined as anger occurring at an intensity,
frequency, and duration that negatively impacts an individual
and their relationships, is one of the most common posttraumatic
mental health issues, and is highly prevalent in predominately

male military and first responder populations [1,2], as well as
women who have experienced trauma [3]. While cognitive
behavioral therapy (CBT)-based treatments can be effective,
there are difficulties engaging individuals with problem anger
in treatment due to impacts of hostility, mistrust, and
interpersonal conflicts on therapeutic relationships [4]. Mental
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health practitioners commonly report feeling more drained,
more therapeutic ruptures, and providing shorter treatments in
response to antagonistic client presentations, resulting in worse
outcomes [5].

Advancements in digital mental health tools may provide
nontraditional treatment options for problem anger [6]. As an
emotion, anger is unique because it manifests as primarily
externally-focused, in that an external agent often activates
anger, such as how other people have behaved in a hurtful,
disrespectful, or otherwise anger-triggering way [7].
Accordingly, interventions that increase internal focus are likely
to support greater self-awareness to offset focus on
anger-provoking events. Early efforts in this area used digital
technologies such as smartphones and wearables to record
physiological data, monitor symptoms, and support practicing
of CBT-based skills as an adjunct to traditional CBT, and while
effective in reducing anger symptoms, did not have additive
effects beyond standard psychological treatment [8]. Recent
research using wearables and regular mood monitoring delivered
via smartphone have shown promise [9]. Despite the potential,
there are many challenges to the development of innovative
digital mental health tools for anger. First, the overwhelming
majority of research into digital mental health tools has focused
on depression and anxiety, and the foundation for building
anger-focused digital solutions is limited and nonspecific [10].
Second, digital mental health tools more broadly face significant
challenges around uptake and usage [11]. Modest engagement
with digital mental health apps is due to a variety of reasons
including that may include a lack of user involvement in the
design, as well as lack of tailoring to suit the times an individual
most needs support [12]. As such, digital mental health tools
that are designed alongside users and support real-world
moments of high need may be beneficial.

JITAI are 1 type of new digital health approach that may
overcome challenges associated with low engagement by
providing the right information at the right time [13]. JITAIs
deliver intervention content that are adapted to an individual’s
context, such as the level and type of support matched to an
individual’s current emotional state [14]. Efforts to develop
such interventions in physical activity [15], depression [16],
substance use [17], and adolescent mental health [18] have
shown promise in improving affect, cognition, and behavior. A
JITAI includes 6 key elements, namely a distal outcome,
proximal outcomes, decision points, intervention options,
tailoring variables, and decision rules. While research has
established that digital mental health tools for problem anger
are feasible, much remains unknown about how to design a
JITAI for this population, and more empirical work including
data-driven approaches to designing JITAI is needed [14,17].
The aim of this study was to understand the tailoring variables
and co-design the intervention options of a JITAI with
individuals who have experienced trauma and problem anger,
alongside experts in digital and mental health, by understanding:

1. What is the preferred language, visual features, and content
of a digital mental health tool to help individuals manage
their problem anger?

2. When do individuals need support to manage their anger
differently?

3. Taking the findings from above, and combining them with
evidence-based CBT-approaches, what is acceptable and
feasible content for a JITAI for problem anger?

Methods

Overview
This study had 2 phases, following the double diamond
framework (ie, discover, define, develop, and deliver) [19]
which is user-centered and well validated in digital health tool
research [20]. Phase 1 involved qualitative interviews with
individuals with problem anger after trauma (termed “experts
by experience”) to understand their experiences with digital
mental health tools and treatment for anger, their “pain points”
regarding day-to-day management of their anger, and views
about essential content, features, and functionality components
of smartphone-delivered interventions for problem anger. Phase
2 involved co-design workshops with a mixture of experts by
experience, and experts by profession, which included digital
health experts, trauma researchers, and clinical psychologists
to converge on core components of a prototype JITAI, using
CBT for anger after trauma principles [21]. Both phases were
conducted in line with trauma-informed research principles
outlined in the recent Trauma and Resilience Informed Research
Principles and Practice (TRIRPP) Framework [22], which aims
to improve participation in research by individuals who have
experienced trauma and to avoid retraumatization of participants.
Specifically, our study involved actively minimizing
retraumatization by structuring interview guides so that
participants do not have to discuss their trauma, framing the
research process as relational, addressing power imbalances by
having twice the number of experts by experience than experts
by profession, and making available women-identifying groups
only for the group sessions, recognizing many women
experience trauma as a result of gendered violence. We also
made available individual co-design workshops for participants
who did not want to engage in group work for any reason.

Phase 1

Participants
A total of 10 experts by experience (5 out of 10 were women;
aged 19‐49 years old) with a history of trauma exposure and
problem anger were invited to participate via the researchers’
database, which contained a list of individuals who had
participated in previous trauma and anger–related research at
the University of Melbourne. Participants needed to meet the
criteria for problem anger and have reported experiencing a
traumatic event previously, be residing in Australia, have access
to Zoom, be over the age of 18 years, and be fluent in English.
All participants had sought help for their mental health
previously, and 4 had received a diagnosis of posttraumatic
stress disorder. One individual identified as living with a
disability. In addition, 8 participants had previously tried apps
to support their mental health. All participants verbally
consented to participate in the qualitative interviews. Data were
collected virtually via Zoom (Zoom Communications) using
audio-video recordings across August-September 2023 by author
OM using a semistructured interview guide and interviews lasted
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approximately 45 minutes. Interview guides were developed
by the research team after reviewing the literature around
problem anger experiences, and digital mental health tools.
Interview guides are in Multimedia Appendix 1.

Analyses
Qualitative interview data were transcribed verbatim from
audio-video recordings. Data were analyzed using NVivo
(Lumivero) and using an inductive approach (interpretive
phenomenological analysis) by 2 independent coders who were
part of the research team, to allow identification of themes about
the experiences of problem anger treatments, and views and
preferences about content, features, and functionality of the
JITAI [23]. Each coder read the transcripts, coded the insights,
and clustered the codes into themes. Coders discussed consensus
at the insights and themes stage to reach convergence. No formal
inter-rater reliability was conducted.

Phase 2

Participants
All participants from Phase 1 were invited to attend Phase 2
and agreed to participate. In addition, 6 experts by profession
(ie, clinicians and researchers in problem anger and digital
health) were invited to participate. This number was determined
to balance the power dynamics between expert types and to
ensure experts by experience were not outnumbered in
workshops. Experts by profession were identified by the research
team based on their expertise in the field of anger, trauma, or
digital health and invited directly. Data were collected virtually
across October 2023. Focus group sizes varied between 4‐6
individuals per group and lasted approximately 90 minutes and
were conducted via Zoom. Phase 2 were not audio-recorded.

Analyses
The themes from Phase 1 were reviewed by the research team
alongside the content from an evidence-based CBT manual
developed by one of the authors (DF) for managing anger after
trauma [21] to distill into a range of possible content features
that could help users manage their anger. These content features,
as well as 3 different aesthetics styles developed by the digital
health experts after reviewing the Phase 1 data, were then taken
to Phase 2 workshops in the form of low fidelity prototypes for
discussion about content to keep, alter, or remove [24], with
the goal of converging on a final prototype. The app title, and
the stages of anger was also the focus of the workshops, in terms
of converging on a consensus for how to represent them. Finally,
the workshop participants charted components of the possible
prototype on a 2 by 2 feasibility (low to high) and desirability
(low to high) matrix. Workshop discussions were captured as
detailed written notes by the facilitator [OM] and another

member of the research team who was observing, and comments
typed into the Zoom chat function from participants within each
of the workshops relating to suggestions to keep, alter, or
remove aspects of content, and the charting results of feasibility
and acceptability.

Ethical Considerations
This study was approved by the University of Melbourne Human
Research Ethics Committee (Approval number:
2023-26108-39829-4). Written informed consent was obtained
for the study. Experts by experience were reimbursed for their
time in the form of a voucher ($96.06; AUD $1 = US $1.56)
for Phase 1 and 2, while experts by profession were not.

Results

Phase 1
The results from the individual interviews revealed several
themes, listed in Table 1, relating to preferences for a JITAI for
anger. First, participants described wanting an app that was free,
with no ads, and easy to use. Second, several themes relating
to design principles were identified. These included the “Look
& Feel,” which detailed specific preferences for the language
and imagery used in the app. Experts by experience felt that
many mental health apps overused the word “calm” and imagery
with strong meditation and wellness themes, as well as being
too directive, using terms such as “should” and “need” to direct
users. As a result, they felt that many mental health apps were
condescending and irritating, and worsened anger when used
for self-management. The theme “Strengths-based” described
preferences of experts by experience for an app that felt
supportive and addressed the guilt and shame they felt about
their anger. Experts by experience reflected wanting digital
mental health tools that feel like a companion: “a trusted mate.”
Under the theme of “Personalized,” there was divergence
regarding the types of content individuals wanted, such as
military and first-responder-specific information explaining the
role of occupation in anger, the links between anger and
substance use, as well as menstrual health. Strongly linked was
the theme “Self-led” which encompassed accounts of who
support should come from and how information should be
delivered, particularly during heightened states of anger. While
the voice of professional experts and lived experience was
valued, overwhelmingly, experts by experience conveyed that
the person they would listen to was themselves. Conversely,
some experts by experience conveyed how complex trauma left
them uncertain about trusting their own voice, and thus they
would want information delivered to them by an avatar they
could create.
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Table . Design principles and desired intervention components from qualitative interviews with ten participants aged 19‐49 years old with a history
of trauma and problem anger.

Example quoteThemes

Design principles

—a    Free and no ads

The most annoying and triggering thing about using an app is when it
doesn’t do what you want it to do, or you’re trying to do something, and
then you[‘re] hit with roadblocks. [Expert by Experience 1]

    Easy to use

It would have to be written in a way that it comes from someone that isn’t
condescending; that doesn’t make you angry reading it. [Expert by Expe-
rience 1]

It tells you to take three deep breaths when you log in on that [mental
health app]. I’m like, I don’t want to take three deep breaths. I can’t. When
I breathe, it makes me angry. [Expert by Experience 2]

    Look & Feel

I’m not going to use anything that is just focused on my anger. Like who
would want that, just some negative app going [beep] ‘you are mad again’.
[laughs] praise me for stuff too. [Expert by Experience 2]

    Strengths-based

One option could be you could tick in the app, ‘these are the things that
really affect me and are related to my anger.’ And for you, that might be

    Personalized

anxiety, it might not be pain or sleep. And then you could also perhaps
get support specifically around that. So you have a really personalized
kind of list. [Expert by Experience 1]

Don’t tell me what to do straight up. [Expert by Experience 2]

I don’t want to listen to some expert, no offence. I don’t read your text-
books, I don’t like studies, theses. I didn’t read them. [Expert by Experience
7]

    Self-led

Preferred features of an anger-focused app

‘1 to 10’ for my anger- that doesn’t mean anything to me. It’s out of con-
trol, or it’s not. [Expert by Experience 3]

I want [an app] that … would recognize over time –‘okay, he needs an
aid, so I sort of guess he’s feeling these sorts of things’. And then it would

    Anger is experienced in distinct stages with different support needed
for each stage

give me something structured more for that for that level for me, rather
than just a generic one. [Expert by Experience 4]

Rumination is something I’ve had to work really hard on, because it’s
caused me a lot of problems recently…I like to say to myself, ‘it’s done.

    Targeting cognition and behavioral aspects of anger

It’s finished, you’re safe, it’s past.’ And I almost take it out of myself and
then put it down and say I’m leaving it there. And it’s not going any further.
And then when I catch myself ruminating about it if I get home, I say no,
that’s outside of I haven’t brought that in I’m not gonna let that come into
my calm area of home. [Expert by Experience 3]

I’ve used a wearable and with the blood pressure and seeing the heartrate,
that’s very intriguing. [Expert by Experience 6]

    Leveraging physiological data

If I trusted [a psychologist] and felt like things were progressing, [an app]
would be something that I would seek out her opinion on. [Expert by Ex-
perience 7]

    Complimenting current mental health treatments

The process of a check-in and reflecting your anger [is] good, because I
never really do that. Like, I don’t think anyone does. I don’t think anyone

    Regular check ins

really sits there and reflects on how they’re feeling or anything like that.
[Expert by Experience 5]

Add-ons

An app that could connect us all, so we don’t feel like we’re all alone, that
we still got an identity, something that although we’re doing the app by

    Social features with other users

ourselves, but gives us a feeling that we’re not by ourselves. [Expert by
Experience 7]

I would like the app to send something to my husband saying I’ve had a
shocking day, because then that way, he’ll be prepared before he comes
home. [Expert by Experience 3]

    Sharing data with loved ones

JMIR Hum Factors 2025 | vol. 12 | e62960 | p.166https://humanfactors.jmir.org/2025/1/e62960
(page number not for citation purposes)

Metcalf et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Example quoteThemes

This is hard for me to admit, but my anger with my kids is such a huge
trigger [pause interview due to distress]. Yeah, so anyway, things that
help me be a better mum. [Expert by Experience 8]

    Parenting support

a —: not available.

In addition to these design features, several other themes
emerged in relation to a JITAI for anger. In identifying
opportunities to intervene, participants reported that their anger
is experienced in distinct stages, highlighting that for them,
anger is either increasing, or completely out of control, with
different support needed for each stage. Participants also wanted
support in the form of ”targeting cognition and behavioral
aspects of anger” such as rumination and supporting interactions
with others when angry, ”leveraging physiological data” to
detect their mood, an app that was “complimenting current
mental health treatments,” and “regular check ins” of their anger.

Phase 2
After reviewing Phase 1 results, the trauma experts selected
content from an anger-focused CBT-based manual [21] that
related to psychoeducation, managing rumination, circuit
breakers, cognitive reframing, managing physiological arousal,
and assertive communication. This potential content and
low-fidelity prototype design options were taken to co-design
workshops. The results from the co-design workshop included
convergence on the way anger stages should be represented,

convergence on the look and feel of the app, convergence on
the CBT-based content, and discussions around the feasibility
of add-ons. While experts by profession discussed anger in
terms of Likert scales (ie, 1 to 10), the experts by experience
spoke about how “anger was experienced in stages,” with some
individuals likening this to a runaway train. The workshops
converged on the following stages of anger, shown in Figure
1: (1) “no anger,” (2) “frustrated” (ie, anger is still within an
individual’s control, and while heightened, the individual can
engage in cognitive, behavioral, or physiological activities), (3)
“out of control” (ie, the individual and/or others are not safe),
and (iv) “after a crash” (ie, anger at others has dissipated, and
feelings of shame, regret, guilt, anger at self, sadness, and
loneliness are high). In terms of content, all the recommended
CBT skills were considered feasible. While the add-ons such
as social networking and sharing data with loved ones was
highly desirable by experts by experience, they were rated low
in feasibility by the experts by profession, due to technical
challenges, cost, and the lack of information on how to protect
users’ safety, so were not included. Parenting support was
considered as out of scope for the first iteration of the app.
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Figure 1. The tailoring variables of the “Shift” just-in-time adaptive intervention in the form of anger stages.
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The results of both phases led to the development of a JITAI
named “Shift” (Figure 2 and Textbox 1), combines mood
monitoring (ie, 4 daily check-ins on anger stages, with ability
to check-in outside of these 4) with tailored CBT-based support
based on the stage of anger. When users check-in as “frustrated,”
6 CBT and arousal management skills, under the categories of
“Body, Mind, and Actions” in (Textbox 1) are made available.
When users check-in as “out of control,” a personalized circuit

breaker preset by the user at the download of the app sends a
safe, supportive message, video, photo, image, or song to circuit
break the situation. And when users check-in as “after a crash,”
warm and emphatic audio messages from their “Shift” Coach
are sent reassuring them that set-backs are normal in recovery
and reminding them to do some self-care to get back on track.
In addition to these JITAI components are psychoeducation
content available on demand.
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Figure 2. Home screen and psychoeducation section of “Shift.”
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Textbox 1. Content structure of the just-in-time adaptive intervention “Shift.”

Onboarding:

• Welcome and explanation that “Shift” was created by people with lived experience.

• Set up personalized circuit breakers for when anger is out of control.

• Set-up notification schedule for check-ins.

• Switch-off for unwanted information, such as alcohol-related information, menstrual health, and military and first responder.

• Select from one of the 2 coaches, who is a digital voiceover that provides the audio for the app, the welcome message, and the messages provided
when an individual reports losing control of their anger.

Psychoeducation:

• Anger after trauma.

• Healthy versus unhealthy anger.

• Baseline arousal and how to reduce stress levels using progressive muscle relaxation.

• How anger is linked to military or first responder roles.

• How menstrual health and anger might be connected.

• How diet, exercise, sleep, connection, and substance use is connected to overall well-being.

• Rumination and how to stop it.

• Assertive communication versus unhealthy communication styles.

Mood monitoring:

• Four daily check-ins on anger stage (ie, no anger, escalating, out of control, and after a crash; Figure 1).

Intervention components:

• When users check-in as having no anger, they are prompted to either practice progressive muscle relaxation, or engage with the psychoeducation
components of “Shift.”

• When users check-in that their anger is escalating, they are prompted to practice a cognitive-behavioral-therapy–based skill that focuses on the
physiological aspect of anger (termed, “body”), the cognitive aspect of anger (termed “mind”), or their behavior when angry (termed “action”).
The “body” intervention components are isometric exercises, a targeted form of tension release designed specifically for discharging anger from
the body, and cyclic sighing, recognized as the simplest and most effective way to increase relaxation. The “mind” intervention components
target stopping anger rumination, and cognitive reframing for anger-provoking situations. The “action” intervention components provide assertive
communication skills to use.

• When users check-in that their anger is out of control, they receive one of their circuit breakers established at the onboarding of the app.

• When users check-in that they have had an episode of anger, and behaved in a way they regret, (termed “after a crash”), a warm supportive
message and suggestions for self-care are provided by the app coach.

Crisis:

• At any time, users can go into the app and receive tailored helpline information to support a crisis state.

Discussion

Principal Findings
The aim of this study was to co-design and develop a JITAI for
individuals who have experienced trauma and problem anger.
We engaged experts by experience and experts by profession
to establish design principles and content, as well as
opportunities to intervene, resulting in the JITAI “Shift.”
Building on previous work that has used mood monitoring for
problem anger [2,9], “Shift” is a JITAI that leverages regular
check-ins on anger state as the tailoring variables with bite-sized,
digitally delivered CBT-based skills to manage lower levels of
anger, and a personalized, self-led circuit breaker for when anger

is out of control. “Shift” is now developed because of these
findings and a micro-randomized trial is being conducted.

From a design perspective, using individual interviews before
group workshops was valuable for managing trauma, sensitive
personal issues, and the feelings of shame that can accompany
problem anger in experts by experience, as it allowed individuals
to generate information about the intervention privately, but
then also benefit from sharing ideas in a group format. Other
methods within the workshop to improve the participant
experience include not using digital tools to collect data, which
can be frustrating or challenging to learn to navigate, and not
getting participants to actively criticize or provide feedback on
each other’s ideas. Although there is potential for more work
in this area, these findings speak to the importance of research
and development of digital mental health tools being
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co-designed with potential end users. Emerging research is
showing that co-design is an important step to ensuring that
digital mental health tools are accessible, appropriate, and
effective [24]. Without end-user involvement, interventions
could miss the mark in terms of developing effective and
acceptable digital health programs. Very little research has used
co-design in problem anger, or in the design of JITAI. Our
findings are consistent with a study that co-designed a JITAI
for children to limit sun exposure, in that both opportune times
to intervene, and the content and design of the intervention were
uncovered as a result of co-design [25].

Several learnings from this study have significant implications
for design of digital mental health tools for understudied
populations and problem anger more broadly. First, our results
showed that individuals with problem anger often try digital
mental health tools focused on symptoms of anxiety and
depression and can find these anger-provoking. Second, while
previous research has established the value of lived experience
stories in digital mental health tools for trauma-exposed
populations [26], our study found that individuals with problem
anger preferred a self-led approach rather than hearing others
stories. Third, our results shows that individuals with problem
anger have significant unmet needs in the aftermath of a high
anger episode. Finally, our results showed that digital mental

health tools must balance a focus on changing pathological
thoughts, feelings, and behavior with providing warmth,
empathy, validation, and support, all of which are typically
provided via the therapeutic relationship in psychological
treatment and are at risk of being lost in digital approaches.
Important next steps are evaluating the components of “Shift”
using methods such as a micro-randomized trial, followed by
a randomized controlled trial to validate efficacy.

Limitations
While the study had diversity in terms of gender, some
representation of disability, and a diversity of trauma
experiences, this study is limited by a sample that contained
English-speaking individuals only. In addition, the study only
collected qualitative data and work is needed to pilot the
intervention to determine acceptability and feasibility of the
intervention to individuals who have experienced trauma and
have problem anger. Finally, EMA-driven JITAIs can become
burdensome for participants, and innovations in sensor-based
detection of mood states will likely advance “Shift” [27]. As
yet, preliminary work in detecting anger in this population from
wearables has found promising results that remain technically
challenging to deploy, and sensor-based JITAIs in this space
warrant further investigation [28].
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Abstract

Background: Access to safe abortion care is a reproductive right for all individuals across Canada. Underserved populations
are overrepresented among those with unintended pregnancies and particularly those seeking abortion. Yet, few resources exist
to help health care and allied helping professionals provide culturally competent and gender-affirming abortion care to such a
population group.

Objective: This project aimed to redesign and adapt an existing subscription-based medication abortion mentorship platform
into a culturally appropriate and gender-affirming open-access website of curated health professional resources to promote
equitable, accessible, high-quality abortion care, particularly for underserved populations.

Methods: We drew on a user-centered design framework to redesign the web platform in 5 iterative phases. Health care and
allied helping professionals were engaged in each stage of the development process including the initial design of the platform,
curation of the resources, review of the content, and evaluation of the wireframes and the end product.

Results: This project resulted in an open-access bilingual (English and French) web-based platform containing comprehensive
information and resources on abortion care for health care providers (physicians, nurse practitioners, and pharmacists) and allied
helping professionals (midwives, medical officers, community workers, and social workers). The website incorporated information
on clinical, logistical, and administrative guidance, including culturally competent and gender-affirming toolkits that could equip
health care professionals with the requisite knowledge to provide abortion care for underserved populations.

Conclusions: This platform contains resources that can increase the competencies of health care professionals to initiate and
sustain culturally and contextually appropriate abortion care for underserved groups while clarifying myths and misconceptions
that often militate against initiating abortion. Our resource also has the potential to support equitable access to high-quality
abortion care, particularly for those among underserved populations who may have the greatest unmet need for abortion services
yet face the greatest barriers to accessing care.

(JMIR Hum Factors 2025;12:e63364)   doi:10.2196/63364

KEYWORDS

medication abortion; mifepristone; web-based platform; user-centered design; underserved populations; abortion; equitable;
accessibility; open-access website; gender-affirming; user-centered; Canada; unwanted pregnancy; framework

Introduction

Access to abortion is a fundamental human right and a critical
component of sexual and reproductive health care [1]. Each
year, approximately 56 million abortions occur across the
globe—translating to 35 abortions per 1000 women. In Canada,
nearly half (~40%) of pregnancies are unplanned, and one-third

of women and pregnancy-capable people will have at least 1
abortion in their lifetime [2,3]. Medication abortion using
mifepristone is the international gold standard for first-trimester
medication abortions and currently accounts for over 50% of
all abortions in most European countries and the United States.
Canada’s unique regulations allow nonphysician prescribers to
prescribe and dispense the medication and allow people without
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access to ultrasound to access medication abortion services.
Despite the loosening of restrictions in Canada, timely access
to safe abortion services can be difficult for historically,
persistently, or systemically marginalized (HPSM) populations
including racialized groups, migrants, Indigenous people, people
with disabilities, homeless and underhoused people, sex workers,
two-spirit, lesbian, gay, bisexual, transgender, queer, intersex,
and gender-diverse (2SLGBTQI+) people, youths, and people
living in rural and remote areas [4,5]. For instance, Indigenous
people in Canada experience more abortion access barriers than
non-Indigenous Canadian people [6]. In addition, approximately
18% of people in Canada traveled more than 100 km to access
abortion services [7]. While most clinicians in Canada indicated
providing abortion services to underserved populations, the
majority of them did not have the appropriate cultural training
to provide care to underserved populations. For instance, a recent
study suggests that most clinicians in Canada who provide
abortion services to underserved populations (91.2%) reported
not receiving any form of training for providing care to such
populations [8]. A lack of training or mentorship in culturally
safe and gender-affirming care would further exacerbate barriers
to accessing abortion services that already bedevil underserved
populations including Indigenous people [9,10].

To provide culturally safe and gender-affirming abortion
services, there is an urgent need to develop, evaluate, and
implement training and mentorship resources that will equip
health care professionals in providing equitable abortion services
to underserved populations in Canada. In this paper, we reported
on the processes we adopted in redesigning our
already-established web-based community of practice platform

into an open-access website. We also highlighted on the
considerations for developing a gender-affirming, culturally
appropriate, and inclusive web platform to support health
professionals in providing abortion to equity-deserving
populations. With the internet increasingly becoming a major
source of information on abortion [11], an open-access web
platform could not only help in disseminating evidence-based
abortion resources to all health care professionals but also help
in dispelling the myths and misconceptions that often fuel
abortion-related stigmas. Furthermore, an open-access web
platform could assist in countering abortion-related
misinformation or disinformation that is often targeted at health
professionals by antichoice groups.

Methods

Study Design
We used a mixed methods user-centered design approach in
developing the content and structure of the website [12]. In
compliance with the user-centered design process, we engaged
with the relevant stakeholders in Canada (health professional
associations and abortion advocacy organizations) in 5 iterative
design phases. The five phases include (1) content creation and
review, (2) development of wireframes, (3) adaptation of
wireframes to end-user needs, (4) development of a functional
product, and (5) user evaluation. We adopted a user-centered
design process to emphasize the clinician-centeredness of the
website while revealing the knowledge gaps that need to be
addressed to create an inclusive web platform. Figure 1 shows
a schematic presentation of the website’s development process.
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Figure 1. A schematic depiction of the website development process.

Ethical Considerations
This project was approved by the University of British Columbia
Behavioral Research Ethics Board (approval H22-03342). All
participants who took part in the interviews were provided with
CAD $150 (US $103.34) honoraria.

Phase 1: Content Creation and Review

Overview
The content creation phase comprised 2 steps to ensure that the
content is up-to-date and reliable. These include (1) the content
curation process, in which we searched for resources that are
relevant to medication abortion, and (2) the content review
process.

Content Curation
We actively engaged with health professional associations,
health regulatory agencies, and sexual and reproductive health
advocacy organizations across Canada to curate relevant content
for the website. To ensure high-quality, appropriate,
evidence-based materials specific to Canadian health care
professionals, we focused our content curation efforts on sources
within Canada as well as trusted and reliable international
evidence on medication abortion. The main sources for curating
our content include the national health professional organizations

(Society of Obstetricians and Gynaecologists of Canada,
Canadian Pharmacy Association, Canadian Association of
Midwives, and Canadian Association of Schools of Nursing)
and advocacy groups (Action Canada for Sexual Health and
Rights and National Abortion Federation) as well as our
already-established web-based community of practice platform
[13]. We examined relevant resources from a partner website
in Australia (the Australian Contraception and Abortion Primary
Care Practitioner Support Network) [14]. We limited our focus
to medication abortion to enhance relevance and usability for
clinicians looking to adopt, improve, and sustain the practice
of this newly available service in Canada. After identifying the
data sources and establishing a working relationship with
stakeholders, we undertook focused data extraction from May
2023 to November 2023. The data extraction process yielded a
total of 308 documents detailing resources on medication
abortion. These were compiled into a Microsoft Excel sheet,
and 147 duplicates were removed. Following this, we conducted
an initial screening of the resources by examining the titles,
abstracts, headings, and subheadings to determine their relevance
to medication abortion. To be eligible for inclusion, each
resource must be focused on medication abortion services
including clinical (guidelines, protocols, checklists, and
factsheets) and nonclinical services (financial, legal, and social).
Since our objective was to improve equitable access to abortion
among underserved populations, medication abortion resources
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focusing on Indigenous populations, racialized groups, and
gender minorities were included. Resources were excluded if
they were dated more than 20 years ago, not relevant to the
Canadian context, beyond the scope of medication abortion, or
not targeted to health care providers (ie, physicians, pharmacists,
social workers, and midwives). Most papers were not relevant
to the Canadian context because of the constant regulatory
changes regarding the prescription, dispensing, and use of
medication abortion in Canada since 2017 [15-17]. We also
excluded resources that were exclusively focused on procedural

abortion, contraception, or general reproductive health or
illnesses. Procedural abortion resources were excluded because
procedural abortion demands specialized training, and we
considered a web platform as an inappropriate training source
for those seeking to provide this skilled task. After screening
the resources against the inclusion and exclusion criteria, 124
resources were excluded, leaving us with 37 resources for a
detailed expert review. Figure 2 shows the data extraction and
review process.
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Figure 2. Resource extraction and screening process.

Content Review
Even though the resources were extracted from credible sources,
medication abortion regulations and professional practice
guidelines in Canada have evolved over time, and with these
changes, some of the resources might have become outdated.
To ensure our website contains up-to-date resources and is in
line with current practices, we engaged 10 health care and allied
helping professionals providing abortion services to review the
37 resources for accuracy, currency, and relevance for providing

medication abortion, particularly for equity-deserving
populations. These health care professionals include physicians,
nurse practitioners, pharmacists, and midwives. We asked each
health care professional to review each document and respond
to the following questions: (1) How do you think this resource
will be relevant or useful for you to initiate or strengthen your
medication abortion services and why? (2) Please indicate
specific parts that you feel are most useful for your practice. (3)
Please indicate specific parts that you think are out of date, not
useful, or contradict your current practice.
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All reviewers provided their feedback within 1 month, and all
feedback was compiled into a single document. Following the
review, we then engaged 2 experts in abortion care (a family
physician and an obstetrician and gynecologist) to discuss and
reconcile any differences or contradictory comments by the
reviewers. The 2 expert reviewers resolved any differences and
wrote a master document containing up-to-date resources on
current medication abortion practices. The master file was
organized into three main sections including (1) prescriber
resources (how medication abortion works, preabortion
medication evaluation, postabortion assessment, web-based and
hybrid care, physician billing information, regulations, and
inclusivity toolkit), (2) dispenser resources (coverage
information, patient communication guidelines, checklist for
dispensing abortion, and pre- and postabortion assessment), and
(3) supporting resources (patient counseling before and after

abortion and social worker support resources). This master
document was used to inform the content of the website.

Phase 2: Development of Wireframes
Using a web-based design tool known as Figma (Figma Inc),
we created wireframes of the website. A wireframe is a visual
guide that shows a skeletal framework of a web interface [18].
The wireframe was designed to follow the format of the
resources on the master file. The framework depicted the page
layout and arrangement of content on the website including
interface elements, navigational features, the range of functions
to include, and the relative prioritization of content. This
wireframe was reviewed by 3 experts in abortion care, and
revisions were made regarding space allocation and content
prioritization for each of the resource sections outlined in the
master file. Following this review, the skeletal framework was
then populated with the content from the master file. Figure 3
shows the wireframe of the website.

Figure 3. A screenshot of the wireframe.

Phase 3: Adapting the Wireframes to the Needs of
Underserved Populations
After populating the skeletal framework with the revised content,
we then conducted a focus group discussion with 14 health care
professionals who currently provide, or intend to provide,
medication abortion in Canada. The essence of the focus group
was to understand how the wireframe can be adapted to equip
health care professionals to provide inclusive, gender-affirming,

and culturally safe abortions to underserved populations in
Canada. We also wanted to identify potential areas for
improvement before moving on to developing a functioning
website.

Before the start of each focus group, we distributed a visual
layout of the website containing relevant content to all
participants. The participants were asked to review the visual
layouts ahead of the web-based meetings. During the focus
group discussions, participants were asked about (1) how the
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information on the wireframe could be adapted to support them
in providing evidence-based, culturally safe, and accessible
abortion services to HPSM populations and (2) any additional
features, functionalities, and considerations for ensuring
confidentiality, appropriateness, culturally affirmativeness, and
supportive resources for improving access and quality of
abortion seeking experience for HPSM populations.

The focus groups were led by author AFA, with assistance from
RC. Each session lasted approximately 1 hour, and the data
were transcribed verbatim. The data from this focus group were
analyzed thematically, and the findings (reported under the
Results section) were used to modify the Figma designs before
moving on to developing a functional product. The findings
from the focus groups helped to minimize the design flaws and
reduce the possibilities for major changes once a product was
eventually developed.

Phase 4: Development of a Functional Website
After making changes to the Figma design, we engaged our
software engineers to translate the Figma design into a
functioning website. To further explain the Figma design to the
development team, we wrote a Systems Requirements
Specification Document to further explain the Figma design to
the development team. This document included a breakdown
of the Figma designs into various components and specifying
each design feature as contained in the guide [19]. Figure 4
shows the interface of the functional website. To make sure that
the functional product reflects the Figma design and meets the
knowledge needs of the end-user clinicians, the development
team sought ongoing feedback from our team as well as from
the health care professionals who reviewed the resources. We
held biweekly consultation meetings with the software
development team starting from August 2023 until we had a
functional website in February 2024. In compliance with the
user-centered design process, we evaluated the functional
website with end-user clinicians.

Figure 4. The home page of the functional website.

Phase 5: User Evaluation
We conducted a user evaluation of the website using a
think-aloud observation method with 26 health care
professionals across Canada. A think-aloud observation is a
user evaluation method, in which participants verbalize their
thought processes as they interact with a system [20]. The
purpose of the user evaluation was to determine the relevance
and usefulness of the website in providing abortion services to
equity-deserving and HSPM populations, understand the ease
of use of the website, detect any design flaws, and make final
changes before the website is launched. During the think-aloud

observation, we provided participants with 5 tasks related to
information retrieval on our website. As participants navigated
the website, they verbalized their thought processes by
commenting on aspects of the website that they found confusing,
difficult to navigate, or irrelevant to their purpose. The
think-aloud data were analyzed using simple content analysis.
The findings (reported under the Results section) were used to
revise the website.
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Results

Overview
In this section, we focus on the findings from the focus group
discussions of the wireframes as well as the user evaluation of
the functional website. Overall, the health professionals who
took part in the focus group discussions and the end-user
evaluation acknowledged that our web platform was an
important educational resource that would equip them with the
necessary knowledge to provide abortion care. They also
provided recommendations on how this web-based platform
could be adapted to support them in providing inclusive abortion
care to underserved populations.

Findings From the Focus Group Discussion

Overview
The participants expressed their satisfaction with the layout and
the content displayed on the wireframes. They indicated that
the various clinical guidelines, factsheets, and checklists on
medication abortion would help demystify the myths and
misconceptions associated with providing abortion. The
usefulness of the resources in demystifying abortion provision
was a very important feature considering participants’
self-described limited understanding of medication abortion.
While acknowledging the importance and potential usefulness
of the wireframes, participants noted some limitations on the
interfaces of the wireframes and suggested ways in which they
could be adapted to improve the capacity of health care
professionals to provide abortion services to equity-deserving
and HPSM populations. These recommendations fell into 4
thematic areas.

Inclusive and Culturally Sensitive Content
Participants expressed the need for the website to contain
inclusive and culturally sensitive language that has the least
chance of causing harm to underserved populations including
Indigenous, trans, and nonbinary people who seek abortion. To
enable health professionals to provide inclusive abortion services
to trans people, the participants suggested that the website
should contain gender-neutral terms as well as handouts and
factsheets on abortion and postabortion care in multiple
languages. A physician who provides abortion stated:

A lot of my patients can speak English but there are
instances [where] I get patients that cannot speak
English properly. In such cases, it will be good to
have some resources in their language that I can give
out to them.

Some of them also suggested having a print-out function to
provide materials for patients who do not speak English. The
participants also expressed the need for low bandwidth
connectivity to enable health care providers in rural areas with
poor internet access to access resources.

Indigenous and Gender-Diverse Resources
The participants also called for the inclusion of Indigenous and
2SLGBTQI+ resources on the website because they indicated
that one of the groups facing the most barriers to accessing

health services includes Indigenous groups and the 2SLGBTQI+
populations. This could be seen in one of the statements given
by one of the participants:

it isn’t just about understanding the clinical guidelines
and factsheets. But we also need to understand the
other aspects of Indigenous cultural safety when
providing abortion to Indigenous patients like the
relationship between abortion care and legacies of
forced apprehension/the millennial scoop, information
on the knowledge and risk of reproductive coercion
(either for or against abortion) etc.

These calls were particularly made by participants who provide
services to Indigenous communities. Other participants indicated
a need for a learning hub or short courses on Indigenous cultural
safety, gender-affirming, and trauma-informed abortion
care—arguing that these additional knowledge sources will help
them to provide services to abortion seekers who experienced
historical and intergenerational traumas.

Providing Resources for Noninsured Clients
The participants also indicated how the website could be a
“one-stop shop” of information if they included information on
how to support noninsured clients. This recommendation was
made by a midwife who revealed the challenges of providing
abortion services for noninsured clients such as undocumented
migrants:

More than half of my clients were unhoused, or
street-involved or living in extreme poverty, or they
were refugees, recently landed immigrants, or people
of color and trans communities. You know there is a
significant intersection between such populations and
those living in poverty so there needs to be some
resources around how to make sure that these
populations are also getting access to abortion
services.

Protecting the Privacy of Website Users and Abortion
Seekers
The participants acknowledged the stigmatizing nature of
abortion and the need to protect people’s privacy. Thus, they
suggested including a built-in exit button that would enable
users to immediately exit the website, particularly in public
places. They also indicated the need for the website to contain
geolocation features that can map out nearby abortion providers
and pharmacies outside of people’s communities. One
participant stated:

I provide services in a local community, and some
don’t feel comfortable seeking abortion services from
me because I may probably know them. When this
happens, it’s difficult to refer because they won’t even
come to you. So, it will be good to have a feature on
this platform where patients themselves can search
for nearby abortion providers that they can approach
with comfort.

According to the participants, this will make visible nearby
abortion providers that could serve as alternative sources for
patients who may be reluctant to seek abortion services within
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their (particularly very small) communities due to privacy
concerns.

Findings From the User Evaluation

Overview
Iterative feedback from the focus group informed changes to
the website, as participants serially identified gaps and problems
to be addressed before it was launched. Some health care
professionals indicated that the functional website felt too
medical and was insufficiently focused on the social aspects of
abortion. They perceived our banner image on the home page
as overrepresenting physicians and not sufficiently
acknowledging the role of midwives and supporting
professionals. They also made recommendations on how the
website could be adapted for navigability and to touch on the
stories of underserved populations. The recommendations from
the user evaluation fell into 3 thematic areas.

Portraying a Positive Image of Abortion via Visual
Effects
Some health care professionals commented that the initial
wireframes lacked a human touch and thus suggested adding
more vibrant and bright colors that reflect the identities of
diverse groups of health professionals and the diversity of
patients. Participants felt that such adaptations could portray
abortion as something that is considered normal for everyone
to seek, normal for every health professional to provide or
support, and to ensure the abortion-seeking experience is
positive.

maybe some colors will be nice because I feel that
when I am looking into abortion care, I just want to
take this stigma away. So, having colors that are dark
for me is like you are doing something bad, right? So
maybe having some lighter colors and highlighting
on socio-cultural aspects of abortion would be helpful.
People need to feel that abortion is normal after going
through this website.

Connecting With Patients
Other health professionals explained that although the website
targets health care professionals, it is ultimately about caring
for people. They thus suggested that it would be great to have
images of health care providers taking care of patients from
diverse gender and racial backgrounds or better still include
images of patients having children to remove the myth that
people seeking abortion are irresponsible adults without children
or families. One participant stated:

This website is about people getting care. So, we need
to see how so many people who have pregnancy
termination also have children already. So, it’s not
just like the unwed single woman who wants to
terminate her pregnancy.

The participants also expressed the need for the website to help
health care professionals understand the patient populations
most likely to seek abortion services from them. This way, the
website would not only provide clinical information but also
help providers to connect with the patients’ stories.

Making Compromises Between Being Comprehensive
and Practical
Many participants acknowledged the comprehensiveness of the
website and were confident that they would be able to find
relevant information should the need arise. They also
acknowledged that being comprehensive might make the website
a less suitable quick reference guide, particularly during
clinician-patient encounters. This concern could be a challenge
for high-volume providers and providers in rural and remote
areas. One midwife stated:

the information that I’m seeing is actually really good.
It’s really good information, and I’m intrigued to read
more about what’s in here. But [it’s] too much. It
would be really good for like education and training,
but not when you have a patient in front of you.

While this theme was not specifically related to providing
abortion to underserved populations, it highlighted the busy
schedule of clinicians vis-à-vis looking for information in a
dense and cluttered web platform.

Discussion

Principal Findings
In this study, we report on the cocreation of an open-access
web-based abortion platform and highlight considerations for
promoting access to abortion for underserved populations. This
study followed an intersectionality study we conducted with
end-user clinicians before embarking on the development of
the website [21]. Our study incorporated rigorous engagement
of end-user clinicians, and our user evaluation data demonstrated
an accessible, acceptable website that could better equip health
and allied helping professionals to provide equitable, culturally
safe, and gender-affirming resources to equity-deserving and
HSPM populations. It is important to note that many health
professionals in Canada, including nurse practitioners and
midwives, had not received any formal training on abortion as
part of their education, leading to limited knowledge and general
uncertainties in providing abortion [22]. The limited knowledge
may lead to some hesitation in providing abortion, particularly
for patients from underserved populations who present with
complex health challenges. We believe that this mentorship
platform will equip health professionals with the necessary
knowledge to provide abortion to patients who face intersecting
barriers to access services while also enhancing timely
decision-making for health professionals in rural and remote
areas. For a time-sensitive procedure such as abortion,
expeditious decision-making is crucial to high-quality care for
women and pregnancy-capable people who request abortion
services.

In addition to information dissemination and helping with
decision-making, an open-access abortion web platform may
also serve to counter abortion-related misinformation and
disinformation that are often targeted at health care
professionals. This is important at a time when the proliferation
of disinformation, together with the stigma and belief-based
refusal to provide legal and appropriate abortion care, creates
interpersonal tensions that make it difficult for some health
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professionals to meet the reproductive needs of their patients
[23,24]. Health professionals may further be disadvantaged
when there are frequent changes in medication abortion
guidelines and regulations [17]. These changes, together with
the need for quality improvement, highlight the importance of
such a web-based platform for updating the competencies of
health care professionals who provide or intend to provide
abortion. This is more relevant, as there is an increasing call for
the timely integration of research evidence in routine clinical
practice [25].

Our findings suggest that adopting a user-centered design in
this project resulted in a platform that was largely considered
by potential end-user clinicians as inclusive. While engaging
stakeholders from diverse clinicians and organizations was quite
challenging, we acknowledged that the process was essential
to fulfill the principles of user-centered design. Our team
believes that the active engagement of clinicians, health
professional organizations, and abortion advocacy groups in
cocreating this web-based platform enhanced the appropriateness
of the content while facilitating clinician recruitment,
dissemination, and subsequent uptake of the resource among
end-user health care professionals.

It is also important to note that few digital health projects are
designed from gender equity and Indigenous rights perspective
[26]. In the context of abortion-related websites, intersectionality
is particularly important, as it helps illuminate ways in which
the website could be tailored to the needs of the population
subgroups facing the most barriers in access to abortion
(racialized groups, migrants, people with disabilities, homeless
and underhoused people, sex workers, 2SLGBTQI+ people,
Indigenous people, and youths) [21,27]. Indeed, available
evidence suggests that such minority groups are overrepresented
among those with unintended pregnancies and particularly
among those seeking abortion [28-30]. Therefore, engaging
with a group of health professionals who serve diverse
populations in developing and evaluating our web platform
made the website unique, as it cedes all decisions on the content
and structure in the hands of the end-user clinicians who may
have first-hand experience in providing services to underserved
populations. This approach to developing our website supports
the vision of “design justice” where the community owns the
design artifacts [31]. By cocreating with health care
professionals, we were able to generate website content that
illuminates ways health care professionals can provide abortion
services to underserved populations who present with complex,
historical, and intersecting health challenges. This approach is
more likely to lead to a seamless translation of the web platform
into practice since the clinicians and partner organizations were
more or less coowners of the end product.

Creating web platforms that are inclusive of equity-deserving
and HSPM populations requires more than just technically
sophisticated algorithms but a deep understanding of users’
needs and specific considerations that promote inequities in
access to health care [32]. The inclusive design
recommendations from the participants in this study were aimed
at equipping health care professionals with the necessary tools
to address inequities in access to abortion care. The integration
of low-bandwidth connectivity for instance would improve

accessibility of the resources to health professionals in rural
and remote areas with low internet connectivity. Improved web
access could help improve abortion access in rural and remote
areas where medication abortion might be the only, or most
accessible, option [33]. Furthermore, the recommendation for
including geolocation services could help address
abortion-related stigma and provide better privacy for abortion
seekers in communities with conservative values around
abortion. While the argument for geolocation features was seen
as a way of helping patients easily locate abortion providers
and pharmacists, some were concerned that geolocation services
could be used by antichoice groups to target abortion providers.
Additional security measures may be needed if geolocation
features are to be implemented on abortion-related web
platforms.

Limitations
Our study was not without limitations. Even though our
objective was to design a web platform that supports health care
professionals to provide equitable access to abortion for
underserved populations, we did not rigorously engage abortion
seekers the same way we engaged with clinicians. A future
improvement would be to engage the patients’voices in resource
development to better reflect the peculiar needs of underserved
populations. Our ultimate goal for this website is to empower
health care professionals to provide equitable and inclusive
abortion to underserved populations. However, we cannot
ascertain if we have achieved that objective at the time of writing
this paper. Future evaluation reports from users would tell us
if the resources provided in this platform are indeed useful in
providing abortion services to underserved populations.
Furthermore, the participants made several recommendations
in the focus group and the user evaluation that were not
implemented mainly due to time and resource constraints. While
we acknowledge this as a limitation, it is not uncommon to see
such limitations in digital health projects, as it is practically
impossible to implement all findings from user evaluation
[34,35]. Finally, even though we planned to recruit health
professionals who identify as or have expertise in providing
abortion services to underserved populations (ie, racialized
people, migrants, people with disabilities, homeless and
underhoused people, sex workers, 2SLGBTQI+ people, and
youths as well as those living in or providing abortion services
in rural or remote areas), it was difficult to find health
professionals who identify as or has expertise in all these diverse
populations. Therefore, some phases were completed without
adequate input from health professionals with expertise or
experience in providing abortion services to underserved
populations.

Conclusions
Drawing on a user-centered design approach, we cocreated a
gender-affirming and culturally appropriate open-access
mentorship platform with and for health care professionals to
support the equitable provision of abortion in Canada. We
believe that a platform of this nature would increase medication
abortion awareness among health care professionals and
destigmatize abortion care while clarifying the myths and
misconceptions that often create tensions and foment general

JMIR Hum Factors 2025 | vol. 12 | e63364 | p.184https://humanfactors.jmir.org/2025/1/e63364
(page number not for citation purposes)

Abdulai et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


uncertainties in initiating and sustaining abortion care. With
underserved populations more likely to have unintended
pregnancies than the general population [36,37], a website that
specifically seeks to improve the competencies of health care
professionals in providing abortion services to this population
is important and timely. We believe that this platform has the
potential to enhance the knowledge and expertise of health care

professionals, particularly those in rural and remote areas on
how to initiate and sustain abortion care for HPSM populations
in Canada who face the most barriers in access to health
services. This platform is also expected to provide the necessary
resources needed to support health care professionals in
providing evidence-based and culturally safe medication
abortion for health care professionals in rural and remote areas.
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Abstract

Background: Assessing the daily lives of older adults, including their activities, social interactions, and well-being is essential,
particularly in nursing homes, as it gains insights into their quality of life. Methods such as the Microsoft Excel-based Maastricht
Electronic Daily Life Observation (MEDLO) tool are time-consuming and require extensive manual input, making them difficult
to use.

Objective: This study aimed to develop an app-based version of the MEDLO using a user-centered design (UCD) and co-design
approach to enhance efficiency and usability. We looked to actively involve researchers and care professionals who have used
the MEDLO before, throughout the development process.

Methods: Participants included a diverse group of researchers and care professionals experienced in using the MEDLO tool.
The UCD approach involved multiple iterative phases including semistructured interviews, user research sessions, and application
development. Data were analyzed using a qualitative (thematic) approach of UCD and user research sessions. The app, which
was preferred to the traditional Excel-based MEDLO, underwent multiple iterations. This method primed the continuous iterative
development of the app, aimed for a minimum viable product (MVP).

Results: This study included 14 participants, primarily female, from diverse professional backgrounds. Their feedback highlighted
the need for efficiency improvements in tool preparation and data management. Key improvements included automated data
handling, an intuitive tablet interface, and functionalities such as randomization and offline data syncing.

Conclusions: The iterative development process led to an app that aligns with end-user needs, indicating potential for improved
usability. Early and continuous user involvement was key in enhancing the application’s usability, demonstrating the importance
of user feedback in the development process.

(JMIR Hum Factors 2025;12:e57911)   doi:10.2196/57911

KEYWORDS

co-design; user-centered design; app development; nursing home; user-centered; design; efficiency; usability; tablet; mobile
phone

Introduction

Assessing the daily lives of older adults, particularly in the
context of nursing homes, is essential for gaining insights into
quality of life [1,2]. It allows health care providers to detect and
address issues related to their physical health (eg, mobility
limitations, pain), mental well-being (eg, mood disturbances,
cognitive decline), and social interactions (eg, isolation,
engagement in activities) in a timely manner [1,3,4]. This
information can then be used to personalize care plans, thereby
potentially improving health outcomes and enhancing the overall
quality of life of older adults [5,6].

Ecological momentary assessments (EMAs) have been
developed to facilitate this process by providing real-time,

on-site evaluations of an individual’s well-being [5,7,8]. EMA
involves collecting data on individuals’ behaviors and
experiences in their natural environments, which can then be
used to identify patterns and inform interventions [7]. However,
existing EMA tools are mainly used in research settings, and
their implementation in clinical practice has been challenging
due to the time-consuming nature of data collection and the
complexity of the tools [9,10]. The Maastricht Electronic Daily
Life Observation tool (MEDLO-tool) is designed to assess the
daily lives of nursing home residents using EMA methodologies
[1,4]. The tool captures real-time information across several
key dimensions of daily life, including activity levels (eg,
participation in communal or solitary activities), agitation, mood
states, and interactions with staff, fellow residents, and visitors
[1,4,11]. By systematically observing and recording these
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aspects, the MEDLO-tool provides a nuanced view of residents’
experiences, which can inform personalized care strategies [4].
However, the MEDLO-tool relies on Excel templates that
require significant manual input and are not user-friendly for
care professionals [1,4]. The complexity of the Excel-based
system poses significant challenges, including data entry errors,
time inefficiency, and barriers to widespread adoption in clinical
settings [12,13]. This complexity can be particularly problematic
in nursing homes, where staff may have limited time and
technological proficiency [13].

Developing a mobile application for the MEDLO-tool could
address these challenges by automating data collection
processes, reducing manual input, and providing an intuitive
interface for users [14,15]. An app could streamline
observations, enable real-time data analysis, and facilitate
immediate feedback to care providers, thereby enhancing the
tool’s use in clinical practice. Furthermore, considering the
unique needs of residents with dementia, it is important that
such an app is designed to account for cognitive impairments
and communication difficulties [16,17]. The development of
such an app requires a thorough understanding of the needs and
preferences of the end-users. A user-centered design (UCD)
approach is vital for developing software that truly meets users’
needs [14,18]. UCD emphasizes involving users throughout the
design process to ensure that the product aligns with their
requirements and preferences [19]. This involves iterative cycles
of user need assessment, design, prototyping, and testing [20].

Co-design, a component of UCD, involves direct collaboration
between users and designers, requiring the active participation
of users in generating ideas, making decisions, and solving
problems [21,22]. This not only ensures the software’s
functionality but also its usability [21].

Potential barriers to implementing such technology include
technological literacy among staff, user engagement, and
ensuring data privacy and security [13,23]. By actively involving
care professionals and stakeholders in the design process, we
aim to create a tool that is both functional and user-friendly,
facilitating its adoption in clinical practice and ultimately
improving the quality of care for residents with dementia.
Therefore, this study is aimed at developing an app for
measuring the daily life of residents with dementia living in
nursing homes, using a user-centered and co-design approach.

Methods

Study Design
This methodological study aimed to develop a mobile
application version of the MEDLO-tool for use in long-term
care facilities, using a UCD approach [24-26]. The study
unfolded in multiple iterative phases, including semistructured
interviews, user research sessions, application development,
and comprehensive data analysis, as illustrated in Figure 1. The
project culminated in the achievement of a minimum viable
product (MVP).

Figure 1. The iterative process of app development. MVP: minimum viable product.

Participants
Participants were selected through purposive sampling to include
individuals with experience using the MEDLO-tool. The sample
consisted of researchers and health care professionals affiliated
with Maastricht University and local nursing homes. Inclusion
criteria were previous use of the MEDLO-tool and willingness
to participate in the study. A total of 14 participants were
recruited, comprising research assistants, PhD candidates,
postdoctoral researchers, senior researchers, occupational
therapists, research coordinators, and associate professors.

Data Collection
Data collection involved semistructured interviews and user
research sessions conducted between January and June 2023.

Interviews
Semistructured interviews were guided by a comprehensive list
of topics derived from available literature and consultation with
the researchers who developed the original MEDLO-tool [1,4].
The interview guide can be found in Multimedia Appendix 1.
The interviews aimed to gather insights into participants’
experiences with the Excel-based MEDLO-tool, usability issues,
functionality requirements, data analysis techniques, and general
impressions [27]. Each interview lasted approximately 45 to 60
minutes and was audio-recorded with participants’consent. The
audio was transcribed verbatim for analysis. The interview guide
is provided in the supplementary materials.

The interview transcriptions were subjected to a 6-phase
thematic analysis process, aligning with the methodologies
supported by previous research [28-30]. The inductive analysis
was conducted by one researcher. A second researcher reviewed
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the coding to enhance trustworthiness. This comprehensive
process involved familiarization with the data, generating initial
codes, identifying themes, reviewing themes, defining and
naming themes, and ultimately, reporting the results. The
resulting report summarized the key findings, interpretations,
and implications, to provide valuable insights for the next stages
of the development of the app.

User Research Sessions
A total of 2 user research sessions were conducted monthly to
involve participants in the iterative development process. The
session guide can be found in Multimedia Appendix 2. Each
session lasted approximately 2 hours and was held at Maastricht
University. Participants interacted with app prototypes using
tablets and smartphones provided by the research team. The
sessions included guided tasks (eg, completing an observation
using the app), open-ended discussions, and interactive feedback
activities facilitated by researchers using prototypes and
interactive demos. The structure of these sessions was informed
by previous co-design methodologies [1,3,31].

Data Analysis

Qualitative Analysis of Interviews
Interview recordings were transcribed verbatim and analyzed
using thematic analysis following Braun and Clarke’s 6-phase
approach [28]. A total of 2 researchers independently coded the
transcripts to enhance reliability. Initial codes were generated
and organized into potential themes. Discrepancies in coding
were discussed and resolved through consensus meetings.
Themes were reviewed and refined to ensure they accurately
represented the data. The final themes captured key insights
into the usability and functionality of the MEDLO-tool,
informing the app development. The overall process of thematic
analysis was guided by earlier works in this field [29,30]. The
session guide is provided in Multimedia Appendix 1.

User Research Sessions
Each user research session included guided tasks (eg, completing
an observation using the app), open-ended discussions, and
interactive feedback activities facilitated by researchers using
mock-ups and interactive demos. Feedback from user research
sessions was documented through field notes and audio
recordings. An inductive content analysis was conducted by
one researcher, who coded feedback and categorized issues into
4 themes: layout, functionality, errors, and appearance. A second
researcher reviewed the coding to enhance trustworthiness. This
categorization allowed the development team to prioritize user
concerns based on frequency and severity, ensuring a
user-centric approach to app refinement.

Application Development
The application was developed using “.NET MAUI” (ie, a
framework designed by Microsoft) for cross-platform
compatibility on iOS and Android devices. The server-side (ie,
where the data are sent to) used “ASP.NET Core” (ie, a

framework designed by Microsoft) for a maintainable and
performant application. The development process was iterative,
with weekly meetings between developers and researchers to
integrate user feedback from the interviews and user research
sessions.

Usability testing involved participants completing specific tasks
using the app prototypes while researchers observed and noted
any issues. Testing sessions were conducted in a controlled
environment to simulate actual usage conditions. Feedback from
these tests informed further refinements and addressed potential
adoption or feasibility issues.

Ethical Considerations
This study did not require formal ethics approval under the
Medical Research Involving Human Subjects Act (WMO). In
the Netherlands, research that collects only anonymized or
nonsensitive feedback—without requiring participants to
undergo procedures that affect their physical or psychological
integrity—is not considered WMO research and is therefore
exempt from ethics review. The guidelines provided by the
Central Committee on Research Involving Human Subjects
clarify that retrospective or noninvasive studies using aggregated
or anonymized data do not fall under the scope of the WMO
[32]. The Maastricht University Medical Center+ Research
Code also confirms that studies conducted with minimal risk,
such as those analyzing collective feedback, do not require
formal ethical review. All participant feedback was anonymized
and is presented in aggregate form to ensure confidentiality
[33].

Results

Sample
The study involved 14 participants with an average age of 36
(SD 10; median 39; range 24‐57) years, and 93% (13/14) of
them were female. The participants represented a diverse range
of professions, including research assistants (n=3), PhD
candidates (n=4), postdoctoral researchers (n=2), a senior
researcher (n=1), an occupational therapist (n=1), a research
coordinator (n=1), an associate professor (n=1), and an
individual who was currently unemployed. Most participants
(9/14, 64%) were affiliated with Maastricht University, while
others worked at health care providers (4/14, 29%) or were
unemployed (1/14, 7%). The average duration of employment
at their respective institutions was 6 (SD 5; median 6; range
0.5‐16) years.

All 14 participants had previous experience with the
MEDLO-tool; 12 (86%) participants had used it directly in their
research, while 2 (14%) participants had used it as inspiration
for developing other tools different from MEDLO. All
participants had also been in contact with the developers of the
MEDLO-tool. Table 1 presents the demographic information
of the participants in detail.
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Table . Demographic information of the participants.

ValuesCharacteristic

Age (years), mean (SD)

36 (7.7)24‐57

Gender, n (%)

13 (93)Female

1 (7)Male

Time at institution, mean (SD)

6 (3.3)6 months to 16 years

Use of the tool, n (%)

12 (86)Used in research

2 (14)Inspiration for another tool

Contact with developers, n (%)

14 (100)All participants

Participants’ affiliations, n (%)

9 (64)University

4 (29)Health care provider

1 (7)Unemployed

Interviews
The participants described the process of using the MEDLO-tool
in research projects as comprising 7 distinct phases: (1)
acquiring informed consent, (2) preparing the Excel sheets
before the observation, (3) familiarizing themselves with the
faces of the residents who would be observed, (4) conducting
the observations, (5) fixing issues with the data (such as missing
values or inconsistencies), (6) analyzing the data, and (7)
communicating the data back to the care organizations.

Participants emphasized that the preparation of the tool and the
subsequent data cleaning were particularly time-consuming and
would significantly benefit from automation. One participant
stated, “Every time before we do a new observation, we have
to look at the participants, randomize them several times, and
input all of this into the Excel sheet.” Another participant
highlighted the challenges faced after data collection, “After
the observation is done, I have to go through the whole
document to check all the fields that I didn’t have time to fill
out or that I didn’t know how to rate.” These comments reflect
the manual and labor-intensive nature of the existing process,
which participants found cumbersome.

Participants reported that during observations, they used separate
pieces of paper to write down descriptions of each resident’s
appearance because the observation periods were too short to
input this information into the Excel sheet in real time. They
suggested that having an additional field to securely write this
information directly on the tablet would make the process more
accessible. One participant explained, “We usually arrive at
least half an hour earlier, so we can ask the nurses which
participant corresponds to which name, and write down what
they look like. We do that to find them back more easily during
the observation.” Another participant elaborated on the logistical

challenges, “The data entry process on the tablet is intuitive,
but we also have to keep track of the patient names and
descriptions on paper, we carry the manual, and we use a timer
on our phone to ensure that we don’t spend too long on any
resident. This is a lot to carry around.” Regarding data reporting,
participants indicated that the data reported back to the nursing
homes primarily consisted of quantitative measures, which could
potentially be automated through a dashboard (eg, Microsoft
PowerBI). Participants expressed that automating this process
would reduce the time between data collection and reporting,
which currently could be several months. One participant noted,
“When we want to report back the numbers to the care
organization, we make a PowerPoint presentation that includes
aggregated numbers. This usually takes place several months
after the observations.” Another participant suggested: “I think
some of the numbers could be reported back automatically.”

Overall, participants preferred using a tablet compared to using
pen and paper, citing the intuitive data entry process. However,
they also mentioned that a tool compatible with smartphones
would be beneficial, especially for care professionals who might
find tablets less convenient. One participant remarked, “I think
the tool works well, but I’m not sure if it would be usable like
this for nurses.”

Initial User Research Session
Based on the information gathered during the interviews and
the suggested points for improvement, an initial version of the
application was created and provided to the participants for the
first user research session. This first draft of the application
consisted of an dashboard web application and a mobile app,
both of which included the core components but had limited
functionality. Multimedia Appendix 3 shows the app and
dashboard as they were presented to the participants. Multimedia
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Appendix 4 provides a detailed overview the feedback received
during the initial user research session.

During the initial user research session, participants expressed
largely positive sentiments towards the concept of the
application and appreciated the efforts made in its development.
One participant commented, “I know we have a lot of complaints
about the app, but we really appreciate the work [the
development team] has done already.” However, participants
also identified several areas for improvement. They expressed
concerns regarding certain features of the app, such as the timer
functionality, which lacked a reset option. Participants noted
that in their current practice, they used interval timers on their
phones to manage observation times for each resident, and the
app’s timer did not adequately support this need. One participant
suggested, “What could be nice is some kind of interval timer.
That’s what we currently use on our phones.” In addition,
participants missed the comprehensive overview provided by
the Excel-based MEDLO-tool, as the prototype app had been
designed primarily for phone screens and did not offer the same
level of data visibility. One participant observed, “Normally,
you could easily scroll back in the overview.” Furthermore,
there were some unclear aspects of the app, such as certain
functionalities being available only through the dashboard and
not within the app itself. Participants found labels on buttons
to be unclear, which led to confusion during navigation. They
recommended improving the screen layout for better usability
and enabling easy switching between participants by a list.

Participants raised concerns about data storage and security,
even though these aspects had been addressed in the app’s
design. They questioned how the data was stored and whether
it was encrypted. It was explained to them that the data was
stored on the device (ie, phone or tablet) in encrypted form and
could be synced to a secure server. Regarding randomization,
participants asked how it would be conducted within the app
and where they could access this feature. It was clarified that
randomization was performed automatically upon creating a
new observation group. A participant inquired, “How do I
randomize the participants in the app?” To which the response
was, “That is done automatically when an observation group is
added.”

Participants inquired about features that had not yet been
implemented but were planned for future updates. For example,
they asked if the app would work offline, which was an
important consideration for use in environments with limited
internet connectivity. They also asked whether the data could
be exported to Excel for further analysis. These features were
already part of the application’s development roadmap but were
not yet available in the user interface at the time of the session.
One participant expressed concern, “I don’t know if it’s an issue
when I lose connection, or whether I lose my data.” Another
participant discussed data export capabilities, “These are the
data you see when you download the Excel file. With Excel, it
looks a bit different, but what you see here are all the column
names.”

Second User Research Session
Following the initial user research session, the app was updated
to address the feedback received. Adjustments were made to

the timer functionality, screen layout, language translation, and
several other features as per the participants’ suggestions. A
second version of the application was then provided to the
participants for the subsequent user research session. In
Multimedia Appendix 5, the feedback received during the
second user research session is detailed.

In the second session, participants expressed fewer concerns
regarding the application, indicating that many of their initial
issues had been resolved. However, they still provided valuable
feedback on functionality and appearance. One of the main
concerns was that the app was not yet fully translated into Dutch;
while significant progress had been made, some parts remained
in English. Participants emphasized the importance of complete
translation before the app could be effectively used by nurses
and other care professionals. One participant remarked, “Most
of the app has been translated, but some of the texts are still
only in English.” Another participant added, “This all needs to
be translated before we can hand this to nurses.”

Participants also suggested that the criteria for showing and
hiding fields during observations should be further refined based
on relevance, to streamline the data entry process and reduce
cognitive load. They discussed various small changes in the
appearance of the app to enhance usability and visual appeal.
For instance, they recommended that the “star” button used to
mark important observations be made a different color to stand
out more prominently. One participant suggested, “Could you
make the star button orange to make it stand out a bit more?”
In addition, participants found the criteria for marking an
observation as “complete” to be somewhat confusing. They
proposed that once an activity has been set for an observation,
it should be automatically marked as complete to provide clearer
feedback to the user. One participant explained, “I would prefer
it if the observation could be marked as ‘complete’ when the
activity has been set.” Participants also recommended offering
flexibility in the number of observation rounds that could be
added, as different research protocols or care routines might
require varying numbers of observations. They suggested
making the process more efficient by creating a priority list or
extending the default time block for certain observations that
typically take longer. Furthermore, participants emphasized the
importance of ensuring that the app’s manual could be accessed
from within the app itself. They stressed that the manual should
be clear, comprehensive, and align with users’ practical
experiences to facilitate ease of use, especially for new users.

By the conclusion of the second user research session,
participants expressed optimism about the app’s potential to
improve their workflow and reduce the time spent on manual
data entry and processing. They acknowledged the
responsiveness of the development team to their feedback and
looked forward to future iterations of the app that would
incorporate their latest suggestions.

Discussion

Principal Findings
This study successfully developed an app-based version of the
MEDLO-tool aimed at assessing the daily life of residents with
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dementia in nursing homes. By using a UCD approach, we
incorporated feedback from participants throughout the
development process, resulting in a minimum viable product
that aligns with the needs and preferences of end-users.

The iterative development process revealed that larger issues,
such as bugs and significant feature requests, were identified
and addressed in the initial phases. Subsequent user research
sessions showed a decrease in the number and severity of issues,
indicating progressive refinement of the app. Participants
expressed that the app improved upon the Excel-based
MEDLO-tool by streamlining data collection and reducing
manual input, thereby potentially enhancing usability.

Balancing end-user feedback with established best practices
and user interface guidelines was crucial during development
[34-37]. While participants provided valuable suggestions, not
all could be implemented due to conflicting requests and
constraints related to usability standards. For instance, some
users desired a more complex timer feature, whereas others
preferred simplicity. Decisions were made to benefit the majority
and adhere to platform guidelines to ensure familiarity and ease
of use [34,35].

The effectiveness of the UCD approach in this study aligns with
previous research demonstrating its benefits in software
development [38,39]. A key factor in our success was the
development team’s familiarity with the context of long-term
care for older adults. This domain knowledge facilitated
insightful conversations between developers and participants,
reducing misunderstandings and accelerating the development
process. Previous studies have highlighted that cognitive
similarity and shared jargon can enhance team performance
[40,41].

Limitations
Despite these strengths, the study has limitations that warrant
consideration. The participant sample consisted primarily of
researchers affiliated with the University, which may limit the
generalizability of the findings to care professionals who are
the intended end-users in clinical settings. While these
researchers had extensive experience with the MEDLO-tool,
involving a broader range of stakeholders, including nurses and
other care staff, could provide additional insights into usability
and practical implementation. Furthermore, the app was not

tested in a real-life nursing home environment, which could
have revealed context-specific challenges and opportunities.

Future Work
Future research should focus on conducting pilot studies to
evaluate the feasibility and effectiveness of the MEDLO app in
real-world nursing home settings. Involving care professionals
in these studies would help assess the app’s usability,
accessibility, and impact on daily workflows. In addition,
gathering feedback from residents and their families could
provide a more comprehensive understanding of the app’s
influence on care quality.

Further development could explore integrating advanced
technologies, such as artificial intelligence and machine learning,
to enhance data analysis and provide predictive insights [42,43].
For example, natural language processing could be used to
automate the interpretation of observational data, aiding care
providers in identifying patterns and potential areas for
intervention. However, implementing such technologies would
require careful consideration of ethical implications, data
privacy, and user acceptance.

Future research may also investigate the usability in practice,
by letting nurses use the app in their daily work. This could
provide valuable insights into the app’s integration into existing
workflows and its impact on the quality of care provided to
residents. In addition, longitudinal studies could assess the
long-term effects of using the app on care outcomes and staff
satisfaction. This information could inform further refinements
and improvements to the MEDLO app, ensuring its relevance
in long-term care.

Conclusion
This study successfully demonstrates the viability and demand
for an app-based MEDLO-tool for assessing residents with
dementia in nursing homes. By using a UCD approach, this
study addressed the limitations of the existing Excel-based
system by offering a more efficient and user-friendly alternative.
This study shows that involving users early on in the process
and keeping them involved can have a positive effect on the
usability of an application. The MEDLO app shows that a UCD
approach can provide real benefits in the development of a
digital tools in nursing homes.
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The interview guide used for the user research sessions.
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Multimedia Appendix 3
A screenshot of what the dashboard of the application looks like.
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Multimedia Appendix 4
Feedback from the initial user research session.
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Multimedia Appendix 5
Feedback from the second user research session.
[DOCX File, 15 KB - humanfactors_v12i1e57911_app5.docx ]

References
1. de Boer B, Beerens HC, Zwakhalen SMG, Tan FES, Hamers JPH, Verbeek H. Daily lives of residents with dementia in

nursing homes: development of the Maastricht electronic daily life observation tool. Int Psychogeriatr 2016
Aug;28(8):1333-1343. [doi: 10.1017/S1041610216000478]

2. Logsdon RG, Gibbons LE, McCurry SM, Teri L. Assessing quality of life in older adults with cognitive impairment.
Psychosom Med 2002 May;64(3):510-519. [doi: 10.1097/00006842-200205000-00016]

3. Dunton GF. Ecological momentary assessment in physical activity research. Exerc Sport Sci Rev 2017 Jan;45(1):48-54.
[doi: 10.1249/JES.0000000000000092] [Medline: 27741022]

4. Beerens HC, de Boer B, Zwakhalen SMG, et al. The association between aspects of daily life and quality of life of people
with dementia living in long-term care facilities: a momentary assessment study. Int Psychogeriatr 2016 Aug;28(8):1323-1331.
[doi: 10.1017/S1041610216000466]

5. Bajenaru L, Marinescu IA, Dobre C, Prada GI, Constantinou CS. Towards the development of a personalized healthcare
solution for elderly: from user needs to system specifications. Presented at: 2020 12th International Conference on Electronics,
Computers and Artificial Intelligence (ECAI); Jun 25-27, 2020; Bucharest, Romania. [doi:
10.1109/ECAI50035.2020.9223254]

6. Stewart AL, King AC. Evaluating the efficacy of physical activity for influencing quality-of-life outcomes in older adults.
Ann Behav Med 1991 Sep 1;13(3):108-116. [doi: 10.1093/abm/13.3.108]

7. Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol 2008 Apr 1;4(1):1-32.
[doi: 10.1146/annurev.clinpsy.3.022806.091415]

8. Moore RC, Depp CA, Wetherell JL, Lenze EJ. Ecological momentary assessment versus standard assessment instruments
for measuring mindfulness, depressed mood, and anxiety among older adults. J Psychiatr Res 2016 Apr;75:116-123. [doi:
10.1016/j.jpsychires.2016.01.011] [Medline: 26851494]

9. Or CKL, Karsh BT. A systematic review of patient acceptance of consumer health information technology. J Am Med
Inform Assoc 2009;16(4):550-560. [doi: 10.1197/jamia.M2888] [Medline: 19390112]

10. Gagnon MP, Desmartis M, Labrecque M, et al. Systematic review of factors influencing the adoption of information and
communication technologies by healthcare professionals. J Med Syst 2012 Feb;36(1):241-277. [doi:
10.1007/s10916-010-9473-4] [Medline: 20703721]

11. Beerens HC, Zwakhalen SMG, Verbeek H, et al. The relation between mood, activity, and interaction in long-term dementia
care. Aging & Mental Health 2018 Jan 2;22(1):26-32. [doi: 10.1080/13607863.2016.1227766]

12. Lee H, Chapiro J, Schernthaner R, et al. How I do it: a practical database management system to assist clinical research
teams with data collection, organization, and reporting. Acad Radiol 2015 Apr;22(4):527-533. [doi:
10.1016/j.acra.2014.12.002] [Medline: 25641319]

13. Kruse CS, Kristof C, Jones B, Mitchell E, Martinez A. Barriers to electronic health record adoption: a systematic literature
review. J Med Syst 2016 Dec;40(12):252. [doi: 10.1007/s10916-016-0628-9] [Medline: 27714560]

14. Adipat B, Zhang D. Interface design for mobile applications. Presented at: 11th Americas Conference on Information
Systems, AMCIS 2005; Aug 11-14, 2005; Omaha, NE, United States.

15. Martínez-Pérez B, de la Torre-Díez I, López-Coronado M. Mobile health applications for the most prevalent conditions by
the World Health Organization: review and analysis. J Med Internet Res 2013 Jun 14;15(6):e120. [doi: 10.2196/jmir.2600]
[Medline: 23770578]

16. dos Santos Picanco LC, Ozela PF, de Fatima de Brito Brito M, et al. Alzheimer’s disease: a review from the pathophysiology
to diagnosis, new perspectives for pharmacological treatment. CMC 2018 Sep 4;25(26):3141-3159. [doi:
10.2174/0929867323666161213101126]

JMIR Hum Factors 2025 | vol. 12 | e57911 | p.194https://humanfactors.jmir.org/2025/1/e57911
(page number not for citation purposes)

Hacking et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e57911_app2.docx&filename=b8b585b1-f51f-11ef-a1d5-e51c38c01385.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57911_app2.docx&filename=b8b585b1-f51f-11ef-a1d5-e51c38c01385.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57911_app3.png&filename=b8c9a9f1-f51f-11ef-a1d5-e51c38c01385.png
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57911_app3.png&filename=b8c9a9f1-f51f-11ef-a1d5-e51c38c01385.png
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57911_app4.docx&filename=b8e56f51-f51f-11ef-a1d5-e51c38c01385.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57911_app4.docx&filename=b8e56f51-f51f-11ef-a1d5-e51c38c01385.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57911_app5.docx&filename=b8fdd951-f51f-11ef-a1d5-e51c38c01385.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e57911_app5.docx&filename=b8fdd951-f51f-11ef-a1d5-e51c38c01385.docx
http://dx.doi.org/10.1017/S1041610216000478
http://dx.doi.org/10.1097/00006842-200205000-00016
http://dx.doi.org/10.1249/JES.0000000000000092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27741022&dopt=Abstract
http://dx.doi.org/10.1017/S1041610216000466
http://dx.doi.org/10.1109/ECAI50035.2020.9223254
http://dx.doi.org/10.1093/abm/13.3.108
http://dx.doi.org/10.1146/annurev.clinpsy.3.022806.091415
http://dx.doi.org/10.1016/j.jpsychires.2016.01.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26851494&dopt=Abstract
http://dx.doi.org/10.1197/jamia.M2888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19390112&dopt=Abstract
http://dx.doi.org/10.1007/s10916-010-9473-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20703721&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2016.1227766
http://dx.doi.org/10.1016/j.acra.2014.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25641319&dopt=Abstract
http://dx.doi.org/10.1007/s10916-016-0628-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27714560&dopt=Abstract
http://dx.doi.org/10.2196/jmir.2600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23770578&dopt=Abstract
http://dx.doi.org/10.2174/0929867323666161213101126
http://www.w3.org/Style/XSL
http://www.renderx.com/


17. Bernstein Sideman A, Harrison KL, Garrett SB, Naasan G, Group D, Ritchie CS. Practices, challenges, and opportunities
when addressing the palliative care needs of people living with dementia: Specialty memory care provider perspectives.
Alzheimers Dement (N Y) 2021;7(1):e12144. [doi: 10.1002/trc2.12144] [Medline: 33969177]

18. Wang W, Grundy J, Khalajzadeh H, Madugalla A, Obie HO. Designing adaptive user interfaces for mhealth applications
targeting chronic disease: a user-centric approach. arXiv. Preprint posted online on May 14, 2024. [doi:
10.48550/arXiv.2405.08302]

19. Norman DA. User Centered System Design: New Perspectives on Human-Computer Interaction: CRC Press; 1986.
20. Gould JD, Lewis C. Designing for usability: key principles and what designers think. Commun ACM 1985 Mar;28(3):300-311.

[doi: 10.1145/3166.3170]
21. Tan L, Szebeko D. Co-designing for dementia: the Alzheimer 100 project. AMJ 2008 Nov 1:185-198. [doi:

10.4066/AMJ.2009.97]
22. Slattery P, Saeri AK, Bragge P. Research co-design in health: a rapid overview of reviews. Health Res Policy Syst 2020

Feb 11;18(1):17. [doi: 10.1186/s12961-020-0528-9] [Medline: 32046728]
23. Martı́nez-Pérez B, Torre-Dı́ez I, López-Coronado M. Privacy and security in mobile health apps: a review and

recommendations. J Med Syst Springer 2015 Jan;39(1). [doi: 10.1007/s10916-014-0181-3]
24. McCusker D, Guzik K. User-Centered Design for Middleware: Elsevier; 2007.
25. Couture B, Lilley E, Chang F, et al. Applying user-centered design methods to the development of an mHealth application

for use in the hospital setting by patients and care partners. Appl Clin Inform 2018 Apr;9(2):302-312. [doi:
10.1055/s-0038-1645888] [Medline: 29742756]

26. Abras C, Maloney-Krichmar D, Preece J. Bainbridge, W Encyclopedia of Human-Computer Interaction Thousand: Sage
Publications; 2004, Vol. 37:445-456.

27. Wilson C. Interview Techniques for UX Practitioners: A User-Centered Design Method: Elsevier; 2013.
28. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:

10.1191/1478088706qp063oa]
29. Maguire M, Delahunt B. Doing a thematic analysis: a practical, step-by-step guide for learning and teaching scholars.

AISHE-J 2017;9(3). [doi: 10.62707/aishej.v9i3.335]
30. Strauss A, Corbin J. Basics of Qualitative Research Techniques: Sage Publications; 1998.
31. Fox S, Brown LJE, Antrobus S, et al. Co-design of a smartphone app for people living with dementia by applying agile,

iterative co-design principles: development and usability study. JMIR Mhealth Uhealth 2022 Jan 14;10(1):e24483. [doi:
10.2196/24483] [Medline: 35029539]

32. Your research: is it subject to the WMO or not? Central Committee on Research Involving Human Subjects. URL: https:/
/english.ccmo.nl/investigators/legal-framework-for-medical-scientific-research/your-research-is-it-subject-to-the-wmo-or-not
[accessed 2025-02-13]

33. Research code version 2024. Maastricht UMC+. 2024. URL: https://www.mumc.nl/sites/default/files/2024-02/
Research_Code_v2024.pdf [accessed 2025-02-13]

34. Visnapuu K. Consistency, efficiency, and scalability in design systems: a comparative analysis of material design, Apple’s
human interface guidelines, and IBM design systems. : Uppsala University; 2023.

35. Gülenman T. Designing better mobile apps: an experimental evaluation of apple’s and google’s design guidelines: how
analysing the human interface guidelines for ios and material design for android better our understanding of the usability
challenges app users face and what we can do to overcome key issues [Thesis]. : Jönköping University School of Engineering;
2022 URL: https://www.diva-portal.org/smash/get/diva2:1677778/FULLTEXT01.pdf [accessed 2025-01-31]

36. Eberts RE. User Interface Design: Prentice-Hall, Inc; 1994.
37. Peter Dey P, Raj Sinha B, Amin M, Badkoobehi H. Best practices for improving user interface design. IJSEA 2019 Sep

30;10(5):71-83 [FREE Full text] [doi: 10.5121/ijsea.2019.10505]
38. Mao JY, Vredenburg K, Smith PW, Carey T. The state of user-centered design practice. Commun ACM 2005

Mar;48(3):105-109. [doi: 10.1145/1047671.1047677]
39. Van Elzakker C, Delikostidis I. User-centered design of mobile geo-applications. In: Handbook of Research on Mobile

Software Engineering: Design, Implementation, and Emergent Applications: IGI Global; 2013:772-787. [doi:
10.4018/978-1-4666-4301-7.ch037]

40. Kang HR, Yang HD, Rowley C. Factors in team effectiveness: cognitive and demographic similarities of software
development team members. Hum Rel 2006 Dec;59(12):1681-1710. [doi: 10.1177/0018726706072891]

41. He J, Butler BS, King WR. Team cognition: development and evolution in software project teams. J Manag Inf Syst 2007
Oct;24(2):261-292. [doi: 10.2753/MIS0742-1222240210]

42. Ashraf A, Imam A. ChatGPT’s use case for software engineers. IET Conf Proc 2023 Jul 26;2023(5):487-492. [doi:
10.1049/icp.2023.1537]

43. Roziere B, Gehring J, Gloeckle F, Sootla S, Gat I, Tan XE, et al. Code Llama: open foundation models for code. arXiv.
Preprint posted online on Aug 24, 2023. [doi: 10.48550/arXiv.2308.12950]

JMIR Hum Factors 2025 | vol. 12 | e57911 | p.195https://humanfactors.jmir.org/2025/1/e57911
(page number not for citation purposes)

Hacking et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1002/trc2.12144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33969177&dopt=Abstract
http://dx.doi.org/10.48550/arXiv.2405.08302
http://dx.doi.org/10.1145/3166.3170
http://dx.doi.org/10.4066/AMJ.2009.97
http://dx.doi.org/10.1186/s12961-020-0528-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32046728&dopt=Abstract
http://dx.doi.org/10.1007/s10916-014-0181-3
http://dx.doi.org/10.1055/s-0038-1645888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29742756&dopt=Abstract
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.62707/aishej.v9i3.335
http://dx.doi.org/10.2196/24483
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35029539&dopt=Abstract
https://english.ccmo.nl/investigators/legal-framework-for-medical-scientific-research/your-research-is-it-subject-to-the-wmo-or-not
https://english.ccmo.nl/investigators/legal-framework-for-medical-scientific-research/your-research-is-it-subject-to-the-wmo-or-not
https://www.mumc.nl/sites/default/files/2024-02/Research_Code_v2024.pdf
https://www.mumc.nl/sites/default/files/2024-02/Research_Code_v2024.pdf
https://www.diva-portal.org/smash/get/diva2:1677778/FULLTEXT01.pdf
http://www.airccse.org/journal/ijsea/vol10.html
http://dx.doi.org/10.5121/ijsea.2019.10505
http://dx.doi.org/10.1145/1047671.1047677
http://dx.doi.org/10.4018/978-1-4666-4301-7.ch037
http://dx.doi.org/10.1177/0018726706072891
http://dx.doi.org/10.2753/MIS0742-1222240210
http://dx.doi.org/10.1049/icp.2023.1537
http://dx.doi.org/10.48550/arXiv.2308.12950
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
EMA: ecological momentary assessment
MEDLO: Maastricht Electronic Daily Life Observation
MEDLO-tool: Maastricht Electronic Daily Life Observation tool
MVP: minimum viable product
UCD: user-centered design
WMO: Medical Research Involving Human Subjects Act

Edited by A Kushniruk, Y Quintana; submitted 29.02.24; peer-reviewed by H Wörtche, ZVD Heijden; revised version received 22.11.24;
accepted 25.11.24; published 27.02.25.

Please cite as:
Hacking C, de Boer B, Verbeek H, Hamers J, Aarts S
Developing an App for Real-Time Daily Life Observations in a Nursing Home Setting: Qualitative User-Centered Co-Design Approach
JMIR Hum Factors 2025;12:e57911
URL: https://humanfactors.jmir.org/2025/1/e57911 
doi:10.2196/57911

© Coen Hacking, Bram de Boer, Hilde Verbeek, Jan Hamers, Sil Aarts. Originally published in JMIR Human Factors
(https://humanfactors.jmir.org), 27.2.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic
information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

JMIR Hum Factors 2025 | vol. 12 | e57911 | p.196https://humanfactors.jmir.org/2025/1/e57911
(page number not for citation purposes)

Hacking et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2025/1/e57911
http://dx.doi.org/10.2196/57911
http://www.w3.org/Style/XSL
http://www.renderx.com/


Oncology Clinicians' Perspectives of a Remote Patient Monitoring
Program: Multi-Modal Case Study Approach

Ann Marie Mazzella-Ebstein1, RN, PhD; Robert Daly2, MBA, MD; Jennie Huang3, BA; Camila Bernal4, MPH; Clare

Wilhelm5, PhD; Katherine S Panageas6, Dr PH; Jessie Holland7, RN, MSN, NE-BC; Rori Salvaggio7, RN, MS,

NEA-BC; Jill Ackerman4, MBA; Jennifer Cracchiolo5, MD; Gilad Kuperman8, MD, PhD; Jun Mao9, MSCE, MD;

Aaron Begue10, RN, MS, CNP; Margaret Barton-Burke1, RN, PhD
1Nursing Research, Department of Nursing, Memorial Sloan Kettering Cancer Center, New York, NY, United States
10Hospital Administration, Advanced Practice Providers, Memorial Sloan Kettering Cancer Center, New York, NY, United States
2Thoracic Services, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY, United States
3Memorial Sloan Kettering Cancer Center, New York, NY, United States
4Hospital Administration, Memorial Sloan Kettering Cancer Center, New York, NY, United States
5Department of Surgery, Memorial Sloan Kettering Cancer Center, New York, NY, United States
6Epidemiology - Biostatistics, Memorial Sloan Kettering Cancer Center, New York, NY, United States
7Nursing Ambulatory Services, Department of Nursing, Memorial Sloan Kettering Cancer Center, New York, NY, United States
8Digital Informatics & Technology Solutions (DigITs), Memorial Sloan Kettering Cancer Center, New York, NY, United States
9Integrative Medicine Services, Memorial Sloan Kettering Cancer Center, New York, NY, United States

Corresponding Author:
Ann Marie Mazzella-Ebstein, RN, PhD
Nursing Research, Department of Nursing, Memorial Sloan Kettering Cancer Center, New York, NY, United States

Abstract

Background: Remote patient monitoring (RPM) aims to improve patient access to care and communication with clinical
providers. Overall, understanding the usability of RPM applications and their influence on clinical care workflows is limited from
the perspectives of clinician end users at a cancer center in the Northeastern United States.

Objective: This study aims to explore the usability and functionality of RPM and elicit the perceptions and experiences of
oncology clinicians using RPM for oncology patients after hospital discharge.

Methods: The sample included 30 of 98 clinicians (31% response rate) managing at least 5 patients in the RPM program and
responding to the mHealth usability between March 2021 and October 2021. Overall, clinicians responded positively to the
survey. Item responses with the highest proportion of disagreement were explored further. A nested sample of 5 clinicians who
responded to the study survey (30% response rate) participated in interview sessions conducted from November 2021 to February
2022, averaging 60 minutes each.

Results: Survey responses highlighted that RPM was easy to use and learn and verified symptom alerts during follow-up phone
calls. Areas to improve identified practice changes from reporting RPM alerts through digital portals and its influence on clinicians’
workload burden. Interview sessions revealed 3 main themes: clinician understanding and usability constraints, patient constraints,
and suggestions for improving the program. Subthemes for each theme were explored, characterizing technical and functional
limitations that could be addressed to enhance efficiency, workflow, and user experience.

Conclusions: Clinicians support the value of RPM for improving symptom management and engaging with providers.
Improvements to address RPM challenges include functional changes to enhance the program’s utility, such as input from patients
about temporal changes in their symptoms and technical resources for home monitoring devices.

(JMIR Hum Factors 2025;12:e60585)   doi:10.2196/60585

KEYWORDS

cancer; oncology; clinician end users; remote patient monitoring; digital health; implementation science; patient monitoring;
patient access; care; communication; usability; functionality; survey; interview; efficiency; workflow; user; clinician support
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Introduction

Improving the patient’s access to care and enhancing their
quality of life by preventing readmission is the primary goal of
posthospital care delivery, yet traditional oncology care models
often lack communication and monitoring after discharge [1-5].
Consequently, re-admissions for oncology patients within 30
days of discharge for symptoms that could be mitigated with
proactive, remote patient monitoring (RPM) is an opportunity
for advancing oncology patient care [6-8]. Our prior research
at Memorial Sloan Kettering Cancer Center (MSK) highlights
the potential of RPM to facilitate transitions of care through
optimized patient-provider communication and proactive
engagement through digital technology [7,8]. The RPM program
was designed to reduce unplanned care visits following
discharge from the hospital by proactively monitoring patient
status via daily questionnaires. Electronic patient-reported
outcome (ePRO) assessments generated alerts for patients
enrolled in the RPM that were sent to the patient’s primary
oncology care clinician team. Details regarding the early
development and integration of the organizational RPM project,
as well as the patients recruited have been previously published
[3,9-11]. However, limited research exists describing the
perspectives and experiences of the clinician end users regarding
how digital interventions are integrated into clinical care and
the influence of technological health care models on patient
care workflows.

To address this gap, our team developed this study to gain a
greater understanding of the influence of RPM on clinical
workflows in daily practice as part of a larger institutional
initiative supporting center-wide symptom management during
the transition of care from the inpatient to the outpatient setting
[3,9-11]. The purpose of this study is to explore the usability
of the RPM program and the perceptions and experiences of
oncology clinicians using RPM to care for patients in practice
after hospital discharge. The broader aim was to identify the
impact, perceived usefulness ease of use, user control of the
RPM, and barriers and facilitators experienced during the initial
RPM implementation. The Consolidated Framework for
Implementation Research [12] guided this study to query
oncology clinicians, the key contributors to this management

strategy, about their experiences, satisfaction, usefulness, and
value of RPM.

Methods

Overview
The study’s design used a multi-modal case study approach,
using quantitative (survey) and qualitative (interviews and focus
groups) to characterize the phenomenon and context of
integrating RPM into the practice setting [13-18]. This approach
encourages multiple sources of evidence to understand the
clinician’s perspectives about the use and function of RPM in
real-world clinical practice and its influence on patient care
workflows.

Initially, survey methods assessed clinicians’ responses to the
overall usability, functionality, and value of RPM. Second,
clinicians participated in semistructured interviews and focus
group sessions to elicit feedback and explanations about items
of concern found in the survey responses [13,14,17]. The
interview sessions aimed to delve deeper into the survey
concerns and examine the use of the RPM application from a
clinical perspective.

Setting and Clinician Sample
This study focused on clinician end users, specifically nurses
involved in clinical office practices that integrated the initial
organization’s RPM initiative [3,9-11] from October 15, 2018,
to July 10, 2019, at MSK in the Northeastern United States. The
clinicians in this study were the first group of end users involved
in caring for oncology patients using RPM. The RPM program
was rolled out sequentially, beginning with the oncology
services that care for patients with the highest symptom burden
(Table 1). Clinicians from physician office practice settings,
who had experience in caring for at least 5 patients enrolled in
RPM, were invited to participate in the usability survey. This
criterion ensured that the clinicians had ample experience with
using the RPM program. Additionally, a nested sample of
clinicians who completed the survey were recruited to take part
in semistructured interviews to provide further information
about the challenges of the RPM identified from the survey
[19-22].
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Table . Description of practice clinicians by percent of the sample. Clinicians: registered nurse in practice settings; responses (n=30; response rate
31%).

m-Adapted health questionnaire disseminated, n (%)aOncology specialty disease management service

23 (24)Thoracic (THR)

30 (31)Gastro-intestinal (GI)

15 (15)Breast (BR)

6 (6)Sarcoma (SAR)

6 (6)Genito-urinary (GU)

5 (5)General medicine oncology (GMO)

4 (4)Head & neck (HN)

2 (2)Melanoma (MEL)

2 (2)Myeloma (MYL)

1 (1)Bone marrow transplant (BMT)

1 (1)Lymphoma (LYMP)

1 (1)Leukemia (LEU)

2 (2)Covering clinicians/no specific service

98 (100)Total surveys sent

aPercentage of the sample.

Data Collection

Survey
Eligible clinicians in this study who met the study criteria were
identified using the RPMs dashboard. Clinicians were recruited
using the organization’s email with a link to a web-based
consent and m-Adapted Health Usability Questionnaire from
March 2021 to October 2021. To maintain the anonymity of
the clinicians, broad demographic data were collected to quantify
clinicians’ years of experience in their current organizational
roles and use RPMs within electronic health record systems.

The m-Adapted Health Usability Questionnaire [23,24], is a
29-item self-report survey, that assessed an overall
understanding of the functionality of the RPM from the
perspectives of the clinician end users including the quality of
work life, perceived usefulness, and ease of use, and user control
of RPM in a 7-point Likert Scale (1 [strongly disagree] to 7
[strongly agree]). The questionnaire takes about 13 minutes to
complete in REDCap (research electronic data capture;
Vanderbilt University) [25]. The Cronbach α for all scale values
was >0.7 with scores ranging from 0.85 to 0.92. Permission to
use the questionnaire was not required [24].

Interview Sessions and Guide
Clinicians who completed the study’s survey were also recruited
through the organization’s email to take part in 60-minute
interviews or focus group sessions. The interview guide was
developed by the research team based on understanding areas
where the usability of RPM was challenging for the clinicians.
Items from the usability survey where the percentage of
responders who disagree, disagree, and strongly disagree
exceeded 44%, informed the interview and focus group guide.
Topics in the guide were broad enough to elicit narrative data
describing the background and contextual characteristics related
to the clinician’s experience with RPM [26,27]. The interview
guide was organized into four topics: (1) General understanding
and information about the RPM; (2) Experiences, barriers, and
challenges with using the RPM; (3) The Influence of the RPM
on the current workflow; and (4) Suggestions for improvement
(Table 2). Interviews and focus groups were conducted via the
web by the PI (AMME) and the qualitative methods specialist
(MBB) from November 2021 to February 2022. Verbal consent
was obtained from clinicians to record sessions.
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Table . Interview guide.

Aligns surveyProbe questionsMain statementsTopic

Qb 3,4Topic 1: provide general informa-
tion about the topic of study and ask
questions related to the specific ser-
vice and the specific patient needs.

•• Can you briefly describe the
patient group in your office
practices (patient symptom
burden, any factors in this
group that need to be addressed
through RPM)?

Where do you work?
• Can you tell me about your

work with RPMa?
• What can you tell us/each other

about RPM?

• Can you describe your work-
flow and the technology sys-
tems used in your daily work
activities?

• Can you describe the work-
flow, and the systems used
when providing care?

• How does the RPM fit into the
care workflow?

Q 7,9,10,13Topic 2: issues and barriers that are
specific to using the RPM.

•• What functionality is found in
the current systems and appli-
cations used during patient care
activities to make caring for
patients easy?

What are the strengths/barriers
to using RPM from the nursing
perspective?

• What are the strengths/barriers
to using RPM from the pa-
tient’s perspective? • What functionality in the RPM

is not working? Describe?• Do you think RPM is valuable:
to nurses the patients? • Do you think the patients like

using the RPM?
• Does the RPM provide value

for the patients? Care?
• Do you think patient education

about the RPM helps?

Q 18‐20Topic 3: practice workflow; getting
to the issue about the RPM, frequen-
cy of using the toolkit, and the influ-
ence of workflow.

•• Describe how you use the
RPM (and patients with remote
monitoring devised, ie, pulse
oximetry)

How does the RPM toolkit
work with your workflow?

• How do you use the RPM apps
to provide care?

•• How do you use the informa-
tion in caring for your patients?

How do you use the RPM
toolkit using the digital apps?

• Can you describe the communi-
cation among practitioners us-
ing the RPM?

Q 23‐25Topic 4: functionality, if modified,
would be meaningful and helpful
for the RPM, improved workflow,
user satisfaction, and improved pa-
tient outcomes.

•• If you could fix anything about
the RPM, what would it be?

What are your thoughts about
how RPM functions?

• To what extent do you think
the modifications described
could influence patient out-
comes that patient care?

• How could it be improved?

• What current functionality has
the greatest influence on
workflow?

aRPM: remote patient monitoring.
bQ: question.

Data Analysis

Survey
Survey response data were extracted from REDCap [25] to a
deidentified Excel spreadsheet before analysis. To ensure
anonymity, demographic information was only provided for
clinicians who were sent the surveys and not collected for
clinicians who responded. Data responses were initially scored
in REDCap [25] for the frequency and proportion of agreement
or disagreement with survey items consistent with the 7-point

response scale. The scale responses were then collapsed into 3
groups, disagreement (strongly disagree, disagree), neutral
(neither agree nor disagree), and agreement (agree and strongly
agree). The Strengthening the Reporting of Observational
Studies in Epidemiology guidelines were used to report the
study’s quantitative findings [28].

Interviews Sessions
Data from the interviews and focus groups followed the
Consolidated Criteria for Reporting Qualitative Research
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guidelines and were used to report the study’s findings [29].
The rigor and validity of the data were supported by clarifying
participants’ statements during interview sessions. The
transcripts were audio recorded, transcribed verbatim, and
independently reviewed by 2 reviewers using thematic content
analysis [30]. Themes and subthemes were constructed based
on the verbal responses from the clinicians. Team consensus
was determined by agreeing upon the best representation of the
data [24,26,27,30].

Ethical Considerations
This research is part of an ongoing organizational program of
RPM initiatives. This research obtained ethical approval from
the MSK Institutional Review Board (X20-086) as exempt
research and follows the ethical principles and guidelines of the
Belmont Report. All responders to surveys completed web-based
informed consent to participate. Participants in focus groups
and interviews provided informed verbal consent.

Results

Overview
A total of 35 clinicians participated in this study from both
survey and interview sessions. Of the 98 clinicians who had

experiences with at least 5 patients enrolled in RPM and
received the study’s survey, 30 responded (31% response rate).
A nested sample of 5 clinicians (17% response rate) from this
original group of 30 clinicians who completed the survey, also
agreed to take part in 4 sessions (3 interviews; 1 focus group
of 2 clinicians). Demographic data were not collected with the
survey to maintain the anonymity of the clinician responders.
However, the majority of clinicians who responded to the survey
and interview sessions represented the Gastrointestinal,
Thoracic, and Breast oncology services known to have the
highest symptom burden. Of the clinicians who took part in the
interview sessions, 3 clinicians had 5 or more years of
organizational work experience, while 2 clinicians had 2 years
or less of experience.

Survey Responses
Overall, the clinicians reported that the RPM was easy to use
and learn and that symptoms communicated through the RPM
program were confirmed during follow-up phone calls.
Suggested areas for improvement included communication and
practice changes related to symptom management and the
clinicians’workload burden. Findings highlighting survey items
with the highest frequency and proportion of survey responses
are presented (Table 3).
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Table . Frequency distribution of m-Adapted health questionnaire responses (n=30)a.

Unknown, nDisagree/somewhat
disagree/strongly
disagree, n (%)

Neither agree nor
disagree, n (%)

Agree/somewhat
agree/strongly

agree, n (%)b

Total responses, nStatements about remote patient monitor-
ing (RPM)

Ease of use and functionality as easy to learn

37 (26)2 (7)18 (67)271. RPM is easy to
use

35 (18)7 (15)18 (67)272. RPM is easy for
me to learn

414 (54)4 (15)8 (31)263. Liked the digital
interface of the pa-
tient data received
through portal se-
cure message alerts

47 (27)12 (46)7 (27)264. I liked the digital
interface of the pa-
tient data received
through the
Splunk/summary
dashboard

54 (16)9 (36)12 (48)255. Information in
the Splunk/summa-
ry dashboard was
well-organized

Integrating the RPM into workflows

37 (26)6 (22)14 (52)276. RPM has usable
functions and capa-
bilities

314 (52)1 (4)11 (44)277. RPM has been
appropriate for me
to care for patients

312 (44)4 (15)11 (41)278. Easy to integrate
into my current
clinical workflow

Acceptable for practice

412 (46)5 (19)9 (35)269. An acceptable
way to coordinate
health care services

415 (58)1 (4)10 (38)2610. Improved com-
munication be-
tween my col-
league’s office
practice teams for
patient symptoms

511 (44)5 (20)9 (36)2511. Prompts me to
refer patients to a
specialist for symp-
tom management

410 (39)4 (15)12 (46)2612. RPM is useful
for my health care
practice

316 (59)4 (15)7 (26)2713. Improved my
ability to deliver
health care services

311 (41)5 (18)11 (41)2714. Helped me
manage my pa-
tient’s symptoms
effectively
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Unknown, nDisagree/somewhat
disagree/strongly
disagree, n (%)

Neither agree nor
disagree, n (%)

Agree/somewhat
agree/strongly

agree, n (%)b

Total responses, nStatements about remote patient monitor-
ing (RPM)

RPM convenience

412 (46)4 (15)10 (39)2615. Is convenient
for me to communi-
cate with patients

312 (44)4 (15)11 (41)2716. Had many more
opportunities to in-
teract with patients

413 (50)1 (4)12 (46)2617. Felt comfort-
able communicat-
ing with my pa-
tients about symp-
toms using portal
secure messaging

Devices and symptom management

312 (44)5 (19)10 (37)2718. Highlighted the
high-risk symptoms
(not pulse oxime-
try) provided the
correct correspond-
ing severity level
for the patient-re-
ported symptoms

38 (30)9 (33)10 (37)2719. Highlighted
symptoms related
to pulse oximetry
appropriately

38 (30)7 (26)12 (44)2720. Patients were
appropriately identi-
fied for pulse
oximeter monitor-
ing.

48 (31)8 (31)10 (38)2621. Pulse oximeter
monitoring enabled
me to more effec-
tively manage my
patient’s symptoms

35 (19)2 (7)20 (74)2722. High-risk
symptom alerts
were confirmed up-
on communication
with the patient by
telephone

Satisfaction, value, and recommendations

315 (56)9 (33)3 (11)2723. Using RPM has
improved my job
satisfaction

421 (81)2 (8)2 (11)2624. Using RPM de-
creased my work-
load

312 (44)7 (26)8 (30)2725. Adds value to
how I can care for
my patients

312 (44)7 (26)8 (30)2726. Patients report-
ed the value of par-
ticipating in RPM
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Unknown, nDisagree/somewhat
disagree/strongly
disagree, n (%)

Neither agree nor
disagree, n (%)

Agree/somewhat
agree/strongly

agree, n (%)b

Total responses, nStatements about remote patient monitor-
ing (RPM)

314 (52)4 (15)9 (33)2727. Overall, I am
satisfied with the
using RPM

311 (41)6 (22)10 (37)2728. I would use
RPM again to mon-
itor the symptoms
of patients

413 (50)5 (19)8 (31)2629. I would recom-
mend the RPM to
my colleagues

aNumber of participants who answered the survey.
bPercentage of the group responses.

Usability
The RPM was easy for clinicians to use but was influenced by
a shift in basic assumptions with patients now instructed to
report symptoms through portal messages rather than calling
the medical offices (14/26, 54%).

Integrated Workflows
The proportion of responses was fairly divided between
agreement and disagreement. While 14 (52%) clinicians agreed
that the RPM had usable functions and capabilities, 14 (52%)
clinicians disagreed that the RPM was suitable for their patient
care needs.

Acceptability in Practice
A total of 16 (59%) clinicians reported a disagreement with the
notion that RPM improved their ability to care for their patients
and, 12 (46%) clinicians reported that the RPM was useful in
their practice.

Convenience in Patient Care
Despite similar proportions of agreement and disagreement
overall, a higher proportion of clinicians (13/26, 50%) disagreed
with feeling comfortable communicating with patients about
symptoms through portal messages.

Symptom Management
Clinicians reported that devices were appropriately used for 12
(44%) patients and that high-risk symptoms were confirmed

during follow-up phone calls to 20 (74%) patients. The
responses were fairly split between agreement (10/27, 37%)
and disagreement (12/27, 44%) on how well the devices
provided severity levels. Additionally, 10 (38%) patients agreed
that RPM helped them manage their patients.

Satisfaction and Value
A total of 21 (81%) clinicians reported that the RPM did not
decrease their workload and 15 (56%) clinicians reported it did
not improve job satisfaction. In addition, 14 (52%) of the
clinicians were not satisfied with RPM, and 13 (50%) clinicians
would not recommend the RPM to colleagues. The proportion
of clinicians who neither agreed nor disagreed was similar to
those who reported disagreement and was further explored in
the interview sessions.

Interview Sessions
The interviews and focus group sessions consistently provided
similar information about the RPM thus achieving thematic
saturation [30]. All clinicians reported a limited understanding
of the RPM during its implementation and suggested that
ongoing educational modules and supporting technical support
would enhance the RPM program for the clinician end users.
Three major themes emerged from the interviews: clinician
understanding and usability constraints, patient constraints, and
suggestions for improvement. Subthemes were further explored
(Table 4).

Table . Themes and subthemes.

SubthemesTheme

Theme 1: Clinician understanding and usability constraints • Clinician uncertainty
• Repetitive alerts
• Alignment with clinician workflows
• Program value

Theme 2: Patient constraints • Appropriate patient enrollment
• Timing of enrollment
• Communication during and after enrollment

Theme 3: Suggestions for improvement • Clinical champions needed
• Program modifications
• Information technology support for end users
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Theme 1: Clinician Understanding and Usability
Constraints

Overview
Theme 1 encompasses the information given to the clinicians
during their RPM orientation and how they applied the
application to their current workflow. Three subthemes included
clinician uncertainty, repetitive alerts, alignment with clinician
workflows, and program value.

Subtheme: Clinician Uncertainty
The RPM was rolled out in stages starting with oncology
services known to have patients with high symptom burdens.
The clinicians involved in the initial rollout reported more
knowledge and understanding about the RPM compared with
clinicians who were involved later in the rollout. Clinicians
joining later in the rollout reported having little training about
the RPM. However, they reported that the increased frequency
of using the RPM helped them navigate the program for
addressing symptom management alerts and functionality.

I have only worked with it (RPM) for a couple of
patients in the outpatient setting, but I get a
notification (through) the portal … to notify us that
the patient has enrolled in the RPM program…During
this timeframe patients (complete) a survey every day
about their symptoms and how they feel. [R32]

Subtheme: Repetitive Alerts
All clinicians reported concerns about repetitive alerts from
daily patient surveys. Each day that a patient reported a symptom
and generated an alert [1,3,10], clinicians called the patient to
verify it and confirm if the symptom was worse, better, or the
same as the previous survey. Although they could see past
patient response trends in the system, this required substantial
effort and did improve the patient’s care for symptoms. When
alerts were consistently reported, the clinicians used their
judgment to decide when to call patients for verification.

There are a couple of categories that we feel were a
little monotonous. ie, was (the pain/symptom) worse?
If they are at stage four lung cancer, (the patient) is
on treatment and they have fatigue, every day… (the
patient cannot modify) their answers, (for example)
moderate fatigue; I am having trouble doing my
activities of daily living, so they are clicking that every
day. [R11]

Subtheme: Aligning With Clinician Workflow
Clinicians reported that before implementing the RPM, patients
were instructed to call the physician’s medical offices to report
symptoms. Although none of the clinicians reported significant
changes to their clinical workflows, they all raised concerns
about the shift from patients calling the medical oncology office
for unrelieved symptoms through a digital portal. This change
made clinicians apprehensive about potentially missing
symptoms reported in patient portals.

Before RPM, patients were not supposed to report
symptoms through the portal, but a lot of patients,

ended up just doing that because they were home.
[R11]

Subtheme: Program Value
Clinicians reported that the RPM was of immense value to them
and their patients and supported its inclusion in the
organization’s future care delivery. Patients liked that their
office practice clinician proactively contacted and interacted
with them after they were discharged from the hospital.

I do not think they (the patients) mind and love to be
followed up closely, I mean my patients would love
for me, a call them every day. I think patients prefer
(clinicians) calling them over calling the office. [R41]

Theme 2: Patient Constraints

Overview
The patient constraint themes involved the transition of care
from the inpatient setting to RPM following discharge. Three
subthemes emerged: the appropriate patient enrollment, the
timing of enrollment, and communication during and after
enrollment.

Subtheme: Appropriate Patient Enrollment
Nurses from the discharging inpatient unit were responsible for
educating patients about using RPM and program enrollment.
However, office practice clinicians stated that not all patients
enrolled by the discharge team were appropriate due to a lack
of technical proficiency, ability, and understanding of the
purpose of the RPM. Clinicians consistently reported that they
should be included in RPM enrollment decisions for their
patients.

There is a disconnect, (between enrolling the patient
and educating them about the program) and sending
symptoms via the portal messaging using the patient
portal. The policy is that we are given two business
days to answer portal messages…clearly, we cannot
do that when it is a separate message. We need to
speak to that person (By phone). [R21]

Subtheme: Timing of Enrollment
Office practice clinicians reported that the time of discharge is
overwhelming for patients and inpatient unit teams have limited
time to prepare the patients to leave the hospital. During this
study, pandemic-related social distancing restrictions prevented
caregivers and family members from taking part in the discharge
process, further complicated RPM enrollment.

The second thing that I wanted to suggest for patients
wanting to quickly leave the hospital and be
discharged and suddenly just get bombarded with all
this information, is to discuss the RPM program the
day (before) discharge. [R32]

Subtheme: Communication During and After Enrollment
Clinicians reported that a patient’s age was not a factor in RPM
enrollment, as older adults familiar with technology could
engage digitally with providers. However, patients with language
barriers or limited access to electronic devices needed assistance
from caregivers or family members similar to findings in a prior
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study [8]. The RPM assessments were intended to be completed
during weekday work hours, from 9 AM to 5 PM Monday
through Friday. Clinicians described receiving the surveys late
in the day, or after hours added stress for the nursing team to
address alerts.

We have a lot of foreign-speaking patients ---, you
know it is not them who are filling out the survey ...
and it may be one of their relatives or their daughter.
But the daughter may not live with them ... so how do
you know what is going on? [R11]

Theme 3: Suggestions for Improvement

Overview
The Clinicians supported using RPM to sustain patient care
posthospital discharge. From their perspective, 3 subthemes
emerged, the need for clinical champions, technology support
for end users (clinicians and patients), and specific RPM
modifications.

Subtheme: Clinical Champions Needed
Clinicians expressed the need for continuing education and
updates on RPM improvements, infrequent use required
relearning the system for each new patient. While there were
few Clinical Champions during the initial rollout, additional
experts would have helped them navigate the program and
supported novice clinicians. They also suggested developing
informative slides or videos addressing specific program issues.

I think nursing (clinician end-user) … needs more
education on the portal because it (the portal) is such
a big part of our job. More training is needed for
using (connecting) pulse ox to an iPhone (or other
devices ie, Android). [R11]

Subtheme: Program Modifications
Clinicians reported that patient enrollment before hospitalization
or early in their hospital admission would improve the transition
from inpatient to outpatient care. They also requested allowing
patients to change or clarify their symptom responses within
the assessment. Frequent patient alerts were seen as potentially
problematic [31] and suggested that enabling patients the option
to modify their assessment responses would provide more
accurate symptom information to the clinical team.

There should be a way for them (patients) to say
(respond in the survey) no changes or something…
so that we don’t get the same exact thing (response)
that we spoke to the patient yesterday---about because
it’s not realistic, that I call the patient every day to
talk to them about the same time (symptom). [R42]

Subtheme: Information Technology Support for End
Users
Clinicians raised concerns about the lack of integrated IT
systems they use for delivering patient care. Additionally,
clinicians expressed the need for greater IT support for both
patients and staff. Clinicians conveyed concern about the
difficulty in resolving connectivity issues and requested
dedicated assistance from IT teams.

The patients are calling in a panic and you are trying
to walk them through over the phone how to set up
the device (RPM on patient’s device ie, phone, tablet).
If it was not set up correctly on discharge, or the
device is just not working. (These issues) add more
stress to the patient, but it also adds stress to you (the
clinician) This becomes the added work. [R11]

Discussion

Principal Results
This study presented the perceptions and experiences of
oncology clinicians when caring for their patients using RPM
after hospital discharge. Initially, clinician survey responses
highlighted concerns about their understanding, perceptions,
and challenges when using RPM as well as its influence on their
clinical workflows. These topics were further explored in
interview sessions and revealed 3 themes: clinician
understanding and usability constraints, patient constraints, and
suggestions for improvement. Most clinicians found the RPM
easy to use and learn, allowing them to confirm the patient’s
reported symptoms during follow-up phone calls. They
supported RPM’s value for both clinicians and patients as a care
delivery method in oncology practice, aligning with findings
from other organizational studies using ePROs [11,31-36], as
well as the challenges and limitations of addressing symptom
alerts after the patient transitions from an inpatient to the home
setting [7,35,36].

Challenges and Opportunities From the Clinical
Setting
This research further emphasized multiple challenges faced by
clinicians during the initial RPM roll-out. A major concern was
the practice change in clinical workflows whereby patients
reported symptoms through electronic portals rather than
contacting the medical offices by phone. Despite this change,
clinicians felt their comfort level would improve with more
experience, and as RPMs aligned with their workflows [7]. An
opportunity to improve clinician confidence includes continuing
educational tutorials from the initial RPM orientation and more
technical and clinical support for both patients and clinicians.
These efforts would facilitate aligning clinician workflows with
clinical practice, thus leading to reduced stress and improved
job satisfaction when caring for oncology patients using RPM
[7].

Another challenge was patient constraints and their lack of
understanding of RPM, which clinicians suggested might
contribute to their uncertainty in digital symptom management
reporting. Some patients completed surveys late in the clinic
hours making it difficult to address symptoms. In many
instances, clinicians reported that family members completed
the surveys instead of the patients which raised concerns about
the integrity of the symptom alerts. Further research could
enhance the understanding of logistical limitations involving
patients and caregivers with completing postdischarge symptom
assessments at home. A similar study recommended that
concerns revealed by patients and caregivers postdischarge
could be included in future clinical outcomes [37]. Additionally,
the timeframe for enrolling patients in RPM was another

JMIR Hum Factors 2025 | vol. 12 | e60585 | p.206https://humanfactors.jmir.org/2025/1/e60585
(page number not for citation purposes)

Mazzella-Ebstein et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


constraint identified by clinicians. Although older patients were
comfortable using the RPM [38,39], enrollment at discharge
was considered suboptimal. They suggested educating patients
in a relaxed environment or office practices before
hospitalizations would benefit patients and improve the
enrollment process.

A major opportunity for RPM improvement involves addressing
repetitive alerts from the daily ePRO assessments, also identified
in other ePRO studies [23]. Clinicians verify all patient-reported
symptom alerts. When prior symptoms are stable, these alerts
could be averted to reduce their workflow burden [40,41]. To
enhance effective communication with the patients, clinicians
recommended adding context about symptom changes relative
to the prior day’s ePRO assessment to improve the integrity of
alerts.

The perspectives of all clinicians involved in this study
expressed a need for additional resources to improve the
effectiveness of RPM and their ability to clinically support it.
The RPM was initially implemented using a core team of
designated clinicians for addressing patient alerts. Studies of
RPM cited the inclusion of core teams for this purpose which
may be a preferred approach for clinicians in other studies [42].
However, clinicians in this research preferred a hybrid RPM
program with primary care clinicians in the clinical practices
addressing alerts on weekdays and centralized after-hours and
on weekends. Clinicians proposed that leaders provide consistent
status updates and education about RPM functionality through
tutorial videos in an accessible location. Additional
technological support could improve data collection and relieve
clinicians of the burden of providing technical support for
patients at home [41,42], which is not the best use of their skills
[43].

Strengths and Limitations
The consistent reports from survey responses and interviewed
clinicians strengthen the study’s findings and provide pragmatic
recommendations for workflow redesign and enhancing access
to care for oncology patients postdischarge [1,2,7,31], As a
result of this study, selected modifications were implemented
into practice to improve the program’s experience for both
clinicians and patients. These results provide important
foundational work for future pragmatic trials and implementation
science to enhance the usability and value of RPM in oncology
practice.

The sample was limited to only clinicians who had experiences
with at least 5 patients enrolled in the RPM, but typical for case
studies [13-18]. They expressed strong positive or negative
experiences with the RPM which may have created a selection
bias. The study’s design was multi-modal which could have
included both interviewer and report biases. Clinicians were
also employees of the organization and therefore specific
demographics were not collected to ensure their anonymity.
This study was conducted at one comprehensive cancer center,
limiting the generalizability of results. However, the perspectives
of clinician end users from oncology services with known
symptom burdens can apply to similar RPM implementation
initiatives in other organizations worldwide.

Conclusion
The National Cancer Institute calls for studies about
cancer-related interventions, which also include program
effectiveness from the perspectives of both patients and clinician
end users [44]. This study contributes to the National Cancer
Institute’s initiatives, demonstrating that RPM is a valuable
method for communicating with clinical providers and managing
patient symptoms during transitions of care from inpatient to
the home setting.
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Abstract

Background: Only 15% of the nearly 30 million Americans with hearing loss use hearing aids, partly due to high cost, stigma,
and limited access to professional hearing care. Hearing impairment in adults can lead to social isolation and depression and is
associated with an increased risk of falls. Given the persistent barriers to hearing aid use, the Food and Drug Administration
issued a final rule to allow over-the-counter hearing aids to be sold directly to adult consumers with perceived mild to moderate
hearing loss at pharmacies, stores, and online retailers without seeing a physician or licensed hearing health care professional.

Objective: We evaluated the safety and usability of an over-the-counter hearing aid prior to Food and Drug Administration
approval and market release.

Methods: We first conducted a formative usability test of the device and associated app with 5 intended users to identify
outstanding safety and usability issues (testing round 1). Following design modifications, we performed a summative usability
test with 15 intended users of the device (testing round 2). We concurrently conducted a test with 21 nonintended users (ie, users
with contraindications to use) to ascertain if consumers could determine when they should not use the device, based on the
packaging, instructions, and labeling (testing round 3). Participants were asked to complete 2‐5 tasks, as if they were using the
hearing aid in real life. After each task, participants rated the task difficulty. At the end of each session, participants completed
a 10-question knowledge assessment and the System Usability Scale and then participated in debriefing interviews to gather
qualitative feedback. All sessions were video recorded and analyzed to identify use errors and design improvement opportunities.

Results: Usability issues were identified in all 3 usability testing rounds. There were minimal safety-related issues with the
device. Round 1 testing led to several design modifications which then increased task success in round 2 testing. Participants had
the most difficulty with the task of pairing the hearing aids to the cell phone. Participants also had difficulty distinguishing the
right and left earbuds. Nonintended users did not always understand device contraindications (eg, tinnitus and severe hearing
loss). Overall, test findings informed 9 actionable design modifications (eg, clarifying pairing steps and increasing font size) that
improved device usability and safety.

Conclusions: This study evaluated the usability and safety of an over-the-counter hearing aid for adults with mild to moderate
hearing loss. Human factors engineering methods identified opportunities to improve the safety and usability of this
direct-to-consumer medical device for individuals with perceived mild-moderate hearing loss.

(JMIR Hum Factors 2025;12:e65142)   doi:10.2196/65142

KEYWORDS

usability; human factors; patient safety; over-the-counter hearing aids; direct-to-consumer hearing aids; medical device; hearing
loss; adult; hearing impairment; hearing aid use; hearing care; formative usability test; safety; mobile phone

Introduction

Approximately 1 in 4 people older than 12 years of age in the
United States have hearing loss in 1 or both ears [1], and 30

million American adults could benefit from hearing aid use [2].
Hearing loss is associated with an increased risk for falls [3]
and may lead to cognitive decline [4] and dementia [5]. Yet,
only 1 in 3 older adults [6] and 15% of all adults with hearing
loss use hearing aids [7]. Some barriers preventing adoption
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include lack of access, stigma, and financial challenges with
traditional hearing aids costing between US $1000 and US
$6000 per ear [8]. Aiming to mitigate these barriers, the Food
and Drug Administration (FDA) issued a final rule in 2022 [9]
permitting the sale of hearing aid devices without a prescription
or medical exam. Yet, there are few studies of the usability and
safety design challenges of over-the-counter medical devices
intended to be sold widely in consumer markets.

Over-the-counter or direct-to-consumer medical devices do not
require a prescription and can be sold at retail outlets including
pharmacies, big-box stores, and online. Examples include
self-monitoring blood glucose test systems and at-home
pregnancy tests. Typically used outside of health care settings,
these devices must have (1) low potential for misuse; (2) benefits
that outweigh their safety risks; and (3) sufficient labeling so
that lay-users can self-diagnose their condition, self-determine
that the device is appropriate for their condition, and understand
how to use the device without clinician assistance or instruction
[10]. To minimize use errors and their associated risks, the FDA
requires premarket review of the safety and effectiveness for
most direct-to-consumer medical devices. This review process
includes rigorous human factors usability testing with
representative users to validate that the warnings, cautions, and
contraindications are transparent, assess if users can complete
critical tasks of the device, and identify areas of foreseeable
misuse (including use of the device by unintended users) [11].

Numerous studies have evaluated the safety and usability of
clinician-facing medical devices (eg, smart intravenous infusion
pumps) [12-15], as well as patient-facing medical devices (eg,
glucometers, ventilators, and epinephrine injectors) [16].
Typically, clinicians still mediate the use of these patient-facing
medical devices either by providing a prescription to use the
device or instructions on how to use the device appropriately
[17]. There remains limited research on the safety and usability
of direct-to-consumer medical devices, especially those used
by underserved populations (eg, people with hearing
impairment) [18-20].

Compared to clinician-facing medical devices, patient-facing
devices present a challenge to designers as the potential

environment of use and characteristics of end users is much
more diverse [16]. The usability of direct-to-consumer devices
is especially important given the lack of clinical supervision to
support appropriate use. For instance, over-the-counter hearing
aids will be on the shelf at consumer electronics stores next to
other, nonmedical devices (eg, wireless headphones) and
consumers may come across the device without previously
identifying a need for a hearing aid. While the risk is minimal,
use of hearing aids by those with normal hearing could result
in noise-induced hearing loss. In this context, the packaging of
the device and communication of its intended use (and
contraindications to use such as an ear infection, tinnitus, or
severe hearing loss) is especially important. In this study, we
evaluated the safety and usability of an over-the-counter hearing
aid among adults in the United States.

Methods

Ethical Considerations
We conducted usability testing of an over-the-counter hearing
aid to evaluate the safety and usability of the device prior to
market release. This study was approved by the Vanderbilt
University Medical Center’s institutional review board (201894).
At the start of each session, we reviewed the consent document
with participants and answered any questions they had. All
participants provided written consent to be in the study. Data
have been deidentified.

Hearing Aid
We evaluated the Jabra Enhance Plus (formerly called the “Jabra
Elite” during the study), an over-the-counter hearing aid that is
intended to enhance hearing but can also be used for phone calls
and listening to music. Users can purchase these hearing aids
at a suggested retail price of US $799 per pair. The hearing aids
are physically similar to wireless earbuds with adjustable ear
gels. Users can pair them to a smartphone and personalize their
own hearing aid profile using a free smartphone app (ie, Jabra
Enhance app). The miniaturized in-the-ear style earbuds (see
Figure 1) come in a small charging case and can be used up to
12 hours on a single charge.
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Figure 1. Front and back of the device box.

Participants and Setting
We conducted usability testing with production equivalent
prototype devices (ie, packaging, hearing aids, charging case,
and user manual) including an iPhone with the Jabra Enhance
app installed. We only used iPhones in the usability testing since
the Jabra Enhance app was only available for iPhones at the
time of testing. We recruited two participant populations for

the study, (1) intended users of the device and (2) nonintended
users (Textbox 1). We identified potential participants meeting
our study criteria through medical record chart review, university
newsletters, and word of mouth. Eligible participants conducted
a prescreening questionnaire, via phone call or email, to verify
they met the inclusion criteria for the study before scheduling.
The testing occurred from December 2020 to August 2021.

Textbox 1. Eligibility criteria for intended and nonintended users.

Intended users (adults aged 18+) with:

• Mild to moderate hearing impairment

Nonintended users (adults aged 18+) with:

• Normal hearing,

• Severe to profound hearing impairment, and/or

• Acute conditions including tinnitus, dizziness, ear infections, and ear pain

Intended Users
To start, we conducted usability testing with 5 intended users
of the device. Based on the safety and usability issues identified
in the testing round (round 1), we made recommendations for
modifications to the device packaging and app screens. We then

conducted round 2 of usability testing of the revised product
with 15 intended users. In each usability testing session,
participants were asked to complete 5 tasks (see Textbox 2)
within 90 minutes. Participants received a US $50 gift card at
the end of the session.
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Textbox 2. Task descriptions.

Tasks for intended users (rounds 1 and 2)

• Read outer label and indicate if use is appropriate

• Set up the hearing aids and app including

• Find and open hearing aid app

• Register product and accept terms and conditions

• Pair the hearing aids

• Finalize the set up of the hearing aids

• Fit the hearing aids into ear

• Recharge the hearing aids

• Clean the hearing aids

Tasks for nonintended users (round 3)

• Read outer label and indicate if use is appropriate

• Read the inner box contents (note that the inner box contents were available to the participants, but they did not receive explicit instructions on
how to read them) and indicate if use is appropriate

Nonintended Users
We conducted a third round of usability testing with 21
nonintended users of the devices to evaluate if consumers could
ascertain that they should not use the device based on the
external and internal labeling, user manual, and app screens.
We recruited participants who were contraindicated to use the
device including adults with normal hearing, adults with severe
to profound hearing loss, and adults with tinnitus or severe
dizziness. Round 3 participants were scheduled for a 30-minute
test session, in which they were asked to complete 2 tasks (see
Textbox 2). Participants received a US $20 gift card at the end
of the session.

Data Collection
We conducted functional simulated use studies with end users
completing real-world tasks. One human factors engineer
facilitated the sessions. In line with real-world use of the device,
participants received no training prior to testing. We read task
instructions out loud while displaying the same instructions on
a computer monitor with closed captioning. Participants were
directed to complete 5 (rounds 1 and 2) or 2 tasks (round 3, see
Textbox 2). After each task, participants rated how easy or
difficult the task was to complete on a scale from 1 (very
difficult) to 5 (very easy). After all tasks were completed, we
asked intended and nonintended users 10 questions to assess
their knowledge of the device and its contraindications for use
(see Multimedia Appendix 1). Participants then completed the
System Usability Scale (SUS), a 10-item validated survey for
assessing the usability of interactive systems [21] (see
Multimedia Appendix 2). To conclude the session, we conducted
debrief interviews to gather additional qualitative feedback
about the safety and usability of the device. The interview guide
can be found in Multimedia Appendix 3. All sessions were
video recorded and uploaded to Morae (TechSmith), a software
suite for usability testing that supports video annotation (eg, of
use errors) and logging of tasks.

Data Analysis
One researcher coded the videos in Morae, annotating areas of
difficulty, confusion, safety-related issues, and errors. We
analyzed the participant’s path (ie, steps) through the attempted
completion of each task. Any deviation that occurred in the
attempt to complete the task (eg, participant clicks on an
incorrect menu item or participant struggled to get the user
manual out of the box) was coded as a “use error.” For task 2,
we specifically noted any instances where participants’
workflow deviated from the expected workflow (see steps in
Textbox 2). We analyzed the time spent on each task and if the
tasks were (1) completed, (2) completed with difficulty, or (3)
not completed (task failure). We then calculated the task success
rate. A task was only scored as a success if the user was able to
complete the task requirements on their own without facilitator
assistance. We calculated participants’ rating of difficulty for
each task and the SUS scores. One researcher listened to the
audio recording of each debrief interview and created a
comprehensive list of feedback (eg, longer battery life)
organized into two categories (1) what participants liked about
the device and (2) areas for improvement. A team of human
factors researchers reviewed all identified errors and participant
difficulties completing tasks to develop design recommendations
to improve the device, app, and packaging prior to market
release. We mapped each design recommendation to specific
human factors design principles, using the list of design
heuristics described in Barton et al [22], which combined the
commonly used heuristics for medical device design [23],
interactive systems [24], and medical documents [25].

Results

Overview
Table 1 shows the participant demographics for each round of
usability testing. Table 2 depicts the task success rates, number
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of use errors, task durations, and difficulty ratings for each task
and round of usability testing.

While we identified minimal safety concerns with the device,
we identified numerous usability issues, which led to several
design modifications. We outline the key issues identified from
the usability testing in the following sections.

Table . Participant demographics for each usability testing round.

Round 3 (nonintended users, n=21)Round 2 (intended users, n=15)Round 1 (intended users, n=5)

Hearing loss, n (%)

18 (86)0 (0)0 (0)    None or normal hearing

0 (0)7 (47)2 (40)    Mild

0 (0)2 (13)1 (20)    Mild to moderate

0 (0)6 (40)2 (40)    Moderate

3 (14)0 (0)0 (0)    Severe

5 (24)0 (0)0 (0)Tinnitus (ringing in ears), n (%)

65 (52‐77)66 (56‐79)65 (57‐73)Average age (years), n (range)

13 (62)8 (53)2 (40)Women, n (%)

Education, n (%)

5 (24)5 (33)0 (0)    High school or General Education-
al Development

4 (19)2 (13)1 (20)    Associate’s or trade school

7 (33)3 (20)2 (40)    4-year college

5 (24)5 (33)2 (40)    Graduate or professional school

Table . Usability testing performance.

Task 5Task 4Task 3Task 2Task 1Measure and round

Task success rate, n (%)

3 (60)5 (100)2 (40)2 (40)3 (60)Round 1

10 (67)15 (100)7 (47)10 (67)12 (80)Round 2

———a10 (48)10 (48)Round 3

Average task duration (minutes), mean (SD) b

1.08 (1.1)0.50 (0.2)1.37 (0.6)9.33 (0.5)0.72 (0.3)Round 1

0.95 (0.8)0.67 (0.6)2.21 (0.9)11.24 (4.0)0.83 (0.5)Round 2

—————Round 3

Average difficulty rating, mean (SD) c

5 (0)5 (0)4.2 (0.8)3.4 (1.2)4.6 (0.5)Round 1

4.67 (0.6)4.53 (0.8)3.73 (1.2)3.27 (1.4)4.87 (0.4)Round 2

———4.43 (0.9)4.71 (0.6)Round 3

Number of use errors per participant, n

00040Round 1

00.60.54.90Round 2

———0.70Round 3

aNot applicable.
bOnly includes times for participants who successfully completed the task.
cScale from 1 to 5 (1=very difficult, 5=very easy).
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Package Labeling
Overall, we found minimal safety issues with the set up and use
of the device across all 3 rounds of testing. The one issue that
presented potential, albeit minimal, concerns to safety was
related to the accessibility of intended use and contraindications
to use of the device. We found that the font size and color on
the outside of the box made the intended use of the device hard
to see and read (right side of Figure 1). Few participants saw
or read this information on the box, and several participants
indicated that they would not know the device was a hearing
aid based on the outside of the box, stating “to know they are
hearing aids, off the bat, I would have walked right by them.”

A total of 3 participants in usability testing rounds 1 and 2 failed
task 1 (read outer label) since they could not determine if it was
appropriate for them to use the product based on the outside of
the box. We identified the same problem with nonintended users
of the device, with over half of the participants in round 3 stating
that they did not know that the device was a hearing aid from
the labeling on the outside of the box. All 3 of the participants
with severe hearing loss and 3/4 of participants with tinnitus

said (incorrectly) that the device would be appropriate for them
to use based on the labeling on the outside of the box.

Device Pairing
The primary usability challenge with the device was setting up
and pairing the hearing aids to the iPhone (task 2). In round 1,
a total of 3 of 5 participants failed this task, and a fourth
participant had difficulty completing it. A common challenge
was that participants did not know that they needed to return to
the app to complete the hearing aid set up after pairing the
hearing aids to the iPhone. Rather, participants thought they
were done setting up the device once they followed the Quick
Guide pairing instructions (see Figure 2). The only participant
to complete the task easily followed the workflow: open the
Jabra Enhance app → pair the hearing aids using the iPhone →
return to the app to complete the set up. As a result, we
recommended design changes to the Quick Guide prior to round
2. As shown in Figure 3, the Quick Guide was revised to inform
users to first go to the Jabra Enhance app before pairing the
hearing aids to the phone. We further emphasized that users
should return to the Jabra Enhance app after pairing to finish
set up.
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Figure 2. Quick guide instructions (December 2020 version—round 1 testing).
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Figure 3. Quick guide (February 2021 version—round 2 testing).

Following these design changes, task 2 success rate increased
from 40% (2 out of 5 in round 1) to 67% (10 out of 15 in round
2). Yet, there were still several use errors during pairing and
setting up the earbuds in round 2. For instance, 2 (13%)
participants did not understand that they needed to go to an app
to set up the earbuds. Several participants had trouble reading
the Quick Guide instructions as the text was too small (see
Figure 3). A total of 3 participants did not know what to do after
pairing the earbuds to the phone. Finally, it was unclear to

participants which section of the iPhone settings to use to pair
the hearing aids. Some participants had difficulty finding the
“Accessibility” section in the iPhone’s system settings, and
some participants then went to the “Bluetooth” rather than the
“Hearing Devices” section to pair the hearing aids.

Distinguishing the Right and Left Earbud
Participants had difficulty determining which earbud was for
the right versus the left ear. Several participants stated that they
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saw a “R” and “L” on the charging case, but not on the earbuds
themselves. For instance, one participant stated, “so, there’s
not a right and a left?” while another participant said, “I don’t
see a left and right, they don’t indicate that right?” Some
participants were eventually able to identify the “R” and “L”
markings on the earbuds stating,

Ah, there’s an R on the end, that’s really hard to see.
I’d make that bigger...yeah that’s really hard to see.

The inability to distinguish the right from the left earbud resulted
in several use errors, including difficulty placing the earbuds
in the ears and difficulty placing the earbuds back in the
charging case.

User Manual
The user manual contained information about the intended use
and about most of the hazards of device use. The location of

the user manual at the bottom of the box led to several use
errors. Several participants were not able to find the manual.
Finding the user manual was challenging since the text “User
manual” was partially covered by the cardboard insert (see
Figure 4). One participant said,

it’s kind of hidden though...that’s a little deceiving
maybe, because I would have looked at this first.

Another participant asked, “Where are the directions?” In total,
5 (33%) participants, all of whom identified the user manual,
struggled to get it out of the box. Several more participants
never took the manual out of the box; it is possible that these
participants could not find the manual but did not verbalize this.
Additionally, in round 1 testing, we found that there was not an
entry in the table of contents to indicate on which page the
“intended use” and “health and safety information” was within
the user manual. This was corrected prior to round 2.
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Figure 4. User manual cutout in box.

Product Design
Overall, participants were very positive about the device. They
liked the size and design of the charging case (eg, small and
easy to put in a pocket or purse), and they liked that the device
was rechargeable, and thus did not require batteries. Participants
liked the sleek and modern looking design stating, “it feels
high-end” and said that the hearing aids were easy to place in
their ears. They appreciated the different sized ear gels and the

magnets that assured that the earbuds clicked into the correct
charging position in the case. Participants were excited that they
could purchase the device “off-the-shelf” and stated it would
be helpful to use when they were in crowded rooms. Despite
observed difficulties with setting up and pairing the hearing
aids to the iPhone (task 2), participants reported that the app
was easy to use. Finally, participants liked that they could adjust
the hearing aids’ settings on their phone.
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Participants recommended several areas for improvement. Most
participants desired a longer battery life (which was 6 h at the
time of testing) so that they could wear the hearing aids all day
without needing to recharge them. They also recommended that
technical terms be better explained in the manual and on the
box. One participant recommended that the hearing aids come
in more discreet colors (ie, skin colored) instead of black.
Participants recommended some modifications to the front of
the box saying,

it should have more on the front about like if it’s
better for a noisier environment or something,
because I’d be more likely to use it if it said, “will
improve your hearing in a crowded environment”

because I have a very hard time hearing when there
is background noise.

Some participants also found the contrast of white and red text
on a gray background hard to read.

Knowledge Assessment
Table 3 details the scores for each of the 10 knowledge
assessment questions across all 3 rounds of testing. Participants
who used the user manual performed better overall compared
to those who did not access or refer to the user manual. The
user manual appeared to help the most on question 9—whether
someone who had a recent episode of dizziness should use the
earbuds.

Table . Knowledge assessment (percent correct answers).

Round 3 (n=21), n (%)cRound 2 (n=15), n (%)bRound 1 (n=5), n (%)aQuestion topic#

13 (62)13 (87)1 (20)Tinnitus1

15 (71)15 (100)0 (0)Sinus infection2

5 (24)8 (53)4 (80)Severe hearing loss3

11 (52)11 (73)1 (20)Rapid hearing loss4

15 (71)12 (80)1 (20)Preference for earbuds5

7 (33)4 (27)3 (60)Laryngitis6

17 (81)13 (87)5 (100)Sore in ear7

11 (52)12 (80)3 (60)Ear wax8

11 (52)9 (60)4 (80)Dizziness9

21 (100)15 (100)5 (100)Ear infection10

aAverage percent correct: 50%.
bAverage percent correct: 75%.
cAverage percent correct: 60%.

Design Recommendations
Based on the identified usability issues, we recommended 9
design changes to the earbud system and its packaging (Table
4). We rated these recommendations as “high,”“medium,” or
“low” priority. A total of 4 of the proposed changes (items 1,

2, 3, and 7 in Table 4) were implemented prior to subsequent
testing rounds and all but 2 (items 4 and 5) were implemented
prior to initial product release. Each design recommendation
corresponds to a human factor’s design principle (descriptions
of the design principles can be found in Barton et al [22]).

JMIR Hum Factors 2025 | vol. 12 | e65142 | p.221https://humanfactors.jmir.org/2025/1/e65142
(page number not for citation purposes)

Salwei et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Design recommendations derived from the results of 3 rounds of usability testing.

Corresponding human
factors principle

Design recommenda-
tion

Addressed before
product release?

Addressed before
round 2 testing?

Priority#

Readability (font and
capitalization)

YesYesHigh1 • Increase the font
size of the text in
the Quick Guide

Organization (order)YesYesHigh2 • Revise the Quick
Set-up Guide and
user manual to
clearly show the
following steps:

•         Download
Jabra Enhance
app from app
store

•         Open the
Jabra Enhance
app (show a pic-
ture of the app)

•         Register and
set up the hearing
aids following the
steps on the app

•         Pair the hear-
ing aids with the
iPhone (show pic-
tures to show the
steps of going to
settings > accessi-
bility > hearing
devices), select
“New Hearing
Aid” device, ac-
cept both pairing
requests

•         Return to the
Jabra Enhance
app (show picture
of returning to
app)

Organization (naviga-
tion tools)

YesYesHigh3 • Add a section in
the user manual’s
table of contents
for “Intended use
and warnings”

Content (emphasis)NoNoHigh4 • Add a screen in
the app that lists
the contraindica-
tions of use (eg,
severe hearing
loss, tinnitus, and
dizziness). This
could be a screen
after the registra-
tion in the app
that participants
acknowledge they
understand rea-
sons they should
not use the de-
vice.
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Corresponding human
factors principle

Design recommenda-
tion

Addressed before
product release?

Addressed before
round 2 testing?

Priority#

Readability (font and
capitalization)

• Increase the font
size of text about
contraindications
and intended use
on the outside of
the box.

NoNoMedium5

Content (clarity of
content)

• More clearly indi-
cate on the box
that the device is
to support those
with hearing loss.
It may be helpful
to add the below
text from the user
manual, page 1,
somewhere onto
the outside of the
box:

    “This product may
help you, if you:
•     Strain to follow

conversations in
both quiet and
noisier environ-
ments

•     Miss important
information dur-
ing conversations

•     Have trouble
hearing at a dis-
tance

•     Have trouble
understanding the
television or tele-
phone calls”

YesNoMedium6

Comprehensibility
(terminology)

• Revise the app
name and other
aspects in the app
and user materials
to have a consis-
tent term for the
Jabra earbuds, for
example, “Jabra
Elite,” “Jabra ear-
buds,” and “Jabra
hearing aid.”

YesYesLow7

Readability (layout and
position)

• Make the cut-out
in the white box
bigger so that the
entire “User Man-
ual” text can be
seen (Figure 4),
and add text direct-
ing users that the
user manual is un-
der the white box.
Could say “User
Manual” with an
arrow pointing
below the box.

YesNoLow8

YesNoLow9
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Corresponding human
factors principle

Design recommenda-
tion

Addressed before
product release?

Addressed before
round 2 testing?

Priority#

Organization (naviga-
tional tools)

• Add a note on the
“manual pairing”
page of the user
manual that partic-
ipants should re-
fer to the “first
time use” section
if it is their first
time setting up
the device: “if this
is the first-time
use, please refer
to page X.”

Device Packaging
We recommended that the warnings and intended use
information on the outside of the box be better emphasized (eg,
larger font size and more color contrast) to ensure appropriate
use. Due to participants’ difficulty finding the user manual and
getting it out of the bottom of the box, we recommended placing
the user manual on the top so the user sees and touches it before
accessing the product. This could improve safety as the user
manual contains most of the warnings and intended use
information about the device.

Pairing the Device
To better support the pairing of the device to the smartphone,
we recommended that the Quick Guide be revised. Despite
modifications after round 1 testing, participants still could not
read or follow the Quick Guide instructions due to the small
text size. We recommended that the font size in the Quick Guide
be significantly increased given the older population intended
to use this device. We also recommended modifying the Quick
Guide to clearly outline the pairing steps (eg, go to “Settings”
then “Accessibility” then “Hearing devices”). As participants
did not know to return to the app to complete set up after pairing
the earbuds to the iPhone, we recommended that the steps in
the Quick Guide be more clearly sequentially marked (eg, 1, 2,
3,... or a, b, c,...).

Discussion

Principal Findings
In this study, we evaluated the safety and usability of an
over-the-counter hearing aid for people with mild to moderate
hearing loss. We conducted usability testing with 20 intended
and 21 nonintended users of the device. We identified numerous
usability issues hindering the optimal use of the hearing aid,
and generated design recommendations to mitigate use errors
and improve the overall design of the device.

This work expands our understanding of the safety and usability
of novel, over-the-counter hearing devices [18,26]. Overall, we
found minimal safety-related issues with the device. The primary
safety risk is that the diagnosis and treatment of a serious
condition, such as sudden deafness due to infection, may be
delayed due to the lack of medical screening prior to the device

use [27]. Consistent with this, the main challenge we found was
related to the lack of understanding by nonintended users,
including those with tinnitus and severe hearing loss, that they
should not use the device. This issue underscores the importance
of ensuring that device contraindications and safety warnings
are clearly displayed and legible, preferably on the outside
packaging. Further, redundant messaging should be
incorporated; we recommended a verification dialog in the
phone app during device set up to ensure that users understood
device use contraindications.

Usability testing identified numerous usability issues with the
device, which largely related to violations of human factors
design principles. Some examples of violations of the principle,
readability (font and capitalization), were the small font size of
the contraindications on the outside of the box, the Quick Guide,
and the markings of “L” and “R” on the hearing aids. We also
identified issues with comprehensibility (terminology), as the
device was referred to by different terms (eg, “Elite” and
“Rogue”) throughout the packaging and app. Based on our
design recommendations, there were significant improvements
in the usability of the device between the testing rounds. Human
factors design principles [23,24], including those developed
specifically for patient-facing medical documents [22,25],
should be incorporated into the design of patient-facing medical
devices. In hearing care, specific design guidelines for older
adults (eg, use 12-14 pt font sizes, write in third-sixth grade
level) [28] should be followed to maximize the ease of use of
these devices given the substantial diversity in patients’physical
and cognitive attributes and abilities, experience, and
background.

We observed appreciable tension between the goals of designing
for safety and designing for ease of use, aesthetics, and
marketability. For instance, from a safety perspective, the
device’s contraindications for use (eg, tinnitus) should have
been displayed in a large font such that they covered much of
the back of the box. However, this would not be aesthetically
appealing and there were concerns that it would deter customers
from purchasing the device. Similarly, from a safety perspective,
we recommended adding a hard stop in the app setup to ensure
that the user understood the intended use of the device.
However, this would have decreased the ease of pairing the
earbuds to the phone. With over-the-counter medical devices,
both product safety and aesthetic appeal are important [16] and
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it can be challenging to achieve both concurrently resulting in
trade-off decisions. For devices with greater safety risks, safety
should be prioritized.

We found that participants were excited about an
over-the-counter hearing aid and appreciated this product’s
design attributes. Similar to prior studies [18,26], participants
liked the earbuds’ discreet size and form factor, which made
hearing aid use less obvious, especially given the growing
general use of earbuds for listening to music or talking on the
phone. Participants also liked that the device did not require
batteries and that it had a small carrying case that could easily
fit in a pocket or purse. Our study identified excitement about
the device from the intended user population, which may result
in increased access to and use of hearing aids.

We uncovered challenges in conducting usability testing with
nonintended users of the device. One goal of the FDA device
approval process is to identify areas of foreseeable misuse
including use of the device by unintended users [11]. This is a
unique issue with over-the-counter devices, as there is no clinical
mediation to ensure appropriate use. During testing, we found
that only 50% of nonintended users were able to determine that
they should not use the hearing device. While the design of the
device and packaging likely contributed to this, another
challenge is that participants may have assumed they should
use the device since they were recruited to participate in the
study. In essence, participants may have been “tricked” into
thinking they should use the device due to the nature of usability
testing. Future research should explore additional methods or
approaches for eliciting information from nonintended users of
over-the-counter medical devices.

Another limitation of this study is that the findings are based
on users’ interaction with the device over only a short period
of time; it is possible that as users learn to use the device, ease
of use would increase or alternatively, new usability issues may

emerge over prolonged use that we did not observe. We only
used iPhones for testing and some of the participants were
Android users. Despite diversity in participants’ age, hearing
ability, comfort with technology, and education level, our sample
may not have included the full range of end user cognitive
abilities, experiences, and backgrounds. In the real environment
of use, older adults may rely on adult children or other family
members to assist with device pairing and set up; our study
highlights the usability issues encountered by older adults setting
up the device on their own, without assistance. We also did not
test actual use of the hearing aid to enhance participant hearing
so we cannot draw conclusions on the function of the hearing
aid technology. Future studies should evaluate the use of the
hearing aid in the real environment over time to determine if it
supports users’ needs. There is increasing evidence, however,
demonstrating efficacy of over-the-counter hearing aids in
comparison to prescriptive devices [29,30].

Conclusions
This study describes the safety and usability of an
over-the-counter hearing aid for adults with mild to moderate
hearing loss. Based on the usability testing, we proposed human
factors design recommendations to enhance the usability and
safety of the device. For instance, the intended user group and
contraindications for use (eg, tinnitus) should be clearly
displayed on the outside of the box, as well as throughout the
set up materials. Clear step-by-step guidelines should be
available to support user set up and pairing of the device. We
identified challenges to the design and testing of
direct-to-consumer devices. As the population ages and
technologies continue to pervade every aspect of our lives, the
direct use of medical devices by laypersons will continue to
expand. This study lays the foundation for future studies on best
practices for the user interface design of direct-to-consumer
medical devices.
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Abstract

Background: Falls in hospitalized patients are a serious problem, resulting in physical injury, secondary complications, impaired
activities of daily living, prolonged hospital stays, and increased medical costs. Establishing a fall prediction scoring system to
identify patients most likely to fall can help prevent falls among hospitalized patients.

Objectives: This study aimed to identify predictive factors of falls in acute care hospital patients, develop a scoring system,
and evaluate its validity.

Methods: This single-center, retrospective cohort study involved patients aged 20 years or older admitted to Shizuoka General
Hospital between April 2019 and September 2020. Demographic data, candidate predictors at admission, and fall occurrence
reports were collected from medical records. The outcome was the time from admission to a fall requiring medical resources.
Two-thirds of cases were randomly selected as the training set for analysis, and univariable and multivariable Cox regression
analyses were used to identify factors affecting fall risk. We scored the fall risk based on the estimated hazard ratios (HRs) and
constructed a fall prediction scoring system. The remaining one-third of cases was used as the test set to evaluate the predictive
performance of the new scoring system.

Results: A total of 13,725 individuals were included. During the study period, 2.4% (326/13,725) of patients experienced a fall.
In the training dataset (n=9150), Cox regression analysis identified sex (male: HR 1.60, 95% CI 1.21‐2.13), age (65 to <80
years: HR 2.26, 95% CI 1.48‐3.44; ≥80 years: HR 2.50, 95% CI 1.60‐3.92 vs 20-<65 years), BMI (18.5 to <25 kg/m²: HR
1.36, 95% CI 0.94‐1.97; <18.5 kg/m²: HR 1.57, 95% CI 1.01‐2.44 vs ≥25 kg/m²), independence degree of daily living for
older adults with disabilities (bedriddenness rank A: HR 1.81, 95% CI 1.26‐2.60; rank B: HR 2.03, 95% CI 1.31‐3.14; rank
C: HR 1.23, 95% CI 0.83‐1.83 vs rank J), department (internal medicine: HR 1.23, 95% CI 0.92‐1.64; emergency department:
HR 1.81, 95% CI 1.26‐2.60 vs department of surgery), and history of falls within 1 year (yes: HR 1.66, 95% CI 1.21‐2.27) as
predictors of falls. Using these factors, we developed a fall prediction scoring system categorizing patients into 3 risk groups:
low risk (0-4 points), intermediate risk (5-9 points), and high risk (10-15 points). The c-index indicating predictive performance
in the test set (n=4575) was 0.733 (95% CI 0.684‐0.782).

Conclusions: We developed a new fall prediction scoring system for patients admitted to acute care hospitals by identifying
predictors of falls in Japan. This system may be useful for preventive interventions in patient populations with a high likelihood
of falling in acute care settings.

(JMIR Hum Factors 2025;12:e58073)   doi:10.2196/58073

KEYWORDS

falls; inpatient falls; acute care hospital; predictive factor; risk factors

Introduction

In 2022, the proportion of the population aged 65 years or older
in Japan reached a record high of 29% [1]. A 2017 survey by

the Ministry of Health, Labour and Welfare of Japan revealed
that patients aged 75 years or older accounted for 41.5% of all
patients admitted to acute care hospitals [2]. Given the trend in
population aging, it is projected that the number of older adult
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patients with a high risk of falling will further escalate in the
future. Falls are not limited to older adults, and falls in
hospitalized patients can lead to severe physical injuries,
secondary complications, a marked decline in activities of daily
living (ADL), and even death in extreme cases [3,4]. Therefore,
fall prevention has become an important issue to protect patients’
lives and quality of life [5].

Interventions for fall prevention must be strategically targeted
to populations with a high risk of falling during hospitalization.
Furthermore, previous studies have emphasized the importance
of patient exercise therapy [6,7] and education for both patients
and health care providers in fall prevention [8-12]. Educating
patients about the risks of falls and strategies to mitigate these
risks is crucial in reducing the incidence of falls in hospitalized
patients. To effectively conduct patient education, it is
imperative to construct a fall prediction model for the accurate
identification of these high-risk patients. Currently, fall
prevention measures in hospitals include fall prediction models
using information from electronic health record (EHR) systems
[13-22], as well as predictive models that analyze patient
information from EHRs and nursing records using artificial
intelligence [15,23]. Here, we present several fall prediction
models that can be used with EHRs [17-20]. The STRATIFY
scale [17] uses a history of falls, visual impairment, mental
status, frequency of elimination, and ability to transfer and move
as factors in a prediction model. The Morse Fall Scale [18]
includes 6 items related to a history of falls, comorbidities, use
of walking aids, intravenous fluids, ability to walk and move,
and mental status. The Medication Fall Risk Score and
Evaluation Tool [19] assesses the medication-related fall risk.
This tool considers a patient’s use of medications as predictors,
classified according to the associated risk levels. Tago et al [20]
reported 8 predictors of falls in people with disabilities in Japan:
age, sex, emergency hospitalization, admission to neurosurgery,

use of sleeping pills, history of falls, independence in eating,
and level of independence in daily living.

Although fall prediction tools are widely used in Japanese
hospitals, existing models vary in predictors and are often
difficult to apply due to differences in facility and patient
characteristics. Many hospitals also rely on tools that lack a
strong evidence base [24,25] and are not well integrated with
EHR systems. In our clinical environment, we found it
challenging to implement existing models due to their reliance
on numerous variables that are either difficult to extract from
the EHR or unavailable. Therefore, we aimed to develop a
streamlined fall risk assessment tool that considers
facility-specific factors and can be seamlessly integrated with
EHR systems, enabling real-time insights and more efficient
fall prevention strategies.

The purpose of this study was to identify predictive factors for
falls in patients admitted to an acute care hospital as well as to
develop a scoring system using these factors and evaluate its
validity.

Methods

Participants and Study Design
We conducted a retrospective cohort study of patients aged ≥20
years admitted to Shizuoka General Hospital between April
2019 and September 2020. Inpatients excluded from the study
included those not covered by the Diagnosis Procedure
Combination system, such as dental and oral surgery patients
and obstetrics and gynecology inpatients during pregnancy,
childbirth, and postpartum. In addition, inpatients lacking data
on known risk factors such as the degree of independence in
daily living for the older adults with disabilities, bedriddenness
rank (BR), emergency admission, dietary independence,
mobility, and history of falls in the past year were also excluded,
as illustrated in Figure 1.
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Figure 1. Flowchart illustrating the study population.

Variables at Hospitalization as Candidate Predictive
Factors
All data used in this study were extracted from patients’medical
records as of February 3, 2022. Preadmission medical history
variables included dementia [5,6], Parkinson disease [7,26],
stroke [6], visual impairment (with or with no diagnosis of
glaucoma or cataracts) [4,5], history of falls [5,16,20,27], and
use of sleep medications [20,28-30]. The following variables
at admission were also collected: age [6,16,20,27], sex
[20,27,28], BMI [31-35], date of admission [20], disease name
at admission, department [20], mode of admission, ambulance
transport, consciousness disorders [16,23,28], requirement for
nursing care, good sleep condition, use of sleeping medication
[20,28,30], status of medication management, BR [20,36],
Cognitive Function Scores [5,6], ADL at admission (eating,
transferring, dressing, toilet transfer or use, bathing, level
walking, stair use, changing clothes, defecation management,
and urinary management) [17,18,20], fall assessment end points

at admission (history of falls or falls within 1 year, inability to
stand without holding on [28], impaired judgment and
comprehension, toilet assistance, and use of portable toilet),
and presence of physical restraint screening at admission.

The BR [20,36] is an official assessment tool in Japan’s
long-term care insurance system [37]. The BR is an assessment
of the degree to which a person’s daily life is restricted; this
degree is mainly assessed in terms of mobility in daily life, such
as whether the person is independent, in a wheelchair, or bed
bound. The Ministry of Health, Labour and Welfare ranks the
degree of BR based on evaluations by nurses and other health
care professionals according to the daily care they provide
during hospitalization, as well as on reports from family
members. The procedure for assessing BR and its reliability
have been reported [20,36].

Falls During Hospitalization as an Outcome
The primary end point was the time from the date of admission
to a fall at incident level [38] 2 or higher (hereafter referred to
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as “fall”), which requires medical resources. For patients who
died during hospitalization and those who did not have a fall,
the date of death or date of discharge, respectively, was used
as the censoring date. The classification of incident levels is
shown in Table S1 in Multimedia Appendix 1.

Statistical Analysis
Demographic data and potential predictors at the time of hospital
admission were summarized as follows. Continuous variables
are described using mean (SD) or median (range), considering
the distribution type. Categorical variables are summarized as
frequency (%). For comparisons between the groups with and
with no fall occurrence, t tests were used for continuous
variables and chi-squared tests for categorical variables. The
Kaplan-Meier method was applied to estimate the fall rate.

We explored predictors of falls and constructed a predictive
model using two-thirds of the total cases, randomly selected as
the training group, with the remaining one-third serving as the
validation group for the scoring system. In the training group,
predictive factors were identified using the Cox proportional
hazards model, and we calculated hazard ratios (HRs), 95%
confidence intervals (CIs), and P values. Predictive candidates
that were significant (P<.05) in the comparison of backgrounds
among patients with and with no falls, along with known
predictors, were included in a multivariable model. Factors with
P value of <.2 in this model were identified as predictors of
inhospital falls. Independence between explanatory variables
was confirmed using an absolute value of Spearman rank
correlation coefficient of >0.4. Among 2 correlated variables,
1 was chosen based on ease of collection or clinical significance;
this variable was then included in the multivariable model.
According to the identified predictive factors, a score was
created for each HR, and these scores were summed. We used
a method called “conditional inference tree analysis” to
categorize patients into 3 groups based on their risk of falling.
This approach works by first dividing the data into 2 groups
based on their overall scores. Then, a statistical test is performed
to see whether these 2 groups are significantly different, and
the variable that shows the strongest difference (the one with
the lowest P value) is used to split the groups. This process is
repeated within each subgroup until no further meaningful
divisions can be made or the smallest group size allowed is
reached. The predictive performance of this score and the fall
risk groups in the validation group were evaluated using the
c-index.

The significance level of the 2-tailed test was set at .05. Missing
values were not imputed in the analyses. All analyses were
performed using R (version 4.1.1; The R Foundation for

Statistical Computing), EZR (version 1.54; Saitama Medical
Center, Jichi Medical University) [39], and IBM SPSS (version
28; IBM Corp).

Ethical Considerations
This study conformed to the Ethical Principles for Medical
Research Involving Human Subjects issued by the Ministry of
Health, Labour and Welfare and the Ministry of Education,
Culture, Sports, Science and Technology of Japan. Following
these guidelines, the Shizuoka General Hospital research ethical
committee determined that individual patient informed consent
was not required because we analyzed existing information in
this study, and patients were given the right to refuse
participation via disclosure. After obtaining committee approval
(SGHIRB #2020075; January 15, 2022) and publishing the
disclosure document on Shizuoka General Hospital’s website,
the information for each individual was anonymized, and the
analysis was conducted.

Results

Patient Background and Falls at Incident Level 2 or
Higher on Admission
From April 1, 2019, to September 30, 2020, a total of 24,932
inpatients aged 20 years or older were admitted to Shizuoka
General Hospital. We excluded 3.3% (829/24,932) of patients
not covered by the Diagnosis Procedure Combination, 29.2%
(7288/24,932) with duplicate admissions, and 12.4%
(3090/24,932) with missing known risk factors of falls.
Consequently, 55% (13,725/24,932) of patients were included
in the analysis (Figure 1).

During the observation period, defined as the length of hospital
stay (median [range]: 13 [1-271] days), 3.6% (489/13,725) of
patients experienced falls across all incident levels, of which
2.4% (326/13,725) falls were classified as incident level 2 or
higher. For this study, we used fall data meticulously managed
by the hospital’s medical safety department, ensuring accuracy
and reliability. The details are shown in Table S2 in Multimedia
Appendix 1. The median age (range) of the patients included
in the analysis was 66 (20-103) years, with 52.1% (7150/13,725)
male patients, and the median BMI (range) was 22.8 (9.6‐58.1)

kg/m2. Table S3 in Multimedia Appendix 1 shows the results
of the comparison between the backgrounds of patients in the
training and test datasets. In a univariable analysis of the training
dataset (n=9150; two-thirds of the study population), we
compared patient backgrounds according to the presence of falls
(Table 1).
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Table . Patient background on admissiona.

P valueWith fall (n=216)With no fall (n=8934)Variable

<.001Age

75.0 (11.5)65.9 (17)Age (years), mean (SD)

<.001Age

28 (13)3347 (37.5)20 to <65 years, n (%)

105 (48.6)3673 (41.1)65 to <80 years, n (%)

83 (38.4)1914 (21.4)≥80 years, n (%)

<.001Sex, n (%)

75 (34.7)4287 (48)Female

141 (65.3)4647 (52)Male

<.001BMI

21.1 (3.9)22.9 (4.2)BMI, mean (SD)

<.001BMI

48 (22.2)1142 (12.8)<18.5 kg/m2, n (%)

132 (61.1)5363 (60)18.5 to <25 kg/m2, n (%)

36 (16.7)2403 (26.9)≥25 kg/m2, n (%)

0 (0)26 (0.3)Missing, n (%)

.927Dementia, n (%)

211 (97.7)8697 (97.3)No

5 (2.3)237 (2.7)Yes

.592Parkinson disease, n (%)

213 (98.6)8861 (99.2)No

3 (1.4)73 (0.8)Yes

.003Stroke, n (%)

183 (84.7)8121 (90.9)No

33 (15.3)813 (9.1)Yes

.778Visual impairment, n (%)

195 (90.3)7991 (89.4)No

21 (9.7)943 (10.6)Yes

<.001Cognitive function score, n (%)

179 (82.9)7855 (87.9)No

37 (17.1)710 (7.9)Yes

0 (0)369 (4.1)Missing

<.001Ambulance transport, n (%)

156 (72.2)7432 (83.2)No

60 (27.8)1502 (16.8)Yes

<.001Emergency admission, n (%)

74 (34.3)5528 (61.9)Scheduled hospitalization

142 (65.7)3406 (38.1)Emergency hospitalization

.007Department, n (%)

118 (54.6)4496 (50.3)Internal medicine

80 (37)4025 (45.1)Department of surgery
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P valueWith fall (n=216)With no fall (n=8934)Variable

18 (8.3)413 (4.6)Emergency department

<.001Consciousness disorders, n (%)

167 (77.3)8022 (89.8)No

49 (22.7)912 (10.2)Yes

<.001Bedriddenness rank, n (%)

65 (30.1)5500 (61.6)Rank J

58 (26.9)1568 (17.6)Rank A

34 (15.7)526 (5.9)Rank B

59 (27.3)1340 (15)Rank C

<.001Eating, n (%)

107 (49.5)7067 (79.1)Independent

109 (50.5)1867 (20.9)Requiring assistance

<.001Transferring, n (%)

89 (41.2)6579 (73.6)Independent

127 (58.8)2355 (26.4)Requiring assistance

<.001Dressing, n (%)

112 (51.9)7065 (79.1)Independent

104 (48.1)1853 (20.7)Requiring assistance

0 (0)16 (0.2)Missing

<.001Toilet transfer or use, n (%)

94 (43.5)6820 (76.3)Independent

121 (56)2099 (23.5)Requiring assistance

1 (0.5)15 (0.2)Missing

<.001Bathing, n (%)

95 (44)6673 (74.7)Independent

114 (52.8)2042 (22.9)Requiring assistance

7 (3.2)219 (2.5)Missing

<.001Level walking, n (%)

93 (43.1)6707 (75.1)Independent

122 (56.5)2107 (23.6)Requiring assistance

1 (0.5)120 (1.3)Missing

<.001Stair use, n (%)

86 (39.8)6541 (73.2)Independent

111 (51.4)1986 (22.2)Requiring assistance

19 (8.8)407 (4.6)Missing

<.001Changing clothes, n (%)

97 (44.9)6799 (76.1)Independent

119 (55.1)2116 (23.7)Requiring assistance

0 (0)19 (0.2)Missing

<.001Defecation management, n (%)

127 (58.8)7254 (81.2)Independent

87 (40.3)1618 (18.1)Requiring assistance

2 (0.9)62 (0.7)Missing
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P valueWith fall (n=216)With no fall (n=8934)Variable

<.001Urination management, n (%)

126 (58.3)7243 (81.1)Independent

88 (40.7)1625 (18.2)Requiring assistance

2 (0.9)66 (0.7)Missing

<.001History of falls within 1 year, n (%)

153 (70.8)7830 (87.6)No

63 (29.2)1104 (12.4)Yes

<.001Inability to stand without holding, n (%)

53 (24.5)5318 (59.5)No

159 (73.6)3486 (39)Yes

4 (1.9)130 (1.5)Missing

<.001Impaired judgment and comprehension, n (%)

157 (72.7)7592 (85)No

53 (24.5)1116 (12.5)Yes

6 (2.8)226 (2.5)Missing

<.001Toileting assistance, n (%)

106 (49.1)6694 (74.9)No

99 (45.8)1795 (20.1)Yes

11 (5.1)445 (5)Missing

aBetween-group comparisons were made using t tests and χ2 tests for continuous and categorical variables, respectively. The P value was calculated
using the Wald test. Bedriddenness rank J=independent or autonomous, rank A=housebound, rank B=chair, and rank C=bedridden.

Predictors of Falls
In the training dataset, univariable Cox regression analysis
compared patient backgrounds based on the presence or absence
of falls and identified factors affecting the time from admission
to the date of fall (Table 2, left side). Correlations between
explanatory variables were checked using Spearman correlation
coefficients, and independent explanatory variables were entered
into a multivariable regression model. The variables were
narrowed down by applying a high absolute value of the
Spearman correlation coefficient (>0.4) (Table S4 in Multimedia
Appendix 1). Among the 21 variables that were significant in

the univariable analysis, 5 variables (age, sex, BMI, department,
and history of falls within 1 year) were not correlated with each
other. Sixteen variables (including 12 ADL-related variables,
emergency admission, and consciousness disorders) had a
correlation coefficient of 0.4 or higher. From the correlated
variables, BR was ultimately chosen. This decision was
influenced by the fact that 12 other ADL variables showed
correlation, and BR could potentially explain physical severity,
including factors such as emergency transport and impaired
consciousness. The variables were chosen based on ease of
collection or clinical significance.
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Table . Univariable and multivariable Cox regression analysis results for fall rates in the training dataseta.

Training dataset (n=9150)Variable (reference) and category

Multivariable modelUnivariable model

P value95% CIHRP value95% CIHRb

Age

———c<.0011.02‐1.041.031 year

Age (20 to <65 years)

<.0011.48‐3.442.26<.0011.79‐4.122.7165 to <80 years

—1.60‐3.922.50<.0012.29‐5.433.53≥80 years

Sex (female)

.0011.21‐2.131.60.0011.21‐2.121.60Male

BMI

———<.0010.89‐0.960.921 kg/m2

BMI (≥25 kg/m 2 )

.1270.94‐1.971.36.0171.09‐2.271.5718.5 to <25

kg/m2

—1.01‐2.441.57.0021.30‐3.102.01≤18.5 kg/m2

Ambulance transport (no)

———<.0011.33‐2.361.77Yes

Emergency admission (scheduled hospitalization)

———.2030.90‐1.641.22Emergency hos-
pitalization

Stroke (no)

———.3760.81‐1.721.18Yes

Bedriddenness rank (rank J)

.0011.26‐2.601.81<.0011.59‐3.232.27Rank A

—1.31‐3.142.03<.0011.93‐4.452.93Rank B

—0.83‐1.831.23<.0011.35‐2.771.94Rank C

Cognitive function score (no)

———.0630.98‐2.011.40Yes

Department (department of surgery)

.1190.92‐1.641.23.0341.02‐1.811.36Internal
medicine

—1.26‐2.601.81.0031.29‐3.602.16Emergency de-
partment

Consciousness disorders (no)

———.0201.06‐2.031.47Yes

Eating (independent)

———<.0011.56‐2.692.05Requiring assis-
tance

Transferring (independent)

———<.0011.60‐2.802.12Requiring assis-
tance

Dressing (independent)
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Training dataset (n=9150)Variable (reference) and category

Multivariable modelUnivariable model

P value95% CIHRP value95% CIHRb

———<.0011.43‐2.481.88Requiring assis-
tance

Toilet transfer or use (independent)

———<.0011.68‐2.932.22Requiring assis-
tance

Bathing (independent)

———<.0011.59‐2.782.10Requiring assis-
tance

Level walking (independent)

———<.0011.65‐2.882.18Requiring assis-
tance

Stair use (independent)

———<.0011.63‐2.902.17Requiring assis-
tance

Changing clothes (independent)

———<.0011.60‐2.772.10Requiring assis-
tance

Defecation management (independent)

———.0011.23‐2.151.63Requiring assis-
tance

Urination management (independent)

———.0011.24‐2.171.64Requiring assis-
tance

History of falls within 1 year (no)

.0021.21‐2.271.66<.0011.50‐2.702.01Yes

Inability to stand without holding (no)

———<.0011.83‐3.452.51Yes

Impaired judgment and comprehension (no)

———.0351.03‐1.921.40Yes

Toileting assistance (no)

———<.0011.59‐2.772.10Yes

aBetween-group comparisons were made using t tests and χ2 tests for continuous and categorical variables, respectively. The P value was calculated
using the Wald test. Bedriddenness rank J= independent or autonomous, rank A=housebound, rank B=chair, and rank C= bedridden.
bHR: hazard ratio.
cNot applicable.

In multivariable analysis, age (65 to <80 years: HR 2.26, 95%
CI 1.48‐3.44; ≥80 years: HR 2.50, 95% CI 1.60‐3.92 vs 20
to <65 years), sex (male: HR 1.60, 95% CI 1.21‐2.13), BMI
(18.5 to <25 kg/m²: HR 1.36, 95% CI 0.94‐1.97; <18.5 kg/m²:
HR 1.57, 95% CI 1.01‐2.44 vs ≥25 kg/m²), BR (rank A: HR
1.81, 95% CI 1.26‐2.60; rank B: HR 2.03, 95% CI 1.31‐3.14;
rank C: HR 1.23, 95% CI 0.83‐1.83 vs rank J), emergency
department (internal medicine: HR 1.23, 95% CI 0.92‐1.64;
emergency department: HR 1.81, 95% CI 1.26‐2.60 vs
department of surgery), and history of falls within 1 year (yes:
HR 1.66, 95% CI 1.21‐2.27) are shown as predictors of
inhospital falls (Table 2, right side).

Construction of a Fall Scoring System
Based on the results of multivariable analysis using the training
set, we weighted the scores based on each HR (Table 2, right
side) and formed 3 fall-risk groups (low risk: 0-4 points,
moderate risk: 5-9 points, and high risk: 10-15 points) using
conditional inference tree analysis (Figure S1 in Multimedia
Appendix 1). The new fall prediction scoring system built on
this basis is shown in Figure 2. As a predictor of the performance
of these 3 classifications of fall prediction, the c-index in the
validation set (n=4561) was 0.733 (95% CI 0.684‐0.782). The
cumulative fall incidences in training and test datasets are
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shown, with Kaplan-Meier curves presented for the training dataset (Figure 3A) and the test dataset (Figure 3B).

Figure 2. Fall prediction scoring system to be implemented at the time of admission.
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Figure 3. Fall risk classification-specific cumulative fall incidence. Cumulative fall incidences classified by fall risk scoring are shown for the training
dataset (A) and test dataset (B).

Discussion

Principal Results
This study was a retrospective cohort investigation conducted
at an institution specialized in acute inpatient care, aimed at
identifying the risk factors for falls using the time from
admission to fall as the outcome variable. Fall risk factors
included age, sex, BMI, BR, emergency department, and history
of falls within 1 year. Specifically, the study found that older
patients (aged 80 years and older) had a higher risk of falls, with
men being more at risk than women. Patients with a BMI of
<18.5 and those admitted through the emergency department
had an increased risk. In addition, those with a history of falls
within the past year were particularly vulnerable. We constructed
a new predictive scoring system for falls by weighting scores
based on each HR according to the results of multivariable
analysis and using statistical methods to classify fall risk groups
into 3 categories (low risk: 0-4 points, moderate risk: 5-9 points,
and high risk: 10-15 points). The present fall prediction scoring
system could facilitate preventive interventions for high-risk
patients, potentially reducing the likelihood of falls among the
most susceptible patient populations and improving patient
safety and care in the hospital environment.

Comparison With Prior Work
In terms of age-specific fall incidence, it was evident that a
higher proportion of falls occurred among people aged 65 years
and older. This result is in alignment with previous reports
[6,16,20,22,27,40] identifying advanced age as a predictive
factor for falls. Consistent with past studies [5,16,20,22,40], a
history of falls was determined to be a predictive factor.

Previous reports on predictors of falls have shown that sex can
be a predictor for both men and women. In this study, being
male was identified as a risk factor. In addition, men have been
found to experience multiple falls more frequently [27]. Past
reports indicating that being male increases the risk of falls

[20,28] have focused on hospitalized patients whereas those
suggesting an increased risk for women [41,42] have focused
on community-dwelling individuals. These differences may be
owing to the different characteristics of the study populations,
that is, relatively healthy community residents and patients in
health care facilities. This may be related to the fact that
hospitalized patients tend to have reduced physical activity,
which increases the risk of falls. However, the relationship
between sex differences and fall risk factors in the hospitalized
population remains unclear, and further research is needed to
elucidate these aspects.

A systematic review targeting community-dwelling older adults

showed that a low BMI (<17 kg/m2) is associated with a greater

risk of falls, when using 23.5 kg/m2 as the baseline [34]. In

addition, some reports indicate that both high (25‐35 kg/m2

or above) and low (below 18.5 kg/m2) BMI values are associated
with increased fall risks [31-33,35]. These findings suggest that
extreme BMI values influence the risk of falling. However, in

our study, we identified low BMI (below 18.5 kg/m2) and

normal BMI (18.5‐25 kg/m2) as risk factors for falls, using

high BMI (25 kg/m2 or above) as the reference category. This
divergence in results might be attributed to the fact that in our
Japanese study population, few patients met the international

high BMI criterion (>30 kg/m2). In the study, because only 5.7%

(6/741) of people in this training category fell, BMI >30 kg/m2

was not able to be included as the category for a categorical
variable BMI.

The BR degree, which is strongly correlated with ADL, was
identified as a risk factor for inhospital falls. This finding aligns
with several fall prediction models [17,18,20], demonstrating
the significant role of a decline in ADL, as it is known that
exercise therapy is effective in fall prevention [6,7]. This
underscores that impaired ADL is a crucial factor in determining
the outcomes of patients who experience falls. In addition,
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because the overall assessment of ADL is predominantly based
on mobility, a substantial correlation [43] between ADL and
BR has been observed. In our study, of the 15 variables that
showed a correlation with BR, 12 were related to components
of ADL.

Being admitted to the emergency department (as an inpatient
department) was identified as a risk factor for inhospital falls.
The emergency department inpatient population comprises
patients who have been transported to the emergency department
or who otherwise came voluntarily to the emergency department.
This population typically has more severe illness, which may
explain why emergency department admission is a risk factor
for inhospital falls. Moreover, a history of falls within the past
1 year was identified as a risk factor for inhospital falls. This
result was similar to previous reports that identified a fall history
as a risk factor for subsequent falls [17,18,20].

Falls are internationally recognized as a serious health issue
[3,30], and various efforts to prevent falls are undertaken
worldwide. Particularly in Japan, where rapid aging is prevalent,
fall prevention has become an increasingly critical issue.
Education for patients and staff is considered a fundamental
approach to addressing this problem [8,10-12,44], and the
introduction and enhancement of educational programs in
Japanese hospitals are desirable [10]. To achieve this, it is
essential to identify high-priority patients among inpatients and
implement fall prevention measures as a high-risk approach.
Multifactorial interventions to comprehensively assess and
address multiple fall risk factors have proven effective [10].
However, some tools for evaluating fall risk have been criticized
for their time-consuming nature and limited effectiveness
[45-47], necessitating judicious selection and effective use.
Recent research supports these multifactorial interventions and
highlights the importance of tailored educational programs and
effective risk assessment tools. Guidelines from the United
Kingdom’s National Institute for Health and Care Excellence
offer specific approaches for fall prevention [48], which could
serve as valuable references for fall prevention strategies in
Japan. In the approach to fall prevention in Japanese hospitals,
international insights and guidelines should be considered while
also tailoring unique approaches according to facility
characteristics, health care delivery systems, and patient
backgrounds.

Statistical Validation and Clinical Application of Risk
Categorization
In our research, we used the conditional inference tree method
for statistical analysis to categorize patients into low-, middle-,
and high-risk groups, as detailed in Table S4 in Multimedia
Appendix 1. This methodological choice ensured that our risk
stratifications were based on solid data analysis, avoiding
arbitrary determinations. In addition, this scoring approach
permits adjustment of cutoff values based on each health care
facility’s resources and circumstances, enhancing its
applicability in diverse clinical settings. Our aim is not to change
the patient’s fall risk level based on resources but to adjust the
intensity of preventive interventions according to available
resources. The fall risk classification is based solely on clinical

characteristics, while resource availability guides the
prioritization and distribution of these interventions.

For patients identified as high risk for falls according to our
predictive model, it is important to recognize that identifying
these individuals is only the first step; providing effective
interventions is a separate and critical challenge. Based on prior
research demonstrating their effectiveness, we recommend
several interventions tailored to implement fall prevention
measures as a high priority. Here, we outline interventions such
as increased monitoring, personalized environmental
adjustments, nonslip footwear, assistive devices such as walkers
or canes, one-on-one support, and immediate assistance. In
addition, patient education and rehabilitation are crucial
components. Educating both patients and health care providers
about fall risks and preventive strategies, combined with
physical therapy to enhance strength and balance, can
significantly reduce the risk of falls [6-12]. However, it may be
necessary to adjust these cutoffs based on sensitivity and
specificity considerations to enhance the accuracy of patient
risk identification, aligning more closely with practical
prediction practices in health care.

The fall prediction tool we developed integrates seamlessly with
a hospital’s EHR system. Upon a patient’s admission, it
automatically retrieves EHR data and calculates a fall risk score
based on various predictors. This integration allows all health
care providers, including emergency and trauma physicians, to
easily access the patient’s fall risk assessment. Emergency or
trauma physicians can use this tool to quickly identify patients
at high risk for falls and implement appropriate interventions.
This proactive approach can significantly reduce the incidence
of falls and enhance patient safety in fast-paced and high-stress
environments such as emergency departments and trauma
centers.

Limitations
This study has several limitations. First, owing to the
identification of inhospital fall predictors based on the
characteristics of the facility and patient population in an acute
care hospital, generalizing the findings to other all hospitals
may be challenging. While the generalizability of our model is
not fully guaranteed due to the lack of external validation,
hospitals with similar facilities and patient characteristics might
find the identified predictors and scoring system developed in
this study applicable to their setting. Second, our study did not
examine psychiatric symptoms, including delirium, as a potential
predictive factor [49,50]. Because previous studies have shown
that psychiatric symptoms can be a risk factor for falls
[17,18,28], it can be necessary to reconstruct the prediction
model by including additional predictors of falls, including
psychiatric symptoms such as delirium, in future studies. Third,
we did not examine the association between medications and
falls. Previous studies have shown that taking sleeping pills
[19,20,28-30,51] and the number of medications [42,52-54] are
risk factors for falls. At the time of our study, limitations in our
EHR system made it difficult to collect accurate medication
data. This prevented us from including medication type and
number as predictors. Since then, our EHR system has been
upgraded, and we can now reliably obtain medication data. We

JMIR Hum Factors 2025 | vol. 12 | e58073 | p.239https://humanfactors.jmir.org/2025/1/e58073
(page number not for citation purposes)

Saito et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


plan to incorporate these variables in future studies to enhance
the accuracy of our fall prediction model. Fourth, we could not
compare the results of our model with those of existing fall
prediction models. However, we believe that our newly
developed fall prediction model is highly useful in that it is easy
to apply in many Japanese hospitals with acute care settings,
similar to that in this study.

To further enhance the practical application of our fall prediction
scoring system, we plan to integrate it into our hospital’s EHRs
to gather real-world evidence. This will allow us to evaluate its
usability, accuracy, and impact on reducing inhospital falls.

Future research will include multisite longitudinal studies to
validate the tool’s effectiveness across different health care
settings.

Conclusions
We successfully identified predictors of falls within a patient
population admitted to an acute care hospital and developed a
novel prediction model in Japan. This model could serve as an
effective tool to guide preventive interventions for both
individual hospitalized patients and high-risk populations in
many hospitals with acute care settings.
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Abstract

Background: The opaque nature of artificial intelligence (AI) algorithms has led to distrust in medical contexts, particularly
in the treatment and monitoring of atrial fibrillation. Although previous studies in explainable AI have demonstrated potential to
address this issue, they often focus solely on electrocardiography graphs and lack real-world field insights.

Objective: We addressed this gap by incorporating standardized clinical interpretation of electrocardiography graphs into the
system and collaborating with cardiologists to co-design and evaluate this approach using real-world patient cases and data.

Methods: We conducted a 3-stage iterative design process with 23 cardiologists to co-design, evaluate, and pilot an explainable
AI application. In the first stage, we identified 4 physician personas and 7 explainability strategies, which were reviewed in the
second stage. A total of 4 strategies were deemed highly effective and feasible for pilot deployment. On the basis of these strategies,
we developed a progressive web application and tested it with cardiologists in the third stage.

Results: The final progressive web application prototype received above-average user experience evaluations and effectively
motivated physicians to adopt it owing to its ease of use, reliable information, and explainable functionality. In addition, we
gathered in-depth field insights from cardiologists who used the system in clinical contexts.

Conclusions: Our study identified effective explainability strategies, emphasized the importance of curating actionable features
and setting accurate expectations, and suggested that many of these insights could apply to other disease care contexts, paving
the way for future real-world clinical evaluations.

(JMIR Hum Factors 2025;12:e65923)   doi:10.2196/65923
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Introduction

Background
While the role of artificial intelligence (AI) in health care is
growing, concerns about its reliability and transparency remain
largely unaddressed [1]. The opaque nature of AI algorithms
challenges trust, particularly in cardiology, where the lack of
interpretability in deep learning models limits their adoption
and utility [2,3]. This has led to increased interest in developing
explainable AI models that offer accurate predictions along with
clear explanations of the rationale behind the predictive results
[4].

Our study explored the advantages and challenges of using AI
models in cardiovascular treatment, focusing on designing an
explainable AI system to aid posttreatment care for patients
with atrial fibrillation (AF) after catheter ablation. There were
>3 million new cases of AF, a common arrhythmic disorder [5],
in 2017, with numbers expected to rise due to aging [6].
Although often undetected, AF is a significant risk factor for
severe conditions such as stroke or heart failure [7] and can
greatly impact patients’ quality of life [5,8]. While catheter
ablation is effective, AF can recur after ablation, requiring
careful monitoring of risk factors [9].

Several machine learning models, from screening algorithms
[10,11] to those predicting AF recurrence after ablation [12],
have been developed, but integrating them into health care
remains challenging. Physicians often require detailed
justifications due to prediction uncertainties. While explainable
AI algorithms [5,13] could assist, a more holistic approach is
needed in posttreatment scenarios to effectively integrate
additional information, which remains poorly understood in
real-world care contexts (discussed in the next section).

To better integrate a machine learning model into the ongoing
decision-making ecosystem and identify unmet clinical needs
beyond performance optimization, we used a user-centered,
iterative design approach to develop AF’fective, an explainable
AI system for posttreatment monitoring of patients with AF.
By conducting semistructured interviews, design sessions, and
focus groups with 23 cardiologists, we aimed to identify key
principles for the effective design and use of explainable AI in
real-life cardiac treatment and management. In this section, we
first review the development of explainable AI in relevant fields
in the second subsection and summarize our first 2 study stages
in the third subsection. We then detail and discuss our final-stage
findings and conclude with reflections on the study’s
implications and the generalizability of our insights.

High Accuracy but (Still) Rejected: Machine Learning
Models in Cardiology
Cardiology is one field of medicine that has seen extensive use
of AI to aid in medical practice. Various machine learning
models have been developed and used to assist in a wide range
of tasks, from helping predict the prognosis or readmission after
heart failure [14,15] to detecting various cardiovascular diseases
from medical images [16]. In the area of arrhythmia, previous
studies have focused particularly on two key areas: (1)
prevention, which involves assisting in the early detection of

various arrhythmic conditions; and (2) monitoring, which
involves supporting the management of such conditions after
treatment [17]. In the preventive area, researchers have shown
how machine learning models could be developed and used to
detect irregular conditions using electrocardiography (ECG)
signals [18] or even through photoplethysmography sensors
from commercially available smartwatches [19,20]. In most
cases, such models were able to diagnose these irregular
conditions with a high degree of accuracy (97%) [20]. However,
the potential for a high rate of false positives when implemented
through commercial smartwatches has triggered concerns among
researchers, and as a result, they have cautioned against using
such systems for population-wide screening and emphasized
maintaining the 12-lead ECG as the gold standard [21]. Given
the prevalence of AF, several of the developed models in this
domain have chosen to focus specifically on this condition, with
various deep learning ECG models being developed to help
screen people for AF, stratify patients based on their risk level,
and even predict the chances of the condition occurring in the
future (see the study by Sehrawat et al [21] for a comprehensive
review).

In the monitoring area, to support posttreatment care, previous
studies have developed models capable of predicting patient
mortality or echocardiographic response after procedures such
as cardiac resynchronization therapy [22]. Other studies have
even shown how the risk of recurrence for conditions such as
AF could be predicted using patient demographics and 3D
computed tomography images of the left atrium [23]. Similarly,
several studies have demonstrated how the recurrence of AF or
30-day hospital readmission after catheter ablation can be
predicted using various deep learning and non–deep learning
strategies (eg, convolutional neural network [CNN] and Extreme
Gradient Boosting) [12,13,24]. In other cases, deep learning
algorithms have also been developed to detect an AF episode
4.5 minutes before onset, thus enabling prompt interventions
to prevent their occurrence [25].

Overall, while the findings of these studies all appear to
demonstrate significant potential for implementing predictive
models to support AF treatment, we have encountered
substantial pushback from clinical partners when attempting to
implement such a model in clinical practice. Despite the
promising performance of the model in the study by Nishimura
et al [26] (area under the curve of 0.72 with 83% sensitivity and
58% specificity), there was still strong resistance from
physicians regarding trusting the predicted outcomes. Such
hesitation and resistance to adopting machine learning models
among clinical staff have also been frequently identified in
previous studies [1,27]. Given the delicate and often critical
nature of treatment in this field, it is not surprising that the lack
of interpretability undermines trust in these models, preventing
clinicians from using them in medical treatment (see the study
by Petch et al [2]). Moreover, the opaque process raises concerns
regarding how mistakes could be rectified, not to mention that
it may cause potentially disruptive emotions when discussing
such results with patients. Therefore, at present, the high
accuracy, accessibility, and (possibly) low cost of machine
learning models often do not lead to their adoption in medical
practice.
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Explainable AI in AF
Recently, explainable AI has gained attention as a potential
approach to address these issues of transparency and
interpretability [28-30]. In the context of AF treatment, ECG
data are generally used as a main data source for screening
irregular rhythm and predicting the risk of AF recurrence, and
as such, explainable AI techniques such as Shapley Additive
Explanations (SHAP) have been used with the ECG data to
identify features contributing to the predictive outcomes [31].
In previous studies, researchers have proposed an explainable
deep learning model that not only detects AF but also describes
the reasons behind their decisions and visualizes key regions
within the ECG signal identified as important predictors using
techniques such as Gradient-Weighted Class Activation
Mapping (Grad-CAM) or a deep visual attention [29,32,33].
Building upon earlier models, researchers such as Raza et al
[34] incorporated federated learning techniques alongside
explainable AI to preserve patient ECG data privacy. In more
recent studies, explainable models have even been created that
are capable of identifying patients at high risk after catheter
ablation and highlighting the features (eg, type of AF, age, and
left atrial diameter) that the model used to decide on the risk
level for each patient [30]. The use of “explainable” models in
this manner has been argued to have the added benefit of
allowing clinicians to better understand the relationship between
each contributing factor and the predicted outcome of an
individual case, helping clinicians justify their decisions and
treatments more effectively [35].

While explainable AI techniques are believed to enhance the
interpretability of algorithms, incorporating them to truly
improve patient outcomes in real-life medical contexts remains
challenging [36]. Understanding of the strengths and limitations
of these approaches in different use cases and how human and
AI-based diagnoses can complement each other is still lacking
[36]. Deploying these models effectively requires a thorough
examination of the patient journey and adapting the explainable
strategy accordingly. Recent studies [37,38] have begun to
address these issues by examining the use of explainable AI in
more realistic settings with various stakeholders to ensure safe
adoption in clinical practice.

Overall, although the integration of explainable AI into medical
contexts holds great promise, it requires a concerted effort to
address technical, ethical, and practical challenges. Insights
from near-live and real-life case studies can help develop best
practices and trustworthy methods for implementing such
systems in clinical settings, thereby enabling users and
professionals to fully benefit from AI technology.

Early Study Stages and Findings in a Nutshell
In this section, we summarize and report the in-depth insights
from the 2 early stages of interviews (partially reported as a
poster in the study by She et al [39]) and group design sessions
to conceptualize and pilot-test our design strategies and
prototype. We chose to include some key findings from these
early stages to enhance readers’ understanding of our design
decisions in developing the final prototype for evaluation.

Stage 1

Overview

In the first stage, we conducted semistructured interviews with
physicians to gain insights into their experiences and best
practices for posttreatment care of patients with AF. Physicians
were asked to share their positive and negative experiences,
communication strategies, and effective procedures for
monitoring posttreatment patients with AF. To sensitize and
prepare participants, we provided a 1-week workbook with
reflection exercises sent 1 to 2 weeks before the interview. Each
interview lasted approximately 45 minutes and was fully
recorded with the consent of the physicians.

Participants

We invited 8 physicians from different specialties, such as
emergency medicine, internal medicine, and cardiology, to join
us for interviews at Kyoto Prefectural University of Medicine
in Japan. We made sure to include a mix of experience levels
and backgrounds in cardiology to obtain insights that could be
more broadly generalized to other medical contexts.

Measurements and Study Apparatus

A week before the interview, each physician received a toolkit
to reflect on their clinical practice. The toolkit included a
workbook with 7 daily assignments on their experiences and
patient interactions as well as stickers featuring emotional words
and contextual images to help express their thoughts and
feelings.

Study Process

We asked physicians to reflect on their process for diagnosing
patients and explaining treatment plans, especially in difficult
situations such as delivering bad news. They were also asked
to share strategies for handling uncooperative patients or those
who rejected treatment. Physicians were encouraged to use the
2 sticker sets to respond to workbook questions or use them as
interview resources. During the interview, physicians were
guided through the workbook to discuss their specific
approaches, experiences, motivations, stressors, and methods
for negotiating treatment plans.

Analysis

In total, 2 researchers from the human-computer interaction
(HCI) field and a cardiologist analyzed the interview data, with
all recordings fully transcribed. The HCI researchers developed
design strategies through thematic analysis, whereas the
cardiologist reviewed and selected strategies for further
evaluation in stage 2.

Results

Our initial interviews with 8 physicians produced 2 key outputs:
4 physician personas (teamworker, minimum effort professional,
the veteran, and self-actualizer) and 7 design strategies for
explainable prediction. Each persona included
pseudodemographics and progress bars depicting their
personalities across 4 parameters: passionate/realistic,
rookie/veteran, work-oriented/life-oriented, and
individualism/collectivism.
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The research team discovered that participants had common
concerns about self-efficacy in patient treatment, feeling
validated when treatments succeeded but disempowered when
seen as incompetent. This insight led to the development of 7
design strategies for explainable prediction. Participants
emphasized the need to justify decisions by clearly explaining
issues such as ECG results to patients. We reviewed and adapted
explainable AI strategies from previous studies [40] for

cardiology. The seven strategies were (1) highlighting key ECG
features (strategy A), (2) comparing with historical predictions
(strategy B), (3) simulating extreme ECG outcomes (strategy
C), (4) comparing with similar patients (strategy D), (5) showing
similar training examples (strategy E), (6) providing an
at-a-glance mode (strategy F), and (7) explaining through
established ECG principles (strategy G; Figure 1 [39]).

Figure 1. The 7 explainable artificial intelligence strategies (A-G) that were examined in the initial 2 stages of the study, expanded from the previous
publication [39]. AF: atrial fibrillation; bpm: beats per minute; ECG: electrocardiography; PA1: patient 1; PA2: patient 2; PA3: patient 3.

Stage 2

Overview

In the second stage, we evaluated the feasibility of the 7 design
strategies from the first stage, focusing on those that could be
implemented using explainable AI. Physicians first described
their usual process for assessing recurrence risk and discussed
the potential role of predictive models and explainable AI. We
then introduced the explainable AI strategies and gathered
detailed feedback on which would most effectively clarify
predicted outcomes for other physicians and patients.

Study Process and Findings to Guide the Prototype
Development

We conducted 2 group design sessions with 8 cardiologists to
critically review and assess our design strategies. Initially, 5
cardiologists were asked to evaluate the advantages and
disadvantages of each strategy, describe scenarios in which they
would be useful, and reflect on their concerns regarding
implementing such explainable features.

From the 7 proposed strategies, we selected 4 (strategies A, B,
D, and G) for further development into a web-based prototype
using a high-fidelity explainable CNN model with real patient

data. In total, 3 cardiologists reviewed the prototype using the
concurrent think-aloud approach [41] and provided feedback.
They also discussed concerns about using AI during
posttreatment care, specifically on whether the explainable
features enhanced their trust in the AI system and how the
system might add or reduce value in their practice.

Participants

A total of 5 cardiologists with experience treating AF were
recruited from Kyoto Prefectural University of Medicine to
assess the explainable AI strategies. In addition, 3 cardiologists
from the same institution were brought on to evaluate a
web-based prototype.

Results and Study Apparatus Development

The 4 effective design strategies identified were highlighting
contributing features (strategy A), comparing with past
predictors (strategy B), comparing with other patients (strategy
D), and explaining through established principles (strategy G).
Participants’ choices were guided by 3 principles: discernibility
(highlighting relevant noteworthy parts), comparability (intra-
and interpersonal comparisons), and evidence-based approaches
(derived from diagnostic examples or clinical literature).
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Strategies to avoid included non–evidence-based methods and
those showing only partial graphs.

In general, physicians were highly receptive to the AF’fective
prototype, particularly its explainable features, which they found
useful for evaluating treatment effectiveness in posttreatment
monitoring. On the basis of their feedback, we advanced to
web-based prototyping.

The web-based prototype was developed using Figma (Figma,
Inc), a popular tool among user experience (UX) designers for
creating high-fidelity and web-based prototypes at minimal cost
during the development process. Our prototype comprised 2
main screens: a patient overview screen and an individual health
record dashboard (to avoid repetition of similar images, we
share the screenshots from the final system in this paper instead;
Figures 2 and 3).

The overview screen displays patients’demographic details and
predicted recurrence risks, allowing cardiologists to sort by
various demographic and risk factors. The health record
dashboard displays (comparable and evidence-based) health
information gathered from a patient’s previous visits. Our
predictive model will automatically extract and highlight
keywords or risk factors based on the patient’s visits and health
data. In addition, the model differentiates the importance of the
risk factors and offers 3 tiers of ECG result presentation based
on the level of urgency for physicians: no highlight, full
highlight, and critical highlight only.

In critical highlight mode, only urgent health information is
shown, whereas the full highlight mode displays all details,
including less urgent AI highlights. Validated risk factors are
listed as diagnostic keywords in the right panel, helping
physicians quickly identify the main contributors to the
predictive outcome.

Figure 2. The patient overview screen.
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Figure 3. Screenshot of the patient page, including extra risk factors. ECG: electrocardiography.

Methods

Overview
Our research followed a 3-phase approach collaborating with
stakeholders familiar with AF management. In the first phase,
we conducted semistructured interviews with 8 cardiologists to
explore potential explainable AI strategies for postablation care.
From these insights, we developed 7 design concepts, which
were then critically assessed and refined by another 8
cardiologists in the second phase. This process led to the
selection of 4 explainable strategies. In this section (the final
phase of the study), we built a functional prototype incorporating
real patient data and invited a third group of 7 cardiologists to
evaluate its effectiveness and feasibility in clinical settings.

Ethical Considerations
This study received ethics approval from the relevant
institutional review boards (IRBs) in Japan, including the Kyoto
Institute of Technology IRB (2021-08) and the Kyoto Prefectural
University of Medicine IRB (ERB-C-2014). Informed consent
was obtained from all participating physicians, who volunteered
to take part in the study without receiving any compensation.

To ensure the privacy and confidentiality of patient health data,
all personally identifiable information, including patients’
names, was removed and replaced with unique codes. This
anonymization process ensured that no data could be traced
back to individual patients.

Stage 3
The web-based prototype from the previous stage was developed
into a fully functional progressive web application (PWA)
prototype, which was then tested and evaluated by cardiologists.

Patient Data
A total of 11 postablation patients consented to provide data
for the prototype. Protected health information, such as names
and birthdays, was masked or replaced due to IRB requests, but
other health data (eg, ECG, body measurements, blood pressure,
and visit history) were used to closely resemble the original
patient health data for a realistic prototype.

Participants
In total, 7 cardiologists involved in the treatment of AF were
recruited from the Kyoto Prefectural University of Medicine in
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Japan. All of them had experience diagnosing patients with AF
and performing catheter ablation.

Measurements and Study Apparatus
In total, 3 widely adapted UX-related questionnaires were
implemented in our study: the User Experience Questionnaire
(UEQ), technology acceptance model (TAM), and Mobile App
Rating Scale (MARS). The rationales for including these
questionnaires are explained in the following sections.

UEQ Inclusion Rationale

The UEQ, developed by Laugwitz et al [42] in 2008, consists
of 26 items across 6 dimensions: attractiveness, perspicuity,
efficiency, dependability, stimulation, and novelty. The scale
ranges from −3 (most negative) to +3 (most positive). Scores
closer to 0 are considered “neutral.” A data analysis tool is
provided for interpreting the results, with benchmarks in 5 tiers:
excellent, good, above average, below average, and bad [43].
Our goal during prototyping was to achieve above-average
ratings. The English version was translated into Japanese.

TAM Inclusion Rationale

Previous research suggests that a user’s intention to use is the
primary predictor of actual system use [44]. To ensure that our
PWA was both useful and usable in a medical context, we
implemented the TAM to assess user acceptance and intention
to use our explainable AI system. Originally developed by Davis
et al [45], the TAM is a key model in new technology
development. We adapted it for our PWA evaluation focusing
on 3 dimensions: efficiency (perceived usefulness), ease of use
(perceived ease of use), and intention to use (behavioral
intention to use). For the TAM, a 7-point Likert scale is used,
ranging from 1 (strongly disagree) to 7 (strongly agree). A
score of 4 represents neutrality.

MARS Inclusion Rationale

Despite its name, the MARS is widely used to assess the quality
of health applications across various types of digital platforms.
It evaluates 4 dimensions: engagement, functionality, esthetics,
and information quality [46,47]. We selected the MARS to
assess the information quality of our PWA using the Japanese
translation by Yamamoto et al [48]. The MARS uses a 5-point
Likert scale ranging from 1 (inadequate) to 5 (excellent). Scores
of >3 are considered above average.

AF’fective: The Web-Based PWA
A fully web-based PWA was developed using the Ionic
framework (Drifty) for the front end and Python (Python
Software Foundation) for the back end. Access was strictly
controlled through an authentication system to ensure data
security. The PWA included 2 main pages that were developed
based on our explainable strategies: a patient overview screen
(corresponding to strategy D) and an individual health record
dashboard (corresponding to strategies A, B, and G). One
noteworthy change was made to our predictive model, which
also influenced our explainable features. On the basis of
physicians’ feedback, we omitted direct highlights on the raw
ECG graph in stage 2 (using Grad-CAM; see the demonstration
in Figure 1 [39]) and, instead, used the 7-item features derived
from the standardized clinical interpretation of ECG graphs

(corresponding to strategies A and G in particular; see the
demonstration in Figures 4 and 5). In particular, we replaced
the explainable AI model used in previous stages with a SHAP
model [49], which was constructed to highlight the extent to
which different key clinical features—commonly used as
established interpretation principles in AF prediction for ECG
data (eg, maximum P wave duration and augmented vector right
[aVR]/first precordial lead [V1])—contributed to the
decision-making process for strategy G. Therefore, the predictive
model was updated from a CNN model (image based) used in
the previous 2 stages to a Cox regression model (feature based)
[26] to accommodate the introduction of 7 standard features for
prediction (and, later on, SHAP for explaining). While
physicians were not shown the Cox regression model’s
performance to avoid biasing them, it achieved strong
evaluations, with an area under the curve of 0.72, sensitivity of
83%, and specificity of 58%. The model was trained on data
from 502 patients, with an average follow-up of 6.2 (SD 3.5)
years. A total of 13.1% (66/502) of the patients developed
new-onset AF [26].

These standardized clinical explainable features are included
in the following list. These features were derived from the
interpretation standards that cardiologists commonly apply when
reading an ECG graph and assessing a patient’s risk level. As
indicated in our previous studies, while directly highlighting
sections of the ECG graph that contributed to the predictive
model’s output can explain the model’s prediction, it does not
aid physicians in interpreting the graph. To enhance the
interpretability and physician-friendly explanation, we asked
cardiologists to standardize their interpretation of the ECG graph
into higher-level features that are more straightforward and
easier to understand for their fellow cardiologists. Our previous
work [26] provides details on training a predictive model based
on these new features:

1. Max P wave duration >125 ms: whether the maximum P
wave duration is >125 ms

2. aVR/V1<1: whether the amplitude ratio of the P wave is
<1

3. Amplitude V1≥10: whether the P wave amplitude in V1 is
>0.1 mV

4. Amplitude aVR<4=0: whether the P wave amplitude in the
lead aVR is <0.04 mV

5. PAC on ECG=1.0: whether there was one or more
supraventricular ectopies during recording (removed in the
latest model for simplicity from the work by Nishimura et
al [26])

6. RV5SV1≥2.2=0: whether the amplitude (height) of the R
wave in the fifth precordial lead plus the amplitude (depth)
of the S wave in V1 is >2.2 mV

7. PR≥185=0: whether the interval between the P and R waves
is >185 ms

The individual health record dashboard (as shown in Figure 3)
also allowed physicians to check past visit ECG graphs and
explainable features (corresponding to strategy B). The
physicians can obtain an overview of the basic patient data in
the top left corner and then proceed to the raw ECG graph. In
the main graph section, they can choose between 2 types of
explainable models (see Figures 4 and 5 for the corresponding
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graphs) and add data from the patient’s history for comparison.
The right panel provides additional patient correspondence data
and physical measurements such as weight and blood pressure.
The standardized features made it easier to compare patients
when physicians navigated the patient overview board
(corresponding to strategy G).

We also developed 2 interfaces to summarize the explainable
features. The first interface (Figure 4) was developed using

SHAP, a popular tool for explaining the outcomes of machine
learning models [49]. It features a single bar chart that shows
the combined influence of risk and protective factors. The
second interface uses a pie chart to show the relative importance
of the 7 items and their risk or protective contributions to the
predictive outcome (Figure 5). Cardiologists were advised to
access it using a computer, although the site is also available
on mobile devices, to simulate their normal use context.

Figure 4. Screenshot of the explainable items and how they were displayed in the system—explainable model 1. ECG: electrocardiography.

Figure 5. Screenshot of the explainable items and how they were displayed in the system—explainable model 2. aVR: Augmented Vector Right; ECG:
electrocardiography. PAC: Premature Atrial Contraction; PR: PR Interval (the onset of the P wave to the start of the QRS complex).

Study Process
Each cardiologist participated in a 1-on-2 interview with an
HCI researcher and a cardiologist. Before the interview began,
the HCI researcher set the scene for the cardiologist using the
following statement: “You have 11 patients that you are
currently caring for. You can see a list of them in the AF’fective

system, which indicates their risks levels for recurrence.”
Participants were first briefed on the system and then asked to
test it by imagining the following four scenarios: (1) viewing a
patient’s status, (2) checking a patient’s ECG graph, (3) viewing
explainable model 1, and (4) viewing explainable model 2. We
then asked the cardiologists to complete the study measurements
(UEQ, TAM, and MARS, as described in a previous section)
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and began the semistructured interviews. Each interview lasted
45 minutes to an hour. All the interviews were conducted in
Japanese and fully recorded, including screen recordings of the
participants testing the AF’fective PWA.

Analysis
For the survey data, we calculated the mean and SD for each
item in all surveys except for the UEQ, which has its own
analysis tool in Microsoft Excel (Microsoft Corp) format. We
compared our mean scores for the TAM and MARS against the
theoretical average scores to determine whether physicians
experienced any usability issues related to the interface design,
functionality, information quality, or accessibility.

For the interview data, we reviewed and analyzed the transcripts
following the thematic analysis framework proposed by Clarke
et al [50]. The analysis was carried out by 3 researchers, 2 from
the HCI field and 1 with a cardiology background. As the 2 HCI
researchers were more familiar with the analysis method selected
and had a long history of conducting thematic analysis, the
initial formation of the themes was first conducted by them.
The HCI researchers first read through all the transcripts to
familiarize themselves with the content and highlighted
interesting quotes. The quotes were then summarized and
independently interpreted as “topics of interest” by the HCI
researchers. The researchers then grouped the topics into several
potential “themes” and involved the cardiologist to approve and
edit the themes. The cardiologist researcher then joined the
evaluation to come up with the final findings that were deemed
meaningful in both the HCI and medical fields.

Results

Overview
In the final stage, we recruited 7 male cardiologists (aged 31 to
55 years) with 8 to 30 years of cardiology experience. After the
interviews, they completed the surveys, and we calculated the
mean scores to identify potential usability or design issues. The
results suggested no significant usability problems, and the
prototype showed strong potential to motivate physicians’
intention to use it due to its ease of use, reliable information,
and explainable functionality. The detailed survey results are
reported in the following sections.

UEQ Results: Positive Perspicuity
The results from the UEQ showed that perspicuity received a
positive evaluation (mean 1.21, SD 0.96), whereas attractiveness
(mean 0.56, SD 0.71), efficiency (mean 0.625, SD 0.27),
dependability (mean 0.33, SD 0.27), stimulation (mean 0.5, SD
0.3), and novelty (mean 0.58, SD 0.27) received neutral
evaluations. Perspicuity stood out as the most positively
perceived aspect of the UX, suggesting that ease of use and
clarity are strong points of the AF’fective system. The neutral
evaluations for the other aspects (attractiveness, efficiency,
dependability, stimulation, and novelty) indicated that physicians
had average or mixed perceptions of these factors.

TAM Results: Above-Average Technical Acceptance
In addition, the TAM measures showed that perceived usefulness
(mean 4.22, SD 0.31), perceived ease of use (mean 5.13, SD

0.77), and behavioral intention to use (mean 4.77, SD 0.68)
scores were all above the average (mean 3.5). The behavioral
intention to use score indicated a strong intention to use the
AF’fective system. These results suggest that the identified
factors motivated users to engage with the system.

MARS Results: Perceived High Functionality and
Information Reliability
Finally, the results of the MARS showed above-average scores
for functionality (mean 4.25, SD 0.42), esthetics (mean 3.61,
SD 0.68), information reliability (mean 3.38, SD 0.54), and
perceived impact on practice (mean 3.33, SD 0.76). These results
indicated that users perceived high functionality and reliable
information from the AF’fective system, whereas they rated its
esthetics and perceived impact on practice as somewhat
mediocre. We were particularly interested in the physicians’
high ratings for information reliability as these suggested that
they felt confident in understanding and agreeing with the
predictive model’s decisions. Notably, this rating was achieved
without physicians knowing the predictive model’s performance.
This serves as a strong indicator that insights derived from
explainable models play a crucial role in physicians’adaptation
to our technology. This was deemed acceptable for a system in
its prototype phase.

Discussion

Principal Findings

Overview
Aligned with our positive survey results, cardiologists expressed
strong acceptance of the explainable features and willingness
to use the system during the in-depth interviews. They also
praised the system’s enhanced efficiency, comprehensibility,
comparability, consistency, and trustworthiness:

I think it is useful to be able to express in a general,
universal, numerical way what we used to say in the
past, like, “This person is likely to have a
recurrence,” by using a risk score. I think it is useful.
[P04; male]

In clinical practice, we honestly don’t have that much
time to look at ECGs and scores in detail, so I think
AI is a way to make it easier for us to get the numbers
out. [P07; male]

I think it is easy to pick up if you can tell from a quick
glance at the list that a person in red is at higher risk
of recurrence, or that a person in green has a low
probability of recurrence. [P06; male]

While most cardiologists in our study viewed the real
data–backed explainable AI system positively, we identified
potential concerns and (possibly) false expectations for its
real-life implementation. During the interviews, cardiologists
were asked to envision using the system in their daily routines,
leading to a realistic discussion after 2 rounds of iterative design.
This probing step was crucial for understanding the feasibility
and challenges of implementing the system in clinical settings.
Our findings are discussed in the following sections through 4
key themes.
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Explaining the Symptoms Does Not Equal to Identifying
the Causes
Perhaps due to our intentional mimicry of cardiologists’methods
for identifying irregularities in ECG graphs, participants showed
high acceptance of the predicted results after viewing our 7-item
AF clinical explainable features. In fact, P04 gave a very
positive endorsement of why the explainable items were
necessary:

I am of course curious as to why the risk was higher,
so the AI [predictive] model would be rather
meaningless without a graph [with explainable AI
items] that can explain it, or perhaps it would make
me wonder why the model [makes such a decision].
[P04; male]

According to P04, the predictive model’s results may fail to
convince them without an explanation of why the model makes
a particular decision. P04’s reaction suggests that physicians
find explanations based on the new clinical explainable features
both agreeable and trustworthy. However, a concern emerged
regarding the limitations of these features. A key request was,
“Then what should I do?”—cardiologists wanted to understand
the features influencing the risk score and actionable strategies
to address them. This aligns with previous insights showing a
preference for clear indicators and actionable steps. In one case,
P05 even suggested using the system to nudge patients toward
behavior change:

We are at a stage where only these numbers [of
explainable items] are available. 40 or something
like this is the only thing that comes out, so what
should I do [with each of the items]? [P04; male]

I feel that the numbers alone don’t mean much, or
don’t seem to lead to a change in [patient’s] behavior.
[P05; male]

It should be noted that physicians treated each explainable
feature as a “treatable item,” which was not possible with an
ECG graph–based explainable model. This improvement
suggests that converting graphical highlights into standardized
feature explanations can foster the expectation that addressing
each item will reduce the risk score. In our current phase, it is
still too early to determine how to further link our features with
treatment approaches; however, this does indicate an interesting
and operationalizable future implementation for explainable
models.

Hence, in our current system, while these features influence the
predictive outcome, clinical causal insights should be interpreted
with caution. Our 7-item explainable features are based on
standard ECG wave interpretation, identifying AF symptoms
but not directly indicating underlying causes such as excessive
drinking or sleep apnea. As noted in the document by Shapley
[51], estimating causal effects from explainable items can be
misleading. Cardiologists should be cautioned about this
limitation and guided to set appropriate expectations for
decision-making.

A key lesson from our interviews was the need for better
curation of explainable features in the model, especially in
clinical contexts. While various approaches provide transparency

in AI decision-making [31,39,52,53], it is crucial that the chosen
features are relevant, operationalizable, and actionable for
medical professionals. This focus ensures that AI predictions
are both understandable and practically applicable, enhancing
postablation patient care.

Window for Interpretation: When 0% and 100%
Recurrence Risk Does Not Exist
While a predictive model can theoretically provide risk scores
from 0% to 100%, in real life, extreme scores such as 0% or
100% are unattainable. Participants noted that the possibility
of such extreme scores diminishes the perceived realism and
reliability of the model’s predictions:

Theoretically speaking, it has to be 0, so even if it’s
low, it’s still bad. You can’t say 30 is a good thing.
There is still a chance for a recurrence...So there are
cases where it comes out as 0? (Cardiologist
interviewer: That would be considered extreme score.
Well, some might be zero, but I think the smallest is
probably 3 or 4 [in the natural clinical contexts].)
[P03; male]

I’m not quite sure what [the risk score] means. There
are a lot of questions about what 12 means and what
we should think about it. It’s not 0 [even for a normal
person], So are you saying that AF can happen to
anyone? (Interviewer: I don’t think we can lower that
number any further.) [P05; male]

In a similar manner, participants also questioned whether a
predictive score of 100% was at all meaningful in clinical
practice:

Are you saying that even if all of [the items] were full, it would
not be 100?(Interviewer: Even if [all of the items were] full, I
think it will probably be around 80-92, which is the highest risk
score [in the natural clinical contexts].) [P01; male]

It should be noted that it is uncommon for a predictive model
to yield a full 100% score in clinical contexts, particularly in
postsurgery contexts. The contributing factors would generally
contain complex interactions and dependencies.

Cardiologists emphasized that recurrence risk scores should be
viewed as reference points, not absolute indicators. Establishing
a threshold, such as 50, is essential for guiding actions, but
borderline scores (eg, 49 or 51) still warrant patient warnings
or follow-ups. Similar “borderline windows” were noted in a
grief-related study [52] where psychologists suggested taking
the score as a reference for concerning cases. Although the
width of the borderline window can also be highly subjective
for each individual cardiologist and possibly for patients, this
approach is common in clinical practice. Future studies should
develop nuanced protocols for borderline cases to prevent
misdiagnoses and patient stress, potentially standardizing risk
level interpretation, as suggested by P05:

I think it would be better to indicate the risk of
developing the disease on a 5-point scale, such as
low, medium, and high, because I don’t think there
is such a difference between 40 and 41. [P05; male]
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In treatment decision-making, another notable implication from
our findings was the patient’s presumptive belief that the risk
score should be 0%, particularly after undergoing ablation. It
was apparently conflicting with what the predictive model would
reveal:

However, if you think about it, after AF ablation, the
number of people who think that AF recurrence is
quite small. For example, more than 70% to 80% of
the patients think it is zero. [P03; male]

Even cardiologists familiar with the postablation risk might
expect that addressing the explainable items (see the Methods
section for more discussion on these items) could eliminate the
recurrence risk:

Considering the importance of risk scoring...I am
very interested in the explanatory factors or items
involved, and which of them are [positively correlated
to the risk score]. If the purpose of this system is to
follow up the patient, it would be even better if we
could get such risk factors and know what kind of
intervention is being done here. [P01; male]

It struck the research team that popular explainable AI
approaches could lead to misinterpretations and unrealistic
expectations, such as believing that a 0% recurrence risk is
easily attainable. Our study highlights the need to set accurate
expectations about what predictive results and explainable
features truly imply in a clinical context and how much they
can be influenced through intervention.

Offer a Holistic Risk Overview by Integrating Other Risk
Factors and Temporal Data
In our study, we adopted the flow of cardiologists’ diagnostic
process by reviewing ECG graphs and assessing the presence
of known risk factors one by one. Therefore, other known risk
factors, such as high blood pressure, smoking, and drinking,
were included as additional “risk factors” alongside the predicted
risk score derived from the patient’s ECG data. While we
believed that this approach resembled a cardiologist’s normal
decision-making procedure and would increase their acceptance
of the model’s predicted results, our interviewees expressed
concerns about the potential for the predictive model to yield
biased risk estimates:

There are many known risks that are commonly
associated with AF, such as high blood pressure,
obesity, lack of exercise, etc... Inputting it would
further make this risk [score], or perhaps, the
evaluation, more correct. [P03; male]

So we are predicting the risk score purely based on
ECG...If you are going to make progress, I think it
would be good to include obesity information, bmi,
waist circumference, and so on. [P06; male]

Furthermore, some of our participants also indicated that they
would prefer a clear display and association with the medications
or ongoing treatments that the patients are receiving. For
instance, P02 requested us to explore whether the explainable
model could reflect the effects of the patient’s medications, and
P01 indicated that it would be better to see which interventions
were done to lead to the risk score:

If there was information on arrhythmia medications,
it would be more useful. I think the doctor might be
able to think about it more holistically, such as, “This
ECG variation [highlighted by the explainable model]
is caused by the medicine the patient is taking.” [P02;
male]

If the purpose of this system is to follow up the patient,
it would be even better if we could get such risk scores
and know what kind of intervention is being done
here. [P01; male]

As the cardiologists pointed out, although our model provided
an overview of the other risk factors, it would only be
meaningful if they could establish a connection between the
variation in risk scores and the specific risk factors. Our findings
indicated that, for explainable elements to be truly useful in
real-life practice, they need to relate to more holistic and
treatment-related risk factors or medications. Otherwise, the
contribution of such a predictive, even explainable, model to
preventing disease recurrence would be quite limited.

In the end, perhaps the most important takeaway from the
interviews was the need to provide a holistic overview and
explanation of intrapatient temporal data and risk scores.
Echoing the insights from previous interviews, the design
strategy of comparing interpersonal ECGs (strategy G) was
heavily criticized by the physicians as individual risk factors
can vary significantly. However, comparing a patient’s current
and historical risk factors could provide valuable insights into
the evolution of these factors and potential trends in recurrence
risk. For instance, participants P04 and P06 described how they
would like to plan their interventions by tracking variations in
risk scores and identifying the underlying causal factors over
different time points:

For a patient with a high estimated risk this time, but
lower estimated risk in the previous times, why did it
become so high? What factors contributed to it? [I
would expect] this AI model to estimate and explain.
[P04; male]

I think it would be better to look at it...from a
longitudinal point of view...to see what kind of
intervention I should use, what’s going wrong, and
what the reason is for the increase [of the risk score].
[P06; male]

We were intrigued by the design opportunities revealed in our
findings. As cardiologists reminded us, a significant and crucial
aspect of their profession involves deciding on appropriate
interventions. Although explainable AI models have shown
promise in diagnosing and identifying patients at risk, they have
yet to offer actionable insights for intervention planning. We
believe that explainable AI tools should integrate comprehensive
patient data, including temporal variations in risk factors,
medications, and treatments, to enhance the model’s relevance
and utility in real-world settings. In addition, the insights
generated should be clearly linked to potential intervention
strategies that could influence risk scores. Without such
integration, the potential of explainable AI tools to contribute
meaningfully to patient care, particularly in preventing disease
recurrence, may remain limited.
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A Sense of Control and Learning From the Model
The findings of our interviews revealed that cardiologists valued
the sense of control and the learning opportunities provided by
these models, aligned with the findings in the previous rounds
that suggested a self-actualizing and constant learning side of
cardiologists.

One of the key insights that emerged from our study is the
potential of explainable AI models to help cardiologists
prioritize patients at higher risk. As P04 addressed, there was
a potential for these models to become an integral part of daily
practice:

If it becomes a habit, I will probably look at people
with high estimated risk and wonder why they were
at higher risk. [P04; male]

Moreover, P02 also offered a similar thought regarding triaging
patients based on the risk scores:

So the follow-up should be more thorough, and those
who are more likely to be affected [by the recurrence
risk] should be followed up in a shorter period of
time. [P02; male]

By discriminating the patients that need urgent attention,
physicians gain a sense of control over who to allocate more
time and treatment resources to. Cardiologists indicated that
such a potential new routine would enhance their work
efficiency and allow them to spare cognitive capacity for more
critical treatment planning. Interestingly, our interview findings
suggest that cardiologists may appreciate useful “hints” or
“interpretations” from explainable models to help them narrow
down potential problems:

I understand that the ECG is used as the reference,
but I think it would be easier to understand if there
was an explanation of what is of interest in this ECG,
even though those who understand may [already]
understand it. [P01; male]

The power dynamic between cardiologists and the AI model is
worth exploring. To what extent should an AI model’s
interpretations be considered, and to what extent should
cardiologists accept its suggestions? These boundaries are
critical to explore to ensure that the final AI models can be
effectively integrated into the patient care routines.

Further enhancement of control over the prevention procedure
might also occur as cardiologists begin to learn more from
AI-augmented interpretation and actionability. Interestingly,
the explainability of AI models appears to increase cardiologists’
desire to validate their treatment approaches:

So, at the time of the ablation, if I burn the tricuspid
valve, you know [the score will go down], or if I burn
the superior vena cava, you know [the score will go
down]...you can learn more and more from time to
time. [P03; male]

I would take another ECG before prescribing too
much medication, and see if [the risk score] goes up
or down on the next ECG...For those in yellow...I will
adjust my [treatment plan] according to the risk level
of the next ECG. [P06; male]

P06 went further and emphasized that, while AI models are
valuable for providing quantitative assessments, their true worth
lies in delivering actionable insights that can guide clinical
decision-making. This sentiment reflects a broader interest
among cardiologists in understanding how AI models arrive at
their conclusions, particularly in relation to identifying
intervention points:

I wonder if you are highlighting these risk factors to
tell us these are the areas for intervention. I wonder
if there is a reason for this risk factor, such as if we
treat these factors, it could lower the risk. [P06; male]

In general, our findings indicate that cardiologists, particularly
self-actualizers, are not only open to integrating AI suggestions
into their decision-making processes but also eager to enhance
their knowledge through interaction with the AI model provided
that these suggestions are accompanied by clear rationales and
practical recommendations.

Implications of Creating a Software as a Medical
Device
In the development of AI algorithms for clinical applications,
it is crucial to not only meet the user interface requirements but
also ensure compliance with regulatory standards. Software as
a medical device must adhere to international standards such
as International Organization for Standardization (ISO) 13485
(medical device quality management systems), ISO 14971
(medical device risk management), and ISO 62304 (software
life cycle processes). In addition, compliance with Food and
Drug Administration approval and the European Medical Device
Regulation is essential from the perspectives of patient safety,
effectiveness, and legal requirements.

While the AF’fective study provides valuable foundational
knowledge on user interface, it is still considered in the early
stages of technology readiness level (1-3). However, with
advancements in AI technology, the insights from this research
could contribute to the revision of existing standards, such as
the International Electrotechnical Commission 62366-1:2015
(usability engineering for medical devices). Specifically, the
consideration of explainability in the AI result display methods
proposed in this research—such as visually clarifying the
rationale behind suggestions and intuitively conveying risk and
uncertainty in interface design—will play a crucial role in
helping health care professionals accurately understand
AI-generated proposals and integrate them into clinical
decision-making. Moreover, our study highlighted that health
care professionals do not need to fully comprehend the technical
background or mechanisms of AI. Instead, it is crucial to create
a state in which users can reasonably understand “why this result
was reached,” which is effective in building trust in AI. Such
efforts extend beyond display design and have the potential to
be incorporated into new standards that facilitate smooth
communication between AI and health care professionals.

Conclusions
This paper reports a 3-stage study involving 23 physicians to
co-design, assess, and pilot an explainable AI system for AF
postablation monitoring called AF’fective. Our co-design
approach effectively identified 4 feasible explainable strategies.
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Furthermore, while we actively used explainable AI to identify
the features contributing to the predictive results, our explainable
strategies enabled the design of a more holistic patient
monitoring system that incorporates contextual factors such as
patient history and established principles to support physicians’
decision-making rather than merely explaining the features
indicated by ECG graphs. In the third stage, the system
prompted cardiologists to envision its use in their routines,
leading to highly contextualized feedback. This study
highlighted the need to curate actionable explainable features
and set correct expectations for interpreting predictive scores.
In addition, cardiologists were interested in understanding the
AI’s reasoning and identifying strategies to address recurrence
risk factors.

Interestingly, although our focus was on AF recurrence
prevention, many insights appear generalizable to other disease
care contexts, such as temporal risk score monitoring and setting
realistic expectations for scoring, particularly as extreme scores
(0% and 100%) are practically unattainable. Further
investigation is needed to determine whether these insights can
be universally applied to enhance the feasibility of implementing
explainable AI in clinical settings.

A future study will build on these findings and further evaluate
the potential challenges and advantages when implementing
the AF’fective system in near-live or live clinical care routines.
We believe that AI possesses the potential to revolutionize
medical practices and we can only realize it through putting the
technology in actual use case scenarios.
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AF: atrial fibrillation
AI: artificial intelligence
aVR: augmented vector right
CNN: convolutional neural network
ECG: electrocardiography
Grad-CAM: Gradient-Weighted Class Activation Mapping
HCI: human-computer interaction
IRB: institutional review board
ISO: International Organization for Standardization
MARS: Mobile App Rating Scale
PWA: progressive web application
SHAP: Shapley Additive Explanations
TAM: technology acceptance model
UEQ: User Experience Questionnaire
UX: user experience
V1: first precordial lead

Edited by A Kushniruk; submitted 29.08.24; peer-reviewed by D Almonfrey, HJ Noordmans; comments to author 14.10.24; revised
version received 27.11.24; accepted 05.01.25; published 13.02.25.

Please cite as:
She WJ, Siriaraya P, Iwakoshi H, Kuwahara N, Senoo K
An Explainable AI Application (AF’fective) to Support Monitoring of Patients With Atrial Fibrillation After Catheter Ablation:
Qualitative Focus Group, Design Session, and Interview Study
JMIR Hum Factors 2025;12:e65923
URL: https://humanfactors.jmir.org/2025/1/e65923 
doi:10.2196/65923
PMID:

©Wan Jou She, Panote Siriaraya, Hibiki Iwakoshi, Noriaki Kuwahara, Keitaro Senoo. Originally published in JMIR Human
Factors (https://humanfactors.jmir.org), 13.02.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete
bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license
information must be included.

JMIR Hum Factors 2025 | vol. 12 | e65923 | p.259https://humanfactors.jmir.org/2025/1/e65923
(page number not for citation purposes)

She et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2025/1/e65923
http://dx.doi.org/10.2196/65923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Preadolescent Children Using Real-Time Heart Rate During
Moderate to Vigorous Physical Activity: A Feasibility Study

Lincoln Lu1, PhD; Danielle E Jake-Schoffman2, PhD; Hannah A Lavoie2, MS; Maedeh Agharazidermani1, PhD;

Kristy Elizabeth Boyer1, PhD
1LearnDialogue Lab, Computer and Information Science and Engineering, University of Florida, Gainesville, FL, United States
2Exhale Lab, Health and Human Performance, University of Florida, Gainesville, FL, United States

Corresponding Author:
Lincoln Lu, PhD
LearnDialogue Lab
Computer and Information Science and Engineering
University of Florida
1889 Museum Road
Gainesville, FL, 32611
United States
Phone: 1 352 392 1133
Email: lincolnlu@ufl.edu

Abstract

Background: Given the global burden of insufficient physical activity (PA) in children, effective behavioral interventions are
needed to increase PA levels. Novel technologies can help expand the reach and accessibility of these programs. Despite the
potential to use heart rate (HR) to target moderate- to vigorous-intensity PA (MVPA), most HR research to date has focused on
the accuracy of HR devices or used HR for PA surveillance rather than as an intervention tool. Furthermore, most commercial
HR sensors are designed for adults, and their suitability for children is unknown. Further research about the feasibility and usability
of commercial HR devices is required to understand how children may use HR during PA.

Objective: This study aimed to explore the use of a chest-worn HR sensor paired with a real-time HR display as an intervention
tool among preadolescent children and the usability of a custom-designed app (Connexx) for viewing real-time HR.

Methods: We developed Connexx, an HR information display app with an HR analytics portal to view HR tracking. Children
were recruited via flyers distributed at local public schools, word of mouth, and social media posts. Eligible participants were
children aged 9 to 12 years who did not have any medical contraindications to MVPA. Participants took part in a single in-person
study session where they monitored their own HR using a commercial HR sensor, learned about HR, and engaged in a series of
PAs while using the Connexx app to view their real-time HR. We took field note observations about participant interactions with
the HR devices. Participants engaged in a semistructured interview about their experience using Connexx and HR during PA and
completed the System Usability Scale (SUS) about the Connexx app. Study sessions were audio and video recorded and transcribed
verbatim.

Results: A total of 11 participants (n=6, 55% male; n=9, 82%, non-Hispanic White) with an average age of 10.4 (SD 1.0) years
were recruited for the study. Data from observations, interviews, and SUS indicated that preadolescent children can use real-time
HR information during MVPA. Observational and interview data indicated that the participants were able to understand their HR
after a basic lesson and demonstrated the ability to make use of their HR information during PA. Interview and SUS responses
demonstrated that the Connexx app was highly usable, despite some accessibility challenges (eg, small display font). Feedback
about usability issues has been incorporated into a redesign of the Connexx app, including larger, color-coded fonts for HR
information.

Conclusions: The results of this study indicate that preadolescent children understood their HR data and were able to use it in
real time during PA. The findings suggest that future interventions targeting MVPA in this population should test strategies to
use HR and HR monitoring as direct program targets.

(JMIR Hum Factors 2025;12:e58715)   doi:10.2196/58715
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Introduction

Background
Physical activity (PA) levels are insufficient across most of the
world’s population [1], constituting a persistent problem in
global health. PA engagement in the United States is reflective
of global trends: only 25% of US children meet the minimum
daily recommended amount of moderate- to vigorous- PA
(MVPA) [2]. PA behaviors and insufficient PA developed during
childhood often worsen during adolescence if not addressed
through intervention [3]. Insufficient PA is also a risk factor for
obesity, a condition related to various comorbidities [4] that
can persist into adulthood [5,6]. Alarmingly, children who
develop obesity at a young age are more likely to have obesity
into adulthood [7]. Therefore, addressing obesogenic factors
(eg, PA) during childhood has the potential to positively impact
long-term overall health [8,9].

Effective behavioral interventions are essential to address
insufficient PA, particularly before the significant decline that
often occurs during adolescence, around the age of 13 years
[10]. Novel technologies can help expand the reach and
accessibility of PA promotion efforts. To date, most research
leveraging commercial PA devices has focused on adult
populations [11], although some studies focusing on children
have examined step counts as a PA outcome [12]. Step count
measures basic movement, but this metric insufficiently captures
the intensity of movement and, therefore, may be inadequate
for measuring or promoting MVPA.

In contrast to step count, heart rate (HR) holds great promise
for measuring MVPA. Moreover, it is possible that novel
technologies allowing children to view their HR in real time
could foster PA awareness and engagement. However, this great
potential is understudied; a recent systematic review found only
two studies that examined the use of existing commercial
sports-style HR sensors for use in preadolescent children [13].
The studies identified by the systematic review focused on
whether children would wear an HR sensor on their chest paired
with a wrist-worn HR display over a long time period [14] and
the accuracy of commercial HR sensors on a preadolescent
child’s wrist against a medical-grade control [15]. Another
recent study involved the use of chest-worn HR sensors paired
with a wrist-worn HR display to monitor PA in adolescents and
young adults. However, the study did not provide participants
with education on HR or guidance on effectively using HR to
achieve MVPA goals [16].

These studies demonstrate the accuracy of commercial HR
sensors and displays for preadolescent children. The adoption
of devices capable of displaying real-time HR information is
growing in this age group, matching trends across the
demographic spectrum. Recent statistics indicate wide adoption
of smartphones: 97% of Americans own a smartphone [17], and
ownership is equitable across racial and socioeconomic groups
[18]. Statistics from a survey conducted in July 2019 reported
that approximately 21% of the US population owned a

smartwatch [19]. Smart device adoption is growing among
preadolescent children in the United States; by their teenage
years, 95% of children either have their own smartphone or
have access to one through their family [20]. Despite the
growing ubiquity of these devices, research has only focused
on the technical ability of smart devices to surveille user HR
[16]. Research should now be conducted to explore the use of
real-time HR as an intervention tool to target specific MVPA
goals.

Objectives
Pairing chest-worn HR sensors with existing smart devices in
the form of smartphones and smartwatches is a novel
opportunity that has not been sufficiently explored. However,
providing real-time HR information without exploring
preadolescent children’s ability to understand and use HR in
real time to effectively target MVPA would only replicate
existing studies with new hardware [16]. Therefore, we provided
participants with information about HR and how to target
different HR zones during PA. This study primarily aimed to
explore whether preadolescent children can use real-time HR
information to target specific MVPA goals. A chest-worn HR
sensor was paired to a smart device (eg, smartphone or
smartwatch) that displayed real-time HR information. As the
HR sensors used in this study were originally designed for adult
use, a secondary objective of this study was to explore whether
preadolescent children could feasibly use a chest-worn HR
sensor paired with a smart device.

Another secondary objective of this study was to explore the
usability of a custom app (Connexx) developed by the research
team. As part of a broader program of research, the team is
exploring the impact of collaboration on PA, and one facet of
this research explores collaborative pairs in a family dyad
consisting of a parent or guardian and child. Dyads collaborate
by viewing each other’s real-time HR information during PA.
There are currently no commercial apps capable of transmitting
and displaying real-time HR information between two users.
We developed the Connexx app with this functionality.
However, a key aim of this study was to explore the usability
of Connexx for preadolescent children, who represent half of
the intended pair in parent or guardian and child collaborative
dyads. Thus, this study explored the usability of the Connexx
app in solo mode to establish its feasibility in use with
preadolescent children.

Methods

Study Setting
This feasibility study was conducted at the University of Florida,
Gainesville, Florida. Data collection occurred between October
2023 and February 2024.

Ethical Considerations
The study was approved by the University of Florida
Institutional Review Board (IRB202301463) and complies with
the ethical guidelines mandated therein. Informed consent was
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obtained from a parent or guardian electronically, and written
assent was obtained from the participants themselves at the start
of each study session. Audio and video recordings from study
sessions were stored on secured servers mandated as part of the
University of Florida Institutional Review Board parameters.
A US $25 Amazon e-gift card was provided to the participant’s
parent or guardian at the conclusion of the study session.

Study Equipment
Several pieces of commercial technology were used to measure
and display HR information (Figure 1). HR was measured using

a sport-style chest-worn HR sensor (Garmin HRM-Pro Plus),
and HR information was transmitted via Bluetooth Low Energy
and displayed on either a smartphone or smartwatch. The
smartphone used was a Google Pixel 4A, selected due to its low
cost and the ability of Android phones to sideload apps, allowing
us to install the Connexx app on the smartphone. The
smartwatch used was a Samsung Galaxy Watch 4, selected for
its Android-based operating system, which allows the Connexx
app to be modified from the smartphone version to be
compatible with the Galaxy Watch 4.

Figure 1. Smartwatch with solo workout screen connected to Bluetooth heart rate sensor. bpm: beats per minute; BLE: Bluetooth Low Energy.

This study used HR rather than accelerometry readings to
measure MVPA. HR was chosen because it can be used to
display effort in real time across various types of activities,
which can contribute to a more accurate measure of the amount
of time spent in MVPA [16]. We developed the Connexx app
to display real-time HR information between two users. The
Connexx app transmits real-time HR information between two
devices via a traditional Bluetooth connection. However,
Connexx is also capable of operating in solo mode, displaying
the real-time HR of a single user, as we did in this study (Figure
1). Information on the user’s current speed, distance covered
during the workout, and workout duration was displayed along
the top row of the Connexx solo workout screen. Speed and
distance fields can be toggled between metric and imperial units
by tapping on the display. The middle row of the workout screen
displays the user’s real-time HR. Connexx is able to display
real-time HR information as either beats per minute (BPM) or

as a percentage of maximum HR; users can toggle between
these two display options by tapping on the HR display. A
color-coded HR zone indicator is displayed below the HR field.
This color coding matched the colors on HR exemplar cards
used to explain HR information to participants (Figure 2). In
this study, maximum HR was calculated using an established
formula that is accurate for preadolescent children: 208 – (0.7
× age) [21]. The Connexx app automatically calculates HR
zones using a straightforward 5-zone division based on the
percentage of maximum HR, selected because there was no
clear consensus or definitive definition of specific HR zones
for preadolescent children [22-24] (zone 1: 0%-60%, zone 2:
>60%-70%, zone 3: >70%-80%, zone 4: >80%-90%, and zone
5: >90%-100%). Furthermore, the Connexx app has an analytics
portal; after the app records a workout, the information is sent
to this portal, capable of displaying data from the workout on
a graph.
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Figure 2. Exemplar heart rate (HR) zone explanation card for a participant aged 11 years.

Participants, Eligibility, Recruitment, and Screening
This study aimed to enroll a sample of 12 diverse preadolescent
children to complete the full protocol. This sample size was
chosen based on best practices in usability testing, showing that
a sample of 10 to 12 participants is able to identify most major
user issues [25]. Children were eligible to participate if they
were aged 9 to 12 years and in good health with no physical
conditions, injuries, or other conditions precluding them from
engaging in MVPA for up to 30 minutes (assessed via a
modified Physical Activity Readiness questionnaire for everyone
[26]). We sought an equal number of male and female
participants and equal distribution between Black, Hispanic,
and non-Hispanic White participants (the three largest racial or
ethnic groups in the local area).

Recruitment targeted parents of potentially eligible children
using an electronic flyer distributed via local public elementary
and middle schools, social media posts, and word of mouth.
The flyer provided basic information regarding the study,

eligibility criteria, compensation (US $25 Amazon e-gift card),
and a link or QR code to a Qualtrics screening questionnaire.
Parents or guardians completed the eligibility questionnaire,
which included demographic information about their child. If
the child was eligible, the parent or guardian was contacted via
email to sign an electronic consent form through REDCap
(Research Electronic Data Capture; Vanderbilt University).
Once consent was obtained, a study team member (LL)
scheduled the child for a study session.

Study Session
Study sessions were conducted at an indoor multiuse facility at
the University of Florida. The space measures approximately
1021 square meters (27.7 meters by 36.9 meters) and can be
used for a variety of uses, including basketball and volleyball;
it has a maximum capacity of 1140 people. The study session
began with obtaining assent for participation from the
preadolescent child and followed the format outlined in Figure
3.

Figure 3. Study session activities flowchart. HR: heart rate; SUS: System Usability Scale.
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Device Setup
Following assent, participants were fitted with Rode wireless
lapel microphones. A researcher (LL) explained the study
equipment and demonstrated the functionality of the chest-worn
HR sensor. Parents aided participants in putting on the HR
sensor. The session was recorded with a video camera. Next,
participants chose between a smartphone and a smartwatch to
view their real-time HR information. The Connexx app was
available to all participants on either a smartphone or a
smartwatch. However, all participants chose to use the
smartwatch. The participants were guided through the process
of entering their study information, such as their research
identification number, age, and maximum HR, into the Connexx

app. A workout was then initiated on the app, allowing
participants to view their HR in real time, with more HR
information provided to them.

HR Information
HR and HR zones were explained to the participants using a
real-time HR display in Connexx (Figure 1) and an exemplar
HR information card (Figure 2) based on their age (Table 1).
Additional language used to explain HR and HR zones is
provided in Multimedia Appendix 1. The goal of the brief
explanation was to frame the upcoming activities in a way that
participants could understand in relation to their HR zones. The
researcher encouraged the participants to ask questions during
the HR explanation.

Table 1. Example of the 5-zone heart rate (HR) categorization and description for participants aged 11 years.

Description of the zoneExample activities associated with the zoneZone effort categoryBPMaHR zones

Extremely difficult to hold a conversation and
most people must wait until after this effort to
speak

Very high effort activities, which are often repeated
(eg, sprinting in games such as tag multiple times
in a row)

Maximum181 to 200Zone 5

Difficult to hold conversation and often can
only squeeze in short 1- or 2-word responses
around breathing

Vigorous activities, such as playing a sport (eg,
soccer or basketball), strenuous hiking, running, or
climbing flights of stairs continually at a brisk pace

Vigorous161 to 180Zone 4

Slight difficulty to hold a normal conversation
and speech is negotiated around breathing

Shorter vigorous activities or long endurance activ-
ities (eg, climbing 2 to 3 flights of stairs or walking
or hiking for an hour)

Endurance141 to 160Zone 3

Can hold normal conversations without think-
ing about breathing

Watching an exciting program and slow walk for
short distances (eg, walking to the kitchen and
walking around the block at a slow pace)

Low endurance121 to 140Zone 2

Can hold normal conversations without think-
ing about breathing

Sleeping, sitting and reading a book, or watching
television

Rest≤120Zone 1

aBPM: beats per minute.

Activities
Next, we outlined the structure of the study to participants
(Figure 3). The study consisted of 2 activity intervals; activity
1 lasted for 10 minutes and activity 2 lasted for 3 minutes, each
followed by a brief rest period during which participants could
view their HR information via an analytics portal on a laptop.

Activity 1
This study primarily aimed to explore whether preadolescent
children can use real-time HR information to target specific
MVPA goals. Activity 1 was designed to provide participants
with an opportunity to observe their HR as it elevated through
several different zones aligning with MVPA, providing practical,
experiential use of HR information for participants. For activity
1, participants chose from playing basketball or soccer, or
walking or jogging around the gym space. A researcher
moderated participant effort during activity 1 by speeding up
or slowing down the activity to take participants through a range
of HR values. During this activity, the researcher asked
participants to report their real-time HR at regular intervals.
Querying for HR regularly was intended to help participants
notice how their HR responded to various activity levels.
Activity 1 was designed to increase participants’ HR through
multiple HR zones twice. Participants viewed their HR through

the Connexx app while engaged in PA. After completing activity
1, the researcher guided participants through ending the workout
on the Connexx app, and then, participants viewed a graphical
representation of their HR in a Connexx analytics portal. We
guided participants through the HR observation process, drawing
attention to how HR can vary at rest, how HR responds to effort
levels during PA, and how the body feels at various HRs.

Analytics Reflection
Once a workout ended on the Connexx app, workout data were
uploaded to the analytics portal. The analytics portal displayed
the participant’s color-coded HR zones in the background of
the graph, with HR in BPM on the vertical axis and duration
on the horizontal axis (Figure 4). The researcher pointed to the
connection between the HR graph and PA level: the more
intense the PA level, the steeper the HR graph line became.
Furthermore, the researcher pointed to how variable HR was:
when at rest, HR did not stay at a consistent BPM; rather, it
varied up and down slightly. In addition to the HR timeline
graph, the analytics portal also presents an HR zone breakdown,
which is a bar graph showing the total cumulative time the
participants’ HR spent in each zone (Figure 5). Participants
were encouraged to ask questions throughout the process of
viewing their HR graph.
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Figure 4. Sample heart rate graph following activity 1. bpm: beats per minute.

Figure 5. Sample heart rate zone cumulative time.

Activity 2
Activity 2 was designed to determine whether participants could
make use of the tools provided to them so far (such as the
information they have learned about HR, the HR sensor they
were wearing, and the Connexx display, which provided a
real-time display of their HR in BPM and HR zones) to maintain
their HR in a targeted zone. Participants were asked to maintain
their HR in zone 2 while engaged in the PA of their choice
(basketball, soccer, walking, or jogging). Zone 2 was chosen
because it was accessible to all participants, regardless of their
fitness level, and they had to use the tools provided to maintain
zone 2 HR, as they could easily exceed zone 2 HR by exercising

too intensely. Participants could use the Connexx display to
monitor their own HR and HR zone in real time to maintain
zone 2 HR. The only prompts we provided were for timing (eg,
when each minute elapsed). After 3 minutes, the participant was
invited to save and end their workout on the Connexx app and
view their HR graph for the second interval.

Analytics Review
The analytics portal displayed whether participants were
successful in maintaining their HR in zone 2 (Figure 6). The
HR zone breakdown also indicated the total time participants
spent in each HR zone.
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Figure 6. Sample heart rate graphical displays following activity 2. bpm: beats per minute.

Interview and System Usability Scale
After completing the 2 activities, participants engaged in a
semistructured interview about their experiences. The interview
explored participants’preference for smartwatch or smartphone,
the comfort of commercial chest-worn HR sensors and smart
devices, the participant’s real-time actions to adjust their HR
to meet a target goal, what HR zones mean to them, their
preference for HR zones, whether they had previous experience
with HR, and their enjoyment and potential future use of the
Connexx app (refer to Multimedia Appendix 2 for the full
interview script). During the interview, relevant objects and
visual aids were presented to the participants as needed (eg,
smartwatches and HR zone cards).

Finally, after the interview, participants filled out a modified
version of the System Usability Scale (SUS) specifically
modified and validated for use with preadolescent children [27].
This 10-item scale is used to calculate a usability score between
0 and 100. The commonly accepted threshold for a usable
technology is a score of 68 [28].

Observational Data Collection Measures
We conducted observational data collection during each study
session. In the event of recording capture device failure, a
physical copy of the start and end times of each activity and a
log of the participant’s HR report and its corresponding value
during the study session provide an overview of the participant’s
HR. Fortunately, this backup was not necessary during analysis.

The researcher who primarily interacted with the participants
recorded field notes after each session. Notes focused on
participant interaction with the instruments that might not be
captured through the interview or SUS questionnaire, such as
whether additional adjustments to the chest-worn HR sensor
were required and how quickly participants adapted to the input
methods for the Connexx app.

Analysis
Demographic data were summarized with descriptive statistics.
Observational data were collated with the session transcripts to
provide more depth and nuance to the thematic analysis.
Additional observations that were not captured in the transcripts
or SUS results are included as separate findings in the
Observational Findings section.

Interviews were recorded and automatically transcribed via
Microsoft OneDrive; we reviewed and revised autogenerated
transcripts. Three researchers (LL, MA, and HAL) with
qualitative research experience performed an inductive thematic
analysis [29]. They followed the 6 steps of thematic analysis:
data familiarization, initial code generation, searching for
themes, theme review, defining and naming themes, and
reporting [30,31]. While this study was designed with several
objectives, we remained open to accepting any informative
findings in the data. LL, MA, and HAL collaborated to
familiarize themselves with the data and generate codes using
a sample of the first 2 participant transcripts. The researchers
worked together to search and identify themes, creating a
codebook. The team then coded transcripts independently,
meeting after completing the third and fourth participant
transcripts to refine the codebook. Then, they coded the rest of
the participant transcripts independently. Intercoder reliability
was calculated using Krippendorff α [32] on a sample of 4
independently coded transcripts across 3 coders using the SPSS
software (IBM Corp) extension developed by Hayes and
Krippendorff [33]. Krippendorff α reliability estimate for the
3 coders was 0.907 (95% CI 0.8348-0.9621), corresponding to
a high degree of agreement among them.

Results

Participant Demographics
A total of 11 preadolescent children with an average age of 10.5
(SD 1.0) years participated in this study, of whom 6 (55%) were
male and 9 (82%) were non-Hispanic White. While the team
sought to recruit a sample with equal numbers of male and
female children and an even distribution of races and ethnicities,
this diversity was not achieved in the final sample.

Observational Findings
Several observations demonstrated that preadolescent children
can use real-time HR information to target specific MVPA
goals. Participants shared a strong interest in their real-time HR
information; some participants were quick to explore how their
HR would respond to changes in PA. Participants looked at
their HR information multiple times after initially starting a
workout in the Connexx app and observed how controlling their
breathing or fidgeting in their chairs may impact their HR. Their
ability to use real-time HR information was further demonstrated
by the actions of participants in activity 2. For activity 2,
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participants were asked to maintain their HR in zone 2 for 3
minutes of PA. A total of 7 participants successfully used the
Connexx display to hold their HR in zone 2. Of the remaining
4 participants, 1 (25%) initially ran at a high intensity that raised
her HR above zone 2; however, throughout the rest of the
3-minute activity, she ran progressively slower to bring her HR
back into zone 2. The 3 (75%) other participants took the
opportunity to exert themselves as hard as possible in an attempt
to achieve the highest HR reading instead of holding their HR
in zone 2. These participants knew how to use the Connexx
display to observe their HR in real time, as they looked at their
smartwatch throughout activity 2. However, these 3 participants
had a strong desire to see how high their HR could go. The
parent of 1 of these 3 participants noted that she was highly
competitive and always wanted to outcompete her older brother
(who was also a participant in this study). One of the participants
who successfully held his HR in zone 2 during the second
activity demonstrated a similar desire to achieve a high HR
value when he asked to be allowed to run around the gym space
after completing the study so that he could see how fast his HR
could read in the Connexx app.

Regarding hardware suitability for the children, all 11
participants chose to use a smartwatch to observe their HR in
real time, and the watch straps successfully fit across a range
of wrist sizes. However, there were some challenges with the
chest-strap HR sensor. Two (18%) of the 11 participants needed
the strap on the HR sensor to be shortened beyond its normal
range to fit securely around their bodies. In both cases, the strap
was shortened by <5 cm (by folding the excess fabric over and
securing it with a safety pin) from the lower limit of the original
strap range.

Furthermore, participants were able to quickly learn how to use
the Connexx app. All participants were able to report their
real-time HR and HR zone when prompted. Several participants
(7/11, 64%) were also able to navigate the Connexx app
themselves after the initial setup. They could swipe through the
different screens in the app and start and end workouts
themselves, and 2 (18%) out of 11 participants were able to
navigate the text input interface with minimal guidance from
the researcher. However, participants identified a substantial
issue with the Connexx app in its current state. During the
activities, participants noted that the font size of their HR display
was too small. This was of particular concern during activity 1,
as participants were moving vigorously at points to raise their
HR through multiple HR zones. Participants had to adopt several
different strategies to be able to see their HR values, including
bringing the watch close to their face or slowing down their
movement. The small font size of the Connexx app contributed
to interruptions in the MVPA participants were engaged in.

Interview Findings
The interview provided rich data that generated themes related
to using commercial devices to observe real-time HR to target
specific MVPA goals. Three major themes emerged: one focused
on real-time use of HR, one related to HR knowledge, and
another on device and app use. Specific subthemes ranged from
reports of real-time HR to preferences for the construction of
HR zones. Themes, subthemes, definitions, and sample quotes
are provided in Table 2. Major subthemes are described in the
following sections in detail.
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Table 2. Interview themes and sample quotes.

Sample quotesSubtheme definitionTheme and subtheme

Real-time sensemaking of HRa

“Oh, I’m at Zone 4!... (which is) 160 (BPM).” [Participant 2]Declarations of participant’s real-time
HR and HR zone

Reporting HR and HR
zones

“I just looked at the watch a couple of times throughout the exercise and I
saw Zone 2 and I’m like, OK, I’m, I was and I, you know, thought that I was
doing good. So, I just kept it at that pace.” [Participant 9]

How participants make use of real-
time HR during activities

Real-time HR use

“I feel like I have to breathe more, but it mostly feels similar.” [Participant
1]

How participant’s body feels at differ-
ent HR and HR zones

HR and correlation to body
sensations

HR-related knowledge

“I was just walking up and going over there to play soccer and it (HR) was
(already) at 117.” [Participant 4]

Confusion about HR or HR zonesConfusion regarding HR

“... with five, it’s, I just like feel kind of accomplished.” [Participant 8]Desire for a high HR or HR zone dis-
played

HR as an achievement

“In elementary school in PE class... count... how many beats we have in six
seconds? And then he would tell us to, like, multiply it by 10 and that’s beats
per minute” [Participant 4]

Previous experience learning about
HR

Previous knowledge of HR

“I personally like breaking stuff down to like smaller pieces and understanding
it better.” [Participant 9]

Preference for HR zones, 3 larger or
5 smaller zones

HR zone preferences

Device and app

“The smartwatch, you could just turn it over to look...” [Participant 7]Comments on function and design of
the device

Device user experience

“Wasn’t too tight, too heavy... it feels comfortable.” [Participant 3]How the devices felt for participantsDevice comfort or discom-
fort

“Probably just for like for fun, just to see (my HR).” [Participant 7]Like or dislike the app and willing-
ness to use (or not use) the app in the
future

App usability

aHR: heart rate.

Using Real-Time HR Information
During the interview, participants were asked about their
strategies for adjusting their efforts to meet specific MVPA
goals, including holding their HR in zone 2 for 3 minutes in
activity 2. Participants who successfully held their HR in zone
2 discussed how they adjusted their effort based on the HR
display (coded as “Real-time HR use” in Table 2):

I tried to keep the same speed when it was in Zone 2,
because if I got faster, it [referring to his HR] will go
higher, and if I went slower, it will go to Zone 1.
[Participant 3]

Often, this involved reducing their effort to not exceed the upper
limit of zone 2 (coded as “HR and correlation to body
sensations” in Table 2):

I tried using less power for [basketball] shots and
like, try and walk or running across slower to
conserve [energy]. [Participant 1]

The participants who were successful in keeping their HR steady
in zone 2 used their smartwatch to adjust their effort much more
often:

I just kept looking at the watch. [Participant 2]

Some participants (2/11, 18%) noticed that their HR would
change even when they did not think their actions should

correspond to the change (coded as “Confusion regarding HR”
in Table 2):

I was just walking up and going over there to play
soccer and it [HR] was [already] at 117. [Participant
4]

However, noting this unexpected result demonstrated that the
participant was actively making connections between their PA
and the displayed HR.

Not all participants were able to successfully keep their HR in
zone 2 during activity 2. These participants acknowledged that
they knew the goal was to maintain their HR in zone 2, but they
wanted to achieve the highest HR possible. When asked what
their HR was, participant 1 stated that “it just hit Zone 4, it is
161... I can go way faster than that!” (coded as “HR as
achievement” in Table 2), and participant 8 expressed interest
in his HR throughout the course of the study session. After
finishing activity 1, he told the researcher that he “would like
to see what it (his HR) looks like on a graph.” Furthermore,
after activity 2, where he was not successful in keeping his HR
in zone 2, he told the researcher that he did “want to see how
long I was in [zone] 5 for.”
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HR-Related Knowledge
In addition to findings on the specific research objectives,
several themes emerged during the inductive thematic analysis
process.

Previous Experience With HR
Four (36%) of the 11 participants had learned about HR in
school before taking part in the study (coded as “Prior
knowledge of HR” in Table 2); however, none of the participants
had a complete understanding of HR. Learning about HR in
school was summed up by a participant as follows:

[We would] do jumping jacks or jog in place for like
30 seconds, 20 seconds, and then... count our heart,
how many beats we have in six seconds, and then he
would tell us to, like multiply it by 10, and that’s beats
per minute. [Participant 4]

None of the participants had used a chest-worn HR sensor before
the study.

HR Zones
Participants were asked to describe what HR zones meant in
their own words, and overall, they were able to provide a basic
description of each zone. A participant explained the zones in
a manner similar to how we had explained them before activity
1, as follows:

Zone 1, just calm, sitting down and not doing
anything. Zone 2 I might be walking around, and I
don’t know. Zone 3 I would start to feel really hard
to breathe and a little faster [breathing]. Zone 4, I
might be breathing kind of heavier and having to slow
down a little bit. [Participant 4]

Other participants described the zones in relation to their own
experiences during the study:

[Zone] 4 was like, I got to 4 when I was like shooting
the ball and running. [Participant 7]

Participants were asked whether they had a preference for the
5 HR zones used in this study or a more simplified 3 HR zones
(coded as “HR zone preferences” in Table 2). Three (27%) of
the 11 participants preferred the simplicity of having fewer
zones:

It would be easier to look at if there was just easy,
medium, hard. It would be easier to keep it in the
easy-medium zone [referring to Zone 2]. [Participant
4]

The other participants (8/11, 73%) preferred 5 HR zones.
Reasons for preferring 5 zones differed between participants;
some preferred the greater granularity offered by more zones,
and others preferred more HR zones as it provided a sense of
achievement. A participant explained the meaning of having
more HR zones as follows:

It would narrow it down and be easier just to keep it
at that zone. [Participant 6]

Another participant explained his preference for more HR zones
as follows:

Oh, it’s just like an achievement. It kind of feels like
an achievement. [Participant 7]

I just want to know if I’m in Zone 5, because, like, it’s
exciting. [Participant 7]

Feasibility of Chest-Worn HR Sensors Paired to Smart
Devices

Device Preference
To explore device preferences, participants were asked why
they chose to use a smartwatch over a smartphone to observe
their HR during PA (which all participants did). While only 2
(18%) of the 11 participants had consistently used a smartwatch
before the study (one had their own, and another used their
father’s), all participants commented on the greater convenience
they could foresee with a smartwatch, particularly while
engaging in PA (coded as “Device user experience” in Table
2):

The smartwatch, you could just turn it over to look.
But for a smartphone, you have to grab it, then you
have to [mimes the action of pulling a phone out of
their pocket to look at it]. If you’re like working out,
and you want to know [your HR] you could just look.
[Participant 7]

Device Comfort
When asked about the comfort or discomfort of the devices, all
participants stated that the smartwatch felt comfortable (coded
as “Device comfort or discomfort” in Table 2):

I’m used to wearing watches, so it’s pretty normal
for me to put one [smartwatch] on. [Participant 1]

While there was some initial discomfort with the chest-worn
HR sensor, it soon became unnoticeable:

When I first put it on, it kind of feels weird. But I got
used to it when I used it for quite a while. [Participant
3]

Only one participant reported continued discomfort and a desire
to take off the HR sensor before the conclusion of the interview:

It was hot and kind of squeezing, so you get
uncomfortable feeling. [Participant 7]

Furthermore, one participant noted that using a softer fabric for
the strap would increase the comfort of the instrument:

If like the material is different, so you didn’t feel it as
much. Like if it’s like a smoother material or
something maybe not as thick. [Participant 6]

Usability of the Connexx App
Overall, participants were enthusiastic about the Connexx app
and the ability to observe their own HR data (coded as “App
usability” in Table 2). Participant 7 represented most participants
when he declared that using Connexx “was kind of fun!”
However, the small font size on the Connexx display made it
challenging to view real-time HR while engaged in PA. For
instance, participant 1 stated that what he “found frustrating
was when we were running that when I wanted to check my
HR, I couldn’t see it straight because of it shaking.” Many
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participants (9/11, 82%) expressed interest in using the Connexx
app in the future. The final response of participant 11 to a series
of questions regarding the Connexx app and the ability to view
her own HR was that she could “use it for playing games” with
her friends. Similarly, participant 7 noted that he would like to
use the Connexx app again in the future, “probably just for like
for fun.”

SUS Findings
The Connexx app can be considered highly usable in its current
iteration; participants rated the Connexx app with an average
score of 77.1 (SD 13.7), well above the threshold score of 68
[28]. However, feedback from this study will contribute to its
future refinement to further increase usability.

Discussion

Principal Findings
While significant research has demonstrated the accuracy of
commercially available HR devices for children [15], there has
been insufficient research on how real-time HR information can
be used to target MVPA goals. In this study, preadolescent
children were provided with a basic lesson about their HR and
HR zones, and then, they engaged in 2 PA sessions. Participants
demonstrated an understanding of the HR display during PA
by effectively using it to regulate their efforts. Therefore,
real-time HR information can be used by children as a tool to
meet PA guidelines more effectively; children can monitor their
own HR information to ensure that they are engaged in MVPA.
In addition, this study provides insight into the feasibility of
HR sensors and smart devices, smart device preferences, the
usability of a custom HR app, preadolescent children’s previous
HR experiences, and HR zone preferences.

Preadolescent Children Using Real-Time HR
Information to Target Specific MVPA Goals
The findings of this study are unique in research on HR device
use. Previous research often focused exclusively on accuracy
[34], overlooked how users interact with commercial fitness
trackers [35], or did not include HR information [36] in the
design. In fact, preadolescent children in one study complained
that the only real-time information they could see were step
count and distance [36]. Participants in a study that paired
chest-worn HR sensors with a wrist-worn display regulated
their effort based on running speed; these participants did not
use their available real-time HR information to adjust their effort
[16]. Participants in this study demonstrated their ability to use
real-time HR and HR zone information during PA by
successfully keeping their HR in zone 2. We observed
participants adjusting their effort while exercising (during
activity 2) to keep their HR in zone 2. Participants confirmed
in the interview that they adjusted their movement speed based
on their real-time HR display, demonstrating an ability to use
their real-time HR information to target specific MVPA goals
during the study session.

Feasibility of Chest-Worn HR Sensors Paired to Smart
Devices
Results of this study suggest that chest-worn HR sensors are
feasible for use by preadolescent children. While some
participants (2/11, 18%) mentioned slight discomfort when first
putting on the chest-worn HR sensor, this did not seem to be
an ongoing issue and was not brought up during activity 1 or
2. This study provides a more comprehensive investigation into
the comfort and usability of these devices compared to previous
research. One study that examined the use of a chest-strap HR
sensor in conjunction with a wrist-worn device for preadolescent
children focused on the accuracy of measurement rather than
how preadolescent children felt about using these devices [14].
Another study focused on the accuracy of commercial devices
for HR measurements, in this case, wrist-worn devices, without
consideration for the comfort of the device [15]. Participants in
this study were undergoing surgery, which may not be an
appropriate situation to consider the comfort of an HR
monitoring device. Furthermore, previous research that focused
on the comfort of devices [16] examined an older population,
whose more developed bodies may be better suited for devices
typically designed for adults. However, the findings of this study
indicate that chest-worn HR sensors and smartwatches were
generally comfortable for preadolescent children.

Preference for Smartwatch
An interesting finding of this study on the feasibility of smart
devices is the appeal of a smartwatch over a smartphone.
Researchers did not anticipate all participants to choose a
smartwatch over a smartphone for observing their HR
information during the study. This is an issue that was not
discussed in previous literature [37,38]. Upon reflection, this
preference aligns with current commercial trends. Most
preadolescent children (9/11, 82%) who participated in this
study did not have previous experience with smartwatches or
wristwatches in general, which may have contributed to a
novelty effect. However, during the interview, they identified
the convenience of using a wrist-worn device to view their HR
in real time. Several participants (6/11, 54%) commented on
perceived ease of use, where they would only have to move
their wrists up to be able to view their HR rather than pulling
a phone out of a pocket. Other participants (5/11, 45%) favored
the security of a worn device, noting that they do not have to
worry about dropping a watch compared to a phone.
Furthermore, some participants (2/11, 18%) noted that watches
may be more comfortable during PA, as a phone in their pocket
would move undesirably.

Usability
Research on the design of mobile apps and the use of
commercial wearable sensors has focused on the design process;
technical limitations, such as loading speed; and efforts to ensure
hardware capabilities and accuracy [39,40]. We developed the
Connexx app following best practices based on industry
standards and previous research [40,41]. Participants rated the
Connexx app with a SUS score of 77, which is above the
threshold score of 68 [28], indicating that the app has
above-average usability. In addition, the Connexx app received
a higher score than other digital health apps, more in line with
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other PA apps [42]. The usability of the Connexx app was
demonstrated by participants throughout the study.

For most participants (9/11, 82%), this was their first time using
a smartwatch, and for all participants, this was their first time
observing their real-time HR. We helped participants with the
initial setup, such as inputting their age and other information
in the Connexx app. However, many participants (7/11, 64%)
quickly figured out how to operate the Connexx app themselves,
and they could input text, navigate the menus, and begin and
end workouts on their own without our intervention. This ability
not only demonstrated the Connexx app’s usability but also this
population’s familiarity with modern technology and its use,
which was a concern for developing health-related apps for
preadolescent children [43].

Despite the high SUS score, there were issues with the Connexx
app. The Connexx app was initially developed for smartphones
and then adapted to smartwatches, creating unanticipated
usability challenges. The main PA screen for Connexx featured
live tracking of several data fields, including HR, activity time,
and speed. While this was easy to read on a smartphone display,
on a smaller smartwatch display, the presence of multiple data
fields resulted in each field being too small to be easily legible
during PA. Thus, participants used multiple strategies to stabilize
the smartwatch to be able to read what their HR was. The
inclusion of a large color-coded portion at the bottom of the
smartwatch display was helpful in informing participants of
their HR zone at a glance. Despite difficulty reading portions
of the app display, participants found it easy and fun to use.
Furthermore, some participants (2/11, 18%) indicated that they
not only wanted to use the app again in the future but also would
like to share it with their friends.

Other HR Findings
Additional findings from this study indicated that an
introductory lesson on HR helped provide participants with a
basic understanding of their HR and demonstrated the feasibility
of using HR during MVPA. Some participants (2/11, 18%)
viewed high HR as an achievement, and the preferences for HR
zones are linked to HR achievements for some participants.

Many participants (7/11, 64%) did not have previous experience
with HR. An introductory lesson on HR and HR zones was
provided for participants at the beginning of the study session,
using a simple description of HR zones, including color-coded
visual aids (Figure 2) and multiple descriptors that demonstrated
how the participants’bodies might respond to various HR zones
(Table 1). Participants subsequently demonstrated an
understanding of their HR information while engaged in PA,
responding to our queries about their HR with reports of both
their HR and the corresponding HR zones. Furthermore,
participants recalled the introductory lesson on HR well enough
after engaging in PA to describe HR zones during the interview;
some repeated the descriptors from the lesson, while others
applied the descriptors to their own experiences. These findings
suggest that participants were able to quickly grasp the HR
concepts taught during the session and that using HR to target
MVPA with preadolescent children is feasible.

This understanding of HR is even demonstrated by participants
who were unable to keep their HR in zone 2 during activity 2.
Participants who did not keep their HR in zone 2 demonstrated
their understanding of HR by fully exerting themselves in an
attempt to achieve a high HR reading. These participants were
more interested in hitting the highest HR and HR zone possible;
they viewed higher HR and HR zone as an accomplishment.
While participants used the technology in a way not originally
intended by the study’s design, it still showed their
understanding of HR and its application during PA.

Finally, many participants (8/11, 73%) preferred having a more
granular HR zone division, favoring the 5-zone model over the
3-zone option. Some participants (2/11, 18%) equated zone 5
with a higher sense of accomplishment, mirroring the drive to
achieve the highest HR possible. The drive for higher values is
reflected in commercially available products for PA tracking.
Platforms such as Strava [44] reward users by keeping track of
their personal records. Furthermore, when a user’s best
performance is faster than any other user for a particular
segment, the fastest user is rewarded with a crown icon and the
title “King of the Mountain” or “Queen of the Mountain.” The
desire for high achievement of these participants is likely a
reason why gamification and leaderboards are more effective
in PA promotion than health benefits [45].

Limitations
Despite these findings, this study is not without its limitations.
First, the participants had never encountered an app such as
Connexx before; therefore, the novelty factor of a new
measurement offered by the Connexx app may have offset
potential shortcomings arising from font size or other use
limitations [46]. As participants continue to use the Connexx
app, the SUS score may decrease, as the novelty of displaying
real-time HR information wears off. However, as participants
indicated having little previous experience or education with
HR, this highlights an educational opportunity missing from
school curricula, as the participants were interested in learning
about their HR.

In addition, the small sample size of this feasibility study limits
the generalizability of the findings. While there were almost
equal numbers of male and female participants, there was little
racial or ethnic diversity (9/11, 82% non-Hispanic White).
However, the sample size was still sufficient to demonstrate the
usability of these HR monitoring technologies with
preadolescent children [25]. Future research is needed to explore
the technologies with a larger, more diverse sample.

Because this was a feasibility study to explore whether
adolescent children could understand and use their HR
information in real time as opposed to measuring HR change
in response to PA, we did not control for other confounding
variables (eg, the child’s fitness level, diet, and resting HR).
Rather, as a first step, this study simply examined whether HR
use was possible. Moreover, due to the study design, this study
did not take advantage of the full scope of capabilities developed
as part of the Connexx app, including displaying a paired
partner’s HR information in real time. Future studies will further
explore these capabilities of the Connexx app.
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Conclusions
This study aimed to investigate the feasibility and usability of
multiple technologies to measure and display HR information
for preadolescent children. It examined whether preadolescent
children could effectively use these devices to view their HR
and make practical use of the information. The results indicate
that preadolescent children understood and used their HR to
regulate their MVPA and enjoyed using Connexx for real-time
HR observation. Participant responses demonstrate the ability

to use and the desire for access to real-time HR information
during PA. Future research should build on these findings
regarding the use of real-time HR as an intervention tool to
target specific MVPA goals. This could involve testing strategies
that use HR and real-time monitoring as direct targets in
program designs. Preadolescent children’s interest in using
real-time HR should be leveraged by researchers, health
professionals, and educators to promote MVPA in an engaging
way for this population.
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Abstract

Background: Maternal mortality remains a persistent public health concern in sub-Saharan African countries such as Ethiopia.
Health information technology solutions are a flexible and low-cost method for improving health outcomes with proven benefits
in low- to middle-income countries’ health systems.

Objective: This study aimed to develop and assess the usability of an electronic dashboard to monitor facility-level readiness
to manage basic emergency obstetric care (BEmOC) in Amhara, Ethiopia.

Methods: The study used three methods to iteratively refine the dashboard: (1) user-centered design sessions with individuals
who interact with the BEmOC supply chain, (2) review and feedback from domain and information visualization subject matter
experts (SMEs) to refine the dashboard, and (3) usability heuristic evaluation with human-computer interaction (HCI) SMEs.

Results: User-centered design sessions resulted in a preliminary version of the dashboard informed by end-user preferences
and perceptions, with recommendations focusing on aesthetic design, filtering and sorting, and matching with the real world. An
example of an end-user recommendation included increasing font sizes on the dashboard and using a red, yellow, and green
color-coding scheme. Next, domain and visualization SMEs continued the dashboard’s iterative refinement, focusing on aesthetic
design and navigation, by confirming design choices incorporated from the user-centered design sessions and recommending
changes to enhance user experience moving through the dashboard, such as adding more filtering options. HCI SMEs rated the
dashboard as highly usable (0.82 on a scale of 0-4, with 0 being no usability concern and 4 being a catastrophic usability concern).
The principle with the highest usability severity scores was a match between the system and the real world with a score of 1.4.
The HCI SMEs also rated the information visualization aspects of the dashboard favorably with 2 usability principles, spatial
organization and information coding, scoring 0.

Conclusions: Dashboards are a novel method for promoting and tracking facility capacity to manage BEmOC. By including
targeted end users and SMEs in the design process, the team was able to tailor the dashboard to meet user needs, fit it into the
existing government health systems, and ensure that the dashboard follows design best practices. Collectively, the novel, customized
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BEmOC dashboard can be used to track and improve facility-level readiness in Amhara, Ethiopia, and similar global BEmOC
facilities.

(JMIR Hum Factors 2025;12:e64131)   doi:10.2196/64131

KEYWORDS

health information technology; design and evaluation; Ethiopia; usability; nursing informatics; user-centered design; basic
emergency obstetric care; obstetric; nurse; user-centered; design; maternal mortality; maternal; develop; sub-Saharan Africa;
Africa; dashboard; tracking; emergency care

Introduction

Maternal mortality is a critical public health issue, particularly
in low-resource settings like sub-Saharan Africa, which accounts
for over three-fourths of global maternal deaths [1]. Despite
progress in reducing adverse maternal outcomes in countries
like Ethiopia, high maternal mortality ratios persist, largely due
to gaps and stockouts of essential supplies for managing
obstetric emergencies [2,3]. Inadequate supplies for basic
emergency obstetric care (BEmOC) can lead to delayed or
suboptimal care. A study on facility-level readiness to manage
BEmOC in Amhara, Ethiopia, using the Clinical Cascades
reported a 63.3% mean overall BEmOC readiness for managing
the 6 most common emergencies, which underscores the need
for improving facility-level BEmOC readiness in this region
[4].

A promising approach to improve facility-level BEmOC
readiness is the development and implementation of health
information technology (HIT) to monitor critical supply
availability. HIT involves the processing, storage, and exchange
of health information in an electronic environment, and has
been shown to improve health outcomes and strengthen health
systems in low-resource settings [5,6]. Electronic dashboards
are a form of HIT that can be used to track critical information,
provide alerts, assess performance indicators, develop reports,
and customize data views, which makes them a useful tool for
monitoring inventory data and facility-level readiness [7,8]. For
example, dashboards were used in Ethiopia to monitor the
supply inventory of malaria medications and prevent stockouts
from occurring, and a simple dashboard was merged into the
existing Integrated Pharmaceutical Logistics System (IPLS) in
the Amhara and Oromia regions of Ethiopia, resulting in
improved facility-level readiness to treat tuberculosis by
ensuring health care facilities had adequate supplies [7,8].
Beyond Ethiopia, HIT has been used to anticipate medical
stockouts and improve maternal health outcomes in low-resource
settings [9,10]. This evidence highlights the potential for HIT
to improve facility-level BEmOC readiness in Amhara,
ultimately contributing to improved maternal care quality and
reduced maternal mortality ratios.

Previous studies, including those conducted in low-resource
settings and Ethiopia, have demonstrated the benefits of HIT
and dashboards in improving facility-level readiness [5-8].
Furthermore, the growing utilization of technology and cellular
services across Africa further supports the feasibility of
implementing successful electronic solutions, driven by the
increasing adoption of HIT [11,12]. Finally, Ethiopia has
recognized the value of HIT in strengthening health care systems

and has been implementing electronic medical records in its
health care facilities since 2013 [13].

However, while dashboards can be a powerful tool for
improving health outcomes, their success depends on ensuring
high usability, enabling end users to effectively accomplish
their tasks. Usability is defined as “the extent to which a product
can be used by specified users to achieve specified goals with
effectiveness, efficiency, and satisfaction in a specified context
of use” [14]. Despite the potential of HIT, many
implementations have failed due to insufficient consideration
of end users’needs and the environment in which the technology
is applied [15,16]. Similarly, while dashboards show promise
for improving facility-level BEmOC readiness, their success
relies on development that incorporates input from targeted end
users, accounts for the context of use, and adheres to usability
principles. This study aims to develop and assess the usability
of an electronic dashboard for monitoring facility-level BEmOC
readiness.

Methods

Overview
To create the initial version of the dashboard, the team
incorporated findings from previous qualitative interviews with
individuals who worked in Ethiopia’s obstetric emergency
supply chain, used information and designs from the preexisting
dashboards in Ethiopia’s IPLS, and followed best practices
found in the current literature for dashboard development
[17-20]. The initial dashboard and its components were
developed in Microsoft PowerPoint (refer to Multimedia
Appendix 1).

To ensure adequate fit between the dashboard, the required
tasks, the current system, the environment, and intended users,
the research team conducted participatory user-centered design
sessions, performed informal evaluations with domain and
information visualization subject matter experts (SMEs), and
completed a heuristic usability evaluation with human-computer
interaction (HCI) SMEs.

Ethics Considerations
The research team obtained ethics approval from Columbia
University’s institutional review board (IRB) (IRB-AAAU2006),
Emory University’s IRB (MOD005-STUDY00005335), and
the Amhara Public Health Institute (NoH/RfftTlDlo7l44). Before
collecting data, the research team provided participants with an
information sheet and gave them time to ask questions about
the study. Once all questions had been answered, the team
obtained verbal informed consent from all participants before
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collecting data. All ethics review boards waived the requirement
for written documentation of informed consent because the
study procedures met the criteria for minimal risk to participants.
All data was de-identified and participants data was linked to
a random identification number. Only KD had access to the list
of participant names linked to the ID numbers. None of the
targeted end-users, domain experts, or subject matter experts
received compensation for their participation in the study.
Human-computer interaction experts participating in the
heuristic evaluation received a $50 amazon gift card for their
participation.

Sample Selection

User-Centered Participatory Design Sample Selection
Consistent with existing literature in the field of participatory
design, the team estimated that a sample size of 15 would be
sufficient to reach design saturation, a state where the design
sessions reveal no major revisions to the designs reviewed
[21,22]. The research team purposively recruited individuals
with firsthand experience working within the BEmOC supply
chain in Amhara, Ethiopia, at both the regional and local or
facility levels. Participants were required to be at least 18 years
old. Study participants were Ethiopian citizens and full-time
employees in one aspect of Amhara’s BEmOC supply chain,
such as hospital supply managers, regional hub employees, and
pharmacists.

Informal Expert Review Sample Selection
The domain SME was a research team member with over 6
years of experience conducting research in Amhara, Ethiopia;
evaluating the supply chain; and measuring facility-level
readiness to manage BEmOC. The information visualization
SMEs were individuals from Columbia University School of
Nursing’s Visualization Design Studio, where individuals with
varying levels of expertise can learn and gain advice on their
current projects. The discussions at this studio were led by 2
PhD-level faculty, a nurse scientist with expertise in
visualization design and evaluation, and a human-factors
engineer. Key contributions also came from other faculty
members at the university who have training in the areas of
nursing research and biomedical informatics. All information
visualization SMEs have published in the areas of information
visualization, HCI, and user experience.

Heuristic Evaluation Sample Selection
The study sample included 5 HCI SMEs who were recruited
through the team’s professional networks. Previous research
has found that 5-8 SMEs can identify over 80% of HIT usability
violations [23,24]. HCI SMEs were eligible for inclusion if they
had conducted research or published in the field of user
interfaces or information visualizations and had not previously
evaluated the dashboard.

Procedures

User-Centered Design Procedures
Staff from Emory-Ethiopia Partnership and Amhara Regional
Health Bureau identified BEmOC supply chain stakeholders
and reached out to determine if they were interested in

participating in this study. A member of the research team
contacted interested individuals via phone call, email, and
WhatsApp (Meta) messaging to explain the study in detail,
answer any questions, and set a time to meet in person with the
participant to obtain verbal consent and perform the research
activities. We used multiple communication channels to reach
potential participants; in particular, WhatsApp has been found
to be a useful tool for recruiting participants, specifically in
global settings [25,26]. Design sessions were conducted in
English and Amharic, and data collection tools were available
in both languages since Amharic is the national language and
Ethiopia’s health care professionals receive clinical training in
English [27,28].

Design sessions lasted approximately 60 minutes and occurred
in small groups of 2-4 people within the health care facility or
health bureau offices. Participants were given printed copies of
the initial dashboard and asked to verbalize their thought
processes as they explored the visualizations and information
in the preliminary dashboard [29-32]. Design sessions were
audio recorded and transcribed into English for analysis by a
team member who is bilingual in Amharic and English. The
individual conducting the analysis is a native Amharic speaker
with over a decade of experience translating Amharic to English
for health care research. Given their extensive expertise and the
time constraints of the study, the team opted not to perform
back translations. The dashboard development followed an
iterative process, consisting of 4 design sessions. After each
session, the research team incorporated recommended changes
into the dashboard, which were then presented in the subsequent
sessions [30].

Informal Expert Review Procedures
The team presented the Microsoft PowerPoint dashboard to a
domain expert and a group of information visualization SMEs.
Team member (KD) used Zoom (Zoom Video Communications)
screen-sharing capabilities to walk the domain expert through
the dashboard and their various features. The domain expert
then reviewed the dashboard and provided recommendations
for improvement.

KD presented the same dashboard to information visualization
SMEs at 2 sessions of the Visualization Design Studio [33].
KD walked the SMEs through the dashboard, answered
questions about their intended use, and elicited feedback and
recommendations. Collectively, both rounds of feedback were
used to optimize and further develop a medium-fidelity version
of the dashboard for use in the heuristic usability evaluation.

Heuristic Evaluation Procedures
The team used Figma to develop a medium-fidelity prototype,
which allowed the simulation of the dashboard’s workflow [34].
Using Zoom Pro, a Health and Insurance Portability
Accountability Act (HIPAA)–compliant videoconference
platform, and its screen-sharing technology, KD asked the HCI
SMEs to complete several tasks using the dashboard and
encouraged them to explore other components of the dashboard
(Multimedia Appendix 2). During their exploration, participants
completed a heuristic evaluation checklist to identify and rank
the severity of the usability violations and had the opportunity
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to explain the violations they encountered [23,24,32]. They
were also asked to describe what they were thinking, feeling,
and seeing while completing the various tasks. The sessions
were video recorded, and KD took field notes. At the end of the

sessions, the HCI SMEs and KD discussed potential solutions
for the identified usability violations. Participants were asked
to complete tasks during the heuristic usability evaluation
mentioned in Textbox 1.

Textbox 1. List of tasks participants were asked to complete during the heuristic usability evaluation.

Heuristic usability evaluation tasks

• Filter the main screen to only view primary hospitals.

• Determine which health care facilities are not ready to manage retained placenta.

• Determine if [hospital name] is ready to manage hypertensive emergencies. If not, identify which items are missing.

• Determine if [hospital name] is ready to manage maternal sepsis or infection. If not, identify which items are missing.

• Determine what emergencies [hospital name] is ready to manage.

• For prolonged labor at [hospital name] filter the supplies table to see the items that are at the emergency order point.

• For prolonged labor at [hospital name] filter the supplies to see the items that are overstocked.

• Determine how many health care facilities are at risk for not being able to manage retained placentas.

The Heuristic Evaluation Checklist used in this study was guided
by Nielsen’s 10 usability heuristics (ie, best practices; Table 1)
[24,35] and includes a 5-item scale where experts rate each
usability heuristic on a scale of 0 (not a problem) to 4
(catastrophic violation; Table 2) [23,32,36]. The research team
modified the original checklist to fit the needs of a
medium-fidelity dashboard (Multimedia Appendix 2). For

example, questions for heuristics related to error prevention,
help users with errors, and help and documentation were
excluded since those tasks could not be simulated with the
medium-fidelity prototype. In addition, 3 usability heuristics
specific to information visualizations in the dashboards were
included: spatial organization, information coding, and
orientation [19].

Table 1. Usability heuristics and their definitions used in the heuristic usability evaluation.

DefinitionTypeUsability heuristic

The system should always keep users informed about what is going on through appro-
priate feedback in a reasonable time.

HITaVisibility of system status

The system should speak the user’s language, with words, phrases, and concepts familiar
to the user. The system should follow real-world conventions and ensure the dashboard
fits within the existing workflow and technology system.

HITSystem and real-world match

Users should be free to select and sequence tasks and make their own decisions regarding
the cost of exiting current work. Users should have clearly marked “emergency exit”
to leave the unwanted state.

HITUser control and freedom

Users should not have to wonder whether different words, situations, or actions mean
the same thing. Systems should maintain interface design choices in similar contexts
and differ in different contexts.

HITConsistency and standards

The user should not have to remember information from one part of the dialogue to
another. Objects, actions, and options should be easily visible, and instructions should
be visible or easily retrievable whenever appropriate.

HITRecognition rather than recall

The system should offer users several options for finding content. Users should be able
to customize their interface and achieve their goals in an efficient manner and have the
capacity to adapt to users’ needs.

HITFlexibility and efficiency of use

The main dashboard should not contain information that is irrelevant or rarely needed.
The system should present the largest amount of data with the least amount of ink.

HITAesthetic and minimalist design

The overall layout of a visual representation should make it easy for the user to locate
an information element in the display.

Information visualiza-
tion

Spatial organization

The symbols and numbers used in the visualization should aid perception. The numeracy
and graph literacy of the visualization should match the intended users’ ability.

Information visualiza-
tion

Information coding

The system should provide support for the user and help to orient them in their visual-
ization.

Information visualiza-
tion

Orientation and help

aHIT: health information technology.
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Table 2. Severity ratings for usability violations in the heuristic evaluation.

ExplanationUsability problemScore

No problem identifiedNot a usability problem at all0

Need not be fixed unless extra time is available on the projectCosmetic problem1

Fixing this should be a low priorityMinor problem2

Important to fix, so should be given high priorityMajor usability3

Imperative to fix this before the product can be releasedUsability catastrophe4

Data Analysis

User-Centered Design Analysis
Analysis was concurrent with data collection with modifications
of the dashboard occurring after the initial 2 design sessions
and following the third and fourth sessions. Using the translated
transcripts of audio-recorded sessions and field notes, KD
extracted key preferences, identified poorly performing graphics
and dashboard components, and improved the design based on
participant feedback. The team maintained detailed notes on
design decisions and the rationale for those decisions alongside
the notes and transcripts, which functioned as an audit trail.

Heuristic Usability Evaluation Analysis
The responses on the Heuristic Evaluation Checklist were
transferred into Microsoft Excel for analysis [19,20]. The
research team used unique participant numbers to link the
responses to a confidential participant list. The data were
analyzed with descriptive statistics (frequencies and means)
[37]. Both session field notes and qualitative responses reported
in the free response comments section of the checklist were
used to understand usability and enhance the dashboard’s design.
During the evaluations, KD documented key areas of concern
that HCI SMEs verbalized during the sessions. Combing those
notes with the free-response comments, KD used the frequency
that those concerns were mentioned to understand their
importance. The usability concerns and potential solutions
reported from the free-response comments were also compiled
into a single list of action items, with duplicates removed, and
KD used this list to guide the refinement of the next version of
the dashboard.

Results

User-Centered Design Sessions

Sample Characteristics
In total, 6 individuals, who work at the regional health bureau
or regional hubs for supply distribution, participated in the first
2 design sessions and reviewed the initial version of the
dashboard. Following the refinement of the dashboard by KD,
5 individuals who work at health care facilities in the region
participated in the third and fourth design sessions and reviewed
the updated version of the dashboard. Recruitment and data
collection ended prematurely at 11 participants due to civil
unrest and safety concerns in the region [38].

Evolution of the Dashboard Design
During design sessions 1 and 2, participants reviewed the initial
version of the prototype, and during design sessions 3 and 4,
they reviewed a revised version that incorporated feedback from
study participants in design sessions 1 and 2. During design
sessions 1 and 2, participants viewed the initial design of the
dashboard and were able to easily grasp the idea the dashboard
was trying to portray related to facility readiness to manage
BEmOC. The users felt the dashboard, specifically, the regional
view, helped them to understand which facilities would be ready
to handle the emergencies. One regional respondent stated,

This image [dashboard] demonstrates how they
[individual health care facilities] would be able to
handle each health issue considering the level of the
supplies that each hospital has for these health
problems. In general, we can conclude from this
image [regional dashboard] that some hospitals are
in good condition for these health issues and others
are not in good condition for these health issues.

Generally, participants in the first two sessions focused on (1)
individual graphical component preferences such as which type
of charts they preferred to see the data presented and (2) how
they would want the data to be filtered and sorted. The third
and fourth sessions with the refined dashboard focused on (1)
confirming the terminology in the dashboard, and that it matched
terms used in the supply chain, and (2) affirming design changes
that were incorporated from the earlier sessions. Respondents
in the third and fourth sessions also provided feedback on which
job roles should have access to the dashboard. A participant
during the fourth design session stated,

This dashboard [emergency-specific view] is essential
for the dispensary unit as well. The store and supply
officer bears most of the workload or duty in this
workplace, but if the pharmacists and hospital
managers have access to the data, it would be very
good.

The changes that were incorporated during the design sessions,
as well as the session number, iterations of the dashboard, and
job level that provided the recommendations, can be found in
Multimedia Appendix 3. In the following paragraphs, more
details are provided on aesthetic design, filtering and sorting,
and matching with real-world preferences.

Aesthetic Design
For colors used throughout the dashboard, participants wanted
to use multiple colors that were consistent with those currently
used in the existing dashboard. Furthermore, participants in the
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first 2 design sessions identified pieces of information that they
thought should be removed from the dashboard because they
did not assist the end users with making decisions related to
supply ordering or maintaining facility-level readiness.
However, to ensure users could find information that was not
included in the dashboard, the research team added a button
that would allow users to view the comprehensive drug list,
which is already embedded in the electronic components of the
existing IPLS. Facility-level participants, during design sessions
3 and 4, explained that not all health posts will manage certain
obstetric emergencies, such as sepsis, so they should not receive
readiness classifications for those emergencies. In response to
this, the research team grayed out the classifications for those
facilities and their corresponding emergencies.

Another aesthetic preference in the early design sessions
included requests to include keys in the dashboard that define
the colors and terms. Participants in design sessions 3 and 4
agreed that the keys assisted in their comprehension of the
dashboard. Participants in design sessions 3 and 4 affirmed the
design choices of the previous sessions and provided only small
recommendations for the overall look of the dashboard, such
as increasing the font size. Related to aesthetic decisions, design
saturation was met with the smaller sample size.

Filtering and Sorting
Participants in the early sessions wanted to ensure there were
multiple ways to filter the data so they could view pieces of
information that were most important to them. Preferred filtering
and sorting options included viewing inventory alphabetically
within preestablished categories from the Ethiopian
Pharmaceutical Supply System (eg, medical equipment,
pharmaceuticals, and supplies), filtering supplies based on
quantity available at the facility, and filtering facility by health
care facility tier (eg, primary, general, referral, and center) [17].
Participants during the third and fourth design sessions endorsed
the filtering options identified in the earlier sessions.

The participants from design sessions 3 and 4 also wanted
employees at individual facilities to be able to view inventory
data at other facilities besides their own. They felt having access
to these data could support transferring excess supplies from
one facility to another when neighboring facilities faced
stockouts or were at an emergency order point. Thus, the
research team added the ability for facility-level users to select
different facility readiness data, similar to the regional-level
users. Since there was very little new information identified

during the second 2 design sessions, the research team
determined that the study achieved design saturation for filtering
preferences even with the smaller respondent sample.

Match With the Real-World Preferences
A feature that was a very important point of discussion in all
the design sessions was using appropriate terminology that
aligned with the participants’ current workflow and job
expectations. Participants wanted to ensure that all the terms
used within the dashboard aligned with terms from the IPLS.
For example, supply names and categories as well as terms for
quantities available were updated (eg, overstock changed to
excess, and normal changed to functional for the category
medical supplies).

One important change to note is that during the third design
session, participants recommended changing the terminology
for BEmOC readiness from ready, at risk, and not ready to
normal, emergency order, and stockout so they would be the
same as the terms used with the emergency-specific dashboard
view. Based on this recommendation, the research team created
3 different readiness terminology keys. The 3 options included
the original terms; the newly recommended terms; and a third
option of yes, no, and emergency order. Since the team could
not confirm their preferred choice for readiness terminology
due to the civil conflict in the region, the domain expert selected
the final terms—yes, at risk, and no. Since the team was unable
to obtain user preferences related to this final change, the study
did not achieve design saturation in the “match with the
real-world” domain.

Final Design
The final design comprised 2 different dashboard views for
monitoring BEmOC readiness—one for the regional level and
another for the facility level. The regional-level dashboard view
provides a summary of readiness for the 6 obstetric emergencies
for all health care facilities in the region. The facility-level
dashboard view focuses on one facility and one obstetric
emergency at a time. Overall study participants viewed the
dashboard positively, with one respondent from design session
4 reporting “The hard copies [of the dashboard] you showed us
today are beautiful and wonderful.” Figure 1 shows the design
of the dashboard following the integration of the findings from
the third and fourth user-centered design sessions, and
Multimedia Appendix 3 lists all the changes that were
incorporated into the dashboard following the user-centered
design sessions.
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Figure 1. Regional basic emergency obstetric care (BEmOC) readiness dashboard and emergency-specific, facility-level dashboard following user-centered
design sessions. Hospital names are real, but all readiness data are fictitious.

Informal Expert Review
The domain expert’s largest contribution to the refinement of
the dashboard was his input on which terms to use to define
BEmOC readiness, specifically for the regional view dashboard.
To make the final decision on readiness classification terms that
were discussed in the final user-centered design session, KD
presented the domain expert with 3 different options created
following the fourth design session. After reviewing the options,
the domain expert recommended KD use yes, emergency order,
and no. The rationale for this decision was the yes and no choice
was the simplest option, and he believed the end users would
be able to readily act based on these classification terms. The
domain expert also affirmed KD’s decisions to group data at
the regional and facility levels and felt that no critical
information was missing from the dashboard.

During the review by information visualization SMEs, most
recommendations aesthetics related to aesthetics and navigation.
In terms of aesthetic design, the recommendations mainly
focused on where to place different pieces of information or
graphics to best grab the users’ attention or prevent
overcrowding on a screen, for example, moving several columns
of data to the right in the emergency-specific dashboard view.
This would allow users to scroll horizontally to see that
information, but it would not be visible without scrolling so
there would be less information crowding the page. To improve
navigation between the various dashboard views, the SMEs
during the design studio recommended adding additional
filtering options, such as for emergency readiness categories.
They also recommended adding an affordance feature to the
dashboard so that users would be able to see which items on
the screen are clickable or not. In addition, the experts

JMIR Hum Factors 2025 | vol. 12 | e64131 | p.282https://humanfactors.jmir.org/2025/1/e64131
(page number not for citation purposes)

Dougherty et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


recommended adding several additional titles to different
dashboard views to enhance clarity. These changes were

incorporated when the dashboard was updated from PowerPoint
to Figma (Figure 2).

Figure 2. Regional view dashboard following informal expert review. All inventory data in this dashboard are fictitious.

Heuristic Usability Evaluation With Human-Computer
Interaction Experts
The heuristic evaluation took approximately 30 minutes per
session. The years of experience for HCI SMEs ranged from 4
to 14 years, with a mean of 9. All HCI SMEs were female.

Overall, severity scores for heuristic evaluation ranged from 0
to 3 for the 10 usability principles. The mean usability score
for all ten heuristics combined was 0.82 (SD 0.98), with a mode
of zero. The principle with the highest severity rating was a
match between the system and the real world, with a score of
1.4, which falls between a minor and cosmetic usability concern.
For this principle, 4 HCI SMEs identified inappropriate color
choices for both potential users with color blindness and using

colors not congruent with common color-coding expectations
as a common issue. Additional problems included the dashboard
using concepts and phrases that were unfamiliar to the
evaluators, and 3 evaluators felt the section headings were not
ordered in the most logical fashion. HCI SMEs identified issues
with usability principles visibility of system status, user control
and freedom, consistency and standards, and recognition rather
than recall (mean 1.2 for each, SD 0.84, 1.3, 0.84, and 1.3,
respectively), which also falls between a cosmetic and minor
usability concern. Concerns related to these principles included
2 of the HCI SMEs identifying the lack of clear exits for every
dashboard and feeling that the current design hindered their
ability to efficiently navigate the system. Table 3 shows the
mean value, range, and mode for the 10 heuristic principles.
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Table 3. Identified heuristic usability problems and their severity scores.

Score,
mode

Score,
range

Score, mean (SD)ProblemsHeuristic category

1 and 221.2 (0.84)Visibility of system status • Title font is too small
• Color choices may be inappropriate for color-blind users
• Vertical bar charts make reading supply labels more difficult
• Need hyperlinks to improve navigation
• Menu-naming terminology is not consistent with the user’s task do-

main

121.4 (0.89)Match between system and
real-world

• Color choices may be inappropriate for color-blind users
• Section headings and subheadings are not ordered in the most logical

way
• Not all words, concepts, and phrases were familiar to the human-

computer interaction subject matter experts
• Some of the colors used in the dashboard do not correspond to com-

mon expectations about color codes

031.2 (1.3)User control and freedom • Need hyperlinks to improve navigation
• Not a clear exit on each dashboard screen
• Not all screens are accessible across the system
• Users could not easily move forward and backward between fields

1 and 221.2 (0.84)Consistency and standards • Titles on the regional view dashboard do not update when the user
filters the data

• Abbreviations not clearly explained
• Some colors are too similar to distinguish from other categories
• Not enough or inconsistent visual cues to identify active screens

031.2 (1.3)Recognition rather than
recall

• White space is not optimized within the emergency-specific dashboard
view

• Prompts, cues, and messages are not placed where the eye is likely
to be looking on the screen

020.6 (0.89)Flexibility and efficiency
of use

• Need hyperlinks to improve navigation

0 and 120.8 (0.84)Aesthetic and minimalist
design

• Not all field labels are brief, familiar, or descriptive
• Large objects, bold fonts, and simple areas have not been used to

distinguish sections
• There is not enough white space between color representation
• Too much text is present in the keys which makes the screens look

busy

000 (0.0)Spatial organization • Font size is too small throughout the dashboard
• Information does not follow a logical flow

000 (0.0)Information coding • No problems identified

030.6 (1.3)Orientation • Measurement units are not displayed clearly
• Users cannot control the level of detail they see in a representation

The experts provided several recommendations for how to
remedy the problems identified during the heuristic evaluation.
They believed adding hyperlink functions would improve users’
ability to navigate between the dashboard views, thus increasing
usability scores for visibility of system status, user control and
freedom, and flexibility and efficiency of use. Aesthetically,
the experts believed increasing the font size of titles and data
within the dashboard, as well as moving different components
of the dashboard around to maximize white space would
improve scores for spatial organization, aesthetic and minimalist
design, recognition rather than recall, and visibility of system
status.

HCI SMEs also made recommendations that disagreed with
user preferences identified during the design sessions. These
differences included the experts preferring horizontal bar charts
compared to vertical bar charts. An expert explained the
rationale for this preference stating a horizontal bar chart allows
for the labels in the table to be read horizontally, which can be
easier for users. However, during the user-centered design
sessions, the participants had a resounding preference for the
vertical bar charts because they were more familiar with that
format since some of their preexisting dashboards included
vertical bar charts in the IPLS. Given the importance of the new
dashboard to mimic the look of the existing ones, as well as the
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fact that the users explicitly preferred the vertical presentation,
KD chose to retain the vertical bar charts. The color of the tables
and graphs was also a point of disagreement between experts
and users. The experts did not think the red, yellow, and green
color choices were appropriate because these colors can be
difficult to distinguish if individuals are color blind [39].
However, the targeted end users of the dashboard preferred
those colors because the colors reminded them of traffic lights,
and the users could make assumptions related to the significance
of the colors based on what those colors mean by a traffic light.
The research team chose to keep the traffic light color scheme.

Beyond these recommendations, the reviewers cited several
positive features of the dashboard. This includes things such as

the belief that the icons used throughout the dashboard were
clear and easy to associate with their function. In addition, the
experts found the labels and keys to be clear and assisted with
comprehension of the data. One respondent reported, “Your
labels are quite clear. It’s [the dashboard] very accessible and
you have nice keys right here.” The heuristic violation severity
scores for information visualization-specific heuristics were
low with scores of zero for spatial organization and information
coding, and 0.6 for orientation. Table 4 summarizes the changes
incorporated into the dashboard following the completion of
the heuristic usability evaluation. The final dashboard is
displayed in Figure 3.

Table 4. Summary of changes incorporated into the dashboard following the heuristic evaluation

Changes following heuristic evaluationHeuristic category

Visibility of system status • Increased font size throughout the dashboard
• Added hyperlinks to the dashboard

Match between system and real-
world

• Updated section headings to reflect filtering capabilities
• Updated the terminology defining BEmOCa readiness on the regional-level dashboard

User control and freedom • Added hyperlinks to the dashboard
• Ensured exit buttons on every screen are activated
• Activated more functions within the dashboard to make it a higher-fidelity prototype

Consistency and standards • Updated section headings to reflect filtering capabilities
• Defined all abbreviations used in the dashboard
• Changed the colors for functional and nonfunctional on the emergency-specific screen so that they are more

easily distinguishable from the other colors used on the screen
• Added additional visual cues to identify active screens

Recognition rather than recall • Moved graphics at the top of the dashboard to optimize white space
• Added additional visual cues to identify active screens

Flexibility and efficiency of use • Added hyperlinks to the dashboard

Aesthetic and minimalist design • Shortened information in the keys to make them one line of text
• Shortened data within the tables to make it one line of text
• Used bold fonts for all titles
• Moved graphics at the top of the dashboard to optimize white space

Spatial organization • Increased font size throughout the dashboard
• Improved the navigation between dashboard views to make them a higher-fidelity prototype

Information coding • N/Ab

Orientation • Increased font size for measurement units
• Activated more functions within the dashboard to make it a higher-fidelity prototype

aBEmOC: basic emergency obstetric care.
bN/A: not applicable.
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Figure 3. Final regional view and emergency-specific view of the dashboard following the heuristic usability evaluation. Hospital names are real, but
all readiness data are fictitious.

Discussion

Principal Findings
The dashboard underwent iterative refinement based on user
input, domain expert feedback, information visualization
evaluations, and heuristic usability assessments. Regional
participants emphasized preferences for vertical bar charts,
traffic-light color coding, and keys to define readiness levels,
while facility-level users focused on aligning terminology with
existing workflows and tailoring readiness classifications. The
information domain expert provided critical input on readiness
terminology, and information visualization experts suggested
improvements in layout, navigation, and aesthetics, such as
optimizing white space and increasing font sizes. Collectively,
the central tendency of heuristic severity scores, combined with
a mode of zero, indicated high overall usability of the dashboard.
However, the HCI experts did highlight minor usability
concerns, including navigation and accessibility improvements,
which were addressed in the final design. While some expert
recommendations, such as horizontal bar charts and alternative
color schemes, differed from user preferences, the team
prioritized end-user input to ensure practical usability. The final
dashboard is intuitive, visually clear, and aligned with real-world
needs, achieving high usability and user satisfaction.

This study highlights the importance of including participants
from all targeted end-user groups. By including employees from
both regional and facility levels, the team gathered diverse,
relevant perspectives, ensuring the dashboard met the real-world
needs of users across different supply chain roles and
experiences. Feedback from both end users and experts enhanced
the overall usability and functionality of the dashboard. This
aligns with existing usability literature, which emphasizes the
value of involving both end users and experts to identify distinct
concerns and improve HIT design [40]. Participants’
spontaneous interpretations of the dashboard underscore their
understanding of the content, and obtaining these perceptions
and insights can assist in preventing usability errors from
occurring later in the piloting or implementation phase of HIT
development. These refinements will likely maximize the ease
of implementation and promote consistent uptake and utilization
by future users [41,42].

There were 2 areas of disagreement between HCI SMEs’
recommendations and end-user preferences: bar chart orientation
and color schemes. The research team chose to keep the vertical
bar charts for their familiarity with the end users and alignment
with existing dashboards. In addition, lower color blindness
prevalence among Black African and African American
populations (4.2% compared to 6.6% and 1.4% compared to
5.6% respectively) compared to White populations (6.6% and
5.6%) [43,44] supported the decision to maintain the preferred
color scheme, as most targeted end users were unlikely to face
difficulties distinguishing the colors.

This study reinforces the notion that obtaining expert opinions
and performing usability testing can be a low-cost, efficient
method for exploring technology needs [45]. Performing the
evaluations with the domain expert and the information
visualization SMEs took less than an hour for both groups and
provided critical information on how to improve upon the design
of the dashboard. Performing usability evaluations can identify
problems and usability concerns that may not have been noticed
before HIT implementation, avoiding costly and time-consuming
corrections [24].

Finally, this study contributes to the growing body of literature
on the use of dashboards to support BEmOC in sub-Saharan
Africa. Similar to findings by Banke-Thomas et al [46] and
Wang et al [47], stakeholders expressed enthusiasm for
dashboards and prioritized features like reporting facility
characteristics on the dashboards. However, there remains a
gap in the literature regarding the specific design preferences
of end users. This study addresses that gap by highlighting key
preferences, such as the use of stoplight color coding and
IPLS-specific terminology, which enhance usability and are
tailored specifically for dashboards intended for Ethiopia and
BEmOC contexts.

Limitations
During data collection, there was unanticipated civil unrest in
the Amhara region, which prevented the research team from
recruiting participants outside of the regional capital of Bahir
Dar and from completing participant recruitment from multiple
facilities outside the regional capital. Despite this unforeseen
barrier, design saturation was reached for 2 out of the 3
categories during the design sessions. There was also a lack of
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gender diversity among our participants. Only one user-centered
design participant from Ethiopia was female. However, this
gender imbalance mirrored the existing gender imbalance in
the existing health system for these roles. However, future
research related to this dashboard and facility-level BEmOC
readiness would benefit from an emphasis on opinions and
participation from female participants with relevant expertise.
Conversely, all HCI SMEs were female. While the incorporation
of a female perspective is critical since the sample for
user-centered design sessions was predominately male, the effect
of having completely female HCI SMEs is unknown. Future
research should incorporate technical and gender-balanced
perspectives during both user and HCI SMEs’ review of this
dashboard.

Furthermore, the dashboard design was informed by responses
from participants in qualitative interviews. However, due to
time constraints, the initial prototype was developed by the
research team rather than being cocreated with participants.
While this approach allowed the team to efficiently move
forward with development, it may have limited the incorporation
of deeper, iterative feedback from participants during the initial
design phase. This limitation could have influenced the
alignment of the prototype with user needs and preferences,
which may require further refinement in future iterations.

To prospectively limit social desirability bias, the research team
created a low-stress, comfortable environment for data collection
and emphasized our desire to obtain personal responses to the
dashboard while reiterating that all opinions would be blinded
so no one could identify specific feedback from specific
participants. The team chose to have an Amharic-speaking

Ethiopian team member conduct the user-centered design
sessions rather than the principal investigator, who is from the
United States and does not speak Amharic. The team took steps
to ensure confidentiality and used indirect questioning
techniques in an attempt to garner the participants’ true opinions
[48]. Furthermore, the dashboard reviewed in the heuristic
usability evaluation was medium fidelity. This means the
dashboard was not able to complete all required tasks and certain
usability heuristics, such as help and documentation and error
prevention, were excluded from this evaluation, since their tasks
were not applicable at this stage in the design process. Future
research will need to explore all usability heuristics before
implementation to ensure no new concerns arise once the
dashboard transitions from a medium- to high-fidelity model.

Conclusion
In conclusion, this study demonstrates the value of user-centered
design and usability evaluations in developing HIT for
low-resource settings. By integrating diverse perspectives from
regional and facility-level participants, as well as domain and
usability experts, the dashboard was refined to meet real-world
needs and achieve high usability. This iterative approach not
only addressed usability concerns but also incorporated end-user
preferences, ensuring alignment with existing workflows. The
study fills a gap in the literature by identifying design
preferences tailored to Ethiopia’s health care context, offering
a model for future HIT development aimed at improving
BEmOC readiness and maternal health outcomes. These findings
emphasize the importance of engaging end users and experts
early in the design process to create functional, user-friendly
systems that support effective implementation and long-term
adoption.
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Abstract

Background: The Early Psychosis Intervention Network of California project, a learning health care network of California
early psychosis intervention (EPI) programs, prioritized incorporation of community partner feedback while designing its eHealth
app, Beehive. Though eHealth apps can support learning health care network data collection aims, low user acceptance or adoption
can pose barriers to successful implementation. Adopting user-centered design (UCD) approaches, such as incorporation of user
feedback, prototyping, iterative design, and continuous evaluation, can mitigate these potential barriers.

Objective: We aimed to use UCD during development of a data collection and data visualization web-based and tablet app,
Beehive, to promote engagement with Beehive as part of standard EPI care across a diverse user-base.

Methods: Our UCD approach included incorporation of user feedback, prototyping, iterative design, and continuous evaluation.
This started with user journey mapping to create storyboards, which were then presented in UCD workshops with service users,
their support persons, and EPI providers. We incorporated feedback from these workshops into the alpha version of Beehive,
which was also presented in a UCD workshop. Feedback was again incorporated into the beta version of Beehive. We provided
Beehive training to 4 EPI programs who then piloted Beehive’s beta version. During piloting, service users, their support persons,
and EPI program providers completed Beehive surveys at enrollment and every 6 months after treatment initiation. To examine
preliminary user acceptance and adoption during the piloting phase, we assessed rates of participant enrollment and survey
completion, with a particular focus on completion of a prioritized survey: the Modified Colorado Symptom Index.

Results: UCD workshop feedback resulted in the creation of new workflows and interface changes in Beehive to improve the
user experience. During piloting, 48 service users, 42 support persons, and 72 EPI program providers enrolled in Beehive. Data
were available for 88% (n=42) of service users, including self-reported data for 79% (n=38), collateral-reported data for 42%
(n=20), and clinician-entered data for 17% (n=8). The Modified Colorado Symptom Index was completed by 54% (n=26) of
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service users (total score: mean 24.16, SD 16.81). In addition, 35 service users had a support person who could complete the
Modified Colorado Symptom Index, and 56% (n=19) of support persons completed it (mean 26.71, SD 14.43).

Conclusions: Implementing UCD principles while developing the Beehive app resulted in early workflow changes and produced
an app that was acceptable and feasible for collection of self-reported clinical outcomes data from service users. Additional
support is needed to increase collateral-reported and clinician-entered data.

(JMIR Hum Factors 2025;12:e65889)   doi:10.2196/65889

KEYWORDS

eHealth; user-centered design; learning health system; psychosis; early psychosis; user-driven development; web-based; data
visualization; surveys and questionnaires; measurement-based care

Introduction

Background
Research estimates that the lifetime prevalence of psychotic
disorder diagnoses is approximately 1.5%, and the prevalence
of psychotic symptoms is between 4.2% and 17.5% [1].
California, the most populous and second most diverse state in
the United States [2], had a population of 39.11 million in 2023,
according to the California Census Bureau. This indicates that
586,650 to 6.8 million Californians may experience psychosis
symptoms in their lifetime. In response to this, many California
counties have developed specialty early psychosis intervention
(EPI) services, which vary widely in their implementation
approach [3]. The Early Psychosis Intervention Network of
California (EPI-CAL) [4] was developed to support the
provision of quality EPI services and to create an infrastructure
to conduct standardized measurement of the impact of early
psychosis care delivery. To support this goal, the EPI-CAL
team, in collaboration with several California counties,
developed a learning health care network (LHCN) consisting
of EPI programs across the state. The EPI-CAL LHCN later
joined the national Early Psychosis Intervention Network [5],
which allowed additional California EPI programs to participate.
Members of the LHCN agreed to gather standardized
information and outcomes from their clinics as part of
measurement-based care (MBC). Collecting this information
is critical to support quality early psychosis care provision within
clinical programs as well as enhance statewide learning and
development. For example, a narrative review of an MBC
approach in behavioral health clinics found such benefits as
significantly improving clinical outcomes, improving symptoms
more quickly, and decreasing treatment costs [6].

To this end, the EPI-CAL team chose to design and implement
a web-based and tablet app called Beehive. We chose the name
Beehive to reflect the envisioned purpose for the app: to help
LHCN programs learn and grow together for the betterment of
the collective, just as bees work together to build a hive for the
benefit of the colony. Beehive is a robust, stand-alone eHealth
app for use by service users, their support persons, and EPI
program providers. In this text, we use the term service user to
refer to the individual with a psychosis diagnosis who is
receiving mental health care from an early psychosis program.
We use the term support person to refer to any person that the
service user has chosen to involve in their care. This is typically
the individual’s parent but might be another family member, a
friend, a partner, or some other close relative. Beehive’s purpose

is to promote MBC in EPI programs by standardizing data
collection across a network of programs focusing on community
partner priorities; supporting key components of care such as
assessment, safety monitoring, and ongoing care delivery;
supporting program-level management of care; and aggregating
data across a large network to support evaluation and research
at state and even national levels [4].

We chose an eHealth approach to implementing MBC due to
its appropriateness for the EPI setting and its potential benefits.
Despite the perceived challenges related to experiences of
suspicion or paranoia, individuals experiencing mental health
difficulties, such as schizophrenia and bipolar disorder, have
widely found use of eHealth both feasible and acceptable [7-10].
Furthermore, the use of eHealth can support the advancement
of MBC. For example, eHealth apps have been previously
demonstrated to promote symptom and outcomes monitoring
in both early psychosis care [11,12] and LHCNs [13].
Conducting MBC with eHealth enhances its benefits as it allows
for data collection to be standardized across programs and
instantly available. For example, MBC may promote
collaboration across a care team [14-16], which is relevant for
EPI programs for which the evidence-based treatment,
coordinated specialty care, is inherently team based [17]. Use
of eHealth to collect data in this setting allows data collected
by one team member or entered by a service user to be instantly
available for all team members. eHealth also enhances the
benefits of MBC through data aggregation, which enables
evaluation of program performance [16,18,19] or promotion of
evidence-based treatments [16,20].

Though there are many potential benefits, there are also
numerous barriers to implementation of both new eHealth
technology and MBC. According to a systematic literature
analysis, the top factors posing a barrier to eHealth app
implementation include lack of digital health literacy, lack of
devices, financing issues, service-user cognition, and security
[21]. These barriers contribute to low adoption and user
acceptance, which limit the success of implementation [22,23].
Barriers to implementation of MBC include training burden,
concern that negative feedback causes harm to service users,
and the time required for survey completion [24-26].

To pursue the benefits of using eHealth to implement MBC and
mitigate the potential barriers, we developed Beehive with
user-centered design (UCD) principles. UCD prioritizes the
needs and expectations of the end user [27,28]. UCD approaches
include dedicated design activities, active involvement of users
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in the design process, incorporation of their feedback,
prototyping, and continuous evaluation [29], which can address
low user acceptance and low adoption [30]. Beehive’s iterative
development began with a collaborative process with service
users, support persons, and EPI program providers to identify
and prioritize which outcome measures should be collected in
the app [31]. We also explored how service users, support
persons, and EPI program providers wanted to be informed
about data-sharing options in Beehive and built Beehive’s end
user license agreement (EULA) workflow to incorporate user
perspectives [32]. With the survey content and EULA workflow
finalized, we moved onto the development of the user-facing
parts of Beehive.

Objectives
In this study, we aimed to (1) use UCD principles to create a
co-designed web-based and tablet app, called Beehive, to

support MBC in EPI programs, and (2) assess Beehive’s initial
feasibility in clinical settings by piloting it in 4 EPI programs.

Methods

Design
To promote Beehive engagement across multiple types of users
and across multiple domains of engagement, we integrated UCD
principles of incorporation of user feedback, prototyping,
iterative design, and continuous evaluation. Service users,
support persons, and EPI program providers had multiple
opportunities to provide feedback, which was incorporated
throughout Beehive development. Figure 1 shows the study
design from conceptualization through data collection.

Figure 1. Study design for Beehive development.

The development process began with conceptualization of user
journeys. User journey mapping envisions how specific types
of users, such as a service user or a service provider, will interact
with an app from access point through all required activities
[33]. User journey mapping allowed us to identify which
storyboards we should develop to present in UCD workshops
and which user-types we needed to recruit for those workshops.
Storyboards are a tool to visualize app workflows and the user
interface [34]. We developed storyboards to present as
prototypes in UCD workshops so that feedback could modify
the app design before time was invested in coding the alpha
version of the app. The alpha version of the app included core
workflows and was both evaluated internally and presented in
another UCD workshop to gather more feedback before coding
the beta version of the app. The beta version of the app
incorporated remaining feedback from storyboard workshops,
new feedback from the alpha stage, and added the remaining

core functionality that was not in-scope for the alpha version
(eg, reports). The beta version of Beehive was piloted by 3 EPI
programs over 6 months to further refine the app before
launching it across all EPI-CAL programs. We used pilot data
to assess initial use and uptake of Beehive’s beta version.

This UCD approach allowed the EPI-CAL team to receive and
incorporate feedback during conception, design, and testing
phases of eHealth app development, and include multiple
perspectives to facilitate user engagement in eHealth. Notably,
UCD has also been demonstrated to increase eHealth adoption
and user acceptance in research and clinical settings [30,35].

Participant Recruitment

UCD Workshops
For UCD workshops of the Beehive storyboard, we recruited
participants from the following three EPI community partner
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groups: (1) EPI service users, (2) their support persons, and (3)
EPI providers. Eligible participants were (1) actively or formerly
affiliated with an EPI-CAL EPI program, (2) English speaking,
and (3) able to provide written informed consent and assent
(minors or conserved adults). EPI program providers were
recruited through contact with the team lead of the 12 active
EPI-CAL EPI programs. Service users and support person
participants were invited either through EPI program provider
referral or by the research team directly contacting individuals
who had previously consented to be contacted for future research
opportunities.

One EPI-CAL clinic agreed to participate in a workshop for the
alpha version of the app to support the refinement of Beehive
before piloting.

Piloting
In total, 4 EPI-CAL clinics agreed to participate in 6 months of
Beehive beta testing before Beehive’s full launch across the
entire EPI-CAL LHCN. During this period, programs integrated
the Beehive app into standard clinical care. Pilot sites registered
service users who were active in their program at the time of
launching Beehive and new service users who started after the
launch. Each participating program has different acceptance
criteria for service users, and this has been described in a
separate protocol paper for the EPI-CAL study (NCT04007510)
[4]. Service users and support persons were excluded from
piloting if they did not speak English because Beehive beta
version was only available in English. At their first point of
contact with Beehive, service users and primary support persons
completed the Beehive EULA and were asked if they gave
permission for their clinical data collected in Beehive to be used
for research purposes [32]. We trained clinics to involve the
legal guardians of service users aged <18 during EULA
completion, and these service users were required to have a
primary support person registered in Beehive. Individuals could
update their data-sharing permissions at any time.

Methods

User Journey Mapping
The EPI-CAL research team worked collaboratively with the
contracted app developer in the user journey mapping and
storyboard design phases for the Beehive tablet and web apps.
Three primary user groups with distinct roles were identified:
(1) service users or support persons, (2) direct-service providers,
and (3) program administrators. Beehive user journeys were
developed for each group.

For all user groups, user journeys were designed to guide
individuals smoothly through Beehive onboarding and account
creation to the EULA explainer video detailing the types of
information Beehive collects, who can access their data, and
how to select their preferred permissions for who can view their
data [32]. Users then choose their data-sharing permissions.

Beehive then presents service users and support persons with
a series of one-time and longitudinal surveys to measure clinical
outcomes at 6-month intervals. Specific survey items associated
with risk, such as suicidal or homicidal ideation, send real-time
alerts to EPI program providers if they are endorsed by service

users. Beehive creates visualizations of this survey data. While
service users and support persons cannot independently access
survey visualizations, we considered this is as part of their user
journey because it should be shown to them by EPI program
staff as part of regular care.

EPI program provider user journeys were designed to facilitate
easy management of service user records and smooth navigation
to service user data. A dashboard presents the most important
information to users, such as outstanding survey alerts or other
action items. A client list presents all registered service user
records in list format with the most relevant information
displayed. EPI program provider users can click into service
user records to view survey results, survey visualizations, and
complete provider-entered surveys. Providers can display survey
results and survey visualizations as part of ongoing care with
service users and their support persons to facilitate
understanding and coordinate treatment priorities.

Administrator user journeys were designed to promote
clinic-level management tasks, such as Beehive implementation
and quality assurance. Administrator dashboards present
aggregate-level information of survey data and allow for the
ability to compare clinic averages to the average of the EPI-CAL
LHCN. Administrator dashboards also present summaries of
Beehive activity across the clinic. Administrator users can also
download reports, including survey data reports, to use their
clinic data for quality assurance or reporting requirements.

UCD Workshops
Next, the development team created dynamic storyboards of
the above user journeys. These storyboards were presented to
community partners from early psychosis clinics in 90-minute
UCD workshops. Figures 2 and 3 are images from the
storyboards presented to community partners.

In the storyboard workshops, we presented major features of
the app and asked for feedback on the app’s look and feel, as
well as functionality as it related to existing clinical workflow,
and ease of use and acceptability for service users, their support
persons, and EPI program providers. Because we determined 3
user-types during user journey mapping, we held 3 different
types of storyboard workshops tailored to the journeys of these
users: service users or support persons, direct-service providers,
and program administrators. If EPI providers had roles in both
direct-service provision and program administration, they could
attend both groups. UCD workshops were conducted through
videoconferencing to comply with the COVID-19 social
distancing restrictions. Each session was audio recorded and
included 2 facilitators (KEB, LMT, TAN, or SE) and a notetaker
(VLT). There were no other individuals present other than
researchers and participants. The notetaker took detailed notes,
as close to verbatim as possible. Audio recordings were used
as a reference to fix any portions of the notes which were not
clear.

After storyboard workshops, we integrated feedback to make
design changes to the alpha version of the app. During a
90-minute alpha testing workshop, we solicited feedback on
the alpha app, with a special emphasis on how compatible it
was with the existing clinical workflows. We created test
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accounts for each participant and had them complete various
core workflows in the app, such as registering a service user,
completing surveys, and reviewing data visualizations. This
workshop included one facilitator (KEB) and one notetaker

(LS). After the conclusion of all workshops, we continued to
integrate feedback to make design changes in the beta version
of the app.

Figure 2. Survey item in storyboard.

Figure 3. Clinical administrator dashboard in storyboard.
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Piloting
Finally, piloting of the beta version of Beehive was conducted
over a 6-month period with EPI-CAL LHCN programs that
were identified as pilot sites. We provided training to each pilot
site and assigned them a point person from our research team
to provide regular support, troubleshoot implementation
challenges, and escalate app bugs and implementation barriers.
We trained all program staff, regardless of clinical role. The
training series showed users how to complete key Beehive
workflows, introduced the EPI-CAL core assessment battery,
and included activities on how to interpret data visualizations.
We also met with key staff at each program to support them to
devise a plan to integrate Beehive into their existing clinical
workflows, such as how to integrate service user registration
during the clinical intake process. The full description of this
training and support is described in a separate paper [4]. During
this training and support process, we received informal feedback
from program staff about implementation successes and
challenges.

During piloting, programs integrated the Beehive app into
standard clinical care for all service users. Service users and
their support persons were registered in Beehive web app by
staff at their EPI program. Program staff entered the service
users’ treatment start date which was considered the start of the
service users’ baseline window in Beehive. At enrollment,
baseline, and every 6 months thereafter, surveys were assigned
to service users, their support person, and their provider.
One-time surveys assessing lifetime experiences were available
for all respondents at enrollment. Service users had 3 enrollment
surveys, support persons had 1, and clinicians had 1.
Longitudinal surveys were assessed at treatment baseline and
every 6 months thereafter. Service users had 17 longitudinal
surveys, support persons had 6 surveys, and clinicians had 9
surveys. The duration of baseline survey window was 60 days;
the duration of follow-up survey windows was 30 days (15 days
before and after the target completion date). Figure 4 shows a
Beehive training slide with a visualization of survey windows.

Figure 4. Beehive training slide showing survey windows during piloting.

Programs were instructed to enroll all service users, regardless
of how long they had been affiliated with the EPI program.
Therefore, some individuals may have been enrolled in Beehive
after their baseline window had closed, and their first time point
during piloting may have been a 6-month time point or a
12-month time point. Service users and support persons could
access and complete surveys in-person at the clinic on the tablet
app or they could complete them remotely via “web link.” The
“web link” was a unique link that was texted or emailed to them
weekly during survey windows if surveys were not fully
completed. Surveys accessed via web link could be completed
on any personal device that had access to the internet and a web
browser. Service providers completed surveys and could review
data on the web app. Baseline surveys were intended to support
the clinical intake process, including initial assessment and

collaborative treatment planning. Follow-up surveys were
intended to support ongoing assessment, adjustments to
treatment planning, and monitoring of treatment goals.

The EPI-CAL core assessment battery, including how it was
created and all included measures, is described in a separate
paper [4]. Briefly, Beehive survey content includes both the
Early Psychosis Intervention Network core assessment battery
[36] and additional measures based on EPI community partner
feedback determined in earlier qualitative work for the EPI-CAL
study [4,31]. A table of measures is included in the Multimedia
Appendix 1 [4]. One survey of particular interest is the Modified
Colorado Symptom Index (MCSI) [37], a measure central to
the aims of the broader EPI-CAL study and which we asked
sites to prioritize [4]. The MCSI is a 14-item, self-report scale
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which measures the frequency of psychiatric symptoms,
including symptoms of mood, psychosis, cognition,
forgetfulness, and risk to self and others. Respondents indicate
frequency of symptoms over the past 30 days on a 0 to 4 scale
of “not at all” to “at least every day.” Total scores range between
0 and 56, with higher scores indicating higher frequency and
number of psychiatric symptoms.

Data Analysis
In UCD workshops, we asked highly structured questions to
solicit feedback on the storyboard and alpha version of Beehive.
Subsequently, we organized our data categories relevant to the
workflows and features we were evaluating. We then organized
comments by whether they were supportive of the existing
features or critical and asked for change so that we could focus
on what features to move forward and what features to change
as we created the alpha and beta versions of Beehive.

To investigate the initial feasibility of Beehive in EPI-CAL
clinics, we reviewed descriptive statistics of pilot participants,
including registration, enrollment, participant characteristics,
and survey completion. Engagement with surveys and survey
completion were examined in three ways as follows: (1)
determine the proportion of service users for whom any data
were entered, regardless of respondent type, (2) determine the
rate of survey completion across all available surveys, and (3)
evaluate whether participants completed all, partial, or no
surveys across survey time points during piloting phase. Partial
survey completion indicates that the respondent completed at
least 1 survey, but did not complete all of their surveys in the
specified time point. We also evaluated completion of MCSI
because it is a measure that we asked programs to prioritize.

Ethical Considerations
The institutional review board of the University of California,
Davis, approved the study (1403828-21, California Collaborative
Network to Promote Data-Driven Care and Improve Outcomes
in Early Psychosis). In addition, several of the counties and
universities with a program participating in EPI-CAL required
a separate review and approval of the project by their
institutional review board. All study participants provided
written informed consent and assent (as appropriate).
Participants received US $30 compensation for each workshop
they participated in. Participants in the piloting phase were not
compensated because integration of Beehive was part of routine
care in the EPI program. Audio recordings UCD workshops
include voice print identifiers and are stored in compliance with
University of California, Davis HIPAA (Health Insurance
Portability and Accountability Act) policies and procedures.
Data collected during piloting for research includes limited
identifiers including zip code, dates of service, and month and
year of birth. Only trained research staff with a need-to-access
have access to identifiable data.

Results

UCD Workshops
We conducted 14 storyboard workshops with 77 total
participants between April 3, 2020, and August 28, 2020. In
total, 4 workshops were with service users (n=8, 10%) and their
support persons (n=9, 12%). In addition, 10 workshops were
with EPI program providers (n=60, 78%), including 6 for service
providers, 3 for administrators, and 1 for both service providers
and administrators. Demographics for workshop participants
are provided in Table 1.

We completed an interim analysis of storyboard workshop data
in May 2020. We completed the final analysis of workshop data
in August 2020, after all groups were completed. After each
analysis, we discussed and synthesized the feedback for the
developers to support app development. We attempted to balance
the needs of all types of participants. However, if there were
needs or feedback in direct contrast with one another, we
prioritized service-user feedback due to our value of centering
service-user feedback in this app. This feedback and the action
taken to address it are summarized in Table 2.

We conducted 1 alpha workshop in October 2020 with 4 EPI
program provider participants. Feedback from this workshop
was analyzed in October 2020. During this workshop,
participants identified a few bugs in the app, but their feedback
primarily focused on ideas for integrating Beehive into clinical
workflows. For example, they suggested that Beehive training
should include best practices for how providers can review the
data, engage with the data, and make the most out of Beehive.
They also shared concerns about using technology in telehealth
settings. For example, switching to telehealth in response to the
COVID-19 pandemic had been very difficult for some families,
and they predicted those same families would find using Beehive
challenging if the clinic could not meet with them in-person to
teach them how to use it. They were less concerned about
service users and support people using Beehive on a tablet in
the clinic where they could provide in-person support. Finally,
participants brought up the importance of shifting the culture
of clinics to view data collection as an important part of
treatment, not just an extra task where information is being
extracted from service users. For example, surveys should be
directly related to service-user recovery goals. Participants
discussed how visualizations could be used to demonstrate the
clinical utility of gathering these data. For example, 1 clinician
said they would want to use the graphs to point out the way a
service user is improving or doing better and that they would
want to highlight their strengths. Another participant cautioned
that some service users may not want to look at data
visualizations and that this should be an optional part of their
care. Figures 5 and 6 illustrate design changes present in the
beta version of app after the conclusion of all workshops.
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Table 1. Demographics of user-centered design workshopsa.

EPIb program providers (n=60)Support persons (n=9)Service users (n=8)

Clinic type, n (%)

30 (50)6 (67)7 (88)Medi-Cal

30 (50)<5 (<55)<5 (<63)Private insurance

36.25 (26-50)41.50 (14-60)22.50 (16-33)Age (y), mean (range)

Sex at birth, n (%)

43 (72)8 (89)<5 (<63)Female

17 (28)<5 (<55)6 (75)Male

Gender, n (%)

43 (72)8 (89)<5 (<63)Female

16 (27)<5 (<55)6 (75)Male

——c<5 (<63)Nonbinary

<5 (<8)——Missing

Race, n (%)

5 (8)—<5 (<63)African or African American or Black

6 (10)——Asian

33 (55)6 (67)<5 (<63)White or Caucasian

10 (17)<5 (<55)<5 (<63)Other

<5 (<8)<5 (<55)<5 (<63)More than one

<5 (<8)<5 (<55)—Missing

Ethnicity, n (%)

26 (43)5 (56)<5 (<63)Latinx

33 (55)<5 (<55)5 (63)Not Latinx

<5 (<8)——Missing

Sexual orientation, n (%)

5 (8)—<5 (<63)Bisexual or gay or lesbian

54 (90)9 (100)5 (63)Heterosexual

<5 (<8)—<5 (<63)Other

aCells with fewer than 5 individuals are masked to protect the identity of participants.
bEPI: early psychosis intervention.
cNot available.
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Table 2. Implementation of feedback from user-centered design workshops.

Solution implemented in alpha versionProblem or need identified in workshop

Brought in more color into the palette and added icons for visual informationThe color scheme and layout seemed “overly clinical”

Changed color and design to make it more prominentSome important aspects of the user-interface were too subtle, such as
the survey progress bar or the urgent clinical issues widget

Added this workflow to the web app so that EPI program providers may
complete it in advance of service users engaging with surveys

Service-user and support person registration were only available as
self-registration and could not be completed by EPI program providers

Added clinic-level visualizations for race, ethnicity, sex, gender identity, and
other demographic metrics

Clinic-level data for service-user demographics was not visualized

Added a toggle to individual-level visualizations so that users can turn on
the threshold information or comparative data if they want to see it, or turn
it off if they do not want to see it

Not all service users or support persons wanted to see score thresholds
or comparative data on clinical measures, but some did

Added feature that allows users to set which measure displays by default for
each service user

Service users might have differed on which individual-level survey
visualization they wanted to see by default on their data view page

Changed “homeless” to “without a permanent address” when assessing
housing status; changed “help” to “Ask for help” to make it clearer that se-
lecting button will alert the EPI program provider; changed “Diagnosis” to
“Primary diagnosis”

Some language used in the app needed to be clarified for users to un-
derstand what data was being collected or how certain features worked

Wherever possible, implemented dynamic text so the service user’s preferred
name shows throughout the app, rather than any specific word to denote
“service user”

Different programs used different words to refer to service users, and
individuals might have varied on their preference for what word to use
regardless of what their program tended to use

Added in visual indicator to show survey completion across multiple surveys
(not just while completing one individual survey)

Program staff wanted to see overall progress on completion of all sur-
veys at any given time point

Added in a visualization that shows individual items as well as the global
score

When visualizing a survey, they wanted to have more than just the
global score visualized. Also, they wanted a visualization that showed
responses to individual items

Added the ability to enter a display name for surveys (eg, “Family Impact”
instead of “Burden Assessment Scale”)

Service users and support persons might not have preferred the official
names for measures and might have preferred a more simplified title

Added a hover modal on survey titles to show the display name for the surveyEarly psychosis intervention program providers needed a way to see
both the official measure name as well as the display name

Design a web link solution which allows service users and support persons
to answer surveys remotely. A link to complete their surveys can be emailed
or texted to them

The provision of clinic services might have been fully remote for the
foreseeable future, and the current design of Beehive only allowed
service users and support persons to complete surveys on a tablet in-
person at the clinic
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Figure 5. Survey item in beta.

Figure 6. Clinical administrator dashboard in beta.
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Piloting
We conducted piloting of Beehive beta app between March
2021 and September 2021. Our training and ongoing support
of pilot sites allowed us to gather informal feedback about both
the training and the Beehive app. We used this feedback to make
adjustments in real time, when possible, or to plan for future
changes to Beehive.

We made real-time changes to the training approach in response
to program needs based on our observations and their feedback.
At the time of training pilot sites in early 2021, these EPI
programs were navigating constant uncertainty related to the
COVID-19 pandemic, including influx of service users,
uncertainty about work location, reduced workforce, etc. In
response to this environment, we found it necessary to ask sites
to focus on small implementation steps even though we trained
them on all available workflows. For example, we asked pilot
sites to initially focus on engaging service users and their
support persons to complete enrollment and complete surveys.
When that was mastered, we asked them to focus on engaging
new service users and support persons with Beehive during their
clinical intake process. Finally, toward the end of the piloting
period, we encouraged them to focus on entering EPI program
provider-entered data. Even if pilot sites registered existing
service users, they were asked to set the service user’s survey
baseline date to align with their start in the EPI program.
Therefore, some service users may have never been assigned
surveys during their baseline survey window.

During the piloting phase, 93 service users, 78 support persons,
and 86 service providers were registered across 4 clinics. Of
the 93 service users who were registered into Beehive by their
program, 59 (63%) completed the Beehive EULA during
piloting, including 48 (51%) individuals who gave permission
to use their data for research. Of the 78 support persons
registered to a service user in Beehive, 52 (66%) completed the
Beehive EULA, including 42 (54%) individuals who gave
permission to use their data for research. Of these 42 support
persons, 5 were excluded from analysis because the service user
they were registered with did not give permission to use data
in research, and we prioritize the data-sharing decision of the
service user regarding use of collateral data for research
purposes.

While most users entered at least one survey window during
the piloting phase, 3 were discharged from their program before
longitudinal surveys were available. Of the 86 service providers
registered, 78 (91%) completed the Beehive EULA, including
72 (84%) individuals who gave permission to use their data for
research. This information is presented in Figure 7.

Participant demographics and EPI program provider professional
background are provided for individuals who agreed to share

their data for research purposes in Tables 3 and 4. Of note, age
is missing for some EPI program providers and support persons.
This data was collected during registration, and this field was
not included in the first release of the beta version of the app.
Therefore, some users were not able to complete this field during
registration and did not return later to update it, yielding missing
data for 15 (36%) support persons and 37 (51%) EPI program
providers.

First, to examine engagement during piloting, we assessed the
number of service users that had entered any data that could be
used in care. During piloting, respondents entered survey data
for 85% (n=41) of service users. This includes self-reported
data for 75% (n=36), collateral-reported data for 42% (n=20),
and EPI program provider–entered data for 17% (n=8).

Second, we evaluated survey completion across the total amount
of available surveys. A total of 1517 surveys were assigned
across all respondent types during piloting and 35.4% (n=537)
of those surveys were completed across all time points. We also
evaluated survey completion by respondent type. Across all
time points, service users completed 396 (49.4%) of 802
assigned surveys. Support persons completed 113 (47.5%) of
238 assigned surveys. EPI program providers completed 28
(5.9%) of 477 assigned surveys.

Finally, we evaluated how many respondents completed all,
partial, or no surveys at each time point. Because participants
could be enrolled at any point in treatment, the first time point
for a service user may not have been their “baseline”
appointment. These data are presented in Table 5.

The MCSI was completed by 54% (26) of service users, and 7
were excluded for responses of “prefer not to say” (Total Score:
mean 19.58, SD 16.81). Additionally, 35 service users had a
support person who could complete the Modified Colorado
Symptom Index, and 56% (n=19) of support persons completed
it. From these 19, 5 were excluded for responses of “prefer not
to say” (mean 26.71, SD 14.43).

Through piloting, we also gathered informal feedback about
workflows that could be improved in Beehive and that we would
address with future change orders to the app after the testing of
the beta version of Beehive. For example, we received feedback
that the survey windows, initially chosen to mirror the data
collection windows of clinical trials, were far too narrow and
restrictive for data collection in community mental health
programs. Program staff users also indicated that they wanted
a better way of seeing a summary of what surveys service users
and support persons completed. Service user and support person
feedback was relayed to our team via program staff. For
example, service users and support persons wanted to customize
the day and time they received the web link via SMS text
messaging and email.
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Figure 7. Registration and enrollment during Beehive piloting.
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Table 3. Demographics of Beehive pilot participantsa.

EPIb program providers (n=72)Support persons (n=42)Service users (n=48)

33.89 (22-50)d44.11 (31-61)c18.88 (12-31)Age (y), mean (range)

Sex at birth, n (%)

30 (42)21 (70)24 (50)Female

5 (7)6 (20)24 (50)Male

—<5 (<12)—ePrefer not to say

37 (51)——Missing

Gender, n (%)

30 (42)21 (70)18 (38)Female

5 (7)6 (20)22 (46)Male

——<5 (<10)Nonbinary

——<5 (<10)Questioning or unsure of gender identity

37 (51)<5 (<12)<5 (<10)Prefer not to say

Race, n (%)

5 (7)7 (17)15 (31)African or African American or Black

——<5 (<10)American Indian or Alaskan native

8 (11)<5 (<12)<5 (<10)Asian

19 (26)<5 (<12)10 (21)Hispanic or Latinx only

33 (46)10 (24)10 (21)White or Caucasian

5 (7)<5 (<12)8 (17)More than one race

<5 (<7)——Other

—<5 (<12)<5 (<10)Prefer not to say

—<5 (<12)—Unsure

<5 (<7)12 (29)—Missing

Ethnicity, n (%)

41 (57)17 (40)27 (56)No—I do not identify as Hispanic or Latinx

28 (39)5 (12)14 (29)Yes—I identify as Hispanic or Latinx

—5 (12)5 (10)Unsure or do not know

<5 (<7)<5 (<12)<5 (<10)Prefer not to say

<5 (<7)12 (29)—Missing

Service user diagnosis, n (%)

———Clinical high risk

——6 (13)Attenuated psychosis symptoms

———First episode psychosis

——<5 (<10)Substance induced psychotic disorder with onset
during intoxication

——9 (19)Mood disorders with psychotic features

——10 (21)Schizoaffective disorder

(bipolar or depressive type combined)

——5 (10)Schizophrenia

——<5 (<10)Other specified schizophrenia spectrum disorder

——<5 (<10)Unspecified psychosis

——7 (15)Other first episode psychosis
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EPIb program providers (n=72)Support persons (n=42)Service users (n=48)

———Clinical high risk or first episode psychosis status
not confirmed

——<5 (<10)Anxiety disorders

Number of support persons registered in Beehive, n (%)

——14 (29)None

——29 (60)1

——5 (10)2

Relationship of support persons with service user, n (%)

—5 (12)—Parent (adoptive)

—34 (81)—Parent (biological)

—<5 (<12)—Stepparent

—<5 (<12)—Spouse or partner

—<5 (<12)—Sibling

aCells with less than 5 individuals are masked to protect the identity of participants.
bEPI: early psychosis intervention.
cData missing for 15 individuals.
dData missing for 37 individuals.
eNot available.
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Table 4. Professional background of early psychosis intervention program providers registered during Beehive pilot (N=72)a.

Values, n (%)Background

Education level

7 (10)HSb diploma or GEDc

<5 (<7)Associate’s degree

16 (22)BAd or BSe

18 (25)MAf or MSg

7 (10)MFTh

<5 (<7)MSWi

5 (7)PsyDj

6 (8)PhDk

9 (13)MDl

Professional role

<5 (<7)Administrative support staff

<5 (<7)Case manager or recovery coach

6 (8)Clinic coordinator

<5 (<7)Clinical supervisor or team lead

30 (42)Clinician or therapist

<5 (<7)Family advocate

<5 (<7)Peer support specialist

9 (13)Prescriber or psychiatrist or Other medical personnel

<5 (<7)Program director

<5 (<7)Research staff

<5 (<7)Supported education and employment specialist

7 (10)Other

Licensure status

49 (68)Unlicensed

23 (32)Licensed

Years licensed (n=23)

8 (38)≤1

7 (33)1 to 6

6 (29)≥7

Number of languages in which services are provided

47 (65)1

18 (25)2

7 (10)Missing

Languages for service provisionm

60 (92)English

18 (25)Spanish

<5 (<7)Arabic

<5 (<7)Hmong

<5 (<7)Tagalog
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Values, n (%)Background

<5 (<7)Other

aCells with less than 5 individuals are masked to protect identity of participants.
bHS: high school.
cGED: general educational development.
dBA: Bachelor of Arts.
eBS: Bachelor of Science.
fMA: Master of Arts.
gMS: Master of Science.
hMFT: Master of Marriage and Family Therapy.
iMSW: Master of Social Work.
jPsyD: Doctor of Psychology.
kPhD: Doctor of Philosophy.
lMD: Doctor of Medicine.
mRespondents could select more than one response, so percentages will be greater than 100%.

Table 5. Survey completion by respondent typea.

EPIb program providers, n (%)Support persons, n (%)Service users, n (%)

Survey completion at enrollmentc

10 (21)17 (50)30 (63)All

——d5 (10)Partial

38 (79)17 (50)13 (27)None

Survey completion at first time pointe

—17 (55)18 (40)All

4 (9)3 (10)8 (18)Partial

41 (91)13 (42)19 (42)None

Survey completion at second time pointf

——1 (33)All

———Partial

3 (100)2 (100)2 (67)None

aPartial survey completion indicates that respondents completed at least one survey, but did not complete all assigned surveys.
bEPI: early psychosis intervention.
cTotal respondents for service users, n=48; support persons, n=34; and service providers, n=48.
dNot available.
eTotal respondents for service users, n=45; support persons, n=31; and service providers, n=45.
fTotal respondents for service users, n=3; support persons, n=2; and service providers, n=3.

Discussion

Principal Findings
This study describes the EPI-CAL program’s design and
acceptability testing approach for a custom web-based and tablet
app, Beehive, to support systematic data collection, care
delivery, program evaluation, and research across a statewide
network of EPI programs. Our goal was to develop an app that
was clinically useful for, usable by, and acceptable to diverse
EPI programs across the state of California.

To ensure the app best matched the needs of the EPI participants,
we adopted a UCD approach to develop Beehive. Previous

research in the mental health digital space supports that active
involvement from the app’s intended users during the
development phase can improve the appropriateness of the end
product for the users of interest [38]. Initial feedback across the
3 development phases was primarily collected in workshops
(storyboard and alpha version) and during pilot implementation
(beta version). In storyboard and alpha workshops, we presented
prototypes to demonstrate major features of the app and asked
for feedback on the app’s “look and feel,” compatibility with
existing clinical workflow, and ease of use and acceptability
for service users, their support persons, and EPI program
providers. Consistent with other studies who have included end
users during the design phase of their eHealth apps [38-41],
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feedback from these workshops resulted in immediate changes
to the alpha and beta apps that would not have otherwise been
made.

During piloting, we continued to collect user feedback around
Beehive features, as well as assess acceptability of the app by
examining preliminary enrollment and survey completion. Our
enrollment and survey completion rates are consistent with the
acceptability of other mental health apps developed using a
UCD approach [42,43], although there is wide variability
depending on the implementation approach.

During the design and testing phase, we observed that different
types of community partners expressed different, and at times
conflicting, needs. For example, we asked participants about
their preferences for seeing score thresholds or comparative
data as part of the visualization for their clinical measures. Some
service users said that, in times of relapse or increasing intensity
of symptoms, additional information on the visualization would
be demoralizing. In contrast, many participants could imagine
scenarios where that information would be useful as a form of
psychoeducation to normalize service-user experiences or
understand the relative severity of symptoms. To address these
diverse needs and promote engagement with Beehive we added
a toggle to individual-level visualizations so that users can turn
the threshold information or comparative data on or off. A
flexible design approach that is tailored to an individual’s needs
has been shown to be more efficacious in a mobile health app
setting [43,44]. Therefore, design changes incorporated
flexibility where possible to enable our team to meet the various
needs of individuals while maintaining consistent
implementation to meet evaluation and research goals.

Similarly, user feedback informed our training approach. For
example, some EPI program provider users expressed that they
would use the graphs in the app in clinical care with service
users to highlight strengths and progress. In contrast, another
EPI program provider participant cautioned that some service
users may not want to look at data visualizations and that this
should be an optional part of their care. Thus, our training
approach highlights how visualizations may be used in direct
care but are not prescriptive. Feedback from workshop
participants also highlighted the importance of shifting clinic
culture to view data collection as a key part of care provision.
Our team considers EPI program providers to be integral in
promoting engagement for service users and their support
persons as it is the EPI program providers who communicate
why Beehive is being used in care. To begin addressing potential
barriers of buy-in and engagement for all users, we designed
our trainings to include the context of why Beehive and MBC
were being implemented in their programs, including a
presentation on the potential value of Beehive (designed and
delivered by author LS) [45].

During piloting, we observed barriers to integration. For
example, despite our designing the first training such that the
programs could start registering service users immediately
afterward, the programs failed to do so. When asked, programs
informed us that they were nervous to receive questions about
Beehive that they did not know how to answer. This resulted
in our team creating materials to provide more structure for

programs as they introduced Beehive to service users, such as
an introduction script, Beehive infographics, and other handouts.
Once programs started enrolling existing service users, many
found it difficult to transition enrolling new service users, given
that they already had numerous documentation requirements
during their clinical intake process. In response, we added a
“workflow meeting” to our training series where we asked
program leadership and key staff involved in intakes to walk
us through their existing procedures so that we could help
brainstorm where the required Beehive workflow steps could
be implemented and who from their program would be
responsible for each step. We additionally observed that
clinician-entered data were hard for sites to prioritize. For
example, there was a lack of clarity within teams about who
was responsible for entering these data and what training was
required. Therefore, we chose to add another “workflow
meeting” between key program staff and our team to help
programs identify who was responsible for which surveys, who
needed training, and how programs could monitor survey
completion. We added these workflow meetings to our formal
training protocol and made the support materials available to
all sites who joined after the piloting phase.

Furthermore, our team worked with programs beyond the
piloting phase to ensure that we continued to incorporate
individual feedback and offer continuous support, which is key
to successful adoption and can improve engagement [46]. After
the piloting of the beta version of Beehive concluded, we
continued to make development changes to meet users’ needs,
such as further design changes to the admin dashboard, widening
survey completion windows, adjusting and eventually allowing
customization of the frequency and timing of web link
notifications, allowing the EULA to be completed before survey
baseline date, simplifying registration fields, adding a survey
status page, adding additional survey visualizations, adding a
workflow for providers to enter data collected outside of
Beehive, and prioritizing the order of additional languages in
the app based on active need in the participating clinics. This
iterative approach in response to user feedback is consistent
with the development process of other eHealth apps [47].

This study highlights how critical it is for programs using a
continuous improvement approach, such as UCD, to budget
appropriately for ongoing development needs and staff time for
ongoing support. As long as an app is in use and collecting data
from real users, there should be a plan for ongoing project
management and app development to address feedback from
users, improve engagement and useability, and respond to
changing needs. Implementing UCD from the outset allowed
our team to be aware of and address user concerns before
investing valuable time and resources in initial development
and implementation. Focusing on workflow during the
storyboard and alpha phases of app and continuing this
collaborative relationship throughout the implementation phase
resulted in an app that represents the interests and needs of users.

During the piloting, we observed that survey completion rates
varied among different types of users. This variance may be
partially explained by our training approach during piloting (see
the Results section). As we continue to collect data after the
piloting phase, we can evaluate if this trend continues beyond
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the initial onboarding period throughout multiple years of data
collection. These varied results may also reflect the challenges
of implementing MBC, with or without an eHealth app, such
as the training burden and limited time to conduct new duties
associated with eHealth implementation [24-26,31]. When
implementing outcomes data collection in these settings, it may
be critical to gather only the minimum required data from EPI
program providers (eg, diagnosis) and rely on service-user
self-report measures whenever possible. Future analyses will
examine the relationship between characteristics of EPI program
providers (eg, degree and years licensed) and completion rates
of clinician-entered data. Future work, including barriers and
facilitators interviews with users after they gain more experience
using Beehive, will be used to prioritize the needs and
perspectives of our users in the ongoing development of Beehive
and to better understand the reasons why users do or do not
engage with the app [48].

Limitations
The COVID-19 pandemic introduced multiple challenges for
our study, which may have reduced the breadth and diversity
of participation in various phases of the project. We offered
workshops over remote teleconferencing instead of in-person,
which may have excluded individuals who are less comfortable
with using technology. This may have disproportionately
impacted on the recruitment of service users and support persons
for participation in workgroups, as our participant numbers were
lower than previous studies where we were conducting in-person
research [31]. To reduce bias that may have resulted from this
imbalance, we chose to prioritize the feedback of service users
and support persons if there was conflicting feedback between
these participants and EPI program provider participants. In
addition, the beta and full versions of Beehive have been
introduced to all service users in participating programs,
regardless of their comfort with technology, and this has allowed
us to incorporate informal feedback from these individuals as
we have continued to make improvements to Beehive.

Much of our data in UCD workshops were gathered at the start
of the COVID-19 pandemic, before anyone had experienced
the long-term shift in daily practices brought on by the increased
use of telehealth and remote working. We sought feedback on

an app that was intended for in-person use and received feedback
based on participants’ experience of using in-person services.
This highlights the importance of planning multiple
opportunities for soliciting and incorporating feedback from
sites so that apps can be responsive to changing environments.

Our workshops and piloting were only conducted in English.
To serve the diverse population of California, Beehive needs
to be both translated and adapted, a process known as
localization [49], into at least 15 languages. Since Beehive’s
launch, we have localized into 7 additional languages. We
continue to solicit feedback from users, including those whose
primary language is not English, to inform the ongoing
development of Beehive, and we will continue localize this app
into additional languages.

While we used our prior knowledge of mental health
development in the development of Beehive [11,12], we did
not use a structured analysis approach for the feedback obtained
during workshops due to time constraints imposed by project
deliverables. To reduce the impact of subjective biases, the
researchers who conducted each group debriefed afterward to
review the notes, and recordings were referenced if notes were
unclear or vague. In addition, all decisions about how to
incorporate feedback from these notes into app development
were made collaboratively by authors KEB, LMT, TAN, and
VLT. Future work in this area will benefit from organized
approaches to data collection and formal qualitative analysis
[50,51].

Conclusions
Working with community partners to co-design an eHealth app
for use in community EPI programs helped us to anticipate and
resolve barriers earlier in the app development and
implementation pipeline. On the basis of our observation and
the data, there appeared to be high levels of engagement with
Beehive. This resulted in feedback and continued design
improvements which allowed our team to be better poised to
launch Beehive across the EPI-CAL LHCN. Variance in survey
completion rates among respondent types suggests that support
persons and EPI program providers especially may need
additional support.
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Abstract

Background: Social networking site (SNS) users may experience mental health difficulties themselves or engage with mental
health–related content on these platforms. While SNSs use moderation systems and user tools to limit harmful content availability,
concerns persist regarding the implementation and effectiveness of these methods.

Objective: This study aimed to use an ethnographic walkthrough method to critically evaluate 4 SNSs—Instagram, TikTok,
Tumblr, and Tellmi.

Methods: Walkthrough methods were used to identify and analyze mental health content moderation and safety and well-being
resources of SNS platforms. We completed systematic checklists for each of the SNS platforms and then used thematic analysis
to interpret the data.

Results: Findings highlighted both successes and challenges in balancing user safety and content moderation across platforms.
While varied mental health resources were available on platforms, several issues emerged, including redundancy of information,
broken links, and a lack of non–US-centric resources. In addition, despite the presence of several self-moderation tool options,
there was insufficient evidence of user education and testing around these features, potentially limiting their effectiveness.
Platforms also faced difficulties addressing harmful mental health content due to unclear language around what was allowed or
disallowed. This was especially evident in the management of mental health–related terminology, where the emergence of
“algospeak,” where users adopt alternative codewords or phrases to avoid having content removed or banned by moderation
systems, highlighted how users easily bypass platform censorship. Furthermore, platforms did not detail support for reporters or
reportees of mental health–related content, leaving users susceptible.

Conclusions: Our study resulted in the production of preliminary recommendations for platforms regarding potential mental
health content moderation and well-being procedures and tools. We also emphasized the need for more inclusive user-centered
design, feedback, and research to improve SNS safety and moderation features.

(JMIR Hum Factors 2025;12:e69817)   doi:10.2196/69817
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Introduction

Background
Social networking sites (SNSs) can serve multiple purposes for
individuals with mental health difficulties [1]. These include
facilitating self-disclosure of mental health disorders, acting as
discursive spaces, and offering exposure to both harmful and
helpful mental health–related content [2,3]. However, several
research studies have identified relationships between SNS use
and development or exacerbation of mental health symptoms,
including depression, anxiety, psychosis, eating disorder,
self-harm, and suicide behaviors [4,5].

With approximately 1 in 8 people globally living with a mental
health condition [6] and considering the multifaceted role SNSs
can have in shaping mental health experiences, platforms have
a significant responsibility to support and guide users in
managing their well-being. SNSs currently use a variety of
moderation and safety techniques to regulate their online
communities, including blocking and removing content, banning
users, outlining community guidelines, and providing mental
health resources, through automatic and manual processes [7].

Despite this, concerns remain about the effectiveness of SNS
safety practices [8]. For instance, users engaging with self-harm
and suicide material online have reported actively avoiding
online help during crises, including dismissing pop-ups and
support links [9]. Furthermore, SNS users engaging with
self-harm and suicide content online have criticized platform
inconsistencies regarding content removal and the
communication of decisions around this, reporting that these
moderation actions can lead to feelings of stigmatization and
harm [8,10]. In addition, studies have found that due to strict
censorship of mental health–related terms, platform users may
turn to “algospeak,” where they adopt alternative codewords or
phrases to avoid having content removed or banned by
moderation systems [11], or to circumnavigate search filters
[12,13]. Another study, which explored how people use
platforms and technology to support their mental health [14]
found that users wanted the provision of mental health support
on SNSs to be more nuanced and trustworthy, with clear,
evidence-based guidance. Concerns have also been raised more
generally about users’ ability to read and understand SNS
policies and guidance. One study identified significant variation
between community guidelines across platforms, highlighting
how this can negatively impact user safety and trust [15].
Another study stated that users’ contract requirements with
SNSs whereby they state they have read and agreed to the terms
of service (ToS) is “the biggest lie on the internet” [16].

These findings highlight possible inefficiencies in current
moderation and safety mechanisms used by SNSs and significant
potential risks, particularly for vulnerable users, including
exposure to harmful content, inadequate crisis responses, and
possible disengagement from regulated spaces in favor of
less-moderated ones. The full extent of such moderation and
safety challenges across SNSs remains unclear, highlighting
the need for more in-depth explorations of user experiences.
The introduction of the Online Safety Act (OSA) [17] in the
United Kingdom, which aims to tighten safety regulations and

standards for digital platforms, further emphasizes this need for
comprehensive data on current SNS practices and their
effectiveness, to fully assess and address issues.

The walkthrough method is a valuable tool for understanding
user experiences on these online platforms [18,19]. It is a
structured ethnographic approach examining application and
platform features, settings, and interactions by “touring” the
platform interactively. The method focuses on understanding
how platform design and resources potentially encourage and
impact user behavior. For instance, in their paper on a
walkthrough of the dating platform Tinder, Gillett [20] identified
several user safety issues, including the problematic placement
and design of the reporting icon. The author proposed that these
design choices could significantly influence user behavior,
leading to potential unintended interactions with harmful content
and adverse effects on user well-being. This study demonstrated
how the walkthrough method can be used to reveal critical
aspects of user experience that might otherwise be overlooked.

This Study
Using the walkthrough method, this study aimed to
systematically identify how SNSs manage mental health content
and user well-being through moderation, safety features,
resources, and policies and to explore the potential impact of
these platform attributes on users. By identifying platform
successes and areas for improvement, the study aimed to
contribute to the creation of safer and more supportive digital
environments.

Methods

Research Design
This study used an ethnographic walkthrough method to
systematically and critically assess the approaches of various
SNSs in moderating mental health content and promoting user
well-being. Researchers actively participated in the platforms
as observers to evaluate their features, guidance, and resources.

Ethical Considerations
This study adhered to ethical guidelines for internet-mediated
research [21]. Researchers ensured that their participation did
not interfere with the functioning of the platforms, mislead other
users, or go against platform regulations. Confidentiality was
maintained by avoiding the recording of personally identifiable
information, such as user-generated names or specific images.
No interventions were made in response to harmful content
observed, ensuring that the user experience and platform
responses remained unaltered. No financial compensation was
provided to researchers as they undertook the research as part
of their routine professional role. There were well-being
procedures in place for researchers, and they were able to
withdraw from conducting the walkthrough checklists if they
wished.

Ethics approval was received from the Faculty of Health
Sciences Research Ethics Committee at the University of Bristol
(approval number 17972).
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Positionality Statement
As researchers in the field of mental health and digital
technology, we acknowledge that our personal and professional
experiences shape our perspectives and approach to this study.
Researchers ZH and LB are both White women from the United
Kingdom. ZH identifies as a digital native, reflecting a comfort
with digital technology and early adoption of various online
platforms throughout her life. In contrast, LB is a digital
immigrant.

Data Collection
We selected 4 SNS platforms for evaluation. TikTok and
Instagram were selected due to their status as two of the most
widely used social media platforms in the United Kingdom,
particularly among adolescents [22,23]. Tumblr was chosen for
its established reputation as a significant SNS platform, offering
a contrasting perspective to the newer platforms. In addition,
although Tumblr has less representation in the current research
literature and discussion around online safety [23], media reports
indicate a recent shift in their user base toward the Gen Z
population [24,25]. Tellmi was chosen as a smaller platform

specializing in mental health support and discussion among
young people, which offered an opportunity to evaluate a
platform specifically designed with the mental health of users
in mind, providing a useful comparison to SNSs that prioritize
broader aspects of social interaction. For this study, Facebook
was excluded from our SNS evaluation despite it being the most
accessed platform in the United Kingdom. This was because of
its lower popularity among younger UK users [23] and its likely
similarities with Instagram, given their shared ownership by
Meta.

To conduct our walkthroughs, we used 2 checklists (Multimedia
Appendices 1 and 2) to systematically evaluate each platform’s
approach to moderating mental health content and supporting
user well-being. Checklists were developed from previous
research findings [8,26] and industry guidelines for suicide and
self-harm content [27]. To conduct the walkthrough checklist,
ZH used a new iOS device and LB used a web browser. Table
1 depicts the platform areas that the checklist focused on, and
Table 2 shows the stages of use that were observed and
documented through field notes and screenshots.

Table 1. Checklist focus areas.

DescriptionChecklist focus areas

Assessment of the design, language, and features of platform content related to mental health, safety, and well-
being.

Design, language, and features

Evaluation of the accessibility, availability, and relevance of information and policies concerning age limits,
mental health rules, and safety guidelines.

Policies and processes

Analysis of the accessibility, availability, and relevance of mental health resources, including those tailored for
specific populations such as young people and parents or guardians.

Resources

Examination of moderation processes, including self-moderation tools.Moderation processes

Table 2. Documented platform stages of use.

DetailsStages of use

For sign-up purposes, researchers entered a date of birth, making the account user <13 years, 15 years, and 19 years
old, respectively. No account was created to comply with platform policies. New accounts were created by the re-
searcher using their own date of birth for checklist completion. Tellmi also required users to enter a UK postcode.
Researchers entered their own UK postcode. No other demographic data (eg, gender, ethnicity, and sexual orientation)
was provided by researchers.

Sign-up

Observations during typical use of the platform environment. Researchers only observed content and did not engage
(eg, like, share, or comment) with content during this phase. However, in the case of Tumblr, some interactions
(eg, following hashtags) were required during the sign-up process to proceed, as detailed in the Results section.

Standard platform use

Searches were conducted for mental health–related terms, including algospeak terms related to eating disorders,
self-harm, and suicide. Algospeak terms were informed by the Digital Dialogues Young Person’s Group [28]. Al-
gospeak terms are not listed to avoid unintentionally increasing their visibility. The full list is available to researchers
on request to the authors.

Searching for mental health
terms

Reporting processes were observed, but no content or user reports were submitted to the platform.Reporting mental health content

Information provided by platforms about moderation, safety, and well-being was observed.Exploration of moderation, safe-
ty, and well-being information

Self-moderation tools available on platforms were observed and used.Exploration of self-moderation
tools

Data Analysis
Data were analyzed using a thematic analysis approach [29,30].
Initially, ZH reviewed the field notes, observations, and
screenshots, applying a deductive approach to generating codes

based on the checklist format. These codes were then further
refined through an iterative process. The codes were then
organized into groups, based on similarities in the issues, ideas,
or patterns they addressed. These grouped codes were then
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defined as themes that represented meaningful constructs of the
coded data. Data for each theme can be viewed in a comparative
table, by platform (Multimedia Appendix 3).

Results

Overview
Data were analyzed to understand the current provisions by
platforms regarding mental health–related content moderation
and user well-being. The themes we defined are summarized
in Table 3.

Table 3. Theme and theme descriptions.

Theme descriptionTheme

Includes how users are introduced to safety on the platform, particularly through explicit safety instructions
during the user journey, and moderation interventions, such as during searches for mental health–related
terms

Observations of safety features

Examines how platforms describe the mechanisms for content moderation, including automatic filters,
content warnings, and moderation policies that impact what users see and how content is managed

Platform moderation and safety guidance
and systems

Explores functionality, accessibility, and availability of self-moderation tools for usersUser “self-moderation” tools and report-
ing

Explores the information and resources provided by platforms related to mental health and well-beingPlatform support and resources

Explores the style, format, and presentation of mental health–related information and tools to users via the
platform

Platform interface and communication

Observation of Safety Features

Sign-Up Processes
Across platforms, sign-up procedures generally lacked emphasis
on key safety information. Instagram, TikTok, and Tumblr gave
subtle displays of their ToS and privacy policies, without
proactively engaging users with them. In addition, at sign-up,
no platform provided direct links to their community guidelines
(Moderation Guidelines on Tellmi), which detail important
mental health content moderation information. Tellmi provided
more safety-related prompts during the sign-up process, ensuring
users agreed to data-sharing practices and were aware of the
platform’s limitations in handling mental health crises. In
addition, they directed users to the ToS, making it clear that
this was a key part of their agreement with the platform.

Age requirements varied, Instagram and TikTok set the
minimum at 13 years, Tellmi set the minimum at 11 years, and
Tumblr set the minimum at 16 years. During sign-up, TikTok
and Instagram restricted users from changing their birthdate if
they had originally attempted to sign up below the minimum
age, while Tumblr and Tellmi allowed users to enter a different
date and continue, exposing a lack of age verification
procedures. Notably, during sign-up, TikTok offered additional
videos to users aged 13 to 17 years on data protection and
default settings, reflecting an attempt to mitigate risks for
younger users.

As part of the sign-up process, Tumblr required users to follow
other accounts before accessing content, by selecting from the
platform’s recommendation system for popular hashtags and
accounts. We selected recommended hashtags that we believed
could be problematic, which exposed us to potentially harmful
disordered eating content early on. This highlighted insufficient
moderation within Tumblr’s algorithm-driven suggestions. In
contrast, Instagram also directed users to engage with popular
content, but all suggestions were verified, and we did not

identify any potentially problematic accounts. Users also had
the option to skip this step. TikTok and Tellmi did not prompt
users to follow any specific content tags or accounts during
sign-up.

Content Exposure
Initial platform use provided varying experiences in terms of
content exposure. Tellmi, Instagram, and TikTok took deliberate
steps to provide users with safe, moderated content. Tellmi
presented users with a wide range of nonharmful posts on mental
health–related topics, while Instagram and TikTok’s algorithms
effectively prioritized popular content such as humor, sports,
and celebrities, avoiding explicitly harmful material. In contrast,
due to Tumblr’s requirements to follow accounts and the
potentially problematic ones we chose, we were immediately
exposed to harmful mental health–related content in our feed
including images of graphic self-harm and severely underweight
female-presenting figures, as well as further recommendations
to follow other seemingly harmful accounts. In addition, other
than during the sign-up of users aged 13 to 17 years on TikTok,
where some self-moderation tools were mentioned in videos,
none of the platforms offered explicit guidance on how to find
or implement self-moderation or safety tools during initial use.

Mental Health–Related Content Searches
When searching for mental health–related terms, using default
sensitive or mature content levels, the platforms differed in their
handling of material. Tellmi allowed search results for
discussions on topics such as suicide, self-harm, and eating
disorders, but the content was moderated and nonharmful,
focusing on recovery and support. In comparison, the same
suicide and self-harm term searches returned no results on
Instagram, TikTok, or Tumblr, although all 3 offered relevant
support. Instagram provided details for multiple external support
organizations, and their own general support resource on
self-care tips. TikTok gave details for Samaritans, as well as
their own support resource on self-harm and suicide, and Tumblr
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provided details for mainly US-based organizations, as well as
their internal “counseling and prevention” page. Neither
Instagram nor TikTok is linked to their more developed internal
self-harm and suicide help pages, available in their platform
safety centers. For searches on the terms “eating disorders,”
“anorexia,” and “bulimia,” Tumblr showed a similar help
message with details for several more US organizations and no
results. TikTok showed no results but directed users to its
internal “eating disorders” resource and contact details for Beat
An Instagram search for “eating disorders” gave the same
resource page as for “suicide” and “self-harm” searches on the
platform. For the terms “anorexia” and “bulimia,” Instagram
gave these resources again but also provided the option for users
to continue their search. Results included recovery and support
posts, images of self-harm scars, content promoting disordered
eating, related potentially harmful hashtags, access to user
biographies that stated goal weights (below healthy adult
weights), and the phrase “block don’t report” (also found in
Tumblr results). On Instagram, sensitive content warnings also
appeared on some posts but were inconsistently applied.

In searches for algospeak, all platforms returned results for at
least 1 algospeak term related to self-harm, suicide, or eating
disorders. On Instagram, TikTok, and Tumblr, algospeak terms
led to more graphic and harmful content, including identification
of further algospeak hashtags. Tellmi again returned moderated
content, meaning the discussions presented were not harmful.

Platform Moderation and Safety Guidance and
Systems

Moderation Transparency
All platforms provided information on the moderation of mental
health content, primarily through their community guidelines

or equivalent. The level of detail and transparency varied, with
Instagram and TikTok offering extensive information on mental
health content moderation and user well-being across various
internally dedicated “centers,” “guides,” and “resources.”
However, this spread of information often led to repetition,
required users to navigate multiple links, and sometimes failed
to provide essential resources for help and support such as
details of emergency or external support services. Tumblr and
Tellmi provided limited internal spaces for users to access
detailed information when encountering specific mental
health–related content or seeking support for their own mental
health needs. Users on Tellmi could access relevant areas of the
directory, and on Tumblr, their “counselling and prevention
resources” page. However, in both cases, resources were external
to the platform.

TikTok and Instagram provided the most concise and specific
information about what mental health–related content was and
was not allowed on their platform, including clear examples.
Instagram further outlined content they may label as sensitive,
such as “older instances of self-harm such as healed cuts” or
“content that depicts ribs, collar bones, thigh gaps, hips, concave
stomach or protruding spine or scapula in a recovery context.”
In contrast, Tumblr and Tellmi guidance offered less clarity
regarding disallowed content, often merging eating disorder,
self-harm, or suicide content into a single category and using
more abstract language, such as Tumblr prohibiting content that
“embrace[s] anorexia” (Figure 1).
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Figure 1. (A) Screenshot of TikTok community guidelines for allowed and disallowed suicide and self-harm content. (B) Screenshot of Tumblr user
guidelines for promotion or glorification of self-harm.

Content Moderation Systems and Enforcement
TikTok, Tumblr, and Instagram described the use of automated
moderation systems alongside human moderators, although
roles were sometimes unclear. TikTok and Instagram further
provided quarterly updates through their transparency centers,
offering insights into the volume of mental health–related
content removed both automatically and through user reporting.
Tellmi detailed their unique approach of using entirely human
moderation, emphasizing how this allowed for more nuanced
decision-making and a personal approach to safety. However,
we noted Tellmi moderators went offline from 11 PM to 8:30
AM (UK time), meaning no posting, and we also noted that
during periods of heavy user engagement, posting would also
be restricted to manage moderation load.

All platforms indicated that they could ban users or remove
their content if it did not meet their required standards. However,
the mechanisms and systems for enforcing these rules varied
significantly. For instance, TikTok used a “strike” system to
manage violations, but the details were somewhat vague, as the
specifics of how strikes were issued and accumulated were not
clearly communicated. Instagram stated that users “may” receive
warnings before content was removed; however, the language

used was noncommittal, leading to ambiguity about the
enforcement process. TikTok and Instagram did allow users to
track their account status, which indicated violations to the user
and allowed for efficient use of the appeals process.
Alternatively, Tumblr stated that they would inform users only
after removing content or terminating accounts, except in the
case of sexually explicit content, where users were given an
opportunity to review, amend, or remove content. Tellmi’s
approach was more explicit, stating that posts or replies that did
not meet their moderation standards would be rejected and users
would receive a brief explanation for the rejection to which they
could directly respond to a human moderator.

Age-Based Protections
TikTok and, more recently, Instagram have implemented
age-related defaults aimed at protecting young users, particularly
those aged between 13 and 17 years. These focus on limiting
potentially sensitive content exposure, managing screen time,
and restricting interactions with unknown users. Both platforms
enforce age-related settings with distinct approaches. On
TikTok, younger teenagers (aged 13-15 years) face restrictions
that cannot be altered. These include preventing others from
downloading their videos, blocking all direct messaging, keeping

JMIR Hum Factors 2025 | vol. 12 | e69817 | p.318https://humanfactors.jmir.org/2025/1/e69817
(page number not for citation purposes)

Haime & BiddleJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


accounts private, and disabling features such as video stitching,
duetting, and comments (stitching refers to combining an
existing video with one you are creating; duetting refers to you
posting your video side-by-side with an existing video on
TikTok). Instagram similarly defaults those aged 13 to 15 years
to private accounts and enforces restrictions including time
limits, sleep mode, and disabling interaction features. Unlike
TikTok, Instagram allows teenagers to request changes to these
settings, but parental approval is required for modifications.
Teenagers aged 16 to 17 years on both platforms have slightly
more flexibility, such as enabling public accounts, but on
Instagram, parental supervision is still necessary for approving
changes. Alternatively, Tellmi adopted an age-banding approach
to ensure users <20 years primarily interact with peers within
2 years of their age. Despite this, Tellmi informs users that
responses to discussions may introduce wider age gaps,
potentially affecting their intended interactions. In addition,
Tumblr limits potentially mature content to audiences aged >18
years but does not implement any other age-based functions.

User “Self-Moderation” Tools and Reporting

User Control and Access to Tools
Self-moderation tools across platforms were often presented as
options in user profile menus but with limited context regarding
their potential effects. Even where their functionality was
described in detail on platform help or safety pages, it was rare
that well-being benefits were reflected to the user. Instagram
and TikTok provided 21 and 23 self-moderation tools,
respectively, offering time management, filtering, and privacy
controls. Generally, these tools were in similar places on the
platforms, making them intuitive to locate for those familiar
with these types of online environments, but occasionally, they
were in unexpected spaces or were less straightforward to
implement. Some tools seemed to have overlapping functions,
which may inhibit users’ understanding of their functionality.
Time management tools offered by Instagram and TikTok
included prompts to take screen breaks, have quiet time, or go
to sleep. These were easily accessible in time management
controls of the respective platforms, where users could also
view a visual tracker of their engagement. Both platforms
offered preset time options for these tools, with TikTok’s
settings being slightly more customizable than Instagram’s.
However, the imposed limits on these presets suggested that
neither platform was actively promoting extended or frequent

disengagement. Self-moderation tools on the other platforms
were much more limited. Tumblr offered 12 tools, primarily
focused on privacy with some options for content filtering, and
while Tellmi’s role as a mental health support platform may
make disengagement tools less intuitive, they provided 3
relevant self-moderation tools, with only 1 for hiding content
related to certain mental health categories, limiting user control
over their experiences.

All platforms also implemented some form of sensitivity content
rating, mostly to prevent access to what they termed mature
content. TikTok, Tumblr, and Instagram automatically restricted
such content for users aged <18 years, although definitions of
mature or sensitive content for TikTok and Tumblr were vague.
Tellmi offered greater transparency by clearly indicating that
higher sensitivity would limit access to potentially triggering
content. However, the specific content covered by each
sensitivity level remained unclear. On Instagram and Tellmi,
where sensitivity ratings could be adjusted by users, more
restrictive settings limited search results for mental health and
algospeak terms, suggesting that mental health content was
included in these sensitivity categories for both platforms.

Reporting Systems
All platforms also shared similarities in encouraging users to
report harmful content throughout their health, safety, and policy
pages, often referring to user responsibility to report others’
content that violates platform terms. Instagram and TikTok
allowed users to report specific categories of mental health
content such as suicide, self-harm, and disordered eating. Tumblr
only provided a mental health content option for reporting
suicide and self-harm, potentially hindering users aiming to
report disordered eating content. However, Tumblr’s reporting
process was more detailed, requiring users to indicate if the
person posting content was actively threatening suicide and to
explain their concerns. In contrast, TikTok included reminders
of platform rules regarding mental health–related content before
users submitted their report, reinforcing guidelines and giving
users a clear understanding of the platform’s expectations.
Tellmi offered a more manual process, where users reported
any content by sending an email to the platform’s support team
via an automated template that could be personalized before
submission (Figure 2). This method contrasted with the more
automated systems of the other platforms.
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Figure 2. Screenshot of an automated Tellmi template report email.

The platforms also differed in how they handled report
follow-ups. Instagram and TikTok allowed users to check the
status of their reports and appeal any decisions made, creating
a straightforward process for feedback. Notably, Instagram also
indicated that user reports may influence the content algorithm
for their feed:

We may use your report to make content similar to
what you reported appear lower in your Feed or in
the recommendations we make for you, such as
Suggested posts and Explore. [Instagram’s “Staying
Safe” section in the Help Centre]

The other platforms lacked tracking features for their reporting
systems, although Tellmi did offer email correspondence
regarding decisions made on reports, allowing users to engage
directly with a human moderator. None of the platforms
provided information about whether they offered follow-up
with support or resources for users who reported mental
health–related content or for those whose content was reported,
and as we did not report mental health content within this study,
we cannot confirm their processes.

Platform Support and Resources
Platform resources for mental health support varied significantly.
Instagram and TikTok provided a range of internal resources
on self-harm, suicide, and disordered eating, including pages
with practical advice, educational content, and emergency
procedures that were written in consultation with credible
external organizations. Uniquely, TikTok also published a page
focused on creator burnout, and Tellmi allowed users to
complete and track scores in mental health quizzes. In addition,
Instagram hosted a variety of resources around mental health
that had been developed and published by external services and
charities, which users were able to download. Similarly, Tellmi

directed users to a wealth of resources hosted externally. Both
Instagram and TikTok provided a somewhat overwhelmingly
wide range of guidance and policy pages directed at young
people and their parents or guardians, again providing
information on well-being support and practical online advice.
Tumblr only provided 1 brief page for users that aimed to help
with mental health needs, giving specific advice on what to do
in response to immediate harm. On this page, Tumblr also gave
contact details for a couple of UK-based mental health
organizations. Tellmi and Instagram offered a broader range of
relevant organizations, including those focused on mental health,
online harms, and intersectional factors such as sexuality and
religion. Notably, TikTok, Instagram, and Tumblr often featured
US-centric resources across help and safety pages, which
sometimes excluded other countries.

Platform Interface and Communication
Platforms generally communicated with their users using clear
and professional language, suitable for their audiences.
However, Tumblr’s casual style veered into potentially
patronizing territory:

You have to be the Minimum Age to use Tumblr.
We’re serious: it’s a hard rule. “But I’m, like, almost
old enough!” you plead. Nope, sorry. If you’re not
old enough, don’t use Tumblr. Ask your parents for
a PlayStation 4, or try books. [Tumblr’s ToS]

All platforms occasionally relied on nondefinite language
regarding processes, which could potentially confuse users and
create opportunities for inconsistent practices. When conveying
information, Instagram and TikTok were reasonably text heavy,
although attempts were made to use more mixed media in
youth-centered areas of the platform. Tellmi used images and
short descriptions, likely in an attempt to keep younger users
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engaged. Tumblr was more effective at using a mix of
media—such as illustrations, GIFs, and videos—throughout
their information and guidance pages aimed at all audiences.

Tellmi organized its resources and help pages in a single
directory, and Tumblr, across a few pages, resulting in a concise
and user-friendly experience. In contrast, Instagram and TikTok
disseminated information about mental health policies, guidance,
and resources across various centers, with Instagram often
redirecting users to additional Meta sites as well. Although this
approach offered multiple valuable resources and ways to
discover them, it complicated user navigation and increased
information burden and repetition.

Within the app interface, Tumblr, TikTok, and Instagram

provided a trigram “hamburger” icon for access to most
tools, pages, and policies, whereas Tellmi did not use familiar
icons along a navigation bar. On the browser, access to all
relevant documentation was available in the footer of the
platform home page. In addition, several platforms functioned

differently depending on device, occasionally restricting direct
access to self-moderation options on browsers. Finally,
Instagram’s use of hidden links—accessible only through
specific paths—and TikTok and Instagram’s occasional reliance
on blog posts for self-moderation tool descriptions limited
accessibility for users.

Discussion

Principal Findings
This study extended our understanding of how a selection of
SNSs manage user safety and well-being. Using walkthrough
analysis, we observed both accomplishments by platforms and
challenges they face in balancing content management,
moderation, and user empowerment, leading to the development
of preliminary recommendations for the industry (Textbox 1).
Findings raised some critical concerns regarding the
effectiveness of existing practices and the need for further
research.
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Textbox 1. Preliminary recommendations for the industry.

User onboarding and education

• Use the first-time new user’s engagement with the platform to guide them to self-moderation tools and inform them of default settings (including
those related to age restrictions) and moderation procedures.

• During sign-up, consider introducing prompts to encourage users to read the terms of service, privacy policies, and community guidelines.
Alternatively, give users access to brief explanations of relevant key information from policies.

• Consider giving users the option to not follow accounts during their initial interactions on the platform.

• Consider implementing transition periods when users move into the 16- to 17-year and then >18-year age bands on age-restricted platforms.
During this period, provide tailored education information on self-moderation tools and the benefits of using them.

Reporting content or users

• Offer clear guidance on reporting any potentially harmful mental health–related content, ensuring the process is simple and user-friendly, with
any information about outreach and resources sent to reported users. Consider adding a system for users to track reports.

• Offer immediate follow-up resources to users who report mental health–related content.

• Consider a warning system for users whose content or accounts are reported for harmful mental health–related content, giving them the opportunity
to review and amend their post. When content is removed or accounts are banned, ensure transparency around decisions and consider sending
mental health support resources.

• Consider allowing users access to information about the effectiveness of platform moderation systems through reports on content removal and
user bans for posting mental health–related content.

• Consider shifting away from language that expects users to report content and instead highlight the platform's commitment to proactive moderation
and safety measures.

Support and resources

• Provide evidence-based internal support resources around mental health so users can access information in a familiar and trusted space. Consolidate
and streamline these resources to avoid overwhelming vulnerable users.

• Ensure that resources and support are regionally and culturally relevant across platform pages. Platforms should strive to include organizations
that address intersectional factors, promoting inclusivity and better serving diverse user needs.

• Consider specifying the evidence base for default safety mechanisms (including age restrictions).

Self-moderation tools

• Ensure users have access to a variety of self-moderation tools, offering them flexibility in managing and controlling their platform use. Clearly
explain the purpose and functionality of each tool, ensuring they are distinct, practical, and easy to use.

• Ensure that users have access to clear explanations about the benefits of self-moderation tools for their well-being.

• Consider adding clear step-by-step written instructions and visual aids (eg, GIFs, screenshots, and short videos) when instructing users on the
implementation of self-moderation and well-being tools.

• Consider the introduction of more default user options, such as automatically clearing search history or readjusting content level settings after a
session to reduce the burden on users, giving them opt-out options.

Platform algorithms and content allowance

• Be explicit about what mental health–related content is allowed and restricted, using examples and unambiguous language.

• Where platforms use recommendation systems to influence content users engage with, prioritize giving users the ability to “refresh” their platform
algorithm.

• Strive to enhance the robustness of automatic moderation systems, aiming for improved detection of potentially harmful mental health content
(including severe, graphic, competitive, and instructive content). Recognize the complexity of this task and consider an approach that integrates
human oversight.

• Consider alternatives to censoring common mental health terms, such as increasing the number of steps needed for users to access content, using
overlays, and “pushing” recovery or positive mental health related content via platform algorithms.

• Consider implementing rate limits on accounts for repeated searches of potentially harmful content or algospeak terms. This could involve
introducing novel help messaging or alerts after engagement attempts, which change depending on the frequency or severity of search terms.

Early Intervention
Previous studies have shown that application onboarding periods
are critical in various contexts, including assisting new users’

engagement with features [31,32], and helping patients with
mental health disorders manage expectations and build
confidence and proficiency with technology [33,34]. However,
findings from this study showed that platforms were limited in

JMIR Hum Factors 2025 | vol. 12 | e69817 | p.322https://humanfactors.jmir.org/2025/1/e69817
(page number not for citation purposes)

Haime & BiddleJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


their education of users during initial engagements, particularly
lacking clear direction to “community guidelines” and
“self-moderation” tools. Such a passive approach may contribute
to users feeling less informed about platform features and
potentially susceptible [35].

Despite this, there was some evidence of platforms using
nudges—subtle prompts designed to positively influence user
behavior [36]—during this period. This included TikTok’s data
protection and safety videos for younger teenagers, Instagram
and Tumblr’s prompts for users to follow accounts,
personalizing recommendations, and Tellmi’s information
regarding its limitations in terms of crisis support. These nudges
served as proactive ways of engaging users with platform
mechanisms, leveraging early interactions to educate or apply
settings that could benefit users in the future [36], though there
were some limitations, TikTok’s instructional videos could be
overwhelming, especially given that online users perceive
learning about privacy settings as burdensome [37]. In addition,
targeting younger teenagers excluded other users who may need
the guidance. Furthermore, TikTok and Instagram allowed users
to skip their processes, which, although encouraging autonomy,
could result in users being less informed [36]. Tumblr did not
offer the same skipping option, but findings indicated that the
recommendation system offered options to engage with
potentially harmful content, exposing broader moderation issues
[38]. This suggests that while platforms have some capacity to
engage users through nudges, they may be missing a valuable
opportunity for early intervention around safety features and
content moderation for their respective user bases. In addition,
recommendation system inadequacies need to be considered
significant in the safety of new or susceptible users.

Navigating the Platform
Instagram and TikTok offered comprehensive internal mental
health–related support, including resources on suicide, self-harm,
and disordered eating, as well as areas for younger or parent
and guardian audiences. Integrating evidence-based resources
internally and matching platform branding may be an effective
approach for capturing users’ attention through familiarity and
perceived reliability [39,40]. However, the volume of mental
health–related resources often led to repetition, resulting in the
redundancy of information and potentially user fatigue [41].
Given evidence that individuals with severe mental illness
struggle to understand complex content or navigation, platforms
should aim to avoid overwhelming users with excessive
psychoeducation, safety, and well-being content [42,43].
Furthermore, the presence of broken links and spelling mistakes
in some of these sections emphasized poor maintenance,
highlighting potential concerns around the platforms’
commitment to providing high-quality, up-to-date resources
[44].

Instagram also gave access to several mental health–related
resources produced by other organizations, and Tellmi provided
similar links to external content in various media forms. This
approach allowed platforms to offer a wider range of resources,
including those addressing intersectional factors in mental
health, without needing to produce the content themselves,
thereby improving efficiency. However, directing users away

from internal platform resources may have drawbacks, including
the need for monitoring external updates and possible
inconsistencies in resource branding that could confuse users
[44].

Following searches for harmful content, all platforms provided
contact information for mental health organizations and
emergency services. However, these details were often absent
in other mental health–related platform spaces, missing
opportunities for preventive intervention [45]. In addition, except
for Tellmi, which is for young people in the United Kingdom,
platforms overrepresented US resources. This reflects a broader
issue of US-centric content bias on global platforms that may
marginalize non–US users by limiting accessibility to relevant
information [46].

Design decisions on platforms, particularly those impacting
usability and accessibility to features, were also considered.
Tumblr, TikTok, and Instagram used the “hamburger” icon for
access to settings, policies, and resources, although some
features were directly accessible during platform use. While the
hamburger icon is widely recognized by experienced users, it
may appear hidden or unclear to those without prior online
knowledge [47]. Tellmi used a ring-bound notepad symbol for
their “directory” resources page, which may be less
recognizable. Research shows that users with mental health
disorders often find abstract icons challenging, highlighting
potential usability barriers associated with these icon designs
[48].

Encouraging User Agency
Study findings indicated that while major platforms have
implemented some “self-moderation” strategies to comply with
guidelines in the OSA [17], significant gaps remain in how they
promote user empowerment, particularly for those engaging
with mental health–related content or experiencing mental health
difficulties. For instance, TikTok and Instagram introduced
screen break tools to encourage user control, but these tools
allowed users to return after short periods or to be easily
overridden, potentially undermining their effectiveness in favor
of user retention. This reinforces criticisms that commercial
interests may outweigh ethical considerations in social
networking design [49].

In contrast, Tumblr’s limited self-moderation tools and weak
content moderation increased users’ potential exposure to
harmful content, while Tellmi, although also offering fewer
self-moderation tools, compensated with robust content
moderation offering better avoidance from unsafe material.
However, the supportive nature of interactions on Tellmi could
create a sense of responsibility among users, potentially resulting
in excessive engagement that current “self-moderation” tools
do not address [50]. In addition, the absence of Tellmi
moderators overnight could result in user migration to other
platforms, leading to riskier engagements elsewhere [51].
Alternatively, TikTok’s “refresh your for you feed” feature was
a novel self-moderation tool that empowered users and allowed
for continual platform engagement, highlighting benefits for
both users and SNSs. However, as with other self-moderation
tools, its effectiveness relied on users recognizing the need for
online behavior change and having the capacity to act, which
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may be challenging for individuals experiencing poorer mental
health or with lower metacognition skills [26].

This highlights a critical limitation found across platforms—the
lack of proactive intervention to raise awareness about
“self-moderation” tools. These findings align with the survey
by Ofcom video-sharing platform [52], which found that only
42% of UK-based video-sharing platform users were aware of
platform safety mechanisms. Along with minimal prompts
directing users to tools, our findings revealed insufficient
education on their functionality and usefulness. There was also
a significant lack of information on tool adoption or any
evidence that they underwent user testing, raising questions
about their efficacy. This is especially relevant considering a
recent research by Bright et al [35] indicating users’
dissatisfaction with online safety technology. These findings
suggest platforms may be superficially complying with OSA
requirements rather than genuinely committing to empowering
users. They also indicate a broader failure across the industry
to address the importance of digital literacy surrounding
“self-moderation” tools.

Platforms in this study also attempted to improve user safety
by implementing default feature restrictions. However, default
sensitivity or mature content controls often lacked clarity on
whether they addressed mental health–related content or the
types of content covered under each level, potentially confusing
users [8]. On TikTok and Tumblr, the strictest restrictions were
largely applied until users reached the age of 18 years,
suggesting platforms may assume age as a qualifier of user
efficacy. This overlooks the risks of removing protective
measures for users who have not developed the skills or
awareness needed to manage their safety independently [53].
Alternatively, Instagram, via its “teen accounts” approach
allowed teenaged users to modify defaults with parental
approval, encouraging a more open dialogue between users and
their families. However, this approach shifts responsibility from
platforms to parents. These measures also fail to address
prevalent issues of age falsification among young users [54]
and parents permitting their children to use social media before
reaching the minimum age [52,55]. In contrast, Tellmi stood
out by allowing all users to adjust their sensitivity content
controls, prioritizing user agency over imposed controls [53].

Despite a lack of proactive user empowerment strategies, the
changes made by platforms to improve user safety have likely
been driven by the introduction of recent regulations such as
the Digital Services Act in Europe [56] and the OSA in the
United Kingdom [17]. These frameworks have specifically
prompted platforms to implement changes that focus on the
safety of young users and the moderation of dangerous or
harmful content. However, the effectiveness of regulation
implementation remains unclear [57,58]. For instance, an initial
case study of Instagram’s “teen accounts” revealed that young
people using the feature remain exposed to inappropriate content
[59].

In addition, while platforms adapt to meet the technical
requirements of regulations, they likely remain unable to
overcome long-standing limitations in moderating harmful
content without further support or guidance from legislators.

Current regulations also overlook variability between types of
SNS platforms, including differences in resource availability
and community make-up. This lack of insight risks the
introduction of regulation that may inadvertently suppress or
disempower online users. Country-specific regulations further
fail to account for workarounds by users, such as the use of
virtual private networks, allowing them to bypass geographical
restrictions and access platforms from countries where
regulations do not exist. This suggests that although platforms
may implement changes in response to legislation, ongoing
challenges in user safety and content moderation could remain
unaddressed due to gaps in regulatory focus and scope.

Our findings also showed that platforms often implied it was
the user’s responsibility to identify and report harmful content,
which may be problematic for susceptible users [8] and those
unaware of reporting mechanisms [60]. In addition, Instagram’s
claim that reported content would feature less for the reporter
could discourage the behavior, as users who engage with mental
health–related content may fear limiting their own access to
resources or information [26]. Observations also revealed that
transparency reports on harmful content removal, when
available, were difficult for users to locate and interpret.
Improving their visibility could alleviate user pressure by
showing that much disallowed mental health–related content is
automatically flagged, but the continued reliance on user
reporting for content that evades moderation systems may
undermine confidence.

Platforms did make efforts to streamline reporting, with
Instagram and TikTok offering feedback mechanisms and Tellmi
providing direct communication with human moderators.
However, it remains unclear whether the reporter or reportee
receives any support after harmful content is reported, and the
absence of feedback or mental health resources for reporters
may discourage action [8]. Furthermore, if reported users are
not offered appropriate resources, platforms may inadvertently
punish individuals for sharing mental health struggles,
reinforcing stigma [61]. This highlights the need for greater
transparency around platform reporting procedures and clearer
communication about the resources and support available to
those whose content is reported.

Posting Harmful Mental Health–Related Content
All platforms gave some indication of the types of mental health
content that were prohibited. However, while TikTok and
Instagram included in-depth examples of allowed and disallowed
content, other platforms lacked similar specificity. Furthermore,
guidelines often overlooked mental health–related terminology,
and there was minimal mention of rules around mental health
topics unrelated to suicide, self-harm, or disordered eating. This
lack of clarity could lead to subjective interpretations, resulting
in self-censorship or unintentional posting of harmful material.
Furthermore, only Instagram addressed the allowance of content
depicting self-harm scars, a significant oversight by other
platforms given that users have previously criticized moderation
practices regarding this issue [26]. In addition, consequences
for posting harmful content were frequently vague, with
platforms using ambiguous language to describe repercussions.
While this may allow for nuanced moderation, it risks confusing

JMIR Hum Factors 2025 | vol. 12 | e69817 | p.324https://humanfactors.jmir.org/2025/1/e69817
(page number not for citation purposes)

Haime & BiddleJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


users and deterring them from posting around their mental
health, potentially perpetuating feelings of isolation and stigma
[62].

Availability of Harmful Mental Health–Related
Content
Harmful mental health content was not immediately visible on
TikTok, Instagram, or Tellmi. However, on Tumblr, it was
available following recommendation choices, posing higher
risks to susceptible users [63]. After searching common mental
health–related terms, all platforms other than Tellmi provided
help resources, as expected for Tellmi as a platform focused on
mental health discussion. In some instances, sensitive content
overlays were used on harmful images on Instagram, which
may empower users by giving them the opportunity to make
informed decisions about engagement, encouraging
metacognitive skills [64]. Although, if similar messages are
presented repeatedly, it may result in desensitization [65] and
could increase curiosity among susceptible users [26].
Furthermore, we found the application of overlays on Instagram
was inconsistent, which may reduce their effectiveness.

Notably, one algospeak term resulted in content on Tellmi.
Although this content was not harmful, its inclusion by human
moderators indicated an acceptance of the language. This
presents a broader issue in mental health content moderation
where censoring common mental health terms can normalize
algospeak terms as substitutes, effectively reverting platforms
to their original state concerning mental health language
moderation [11]. Similarly, mental health–related algospeak
terms bypassed moderation on TikTok, Tumblr, and Instagram
and resulted in harmful content. This highlights the danger that
algospeak terms can more readily expose users to risky content,
and their use instead of common mental health terms may
exclude users from finding and sharing genuine information
and support [12,13].

On Instagram and Tumblr, some user biographies featured the
phrase “block don’t report.” This showed an online culture
where users actively attempted to circumnavigate content
moderation [66]. This direction to others may indicate that those
engaging with mental health content believe users are
responsible for their own safety through “self-moderation,”
rather than relying on the platform to provide protection. It may
also reflect a community norm, which could result in newer
members feeling pressured to conform and avoid reporting. At
the same time, the statement highlights the existence of a space
where users feel empowered to express themselves by sharing
content. This highlights an ongoing tension for platforms
between allowing users to feel empowered through
self-expression and ensuring their safety.

Future Research
Our work found no evidence that platforms evaluated the
effectiveness of their self-moderation tools and guidance
relevant to user mental health and well-being. This included
assessing the usability, accessibility, and function of mental
health–related resources and tools as well as the acceptability
and practicality of moderation procedures. Notably, there was
a lack of evidence of user input and testing, potentially raising

concerns about the current efficacy and value of existing
measures among users. If such evaluations are being conducted
internally, platforms should be encouraged to share these
insights publicly to enhance transparency, adding to user
confidence and supporting learning across the industry. Future
research evaluating these features remains essential to ensure
that platforms meet users’needs and do not promote ineffective
or even risky features or guidance.

While this study did expose gaps in the current availability and
accessibility of mental health and well-being resources and
functions across a selection of SNS platforms, there remains a
spectrum of platforms further research should aim to investigate.
This includes safety and well-being resources, features, and
guidance available on social media, dating, communication,
e-commerce, pornography, mental health, and gaming platforms.
In addition, research is needed into newly developed SNSs such
as those including artificial intelligence chatbot integration plus
smaller online communities that are less likely to undergo media
or governmental attention.

This study resulted in a set of preliminary recommendations for
industry, which give potential ways for platforms to address
mental health–related content and moderation concerns.
However, these recommendations need further validation and
refinement, with stakeholder input, to ensure their applicability
and effectiveness.

Limitations
Due to the rapidly evolving nature of online platforms, we
acknowledge that the data collected may become outdated. This
research aims to capture a moment in time, and it is possible
and hopeful that platforms have since updated their practices
to address some of the issues highlighted and align with our
recommendations. Nevertheless, we believe these observations
remain valuable in understanding user experiences. In addition,
the recommendations provided are likely to be relevant for
similar emerging or popular platforms.

We also understand the limitations of using the walkthrough
method in this study. This approach relies on subjective
interpretations of researchers’ observations, which may have
led to biases. Although the checklist approach allowed the
researchers to be systematic in their investigation of the
platforms, it did not represent the real-world experience of a
user, limiting the ecological validity. To mitigate these
limitations, we included both a digital native and a digital
immigrant researcher in an attempt to understand different
interpretations and perspectives of platforms. However, as a
next step, research should engage directly with users to reflect
on their experiences of online mental health–related content
moderation and safety.

Tellmi was included in this study as a smaller UK-based SNS,
characterized by its user-generated content and social interaction
around mental health. We recognize that Tellmi is not equivalent
to Instagram, TikTok, or Tumblr in terms of target user
populations, content diversity, and platform functionalities.
However, given its direct focus on mental health and younger
users, we considered Tellmi valuable as a comparator to
platforms not specifically related to mental health in evaluating

JMIR Hum Factors 2025 | vol. 12 | e69817 | p.325https://humanfactors.jmir.org/2025/1/e69817
(page number not for citation purposes)

Haime & BiddleJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


their management of user features, guidance, and resources.
Through our analysis, we identified notable practice differences
and approaches across all platforms that helped to refine our
recommendations.

Conclusions
These findings indicate that while platforms use some successful
strategies, they are not effectively addressing the mental health
moderation and well-being needs of all users. While larger
platforms that undergo governmental scrutiny may introduce
changes, these can seem superficial, appearing to prioritize user
retention and engagement over meaningful safety intervention.
Smaller platforms which face less scrutiny could also present
risks due to weaker automated moderation systems resulting in
access to harmful content or challenges in managing high user
traffic, causing potential engagements with alternative
less-moderated platforms. Using human moderation before
material is posted may be the most effective approach to

avoiding harmful content availability but is likely unfeasible
for larger, global platforms due to scalability issues. It also
raises concerns about limiting online freedoms, which could
have negative consequences for users, particularly for those
intentionally sharing harmful content. Platforms should focus
on empowering users by educating them about safety
mechanisms early, giving them agency over their decisions, and
providing clear information regarding content moderation. In
addition, while platforms have a responsibility toward the safety
of young users, they should also consider other susceptible
users, such as those with mental health disorders, during their
moderation policy decisions. This study also highlights the need
for improvements in the scope and global relevance of
government regulations to better address user needs on
platforms. Further research is essential to understand the
effectiveness of existing interventions used by platforms,
including self-moderation tools. User involvement is also
necessary for meaningful improvement.
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Abstract

Background: People with type 1 diabetes require ongoing self-management and frequent follow-up care. Digital care models
might offer flexible solutions and increased sustainability, and while the clinical opportunities of these care models have been
explored, the characteristics of patients inclined to opt for digital care remain unclear.

Objective: This study aimed to investigate which selected sociodemographic and disease-related patient characteristics are
associated with opting for digital outpatient care among patients with type 1 diabetes.

Methods: This cross-sectional study was conducted at the endocrinology department of Akershus University Hospital in Norway,
as part of a larger longitudinal study. Adult patients with type 1 diabetes were eligible to participate and were recruited consecutively.
Patients could choose either a novel, mobile health–based, digital, tailored, outpatient care model (DigiDiaS care) or continuation
of usual care. DigiDiaS care is delivered via an app comprising a message service; preconsultation questionnaires; options for
physical, video, or telephone consultations; an information page; and an e-learning course. Sociodemographic and clinical data
were collected from the participants’ medical records and the national diabetes registry. Self-reported data comprised
self-management measured using the Patient Activation Measure 13 (PAM-13), diabetes distress (20-item Problem Areas in
Diabetes; PAID-20), well-being (World Health Organization-Five Well-Being Index; WHO-5), and health literacy (12-item short
version of the European Health Literacy Survey Questionnaire; HLS-19 Q12) questionnaires. We explored group differences and
conducted logistic regression to identify factors associated with opting for DigiDiaS care versus usual care.

Results: A total of 237 patients consented to participate in the study, with 185 (78.1%) opting for DigiDiaS care and 52 (21.9%)
opting for usual care. The DigiDiaS care group had a statistically significantly shorter duration of diabetes (median 19, range
0-51 years) compared with the usual care group (median 29, range 3-58 years; P<.001); higher proportions of users of insulin
pumps than insulin pens for insulin delivery (DigiDiaS care: 74/185, 40%; usual care: 12/185, 23.1%; P=.007), and a lower
median well-being care score (DigiDiaS care: median score 60, range 4-96; usual care: median score 68, range 16-100; P=.04).
The DigiDiaS care and usual care groups did not differ in sociodemographic variables, presence of late complications from
diabetes or comorbidities, self-management, diabetes distress, or health literacy.

Conclusions: This study reveals that most patients with type 1 diabetes choose digital outpatient care when it is offered. Our
study suggests that those opting for DigiDiaS care are already familiar with using diabetes-related technology, have a shorter
diabetes duration, and have lower well-being. It is essential to understand the characteristics of patients who opt for usual care
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to ensure high-quality health care services. Further studies should also focus on how the implementation of digital solutions in
outpatient care can affect how and if patients use them.

International Registered Report Identifier (IRRID): RR2-10.2196/52766

(JMIR Hum Factors 2025;12:e73708)   doi:10.2196/73708

KEYWORDS

diabetes mellitus; type 1; telemedicine; remote consultation; telenursing; distance counseling; delivery of health care;
patient-reported outcome measures

Introduction

Background
Living with type 1 diabetes can be challenging and is associated
with health complications such as poor mental well-being and
poor quality of life, and it requires lifelong self-management
and support to prevent these complications [1-3]. A life with
type 1 diabetes can affect patients’ ability to self-manage,
increasing their risk of diabetes complications [4,5]. Often,
diabetes care and self-management education and support are
provided through multidisciplinary teams [6-8]. However, the
traditional calendar-based approach in outpatient care is often
rigid, giving patients little opportunity to influence their care.
Consequently, the calendar-based approach threatens health
care service resource sustainability and presents several
challenges; it is not given that outpatient care is appropriate or
necessary at the time of the consultation [7,9,10]. Conversely,
a patient-centered approach in outpatient care, where patients
themselves influence the timing and nature of treatment based
on patients preferences and needs, has been suggested as a
solution to these problems [11]. Furthermore, individualization
through patient-centered care can strengthen the patient’s
autonomy and participation in their own treatment.

The increasing focus on individualizing care aligns with an
increased recognition of how digital solutions in outpatient care
can provide closer interaction with health care services [8]. Such
digital outpatient care may include various forms of synchronous
and asynchronous remote patient monitoring; telephone and
video consultations; messaging services; connection to wireless
tools, such as glucose sensors and insulin pumps; or other forms
of telecommunication tools [12]. Allowing and facilitating a
more active patient role, patient-reported outcomes (PROs) can
be integrated into digital tools for follow-up care [8]. PROs
offer direct feedback from patients themselves about their health,
which, among other things, provides a broader perspective on
clinical goals and serves as a conversational tool [13,14]. While
PROs in clinical care have gained increasing attention in recent
years, a scoping review found the use of PRO as part of routine
treatment in diabetes outpatient settings to be scarce [15].

Although interest in and recognition of the opportunities for
digital outpatient care have been acknowledged by international
panels of health care professionals in recent years [8], few
studies have investigated PROs in digital outpatient care [15].
A pioneering study from Denmark used the PRO measure
DiabetesFlex before scheduled consultations delivered in a
digital solution to allow patients to voice their need for
consultations or cancel if not deemed necessary [16]. This

resulted in reduced face-to-face visits and improved well-being
and diabetes distress while providing safe diabetes management.
In addition, DiabetesFlex altered the interactions between
clinicians and patients as it shifted toward the patients’
perspectives on living with diabetes [17]. It increased patient
involvement, strengthened their sense of responsibility, and
tailored diabetes care to meet individual needs [16,17].

Despite previous research emphasizing the positive contribution
of digital outpatient care solutions in diabetes outpatient care,
there remains a lack of research to establish an evidence base.
For instance, not everyone wanted to continue with DiabetesFlex
after the end of the study period, despite their positive
experiences [17]. Furthermore, there is a lack of knowledge on
the characteristics of patients choosing digital or flexible
diabetes follow-ups. Characteristics such as sociodemographics,
clinical measures, and disease-specific measures can reveal
whether users and nonusers of digital outpatient care differ and
whether they possess specific traits or factors. Exploring such
characteristics can provide insights into the actions and choices
of patients with type 1 diabetes in their outpatient care [18-20].

Objective
This study aims to investigate which selected sociodemographic
and disease-related patient characteristics are associated with
opting for digital outpatient care among patients with type 1
diabetes.

Methods

Study Design
This study used a cross-sectional design to investigate
characteristics of patients with type 1 diabetes opting for digital
outpatient care compared with those opting for usual care. The
data used in this study is collected as part of a larger
multimethod prospective observational study assessing the
integration of digital outpatient care procedures for patients
with type 1 diabetes and their clinicians [21]. In this paper, we
explored the baseline characteristics of these participants, and
the recruitment of participants and data collection took place
from October 2022 to October 2023. This study is reported
according to the Strengthening the Reporting of Observational
studies in Epidemiology (STROBE) reporting guideline [22].

Setting
The study was carried out at the Endocrinological Outpatient
Clinic at Akershus University Hospital. In November 2021, the
clinic developed and introduced a voluntary digital mobile health
(mHealth) supplement outpatient care program specifically
tailored to patients with type 1 diabetes called DigiDiaS.
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Participants

Eligibility Criteria

The inclusion and exclusion criteria for participants are listed
in Textbox 1. Both users and nonusers of DigiDiaS care were
eligible for participation.

Textbox 1. Eligibility criteria.

Inclusion criteria

• Aged ≥18 years

• Having type 1 diabetes and receiving treatment and care at the endocrinological outpatient clinic at Akershus University Hospital

• Ability to read and understand Norwegian

Exclusion criteria

• Having type 2 diabetes or gestational diabetes

• Individuals with impaired cognitive abilities who are unable to complete the self-reported data independently or understand the nature of the
study

Recruitment
Participants were recruited through consecutive sampling. There
was no randomization, and the participants could choose whether
they opted for DigiDiaS care or to continue with usual care.
Participants were introduced to the study and invited to
participate during a routine consultation with a diabetes
specialist nurse or an endocrinologist. If they were not already
using the digital outpatient care DigiDiaS, they were provided
with details on both the study and the digital outpatient care
solution. For patients interested in DigiDiaS care and new to
this digital outpatient care solution, their diabetes specialist
nurse provided a brief introduction to the app and offered
support to download it, if needed. The patients received brief
written and oral information about the study and were asked if
a researcher (IS) could contact them. Those consenting to further
information received a phone call before they received a link
to a digital consent form. If a patient expressed a desire to
participate in the study over the phone but did not consent, a
reminder was sent via text message. The written informed
consent form was also made available in paper format, if needed.

Diabetes Outpatient Care

Usual Care
At the endocrinology outpatient clinic in which this study was
conducted, usual care for type 1 diabetes follows a routine,
calendar-based system in accordance with Norwegian national
diabetes guidelines [6]. In Norway, all patients with type 1
diabetes are offered follow-up care in specialist outpatient care,
provided by interdisciplinary health care teams, including
endocrinologists, diabetes-specific nurses, and dieticians. This
care includes an extended annual check-up and a routine midyear
check-up. Patients with recent diagnoses of diabetes,
comorbidities, late complications, or poorly controlled diabetes
may receive more frequent consultations. Under this system,
appointments are approximately prescheduled, giving patients
limited flexibility to influence the timing and nature of their
own outpatient care. The usual care group in this study continued
with this routine—calendar-based system of receiving a
prescheduled time for consultation with limited flexibility to
influence their follow-up care.

DigiDiaS Care
DigiDiaS care serves as a flexible digital supplement designed
to support the patients’ interactions with clinicians during
outpatient care, allowing the individual patient’s needs to guide
contact with clinicians [21]. DigiDiaS care is delivered through
a free app that patients can download onto their private
smartphones from the App Store or Google Play, following an
invitation from a health care professional. The main components
in DigiDiaS care provided by Dignio Connected Care are simple
and intuitive to use, comprising the patient app MyDignio and
the clinician’s software DignioPrevent delivered through a web
browser via a direct link from the medical record system. Dignio
Connected Care meets the necessary safety requirements,
including CE certification [23].

The digital outpatient care solution includes several features in
the MyDignio app for patients. First, a messaging service
enables patients to contact the health care service outside of
planned outpatient care, if necessary, with asynchronous
messages. Second, before scheduled follow-up consultations,
patients receive a PRO-based questionnaire, which includes
questions about well-being, diabetes-specific outcomes, and the
need for a consultation and questions for patients to prepare
topics they want to address in the scheduled outpatient care.
The PRO-based questionnaire is based on the Danish
DiabetesFlex [16]. It was adapted to Norwegian and further
refined in collaboration with user representatives, clinicians,
and managers to suit the digital platform used at the clinic [13].
The third feature of DigiDiaS care is that patients can choose
between remote video consultation, telephone consultation, or
in-person attendance for routine outpatient care consultations.
Finally, clinicians can provide patients with e-learning courses
and create a tailored information page for each patient, if needed.
Patients receive notifications about new activities from the app
through push notifications or text messages.

For clinicians, digital outpatient care is conducted through
software accessible from web app DignioPrevent, providing
clinicians with features for flexible patient care [21]. Through
this system, clinicians manage the asynchronous chat, send out
the PRO-based questionnaire before consultations, and edit the
information page. The answers on the PRO-based questionnaires
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have defined thresholds dependent on the patients’ responses,
using a traffic light model, with green, yellow, and red alerts
and an additional orange alert if the questionnaire has not been
completed. Green questionnaires indicate no issues and are not
visible in DignioPrevent; however, all yellow and red
questionnaires from the past are available for comparison.
Clinicians also provide patients with information and e-learning
courses, both through premade templates and an open-text field.
It is also possible to contact the patient directly through video
consultation with DignioPrevent. However, for scheduled
appointments, a separate system called Whereby is used for
video consultations as it communicates with the calendar within
the medical record system that DignioPrevent does not.

Data Collection
Data were collected through 3 primary sources: self-reported
questionnaires, electronic medical records, and the national
quality registry for diabetes, the Norwegian Organization for
Quality Improvement of Laboratory Examinations (NOKLUS).
Self-reported data and the digital consent form were collected
using Nettskjema [24], a secure platform that stores data in the
Services for Sensitive Data (TSD) platform for confidential
handling. To deliver the digital consent form and self-reported
data, the patients received a secure link via SMS text message
or email, requiring them to log in with their national ID for
secure access. Patients who preferred the consent form and
self-reported data on paper received this and submitted these
papers back to the clinic which was stored in a locked safety
box. Data from medical records and the national diabetes quality
registry (NOKLUS) were manually extracted into Microsoft
Excel files, stored, and managed in TSD. To ensure the accuracy
of the data extraction, a coresearcher cross-checked all extracted
data against the original medical records and NOKLUS registry,
as described in the protocol [15].

In addition, to compare our sample with the overall hospital
sample comprising all patients with type 1 diabetes and the
national population of people with type 1 diabetes, we received
aggregated data directly from NOKLUS on the variables age,
gender, education, years since diabetes duration, insulin delivery
method, and glycated hemoglobin (HbA1c), all provided in

median and range. Comparing our sample with the national
population is essential to identify and assess biases, ensuring
that our findings are representative and applicable to the broader
hospital sample and national population.

To explore the role of patients’ travel time from home to the
outpatient clinic, an estimate of travel time was calculated based
on the patients’postal code. Google Maps was used to determine
the travel time by car to the main premises of the hospital.
Akershus University Hospital is a local hospital with a defined
coverage area. Participants living outside this area were typically
students or recent movers who had not switched to their local
hospital or individuals who, for other reasons, did not receive
outpatient care at their local hospital. Public transport is only
available for parts of the coverage area and was therefore not
used in the calculation.

Measures

Sociodemographic and Clinical Variables
Sociodemographic variables, gathered from the medical records,
included age, gender, education, employment, ethnicity,
comorbidities, cohabitation, single resident status, travel time
to the hospital, and use of other health-related applications
(Table 1). Clinical variables comprised diabetes duration, HbA1c,
insulin delivery method, blood glucose monitoring method,
time-in-range, diabetic ketoacidosis, hypoglycemia, late
complications from diabetes, BMI, cholesterol, blood pressure,
and comorbidities (Table 2). While time-in-range can be
provided in various ranges when aiming to present the
ambulatory glucose profiles of the patients, in this study, we
present time-in-range for the last 14 days as this is most
frequently used in this study’s clinical setting. All clinical
variables are from the last measurement before consent to
participate in the study, except for HbA1c, which is the last
measurement inclusion in the digital solution for the DigiDiaS
care group, and the last measurement before consent to the study
for the usual care group. Self-reported data encompassed
self-management, diabetes distress, well-being, and health
literacy (Table 3).
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Table 1. Sociodemographic variables.

Data sourceMerged into categories for analysisCategories or data typeVariables

Medical records—aYearsAge

Medical records—Woman or manGender

Medical records“13 years or less” and “over 14 years”Not completed primary school (10 y), primary upper secondary
school (13 y), vocational school (13 y), college or university
(≤4 y), college or university (>4 y), unknown

Education

Self-reported—Full- or part-time employment, being a student, job seeking,
receiving disability benefits, and retirement (based on the
Norwegian retirement age of 67 y)

Employment status

Medical recordsEuropean, Asian, or African, with a
separate category for missing data

European, Asian, African, or unknownEthnicity

Medical recordsYes or noLiving in a partnership or not living in a partnershipCohabitation

Medical recordsYes or noLiving alone or not living aloneSingle resident

Medical records and
Google Maps

>30 min travel time, <30 min, or liv-
ing outside of coverage area

Estimate based on postal code using Google Maps to identify
travel time by car, in min

Travel time to hospital

Self-reportedDaily or weekly use, monthly use or
used before, never or previous use

One question with the response alternatives “daily” “weekly,”
“monthly,” “not using this now but having used it before.” or
“not using other health-related apps”

Use of other health-re-
lated apps

aNot applicable.
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Table 2. Clinical variables.

Data sourceMerged into categories for analysisCategories or data typeVariables

NOKLUSb registry—aDiabetes duration • The year from onset to when participants consented to par-
ticipate in this study

NOKLUS registry—HbA1c
c<75 mmol/mol • HbA1c (mmol/mol) on a continuous scale

• The proportion of participants with HbA1c above 75 mmol/L

NOKLUS registry—Insulin delivery • Pump or pen

NOKLUS registry—Blood glucose monitor-
ing

• CGMd or glucometer

NOKLUS registry—Time-in-range, for
those using CGM

• Percentage of time-in-range (3.9-10 mmol/L) last 14 d

NOKLUS registryRecoded into none, 1≥, missingDiabetic ketoacidosis • Never
• Once
• Several times or unknown

NOKLUS registryRecoded into none, ≥1, missingHypoglycemia • Never
• Once
• Several times or unknown

NOKLUS registryRecoded into none, 1, ≥2, and
missing

Late complications
from diabetes

• Albuminuria
• Dialysis treatment
• Kidney transplantation
• Retinopathy
• Neuropathy
• Stroke
• Arterial vascular surgery
• Amputation
• Diabetic foot ulcers

NOKLUS registryBMI=weight (kg)/[height (m)]^2BMI (kg/m2) • Weight and height

NOKLUS registry—Cholesterol • Low-density lipoprotein

NOKLUS registry—Blood pressure • Systolic blood pressure and
• Diastolic blood pressure in mm Hg

Self-reportedNone, 1, ≥2, and missingComorbidities • Charlson Comorbidity Index, which includes a range of
conditions such as myocardial infarction, congestive heart
failure, peripheral vascular disease, and others

aNot applicable.
bNOKLUS: Norwegian Organization for Quality Improvement of Laboratory Examinations.
cHbA1c: glycated hemoglobin.
dCGM: continuous glucose monitoring.
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Table 3. Measures for self-management, diabetes distress, well-being, and health literacy.

InterpretationItems, scale, and domainsMeasures

Self-management

(PAM-13a)

•• The total PAM-13 score is calculated using a formula that weighs the various
questions and that forms a scale from 0-100. Higher scores indicate higher
activation [25]. A 3.2 change on a 1-100 scale is considered small but
clinically relevant [26]

13 items, rated from 1 “disagree
strongly,” to 4, “strongly agree,” with
an additional “not applicable”

• 4 domains: knowledge, beliefs, con-
fidence, and skills for managing
one’s health.

• There are 4 levels:
• Level 1 (score ≤47), disengaged and overwhelmed
• Level 2 (score 47.1-55.1), becoming aware but still struggling
• Level 3 (score 55.2-67), taking action
• Level 4 (score≥67.1), maintaining behavior and pushing further

• Levels 1 and 2, 3 and 4 were merged into categories for analysis

Diabetes distress

(PAIDb)

•• Sum of all 20 items and multiplied by 1.25, giving a total score ranging
from 0-100 [26]

20 items, ranked on a 5-point Likert
scale from 0, “not a problem” to 4,
“serious problem” • A higher score reflects greater emotional distress. A score of ≥40 indicates

severe emotional distress.

Well-being (WHO-5c) •• Sum of 5 items multiplied by 4 to create a scale from 0-100 [27]The 5 items are measured in a 6-point
Likert scale from 5 "all the time" to
0 "at no time".

• A higher score indicates higher well-being
• Score <50 may be an identification of mild to severe depressive affect [28]

Health literacy (HLS19-

Q12d)

•• Sum of the 12 items is calculated. Higher scores reflect higher health liter-
acy [29]

The 12 items are measured in a 4-
point Likert scale from 1, “very hard”
to 4, “very easy” with added “I don’t
know”

• The scale is divided into 4 levels with expected characteristics:
• Below level 1; lack key knowledge and skills about health and may

have challenges in understanding and applying health information
• Level 1; where you are expected to be able to access, understand, and

apply health information relevant to staying healthy
• Level 2; access, appraise, understand, and apply health information

and advice relevant to enhancing physical and mental health
• Level 3; access, appraise, understand, and apply health information

and advice relevant to making informed health care choices by criti-
cally evaluating health claims and judiciously comparing treatments

• The items can also be distributed into the 3 different domains they
measure—health care, disease prevention, and health promotion, and
the individual domain can be scored with a minimum of points 0
maximum of 16 points per domain

aPAM-13: Patient Activation Measure 13.
bPAID: Problem Areas in Diabetes.
cWHO-5: World Health Organization-Five Well-Being Index.
dHLS19-Q12: 12-item short version of the European Health Literacy Survey Questionnaire.

Self-Management
Self-management and the ability to manage one’s health was
assessed with the “Patient activation measure” short version
(Patient Activation Measure 13 [PAM-13]) [30] (Table 3).
Hibbard et al [30,31] developed and validated the PAM-13
questionnaire as a generic questionnaire for people with and
without chronic conditions. The PAM-13 questionnaire has
been validated in Norwegian and has previously been used to
evaluate patient education in various diagnoses, including type
2 diabetes [25,32,33]. It has been used in multiple contexts
across several countries, with findings suggesting that
Norwegians generally exhibit higher activation than other
populations [33]. Furthermore, the PAM is also suitable for the
evaluation of digital interventions [34]. The reliability of the
PAM-13 scale in this study was confirmed with a Cronbach α
of 0.894, indicating high internal consistency among the items.

Diabetes Distress
Diabetes distress was assessed using the disease-specific
questionnaire 20-item Problem Area in Diabetes (PAID-20)
[26] (Table 3). PAID-20 has been previously translated and
validated in Norwegian by Graue et al [35] and has been used
as a tool to prepare for consultations for patients with type 1
diabetes in a previous study [36]. The reliability of the PAID-20
scale in this study was confirmed with a Cronbach α of 0.939,
indicating excellent internal consistency among the items.

Well-Being
Psychological well-being and quality of life were measured
with the generic tool World Health Organization–Five
Well-Being Index (WHO-5) [37] (Table 3). WHO-5 has been
translated to Norwegian and is validated for the type 1 diabetes
population [27,38,39]. A score <50 may indicate that the patient
is feeling unwell and should be examined further to investigate
mild to moderate depression [40]. The reliability of the WHO-5
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in this study was confirmed with a Cronbach α of 0.826,
indicating high internal consistency among the items.

Health Literacy
Health literacy and the ability to make informed health choices
were measured using the 12-item short version of the European
Health Literacy Survey Questionnaire (HLS19-Q12) [41].
HLS19-Q12 is translated into many languages and has been used
in 19 European countries, including Norway [42] (Table 3). The
HSL19-Q12 has been validated and used in both a large general
population and in patients with type 2 diabetes in Norway
[41,43,44]. The reliability of the HLS19-Q12 scale in this study
was confirmed with a Cronbach α of 0.871, indicating high
internal consistency among the items.

Ethical Considerations
As this research project involves human subjects, the project
has been reported to the Norwegian Agency for Shared Services
in Education and Research (SIKT; reference number: 456954)
and approved by the local data protection officer at Akershus
University Hospital (reference: 2022_125). The project was
presented to the Regional Committees for Medical and Health
Research Ethics (REK; reference number: 407539), and they
deemed it to be outside their scope and defined as a quality
improvement project.

All participants received oral and written information before
providing informed consent to participate in this study and
filling out the self-reported data. Digital consent forms, medical
records data, and self-reported data were stored and managed
in TSD. Participants provided their social security numbers for
in the consent form but were assigned ID numbers for
deidentification. The code key was stored in a separate file
within TSD. Data received from NOKLUS for comparison with
the overall hospital sample and the national population were
aggregated and thus anonymous. The study participants were
not compensated for participating in this study.

Statistical Analysis
Categorical variables are described with counts and percentages;
continuous variables are presented with median values and

ranges. To compare DigiDiaS care and usual care, we used
nonparametric chi-square tests for pairs of categorical variables
and Mann-Whitney U tests for pairs of continuous data. Missing
data were not imputed, and the counts and proportions of
missing values for each variable are presented in tables.
Responses such as “don’t know” or “not applicable” in
self-reported questionnaires were treated as missing values. To
assess internal consistency of the scales used in the study,
Cronbach α was calculated for the validated questionnaires
[45].

To assess the strength of the possible association between the
selected patient- and disease-related variables and the outcome,
univariate logistic regression was conducted. Variables that
were statistically significant in univariate analyses were entered
into a multiple regression model, and the final model was fitted
using the backward conditional selection process. The results
are expressed as odds ratios (ORs) with 95% CIs. All tests were
2-sided, and P values <.05 were considered statistically
significant.

In addition, to compare our sample with the overall hospital
sample comprising all patients with type 1 diabetes and the
national population of people with type 1 diabetes, we calculated
CIs for the median values in our study sample to compare with
the median and min-max values of the hospital sample and
national population.

All data were processed using Excel (Microsoft Office
Professional Plus 2016) and SPSS (version 29.0.0.0).

Results

Overview
Of the 398 patients invited to participate in the study, 241
consented to participate (Figure 1). Of the 237 patients included,
185 patients opted for DigiDiaS care, and 52 patients opted to
continue with usual care. In the DigiDiaS care groups, 21
self-reported data were missing and 5 from the usual care group.
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Figure 1. Flowchart of the participants using DigiDiaS care and usual care.

Demographics
In the complete sample, the included participants ranged in age
from 19 to 81 years, with a median age of 49 years (Table 4).
The median duration of diabetes was 21 (range 0-58; Table 5)
years. Overall, one-third of the participants had university or

college education at the bachelor level or higher (81/237, 34%),
and the majority were either currently employed or students
(139/237, 58.6%; Table 4). Just under half of the participants
had an estimated travel time to the hospital of >30 minutes
(98/237, 41.2%). Over half of all participants used other
health-related apps daily (137/237, 57.8%).
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Table 4. Demographic variables.

P valueUsual care
(n=52)

DigiDiaS care
(n=185)

Total (N=237)Demographic variables

<.00159 (23-81)48 (19-79)49 (19-81)Age (y), median (range)

Gender, n (%)

.0417 (32.7)91 (49.2)108 (45.8)Women

.41Education, n (%)

17 (32.7)70 (37.8)87 (36.7)Education up to upper secondary school or vocational school
(13 y)

8 (15.4)41 (22.2)49 (20.7)University or college education up to 4 y

9 (17.3)23 (12.4)32 (13.5)University or college education >4 y

18 (34.6)51 (27.6)69 (29.1)Missing

.01Employment, n (%)

25 (48)114 (61.6)139 (58.6)Yes

16 (30.7)28 (15.1)44 (18.5)No

8 (15.3)19 (10.2)28 (11.8)Retireda

5 (9.6)21 (11.3)26 (10.9)Missing

—bEthnic origin, n (%)

50 (96.2)166 (89.7)216 (91.1)European

0 (0)8 (4.3)8 (3.3)Asian or African

2 (3.8)11 (5.9)12 (5.5)Missing

.45Cohabitation, n (%)

31 (59.6)117 (63.2)148 (62.4)Yes

4 (7.7)18 (9.7)22 (9.3)Missing

Single resident, n (%)

.1213 (25)29 (15.7)42 (17.6)Yes

.7526.5 (3-60)27.5 (3-75)27.5 (3-73)Travel time to hospital by car, median (range)

.8721 (40.4)77 (41.4)98 (41.2)Travel time >30 min, n (%)

—6 (11.5)22 (11.8)28 (11.8)Living outside of coverage areac, n (%)

.27Use of other health apps, n (%)

26 (55.3)111 (67.6)137 (57.8)Daily or weekly use

11 (23.4)39 (23.7)50 (21.1)Monthly use

10 (21.2)14 (8.5)24 (11.3)Never or previous use

aNot included in analysis due to filling the test assumption.
bNot applicable; cannot be computed due to small numbers.
cDo not have a postal code in the area where Akershus University Hospital is the local hospital.

JMIR Hum Factors 2025 | vol. 12 | e73708 | p.339https://humanfactors.jmir.org/2025/1/e73708
(page number not for citation purposes)

Spildo et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 5. Diabetes treatment, complications, and clinical variables.

P valueUsual care (n=52)DigiDiaS care (n=185)Total (N=237)

<.00129 (3-58)19 (0-51)21 (0-58)Diabetes duration (y), median (range)

.00452.5 (41-90)59 (35-117)58 (35-117)HbA1c mmol/mol), median (range)

—a1 (1.9)1 (0.5)2 (0.8)Missing, n (%)

—4 (7.7)32 (17.3)36 (15.2)HbA1c >75 mmol/mol, n (%)

.0213 (23.1)74 (40)86 (36.3)Insulin delivery (pump), n (%)

—0 (0)1 (0.5)1 (0.4)Missing

.0547 (90.4)178 (96.2)225 (94.9)Blood glucose monitoring (continuous glucose monitoring),
n (%)

—0 (0)1 (0.5)1 (0.4)Missing

.2168 (7-99)61 (0-98)62 (0-99)Time-in-range in percentageb, median (range)

Diabetic ketoacidosis, n (%)

—2 (3.8)37 (20)39 (16.5)≥1c

—7 (13.5)34 (18.4)41 (17.3)Missing

Hypoglycemia requiring assistance, n (%)

.9118 (34.6)65 (35.1)82 (35)≥1c

—7 (13.5)26 (14)33 (13.9)Missing

.76Late complications from diabetes, n (%)

29 (55.8)107 (57.8)136 (57.4)Noned

12 (23.1)51 (27.4)63 (26.5)1d

11 (21.1)27 (15.5)38 (16)≥2d

5 (9.6)13 (7)18 (7.6)Missing

.7126.4 (19.4-42.7)26.7 (16.9-43.9)26.5 (16.9-43.9)BMI (kg/m2), median (range)

—1 (1.9)3 (1.6)4 (1.7)Missing, n (%)

.712.1 (0.9-3.4)2.4 (0.9-5.6)2.4 (0.9-5.6)Low-density lipoprotein cholesterol (mmol/L), median
(range)

—0 (0)2 (1.1)2 (0.8)Missing, n (%)

Blood pressure, median (range)

.28132 (107-166)132 (94-178)132.5 (94-178)Systolic blood pressure (mm Hg)

.1277 (63-106)80 (55-103)79 (55-106)Diastolic blood pressure (mm Hg)

—5 (9.6)13 (7)18 (7.6)Missing, n (%)

.62Comorbidities, n (%)

19 (36.5)78 (42.2)97 (40.9)None

18 (34.6)59 (31.8)77 (32.5)1

10 (19.2)27 (14.5)37 (19.7)≥2

—5 (9.6)21 (11.4)26 (11)Missing

a The Norwegian retirement age is 67 years.
bFor continuous glucose monitoring users only.
cOne or more times.
dMerged into categories for analysis.
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Clinical Variables
The median HbA1c for the complete sample was 58 mmol/mol
(range 35-117 mmol/mol; Table 5). Furthermore, 15.5%
(36/237) had an HbA1c >75 mmol/mol, considered poorly
regulated. Over one-third of the participants used an insulin
pump (87/237, 36.7%), while the remaining participants used
an insulin pen (150/237, 63.2%) for insulin delivery. Over half
of the participants had no late complications of diabetes
(136/237, 57.4%), and nearly half reported no comorbidities
(97/237, 40.8%).

Self-Management, Diabetes Distress, Well-Being, and
Health Literacy
The median self-management score of 72.5 (range 9-100)
corresponds with a high self-management level (Table 6). This
high median score corresponds with the highest PAM level:
“Maintaining behaviors and pushing forward.” Regarding the
distribution across the 4 levels, half of the participants were at
level 4 (116/237, 54.9%), and one-third were at level 3 for
“taking action” (68/237, 32.2%).

Table 6. Self-reported outcomes for self-management, problem areas in diabetes, well-being, and health literacy.

P valueUsual care
(n=47)

DigiDiaS care
(n=164)

Total (n=211)

.3375 (27-100)72.5 (9-100)72.5 (9-100)Self-management (PAM-13a) score, median (range)

3 (5.8)11 (5.9)14 (5.9)Level 1: disengaged and overwhelmed, n (%)

5 (9.6)8 (4.3)13 (5.5)Level 2: becoming aware, but still struggling, n (%)

9 (17.3)59 (31.7)68 (28.6)Level 3: taking action, n (%)

.33e30 (57.7)86 (46.2)116 (48.7)Level 4: maintaining behaviors and pushing forward, n (%)

.2521.25 (0-50)23.75 (0-71.25)23.75 (0-71.25)Diabetes distress (PAID b ) score, median (range)

.337 (13.5)35 (18.8)42 (17.6)>40, n (%)

.0168 (16-100)60 (4-96)60 (4-100)Well-being (WHO-5c) score, median (range)

.096 (11.5)40 (21.5)46 (21.8)<50, n (%)

.8534 (19-45)35 (13-48)35 (13-48)Health literacy (HLS19-Q12d) score, median (range)

4 (8.5)23 (14)27 (12.8)Below level 1, n (%)

14 (29.8)38 (23.2)52 (24.6)Level 1: access, understand, and apply, n (%)

17 (36.2)62 (37.8)79 (37.4)Level 2: appraise, understand, and apply, n (%)

.67e12 (25.5)41 (25)53 (25.1)Level 3: making informed choices by critically evaluating, n (%)

.63Health literacy (HLS19-Q12) domains, median (range)

12 (5-15)12 (2-16)12 (2-16)Health care

11 (4-15)11 (3-16)11 (3-16)Disease prevention

12 (5-16)12 (4-16)12 (4-16)Health promotion

aPAM-13: Patient Activation Measure; the score ranges from 0 to 100, with higher scores representing higher activation. Level 1: ≤47; level 2: 47.1 to
55.1; level 3: 55.2 to 67; level 4: ≥67.1.
bPAID: 20-item Problem Area in Diabetes; the score ranges from 0 to 100, with a higher score reflecting greater emotional distress. A score of ≥40
indicates severe emotional distress.
cWHO-5: World Health Organization-Five Well-Being Index; the score ranges from 0 to 100 with a higher score indicating higher well-being. A score
<50 may be an identification of mild to severe depressive affects.
dHLS19-Q12: 12-item short version of the European Health Literacy Survey Questionnaire. Higher scores reflect higher health literacy. Below level
1: <27; level 1: ≥27; level 2: ≥33; and level 3: ≥39 (with associated characteristics). Domains can have a minimum score of 0 and a maximum score of
16.
eThe P value represents the differences across all levels combined, not between individual levels. The level of diabetes distress was low, with a median
score of 23 (range 0-71.25) of a possible maximum score of 100. However, almost 1 in 5 (42/237, 17.6%) of the participants reported scores >40,
indicating diabetes distress.

Regarding well-being, the participants had a median score of
60 (range 4-100). However, 21.8% (46/237) of the participants
had a WHO-5 score <50, indicating symptoms of mild to severe
depression.

Overall, the participants had a fairly good health literacy score
with a median health literacy score of 35 (range 13-48),

characterized by the ability to appraise, understand, and apply
health information (level 2).

Study Sample, Hospital Sample, and National Population
When comparing the study participants with the hospital sample
of patients with type 1 diabetes at Akershus University Hospital,
which includes all individuals with type 1 diabetes followed up
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at Akershus University Hospital, and the national population
of patients with type 1 diabetes, which includes all individuals
with type 1 diabetes in Norway, the 3 samples were comparable
regarding gender, education, insulin administration, HbA1c, age,

and diabetes duration (Table 7). However, regarding HbA1c ≥75
mmol/mol, the proportion of such individuals was significantly
lower in the national population compared with the study
sample, indicating that our sample comprised individuals with
less well-regulated diabetes.

Table 7. Comparison of study sample, hospital sample, and national population on sociodemographic and clinical variables.

National population in Norway
(n=22,408)

Hospital sample
(n=1643)

Study sample (N=237)Variables

47 (18-98)46 (18-98)49 (19-81)Age (y; 95% CI 46-53 ), median (range)

0 (0)0 (0)0 (0)Missing, n (%)

Gender, n (%)

9877 (44.1)698 (42.5)108 (45.8)Women (95% CI 39.1-52.1)

12,531 (55.9)945 (57.5)128 (54.8)Men (95% CI 47.4-60.4)

0 (0)0 (0)0 (0)Other or missing

Education, n (%)

8054 (35.9)625 (38)87 (36.7)Education up to upper secondary school or vocational
school (13 y; 95% CI 30.5-43.1)

4089 (18.2)268 (16.3)49 (20.7)University or college education up to 4 y (95% CI 15.7-
26.3)

2487 (11.1)168 (10.2)32 (13.5)University or college education >4 y (95% CI 9.4-18.5)

7778 (34.7) 582 (35.4)69 (29.1)Missing

20 (0-78)18 (0-78)21 (0-58)Years with diabetes (95% CI 18-23 ), median (range)

107 (0.5)9 (0.5)0 (0)Missing, n (%)

HbA1c
a

2076 (9.5)190 (12.3)36 (15.2)HbA1c (≥75 mmol/mol; 95% CI 10.8-20.4), n (%)

56 (21-159)58 (21-159)58 (35-117)HbA1c (mmol/mol; 95% CI 55-59), median (range)

667 (3)93 (5.6)2 (0.8)Missing, n (%)

Insulin delivery, n (%)

8911 (39.8)520 (31.6)86 (36.3)Pump (95% CI 30.1-42.7)

12,960 (57.8)1103 (67.1)151 (63.7)Pen (95% CI 57.2-69.8)

 537 (2.4) 20 (1.2) 1 (0.4)Missing

aHbA1c: glycated hemoglobin.

Comparing Patient Characteristics in DigiDias Care
Versus Usual Care

Demographic Variables
Most participants opted for DigiDiaS care (185/237, 78.1%),
while the remaining participants (52/237, 21.9%) opted to
continue with usual care. Among those choosing DigiDiaS care,
half had been included in DigiDiaS care more than 90 days
before consenting to participate in the study (92/185, 49.7%),
thereby having had access to the digital outpatient care solution
from before.

The participants in the DigiDiaS care group were significantly
younger, with a median age of 47 (range 19-79) years, compared
with those choosing usual care (median age 59, range 23-81
years; P<.001; Table 4). DigiDiaS care patients have had
diabetes for a median of 10 years shorter than the usual care

group (P<.001; Table 5). A statistically significant linear
relationship was found between age and duration of diabetes in
the complete sample (P<.001).

There was no statistically significant difference in the education
level between DigiDiaS care and usual care (P=.42). However,
there was a statistically significant higher proportion of
individuals in the usual care group (16/52, 31%) who were
outside the labor market or received disability benefits of
working age than with DigiDiaS care (28/185, 15.1%; P=.01).
A higher proportion lived alone and were single residents in
usual care (13/52, 25%) than in DigiDiaS care (29/185, 15.7%).
However, the difference was not statistically significant (P=.12).
Further demographic variables are summarized in Table 4.

Concerning the use of other health-related mobile apps, there
were more individuals in the usual care group who had never
or only previously used other health-related apps (10/52, 21%)

JMIR Hum Factors 2025 | vol. 12 | e73708 | p.342https://humanfactors.jmir.org/2025/1/e73708
(page number not for citation purposes)

Spildo et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


compared with the participants in the DigiDiaS care group
(14/185, 8.5%); however, the difference was not statistically
significant (P=.27; Table 4).

Clinical Variables
In the DigiDiaS care group, the participants had a median HbA1c

significantly higher at 59 (range 35-117) mmol/mol compared
with 52 (range 41-90) mmol/mol in the usual care group
(P=.004; Table 5). In terms of insulin delivery, there was a
significantly higher use of an insulin pump in the DigiDiaS care
group (74/185, 40%) than in the usual care group (23/52, 23%;
P=.02).

There were no statistically significant differences in late
complications from diabetes (P=.76). Concerning comorbidities,
there were no differences between the DigiDiaS care group and
usual care (P=.63). Further details on between-group differences
in diabetes clinical variables are presented in Table 5.

Self-Management, Diabetes Distress, Well-Being, and
Health Literacy Across the Two Groups
There were no differences between the DigiDiaS participants
compared with usual care in self-management (P=.33), diabetes
distress (P=.25), or the health literacy scale (P=.85; Table 6).

Well-Being
The usual care group (median 68, range 16-100) had a
statistically significant higher well-being score than the

DigiDiaS care group (P=.01) indicating better well-being, with
the usual care group having a higher well-being score than
DigiDiaS care (median 60, range 4-96; Table 6).

Furthermore, we assessed the correlation between well-being
scores and HbA1c levels using Spearman correlation, finding
no statistically significant relationship in the study sample,
within the DigiDiaS care group (P=.37), or the usual care group
(P=.33).

If the median value or percentage for the hospital selection and
national population falls within the CI of the study sample, there
is no significant difference. However, if the median value or
percentage falls outside the CI, the groups may be significantly
different.

Group Comparison

Univariate Analyses
In the univariate logistic regression analyses, we identified
statistically significant differences between those who chose
DigiDiaS care and usual care regarding the following variables:
gender, employment, diabetes duration, HbA1c, insulin delivery
method, and well-being, as seen in Table 8. However, age was
not associated with the choice of DigiDiaS or usual care.

Table 8. Logistic regression univariate and multivariate of the significant outcomes from Tables 2-4.

P valueAdjusted odds ratio (95% CI)P valueUnadjusted odds ratio (95% CI)Variables

——a.940.99 (0.98-1.01)Age (y)

.971.10 (0.52-2.36).041.93 (1.01-3.70)Gender: man or woman (ref)

.682.1 (0.94-5.07).012.60 (1.22-5.52)Employment: yes (ref) and no

<.0010.95 (0.93-0.97)<.0010.96 (0.93-0.98)Diabetes duration (y)

.071.02 (0.99-1.05).011.03 (1.00-1.06)HbA1c

.0073.16 (1.37-7.32).020.32 (1.09-4.52)Insulin delivery: pen and pump (ref)

.030.97 (0.95-0.99).010.97 (0.95-0.99)Well-being (WHO-5b score)

aNot included in the multivariate analysis because it was not statistically significant in the univariate analysis.
bWHO-5: World Health Organization-Five Well-Being Index.

Multivariate Analysis
In multiple analyses with variables that were statistically
significant in univariate analyses (Table 8), we found that a
longer duration of diabetes was associated with statistically
significant lower odds of opting for DigiDiaS care (OR 0.95,
95% CI 0.93-0.97). Similarly, a higher well-being score was
associated with lower odds of choosing DigiDiaS care (OR
0.97, 95% CI 0.95-099). Participants using an insulin pump for
insulin delivery were found to have 3 times higher odds of
choosing DigiDiaS care (OR 3.16, 95% CI 1.37-7.32) in
comparison to insulin pump users. Furthermore, the insulin
delivery method was the variable with the strongest association
with choosing DigiDiaS care versus usual care.

The multivariate logistic regression is divided into 2 rounds to
avoid overfitting of the model, marked with the hard line in
between—round 1 consists gender, employment in working
age, and diabetes duration and round 2 consists HbA1c, insulin
delivery, and well-being.

Discussion

Principal Findings
This cross-sectional study was designed to explore the
characteristics of patients with type 1 diabetes who were given
a choice between a novel, flexible digital mHealth supplement
for outpatient care, referred to as DigiDiaS care, or continuing
with their usual care.
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Our main findings reveal, as expected, that the vast majority of
the 238 participants included in the study opted for DigiDiaS
care rather than usual care. When comparing the two groups,
the DigiDiaS care group had a shorter duration of diabetes, more
use of insulin pumps than insulin pens for insulin delivery, and
a lower well-being score compared with the usual care group.
Those who opted for DigiDiaS care did not differ from those
who continued with their usual care in terms of
sociodemographic variables, presence of late complications or
comorbidities from diabetes, self-management, diabetes distress,
or health literacy. Furthermore, our study sample did not differ
from the outpatient sample or the national population on relevant
variables.

Comparison With Prior Evidence
Not surprisingly, most participants opted for DigiDiaS care,
aligning well with their profile of being both younger and
already users of technology for insulin administration. Using
an insulin pump requires certain technical skills, which are also
necessary to use the DigiDiaS care app. Using an insulin pump
instead of an insulin pen was the strongest characteristic
associated with the choice of DigiDiaS care over usual care.
This aligns well with previous research findings on how
familiarity with diabetes-related technology might drive the
adoption of other digital health tools [46,47]. These findings
indicate that patients already accustomed to using advanced
diabetes management technologies are more likely to embrace
new digital health solutions, such as DigiDiaS care. In general,
patients in the usual care group had longer diabetes duration
compared with those in the DigiDiaS care group, and they may
have established a routine for their outpatient care, making them
less inclined to try out something new. Thus, when introducing
digital care solutions in diabetes management, those already
using diabetes technology equipment may be more prone to
exploring the possibilities within new ways of receiving
outpatient care.

In our sample, those opting for DigiDiaS care had lower
well-being scores than those in the usual care group. Living
with a chronic condition requiring ongoing self-management,
such as type 1 diabetes, can affect well-being, even though
well-being can vary throughout life and with age [4]. This
variation in well-being is also observed in the Norwegian general
population, where well-being appears to increase with age from
the early 40s to the mid-70s [48]. This might correspond with
how our participants opting for DigiDiaS care had a median
age of 48 years—that is, 11 years younger than those opting for
usual care and reporting a higher well-being score. Compared
with the Norwegian population of adults with type 1 diabetes,
both groups in our sample had a median well-being score higher
than the national average [49]. Thus, despite our DigiDiaS group
presenting a lower well-being score compared with those
continuing with usual care, all participants had a fair level of
well-being without symptoms of depression interfering with
their abilities to self-manage.

Although most of the recruited participants opted for DigiDiaS
care, a small proportion of the participants chose to continue
with usual care, thus declining the opportunity to explore digital
follow-up. In our study, we did not investigate actual use but

rather the willingness to use DigiDiaS care. To the best of our
knowledge, DigiDiaS care is the first outpatient care model
comprising specific components, such as a message service,
PRO-based questionnaires, an information page, and video
consultations for diabetes care [15]. The closest alternative to
our knowledge is DiabetesFlex, and our study is a response to
the call by Jensen et al [17] after interviewing patients with type
1 diabetes who received flexible PRO-based telehealth as part
of their diabetes follow-up in Denmark, questioning whether
this type of solution is acceptable for all patients. Our findings
show that not all patients opt for digital outpatient care. A
previous scoping review on reasons for nonuse of digital PRO
identified factors, such as ability to use the PRO, engagement,
emotional distress, and technical barriers [50]. Our identified
differences in the use of insulin delivery equipment may
represent differences in the technical skills required to use an
insulin pump. Furthermore, the scoping review highlighted how
participants with few symptoms or those in good health stopped
using digital PRO solutions more frequently [50]. This aligns
well with the differences in well-being among our groups, where
those with higher well-being chose usual care.

In contrast to previous research highlighting the importance of
socioeconomic background when offering digital health services,
differences in such characteristics were not observed in our
sample. Previous research highlights that health literacy and
socioeconomically disadvantaged backgrounds may be less
likely to be considered for digital PRO-based outpatient care
[51]. Our findings show that there are no statistical differences
in health literacy or socioeconomic status between the DigiDiaS
care and usual care groups, suggesting that there is no reason
not to consider such patients to use these solutions. However,
this may be contextual, as the Norwegian population in general
has a high socioeconomic status. Yet, further research can
provide a deeper understanding of the specific characteristics
that influence patients’ decisions to choose digital outpatient
care.

Although we examined various characteristics from medical
records and self-reported questionnaires, we did not investigate
all potential influencing factors. For instance, while we assessed
general health literacy to understand the ability to find,
understand, evaluate, and apply health information, digital health
literacy could provide deeper insights into patients’ ability to
effectively use such solutions [52]. In addition, efforts should
be made to explore whether the use of digital outpatient care
solutions such as DigiDiaS care varies with factors, such as
geography, travel time, and the availability of health care
services. The introduction of new technology in health care
services is a complex process [53], and patient acceptance of
new solutions is influenced by how health care professionals
adopt and support these technologies [54]. Further understanding
and investigation of these dynamics may reveal factors for
successful implementation in practice.

Strengths and Limitations
This study presents strengths and limitations that are important
to consider when interpreting the findings. First, this study
explores a fully implemented digital outpatient care service
[21], hindering the use of established gold standard research

JMIR Hum Factors 2025 | vol. 12 | e73708 | p.344https://humanfactors.jmir.org/2025/1/e73708
(page number not for citation purposes)

Spildo et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


designs. However, our nonrandomized study design was
essential in capturing the participants’ preferences, allowing
them to choose either DigiDiaS care or continuing with usual
care. This approach enabled us to investigate characteristics
based on the participants’ choice of follow-up, which would
not have been possible with other study designs, such as
randomization or a stepped wedge design. The resulting skewed
distribution was, therefore, expected and reflects these treatment
choices. To compensate for the skewed distribution,
nonparametric tests were used; nevertheless, the results should
be interpreted with caution due to the uneven distribution.

While a none-randomized design with consecutive sampling
may introduce some bias, it provides valuable insights into
real-world decision-making and patient preferences that are
crucial for understanding the adoption and effectiveness of the
DigiDiaS care model [21], especially considering the needs and
choices of the minority group who continued with usual care.
Acknowledging that some participants do not wish to use this
type of outpatient care is important, and the reasons for this
should be further investigated. Qualitative interviews may reveal
factors that we may not have detected in this study.

Second, this study does not examine the usability of individual
components in the patient app or the specific solution of the
app, but rather its clinical implications. Our investigation does
not exhaustively cover all factors that may influence the choice
of digital outpatient care given the complexity of such decisions.
However, by collecting a broad range of data from medical
records and self-reported data from the PRO questionnaire, we
have gathered a comprehensive dataset. Our cross-sectional
study, incorporating both generic and disease-specific
well-validated measures, allowed us to add depth to the medical
records data [55]. The richness of PRO data lies in the patient
perspective it provides, reflecting their experiences, symptoms,
and the impact of the disease on their daily lives [56].

Third, the digital outpatient care solution was introduced to half
of the participants in the DigiDiaS care group before they were
included in this study. The extent to which this was used is
unknown, as its use is mainly related to the patients’ need to
contact the clinic outside of fixed appointments, preparation for
consultation or information, and e-learning courses received in
connection with consultations. The time before we started
recruiting for this study was also an introductory period in the
use of DigiDiaS care for the clinic. We do not see it as a
limitation that participants had access to the app before the start
of the study, as we investigated opting for use of DigiDiaS care
or not in this paper. However, as previously addressed,
experiences from the Danish DiabetesFlex indicated that not
everyone wanted to continue with DiabetesFlex after the study
period [17], and even though our participants were opting for
DigiDiaS care, actual use should be further investigated.

Conclusions
This study reveals that patients with type 1 diabetes are opting
to use a digital outpatient care solution when it is offered. Most
of participants opted for DigiDiaS care, the novel mHealth
solution, while a smaller proportion opted to continue with usual
care. Those opting for DigiDiaS care are characterized by being
already familiar with using diabetes-related technology, having
a shorter diabetes duration and lower well-being than the usual
care group.

Importantly, our findings indicate that factors such as
demographic and clinical variables, as well as self-management,
health literacy, and diabetes distress did not differ significantly
between DigiDiaS care and usual care. Even though only a small
proportion continued with usual care, the characteristics of this
group should be further explored to understand how these
individuals can also be included in digital outpatient care
solutions. Further studies should also focus on how the
implementation of digital solutions in outpatient care can affect
how and if patients use them.
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Abstract

Background: Smoking remains a leading cause of death worldwide, with young adults particularly at risk due to the lack of
targeted cessation initiatives. While mobile apps show promise in supporting smoking cessation, they primarily target smokers
already motivated enough to install them, highlighting the need for interventions that reach those who are not yet ready to take
that step.

Objective: This paper focuses on designing and evaluating Smokwit, a digital smoking cessation intervention aimed at young
adults during the act of smoking. Smokwit seeks to investigate the early stages of smoking cessation (precontemplation and
contemplation) that are important yet rarely investigated.

Methods: The paper is based on the design science research methodology where a digital intervention—Smokwit—was designed
and evaluated in the wild using a mixed method approach combining quantitative results of a quasi-experiment with qualitative
insights from users and experts. More specifically, Smokwit is a novel gamified ambient intervention that integrates a connected
ashtray with a mobile app. The ashtray aims to trigger processes of change, in particular consciousness raising and social liberation
(as part of the transtheoretical model of change) by provoking curiosity, self-reflection, and ad-hoc peer discussions among
smokers. The linked mobile app is designed to reinforce this goal by providing smoking cessation self-help material and coaching
possibilities. We evaluated the effectiveness of this intervention through a 3-month field study designed as a quasi-experiment
with a treatment and control group (n=46). A qualitative analysis with users (n=10) and smoking cessation experts (n=7) provides
insights into the type of interactions that happened within and outside the system as well as practical implications for smoking
cessation organizations.

Results: The qualitative findings revealed that the intervention promoted smokers’ self-reflection, peer discussions, and mobile
app interactions. Furthermore, the quantitative analysis uncovered a possible trend toward increased readiness to quit among
smokers in the treatment group compared to the control group; however, this did not reach conventional levels of statistical
significance (b=1.33; z=1.91; P=.06).

Conclusions: Smokwit provides encouraging insights into how to design a bottom-up digital intervention that targets young
adults at an opportune moment to support them on their smoking cessation journey.

(JMIR Hum Factors 2025;12:e72749)   doi:10.2196/72749
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Introduction

Background
Despite many years of prevention, tobacco addiction is still the
cause of approximately 8 million deaths annually, making it the
foremost preventable cause of death globally [1]. Efforts to pass
comprehensive laws and regulations can be hindered in countries
where the tobacco industry provides economic benefits and thus
wields significant lobbying power. For example, in Switzerland,
where the industry has some of its major headquarters, this
lobbying power is particularly strong [2]. Specifically, the
tobacco industry in Switzerland contributes approximately US
$7 billion in annual revenue, representing about 1% of the
country’s gross domestic product, and provides employment
for around 11,500 people (0.2% of the labor force) [3]. However,
it can be argued that these economic benefits are offset by the
health-related expenses of US $11 billion yearly [4], including
the 10,000 smoking-related deaths annually [5]; thus, passing
top-down regulation remains highly challenging. As a result,
in such countries, it is crucial to devise effective bottom-up
prevention measures to support smoking cessation.

There are effective evidence-based interventions that could be
helpful for young smokers; these include brief advice, behavioral
support, pharmacotherapy, and abstinence evaluation [6].
Furthermore, digital technologies, such as mobile apps, have
been identified as a potentially effective, lightweight, and
scalable complementary support for smoking cessation [7-9].
These technologies could represent a particular interest,
potentially lowering current funding, time, and human resource
barriers for health promotion [10]. For instance, there is a wide
range of specialized mobile apps that could act as catalysts to
provide this support [9,11]. However, despite their potential
benefits, there remains a challenge with user engagement,
especially when the apps are not well-designed or integrated
into clinical or daily workflows [12]. Indeed, even minor
frictions prevent smokers from engaging in effective behavior
change interventions [13]. For instance, it is challenging to get
a smoker to seek digital self-help information, sign up for peer
support, or even register for face-to-face counseling [14]. As
such, one of the main challenges in smoking cessation
interventions is effectively getting smokers on board [15,16].
Most existing digital solutions require individuals to first be
aware of the app’s existence, and then take the additional steps
of downloading and installing it; there are barriers that can deter
engagement, especially for those not actively seeking help.
Conversely, our approach initiates onboarding directly at
smoking hotspots through physical devices, offering immediate
and contextual engagement. This paper aims to address this gap
by exploring an alternative, low-threshold entry point into
cessation support.

A particularly important demographic to target prevention
measures are young adults (ages 18 to 35 years). Most smokers
start early, with 87% beginning before the age of 21 years [17],
and young adults often represent the largest smoking
demographic [17]. This is particularly problematic because the
earlier one starts smoking regularly, the faster addiction sets in
[18], thus making it harder to quit. Despite approximately half

of young people wishing to quit [19], only an estimated 5%
manage to do so during their youth [20]. Furthermore, smoking
cessation initiatives that are specifically aimed at young adults
are lacking [21]. As such, we seek to address the following
research question: How can a digital intervention be designed
to increase young adult engagement with evidence-based
smoking cessation interventions?

Contributions
This research makes 3 main contributions to the literature on
digital interventions for smoking cessation. First, it introduces
Smokwit—a novel digital system specifically designed to reach
smokers at physical smoking hotspots—immediately before,
during, or after the act of smoking. Unlike conventional tools
that rely on user motivation or active digital engagement,
Smokwit reduces entry barriers by engaging users in situ and
at opportune moments [22,23]. It leverages connected ashtrays
as ambient objects [24], facilitating a seamless transition from
the physical environment to digital smoking cessation resources.
Furthermore, Smokwit is conceptualized as a motivational
affordance [25], a system intentionally designed to trigger
behavioral outcomes by incorporating gamification mechanisms
such as competition and rewards [26], with the goal of increasing
engagement with evidence-based interventions. Second, this
paper presents a real-world validation of the Smokwit system
through a 3-month quasi-experimental field study (n=46)
conducted across 2 university campuses. This study combines
quantitative data (surveys and system logs) with qualitative
insights from interviews with participants (n=10) and experts
(n=7), thus providing a comprehensive understanding of system
engagement and user experience in a natural context. Third, the
paper contributes empirical insights into the early stages of
smoking cessation, specifically the precontemplation and
contemplation stages as defined by the transtheoretical model
(TTM) of health behavior change [27]. These stages are critical
yet underexplored in digital health research [28]; our findings
shed light on how low-friction, context-aware interventions can
effectively engage smokers who are not yet actively seeking
help.

Smoking Cessation Process
Giving up smoking is more of a process rather than a single
decision or action [29]. A useful theoretical lens for analyzing
this process is the TTM [27], which conceptualizes behavior
change as a progression through discrete stages. Unlike
continuum models, which assume interventions can be applied
at any point, stage models such as the TTM emphasize that
different strategies are appropriate at different stages in the
change process [29-31]. In this context, the stages toward
smoking cessation can be seen as a smoker’s readiness to quit
(RTQ). TTM hypothesizes that this change occurs in 6 distinct
steps, also called stages of change:

• Stage 1 – precontemplation: no intention of taking action
within the next 6 months.

• Stage 2 – contemplation: intention of taking action within
the next 6 months.

• Stage 3 – preparation: intention of taking action within the
next 30 days; thus, some behavioral steps have already been
taken.
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• Stage 4 – action: changed overt behavior for less than 6
months.

• Stage 5 – maintenance: changed overt behavior for more
than 6 months.

• Stage 6 – termination: no temptation to relapse and 100%
confidence.

In this paper, we focus on the early stages—precontemplation
and contemplation—that are especially underaddressed in digital
health interventions. These are stages where smokers are not
yet ready to take direct action; however, they may be more
receptive to change through targeted support. According to
TTM, progress between these stages is mediated by cognitive
and affective processes such as raising consciousness, meaning
increasing awareness through information and feedback, and
social liberation, thus reinforcing social norms that support
healthy behavior [31].

Our intervention, Smokwit, is deliberately designed to activate
these processes in contextually appropriate ways. By placing
connected ashtrays at smoking hotspots, Smokwit raises
awareness of quitting resources (consciousness raising) and
introduces quitting as a socially supported behavior (social
liberation). The use of ambient technology lowers friction for
engagement, helping reach users who are not yet actively
seeking help. Moreover, Smokwit incorporates gamification
elements, such as rewards and peer comparison, to further
reinforce social motivation and self-reflection [25,26]. In line
with TTM, these mechanisms aim to help users move from
passive awareness (stage 1) to the contemplation of change
(stage 2).

In addition to these motivational design elements, Smokwit
supports 2 evidence-based engagement strategies. First, peer
interaction is integrated into the system to support social
comparison and group influence, which have been shown to
strengthen motivation and behavior change in stopping smoking
[6,32,33]. This leads to our first premise:

• Premise 1: Engagement with peer groups helps smokers
increase their RTQ.

Second, Smokwit offers access to curated self-help material,
which can also support users in the early stages of change. Prior
studies on smoking cessation apps show that such content can
improve RTQ, especially among less motivated users [9,34-37].
This confirms our second premise:

• Premise 2: Engagement with self-help material helps
smokers increase their RTQ.

By aligning Smokwit’s design with key TTM processes and
stages, we aim to offer a context-sensitive intervention that
addresses a critical gap in digital smoking cessation efforts.

Gamifying Smoking Cessation Interventions
There is a growing number of technological solutions, such as
forums and mobile apps, that give smokers access to self-help
material and leverage peer support by facilitating multilateral
interactions between smokers on dedicated social media
channels [6,9,38,39]. However, it is unclear how many smokers
actually engage with such resources [9]. A particular challenge
is to capture smokers who are still in the precontemplation phase

and, as such, are not interested in quitting at present and to
engage for the first time.

One approach to increase engagement with digital or mobile
content is to conceptualize interventions as motivational
affordances, such as gamification or digital nudging [40]. These
are artifacts designed to foster specific behaviors [25]. An
immediate behavioral outcome in our case would be increased
engagement with digital self-help resources or peer group
reflection. A distal outcome would be to move smokers from
the precontemplation to the contemplation stage by increasing
their RTQ.

The gamification approach [26], where game elements such as
points, leaderboards, or badges are integrated into nongame
systems, has already been extensively used in mobile apps
targeting smoking cessation [9]. Typically, around 65% of the
top 100 smoking cessation apps include some kind of reward
system, such as points or digital badges and trophies awarded
when milestones are reached (eg, number of days without
smoking) [9]. However, these systems primarily use these
mechanisms to encourage existing users to stay on the platform
and are not designed to engage new users. In this paper, we
want to address this gap by focusing on bringing new users to
the system.

Opportune Moment Prompting
One approach to bringing users to the system can be inspired
by digital nudging—a motivational affordance approach that
modifies a user’s choice to make certain behaviors more
attractive [41]. The idea with certain types of digital nudges is
to prompt users at opportune times to transition from one context
to another [23,42]. An example of such prompting is simply to
display push notifications on the phone, which indicate to users
that something is happening, for example, a message has been
received, a location reached, or a time limit exceeded. The
opportune timing of prompting is an important aspect [22].
These moments can be life events, where stopping smoking
could be linked to a health-related event such as a doctor’s visit,
pregnancy, or hospitalization [43]. However, there could also
be moments close to more mundane behavior. For instance,
road safety, reminding drivers to use their seat belts shortly
before they drive away, significantly increases seat belt
compliance in comparison to reminding drivers 5 minutes before
they drive away [44]. In the smoking context, a recent study
found promising results for face-to-face interventions in areas
where smokers gather to smoke (smoking hotspots) [45]. In this
paper, we build on these insights to investigate how a digital
artifact could prompt users at smoking hotspots without the
need for in-person interventions.

Ambient Transition Device
A promising approach to transition from a physical context,
smoking, to a digital context, accessing digital content, is the
use of ambient devices. An ambient device is a regular object
from physical space augmented through a digital artifact, which
can enhance awareness of digital activities [46]. In a
knowledge-sharing system, a connected aquarium was designed
to visualize digital contributions to motivate users to log in and
make their own contributions [24]. Similarly, in the
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energy-saving context, artistic screens connected to smart meter
data have been shown to increase awareness of energy
consumption and encourage energy-saving behaviors [47]. In
the medical domain, researchers provided patients with asthma
with an “Asthma Buddy” teddy bear [48]. In this system, simple
feedback is provided through the teddy bear, and more elaborate
data are displayed on a mobile app. We build on these previous
findings to hypothesize that a gamified ambient device at a
hotspot could help reduce the friction for smokers to engage
more with digital self-help and peer support. This increased
engagement will lead to progress in the process of stopping
smoking such as RTQ. Figure 1 illustrates our conceptual model.
The gamified intervention, implemented through connected

ashtrays in public smoking areas, acts as a playful and tangible
nudge toward 2 core evidence-based strategies, self-help and
peer support. We state our main hypothesis as follows:

• Hypothesis 1: Gamifying an ambient device at smoking
hotspots increases RTQ.

We argue that this increase can happen by increasing
engagement with self-help material and reflection among peers.
Formally stated:

• Hypothesis 2a: Gamifying an ambient device at smoking
hotspots increases engagement with self-help material.

• Hypothesis 2b: Gamifying an ambient device at smoking
hotspots increases engagement with peers.

Figure 1. Overview of the full conceptual model illustrating our hypotheses (H1, H2a, and H2b) and premises (P1 and P2). TTM: transtheoretical
model.

Methods

Overview
This research uses a user-centered design approach [49], which
incorporates elements of design thinking [50] and design science
research methodology [51,52]. The artifact’s design was guided
by practice and theory, with psychological and behavioral
outcomes used to measure its effectiveness. This project
involved an 18-month collaborative effort with a
multidisciplinary team of human-computer interaction and
information systems researchers, embedded systems engineers,
and partners from smoking cessation organizations. Co-design
workshops were conducted with these partners to understand
the issue and explore the design space before creating initial
prototypes. Then the design was evaluated in the wild in a field
study. The study takes a mixed method approach [53],
combining elements from a quantitative quasi-experimental
design setup with qualitative interview analyses. We adopted
a multimodal data collection approach [54], with survey data,
system logs, and interview transcripts.

Ethical Considerations
The regional ethics committee of the Canton of Vaud,
Switzerland (CER-VD) reviewed the study and determined that
it fell outside the scope of the Swiss Human Research Act
(Req-2022-01567); thus, no formal ethics approval was required.
At the beginning of the survey, participants were informed about
the purpose of the study, the voluntary nature of participation,
and their right to withdraw at any time without consequences.
Informed consent was implied by clicking “Next” to begin the

survey. Data were pseudonymized, stored securely on
access-restricted servers, and reported only in aggregate. No
direct financial compensation was provided; participants
completing both surveys were entered into a prize draw, while
interviewees received no compensation.

Smokwit System Design

Overview
To help young smokers in the precontemplation phase to
increase their RTQ, Smokwit leverages two evidence-based
behavioral support approaches directly at the smoking hotspot:
(1) self-help material and (2) peer group support. The first
approach, self-help material such as digital videos, can aid
smokers without needing outside assistance, and it is deemed
useful if it is tailored to individual smokers [55]. In the second
approach, which may be more effective [56,57], peers provide
mutual support and encouragement, either through a digital
forum [11] or during in-person group sessions.

At the center of the Smokwit system are connected voting
ashtrays, which act as ambient transition devices, providing a
link between the physical smoking hotspot and a mobile app,
which provides digital support (Figure 2). The interaction with
the Smokwit system can be described through 6 phases,
representing a typical user flow (Figure 3). The journey begins
when a smoker arrives at a hotspot and notices the connected
ashtray during the “smoking break starts” phase. In the
“connected ashtray engagement” phase, the smoker interacts
with the ashtray by reading reflective questions and scanning
a QR code to access additional digital resources, linking the
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physical and digital components of the system. The ashtray
presents a question (Table 1) along with 2 answer options, each
corresponding to a separate ashtray compartment. Smokers cast
their vote by placing their cigarette butt in the slot, which
reflects their answer. The questions were divided into 2 sets.
The first set aimed to capture individual smokers’ perceptions,
while the second set presented aggregated feedback from the
broader smoking community on each campus. At the hotspot,
smokers could also engage in peer discussions fostered by the

ashtray’s presence, creating opportunities for shared reflection
and mutual support. Scanning the QR code transitions the
smoker to the “mobile app engagement” phase, where they can
access self-help materials, coaching resources, maps, and
forums. The journey may continue into the “postsmoking
engagement” phase, where smokers further interact with the
mobile app. They can create an account to participate in forums,
analyze personal statistics, or contact support organizations.

Figure 2. The Smokwit system design concept includes the connected voting ashtray with a link redirecting users to a mobile app with digital support
materials.

Figure 3. Smokwit smoker journey represented by 6 phases: smoking break starts, ashtray engagement, mobile app engagement, peer group discussion,
smoking break ends, and postsmoking engagement.
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Table 1. Poll questions displayed on Smokwit ashtrays and the number of cigarette butts collected for each response from 1 hotspot.

Butts for option 2, nOption 2Butts for option 1, nOption 1SetPoll question examples

82No51Yes1I smoked this cigarette to give myself a boost

30Not great67Great1I found this cigarette ...

22No need!32I think so1This cigarette will help me focus

41≥50%20<50%2On Campus 1, what % of cigarettes are smoked to get a
boost?

16≥50%5<50%2What % of Campus 1 smokers actually enjoy cigarettes?

18≥50%10<50%2On Campus 1, what % of cigarettes are smoked to help
focus?

One of the main system design priorities for the user experience
was lowering friction. We focused on the solution’s simplicity
to ensure that anyone, regardless of prior experience or technical
proficiency, can become a potential user. To engage users with
self-help materials and group discussions, the system was
designed following Zhang’s [25] 5 key principles for creating
motivational affordances, which are design elements intended
to promote specific user behaviors. These design principles
(DPs) are (DP1) allowing autonomy and self-control, (DP2)
supporting competence and achievement, (DP3) fostering social
connections, (DP4) facilitating leadership and followership, and
(DP5) triggering emotions. Moreover, the system design
incorporates the Fogg Behavior Model [58], ensuring that all 3
essential elements as in motivation, ability, and behavior triggers
are present to support behavior change in cigarette addiction
effectively.

The Smokwit ashtray’s simple design eliminates the need for
advanced abilities or complex instructions, ensuring that the
system is intuitive and accessible to all users. Smokers can cast
their “vote” by placing their cigarette butt in the compartment,
which corresponds to their answer (DP1). This low physical
effort supports the ability component [58] by minimizing
barriers to engagement while simultaneously strengthening
motivation by fostering a sense of autonomy and ease of use.
Users are free to choose whether to participate and which ashtray
they want to interact with. The system is designed to support
competency and achievement (DP2) through a check-in
mechanism where scanning a new ashtray’s QR code unlocks
it in the mobile app and grants access to its statistics and forum.
The app displays both discovered and locked ashtrays on a
campus map and presents poll results, giving users a clear sense
of progress. This feature is designed to motivate users to go to
different places and engage in reflection both in person and
within the app’s forum (DP3). This incorporates facilitator

triggers, which reduce friction with spark triggers such as
gamified rewards and visible progress to prompt participation
in discussions [58]. When joining discussions, users create a
username and can upload an avatar; however, their true identity
is not required. Conversations are anchored in the ashtray’s
shared question and poll results, offering opportunities for
asynchronous peer reflection and social connections. The system
also provides experience points (XPs) to users who participate
in forum discussions to support the leadership or followership,
social comparison, aspect (DP4). These points are displayed
under the usernames in the forum, making active users more
visible to others and potentially encouraging further engagement
through subtle social referencing. This feature incorporates
motivational elements such as social acceptance [58]. Finally,
the system supports curiosity (DP5) with a bright yellow ashtray
that draws attention, a rotating set of reflective questions on its
display, and prompts to discover other ashtrays on campus.
These features initiate a pleasure motivator, a spark trigger,
which both arouse interest and motivate users to engage further
[58].

Connected Ashtrays
The Smokwit connected ashtrays (Figure 4) are based on
modified commercial voting ashtrays. A voting ashtray consists
of 2 compartments, each labeled with a distinct choice in the
form of a printed question or poll. In the Smokwit version of
the ashtrays, the paper has been replaced with a connected
e-paper screen, and sensors were installed on the inside of the
ashtray to allow the counting of cigarette butts in both ashtray
compartments. An ESP32 microcontroller unit is used to pilot
the e-paper screen, sensors, and Wi-Fi connectivity to (1) update
questions remotely and (2) send counted votes to the mobile
app. To make the ashtrays energy autonomous, they include a
10,000 mAh battery and a 6 W solar panel.
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Figure 4. Smokwit connected ashtray at the smoking hotspot.

Mobile App
The Smokwit mobile app (Figure 5) was developed as a
responsive web app. The mobile app provides self-help material
with tobacco prevention content as well as a coaching section,
where users can contact regional smoking cessation experts.
The main screen of the mobile app is the campus 1 map, on
which the Smokwit ashtrays have been geolocated. Each ashtray
has a scannable QR code. By scanning the QR code, the user
unlocks the ashtray on the mobile app and earns XPs. The
physical ashtray can be used independently; however, the app
enhances the experience by providing additional insights. When
scanning an ashtray, it unlocks it on the map by becoming
yellow. By unlocking the ashtray on the platform, the user
directly arrives at the ashtray page and has access to the digital
discussion forum associated with the ashtray’s current poll

question. Indeed, users can access this information without
registration. Open access promotes inclusivity and user
engagement, making it easier for individuals to join in forum
discussions and explore resources at their own pace. The user
is invited to comment on the poll question by leaving a message
or using emojis in the dedicated community section. Each action
is rewarded with XPs. Posting and reacting to messages require
an account, which can be created on the go by creating only a
username and password. A username is automatically generated
and suggested to the user to minimize friction and maintain
anonymity. When the ashtray is unlocked, the user can also
consult information regarding current and past polls as well as
additional statistics such as the daily and hourly inflow of
cigarette butts. There is an ashtray page for each Smokwit
ashtray.
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Figure 5. Smokwit mobile app with views of self-help material, a map showing connected ashtrays, and an example of the digital discussion associated
with a poll question.

Field Study
A field study was designed in the wild on 2 university campuses
to assess the impact of the Smokwit intervention on enhancing
smokers’ progress in their quitting process through their RTQ
(hypothesis 1) by fostering self-reflection (hypothesis 2a) and
peer support (hypothesis 2b).

Measures
To better understand the participants, in addition to age and sex,
we also inquire about the age the smokers started, if they were
smoking daily, and their number of previous attempts to stop
smoking as a preliminary measure of their desire to stop [59,60].

To assess the user experience and understand self-reflection
and peer support processes, we log activity on the mobile app

as well as the number of votes from the ashtrays. Furthermore,
to obtain more in-depth insights, we conducted semistructured
interviews with smokers exposed to Smokwit and experts from
smoking cessation organizations.

The selected metric to measure progress on the quitting smoking
process is the RTQ ladder [59] (Table 2). This provides a
graphic representation of the continuum of change, ranking
smokers’ RTQ smoking from 1 to 10. Level 1 for smokers
having no interest in quitting at all to level 10 for smokers who
have become permanent nonsmokers and who have little concern
that they will relapse. Levels 2 to 5 are precontemplators,
according to the TTM. Level 6 is equivalent to the contemplation
stage. Levels 7 and 8 indicate that the smoker is, respectively,
in the preparation and action stages, whereas level 9 indicates
maintenance.
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Table 2. Readiness to quit ladder with stages of change, their level equivalents, and descriptions.

DescriptionLevelStage of change

I have quit smoking, and I will never smoke again.10Termination

I have quit smoking, but I still worry about slipping back, so I need to keep working on living smoke-free.9Maintenance

I still smoke, but I have begun to change, for example, cutting back the number of cigarettes I smoke. I am
ready to set a quit date.

8Action

I definitely plan to quit smoking in the next 30 days.7Preparation

I definitely plan to quit smoking in the next 6 months.6Contemplation

I often think about quitting smoking, but I have no plans to quit.5Precontemplation

I sometimes think about quitting smoking, but I have no plans to quit.4Precontemplation

I rarely think about quitting smoking, and I have no plans to quit.3Precontemplation

I never think about quitting smoking, and I have no plans to quit.2Precontemplation

I enjoy smoking and have decided not to quit smoking for my lifetime. I have no interest in quitting.1None

Evaluation Setup

Overview
We conducted the field study on 2 university campuses
following a quasi-experimental design with a treatment (campus
1) and a control (campus 2) condition. We performed the study
in a campus setting because the student population would, by

design, consist of young adults, who are our target demographic.
Furthermore, in such contexts, students tend to smoke at the
same time, meaning during lecture breaks, which is prone to
group discussion. It is a quasi-experiment, as the participants
were the natural members of each geographically distant campus
of the same university and thus were not randomly assigned.
Table 3 gives an overview of the field study.

Table 3. Experimental phases with study groups and participant amount.

Phase 4 (June to November 2024):
postinterviews, n (%)

Phase 3 (January to March 2024):
postsurvey, n (attrition %)

Phase 2 (September to Decem-
ber 2023): intervention

Phase 1 (June to September
2023): presurvey, n (%)

10 (21)27 (43)Prevention day + 4 Smokwit
ashtrays

47 (65)Treatment

—a19 (24)Prevention day25 (35)Control

7 (—)———Experts

10 (—)46 (36)—72 (100)Total

aNot applicable.

Phase 1: Recruitment Pretest
Before the experiment began, we recruited participants by asking
smokers in various smoking locations on the 2 campuses for
their email addresses. A total of 119 participants registered for
the study, and 72 fully completed the presurveys (47 for the
treatment and 25 for the control conditions). Two researchers
developed the survey and pretested it in collaboration with
regional smoking cessation experts (Cipret Neuchâtel). It
included 9 items on demographics, smoking habits, and the
literature-validated RTQ scale, which participants completed
in approximately 6.50 (SD 7.08) minutes.

Phase 2: Intervention
The intervention phase lasted 3 months. It began with a smoking
prevention day on both campuses, led by 2 experts from a local
smoking prevention organization (Cipret Neuchâtel). The event
featured a free information stand aimed at encouraging
participants in both conditions to consider quitting and providing
contact information. This setup was designed to reduce the risk

of social desirability bias by giving participants on both
campuses a sense of being part of an experiment. During the
entire intervention phase, 4 Smokwit ashtrays were deployed
only on campus 1 (the treatment condition). Each Smokwit
ashtray showed a different poll question, and the polls were
updated every 3 days. In total, 70 poll items were created. The
first set of 35 poll questions (ie, set 1 in Table 1) aimed to gather
community data (eg, “I smoked this cigarette to give myself a
boost,” yes or no). The second set of 35 poll questions (ie, set
2 in Table 1) aimed to raise awareness about consumption and
encourage contemplation on quitting smoking (eg, “On Campus
1, what % of cigarettes are smoked to get a boost?,” <50% or
≥50%). Every butt tossed into a Smokwit ashtray was detected
by sensors and considered for the poll question statistics. Figure
6 illustrates the number of cigarette butts tossed weekly
alongside the number of sessions on the mobile app. These data
indicate that smokers were more active in the early weeks of
September. Reduced smoking activity happened when the
weather gets colder, and this has been observed previously [61].
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Figure 6. Number of cigarette butts collected by ashtrays and number of active sessions on the mobile app.

Phase 3: Postsurvey
The postsurvey included the same questions on smoking habits
and RTQ as presurvey. A survey was sent to all participants
after the experiment in mid-January 2024, with a follow-up
email in late February. The postsurvey was fully completed by
46 valid participants who also completed the presurvey (27 in
the treatment condition and 19 in the control condition). This
took on average 5.30 (SD 2.06) minutes to complete.

Phase 4: Postinterviews
We conducted 2 rounds of follow-up interviews with participants
to understand user experience and long-term impressions. The
first round was conducted in June 2024 with 5 participants, and
the second one in November 2024 with 5 additional participants.
We invited participants who had completed both pre- and
postsurvey and expressed interest in a follow-up interview.
Through these interviews, we sought to understand motivations,

barriers, and decision-making processes, providing deeper
insight into their behavior and perceptions of the system.
Furthermore, in November 2024, we interviewed 7 smoking
cessation experts to gather their professional feedback.

Results

Overview
Hereafter, we present the quantitative results of the
quasi-experiment. We conducted all analyses using Python
scripts, which are available alongside the datasets in Multimedia
Appendix 1. The demographics and smoking habits are
presented in Figure 7 and summarized in Tables 4 and 5. They
show that the participants belong to the demographic that we
planned to address, namely, mainly young adults in their 20s,
who are in their precontemplation phase when it comes to
stopping smoking.

Figure 7. Presurvey results for demographics, smoking habits, and readiness to quit (treatment group: n=46 and control group: n=27).

Table 4. Summary statistics for treatment and control groups (n=46) collected in presurvey from participants who completed both pre- and poststudy
surveys.

Control (n=19), n (%)Treatment (n=27), n (%)Variable

13 (68)13 (48)Female

0 (0)1 (4)Other

17 (89)21 (78)Daily smoker
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Table 5. Descriptive statistics for age, age smoking start, number of quit attempts, readiness to quit (RTQ) in presurvey, and RTQ in postsurvey for
treatment and control groups.

Control groupTreatment groupVariable

25%, 50%, 75%RangeMean (SD)25%, 50%, 75%RangeMean (SD)

22, 24, 3119-4927.37 (8.72)22, 25, 3319-5930.00 (11.73)Age (years)

15, 17, 1712-2116.42 (2.06)15, 16, 1814-2016.59 (1.74)Age smoking start (years)

0, 1, 1.50-40.89 (1.10)0, 1, 20-5.51.52 (1.47)Number of quit attempts

4, 5, 53-84.95 (1.51)4, 4, 51-84.37 (1.36)RTQ (pre)

4, 4, 53-105.00 (1.83)4, 5, 81-105.67 (2.62)RTQ (post)

In terms of interaction with the Smokwit system, the QR codes
on the ashtrays were scanned 245 times. Based on session IDs,
we could account for 74 people with an average interaction
duration of 2 minutes and 11 seconds (SD 70 seconds). The
ashtrays’ webpages were viewed 2409 times, with a mean of
50.9 (SD 35.0) views per user and an average length of
engagement of 59 (SD 36.1) seconds. The page containing
self-help material was viewed 44 times, with a mean of 3.67
(SD 1.57) views per user and an average length of engagement
of 20 (SD 7.54) seconds. This use is in line with what could be
expected with the number of participants in the treatment group
(77 people in the beginning and 46 at the end).

Attrition Rate
The overall attrition rate of the study was 36% (n=46), with
24% (n=19) in the control group and 43% (n=27) in the
treatment group. This attrition rate is rather high and common
in smoking cessation studies over several months, where attrition
rates have been found to be as high as 77% [62] and even 90%
[37]. Nevertheless, it is important to understand that this attrition
might have created an imbalance in the sample and potentially
introduced bias. We assessed if there was a statistical difference
between participants who provided full answers to both surveys
(n=46) and those who only answered the presurvey (n=72)
across all measures taken in the presurvey (sex, age, age
smoking start, group, number of quit attempts, and RTQ). The
sample was balanced, although 2 motivation-related variables
showed marginally significant outcomes. Smokers with more
quitting attempts (t25=1.81; P=.08) and higher RTQ scores
(t25=1.79; P=.08) may have left the study more often than those
with lower RTQ scores and fewer attempts to quit. The results
suggest that, even if such imbalances exist, the primary target
population of this study, namely, individuals in the early stages
of their smoking cessation process, has been retained in the
sample. Nevertheless, future studies with larger samples should
replicate our findings to ensure that attrition bias did not modify
the results.

Ambient Gamification and RTQ (Hypothesis 1)
To test hypothesis 1, we analyzed whether the Smokwit
intervention increased participants’ RTQ compared to a control
group. A linear mixed effects model was used with restricted
maximum likelihood estimation [63]. The model included time
(pre or post), treatment (Smokwit vs control), and their
interaction, along with relevant covariates: sex, age, number of
quit attempts, age smoking start, and smokes daily. A random

intercept was included for each participant to account for
individual differences in baseline RTQ.

The results (Table 6) show a possible interaction effect (Figure
8) between time and treatment: when controlling for all other
variables, participants in the treatment group showed a potential
greater increase in RTQ scores compared to the control group
after the 3-month experiment (b=1.33; z=1.91; P=.06). Even
though the result is close to statistical significance, it does not
reach it. This finding hints at possible support for hypothesis 1.

The effect size for this interaction, measured using Cohen f2,
was 0.04, representing a small effect size according to
conventional benchmarks [64]. While modest, such effects are
typical and meaningful in behavioral science and digital health
research [65]. To evaluate model fit, we computed the marginal

and conditional R2 values. The marginal R2 (variance explained

by fixed effects) was 0.27, and the conditional R2 (fixed +
random effects) was 0.38, indicating that both predictors and
individual variability contributed meaningfully to the variance
in RTQ. The results indicate no significant association between
RTQ and sex or the age of smoking start.

Additionally, the results show that the number of past quit
attempts is positively associated with RTQ (b=0.60; z=3.81;
P<.001), and daily smokers reported lower RTQ scores than
nondaily smokers (b=–1.07; z=–1.99; P=.047), meaning that
the higher the number of previous quit attempts, the higher the
smoker’s RTQ, and the more a smoker smokes, the lower their
RTQ. Furthermore, the results also show a negative marginally
significant trend (b=–0.04; z=–1.83; P=.07), indicating that
younger smokers may have a higher RTQ than the older ones.

Note that the results also indicated a potential imbalance in the
baseline sample when controlling for the other variables, because
the main effect of treatment was significant (b=–1.09; z=–1.97;
P=.049) when pooling pre- and postresults together. This means
that the treatment group may have had a lower baseline RTQ
than the control group. Figure 8 visualizes these results.

To further investigate the difference between pre- and postlevels
of RTQ in both conditions, we conducted a complementary
paired sample for each group. In the treatment group, RTQ
scores increased significantly from pre- to postintervention (pre:
mean 4.37, SD 1.36; post: mean 5.67, SD 2.62; t26=2.72; P=.01),
with a medium effect size (Cohen d=0.52). Conversely, the
control group showed no significant change (pre: mean 4.95,
SD 1.51; post: mean 5.00, SD 1.83; t18=0.11; P=.91; d=0.03).
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A post hoc power analysis based on the observed effect size
(d=0.52) and sample size (n=27) indicated a power of 0.74 to
detect the change in RTQ, which is close to the conventional
threshold of 0.80 [64]. This suggests that while the study may
be slightly underpowered, the observed effect is meaningful
and warrants further investigation with larger samples.

Taken together, these results cautiously support hypothesis 1:
ambient gamification through the Smokwit device may help
increase RTQ among young adults; however, future studies
with larger samples are needed to confirm the robustness of this
effect.

Table 6. Results of the mixed linear model regression on readiness to quit scores.

95% CIP valuez scoreCoefficient b (SE)Effect

3.71 to 11.66<.0013.787.69 (2.03)Intercept

–0.99 to 1.09.920.100.05 (0.53)Time (post)

–2.16 to –0.01.049–1.97–1.09 (0.55)Treatment

–0.03 to 2.70.061.911.33 (0.70)Treatment over time (interaction)

0.29 to 0.91<.0013.810.60 (0.16)Number of quit attempts

–0.30 to 0.13.42–0.81–0.09 (0.11)Age of smoking start

–2.12 to –0.02.047–1.99–1.07 (0.54)Smokes daily

–0.14 to 1.49.101.630.68 (0.42)Sex (male)

–0.08 to 0.00.07–1.83–0.04 (0.02)Age

———a0.45 (0.34)Group variance

aNot applicable.

Figure 8. Visual representation of the interaction effect between time and group on readiness to quit scores with 95% CIs.

Qualitative Analysis (Hypothesis 2a and Hypothesis
2b)

Overview
To gain additional insights into the user experience with
Smokwit, we conducted interviews with 10 participants and 7
smoking cessation experts. We conducted semistructured
interviews with 10 participants (Participant 1-Participant 10)
from the treatment group between 6 and 9 months after the end
of the study. These interviews focused on four key themes: (1)
interactions with the ashtrays, (2) self-reflection, (3) peer
support, and (4) user feedback. The discussions explored
participants’memories of the study, including their interactions
with the ashtrays, the system, and other smokers, as well as
their smoking habits and suggestions for improving the

intervention. Additionally, we presented our project at the Swiss
Association for Tobacco Control (AT Switzerland) Conference
2024, where we collected feedback from 7 smoking cessation
experts (Expert 1-Expert 7) on our system.

We followed a qualitative data analysis via a general inductive
approach [66]. Interviews were audio-recorded, transcribed
uniformly, and reviewed multiple times to identify recurring
patterns and derive significant themes.

Ashtrays Interactions
The interviews revealed that participants found the Smokwit
ashtrays’ questions engaging, particularly at the beginning of
the intervention. Participant 1 remarked, “I liked these questions,
not all of them, but often, they were funny. They made me
laugh,” highlighting the positive reception to the reflective
prompts. Participant 3 also described the questions as highly
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engaging and innovative, noting how they encouraged smokers
to reflect on their habit. Similarly, Participant 4 appreciated the
weekly changing questions, which sparked curiosity and led to
meaningful reflections on smoking habits. The gamified and
humorous design of the questions was central to sustaining
participants’ interest and stimulating self-reflection. Participant
5 highlighted the ashtrays’ visibility, noting their “super visible
yellow” color, which made them accessible and noticeable on
campus. Participant 9 and Participant 8 also remarked on the
ashtrays’ appealing design, describing it as “hard to miss” and
“innovative and engaging, especially during the initial weeks
of use.” The ashtrays managed to attract attention beyond
smokers, as Participant 3 observed, “We were all going to see
the question, even non-smokers were going to see.” However,
this broad appeal diminished over time as the novelty wore off,
as Participant 3 noted, “At first, it was attractive, but afterward,
I think they didn’t change the questions every day.” Practical
challenges, such as crowding during peak hours, also reduced
engagement, as Participant 10 explained, “The voting process
sometimes felt crowded, which could have discouraged
participation.” Experts empathized with the nonintrusive nature
of the ashtrays, noting their passive presence in smokers’
environments. Expert 2 remarked, “I like the passive side of the
object. It is present in the smoker environment, but it is not
intrusive,” which allowed participants to engage without feeling
pressured. Expert 1 highlighted the ashtrays’ potential for
workplace deployment, suggesting that companies could use
them to gather data and justify targeted interventions. Expert 6
further noted, “Smoking prevention centers would be able to
use these ashtrays as an extra tool prior to traditional in-person
meetings and hold discussions on various subjects depending
on the information gathered.” Expert 7 recommended testing
the ashtrays in public spaces such as bus stops to evaluate their
effectiveness in diverse contexts, “It could be interesting to test
it on bus stops also.” These suggestions highlight the flexibility
of intervention design for alternative environments. Despite
challenges such as diminished novelty and logistical issues, the
intervention successfully sparked curiosity and reflection among
participants. The ashtrays’ design and passive approach made
them a versatile tool, with potential apps extending beyond
individual behavior changes to organizational and community
contexts.

Self-Reflection
The interviews revealed that the Smokwit system fostered
self-reflection, disrupting habitual smoking behavior. The
questions posed by the ashtrays prompted smokers to think more
critically about their habits. As Participant 1 remarked, “it
(ashtray) makes you think, yes, think about what you’re doing,”
while Participant 2 emphasized, “It makes smoking more
conscious.” These prompts heightened awareness and
occasionally sparked discussions about the broader implications
of smoking, as observed by Participant 10. Participant 4
highlighted the intervention’s dual impact, stating, “It’s true
that these are not necessarily reflections that we usually ask
ourselves.” By encouraging such reflections, the ashtray helped
participants reconsider their behaviors and the broader
implications of their smoking habits. Participant 3
acknowledged, “It (ashtray) told me even more that I should

quit smoking,” suggesting that while the ashtrays did not directly
reduce smoking, they reinforced the motivation to stop. This
indicates that the intervention planted seeds of change, providing
a foundation for future behavior modification. The gamified
aspect of the ashtrays, such as combining playful and
thought-provoking questions, further stimulated self-reflection.
As Participant 10 remarked, “I liked the fact that it was a bit
playful. And then, it made us think, so they were surely good
questions.” However, Participant 6 noted that without frequent
updates, the questions became less relevant over time.
Participant 2, who initially felt uncomfortable with the ashtrays’
focus on her smoking habit, engaged indirectly through
discussions with colleagues who had interacted directly with
the system. Even by indirect engagement, her smoking became
more conscious, demonstrating the ashtrays’ broader impact on
mindfulness. Although participants reported limited immediate
changes in their smoking behavior, the intervention reinforced
awareness and the desire to quit. Experts emphasized the
ashtrays’ ability to disrupt smoking rituals, prompting deeper
reflection. Expert 3 explained, “Smoking is seen by smokers as
a ritual. Intervening during the ritual is absolutely fantastic and
has, in my opinion, great potential. It also breaks the routine.”
External stressors, such as life challenges and academic pressure,
influenced participants’ engagement with reflective prompts.
Participant 3 mentioned going through a particularly difficult
period, which may have impacted both smoking habits and
engagement with the ashtrays: “We’ve always got excuses, so
you had put them (ashtrays) in July, you had put them in
whenever. It would all be the same. I had a lot of problems at
that time, it would not change anything,” highlighting the impact
of personal difficulties on the intervention’s effectiveness.
Participant 7 similarly emphasized, “Quitting is harder than
reflecting, it’s the execution that counts.” Additionally,
Participant 5 pointed out that academic stress often led students
who did not normally smoke to resume during high-pressure
periods, such as examinations. These insights suggest that while
immediate behavior change was limited, the intervention laid
the foundation for future efforts by increasing awareness and
prompting critical self-reflection. By encouraging smokers to
think more critically about their habits, even amid external
stressors, the Smokwit system shows promise as a long-term
catalyst for change. These findings provide some qualified
support for hypothesis 2a.

Colocated Peer Support on Smoking Hotspots
Our results show that the Smokwit system fostered peer support
and facilitated meaningful discussions among smokers. The
intervention encouraged conversations about smoking cessation,
helping smokers build a support network. Participant 1 shared,
“We talked a little about our experiences. Of our attempts to
quit,” illustrating how the ashtrays encouraged smokers to share
their personal experiences and reflections. The gamified
elements of the ashtrays, such as the changing questions and
the visible, playful design, served as conversation starters,
breaking down barriers and making it easier for smokers to
engage with one another. According to Participant 10, the
ashtrays “sparked meaningful debates among colleagues about
smoking,” while Participant 9 noted, “The ashtrays encouraged
casual debates among smokers, sometimes involving
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non-smokers too.” These interactions fostered a sense of
community, as observed by Participant 4: “And then the
interactions we can have with the smokers around.” Experts
emphasized the strength of leveraging smoker communities for
behavior change. Expert 3 explained, “A smoker community is
felt by the smokers as an entity. Acting in the community itself
is a real strength of the project. Smokers in the community will
talk with each other and are influenced by each other.” Expert
6 suggested that the ashtrays could be deployed in workplace
settings to facilitate discussions before formal interventions,
stating, “Smoking prevention center could use these ashtrays
to promote dialogue around smoking behaviors and cessation
efforts prior to in-person meetings.” Expert 7 proposed that
using ashtrays over an extended period before interventions
would help target those most willing to engage in cessation
programs. The ashtrays promoted social connections and
collective reflection, creating a supportive environment, which
encouraged participants to reconsider their smoking habits.
Participant 4 mentioned that the ashtrays often led to small
debates, reinforcing the collective effort to rethink smoking
behaviors. Similarly, Participant 3 observed that both smokers
and nonsmokers were drawn to the ashtrays, leading to some
level of interaction and conversation, although this later declined
as the novelty wore off.

By facilitating conversations and fostering social connections,
the Smokwit system showed potential in influencing attitudes
concerning smoking within the campus community. These
findings suggest that the intervention not only supported
individuals but also laid the groundwork for a more collaborative
approach to addressing smoking habits, providing some qualified
support for hypothesis 2b.

User Feedback
Participants offered valuable suggestions for improving the
Smokwit intervention. Participant 1 and Participant 10 proposed
extending the playful voting system using cigarette butts, which
Participant 10 described as “a simple yet engaging mechanism.”
Participant 9 and Participant 5 proposed expanding the forum
functionalities by creating a dedicated space for smokers to log
their reflections digitally, emphasizing that “a platform for
shared experiences could boost long-term involvement.”
Participant 9 suggested enhancing engagement by offering
rewards following interactions with the ashtray, such as
displaying live statistics not only within the mobile app but also
directly on the ashtray screen. To keep the content relevant,
Participant 3 highlighted the importance of updating questions
more frequently and incorporating humor. Technological
challenges with the app were sometimes a concern. Participant
6 and Participant 1 experienced difficulties scanning QR codes
due to outdated smartphones, while Participant 7 and Participant
8 preferred direct interactions with the ashtray over using a QR
code. Participant 7 noted, “Taking out the phone and scanning
the QR code, even if it’s only two minutes, can be a hindrance,”
and Participant 8 added, “Interacting directly with the physical
object would be more immediate and engaging.” Experts
recommended tailoring ashtray questions to different stages of
behavioral change and integrating self-management tools. Expert
1 remarked, “It could be a good idea to have a similar kind of
artifact for sugar and alcohol but also other forms of

tobacco/nicotine consumption.” Expert 5 highlighted the value
of deploying ashtrays in diverse settings, such as universities,
to compare results across demographic groups, noting, “I would
like to have this ashtray at the university where I work to
compare the results between different types of cultural
backgrounds.” Both participants and experts offered constructive
feedback for improvement, offering a clear path for refining the
Smokwit intervention. By addressing these technological
opportunities and incorporating feedback, future iterations of
the Smokwit intervention can become more engaging and
impactful.

Discussion

Principal Findings
The results provide tentative support for the fact that including
a gamified ambient object—a connected voting ashtray—at a
smoking hotspot visited by young adults can complement
existing evidence-based interventions and lead to increased
RTQ among this demographic. Our findings align with previous
research, which shows that simple interventions can potentially
yield positive results [6,34]. Our controlled quasi-experiment
results indicate a potential tendency for participants in the
treatment condition to progress from the precontemplation to
the contemplation stage, which could potentially lead to an
increase in RTQ compared to the control condition (hypothesis
1). This tentative result may represent an early indication of the
intervention’s potential to motivate change in young smokers,
though its significance needs investigation in larger samples.
While previous research has shown promise for in-person
interventions at the smoking hotspots to leverage the act of
smoking as an opportune moment to incentivize change [45],
our research extends these findings by showing that ambient
objects could be used as transitional devices. Although this
study extended over 3 months and included follow-up interviews
at 6 and 9 months, future research should aim to replicate and
extend these findings in studies with longer durations and larger
sample sizes. This would help clarify the role of novelty effects,
the influence of community dynamics, and participants’ongoing
progress in the smoking cessation journey. Building on our
work, future studies could also use path analysis to test the
underlying conceptual model and examine both direct and
indirect effects of the intervention components.

Characteristics of the Target Population
The Smokwit intervention focused on young adults, aged 18 to
35 years, an important and understudied demographic. Indeed,
smoking initiation often occurs before 21 years [17], and young
adults tend to remain in the precontemplation stage longer due
to lower perceived risks [45]. By embedding gamified ashtrays
in habitual smoking environments, the intervention facilitated
reflection and dialogue without requiring formal participation.
The gamified intervention was tailored to young adults with
gamification and fun poll questions, which were appreciated
by participants. Although the study targeted young adults,
participants older than 35 years of age were not excluded,
reflecting the diversity of real-world smoking environments.

In our qualitative analysis, stress emerged as a key influence
on smoking behaviors, with participants citing academic
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pressure and personal challenges as triggers. This is aligned
with previous findings, which list smoking urges and stress as
smoking triggers [67,68]. Participants often indicated that life
challenges, such as academic or personal stress, played a role
in their smoking patterns and their engagement with the
intervention. Future work could aim to better understand the
role of stress in the outcome of such interventions and how they
could be designed to better cater to this characteristic.

Ambient Interaction
Interaction analyses and interviews shed light on the
mechanisms, which led to this outcome. First, the connected
ashtrays, with their thought-provoking questions and gamified
features, led participants to engage with the digital material by
scanning the QR codes. The qualitative data suggest that the
engagement with the ambient object played a critical role in
raising awareness about smoking behaviors and encouraging
self-reflection (hypothesis 2a). This aligns with previous
research in other contexts, which showed the use of an ambient
object to transition from physical to digital environments [24].
This also aligns with literature suggesting that behavior change
apps should be designed to give users maximum control over
their level of engagement and disengagement [69]. In this study,
the Smokwit ashtray acted as a passive entry point into the
digital intervention. Participants did not need to sign up or
commit to a program to begin reflecting on their behavior.
Instead, smokers encountered provocative, low-effort prompts
in a familiar space, which encouraged casual interaction. This
dynamic encouraged ongoing self-assessment, even among
those not actively seeking to quit, and appeared to contribute
to increased RTQ over time. This approach differs from typical
behavior change apps, which rely on continuous digital
engagement [70]. In Smokwit, a minimal physical interaction,
voting with a cigarette butt, initiated a reflective process and
offered a seamless path into digital support. Future research
could investigate how to deepen these interactions directly at
the smoking hotspot. For instance, integrating chatbots into the
ashtray’s interface could increase playfulness and interaction
while reducing friction to access self-help material [59].
Moreover, they could contribute to increasing emotional
attachment to the system and potentially motivation to change
behavior [71]. One participant mentioned that even though she
felt the intervention was positive in the end, it could come across
as moralizing. This could be problematic, as it might create
reactance and backfire [72]. Future work should clarify how
widespread this feeling is and how design strategies can mitigate
unintended negative effects.

Sense of Community
Our findings align with previous literature, supporting that
engagement in digital smoking cessation communities is
positively associated with the process of change [8]. While
face-to-face peer groups have long been recognized as effective
for fostering behavior change [32], this study extends that
understanding by demonstrating the unique value of
spontaneously formed, physically colocated peer groups. These
groups emerge naturally at smoking hotspots, therefore
eliminating the need for individuals to actively register or join
formal programs. By delivering the intervention directly to

smokers in their habitual environments, this approach reduces
many of the typical barriers associated with participating in
structured peer-support programs and leverages a gamified,
spontaneous design to encourage engagement. Smokers may
find it easier to make changes in their own lives if they are
encouraged to share their experiences in digital communities
dedicated to quitting smoking [8], but also in real-life, directly
at the smoking hotspot. The ashtrays not only facilitated
individual self-reflection but also promoted social interactions
among smokers (hypothesis 2b). The gamified questions
functioned as conversation starters, enabling smokers to discuss
their experiences and challenges in real time, directly at the
smoking hotspot. This sense of community fostered through
the intervention may have reinforced participants’ RTQ by
providing social support, an essential component in the process
of behavior change [6]. Initiatives such as Weight Watchers
have shown that “the magic of the meeting” has long been seen
as an effective means of enhancing behavior [32]. Future work
should explore how these spontaneous peer groups could be
sustained over longer periods and investigate the mechanisms
underlying their formation and effectiveness. Additionally,
future research could examine the interplay between the various
components of this intervention, including the app, forum,
information, and ambient devices, as well as the influence of
the implementation context. The context in which the
intervention is deployed may mediate the sense of community
it fosters, which is critical for its success [73].

Implications for Practice
Smokwit facilitated discussions among campus smokers about
the intervention and, to some extent, quitting smoking. The
physical-digital integration, combining ashtrays at smoking
hotspots with a mobile app, engages young smokers in both
physical and digital environments. This approach increases
accessibility and encourages spontaneous peer support by
enabling interactions at familiar locations while providing digital
resources and community forums without time and space limits.
Moreover, it also improved the RTQ.

The findings from this study, informed by participants’
experiences and smoking cessation experts’ feedback, suggest
several practical strategies for designing and implementing
smoking cessation interventions. First, embedding interventions
in habitual environments, such as smoking hotspots, fosters
spontaneous peer groups. This approach encourages immediate
social support and organic discussions about smoking behaviors.
Second, tailoring intervention content to align with different
stages of behavioral change enhances relevance and
effectiveness, particularly when paired with gamified elements,
which sustain engagement. To address varying user preferences,
digital tools such as web platforms for sharing reflections can
complement physical interventions and encourage long-term
involvement. Experts highlighted the ashtrays’ passive and
accessible design, which reduces barriers to participation and
makes them suitable for diverse settings, including workplaces,
bus stops, and public spaces. The ashtrays’ ability to collect
data while engaging participants underscores their potential for
broader applications in other contexts. These insights emphasize
the importance of integrating interventions into users’ daily
routines and combining physical and digital elements to
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maximize accessibility and impact. Future research could further
explore how such an intervention could leverage context
particularities to increase engagement. For instance, research
could investigate if social mechanisms such as competition
between groups or reciprocity could be used to foster higher
peer support or a sense of community around a digital
intervention. Such refinements could improve RTQ and deepen
the intervention’s long-term impact.

Limitations
This research is not without limitations. First, as with other
experiments performed in the wild over several months, sample
decline and potential differences between conditions (campus
1 and campus 2) might be beyond the researchers’ control. To
address these sample differences, we controlled demographic
characteristics such as age and sex in the analysis. However,
other factors may still have influenced the outcome. Second,
the intervention included several aspects of gamification, such
as initial prompts (the poll questions), a treasure hunt feature
(finding other ashtrays), and status (the XPs), making it
challenging to isolate the effects of individual components.
Third, while the ashtrays initially attracted significant attention,
engagement declined over time. The reason for this cannot be
clearly identified because it could be due to the waning of the
novelty effect or lower smoking activity during cooler months
to name 2 potential reasons. Future studies could aim to better
understand optimal timing and durations for such interventions.
Finally, external factors such as personal challenges and
academic stress further moderate the intervention’s effectiveness
on smoking behavior. The postintervention interviews
demonstrated that the Smokwit ashtrays positively affect
smokers’ awareness and social interactions regarding smoking.
Although the immediate impact on smoking behavior was
limited, the intervention raised consciousness concerning
smoking habits and sparked discussions about quitting,
providing a foundation for future enhancements, which could
further amplify the intervention’s effectiveness and reach. It is
important to note that the higher education context of the study

may limit generalizability, because participants were more likely
to adopt technology than the general population. Finally, the
RTQ scale relied on self-reported data, which may be subject
to social desirability bias. Additionally, the postsurvey timing
at the beginning of the year, from January 17 to March 5, 2024,
coincided with the “New Year’s Resolution” effect, which may
have inflated RTQ scores. While these overestimations likely
affected both conditions similarly, it cannot be excluded that
one condition was more susceptible to these biases than the
other.

Conclusions
In this study, we investigated how a gamified ambient
intervention called Smokwit deployed directly at a smoking
hotspot could help smokers progress at the early stage of their
smoking cessation process. This is a crucial public health issue,
as this demographic represents the largest tobacco consumer
base. Our approach was designed to complement existing
evidence-based interventions and act as an entry point toward
self-help material and peer support. We designed gamified
voting ashtrays, which would engage smokers at the smoking
hotspot and lead them to discuss with each other and access
digital material, leading them to increase their RTQ. The
qualitative results of our field experiment showed that the
intervention did indeed foster digital interaction and discussions
among peers. Furthermore, our quantitative analysis provided
preliminary evidence that smokers in the intervention condition
may have experienced a greater increase in RTQ, more than
those in the control group, although the statistical strength of
this observation remains limited. Overall, these findings are
encouraging and indicate that well-designed digital interventions
can potentially act as important complements to existing
interventions, driving significant behavior change and promoting
healthier lifestyles within the campus community. Despite
encouraging trends, the study’s limited power necessitates
cautious interpretation of the results. These preliminary findings
should be confirmed in future trials with larger and more
balanced samples.
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Abstract

Background: In-hospital fall prevention is a complex phenomenon most efficiently addressed via a wide range of multifactorial
interventions. Technology may contribute, but research in this field has so far mainly focused on detecting falls. As a result, new
knowledge from a system perspective is needed regarding when and how new technologies may support fall prevention among
patients who have been hospitalized.

Objective: This study aimed to explore and describe clinical practices in an acute orthopedic hospital ward for fall prevention
from a system perspective; determine the needs and possibilities related to support for clinical practices for fall prevention; and
test whether a framework for studying interactions between people, activities, contexts, and technologies can be used to support
observations of complex phenomena such as clinical fall prevention.

Methods: This qualitative study followed the principles of human-centered design while combining focused ethnography with
a workshop. Eight health care professionals representing different staff categories in an acute hospital ward of an orthopedic
clinic participated in on-site interviews or were observed in their clinical practice. Data from these events were subjected to
qualitative content analysis to describe the clinical practices for fall prevention observed in terms of people, activities, context,
and tools. In a workshop, a larger group of clinic personnel provided their views on fall prevention, described the activities and
tools they observed to prevent falls, and discussed needs for further support.

Results: This study determined that health personnel considered fall prevention in all their interactions with patients, which
included a wide range of activities for fall prevention wherein staff categories played complementary roles. These staff-patient
meetings were goal oriented, responsive, and patient centered. The staff often served as key “tools” in assessment, communication,
and coaching, while digital tools (mainly computer-based software programs) were used for information retrieval, documentation,
and communication. The personnel worked to prevent patient falls both during hospitalization and after discharge. They believed
that the long-term perspective was much more difficult to address in their clinical practice, and they expressed a need for more
homelike environments in the hospital.

Conclusions: The view on technology-based in-hospital fall prevention can be broadened not only to mainly include monitoring
and alarm systems, information systems in general, or computer-based information in particular systems but also to support
activities performed by health personnel that engage patients in fall prevention. For example, tools such as these can be implemented
in training involving daily activities and mobility within safe yet more homelike clinical contexts.

(JMIR Hum Factors 2025;12:e73110)   doi:10.2196/73110
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Introduction

Background
Falls are the most common adverse event reported in hospitals
[1,2]. In-hospital falls may be effectively prevented by
multifactorial interventions, but this may apply mostly to a
subacute setting [3], and the interventions’ content can vary
widely [4]. Home hazard minimization has been proven to
reduce the number of falls among older patients recently
discharged from hospitals, particularly if they had a history of
recent falls [5]. However, interventions effective in preventing
falls among older adults in general are not automatically
transferable to this group [5]. So far, research on
technology-based fall prevention [6] has mainly focused on
systems for older adults living in the community [7] and resulted
in few implementations in real-world situations. A systematic
review of health technologies, which are defined as “...the
application of organised knowledge and skills in the form of
devices, medicines, vaccines, procedures and systems developed
to solve a health problem and improve the quality of lives” [8],
identified that highly heterogenous multicomponent or
multifactorial interventions were most common in hospital
settings, followed by technical devices to detect falls [9]. A few
examples of fall detection technologies have been tested with
patients [10-13], but most of them were emerging technologies
that had not yet been tested on patients beforehand [9].
Nevertheless, an artificial intelligence–based motion alarm that
notifies health personnel of fall risk situations has recently
proved promising for in-hospital fall prevention [14]. To enable
new complementary fall prevention technologies to evolve, a
system perspective on fall prevention is needed.

Prior Work
Previous studies on in-hospital fall prevention from a system
perspective include the literature review by Taylor and Hignett
[15], which analyzed risk factors and interventions to prevent
in-hospital falls based on human factors and ergonomics. This
review also presented a model describing the complex interplay
between organizations, people, and environments related to
in-hospital fall prevention [15]. The importance of human factors
and ergonomics in the design of health care environments to
support well-being and high performance has also been
advocated by Hignett [16] and Hignett and Masud [17]. Through
ethnographic observations and interviews of older persons on
the subject of orthopedics in hospital wards, Mcvey et al [18]
studied interactions between hospital staff and patients who
have been hospitalized with cognitive impairments to engage
patients in fall prevention. Mcvey et al [18] determined that
patients who engaged with staff regarding fall prevention were
able to express their needs and, to a certain extent, collaborate
with the staff on fall prevention. The positive impact of patient
and care team partnerships regarding fall prevention was also
observed by Dykes et al [19] in their evaluation of the tailored
prevention of inpatient falls tool. This tool, whose usability and
patient centeredness have been improved in an iterative

user-centered design process [20], clearly illustrates the
importance of human factors in fall prevention. Similarly,
Bianco et al [21] determined that insufficient dialogue with
older adults about their personal goals results in the development
of stigmatizing solutions for fall prevention that will not be
accepted and implemented by the older users. Older adults’
experiences and perceptions of digital technologies for
home-based fall prevention have also been investigated in a
field study by Ogonowski et al [22]. This study concluded that
the self-monitoring of results and self-assessment of fall risks
made the system valuable and motivating for the users and that
the successful integration of the system into daily life could
increase the users’ quality of life, technical confidence, and
awareness of measures for fall prevention [22].

The system perspective is also essential in human-centered
design (HCD), which supports systems design based on human
needs and functions from a holistic point of view [23]. HCD
has been widely used in health research and innovations [24],
such as in systems designed to prevent falls by assessing a
person’s balance [25] and fall risk [26]. An essential part of
HCD is developing activities to understand and specify the
context of use, defined as “the combination of users, goals and
tasks, resources and environment” [23]. Therefore, holistic
studies of humans in their natural settings based on ethnographic
principles are common in HCD [27]. Because ethnography is
useful for producing detailed descriptions of phenomena, the
method has also been suggested as suitable for health care
research [28,29] and health care improvements [30]. Focused
ethnography is a type of ethnography that studies specific
aspects of field work such as interactions and activities;
compared to classical ethnography, it typically involves shorter
field visits, more extensive data and analysis work, and a greater
focus on communicative activities [31]. This approach has been
used to study older adults’ and their children’s perceptions of
fall risks [32]. Workshops are another method commonly used
in HCD for creating a common arena, enabling participants to
discuss issues from different perspectives and areas of
competence to develop a common experience within a complex
phenomenon [33]. Workshops are widely used in health care
innovation [34] and have been used by McKenzie et al [35] to
support interprofessional learning to reduce the number of falls
experienced by older adults. McKenzie et al [35] reported that
their workshop participants believed the workshops provided
them with the confidence to implement the fall-preventive
practices presented and discussed in the workshops.

Purpose of This Study
The three objectives of this study were as follows: (1) to explore
and describe the clinical practices for fall prevention in an acute
orthopedic hospital ward from a system perspective; (2) to
determine the needs of patients and the possibilities of further
supporting clinical practices for fall prevention; and (3) to test
whether a framework for studying interactions between people,
activities, contexts, and technologies (PACT) can be used to
support observations of complex phenomena such as clinical
fall prevention.
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Methods

The methods used in this study have been reported in accordance
with the COREQ (Consolidated Criteria for Reporting
Qualitative Studies) guidelines [36].

Study Design
Because this study aimed to provide a detailed description of
clinical practices for fall prevention, it had a qualitative research
design based on HCD principles [23], signifying that it
combined holistic studies of humans in their natural settings
via focused ethnography [31] and a workshop [34].

Theoretical Frameworks

PACT Framework
The PACT framework supports the analysis of people who use
innovative technologies or tools, the activities that these people
are willing to undertake, the contexts in which these activities
take place, and the key features of meaningful innovative
technologies [37]. PACT analyses have been used to transfer
design knowledge from non–health care domains to health care
to increase the usefulness of health care information systems
[38].

Activities to Prevent Falls
Due to the well-documented need for effective strategies to
prevent falls among inpatients during their high-risk
hospital-to-home transition [39-41], this study included activities
to prevent falls during the patients’ hospital stay and the
hospitals’ efforts to prepare inpatients to take an active role in
fall prevention after their discharge. On the basis of the clinical
practices and guidelines recommended for Swedish caregivers
and health care personnel [42,43], evidence-based methods to
prevent in-hospital falls [44], and activities aiming to increase
the patients’ possibilities to implement fall prevention actions
at home [45] after their hospital discharge, this study has defined
“activities to prevent falls” as the following:

• Fall risk assessments (related to fall histories, hospital
personnel’s overall assessment, clinical instruments, and
aspects related to the fall prevention activities mentioned
subsequently)

• Fall prevention activities (related to medication, cognitive
impairment, nutrition, care environment, physical exercise
and mobilization, mobility aids, bathroom visits, and
personal hygiene)

• Documentation regarding fall risks and fall prevention
activities (from previous care providers regarding patients
considered to be at risk, risk activities, risk moments, and
any fall risk mentioned in a patient’s health record)

• Informational activities (regarding the fall risk of patients
considered to be at risk as well as handover)

• Activities supporting patients’ physical activity and home
modifications to prevent falls after hospital discharge

Ethical Considerations
On the basis of the Swedish Act Concerning the Ethical Review
of Research Involving Humans, the research in this study
(ethnography and workshop) did not require ethical vetting. An
application for the ethical review of the ethnographic work was
submitted to the Swedish Ethical Review Authority. The written
decision from the authority (Dnr 2022-05412-01) confirmed
that this research did not require ethical vetting, and the authority
stated that it did not see any ethical difficulties related to the
research. All the research performed in this study was conducted
in accordance with good research practices. The persons
interested in participating in the clinical observations and on-site
interviews received oral and written information about the study,
and informed written consent was collected from all participants
before their participation. The workshop participants received
oral and written information through a Microsoft PowerPoint
presentation before completing the questionnaire and provided
written consent on the questionnaire to participate in the
research.

Research Setting
This study was performed in an orthopedic clinic at a hospital
located in a medium-sized Swedish city with approximately
150,000 inhabitants. The clinic performed pre and postoperative
rehabilitation and outpatient and inpatient care, including
elective and acute surgical operations. The ethnography was
conducted at the clinic’s acute hospital ward, and the user
workshop was held during a seminar open to staff from the
entire clinic. The study was performed by ME, a researcher in
medical and health technology with expertise in user-centered
development. ÅR, a researcher in physiotherapy also working
at the orthopedic clinic, and HT, a human-computer interaction
researcher, participated in peer debriefing. Both had clinical
experience as physiotherapists. All 3 researchers are female.

Participants and Recruitment

Participants in Clinical Observations and On-Site
Interviews
The 8 participants came from the approximately 100 health care
workers in the acute ward (Table 1). They had been recruited
according to principles of purposive sampling, combining
criterion-based (personnel active in fall prevention within a
specific clinical setting) and stratified purposeful (personnel
representing a variety of staff categories) sampling strategies
[46]. The participants represented the following staff categories:
assistant nurse, clinical pharmacist, nurse, occupational therapist,
physician, and physiotherapist. One of the nurses was a
discharge coordinator. The study aimed to recruit at least 1
person per staff category and cover both morning and afternoon
shifts.
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Table 1. Data collection events and participants.

TimeParticipantsEvents specified by consecutive
number

Clinical observations

MorningPhysiotherapist and occupational therapist1

AfternoonAssistant nurse2

AfternoonNurse3

MorningNurse4

MorningPhysician5

On-site interviews

MorningClinical pharmacist6

MorningDischarge coordinator7

Workshop

LunchRepresentatives of several health care occupations (refer to the Workshop Participants
subsection)

8

To recruit participants, ME presented the study at staff meetings
and on the clinic’s intranet. Thereafter, she booked appointments
with 5 interested staff members by email and found 3 interested
staff members while visiting the ward to see if any health
personnel would volunteer to be observed.

Workshop Participants
The participants were clinical staff members who attended a
research seminar at the orthopedic clinic and filled in a
questionnaire. The participants represented the following health
occupations: assistant nurse, health counselor, medical secretary,
nurse, occupational therapist, physician, and physical therapist.

Data Collection and Curation

Overview
An overview of the data collection events and their respective
participants is presented in Table 1. The methods used in each
event are thoroughly described subsequently. The clinical
observations and on-site interviews were performed from
February to May 2023, and the workshop was held in November
2023.

On-Site Observations and Interviews
On-site observations of health personnel were performed on 5
different occasions (Table 1). Each time, a researcher followed
1 or 2 participants for 2 to 4 hours to observe them during
routine patient care. Apart from the participants’ health care
occupation, no personal information was collected from any of
the persons observed. Instead, general types of attributes relevant
to the persons’ involvement in fall prevention activities were
observed along with any attributes the health care personnel
discussed and considered in their work with patients. The
observations were documented via written notes in a structured
protocol that recorded the activities observed to prevent falls,
any other persons involved, and the context in which the
activities took place (Multimedia Appendix 1). At the end of
each observation, the researcher asked the participant a few
questions regarding whether something unusual had happened
or the person had done anything more or less than usual during

the shift; whether the person had used any specific templates
or forms to provide or receive a report before, during, or after
the shift; and whether the person would like to correct or add
something to the researchers’ observational notes by following
a brief interview guide (Multimedia Appendix 1). Of the 8 health
care personnel, 2 (25 %) who worked in an office participated
in unstructured on-site interviews for 60 to 90 minutes instead
of the observations (Table 1). These interviews focused on the
same aspects as the observations. All the interviews were
documented through written notes. Audio recordings were
avoided to help participants feel more at ease. Before the first
observation, the researcher examined an empty patient room
and used the observation protocol to document what they saw
via photos and written notes. After each observation (the same
or following day), the researcher wrote down their reflections,
ideas, and questions in notes, which were later transferred to
the observation protocol. Thereafter, the researcher prepared a
text integrating the observational data and their own reflections
(based on the protocol), the interview data, and any additional
information that they recalled during the writing process.

Workshop
Data were collected during a research seminar for the entire
orthopedic clinic’s staff. The seminar included presentations of
3 projects, of which 1 was the ethnographic work from this
study The presentation of our ethnographic work provided a
brief background on in-hospital fall prevention and current
research regarding supporting technologies; the study’s
approach, aim, expected results, and methodology; how the
researcher defined the “activities used to prevent falls” in the
study; the potential benefits of staff participating in the study;
and the clinical observations. Next, the researcher presented the
preliminary results regarding the observed activities that the
respective health professions implemented to prevent falls, as
well as the tools used during these activities. Finally, the
researcher introduced the workshop approach, which included
group discussions on the 3 questions related to the staff’s views
on the definition of “activities to prevent falls” and how these
activities contribute to preventing falls both in the short and
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long term; whether adjustments were needed in the presentation
of in-hospital activities to prevent falls as well as the tools
supporting the activities; and what may be needed to further
develop any aspect of the activities, context, or tools to further
improve the work to prevent falls (Multimedia Appendix 2).
Participants were also invited to contribute their own responses
to the research by providing written consent and submitting the
completed forms to the researcher.

Data Analysis

On-Site Observations and Interviews
A qualitative content analysis was performed based on principles
described by Elo and Kyngas [47] using Microsoft Excel as the
software tool for the categorizations. All descriptive texts
integrating the observational and interview data, as well as the
researcher’s own reflections for each individual observation
and on-site interview, were first analyzed separately in an
unconstrained categorization matrix based on PACT [37]. In
this adaptation, the category “tools” was used in place of
“technology,” as originally defined in the PACT model. ME,
who was familiar with the material from data collection and
curation, read the running text and coded phrases based on their
content as people, activities, contexts, or tools. Data categorized
as people and context were further categorized into health
personnel; patients; external people; and organizational, social,
and physical environment, respectively. Data from the people
and context subcategories, as well as the tools and activities
categories, were analyzed following principles of inductive
content analysis [47]. Thereafter, the main and subcharacteristics
of the matrix elements related to people, contexts, and tools
from all observations and interviews, as well as from the
activities of all health care occupations, were reviewed and
integrated by ME, who subsequently wrote new descriptive
texts for all characteristics in the individual matrix elements.
ÅR and HT, who had not been involved in data collection or
curation, participated in peer debriefing, during which they gave
their views on the descriptive texts, coding, and categorizations,
as well as the overall analysis process [32,48]. The activities
from each health care personnel category were visualized, and
information on the type of tool used in specific activities was
added to the visualizations. In some cases, the titles and
structures of the categorization’s main and subgroups were
modified during the writing process.

Workshop
Free-text answers from the groups on the open-ended
questionnaire were summarized in a table. The answers were
read and discussed by all the authors.

Strategies Used in the Study to Achieve
Trustworthiness

Overview
The strategies this study applied to achieve trustworthiness are
described subsequently and based on the parallel criteria for
trustworthiness in qualitative research developed by Lincoln
and Guba [49], who recommend applying strategies to
qualitative research that better achieve their 4 criteria for
trustworthiness (credibility, transferability, dependability, and

confirmability). Application of the 4 criteria by Lincoln and
Guba [49] in qualitative research has been reported by other
researchers, for example, by Enworo [50] and Forero et al [51].

Credibility
This study applied the following strategies to achieve credibility:
prolonged and varied engagement with the setting, by ME
visiting the clinical environment on several occasions over
several months during different activities; in-method
triangulation, by integrating observations, interviews, and the
workshop; data source triangulation, by involving personnel
representing different staff categories within different settings
at the orthopedic clinic; peer review, with ÅR and HT reviewing
data, analysis process, and the result; and member check, which
was performed through the brief interviews at the end of the
observations and the workshop, during which the study findings
were presented and discussed with a broader group of health
personnel.

Dependability
To achieve dependability, this study applied the following 2
strategies: rich description of study methods, as reflected in the
methods description guided by the COREQ checklist [36], and
member check (refer to the description mentioned earlier under
the Credibility subsection).

Confirmability
To achieve confirmability, this study applied 2 strategies:
reflexivity, via ME’s self-reflections after each observation and
on-site interview, the researchers’ common reflections in the
peer review meetings, and the workshop participants’ reflections
on the study results presented; and triangulation (refer to the
description mentioned earlier under the Credibility subsection).

Transferability
To achieve transferability, this study applied the 2 strategies:
purposeful sampling, by combining criterion-based (personal
active in fall prevention in a specific clinical setting) and
stratified purposeful (personal representing a variety of staff
categories) sampling strategies, and thick description, in which
the integration of data collected from several sources
(observations, interviews, reflections, and the workshop) on
several different occasions contributed to a rich and detailed
description of in-hospital fall prevention.

Results

Clinical Observations and On-Site Interviews

People
The people involved in activities to prevent falls were health
personnel, patients, and external persons. Main and
subcategories are presented in Multimedia Appendix 3. The
clinical practices implemented by individual members of the
health personnel depended on which health occupation they
were licensed in, their amount of clinical experience, whether
they held specific positions in management or coordination,
and their individual competencies. Moreover, the health
personnel customized fall prevention activities for the individual
patients, who were all adults of varied age. The individualization
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was based on the patient’s overall health status, which could
include both the reason that the patient had sought acute
orthopedic care and any other potential additional health
problems. The patient’s personal factors, such as
communication, life situation, self-awareness, and preferences,
also needed to be taken into account. In some cases, the patients
and health personnel also interacted with external persons in
fall prevention. This could include health personnel from other

clinical units in patient transportation, medical consultations,
and referrals to primary care, as well as municipal staff in
planning continued care along with the patients’ family
members.

Activities and Tools
Fall prevention activities and supporting tools are presented by
staff category in Figures 1-6 and in the descriptive texts
subsequently.

Figure 1. The clinical practices for fall prevention performed by physical and occupational therapists, with the type of activity (main categories)
presented in bold text in gray fields. Specific activities (associated subcategories) are presented in normal font text outside their respective gray field.
The supporting tools are represented by circles around the activities. The color of the circle indicates the type of tool used: purple represents computer-based
systems, red represents physical tools and systems, green represents the staff, black represents mechanical aids and assistive devices, and yellow
represents physical barriers and mechanical tools. OT: occupational therapist; PT: physical therapist.

The physical and occupational therapists mainly supported
patients in fall prevention during mobility training and activities
in daily life (ADLs; Figure 1).

The therapists prioritized meeting patients who were new or
close to being discharged. Their meetings focused on evaluating
and supporting the patients as they underwent training in tasks
essential for ADL. To initiate this, the therapists asked the
patient to perform basic tasks, such as sitting up in bed. As the
patient accomplished tasks, the therapists gradually introduced
the patient to more challenging tasks, such as rising, standing,
walking with mobility aids, and performing ADLs. Although
the therapists encouraged the patients to try these tasks
independently, they were constantly ready to support them
immediately if needed. The therapists assessed the patient’s
functions and well-being by observing how the patient seemed
to feel (eg, if they were affected by pain) and by listening to

what the patient said (eg, regarding well-being, pain, mobility,
their living situation, and assistive devices). They provided the
patient with coaching and mental support, calming and
encouraging them, based on the patient’s individual needs. As
they customized the training to the patient’s current abilities,
they prevented the patient from experiencing “failures.” Tasks
that seemed too challenging in training on 1 occasion could be
postponed until an up-coming meeting or be supported by
assistant nurses later the same day. The therapists gave advice
related to safe mobility habits, ADL, and body positioning;
provided practical help to patients; and eliminated safety risks
in the physical environment near the patient.

Assistant nurses provided close care and support to patients,
such as when they got dressed, visited the bathroom, and
engaged in mobility training (Figure 2).
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Figure 2. The clinical practices for fall prevention performed by assistant nurses, with the type of activity (main categories) presented by bold text in
gray fields. Specific activities (associated subcategories) are presented in normal font text outside the respective gray field. The supporting tools are
represented by circles around the activities. The color of the circle indicates the type of tool used: purple represents computer-based systems, red
represents physical tools and systems, green represents the staff, black represents mechanical aids and assistive devices, and yellow represents physical
barriers and mechanical tools. AN: assistant nurse.

The assistant nurses moved along the corridor, scanning for
patients in need of support, such as helping them go to the
bathroom, and performing scheduled visits to see patients and
to take food orders. They assisted patients with food orders by
conversing, checking their documentation, and ensuring access
to beverages. They also scanned for potential safety risks in the
patient rooms and modified their physical environment by
removing tripping hazards; helping patients to vary body
position when needed; and reminding the patients about food,
beverages, and bathroom visits, etc. They also supported patients
in mobility training by reminding them, for example, of how to

safely position their feet or lock their walker’s wheels. While
interacting with the patients, the assistant nurses were attentive,
responsive, encouraging, calm, and clear and always one step
ahead of the patient while focusing on safety. The assistant
nurses collaborated closely with nurses, assisted colleagues,
and interacted with the patients’ family members at the ward.

Nurses were responsible for the care of a small group of patients,
and there were approximately 4 to 6 patients per nurse. Their
work included planning follow-up care, which in many cases
involved prevention (Figure 3).
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Figure 3. The clinical practices for fall prevention performed by nurses, with type of activity (main categories) presented by bold text in gray fields.
Specific activities (associated subcategories) are presented in normal font text outside the respective gray field. The supporting tools are represented by
circles around the activities. The color of the circle indicates the type of tool used: purple represents computer-based systems, red represents physical
tools and systems, green represents the staff, black represents mechanical aids and assistive devices, and yellow represents physical barriers and
mechanical tools. N: nurse.

The nurses consistently kept themselves well informed of their
patients’history and status through the patients’medical records,
their own written notes from previous shifts, conversations with
staff members from the outgoing and current shifts, and talking
to patients during care activities and patient review meetings.
Moreover, they continuously informed the care team’s staff and
interacted with the care team, physicians, and care coordinators
through discussions, consultations, and information exchange.
Together with the care team, they planned their activities and
documented them on a whiteboard table and in their own written
notes. Their interactions with assistant nurses, who carried out
most of the point-of-care activities, were crucial and included

continuous 2-way reporting performed orally and on the
whiteboard table. The nurses documented all care activities
provided in the patients’ medical records, including notes from
patient review meetings when necessary. They performed
structured patient rounds to introduce themselves, check the
patients’ health status, and deliver medications and blood
transfusions to patients. They also administered and followed
up on medical and care activities, assisted colleagues, and talked
to the patients’ family members.

Physicians were responsible for the patients’ medical care,
including providing medication that could be closely related to
fall prevention (Figure 4).
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Figure 4. The clinical practices for fall prevention performed by physicians, with the type of activity (main categories) presented by bold text in gray
fields. Specific activities (associated subcategories) are presented in normal font text outside the respective gray field. The supporting tools are represented
by circles around the activities. The color of the circle indicates the type of tool used: purple represents computer-based systems, red represents physical
tools and systems, green represents the staff, black represents mechanical aids and assistive devices, and yellow represents physical barriers and
mechanical tools. P: physician.

The ward physician was available in the ward during the
daytime. They had support from a more senior colleague who,
after having attended patient review meetings with patient care
teams and participated in the clinical rounds at the ward, was
accessible over phone. The ward physician consistently stayed
well informed by reading medical records, leading the patient
review meetings, and interacting with all the patients during
their clinical rounds. In the patient review meetings, the care
team informed the physicians about events from the past shift.
In some cases, the ward physician reported on consultations
with specialists in related domains. On the basis of reports,
discussions, and consultations, the senior physician decided on
the medical interventions, which the ward physician documented
in the medical records. Thereafter, the physicians met all the
patients in their rooms during their daily clinical rounds. Here,
they assessed the patients’ state of well-being and cognition
based on conversations with them and their muscular and neural

functions based on physical examinations, which included
observations of the patients’ responses to specific stimuli, visual
inspections of any bandages, and subcutaneous bleeding. The
specialist physician informed the patients of the results of their
examinations, their medications, and any plans for ongoing
evaluations and interventions. The physicians demonstrated
where injuries were located by pointing at their own body.
Before their discharge, patients received a written summary of
the examinations and interventions they underwent, the results,
and the plan for continued care. The physicians listened to the
patients’ experiences, answered questions, and asked them if
they felt comfortable with the plans. In their conversations with
patients, the physicians appeared clear and calm, and the patients
showed them confidence and respect.

The clinical pharmacist supported the physicians and other
health personnel by answering questions related to
pharmacology, including those related to fall risks (Figure 5).
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Figure 5. The clinical practices for fall prevention performed by the clinical pharmacist, with type of activities (main categories) presented by bold
text in gray fields. Specific activities (associated subcategories) are presented in normal font text outside the respective gray field. The supporting tools
are represented by circles around the activities. The color of the circle indicates the type of tool used: purple represents computer-based systems. Ph:
clinical pharmacist.

The pharmacist systematically reviewed the drugs prescribed
for most patients to identify any need to change them based on
the information from the medical records, a national system for
prescribed medications, patient review meetings with physicians
and the patient care team, and consultations with the discharge
coordinators. They screened for potential drug-related medical
issues by checking the patients’ medication lists and
physiological parameters in the medical records. They also made
thorough reviews of drug prescriptions for patients at risk of
having drug-related health problems, such as patients with
polypharmacy issues. These reviews were complex puzzles
balancing combinations of risks and benefits. They focused on
medications with documented issues affecting fall risks, either
by themselves or in combination with other drugs, particularly
among older patients. This may include prescribed combinations
of medications that may cause drowsiness and fatigue, drug

prescriptions deviating from general recommendations or those
lacking evaluation, prescribed doses of antihypertensive drugs
high enough to cause dizziness, and diuretics prescribed to be
taken at certain times that could increase the risk of nocturnal
bathroom visits. The analysis was done by manually comparing
complex information from separate systems on the computer
screen. The pharmacist documented suggested changes in drug
prescriptions in the patients’ medical records for the physicians
to consider. The physicians then decided whether and at what
point a change should be implemented. Changes more suitable
to implement after the patients’hospital discharge were referred
to physicians in primary care.

The discharge coordinators supported the patients in their
discharge and safe transition home by addressing fall risks and
considering the patients’ desires (Figure 6).
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Figure 6. The clinical practices for fall prevention performed by discharge coordinators, with type of activities (main categories) presented by bold
text in gray fields. Specific activities (associated subcategories) are presented in normal font text outside the respective gray field. The supporting tools
are represented by circles around the activities. The color of the circle indicates the type of tool used: purple represents computer-based systems and
green represents the staff. DC: discharge coordinator.

The discharge coordinators gathered information on the patients’
desires by reading their medical records and talking to them.
Some patients were able to clearly describe their living and
occupational situations and express their requirements for
discharge in a single conversation. Others needed more time to
process what type of help they wanted or needed after their
discharge. Therefore, the coordinator talked to them again to
guide them in their decision-making process by asking them
concrete questions about their daily life (eg, home environment,
ADL capacity, etc) and by describing the possibilities of
home-based help for patients interested in such support. Because
the coordinators had a professional role different from that of
the care team, they could spend more time talking to the patients
about things they brought up or about needs that other staff
members had noticed. The coordinators cooperated closely with
the care team staff, listened to their assessments, and reminded
them to carefully document the patients’ state of well-being and
activities in their health records. They also cooperated with
municipal staff to plan for the continued care of patients who
had given their consent and patients who needed such care but
were unable to give their consent. The coordinators conveyed
the patients’ desires via telephone and a computerized system
to the municipal care administrators, who decided on which
activities the patient were entitled to. The coordinators also
communicated with the patients’ family members, who
sometimes contacted the clinic to emphasize their relative’s

needs and were then reminded to talk to their relative about his
or her desires. Although the coordinators tracked 30-day
readmission statistics, their involvement ended once the patient
was discharged.

The tools used in the wide range of activities described earlier
to prevent falls (Figures 1-6) can be categorized into the 5 main
categories:

• Computer-based systems, for example, medical records
software (purple in figures)

• Physical tools and systems, for example, the care teams’
whiteboard table (red)

• The staff, for example, their sight and hearing while
assessing patients (green)

• Mechanical aids and assistive devices, for example, walkers
for mobility (black)

• Physical barriers and mechanical tools, for example, sliding
mats when lifting (yellow)

These are all summarized in Multimedia Appendix 4.

Context
Within the PACT framework, fall prevention is described in
terms of the physical environment as well as the social and
organizational contexts. The main and subcategories are
presented in Multimedia Appendix 5 and Figure 7.
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Figure 7. A description of the context, in which the main categories (in bold) and associated subcategories (nonbold) are summarized for the organizational
context (outer circle area), physical environment (middle circle area), and social context (inner circle area).

The organizational context of fall prevention was highly
structured in the work itself and the patient care process, and it
was formal in the operational framework and the health
personnel’s roles and responsibilities. Other essential elements
within the organizational context included a varied workload,
which could be increased by mental and cognitive loads, sudden
interruptions, and irregular work hours. The workload could
also be reduced through collegial support and several
administrative computer-based systems that the personnel used
regularly.

The physical environment for fall prevention included the
location where the health personnel met patients, which was
primarily the patients’ rooms; the location where the patient
care teams met, which was primarily the office where the
physicians did administrative work and held teaching meetings
with the care team staff; and the office where nurses, licensed
practical nurses, as well as physiotherapists and occupational
therapists did administrative work, planning, and reporting.
Both offices had meeting tables and office desks with desktop
computers, but the physicians’office had a wall-mounted screen
to project the physician’s computer display during the teaching
meetings. The care team’s office had a large whiteboard on
which the status and planned activities for all patients were
documented. The location dedicated to the care teams (which
included the patient rooms, day room, and health personnel
team offices) was connected to long corridors, which were
brightly lit, mostly silent, and calm. In the corridor, the health
personnel could be seen walking on their way to see a patient

or a colleague, occasionally pausing to have a quick word with
a colleague. Occasionally, a patient walked along the corridor,
and sometimes, the patients’ families waited in the corridor
outside a patient’s room. Patient rooms were on 1 side of the
corridor, with most of the doors opened slightly. Most patient
rooms were single rooms with a small hallway leading into a
spacious and bright bedroom with double windows and large
open spaces. The walls and ceiling were painted white. The
floor was light gray and free from raised sills and thresholds.
The patients’ rooms were well lit by several light sources on
the ceiling and on the wall over a height-adjustable bed, which
could be raised or lowered via a panel on 1 side. The bed also
had height-adjustable safety rails on the sides. A wired patient
alarm control unit was placed beside the bed, mostly near the
patient on a mobile bedside table whose tabletop could be placed
over the bed. The bedrooms also contained a basin along with
disinfectants, a chair, and a large television, all of which were
wall mounted. All the patient rooms had their own spacious
bathrooms with a shower area, and they were equipped with
several supportive grips placed at strategic places for safely
sitting down and rising from the toilet seat and moving to and
standing in the shower. Alarm buttons were placed near the
toilet seat, door entrance, etc. A movable laundry basket was
the only item set on the floor.

The social context for fall prevention included settings for the
health personnel’s interactions with patients, colleagues, and
outside persons. The health personnel interacted with patients
in different constellations, mostly when 1 or 2 members of the
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health personnel visited the patient’s room. The patient-staff
interactions were patient centered, goal oriented, and empathetic.
In sensitive situations, the personnel closed the door to the
corridor to protect the patient’s privacy. To reach out to the
patients, the personnel needed to be perceptive, flexible, and
prepared to handle difficult topics brought up by patients in a
professional way. The personnel also had to act in a calm, clear,
direct, and pedagogic manner to enable the patients to
understand and assimilate information, as well as to instill trust
and confidence. The patients listened to the personnel and
occasionally expressed their feelings toward them, including
trust and confidence. Interactions between health personnel took
place between colleagues in the patient care team or between
the patient care team and staff in specific positions. Here, their
roles and responsibilities were noticeably clear. The health
personnel consulted each other in both formal and informal
meetings within a friendly and positive atmosphere. On the
basis of their distinct roles, the health personnel could also
complement each other when in contact with a patient. The
personnel’s interactions with external persons were also patient
centered. The personnel stated that they sometimes needed to
remind the patients’ family members that care planning must
be based on the patient’s own preferences. Moreover, they stated

that they had to respect and confide in the division of
responsibilities between the clinic and municipality.

The Staff’s View on Fall Prevention, Descriptions of
Observed Activities and Tools, and the Need to Further
Support Fall Prevention
A larger number of staff members from the orthopedic clinic
provided their views on the analysis of observed activities to
prevent falls and the tools used to support these activities, which
were presented in the Activities and Tools subsection earlier.
The staff provided feedback in groups representing specific
health staff categories, which included assistant nurse, health
counselor, medical secretary, nurse, occupational therapist,
physician, and physical therapist (Table 2). As can be seen in
Table 2, the staff supported the broad definition of activities to
prevent falls and said that they considered fall prevention in all
interactions with patients. They also stated that long-term fall
prevention was more difficult due to short hospital visits and
their lack of influence over the home environment. They agreed
on the presentation of activities to prevent falls and the tools
used. The staff described the need to further support fall
prevention, such as by using more practical “real-life tools” and
“making the ward’s physical environment more similar to the
home environment.”

Table 2. Health personnel’s views on fall prevention, descriptions of observed activities and tools used to prevent falls, and identified needs for further
support.

View on the need to further develop any
part of the activities, context, or tools to
further improve the work to prevent falls

View on whether adjust-
ments are needed in the pre-
sentation of in-hospital activ-
ities to prevent falls and the
tools supporting these activ-
ities

View on the definition of “activities
to prevent falls” as activities contribut-
ing to preventing falls both in the
short and long term

Group

“Make the hospital environment more
like the home environment by incorporat-
ing features such as doorsteps, carpets,
narrow spaces, and doors without auto-
matic opening mechanisms.”

“No.”“It is possible to prevent falls in the
short term at the hospital but more
difficult to prevent falls in the long
term because hospital stays are short
and we cannot control the home envi-
ronment.”

Group 1 (occupational therapist,
physiotherapist, and physician)

“No.”“No.”“We agree.”Group 2 (assistant nurse and nurse)

Continue to develop more practical, real-
life tools and access to the latest news

“Feels like you got it all.”“Good, important work”Group 3 (medical secretary and nurse)

—a“No.”“We consider fall prevention in all
interactions with patients at the ward
and automatically assess fall risks in
everything we do together with the
patients.”

Group 4 (health counselor, physiother-
apist, and occupational therapist)

aNot available.

Discussion

Principal Findings
The principal findings of this study (summarized in Figure 8)
showed that the health staff had a holistic view of fall
prevention, which was recognized in the clinical observations
of the people, activities, context, and tools in a clinical ward.
This view was also expressed verbally by the personnel in a
workshop. As a result, the study determined that the PACT
framework can be useful to support the observation of complex

phenomena such as clinical fall prevention. The health personnel
stated that they automatically assessed fall risks and considered
fall prevention in all their interactions and activities with patients
to prevent falls both in the hospital setting and after hospital
discharge. It was clearly seen in the observations that the health
personnel strived to make the hospital stay safe for the patients
and to prepare the patients for a safe transition home (or to a
care home). This was observed in the wide range of activities
in which the respective health staff categories had
complementary roles. For example, physiotherapists and
occupational therapists focused on mobility training and ADLs
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in their assessments and training with patients, while assistant
nurses screened the patient environments for risk factors,
supported patients in mobility training, and cooperated with
nurses to provide all the patients with effective and safe care.
The pharmacist and the physicians reviewed medications
prescribed to each patient with the aim of minimizing fall risks,
while the discharge coordinators interacted with patients to plan
a safe home transition. In the workshop, the health personnel
mentioned that the short hospital stays and their own lack of
control over the patient’s home environment made it more
difficult for them to address long-term fall prevention in their
clinical practice; therefore, they saw a need for making the
hospital environment more homelike by incorporating elements
such as doorsteps, carpets, narrow spaces, and manually operated
doors. Observations in the wards confirmed that the physical
environment was clean, spacious, and free from homelike

physical elements that could both increase fall risk as well as
enable ADL and mobility training in situations representative
of the home setting. The responsive, goal-oriented, and
patient-centered interactions between the patients and personnel,
which seemed very important for engaging the patients in fall
prevention, were also observed in the ward. The observations
revealed that although the personnel used different tools in their
work and possessed a broad range of skills and functions, they
often served as key “tools” themselves in many of their fall
prevention interactions by assessing and communicating with
and coaching the patients, all while using digital tools (mainly
computer-based software) for information retrieval,
documentation, and communication. The personnel expressed
that they were interested in more practical, real-life tools for
fall prevention.

Figure 8. A summary of the main findings of the study, including key aspects of the in-hospital clinical practice to prevent falls studied from a system
perspective based on the people, activities, contexts, and technologies framework, along with areas identified for further support and the types of solutions
required by staff.

Limitations
This study has several limitations. The method used (ie,
collecting clinical practice data relative to fall prevention via
observations, interviews, and the workshop without collecting
any personal data from the participants except for the health
personnel’s staff category) limited the results because they
encompassed only observable actions, verbal expressions, and
contexts related to the people, activities, and tools involved in

fall prevention. Consequently, no conclusions were drawn in
this study regarding the staff’s personal experiences; feelings;
mental models; or the psychological, social, and attitudinal
attributes related to fall prevention. Moreover, the study
explored the health staff’s perspectives on fall prevention, and
no data were collected regarding the patients’ perspective other
than what the patients expressed and did in their interactions
with the staff.
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Although the study applied several strategies (described in the
Methods section) to achieve trustworthiness, the study also had
methodological limitations. For example, the sampling,
performed via criterion-based (personnel involved in fall
prevention within a specific clinical setting) and stratified
purposeful (personnel representing a variety of staff categories)
sampling strategies [46], may have introduced biases into the
study and thereby limited the generalizability of the result. It is
possible that subgroups within staff categories (other than those
described in the Results section) were not represented in the
sample due to the researcher’s unawareness. For example, it
cannot be ruled out that a health staff member’s interest in
participating in a research study on fall prevention practices
may have been affected by their interest in fall prevention. The
relatively low number of participants in the study may have
contributed further to this risk of sampling bias.

The competence and background of the observing researcher
may also have limited the context-specific in-depth
understanding of the observations. Although this researcher was
knowledgeable in fall prevention due to participating in
multidisciplinary research projects, they had no previous training
or experience in health care work. Finally, because this study
was performed in 1 specific clinical setting, these results may
not be generalized to any other in-hospital setting.

Comparison With Prior Work
The holistic view on in-hospital fall prevention practices
expressed by the health staff and observed in the clinical context
of this study opens up new possibilities for using fall prevention
technologies in hospital settings, such as to support staff
activities that prepare patients for long-term fall prevention.
This view is well in line with previous research confirming the
positive impact of patient and care team partnerships to prevent
falls and fall injuries and how this can be supported by
human-centered tools [19,20]. The level of importance of
contextual support to create more realistic “homelike” conditions
during mobility and ADL training, which was pointed out by
the staff in this study, is different and thus complements the
previously studied technology-based in-hospital fall prevention
tools and approaches, which aimed to detect early signs of
acutely elevated fall risks and falls, such as those described by
Cooper et al [9]. This includes chair sensor alarms [10], video-
and image-based monitoring [11,12], wearable devices [13],
and artificial intelligence–based motion alarms, such as those
mentioned by Pagels [14]. The staff’s request to make the
clinical environment more “homelike” can be seen to reflect
more holistic models of fall prevention that involve complex
interplays between people, activities, processes, organization,
environment, and technology, as seen in the models proposed
by Choi et al [52] and Taylor and Hignett [15]. Although the
review by Hignett and Masud [17] on the associations between
inpatient falls and environmental modifications identified a lack
of supporting scientific evidence for most recommendations on
how to manage environmental hazards in hospital wards, which

included flooring, lighting, and bed alarms, it is likely that
making the ward’s physical context more “homelike” could
introduce new environmental hazards related to falls. As a result,
environmental modifications in care settings must be
implemented with precaution. Keeping patient rooms intact and
introducing homelike elements in other locations outside the
rooms is one strategy. Temporarily anchoring mobile, homelike
modules in patient rooms offers a more flexible approach,
allowing the hospital environment to be tailored to each patient’s
training needs. These modules could also incorporate embedded
digital systems to support and enhance training. One idea would
be to develop modules that could be used both in clinical settings
and in-home settings, thus allowing patients to continue the
training that they were introduced to in the hospital during their
rehabilitation. This would allow them to gradually achieve a
more active life after their hospital discharge. Information gained
from previous research on how to create meaningful and feasible
interactions between older adults and home-based digital
systems for fall prevention training, such as that from
Ogonowski et al [22], for example, can be of value in the design
of these modules. It is also essential to build on the knowledge
of how to engage in a creative dialogue with patients regarding
their personal goals because incorporating these goals into
nonstigmatizing designs of solutions to prevent falls is essential,
as described by Bianco et al [21]. The dialogue between staff
and patients is also essential when the patients are preparing
themselves for the challenges posed by their home settings after
hospital discharge [53]. For example, opportunities to experience
homelike situations under the supervision of the clinical staff
can contribute to strengthening the patients’ experience with
their postinjury bodies and thereby contribute to building
self-confidence and self-efficacy in gross motor skills.

Conclusions
The following conclusions can be drawn from this study:

• Expanding the current view of technology-based in-hospital
fall prevention to both include computer-based information-
and communication systems and digital fall-protection tools
aligns well with clinical practice. These technologies will
provide support to the health personnel’s activities to engage
patients in fall prevention.

• Health professionals see a need for further support in their
activities so that they can prepare patients who have been
hospitalized for the challenges they will face after their
hospital discharge. They also suggested that the clinical
environment should contain more home-based elements.
These could provide the patients with opportunities to
experience homelike situations under the supervision of
clinical staff and may contribute to strengthening the
patients’ experience with their postinjury bodies.

• The PACT model can serve as a useful framework for
supporting observations, and workshops can be fruitful for
enabling health personnel to discuss clinical practices for
fall prevention and express their need for further support.
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Abstract

Background: Older adults in rural communities face unique challenges, including geographic isolation, a shortage of health
care providers, and limited access to specialized services. Artificial intelligence (AI) has emerged as a promising solution for
improving health care access and delivery. However, concerns persist about equitable access and representation in these innovations,
especially for marginalized populations where technological literacy and infrastructure may present additional barriers to effective
use.

Objective: This systematic literature review aims to: (1) identify existing literature on AI for health research focused on rural
older adults, and (2) critically evaluate the identified literature to highlight gaps and inform the development of inclusive AI for
health research and design practices.

Methods: Between January 2024 and March 2025, we followed the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) 2020 Protocol to conduct a systematic search of health and computer science literature. We searched 7
databases (PubMed, CINAHL Plus with Full Text, PsycINFO, Web of Science, IEEE Explore, ACM Digital Library, and Scopus)
to identify relevant research papers published between January 2013 and December 2023. We used predetermined search terms
and built-in result limiters, including English language, human subjects, full text, and aged 65+. Publications were excluded if
they were not empirical or did not include a focus on older adults, rural populations, or AI. The resulting data were reviewed,
coded, and analyzed using thematic analysis.

Results: A total of 23 papers comprised the final sample. The results showed that the representation of rural older adults in AI
for health literature is limited. We identified three salient themes: (1) Numbers over Narratives: The Quantitative Focus in AI for
Health Research on Older Adults, (2) Efficacy over Impact: Prevalence Clinical Outcomes in AI for Health Research, and (3)
Deepening Disparities: Representation of Rurality Missing in AI for Health Research. These themes underscore the need for a
more nuanced understanding of how AI for health research can be tailored to the specific needs of rural older populations.

Conclusions: Our systematic analysis identified a robust body of research on AI for older adults. However, a critical gap emerged
with a dearth of studies explicitly focusing on older adults in rural communities. This lack of representation raises concerns about
the generalizability of findings and the potential for exacerbating existing health care disparities in rural areas. Future research
should: (1) prioritize targeted recruitment strategies for rural older adult participants to ensure better representation in AI for
health research; (2) develop community-based AI policies, practices, and products that reflect the specific needs and contexts of
rural populations; and (3) explore solutions that address the limited representation of rural communities, ensuring that AI
interventions are equitable, accessible, and beneficial for all.

(JMIR Hum Factors 2025;12:e70057)   doi:10.2196/70057
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Introduction

Background
The global aging population presents significant opportunities
to expand and extend health care, and artificial intelligence (AI)
offers promising avenues to address these issues. As the
population gets older, successful AI integration into health care

systems necessitates a deeper understanding of the specific
needs and perspectives of older adults. The increasing
prevalence of chronic health conditions among older adults
intensifies the demand for health care services while also
offering new opportunities for engagement through digital health
tools [1]. AI holds promise for meeting these needs, from early
disease detection [2] to personalized care management [3] and
even robotic assistance for independent living [4]. However,
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the integration of AI into health care is not without significant
challenges. To be effective, AI-powered health care tools must
be user-friendly, accessible to individuals with varying levels
of technological literacy, and free from algorithmic biases that
could disproportionately affect older populations [5].

Rurality and Older Adults’ Health
The demographic shift toward an aging population is particularly
pronounced in rural areas, where access to health care is often
limited. Over the past decade, 106 rural hospitals in the United
States have closed [6,7], and another 600 are at risk of following
suit [8], leaving rural communities increasingly vulnerable to
limited access to essential health care services. These hospitals
have traditionally provided vital care to large populations of
older adults, but as closures continue, there presents a need to
rethink traditional in-person health care models. Approximately
20% of the US population, or 60 million people, live in rural
areas, and they face disproportionately worse health outcomes
compared to urban populations [9]. Rural older adults, in
particular, experience higher rates of comorbidities, such as
obesity, cardiovascular disease, and stroke, as well as a growing
number of emergency department visits [9,10]. This has
contributed to widening life expectancy gaps between rural and
urban populations [11]. In addition, rural communities face
unique barriers that make it harder for older adults to access the
specialized care required to address these complex health
challenges [10]. Although online care models and other AI for
health solutions are beginning to demonstrate promise in
improving access to specialized health care, many rural areas
still lack the necessary infrastructure to implement these
solutions [12]. Ensuring AI health care solutions address these
challenges will be crucial in providing equitable care for rural
older adults.

AI for Health Research
We use the phrase “AI for health research” to refer to the
investigation and development of AI technologies to improve
various aspects of health care. By leveraging machine learning,
natural language processing, and other AI techniques,
researchers aim to create systems that can process vast amounts
of health data to enhance clinical decision-making as well as to
deliver highly personalized and sometimes remote care.
However, despite its potential, AI for health research faces
several significant challenges [13]. One of the most pressing
issues is the quality and representativeness of the data used to
train AI systems [14]. Large datasets are essential for AI models;
however, many of these datasets may be incomplete, biased, or
not sufficiently diverse, raising concerns about the accuracy
and fairness of AI-generated decisions [2]. Furthermore, the
sensitive nature of health data raises ethical concerns,
particularly around privacy, security, and the risk of misuse.
Ensuring robust data protection mechanisms is crucial to
maintaining public trust in AI-driven health care solutions [15].

Another major challenge lies in the “black box” nature of many
AI algorithms, which makes it difficult for health care providers
and patients to understand how decisions are made [16]. This
lack of transparency undermines accountability and raises the
potential for unrecognized biases and amplified health care
disparities [17,18]. Research continues to show that top-down

or prescriptive design processes in the development of
technology, including AI, often fail to include the perspectives
of older adults, overlooking their unique experiences within
their communities [19]. However, when leveraging the
knowledge of this group through community-based research
practices, technology design can be more effectively tailored
to address issues, such as usability, literacy, privacy, and data
management [19]. In addition, there is a significant gap in
understanding the perspectives of older adults and other
marginalized populations, such as those in rural areas. Without
incorporating their diverse experiences and needs, AI tools risk
failing to address the specific challenges faced by these groups,
potentially exacerbating existing health inequities [20].
Addressing these challenges is essential to ensuring that AI for
health research leads to equitable, effective, and ethically sound
health care solutions.

Study Aims
Building on the insights from the existing literature, it is clear
that gaps remain in understanding how AI for health research
can effectively address and incorporate the health care needs
of rural older adults. This systematic literature review aims to:
(1) identify existing literature on AI for health research
specifically focused on older adults residing in rural
communities, (2) critically evaluate the identified literature to
highlight gaps, and (3) inform the development of inclusive AI
for health research and design practices.

Methods

Study Design
We followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) 2020 protocol for
systematic literature reviews [21]. The PRISMA 2020 checklist
is provided as Checklist 1. A protocol was not registered for
this systematic literature review. A systematic review
methodology was selected to enable a focused, critical appraisal
of how rural older adults are represented in empirical AI for
health research. Given the equity implications of AI in health
care, a systematic review was appropriate to assess not only the
presence but also the depth and nature of rural older adult
representation using predefined inclusion criteria, structured
data extraction, and formal critical appraisal tools (eg, Joanna
Briggs Institute [JBI]).

We performed 4 rounds of systematic selection and review for
the 7 selected databases (PubMed, CINAHL Plus with Full
Text, PsycINFO, Web of Science, IEEE Explore, ACM Digital
Library, and Scopus). In Round 1, we searched the databases
using predetermined keywords. In Round 2, we screened titles
and abstracts using predetermined inclusion and exclusion
criteria. In Round 3, we further screened the full text of the
selected papers using the same predetermined inclusion and
exclusion criteria. Finally, in Round 4 we reviewed and coded
each study in the final sample. A detailed description of our
search strategies can be found in Multimedia Appendix 1. Once
the articles were coded, the researchers met to analyze the data
using thematic analysis [22]. The main themes identified
centered on the representation of older adults in AI for health
research.
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In addition, we assessed the levels of evidence reported in the
23 papers [23-45] using the appraisal tools developed by the
JBI to evaluate study quality [46]. To calculate assessment
scores, 1 point was assigned to each question answered as “Yes,”
while responses of “No” or “Unclear” received 0 points. The
total score was then divided by the number of questions and
multiplied by 100 to yield a percentage. Based on the resulting
score, studies were categorized as very poor (0%‐30%), poor
(31%‐50%), fair (51%‐70%), good (71%‐90%), or excellent
(>90%). Both authors reviewed and independently completed
the checklist for each study; disagreements were resolved
through discussion.

Ethical Considerations
This systematic literature review was deemed exempt by the
Louisiana State University Institutional Review Board.

Results

Search and Screening Outcomes
Round 1, keyword search, yielded 1112 publications across all
databases, with 479 publications from medical databases and
633 from general and computing databases. After initial
screening for the predetermined exclusion criteria, 303 remained
for title and abstract screening in Round 2. During Round 2, a
total of 278 publications were removed based on the
predetermined exclusion criteria, leaving 25 publications for
screening in Round 3. During Round 3, full-text screening, 2
publications were excluded.

This round resulted in a final sample comprised of 23
publications [23-45]. Among these, 8 publications [23-30]
selected from the medical databases (PubMed, CINAHL Plus
with Full Text, and PsycINFO) and 15 publications [31-45]
selected from the general and computer science databases (Web
of Science, Scopus, ACM DL, and IEEE Explore). The final
PRISMA search strategy with results is illustrated in Figure 1
below.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. AI: artificial intelligence.

Quality Assessment Outcomes
To evaluate the methodological quality of the included studies,
we used the JBI Critical Appraisal Checklists. Each study was
independently reviewed by 2 researchers, with discrepancies
resolved through discussion to ensure consistency and minimize
potential bias. Studies that met the majority of JBI criteria were
retained for inclusion in the final synthesis, ensuring a
high-quality evidence base. Results of the quality appraisal are
provided in Multimedia Appendix 2. Of the included studies,
10/23 (43%) [23,25-27,36-39,43,45] were rated as excellent,
10/23 (43%) [24,28,29,31-34,40,41,44] as good, and 3/23 (13%)
[30,35,42] as fair in overall methodological quality.

Descriptive Statistics
A summary of the characteristics of all 23 studies [23-45] is
presented in Multimedia Appendices 3 and 4. Of the 23 [23-45]
publications, the years of publication ranged from 2014 to 2023;
the majority of the research has been published since 2021 (16,
70%) [23-27,29,33-38,42-45]. Studies were conducted in Asia
(13, 57%) [23-27,29,33-35,39-41,45], Europe (2, 9%) [30,43],
North America (7, 30%) [28,31,32,36,38,42,44], and Africa (1,
4%) [37]. Fields of study represented in this sample included
health sciences (15, 65%) [23,26,30,32,33,35-40,42-45],
psychology (3, 13%) [24,25,31], neuroscience (2, 9%) [29,34],
gerontology (2, 9%) [27,41], and rehabilitation (1, 4%) [28].
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Quantitative methods were almost exclusively used (19, 83%)
[23-27,29,30,34-45]. The quantitative studies focused on aspects
of AI in health research, such as prediction [24-26,42], screening
[23,37], investigating [27,43], estimating [29], evaluating
[30,38-41,44], and design and development [34-36,45]. The
qualitative studies (4, 17%) [28,31-33] focused on patient
experiences of robotic stroke therapy [28], the demand for smart
health care services for older adults [33], and participatory
design of socially assistive robots for mental health [31,32].

Sample sizes across the included studies ranged from as few as
10 to over 1.85 million older adult participants. Definitions of
what constituted an “older adult” varied considerably.
Participant ages spanned from 50 to 105 years, reflecting a lack
of consensus on age-based eligibility criteria. Two studies did
not specify age-based criteria but noted that participants were
recruited from older care facilities, implying an assumed
classification based on setting rather than age. It is important
to note that there is no universally accepted standard for defining
“older adult.” The World Health Organization generally defines
older adults as individuals aged 60 years and older, particularly
in global and low- to middle-income contexts [47]. In contrast,
the United States Census Bureau designates age 65 years as the
threshold for older adulthood [48]. These variations highlight
how classifications of “older adult” may differ by region,
cultural context, or institutional policy.

The representation of rurality similarly varied across the studies.
Only 7/23 (30%) [23,26,28,30,35,41,44] of the publications
included in this review focused entirely on a rural population.
The context of rurality in these studies included rural villages
in Yangxi County, China [23]; villages and towns in rural
districts of Beijing [35]; home-based care in rural China [41];
rural areas in the state of Georgia, United States [28]; small
rural hospitals in the United States [44]; rural regions of South
Korea [26]; and a rural health care center in Sweden [30].
However, rurality was often (14/23, 57%)
[24,25,29,31-34,36-38,40,42,43,45] treated as a background
variable used for comparison against urban settings rather than
as a distinct sociocultural or structural context worthy of focused
analysis. Furthermore, nearly half of the studies (11/23, 49%)
[23-25,27,33-35,39-41,45] examining AI for health in rural
areas were conducted in China, suggesting a potential
geographic bias or overrepresentation that may limit the broader
applicability of findings and obscure rural-specific insights from
other regions.

The types of AI used across the included studies were primarily
described as machine learning (n=7, 30%), which supported a
range of predictive tasks, including identifying depression risk
[24], forecasting cognitive decline [25], modeling active aging
[27], predicting suicidal ideation in rural older adults [26], and
developing risk scores for stroke and coronary heart disease
[34,36,45]. Deep learning (n=1, 4%) was used for image-based
screening, specifically for detecting retinal lesions in rural older
adult populations [23]. Robotics (n=2, 9%) was applied in
studies involving telerehabilitation for rural veterans [28] and
remote consultation through robot-assisted echocardiography
[30]. One additional study [31] described the ongoing
participatory design of socially assistive robots with older adults,
though it had not yet reported implementation outcomes.

Notably, no studies examined the use of generative AI (eg, large
language models). Moreover, few studies included qualitative
data capturing older adults’ own perceptions, experiences, or
understanding of AI in their health care, limiting insight into
how this population interprets, evaluates, or engages with AI
technologies in practice.

AI was primarily examined as a strategy to extend health care
services to remote and underserved areas. The largest proportion
of studies (10/23, 43%) [23-26,31,34,36,37,42,45] focused on
AI as a screening and predictive tool in rural health care settings,
supporting early identification of retinal lesions [23], depression
[24,31], cognitive decline [25], suicidal ideation [26], stroke
risk [34], early hospitalizations due to ambulatory-care sensitive
conditions [36], diabetes [37], novel disease association [42],
and cardiovascular disease [45]. Fewer studies explored other
applications of AI, including its use in robotic telerehabilitation,
particularly for rural veterans with limited access to in-person
care [28]; its role in supporting long-term public planning and
social support through epidemiological modeling in aging
populations [29]; and its utility in facilitating remote specialist
consultation, such as through robot-assisted echocardiography
that reduced time to care [30]. These findings highlight a
dominant focus on AI’s predictive capabilities in rural contexts,
while pointing to emerging but underexplored applications in
rehabilitation, planning, and remote access.

Discussion

Principal Findings
Across the literature, we identified three salient themes: (1)
Numbers over Narrative: The Quantitative Focus in AI for
Health Research on Older Adults, (2) Efficacy over Impact:
Prevalence of Clinical Outcomes in AI for Health Research,
and (3) Deepening Disparities: Rural Older Adults Missing in
AI for Health Research. We examine these themes in the
following sections.

Theme 1: Numbers Over Narratives: The Quantitative
Focus in AI for Health Research on Older Adults
Across this systematic literature review, we identified that AI
for health research predominantly emphasizes quantitative
findings, focusing on measurable results, such as diagnostic
accuracy, predictive modeling, and algorithmic efficacy. This
trend reflects broader scientific priorities placed on numerical
data and technical performance, often at the expense of deeper,
qualitative insights into the lived experiences of older adults.

The studies reviewed generally included older adults as subjects
of analysis, rather than as active participants in the research
process. This suggests, and in many cases perpetuates, a research
approach that focuses on older adults, rather than with them.
By emphasizing AI’s reach and capabilities in health research,
such as screening [23,37], prediction [24-26,40,42],
identification [27,38,43], and feasibility [30], the literature
largely overlooks the personal narratives and lived experiences
that are crucial for designing patient-centered, effective AI
solutions. For example, Cui et al [23] designed their quantitative
study to test the efficacy of AI as a screening tool for rural older
adults who are particularly more susceptible to retinal lesions.
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This application of AI, like most of the studies in this review,
is provider-focused, as older adults were not asked to contribute
their perspectives on the use of AI within their health care.

This focus on quantitative findings, while valuable in
establishing initial data and baseline efficacy, remains a
limitation in fully understanding the potential and impact of AI
for health technologies [5]. The minimal presence of qualitative
research undermines the broader relevance and applicability of
AI solutions for marginalized populations, particularly rural
older adults. Among the few studies that incorporated qualitative
components, many offered limited depth or treated qualitative
insights as secondary. For example, Lee et al [33] conducted a
qualitative study with older adults in China and found that 81.6%
of participants had never independently purchased or leased
smart health care products, highlighting low levels of
engagement and understanding of these tools, despite their
increasing availability. Studies focused on clinical outcomes
and algorithmic performance often fail to address the real-world
implications of these technologies, such as usability, trust, and
accessibility, which present critical factors in adoption and
long-term success, especially in rural communities.

Most qualitative studies explore the experiences, preferences,
and barriers faced by older adults [19]. This approach not only
enriches the findings of quantitative studies but also ensures
that AI for health tools is designed in ways that truly meet the
needs of older adults, especially those in underrepresented
communities. Without this qualitative dimension, the
development of AI technologies will likely continue to miss
crucial elements that could optimize their utility in everyday
health care settings, particularly in rural and underserved
populations. The current literature gap underscores the need for
a more balanced research approach that integrates both
quantitative and qualitative methods, ensuring that emerging
technologies are both scientifically rigorous and
human-centered.

Theme 2: Efficacy Over Impact: Prevalence of Clinical
Outcomes in AI for Health Research
Our systematic literature review highlighted the prevalence of
clinical outcomes in AI for health research within the context
of rural older adult populations. A majority of studies in this
sample concentrated on the efficacy of AI interventions designed
to evaluate existing models or outcomes (6/23, 26%)
[28,30,37-39,44], predicting health outcomes (4/23, 17%)
[24-26,42], investigating determinants of health (3/23, 13%)
[27,33,38], screening medical data (2/23, 9%) [23,45],
estimating disease prevalence (1/23, 4%) [29], and analyzing
associated factors (1/23, 4%) [41]. While the investigations of
these outcomes are pivotal and promising, our review suggests
that a more inclusive, participatory approach may ensure that
AI tools are better aligned with the challenges and needs of rural
older adults. In contrast to the clinical-centric focus, other
technology sectors have increasingly adopted community-based
participatory research models to engage users in the design and
development process [20]. However, such approaches have yet
to be widely applied in AI for health research, as seen in this
systematic literature review.

Our findings suggest that while AI-driven tools demonstrate
potential in improving diagnostic precision and personalizing
care for older adults [2-4], the understanding of their real-world
application in rural areas remains underexplored. Rural health
care systems are complex, with challenges, such as limited
broadband access, shortages of health care professionals, and
transportation barriers, all of which may impede the successful
implementation and sustainability of AI solutions [6-8]. In
addition to those challenges, AI solutions also present unique
challenges, including black box algorithms [16], privacy issues
[19], and limited AI literacy [19,20]. None of the studies focused
on any of these user-centered issues. This gap offers rich
research opportunities for technology-driven, health-related
fields, such as information science and computer science, to
address these issues and contribute to a user-centered approach
in understanding the development and implementation of AI
for health research.

Furthermore, without a qualitative, community-centered
approach to AI for health research, which includes understanding
the barriers and experiences of rural older adults, the focus may
likely remain on clinical outcomes rather than the broader
community health outcomes that truly affect these populations
[49].

Our literature review revealed a notable absence of initiatives
aimed at improving digital and health literacy for rural older
adults, highlighting a significant gap in current research. Beyond
clinical outcomes, there are valuable opportunities to support
the health of rural older adults through efforts focused on
enhancing digital literacy as well as education on AI’s impact
on health care [19,20]. However, none of the studies within this
review investigated older adults’ digital literacy or AI literacy
specifically focused on health care tools.

Theme 3: Deepening Disparities: Representation of
Rurality Missing in AI for Health Research
The findings from this systematic review of the literature
highlight a glaring gap in the representation in AI for health
research of the perspectives of older adults from rural areas.
During the initial screening, we found that using the term “rural”
in combination with other key terms frequently yielded no
results. As a result, we manually identified references to rural
populations within the titles and abstracts. This process
underscored not only the lack of focus on rural communities
but also the challenges of finding research that includes rural
older adults in a meaningful way. AI tools for health care and
health decision support are developed using large datasets that,
if not inclusive, will continue to marginalize communities like
rural older adults [2].

Our review also reveals a geographic imbalance in the literature,
with a substantial proportion of studies (11/23, 49%)
[23-25,27,33-35,39-41,45] conducted in China. This
concentration may suggest a geographic bias in the global
development of AI for health research, raising concerns about
the applicability and generalizability of findings to rural
populations in other countries with different health care systems,
cultural contexts, and infrastructure. Moreover, most of the
studies we reviewed were heavily urban-centric, emphasizing
data from metropolitan populations while overlooking the
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distinct challenges and health contexts of rural communities.
As a result, AI models developed in these contexts may fail to
reflect the lived experiences or health care needs of rural older
adults, further widening existing disparities [9-11].

Rurality was rarely a central focus in the studies reviewed. In
most cases, it was treated as a background demographic variable
rather than an analytical lens. Even in studies that addressed
rural-related issues, such as health care access or social isolation,
the quantitative data often lacked input from rural older adults
themselves. This absence of direct perspectives limits the field’s
ability to design AI applications that are contextually relevant
and responsive to diverse rural settings [13]. Beyond merely
including rural populations as a demographic factor, it is
essential to deeply understand the lived experiences of rural
older adults within AI for health research. In many of the studies
reviewed, rurality was treated as a simple comparative statistic,
with little exploration of how rural-specific factors might impact
research findings or health care outcomes. For example, in many
o f  t h e  s t u d i e s  ( 1 5 / 2 3 ,  6 5 % )
[24,25,27,29,31-34,36-38,40,42,43,45], rural populations were
only mentioned in descriptive statistics, without any further
analysis of how rurality influenced the research outcomes. This
limited approach prevents a comprehensive understanding of
the needs and challenges of rural older adults, ultimately
undermining the development of AI solutions and algorithms
that are equitable and effective for all populations [17].

Limitations and Future Directions
Like all systematic literature reviews, this study has limitations.
Our search was constrained by the language spoken by the
research team, limiting inclusion to studies published in English

and potentially omitting relevant research in other languages.
In addition, the set of keywords used in the search was not
exhaustive, and future reviews using alternative or broader
search terms may yield different findings. Despite these
limitations, this review serves as an initial step in advancing a
research agenda focused on the inclusion of older adults,
particularly those from underrepresented, rural populations, in
AI for health research. Our primary aim was to identify
opportunities where AI can help address unmet health needs
and enhance health care delivery for these communities. The
findings from this review provide a foundation for the
development and implementation of responsible, inclusive
AI-driven health care solutions.

Conclusions
These findings suggest that AI for health care research is
currently focused on (1) Numbers over Narrative and (2)
Efficacy Over Impact, while (3) Deepening Disparities. While
older adults are often described as lagging or in triple jeopardy
when it comes to technology in health care, this literature review
suggests that it is AI for health research that is actually lagging
when it comes to understanding the specific community health
care needs of this population. In addition, our findings identify
a growing need for increased attention to qualitative research
to investigate rural older adults’ perspectives on the role of AI
in the development of emerging health care solutions. In
addition, there is a need for concerted efforts to examine the
impacts of AI for health care research. This includes
investigating the transparency of AI tools as well as older adults’
access to education on the implications of AI within their health
care.
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Abstract

Background: Chatbots, as dialog-based platforms, have the potential to transform health education and behavior-change
interventions. Despite the growing use of chatbots, qualitative insights into user and provider experiences remain underexplored,
particularly with respect to experiences and perceptions, adoption factors, and the role of theoretical frameworks in design.

Objective: This systematic review of qualitative evidence aims to address three key research questions (RQs): (RQ1) user and
provider experiences; (RQ2) facilitators and barriers to adoption; and (RQ3) role of theoretical frameworks.

Methods: We systematically searched PubMed, the Cochrane Library, and ScienceDirect from January 1, 2018, to October 1,
2023, for English- or German-language, peer-reviewed qualitative or mixed methods studies. Studies were included if they
examined users’ or providers’ experiences with chatbots in health education or behavior-change contexts. Two reviewers
independently screened titles, abstracts, and full texts (Cohen κ=0.82). We used the Joanna Briggs Institute Critical Appraisal
Checklist for quality assessment and conducted a reflexive thematic analysis following Braun and Clarke’s framework.

Results: Among the 1754 records identified, 27 studies from 10 countries met the inclusion criteria, encompassing 241
qualitative-only participants and 10,802 mixed method participants (657 contributing qualitative data). For RQ1, users emphasized
empathy and emotional connection. For RQ2, accessibility and ease of use emerged as facilitators, whereas trust deficits, technical
glitches, and cultural misalignment were key barriers. For RQ3, the integration of behavior-change theories emerged as underutilized
despite their potential to increase motivation.

Conclusions: Chatbots demonstrate strong potential for health education and behavior-change interventions but must address
privacy and trust issues, embed robust theoretical underpinnings, and overcome adoption barriers to fully realize their impact.
Future directions should include evaluations of cultural adaptability and rigorous ethical considerations in chatbot design.

Trial Registration: OSF Registries osf.io/4px23; https://osf.io/4px23

(JMIR Hum Factors 2025;12:e60205)   doi:10.2196/60205

KEYWORDS

chatbot; health education; behavior change; user experience; privacy concerns; personalization; qualitative research.

Introduction

Chatbots are software applications designed for 2-way dialogue
that simulate human conversation through text or speech and
are increasingly integrated into health care systems to deliver
health education and behavior-change interventions [1,2]. These
applications provide tailored guidance and real-time support by
leveraging the widespread availability of smartphones and
internet connectivity, thereby delivering standalone health
interventions [3]. Users receive timely information, reminders,

and motivational messages that may improve health outcomes
[4,5].

Despite their growing use, previous systematic reviews and
meta-analyses have focused predominantly on quantitative
outcomes, such as symptom reduction and behavioral
compliance [1-3,6], leaving significant gaps in our understanding
of the qualitative dimensions of chatbot interactions [7]. These
gaps, namely, the limited qualitative insights into user
experiences, the underutilization of theoretical frameworks in
chatbot design, and an insufficient understanding of adoption
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factors, form the foundation of this study and directly inform
our 3 research questions (RQs).

Established theoretical frameworks, such as the health belief
model (HBM), the technology acceptance model (TAM), and
social cognitive theory, offer valuable constructs for
understanding and motivating behavior change [8-11]; however,
these models are rarely integrated into current chatbot designs.
This underutilization may limit chatbots’ capacity to enhance
user engagement and sustain behavior change.

This review aims to synthesize qualitative insights into the
following:

1. What are the experiences and perceptions of users and
providers regarding chatbots in health education and
behavior change?

2. What are the key facilitators and barriers affecting the
adoption of healthcare chatbots?

3. How do theoretical frameworks guide the design and
implementation of these chatbots?

Methods

Overview
This systematic review aligns with the meta-aggregation
principles outlined by Lockwood et al [12] (adapted for
qualitative evidence synthesis), which we have applied to the
domain of health education and behavior change interventions
delivered via conversation-based digital tools, including
chatbots. This approach was chosen to explore in-depth user
and provider experiences through a specific focus on qualitative
data, directly addressing the RQs on perceptions, theoretical
frameworks, and adoption facilitators and barriers. We adhered
to the guidelines of the Joanna Briggs Institute (JBI) [13] for
critical appraisal and reported our methods in accordance with
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) flowchart and standard systematic review
protocols. The review was registered with the Open Science
Framework to ensure methodological transparency.

Search Strategy
We searched PubMed, the Cochrane Library, and ScienceDirect
from January 1, 2018, to October 1, 2023, for English- or
German-language, peer-reviewed qualitative or mixed methods
studies. A medical librarian assisted in developing the search
strategy to ensure comprehensive coverage. Our search syntax

included terms such as “chatbot,” “conversational agent,”
“digital health interventions,” “qualitative,” and “mixed
methods.” These terms were applied to titles, abstracts, and
keywords to identify relevant studies examining
conversation-based digital tools for health education or behavior
change. The detailed search syntax is presented in Multimedia
Appendix 1.

Study Selection
Two reviewers (SF and KEC) independently screened all titles
and abstracts (Cohen κ=0.82), retrieving full texts when either
deemed an article potentially relevant. Discrepancies were
resolved by discussion, obviating the need for a third reviewer.
Mixed methods studies were included if they provided relevant
qualitative data, which were prioritized over quantitative
findings during synthesis to ensure a comprehensive
understanding of user and provider experiences. The final
inclusion criteria limited articles to those presenting qualitative
data on conversation-based digital tools in health education or
behavior change, with participants or providers offering
experiential insights. References were tracked and managed via
EndNote (Clarivate) and manual cross-checking. An overview
of the complete selection process is shown in Multimedia
Appendix 2, along with the PRISMA flow diagram.

Inclusion and Exclusion Criteria
Studies were selected on the basis of the detailed inclusion and
exclusion criteria outlined in Table 1. In brief, we included
qualitative or mixed methods studies published in English or
German between 2018 and 2023 that investigated user or
provider experiences with conversation-based digital tools
designed for health education or behavior change. These tools
encompass various designations, including “chatbots,”
“conversational agents,” and “digital health assistants,” all of
which rely fundamentally on dialog-based engagement. This
inclusive approach enables a comprehensive examination of
automated conversational systems within health intervention
contexts. The time frame (2018‐2023) was selected to capture
recent developments in chatbot technology, while the language
restriction was based on the research team’s proficiency. Studies
were excluded if they lacked conversational functionality, did
not provide qualitative data, or focused on domains unrelated
to health education and behavior change. These criteria were
systematically applied to ensure consistent study selection and
reduce potential bias.
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Table . Inclusion and exclusion criteria.

ExclusionInclusionCriterion

Purely quantitative studies, reviews, editorials,
opinion pieces, conference abstracts, and
non–peer-reviewed articles

Primary qualitative studies, mixed methods
studies with qualitative components, and peer-
reviewed articles

Study type

Studies focused exclusively on children and
studies without direct user and provider perspec-
tives

Patients and health consumers, health care pro-
fessionals, adults (aged 18 years and older),
adolescents (aged 12‐19 years) with specific
health conditions

Population

Mobile apps without conversational features,
static health information systems, and noninter-
active digital tools

Chatbots and conversational agents for health
education, chatbots for behavior change, artificial
intelligence–driven health dialog systems

Intervention

Only quantitative outcomes, technical perfor-
mance metrics, and cost-effectiveness analyses

User experiences, provider experiences, percep-
tions of chatbot use, qualitative feedback on us-
ability, and implementation insights

Outcomes

All other languagesEnglish and GermanLanguage

Studies published before 2018 and after 2023Published between 2018 and 2023Publication period

Non–health care settings, commercial customer
service, and general technology evaluation

Health care settings, health education contexts,
and behavior change interventions

Context

Poor methodological quality, insufficient descrip-
tion of methods, and lack of ethical considera-
tions

Clear methodological description, appropriate
data collection methods, and rigorous analysis
procedures

Study design quality

Data Extraction and Quality Appraisal
A standardized form was used to extract data on study design,
participant demographics, chatbot features, outcomes, and key
qualitative findings, ensuring consistency across studies. Two
reviewers initially extracted data from 5 articles to establish a
consistent approach before dividing the remaining articles;
ongoing discussions resolved any ambiguities. The JBI Critical
Appraisal Checklist for Qualitative Research was used to assess
the methodological rigor and risk of bias (Multimedia Appendix
3). Rather than excluding studies failing to meet certain criteria,
our appraisal informed the weighting of findings during
synthesis.

Data Analysis
We conducted reflexive thematic analysis [14], beginning with
immersive reading and coding of text fragments and progressing
through 6 phases: (1) familiarization, (2) initial coding, (3)
theme development, (4) review, (5) definition and naming, and
(6) reporting. Subsequent iterative rounds of coding and
discussion refined the analysis, and the themes were validated
against the context of each article. To ensure rigor, investigator
triangulation was used, with both reviewers achieving high

interrater reliability (Cohen κ=0.82 for the screening process),
along with regular analytic meetings and reflective journaling
to mitigate researcher bias. The identified themes were organized
in alignment with our 3 RQs, and representative participant
quotes were integrated to illustrate key findings and enhance
the credibility of the analysis.

Results

Overview of Included Studies
From the 1754 records identified, 27 articles from 10 countries
satisfied our criteria, encompassing 169 participants in
exclusively qualitative studies and 10,802 in mixed methods
studies, of whom 657 contributed qualitative data (Figure 1).
The studies varied in focus, encompassing chatbot design,
technological innovations, behavior change, mental health, and
user experience research. Participant ages ranged from
adolescents to older adults, highlighting the broad adaptability
of chatbots across diverse health contexts. The participants
included patients, health care providers, and general users, with
studies primarily using qualitative interviews or mixed methods
designs. For a detailed summary of the study characteristics,
see Table 2.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the study selection process.
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Table . Summary of study characteristics.

ParticipantsStudy designAim of the studyCountryYearTitleFirst author

93 participants in
the intervention
arm

Randomized con-
trolled trial and
mixed methods

To evaluate the ac-
ceptability of an
embodied conversa-
tional agent, named

Australia and New
Zealand

2020Acceptability of an
embodied conversa-
tional agent for
type 2 diabetes

Baptista et al [15]

Laura, used to deliv-self-management
er diabetes self-education and sup-

port management educa-
tion and support in
the My Diabetes
Coach (MDC) app.

20 clients (10 men
and 10 women) and

MixedThe paper explores
the experiences and

Australia2021Enacting “more-
than-human” care:

Barnett et al [16]

8 counsellors (5
men and 3 women)

perceptions of
clients and counsel-
lors of chatbots

clients’and counsel-
lors’ views on the
multiple affor-

used in web-baseddances of chatbots
alcohol and otherin alcohol and other

drug counseling drug counseling. It
focuses on how
these technologies
afford (provide) or
constrain online
care and client inter-
actions.

13 adolescents with
chronic conditions

Pilot studyTo engage adoles-
cents with chronic
medical conditions

United States2019Getting ready for
adult healthcare:
designing a chatbot

Beaudry et al [17]

using a chatbot andto coach adoles-
text messagingcents with special
platform to pro-health needs
mote skill attain-through the transi-

tions of care ment in self-care
and ease the transi-
tion from pediatric
to adult-focused
care

71 university stu-
dents aged 18‐26

Mixed methodsTo examine how
various design ele-

Clemson Universi-
ty, Clemson, Unit-
ed States

2023The effects of a
health care chat-
bot’s complexity
and persona on user

Biro et al [18]

years (28 males, 43
females; 69% Cau-

ments impact the
efficacy of a health

trust, perceived us- casian, 11.3%care chatbot intend-
ability, and effec- African American,

19.7% Asian)
ed for educational
purposes.tiveness: mixed

methods study

19 adolescents with
type 1 diabetes and

QualitativeTo assess the effec-
tiveness and accep-

Aotearoa, New
Zealand

2023Improving the well-
being of adoles-
cents with type 1

Boggiss et al [19]

11 diabetes health
care professionals

tance of a self-com-
passion chatbot
(COMPASS) de-

diabetes during the
COVID-19 pandem-

signed for adoles-ic: qualitative study
cents with type 1
diabetes.

exploring accept-
ability and clinical
usability of a self-
compassion chatbot

20 interview partic-
ipants and 205 sur-
vey respondents

Two-stage mixed-
method approach

To understand the
factors influencing
individuals’ atti-
tudes and intentions

Taiwan2022Why would you
use medical chat-
bots? Interview and
survey

Chang et al [20]

to use medical
chatbots.
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ParticipantsStudy designAim of the studyCountryYearTitleFirst author

17 post–heart trans-
plantation patients
and 4 health profes-
sionals

QualitativeTo investigate the
information needs
of post–heart trans-
plantation patients
and develop a pre-
liminary frame-
work for a mobile
health app to sup-
port their self-man-
agement.

Taiwan2020Developing a heart
transplantation self-
management sup-
port mobile health
app in Taiwan:
qualitative study

Chen et al [5]

20 participants
from the School of
Psychology’s pool
of research volun-
teers

QualitativeTo explore the expe-
riences of individu-
als who have en-
gaged in a motiva-
tional interview de-
livered by a social
robot.

United Kingdom2018Experiences of a
motivational inter-
view delivered by
a robot: qualitative
study

Galvão Gomes da
Silva et al [21]

10 adults with hy-
pertension

MixedTo incorporate
users’ feedback in-
to Medicagent
through usability
testing, leveraging
the Information-
Motivation-Behav-
ioral skills model
and the model of
medication self-
management

United States2023A chatbot for hyper-
tension self-man-
agement support:
user-centered de-
sign, development,
and usability test-
ing

Griffin et al [22]

15 adults with hy-
pertension

Convergent mixed
methods design

To understand infor-
mation needs and
perceptions toward
using a chatbot to
support hyperten-
sion medication
self-management

Chapel Hill, North
Carolina, United
States

2021Information needs
and perceptions of
chatbots for hyper-
tension medication
self-management:
a mixed methods
study

Griffin et al [23]

10 clinical experts
with experience in
posttraumatic stress
disorder care

QualitativeTo conduct a pre-
liminary evaluation
of the PTSDia-
logue, focusing on
its usability and ac-
ceptance from the
viewpoint of clini-
cal experts.

United States2023Preliminary evalua-
tion of a conversa-
tional agent to sup-
port self-manage-
ment of individuals
living with posttrau-
matic stress disor-
der: interview study
with clinical ex-
perts

Han et al [24]

51 older adults,
70.6% female, and
average age of 65
years

Observational co-
hort study

To assess the use,
user experience,
and potential health
effects of a conver-
sational agent-
based eHealth plat-
form among older
adults.

The Netherlands2022Evaluation of a dig-
ital coaching sys-
tem eHealth inter-
vention: a mixed
methods observa-
tional cohort study
in the Netherlands

Hurmuz et al [25]

48 individuals
(66.7% female and
33.3% male)

User-centered de-
sign

To investigate
young adults’ en-
gagement and expe-
riences with a proto-
type of an interac-
tive text messaging
program for manag-
ing mental health
concerns.

United States2023A text messaging
intervention to sup-
port the mental
health of young
adults: user engage-
ment and feedback
from a field trial of
an intervention pro-
totype

Kornfield et al [26]
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ParticipantsStudy designAim of the studyCountryYearTitleFirst author

6 designers, 5 med-
ical staff (hospital
director, supervi-
sor, nurses), and 8
groups of home
caregivers for intu-
bated patients

Grounded theoryTo explore a theo-
retical framework
for developing pic-
torial health educa-
tion tools to en-
hance communica-
tion between medi-
cal and nonmedical
staff in home care.

Taiwan2020Exploring pictorial
health education
tools for long-term
home care: a quali-
tative perspective

Lin et al [27]

9 individuals,
women (n=4) and
men (n=5), mean
age of 28.8 years

Mixed methodsTo map and synthe-
size qualitative evi-
dence on the use of
chatbots in health
education and be-
havioral change
settings.

Sweden2017A fully automated
conversational
agent for promoting
mental well-being:
a pilot RCT using
mixed methods

Ly et al [28]

8158 people con-
nected with the
chatbot

Mixed methodsTo assess the imple-
mentation of the
GREAT4Diabetes
chatbot, focusing
on adoption, appro-
priateness, accept-
ability, and other
implementation
outcomes.

South Africa2022Evaluating the im-
plementation of the
GREAT4 Diabetes
WhatsApp chatbot
to educate people
with type 2 dia-
betes during the
COVID-19 pandem-
ic: convergent
mixed methods
study

Mash et al [29]

29 university stu-
dents for interviews
and 215 individuals
for survey

Mixed methodsTo assess the ac-
ceptability of artifi-
cial intelli-
gence–driven
health chatbots and
uncover challenges
and driving factors
impacting their use.

United Kingdom2019Acceptability of ar-
tificial intelligence
(AI)-led chatbot
services in health-
care: a mixed-
methods study

Nadarzynski et al
[30]

1341 participants
from 19 countries

Exploratory, cross-
sectional, and de-
scriptive study

To explore regis-
tered nurses’ and
midwives’ views
on socially assistive
robots and the im-
pact of cultural di-
mensions on their
acceptance.

United Kingdom2022Socially assistive
robots in health and
social care: accep-
tance and cultural
factors. Results
from an exploratory
international inter-
net-based survey

Papadopoulos et al
[7]

50 participants (16
men and 34 wom-
en)

User experience as-
sessment study

To develop and as-
sess a conversation-
al agent aimed at
engaging people in
blood donation.

Brazil2020“Hey assistant, how
can I become a
donor?” The case
of a conversational
agent designed to
engage people in
blood donation

Roman et al [31]

62 participants in 6
focus groups

QualitativeTo gather feedback
on chatbots as new
communication
tools for facilitating
genetic counseling.

United States2019Patient assessment
of chatbots for the
scalable delivery of
genetic counseling

Schmidlen et al
[32]
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ParticipantsStudy designAim of the studyCountryYearTitleFirst author

230 psychology
students

Between-subjects
experiment

To investigate the
support level tech-
nology, specifically
a pedagogical
agent, can provide
to users of a self-
guided positive
psychology psy-
cho-education.

Netherlands2019An empirical study
of a pedagogical
agent as an adjunct
to an eHealth self-
management inter-
vention

Scholten et al [33]

58 participants in-
cluding patient rep-
resentatives, IT en-
gineers, and medi-
cal staff

Participatory
methodology

To design and de-
velop a pilot ver-
sion of the Rosa
chatbot as a reliable
source of informa-
tion on hereditary
breast and ovarian
cancer.

Norway2022Ask Rosa – the
making of a digital
genetic conversa-
tion tool, a chatbot,
about hereditary
breast and ovarian
cancer

Siglen et al [34]

26 participants
from the selfBACK
trial

Qualitative inter-
view study

To investigate pa-
tients’ experiences
with the selfBACK
app for self-manage-
ment of low back
pain.

Denmark and Nor-
way

2022One size does not
fit all: participants’
experiences of the
selfBACK app to
support self man-
agement of low
back pain

Svendsen et al [35]

20 participants with
risky substance use

Mixed methodsTo evaluate the fea-
sibility and accept-
ability of mobile-
phone delivered
self-monitoring and
feedback integrated
into a health coach-
ing intervention for
risky drug use.

United States2021Feasibility and ac-
ceptability of mo-
bile phone self-
monitoring and au-
tomated feedback
to enhance tele-
phone coaching for
people with risky
substance use

Swendeman et al
[36]

11 participants with
chronic obstructive
pulmonary disease
and congestive
heart failure

Mixed methods de-
sign

To investigate
users’ perceptions
of an embodied
conversational
agent’s design in a
real-life setting.

The Netherlands2021An embodied con-
versational agent in
an eHealth self-
management inter-
vention for chronic
obstructive pul-
monary disease and
chronic heart fail-
ure

Ter Stal et al [37]

20 adolescents aged
14‐20 years old,
identifying as
LGBTQ+

Exploratory pilot
study

To evaluate REAL-
bot, a chatbot de-
signed to deliver an
educational pro-
gram to rural living
LGBTQ+ youth to
reduce perceived
isolation.

United States2023A chatbot-delivered
intervention for op-
timizing social me-
dia use and reduc-
ing perceived isola-
tion among rural-
living LGBTQ+
youth

Escobar-Viera et al
[38]

347 survey respon-
dents and 12 partic-
ipants in semistruc-
tured interviews

Mixed methodsTo understand
users’ attitudes and
experiences with
online health care
chatbots.

China2023Revealing the com-
plexity of users’ in-
tention to adopt
healthcare chatbots:
a mixed-method
analysis of an-
tecedent condition
configurations

Wang et al [39]

RQ1: User and Provider Experiences
RQ1 explores the general experiences and perceptions of users
and providers regarding chatbots in health education and

behavior change, which is distinct from the specific adoption
factors addressed in RQ2.
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Empathy and Emotional Connection
The participants valued human-like interactions in chatbots,
particularly for emotional support. Ly et al [28] noted that
participants perceived chatbots as living characters capable of
forming relationships, emphasizing their potential to mimic
human guidance and empathy. However, providers expressed
skepticism about chatbots’empathetic capabilities. Nadarzynski
et al [30] raised significant concerns, stating that chatbots are
not capable of empathy, notably in recognizing users’emotional
states and tailoring responses accordingly, potentially
compromising user engagement.

Trust and Privacy Concerns
Privacy and data security are significant concerns affecting trust
in chatbots. A participant in the study by Nadarzynski et al [30]
stated, “Some things are confidential and you wouldn’t just type
it on the internet. You would want the confidentiality of [a
doctor],” highlighting concerns over the chatbot’s ability to
maintain the confidentiality expected in traditional medical
interactions. These concerns highlight the tension between
accessibility and data protection.

RQ2: Facilitators and Barriers to Adoption
RQ2 investigates specific factors influencing the adoption of
healthcare chatbots, distinguishing them from the broader
experiences covered in RQ1.

Accessibility and Ease of Use
Round-the-clock availability and intuitive design were key
facilitators. Boggiss et al [19] explicitly stated that chatbots
offer unique advantages, including “24-hour availability,
accessibility, remote delivery, scalability, and real-time
personalized responses.”

Personalization
Personalization enhanced adoption. Chang et al [20] highlighted
user desire for personalized health information, rather than
generic content, to enhance relevance and usefulness. Boggiss
et al [19] further supported this, noting that nearly all users
wanted to customize chatbot interactions.

Trust Deficits
Trust issues, particularly those related to privacy, hinder
adoption. Barnett et al [16] expressed concerns about
confidentiality, noting uncertainty regarding who has access to
chatbot interactions and thus preferring traditional doctor–patient
confidentiality.

Technical Glitches
Technical issues such as app freezes and connectivity problems
were barriers. Mash et al [29] explicitly described technical
problems such as repeated messages and system overloads
affecting message dissemination to users, significantly disrupting
user experiences. Svendsen et al [35] reported that faulty
synchronization and login issues impact chatbot use.

Cultural Misalignment
Chatbots’ inability to interpret cultural nuances posed obstacles.
Papadopoulos et al [7] highlighted the chatbot’s difficulty in
understanding cultural contexts, stating, “It may interfere with
the patient, the patient may not be able to explain the problem
to the robot because the robot does not know how people grow
in cultures in places.”

RQ3: Role of Theoretical Frameworks
RQ3 examines how theoretical frameworks of health behavior
change and how technology acceptance guides chatbot design
and implementation.

Underutilization of Behavior Change Models
While some studies have integrated frameworks such as the
HBM, TAM, or social cognitive theory, many have not, missing
opportunities to increase user motivation. Griffin et al [22]
explicitly used the IDEAS (Integrate, Design, Assess, and Share)
framework and information-motivation-behavioral skills model
to inform chatbot design for hypertension management,
demonstrating the positive impact of theory-driven approaches.
Conversely, Nadarzynski et al [30] identified the absence of a
clear theoretical foundation as problematic, noting risks such
as incorrect self-diagnosis and inadequate care from theoretically
ungrounded chatbots.

Integration With Theoretical Constructs
Studies incorporating theoretical constructs reported improved
engagement. Griffin et al [22] positively illustrated the
integration of behavioral theories, notably the IDEAS framework
and the information-motivation-behavioral skills model,
effectively informing users and motivating behavior change.

Additional Analytical Themes
This section synthesizes insights from RQ1-RQ3 to illustrate
how themes of empathy, trust, and theoretical grounding
converge in the experiences of users and providers. Chatbots
were seen as evolving interfaces capable of triaging minor
questions before escalation, as highlighted by participants in
Nadarzynski et al [30], who described chatbots effectively
directing users either to immediate care or reassurance. They
were also viewed as expansions of social networks, offering
psychosocial support for isolated populations. Barnett et al [16]
emphasized that chatbots might attract users needing extreme
privacy and confidentiality, potentially engaging more
individuals in treatment. By transparently integrating artificial
intelligence (AI)–driven personalization with behavior-change
theories, these digital tools not only strengthened emotional
connections but also addressed key adoption barriers, creating
a unified and trustworthy health-education experience.

Figure 2 provides a visual representation of the descriptive and
analytical themes identified in our review, illustrating how user
experiences (eg, empathy, trust) intersect with theoretical
frameworks and adoption factors.
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Figure 2. Thematic interconnections in health care chatbot research.

Methodological Quality and Risk of Bias
The methodological rigor of the 27 studies varied. Many aligned
studies aim with qualitative methods, but some lack transparency
in reporting researcher biases or ethical considerations. Using

the JBI Critical Appraisal Checklist, 13 studies were at low risk
of bias, 12 were at unclear risk, and 2 were at high risk,
primarily due to limited ethical reporting or reflexivity. Figure
3 provides a summary of the risk of bias assessment for the
included studies.

Figure 3. Summary of the risk of bias assessment for the 27 included studies.

Discussion

Principal Findings
Our synthesis reveals robust enthusiasm for chatbots as tools
for health education and behavior change. In addressing RQ1
(User and Provider Experiences), we found that users value
empathy and emotional support, yet they express concerns about
trust and privacy. For RQ2 (Facilitators and Barriers to

Adoption), 24/7 accessibility, ease of use, and personalization
emerged as key facilitators, whereas trust deficits, technical
glitches, and cultural misalignment were identified as major
barriers. With respect to RQ3 (Role of Theoretical Frameworks),
the underutilization of models such as the HBM or TAM in
chatbot design has emerged as a critical gap, limiting the
potential for enhanced motivational and behavioral outcomes.

Earlier meta-analyses, such as those by Laranjo et al [2],
reported that chatbots can improve health outcomes, but our
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qualitative review complements this by emphasizing
user-centered dimensions such as trust, empathy, and cultural
fit—factors often overlooked in quantitative studies. For
example, Nadarzynski et al [30] identified privacy as a barrier
to adoption, a concern supported by our findings and detailed
in the results section. Our review also identified specific barriers,
such as technical errors [19], privacy gaps [16,30], and cultural
mismatches [7], which previous studies have not extensively
addressed. This qualitative depth highlights that chatbot success
depends not only on technical functionality but also on
resonating with users personally and culturally—an insight
crucial for developers and policymakers aiming to foster trust
and adoption across diverse populations.

Our findings offer guidance for developers to embed behavior
change theories and culturally adaptive content into chatbot
design. Developers should prioritize incorporating prompts that
address perceived barriers (eg, tailored reminders to overcome
reluctance) and foster personalized feedback loops on the basis
of theoretical constructs such as the HBM or
information-motivation-behavioral skills model [22]. Developers
should also embed culturally relevant content and empathetic
responses to build trust and engagement. This systematic
integration of theories is essential for optimizing chatbot
effectiveness, addressing a gap in current designs.

Healthcare providers can integrate chatbots as triage tools to
complement face-to-face care and reduce routine workloads.
Providers should advocate for chatbots that support, rather than
replace, human interaction. Training healthcare staff in how to
use chatbot systems effectively can improve both patient
outcomes and provider acceptance. Our qualitative insights
suggest that providers are more likely to support chatbot
integration when they perceive these tools as enhancing, not
threatening, their professional roles.

Policymakers should promote transparent privacy standards and
fund theory-based chatbot initiatives. Regulating data security
and ensuring transparent privacy policies are essential to
fostering user trust. Policymakers should support the integration
of theoretical frameworks into digital health tools to ensure that
they are evidence-based and effective. Funding initiatives
promoting culturally sensitive chatbot designs could further
support adoption. The emphasis on cultural relevance and ethical
considerations in our findings points to a broader need for
policies that prioritize user trust and inclusivity in digital health
innovations.

Strengths and Limitations
A primary strength is the focus on qualitative evidence, offering
granular insights into the emotional, cultural, and trust-based
dimensions of chatbot use. The broad timescale (2018‐2023)
captures recent innovations, including AI-based chatbots.
However, the 2018‐2023 window may exclude older studies

or those in languages beyond English/German, limiting the
diversity of perspectives. Additionally, the rapid evolution of
AI-driven chatbots, particularly large language models (LLMs),
means that our results may not fully capture their latest
affordances. The inclusion of broader conversational
technologies [e.g., Biro et al [18], ; Chang et al [20], ; Svendsen
et al [35], ] to offer holistic insights may reduce the specificity
of findings for strictly defined chatbots. Selection bias may have
influenced the findings, as many studies recruited tech-savvy
participants, potentially overrepresenting positive experiences.
The heterogeneity of study designs and limited focus on specific
populations (eg, older adults) also constrain generalizability.

Future Directions
Future research should examine how user perceptions (trust,
empathy) evolve over time (RQ1), assess cultural influences
on adoption barriers/facilitators (RQ2), and pilot systematic
integration of theories into chatbot workflows (RQ3). For
example, longitudinal studies should explore adherence and
user engagement across time, whereas cross-cultural research
could illuminate how regional dialects and health beliefs affect
adoption. Methodologically, future work should strengthen
transparency through preregistration and the use of qualitative
reporting frameworks (eg, Consolidated Criteria for Reporting
Qualitative Research), enhance ethical safeguards, adopt
inclusive recruitment strategies, ensure human support during
chatbot interactions, and establish clear data usage and privacy
protocols. Collaborative efforts among developers, clinicians,
behavioral scientists, and ethicists are essential for refining
chatbot designs, ensuring data security, and embedding effective
behavior

Conclusion

This systematic review highlights robust interest in chatbots for
health education and behavior change while revealing significant
challenges related to privacy, cultural alignment, and theoretical
underpinnings. By addressing RQ1, RQ2, and RQ3, we
identified key facilitators of and barriers to chatbot adoption
and underscored the importance of embedding behavior change
theories into chatbot design. Although chatbots extend the reach
of healthcare by providing empathetic, accessible support, their
full potential remains constrained without systematic integration
of behavior change models and rigorous data safeguards.
Developers should prioritize user trust, cultural relevance, and
theoretical grounding to enhance chatbot adoption and
effectiveness. Addressing these challenges through
interprofessional collaboration, ethical oversight, and ongoing
research will be crucial for realizing chatbots’ transformative
potential in global health systems. This review’s qualitative
insights provide a foundation for designing innovative,
user-centered chatbots that address diverse populations’complex
needs in digital health.
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Abstract

Background: Aging is associated with various challenges, especially concerning mobility. Transportation planning e-tools are
currently available to provide older adults with real-time travel information and help them choose trip options. However, many
older adults find them challenging to use, as they are not tailored to their specific needs, such as lack of accessibility to the different
means of transportation. It is necessary to identify knowledge gaps about design based on older adults’ experience using
transportation planning e-tools.

Objective: This study aims to identify knowledge gaps regarding the user experience design and its evaluation for older adults
using transportation planning e-tools.

Methods: A scoping review of the scientific literature was conducted, based on Arksey and O’Malley’s guidelines. The search
covers sources published in English from January 2002 to October 2022 through 7 scientific databases, including MEDLINE,
AgeLine, CINAHL, SCOPUS, ProQuest, IEEE Explore, and TRID (Transportation Research International Documentation), and
was updated in October 2023. Data selection and extraction were performed by the first author and were co-validated by 2
co-authors. The identified sources were analyzed based on source characteristics (authors, year of publication, title of the article,
source of article, country, and context of the studies), the purpose of the studies (objectives and study orientation), and the mapping
of the methodology and evaluation of user experience (design approach, setting, type of data collection and analysis, type of
usability evaluation, and sample size). Both descriptive-analytical methods and thematic analysis were used to analyze the
categorized data.

Results: Overall, 1905 sources were identified through databases, and 40 sources were selected for full-text analysis. Data
analysis revealed in recent years that there has been significant growth in e-tools designed for older adults, but only 2 studies
were related to the field of transportation. In total, 12 studies aimed to evaluate user experience, and 22 studies focused on a
user-centered design approach. Most of these studies (n=31) were carried out in a laboratory setting, using summative usability
evaluation (user-based testing). The System Usability Scale (SUS) was the most prevalent tool (15 studies) to measure user
efficiency and satisfaction. However, no studies have been found that specifically aim to improve the mobility experience of
older adults using an age-friendly transportation planning e-tool in a real-life context.

Conclusions: There is a lack of studies assessing older adults’ experience when using transportation planning e-tools in real-life
situations. To bridge this gap, a participatory approach is necessary to better consider the needs of older adults in a real-life context
and create age-friendly design guidelines for the development of transportation planning e-tools. This will not only enhance their
user experience in trip planning but also promote their social engagement by improving their mobility.

(JMIR Hum Factors 2025;12:e63273)   doi:10.2196/63273
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Introduction

Background
The population of individuals aged 65 years and above is
projected to increase from 900 million in 2015 to 2 billion by
2050 [1]. Recent data reported that 37.8% of Canadians over
the age of 65 years live with a disability, which increases
mobility issues in their daily travel [2]. Indeed, some age-related
changes may impede the use of transportation for many older
adults to participate in meaningful activities. Decreased vision
[3-5] and hearing loss [6,7] make it difficult to see other road
users (especially at night), recognize traffic signs (reading text
and distinguishing colors) while driving, and hear
high-frequency sounds when crossing the street. In addition,
decreased flexibility, range of motion, and grip strength can
limit driving control and impair driving safety [7], which makes
it difficult for them to get around. Therefore, it is necessary to
support the ability of older adults to know and use transportation
options that are tailored to their needs so that they continue to
be able to leave their homes, which is an essential characteristic
of social participation [8].

Transportation-planning e-tools are currently available to
provide older adults with information about transportation and
trip options. These tools can take the form of websites or
applications designed to assist users in planning, personalizing,
and managing their travel. However, many older adults find
them challenging to use. With increased aging, reduced dexterity
and lower vision make it difficult to locate the necessary
information on the screen or click on the appropriate button,
which can impede their experience when planning travels in the
community [9]. Specifically, visual decline also impacts the
contrast sensitivity in using travel planning e-tools (eg,
recognizing the elements in maps or e-tools). The decline of
fine motor skills [4] may interfere with the use of electronic
devices that allow movement planning. Moreover, lower
executive abilities can lead to difficulty in planning travel and
understanding public transportation options [10]. Besides, some
older adults experience difficulty in travel planning due to their
lack of digital literacy [11], which may raise challenges, such
as access to the up-to-date flow of information for travel
planning [12]. The interface of the developed tool should thus
consider these age-related changes and the variability in
numerical literacy [13] in planning trips. When it comes to
designing an interface, user experience is essential [14].

User experience is defined as an “iterative set of decisions
leading to a successful outcome with an interactive tool, as well
as a productive and satisfying process while arriving at this
outcome” [15]. According to Hassenzahl and Tractinsky [16],
it is created by the interaction of the user’s internal state, the
characteristics of the designed system, and context. It should
be noted that 2 other concepts should be introduced in relation
to user experience: user interface and usability. User interface
is “the part of technology that people interact with. The
interaction between a computer and a user is a two-way
interaction” [17]. Therefore, user interface design refers to “the
iterative set of decisions leading to a successful implementation
of an interactive tool” [15]. Usability refers to the fact that

“when a product or service is truly usable, the user can do what
she or he wants to do, the way she or he expects to be able to
do it, without hindrance, hesitation or questions” [18]. Hassan
and Galal-Edeen [19] argue that usability is a subset of user
experience, and none alone can determine the degree of
conformity of a product or service to the expectations and needs
of its users. The usability criteria include usefulness, efficiency,
effectiveness, satisfaction, learnability, accessibility,
memorability, and error tolerance. Considering these definitions
in the framework of this study, the user experience refers to the
interaction of older adults with the aesthetic and functional
aspects of the transportation planning e-tool to plan a trip that
satisfactorily meets their needs and preferences.

A co-design design is a participatory approach that can be
relevant to older adults to address their challenges in planning
a trip and improve the user experience when using e-tools.
Participatory design refers to “a process of investigating,
understanding, reflecting upon, establishing, developing, and
supporting mutual learning between multiple participants in
collective reflection-in-action” [20]. Understanding the
interactions and collaboration of older adults in co-design
approaches such as participatory design [20] is an important
aspect of user experience design [21] as older adults’ needs and
physical condition can affect their participation in the design
process. Participatory design could help evaluate user
experience. As there is a lack of research on user experience
design for older adults [22], it is essential to support older adults’
mobility through travel options that are tailored to their needs
and preferences by identifying knowledge gaps regarding the
user experience design of older adults when using a
transportation planning e-tool.

Context and Objective
The aim of this scoping review is to identify knowledge gaps
regarding the user experience design and its evaluation for older
adults using transportation planning e-tools.

Methods

Study Design
This scoping review was based on Arksey and O’Malley’s [23]
framework with the following stages: (1) identifying the research
question; (2) identifying the relevant sources; (3) selecting the
studies; (4) charting the data; and (5) collecting, summarizing,
and reporting results.

Identifying the Research Question
The question was formulated using a broad approach to ensure
sufficient breadth during the literature search. The question is:
What is known about the user experience design, co-design,
and its evaluation for older adults using transportation-planning
e-tools to move around in the community? This scoping review
followed the PCC framework: (P) older adults, (C) user
experience design, co-design, and usability evaluation, and (C)
transportation-planning e-tools.

Identifying the Relevant Sources
This stage consisted of searching scientific literature published
in English from January 2002 to October 2022, with an updated
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search conducted on October 3, 2023. The search was performed
across 7 databases: MEDLINE (PubMed, NCBI), AgeLine
(EBSCOhost), CINAHL Plus with Full Text (EBSCOhost),
SCOPUS (Elsevier), ProQuest Dissertations and Theses
(ProQuest), IEEE Xplore (IEEE Xplore Digital Library), and
TRID (Transportation Research Board).

Databases and keywords were selected and confirmed during
a multi-step process. First, the keywords and databases were
selected by two of the authors (SBG and VP). Then, an
experienced librarian (FL) reviewed and refined them, ensuring
that the selected terms and databases were relevant to the
research question. As part of the search strategy confirmation,
FL provided feedback aligned with the PRESS 2015 Guidelines
[24], offering expert guidance on refining keywords, optimizing
Boolean operators, and using controlled vocabulary where
available. These adjustments helped ensure both the accuracy
and comprehensiveness of the search. Some decisions were

made to retrieve the largest number of relevant sources. During
the pretesting of the research strategy, incorporating
transportation-related keywords alongside other search terms
significantly reduced the number of relevant studies. To address
this issue, the librarian recommended removing these keywords
and adding the TRID (Transportation Research International
Documentation) and IEEE Xplore databases. This adjustment
ensured a more comprehensive search and improved the scope
of the review. Finally, the keywords and databases were
confirmed by a senior researcher (HP), an experienced professor
in the field of user experience. The full search strategies,
including controlled vocabulary and keywords, are detailed in
Table 1. To ensure comprehensive coverage, we first identified
controlled vocabulary terms from each database’s thesaurus
(eg, MeSH in PubMed, CINAHL Headings, and IEEE Xplore’s
indexing terms). Based on these terms, we then created a
structured list of keywords for each concept to capture both
indexed and natural variations of relevant terms.

Table . Concepts and keywords.

KeywordsControlled Vocabulary (by Database)Concept

“User Interface” OR “User interface design” OR
“UI” OR “UI design” OR “User experience” OR
“User experience design” OR “UX” OR “UX
design” OR “Usability”

User-computer interface (MeSH—MEDLINE,
PubMed)

Usability testing (CINAHL headings)

Human-computer interaction (IEEE Thesaurus)

User experience

“Older adult” OR “Old people” OR “Elderly”
OR “Senior” OR “Aging” OR “Normal aging”
OR “Frailty”

Aged (MeSH—MEDLINE, PubMed)

Older adults (CINAHL headings)

Older adults (TRB thesaurus)

Aging

“Website” OR “Application” OR “E-tool” OR
“Web application” OR “App” OR “Web”

Mobile applications (MeSH—MEDLINE,
PubMed)

Software applications (IEEE thesaurus)

Web applications (CINAHL headings)

E-tool

“Co-design” OR “Participatory Design” OR “Co-
operative Design” OR “User-Centered Design”
OR “Co-creation”

User-centered design (MeSH—MEDLINE,
PubMed, CINAHL, SCOPUS)

Participatory design (IEEE thesaurus)

Co-design

The search results were exported into Zotero (Corporation for
Digital Scholarship) for reference management. Duplicate
records were initially removed using Zotero’s automated
deduplication feature, followed by a manual review by the first
author (SBG) to identify and eliminate any remaining duplicates.

Selecting the Studies
The inclusion and exclusion criteria were established before the
study commenced and applied during the screening process
(SBG, VP, and HP). Sources were included if they were (1)
focused on developing or evaluating e-tools, and (2) discussed
e-tool usability or user experience. Sources were excluded if
they did not apply to the target population (older adults). To
evaluate a larger range of studies, articles whose target group
was 50 years or older were considered. Some studies define
’older adults’ as individuals aged 65 years and above, while
others include individuals aged 50 years and older, especially
in the context of research related to aging and technology use
[25]. Considering individuals aged 50 years and older as “older
adults” helped to retrieve a broader set of articles, particularly
those focusing on promoting the use of e-tools for the aging
population. This approach ensured that relevant studies

addressing the needs of both younger and older segments of the
aging population were included, capturing a more
comprehensive view of user experience with
transportation-planning e-tools. The first author (SBG) screened
all identified sources by title and abstract, followed by a full-text
review to assess their eligibility. To mitigate the risk of bias,
20% of the study selection process was independently reviewed
and confirmed by co-authors (VP and HP).

Charting the Data
A data charting form was developed by SBG and validated by
VP, using a Microsoft Excel software grid that included source
characteristics (authors, year of publication, title of the article,
source of article, country, and context of the studies), the
purpose of the studies (objectives and study orientation), and
mapping of the methodology and evaluation of user experience
(design approach, setting, type of data collection and analysis,
type of usability evaluation, and sample size).

Collecting, Summarizing, and Reporting Results
Both descriptive-analytical method and thematic analysis [26]
were used to analyze all categories of data (characteristics of
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sources, purpose of the studies, and the reflection of the
methodology and evaluation). Results were discussed, analyzed,

and combined to identify the knowledge gap. Table 2 shows
the list of selected articles.
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Table . List of the selected articles.

Type of methodolo-
gy

Study settingDesign approachContextAimYearTitle

Qualitative and
quantitative

Laboratory—aTourismEvaluating user ex-
perience

2010A New Tourist Au-
dio Guide Service
for Elderly People
Integrated in the
Mobile Phone: Pre-
liminary Results
[27]

Qualitative and
quantitative

LaboratoryUser-centered de-
sign

HealthEvaluating user ex-
perience

2020A User-Centered
Interface Design
for a Pill Dispenser
[28]

Qualitative and
quantitative

LaboratoryUser-centered de-
sign

Service providerEvaluating user ex-
perience

2018A User-centred De-
sign Approach for
Mobile-Govern-
ment Systems for
the Elderly [29]

Qualitative and
quantitative

Real-world environ-
ment

Participatory de-
sign

CommunicationEvaluating user ex-
perience

2018Adoption and feasi-
bility of a communi-
cation app to en-
hance social con-
nectedness amongst
frail institutional-
ized oldest old: an
embedded case
study [30]

QuantitativeLaboratoryUser-centered de-
sign

ShoppingEvaluating user ex-
perience

2014B2C Websites’ Us-
ability for Chinese
Senior Citizens
[31]

Qualitative and
quantitative

LaboratoryParticipatory de-
sign

HealthDeveloping or re-
designing an e-tool

2020Co-Creation with
Older Adults to Im-
prove User-Experi-
ence of a Smart-
phone Self-Test
Application to As-
sess Balance Func-
tion [14]

Qualitative and
quantitative

Laboratory—Daily plannerEvaluating user ex-
perience

2019Creating a digital
memory notebook
application for indi-
viduals with mild
cognitive impair-
ment to support ev-
eryday functioning
[25]

QualitativeReal-world environ-
ment

ISO 9241‐210
standard for hu-
man-centered de-
sign

HealthDeveloping or re-
designing an e-tool

2021Design and Devel-
opment of an
eHealth Service for
Collaborative Self-
Management
among Older
Adults with Chron-
ic Diseases: A The-
ory-Driven User-
Centered Approach
[32]
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Type of methodolo-
gy

Study settingDesign approachContextAimYearTitle

Qualitative and
quantitative

LaboratoryUser-centered de-
sign

NutritionEvaluating user ex-
perience

2020Design and Usabili-
ty Evaluation of
Mobile Voice-
Added Food Report-
ing for Elderly Peo-
ple: Randomized
Controlled Trial
[33]

QuantitativeLaboratoryUser-centered de-
sign

HealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2021Design and develop-
ment of a mobile
app to support the
care of the elderly
[34]

Qualitative and
quantitative

LaboratoryUser-centered de-
sign co-design

HealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2020Development and
Field Testing of a
Long-Term Care
Decision Aid Web-
site for Older
Adults: Engaging
Patients and Care-
givers in User-Cen-
tered Design [35]

Qualitative and
quantitative

LaboratoryUser-centered de-
sign

NutritionDeveloping or re-
designing an e-tool

2017Evaluation of an
App to Support
Healthy Living by
Older Adults [36]

Qualitative and
quantitative

LaboratoryUser-centered de-
sign, participatory
design

HealthEvaluating User
Experience

&

Developing or re-
designing an e-tool

2021Home Monitoring
System for Compre-
hensive Geriatric
Assessment in Pa-
tient’s Dwelling:
System Design and
UX Evaluation [37]

Qualitative and
quantitative

LaboratoryUser-centered de-
sign

HealthDeveloping or re-
designing an e-tool

2017Human Factors
Analysis, Design,
and Evaluation of
Engage, a Con-
sumer Health IT
Application for
Geriatric Heart
Failure Self-Care
[38]

Qualitative and
quantitative

LaboratoryHuman-centered
design

HealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2017Human-Centered
Design Study: En-
hancing the Usabil-
ity of a Mobile
Phone App in an
Integrated Falls
Risk Detection
System for Use by
Older Adult Users
[39]

Qualitative and
quantitative

LaboratoryUser-centered de-
sign

CommunicationEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2021Improving Messen-
ger Accessibility
for Elderly Users
using User Cen-
tered Design
(UCD) Methods
(Study Case: What-
sApp) [40]
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Type of methodolo-
gy

Study settingDesign approachContextAimYearTitle

Qualitative and
quantitative

Real-world environ-
ment

Inclusive designHealthDeveloping or re-
designing an e-tool

2020Older Adults Can
Successfully Moni-
tor Symptoms Us-
ing an Inclusively
Designed Mobile
Application [41]

Qualitative and
quantitative

Real-world environ-
ment

User-centered de-
sign

HealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2022Measure It Super
Simple (MISS) ac-
tivity tracker:
(re)design of a us-
er-friendly inter-
face and evaluation
of experiences in
daily life [42]

QualitativeLaboratoryHuman-centered
design

HealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2022Mobile App Proto-
type in Older
Adults for Post
fracture Acute Pain
Management: User-
Centered Design
Approach [43]

QualitativeLaboratoryParticipatory de-
sign

HealthDeveloping or re-
designing an e-tool

2021Participatory De-
sign: Apps from
The Older Adults
to The Older
Adults [44]

Qualitative and
quantitative

LaboratorySpecific type of us-
er-centered design
approach known as
design thinking
(DT)

LearningEvaluating user ex-
perience

and

eveloping or re-
designing an e-tool

2022Promoting social
and collaborative
language learning
among older adults
in the digital era:
Development and
evaluation of a
smartphone app
prototype using a
design-thinking ap-
proach [45]

Qualitative and
quantitative

LaboratoryUser-centered de-
sign

Not specifiedEvaluating user ex-
perience

2017Requirements Elici-
tation to Develop
Mobile Application
for Elderly [46]

QualitativeLaboratoryUser-centered de-
sign

Social and physical
well-being

Evaluating user ex-
perience

and

developing or re-
designing an e-tool

2020Sahayak: An Appli-
cation for Social
and Physical Well-
Being for the Elder-
ly [47]

QualitativeLaboratoryCo-designPhysical activityDeveloping or re-
designing an e-tool

2020Tailoring digital
apps to support ac-
tive ageing in a low
income community
[48]

Qualitative and
quantitative

Real-world environ-
ment

User-centered de-
sign

HealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2022The Developments
and Iterations of a
Mobile Technolo-
gy-Based Fall Risk
Health Application
[49]
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Type of methodolo-
gy

Study settingDesign approachContextAimYearTitle

Qualitative and
quantitative

LaboratoryUser-centered de-
sign

HealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2020Untold Stories in
User-Centered De-
sign of Mobile
Health: Practical
Challenges and
Strategies Learned
From the Design
and Evaluation of
an App for Older
Adults With Heart
Failure [50]

Qualitative and
quantitative

LaboratoryUser-centered de-
sign

HealthEvaluating user ex-
perience

2020Usability and feasi-
bility of consumer-
facing technology
to reduce unsafe
medication use by
older adults [51]

QualitativeLaboratoryUser-centered de-
sign

TransportationDeveloping or re-
designing an e-tool

2012User Centered De-
sign Approach for
Elderly People in
using Website [52]

Qualitative and
quantitative

Real-world environ-
ment

User-centered de-
sign

Social networkEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2013User Interface for
Social Networking
Application for the
Elderly [53]

QualitativeReal-world environ-
ment

User-centered de-
sign

HealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2021Usability testing of
tablet-based cogni-
tive behavioral in-
tervention applica-
tion to improve a
simple walking ac-
tivity for older
adults with arthritis
fatigue [54]

Qualitative and
quantitative

Laboratory—EntertainmentEvaluating user ex-
perience

2017The TV-WEB
project—combin-
ing internet and
television—lessons
learnt from the user
experience studies
[55]

Qualitative and
quantitative

Real-world environ-
ment

—TransportationEvaluating user ex-
perience

2018Usability Study on
Railway Self-Ser-
vice Terminal Inter-
face for the Elderly
[56]

Qualitative and
quantitative

Laboratory—TourismEvaluating user ex-
perience

and

developing or re-
designing an e-tool

and

documenting or ex-
tracting usability
principles

2014Redesigning web-
sites for older
adults: a case study
[57]
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Type of methodolo-
gy

Study settingDesign approachContextAimYearTitle

Qualitative and
quantitative

Laboratory—Not specifiedEvaluating user ex-
perience

2008Evaluating web-
sites for older
adults: adherence to
‘senior-friendly’
guidelines and end-
user performance
[58]

Qualitative and
quantitative

Laboratory—Not specifiedEvaluating user ex-
perience

2022Evaluating 3D
Printed VR Con-
troller Prototypes to
Increase VR Acces-
sibility for Older
Adults [59]

Qualitative and
quantitative

Laboratory—HealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2023The Co-Design/Co-
Development and
Evaluation of an
Online Frailty
Check Application
for Older Adults:
Participatory Ac-
tion Research with
Older Adults [60]

Qualitative and
quantitative

Laboratory—Communication
and employment

Evaluating user ex-
perience

and

developing or re-
designing an e-tool

2023Applicability of the
User Experience
Methodology:
Communication
and Employment
Web Portal for
Older Adults [61]

Qualitative and
quantitative

Real-world environ-
ment

Co-creation hu-
man-centered de-
sign

HealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2023Integrated health
system to assess
and manage frailty
in community
dwelling: Co-de-
sign and usability
evaluation [62]

Qualitative and
quantitative

LaboratoryUser-centered de-
sign

WeatherEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2023User-centered de-
sign (UCD) of
time-critical weath-
er alert application
[63]

Qualitative and
quantitative

LaboratoryCo-designHealthEvaluating user ex-
perience

and

developing or re-
designing an e-tool

2023Web-Based Cogni-
tive Behavioral
Therapy for Depres-
sion Among Home-
bound Older
Adults: Develop-
ment and Usability
Study [64]

anot available.

Results

Screening Results
Overall, 1905 studies were identified through the databases.
The record after duplicate elimination was 1854. In total, 68

sources were retained after screening for title and abstract.
Finally, since 28 records did not meet the mentioned inclusion
and exclusion criteria, 40 sources were included in this review
(Figure 1; Checklist 1).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram detailing the process of literature
search, screening, and selection.

Characteristics of Sources
Out of a total of 40 studies, 4 studies [27,52,57,58] were
published during the first decade of the scope (2002‐2012)
(10%), while 36 studies [14,25,28-51,53-56,59-64] were
published after 2012 (90%). These studies were conducted
across different continents, with 14 (35%) in Europe

[14,27-29,32,36,37,39,42,45,53,55,57,62], 10 (25%) in Asia
[31,33,38,40,44,46,47,52,56,60], 12 (30%) in North America
[25,30,35,43,49-51,54,58,59,63,64], and 4 (10%) in South
America [34,41,48,61]. The majority of the sources (29 studies)
were peer-reviewed articles, representing 72.5% of the total
[14,25,30,32,33,35-45,48-51,54,55,57,58,60-64], while the
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remaining 11 studies were conference articles (27.5%)
[27-29,31,34,46,47,52,53,56,59].

Most contexts of the identified studies were related to health
[14,28,32,34,35,37-39,41-44,49-51,54,60,62,64]. The other
identified study contexts included tourism [27,57], shopping
[31], daily planning [25], learning [45], social and physical
well-being [47], physical activity [48], service provider [29],
communication [30,40,61], nutrition [33,36], social network
[53], entertainment [55], and weather [63]. In total, 3 articles
did not specify the context of the study [46,58,59]. In total, 2
studies aimed to develop an e-tool and evaluate user experience
in transportation [52,56].

The Purpose of the Selected Studies
The purpose of the selected articles was categorized into three
groups: (1) documenting or extracting usability design principles
specified to older adults, (2) evaluating user experience, and
(3) developing or redesigning an e-tool for older adults. Out of
the 40 articles, only 1 (2.5%) followed all 3 objectives [57]. In
total, 12 (30%) articles [25,27,29-31,33,46,51,55,56,58,59]
focused on evaluating user experience, while 19 (47.5%) articles
[28,34,35,37,39,40,42,43,45,47,49,50,53,54,60-64] concentrated
on both evaluating user experience and developing or
redesigning an e-tool. The remaining 8 (20%) articles
[14,32,36,38,41,44,48,52] only focused on developing or
redesigning an e-tool. Evaluating user experience had the highest
rate among all the studies, representing 80% of the total (32
studies) [25,27-31,33-35,37,39,40,42,43,45-47,49-51,53-64].

Empirical Methods of Usability Evaluation

Design Approach
Out of the total 40 articles, 22 (55%) of them were based on
u s e r - c e n t e r e d  d e s i g n
[28,29,31-34,36,38-40,42,43,45-47,49-54,63], while 5 (12.5%)
articles followed a co-design or participatory design approach
[14,30,44,48,64]. In total, 3 (7.5%) articles used both
user-centered design and co-design approaches [35,37,62], and
1 (2.5%) article followed an inclusive design approach [41].
There were 9 (22.5%) articles that did not specify any design
approach [25,27,55-61].

Settings
Regarding experimental setting, 31 (77.5%) articles
[14,25,27-29,31,33-40,43-48,50-52,55,57-61,63,64] were
conducted in a laboratory setting, while the remaining 9 (22.5%)
articles [30,32,41,42,49,53,54,56,62] took place in a real-world
environment.

Type of Data Collection and Analysis
Most of the articles (31 studies) used both qualitative and
quantitative methods for data collection and analysis
[14,25,27-30,33,35-42,45,46,49-51,53,55-64], which represented
77.5% of studies. In total, 7 (17.5%) articles used the qualitative
method [32,43,44,47,48,52,54], and just 2 (5%) articles [28,34]
used only the quantitative method.

Usability Evaluation
Usability evaluation is usually divided into 2 general categories:
(1) formative usability (usability inspection and expert-based):
evaluating systems by experienced professionals using
predetermined principles to identify usability issues [65], such
as heuristic evaluation [66] and cognitive walkthrough [67];
and (2) summative usability (usability testing and user-based):
evaluating the system by observing and recording the objective
performance and subjective opinion of target users while
interacting with a product to identify usability issues [68]. In
usability tests, data are collected through diverse methods of
objective performance and subjective opinions. A great number
of studies (36/40) used summative usability evaluation
(user-based), representing 90% of the studies
[14,25,27-47,49-51,53,56-64]. Among the 40 articles, 10 articles
(25%) used both summative and formative usability evaluation
[29,39,44-46,50,57,58,61,62]. Only 1 (2.5%) article used
formative usability evaluation [54], and 3 (7.5%) articles did
not specify that they evaluated usability [48,52,55].

Data were collected through various methods during usability
testing among older adults. Objective performance information
was gathered from 19 articles, with task performance metrics
being the most commonly used method
[14,25,29,33,37,39,45,46,51,56-58,63], followed by observation
7 [14,30,40,42,43,47,64] and screen recording 3 [14,45,64] as
less frequent methods. Subjective opinions (older adults’
experiences and their design preferences) were predominantly
c o l l e c t e d  v i a  q u e s t i o n n a i r e s
[14,25,27,29-31,33-39,41,42,45,50,51,53,57-60,62-64], with
additional methods including think-aloud protocol
[14,35,37,38,40,44,45,50,51,54], interviews
[30,32,35,36,38,40,42,47,49-51,53,56,57], focus groups
[27,28,59,60], and open-ended questions [33,36,37,43,58,64].
A subset of studies also used formative usability evaluation,
some including heuristic evaluations [29,39,44-46,50,57,58,61],
and cognitive walkthrough a few articles [54,62].

The questionnaire was the most frequently used data collection
method. Among them, the System Usability Scale (SUS),
measuring efficacy and satisfaction with usability when users
perform specific tasks [69], was the most prevalent one. Table
3 demonstrates a structured summary of the usability evaluation
methods and their frequency.
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Table . Usability testing data collection methods.

n (%)Data collection methodUsability evaluation type

13 (32.5)Task performance metricsObjective performance

7 (17.5)Observation

3 (7.5)Screen recording

26 (65)QuestionnaireSubjective opinions
• System Usability Scale (SUS) (15 articles)
• After-Scenario Questionnaire (ASQ) (2 ar-

ticles)
• Technology Acceptance Model (TAM) (3

articles)
• Post-Study System Usability Questionnaire

(PSSUQ) (1 article)
• User Interface Satisfaction (QUIS) (2 arti-

cles)
• NASA Task Load Index (NASA-TLX) (2

articles)
• Health Information Technology Usability

Evaluation Scale (Health-ITUES) (1 article)
• Self-Assessment Manikin (SAM) (1 article)
• Self-designed questionnaires (7 articles)
• Usability Metric for User Experience

(UMUX) (1 article)
• Single Ease Question (SEQ) (1 article)
• User Experience Questionnaire (UEQ) (1

article)

10 (25)Think-aloud

14 (35)Interview

Semi-structured (5 articles)

4 (10)Focus group

6 (15)Open-ended questions

Sample Size
The number of participants varied, based on the purpose of the
evaluation (ranging from 3 to 168). In the studies with a
participatory or co-design approach (8 studies), the average
sample size was 10, ranging from 3 to 22.

Synthesis of Results
Most of the studies focused on developing eHealth, and only 2
articles [52,56] were related to transportation. The first one [52]
was about the usability evaluation of an existing travel planning
website via a user-centered design approach and did not
concentrate on developing the website, while the other one [56]
concentrated on evaluating the user experience of existing rail
terminal interfaces for older people without using any design
approach. The first one was conducted in a laboratory setting
with 3 older adults via various qualitative methods, while the
second one was conducted in a real-life setting with 5 older
adults and 5 adults via a combination of both qualitative and
quantitative methods. Although 1 of these 2 articles was
performed in a real-life setting, this study aimed to evaluate
older adults’ experience using existing services and did not
concentrate on developing a transportation planning age-friendly
e-tool.

Discussion

Principal Findings and Comparison With Previous
Works
This scoping review aimed to identify knowledge gaps regarding
the user experience design of older adults in using transportation
planning e-tools. Our study reveals that e-tools designed for
older adults have grown dramatically in recent years in
health-related fields, while only 2 studies were related to
transportation. Despite the large number of e-tools that have
been developed to support transportation planning [70],
documenting the user experience is rarely considered. This lack
of focus may explain why it remains challenging for many older
adults to use these e-tools effectively while planning their travels
and finding their way from one place to another. For example,
real-time travel information, as a crucial aspect of travel
planning [71], is expected to significantly impact the user
experience of older adults, by reducing the anxiety of getting
lost [72], protect them from the weather traffic congestion
[73,74] and enhance the use of modes of transportation that are
tailored to their needs and preferences [75]. Statistics Canada
[76] reported that only 54% of older adults have a smartphone
for personal use, many of whom rarely use its various functions,
which creates a gap between the intended goal of transportation
planning e-tools and their current use. The lack of studies aiming
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to document older adults’ experience in using transportation
planning e-tools might thus affect their accessibility in terms
of content and functionality. In this context, Subasi et al [77]
argue that developing a system that is not only universally
accessible but that also meets the specific expectations of older
adults will optimize their usage of the digital system.

This review also revealed the lack of studies concentrating on
developing transportation planning e-tools using participatory
design. This result might be explained by the challenges related
to this design approach, such as substantial time, resources, and
institutional commitment [78]. In participatory design, designers
try to learn the realities of users’ situations while the users strive
to articulate their desired aims and learn the appropriate
technological means to acquire them [20]. Although it seems
that participatory design is an approach to the user-centered
design [79], it is actually a shift in attitude from designing “for”
users (user-centered design) to designing “by” users
(participatory design) [80]. To address the challenges of
participatory design, it would be good to understand the optimal
methods and timing for involving users in the study process.
Providing concrete deliverables and regular updates [81] could
motivate participants by demonstrating the tangible results of
their contributions to the development of transportation planning
e-tools. Additionally, establishing a welcoming and enjoyable
atmosphere at the beginning of co-designed sessions, such as
icebreaking [9], can help participants feel comfortable and build
trust with the researchers. Simplifying some consultation
sessions into questionnaires or virtual sessions could lessen the
burden of in-person meetings for both older adults and the
research team, particularly during winter. This strategy would
also facilitate frequent and balanced engagement with older
adults while reducing expenses [82].

Although the aim of a considerable number of studies was to
evaluate the experience of older adults using existing or newly
developed e-tools, only 1 [57] considered not only evaluating
user experience and redesigning an e-tool but also documenting
usability design principles. It should be noted that developing
usability design principles and guidelines for age-friendly e-tools
is crucial due to variations in older adults’design characteristics
[83]. Some user-centered methods, such as persona [84], might
help to consider the needs and preferences of a wide range of
older adults in developing age-friendly e-tools. More
specifically, persona is used to identify user expectations through
the definition of personality characteristics and specific personal
details [84]. According to Cooper [85], the aim of persona is to
have a comprehensive and global view of the target population
to know for whom the product is not intended, and its approach
is concentrating on “specific or canonical users” [84]. As none
of the reviewed studies mentioned the use of persona, it would
be interesting for future studies to explore how this method
could help classify older adults with, for example, varying levels
of digital literacy, diverse mobility profiles, and different travel
planning habits. This could help identify variations in older
adults’ design characteristics and aid in the development of
usability design principles.

Based on our results, combining formative (expert-based) and
summative (user-based) usability evaluation using a
mixed-method and providing the intersectoral participation of

different disciplines might help to perform a comprehensive
evaluation of the transportation planning e-tools for older adults.
Indeed, most of the sources reviewed (77.5%) used both
qualitative and quantitative methods for data collection and
analysis, which helps to gain a detailed understanding of the
needs and preferences of older adults. As argued by Creswell
and Plano Clark [86], using a mixed method could provide a
deeper understanding of older adults’ expectations in travel
planning via transportation planning e-tools that would help to
further improve knowledge in the production of guidelines
and—accordingly—develop useful e-tools. Furthermore, most
of the articles conducted in standardized situations used
summative usability evaluation (user-based testing), highlighting
the urgent need to capture the experience of older adults, more
specifically in real-life settings, to help design products as close
to actual usage as possible [87]. However, conducting a
summative usability evaluation in a real-life context is
challenging, due to its resource-intensive and time-consuming
nature, which makes it costly. To address these challenges
effectively, it would be good to adopt a participatory design
approach involving a minimum of 5 participants. These
participants should encompass diverse mobility profiles, digital
knowledge, and travel planning habits, representing the targeted
end-users to address 80% of usability problems, as proposed
by Nielsen [65].

Limitations
This study identified knowledge gaps regarding the design user
experience of older adults when using transportation planning
e-tools. However, it has certain limitations. Although the data
selection and extraction processes were confirmed by co-authors,
study screening was performed by the first author. It is possible
that some articles were not retrieved due to the selected
keywords and lack of consideration for gray literature.
Moreover, we did not use the methodology suggested by Levac
et al [88], that includes a consultation step. This step would be
practical in transferring development knowledge for e-tools for
a broad spectrum of older adults through different disciplines
such as gerontology, web developing, and design. Finally,
although we did not systematically account for all plural forms,
alternative spellings, or flexible word order, the use of controlled
vocabulary (eg, MeSH terms) and keyword variations helped
maximize the retrieval of relevant literature, while the librarian’s
review ensured the rigor of the search strategy and adherence
to best practices in systematic reviews.

Conclusions
Supporting the mobility of older adults should be a priority in
developing a transportation-related e-tool. According to this
review, there are no studies aimed at specifically improving the
mobility experience of older adults using an age-friendly
transportation planning e-tool in a real-life context. Therefore,
it is necessary to fill this gap by using a participatory approach
(co-design) to better understand the needs of older adults in a
real context to create age-friendly design principles and
guidelines in the development of a transportation planning
e-tool. This will not only improve their usability experience
when planning a trip using a transportation planning e-tool but
also strengthen their social participation.
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Abstract

Background: Nurses face a higher risk of developing work-related musculoskeletal disorders (WMSDs) due to their primary
roles in patient care. Participatory ergonomics (PE), an approach that integrates large-scale interventions performed at organizational
and systems levels with small-scale interventions, is widely considered a promising approach to mitigate health problems at the
workplace. However, its effectiveness in addressing WMSDs and secondary outcomes such as sickness absence and work
performance among nurses is not fully understood.

Objective: This systematic review assessed the effectiveness of PE interventions in preventing WMSDs and mitigating two
related outcomes, sickness absence and work performance, among nurses.

Methods: A literature search was performed in four electronic databases, PubMed, ScienceDirect, Scopus, and PsycNet, guided
by the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guidelines to retrieve relevant papers
published between 2017 and 2023. Papers fulfilling the eligibility criteria were analyzed and subjected to quality appraisal.

Results: Overall, 19 papers were included in the final analysis. Various categories of ergonomic interventions were identified,
with the predominant being exercise and physical activities, health promotional activities and training, educational programs,
and patient handling devices. Multicomponent interventions, especially those involving physical activities and exercise, demonstrated
stronger effects in reducing the risk of WMSDs at 6 months (OR 1.64, 95% CI 1.12‐4.54) and 12 months postintervention (OR
2.70, 95% CI 1.52‐4.51) compared with single interventions. However, most ergonomic interventions had no statistically
significant effect (P>.05) on sickness absence and work performance. More than half (n=13) of the studies demonstrated moderate
to high risk of bias, reflecting the need for better quality interventions.

Conclusions: Multicomponent interventions, particularly those involving physical activities and exercise, are more effective
in reducing the risk of WMSDs among nurses compared with individual interventions. However, their long-term effects in
addressing WMSDs, sick absenteeism, and work performance are still unclear. These gaps could be addressed by integrating
organizational factors and prevention policies into existing ergonomic interventions, thereby offering opportunities to improve
psychological health, job satisfaction, and work dynamics.

Trial Registration: PROSPERO CRD42023403981; https://www.crd.york.ac.uk/PROSPERO/view/CRD42023403981

(JMIR Hum Factors 2025;12:e68522)   doi:10.2196/68522
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Introduction

Background
Nurses are highly exposed to risks of work-related disorders
and injuries, culminating in burnout and low quality of care [1].
Such injuries may involve all body organs, especially the
musculoskeletal system [2]. Musculoskeletal disorders (MSDs)
refer to health problems affecting the locomotor apparatus, such
as the skeleton, muscles, tendons, cartilage, ligaments, and
nerves [3]. MSDs comprise several degenerative and
inflammatory conditions affecting the joints, tendons, ligaments,
muscles, peripheral nerves, and supporting blood vessels,
leading to soreness and physical discomfort [3].

Among health care workers, nurses have a higher risk of
developing work-related musculoskeletal disorders (WMSDs)
[4]. Nurses play pivotal roles within the health care system,
which can be physically challenging as they frequently help
patients to mobilize, transfer between positions, and execute
other daily life activities [5]. Multiple factors have been found
to increase the risk of WMSDs among nurses, including physical
load and work posture [6], psychosocial factors such as the
presence of psychosomatic symptoms and personality, work
tasks, and work organizational factors [5]. Thus, it is not
surprising that nursing staff stationed in the operating room
recorded a higher prevalence of occupational injuries compared
with intensive care nurses, nonspecialized nurses, and radiologic
technicians [7]. Events including static body posture, prolonged
standing, using tools such as retractors during surgery, and
manual tasks such as pushing, pulling, and lifting patients and
surgery sets could elicit discomfort and WMSDs, particularly
among nurses working in operating units [8]. Recent studies
have also highlighted factors such as low educational level,
increasing age, high BMI, and lifestyle as predictors of WMSDs
among nurses [4].

Given the aforementioned points, several authors have advocated
and explored effective workplace interventions to address the
risk of WMSDs among nurses. Occupation-specific interventions
and rehabilitation options have the potential to reduce functional
disabilities among nursing staff that may result from these
injuries [8,9]. Ergonomic interventions, particularly participatory
ergonomics (PE), are a promising approach to reducing
WMSDs. PE integrates large-scale interventions that are
performed at organizational and systems levels with small-scale
interventions where workers are opportune to use their
knowledge in addressing work-related ergonomic issues [8]. It
entails the active involvement of workers in controlling and
planning a significant amount of their tasks or work activities
while introducing ergonomic knowledge, changes, and
procedures in order to enhance working conditions, productivity,
safety, quality, and comfort [9].

Positive outcomes such as lower musculoskeletal symptoms
and occupational injuries, improved psychological health, as
well as a decrease in workers’compensation claims, productivity
loss, and work absenteeism, were reported following PE
interventions among various high-risk groups [9,10]. Despite
ergonomic interventions being considered essential to reduce
the increasing trend of WMSDs, there is no agreement or

consensus on the most appropriate intervention, as the
component and approach may vary with the workplace setting
[[11]].

Importance of Ergonomics in Nursing
The risk of WMSDs can be predicted based on ergonomic,
individual, and psychosocial factors [8]. Ergonomics
scientifically discusses how a job can be aligned with a person’s
physical and psychological characteristics without causing any
harm to the person’s well-being and efficiency [11]. The onset
and development of WMSDs can be prevented by acquiring
more knowledge and applying ergonomics [12]. Nurses are
motivated to become more efficient, experience higher job
satisfaction, and reduce job-related stress, occupational-related
diseases, accidents, and absenteeism when they work in
appropriate ergonomic conditions [13].

An earlier study revealed several advantages and enhanced
occupational health among community nurses following the
implementation of a multifaceted ergonomic program [14].
Moazzami et al [15] reported that alterations in nurses’ body
movements were facilitated by ergonomic educational
intervention, particularly from the contemplation and preparation
phases to the action phase for adopting correct body postures
in the operating room. Likewise, a significant reduction in
musculoskeletal pain in the shoulder, neck, and knee regions
was recorded among nurses in general wards after implementing
an ergonomic educational intervention [16]. The use of
ergonomic posture training among nursing assistants also led
to a significant reduction in work-related low back pain 6
months after the intervention but did not affect disability scores
[15]. However, some studies depicted limited success of
ergonomic interventions on measured outcomes such as WMSDs
[16,17], work productivity, and absenteeism [18], which may
be linked to differences in the design of interventions, samples,
data collection tools, settings, and research design. Thus, there
is still limited information on the appropriate and effective
ergonomic interventions for preventing and addressing WMSDs
and their related consequences among nurses.

Rationale for Conducting This Review
Although more research is required to develop conclusive
evidence on the effectiveness of ergonomics interventions in
reducing WMSDs among nurses, pertinent information is yet
to be gleaned from the several available studies in the literature.
In the last decade, numerous studies have demonstrated the
importance of diverse programs such as participatory,
educational, single, and multidisciplinary ergonomics
interventions among nursing professionals [12,19,20].
Nevertheless, findings from these studies are yet to be
systematically reviewed. Most of the systematic reviews focused
on office workers or workplace settings [21] and dental and
health care professionals [22]. However, Sun et al [23] in a
recent systematic review and meta-analyses, compared the
efficacy of nondrug interventions on nonspecific low back pain
among nurses and found that the most effective intervention
was a combination of low back exercises and health education,
followed by single low back exercises and yoga.
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Previous literature reviews have investigated the effectiveness
of interventions among nurses and in nurses’ homes [14],
including nursing assistants’ risk of handling obese and
overweight patients and interventions to reduce low back pain
[24]. However, none of the past reviews looked into how
ergonomic interventions ameliorate WMSDs and their
consequences, particularly among nurses. The present review
differs from prior attempts by systematically analyzing the
various ergonomic interventions adopted in preventing WMSDs
and other closely related outcomes, including sickness
absenteeism and work performance or productivity in nurses.
It seeks to provide evidence-based data and scientific support
for developing an ergonomic intervention to prevent WMSDs
among nursing professionals.

The objective of this systematic review is to assess the
effectiveness of ergonomic interventions in preventing WMSDs
and mitigating two related outcomes, sickness absence and work
performance, among nurses.

Methods

Overview
This systematic review was conducted according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement. The PRISMA statement was
developed to assist researchers in preparing a complete, accurate,
and transparent review that is beneficial to users [25]. The
PRISMA 2020 statement includes new reporting guidelines,
particularly for systematic reviews of studies that appraise the
effects of health interventions. The PRISMA statement was
considered suitable for the present systematic review, given its
provision for a clear definition of research questions,
identification of the exclusion and inclusion criteria, and
assessment of relevant and accessible scientific papers within
a specific timeframe. In addition, this review has been registered
in International Prospective Register of Systematic Reviews
(PROSPERO) with the registration number CRD42023403981.

Formulation of Research Questions
Formulation of a concise and clear research question is an
important phase to guide the authors in many aspects of the
systematic review. PICO, a research question development tool
(RQDT), was used in the formulation of the research question
for this review. PICO is an acronym in which P is population,
I is intervention, C is comparison, and Ois outcome, and the 3
main concepts of PICO are population or problem, interest, and
context. The authors of this review made an effort to incorporate
all the aspects in synthesizing the main research question.
Considering the population of interest as nurses, ergonomic
intervention as the intervention, other nonergonomic
interventions as the comparison group, and WMSDs, work
performance, and sickness absenteeism as the outcomes, the
research questions for this systematic review are as follows:

1. What are the commonly implemented participatory
ergonomic interventions to prevent WMSDs among nurses?

2. Are ergonomic interventions effective in preventing
WMSDs, sickness absenteeism and enhancing work
performance among nurses?

Systematic Literature Search

Identification
The identification process entailed the determination of suitable
keywords to search for sufficient information. Aligning with
the research question, a few main keywords were recognized,
namely MSDs, WMSDs, musculoskeletal pain, and
musculoskeletal symptoms. In terms of the study population,
the selected keywords encompass nurse, nursing, nurse
assistants, and health care professionalsor workers. While the
former is more specific for the present study context, the term
“health care workers” was considered since such studies may
include diverse professionals including those from the nursing
field. Moreover, by taking the term “health care” into account
in the identified keywords, health care professions that entail
heavy-lifting jobs (ie, important risk factors for WMSDs) can
be covered in the literature search.

Search Strategy
Search functions, including truncation and Boolean operators
(OR and AND), were used in combining the selected keywords,
leading to the formation of search strings. Search strings relating
to study participants or study population, intervention, and study
outcomes were synthesized as follows:

1. Study participants: “Nurse” OR “Nursing” OR “Nurse
assistant” OR “Healthcare professionals” OR “Healthcare
workers.”

2. Intervention: “Ergonomic” OR “Ergonomic Intervention”
OR “Intervention” OR “Participatory Ergonomics”

3. Outcomes: “Work-related musculoskeletal disorders” OR
“Musculoskeletal disorder” OR “Musculoskeletal Pain”
OR “Musculoskeletal symptom” OR “Sick Absence” OR
“Sick leave” OR “Sick Absenteeism” OR “Work
Performance” OR “Work Productivity.”

All the search strings outlined above were combined using the
Boolean operator “AND,” leading to the final search string used
for each database. However, since each database is unique and
programmed to operate differently, the search strings were
modified accordingly to suit each database and to maximize the
number of hits. For instance, ScienceDirect only accepts a
maximum of 8 search terms, while PubMed requires all
keywords to be placed in parentheses.

A detailed literature search was then carried out independently
by the researcher and a research collaborator in four electronic
databases: PubMed, ScienceDirect, Scopus, and PsycNet. These
databases were selected as they offer an extensive collection of
relevant journals, provisions for customizing an advanced
search, and storage of retrieved papers. The literature search
was first conducted in March 2023 and updated in March 2024
to gather original research papers written in English and
published between 2017 and 2023. The search string used in
all 4 databases, the number of papers retrieved, and the date of
acquisition are presented in Table 1.
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Table . Search terms and the total number of papers retrieved from each database.

Acquisition dateNumber of hits (N=5867)Search string and search termsSearch engines

March 4, 2024525(“Nurse” OR “Nursing” OR
“Nurse assistant” OR
“Healthcare professionals”
OR “Healthcare workers”)
AND (“Ergonomic” OR
“Ergonomic Intervention”
OR “Intervention” OR
“Participatory Ergonomics”)
AND (“work-related muscu-
loskeletal disorders” OR
“Musculoskeletal disorder”
OR “Musculoskeletal Pain”
OR “Musculoskeletal symp-
tom” OR “Sick Absence”
OR “Sick leave” OR “Sick
Absenteeism” OR “Work
Performance” OR “Work
Productivity”)

Main search terms using
document title, abstract, and
keywords

PubMed

March 5, 20241009(“Nurse” OR “Nursing” OR
“Nurse assistant” OR
“Healthcare professionals”
OR “Healthcare workers”)
OR (“Ergonomic” OR “Er-
gonomic Intervention” OR
“Intervention” OR “Partici-
patory Ergonomics”) AND
(“work-related musculoskele-
tal disorders” OR “Muscu-
loskeletal disorder” OR
“Musculoskeletal Pain” OR
“Musculoskeletal symptom”
OR “Sick Absence” OR
“Sick leave” OR “Sick Ab-
senteeism” OR “Work Per-
formance” OR “Work Pro-
ductivity”)

Main search terms using
document title, abstract, and
keywords

Scopus

March 7, 20241617(“Nurse” OR “Healthcare
professional”) AND (“Er-
gonomic” AND “Interven-
tion” OR “Participatory Er-
gonomics”) AND (“Muscu-
loskeletal” OR “Sick” OR
“Work Performance”)

Main search terms using
document title, abstract, and
keywords

ScienceDirect

March 8, 20242716(“Nurse” OR “Nursing” OR
“Nurse assistant” OR
“Healthcare professionals”
OR “Healthcare workers”)
AND (“Ergonomic” OR
“Ergonomic Intervention”
OR “Intervention” OR
“Participatory Ergonomics”)
AND (“work-related muscu-
loskeletal disorders” OR
“Musculoskeletal disorder”
OR “Musculoskeletal Pain”
OR “Musculoskeletal symp-
tom” OR “Sick Absence”
OR “Sick leave” OR “Sick
Absenteeism” OR “Work
Performance” OR “Work
Productivity”)

Main search terms using
document title, abstract, and
keywords

PsycNet
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Eligibility Criteria and Screening
Upon completing the literature search, the retrieved papers were
screened according to the eligibility criteria. The first screening
process was performed by using the filter feature provided in
all 4 search engines. In terms of type of publication, only
original papers were selected for further review, whereas
chapters in books, books, and conference proceedings were
removed. As for review papers, only those relevant to our review
objective were assessed for vital information and to identify
research papers that might have been missed during the literature
search.

In terms of study duration, only papers in the last 7 years were
considered for full-text reading. Based on preliminary analysis,
the proposed timeline is sufficient to yield papers to facilitate
a representative and comprehensive review of the research topic.
Finally, only papers written and published in English were
included in this study. This decision was taken to prevent any
challenges during the data extraction since the researcher is only
proficient in English. Issues arising during the process were
resolved by consensus between all the review authors.

Data Extraction and Analysis
All the final papers were subjected to qualitative analysis. An
Excel (Microsoft) spreadsheet form was generated before
reviewing the papers to document basic data from the studies,
such as the authors’ names, titles, journals, and publication
years. Data were extracted from each paper by scanning through
the abstracts, methods, and results before proceeding to the full
text. These processes assisted the researcher in recording the
year of publication, study location, study design, specific
ergonomic intervention used, instrument used, and main results
or emerging themes.

First, available data were analyzed thematically to generate
themes and subthemes. The potential themes considered were
as follows: (1) study characteristics, (2) quality assessment, (3)
common types of participatory ergonomic interventions, (4)
multicomponents versus single components, and (5) effects of
participatory ergonomic interventions on WMSDs, sickness
absence, and work performance. Contrast analyses, specifically
pairwise comparisons, were performed to ascertain the effect
size report in each study involving intervention and control
groups. For studies reporting WMSDs as categorical outcomes,
the odds ratio (OR, 95% CI) was computed to measure the
strength and direction of the association. Meanwhile, the mean
difference (95% CI) was computed for studies reporting the
outcome variables as continuous outcomes.

Quality Appraisal
Quality appraisal of each paper was performed using the widely
accepted quality assessment tools for intervention studies, the
Cochrane Handbook for Systematic Reviews of Interventions
and the Risk of Bias in Non-randomized Studies-of Interventions
(ROBINS-I) tool [26,27]. The Cochrane tool was used for
experimental studies reporting randomized interventions.

A total of 5 domains were considered for explicit reporting,
comprising the sequence generation, allocation concealment,
blinding, and completeness of data. For the first domain, the

use of a randomized sampling method was assessed either by
a random number table, tossing a coin, or
computerized-generated numbers. Regarding the blinding of
recruited patients, studies were considered adequate if both the
intervention providers and outcome assessors were blinded (ie,
minimal risk of compromised blinding) and inadequate if no
blinding or partial blinding was performed. For outcome
measures, trials were recorded as adequate if there were no
missing data or if they stated the reasons for missing data that
were unlikely to be associated with the true outcome. In
addition, the studies were evaluated for selective reporting.
Studies without sufficient information regarding the outcome
reporting process were considered unclear. For all the
aforementioned criteria, studies with insufficient information
about each criterion were considered unclear. Other potential
sources of bias were assessed, such as demographic
characteristics between the treatment groups, by considering
the baseline information of the participants.

Using the ROBINS-I tool, similar procedures described above
were applied for the nonrandomized studies. The quality
assessment tool focused on the randomization method, blinding
of drug administration and assessment of treatment outcomes,
data analysis techniques, sample size, and steps taken in
addressing missing data and loss to follow-up. Studies reporting
at least 70% (8/12) of the items in the quality assessment tool
were considered of higher methodological quality or low risk
of bias [27].

Ethical Considerations
Systematic review is part of a module development.Module
development has obtained study ethics approval from the
Medical Research Ethical Committee of Universiti Malaya
Medical Centre (MREC ID No:20221019-11632) and National
Medical Research Register (NMRR ID-23-01804-F44).

Results

Search Results
The initial search process before filtering and screening resulted
in a total of 5867 papers, comprising 525 from PubMed, 1009
from Scopus, 1617 from ScienceDirect, and 2716 from PsycNet
(Figure 1). Upon considering the years of publication
(2017‐2023) and language (ie, English), the remaining papers
were reduced to 2166 (ie, PubMed=363, ScienceDirect=504,
Scopus=528, and PsycNet=771).

Thereafter, 1160 papers were identified as duplicates and
removed accordingly. To further reduce the number of records,
the remaining results from each database were sorted and
subjected to title screening. Out of the remaining papers
(n=1006), those with irrelevant titles (n=616) and abstracts
(n=346) were removed, leading to a total of 44 papers for
full-text reading. Around 25 studies were excluded after reading
the full texts because of irrelevant study populations (ie, not
involving nurses or health care professionals, n=8), not reporting
any ergonomic intervention (n=3), unclear study design (n=2),
qualitative study designs (n=4), and ergonomic interventions
with WMSDs as primary outcomes (n=8).
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Figure 1. Literature search process using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. WMSD: work-related
musculoskeletal disorder.

Descriptive Findings
Overall, 19 papers were experimental studies involving
ergonomic interventions among nurses and other related health
care professionals. These papers reported at least one of the
following outcomes: WMSDs symptoms or pain, sickness
absence, and work performance. Hence, all 19 papers were
included in the final analysis and systematically reviewed. Table

S1 in Multimedia Appendix 1 depicts the studies and
participants’ characteristics of types of ergonomic interventions
and a summary of the main findings.

Ergonomic Interventions Reported in the Papers
As shown in Table 2, 7 categories of ergonomic interventions
were identified in the 19 studies as follows: (1) exercise and
physical activities, (2) educational programs, (3) health
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promotional activities and training, (4) patient handling devices
or equipment (acquired ergonomics equipment), (5 programmes)
workstation and administrative interventions (organizational
management), (6) counseling, and (7) others (case management
and transcutaneous electrical nerve stimulation). The
predominant ergonomic intervention was exercise and physical
activities (11/19, 58%), followed by health promotional activities
and training (8/19, 42%), educational programs (7/19, 36%),

patient handling devices (4/19, 21%), workstation and
administrative interventions (n=3), counseling (n=3), and case
management (n=2). Furthermore, 3 studies reported specific
exercises for back pain, 2 for neuromuscular pain, and 1 for
neck pain. Around 10 studies (53%) each entailed either only
multicomponent or single intervention, whereas 1 study
compared both types of interventions.

Table . Types of participatory ergonomic interventions applied in the 19 studies.

Others (social
media/website,
case manage-
ment, nerve
stimulation, and
online apps)

Exercise and
physical activi-
ties

Workstation ad-
justment and ad-
ministrative

Health promo-
tion activities

Patient handling
device or er-
gonomics equip-
ment

CounselingEducational er-
gonomics

Reference

AAAAAAbPaAbdollahi et al
[8]

APAAPAAJalalvandi et al
[16]

PPAPAAASoler-Font et al
[19]

AAAPAAPYang et al [28]

APAPAAARasmussen et al
[10]

APAPAAANguyen et al
[29]

APPPAAAPereira et al [30]

APAAAAAChaiprateep et al
[31]

APAAAPASuni et al [32]

AAAAAPPHiguchi et al
[33]

AAAAAAPJakobsen et al
[34]

AAAAPAAAl-Quasi et al
[35]

AAAAAAPSezgin and Esin
[36]

AAPPPPABeyan et al [17]

AAAAPAAWulff Risør et al
[37]

APAAAAPImai et al [38]

AAPAPAPMarshall et al
[39]

APAAAAATaulaniemi et al
[40]

AAAPAAAHosseini et al
[41]

aP: present.
bA: absent.
cNA: not available.
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Work-Related Musculoskeletal Disorders and Pain

Single Interventions
Among the 10 papers involving a single ergonomic intervention,
significant reductions in either the prevalence, frequency, or
pain intensity of WMSDs were reported in 6 studies
[8,31,34,36,40,41]. The educational programs delivered by
experts on ergonomic principles and risk factors of WMSDs
led to a significant decrease (P<.05) in the risk of WMSDs,
particularly in the ankle, wrist, lower back, and neck, pain
intensity and Rapid Upper Limb Assessment ergonomic risk
scores among nursing personnel with similar low effect sizes
in both studies (0.30 vs 0.40) [8,36]. Likewise, ergonomic
exercise (ie, neuromuscular and back exercise) performed in 3
studies was associated with significantly lower scores for low
back pain (P=.05, effect size=0.45) [40] and overall pain scores
(effect size=0.30‐0.52) compared with either a control group
or other nonergonomic single intervention such as
transcutaneous electrical nerve stimulation [16,31].

In addition, 2 studies involving single ergonomic interventions,
particularly online applications, were identified in this review
[8,33]. Both studies recorded significantly lower low back pain
scores in the intervention group compared to the control, with
moderate to low effect size (ie, 0.30‐0.50). Higuchi et al [33]
focused on individual online therapy for low back pain, whereas
Hosseini et al [41] used a Nursing Stretch Break app and
reflected a significant reduction in WMSDs symptoms and pain
intensity in nurses’ body parts except the elbows and knees.

In contrast, 3 of the remaining studies found no significant
effects of single ergonomic interventions such as educational
programs [34], individual-based interventions [17], and patient
handling devices [37] in preventing or managing WMSDs
among nursing personnel. In Jakobsen et al [34] and Risør et
al [37], despite improvement in the usage of patient-assisted
devices posteducational program, no significant change was
observed in the risk of low back pain and other WMSDs at
12-month follow-up. Similarly, individual-based ergonomic
programs, including training, engineering, and administrative
interventions, did not affect WMSDs scores at 18 months
follow-up [17].

Multicomponent Interventions
Among the studies involving multicomponent ergonomic
interventions, despite several combinations of interventions
being reported, the results were analyzed based on whether they
included exercise or physical activities or health promotional
activities.

Around, 3 studies entailed a combination of health promotion
activities and case management [19], workstation adjustment,
and training without performing any exercise or physical
activities [18,28]. Results from the studies revealed a significant
reduction in the risk of WMSDs with an OR ranging from 1.64
(95% CI 1.12‐4.54) at 6 months postintervention to 2.70 (95%
CI 1.52‐4.51) at 12 months postintervention [19,28]. In
contrast, Rasmussen et al [10] found no significant effect of an
intervention comprising three training workshops centred on
focusing on workstation adjustment and health promotion in
addressing WMSDs.

As for the 3 multicomponent interventional studies involving
physical exercise, the pain intensity arising from WMSDs such
as the lower back and shoulder or upper arm, neck, and hand
or wrists body regions reduced significantly either 6 months or
12 months postintervention [28,32,38]. The effect size reported
in these studies ranged from moderate to high (0.54‐0.80),
reflecting the greater efficacy of multicomponent PE comprising
general or specific body exercise, for the management of
WMSDs in nurses. Notably, the strongest effect size was
observed in studies whereby exercise or physical activities were
combined with either health promotion activities or educational
or counseling programs such as pain neuroscience education
and back care counseling [32,38]. Finally, the study by Marshall
et al [39] found a significantly moderate reduction (OR=0.40)
in subsequent acute cases of WMSD following multifactorial
interventions comprising equipment intervention, educational
ergonomics, and no-lift policies (administrative interventions).

Work Performance and Related Outcomes
Only 4 of the 19 papers considered work performance or
presenteeism as musculoskeletal-related work performance,
with 3 comprising multicomponent [19,30,38] and 1 including
only a single intervention [40]. Both Imai et al [38] and Pereira
et al [30] performed a dual-component intervention (ie, exercise
and Pain Neuroscience Education (PNE) and workstation
ergonomics and neck-specific exercise), leading to significant
improvements in presenteeism (moderate to strong effect
size=0.52‐0.78) at 12 months follow-up. Meanwhile, using
the same follow-up period, Soler-Font et al [19] found no
significant difference in work functioning and performance in
nurses exposed to a combination of PE, health promotion
activities, and case management relative to the control group.

For the single-component studies, Taulaniemi et al [40] revealed
a significant reduction in work-interfering pain (effect size=0.40;
P=.046) in heavy nursing duties. Suni et al [32] also depicted
that operating room nurses subjected to only back care
counseling or neuromuscular exercise had a higher risk (OR
0.46) of work-related fear of pain compared with those
administered a combination of both ergonomic interventions.

Sick Absenteeism
Sick absenteeism was reported in 6 studies included in this
review, with 3 reporting multicomponent [10,19,30], 2 involving
only single ergonomic interventions [17,32,37], and 1 study
comparing both types [32].

For the multicomponent interventions, 2 studies found a
significant reduction in musculoskeletal-related sickness absence
in the intervention relative to comparison groups at 20 weeks
[10] and 12 months postintervention [30]. Specifically,
Rasmussen et al [10] entailed 20 weeks of PE comprising
training workshops and health promotion activities, whereas
Pereira et al [30] compared nurses subjected to workstation
ergonomics and neck-specific exercises to those exposed to
health promotion activities or information. Both studies found
a moderate to strong effect size (−0.48 days per month, 95%
CI −0.8 to −0.10 vs −0.72 days per month, 95% CI −0.52 to
−0.94). In contrast, no significant difference was detected in
sickness absence between nurses who administered PE, health
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promotion activities, and case management compared with the
control at 12 months postintervention [19].

The 2 studies involving single interventions, such as
individual-based training, stretching exercises, motivation
meetings, and patient handling devices or equipment, found no
significant effect on sickness absence among nurses at 12
months [37] and 18 months of foled a singlelow-up [17]. These
studies acknowledged the low likelihood of single-component
ergonomic interventions in addressing musculoskeletal-related
sickness absence, thus advocating for multicomponent programs,
particularly administrative measures. This was further evidenced
in the study comparing 4 different intervention arms, whereby
only the combined arm (ie, neuromuscular exercise and back
care counseling) demonstrated a significantly lower mean
number of sickness absence days (effect size=0.55, P=.025)
relative to the exercise-only groups at 12-month follow-up.

Quality Assessment Results
Out of the 11 RCTs evaluated using the Cochrane tool, 6 studies
demonstrated a low risk of bias [10,19,28,30,32,34], 3 recorded

a moderate risk of bias [16,33,40], and 2 papers had a high risk
of bias [39,42], as shown in Table 3. All 6 studies with a low
risk of bias showed high methodological quality in terms of
randomization methods, concealment of treatment allocation,
no significant difference between treatment groups at baseline,
intervention delivery and adherence, as well as accounting for
missing data and adjustment for possible confounders. Only
one of the 6 studies performed a single-blinding procedure for
the outcome assessment [32]. Meanwhile, the main issues
observed in studies with moderate to high risk of bias were
unclear or lack of information on the participants’ baseline
characteristics (n=4), a strong potential for confounding of the
intervention’s effect (n=4), lack of appropriate analysis method
for confounder adjustment (n=5), no information on how missing
data were addressed (n=3), incoherent onset of intervention and
follow-up in most participants (n=3), unclear definition of
intervention groups (n=2), poor adherence to the intervention
regimen (n=2), and indications of selective reporting (n=2).
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Table . Risk of bias assessment of the experimental studies using the Cochrane tool (n=11).

Taulanie-
mi et al
[40]

Marshall
et al [39]

Imai et al
[38]

Jakobsen
et al [34]

Higuchi et
al [33]

Suni et al
[32]

Pereira et
al [30]

Ras-
mussen et
al [10]

Yang et al
[28]

Soler-
Font et al
[19]

Jalalvandi
et al [16]

Items

Bias due
to con-
founding

NYYbNNNNNNNNa    Is there
potential
for con-
founding
of the ef-
fect of the
interven-
tion in
this
study?

YNYYYYYYYYY    Was the
analysis
based on
splitting
partici-
pants’ fol-
low-up
time ac-
cording to
the inter-
vention re-
ceived?

NAYNNANANANANNNNAc    Were
interven-
tion dis-
continua-
tions or
switches
likely to
be related
to factors
that are
prognostic
for the
outcome?

Baseline
confound-
ing and
time-vary-
ing con-
founding

YNYYYYNANAYYY    Did the
authors
use an ap-
propriate
analysis
method
that con-
trolled for
all the im-
portant
confound-
ing do-
mains?
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Taulanie-
mi et al
[40]

Marshall
et al [39]

Imai et al
[38]

Jakobsen
et al [34]

Higuchi et
al [33]

Suni et al
[32]

Pereira et
al [30]

Ras-
mussen et
al [10]

Yang et al
[28]

Soler-
Font et al
[19]

Jalalvandi
et al [16]

Items

NNYYNYYYNYN    Did the
authors
control for
any
postinter-
vention
variables
that could
have been
affected
by the in-
terven-
tion?

YYYYYYNANAYYY    Did the
authors
use an ap-
propriate
analysis
method
that con-
trolled for
all the im-
portant
confound-
ing do-
mains and
for time-
varying
confound-
ing?

Bias in se-
lection of
partici-
pants for
the study

NNNYNNNNANNN    Was se-
lection of
partici-
pants into
the study
(or into
the analy-
sis) based
on partici-
pant char-
acteristics
observed
after the
start of
the inter-
vention?

YNNYYYYYYYY    Do the
start of
follow-up
and the
start of in-
tervention
coincide
for most
partici-
pants?
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Taulanie-
mi et al
[40]

Marshall
et al [39]

Imai et al
[38]

Jakobsen
et al [34]

Higuchi et
al [33]

Suni et al
[32]

Pereira et
al [30]

Ras-
mussen et
al [10]

Yang et al
[28]

Soler-
Font et al
[19]

Jalalvandi
et al [16]

Items

Bias in
classifica-
tion of in-
terven-
tions

YNYYYYYYYYY    Were
interven-
tion
groups
clearly de-
fined?

YNYYYYNYNYY    Was the
informa-
tion used
to define
interven-
tion
groups
recorded
at the start
of the in-
terven-
tion?

NYNNNNNNNNN    Could
classifica-
tion of in-
tervention
status
have been
affected
by knowl-
edge of
the out-
come or
risk of the
outcome?

Bias due
to devia-
tions from
intended
interven-
tions

NANANNNNNNNNNA    Were
there devi-
ations
from the
intended
interven-
tion be-
yond what
would be
expected
in usual
practice?

Effect of
starting
and adher-
ing to in-
tervention
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Taulanie-
mi et al
[40]

Marshall
et al [39]

Imai et al
[38]

Jakobsen
et al [34]

Higuchi et
al [33]

Suni et al
[32]

Pereira et
al [30]

Ras-
mussen et
al [10]

Yang et al
[28]

Soler-
Font et al
[19]

Jalalvandi
et al [16]

Items

NNYYYYYYYYN    Were
important
cointerven-
tions bal-
anced
across in-
tervention
groups?

NAYYYYYYYYYNA    Was the
interven-
tion imple-
mented
successful-
ly for
most par-
ticipants?

NAYYNAYNANAYNANANA    Did
study par-
ticipants
adhere to
the as-
signed in-
tervention
regimen?

Bias due
to missing
data

YYYYYYYYYNY    Were
outcome
data avail-
able for
all, or
nearly all,
partici-
pants?

YYNANAYNNNNNY    Were
partici-
pants ex-
cluded
due to
missing
data on in-
tervention
status?

NYNNAYNNNNNN    Were
partici-
pants ex-
cluded
due to
missing
data on
other vari-
ables
needed for
the analy-
sis?

Bias in
measure-
ment of
outcomes
(blinding)
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Taulanie-
mi et al
[40]

Marshall
et al [39]

Imai et al
[38]

Jakobsen
et al [34]

Higuchi et
al [33]

Suni et al
[32]

Pereira et
al [30]

Ras-
mussen et
al [10]

Yang et al
[28]

Soler-
Font et al
[19]

Jalalvandi
et al [16]

Items

NNYNNNNNNNN    Could
the out-
come
measure
have been
influenced
by knowl-
edge of
the inter-
vention re-
ceived?

NYNYYYYNYNN    Were
outcome
assessors
aware of
the inter-
vention re-
ceived by
study par-
ticipants?

YNYYYYYYYYY    Were
the meth-
ods of out-
come as-
sessment
compara-
ble across
interven-
tion
groups?

NNNNNNNNNNN    Were
any sys-
tematic er-
rors in
measure-
ment of
the out-
come relat-
ed to inter-
vention re-
ceived?

Is the re-
ported ef-
fect esti-
mate like-
ly to be
selected
based on
the result?

NNNNNNNYNNN    Multi-
ple out-
come
measure-
ments
within the
outcome
domain?
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Taulanie-
mi et al
[40]

Marshall
et al [39]

Imai et al
[38]

Jakobsen
et al [34]

Higuchi et
al [33]

Suni et al
[32]

Pereira et
al [30]

Ras-
mussen et
al [10]

Yang et al
[28]

Soler-
Font et al
[19]

Jalalvandi
et al [16]

Items

NNNNNNNNNNN    Multi-
ple analy-
ses of the
interven-
tion-out-
come rela-
tionship?

NNNNNNNYNNN    Differ-
ent sub-
groups?

ModerateHighHighLowModerateLowLowLowLowLowModerateOverall
risk of
bias grade

aN: no.
bY: yes.
cNA: not available.

Table 4 depicts the quality appraisal for the nonrandomized or
quasi-experimental studies (n=8), with 6 [8,17,31,35-37], and
2 papers identified as having high risk and moderate risk of
bias, respectively [17,29]. The main methodological weaknesses
observed in these studies were unclear or lack of information
on the participants’ baseline characteristics (n=3), the potential
for confounding of the intervention’s effect (n=3), limited
information on missing data analysis (n=5), unclear definition
of intervention groups (n=4), poor adherence to the intervention

regimen (n=3), low sample size for acceptable statistical power
(n=3), lack of appropriate analysis method for confounder
adjustment (n=6), and disparity in the onset of intervention, and
follow-up in most participants (n=4). In addition, 4 of the studies
did not report the measures taken to ensure consistency in
intervention delivery, and only 2 reported measures of
intervention adherence. None of these studies performed a
blinding procedure, as the active treatment group was usually
recognisable.

JMIR Hum Factors 2025 | vol. 12 | e68522 | p.445https://humanfactors.jmir.org/2025/1/e68522
(page number not for citation purposes)

Krishnanmoorthy et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Risk of bias assessment of the experimental studies using the Risk of Bias in Non-randomized Studies - of Interventions tool (n=8).

Hosseini et al
[41]

Risør et al
[37]

Beyan et al
[17]

Sezgin and
Esin [36]

Al-Qaisi et al
[35]

Nguyen et al
[29]

Abdollahi et al
[8]

Chaiprateep et
al [31]

Items

Bias due to
confounding

NYNYYNbYYa    Is there po-
tential for con-
founding of
the effect of
intervention in
this study?

YNYNYYNY    Was the
analysis based
on splitting
participants’
follow up time
according to
intervention
received?

NAYNAYYNAcYN    Were inter-
vention discon-
tinuations or
switches likely
to be related to
factors that are
prognostic for
the outcome?

Baseline con-
founding and
time-varying
confounding

YNYNYYNY    Did the au-
thors use an
appropriate
analysis
method that
controlled for
all the impor-
tant confound-
ing domains?

NNYNNYNY    Did the au-
thors control
for any post-
intervention
variables that
could have
been affected
by the interven-
tion?

YYYYNYYY    Did the au-
thors use an
appropriate
analysis
method that
controlled for
all the impor-
tant confound-
ing domains
and for time-
varying con-
founding?
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Hosseini et al
[41]

Risør et al
[37]

Beyan et al
[17]

Sezgin and
Esin [36]

Al-Qaisi et al
[35]

Nguyen et al
[29]

Abdollahi et al
[8]

Chaiprateep et
al [31]

Items

Bias in selec-
tion of partici-
pants into the
study

NNNNNYNN    Was selec-
tion of partici-
pants into the
study (or into
the analysis)
based on par-
ticipant charac-
teristics ob-
served after
the start of in-
tervention?

YNYNNYNN    Do start of
follow-up and
start of inter-
vention coin-
cide for most
participants?

    Bias in clas-
sification of
interventions

YNYNYYNY    Were inter-
vention groups
clearly de-
fined?

YNYNYYNN    Was the in-
formation
used to define
intervention
groups record-
ed at the start
of the interven-
tion?

NYNYNNYY    Could classi-
fication of in-
tervention sta-
tus have been
affected by
knowledge of
the outcome or
risk of the out-
come?

Bias due to de-
viations from
intended inter-
ventions

NANANANANNANANA    Were there
deviations
from the in-
tended inter-
vention be-
yond what
would be ex-
pected in usual
practice?

JMIR Hum Factors 2025 | vol. 12 | e68522 | p.447https://humanfactors.jmir.org/2025/1/e68522
(page number not for citation purposes)

Krishnanmoorthy et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Hosseini et al
[41]

Risør et al
[37]

Beyan et al
[17]

Sezgin and
Esin [36]

Al-Qaisi et al
[35]

Nguyen et al
[29]

Abdollahi et al
[8]

Chaiprateep et
al [31]

Items

Effect of
starting and
adhering to
intervention

NNNNYNNANA    Were impor-
tant co-inter-
ventions bal-
anced across
intervention
groups?

YYNAYYNANAY    Was the in-
tervention im-
plemented
successfully
for most partic-
ipants?

NAYYYYYNANA    Did study
participants
adhere to the
assigned inter-
vention regi-
men?

Bias due to
missing data

YYYYYYYY    Were out-
come data
available for
all, or nearly
all, partici-
pants?

YYYYNAYNNA    Were partic-
ipants exclud-
ed due to
missing data
on interven-
tion status?

NANAYYNYNN    Were partic-
ipants exclud-
ed due to
missing data
on other vari-
ables needed
for the analy-
sis?

Bias in mea-
surement of
outcomes
(blinding)

NYYYYYYY    Could the
outcome mea-
sure have been
influenced by
knowledge of
the interven-
tion received?
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Hosseini et al
[41]

Risør et al
[37]

Beyan et al
[17]

Sezgin and
Esin [36]

Al-Qaisi et al
[35]

Nguyen et al
[29]

Abdollahi et al
[8]

Chaiprateep et
al [31]

Items

NYNYNNYN    Were out-
come asses-
sors aware of
the interven-
tion received
by study partic-
ipants?

YNYNYYNN    Were the
methods of
outcome as-
sessment com-
parable across
intervention
groups?

NNNNNNNN    Were any
systematic er-
rors in mea-
surement of
the outcome
related to inter-
vention re-
ceived?

Is the reported
effect estimate
likely to be se-
lected on the
basis of the re-
sult?

NNNNNNNN    Multiple
outcome mea-
surements
within the out-
come domain?

NNNNNNNN    Multiple
analyses of the
intervention-
outcome rela-
tionship?

NNNNNNNN    Different
subgroups?

HighHighModerateHighHighModerateHighHighOverall risk of
bias

aY: yes.
bN: no.
cNA: not available.

Discussion

Principal Findings
Despite the heterogeneity of the 19 studies in this review in
terms of study design, interventions used, sample size, measured
outcomes, and research instruments, we were able to identify
the participatory ergonomic interventions designed specifically
for nursing professionals. In addition, the research designs and
results revealed the methodological quality of the studies and
evidence of the interventions in ameliorating WMSDs among
this high-risk group of health care workers.

Descriptive findings from the systematic review revealed that
the predominant PE interventions, specifically for preventing
and managing WMSDs among nurses, were physical activities
or exercise, health promotional activities, educational programs,
and patient handling devices. These findings are consistent with
previous systematic and integrative reviews focusing on
interventions to address WMSDs and their secondary outcomes
among health care professionals [43,44]. Physical activities and
specific exercises are frequently considered in PE interventions
either as individual or multifaceted approaches, given their
efficacy in reducing musculoskeletal pain and associated
symptoms [44]. Educational programs and health promotional
activities are also integrated with most multicomponent
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interventions to enhance nurses’ knowledge, attitude, and
self-efficacy toward lifestyle changes and behaviors to mitigate
risk factors of WMSDs [43,45].

Single or individual interventions were applied in 10 studies
ranging from physical activity to educational programs and the
use of patient handling devices. Nevertheless, contradictory
findings were gleaned from the studies, with few reflecting a
low to moderate reduction in WMSD risk and ergonomic risk
scores following educational programs [8,36]. Ergonomic
exercise (ie, neuromuscular and back exercise) conducted in 3
studies also led to significantly lower scores for low back pain
[40] and overall body pain scores [16,31]. These findings
corroborate reports of individual exercise and physical activity
proposed by Jakobsen et al [34] for the generality of health care
professionals. Several prior studies have equally emphasized
the positive effect of physical exercise on MSDs [20,29].
Moreover, physical exercise helps in preventing recurring and
new episodes of WMSD pain [46], improving endurance,
strength, and neuromuscular control in rehabilitation patients
[47]. In contrast, 3 studies found no significant preventive effects
of single interventions such as educational programs,
individual-based interventions, and patient handling devices in
ameliorating WMSDs among nurses and health care
professionals [17,34,37]. These studies reflect the need for a
multifaceted approach to addressing musculoskeletal pain,
especially when designing interventions that include educational
ergonomics. In other words, rather than using educational
programs in isolation, they should be combined with other
interventional approaches such as exercise.

As observed in this review, several studies entailed multifactorial
interventions—a combination of procedures considering
numerous factors and events acting on multiple levels [48]. This
approach aligns with the multifaceted causes of WMSDs [19],
which require integrated and comprehensive management
strategieseducational program rather than isolated approches
[42]. Comparisons between multicomponent and single
interventions depicted that the former was more effective in
reducing the risk of WMSDs among nurses relative to single
type of ergonomic interventions. These results were evidenced
in several studies involving a combination of health promotion
activities and case management [19], workstation adjustment
and training [10,28], educational ergonomics and patient
handling equipment [39], as well as those involving physical
activities and exercise [29,32,38]. In addition, moderate to high
effect sizes were reported in studies where multicomponent
interventions included at least one or more physical activities
and exercise, whereas effects in those without exercise were
generally low to moderate. These findings are consistent with
a recent review conducted among health care professionals, in
which the strongest reduction in WMSD injuries and pain
stemmed from combined manual or mechanical patient lifting
and handling training [44]. This could be explained by the fact
that exercise, patient handling devices, and ergonomic training
offer opportunities to mitigate physical risk factors and
insufficient handling knowledge, which are the main
contributing events to injuries among nurses and health care
professionals [49,50]. More importantly, these studies highlight
the significance of multifaceted PE aimed at comprehending

the appropriate handling of patients or using the principles of
biomechanics in executing such activities [30] and guidelines
implementation [18]. These findings align with the Occupational
Safety and Health Administration recommendations for
increased availability of assistive facilities and devices,
including both sophisticated and basic devices, that are crucial
for safe patient handling [40].

Only a few reviewed studies investigated work performance
and sickness absence, which may be because these events are
secondary outcomes of WMSDs. This finding is not surprising,
given that a systematic review of RCTs aimed at reducing
sickness absence among health care workers identified only 7
relevant papers [45]. Results from the present review highlight
the need to further explore how nurses’ work performance and
sickness absence can be improved by ergonomic interventions.
Most studies found no significant effects of multicomponent
and individual interventions on these secondary outcomes at
different follow-up points [19,28,32]. For instance, complaints
of low back pain and its associated cost persisted among nurses
for several weeks and months after performing neuromuscular
exercise and back care counseling [32].

These studies raise the question of whether some multifaceted
PE interventions, such as ergonomic education, health promotion
activities and case management, neuromuscular exercise, and
back care counseling, are either productive or counterproductive
in improving secondary outcomes primarily linked to WMSDs
among nurses. On the contrary, reduced work-day absences and
increased safe patient handling were observed in health care
professionals subjected to task-specific and multifactorial
interventions such as mechanical and practical in-ward activities
[50]. These promising results from studies conducted among
health care workers emphasized changing the work dynamics,
increasing job satisfaction, productivity, and the complicity
between workers [32]. Moreover, psychological stress
constitutes approximately 28% and 84% of upper back injuries
in health care professionals [51].

Although qualitative studies were not included in this review,
results from the studies highlighted the importance of
considering psychological health problems, ergonomic
knowledge, and preventive behaviors that could shape the risk
of WMSDs, sickness absence, and work performance [11,18].
Organizational, physical, psychosocial, and personal factors
were found to play pivotal roles in the development of
musculoskeletal problems and their related consequences,
thereby supporting the use of multifaceted interventions. Hence,
as recommended by Carneiro et al [52], the organizational
aspects of the working environment have to be considered in
order to address WMSDs and their direct consequences on
nurses’ health and productivity.

Multiple approaches are required to effect changes in practices
and encourage a safety culture, such as ongoing training, skills,
workflow processes, supervision, and communication between
health care professionals about the risks [43,44]. This diverse
and multifaceted approach is also crucial considering that
long-term adherence to interventions is necessary for sustainable
positive impacts on WMSDs, especially their secondary
outcomes. For instance, although nurses enduring from WMSDs
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can experience significant relief following a short-term
ergonomic intervention, a prolonged duration is required for
the effects on sick leaves and performance [45]. Hence, the
long-term beneficial effects of adhering to these multicomponent
interventions need to be analyzed and relentless efforts to effect
the necessary changes are equally important [41].

Quality assessment results underscored various areas to be
considered when interpreting the systematic review findings.
For instance, moderate and high risk of bias was observed in 5
and 8 studies, respectively. Thus, only 6 papers were of high
quality. Methodological issues identified in the studies mainly
entailed limited information on participants’ baseline
characteristics, potential confounders that may affect the
intervention’s effect, not addressing missing data, incoherent
onset of intervention and follow-up, and poor adherence to the
intervention regimen. These findings highlight the need for
well-designed and high-quality RCTs.

The strength of the systematic review stems from being among
the first attempts to gather current evidence on ergonomic
interventions for nursing professionals and their effects on
WMSDs, sickness absence, and work performance. In addition,
a comprehensive and systematic approach was used, thereby
assisting the researcher in retrieving relevant papers from
selected databases. Quality appraisal was also performed to
identify the methodological gaps that need to be bridged in
future research. Nevertheless, the limitations are well
acknowledged. Given that only papers published between 2015
and 2023 were considered in the review, papers published before
these dates might contain important findings that are relevant
to the research topic. The literature search and screening
processes were performed only by the principal investigator,
reflecting the possibility of bias and unknown intraobserver
reliability. Moreover, only papers written in English in 4
databases were considered, thus limiting relevant studies written
in other languages that might have assisted in answering the
review questions.

Conclusions
This systematic review synthesized evidence published between
2017 and 2024 on ergonomic interventions to reduce WMSDs
and sickness absence and improve work performance among
nurses. The most common interventions entailed physical
activities or exercise, educational programs, health promotional
activities, and training on the usage of patient handling devices
or equipment, which were usually applied either as a single or
multicomponent approach. Overall, the findings suggest that
multifaceted interventions are more effective in reducing the
risk of WMSDs and the associated pain in nursing professionals
compared with individual interventions. The strongest effect
size was observed in multicomponent interventions comprising
at least one or more physical activities and exercise. Although
these positive results are expected to lead to improved work
functioning, work performance, and reduced sick leaves,
available results are convincing to support the use of either
single or combined ergonomic programs in achieving these
secondary outcomes.

Apart from conducting high-quality RCTs, addressing the
identified research gaps requires the integration of organizational
factors and prevention policies to enhance psychological health,
job satisfaction, and work dynamics into multicomponent
ergonomic interventions. Since most interventions are designed
for short-term periods, efforts to ensure their long-term effects
are crucial for sustainable positive impacts on WMSDs, sickness
absence, and work performance. For instance, introducing
curricula content on the management of WMSDs and improving
work performance, sickness absence and psychological health
in nursing education may assist nurses in adopting the measures
discussed in this review in clinical practice. This review may
guide health care institutions on the most appropriate ergonomic
interventions to prevent or reduce WMSDs among nurses, given
their significance for well-being and economic implications in
terms of absenteeism, work performance, and care for clients
enduring mobility problems.
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Abstract

Background: Personalized Interactive Music Systems (PIMSs) are emerging as promising devices for enhancing physical
activity and exercise outcomes. By leveraging real-time data and adaptive technologies, PIMSs align musical features, such as
tempo and genre, with users’ physical activity patterns, including frequency and intensity, enhancing their overall experience.

Objective: This exploratory systematic review and meta-analysis evaluates the effectiveness of PIMSs across physical,
psychophysical, and affective domains.

Methods: Searches across 9 databases identified 18 eligible studies, of which 6 (comprising 17 intervention arms) contained
sufficient data for meta-analysis. Random-effects meta-analyses and meta-regression were performed to assess outcomes for
physical activity levels, physical exertion, ratings of perceived exertion, and affective valence.

Results: Results showed significant improvements in physical activity levels (g=0.49, CI 0.07 to 0.91, P=.02, k=4) and affective
valence (g=1.65, CI 0.35 to 2.96, P=.01, k=4), with faster music tempo identified as a significant moderator (P=.03). No significant
effects were observed for ratings of perceived exertion (g=0.72, CI −0.13 to 1.58, P=.10, k=3) or physical exertion (g=0.78, CI
−0.55 to 2.11, P=.25, k=5).

Conclusions: Substantial heterogeneity and limited study quality indicate the need for more robust, randomized controlled trials
to establish the efficacy of PIMSs in diverse populations.

Trial Registration: PROSPERO (International Prospective Register of Systematic Review) CRD42023465941;
https://www.crd.york.ac.uk/PROSPERO/view/CRD42023465941
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Introduction

Background
Regular physical activity and exercise are fundamental to
maintaining and enhancing overall health and well-being.
Despite their recognized role in preventing and managing
noncommunicable diseases such as cardiovascular diseases,
cancer, and diabetes, engagement in regular physical activity
and exercise remains below the suboptimal level [1]. This
deficiency undermines the potential for mental health benefits
of physical exercise and its contributions to quality of life [2].
The World Health Organization defines physical activity
broadly, encompassing all forms of bodily movement generated
by skeletal muscles that require energy expenditure, including
activities such as walking, sports, and dance [1]. In contrast,
exercise has been defined as “physical activity that is planned,
structured, repetitive, and purposive, aiming to improve or
maintain one or more components of physical fitness” [3].
However, the broad spectrum of activities categorized as
physical activity and exercise often presents challenges in
promoting consistent engagement and uptake, including
individual-level barriers such as motivation and time constraints
[4]. Efforts to increase engagement in physical activity and
exercise have faced significant challenges, frequently yielding
inconsistent outcomes, as exemplified by interventions such as
pedometer-based programs, which demonstrate variable
effectiveness depending on factors including participant
motivation and engagement [4,5].

Role of Music in Enhancing Physical Activity and
Exercise
Music’s rhythmic properties have been shown to influence
perceptions, ergonomics, and physiological markers associated
with physical activity and exercise [6-10]. Available evidence
suggests that auditory-motor coupling facilitates predictive
synchronization in physical activity and exercise settings, which
can reduce perceived exertion and enhance endurance [11,12].
Additionally, when music aligns with individual preferences,
such as through self-selection, it may further increase
motivation, improve affective states, induce distraction, and
lower perceived effort during physical activities and exercise
[7,11].

The integration of music into exercise contexts can be further
understood through theoretical frameworks such as the
Affective-Reflective Theory (ART) and Dual-Mode Theory.
ART emphasizes the importance of momentary affective
responses—such as pleasure or displeasure—in shaping future
exercise behaviors [13,14]. These responses, encapsulated in
the construct of “affective valence,” reflect the intrinsic
pleasantness or unpleasantness of emotional states that fluctuate
in response to internal and external stimuli. Conversely,
Dual-Mode Theory posits that music’s impact on affective
responses is most pronounced at moderate exercise intensities,

within a zone of response variability. This zone refers to the
range of exercise intensity where affective responses—such as
feelings of pleasure or displeasure—are particularly sensitive
to individual differences (eg, fitness level and psychological
state) and contextual factors (eg, music, environment, and social
setting). In this range, attentional focus and physiological cues
mediate affective experiences [15]. While both theories
acknowledge the importance of affective responses in exercise,
Dual-Mode Theory provides a more nuanced perspective by
emphasizing intensity-dependent variability and its interaction
with individual and contextual factors.

Extending the principles of ART and Dual-Mode Theory [16],
the framework highlights how music’s intrinsic properties—such
as tempo, rhythm, and harmony—interact with personal and
situational moderators, including exercise intensity and
individual preferences, to influence affective and behavioral
outcomes in exercise. Music operates through 3 primary
mechanisms: regulating affective states, dissociating attention
from exertional discomfort, and facilitating temporal prediction
and rhythmic synchronization. These mechanisms are most
effective within the zone of response variability, where affective
valence dynamically influences exercise engagement [15,17].
Empirical studies consistently demonstrate that personalized
music enhances energy efficiency, reduces perceived exertion,
and improves adherence by fostering positive affect [17]. Such
evidence positions personalized music systems as a key tool for
optimizing both the immediate and long-term benefits of
exercise.

Personalized Interactive Music Systems in Physical
Activity and Exercise
Recently, advances in personalized music technologies have
led to the development of Personalized Interactive Music
Systems (PIMSs), which leverage software, sensors, and
computer algorithms to deliver a dynamic, tailored music
experience during physical activity and exercise [18,19]. These
systems integrate with smartphones and wearable devices to
monitor user movements and adjust musical features, such as
tempo, style, and timbre, in real time to align with exercise
routines, enhancing engagement and adherence to activity
[20,21].

PIMSs have been designed for diverse contexts, targeting both
intrinsic factors (eg, motivation and attentional focus) and
extrinsic factors (eg, training guidance). For example, a PIMS,
the moBeat system, used real-time interactive music and
biophysical feedback to enhance cycling performance by
increasing intrinsic motivation and maintaining pace and
intensity [12]. Similarly, PIMS interventions for older adults
have demonstrated benefits for physical endurance and
engagement relative to conventional exercise conditions [22].
As mobile interventions incorporating personalization have
been shown to be more effective at enhancing physical activity
than nonpersonalized approaches [23], PIMSs hold promise for
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improving physical activity adherence, reducing the ratings of
perceived exertion (RPE), and fostering positive affective states
during exercise by dynamically tailoring music to individual
physiological, affective, and contextual needs [7,12,22].

Due to the relatively recent advancements of PIMSs, there is
yet limited empirical evidence on their effectiveness across
physical activity and exercise-related domains. Such information
is essential for informing implementation, replication, and
comparative evaluation of interventions aimed at promoting
adherence to physical activity and exercise [24]. While
systematic reviews and meta-analyses have explored the general
effects of music on physical activity and exercise-related
outcomes [6,7,25], these reviews predominantly focused on
traditional music listening interventions and did not
systematically evaluate the impact of personalized and
interactive music systems. By specifically examining PIMSs,
this review and meta-analysis contribute to understanding how
tailored, interactive music interventions influence physical,
psychophysical, and affective dimensions of physical activity
and exercise engagement, thereby addressing a critical gap in
the existing literature.

Therefore, this study combines a systematic review and
exploratory meta-analysis to evaluate the effectiveness of PIMSs
on physical activity and exercise-related outcomes. Specifically,
this study synthesizes findings on physical activity levels,
psychophysical measures (eg, RPE and physical exertion), and
affective outcomes (eg, affective valence and mood states).

Our main research question is: How effective are PIMSs across
physical, psychophysical, and affective outcomes during
physical activity and exercise? This analysis intends to provide
early insights into the specificity of PIMSs’ effects and identify
gaps in the literature that warrant further investigation.

Methods

Study Design
This systematic review and meta-analysis were designed based
on the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) protocol [26]. The full search
strategy can be found in the review registration document
(CRD42023465941).

Eligibility Criteria
We included (1) studies investigating the effect of PIMSs on
physical activity or exercise, including their effects on
motivation, exercise intensity, adherence, or related outcomes,
(2) studies including participants from diverse populations (eg,
sufficiently active and not sufficiently active individuals), and
(3) papers in the English language, published from January 2010

to May 2024 in peer-reviewed journals or as published
proceedings (conference papers were considered due to the
limited number of peer-reviewed studies).

We excluded (1) studies from nonpeer-reviewed sources, books,
dissertations, and theses; (2) papers written in languages other
than English; and (3) studies that were not directly related to
the effect of PIMSs on physical exercise or physical activity.

Information Sources
We searched the following databases: (1) Web of Science, (2)
SPORTDiscus, (3) Medline, (4) Embase, (5) ACM Digital
Library databases, (6) Springer, (7) Google Scholar, (8) IEEE
Xplore, and (9) Scopus. The database search was supplemented
by a backward snowball search, whereby the reference list of
all papers was scanned for potential sources. The snowball
search continued until no new sources could be identified. The
initial interrater agreement for the identification of relevant
sources was k=0.83, indicating a strong level of agreement
among the 2 individuals performing 2 independent snowball
searches (AD and TK). Full search strings for all databases used
in this review are provided in Section S3 in Multimedia
Appendix 1.

Search Strategy
A literature search was performed using terminology related to
the effects of PIMSs on physical activity and exercise,
(“Personali*ed Interactive Music System*” OR “Music
Recommendation Algorithm” OR “Music Recommendation
System*” OR “Streaming” OR “MP3” OR “Digital Music”)
AND (“Physical Activity” OR “Exercise” OR “Recovery” OR
“Recuperation” OR “Sedentary Behav*” OR “Physical
Inactivity”).

Selection Process and Data Collection Process
The citations of all retrieved papers were imported into Zotero
(Digital Scholar), where duplicates were systematically
identified and removed. Subsequently, 2 authors (AD and TK)
independently screened the titles and abstracts of the studies
using ASReview (Utrecht University) [27] and Rayyan [28].
Papers that could not be definitively excluded based on the title
or abstract underwent full-text retrieval for further evaluation.
The full-text papers were then independently assessed for
inclusion by the same 2 authors (AD and TK). Disagreements
at any stage were resolved through discussion, with a third
author consulted to achieve consensus when necessary.

Data Extraction
The studies’ information was extracted to a spreadsheet,
including study characteristics, such as the type of PIMS, the
study design, PIMS measurement, and the target behavior of
the PIMS (Target Physical Activity or Exercise; Table 1).
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Table . Characteristics of included studies.

G (95% CI)
of PIMS on
outcomes
of interest

Physical
activity re-
sults

Target be-
havior or
target phys-
ical activity
or exercise

PIMS mea-
surement

Study de-
sign

Type of

PIMSa
PopulationSample

size (N)
Age (years)CountryReference

Improved

PAc vol-

AdherenceTriaxial ac-
celerometer

Random-
ized experi-
mental de-
sign

Personal-
ized music
audio-
playlists

Patients
with cardio-
vascular
disease

Canada[29] • g=0.51
(−0.47
to
1.49)
for

•• 3447.3‐

79.2b

umes
(P<.001)

physi-
cal ac-
tivity
level

(RASd)
• g=−0.06

(−1.04,
0.92)
for
physi-
cal ac-
tivity
level
(no
RAS)

N/AMotivation
or perfor-

SensorsfProof of
concept

Personal-
ized music
recommen-

N/ASpain[30] • N/A•• N/AN/Ae

mance en-
hancementdation sys-

tem

N/ARehabilita-
tion

Accelerom-
eter

Proof of
concept

Music feed-
back for re-
habilitation

Older adult
participant

Germany[31]g • N/A•• 1N/A

N/AAdapting
music selec-

Smart-
phone’s

Experimen-
tal

Exercise
system for
middle-dis-

Participants
from the
National

Taiwan[32]g • g=−0.73
(−1.40
to

•• 10 fe-
male
and

21.56
(SD

1.04)h tion to the
user’s pace

built-in tri-
axial ac-
celerometer

tance run-
ning

Yang Ming
Chiao
Tung Uni-
versity

26
male

−0.06)
for
physi-
cal ex-
ertion

during
walking

• g=1.63
(0.88
to
2.39)
for

RPEi

• g=2.17
(1.34
to
2.99)
for af-
fec-
tive
va-
lence

N/APhysiologi-
cal, percep-

Triaxial ac-
celerometer

Proof of
concept

Music as-
sisted run
trainer

N/ATaiwan[33] • N/A•• N/AN/A

tual, and af-
fective re-
sponses
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G (95% CI)
of PIMS on
outcomes
of interest

Physical
activity re-
sults

Target be-
havior or
target phys-
ical activity
or exercise

PIMS mea-
surement

Study de-
sign

Type of

PIMSa
PopulationSample

size (N)
Age (years)CountryReference

• N/AN/AMotivationMusic rec-
ommenda-
tion ratings

Within-sub-
jects
crossover
design

A music
recommen-
dation sys-
tem

Students• 60• N/ASingapore[34]g

• g=0.96
(0.35
to
1.56)
for af-
fec-
tive
va-
lence

N/AWorkoutMovement

sensorj
Experimen-
tal design

JYMMiN
sensor at-
tached to
fitness de-
vices to
provide
musical
feedback

Nonath-
letes, non-
body
builders,
nonmusi-
cians

• 45• N/AN/A[35]

• g=2.76
(1.63
to
3.89)
for
physi-
cal ex-
ertion
(fixed

BPMl)
• g=2.29

(1.24
to
3.34)
for
physi-
cal ex-
ertion
(pace-
matched)

• g=−0.74
(−1.61
to
0.13)
for
physi-
cal ex-
ertion
(ran-
dom)

N/AWalking or
running
pace moni-

tork

Smart-
phone app
to recog-
nize user
pace or ad-
just music
tempo

User test-
ing design

Runner’s
Jukebox:
music tem-
po match-
ing the us-
er’s pace
during exer-
cise

N/A• 27• N/AN/A[36]g

• N/AN/ACyclingSensorsmProof of
concept

Music clips
with dy-
namic
BPM rang-
ing from
110‐170

N/A• N/A• N/ADenmark[37]g

• N/AEnhanced
cyclist syn-
chroniza-
tion to ex-
ternal mu-
sic

CyclingSensorsExperimen-
tal

SoundBike:
musical
sonification
to improve
sponta-
neous syn-
chroniza-
tion of cy-
clists

Cyclists• 7 fe-
males
and 8
males

• 18‐
45

Switzer-
land

[38]

• N/AN/A• 2• N/AFinland[39]
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G (95% CI)
of PIMS on
outcomes
of interest

Physical
activity re-
sults

Target be-
havior or
target phys-
ical activity
or exercise

PIMS mea-
surement

Study de-
sign

Type of

PIMSa
PopulationSample

size (N)
Age (years)CountryReference

Awareness
of PA

Sonifica-
tion of PA

datan

Proof of
concept

Processing
accelerome-
try data to
create musi-
cal sonifica-
tions of
physical ac-
tivity

Older adult
participants

• N/AThe majori-
ty (19/33,
58%) syn-
chronized
their steps
with music

Synchro-
nization to
the beat of
music

Triaxial ac-
celerometer

Pilot studyDSaToalgo-
rithm for
music selec-
tion and re-
al-time
adaptation

Participants
from public
event

• 33• N/ABelgium[40]g

• N/AImproved
entrain-
ment

Synchro-
nization to
the beat of
music

Recordings
of footfalls
and music
alignment

strategiesp

Case studySynchro-
nize music
with the
partici-
pant’s
movements

N/A• 82
male
and
68 fe-
male

• 56
male
and
44 fe-
male

• 12 fe-
male

• 6 fe-
male
and 4
male

• 21.9
(SD

12.9)h

• 20.2
(SD

0.8)h

• 21.2
(SD

1.7)h

• 23
(SD

3)h

Belgium,
Czech Re-
public

[41]

• N/AN/AMotivate
users to
complete
PA

Automatic
learning al-
gorithm

Mixed
methods

design q

Context-
aware rec-
ommender
system

N/A• N/A• N/AN/A[42]g

• g=0.73
(0.00
to
1.46)
for
physi-
cal ac-
tivity
level

• g=0.20
(−0.27
to
0.67)
for
RPE

• g=0.09
(−0.47
to
0.64)
for af-
fec-
tive
va-
lence

N/AStrength-
endurance
exercises

Movement

sensorj
Within-sub-
jects design

JYMMiN:
sensor at-
tached to
fitness de-
vices to
provide
musical
feedback

Nonphysi-
cally active

• 11 fe-
males
and 5
males

• 70.6
(SD

3.9)h

Germany[22]

• N/A• 24[43]g
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G (95% CI)
of PIMS on
outcomes
of interest

Physical
activity re-
sults

Target be-
havior or
target phys-
ical activity
or exercise

PIMS mea-
surement

Study de-
sign

Type of

PIMSa
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size (N)
Age (years)CountryReference

No effect
on break-
ing seden-
tary behav-
ior

Posture
changes

Movement
sensor pad

Within-sub-
jects design

Smart cush-
ion provid-
ing musical
feedback

Office
workers

• 18‐
25

Nether-
lands

• N/AN/AStimulate
or motivate
PA

Sensor padQualitative
research
design

Interactive
music sys-
tem

Seniors
with early-
stage
Alzheimer
disease

• 3-6r• N/ANorway[44]

• g=0.54
(−0.22
to
1.30)
for
physi-
cal ac-
tivity
level

• g=0.54
(−0.22
to
1.30)
for
physi-
cal ex-
ertion

• g=0.43
(−0.32
to
1.19)
for
RPE

• g=3.79
(2.52
to
5.06)
for af-
fec-
tive
va-
lence

N/AMotivationCadence
sensor,
heart rate

Within-sub-
ject experi-
ment

moBeat: in-
teractive
music sys-
tem

Philips em-
ployees

• 26• 23‐
51

Nether-
lands

[12]

aPIMS: Personalized Interactive Music System.
bLowest lower bound: 47.3 years (from the second subgroup). Highest upper bound: 79.2 years (from the first subgroup). The estimated entire age range
for all 3 groups combined would be from approximately 47.3 to 79.2 years.
cPA: physical activity.
dRAS: rhythmic auditory stimulation.
eN/A: not applicable.
fGalvanic skin response, oxygen saturation sensor, and pulse sensor.
gConference papers.
hMean (SD).
iRPE: ratings of perceived exertion.
jJYMMiN: the movement of the sensor-equipped fitness device is mapped to musical parameters, creating an acoustic feedback signal.
kSWPM: swings per minute.
lBPM: beats per minute.
mMonitor cycling pace and heart rate, influencing audio feedback (soundscape sounds) in real-time.
nAccelerometry data.
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oDSaT: Dynamic Song and Tempo.
pThe methodology involved recording footfalls and various music alignment strategies to synchronize music with participants’ walking or running
movements.
qIncludes elements of a proof of concept design and an experimental design.
rExact numbers are not specified, but a mention of a group size of 3 to 6 participants.

Preregistration Deviations
Where available, quantitative data suitable for meta-analysis
were extracted. This was done for the preregistered outcome of
physical activity level, as well as for affective valence, RPE,
and physical exertion, which were not preregistered as outcomes.
The decision to extract data on these additional outcomes was
taken because of the close relationships between these variables
and physical activity and exercise participation, their prevalence
as outcomes in the included studies, and the limited number of
studies reporting data on physical activity and exercise behavior.
In cases where effect sizes could not be readily calculated based
on the published papers, their authors (n=2) were contacted at
least twice for additional data, resulting in the provision of
calculations for 5 additional effect sizes.

Operationalization of Terms
This review operationalizes 4 key terms central to physical
activity and exercise research. Physical activity level is defined

by the quantified volume (eg, daily activity counts and weekly
minutes), intensity (eg, metabolic equivalent of task [MET] and
percent oxygen uptake reserve), and compliance (eg, adherence
to heart rate zones or regimens) [45,46] of physical activity.
Affective valence refers to the pleasure-displeasure dimension
of emotional responses during or after physical activity, assessed
using self-report scales such as the Feeling Scale (FS) [47] and
the “good versus bad mood” subscale of the Multidimensional
Mood Questionnaire (MDMQ) [48]. These measures capture
subjective ratings of positivity or negativity without
incorporating arousal [14,35,49]. Physical exertion encompasses
physiological (eg, heart rate), biomechanical (eg, stride length),
and perceptual demands, providing a comprehensive assessment
of effort [50]. These constructs serve as the primary outcomes
of interest in this review. The constructs are summarized in
Table 2 and described further in Section S1 in Multimedia
Appendix 1.
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Table . Operationalization of terms.

ReferencesOperational metricsDefinitionTerm

[45,46]Encompasses the volume, intensity,
and compliance with physical activ-
ity recommendations or exercise
regimens.

Physical activity level • Volume: total activity counts
per day via accelerometer,
mean weekly minutes. Intensi-
ty: absolute intensity using
metabolic equivalent of tasks,
relative intensity as oxygen
consumption reserve percent-
age.

• Compliance: adherence to rec-
ommendations or regimens via
changes in volume, device us-
age, or adherence to heart rate
zones.

[50]Effort exerted to perform physical
activity, involving physiological,
biomechanical, and perceptual de-
mands.

Physical exertion • Physiological: heart rate as an
indicator of cardiovascular re-
sponse.

• Biomechanical: stride length
and pace for activities such as
running and walking.

• Perceptual: integration of
physiological and biomechani-
cal cues to assess overall effort.

[7,51,52]Subjective numerical value reflect-
ing perceived effort during physical
activity, integrating sensory cues,
and physiological sensations.

RPEa • Scale: Borg RPE scale for aer-
obic activities (cycling and
running).

• Category-Ratio Scale: Borg
Category-Ratio 10 Scale to
measure perceived exertion or
other sensations.

• Responses: local sensations
(muscles, skin, and joints) and
central factors (cardiopul-
monary system).

[14,47-49]Affective valence is measured using
self-report scales, such as:

The subjective feeling of pleasure
or displeasure experienced during
or after physical activity. It is inde-
pendent of perceived exertion and
reflects emotional responses to exer-
cise, influenced by individual, con-
textual, and social factors.

Affective valence

• Scale:
• Feeling Scale: bipolar

scale from +5 (very good)
to −5 (very bad).

• Positive and negative af-
fect schedule: assesses
positive and negative
emotions.

• Multidimensional Mood
Questionnaire (MDMQ):
evaluates mood during
exercise using subscales
for “good versus bad
mood,” “calmness versus
agitation,” and “alertness
versus tiredness.” Only
the “good versus bad
mood” subscale aligns
with the pleasure-displea-
sure dimension of affect.

• Context: Measurement occurs
before, during or immediately
after exercise.

aRPE: ratings of perceived exertion.
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Study Risk of Bias Assessment
The quality of the studies was assessed by 2 authors (AD and
TK) using the JBI’s (Joanna Briggs Institute) critical appraisal
checklist, including tools for quasi-experimental appraisal,
qualitative research appraisal, and the revised checklist for
randomized controlled trials [53].

Data Synthesis and Analysis Methods
We conducted a narrative synthesis, categorizing studies into
two groups based on design: (1) experimental studies, including
randomized, quasi-experimental, pilot, and within-subject
designs, and (2) proof-of-concept and user-testing studies. This
classification enabled the identification of trends within and
across these categories.

For experimental studies, we examined outcomes related to
physical activity levels, physical exertion, RPE, and affective
valence. Proof-of-concept and user-testing studies were analyzed
for their focus on PIMS design features and effectiveness,
including synchronization, user engagement, and
personalization.

Our synthesis followed the methodological framework of [54],
facilitating systematic comparisons across study groups. Trends
and variations in PIMSs’ outcomes were interpreted through
subgroup analyses, accounting for methodological rigor and
study design. We also considered sample characteristics,
including demographic variability (eg, age, fitness level, and
population type) and sample size heterogeneity (ranging from
n=10 to n=150). Limitations arising from study heterogeneity
were explicitly addressed to provide transparency regarding
factors affecting generalizability.

Hedges g effect sizes and SEs were calculated using the tool by
Wilson [55]. Meta-analytic models were conducted in R (version
4.5.1) using the metafor package [56], applying a random-effects
model with the DerSimonian-Laird estimator for physical
activity level, physical exertion, RPE, and affective valence.
These outcomes were selected based on the preregistration
criterion: “meta-analyses will be performed when at least three
studies provide data sufficient for effect size calculation.” For
inclusion in the meta-analysis, physical activity outcomes
analyzed included behaviors such as walking, running, weight
training, cycling, housework, and gardening, while studies
focusing on nonphysical activity outcomes (eg, subjective
feasibility of PIMSs) were excluded. Six studies (comprising
17 intervention arms) met this criterion, while outcomes with
insufficient data were excluded.

Heterogeneity was assessed using the I² statistic (relative
proportion of variability attributable to heterogeneity), τ² statistic
(absolute variance), and Cochran Q statistic (a formal test of
homogeneity). To address the dispersion of effects across
studies, the prediction interval was calculated, as it provides
insights into the range of effects expected in future comparable
studies, beyond the mean effect size [57]. A sensitivity analysis
was conducted to evaluate publication bias by examining the
relationship between SEs and effect size estimates. Following

the studies by Sterne and Egger [58] and Sterne and Harbord
[59], funnel plots were produced to assess asymmetry, while
forest plots were used to summarize the data. Data and syntax
files for these analyses are available in Multimedia Appendix
2.

An exploratory meta-regression analysis was conducted to
investigate potential moderators contributing to variability in
the effectiveness of PIMSs on physical activity level, affect,
RPE, and physical exertion. Candidate moderators were selected
based on their theoretical relevance to physical activity and
exercise research: study size, participant age, exercise intensity,
and music tempo. Music tempo was categorized into tempo
ranges to standardize data across studies with differing
methodologies, reflecting its established influence on
motivational and psychophysical responses [60]. Exercise
intensity was classified using MET guidelines to enhance
comparability [61]. Participant age and study size were included
to address population-level and methodological variability,
respectively. Due to the small number of studies included in
the meta-analyses, the meta-regression encompassed all
outcomes of interest, with a focus on generating hypotheses for
future research.

Specifically, within the meta-regression analysis, music tempo
was categorized into 3 distinct groups based on beats per minute
(BPM): slow (60‐90 BPM), coded as 1; medium (91‐130
BPM), coded as 2; and fast (131+ BPM), coded as 3. When
studies reported variable tempos, the average BPM or the
dominant tempo range was used for classification. Exercise
intensity was categorized using a 3-level scale aligned with
MET guidelines [61]: low (<3 METs), coded as 1; moderate
(3‐6.9 METs), coded as 2; and high (≥7 METs), coded as 3.
For studies that did not explicitly report METs, intensity was
inferred from descriptions of the exercise type or target heart
rate zones. Participant age was handled as follows: for studies
reporting mean age directly, the provided value was used. In
studies reporting age ranges, the midpoint of the range was used
as an estimate. If group-specific mean ages were available, a
weighted average was calculated based on group sizes to derive
an overall mean age for the study.

Results

Study Selection
All records were excluded by ASReview [27,28].

A total of 523 papers were identified through the initial strategic
search using the specified keywords. During the screening
process, 3 papers were excluded as duplicates, while 4 additional
papers were identified as ineligible based on the inclusion
criteria. After screening titles and abstracts, 494 papers were
excluded for not meeting the inclusion criteria. Subsequently,
23 full-text papers were assessed for eligibility. Of these, 5
papers were excluded [21,62-65] because they did not evaluate
the desired effect or outcome. In total, 18 papers were eligible
to be included in this review study (Figure 1).
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Figure 1. PRISMA information flow describing the screening process. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Study Characteristics
The study characteristics (Table 1) encompass a diverse range
of studies conducted across various countries, including Canada,
Spain, Germany, Taiwan, Singapore, Denmark, Finland,
Belgium, Switzerland, the Czech Republic, the Netherlands,
Norway, and locations not specified. These studies, conducted
between 2010 and 2024, provide a broad age range among
participants, with some studies focusing on specific groups such
as older adults, patients with cardiovascular disease, students,
nonathletes, and office workers. The PIMSs used in these studies
vary in their design and objectives, ranging from personalized
music audio playlists [30,34,42] to interactive music systems
linked to fitness devices [22,35]. These systems are used in
different settings and for various purposes, ranging from
synchronizing movement during physical activity and exercise
to enhancing the experience of physical activity and exercise.

Reported Outcome Measures
A variety of outcome measures were reported across studies to
explore the effects of PIMSs on physical activity and

exercise-related behaviors. The outcome measures included
assessments of physical activity levels, such as
accelerometer-based metrics and adherence to specific heart
rate zones, as well as psychological and perceptual outcomes
such as mood (measured through tools such as the MDMQ and
FS) and intrinsic motivation (measured via the Intrinsic
Motivation Inventory, IMI). The RPE was frequently captured
using the Borg Category-Ratio 10 Scale [51,52]. Table 3
presents this information. Further information on these outcome
measurements can be found in Section S2 in Multimedia
Appendix 1.

Studies used diverse technologies and protocols to assess
PIMSs’ effects on physical activity and exercise behaviors.
Reported technologies included accelerometers, heart rate
monitors, and systems such as JYMMiN, which integrate
real-time musical feedback with gym equipment. Analytical
methods, such as ANOVA and multivariate analysis of variance,
were used to evaluate outcomes, with specific systems adapting
music based on cadence, heart rate, and intensity. Table 4
presents a detailed overview of these technologies and protocols.
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Table . Outcome measures as reported in the studies.

StudyOutcome measure and measurement method

Physical activity level

[29]Mean weekly minutes of physical activity mea-
sured using a triaxial accelerometer.

[22]Duration of exercise until exhaustion, timed with
a stopwatch.

[12]Compliance with exercise regime by monitoring
adherence to target heart rate zones during cy-
cling.

Affective valence

[32]Feeling Scale based on Russell circumplex
model of affect.

[22,35]Multidimensional Mood Questionnaire, evaluat-
ing “good versus bad” mood dimensions during
acute physical exercise.

[12,66,67]Interest or enjoyment subscale of the Intrinsic
Motivation Inventory for intrinsic motivation.

[12,22,32]Borg Category-Ratio 10 Scale, with ratings of
perceived exertion collected at specific time in-
tervals during exercise.

Ratings of perceived exertion

Physical exertion

[32]Heart rate measured using a Polar Verity Sense
(Polar Electro) device based on photoplethysmog-
raphy.

[36]Pace measured via swings per minute using
smartphone accelerometer data.

[12]Heart rate measured using a Polar T61 (Polar
Electro) heart rate belt.
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Table . Technologies and analysis protocols of PIMSsa.

ReferenceData analysis protocolPIMS descriptionType of PIMSs

[36]N/AbMusic synchronization with step
cadence

Accelerometer

[32]ANOVA and MANOVAcMusic tempo adjustments based on
physiological data

Heart rate monitor

[22,35]ANOVA, MANOVA, and Wilcoxon
Signed-Ranks Test

Music feedback systemJYMMiN

[37]N/AMagnet sensors detect the ratings of
perceived exertion, paired with heart
rate, to optimize cycling rhythms

Magnet and heart rate sensors

[12]ANOVAMusic feedback systemmoBeat

[39]One proportion z-testConverts movement data into sound
to enhance engagement and differen-
tiate activity patterns

Musical sonification systems

[38]ANOVA, Friedman test, and pair-
wise comparisons

Pedals with load sensors and a mi-
crocontroller adjust musical feed-
back

Musical sonification (custom ped-
als)

[29]Generalized linear modelingN/APersonal activity monitor

[36]N/AAdjusts music tempo to synchronize
with the user’s pace using swings
per minute

Three-axis accelerometer (smart-
phone)

[33]N/AUses accelerometer and heart rate
to adjust music tempo for maintain-
ing the target heart rate during car-
dio training

Triaxial accelerometer

aPIMS: Personalized Interactive Music System.
bN/A: not applicable.
cMANOVA: multivariate analysis of variance.

Risk of Bias in Studies
Following the assessment of the study quality using the JBI
critical appraisal checklist tools, the nine criteria were adapted
to the 5 risk-of-bias domains found in the R package for
risk-of-bias assessments (robvis) in the study by McGuinness
and Higgins [68]. This assessment tool tests the risk of bias
resulting from the randomization process (domain [D1]),
deviations from intended intervention (D2), missing outcome
data (D3), measurement of the outcome (D4), and selection of
the reported result (D5). Each domain is assessed with a
judgment scale indicating a high risk of bias (red cross), some

concerns (yellow circle), low risk of bias (green plus), and no
information (blue question mark; cf Figure 2).

We included all 18 studies in the review regardless of their
overall risk of bias rating (see Figure 2, column “overall”). The
overall risk of bias rating for each study was assigned
conservatively, reflecting the highest risk level present across
any of the 5 domains (D1-D5). For example, if 1 domain was
judged to have a high risk of bias, the overall rating for that
study was classified as high risk. Of the 18 studies, 1 randomized
experimental design study [29] was rated for low risk of bias.
Seven studies received a moderate (some concerns) rating of
risk of bias, and 10 were rated for a high risk of bias.

JMIR Hum Factors 2025 | vol. 12 | e70372 | p.467https://humanfactors.jmir.org/2025/1/e70372
(page number not for citation purposes)

Danso et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Evaluation of risk of bias in the included studies, categorized across 5 domains from D1 to D5 (cf [68]). An overall bias risk assessment for
each study is also provided, conservatively summarizing the findings across all 5 domains [12,22,29-44]. D: domain.
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PIMSs Used in Experimental Studies
PIMSs were explored in experimental studies for their influence
on physical, psychophysical, and affective exercise–related
outcomes. Several studies focused on synchronization and
auditory-motor coupling. Moens et al [41] examined beat
synchronization using the D-Jogger adaptive music player. They
found that initiating music in phase synchrony significantly
enhanced consistent sensorimotor patterns, while strategies
relying on tempo adjustments alone were less effective. Maes
et al [38] provided detailed analyses of synchronization strength
using SoundBike (Ghent University), where musical sonification
significantly increased pedal cadence synchronization with
external music. Similarly, Jun et al [36] found significant
increases in step frequency (swings per minute) when music
tempo aligned with user pace, enhancing consistency and
efficiency of the activity.

Rehfeld et al [22] and Fritz et al [35] reported on the JYMMiN
system’s role in improving mood and exercise duration. Notably,
Fritz et al [35] observed mood enhancements in younger adults,
while [22] noted prolonged exercise durations in older adult
participants despite no significant mood changes. This may be
potentially due to age-related differences in energy pacing.
Rosseland [44] explored a tempo-responsive system for
Alzheimer patients, observing improved synchronization and
engagement. Additionally, van der Vlist et al [12] reported the
moBeat system maintained exercise compliance while enhancing
intrinsic motivation and attentional dissociation from discomfort.
Sample sizes varied (N=10 to N=150), with participants aged
18‐79 years across diverse demographics. Detailed descriptions
of PIMSs used in these studies can be found in Table S1 in
Multimedia Appendix 3.

PIMSs Used in Proof of Concept and User Testing
Studies
Proof-of-concept and user-testing studies used PIMSs to adapt
music or audio feedback based on real-time physical activity
and exercise-related data (eg, heart rate, oxygen saturation, and
galvanic skin response), with a focus on music recommendation
systems and synchronization features. Álvarez et al [30] tested
DJ-Running (University of Zaragoza), which integrates
environmental (GPS) and galvanic skin response data to provide
personalized music recommendations using algorithms such as
artificial neural networks. Ospina-Bohórquez et al [42]
developed a context-aware recommender system using
smartphone sensors to adjust music based on exercise intensity,

providing evidence for preliminary efficacy in low-concentration
activities (eg, low-to-moderate intensity activities that require
minimal concentration, such as walking).

Two synchronization-based systems were included: [33]
music-assisted run trainer, which adjusts music tempo to heart
rate or step frequency; and [31] music feedback exercise system,
which synchronizes music with movement intensity through
advanced audio processing. For example, as exercise intensity
increases, additional layers of musical elements such as rhythm
guitar, bass, or drums are progressively added to the audio track.
Mendoza et al [39] introduced musical sonification, converting
movement data into music for users to identify different physical
activity patterns. Maculewicz and Serafin [37] examined
ecological soundscapes to influence cycling behavior.
Soundscapes were, for example, dynamically altered based on
users’ cycling speed and heart rate.

Moens et al [40] reported optimal movement entrainment at
~120 BPM using D-Jogger but noted disruptions during song
transitions. The reinforcement learning–based system by Fang
et al [34] found improved user satisfaction and fewer track
rejections, while Rosseland [44] found tempo-responsive music
systems beneficial for older adults with Alzheimer disease.
Details on these systems can be found in Table S2 in Multimedia
Appendix 3.

Meta-Analyses
A single overall meta-analysis of the studies was not achievable
due to heterogeneity across datasets and outcomes [69]. Instead,
the outcomes were reported separately based on their focus.
The reported outcomes distinguished between (1) physical
activity levels, (2) physical exertion, (3) RPE, and (4) affective
valence.

Results for Physical Activity Level
The overall effect size is 0.49 with a 95% CI of 0.07 to 0.91,
and a P value of .02 (k=4, n=76). This indicates that the results
are statistically significant, supporting the effectiveness of
PIMSs in improving outcomes relating to physical activity level
(Figure 3). The random-effects model indicates low

heterogeneity (Q=1.65, P=.65, I²=0%, τ2=0.00) between the
studies, suggesting it to be negligible. The calculated 95%
prediction interval for the true effect size is 0.07 to 0.91,
indicating that while the average effect is positive, the range of
potential true effects across future studies could include larger
positive outcomes.
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Figure 3. Forest plot of effect sizes for physical activity level outcomes associated with PIMSs [12,22,29]. PIMS: Personalized Interactive Music
System; RAS: rhythmic auditory stimulation.

Results for Physical Exertion
The overall effect size is 0.78 with a 95% CI of −0.55 to 2.11,
and a P value of .25 (k=5, n=142), indicating that the results
are not statistically significant and do not support the
effectiveness of PIMSs in improving physical exertion outcomes

(Figure 4). The random-effects model indicates high

heterogeneity (Q=46.96, P≤.001, I²=91%, τ2=2.08) between the
studies. The calculated 95% prediction interval for the true effect
size is −2.34 to 3.90, indicating the potential for considerable
variation in the effects of PIMSs on physical exertion across
future studies.

Figure 4. Forest plot of effect sizes for physical exertion outcomes associated with PIMSs [12,32,36]. BPM: beats per minute; PIMS: Personalized
Interactive Music System.

Results for RPE
The overall effect size is 0.72 with a 95% CI of −0.13 to 1.58,
and a P value of .10 (k=3, n=77), indicating that the results are
not statistically significant and do not conclusively support the
effectiveness of PIMSs in improving RPE outcomes (Figure 5).

The random-effects model indicates substantial heterogeneity

(Q=10.24, P=.01, I²=80%, τ2=0.45) between the studies. The
calculated 95% prediction interval for the true effect size is
−0.85 to 2.29, reflecting the significant variability in potential
outcomes across future studies.

Figure 5. Forest plot of effect sizes for RPE outcomes associated with PIMSs [12,22,32]. PIMS: Personalized Interactive Music System; RPE: ratings
of perceived exertion.
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Results for Affective Valence
The overall effect size is 1.65 with a 95% CI of 0.35 to 2.96,
and a P value of .01 (k=4, n=122), indicating that the results
are statistically significant and thus consistent with the
effectiveness of PIMSs in improving affective valence outcomes

(Figure 6). The random-effects model indicates substantial

heterogeneity (Q=36.69, P<.001, I²=92%, τ2=1.59) between the
studies. The calculated 95% prediction interval for the true effect
size is −1.14 to 4.44, highlighting significant variability in
potential outcomes across future studies.

Figure 6. Forest plot of effect sizes for affective valence outcomes associated with PIMSs [12,22,32,35]. PIMS: Personalized Interactive Music System.

Meta-Regression Analysis
Heterogeneity was identified in the meta-analyses, prompting
the use of meta-regression analysis to explore potential
moderators of effect sizes. Music tempi showed a statistically
significant positive association with effect sizes (β=.62,
SE=0.29, P=.031), suggesting that faster tempi may have a
significant effect across the outcomes of interest. None of the
other predictors, including participant age, exercise intensity,

or sample size, demonstrated a significant effect on effect sizes
(Table 5 and Figure 7). The overall meta-regression model was
not statistically significant, QM(4)=7.03, P=.135, and a
substantial portion of heterogeneity remained unexplained,

QE(11)=76.78, P<.001, I2=85.67%, τ2=0.92. This indicates that
other, unexplored factors likely contribute to the variability in
outcomes. Given the inclusion of all outcomes of interest in this
analysis, the potential for residual variability and
unaccounted-for heterogeneity is high.

Table . A summary of the meta-regression analysis.

95% CIP valuezSEEstimatePredictor

−4.619 to 7.006.690.4022.9651.194Intercept

−0.114 to 0.043.38−0.8780.040−0.035Age

0.056 to 1.178.0312.1550.2860.617Music tempo

−2.262 to 2.686.870.1681.2620.212Exercise intensity

−0.147 to 0.097.69−0.4020.062−0.025Sample size
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Figure 7. Distribution of study-level effect sizes across music tempo categories. Violin plots illustrate the density and spread of Hedges g values for
medium (91‐130 BPM) and fast (131+ BPM) tempo groups. Dots represent individual study estimates; diamonds and error bars indicate group means
and 95% CIs, respectively. BPM: beats per minute.

Publication Bias Analysis (Egger Test)
Egger test [70] indicated nonsignificant asymmetry for physical
activity level (z=−0.968, P=.333), significant asymmetry for
physical exertion (z=2.927, P=.003), nonsignificant asymmetry

for RPE (z=0.832, P=.405), and significant asymmetry for
affective valence (z=4.961, P<.001; Figure 8). Due to potential
publication bias, the summary effect sizes for physical exertion
and affective valence outcomes may thus be slightly inflated.
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Figure 8. Funnel plots for (A) physical activity level, (B) physical exertion, (C) RPE, and (D) affective valence. RPE: ratings of perceived exertion.

Discussion

Principal Findings
This review aimed to systematically evaluate the effectiveness
of PIMSs across physical activity levels, physiological outcomes
(eg, heart rate and step frequency), psychophysical outcomes
(eg, the RPE), and affective valence in relation to physical
activity and exercise behaviors. A central focus was an
exploratory meta-analysis of PIMSs across these outcome
domains.

The exploratory meta-analysis revealed that PIMSs demonstrate
favorable effects on physical activity levels and affective
valence, with effect size estimates surpassing those of general
music listening [6]. However, the certainty of evidence is limited
by methodological inconsistencies, a moderate to high risk of
bias, and the limited number of published studies eligible for
meta-analyses. Importantly, no significant effects were observed
for RPE or measured physical exertion. This reflects variability
in the psychophysical outcomes associated with interventions
using PIMSs.

When examining the findings of individual studies separately,
they offer preliminary evidence that PIMSs may improve
physical, psychophysical, and affective outcomes related to
physical activity and exercise. For example [22], observed
longer exercise durations during sessions using JYMMiN
compared to routines with passive music listening, without
significant increases in perceived exertion. Similarly, Alter et
al [29] reported increased weekly physical activity volumes
among cardiovascular disease patients using personalized
rhythmic auditory stimulation–enhanced playlists. Additionally,
Ren et al [43] provided qualitative evidence suggesting that
PIMSs may prompt physical activity, such as reducing sitting
time in office settings.

However, interpreting these findings is challenging due to
methodological limitations and variability in population
characteristics. Some studies focus on clinical populations, such
as cardiovascular disease patients [29], while others target
healthy younger adults [33] or older adult participants [22].
Several studies lack demographic details entirely, further
complicating the assessment of population-specific efficacy.
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Sample sizes also vary widely, from single participants [31] to
larger groups (N=36) [42].

Heterogeneity in PIMSs’ Outcomes: Methodological
Influences
The wide prediction intervals observed across outcome domains
reflect the substantial heterogeneity in PIMSs’ effects. For
example, prediction intervals for physical activity levels and
affective valence highlight significant variability in potential
effect sizes. This suggests that while PIMSs may provide
positive average effects, individual study outcomes could range
from substantial benefits to negligible or even negative impacts.
Similarly, the prediction intervals for RPE and physical exertion
emphasize uncertainty surrounding these psychophysical
outcomes, pointing to inconsistencies in measurement and
intervention design.

Specifically, variations in study methodologies and control
group conditions contribute significantly to this heterogeneity.
Some studies used passive music or other auditory stimuli as
controls, while others used no-music conditions. This negatively
affects comparability. Well-powered randomized designs, such
as that by Alter et al [29] produced robust findings, whereas
smaller studies, such as that by Rehfeld et al [22] yielded
nonsignificant results, pointing to the influence of study design
and statistical power. Additionally, short intervention durations
and small sample sizes [37,39] constrain the generalizability of
findings. The absence of standardized metrics and protocols
across studies further hinders the ability to synthesize outcomes
and develop systematic guidelines for PIMS interventions. To
alleviate this, future research should adopt standardized
protocols and outcome measures. This could be achieved via a
music selection and delivery protocol, ensuring uniformity
through a predefined library of music tracks categorized by
tempo and intensity, delivered via standardized systems (eg,
wireless headphones at consistent volumes). Validated tools
such as the Borg RPE and the FS for measuring affective
valence, administered at fixed intervals, may enhance
comparability.

Feasibility of PIMSs on Physical Activity Levels and
Affective Outcomes
Despite methodological inconsistencies, our findings suggest
that PIMSs may have a positive influence on physical activity
levels. Studies in this cluster were rated as having low [29] to
moderate [12,22] risk of bias, with both the studies by Alter et
al [29] and Rehfeld et al [22] focusing on older adult
populations. Positive effects include increased exercise duration
(~66 seconds) [22] and overall weekly physical activity (~105.4
additional minutes per week on average) [29]. However, van
der Vlist et al [12] found no significant impact of PIMSs on
physical activity levels. The low heterogeneity in this cluster
indicates consistent findings despite variations in study design
and participant populations. This is promising and calls for
further investigation.

Our results align with that of Clark et al [6], who noted that
music listening, when combined with physical activity, enhances
exercise outcomes in older adults. Both Alter et al [29] and van
der Vlist et al [12] used synchronization strategies—rhythmic

auditory stimulation and auditory-motor coupling,
respectively—consistent with frameworks by Bood et al [8] and
Clark et al [71] that link synchronized music to improved
physical activity and exercise performance. However, the
exploratory nature of the meta-analysis and the small number
of studies limit the potential generalizability of these findings.
Further research with diverse populations and robust
methodologies is required to confirm whether PIMSs are
effective adjuncts for increasing physical activity levels.

For affective valence, the large effect size estimate suggests
PIMSs contribute to elevated affective experiences during
physical activity and exercise [12,22,32,35]. However, this
finding is strongly influenced by van der Vlist et al [12], whose
notably high effect size estimate substantially raised the overall
meta-analytic effect size estimate. In contrast, smaller effects
observed in other studies [22,35] reduced the precision and
generalizability of the overall meta-analytic finding. The
differences in these outcomes likely reflect variations in music
selection methods: researcher-selected music in the study by
van der Vlist et al [12] prompted synchronization and enjoyment
(“fun and enjoyment” ratings via IMI), while self-selected music
[32] and device-generated feedback [22,35] influenced affective
outcomes in distinct ways. In the study by van der Vlist [12],
researcher-selected music facilitated synchronization, while
Chen et al [32] used self-selected music based on participants’
individual preferences. Rehfeld et al [22] and Fritz et al [35]
used device-generated musical feedback, where participants’
movements influenced the music. These differences suggest
that PIMSs may enhance affective valence outcomes during
physical activity and exercise through both self-selected and
researcher-selected music, with evidence of positive effects for
music tailored to individual preferences (aligning with prior
research by Terry et al [7] and Khalfa et al [11]) as well as for
standardized, researcher-selected stimuli.

Curiously, van der Vlist et al [12] reported no significant
benefits for RPE, despite using auditory-motor coupling
strategies. This discrepancy may find alignment with the
Dual-Mode Theory, as even though music can enhance
automatic synchronization and facilitate improved physical
performance, it does not always mitigate RPE if reflective
processes (eg, cognitive appraisal of effort) are less engaged
[13]. The substantial heterogeneity within the affective valence
cluster, driven by variability in musical strategies, participant
demographics, and inconsistent measurement tools (eg, MDMQ,
IMI, and FS), further supports ART’s assertion that individual
and contextual factors critically shape affective outcomes during
exercise.

All studies in the affective valence cluster were deemed to have
a moderate risk of bias. Furthermore, the reliance on
measurement scales without strong theoretical grounding, as
noted in the study by van der Vlist et al [12], suggests the need
for alignment with validated frameworks such as ART. For
instance, the FS used by Chen et al [32] directly measures the
pleasure-displeasure dimensions central to ART, aligning with
validated frameworks in physical activity and exercise contexts
[72]. The FS provides a theoretically robust and context-specific
assessment of affective responses, capturing the transient
emotional states during exercise that ART posits are critical for
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shaping future behavioral intentions. These findings tentatively
indicate that these PIMSs leverage momentary affective
responses to improve exercise experiences [6,7,17]. In sum,
findings across the physical activity and affective valence
meta-analytic clusters suggest PIMSs may support affect
augmentation during physical activity, highlighting their
potential to enhance both physical activity levels and affective
outcomes [5,17].

PIMSs’ Tempo Adjustments and Synchronization in
Physical Activity and Exercise Outcomes
The identification of faster music tempi as a statistically
significant moderator in the meta-regression aligns with
evidence supporting the role of synchronization strength and
auditory-motor coupling in enhancing exercise outcomes [8,60].
For instance, faster tempi provide consistent rhythmic cues that
facilitate the alignment of motor actions with auditory stimuli.
This can optimize auditory-motor coupling [8-10], which, in
turn, enables predictive synchronization to reduce RPE [7]. For
example, Chen et al [32] reported that real-time tempo
adjustments based on heart rate significantly reduced RPE and
improved affective responses. This indicates that synchronized
music facilitated participants’dissociation from internal sensory
signals and promoted enjoyment during exercise [7].

Limitations and Future Directions
This review presents the first systematic exploration of PIMSs
exclusively within physical, psychophysical, and affective
domains of physical activity and exercise. While it provides
valuable insights, several limitations must be acknowledged. A
significant proportion of the included studies (14 of 18)
primarily assessed the feasibility of PIMSs, with few
investigating direct outcomes related to physical activity or
exercise. Many experimental studies were limited by short
durations, small sample sizes, and insufficiently rigorous
methodologies. Similarly, proof-of-concept and user-testing
studies largely focused on system feasibility rather than
assessing objective psychophysiological outcomes.
Consequently, the high risk of bias in 10 studies underscores
the overall low quality of evidence. Additionally, the small
number of eligible studies precluded sensitivity analyses, which
further emphasizes the preliminary nature of this review’s
findings.

Few studies identified physical activity as a primary outcome,
often relegating it to secondary importance. Objective
assessments of physical activity—such as measures of
frequency, intensity, and duration—were notably absent, making
it difficult to draw robust conclusions or compare results across
studies. Standardizing methods for quantifying physical activity
would enhance future research by enabling more meaningful
cross-study comparisons.

Furthermore, the methodology used in this study was limited
by substantial heterogeneity across studies. This prevents a
unified meta-analysis and necessitates the reporting of separate
outcomes. Variability in study designs, participant
demographics, and measurement tools contributed to
unexplained heterogeneity, while the small number of studies
precluded sensitivity analyses. These factors, combined with

the exploratory nature of the meta-analysis, point to the need
for standardized methodologies and rigorous reporting in future
research. Additional limitations include the possibility of
publication and retrieval bias, as only English-language studies
from selected databases were included. Furthermore, although
screening and data extraction were independently conducted by
2 reviewers, the use of automated tools and subjective judgment
may have introduced bias.

To address these limitations, future research should prioritize
larger, randomized controlled trials with diverse populations
and longer intervention periods. Longitudinal studies are
particularly needed to evaluate the sustained impact of PIMSs
on physical activity and exercise. Additionally, investigating
the mechanisms underlying individual variability in PIMSs’
responses could optimize these systems for different populations
and exercise contexts. This highlights the need for more rigorous
research to validate these effects and refine PIMSs’
interventions, particularly through the development of dynamic
systems that can adapt tempo in real time to suit diverse user
needs and exercise contexts [41,71].

Emerging trends in PIMSs, such as music recommender systems
examined by Álvarez et al [30], Fang et al [34], and
Ospina-Bohórquez et al [42], highlight the potential for
integration with streaming services such as Spotify (Spotify
AB). These systems demonstrated promising user feedback [34]
and feasibility, suggesting they could serve as a foundation for
future hypothesis-driven studies. Incorporating feedback from
wearable and smartphone devices offers another avenue for
development, allowing PIMSs to adapt based on physical
activity and exercise metrics as well as music preferences.
Finally, many PIMSs are relatively low-cost interventions (eg,
the devices in the study by Alter et al [29] cost approximately
US $75 per patient) and could have significant cost-effectiveness
implications as part of broader health policy strategies to
enhance physical activity and exercise participation at the
population level [5].

Conclusions
This systematic review provides exploratory evidence that
PIMSs may positively impact physical activity levels and
affective valence in physical activity and exercise contexts. The
meta-analysis revealed moderate effect sizes for physical activity
levels and significant but heterogeneously distributed effects
for affective valence. However, outcomes for RPE and physical
exertion were inconclusive due to high heterogeneity and limited
study quality.

The findings are constrained by methodological limitations,
including high risk of bias, small sample sizes, short study
durations, and inconsistent measures across studies.
Furthermore, the lack of theoretical frameworks for informing
PIMSs’ designs and the absence of standardization in
quantifying physical activity outcomes limit the generalizability
of these findings. PIMSs remain considerably underexplored,
and further research is essential.

Overall, PIMSs provide promising potential for enhancing
physical activity levels and elevated affective valence, offering
engaging physical activity and exercise opportunities for the
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public at large. With advancements in adaptive systems capable
of real-time tempo adjustments, PIMSs may emerge as effective

adjuncts for physical activity and exercise, pending rigorous
validation in diverse populations.
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Abstract

Background: Public sector organizations increasingly adopt information systems (ISs) to improve economic efficiency, service
quality and overall adaptability. These projects represent substantial financial investments, making their success critical for
organizational performance and societal impact.

Objective: This scoping review aimed to identify the driving and restraining forces influencing IS implementation in public
sector organizations and to explore strategies that support successful change processes.

Methods: A total of 25 peer-reviewed articles were analyzed using Lewin’s change theory to categorize and interpret driving
and restraining forces. In addition, the narrative emerging from previous research on IS implementation was examined to explore
how previous research portrays the success of IS implementation processes.

Results: The findings highlight that IS implementation is influenced by 6 domains: organizational practices and challenges,
technological factors and barriers, management practices and issues, change project factors and challenges, end user factors and
concerns, as well as institutional factors and barriers. Key driving forces include leadership support, stakeholder involvement
and system usability, while restraining forces encompass user resistance, technical challenges, and organizational silos.

Conclusions: Despite the challenges, IS implementation offers significant opportunities for improving public sector operations
and societal outcomes. Addressing restraining forces and leveraging driving forces is essential for achieving sustainable digital
transformation. This study provides actionable insights for future IS implementation in the public sector.

(JMIR Hum Factors 2025;12:e71575)   doi:10.2196/71575

KEYWORDS

information systems; implementation; public sector; digital transformation

Introduction

The implementation of information systems (ISs) is one of the
greatest transformation challenges that organizations face.
Digitalization of services and operations is fundamentally
transforming public sector organizations. It is seen as a key
component of administrative reforms, and as a solution to high
public expenditure, inefficiency, increased user involvement,
and the need for greater transparency in public administration
[1,2]. In addition, the digital transformation observed in other
sectors has led citizens to expect real time, high-value services
from the public sector [3]. In this study, public sector
organizations are defined as government-funded and operated
entities, such as health and social care institutions.

In health care, ISs play a critical role in operational processes,
directly influencing health service outcomes. The term IS refer
to a set of digital technologies and processes designed to collect,
process, store, and disseminate information within organizations,
including tools like electronic health records (EHRs) and other
information technology (IT) solutions to support organizational
operations. The digitalization of health care has potential to
enhance care effectiveness, improve cost efficiency, and enable
new service delivery methods [4,5].

Despite the advanced quality of health ISs, they also represent
significant financial investments [6]. Furthermore, IS
development is filled with challenges [7-10]. There are
numerous ways to cause large information technology projects
to fall short of expectations [11-13]. The failure rates have been
persistently high [14] with estimates suggesting that up to

JMIR Hum Factors 2025 | vol. 12 | e71575 | p.481https://humanfactors.jmir.org/2025/1/e71575
(page number not for citation purposes)

Lemmettylä & KinnunenJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/71575
http://www.w3.org/Style/XSL
http://www.renderx.com/


60%‐70% of system projects in health care fail [15,16]. Despite
the best intentions in software development, delays, failures,
and complete abandonment remain possible outcomes [8,17].
The success of IS implementation refers to their ability to meet
organizational needs, achieve user acceptance, and deliver
intended outcomes, such as operational efficiency and financial
sustainability.

Successful adoption of new technology is supported by
considering factors related to the organization, people, work,
and technology [18,19]. IS-related changes require effective
leadership [20-22] and capability to modify practices both at
the individual and organizational levels to achieve success
[18,23,24]. However, the importance of context and process is
often overlooked [25,26]. Implementation in this context refers
to the process of planning, deploying, and integrating ISs into
organizational workflows, encompassing technical aspects as
well as organizational factors such as stakeholder engagement
and change management.

Given the clear necessity for the IS development and increasing
financial constraints faced by public sector organizations,
successful implementation is essential. The complexity of these
projects highlights the need for deeper understanding of the
forces that influence their success. Previous research has
approached IS implementations from multiple perspectives,
including their impact on organizations, services and operations
[15,27], individual responses to technology adoption and
resistance [16,28-30], and project management and governance
[11,31]. However, these studies have often remained fragmented,
addressing isolated aspects rather than forming a cohesive
understanding of IS implementation processes in public sector
organizations. A comprehensive examination from the public
sector’s viewpoint provides a novel contribution to the existing
literature. The purpose of the study is to improve the
understanding of the factors influencing IS implementation in
public sector organizations and to provide insights into preparing
for a successful change process.

The analysis was conducted using Lewin’s change model and
its force fields [32], which categorizes factors as either driving
or restraining forces [33-35]. According to model, change is
influenced by driving forces which push toward change and
support it, and restraining forces which seek to maintain the
status quo and resist change [36]. With Lewin’s model, it is
possible to analyze and identify forces that either propel the
change forward or create obstacles that can halt the desired
change altogether [34]. Using Lewin’s model, this study reveals
new insights into the forces influencing IS implementations,
building on previous research. Both the driving and restraining
forces are identified and analyzed, offering a deeper
understanding of the dynamics during a system adoption in
public sector organizations.

Research questions are: (1) What are the driving and restraining
forces in the implementation of ISs within public sector
organizations? (2) What kind of narrative emerges about the
success of the change process?

Methods

Research questions were addressed through a scoping review.
This method allows to summarize the breadth and depth of the
research field on the topic [37]. It helps to identify relevant
literature, clarify concepts, and map research activity within the
subject area [38]. Through a scoping review, existing knowledge
can be identified, evaluated, interpreted, and combined [39,40].

Population, concept, context method [41] was used for topic
definition and search strategy formulation. The databases
selected were Scopus, Web of Science, and PubMed due to the
relevance of the topic and the coverage.

The search queries and results are detailed in Table 1. The
database searches were subject to general inclusion criteria
described in Textbox 1.
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Table . Research queries and results.

Results (n=509), nResearch queriesDatabase

22(TITLE-ABS-KEY (“information system*” OR
“health information system*” OR “computer
system*“) AND TITLE-ABS-KEY (implemen-
tation OR deployment) AND TITLE-ABS-KEY
(transformation OR change OR “organizational
change”) AND TITLE-ABS-KEY (“public sec-
tor” OR “health care organization*” OR “social
care organization*"))

Scopus

23(((ALL=(“information system*” OR “health in-
formation system*” OR “computer system*“))
AND ALL=(implementation OR deployment))
AND ALL=(transformation OR change OR “or-
ganizational change”)) AND ALL=(“public sec-
tor” OR “health care organization*” OR “social
care organization*")

Web of Science

464(((((((“information system”[Title/Abstract] OR
“health information system”[Title/Abstract] OR
“computer system”[Title/Abstract]) AND “imple-
mentation”[Title/Abstract]) OR “deployment”[Ti-
tle/Abstract]) AND “transformation”[Title/Ab-
stract]) OR “change”[Title/Abstract] OR “orga-
nizational change”[Title/Abstract]) AND “public
sector”[Title/Abstract]) OR “health care organi-
zation”[Title/Abstract] OR “social care organiza-
tion”[Title/Abstract])

PubMed

Textbox 1. Inclusion criteria.

• Available electronically

• Peer-reviewed

• Accessible full text

• Published in English

• Published between 2018‐2023

• Relevant to the research questions

Results

Overview
The data handling process is illustrated in the PRISMA
(Preferred Reporting Items for Systematic reviews and
Meta-Analyses) flow diagram (Figure 1) [42] and the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews)

checklist is present as Checklist 1. The final study included 25
primary research articles, and the data are summarized in
Multimedia Appendix 1. Narratives about IS implementations
presented in research articles are summarized in Multimedia
Appendix 2. The data analysis was conducted by using force
fields of the Lewin’s change model as it provides a framework
to assess the success of IS reform in relation to planning,
implementation, and user acceptance [34,35].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram [42].

The articles were published between 2018 and 2024. The
publications originated from a total of 15 different countries
and 5 different continents. Most of the studies were qualitative
(n=18). In addition, there was 1 mixed methods study, 3
quantitative studies, and 3 literature reviews. Public sector
domains were health care (n=18), government agencies (n=3),
taxation (n=2), and social welfare (n=2). Forces that drive and

restrain the implementation of ISs in public sector organizations
were grouped into broader categories (Figure 2). Subgroups
were created under the categories, highlighting the most
frequently mentioned factors identified from the data (Figure
2). While numerous studies addressed avoidable restraining
factors, the emphasis in the data was on the driving factors.
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Figure 2. Driving and restraining forces affecting on implementation of information systems.

Driving Forces
The implementation of ISs in public sector organizations is
influenced by a range of driving forces. However, the majority
individual forces fall under the categories of organizational and
technological factors.

Organizational Factors
Existing practices within the organization can significantly
promote the adoption of new systems. Key factors that enhance
the personnel’s readiness for change include openness [43],
encouragement [44], providing safe space for expressing
concerns [44], and proactively addressing issues [45]. If the
organization learns through negotiation and interaction [465],
it is more capable of implementing changes. Centralized
coordination and standardization functions [46], implementation
practices [47], and decision-making capability [48] within the
organization are also important. Change is facilitated if the
organization is built around integrated processes that evolve
with changes [49] and if these processes are monitored and
adjusted when necessary [50]. IT governance reform [48] should
be considered as market-driven solution development [46]
emerging as a driving factor. The use of a same brand [51] can
promote the implementation of ISs in large entities. In extreme
cases, personnel can be mandated to use the system [52].

Training of the personnel and end users was highlighted in 8
studies [44,51-57]. Training should occur before the
implementation of the ISs, but postimplementation training and

guidance should also be emphasized. In addition to training,
participation was noted in 6 studies in the dataset
[43,52,55,58-60]. All stakeholders, including frontline
professionals [58], should be involved from the very beginning.

Attitudinal factors can manifest within the organization as a
whole and among its members. In health care, there is a
noticeable sense of moral and ethical obligation among
professionals to promote change [59], particularly among those
in leadership roles. A positive attitude toward innovation [43]
and determined efforts [51] supports the change. The
organization’s ability to create space for creativity [43], agility,
and communication along with confidence in the success of the
change [59] eases the process.

Technological Factors
Key aspects of development include good software designing
[61] and its feasibility [46], implementation strategy [61], testing
and validation practices [55,61], and the sensitivity of software
developers to the client’s need [61]. Innovative solutions are
more likely to emerge through local development [46], but it is
crucial that solutions also pass pre-established quality gates
[53].

ISs possess various features that either drive or restrain their
implementation. The most significant driving factor is solution
that support workflows [50,55,57,62]. Other factors include the
system’s observability [54], interoperability [55], and
compatibility [54]. The more the system is used, the more likely
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the usage will increase [56]. The IS must also fit within the
organizational culture [53]. When the IS is perceived to provide
more relative benefits, it further drives its adoption [54].

Ease of use was identified as a driving factor in 4 studies
[50,56,58,62]. Usability of the IS was discussed in 2 studies
[47,55]. It is essential that needed information must be accessible
[62] and the system is available for user testing [54]. Perceived
usefulness [55,56,58] and even forecasts of positive impacts
[56] are considered driving factors. It is crucial that the IS has
the potential to enhance aspects such as the quality of care [45]
and it supports professionals in performing their tasks [63].

Management Practices
In the context of implementing ISs in public sector organization,
management involves leadership activities, communication
skills, continuous assessment, and collaboration. In terms of
communication, the involvement of individuals in leadership
positions emerged as significant factor [43,59]. At a more
detailed level, it is essential for management to convey
expectations [50] and objectives [60] related to the change.
Ensuring that the organization’s vision is clearly understood in
the context of the change is important [64]. Expectations are
placed on leaders’ communication, as listening to concerns and
doubts [55,60], thereby fostering greater understanding [59].
Managers must be able to address questions regarding changes
[59] and be capable of negotiating potential tensions [65]. They
should also possess the capability to motivate users [58].

Overall, leadership and change management were highlighted
in 3 studies [44,52,55]. Those in leadership positions must
ensure the success of the change process [60] and have
confidence in the success of the change [65]. The alignment of
differing perspectives [64] and the involvement of leaders [48]
are also seen as driving factors. Notably, Fennelly et al [55]
observed that successful implementation is more likely when
the change is not managed directly by top leadership as
otherwise the data emphasized the importance of active
leadership engagement.

When leading the change, management should focus on
preventing the consolidation of the conflicting views [64] and
addressing any ambiguities or issues [60] to promote the
acceptance of innovations. Managing the change process [58]
and monitoring potential performance deficiencies [49] are key
factors in implementation process. Management must be able
to develop and communicate context-specific goals [58] for the
change. Although it was previously noted that change should
not be directly led by top management, a collaborative IT group
led by management can promote the IS change [49].

Change Project Factors
At the beginning, it is essential to secure resources [55] and
ensure clear roles and responsibilities [48,55]. A project team
must be established [52] and the supporting structures for the
change processes addressed [66]. Further driving factors include
stakeholder involvement from the perspective of the change
project [66] and the early engagement of various stakeholders
[45]. Maintaining strong and trustworthy relationships with
software vendors and consulting firms is critical [55]. In early
stages of the change project, attention should be paid to the

implementation strategy [55], as well as to the practices for
adoption that will arise in later phases of the process [43].

During the implementation phase, the importance of the project
management team and governance [55] becomes important. A
well-planned implementation process [55] supports the change
management of the project [50]. Establishing a command center
for the adoption phase [48], involving operational-level
leadership roles [55], facilitates the actual system rollout. The
change project must have clear and measurable goals from a
monitoring perspective [55]. Strong communication practices
are essential to promoting the desired practical implementation
[46].

End User Factors
Regarding user characteristics, a high level of education [56],
technological proficiency [62], and overall competence [53] are
identified as factors that drives the adoption of the IS. In
addition, the motivation [44], commitment [44], and efforts [65]
of end users are critical. In 1 study, being female was also
identified as a driving factor [56].

Institutional Factors
Institutional factors refer to government guidance and external
elements that influence the organizational environment. They
are essential factors from the perspective of public sector
organizations. National strategies [51] and standards [55] guide
the development of the social and health care sectors. Legislative
changes [51] and regulations [67] can support or accelerate
system reforms within organizations. Government oversight
[52] and political factors [67] are also driving forces.

Restraining Forces
Most individual factors restraining the implementation of ISs
fell under the categories of organizational challenges and
technological barriers. In total, 4 studies [43,47,51,62] did not
address restraining factors.

Organizational Challenges
Concerns related to personnel and the work environment include
various issues as the loss of professional identity, patient safety,
reduced visibility of work and workforce retention, which
negatively impact change processes related to ISs [44]. There
are concerns about the possibility of professional expertise being
replaced by technology or technology being designed for
management rather than professionals [63]. There may be
difficulties in harmonizing different interpretations of the
technology within the organization [64]. Professionals are
worried about potentially having less time with patients [44],
compromising core values [63] and experiencing general fear
[60]. The reluctance of personnel to adopt new systems [52]
and resistance to change [54] are barriers that may be related
to a lack of incentive systems [49]. Poor job satisfaction [44]
and experienced stress among personnel [60] can restrain the
change process and may trigger a wave of resignations due to
the reform or stress it brings [66].

Factors restraining change also include phenomena related to
the direction of the organization concerning the transformation.
There may be active resistance to change within the
organization, with a lack of belief in improvements as well as
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concerns about successful implementation [59]. In addition,
there may be covert resistance [67] to change. If there is a sense
of being an outsider in the organization concerning the
development and planning of ISs [44], the reform is likely to
face opposition. The organization’s inadequate learning capacity
[49], especially the lack of administrative learning [46], restrain
the change process. Factors restraining the direction of the
reform within the organization may involve viewing technology
as a limiting factor [63] or simply a lack of information [57].
External factors include a heavy reliance on partners or their
lack of commitment to common changes, both of which can be
obstructive factors [54].

As its worst, organizational culture can inherently restrain
change [47]. Passive resistance and indifference embedded in
its structures may surface during cycles of change [59]. The
lack of a shared vision [49] and collaboration [53] are factors
that inhibit change as well as a lack of trust between
organizations [49]. Insufficient communication and tensions
within the organization negatively impact not only the
organization itself but also the implementation of change and
ISs [64]. Hidden power dynamics [67], inappropriate behavior
[60], and problems in social interactions [48] are restraining
factors.

Technological Barriers
The complexity of the technology being implemented was
identified as a restraining factor in 4 studies [46,50,53,54].
Another technological barrier may arise when software
developers do not operate in the same environment where the
software and tools are used [61]. If ISs are developed with a
tool-centric rather than a user-centric approach [55], issues such
as system underutilization [52], may occur. Technical problems
[57], system downtime [44], and slow performance [44] can
delay the stabilization of change. Technology can impose
limitations [54] and cause workflow issues [48], which may
lead to the adoption of undesirable practices [63]. Delays in
transferring data from the old system to the new one [52] and
the complete absence of data [44] do not support the wanted
change.

In terms of user experience, the inflexibility of the system was
highlighted in 2 studies [50,53]. Concerns related to the reform
of ISs include issues regarding data protection, information
security, and the doctor-patient relationship [55]. The potential
narrowing of professional discretion [63] may be a concern for
professionals. The lack of clinical efficiency and safety [65]
affects the user experience. Negative previous experiences of
professionals [54] influence their attitudes toward changes.

Cost factors related to ISs were identified in 2 studies [48,53].
In an ever-changing operational environment, costs can easily
escalate [53]. The extensive need for customization [53] and
the requirement for unique system adjustments [48] increase
costs when using so called off-the-self-software. If the IS
demands the use of specialized resources [53], this raises
associated costs. High maintenance costs and inadequate support
from the system provider to the organization are restraining
factors [53].

Management Issues
Leadership must not leave strategic objectives vaguely defined
[53]. A lack of communication regarding the vision [66],
insufficient communication of the purpose [66], and inadequate
presentation of goals [58] create significant obstacles to change.
The lack of information [66] is one of the greatest challenges
in transformations. Change initiatives may be deemed
unsuccessful due to their scale [53]. If the upcoming
implementation project is not adequately communicated to the
personnel [59], the consequences may restrain the change.

The leader’s role is to be visible and committed to the change
[66], as lack of responsibility [52] is unfavorable from the
perspective of reform. It is also common for personnel to not
be informed at all due to uncertainty [59], leading to feelings
of abandonment among employees [66]. Challenges arise
especially when management’s expectations for change conflict
the values of the employees [66], such as with productivity
expectations. In terms of collaboration, failure can occur in
estimating the size of the project [53], often resulting in the
project being larger than initially anticipated. Another identified
barrier is the lack of close cooperation between clinical
leadership and IT professionals [65].

Change Project Challenges
Inadequate communication about the project’s tasks [48]
provides an undesirable start to a change project. If the
participation efforts of various stakeholders are not considered
[59], this can increase resistance to change. Involving end users
appropriately in the selection of the system [53] drives the
implementation. Regarding the implementation process, the
lack of transparency and improper execution [59] were identified
as barriers. Poor planning [53], delays [53], and the inability to
manage a centralized timeline [48] are challenges related to
project planning and execution. Budget constraints and overruns
[53] are restraining factors. As for supplier collaboration,
inadequate screening of suppliers [53] and a nontransparent and
nonopen relationship with the supplier can hinder the process.

End User Concerns
End users experience concerns and fears about the impact of
artificial intelligence, data privacy, and the replacement of
humans by technology [45]. Among user characteristics,
advanced age was identified as a restraining factor [56]. In terms
of attitudes, user frustration [44] and general resistance to
acceptance [57] are also barriers.

Institutional Barriers
As with driving factors, institutional barriers have been
identified in only few studies, but they are included due to their
significance. Legislative obstacles refer to factors such as data
protection and security laws [46]. Regulatory factors [58] can
restrain or delay IS reforms, especially in the public sector.

A Narrative of the Change Process in IS
Implementations
Based on the data, the procurement of ISs is one of the largest
decisions a public sector organization can make [48]. These
projects are complex [57] and often fail to meet their objectives
[58,62,64]. The IS project represents a significant financial
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investment [48,53]. If the system proves impractical and offers
limited value, it is considered a poor investment [63]. Although
health care has seen rapid technological growth over the past
50 years, it has lagged behind other industries in its use of
technology [54,58] and integrating technology into health care
remains challenging [50].

Large health care organizations frequently face difficulties in
adopting high-quality, modern technological solutions [43].
Although the benefits of systems such as EHRs are widely
recognized, their potential is not always fully realized, often
due to the implementation process [55]. Furthermore, the
introduction of new technology has been shown to increase
stress among professionals, potentially worsen existing issues
such as personnel shortages and heavy workloads [44].

Changes often lead to uncertainty [66] and anxiety about how
they will affect employees’ work [59]. The implementation of
an IS requires time and resources from organization’s
perspective [53], and it can disrupt routines [45]. In public
sector, digital projects can easily become stalled, resulting delays
of several years [46]. Leaders should have necessary expertise
to carry out these projects [49].

It appears that the implementation of ISs remains an unresolved
challenge for organizations [43,58], but innovations also offer
an opportunity to transform organizational practices [67]. Over
the years, technological advancements have facilitated the
organization and provision of services [62], and they can
radically transform how business is conducted [44,52]. For
instance, the new generation of EHR systems can offer various
forms of support related to patient care and operational planning
[62].

ISs play a crucial role in meeting the demands for reform in
public sector organizations and the use of technology has
increased within public services [63]. Technology offers
significant advantages in reducing errors, improving
communication and enhancing patient and customer satisfaction
[56]. The use of health technology in hospital setting has resulted
in several benefits, such as improved services and reduced
medication errors, thus promoting patient safety [61]. However,
new customer and patient safety errors caused by technology
continue to be a significant issue [61]. Nonetheless, electronic
health care has a clear and growing impact on health care
delivery worldwide and contributes to the efficiency of health
care systems [51]. Digitally operated public services can make
citizens’ lives easier, more satisfying, and safer [49].

Discussion

Principal Findings
The purpose of the study was to enhance the understanding of
factors influencing the implementation of ISs in public sector
organizations and how to prepare for such change. The main
findings indicate that the implementation of ISs in public sector
organizations is influenced by a range of driving and restraining
forces. These forces can be categorized into six domains, which
vary depending on whether the force is driving or restraining:
(1) organizational practices and challenges, (2) technological
factors and barriers, (3) management practices and issues, (4)

change project factors and challenges, (5) end user factors and
concerns as well as (6) institutional factors and barriers. The
results align with previous research underscoring the persistent
challenges in IS implementation within public sector, such as
high failure rates, significant financial losses, and diminished
trust in technology [6,11-16,43,64]. However, they also highlight
the transformative potential of digital technologies, including
improved efficiency, reduced errors, and enhanced user
satisfaction [4,5,51,56,62].

Key driving forces (leadership, stakeholder involvement, and
usability) and restraining forces (user resistance, lack of
managerial expertise, and technical challenges) were identified
as major factors influencing IS implementation public sector.
These findings align with Lewin’s change theory, which
emphasizes that successful IS implementation depends on
overcoming restraining forces and reinforcing driving forces to
facilitate a sustainable transformation [34]. The Lewin’s change
model provides framework for understanding and managing
the dynamics of the change as it helps to identify and analyze
both driving and restraining forces to enable targeted actions
to support the wanted outcome. Force field analysis helps
organizations to plan their transformation journey [34,35].

Leadership support was identified as a critical driver, reducing
resistance, and aligning organizational goals [43,44,49].
Leadership activities, such as addressing concerns [55,60] and
fostering a shared vision for change [59] were pivotal in building
trust and guiding the implementation process [64]. These
findings align with earlier research highlighting the central role
of active and engaged leadership in complex organizational
transformations [11,18,20-22,31].

Training and stakeholder involvement were equally important,
with 8 studies emphasizing pre- and postimplementation training
as critical for building user competence and confidence
[44,51-57]. Stakeholder participation, particularly from frontline
professionals, facilitated a sense of ownership and reduced
resistance, as noted in 6 studies [43,52,55,58-60].

On the other hand, user resistance [16,28-30], end users’ key
restraining force, was often rooted in fears of increased
administrative burdens and reduced professional autonomy
[44,60]. Technical challenges, such as bad user experience
[50,53,54,65], system downtime [44] and slow performance
[50] further interfered with the process. Organizational silos
and a lack of a shared vision were also highlighted as significant
barriers to successful implementation [49,64].

Previous research emphasizes the need to understand that even
the best IS alone cannot meet the expectations placed on it and
it is crucial to change practices at individual and organizational
level [18,21,23]. Results of this study indicates that the most
significant feature of an IS is its alignment with organizational
workflows [50,55,57,62], which means that the objectives set
for the IS project must consider the processes and the context
of the operating environment [25,26].

A narrative analysis of the introduction sections of the studies
included in this scoping review revealed how previous research
has described IS implementations in public sector organizations.
The findings indicate that IS implementation remains a complex
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and unresolved challenge [43,57,58]. These projects require
significant financial investment [48,53], yet they often fail to
meet their objectives [58,62,64]. One major barrier is the
disruption IS implementation causes to organizational routines,
increasing stress among personnel and worsening workforce
shortages [44,45]. Uncertainty about changes and a lack of
leadership further hinder the progress [49]. Despite these
challenges, the positive narrative from analyzed data emphasizes
the benefits of the technology advancement and digitalization
such as improved service organization [44,52,62] and increased
efficiency [51] as well as reduced errors and enhanced
satisfaction [49,55,61]. To conclude, studies acknowledge the
significant challenges and risks involved in IS implementation,
but they also emphasize the transformative potential in
improving operations and service quality. This approach
suggests that IS implementation is not inherently problematic,
but rather that its success depends on how effectively the
implementation process is managed and aligned with
organizational needs.

Limitations
This scoping review aimed to provide a broad overview and
summarize the breadth and depth of the known forces
influencing IS implementation in public sector organizations
and to examine the narrative presented in previous search.

Existing knowledge was identified, evaluated, interpreted, and
synthesized. The objective of this study was not to assess the
quality of the evidence, although only peer-reviewed scientific
papers were included in the review. While specific search
queries and inclusion criteria were applied, it is possible that
some relevant studies were not captured in the process.

Conclusions
The decision to implement an IS is a significant and complex
process, often encountering challenges in achieving its
objectives. These challenges relate to high costs, technical
difficulties and the complexity of implementation. However,
the adoption of technology also brings positive impacts.
Successfully implemented ISs improve services, reduce errors,
and increase customer and patient satisfaction. Despite the
challenges, a well-managed implementation process can bring
significant benefits for customers, organizations, and society.

This study contributes to a growing body of knowledge of public
sector technology implementation, offering valuable insights
for future projects, which should be examined and planned
comprehensively from various identified perspectives. Previous
research has primarily focused on the failure of IS
implementations, highlighting the need for further studies on
the factors influencing successful implementation in the public
sector organizations.
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Abstract

Background: Tailoring is an important strategy to improve uptake and efficacy of medical information and guidance provided
through eHealth interventions. Given the rapid expansion of eHealth, understanding the design rationale of such tailored
interventions is vital for further development of and research into eHealth interventions aimed at improving health and healthy
behavior.

Objective: This systematic review examines the use of health literacy concepts through tailoring strategies in digital health
interventions (eHealth) aimed at improving health and how these elements inform the overall design rationale.

Methods: A systematic search of PubMed, PsycINFO, Web of Science, and ACM databases yielded 31 eligible randomized
trials that focused on adult health improvement through eHealth interventions. Eligible studies compared tailored versus nontailored
eHealth interventions for adults, excluding non-English papers and those addressing solely readability or targeting populations
with accessibility barriers. Data extraction focused on study characteristics, health literacy components, tailoring methods, and
design rationales, with study quality evaluated using Quality Assessment for Diverse Studies (QuADS) by independent reviewers.

Results: Most interventions applied both cognitive and social health literacy concepts and predominantly used content matching
as a tailoring strategy. Of all studies using content matching, most used one or more supporting theories as well as end-user data
to inform the content matching. While choices for individual intervention components were mostly explicated, detailed descriptions
of the design process were scarce, with only a few studies articulating an underlying narrative that integrated the most important
chosen components.

Conclusions: While tailored eHealth interventions demonstrate promise in enhancing health literacy and the trial design of the
interventions overall was of good quality, inconsistent documentation of design rationales impedes replicability and broader
application of the used eHealth concepts. This calls for more detailed reporting on the design choices of the intervention in efficacy
studies, so that reported outcomes can be easier connected to choices made in the design of the eHealth intervention.

Trial Registration: PROSPERO 225731; https://www.crd.york.ac.uk/PROSPERO/view/CRD42023225731

(JMIR Hum Factors 2025;12:e76172)   doi:10.2196/76172
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Introduction

In recent years, the design, development, and implementation
of digital health interventions, or eHealth interventions, has
transformed the landscape of health care and health care delivery
[1]. Through these interventions, a wide range of technologies,
including mobile apps, portal websites, serious games, and
wearables, have been conceived, tested, and implemented in

various health care settings. These technologies have shown
great promise to enhance accessibility [2] and usability of
various health care concepts and services [3]. However, despite
the potential benefits of eHealth interventions in improving
health outcomes, their impact is not equally distributed. Many
end users encounter difficulties in comprehending and using
the information provided by these interventions, leading to
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underperformance compared with their anticipated potential
[4].

One of the most important mechanisms associated with health
outcomes is health literacy [5]. Health literacy has been defined
as people’s knowledge, motivation, and competencies to access,
understand, appraise, and apply health information in order to
make judgments and take decisions in everyday life concerning
health care, disease prevention, and health promotion [6].
Initially, health literacy was defined as a mainly cognitive skill
focused on information processing, including understanding,
reading, and knowledge of health information. Recent
perspectives have adopted a more comprehensive approach to
the concept by including the significance of social skills and
executive capacities, such as goal-setting, taking action,
confidence, motivation, beliefs, and role expectations [7,8].
Most likely, health literacy in its broadest sense impacts the use
and effectiveness of eHealth interventions.

One strategy to increase the impact of eHealth interventions is
to tailor these interventions toward the specific needs and
capacity of the end-user, ensuring that desired knowledge and
behavior cues are transferred in the most suitable manner.
Tailoring refers to the optimization of communication and
functionality based on assessable characteristics unique to that
individual. Choosing tailoring tactics, guided by theoretical and
empirical evidence, can lead to better understanding and uptake
of information and subsequently increased efficacy of the
intervention [9].

Regarding health literacy, especially the strategy of content
matching, seems important. Named “the crux” of tailoring [10],
content matching attempts to direct messages to individuals’
status on key theoretical determinants (such as knowledge,
outcome expectations, normative beliefs, efficacy, or skills) of
the behavior of interest [9]. Ideally, these assessable
determinants are established by an evaluative framework,
supported by the use of specific supporting theories such as the
Transtheoretical Model or the Social Cognitive Theory [10].

Indeed, tailoring for health literacy could follow 2 main
conceptual approaches. The first one involves optimizing
communication and functionality, focusing on the cognitive
capacity of an end-user: in short, an end-user needs to
understand and become susceptible to the provided
health-related information to act accordingly [9]. The second
involves focusing on the social capacity of an end-user. The
end-user is advised or encouraged to show certain health-related
behaviors [11]. Of course, these 2 approaches are not mutually
exclusive and may both be present in an eHealth intervention
at the same time, ideally both supporting the same targeted
behavior.

The question is how these tailoring strategies, especially content
matching, can help to translate the cognitive and social health
literacy concepts into a usable and assessable eHealth
intervention that meets the desired outcomes. This can be done
by establishing the design rationale of the intervention: a
representation of the reasoning behind the design of that
intervention [12]. It explains choices such as type of technology,
content, and usability from an underlying story of the concept

that ties together the different elements of the solution into one
coherent argument for the solution as a whole [13].

Unfortunately, there is a lack of an overview of how health
literacy concepts and how tailoring strategies are used in eHealth
interventions, including how health literacy and tailoring are
combined. Several reviews have shown that tailored
interventions are important for increasing health literacy itself
[4,14,15]. However, they did not clarify how social and
cognitive health literacy specifically contributed to the tailoring
process. Moreover, they did not describe in what way the
forthcoming tailoring strategies added to the design rationale
of the intervention [4].

Therefore, in this study, we aim:

1. To provide a structured overview of the use of cognitive
and social health literacy concepts in tailored eHealth
interventions that aim to improve health.

2. To provide a structured overview of tailoring strategies
used in eHealth interventions that aim to improve health.

3. To explore how these cognitive and social health literacy
concepts and tailoring strategies contributed to the design
rationale of eHealth interventions.

Methods

Overview
This systematic review was executed and reported according
to PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) criteria for systematic reviews [16]. The
review was registered with PROSPERO (International
Prospective Register of Systematic Reviews; 225731). The
review has been slightly altered after registration in PROSPERO
in terms of focus and scope. While the original goal also
included studying eHealth intervention efficacy and health
literacy-related outcomes, the selected studies varied too much
in terms of setup, execution, dosage, and population to draw
useful overarching conclusions. Instead, we decided to focus
on the design rationales of the eHealth interventions.

Search Strategy
Studies were identified by searching PubMed (MEDLINE),
PsycINFO, Web of Science, and Association for Computing
Machinery (ACM) for publications before June 2021. The search
strategy was based on previous health literacy reviews [4,17].
For all databases, search strings were compiled using 3 main
concepts: eHealth, Health Literacy, and Tailoring. For the string
“eHealth”, variations of the term eHealth as well as alternative
descriptions for digital health interventions (ie, mobile health
[mHealth], internet intervention, and online intervention) were
used. For the search string “Health Literacy”, both cognitive
(knowledge, competence, and health literacy) and social (patient
activation and motivation) health-related terms were used, based
on the search strategy from the European Health Literacy Survey
(HLS-EU) consortium [4]. For the string “Tailoring”, the search
strategy of an earlier review was adapted [17], which included
terms such as “tailoring”, “personalization.” The 3 resulting
search strings were combined using the Boolean operator
“AND”. The queries were then adjusted and optimized for any
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of the databases. The complete strategy per database can be
found in Table S1 in Multimedia Appendix 1.

Eligibility Criteria
When selecting relevant literature, we included (1) trials with
at least one control group; (2) eHealth studies aimed at
improving health, such as studies on patient education, decision
support, risk assessment, health behavior change, treatment, or
self-management of physical and psychological illnesses; (3)
studies focused on adults; (4) studies that measured health
literacy (cognitive, social); (5) studies that compared a tailored
eHealth intervention with a nontailored intervention. We
excluded all studies that (1) were not written in English; (2)
targeted populations lacking basic accessibility requirements
(functionally illiterate, deaf, or blind); (3) focused on cultural
tailoring; (4) were only focusing on wording and readability of
written content; (5) had active human involvement in the
intervention, other than the patient himself; (6) only compared
differences in medium type (eg. printed media compared with
online media).

Study Selection
After extraction from the databases, all identified studies were
uploaded to Covidence Systematic Review software (Veritas
Health Innovation Ltd) for screening and removal of duplicates.
First, titles and abstracts of uploaded studies were independently
screened by 2 reviewers for the eligibility criteria (JH and CE).
Any disagreements on the title and abstract screening were
negotiated by accessing the full text to determine its
appropriateness. In the second stage, full-text papers were
further screened for the eligibility criteria. Any disagreements
in all previous steps were extensively discussed and resolved
by the reviewers (JH, CE) or, when they were unable to agree,
by a third reviewer (JR, DK).

Data Extraction
All data were extracted independently by 2 reviewers (JH, CE
for tailoring questions; JH, DK for design rationale questions,
Quality Assessment for Diverse Studies [QuADS] by JH and
CE).

General Characteristics
We extracted the first author, year of publication, country of
origin, titles, and targeted illness or targeted behavior.

Health Literacy Concepts
When extracting information on health literacy, we focused on
descriptions of both cognitive as well as social approaches to
health literacy concepts in the intervention and extracted the
reported details on these concepts.

Tailoring Strategies
Tailoring strategy types were categorized into Personalization,
Feedback, and Content Matching, plus their corresponding
subsets [10]. We also extracted information on the theoretical
framework for content matching in the form of reported
supporting theories and whether personal data of end-users was
used for content matching.

Design Rationale
To establish the design rationale of the intervention, we looked
at the intervention itself, its intended goals, its components, the
design process, and the reasoning behind the choices made in
that process.

We therefore categorized (1) the medium (website, app, email,
or message service), (2) the hardware (desktop, mobile app,
wearable, or tablet), (3) the components (eLearning, Game or
Game mechanics, Diary logging, or Questionnaires). We further
extracted (4) hypotheses concerning envisioned or desired
workings of the intervention connected to its intended goals;
(5) information on the design process (if any such process was
reported and whether a design method was used); and (6) the
reasoning related to the choices for the health literacy, tailoring,
and design characteristics of the intervention. We used a
classification of 3 types of reasoning: pragmatic (based on ease
of accessibility or availability), theoretical (based on relevant
scientific evidence in other contexts) and contextual (based on
evidence from the end user’s context) and (7) whether an
underlying story was provided which ties together the different
elements of the solution.

Quality and Bias Assessment
We only included randomized controlled trials, and while this
strategy was initially intended to study efficacy, we did choose
to include the study quality review. Quality and bias assessment
was based on the criteria of QuADS [18] by 2 independent
reviewers using Covidence. Any disagreements were resolved
by discussion between the reviewers (JH and CE) or, when they
were unable to agree, by a third reviewer (JR).

Results

Search Results
The search yielded 12,815 results (Pubmed: 3308; Psychinfo
1916; Web of Science 3188, ACM 4403). EndNote was used
to discard duplicates for all databases, after which 10,843
references were imported into Covidence. Using Covidence, a
further 592 duplicates were removed before screening.
Eventually, the screening resulted in 31 studies that were eligible
for data extraction and analysis (Figure 1).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart.
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General Characteristics
Of the 31 selected papers [19-49], 16 studies were from the
United States [20,22,23,26-30,33,36,37,41-45], 4 from the
Netherlands [25,31,39,40], 3 from Canada [21,24,32], 3 from
Australia [19,47,49], and 1 each from New Zealand [38],
Germany [34], Switzerland [34], and Hong Kong [48]; 1 study
used an international sample [35].

Only 2 papers were published before 2010 [23,37]. Between
2010 and 2015, 11 papers were published
[19,26,28,30,36,38,39,41,45-47], with 4 papers in 2015 alone
[36,38,46,47]. Between 2016 and 2020, 17 papers were
published [20-22,24,25,27,29,31-35,40,42-44,49], with 9 in
2020 alone [22,24,27,29,31,32,40,42,43]. For 2021, 1 paper
was included [48], but this may be partly due to the extraction
date.

Most of the interventions addressed a single clinical or
behavioral topic, 1 addressed 2 topics [46], and 1 addressed 4
topics simultaneously [44].

Of the screened interventions, 52% (16) were targeted at specific
illnesses, complaints, or symptoms, such as cancer (5)
[19,27,33,45,47], diabetes (4) [22,34,43,46], cardiovascular
diseases (4) [29,31,37,38], back pain (3) [28,36,46], menopausal
symptoms (1) [23], and migraine (1) [26].

The remaining interventions (15) were focused on behavioral,
preventative, or informative health-related activities such as

food intake (3) [20,24,44], smoking (3) [25,44,49], physical
activity (2) [40,44], STIs and prevention (2) [39,48], weight
management (1) [44], or other preventative care (4)
[30,35,41,48]. Two interventions informed end users on specific
medical procedures, such as medicine adherence (1) [21], breast
reconstruction (1) [42], and one intervention focused on coping
strategies for domestic violence [32] (Table S1 in Multimedia
Appendix 2).

Health Literacy Concepts
A total of 18 studies [19,23-33,36,39,42,43,45,48] described
interventions that used both cognitive and social aspects of
Health Literacy concepts. 6 studies [20,35,41,44,46,47] only
contain interventions that take a cognitive approach to Health
Literacy, while 7 studies [21,22,34,37,38,40,49] only aim to
convey one or more social components of health literacy. Some
of the health literacy concepts are used to explicitly convey
knowledge or awareness on a certain health-related topic with
very little or no behavioral cues [19,20], while others use a more
practical approach and focus on the social component of health
literacy by helping end users develop new behavioral patterns
[21,22]. Interestingly, while all included interventions make
use of health literacy related concepts, only a very few studies
explicitly mention health literacy or a derivative such as food
literacy [50], as a concept used to inform the design of the
intervention (Table 1).
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Table . Tailoring strategies and health literacy concepts.

HLa socialHLa cognitivePersonal data used for
content matching

Supporting theory or
theories

Tailoring strategy typesAuthor

Customized questions
to ask the provider

about HTc

Explanation of Hor-
mone therapy

YesNone reportedContent Matching,
Feedback (Descriptive)

Barnabei et al [23]

“Make informed food
decisions when grocery
shopping.”

Develop the knowledge
and awareness of nutri-
tion and food

YesSelf-Affirmation Theo-
ry, Self-Determination
Theory, and Food Liter-
acy Theory

Content matching, per-
sonalization (identifica-
tion, raising expecta-
tion, contextualiza-
tion), feedback (descrip-

Bomfim et al [24]

tive, comparative,
evaluative)

Increase receptivity to
antismoking informa-
tion

Emphasized the cons
of smoking and the
pros of quitting

YesSelf-Affirmation Theo-
ry and Self-Efficacy
Theory

Content matching, per-
sonalization (identifica-
tion) feedback (descrip-
tive, evaluative, com-
parative)

Bommele et al [25]

Helping the patient
plan and overcome the

Patient narratives about
the importance of
DAPT

YesNone reportedContent matching, per-
sonalization (contextu-
alization)

Boyd et al [29]

common barriers to
medication adherence

Migraine self-manage-
ment skills, emotional

Migraine-specific
knowledge, medication
safety

YesCognitive Behavior
Therapy

Content matching,
feedback (evaluative,
comparative), personal-
ization (identification,
contextualization)

Bromberg et al [26]

coping, communication
skills

None reportedVicarious learning
about caloric contents
of food

NoHealth Literacy, Nutri-
tion Literacy, and So-
cial Cognitive Theory

Content matching,
feedback (descriptive,
evaluative, compara-
tive)

Burgermaster et al [20]

Tailored summary that
individuals can use to

Lung health knowl-
edge, knowledge of

YesConceptual Model on
Lung Cancer Screening

Content matching, per-
sonalization (contextu-
alization)

Carter-Harris et al [27]

guide a discussion with
their clinician

risk factors for lung
cancer, knowledge of
option of lung cancer

Participation: Health
Belief Model Precau-
tion Adoption Process
Model screening; knowledge

of risks and benefits of
lung cancer screening

Collaborative decision
making with health

Motivational enhance-
ment

YesCognitive Behavior
Therapy

Content matching, per-
sonalization (contextu-
alization), feedback

Chiauzzi et al [28]

professionals 2) CBT
to improve self-effica-
cy, manage thoughts
and mood, set clinical
goals, work on prob-
lem-solving life situa-
tions, and prevent pain
relapses; 3. wellness
activities to enhance
good sleep, nutrition,
stress management,
and exercise practices.
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HLa socialHLa cognitivePersonal data used for
content matching

Supporting theory or
theories

Tailoring strategy typesAuthor

Reinforcing self-man-
agement skills required
for medication intake.
The sessions aimed to
help users incorporate
the therapeutic regimen
in their daily routine,
cope with medication
side effects, handle sit-
uations or circum-
stances that could inter-
fere with medication
intake, interact with
health care profession-
als, and mobilize social
support. The learning
objectives included
strengthening various
capacities such as self-
motivation and self-
monitoring

None reportedNoSocial Learning Theo-
ry, Behavior Change
techniques

Content matching,
feedback (compara-
tive), personalization
(identification)

Côté et al [21]

Psychoeducation about
smoking and its trig-
gers, particularly emo-
tional states and crav-
ings Learning how to
use music to mediate
negative affective trig-
gers that may lead to
smoking behavior

None reportedNoElaborated Intrusion
Theory of Desire for
Smoking

Content matching,
feedback (comparative)

Dingle and Carter [49]

Tutorials for healthy
behavior concerning
osteoporosis

Education on risk fac-
tors, knowledge, and
attitudes concerning
osteoporosis

YesSMCR communication
model, Social Cogni-
tive Theory, Transtheo-
retical Model

Content matching, per-
sonalization (contextu-
alization)

Drieling et al [30]

Habits, skills, Norm,
Intention, Attitude,
Self-Efficacy CVD:
Coping CVD: Bound-
aries in daily life CVD:
Lifestyle CVD:
Healthy nutrition CVD:
PA CVD: Interaction
with Health Profession-
als

Knowledge, awareness,
Intention, Attitude,
Self-Efficacy CVD,
Coping CVD, Bound-
aries in daily life CVD,
Lifestyle CVD,
Healthy nutrition CVD,
Physical Activity
CVD, Interaction with
Health Professionals

YesI-change ModelContent matching, per-
sonalization, feedback

Engelen et al [31]

Messages tailored to an
individual user’s deci-
sion stage for screening
and responses to PHM,
self-efficacy, and fecal
aversion variables

Educational content
with “generalized risk
information (ie,>50
years, certain bowel
conditions, and family
history”

YesPreventive Health
Model, Precaution
Adoption Process
Model

Content matching, per-
sonalization (identifica-
tion, contextualization)

Flight et al [19]

Reflecting on (.) plans
for their relationships
and priorities, a person-
alized detailed action
plan of strategies and
resources for address-
ing their safety and
health concerns

Increase their aware-
ness of safety risks

YesDanger Assessment
Calendar

Content matching, per-
sonalization (identifica-
tion, raising expecta-
tion, contextualiza-
tion), feedback (com-
parative, evaluative)

Ford-Gilboe et al [32]

“It targets self-efficacy
by suggesting specific
strategies for changing
behavior.”

Informing participants
of the extent to which
behavior change could
reduce their risk.

YesNone reportedContent matching, per-
sonalization (contextu-
alization), feedback
(descriptive, compara-
tive, evaluative)

Fowler et al [33]
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HLa socialHLa cognitivePersonal data used for
content matching

Supporting theory or
theories

Tailoring strategy typesAuthor

Behavioral messaging
concerning nutrition,
home monitoring,
physical activity, blood
pressure, foot care,
medications, smoking,
glucose control, and
general behavioral rein-
forcement.

None reportedYesPatient Activation
Measure Summary of
Diabetes Self-Care Ac-
tivities

Content matching, per-
sonalization (contextu-
alization), feedback
(descriptive, evalua-
tive)

Gimbel et al [22]

“In the game, regular
PA is rewarded with
water or building mate-
rials that are needed to
restore the garden and
proceed in the story-
line. In-game workouts
consist of 130 varia-
tions of strength, en-
durance, balance, and
flexibility exercises
whose execution, as
well as daily PA, is
tracked via the phone’s
sensors (camera, ac-
celerometer, and gyro-
scope).”

None reportedYesSelf-Determination
Theory

Content matching,
feedback (descriptive,
evaluative)

Höchsmann et al [34]

None reportedKnowledge of benefit
and harm outcome of
statins according to
their own preferences.

YesSubjective Expected
Utility Theory

Content matching,
feedback (evaluative)

Hopkin et al [35]

Pain self-care activities
in 4 categories (rest
and relief, mindfulness,
general fitness, and
back pain-specific
stretching and strength
exercises), cognitive
and behavioral strate-
gies to manage and
prevent pain (eg, con-
trolling fear of pain,
mindfulness and relax-
ation, use of heat and
ice, over-the-counter
medications, benefits
of staying active), and
instructional videos on
specific strength and
stretching exercises
tailored by job type
(sitter, stander, driver,
lifter)

General aspects of pain
and pain management

YesSocial Cognitive Theo-
ry, Theory of Planned
Behavior

Content matching, per-
sonalization (identifica-
tion, contextualiza-
tion), feedback (descrip-
tive, evaluative)

Irvine et al [36]

“Seeking help in re-
sponding to AMI
symptoms specific to
each dimension of self-
efficacy scale”

None reportedYesSelf-Efficacy Change
Theory

Content matching,
feedback

Kukafka et al [37]

Regular exercise pre-
scription, provision of
behavior change strate-
gies

None reportedNoNone reportedFeedback (descriptive),
personalization (contex-
tualization)

Maddison et al [38]
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HLa socialHLa cognitivePersonal data used for
content matching

Supporting theory or
theories

Tailoring strategy typesAuthor

self-efficacy and skills
related to condom use
and STI testing

Addressing perceived

risk of STIb infections
within established rela-
tionships; Targeting
normative beliefs asso-
ciated with condom use
and STI testing in estab-
lished relationships

YesAIDS Risk Reduction
Model, Extended Paral-
lel Process Model, Mo-
tivational Interviewing

Content matching, per-
sonalization (identifica-
tion, contextualiza-
tion), feedback (evalua-
tive)

Mevissen et al [39]

Coaching on sports
participation, taking
the stairs, or active
transport.

None reportedYesHealth Behavior Theo-
ry

Content matching, per-
sonalization (contextu-
alization), feedback
(descriptive, compara-
tive, evaluative)

Middelweerd et al [40]

None reported“Five educational
modules, each corre-
sponding to the five
stages of readiness for
meeting folic acid mul-
tivitamin recommenda-
tions.” - “Each module
consisted of 4 Web
pages, designed to be
read over the course of
4 weeks in a 5- to 10-
minute block of time”

YesTranstheoretical ModelContent matchingMilan and White [41]

Asking the right ques-
tions during a consulta-
tion

breast reconstruction
knowledge

NoNone reportedFeedback (Evaluative)Politi et al [42]

Self-efficacy, Self-care
for type 2 diabetes,
goal setting

Knowledge on type 2
diabetes

NoSocial Cognitive Theo-
ry, Fogg Behavior
Model, Persuasive
Technology

Content matching, per-
sonalization (contextu-
alization), feedback
(evaluative)

Sittig et al [43]

None reportedFeedback messages on
health risk assessment

YesSocial Cognitive Theo-
ry, Theory of Planned
Behavior

Content matching, per-
sonalization (identifica-
tion, raising expecta-
tion), feedback (com-
parative)

Valle et al [44]

Self-efficacy, Goal
Setting, Getting CRCS

Knowledge about
CRCS, CRC risk per-
ception, Awareness of
CRC as a serious prob-
lem

YesTranstheoretical ModelContent matching, per-
sonalization (identifica-
tion), feedback (evalua-
tive)

Vernon et al [45]

None reportedPresenting and testing
information on T2D
and CLBP, self-man-
agement education

YesSummary of Diabetes
Self-Care Activities
Measure, Avoidance
Endurance Model

Content matching, per-
sonalization

Weymann et al [46]

None reportedInformation sheet; tai-
lored messages; con-
sumer information
booklet

YesPreventive Health
Model

Content matchingWilson et al [47]

Take action regarding
condom use, communi-
cation and negotiation
about condom use, and
sexual coercion in dai-
ly life

Disseminate knowl-
edge about STIs, cervi-
cal cancer, and condom
use.

YesHealth Literacy, Health
Belief Model, Harvard
Cancer Risk Index,
Continuum of Conflict
and Control Theory

Content matching,
feedback (evaluative)

Wong et al [48]

aHL: health literacy
bSTI: Sexually Transmitted Infection
cHormone Therapy
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Tailoring Strategies
Content Matching (29 studies, [19-37,39-41,43-49]) was found
in almost all studies, followed by Feedback (24 studies,
[20-26,28,31-40,42-45,48,49]) and Personalization (21 studies,
[19,21,22,24-33,36,38-40,43-46]); this includes 15 studies using
all 3 tailoring strategies [21,22,24-26,28,31-33,36,39,40,43-45].
In one study, we also could discern all subsets [24]. 13 studies
used 2 strategies [19,20,23,27,29,30,34,35,37,38,46,48,49] and
3 used only one [41,42,47]. Content Matching was often guided
by personal data (25 studies, [23-37,39-41,44-48]) and by
t h e o r e t i c a l  f r a m ew o r k s  ( 2 8  s t u d i e s

[19-22,24-28,30-32,34-37,39-41,43-49]); only 2 studies [20,48]
explicitly mention Health Literacy as a guiding principle for
tailoring, while 2 name Food Literacy as a supporting theory
[20,24]. Of all interventions, 13 used one supporting theory, 7
used 2 theories, 5 used 3 theories, and one intervention used 4
supporting theories. 5 interventions did not report any use of
supporting theories. Of the interventions that did not use any
supporting theories, 3 relied on personal data from end users
for content matching. Apart from 7 theories that were reported
twice, the most prevalent supporting theories were Social
Cognitive Theory (5) and the Transtheoretical Model (3) (Table
2).
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Table . Design rationale and process.

Development or
design method

Design processSolid overarching
reasoning for inter-
vention

Rationale for tech-
nology or modules

Rationale for tailor-
ing strategy

Rationale for HLa

concepts

Author

None reportedNone reportedNone reportedTheoretical, Contex-
tual

TheoreticalNone reportedBarnabei et al [23]

None reportedExternalReportedbTheoretical, Contex-
tual

Theoretical, Contex-
tual

Theoretical, Contex-
tual

Bomfim et al [24]

Intervention Map-
ping

None reportedNone reportedTheoreticalContextualTheoreticalBommele et al [25]

None reportedContextual, Theoret-
ical

ContextualContextual, Theoret-
ical

Boyd et al [29]

The self-manage-
ment education

None reportedNone reportedTheoreticalTheoreticalTheoreticalBromberg et al [26]

model by Lorig and
colleagues at Stan-
ford University

None reportedNone reportedReporteddTheoreticalTheoreticalTheoreticalBurgermaster et al
[20]

USPSTFc Lung
Cancer Screening

ExternalNone reportedPragmaticContextualContextualCarter-Harris et al
[27]

Guidelines, Interna-
tional Patient Deci-
sion Aid Standards

None reportedExternalNone reportedTheoretical, Contex-
tual

ContextualTheoreticalChiauzzi et al [28]

None reportedExternalReportedeTheoretical, Prag-
matic

NoneTheoreticalCôté et al [21]

None reportedNone reportedNone reportedTheoretical, Prag-
matic

TheoreticalTheoreticalDingle and Carter
[49]

None reportedNone reportedNone reportedTheoretical, Prag-
matic

TheoreticalTheoretical, Contex-
tual

Drieling et al [30]

Intervention Map-
ping

ExternalNone reportedTheoretical, Contex-
tual

ContextualTheoretical, Contex-
tual

Engelen et al [31]

None reportedNone reportedNone reportedTheoreticalTheoreticalTheoreticalFlight et al [19]

None reportedNone reportedNone reportedPragmatical, Theo-
retical

TheoreticalTheoreticalFord-Gilboe et al
[32]

None reportedExternalNone reportedTheoretical, Prag-
matic

TheoreticalTheoreticalFowler et al [33]

“User-Centered
Design”

ReportedNone reportedTheoretical, Contex-
tual

TheoreticalTheoretical, Contex-
tual

Gimbel et al [22]

None reportedExternalReportedfContextual, Theoret-
ical

Contextual, Theoret-
ical

Contextual, Theoret-
ical

Höchsmann et al
[34]

None reportedNone reportedNone reportedTheoreticalTheoreticalTheoreticalHopkin et al [35]

None reportedNone reportedNone reportedPragmaticTheoretical, Contex-
tual

TheoreticalIrvine et al [36]

None reportedExternalNone reportedPragmaticTheoreticalTheoreticalKukafka et al [37]

mHealth Develop-
ment and Evalua-
tion Framework

None reportedNone reportedPragmatic, Theoret-
ical

PragmaticTheoreticalMaddison et al [38]

Intervention Map-
ping

None reportedNone reportedTheoreticalTheoretical, Contex-
tual

Contextual, Theoret-
ical

Mevissen et al [39]

“A systematic and
stepwise approach”

ExternalNone reportedPragmatic, Theoret-
ical

TheoreticalTheoreticalMiddelweerd et al
[40]
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Development or
design method

Design processSolid overarching
reasoning for inter-
vention

Rationale for tech-
nology or modules

Rationale for tailor-
ing strategy

Rationale for HLa

concepts

Author

None reportedNone reportedNone reportedNone reportedTheoreticalTheoreticalMilan and White
[41]

International Pa-
tient Decision Aids
Standards

ReportedNone reportedNone reportedTheoreticalTheoretical, Contex-
tual

Politi et al [42]

Interactive Health
Communication
Applications
framework, semi
structured focus
group question
model

ReportedNone reportedPragmatic, Theoret-
ical

Theoretical, Contex-
tual

Theoretical, Contex-
tual

Sittig et al [43]

None reportedNone reportedNone reportedTheoreticalTheoretical, Contex-
tual

TheoreticalValle et al [44]

Intervention Map-
ping

None reportedNone reportedPragmaticTheoreticalTheoreticalVernon et al [45]

None reportedReportedNone reportedTheoreticalTheoreticalTheoreticalWeymann et al [46]

None reportedNone reportedNone reportedTheoreticalTheoreticalTheoreticalWilson et al [47]

None reportedNone reportedNone reportedContextual, Theoret-
ical, Pragmatic

TheoreticalTheoretical, Contex-
tual

Wong et al [48]

aHL: health literacy
b“Our gameful app, Pirate Bri’s Grocery Adventure (PBGA), incorporates gameful design elements, such as challenges, personalization, and meaningful
choices to motivate young adults to develop food literacy, increase awareness, and improve choices at the grocery store.”
cUnited States Preventive Services Task Force
d“Taken together, these theoretical foundations point to the potential for casual observational learning to occur when people are intrinsically motivated
to participate in learning activities to improve nutrition literacy on a social computing platform.”
e“This program taught participants to identify which emotions were triggers for their smoking, and how music can be used as a substitute for the emotion
regulating effect of smoking”
f“The game uses the self-determination theory as the theoretical framework. The self-determination theory is a widely researched theory of motivation
that addresses both intrinsic and extrinsic motives for acting and has shown its utility in explaining processes that underpin exercise behavior as well
as motivation to play video games. The goal of the game is to restore a decayed garden by planting trees and flowers. In doing so, the player attracts
animals that used to live in the garden to come back and help with the restoration process. At the same time, the Schweinehund, the game’s adversary,
is kept in check. In German, “innerer Schweinehund” (inner swine hound) refers to the weak or lazy part of one’s nature, often regarding PA, that has
to be overcome to get one’s self going. The garden setting was deliberately chosen, as its restoration stands metaphorically for the restoration of the
player’s body through regular PA. In addition, it has been shown that gardening is among the target group’s preferred forms of PA and that
gardening-themed games are quite popular and comprehensible to a wide range of players because of their straightforward mechanics.”

Design Rationale
Most interventions used a website (24,
[19-21,23,24,27,28,30-33,35-39,41,42,44-49]), while 7
interventions were described as an app or native application
[22,24,25,29,34,40,43], 28 studies describe interventions using
eLearning [19-21,23-34,36-39,41-49], 25 used a form of
automated feedback [19-25,27,28,30-35,37-40,42-46,48] while
24 incorporated one or more questionnaires
[19,20,23,25-37,39,41-46,48]. 11 interventions used diaries or
logging [22,24,26,29,31,34,36,38,40,43,49], 5 interventions
made use of a virtual agent [21,25,36,39,44], and 4 interventions
used serious games or game mechanics [24,34,40,43] (Table
S1 in Multimedia Appendix 3).

A clear trend in all studies is the use of eLearning. 28 studies
report the use of this component to convey health-related
information [19-21,23-34,36-39,41-49]. Out of the 3 studies
that did not use eLearning [22,35,40], 2 did not use cognitive
health literacy concepts either [22,40]. These studies relied

heavily on providing automated feedback on end-user reporting
and behavioral data, thus aiming to reinforce desired
health-related behavior [22,40].

All studies (31) explicitly described envisioned or intended
workings of the intervention by connecting the functional
description of the intervention to its intended goals. Only 4
studies provided specifics concerning the design process of the
intervention in the publication [22,42,43,46] while 10 studies
referred to other publications for details on the design process
[21,24,27-29,31,33,34,37,40]. The majority, however, did not
report any details on the design process of the intervention (17).
12 studies mentioned a design method
[22,25-27,29,31,38,40,42,43,45], of which 4 [25,31,39,45]
referred to Intervention Mapping [51] and 2 pointed towards
the International Patient Decision Aids Standards [52] as a
framework for designing the intervention. Other examples of
methods named were the mHealth Development and Evaluation
Framework [53] and “User-Centered Design.”
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In 4 studies, we could pinpoint an “underlying story” that
explicitly tied the elements of the solution together
[20,21,24,34]. These “stories,” however, varied significantly in
detail and clarity. For example, Höchsmann et al [34]
extensively explain how and why the choice of medium and
components contribute to the transfer of health literacy concepts
to the target group by using the metaphor used in the
intervention as the underlying story—in this case the
maintenance of a garden as a metaphor for living healthy—that
ties the elements of the intervention together. Burgermaster et
al [19-37,39-41,43-49], on the other hand, is much more
succinct: the authors tie the intervention’s goal, the medium,
and the health literacy content together in one sentence from a
theoretical starting point.

When it comes to reasoning, a clear trend is noticeable. The
vast majority of reasoning types that were used was theoretical:
reasoning based on earlier research in other contexts than the
research or intervention’s end user context. All but one
intervention used theoretical reasoning for one or more
components of the interventions. 16 of the 31 interventions use
contextual reasoning to support choices for one or more of the
components of the intervention [22-25,27-31,34,36,39,42-44,48]
(Table 2).

Quality and Bias Assessment
The results of the QuADS assessments can be found in Table
S1 in Multimedia Appendix 4. Of the included studies in this
systematic review, 26 studies (79%) were of high quality
(scoring above 66%), and 7 (21%) were of moderate quality
(scoring between 33% and 66%). No low-quality studies were
found. The lowest score was 51%. Main areas for quality
improvements were: (1) strengths and limitations critically
discussed; and (2) appropriate sampling to address the research
aim.

Discussion

Principal Findings
The goal of this review was threefold: to provide an overview
of the health literacy concepts and tailoring strategies used in
eHealth interventions that aim to improve health and to
determine how these elements contributed to the design choices
of the interventions. In all selected studies, health literacy
concepts are used to inform the design of the interventions. The
types of concepts and their application vary significantly, as
does the choice of tailoring strategies in these interventions.
Content matching is present in almost all studies, but a clear
trend in applied design strategies or patterns for tailoring
strategies to inform the design of the interventions cannot be
distinguished.

Concerning the overview of the health literacy concepts, in all
extracted papers, we can identify the use of health literacy
concepts as guiding principles to aid the development of the
inner workings and content of the interventions. Most eHealth
interventions used both cognitive and social health literacy
concepts. However, there is a broad variety in how these
concepts are described, used, and translated into design choices
for the intervention and how these concepts are tailored towards

the end users. Considering the differences in contexts and
targeted illnesses and behaviors, this is not entirely surprising,
but there are no clear patterns to be found in approaching health
literacy on the whole.

As for the tailoring strategies, content matching can be found
in all but 2 studies [19-37,39-41,43-48] while personalization
and feedback are used significantly less. Personalization and
feedback have been described as mechanisms aimed at “message
processing” and “self-referencing,” hinting at “creating
preconditions for message processing” [9], while content
tailoring is described as “the crux” of tailoring. This may explain
why personalization and feedback are less common and why
only 15 studies show the use of all tailoring strategies
[21,22,24-26,28,31-33,36,39,40,43-45].

Only 2 studies [19,44] explicitly refer to the reporting
recommendations for tailored interventions [10], in which these
strategies are proposed. The way in which content matching is
applied varies.

A minority of the studies reported a design process and even
fewer reported a methodology for the design process of the
intervention. Only 4 studies described a design process in the
paper itself [22,42,43,46], although in most studies, rationales
for choices for the main components of the interventions were
provided. Interestingly, 2 of these interventions involved serious
games [24,34]. This may be partly explained by the fact that
serious games in the context of health literacy are a relatively
novel approach to eHealth interventions, provoking more
extensive reporting on how the product was conceived. Also,
it is quite common that serious games are designed around a
metaphor, which increases the chances of an overarching story
that ties together the elements of the solution [54].

The main type of rationale provided for the choice of health
literacy concepts, tailoring strategy, and technology was
theoretical. Although a qualitative assessment on the rationales
is difficult to make, choices for technology and modules would
require some contextual reasoning: reasoning based on needs,
affordances, and preferences of an end user’s context [55]. In
half of the studied interventions in this review, such reasoning
was not reported.

As all extracted studies aimed to determine the intervention
efficacy, the outcomes and conclusions of these studies are
focused on answering the question whether the intervention
works as intended and expected. However, for insights into why
these interventions work and how the combined workings of
their components contribute to efficacy, it is important to know
what specific reasoning lies behind the choices for concepts,
tailoring strategy, and choice of technology. Reporting on these
aspects is thus important for the development and improvement
of new and existing interventions.

However, we did not find any indication of formal methods
such as Toulmin [56] or IBIS (Issue-Based Information Systems)
[57], or use of the guidelines for reporting on tailored
interventions [10]. While some of the studies were conducted
before the latter guidelines were made, more recent papers also
did not completely adhere to the provided recommendations.
Moreover, some of these recommendations can be interpreted
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as a call for a summarized design rationale of the intervention,
rather than just a description of the study design. On the other
hand, the recommendations do not move beyond describing
how supporting theories translate into tailored messages. From
an eHealth perspective, a reasoned choice of technology and
technological components would certainly add to these
recommendations.

eHealth interventions bring together both evidence-based health
practices and human-computer interaction, and thus 2 highly
different paradigms for design, development, and evaluation.
For example, in 4 studies, intervention mapping was named as
a design process. While this method does offer a
well-documented evidence-based approach, it was not
specifically developed for creating digital interventions and
may not offer the most suitable procedural approach when
designing digital interventions.

Literature calls for a deeper understanding of and appreciation
for the differences in development methods to make more
effective eHealth interventions and provide more useful
documentation on its research [58]. Health intervention
development focuses on choosing proven “mechanisms of
action” or “active ingredients” [59]. Human-computer
interaction, on the other hand, has a deeply rooted tradition in
ethnological research and iterative design cycles where
anticipated end-users are actively participating in the complete
design process [55]. We have found little evidence of these
types of design practices in the reporting.

Strengths and Limitations of This Review
This review is the first review on this topic. A strength of our
approach is that it was multidisciplinary, involving researchers
and databases from the fields of health and technology.
Incorporating ACM as an extra source of data widened the scope
of this review significantly. It also revealed that multiarmed
randomized trials are far less common in this database, and
eHealth evaluations tend to be more qualitative and iterative in
smaller samples. In addition, we followed the PRISMA
guidelines for systematic studies.

When interpreting the results of the review, the following
limitations need to be considered. Because we initially planned
to report on study health outcomes in relation to tailoring, we
only included interventions that were used in a randomized trial.
This sometimes resulted in the exclusion of interesting studies,
such as research protocols, (speculative) design studies, and
single-armed efficacy tests or pilot studies. However, limiting
the included studies to multiarmed trials also entailed a certain
level of product maturity, compared with more speculative or
single-arm pilot studies. This is probably one reason why the
quality of the included studies was moderate to high.

In addition, we initially aimed to study the comparative
effectiveness of different tailoring strategies to optimize
intervention outcomes; however, the degree of variation among
the selected studies made this infeasible. A comparative
effectiveness study is recommended for future research.

Another limitation is that we were dependent on the quality and
focus of reporting. If a design rationale is not described, this

does not necessarily mean that it was not present or part of the
development process. The constraints of this review limited us
from studying other publications linked to the intervention, for
instance, study protocols or design studies where more
information on the intervention’s design rationale could have
been present. In any case, our study suggests that design
rationales for digital interventions are often not reported or even
summarized in efficacy studies, implying that there are limited
possibilities to be informed or inspired by approaches and
choices of other researchers published in the scientific literature.

The quality of included studies in this review was moderate to
high. For future studies, quality can be improved by improved
samples selection and by a more critical discussion of strengths
and limitations. Of course, QuADS focuses on the study design
in general and whether useful conclusions can be drawn from
the outcomes, not so much on whether the intervention itself
was well designed or if the choices made in the design process
are justifiable. As discussed, there may be opportunities to
explicate standards on reporting that include (summaries of)
design rationales for eHealth interventions.

Conclusion
In conclusion, we can see a broad variety of approaches to the
use of health literacy concepts and tailoring strategies in tailored
eHealth interventions. We identified rationales for choices of
components in all studies, and in a small minority, we could
discern overarching design rationales. Although we have been
able to discern health literacy concepts, tailoring strategies, and
design rationales in the interventions, only a few studies provide
sufficient insight into the inner workings and overarching
rationale behind the intervention. A significant number of studies
refers to other sources for details on the design and design
process of the intervention, and while this strategy of reporting
on the origins of an intervention certainly is preferable over no
reporting at all, it does provide an extra barrier in linking
intervention design choices to observed outcomes. Indeed,
existing frameworks already provide opportunities to
consistently report on the design of tailored health interventions
and could be used to report on the use of cognitive and social
health literacy concepts as well.

In the field of human-computer interaction, extensive reporting
on the design process, as well as describing an overarching
rationale for a product, is far more common. Literature has
already called for a stricter reporting standard on tailored
interventions [10], and since these recommendations are not
specifically aimed at digital interventions, there is room to iterate
on these recommendations with digital health in mind. Indeed,
there are clear opportunities to explore novel reporting
frameworks that incorporate the key design rationales of eHealth
interventions, in addition to their efficacy. If such frameworks
are used regularly, it will be feasible to study comparative
effectiveness of eHealth interventions with design rationales
informed by specific tailoring strategies. Future studies should
therefore prioritize comprehensive documentation on the design
of the intervention to facilitate replicability and understanding
of intervention efficacy.
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Abstract

Background: With the rapid expansion of artificial intelligence (AI) applications, researchers have begun focusing on the
concept of human-centered artificial intelligence (HCAI). This field is dedicated to designing AI systems that augment and
improve human abilities, rather than substituting them.

Objective: The objective of the paper was to review the information on design principles, techniques, applications, methods,
and outcomes adopted in the field of HCAI, in order to provide some insights on the discipline, in relation with the broader
concepts of human-centered and user-centered design.

Methods: Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews
(PRISMA-ScR) checklist guidelines, we conducted a scoping review in PubMed, ScienceDirect, and IEEE Xplore, including all
study types, excluding narrative reviews and editorials.

Results: Out of the 1035 studies retrieved, 14 studies conducted between 2018 and 2023 met the inclusion criteria. The main
fields of application were the health sector and AI applications. Human-centered design methodologies were adopted in 3 studies,
personas in 2 studies, while the remaining methodologies were adopted in individual studies.

Conclusions: HCAI emphasizes designing AI systems that prioritize human needs, satisfaction, and trustworthiness, but current
principles and guidelines are often vague and difficult to implement. The review highlights the importance of involving users
early in the development process to enhance trust, especially in fields like health care, but notes that there is a lack of standardized
HCAI methodologies and limited practical applications adhering to these principles.

(JMIR Hum Factors 2025;12:e67350)   doi:10.2196/67350

KEYWORDS

human-centered artificial intelligence; HCAI; usability; acceptability; design principles; UCD; human-centered design; AI
principles; ethics; AI applications; machine learning; ML; algorithm; analytics; predictive model; predictive analytics; deep
learning; early warning; early detection; review; user-centered design

Introduction

User-centered design (UCD) is an iterative methodology that
places the user at the center of the design of innovative solutions,
allowing the information gathered since its early stages to define
the product features and end user experience. This approach is

typically enabled by interdisciplinary teams and different
methodologies that work together synergistically to optimize
the user experience of systems, products, and processes.

The interaction of users with innovation prototypes not only
accelerates the identification of usability issues, highlighting
improvement opportunities, but also strengthens the capacity
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of researchers to define cost and benefits evaluation methods
that are propaedeutic to identify the return of investments also
in terms of economic benefit. The requirements and
recommendations for human-centered design principles have
been formalized in ISO 9241‐210, which details the role of
UCD and its benefits for human-centered design applied to
interactive technologies.

The use of appropriate UCD methods, especially when tailored
to specific stakeholders’ contexts, can reduce the risk of a given
product not meeting stakeholder requirements or being rejected
by users.

Similar to UCD, human-centered design (HCD) is an approach
that prioritizes human needs, capabilities, and behavior.
Therefore, HCD aims to address problems by putting people
with their human perspective at the center of the processes,
involving them in all stages of problem solving, from
observation to brainstorming, conceptualizing, solution
development, and final implementation [1]. It is believed that
such an approach can improve the usability of an innovation,
increasing product acceptance and user satisfaction, proving
effective in all situations where solutions are needed that are
not only useful, but also involve the emotional sphere of users
in some way [2-4].

Recently, due to the increasing growth of artificial intelligence
(AI) applications, researchers have shifted their attention to the
construct called human-centered artificial intelligence (HCAI),
a discipline aimed at creating AI systems to amplify and enhance
human capabilities, rather than replace them [5]. As HCD, HCAI
places people at the center by seeking to improve, experience
after experience, their lives [6]. On the basis of the design phase
of any technological product, there are a number of useful
techniques that can be adopted to obtain quick feedback from
the end users, even in the absence of a fully functioning solution,
to provide creative design alternatives to fit the users’
preferences and needs. If properly trained, HCAI could offer
useful solutions tailored to the peculiar characteristics of the
final users, for example, considering new approaches coming
from the original combination of many variables.

Despite the undeniable richness of HCAI, there is the need to
map the main concepts and constructs behind it, as well as to
understand the methods and design principles that underpin it,
in order to ensure that these metrics are adequately included in
the experimental methodology and understand their role in
supporting the UCD and HCD approach. The objective of this
paper is to review the information on design principles,
techniques, applications, methods, and outcomes adopted in the

field of HCAI, in order to provide some insights on the
discipline, in relation to the broader concepts of HCD and UCD.

Methods

The scoping review was carried out according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA-ScR; see Checklist
1) [7]. Before the start of the project, a protocol was developed
to guide the review process, shared among the authors and
registered on the Open Science Framework (OSF) platform.
The topic of interest for the review was any application of HCAI
for UCD, in any population of adults. The outcomes of interest
were descriptions of the HCAI approach, description of the
HCAI design, outcomes of the application of HCAI, user
involvement in HCAI, description of use cases, methods for
understanding and the user’s mental model, description of user
needs, and new working practices. Any other design
methodology could serve as a comparator. All English-language
studies, with the exception of narrative and editorial reviews,
could be included. Clinical questions, exploring the applications
of HCAI for design, were translated into epidemiological terms
using the Patient, Intervention, Comparator, Outcome, and Study
Type (PICOS) methodology (see Textbox 1).

Based on the identified PICOS, search strategies were created
and applied to the electronic PubMed, ScienceDirect and IEEE
Xplore databases from January 1, 2018, to October 27, 2023.
Searches were performed by a single reviewer. The complete
search strategies are presented in Multimedia Appendix 1.

The records retrieved from the search were imported into the
review management platform Rayyan, where duplicate entries
were removed. A total of 4 investigators (RB, EM, TB, and
ML) working in pairs performed screening, selection, and data
extraction. Specifically, 2 blinded reviewers assessed the title
and abstracts to define eligibility for full-text assessment, and,
at the subsequent step, assessed full-texts for inclusion.
Disagreement was resolved by consensus. Data extraction from
the included studies was performed by using a standardized
extraction form, including general information on the paper,
the field of application, design methods, the adopted model,
design principles and properties, technology, and type of AI;
extraction was performed by a reviewer and checked by a second
one. Results were summarized in summary of findings tables.
The methodological quality of the included studies was assessed
by a single author (GS) with the SANRA (Scale for the
Assessment of Narrative Review Articles) or the Critical
Appraisal Skills Programme (CASP) checklist for qualitative
studies, depending on the study design.
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Textbox 1. PICOS (Patient, Intervention, Comparator, Outcome, Study Type) driving the search strategies and the inclusion criteria.

Patient:

• Any type of patient.

Intervention:

• Human-centered artificial intelligence (HCAI) for design.

Comparator:

• Any other technique adopted for design.

Outcome:

• Description of HCAI approaches.

• Description of HCAI design.

• Outcome of HCAI application.

• User involvement in HCAI.

• Description of study cases.

• Description of methods for understanding.

• Description of user’s mental model.

• User’s needs and new working practices.

Study type:

• All study types excluding narrative reviews and editorials.

Results

The search in the electronic databases retrieved a total of 1035
articles, of which 8 were duplicates. Finally, the titles and
abstracts of 1027 studies were screened. Based on the inclusion
criteria, 27 studies were eligible for full-text review; of these,
14 studies fulfilled the criteria and were included in the scoping
review. Studies excluded during the full-text analysis are listed
in Multimedia Appendix 2, where the title of the paper and the
reason for exclusion are indicated. Figure 1 shows the flowchart
of the selection process.

Conference abstracts represented a relevant proportion of the
retrieved evidence (7/15 studies), no study allowed comparison
between techniques. The main fields of application were the
health sector and AI applications (see Table 1).

The method adopted for design was described in 8/14 studies.
In particular, HCD methodologies were adopted in 3 studies,
personas in 2 studies, while the remaining methodologies were
adopted in individual studies.

In 10/14 studies, a model was adopted, while in 3 studies this
was not applied. Information was not available for a single
study.

Design principles and properties were not described in 2 studies,
in the remaining studies trustworthiness and explainability were
the most frequently adopted principles (see Table 2).

The technology and type of AI were not described in 3 studies,
while the remaining studies adopted very heterogeneous
technologies.

Table 3 shows the characteristics of each study in terms of
scope, presence of a model, design principles used, and
technology.
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Figure 1. Flowchart showing the selection process.
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Table . Different applications of human-centered artificial intelligence (HCAI) for design.

Studies, nField of application

6Health

5AIa application

1Privacy

1General

1Education

1Security

1Safety

aAI: artificial intelligence.

Table . Design principles and properties.

Studies, nDesign principles and properties

6Trustworthiness

4Explainability

3Transparency

3User needs

3Privacy

3Fairness

2Safety

2Acceptability

1Reliability

1Understandability

1Protection

1Model confidence

1Failure

1Errors

1Developer needs

1Data needs

1Model needs

1Interpretability

1Accountability

1Decision making authority

1Emotion
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Table . Descriptive analysis of the included studies.

Technology or type

of AIb
Yes or no (design
principles or proper-
ties)

Yes or no (model)UCDa or design
methods

Field of applicationType of publicationStudy

SAReYes (trustworthi-
ness)

Yes (acceptance

model of TRASd)
—cSafety, security,

and health
ArticleHe et al, 2022 [8]

AIEDg application
(intelligent tutoring

NoYes (enhanced

HCAIf framework)

Value-sensitive de-
sign

EducationConference abstractTyagi et al, 2023
[9]

system; exploratory
learning environ-
ments, dialogue-
based tutoring sys-
tem, automatic
writing assessment)

—Yes (emotion, deci-
sion-making author-

Yes (for the design
and development of
the personas AI)

Personas for AI
(explainability)

HealthConference abstractHolzinger et al,
2022 [10]

ity and explainabili-
ty as well as ethical
issues are added in

HAIIh)

—Yes (fairness,
transparency, ac-

Yes (user empower-
ment, ethical con-

—GeneralConference abstractUsmani et al, 2023
[11]

countability, and
privacy protection)

sideration, and hu-
man AI collabora-
tion)

Toolkit for develop-
ing AI system
(FairML,

Aequitas, FairTest,
IBM AIFairness

Yes (interpretabili-
ty, explainability,

fairness, transparen-
cy, and safety)

No—Development of AI
systems

Conference abstractFagbola and
Thakur, 2019 [12]

360, Mash, Con-
cept Activation
Vectors, LIME,
DeepLIFT, and
Themis)

AI-based decision-
support system for
clinical decision

NoN OYes (HCDi meth-
ods: personas, sce-
narios, and journey
maps)

AI-mindConference abstractBeltrão et al, 2022
[13]

—Yes (trustworthi-
ness and acceptabil-
ity)

Yes (acceptance
model and use of
technology

[UTAUTj and

TAMk])

—Human-AI integra-
tion

Conference abstractCorreia et al, 2021
[14]

AAL system (ambi-
ent assisted living)

Yes (privacy protec-
tion)

Yes (design shared
responsibility priva-
cy model)

HCD methodsPrivacy and healthArticleElahi et al, 2021
[15]

Model applied in a
system of VR (virtu-
al reality)

Yes (requirements
include user needs,
model needs, data
needs, explainabili-

Yes (human-cen-
tered AI-based
software
[RE4HCAI])

Human-centered
methods

Development of AI
system using HCD.

ArticleAhmad et al, 2023
[16]

ty, and trust, as
well as error han-
dling and failure
mitigation)

—Yes (AI developers
and user’s needs

—Qualitative survey
for HCAI

HCAIArticleBingley et al, 2023
[6]

[functionality, so-
cial impact, under-
standability, ethic,
privacy, security])
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Technology or type

of AIb
Yes or no (design
principles or proper-
ties)

Yes or no (model)UCDa or design
methods

Field of applicationType of publicationStudy

MAIAl technologyYes (user needs,
acceptance of tech-
nology, and per-
ceived truthfulness)

N O—HealthArticleVentura et al, 2023
[17]

Clinical decision
support application
to predict heart fail-
ure patient risk of
readmission

Yes (model confi-
dence, trustworthi-
ness, and explain-
ability)

Yes (model perfor-
mance and explain-
ability)

Yes (stakeholder
input, low-fidelity
sketches and high-
fidelity prototype
for usability test)

HealthArticleSoliman et al, 2023
[18]

—Yes (Ethical, priva-
cy protection, fair-
ness, understand-
able, and transpar-
ent)

Yes (for mitigating
biases in AI life cy-
cle)

—Health careArticleChen et al, 2023
[19]

DORI - older adult
guided and caregiv-
er-monitored robot

Yes (reliable, safe,
and trustworthy)

Yes (human-AI

collaboration and
user satisfaction)

Yes (focus group
interviews and sce-
narios)

Health (home care
for older adults)

ArticleKim et al, 2022
[20]

aUCD: user-centered design.
bAI: artificial intelligence.
cNot available.
dTRAS: trustworthy robots and autonomous system.
eSAR: socially assistive robot.
fHCAI: human-centered artificial intelligence.
gAIED: artificial intelligence in education.
hHAII: human–artificial intelligence interaction.
iHCD: human-centered design.
jUTAUT: Unified Theory of Acceptance and Use of Technology.
kTAM: technology acceptance model.
lMAIA: multifunctional adaptive and interactive artificial intelligent system.

The study by He et al [8] explores the critical role of
trustworthiness in the acceptance of AI systems within the
domains of safety, security, and health. By employing the
Trustworthiness and Reliability Assessment System (TRAS)
model, the research demonstrates that user acceptance is
significantly influenced by the perceived trustworthiness and
reliability. Socially assistive robots are used as a case study,
illustrating how trust can be enhanced in AI systems within
these critical fields.

Tyagi et al [9] investigates the application of AI in education
through value-sensitive design methods. The study presents an
enhanced HCAI framework and explores various AI applications
such as intelligent tutoring systems and dialogue-based tutoring
systems. The findings underscore the importance of aligning
AI systems with educational values and addressing user needs
to improve acceptance.

Kim et al [20], Chen et al [19], Soliman et al [18], Ventura et
al [17], and Holzinger et al [10] focus on health care applications
with distinct approaches. Kim et al [20] examines home care
for older adults, highlighting human-AI collaboration and user
satisfaction as critical design principles. Chen et al [19] address
biases in the AI lifecycle within health care, emphasizing ethical
principles, privacy protection, fairness, and transparency.
Soliman et al [18] investigates clinical decision support systems

for predicting heart failure patient readmission risks,
emphasizing model performance, explainability, and
trustworthiness. Ventura et al [17] explores health applications,
emphasizing user needs and technology acceptance, particularly
the perceived trustworthiness of AI systems. Holzinger et al
[10] uses personas in the health sector to enhance AI
explainability, integrating emotional and ethical considerations
to improve user understanding and trust in AI technologies.
These studies collectively contribute to advancing AI
applications in health care by addressing various challenges and
enhancing user confidence and acceptance.

Usmani et al [11] addresses general AI applications with an
emphasis on user empowerment and ethical considerations. The
research highlights the importance of human-AI collaboration
and identifies design principles such as fairness, transparency,
accountability, and privacy protection. These principles are
crucial for developing trustworthy and ethical AI systems.

Fagbola and Thakur [12] and Ahmad et al [16] discuss the
development of AI systems from complementary perspectives.
Fagbola’s study emphasizes interpretability, explainability,
fairness, transparency, and safety as crucial design principles,
introducing tools like FairML and IBM AIFairness 360.
Ahmad’s research focuses on human-centered methods,
presenting RE4HCAI, a software that addresses user needs,
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model requirements, data considerations, explainability, and
trust. These approaches collectively aim to foster the
development of fair, transparent, and user-centric AI systems,
enhancing both usability and trust in AI applications, including
virtual reality environments.

Beltrão et al [13] explores the use of human-centered design
methods such as personas, scenarios, and journey maps in
developing AI-based decision-support systems for clinical
settings. The study highlights the importance of aligning AI
systems with clinical user needs to improve decision-making
processes.

Correia et al [14] delves into human-AI integration, focusing
on acceptance models and technology use. The study uses
models like Unified Theory of Acceptance and Use of
Technology (UTAUT) and technology acceptance model to
evaluate user acceptance, emphasizing trustworthiness and
acceptability. These insights are vital for designing AI systems
that users are more likely to adopt.

Elahi et al [15] examines privacy and health applications, using
human-centered design methods. The study introduces a shared
responsibility privacy model, underscoring privacy protection
as a key design principle. This research highlights the
importance of safeguarding user privacy in health-related AI
systems.

Bingley et al [6] conducts a qualitative survey on HCAI. The
study emphasizes the needs of AI developers and users,
addressing aspects such as functionality, social impact,
understandability, ethics, privacy, and security. These insights
are crucial for developing AI systems that meet diverse
stakeholder requirements.

The methodological quality of the included studies was overall
adequate, with an unclear quality of the reporting of the
relationship between the researcher and participants and ethical
aspects in qualitative research, while the aspect of the literature
research was not explicitly addressed in most studies with a
narrative design (see Figures 2 and 3).

Figure 2. Methodological quality of the included studies presenting qualitative research, assessed with the Critical Appraisal Skill Programme (CASP)
checklist for qualitative studies. Correspondence between the color and the items in the checklist: green=yes; red=no; yellow=can’t tell [6,10,13-18,20].

Figure 3. Methodological quality of the included studies presenting narrative results, assessed with the Scale for the Assessment of Narrative Review
Articles (SANRA) checklist. Correspondence between the color and the items in the checklist: green=2 points; red=0 points; yellow=1 point [8,9,11,12,19].

Discussion

HCAI and Its Challenges in Practice
HCAI focuses on human experiences, satisfaction, and the needs,
with the goal of “amplifying, enhancing, and improving human
performance in ways that make systems reliable, safe, and
trustworthy.” This is pivotal to “support human self-efficacy,
encourage creativity, clarify responsibility, and facilitate social
participation” [21].

The HCAI seeks to shift the focus in AI development, from
technologies to people. However, it is unclear whether existing
HCAI principles and practices adequately achieve this goal.

The results of our review indicate that although many studies
address the issue of trust and acceptability in HCAI systems,
few adopt systematic strategies to mitigate demographic biases
and biases in health data. However, in the absence of a
standardized methodology to control bias, there is a need to
develop more structured guidelines to ensure trustworthiness
in AI systems applied to health. In order to formalize these
developments, several guidelines have been proposed by
governments, organizations, and researchers to translate the
ideals of HCAI into practice [22]. For example, the European
Union lists 7 key requirements that AI systems should meet to
be trustworthy, including transparency, accountability, and
promotion of social and environmental well-being [23].
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Unfortunately, despite this proliferation of guidelines, IAE
ideals have proven difficult to implement [21,24,25]. At this
point, Shneiderman [26] argued that although ethical guidelines
are a step in the right direction, they are often too vague to be
useful to software engineers. Similarly, Mittelstadt [27]
criticized AI ethics for having vague principles and lofty value
statements that lack the detail and precision needed to make
specific recommendations for improving practice.

In line with the literature in the field, our review highlighted
the need for a deeper analysis of the design principles promoted
by HCAI to understand how they can be put into practice from
the outset and how they differ from those proposed by HCD in
terms of their impact on end consumers.

In general, it can be said that there is a need to raise the
awareness of researchers and developers on the special issues
offered by HCAI: the review showed that there is still a limited
number of applications for AI design and solutions already
available developed in accordance with HCAI principles, mainly
in the field of social assistive robotics. This can partly be
explained by the innovative nature of the proposed concept, but
also by the partial overlap with the more general definition of
human-centered design and user-centered design, highlighting
the need for a clear definition and standardization of the
framework.

From the analysis of recent literature [28], the explainability
represents one feature deeply investigated by developers and
researchers in the field of AI applications. In the health care
sector, in particular, it is possible to notice a relevant focus of
attention given to this principle especially from the stakeholders’
point of view. In fact, they are in charge of suggesting the use
of AI systems to the final users and/or rely on AI decision
support systems for complex diagnosis, for example. This
evidence highlights the crucial need for transparency and
understandability as the basis of explainability of AI, in
particular in sensitive contexts as the healthcare sectors, in which
erroneous or correct decisions have a significant impact on the
well-being of older patients. At the same time, the concept of
explainability overcame the mere role of technical prerequisite
and became the essential driver to favor the systems’
trustworthiness.

On the end users side, in fact, it seems that the value that mostly
drives and supports the uptake of AI solutions is represented
by the trustworthiness, as also supported by our findings.

Our review, in fact, showed that there is the need to focus more
on the concept of trustworthiness when designing a system.
Even if all the articles reviewed are in accordance with
observing that a user needs to trust an AI-based system in order
to use it, however, they differ in the approaches to reach this
outcome.

This concept is in fact multifaceted and not easily defined or
achieved, as dependent from intrinsic and extrinsic
characteristics of the users and of the AI technology. Several
theories on technology acceptance have underlined the role of
trust especially in the field of social robotics, giving AI
applications a primary role in the study of the topic of trust
[29,30].

Embodiment, social presence, capacity to interact following
social norms and proximity, and advanced dialog features are
in fact key ingredients of social assistive robots, which stimulate
reciprocity and trust in the relationship between human and
robot [29,30].

In addition to explainability and trustworthiness, the main
concepts that are taken into consideration in the papers reviewed
are transparency, privacy, and safety, which contribute to
making the system more trustworthy and acceptable for the
user.

The way to better achieve these aspects is still an open
challenge, but this review demonstrates the importance of
involving real users and stakeholders from the early
conceptualization and development stage, through the entire
lifecycle and testing phases of a system. This becomes a crucial
aspect, especially in the development of applications to support
the decision-making by health professionals in clinical fields.

Furthermore, by incorporating user feedback into the design
process, users can have a sense of ownership and control over
AI systems, potentially promoting trust, acceptance and better
adherence, even if in most cases they have had no previous
experience with AI solutions.

In addition to the need for specific HCAI methods and
techniques for the design and development of new AI systems,
the articles examined either did not describe the methodologies
used in the design process or used the same methods as those
proposed by the user-centered design approach, such as focus
groups, personification, scenarios, interviews, and others, as
they are independent of the type of technology while maintaining
the focus on users as a pillar.

Role of AI in Health Care
AI holds significant potential across various health care domains.
AI-driven tools, particularly those based on machine learning
algorithms, enhance early disease detection through advanced
medical imaging analysis, such as radiography, CT, and MRI.
Soliman et al [18] demonstrated the efficacy of AI in clinical
decision support systems for predicting hospital readmission
risk in heart failure patients, emphasizing model performance
and explainability. Similarly, Chen et al [19] highlighted the
use of AI to mitigate biases in healthcare applications, with a
focus on ethical principles, privacy protection, and transparency.
In addition, AI contributes to personalized medicine by
analyzing large datasets to predict treatment responses and
optimize drug dosages. Beltrão et al [13] explored AI-based
clinical decision support systems, emphasizing human-centered
methodologies, such as personas and journey maps [13].
Soliman et al [18] further demonstrated AI’s role in improving
clinical prediction models for readmission risk.

AI also enhances patient care through virtual agents and remote
monitoring systems. Kim et al [20] investigated the use of
assistive robots (DORI) for home care in older adults,
highlighting human–AI collaboration and patient satisfaction.
Elahi et al [15] introduced a shared-privacy model for ambient
assisted living applications, emphasizing privacy protection as
a key design principle. Furthermore, AI-powered medical
imaging applications automate routine tasks and reduce
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radiologists’ cognitive load. Chen et al [19] underscored AI’s
role in reducing biases in image analysis. Holzinger et al [10]
applied the concept of personas to improve explainability in AI
systems for health care, integrating emotional and ethical
dimensions to foster user trust. Despite these advancements,
several challenges remain overlooked. A critical issue is the
“black box” problem, referring to the opacity of AI
decision-making processes, which prevents users from
understanding how outcomes are generated. Although
explainability and transparency have been discussed [10-12],
the specific concept of the “black box”—which highlights the
difficulty in interpreting model behavior—has not been directly
addressed. Usmani et al [11] stressed the importance of fairness,
transparency, accountability, and privacy protection in
developing ethical and reliable AI systems. Fagbola et al [12]
discussed tools such as FairML and IBM AI Fairness 360 to
ensure algorithm interpretability and transparency. In addition,
integrating AI into clinical workflows poses a challenge. Ventura
et al [17] explored co-design processes with poststroke patients
and caregivers, demonstrating that user involvement enhances
AI solution acceptance and facilitates integration into care
pathways. Correia et al [14] emphasized the importance of
technological acceptance, using models like the UTAUT and
technology acceptance model to assess AI’s reliability and
acceptability in health care environments.

Ethical Concerns in AI for Health Care
In addition to the technical and practical challenges, the
integration of AI in health care also raises critical ethical
concerns, particularly in sensitive contexts. AI decision-making
in health care can have significant implications for vulnerable
populations, such as those with serious or chronic conditions,
the elderly, or minors. These decisions need to be made with
the utmost care to avoid potential biases and discrimination. To
address these concerns, AI systems must be designed with
ethical safeguards that ensure fairness, transparency, and
accountability, especially in critical decision-making processes.

Furthermore, AI’s role in processing sensitive patient data
underscores the importance of safeguarding privacy and ensuring
data security. As AI systems handle increasingly personal and
confidential information, adherence to privacy laws, such as
the General Data Protection Regulation, becomes essential.
Health care providers must ensure that AI technologies respect
patient confidentiality while maintaining trust in the system.

Another ethical challenge involves the issue of informed
consent. As AI becomes more integrated into clinical
decision-making, patients must be fully informed about how
AI systems are used in their care. This includes understanding
the role of AI in diagnostics, treatment planning, and decision
support, as well as the extent to which AI influences clinical
outcomes. Clear and transparent consent protocols should be
developed to ensure that patients have a clear understanding of
their rights and the implications of AI technologies on their
care.

Limitations and Future Directions for HCAI
Although this review provides important insights into HCAI,
several limitations must be recognized. First, the number of

studies focusing on HCAI remains limited and many of these
overlap with human-computer interaction. This overlap hinders
the differentiation between the two fields and underlines the
need for further research to establish the differences between
the two fields. A review of this work will be necessary in the
coming years to follow the evolution of HCAI and assess the
progress that will be made in establishing unique methodologies
and contributions.

Another limitation is the need for a more systematic approach
to define the design principles underlying HCAI. While
co-design and participatory design are widely used, there is no
clear guidance on how to integrate the specific principles of
HCAI within these processes. Future studies should aim to
develop frameworks that not only focus on technical aspects,
but also address ethical, social, and contextual considerations.

Trustworthiness, explainability, and reliability remain the most
critical issues for the adoption of AI-driven systems, particularly
in health care. The ability to provide clear and complete
explanations of AI-generated results is crucial to promote user
trust. Future research should analyze practitioners’ perceptions
of explainability, exploring what factors enhance or hinder trust
in AI systems.

Furthermore, these emerging tools represent an opportunity to
improve the participatory design process by capturing both user
needs and expectations. Research is needed to understand how
these tools can complement traditional HCD methods and
contribute to a more user-centered AI development.

Conclusions
HCAI emphasizes designing AI systems that prioritize human
needs, satisfaction, and trustworthiness, but current principles
and guidelines are often vague and difficult to implement. The
review highlights the importance of involving users early in the
development process to enhance trust, especially in fields like
health care, but notes that there is a lack of standardized HCAI
methodologies and limited practical applications adhering to
these principles.

From our perspective, the future of HCAI will depend on its
ability to establish itself as a structured and distinct research
field. To achieve this, the development of standardized
methodologies and principles tailored specifically to HCAI is
essential. Rather than relying solely on existing human-centered
approaches, the field should work toward codifying new design
principles that account for the unique challenges posed by AI
systems.

We anticipate that interdisciplinary collaboration will play a
crucial role in advancing HCAI. Insights from psychology,
cognitive science, and human factors engineering should be
incorporated to refine HCAI methodologies, ensuring that AI
systems align with human values and cognitive capabilities.
Furthermore, integrating AI-based tools for user need assessment
could significantly enhance the participatory design process,
providing more precise and scalable insights into user
expectations.

While AI in health care holds significant potential, there are
critical gaps that require further investigation. Our review
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highlights the need for a deeper understanding of how biases
in training datasets could impact equitable health care outcomes,
and how improving transparency in AI decision-making is
crucial for building trust. Privacy and data security concerns
also need ongoing attention, particularly as AI systems
increasingly handle sensitive patient information.

To bridge these gaps, future research should prioritize the
integration of AI into clinical workflows, addressing potential

challenges to adoption and ensuring that AI solutions are
practical, ethical, and aligned with the needs of both health care
providers and patients. Moving forward, interdisciplinary
approaches that combine technical advancements with
human-centered design will be essential for creating AI systems
that are not only efficient but also ethically sound and
trustworthy
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Abstract

Background: The growth of aging populations globally has increased the demand for new models of care. At-home, computerized
health care monitoring is a growing paradigm, which explores the possibility of reducing workloads, lowering the demand for
resource-intensive secondary care, and providing more precise and personalized care. Despite the potential societal benefit of
autonomous monitoring systems when implemented properly, uptake in health care institutions is slow, and a great volume of
research across disciplines encounters similar common barriers to real-world implementation.

Objective: The goal of this systematic review was to construct an evaluation framework that can assess research in terms of
how well it addresses already identified barriers to application and then use that framework to analyze the literature across
disciplines and identify trends between multidisciplinarity and the likelihood of research being developed robustly.

Methods: This paper introduces a scoring framework for evaluating how well individual pieces of research address key
development considerations using 10 identified common barriers to uptake found during meta-review from different disciplines
across the domain of health care monitoring. A scoping review is then conducted using this framework to identify the impact that
multidisciplinarity involvement has on the effective development of new monitoring technologies. Specifically, we use this
framework to measure the relationship between the use of multidisciplinarity in research and the likelihood that a piece of research
will be developed in a way that gives it genuine practical application.

Results: We show that viewpoints of multidisciplinarity; namely across computer science and medicine alongside public and
patient involvement (PPI) have a significant positive impact in addressing commonly encountered barriers to application research
and development according to the evaluation criteria. Using our evaluation metric, multidisciplinary teams score on average
54.3% compared with 35% for teams made up of medical experts and social scientists, and 2.68 for technical-based teams,
encompassing computer science and engineering. Also identified is the significant effect that involving either caregivers or end
users in the research in a co-design or PPI-based capacity has on the evaluation score (29.3% without any input and between
48.3% and 36.7% for end user or caregiver input respectively, on average).

Conclusions: This review recommends that, to limit the volume of novel research arbitrarily re-encountering the same issues
in the limitations of their work and hence improve the efficiency and effectiveness of research, multidisciplinarity should be
promoted as a priority to accelerate the rate of advancement in this field and encourage the development of more technology in
this domain that can be of tangible societal benefit.

(JMIR Hum Factors 2025;12:e59458)   doi:10.2196/59458

KEYWORDS

multi-disciplinarity; gait assessment; machine learning; at-home health monitoring; older adults; elderly; artificial intelligence;
AI; gait; development; health monitoring; monitoring; systematic review; monitoring system; barriers; caregiver; efficiency;
effectiveness

Introduction

Background
With the general increase in global life expectancy and the
ever-increasing ratio of retirement-age to working-age people,
research in the scope of health and social care for older people

is greatly increasing. As people live longer and the aging
population grows, governments and international organizations
are recognizing the need for a paradigm shift in the way we care
for our older populations [1]. Current methods of care typically
include a social care system to look after the most vulnerable
and frail older adults, but as the size of this population increases
at a faster rate than the working population, these institutional
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models of care at the country level become progressively less
practical and more costly. In response to this growing crisis,
one solution researchers have sought to apply is the use of novel
health monitoring technologies to tackle the problem of labor
shortages in health care systems and to improve productivity
and efficiency in care [2-11]. This can be in direct terms, for
example monitoring systems that assist care professionals
carrying out their duties within care settings [12] and also
indirectly with at-home monitoring devices designed to reduce
the occurrence of injuries by, for example, assessing gait [13,14]
and predicting fall events [3,15], with the goal of reducing the
potential burden on secondary care and ultimately reducing the
burden on the care-home sector and keeping people at home,
healthy, and independent for longer [9,16,17].

Research Hypothesis and Goals
The goals of this work can be summarized by the following 2
research questions:

1. Can we construct an evaluation framework for at-home
health monitoring research and justify that a positive score
in said framework broadly correlates with a higher
likelihood of the research being effective in real-world use?

2. Can we identify the trends if they exist, between the method
of research (single-discipline, multidiscipline, and the use
of PPI or co-design) and the increase or decrease in
effectiveness of said research?

In the context of this paper, “effective research” can be defined
as research that is more efficient by being less prone to making
oversights already identified in the existing literature across
disciplines. We assert that research that addresses the already
existing issues in the literature (and thereby scoring highly on
our proposed metric) leads to more effective research and
ultimately leads to products and platforms more likely to be
usable in real-life applications (refer to the Evaluation
Framework Justification in the Methods section for evidence
of this).

To answer the research questions, this work is split into 2 phases,
a scoping phase and evaluation phase. In the scoping phase, an
overview is provided of the various systematic reviews across
disciplines in the field of at-home health care monitoring for
older adults. In doing this, we synthesize an evaluation
framework based on the consensus and concatenation of these
studies to measure the degree to which individual pieces of
research encounter similar common problems. By defining this
framework, observations can be made about the degree to which
these problems are acknowledged by different types of research
teams operating with or without multidisciplinarity, which types
of issues are likely to be identified by which types of research,
and how stakeholder involvement can improve the likelihood
of developing an effective product. To justify this evaluation
criteria and to address the first research question, examples of
existing technologies in commercial use are positively evaluated
by this approach to assert the positive relationship between a
high evaluation score and the generation of more effective
research, considerate to existing identified issues with real-world
use (refer to the Methods section). To our knowledge, there is
currently no evaluation methodology designed to measure

research application effectiveness, based on multidisciplinary
metrics.

In the evaluation phase. a review of individual works in the
application of computerized at-home health-monitoring systems
is then presented, with these works evaluated against the metric
developed in the scoping phase, and with the results analyzed
to address the second research question (refer to the Results
section). For this evaluation phase, a total of 350 papers were
found from the IEEE Explore, PubMed, and ArXiv databases,
of which 60 papers were ultimately used, with the inclusion
constraints being that the papers had to be individual pieces of
original research relating either to the development of
technology associated with the various applications of at-home
older adult health monitoring or a review into the effectiveness
of existing at-home health monitoring applications. This is
including, but not limited to, development and deployment of
disease diagnosis and progression analysis, fall detection and
prevention, lifestyle monitoring, vital-sign monitoring, and
smart-home systems. Candidate papers must present methods
that have the prospect of or are already actively being tested in
an at-home environment in whole or in part.

For this evaluation phase, a total of 350 papers were found from
the IEEE Explore, PubMed, and ArXiv databases, of which 60
papers were ultimately used, with the inclusion constraints being
that the papers had to be individual pieces of original research
relating either to the development of technology associated with
the various applications of at-home older adult health monitoring
or a review into the effectiveness of existing at-home health
monitoring applications. This is including but not limited to the
development and deployment of disease diagnosis and
progression analysis, fall detection and prevention, lifestyle
monitoring, vital-sign monitoring, and smart-home systems.
Candidate papers must present methods that have the prospect
of or are already actively being tested in an at-home environment
in whole or in part.

The Methods section contains the scoping phase and provides
an overview of the literature in health monitoring technologies,
constructing from them a concise evaluation framework in the
form of a 10-point checklist criteria for research application
effectiveness, based on consensus drawn from these works. The
Results section presents the evaluation phase, reviewing
individual pieces of research across disciplines using this
evaluation framework. The interaction between
multidisciplinarity and stakeholder involvement through PPI
and co-design and the effectiveness of research are also analyzed
here. Finally, the Discussion section summarizes the findings
of this research and makes recommendations for how future
health monitoring research should be conducted in order to
improve the effectiveness of research in this field.

Research Contributions
The contributions of this paper can be summarized as follows:
:

1. A review of the recent literature of at-home health care
monitoring. This is achieved by providing a 2-stage review
of the literature, with the first (scoping phase) being a
meta-review of reviews in the relevant literature, and the
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second (evaluation phase) being a review of individual
works across multiple disciplines in the area of at-home
health monitoring.

2. The introduction of a comprehensive evaluation framework
for assessing the likely real-world effectiveness of health
monitoring application research, based on 10 key issues
consistently identified from analysis of 15 literature reviews
in the field across disciplines.

3. The identification and demonstration of various links
between the manner of research and the effectiveness of
research. We find that multidisciplinarity has a consistently
positive effect in this respect, reflected by higher scores on
the evaluation framework. We also find a convincing
increase in scores when PPI and co-design methods are
used.

The goal of this research is to concretely illustrate the necessity
of multidisciplinarity for the success of at-home medical
technology development and deployment and provide a
framework for future research to reference when assessing the
usefulness of their own applications.

Methods

Scoping Phase: Overview of at-Home
Health-Monitoring in Older Adults
To identify the most common barriers to uptake in this field,
an overview of 12 systematic and other review papers from
2014 onwards was conducted to identify and collate the common
issues within some of the common subdisciplines of at-home
health care monitoring: encompassing any autonomous
monitoring methods used in a domestic context such as
camera-based applications, wearable sensors, remote sensors,
and ensemble smart-home systems. Table 1 provides a concise
summary of the main reviews investigated, and the presence of
each of the commonly identified barriers among them. Broken
down in Table 1 are the makeup of the teams involved in the
research, multidisciplinary, technical, or application-based. In
the context of this work, “Technical” concerns research
conducted by engineering or computer science teams, with
“Application” making up all other types of research team, but
predominantly teams in the fields of medicine and social science.
In total, 10 core barriers are identified across these reviews and
synthesized to be inclusive of all the barriers identified in all
the systematic reviews evaluated in this section. An exact
breakdown of the presence or absence of the 10 points in each
review is available in the supplementary materials (refer Table
S1 in Multimedia Appendix 1).
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Table . Overview of systematic reviews and their evaluation score according to the evaluation metric.

Score (%)Research teamDescriptionPaper title and reference

50MultidisciplinaryOverview of opinions of older adults
regarding concerns with ambient
assisted living technologies.

Are Active and Assisted Living ap-
plications addressing the main accep-
tance concerns of their beneficia-
ries? [18]

30MultidisciplinaryReview of older adults in focus
groups for a variety of smart home
applications.

A critical review of smart residential
environments for older adults with
a focus on pleasurable experience
[5]

70ApplicationInvestigation of the abilities of vari-
ous smart-home technologies,
alongside feasibility and technical
limitations.

Smart homes and home health
monitoring technologies for older
adults:

A systematic review [6]

50ApplicationReview of smart home environ-
ments, specifically on existing study
design limitations alongside techni-
cal limitations.

Health Monitoring Using Smart
Home Technologies: Scoping Re-
view [8]

60ApplicationSeries of 5 focus groups of older
adults attempting to build consensus
on the concerns of smart home im-
plementations.

Older persons have ambivalent
feelings about the use of monitoring
technologies [2]

40ApplicationSystematic review of focus group-
based studies to build consensus on
the main factors hindering at home
uptake.

Older adults’ perceptions of tech-
nologies aimed at falls prevention
[3]

40TechnicalOverview of 4 main sensor-based
monitoring technologies including
relative benefits and drawbacks.

Unobtrusive sensing and wearable
devices for health informatics [11]

40TechnicalOverview of specifically wearable
health monitoring technologies,
mostly centered on technical bene-
fits and limitations regarding data.

Wearable sensors for remote health
monitoring [7]

20TechnicalOverview of smart home. Applica-
tions with a focus on perceived
“unobtrusive” applications.

Unobtrusive health monitoring in
private spaces: The smart home [10]

0TechnicalOverview of gait assessment moni-
toring for age-related disease detec-
tion using a variety of classical and

MLa-powered monitoring technolo-
gy.

Detection and assessment of
Parkinson’s disease based on gait
analysis:

A survey [14]

20TechnicalOverview of classical and deep
learning-based AI applications in
primarily at-home patient monitor-
ing.

Remote patient monitoring using

AIb [9]

70MultidisciplinaryOverview of smart home. Applica-
tions with a focus on discovering
the key factors behind the success
or failure of med-tech applications.

Factors Determining the Success
and Failure of eHealth Interventions
[16]

aML: machine learning.
bAI: artificial intelligence.

“Research Team” denotes whether the teams conducting the
research were technical or medical-based. See further in this
section for a breakdown of the 10 common identified points
and refer to the supplementary material for a specific breakdown
of which barriers are present in each. The score value was
computed by aggregating which of the 10 features were
addressed in each review. Beyond these key reviews from which

the evaluation framework was constructed, there are numerous
other reviews and surveys whose findings are inclusive of the
framework outlined at the end of this section (refer to Table S2
in Multimedia Appendix 1 for a full breakdown of the 13
reviews). Only the core 12 are included here for brevity, with
these 12 being selected as they encompass all of the core
at-home health care methodologies, include examples of all 10
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key points that make up the framework, and represent a roughly
equal variety of research teams, namely multidisciplinary teams

(n=3), computer science (n=3) engineering (n=2), medical (n=2),
and social science (n=2).

Table . Scoring of 2 current at-home monitoring projects being developed with the intention of widespread use. The factors are numbered corresponding
to the attribute list given in the attribute list above. Y or N indicates "yes" or "no" as to the presence of the factors.

Factors (Y or N)Descrip-
tion

Project

Name

10987654321

YNcYYYYYYYYbSmart-
home sys-
tem for
behavior
monitor-
ing, under
develop-
ment for
several
years and
the feature
of multi-
ple re-
search
studies.

SPHEREa

[19-21]

YNNYYYNYYYInternet of
things-
based
Smart-
home de-
velopment
project
currently
in com-
mercial
develop-
ment.

HAL-

LEYd

[22]

a SPHERE is a multi-year smart-home development project based in England which has been involved both in commercial smart-home production as
well as research.
b Y: yes.
c N: no.
d HALLEYASSIST is a company based in Australia involved in developing multiple healthcare monitoring devices for a smart home context.

The study by Ghorayeb et al [23] presents a number of insights
in their review of the literature regarding older adults using
smart-homes, such as identifying solutions to the problems in
most research applications. For example, they assert that gradual
introduction of smart-home technology combined with the
ability to “pause” it at will to provide “emotional release” is
highly desired in end users for a more pleasant experience. They
also find that more tech-literate people tend to have less
concerns with the technology due to an improved understanding
of the data being collected and the privacy risks involved, if
any. One other concern identified was transmission of data and
the insecurities associated with this, leaning to a user-preference
that data should be handled manually instead of through remote
connection. These findings are all further reinforced by the
findings in [24], which similarly conduct interview sessions
with 20 older adults regarding which aspects of
health-monitoring systems concern them. These findings inform
points 4 and 5 in the evaluation metric, defined in Methods
section.

Regarding data access, the study by Robinson et al [25] finds
that older adults could in some cases want control of data access
to withhold the data from certain parties, namely their family
and friends, for fear of burdening them as well as the parallel
desire some express that they do not want to be micromanaged
by their loved ones or health care providers, informing points
6 and 8 of the framework. Cost was also an identified challenge
(informing point 3), for example focus group attendees in [2]
were concerned by the cost of long-term use of monitoring
devices, with the implication being that they would have to buy
them outright.

The study by Hawley-Hague et al [3] discovers that when
surveyed, there is a broad perception that older people view
new advancements in smart-home related technology as good
but “unnecessary for them,” as they don’t perceive themselves
as being “unhealthy enough” to merit using what they see as a
drastic action toward greater care. Mann et al [26] found in their
study of 661 older people that a slim majority (56.3%) perceived
smart-home technology as not being of use to them specifically.
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Ghorayeb et al [23] identify a series of factors through their
investigation with older participants which are crucial to account
for when considering the integration of new technology into
real life. These factors range from societal stigma to technical
reliability, covering points 1, 2, 3, and 6 in the evaluation
framework. Research in studies by Boström et al and by Boström
et al [2] and Liu et al [6] also point to the issues surrounding
the implication of autonomous monitoring being a decline in
human contact, addressed by point 7. In the systematic review
conducted by Ghorayeb et al [23], observations were made
regarding the progression of smart-home technologies.
Regarding patient acceptability, they note that less than half of
the papers reviewed take into consideration the acceptability of
their technology where privacy is concerned: with the focus of
the paper instead being explicitly about the functions of the
novel technology. Some steps taken toward improving privacy
in certain papers included encrypting collected data [27] and
locking data access behind authorization [28].

Regarding health care professionals, their main concerns with
smart-home technology and health care monitoring concern the
feasibility of use. Unlike patient acceptability, acceptability by
health care professionals is underresearched, where many papers

will either focus on the technology being developed and not
address it in application or they will focus only on the opinions
of the end users and how they will use and accept the technology
[29]. This finding is echoed in the lack of surveys found in the
scoping review in the Results section, where the focus is on
health care professionals rather than patients. Of the 60 papers
in the scoping review, only 7 made any explicit use of external
medical caregivers in their research development.

Evaluation Framework Criteria
Across the review papers both in Table 1 and the other reviews
referenced in this section, the following list of 10 factors were
collated to encompass all the common considerations identified
when designing and implementing novel monitoring technology
for use with older adults in a domestic environment. They are
segmented by category of concern (technical, application, or
multidisciplinary), where the technical are purely engineering
or computer-science implementation concerns and application
are concerns involving human interaction with the technology
and any adjacent concerns important to medical and social
science-based disciplines. The framework is as follows (Textbox
1).

Textbox 1. The evaluation framework

• Usability-technical: concerning the use of the technology and how feasible it is to be used by caregivers, health care professionals, and end users.

• Accessibility-technical: this concerns the ease of use by laypeople of the computer technology and the barriers for entry in terms of effectively
using the technology.

• Reliability-technical: covers issues relating to the long-term viability of the application, for example, is it expensive, does it require upkeep,
charging or maintenance.

• Control-multidisciplinary: concerns the level of access both patients and health care staff should have to the application and the data it records.

• Privacy-multidisciplinary: constitutes issues relating to the intrusiveness of the data being collected, and the manner in which it is collected.

• Stigma-application: anything relating to the societal pressures and negative connotations people may feel by using monitoring technologies for
the purposes of personal health.

• Lack of human response-application: concerns the issue of the perception that increased autonomous monitoring would result in a decrease in
person-to-person interaction as a result.

• Burden to others-application: regarding the perception of older adults that additional at-home monitoring is representative of applying additional
pressure on their caregivers.

• Lack of perceived need-application: concerns a commonly identified phenomenon in the literature that people have a tendency to think a technology
is useful but unnecessary for them personally.

• Affordability-application: this concerns the cost both on a personal and institutional level to implement solution applications in real life.

Evaluation Framework Justification
To demonstrate the descriptive power this evaluation system
has to the likelihood of success in application, Table 2 provides
an overview of papers concerning 2 technologies being
developed for commercial use (Sphere [21] and HalleyAssist
[22]), and the degree to which the prior research and
development of these systems adhere to the criteria in the
evaluation metric, with scores being calculated based on all
existing literature regarding each technology, as opposed to
individual articles. Both have demonstrated a commitment to
addressing barriers relating to both technical and human
elements, addressing 90% and 70% of the evaluation metrics
respectively (the average score across the scoping review in the
Results section is 36.2% for comparison). They also both were

developed by a multidisciplinary research team from computer
science and signal processing to nursing, geriatric medicine and
social care, with both systems now being in varying stages of
commercialization. The relationship between the absence of
certain metrics such as multidisciplinarity and the lack of
consideration for common barriers to uptake is further concretely
illustrated during the analysis at the beginning of the Results
section. While these are only 2 data points and cannot be said
to constitute a trend on their own, it can be asserted that they
provide a strong positive indication that successful applications
are likely to score highly on the introduced metric.
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Results

Evaluation Phase: Scoping Review and Parameters
Figure 1 illustrates the selection process for papers considered
for the scoping review. From the 3 databases, the following
search term was used:

((healthcare monitoring) AND (older adult)) AND ((home) OR

(at-home) OR (domestic)) AND ((obtrusive) OR (unobtrusive)
OR (intrusive)) AND ((machine learning) OR (AI) OR (artificial
intelligence))

with the exception of the ArXiv database, where the

((obtrusive) OR (unobtrusive) OR (intrusive))

section was omitted for a larger range of initial texts. Language
was restricted to English and the date was restricted to 2014 or
later, with the search commencing on January 7-24, 2024.
Excluded were papers that did not in whole or in part reference
older adult monitoring as the purpose of their application or
review, and papers where the application was specifically
designed for care homes or hospitals. The initial search yielded
a total of 352 papers. Paper title and abstract analysis excluded
236 papers, which resulted in 116 remaining, with the final
count being 60 papers after a full-paper review resulting in 56
more deletions (Figure 1).

The following section is broken down by technical and
application-based research, following the definitions for both
established in the beginning of the Methods section. Papers
defined as multidisciplinary are those in which the research
team consist of at least 1 person from each category.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram: screening process illustration for the scoping
review portion of this research.

Technical Research
The majority of research in this space relies either on traditional
or neural network–based machine learning methods to make

their systems effective and largely automatic. Researchers in
[30] construct a machine learning model that can differentiate
between regular, prefrail, and frail gait within a population of
50 older adults at an accuracy of 88.5% based on gait data
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collected from wearable accelerometer signals. They rely mostly
on “traditional” methods of machine learning: that is, machine
learning methods that don’t use deep neural networks.

With vision-based applications, on the other hand, deep neural
networks, especially convolutional networks designed
specifically for processing image data, are frequently used.
Researchers in the study by Lin et al [31] use a novel 3D
convolutional neural network (CNN) to process gait silhouette
images from the CASIA-B dataset [32] to achieve a
person-identification accuracy of 97.6%. While the question of
person identification through gait can be fairly trivially solved
with modern CNN frameworks, the question of gait analysis,
or assessing health requires a more nuanced approach and is
still an active research area.

Researchers in [33] use a Spatiotemporal Graph Convolutional
Network (ST-GCN) [34] framework to assess Parkinson disease
severity as classified under the Unified Parkinson’s Disease
Rating Scale [35]. The ST-GCN is an extension of the standard
CNN model that works specifically on skeletal graph data as
opposed to raw images, and works by processing input data
with sequential attention to both the spatial and temporal
dimensions of the input. As gait assessment is a far more
complicated problem than simple person-identification or even
traditional action recognition, they achieved 53% F1-score using
a dataset of 53 individuals with Parkinson disease.

Recently, in the study by Yin et al [36], the Spatio-temporal
joint adjacency GCN (STJA-GCN) was developed that uses 3
input streams for joints, bones and velocities, a novel joint
attention module to emphasize spatial data and a simplified
skeletal graph input architecture to achieve state-of-the-art
results (93.17% and 92.08%) on the domain of recognizing and
classifying different types of abnormal gaits compared to other
ST-GCN–based methodologies. This was tested on a pair of
synthetic gait datasets introduced by the researchers, totalling

22 participants and 8600 instances of gait data collected from
a total of 7 sensors across the 2 datasets.

Demonstrably, machine learning methods are extremely capable
in multiple health care monitoring applications, necessitating
the inclusion of highly technical fields in this type of research.
The issue with the papers in this field, however, is that they
score poorly on the proposed evaluation framework due to an
overt focus on technical innovation at the expense of
applicational concerns as well as scoring consistently lower
than papers in the applicational and multidisciplinary categories
on all but explicitly technical metrics (Figure 2). This analysis
indicates a narrow focus almost purely on the effectiveness of
the technology at the expense of an omission of application
considerations, such as cost or perceived need by end users and
medical stakeholders (refer to Figure 3 for a per-category
breakdown). End users in this context refers both to patients
and health care professionals who would be involved with the
use of the technology (such as general practitioners, nurses,
physiotherapists, occupational therapy and care workers).
Stakeholders, on the other hand, refers to family members,
friends or dependents of the patient using the technology. To
take a more concrete example of this narrowed focus, research
by Brunzini et al [13] is explicitly geared toward the
development of a decision-support algorithm for health care
professionals, complete with bespoke visual aids. However,
there is no evidence of consideration of the requirements of
health care professionals who would prospectively use such a
system (in this case namely GPs, geriatricians, and nurses) being
used in the design of the system itself. Similar issues were found
in several studies where technical teams sought to develop
assistive tools for caregivers or patients without direct
involvement of prospective caregivers or end users, ranging
from tools designed for doctors and nurses to carers,
physiotherapists, and occupational therapists [37-41].

Figure 2. Illustration of evaluation performance per-evaluation category. Shown here is the impact that the use of multidisciplinarity has on the likelihood
of each of the 10 metrics being taken into consideration.
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Figure 3. Breakdown of the average presence of each evaluation attribute by research team type.

Application and Multidisciplinary Research
Of the surveyed technical papers (n=29), they scored an average
6.8% on the application-centered metrics in the proposed
evaluation framework (Figure 2). In contrast, the application
papers (n=14) mainly authored by health care researchers scored
21.4% on application-based metrics. While this indicates that
application focused papers typically address more concerns with
real-life deployment of research solutions, there is also a notable
trend that this focus on application comes at a slightly increased
tendency to neglect technical aspects of research (with both
technical and multidisciplinary papers outperforming
application-based papers on technical metrics). A clear trend
can be seen in multidisciplinary papers consistently
outperforming technical or application-based papers, even on
the metrics specific to their own discipline (Figure 3).

As indicated in the second research question in the Introduction,
we speculate that there exists a relationship between the
inclusion of different stakeholders in PPI and co-design with
the effectiveness of the resultant applications and research. As
indicated by Table 1, this type of inclusion is usually
implemented using focus groups. In this section, we highlight
the typically moderate-to-high scores where this stakeholder
input is prioritised, whilst also outlining other areas of
shortcomings that follow from lack of multidisciplinarity in
other, mainly technical domains.

In the study by Mireles et al [42], a total of 75 health care
professionals (mostly nurses, n=47) are interviewed as a means
of investigating the effectiveness of 3 different eHealth
technologies for at-home monitoring of older adults with chronic
conditions. Scoring 40%, this research focuses on the
implications of e-health solutions as they affect end users,
namely stakeholders, with less consideration for the technical
implications of their recommendations. Research in the study
by Bjornsdottir and Ceci [43] is similar, conducting qualitative
interviews with both health care professionals and also patients.
By including the patients and getting their insight, this research
scores higher (60%) but suffers on the same technical metrics,
highlighting the shortcomings in the systems they are evaluating
without explicit consideration of the technical implications of
their conclusions. In [44], 5 focus groups were conducted with

both older adults and caregivers; namely family and care staff,
to help synthesize a consensus on the design of future at-home
sensor-based systems, with a focus on acceptability, respect for
privacy and how to best provide control of care to the end users
themselves. Scoring 50%, the authors neglect aspects such as
system reliability at the expense of greater privacy, and other
application-driven barriers such as societal stigma and the threat
of greater isolation resulting in the deployment of remote
monitoring technology. Expanding on this focus-group centered
research [45], conduct a series of interviews with both formal
and informal caregivers to identify the key parameters which
need to be addressed to achieve effective at-home lifestyle
monitoring systems. Scoring 60%, their strengths come from
the inclusion of both medical and end user input, however they
similarly lack extensive consideration for how the parameters
being set by stakeholders would affect the performance of the
monitoring systems themselves. Itoh et al [46] investigated
issues of application from a medical perspective but score only
40%. Not only does their investigation consist only of testing
an existing technology without the intention of developing said
technology further, they also concern their research only with
application concerns as far as the caregivers and medical
stakeholders are concerned, with no involvement being afforded
to the end users and patients. As a result, issues around stigma
and even privacy are completely unaddressed.

As can be seen in Table 3, there is a clear lack of involvement
in research and application design from the medical community
and caregivers. Overall, 13.7% and 64.2% of single-discipline
papers involve end user participation versus a mere 14.2% and
0% exhibiting caregiver or medical participation in the
development of the research (for application and technical based
papers. respectively). While the likelihood of involving both
types of stakeholders (caregivers and end users) is more than
double when multidisciplinary teams are involved (14.2% vs
37.5%), this is not conclusive due to the relatively small number
of papers in each category when divided by the inclusion of
different stakeholder types (end user and caregiver). Likewise,
there is a definite trend across all research team types that exhibit
lower evaluation scores when neither caregivers nor end users
participate in the design or evaluation of research. However,
discerning the differing impact between the 2 stakeholder types
is difficult due to the small positive sample size (with only 2%
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separating end user only and caregiver only scores for both
research team types, refer to Table 4). The trend in the research,
especially in survey-style research seems to be to focus on end

users rather than caregivers or other medical stakeholders with
only 7 of 60 papers involving medical stakeholders and 22 of
60 involving end user input.

Table . The presence or absence of caregivers and end users in the co-design of research across the review, split by research team type.

Total (%)End users (%)Caregivers (%)Team type

37.556.2537.5Multidisciplinarya

14.264.238.4Applicationa

013.70Technicala

a Values are not mutually exclusive and some papers have both caregivers and end users involved. As a result, values may not necessarily add up to
100%.

Table . The average evaluation score by research team type when caregivers and end users are included or not in the research.

Caregiver and End users
(score %)

End users (score %)Caregivers (score %)Neither (score %)Team type

70687035.7Multidisciplinary

43424027.5Application

035024.8Technical

The strongest scores using the evaluation framework come from
those where interdisciplinary teams are used (average score of
5.43 versus 3.5 and 2.68 for application-based and technical
teams respectively), with a distinct trend shown in Table 4
indicating the presence of caregiver and end user involvement
in a co-design or PPI capacity leads to a stronger evaluation
score.

In general, as shown in Figure 3, different categories of research
team tend to neglect certain aspects identified in the evaluation
framework. Technical papers struggle with “Stigma” and
“Human Response,” and application-based papers, mostly led
by medical teams often omit factors such as “Accessibility“ and
“Burden to Others” from their consideration. Both tend to
struggle particularly with addressing societal stigma, possibly
due to the varying levels and types of stigma for at-home
monitoring from researcher’s home countries, or potentially
due to considerations for more general issues not directly related
to their specific research being deemed as outside of the scope
of their work.

A common theme across all of these works is the tendency to
make assumptions on the necessity of their application in the
eyes of end users (Figure 3), as the lack of perceived need is
seldom addressed regardless of the make-up of the research
team. Technical issues are generally well addressed such as
usability and reliability, however broader human issues such as
societal stigma and feelings of end users becoming a burden,
or the technology itself being a burden to use by caregivers are
likewise rarely addressed. Across the entire evaluation phase,
there is a consistent trend of greater representation of every
attribute when multidisciplinary teams are involved in the
research, with specifically technical teams being especially
susceptible to a lack of focus on application-based concerns.

Discussion

Principal Findings
The research presented here concludes that a root problem
underlying the issues affecting real-life uptake of research
applications is the lack of multidisciplinarity in the research.
We find that the developed evaluation metric is effective for
quantifying the likelihood an application will transition into
further development and effective deployment in real-world
use. We also identified a series of common themes across the
literature, namely the consistent underrepresentation of end
users and other stakeholders in research, a distinct lack of
multidisciplinarity in technical applications and the consistent
underappreciation of societal factors such as stigma and human
contact when developing at-home medical technologies.

Using a novel evaluation metric based on the 10 key barriers
to uptake identified in the literature, a concrete trend can be
observed that that multidisciplinarity between engineers,
computer scientists, medical experts, and social scientists,
alongside co-design or PPI-based inclusion of caregivers (such
as family, friends, or dependants) and end users (health care
professionals or patients) is highly beneficial to the effective
development of technology that has direct practical application
and tangible social benefit. The evaluation framework itself was
also justified by the demonstration of a trend of extremely high
evaluation scores on research projects that had reached the point
of successful practical application, namely HalleyAssist and
SPHERE. Using this evaluation metric, we find an increase of
between 19.3%‐27.5% for multidisciplinary teams versus
single discipline, and an increase of between 7.4%‐19% when
research includes the use of caregivers or end users in a PPI or
co-design capacity.
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Limitations and Future Work
The main limitation of this study is that the results can only
demonstrate the lack of multidisciplinarity is a root issue, not
necessarily the root issue. For example, many extenuating
factors not included in the research itself can explain why
effective technology was researched but not developed, such
as personal material conditions for the researchers, leading them
to be uninterested or unable to develop effective research further.
One other limitation is in the methodology of the framework
itself. Ways to improve the descriptive power and nuance of
the framework could be to introduce more criteria, break the
criteria down into further subdisciplines or introduce criteria
weighting so that criteria deemed more “vital” or less common
are weighted higher when calculating the score. Had more
resources been available, a broader review in both phases could
have been conducted, using a greater number of papers from a
greater number of databases, an especially important factor
given the number of different disciplines relevant to this type
of research.

In future, a larger study could be conducted on the literature to
further verify the effectiveness of the evaluation framework,
including the application of the framework to more smart-home
technologies in commercial development. The framework itself
could also benefit from being imbued with greater complexity
for example, additional factors or a bespoke weighting of them
to make certain factors more important to the success of a
technology in application, and thus scoring a higher score. To
our knowledge there is no comparable work in quantitatively
assessing the effects of multidisciplinarity on research in
at-home health monitoring, so in general, more research is
needed to saturate the domain and allow for trends to be more
concretely identified. As HalleyAssist and SPHERE are leading
examples in the area of in-home monitoring of ageing singles,
it would be good to follow up their development and experiences
in the future, to see how well the assessment undertaken here
was predictive of their successes.
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Abstract

Background: Rehabilitation aims to restore and optimize the functioning of impaired systems for people with disabilities. It is
an integral part of universal health coverage, and access to it is a human right.

Objective: We aimed to identify the key challenges to rehabilitation services in Sub-Saharan Africa from a user, health system,
and service provider perspective.

Methods: This scoping review was conducted in accordance with the 5-stage framework proposed by Arksey and O’Malley.
A comprehensive electronic search was run to identify published articles on rehabilitation services in Sub-Saharan Africa. Of the
131 articles retrieved, 83 articles were assessed for eligibility and 15 papers that met the inclusion criteria were considered.

Results: The results show that people with disabilities in Sub-Saharan Africa face multifactorial challenges to access rehabilitation
services. Poor access to rehabilitation services is associated with less attention given to rehabilitation by governments, which
leads to less funding, negative cultural and social beliefs, fewer rehabilitation centers, poorly equipped rehabilitation units, failure
of health systems, lack of training to rehabilitation practitioners, and logistical and financial constraints. This review also reveals
that digital rehabilitation reduces costs and improves access to services in hard-to-reach geographical areas. However, digital
rehabilitation faces challenges as well, including connectivity issues, inaccessibility to technology, a lack of technical knowledge,
a lack of privacy, and ethical concerns.

Conclusions: People with disabilities face multifactorial challenges to access rehabilitation services in Sub-Saharan Africa. It
is therefore critical to address these challenges to optimize patients’ health outcomes and offer better rehabilitation services.

(JMIR Hum Factors 2025;12:e58841)   doi:10.2196/58841
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Introduction

Rehabilitation refers to a set of therapeutic approaches that are
structured to address physical, developmental, emotional, and
mental challenges and improve patients’ health outcomes and
quality of life [1]. Rehabilitation is an integral part of universal
health coverage and contributes greatly to the achievement of
the United Nations’ Sustainable Development Goal 3, which
aims to ensure healthy lives and promote well-being for people
of all ages [2]. Access to rehabilitation for people with
disabilities is a human right, as stated in Article 26 of the United

Nations Convention on the Rights of Persons with Disabilities
[3]. Rehabilitation services can be either delivered through
traditional face-to-face methods or, using remote approaches,
facilitated by existing technologies [4,5]. Digital rehabilitation
has reduced costs and improved access to rehabilitation services
in hard-to-reach geographical areas [5].

Demographic changes that lead to chronic health conditions
and accidents have gradually contributed to the increased need
for rehabilitation services [6]. It is estimated that 2.4 billion
people have a health condition that may benefit from
rehabilitation services; however, these services are still
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inaccessible due to a shortage of rehabilitation practitioners [1].
A World Health Organization (WHO) report disclosed that the
ratio of skilled rehabilitation practitioners to patients is 10 to
1,000,000 in low- and middle-income countries. This leads to
a persistent scarcity of health-related human resources and
reduced access to rehabilitation services in low-resource regions
[7].

Sub-Saharan Africa (SSA) has a shortage of health-related
human resources, with the region accounting for only 3.5% of
the world’s health workers, despite it having a high disease
burden that includes several kinds of disabilities [1]. In this
low-resource region, there is a significant difference in the
availability of and access to rehabilitation services, and this
impedes individuals with disabilities from achieving their
desired health outcomes [8,9]. The WHO reported that in SSA,
50% of people do not get the rehabilitation services they need,
and a high proportion of people with disabilities with unmet
needs are in low- and middle-income countries [10].

Demand for rehabilitation services in SSA is well established
given the prevalence of unmet rehabilitation needs, the rising
cases of noncommunicable diseases, and the significant
incidence of road traffic accidents that result in disabilities.
Additionally, lack of access to rehabilitation services for people
with chronic conditions can lead to a need for assistance with
activities of daily living and long-term hospital stays [11]. It is
important to explore the rehabilitation challenges faced by users,
health systems, and service providers. This scoping review aims
to enhance our understanding of the complex demands imposed
by these factors in SSA and examine the challenges associated
with rehabilitation services from those 3 domains.

Methods

Study Design
This review follows the framework of conducting scoping
reviews as proposed by Arksey and O’Malley [12]. This
framework consists of 5 distinct stages: identifying the research
question; identifying relevant studies; selecting studies; charting
the data; and collating, summarizing, and reporting the results.

Identifying the Research Question
The research topic and its associated objectives helped to
determine the scope of the review, appropriate literature, search
strategy, and inclusion and exclusion criteria. To attain the main
aim of this review, the scope of rehabilitation services in SSA
was explored and key challenges that users, service providers,
and health systems face on the availability of and access to
rehabilitation services were identified.

Identifying Relevant Studies

Search Strategy

A comprehensive electronic search was conducted to retrieve
published data on the availability of and access to rehabilitation
services in SSA. Research studies published in reputable journals
and databases such as PubMed, National Center for
Biotechnology Information, Scopus, PLOS, BioMed Central,
Taylor and Francis, Science Direct, Frontiers, Springer Nature,

and Web of Science were chosen, as they yielded the most
topic-relevant articles. A search strategy using the keywords
“rehabilitation services,” “availability,” “access,” and
“Sub-Saharan Africa” was used. To increase the number of
accessed literatures, “Sub-Saharan Africa” was replaced by the
name of the country, and “rehabilitation services” was replaced
by specific types of rehabilitation services such as
physiotherapy, occupational therapy, speech and language
therapy, and prosthetics services. To maximize the literature
coverage and to provide additional evidence, reference lists of
primary studies and review articles were screened to identify
additional relevant literature.

Inclusion and Exclusion Criteria

Inclusion criteria were developed to ensure that all relevant
publications focusing on availability of and access to
rehabilitation services in SSA were included. Works written in
English and published in the above-mentioned reputable journals
and databases between 2018 and 2023 were considered. Articles
not written in English, published before 2018, and that did not
report on rehabilitation services in SSA countries were excluded.

Study Selection
One team member led the search and screened the titles and
abstracts of all retrieved papers based on the inclusion and
exclusion criteria. Articles retained for review were confirmed
by the research team after discussion. Duplicates were removed
and the articles that satisfied the inclusion criteria were selected
for full-text review.

Charting the Data
With the help of Microsoft Excel, data on availability of and
access to rehabilitation services were extracted from the full
texts. Challenges faced by users, service providers, and health
systems were recorded. Information such as the title of the paper,
names of authors, year of publication, study setting, study
design, objectives of the paper, inclusion criteria, and study
findings were extracted and recorded in the Excel table.
Reference lists of included papers were also screened to optimize
the search. The data extraction document is attached as a
supplementary file (Multimedia Appendix 1).

Results

Overview
The search yielded 131 research and review articles overall.
Forty-eight articles were duplicates and 71 articles did not satisfy
the inclusion criteria. The full texts of the remaining 12 articles
were screened, and 3 more articles were identified using the
reference lists, resulting in a total of 15 articles eligible for
analysis. Six of the 15 (40%) articles were original studies while
9 (60%) were scoping or systematic reviews covering other
aspects of rehabilitation. Figure 1 illustrates how the articles
were selected. All 15 considered articles indicated the existence
of rehabilitation challenges; of these, 6 papers discussed the
challenges faced by users, 5 discussed those faced by health
systems, 3 discussed those faced by service providers, and 1
review article reported challenges for all.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart illustrating the article selection process.

Challenges to Rehabilitation Services in SSA
A synthesis of the literature revealed 2 categories of challenges
to rehabilitation services from user, service provider, and health
system perspectives (Table 1).
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Table . Challenges to rehabilitation services reported in studies involving users, providers, and health systems.

Category

AvailabilityAccessibility

Overall challenges:Users • Do not know where to find the services
• Unsuitable environment and buildings for

people with disabilities
• Long distance between users’ homes and

health facilities
• Inaccessibility to technology • Lack of reliable transport and logistical af-

fordability• Stigma, negative attitudes, and discrimina-
tion from therapists and other hospital staff • Distant health units

• Long queues and waiting time
• Financial constraints to purchasing

medicines
• Mindset that nothing can be done to help

them
• Lack of psychological support
• Nonsupportive family members
• Lack of trust in service providers
• Pain during the rehabilitation process
• Religious beliefs and socially accepted

norms and traditions that claim that disabil-
ity results from witchcraft or divine origins

• Language barriers

Digital rehabilitation–specific challenges:
• Lack of secure platforms and privacy
• Lack of technical knowledge or digital liter-

acy
• Connectivity issues
• Inconsistency in power supply

Overall challenges:Service providers • Lack of communication skills
• Insufficient time for consultation • Lack of professional training and necessary

skills• Inadequate follow-up
• Lack of maintenance for the assistive tools• Inappropriate treatment procedures
• Failure to schedule online appointments• Lack of patience

• Ethical challenges

Digital rehabilitation–specific challenges:
• Lack of technical knowledge or digital liter-

acy
• Connectivity issues

Overall challenges:Health systems • Irregular referral to well-equipped health
facilities• Consideration of rehabilitation as a less

important health care strategy that is not
well integrated into services

• Lack of medicines and services
• Shortage of health-related human resources

• Fragmented health services • Low attention from governments and under-
funding• Lack of community awareness on rehabili-

tation services • Limited rehabilitation centers and poorly
equipped rehabilitation units• Failure of the health system

Digital rehabilitation–specific challenges:
• Financial constraints

Discussion

Principal Findings
This review revealed that people with disabilities in SSA have
limited access to rehabilitation services. The limited access can
be explained partly by user, service provider, and health system
factors [8,13]. Studies included in this review [5,14] found that
rehabilitation was given less priority by governments and not
recognized as a crucial health care service. Consequently, the
sector faced underfunding; experienced a deficiency in
health-related human resources, particularly in therapists;

encountered a scarcity of rehabilitation centers; and witnessed
inadequately equipped rehabilitation units within health
facilities. This contributed to the compromised access to
high-quality rehabilitation services [5,14,15].

Another study reported that limited access to rehabilitation
services in SSA is attributed to the financial inability to afford
treatment, lack of insurance covering service expenses, long
waiting times at the health facilities, and lack of drugs at health
facilities [10]. Other studies have also found that some patients
lack psychological support, are unaware of where to find
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services, believe that nothing could be done to help them, and
are not involved in making decisions on their health [8,16].

This review identified stigma as an impediment to accessing
rehabilitation services. A study conducted in Rwanda [17] found
that stigma around disability, coupled with negative attitudes
and discrimination from therapists and other hospital staff,
negatively impacted the uptake of rehabilitation services.
Likewise, the role of family in accessing rehabilitation services
is well documented. Patients with family members who do not
perceive the need for rehabilitation services and who do not
trust service providers may be demotivated to seek rehabilitation
services [13,17,18]. Additionally, compromised access to health
information, irregularities in referral to health facilities that are
well equipped, inadequate policies and standards that govern
the services, lack of adequate follow-up, insufficient time for
consultations, and pain during the rehabilitation process are all
hindrances to accessing rehabilitation services [9,15].

This review found that people with disabilities in SSA lack
reliable, affordable, and accessible transportation means to reach
health facilities. Furthermore, long distances to services and
health units, unsuitable environments, and a lack of
wheelchair-accessible buildings prevent users from accessing
rehabilitation services. A review conducted in Brazil
documented patients’ determinants (residential location,
economic resources, and social characteristics) and
characteristics of services (cost, location, and status of the
available facilities) as factors that limit access to rehabilitation
services [8].

The results published by Bright et al [18] revealed that
compromised health systems, lack of professional training and
necessary skills for therapists, inappropriate treatment
procedures, and lack of maintenance for the assistive tools
reduce access to high-quality rehabilitation services. Health
care providers who have not received enough training may lack
the skills required to provide successful rehabilitation services.
This lack of competence implies that misdiagnoses or outdated
and inappropriate techniques could be used, causing harm to
patients.

The study conducted by Jones et al [5] on telerehabilitation
reported how digital rehabilitation services have addressed some
logistical challenges; however, they come with additional
challenges, including the absence of secure platforms and
privacy, inaccessibility to technology, and lack of technical
knowledge for both users and therapists [8]. Other challenges
identified include a failure to schedule online appointments,
connectivity issues, ethical challenges, and failure of the health
systems. Patients and health care providers may struggle to use

digital tools for rehabilitation, limiting the effectiveness of
remote health services. Additionally, the inability to schedule
and failure to maintain digital appointments may result in missed
sessions, decreased patient participation, and care delays. Health
systems face the challenge of poor policies that lead to a lack
of financial capacity to afford digital technologies in health
service delivery [19]. Digital technologies such as online
medical records, wearable devices, and telemedicine can
improve patient care and accessibility to health services,
particularly in hard-to-reach areas. When financial limitations
prevent the use of these technologies, patients may not receive
the necessary high-quality care on time.

This review discerned that religious beliefs, cultural norms, and
traditions that attribute disabilities to witchcraft or divinity serve
as deterrents for individuals with disabilities seeking
rehabilitation services at health facilities. A study conducted in
Rwanda found that people with mental disorders believe that
traditional and faith healers are more effective at treating mental
problems than hospital specialists [20]. Such cultural beliefs
dissuade people with disabilities from rehabilitation services,
casting doubt on their quality and efficacy. Uncertainties
regarding the precise origins of their conditions, which are often
intertwined with mystical beliefs, add to this dissuasion [21].

Considering the rehabilitation challenges identified in this
review, there is a need to bridge the gaps of infrastructure and
social and cultural awareness regarding disability and
rehabilitation services. This should be done by decentralizing
services, providing continuous professional training to therapists,
and promoting regular community awareness about
rehabilitation services to inform service seekers and break the
stigma around it. While this review has enumerated the
challenges to rehabilitation services in SSA, it is worth noting
that a majority of articles retained for consideration were scoping
and systematic reviews that examined other aspects of
rehabilitation. User and health system challenges were mostly
highlighted in comparison to service provider challenges, which
were limited in content.

Conclusion
This review reveals that rehabilitation services in SSA face
multifactorial challenges that negatively impact timely access
and quality of rehabilitation services for people with disabilities.
As a consequence, those who require rehabilitation services
experience longer periods of decreased mobility and functioning,
inferior quality of life, and lower socioeconomic well-being.
Future studies should examine the application of digital
technologies to improve rehabilitation services’ accessibility,
especially in remote settings.
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Data extraction table.
[DOCX File, 19 KB - humanfactors_v12i1e58841_app1.docx ]
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Abstract

Background: Health professionals face significant psychological burdens including burnout, anxiety, and depression. These
can negatively impact their well-being and patient care. Traditional psychological health interventions often encounter limitations
such as a lack of accessibility and privacy. Artificial intelligence (AI) chatbots are being explored as potential solutions to these
challenges, offering available and immediate support. Therefore, it is necessary to systematically evaluate the characteristics and
effectiveness of AI chatbots designed specifically for health professionals.

Objective: This scoping review aims to evaluate the existing literature on the use of AI chatbots for psychological health support
among health professionals.

Methods: Following Arksey and O’Malley’s framework, a comprehensive literature search was conducted across eight databases,
covering studies published before 2024, including backward and forward citation tracking and manual searching from the included
studies. Studies were screened for relevance based on inclusion and exclusion criteria, among 2465 studies retrieved, 10 studies
met the criteria for review.

Results: Among the 10 studies, six chatbots were delivered via mobile platforms, and four via web-based platforms, all enabling
one-on-one interactions. Natural language processing algorithms were used in six studies and cognitive behavioral therapy
techniques were applied to psychological health in four studies. Usability was evaluated in six studies through participant feedback
and engagement metrics. Improvements in anxiety, depression, and burnout were observed in four studies, although one reported
an increase in depressive symptoms.

Conclusions: AI chatbots show potential tools to support the psychological health of health professionals by offering personalized
and accessible interventions. Nonetheless, further research is required to establish standardized protocols and validate the
effectiveness of these interventions. Future studies should focus on refining chatbot designs and assessing their impact on diverse
health professionals.

(JMIR Hum Factors 2025;12:e67682)   doi:10.2196/67682

KEYWORDS

artificial intelligence; AI chatbot; psychological health; health professionals; burnout; scoping review

Introduction

Health professionals are on the front line of patient care,
enduring enormous responsibilities and constant pressure. Their
work often occurs in an environment in which they must make
life-and-death decisions, making them particularly vulnerable
to psychological burnout [1]. According to recent studies, more
than 50% of health professionals worldwide experience
symptoms of burnout, such as fatigue, cynicism, and decreased
effectiveness, leading to low job satisfaction [2], high turnover
[3], and low-quality patient care [4]. This phenomenon not only
causes an individual crisis but also has broader implications for

health care systems [2,4]. Since the COVID-19 pandemic,
psychological health issues such as anxiety, depression, and
burnout among health professionals have become more prevalent
because of long working hours, high-stress working
environments, and exposure to traumatic events [5]. These issues
directly affect health professionals’ well-being and work
performance and can ultimately negatively impact the quality
of health care [6]. Therefore, supporting the psychological health
of health professionals and preventing burnout are urgent
challenges.

While traditional face-to-face counseling has been used to
prevent psychological illness among health professionals, this
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method presents various limitations including temporal and
spatial constraints, limited availability of mental health
professionals, accessibility barriers, and anonymity concerns
[7-9]. Health professionals face significant challenges in
accessing psychological care owing to demanding work
schedules and high work intensity [10]. Additionally, they may
feel psychologically burdened when seeking help in situations
in which anonymity is not guaranteed [8]. To address these
challenges, artificial intelligence (AI) chatbots have emerged
as a potential solution, offering a new way to deliver
psychological health interventions that can compensate for the
limitations of traditional methods [7,8]. AI chatbots have the
potential to be accessible anytime and anywhere while
maintaining user anonymity, which may provide an alternative
approach to psychological health support [7].

Recently, rapid advances in AI and natural language processing
(NLP) have opened new possibilities for psychological health
interventions, with AI chatbots gaining particular attention in
the field of psychological health. Studies have demonstrated
the potential of AI chatbots—AI-driven conversational
agents—in providing mental health support [11] while
emphasizing the importance of their safe and explainable
implementation [12]. AI chatbots analyze users’ conversation
histories and data to provide advice and support tailored to their
specific needs. This can help health professionals better manage
psychological health issues, such as burnout, and enable timely
interventions tailored to individual situations [13]. Previous
research has shown that AI chatbots can improve coping skills
through natural conversations with users [7], enhance the user
experience, facilitate effective intervention delivery [13,14],
and provide interventions tailored to specific needs [13,14].
This conversational approach enhances the effectiveness of
interventions by fostering positive user engagement, as people
are more likely to empathize with and respond to tools that feel
engaging and relatable [6,7,14].

Despite the potential of AI chatbots for enhancing psychological
health, there remains a lack of research on their effectiveness
for health professionals. Much of the existing research has
focused on using AI chatbots in patient care, whereas relatively
little research exists on the use of AI chatbots to support health
professionals. This research gap highlights the need to
systematically investigate the characteristics and effectiveness
of AI chatbots that target health professionals. Therefore, this

study aimed to fill this gap and analyze the characteristics and
effectiveness of AI chatbot interventions targeting health
professionals to contribute to future research and practice.

Methods

Study Design
We conducted a scoping review to identify the available
evidence regarding AI chatbot interventions for health
professionals’psychological health. A scoping review maps the
relevant literature in the field and is useful for identifying gaps
in knowledge [15]. This review was conducted in accordance
with the scoping review framework of Arksey and O’Malley.
The study adopted the following five steps: (1) identifying the
research question; (2) identifying relevant studies; (3) study
selection; (4) charting the data; and (5) collating, summarizing,
and reporting the results. The five stages provided a structured
approach to assist in understanding the current evidence by
examining the literature. There was no rating of quality
performed on the included studies, as scoping studies do not
require a quality evaluation [16]. Therefore, a scoping review
is suitable for providing a broader perspective on the current
research and mapping the relevant literature on AI chatbot
interventions for health professionals’ psychological health.

Identifying the Research Question and Relevant
Studies
The research question was, “What is the status of the current
body of knowledge regarding AI chatbots for the psychological
health of health professionals?” According to Arksey and
O’Malley, the search strategy involves identifying relevant
studies, including published and unpublished works, with an
emphasis on being as comprehensive as possible [15]. A
literature search was performed between May and August 2024
from the following eight databases: seven global search engines
in English (Cochrane Library, CINAHL, Embase, ProQuest
Dissertations & Theses Global, PsyclNFO, PubMed, and Web
of Science) and one Korean search engine in Korean (Research
Information Sharing Service). Various combinations of search
terms (Textbox 1) were used to either broaden or narrow the
search, depending on the results in a specific database. The
reference lists of the retrieved studies were searched manually.
Finally, gray literature, relevant letters, and editorials were
searched.

Textbox 1. Query box

medical team OR medical staff* OR healthcare worker* OR healthcare provider* OR health personnel* OR health professional* OR doctor* OR
surgeon* OR physician* OR nurse* OR midwife* OR Licensed Practical Nurse* OR licensed vocational nurse* OR physician assistant OR nurse
practitioner OR clinical nurse specialist* OR nurse clinician* OR registered nurse* OR resident* OR therapist* OR pharmacist* OR nurse assistant*
OR nurse aid* AND burnout OR burn-out* OR depress* OR depression OR stress* OR exhaust* OR depersonalization OR personal accomplishment
OR anxiety* AND chatbot* OR artificial intelligence OR conversational agent* OR dialogue system* OR machine learning OR natural language
process*

Study Selection

Overview
Studies published before May 2024 were selected for this
review. The studies retrieved from the literature search were

reviewed by three researchers using the following inclusion and
exclusion criteria.

Inclusion Criteria
(1) The purposes of the studies included the development or
implementation of AI chatbot interventions. (2) Participants of
the studies included licensed health professionals such as
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physicians or surgeons, dentists, medical doctors, registered
nurses, licensed practice or vocational nurses, pharmacists, and
allied health professionals such as respiratory and physical
therapists. Studies that included nonhealth professionals in
addition to health professionals as part of their participants were
included if the main purpose of the AI chatbot was to alleviate
the psychological distress of health professionals. (3) The
intention of the AI chatbots was to improve the psychological
health of health professionals, focusing on outcomes such as
stress, burnout, depression, and anxiety. (4) The studies were
written in English or Korean.

Exclusion Criteria
Studies in which we could not retrieve the full text were
excluded.

A total of 2465 studies were retrieved from the initial database
search (Figure 1). After removing duplicates, 1766 studies
remained. The titles and abstracts were reviewed, and 1750
studies were excluded, leaving 16 studies for a full-text review.
Six studies completely met the inclusion criteria after full-text
review. Then, by reviewing the reference lists and manually
searching, five additional studies were obtained, of which four
studies met the criteria for the scoping review. Finally, 10
studies were included in this scoping review.

Throughout the review process, two researchers (GB and JH)
took the lead in data extraction, and all researchers reviewed
the content. Any uncertainties and disagreements were resolved
through weekly meetings. The literature review software
Covidence (Veritas Health Innovation Ltd), a study-managing
tool for collaborating researchers [17], was used to manage the
retrieved studies and to screen for redundant studies.
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Figure 1. Flowchart. AI: artificial intelligence.

Charting the Data
The data are presented in tables, summarized, and synthesized
qualitatively according to the purpose and research questions
of the review.

Collating, Summarizing, and Reporting the Results
The final stage of a scoping review involves collating,
summarizing, and reporting the results [15]. Data extraction
was performed by two researchers (GB and JH) and checked
for accuracy by all the researchers. Uncertainties and
disagreements were resolved through discussions. The data were
extracted using a common data extraction format.

Results

General Characteristics
Table 1 presents the characteristics of the analyzed studies. Ten
studies published between 2018 and 2024 were retrieved. The
studies were published worldwide: in Canada [7,18], Japan [19],
Malawi [20], Netherlands [21], Singapore [13,22], Spain [23],
and the United States [24,25]. Four studies examined diverse
health professionals, including doctors, nurses, nurse assistants,
clinical officers, pharmacists, lab technicians, and other allied
health professionals [20,21,23,26]. Two studies specifically
targeted doctors and nursing staff [13,27] such as nurse
practitioners, registered nurses, licensed practical nurses, and
nursing assistants, while one study exclusively covered chatbots
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for nurses [19]. Three studies identified their participants as
health professionals, without specifying the specific types
[7,18,22]. Of the ten studies, eight studies focused solely on
health professionals [13,19-23,26,27]. Two studies included
both health professionals and their families [7,18].

The study designs were diverse. Of the 10 studies, three were
development studies [18,23,27], one was a design verification

study [26], one was a pilot study [22], one was a randomized
controlled trial [20], one was a mixed-method feasibility study
[21], one was an intervention study [19], one was a
cross-sectional study protocol study [7], and one was a
qualitative study [13]. Three studies evaluated the development
and feasibility of AI chatbots for psychological health support
[23,26,27].
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Table . Study characteristics.

Publication typeAge (years), mean
(SD)

Sample size

(M:Fa ratio)

Source of partici-
pants

ParticipantsStudy designAuthor (year)/

country

Journal studyPrimary care and
health care profes-

Development studyAnmella et al
[27](2023)/Spain

••• Simulation
study: 36.5
(9.7)

Simulation
study: 17
(24:76)

GP referrals to

PCMHSPc

sionals; medical • Hospital
Clínic dedoctors (GPsb and •• Feasibility

and effective-
Feasibility
and effective-Barcelonaspecialists from di-

ness study:ness study: 34health profes-verse disciplines),
35.3 (10.12)(24:76)sionalsnurses, and nurse

assistants

Journal study34.98 (8.55)22 (9.1:90.9)Local medical ser-
vices departments

Health profession-
als in their work-

Design verification
study

Chaudhry and Is-
lam
[26](2021)/United
States

and health profes-
sionals’ mailing
lists

places during the
COVID-19 pandem-

ic; RNsd, NPse,

LPNf, CNAsg,

PAsh, RTi, PTsj,
students or intern
nurses

Journal studyN/A527 (N/A)kNational tertiary
health care cluster

Health profession-
als (types unspeci-
fied)

Pilot exercise (ser-
vice evaluation
study)

Chang et al [22]
(2024)/Singapore

Journal studyN/AOver 26,000 (N/A)UCSFlHealth profession-
als including facul-

Development and
usability study

Jackson-Triche et
al [23] (2023)/Unit-
ed States ty, staff, and

trainees across vari-
ous disciplines
within the health
care system

Journal studyN/A1584 (N/A) Com-
pleted: 511 (E=296,
C=215)

Public and private
health care facili-
ties within Blantyre
and Lilongwe dis-
tricts

Health profession-
als (doctors, nurses,
clinical officers,
medical assistants,
pharmacists, lab
technicians, physio-

Randomized con-
trolled trial

Kleinau et al [20]
(2024)/Malawi

therapy techni-
cians)

Master’s thesisHalf of the partici-
pants were aged 18
to 25 years

12 (8.3:91.7) (inter-
view participant=9)

Email using person-
al and iThrive con-
nections.

Health profession-
als (radiation ex-
pert, social worker,
nurse in training,

Mixed method fea-
sibility study (one
group pre-posttest
design)

Kroon
[21](2018)/Nether-
lands

training officer,
pedagogue, health
professional disabil-

ity care HRDm ad-
viser

Journal studyN/A70 (N/A)Two hospitals in
Tokyo

NursesIntervention studyMatsumoto et al
[19](2021)/Japan

Journal studyN/A2200 (N/A)The Canadian
provinces of Alber-
ta and Nova Scotia

Health profession-
als and their fami-
lies

Cross-sectional
study protocol

Noble et al
[7](2022)/Canada

Journal study29.6 (3.9)42 (24:76)Singapore general
hospital and com-

Frontline health
professionals (doc-
tors and nurses)

Qualitative studyYoon et al [13]
(2021)/Singapore

munity care facili-
ties (large scale in-
stitutional isolation
units)

Master’s thesisN/AN/AThe Canadian
provinces of Alber-
ta and Nova Scotia

Health profession-
als and their fami-
lies

Development studyZamani
[18](2022)/Canada
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aM:F: male:female.
bGP: general practitioner.
cPCMHSP: Primary Care Mental Health Support Program.
dRN: registered nurse.
eNP: nurse practitioner.
fLPN: licensed practical nurse.
gCNA: certified nurse assistant.
hPA: physician assistant.
iRT: respiratory therapist.
jPT: physical therapist.
kN/A: not available.
lUCSF: University of California, San Francisco
mHRD: human resource development.

AI Chatbot Characteristics
Table 2 shows the characteristics of the AI chatbots developed
or implemented in the retrieved studies. The types of AI chatbot
algorithms were diverse; NLP-based AI was the most commonly
used algorithm, appearing in six studies [7,13,18,19,21,23];
rule-based AI, an algorithmic method that does not learn from
data or create rules on its own, was used in two studies [20,22];
and learning-based AI that learns from data was adopted in two
studies [26,27]. AI chatbots were delivered through mobile apps
in six studies [13,19,20,22,26,27], and web-based platforms via
web links in four studies [7,18,21,23]. The interaction type in
all studies was 1:1 interaction: Among them, one study included
1:1 interaction alongside group chat functionality [26], and
another study included 1:1 interaction with optional human
coach support [22]. In seven studies, the chatbot actively
initiated the conversation [7,13,18-20,23,27], while in three
studies, the conversation was passively initiated [21,22,26].

Participant completion of the AI chatbot interventions was
reported in four studies [20,21,23,27]; among these, three studies
provided the percentage of participants who completed the
intervention: 14.3% [21], 67.7% [20], and 73% [27] while one
study reported the employee access rate of the intervention as
10.88% [27]. Of the 10 studies, six evaluated the AI chatbot’s
usability [13,20,22,23,26,27]. Four studies relied on participant
feedback: 54.6% rated it as useful [26], the average satisfaction
score was 4.07 out of five [22], more than 80% reported it as
helpful [23], and 91% of the users found the chatbot easy to use
[20]. One study used user engagement indicators to identify
high subjective usability (acceptability, usability, and
satisfaction) but low objective engagement (completion,
adherence, compliance, and engagement) [27]. Another study
assessed chatbot performance metrics, reporting an intent
detection accuracy of 99.1% and an entity extraction accuracy
of 95.4% for the Mira Chatbot [18]. Chatbot usability was not
evaluated in the remaining four studies [7,13,19,21].
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Table . AIa chatbot characteristics.

Chatbot us-
ability evalu-
ation

Completion
related

Initiates con-
versation

Interaction
type

Mode of de-
livery

AI algorithmAI chatbot
type

Purposes of
chatbot

Chatbot
name

Author
(year)/
Country

27% complet-
ed second

Active1:1 interac-
tion

Mobile appDigital deci-
sion support
platform

(PRESTOb)

To screen
anxiety, de-
pression, and
burnout with
interventions

VickybotAnmella et
al [27]
(2023)/Spain

• High
subjec-
tive

UEIc

(accept-

• Ma-
chine-
learn-
ing
severity
predic-

self-assess-
ment

ability,
tion usabili-
model ty, and

satisfac-
tion).

• Low
objec-
tive
UEI
(com-
pletion,
adher-
ence,
compli-
ance,
and en-
gage-
ment)

Not reportedPassive (on-
demand
queries)

iChatBot:
1:1 Peer-
Chat: group
chat

Mobile appIntelligent
chatbot

To provide
stress man-
agement sup-
port during
COVID-19

iChatBot (AI
O) PeerChat
(AI X)

Chaudhry
and Islam
[26]
(2021)/Unit-
ed States

• 54.6%
partici-
pants
rated
the app
as ei-

• iChat-
Bot:
ma-
chine
learn-
ing

thermodel
useful• Peer-

Chat: or very
usefulimmedi-

ate • 59.1%
partici-commu-

nica- pants
tion were
with ex- willing
pert to use it
peers

Not reportedPassive1:1 interac-
tion with op-

Mobile appConversa-
tional chat-
bot

To evaluate
Wysa for
health profes-
sionals’ sup-
port

WysaChang et al
[22]
(2024)/Singa-
pore

• High
engage-
ment
rate
with
positive

• Rule-
based
AI
model

tional human
coach sup-
port

feed-
back
(91~93.2%)

• Mean
feed-
back
score of
4.07
(SD
0.95)
out of 5
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Chatbot us-
ability evalu-
ation

Completion
related

Initiates con-
versation

Interaction
type

Mode of de-
livery

AI algorithmAI chatbot
type

Purposes of
chatbot

Chatbot
name

Author
(year)/
Country

• >80%of
atten-
dees re-
ported
the ex-
peri-
ence as
helpful

10.88% of
employees
accessed the
chatbot

Active1:1 interac-
tion

Web-based
interface

• Natural
lan-
guage
model

An algo-
rithm-based,
automated,
web-based
AI conversa-
tional tool

To provide
behavioral
health sup-
port via chat-
bot

UCSFd CopeJackson-
Triche et al
[23]/United
States

• 91%
found
the app
easy to
use;
87%
found
the con-
tent rel-
evant;
92%
benefit-
ed from
the app,
and
83%
felt
more
re-
silient

• Com-
mon
barri-
ers:
lack of
time
(45%),
app du-
ration
(30%),
and us-
ability
issues
(13%)

Of 1584 par-
ticipants,
511 complet-
ed

Active1:1 interac-
tion

Mobile app• Rule-
based
AI
model

Automated
conversation-
al agent

To assess
chatbot im-
pact on men-
tal health in
Malawi

Viki
(Vitalk’s vir-
tual mental
health care
assistant)

Kleinau et al
[20]
(2024)/Malawi

• N/Ae12 of 14 par-
ticipants in-
cluded in the
final analysis

Passive
(users initi-
ate interac-
tion with the
chatbot)

1:1 interac-
tion

Web-based
interface

• Natural
lan-
guage
model

Prepro-
grammed
conversa-
tions and in-
teraction

To help
health profes-
sionals man-
age inner
critics and
enhance self-
compassion

iThriveKroon [21]
(2018)/Nether-
lands

• N/ANot reportedActive1:1 interac-
tion

Mobile app,

VRg
• Natural

lan-
guage
model

Digital deci-
sion support
platform

To support
mental
health self-
care for busy
profession-
als, especial-
ly nurses

CBf app (a
chatbot app)

Matsumoto
et al [19]
(2021)/Japan

• N/ANot reportedActive1:1 interac-
tion

Web-based
platform

• Natural
lan-
guage
model

Hybrid NLPi

and decision
tree AI chat-
bot

MIRAhNoble et al
[7](2022)/Cana-
da
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Chatbot us-
ability evalu-
ation

Completion
related

Initiates con-
versation

Interaction
type

Mode of de-
livery

AI algorithmAI chatbot
type

Purposes of
chatbot

Chatbot
name

Author
(year)/
Country

To provide
tailored men-
tal health in-
formation
and services
for health
professionals
and their
families

• N/ANot reportedActive1:1 interac-
tion

Mobile app• Natural
lan-
guage
model

N/ATo support
frontline
health profes-
sionals’s
psychosocial
well-being
during
COVID-19

mHealthj

app

Yoon et al
[13](2021)/Sin-
gapore

• Intent
detec-
tion:
99.1%
accura-
cy in
identify-
ing user
needs

• Entity
extrac-
tion:
95.4%
accura-
cy in
recog-
nizing
key
terms
for re-
source
recom-
menda-
tions.

Not reportedActive1:1 interac-
tion

Web-based
platform

• Natural
lan-
guage
model

Hybrid NLP
and decision
tree AI chat-
bot

To offer
strategic
mental
health re-
sources for
health profes-
sionals and
their families

MIRAZamani [18]
(2022)/Cana-
da

aAI: artificial intelligence.
bPRESTO: primary care digital support tool in mental health.
cUEI: user engagement indicator.
dUCSF cope: University of California, San Francisco faculty, staff, and trainee coping and resiliency program.
eNot available.
fCB: cognitive behavioral.
gVR: virtual reality
hMIRA: mental health intelligent information resource assistant.
iNLP: natural language processing.
jmHealth: mobile health.

AI Chatbot Intervention Characteristics and Outcomes
Table 3 lists the contents and outcomes of the AI chatbot
interventions. The primary component is the screening function
for mental health conditions such as anxiety, depression, and
stress, which was included in seven studies [19-23,26,27]. Four
studies included cognitive behavioral therapy techniques

[13,20,22,27]. Additionally, four studies implemented stress
management techniques, such as breathing exercises and
meditation [13,19,20,22]. Three studies incorporated
problem-solving strategies [7,18,22] and psychoeducation
[19,22,27]. Two studies used behavioral activation [20,22],
cognitive restructuring [21,22], and gratitude training [20,22].
One study featured storytelling [21]. In addition, there was a
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function to support portal sites connected to community resources in three studies [7,18,23].
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Table . AIa chatbot intervention characteristics and outcomes.

Main outcomesIntervention dosesAdditional featuresChatbot contentsAuthor (year)/ country

Anmella et al
[27](2023)/Spain

• Anxiety (t8=1.000;
P=.34) and Depressive
(t8=0.40; P=.70) symp-

• 1 month (self-assess-
ments conducted at
baseline and biweekly)

• Emergency alert for
suicidal thoughts

• Screening and monitor-
ing for self-assessment
tools • Weekly objective re-

minders• Personalized psycholog-

ical modules: CBTb,
toms were not signifi-
cant differences• Audio recording option

for reflections after
mindfulness, DBTc, • Work-related burnout

was moderately re-self-assessments
and ACTd

duced (z=–2.07, P=.04,
• Psychoeducation and

coping strategies for
r=0.32)

stress management
• Chatbot-guided naviga-

tion

Chaudhry and Islam [26]
(2021)/United States

• Usefulness and willing-
ness: 54.6% found the
app useful; 59.1% will-

• N/Ae• AssignedTasks:
records stress levels
and task completion

• iChatBot—provides
real-time answers (self-
monitoring and stress-

ing to use it.timestracking information
related to patient care • Six feature feedback:

MyNotifications: use-
• MyNotifications:

Sends reminders forand workplace stress
management) ful reminders; Peer-health activities like

Chat: positive for peersleep, exercise, and
• PeerChat—enables

peer-to-peer support
support; Assigned-
Tasks: good for track-

meals
• SmartMonitor: con-

nects with devices to ing, but time-consum-
ing; InfectionCheck:track vitals (eg, blood
useful, potential redun-pressure, oxygen,
dancy; StressMonitor:pulse, and temperature)
very helpful for cop-• InfectionCheck: Manu-

al COVID-19 symptom ing; iChatBot: concerns
about emergency re-checker via chatbot
sponsiveness

Chang et al [22](2024)/Sin-
gapore

• 495 completed at least
one full session; 422
completed two or more

• Varied among users
(on average, users
completed 10.9 ses-

• Option to connect with
a human coach

• Mental health assess-
ments: anxiety—GAD-

7f, depression— • Weekly objective re-
minders and notifica- sessionssions over 3.80 weeks)

PHQg-2 tions • The interventions most
used were for sleep and• Intervention modules:

mindfulness, sleep • Gratitude challenge to
boost engagement anxiety, with a strong

meditation, guided visu- repeat-use rate• Audio recording for
self-reflectionalization, thought

recording, behavioral • 46.2% reported symp-
toms of anxiety

activation, psychoedu-
• 15.2% reported symp-

toms of depressioncation, breathing exer-
cises, cognitive restruc-
turing, acceptance,
grounding, social sup-
port, problem-solving,
habit building, grati-
tude training

Jackson-Triche et al [23]
(2023)/United States

• UCSFh cope reached
all units

• Varied based on user
interaction

• Telehealth assessments
for crisis evaluation

• Mental health assess-
ment screening: suicide
or self-harm thoughts, • Self-management web-

site offering curated
• 10.88% (3785/34,790)

of employees accessedsubstance use con-
cerns, emotional dis- resources the technology
tress, social withdrawal • In-person navigator for

personalized support
• 39.7% (708/1783) of

employees with psycho-and work-related strug-
gles, resource naviga- • Support groups with

regular peer meetings
logical distress request-
ed in-person servicestion

• Web-based self-care
resources

• Positive feedback on
all program elements.

• Behavioral health ser-
vices: emergency sup-

• Over 80% of attendees
found the experience

port helpful
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Main outcomesIntervention dosesAdditional featuresChatbot contentsAuthor (year)/ country

• GAD-7 showed a de-
crease (–0.44), but the
result was not statisti-
cally significant.

• OLBI showed a de-
crease (–0.58), with
borderline significance.

• PHQ-9 showed a signif-
icant decrease.

• UCLA loneliness scale:
no significant

• RS-14 showed a signif-
icant increase.

• 8 weeks -First 4 weeks:
daily interactions

• Second 4 weeks: inter-
actions every other day

• Mood tracking with
emojis for human-like
interaction

• Gamification for en-
gagement

• Emergency support
with local psychologist
contact info for high-
risk users

• Mental health assess-
ments: anxiety (GAD-
7), depression (PHQ-

9), burnout (OLBIi),
loneliness (UCLA

Loneliness Scale)j, re-

silience (RS-14)k

• Careline programs
(thematic mental health
conversation tracks)

• Intervention: CBT
techniques, positive
psychology strategies,
behavioral activation,
gratitude exercises,
breathing, relaxation,
and meditation exercis-
es,

Kleinau et al
[20](2024)/Malawi

• ProQOLl and SCSm no
significant.

• Quantitative results: no
significant changes in
self-compassion or
compassion fatigue.

• Qualitative results:
Positive feedback on
the iThrive interven-
tion, with increased
awareness of inner
critics and changes in
thinking patterns.

• Chatbot interactions
reportedly reduced
stress and improved
self-compassion.

• 2 weeks• Humor: adds humor for
engaging interactions

• Tokens: rewards for
task completion

• Compliments: encour-
ages users with motivat-
ing feedback

• Awareness of inner
critics: storytelling, en-
couraging reflection

• Identification of inner
critics: assessment tool

• Cognitive restructuring
techniques

• Self-compassion devel-
opment

Kroon [21](2018)/Nether-
lands

• Self-esteem and family
support significantly
improved.

• Self-repression showed
a trend of improvement
but was not significant.

• SDS scores and coun-
seling needs increased

in the VR + CBp

group.
• Maximal blood pres-

sure decreased signifi-
cantly in the VR group
and showed a decreas-
ing trend in the VR +
CB group.

• Minimal blood pres-
sure significantly de-
creased in the VR
group.

• 4 weeks• Automated daily mes-
sages with reminders
and psychoeducational
content

• Gamification elements
such as progress track-
ing

• Immersive VRo experi-
ences

• Digital-SATn method:
self-guided stress man-
agement, techniques to
convert stress-related
physical discomfort in-
to positive sensations,
image-based therapeu-
tic exercises

• Mental health assess-
ments: self-esteem,
anxiety, emotional
support, depression,
problem-solving abili-
ties

• Stress management:
guided stress relief ses-
sions, emotional stabi-
lization exercises, visu-
alization techniques

Matsumoto et al
[19](2021)/Japan

• The findings will be
reported in follow-up
research

• N/A• Mental health educa-
tion and information:
problem-solving

• Personalized resource
navigation

• Self-help strategies and
coping skills

Noble et al [7](2022)/Cana-
da
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Main outcomesIntervention dosesAdditional featuresChatbot contentsAuthor (year)/ country

• Emergency contacts for
urgent mental health
support

• Hybrid AI approach:
free-text input and pre-
defined options

• Crisis support referrals
for suicidal thoughts

• Mood-tracking re-
minders were helpful,
but workers struggled
with self-awareness.

• Goal-setting and re-
sources were valued;
frequent notifications
were distracting.

• A built-in counselor
chat was preferred for
accessibility and priva-
cy.

• Gamification was not
well-received.

• Peer support was need-
ed, but app-based inter-
actions raised con-
cerns.

• Motivation, usability,
and rewards were cru-
cial for app use.

• N/A• In-app counseling and
peer support

• Reminders and notifica-
tions

• Gamification elements:
point-based rewards

• Engaging features to
promote continued app
use

• Mood tracking and
progress monitoring

• Personalized goal set-
ting: tailored goals for
lifestyle improvements
(eg, sleep, exercise),
feedback on progress
to encourage behav-
ioral changes, re-
minders to support ad-
herence to personal
goals

• Educational resources:
mindfulness exercises
and short wellness
studies, stress manage-
ment techniques

Yoon et al [13](2021)/Singa-
pore

• Intent detection: 99.1%
accuracy in identifying
user needs.

• Entity extraction:
95.4% accuracy in rec-
ognizing key terms for
resource recommenda-
tions.

• N/A• Emergency contact op-
tion for users experienc-
ing distress

• Stores conversation
logs

• Feedback system

• Information on mental
health topics, including
substance use and cop-
ing strategies: problem-
solving

• Delivers personalized
recommendations

• Facilitates access to lo-
cal mental health ser-
vices and programs
through a resource por-
tal

Zamani [18](2022)/Canada

aAI: artificial intelligence.
bCBT: cognitive behavior therapy.
cDBT: dialectical behavioral therapy.
dACT: acceptance and commitment therapy.
eN/A: not available.
fGAD-7: general anxiety disorder-7.
gPHQ: patient health questionnaire.
hUCSF cope: University of California, San Francisco faculty, staff, and trainee coping and resiliency program
iOLBI: Oldenburg burnout inventory.
jUCLA: University of California, Los Angeles loneliness scale.
kRS-14: 14-item resilience scale.
lProQOL: Professional Quality of Life Scale.
mSCS: Self-Compassion Scale
nSAT: structured association technique.
oVR: virtual reality.
pVR-CB: virtual reality-chatbot.
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Across the studies, a variety of additional features were
incorporated. Seven studies included AI chatbot functionalities
for crisis management and support [7,13,18,20,22,27]. Specific
features encompassed emergency contact information for crises
[7,18,20,27], peer support groups and in-app forums for social
support [13], expert support through in-app counseling, and
options for connecting with human coaches [13,22,23]. Six
studies incorporated reminders to encourage chatbot use
[13,18,19,22,26,27]. Gamification elements, such as point-based
rewards to encourage participation, were featured in four studies
[13,19-21]. Peer support functionalities were available in three
studies [13,23,26]. Two studies included mood-tracking features
for health and lifestyle management [13,20], while another two
studies provided an audio recording option [22,27]. Additionally,
one study integrated devices for tracking vital signs [26] and
provided an immersive virtual reality experience [19]. A total
of 4 out of 10 studies explicitly stated the duration of chatbot
use or intervention dose ([19]: 4 wk; [20]: 8 wk; [21]: 2 wk;
[23]: 1 mo) while it was not specified in six studies. The dose
varied among users in two studies [22,23].

The research in four studies evaluated psychological health
outcomes [19-21,27], whereas, in six studies, the focus was
primarily on the development and description of user perceptions
of the AI chatbot without providing specific outcome measures
[7,13,18,22,23,26]. The most commonly measured psychological
health outcomes were anxiety and depression, which were
examined in three studies [19,20,27]. Burnout was investigated
in two studies [20,27]. Compassion fatigue [21], loneliness [20],
resilience [20], and self-compassion [21] were also evaluated.
Anxiety was measured in three studies: one reported a significant
reduction of scores [20] while the other two reported no
significant differences in anxiety scores [19,27]. Burnout was
assessed in two studies, and each reported a significant decrease
in its scores [20,27]. Depressive symptoms were measured in
two studies: one reported a significant reduction of scores [20]
while the other did not [27]. Other psychological variables were
measured in one study each; of those, the variables that showed
significant change in scores were health counseling needs [19]
and resilience [20].

Discussion

Principal Results
The studies retrieved for this scoping review were published
during the past seven years, between 2018 and 2024, and reflect
the rapidly evolving trend of AI chatbot technology for
supporting psychological health. The global distribution of
studies across countries indicates a widespread interest in using
AI for psychological health support and health professionals’
psychological health.

Our review revealed that chatbots were used by a broad
spectrum of health professionals, highlighting their diverse
applications. This diversity underscores the potential for
universally designed chatbots to effectively address
psychological health needs across different professional settings.
However, prior research has shown that nurses, who have direct
and continuous patient contact, experience greater mental health
distress compared to other health professionals [24]. Therefore,

future studies should consider incorporating role-specific options
into chatbot designs to create tailored interventions for diverse
professional groups.

The diverse research methods used in the retrieved studies
signify the nascent stage of research on AI chatbots for
psychological health support, emphasizing technology
refinement and user experience comprehension. Such a variety
of research approaches is crucial for validating the efficacy and
safety of AI chatbot technology, enabling iterative improvements
and a deeper understanding of how health professionals interact
with AI chatbots [25]. However, it is noteworthy that only 4
out of 10 studies measured psychological health outcomes. This
limitation underscores the significant gap between technological
developments and clinical validation. As the field matures, it
becomes imperative to quantitatively assess the impact of AI
chatbots on psychological health indicators. Further studies
measuring outcome variables to demonstrate the clinical
effectiveness of AI chatbots are needed.

The studies reviewed here demonstrate the variety of AI
algorithms used in chatbot design, including NLP-based-, rule-,
and learning-based approaches. NLP-based AI chatbots which
provide personalized responses by analyzing user inputs [28]
are the most commonly used AI algorithms. Evidence has shown
that an NLP-based AI chatbot, which simulates natural
conversations, is successful at delivering tailored interventions
[29]. Rule-based AI algorithms, adopted in 2 studies out of the
10 retrieved studies, are effective in providing fixed and
predetermined responses; however, they lack the adaptability
required to provide more dynamic and engaging psychological
interventions [30]. Previous research has shown that NLP
technology, which interprets psychological health cues from
user-generated texts, significantly improves the effectiveness
of interventions [31,32], a finding consistent with our review
[7,13,18,19,21,23]. Moreover, the development of deep learning
techniques has led to the widespread use of general-purpose
pretrained language models in various NLP applications [33].
This suggests that NLP-based algorithms are particularly suitable
for delivering personalized psychological support in real-time
interactions. Machine learning and deep learning algorithms
show promise in enhancing AI chatbots’ effectiveness by
continuously learning through user interactions. These
algorithms can provide accurate and personalized interventions
over time [34]. Future studies should investigate how these
advanced algorithms can be used to offer more precise
psychological support tailored to individual user experiences.

User engagement is a critical factor in the success of mental
health interventions; however, several studies did not report
intervention completion rates [20,21,23,27]. These issues might
become more pronounced in real-world settings, where factors
such as interface complexity, the chatbot’s ability to provide
meaningful and personalized feedback, and technical issues
impact the overall user satisfaction and perceived effectiveness
of the intervention [35]. This underscores the need for further
exploration of how chatbot interactions can be designed to
maintain user engagement, possibly through improved user
experiences and personalization techniques [36,37]. From a
different perspective, unlike traditional interventions, which are
typically designed to be completed from start to finish, chatbot
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interactions often do not follow this linear structure. Users may
terminate interactions once their immediate concerns are
addressed, reflecting the unique flexibility of chatbots [38]. For
instance, if a chatbot provides critical information for crisis
management and the user responds affirmatively, the user is
likely to exit the chat after their need is met. This immediate
resolution highlights the efficiency of chatbot interventions in
addressing user concerns promptly, even if the interaction
appears incomplete. Recognizing this distinction is essential
for accurately interpreting dropout rates and evaluating chatbot
effectiveness.

The AI chatbots reviewed here comprised various therapeutic
approaches. The incorporation of established psychological
treatment techniques such as cognitive behavioral therapy,
mindfulness, and dialectical behavior therapy into AI chatbots
represents a novel approach to delivering psychological health
interventions. This approach is considered novel because it uses
AI to deliver evidence-based psychological techniques 24/7,
serve multiple users simultaneously, tailor interventions based
on individual responses, and combine various therapeutic
modalities on a single platform.

This multidisciplinary therapeutic approach has the potential
to address health professionals’ diverse psychological needs
[31]. AI chatbot interventions are characterized by a digital and
responsive design, which allows for integrating practical tools
such as stress management techniques, mood tracking, and
personalized goal setting [39]. These features align with the
immediate and personalized support often required by health
professionals. However, while personalization is a key advantage
of AI chatbots, a need also exists for some level of
standardization to ensure the interventions’ quality and
effectiveness [40]. This standardization should focus on
establishing evidence-based core components and assessment
methods while still allowing for personalized delivery [31].
Future research should focus on identifying the most effective
components of these chatbots and tailoring them to the specific
psychological health needs of health professionals while
maintaining a balance between standardization and
personalization.

In this study, a temporary increase in depression scores was
observed in one study [20], whereas previous research has
reported AI chatbots’ positive effects in reducing anxiety,
depression, and work-related burnout among health professionals
[41]. These contrasting findings may reflect the challenges faced
by such professionals, who frequently experience high levels
of stress and emotional demands [42]. This suggests the
complexity of psychological interventions and highlights the
importance of careful monitoring to determine the appropriate
duration and intensity of chatbot use.

Some studies in our review demonstrated the potential of AI
chatbots to act as first-line responders in identifying and
managing mental health crises. Prior research has also shown
the potential benefits of AI chatbots not only in improving
mental and emotional well-being but also in promoting
behavioral changes [43]. While these features may only benefit
a subset of users, their impact on preventing escalation to severe
mental health conditions or emergencies is invaluable. Future

research should prioritize the integration and evaluation of these
features to enhance the safety and efficacy of chatbot
interventions.

Although AI chatbots address the unique time constraints and
stress among health professionals, balancing automated
responses with genuine therapeutic interactions remains a
significant challenge. Personalization technologies that provide
tailored features to AI chatbots have emerged as key factors in
their effectiveness, with studies reporting increased user
engagement and satisfaction through customized responses and
immediate support [29]. Consequently, the development of
tailored intervention strategies that consider the individual needs
and preferences of health professionals is essential to maximize
AI chatbots’ effectiveness. These strategies should integrate
ongoing user feedback and dynamically adapt interventions to
maintain long-term user engagement and effectiveness. Future
research should focus on larger sample sizes, extended follow-up
periods, and diverse health care professional groups of health
professionals. Such comprehensive studies will play a crucial
role in developing evidence-based guidelines for implementing
AI chatbots in psychological health and in advancing the
sophistication of personalization algorithms.

Limitations
This scoping review has several limitations. First, the limited
number of studies adopting diverse study designs and using
various AI algorithms complicated making direct comparisons
among the retrieved studies. Second, the findings’
generalizability is restricted because many studies were
published in specific regions, particularly high-income countries.
Additionally, the short duration of many interventions and
limited follow-up periods make it difficult to evaluate the
long-term effectiveness and sustainability of AI chatbots. Future
research should address these limitations by conducting more
rigorous trials, standardizing the outcome measures, and
exploring the long-term applications of AI chatbots across
diverse populations and settings.

Conclusions
This scoping review explored the current state of AI chatbots
aimed at supporting the psychological health of health
professionals. Although the reviewed studies demonstrated AI
chatbots’ potential to reduce stress, anxiety, depression, and
burnout, research in this area remains in its early stages. The
diversity of study design, AI algorithms, therapeutic approaches,
and outcome measures highlights this field’s innovative but
fragmented nature.

Despite promising results, particularly with NLP-based chatbots,
a significant need exists for more rigorous and standardized
studies to fully evaluate their clinical efficacy. Challenges such
as usability issues and limited generalizability of the findings
must be addressed to enhance the long-term application and
effectiveness of AI chatbots in real-world settings. Future
research should focus on refining chatbot designs, expanding
the research to diverse populations, and conducting long-term
studies to clarify the role of AI chatbots in supporting the
psychological health of health professionals. Thus, AI chatbots
could become a valuable solution for addressing the
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psychological health challenges faced by health professionals worldwide.
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Abstract

Background: Clinical decision support systems (CDSSs) play a pivotal role in health care by enhancing clinical decision-making
processes. These systems represent a significant advancement in medical information systems. However, optimizing their
effectiveness requires accounting for various human-computer interaction (HCI) elements that influence their functionality and
user acceptance.

Objective: This study aimed to identify and categorize key HCI elements that impact CDSS performance to enhance system
usability, adaptability, and decision-making accuracy.

Methods: We conducted a systematic literature review, identifying 923 studies from the databases PubMed, Scopus, and Web
of Science. Papers were screened and selected based on predefined inclusion criteria. A rigorous quality assessment process was
applied to ensure the relevance and reliability of the included studies. Ultimately, of the 923 papers identified, 43 (4.7%) that
specifically addressed HCI elements applicable to CDSS environments were included in the final analysis. Data extraction and
synthesis were performed to answer the research questions regarding HCI elements.

Results: A total of 12 distinct HCI elements were identified, each with the potential to influence CDSS functionality. These
elements align with the International Organization for Standardization (ISO) 9241-11 framework, which defines usability in terms
of effectiveness, efficiency, and satisfaction. “User satisfaction,” “flexibility,” and “individuality” enhance satisfaction by
improving system adaptability and user acceptance. “Visibility,” “explainability,” and “user control” strengthen effectiveness by
supporting decision-making and error prevention. “Ease of use” improves efficiency by streamlining interactions and reducing
cognitive load. Some elements influence effectiveness and efficiency, such as “data entry,” which ensures structured inputs for
decision accuracy while optimizing workflows. Likewise, “alerts” provide timely information for effective decision-making and,
simultaneously, are designed to avoid overwhelming users and maintain system efficiency. “Simplification” and “mental effort”
also optimize workflows and reduce complexity. Furthermore, “interface” impacts effectiveness and efficiency by supporting
accurate decision-making and streamlining user interaction. This categorization, aligned with ISO 9241-11, underscores the
context and task dependency of usability, highlighting that HCI elements must be adapted to different user needs and environments
for effective clinical decision-making.

Conclusions: This study addresses a critical gap in CDSS research by offering a comprehensive framework of HCI elements
tailored to the CDSS environment. Incorporating these elements into system design can improve user satisfaction, reduce data
errors, and enhance the accuracy of medical decisions. The findings lay the groundwork for future research, offering practical
guidelines for developing more reliable and efficient CDSS systems in medical informatics fields.

(JMIR Hum Factors 2025;12:e69333)   doi:10.2196/69333
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Introduction

Background
Clinical decision support systems (CDSSs) provide clinicians
with computer-generated clinical knowledge and patients with
relevant health information presented at the right time to support
optimal patient care [1]. Poorly designed user interfaces (UIs)
may impede structured data entry, potentially compromising
data quality and resulting in incomplete datasets [2]. Such
shortcomings can negatively impact the effectiveness of
integrated medical information systems when used within a
CDSS framework [3]. CDSSs, as a prominent method for
enhancing clinical decisions effectively, rely on patient-entered
data in electronic medical records (EMRs). Data scientists face
challenges in analyzing data obtained from EMRs due to the
prevalence of errors, including typos and incorrect entries. In
other words, incomplete medical advice originates from
incomplete and unstructured prepared data for CDSSs [4].
Physicians often express these errors as stemming from an
inadequate interaction with the system [5]. Human-computer
interaction (HCI), based on the solid principles of ergonomics,
cognitive science, and psychology, is pivotal in creating practical
and beneficial technology for all users [6]. Indeed, HCI science
advocates for physicians through technological solutions and
enhances their comprehension of the significance of their daily
processes and the subsequent use of data stored in electronic
health records (EHRs) [7].

Although the HCI concept typically encompasses how computer
systems are designed for ease of use, efficiency, and
effectiveness [8], HCI in the medical realm implies the
investigation and design of computer systems that expedite
productive and intuitive interaction between physicians and
technology to boost user experience (UX) and achieve the
desired result [9].

Neglecting HCI elements in medical systems can lead to
inadequate graphical UIs, potentially hindering physician
adoption and efficacy within the digital health care landscape
[10]. Conversely, some studies have demonstrated that
incorporating HCI elements improves user acceptance and
enhances the effective use of CDSS functionalities [11]. Despite
several studies addressing HCI elements and their components,
the lack of studies on HCI elements that can affect CDSS
performance is quite noticeable. In this regard, related concepts,
such as usability, UX, or user-centered design (UCD), all of
which contribute to physician satisfaction, need to be
investigated. HCI assists in identifying system requirements,
including text style, fonts, layout, graphics, and color.
Meanwhile, usability focuses on efficiency, effectiveness, utility,
ease of learning, and ease of assessment. Combining these
perspectives ensures a comprehensive approach to designing a
CDSS that meets technical and user-centric demands [12].

The necessity of distinguishing HCI elements specifically for
CDSSs, in comparison with decision support systems (DSSs),
is derived from the unique demands of the health care

environment [13]. CDSSs must seamlessly integrate complex
medical knowledge, ensure adherence to stringent clinical
guidelines, and accurately handle sensitive patient data, all while
minimizing the cognitive load on health care professionals [14].
These systems support clinical decisions that directly impact
patient outcomes. This is why elements of usability and UX
must be considered. Unlike generic DSSs, CDSSs must navigate
the intricate nature of medical decision-making. Hence, a
tailored approach to HCI elements is needed to address these
specialized requirements effectively [15]. In addition, EMRs
must be designed using comprehensive HCI elements to serve
as a gateway to the data required by the CDSS. Poorly designed
HCI in EMRs can lead to improper data entry or retrieval [16].
These errors can have serious consequences, potentially
impacting patient safety and even leading to loss of life.
Conversely, well-designed HCI can facilitate accurate data
handling, improving patient care and significantly enhancing
outcomes [17].

Due to the absence of targeted studies that focus on leveraging
HCI elements within the CDSS environment, conducting this
research is crucial. By systematically identifying and evaluating
practical HCI elements specific to CDSSs, this study provides
a comprehensive guide to enhance the performance and usability
of these systems. This focused investigation offers a unique
framework that health care professionals and system developers
can use to implement more effective and user-friendly CDSS
solutions. The scientific contribution of this study lies in
providing a structured methodology to improve CDSS
performance, ensuring better integration of HCI elements
tailored to the health care context.

Systematic Literature Review
Conducting a systematic literature review (SLR) [18] was the
most effective method for this research because it allowed for
a rigorous and comprehensive collection of existing studies in
the field. An SLR provides a transparent and replicable process
for identifying, evaluating, and synthesizing relevant literature.
Using the SLR approach, we endeavored to extract and
categorize HCI elements that are especially applicable within
the CDSS environment, ultimately paving the way for improved
CDSS performance.

On the basis of the concerns highlighted in this study, we
formulated the following research questions (RQs):

• RQ1: Which HCI elements in medical information systems
can affect CDSS functionality?

• RQ2: How does incorporating the identified elements
improve CDSS performance?

By seeking a response to the first RQ, we aimed to identify and
extract HCI components that have the potential to affect CDSS
functionality, as pointed out in the reviewed papers. The second
RQ focuses on investigating how the identified HCI elements,
when applied within medical environments and information
systems, contribute to enhancing CDSS performance.
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The remainder of this work is organized as follows. The
Methods section describes the methodology and the review
steps. The Review Planning subsection details the SLR planning
phase, while the Review Process subsection presents the review
and data extraction steps. The Results section presents the
findings from the analyzed studies to answer the RQs. Finally,
the Discussion section presents the principal findings, with some
clues and future research lines outlined in the Conclusions
subsection.

Methods

Overview
This study followed the SLR methodology outlined by
Kitchenham [19] and Kitchenham and Charters [20] to ensure
a thorough and unbiased synthesis of existing research. The
SLR was complemented by a systematic literature mapping
following the method proposed by Kitchenham et al [21]. This
segment outlines the protocol used to perform the SLR,
providing the necessary information to support the subsequent
findings. According to the guidelines provided by Kitchenham
[19] and Kitchenham and Charters [20], the SLR process
consists of 3 principal phases: planning, conducting, and
reporting the study. We adhered strictly to the defined SLR
protocols and methodological nuances articulated in the study
by Pati and Lorusso [22] to ensure transparency in both the
research process and results.

Before planning this SLR, a preliminary search was conducted
to ascertain that no recent SLR had been undertaken to identify
HCI elements within CDSSs. This preparatory appraisal
involved searching various electronic databases, including
Scopus, Web of Science, and PubMed, using terms related to
the methodology (eg, SLR or systematic literature review) and
the review focus (eg, HCI, usability, user experience, elements
in CDSS, and equivalent concepts). The results of this
preliminary search confirmed the absence of an SLR on the
specified theme, thereby justifying the implementation of this
review to fill the identified research gap.

Review Planning
The review planning process involves identifying and defining
various dimensions to provide the foundation for executing the
review, such as formulating the RQs, detailing the protocol
followed, and any other relevant information to ensure the
traceability of the review process. We outline these dimensions
in this subsection.

Mapping Questions
This study’s main concerns and RQs are outlined in the
Introduction section. To further explore the context and breadth
of our SLR, we formulated 4 mapping questions (MQs) to guide
our analysis:

• MQ1 (geographic distribution of studies): Where have
studies related to HCI elements in CDSSs been conducted
worldwide?

• MQ2 (year-wise distribution of studies): What is the
distribution of studies by identified HCI element over the
years?

• MQ3 (publication venues): What is the distribution of
studies between journal papers and conference papers?

• MQ4 (focus distribution): What percentage of the identified
studies discuss each HCI element (eg, alerts, interface,
system design defects, and mental effort)?

It is important to note that MQ4 (focus distribution) does not
have a dedicated subsection. Instead, it has been addressed
throughout the identification and discussion of each HCI
element. By addressing these MQs, we aim to provide a
comprehensive overview of the current research landscape,
highlighting key trends and patterns that inform the influence
of HCI elements on CDSS performance and user interaction.

Population, Intervention, Comparison, Outcome, and
Context Framework
Regarding the questions posed, the population, intervention,
comparison, outcome, and context method proposed by
Petticrew and Roberts [23] (outlined in the following
subsections) and which provides a structured framework for
research reviews was used to define the review scope.

Population

We considered all studies that involved software solutions,
regardless of their implementation or design. Although the
review focuses on the properties and attributes of EMRs, the
target studies addressed HCI elements within CDSSs.

Intervention

The interventions of interest included those that suggested or
introduced some elements addressing HCI issues in EMRs or
eHealth systems, excluding stand-alone solutions such as mobile
health apps.

Comparison

No comparison between interventions was planned.

Outcome

The fundamental outcome of this review is to identify key HCI
elements that can enhance the functionality of CDSSs.

Context

We considered all studies relevant to EMR and eHealth systems.
The review includes all papers describing the successful
implementations and designs of EMRs in medical environments,
such as hospitals and medical centers worldwide.

Inclusion and Exclusion Criteria
After defining the review’s scope, we established inclusion and
exclusion criteria (Textbox 1) to choose pertinent literature for
addressing the RQs.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• The paper proposes a pragmatic and implementable solution (eg, method, technique, model, tool, or framework).

• The proposed solution is applied to software, applications, platforms, services, infrastructures, or systems.

• The study focuses on electronic medical records, electronic health records, or eHealth.

• The proposed solution supports or addresses the tailoring of attributes and criteria to improve medical decision support capabilities.

• The paper is written in English.

• The paper was published between 2000 and July 2024 (when the search queries were executed).

• The full paper is available.

• The tailoring capabilities relate to human-computer interaction, usability, user interface, user experience, or user-centered design.

• The article is published in a peer-reviewed journal, book, or conference (including only conferences ranked B or higher in the CORE Conference
Ranking list or classified in the top 2 quartiles in the Scimago Journal Rank index).

Exclusion criteria

• The paper does not propose a pragmatic and implementable solution (eg, method, technique, model, tool, or framework).

• The proposed solution is not applied to software, applications, platforms, services, infrastructures, or systems.

• The study is not focused on electronic medical records, electronic health records, or eHealth.

• The proposed solution does not support or address the tailoring of attributes and criteria to improve medical decision support capabilities.

• The paper is not written in English.

• The paper was published before 2000 or after July 2024 (when the search queries were executed).

• The full paper is not available.

• The tailoring capabilities do not relate to human-computer interaction, usability, user interface, user experience, or user-centered design.

• The article is not published in a peer-reviewed journal, book, or conference (including only conferences ranked B or higher in the CORE Conference
Ranking list or classified in the top 2 quartiles in the Scimago Journal Rank index).

Search Strategy
It is imperative to identify the most significant databases
regarding the search domain in which the queries will be
executed to obtain relevant outcomes from the investigation.
For this study, 3 electronic databases were selected: Scopus,
Web of Science, and PubMed. These databases were chosen
based on the following criteria:

• They serve as reference databases in the research domain.
• They are highly relevant to the study context.
• They support the use of search strings and Boolean

operators to augment the results of the retrieval process.

On the basis of the research context used to construct the search
query, the following terms were included:

• Usability—this concept refers to efficiency, effectiveness,
and physician satisfaction [24,25]. It emphasizes
maximizing system facilitators to enhance usability [26,27].

• All terms related to HCI—HCI involves interaction and
communication between users and computer systems,
encompassing the exchange of information, symbols, and
actions to facilitate seamless interaction between humans
and computers [28]. In this regard, HCI elements are defined
as the specific elements or attributes that influence user
interaction and experience within the determined framework
[29]. HCI elements and HCI factors in medical settings
highlight the importance of UCD, ensuring that medical

staff are integrally involved in developing and refining
medical systems for enhanced performance and satisfaction
[30,31]. The terms HCI factors and HCI elements are
sometimes used interchangeably in HCI literature. HCI
factors often refer to broader influences on usability, while
HCI elements represent specific design components.

• User-centered design (UCD)—UCD emphasizes the
essentiality of considering end users’viewpoints in shaping
or evolving a product or software, predominantly based on
end-user feedback [32].

• User interface (UI)—in medical information systems, the
UI serves as the direct interface between the system and
physicians. It can be categorized as static, appearing the
same for all users; or dynamic, adapting to varying
circumstances based on user interactions with the system
[33].

• CDSS—CDSSs encompass a broad range of tools and
interventions, both computerized and noncomputerized, to
aid clinicians in their complex decision-making processes
[34,35]. They are being integrated into EMRs and
computerized clinical workflows worldwide, empowering
health care providers to access timely and pertinent
information, ultimately leading to better patient outcomes
through informed decision-making during clinical care [14].

• Artificial intelligence (AI)—in medicine, AI refers to the
ability of medical systems to respond to environmental
factors and support decision-making, achieving results
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comparable to human medical professionals [36]. CDSSs
that use AI function as digital dynamic knowledge systems
that leverage patient data to create tailored recommendations
for clinicians [37]. In other words, CDSSs are meant to
assist rather than perform clinical decision-making [38].

In line with the research goals, we only investigated HCI
elements that directly or indirectly impact systems designed for
medical decision-making. Hence, HCI elements not relevant to
this context were excluded from consideration.

Quality Assessment

Overview

Although inclusion and exclusion criteria help identify relevant
works for a study, they do not address the quality of the papers
retrieved regarding their ability to address the RQs. Therefore,
we developed a separate set of quality assessment criteria. We
adopted a scoring system in which each coauthor independently
evaluated the studies using the quality questionnaire proposed
by Kitchenham and Brereton [39]. The scoring was as follows:
a “yes” response earned 1 point, a “partially” response earned
0.5 points, and a “no” response earned 0 points. The maximum
score a study could receive was 7 points. The quality
questionnaire and its corresponding assessment phases are
detailed in the following subsections.

Design Clarity and Relevance

Are the research aims and objectives clearly stated and aligned
with the study’s focus on HCI elements in CDSSs?

Data Collection and Relevance

Does the paper provide comprehensive and relevant data
pertinent to HCI elements in CDSSs, including metrics for
evaluation?

Empirical Measurement and Methodology

Are the HCI elements empirically measured with well-defined
metrics? Is the methodology for evaluating these elements
clearly described?

Analysis and Documentation

Are the research results documented with granularity, including
participant information, observational units, and analysis
methods?

Conclusion Validity and RQs

Do the study’s conclusions adequately answer the RQs? Are
the implications for HCI and CDSSs clearly articulated?

HCI Evaluation Method

Is the HCI evaluation method used in the study justified and
described in sufficient detail?

Relationship Between HCI Elements and CDSS Outcomes

Does the study adequately illuminate the relationship between
the applied HCI elements and the CDSS outputs or results and
their consequences?

Quality Assessment and Interrater Reliability

The maximum score a study could receive was 7 points. To
advance to the next phase of the review, studies were required
to score at least 5 out of 7 points. To validate the quality
assessment results and demonstrate process consistency, we
computed a measure of interrater reliability using Krippendorff
α [40]. The Krippendorff α value was 75.33%, indicating that
the data were interpreted similarly and acceptably among the
coauthors. When discrepancies arose, we engaged in discussion
sessions to reach a consensus.

Query Strings

Overview

The search strings for each considered source were generated
using relevant search terms derived from the population,
intervention, comparison, outcome, and context methodology
outcomes [41], connected by Boolean “and” or “or” operators.
The canonical search equation provides a standardized template
that ensures consistency across different databases. This
canonical search equation is then adapted to fit the specific
syntax of each database. The canonical search equation is as
follows: (“human-computer interaction” OR “HCI” OR
“usability” OR “user experience” OR “user interface” OR
“user-centered”) AND (“electronic medical records” OR “EMR”
OR “electronic health records” OR “EHR”) AND (“clinical
decision support systems” OR “CDSS” OR “decision support
system*” OR “DSS” OR “artificial intelligence” OR “AI”).

Using the canonical search equation, we formulated the
following queries tailored to each of the 3 selected databases
to retrieve all relevant studies, including those addressing the
implications of physicians’ interactions with systems. Each
database required distinct syntax, as outlined in Textbox 2.

JMIR Hum Factors 2025 | vol. 12 | e69333 | p.568https://humanfactors.jmir.org/2025/1/e69333
(page number not for citation purposes)

Azadi & García-PeñalvoJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 2. Search syntax for each database.

Scopus

(TITLE-ABS-KEY (“human-computer interaction” OR “HCI” OR “usability” OR “user experience” OR “user interface” OR “user-centered”) AND
TITLE-ABS-KEY (“electronic medical records” OR “EMR” OR “electronic health records” OR “EHR”) AND TITLE-ABS-KEY (“clinical decision
support systems” OR “CDSS” OR “*decision support system*” OR “DSS” OR “artificial intelligence” OR “AI”))

Web of Science

(TS= (“human-computer interaction” OR “HCI” OR “usability” OR “user experience” OR “user interface” OR “user-centered”) AND TS= (“electronic
medical records” OR “EMR” OR “electronic health records” OR “EHR”) AND TS= (“clinical decision support systems” OR “CDSS” OR “decision
support system*” OR “DSS” OR “artificial intelligence” OR “AI”))

PubMed

((“human-computer interaction” OR “HCI” OR “usability” OR “user experience” OR “user interface” OR “user-centered”) AND (“electronic medical
records” OR “EMR” OR “electronic health records” OR “EHR”) AND (“clinical decision support systems” OR “CDSS” OR “decision support
system*” OR “DSS” OR “artificial intelligence” OR “AI”))

Limiting Retrieved Results

Each database required distinct syntax, as outlined in the query
strings presented above. In subsequent stages of this review,
the retrieved results were limited to those that had the potential
to address the predefined RQs.

Review Process
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines [42] were followed for
reporting this SLR. Refer to Multimedia Appendix 1 for the
PRISMA checklist.

The data-gathering process was segmented into several stages,
during which various inspections were performed.

Once the search was completed on July 25, 2024, the paper
selection process was conducted in the following stages:

1. The raw data, consisting of records retrieved from the 3
databases, were compiled into a Zenodo repository
(Multimedia Appendix 2). This dataset, which contains data
from 923 papers, is organized into separate sheets for each
database: Scopus (n=506, 54.8%), Web of Science (n=188,
20.4%), and PubMed (n=229, 24.8%).

2. After arranging the records, duplicate papers were
eliminated. Of the 923 papers, 326 (35.3%) were removed,
leaving 597 (64.7%) for the next stage.

3. At the first step of the screening, reading the titles, abstracts,
and keywords and applying the inclusion and exclusion
criteria resulted in 444 (74.4%) of the 597 papers being
excluded, leaving 153 (25.6%) for the next phase.

4. Of these 153 papers, the full text of 5 (3.3%) was not
accessible; hence, we read in detail and further scrutinized
148 (96.7%) papers. After an exhaustive examination of
these 148 papers, we removed 105 (70.9%) for the following
reasons: 49 (46.7%) involved HCI elements in medical
environments, but these elements were unrelated to CDSSs;
38 (36.2%) did not explicitly focus on HCI or usability
elements, although they discussed CDSS functionality; and

18 (17.1%) did not clearly explain the relationship between
the identified HCI elements and CDSS functionality.

5. Ultimately, of the initially identified 923 papers, 43 (4.7%)
were selected for the final analysis and review (Multimedia
Appendix 3 [7,43-84]).

Results

Overview
This section provides a detailed analysis of the findings derived
from our SLR on HCI elements that influence CDSSs. By
thoroughly examining the 43 articles included for analysis, we
aimed to answer the formulated RQs and MQs, thereby
delineating the boundaries of this research area.

Our RQs focused on identifying the HCI elements that influence
medical data management and CDSS functionality (RQ1) and
understanding how these identified HCI elements can impact
CDSS performance (RQ2). These questions were essential for
understanding the relationship between HCI elements and the
efficiency, accuracy, and usability of CDSSs.

In addition to these RQs, we formulated several MQs to
comprehensively explore the scope and context of the studies.
These included understanding the geographic distribution of
research efforts in this area, analyzing the temporal distribution
of the included studies, and identifying their publication venues.
Furthermore, we examined the topic distribution in this SLR to
determine the percentage of attention each identified HCI
element received across the reviewed studies.

This analysis provides insights into the HCI elements
investigated in the studies and how they influence CDSS
functionality. This comprehensive overview offers valuable
information on how HCI elements can be optimized to enhance
the overall performance and effectiveness of CDSSs, ultimately
contributing to improved patient care and decision-making
within medical settings.

The PRISMA flow diagram [42] illustrates the steps taken to
extract the required data (Figure 1).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram showing the number of studies identified,
screened, assessed for eligibility, and included in the final analysis. CDSS: clinical decision support system; HCI: human-computer interaction; WoS:
Web of Science.

Geographic Distribution of Studies
Our investigation to address MQ1 was carried out by considering
the affiliations of all authors. Consequently, a study with authors
from Spain, the United Kingdom, and Sweden was attributed
to all 3 countries. In total, 43 studies were conducted across 14
countries. As depicted in Figure 2, the geographic distribution
reveals a significant concentration of research in the United

States and Europe, reflecting global interest in enhancing CDSSs
through improved HCI elements. The United States contributed
the most publications, with 51% (22/43) of the relevant studies,
followed by the United Kingdom with 12% (5/43); Canada with
7% (3/43); and Russia, Spain, France, and Australia with 5%
(2/43). The remaining countries—Sweden, South Africa,
Norway, New Zealand, Finland, and Germany—each accounted
for 2% (1/43) of the studies.

Figure 2. Geographic distribution of the included studies.

Despite the rapid technological advancements and growing
health care needs in Asia, our analysis revealed a notable lack
of studies relevant to HCI elements in the CDSS realm from

Asian countries. Addressing this discrepancy is crucial for
developing cultural and contextual usability solutions to enhance
CDSS performance.
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Our exploration indicates that the emphasis on distinct HCI
elements varies by country based on specific demands, policies,
and priorities. In the United States, which has the highest
research activity in this field, studies have predominantly
investigated HCI elements related to CDSS alerts (9/22, 41%),
UI (3/22, 14%), and ease of use (2/22, 9%). Although these core
HCI elements are imperative, some specific HCI demands may
be considered depending on cultural differences and local needs
[85].

Year-Wise Distribution of Studies by Identified HCI
Elements
Through the review process, we identified 12 HCI elements.
Each included paper primarily focuses on 1 main element, as
shown in Figure 3. While some papers discuss multiple HCI
elements, the figure presents the dominant HCI element

addressed in each paper. The bar graph illustrates which HCI
elements related to CDSS received attention each year. Although
the gradual formation and evolution of CDSS technology began
in 1990 [14], HCI elements have gained significant attention in
medical settings since the 1990s, with increasing emphasis on
usability, UX, and interface design in health care technology
[86]. This study depicts the conjunction of 2 concepts—HCI
and CDSS functionality—that have emerged since 2003 and
have seen significant advances, especially since 2015. Figure
3 highlights this growth, which is tightly related to MQ2. As
shown in Figure 3, an investigation gap existed in this realm
between 2006 and 2011, and most studies on this subject were
carried out in 2015 and 2022. Since 2011, there has been a
growing interest in exploring the relationship between HCI
elements and CDSS functionality.

Figure 3. Scattering leverage of human-computer interaction elements in clinical decision support systems over the years.

This trend reflects the increasing comprehension of the
importance of UCD in health care technology, aiming to
improve the usability and effectiveness of CDSSs in supporting
clinical decision-making processes [87].

Publication Venues: Distribution by Study Type
(Journal, Conference, or Book Chapter)
Nearly all of the included papers (42/43, 98%) were published
in academic journals. This indicates a strong preference for
disseminating research findings related to HCI elements in
CDSSs through journal publications, which are often peer
reviewed and highly regarded in the academic community.
Moreover, 1 (2%) of the 43 papers was a book chapter, which
provides comprehensive overviews and in-depth discussions
on specific topics, contributing valuable insights to the field.

This distribution, as the explicit answer to MQ3, highlights the
credibility and rigor of the selected studies, ensuring that the
insights and conclusions drawn from this review are thoroughly
examined and well substantiated.

Identified HCI Elements That Influence CDSS
Functionality and Performance

Overview
As discussed in the previous subsections, regarding our explicit
question about HCI or user perspective elements with the
potential to impact CDSS functionality, we identified 12
elements after a full-text study of 43 selected papers. These
elements were categorized based on their inherent nature,
application context, and significance to the UX, particularly
from the perspective of medical staff. As illustrated in Table 1,
these elements address different HCI concerns. Although HCI
elements such as “interface” inherently encompass subelements
such as “visibility,” “user control,” and “data entry,” these
subelements have been presented independently to highlight
their unique roles and distinct contributions to CDSS
functionality and usability; for example, “data entry” focuses
on minimizing input errors through standardized workflows,
whereas “visibility” prioritizes intuitive data
presentation—distinct concerns that have been highlighted in
studies on clinical efficiency and user trust [60,88].
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Table 1. Extracted human-computer interaction (HCI) elements and insights.

ReferencesHCI elements and topics and addressed concerns

Alerts

[43,44]Usability flaws

[7,45-47]Alert fatigue

[48-53]Alert design recommendations

[54]Barriers (too many alerts)

Ease of use

[55]Intention to use

[56]Understandable

[57]Customizability

[58]User-friendly features

[59]Jargon avoidance

[60]Consistency of operations

[61]Goal-directed design

[62]Facilitators (automating data fetching)

Interface

[63]Acceptability

[64]Information recall issues

[65]Data presentation

[66]Visualization

[67]Interface features

[68]Physical layout

[69]Facilitators and barriers to presenting diagnostic information

[70]Heuristic semantic tags (to improve interface design)

Visibility

[71]Error visibility

[72]Patient status visibility

[73]Importance-based highlighting

Simplification

[74]Removing extraneous information and procedures

[75]Resolving the conflict between system simplicity and usefulness

User satisfaction

[76]Users’ expectations and learnability

[77]Effectiveness, efficiency, and accessibility

[78]Barriers (mismatch between meaningful-use criteria and physicians’
expectations)

Explainability

[79]Transparent and informative recommendations

Flexibility

[80]Ability to change order and revise data entry

User control

[81]Controllability for error prevention

Data entry
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ReferencesHCI elements and topics and addressed concerns

[82]Accurate and structured data entry

Individuality

[83]Individualized and user-centered approach

Mental effort

[84]Cognitive load

This categorization of HCI elements aligns with the International
Organization for Standardization (ISO) 9241-11 framework
[89], which defines usability as a combination of effectiveness,
efficiency, and satisfaction in achieving specific goals within
a particular context. We found some studies (3/43, 7%) that
directly evaluated CDSSs to assess “user satisfaction,” focusing
on the outcomes of user-system interaction. These studies align
with the satisfaction component of the ISO 9241-11 standard,
emphasizing users’ subjective experience and acceptance of the
system. In comparison, “visibility” supports the effectiveness
dimension of this standard by ensuring that users remain
informed about the system’s status in a timely manner,
facilitating accurate decision-making. Conversely, “ease of use”
corresponds directly to the efficiency dimension of ISO 9241-11
because it minimizes the cognitive and physical effort required
to interact with the system, enabling users to achieve their goals
with minimal waste of resources or time. Moreover,
“explainability” enhances effectiveness by improving users’
understanding of system outputs, while “alerts” contribute to
both effectiveness and efficiency, ensuring that critical
information is promptly communicated without overwhelming
users. Another HCI element, “user control,” also strengthens
effectiveness by aiding error prevention and recovery, allowing
users to rectify mistakes and maintain workflow reliability. As
the “interface” element impacts decision accuracy and
interaction speed, it is strongly related to effectiveness and
efficiency. “Flexibility” and “individuality” primarily support
satisfaction because they enable system adaptability to different
user needs and preferences, fostering trust and engagement.
“simplification” and “mental effort” impact both efficiency and
effectiveness because they reduce cognitive load, eliminate
unnecessary complexity, and optimize workflow processes.
Another HCI element, “data entry,” contributes to accurate
information for decision-making (effectiveness) and streamlines
the input process to save time and reduce effort (efficiency).

The rationale for this categorization is clarified in Table 1, which
outlines the main concern addressed by each study and explains
how it relates to a specific HCI element. The subsections that
follow provide a detailed explanation of each HCI element listed
in the table.

Alerts

Overview

Alerts have been identified in this study as a major HCI element.
Alerts in CDSSs are essential for enhancing patient safety and
clinical efficiency. They provide immediate, actionable
information to health care providers. They can warn about
potential drug interactions, highlight critical patient allergies,
or flag abnormal laboratory results [48]; for instance, an alert

might notify a physician about a dangerously high potassium
level in a patient, prompting immediate intervention. These
alerts help prevent errors, ensure timely responses, and support
adherence to clinical guidelines, ultimately improving patient
outcomes and streamlining clinical workflows [90].

To explicitly investigate alert-related concerns within CDSSs,
it is crucial to differentiate between alerts and reminders because
conflating these elements can hinder effective system design.
In the context of HCI within CDSSs, alerts and reminders should
be discussed separately, given their distinct functions [91].
Alerts are immediate notifications requiring urgent attention,
supporting real-time decision-making with minimal cognitive
load. Reminders are persistent prompts designed to ensure that
critical tasks are not overlooked, thereby improving adherence
to clinical guidelines. They are defined as a communication or
message to ensure that physicians remember critical tips [92].
Reminders can cause cognitive overload and frustration if they
are too frequent or irrelevant—in such cases, they are
categorized as barriers. Conversely, when reminders assist
physicians, they are considered facilitators [93]. This distinction
ensures a more effective optimization of HCI elements in
CDSSs, balancing support and usability.

The findings from this SLR demonstrate that 31% (13/43) of
the selected papers addressed alert-related topics, while Figure
3 shows that this element was mostly studied between 2011 and
2016 (11/13, 85%), although some studies (2/13, 5%) have been
conducted in recent years (2020 and 2022). Research on alerts
has focused on 3 main areas. Table 1 presents the studies that
have addressed these categories, which are detailed in the
following subsections.

Alert Fatigue

Alert fatigue poses a significant challenge for CDSS instruments
because users may begin to neglect or override activated alerts
due to their frequent occurrence [94]. In 2016, Gong and Kang
[47] presented five solutions to address alert fatigue: (1)
augmenting alert specificity, (2) tiering alerts based on severity,
(3) applying human factors principles (such as format, content,
legibility, and color), (4) customizing alerts based on patient
attributes, and (5) providing tailored alerts for medical
practitioners.

The timing of alerts is crucial because they should be presented
at moments conducive to informed medical decision-making.
It is important to strike a balance: alerts should be intrusive
enough to capture attention, but they should not distract or divert
users from the primary care pathway [45]. Maintaining this
balance prevents alert fatigue, sometimes referred to as habitual
override.
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Usability Flaws

Usability flaws relevant to CDSSs that diminish alert
performance have been identified as follows [43]:

• The distinguishing visualizations do not illustrate the variety
of severity levels in the alerts.

• The information presented within alerts is dense and lacks
brevity.

• A low signal-to-noise ratio, reflecting a high proportion of
erroneous alerts compared to correct ones, often results
from nonupdated or incorrect data.

• Alert content issues stem from missing information relevant
to alert goals, data interpretation, or necessary practical
recommendations.

• There is a scarcity of transparency regarding the reasons
that have led to the triggering of the alert.

• The clinicians are not directed at fixing the problem
identified by the alert.

• Adaptability issues point out the insufficient adjustability
of the system to accommodate all types of users.

• Workload issues arise when too many tasks need to be
performed to correct errors or obtain the required
information.

In medical information systems, 2 main types of alert flaws are
commonly observed: general and specific. General alert flaws
occur when alerts lack specificity or fail to distinguish between
different severity levels [44]. Specific alert flaws arise when
alerts do not adequately address individual patients’ or health
care providers’ unique contexts or needs, leading to ineffective
or irrelevant notifications [95].

Alert Design Recommendations

Alert design recommendations have been addressed across the
following aspects to enhance alert effectiveness (Textbox 3).
Enhancements in alert functionality within CDSSs can optimize
clinical workflows, ensure timely access to relevant information,
mitigate alert fatigue, foster user trust, and ultimately contribute
to more informed and effective clinical decision-making
processes [68].

Textbox 3. Alert design recommendations.

• The visual presentation of alerts can be improved by using different colors, bullet points, and clear textual guidelines [48].

• Alerts should be triggered at appropriate points within the clinical workflow and should align with real-world practices [50].

• False alarms that can occur when the alert’s logic is flawed or not based on updated information must be avoided. In some cases, rigid sensitivity
calibrations can result in false alarms [49].

• The presentation of alerts should be determined based on their level of importance; for instance, higher-priority alerts may be presented in a way
that interrupts the current workflow [50].

• Habituation pertains to repeated exposure to insignificant alerts. This underscores the importance of reducing the occurrence of false alarms,
along with adopting an alarm philosophy aimed at minimizing alert overrides [49].

• Consistent terminology emphasizes the use of standardized and predefined words and expressions. This enhances the ability to locate specific
words or data on the screen through visual screening and promotes uniformity in the generated data irrespective of geographic location [96].

• Mental models refer to an individual’s interpretation of a specific matter that influences their reaction when an alert is triggered; for instance,
the color red typically evokes an immediate association with “STOP” [49].

• The content of the alert—the reason for its activation and potential medical consequences—should be kept concise [97], with additional details
accessible through related data links [98].

• Font style and size can be used to convey the importance and prioritization of the alert [51,99].

• Alert visibility is a critical HCI component that should be considered in the design of alerts within the CDSS environment [52]. The alert’s
dimensions as displayed on the screen (target size), luminosity, background contrast, and typography attributes should be carefully considered
to quickly capture the user’s attention [100,101].

• The degree of workflow interruption must be proportional to the severity of the medical issue that triggered the alert [51]. For high-priority alerts,
it may be necessary to interrupt the workflow to prompt immediate user intervention [52].

• To ensure the proximity of decision-making components, decision support tools must be incorporated within the alert; for example, the alert
should include hyperlinks to medical reference websites [53].

Excessive and Unnecessary Alerts
Particularly in specific patient populations or under uncommon
circumstances, excessive and unnecessary alerts represent a
significant barrier to the effective use of alerts within CDSSs.
This obstacle can be resolved by grouping similar alerts into a
single notification and tailoring alert thresholds and delivery
methods based on patient condition and clinical context [54].

Ease of Use
Ease of use was identified as a principal user concern in 19%
(8/43) of the selected papers. This element is foreseeable and

represents a standard expectation among users, particularly
physicians. In this respect, systems should be designed so that
users easily understand how to operate the system. This is
referred to as perceived ease of use. A positive perceived ease
of use is associated with an increased intention to use (IU) [55].

The concept of consistency will augment a system’s ease of
use. It can be achieved in 2 distinct areas: jargon-free language
and consistent operative patterns. Consistent terminology and
operation across all system components minimize user confusion
and cognitive load, enabling users to quickly and effectively
achieve their goals [59].
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In essence, a system that is easy to use enhances learnability
because users can understand and remember operational
procedures more quickly [102].

In a CDSS environment, ease of use can significantly boost
system functionality by ensuring that health care professionals
can quickly and without complexity access and apply clinical
guidelines and decision aids [58]. In this regard, a key facilitator
is automated data fetching, which streamlines the retrieval of
relevant information, minimizing complexity and allowing users
to focus on patient care [62].

Moreover, goal-directed design is a user-centered approach that
prioritizes understanding user needs and goals throughout the
design process. By engaging end users throughout the design
process, goal-directed design ensures that the system effectively
supports their tasks and contexts. This alignment directly
contributes to ease of use by streamlining interactions and
enhancing UX [61].

Interface
Interface, another important HCI element, was addressed in
19% (8/43) of the selected papers, especially between 2015 and
2021. While interface design inherently encompasses various
HCI elements, the analyzed papers offer unique insights that
extend beyond the scope of other discussed elements. These
papers provide specific recommendations for interface
improvements that can significantly enhance user interaction
by optimizing system design and fostering intuitive use.

The interface of a CDSS directly influences acceptability by
determining how intuitively users can access and act on clinical
information. When the interface aligns with users’ workflows
and preferences, it increases their willingness to adopt and use
the system effectively [63]. Despite recent advances in
computerized technologies, the defective design of graphical
UIs in clinical settings may lead to frustration among physicians
[10]. In the context of CDSSs, the UI refers to the graphical or
visual representation through which users interact with the
system to access, input, and interpret information [63]. An
effective UI should be intuitive, user-friendly, and tailored to
health care professionals’ specific needs and workflows [64].

Via integration with EHRs, well-designed interfaces within
CDSSs can present a list of possible diagnoses associated with

medical symptoms, the compatibility percentage of the patient’s
current medical status, and the factors contributing to the
diagnosed illness [65,103]. In addition, effective data
visualization enables quick comprehension of complex
information, promoting time efficiency by enabling health care
professionals to rapidly interpret data without the need for
extensive analysis [66].

A responsive and interaction-enabled UI encompasses 2 distinct
features: presentation and placement. In terms of presentation,
elements such as simplicity, appropriate font size, meaningful
colors, acceptable contrast, and bold text enhance readability
and user engagement. Regarding placement, information should
occupy a prominent position, be localized for easy access, and
use multiple presentation layers to facilitate quick
comprehension. Together, these interface features facilitate the
seamless flow of essential medical data to decision makers [67].

In the interface realm, the physical layout concept refers to the
arrangement and organization of screen objects with which users
interact. This layout significantly impacts user control, allowing
health care professionals to directly manipulate the screen’s
objects (such as buttons, sliders, and forms). When users have
clear control over screen objects, they can more effectively
navigate the system, customize their workflow, and respond to
patient needs promptly, ultimately improving overall usability
and satisfaction with the CDSS [68].

There are some facilitators and barriers relevant to the interface
within CDSS environments. One of them is the content-based
facilitator that enhances interface usability by presenting clear,
concise, and relevant information. In this respect, tailoring
content to meet the health care professionals’ specific needs
and preferences and providing real-time updates on clinical
guidelines will enhance the interface. Conversely, inconsistent
content within the data presentation and guidelines, potentially
leading to confusion and misinterpretation, has been identified
as an interface barrier [69].

One reviewed paper introduced the concept of “heuristic tags”
to enhance CDSS interface design [70]. The paper describes a
container comprising 14 HCI elements relevant to CDSS
environments, referred to as semantic tags [70]. These elements
are outlined in Table 2.

JMIR Hum Factors 2025 | vol. 12 | e69333 | p.575https://humanfactors.jmir.org/2025/1/e69333
(page number not for citation purposes)

Azadi & García-PeñalvoJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Semantic tags.

DescriptionTag

All system providers throughout the design must adhere to a unified protocol by maintaining consistency in termi-
nology, sequence of actions, and data localization.

Consistency and standards

Users should be notified of ongoing processes via suitable alerts and feedback mechanisms.Visibility of the system status

Users’ perceptions of the system should align with their mental models of how the system is expected to function.Match between system and
world

Any unnecessary information should be eliminated because it acts as a distraction and impedes efficiency.Minimalist design

Users should not be required to memorize extensive information to perform routine tasks.Minimize memory load

Users must receive informative feedback regarding their activities.Informative feedback

The system should provide resiliency so that users can customize settings and expedite their tasks.Flexibility and efficiency

Messages should provide sufficient information for users to comprehend the nature of errors, learn from mistakes,
and take corrective action.

Good error messages

The design should deter errors by preventing incorrect actions.Prevent errors

Users must be explicitly informed when a task has been completed.Clear closure

Users should be allowed to recover from errors made by them.Reversible actions

The system language must be comprehensible to the targeted users.Use user’s language

Users should not feel in control of the system without encountering unforeseen circumstances.Users in control

The system should offer various forms of help, such as contextual assistance, mission-focused guidance, and alpha-
betically organized (lexicographically arranged) help topics for easier navigation.

Help and documentation

Therefore, interface quality will influence the precision of
medical decisions by facilitating intuitive access to relevant
information and enhancing user interaction.

Visibility
Visibility was addressed in 7% (3/43) of the selected papers,
emphasizing that quick access to information requires data to
be readily accessible within a short time frame and ensuring
that medical data are available at expected locations. This
includes the clear and immediate visibility of possible errors or
system warnings, allowing users to identify and address issues
quickly [71]. Within the treatment cycles pertinent to CDSSs,
visibility refers to the clarity and transparency of the workflow
stages and progress, meaning that health care providers can
easily track and understand the status of the treatment process,
including diagnostic tests, medication administration, and patient
outcomes [72]. In addition, by visually emphasizing critical
information such as high-risk alerts or abnormal laboratory
values through color coding, bold text, or other visual cues,
clinicians can quickly identify and prioritize important
information [73]. As visibility criteria provide a clear and
transparent view of the treatment cycle workflow, they enable

users to easily monitor the progress of patient care and make
informed decisions based on the current stage of treatment,
leading to the best possible decision [73].

Simplification
Of the 43 selected papers, 2 (5%) addressed simplification
elements. Simplification can be achieved by eliminating
unnecessary complexities and providing an optimized workflow
congruent with real-world practices [104]. Removing extraneous
information and procedures is crucial for achieving this goal
[74]. Pantazi et al [75] propounded a theory describing a paradox
between simplification a medical system and its usefulness:
systems with high usability typically can solve trivial problems,
whereas solving intricate problems requires an appropriate level
of complexity, which can reduce overall usability.

As shown in Figure 4 [75], some CDSS applications designed
for intricate problems have complex UIs with lower usability
levels, whereas sections with simpler structures within CDSSs,
such as medical calculators, exhibit higher usability levels.
Meanwhile, system designers are striving to develop medical
AI systems that simultaneously enhance both usability and
problem-solving capacity.

JMIR Hum Factors 2025 | vol. 12 | e69333 | p.576https://humanfactors.jmir.org/2025/1/e69333
(page number not for citation purposes)

Azadi & García-PeñalvoJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. The relationship between system complexity and usability. AI: artificial intelligence; UI: user interface.

Nonetheless, while striving for complexity in medical
procedures can be inherently beneficial, it is crucial to maintain
a balance between usability and necessary intricacy [105].
Striking this balance ensures that procedures are not
unnecessarily complex, saves time, and ultimately enables rapid
emergency medical decision-making [106,107].

User Satisfaction
User satisfaction was discussed in 7% (3/43) of the selected
papers. Recognized as a central focus in HCI research, user
satisfaction is paramount to the effectiveness of CDSSs. This
concept encompasses aspects such as system acceptability,
learnability, memorability, and accessibility [76].

UCD methods are essential for achieving high user satisfaction
[108]. By prioritizing the user’s needs and perspectives
throughout the development process, CDSSs can be tailored to
meet their specific requirements [109]. Learnability facilitates
users in quickly understanding how to operate the system, which
enhances initial engagement [110]. Memorability ensures that
the system’s functions are easily recalled once learned, reducing
the need for repeated training [111]. Accessibility ensures that
the required medical information and history are promptly
accessible in the system [77]. Incorporating these elements
boosts overall user satisfaction, improves efficiency and
adoption, and ultimately leads to better patient outcomes in
clinical environments.

Conversely, the mismatch between meaningful-use criteria and
physicians’ expectations represents a significant barrier to user
satisfaction within CDSSs. In these cases, the requirements set
by system designers do not align with physicians’ practical
needs and processes, leading to frustration and decreased

usability. This misalignment can hinder the effective adoption
of CDSSs because physicians may find the systems cumbersome
or irrelevant to their clinical workflow. Addressing this gap is
essential for improving user satisfaction and ensuring that
CDSSs effectively support health care professionals in delivering
high-quality patient care [78].

Explainability
Explainability, as identified in 2% (1/43) of the selected papers,
is a critical focus in the ongoing discourse surrounding CDSSs
and medical AI [112]. Transparency, a cornerstone of
explainability, fosters trust between the user and the system
[113]. Once the CDSS provides recommendations and solutions,
physicians can understand why and how the advice was
generated. This understanding augments their clinical expertise
and contributes to more informed decision-making over time
[79].

Flexibility
Flexibility was articulated in 2% (1/43) of the selected papers.
This element requires significantly more attention and could be
leveraged to enhance CDSS functionality. Adjustable medical
systems typically achieve higher adoption rates, particularly
when they meet physicians’ need for flexibility [114]. In this
context, 3 diverse dimensions related to flexibility concerns
have been identified [80]: (1) user tendency to return to previous
stages to correct or modify information; (2) data entry in
multiple different sequences; and (3) customizable data
presentation.

Flexibility is a crucial attribute when designing digital pathways.
By aligning flexibility with actual clinical workloads, treatment
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routes can be tailored to meet physicians’ and patients’ specific
needs and demands [115]. This alignment enhances medical
decision accuracy, enhances user satisfaction, and ultimately
improves patient outcomes [116].

User Control
User control was addressed in 2% (1/43) of the selected papers,
emphasizing the importance of instructions that align with
real-world workflows, aiding users in recovering from and
preventing errors. Interfaces that are compatible with established
practices help users rectify mistakes and reduce the recurrence
of common errors, enhancing overall usability and efficiency
[81]. In this context, an important framework is the unified
theory of acceptance and use of technology (UTAUT). UTAUT
is used to predict and understand individuals’ acceptance and
adoption of new technologies, integrating various factors such
as performance expectancy, effort expectancy, social influence,
and facilitating conditions. By enabling users to recover from
mistakes and easily control their interactions, systems can
enhance user satisfaction and increase the likelihood of
technology adoption, as predicted by the UTAUT model [117].

Data Entry
Data entry was investigated in 2% (1/43) of the selected papers,
with a focus on designing systems that minimize potential user
errors [82]. Structured data entry management is fundamental
in CDSSs, ensuring organized, standardized, and systematic
data input. Emerging technologies such as voice recognition
technology and natural language processing have facilitated and
improved the data entry aspect in eHealth systems. These
advancements minimize errors and inconsistencies, ultimately
enhancing the reliability and effectiveness of CDSSs in
supporting clinical decision-making [118].

Individuality
Individuality was presented in 2% (1/43) of the selected papers.
In this area, Klumpp et al [83] discuss the HCI concept as a
theory encompassing 4 key issues that shape individuals’
interactions with computerized systems. The first factor is the
identification of technology, including all technological features
applied to the system [119]. The second factor is the assignment,
referring to a defined task where the technology used varies
depending on the satisfaction and aims of the task [120]. The
third factor is context, which can vary depending on the
geographic, corporate, or community conditions, meaning that
the recommendations should be customized according to the
geographic positions and other local conditions [121]. The fourth
factor involves human dimensions, such as population
characteristics, cognitive abilities, and the attitudes of
individuals [122]. In other words, customizability should be
based on the intended populations’ approaches, attributes, and
desires. Concentrating on system individualization and
customization can enhance the accuracy of decision-making in
CDSSs [83].

Mental Effort
Mental effort was identified as an HCI element in 2% (1/43) of
the selected papers. The Rating Scale Mental Effort (RSME),
first proposed by Militello et al [84], is designed to accurately
measure perceived mental effort during task completion. In

other words, it measures the extent to which individuals feel
they have exerted mental effort to complete a task. The RSME
can be used to gauge how effectively CDSSs aid medical
practitioners without overly complicating their decision-making
processes. A low RSME score indicates that the CDSS is well
integrated into clinical workflows, and CDSS functionality is
enhanced without imposing significant additional cognitive
complexity on the user [123].

Discussion

Principal Findings
While several studies have explored HCI elements in CDSS
environments, each has focused on specific aspects
independently. This has left a research gap regarding a
comprehensive analysis and categorization of these effective
elements. This study attempts to present a scientific framework
for CDSS design by identifying HCI elements that influence
CDSS functionality across different dimensions. In this respect,
after reviewing 43 selected papers in this SLR, we identified
and stratified 12 key HCI elements, thereby distinguishing our
investigation from the selected studies, which, although they
explored the identification and classification of HCI elements,
were experimental in nature, with a limited focus on specific,
monitored elements.

A common thread among the selected studies is their focus on
HCI elements relevant to CDSS applications, which can
substantially influence CDSS functionality and performance.
Throughout this SLR, the categorization of studies under specific
HCI elements depended on the primary focus of each study.
While some studies explicitly investigated a single HCI element,
others addressed multiple aspects (such as heuristic semantic
tags [70]) or offered broad recommendations. In such cases, the
main HCI concern emphasized in the study was the selection
criterion. This approach ensured that each study was categorized
based on its core usability focus, maintaining consistency and
relevance in the analysis.

Throughout this SLR, the categorization of studies under specific
HCI elements depended on the primary focus of each study.
While some studies explicitly investigated a single HCI element,
others addressed multiple aspects (such as heuristic semantic
tags [70]) or offered broad recommendations. In such cases, the
main HCI concern emphasized in the study was the selection
criterion. This approach ensured that each study was categorized
based on its core usability focus, maintaining consistency and
relevance in the analysis.

The interface is considered a distinct HCI element because it
serves as the primary medium for user interaction [124].
Although it encompasses visibility, data presentation, and ease
of use, its role transcends these components [125,126]. Indeed,
the interface functions as the platform that enables the delivery
and experience of these elements, making it a distinct and critical
component of the HCI context [127]. This distinction is crucial
for CDSS environments, where the interface must accommodate
complex clinical workflows and user needs to ensure usability
and patient safety. Hence, despite its broad scope, the interface
has been examined as an independent HCI element in some
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studies, allowing for a more focused and in-depth evaluation
of its inherent contributions to UX and decision-making in
CDSS environments [128]. Thus, we considered it a separate
HCI element in this study.

The relationship between HCI and UI and UX design further
underscores the importance of the interface as an independent
element. While UI focuses on the visual and interactive
components of a system (eg, buttons, menus, and layouts) and
UX encompasses the user-centered experience (including
usability, accessibility, and emotional satisfaction), the interface
concept (within HCI) is the physical manifestation of these
principles [129,130]. As Paneru et al [131] explain, the interface
is a visual and interactive layer that enables users to interact
with digital products. It is the medium through which all other
HCI elements are experienced, making it a foundational
component of HCI. However, the interface also extends beyond
traditional UI and UX design by incorporating considerations
such as workflow alignment, cognitive load reduction, and task
efficiency, which are central to HCI. By contrast, Motlagh and
Safaei [132] emphasized that, rather than relying solely on UI
and UX considerations, HCI evaluation in health care systems
should prioritize error prevention, cognitive effort, and
information recall. This means that HCI elements promote
interfaces that support accurate decision-making and clinical
workflow integration.

According to ISO 9241-11, usability measures how effectively,
efficiently, and satisfactorily users can achieve their goals with
a system in a particular context. This highlights the importance
of context and task dependency in evaluating usability because
the relevance and effectiveness of HCI elements vary across
different environments and user needs [133]. The HCI elements
identified in this study align with these usability dimensions
but manifest differently depending on task requirements and
system context. In frequently used systems such as EHRs in
busy hospitals, ease of use, simplification, and task efficiency
are paramount HCI elements. Clinicians using these systems
need interfaces that minimize cognitive load and streamline
workflows because even small inefficiencies can accumulate,
leading to frustration and errors. In this context, alerts must be
designed to be highly visible but nonintrusive so that they
support rather than disrupt workflow [48]. In these
circumstances, data entry mechanisms should be optimized for
speed and accuracy because frequent use requires efficiency.
Conversely, in an infrequently used system (such as a
specialized diagnostic tool used only occasionally), HCI
elements such as explainability become more critical. Users of
such systems will need more guidance and contextual support
to navigate the interface effectively. Regarding user control and
flexibility, although these elements align with the satisfaction
component of the ISO 9241-11 standard, their impact is also
context dependent. Experienced physicians may prefer more
flexible customization to streamline interactions, while novice
users benefit from structured interfaces with clear navigation
paths and constraints to prevent errors [80,81]. As shown in
Table 1, the identified HCI elements were categorized based
on their primary usability contributions; nevertheless, their
actual significance in improving CDSS usability depends on
the task, frequency of use, and clinical environment.

Two closely related but distinct HCI elements—ease of use and
simplification (simplification)—play unique roles in enhancing
CDSS usability. Ease of use refers to the system’s ability to
provide an intuitive and seamless interaction experience,
minimizing cognitive and physical effort for users. It
encompasses aspects such as jargon avoidance, consistency of
operations, and efficient task execution, ensuring that clinicians
can navigate the system with minimal frustration [56,58-60].
By contrast, simplification focuses on reducing unnecessary
complexity within the system, such as streamlining workflows,
eliminating redundant steps, and minimizing information
overload [74,75]. While ease of use improves UX, simplification
optimizes system design by removing obstacles and extraneous
procedures that could hinder task completion. Moreover, ease
of use is closely tied to user satisfaction and IU. An easy-to-use
system facilitates navigation, reduces cognitive efforts, and
leads to a more positive UX, ultimately increasing IU and user
satisfaction.

This study recognized another prevalent and critical challenge
faced by CDSS designers: balancing the paradox between
system simplification and maintaining its usefulness in solving
complex problems, even if doing so leads to increased
complexity. This balance is essential for developing systems
with high usability and appeal, ensuring that users can
effectively interact with the system without being overwhelmed
by its complexity [75]. To reach this equilibrium, designers
must adopt a user-centered approach that prioritizes the needs
and capabilities of health care professionals. This involves
continuous user testing and feedback loops to refine the interface
and functionality [59]. In addition, incorporating adaptive
interfaces can reduce complexity based on the user’s expertise
and the specific task to help manage this paradox, resulting in
augmented overall satisfaction and higher adoption rates [65].

This study attempted to highlight the HCI elements dedicated
to CDSSs, specifically those that address user requirements
across various dimensions such as informative notifications
[52], aesthetics [61,71], contextual facets [79], unification [70],
and psychological aspects [84]. To illuminate all HCI aspects
within CDSSs, this study also identified elements that represent
challenges in this domain requiring mitigation, such as existing
HCI barriers [78], usability flaws [43], user fatigue [7], and the
phenomenon of alert override [49]. Although considering the
identified HCI aspects is crucial, the final goal is to improve
user interaction with the system, enhance ease of use, and
anticipate and fulfill user expectations. This approach fosters
user satisfaction and promotes a positive UX [74]. This focus
on users as major “players” in the design process is now an
established principle. Hence, UCD methods are fundamental
to the development of CDSSs with high levels of user interaction
[134]. Depending on the system’s complexity and ease of use,
both user interaction with the system and data accuracy can
vary, consequently affecting the accuracy of medical
decision-making [58].

In summary, this study provides comprehensive insights into
the essential HCI elements applicable in the CDSS environment,
answering the RQs. It contributes to the field by systematically
categorizing these elements and developing a structured
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framework aimed at improving usability and medical
decision-making outcomes.

Conclusions
Of the 923 papers found in 3 databases (PubMed, Scopus, and
Web of Science), 43 (4.7%) met the predefined criteria with
regard to addressing HCI elements applicable in CDSS
environments. This SLR indicates that attention to HCI elements
tailored to CDSSs has increased since 2015. In this study, we
identified 12 HCI elements. While elements such as “ease of
use,” “interface,” and “alerts” have consistently garnered
attention from experts, others such as “user satisfaction,”
“visibility,” and “explainability” have recently received
increased focus. This SLR has answered the RQs regarding the
HCI elements that can affect CDSS functionality and described
how these elements impact CDSS performance. Moreover, the
study categorized the identified aspects according to their
context and scientific perspectives.

This study identified a gap in current research: the lack of a
comprehensive consideration of HCI elements within CDSS

design. By leveraging the findings from this investigation, a set
of applicable HCI elements for CDSS environments can be
established. Consequently, these findings have the potential to
enhance the synergistic effect between medical information
systems and CDSSs, ultimately leading to improved overall
performance.

This research provides the groundwork for generating more
structured and reliable datasets to support medical
decision-making. Systems designed with these HCI elements
are expected to reduce missing data, minimize data
redundancies, and improve data clarity. Accordingly, the
accuracy and reliability of medical decisions derived from these
systems will be noticeably enhanced. Future studies can leverage
this framework to develop and examine CDSS systems that
improve user interaction and ensure higher data integrity and
precision in medical decision-making. This structured approach
will advance medical informatics, leading to more efficient,
accurate, and user-friendly CDSS solutions.
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Abstract

Background: Disparities in health equity between metropolitan and rural areas are a global concern, especially in vast countries
such as Australia, Canada, and the United States. Virtual care models in health care settings are promising in reducing inequalities,
with virtual hospitals (VHs) potentially bridging the gap for isolated or underserved regions. However, evidence-based strategies
and the complexities of VH implementation necessitate further research.

Objective: This rapid review aims to examine the role of VHs in enhancing regional and remote health care by focusing on
accessibility, patient and health care provider experiences, and implementation barriers and facilitators. It provides tailored
recommendations for large-scale implementation in communities with access issues, contributing to the discussion on equitable
health care.

Methods: A rapid review was conducted in accordance with the World Health Organization guidelines. A systematic search
was performed across PubMed, MEDLINE, CINAHL, and the La Trobe University Library for peer-reviewed articles published
between January 2015 and March 2023. Additional gray literature was identified through Google searches and snowballing from
relevant web articles. Studies were included if they focused on regional or remote populations and addressed VHs or virtual care.
Studies that solely discussed hybrid models of care were excluded. Data were systematically extracted using a customized
Microsoft Excel template. A mixed methods thematic analysis was conducted to identify recurring themes, barriers, facilitators,
and recommendations related to VH implementation as well as patterns in clinical outcomes and stakeholder perspectives.

Results: A total of 35 articles were included in this review, comprising 23 (66%) peer-reviewed studies and 12 (34%) gray
literature sources. Positive clinical outcomes were reported in 9 (26%) articles, highlighting outcomes such as reduced disease
transmission, improved patient safety, fewer admissions and readmissions, lower mortality, shorter hospital stays, and better
adherence to clinical best practices. Health system outcomes were identified in 15 (43%) articles, including reduced costs, enhanced
patient experience and safety, improved care delivery and health care provider support, greater efficiency, broader geographic
coverage, and better integration of services. Patient and health care provider perspectives were discussed in 12 (34%) articles,
with positive views attributed to convenience, time and cost savings, and improved service quality. Barriers and facilitators were
the most frequently discussed themes, appearing in 27 (77%) and 26 (74%) articles, respectively, with challenges and enablers
commonly linked to people, processes, technology, and financial sustainability.

Conclusions: VHs have the potential to revolutionize regional and remote health care by overcoming barriers, using facilitators,
and following recommended practices, leading to better clinical outcomes and increased satisfaction for patients and health care
providers.

(JMIR Hum Factors 2025;12:e64582)   doi:10.2196/64582
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Introduction

Background
Health care disparities between rural and remote regions and
urban centers are a global challenge. Countries such as Australia,
Canada, and the United States have documented significant
disparities in health care access and outcomes [1-3]. Data from
the Australian Institute of Health and Welfare reveal a 1.4-fold
increased incidence of disease in remote and very remote regions
compared to urban cities [2]. Furthermore, in very remote
regions, the risk of premature mortality is elevated by 1.3 times
for men and 1.5 times for women compared to metropolitan
areas. This disparity aligns with findings from the Centers for
Disease Control and Prevention, which highlights the challenges
faced by rural Americans due to limited access to specialized
and emergency health care, ultimately contributing to a higher
prevalence of preventable deaths in these communities [4].

Traditional health care models often struggle to provide
equitable services in geographically isolated regions due to
shortages of medical facilities, specialized professionals, and
advanced diagnostic equipment. Consequently, rural and remote
populations experience higher rates of preventable diseases,

avoidable hospitalizations, and mortality compared to urban
counterparts [2,4,5]. In Australia, hospitalization rates for
preventable conditions are 2.5 times higher [2]. Similarly, in
the United States, rural populations have a 20% higher overall
mortality rate compared to urban counterparts, and 1 in 5 rural
adults experience multiple chronic conditions, leading to
increased rates of preventable hospitalizations and deaths [5].

The emergence of virtual health offers a promising solution to
bridge the health care gap in regional and remote locations.
Virtual health, driven by digital technologies, has made
considerable strides, transforming primary, secondary, and
tertiary care services. Health care institutions have embraced
virtual health solutions, such as virtual hospitals (VHs), to
provide advanced treatments, surgical consultations,
multidisciplinary team discussions, and hospital-at-home care,
enhancing patient access to complex medical interventions.
VHs leverage digital initiatives, such as telehealth and
telemedicine technologies, to deliver a comprehensive range of
remote health care services, including consultations, diagnostics,
treatment plans, and hospital-level care at home [6]. These
services are typically delivered through videoconferencing, web
platforms, mobile apps, and other digital channels. Figure 1
further illustrates the concept of a VH.

Figure 1. Concept of a virtual hospital. IoMT: Internet of Medical Things; EMR: electronic medical record.

Unlike traditional hospitals with physical infrastructure, VHs
operate primarily in the digital realm. Their significance lies in
their ability to transcend geographic barriers, enhancing access
to health care for patients in remote or underserved areas [7].
It is important to note that while the terms VH, virtual care,
hospital at home (virtual wards), and telehealth are sometimes

used interchangeably, there are key distinctions between them.
Virtual care represents a broad spectrum of health care services
delivered remotely, encompassing a range of synchronous and
asynchronous technologies and applications. Talevski et al [8]
states that virtual care refers to “the integration of digital
technologies across the continuum of care to improve patient
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outcomes.” This definition covers existing health care programs,
such as the Victorian Virtual Emergency Department [8], the
Ochsner Connected Health Remote Patient Monitoring (RPM)
Program [9], and the Cleveland Clinic Express Care Online
[10]. Telehealth, on the other hand, is a subset of virtual care
that primarily focuses on real-time communication between
patients and providers using telecommunication technology
[11]. An example of virtual care outside the scope of telehealth
is RPM. RPM systems use devices, such as wearables or sensors,
to collect and transmit health data, such as heart rate or glucose
levels, to health care providers for analysis [12]. This occurs
asynchronously, making it distinct from the real-time
communication that characterizes telehealth. On the other hand,
VH represents a more comprehensive approach to remote health
care, offering a wide range of services beyond consultations,
including remote diagnostics, treatment plan development, and
virtual wards [13]. Hospital-at-home programs, a subset of VH
or stand-alone initiatives, provide hospital-level care in the
patient’s home, incorporating remote monitoring and regular
consultations [14].

Digital health technologies form the cornerstone of modern
health care delivery systems, including virtual care, telehealth,
VHs, and hospital-at-home programs, facilitating remote health
care services through diverse technological platforms and
applications. According to the World Health Organization [15],
digital health encompasses “the field of knowledge and practice
associated with the development and use of digital technologies
to improve health”. This definition encompasses the various
terms often used when discussing the design and implementation
of technology in health care, including virtual care, telehealth,
and VHs. The Healthcare Information and Management Systems
Society [12] further characterizes digital health as a
comprehensive framework that incorporates various digital
technologies, systems, and platforms designed to deliver health
care, manage health information, and enhance patient care
delivery.

The COVID-19 pandemic accelerated the adoption of VHs as
a means to manage health care demands while mitigating
infection risks. This rapid expansion led to demonstrated
improvements in patient outcomes, including length of stay
(LOS) and improved wait times [16-18]. Success stories, such
as the Royal Prince Alfred VH [19], the Mayo Clinic Advanced
Care at Home program [20], and the Victorian Virtual
Emergency Department [21], further exemplify the capability
of VHs to deliver effective health care remotely. The experience
gained during the pandemic highlights the need for strategic
planning and investment in VHs to address health care
disparities in rural and remote areas [22,23].

The successful implementation of a VH is a complex endeavor,
requiring careful planning, assessment, and integration of digital
technologies [24]. Challenges such as inadequate guidance,
poor governance, limited technological literacy, and concerns
about safety and privacy can hinder the seamless adoption of
VHs and related virtual care-from-home solutions [17,18]. To
overcome these barriers and successfully implement VHs,
evidence-based recommendations must be prioritized [25].

Research Focus and Aims
Despite the potential of VHs to transform health care delivery,
there is a notable lack of evidence supporting context-specific
and comprehensive implementation strategies of these systems
[26]. Existing research often focuses on individual virtual care
programs rather than the broader array of integrated health care
technologies used in VHs [27]. To effectively deliver VH
services, a deeper understanding of how different virtual care
technologies contribute to overall patient care is essential. This
knowledge is critical for optimizing the design, implementation,
and scalability of VH services, particularly in rural and remote
regions.

Current evidence highlights the potential of VHs to revolutionize
health care delivery by offering improved clinical and health
system outcomes, enhanced provider and patient experiences,
and increased health care accessibility. However, this evidence
is largely limited to the broader health care landscape, with a
noticeable gap in understanding the specific application of VHs
in regional and rural settings. Existing studies discuss the clinical
effectiveness of VHs but primarily address the general
population [28,29]. Similarly, research on the barriers,
facilitators, and recommendations for implementing VHs does
not align with the unique challenges of regional and remote
communities, such as limited access to specialists, longer travel
distances, and a higher prevalence of preventable conditions
[17,18]. This gap in the literature necessitates research focused
on tailored recommendations, barriers, and facilitators specific
to VH implementation in regional and remote areas, enabling
health care systems to fully harness the potential of this
innovative approach.

This rapid review aims to synthesize existing evidence on the
role of VHs in enhancing health care delivery in regional and
remote areas. It seeks to analyze clinical and health system
outcomes, explore patient and provider perspectives, identify
implementation-related barriers and facilitators, and provide
recommendations for its successful implementation. The
findings will contribute to evidence-based policy making and
decision-making to optimize the use of VHs in addressing health
care disparities in challenging geographic settings.

Methods

Overview
This rapid review was conducted to assess the potential of VHs
in addressing health care disparities in regional and remote
areas. This approach aligns with the need to understand how
VHs address health care disparities and improve access for
remote and underserved populations in a timely manner. By
analyzing a wide range of literature, a rapid review helped to
identify the most current evidence and trends, providing a
comprehensive overview of the benefits, challenges, and best
practices associated with developing VHs to support regional
and remote health care.

Using the World Health Organization rapid review guideline
[30] and the 2020 PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement [31], a
systematically defined, transparent, and concise approach was
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used to identify relevant peer-reviewed articles and gray
literature, extract relevant information, and synthesize the
findings of this review. A completed PRISMA checklist is
provided in Multimedia Appendix 1.

Protocol Development
The research protocol for this study was developed using the
population, intervention, comparison, and outcome (PICO)
framework [32]. The protocol, as presented in Table 1, guided
the development of the search strategy (Multimedia Appendix
2). La Trobe librarians also contributed to the development of
the protocol and search strategy.

Table 1. Population, intervention, comparison, and outcome protocol development.

KeywordsDescriptionParameter

Regional health, rural health, remote health, rural health services, and
remote and regional area health

Population • Patients living in regional and remote areas
• Patients having limited access to health care due

to distance and a lack of resources

Virtual hospital, telemedicine, telehealth, telemonitoring, remote
consultation, virtual care, virtual health, eHealth, mHealth, and health
virtualization

Intervention • Building VHa using telemedicine, telehealth, or
eHealth technologies

—bComparison • Physical public and private hospitals (traditional
health care delivery models) without VHs or digital
health technologies

Health care delivery, health care access, health planning, hospital
strategy, health care accessibility, clinical effectiveness, user experi-
ence, implementation, best practices, recommendations, enablers,
strategies, benefits, facilitators, challenges, barriers, problems

Outcome • Improved health care access, quality of care, patient
satisfaction, health care provider satisfaction, and
health outcomes and reduced health care costs

aVH: virtual hospital.
bNot applicable.

Search Strategy
We searched for peer-reviewed articles from January 2015 to
March 2023 across 3 key databases: PubMed, MEDLINE, and
CINAHL. The La Trobe University Library database was also
used. The time frame from January 2015 to March 2023 was
intentionally chosen to capture the literature spanning both the
prepandemic development of VH models and the significant
innovations that emerged in response to the COVID-19
pandemic.

Our search strategy was designed to align with the PICO
framework, using 2 distinct approaches. The first strategy
targeted articles discussing enablers and facilitators of VH
implementation, while the second strategy focused on
identifying literature addressing barriers, challenges, and
limitations. In addition, to ensure quality and minimize bias,
both search techniques were reviewed collaboratively by all
authors in consultation with La Trobe research librarians.

To identify relevant gray literature, the research topic
“advancing regional and remote health care with virtual hospital
implementation” was googled, and from the first 4 pages of the
search result, policy documents and web articles that discussed
the research questions were marked as relevant and selected for

further analysis. Furthermore, snowballing was used to screen
and select other gray literature cited in relevant web articles
[33].

Inclusion and Exclusion Criteria
A set of inclusion and exclusion criteria was developed using
the PICO framework (Textbox 1). This review included (1)
studies addressing regional or remote populations or populations
facing health care access difficulties; (2) studies discussing
recommendations, strategies, facilitators, barriers, challenges,
or limitations to VH or virtual care-from-home solutions,
telehealth, telemedicine, eHealth, mobile health, and remote
monitoring for hospital-level care at home; (3) studies discussing
clinical or health system outcomes, user experience, and patient
perspectives of the innovative technologies used in developing
VHs and (4) studies conducted in a country such as Australia
or countries with similar geographic landmasses, such as
Canada, the United States, or India. Furthermore, only
peer-reviewed studies published in English between January
2015 and March 2023 were included.

This review excluded (1) studies addressing urban or suburban
population settings with comprehensive and timely health care
access and (2) studies solely discussing hybrid models of care.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Population: people of all age groups living in regional or remote regions and people with acute or chronic illness experiencing difficulties in
accessing health care due to distance and lack of resources

• Intervention: virtual hospital (VH) or virtual care-from-home implementation; telemonitoring, telehealth, and telemedicine implementation
supporting care-from-home services; eHealth or mobile health implementation; remote monitoring; interventions in a country such as Australia
or countries with similar health care systems and geographic challenges; studies that discussed recommendations, opportunities, and challenges
of implementing health care virtualization; and studies that discussed patient or provider experience or successful VH or virtual care-from-home
implementation stories

• Comparison: an optional comparison group including people with no limitations to accessing health care but who preferred virtual consultation

• Outcomes: clinical outcomes of health care virtualization (improvements in health for people living in remote or regional areas or having limited
access to resources); improved delivery of services; success strategies (stories) of VH implementation; program user experience (access,
engagement, usability, experience, and satisfaction); and changes in health care resourcing

• Studies: published in peer-reviewed journals, conference proceedings, or health care services reports; published in the English language; and
published between January 2015 and March 2023

Exclusion criteria

• Population: people living in urban or suburban areas and those having no limitation on health care access

• Intervention: traditional health care delivery models with minimum virtualization and virtualization in urban and suburban geographic regions

• Outcomes: studies discussing only the benefits and challenges of telehealth or telemedicine and studies discussing user perspectives only

• Studies: studies or reports from unverified sources that have not been peer reviewed, published in other languages, and published before January
2015 or after March 2023

Screening and Study Selection
The search results were initially filtered for peer-reviewed
articles published in English between January 2015 and March
2023. Following the initial database search, 589 records were
retrieved from 4 databases. These records were imported into
Covidence Systematic Review Software (Veritas Health
Innovation) [34], where 255 (43.29%) duplicate records were
eliminated automatically. The remaining 334 (56.71%) articles
underwent title and abstract screening based on predefined
inclusion and exclusion criteria. This stage resulted in the
exclusion of 159 (47.6%) articles. The initial screening was
conducted by AAK, with URK verifying a subset of the records
to ensure consistency and accuracy in applying the criteria.

The remaining 175 full-text articles were then assessed for
eligibility using the same inclusion and exclusion criteria.
During this phase, the snowballing technique was also used,
where relevant peer-reviewed articles cited within these studies
were identified and retrieved from Google Scholar for potential
inclusion. After full-text screening and the additional retrieval
through snowballing, 23 (13.1%) articles met all eligibility
criteria and were included in the final analysis.

Data Extraction and Knowledge Synthesis
We used the Quality Criteria Checklist (Multimedia Appendix
3 [35]) to develop a Microsoft Excel template for quality
assessment because our review included various study designs.
This template helped us critically appraise the included studies
and assess their potential bias.

In addition, a data extraction template was customized in
Microsoft Excel (Multimedia Appendix 4), which was then used
to systematically extract and record relevant information from
the peer-reviewed studies and gray literature included. The

template was prepared based on the extraction variables
retrieved from the research question and objectives. Apart from
the core characteristics, such as title, abstract, and author, the
data extraction template included demographic location, health
care conditions addressed, health care services provided
virtually, virtual care technology used, health care outcomes,
patient satisfaction, provider perspectives, barriers and
facilitators, and recommendations and strategies for
implementation. This approach helped ensure consistency and
accuracy during the data extraction process. In addition, a
concept matrix (Multimedia Appendix 5) was constructed to
assess the relevance of each study to specific research objectives.

The extracted information from the included studies was then
thematically analyzed to identify recurring patterns, emerging
trends, and insights into common recommendations for
developing VHs and their related barriers and facilitators. Data
were also analyzed to identify common themes emerging from
clinical and health care system outcomes and patient and
provider perspectives. The thematic analysis approach allowed
the identification and interpretation of key themes, enabling the
synthesis and presentation of findings in a coherent and
meaningful manner [36].

Results

Study Characteristics
Overall, 23 peer-reviewed articles and 12 gray literature sources
were included in our review. The selection process is
summarized in the PRISMA flow diagram (Figure 2). Detailed
characteristics of all included peer-reviewed articles and gray
literature are presented in Tables 2 and 3. Among the 23
peer-reviewed articles, 12 (52%) focused on telehealth
interventions [37-48], 6 (26%) discussed VHs or
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hospital-at-home interventions [49-54], 2 (9%) examined
telemedicine [55,56], 2 (9%) addressed RPM [57,58], and 1
(4%) evaluated a virtual pharmacy [59]. In the 12 gray literature

sources, 8 (67%) discussed virtual care-from-home solutions
comprehensively [60-68], while 4 (33%) articles specifically
addressed the concept of a VH [62,69-71].

Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram.
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Table 2. Included peer-reviewed articles.

Intervention dis-
cussed

Health care condi-
tions addressed

PopulationStudy designCountryTitleAuthors

TelemedicineEquitable access to
specialty health care
services

General rural popula-
tion

Case studyUnited StatesThe development of
a telemedicine plan-
ning framework
based on needs as-
sessment

AlDossary et al
[55], 2017

TelehealthMultiple chronic
conditions

Study: a team of

HPMLa faculty mem-

Case studyUnited StatesDesigning a multi-
faceted telehealth in-
tervention for a rural

Davis et al [38],
2020

bers, a graduate student,
population using a a program manager, 2
model for develop- telehealth experts, and
ing complex inter-
ventions in nursing

state stakeholders;

stakeholders: the TMHb

director, BMSc medical
director, 2 BMS nurses,
the program manager
for the state traumatic
brain injury waiver, the

director of the WVd

home- and community-
based service program,
1 Medicaid waiver par-
ticipant advocate, and
the chief operations of-
ficer.

TelehealthMental Health17 health care providersMixed methods
study

United StatesBenefits and chal-
lenges of implement-
ing telehealth in ru-

DeHart et al [39],
2022

ral settings: a mixed-
methods study of
behavioral medicine
providers

VHe: hospital in
the home

Equitable access to
health care services

General rural popula-
tion

CommentaryCanadaIt’s not one size fits
all: a case for how
equity-based knowl-

Giroux et al [50],
2022

edge translation can
support rural and re-
mote communities to
optimise virtual
health care

TelehealthFrontier critical ac-
cess care

36 stakeholders (8 criti-
cal access hospitals)

Qualitative studyUnited StatesFactors influencing
telehealth implemen-
tation and use in

Haque et al [40],
2021

frontier critical ac-
cess hospitals: Qual-
itative study

VH: hospital in the
home

Burn care143 patientsQuantitative
study

United StatesVirtual visits for
outpatient burn care
during the COVID-
19 pandemic

Head et al [51],
2022

TelehealthAmbulatory prac-
tices and triage be-
fore hospitalization

General rural popula-
tion

CommentaryUnited StatesTelehealth in re-
sponse to the
COVID-19 pandem-
ic: Implications for

Hirko et al [41],
2020

rural health dispari-
ties
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Intervention dis-
cussed

Health care condi-
tions addressed

PopulationStudy designCountryTitleAuthors

TelehealthMental Health10 telepsychiatrists and
4 telepsychologists

Qualitative studyUnited StatesPsychiatrist and psy-
chologist experi-
ences with telehealth
and remote collabora-
tive care in primary
care: a qualitative
study

Howland et al
[42], 2021

TelehealthGeneral health careGeneral rural popula-
tion

CommentaryCanadaEnhancing access to
care in northern ru-
ral communities via
telehealth

Jong et al [44],
2019

Remote patient
monitoring

General health careGeneral rural popula-
tion

Scoping reviewAustralia and
Canada

Patient and provider
perspectives on
eHealth interven-
tions in Canada and
Australia: A scoping
review

LeBlanc et al
[58], 2020

TelehealthPrimary health care53 health care profes-
sionals

Qualitative studyAustraliaHealth workforce
perceptions on tele-
health augmentation
opportunities

Thomas et al
[48], 2023

TelehealthBreast cancer
screening

55 service providersQualitative studyAustralia“From the technolo-
gy came the idea”:
safe implementation
and operation of a
high quality teleradi-
ology model increas-
ing access to timely
breast cancer assess-
ment services for
women in rural Aus-
tralia

Johnston et al
[43], 2020

VH: hospital in the
home

Management of low-
er back pain

12 focus groupsCase studyCanadaA model to imple-
ment standardised
virtual care for low
back pain amongst a
large network of
providers in urban
and rural settings

Correale et al
[49], 2022

TelehealthCardiovascular dis-
ease

10 health care profes-
sionals

Qualitative studyAustraliaInforming telehealth
service delivery for
cardiovascular dis-
ease management:
exploring the percep-
tions of rural health
professionals

Kocanda et al
[45], 2021

TelehealthPelvic health54 participantsQualitative studyAustraliaTelehealth and the
provision of pelvic
health physiotherapy
in regional, rural and
remote Australia

McPherson and
Nahon [46], 2021

Virtual pharmacyUse of medications
in rural and remote

NSWf public hospi-
tals

15 focus groups (42
nurses, 8 physicians, 12
managers, 4 allied
health staff, and 3 phar-
macists)

Case study fol-
lowed by qualita-
tive analysis

Australia“This is streets
ahead of what we
used to do”: staff
perceptions of virtu-
al clinical pharmacy
services in rural and
remote Australian
hospitals

Allan et al [59],
2021
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Intervention dis-
cussed

Health care condi-
tions addressed

PopulationStudy designCountryTitleAuthors

TelehealthEmergency depart-
ment

18 participantsQualitative studyUnited StatesManaging innova-
tion: a qualitative
study on the imple-
mentation of tele-
health services in ru-
ral emergency depart-
ments

Nataliansyah et al
[47], 2022

VH: hospital in the
home

Emergency and inpa-
tient care at critical
access hospitals

General rural popula-
tion

Case studyUnited StatesThe virtual hospital-
ist: a single site im-
plementation bring-
ing hospitalist cover-
age to critical access
hospitals

Kuperman et al
[52], 2018

VH: hospital in the
home

COVID-191477 patientsCase studyUnited StatesInsights from rapid
deployment of a vir-
tual hospital as stan-
dard care during the
COVID-19 pandem-
ic

Sitammagari et al
[53], 2021

VH: hospital in the
home

COVID-19 positive
cases

General rural popula-
tion

Systematic re-
view

United Kingdom,
United States,
Canada, China,
the Netherlands,
Ireland, Brazil,
and Australia

Remote home moni-
toring (virtual
wards) for con-
firmed or suspected
COVID-19 patients:
a rapid systematic
review

Vindrola-Padros
et al [54], 2021

TelemedicineGeneral health careGeneral rural popula-
tion

CommentaryIndiaTelemedicine for
health care: capabili-
ties, features, barri-
ers, and applications

Haleem et al
[56], 2021

Remote patient
monitoring

COVID-1913 participantsQualitative studyAustraliaThe rapid develop-
ment of virtual care
tools in response to
COVID-19: case
studies in three Aus-
tralian health ser-
vices

Gray et al [57],
2022

TelehealthGeneral health careGeneral rural popula-
tion

Systematic re-
view

AustraliaTelehealth services
in rural and remote
Australia: a systemat-
ic review of models
of care and factors
influencing success
and sustainability

Bradford et al
[37], 2016

aHPML: health policy, management, and leadership.
bTMH: Take Me Home.
cBMS: Bureau for Medical Services.
dWV: West Virginia
eVH: virtual hospital.
fNSW: New South Wales.
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Table 3. Included gray literature sources.

InterventionHealth care conditions addressedLiterature typeCountryTitleAuthors or sources

VHaOverall Hospital careWeb reportAustraliaRPA virtual hospital proof of
concept trial evaluation report
2020–2021

Shaw and Wilson
[71], 2022

Virtual care from
home

General healthWeb reportAustraliaImproving equity of access in
rural and regional health
through hybrid and connected
care

Hardy et al [67]

VHGeneral healthWeb reportAustraliaRemote Australian community
harnesses mixed reality and
space technologies to deliver
better health care

Microsoft News Cen-
ter [70], 2022

VHGeneral healthWeb reportAustraliaThe virtual hospitalHospital and Health-
care [69], 2021

Virtual care from
home

General healthWeb reportAustraliaVirtual care in practiceAgency for Clinical
Innovation [60], 2021

Virtual care from
home

General healthNational strategyAustraliaFuture focused primary health
care: Australia’s Primary
Health Care 10 Year Plan 2022-
2032

Department of Health,
Australian govern-
ment [63], 2022

Virtual care from
home

General healthState strategyAustraliaDigital strategy for rural and
remote healthcare - 10 year
plan

Queensland govern-
ment [66], 2021

Virtual care from
home

General healthState strategyAustraliaNT health virtual care strategyNorthern Territory
government of Aus-
tralia [65]

Virtual care from
home

General healthState strategyAustraliaVirtual care standard and guideVictoria Department
of Health [68], 2022

Virtual care from
home

General healthNational strategyAustraliaNational strategic framework
for rural and remote health

Department of Health,
Australian govern-
ment [61], 2016

VHGeneral healthWeb reportAustraliaBetter connectivity plan for re-
gional and rural Australia

Department of Infras-
tructure, Australian
government [62],
2022

Virtual care from
home

General healthTelecommunica-
tions survey report

AustraliaRegional telecommunications
review 2021

National Rural Health
Alliance [64], 2021

aVH: virtual hospital.

The included 23 peer-reviewed articles were from 9 different
countries, with 10 (43%) studies from the United States
[38-42,47,51-53,55], 7 (30%) studies from Australia
[37,43,45,46,48,57,59], 3 (13%) from Canada [44,49,50], and
1 (4%) from India [56]. Moreover, 1 (4%) study analyzed data
from both Australia and Canada [58], while 1 (4%) was a
multinational study where data were combined from the United
Kingdom, the United States, Canada, China, the Netherlands,
Ireland, Brazil, and Australia [54]. The 12 items of gray
literature included in this review were all from Australia [60-71].

The selected academic articles covered a wide range of health
care issues. Of the 23 peer-reviewed articles, 5 (22%)
concentrated on general and primary health care
[37,44,48,56,58], 3 (13%) addressed COVID-19 [53,54,57], 2
(9%) focused on emergency and inpatient care [47,52], and 2
(9%) discussed mental health [39,42]. In addition to this, there
were 2 (9%) studies discussing equitable access to health care

services [50,55] and 1 (4%) study each addressing ambulatory
practices and triage [41], breast cancer assessment [43], burn
care [51], cardiovascular disease [45], lower back pain [49],
multiple chronic conditions [38], pelvic health [46], medication
use [59], and frontier critical access care [40]. All 12 (100%)
of the 12 items of gray literature addressed general health,
focusing mainly on providing equitable health care services
virtually [60-71].

In terms of digital technology used for VH implementation,
most (20/23, 87%) of the peer-reviewed articles explored the
use of videoconferencing [37-39,41-45,47-53,55-59], followed
by telephone communication [38,40,41,49,50,53-55,58] and
wearable sensors [4,39,41,43,44,54,56,57]. In total, 30% (7/23)
of the studies focused on the use of online electronic medical
record systems [39,40,49,53,54,57,59], 22% (5/23) of the studies
described mobile apps [39,41,48,50,57], while 17% (4/23) of
the studies highlighted text messaging for virtual care
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[41,46,50,57]. Other technologies, such as store and forward
(3/23, 13%) [37,43,44], email and chatbot (1/23, 4%) [57], and
robotic ultrasonography (1/23, 4%) [44] were also included as
supportive VH technologies. Among the 12 gray literature
sources, only 2 (17%) reports explicitly addressed virtual
care-from-home technologies. Shaw and Wilson [71] discussed
the use of videoconferencing, Internet of Medical Things
devices, and telephone technology for remote monitoring and
directed self-care, while Microsoft News Center [70]
concentrated on the use of mixed reality and space technology
to support VH implementation. The remaining 10 (83%) gray
literature sources holistically discussed the implementation and
use of digital care technologies.

Study Design
Among the 23 peer-reviewed studies, 6 (26%) were case studies
[38,49,52,53,55,59] and 1 (4%) was a mixed methods study
[39]. In addition, there were 8 (35%) qualitative studies
[40,42,43,45-48,57], 1 (4%) quantitative study [51], 1 (4%)
scoping review [58], 2 (9%) systematic reviews [37,54], and 4
(17%) low-quality commentaries [41,44,50,56]. Among all
included articles, only 2 (9%) reported selection bias [51,53].
Among the 12 gray literature sources, there were 2 (17%)
national strategies [61,63], 3 (25%) state-level strategy
documents [65,66,68], 6 (50%) web reports [60,62,67,69-71],
and 1 (8%) telecommunication survey report [64].

Clinical Outcomes
Only 7 (30%) academic studies of the 23 peer-reviewed articles
and 2 (17%) of the 12 gray literature sources assessed the
clinical outcomes of the VHs or virtual care-from-home models.

Findings from existing literature demonstrated that VHs have
contributed toward positive clinical outcomes, including
specialist medication advice, better medication knowledge,
reduced medication errors [59], reduced disease transmission
[53,56], minimized disease exposure to staff [53], improved
patient safety [57,59], reduced admission and readmission
[52,71], lower mortality, shorter LOS, and maximized adherence
to clinical best practices [52,54,69].

According to Allan et al [59], VHs facilitated enhanced
medication management by enabling specialists to provide
tailored advice based on individual patient needs. This
personalized approach improved patient understanding and
medication adherence. Furthermore, by facilitating direct
communication between health care providers and specialists,
VHs could help reduce medication errors because specialists
could review prescriptions remotely, identify potential errors,
and provide immediate feedback or corrections.

VHs also enabled remote consultations, diagnosis, and
monitoring, reducing the need for physical interaction between
patients and health care staff [53,56]. This reduced the risk of
disease transmission, particularly in cases of infectious diseases.
Moreover, by minimizing in-person visits, health care staff were
exposed to fewer patients, reducing their risk of contracting
contagious diseases.

Gray et al [57] and Allan et al [59] emphasized the role of
continuous monitoring and timely interventions in enhancing

patient safety. Remote monitoring devices and telemedicine
consultations enabled early detection of complications,
facilitating prompt medical interventions and reducing the risk
of adverse events. Through remote monitoring and timely
interventions, VHs could also manage chronic conditions more
effectively, thereby reducing the frequency of hospital
admissions and readmissions [52,71]. In addition, by providing
patients with better access to health care resources and support,
VHs could prevent exacerbations of chronic conditions, further
reducing hospitalizations.

VHs have demonstrated potential in improving patient outcomes
and reducing health care costs. By enabling continuous
monitoring and timely interventions, VHs contributed to reduced
mortality rates, shorter hospital stays, and lower readmission
rates. Vindrola-Padros et al [54] reported that virtual wards for
patients with COVID-19 had lower mortality rates, with only
29% admissions to the emergency department and <36%
readmission rate. Likewise, Kuperman et al [52] reported that
the pilot VH recorded a 6% decrease in patient transfers, a 17%
decrease in admissions, and a 3.7% decrease in LOS.
Furthermore, Head et al [51] discussed that virtual
care-from-home service for patients with burn injury had similar
clinical outcomes when compared to in-person care. None (0/23,
0%) of the studies reported negative clinical outcomes for VHs.

Despite diverse health care conditions, studies revealed similar
clinical outcomes. For instance, Head et al [51] concentrated
on burn care, Kuperman et al [52] discussed emergency and
inpatient care, and Shaw and Wilson [71] addressed overall
hospital care; however, all reported that VHs reduced admission,
readmission, and transfer in their respective studies. Likewise,
Gray et al [57], addressing virtual pharmacy, and Allan et al
[59], discussing COVID-19, discovered that virtual
care-from-home solutions improved patient safety.

Health System Outcomes
A total of 12 (52%) academic studies of the 23 peer-reviewed
articles and 3 (25%) of the 12 gray literature sources discussed
9 positive health system outcomes.

The reported outcomes included improved access to care and
efficient use of resources [39,52,54,71], reduced patient and
health care costs [37,39,48,51,53,56,58], enhanced patient
experience and safety [56-58,69], enhanced health care delivery
and provider support through trusted workflow and virtual
relocation [53,54,58,59], improved process outcomes and
enhanced compliance [37,52,54,58,71], enhanced geographic
coverage, and better integration of health care services [67,71].

VHs used telemedicine technologies to provide remote health
care services, enabling patients to access health care
professionals without physical travel and enhancing access to
care in underserved areas [39,52,54,71]. Similarly, VHs
enhanced health care efficiency by streamlining delivery
processes, reallocating resources toward virtual care platforms,
reducing physical infrastructure requirements, and resulting in
cost savings and improved service delivery.

VHs also lowered patient and health care costs by minimizing
the need for in-person visits, hospitalizations, and associated
travel expenses. Telemedicine consultations and remote
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monitoring enabled timely interventions, preventing costly
complications and reducing the overall health care expenditure
for patients and health care providers. According to Head et al
[51], virtual visits resulted in significant savings, including an
average reduction of 130 miles in travel distance, 164 minutes
of travel time, US $104 in travel costs, and US $81 in forgone
wages due to the time saved from not having to travel. None
(0/23, 0%) of the articles highlighted negative health care system
outcomes.

Furthermore, VHs could offer convenient and personalized
health care experiences tailored to patients’ needs because
remote consultations and digital health tools empowered patients
to actively participate in their care, leading to greater satisfaction
and engagement [56-58,69]. In addition, virtual care models
prioritized patient safety by minimizing exposure to health
care–associated infections and promoting adherence to
evidence-based practices. Similarly, by leveraging technology
to optimize health care delivery processes and support health
care providers in delivering high-quality care, VH facilitators
had managed to enable seamless coordination among
multidisciplinary teams, improving communication,
collaboration, and patient outcomes [53,54,58,59]. The virtual
support systems also enhanced provider efficiency and job
satisfaction, ultimately enhancing the overall quality of care
delivery.

Findings from the literature also revealed that VHs improved
health care by standardizing workflows, promoting clinical
adherence, and facilitating efficient data management
[37,52,54,58,71]. The use of digital health solutions helped
improve care coordination and patient outcomes while ensuring
regulatory compliance and quality standards in health care
delivery.

The findings were consistent across different health care
conditions. While Head et al [51], DeHart et al [39], Kuperman
et al [52], Shaw and Wilson [71], and Vindrola-Padros et al
[54] focused on burn care, mental health, emergency and
inpatient, general hospital care, and COVID-19, respectively,
their studies collectively highlighted that health care
virtualization significantly improved access to care.
Furthermore, the Australian-based Royal Prince Alfred VH
received positive feedback from patients for the convenience
and stress-reducing benefits of receiving care from home [71].

In addition, Hardy et al [67] and Shaw and Wilson [71] reported
that VHs offered health care services beyond traditional
boundaries, improving accessibility and enabling broader
geographic coverage. Telemedicine and remote monitoring
enabled patients to have specialized care, reducing disparities
in access. This care model also facilitated better integration of
health care services by fostering collaboration among providers,
improving care transitions, and promoting continuity of care
across different settings.

Patient Perspectives
A total of 8 (35%) of the 23 peer-reviewed articles and 1 (8%)
web report of the 12 gray literature sources examined patient
perspectives regarding the implementation of VHs and virtual
care-from-home solutions.

Allan et al [59] and Correale et al [49] highlighted high patient
acceptance and satisfaction with virtual care-from-home
services. Similarly, DeHart et al [39] noted increased satisfaction
due to time, cost, and travel savings from telehealth services
for rural patients. Likewise, Giroux et al [50] disclosed that
quality virtual care-from-home enhanced empowerment,
improved self-management, and expanded access to culturally
appropriate care locally.

Patient involvement in remote care is associated with improved
outcomes and satisfaction, as suggested by Vindrola-Padros et
al [54]. VHs provided patients with the convenience of receiving
treatment locally rather than having to relocate to a secondary
care hospital, thus leading to an increased level of satisfaction,
as highlighted by Gray et al [57] and Kuperman et al [52]. While
none (0/23, 0%) of the studies discussed the negative patient
perspectives, LeBlanc et al [58] stated that patient satisfaction
was highly dependent on technological proficiency, health care
provider readiness, and the quality of care provided virtually.

Health Care Provider Perspectives
A total of 8 (35%) of the 23 peer-reviewed articles and 1 (8%)
of the 12 gray literature sources discussed the provider
perspectives on the implementation of VHs and virtual
care-from-home solutions.

Positive health care provider perspectives included increased
provider satisfaction [43,59], enhanced service delivery [43,59],
better collaboration and teamwork [39,49,50,60], and increased
efficiency and accessibility [52,56,58,60]. Providers reported
that VHs and hospital-in-the-home solutions offered them more
flexibility in delivering care and managing their workload. They
could engage in telemedicine consultations, remote monitoring,
and virtual care delivery, which led to reduced burnout and
increased job satisfaction. The convenience and efficiency of
virtual care platforms contributed to a more satisfying work
environment for health care professionals. Both peer-reviewed
articles and gray literature also highlighted that providers
reported that VHs improved health care delivery by enabling
telemedicine consultations and remote monitoring, thus allowing
them to reach a wider patient population, deliver timely
interventions, and offer continuous support. Furthermore, the
providers stated that the integration of digital health tools
allowed for enhanced service quality, accessibility, and patient
outcomes.

In addition, health care providers expressed that virtual care
platforms allowed them to facilitate collaboration and
communication among health care team members, regardless
of their physical location [52,56,58,60]. Rural providers could
easily consult with specialists, share patient information, and
coordinate care plans in real time, promoting interdisciplinary
collaboration and teamwork. This seamless exchange of
information enhanced care coordination and improved patient
outcomes.

Studies by Allan et al [59] and Johnston et al [43] indicated that
enhanced service timeliness, greater accessibility, and reduced
provider travel time increased provider satisfaction. They also
stated that improved workflows and clinic processes and better
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medication management further contributed to enhanced service
delivery.

No patients or health care providers reported negative views of
the results.

Barriers to VH Implementation
Barriers to VH implementation were reported in 21 (91%) of
the 23 peer-reviewed articles and 6 (50%) web reports of the
12 gray literature sources.

Poor digital literacy and language barriers among rural patients
emerged as significant obstacles, hindering successful VH
adoption. Language barriers and a lack of digital skills presented
challenges in connecting remote patients with virtual care
solutions, contributing to a digital gap [48,50,53,58,71]. The
lack of digital skills also presented a substantial obstacle in
connecting remote patients with virtual care-from-home
solutions [39,57,71]. Poor digital literacy and language barriers
among patients often deterred them from engaging in virtual
care services [57] and led to a lack of patient commitment to
continue using virtual care-from-home services [39].
Furthermore, health care providers’ low adoption and lack of
provider knowledge or skills were reported, resulting in
resistance to change and workforce constraints, indicating a
need for targeted strategies to address these issues
[37-40,44,48,53,68,71].

Technological barriers, such as poor technical infrastructure
and connectivity [41,45,48-51,53,56,58,64,67,68], limited
technical support [39,46,50,57,58,60,68,71], restricted access
to digital equipment [38,43,46,49,53,57,60], and legacy and
outdated technologies [47,68,71], were also identified as
significant barriers to VH implementation for regional and
remote communities.

In remote and rural areas, inadequate technical infrastructure
and connectivity hindered the effective deployment of VH
services [41,45,48-51,53,56,58,64,67,68]. Without reliable
internet access and robust communication networks, health care
providers and patients faced challenges in accessing
telemedicine consultations, remote monitoring, and digital health
platforms.

Similarly, the absence of adequate technical support exacerbated
challenges associated with VH implementation
[39,46,50,57,58,60,68,71]. Health care providers and patients
encountered difficulties in troubleshooting technical issues,
configuring digital devices, or navigating telemedicine
platforms.

Another major technological barrier faced by individuals in
remote and underserved communities was the lack of access to
digital devices, such as tablets, webcams, or computers, which
were essential for participating in virtual care consultations
[38,43,46,49,53,57,60]. The digital divide exacerbated
disparities in health care access and highlighted the need for
initiatives aimed at providing digital equipment to marginalized
populations.

Moreover, the presence of legacy and outdated technologies
impeded the adoption and effectiveness of VH solutions
[47,68,71]. Incompatible systems, outdated software, and

obsolete hardware hindered interoperability, data exchange, and
user experience.

Several studies reported barriers related to processes of
coordination and communication among stakeholders [38,58],
cultural neglect for rural communities [66,68], absence of robust
governance and effective leadership [42,43,59,68,71], data
privacy and security concerns [38,48,49,56,58,69],
organizational challenges in relation to resource planning
[54,59], operational processes [38,42,60], and limited policies
supporting rural community inclusion [45,48,54,57].

According to Davis et al [38] and LeBlanc et al [58], effective
coordination and communication among stakeholders were
essential for the successful implementation of VHs. Barriers
within these processes, such as fragmented communication
channels or a lack of standardized protocols, impeded the
seamless delivery of care and collaboration among health care
providers, patients, and support staff.

In addition, the cultural neglect of rural communities highlighted
disparities in health care access and delivery. Policies and
initiatives that failed to consider the unique cultural, social, and
geographic factors of rural populations exacerbated health care
inequities [66,68]. Recognizing and addressing cultural diversity
and rural-specific health care needs were essential for ensuring
inclusive and patient-centered VH services.

Furthermore, inadequate governance frameworks and leadership
support led to ambiguity, resistance to change, and lack of
accountability, hindering progress and sustainability
[42,43,59,68,71]. Strong leadership and governance mechanisms
were essential for guiding strategic planning, resource allocation,
and decision-making processes in VH initiatives, and these were
fundamental for driving organizational change and ensuring the
successful implementation of VHs.

Another critical consideration for VH implementation was data
privacy and security concerns, particularly regarding the storage,
transmission, and sharing of sensitive patient information
[38,48,49,56,58,69]. Failure to address these concerns could
impact patient trust, compromise confidentiality, and expose
health care organizations to legal and regulatory risks. Robust
data privacy policies, secure information systems, and adherence
to industry standards were considered essential for safeguarding
patient data and maintaining confidentiality.

Organizational challenges, such as inadequate resource planning
and inefficient operational processes, impeded the scalability
and sustainability of VHs [54,59]. Limited resources, workforce
shortages, and inefficient workflows hindered the delivery of
timely and quality care, affecting patient outcomes and
satisfaction. Strategic resource allocation, process optimization,
and continuous quality improvement were necessary for
overcoming organizational barriers and enhancing operational
efficiency in VHs.

In addition, limited policies supporting rural community
inclusion also affected the implementation of equitable VH
services [45,48,54,57]. The absence of supportive policies may
have limited funding opportunities, regulatory incentives, and
infrastructure development for VHs in rural areas. Advocacy
for policies that prioritized rural community inclusion, addressed
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health care disparities, and incentivized VH adoption were
essential for promoting equitable access to health care services.

Furthermore, a few (4/35, 11%) studies identified financial
sustainability challenges [47,57,60,69] and the unfair distribution
of funds among different health care settings [42,47,57].

Facilitators of VH Initiatives
Facilitators for the successful implementation of VHs were
identified in 19 (83%) of the 23 peer-reviewed articles and 7
(58%) web reports of the 12 gray literature sources.

The literature strongly suggested that key facilitators included
clinical leadership and advocacy [37,48,71] together with staff
a n d  p a t i e n t  e n r i c h m e n t  a n d  t r a i n i n g
[40,42,43,46,47,52,54,59,71], emphasizing the importance of
enhancing patient and provider capabilities for successful VH
implementation. The Australian federal and state governments
are investing in digital literacy upskilling programs to empower
patients to self-manage symptoms and navigate VHs confidently
[67,68].

Few other facilitators were recognized as a way to mitigate
barriers such as collaboration and partnerships [43,48,57,59,71],
effective communication [48,49,52,65], purposeful planning
and development [37,60,65,71], a comprehensive governance
structure [60,65,71], optimized organizational structure
[38,43,49,53], iterative system implementation [59,65,71], and
supportive government policies [37,51,67,69].

Collaboration and partnerships among stakeholders, including
health care providers, government agencies, technology vendors,
and community organizations, were instrumental in overcoming
barriers and driving the adoption of VHs [43,48,57,59,71]. By
fostering collaboration, organizations could leverage collective
expertise, resources, and networks to address challenges; share
best practices; and promote innovation in virtual care delivery.
Likewise, effective communication strategies were essential for
ensuring clear understanding, alignment, and engagement among
stakeholders involved in VH implementation. Open and
transparent communication channels facilitated knowledge
sharing, stakeholder engagement, and problem-solving, enabling
organizations to address concerns, manage expectations, and
drive consensus toward common goals [48,49,52,65].

Purposeful planning and development also incorporated strategic
initiatives aimed at designing, implementing, and optimizing
VHs [37,60,65,71]. By adopting a systematic approach to
planning, organizations could anticipate challenges, identify
opportunities, and develop robust strategies for addressing
barriers and achieving desired outcomes in virtual care delivery.
Similarly, a comprehensive governance structure provided the
framework for guiding decision-making, accountability, and
oversight in VH initiatives [60,65,71]. Clear governance
mechanisms, policies, and procedures ensured alignment with
organizational goals, regulatory requirements, and industry
standards while also promoting transparency, efficiency, and
stakeholder engagement.

In addition, an optimized organizational structure will align
roles, responsibilities, and workflows to support the effective
delivery of VH services [38,43,49,53]. By streamlining

processes, clarifying responsibilities, and fostering collaboration,
organizations can enhance efficiency, agility, and responsiveness
in virtual care delivery, ultimately improving patient outcomes
and satisfaction. Likewise, iterative system implementation will
involve continuous assessment, refinement, and optimization
of VH services and processes. By adopting an iterative approach,
organizations can adapt to evolving needs, address emerging
challenges, and incorporate feedback from stakeholders, thereby
enhancing the effectiveness, usability, and sustainability of
virtual care solutions [59,65,71].

Moreover, supportive government policies created an enabling
environment for VH implementation by providing regulatory
intelligibility, funding support, and incentives for innovation.
Policies that promoted telemedicine reimbursement,
infrastructure development, workforce training, and data privacy
enhanced the viability and scalability of virtual care initiatives
while also fostering collaboration and alignment among
stakeholders across the health care ecosystem [37,51,67,69].

These facilitators highlighted the importance of strategic
planning, clear communication, and collaborative efforts
involving various stakeholders to overcome process-related
challenges and ensure successful VH deployment.

Investment in technical infrastructure [59,60,65,67,68,70],
quality, user-friendly and affordable technology
[53,59,60,67,68], and technical outreach and support services
[43,58,68] were noted as enablers for VH initiatives.

Robust technical infrastructure formed the foundation for VHs,
facilitating seamless communication, data exchange, and service
delivery [59,60,65,67,68,70]. Hence, investment in
infrastructure, such as high-speed internet connectivity, secure
data storage, and interoperable systems, was essential for
ensuring reliable and efficient virtual care delivery. Without
adequate infrastructure, VHs would face connectivity issues,
data security risks, and operational inefficiencies, hindering
their effectiveness in reaching and serving rural patients.

Furthermore, access to quality, user-friendly, and affordable
technology was critical for enhancing the accessibility and
usability of VHs [53,59,60,67,68]. User-friendly interfaces,
intuitive design, and affordability ensured that health care
providers and patients could easily navigate and use virtual care
platforms. Quality technology solutions also contributed to
positive user experiences, engagement, and satisfaction,
ultimately improving the effectiveness and adoption of VHs.

Similarly, technical outreach and support services played a vital
role in assisting health care providers and patients in navigating
and troubleshooting virtual care technology services [43,58,68].
These services might include training programs, help desks,
and technical assistance teams that provide guidance, education,
and troubleshooting support. By offering ongoing technical
support, organizations could empower users to effectively use
VH platforms, address technical issues, and maximize the
benefits of remote care delivery.

These facilitators emphasized the importance of a robust
technical foundation, user-friendly interfaces, and support
services to overcome technological challenges and enhance the
acceptance of VHs within regional and remote communities.

JMIR Hum Factors 2025 | vol. 12 | e64582 | p.601https://humanfactors.jmir.org/2025/1/e64582
(page number not for citation purposes)

Kumari et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Sustainable financing also emerged as a crucial facilitator,
emphasizing the importance of permanent insurance
reimbursement solutions and grant funding to support and
expand the reach of VH services [38,47,53].

Discussion

Principal Findings
This review demonstrated clinical and health system outcomes
of VHs in remote and rural health settings. It addresses the
current evidence gap regarding the impact of VHs for regional
and rural populations on clinical, health system, patient, and
provider outcomes, indicating that VHs significantly enhance
clinical effectiveness, regardless of population demographics.

In terms of clinical effectiveness, this review reported positive
outcomes against key indicators commonly used to evaluate
health care interventions, such as mortality rates, readmission
rates, LOS, and improvement in clinical indicators [71]. These
findings are consistent with those of Norman et al [17], who
reported similar benefits from hospital-at-home care for older
individuals, such as shorter LOS and reduced readmission rates.
However, it should be noted that this review does not examine
the impact of VHs on chronic condition management, a critical
area for evaluating the overall effectiveness of VHs. Further
research is needed to explore how VHs can better support
chronic disease management and improve long-term health
outcomes.

Furthermore, this study highlights the health system benefits of
VHs, noting their potential to reduce patient and health care
expenditures for various conditions, including general health,
mental health, burn care, and infectious diseases such as
COVID-19. The analysis correlates with key metrics such as
quality care, equitable access, cost management, and population
health improvement, affirming that VHs significantly enhance
health system outcomes in regional and remote communities.

Moreover, the health system outcomes identified in this review
align with those observed in urban populations, as reported by
Bidoli et al [13] and Snoswell et al [72]. Evidence indicates that
VHs positively impact health system outcomes by improving
efficiency, accessibility, and resource management, thus proving
to be a valuable addition to contemporary health care delivery.

The findings also reveal that positive patient and provider
perspectives are contingent on adequate internet connectivity,
user-friendly technology, sufficient training, and enhanced
collaboration between urban and rural health care providers. A
comparison with the studies by Denny and Hill [73], who
evaluated patient and health care worker perspectives of virtual
care delivery for patients with cystic fibrosis in a suburban
setting, and Babaei et al [18], who assessed barriers to and
facilitators of virtual care, revealed similar findings. Both studies
support the argument that high patient and provider satisfaction
heavily depends on adequate internet connectivity, effective
technology, and robust technical support systems.

Beyond the findings of this study, it is worth noting that VHs
also have the transformative potential in mitigating climate
change while maintaining effective patient care. King et al [74]
revealed a 99.37% reduction in carbon emissions per
appointment compared to in-person visits. Likewise, Thiel et
al [75] demonstrated that telemedicine reduced greenhouse gas
emissions by nearly 17,000 metric tons in 2021, equivalent to
the annual energy use of 2100 homes, by replacing in-person
visits with virtual appointments.

Despite the numerous benefits of VHs for rural and remote
health care, their implementation often faces significant
challenges. These challenges can be categorized into 4 main
themes: people, process, technology, and finance (Figure 3).
Effectively addressing barriers in these areas requires a
multifaceted approach, including digital literacy and enrichment,
stakeholder collaboration, a patient-centered approach,
sustainable funding structures, and the application of smart
technologies. By implementing these strategies, regional and
remote communities can gain better access to quality health
care, potentially improving clinical and health system outcomes
and enhancing satisfaction among rural patients and providers.

Addressing these multifaceted challenges is crucial for the
successful implementation of VHs in regional and remote health
care settings. The identified facilitators provide a road map for
strategic interventions and investments to overcome barriers,
thereby enhancing the effectiveness of VHs in improving health
care accessibility and delivery in underserved areas.

JMIR Hum Factors 2025 | vol. 12 | e64582 | p.602https://humanfactors.jmir.org/2025/1/e64582
(page number not for citation purposes)

Kumari et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Barriers to and facilitators of virtual hospital initiatives.

Recommendations for Developing VHs
The synthesis of studies on the development of VHs in regional
and remote areas has led to 4 key recommendations. First,
successful VH implementation relies heavily on stakeholder
collaboration and patient-centered approaches. Engaging a
diverse range of stakeholders, including community members
and health care providers, ensures that VHs align with the needs
and preferences of all involved. Key elements include
collaborative engagement, health care professional advocacy,
seamless communication policies, patient-centered design, and
culturally responsive models. These strategies foster trust,
improve coordination, and ensure inclusivity among and respect
for diverse populations.

Second, achieving digital equity and securing sustainable
funding are critical for the success of VHs. Implementing robust
governance structures and advisory committees to oversee VH
operations ensures coordination, safety, and quality standards.
Policy-driven organizational transformation enables VHs to
adapt to evolving health care needs while leveraging government
grants to provide essential financial support, addressing
infrastructure needs and operational deficits.

Third, investing in sustainable infrastructure and advancing
health care technology are vital for enhancing VH services.
Recommendations include developing resilient infrastructure
to support VH technology, advancing integrated health care
systems, empowering remote care staff with the necessary tools
and training, building robust digital foundations through iterative
development, and implementing stringent privacy and security
measures to protect patient data.

Finally, enhancing digital literacy among health care providers
and patients is crucial for the seamless implementation of VHs.
Continuous training and involvement of health care providers
build trust and competence in using new technologies, while
educating patients about virtual care technologies improves
acceptance and engagement.

Overall, successful VH implementation in regional and remote
regions requires a holistic approach that considers stakeholder
collaboration, a patient-centered approach, digital equity, smart
technology application, and digital literacy enhancement. These
recommendations provide a comprehensive framework for
developing and sustaining VHs in regional and remote health
care settings.

Limitations and Future Research Direction
This review encountered several limitations. First, the restricted
search period, which concluded in March 2023, limited the
capture of more recent developments and emerging insights.
However, the unique focus on the remote and rural context
offers timeless relevance to the baseline understanding of
regional and remote VH implementation globally during the
COVID-19 pandemic. This study provides a valuable foundation
for future comparative research on VH implementation across
rural and urban settings. Second, the absence of studies reporting
negative outcomes restricts our understanding of the potential
risks and drawbacks associated with the development of VHs
for remote and regional communities. This lack of balanced
reporting may lead to an overly optimistic view of VH
implementation. In addition, as a rapid review, this study faced
typical limitations, such as a constrained time frame and reliance
on English language sources, potentially excluding relevant
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studies and resulting in a less comprehensive literature search.
While efficient, the rapid review methodology offers less depth
compared to systematic reviews, potentially limiting the
robustness of conclusions. Finally, this review insufficiently
emphasized the broader environmental implications of VHs,
particularly their demonstrated potential to reduce carbon
emissions through decreased patient travel and resource
consumption. This oversight limits the discussion of their
potential as a tool for environmental sustainability. Finally,
despite the authors’ efforts to avoid using region-specific terms
in the gray literature search, it is important to note that the use
of the Google search engine in this study may have contributed
to geographic bias, leading to an emphasis on Australian-focused
gray literature sources.

Future research should focus on evaluating both positive and
negative outcomes of VHs compared to inpatient care, using
robust methodologies, such as randomized controlled trials or
matched cohort studies. Such research would provide a
comprehensive evaluation of the clinical and health system
outcomes of VHs, facilitating direct comparisons to traditional
inpatient care. Moreover, there is a pressing need for qualitative
research involving interviews with key stakeholders engaged
in successful VH projects. Analyzing these interviews would
yield valuable insights into the challenges, successes, and
lessons learned from specific projects, enabling the development
of well-informed recommendations for future VH initiatives.
In addition, research should investigate how implementing VH

services in rural and remote areas could contribute to climate
change mitigation through reduced health care–related travel
and resource consumption.

Conclusions
Research into VHs is continuously evolving due to
developments in regulations, digital advancements,
communication tools, and remote monitoring capabilities. By
bringing together information across different disciplines,
including health care, technology, and policies, this
evidence-based rapid review aids in effectively strategizing VH
deployment so that the benefits can be realized by regional and
remote communities.

This review suggests that VHs provide a promising solution to
bridge health care gaps in regional and remote communities by
enhancing clinical effectiveness, improving health system
outcomes, and increasing patient and provider satisfaction. This
review also supports the positive contribution of VHs on
equitable health care access and addresses the existing evidence
gap within the context of regional and rural health care.

To sum up, this rapid review highlights the barriers, mitigating
facilitators, and recommendations that can serve as key strategic
pillars to developing VHs so that clinical outcomes, health
system performance, and satisfaction among patients and health
care providers are enhanced within regional and remote
communities.
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Abstract

Background: As information and communication technologies and artificial intelligence (AI) become deeply integrated into
daily life, the focus on users’digital well-being has grown across academic and industrial fields. However, fragmented perspectives
and approaches to digital well-being in AI-powered systems hinder a holistic understanding, leaving researchers and practitioners
struggling to design truly human-centered AI systems.

Objective: This paper aims to address the fragmentation by synthesizing diverse perspectives and approaches to digital well-being
through a systematic literature review. Using the stimulus-organism-response framework as a guiding lens, this study aims to
develop a comprehensive model for designing human-centered AI systems that promote digital well-being.

Methods: A systematic review of 240 multidisciplinary publications was conducted to explore the intersection of AI, digital
well-being, and human-centered design. The analysis involved identifying key themes, frameworks, and approaches, with the
stimulus-organism-response model serving as an overarching perspective to organize findings and inform the model development.

Results: The review led to the development of a human-centered artificial intelligence model for digital well-being, a conceptual
framework that consolidates current knowledge on designing AI systems to support digital well-being and positively influence
human behavior. The proposed model integrates insights from cross-disciplinary research, providing a structured understanding
of how AI system features (stimuli) affect users’ internal states such as perceptions and emotions (organisms) and lead to attitudinal
or behavioral changes (responses). Additionally, this paper highlights emerging challenges and opportunities, including ethical
considerations, scalability, and practical guidelines for applying the model in long-term research and practice.

Conclusions: This study contributes to advancing the field by presenting an overarching framework for fostering digital
well-being through human-centered AI systems. By addressing gaps in the fragmented literature and proposing a unifying model,
the findings offer insights for researchers and practitioners. The human-centered artificial intelligence for digital well-being model
serves as a foundation for future exploration and practical application in creating intelligent computing systems that improve
users' digital well-being in everyday life.

(JMIR Hum Factors 2025;12:e69533)   doi:10.2196/69533

KEYWORDS

digital well-being; digital health; human-centered AI; human-AI interaction; user experience; systematic literature review; artificial
intelligence; mobile phone

Introduction

Digital well-being is a concept that describes the impact of
information and communication technologies (ICTs) on people’s
physical and mental well-being in general [1-3]. Researchers

and practitioners in many relevant fields, including computer
science, health care, human-computer interaction (HCI),
psychology, cognitive science, and data science, have
emphasized that there are plenty of opportunities to leverage
everyday ICTs in users’ daily HCIs [4-14]. In this regard, daily
intelligent computing systems have been developed and
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investigated mainly with a focus on people’s higher level of
involvement in technology used to enhance their well-being
and behavioral design [2,15].

Existing literature has provided diverse methods and approaches
for building ICT-based computing systems that support users’
daily quality of life by promoting users’ positive attitudinal and
behavioral changes [16]. For the past decade, the trend of
increasing computing systems’complexity and interactivity has
stimulated the introduction of a variety of artificial intelligence
(AI) technologies (eg, chatbots, voice assistants, self-driving
vehicles, or recommendation systems) that have penetrated far
into people’s everyday lives [17,18]. The application areas of
these intelligent systems include (1) consumer applications such
as recommender systems and social media platforms, (2)
consequential applications in medical, legal, environmental, or
financial systems, and (3) life-critical applications such as those
in cars, airplanes, or military systems [19]. Furthermore, the
previous COVID-19 pandemic has accelerated the use and
adoption of these AI-powered intelligent systems in people’s
lifestyles [20]. For example, the social distancing restrictions
in everyday life during the pandemic have increased the demand
for AI-powered services and noncontact operations such as
driverless delivery services, pre-entry wellness checking
systems, or autonomous cleaning solutions [21,22].

However, several studies have pointed out negative aspects of
prior approaches and perspectives that maximize users’
engagement with these computing systems by attracting their
attention and encouraging them to interact with the systems
more frequently [1,23-26]. In this regard, large global
technology companies, such as Google, Apple, Microsoft, and
Meta, have reframed the meaning of digital well-being and have
incorporated digital well-being into their business models. They
have introduced various design and system features to help users
manage their interactions with these computing systems and
address these users’ challenges in terms of being overloaded
and distracted by the systems [27]. Many of these features have
been developed as personal informatics tools (PITs) or digital
self-control tools. With an emphasis on an instant and short-term
well-being–enhancing intervention, these tools have mainly
allowed users to monitor and reflect on their technology use
with digital timers, usage dashboards, or lock-out features
[16,25].

The concept of digital well-being has been interpreted in a broad
sense among relevant fields with a strong consideration of daily
HCI and recent human-AI interaction [28]. However, as
aforementioned, several researchers and practitioners have also
construed in a limited sense of the term by sharing a consensus
that “excessive” and “frequent” use of systems could result in
physical or mental health problems for users [11,29-34]. Despite
this perspective gap, there is still a lack of studies that
systematically reframe the concept of digital well-being with
AI-powered computing systems. Further, the varying approaches
developed in the related disciplines tend to focus on domain-,
device-, or context-specific and fragmented aspects of human
experience and interactions with computing systems, which can
be limiting for researchers and practitioners as they search for
a holistic understanding of digital well-being in daily HCIs and
human-AI interactions [2,15,25,35,36].

In response, this paper sees the value in consolidating diverse
but scattered initiatives regarding designing human-centered
AI systems for users’ digital well-being to support effective
implementation by researchers and practitioners. More
specifically, this paper addresses the research question as
follows: “How can existing research on digital well-being with
intelligent computing systems be reframed and synthesized
toward an overarching model for human-centered AI?”

As part of the effort to develop such a cumulative body of
knowledge, this paper conducts a multidisciplinary systematic
literature review on intelligent computing systems for users’
daily digital well-being with a consideration of user- and
human-centered perspectives. The findings from the review
serve as a conceptual foundation for the development of an
overarching model: human-centered artificial intelligence for
digital well-being (HCAI-DW) model. The results from this
consolidation are also expected to enrich the current
understanding of digital well-being in daily HCIs for further
implementation of designing human-centered computing
systems.

Methods

Theoretical Framework: The
Stimulus-Organism-Response Model
To address the current knowledge gaps, this study developed
an initial conceptual model of human-centered computing for
digital well-being. In this process, this paper incorporated the
stimulus-organism-response (SOR) model. According to the
SOR model [37,38], an individual’s responses to a stimulus are
the result of a behavioral decision-making process that reflects
interplay between internal aspects (eg, preference, personality,
ability, motivation, etc) and external aspects of the specific
context (eg, time, money, weather, etc). The SOR model states
that either context or environment could be understood as a
stimulus (S), which consists of a set of designed or nondesigned
interactions that causes an internal cognitive process in
individuals (O) and produces a response (R) [39,40].

The SOR model has allowed researchers and practitioners in
various fields to investigate how humans interact with nonhuman
objects broadly and comprehensively [39]. In this regard, many
have incorporated the model because of its broader range of
possibilities for human behavior and objects and its structured
way of focusing on behavioral mechanisms instead of behavioral
consequences (eg, satisfaction, performance, outcome, utility,
or increased well-being status). For this reason, this paper seeks
to bridge the existing perspective gaps by using the basic SOR
model, with complementary points of view for digital well-being
and human-centered AI computing systems.

Through incorporating the SOR model as an initial viewpoint,
it is expected that this study can investigate multilayered aspects
of digital well-being with intelligent computing systems (Figure
1). Most previous perspectives on digital well-being in relevant
fields mainly paid attention to the “consequences” of
experiences, instead of focusing on the different ways people
make behavioral decisions and their divergent experiential
processes with intelligent systems and technologies. Researchers

JMIR Hum Factors 2025 | vol. 12 | e69533 | p.610https://humanfactors.jmir.org/2025/1/e69533
(page number not for citation purposes)

ShinJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and practitioners should consider behavioral decision-making
mechanisms as well as a specific behavioral result targeted by
designed interactions, including interface and system features.
However, a systematic understanding of the multidimensional
aspects of the behavioral decision-making process within the
research boundary of design for digital well-being with

intelligent computing systems is still lacking. Therefore, from
the perspective of the SOR model, this study concentrates on
individuals’ behavioral decision-making mechanisms as a core
concept for the unified conceptualization of digital well-being
with intelligent computing systems.

Figure 1. Overarching viewpoint of digital well-being with intelligent computing systems.

Data Collection

Overview
This study uses a systematic literature review to gain a structured
understanding of diverse perspectives on digital well-being
within intelligent computing systems. Systematic literature
reviews are recognized as rigorous and transparent methods for
synthesizing existing evidence and addressing emerging
interdisciplinary issues [41]. This review was guided by 2
complementary methodological frameworks: the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [42] (Multimedia Appendix 1) and
the approach developed by Tranfield et al (2003) [43], which
is widely adopted in evidence-informed management research.
Following these frameworks, the review was conducted in four
phases: (1) searching existing research, (2) screening relevant
studies and approaches, (3) reviewing and evaluating focal
studies on digital well-being with intelligent computing systems,
and (4) conducting supplementary backward and forward
searching.

In the initial phase, 4 primary databases—Web of Science,
EBSCO, PubMed, and the Association for Computing
Machinery (ACM) Digital Library—were used to identify
relevant studies. The first publication search was conducted on
August 15, 2022, with the final literature list updated on May
20, 2025, to ensure the inclusion of up-to-date studies.

The search strategy was designed by analyzing prior research
and examining terminology used in the relevant scientific papers,
which were critically reviewed in this paper’s initial scoping
review phase. For the searching process, the initial keyword
string was designed to focus on the intersection of technology

and well-being across multidisciplinary fields by constructing
a query that combined multiple thematic dimensions:

• Core concepts: the query incorporated terms related to
well-being, such as “wellbeing” and “well-being,” to capture
diverse terminology used across disciplines.

• Technological scope: keywords such as “system,”
“interface,” “computer,” and “technology” were included
to ensure relevance to studies that involve digital and
computational systems.

• Intelligence and interactivity: to refine the focus on
intelligent and adaptive technologies, terms such as
“artificial intelligence,” “AI,” “intelligent,” “interactive,”
“smart,” “autonomous,” and “digital” were included.

Data Collection From the Web of Science
The Web of Science was chosen as the primary database for
conducting a systematic literature search due to its
comprehensive coverage of high-impact journals, conference
proceedings, and other scholarly publications. The final query
was adapted as follows:

TS=(“wellbeing” OR “well-being”) AND TS=(“system” OR
“interface” OR “computer” OR “technology”) AND
TS=(“artificial intelligence” OR “AI” OR “intelligent” OR
“interactive” OR “smart” OR “autonomous” OR “digital”)

Boolean operators and wildcards were applied to broaden the
search and accommodate variations in terminology. Advanced
search filters were also used to focus on peer-reviewed
publications, including journal papers, conference proceedings,
and review papers. The systematic search yielded an initial pool
of 5424 papers.
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Data Collection From the EBSCO
The EBSCO database was used to conduct a comprehensive
literature search, leveraging its extensive collection of resources
spanning a wide array of academic disciplines. EBSCO was
chosen for its strong interdisciplinary coverage, particularly in
areas related to social sciences, computer science, and HCI,
making it well-suited for exploring the digital aspects of
well-being. The search string mirrored that of other databases:

(“wellbeing” OR “well-being”) AND (“system” OR “interface”
OR “computer” OR “technology”) AND (“artificial intelligence”
OR “AI” OR “intelligent” OR “interactive” OR “smart” OR
“autonomous” OR “digital”)

The search was limited to peer-reviewed publications to ensure
that only high-quality scholarly work was included.
Additionally, in EBSCO, the search was restricted to the
abstracts of papers to focus on studies that explicitly address
the targeted themes. The initial query yielded a total of 6433
papers, encompassing a wide range of studies related to the HCI
and digital well-being domains.

Data Collection From the PubMed
The PubMed database was chosen as a key resource for
exploring studies at the intersection of digital well-being and
intelligent systems due to its focus on digital health, biomedical
research, and related fields. To align with the overarching
research goals, the following search query was constructed to
capture a wide range of relevant studies:

((“wellbeing” OR “well-being”) AND (“system” OR “interface”
OR “computer” OR “technology”) AND (“artificial intelligence“
OR ”AI“ OR ”intelligent“ OR ”interactive“ OR ”smart“ OR
”autonomous“ OR ”digital“))

The initial query yielded 4073 papers. This output reflects the
strength of PubMed in identifying multidisciplinary research

that links intelligent systems with digital well-being, particularly
within the contexts of health care and user interaction.

Data Collection From the ACM Digital Library
Finally, the ACM Digital Library was selected for its specialized
focus on computing and information technology research,
encompassing both theoretical advancements and practical
insights from academia and industry. Given its prominence in
the field of computing, the ACM Digital Library was anticipated
to offer unique and highly relevant contributions to
understanding the intersection of digital well-being and
intelligent systems. The search was designed to explore themes
of digital well-being, particularly in the context of HCI. To
capture a broad range of studies, the following search query
was used:

AllField:(”wellbeing“ OR ”well-being“ OR ”digital wellbeing“
OR ”digital well-being“)

To ensure high relevance and quality, 1 advanced filter was
applied to limit the results to research papers published under
the ACM SIGCHI (Special Interest Group on Computer-Human
Interaction). SIGCHI represents a core community in HCI
research, making it a critical source for studies at the nexus of
well-being and intelligent systems. The initial search yielded a
total of 5669 papers. This comprehensive set of results highlights
the breadth of research contributions in the ACM Digital
Library, particularly within the SIGCHI community, which has
long been at the forefront of exploring the relationship between
human-centered design (HCD), interaction, and user well-being.

Final Literature Sample and Data Exploration
From the initial search, a total of 21,599 papers were identified.
These papers were manually screened by the researcher based
on their titles, abstracts, and index keywords, resulting in a
reduced set of 218 papers. The manual screening process was
guided by 5 predefined inclusion criteria (Textbox 1), which
ensured consistency and relevance in the selection process.

Textbox 1. The eligibility criteria for selecting the papers for the final review process.

• The paper should be related to the targeted research areas and topics of this study.

• The paper should be peer-reviewed and categorized as an academic paper.

• The paper should have well-defined research purposes to tackle the issue of design for digital well-being with intelligent computing systems in
everyday contexts.

• The paper should point out the importance of investigating interactions between users and intelligent computing systems in their everyday
behavioral decision-making contexts.

• The paper should contain practical aspects to create or evaluate the designed interactions for supporting users’ digital well-being.

Subsequently, the remaining papers were reviewed in full.
During this phase, backward and forward citation searches were
conducted, yielding 12 additional papers. To further enhance
the comprehensiveness and objectivity of the review, 10 relevant
papers were also identified through consultations with external
researchers and practitioners with expertise in HCI. These
external consultations provided valuable third-party perspectives
and helped mitigate potential bias in paper selection. After the
review process, a total of 240 papers were selected for the final
literature sample.

After the data collection and screening process, an inductive
qualitative coding approach was conducted to systematically
analyze the full text of each selected publication. The coding
process was guided by the SOR model, which served as a
conceptual lens to identify and organize how each paper
addressed the roles of stimulus (ie, technology or system-level
factors), organism (ie, user-level individual and contextual
factors), and response (ie, behavioral outcomes or digital
well-being effects). A coding scheme was iteratively developed
and refined during this process to capture the range of constructs
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and considerations described in the literature. Particularly, each
paper was coded based on its entire content, allowing for the
extraction of both explicit concepts and latent themes. The codes
derived from this process were then used in an affinity
diagramming procedure, wherein related codes were grouped
and clustered to surface patterns across the corpus. This
bottom-up synthesis approach enabled the researcher to identify
conceptual similarities, contradictions, and gaps across the
diverse literature on AI systems and digital well-being.

Through the affinity diagramming process [44], codes
organically clustered into 3 major thematic areas. The first
cluster focused on implementation domains of intelligent
computing systems, capturing how technologies were designed
to support overall well-being, facilitate behavior or habit change,
or serve as behavioral intervention tools. The second cluster
highlighted conceptualizations of human autonomy, including
autonomy as supported through technology and autonomy from
human control. The third cluster reflected each paper’s
approaches to system design and evaluation, with codes
centering on the need to incorporate contextual adaptation
(stimulus), individual differences (organism), and
outcome-specific tailoring (response) into the development and
assessment of AI-driven digital well-being interventions.

These 3 clusters, developed through iterative coding and visual
grouping via affinity diagramming, provided the conceptual
foundation for a model of human-centered AI computing
systems for digital well-being presented in this study. All
selected papers and their coding outcomes are described in the
attached Multimedia Appendix 2, which is a review of 240
publications from 2008 to 2024.

Results

Sample Data Description
The review of 240 publications between 2008 and 2024 reveals
an evolving landscape in which digital well-being and intelligent
computing systems have become central themes of inquiry
across multiple disciplines (Figure 2). The temporal distribution
of studies demonstrates a marked increase in scholarly attention,
with the number of relevant publications growing from just 2
papers in 2008 to 43 in 2024. This acceleration reflects the
growing urgency—both academic and societal—to understand
how intelligent systems can be designed and evaluated to support
human well-being in digital contexts. Figure 3 illustrates the
data collection process.

During the initial period from 2008 to 2016, research primarily
focused on early digital interfaces and the psychological impact

of technologies such as smartphones, social media, and
ubiquitous computing platforms. These studies were largely
rooted in exploratory research, with conceptual frameworks
drawn from subjective well-being and affective computing. The
dominant focus was on describing emotional and behavioral
responses to digital engagement, often framed in terms of stress,
distraction, or mood regulation. The technological systems under
study were mostly nonadaptive and nonintelligent, and user
autonomy was often treated as a passive construct.

An inflection point emerged in 2017. This period marked a
transition from exploratory inquiries into more normative and
design-oriented investigations. Triggered by public discourse
around technology addiction, ethical technology, and digital
detox movements, scholars began reframing digital well-being
as a design goal rather than merely a behavioral outcome. This
era coincided with a surge in industry initiatives (eg, Apple’s
Screen Time and Google’s Digital Wellbeing suite), and research
began to reflect growing societal concern about how
technologies could undermine or support flourishing. Tools
such as digital self-control tools and PITs became common
subjects of investigation, signaling a broader shift toward
proactive design strategies for well-being.

From 2022 onward, there was a notable rise in publications
proposing frameworks, systems, and user studies that examined
the role of human-centered AI in supporting digital well-being.
Interdisciplinary contributions expanded, including papers from
HCI, health informatics, behavioral science, and even
management science. Concepts such as autonomy, persuasive
design, ethical nudging, and emotion-aware interfaces were
increasingly investigated through user-centered lenses. Many
of these studies moved from simple heuristics to formal models,
measurement tools, and empirical evaluations of intervention
efficacy.

By 2024, the scope of the literature had broadened further to
include the intersection of digital well-being with AI. This more
recent body of work introduced sophisticated technologies,
including generative AI, adaptive learning systems, hybrid
human-AI collaboration platforms, and emotion recognition
interfaces. These systems increasingly relied on real-time user
data to personalize feedback and optimize interventions.

Overall, the sample data reinforces the need for design
frameworks that synthesize empirical insights, respect user
autonomy, and adapt to contextual and personal differences. As
explored in the following findings and the model development
section, the coding analysis helped identify key pain points and
opportunities across system implementation, user experience
(UX), and evaluation design.
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Figure 2. Publication years of the selected papers on digital well-being and intelligent computing systems.

Figure 3. Overview of the data collection process. Databases: Web of Science, EBSCO, PubMed, and the Association for Computing Machinery
(ACM) Digital Library.

Emerging Perspectives on Digital Well-Being and
Intelligent Systems

Overview
From the in-depth analysis with the affinity diagramming
process, 3 emerging perspectives were clustered, which can be
incorporated into the development of a model of human-centered
AI computing systems for digital well-being.

Finding 1. Three Implementation Areas of Intelligent
Computing Systems for Digital Well-Being
As summarized in Table 1, the dataset revealed 3 major
implementation areas—daily well-being in HCIs, design for
behavioral change, and behavioral intervention technologies
(BITs)—that form the basis for findings 1-3 in this study.
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Table 1. Summary of 3 implementation areas in intelligent computing systems for digital well-being.

Key limitationsCommon theories or approachesPapers, nDescriptionImplementation area

Conceptual vagueness and
limited operationalization

Self-determination theory and hedo-
nic experience

114Broad framing of well-being as a
design goal, often informed by psy-
chological theories

Daily well-being in HCIsa

Lack of long-term efficacy
and inconsistent success met-
rics

Dual-process theory, habit theory,
and goal-setting theory

71Focus on changing user behaviors
or habits via persuasive or adaptive
systems

Design for behavioral
change

Limited practical integration
and focus on high-income
populations

BITsb and personal informatics55Systematic approaches rooted in
clinical settings using adaptive, da-
ta-driven interventions

Behavioral intervention
technology

aHCI: human-computer interaction.
bBIT: behavioral intervention technology.

Daily Well-Being in HCI
First, well-being in daily interactions with computing systems
has been studied through a variety of lenses (ie, digital health,
technology for mental health, or digital medicine) and under
diverse human behavioral contexts over the past 2 decades.
Among these various perspectives, “well-being in HCIs” is the
broadest for considering technology as a tool for human
flourishing and well-being [3]. Most related works aim to
improve a user’s psychological and subjective well-being by
developing interactive design and technology interventions
along 2 pathways. The first pathway involves formulating
system design principles by using relevant theories from
psychology, such as self-determination theory and hedonic
experience [3,45,46]. The second pathway involves investigating
certain well-being determinants derived from these
theories—such as autonomy, competence, and
relatedness—which typically serve as both intentions for
computing system design and as criteria for evaluations in
technology development processes [3].

The review of 240 papers confirmed that this conceptualization
is foundational: 114 (48%) studies in the dataset treat well-being
as a core design or evaluative objective. Many of these adopt
an HCI-centric viewpoint, emphasizing positive emotional
experiences, mental health, or life satisfaction as outcomes of
well-designed user interactions. However, despite shared
theoretical anchors—especially self-determination theory—there
remains significant inconsistency in how well-being is defined,
operationalized, and measured across studies. Most of the papers
in this category relied on self-report measures (eg, user
satisfaction surveys and qualitative feedback) to evaluate
well-being outcomes. These findings reveal a methodological
gap between theoretical aspiration and empirical
implementation.

Previous studies have attempted to suggest tools for system
design and development practices by grounding them in rigorous
and evidence-based empirical research. However, the major
criticism of the well-being perspective in HCIs has been the
fragmented and unstructured nature of its implementation [3,47].
Furthermore, the notion of well-being is often used as a
descriptive umbrella for current lifestyle trends or invoked
conceptually to justify a human-centric design ethos, especially
in discussions focused on the outcomes of system design [32].

As a result, many studies frame well-being as an aspirational
goal but lack the definitional clarity or structured methodology
required for robust evaluation.

Still, the literature reflects an evolution in the treatment of
well-being. In earlier studies—particularly those published
before 2016—the dominant approach was reactive: minimizing
digital harms (eg, mitigating distraction, reducing screen time,
or addressing smartphone addiction). More recent contributions,
however, embrace a proactive stance. Instead of merely limiting
technology’s negative impacts, intelligent systems are now
increasingly designed to scaffold reflection, self-regulation,
emotional resilience, and long-term behavior change.

Despite these promising developments, the field still lacks
integrative models that bridge disciplinary boundaries and
connect technological features to measurable well-being
determinants. Moreover, the challenge of balancing persuasive
design with respect for user autonomy remains unresolved, as
detailed in finding 2. While the well-being domain continues
to expand in scope and influence, future research must prioritize
the development of validated, multidimensional frameworks
that align well-being theory with empirical evidence and
real-world system design practices.

Design for Behavioral Changes
Second, the topic of design for behavioral change has been
explored from a more defined and targeted angle by focusing
on both short-term and long-term changes in users’ behaviors
[48]. In the context of digital well-being, designing for behavior
change often involves addressing complex, subjective aspects
of human experiences—elements that are inherently difficult
to operationalize and quantify [49]. To address these challenges,
researchers and practitioners have drawn extensively from
behavioral science, using empirically validated frameworks that
explain how human attitudes, cognitive patterns, and routines
can be shaped through deliberate system design [28]. These
behavioral foundations have been used to develop intelligent
systems that aim to promote health-related behaviors and
improve users’ overall well-being.

The systematic review of 240 papers identified 71 (30%) studies
that explicitly frame their system design objectives around
catalyzing behavioral or habitual changes through intelligent
computing. These studies span a wide range of behavioral
domains, including digital overuse, emotional regulation, sleep

JMIR Hum Factors 2025 | vol. 12 | e69533 | p.615https://humanfactors.jmir.org/2025/1/e69533
(page number not for citation purposes)

ShinJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


hygiene, and physical activity. What distinguishes this subset
is its methodological rigor and theoretical alignment. Most of
these studies ground their design logic in well-established
behavioral science models, such as dual-process theory, habit
formation theory, and implementation intentions. These theories
provide a robust framework for creating interventions that
influence users’ decision-making processes across varying
contexts and levels of awareness.

More recently, research and practice in this domain have shifted
toward exploring the long-term consequences of
technology-mediated behavior and its cumulative impact on
well-being. For example, several studies [50,51] have sought
to move beyond optimizing discrete moments of interaction
(eg, interface usability and prompt timing) to designing systems
that encourage enduring lifestyle changes. As a result, the field
is beginning to transition from a narrow focus on behavior
change to a more expansive framing around habit change. The
review indicates a growing number of studies—particularly
those integrating machine learning models—that aim to detect
recurring behavior patterns and trigger interventions based on
behavior-specific cues [52]. These approaches reflect a deeper
ambition: to influence not only immediate choices but also the
broader cognitive scaffolding that sustains long-term habits.

The growing interest in habit change has been accompanied by
a series of conceptual and practical challenges. Niedderer et al
[53] provided a macrolevel overview of behavior change design
practices and noted major gaps in shared understanding,
terminology, and implementation standards across sectors. This
fragmentation is especially evident when comparing
health-based interventions with HCI-focused strategies. For
instance, while health researchers often emphasize measurable
outcomes such as physical activity levels or sleep duration, HCI
researchers tend to focus on experiential metrics such as
emotional resonance or usability satisfaction. This inconsistency
complicates the evaluation of intervention efficacy and limits
the generalizability of findings.

Pinder et al [54] similarly noted the heterogeneity in how the
concept of habit change is interpreted and operationalized across
disciplines. In response, they proposed the “habit alternation
model,” which integrates 3 dominant theories—dual-process
theory, modern habit theory, and goal-setting theory—into a
single explanatory framework. This model has proven influential
in reconciling divergent approaches and in guiding the design
of more cohesive and context-sensitive interventions.

In parallel, a growing number of behavioral scientists have
emphasized the importance of integrating HCD into behavior
change systems [55]. HCD techniques—particularly
participatory design methods—are increasingly used to ensure
that interventions align with users’ lived experiences, values,
and goals. By involving users directly in the design and
refinement process, these approaches seek to address the
limitations of top-down, expert-driven interventions that may
overlook individual motivation, digital literacy, or environmental
constraints.

However, despite the growing sophistication of these
approaches, the literature reveals several persistent issues. Chief
among them is the challenge of sustaining user engagement

over the long term and producing consistent results across
diverse user populations [44,56,57]. While personalization
features—such as content adaptation, feedback customization,
and dynamic goal-setting—are widely used, the findings indicate
that tailoring alone is insufficient. Systems that fail to account
for users’ deeper cognitive and emotional processes—such as
internal motivation, self-regulation, and reflective goal
alignment—often achieve only short-term success before
engagement tapers off.

Another persistent concern is the lack of standardization in how
success is measured. Some studies report efficacies in terms of
quantitative behavior change (eg, reduced screen time and
increased steps per day), while others emphasize qualitative
improvements (eg, enhanced focus, better mood, or increased
self-awareness). This lack of convergence around evaluative
criteria undermines the comparability of results and highlights
the need for more unified, theory-driven frameworks for
assessing intervention outcomes.

In this regard, the literature points toward the need for deeper
integration of behavioral theory with longitudinal user
evaluation. The most promising studies combine short-term
intervention efficacy with sustained reflection and feedback
loops that help users internalize new behaviors. For example,
systems that facilitate reflective journaling, goal adjustment, or
feedback calibration were more likely to show lasting impact.
These findings underscore the value of designing for not only
behavioral compliance but also behavioral understanding and
transformation.

In summary, the design for behavioral changes in the context
of intelligent systems represents a maturing area of
research—one that is increasingly grounded in theory, enriched
by participatory methods, and informed by both real-time data
and long-term evaluation. While notable progress has been made
in creating adaptive, user-centered systems, the next frontier
will require more holistic approaches that synthesize behavioral
theory, co-design practices, and robust measurement strategies
to enable durable and meaningful improvements in users’digital
well-being.

About BIT
Third, the recent rise of BITs marks a significant and structured
subdomain within the broader discourse of digital well-being,
especially in health care and clinical settings. Defined by Mohr
et al (2014) [58] as “the application of behavioral and
psychological intervention strategies by using technological
features to target behavioral, cognitive, and affective context
and environment that support physical, behavioral, and mental
health,” BITs have gained traction through the development of
computing systems designed to support health-related behavior
change. This growth has enabled behavioral scientists to
generate new empirical insights on how digital tools can promote
physical, emotional, and psychological well-being [36,58,59].

The review of 240 papers revealed that 55 (23%) studies
explicitly focus on BIT development and evaluation, making it
one of the most clinically grounded areas in the literature. These
systems typically emerge from interdisciplinary collaborations
among behavioral scientists, HCI researchers, and system
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developers, often underpinned by robust theoretical foundations.
Common targets of BITs include mental health symptom
reduction [60], emotional regulation, and adherence to
behavioral protocols.

In recent years, BITs have evolved to incorporate technologies
categorized under PITs and digital medicine. Several systems
in this group exemplify the practical application of such theories
through adaptive interfaces that personalize nudges, prompts,
or feedback mechanisms in real time. These include systems
that leverage decision science and data science to personalize
interventions based on user behavior and preference data
[24,61,62]. For instance, the deployment of Just-In-Time
Adaptive Interventions (JITAIs)—where prompts are delivered
based on biometric signals, app usage data, or behavioral
cues—has become a dominant trend [63-66]. These JITAI-based
systems aim to maximize user engagement by intervening at
moments of high receptivity, demonstrating significant promise
in both user satisfaction and short-term efficacy.

Despite their strengths, BITs continue to face several limitations.
Traditionally, these technologies have been developed and
evaluated within clinical contexts, emphasizing short-term
efficacy over broader UX or long-term impact [67]. Researchers
and practitioners have highlighted several persistent issues: (1)
limited theoretical grounding in some system designs, (2)
insufficient models for evaluating user interaction and
engagement, (3) accessibility challenges and associated costs,
(4) inconsistent user adherence, and (5) poor integration into
broader health delivery infrastructures [48].

Moreover, there is a notable lack of diversity in the populations
studied. Most BITs have been designed and tested in
high-income settings, raising concerns about their
generalizability and inclusivity. Addressing this gap, recent
work has begun to explore the use of generative AI and low-cost
sensing technologies to extend the reach of BITs in underserved
or resource-constrained environments.

In response to these limitations, behavioral scientists have called
for a shift toward more ethically grounded and human-centered
BIT development. This includes integrating fragmented design
perspectives into cohesive theoretical frameworks and
emphasizing transparency, adaptability, and co-design practices
[68]. Features such as explainable AI, user override functions,
and participatory evaluation have been proposed to mitigate
ethical concerns related to manipulation, autonomy, and privacy.

Synthesizing insights from BITs and broader literature on
intelligent computing systems for digital well-being, 3 key
observations emerge. First, much of the prior research has
focused on the outcomes of behavioral decision-making without
adequately considering the diversity of users. There is now
increasing emphasis on individual differences—such as
psychological profiles, health status, and behavioral
tendencies—to inform more effective and equitable system
design [53,69]. Second, while earlier work emphasized generic
system usability, recent studies highlight the importance of
well-structured, personalized interventions that account for
contextual variables, such as environment and time of use
[36,59,62,70]. Third, as AI technologies become more pervasive,
researchers and practitioners are increasingly grappling with

how to reconcile advancements in human autonomy research
with digital well-being initiatives—particularly concerning
personalized UXs and human-centered AI system design
[3,67,68].

Finding 2. Conceptual Diversity on Human Autonomy
With AI-Powered Intelligent Systems
The review results revealed that as AI-powered computing
systems become increasingly integrated into our daily
life—supporting decision-making, automating routine tasks,
and influencing behavioral patterns—the concept of autonomy
has emerged as a central design value [19,27,71]. However, the
interpretation of autonomy varies widely across disciplines,
leading to conceptual ambiguity and design inconsistencies.
From the perspective of psychology and behavioral science, the
concept of human autonomy is considered one of the basic
psychological needs, particularly within the framework of
self-determination theory, which views autonomy as freedom
from external control or influence—including from other people
and environmental factors [72]. From this perspective,
psychologists and behavioral scientists have focused on
behavioral interventions to change people’s attitudes and
behaviors in positive ways by investigating the relationship
between human autonomy and the behavioral decision-making
process [47].

The analysis of 240 papers found that 147 (61%) studies
engaged directly with autonomy-related issues, with 2 dominant
and sometimes competing perspectives emerging: (1)
technological autonomy from human control and (2) human
autonomy through technology.

The first perspective, technological autonomy from human
control, is most prevalent in the fields of computer science and
engineering. In this framing, autonomy refers primarily to the
capabilities of AI systems themselves—their ability to function
independently, adapt dynamically to changing conditions, and
minimize the need for continuous human input [27,73]. This
notion is often associated with intelligent automation,
self-regulating algorithms, and predictive systems that optimize
for performance and reduce cognitive load for users. Forty-six
(19%) studies aligned with this perspective, emphasizing the
design of systems that learn and act autonomously, such as
context-aware recommendation engines, automated productivity
tools, and self-adjusting health monitors. However, while this
approach offers efficiency and scalability, it also raises concerns
about diminishing user control, consent, and interpretability.
Systems designed for technological autonomy may inadvertently
undermine user agency by prioritizing automation over
transparency or flexibility—especially when users are not able
to understand, override, or adapt the system’s decisions.

In contrast, the second and more human-centered perspective,
human autonomy through technology, is emphasized in the
disciplines of management, HCI, and HCD. This framing views
technology not as a substitute for human agency but as an
enabler of it—providing tools that amplify users’ capacity to
make intentional, informed, and self-endorsed decisions [61,74].
In total, 102 (43%) studies in the dataset foregrounded this
approach, suggesting that AI systems should support user
autonomy by offering decision-support dashboards, intelligent
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filtering mechanisms, PITs, and customizable experiences
[27,75,76]. In this view, autonomy is not merely preserved in
the face of automation but is actively cultivated through
interactions that respect the user’s goals, values, and contexts.
Systems aligned with this perspective often use noncoercive

prompts, user-configurable settings, and ethical nudging
strategies to support reflection and volition rather than
compliance or behavioral control [61,74]. This divergence in
perspectives is summarized in Table 2.

Table 2. Conceptualizations of human autonomy in AIa systems.

Key example use casesCore ideasPapers, nDisciplinary originAutonomy perspective

Predictive automation and context-
aware recommender systems

AI systems operate independently, re-
ducing user input

46Computer science and
engineering

Technological autonomy
from human control

Personal informatics, decision-
support interfaces, and nudging
tools

AI enhances user capacity and supports
informed and volitional action

102Management, HCIb, and

HCDc

Human autonomy through
technology

aAI: artificial intelligence.
bHCI: human-computer interaction.
cHCD: human-centered design.

Despite widespread efforts to embed autonomy-supportive
features into intelligent systems, many researchers and
practitioners continue to struggle with translating these abstract
values into coherent design strategies [17,71]. The conceptual
gap between the system-centered and user-centered views of
autonomy contributes to ongoing tensions in system
development, particularly when trying to balance the benefits
of automation with the preservation of user agency.

A recurring issue highlighted in the literature is the
persuasion-autonomy dilemma, where AI systems intended to
assist or influence behavior (eg, through nudges or reminders)
risk being perceived as overly controlling, opaque, or misaligned
with users’ intentions. In practice, users often appreciate
automation that reduces effort but become frustrated or resistant
when systems overstep—such as enforcing goals that feel
inappropriate, invasive, or difficult to override. For example,
the review identified cases where health-monitoring applications
encouraged physical activity without sensitivity to context (eg,
illness), or algorithmic management systems in gig work
environments reduced perceived autonomy and
flexibility—prompting resistance among users [41,77].

These examples illustrate that perceived fairness, transparency,
and reversibility often matter more to users than algorithmic
sophistication alone. The review underscores that user trust and
acceptance are closely linked to how much control and
interpretability a system allows. In response to these concerns,
a promising development is the emergence of “repairable
AI”—systems that embed mechanisms for user revision,
feedback, or override. These systems transform autonomy from
a static feature into a relational and dynamic property, allowing
users to negotiate control over time.

For instance, the TypeOut system by Xu et al [78], implemented
self-affirmation prompts that allowed users to reflect on their
values and motivations when trying to reduce smartphone
overuse. This approach supported users’ autonomy by
reinforcing self-directed action rather than imposing strict
limitations. Similarly, several studies explored hybrid
intelligence systems that combine algorithmic recommendations
with human coaching or collaborative decision-making. These
systems demonstrated higher user satisfaction, engagement, and

personalization, as they allowed users to maintain interpretive
authority while benefiting from intelligent assistance.

Across the dataset, the most effective systems for supporting
autonomy shared several characteristics: they offered clear
explanations of system behavior, allowed users to customize
settings or feedback modalities, and supported decision-making
rather than unilateral automation. Autonomy was thus
conceptualized not as a binary variable but as a continuum that
must be calibrated to the user’s needs, task context, and
preferences.

In summary, the review suggests that autonomy in AI-powered
systems should be approached as a relational, context-sensitive
construct shaped through the dynamic interplay of system
design, user interaction, and ethical affordances. While
technological autonomy from human control may offer
performance benefits, the long-term sustainability of
human-centered AI depends on the extent to which these systems
preserve and enhance human autonomy through technology.
Future research and development should prioritize design
practices that support transparency, reversibility, and
participatory engagement, ensuring that users retain meaningful
agency in an increasingly intelligent world.

Finding 3. Developing and Evaluating Process for
Digital Well-Being With AI Systems
As AI systems become increasingly embedded in everyday life,
the challenge of ensuring that these technologies genuinely
support digital well-being has taken on new urgency. Existing
initiatives have repeatedly highlighted a persistent gap between
high-level theoretical ideals and the actionable methodologies
required to guide the development and evaluation of
human-centered AI systems. Two practical and recurring
questions have emerged from these efforts: (1) How can
researchers and practitioners identify applicable strategies for
designing AI systems that enhance digital well-being? (2) How
can they rigorously evaluate whether these systems are effective
in achieving that goal?

Despite a growing body of literature advocating for
human-centered values in AI, the systematic review of 240
papers revealed that few studies translate these values into

JMIR Hum Factors 2025 | vol. 12 | e69533 | p.618https://humanfactors.jmir.org/2025/1/e69533
(page number not for citation purposes)

ShinJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


structured, repeatable design and assessment strategies. Instead,
the current landscape remains fragmented—often disconnected
from both theoretical frameworks and real-world user needs.
In response to this problem, this paper synthesizes prior work
through the lens of the SOR model, which offers a practical and
conceptual bridge between research, design, and evaluation in
the context of digital well-being.

As summarized in Table 3, the SOR-based framework articulates
three key considerations for guiding human-centered AI system
development: (1) using contextual differences for the stimulus
component, (2) accounting for individual differences in the
organism component, and (3) specifying consequential
differences in the response and outcome components.

Table 3. Methodological focus in developing AIa systems for digital well-being.

Challenges identifiedRepresentative methodsPapers, nKey research concernsSORb component

Reliability of context-detectionWearables and ambient sensing94Leveraging real-time sensing and
situational awareness

Contextual difference (stimu-
lus)

Often, surface-level traits are
used only

Profiling, personalization, and

HCDc
79How to adapt systems to personal

traits and contexts
Individual differences (organ-
ism)

Rarely includes holistic well-
being metrics

Multimodal evaluation and
journaling tools

140Long-term changes in well-being
and reflection processes

Consequential difference (re-
sponse and outcome)

aAI: artificial intelligence.
bSOR: stimulus-organism-response.
cHCD: human-centered design.

The SOR framework was well-reflected across the dataset.
Ninety-four (39%) papers focused on the integration of
contextual data into system design, leveraging information from
wearable devices, mobile sensors, and behavioral logs to deliver
personalized and context-aware interventions. These findings
align with growing interest in BITs and JITAIs that respond
dynamically to real-world environments and user states.
Additionally, 79 (33%) papers emphasized the importance of
addressing individual variability in AI systems for digital
well-being. These studies adopted approaches such as adaptive
personalization, participatory design, and segmentation based
on psychological traits, user preferences, or digital literacy
levels. Systems that integrated this type of individual profiling
were consistently associated with higher levels of user
engagement, perceived relevance, and intervention efficacy.
However, the third design consideration—specifying
consequential outcomes—remains underdeveloped across the
literature. While 140 (58%) papers discussed the interaction
between context, individual traits, and well-being outcomes,

many stopped short of evaluating long-term psychological or
behavioral change. Instead, outcome assessments often relied
on narrow usability metrics (eg, user satisfaction or screen time
reduction) or short-term behavioral proxies (eg, frequency of
feature use), without considering deeper indicators such as habit
formation, digital resilience, or emotional regulation.

Building on these insights, the development of digital well-being
interventions through AI can be conceptualized in two phases,
aligned with the revamped double diamond design model [79]:
(1) experience strategy—designing the right thing, and (2)
experience design—designing things right (Figure 4). In the
experience strategy phase, researchers and practitioners conduct
user research to understand core challenges and motivations.
Here, individual differences (SOR: organism) are identified
through profiling and segmentation—considering factors such
as personality, digital habits, emotional needs, and cognitive
preferences. These insights help define targeted user groups and
establish design priorities.
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Figure 4. The developing process for digital well-being with AI systems. AI: artificial intelligence.

The experience design phase focuses on
implementation—developing system features that respond to
both individual and contextual variation (SOR: stimulus). This
includes creating adaptive interfaces, intelligent feedback loops,
and multimodal interventions that nudge users toward
meaningful behaviors. As part of this phase, teams are
encouraged to define consequential outcomes (SOR: response
and outcome) not just in terms of app usage or time-on-task,
but through broader and more enduring metrics such as user
autonomy, emotional well-being, and sustainable habit change.

Despite the clear utility of this model, the review found that
many studies continued to rely on simplistic evaluation
strategies, such as postuse surveys or single-time-point
measurements. While these can offer useful feedback, they often
fail to capture the temporal and emotional dynamics that
characterize digital well-being. For instance, AI systems
intended to reduce screen time were rarely evaluated for their
effects on users’ perceived autonomy or cognitive fatigue.
Likewise, productivity tools often neglect to measure whether
increased efficiency was accompanied by psychological strain
or decision exhaustion.

Additionally, promising developments were observed in systems
that integrate generative AI for personalized support in
mindfulness, reflection, and journaling tasks. These tools
showed early evidence of enhancing emotional regulation and
user engagement. However, consistent frameworks for
evaluating their effects—particularly on user autonomy and
mental energy—remain lacking. Furthermore, despite increased
technical sophistication, emotion recognition algorithms still
struggle with reliability, and few studies incorporated robust
longitudinal evaluations. Equity concerns also surfaced across
the dataset. Very few evaluation frameworks accounted for
variables such as socioeconomic status, neurodiversity, or

differential access to digital tools, raising concerns that certain
AI interventions may inadvertently reinforce existing disparities
rather than reduce them.

In conclusion, the development and evaluation of AI systems
for digital well-being must move beyond high-level rhetoric
and toward deeply contextualized, empirically grounded
processes. By applying frameworks such as the SOR model and
drawing from findings in interdisciplinary literature, researchers
and practitioners can more effectively align design goals with
meaningful, measurable, and user-centered outcomes. The field’s
advancement depends not only on technical innovation but also
on a more nuanced understanding of how intelligent systems
intersect with users’ daily decisions, emotional states, and
broader societal contexts.

Development of HCAI-DW Model

Background
The preceding 3 findings collectively underscore a fragmented
but evolving landscape in the design and evaluation of intelligent
systems for digital well-being. First, implementation efforts
tend to cluster around 3 key domains—supporting well-being
in daily HCIs, designing for behavioral and habit change, and
deploying BITs—but each varies in conceptual clarity,
theoretical grounding, and methodological rigor. Second, the
value of user autonomy is widely recognized, but interpreted
through different disciplinary lenses, leading to tensions between
automation and agency. Third, despite strong calls for
human-centered development, the field still lacks coherent,
actionable methodologies for designing and assessing AI
systems that meaningfully support users’emotional, behavioral,
and cognitive well-being.

In response to these interrelated challenges, this study proposes
an integrative framework: the HCAI-DW model. Developed to
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bridge the persistent gaps between conceptual ideals and
real-world implementation, the HCAI-DW model synthesizes
insights from empirical findings, behavioral theory, and
interdisciplinary practice. It offers a structured lens to guide
researchers and practitioners in designing, deploying, and
evaluating AI-powered systems that promote human flourishing
in digital environments.

The model was developed through an iterative, participatory
process that combined the systematic review of 240 research
papers with expert feedback from 5 professors and 17 graduate
students in HCI and HCD. These structured review
sessions—conducted at both early and final stages of the
modeling process—played a critical role in refining the model’s
conceptual clarity, usability, and relevance to current challenges.
The goal was not only to reflect the state of the field but to
cocreate a framework that is both theoretically robust and
practically applicable.

A key insight that emerged throughout this process is that digital
well-being is inherently multidimensional, shaped by the
complex interplay of individual psychological traits,
system-level design interventions, users’ behavioral responses,

and broader social or environmental outcomes. To capture this
interplay, the HCAI-DW model adapts and extends the SOR
model, a well-established paradigm in behavioral science, and
reframes it for the context of human-AI interaction. This
adaptation provides a structured but flexible blueprint for
understanding how intelligent systems can shape and support
digital well-being in everyday life.

Overview
As illustrated in Figure 5, the HCAI-DW model describes 4
essential and interrelated components that shape human-centered
AI system development for digital well-being: (1) the organism
component, which views users as daily behavioral decision
makers; (2) the stimulus component, which frames AI system
features as intentional behavioral interventions; (3) the response
component, which introduces a cyclical model of user
engagement involving decision, action, and reflection; and (4)
the outcome component, which emphasizes a layered
understanding of cognitive, behavioral, and social
transformations. Together, these components offer a
comprehensive pathway for designing intelligent systems that
promote digital well-being in nuanced, personalized, and
sustainable ways.

Figure 5. HCAI-DW Model. AI: artificial intelligence; HCAI-DW: human-centered artificial intelligence for digital well-being.

Organism: Daily Decision Makers
The organism component foregrounds the diversity of individual
characteristics that influence how people interact with
AI-powered systems. In the HCAI-DW model, these
differences—including traits such as motivation, digital literacy,
emotional state, and decision-making tendencies—are
recognized as critical design inputs for tailoring interactions.
As past research has demonstrated, individuals tend to make
behavioral decisions based on their innate characteristics or
accumulated experiences. Profiling user preferences and
behaviors allows AI systems to deliver personalized support
that is more effective and meaningful in fostering digital
well-being [36,59]. The reviewed literature shows that most

existing studies emphasized the importance of personalization,
though only a fraction deployed adaptive systems that responded
to individual differences in real time. By leveraging machine
learning and deep learning algorithms, intelligent systems can
move beyond generalized models to provide highly
contextualized and evolving interventions [59,80,81]. This
model suggests treating AI systems not merely as tools for
behavior modification but as coregulatory agents that
continuously adapt to users as they navigate complex
decision-making environments. For this reason, the HCAI-DW
model posits that seeing users as “daily behavioral decision
makers” is essential for designing effective AI systems that
address the nuances of digital well-being.
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Stimulus: Digital Well-Being Interactions
The stimulus component redefines AI system features as
intentional behavioral interventions that can promote or hinder
digital well-being. While many previous initiatives have
explored user interaction with AI as a design theme or an
evaluation component [3,82], the HCAI-DW model
differentiates between 2 interrelated stimulus phases: the
context-awareness phase and the experience-intervention phase.

The context-awareness phase is derived from the quantified-self
and personal informatics movements [59]. In this phase, AI
systems track and interpret user data—including time, location,
physical state, and social context—to deliver interventions that
are sensitive to situational dynamics. Of the 240 reviewed
studies, 94 specifically focused on the integration of such
contextual variables into design. Wearable sensors, app usage
logs, and mood-tracking tools were among the techniques used
to improve the precision of interventions. The
experience-intervention phase draws from BIT literature [70,83].
In this phase, AI systems deliver tailored and systematized
interactions that aim to encourage behavioral shifts and preserve
user autonomy. These interventions include nudges, reminders,
content recommendations, and interface adjustments. Rather
than enforcing a one-size-fits-all approach, the HCAI-DW model
supports dynamic and transparent adaptation to individual
feedback, reducing the risk of perceived manipulation or
coercion.

Together, these 2 stimulus phases highlight the dual nature of
AI system design: sensing and acting. Systems that only track
without intervening, or intervene without contextual sensitivity,
risk ineffectiveness or user resistance. The HCAI-DW model
provides a roadmap for designing stimulus mechanisms that are
integrated, adaptive, and user-centric.

Response: Decision-Action-Reflection Loop
The response component expands the understanding of user
engagement beyond simplistic stimulus-response paradigms to
include a full cycle of decision, action, and reflection. This loop
is crucial for supporting sustainable behavior change and deeper
cognitive engagement. Most previous studies have treated user
responses as fixed behavioral outputs (eg, goal achievement
and app usage). However, this approach overlooks the
underlying reflective processes that support long-term
well-being [16,36]. In contrast, the HCAI-DW model
emphasizes the temporal and cyclical nature of engagement. AI
systems should facilitate not only behavioral outcomes but also
opportunities for users to reflect on their choices, understand
system recommendations, and adjust their goals over time
[17,19,53]. Such features are underdeveloped in the current
literature; only few studies described systems that supported
ongoing reflective practice, and even fewer implemented
adaptive feedback based on longitudinal user behavior.
Examples of effective reflective design include journaling
prompts, feedback dashboards, and generative content that
encourages users to process their experiences emotionally and
cognitively. These elements help close the loop between system
recommendation and user transformation, offering pathways
for deeper and more enduring engagement.

Outcome: From Cognitive Change to Social Change
The outcome component identifies and categorizes the types of
changes users experience after interacting with AI-powered
systems [4,71]. Based on an analysis of prior research, the
HCAI-DW model distinguishes 3 levels of outcome: cognitive
change (eg, increased awareness and motivation), behavioral
change (eg, reduced screen time and improved sleep), and social
change (eg, enhanced family communication and digital equity).
While many previous approaches target a single optimized
outcome (eg, productivity or screen-time reduction), the
HCAI-DW model encourages consideration of multilayered
and user-defined metrics. It also addresses a common limitation
of models such as Motivation, Engagement, and Thriving in
User Experience model [27], which, despite offering a
comprehensive structure for evaluating technology-mediated
experience, struggle with implementation due to insufficient
differentiation between experience levels and limited guidance
on design implications.

This model fills that gap by suggesting a framework for
systematically specifying consequential differences—that is,
the variations in outcomes that result from users’ unique
behavioral decisions and reflective processes. Many prior
interventions have focused on training or instructing users to
modify their behavior [4,35] but have not always aligned these
goals with users’ lived experiences, values, or autonomy. The
HCAI-DW model enables researchers and practitioners to avoid
these pitfalls by distinguishing between process
(decision-making) and product (outcome) and ensuring that
both are addressed in a human-centered, contextualized manner.

In sum, the HCAI-DW model offers a synthesized and
actionable framework that integrates the diverse findings of this
review and provides a comprehensive guide for the design,
development, and evaluation of intelligent systems that prioritize
digital well-being. Its structure—rooted in the SOR model and
refined through interdisciplinary and participatory
input—reflects a growing need in the field for models that are
not only conceptually rigorous but also practically useful. By
highlighting individual differences, incorporating contextual
adaptation, supporting reflective engagement, and mapping
layered outcomes, the model promotes a vision of AI that
respects human agency while optimizing support. As AI
technologies become increasingly embedded in everyday life,
models such as HCAI-DW will be critical in guiding their
ethical, effective, and human-centered development.

Discussion

Principal Findings
This paper developed the HCAI-DW model to conceptualize
how AI systems can support individuals’ behavioral
decision-making and foster behavioral changes that enhance
their daily digital well-being. Grounded in evidence-based
academic literature and established perspectives from relevant
practical domains, this model reflects a human-centered
approach to AI systems aimed at improving digital well-being.
The HCAI-DW model is expected to enhance existing
technology development practices by offering a systematic
framework to encode and use core factors that drive digital
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well-being in AI computing systems. Furthermore, the model
was purposefully designed for intuitive and practical use,
addressing the emerging needs of researchers and practitioners
seeking to apply theoretical insights and design approaches to
shape human experiences. As such, the model enables the
creation of more effective AI system interactions by tailoring
them to individual and contextual differences, particularly those
associated with decision-making processes.

Limitations
This paper offers a timely investigation into human-centered
AI systems designed to support users’ digital well-being,
incorporating insights from a systematic literature review. To
provide a comprehensive and multidisciplinary overview of the
most relevant research, 4 academic databases were used as the
primary sources for data collection. This approach aimed to
ensure the inclusion of diverse scholarly contributions from
computing, design, behavioral science, and information systems.
However, a key limitation lies in the fragmented nature of
existing studies in this domain. Many initiatives related to digital
well-being and intelligent computing systems are published
under varied terminologies and conceptual framings. To address
this, the initial phase of data collection used broadly defined
search terms to capture a wide scope of literature. Despite this
inclusive strategy, there is a possibility that some relevant
studies—particularly those published under domain-specific or
alternative terminologies—were not included. For example,
literature from niche fields or interdisciplinary collaborations
may have described similar phenomena without explicitly using
the terms “digital well-being” or “AI systems.”

Additionally, while the topic has gained increasing attention in
both academic and industrial contexts, the number of studies
explicitly integrating the concepts of AI and digital well-being
remains relatively limited. This restricts the ability to generalize
findings across all potential applications or use cases of AI
systems designed for human well-being. Future systematic
reviews should aim to capture these additional perspectives by
refining search protocols and expanding the inclusion criteria
to account for heterogeneity in terminologies, research methods,
design strategies, usage contexts, and evaluative outcomes.

Furthermore, the HCAI-DW model proposed in this study should
be understood as a preliminary step rather than a finalized
theoretical framework. The model synthesizes key themes and
design considerations from the existing body of work to propose
an integrated perspective on designing for digital well-being
with AI. However, the model has not yet been empirically
validated, and its applicability across different cultural,
technological, or organizational contexts remains uncertain.
This limitation suggests that further empirical
research—particularly studies conducted in real-world design
and development settings—is necessary to test and refine the
model’s relevance, accuracy, and usability.

In summary, while this paper contributes a foundational
understanding of how human-centered AI systems can support
digital well-being, the evolving and interdisciplinary nature of
the field calls for continued theoretical expansion and empirical
validation. Follow-up works should also explore additional
stakeholder perspectives and context-specific requirements to

enhance the robustness and applicability of the HCAI-DW
framework.

Future Directions

Overview
This study provides a foundation for advancing both theoretical
and practical efforts in designing AI systems that promote digital
well-being in daily HCIs. Based on insights from the systematic
literature review, three key challenges emerge for future research
and practice: (1) developing new evaluation methods for digital
well-being in AI contexts, (2) addressing ethical considerations
in AI-powered technology interventions, and (3) designing for
hyper-personalization by accounting for individual
decision-making contexts. The following sections elaborate on
each of these challenges and outline opportunities to enrich the
body of knowledge in this domain.

New Evaluation Methods for Digital Well-Being in AI
Systems
Several studies have highlighted the limitations of existing
evaluation tools for measuring subjective experiences of
well-being in technology use. In particular, concerns have been
raised regarding the reliability and validity of commonly used
instruments [35,83]. From the perspective of the HCAI-DW
model, digital well-being outcomes are shaped by a complex
interplay of daily behavioral decisions and interactions with AI
systems. However, a major challenge remains: there is a lack
of well-validated and universally applicable measurement tools
that can accurately assess the short-term and long-term effects
of AI-based interventions.

Current tools are often adapted from adjacent domains and may
not reflect the nuances of digital well-being in AI-enhanced
contexts. As a result, the evaluation of AI system effectiveness
remains inconsistent and difficult to standardize [84]. There is
an urgent need to develop novel, context-sensitive evaluation
methods that can capture the dynamic and individualized nature
of well-being outcomes. These tools should account for both
objective indicators and subjective experiences to ensure that
the impact of AI systems on users’ digital well-being can be
meaningfully assessed.

Ethical Considerations in AI-Powered Interventions
While digital well-being aims to enhance users’ lives through
technology, intervention through AI systems must be approached
with caution. Interventions, though potentially beneficial, are
inherently value-neutral and may be used in manipulative or
unethical ways [85]. For example, leveraging behavioral
decision-making mechanisms could enable governments or
corporations to influence individuals’choices in ways that serve
organizational goals rather than personal well-being [54]. This
raises significant ethical concerns, including the risk of
undermining users’autonomy or reinforcing harmful behavioral
patterns [86].

The HCAI-DW model calls for AI systems that are sensitive to
individual needs and contexts. However, achieving this level
of personalization often requires collecting sensitive behavioral
data, which brings digital privacy into focus. Ethical design
practices must address questions of informed consent, data
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transparency, and user agency. Researchers and practitioners
should ensure that AI interventions prioritize individual rights
and safeguard against potential misuse or harm.
Privacy-by-design principles and responsible data governance
should be core components of future development strategies.

Designing for Hyper-Personalization Based on
Individual Decision-Making Contexts
The advent of AI has fueled a growing trend toward
hyper-personalization—tailoring content, services, and
experiences to individual users based on real-time data and
behavioral histories [17,18,62]. Although hyper-personalization
holds promise for promoting sustained engagement and
behavioral change, few studies have explored its implementation
through the lens of digital well-being and human-centered AI
[17,53,74].

The HCAI-DW model offers a conceptual foundation for
understanding how personalization can support well-being by
considering users’ individual, contextual, and behavioral
differences. It emphasizes that design should not only respond
to users’ past behaviors but also anticipate their goals,
motivations, and environmental conditions. To fully realize the
potential of hyper-personalization in AI systems, future research
should identify actionable design principles that align AI-driven
personalization with users’ well-being outcomes. This includes

developing frameworks for adaptive and context-aware
personalization that respect user boundaries and preferences.
By doing so, designers can increase the impact of AI systems
on sustained behavioral change and help users make informed
decisions that enhance their overall digital well-being.

Conclusions
This paper identifies everyday behavioral decision-making as
a foundational concept for designing AI systems that enhance
digital well-being. By synthesizing fragmented and often
inconsistent perspectives from prior research, the study
introduces the HCAI-DW model. This model offers a conceptual
framework that links individual behaviors, AI system
interactions, and well-being outcomes in everyday life. Through
this model, this paper demonstrates how AI systems can be
intentionally designed to support users’ behavioral decisions in
ways that promote meaningful and sustained improvements in
digital well-being. Rather than treating digital well-being as an
abstract or isolated construct, the HCAI-DW model emphasizes
its dynamic and context-dependent nature, highlighting the
critical role of personalized, ethical, and adaptive AI design.
Ultimately, this work encourages researchers and practitioners
to reconsider the evolving relationship between humans and AI
in everyday contexts. It invites further exploration into what it
means to be a “new type of human”—one whose daily life and
well-being are increasingly mediated by intelligent technologies.
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Abstract

Background: Endometriosis is a chronic disease that affects 1 in 10 women worldwide. The disease affects patients’ daily life
at physical, psychological, and social levels. In recent years, the management of this disease has evolved, thanks in particular to
the emergence of digital technologies and associated interventions. However, despite their growing use, there seems to be no
systematic review of their development, design, and efficacy.

Objective: A systematic review was conducted with the aim of characterizing the development process, design, and effectiveness
of interventions using a digital tool for endometriosis.

Methods: A total of 7 databases (MEDLINE, APA PsycArticles, Academic Search Premier, Psychology and Behavioral Sciences
Collection, APA PsycInfo, SocINDEX, and SPORTDiscus) were searched to identify relevant articles published between 2010
and 2024. The articles selected were analyzed using a methodological framework specific to the development of digital health
interventions (Design and Evaluation of Digital Health Interventions [DEDHI]), consisting of 4 phases: preparation (phase 1,
specific to application development), optimization (phase 2, dedicated to identifying the best intervention configurations),
evaluation (phase 3, aiming to confirm the effectiveness of the intervention), and implementation (phase 4, implementing and
updating the intervention on a large scale).

Results: A selection of 10 articles was made from the 381 studies retrieved from the databases. Among these 10 studies, 6
distinct digital health interventions were identified. The interventions based on digital devices produced physical and psychological
benefits. Analysis using the DEDHI framework showed (1) a disparity in the responses to the different phases (ie, 9/10, 90% of
studies responding to phase 1; 3/10, 30% to phase 2; 4/10, 40% to phase 3; and 2/10, 20% to phase 4) and (2) a variability in the
completion of the evaluation criteria ranging from 10% (1/10) to 80% (8/10) in phase 1, 0% (0/13) to 77% (10/13) in phase 2,
0% (0/10) to 80% (8/10) in phase 3, and finally 0% (0/13) to 77% (10/13) in phase 4. The objectives of these digital interventions
were to support pain management (5/6, 83%), to provide information about the disease and strategies for managing it (4/6, 67%),
and to provide psychosocial support (2/6, 33%).

Conclusions: This systematic review highlights an emerging literature, limited regarding the use of digital technology in the
management of endometriosis, and heterogeneous concerning the methodologies used. This variability limits the generalizability
of the results and requires a nuanced interpretation of the available data. However, the results of this review have demonstrated
the value of digital technology–based interventions to support endometriosis, while highlighting the importance of a methodological
framework to structure their development to optimize patient support.
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Introduction

Endometriosis is a chronic disease characterized by the abnormal
presence of an epithelium, stroma, or both, histologically similar
to the endometrium, located outside the endometrium and
myometrium, and frequently associated with an inflammatory
state [1,2]. Its prevalence is estimated at around 10%; that is,
approximately 190 million women of childbearing age
worldwide [3]. Endometriosis is currently presented by major
organizations such as the WHO, the European Parliament, the
Office on Women’s Health, and the scientific community as a
major public health problem [4]. Although responsible for
significant morbidity, endometriosis is a disease for which there
is as yet no effective treatment [5].

Lack of treatment has a deleterious impact on patients’ quality
of life [6]. Thus, numerous physical constraints, such as chronic
pelvic pain [7]; associated symptoms such as dysmenorrhea,
dysuria, dyschezia, and dyspareunia [8]; and a greater
predisposition to the risk of comorbidities [9] arise from this
disease. As well as these physical impacts, endometriosis can
also cause anxiety or depression [10], psychosomatic disorders
[11], reduced self-esteem [12], or a negative perception of one’s
body [13]. Finally, endometriosis can also affect these women’s
social relationships, as it severely restricts their daily and
professional lives [14], causes difficulties in their relationships
and sexuality [15,16], and can, in some cases, lead to isolation
[17]. The diversity of these symptoms and their varying degrees
of severity in each woman can make universal management
difficult. It is, therefore, important that the support offered to
patients is based on a personalized approach (ie, a care pathway
tailored to each patient), multidisciplinary (ie, close
collaboration between different health care professionals), and
multimodal (ie, several types and sources of support) [18].

Chronic disease support is embedded in a global context, where
digital technology is playing an increasingly important role in
health care [19]. Especially since the COVID-19 pandemic,
digital technologies are receiving more and more attention as
a relevant solution to improve chronic disease management
[20,21]. Digital technologies can involve a wide range of aspects
such as telemedicine, mobile health apps, internet, websites,
virtual reality, artificial intelligence, distance education, etc
[22-24]. The growth of these technologies offers new
possibilities for digital interventions designed to support the
development of knowledge, behavioral changes, etc [25]. For
chronic disease, a dominant approach is to use these
technologies to increase patients’ autonomy in managing their
symptoms [26]. They can be used to improve patients’ quality
of life [27,28] and allow them to be in charge of certain aspects
of their health, such as symptom management [29].

Endometriosis has not escaped this digital wave, as several
countries, including the Australian and French governments,

have already introduced national plans based on these
technologies to combat the disease. These plans aim to develop
interventions to enhance the quality of life for women with
endometriosis through the use of digital technology, both to
raise awareness and to improve patient care. According to
Giudice et al [30], there is an urgent need to invest in digital
technologies (eg, mobile apps) dedicated to the management of
endometriosis. Digital technologies can help to prevent the risks
associated with the disease, involve different professionals in
the care pathway, and adapt the care offered to the needs of
each patient. Since 2013, enthusiasm for digital technologies
addressing endometriosis has grown, with at least 26 health
applications on platforms like the Apple iTunes Store or Google
Play. These applications are designed to help patients manage
their symptoms, provide information on diagnosis and treatment,
act as a social network, and allow them to share their
experiences or keep a health diary [31]. Although there is strong
interest among researchers, politicians, and developers in
interventions that use digital technologies to support chronic
conditions, such as endometriosis [30,32,33], there is also
evidence showing that these technologies do not necessarily
deliver the expected positive health outcomes [34]. A lack of
specific guidelines dedicated to the development and evaluation
of technologies could explain this inefficiency [35,36]. Thus,
methodological frameworks such as the iterative Design and
Evaluation of Digital Health Interventions (DEDHI) [37] have
been developed to support the long-term implementation of a
digital technological innovation dedicated to health.
Nevertheless, this type of framework still seems to have limited
use [38,39], although it can be useful for guiding the
development of innovations dedicated to newly studied
pathologies, as is the case for endometriosis [4,37].

Scientists, politicians, and decision-makers are tending to
promote the use of digital technologies, and applications
dedicated to endometriosis are multiplying. However, to the
authors’ knowledge, there is no systematic review on digital
and technological interventions to support the management (ie,
pain, mental health, knowledge, behavior, etc) of endometriosis.
This systematic review aims to examine how digital health
interventions (DHIs) targeting endometriosis have been
developed and designed and to evaluate their effectiveness, with
a particular focus on the use of a structured methodological
framework and reported outcomes related to physical and
psychological health.

Methods

Protocol
This systematic review followed the recommendations of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist (Multimedia Appendix 1)
[40,41]. The protocol of this review has been registered in the
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International Prospective Register of Systematic Reviews
(PROSPERO CRD42023461263).

Inclusion Criteria
The inclusion criteria for the studies are as follows: (1)
participants must have endometriosis, (2) use digital technology
solutions to manage endometriosis, (3) take place between 2010
and 2024, to reflect current technological development [42],
and (4) be written in French or English.

Search Strategy
The following computer databases were searched: Academic
Search Premier, MEDLINE, APA PsycArticles, Psychology
and Behavioral Sciences Collection, APA PsycInfo, SocINDEX,
and SPORTDiscus. A total of 3 filters were used when searching
the databases: years (2010-2024), peer-reviewed academic
journals, and the terms appearing in the title or abstract. In order
to make the research equation as exhaustive as possible,
particularly with regard to digital tools, it was decided to draw
on equations from recent research specifically on technological
and digital interventions in the field of mental health [23]. These
databases were examined using the following search equation:
“endometriosis” AND (websites OR “smartphone app*” OR
wearable OR “virtual reality” OR “augmented reality” OR
“immersive technology” OR platform OR mhealth OR “mobile
health” OR ehealth OR “e-mental health” OR e-health OR
internet OR mail OR chat OR SMS OR text message OR digital
intervention OR technological intervention) NOT (systematic
review or meta analysis or scoping review or literature review
or umbrella review). Databases were searched using the same
equation through the Rennes 2 University library portal, which
provides access to a wide range of bibliographic resources. In
July 2024, the search equation was run for the first time and
identified 5 articles in the final selection. In line with best
practice for systematic reviews (eg, see chapter 4 of the
Cochrane Handbook) [43], which recommends rerunning the
search before final analysis to capture all newly published
studies, the same search equation was rerun in November 2024
before submission. This update ensured the completeness and

timeliness of the review before submission. The updated search
identified a further 5 articles.

Study Selection
As proposed by the PRISMA methodology [41], the screening
stages were followed. Zotero software (Digital Scholar) [44]
was used to extract references from databases. Rayyan software
(developed by Ouzzani et al [45]) was used for the first selection
steps, that is, duplicate identification and selection by title and
abstract [46].

After removing duplicates, the titles and abstracts of all
identified articles were examined for eligibility. Articles were
excluded if (1) endometriosis was not mentioned, (2) participants
were not ill, (3) it was a systematic review, exploratory review,
or meta-analysis, (4) it did not mobilize digital technology or
focus on an intervention mobilizing digital technology, (5) it
was a research protocol, (6) it was written in a language other
than French or English, and (7) it was written before 2010.

Potentially eligible articles were retrieved, and if the text was
not available, the authors were contacted. All the texts retrieved
were then examined by 2 reviewers (TP and KN). Any
disagreements were resolved by discussion with a third author
(GC).

Risk of Bias
The risk of bias of each study included in this review was
assessed with the Mixed Methods Assessment Tool (MMAT)
[47]. A percentage was calculated for each study as proposed
by Pluye et al [48] using the following formula: (number of
“yes” responses divided by the number of “relevant criteria”)
× 100. “Yes” indicates that an item is satisfied. A higher score
indicates a lower risk of bias. The risk of bias was analyzed by
2 reviewers. A general intraclass correlation coefficient was
calculated to determine interrater reliability. As recommended
by Hong et al [47], no study, not even one of low
methodological quality, was excluded. Interjudge agreement
was satisfactory (0.98, 95% CI 0.82-0.99). Percentage scores
are reported in Table 1.
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Table 1. Study characteristics for included studies (n=10).

ObjectiveRisk of

biasa, n (%)

Digital technolo-
gies

Diagnosis sample
size, n

MethodsCountryAuthorsSpecific digi-
tal tool

Isolated initiative of an intervention test using a digital tool

Evaluate the usability of
the website and assess for

4.5 (90)WebsitePatients diagnosed
with or clinically

Mixed meth-
ods

CanadaAbdulai et al
[49]

destigmatizing propertiessuspected of having
of sexual health–related
web-based resources.

endometriosis
(n=12)

Presentation of a
methodology for develop-

2 (40)development of
the information

N/AbCase studyAustraliaLi et al [50]

ing and implementingrecommendation
health information recom-functionalities on

the website mendation functions
within web-based health
applications, using the
example of a website on
endometriosis.

Determine the immediate
impact of a single session

3.5 (70)Telehealth (1 h)
vs VR (1 h) vs

Endometriosis diag-
nosis (n=19; tele-

Quantitative

pilot RCTsc
AustraliaLutfi et al [51]

of “supervised” tele-control (continuehealth=7, VRd=8,
control=4) health-delivered exercise

compared to “self-man-
with their activi-
ties of daily liv-
ing) aged” VR-delivered exer-

cise on pelvic pain associ-
ated with endometriosis.

Testing an intervention using virtual reality (Endocare)

Measure the immediate
and 4-hour persisting ef-

3.5 (70)VR vs control
(same situation

MRIe endometriosis
Diagnosis (n=45;

Quantitative
RCTs

FranceMerlot et al
[52]

fects of a single use 20-but in 2D on a
tablet)

Endocare=23, con-
trol=22) minute DTxf (Endocare)

on pain in women experi-
encing pelvic pain due to
endometriosis.

Assess the effects of re-
peated at-home adminis-

3.5 (70)VR vs control
(same situation

Endometriosis diag-
nosis (n=102; Endo-
care=51, control=51)

Quantitative
RCTs

FranceMerlot et al
[53]

trations of a 20-minute
(VR) solution (Endocare)

but in 2D on a
tablet)

compared with a sham
condition on pain in
women experiencing
pelvic pain due to en-
dometriosis.

Testing an intervention using a mobile app (Endo-App)

Examine whether there is
evidence of beneficial ef-

3.5 (70)AppPrior diagnosis of
endometriosis

QuantitativeGermanyRohloff et al
[54]

fects of the smartphone(n=106; Endo-
app “Endo-App” andAPP=64, no us-

er=42) whether a multicenter
randomized controlled
trial should be planned to
substantiate these effects.

Examine the impact of
the Endo-App on both

4.5 (90)App + standard
care vs usual care

Medical diagnosis of
endometriosis
(n=122)

Quantitative
pilot RCTs

GermanyRohloff et al
[55]

disease-related quality of
life and symptoms of en-
dometriosis affecting it.
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ObjectiveRisk of

biasa, n (%)

Digital technolo-
gies

Diagnosis sample
size, n

MethodsCountryAuthorsSpecific digi-
tal tool

Investigates how a health
care app can influence
the subjective experience
of illness in patients with
endometriosis.

5 (100)AppPatients diagnosed
with endometriosis
and who have re-
ceived a prescription

for the DiGag appli-
cation: “Endo-App”
(n=10)

QualitativeGermanyZugaj et al [56]

Testing an intervention using SMS text messaging (EndoSMS)

Co-design and evaluate
the acceptability, readabil-
ity, and quality of a bank
of supportive SMS text
messages (EndoSMS) for
individuals with en-
dometriosis.

4 (80)SMS text messag-
ing

Diagnosed with en-
dometriosis (self-re-
ported; n=17)

Mixed meth-
ods

AustraliaSherman et al
[57]

Determine the feasibility
and acceptability of En-
doSMS, a psychological-
ly focused SMS text
messaging intervention
designed to support indi-
viduals living with en-
dometriosis.

4.5 (90)SMS text messag-
ing

Clinically diagnosed
with endometriosis
(n=225; SMS=110,
waitlist=115)

Mixed meth-
ods integrated
into RCTs

AustraliaSherman et al
[58]

aA higher percentage indicates a lower risk of bias.
bN/A: not available.
cRCT: randomized controlled trial.
dVR: virtual reality.
eMRI: magnetic resonance imaging.
fDTx: digital therapeutics.
gDiGa: digital health applications.

Analysis of Articles Using the Framework for
Designing and Evaluating DHIs
The DEDHI framework [37] was used to characterize the overall
development process of digital technology–based interventions
proposed in the studies of this corpus. Indeed, this framework
seems particularly appropriate for the development of
interventions based on digital technologies, specific guidelines
dedicated to the design, and large-scale implementation of
health-related innovations [59,60]. This framework proposes
four stages: (1) the “preparation phase” describes the design
phases of the innovation—review of the knowledge justifying
an intervention, development of a conceptual model, and
feasibility or acceptability study to test new components of the
health intervention while identifying the optimization criterion
offering the best result. This phase, therefore, requires a
prototype offering the basic functionalities. (2) The
“optimization phase” suggests building an optimized health
care intervention using microtrials to identify the best
configuration for the innovation, while respecting the
optimization criteria. This phase requires a prototype offering
all the functionalities set out in the conceptual model. (3) The
“evaluation phase” is used to confirm the effectiveness of a

health intervention, in particular, by carrying out a randomized
controlled trial. At this stage, the prototype must be fully
functional. And (4) the “implementation phase” offers a guide
for the large-scale implementation and maintenance of an
effective health intervention. For each phase, different criteria
need to be addressed in order to optimize the long-term use of
health innovations and recommended levels of technological
maturity. They are organized according to 3 axes into each
phase: goals and tasks (from 1 to 4 criteria, eg, feasibility and
acceptability in the first phase), technical maturity (1 criterion,
eg, elaborated research prototype in phase 2), and evaluation
(from 5 to 10 criteria, eg, adherence, safety, and
personalization). The 2 reviewers (TP and KN) independently
examined the presence or absence of each criterion in the
articles, and a third reviewer (GC) was called in in the event of
disagreement. This made it possible to calculate a percentage
of completion for each phase, determined by the ratio between
the number of criteria present and the total number of criteria
expected for that phase.

Results

Figure 1 illustrates the screening stages in the PRISMA flow
diagram.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

Studies Design
Of the 10 studies included, 3 (30%) used mixed methods [49,57],
one of which was a pilot randomized controlled trial [58]. One
study was based on a qualitative analysis [56], and 5 (50%)
studies were solely based on quantitative analyses [51-55], 4
of which were randomized controlled trials [51-53,55]. Finally,
a study on the development of a methodology for designing a
digital tool was based on a case study of endometriosis [50].
For this reason, due to its general methodology, this article will
not be included in the following results sections: Sample Size,
Age, and Participants.

Studies Characteristics

Sample Size
Among the 9 included studies, the smallest reported sample size
was 10 [56] and the largest was 225 [58]. In quantitative studies,
the number of participants ranged from 19 [51] to 122 [55]. In
the mixed methods studies, the minimum number of participants
was 12 [49] and the maximum was 225 [58]. Over the 9 studies,
the average sample size was 73.1 (SD 72.4) individuals.

Age
Age is reported with varying degrees of accuracy depending on
the methodologies used. The minimum age reported is 16 years
[56], and the maximum is 63 years [49]. Based on the average

ages reported by the studies [49,51-55,57,58], the total average
age is 31.43 (SD 3.89) years.

Participants
The majority of studies (7/9, 78%) were based on samples of
women diagnosed with endometriosis [51-56,58]. One study
involved patients with a self-reported diagnosis [57], and one
involved patients with a suspected diagnosis [49].

Countries
All the articles selected come from Western countries. Of these,
the majority (5/10, 50%) were conducted in Europe, including
2 in France [52,53] and 3 in Germany [54-56]. Additionally, 4
studies took place in Australia [50,51,57,58]. Finally, 1 study
has been carried out in Canada [49].

Types of DHIs
Of the 10 studies selected, the analysis revealed six distinct
DHIs: (1) via a website [49], (2) health information
recommendation features within web-based health applications
[50], (3) an autonomous physical activity session using virtual
reality video games for pain management [51], (4) a second
intervention uses virtual reality and sensory stimuli for
relaxation purposes to support patients in pain management (eg,
Endocare) [52,53], (5) via a mobile application (ie, Endo-APP)
[54-56], and (6) an SMS text messaging intervention (ie,
EndoSMS) [57,58]. The first 3 DHIs were the subject of a single
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publication [49-51]. The DHI proposed by Abdulai et al [49]
is a website that aims to provide information on dyspareunia
and its management (eg, treatment) and to combat the stigma
associated with sexual pain. The DHI of Li et al [50] aims to
propose personalized disease management strategies (eg, therapy
or solutions to manage pain, dietary information, etc) based on
symptoms (ie, reported in an initial questionnaire) and an
algorithm. The third DHI [51] aims to reduce pelvic pain through
physical activity performed either autonomously through virtual
reality or supervised by telehealth in comparison with a control
group.

The other 3 have been the subject of several studies and
publications [52-58]. Of these last 3 DHIs, the first concerns a
virtual reality device (ie, Endocare) compared with a 2D version,
which was tested in the laboratory [52] and then autonomously
at home in a second study [53]. The second DHI is a mobile
app called Endo-APP, which was used in 3 studies [54-56].
Two of these studies were conducted by the same research team,
although they did not cite each other [54,55]. This can be
explained by the fact that the manuscript for the first study [54]
was submitted in 2022 but accepted in 2024. The third study
[56], which used Endo-APP, is a qualitative study focusing on
patient experience following the prescription of this app by a
health care professional. Finally, the third DHI was based on
sending SMS text messages (ie, EndoSMS) and includes 2
studies [57,58]. Sherman et al [58] evaluated the acceptance
and feasibility of a 3-month SMS text messaging intervention
designed in a previous study [57].

Objectives, Interfaces, and Functionalities of the 6
DHIs Studied
The specific objectives pursued by these 6 DHIs vary from study
to study. A total of 5 (83%) DHIs aimed to help manage pain
or painful symptoms [49-56]. Among these 5 DHIs, 2 were
based on a website but differ in their functionalities, with
specific sections (eg, information on endometriosis, causes and
treatments available for dyspareunia, and frequently asked
questions) for Abdulai et al [49] and suggestions (eg, relaxation
methods and dietary advice) based on initial responses to a
questionnaire [50]. The other 2 DHIs used virtual reality but do
not rely on the same functionalities. In the case of Lutfi et al
[51], the interface and functionalities of the DHI depended on
the participants’ choices (eg, relaxation application and video
games). For Merlot et al [52,53], Endocare’s immersive
intervention included auditory stimulation (ie, alpha and theta
binaural beats and sounds inspired by nature) and visual
stimulation by moving a laterally moving sphere. Finally, the
Endo-APP mobile app was designed to help with this
management. It features modules for monitoring symptoms,
disease management (eg, educational content with articles and
videos, exercise guides, and psychosocial support), or a
personalized emergency plan for dealing with episodes of
intense pain [54-56].

Overall, 4 (67%) DHIs aimed to provide information about
endometriosis and strategies for managing the disease. They
include the DHI proposed by Abdulai et al [49], that of Li et al
[50], and the Endo-APP mobile app [54-56]. Another DHI
targets this objective by being based on a unidirectional SMS

text messaging broadcast, that is, with no possible response.
The functionalities include the sending of 4 SMS text messages
per week covering a variety of themes (eg, emotional health,
social support, and information about the disease), and for some
women, the possibility of adding a reminder to follow treatment.
These authors also specify that this intervention can be
personalized (ie, first name and time of receipt of messages)
[57,58].

Furthermore, 2 (33%) interventions were intended to provide
emotional and psychosocial support (ie, Endo-APP and
EndoSMS). Finally, only the intervention proposed by Abdulai
et al [49] sought to address the stigma associated with sexual
pain. This information is summarized in Multimedia Appendix
2.

Patient Feedback on DHI Design and Deployment
Of the 6 DHIs studied in this systematic review, 3 were
developed with the support of women with endometriosis
[49,50,57]. For the other 3 DHIs (ie, the virtual reality and
telehealth interventions of Lutfi et al, Endocare, and Endo-APP),
the articles do not mention patient involvement during
development. However, 4 DHIs studied in 5 articles
[49,50,56-58] were evaluated by women with endometriosis.
These were the 3 DHIs developed with patients [49,50,57,58]
and 1 DHI evaluated after it was approved for prescribing to
patients [56]. Overall, 3 DHIs were evaluated with quantitative
analysis [49,50,57,58] and 3 were analyzed with qualitative
analysis [49,56-58]. More precisely, the DHI proposed by
Abdulai et al [49] was evaluated both quantitatively and
qualitatively, as was the DHI EndoSMS [57,58]. Endo-APP
was evaluated qualitatively in the study by Zugaj et al [56] and
the DHI by Li et al [50] quantitatively. The other DHIs (ie,
Endocare and Lutfi et al DHI) do not seem to have been
evaluated by the participants.

Quantitative evaluations allow objectifying patients’ user
experience. A total of 3 DHIs were evaluated using this method.
For example, the website proposed by Abdulai et al [49] is
perceived as easy to use. Similarly, the study of Li et al [50]
indicates that a quantitative evaluation of each proposed content
was carried out. The details of each content are not reported.
However, these authors noted a good user experience, although
the number of returns was lower than expected. Similarly,
Sherman et al [57] reported that the information provided in
SMS text messages was useful and accessible to the majority
of women with endometriosis, and so on. The same is true of
the evaluation of this DHI under real-life conditions in terms
of feasibility (eg, low attrition rate and few unsubscribes) and
content acceptance [58].

Qualitative analysis identifies the limitations and potential for
improvement of DHIs. A total of 3 DHIs were assessed using
this methodology. For example, the study by Abdulai et al [49]
enabled the research team to identify some minor problems (eg,
comprehension of certain content such as graphics and icons),
as well as features to be added (eg, search bar) or improved (eg,
visibility of information on the home page). The study of
Sherman et al [58] was positive overall, but some patients
highlighted improvements (eg, disease information considered
too general) and a greater need for personalization of the
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intervention (eg, content, frequency of SMS text messages, etc).
Similarly, although positive, the study by Zugaj et al [56]
highlights some limitations of the app, its content, or
functionality (eg, time required for correct and regular use,
concerns about security and data use, and content deemed
redundant). They also pointed out missing functionalities (eg,
possibility of exchanging information with peers) and made
suggestions for improvement (eg, integration of information on
diseases concomitant with endometriosis). Other DHIs have
not been evaluated in terms of their development. However, the
study by Merlot et al [53] showed that patients who received
the intervention were significantly more satisfied than women
in the control group.

Efficiency to Manage Endometriosis
This systematic review highlights different types of benefits,
such as physical, psychosocial, and self-management. A total
of 5 studies [51-53,55,56] involving 3 different DHIs (ie, virtual
reality and teleconsultation, Endocare, and Endo-APP) reported
physical benefits. Regarding fatigue, the results are not
homogeneous. Studies using the Endo-APP app [55] reported
a significant reduction in fatigue compared to a control group.
A DHI based on virtual reality (ie, Endocare) led to a reduction
in fatigue, but there was no significant difference between the
groups [53]. Finally, the other studies did not report any benefits
in terms of fatigue. With regard to pain, these 5 studies reported
a reduction in pain [51-53,55,56], regardless of the DHI used.
It therefore seems that apps and virtual reality are relevant
devices for managing physical symptoms, and specifically pain.

Regarding psychosocial benefits, 6 studies have reported
benefits in this field. An improvement in quality of life was
reported in 3 studies [53-55] based on 2 distinct DHIs (Endocare
and Endo-APP). In the Endocare study (ie, virtual reality), there
were no significant differences between the groups [53]. The
other 2 studies reported significant improvements in Endo-APP
users compared to the control group [54,55]. An improvement
in self-efficacy in managing the disease and its symptoms was
reported in 2 studies [55,56] involving a DHI (ie, Endo-APP).
One study showed that patients found the website
nonstigmatizing despite the subject matter [49]. Stress reduction
was reported in 1 study [53] with no significant difference
between groups, and 1 DHI has encouraged the adoption of
active coping strategies [58]. Depressive symptoms were
significantly reduced in 1 study [55], and an improvement in
mood was reported in another [58]. A reduction in the nocebo
effects associated with internet searches was observed in 1 study
[56]. Better acceptance of the disease by certain women was
reported in 1 study [56]. The same applies to the reduction of
certain fears [56]. One study [58] reported a reduction in feelings
of isolation and loneliness. The same applies to the increase in
self-compassion [58].

In terms of the benefits of self-management, 3 studies report
benefits, and 3 studies report on medication management.

Overall, 3 types of DHIs (mobile app with personalized advice,
EndoSMS, and Endo-APP) make it easier to access relevant
information about the disease and change patients’ perceptions
of it [50,56,58]. Studies about medication management all report
beneficial effects, whatever the DHI (ie, Endo-APP, Endocare,
and EndoSMS), related to the use of analgesics, for example
[53,55], or to remembering to take treatment [58]. This
information is summarized in Multimedia Appendix 2.

Analysis of Selected Studies Based on the DEDHI
Framework

Phase 1: Preparation
With the exception of Zugaj et al [56], all the studies mentioned
at least 1 criterion corresponding to this first phase. However,
there are major disparities between studies, with the criteria
being met in 10%, with 1 in 10 criteria (eg, Rohloff et al [54])
to 80%, with 8 in 10 criteria (eg, Abdulai et al [49]) of cases.
Among the criteria, a review of existing justificatory knowledge
and feasibility were the most frequently reported in the studies.
In contrast, criteria such as safety, privacy, and security were
rarely reported.

Phase 2: Optimization
A total of 3 studies [50,51,54] reported criteria for the second
phase. Li et al [50] and Rohloff et al [54] reported 54% (7/13)
of the criteria, while the last study [51] reported 77% (10/13)
of them. Criteria such as effectiveness, perceived benefits, and
content quality were consistently reported. In contrast, perceived
enjoyment was never mentioned, and criteria such as service
quality, safety, privacy, and security were rarely taken into
account. The other 7 studies [49,52,53,55-58] do not mention
any elements relating to this second phase.

Phase 3: Evaluation
A total of 4 studies reported between 60% (6/10) and 80% (8/10)
of the criteria for this third phase [50,52,53,55]. The other 6
studies [49,51,54,56-58] do not mention any of the criteria
relating to this third phase of the DEDHI framework. As far as
the evaluation criteria are concerned, effectiveness and perceived
benefits are reported by all those meeting the criteria for this
phase. Personalization was reported by only 1 of the 4 studies
[50]. Moreover, privacy and security are rarely considered, as
is the quality of service.

Phase 4: Implementation
A total of 2 articles met 77% (10/13) [50] and 62% (8/13) [56]
of the criteria for the implementation phase of the DEDHI
framework. The other 8 studies [49,51-55,57,58] did not mention
any of the criteria for this phase. In these 2 studies, safety and
service quality criteria are never mentioned. However, criteria
such as personalization, perceived benefits, and content quality
are the most regularly mentioned by studies responding to
criteria from this fourth phase. The results of this section are
summarized in Table 2.
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Table 2. Analysis with Design and Evaluation of Digital Health Interventions (DEDHI) framework.

Zugaj et
al [56]

Sherman
et al [58]

Sherman
et al [57]

Rohloff
et al [55]

Rohloff et al
[54]

Merlot et
al [53]

Merlot et
al [52]

Lutfi et al
[51]

Li et al
[50]

Abdulai et
al [49]

Phases, subphases, and
subactivity

Preparation phase (phase 1)

0 (0)7 (70)7 (70)1 (10)1 (10)1 (10)1 (10)2 (20)8 (80)8 (80)n (%)a

Goals and tasks

NdY (p.2)Y (p.2-3)Y (p.1)Y (p.1158)Y (p.2)Y (p.2)Y (p.2)Y (p.8)Yb (p.c2)Review existing
justificatory
knowledge

NY (p.2)Y (p.7)NNNNY (p.4)Y (p.8)Y (p.2)Conceptual
model

NY (p.2)Y (p.8)NNNNNY (p.9)Y (p.2)Feasibility and
acceptability

NY (p.7)Y (p.8)NNNNNY (p.9)Y (p.5)Identify and op-
timization crite-
rion

Technical maturity

NY (p.2)Y (p.8)NNNNNY (p.9)Y (p.4)Research proto-
type that pro-
vides basic
functionality

Evaluation criteria

NNY (p.9)NNNNNY (p.9)Y (p.7)Ease of use

NY (p.6)NNNNNNNY (p.5)Adherence

NY (p.2)Y (p.8)NNNNNY (p.8)NPersonalization

NNNNNNNNNNSafety

NNNNNNNNY (p.7)Y (p.11)Privacy and se-
curity

Optimization phase (phase 2)

0 (0)0 (0)0 (0)0 (0)7 (54)0 (0)0 (0)10 (77)7 (54)0 (0)n (%)

Goals and tasks

NNNNY (p.1158)NNY (p.2)Y (p.9)NConduct opti-
mization trials

NNNNNNNY (p.2)NNIdentify the best

DHIe configura-
tion

Technical maturity

NNNNY (p.1158)NNY (p.4)Y (p.9)NElaborated re-
search proto-
type

Evaluation criteria

NNNNY (p.1161)NNY (p.5)Y (p.12)NEffectiveness

NNNNY (p.1161)NNY (p.5)Y (p.9)NPerceived bene-
fit

NNNNY (p.1158)NNY (p.4)Y (p.9)NContent quality

NNNNNNNY (p.4)Y (p.9)NPersonalization

NNNNNNNN NNPerceived enjoy-
ment

NNNNNNNY (p.4)NNAesthetics

NNNNY (p.1161)NNY (p.4)NNAdherence
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Zugaj et
al [56]

Sherman
et al [58]

Sherman
et al [57]

Rohloff
et al [55]

Rohloff et al
[54]

Merlot et
al [53]

Merlot et
al [52]

Lutfi et al
[51]

Li et al
[50]

Abdulai et
al [49]

Phases, subphases, and
subactivity

NNNNY (p.1158)NNNNNService quality

NNNNNNNY (p.5)NNSafety

NNNNNNNNY (p.7)NPrivacy and se-
curity

Evaluation phase (phase 3)

0 (0)0 (0)0 (0)6 (60)0 (0)7 (70)8 (80)0 (0)6 (60)0 (0)n (%)

Goals and tasks

NNNY (p.2)NY (p.2)Y (p.2)NNNConfirm the ef-
fectiveness of
an optimized
DHI

Technical maturity

NNNY (p.1)NY (p.3)Y (p.3)NY (p.12)NElaborated re-
search proto-
type

Evaluation criteria

NNNY (p.5)NY (p.7)Y (p.8)NY (p.12)NEffectiveness

NNNY (p.5)NY (p.7)Y (p.8)NY (p.12)NPerceived bene-
fit

NNNY (p.7)NY (p.6)Y (p.6)NNNAdherence

NNNNNNNNY (p.12)NPersonalization

NNNNNNY (p.4)NNNService quality

NNNNNY (p.13)Y (p.10)NNNSafety

NNNNNN NNY (p.7)NPrivacy and se-
curity

NNNY (p.3)NY (p.2)Y (p.3)NY (p.12)NAccountability

Implementation phase (phase 4)

8 (62)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)10 (77)0 (0)n (%)

Goals and tasks

NNNNNNNNY (p.12)NDevelop a DHI
product that can
be implemented
at a large scale
in the health
care market

Y
(p.2254)

NNNNNNNY (p.12)NAssess the long-
term outreach
and efficiency

Y
(p.2260)

NNNNNNNY (p.12)NUpdate the DHI

Technical maturity

Y
(p.2254)

NNNNNNNY (p.12)NElaborated re-
search proto-
type

Evaluation criteria

Y
(p.2259)

NNNNNNNNNAdherence

Y
(p.2254)

NNNNNNNY (p.12)NPersonalization
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Zugaj et
al [56]

Sherman
et al [58]

Sherman
et al [57]

Rohloff
et al [55]

Rohloff et al
[54]

Merlot et
al [53]

Merlot et
al [52]

Lutfi et al
[51]

Li et al
[50]

Abdulai et
al [49]

Phases, subphases, and
subactivity

Y
(p.2258-
2259)

NNNNNNNY (p.12)NPerceived bene-
fit

Y
(p.2254)

NNNNNNNY (p.9)NContent quality

NNNNNNNNY (p.5)NEthics

NNNNNNNNNNService quality

NNNNNNNNNNSafety

NNNNNNNNY (p.7)NPrivacy and se-
curity

Y
(p.2254)

NNNNNNNY (p.12)NAccountability

aPercentage of completion for each phase, determined by the ratio between the number of criteria present and the total number of criteria expected for
that phase.
bThe criterion is identified, either explicitly stated or reasonably inferred from the content of the article.
c“p.” represents the page of the article where the criterion is mentioned.
dThe criterion is not identified or cannot be reasonably inferred.
eDHI: digital health intervention.

Discussion

Overview
The aim of this systematic review was to characterize the design,
quality, and efficiency of the digital technologies used to support
women with endometriosis. This review highlights four
important points: (1) the literature on this topic is at an early
stage, although it is developing rapidly, as is the case for other
chronic diseases; (2) digital interventions show physical,
psychological, and self-management benefits, but the small
number of studies and methodological variability limit the
reliability of current evidence; (3) few studies mobilized a
methodological framework to develop their intervention; and
(4) analysis of the corpus using the DEDHI framework revealed
that the majority of the studies essentially reported criteria
relating to the first phase (development), leaving the later phases
as yet unexplored.

Results of this systematic review highlight recent literature that
is embedded in the growth of digital technology. Indeed, the
least recent article selected in this corpus was published in 2022.
In addition, the studies are mainly based in Western countries
that have implemented policies to address this disease (eg,
France [61], Canada [62], and Australia [63]), for instance, by
supporting the funding of targeted research projects. This
geographical focus may be linked to the fact that the disease
has received increasing media coverage in recent years [64].
This geographical disparity may therefore contribute to the lack
of international literature. This may result in an incomplete
understanding of patient needs on a global scale. At the same
time, the recent increase in DHIs and related publications
follows the trend observed in endometriosis research, which
has been steadily increasing since 2017 [65]. Finally, as reported
in the results section, most of the studies conducted and the
DHIs designed have been developed by the same research teams,
which may result in some limitations of the literature on the

subject. This literature is also the result of the evolution in the
recommendations concerning the management of the negative
effects of illness [4,5,66,67]. These recommendations were
aimed, in particular, at improving the operational efficiency
(eg, time management) of health care professionals [32,68] and
the optimization of care and the quality of service provided to
patients [69]. A growing trend is the use of digital health
technology to enable patients with chronic illness to manage
their disease over a long period of time [70], while developing
their disease management skills [71]. These technologies are
regularly used because of the freedom they offer (eg, use at
home, at any time, or on any day) [72], both for the practitioner
providing the care and for the patients benefiting from it. This
systematic review illustrates precisely this point, since a number
of applications and technologies (eg, websites, mobile apps,
SMS text messaging, and virtual reality) are being used to
optimize support for endometriosis. The use of digital
technology for this disease is part of a wider movement
concerning chronic pathologies, reflecting a paradigm shift in
which patients become the central actors in their own care [73].
Several studies in this review indicate that patients were
involved from the tool’s design stage [49,50,57,58] or during
the evaluation phases of the tool designed to support them
[49,50,56-58]. These studies show just how valuable it can be
to involve patients from the earliest stages of device
development—for example, to increase patient satisfaction [74].
The results of this study suggest that digital technologies can
be useful in the treatment of endometriosis. However, they do
not appear to be sufficient on their own to meet patients’ needs
and could even have deleterious effects. Indeed, many women
already report a sense of isolation and lack of recognition, both
socially and within the health care system [10,75], which could
be accentuated through digital technology. In this context, DHI
could be seen as a complement to traditional care as part of a
hybrid care model. This approach would exploit the advantages

JMIR Hum Factors 2025 | vol. 12 | e71859 | p.639https://humanfactors.jmir.org/2025/1/e71859
(page number not for citation purposes)

Pavic et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


of digital tools while preserving the essential human dimension
of care [76].

Studies in this systematic review reported physical,
psychological, and self-management benefits of endometriosis.
Indeed, some of the digital interventions in this corpus using
digital technology [51-55] reported a reduction in pain, the main
symptom of endometriosis [77]. Reduced pain can improve
patients’overall quality of life [78] and, therefore, has beneficial
repercussions on other areas of patients’ lives, such as
absenteeism from work [14] and social relationships [79]. Some
studies in this corpus [54,55] reported a more global
improvement in physical quality of life (eg, reduction in chronic
pain) and psychological quality of life (eg, increased emotional
well-being), while 1 study reported a reduction in feelings of
loneliness and isolation [58]. Studies [53,55,58] have also shown
a reduction in the use of analgesics. This could reduce treatment
costs, which is particularly important in the context of
endometriosis [80]. The DHIs presented in this systematic
review seem to respond to the main challenges posed by
endometriosis, whether related to the management of the disease
or to its main consequences on physical, psychological, and
social health, among others [81,82]. Furthermore, the articles
reported an increase in patients’ feeling of being able to manage
their symptoms [55,56]. Yet, self-efficacy is a key variable,
having been shown in the literature to be an important
determinant of the adoption and maintenance of
health-enhancing behaviors (eg, health belief model) [83,84].
Indeed, a person with a high degree of self-efficacy will be more
inclined to respond to a perceived threat [85] and to adopt
relevant strategies to manage the symptoms of endometriosis.
For example, the patient will be more likely to adopt health
behaviors that improve her quality of life, such as physical
activity [86] or a balanced diet [87]. To promote behavior
change and management of this disease, future DHIs could draw
on psychological and behavioral theories. Self-determination
theory [88], the transtheoretical model of change [89], and the
taxonomy of behavior change techniques developed by Michie
et al [90] could offer valuable leads for the design of DHIs.
Such models can help identify motivating factors, stages of
change, and techniques adapted to users’ needs. Integrating
these theoretical frameworks could improve the effectiveness
and reproducibility of interventions. Finally, they provide a
better understanding of the mechanisms of action underlying
long-term user commitment and adherence. For instance,
self-determination theory emphasizes autonomy, competence,
and relationship as essential components of sustained motivation
[91]. The transtheoretical model enables content to be adapted
to the user’s stage of change. In this way, each individual could
have a personalized intervention [92], as requested by some
patients (eg, [58]). Using the taxonomy of behavior change
techniques would enable a structured approach to the selection
and presentation of behavioral strategies. 

Despite these advantages, a number of limitations need to be
recognized. Most of the interventions examined were of short
duration (up to 12 weeks [55]). It is therefore difficult to assess
the durability of beneficial effects or the stability of user
engagement over time. However, these elements appear to be
crucial in understanding chronic diseases, such as endometriosis

[93]. In addition, several studies [50,54-58] have proposed that
intervention should be holistic, encompassing several
dimensions of patient well-being (eg, dietary monitoring, stress
management, and physical activity). While such an approach
is recommended in the literature [94], this does not allow for
the identification of the specific part played by the use of digital
technology. Finally, as reported by Zugaj et al [56], the use of
digital technologies does not seem to be suitable for all patients.
This is why it seems necessary to pay particular attention to the
personalization of devices [37,95] and take advantage of the
variety of care modalities available in order to offer optimal
support to each patient [94].

Among all the included studies and the 6 identified DHIs, 3
DHIs were developed with patient involvement [49,50,57]. Of
these, only 2 articles [49,50] reported using a methodological
framework to guide the development of a digital intervention
and progressed to large-scale deployment. Nevertheless, 1 study
[57] drew on various theories from social psychology (eg, theory
of planned behavior [96]) to construct part of its intervention.
After analyzing the studies using the DEDHI framework, it
appears that almost all of them (9/10) focused on the criteria of
phase 1 (preparation), leaving the subsequent phases unexplored.
Furthermore, a detailed analysis of the phases revealed wide
disparities in the way the criteria were addressed, particularly
in this first phase. Thus, in the first phase, the criterion most
often reported was the use of a literature review to justify
technological choices and their positive effects on chronic
pathologies. For example, Merlot et al [52] considered various
meta-analyses on the use of virtual reality for chronic pain
management in different pathologies, and Rohloff et al [54,55]
did the same for the use of smartphones in pathologies with
chronic pain. Nevertheless, even if the use of literature reviews
is an essential step to support the development of intervention
devices, it remains insufficient if criteria such as acceptability
and acceptance of these devices are not taken into account
because, as recommended by the DEDHI framework [37], they
make it possible to adjust the intervention to the real
expectations and needs of users. Moreover, considering
“individual acceptability” would enable the adoption of a
particular support strategy depending on the individual’s specific
relationship with the technology [97]. On the other hand, the
studies do not seem to have adapted their tools to the various
standards and regulations in force concerning the use of digital
technology in health (eg, General Data Protection Regulation).
One explanation may lie in the fact that the research teams are
more often than not made up of health care professionals and
do not always include specialists in the development and
implementation of these digital tools (eg, engineering research
teams, lawyers, psychologists, and ergonomists). Yet,
interdisciplinarity is generally considered to be one of the
essential elements in medical innovation, particularly to meet
the different needs of the market [98]. The ever-increasing call
for research into health care innovations [99] may lead research
teams to neglect certain essential stages of development (eg,
optimization, evaluation, and implementation), which can
compromise the ownership and sustainability of the intervention
device and associated benefits [37]. Li et al [50], who highlight
the advantages of mobilizing a clearly defined methodological
framework to think through the implementation of a technology
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with potential users, support this view. Yet, some of the included
studies collected patient perceptions during the development or
trial phases of DHIs. For example, 3 studies [49,56,58] have
highlighted that patient satisfaction and engagement were linked
to perceptions of ease of navigation, clarity of content, and
perceived credibility of information. Conversely, problems such
as excessive text content [49], poor section visibility [50], or a
lack of personalization [58] were seen as potential barriers to
engagement with the intervention or continued use. These
results, therefore, underline the need to systematically involve
the various stakeholders in the development process. In addition,
they also highlight the importance of user testing in order to
limit identified obstacles and support potential long-term use.

Strengths and Limitations of This Review
This systematic review has 4 main strengths. First, the PRISMA
methodology and its stages were applied [41]. Second, the
quality of each study was assessed with an adjusted evaluation
of the risk of bias according to the experimental design used
[100]. Third, each article was evaluated by several researchers,
a discussion was organized to harmonize assessments, and an
intraclass correlation coefficient calculation [101] was
performed for the risk of bias. Fourth, several databases were
mobilized to improve the comprehensiveness of the search
[100].

Several limitations can also be identified. First, a meta-analysis
could not be carried out due to the heterogeneity of experimental
designs implemented, the measurements performed, and the
results observed in the review analysis [102]. This
methodological variability has limited the possibility of
producing a quantitative synthesis of results or drawing
definitive conclusions about the effectiveness of specific digital
interventions. Thus, future systematic reviews or meta-analyses
on the effects of digital interventions will need to be conducted,
particularly on variables of interest in the context of
endometriosis (eg, perceived pain, quality of life, and anxiety).
Second, the published literature often reports positive and
significant results [103], and there is not always a control group
to put the results into perspective. This bias may have influenced
the overall impression of the effectiveness or feasibility of the
DHIs presented in this review. As a result, these findings may
provide an overestimated picture of the actual benefits or
readiness of these tools for wider implementation, while
underrepresenting the difficulties or limitations encountered in
practice. Third, the growing interest in digital and associated
technologies is such that the search equation used may not have
identified some articles mobilizing terminologies different from
ours [104]. Fourth, following the selection process, 10 studies
were retained out of the 381 articles identified. While this
highlights the current state of research, it also limits the scope
of the conclusions of this systematic review and the
generalizability of the results. However, the recent increase in
the number of studies on the subject calls for clarification of
the methodological framework used to develop interventions
and the associated digital tools, which should help to improve
the reproducibility of interventions. Finally, the studies in this
review were mainly conducted in Western countries, which
raises questions about the transferability of the results,
particularly given the difficulties of accessing and using DHIs

linked to cultural, economic, and physical factors [105]. It is
possible that in some parts of the world, access to this type of
technology and the internet is more limited, which could reduce
the reach of these digital solutions. For example, without the
support of health authorities, the financial cost of accessing
these digital resources may be too high and restrict access.
Unequal access to digital resources may also hinder the
development of digital literacy (ie, digital skills and the skills
to understand and use content available on the internet [106]).
These elements are identified as potential barriers to the use of
DHIs [107]. It therefore seems necessary for international
research teams to focus on the development of digital health
devices. The approach could be to develop or adapt existing
frameworks to the cultural and contextual specificities of their
implementation to ensure greater accessibility and usability for
diverse groups.

Research Implications
In light of these challenges, future research could potentially
focus on several key priorities. First, longitudinal studies appear
necessary to better understand the mechanisms underlying the
sustained use of digital health tools [94]. Second, more rigorous
and interdisciplinary research (eg, randomized controlled trials)
with larger samples and standardized outcome measures would
also appear to be relevant. Carried out in this way, they would
ensure reproducibility while strengthening the evidence base
for the effectiveness of digital interventions. Third, qualitative
studies exploring patients’ experiences, expectations, and
perceptions of digital health technologies could be carried out.
This could complement the results of quantitative evaluations
of content or user experience [108]. Fourth, cross-cultural
studies could be conducted to assess the transferability of these
interventions for different patient profiles (eg, age,
sociodemographics, and digital literacy), as well as for different
cultural, geographical, and socioeconomic contexts [109]. Fifth,
future studies could explore hybrid models of care to better
meet patients’ needs and evaluate the effectiveness of this type
of support. Sixth, future studies could be based on the study of
behavior change theories or on the identification of behavior
change techniques used by DHI. Finally, future studies should
systematically apply methodological frameworks, such as
DEDHI, to frame the development and implementation process.
All relevant phases and criteria would then be transparently
reported in their publications.

Conclusion
This systematic review highlights the current interest in using
digital technology to support patients with endometriosis. It
appears promising and offers advantages in terms of patient
care. However, the development of digital devices is rarely
based on a methodological framework that would direct each
stage of development to maximize patient involvement and,
ultimately, improve their overall quality of life.

Overall, this systematic review has highlighted a number of
elements for the development of digital devices for the
management of endometriosis, from the initial design phases
through to market implementation and appropriation by patients.
Three points seem crucial to develop interventions mobilizing
digital technology and encourage patients with endometriosis
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to appropriate these tools: (1) mobilizing a methodological
framework tailored to the context and specific to the
development of support with digital devices, (2) relying on a
multidisciplinary team (ie, doctors, engineers, ergonomic
psychologists, and lawyers) capable of addressing every aspect
of the development of the digital device, and (3) involving all
stakeholders in the management of endometriosis (ie, patients,
algologists, gynecologists, psychologists, and physiotherapists)
in the design. These few points could serve as a guideline for
outlining the contours of a global research reflection on the
development of interventions using digital tools in the context

of endometriosis, aimed at improving the quality of patient care.
Developed using this approach, these digital tools place patients
at the heart of the interventions by offering them not only
concrete tools to better manage their health but also a space to
share their experiences with other patients concerned. These
elements help to foster health empowerment and, ultimately,
pain management [110]. These digital tools can help to change
the way patients are supported, moving away from “traditional
medical care” to “holistic care,” which takes into account all
the dimensions of a patient’s health—physical, mental, and
social.
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Abstract

Background: With the rising global adoption of telemedicine, there is a crucial need to address inefficiencies and challenges
in current service systems. This case study focused on enhancing the telemedicine service system of a traditional Chinese medicine
clinic.

Objective: The primary objective was to identify and address pain points and inefficiencies in the existing telemedicine system
with the aim of streamlining service operations for the benefit of both patients and service providers.

Methods: Through comprehensive service design analysis, including the creation of a customer journey map and a service
blueprint, key areas for improvement were identified, and the service process was redesigned accordingly. A user-friendly web
application was developed and evaluated using usability testing and satisfaction assessments. Participants took part voluntarily.
Task testing was conducted using real-world scenarios, with index of item-objective congruence values ranging from 0.84 to
1.00. Participants were assigned role-specific tasks as either patients or service providers in a step-by-step format, followed by
role-specific paper-based questionnaires.

Results: The redesigned system successfully streamlined operations by automating processes and reducing task complexity,
resulting in improved time efficiency for both user groups. Participants included 6 patients (aged 23‐54 years) and 7 service
providers from various departments. Usability testing revealed a task success rate of 100% for all tasks among patients, coordinators,
physicians, and finance personnel as well as 83.33% among pharmacists. Satisfaction outcomes were positive: patients reported
a net promoter score of 67, whereas service providers reported a mean System Usability Scale score of 71.4 (SD 20.76).

Conclusions: This study highlights the transformative potential of telemedicine in health care delivery. For patients, consolidating
services into a single digital platform improved accessibility and ease of use. For service providers, the system reduced repetitive
tasks and facilitated more efficient task completion. These findings demonstrate the effectiveness of service design methodologies
in enhancing telemedicine systems, ultimately contributing to improved health care quality and patient outcomes.

(JMIR Hum Factors 2025;12:e76752)   doi:10.2196/76752
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digital transformation; efficiency improvement; service design; telemedicine; traditional Chinese medicine

Introduction

Telemedicine, also known as telehealth or eHealth, was
introduced in the 1970s as a means of delivering health care
services over long distances using telecommunication and IT
tools [1,2]. These tools include voice and video calls, SMS text
messaging, remote monitoring, and virtual consultations [3].
The US Centers for Disease Control and Prevention has defined
telemedicine as “healing at a distance” [4]. Today, telemedicine
is used for a wide range of services, including diagnosis of

common illnesses, follow-up consultations, psychotherapy, and
chronic disease management [5].

The benefits of telemedicine are widely recognized. These
include cost savings [6], improved access for patients with
mobility limitations [7], and enhanced continuity of care while
minimizing exposure during the COVID-19 pandemic [8,9].
The global health crisis in 2020 accelerated the adoption of
telemedicine as health care systems sought to reduce viral
transmission and maintain service continuity [4,10]. In the
United States, telehealth visits increased by 50% in the first
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quarter of 2020 compared to the same period in 2019 and surged
by 154% by week 13 of 2020 [11]. Despite this rapid uptake,
much of the telemedicine infrastructure at the time was still in
its early stages of implementation, hindered by limited
understanding of the virus and system unpreparedness [12].

While the urgency of the pandemic necessitated swift
development and deployment of telemedicine platforms,
numerous challenges persist. These include concerns about
patient-provider relationships, digital literacy, technical
reliability, privacy and data confidentiality, reimbursement
policies, physical examination limitations, and acceptability
among special populations [3,13,14].

This study focused on the development and improvement of a
telemedicine system within a traditional Chinese medicine
(TCM) clinic in Bangkok, Thailand. The clinic serves
approximately 5000 patients monthly and presents unique
service characteristics distinct from conventional modern
medicine. TCM diagnostics rely on observation of the patient’s
physical appearance, vocal quality, pulse palpation, and tongue
examination, whereas treatments often involve custom herbal
preparations. These distinctive diagnostic and therapeutic
practices introduce additional complexity in adapting
telemedicine systems for TCM settings.

The clinic initially launched telemedicine services via telephone
in April 2020, expanding to video consultations in March 2022.
According to internal records, the number of telemedicine visits
more than doubled from 1955 in 2020 to 3972 in 2021, with
the age group from 41 to 50 years representing the largest
proportion of users. Despite the growth, both patients and service
providers reported difficulties. Patients experienced confusion
regarding appointment scheduling and status updates, whereas
staff encountered challenges related to fragmented
communication channels, repetitive manual tasks, and workflow
inefficiencies.

Given the known advantages of telemedicine [7] and the
increasing demand for remote TCM services, this study aimed
to systematically identify pain points in the existing telemedicine
service system and redesign it to improve efficiency and user
experience for both patients and service providers.

Methods

Investigation of Current Service Operation

Overview
The telemedicine service was investigated from both patient
and service provider perspectives. Two hypothetical workflows
were developed to visualize the end-to-end service interaction:
a customer journey map representing the patient experience
[15,16] and a service blueprint illustrating the provider-side
operations [16,17]. These workflows were constructed using
data collected from direct observations of the service operations,
content review of the clinic’s website, and semistructured
interviews with service providers.

The purpose of these visual tools was to map the sequence of
interactions between patients and the service system, as well as
among service providers, to identify pain points and service
gaps [18]. The preliminary workflows were subsequently
validated through in-depth interviews: 4 current telemedicine
patients validated the customer journey map, and representatives
from each relevant department (eg, registration, consultation,
and pharmacy) reviewed and confirmed the accuracy of the
service blueprint.

Barriers From the Patient Perspective
Figure 1 presents the validated customer journey map from the
patients’ point of view. The analysis revealed 3 key barriers
that contributed to user dissatisfaction, indicated by negative
emotional states on the emotion-tracking row of the map.

First, patients experienced difficulty in scheduling appointments.
As shown in the “Customer thoughts” row in Figure 1, many
users had to engage in multiple rounds of communication with
the clinic to secure a suitable time slot, some reporting up to 5
separate calls. This resulted in excessive human effort and a
high interaction cost. Patients expressed a clear expectation for
a simplified and more efficient appointment scheduling process.

Second, the current system required patients to interact with
multiple communication channels. Specifically, they had to
register with 4 separate Line messaging accounts (CustomerCare
TCM, TCM TELEMED, the physician’s personal account, and
Pharmacy TCM) to complete a single telemedicine session.
This fragmentation added significant complexity and increased
the interaction burden on patients. Many expressed the desire
to minimize the number of communication accounts required
for service access.
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Figure 1. Customer journey map of the current telemedicine service (patient perspective). HN: health number; TCM: traditional Chinese medicine.

Third, there was a lack of transparency regarding service
response times. Patients were not informed of estimated wait
times for replies from service providers. Data logs revealed a
wide variation in response time, ranging from 5 minutes to as
long as 3 hours, with an average of 30 minutes. This uncertainty
undermined patient confidence and satisfaction. Participants
emphasized the need for real-time service tracking and
automated notifications to improve the overall user experience.

Collectively, these issues of excessive communication effort,
fragmented service channels, and uncertain wait times indicate
critical inefficiencies in the current telemedicine system. From
the patient perspective, three areas for improvement were
identified: (1) simplification of the service process, (2)
consolidation of communication channels, and (3) visibility and
predictability of service status and wait times. Addressing these
pain points through streamlined service design is expected to
enhance patient satisfaction, reduce interaction costs, and
improve the overall usability and efficiency of the telemedicine
service.

Barriers From the Service Provider Perspective
Figure 2 presents the current service blueprint for the TCM
telemedicine operation, highlighting 3 primary barriers reported
by service providers.

First, providers faced challenges due to uncertain waiting times.
They were required to monitor patient responses closely and

ensure timely replies to maintain patient satisfaction (problem
A in Figure 2). Patient response times varied widely, ranging
from as little as 10 minutes to as long as 1 month, with an
average of 2 days. This unpredictability increased provider
workload and disrupted workflow. Digitizing the system to
automate follow-up communication would mitigate this issue.

Second, service providers were burdened by numerous repetitive
administrative tasks (problem B in Figure 2). These included
sending registration forms, checking for completeness, updating
status tags, issuing notifications, and sharing Line contact
details. Collectively, these tasks consumed approximately 12
minutes per patient, representing wasted time and avoidable
effort. Automating these processes could substantially reduce
inefficiency.

Third, appointment scheduling was unnecessarily complicated
(problem C in Figure 2). Providers often engaged in repeated
communication with patients (up to 5 exchanges to finalize a
booking due to mismatched availability). This process increased
provider effort and interaction costs, diverting attention from
more value-adding clinical activities.

Overall, these barriers illustrate inefficiencies that compromise
the effectiveness and stability of the telemedicine service. From
the provider perspective, three key areas required improvement:
(1) reducing waiting times, (2) eliminating repetitive
administrative tasks, and (3) simplifying the appointment
scheduling process.
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Figure 2. Service blueprint of the current traditional Chinese medicine telemedicine service (provider perspectives).

When considered alongside patient-reported barriers, a common
set of challenges emerged for both groups: (1) excessive human
effort, (2) high interaction costs, and (3) long or uncertain
waiting times. As shown in Figure 3, addressing these problem

areas is essential to improving operational efficiency and
ensuring a better overall telemedicine experience for both
patients and service providers.

Figure 3. Common problems and improvement strategies for patients and providers.

System Design

Redesigning Service Operations
Following the identification of barriers in the current service
system, solutions were designed to eliminate inefficiencies and
enhance user experience. A digital transformation strategy was
adopted integrating information, computing, communication,

and connectivity technologies [19,20]. This approach aimed to
strengthen the telemedicine service’s capabilities and address
issues such as repetitive tasks and the difficulty of sharing
real-time information between patients and providers. For
example, dissatisfaction arising from uncertain waiting times
could be mitigated by providing estimated wait times and
visualizing them for users [21].
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The success of such digital interventions also depended on staff
skills and competencies. Therefore, comprehensive training for
all system users was considered essential to ensure effective
adoption of the redesigned processes.

To guide implementation, a “to be” customer journey map was
developed (Figure 4) illustrating three major strategies: (1)
channel consolidation (consolidating multiple service channels
into a single integrated platform that supported all service
activities, thereby lowering patient interaction costs), (2) system
digitization (streamlining complex activities such as appointment
scheduling by digitizing workflows and visualizing the required
data for each stakeholder), and (3) service status visualization
(providing patients with real-time updates on backstage
operations to reduce uncertainty and dissatisfaction caused by
undefined waiting times [22]).

In summary, the redesigned service model focused on
consolidating communication channels, digitizing processes,

and visualizing service status—strategies aimed at streamlining
operations, improving efficiency, and delivering a more seamless
telemedicine experience.

Moreover, a “to be” service blueprint was developed to enhance
the service provider experience (Figure 5, or see the enlarged
image in Multimedia Appendix 1). This blueprint emphasized
2 key strategies. First, the system was digitalized to automate
patient-facing processes, thereby reducing provider workload
associated with repetitive administrative tasks and ongoing
patient follow-up. Automation also eliminated complex tasks
such as appointment scheduling. Second, the blueprint
introduced service status visualization for providers
accompanied by automated notification alerts when action was
required. This functionality helped reduce uncertainty during
patient response delays and minimized the need for providers
to manually review patient messages. In summary, streamlining
provider operations was achieved through 2 strategies: system
digitalization and visualization of service status.

Figure 4. “To be” customer journey map of the redesigned telemedicine service (patient perspective). TCM: traditional Chinese medicine.
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Figure 5. “To be” service blueprint of the redesigned telemedicine service (provider perspective). API: application programming interface; OA: official
account.

System Interface
The system interface is a critical component of service
improvement, functioning as the primary channel of interaction
between patients and health care providers. To guide interface
design, a use case diagram of the redesigned telemedicine web
application was developed to define user roles and their
corresponding system functions. For example, users with system
authentication privileges could manage log-in and log-out
processes, change account passwords, create new patient
accounts, and edit other user accounts.

Interfaces for each role were prototyped using Figma, a digital
design platform that enables realistic mock-ups and supports
iterative development [23]. Interactive buttons and workflows

were tested during the prototyping stage, and feedback from
trial users was collected to refine the design through iterative
improvement cycles.

The final interface was divided into 2 dedicated websites: one
for patients and one for service providers. The patient website
was optimized for mobile devices and designed to support all
essential patient tasks, including log-in, registration, profile
management, and appointment booking (Figure 6, or see the
enlarged image in Multimedia Appendix 2). In contrast, the
provider website was optimized for desktop use to reflect
providers’ routine work patterns. This platform supported
role-specific functions for physicians, coordinators, pharmacists,
and finance staff, facilitating streamlined management of patient
services and system operations.
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Figure 6. The patient web application interface optimized for mobile devices.

System Implementation
Following the design phase, the next step was the
implementation of the new telemedicine web application system.
This stage involved translating the design concepts into a
functional system accessible to both patients and service
providers. An overview of the telemedicine service system is
shown in Figure 7.

To support implementation, an entity-relationship diagram was
developed to represent the database structure and the
relationships between its entities [24]. The entity-relationship
diagram served as a blueprint for database design, ensuring that
data were logically organized and efficiently structured to
support the system’s core functionalities.

In developing the TCM clinic’s telemedicine service system,
the web applications described in the System Interface section
were implemented using Node.js (version 10; OpenJS
Foundation), a widely adopted runtime environment for web
development. The system interfaces were designed to be
dynamic and responsive, ensuring low latency and a positive
user experience.

The implementation integrated several JavaScript libraries and
packages. The front end was built using React (version 17),
compatible with Node.js version 10, alongside additional
libraries such as SweetAlert and Fortawesome to enhance
interactivity and usability. For the back end, Express.js (OpenJS
Foundation) served as the primary framework for building
application programming interfaces that adhered to the
Representational State Transfer architectural style, enabling
communication between users and the clinic’s Microsoft SQL
Server 2000 database. Supporting packages included mssql for
database connectivity, cors to enable cross-origin requests,
express-fileupload for image uploading, bcrypt for secure
password encryption, and line/bot-sdk for integrating notification
services through the Line app.

System interactions followed a client-server architecture: users
engaged with the front-end interface, which transmitted data
requests to the back-end system. The back end processed the
data, executed the required operations, and returned results to
the front end for user display.
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Figure 7. Overview of the redesigned telemedicine service system. TCM: traditional Chinese medicine.

Although the real-time communication module was developed
independently from the back end, seamless integration allowed
for direct connection between the web application and
physicians’ Line accounts. Furthermore, the new telemedicine
service system was linked with the clinic’s existing automated
alert system, prescription tracking system [25], and medicine
delivery service [26], ensuring compatibility with established
workflows and continuity of care.

System Validation
A system validation process was conducted to ensure that the
redesigned telemedicine platform met the requirements of both
patients and service providers and to evaluate user satisfaction
with its performance and functionality.

Participants
Two participant groups were recruited: patients and service
providers. Recruitment flyers were posted on noticeboards
throughout the hospital where the TCM clinic is located. The
flyers included details of the study objectives, experimental
procedures, and eligibility criteria for both groups. Interested
individuals self-screened for eligibility and contacted the
research team via telephone to register.

A purposive sampling strategy was used to allow for in-depth
understanding of user experiences [27]. Initial eligibility
interviews were conducted by 2 web application developers
from the author team. Participants were intentionally selected
based on criteria relevant to the research objectives. To avoid
bias, the remaining author team members who conducted the
data analysis were blinded to the recruitment process.

Tasks

Overview

Task testing was conducted using simulated real-world scenarios
designed to cover all key functions that patients and service

providers would perform within the system. Separate test
scenarios were developed for each role to ensure that all system
features were evaluated comprehensively.

Content validity of the test scenarios was assessed by 3 domain
experts, with each task receiving an index of item-objective
congruence score between 0.84 and 1.00, indicating strong
validity and suitability for use [28].

Tasks for the Patient Role

The patient scenarios were designed to address challenges
commonly faced by individuals visiting the TCM clinic in
person, particularly those who lived at a distance and found
travel burdensome. Six scenarios were developed to validate
the telemedicine functions from the patient perspective:

1. Registration: creating a telemedicine account and
completing a 2-step registration process, including
agreement to the telemedicine service terms and opting in
for service notifications

2. Appointment booking: requesting a telemedicine
consultation by selecting a specific date and time and
choosing a physician from the provider list

3. Telemedicine consultation: completing the end-to-end
telemedicine process, including uploading treatment-related
documents (eg, tongue photos), joining the scheduled
consultation, selecting a medicine delivery method, making
payment, and choosing a delivery time

4. Address entry: adding a medicine delivery address with
complete details (street address, district, province, and
postcode)

5. Service history: viewing consultation history, including
appointment details, physician information, diagnosis,
payment records, and medicine delivery status

6. Password reset: resetting the telemedicine account password
if forgotten

JMIR Hum Factors 2025 | vol. 12 | e76752 | p.655https://humanfactors.jmir.org/2025/1/e76752
(page number not for citation purposes)

Jiamsanguanwong et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Collectively, these scenarios ensured validation of all core
patient-facing functions in the telemedicine system.

Tasks for the Coordinator Role

The coordinator role scenarios reflected coordinators’ primary
responsibilities, including reviewing service requests, managing
appointments, and monitoring daily schedules. Four scenarios
were developed to evaluate system functionality from the
coordinators’ perspective:

1. Appointment creation: reviewing patient appointment
requests, confirming the appointment with the patient via
phone, and creating the appointment record in the system

2. Daily schedule review: viewing all patient service
appointments scheduled for the day, including health
number, name, phone number, date, time, and attending
physician

3. Service status review: entering a patient’s health number
in the search bar to access the profile page and view the
current service status

4. Provider information management: editing a physician’s
information in the system, such as Line ID and Line URL

Tasks for the Physician Role

The physician role scenarios represented physicians’ key
responsibilities in reviewing patient appointments and
treatment-related materials. Two scenarios were simulated:

1. Document reupload request: reviewing patient appointment
details and treatment-related documents submitted via the
system and then requesting patients to reupload documents
when necessary

2. Service history review: accessing a patient’s historical
records by entering the health number in the search bar to
view profile information and past service data.

Tasks for the Pharmacist Role

Three scenarios were developed to evaluate the pharmacist role,
which primarily involved managing patient medication and
related communications:

1. Expense notification: viewing the patient’s health number,
name, and delivery method and then entering service,
medication, and shipping costs to inform the patient

2. Delivery detail review: accessing patient records to confirm
delivery method and scheduled delivery time, including
health number, name, phone number, and delivery type and
time

3. Service status review: entering the patient’s health number
in the search bar to access the profile page and review the
current service status

Tasks for the Finance Personnel Role

Two scenarios were created to reflect the finance personnel’s
responsibilities regarding payment verification and follow-up:

1. Payment reupload request: reviewing the “waiting for
payment confirmation” list, assessing uploaded payment
bills, and notifying patients when resubmission was required

2. Review of patients with unpaid consultations: viewing
details of patients with unpaid consultations, including

health number, name, phone number, and service date and
time

Measurement
Three quantitative usability metrics were used to evaluate task
performance: success rate, number of interactions, and time on
task. The success rate measured the effectiveness of the system
and represented the ultimate outcome of usability testing. The
number of interactions was used to evaluate efficiency by
capturing the steps required for task completion. Time on task
measured the time needed to complete each task and served as
a primary indicator of efficiency [29]. Together, these metrics
provided a comprehensive assessment of task effectiveness and
overall system usability.

User satisfaction was assessed through 2 role-specific
paper-based questionnaires. The patient questionnaire consisted
of 4 sections: understanding of service procedures, ease of
service completion, overall satisfaction, and net promoter score
(NPS). The NPS, first introduced in 2003, measures customer
loyalty by asking participants how likely they are to recommend
a service to others, with scores ranging from –100 to +100 [30].
All patient questionnaire items were rated on a scale from 0 to
10, with higher scores indicating greater satisfaction.

The service provider questionnaire consisted of 10 items adapted
from the System Usability Scale (SUS) [31]. The SUS includes
statements about system usability rated on a 5-point Likert scale
from “strongly disagree” (1) to “strongly agree” (5). Scores
were converted to a percentile scale ranging from 0 to 100, with
higher scores indicating better usability [31].

Procedure
Testing was conducted using the provided mobile phone
(participants could select either iOS or Android). Participants
were given a scenario and a step-by-step list of tasks to
complete, whereas their interactions with the interface were
recorded. The focus of this study was to evaluate the usability
of the telemedicine application, not the participants’ skills or
knowledge.

Upon completing all scenarios and tasks, participants filled out
a role-specific satisfaction questionnaire reflecting their
experience with the telemedicine system. Finally, participants
were thanked for their involvement and dismissed.

Ethical Considerations
Ethics approval for this study was obtained from the Burapha
University Ethics Committee for Human Research (approval
HS 100/2567). All participants were comprehensively briefed
in person regarding the procedural details and the data protection
protocols implemented to ensure anonymity and subsequently
provided informed consent before testing. The consent form
stated that no personally identifiable information would be
collected, testing would take approximately 30 minutes, and
participants retained the right to withdraw at any time. It was
explicitly communicated to participants that they retained the
right to withdraw from the experiments at any moment without
adverse consequences. Furthermore, participation was voluntary,
with no compensation offered.
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Results

System Design
One of the major advantages of the redesigned telemedicine
system was its enhanced operational efficiency, achieved by
applying insights from the customer journey map and service
blueprint during the redesign process. By automating processes
and reducing the number of required steps, the new system
streamlined service operations and optimized task completion
time for both patients and service providers.

From the patient perspective, the number of steps required to
register for telemedicine services decreased from 3 to 1 (a 67%
reduction). Similarly, the number of interactions required to
book an appointment, make a payment, and enter delivery details
decreased from 9 to 5 (a 44% reduction).

From the service provider perspective, efficiency gains were
even more substantial. The number of steps required to register
a patient, order testing online, and provide service details was
reduced from 14 to 2 steps (an 86% reduction), saving
approximately 10 minutes per patient. In addition, the number
of steps required to schedule an appointment and prepare a
patient for diagnosis decreased from 5 to 4 (a 20% reduction).
The system also eliminated redundant tasks, such as adding
patient tag statuses and sharing Line contact details of
physicians, pharmacists, and finance personnel.

Collectively, these reductions enabled service providers to
process requests more quickly and allocate more time to
higher-value clinical tasks. Table 1 presents a comparison of
interaction steps before and after system redesign from both the
patient and provider perspectives.

Table . Improvement in interaction steps between users and the telemedicine system after redesign.

Reduction (%)Improvement in interaction stepsTasks

After redesignBefore redesign

Patient perspective

6713Registering for telemedicine service

4459Communicating with the service
provider during the pre- and postser-
vice stages

Service provider perspective

86214Registering, internet testing, and in-
forming the patient of service details

2045Scheduling an appointment and
preparing a patient for diagnosis

10005Adding the tag status of a patient in
the system and sending the Line
contacts of all stakeholders

System Validation
A comprehensive validation process was conducted to evaluate
the usability of the redesigned telemedicine service system.
Usability was defined as “the extent to which a product or
service can be used by specified users to achieve specified goals
with effectiveness, efficiency, and satisfaction in a specified
context of use” [32].

Three categories of quantitative usability metrics were assessed:
effectiveness (success rate), efficiency (time on task), and
satisfaction (overall satisfaction rating, NPS, and SUS score).
As suggested by Eysenbach [33], validation encompassed both
task performance and subjective evaluation. Figure 8
summarizes the number of participants in each role, along with
details of their engagement, including assigned scenarios,
completion of paper-based questionnaires, and the measurement
metrics.

A total of 13 participants were involved in this study. The patient
group comprised 6 individuals (n=5, 83% female and n=1, 17%
male), with an age range from 23 to 54 years (mean 36.5, SD
9.95 years). The service provider group consisted of 7
individuals representing various departments involved in the
telemedicine service system: 1 (14%) female coordinator, 2
(29%) physicians (n=1, 50% male and n=1, 50% female), 2
(29%) female pharmacists, and 2 (29%) female finance
personnel.

During the usability testing phase, all participants completed
role-specific tasks using the redesigned telemedicine web
application. The tasks were designed to cover all functional
aspects of the system. Six participants evaluated the
patient-facing web application, whereas 7 participants evaluated
the provider-facing management platform. Descriptive statistics
from the usability testing are shown in Table 2 (patient usability)
and Table 3 (service provider usability).
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Figure 8. Number of participants in each role and details on their engagement. NPS: net promoter score; SUS: System Usability Scale.

Table . Patient statistical usability testing results (N=6).

Success
rate (%)

Task completionTime on task (s)Number of interactionsScenarios

ParticipantsRangeMean
(SD)

RangeMean
(SD)

#6#5#4#3#2#1

100PassPassPassPassPassPass135‐285203.00
(61.96)

33‐3433.70
(0.52)

Registra-
tion

100PassPassPassPassPassPass27‐3730.20
(3.76)

4‐44.00
(0.00)

Appoint-
ment
booking

100PassPassPassPassPassPass107‐294204.80
(69.44)

20‐2521.20
(1.94)

Telemedicine
consulta-
tion

100PassPassPassPassPassPass9‐2614.80
(6.82)

5‐85.80
(1.33)

Address
entry

100PassPassPassPassPassPass7‐3017.00
(10.18)

3‐33.00
(0.00)

Service
history

100PassPassPassPassPassPass72‐155115.20
(36.89)

6‐86.70
(0.82)

Password
reset

For the patient-facing telemedicine web application, all patient
participants successfully completed the full complement of six
tasks. Variability was observed in the number of interactions
and task completion times, which may reflect individual
differences in participants’ technological proficiency.

For the provider-facing telemedicine management platform,
task success rates were similarly high, with 100% completion
for most roles. The exception was the pharmacist role, which
achieved a task success rate of 83.33%. The number of
interactions and task completion times was not recorded for
providers as the redesigned system allowed most tasks to be
completed within a very short time. Variability in the pharmacist

results may be attributed to individual differences in interface
familiarity or task complexity (Table 3). Overall, the findings
demonstrate that the provider platform was highly usable for
most staff roles.

User satisfaction data are shown in Table 4. Among patients,
the NPS was 67 based on feedback from 6 participants: 4 (67%)
promoters, 2 (33%) passives, and no detractors. The mean
satisfaction score was 9.2/10, indicating excellent user
experience. For service providers, usability was evaluated using
the SUS. The mean SUS score was 71.4 (SD 20.76) based on
feedback from 7 participants, placing the system in the
above-average usability range [34].
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Table . Service provider statistical usability testing results (N=7).

Success rate (%)Participants for each roleRoles and tasks

21

100Coordinators (n=1)

——aPassTask 1

——PassTask 2

——PassTask 3

——PassTask 4

100Physicians (n=2)

—PassPassTask 1

—PassPassTask 2

83.33Pharmacists (n=2)

—PassFailTask 1

—PassPassTask 2

—PassPassTask 3

100Financial personnel (n=2)

—PassPassTask 1

—PassPassTask 2

aNot applicable.

Table . Satisfaction scores of patients and System Usability Scale (SUS) results for service providers.

Score rangeScore, median (IQR)Score, mean (SD)Item

Patients (n=6)

7‐108 (7.25‐10)8.7 (1.51)Knew the procedure well

8‐108 (8‐9.75)8.8 (0.98)Completing the service felt
easy

8‐109 (9‐9.75)9.2 (0.75)Overall satisfaction with the
service

Service providers (n=7)

52.5‐10065 (55‐86.25)71.4 (20.76)SUS

Discussion

Principal Findings
This study developed and validated a new telemedicine service
system for a TCM clinic centered on separate patient- and
provider-facing web applications. The redesign was guided by
service design tools, customer journey mapping, and service
blueprinting that revealed inefficiencies in the legacy system,
including fragmented communication channels, redundant steps,
and undefined waiting times.

By reconfiguring these workflows into a logically harmonized
digital design, the new system integrated patient-facing
processes with provider operations in a coherent manner.
Automation eliminated repetitive administrative tasks,
communication was consolidated, and service notifications
connected actions across roles. These features not only
simplified the patient journey but also aligned provider tasks

with patient needs in real time, reflecting a deliberate
harmonization of activities across the digital service process.

Usability testing with 13 participants (n=6, 46% patients and
n=7, 54% providers) demonstrated the effectiveness of this
design. Patients achieved a 100% task success rate, with
completion times within acceptable ranges, supporting
learnability and intuitive system use [35,36]. Providers achieved
similarly high success rates, with the exception of pharmacists
(83.33%), whose tasks were inherently more complex. The
observed errors were categorized as slips [37,38], suggesting
that the design was fundamentally sound but required refinement
in more information-intensive workflows, such as those for
pharmacy.

The logically harmonized design also translated into high user
satisfaction. Patients reported an average satisfaction score of
9.2/10 and an NPS of 67, both indicating excellent performance
and strong acceptability [30,39,40]. This suggests that patients
not only found the system easy to use but were also motivated
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to recommend it, an important marker of adoption in digital
health.

Among providers, the average SUS score was 71.4 (SD 20.76),
above the average usability benchmark [34]. The variability in
provider scores reflected differing levels of familiarity and
adaptation to the new workflows. Importantly, this underscores
a central challenge of digital transformation: harmonizing not
only technical systems but also user practices and mindsets.
With training and support tools (eg, video tutorials, workflow
guides, and quick-reference materials) [35,36], providers can
adapt to the harmonized processes more readily, leading to even
higher usability and acceptance.

A distinctive contribution of this study is the introduction of
service notifications as an orchestration mechanism in the
harmonized design. Patients received automated alerts about
next steps (eg, physician availability, payment confirmation,
and delivery status), whereas providers were notified when
specific actions were required (eg, reviewing documents, issuing
receipts, and preparing medication). These notifications bridged
the frontstage and backstage operations, ensuring that both
patients and providers had a shared, transparent view of the
service process. This alignment reduced uncertainty, supported
timely action, and reinforced the logically harmonized structure
of the digital service.

Patients highlighted improvements in convenience and
accessibility, particularly for those with travel barriers, whereas
providers reported efficiency gains from reduced redundant
tasks and better cross-role coordination. Together, these results
illustrate that harmonization of digital workflows not only
improves efficiency but also strengthens the interconnectedness
of patient and provider experiences in telemedicine.

This study contributes to the broader discourse on digital
transformation in health care by demonstrating that success lies
not only in digitizing existing processes but also in logically
harmonizing them across all stakeholders. The integration of
customer journey maps and service blueprints provided a
structured pathway to identify misalignments and redesign them
into a unified digital flow.

While service design tools remain underused in TCM and
telemedicine contexts [41,42], our findings show that they can
be instrumental in achieving harmonized digital transformation.
The resulting framework could serve as a TCM telemedicine
service design model or as guidelines for telehealth service
design more broadly. By bridging service design thinking with
digital health practice, this study highlights how logically
harmonized design enables patient-centered care, reduces
provider burden, and strengthens overall health care efficiency.

Limitations
This study faced several limitations. First, the case study clinic’s
IT infrastructure constrained the technical development of the
web application. For example, while Node.js supported the
system backbone, the integration of Web Real-Time
Communication was limited due to the complexity of
configuring Traversal Using Relays Around Network Address
Translators and Session Traversal Utilities for Network Address

Translators servers. These challenges affected the
implementation of smooth real-time communication features.

Second, the patient sample (n=6) included participants aged 23
to 54 years, which does not fully represent the broader adult
population typically served by the clinic, particularly older
adults (with those aged 41-50 years being the most common
age group in clinic data). As older adults are likely to benefit
most from remote care solutions, future telemedicine research
should prioritize this demographic, focusing on usability and
accessibility tailored to older users.

Future Work
One of the distinctive challenges in TCM telehealth is the
reliance on visual tongue examination for diagnosis. The current
system addressed this by enabling patients to upload tongue
photographs for physicians to review, as well as request
resubmission if necessary. Future research could extend this by
integrating machine learning and artificial intelligence to
automate initial screening of tongue images. Automated
feedback on image quality could reduce wasted time, decrease
physician workload, and further improve diagnostic efficiency.

Beyond the TCM context, the system could be adapted for other
traditional medical practices, such as Ayurveda. Although
attempts to implement telemedicine in Ayurveda have been
reported, barriers remain due to limited physician awareness
and acceptability [43]. Applying the service design approach
demonstrated in this study may support the integration of such
services, particularly where workflows require specialized or
customized patient data.

Finally, the use of service design tools (customer journey maps
and service blueprints) in this study provides a replicable
methodology for integrating new digital technologies into health
care services. These tools can guide the redesign of service
processes to optimize delivery, improve user experiences, and
enhance both patient satisfaction and provider efficiency.

Conclusions
This study implemented strategies for both patients and service
providers to improve the telemedicine service system and
streamline its operations, with a focus on reducing human effort,
interaction costs, and waiting times.

For patients, 3 strategies were central: consolidating service
channels into a single platform, digitizing processes through
web applications, and visualizing service status. These
interventions lowered interaction costs by providing an
all-in-one, easily accessible platform. Visualization of service
status reduced dissatisfaction from undefined waiting times and
improved patient understanding of service steps. Usability
testing confirmed the positive effects of these improvements,
with patients reporting an NPS of 67 and an average satisfaction
score of 9.2, reflecting excellent performance.

For service providers, 2 strategies were central: digitizing tasks
and visualizing service status. This reduces repetitive
administrative work, facilitating tracking of patient responses
and supporting more efficient communication across roles.
While the system markedly reduced provider workload,
structured training at the start of implementation is
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recommended to support adoption, build confidence, and
promote trust in the system.

Collectively, the results demonstrate that a logically harmonized
digital transformation informed by service design methodologies

can enhance telemedicine effectiveness and efficiency. By
aligning redesigned workflows with patient and provider needs,
the system improved usability and satisfaction while contributing
to higher-quality health care delivery.
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Abstract

Background: Antimicrobial resistances pose significant challenges in health care systems. Clinical decision support systems
(CDSSs) represent a potential strategy for promoting a more targeted and guideline-based use of antibiotics. The integration of
artificial intelligence (AI) into these systems has the potential to support physicians in selecting the most effective drug therapy
for a given patient.

Objective: This study aimed to analyze the feasibility of an AI-based CDSS pilot version for antibiotic therapy in sepsis patients
and identify facilitating and inhibiting conditions for its implementation in intensive care medicine.

Methods: The evaluation was conducted in 2 steps, using a qualitative methodology. Initially, expert interviews were conducted,
in which intensive care physicians were asked to assess the AI-based recommendations for antibiotic therapy in terms of plausibility,
layout, and design. Subsequently, focus group interviews were conducted to examine the technology acceptance of the AI-based
CDSS. The interviews were anonymized and evaluated using content analysis.

Results: In terms of the feasibility, barriers included variability in previous antibiotic administration practices, which affected
the predictive ability of AI recommendations, and the increased effort required to justify deviations from these recommendations.
Physicians’ confidence in accepting or rejecting recommendations depended on their level of professional experience. The ability
to re-evaluate CDSS recommendations and an intuitive, user-friendly system design were identified as factors that enhanced
acceptance and usability. Overall, barriers included low levels of digitization in clinical practice, limited availability of cross-sectoral
data, and negative previous experiences with CDSSs. Conversely, facilitators to CDSS implementation were potential time
savings, physicians’ openness to adopting new technologies, and positive previous experiences.

Conclusions: Early integration of users is beneficial for both the identification of relevant context factors and the further
development of an effective CDSS. Overall, the potential of AI-based CDSSs is offset by inhibiting contextual conditions that
impede its acceptance and implementation. The advancement of AI-based CDSSs and the mitigation of these inhibiting conditions
are crucial for the realization of its full potential.

(JMIR Hum Factors 2025;12:e66699)   doi:10.2196/66699

KEYWORDS

CDSS; use case analysis; technology acceptance; sepsis; infection; infectious disease; antimicrobial resistance; clinical decision
support system; decision-making; clinical support; machine learning; ML; artificial intelligence; AI; algorithm; model; analytics;
predictive models; deep learning; early warning; early detection
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Introduction

Sepsis infections caused by pathogens with antimicrobial
resistance (AMR) represent a significant global challenge in
health care [1,2]. In 2017, there were 48.9 million new cases of
sepsis and 11 million deaths related to sepsis, accounting for
19.7% of all global deaths [3]. In Germany, sepsis incidence
increased by an average of 5.7% per year, from 280 cases in
2010 to 370 cases in 2015 per 100,000 individuals [4]. A recent
meta-analysis indicated that the 30-day mortality rate for sepsis
in Germany was estimated to be 26.5%, which is consistent
with the observed rates in North America and Europe [5].
Furthermore, over 1.27 million deaths per year are attributed
to AMR worldwide. In 2019, there were 9650 deaths attributable
to AMR (mortality rate of 5 per 100,000) and 45,700 deaths
associated with AMR (mortality rate of 22 per 100,000) in
Germany [6]. Recent data from Germany show heterogeneous
trends in AMR proportions of infected patients underscoring
the urgent need for enhanced infection prevention measures to
limit AMR spread [7]. Inappropriate antibiotic prescribing
represents a significant contributing factor [8]. In particular, the
prolonged or improper use of nonspecific, broad-spectrum
antibiotics is highly problematic, as these antibiotics provide
symptomatic relief but also facilitate the development of
resistance in other bacteria [9,10].

Clinical decision support systems (CDSSs) provide a solution
for promoting targeted and guideline-based antibiotic prescribing
[11-13]. CDSSs adopt a variety of forms and are integrated into
routine practice. Despite their diverse nature, they share a
common objective: to assist medical professionals in identifying
the most appropriate form of therapy for each patient, based on
existing data and established guidelines, through the use of
programmed algorithms or artificial intelligence (AI) [14,15].
In the context of CDSSs, previous studies have demonstrated
a decrease in antibiotic prescription rates, more rapid initiation
of appropriate antibiotic therapy for patients, and improved
clinical outcomes, such as reduced mortality, increased
antibiotic-free days, and fewer medical complications [16-19].
However, CDSSs do not always improve clinical practice [20].
For example, there is still insufficient evidence to conclusively
show positive effects on therapy duration, dosage, or adherence
to clinical guidelines [11,16,21].

Despite the growing body of research on AI-based CDSSs in
intensive care units (ICUs) [22,23], there is a notable gap in the
implementation of AI tools in routine care in general [24] and
the availability of AI-based CDSSs for sepsis in the German
health care system. The KINBIOTICS (translated as “AI-based
decision support for antibiotic therapy”) project, funded by the
German Federal Ministry of Health, aimed to train AI-based
algorithms and improve the prediction of suitable antibiotics
for sepsis infections on the basis of a comprehensive data set.
In addition to the development of an AI-based CDSS, a
cross-sectoral resistance observatory and a new rapid test for
sequencing the antibiotic genome were developed [25].

Engaging clinicians in the design and development of CDSSs
is often suggested as a strategy to enhance the alignment
between the system and the needs of its users [26-28]. Interviews

and expert groups are approaches used for preimplementation
clinician involvement [29]. Insights into clinicians’ views
provide valuable information on the barriers and facilitators
that affect their willingness to adopt and use CDSSs in practice
[30]. By examining clinicians’ perceptions, the study seeks to
inform targeted strategies to improve the CDSS’s design,
usability, and relevance, thereby promoting more effective and
widespread adoption in clinical practice.

This study aimed to perform a use case analysis of a pilot
version of the AI-based CDSS within an ICU setting. The
objective was to analyze the clinical decision-making processes,
and adopt a more comprehensive perspective on the factors that
facilitate or hinder the future implementation of such a system.

Methods

Reporting is based on the Standards for Reporting Qualitative
Research (SRQR) [31]. The SRQR checklist is provided in
Multimedia Appendix 1.

Study Design and Setting
A 2-stage base model (random forest at both stages) was
developed for the initial therapy using patient data, laboratory
data, and clinical data. Subsequently, the model was optimized
using a variety of parameters, including the number of decision
trees and tree depth (the model specifications and results will
be published separately once the AI-based CDSS model has
been finalized). The developed model was trained and tested
on data from 1 of the 3 participating clinics and then evaluated
for robustness using data from a second clinic. Although the
performance of the underlying AI model was insufficient in
terms of accuracy, specificity and sensitivity at the time of the
evaluation, it was crucial at this time to gain insights into the
decision-making mechanisms of the physicians. This was
undertaken in order to scrutinize the variables included in the
initial model and, where necessary, to supplement or adjust
them. Accordingly, the preliminary prototype was not modified
during the interview phase. However, subsequent to the
interviews, the model underwent alterations and is still under
development.

The pilot version of the AI-based CDSS was evaluated in a
2-stage semistructured qualitative process [32]. With regard to
feasibility, physicians were each shown 5 exemplary sepsis
patient cases in a desktop version of the CDSS. Cases were
selected randomly from the evaluation dataset and were identical
for each interviewee. In addition to basic patient information,
this contained relevant vital parameters, and the treatment
recommendation determined by the AI-based CDSS (Figure 1).
This antibiotic therapy recommendation was presented to the
physicians both for the admission situation to the ICU (initial
treatment; the start of antibiotic therapy) and for a possible
therapy correction at the time the microbiological findings were
available (re-evaluation; usually 48-72 hours after start of
antibiotic therapy). The physicians were informed during the
individual interviews that the CDSS is still in a pilot status and
that the recommendations are likely not yet reliable. The
physicians were asked to assess and evaluate the intensive care
situation at both time points as well as the AI-based model
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recommendation for antibiotic therapy. In addition to the
plausibility of the content of the therapy recommendations, the

design and layout of the pilot version were evaluated.

Figure 1. Screenshot of the pilot version of the artificial intelligence–based clinical decision support system.

Following the individual interviews, physicians from each clinic
were interviewed again as part of a focus group interview. The
theoretical focus here was on technology acceptance of AI-based
CDSSs and the identification of challenges and conductive
conditions with regard to future implementation.

Expert Selection
Expert interviews were conducted with intensive care physicians
from the 3 clinical centers involved in the project at the
University Medical Center East Westphalia-Lippe. The
interviews were conducted on a voluntary basis and the potential

participants were selected by the respective project partners in
the 3 clinical centers.

Data Collection
Between October and November 2023, the face-to-face expert
interviews and focus groups were conducted. The interview
guideline (Textbox 1) for the focus group interviews was
developed on the basis of the extended Unified Theory of
Acceptance and Use of Technology (UTAUT 2) [33,34]. The
UTAUT has recently being used to explain technology adoption
among health care practitioners’ intention to use AI-based
CDSSs [35].
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Textbox 1. Interview guideline for the focus groups (based on the Unified Theory of Acceptance and Use of Technology 2).

• Opening question

• What were the objectives of today’s meeting?

• Questions about the tool

• Please describe your impressions of the KINBIOTICS user interface.

• What information may have been lacking in your medical decision-making process that led to the prescription of antibiotics?

• Please indicate which aspects you consider to be beneficial for a potential application.

• What additional functions would be beneficial to include in the KINBIOTICS user interface to ensure effective utilization in routine clinical
practice?

• Questions regarding the use of artificial intelligence (AI) in general

• To what extent do digital tools contribute to the processes undertaken in your day-to-day work?

• Please indicate which digital applications you currently use in your professional activities.

• Please indicate which digital health applications you use in your private life.

• Please indicate your opinion on the utilization of AI, and provide your expectations regarding the implementation of AI in healthcare, both in
general and on your ward.

• Please describe your previous experience of contact with AI and clinical decision support systems.

• What is the prevailing attitude in your clinical setting, on the ward and among your professional colleagues with regard to the utilization of
artificial intelligence in everyday medical procedures?

• In the hypothetical scenario of utilizing such a tool like KINBIOTICS in tomorrow’s clinical decision-making process, what potential challenges
might be identified?

• Questions about future utilization of a clinical decision support system

• Please describe the benefits you perceive in the utilization of AI and clinical decision support systems in your everyday professional practice.

• In order to apply such a system in medical decision-making, what prerequisites must be met?

• Please indicate whether you identify any additional aspects that should be addressed for use in everyday clinical practice.

The interviews were recorded by audio and subsequently
transcribed. After complete transcription, the audio recordings
were irrevocably deleted in accordance with the data protection
policy.

Data Analysis
The data analysis of the transcribed interview material was
conducted deductively and inductively based on categories
according to Kuckartz (2018) [36]. The procedure for the
individual interviews primarily followed evaluative content
analysis, while the focus groups were analyzed in terms of
content structure. To gain as much knowledge as possible, the
transcripts of the individual interviews were also analyzed with
regard to possible content-structuring findings. The transcripts
were analyzed anonymously using the qualitative analysis
software MAXQDA (version 2022, VERBI) [37]. The interview
analyses and category assignment were carried out
independently by 2 researchers (JAD and MK). In the case of
discrepancies, a third researcher (DL) was consulted. Categories
were adapted or reformulated by the interdisciplinary research
team (JAD, MK, DL, SE, and WG).

Ethical Considerations
Informed consent was obtained before the interviews. A positive
ethics vote (November 22, 2021) from the ethics committee of
the Medical Association of Westphalia-Lippe and the
Westphalian Wilhelms University of Münster was received for
the entire project (No. 2021-699-f-S). The interview transcripts
were anonymized. The interviewees did not receive any
compensation; participation was on a voluntary basis.

Results

Sample
A total of 19 individual interviews and 3 focus group interviews
were conducted. The distribution of respondents with regard to
gender, age, and professional experience was relatively
balanced, with 10 (53%) of the respondents identifying as male.
In each case, 7 (37%) respondents were aged 30-40 years, and
40-50 years. In total, 5 (26%) respondents had less than 5 years
or 11‐20 years of professional experience, 4 (21%) had
between 5 and 10 years, and 3 (16%) respondents indicated that
they had more than 20 years of professional medical experience.
The duration of the expert interviews ranged from 17 to 43
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minutes, while the average duration of the focus group
interviews was 1 hour.

Feasibility of the AI-Based Clinical Decision Support
System
The approval or rejection of the AI-based antibiotic
recommendations was heterogeneous and primarily dependent
on 2 factors: first, the plausibility of the AI-based individual
therapy (change) recommendations (refer to quotes 1 and 2). It
should be noted that not every detailed recommendation was
already plausible or medically advisable due to the pilot status
of the CDSS respective example cases.

Quote 1:The system now suggests
piperacillin/tazobactam. Of course, this is a very
far-fetched suggestion for primary antibiotics when
it comes to designing a calculated antibiotic therapy.
For me, this would not be the first drug of choice for
patients who arrive at the hospital as primary
patients, who have been treatment-naïve so far and

have not yet received antibiotic therapy [...]. [Expert
5, Clinical Center 3]

Quote 2:So, [piperacillin/tazobactam]. Well, difficult
[...] with a completely normal PCT [Procalcitonin],
I would find it difficult [...] to start directly with such
a broad antibiotic. [Expert 8, Clinical Center 2]

Quote 3:[...] So, [...] such a recommendation, I’m
very sure, will be malpractice in the next three to five
years [...]. This reflects the reality, but this is the
worst thing that can happen, to treat a Staphylococcus
aureus bacteremia with [piperacillin/tazobactam],
that is an absolute no-go. [Expert 4, Clinical Center
1]

Second, the evaluation of the recommendations is dependent
upon the level of professional experience (quote 3). Accordingly,
the more advanced the professional experience, the more
confident a recommendation was to be approved or rejected.
However, the data indicate that the majority of respondents
expressed consensus regarding the CDSS recommendation in
each case study (Table 1).

Table . Assessments of the experts surveyed on the feasibility of the pilot version of the artificial intelligence–based clinical decision support system
(N=19).

CDSS recommendation for re-evaluationCDSS recommendation for initial treatment

Rejecting the recommenda-
tion, n (%)

Agreeing with the recom-
mendation, n (%)

Rejecting the recommenda-
tion, n (%)

Agreeing with the recom-
mendation, n (%)

6 (33)12 (67)4 (22)14 (78)Use case 1

18 (95)1 (5)7 (39)11 (61)Use case 2

16 (89)2 (11)16 (84)3 (16)Use case 3

4 (22)14 (78)3 (17)15 (83)Use case 4

5 (29)12 (71)4 (24)13 (76)Use case 5

A suggestion was made that the pilot CDSS should be expanded
to include the integration of combination therapies. The vital
parameters and patient information should be included as
variables in the statistical model for predicting therapy to include
the suspected focus of infection. In addition, it was noted that
the data provided for the development of the model and the case
studies in the pilot version were incomplete in many instances
(Table 1). The physicians encountered significant challenges
in evaluating the CDSS recommendation when the fields for
data that could be viewed in the application were left empty
(quote 4).

Quote 4:Here again the PCT [Procalcitonin] is
missing, that would make it easier for us. We only
have [...] indirect information that we have an
infection here [...] measured by the thrombocytopenia,
and then [...] I can get along with actually using
piperacillin and tazobactam primarily here when it
comes to the calculated antibiotic therapy [...].
[Expert 5, Clinical Center 3]

Quote 5:The [application] is more explanatory than
my phone. So, everything is fine in that respect.
[Expert 3, Clinical Center 3]

From the physicians’perspective, the primary factor influencing
the acceptance of the AI-based CDSS was the time required for

completion of the process. If the system is able to produce an
evident medication recommendation in a shorter time than the
physicians can achieve, a high willingness to use it was reported.
There was unanimous feedback that the design and layout of
the CDSS are pleasant and easy to understand (quote 5).
Furthermore, the majority of respondents indicated a preference
for a mobile version of the system for use in everyday clinical
practice. This preference was again justified by the availability
of digital resources.

Facilitating and Inhibiting Factors for the
Implementation of an AI-Based Clinical Decision
Support Systems
The focus group interviews showed that while there is already
strong foundational support for digital tools and applications in
diagnostics and therapy as part of routine clinical practice, the
use of more advanced applications, especially those based on
AI, was limited to isolated cases and primarily on a project
basis. Previous experiences with CDSSs had a significant impact
on expectations regarding the quality of the CDSS, the effort
required for integration into everyday medical practice, and the
intention to potentially use such a system (quotes 6 and 7).

Quote 6:I’m thinking about the echocardiography,
[...] where the AI has become so good that we let it
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take over. We do the examination ourselves. And yet
the module helps us with that. That’s how I imagine
it [here] too. [Expert 2, focus group 2]

Quote 7:Yes, for the colonoscopy [...] we once had
[a CDSS]. But the human was faster than the AI. So
in that respect [...] rather not. [Expert 3, focus group
3]

Nevertheless, the majority of respondents indicated a high level
of willingness to adopt AI-based CDSSs (quotes 8 and 9). The
option of re-evaluation included in the application was
considered to be particularly beneficial.

Quote 8:I actually found the idea compelling. Because
in the early days of my clinical work, even more so
than now, the question always arises: am I doing it
right now? [Expert 1, focus group 2]

Quote 9:[T]he field is so complex [...] that’s why I
think a support tool that works well is very helpful.
[Expert 3, focus group 1]

As previously noted, the acceptance and implementation of
digital solutions is largely dependent on the amount of time
available. In addition, the majority of respondents indicated that
they are consistently seeking tools that facilitate efficient support
in routine clinical practice. Consequently, the respondents
exhibited an intrinsic motivation to use CDSSs, which was
observed across all age groups and genders, but was particularly
pronounced in the “30‐40 years” and “40‐50 years” age
groups.

In contrast with the physician’s technology openness as a
beneficial factor, the level of digitization in the clinics was
found to be heterogeneous. Furthermore, the physicians’
assessment indicated that there was significant potential for
improvement in all 3 hospitals (quote 10). The statements
indicated that the level of digital infrastructure, including stable
internet coverage, exhibited considerable variation not only
between the clinics but also between individual wards within
the clinics. Overall, there was a consensus that better equipment
in terms of digital devices and applications was needed (quote
11). The lack of comprehensive digital and cross-sectoral
availability of relevant patient health information was also
identified as a barrier to the implementation of AI-based CDSSs
and efficient medical treatment in general. This demonstrated
that the degree of digitization in everyday clinical practice
affects the perceived feasibility of implementing the CDSS and
is the most significant barrier to the beneficial factors.

Quote 10:So, it’s really funny that you can still secure
good pens. Because we do so much paper based.
[Expert 2, focus group 2]

Quote 11:The problem is that there are far too many
individual components that all [...] communicate with
each other via interfaces. And in the process, values
are lost or the data transfer doesn’t work. And then
you end up standing there and yes, the computer
hangs. [Expert 4, focus group 2]

Furthermore, the existing data basis for the AI-based CDSS
model was identified as a significant challenge. The participants
were aware that, in addition to the aforementioned lack of

digitized patient information, the heterogeneous quality of
previous antibiotic administration practice also had an influence
on the predictive ability of the recommendation from the CDSS.
Furthermore, an increased documentation and justification effort
in the event of potential deviation from the CDSS
recommendation was also seen as a barrier. However, all
participants were aware that such a system would be
implemented as a supportive and not a replacement measure,
and this was not criticized.

Two relevant recommendations for improvement were derived
from the interviews. First, the majority of respondents indicated
that applicable guidelines on antibiotic therapy should be
incorporated into the specification of the underlying statistical
models. Second, there was a recurring suggestion that, alongside
the further development of the presented system, the capability
to diagnose sepsis infections should also be integrated into a
CDSS. Once again, the time to correct diagnosis and subsequent
appropriate treatment was identified as the main driver.
Suggestions for adapting the tested CDSS comprised the
inclusion of quantities and suggestions for the duration of
antibiotic administration, in addition to the therapeutic agents
themselves (quote 12).

Quote 12:So, in an ideal world, [...] [AI] can be a
huge step forward as a decision-making tool. But [A]
the right information has to flow in. And [B] the
decisive recommendation [...] is already anticipated
here [...]. So, the first step: can this be sepsis? That
is an important step. [...] In the second step, a
recommendation for initial therapy is helpful [...],
yes. [Expert 4, focus group 1]

Discussion

Principal Findings
Overall, this use case analysis shows various barriers and
facilitators for the implementation of AI-based CDSSs for
antibiotic therapy in sepsis (Textbox 2). The findings of the
expert and focus group interviews indicate that the potential of
digitization and, in particular, AI-based tools is expected and
viewed in a favorable light by the majority of the physicians.
This finding is in line with other research which indicates that
clinicians have a predominantly positive perception of AI
systems [38-40]. Similarly, the willingness to use these tools is
high [41]. In this context, the plausibility of the prediction and
the potential time savings are of particular importance. It is
evident that the existing contextual conditions represent the
most significant obstacle to future implementation. In addition
to the basic technical equipment in the clinics, other factors,
such as a stable, comprehensive internet supply and the
necessary digital availability of data, were also identified as
potential barriers to future implementation. Accordingly, the
question arises as to what extent clinics are equipped with the
digital infrastructure to fully leverage the benefits of AI-based
CDSSs. At this point it has to be noted that the digital maturity
of German hospitals appears to be comparatively limited [42].
This can be attributed, at least in part, to a lack of financial
resources [24,43]. It remains to be seen to what extent hospitals
use the transformation fund provided by the German Hospital
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Future Act and how this can enhance the conditions for the implementation of AI systems.

Textbox 2. Summary of barriers, facilitators, and recommendations for artificial intelligence–based clinical decision support systems’ feasibility and
implementation.

Barriers

• Overall

• Low degree of digitization in everyday clinical practice.

• Lack of comprehensive digital and cross-sectoral data availability.

• Negative previous experiences with clinical decision support systems.

• Use Cases

• Heterogeneous quality of previous antibiotic administration practice limits predictive ability of the artificial intelligence–based recommendations.

• Increased effort to document and justify potential deviations from the clinical decision support system’s recommendation.

• The confidence to approve or reject artificial intelligence–based antibiotic recommendations depends on the level of professional experience.

Facilitators

• Overall

• Potential time savings.

• Physician’s technology openness or intrinsic motivation.

• Positive previous experiences with clinical decision support systems.

• Use Cases

• Re-evaluation of clinical decision support system recommendations is considered to be particularly beneficial.

• Pleasant design and layout of the clinical decision support system (easy to understand).

Recommendations

• Incorporation of guidelines on antibiotic therapy into the specification of the statistical models.

• Clinical decision support systems should include the integration of combination therapies.

• Statistical model for predicting antibiotic recommendations should include vital parameters and further patient information to identify the suspected
focus of infection.

• Besides sepsis treatment, the capability to diagnose sepsis infections should also be integrated into a clinical decision support system.

• Preference for a mobile version of the clinical decision support system.

The medication recommendations by the CDSS were not yet
perceived as reliable due to the limited and biased data available
for training the AI system. Often, a very broad standard therapy
(piperacillin/tazobactam) was recommended. This was mainly
due to the fact that this medication occurred considerably more
frequently within the learning data set than all other antibiotics.
According to the experts, this approach is not absolutely
mandatory and sometimes maybe counterproductive in terms
of calculated antibiotic therapy. Younger physicians in particular
tended to agree with the recommendations. This is a sign that
a CDSS for the most common “standard medication” might not
be beneficial if not detrimental. This can be confirmed by the
physicians’ statements that they would like decision support
primarily for medication combinations and for rare antibiotic
agents or rare sources of infection. In view of the goal of
avoiding the development of resistance by reducing the use of
broad-spectrum antibiotics, the current pilot version of the AI
system would possibly even promote this risk of further

resistance. To avoid this, current guidelines should be
incorporated into the model design in addition to retrospective
primary data.

The respondents’ call for the upstream integration of sepsis
diagnostics in addition to the further development of the existing
CDSS appears to be purposeful. A recent study has confirmed
initial successes in this regard [44]. Although no clear
correlations between sociodemographic characteristics and the
willingness to use CDSSs were found in the present evaluation,
differences in the approval or rejection of the AI-based CDSS
recommendations depending on professional experience were
identified. This finding is supported by Lambert et al [45]. It is
recommended that future studies investigate the degree to which
professional experience and other sociodemographic variables
exert an influence on technology acceptance and the willingness
to use CDSSs. In this regard, using the UTAUT would be
appreciated [35].
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Generally, the following challenges associated with the use of
AI in health care should not be overlooked. For example,
automation bias, in which health care providers may develop
an overreliance on AI recommendations, potentially reducing
their clinical vigilance and leading to oversights in patient care,
needs to be considered [46]. Furthermore, AI-driven CDSSs
may unintentionally propagate biases present in training datasets,
resulting in discriminatory recommendations that may
disadvantage certain demographic groups [47]. Another key
concern is the ambiguity and complexity of liability; it remains
unclear who is legally responsible if an AI-influenced decision
contributes to a negative patient outcome [48]. Furthermore,
previous research has highlighted the potential negative impact
of a lack of user involvement in the development of CDSSs on
the willingness to use them, even when the system quality is
optimal [26]. One of the key strengths of the study is the early
involvement of future users. The participatory approach
highlights the need for involvement. Consequently, given the
significant lack of engagement with CDSS interventions reported
within the literature [49], future studies should consider the
involvement of users from the earliest stages of development
[26,28,50]. The findings of the present study confirm that in
addition to personal factors, the plausibility of the
recommendations is the most decisive factor determining the
willingness to use the tool [51]. Further development of the
pilot version or similar systems is therefore crucial for
implementing and exploiting the potential benefits of AI.
Furthermore, the feedback from the physicians participating in
this study provided valuable insights into additional variables
that were subsequently integrated into the further development
of the CDSS, following the completion of the interviews.

Limitations
Several limitations must be acknowledged in the evaluation of
the use case presented in this study. First, the efficacy of the
CDSS was clearly limited due to the rather small amount of
data used for training. The findings suggest that the CDSS may

offer less benefit for physicians during the initial therapy phase
compared with its use in the context of therapy re-evaluation.
At this stage, it was not feasible to accurately predict the most
appropriate antibiotic, one that would minimize treatment
changes and side effects, based on the currently available data.
The acceptance of AI-based interventions heavily depends on
the plausibility and relevance of therapy recommendations,
which ultimately impacts their efficacy. Therefore, further
development and refinement of AI-based CDSSs are essential,
along with an expansion of the digital data infrastructure.

In addition, it is important to consider that the evaluation was
based on a qualitative interview study, which comes with
inherent limitations. The voluntary nature of participation may
introduce self-selection bias, potentially leading to an
overestimation of the participants’ openness to technology and
their acceptance of AI-based CDSSs. This limitation suggests
that the findings may not be fully generalizable to the broader
population of health care professionals.

Conclusion
This pilot study of an AI-based CDSS indicates that further
development is needed to achieve the original goals of
minimizing switches in antibiotic prescriptions and reducing
the reliance on broad-spectrum antibiotics. Relying solely on
retrospective data from past care practices does not seem to be
an effective strategy for meeting these objectives. In addition,
it is essential to address the key challenges identified in this
study to enable the successful integration of AI into clinical
settings. While the respondents generally showed a positive
attitude toward the use of AI-based CDSSs, a more
comprehensive evaluation of technology acceptance among
health care professionals can only be conducted when a version
with realistic, guideline-compliant recommendations is available.
Early engagement of users in the development process proves
beneficial, not only for refining the CDSS but also for fostering
acceptance among medical practitioners.
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Abstract

Background: The integration of collaborative robots (cobots) in industrial settings has the potential to enhance worker safety
and efficiency by improving postural control and reducing biomechanical risk. Understanding the specific impacts of varying
levels of human-robot collaboration on these factors is crucial for optimizing cobot use.

Objective: This study aims to investigate the biomechanical effects of different levels of human-robot collaboration on postural
stability and control during simulated working tasks.

Methods: A total of 14 participants performed simulated cashier working activities under 4 different collaboration modalities,
with increasing levels of cobot assistance: full (Fu), half robot touch (HRT), half robot (HRb), and full robot (FRb). Center of
pressure trajectories were extracted from 2 force plates’ data to calculate 4 posturography parameters—mean distance (MDIST),
mean velocity (MVELO), 95% confidence ellipse area (AREA-CE), and sway area (AREA-SW)—which were analyzed to assess
the impact of cobot intervention on postural control.

Results: Nonparametric tests showed significance in the effect of the collaboration modalities on the 4 analyzed parameters.
Post hoc tests revealed that FRb modality led to the greatest enhancement in postural stability, with a reduction in MDIST (4.2,
SD 1.3 cm in Fu vs 1.6, SD 0.5 cm in FRb) and MVELO (16.3, SD 5.2 cm/s in Fu vs 7.9, SD 1.1 cm/s in FRb). AREA-CE and
AREA-SW also decreased significantly with higher levels of cobot assistance (AREA-CE: 134, SD 91 cm² in Fu vs 22, SD 12
cm² in FRb; AREA-SW: 16.2, SD 8.4 cm²/s in Fu vs 4.0, SD 1.6 cm²/s in FRb). Complete assistance of the cobot significantly
reduced interindividual variability of all center of pressure parameters. In FRb modality, as compared with all other conditions,
removing the weight of the object during loading or unloading phases caused a significant decrease in all parameter values.

Conclusions: Increased cobot assistance significantly enhances postural stability and reduces biomechanical load on workers
during simulated tasks. Full assistance from cobots, in particular, minimizes postural displacements, indicating more consistent
postural control improvements across individuals. However, high levels of cobot intervention also reduced the natural variation
in how people balanced themselves. This could potentially lead to discomfort in the long run. Midlevel cobot assistance modalities
can thus be considered as a good compromise in reducing biomechanical risks associated with postural stability at the same time
granting a satisfactory level of user control.

(JMIR Hum Factors 2025;12:e64892)   doi:10.2196/64892

KEYWORDS

human-robot collaboration; cobot assistance; postural control; biomechanical risk; ergonomics; collaborative robot

Introduction

Industrial manufacturing is transitioning from well-established
production procedures toward more flexible and intelligent
manufacturing systems (Industry 4.0, as initially described by
Kagermann et al [1]). This evolution aims to develop innovative,
sustainable solutions that create new business models, improve
working conditions, increase plant productivity, and enhance
product quality [2]. Robotics plays a crucial role in this context,
with industrial robots being widely adopted due to their ability

to relieve humans from repetitive, unhealthy, or dangerous tasks
[3]. The field of robotics has evolved to not only allow humans
to share the same workspace with robots but also use them as
assistants, thereby enhancing human-robot collaboration (HRC)
[4].

Collaborative robots (cobots) are at the forefront of this
revolution, offering increased productivity, flexibility,
versatility, and safety compared with traditional industrial
robots. Cobots are designed to work alongside humans, sharing
the same workspace without the need for safety cages and
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providing greater mobility and flexibility [5]. The integration
of cobots in industrial environments has been shown to
significantly enhance operational efficiency [6] and worker
satisfaction by enabling safer and more ergonomic working
conditions [7,8]. However, the integration of cobots impacts
various human factors, which include psychological aspects
[9], emotions [10], and biomechanical effects [11].
Consequently, it is important to consider both cognitive
ergonomics and biomechanical safety to optimize the overall
effectiveness and well-being of human workers [12]. For
instance, Gualtieri et al [13] have investigated the cognitive
elements involved in human interaction with cobots, revealing
significant insights into how mental workload and task
complexity can affect worker performance and satisfaction [14].
Similarly, improper collaboration with cobots can expose
workers to biomechanical risks, even though these robots are
intended to alleviate heavy and tedious tasks. Previous research
studies [15,16] emphasized the importance of ergonomic
considerations in HRC to prevent musculoskeletal disorders
(MSDs) among workers.

Thus, the right choice of cobot collaboration modality can
reduce biomechanical overload on workers, ensuring their safety.

Recent advancements in sensor technology and data analytics
have enabled detailed assessments of human biomechanics
during HRC [17,18]. Studies have shown that real-time
monitoring and analysis of physiological data can provide
valuable insights into the physical strain experienced by workers
and help in optimizing collaborative processes [19]. For
example, the use of wearable sensors and motion capture
systems could effectively measure and analyze the
biomechanical load on workers during different collaborative
tasks with robots [20]. Other recent studies investigated the
effects of different HRC modalities on physiological human
parameters such as trunk oscillations [21] and muscle
coactivation [22,23]. Such studies can also be profitably taken
into consideration for the optimization of workplace design and
task allocation.

When work tasks are performed in quasi-static conditions, direct
measures of posture could reveal insights into the stability and
balance of workers and can thus be used to improve ergonomics
during HRC, as they can help identify postural adjustments and
biomechanical loads, providing a more comprehensive
understanding of HRC ergonomic impact [24].

Following this principle, this study will evaluate and analyze
posturography data to assess the biomechanical risks in HRC
working contexts where cobots are used in different modalities.
Through this evaluation, the study seeks to determine whether
cobot assistance can effectively reduce biomechanical risks: by
examining how different collaborative modalities influence
workers’ stability and balance, thus providing insights into the
effects of cobot assistance on postural control, as this latter one
indirectly reflects safety, efficiency, and ergonomic well-being
of human workers in collaborative environments.

Methods

Experimental Setup

Overview
The setup was designed to compare a simulated work activity
performed with and without cobot assistance. A specific
workbench was created by positioning the cobot on one of the
longer sides of a 2 × 1 m table, with the operator standing
upright on the opposite side (Figure 1). The operator’s standing
position was fixed relative to the edge of the table, defined by
the position of his or her feet and the projection onto the ground
of the long side of the table. A starting station (ie, the initial
position to the right of the operator) and an arrival station (ie,
the final position to the left) were defined, each 1m apart from
the other and 30 cm away from the operator in the direction of
the cobot. A scanning area was defined in the center of the table
in front of the operator. This workbench arrangement allowed
the operator to perform all the activities (or part of them)
independently, while the cobot could collaborate on some or
none of the tasks without interfering with the operator’s
movements. This configuration was defined to minimize
possible hindering of the operator’s movements.
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Figure 1. Experimental setup dimensioning for the simulation of load-moving activities on a workbench. CoP: center of pressure.

The activities involved the handling and relocating of
rectangular packages, each measuring 14 × 12 × 5 cm and
weighing 1 kg, bearing a QR code on one side.

The tests were conducted with a group of 14 male volunteers
aged between 25 and 48 years (weight: 79, SD 7 kg; height:
180, SD 5 cm). All volunteers were healthy and had no evident
or declared mobility issues. Moreover, given the design of the
setup, only right-handed subjects have been involved in the
tests. Participants were instructed to (1) grasp the packages from
the starting station, (2) identify the QR code and scan it (ie,
facing the QR code to the scan area) in the central area, and
then (3) place the package in the arrival station. Different levels
of collaboration were implemented by removing the first part
of these activities (ie, grasping the package and bringing it to
the center of the table) when in partial assistance, and removing
also the last part (ie, bringing the package to the arrival station)
when in full cobot assistance. Each participant was asked to
perform the task as naturally as possible. This task was designed
to simulate the work activity of a cashier in a supermarket, a
highly relevant example in terms of strenuous activity [25],
where an increase in the level of cobot assistance is hypothesized
to reduce the associated biomechanical risk.

In the test, each participant performed consecutive repetitions
of the same task, for a 5-minute duration, with different levels
of cobot assistance.

The frequency of processing (packages per minute [PPM]) to
be handled was not defined a priori, and participants were
allowed to choose their own pace in performing all the activities.

When collaborating with the cobot, the PPM frequency was
however influenced by the cobot’s package handling activity,
as described below.

Each participant was asked to perform the described activity
under 4 different collaboration modalities, performed in random
order, with a 5-minute break between each test.

Full (Fu)
In this baseline scenario, the operator performs the tasks
independently, without cobot collaboration. The operator picks
up the package from the starting station with the right hand,
examines it with both hands to locate the QR code, brings it
close to the scanner simulation area, and finally places the
package in the arrival station with the left hand. The processing
rate was freely self-selected by each participant.

Half Robot Touch (HRT)
In this condition, the cobot task is to pick up the package from
the starting station and wait for the operator to extend their right
arm toward the same area, and to touch it to start. When touched,
the cobot moves bringing the package in front of the operator
who grabs and examines it with both hands to locate the QR
code. The operator then brings it close to the scanner simulation
area and finally places the package in the arrival station with
the left hand. The task is kinematically like the “Full” case, but
there is no lifting of the package from the starting station toward
the scanning area. Moreover, the operator drives the activation
of the cobot with a touch, and therefore the number of PPM is
decided by everyone, taking into account the cobot speed.
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Half Robot (HRb)
In this modality, the cobot’s task is to pick up the package from
the starting station and autonomously transport it in front of the
operator, who grabs and examines it with both hands to locate
the QR code. The operator then brings it close to the scanner
simulation area and finally places the package in the arrival
station with the left hand. The operator is not required to initially
reach the right arm toward the starting station to ask the cobot
for help, so the task is different in terms of kinematic features
compared with the previous cases. Packages are moved
continuously by the cobot while the operator is performing the
required tasks, therefore, the cobot determines the number of
PPM.

Full Robot (FRb)
In this condition, the cobot’s task is to pick up the package from
the starting station and autonomously transport it continuously
in front of the operator, who grabs and examines it with both
hands to locate the QR code. The operator then brings it close
to the scanner simulation area and finally places the package in
a closer area with respect to the arrival station (Figure 1).
Meanwhile, the cobot picks up the package left by the operator
and takes it to the arrival station. The cobot intervenes
significantly, fully collaborating in the activity. However, the
time taken by the cobot to move the packages always exceeds
the time that the operator needs to perform the activity.
Therefore, the operator must wait for the cobot, and the motor
activity is discontinuous, with the number of PPM defined by
the cobot kinematics.

Ethical Considerations
The experimental protocol was approved by the Commissione
Etica dell’Università degli Studi Roma Tre (BRIC2019-BRISK
approval r.01-10/06/2021). Informed consent was obtained from
all participants prior to their inclusion in the study, and they
were informed of their right to withdraw at any time without
consequences. All data collected were anonymized to protect
participants' privacy and confidentiality. No personally
identifiable information was retained, and strict security
measures were implemented to safeguard the data. Participants
did not receive any financial or material compensation for their
involvement in this study.

Data Acquisition and Processing
To assess the dynamic interaction of the operator with the
ground, two 6-component force platforms (BTS P-6000) were
positioned under the participants’ feet. These platforms allow
for measuring the ground reaction of each participant’s lower
limbs (force and moment components), from which the center
of pressure (CoP) position of each foot is extracted during the
execution of performed tasks. Data were acquired from force
platforms using a sampling frequency of 500Hz (fixed by the
HW system). An optoelectronic system (SMART DX 6000, 8
infrared cameras, 2 Mpixel@300 Hz) was employed to segment
and identify each task repetition, and each phase of the
repetition. Data from the optoelectronic system were acquired
using a sampling frequency of 250Hz. Force platforms data
were undersampled at 250 Hz to synchronize those with the
optoelectronic system ones.

Dynamic Parameters Extraction
Trajectories of the CoP for each of the lower limbs (ie, CoP-right
and CoP-left) during the execution of each task were extracted
from the force plates data [26]. The total CoP is obtained as the
weighted average between CoP-right and CoP-left and its
displacement is defined by both the medial-lateral and the
anterior-posterior coordinates with respect to a reference system
centered between the 2 force plates (Figure 1).

Four CoP-derived parameters were calculated to evaluate the
postural stability of the operator and quantify alterations in
balance: for each of the collaboration modalities, the mean
distance (MDIST), mean velocity (MVELO), 95% confidence
ellipse area (AREA-CE), and sway area (AREA-SW) were
calculated, according to the definitions reported in [27], for each
cycle of the task repetition. For each parameter, mean values
(as a measure of central tendency) and SD across repetitions
(as a measure of intraindividual variability) were also calculated
and underwent inferential statistics.

Cycles were identified using data extracted from motion capture
data, which were synchronized with force plate data: in
particular, the time location of the maximum excursion to the
left in the medio-lateral direction of the marker placed on the
right wrist was used to segment each cycle, as it corresponds
to the instant when each repetition finishes.

Statistical Analysis
For each CoP-derived parameter thus obtained, the normality
of the data, using the Shapiro-Wilk test, was assessed. When
all distributions were normal, the homogeneity of the variances
was checked with the Leneve test. If these conditions were not
satisfied, the Kruskal-Wallis nonparametric test was applied to
examine the effect of the collaboration modality. When
significant, a post hoc test with a Bonferroni correction was
conducted to investigate the differences among the 4 examined
collaboration modalities. The α level was set to .05 and .01
(denoted by * and **, respectively).

Results

Rate of Package Processing
The average rate of package processing chosen by the operators
in the absence of cobot assistance (Fu) was 15 (IQR 14-16)
PPM. The different cobot collaboration modalities yielded
median rates of 8 (IQR 7-8.5) for PPM for half robot touch
(HRT), 12 (IQR 11.5-13) PPM for half robot (HRb), and 4 (IQR
3.9-4.1) PPM for full robot (FRb).

CoP Trajectories
In the following, the different trajectories of the CoP, for all 14
participants and for the 4 different collaboration modalities (ie,
full [Fu], HRB, HRb, and FRb) are shown, with Xcop and Ycop
denoting respectively the medium-lateral and the
antero-posterior coordinate.

Considering the Fu modality (Figure 2), observed CoP paths
can be classified into 2 main groups: participants
(1,2,3,6,7,8,11,13,14) displayed a compact size of the CoP path,
spread in both anterior-posterior (AP) and medial-lateral (ML)
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directions, while participants (4,5,9,10,12) drew wider areas,
with a remarkable trajectory from the central backward position
to the right forward position. However, all the CoP paths present

quite diverse behavior, with no visible common aspects.
Negative values for Ycop denote backward displacements.

Figure 2. Center of pressure (cop) trajectories for each participant during the full collaboration modality.

Considering the HRT collaboration modality (Figure 3), CoP
path can be classified into 2 main groups also in this case:
participants (1,2,7,8,13,14) maintained a compact size of the
CoP path, more spread along the AP direction, while participants
(3,4,5,6,9,10,11,12) drew a wider area of the CoP path. In this

case, all CoP trajectories denoted a bias from the central
backward position to the left forward position. Displayed CoP
paths still exhibit rather diverse behavior, but with more
commonalities as compared with Fu modality.

Figure 3. Center of pressure (cop) trajectories for each participant during the half robot touch collaboration modality.

For the HRb collaboration modality (Figure 4), also in this case
CoP path can be classified into 2 main groups: for participants
(1,2,7,13,14) CoP path was maintained compact, differently
from participants (3,4,5,6,8,9,10,11,12), especially considering

the AP coordinate. Common behavior of CoP excursion across
subjects was instead present along the ML coordinate, while
the CoP bias from the central backward position to the left
forward position observed in the HRT case is less evident.
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Figure 4. Center of pressure (cop) trajectories for each participant under the half robot collaboration modality.

In the FRb collaboration modality (Figure 5), commonalities
of CoP behavior are more relevant. While some participants
still display lower excursions along the AP direction, the

characteristics of CoP trajectories are mostly similar, with no
bias both in the right and left forward positions. The amount of
excursion in the ML direction is similar across participants.

Figure 5. Center of pressure (cop) trajectories for each participant during the full robot collaboration modality.

Normality Tests
The Shapiro-Wilk test indicated that some conditions of the
parameters did not follow a normal distribution. For the MDIST
values, a P value <.05, indicating rejection of the null hypothesis
of normal distribution, was observed for the Fu condition
(P=.048). In contrast, a normal distribution (P value >.05) was
found for all the other conditions (HRT: P=.44; HRb: P=.57;
FRb: P=.60).

Similar results were obtained for both the AREA-CE and
AREA-SW parameters. The Fu condition showed a nonnormal
distribution (P=.02 for AREA-CE and P=.04 for AREA-SW),
while all other conditions were normally distributed (for
AREA-CE: HRT, P=.18; HRb, P=.25; FRb, P=.33; for
AREA-SW: HRT, P=.08; HRb, P=.86; FRb, P=.25).

Since at least 1 of the distributions for each parameter was not
normal, nonparametric statistical analyses were applied.

For the MVELO parameter, data were normally distributed
across all conditions. However, Levene test revealed that the
variances among the different conditions were not homogeneous

(P value <.05). Consequently, a nonparametric test was also
used for this parameter.

CoP-Derived Parameters
Descriptive statistics at the individual level, and descriptive and
inferential statistics at the group level for MDIST, MVELO,
AREA-CE, and AREA-SW, as obtained across the 4
collaboration modalities, are given in the following figures.

MDIST, an overall measure of excursion of the CoP from its
equilibrium position, was clearly and significantly higher in Fu
condition (4.21, SD 1.30 cm) than in all other conditions, and
this was confirmed also at the individual level for almost every
participant. In addition, as shown in Figure 6, FRb condition
caused significantly lower values (1.55, SD 0.50 cm) than both
HRT (2.50, SD 0.67 cm) and HRb (2.38, SD 0.59 cm), and this
appeared also in all individuals but 2. No significant difference
was observed between HRT and HRb conditions, as the result
of different behavior across participants. Regarding
intraindividual variability, we observed a reduced variability
of MDIST across most participants in FRb condition (0.34, SD
0.22 cm) as compared with HRb (0.59, SD 0.23 cm), HRT (0.65,
SD 0.37 cm), and Fu (0.85, SD 0.36 cm).
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Figure 6. Distribution of MDIST values. Upper panel, left: group mean values across the 4 collaboration modalities; upper panel, right: distribution
of intraindividual variability (SD across repetitions); lower panels: distribution of values for each participant. * denotes P<.05 as obtained from inferential
statistics; ** denotes P<.01 as obtained from inferential statistics. FRb: full robot; Fu: full; HRb: half robot; HRT: half robot touch; MDIST: mean
distance.

MVELO, an indicator of the amount of movement described
by the CoP trajectory, in general confirms what already reported
for MDIST: Fu condition determined higher values (16.3, SD
5.2 cm/s) than all other collaboration conditions, and in FRb,
MVELO was significantly lower (7.9, SD 1.1 cm/s) than in all
other conditions (11.1, SD 2.2 cm/s for HRb; 11.3, SD 2.9 cm/s
for HRT). As depicted in Figure 7, these figures were confirmed

also at the individual level for all but 2 participants. In terms of
variability, while we observed that it was mostly reduced in the
FRb condition (0.5, SD 0.3 cm/s) as compared with all the other
conditions (2.3, SD 1.0 cm/s for Fu; 1.4, SD 0.5 cm/s for HRb),
a significant decrease of the variability was present also when
moving from Fu to HRT (1.4, SD 0.4 cm/s). Other variations
were not significant at the group level.

JMIR Hum Factors 2025 | vol. 12 | e64892 | p.681https://humanfactors.jmir.org/2025/1/e64892
(page number not for citation purposes)

Bibbo et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 7. Distribution of MVELO values. Upper panel, left: group mean values across the 4 collaboration modalities; upper panel, right: distribution
of intraindividual variability (SD across repetitions); lower panels: distribution of values for each participant. * denotes P<.05 as obtained from inferential
statistics; ** denotes P<.01 as obtained from inferential statistics. FRb: full robot; Fu: full; HRb: half robot; HRT: half robot touch; MVELO: mean
velocity.

AREA-CE, which quantifies the planar extent of coverage of
the CoP, displayed a behavior similar to what was seen for
MVELO: values resulted significantly higher in Fu (134, SD
91 cm²), and lower in FRb (22, SD 12 cm²) than in all the other
conditions (64, SD 32 cm² for HRT; 47, SD 24 cm² for HRb),

respectively (Figure 8). Again, FRb intraindividual variability
was lower in FRb (10, SD 7 cm²) than in all other conditions,
and we saw a reduced variability when passing from Fu (45,
SD 23 cm²) to HRb (21, SD 12 cm²).
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Figure 8. Distribution of AREA-CE values. Upper panel, left: group mean values across the 4 collaboration modalities; upper panel, right: distribution
of intraindividual variability (SD across repetitions); lower panels: distribution of values for each participant. * denotes P<.05 as obtained from inferential
statistics; ** denotes P<.01 as obtained from inferential statistics. AREA-CE: confidence ellipse area; FRb: full robot; Fu: full; HRb: half robot; HRT:
half robot touch.

Finally, AREA-SW, a planar measure that combines CoP
extension and velocity, displayed behavior similar to what
obtained with MDIST: Fu caused significantly higher
AREA-SW values (16.2, SD 8.4 cm²/s) than all the other
conditions (8.4, SD 3.7 cm²/s and 7.3, SD 2.8 cm²/s for HRT
and HRb, respectively), and again FRb brought to values lower

(4.0, SD 1.6 cm²/s) than all the other collaboration modalities
(Figure 9). Both these results were reflected at the individual
level for all participants but one. Intraindividual variability of
AREA-SW was significantly lower in FRb (0.9, SD 0.4 cm²/s)
than in all other conditions (4.4, SD 2.2 cm²/s; 2.5, SD 0.8 cm²/s;
and 2.5, SD 1.2 cm²/s for Fu, HRT, and HRb, respectively).
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Figure 9. Distribution of AREA-SW values. Upper panel, left: group mean values across the 4 collaboration modalities; upper panel, right: distribution
of intraindividual variability (SD across repetitions); lower panels: distribution of values for each participant. * denotes P<.05 as obtained from inferential
statistics; ** denotes P<.01 as obtained from inferential statistics. AREA-SW: sway area; FRb: full robot; Fu: full; HRb: half robot; HRT: half robot
touch.

Discussion

Principal Findings
The analysis of the CoP trajectories shows that considering data
obtained in tests going from the absence of cobot intervention
(Fu) to the ones with maximum cobot assistance (FRb), the area
of the CoP trajectory significantly decreases, thus possibly
indicating a lower amount of oscillations of the body when the
cobot intervenes.

As a general consideration, CoP trajectories, when no action of
the cobot is present, tend to show greater intensity toward the
loading area, indicating a higher amount of sway. This suggests
that lifting affects balance control strategies. On the other hand,
in both tests involving partial cooperation with the cobot, the
CoP draws trajectories mainly toward the arrival station, even
in the HRT modality, where the participant’s arm moves toward
the starting station direction to ask the cobot for help. This
aspect suggests that the movement of the arm while carrying
the load notably influences the CoP trajectory, while the arm
movement, required to ask the cobot for help occurring in the

HRT condition, does not produce a significant influence on the
CoP trajectory, as compared with the modality where the cobot
independently carries the load to the scanning zone (ie, HRb
collaboration modality).

Regarding the detailed analysis of the specific CoP trajectories
of all subjects and for all test types, results show that during
tasks performed alone, CoP paths can be classified into two
types: (1) concentrated with symmetrical movements toward
both the starting and arrival stations (right and left), and (2)
more scattered with a tendency to oscillate between the central
rest zone and the arrival station (left). The variability of CoP
trajectories across individuals may confirm the adoption of
different independent control strategies, as also identified by
the 2 types listed before. When instead maximum assistance by
the cobot is present, areas drawn by CoP are smaller, and with
a reduced interindividual variability. This homogenization effect
can be explained by the fact that the cobot sets the activity’s
pace, causing the subject to adopt a more uniform behavior and
timing. This is both apparent at the individual level (ie, each
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subject tends to maintain a more uniform CoP trajectory across
repetitions), and at the group level.

Results coming from the qualitative description of CoP
trajectories were also confirmed by statistical analysis of
CoP-derived parameters: specifically, CoP tends to travel more
(MVELO and, to a certain extent, AREA-SW) and further
(MDIST and AREA-CE) if the level of intervention from the
cobot increases. In general, smaller excursions can be associated
with improved balance: this means a higher tendency to remain
in a smaller (and generally more stable) area during task
repetitions. A possible interpretation is that while the cobot
influences task execution, it also makes the operator move less
with reduced postural oscillation. This aspect is relevant as an
increased excursion from the equilibrium position and increased
movement of the CoP are associated with an increased risk of
falling [28], and incorrect postures in the working scenario are
agreed to lead to the development of MSDs [29]. As seen from
this perspective only, the modality of full assistance by the cobot
brings to the lowest risk, as it clearly leads to minimal
excursions and movements of the body.

However, we also observed a marked reduction of
intraindividual variability of these parameters when full
assistance from the cobot is present: one hypothesis for this
evidence is that the presence of the cobot reduces autonomy in
task execution and may thus impose a control strategy which
is not necessarily beneficial (or chosen) by the operator. If a
reduction of variability of such parameters from the baseline
condition may be seen as an indicator of long-term discomfort,
this needs to be appropriately considered when designing the
most beneficial collaboration modalities. In this regard,
intermediate collaboration modalities seem to incorporate a
tradeoff between the advantages in the carrying task
compensation given by the cobot on the load and the possibility
of granting autonomy to the operator during the task execution.

Regarding the 2 collaboration modalities that maintain a material
operator intervention, statistical analysis at the group level was
rather inconclusive: in excursion-based CoP parameters, no
difference was found, and this is counterintuitive, considering
that one of the modalities required participants to raise the arm
and kinematically reach out to ask for assistance. This was not
reflected in most CoP-derived parameters, and the possible
explanation for this absence of differences may be ascribed to
the inherent nature of the CoP variable: it is only indirectly
associated with whole body movement: coming from the ground
reaction forces, it is a measure of where the foot pressure is
concentrated [30]. In static conditions, CoP basically tracks the
body barycenter projection to the ground (and dynamically
overtakes it in specific conditions) to counteract balance
disequilibrium. According to the inverted pendulum hypothesis,
the body barycenter projection is thus a filtered version of the
CoP trajectory. However, with self-initiated body part
movements, the central nervous system is able to predict future
whole-body excursions [31], and the position of the CoP may
not necessarily reflect the excursions of the body barycenter. If
this were the case, activation of the relevant muscles (typically,
tibialis anterior) would appear in anticipation of the upper limb
movement.

Regarding the inconclusive results appearing between the 2
modalities where collaboration was midlevel (ie, HRb and
HRT), we tend to ascribe this process to a rather diverse
behavior observed at the individual level: decreases of measures
of CoP excursion and movement were in some individuals clear
when decreasing the amount of user intervention (ie, passing
from HRT to HRb), however this effect disappears in a
nonnegligible share of individuals; as it was apparent from the
qualitative description of CoP trajectories, 2 different group
behaviors seemed to emerge: in one group, CoP is maintained
compact despite the lesser level of cobot intervention as
compared with FRb, while the second group displays higher
amounts of excursion and movement. We were not able to
ascribe this phenomenon to specific individual characteristics;
whole body kinematics and electromyography activity analysis
may help shed light on this, in particular, to check if this
evidence might be associated with task role-taking, which may
be a key factor in HRC activities [32].

Reduced postural variability, as evidenced by the decreased
CoP trajectory area and reduced inter and intraindividual
differences under maximum cobot assistance, can have
significant long-term implications for musculoskeletal health.
A prolonged state of limited variability in posture and
movement, while potentially stabilizing in the short term, may
contribute to the development of MSDs over time. This is
because variability in postural strategies allows the redistribution
of mechanical loads across different tissues and joints, reducing
the risk of overuse injuries or chronic strain on specific
musculoskeletal structures. Conversely, homogenized and
repetitive postures imposed by external systems, such as cobots,
may lead to localized fatigue, reduced muscular engagement,
and impaired adaptability of the neuromuscular system.
Consequently, these factors can heighten the susceptibility to
cumulative trauma disorders, particularly in dynamic
occupational scenarios. These findings highlight the importance
of designing collaborative robotic systems that balance task
support with opportunities for natural and varied movement
patterns to mitigate potential long-term health risks for operators.

The implications of these findings for industrial settings may
be interesting. The integration of cobots can significantly
enhance worker safety and productivity by reducing physical
strain and improving postural control. By enabling safer and
more ergonomic working conditions, cobots can play a crucial
role in creating healthier work environments, reducing the
incidence of work-related MSDs, and improving worker
satisfaction.

In general, referring to the obtained results, it must be remarked
that the tasks analyzed were simulated rather than conducted in
real-world contexts, so further analysis could be conducted to
generalize the findings. However, the tests conducted in this
study, even if simulating a cashier task, represent real work
tasks themselves, and this supports the hypothesis that similar
results can be obtained in the real world. Additionally, the
sample consisted exclusively of young male participants, so a
direct validation on female subjects and older ones was not
conducted. Rather than a limit, this might be seen as a validation
for the examined population, although it can be extended to
other worker categories.
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Conclusions
This study investigated the biomechanical impact of various
levels of HRC on postural control during working tasks while
standing, providing substantial insights into the benefits of cobot
assistance for workers’ safety and ergonomics. Through an
analysis of CoP trajectories and related parameters, it was found
that higher levels of cobot collaboration, particularly in the
HRT, HRb, and FRb modalities, significantly improved postural
stability and reduced biomechanical load on workers. These
findings suggest a decreased risk of MSDs, as evidenced by
lower values in CoP-derived parameters when cobot assistance
increases. The study also highlighted that the intraindividual
variability of CoP parameters diminished when levels of cobot
involvement were increased: this indicates on one side that
cobot integration promotes more uniform ergonomic benefits
across different individuals, but at the same time it may tend to
impose a similar behavior in balance control which can lead
subjects to adopt less ecological strategies.

Moreover, while participants can set autonomously their
repetition pace, HRC activities will determine an increased
homogenization of repetition rhythm (or parts of it) across
workers, and this may potentially lead to decrease ergonomics,

as subjects can feel forced to perform the required tasks based
on timings dictated by HRC. Intermediate collaboration
modalities, such as HRT, can provide both advantages in terms
of reduction of CoP-derived parameters—that can be indirectly
associated with a reduced biomechanical risk—with the
possibility of selecting a more comfortable rhythm in executing
tasks.

However, further research is needed to explore the long-term
effects of cobot assistance on worker health and productivity.
In particular, future studies should include other sensing
technologies, able to capture the neuromechanics of HRC. In
addition, application to diverse populations and real-world
industrial settings to generalize the results and provide a more
comprehensive understanding of the benefits and potential
challenges of cobot integration. Additionally, exploring the
psychological and social impacts of working with cobots on
employees would provide a holistic view of the implications of
collaborating scenarios in industrial environments: if properly
integrated into working environments cobots can potentially
revolutionize industrial work by enhancing safety, efficiency,
and ergonomic well-being, facilitating the development of more
intelligent and flexible workrooms and working conditions.
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Abstract

Background: Biofeedback is an established treatment principle for migraine, but home-based therapy with proven efficacy is
not available.

Objective: This study aims to assess the feasibility, usability, and safety of 12 weeks of daily use of a novel medical device
(Cerebri; Nordic Brain Tech AS) for therapist-independent multimodal biofeedback preventative treatment in adults with episodic
migraine.

Methods: In this open-label, one-armed trial, 20 adult participants with episodic migraine used Cerebri for 12 weeks. The
primary outcome was the feasibility of the Cerebri system, measured by the level of adherence to daily biofeedback and electronic
headache diary (eDiary) entries. Secondary outcomes were safety, usability, and efficacy.

Results: Initial adherence to biofeedback was high (16/20, 80% in weeks 1‐4), declining to 20% (4/20) by weeks 9‐12.
eDiary adherence remained high (15/20, 75% in weeks 9‐12). Reduction in migraine days was not significant (–0.6, 95% CI
–2.4 to 1.1 days; P=.47). App usability was impacted by software issues. No safety concerns were reported.

Conclusions: Cerebri demonstrates potential in self-managed migraine treatment, with strong initial engagement and high
safety. Usability issues, including technical bugs, were identified as the most important modifiable cause for the decline in
adherence. This highlights the need for further app refinement to sustain user engagement.

Trial Registration: Clinicaltrials.gov NCT05454319; https://clinicaltrials.gov/study/NCT05454319

(JMIR Hum Factors 2025;12:e59622)   doi:10.2196/59622

KEYWORDS

mHealth; mobile health; app; biofeedback; therapist-independent; behavioral therapy; headache; migraine; neurology;
psychophysiology; complementary; psychology; feasibility; safety; usability; adherence; mobile phone
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Introduction

Migraine is a complex and multifactorial disease and includes
autonomic dysregulation and alterations in stress-related
behavior [1-3]. Notably, patients with both chronic and episodic
migraine have reduced heart rate variability (HRV) in
comparison to healthy controls [4,5]. Biofeedback uses
technology to monitor physiological processes that are typically
modulated unconsciously [6-8]. Humans can learn to modulate
these physiological processes by receiving continuous feedback
from them [6-8]. Biofeedback training has been linked to a range
of positive health effects, including reduced severity of migraine
symptom burden [7,9]. A recent study has shown biofeedback’s
ability to alter HRV in a migraine population [10], and
meta-analytical evidence suggests that biofeedback-based
interventions are effective in the prophylaxis of migraine [11].
However, despite its efficacy, biofeedback is not widely used.
An observational study from a specialized headache care center
found that patients with migraine referred for biofeedback
therapy face various obstacles to pursuing treatment, including
issues related to time constraints, financial obstacles (including,
but not limited to, health care insurance), and limited provider
availability [12]. Traditional biofeedback training requires a
trained therapist and costly and cumbersome equipment, thus
limiting use to specialized clinics. Digital therapeutics and
mobile health (mHealth) provide great potential for increased
access to self-administered nonpharmacological treatments
[13,14]. Despite this potential, we are not aware of any
market-available, therapist-independent migraine biofeedback
treatment with proven efficacy [15].

To fill this gap, we have developed a multimodal biofeedback
system for independent home-based use. Two development and
usability studies on progenitor versions of the system have
already been published, but with short test periods (4 and 2 wk
home testing) [16,17]. A small sham-controlled trial in
adolescents tested a previous version of the medical device for
8 weeks [18]. The trial was prematurely halted due to the
COVID-19 pandemic and included only 16 participants (4
sham). Poor adherence (40% in wk 5‐8) hampered the
interpretation of the trial results. The purpose of this study is to
assess the feasibility, usability, and safety of 12 weeks of daily
use of a home-based biofeedback system as a preventative in
adults with episodic migraine. The findings of the study are
intended to lead to refinements in the feasibility and usability
of Cerebri (version 0.1.0; Nordic Brain Tech AS) and guide
study design choices for a future randomized controlled trial.

Methods

Study Design and Participants
The study was a single-center, open-label, one-armed
interventional trial conducted at St. Olav’s University Hospital
in Trondheim, Norway, from May 2022 to September 2022.
The target population was adults with episodic migraine from
all of Norway. The total duration of study participation for each
participant was 12 weeks.

Inclusion criteria were (1) 18 years of age or older, (2) episodic
migraine with or without aura diagnosed by a neurologist or

physician per the International Classification of Headache
Disorders, Third Edition, (3) having kept a headache diary with
at least 80% adherence as part of routine clinical care in the last
28-days prior to inclusion, (4) 4 to 14 migraine attacks per
28-day period in the 3 months prior to screening, (5) at least
three months of experience with smartphone and access to an
iOS or Android phone at home, (6) onset of migraine before
the age of 50 years, and (7) signed written informed consent.

Exclusion criteria were (1) having a continuous background
headache that never disappears completely; (2) more than 14
days of headache (all types) per 28-day period; (3) participants
diagnosed with trigeminal autonomic cephalalgias and
neuralgias or (4) secondary headache conditions including
medication overuse headache according to the International
Classification of Headache Disorders 3rd edition; (5) participants
with pathologies that inhibit use of the device according to the
instructions for use (eg, blindness and deafness); (6) participants
currently using migraine prophylaxis (pharmacological or
nonpharmacological); (7) participants who have previously
failed 3 prophylactic pharmacological treatments; (8) opioid
use (>3 d per month) or use of barbiturates at time of screening;
(9) alcohol overuse according to The International Classification
of Diseases, Tenth Revision, Clinical Modification Code F10.1
or illicit drug use; (10) participation in another clinical
investigation; and (11) participants unlikely to follow Clinical
Investigation Plan or where treatment seems futile in the opinion
of the Investigator or have demonstrated an inability to
sufficiently adhere to headache diary entries (<80%).

Interventions
The medical device tested in this study is a therapist-independent
biofeedback system (Cerebri) consisting of a smartphone app
(Figure 1) and 2 noninvasive wireless sensors (Figure 2). One
sensor measures neck muscle tension as surface
electromyographic (EMG) voltage from the skin over the upper
trapezius muscle. The other sensor is placed on one index finger
to measure HRV by photoplethysmography and peripheral skin
temperature. As part of the product development, validation of
sensor performance showed agreement with simultaneous
control measurements made with stationary neurophysiological
equipment [19]. The 12-week treatment phase with Cerebri
consisted of daily biofeedback therapy sessions of a minimum
of 10 minutes duration each.

Since the device is intended for independent use without the
need for any supervision, no instructional sessions were offered
upon receipt of the device or during the course of the study. A
limited, written step-by-step on-screen guidance was provided
to onboard the participant prior to the first 3 biofeedback
sessions. The participants were introduced to 3 biofeedback
modalities with real-time on-screen feedback: temperature
biofeedback during the first session, HRV biofeedback in the
second session, and EMG biofeedback in the third session.
During the remaining sessions, the participants could freely
alternate between the 3 modalities at their own discretion.
Additional user instructions were provided in a user manual
and in a library in the app, where the users could read more
about biofeedback and relaxation techniques. During the
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biofeedback sessions, an adjustable breathing pacer was accessible to users.

Figure 1. Cerebri smartphone app interface. Screenshot of eDiary and HRV biofeedback interface. eDiary: electronic headache diary; HRV: heart rate
variability.
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Figure 2. Cerebri sensors: illustrations and photograph of the finger sensor (HRV/temperature) and sEMG sensor (muscle tension). HRV: heart rate
variability; sEMG: surface electromyographic.
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Study Follow-Up
All study visits were conducted remotely, and the sensor kit
was sent by postal service. Participants accessed the app through
a unique link provided via email, compatible with both Android
and iOS devices. The app required an initial internet connection
for download, but could subsequently operate without an active
internet connection. Follow-up included 2 video consultations
with a neurologist (IGW) at inclusion and the 12-week final
visit; and 3 telephone follow-ups (wk 2, 4, and 8) with a study
nurse. Participants were required to keep the daily eDiary
integrated with the smartphone app throughout the study
participation. Notifications for performing daily biofeedback
sessions and diary entries were available for iPhone users, but
did not work for Android users in the trial. Android users were
therefore encouraged by study personnel to add a reminder
manually in the integrated phone calendar to ensure this. The
issue was persistent throughout the trial. Although participants
were asked to register daily, the eDiary allowed registration
within a 3-day interval (present day, and the 2 previous days).
eDiary users were first asked if they had a headache or not. If
a headache was reported, the app prompted the participant to
answer additional questions about the type of headache
(migraine or other), as well as the duration, intensity, and
medication use. Questionnaires regarding usability and efficacy
were collected via Helsenorge.

Outcome Measures

Overview
The primary objective of this study was to investigate the
feasibility of the Cerebri biofeedback system as a preventative
treatment in adults with episodic migraine. Key secondary
objectives were to (1) assess usability, (2) assess the user
experience, (3) assess the safety and tolerability, and (4) evaluate
data on the efficacy of the intervention, recognizing that the
study was not specifically designed or powered for an efficacy
analysis.

Assessment of Primary Outcome
The feasibility of Cerebri was evaluated by assessing the level
of adherence to daily biofeedback sessions and daily eDiary
entries. Adherence was defined as the percentage of completed
sessions and eDiary entries per 28-day period. On a given day,
adherence was defined as the completion of a 10-minute
biofeedback session or a completed eDiary entry, respectively.

Assessment of Secondary Outcomes
Usability, satisfaction, and ease of use of the device were
assessed using a Norwegian translation of the mHealth App
Usability Questionnaire (MAUQ) [20]. Questionnaires were
collected at weeks 1 and 12. The MAUQ contains 18 items
distributed across three subscales: (1) ease of use (5 items), (2)
interface and satisfaction (7 items), and (3) usefulness (6 items).
Responses for each item were recorded on a 7-point scale,
ranging from 1=disagree to 7=agree, with higher scores
indicating better usability. Users were allowed to select the
option “not applicable” for each item. Such answers were
considered missing data and excluded from the analysis.

Semistructured usability interviews in a subset of participants
were used to gather qualitative data about the user experience
of Cerebri for product development purposes. All study
participants were asked if they wished to be considered for the
interview, and 5 participants declined. From a pool of 15
potential participants, 6 individuals were selected based on a
set of predefined criteria (Multimedia Appendix 1). Interviews
were conducted midway (at wk 6) and upon completion of the
study (at wk 12).

Data on adverse events (AEs) and device deficiencies were
collected at phone consultations and the final visit. All
treatment-emergent AE were collected throughout study
participation.

Treatment efficacy was assessed using self-reported migraine
and headache days that were collected prospectively in the
integrated eDiary. The number of days in each 28-day period
was compared to that collected from the past 28 days prior to
inclusion.

Change in self-reported, migraine-related disability was
measured using the Migraine-Specific Quality of Life
Questionnaire version 2.1 (MSQ) from before treatment to
end-of-treatment [21]. The questionnaire contains 14 items that
measure the quality of life impacts of migraine in 3 domains:
“role function-restrictive,” “role function-preventive,” and
“emotional function.” Participants rate their experiences on a
scale of 1=none of the time to 6=all of the time. The scores for
each domain in the MSQ were calculated in accordance with
the license holder’s instructions, with each domain receiving a
score out of 100, where a higher score indicates more favorable
functioning.

The participants’ perceived change in overall health was
measured by the Patient Global Impression of Change (PGI-C)
at weeks 4, 8, and 12. Participants were asked to rate their
current condition compared to their condition before receiving
the treatment intervention on a 7-point scale, ranging from a
score of 1=very much improved to a score of 7=very much
worse. For descriptive purposes, participants may be classified
into 4 categories: much improved (score of 1 or 2), minimally
improved (score of 3), unchanged (score of 4) or disease
deterioration (score of 5, 6, or 7).

Data Analytic Strategies
Descriptive data were summarized as means with SDs or
medians with IQRs according to normality distributions.
Assessment of normality was based on visual inspection of
histograms. Adherence rates to the eDiary and biofeedback
program were calculated for each 28-day period separately.
Summary statistics for MAUQ were calculated for weeks 1 and
12. Changes in the number of days with migraine and headache
in each 28-day period compared to the last 28 days prior to
inclusion were analyzed with a mixed logistic regression model
with participant ID included as a random variable. The model
estimated the odds ratio for each 28-day period. This odds ratio
represented the estimated daily odds of migraine or headache
in each 28-day period compared to the baseline period. The
estimated number of migraines or headaches in each 28-day
period and the difference from baseline were calculated based

JMIR Hum Factors 2025 | vol. 12 | e59622 | p.693https://humanfactors.jmir.org/2025/1/e59622
(page number not for citation purposes)

Poole et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


on the regression coefficients using the nlcom command in Stata
(version 17.0; StataCorp LLC). The use of a mixed logistic
regression model allowed the inclusion of all available daily
data, also from participants who had not completed all eDiary
entries during each 28-day period. The change in MSQ domain
scores was analyzed using mixed linear regression models with
the mean change in each domain score estimated from these
models.

Semistructured interviews were held through video or phone
and recorded. Transcripts were stored on the Miro
(RealtimeBoard Inc) platform during analysis, where they were
grouped, mixed, and sorted in several rounds to identify patterns
of themes that were relevant to the usability experience.

Ethical Considerations
The study was approved by the regional ethics committee
(457654) and the Norwegian Medical Products Agency (NoMA;
22/04658‐4; Eudamed: CIV-NO-22-03-039126), and registered
at ClinicalTrials.gov (NCT05454319) prior to initiation. Trial
information was disseminated via multiple communication
channels. Interested parties made contact by email. All

participants received written information via email prior to the
first study visit. Eligibility assessment and a review of the study
information were performed by a consultant neurologist (IGW)
with headache expertise in a video meeting. If eligible, consent
was collected by digital signature via the national
government-operated electronic data entry application
Helsenorge (Norsk helsenett SF). Data collection for the study
was initiated after electronic consent. Data were deidentified
through pseudonymization. No payment was made to the study
participants for their participation.

Results

Overview
A total of 20 participants were enrolled in the study intervention.
All 20 participants contributed to the evaluation of the feasibility
of the Cerebri biofeedback system. One participant withdrew
consent, and one was lost to follow-up (Figure 3). The majority
of participants were female and in full-time employment, with
a mean of 6.7 (SD 2.8) migraine days per month (Table 1). One
participant was pregnant during the entire study period.

Figure 3. CONSORT flow diagram. Intervention: Cerebri biofeedback treatment. *Data collected from participants who withdrew or were lost to
follow-up were included in the analysis. CONSORT: Consolidated Standards of Reporting Trials.
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Table . Baseline characteristics.

Value (N=20)

Continuous variables, mean (SD)

40.4 (9.3)    Age (years)

24.8 (3.1)    BMI (kg/m2)

    Baseline headache informationa

7.7 (2.7)Number of headache days

6.7 (2.8)Number of migraine days

6.5 (3.1)Number of days with acute medication use

Categorical variables, n (%)

19 (95)    Sex (female)

1 (5)    Pregnancy

    Work statusb

1 (5)Student

15 (75)Full-time (≥100%) paid employment

1 (5)Part-time (<100%) paid employment

1 (5)Partial sick or medical leave

1 (5)Sick or medical leave (100%)

2 (10)Work assessment allowance

4 (20)    Previous use of preventive medication

1 (5)Propranolol

1 (5)Candesartan

2 (10)Amitriptyline

aParticipants all kept a headache diary for a minimum of 28 days prior to inclusion.
bOne participant reported both full-time paid employment and “other governmental benefits” (parental leave). The student also received work assessment
allowance and is thus registered twice.

Primary Outcome: Feasibility
Out of 20 participants, the majority continued to regularly record
information in the daily eDiary throughout the study period,
with 15 (75%) participants still recording information on at least

70% of days (20 d) in weeks 9 to 12 (Table 2). The proportion
of participants completing at least 70% of biofeedback sessions
decreased throughout the study, with 16 (80%) participants
during weeks 1 to 4, and 4 (20%) participants during the final
4 weeks (Table 2).
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Table . Adherence to eDiarya and biofeedback in the 3 intervals, respectivelyb.

Proportion with ≥20 days
recorded of all included
(N=20), n (%)

Median (IQR)Mean (SD)Period

eDiary

18 (90)27 (15‐28)25.7 (3.8)Day 1‐28 (n=20)c

18 (90)27 (10‐28)25.5 (4.3)    Day 29‐56 (n=19)

15 (75)26 (12‐28)24.2 (4.8)    Day 57‐84 (n=18)

Biofeedback

16 (80)22 (5‐27)20.7 (5.0)Day 1‐28 (n=20)

13 (65)22 (6‐26)20.3 (5.6)    Day 29‐56 (n=19)

4 (20)17.5 (6-26)16.7 (4.8)    Day 57‐84 (n=18)

aeDiary: electronic headache diary.
bThe proportion of participants with adherence to intervention (eDiary and biofeedback, respectively) >20 days (=70% adherence) per 28-day period
includes all participants (N=20).
cn is the number of participants in each period

Usability
The Cerebri app received favorable user perceptions, with
MAUQ summary score for the ease of use subscale at week 1
(median score 6.2, IQR 5.6-6.6) and at week 12 (median score

6.0, IQR 5.2-6.8; Figure 4). Summary scores for the interface
and satisfaction and usefulness subscales were 6.1 (IQR 5.7-6.7)
and 5.0 (IQR 4.2-5.6) at week 1, and 5.8 (IQR 5.3-6.6) and 4.8
(IQR 3.5-5.2) at week 12, respectively.
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Figure 4. MAUQ weeks 1 (n=19) and 12 (n=17). Median scores and IQRs from each question (1-18) with median summary scores for each of the 3
domains are presented. N is the number of responses to the question, the response “not applicable” is excluded. MAUQ: mHealth App Usability
Questionnaire; mHealth: mobile health.
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The app was regarded as both easy to learn and to use (questions
1‐5), with stable median scores of 6 or 7 for almost all of these
questions at both weeks 1 and 12. The exception was a notable
decline in median scores from 6 (IQR 4-7) at week 1 to 4 (IQR
2.5-7) at week 12 for participants’ ability to recover after having
made a mistake using the app (question 5).

MAUQ questions concerning the app’s interface and user
satisfaction (questions 6‐12) also received favorable scores.
However, there was a noticeable decline in the median score
from 7 (IQR 6-7) at week 1 to 5 (IQR 5-7) at week 12 for
question 11, which assessed users’ likelihood of using the app
again. Nevertheless, overall satisfaction with the app (question
12) remained high with a median score of 7 (IQR 6-7) at week
1, and 6 (IQR 6-7) at week 12.

Furthermore, the scores for MAUQ question 13, which assessed
the app’s perceived usefulness for health and well-being,
remained consistently high with a median score of 6 (IQR 4-7)
and 6 (IQR 4-6) at weeks 1 and 12, respectively. Meanwhile,
MAUQ question 18, which evaluated whether the app provides
an acceptable way to receive health care services, showed a
median score of 5.5 (IQR 4-6) at week 1, decreasing slightly to
5 (IQR 4-6) by week 12.

MAUQ question 17, which addressed whether the app could
be used without or with a poor internet connection, maintained
a median score of 4 (IQR 4-6) at week 1 and 4 (IQR 3-5) at
week 12. Notably, this item had fewer respondents compared
to other questions, with 9 participants responding at week 1 and
11 participants at week 12, suggesting that not all users
encountered situations where the app’s functionality under these
conditions was tested.

Usability Experience
A total of 6 participants were recruited to participate in the
semistructured interviews. Five midway user interviews were
completed in total. Three of these interviewees also partook in
the final user interview. All interviewees reported that Cerebri
was easy to both learn and use. Finding time for daily training
sessions and implementing this as a daily routine activity seemed
to be the most challenging part. However, despite this challenge,
interviewees expressed a sense of satisfaction in being able to
dedicate 10 minutes to achieving a state of complete relaxation,
which they found rewarding in itself.

A concern was identified that the app focused excessively on
achievements and earning high scores. Participants feared that
they might not experience the intended treatment effects unless
they attained the top achievements. When probed further about
their reasoning, participants attributed significance to such score
achievements, assuming a correlation between achieving them
and experiencing a reduction in migraine symptoms.

The finger temperature parameter was reported to be preferred
among users, as it was the easiest to understand whilst also
providing the most concrete goal during biofeedback sessions.
Output user data from all completed biofeedback sessions from
all study participants identified the same preference, with a total
collective screen time of 75 hours used within the finger
temperature modality across a total of 132 hours in 795 sessions.
In comparison, 22 and 35 hours were used in the EMG and
HRV modalities, respectively. The EMG parameter appeared
to provide little feedback for participants to observe and improve
upon, except for one individual who reported having tense
muscles and experiencing a strong connection between muscle
tension and migraines. All 5 participants expressed difficulties
understanding the goal of HRV measurement, how to achieve
it, or both.

Several bugs in the app occurred during the second half of the
study, resulting in difficulties launching the app or starting
biofeedback sessions. Notably, all iPhone users were
involuntarily logged out of the app at one point due to these
issues. All 3 participants partaking in the final user interview
mentioned bugs as a reason for reduced motivation. In total, 13
unique bugs were reported by one or more participants during
the study (not limited to the interviewees). These were perceived
as disruptive to the user experience and led to disruptions in
use patterns, ultimately impacting user motivation and
compliance. The degree to which the 3 participants experienced
a drop in motivation due to technical errors was not quantified
specifically during the interview, but addressed for the entire
population in questions 4 and 5 in the MAQU questionnaire.

Safety and Tolerability
Three AEs were recorded during the trial period (Multimedia
Appendix 2). All AEs were assessed as nonrelated to the medical
device. Thus, no adverse device effects and no serious adverse
events occurred. One participant was pregnant during trial
participation. No AE were registered for that participant, and
the child was born healthy at term.

Exploratory Data on Efficacy
We observed a statistically nonsignificant reduction in the
number of migraine days compared to baseline in all three
28-day periods, but no clear change in the number of headache
days (Table 3). At all timepoints, approximately 50% (8/16) of
participants described overall health conditions as “unchanged”
on the PGI-C questionnaire (Figure 5). However, 22% (4/18)
and 24% (4/17) of participants described their condition as
“much improved” in week 8 and 12, respectively. No reports
of worsening conditions were reported after week 4. There was
a trend toward improvements in all MSQ domains throughout
the study, reaching statistical significance for the domain “role
function-restrictive” in week 4 and the domain “emotional
function” in week 12 (Table 4).
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Table . Number of days with migraine or headache in each 28-day period and estimated change from baseline.

Estimated from mixed logistic modelObserved

P valueEstimated difference
from baseline (95% CI)

Estimated mean (95%
CI)

ORb,cMeana (SD)Period

Migraine days

N/Adreference6.2 (5.1 to 7.4)reference6.7 (2.8)Baseline (n=20)

.13–1.0 (–2.3 to 0.3)5.2 (3.4 to 7.0)0.805.7 (4.5)Week 1‐4 (n=20)

.31–1.0 (–3.0 to 0.9)5.2 (3.4 to 7.1)0.805.3 (4.0)Week 5‐8 (n=19)

.47–0.6 (–2.4 to 1.1)5.6 (3.8 to 7.4)0.875.9 (4.2)Week 9‐12 (n=18)

Headache days

N/Areference7.5 (6.3 to 8.7)reference7.7 (2.7)Baseline (n=20)

.580.4 (–0.9 to 1.6)7.9 (6.1 to 9.6)1.078.1 (4.2)Week 1‐4 (n=20)

.810.2 (–1.7 to 2.2)7.7 (5.9 to 9.6)1.048.0 (4.1)Week 5‐8 (n=19)

.850.2 (–2.1 to 1.7)7.3 (5.5 to 9.1)0.977.4 (4.1)Week 9‐12 (n=18)

aMean number of days based on available information in each 28-day period. For participants who did not complete the headache diary on all 28 days,
the number of migraine or headache days was divided by the number of days with complete headache diary entries multiplied by 28 to obtain the number
of days the participant would have been expected to have a migraine or headache.
bOR: odds ratio.
cA mixed logistic regression model was used to estimate the OR for each 28-day period. This OR represented the estimate OR compared to the daily
odds of migraine and headache for each 28-days period. The estimated 28-day migraine and headache differences was calculated based on the regression
coefficients and using the nlcom command in Stata.
dNot applicable.

Figure 5. Distribution of responses to the PGI-C question at weeks 4 (n=16), 8 (n=18), and 12 (n=17). The corresponding average (SD) for weeks 4,
8, and 12 were 3.6 (0.9), 3.2 (0.8), and 3.2 (0.8), respectively. PGI-C: Patient Global Impression of Change.
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Table . Migraine-specific quality of life questionnaire scores at different timepoints and differences from baseline: presented according to the 3 domains.

Estimated difference from baselineObserved

P valueaMean difference (95% CI)Median (IQR)Mean (SD)Week

Role function—restrictive domain

N/Abreference60.0 (51.4-74.3)61.2 (14.2)    Baseline (n=19)

.03a6.8 (0.6 to 13)68.6 (60.0-77.1)68.0 (10.2)    Week 4 (n=16)

.068.6 (–0.2 to 17.4)70.0 (60.0-77.1)69.8 (15.3)    Week 8 (n=18)

.246.5 (–4.4 to 17.4)62.9 (60.0-80.0)67.7 (17.9)    Week 12 (n=17)

Role function—preventive domain

N/Areference75 (60-95.0)75.8 (17.2)    Baseline (n=19)

.145.7 (–1.8 to 13.2)85 (77.5-90.0)81.6 (13.3)    Week 4 (n=16)

.078.9 (–0.9 to 18.7)95 (65.0-95.0)85.0 (15.9)    Week 8 (n=18)

.394.6 (–5.8 to 15)80 (75.0-95.0)80.6 (14.6)    Week 12 (n=17)

Emotional function domain

reference73.3 (53.3-80.0)66.0 (20.2)    Baseline (n=19)

.105.7 (–1 to 12.5)76.7 (63.3-86.7)72.9 (18)    Week 4 (n=16)

.117.6 (–1.7 to 16.9)76.7 (60.0-86.7)74.4 (18)    Week 8 (n=18)

.04a9.9 (0.3 to 19.5)80.0 (66.7-93.3)76.9 (18.3)    Week 12 (n=17)

aIndicate statistical significance (P<.05).
bNot applicable.

Discussion

Overview
This study was designed to address the feasibility of the
home-based, therapist-independent biofeedback system Cerebri
as a preventive treatment in adults with episodic migraine to
serve as a preparatory step toward a clinical efficacy trial.
Additionally, major emphasis was given to assessing the
usability and the safety of the invention.

Principal Findings
Daily biofeedback session adherence declined throughout the
course of the study from 80% in weeks 1‐4 to 20% in weeks
9‐12. The decline in diary adherence was much less
pronounced, with a reduction from 90% to 75% in the same
time interval. Low adherence is a common concern for
nonpharmacological headache treatments [22]. This is also true
for biofeedback treatment, as seen in a previous pilot on a
precursor to the Cerebri system [18], as well as in another
mHealth app for biofeedback intervention in migraine [23]. In
this study, several causes for low adherence were identified.

First, software bugs in the last part of the study period hampered
adherence, causing at one point all iPhone users to be logged
off the app. Second, as eDiary adherence was better, software
malfunction cannot be the sole cause for the declining
biofeedback adherence. Usability assessments, including MAUQ
scores, identified several other software elements that should
be improved. Details were elucidated in semistructured
interviews held in a subset of participants for product
development purposes. The achievement features conveyed

unrealistic goals for some participants, and failure to reach them
was misinterpreted as a failed session by some. In addition, the
goal of the HRV biofeedback training was difficult to
understand.

This study was not designed to assess efficacy, and outcomes
must be interpreted with caution. There was an observed
tendency for improvements in several headache parameters,
including quality of life measures. Notably, a not statistically
significant average reduction in migraine days was observed
across all three 28-day intervals compared to baseline, with an
estimated reduction of 1 migraine day in weeks 1‐4 and weeks
5‐8. On PGI-C scoring, 24% (4/17) of participants described
their overall health condition as “much improved” at week 12.

The intervention was safe, with no device-related or serious
AE.

Interpretation
This study highlights the potential for therapist-independent,
multimodal biofeedback systems to address unmet needs in
migraine management, despite challenges in adherence.
Adherence challenges, observed in this and prior studies [18,23],
emphasize the need for robust technology platforms and
user-centered design to secure long-term engagement,
particularly in home-based interventions.

A possible explanation for the decreasing adherence to the
biofeedback sessions, despite consistently high eDiary
adherence, is that users experienced some sort of improvement
from the therapy, and therefore, adjusted the frequency of
treatment sessions while retaining the treatment effect. However,
it may also be an expression of a lack of perceived effect, and
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either way, user interviews did not identify this as a major
mechanism.

There is no consensus on the optimal treatment duration or
frequency of home-based mHealth behavioral interventions in
migraine. Traditional therapist-dependent biofeedback is
typically provided as hour-long sessions once or twice weekly,
sometimes with intermittent home-training of shorter duration.
In a recent pilot study examining a home-based single-modality
surface EMG biofeedback intervention for episodic migraine,
participants engaged in weekly sessions lasting 40‐45 minutes
under the remote guidance of a biofeedback therapist over a
6-week period [24]. Participants were instructed to do additional
sessions of 30 minutes 3 times a week and keep track of their
home practice. Participants attended on average 4.8 (SD 1.2)
of the 6 sessions, whereas adherence to the therapist-independent
sessions was not reported in the paper.

It can be hypothesized that increased treatment duration yields
larger treatment effects. For home-based therapist-independent
treatment, long sessions may hamper adherence, whereas short
sessions may reduce potential efficacy. In a pilot study on a
combined HRV-biofeedback-virtual reality device, participants
attended an initial in-person session, after which they were
instructed to perform sessions at home a minimum of 3 times
per week, with each lasting at least 10 minutes [10]. There was
an attrition rate of 9 out of 25 participants in the intervention
group, compared to 3 out of 25 in the control group. No
statistically significant reduction in headache days between the
groups was observed. Results from this study suggest the
possibility of significant dropout even with less frequent
sessions. Therefore, increased session duration or frequency
may not necessarily be determining factors for adherence to the
intervention. This pilot study did identify adherence challenges,
though other underlying mechanisms seem more important than
session duration and frequency itself. Future work should
empirically investigate optimal treatment duration and
frequency.

Electronic behavioral interventions are dependent on sufficient
user satisfaction to secure adherence. The overall positive
perceptions of the app’s ease of use and utility underscore
Cerebri’s potential to serve as an accessible, self-administered
treatment option. However, the decline in median scores for
certain usability aspects, particularly users’ likelihood of using
the app again, could signal the need to revise and improve
certain elements of the app’s design. On the other hand, a lack
of perceived clinical effect could also explain such a finding.
Regardless, addressing concerns related to usability features is
crucial to maintaining patient compliance. To that end, revisions

related to app achievement features should be a priority to
mitigate misunderstandings that may affect participants’
motivation and perceived treatment effectiveness. Other
strategies to reinforce habit formation should be explored.

Furthermore, our results suggest that the app interface of the
HRV biofeedback modality should be revised to facilitate the
correct performance of training within this modality. This could
be achieved by including a visual guiding line matching the
optimal sinus curve for the selected breathing frequency. In
addition, improving HRV-related textual information in the app
may increase user accessibility.

Limitations
This pilot study has several limitations. First, the sample size
of 20 participants makes the study underpowered to make claims
regarding efficacy. Additionally, the absence of a control group
limits our ability to attribute effects specifically to the
intervention. A notable limitation of our qualitative analysis is
the small sample size in the final user interviews, where only
3 participants participated. Additionally, the sequential selection
of interview participants during the week 4 follow-up
appointments could have introduced a selection bias as they
were not randomly drawn. However, we aimed to include a
diverse representation of age, gender, and adherence, and thus,
opted for a sequential selection.

Participants were biofeedback naïve, but had already kept a
headache diary with a minimum of 80% adherence in the 4
weeks prior to inclusion as part of routine clinical care, and
were experienced smartphone users. Thus, study results may
not be representative of a smartphone and eDiary naïve
population.

Furthermore, as the study included only individuals with
episodic migraine, caution is advised when inferring results to
other patient groups, including chronic migraine or other primary
headache disorders.

Conclusions
Cerebri is a unique multimodal, app-based, and
therapist-independent biofeedback intervention that, in this
study, underwent a rigorous feasibility and usability evaluation.
The main feasibility obstacle was declining adherence to daily
biofeedback sessions throughout a 12-week treatment period.
On the other hand, eDiary adherence was consistently high.
Usability issues and software bugs were identified and will be
addressed in the final product development of Cerebri prior to
a pivotal randomized controlled trial.
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Abstract

Background: Musculoskeletal disorders significantly impair physical function and quality of life, necessitating systematic
rehabilitation. Electrically powered orthopedic exercisers, such as continuous passive motion devices, are widely used to enhance
joint mobility and muscle recovery. However, existing devices often lack advanced functionalities and user-specific adaptability,
limiting their effectiveness. To address these shortcomings, the Rebless Pro was developed as a novel device supporting active
and passive exercises with personalized treatment programs.

Objective: This study aimed to conduct a formative usability evaluation of the Rebless Pro prototype using focus group interviews
(FGIs) and satisfaction surveys with health care professionals specializing in rehabilitation medicine. The goal was to identify
areas for improvement to enhance the safety, usability, and information clarity of the device.

Methods:: Usability evaluation was performed at the National Rehabilitation Center with 10 participants (5 physiatrists and 5
physical therapists) who had prior experience using similar devices. FGIs were conducted to collect qualitative insights into user
experiences, while satisfaction surveys provided quantitative data on ease of use of the user interface and identifiability and
understanding of information. Data collection focused on identifying risk factors and usability challenges.

Results: Three key areas for improvement were identified: (1) product upgrades to ensure patient safety, including adjustments
to exercise speed and resistance; (2) hardware and software improvements to improve usability, including adjustments to the
location of the emergency button and improvements to the graphical user interface elements; and (3) improvements to the user
manual, including detailed contraindications, patient criteria, and clearer operating instructions. Although the mean score of
physiatrists (mean 4.463, SD 0.298) was higher than that of physical therapists (mean 4.114, SD 0.829) in terms of the ease of
use of the user interface, the difference was not statistically significant (P=.69). Similarly, in the category of identifiability and
understanding of information, higher scores were again reported by physiatrists (mean score 4.467, SD 0.506) than by physical
therapists (mean 3.733, SD 0.894), but this difference was also not statistically significant (P=.22).

Conclusions: Usability evaluation provided actionable insights into improving the Rebless Pro’s safety, usability, and information
clarity. To further refine the device, iterative usability evaluations involving both health care professionals and patients are
recommended. These efforts are expected to contribute to the development of a safe, effective, and user-friendly electrically
powered orthopedic exerciser suitable for commercialization.

(JMIR Hum Factors 2025;12:e60607)   doi:10.2196/60607

KEYWORDS

usability evaluation; usability; electrically powered orthopedic exerciser; focus group interview; satisfaction survey

Introduction

Background
Musculoskeletal (MSK) disorders, resulting from diseases or
injuries affecting muscles, tendons, ligaments, and bones, are
a major cause of reduced physical function and quality of life
[1]. Patients with MSK disorders often experience difficulties
in performing independent daily activities due to reduced joint

mobility, weakened muscle strength, and chronic pain,
necessitating systematic and continuous rehabilitation therapy
[2]. In clinical rehabilitation, electrically powered orthopedic
exercisers play a crucial role in facilitating joint tissue
regeneration and muscle strength recovery [3].

Continuous passive motion (CPM) devices are representative
examples of exercisers; they are widely used to prevent joint
stiffness and promote tissue healing, particularly after orthopedic
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surgeries [4,5]. However, despite their therapeutic benefits,
conventional CPM devices have several limitations that hinder
optimal rehabilitation outcomes. First, they typically provide
only passive range of motion (ROM) exercises without
accommodating more dynamic modes, such as active-assisted
or resisted exercises, which are essential for patients requiring
progressive muscle strengthening or functional restoration [6,7].
Second, these devices lack user-specific customization features.
Most CPM units operate on fixed protocols that do not account
for individual differences in pain tolerance, ROM progression,
or rehabilitation goals [8,9]. As a result, patients may experience
discomfort or disengagement due to inappropriate exercise
intensity or duration. Third, many CPM devices are
ergonomically unsuitable for certain populations, such as
individuals with obesity, severe joint deformities, or an inability
to maintain a supine position. Since most CPM devices are
designed for supine use, they may also limit usability and patient
compliance in nonhospital settings [10,11].

To address these issues, alternative models, such as sitting-type
CPM devices, have been developed. These devices allow
patients to perform rehabilitation exercises in a seated position,
which can enhance comfort, accessibility, and safety. Some

studies have reported that sitting-type CPM devices offer
comparable efficacy to conventional models while improving
patient satisfaction [9]. Nevertheless, these alternatives are still
relatively underused in clinical practice, partly due to limited
availability and familiarity among clinicians.

In response to the need for more adaptive and patient-centered
solutions, the Rebless Pro was developed as a next-generation
orthopedic exerciser supporting both passive and active-assisted
exercises. The device was designed to allow personalized
treatment protocols and improve usability in various clinical
settings.

Electrically Powered Orthopedic Exerciser
The Rebless Pro (H Robotics Inc) is an electrically powered
orthopedic exerciser developed to support full ROM exercises
and facilitate active and passive rehabilitation of the knee and
ankle in individuals with neurological or MSK disorders (Figure
1). During the initial design phase, user requirements were
collected from clinicians to inform the development of device
functionalities and interface elements. Currently in its prototype
stage, the Rebless Pro comprises a main unit and a tablet-based
controller operated via the Rebless Pro app.

Figure 1. Electrically powered orthopedic exerciser.

The app features an intuitive graphical user interface (UI) and
is structured around five core functional modules: (1) passive
ROM, which enables therapist-initiated joint mobilization; (2)
active-assisted ROM, providing adjustable support for
patient-initiated movement; (3) evaluation ROM measurements,
allowing objective tracking of joint range; (4) resisted ROM,
designed to improve muscular strength and motor control
through applied resistance; and (5) interactive custom setup,
which enables therapists to personalize treatment protocols
according to patient-specific needs.

The device operation workflow begins with patient registration
and profile setup. Therapists select exercise modes and set
individualized parameters—such as ROM extent, resistance,
and assistance levels—based on therapeutic goals. During
sessions, the app provides real-time feedback on joint
movement, resistance, and exercise performance. Upon
completion, session data are automatically stored, supporting
longitudinal progress monitoring and outcome evaluation.

The Rebless Pro is intended for use by physical therapists and
physiatrists, with the primary patient population being
individuals with neurological or MSK impairments, including
lower-extremity muscle paralysis or joint contractures, as well
as people undergoing postsurgical rehabilitation. These users
often require guided motor recovery and muscle strengthening
to improve functional outcomes.

Usability Evaluation
Usability issues in medical devices can directly affect patient
safety and treatment outcomes, often arising from deficiencies
in UI design [12]. To mitigate such risks, the International
Electrotechnical Commission (IEC) introduced the IEC 62366
standard, which emphasizes the integration of usability
engineering throughout the device development process,
distinguishing between formative and summative evaluations
[13-15]. Formative evaluations, conducted during the early
stages of design, aim to identify UI-related strengths,
weaknesses, and potential use errors. These evaluations are
iterative and typically involve direct input from intended users
to guide design refinement [16], such as from focus group
interviews (FGIs), which are widely used during the formative
phase to collect user feedback on prototype usability [17,18].

This study conducted a formative usability evaluation of the
Rebless Pro, which is currently in its implementation phase.
Using FGIs and user satisfaction surveys with rehabilitation
medicine professionals—the device’s intended users—this study
aimed to identify areas for improvement to enhance the safety
and convenience of the device, in accordance with IEC 62366.
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Methods

In this study, FGIs and satisfaction surveys were conducted to
collect quantitative and qualitative data on an electrically
powered orthopedic exerciser.

Ethical Considerations
This study was approved by the institutional review board of
the National Rehabilitation Center (NRC; NRC-2023-03-020).
All participants provided voluntary consent to participate after
receiving a comprehensive explanation of the study objectives
and methods. No compensation was provided for participating
in the study. For the protection of personal information and the
confidentiality of the participants, all data were anonymized.

Participants
The evaluation included 10 NRC-affiliated individuals, including
5 physiatrists and 5 physical therapists, who were recruited
through peer referral and a bulletin board announcement at the
NRC Usability Testbed.

The inclusion criteria were being a licensed physical medicine
and rehabilitation or physical therapist with experience
usingelectrically powered orthopedic exercisers and sufficient
proficiency in Korean and English to comprehend software
terminology. Individuals lacking experience in electrically
powered orthopedic exercisers were excluded from the study.
The participants provided voluntary consent after receiving a
comprehensive explanation of the study objectives, methods,
and procedures. All participants had at least 1 year of clinical
experience using electrically powered orthopedic exercisers,
such as CPM devices. The full formative assessment process,
including the FGIs, was conducted separately for the physiatrist
group and the physical therapist group.

Usability Evaluation Procedure
A usability evaluation was conducted at the NRC Usability
Testbed. The evaluation was carried out in 2 separate sessions,

one each for the physiatrist group and the physical therapist
group, with each session lasting 90 minutes. The evaluator
provided an introduction to the assessment to familiarize
participants who may have been unfamiliar with usability
evaluations, explaining the objectives, methods, and procedures
of the product evaluation. Following this, participants were
required to confirm their understanding of the evaluation details,
after which informed consent was obtained for voluntary
participation as well as for video and audio recordings. The
FGIs commenced with questions regarding the general
characteristics of the participants. Subsequently, the evaluator
confirmed that the participants had reviewed the relevant
information on the Rebless Pro and inquired about their prior
experiences with similar devices, including the specific names
of those devices. A demonstration of the use scenarios
(Multimedia Appendix 1) was then conducted in conjunction
with the FGIs using the Rebless Pro. Upon completion of the
interviews, a satisfaction survey was administered to gather
participants’ feedback.

The usability evaluations were conducted in environments that
closely resembled real-world use scenarios; such environments
have been reported to accurately capture user experience and
satisfaction, thereby playing a pivotal role in enhancing the
commercial viability of medical devices [19]. In alignment with
past findings, this study implemented formative evaluations
within a simulated environment designed to replicate actual use
conditions. The usability evaluations included a simulated
physical therapy environment in which the Rebless Pro was
used; the device was set up on a Bobath table (Figure 2). The
luminous intensity, temperature, and relative humidity of the
evaluation sites were measured before usability evaluation. The
luminous intensity was 550 (SD 100) lux, temperature was 24ºC
(SD 2ºC), relative humidity was 50% (SD 10%), and ambient
noise was 50 (SD 5) dBA. Scenes of the evaluation are shown
in Figure 3.

Figure 2. Evaluation environment.
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Figure 3. Scenes of the evaluation.

FGI Procedure
FGIs were used as a qualitative data collection method to
evaluate the usability of the Rebless Pro prototype. Each FGI
session was conducted once per group, with 1 moderator, 1
observer for recording, and 5 participants present in the
evaluation space. The moderator posed identical questions to
each participant sequentially, ensuring that all
participants—from the first to the fifth—had an opportunity to
respond. The FGI questionnaire was structured following the
guidelines of Krueger and Casey [17], incorporating
introductory, transitional, key, and end questions (Multimedia
Appendix 2). To gather feedback on the Rebless Pro, product
demonstrations were conducted according to predefined use
scenarios. Scenarios for 8 tasks were designed based on the user
manual. Participants observed the device during these
demonstrations and provided insights into predictable or
identified risk factors and areas for UI improvement. The core
questions focused on collecting participants’opinions regarding
the UI of the Rebless Pro after observing its functionality and
use. Additionally, participants offered suggestions for mitigating
risks and improving usability based on their observations during
the product demonstrations. Content analysis was conducted
on the data obtained from the FGIs [20,21]. Microsoft Excel
was used throughout the processes of data transcription, coding,
and thematic derivation.

Satisfaction Surveys
After the FGIs, satisfaction surveys for the Rebless Pro were
conducted to collect quantitative data. The satisfaction survey
consisted of 51 items on the ease of use of the UI (Cronbach
α=0.987) and 3 items on identifiability and understanding of
information (Cronbach α=0.617). The survey items were rated
on a 5-point Likert scale ranging from 1 (very difficult) to 5
(very easy). The difference in satisfaction between the physiatrist
group and the physical therapist group was analyzed using the
Mann-Whitney U test in SPSS (version 25; IBM Corp). The
satisfaction survey results are presented as means and SDs for
each item by group (Multimedia Appendices 3 and 4).

Results

Participant Characteristics
In the physiatrist group, clinical experience ranged from 1 year
and 3 months to 2 years and 3 months. Experience in using
similar medical devices ranged from 3 months to more than 1
year. In the physical therapist group, clinical experience ranged
from 7 to 28 years, and experience using similar medical devices
was more than 1 year for all members (Table 1). All members
of both groups had experience using electrically powered
orthopedic exercisers, such as MOTOmed (RECK-Technik
GmbH) and other CPM devices, but all were using the Rebless
Pro for the first time.
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Table . General participant characteristics.

Similar medical de-
vice

Experience using
similar medical de-
vices

OccupationExperienceAge (years)SexNumber

MOTOmed1 yr, >once a dayPhysiatrist2 yr 3 mo29Female1

CPMa device1 mo, once a dayPhysiatrist2 yr 3 mo27Female2

MOTOmed6 mo, once a dayPhysiatrist2 yr 3 mo26Male3

MOTOmed4 mo, once a dayPhysiatrist1 yr 3 mo28Female4

MOTOmed3 mo, twice a dayPhysiatrist1 yr 3 mo25Male5

MOTOmed1 yr, 3 times a dayPhysical therapist28 yr 10 mo51Female6

MOTOmed1 yr, once a dayPhysical therapist14 yr40Male7

MOTOmed1 yr, once a dayPhysical therapist9 yr 10 mo36Female8

MOTOmed1 yr, once a dayPhysical therapist9 yr 6 mo32Female9

MOTOmed, CPM
device

1 yr, 3 times a dayPhysical therapist7 yr 3 mo29Female10

aCPM: continuous passive motion.

FGI Results
The FGIs revealed 3 key factors and 7 subfactors representing
possible improvements to the Rebless Pro. The three key factors

were as follows: (1) product upgrades to ensure safety, (2)
hardware and software improvements for convenience of use,
and (3) improvement of the manual for better identifiability and
understanding of the information (Table 2).

Table . Outcome of content analysis.

Suggested solutionFactor

1. Product upgrades to ensure safety • Improve the exterior
• Fasten the device to the table
• Adjust the motor for exercise speed and resistance

2. Improvements for convenience of use • Improve the hardware user interface
• Improve the software user interface

3. Improvement to the manual for better identifiability and understanding
of the information

• Input details about the intended patient group and medical indications
• Input details about device use and operation

Product Upgrades to Ensure Safety
The participants prioritized patient safety and suggested the
following potential risks of and improvements to the Rebless
Pro:

The device should be fastened to the table, but force
applied by the therapist should allow it to slide or
move.

The exterior requires improvement as the device has
a complex structure and accidents may be caused
through items getting caught on its exterior.

The device should be secured using an anti-slip pad.

Patients may complain of pain because the speed of
the basic exercise may be too fast. The initial position
angle should be adjusted while the device is being
fitted.

Movement speed needs to be more finely adjusted.
The operating exercise speed should be shown on the
controller display.

The basic resistance intensity of the device may be
too high for the patient to counteract.

There is a high likelihood of errors occurring during
ROM measurement, and measurement range errors
may occur.

Hardware and Software Improvements for
Convenience of Use
For user convenience and ease of use, the following hardware
and software improvements to the Rebless Pro were suggested:

The power (on, off) button should be repositioned.

The emergency stop button should be repositioned,
and separate buttons should be provided for the
patient and therapist.

The material of the fastening strap where the device
is secured to the patient should be changed.

Noise from the motor may interfere with the treatment
of other patients. The motor noise should be adjusted.
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As this device is provided to the patient by medical
staff, the wording of the instructions should be
improved to make it easier for patients to understand
(instead of using medical terminology).

The information about intensity and stiffness
sensitivity is provided only in the manual. It is
cumbersome to have to refer to the manual while
using the device.

A pop-up window with a summary of each function
should be added to the controller display.

Control icons, such as up and down arrows, should
be presented more clearly on the display.

Improvement of the Manual for Better Identifiability
and Understanding of the Information
Participants suggested the following improvements to the
Rebless Pro manual to allow better identifiability and
understanding of information by users:

Detailed information about the contraindications for
intended patient groups, stages of life and age groups,
specific criteria for applicable patients, and the
patient’s position when fitting the device should be
provided.

With respect to use of the device, calf/thigh
measurement criteria, exercise intensity criteria based
on Manual Muscle Test or Modified Ashworth Scale
standards, and clear exercise speed criteria should
be provided.

Satisfaction Survey Results
To identify the difference in satisfaction between physiatrists
and physical therapists, a Mann-Whitney U test was conducted.
When comparing the overall ease of use of the UI, the
satisfaction of the physiatrists (mean score 4.463, SD 0.298)
was higher than that of the physical therapists (mean score
4.114, SD 0.829), but this was not a statistically significant
difference (U=10.000; Z=−0.522; P=.69). In addition, when
comparing the overall information identifiability, the satisfaction
of the physiatrists (mean score 4.467, SD 0.506) was higher
than that of the physical therapists (mean score 3.733, SD
0.894), but this was not a statistically significant difference
(U=6.000; Z=−1.375; P=.22).

Discussion

Principal Results
A formative evaluation is a usability evaluation performed to
improve the design of a medical device under development. To
gain qualitative and quantitative insights into the course of the
development of the Rebless Pro, an electrically powered
orthopedic exerciser, we conducted a formative evaluation. This
was achieved using FGIs and satisfaction surveys with
rehabilitation medicine professionals who had experience using
other electrically powered orthopedic exercisers.

FGIs enable individuals to freely express their own experiences
and engage in discussions using not only their own knowledge
but that of others, thereby providing diverse perspectives and

detailed information on a specific topic [17]. Moreover, FGIs
are used to identify and analyze expert responses as experts
share information and experience in using a particular product
or service. Therefore, FGI findings may be used to develop or
improve products and services [22].

Motorized medical devices can cause unintended movements
by the patient or user, potentially leading to discomfort or injury
[23]. Because the operator of the Rebless Pro is a medical
professional and the user is a patient, the participants in this
study prioritized patient safety and presented opinions on
improvement of the exterior structure of the device and upgrades
to the device fastening method, exercise speed, and resistance
strength. These points suggest that patient and operator safety
is crucial when designing a rehabilitation device and that the
product should be upgraded to ensure safety.

A previous study concluded that devices using robotic
technology should be equipped with at least one emergency
stop button that is easily accessible to the user [24], and another
study reported that an emergency stop system should be installed
to prioritize user and patient safety in the event of device
malfunction or user error [12]. On the basis of their own
experience using similar medical devices and the product
demonstration, the participants in our study indicated the need
for the emergency button to be redesigned and repositioned so
that it would be more visible and easily accessible to medical
staff or patients in the event of an emergency. Consequently,
we determined that the emergency stop system of a medical
device has a direct impact on the ability to prevent device
malfunction and that it plays an important role in ensuring
device safety and efficacy.

The Rebless Pro is a novel device currently under research,
meaning that all users, including medical staff and patients, can
be considered novices in its operation. As the device is primarily
operated by medical staff but worn by patients, it is crucial that
the UI design and user manual prioritize intuitiveness and
accessibility. This ensures that both medical staff and patients
can easily learn to operate the device. Consistent with previous
findings, simple terms should be used in the manual to facilitate
quick and accurate operation, allowing users to interact with
the device intuitively and consistently [25].

From an ergonomic perspective, the medical device design
should consider not only convenience and usability but also the
prevention of possible injuries caused by repeated strain and
the physical defects of individual people [26]. The key to CPM
devices is their ability to deliver the same movement as the
actual human body through human lower-extremity ROM and
accurate alignment [27]. As in previous studies, marking the
joint ROM and axes on the surface of the medical device was
suggested in this study as an area of improvement for electrically
powered orthopedic exercisers, considering the individual
physical factors of each patient.

The user manual of a medical device is important not only for
usability but also for identifying and understanding information
[28]. The user manual explains device operation, maintenance,
and troubleshooting, which can potentially affect patient safety
[29]. The participants in this study also requested specific
information regarding specific operating standards and clear
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information about the intended patient groups, including
contraindications and applicable age. Based on previous and
the present studies, the development of a high-quality user
manual is essential for the effective use of the device.

The high average scores (≥4) for ease of use of the UI were
likely influenced by the fact that participants assessed the device
during a controlled product demonstration rather than real
clinical use. The findings also showed that the mean satisfaction
for information identifiability and understanding of information
were lower in the physical therapist group than in the physiatrist
group. In rehabilitation medicine, physiatrists and physical
therapists form a collaborative, multidisciplinary team; however,
physiatrists are responsible for establishing the overall treatment
plan, whereas physical therapists specialize in assessing motor
problems and providing rehabilitation training [30-32]. The
satisfaction scores may have been lower for physical therapists
than for physiatrists because the physical therapists assigned
scores for identification and understanding of the Rebless Pro
on the basis of their own experience. These findings confirm
that when developing a medical device, the intended users
should be clearly defined so that they can satisfy the information
identifiability and understanding requirements.

Because continuous formative evaluations of improved medical
devices are important to ensure their efficacy [33], repeated
formative evaluations are required for the commercialization
of our high-quality electrically powered orthopedic exerciser.
Improving the UI to reduce errors that may cause serious harm
is recommended to enhance device efficacy and safety.

Limitations
Owing to the nature of rehabilitation devices, both medical staff
who operate the device and patients who receive therapy are

considered users. However, this study focused on evaluating
the usability of the Rebless Pro prototype from the perspective
of rehabilitation professionals, specifically examining tasks
performed by medical staff, such as operating the tablet-based
controller and assisting patients in wearing the device. Although
we did not include patients as direct participants, we obtained
valuable insights from health care professionals specializing in
rehabilitation medicine, including perspectives from the patient’s
viewpoint during the evaluation process. Also, standardized
tools such as the System Usability Scale were not used for
quantitative data collection in this study. To ensure further
refinement of the device through iterative formative evaluations,
future studies should incorporate standardized tools to collect
quantitative data.

Conclusions
If improvements are made to the safety of the electrically
powered orthopedic exerciser, the identifiability and
comprehensibility of information related to it, and its ease of
use based on identified risk factors and areas for UI
enhancement, the device can be refined to better meet user
needs. This study primarily identified physiatrists and physical
therapists as key user groups for evaluating the electrically
powered orthopedic exerciser, given their expertise in device
operation and patient safety. Future evaluations should further
integrate patient feedback to ensure usability and safety from
both clinical and end-user perspectives. Iterative formative
evaluations involving these specific user groups, alongside the
systematic implementation of necessary modifications, will
facilitate a summative evaluation of the final product. These
efforts are expected to contribute to the commercialization of
an electrically powered orthopedic exerciser that prioritizes both
safety and usability for its intended users.
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Abstract

Background: Within the surgical field, there has been an evolution in the application of robotic technology. Fully automatic
robotic systems and augmented visualization tools are being introduced and may eventually replace existing surgical extenders
such as the da Vinci surgical system. The literature on public perception of robotic surgery is growing, though specific drivers
of these attitudes remain under investigation.

Objective: The aim of this study is to investigate the underlying motivators of public perceptions toward robotic surgeries with
varying levels of autonomy through a formal technology acceptance model.

Methods: An online survey was distributed via the Amazon Mechanical Turk platform. Survey participants were provided
definitions of a continuum of robotic technologies: robotic surgical extenders (technology without independent actions),
semiautonomous robotic surgery (technology that provides guidance to the surgeon and requires surgeon input), and fully
autonomous robotic surgery (technology that performs tasks autonomously without direct human interaction). The survey assessed
overall attitudes toward each application of robotic technology in surgery and included questions delineating specific receptivity
based on (1) perceived usefulness, (2) social risk, (3) time risk, (4) personal risk, and (5) reliability. A technology acceptance
model was built to identify associations between these factors and overall attitudes toward robotic and semiautonomous surgeries.

Results: A total of 1221 survey responses were recorded (mean age 38, SD 12 y; females: n=635, 52%). Individuals were more
willing to accept robotic surgical extenders and semiautonomous robotic surgery compared to autonomous robotic surgery. Higher
levels of education and better self-reported health were correlated with more positive attitudes toward autonomous robotic surgery.
Perceptions of these technologies were not associated with age, gender, or income. Overall, attitudes toward robotic technologies
in surgery were driven by views on the reliability, safety, and efficiency of the procedures. There was less concern regarding time
risk and social risk associated with robotic and semirobotic surgeries.

Conclusions: The public is more accepting of semiautonomous surgery and surgical extenders than fully autonomous surgery.
General perceptions of the reliability, safety, and efficiency of these technologies drive variations in attitude. Time and social
risk do not appear to have a significant impact on receptivity. Understanding these perspectives can help guide education within
an advancing surgical field.

(JMIR Hum Factors 2025;12:e64224)   doi:10.2196/64224

KEYWORDS

perception; robotic surgery; semiautonomous robotic surgery; surgical extenders; safety; reliability; structural equation model;
technology; acceptance; model; public; perceptions; cross-sectional; web-based; assessment; robot-assisted; surgery; robot; robotic
technology; medical care

Introduction

Applications of robotic and artificial intelligence technologies
in surgery are rapidly developing [1-6]. The predominant robotic
surgical technology currently available is surgical extenders
such as the da Vinci (Intuitive)—these robotic technologies
move only in response to surgeon input and provide
nonaugmented visualization to the surgeon. Following surgical

extenders, several semiautonomous systems have emerged in
various surgical fields. At present, these technologies generally
involve the incorporation of image guidance or augmented
reality to identify anatomic structures and navigate an operative
field [7,8]. Within orthopedics, semiautonomous systems are
being used for improved hardware placement during spine
surgery and hip surgery [9-13]. Looking further, researchers
have developed fully autonomous robotic systems capable of
performing tasks such as cochlear implantation [14-16] and
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laparoscopic bowel anastomosis [17,18]. Although not yet
commercially available, these systems may emerge as standard
complements to the surgical workflow.

Despite the promising developments within robotic surgery
technologies, there remain social, financial, and regulatory
barriers to these systems becoming commonplace. One obstacle
is a nascent understanding of the public’s perception and
tolerance of these technologies. Currently available robotic
systems have been shown to improve operating room efficiency
and surgical planning [19-23], and the public’s attitudes toward
these technologies continue to evolve. There is a growing body
of research investigating the relationship between
sociodemographic factors and views on autonomous
technologies within medicine [24,25]. However, the underlying
drivers of these perceptions are not fully explored. Given the
growing prevalence of autonomous and semiautonomous
technologies in our day-to-day lives, we sought to investigate
the public’s perspectives of the spectrum of robotic systems in
surgery. Using a technology acceptance model, we investigate
the public’s attitudes, and drivers of those attitudes, toward a
range of robotic surgery technologies.

Methods

Ethical Considerations
This study was reviewed and approved by the Johns Hopkins
institutional review board (IRB00267594). A survey was
designed on Qualtrics (Qualtrics LLC) and distributed through
Amazon Mechanical Turk (MTurk) in October 2020
(Multimedia Appendix 1). MTurk is a crowdsourcing platform
that allows individuals to complete assignments online in an
anonymous fashion. All study data were deidentified after
collection was complete. A US $0.25 compensation was
provided for those who completed the survey and correctly
answered all attention check questions.

Participant Recruitment
Respondents were included if they were over 18 years of age
and a US resident. The survey included multiple attention check
questions to ensure active engagement (eg, “Please select the
number 3”). Respondents were excluded if their primary
language was not English or if they failed to answer attention
check questions correctly. We do not have data on the number
of people who viewed but elected not to partake in the survey;
therefore, we cannot calculate traditional participation rates.
The completion rate of those who started the survey was 97.2%.

Survey Instrument
The survey instrument was designed to assess perceptions and
attitudes toward applications of robotic technology in surgery.
Each survey started by providing the participant with definitions
of 3 levels of robotic technology in surgery:

• Robotic surgical extenders: robot controlled via surgeon,
does not perform actions independently without the input
of the surgeon.

• Semiautonomous robotic surgery: provides guidance to
surgeon based on a patient’s information. The robot does
not perform actions independently without surgeon input.

• Autonomous robotic surgery: operates and performs tasks
on its own, without direct interaction with the surgeon.

Questions in the survey were adopted from previously validated
surveys assessing acceptance of technology [26-28].
Respondents rated statements on a 7-point Likert scale from
“strongly disagree” to “strongly agree.” Higher scores indicated
a more positive or favorable opinion toward the technology
being assessed. A respondent’s overall attitude (A) was
interrogated directly via questions in the survey. Further
questions were designed to assess one of the following latent
variables:

• Perceived usefulness (PU): The ability for robotic
technology to improve the care that one receives in surgery.

• Social risk (SR): The possibility that using robotic
technology in surgery would lead to disapproval from one’s
friends, family, or social group.

• Time risk (TR): The loss of time and inconvenience that
would result from the use of robotic technology in surgery.

• Personal risk (PR): The physical safety of robotic
technology in surgery.

• Reliability (R): The ability of robotic technology in surgery
to work reliably over time.

Each latent variable was evaluated by multiple questions,
abbreviated by the question number and the latent variable
assessed (eg, PU1 and PU2 were the two questions assessing
perceived usefulness). All questions were completed for each
application of robotic technology in surgery (ie, each latent
variable was assessed for robotic surgical extenders,
semiautonomous robotic surgery, and autonomous robotic
surgery). The relationship between the latent variables and the
overall attitude was determined with structural equation models
(SEMs) based on the technology acceptance model [29] and
theory of planned behavior [30,31]. Participants were also asked
to rate their personal comfort and trust with technology, as well
as their own health on a 5-point Likert scale. Demographic data
of each respondent were also collected. The survey instrument
is included in the Multimedia Appendix 1.

Data Analysis
Descriptive analyses, including frequency distribution and
central tendency, were performed to illustrate the demographic
characteristics and participants’ questionnaire responses.
Participant education and self-perceived health levels were
further stratified into quartiles. ANOVA, t tests, and Pearson
correlation coefficient were used to compare participants’
attitudes and intentions among the surgical extender types, as
well as differences in viewpoints among demographic variables.

Confirmatory factor analysis was used to measure the
relationship between the measured variables (question
responses) and the latent variables (key factors) through factor
loading. Multiple SEMs were built to identify associations
between the latent variables and overall attitude. Standard
regression coefficients calculated by the model represent the
ability of our survey questions to capture data on its latent
variable. The assumption of multivariate normality was assessed
and confirmed with skewness and kurtosis tests. Cronbach α
was computed for each key factor to determine the internal
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consistency of the research construct. Values of >0.7 indicate
high reliability, between 0.5 and 0.7 indicate moderate
reliability, and <0.5 indicate low reliability [32].

Root mean square error of approximation and Χ2 tests were
used to measure the discrepancy between the model-based and
observed correlation matrices. The final structural model was
built and standard regression coefficients were calculated. Data
analyses were performed with R (version 4.1.2; R Foundation
for Statistical Computing), with SEM calculations performed

using the lavaan package. All α levels and error probabilities
were set at the standard .05 level.

Results

Background Characteristics
A total of 1221 surveys were included for analysis. The mean
age of participants was 37.7 (SD 12.1) years. Females made up
51.7% (n=631) of respondents, and the majority (n=940, 77%)
were White. Full demographics are listed in Table 1.

Table . Participant sociodemographics and personal health ratings.

ValuesCharacteristics

37.7 (12.1)Age (years), mean (SD)

Gender, n (%)

580 (47.5)Male

631 (51.7)Female

10 (0.8)Nonbinary

Race/ethnicity, n (%)

940 (77)White

124 (10.2)African/African American

37 (3)American Indian/Alaska Native

91 (7.5)Asian

29 (2.4)Other

Highest level of education, n (%)

78 (6.4)High school graduate or less

226 (18.5)Some college

671 (55)College degree

246 (20.1)Advanced degree (Master’s, PhD, MD, etc)

Personal rating of health, n (%)

266 (21.8)Excellent

533 (43.7)Very good

334 (27.4)Good

73 (6)Fair

15 (1.2)Poor

Sociodemographic Associations
The surveyed cohort expressed more positive attitudes toward
robotic surgical extenders and semiautonomous robotic surgery
compared to autonomous robotic surgery (Figure 1). There was
no significant correlation between age and attitude toward
robotic surgical extenders (r=0.024, 95% CI −0.032 to 0.080),
semiautonomous robotic surgery (r=0.017, 95% CI −0.039 to
0.073), or autonomous robotic surgery (r=−0.0124, 95% CI

−0.069 to 0.044). Similarly, there was no significant correlation
between gender and race relative to attitude toward all
applications of robotic technologies in surgery. There was a
positive correlation between comfort with technology and
overall attitudes for robotic surgical extenders (r=0.090, 95%
CI 0.034 to 0.145), semiautonomous robotic surgery (r=0.088,
95% CI 0.032 to 0.143), and autonomous robotic surgery
(r=0.118, 95% CI 0.062 to 0.173).
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Figure 1. Comparison of overall attitudes toward different applications of robotic technology in surgery. ***P<.001.

Attitudes toward robotic surgical extenders (P=.24) and
semiautonomous robotic surgery (P=.57) did not vary based on
level of education. However, respondents with higher levels of
education did have more positive attitudes toward autonomous
robotic surgery (P<.001, Figure 2). Similarly, there was no
significant difference in attitudes toward robotic surgical
extenders (P=.60) and semiautonomous robotic surgery (P=.29)

across all levels of personal ratings of health. Those with higher
ratings of health held more favorable attitudes toward
autonomous robotic surgery (P=.003, Figure 3). There was no
significant difference in attitudes toward all applications of
robotic technology between individuals with or without a
surgical history (all P>.05).

Figure 2. Relationships between education and overall attitudes toward different applications of robotic technology in surgery.
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Figure 3. Relationships between personal ratings of health and overall attitudes toward different applications of robotic technology in surgery.

Technology Acceptance Model
An SEM was built to explore the relationships between the
latent variables (PU, SR, TR, PR, and R) and overall attitude
(Figure 4). The correlation between survey questions for each
latent variable was calculated using Cronbach α (Table 2). The
low coefficient magnitude (SR1: 0.06, SR2: 0.22) combined
with the lack of statistical significance suggest that the concept

of “social risk” was poorly characterized by our survey
questions. Attitudes toward robotic technologies in surgery were
predicted by TR (β=0.71, P<.05), PR (β=0.61, P<.05), and R
(β=0.53, P<.05). Together, these variables explain 62% of the

variance of attitudes (R2=0.62, coefficient of determination).
SR (β=−0.01, P>.05) and PU (β=−0.33, P>.05) did not
significantly affect attitude.

Figure 4. Results of structural equation modeling analysis. A: attitude; PR: personal risk; PU: perceived usefulness; R: reliability; SR: social risk; TR:
time risk. *P<.05.
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Table . Cronbach α of the survey questions assessing the included latent variables (perceived usefulness, social risk, time risk, personal risk, reliability)
and overall attitude.

TotalAutonomousSemiautonomousRobotic surgical extenders

0.590.260.460.81Perceived usefulness

0.020.150.090.01Social risk

0.750.680.80.76Time risk

0.220.340.160.01Personal risk

0.260.380.280.24Reliability

0.630.450.520.46Attitude

Discussion

Principal Findings
Implementation of robotic technology in the operating room
setting has the potential to improve the delivery of health care.
From a surgeon’s perspective, the technical benefits of robotic
surgery include improved visualization, better maneuverability,
and favorable ergonomics [33,34]. As automated technologies
become increasingly integrated into medicine, there has been a
growing body of literature on how the public perceives the
continuum of robotic procedures [35]. Palmisciano et al [19]
found that patients are more favorable toward the use of
autonomous technology in noninvasive applications, such as
operative planning and preoperative imaging, compared to
surgical procedures. In our study, we similarly found that the
public is more open to surgical extenders and semiautonomous
technologies than fully autonomous systems. Based on our
technology acceptance model, the differences in these attitudes
appear to be driven primarily by concerns involving safety and
reliability, more so than social pressures or apprehension about
the usefulness of the technologies. These findings may help
guide efforts in patient education as these robotic systems
become more commonplace in surgery.

Sociodemographic Correlations
Our study found that individuals with higher levels of education,
as well as those with higher personal ratings of health, tend to
be more receptive toward fully autonomous surgeries. Education
has been well-studied within the technology acceptance model;
numerous investigations have demonstrated increased
acceptance and utilization of technology among those with
secondary or tertiary degrees [36-38]. Werner et al [39] have
postulated that this is associated with a relative increase in
access to and familiarity with new technologies, while Chen et
al [40] have noted that these cohorts are more self-efficacious
and may have less technology-related anxiety. From a health
perspective, we found that participants with poorer self-ratings
of health were associated with a more negative attitude toward
fully robotic surgeries. This finding is congruent with studies
investigating patterns of use of mobile health devices; for
example, Chandrasekaran et al [41] showed that healthier
patients are more likely to adopt new health care–associated
technology [42]. However, these associations are complex and
likely depend on the specific technology in question. Further
study is necessary to elucidate the complicated relationship

between the perceived health and technology acceptance of
surgical patients.

Interestingly, we did not find a correlation between age and
attitude toward fully autonomous surgeries. Recent studies
investigating technology acceptance within aging populations,
such as in Japan and South Korea, have similarly demonstrated
a positive perception of robotic technology in an older cohort
[43,44]. This is in part driven by the growing ubiquity of
semiautonomous technology within day-to-day life, which
increases familiarity, builds trust, and changes beliefs and
attitudes toward new technology [45].

Drivers of Public Perception
In investigating the drivers of overall patient attitude toward
robotic surgeries, we found that risk to patient, reliability of
technology, and perceived time risk were the primary concerns.
There was less consideration for usefulness or social risk. These
results are similar to those found in the autonomous automobile
industry [46,47] and for assistive technology in patients
undergoing physical rehabilitation [48]. Other studies have also
found that apprehension toward adoption of robotic surgeries
is driven by fears of equipment error or malfunction [34,49].
The evolution of attitudes toward autonomous driving may be
particularly informative. Studies in this space suggest that
increased system transparency, which refers to improved user
understanding of the operational predictability, is positively
associated with acceptance of the technology [46]. Within
surgery, an increase in system transparency may begin with
addressing misconceptions about these robotic surgical
technologies. The colloquial definition and usage of the term
“robot” tends to imply a programmable machine that can
replicate the actions of a person. For those not familiar with
robotic technology in health care, the nuances of its uses may
not be readily obvious. In 2016, Boys et al [34] published a
survey-based study specifically investigating the perceptions
of robotic surgical extenders; interestingly, 21% of their 747
respondents believed that robotic surgical extenders had
autonomous function during surgery. To address these
misconceptions, the creation of accessible patient education
materials, specifically focusing on reliability, safety, and
efficiency, may be the best way to impact overall attitudes
toward robotic technologies in surgery.

Limitations
There are several limitations to this study. First, while questions
in our instrument had been previously validated [26-28], the
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consistency of responses related to the latent variables,
specifically the social risk, was lower than expected. This may
reflect inherent difficulty in summarizing a broad variable within
2‐3 questions, particularly within health care. However, the
drivers of patient attitude that our group identified are similar
to those implicated in other areas with a growing autonomous
technological presence, including online banking and
self-driving cars [26,27,50]. This concordance is reassuring and
suggestive of a similar pattern of technological acceptance
between fields. Second, we understand that there may be a slight
selection bias in the population sampled, as we used an online
survey platform, which may have a younger and more
technologically savvy population compared to the prototypical
patient. However, it is notable that the mean age of patients
undergoing the most common robotic procedure in the United
States is around 41.5 years, consistent with our survey
population. The racial and ethnic breakdown of patients
undergoing robotic surgeries is similar to our survey cohort
[51]. Additionally, prior studies have also shown that the
Amazon MTurk survey results are comparable to those collected

by more traditional methods [52-54]. Third, our survey was not
able to capture additional socioeconomic variables, such as
income or employment status, which may be hidden confounders
of our findings. To address some of these limitations, future
studies will include an in-person investigation into treatment
decision-making and patient preference within robotic surgeries.

Conclusion
Current public perception toward surgical extenders and
semiautonomous robotic surgery is more positive than that
toward autonomous robotic surgery. Overall attitudes appear
to be driven by concerns about the reliability, safety, and
efficiency of these technologies. As robotic technologies emerge
and continue to evolve within surgery, these findings can inform
efforts in directed education. Comprehensive preoperative
discussions targeted at the reliability and efficacy—rather than
the usefulness or social risk—of these technologies may be
more impactful. However, further work is needed in exploring
potential obstacles to implementation of robotic systems within
surgical practices.
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Abstract

Background: Malaysia, an upper middle-income country in the Asia-Pacific region, has an HIV epidemic that has transitioned
from needle sharing to sexual transmission, mainly in men who have sex with men (MSM). MSM are the most vulnerable
population for HIV in Malaysia. In 2022, our team developed a web-based artificial intelligence (AI) chatbot and tested its
feasibility and acceptability among MSM in Malaysia to promote HIV testing. To enhance the usability of the AI chatbot, we
made it accessible to the public through the website called MYHIV365 and tested it in an observational study.

Objective: This study aimed to test the usability of an AI chatbot in promoting HIV testing among MSM living in Malaysia.

Methods: This observational study was conducted from August 2023 to March 2024 among 334 MSM. Participants were
recruited through community outreach and social-networking apps using flyers. The interactions between participants and the AI
chatbot were documented and retrieved from the chatbot developer’s platform. Data were analyzed following a predefined metrics
using R software (Posit Software, PBC).

Results: The AI chatbot interacted with 334 participants, assisting them in receiving free HIV self-testing kits, offering information
on HIV, pre-exposure prophylaxis (PrEP), and mental health, and providing details of 220 MSM-friendly clinics, including their
addresses, phone numbers, and operating hours. After the study, 393 human-chatbot interactions were documented on the chatbot
developer’s platform. Most participants (304/334, 91.0%) interacted with the AI chatbot once, 30 (9.0%) engaged 2 or more times
at different intervals. Participants’ interaction time with the chatbot varied, ranging from 1 to 31 minutes. The AI chatbot properly
addressed most participants’ questions (362/393, 92.1%) about HIV and PrEP. However, in 31 interactions, participants posed
additional questions to the chatbot that were not programmed into the chatbot algorithms, resulting in unanswered interactions.

Conclusions: The web-based AI chatbot demonstrated high usability in delivering HIV self-testing kits and providing clinical
information on HIV testing, PrEP, and mental health services. To enhance its usability in community and clinical settings, the
chatbot must offer personalized health information and precise interaction, powered by sophisticated machine learning algorithms.
In addition, establishing an effective connection between the AI chatbot and health care systems to eliminate stigma and
discrimination toward MSM is crucial for the future implementation of AI chatbots.

(JMIR Hum Factors 2025;12:e70034)   doi:10.2196/70034

KEYWORDS

artificial intelligence; chatbot; feasibility; HIV prevention; HIV testing; men who have sex with men; MSM; mHealth; pre-exposure
prophylaxis; PrEP; usability; mobile health

Introduction

Men who have sex with men (MSM) are the most vulnerable
population for HIV globally, accounting for 44% of new HIV
cases in the Asia-Pacific region [1]. Malaysia, an upper
middle-income country in this region, is experiencing one of

the fastest growing HIV epidemics in MSM [2,3], characterized
by a shift from needle sharing to sexual transmission [4]. The
vulnerability of MSM to HIV is associated with various factors,
including the stigma and discrimination against HIV and
same-sex sexual behaviors [3,5,6]. In Malaysia, same-sex sexual
behaviors are criminalized by both secular and Shariah law
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[3,7], and discrimination against MSM has extended to clinical
settings in physicians and medical students [5]. As a result,
MSM in Malaysia must navigate through individual, clinical,
and policy barriers that perpetuate stigma and discrimination
to minimally access HIV-prevention services, including HIV
testing and pre-exposure prophylaxis (PrEP). To increase access
to quality HIV-prevention services where stigma and
discrimination against MSM persist, leveraging cutting-edge
technologies is crucial for developing culturally tailored
interventions. Therefore, we propose using an artificial
intelligence (AI) chatbot to promote HIV testing and PrEP
uptake in Malaysia, aiming to counteract the discriminatory
environment MSM face and increase their likelihood of
accessing high-quality health care.

An AI chatbot is a software technology embedded with machine
learning algorithms that can simulate human conversations
through text or voice interactions [8]. Since the emergence of
ChatGPT (OpenAI Inc), the world has witnessed the popularity
of AI chatbot use. In the literature, numerous studies have
discussed the potential of AI chatbots in promoting the
efficiency of health care and improving people’s access to
quality health care services [8]. In the health care industry,
however, evidence of testing AI chatbots is urgently needed for
guiding the future research and implementation of AI chatbot
technology to complement current health care systems,
particularly in countries and regions where certain vulnerable
populations have limited access to high-quality nonstigmatizing
health care services. Studying innovative technologies, such as
AI, machine learning, and chatbots, is essential because a major
barrier to the implementation of conventional digital health
interventions in community and clinical settings is that they
often require high-intensity and sustained human inputs,
management, and maintenance [8-10]. As AI technology
advances, AI chatbot–powered digital interventions are poised
to overcome the barrier as they simplify the process of obtaining
responses by eliminating the need for users to manually sift
through search results as required in web-based searches [8] or
navigating complex app interfaces among various app features.
With advancements in the AI chatbot algorithms, the search for
health information is likely to evolve into a streamlined Q&A
process in the future.

AI chatbots applied in health care, however, must be
sophisticated enough to provide precise and personalized
information and update their responses based on users’ inputs
without human interventions. This feature is particularly
important and promising in intensively busy health care systems,

where a significant amount of human labor has traditionally
been required to provide health care services regularly and
manually. The development and implementation of AI chatbots
in health care is still in its early stages. Our team has been
conducting research on AI chatbots since 2020, and we have
created an AI chatbot and tested its feasibility and acceptability
for promoting HIV testing among MSM in Malaysia. We found
that such an AI chatbot is acceptable by MSM [3,6]. To further
enhance the algorithms and features of the AI chatbot, it is
essential to test its usability among a large number of end-users
using predefined metrics. Therefore, we conducted this
observational study to evaluate the usability of our AI chatbot
for promoting HIV testing among MSM in Malaysia.

Methods

Study Design and Participants
The AI chatbot was created and embedded into the website
MYHIV365.com. The description of the chatbot and the website
has been published elsewhere [6]. In this study, participants
were recruited from August 28, 2023, to March 9, 2024, through
community outreach and social-networking apps. Three research
assistants in Kuala Lumpur, Malaysia, distributed recruitment
flyers to MSM-friendly clinics and nonprofit organizations.
They also posted the flyers on social-networking apps commonly
used by MSM in Malaysia, including WhatsApp, Twitter,
Telegram, Facebook, TikTok, Grindr, and Instagram. The
eligibility criteria for participants include: (1) aged 18 years or
older, (2) able to speak and read Bahasa Malaysia or English,
and (3) self-identified as MSM. Participants who reside outside
Malaysia were excluded because this study aimed to create an
AI chatbot that is culturally tailored for MSM living in Malaysia.
We recruited 334 participants, who generated 393 interactions
with the AI chatbot. An interaction was defined as a contact
initiated by a user with the chatbot.

The 3 research assistants collected research data on
human-chatbot interactions through the AI chatbot developer’s
platform using predefined metrics (Table 1), including
satisfaction, recommendation score, number of speech bubbles
in each interaction, unanswered questions, interaction time,
topic selection, HIV self-testing kit order, depression screening,
and clinic searching. A speech bubble was defined as a unit of
conversation, which is a visual element commonly used in chat
interfaces to represent a chatbot’s or user’s inputs. For instance,
if a user accessed the AI chatbot once and asked 10 questions,
then there would be 1 interaction and 10 speech bubbles.
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Table . The chatbot usability metrics.

Data typeDescriptionMetrics

Satisfaction with the chatbot

OrdinalDo you think this chatbot is useful? “Thumb up”
or “Thumb down”

Satisfaction level

CategoricalThe frequency with which the chatbot evaluates
participants’ satisfaction level.

Frequency of the satisfaction evaluation

Numerical (discrete)“How likely are you to recommend this chatbot
to others?” On the scale, 0 stands for extremely
unlikely, and 10 stands for extremely likely.

Recommendation score

Numerical

(discrete)

A speech bubble is a visual element commonly
used in chat interfaces to represent a chatbot’s
or user’s inputs. Higher counts of speech bubbles
reflect greater levels of engagement.

Number of speech bubbles

Unanswered questions

String (text data)Additional questions asked by participants that
were not included in the chatbot algorithms.

Additional questions asked by participants

CategoricalParticipant’s questions to which the chatbot re-
sponded with “I cannot understand your ques-
tion.”

Frequency of unanswered questions

Interaction time

Numerical (discrete)Total time duration of a human-chatbot interac-
tion.

Duration

CategoricalTotal number of contacts from each participant.
Higher frequencies reflect greater engagement
with the chatbot.

Contact frequency

CategoricalThe frequency of topic choices (ie, HIV testing,
PrEP, and mental health) selected by participants.

Topic selection

Numerical (discrete)The number of participants who ordered an HIV
self-testing kit.

HIV self-testing kit order

CategoricalThe frequency of screening depression using the
chatbot.

Depression screening

CategoricalThe frequency of searching for details of MSM-
friendly clinics, including their addresses, phone
numbers, and operating hours.

Clinic searching

Statistical Analyses
Descriptive statistics were calculated to summarize the variables
listed in the chatbot usability metrics. Categorical variables,
such as language used, satisfaction level, satisfaction evaluation,
unanswered questions, contact frequency, topic selection,
depression screening, and clinic searching were reported as
frequency (n) and percentage (%). Numerical variables including
recommendation score, number of speech bubbles, duration,
and HIV self-testing kit order were reported as mean and SD.
All analyses were performed using R (version 4.3.3) software
(Posit Software, PBC).

Ethical Considerations
This study received ethical approval from the Yale University
Institutional Review Board (Protocol ID: 2000030718) and the
Medical Research Ethics Committee of University of Malaya
Medical Centre. Participation was voluntary and data were
anonymized, thus no compensations were provided. Prior to
participation, all participants were provided with a Participant
Information Sheet detailing the study. Participants provided
electronic consent before beginning the study.

Results

As mentioned, we recruited 334 participants for this study
(Figure 1).
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Figure 1. The flowchart of participants' recruitment.

Language
In this study, 52.2% (205/393) of the interactions were in
English, 47.1% (185/393) were in Bahasa Malaysia, and 0.8%
(3/393) were in both languages.

Participants’ Satisfaction
The AI chatbot automatically and randomly assessed
participants’ satisfaction in 127 (32.3%) human-chatbot
interactions out of a total of 393. The frequency of evaluations
during a single interaction varied randomly; there were
occasions when the chatbot assessed participants’ satisfaction
multiple times but on different topics (eg, HIV testing, PrEP,

and mental health). Specifically, the frequency of satisfaction
evaluations about the usefulness of the information on HIV
testing, PrEP, and mental health was 53, 52, and 32,
respectively. We calculated all participants’ chatbot evaluations
using a scoring system where thumbs up were assigned a value
of +1 and thumbs down were assigned a value of −1, resulting
in a mean satisfaction score of 1.3 (SD 1.1) (Table 2). Out of
the 127 participants who evaluated the AI chatbot, only 14
(11%) provided negative “Thumbs down” feedback. The chatbot
randomly assessed the recommendation scores of 43 participants
(10.9%) using the Net Promoter Scale, yielding a mean score
of 8.4 (SD 2.3).
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Table . A summary of the human-chatbot interactions.

Interactions (N=393)Variables

Mean (SD)Value, n (%)

—aLanguage

205 (52.2)    English

185 (47.1)    Bahasa Malaysia

3 (0.8)    Both

1.3 (1.1)200 (100)Satisfaction levelb

185 (92.5)    Thumb up

15 (7.5)    Thumb down

—393Frequency of satisfaction evaluationc

266 (67.7)    0

77 (19.6)    1

38 (9.7)    2

7 (1.8)    3

3 (0.8)    4

1 (0.2)    6

1 (0.2)    8

8.4 (2.3)43 (10.9)Recommendation scored

14,262 (100)Number of speech bubbles

24.6 (14.7)9665 (67.8)    Chatbot

11.7 (8.4)4597 (32.2)    Participants

—31 (8%)Frequency of unanswered questions

25 (6.4)    1

6 (1.6)    2

—Duration (minutes)

21 (5.3)    < 1

303 (77.1)    1-5

42 (10.7)    6-10

27 (6.9)>10

—Contact frequencye

304 (91.0)    1

24 (7.2)    2

4 (1.2)    3

2 (0.6)    4

—Topic selectionf

313 (79.6)    HIV testing

101 (25.7)    PrEPg

49 (12.5)    Mental health

—260 (66.2)HIV self-testing kit order

13.4 (7.8)27 (6.9)Depression screening (PHQ-9)h

—93 (23.7)Clinic searching
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Interactions (N=393)Variables

Mean (SD)Value, n (%)

25 (5.9)    HIV testing

65 (16.5)    PrEP

16 (4.1)    Mental health

aNot applicable.
bIn the scoring system, thumb up was assigned as +1, and thumb down was -1.
cThe chatbot randomly evaluated 127 participants’ satisfaction score. In every evaluation, the chatbot may randomly assess more than one topic selected
from HIV testing, PrEP, and mental health.
dThe chatbot randomly evaluated 43 participants’ recommendation score.
eThe contact frequency of 334 participants.
fAmong the 393 interactions, some were related to more than one topic.
gPrEP: pre-exposure prophylaxis.
hPHQ-9: Patient Health Questionnaire-9.

Unanswerable Questions
The AI chatbot properly responded to 92% of participants’
questions that have already been embedded or trained in the
chatbot algorithms. However, in 31 human-chatbot interactions,
the AI chatbot failed to respond or provide information for
participants' questions. For example, a participant requested to
interact with an actual human agent through the AI chatbot, but
the AI chatbot failed to do so. Another example is that a user
inquired about the existence of NGO clinics in Sepang District,
Malaysia, but the AI chatbot failed to provide information.

Chat Bubble Count
We analyzed the number of speech bubbles generated during
the human-chatbot interactions. In total, the AI chatbot and
participants produced 9665 and 4597 speech bubbles,
respectively. On average, the AI chatbot produced 24.6 (SD
14.7) speech bubbles, ranging from 2 to 107, while users
contributed an average of 11.7 (SD 8.6) speech bubbles, with
a range of 1 to 71. Notably, when participants inquired about
all 3 topics (HIV testing, PrEP, and mental health), the number
of speech bubbles increased.

Duration of Human-Chatbot Interaction, Contact
Frequency, and Topics
The participants’ interaction time with the AI chatbot varied,
ranging from less than 1 minute to 31 minutes. Among the 393
interactions, 21 (5.3%) interacted with the AI chatbot for less
than 1 minute. A total of 303 (77.1%) interactions were
conducted over 1 minute to 5 minutes, while 42 (10.7%)
interactions took place between 6 to 10 minutes, and 27 (6.9%)
interactions extended beyond 10 minutes.

Most participants (91%) interacted with the AI chatbot only
once, while 24 (7.2%) engaged with the AI chatbot twice at
different times during the study. Four participants (1.2%)
interacted with the AI chatbot 3 times, and 2 participants (0.6%)
engaged with the AI chatbot 4 times during the study. The most
selected topics provided by the AI chatbot were HIV testing
(79.6%), followed by PrEP (25.7%) and mental health (12.5%).
In this study, 260 (66.2%) orders for HIV self-testing kits were
submitted.

Depression
Only 27 (6.9%) participants were assessed for depression, with
a mean Patient Health Questionnaire-9 (PHQ-9) score of 13.4
(SD 7.8). Based on the PHQ-9 scoring system, 6 participants
were identified as having mild depression, 2 as moderate, 2 as
moderately severe, and 8 as severely depressed.

Clinic Information
The AI chatbot provided participants with information on 3
types of clinics–HIV, PrEP, and mental health–including their
addresses, phone numbers, and operating hours. In the 393
interactions, 93 (23.7%) participants requested clinics’
information through the AI chatbot. Of the 393 interactions, 65
(16.5%) participants inquired about PrEP clinics, 25 (5.9%)
inquired about HIV testing clinics, and 16 (4.1%) requested
mental health counselors’ information.

Discussion

Principal Findings
Our AI chatbot has the capacity to reach a large number of
MSM, assisting them in receiving HIV self-testing kits and
providing them with information on MSM-friendly clinics to
facilitate access to services on HIV testing, PrEP, and mental
health. Among all chatbot features, offering free HIV self-testing
kits was the most popular, followed by inquiries about
MSM-friendly clinics’ information, including addresses, phone
numbers, and operating hours. The mean satisfaction score of
1.3 (SD 1.1) and mean recommendation score of 8.4 (SD 2.3)
reveal participants’ favorable view of our AI chatbot. This study
demonstrates that an AI chatbot embedded with culturally
tailored health services and information has the potential to
complement the current health care system by offering automatic
and algorithm-based educational materials, consulting services,
and free medical tools to facilitate and empower health care
consumers. However, a significant barrier to increasing the
usability of this AI chatbot is the lack of sophisticated algorithms
to facilitate precise and personalized interactions with
participants. For example, our AI chatbot showed limitations
in addressing questions that were relevant but not directly
embedded or trained in its algorithms. To integrate this AI
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chatbot into community and clinical settings that offer HIV
prevention services to MSM in Malaysia, its algorithms must
be improved by integrating more sophisticated AI algorithms
and by contextualizing it for specific settings. Without robust
algorithms, AI chatbots will not be able to fulfill their potential
to streamline processes and improve patient care. They will
only be able to undertake simple tasks, such as appointment
scheduling and prescription refill reminders, but will be
incapable of handling more complex tasks in real clinical
settings, including symptom checking, patient triage, mental
health support, and answering complex health queries [11]. Not
to mention providing empathetic consultation or building trust
with users. To develop sophisticated AI chatbot algorithms,
emerging techniques such as preference-based fine-tuning,
retrieval-augmented generation, and quantum machine learning
can enable researchers to build more dynamic, context-aware,
and customizable chatbots. These approaches warrant systematic
testing and incorporation into health care applications.

In addition to the fundamental role of technical sophistication
in supporting AI chatbots’ capacities, evidence from the
literature demonstrates that researchers worldwide have reached
a consensus that the primary factors influencing user
engagement with AI chatbots include privacy protection,
trustworthiness, and accuracy of information [3,8,11,12]. Despite
the promising future of integrating large language models into
chatbots as AI advances, testing the efficacy of AI chatbots in
HIV prevention and addressing associated ethical and practical
concerns remains inadequate [12]. So far, only a limited number
of studies have been conducted to evaluate the efficacy of AI
chatbots in HIV prevention. These studies are mainly focused
on high-income countries and regions, such as the United States,
Canada [13], and Hong Kong [14]. There is a scarcity of
evidence from low-income nations [15], and very few studies
have investigated the feasibility of leveraging AI chatbots to
facilitate self-management among people living with HIV [13].
In addition, research comparing the effectiveness of AI chatbots
with conventional digital tools, such as short message service
(SMS) and mobile apps, remains limited. This gap underscores
the importance of conducting this study in Malaysia, as it will
provide essential user feedback to enhance our AI chatbot before
future efficacy testing against other digital health interventions.

Given that the ChatGPT-4 omni (ChatGPT-4o) has robust and
sophisticated algorithms capable of facilitating effective
human-chatbot conversations, equipping our AI chatbot with
ChatGPT’s open-source algorithms might be a solution to the
concern that our AI chatbot is not precise and personalized
enough for use in real-world health care settings. Therefore, in
future studies, we will explore the feasibility of integrating the
open-sourced ChatGPT-3 algorithms (ChatGPT-4 is not
open-sourced yet) with our AI chatbot to test whether an updated
version would be able to overcome this issue. While this
integration might be a solution, it has significant barriers. First,
the information entered on ChatGPT-3 is documented and could
potentially be used for other purposes by the OpenAI Inc. or
other third parties; therefore, privacy is a major concern that
must be addressed by researchers and chatbot developers. To
maintain the confidentiality and security of the information
entered, we propose that future AI chatbots equipped with

self-developed algorithms and the ChatGPT-3’s open-source
algorithms should be hosted on a safe and secure server owned
by a responsible stakeholder, such as a university’s cloud
environment, where the evaluation of information security has
been completed and ethical approval has been received. For
researchers who do not have such resources, we recommend
defensive measures to avoid data breaches, including backing
up data locally, avoiding storage of sensitive information on
the cloud, encrypting all cloud data, installing antivirus software
to protect encrypted data, creating strong passwords, changing
passwords routinely, and requiring at least 2 identification
questions to confirm the authorized users.

Second, ChatGPT’s algorithms are used for the public, not
specifically designed for HIV prevention and MSM; therefore,
after upgrading the algorithms, testing the AI chatbot is a key.
The focus of the chatbot testing should be on the chatbot’s
capability to address contextualized problems and on customized
training to improve its usability based on end-users’ feedback.
The testing and training will be an interactive process, during
which health scientists and chatbot engineers need to closely
collaborate to tailor the AI chatbot’s programming language
and codes. More importantly, researchers and engineers
interested in developing AI chatbots for health purposes must
identify the real-world needs in health care settings. They must
create user-friendly AI chatbot solutions to meet the expectations
of health care professionals and fulfill the needs of health care
consumers. In this study, the frequency of unanswered questions
was 31 (8%), which could potentially be addressed by improving
the AI chatbot’s algorithms. Although this study used an
observational design, the contact frequency of 304 (91%)
indicates that most participants interacted with the AI chatbot
only once. This finding suggests that long-term engagement
remains a concern that should be explored and tested in future
research. The HIV self-testing kit order rate of 260 (66.2%)
indicates that most participants primarily used the AI chatbot
to order testing kits. Since participants were able to order free
HIV self-testing kits through our AI chatbot, this service
appeared to be a key incentive for its use. Providing additional
free services and integrating them into the AI chatbot would
likely increase sustained user engagement. For future
implementation of AI chatbots, the priority is to establish an
effective connection between the AI chatbot and trusted health
care systems to reduce stigma and discrimination toward MSM,
while also offering convenient and free services.

Despite the rapid evolution of research on AI chatbots in health
care, the application of AI chatbots in health care systems is
still in an early stage. There is a need for clear regulations and
standards governing the use of AI chatbots in health care,
particularly focusing on privacy protection, accuracy of chatbot
outputs, cost-effectiveness, and continuous adaptation. For
example, depression is a common health concern among MSM
globally, and the use of AI chatbots in providing mental health
support has gained attention. In our study, the AI chatbot
randomly assessed a small proportion of MSM for depression
and identified some as having depression. However, the rationale
and rules for the random selection of participants are unknown,
and after identifying participants with depression, the next step
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of linking them with trusted health care systems is unclear.
Future research should be conducted to address these questions.

Linking AI chatbots with health care systems to promote
high-quality and easy-access health care services is the ultimate
goal of our chatbot project. Given that the design of this study
is centered on observing users’ interaction with the chatbot, we
were unable to evaluate the impact of chatbot use on actual HIV
prevention behaviors. Our next step is to conduct a randomized
controlled trial to test the efficacy of the AI chatbot in promoting
HIV testing in the Malaysian context. We have conducted a
series of formative studies, including focus group interviews
and alpha and beta tests of AI chatbots [3,6,8]. Combining prior
study findings with the results of this national observational
study, we aim to create an AI chatbot equipped with our own
chatbot algorithms and the open-source ChatGPT-3 algorithms
in the social-networking app Telegram, which is a widely
accepted app for embedding an AI chatbot among MSM in
Malaysia, particularly among young MSM [6]. To test the
efficacy of the AI chatbot, we will compare it with an attention
chatbot in a longitudinal study aimed at improving HIV testing.

Limitations
This study has contributed important information to the usability
of AI chatbots in Malaysia, but it has several limitations. First,
participants self-reported whether they met the study’s inclusion
criteria. Since this is a web-based national observational study,
we were unable to validate all participants’ eligibility. Second,
we counted the number of participants using their internet
protocol (IP) address. While this method is accurate in

calculating the number of participants who used the same IP
address to interact with the AI chatbot, it might not capture the
same participant who used different IP addresses. Therefore,
the actual sample size of the participants might be less than the
calculated total sample size. To address these limitations, in our
future randomized controlled trial, we will assign a unique study
identification number to every participant along with a unique
hyperlink to access the AI chatbot. In addition, since the AI
chatbot randomly assessed participants’ satisfaction and
recommendation scores, this approach might have introduced
selection bias, as respondents may have been more engaged or
satisfied users. Finally, patients with moderate to severe
depression were provided with clinical information, but whether
they were linked to care or referred to psychiatrists or mental
health specialists for treatment and support was not clear to our
study team. Future research should include this follow-up
information on participants’ engagement with clinical care.

Conclusions
The AI chatbot demonstrated high feasibility in delivering HIV
self-testing kits and providing clinical information on HIV
testing, PrEP, and mental health services. To enhance its
usability in community and clinical settings, the AI chatbot
must offer personalized health information and precise
interaction, powered by sophisticated machine learning
algorithms. In addition, establishing an effective connection
between the AI chatbot and health care systems to eliminate
stigma and discrimination toward MSM is crucial for the future
implementation of the AI chatbot.
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Abstract

Background: During the COVID-19 pandemic, in-person visitation within hospitals was restricted and sometimes eliminated
to reduce the risk of transmission of SARS-CoV-2. Many health care professionals created novel strategies that were deployed
to maintain a patient-centered approach. Although pandemic-related restrictions have eased, these systems, including
videoconferencing or web-based bedside visits, remain relevant for visitors who cannot be present due to other reasons (lack of
access to transport, socioeconomic restraints, geographical distance, etc).

Objective: The aims of this study were (1) to report the experience of intensive care nursing staff using a bespoke
videoconferencing system called ICU FamilyLink; (2) to examine the scenarios in which the nursing staff used the system; and
(3) to assess the future use of videoconferencing systems to enhance communication with families.

Methods: A modified Telehealth Usability questionnaire was administered to the nursing staff (N=22) of an intensive care unit
in a model 4 tertiary hospital in Ireland 1 year after implementing the bespoke videoconferencing system.

Results: In total, 22 nurses working in the intensive care department at University Hospital Galway, Ireland, responded to the
survey. A total of 23% (n=5) of participants were between the ages of 25 and 34 years, 54% (n=12) were between 35 and 44
years, and 23% (n=5) were between 45 and 54 years. Most (n=15, 68%) of the participants reported never using videoconferencing
in the intensive care setting to communicate with family members before March 2020. The modified Telehealth Usability
Questionnaire showed overall satisfaction scores for each subcategory of ease of use and learnability, interface quality, interaction
quality, reliability, satisfaction and future use, and usefulness. In total, 21 (95%) participants agreed or strongly agreed with the
statement, “I would use the ICU FamilyLink system in future circumstances in which family members cannot be physically
present (ie, pandemics, abroad, inability to travel, etc),” and 1 participant responded neutrally. One participant highlighted a
common scenario in intensive care settings in which a videoconferencing system can be used “Even without COVID, web-based
communication is important when patients become unexpectedly ill and when families are abroad.”

Conclusions: This study provides valuable insights into health care professionals’ experience using a videoconferencing system
to facilitate web-based visits for families. We conclude that videoconferencing systems when appropriately tailored to the
environment with the users in mind can be an acceptable solution to maintain communication with family members who cannot
be physically present at the bedside. The bespoke videoconferencing system had an overall positive response from 22 nursing
staff who interacted with the system at varying frequency levels.

(JMIR Hum Factors 2025;12:e54560)   doi:10.2196/54560
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questionnaire; reliability; satisfaction; usefulness; family
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Introduction

Background
In recent years, many intensive care departments have adopted
a patient- and family-centered care approach. This includes
having close family members physically present at the bedside
during day-to-day activities and attending care meetings.
Previous studies have highlighted the psychological and physical
benefits of this approach for patients and their families during
an individual’s inpatient stay in intensive care [1-3]. However,
having family members physically present at the patient’s
bedside can be difficult or even impossible due to geographical
distance, financial challenges, and other family obligations. A
significant barrier to bedside visits in the recent past was the
COVID-19 pandemic.

The pandemic imposed severe and often complete restrictions
on visits and forced health care professionals to change their
traditional way of delivering patient care [4]. Prior to
COVID-19, critical care nursing staff had been striving toward
involving relatives in the intensive care unit (ICU) setting.
However, many ICUs suspended these practices with the
imposition of visitor restrictions [5]. These restrictive policies
were introduced to decrease the risk of transmission of
COVID-19 in health care settings [4]. These policies have been
shown to be extremely isolating for patients, distressing for
family members, and even hampering clinical care provided by
health care professionals [1,6]. In particular, patients who are
critically ill or vulnerable are often reliant on family for support,
and at times, families are surrogate decision makers for patients.
Health care professionals quickly realized the impact of visitor
restrictions on family-centered care in intensive care settings.
They called urgently for ways to maintain communication with
family members who were no longer allowed to be physically
present at the bedside [7]. At the beginning of the pandemic,
hospitals quickly adopted technological solutions, including
videoconferencing systems, to maintain or reopen
communication channels. Previous studies have shown that
adopting telemedicine solutions has numerous barriers, including
the user’s acceptance and experience with the technology [8-10].
Other studies have shown positive patient experiences using
videoconferencing systems for web-based family support during
patient rounds. However, other studies identify challenges for
health care professionals, including additional workload and

difficulty learning and integrating new technology into clinical
practice [11,12].

Prior to the pandemic, videoconferencing in the intensive care
department was limited to tele-ICU and rarely used for remote
family communication. At the start of the COVID-19 pandemic,
ICUs worldwide adopted various modes of maintaining
communication with family members who were not allowed to
be physically present at the bedside due to the risk of
transmission of COVID-19. Intensive care units often serve
wide geographical areas, so videoconferencing systems have
the potential to improve communication with patients’ families
and reduce the psychological effects of intensive care admission
on both patients and families. Videoconferencing systems can
enable family members who cannot be physically present to be
more involved during a patient’s intensive care journey.

Aim of the Study
The aims of this study were (1) to report the experience of
intensive care nursing staff using a bespoke videoconferencing
system designed for patients and staff to communicate with
patients’ families remotely during hospitalization in an intensive
care department of a tertiary referral hospital that had no prior
video-calling system in place; (2) to examine the scenarios that
nursing staff used the videoconferencing system; and (3) to
assess the future use of videoconferencing systems to enhance
family communication in intensive care settings using a
modified version of the validated Telehealth Usability
Questionnaire (mTUQ) [13].

Methods

Overview of ICU FamilyLink
A bespoke videoconferencing system called “ICU FamilyLink”
was developed for the intensive care environment to allow for
ad hoc web-based bedside visits available 24/7 with 1 or more
close family members who may be in separate households [14].
The system was designed to be easy to use and to allow health
care professionals to maintain appropriate control to maintain
the security and privacy required for a hospital setting. The
technology was chosen to deliver a reliable connection with
high-quality audio and video. Several key requirements were
previously identified during the iterative process of development
[14]. This system used a 23-inch touch-screen video end point
mounted on a mobile unit stand with a commercial cloud
videoconferencing platform (Figure 1).

JMIR Hum Factors 2025 | vol. 12 | e54560 | p.734https://humanfactors.jmir.org/2025/1/e54560
(page number not for citation purposes)

Murray et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Video end point mounted on a mobile unit stand at an intensive care unit bedside.

A simple menu was designed for ease of use and maximum
video-call security. Functions such as recording, chat, and screen
sharing were disabled for security and privacy. The home screen
mirrored the department’s naming scheme for patient bed spaces
and had the minimum number of clicks to connect. Three mobile
video units were available for bedside web-based visits, and a
stationary unit was available in a quiet room for medical staff
to meet with families digitally.

A suite of documents, email templates, and multimedia was
also created to support staff training, use, and troubleshooting.
In addition, volunteer IT professionals operated a helpline for
family members to ensure clinical staff were not burdened by
technical queries outside their clinical training scope. A Data
Protection Impact Assessment was completed, and the system
was in keeping with hospital protocol and General Data
Protection Regulation compliant.

The system was developed and rapidly introduced, with the first
call within 2 weeks and the complete system rollout in under 3
weeks. Despite this rapid rollout, significant emphasis was

placed on staff training, completion of relevant hospital risk
assessments, and adherence to hospital policies. Focus on these
areas was essential to ensure that staff, who were the main
facilitators of the system, would find the system acceptable.

Survey Development
The validated Telehealth Usability questionnaire (TUQ) was
used with minor modifications to capture relevant information
to the specific use case [13]. The modified questionnaire
(mTUQ) was developed with input from clinicians, engineers,
a medical physicist, and a senior intensive care nurse.

The survey consisted of 40 questions in total. It included 22
questions from the TUQ, using a 7-point Likert scale, to assess
the ease of use and learnability, interface quality, interaction
quality, reliability, satisfaction and future use, and usefulness.
The remaining questions ascertained participants’demographics
and details on the respondent’s use of the videoconferencing
system in the ICU. Free-text comment boxes were available to
gather additional qualitative data.
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Recruitment
The mTUQ was distributed in paper form and via a web-based
survey 1 year after the ICU FamilyLink was deployed. This
allowed the system to become established in the department
and minimized any bias that may have been created at the peak
of the pandemic. All ICU nursing staff were eligible to
participate in this study. Nursing staff were the primary users
and facilitators of the ICU FamilyLink system. The system was
mainly used for web-based bedside visits, rather than formal
medical updates from the ICU medical team, although it was
available if needed. The survey was open to any ICU staff
member. Staff were recruited via emails, verbal reminders at
nursing handover, and paper copies of surveys left in break
rooms and main staff areas.

Data Analysis
Data were exported from the web-based survey and manually
inputted from the paper surveys into a Microsoft Excel
spreadsheet for analysis.

Ethical Considerations
Ethics approval for this study was obtained from the Galway
Hospital Clinical Research Ethics Committee (ref C.A. 2674),
and written informed consent, including web-based signatures
for web-based participants was obtained from all respondents.
All respondents participated voluntarily, could opt out at any

point, and did not receive financial compensation. All data were
anonymized.

Results

A total of 22 nurses who had been working in the intensive care
unit at University Hospital Galway responded to the survey.
All the respondents had used the ICU FamilyLink system at
least once, although prior usage was not a requirement for
participation in this study.

Characteristics of Participants
All participants were nursing staff, of these, 18% (n=4) were
nurse managers. In total, 23% (n=5) of participants were
between the ages of 25 and 34 years, 54% (n=12) were between
35 and 44, and 23% (n=5) were between 45 and 54 years. A
total of 68% (n=15) of participants reported that they had never
used videoconferencing in the intensive care setting to
communicate with family members prior to March 2020 (Table
1).

During the initial introduction of the system, short training
sessions were held, “superusers” were trained, and an instruction
manual and video training were created. The survey showed
that 36% (n=8) of participants watched a colleague before
independent use and 77% (n=17) asked a colleague to teach
them.

Table . Baseline characteristics of respondents.

Respondents (N=22), n (%)

Age categories (years)

5 (23)    25-34

12 (54)    35-44

5 (23)    45-55

Role

18 (82)    Staff nurse

4 (18)    Nurse manager

Prior experience with any videoconferencing software in the critical care setting to communicate with patient’s family members

7 (32)    Yes

15 (68)    No

Frequency of use (number of video calls)

6 (27)    1-2

3 (14)    3-5

4 (18)    6-10

4 (18)    10-20

5 (23)    >20

Participants’ Use of ICU FamilyLink
The system’s usage was examined based on the frequency of
video calls made (Table 1) and various scenarios (Table 2). In
total, 27% (n=6) of participants used the system only 1-2 times,
while 23% (n=5) of participants used the system over 20 times.
Participants most commonly used the system for family time

with patients while the staff were present (n=19, 86%), family
time with the patient without clinical staff present (n=15, 68%),
and providing daily progress updates (n=10, 45%). In total, 27%
(n=6) used the system for remote family support while 1 family
member was physically present at the bedside. While 9% (n=2)
of respondents used the system to deliver bad news, 14% (n=3)
used the system for an end-of-life scenario; 1 respondent
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reported using the system for a formal care team meeting with
the family. In addition, respondents were asked what purposes
they felt the system was not suitable for (Table 3). A total of
45% (n=10) of respondents felt that delivering bad news and

end of life were not suitable scenarios for using the
videoconferencing system (Table 3). One respondent commented
that, “Ideally, you would give bad news in person, but it could
be used if not possible.”

Table . Use of the ICU FamilyLink system.

Respondents (N=22), n (%)Scenarios that the respondent has used the ICU FamilyLink system

19 (86)Family time with the patient (while clinical staff carry out routine care)

15 (68)Family time with the patient (without clinical staff present)

10 (45)Daily progress updates

6 (27)Remote family support for a designated in-person family member

3 (14)End of life

2 (9)Giving bad news

1 (4)Formal care team meeting or family meeting

0 (0)Education session for family

Table . Scenarios that participants felt were not suitable for the ICU FamilyLink system.

Respondents (N=22), n (%)Clinical scenarios

10 (45)Giving bad news

10 (45)End of life

7 (32)All are suitable

3 (14)Formal care team meeting or family meeting

2 (9)Education session for family

1 (4)Daily progress updates

1 (4)Other

1 (4)Family time with the patient (without clinical staff present)

1 (4)Family time with the patient (while clinical staff carry out routine care)

0 (0)Remote family support for a designated in-person family member

Usability Attributes of the Videoconferencing System
Using the mTUQ
The mTUQ showed an overall positive satisfaction score for
all subcategories, including ease of use and learnability, interface

quality, interaction quality, reliability, satisfaction and future
use, and usefulness (Table 4).
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Table . Responses to the modified Telehealth Usability questionnaire (N=22).

Strongly agree,
n (%)

Agree, n (%)Somewhat agree,
n (%)

Neutral, n (%)Somewhat dis-
agree, n (%)

Disagree, n (%)Strongly dis-
agree, n (%)

Ease of use and learnability

8 (36)3 (14)6 (27)3 (14)2 (9)0 (0)0 (0)1. It was easy to
learn how to set
up and use the
system.

7 (32)2 (9)8 (36)2 (9)3 (14)0 (0)0 (0)2. It was simple
to use the sys-
tem.

2 (9)6 (27)7 (32)4 (18)1 (4)2 (9)0 (0)3. Compared to
facilitating and
managing in-
person visits, the
FamilyLink sys-
tem was a more
time-efficient
way to engage
with families.

Interface quality

8 (36)3 (14)4 (18)4 (18)2 (9)1 (4)0 (0)4. I am able to
navigate setup,
initiate, and
complete calls
without difficul-
ty.

8 (36)6 (27)5 (23)2 (9)0 (0)1 (4)0 (0)5. The onscreen
menu for Fami-
lyLink was intu-
itive to navigate.

10 (45)5 (23)4 (18)2 (9)1 (4)0 (0)0 (0)6. The ICU Fam-
ilyLink system
could do every-
thing I wanted it
to do.

Interaction quality

14 (64)4 (18)3 (14)0 (0)0 (0)1 (4)0 (0)7. The video
quality was good
and provided a
clear 2-way con-
versation be-
tween me (and
the patient, when
able) and the
family members.

14 (64)5 (23)1 (4)1 (4)1 (4)0 (0)0 (0)8. The audio
quality was good
and provided
clear 2-way con-
versation be-
tween me (and
the patient, if
able) and their
family members.

10 (45)5 (23)1 (4)6 (27)0 (0)0 (0)0 (0)9. I prefer the
ICU FamilyLink
monitor on a
stand rather than
a handheld de-
vice or smaller
tablet.
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Strongly agree,
n (%)

Agree, n (%)Somewhat agree,
n (%)

Neutral, n (%)Somewhat dis-
agree, n (%)

Disagree, n (%)Strongly dis-
agree, n (%)

10 (45)5 (23)6 (27)1 (4)0 (0)0 (0)0 (0)10. I was able to
express myself
effectively using
the FamilyLink
system.

8 (36)6 (27)3 (14)2 (9)2 (9)1 (4)0 (0)11. Compared to
telephone conver-
sations, the ICU
FamilyLink was
better to commu-
nicate and ex-
pressing impor-
tant messages.

Reliability

11 (50)4 (18)4 (18)2 (9)1 (4)0 (0)0 (0)12. The system
was reliable and
consistently facil-
itated video
calls.

4 (18)8 (36)3 (14)3 (14)0 (0)2 (9)2 (9)13. I feel the
FamilyLink sys-
tem facilitates
private and se-
cure communica-
tion.

4 (18)10 (45)4 (18)4 (18)0 (0)0 (0)0 (0)14. Whenever I
made a mistake
using the ICU
FamilyLink sys-
tem, I could
quickly recover.

6 (27)6 (27)7 (32)2 (9)0 (0)1 (4)0 (0)15. Family
members were
able to follow
the emailed in-
structions and
connect to a
web-based visit
call without addi-
tional technical
assistance from
me or other
health care staff.

Satisfaction and future use

8 (36)8 (36)5 (23)1 (4)0 (0)0 (0)0 (0)16. I feel com-
fortable commu-
nicating with my
patient’s family
members using
the FamilyLink
system.

11 (50)9 (41)2 (9)0 (0)0 (0)0 (0)0 (0)17. The ICU
FamilyLink sys-
tem is an accept-
able way to
communicate
while visitors are
restricted.
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Strongly agree,
n (%)

Agree, n (%)Somewhat agree,
n (%)

Neutral, n (%)Somewhat dis-
agree, n (%)

Disagree, n (%)Strongly dis-
agree, n (%)

15 (68)6 (27)0 (0)1 (4)0 (0)0 (0)0 (0)18. I would use
the ICU Fami-
lyLink system in
future circum-
stances in which
family members
cannot be physi-
cally present (ie,
pandemics
abroad and in-
ability to travel).

10 (45)7 (32)2 (9)2 (9)1 (4)0 (0)0 (0)19. I will use the
ICU FamilyLink
system in addi-
tion to in-person
visits in the fu-
ture.

16 (73)4 (18)1 (4)1 (4)0 (0)0 (0)0 (0)20. I would rec-
ommend the
ICU FamilyLink
system in other
health care set-
tings.

Usefulness

15 (68)5 (23)2 (9)0 (0)0 (0)0 (0)0 (0)21. The ICU
FamilyLink sys-
tem provides for
continuity of
communication
while visiting is
limited.

13 (59)5 (23)3 (14)1 (4)0 (0)0 (0)0 (0)22. The ICU
FamilyLink sys-
tem has positive-
ly impacted the
overall care of
patients in criti-
cal care during
the visitor restric-
tions.

Ease of Use and Learnability
The majority of nursing staff responded positively to ease of
use and learnability questions. Interestingly, when specifically
asked to compare the time efficiency of organizing in-person
visits versus web-based visits (question 3), 18% (n=4) of
participants responded neutrally, 14% (n=3) provided negative
responses, and 68% (n=15) gave positive responses (Table 4,
questions 1-3).

Two comments were made about the process of sending the
videoconferencing link to family members, indicating the need
to improve the process.

The equipment itself was very easy to use, it can be a pain to
log out of the computer and relog in, an app on the computer
at the nurses station would be better.

[Respondent who used the system 10-20 times]

I think it would be beneficial if the email sent to the families to
download the software could be sent to every computer in the
unit.

[Respondent who used the system more than 20 times]

These comments indicate an area for improvement to reduce
the burden of work for staff members and highlight the
frustration staff commonly feel when newly introduced
technology adds extra tasks. There are limitations to fully
integrating technology; however, decreasing the administration
time for the clinical staff could lead to better technology uptake.
Despite this feedback, the 2 participants reported frequent use
of the system.

Interface Quality
Nursing staff most frequently responded with “strongly agree”
to the interface quality questions, question 4 (n=8; 36%),
question 5 (n=8; 36%), and question 6 (n=10; 45%), respectively
(Table 4).
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Free text comments from 2 participants included “very simple
and easy to use” and “good quality.”

Interaction Quality
A total of 64% (n=14) participants strongly agreed that the video
and audio quality was good and provided clear 2-way
conversation. When asked about their preference for the ICU
FamilyLink monitor on a stand rather than a handheld device
or smaller tablet, the majority of participants (n=16, 73%)
responded in the positive, only 6 (27%) participants were
neutral, and none responded in the negative. Most of the
respondents (n=17, 77%) felt that compared to telephone
conversations, the ICU FamilyLink was better for
communicating and expressing important messages (Table 4,
questions 7-11).

One participant highlighted the importance of network coverage
for family members, though beyond the hospital’s control, was
an important factor: “Very dependent on internet coverage for
the family.” Another participant indicated that the visual aspect
of the system was better than phone communication: “It helped
build a connection with families that isn’t possible via phone.”

Reliability
Overall, respondents more frequently responded positively to
reliability (Table 4, questions 12-15). However, 4 (18%)
respondents disagreed or strongly disagreed with the statement,
“I felt the ICU FamilyLink system facilitates private and secure
communication.”

Satisfaction and Future Use
All participants responded positively to the statement, “The
ICU FamilyLink system is an acceptable way to communicate
while visitors are restricted.” In total, 21 (95%) participants
agreed or strongly agreed with the statement, “I would use the
ICU FamilyLink system in the future circumstances in which
family members cannot be physically present (i.e., pandemics,
abroad, inability to travel, etc),” and 1 participant responded
neutrally (Table 4, questions 16-20).

Qualitative data also indicate health care professionals’positive
feedback and wish to use the system in the future:

Even without COVID, online communication is important when
patients become unexpectedly ill, and families are abroad.

Extremely valued by family members, I have had limited
exposure to its use due to working mostly night shifts.

Familylink has been a lifesaver during the pandemic; in my
opinion, it is very easy to use and great for patients to be able
to see their relatives onscreen while visiting is restricted. I will
use it at any opportunity.

Usefulness
In total, 21 (95%) participants responded positively to questions
about usefulness (Table 4, questions 21 and 22), except 1 neutral
response to question 22: “The ICU FamilyLink system has
positively impacted the overall care of patients in intensive care
during the visitor restrictions.”

Discussion

Overview
With an overall shift toward a patient- and family-centered
approach, health care professionals can harness technology to
enable and optimize this approach. However, with the
introduction of any technology into a new environment,
particularly one as complex as health care delivery, careful
design, assessment, and research should be completed to ensure
acceptability, usability, and impact on all users. While health
care professionals are trained to a high degree in health and
medicine, their training, understanding, and use of technology
vary widely.

Strengths, Limitations, and Future Directions
This study included participants who had only interacted with
the ICU FamilyLink system a handful of times and also very
frequent users. It also was inclusive for all age ranges and had
both staff grade and senior nurses. In usability studies, it is vital
to capture input from all spectrums of technical users.

One limitation of this study was that it did not interview or
survey patients or their families. While this was considered,
due to limited staff and stressful circumstances for patients and
families, it was not included as a component of the study. There
have been studies recently published examining family and
patient experiences in using both phone and video for web-based
visits [15-17]. Staff acceptance is critical for implementing
systems like the ICU FamilyLink into regular practice. ICU
staff are usually required to facilitate these calls due to the
dependency needs of the ICU patients.

This study, like many similar studies, was conducted under
pandemic conditions. The TUQ was modified to account for
these conditions. It is encouraging that responses to questions
on usefulness and future use are overall positive, with 68%
(n=15) of respondents “strongly agreeing” that they would use
the ICU FamilyLink system in future circumstances in which
family members cannot be physically present (question 18).
While there are positive indications for postpandemic use and
its potential value is noted by the staff members, confirming
these results outside of pandemic conditions would be important.

Conclusions
The findings of this study provide valuable insights into health
care professionals’ experiences using a videoconferencing
system to facilitate web-based bedside visits for family
members. We conclude that when appropriately tailored to the
environment and with the users in mind, videoconferencing
systems can be an acceptable solution for maintaining
communication with family members who cannot be physically
present at the bedside. Further studies are needed to better
understand usability factors for technology in order to enhance
and augment communication with ICU patients, staff, and
patients’ family members.
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Abstract

Background: Using wearable activity trackers shows promise in measuring physical activity in patients with axial spondyloarthritis
(axSpA). However, little is known regarding the feasibility of long-term use.

Objectives: This study aimed to explore the feasibility of recording physical activity using a wearable activity tracker and
describe wear-time patterns among patients with axSpA.

Methods: Data from a randomized controlled trial (NCT: 05031767) were analyzed. Patients with axSpA and low disease
activity were recruited from an outpatient clinic and asked to wear a Garmin vívosmart 4 activity tracker for 1 year. The activity
tracker measured steps and heart rate. Trial feasibility (eligibility, inclusion rate, and patient characteristics), technical feasibility
(data recorded, tracker adherence, ie, days worn, and missing data), and operational feasibility (synchronization reminders and
tracker replacements) were analyzed. Tracker adherence was calculated as the percentage of recorded minutes of the maximum
possible minutes. Unsupervised hierarchical clustering was used to explore tracker wear-time patterns.

Results: Of the 160 patients screened, 75 (47%) agreed to use the tracker and 64 (85%) were analyzed (11 had insufficient
data). The median activity tracker adherence over 1 year was 66% (IQR 30‐86). There was 30% missing step and 0.01% heart
rate data in the physical activity dataset. A median of 18 (IQR 9‐25) reminders per patient to synchronize activity data were
distributed. Analysis of wear-time patterns resulted in 3 groups: Adherent (33/64, 51% of patients), Minimal Use (17/64, 27%),
and Intermittently adherent (14/64, 22%).

Conclusions: Trial feasibility was low, while technical and operational feasibility were acceptable. Only 51% of the patients
were highly adherent. Activity trackers, though trendy, have low to moderate feasibility over 1 year in patients with axSpA.
Automated synchronization and adherence barriers should be further explored.

(JMIR Hum Factors 2025;12:e68645)   doi:10.2196/68645

KEYWORDS

physical activity; wearables; axial spondyloarthritis; activity trackers; feasibility

Introduction

Recent technological advancements enable novel ways of
managing patients with chronic disease by using wearable

devices, such as activity trackers [1]. In addition to measuring
physical activity, wearable activity trackers can act as motivators
to increase levels of physical activity [2-4]. axSpA is a chronic
inflammatory joint disease, primarily characterized by
sacroiliitis, back pain, and stiffness [5]. First-line management
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includes nonsteroidal anti-inflammatory drugs and regular
exercise [6]. However, there are indications that patients with
axSpA engage in lower levels of physical activity compared
with healthy people [7-9] and that they report more barriers to
engaging in physical activity compared to controls [10].
Identifying physically inactive patients allows for optimized
treatment by supporting patients’ self-management of their
disease and potentially enhancing exercise adherence [11,12].
The passive collection of data using wearables has been
highlighted as a goal within remote monitoring in rheumatology,
as it may ease the monitoring of disease activity besides using
electronic patient-reported outcomes [13,14]. In addition,
continuous measurement with an activity tracker has the
potential to provide further insight into how the physical activity
levels of patients with axSpA are affected by their disease
[15-17].

In other patient groups, such as osteoarthritis and gout, research
has shown low to acceptable adherence to the use of activity
trackers during 3- and 6-month periods, with declining
adherence toward the end of the studies [18,19]. However,
further investigation is warranted, given the lack of evidence
on the feasibility and adherence to long-term use of wearable
activity trackers among patients with axSpA [20-24].

The aim of this study was to explore the trial, technical, and
operational feasibility of measuring physical activity using
commercially available wearable activity trackers over 1 year
among patients with axSpA. Second, the study aimed to analyze
wear-time patterns and compare patients’ demographic and
clinical characteristics between the wear-time clusters.

Methods

Study Design and Setting
This study includes a post hoc analysis of a randomized
controlled trial, titled Remote Monitoring in Specialist Health
Care Study (ReMonit, ClinicalTrials.gov: NCT05031767). The
primary results of the trial are reported elsewhere [25]. The
ReMonit Study was a 3-armed randomized controlled trial
comparing remote monitoring and patient-initiated care to usual
care (prescheduled regular hospital visits) among patients with
axSpA [26]. Patients were recruited from an outpatient clinic
at Diakonhjemmet Hospital, Oslo, Norway, and randomized
1:1:1 ratio to receive usual care, remote monitoring, or
patient-initiated care. Patients randomized to the remote
monitoring and patient-initiated groups were asked to use the
activity tracker for 1 year. This was a commercially available
activity tracker (Garmin vívosmart 4). Physical activity data
recorded by the vívosmart 4 was wirelessly transferred manually
by patients each week via Garmin Software Development Kit
to the MyDignio app [27].

Patients
In the ReMonit study, patients with axSpA with low disease
activity (Axial Spondyloarthritis Disease Activity C-Reactive
Protein Score (ASDAS-CRP) <2.1) and stable treatment with
a tumor necrosis factor inhibitor (TNFi) over the past 6 months
were included [26]. Since we used the Garmin Software
Development Kit for the present study, patients who already

used a Garmin device and the Garmin Connect app could not
be included, as this interfered with synchronization of data to
the MyDignio app. In addition, due to privacy regulations, direct
downloading of data from the patients’ private Garmin devices
was not allowed. Therefore, patients could not use their private
devices in the present study.

Data Collection
At baseline, patients completed a digital questionnaire including
age, sex, education level, and working status. BMI was
calculated based on self-reported body height and weight, and
information on years since diagnosis of axSpA was obtained
from their medical records. The patients completed the
recommended disease-specific questionnaires [28] such as Bath
ankylosing spondylitis disease activity index (BASDAI) (0‐10,
10 being the worst score), Bath ankylosing spondylitis functional
index (BASFI) (0‐10, 10 being the worst score), and patient
global assessment (0‐10, 10 being the worst score) [29,30].
The ASDAS-CRP was calculated based on patients’
self-reported disease activity-related questions and measurement
of C-reactive protein [31]. The Work Productivity and Activity
Impairment item 6 (WPAI) (0‐10, 10 being the worst score)
was used for measuring the impact of the disease on patients’
everyday life [32]. In addition, eHealth literacy was measured
by 4 scales from the eHealth Literacy Questionnaire [33]: Using
technology to process health information (Scale 1), Ability to
actively engage with digital services (Scale 3), Feel safe and in
control (Scale 4), and Motivated to engage with digital services
(Scale 5). For measuring self-reported physical activity and
exercise, we used 3 items from a population-based study
measuring the frequency, duration, and intensity of exercise
[34]. We then further stratified the patients into 3 groups based
on whether the level of physical activity was below
recommended (below 150 min of moderate-intensity exercise
per week), at recommended (150 moderate or 60 vigorous
minutes each week), or above recommended [35].

Feasibility
To assess the feasibility of using activity trackers for measuring
physical activity, we categorized feasibility into 3 novel
subcategories inspired by a previous feasibility study on activity
trackers [18].

Trial Feasibility
This included the inclusion rate (number of patients included),
eligibility of patients (characteristics of patients who declined
and those included), proportion of patients with recorded data,
and differences in patient characteristics between patients in
the clusters. For evaluating the trial feasibility, we considered
the inclusion rate and proportion of patients with recorded data
corresponding to <50% as low, 50‐70% as moderate, and
>70% as high.

Technical Feasibility
This included the number of physical activity minutes recorded
by patients, adherence to wearing the activity tracker, and
missing data on steps or heart rate. Adherence to the use of the
activity tracker was defined and calculated as the number of
minutes with recorded data by each patient (per minute) divided
by the total number of minutes during daytime (16 h; 348,000
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min × 100). Adherence was classified as either low (<50%),
moderate (50‐70%) or high (>70%). An acceptable level of
missing data was determined to be below 40% [36].

Operational Feasibility
This included the number of automatic reminders sent to the
patients (in comparison to the total maximum possible number
of 3900 reminders, eg, 52 weeks × 75 patients), and number of
replaced activity trackers during the 1-year period. Equal to or
less than a median of 26 reminders per patient (eg, in 50% of
the weeks) and<15% replacements of activity trackers in the
study sample were deemed acceptable.

Measurement of Physical Activity
The patients received oral and written instructions stating that
the activity tracker should be worn on the non-dominant wrist
for at least 10 hours a day. It should not be worn on the outside
of garments but could be used while swimming and showering.
Instructions were also given regarding charging, connecting,
and synchronizing the device with the app. Contact information
for the study team was provided in the event of technical issues.

The Garmin vívosmart 4 activity tracker (Olathe) was integrated
into the MyDignio app by the company Dignio. Physical activity
data were recorded at a minute level, measuring both steps per
minute and average heart rate during the concurrent minute.
The Garmin vívosmart 4 uses an accelerometer for measurement
of physical movement and activity and a photoplethysmography
sensor for measuring heart rate [37].

In order to reduce data noise from the activity tracker, a filter
was applied by Dignio, which filtered out heart rate values
below 20 beats per minute. The native Garmin motivational
messages and notifications were muted. Patients were instructed
to weekly synchronize physical activity data manually from the
device using the MyDignio app due to limited internal memory
of the activity tracker. If patients failed to synchronize in time,
the MyDignio app automatically sent a push notification as a
reminder. If patients still did not synchronize after receiving
the push notification, the study team followed up with an SMS
text message reminder. The number of manual SMS text
message reminders sent out was not registered. Any technical
issues regarding app connectivity or the activity tracker were
primarily resolved by the study team, or if necessary, by
developers at Dignio.

Data Analyses
Median values with IQR or mean values with SD were used for
describing the demographical and clinical variables. Data
regarding the trial, technical, and operational feasibility were
described by either percentage, mean with SD, or median with
IQR. Differences between patients agreeing to use a wearable
compared to those declining were assessed by the
Mann-Whitney U test or Student’s t-test.

To assess wear-time patterns based on the data returned from
the activity tracker, we used the hourly level data, which were
summed up on a weekly level. Each patient’s first week of
recording was assigned as their baseline week. Unsupervised
hierarchical clustering using the pheatmap package in RStudio
was used for assessing different wear-time patterns based on
the number of hours of physical activity data recorded [38]. The
optimal numbers of predefined clusters were based on the visual
inspection of the clustered heatmap and internal validation from
the R-package clValid [39]. The cluster groups were named
according to their observable patterns that occurred within each
group. Patient characteristics in the clustering groups for
wear-time patterns were compared and tested for significant
differences using the Kruskal-Wallis test, and Dunn test if the
initial Kruskal-Wallis test had a P-value below 0.05. The Fisher
exact test was used for testing differences in the distribution of
sexes between the groups. Preparation and analysis of data were
conducted using RStudio and Stata (version 18.0; StataCorp
LLC).

Ethical Considerations
The study was conducted according to the Helsinki Declaration.
All patients provided written consent to participate and were
informed that they could stop using the activity tracker at any
given time during the study. Data were de-identified and stored
at a secure research server. The Regional Committees for
Medical and Health Research Ethics South-Eastern Norway
approved the study (ref: 229187).

Patient and Public Involvement
In total, 2 patient research partners were involved in the planning
of the study. They also pilot-tested the activity tracker and gave
feedback on the instructions to the patients and on the study
logistics. One of the patient research partners (SH) also
contributed to analyzing and discussing the results and is a
co-author of this manuscript.

Results

Trial Feasibility
A total of 75 (47%) out of 160 patients agreed to use the activity
tracker for 1 year and were included in this study (Figure 1).
Among the 85 non-participating patients, 49 (31%) declined to
wear an activity tracker, 29 (18%) were already users of a
Garmin activity tracker device, and 7 (4%) could not wear an
activity tracker due to uniform regulations at their workplace
(Figure 1). Baseline characteristics were mostly similar between
patients who agreed and those who declined to use the activity
tracker, with minor numerical variances in self-reported physical
activity levels (Table 1). Patients who declined had significantly
lower eHealth literacy scores compared with those who agreed
to use the activity tracker, but the numeric differences in mean
scores were small (Table 1).
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Figure 1. Trial, technical, and operational feasibility of using a wearable activity tracker to record physical activity over 1 year.
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Table . Baseline characteristics of the total sample of patients asked to use the wearable activity tracker for 1 year and subsamples.

Ineligiblea to use the activity
tracker (n=36)

Declined to use the activity
tracker (n=49)

Agreed to use the activity
tracker (n=75)

Total sample asked to use
activity trackers (N=160)

Characteristics

41 (32‐50); 24‐6342 (39‐50); 22‐6843 (34‐53); 24‐7042 (34‐51); 22‐70Age, years, median (IQR);
min-max

28 (78)39 (77)57 (76)123 (77)Males, n (%)

Education level, n (%)

5 (14)9 (18)19 (25)33 (21)Primary level

31 (86)40 (82)56 (75)127 (79)University level

Working status, n (%)

28 (78)39 (80)59 (79)126 (79)Full-time paid work

1 (3)3 (6)9 (12)13 (8)Age retired or disability
pension

7 (19)7 (14)7 (9)21 (13)Otherb

23.8 (21.8‐26.1)24.6 (23.1‐27.4)25.2 (23.0‐27.5)24.9 (22.8‐27.2)BMI (kg/m2), median (IQR)

0.8 (0.6‐1.3)0.9 (0.6‐1.2)0.9 (0.6‐1.5)0.9 (0.6‐1.4)ASDAS-CRPc, median
(IQR)

0.6 (0.1‐1.8)1.0 (0.7‐2.0)1.2 (0.5‐2.3)1.0 (0.3‐2.0)BASDAId, median (IQR)

1.0 (0.0‐2.0)2.0 (0.0‐3.0)2.0 (1.0‐4.0)1.0 (0.0‐3.0)Fatigue, median (IQR)

1.0 (0.0‐1.5)1.0 (0.0‐2.0)1.0 (0.0‐2.5)1.0 (0.0‐2.5)Morning stiffness, median
(IQR)

1.0 (0.0‐2.0)1.0 (1.0‐2.0)1.0 (1.0‐3.0)1 (0.0‐2.0)PGAe, median (IQR)

0.1 (0.0‐0.8)0.2 (0.0‐0.9)0.4 (0.1‐1.7)0.3 (0.0‐1.2)BASFIf, median (IQR)

10 (5‐17)12 (8‐19)12 (6‐23)12 (6‐20)Years since axSpA diagno-
sis, median (IQR)

Self-reported physical activ-

ity levelg, nh (%)

2 (11)5 (21)3 (7)10 (11)Below recommended

6 (33)7 (29)12 (26)25 (28)Recommended

10 (56)12 (50)31 (67)53 (60)Above recommended

eHealth literacy, mean (SD)

3.3 (0.6)3.1 (0.6)3.3 (0.5)3.3 (0.5)eHLQ Scale 1

3.5 (0.6)3.5 (0.5)3.6 (0.4)3.6 (0.4)eHLQ Scale 3

3.4 (0.5)3.3 (0.4)3.4 (0.4)3.4 (0.4)eHLQ Scale 4

3.2 (0.6)3.1 (0.5)3.4 (0.4)3.3 (0.5)eHLQ Scale 5

aIneligible: due to uniform regulations at work place or already owning a Garmin activity tracker.
bOther: receiving social benefits, on sick leave, student/housekeeping, part-time work and unemployed, ASDAS-CRP: Ankylosing spondylitis Disease
Activity Score, BASDAI: Bath ankylosing spondylitis disease Activity Index (0-10, 10 being worst), BASFI: Bath ankylosing spondylitis functional
index (0-10, 10 being worst).
cASDAS-CRP: Axial Spondyloarthritis Disease Activity C-Reactive Protein Score.
dBASDAI: Bath ankylosing spondylitis disease activity index.
ePGA: patient global assessment.
fBASFI: Bath ankylosing spondylitis functional index.
gSelf-reported using the HUNT physical activity questionnaire based on World health organization recommendations on physical activity.
hn: lower number of participants due to missing.
ieHLQ: eHealth literacy Questionnaire (0-4, 4 being best): eHLQ Scale 1: Using technology to process health information, eHLQ Scale 3: Ability to
actively engage with digital services, eHLQ Scale 4: Feel safe and in control, eHLQ Scale 5: Motivated to engage with digital services.
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Technical Feasibility
Among the 75 patients who agreed to use the activity tracker,
64 (85%) had valid physical activity data and a median
adherence to use the activity tracker of 66% (IQR 30‐86)
(Figure 1). Over the 1-year measurement period, 8 out of 75
patients never recorded any data. In total, 3 patients returned
less than 1000 minutes of data recorded (corresponding to
approximately a total of 16 h of physical activity data) and were
subsequently excluded from the wear-time pattern analyses
during aggregation of data (Figure 1). A total of 12 million
datapoints were returned, corresponding to a mean of 191,677
(SD 116,564) minutes of data per patient (Figure 1). Analyses
showed that the proportion of missing data was higher for the
steps (30%) compared to heart rate data (0.01%).

Operational Feasibility
To remind patients to synchronize the activity tracker data, a
total of 1285 (32%) out of a potential 3900 automatic push
notifications were distributed, with a median of 18 (IQR 9‐25)
notifications per patient. In total, 5 activity trackers required

replacement during the study, of which 4 were caused by
connectivity issues with the app and one due to a loss of the
activity tracker (Figure 1).

Wear-Time Patterns
Data on wear time were grouped in clusters according to the
visual wear-time patterns, and 3 cluster groups were found to
be the optimal number of clusters. The 3 cluster groups were
categorized as “Adherent” (n=33), “Minimal use” (n=17) and
“Intermittently adherent” (n=14) according to their visible
wear-time patterns (Figure 2). The patients included in the
Adherent group had a steady recording of physical activity data,
the Minimal use group showed longer periods of no recorded
data, and the Intermittently adherent group presented with a
notably larger variation in the amount of recorded data (Figure
2). We found that the Adherent group had a median of 85%
(IQR 72‐89) adherence to the use of the activity tracker, while
the Minimal use and Intermittently adherent groups had lower
adherence with 7% (IQR 4‐16) and 49% (IQR 43‐59),
respectively (Table 2).

Figure 2. Hierarchical clustered heatmap containing 3 cluster based on wear-time patterns, expressed as hours of physical activity data per week per
patient (n=64). The x-axis shows the weeks for each patient who recorded data, with the y-axis showing the number of hours of recorded data per week.
Dendrograms at the left show the clustering.
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Table . Age, sex, self-reported physical function, impact on daily activities, and disease activity across 3 cluster groups with different wear-time patterns.

Intermittently adherent (n=14)Minimal use

(n=17)

Adherent

(n=33)

40 (33‐53)35 (32‐50)46 (42‐55)Age, years median (IQR)

10 (71)16 (94)23 (70)Sex, males n (%)

0.7 (0.3‐1.9)0.2 (0.0‐0.4)1.1 (0.2‐1.9)BASFIa, median (IQR)

1.0 (0.0‐2.0)0.0 (0.0‐1.0)1.0 (0.0‐3.0)WPAIb, median (IQR)

1.1 (0.7‐1.7)0.8 (0.6‐1.2)1.2 (0.7‐1.8)ASDASc, median (IQR)

49 (43‐59)7 (4-16)85 (72‐89)Adherenced, % median (IQR)

aBASFI: Bath ankylosing spondylitis functional index (0-10, 10 being worst).
bWork Productivity and Activity Impairment, Ability to perform daily activities (WPAI Item 6, NRS 0-10, 10 being worst).
cASDAS-CRP: Ankylosing spondylitis Disease Activity Score.
dAdherence to use the activity tracker was calculated as data returned divided by maximum amount of day time data.

The Minimal use group had a significantly (P=.019) lower
median age (35 y, IQR 32‐50) compared to the Adherent (46
y, IQR 42‐55) and Intermittently adherent groups (40 y, IQR
33‐53) (Table 2). There were nonsignificant between-group
differences (P=.107) in the proportion of sex, with 23 out of 33
(70%) males in the Adherent group, 16 out of 17 (94%) in the
Minimal use group, and 10 out of 14 (71%) in the Intermittently
adherent group. There were no differences between the groups
in disease activity, self-reported physical function, or the impact
on daily activities.

Discussion

Principal Findings and Comparison With Previous
Works
This study explored the feasibility and wear-time pattern of
long-term use of a commercially available activity tracker over
1 year among patients with axSpA. The results indicated a low
trial feasibility and acceptable technical and operational
feasibility. In total, 3 different cluster groups were identified,
with the largest group demonstrating adherence to using the
wearable activity tracker.

In the assessment of trial feasibility, we found a low inclusion
rate for the activity tracker, with less than half of the 160 eligible
patients agreeing to wear the activity tracker for 1 year. This
might indicate that the willingness to use a wearable activity
tracker over a long period may not be present among the
majority of patients with axSpA with low disease activity.
However, we believe that a higher inclusion rate could have
been achieved if direct data downloads from patients’ private
Garmin devices had been possible. Implementing such solutions
may require specially adapted software and the use of
“proxy-users” [40], potentially leading to complex data
management.

We observed that a small proportion of patients either did not
record any data or recorded less data than the cutoff for a valid
day (>10 hours). An earlier study on patients with gout reported
similar findings, showing that 33 of 44 patients had valid data,
and 40% of the total data was missing [19]. Missing data, when
measuring at this high-level granularity, are expected but yet

remain a challenge considering the use of activity trackers in
clinical settings [41]. A possible reason for the high proportion
of missing steps data might be due to differences between
Android and iOS phones in the interpretation of the step data,
where Android phones misinterpreted inactivity as missing data
instead of providing the numerical value of 0. The low number
of missing heart rate data may be due to the filter that deleted
observations of heart rates below 20 beats per minute, possibly
resulting in a skewed representation of the number of missing
heart rate data. Additionally, the discontinuation of using the
activity tracker has been discussed in earlier studies, showing
that perceived usefulness and inaccuracy of data could be a
reason for discontinuing the use of activity trackers among
patients with osteoarthritis and for healthy people [18,42].
Patients’ perception of data inaccuracy may also play a role in
our study. Since we only recorded steps and heart rate as
measures of physical activity, we effectively limited our
recordings to step-related activities, thereby excluding popular
Norwegian activities such as bicycling, cross-country skiing,
and swimming.

The operational feasibility showed that a median of 18 reminders
were sent out per patient, indicating a fairly low number based
on the fact that reminders were sent out on a weekly level. It
was also observed that the majority of tracker replacements
were due to connectivity issues, which could lead to longer
periods without recording physical activity.

The hierarchical clustering analysis showed that the largest
cluster group was patients who showed adherence to using the
activity tracker. Since this represents 33 out of a possible 160
patients, it could be argued that using activity trackers is only
feasible for this specific group of patients. The between-group
comparisons of patient characteristics revealed numerically
small differences between the 3 wear-time cluster groups
regarding age and proportion of sex. However, all 3 groups had
a small sample size, which limits trust in the between-group
comparisons.

Considering the potential benefits of physical activity
monitoring, activity trackers may prove valuable in guiding and
motivating patients to engage in higher levels of physical activity
[2]. Longitudinal data on physical activity can potentially offer
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new insights into how axSpA impacts patients’ activity levels
and can aid in developing targeted exercise and physical activity
interventions. The collection of longitudinal physical activity
may potentially support physiotherapists and other health care
professionals in prescribing lifestyle interventions for patients
with axSpA [2]. However, challenges such as low adherence
and technical issues must be addressed. A potential increase in
adherence might have been achieved if health care professionals
had provided personalized guidance on each patient’s physical
activity level and had set specific goals. These strategies warrant
further research to explore their impact on enhancing adherence
to using activity trackers.

Strengths and Limitations
The strengths of this study are the long measurement period of
1 year. This allowed for longitudinal analysis of how many
patients recorded physical activity and how many discontinued
their recordings. This insight further explains how activity
trackers may function in clinical settings. Further strengths
include the aspect of technical and operational feasibility,
showing that the use of wearable activity trackers may involve
an increased workload for the health care providers and require
complex data management.

Limitations in the study include that we did not set cutoff values
as to what constituted a valid week with physical activity
measurement. This was decided because we wanted to explore
the adherence to using the activity tracker. However, using >10
hours of valid day measurement has also been used by previous
studies [22,40]. The hierarchical clustering analysis with the
different wear-time patterns has a notable limitation, as it was
conducted on a limited sample. This reduces the external validity
of our study’s findings. Furthermore, the low number of patients
per cluster group makes the comparison between these groups
prone to biases and skewed data. Lastly, the definition of
adherence used in this article may be misleading, as it uses the
total amount of physical activity data that was returned. For
example, technical issues related to synchronization may have
led to missing physical activity data, thus not reflecting the
actual use of the activity tracker.

Implications
In order to increase the feasibility of wearable activity trackers,
some optimizations are needed. First, data transfer should be
automated, allowing for a “passive” collection of data. In the
present study, patients had to use the MyDignio app and
manually transfer data each week, which might have increased
the burden on patients. Second, providing additional
measurements beyond steps and heart rate would provide a more
comprehensive overview of physical activity levels with time
spent in different intensities and perhaps would increase
adherence to using the activity tracker. Lastly, using wearable
activity trackers, as demonstrated in this study, results in a vast
amount of data. Considering the ethical perspectives of storing
massive amounts of data, a structured and well-thought-out plan
for how data are to be used should be implemented before
physical activity data collection is initiated.

Future research should be based upon the recently published
Wearable Activity Tracker Checklist for Healthcare (WATCH),
which disposes a 12-point list of aspects to consider when
implementing a wearable activity tracker in health care [43].
The checklist should be used in studies, preferably conducted
in a real-world clinical setting. Additionally, “bring your own
device” clinical studies may also hold promise as study design
by representing a more accurate resemblance of real-world
settings in which some patients already are owners of activity
trackers [44]. Future research should incorporate qualitative
methods to explore contributing factors behind the variations
in wear-time patterns and adherence to using activity trackers.

Conclusions
Despite the trendiness in both research on and commercial use
of wearable activity trackers, long-term use of activity trackers
had low to moderate feasibility over 1 year in patients with
axSpA in low disease activity. The trial feasibility of using
wearable activity trackers was low, while technical and
operational feasibility were acceptable. Based on the wear-time
patterns, we found that only 51% had consistently high activity
tracker adherence. Future research should aim to ensure
automated synchronization and investigate motivational factors
influencing tracker adherence.
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Abstract

Background: Artificially intelligent (AI) chatbots that deploy natural language processing and machine learning are becoming
more common in health care to facilitate patient education and outreach; however, generative chatbots such as ChatGPT face
challenges, as they can misinform and hallucinate. Health care systems are increasingly interested in using these tools for patient
education, access to care, and self-management, but need reassurances that AI systems can be secure and credible.

Objective: This study aimed to build a secure system that people can use to send SMS with questions about substance use, and
which can be used to screen for substance use disorder (SUD). The system will rely on data transfer via third party vendors and
will thus require reliable and trustworthy encryption of protected health information .

Methods: We describe the process and specifications for building an AI chatbot that users can access to gain information on
and screen for SUD from Be Well Texas, a clinical provider affiliated with the University of Texas Health Sciences Center at
San Antonio.

Results: The AI chatbot system uses natural language processing and machine learning to classify expert-curated content related
to SUD. It illustrates how we can comply with best practices in HIPPA (Health Insurance Portability and Accountability Act)
compliance in data encryption for data transfer and data at rest, while still offering a state-of-the-art system that uses dynamic,
user-driven conversation to dialogue about SUD, screen for SUD and access SUD treatment services.

Conclusions: Recent calls for attention to user-friendly design concerning user rights that honor digital rights and regulations
for digital substance use offerings suggest that this study is timely and appropriate while still advancing the field of AI.

Trial Registration: Not Applicable

(JMIR Hum Factors 2025;12:e69144)   doi:10.2196/69144

KEYWORDS

artificial intelligence; chatbot; infrastructure; substance use disorder; digital health; health communication; conversational agent;
HIPAA; AI; Healthcare Insurance Portability and Accountability Act

Introduction

Given the ongoing opioid epidemic in the United States [1],
consideration of how and whether we can use digital tools to
facilitate a response is warranted. One way that digital solutions
may be deployed is by using them to scale screening for
substance use disorder (SUD). Screening for SUD is critical to
identify people at risk [2], as it can lead to referrals for services
including outpatient as well as medically managed intensive
inpatient services [3]. Although Screening, Brief Intervention,

and Referral to Treatment (SBIRT) programs have been widely
used to facilitate screening [4], and these programs are available
electronically [5], there is still a major gap in screening, given
current estimates indicate fewer than 10% of those at risk for
SUD ever screened. This exacerbates an already costly response
to the opioid epidemic, given that the United States spends more
than $271 billion annually to address SUD-related health issues,
crime, and lost productivity [6]. If we could enroll more people
at-risk in treatment, we would save $4 for every treatment dollar
expended [7].
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Artificially intelligent (AI) chatbots that deploy natural language
processing (NLP) and machine learning (ML) are becoming
more common in health care to facilitate patient education and
outreach [8,9]. These systems advance earlier generation
rule-based chatbots that rely on “fixed state” messages that force
users to choose from a predetermined set of responses to an
interactive, user-driven system where people can initiate
conversations on any number of topics and chatbots can generate
answers on-the-fly. The current AI chatbots, particularly
generative chatbots such as ChatGPT [10], rely on access to a
large language model (LLM) for training bots to correctly
classify and respond to queries. These LLMs represent a much
more sophisticated way to interact with people that allows for
rapid exploration of vast data sources to learn how to correctly
understand the intention of the queries that people make, to
make inferences from data, and generate relevant answers in
response to user queries.

There is an ample body of evidence from investigations of
earlier, fixed-state message systems showing they can be used
effectively to positively impact health behaviors and health
outcomes [11]. Although we do not yet know the impact of
moving from fixed-state chatbots to conversational and
generative AI systems, health care systems that have adopted
these AI systems are optimistic that they will offer ample return
on investment [12]. Since the more advanced AI systems are
nascent, we have not yet established standards for best practices
in their design. System users and developers of AI chatbots,
including generative chatbots such as ChatGPT, have raised
concerns related to their use that warrant attention for
health-related applications [13] Ethical concerns include
observations that systems could discriminate against stereotype
or stigmatize users, and could also compromise privacy and
data sovereignty [14,15]. Researchers have documented
tendencies for generative chatbots to misinform [16], hallucinate
[17], and obscure information about how data are being accessed
and used [18].

Recent reviews and published literature have highlighted the
critical challenges that are inherent in maintaining security for
AI chatbots. They highlight chronic concerns with data breaches
and malicious input and called for standards such as end-to-end
encryption, organizational control, and adversarial training (ie,
purposefully attempting to confuse a system during development
to train it to recognize potentially malicious inputs) to mitigate
these [19,20]. One researcher has highlighted additional critical
concerns that are specific to health care organizations that seek
to use AI chatbots, including a need to align chatbot design and
security with Healthcare Insurance Portability and
Accountability Act (HIPAA) regulations that govern patient
protections in care delivery [21].

Optimizing digital tools for substance use is warranted.
However, we currently do not have digital tools that focus
explicitly on user rights, including privacy; are evidence-based;
user friendly; easily accessible, person-centered [22]; and can
be delivered without generating or reinforcing stigma.

In this paper, we present the infrastructure and technical
specifications used to design Be Well Buddy, an AI chatbot
focused on raising awareness and access to screening and

treatment for SUD. It intentionally addresses the security and
ethical concerns identified here. We also present findings from
a beta test of the system whose goals were to verify system
security and functionality.

Methods

This work represents a partnership between Clinic Chat, LLC,
a health technology start-up company, and The University of
Texas Health Sciences Center at San Antonio (UT Health San
Antonio), a US-based university with a robust clinical program
called Be Well Texas, focused on screening, treatment, and
social support for SUD. The principals from Clinic Chat have
a background in scientific research related to health as well as
the technical skill to design and deploy AI chatbots; UT Health
San Antonio and Be Well Texas have a wide-reaching health
education initiative focused on substance use prevention and
treatment. The partnership was established to adapt health AI
chatbots to focus specifically on raising awareness and providing
access to screening for and treatment of SUD within the
university program.

System Specifications
Given concerns that generative chatbots can hallucinate and
misinform, along with ample evidence that careful attention to
the design of messages for health communication can be more
impactful than generic messaging, we determined it appropriate
to develop and curate messages specific to SUD that could be
delivered by a closed-domain AI chatbot system (ie, one where
messages returned in response to user queries would only come
from this specific library of messages). This approach allows
us to avoid a common pitfall of generative AI such as ChatGPT
that can reinforce biases or misinform when seeking responses
to user queries. By using a closed library of responses that have
been reviewed for accuracy, empathy and tone, our system can
only choose from a limited group of options that are medically
correct and consistent with clinical guidelines for care. Guided
by literature documenting approaches to health communication
that can increase engagement with messages [23], we generated
content that allowed for tailoring to individual users to increase
content relevance (eg, by prefacing each message with their
first name or by inviting them to name and explore preferred
topics) [24]; that could offer intuitive suggestions for behavioral
decision-making [25,26]; that offered narrative, emotional
messaging, status-enhancing and skill-building content [27];
and that worked to destigmatize substance use [28]. These
message design strategies have consistently been shown to have
a positive impact on health behavior [29-31]. We developed an
initial library of messages and then reviewed the message
content in a formative process with members of the intended
audience of the chatbot to obtain their feedback on the message
content, tone, acceptability, and capacity to engage people in
dialogue. One key outcome from this process was the name “Be
Well Buddy,” which we gave to the system, generated from a
participant in this formative message development process
(Sarah Mumby, MPH, email August 15, 2024).

Beta Testing
Once the system was designed and built, we conducted a
one-day beta test to ensure system functionality with members
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of the study team from Clinic Chat and UT Health San Antonio.
All participants were encouraged to try and push the system to
its limits. Specifically, they asked expected questions (eg, What
is a substance use disorder? What is medication-assisted
therapy? How much does treatment cost?) and asked multiple
questions in a short period of time (ie, five-six questions in a
minute). They made queries in different languages and
completed all the screeners embedded in the system. They
deliberately worked to confuse the system with questions that
were nonsensical or unrelated to SUD. Our goals for the beta
test were to (1) identify errors in sending and receiving messages
and use this to determine the system’s precision (ie, whether
responses sent by the system appropriately matched the intent
behind the user queries); (2) identify any problems with
encryption; and (3) identify any delays in message delivery.

Ethical Considerations
The work we describe here was reviewed by UT Health San
Antonio Institutional Review Board, who deemed these activities
as preliminary to research conducted exclusively by paid
research staff and therefore exempted from requirements for
human subjects’ approval. Identifying data for persons
beta-testing the system included telephone numbers, which were

encrypted once outside the UT Health San Antonio firewall.
The data presented in this paper informed an observational study
that has been reviewed and approved by the UT Health San
Antonio Institutional Review Board (protocol number
20230662H).

A description of system specifications and functionality, and
results of the beta test is given below.

Results

System Specifications
Figure 1 illustrates how the system retrieves and shares
information, along with a description of the security steps that
are in place to ensure user data are protected. In this figure,
purple boxes represent end users of the system, ie, people who
send and receive text messages via SMS. The blue boxes
represent any third-party vendor that retrieves or sends
information from the user to the Clinic Chat AI Chatbot, called
“Be Well Buddy.” The orange box represents the firewall for
UT Health San Antonio, home to Be Well Texas, the clinical
entity whose patients and prospective patients are the intended
users of Be Well Buddy.

Figure 1. System workflow. AI: artificial intelligent; PHI: protected health information.

Data exchanges between users and the AI chatbot are described
as steps in Figure 1. In Step 1, Be Well Buddy initiates a
dialogue with users when it sends an initial SMS message to
them after receiving information on their first name and
telephone number from UT Health San Antonio, which they
provide upon enrolling a user in the feasibility study. All SMS
messages—incoming and outgoing—are handled by our
third-party provider, Vonage Telecommunications Company
(Step 2).

System users can respond to any message from Be Well Buddy.
When this is done, the data are forwarded to the UT Health San
Antonio Server (Step 3), where we host a Flask application
designed for minimal impact on system performance. This Flask
app uses a webhook to ingest the information efficiently. The
lightweight nature of Flask, as opposed to heavier frameworks
like Django, is crucial in maintaining fast processing speeds
behind the secure firewall. The information received by the
Flask app includes one piece of protected health information
(PHI)— the phone number—which is now encrypted using
SHA-256 bit encryption. This robust encryption method ensures
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that the data cannot be read or altered without the encryption
key and remains encrypted anywhere outside the firewall,
including Clinic Chat Amazon Web Server (AWS).

The message content and metadata without identifiers (eg,
message time, type), along with the encrypted phone number
are sent to a Clinic Chat-owned and managed AWS, known as
EC2 instance that hosts a Django application to authenticate
and retrieve information from the Be Well Buddy chatbot; only
whitelisted IP’s can send requests to the AWS EC2 instance.

At this point, a request is made to our IBM Watson AI (version
10.2.0) assistant that includes only the message body from the
SMS message (Step 4). IBM Watson currently serves as our
NLP AI system to classify message content. Prior to forwarding
messages to Watson, our Django app (version 5.2) performs a
variety of preprocessing tasks using regex and custom code to
effectively manage number inputs, survey and screener
responses, and any content that does not constitute a direct user
query. While IBM Watson effectively classifies message content
and returns a response (Step 5), we plan to transition to an
internally hosted LLaMA integration in the future to leverage
the impressive capabilities of LLMs. This response, along with
the encrypted phone number, is sent back to a Flask app—a
lightweight application optimized for faster processing—hosted
behind the university server before being forwarded to the user
through Vonage.

The response, message, metadata, and encrypted phone number
are sent to an Amazon Web Server (AWS) Relational Database
Service (RDS) instance for storage (Step 6). A dashboard hosted
on the Clinic Chat subdomain (through another AWS EC2
instance) can then send requests for the system to retrieve data
so team members can view large or small trends in anonymized
message data (Step 7).

The system relies on data transfers with multiple third-party
vendors, including Vonage that aggregates message delivery
via multiple cell phone providers; IBM Watson, which classifies
message content; and AWS that stores data. Following is a
description of how each of these providers operate with the Be
Well Buddy chatbot.

Vonage is our third-party telecommunications provider. They
manage all outgoing and incoming messages. As they handle
phone numbers, which are considered PHI that is regulated
under the HIPAA, they have executed a Business Associate
Agreement with Clinic Chat. This Business Associate
Agreement ensures that both Vonage and Clinic Chat remain
compliant with HIPAA regulations related to PHI by redacting
all phone numbers and messages from Vonage logs. To retrieve
the phone numbers and message information, the UT Health
San Antonio server has generated a whitelist of IP addresses
from Vonage (ie, the IP addresses for computers used by Clinic
Chat staff) that will limit JSON data intakes exclusively from
these IP addresses. All data will be sent to Vonage and received
from Vonage through HTTPS, a secure data transfer protocol
that encrypts data during transfer.

IBM Watson is used t0 store data to train our AI models,
allowing the system to more precisely interpret incoming queries
from users so the system can then respond with a message from

our curated library that corresponds to the intent behind each
user query. IBM Watson will never receive any PHI in any form
from messages—they only receive user queries as the text
message body, which is used to match to one of our answers in
our library of responses before returning it to the Clinic Chat
AWS instance [32] (Step 8).

We are using two AWS EC2 server instances—one to host the
backend server responsible for connecting the UT Health San
Antonio server, IBM Watson and the database, and a second to
host the front-end team interaction and database. Both are
configured according to AWS HIPAA guidelines, although
unencrypted PHI will never reach AWS. The backend server
will only connect to the UT Health San Antonio server via
HTTPS connection, IBM Watson, and AWS RDS. We whitelist
the UT Health San Antonio server IP (and a few developer IPs
for testing purposes), but no other IPs will be able to hit the
server. The front end is also whitelisted to limited team member
IPs and contains a login and user authentication system to view
anonymized data.

We also use an AWS RDS instance to store our data for the
project. All PHI are encrypted when entering AWS and are
stored in encrypted form in RDS; they are never decrypted in
AWS. The RDS database is connected to EC2 instances. The
backend will only write data to the database, and the front end
will only pull data.

The UT Health San Antonio server hosts a Flask app to process
and encrypt PHI before passing it on to AWS, and process and
decrypt phone numbers when sending it to Vonage. The app
has a webhook that interprets a series of whitelisted IPs from
Vonage, which will send JSON data including phone number
and message content. Phone numbers are the only PHI the
system receives, so the Flask app encrypts the phone number
using Python Fernet encryption before sending the message
content and encrypted phone number to our AWS EC2 backend
instance. Additionally, the Flask app has a webhook that receives
incoming JSON data from the same AWS EC2 instance. The
AWS EC2 instance is whitelisted, and along with Vonage, these
are the only servers that are whitelisted (outside of a dedicated
IP for a developer to fix any issues). The Flask app will take in
an encrypted phone number and response message from the
EC2 instance, decrypt the phone number, and pass the phone
number and response message back to Vonage to be sent to the
user (Steps 9 and 10).

In anticipation of possible system attacks, we also built in
protocols to reduce their impact should they occur. We exposed
our model to anticipated queries that are adversarial (eg, “I don’t
want to screen for SUD, leave me alone,” or “Your answers are
stupid”) to train for resilience and respond professionally (eg,
“I’m sorry you are disappointed with my response. I would be
happy to try again or discuss a different topic”). When a user
asks the system a question, the response is chosen from the
library using NLP and then relies on probabilistic models to
determine how likely it is that a response from our library will
match the intent behind the user query. We monitor all logs to
determine if system users and system content are behaving as
expected and to identify any suspicious interactions.
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Beta Testing
The beta test was conducted over the course of one day with
six users. Users sent 426 messages to the system (for an average
of 71 messages per user, with a range of 25‐110 messages),
and the system responded 800 times. The additional system
responses included intentional follow-up prompts (eg, “Ask me
about something else! I can answer your questions about
medication-assisted therapy” or “Are you interested in screening
for SUD?”) that were appended to responses. We documented
two instances where users received responses in Spanish,
although the content in the library was only available in English.
Upon investigation, we determined that the system was
retrieving messages from a different library within the Clinic
Chat system focused on chronic illness self-management. We
unlinked the libraries between the SUD and chronic conditions
content to avoid this error in the future. These two errors were
the only ones we documented when the system returned an
incorrect response (ie, 2 of 426 or <1%). When a user sent a
nonsensical query or one that did not align with SUD, the system
correctly responded with “I’m sorry, I am still learning and did
not understand your question. Will you please ask again in
different words?” Thus, we established a >99% level of system
precision overall. We documented three instances where
message return was quite slow (ie, a >90 seconds to return a
response). In all other instances, responses were sent within the
first 10 seconds of message receipt. We recognized this as a
problem with Vonage and reached out to report the message
delays to them. We identified a problem with the responses
returned to users who screened for anxiety, depression, and
SUD, where those with high risk were not alerted to their risk
and given a referral, necessitating a review and correction of
the referral algorithm. The algorithm for screening and responses
related to screening were incorrect and fixed. We did not identify
any problems with system encryption or data security in
transferring queries via SMS. Given the short time frame and
small sample of beta testers, we did not experience any
adversarial attacks to our system during the beta test and cannot
report on the robustness of our protocol to address these attacks
in this paper.

Discussion

In this study, we present the technical specifications included
in Be Well Buddy to facilitate access to information and
screening for SUD for Be Well Texas, a clinical organization
affiliated with the UTHSA. Our system adheres to HIPAA
regulations for the protection of PHI while avoiding pitfalls of
current generative AI chatbots by using curated chat content
that does not misinform or hallucinate. Users of Be Well Buddy
can get credible and complete information about SUD and can
access care on a 24/7 basis. The beta test uncovered and resolved
two functional errors; ie,(1) delivery of messages unrelated to
SUD and (2) an incorrect algorithm for screening feedback.
After correcting these errors, we verified that the system
functions as intended and has a high level of precision [33].

This study is not without limitations. Our objective was to ensure
that the system worked without error and was secure; therefore,
using a small number of beta testers was appropriate to achieve

these findings [34]. However, the small number of beta testers
did not allow us to delve deeply into how well the content
resonated for users. Further, as noted above, given the short
time frame and small sample of beta testers, we did not
experience any adversarial attacks to our system during the beta
test and thus cannot report on the robustness of our protocol in
such scenarios. These topics would be appropriate for a
subsequent trial of system use.

While we stand behind our approach of using a closed library
system to avoid challenges with misinformation and
hallucination, this model requires regular updates to content to
ensure it remains consistent with medical and professional
guidelines related to SUD, SUD screening and treatment
referrals. This task may evolve to become cumbersome if library
updates are frequent or extensive.

AI chatbots can struggle with delineating between nuanced
concepts, making it difficult to support complex questions from
users. As we rely on IBM Watson for classification and other
language models, this challenge persists and will require careful
attention to identify inaccuracies to allow for appropriate
reclassification of content when systems do not respond with
precision.

Finally, we recognize that the datasets used to train AI chatbots
have inherent biases, which we risk reproducing when scaling
this system. This risk can be particularly challenging for the Be
Well Buddy chatbot whose explicit goal is to reduce stigma.
Extra effort is recognized to ensure that the content does not
produce or reinforce stereotypes about substance use or people
who use substances [35].

According to a recent McKinsey report [12], a large group of
surveyed health care leaders indicated that their organizations
are eager to use generative AI to enhance
operations—particularly patient engagement processes—but
most are still adopting a wait-and-see approach. While
traditional rule-based chatbots have already proven effective,
the AI-driven chatbots, particularly those that are driven by
generative models such as ChatGPT, have yet to be proven safe
for health care applications. In particular, a number of ethical
concerns, such as privacy, confidentiality, bias and fairness,
transparency, accountability, regulatory compliance, risk
anticipation and copyright complications remain the subject of
active research and mitigation in generative models.
Additionally, the risks of misinformation, perpetuation of bias,
or hallucination continue to dampen enthusiasm for widespread
deployment of AI Chatbots in health care [8].

Until effective and proven solutions are developed to address
these concerns, widespread use of AI-driven chatbots in health
care applications is not anticipated.

In this paper, we introduced the Be Well Buddy chatbot, a novel
AI-driven chatbot that adopts a secure and reliable approach to
engage with patients with SUD. Our system circumvents
challenges with misinformation, bias, and hallucination, while
securely delivering and supporting access to SUD screening
and treatment options.

Our research is consistent with recent recommendations for
optimized digital substance use interventions, such as solutions
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that emphasize digital rights of privacy and confidentiality,
accessibility, and user-friendliness [15]. In the future, we will
further experiment with Be Well Buddy to evaluate and report
its efficacy in promoting self-screening and referral for SUD.
We anticipate integration with treatment providers who wish
to accelerate referrals for care by inviting persons living in their

catchment areas to use the system and for self-screening. This
system may also be integrated into other organizations adjacent
to SUD treatment, such as the criminal justice system where
care may be mandated, or the parole system where people may
seek to closely monitor their own or clients’ risk for SUD.
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Abstract

Background: Mobile health (mHealth) apps provide easy and quick access for end users to monitor their health-related activities.
Features such as medication reminders help end users adhere to their medication schedules and automatically record these actions,
thereby helping manage their overall health. Due to insufficient mHealth tools tailored for HIV preventive care in young men
who have sex with men (MSM), our study evaluated the usability of the mChoice app, a tool designed to enhance preexposure
prophylaxis (PrEP) adherence and promote sexual health (eg, encouraging the use of condoms and being aware of the partner’s
HIV status and PrEP use).

Objective: This study aimed to apply systematic usability evaluations to test the mChoice app and to refine the visualizations
to better capture and display patient-reported health information.

Methods: Usability testing involved heuristic evaluations conducted with 5 experts in informatics and user testing with 20
young MSM who were taking or were eligible to take PrEP.

Results: End users demonstrated satisfaction with the appearance of the mChoice app, reporting that the app has an intuitive
interface to track PrEP adherence. However, participants highlighted areas needing improvement, including chart titles and the
inclusion of “undo” and “edit” buttons to improve user control when recording PrEP use.

Conclusions: Usability evaluations involving heuristic experts and end users provided valuable insights into the mChoice app’s
design. Areas for improvement were identified, such as enhancing chart readability and providing additional user controls. These
findings will guide iterative refinements, ensuring that future versions of the app better address the needs of its target audience
and effectively support HIV prevention.

(JMIR Hum Factors 2025;12:e59780)   doi:10.2196/59780

KEYWORDS

HIV prevention; data visualization; patient-reported health information; mHealth; digital health; usability; human immunodeficiency
virus; preexposure prophylaxis; men who have sex with men; apps; HIV; PrEP

Introduction

The incidence of HIV, although having declined modestly
overall in the United States, remains a significant public health
problem for men who have sex with men (MSM) [1,2]. Notably,
young MSM aged 13 to 34 years represent 58% of the estimated
HIV infections in 2021, indicating a pressing need for targeted
intervention in this group [2]. Preexposure prophylaxis (PrEP)
is a highly effective biomedical prevention strategy to reduce
HIV incidence and curb the HIV epidemic [3-10]. When taken
as prescribed (daily or at least 4 times per week), PrEP reduces
HIV transmission by up to 99% among MSM [7-9,11-13]. While
awareness of PrEP has increased among MSM [14,15], those

who are most disproportionately affected have been found to
be less aware of PrEP [15], and overall, widespread uptake
among those with the greatest indications for PrEP remains low
[14-17].

To overcome this clinical and public health challenge,
technological interventions, such as mobile health (mHealth)
apps, have emerged to support public health care initiatives
[18]. However, despite the potential of mHealth for delivering
sexual health and HIV prevention awareness, mHealth is
underutilized for supporting PrEP adherence [19,20]. In
response, our study team developed mChoice, an innovative
PrEP adherence monitoring app, which combines the CleverCap
smart pill bottle with WiseApp, allowing end users to
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self-monitor and manage their medication adherence. The
CleverCap pill bottle dispenses the prescribed medication and
interfaces with WiseApp for real-time tracking. The app was
created by Compliance Meds Technology and has been used in
prior studies among persons living with HIV [10,21-25]. It was
adapted for the mChoice study. The app’s key functionalities
include monitoring PrEP adherence, visualizing data trends,
and documenting sexual behavior, particularly among young
MSM from diverse backgrounds.

A notable issue in the proliferation of mHealth apps is the
development of this technology with minimal input from end
users, leading to poor design, inadequate consideration of user
needs, and ultimately, poor usability [26]. Poorly designed apps,
lacking in usability, are prone to misuse, underutilization, and
failure to achieve their intended objectives.

To ensure the best utilization of mHealth apps, it is essential to
understand their usability, keeping in mind target end users (eg,
young MSM), tasks (eg, PrEP adherence management and
sexual health tracking), and cultural contexts (eg, language and
beliefs). Adherence to PrEP is crucial for its effectiveness in
preventing HIV, yet many young MSM face challenges such
as inconsistent medication schedules and limited access to
tailored support tools. The mChoice app was designed to address
these barriers by providing intuitive features, including
medication reminders, adherence tracking, and functions to
support sexual health decision-making. In this study, we sought
to apply systematic usability evaluations to test the mChoice
app and to refine the functions to better capture and display
patient-reported health information.

Methods

Ethical Considerations
The Columbia University Institutional Review Board reviewed
and approved all study activities (approval number AAAT8812).
Participants signed informed consent forms prior to participating
in usability testing. In our dataset, each participant was assigned
an identifier, and information was deidentified at the point of
analysis.

Heuristic Evaluation

Sample
Usability testing of the mChoice app included heuristic
evaluation conducted with experts in informatics and end-user
testing conducted with young MSM. Five experts were recruited
as evaluators in accordance with Nielsen’s recommendation to
include 3 to 5 experts in usability testing [27]. Of the 5 experts,
4 had a PhD in Nursing with expertise in human-computer
interaction, interface design, and usability testing. The
experience of the experts varied between 7 and 23 years, with
several impactful publications in the field of informatics.

Procedure
The experts were provided with the mChoice app and asked to
complete a session in the app through case scenarios that
represented the main functions of the system and think-aloud
methodology [28]. The mChoice app required a password, and
all study data were encrypted and stored on secure
HIPAA-compliant servers at Columbia University. The experts
were asked to describe what they were thinking, seeing, and
doing as they completed the following 10 scenarios: (1) log in
to the CleverCap app; (2) complete a sexual activity log; (3)
mark your PrEP dose for today as “Taken”; (4) view tomorrow’s
pending PrEP dose; (5) edit your sexual activity log; (6) delete
your sexual activity log; (7) view information on PrEP dosing
over the past month; (8) send a chat to the study team; (9) watch
a video about an HIV story; and (10) find PrEP information
(see Figures 1 and 2 illustrating app functions and Figure 3
demonstrating the CleverCap smart pill bottle). Following their
use of the app, the experts completed an online Heuristic
Evaluation Checklist to assess how the system adhered to
Nielsen’s 10 usability principles [27] using Qualtrics XM, an
online survey software. Each question ranged from 0 (not a
usability problem) to 4 (usability catastrophe). A member of
the research team analyzed the experts’ comments regarding
usability problems to identify areas of usability concern that
could be targeted for improvement. The mean usability problem
severity scores were calculated for each of the 10 usability
heuristics.
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Figure 1. Sexual activity log. A confidential and secure feature for users to record their sexual activities, such as gender of partner, whether a condom
was used, and the HIV status of their partner. Users of the on-demand/intermittent (2-1-1) preexposure prophylaxis (PrEP) regimen can use this feature
to trigger subsequent PrEP dose reminders following sexual activity (ie, one pill 24 hours and one pill 48 hours after sexual activity).

Figure 2. Preexposure prophylaxis (PrEP) adherence tracking. A simple interface for users to track PrEP intake, facilitating adherence monitoring over
time. This feature is linked with the CleverCap device, a smart pill bottle that tracks when users take their medication. PrEP tracking is also customizable
for users on different PrEP regimens (ie, 2-1-1, injectable, or daily oral dose) to ensure the timely intake of PrEP medication. For instance, users on
injectable PrEP will be alerted of their upcoming appointment or need for their PrEP injection.
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Figure 3. CleverCap device. A smart pill bottle linked with the mChoice app to track preexposure prophylaxis (PrEP) medication.

End-User Testing

Sample
Twenty end users were recruited for the usability testing. The
eligibility criteria were young MSM between 18 and 39 years
old, English speaking, living in New York or Alabama, and
taking or eligible to take PrEP. The inclusion criteria were
designed to ensure the mChoice app was evaluated by its
intended target audience, ensuring a diverse usability evaluation.
Potential end users were contacted using a research database
and invited to participate in the study.

Procedure
During usability testing, the end users were provided with a
brief explanation of the mChoice app and its functions. The end
users were directed to complete the same 10 scenarios completed
by the experts in the heuristic evaluation. Sessions took place
remotely via Zoom meetings (Zoom Communications, Inc),
and a member of the team was present during sessions to provide
guidance when an end user was unable to move through a task
independently and to take notes. Following their use of the app,
the end users completed a survey using the Qualtrics XM
software.

The survey included demographics and two validated measures
of usability. The first usability measure was the self-reported
ease of use measured by using the Health Information
Technology Usability Evaluation Scale (Health-ITUES) [29,30].
This 20-item tool is designed to support customization at the
item level to match the health information technology while
retaining standardization at the construct level. It has been
demonstrated to be useful for evaluating the usability of mHealth
[31]. It is scored on a 5-point Likert scale ranging from 5
(strongly agree) to 1 (strongly disagree), where higher scores
indicate a system that is easier to use. The second measure was
the short version of the Post-Study System Usability
Questionnaire (PSSUQ), a 16-item survey that assesses users’
perceived satisfaction with a system [32]. Scoring is based on
a 7-point Likert scale ranging from 1 (strongly agree) to 7
(strongly disagree). Lower scores indicate satisfaction with the

system. Through validated measures, the end users contributed
feedback on the app’s functionality and user experience.

Data analysis was performed using R statistical software
(version 4.1.2; R Foundation for Statistical Computing) to
analyze the usability measures. The mean scores were calculated
for each survey.

Results

Heuristic Evaluation
Overall, the severity scores ranged from 0.8 to 2.2 for the 10
items on the heuristic checklist, where scores closest to 0
indicate a more usable system. The mean severity scores for
each heuristic item are presented in Table 1. The area identified
as the most in need of improvement was “user control and
freedom,” where the experts identified that the app did not have
an “undo” button or “edit” button for the PrEP medication entry.

The next most identified area for improvement was the
“visibility of the system status,” for which experts identified
the lack of one “add” button to add a new sexual event. To
improve the “visibility of the system status,” the experts
suggested we provide one “edit” button for modifying recorded
sexual encounters and incorporate a separate “add” button for
logging new encounters, especially in instances of multiple
events. Additionally, “consistency and standards” was an area
of concern with difficult terminology in charts. “Error
prevention” was another concern, and experts highlighted the
importance of one “edit” button to edit medication time as an
issue that might impede system usability. Experts provided
favorable feedback on the app’s user experience. One expert
(Expert 2) reported, “the app is very simple and intuitive
interface…and it’s nice that the button changes color with
pleasant colors.”

The rating score ranged from 0 (ie, best) to 4 (ie, worst), with
a score of 0 indicating no usability problem, 1 indicating a
cosmetic problem only, 2 indicating a minor usability problem,
3 indicating a major usability problem, and 4 indicating a
usability catastrophe.
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Table . Mean severity scores for items on the heuristic evaluation.

Experts’comments to identify the areas of usabil-
ity concerns

Mean (SD) severity scoreHeuristic principles

2.2 (1.3)User control and freedom • “No undo or edit for the medication entry.
This is a big problem.” (Expert 5)

1.6 (1.1)Visibility of the system status • “…When adding a sexual encounter record,
it is not clear whether it edits or adds a new
one, so there should be two buttons, one for
edit and one to add a new one. The screen
when you use edit also shows the old entry,
which implies you are editing it, not starting
a new one, but actually it is starting a new
one. That is confusing.” (Expert 3)

1.6 (1.1)Consistency and standards • “Not clear if the clever score is just adher-
ence or if it means something else.” (Expert
4)

• “…I think in the menu it says stats. Rather
than stats, it’d be adherence stats or adher-
ence tracking over time. You know some-
thing that makes it really clear what people
are clicking on.” (Expert 2)

1.6 (1.1)Error prevention • “When entering the time of a medication,
it might be easy to miss the AM/PM change.
I don’t think there’s any design change to
be made for this, but rather the user needs
to be able to edit their entry if they forget
to adjust this.” (Expert 4)

1.4 (1.3)Match between the system and the real world • “Would like to see one section specific to
PrEP information.” (Expert 5)

1.4 (0.9)Recognition rather than recall • “Some of the main features can be moved
to more obvious places.” (Expert 1)

• “Organization for videos could be im-
proved, especially if you plan to add more
content.” (Expert 4)

1.4 (1.3)Help and documentation • “Information buttons and an introduction
to the app would be helpful.” (Expert 1)

1.2 (1.1)Help users recognize, diagnose, and recover from
errors

• “When the dose was missed, no way to edit
if it was a mistype.” (Expert 5)

1.2 (1.1)Aesthetic and minimalist design • “Graphs need clearer tiles and more labels.”
(Expert 1)

• “Need more medication information or
guidance if adherence is low.” (Expert 5)

0.8 (1.1)Flexibility and efficiency of use • “…Search function for videos. Tags for
topics would be good, too.” (Expert 4)

End-User Testing
The end-user group for evaluating the mChoice app’s usability
consisted entirely of men, with the majority identifying as
homosexual (14/20, 70%). The mean (SD) age was 28 (3.4)
years. Half of the end users were White, and 75% (15/20) were
non-Hispanic or Latino. Considering education, 50% (10/20)
had a college degree. Two specific measures were employed
for the usability assessment: the Health-ITUES and the PSSUQ,
as detailed in Table 2.

The Health-ITUES scale, where a higher score indicates better
usability, showed that “perceived ease of use” scored the highest
with a mean (SD) score of 4.6 (0.5), suggesting a favorable user
assessment. However, “user control” received the lowest score
in this category, with a mean (SD) score of 3.8 (0.9),
corroborating the heuristic evaluator’s ratings.

Conversely, the PSSUQ, where a lower score indicates better
usability, reflected different aspects of the mChoice
performance. “System quality” scored the lowest with a mean
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(SD) of 1.7 (1.2), while “interface quality” had the highest score
with a mean (SD) score of 3.0 (1.8). These results suggested a
positive user experience with notable ease of use and system

quality strengths. However, there were areas for improvement,
particularly in enhancing user control and interface quality.

Table . Usability measures.

Mean (SD) scoreMeasures

Health-ITUESa

4.6 (0.5)    Perceived ease of use

4.1 (0.8)    Impact

4.0 (0.8)    Perceived usefulness

3.8 (0.9)    User control

4.2 (0.4)    Overall Health-ITUES score

PSSUQb

1.7 (1.2)    System quality

2.4 (1.3)    Information quality

3.0 (1.8)    Interface quality

2.3 (0.6)    Overall PSSUQ score

aHealth-ITUES: Health Information Technology Usability Evaluation Scale (rating the score from 5 being the best score to 1 being the worst score).
bPSSUQ: Post-Study System Usability Questionnaire (rating the score from 1 being the best score to 7 being the worst score).

Discussion

Principal Results
Our study evaluated the mChoice app’s usability in enhancing
PrEP adherence for young MSM. Overall, heuristic experts and
end users demonstrated satisfaction with the mChoice app,
reporting that it is a simple and intuitive interface for tracking
PrEP adherence. Graphs, charts, and icons are the main features
of mHealth apps that help end users track their goals, habits,
and achievements [33,34]. The mChoice app combines
iconography (eg, emoticons) and color-coded charts to provide
clear and immediate feedback on PrEP adherence. These diverse
visualizations allow end users to interpret their data in several
formats. The app includes emoticons in different colors (green
for high adherence, red for missed doses, and yellow for
off-schedule doses) to represent adherence status. For instance,
a sad emoticon in red for low adherence might highlight
medication adherence challenges and prompt self-reflection on
areas needing improvement. Such immediate visual feedback
can motivate end users to improve their medication routine. In
addition, graphs showed the trend of PrEP medication adherence
over time, including evidence-based information on the
percentage of missed, off-schedule, and on-time doses.

While prior research has indicated that varied data visualization
options help match different end users’ preferences [33] and
color-coded visual cues can aid in quick decision-making and
interpretation of health data [35-38], our study did not directly
assess end-user interpretations of these visual elements. The
mChoice app incorporates these evidence-based design
principles, but further research would be needed to evaluate
their impact on user comprehension and medication adherence
behaviors.

Our findings suggest that the visual elements available in the
mChoice app offer a positive end-user experience and function
accessibility that could assist in timely medication intake and
monitor adherence. However, our heuristic evaluation
highlighted areas needing improvement, particularly in the need
for clearer chart titles and more labels to exemplify each
component (eg, Clever score), underscoring the importance of
refinement of the mChoice design for optimized end-user
experiences.

The accuracy of the information collected through the mChoice
app was another area of attention that heuristic experts raised
concerns, particularly highlighting the absence of “undo,” “edit,”
and “add” buttons. These limitations restricted user control,
potentially affecting the accuracy of patients’health information
input. For instance, the absence of “undo” and “edit” buttons
could lead to inaccuracies if end users mistakenly enter the time
of their PrEP dose intake. Additionally, the lack of an “add”
button for recording multiple sexual events was seen as an
important barrier, restricting end users from documenting their
sexual event entries accurately. These findings underscore the
need for enhanced app capabilities to ensure accurate and
comprehensive user input and customizations. Similarly, other
studies [39,40] reported concerns about user experiences and
data accuracy in mobile apps, reinforcing the findings of our
study.

The actionable finding from this study is to reevaluate the
functions of the mChoice app after integrating end-user feedback
and addressing heuristic violations. Iterative usability
evaluations should be considered as a best practice in the app
development process to ensure the effectiveness of the app’s
future iterations.
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Limitations
A limitation of our study was the convenience sample, recruited
from a database that included participants who had participated
in past research and expressed interest in future studies.
Additionally, while our sample targeted young MSM,
English-speaking men, and those living in New York or
Alabama, this demographic representation might limit our ability
to understand how the app might perform for medication
adherence across diverse populations. Given that PrEP users
come from varied cultural, linguistic, and socioeconomic
backgrounds, our findings may not be generalizable to groups
whose cultural beliefs, language preferences, and health care
engagement patterns differ from those of our study population.
While end users were central for evaluating the usability of the
mChoice app through validated quantitative measures,
qualitative data were collected only from experts during heuristic
evaluations. In this study, we did not evaluate the artificial

intelligence or algorithmic components that could enhance
personalization and medication adherence predictions. Despite
these limitations, we identified areas of improvement to refine
the mChoice app. In addition, this study enriched the body of
research on evaluating the mHealth usability for HIV prevention.
This was achieved by employing end users and heuristic experts
to assess this innovative app designed for PrEP adherence and
HIV prevention.

Conclusions
Our usability study of the mChoice app involved rigorous
evaluations through interactive heuristic evaluations and
end-user testing. The results demonstrated the app’s simplicity
and user-friendly interface, showcasing its potential in
monitoring health-related activities such as PrEP adherence.
Further research could explore how these usability enhancements
might influence user engagement and behavior change to support
HIV prevention efforts.
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Abstract

Background: Wearable transdermal alcohol sensor (TAS) devices generate continuous data on alcohol consumption through
the indiscernible sweat vapors on the skin. This continuous alcohol monitoring capability could provide a new method for alcohol
services to monitor service users at various stages of their alcohol treatment.

Objective: We aimed to assess the feasibility of using a TAS as part of alcohol treatment with alcohol service users using the
device with or without contingency management (CM).

Methods: A feasibility study was conducted of a convenience sample of 29 current service users from 3 South London alcohol
services. Participants were randomized into either a control (treatment as usual) or CM group (treatment as usual+CM). We
assessed the feasibility of enrollment, participation, device tampering and return, and device wearability and the accuracy of data
capture. These data were reported descriptively where appropriate, the groups were compared, and alcohol self-report data were
compared to the transdermal alcohol concentration to assess accuracy.

Results: A total of 34 individuals were approached, and 32 (94%) were enrolled and randomized (n=17, 53% to the control
group and n=15, 47% to the CM group) over 5 months. In total, 3 participants withdrew (n=2, 67% from the control group and
n=1, 33% from the CM group). There was a total of 203 meetings arranged (29 participants × 7 meetings), and 185 (91.1%) were
attended. Only 1 of the 29 participants (3%) admitted to turning the TAS off to avoid monitoring. There were some issues with
the TAS not functioning properly and not being able to be cleaned. Removals were recorded, but the definition of TAS removal
may need to be improved for future trials. There was a high TAS return rate (28/29, 97% of the participants returned the TAS).
Secondary outcomes suggest that the BACtrack Skyn remains an accurate tool to monitor alcohol consumption compared to
self-report data and that it is acceptable to wearers over 2 weeks, with many participants (27/28, 96%) answering that they would
wear it again and for longer but that the CM procedure could be made clearer.

Conclusions: The delivery of CM via a TAS was feasible in this study, but recommendations for a future larger trial include
that the study design should be changed to provide an operationalized rather than manual method of checking whether TAS data
meet CM criteria. This would reduce researcher burden and researcher and participant time. Current recruitment and research
meeting design seem suitable for a future larger trial.

Trial Registration: International Standard Randomised Controlled Trial Number (ISRCTN) ISRCTN46845361;
https://www.isrctn.com/ISRCTN46845361

(JMIR Hum Factors 2025;12:e64664)   doi:10.2196/64664
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Introduction

Background
Various wearable transdermal alcohol sensor (TAS) devices
have been developed. These devices measure alcohol
consumption from alcohol vapors in the skin via sweat, known
as transdermal alcohol concentration (TAC), and can record at
automated regular intervals. One potential use of TASs is as a
tool for objective alcohol measurement in clinical alcohol
treatment.

TASs could be used in specialist community alcohol services
for monitoring alcohol consumption before detoxification to
determine drinking levels and patterns, during detoxification,
or after detoxification to be combined with sessions with key
workers and other psychosocial or medication treatment. The
recorded alcohol data could be used to consider triggers and
provide evidence of abstinence or alcohol reduction and proof
of engagement, which may be useful as evidence for funded
treatment, or TASs could be used to implement contingency
management (CM) for alcohol reduction. However, before TASs
can be implemented into treatment, their accuracy, acceptability,
and feasibility in this setting must be validated.

There have been several studies that have investigated the
various TAS device brands on TAC data accuracy compared to
self-report, blood alcohol concentration, and breath alcohol
content data [1-17]. Most of this previous research was
conducted with healthy adult volunteers [18,19]. Various brands
of TASs have been developed and are in differing stages of
validation and research. There have only been a few studies
conducted with a specific focus on exploring TAS acceptability
and feasibility measures [12,20-26] and even fewer specifically
on TAS implementation of CM rewards [1,2,26-31]. While most
of the TAS research reports on the SCRAM monitor, there is a
growing number of individuals using a newer generation of
TASs, the BACtrack Skyn [7,12-14,32-42].

CM has been evidenced as an effective treatment for substance
use. It is an established treatment recommended by the National
Institute for Health and Care Excellence [43] and has proven
to be effective for a range of substance use treatments [44-47].
Although initially developed to be used with alcohol use disorder
(AUD) treatment, it has had limited use in this area [48,49].
This is due to the nature of alcohol metabolism and its short
detectability within the body [50,51].

Currently used methods for alcohol measurement include breath,
blood, and urine tests, which have a relatively short time frame
to detect alcohol [52]. Thus, to accurately implement CM in
alcohol treatment, the individual would require frequent,
multiple breath, blood, or urine tests daily to prove abstinence
or alcohol reduction and accurately achieve CM rewards
[47,49,53,54]. This is not always feasible with staff time and
resources and increases the burden on both service users and
staff. The portable mobile phone–linked breathalyzer has also

tried to address this limitation and appears to work well in
tracking alcohol treatment progress [55-58]. However, it still
requires repeated daily compliance from the individual
completing each breathalyzer test.

The development of TASs has the potential to address CM
implementation with alcohol use and can provide a low-burden,
low-intensity solution [1,2,26-31]. Previous literature has started
to explore how TASs can implement CM [1,2,26-31]. These
studies have found the SCRAM monitor successful in
implementing the CM procedure and found that the CM
intervention was able to significantly reduce alcohol
consumption [1,2,27,29]. Of these 8 studies, none recruited
alcohol-dependent participants. In total, 2 involved recent
driving while intoxicated offenders with differing criteria on
alcohol consumption, 1 with an Alcohol Use Disorders
Identification Test score of ≥4 [28] and the other with an
Alcohol Use Disorders Identification Test score of ≥8 [30]; 2
recruited HIV-diagnosed individuals with higher levels of
alcohol consumption [26,31]; and the other 4 classified
participants as risky or heavy drinkers with varying ways to
define this [1,2,27,29]. The length of TAS wear periods and
CM length ranged from 1 to 4 months, and all studies were
conducted in the United States and used the SCRAM monitor.

This study followed a previous study that used the Skyn with
individuals in alcohol treatment wearing the device for 1 week
and interviewed staff on their thoughts [36,59,60]. From this
previous study, we found that most of the individuals were
willing to wear the device for longer and that staff want patients
wearing the device for longer than a week for it to be used in
alcohol treatment. Therefore, for this study, we extended the
wear time for 2 weeks and added the CM component. The
findings of this study will contribute to the knowledge on TAS
feasibility in alcohol research and providing CM in alcohol
services in South London.

Objectives
This study aimed to explore the feasibility, strengths, and
limitations of using a TAS to monitor alcohol consumption in
individuals in treatment for AUD with or without CM to
promote abstinence or low-level alcohol consumption.

Methods

This was a randomized controlled trial with a 1:1 allocation
ratio to the control and CM groups.

Patient and Public Involvement and Staff Consultation
To ensure that the recruitment, study design, and outcomes were
appropriate, when designing this study, we conducted monthly
patient and public involvement groups and staff consultation
for 6 months. Service users and staff from 3 South London
alcohol services were invited to attend. There were 2 meetings
held each month, one for service users (in person) and one for
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staff (on Microsoft Teams). In these groups, we discussed study
aspects and the participants’ thoughts on potential challenges.

Setting
In total, 3 drug and alcohol services were recruited from South
London and Maudsley National Health Service Foundation
Trust. The 3 services were the Pier Road Project (Erith),
Wandsworth Community Drug and Alcohol Service
(Wandsworth and Richmond), and the Assertive Alcohol
Outreach Team (Camberwell). All services were willing to be
involved in this study and had recruitment occur at their
facilities. At each service, after referral, patients typically
completed a community detoxification, were prescribed any
medication if appropriate, and started to attend group meetings
and regular one-to-one meetings with their key worker. All
participants that were recruited for this study were currently
attending groups and one-to-one sessions.

Participants and Sample Size
Participants were referred by service staff and by the researcher
attending patient groups to discuss the study. One of the aims
of this trial was to investigate the feasibility of conducting a
larger trial. Therefore, this study conducted no formal statistical
sample size calculation but aimed to recruit 30 participants (15
in each arm).

The inclusion criteria were (1) reception of alcohol treatment
for an AUD in one of the participating South London alcohol
services, (2) age of ≥18 years, (3) ability to speak English
competently, (4) ability to meet throughout the study period,
(5) no current participation in any other research trials, and (6)
willingness to provide informed consent to participate. Exclusion

criteria were (1) current use of any illegal or addictive
substances (excluding cannabis), (2) age of <18 years, and (3)
inability to speak English without a translator.

The study inclusion criteria were intentionally kept broad,
enabling individuals receiving any treatment for an AUD
(provided that they met the other criteria) to participate.

Randomization
Participants were randomized via dedicated software and sealed
envelopes by an independent statistician. The team member
recruiting participants (EB) was not aware of the randomization
allocation sequence until the sealed numbered envelope was
opened at each participant’s first research meeting. EB enrolled
all participants and assigned participants to their allocated group.
The researcher and participants were not blind to the allocation;
both were aware of whether they were receiving CM rewards.

Procedure
At enrollment, participants were randomized into one of two
groups: (1) treatment as usual+wearing a TAS (control group)
or (2) treatment as usual+wearing a TAS+CM for low or no
alcohol consumption as measured using the TAS (CM group).

Each participant had 7 research meetings arranged across 15
days. At the first meeting, the participant was trained in using
the TAS and provided with a quick leaflet guide to take home
with them, had the study protocol explained, and was
randomized into a group. Meetings 2 to 6 were for TAS data
download and timeline followback (TLFB) completion. At the
final meeting, meeting 7, participants also had TAS data
downloaded and completed the TLFB as well as a postwear
survey. This procedure is shown in Table 1.

Table 1. Study procedure—an example of the research meetings if the first meeting happened on a Monday.

Meeting description

Week 1

Meeting 1—talk participants through the study and train them in using the TASaMonday

Meeting 2—TAS data download and TLFBb (+CMc)Wednesday

Meeting 3—TAS data download and TLFB (+CM)Friday

Week 2

Meeting 4—TAS data download and TLFB (+CM)Monday

Meeting 5—TAS data download and TLFB (+CM)Wednesday

Meeting 6—TAS data download and TLFB (+CM)Friday

Week 3

Meeting 7—TAS data download, TLFB (+CM), and postwear surveyMonday

aTAS: transdermal alcohol sensor.
bTLFB: timeline followback.
cCM: contingency management.

If the participant was randomized into the CM group, in addition
to the aforementioned steps, at each meeting (meetings 2-7),
the TAS data were checked to confirm whether the participant
had been abstinent or consumed an amount of alcohol below
our set threshold and whether they had been wearing the TAS.
If they met these 2 criteria, they were then rewarded with the

corresponding amount for the days of abstinence or low level
of drinking.

The reason for the research meeting design was for regular TAS
data download to ensure that the TAS did not start overwriting
data. At the time of this study, the Skyn could store up to 72
hours before overwriting data. Participants also completed a
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TLFB with the researcher at every meeting, so they only had
to recall alcohol consumption for the previous 2 to 3 days [61].

CM Intervention
Participants who were randomized to the CM group could also
earn rewards by being abstinent or for low drinking as measured
using the TAS and wearing the TAS consistently (we specified
that removal of no more than 60 minutes per day was allowed
for a shower or bath). The CM reward was a £5 (US $6.25)
voucher for each day that the target behavior occurred. There
were also bonuses for consecutive days of the target behavior

occurring. At each meeting (meetings 2-7), the researcher
checked their TAC data and provided any earned CM rewards
since the previous meeting. If the participant met the target
behavior every single day for the study period, there was an
additional bonus given at the end (£35 [US $43.75]). Therefore,
a total of £180 (US $225.02) over the study period could be
given in CM vouchers. If there was a day in which this behavior
did not occur, then participants received no CM for that day
and were not eligible for that bonus. The CM plan is shown in
Table 2.

Table 2. Contingency management (CM) plan—an example of the CM plan for a Monday start. Participants were ineligible for CM if the device was
removed (skin temperature of <30 °C for >1 hour). A 1-time 1-hour removal was allowed per day.

CM bonus for 14 consecutive days of absti-

nence (£35 [US $43.75] for 14 days)c
CM bonus for consecutive-day absti-

nence (£5 [US $6.25] per day)b
CM for 1-day abstinence (£5

[US $6.25] per day)a
DayDay number

——d£5 (US $6.25)Monday1

——£5 (US $6.25)Tuesday2

—£10 (US $12.50; second meeting)£5 (US $6.25)Wednesday3

——£5 (US $6.25)Thursday4

—£10 (US $12.50; third meeting)£5 (US $6.25)Friday5

——£5 (US $6.25)Saturday6

——£5 (US $6.25)Sunday7

—£15 (US $18.75; fourth meeting)£5 (US $6.25)Monday8

——£5 (US $6.25)Tuesday9

—£10 (US $12.50; fifth meeting)£5 (US $6.25)Wednesday10

——£5 (US $6.25)Thursday11

—£10 (US $12.50; sixth meeting)£5 (US $6.25)Friday12

——£5 (US $6.25)Saturday13

——£5 (US $6.25)Sunday14

£35 (US $43.75; seventh meeting)£15 (US $18.75; seventh meeting)£5 (US $6.25)Monday15

aTotal of £75 (US $93.76).
bTotal of £70 (US $87.51).
cTotal of £35 (US $43.75).
dNot applicable.

Measures

BACtrack Skyn
The TAS used in this study was the BACtrack Skyn (model
T15). It was worn on the participants’ preferred wrist, but they
could change which wrist they wore it on during the study period
if that was comfortable for them. The Skyn continuously
measured the participant’s TAC while being worn, as well as
skin temperature (°C). Output was analyzed at 1-minute
intervals. The participants could remove the TAS at any time
if they did not wish to wear it and were required to remove it
for bathing as it is not waterproof. The CM group were told that
they could remove it once a day for up to 60 consecutive minutes
to bathe and still be eligible for their CM reward. If it was
removed for longer than an hour, they would no longer be able
to receive the CM reward. If they wore the TAS according to
this and the TAC did not increase above our set threshold of

115.660 µg/L, they were eligible for the CM reward for that
day. Our set threshold was based on previous work by the
research team [35].

TLFB Method
A TLFB was completed at meetings 2 to 7 to assess self-reported
alcohol consumption and compare it against TAC. The TLFB
is a calendar-based measure to record self-reported substance
use. A day was considered from midnight to 11:59 PM.

Postwear Surveys
Participants completed a postwear survey on their experience
of wearing the Skyn at their last meeting. This survey was
adapted from the work by Alessi et al [20]. If participants were
randomized to the CM group, they also completed a survey on
their CM experience. This survey was adapted from the work
by Miguel et al [62].
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Outcomes

Feasibility of the Trial
This primary outcome was the feasibility of this study design.
Feasibility was defined by enrollment, participation, device
tampering, removals, adjustments, malfunction rates, and the
number of TASs returned.

Enrollment
Participants who were identified, approached, eligible, and
enrolled were recorded. Participants who were approached but
did not wish to participate were asked about their main reason
for this. Participant safety was recorded via adverse events for
each participant. The number of participants enrolled on each
service was also recorded.

Participation
The number of attended meetings by enrolled participants,
withdrawal rate, compliance with wearing the TAS, and reasons
for incomplete participant data (nonattendance, TAS data
overwriting, and TAS technical faults) were recorded.
Participants were asked what their main reason was for
nonattendance or for not complying with TAS wear.

Removals
TAS removals were defined as a skin temperature of <30 °C
for >2 minutes. Removals were recorded for each participant.

Tampering
Participants were asked about tampering with the TAS if there
was no clear reason for missing TAC data in the output.

Malfunction
TAS errors, missing data due to a technical fault, and charging
or syncing issues were recorded, as well as how much data were
missing for these reasons.

TAS Return
The number of Skyn devices that were returned to the research
team at the end of each participant’s study period was recorded.

CM Delivery
The feasibility of TASs to measure CM target behavior was a
combination of the factors mentioned previously, including
compliance, removals, TAS tampering, malfunction, and
accuracy.

Secondary Outcomes

Acceptability

This was measured using the postwear survey.

Accuracy

Accuracy outcomes were measured using the TLFB and TAC
data. The TLFB was self-reported [63] and was used to
determine alcohol-drinking days and how many units were
consumed (in the United Kingdom, 8 g or 10 mL of pure
ethanol=1 unit). The TAS (BACtrack Skyn) continuously
measured TAC and skin temperature (°C), and from this, Skyn
removal and then reported drinking days based on the TAC

(µg/L) were determined. The TLFB and TAC data were analyzed
to determine TAS accuracy compared to self-report data.

To note, the alcohol-drinking day defined using TAC is different
to the CM intervention criteria, which allowed for a low amount
of drinking and had a higher TAC criterion of 115.660 µg/L.

Data Handling
There is currently no guidance from BACtrack to determine
drinking event criteria. Courtney et al [34] described their
procedure for processing Skyn output to identify drinking
episodes, and we used these guidelines when processing
participant data. We replaced any negative values recorded with
0 in the data output. Missing data were classified as any minutes
not reported. Removed data were those reporting a temperature
of <30 °C for >2 minutes.

An alcohol event was based on TAC greater than a specific
value (µg/L) for more than a set number of minutes. These
criteria were chosen due to previous work carried out by this
research team [35,59].

Analysis
Descriptive statistics were reported for baseline and
demographic variables. All statistical analyses were conducted
using SPSS (version 28; IBM Corp).

The feasibility outcomes reported included enrollment and
recruitment rate, participant attendance, response and
compliance, removals, TAS tampering and error, and TAS
return. Appropriate summary statistics were reported, and
independent-sample 2-tailed t tests were used to compare means
between the control and CM groups when appropriate.

Summary statistics were reported for the secondary outcomes
to be explored for a possible future larger trial. The postwear
survey answers were reported. TAS accuracy was determined
by analyzing the TAS data compared to self-report TLFB. The
analysis focused on the sensitivity, specificity, positive
predictive value, negative predictive value, and percentage
accuracy in classification of TAC compared to TLFB as the
gold standard. Recorded drinking and abstinent days were
assessed using Spearman rank correlations. Sensitivity in
detecting alcohol events and specificity in classifying an
alcohol-drinking day versus a non–alcohol-drinking day were
assessed using different TAC criteria: TAS 15 (TAC>15 µg/L
for >15 min), TAS 60 (TAC>15 µg/L for >60 min), and TAS
90 (TAC>15 µg/L for >90 min).

Ethical Considerations
This study was approved by the Cornwall and Plymouth
Research Ethics Committee (reference: 23/SW/0066) and
registered on the Open Science Framework and International
Standard Randomised Controlled Trial Number (reference:
ISRCTN46845361). Informed written consent was obtained
from all participants and their data were anonymized. All
participants received a £5 (US $6.25) voucher at every meeting
they attended (total for all 7 meetings=£35 [US $43.75]), a
voucher for the return of the TAS on the last meeting (£10 [US
$12.50]), and reimbursement for travel costs to each meeting.
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Therefore, each participant could have received up to £45 (US
$56.25) for their participation plus travel costs.

Results

Participants
A total of 32 healthy adult participants (n=10, 31% female and
n=22, 69% male) enrolled, and a total of 29 (91%) completed
the study. In total, 3 participants withdrew (n=2, 67% from the
control group and n=1, 33% from the CM group). Of these 3

withdrawals, 2 (67%) happened during the study period (P8
[control group] on day 3 and P28 [CM group] on day 12), and
1 (33%) occurred at the end of the first meeting (control group)
due to the specific type of voucher, which could not be used at
the participant’s local supermarket. P8 and P28 withdrew
because of personal circumstances changing. Therefore, a total
of 29 participants were included in the analysis (n=10, 34%
female and n=19, 66% male; Figure 1). Table 3 shows the
characteristics of the 29 participants included in the analysis
split by group (control vs CM).

Figure 1. Flowchart of participant recruitment and retention. CM: contingency management.
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Table 3. Differences in group characteristics.

Group intervention differenceCMa group (n=14)Control group (n=15)Characteristic

χ2
1=0.4; P=.52Sexb, n (%)

4 (28.6)6 (40)Female

10 (71.4)9 (60)Male

P=.1251.5 (9.77; 35-60)44.4 (13.78; 30-75)Age (y), mean (SD; range)

P=.5828.7 (6.35; 22.2-42.5)27.3 (6.24; 20.8-42.3)BMI (kg/m2), mean (SD; range)c

P=.24171.29 (7.49; 162-185)168.17 (6.40; 162-177)Height (cm), mean (SD; range)

P=.3184.63 (19.75; 59-126.33)77.2 (17.16; 53-112.5)Weight (kg), mean (SD; range)

χ2
16=43.3; P<.001Ethnicityb, n (%)

0 (0)3 (20)Black African

0 (0)2 (13.3)Black British

1 (7.1)0 (0)Caribbean

0 (0)1 (6.7)Hispanic

9 (64.3)7 (46.7)White British

3 (21.4)1 (6.7)White Irish

1 (7.1)0 (0)White Polish

0 (0)1 (6.7)White Russian

P=.1453.33 (93.21; 0-294.69)117.14 (105.83; 0-316.69)Units of alcohol consumed, mean (SD; range)

P=.084.50 (6.62)f8.14 (6.44)eDays in which alcohol was consumed (TLFBd), mean (SD)

—i53.33h (93.21)117.14g (105.83)Average units consumed over days of alcohol consumption,
mean (SD)

P=.0830,103 (11)l60,879 (20.8)kTASj removals (min), n (%)

P=.8028,591 (10.4)l28,213 (9.6)kTAS missing data (min), n (%)

P=.5791 (92.9)n94 (89.5)mMeetings attended, n (%)

P=.3414 (100)14 (93.3)Participants who completed the postwear survey, n (%)

P=.3414 (100)14 (93.3)Participants who returned the TAS, n (%)

aCM: contingency management.
bEthnicity is represented as the frequency of individuals in each group identifying as Black African, Black British, Caribbean, Hispanic, White British,
White Irish, White Polish, and White Russian and was compared across sexes using a chi-square analysis.
cOne female and one male participant requested not to be weighed, so BMI could not be calculated (both in the control group).
dTLFB: timeline followback.
eTotal of 114 days.
fTotal of 63 days.
g1640.01 units over 114 days.
h746.67 units over 63 days.
iNo group comparison was possible.
jTAS: transdermal alcohol sensor.
kn=293,186.
ln=274,218.
mn=105.
nn=98.
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Feasibility of the Trial

Enrollment
A total of 34 potentially eligible participants were approached.
Only 6% (2/34) who were identified by staff declined to
participate after discussing the study with the researcher. Their
reasons were (1) that they did not like wearing a watch so did
not think that they would like to wear a TAS and (2) that they
were very busy and could not commit to the regular meetings.
No adverse events occurred. The services involved were also
willing to help with recruitment, and all recruited at least 4
participants over the 5-month recruitment period.

Participation
It was feasible to enroll more than our target sample size (30
participants) within 5 months. The first participant was enrolled
on July 5, 2023, and the final participant (N=32) was enrolled
on December 6, 2023. These data could be used to inform the
sample size power calculation for a future larger trial.

Among the 29 participants who completed the study period and
did not withdraw, a total of 203 meetings were arranged (29 ×
7 visits). Of these 203 meetings, 185 (91.1%) were attended.
Reasons for nonattendance included illness, their partner being
ill, being double booked with another health appointment, a
broken phone so the researcher could not be contacted, and
hospitalization. The research team decided to book research
meetings one at a time, so at meeting 1, meeting 2 was agreed
upon, and so on. The day before each meeting, a reminder SMS
text message was sent out with the time and date and asking the
participants to let the research team know whether this needed
to be changed. This design seems feasible to maintain a high
attendance rate.

Only 1 of the 29 participants (3%) spoke to the research team
about removing their TAS early and removed it at the sixth
meeting (2 days early) because they did not want to wear it
anymore as they felt that “it is messing with my head” (P22).

Among the 3 services involved, the Assertive Alcohol Outreach
Team recruited 53% (17/32) of the participants, the Pier Road
Project recruited 34% (11/32) of the participants, and
Wandsworth Community Drug and Alcohol Service recruited
12% (4/32) of the participants.

Removals
We defined TAS removal as >2 minutes during which the skin
temperature was of <30 °C. We reminded participants to wear
the TAS as much as possible, including while asleep. However,
the TAS is removable by the wearer, and they could choose not
to wear it if they wanted to and must remove it for water
activities (bathing and swimming). Of the total minutes collected
from the 29 participants (464,324 minutes of data, approximately
322 days), there was a total of 19.59% (90,982/464,324) of
minutes of removals (approximately 63 days).

The control group had a total of 20.21% (60,879/301,179) of
minutes of removals. The CM group had a total of 10.79%
(30,103/278,862) of minutes of removals (t27=1.843; P=.08;
d=0.685).

Tampering
One participant (P1) admitted to turning the Skyn off while
wearing it when they did not want to be monitored. No other
evidence or reports of tampering from any other participant was
recorded. This participant had 65.65% (13,173/20,067) of
minutes of their participation time successfully recorded and
34.35% (6893/20,067) of missing data. Of these missing data,
approximately half could be due to not attending meetings and
data being overwritten (3386/6893, 49.12%). However, all other
meetings were attended, so the 50.88% (3507/6893) of minutes
of missing data could be due to the TAS being turned off or
technology error and additional data overwriting (approximately
2.5 days’ worth of data).

Malfunction
A total of 16 Skyns were ordered in phases during the study
period. The first order of 6 Skyns had 2 issues: one Skyn had
trouble pairing for the first 2 weeks, and another would not
charge or pair with any research iPhone. BACtrack sent 3 Skyn
replacements, and 2 of these would not pair with a research
iPhone at first (they did 1 month later). We ordered a second
batch of 7 Skyns halfway through data collection, and there
were no issues with any devices from this order. BACtrack were
unsure about the reasons for the issue with pairing and charging.
Other issues experienced included syncing taking >40 minutes
on occasions (the usual time is approximately 5 minutes). This
was most likely due to poor connection or Wi-Fi.

Apart from 1 Skyn that arrived and could not be charged, there
were no charging issues. The Skyn website states that the battery
lasts for approximately 10 days; however, we found that it lasted
for >2 weeks. Participants were provided with a fully charged
Skyn at the first meeting. There were 2 participants whose
battery decreased to a low level within their 2-week study
period, so the warning red light started flashing. As the TASs
were typically able to retain the charge for the entire study
period, we did not provide the charging cable to participants.
If the TASs will be used for >2 weeks in a future study, either
the charging cable will need to be provided or there will need
to be planned charging time with the researchers.

There was evidence of Skyn degradation after 2 months, which
is partly why it was decided to order another batch of Skyns
halfway through data collection [33]. Another reason for this
order was their state of cleanliness (Figure 2). BACtrack do
provide guidelines on how to clean the sensor; however, after
following these instructions, the sensor could not be cleaned
well.
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Figure 2. These 2 photos of the BACtrack Skyn sensor show a brand-new, unworn Skyn (left) and a worn Skyn (right).

TAS Return
All but 1 Skyn were returned. This was due to the participant
disengaging from the service and not being contactable by the
researcher or key worker. One other participant did not attend
their last research meeting, but they arranged an additional
meeting to return the TAS.

CM and Intervention Delivery
CM rewards were delivered if 2 criteria were met: (1) the TAC
for the day (midnight-11:59 PM) had a peak of <115.660 µg/L

and (2) there were no removals lasting >60 minutes (temperature
of <30 °C).

The TAS data were downloaded at each meeting (meetings 2
to 7) and checked, and any CM vouchers were provided for the
previous 2 to 3 days. This was considered the best way to
implement CM as close to those days in which the behavior
occurred as possible. Table 4 details the amount of CM rewards
earned by each participant and any reason why CM rewards
were not earned.
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Table 4. Contingency management (CM) rewards earned by participants in the CM group.

Reason why CM rewards were not earneddDays in which CM re-

wards were not earnedc
Total amount earnedbDays in which CM re-

wards were earneda
Participant ID

15 days=TACe over the limit15£00P4

1 day=TAC over the limit; 1 day=removal
for >60 min

2£105 (US $131.26)13P5

1 day=TAC over the limit; 2 days=re-
moval for >60 min

3£95 (US $118.76)12P6

1 day=TAC over the limit; 4 days=re-
moval for >60 min

5£85 (US $106.26)10P7

1 day=TAC over the limit; 2 days=re-
moval for >60 min

3£90 (US $112.51)12P10

15 days=TAC over the limit15£00P11

6 days=removal for >60 min; 7

days=DNAf appointment and data over-
written

13£10 (US $12.50)2P16

6 days=TAC over the limit; 2 days=re-
moval for >60 min; 2 days=DNA appoint-
ment and data overwritten

10£25 (US $31.25)5P17

6 days=removal for >60 min6£55 (US $68.75)9P18

3 days=removal for >60 min; 3
days=DNA appointment and data overwrit-
ten

6£75 (US $93.76)9P19

2 days=removal for >60 min2£110 (US $137.51)13P21

9 days=TAC over the limit; 2 days=re-

moval for >60 min; handed TASg back 2
days early

11£5 (US $6.25)1P22

2 days=TAC over the limit; 10 days=re-
moval for >60 min

12£15 (US $18.75)3P25

4 days=removal for >60 min4£85 (US $106.26)11P29

aTotal: 48.3% (100/207) of days.
bTotal: £755 (US $943.82).
cTotal: 51.7% (107/207) of days.
dTotal: 24.6% (51/207) of days with transdermal alcohol concentration over the limit, 21.3% (44/207) of days of removals, and 5.8% (12/207) of days
of data overwritten.
eTAC: transdermal alcohol concentration.
fDNA: did not attend.
gTAS: transdermal alcohol sensor.

Control group participants attended 89.5% (94/105) of the
meetings, and the CM group participants attended 92.9% (91/98)
of the meetings (t27=−0.573; P=.57; d=−0.213). The control
group self-reported 48.6% (107/220) of abstinent days, and the
CM group self-reported 70% (147/210) of abstinent days
(t27=−1.403; P=.17; d=−0.522). The proportion of days in which
the Skyn data reported <1 hour of removals was 15.9% (35/220)
for the control group and 24.8% (52/210) for the CM group
(t27=−1.326; P=.20; d=−0.493). The difference in the amount
of units consumed between groups was not statistically
significant (control: mean 109.33, SD 27.47; CM: mean 53.33,
SD 24.91; t27=1.503; P=.14; d=0.559).

Acceptability and Postwear Survey
A total of 97% (28/29) of the participants completed the
postwear survey. One participant did not complete it because
they did not attend their final research meeting and became
unreachable. When asked about physical comfort, most
participants (11/28, 39%) rated it to be quite to very comfortable,
with the average score being 8.57/10 (SD 0.71; 10=very
comfortable). Social comfort (how they felt wearing it in public)
was also rated highly, with an average score of 9.63/10 (SD
0.00; 10=very socially comfortable). When asked how often
they noticed the Skyn on their wrist, only 11% (3/28) of the
participants said that they never noticed it when wearing it.
Most (18/28, 64%) noticed it once or twice a day to every hour,
but 25% (7/28) did report noticing it several times per hour.
When asked to rate its interference with various activities
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(exercise, mood, normal work, enjoyment of life, ability to
concentrate, social life, and clothing choices), these were all
rated with an average score of <2 (1=no interference at all;
general activity: 1.75, SD 0.00; exercise: 1.07, SD 0.00; mood:
1.11 SD 0.00; work: 1.07, SD 0.00; enjoyment of life: 1.21, SD
0.00, ability to concentrate: 1.43, SD 0.00; social life: 1, SD
0.00; choice of clothing: 1.24, SD 0.00). The only activity that
ranked higher was sleeping, with an average score of 2.71 (SD
2.83; 1=no interference at all).

A total of 32% (9/28) of the participants reported experiencing
a mark on their skin from the TAS, with the other 68% (19/28)
reporting never experiencing a mark or side effect. These side
effects included itching (mean 1.95, SD 0.00), sweating (mean
1.88, SD 0.00), soreness (mean 1.07, SD 0.00), and irritation
(mean 1.50, SD 0.00), with the scale being from 1=not
noticeable to 10=unbearable. Participants were asked whether
they would continue to wear the TAS for longer than the 2-week
study period, and 96% (27/28) reported yes, and only 4% (1/28)
reported no.

The following statements—“the device is too uncomfortable to
wear for any longer,” “I wouldn’t want to wear it any longer
because I am embarrassed,” and “I want to wear short sleeves
but won’t while wearing the device”—were answered by all
participants with “not true.” Statements asking about changing
their clothing choices, wanting to remove the TAS, and not
liking the regular download visits all had an average score of
0.25 (SD 0.00 for all these statements) (on a scale of 0-4 where
0=not true and 4=very true). Only 4% (1/28) of the participants
stated that they were tired of explaining the device to people.
In total, 4% (1/28) stated that they were “ready to stop wearing
the device because I am just ready to be done,” and another
participant (1/28, 4%) said that the “financial compensation for
wearing the device any longer than this would not be worth it.”
A total of 7% (2/28) of the participants said that it was true that
“I would not continue wearing the device because I do not like
having to do the downloads at a specific time.”

When asked about their drinking, 11% (3/28) self-reported that
they were able to completely reduce their drinking, 25% (7/28)
reported that they reduced it quite a bit, 14% (4/28) reported
that they reduced it somewhat, 7% (2/28) reported that they
tried but did not reduce it, and 11% (3/28) reported that they
did not reduce or try to reduce it. In total, 32% (9/28) of the
participants were abstinent throughout their study period.

Many participants (12/28, 43%) liked the in-person vouchers
that were given at each meeting; however, 7% (2/28) would
have preferred an e-voucher, 21% (6/28) would have preferred
a bank transfer, and 18% (5/28) would be happy with any of
these options (in-person voucher, e-voucher, or bank transfer).
In total, 7% (2/28) reported preferring only an e-voucher or
bank transfer, and 4% (1/28) preferred an in-person voucher or

a bank transfer. Finally, participants were asked about the ease
of meeting the researcher for the meetings, and 89% (25/28)
reported that it was not at all difficult, whereas the other 11%
(3/28) reported that it was a little bit difficult.

CM Survey
The 48% (14/29) of participants who were allocated the CM
group completed another survey specifically on their experience
of the CM rewards. All participants in the CM group (14/14,
100%) completed this survey. When asked about how easy it
was to understand the CM reward procedure, most (9/14, 64%)
said that it was very easy, but 21% (3/14) rated it as very
difficult. When asked whether the CM had any effect on their
response to treatment, half (7/14, 50%) said that it helped them
either a lot or a little, 43% (6/14) said that it did not make a
difference, and 7% (1/14) said that it had a negative impact.
When asked whether they liked the CM rewards, all (14/14,
100%) said that they liked them either a lot or a little. When
asked when CM rewards would help other people who seek
substance treatment for alcohol dependence, 86% (12/14) said
that it would help them a lot or a little, and 14% (2/14) said that
it would depend on the person.

Accuracy
Participants wore the TAS for a cumulative total of 580,040
minutes. A total of 80.05% (464,324/580,040) of minutes of
this participation was successfully recorded by the TAS. Of
these 464,324 minutes of recorded data, there was a total of
90,982 (19.59%) minutes that suggested removal, a total of
56,858 (12.25%) minutes that were missing for unknown
reasons, and a total of 58,986 (12.7%) minutes that were missing
due to being overwritten as a result of not attending
appointments. The Skyn is not waterproof, so participants were
required to remove it for showering, baths, and any other water
activities (eg, swimming). No fit adjustments were required.

The TAS recorded data for a total of 388 days. Of these 388
days, 337 (86.9%) had >60 minutes of removals or missing data.
There was a total of 68.6% (266/388) of days in which there
were >300 minutes of removed or missing data (not necessarily
a consecutive 5-hour period).

TLFB Versus Skyn TAC

Overview

TLFB drinking days were recorded via the participant reporting
any alcohol consumed. TAS drinking days were recorded
according to the TAC criteria. We considered 3 different criteria
for detecting alcohol-drinking days: TAC of >15 µg/L for >15
minutes, TAC of >15 µg/L for >60 minutes, and TAC of >15
µg/L for >90 minutes. The agreement between the TLFB and
these criteria is reported in Table 5.
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Table 5. Timeline followback (TLFB)– and transdermal alcohol sensor (TAS)–reported alcohol-drinking and nondrinking days.

Days reported by TLFB but not
by the TAS as alcohol-drinking
days (n=388), n (%)

Days reported by the TAS but
not by TLFB as alcohol-drink-
ing days (n=388), n (%)

Non–alcohol-drinking
days in agreement
(n=388), n (%)

Alcohol-drinking
days in agreement
(n=388), n (%)

Alcohol-drink-
ing days detect-
ed

Criteria

14 (3.6)65 (16.8)145 (37.4)164 (42.3)TACa >15 µg/L for >15 min

185TLFB

227TAS

32 (8.2)39 (10.1)171 (44.1)146 (37.6)TAC>15 µg/L for >60 min

185TAS

185TLFB

39 (10.1)31 (8)179 (46.1)139 (35.8)TAC>15 µg/L for >90 min

185TAS

170TLFB

aTAC: transdermal alcohol concentration.

Criteria for a Drinking Event of TAC>15 µg/L for >15
Minutes

The TLFB and TAS agreed on 42.3% (164/388) of days as
alcohol-drinking days and on 37.4% (145/388) of days as
abstinent days. There were 3.6% (14/388) of days in which the
TLFB reported an alcohol-drinking day and the TAS did not
and 16.8% (65/388) of days in which the TAS reported an
alcohol-drinking day and the TLFB did not.

When splitting the groups and conducting a correlation between
TAS- and TLFB-reported drinking days, both were positively
significantly correlated, but the CM group had a stronger
correlation effect (control group: r15=0.625 and P=.01; CM
group: r14=0.836 and P<.001).

Criteria for a Drinking Event of TAC>15 µg/L for >60
Minutes

The TLFB and TAS agreed on 37.6% (146/388) of days as
alcohol-drinking days and on 44.1% (171/388) of days as
abstinent days. There were 8.2% (32/388) of days in which the
TLFB reported an alcohol-drinking day and the TAS did not
and 10.1% (39/388) of days in which the TAS reported an
alcohol-drinking day and the TLFB did not.

When splitting the groups and conducting a correlation between
TAS- and TLFB-reported drinking days, both were positively
significantly correlated, but the CM group had a stronger
correlation effect (control group: r15=0.764 and P<.001; CM
group: r14=0.895 and P<.001).

Criteria for a Drinking Event of TAC>15 µg/L for >90
Minutes

The TLFB and TAS agreed on 35.8% (139/388) of days as
alcohol-drinking days and on 46.1% (179/388) of days as
abstinent days. There were 10.1% (39/388) of days in which

the TLFB reported an alcohol-drinking day and the TAS did
not and 8% (31/388) of days in which the TAS reported an
alcohol-drinking day and the TLFB did not.

When splitting the groups and conducting a correlation between
TAS- and TLFB-reported drinking days, both were positively
significantly correlated, but the CM group had a stronger
correlation effect (control group: r15=0.805 and P<.001; CM
group: r14=0.913 and P<.001).

Skyn TAC

Reasons why the TAS did not detect an alcohol event but it was
reported in the TLFB could include a large amount of missing
data; TAS removal; a low amount of alcohol self-reported; or
it being the last day of participation, which may mean that there
was not enough time for alcohol to appear in the TAC output.
There were other days in which there was no obvious reason
why the TAS did not detect alcohol consumption.

Reasons why the TAS reported an alcohol-drinking day but the
participant did not self-report alcohol consumption could include
a sudden TAC spike, which suggests contact with an
alcohol-containing product (eg, aftershave, deodorant, or hand
sanitizer); the skin temperature suggesting that the TAS was
not being worn at the time of TAC event detection, so the TAS
may have been on a table near an alcohol spill or
alcohol-containing product; and the TAS appearing to detect
an alcohol event, so the self-report was inaccurate. There were
other days in which there was no obvious reason why the
participant did not self-report alcohol consumption.

In Figure 3, a visual presentation of the data for each TAC
criteria is provided. It shows TLFB and the TAS criteria of TAS
15 (TAC>15 µg/L for >15 min), TAS 60 (TAC>15 µg/L for
>60 min), and TAS 90 (TAC>15 µg/L for >90 min). The
presence of the color corresponding to each of these TAC
criteria indicates that an alcohol-drinking day was detected.
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Figure 3. Visual representation of participants’ Timeline Followback (TLFB)– and transdermal alcohol sensor (TAS)–detected alcohol-drinking days
for (A) the control group and (B) the contingency management (CM) group. The figure includes 3 different TAS criteria for detecting a drinking day:
TAS 15 (transdermal alcohol concentration [TAC]>15 µg/L for >15 min), TAS 60 (TAC>15 µg/L for >60 min), and TAS 90 (TAC>15 µg/L for >90
min).

Figure 4 shows the data for TAC and the skin temperature of
all participants who wore the TAS for the entire study period.
There were participants whose TAC (blue line) peaked on
separate occasions, suggesting multiple alcohol events, for

example, P5 or P17. In contrast, other participant data suggest
more frequent alcohol consumption, for example, P9 and P13.
The orange lines depict the skin temperature recorded; the skin
temperature for P1 and P20 suggests regular, long TAS removal.
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Figure 4. Individual participant Skyn data (excluding withdrawn participants). The primary axis shows the transdermal alcohol concentration (TAC;
µg/L) data (blue line), and the secondary axis shows the skin temperature (°C) data (orange line).

Sensitivity, Specificity, and Correlations

We calculated the sensitivity, specificity, positive predictive
value, negative predictive value, and percentage accuracy in

classification for 3 drinking event thresholds: TAS 15 (TAC>15
µg/L for >15 min), TAS 60 (TAC>15 µg/L for >60 min), and
TAS 90 (TAC>15 µg/L for >90 min), shown in Table 6.
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Table 6. Transdermal alcohol concentration (TAC) criteria—sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
and percentage accuracy classification (PAC).

PACNPV (%)PPV (%)Specificity (%)Sensitivity (%)Criteria

0.8091.571.7468.2992.7TAC>15 µg/L for 15 min

0.8183.8578.9280.582.49TAC>15 µg/L for 60 min

0.8282.1981.7685.3178.09TAC>15 µg/L for 90 min

A Spearman correlation found a significant relationship between
TLFB- and Skyn-measured alcohol-drinking days at the
TAC>15 µg/L for >15 minutes threshold (rs=0.695,
bias–corrected and accelerated [BCa] 95% CI 0.417-0.883;
P<.001) [29]. A Spearman correlation between the number of
standard alcohol units self-reported and the average TAC values
was also found to be significant (rs=0.770, BCa 95% CI
0.632-0.852; P<.001) [29].

A Spearman correlation found a significant relationship between
TLFB- and Skyn-measured alcohol-drinking days at the
TAC>15 µg/L for >60 minutes threshold (rs=0.773, BCa 95%
CI 0.599-0.861; P<.001) [29]. A Spearman correlation between
the total number of standard alcohol units self-reported and the
TAS-reported drinking days at the TAC>15 µg/L for >60
minutes threshold was also found to be significant (rs=0.740,
BCa 95% CI 0.439-0.891; P<.001) [29].

A Spearman correlation found a significant relationship between
TLFB- and Skyn-measured alcohol-drinking days at the
TAC>15 µg/L for >90 minutes threshold (rs=0.784, BCa 95%
CI 0.625-0.868; P<.001) [29]. A Spearman correlation between
the total number of standard alcohol units self-reported and the
TAS-reported drinking days at the TAC>15 µg/L for >90
minutes threshold was also found to be significant (rs=0.745,
BCa 95% CI 0.460-0.892; P<.001) [29].

Discussion

Principal Findings
This study aimed to explore the feasibility, strengths, and
limitations of using a TAS to monitor alcohol consumption in
individuals in treatment for AUD with or without CM to
promote abstinence or low-level alcohol consumption. The
findings suggest that TAS-delivered CM to encourage alcohol
reduction was feasible and acceptable to participants. There was
a high correlation between TAS-recorded alcohol-drinking days
and self-reported alcohol units, suggesting that the TAS was
accurate in measuring the desired behavior. There was also high
recruitment, attendance, and compliance of participants. Good
rates of meeting attendance and data completeness were
achieved. It was feasible to deliver CM using the TAS; however,
key features of this process were identified for improvement.
This is the first study of TAS-delivered CM in the United
Kingdom and the first targeted at alcohol service users for
alcohol treatment and reduction.

Participants found the wear of the TAS acceptable and
comfortable even for social occasions. They found that it did
not interfere with daily activities, and most (19/28, 68%) did
not experience any side effects (such as a rash or skin irritation)

from the strap. There was a high attendance rate and willingness
to participate from those approached. Participants liked the
reminder SMS text messages about each meeting, and there
were few issues when arranging meetings. Only 3% (1/29) of
the participants lost contact with the researcher during
participation and did not return the TAS.

However, the answers to the CM survey suggest that this process
may need to be improved. Some participants (3/28, 11%)
reported it as difficult to understand, and half (7/14, 50%) said
that it made no difference or did not help their treatment. These
findings suggest that there should be more consideration on
how the CM procedure is described and presented to participants
at the start. Most (12/14, 86%) said that they did think that CM
rewards would help other people who seek treatment for alcohol
dependence a little to a lot, with the other 14% (2/14) of the
participants saying that it would probably help but only if the
patient was motivated.

To deliver the CM, TAS data were downloaded and reviewed
at meetings 2 to 7. This was feasible; however, there were issues
that arose that would need to be dealt with before scaling up
the study size. Considering other options for automated TAC
data interpretation will reduce the time-consuming manual data
checking, which would only increase the researchers’ time
burden if conducted on a larger trial. In addition, creating an
automated system could increase consistency and avoid human
error.

The recruitment and follow-up rates from this study were the
same as or higher than the recruitment and follow-up rates of
other TAS feasibility or pilot studies. Previous studies using
TASs had sample sizes for analysis of 5 to 13 participants
[2,12,34,64]. In total, 2 of these studies used the SCRAM
monitor [2,64], and 2 used the BACtrack Skyn [12,34], but 3
[2,34,64] mentioned discomfort with the TAS as key feedback,
with Courtney et al [34], who used the BACtrack, having one
participant drop out due to discomfort.

Overall, the findings support the feasibility of implementing
and delivering CM using a TAS over a 2-week wear period with
alcohol service users currently receiving alcohol treatment. The
TAS used, BACtrack Skyn, was well liked and rated as
comfortable by participants, with little daily interference. The
recruitment rates were high and are encouraging for a larger
trial. TAS delivery of CM has been shown to be effective in the
United States using the SCRAM monitor [1,2,26-31,65], but
this pilot shows promise for translation to other TAS brands
delivering CM in the United Kingdom, with these findings
highlighting aspects to address and improve before scaling to
a larger study design. On the basis of these results, future work
could explore the possibility of solutions to these challenges
and a cost-effectiveness assessment.
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In the future, we would also recommend collecting initial data
from the participants to determine each participant’s baseline
skin temperature. This could be done with the researcher present
to ensure correct TAS wear. Some participants were observed
by the researcher to be wearing the Skyn during the meeting
but the Skyn temperature was reported as <30 °C. Therefore, it
may be better to establish a baseline for each participant to then
use for their Skyn data for better accuracy at determining wear
and removals.

Strengths and Limitations
The strengths of this study are that it was able to demonstrate
the feasible use of the BACtrack Skyn over 2 weeks with
individuals currently diagnosed with alcohol dependence and
receiving alcohol treatment. Participants wore the TAS in their
natural settings and unsupervised, consistent with how it should
be worn. While the objective of this study was to assess the
feasibility of a larger trial, the data collected as part of this study
were able to provide more evidence of how this population
wears, uses, and experiences a TAS. There was a high meeting
attendance and TAS return rate for this study and no issues with
participants being unsure or needing additional training for
using the TAS after the baseline training. This study continues
to support the use of TASs among the population.

The limitations of this study are similar to those of the design
of all the studies conducted as part of this PhD—participants
were only recruited if they were willing to wear the TAS from
the start of the study period. This means that no participants
were recruited who were not willing to attempt wearing the
TAS. While this is not a limitation in some considerations as

the TAS would be a voluntary treatment option to service users
if implemented in services, it does mean that the postwear survey
findings may be skewed more positively. Only those who were
interested in and willing to wear the TAS had the chance to
complete the postwear survey at the end of the 2 weeks.
However, participants being willing to wear the TAS for the
study does not necessarily mean that they were positive about
the technology or that they had a good experience of wearing
it; therefore, while we note that the study design does exclude
those who are not initially willing to attempt wearing a TAS,
this may reflect a truer view of service users who would try
wearing the TAS as part of alcohol treatment if TASs were to
be implemented in clinical settings.

Conclusions
To conclude, if planning a future larger trial for TAS delivery
of CM, the proposed design changes from this study are (1)
changes to how TAC data are checked for CM rewards from a
manual to an automatic process, (2) a clearer explanation of the
CM procedure, (3) consideration of the times available for
participant meetings to improve participant availability and
reduce missed appointments, (4) consideration of other TAS
brands that have longer data storage, (5) consideration of
whether participants should be provided with an iOS device
and trained to sync their data or whether participants should
have this option with their personal iOS device if using the
BACtrack Skyn (which has been deemed feasible by wearers),
and (6) consideration of the assessment of each participant’s
baseline skin temperature. These points could be assessed via
an internal pilot study.
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Abstract

Background: Abnormal brain activity is the source of epileptic seizures, which can present a variety of symptoms and influence
patients’quality of life. Therefore, it is critical to track epileptic seizures, diagnose them, and provide potential therapies to manage
people with epilepsy. Electroencephalography (EEG) is helpful in the diagnosis and classification of the seizure type, epilepsy,
or epilepsy syndrome. Ictal EEG is rarely recorded, whereas interictal EEG is more often recorded, and the results can be abnormal
or normal even in the case of epilepsy. The current digital care pathway for epilepsy (DCPE) lacks the integration of data-driven
seizure detection, which could potentially enhance epilepsy treatment and management.

Objective: This study aimed to determine the requirements for integrating data-driven medical software into the DCPE to meet
the project’s goals and demonstrate practical feasibility regarding resource availability, time constraints, and technological
capabilities. This adjustment emphasized ensuring that the proposed system is realistic and achievable. Perspectives on the
feasibility of data-driven medical software that meets the project’s goals and demonstrates practical feasibility regarding resource
availability, time constraints, and technological capabilities are presented.
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Methods: A 4-round Delphi study using focus group discussions was conducted with 7 diverse panels of experts from Oulu
University Hospital to address the research questions and evaluate the feasibility of data-driven medical software for monitoring
individuals with epilepsy. This collaborative approach fostered a thorough understanding of the topic and considered the perspectives
of various stakeholders. In addition, a qualitative study was carried out using semistructured interviews.

Results: Drawing from the findings of the thematic analytics, a detailed set of guidelines was created to facilitate the seamless
integration of the proposed data-driven medical software for EEG seizure monitoring into the DCPE. These guidelines encompass
system requirements, data collection and analysis, and user training, offering a comprehensive road map for the effective
implementation of the software.

Conclusions: The study outcome presents a comprehensive strategy for improving the quality of care, providing personalized
solutions, managing health care resources, and using artificial intelligence and sensor technology in clinical settings. The potential
of artificial intelligence and sensor technology to revolutionize health care is exciting. The study identified practical strategies,
such as real-time EEG seizure monitoring, predictive modeling for seizure occurrence, and data-driven analytics integration to
enhance decision-making. These strategies were aimed at reducing diagnostic delays and providing personalized care. We are
actively working on integrating these features into clinical workflows. However, further case studies and pilot implementations
are planned for future studies. The results of this study will guide system developers in the meticulous design and development
of systems that meet user needs in the DCPE.

(JMIR Hum Factors 2025;12:e59558)   doi:10.2196/59558
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ubiquitous health; uHealth; data-driven software; requirement analysis; epilepsy seizure monitoring; digital care pathway;
electroencephalography; Delphi study; focus group; artificial intelligence; AI

Introduction

Background
Epilepsy is a neurological condition that is characterized by
recurrent and unprovoked seizures [1]. Epilepsy is one of the
most common neurological conditions, affecting millions of
people worldwide [2]. Epileptic seizures occur due to abnormal
brain electrical activity, leading to a wide variety of symptoms
and manifestations. This condition can substantially impact
patients’ quality of life. Therefore, to effectively manage and
provide support for people with epilepsy, it is essential to
understand epilepsy, including its causes, diagnosis, available
treatments, and comorbidities [3]. One of the most critical
aspects of adequate care is knowing thoroughly about the seizure
types, etiology, and provoking factors [4,5].

Electroencephalography (EEG) data play a crucial role in
detecting epileptic seizures by capturing distinct patterns and
anomalies associated with epileptic seizures by recording the
brain’s electrical activity. Sharp waves and spikes, slow waves,
rhythmic patterns, and interictal epileptiform discharges are
some of the possible EEG findings of people with epilepsy
[4,6-10]. Experienced neurologists or automated algorithms can
visually identify and analyze these abnormal patterns. The
possibilities of EEG data processing for seizure detection have
been substantially enhanced by recent developments in machine
learning and artificial intelligence (AI) [11,12]. It is possible to
train algorithms to recognize and categorize seizure occurrences
automatically, giving individuals or health care professionals
real-time notifications.

On the basis of the discussion with health care professionals,
the current digital care pathway for epilepsy (DCPE) faces
several issues and shortcomings. Despite therapeutic advances,
the classification, diagnosis, and treatment of epilepsy remain
complex. Current medications only manage seizures in around

two-thirds of people with epilepsy, which emphasizes the need
for more potent therapies [13]. The current DCPE lacks
data-driven seizure detection integration, which could enhance
differential diagnosis and treatment in drug-resistant patients.
The addition of data-driven technologies could offer significant
improvements, including more accurate seizure detection and
prediction, personalized treatment plans, better management of
medication-resistant epilepsy, and shared decision-making.
However, implementing AI solutions such as machine learning
for seizure detection and monitoring is not yet a standard
component of DCPE. Integrating a new data-driven medical
software for EEG seizure monitoring into the current DCPE
requires a thorough understanding of the user’s needs and system
requirements. Furthermore, robust requirement engineering and
precise stakeholder requirements definitions are needed to design
and develop data-driven medical software to ensure patient
safety, privacy, compliance with regulatory standards, functional
accuracy and relevance, interpretability, scalability, and
sustainability [14-16].

This Study
This study aimed to define the system requirements for
developing and integrating data-driven medical software for
EEG seizure monitoring (EEG-EpiDigi) in a clinical setting.
The system requirement analysis (SRA) focused on assessing
user needs, gathering those requirements, analyzing them, and
prioritizing their importance. While patient-centered care is a
key focus of this system, the initial phase of the study
emphasized collecting insights from health care professionals
about system requirements. Future research will include patient
perspectives and experiences, particularly regarding home
monitoring systems, to ensure the software is user friendly. This
study explicitly investigated health care professionals’opinions
to identify the requirements for implementing data-driven
medical software for EEG seizure monitoring within hospitals,
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thereby assisting in their decision-making processes. The main
research questions of this study were as follows:

• What are the user needs from EEG-EpiDigi in DCPE?
• What are the system requirements for developing and

integrating the EEG-EpiDigi system in the current DCPE?
• What are the priorities of the EEG-EpiDigi system in the

current DCPE?

The study aimed to determine the feasibility of integrating
data-driven medical software in the DCPE. After addressing
the research questions and assessing the proposed system
requirements, a 4-round Delphi study using focus group
discussions with health care professionals from Oulu University
Hospital, including neurologists, digital health specialists,
pediatric neurologists, experts in EEG signal processing, and
clinical neurophysiologists, was conducted from May to
November 2023. Semistructured interviews were conducted,
and the data were analyzed qualitatively. The final round of the
Delphi study directs the discussion to the system requirements
confirmation as the first step of the new EEG-EpiDigi system
development life cycle. The remainder of the paper is organized
as follows: the details of the proposed methodology, such as
study design, participants, interview guide, and data analysis,
are discussed. Afterward, the results and analysis are added,
which include the data exploration, study mind map, and the
thematic analysis of the system requirements for EEG-EpiDigi.
The paper is wrapped up with a Discussion section, including
the futuristic architecture for EEG-EpiDigi and the proposed
SRA-EpiDigi.

Methods

Overview
This study focused on expert opinions to determine the
requirements of implementing and integrating data-driven
medical software for EEG seizure monitoring in the current
DCPE within hospitals and to assist health care professionals
in decision-making. Although the proposed system emphasizes
patient-centered solutions, the primary goal of this initial
research was to collect only health care professionals’ opinions
on the system’s needs. This study was done to implement the
proposed system within the hospital only, whereas future
research focuses more on home monitoring systems to take
patient viewpoints into account.

A 4-round Delphi study, widely used in health care research to
gather and refine expert opinions, was conducted using focus
group discussions with health care professionals from May to
December 2023. The aim was to identify the system
requirements for integrating data-driven medical software for
EEG seizure monitoring in DCPE. Several steps were taken
while conducting the Delphi study to define the system
requirements, leading us to form a process, as shown in Figure
1. The Delphi approach was selected for its ability to collect
expert opinions and refine the system requirements iteratively
and systematically. Each round had distinct objectives as
follows:

Figure 1. The process of system requirement definitions for data-driven medical software for electroencephalography seizure monitoring in the digital
care pathway for epilepsy.
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Round 1 of the Delphi study was dedicated to identifying the
current issues in the DCPE and user needs. The focus was on
integrating data-driven medical software for EEG seizure
monitoring, emphasizing the user-centric approach. This round
was designed to ensure that the user needs were at the forefront
of the study, making the audience feel that their needs were
being prioritized.

Round 2 aimed at defining system requirements based on expert
feedback from the first round.

Round 3 of the Delphi study was a pivotal stage where the
system requirements were prioritized and refined through expert
discussions. This thorough process was designed to ensure that
the system aligned with clinical needs, instilling confidence in
the audience about its alignment with their requirements.

Round 4 confirmed and validated the system requirements,
incorporating final expert feedback for development.

The requirement analysis process began with the initial
definition of system requirements, where user needs and pain
points were assessed. On the basis of the domain understanding
and comparison of the existing system, a guideline was prepared
and presented to the health care professionals in the first round
of the Delphi study. With their extensive experience and
knowledge, these professionals were instrumental in starting
the requirement elicitation. The idea of data-driven medical
software for EEG seizure monitoring integration in DCPE was
presented, and requirement brainstorming was started. The main
point of this round of the Delphi, according to the health care
professionals, was as follows:

The main issue is when the patients are alone during
their seizure, or no one is around them to monitor
their seizure. It would be nice if we can have the track
of the seizures using EEG as well as the video and
recording of the seizure to check the symptoms, the
type of the seizure. [Experts 1 and 2]

Therefore, the user pain point is the lack of monitoring and
assistance for patients during their seizures, especially when no
one is around them. The user needs a system that can track and
record the patient’s EEG and a video of the seizure to assess
symptoms and seizure type and reduce the risk of any dangerous
incident during the seizure. Currently, the hospital has video
EEG recording systems in Finland that can track different types
of seizures for several days up to 2 weeks. Monitoring and
analyzing patients’ historical seizure data can help predict and
prevent future incidents. On the basis of reviewing existing
systems and the first round of Delphi study discussions, the
monitoring systems for epilepsy were classified into five main
categories based on their aims: (1) self-management and
medication adherence, (2) EEG-based systems for seizure
detection, (3) cardiac-based systems, (4) non-EEG seizure
detection systems using wearables, and (5) video-tracking
systems. The system requirements were updated based on the
study in the second category, EEG-based systems for seizure
detection.

After updating the system requirement, the second round of the
Delphi study was started with the aim of a requirement

specification. Six health care professionals attended the session
for 60 minutes. The main points of this session were as follows:

The type of sensors used for seizure remote
monitoring are challenging. We can start with
commercially available devices that have already
been validated. The system can be specified for
Continuous EEG monitoring at the ICU first. It would
be nice to add more electrodes with additional
channels into the current validated devices. [Experts
1 and 2]

Subsequently, SRA and prioritization were initiated, and the
third round of the Delphi study was conducted. Seven health
care professionals, including an EEG signal processing
specialist, worked closely with the industry to create EEG
sensors. This session lasted 55 minutes. The experts discussed
the preferences and system requirement prioritization in this
session:

Probably, it is good to have some preferences
considering how the proposed system fits our plans.
For example, jumping right into the home remote
monitoring and putting much effort into it might be
not easy. Still, we can bind the project around
developing the University Hospital care pathway for
status epilepticus. EEG monitoring for the patients
with status epilepticus or sudden unconsciousness
due to unknown etiology at the emergency department,
neurological department, or intensive care unit, could
be the first target of the system, especially for the
neurological department or intensive care unit.
[Expert 1]

The commercially available device at the current form
requires a server that is installed inside the hospital
network. But since we already have this kind of server
in use in the intensive care unit. [Expert 2]

It is better to start with the adults at the emergency
and ICU department. After the system is validated, it
can be specialized for patients of different age groups,
preferably above 12 years old. The system can be
used for patients with different ages and
demographics. [Experts 1, 2, and 3]

On the basis of the discussion, the development of data-driven
medical software for EEG seizure monitoring needs to be started
for the emergency department at the hospital targeting adult
patients. If the system is adopted successfully, it can be extended
to a home monitoring system, and a video recording system can
be added as an additional feature. The home monitoring system
is part of a plan that requires a requirements analysis study and
co-design sessions with patients as the primary users of the
system, along with other stakeholders.

Compatibility with existing hospital systems, such as electronic
health records and EEG monitoring infrastructure, was a primary
consideration. The EEG-EpiDigi system is designed to integrate
with current systems without requiring extensive modifications.
However, the hospital is preparing the new infrastructure to
accommodate the modern version of EEG-EpiDigi.
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The final interview round was done in December 2023 with 4
experts to summarize and confirm the system requirements and
the discussion of the previous rounds. The interview lasted
around 55 minutes.

Study Design
To address the research questions, a 4-round Delphi study using
focus group discussions was chosen to systematically gather
expert opinions and iteratively refine the system requirements
for data-driven medical software designed for EEG seizure
monitoring (EEG-EpiDigi) in the DCPE (Figure 2).

The first round concentrated on identifying current issues within
the DCPE and understanding user needs, focusing on integrating
data-driven medical software for EEG-based seizure monitoring.
In the second round, we aimed to define the system requirements
based on the feedback received from experts in the first round.
The third round prioritized and refined these requirements
through further expert discussions to ensure the system met
clinical needs. Finally, the fourth round confirmed and validated
the system requirements, incorporating additional expert
feedback to guide development.

After reviewing the existing systems and assessing the user
needs and the shortcomings of the current DCPE based on
discussion with health care professionals, data-driven medical
software for EEG seizure monitoring was proposed, and the

initial requirements were defined. The qualitative Delphi study
using a focus group was centered on SRA for the proposed
EEG-EpiDigi using exploratory design. A semistructured
interview was conducted using a flexible, open-ended
questionnaire. Each round of the Delphi study used a focus
group that lasted 45 to 90 minutes and included 3 to 7
participants. The initial round of the Delphi study was conducted
face-to-face, while the subsequent 3 rounds took place on the
web via Teams (Microsoft Corp). This mixed method approach
allowed for greater flexibility in expert participation, although
it had a minimal impact on data collection and analysis.
Thematic consistency was maintained across both formats, and
the online discussions generated richer data due to the ease of
participation. The first round focused on identifying user needs
and the current issues related to DCPE. In contrast, the second
to fourth rounds concentrated on defining system requirements,
prioritizing them, and confirming their validity. The system
requirements process was guided by the latest advancements in
the field [17-19] and industry standards, including IEC 62304
for medical device software [20,21] and ISO 14971 for risk
management [22-24]. These standards ensured that our approach
aligns with best practices in medical software development. We
analyzed the collected data qualitatively, coding the results to
extract and present themes narratively, followed by
interpretation.

Figure 2. The study design for a 4-round Delphi study using focus group discussions. AI: artificial intelligence; EEG: electroencephalography; SRA:
system requirement analysis.

Participants
Purposive sampling aligns the sample with the goals and
objectives of the study, thereby enhancing its rigor and the
reliability of the data and findings [25]. For this study, purposive
sampling was chosen to ensure that the expert panel is
representative and diverse concerning epilepsy care and EEG
monitoring. A group of health care professionals from Oulu
University Hospital were selected, including neurologists, digital
health specialists, pediatric neurologists, experts in EEG signal

processing from the University of Oulu and industry, clinical
neurophysiologists, and senior physicians. This diverse
composition allowed for a comprehensive coverage of clinical,
technical, and research perspectives. According to Burch et al
[26], focus group discussions can be conducted with 4 to 8
participants for a minimum of 45 minutes. In this study, each
round of the Delphi study was designed to include 4 to 7
participants and lasted between 45 and 90 minutes.
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Interview Guideline
The Delphi study used focus group discussion and aimed at
SRA for data-driven medical software for EEG seizure
monitoring in DCPE. It was conducted using a semistructured
interview guideline, as shown in Figure 2. To provide proper
orientation, the interviewer was partially engaged in the
discussion management. According to the studies by
Keikhosrokiani [17], Catanio [27], Keikhosrokiani [28], and
Grady [29], the interview guideline followed an iterative process
from user need assessment to requirement elicitation, analysis,
and prioritization. The iterative process encompassed 10 main
topics: objectives and stakeholders, functional requirements,
nonfunctional requirements, regulatory and compliance needs,
data management and security, usability and design, cost and
accessibility, feasibility study, risk analysis, analysis, and

prioritization. The iterative process started from the initial round
of Delphi and was enhanced for the next rounds. The interview
questions were carefully designed based on a thorough review
of relevant literature and insights from an expert panel, ensuring
they aligned with the research questions. A pilot study was
conducted before the primary research to improve the validity
and clarity of the questionnaire. Feedback from this pilot study
was essential in refining the questions, ensuring they effectively
addressed the research objectives while remaining clear and
accessible to participants. This iterative process significantly
enhanced the reliability and relevance of the data collected from
the Delphi study. Figure 3 illustrates the final version of the
interview guideline, which was used for the fourth round of
Delphi study discussions for requirement confirmation,
composed in the previous rounds.

Figure 3. The interview guideline for a semistructured Delphi study using focus groups for requirement confirmation. EEG: electroencephalography;
FDA: Food and Drug Administration; GDPR: General Data Protection Regulation; HIPAA: Health Insurance Portability and Accountability Act.

Data Analysis
The data analysis steps for the focus group discussion are shown
in the final step of Figure 1. The transcribed data were initially
read before the data analysis process to ensure the data’s general
content and scope. The data analysis began with data
preprocessing and data cleaning to remove unnecessary words,
symbols, etc, and the data were organized based on the topics.
Next, data exploration using visualizations and sentiment
analysis was performed to overview the story of the data at a
glance. Afterward, data coding was done using qualitative tools
to examine patterns, keywords, and concepts throughout the

text. The broader themes representing larger text sections were
defined based on the initial codes. The themes were reviewed
to ensure they were coherent, distinct, and effectively
represented the dataset. After explaining each theme, articulating
what each cover was and how they relate to the content was
done. Finally, the results were reported narratively with
interpretation and quotations. A causal loop diagram was created
for further analysis and discussion to complement the results.

Ethical Considerations
Ethical approval from the regional medical research ethics
committee of the Wellbeing Services County of North
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Ostrobothnia was granted for the EpiDigi project to involve
human participants who are health care professionals and
patients (approval number EETTMK: 59/2023). Verbal informed
consent was taken from the participants. The names of the
participants, products, and the company were anonymized. No
compensation was provided to the participants.

Results

Data Exploration
Data were explored from the interview transcripts before the
thematic analysis to understand the overall data. Word frequency
analysis, topic modeling, and sentiment analysis were used for
text exploration, as shown in Figure 4.

The most frequent words in the word cloud indicated that health
care professionals preferred wearable video EEG seizure
detection systems at the hospital to provide accurate and timely

data on seizure types for epilepsy classification and treatment
decision-making. They requested courses to train them in using
the proposed system and were interested in expanding the system
for home monitoring using wearable devices.

On the basis of the topic modeling results, 5 main topics were
highlighted from the data. Topic 0 focused on user needs and
assessment, whereas topic 1 centered around data, seizures,
EEG, and related concepts. Topic 2 discussed seizures, systems,
use, and patients, while topic 3 concerned stakeholders, their
views, and course of action. Finally, topic 4 was related to data
requirements and elicitation processes.

Sentiment analysis was also performed on the data collected
from the interviews. As shown in Figure 4, most sentiments
toward the data-driven medical software for EEG seizure
monitoring were positive, followed by neutral, and negative,
respectively.

Figure 4. Data exploration for the interview using word frequency, topic modeling, and sentiment analysis. EEG: electroencephalography.

Study Mind Map for the Qualitative Data Analysis
The study mind map was prepared based on transcribed data to
be used as a guide for SRA. As shown in Figure 5, SRA consists
of 3 steps: user needs assessment, requirements elicitation, and
requirements analysis and prioritization. The needs assessment
evaluated the system’s aims, objectives, and stakeholders. In
contrast, functional requirements, nonfunctional requirements,
regulatory and compliance needs, usability design, data
management, and security were reviewed in the requirements
elicitation and feasibility study, and risk analysis and
requirement prioritization were considered in the requirements

analysis and prioritization step. The main keywords for each
subevaluation are addressed in Figure 5.

As outlined in Table 1, SRA consisted of 3 steps: user needs
assessment, requirements elicitation, and requirements analysis
and prioritization. The needs assessment step evaluated the
system’s aims, objectives, and stakeholders. In contrast,
functional requirements, nonfunctional requirements, regulatory
and compliance needs, usability design, data management, and
security were reviewed in the requirements elicitation and
feasibility study, and risk analysis and requirement prioritization
were considered in the requirements analysis and prioritization
step. The main keywords for each subevaluation are addressed
in Table 1.
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Figure 5. The study mind map for system requirement analysis.

Table 1. The study mind map for system requirement analysis.

ItemsSystem requirements and subrequirements

No 1. Need assessment

Primary goals; the phase of the care pathwayObjectives

Patients; caregivers; health care professionals; institutions; technical
staff

Stakeholders

No 2. Requirement elicitation

Function; feature; wearables; alertFunctional requirements

Type of seizure; duration of seizure; training and supportNonfunctional requirements

Medical; dataRegulatory compliance and needs

Design of wearables; size of wearables; aestheticUsability and design (Method section)

Security; privacy; data accessData management and security

Insurance; health care providersCost and accessibility

No 3. Requirement analysis and prioritization

Economical; operationalFeasibility study

Strategies; mitigationRisk analysis

Importance; urgencyRequirement prioritization

JMIR Hum Factors 2025 | vol. 12 | e59558 | p.799https://humanfactors.jmir.org/2025/1/e59558
(page number not for citation purposes)

Keikhosrokiani et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Users Need Assessment

Primary Goals
After data were transcribed, coding was done to assist us in the
thematic analysis. A coding network was generated for each
part of the mind map, as shown in Figure 5. A sample of a
network of coding for the primary goal of data-driven medical
software for EEG seizure monitoring is illustrated in Figure 6.

The focus group discussion on user need assessment led us to
some themes and subthemes, as summarized in Table 2. For
instance, the experts mentioned the following:

EEG-based seizure detection is especially required
in the emergency department for the status epilepticus
phase. It is also helpful because we cannot get the
24/7 EEG recording from all those patients...

[W]e need continuous electrocardiogram (ECG)
monitoring all the time in the ICU. We can proceed
with adult patients first, then use it for children...

Thus, the primary goal was to implement EEG-based seizure
detection specifically for emergencies, such as prolonged
seizures or status epilepticus, starting from the emergency room
to intensive care units (ICUs). A critical theme is the need to
minimize diagnosis time during severe epileptic events,
emphasizing rapid detection and treatment initiation. This
discussion led us to the subtheme enhancing emergency seizure
management.

Furthermore, the discussion emphasizes leveraging remote
detection technology to identify seizures, potentially integrating
AI-based analytics to enhance time and cost-efficiency. In
addition, the discussion that “EEG-based wearable seizure
detection system should be available and provided for doctors
for differential diagnostics and treatment decision-making,
especially if the seizure is prolonged...” and “Currently, we
would need a recording, especially in the in the emergency in
the status epilepticus phase” suggests the need for long-duration
EEG recording, especially for status epilepticus.

Health care professionals continued the discussion by stating
the following:

This wearable EEG-based seizure detection could
help health care professionals in
decision-making...thus, in this pilot process, we are
focusing on emergency where you have a prolonged
seizure, especially status epilepticus as a neurological
emergency...We could start from the emergency room
to the ICU intensive care unit.

EEG-based seizure detection is mentioned as a tool to aid health
care professionals in deciding whether to admit patients to
intensive care, especially in nonconvulsive status epilepticus
or nonepileptic seizures. EEG-based seizure detection in the
DCPE treatment is proposed to improve patient management.

Moreover, the experts highlighted that “there is a need for EEG
analytical models to assist the neurologists in differential
diagnostics, especially in the evenings and weekends...” It was
argued that there is a need for the most suitable type of wireless
devices and wearables for seizure recording and video systems
to detect seizures, highlighting the importance of technology
in monitoring and data storage. Predictive analytics based on
historical recorded video data and seizure diaries can be used
to predict future seizures and their types, indicating a need for
advanced analytic tools in health care.

The experts further mentioned, “Since the EEG analysis is
time-consuming, if we could utilize AI-based preliminary
analytics before the decision-making of health care
professionals, it would be very efficient and cost-effective.”
This kind of solutions emphasizes the need for cost-effective
solutions, suggesting that wireless EEG devices could aid in
differential diagnostics and reduce the burden on clinical
neurophysiologists. Furthermore, they emphasized the
importance of integrating patient-derived data, device data, and
electronic medical records for decision-making.

Future integration of home monitoring as part of the DCPE is
touched upon as an extension of current hospital-based
approaches.
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Figure 6. A sample network of codes for user needs assessment. AI: artificial intelligence; EEG: electroencephalography; ICU: intensive care unit.

Table 2. A Summary of themes, subthemes, and codes for user need assessment.

Codes extracted from quotationsThemes and subthemes

Primary goal

Emergency, ICUa, intensive care, seizure detection, management, and effective productivityEnhancing emergency seizure management

EEG, seizure detection, and technologyEEGb-based wearable seizure detection technology

Treatment, decision-making, health care, and digital healthHealth care decision-making and treatment

Technology, seizure monitoring, remote monitoring, home monitoring, analytics, diagnosis,
differential diagnostics, and predictive analytics

Technological needs in monitoring and predictive
analysis

Cost-effectiveness and timesavingCost and resource efficiency

Limitations, challenges, barriers, medical field, and a lack of infrastructureFuture directions and needs

Phases of digital care pathway for epilepsy

Planning, updated care, and emergency careDevelopment of an updated digital care pathway
for epilepsy

Differential diagnostics, seizure types, and status epilepticusDifferentiation in seizure types

EEG, seizure detection, integration, and data integrationIntegration of wearable EEG–based detection

Stakeholders

Health care data, data analysis, and accessAccessibility and use of medical data

Decision-making, medical decision-making, health monitoring, treatment decisions, and
expert opinion

Decision-making in health care

Confidentiality, patient privacy, patient engagement, patient data, and patient roleData privacy and management

Data analysis, health care data, treatment planning, and disagreementRole of data in treatment planning

aICU: intensive care unit.
bEEG: electroencephalography.
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Phases of DCPE
As highlighted in the primary goals mentioned subsequently,
the primary aim is to implement the proposed system for hospital
environments first, specifically for the treatment phase on the
current DCPE:

Developing a system for hospital environments and
then proceeding with remote monitoring systems from
home...differentiating between epileptic and
non-epileptic seizures...plans to incorporate EEG
recordings into the DCPE, focusing on emergency
and treatment phases for patients, especially for those
with drug-resistant epilepsy, can assist health care
professionals...

If the patients successfully adopt the system, expanding it to
the home remote monitoring system using suitably validated
wearables is recommended.

The system’s initial development within a hospital environment
would be feasible, emphasizing hospitals’ foundational role in
the care pathway system. It mentions the subsequent plan to
proceed with a remote monitoring system from the home,
indicating a phased approach to implementation and an
expansion of care beyond the hospital setting.

The importance of epileptic versus nonepileptic seizures was
stated in the discussion to point out the need to separate seizures
into epileptic and nonepileptic categories, suggesting a focus
on specificity in diagnosis and treatment within the DCPE.

Plans to incorporate EEG-based detection into the DCPE were
discussed, indicating a direction toward more advanced,
technology-integrated solutions for monitoring and diagnosis.
It was added that EEG-based detection is primarily used in
emergencies and for follow-up treatment effects, but it is
specifically aimed at health care professionals rather than
patients. This highlights a focus on enhancing professional
decision-making.

The pathway discusses a phased approach, starting with
hospital-based systems and expanding to home monitoring. This
indicates a comprehensive care strategy that extends beyond
immediate hospital care.

Stakeholders
This section presents the user needs assessment focusing on
various stakeholders, particularly relating to epilepsy
management and the use of data in DCPE. The stakeholders
identified include patients, caregivers, technical staff,
institutions, and health care professionals. The document
discusses the use of EEG recording data, seizure recordings,
and other types of medical data.

The discussion suggests that the analysis of EEG recording
should not be shown to patients or informal caregivers because
it might not be beneficial and could lead to more problems than
benefits. The assertion is that patients are generally not involved
in decision-making related to diagnostics and thus might not
need direct access to these data. In contrast, health care
professionals are seen as requiring access to these data to make
informed decisions about diagnosis, treatment, and care. The
data can be transported or analyzed by another physician from

a different hospital, indicating a need for data sharing and
interoperability among health care institutions.

The discussion emphasizes the health care providers’ role in
making treatment decisions, often during inpatient consultations.
It highlights the importance of keeping roles defined, with the
physicians and patients or caregivers working together based
on the information provided by the health care providers. While
not explicitly mentioned, the concern over patient access to
data and the need for health care professionals to share and
analyze data suggest underlying themes of data privacy, security,
and effective data management in health care. The discussion
iterates that health care providers use data to inform treatment
options and discuss these with patients and caregivers,
depending on the situation. Data are central to treatment
planning and the patient–care provider relationship.
Furthermore, the following implications for each stakeholder
were highlighted:

• For patients, improved understanding and communication
about why specific data are not shared with them might be
necessary.

• For health care providers, there is a need for practical tools
and systems to manage, share, and analyze patient data
securely and efficiently.

• For technical staff and institutions, ensuring technological
solutions’ reliability, usability, and security for data
recording and predictive analysis is crucial.

Themes Relationships
A causal relationship was created between the extracted themes,
as shown in Figure 7, that shows the enhancement of emergency
seizure management is significantly affected by the quality and
accuracy of the EEG-based seizure detection technology.
Furthermore, its improvement leads to more refined future
directions and user needs, reflected in better patient-centric
approaches. EEG-based seizure detection technology reduces
the time and resources required for the system while improving
cost and resource efficiency. Technological feasibility is the
primary influence on the quality of EEG-based seizure detection
technology. Better decision-making leads to improved patient
outcomes, enhancing overall emergency seizure management.
Improving cost-efficiency and resource efficiency enables
further investment and improvement in the health care system.
Balancing feedback might occur if costs reduce the ability to
invest in newer technologies. Focusing on individual patient
needs and outcomes (patient-centric approach) ensures the
quality of emergency seizure management, and it is influenced
by health care decision-making and treatment as better strategies
and future technologies are developed.

As DCPE are updated and improved, there is a natural
progression toward refining the understanding and categorization
of conditions treated within those pathways, such as epilepsies.
Once there is an established need or desire to differentiate
seizure types more effectively, integrating more precise
diagnostic tools such as EEG becomes a priority. With the
integration of innovative technologies and diagnostic methods,
the care pathway itself may be updated to incorporate these
advancements, completing the loop and potentially starting a
new cycle of updates and improvements.
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A positive link between accessibility and the use of medical
data and health care decision-making indicates that better
accessibility improves decision-making capabilities. Moreover,
informed decision-making positively influences how data are
used in planning treatment. There is a negative link between
data privacy and management and accessibility and the use of
medical data, suggesting that inflexible data privacy policies

might limit the accessibility of medical data. In contrast,
adequate data privacy and management practices enhance the
role of data in treatment planning. Finally, a positive feedback
link between the role of data in treatment planning and health
care decision-making illustrates that the effective use of data in
treatment planning feeds back into improving decision-making
in health care.

Figure 7. A causal loop diagram for the main objective. EEG: electroencephalography.

Requirement Elicitation

Functional Requirements
On the basis of the focus group discussion with health care
professionals, the coding network is shown in Figure 8, and the
themes and subthemes are listed in Table 3—functional
requirements emphasize the functions of the systems, features,
wearables, and alert systems.

The conversation “the functional requirements are probably
very different for home monitoring and hospital use...” notes
the variation in functional requirements between home
monitoring and hospital use, emphasizing the need for contextual
adaptable solutions tailored to different settings. According to
the discussion, “It would be good to integrate all types of data
concerning the seizures in the system, such as motions,
movement, sleep, video,” the system should integrate various
data types (eg, motions, movements, sleep, and video) along
with the number of seizures and device data to comprehensively
understand the patient’s condition.

Efficiency in seizure detection, data processing, and alerting
mechanisms was mentioned as a vital component. Furthermore,
the challenge of differentiating between epileptic seizures and
nonepileptic events was highlighted. The requirement
emphasized the need for accurate diagnosis to prevent
overtreatment and adverse events.

The evaluation of remote monitoring systems is closely linked
to privacy and security risk concerns. Furthermore, real-time
monitoring and the quality of service continue to pose challenges
for remote monitoring services. Health care professionals
identified several key issues with these systems, particularly
concerning the types of wearable devices used for seizure
detection, the accuracy of algorithms that classify seizures, and
the overall trustworthiness of the system from the patient’s
perspective.

One major challenge highlighted by health care professionals
was the need for real-time access to patients’ seizure activity.
Interviews conducted emphasized the evolving nature of
epilepsy and stress the importance of continuous data collection
and seizure phenotyping to adjust treatments and improve
diagnostic accuracy. High-quality data recordings are crucial,
especially for accurately capturing the onset of symptoms.

Integrating various data types, including video recordings, is
essential for effective remote monitoring. The discussion also
explored the potential of home remote monitoring systems that
combine cameras, wireless EEG recording, and other
technologies, envisioning a future where continuous and
comprehensive monitoring is achievable. Wearable devices,
which have already been tested, can be further refined for these
remote monitoring systems.
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Figure 8. A sample network of codes for functional requirements.

The need for user compliance, especially in scenarios such as
detecting prolonged seizures at night, was mentioned. The
system should effectively alarm caregivers and integrate
smoothly with hospital protocols. Furthermore, the discussion
outlined various features or requirements for a system, possibly
related to health care or patient monitoring, given the references
to EEG, electrocardiogram, and ICU monitoring.

The discussion about quality and usability concerns started by
highlighting the need for quality and ease of use in devices,
particularly those related to brain monitoring (eg, EEG systems).
This suggests a priority on user-friendly and high-quality
wearable devices for monitoring purposes. There was a specific
mention of using “good quality wearables and devices for
monitoring.” This might refer to the need for reliable and
accurate devices in a clinical setting, particularly for continuous
monitoring.

The interview mentioned the need for continuous EEG
monitoring in the ICU, indicating an emphasis on uninterrupted
patient monitoring. This requirement is critical, starting with
adult patients and extending to children. Moreover, the health
care professionals discussed using alarms to detect
nonconvulsive seizures. Emphasis on the placement of
electrodes around the head and the reference to seizures
spreading to the hemispheres suggested a focus on detailed and
responsive monitoring systems that could detect and alarm
medical staff about patient conditions. Age-specific
considerations were one of the critical points of discussion for
the new system.

The highlight of starting with adults and then extending
monitoring capabilities to children indicates a phased, careful

approach to implementing these technologies, likely due to the
different physiological and anatomical considerations between
adults and children. Prioritizing the features based on the target
demographics, such as age group, and understanding which
features are essential and desirable, requires stakeholder
consultation.

For each requirement, technical feasibility and potential impact
on patient care and health care workflow must be assessed [30].
Given the technical and clinical nature of the requirements,
consulting with health care professionals and technology experts
would be crucial in further refining and validating these needs.
Additional steps would involve deeper stakeholder engagement,
technical assessment of the proposed features, and a structured
approach to integrating these requirements into a cohesive
system design.

A health care professional stated the following:

We start with adults first, then we could implement a
research project focusing on children...If we choose
a device, it should be suitable for home use, minimize
artifacts, and be user-friendly for patients or parents.
It should be sensitive and specific...The device should
inform users about seizures and be capable of
detecting different kinds of seizures...We need to
consider electrode placement and the types of seizures
it can detect, focusing on devices that capture
generalized seizures, particularly tonic-clonic
seizures, while minimizing false alarms...Look into
developing methods for ICU use, leveraging artificial
intelligence...Determine the device’s suitability for
children of certain ages.
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Table 3. A summary of themes, subthemes, and codes for requirement elicitation.

Codes extracted from quotationsThemes and subthemes

Functional requirements

Adaptable solution tailored to different settingsContextual adaptability

Data type (eg, EEGa, motions, movements, sleep, and video)Comprehensive data integration

Alarm, alerting mechanism, and seizure detectionAlerting and detection efficiency

Differential diagnosis, epileptic seizures, and nonepileptic eventsDifferential diagnostics

Seizure phenotyping, treatment, diagnosis, and diagnostic precisionEvolutionary data collection

Quality, data recording, capturing, and video recordingQuality of data recording

Home monitoring, remote monitoring, and wearablesRemote monitoring and technological integration

Prolonged seizures, night, alarm, and caregiversUser compliance and system effectiveness

Ease of use, wearable device, user friendly, brain monitoring, and high-qualityQuality and usability concerns

Good quality, wearable device, clinical setting, and continuous monitoringUse of wearables and devices

Continuous EEG monitoring, uninterrupted patient monitoring, adult, and childrenContinuous monitoring

Health care professionals, alarms, responsive monitoring systems, and nonconvulsive
seizures

Alarm for seizure detection

Adults, children, age group, and featuresAge-specific considerations

Differing physiological and developmental needs, adults, children, specific age, and
design

Target demographic

Noninvasive, easy to use, user friendly, home care routines, simplicity, and intuitive
design

Usability and user friendly

Sensitivity, specificity, customization, and tonic-clonic seizuresTechnical specifications

Inform, seizures, and communicationInformation delivery

Innovative, artificial intelligence, and predictive analyticsInnovation and development

Nonfunctional requirements

Duration, nonepileptic, epileptic, nonconvulsive seizures, and tonic-clonic seizuresTypes of seizures

EEG, vital, and seizureEEG importance

Types, variety, seizure, symptom, and abnormalSeizure phenotypes

Duration and seizureDuration of seizures

Training, educational materials, on the web, in person, documentation, and digital
content

Materials and contents for training and support

Regulatory and compliance needs and data management and security

Complexity, sensitivity, handling patient data, storing, and accessAccess and storing of data

GDPR, regulations, and storageGDPRb compliance

Ethical considerations and authorized personnelEthical issues

Lack of standardization and regulatory frameworksStandardization and legal issues

Nelli system, developed by Tampere University and Tampere University HospitalCase study—Nelli system

Usability and design

Device size, patient movement, younger patients, customizable elements, colorful
caps, children, less intimidating, user friendly, and hiding

Size and aesthetic considerations for patient devices

Children, tailored design, personalized medical devices, patient’s age, user-centered
design, and physical psychological needs

Designing for demographics and user-centered design in
medical devices

Cost and accessibility

Accessibility, affordable services, and brand-new hospitalCost of implementation by hospital

Insurance and servicesCost of services by insurance

Public and privateAll public and private hospitals
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Codes extracted from quotationsThemes and subthemes

Remote and rural areasRural areas

aEEG: electroencephalography.
bGDPR: General Data Protection Regulation.

On the basis of the aforementioned discussion, the themes
related to wearables were extracted. The device was initially
targeted at adults and then adapted for children. This indicates
a phased approach, likely due to differing physiological and
developmental needs. Age specificity is another crucial factor
when selecting a device. The device’s suitability for children
of certain ages is to be determined, indicating the need for
customization or scalability in design. It was further discussed
that the device should be suitable for home use, implying it
needs to be noninvasive, easy to use, and potentially integrated
with home care routines. It should be easy for the patients and
parents to use, emphasizing simplicity and intuitive and
user-friendly design. Regarding the technical specifications,
the device must accurately detect seizures (high sensitivity) and
not overreport nonseizure events (high specificity). It should
minimize the recording of artifacts, which are irrelevant signals
that could obscure seizure detection. Considering electrode
placement and seizure types, it should be able to detect seizures,
focusing on generalized and tonic-clonic seizures, and be
amenable to customization or adaptable to various seizure types.

The device should effectively inform users about seizures for
information delivery, indicating a need for clear alerts or
communication mechanisms. The discussion about using current
commercially available devices suggests leveraging existing
innovative technology platforms as a starting point or
benchmark. Considering the development of ICU use and
leveraging AI, ambitions for advanced monitoring capabilities
and predictive analytics are suggested.

Nonfunctional Requirements
The nonfunctional requirements were mainly emphasized in
terms of seizure phenotypes, the importance of EEG, the
duration of seizures, and training and support. While discussing
the variety and importance of understanding different seizures,
it was pointed out that although a seizure might be broadly
categorized, the specific type and duration were critical. In
addition, it emphasized the role of EEG in seizure detection and
analysis, acknowledging its limitations since not all seizure
types exhibited noticeable changes in EEG patterns depending
on electrode placement. The significance of observable
characteristics of seizures, such as facial expressions, eye
movements, and other physical symptoms that are crucial for
proper identification and need to be correlated with EEG data
were highlighted. The importance of seizure duration,
particularly in terms of the potential risks associated with
prolonged episodes, such as status epilepticus was noted.

Regarding the types of seizures, the interview suggested a
nuanced view of seizures, urging the need to understand
different types and durations. For nonfunctional requirements,
this theme emphasized the need for systems to accommodate a
variety of seizure presentations and durations. EEG is recognized
as a vital tool in seizure detection but is also noted for its

limitations. Thus, there is a need for systems incorporating EEG
data, but it is also possible to suggest integrating additional data
sources and testing awareness. Moreover, the discussion
described phenotypes as critical in seizure analysis, perhaps
even more than EEG in some cases. This emphasizes the
importance of comprehensive observational data in seizure
monitoring software, possibly advocating for multimodal
approaches. Duration of seizure was highlighted as a significant
factor, especially concerning the risks associated with prolonged
seizures. Systems must be sensitive to the duration of seizures,
possibly incorporating alerts or interventions for protracted
episodes.

The interview listed educational materials, including
documentation, web-based tutorials, user manuals, in-person
training sessions, and digital health parts. This theme explored
the diversity and scope of materials available for epilepsy
education and awareness. The materials were designed for
different audiences, such as teenagers, caregivers, and patients.

A real-world application of EEG monitoring in a pediatric
setting where a wearable device is used for seizure detection
and continuous monitoring can be considered a practical
example of this application. Incorporating case studies, such as
a child with epilepsy who uses a wearable device that tracks
seizures and alerts caregivers, could illustrate current
technologies’ effectiveness and limitations. This example can
clarify how the device recognizes seizure patterns and integrates
with mobile apps for parents and health care providers.

However, some challenges remain unresolved in integrating
data-driven software into the DCPE, such as data privacy and
technical integration. Data privacy remains a critical issue in
health care technology. A practical challenge is how an EEG
device processes patient data while ensuring compliance with
General Data Protection Regulation (GDPR). There is a potential
risk of unauthorized access if role-based access is not strictly
enforced, and the design must include secure data transmission
methods, such as encrypted channels. For technical integration,
exploring how the EEG device communicates with other medical
systems could highlight potential barriers, such as
interoperability issues, where devices from different
manufacturers need help to share data effectively. Incorporating
perspectives from various stakeholders, including health care
professionals, patients, and regulatory bodies, can provide a
more comprehensive view. For example, engaging physicians
in discussions about the importance of EEG data alongside
observable seizure characteristics can help identify what features
are essential for them. Gathering feedback from patients and
caregivers about their experiences with existing devices can
emphasize the user-centered design approach. Moreover,
including insights from regulatory bodies can shed light on the
compliance challenges they face, addressing gaps in current
frameworks for epilepsy monitoring technology. By integrating
these elements, we can create a more robust discussion that
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addresses nonfunctional requirements and acknowledges the
complexities of implementing health care technologies in a
practical and user-friendly manner.

Regulatory and Compliance Needs and Data
Management and Security
On the basis of the interview discussion, the SRA revealed
several key themes surrounding regulatory and compliance
needs in health care, particularly regarding data management,
GDPR compliance, ethical considerations, and specific case
studies or systems.

The critical nature of where and how data are accessed and
stored was mentioned in the discussion, especially in hospital
systems and for research purposes, highlighting the complexity
and sensitivity of handling patient data. In addition, GDPR is
mentioned as an overarching and strict regulation affecting the
storage and handling of data. The health care professionals
suggested that GDPR compliance is a significant challenge that
requires continuous discussion and resolution at the ministry
level. Ethical considerations in accessing patient data were
highlighted, emphasizing that only authorized personnel (eg,
physicians and nurses involved in patient care) should access
patient data. The importance of role-based access and strict data
access logging to maintain privacy and accountability was
underlined. The discussion further suggested a lack of
standardization, particularly for patients with epilepsy, indicating
a need for consistent legal and regulatory frameworks across
different diagnostic groups. Finally, a specific system called
the Nelli system at Tampere University was described [31]. It
details a program for handling patient data, including AI
scanning, anonymous analysis, and specialized handling by
trained nurses or technicians. The system appears to be a part
of a digital health care initiative, possibly relating to epilepsy
treatment, as it includes familiarity with EEG techniques.

Usability and Design
The “usability and design” discussion discusses the importance
of size and aesthetics in medical devices, particularly those used
by patients for home care or remote care in hospitals. On the
basis of the extracted theme of size and aesthetic considerations
for patient devices, it was highlighted that devices should be
functional and stable without restricting patient movement,
especially for younger patients. The devices should not cause
discomfort or pain to the patient. Aesthetics can be improved
by adding customizable elements such as colorful caps,
particularly to appeal to children. The idea is to make the device
less intimidating and more user friendly, hiding its medical
nature.

To focus on designing for demographics and
user-centered design in medical devices, making the
devices less intimidating and more appealing to
children implies a tailored design approach where
the patient’s age and preferences are considered.
This suggests a move toward more personalized

medical devices catering to specific demographics.
The emphasis on comfort, lack of restriction in
movement, and aesthetic appeal point to a
user-centered design approach. It reflects an
understanding that medical devices should be
designed to meet the end user’s physical and
psychological needs beyond mere functionality.
Human-centered design will be beneficial in the
design of medical devices by reducing resources in
software-related processes. It provides interactive
and user-friendly solutions by focusing on user needs
and requirements. User-centered design must involve
software design, testing, and development phases [
32 ]

The discussion on size, aesthetics, and the balance between
functionality and comfort in medical devices reflected broader
themes in the medical device industry. These include the
importance of user-centered design, the need for personalization
in medical equipment, and the recognition that the success of
a medical device is not solely dependent on its functional
effectiveness, but also on its usability and acceptance by
patients. Moreover, the health care providers mentioned the
necessity of balancing technical requirements with human
factors, advocating for designs that consider the patient’s
physical comfort, psychological well-being, and overall
acceptance of the medical device.

Cost and Accessibility
Regarding the cost and accessibility of the proposed system,
the interviewees mentioned that “maybe some part of the cost
of the services provided by the new system can be covered by
the patient or their insurance systems, but the costs should not
be like prohibiting the use of the system...however, the hospitals
can bear the cost of developing and implementing the
system...the system needs to be accessible to all public and
private hospitals...also in the rural areas...” Moreover, they
mentioned, “The system would be essential and cost-effective
for the whole society, and we cannot estimate the value at the
individual level.” They concluded the interview by highlighting
“Comorbidities and mortality and, of course, also costs for the
society.”

Requirement Analysis and Prioritization
As discussed in the interview, some priorities were set for
developing the EEG-EpiDigi. For instance, the system will be
implemented in the hospital environment with a target on the
emergency unit and ICU. The system will be used for adults
first and expanded for other age groups. If the system is adopted
successfully, remote home monitoring will be added as an extra
module. The relevant themes were extracted based on the
network of codes for requirement prioritization illustrated in
Figure 9. The list of themes, subthemes, and codes extracted
from the quotations for SRA and prioritization are shown in
Table 3.
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Figure 9. An example network of codes for prioritizing requirements. EEG: electroencephalography.

Feasibility Study
In the focus group discussion, the health care professionals
emphasized, “It would be more feasible to start from the hospital
monitoring system and then expand it to a home remote
monitoring system in the future.” Therefore, the following
options must be considered to assess the feasibility of integrating
data-driven medical software for EEG seizure monitoring into
the DCPE. On the basis of the themes and subthemes outlined
in Table 3, the demand for hospital or home remote monitoring
systems needs to be carefully evaluated. This demand was
assessed through expert feedback, focusing on current clinical
needs and future potential for home monitoring systems. The
idea of a home monitoring system is the next step after
implementing it in the hospital. Therefore, data collection for
requirement analysis and co-design sessions with patients will
be performed after successfully implementing the proposed
system in the ICU. The experts prioritized hospital-based
monitoring (ICU and emergency departments) before expanding
to home-based systems. Evaluation criteria included feasibility,
scalability, and clinical relevance. Furthermore, technological

resources need to be carefully planned. Before starting the
project, the technology and infrastructure available for
monitoring systems must be examined. In addition, the impact
of monitoring systems on patient care and health outcomes
needs to be determined. The financial implications of
implementing and maintaining monitoring systems must be
estimated. The feasibility of EEG-EpiDigi is high for
hospital-based use, particularly in ICU settings. However,
challenges include data privacy, integration with existing
hospital infrastructure, and ensuring AI interpretability for
clinical decision-making. Further research is required to address
these challenges, especially for home-based monitoring.

The feasibility of the EEG-EpiDigi system, designed for
managing epilepsy through digital tools, hinges on several
critical factors outlined in Textbox 1, including technological
integration, user acceptance, regulatory compliance, and data
management.

Based on the study's results and assessing the feasibility,
developing and integrating a system capable of monitoring EEG
recording is required and feasible in DCPE (Figure 10).

JMIR Hum Factors 2025 | vol. 12 | e59558 | p.808https://humanfactors.jmir.org/2025/1/e59558
(page number not for citation purposes)

Keikhosrokiani et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 1. Key factors influencing the feasibility of the electroencephalography (EEG)-EpiDigi system.

1. Technological integration: the successful implementation of EEG-EpiDigi will require seamless communication between EEG devices and other
medical systems. Challenges include interoperability issues, where devices from different manufacturers need help to share data effectively.
Ensuring that machine learning algorithms can accurately analyze the data from diverse sources is also vital. Creating standardized protocols
and frameworks that enable this integration would be necessary while preserving data integrity.

2. User acceptance: engaging users, including patients, caregivers, and health care professionals, is crucial for the system’s success. The system
must be designed with a user-centered approach, addressing the needs and preferences of different demographics. For instance, if the design does
not consider the comfort and aesthetics of devices used by children or young adults, it may face resistance from these groups. Continuous feedback
loops should be established to refine user experiences based on real-world inputs.

3. Regulatory compliance: navigating the complexities of regulations such as General Data Protection Regulation (GDPR) is a significant challenge.
The system must ensure that all patient data are stored, accessed, and transmitted promptly. This includes implementing strict role-based access
controls and maintaining comprehensive data access records. Moreover, as regulations evolve, the system may need to adapt to new compliance
requirements, which could entail ongoing updates and modifications.

4. Data management and security: the EEG-EpiDigi system would need robust mechanisms for data management to handle sensitive patient
information. Security features such as encrypted data transmission and secure storage are paramount to mitigate the risks of unauthorized access.
In addition, ensuring the ethical use of data, including informed consent from patients, is necessary to build trust and acceptance among users.

5. Continuous monitoring and adaptation: the nature of machine learning systems requires ongoing training and validation of algorithms to ensure
their effectiveness over time. This includes continuously updating the system based on new research findings and user feedback. The challenge
lies in establishing systems for routine monitoring that can keep pace with the rapid advancements in AI and epilepsy research.

6. Stakeholder collaboration: collaboration across various stakeholders, including health care professionals, patients, and regulatory bodies, will be
essential to address the multifaceted challenges of the EEG-EpiDigi system. Building a platform for dialogue can help ensure that the system
meets clinical needs while adhering to compliance and ethical standards. In summary, while the EEG-EpiDigi system has the potential to
revolutionize epilepsy management through enhanced data integration and user engagement, careful consideration of technological, regulatory,
and user-centered challenges is necessary for successful practical applications. Engaging diverse stakeholders and implementing robust data
management practices will be crucial for navigating these challenges and maximizing the system’s potential benefits.

Figure 10. The proposed system architecture for EEG-EpiDigi in the digital care pathway for epilepsy. ICU: intensive care unit.

Risk Analysis
The risk analysis of the proposed system in DCPE depends on
the treatment effectiveness, health care system coverage,
diagnostic tools, and resources of health care professionals. This

involves understanding treatment, management, and factors
impacting their efficacy. The health care system coverage theme
suggested what aspects of treatment or diagnosis are covered
by health care systems. Finally, diagnostic tools and indications
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must be clarified to show how different diagnostic tools, such
as EEG, are used and under what circumstances.

Requirement Prioritization
The “requirement prioritization” discussion focused on
prioritizing requirements for the data-driven medical software
for EEG seizure monitoring for epilepsy, specifically in a
hospital environment. On the basis of Table 4, the discussion
emphasized the importance of a step-by-step approach to
developing the system. Furthermore, it was mentioned that there
is a specific focus on patients with urgent neurological
emergency events, such as status epilepticus. The interview
discussed the need for EEG analytics and video recording in
hospitals, particularly during evenings and weekends, for
differential diagnostics. Children were highlighted as a unique
group for consideration due to their inability to make decisions
or consent themselves. Moreover, the importance of data storage
and privacy, especially in EEG-based systems, was mentioned.

The system is mainly aimed at helping patients with
drug-resistant seizures. The system’s utility during holidays

and weekends for private and government hospitals was noted,
along with its voluntary nature. The discussion further
underscored the importance of the system in terms of
cost-effectiveness and its value to society. Moreover, it was
highlighted that the implications of monitoring in chronic stages
should be considered to avoid adding burdens on patients,
families, and health care professionals. The discussion pointed
out the need to carefully consider who the right person was to
use the system on, which suggested the theme of
decision-making and responsibility. The need to prioritize
developing this system and securing funding from financial
organizations was further emphasized. The system is intended
to have a broad application across demographics for many users,
including children, adults, teenagers, and older adults. The
system must be successfully implemented for adults first, then
expanded for other age groups. From this analysis, it is clear
that the discussion was centered around developing and
implementing a health care system with a strong focus on
neurological emergencies, EEG analytics, and patient-centric
considerations, especially regarding data privacy, accessibility,
and cost-effectiveness.

Table 4. A summary of themes, subthemes, and codes for requirement analysis and prioritization.

Codes extracted from quotationsTheme and subthemes

Feasibility

Hospital, home, and remote monitoring systemsDemand for monitoring systems

Technology, infrastructure, and startTechnological resources

Patient care and health outcomeHealth care outcomes

Cost, implementation, maintenance, and implicationsCosts

Risk analysis

Treatment, effective, and efficacyTreatment effectiveness

Aspects, treatment, and diagnosisHealth care system coverage

Different diagnostic tools, EEGa, and circumstancesDiagnostic tools and indications

Requirement analysis and prioritization

Step-by-step, developingStep-by-step process

Urgent, neurological, emergency events, and status epilepticusFocus on urgent neurological cases

EEG, analytics, video recording, and differential diagnosticsEEG analytics in hospitals

Children and special groups who are unable to make decisions give consentSpecial consideration for children

Data, storing, and privacyData storing and privacy

Drug-resistant seizures help patientsDrug-resistant seizures

Holidays, weekends, and voluntaryAccessibility and utility during off hours

Cost-effective and society valueCost-effectiveness and societal value

Chronic stages, burden, patients, families, and medical careChronic stages monitoring

Careful decision, right person, and the use of the systemDecision-making and responsibility

Secure funding, organizations, priority, hospital environment, and emergencyPriority in development and funding

Wide range, different uses, children, adults, teenagers, and older peopleBroad application across demographics

aEEG: electroencephalography.
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Quality of Care
The paper outlines several strategies aimed at improving the
quality of care and resource management within the context of
the proposed EEG seizure monitoring system. The identified
strategies and their development process are outlined in Textbox
2.

The strategies were developed through a systematic 4-round
Delphi study involving focus group discussions with health care
experts. Details on the 4 rounds are as follows:

1. Identifying current issues within the DCPE and gather user
needs

2. Defining system requirements based on the initial feedback
3. Prioritizing and refining these requirements through further

expert discussions
4. Confirming and validating the specific system requirements

for development

This iterative approach ensures the strategies are well-informed
and aligned with clinical realities and user demands.

While the paper does not provide specific case studies, the
methods used (eg, focus group discussions and expert panels)
are grounded in recognized best practices for medical software
development. The emphasis on user-centered design and
compatibility with existing technologies reflects practices
successfully used in various health care settings to support
implementing new systems.

Furthermore, the intention to start with adults in emergency and
ICU settings is supported by existing literature highlighting the
importance of targeted, evidence-backed implementations in
enhancing patient outcomes and optimizing resource use. Future
cases could arise once the EEG-EpiDigi system is operational,
as real-world applications will provide concrete examples of
how these strategies improve care quality and resource
management.

Based on the focus group discussion and thematic analysis
results, this study proposed an SRA-EpiDigi for data-driven
medical software to enhance EEG seizure monitoring quality
in DCPE, as shown in Figure 11. SRA-EpiDigi addressed all
research questions of this study.

Textbox 2. Strategies for improving care and resource management in electroencephalography (EEG) seizure monitoring.

1. Integration with existing systems: ensuring compatibility with current hospital systems, such as electronic health records and EEG monitoring
procedures, is vital for seamless implementation. This approach minimizes disruptions and enhances workflow efficiency.

2. User-centered design: the development of the EEG-EpiDigi system incorporates co-design sessions with primary users, including patients and
health care professionals, to gather insights and preferences. This helps tailor the system to meet user needs, enhancing user satisfaction and care
quality.

3. Phased implementation: focusing the system on adult patients in emergency and intensive care settings allows for more controlled and effective
validation. Once the system proves effective, it can be expanded to cater to pediatric populations.

4. Focus on data-driven decision-making: using real-time EEG data aid clinicians in making informed decisions, improving responsiveness and
treatment accuracy.

5. Feedback loops and iterative development: the Delphi study method ensures that expert feedback is continuously integrated into the design and
development process. Each round serves to refine and adjust system requirements based on expert input.
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Figure 11. The proposed system requirement analysis (SRA-EpiDigi) for data-driven medical software for electroencephalography seizure monitoring
in digital care pathway for epilepsy. EEG: electroencephalography; GDPR: General Data Protection Regulation.

Discussion

Principal Findings
The World Health Organization has stated that epilepsy is among
chronic diseases causing the most comorbidity and mortality,
and that it also incurs significant costs for society. It affects
people of all ages, and it is one of the most common neurological
diseases worldwide [2]. This highlights the severity and broader
impact of epilepsy beyond the individual, affecting public health
systems and society’s economic burden. As mentioned earlier,
the health care professionals reviewed the current DCPE’s
shortcomings in the focus group discussion. It was emphasized
that despite several sophisticated electrocardiograms monitoring
heart problems for decades, there are no comparable methods
for EEG signal monitoring. The determination of seizure type
is critical for choosing an appropriate medication, but predicting
patient response to drugs is another challenge. About one-third
of people with epilepsy have incomplete seizure control with
current medicines, highlighting the need for more effective
treatments [13]. Furthermore, the health care professionals
highlighted the following:

Currently, the time taken to diagnose epilepsy is too
long, and there is a need to minimize this duration.
It would be a real risk to the patient, as the seizure
could potentially prolong further.

Therefore, developing and integrating a system capable of
monitoring EEG recording is required in DCPE (Figure 10).
The focus group discussion outlines a need for advanced
wearable wireless EEG–based seizure detection tools in
emergency care for epilepsy, emphasizing quick diagnosis,
efficient treatment, and cost-effective technology integration.
However, implementing widespread sensor-based EEG seizure
monitoring software, especially with AI integration, requires
assessing technological feasibility and reliability. The solution
would be cost-efficient, implying that budget and resource
allocation will be key considerations. The patient-centric
approach was suggested for further improvements in DCPE,
especially in emergency contexts, pointing toward a more
patient-centric approach focusing on rapid and personalized
care. The study analysis revealed a comprehensive approach to
enhancing care for epileptic seizures, suggesting significant
implications for patient treatment, health care resource
management, and technology integration in medical practices.

The proposed integration of EEG-based detection signifies an
inclination toward the influence of technology to improve
diagnostic accuracy and treatment effectiveness. This implies
a broader digital transformation within health care systems and
reflects an essential theme of enhancing professional capabilities
while hinting at a need for more patient-centered tools in future
developments.
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The interview further outlines a focused, data-driven approach
to developing a sustainable DCPE [32,33]. It prioritizes
professional health care delivery, technological integration, and
a phased expansion from hospital to home settings. Each theme
reflects a commitment to improving care through specificity in
diagnosis (differentiating seizure types), advanced monitoring
technologies (EEG integration), and targeted user groups (health
care professionals). The discussion suggests an evolving health
care model that is adaptive, technologically advanced, and
professional-centric. As health care continues to grow, such
systems are crucial in guiding the development of more efficient,
accurate, and comprehensive DCPE.

The functional requirements revolve around a versatile, accurate,
and comprehensive seizure detection system that can adapt to
different settings, integrate various data types, ensure
high-quality recordings, and evolve with patient needs. There
is an emphasis on balancing technological innovation with user
needs and medical requirements to improve care for patients
with epilepsy. Adopting and improving upon existing
technologies and exploring data-driven systems, AI, and ICU
applications show a commitment to cutting-edge solutions and
broad applicability. The discussion, while brief, brings forward
several essential aspects to consider in the context of
nonfunctional requirements for seizure-related systems or
analysis. It highlights the diversity and complexity of seizures,
the roles and limitations of EEG, the importance of phenotypic
observations, and the critical nature of seizure duration. Each
of these themes has implications for the design and function of
seizure monitoring, detection, and analysis systems, suggesting
a need for comprehensive, adaptable, and sensitive approaches
beyond traditional EEG data. This thematic analysis suggests
directions for further research or development in enhancing
seizure-related health care or monitoring technologies.

Furthermore, the discussion indicates the critical role of data in
health care, the importance of clear roles and communication
between patients and health care providers, and the potential of
technology to improve patient care through advanced monitoring
and predictive analytics. It also highlights the need to consider
data accessibility and privacy concerns carefully. The study
provides a glimpse into the complexities of health care
regulation, especially concerning data handling, privacy, GDPR
compliance, ethical considerations, and the need for specialized
systems and training for health care professionals.

The study discusses the balance between making a functional
and comfortable device for the patient. This includes not
restricting patient movement, particularly for younger patients,
and ensuring that the device does not cause discomfort or pain.

Although functionality is paramount, aesthetics also plays a
significant role in patient acceptance and comfort. The
discussion suggests that aesthetics can be improved with
customizable elements such as colorful caps, especially to make
devices less intimidating for children. This shows a clear
understanding that while the primary goal of a medical device
is to serve a health-related function, its acceptance by patients,
especially younger ones, can be significantly enhanced through
thoughtful design that considers aesthetic appeal.

Conclusions
In conclusion, this study incorporates health care professionals’
opinions, which can contribute significantly to a sustainable
care pathway by providing insights and data-driven approaches
that optimize resource allocation, improve patient outcomes,
and integrate long-term solutions for patient care. Moreover, it
offers valuable insights into the complex interplay among
functionality, aesthetics, and user acceptance in medical system
design. This research supports a thorough approach that
considers patients’ physical and emotional needs, aiming to
enhance the overall user experience and acceptance of medical
software in various care settings. This study seems to be a
concise set of suggestions (Figure 8) regarding improved health
care technology for care pathways for epilepsy. It draws
attention to the advancements in epilepsy health monitoring to
highlight the gap and potential in neurological monitoring. It
touches on public health themes, technology disparity, and the
call for future-focused health care innovations.

The proposed SRA-EpiDigi for data-driven medical software
for EEG seizure monitoring in DCPE requires ongoing
improvements. One major limitation identified is the lack of
patient involvement in the focus group discussions, which
primarily included health care professionals. Since the system
will initially be implemented within a hospital setting to aid
health care providers in decision-making, it is essential to
incorporate patient perspectives. To enhance the study’s future
direction, emphasis should be placed on requirement analysis
and co-design sessions, particularly for home monitoring
systems tailored for people with epilepsy. The scope of
development should not only include the EEG seizure
monitoring software but also expand to real-time seizure video
analytics.

In addition, these co-design sessions can effectively engage
system developers and health care professionals in selecting
optimal, user-friendly wearables and sensors for improved
seizure management. This approach will ensure the system
remains relevant and user friendly for health care providers and
patients, thus enhancing its overall effectiveness and acceptance.
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Abstract

Background: Addressing the complex medical and psychosocial needs of older adults is increasingly difficult in resource-limited
care settings. In this context, socially assistive robots (SARs) provide support and practical functions such as orientation and
information delivery. Integrating large language models (LLMs) into SAR dialogue systems offers opportunities to improve
interaction fluency and adaptability. Yet, in real-world use, acceptability also depends on minimizing both technical and
conversational errors, ensuring successful user interactions, and adapting to individual user characteristics.

Objective: This study aimed to evaluate the impact of integrating an LLM into a SAR dialogue system in a hospital geriatric
unit by (1) comparing system performance and interaction success across 2 experimental waves, (2) examining the links between
robot errors, interaction success, and multidimensional user engagement, and (3) exploring how user characteristics influence
performance and perceptions of acceptability and usability.

Methods: Over an 8-month period, 28 older adults (≥60 years of age) attending a geriatric day care hospital (Paris, France)
participated in a single-session evaluation of a SAR. Interactions took place in the day care hospital and were video-recorded
across 2 waves: wave 1 (basic dialogue system) and wave 2 (LLM-based system). From the recordings, system performance
(error types and interaction success) and user engagement (verbal, physical, and emotional dimensions) were coded. Acceptability
and usability were measured using the Acceptability E-Scale and the System Usability Scale. Sociodemographic data were
collected, and quantitative results were supplemented with a thematic analysis of qualitative observations.

Results: Following LLM integration, error-free interactions increased from 27.8% (10/36) to 70.2% (66/94; P<.001),
comprehension failures decreased from 47.2% (17/36) to 17% (16/94; P<.001), and interaction success rose from 25% (9/36) to
74.5% (70/94; P<.001). Acceptability (Acceptability E-Scale: 12.8 vs 20.8; P=.003) and usability (System Usability Scale: 40.0
vs 60.4; P=.04) were significantly higher in wave 2. Engagement scores did not differ significantly between waves, though
emotional engagement correlated positively with interaction success (r=0.28; P=.008), and age was negatively associated with
both physical engagement (r=–0.30; P<.001) and acceptability (r=–0.20; P=.03).

Conclusions: Behavioral engagement with a SAR in geriatric care is shaped by both system performance and individual user
characteristics. Improvements in dialogue quality observed in wave 2, coinciding with the integration of the LLM, were associated
with higher interaction success and enhanced user experience. Nevertheless, other contextual or group-related factors may also
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have contributed to this outcome. These findings highlight the importance of combining multimodal behavioral analysis with
self-reported measures to inform the iterative, user-centered design of socially responsive robots in clinical contexts.

(JMIR Hum Factors 2025;12:e81936)   doi:10.2196/81936

KEYWORDS

human-robot interaction; socially assistive robot; older adults; behavioral engagement; multimodal analysis; geriatric care; large
language models

Introduction

The rapid aging of the population worldwide, combined with a
shortage of health care professionals, is placing growing pressure
on care systems, particularly in geriatric hospitals and long-term
care settings [1]. This strain is amplified when caring for older
adults with neurocognitive disorders, such as Alzheimer disease
and related dementias, whose needs extend beyond medical
supervision to include sustained social, emotional, and cognitive
support. However, many care institutions, including hospitals,
long-term care facilities, and other residential settings, often
lack the resources and structures needed to address these
complex needs, resulting in care experiences characterized by
unmet psychosocial demands, ineffective communication
strategies, and increased vulnerability to distress and
disorientation [2-4].

Socially assistive robots (SARs) have emerged as a promising
technological complement to human-delivered care in such
contexts. SARs are designed primarily for social rather than
physical interaction, using speech, gesture, and expressive
behaviors to engage users and deliver cognitive, emotional, or
informational support [5,6]. Building on their social capabilities,
SARs have shown potential in enhancing emotional well-being,
reducing anxiety and apathy, and promoting social interaction
among older adults, particularly in institutional settings,
including but not limited to those living with dementia [7-9].
Beyond therapeutic applications, SARs are increasingly explored
as tools to assist health care professionals in nonclinical tasks,
such as welcoming patients, providing information, or
facilitating recreational activities [10-12].

Institutional applications often encompass reception, visitor
guidance, and wayfinding. For instance, studies have shown
that robots acting as medical receptionists or lobby greeters can
facilitate orientation, manage patient flow, and enhance the
perceived quality of service, particularly in high-traffic
environments [13,14]. A systematic review by
González-González et al [15] further suggests that SARs in
hospital contexts often adopt hybrid roles, combining
informational support with emotional engagement, especially
in waiting rooms or ambulatory care settings. Such use cases
broaden the vision of SARs beyond therapeutic agents to include
communication and orientation facilitators [16], aligning with
broader efforts to improve patient experience where staff
availability is limited.

However, despite advances in robotics, including improved
sensor technologies, natural language processing, and adaptive
user interfaces, the integration of SARs into real-world care
environments remains limited, with technical limitations

representing one of the most significant barriers [17]. Health
care providers have reported frustration with issues such as
complex operational steps, short battery life, slow system
responses, and rigid dialogue systems [18,19]. These limitations
may discourage routine use, particularly in dynamic care settings
where efficiency is essential. In addition, persistent challenges
in personalization and speech recognition further limit
deployment, as current systems often fail to accommodate the
wide range of capabilities, preferences, and interaction styles
found among geriatric care users [20,21].

From the end user’s perspective, errors in human-robot
interaction (HRI), including comprehension failures, incoherent
or incomplete responses, and misaligned task execution, can
erode trust in the robot and reduce engagement [22]. For older
adults, even minor conversational breakdowns (eg,
misrecognitions or incorrect answers) may trigger confusion,
frustration, and diminished trust, particularly when the task is
perceived as important [23]. As shown by Kim [24], older adults
can also struggle to adapt their speech to the rigid input formats
required by conversational systems, sometimes realizing only
after delivering a lengthy command that the system had failed
to process their request. Such breakdowns not only cause
irritation but also expose the gap between the intended “natural”
interaction and the constrained, one-directional exchanges these
systems often afford. Similar patterns have been observed
elsewhere: Khosla et al [25] in a 3-month deployment of a SAR
with 5 older adults reported that negative emotions (eg, anger,
sadness, and anxiety) occasionally emerged during interactions
with the robot, most often when it failed to respond as expected.

Recent advances in large language models (LLMs) offer the
potential to mitigate some of these conversational limitations
by improving fluency, contextual relevance, and adaptability
in robot dialogue systems [26-28]. While early results from
other domains (eg, customer service, museum guidance, and
educational robotics) are promising, there is limited empirical
evidence on how integrating LLMs into SARs affects real-time
interactions, error rates, and user experience in real-world
geriatric care contexts.

Another critical factor in SAR evaluation is user engagement,
which is inherently multidimensional, encompassing verbal
behaviors (eg, speech production and turn-taking), physical
involvement (eg, gestures and posture), and emotional signals
(eg, facial expressions or affective cues) [29]. In HRI,
engagement not only serves as a proxy for interaction quality
but also predicts subsequent outcomes, such as willingness to
re-engage with the robot and the perceived value of the system
[30]. Research in care environments, including work with older
adults by Hebesberger et al [19], shows that sustained
engagement is essential for acceptance and that both technical
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reliability and interaction fluency shape the depth and duration
of participation. Despite its theoretical and practical importance,
little is known about how these engagement dimensions are
influenced by robot performance, error frequency, or task
success in geriatric care contexts, representing a notable gap in
the literature.

Finally, user characteristics, including age, socioeducational
background, and cognitive functioning, are likely to influence
both observable HRI behaviors and subjective evaluations of
SARs [31-34]. For instance, older age may be associated with
reduced physical expressiveness, while higher cognitive
functioning could support more complex conversational
exchanges. Understanding these relationships is essential for
informing adaptive robot design and deployment strategies that
are inclusive and responsive to diverse user needs.

Given these gaps, this study investigated the deployment of a
SAR in a hospital geriatric unit, focusing on three main
objectives (1) to assess changes in system performance and
interaction success following the integration of an LLM into
the robot’s dialogue system, comparing 2 experimental waves;
(2) to examine the relationships between robot errors, interaction
success, and user engagement, considering verbal, physical, and
emotional dimensions; and (3) to explore how user
characteristics relate to system performance and subjective
evaluations of acceptability and usability.

By combining quantitative measures of performance,
engagement, and user ratings with qualitative analysis of
participant perceptions, this study provides a real-world
grounded perspective on the opportunities and challenges of
SAR deployment in aging care contexts.

Methods

Participants

Overview
The study involved older adults attending consultations at the
geriatric day care hospital (DCH) of Broca Hospital (Assistance
Publique—Hôpitaux de Paris), France. Inclusion criteria were
(1) being 60 years and older of age; (2) participating in a
scheduled DCH consultation; (3) having a Mini-Mental State
Examination (MMSE) [35] score above 10, indicating the
absence of severe cognitive impairment; (4) having no current
symptoms of altered reality (eg, delusions or hallucinations);
and (5) having fluent comprehension and expression in French.
No exclusion criteria were applied based on sex, socioeconomic
backgrounds, or ethnicity.

Recruitment
Recruitment was carried out using the DCH database, and
participants were prescreened prior to enrollment, contacted

over the phone, and invited to participate in the study the day
of their next consultation. An information letter was sent by
post, and informed consent was collected onsite.

A total of 41 older adults were recruited for the study. However,
this analysis focuses on a subset of 28 participants who met the
following criteria: (1) provided consent to be filmed; (2)
completed a full interaction session with the robot; and (3)
generated usable video data, defined by adequate visibility and
recording quality. The remaining participants were excluded
due to 1 or more of the following reasons: refusal to engage
with the robot, technical malfunctions during the session, or
withdrawal of consent for video recording.

Setting
The study was conducted between May 2023 and December
2023 in the DCH of a geriatric hospital in Paris (France). The
DCH provides specialized outpatient care for older adults with
physical or cognitive impairments, offering a wide range of
consultations, including neurology, oncology, cardiology,
psychiatry, and memory assessments.

The data collection occurred in 2 waves during this period, with
distinct participant samples recruited for each phase. All
interactions were carried out in a quiet, dedicated room located
near the DCH waiting area. This space, typically used for rest
and informal activities, was chosen to provide a calm and
comfortable environment for testing, while maintaining
proximity to the clinical setting.

Study Design
This cross-sectional observational study was conducted as part
of a broader research protocol evaluating the integration of a
SAR in geriatric care [36,37]. This analysis focuses on
real-world HRI, combining behavioral observations with
user-reported data. Each participant engaged in a single,
nonscripted interaction session with the robot, followed by
questionnaires. Data were collected across 2 experimental
waves. The first wave involved a baseline version of the robot
without LLM integration, while the second wave used an
updated LLM-enabled version. Each wave included a different
group of older adults.

Material

ARI Robot
The ARI robot developed by Pal Robotics (Spain) is a 1.65-m
(5 ft 5 in) wheeled humanoid platform equipped with a
touchscreen, cameras, microphones, animated eyes, and
articulated arms (Figure 1). In this study, ARI was used as a
socially assistive agent in a geriatric hospital setting.
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Figure 1. Front and side views of the ARI robot (photo credit: PAL Robotics).

For this study, ARI was programmed with interaction modules
developed as part of the European H2020 SPRING (Socially
Pertinent Robots in Gerontological Healthcare) project, aimed
at enabling SAR in real-world clinical environments [36]. Two
different configurations of ARI’s conversational system were
tested during this study, as detailed in the System Evolution
section. As ARI had not yet been commercially deployed in
care institutions at the time of the study, its use in this context
was part of a controlled, exploratory evaluation conducted within
the hospital environment.

System Evolution
To assess the impact of iterative improvements to ARI’s
interaction capabilities, we conducted 2 experimental waves,
each following a major system update informed by participant
feedback.

• Wave 1 (May to July 2023) deployed a first version of ARI
featuring a modular dialogue system based on traditional
rule-based intent handling, retrieval-based responses, and
basic open-domain generation. This initial architecture was
supported by core diagnostic tools, on-screen speech
transcription, and perceptual modules (eg, person tracking
and facial recognition).

• Wave 2 (September to December 2023) introduced a
redesigned conversational module centered on an LLM
architecture. Specifically, the system was upgraded to

integrate Vicuna-13B-v1.5, a 13-billion parameter LLM
optimized for offline use. A custom prompt in French was
developed to align with hospital-based use cases, ensuring
context-sensitive, coherent interactions. Other system
improvements included a refined transcription interface
and more efficient vision module processing. All data were
securely stored on servers dedicated exclusively to the
project. This setup ensured robust data control, as the
language model was hosted locally, giving the project
partners full control over processing, storage, and use.

A detailed technical overview of these updates is available in
SPRING Deliverable D1.6 [38].

Assessment Instruments

Demographic Data Collection
Basic demographic information was collected using a
standardized paper-based form prior to the start of the interaction
session. Participants were asked to report their age, sex, and
level of education (years of formal education). The level of
cognitive function (MMSE) was completed beforehand by the
researcher.

System Performance
To assess system performance, all interactions were recorded
and annotated based on robot behavior. Each interaction was
defined as a conversational unit, beginning when the participant
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initiated a verbal input and ending when the robot responded
or failed to do so. For example, if a participant asked, “Where
is the restroom?” and the robot replied, “To your right as you
exit this room,” the exchange was considered complete,
regardless of its duration. Participants could then initiate a new
exchange, continue the dialogue, or end the session. This
approach produced interactions of widely varying length, from
brief question-answer sequences to longer, multiturn
conversations, depending on participant intent and
conversational flow.

Robot behaviors were annotated using a predefined classification
scheme consisting of four categories:

1. Comprehension failure: The robot fails to interpret or
meaningfully respond to the user’s input, typically resulting
in silence or a fallback message (eg, “I don’t understand”).

2. Inappropriate verbal response: The robot produces a reply
that is unrelated, incoherent, or socially inappropriate in
context (eg, to the question “What time is my appointment?”
the robot replies “Of course. The hospital is open every day
from 9 a.m. to 5.30 p.m.”).

3. Incomplete utterances: The robot produces an unfinished
or abruptly cutoff response, resulting in a message that lacks
necessary information (eg, when asked “Can you tell me

where the toilets are?” the robot replies “The toilets are on
your left as you come out of ...”).

4. Technical error: System-level malfunctions such as speech
synthesis failure, audio dropout, or interface freezing.

The first 3 robot behaviors, comprehension failures,
inappropriate verbal responses, and incomplete utterances, were
classified as verbal-related errors. This categorization allowed
for exploratory correlation analyses between robot behavior and
user engagement, enabling a distinction between technical
malfunctions and conversational breakdowns.

Multiple error types could be assigned to a single interaction
when applicable (eg, a comprehension failure accompanied by
a technical issue). This allowed for the analysis of both error
frequencies and error co-occurrence patterns as well as
comparisons across the 2 experimental waves to examine
changes in system performance over time.

Interaction Success
Interaction success was defined as the robot providing a relevant
and coherent response that appropriately addressed the user’s
request or corresponded to the information provided. Examples
of successful and failed interactions are illustrated in Figures 2
and 3.

Figure 2. Example of a successful interaction between the ARI robot and a participant.
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Figure 3. Example of a failed interaction between the ARI robot and a participant.

User Engagement Coding Framework
User engagement was assessed using a structured behavioral
coding scheme (Table 1), developed to capture 3 dimensions:
verbal, physical, and emotional engagement. The verbal
dimension reflected speech production and conversational

responsiveness; the physical dimension encompassed posture,
gesture use, body orientation, and other forms of physical
involvement; and the emotional dimension captured visible
emotional expressivity. Each dimension was rated on a 5-point
scale, ranging from 1=minimal engagement or rejection to
5=high involvement and expressivity.
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Table 1. User engagement dimensions and rating scale.

DescriptionDimension and
score

Verbal engagement

Persistent silence or clearly disengaged verbal behavior (eg, hostile or rejecting remarks).1

Minimal verbal output (eg, 1-word replies such as “yes” or “no”), delivered in a flat tone, with no spontaneous elaboration or
follow-up.

2

Brief, functional responses that are appropriate and clearly articulated but emotionally neutral and lacking initiative.3

Active participation through contextually appropriate answers and spontaneous follow-up contributions.4

Fluent, sustained conversation featuring regular verbal initiative, coconstructed dialogue, and spontaneous, personally meaningful
comments or anecdotes.

5

Physical engagement

Defensive or avoidant posture (eg, crossed limbs and leaning away), evasive gaze, and rejecting or dismissive gestures.1

Passive physical presence, with infrequent or minimal gestures and body oriented away from the robot.2

Upright, neutral posture with limited physical expressivity; gaze may be directed toward the robot but lacks clear engagement;
few gestures.

3

Open body orientation toward the robot, accompanied by expressive gestures and visibly responsive physical behavior (eg, nodding
and leaning in).

4

Strong physical involvement, including spontaneous gestures, mimicry of the robot’s actions, or voluntary physical contact (eg,
touching the robot).

5

Emotional engagement

Clear negative emotional expression (eg, anger, frustration, and disgust), often accompanied by signs of interaction breakdown
or withdrawal.

1

Very low emotional reactivity, flat facial affect, and visible signs of fatigue, boredom, or disinterest.2

Neutral but attentive facial expression, stable gaze toward the robot, with limited or absent emotional expressivity.3

Moderate social-affective signals, such as smiling, nodding, or short expressive reactions, indicating active but contained emotional
engagement.

4

Strong affective display, including laughter, animated facial or physical expressions, and moments of emotional synchrony with
the robot.

5

The coding grid was designed by the research team, grounded
in prior work on social signal processing [39], and iteratively
refined through preliminary testing to ensure clarity, consistency,
and applicability in naturalistic HRI settings. It incorporated
both affective and interactional markers, such as speech
spontaneity, posture alignment, gesture expressiveness, and
emotional display.

All interactions were independently coded by 2 trained
researchers (LB and MP) using a detailed coding manual to
reduce subjectivity inherent in qualitative behavioral analysis
[40]. In cases of disagreement, coders discussed the item to
reach consensus; if consensus could not be achieved, a third
researcher (JC) acted as an arbitrator to determine the final
score. This multicoder approach aligns with best practices in
HRI research, which emphasizes the use of multiple raters to
mitigate individual bias and enhance intersubjective reliability
[39,41].

Emotional engagement scores were not assigned for 28 of 130
interactions due to limited facial visibility caused by surgical
masks, which impeded the reliable interpretation of affective
expressions. These interactions involved 5 participants, 3 who
remained masked throughout and 2 who removed their masks

partway. While excluded from emotional engagement analysis,
these sessions were retained for all other measures.

In addition to the quantitative ratings, coders were encouraged
to document any ambiguous, unexpected, or contextually
meaningful behaviors using an open comment field. These
qualitative annotations served to refine and contextualize the
interpretation of engagement patterns observed in the coded
data.

Assessment Scales
Two standardized self-report questionnaires were administered
immediately after the interaction to assess participants’
perceptions of the robot’s acceptability and usability. The
Acceptability E-Scale (AES), adapted from Heerink et al [42]
and translated into French by Micoulaud-Franchi et al [43],
measures perceived acceptability across 6 dimensions: trust,
perceived usefulness, enjoyment, sociability, ease of use, and
intention to use. The scale includes 6 items, each rated on a
5-point Likert scale, yielding a total score ranging from 6 to 30.
AES scores above 25.81 of 30 are considered to reflect high
perceived acceptability, while lower scores indicate limited
acceptability. The adapted version of the scale used in this study
is provided in Multimedia Appendix 1.
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The System Usability Scale (SUS) [44] is a widely used,
validated 10-item questionnaire designed to assess perceived
usability. Items are rated on a 5-point Likert scale, and the final
score is calculated according to standard scoring procedures,
yielding a composite usability score between 0 and 100.
According to standard interpretive guidelines, SUS scores below
50.9 are considered poor, scores between 51 and 71.4 are rated
as OK to good, and scores above 71.4 reflect excellent perceived
usability [45]. The adapted version of the scale used in this
study is provided in Multimedia Appendix 1.

Assessment Procedure
Each session (~45 minutes) followed a standardized sequence
consisting of a short reminder of the objectives of the study,
informed consent, interaction with the robot, and postinteraction
assessments. Participants were first introduced to the robot’s
general capabilities (eg, hospital orientation, entertainment, and
appointment assistance) and informed that they could ask the
robot questions freely related to these functions. No detailed
interaction instructions or scripted prompts were provided, in
order to preserve a naturalistic interaction context.

A fixed-position camera recorded the entire session for
behavioral coding. A researcher (LB) was present throughout
the entire session to provide assistance if needed, while
minimizing interference.

Following the interaction, participants completed 2 standardized
self-report questionnaires, the AES and the SUS, with support
from the research team when necessary.

Data Analysis
Quantitative analyses were conducted using the jamovi software
(version 2.4.11; The Jamovi Project) and focused on 4
dimensions: sociodemographic data, system performance, user
engagement, and acceptability and usability.

For sociodemographic characteristics (age, sex, socioeducational
level, and MMSE scores), descriptive statistics (mean, SD,
minimum, and maximum) were first computed. Comparisons
across experimental waves were then conducted using the
Mann-Whitney U test, due to violations of normality and
homogeneity of variance assumptions, as assessed by the
Shapiro-Wilk and Levene tests.

For the analysis of HRIs, the unit of analysis was the individual
interaction. Interaction duration was calculated for each HRI
session based on video recordings. Mean durations were
computed separately for each experimental wave, and the total
cumulative duration of all recorded interactions was calculated
to quantify the overall volume of video data analyzed. The
definition of an interaction used in this study is provided in the
System Performance section.

A descriptive analysis was first conducted for each wave,
covering these elements: robot behavior categorized by 4 error
types (comprehension failures, inappropriate verbal responses,
incomplete responses, and technical errors) and the proportion
of interactions with and without errors.

Subsequently, between-wave comparisons were performed.
Robot behavior was compared across waves based on the

average error rate per interaction. Analyses were first conducted
considering all error types, followed by a focused analysis on
the 3 verbal-related errors: comprehension failures, inappropriate
verbal responses, and incomplete responses. These comparisons
were conducted using Mann-Whitney U tests, due to nonnormal
distributions and violations of homogeneity of variance in the
error frequency data.

User engagement was then analyzed using multimodal
behavioral coding across 3 dimensions: verbal, physical, and
emotional engagement. A descriptive analysis was first
conducted for each dimension. Subsequently, engagement scores
were compared between experimental waves using
Kruskal-Wallis tests, due to violations of normality and
homogeneity of variance assumptions.

Interaction success was operationalized as the completion of a
communicative goal, specifically, when the user successfully
obtained the information requested from the robot. Success rates
were compared between experimental waves using a chi-square
test of independence to assess whether system upgrades
influenced the likelihood of a successful exchange.

The dimensions of acceptability and usability, assessed using
the AES and SUS questionnaires, respectively, were first
examined through descriptive analysis. Subsequently, scores
were compared between experimental waves using independent
samples 2-tailed t tests, following confirmation of normality
(Shapiro-Wilk test) and homogeneity of variance (Levene test).

To complement group-level comparisons, additional analyses
were conducted to explore relationships between the dimensions
of engagement, system performance, user experience, and
participant characteristics. Pearson correlation analyses were
used to examine associations between user engagement scores
and interaction outcomes (ie, successful vs unsuccessful
interactions) as well as between engagement scores and
perceived acceptability (AES) and usability (SUS). Correlation
analyses were also performed on the full sample to investigate
relationships between sociodemographic characteristics (age,
socioeducational level, and MMSE), system performance
indicators (total and conversational error counts), user
engagement dimensions (verbal, physical, and emotional), and
subjective evaluations of the robot (AES and SUS). These
analyses aimed to determine whether individual differences
were associated with user experience, robot performance, or
behavioral engagement during interactions.

A short qualitative analysis was conducted using thematic
classification [46] of spontaneous, marginal comments made
by participants during their interactions with the robot. These
comments were not obtained through interviews or explicit
discussions about the HRI but occurred naturally during the
exchanges. Comments were categorized under emerging themes
to complement the quantitative findings and provide additional
insight into user engagement and interaction dynamics. Coding
was performed independently by 2 observers (LB and MP),
who then compared and discussed their categorizations to reach
consensus on the final themes. Because of the small amount of
data, no formal interrater reliability statistic (eg, Cohen κ) was
calculated.
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Ethical Considerations
The study was approved by the French National Ethics
Committee (“Comité de Protection des Personnes, CPP Ouest
II [21.02.03.45524 2021/20], Maison de la Recherche Clinique
– CHU Angers [2020-A02643-36]”; and complied with the
General Data Protection Regulation. Data processing was
registered with the Data Protection Officer (reference
20210114153645) in the Assistance Publique—Hôpitaux de
Paris registry. The study did not involve randomization or a
clinical intervention. Informed consent was obtained from all
participants, and they were informed that they could withdraw
from the study at any time. The original consent included
approval for secondary analyses without requiring additional
consent. All participant data were anonymized, and no
compensation was provided. From an ethical standpoint, the
use of SARs raises several issues, particularly regarding
confidentiality and transparency. Because these systems collect
and process sensitive data (vocal, visual, or interactional), their
use and potential reuse must be explicitly stated. Ethical
guidelines also demand that users and participants are clearly
informed, so they understand how their data are managed. With
the integration of LLMs, this obligation further includes
clarifying whether experimental results will be used for model
training and under which conditions.

Results

Participant Characteristics and Baseline Equivalence
The sample included 28 older adults, with 10 participants in
wave 1 and 18 in wave 2. The mean age was 78.2 (SD 6.25;
range 67-93) years, and most participants were women (n=20).
The average MMSE score was 26.3 of 30 (SD 3.73; range
18-30), with scores ≥26 generally indicating normal cognitive
function. The mean socioeducational level was 12.8 (SD 1.94)
years, ranging from 9 (completion of lower secondary education
or vocational training) to 14 or more years (university-level
qualifications such as a bachelor’s degree or higher).

Baseline equivalence between groups was assessed using
Mann-Whitney U tests for MMSE scores and socioeducational
level, as both variables were nonnormally distributed. No
significant differences were found between wave 1 and wave
2 for MMSE (U=49.5; P=.05; r=0.45) or socioeducational level
(U=79.5; P=.57; r=0.12), supporting the comparability of the
2 experimental groups. The inclusion of effect sizes indicates
that the observed differences were small to moderate in
magnitude, further supporting baseline equivalence despite
minor variability in MMSE. Participant characteristics by
experimental wave are summarized in Table 2.

Table 2. Sociodemographic characteristics of participants by experimental wave.

MMSEb score, mean
(SD)

Educationa (years), mean (SD)Age (years), mean
(SD)

SexExperimental wave

Female, n (%)Male, n (%)

28.0 (1.9)13.1 (1.7)78.6 (7.6)7 (80)3 (20)Wave 1 (n=10)

25.3 (4.1)12.6 (2.1)77.9 (5.6)12 (66.7)6 (33.3)Wave 2 (n=18)

26.3 (3.7)12.8 (1.9)78.2 (6.3)19 (67.9)9 (32.1)Total (N=28)

aYears of education refer to the total years of formal schooling completed.
bMMSE: Mini-Mental State Examination (range 0-30); scores≥26 are generally considered within the normal cognitive range.

Interaction Duration and Dataset Composition
A total of 130 HRIs were analyzed (wave 1=36 HRIs and wave
2=94 HRIs), comprising the full dataset used for multimodal
behavioral coding. Interaction durations ranged from 7 seconds
to 3 minutes and 14 seconds, with a mean duration of 52 (SD

0.00038) seconds: wave 1=40 (SD 0.00037) seconds and wave
2=58 (SD 0.00037) seconds. In total, the recordings resulted in
1 hour, 53 minutes, and 55 seconds of video data. The
experimental setup is shown in Figure 4, which depicts a
participant interacting with the SAR during a session.
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Figure 4. Experimental context: participant interacting with the socially assistive robot.

Robot Error Patterns and System Performance Across
Waves

Overview
Table 3 presents the distribution of robot error types across the
2 experimental waves. Comprehension failures were the most
frequent error, occurring in 25.4% (33/130) of all interactions,
with a notably higher rate in wave 1 (17/36, 47.2%) compared

to wave 2 (16/94, 17%). Incomplete utterances were absent in
wave 1 but appeared in 14.9% (14/94) of interactions in wave
2. Inappropriate verbal responses were also more common in
wave 1 (13/36, 36.1%) than in wave 2 (14/94, 14.9%),
contributing to a combined rate of 20.8% (27/130). Technical
errors remained relatively stable between conditions, occurring
in 11.1% (4/36) of interactions in wave 1 and 11.7% (11/94) in
wave 2. For analysis, each error type was binary-coded per
interaction (0=absent and 1=present).

Table 3. Distribution of robot error types by experimental wave.

Total, n (%)Wave 2, n (%)Wave 1, n (%)Robots’ behaviors

33 (25.4)16 (17)17 (47.2)Comprehension failures

14 (10.8)14 (14.9)0 (0)Incomplete utterances

27 (20.8)14 (14.9)13 (36.1)Inappropriate verbal responses

15 (11.5)11 (11.7)4 (11.1)Technical error

Robot error types were compared across the 2 experimental
waves based on total error counts. Verbal-related errors,
including comprehension failures (U=989; P<.001; r=0.42),
incomplete utterances (U=1440; P=.015; r=0.15), and
inappropriate responses (U=1333; P=.008; r=0.21), differed
significantly between wave 1 and wave 2. A higher number of
verbal-related errors were recorded in wave 1, reflecting reduced
conversational performance in this condition and suggesting

improved system behavior following the updates implemented
in wave 2.

An additional analysis was conducted at the level of individual
interactions to compare error rates between experimental waves.
Results showed higher error rates per interaction in wave 1 than
in wave 2: comprehension failures occurred on average 2.03
times per interaction in wave 1 compared to 0.61 in wave 2;
inappropriate responses occurred at a rate of 0.36 in wave 1
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versus 0.15 in wave 2; and incomplete utterances, which were
absent in wave 1, appeared with a mean frequency of 0.16 per
interaction in wave 2. In contrast, technical error rates did not
differ significantly between waves (U=1682; P=.93; r=0.01),
indicating stable hardware performance across conditions.

Finally, the proportion of interactions without any system errors
increased significantly in wave 2 following the introduction of
the LLM (U=995; P<.001; r=0.41), indicating improved system
stability and interaction reliability after the update. Only 27.8%
(10/36) of interactions in wave 1 were error-free, compared to
70.2% (28/94) in wave 2. This substantial increase in error-free
interactions suggests that the integration of the LLM contributed
positively to the overall robustness and consistency of the
system’s performance.

User Engagement
Participant engagement was evaluated using multimodal
behavioral coding across 3 dimensions: verbal, physical, and

emotional. Each dimension was scored on a 5-point scale, with
higher scores indicating greater levels of engagement.

The mean verbal engagement score was 3.64 (SD 0.64) in wave
1 and 3.47 (SD 0.77) in wave 2. A Kruskal-Wallis test revealed
no significant difference in verbal engagement between the 2

waves (χ2
1=2.5; P=.11).

For physical engagement, scores remained stable across waves,
with a mean of 3.03 (SD 0.77) in wave 1 and 2.99 (SD 0.73) in

wave 2. No significant difference was observed (χ2
1=0.06;

P=.80).

Emotional engagement showed a slight increase, from a mean
score of 2.92 (SD 1.02) in wave 1 to 3.33 (SD 0.86) in wave 2.

No significant difference was observed (χ2
1=3.4; P=.06).

Descriptive statistics by wave are presented in Table 4.

Table 4. Comparison of acceptability and usability scores, user engagement metrics, and interaction success across waves.

Difference, P valueWave 2Wave 1Dimension

<.00120.8 (6.52)12.8 (4.58)AESa score out of 30, mean (SD)

<.00160.4 (23.11)40.0 (24.04)SUSb score out of 100, mean (SD)

<.00158 (32)40 (32)Duration of interaction (seconds), mean (SD)

.243.47 (0.77)3.64 (0.64)Verbal engagement mean score out of 5 (SD)

.792.99 (0.73)3.03 (0.77)Physical engagement mean score out of 5 (SD)

.053.33 (0.86)2.92 (1.02)Emotional engagement mean score out of 5 (SD)

<.00170/94 (74.5)9/36 (25)Interaction success, n/N (%)

aAES: Acceptability E-Scale.
bSUS: System Usability Scale.

Interaction Success and Perceived Acceptability and
Usability
Interaction success, defined as the completion of a
communicative goal without breakdown, improved significantly
across waves: 25% (9/36) in wave 1 versus 74.5% (70/94) in

wave 2 (χ2
1=26.7; P<.001).

Participants who experienced a successful interaction reported
significantly higher ratings of both acceptability and usability.
For the AES, mean scores were 21.6 of 30 (SD 5.84) in
successful interactions, compared to 17.4 of 30 (SD 7.15) in
failed ones (U=1261.5; P<.001; r=0.35). SUS scores followed
the same pattern, with a mean of 63.3 of 100 (SD 22.5) for
successful exchanges versus 51.1 of 100 (SD 26.5) for
unsuccessful ones (U=1456.5; P=.01; r=0.25).

Importantly, no significant differences were found between
participants who experienced successful versus unsuccessful

interactions in terms of age (U=1898.5; P=.66; r=0.05), years
of education (U=1915.5; P=.58; r=0.06), or MMSE scores
(U=1921; P=.65; r=0.05), suggesting that interaction success
was not dependent on participants’ demographic or cognitive
profiles.

Acceptability Assessment
In wave 1, acceptability scores ranged from 9 to 23, with a mean
of 12.8 (SD 4.58). In wave 2, scores ranged from 7 to 30, with
a mean of 20.8 (SD 6.52). The AES ranges from 6 to 30, with
higher scores indicating greater acceptability; a commonly used
threshold of 25.81 denotes high acceptability. An independent
sample 2-tailed t test revealed a significant difference between
waves (t25=–3.28; P=.003), with higher acceptability observed
in wave 2 compared to wave 1. Figure 5 illustrates the
distribution of AES scores across the 2 experimental waves,
showing the increase in mean acceptability from wave 1 to wave
2.
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Figure 5. AES scores across the 2 experimental waves. AES: Acceptability E-Scale.

Usability Assessment

Overview
In wave 1, SUS scores ranged from 12.5 to 67.5, with a mean
of 40.00 (SD 24.04). In wave 2, scores ranged from 2.5 to 92.5,
with a mean of 60.42 (SD 23.11). The SUS ranges from 0 to
100, with 50.9 commonly cited as the minimum threshold for

acceptable usability; scores below this indicate insufficient
usability. An independent sample 2-tailed t test revealed a
significant difference between waves (t25=–2.14; P=.04),
indicating greater perceived usability in wave 2 compared to
wave 1. Figure 6 shows the increase in mean SUS scores
between the 2 experimental waves, indicating improved
perceived usability in wave 2.

Figure 6. SUS scores across the 2 experimental waves. SUS: System Usability Scale.
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Associations Among Engagement, Outcomes, and User
Characteristics
A Pearson correlation analysis was conducted to explore the
relationships between user engagement (verbal, physical, and
emotional), interaction outcomes, system evaluations, and
participant characteristics (see Multimedia Appendix 2 for the
full correlation matrix). Emotional and physical engagement
were strongly positively correlated (r=0.63; P<.001), indicating
that increased emotional expressiveness was closely associated
with greater physical involvement. Emotional engagement was
also positively associated with interaction success (r=0.28;
P=.008), suggesting that successful interactions tended to elicit
higher emotional responsiveness.

A moderate positive correlation was observed between physical
and verbal engagement (r=0.23; P=.009), indicating that
participants who were more physically expressive also tended
to engage in more sustained or contextually responsive verbal
behavior. Conversely, verbal engagement was negatively
correlated with perceived acceptability (AES; r=–0.27; P=.002),
suggesting that more frequent or proactive verbal contributions
were associated with lower acceptability ratings.

Among participant characteristics, age showed a moderate
negative correlation with physical engagement (r=–0.30;
P<.001), indicating that older participants tended to be less
physically expressive during interactions. Age was also
negatively associated with acceptability ratings (r=–0.20;
P=.03), suggesting slightly reduced system acceptability among
older users. No significant correlations were found between
cognitive functioning, as measured by MMSE scores, or
socioeducational level, and the other engagement or evaluation
measures.

Qualitative Analysis of Spontaneous Verbalizations

Overview
During the interactions, participants occasionally produced
spontaneous comments in reaction to specific events, often
triggered by the robot’s conversational or technical errors. These
remarks provide insight into how older adults evaluated the
exchange, revealing patterns of frustration, adaptation, humor,
and expectation management. Thematic analysis identified 5
recurrent themes (Table 5).

Table 5. Thematic analysis of participants’ spontaneous verbalizations.

Exemplar quotesDescriptionTheme

Errors or nonresponses from the robot often led
participants to react with humor, irony, or playful
comments, softening frustration.

Silence, confusion, and
humor as coping

• “We’re going round in circles here. [laughs]” [Wave 1].
• “Does it [the robot] have blocked ears? [laughs]” [Wave 1).
• “Yet [the robot] understood (points to the screen with the tran-

script) but it [the robot] doesn’t answer my question” [Wave 1].

Communication breakdowns were sometimes
attributed by participants to their own speech,
hearing, or contextual factors.

Self-attribution of blame • “I can’t hear very well, as I have a lot of trouble with my ears”
[Wave 1].

• “It [the robot] is having trouble understanding me. Is it the mask?”
[Wave 2].

• “Am I speaking loud enough [for the robot to understand]?” [Wave
1].

Participants noted discrepancies between expect-
ed and actual robot responses, sometimes com-
paring them to earlier or limited technologies.

Expectation-response mis-
match and technology
comparisons

• “Doesn’t it understand anything? [the robot did not give an accu-
rate answer]” [Wave 1].

• “We’re not going to upset it [laughs]” [Wave 1].
• “It reminds me of when they first introduced voice word process-

ing. We had some absolutely incredible things written down. It
didn’t make any sense at all” [Wave 2].

Interaction difficulties prompted participants to
turn to the experimenter for clarification or sup-
port.

Seeking external guidance • “How can I find out what questions I can ask the robot? [to the
experimenter]” [Wave 2].

• “Do I have to talk to it [the robot]?” [Wave 2].
• “So now I can start again? Do I have to restart from zero or should

I step out of the field and come back? [to the experimenter]” [Wave
2].

When the robot took initiative, participants ex-
pressed surprise or delight, highlighting novelty
and engagement.

Positive reactions to robot-
initiated exchanges

• “It’s impressive [the robot]!” [Wave 2].
• “Oh! It [the robot] talks to me first, just like a person!” [Wave 2].
• “So if I don’t say anything, it [the robot] will keep asking me

things?” [Wave 2].

Silence, Confusion, and Humor as Coping
When the robot failed to respond or gave irrelevant answers,
participants often reacted with a mix of confusion and humor.
Some expressed mild frustration, “Well, yes, but it’s not
answering me” (Wave 1), while others turned to playful remarks,

joking that the robot had “blocked ears” or even deserved a slap.
Sarcasm and irony also emerged as ways to reframe
disappointment, with comments like “[laughs] Wasn’t that
question planned [in the database]?” (Wave 1) or “We asked it
a question it’s not very good at” (Wave 1). Participants also
relied on the robot’s transcript display to make their point: “It
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understood (points to the screen) but it doesn’t answer my
question.” These responses show how older adults shifted
between frustration and collaborative problem-solving. Some
participants therefore chose humor rather than disengagement,
demonstrating resilience when interacting with a new technology
such as SAR.

In addition, participants recurrently described conversational
“loops” when repeated prompts or ARI’s lack of uptake brought
dialogue to a standstill. The interaction frequently felt circular:
the robot kept repeating information and failed to build on prior
exchanges. This resulted in participants asking clarifying
questions like “Shall I continue?” (Wave 2), signaling a
breakdown in mutual understanding. Affect often shifted from
amused to impatient, captured in remarks such as “We’re going
round in circles here [laughs]” (Wave 1) and “Wake up ARI!”
(Wave 1), yielding interactional impasses marked by circularity,
uncertainty about mutual understanding, and mounting
frustration.

Self-Attribution of Blame
Instead of attributing breakdowns to the robot’s limitations,
participants often questioned their own role in communication
difficulties. Comments such as “I can’t hear very well, as I have
a lot of trouble with my ears” (Wave 1) or “It’s having trouble
understanding me. Is it the mask?” (Wave 2) show how
challenges were internalized, sometimes linked to environmental
factors or speech clarity. This self-scrutiny extended to
interaction etiquette, “Do I speak fast enough?” (Wave 1), “Am
I speaking loud enough?” (Wave 1), and even basic rules, as in
“Ah! Because I have to ask a question?” (Wave 2). Such
attributions highlight how older adults often personalize
technological breakdowns, with uncertainty toward novel
systems manifesting as self-questioning rather than solely
blaming the robot.

Expectation-Response Mismatch and Technology
Comparisons
Participants at times noted a gap between their expectations and
the robot’s actual capabilities. Remarks such as “It’s a catering
robot, not a robot for guiding patients” or “Doesn’t it [the robot]
understand anything?” (Wave 1) revealed disappointment or
confusion about its function. Others responded more playfully
or with emotional distance, “We’re not going to upset it [the
robot] [laughs]” and “It [the robot] looks at me with strange
eyes” (Wave 1). Some also drew comparisons with earlier
technologies, as in “It [the robot] reminds me of when they first
introduced voice word processing. We had some absolutely
incredible things written down, it didn’t make any sense at all”
(Wave 2). Such expressions reflect a mix of critique and humor,
showing how unmet expectations often evoked both skepticism
and familiarity with past technological shortcomings.

Seeking External Guidance
When conversational flow was disrupted or when uncertainties
about the interaction emerged, several participants turned to the
experimenter for clarification or support. Requests like “Come
along please [to the experimenter]” (Wave 2) and “How can I
find out what questions I can ask the robot?” (Wave 2) point to
participants’ desire for guidance on possible actions or system

boundaries. This tendency was also evident in more basic
queries, “Do I have to talk to it [the robot]?” and logistical
questions, for example, “So now I can start again? Do I have
to restart from zero or should I step out of the field and come
back? [to the experimenter]” (Wave 2). These excerpts highlight
not only a search for reassurance but also the need for clearer
cues and support mechanisms within the human-robot interface,
especially in scenarios where expectations and interaction rules
may not be fully explicit.

Positive Reactions to Robot-Initiated Exchanges
Participants sometimes reacted with surprise or curiosity when
the robot initiated the conversation. Exclamations such as “It’s
impressive! [the robot]” (Wave 2) or “Oh! It [the robot] talks
to me first, just like a person!” (Wave 2) show an appreciation
for its apparent autonomy and proactive engagement. This
behavior was perceived as a sense of dynamism to the
interaction. The realization that the robot could sustain the
exchange on its own, “So if I don’t say anything, it will keep
asking me things?” (Wave 2), further stimulated engagement.

Discussion

Principal Findings
This study evaluated the integration of a SAR into the routine
activities of a geriatric hospital unit through a 2-wave, real-world
comparative design. In both waves, older adults interacted freely
with the robot within its functional domains (eg, hospital
orientation, entertainment, and appointment assistance), without
scripted prompts, in order to preserve the spontaneity.
Quantitative measures included system performance indicators
(error types and rates), user engagement (verbal, physical, and
emotional dimensions), interaction success, and subjective
evaluations of acceptability and usability; these were
complemented by a thematic analysis of postinteraction
interviews focusing on perceptions of robot errors.

Results showed that the introduction of an LLM between waves
was associated with marked improvements in conversational
performance, including a substantial reduction in verbal errors,
an increase in error-free interactions, and higher rates of task
success. These gains in system reliability were mirrored by
higher acceptability (AES) and usability (SUS) ratings in the
second wave. Yet, these gains, concerning HRI and user
experience, should not be viewed as solely the product of the
LLM; aspects of the study design (eg, different samples) and
contextual factors (eg, the kind of questions users asked the
robot in each wave) may also have shaped the outcomes.

On another level, qualitative analysis showed that participants’
spontaneous reactions to the robot were shaped by both system
performance and their own expectations. Breakdowns often
prompted humor, self-blame, or requests for clarification, while
successful or unexpected robot-initiated exchanges could elicit
surprise and positive engagement. These findings suggest that
emotional and behavioral responses in SAR-older adult
interactions are influenced as much by expectation management
and novelty by technical reliability.

These observations are consistent with prior work on how
humans perceive and respond to erroneous robots. Mirnig et al
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[47] found that user reactions to robot errors are not exclusively
negative but often include adaptive strategies such as humor,
indulgence, or self-attribution of blame. Minor errors may even
strengthen engagement by rendering the robot more
“human-like,” provided that such errors remain occasional and
do not critically hinder task achievement. In line with this,
several of our participants coped with breakdowns through irony
or laughter, suggesting that, in geriatric care contexts, error
management is not only a technical challenge but also a social
and affective process shaping the overall interaction climate.

The following discussion interprets these findings in light of
existing literature, examining how the observed changes in
performance, engagement, and user perceptions contribute to
current knowledge on SAR deployment in geriatric care and
highlighting implications for future system design and
implementation.

LLM Integration and Conversational Reliability
The results suggest that the integration of the LLM, introduced
between wave 1 (without LLM) and wave 2 (with LLM),
enhanced the SAR’s ability to process diverse user input and
produce contextually relevant responses. This improvement
was evident not only in lower rates of comprehension failures
and incoherent replies but also in greater interactional fluidity,
characteristics essential for sustaining user engagement. The
marked improvement in interaction success across waves (wave
1: 9/36, 25% vs wave 2: 70/94, 74.5%) further underscores the
practical benefits of LLM integration for enabling
communicative goals to be achieved without breakdowns. These
gains align with the observed reductions in verbal errors and
the higher proportion of error-free interactions, indicating that
technical reliability is closely tied to the system’s capacity to
support smooth exchanges. In addition, successful interactions
were associated with higher acceptability (AES) and usability
(SUS) ratings, reinforcing prior evidence that perceived system
competence is a key determinant of user satisfaction and trust
in SARs.

Such outcomes align with initial evidence from other domains,
including customer service [48], museum guidance [49], and
the use of SARs for education [50,51], where LLMs have been
reported to improve language comprehension, contextual
adaptation, and response coherence [52]. Compared to
rule-based or task-specific systems, systems equipped with LLM
seem to offer more fluid, adaptive, and context-sensitive
interactions [53,54], which is consistent with our findings,
showing a significant improvement in interaction success and
perceived acceptability and usability after LLM integration.

Recent work with older adults further demonstrates the potential
of LLM-powered systems to support health and well-being in
real-life care contexts. For example, conversational agents have
been used in home environments to monitor safety risks, verify
symptoms, and initiate alerts during emergencies [55]. Other
studies have leveraged LLMs to collect richer health information
with less provider effort [56] or to deliver cognitive stimulation
through structured dialogue, resulting in improved task
performance, social engagement, and high acceptance among
older adults [57].

System and User Constraints in LLM-Enhanced Older
Adult-Robot Interaction
However, LLM-based applications, whether implemented in
clinical or everyday settings involving older adults, also reveal
limitations that can arise from both the system and the use. On
the system side, latency from cloud-based speech recognition
and LLM processing, as observed in Lima et al [57], can
interrupt conversational flow and disrupt turn-taking, sometimes
being perceived as inattentiveness. These challenges are
consistent with broader observations in spoken dialogue systems
for robotics, where developers must balance trade-offs between
accuracy and latency [58]. While cloud-based systems often
deliver higher accuracy, they introduce delays that can break
the rhythm of interaction; conversely, on-premises systems
avoid latency but are typically less accurate and more limited
in vocabulary. Furthermore, pretrained recognizers are usually
optimized on datasets that differ from the spontaneous,
fragmentary, and context-dependent speech, common in
real-world robot use, making adaptation resource-intensive. In
our study, similar conversational breakdowns occurred in
verbal-related errors, such as incomplete, irrelevant, or
incoherent responses, which interrupted the exchange and
occasionally led to repeated, circular interactions. We believe
this might be due to a combination of several factors. First, even
if we adapted the speech recognition model with French data,
our on-premises solution has its limitations in terms of accuracy
and confuses some words. Second, even if the LLM solution
operated on a partner’s cloud with sufficient resources, it could
not always provide accurate and appropriate answers, even when
the speech recognition worked flawlessly. Third, the system
used a half-duplex audio, listening to the user only when the
system was not speaking, which reduced interaction fluidity.
Finally, even if these limitations are mild individually, their
combination could cause misinterpretation on the robot’s side
and generate user frustration, which did not ease the next steps
of the interaction.

A further system-related limitation is that current LLMs are not
specifically trained for interactions with older adults. As noted
by Diaz et al [59] and Chu et al [60], speech and interaction
data from older adults are scarce in artificial intelligence (AI)
training corpora, and existing datasets often contain age-related
biases. As a result, characteristic features of older adult
communication, such as changes in prosody, vocabulary,
conversational pacing, and the presence of hesitations or
fragmented discourse in noisy environments, are
underrepresented. This underrepresentation may reduce the
ability of LLM-based systems to accurately interpret older adult
speech, anticipate their communicative needs, and adapt to their
interaction style in real-world settings.

From the user perspective, common age-related factors such as
slower speech tempo, pauses, and fluctuations in volume can
pose difficulties for speech recognition, particularly in the
presence of cognitive decline [61]. Beyond these physiological
and cognitive aspects, there is also an expectation gap in how
older adults perceive conversational systems. Mahmood et al
[62] describe how older adults often approach such technologies
through the lens of human conversational norms, anticipating
richer and more contextually adaptive exchanges than the system
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can actually deliver. This tendency is reinforced, as noted by
Mahmood et al [63] and Liu et al [64], by two recurring
influences: (1) the way many voice interfaces are designed and
promoted to mirror human conversational styles and (2) the
inherent affordance of speech as an interaction modality, which
can implicitly suggest that open-ended, human-like dialogue is
possible when, in practice, the system’s scope is more
constrained and task-oriented.

These perceptions can be resistant to change, even with repeated
exposure, and may lead to frustration when the robot’s responses
fall short of these implicit promises [65,66]. In our study, this
was evident in qualitative data: some participants persisted in
treating the robot as a human interlocutor, even after repeated
conversational errors. For example, one participant humorously
asked, “Does it [the robot] have blocked ears?” (Wave 1), while
another, after receiving no reply, remarked, “Well, yes, but it
[the robot] is not answering me” (Wave 1). Others attributed
breakdowns to their own performance, asking, “Am I speaking
loud enough [for the robot to understand]?” (Wave 1) or “Do I
speak fast enough [for the robot to understand]?” (Wave 1). In
some cases, repeated failures prompted disengagement or the
need for external guidance, as illustrated by the query, “How
can I find out what questions I can ask the robot?” (Wave 2).

User Engagement and Its Relationship With
Interaction Outcomes
Verbal, physical, and emotional engagement scores in our study
remained relatively stable between waves, with no statistically
significant differences. Although wave 2 showed an
improvement in interaction success, acceptability, and usability,
these gains did not directly translate into measurable increases
in engagement behaviors.

Emotional engagement showed a modest upward trend from
wave 1 to wave 2, potentially reflecting more fluid exchanges
with the LLM-enhanced system, but this change did not reach
statistical significance. Because participants in the 2 waves were
different individuals, the pattern is unlikely to reflect
individual-level adaptation over time and may instead be related
to situational factors or differences in interaction dynamics. It
is also possible that more pronounced differences in engagement
were not detected because the observed interactions were brief
(approximately 52 seconds on average) or because the 5-point
coding scale used to assess engagement may not have been
sufficiently sensitive to capture subtle variations. Moreover,
many of the analyzed exchanges were primarily functional in
nature, where high levels of observable emotional engagement
would not necessarily be expected, even successful interactions
can occur with minimal emotional display (eg, “Where are the
toilets?” (User), “At the end of the corridor, on your left”
(Robot)).

Our findings also revealed strong correlations between emotional
and physical engagement, indicating that when users are
emotionally responsive, they also tend to be more physically
or behaviorally expressive. However, unlike system performance
indicators, these engagement dimensions were not directly
associated with interaction success. For instance, participants
sometimes laughed or joked at robot errors.

Interestingly, verbal engagement was negatively correlated with
acceptability, echoing findings by Mahmood et al [63] that
higher verbal activity in older adult-robot interactions can
sometimes stem from the need to overcome conversational
breakdowns rather than from enjoyment. In our context, this
may indicate that some users spoke more in an attempt to repair
misunderstandings, potentially lowering their subjective
evaluations of the system.

Accessibility Challenges in Multimodal Robot-Older
Adult Interaction
Across conversational HRI with SARs in geriatrics, particularly
those powered by AI-based dialogue models, key accessibility
concerns span model-training quality (representativeness and
bias), user diversity and inclusion (cognitive, linguistic, sensory,
and cultural variability), and interface ergonomics (voice or
visual or physical modalities and interaction load).

First, studies highlight the underrepresentation of older adults
in generative AI training databases, leading to persistent
generational, ethnic, and cultural biases and limiting the
recognition of nicknames, idioms, or nonstandard expressions
in HRI [67-70].

Second, age-related changes in voice, such as reduced
intelligibility, rhythm fluctuations, or speech disorders
(dysarthria and aphasia), further complicate dialogue quality
and voice processing [71,72]. Although targeted adaptation of
acoustic models can reduce error rates, most recognition systems
remain unable to accurately integrate the modulation and
heterogeneity of vocal productions related to age and pathologies
[73].

Third, in terms of interfaces, using the ARI tablet to display
transcripts is a way of compensating for hearing or cognitive
impairments, but literature on sensory impairment shows that
true accessibility requires multimodal support (visual, tactile,
and auditory). This includes optimized font size and contrast,
pictograms, and gestural instructions for different levels of
visual impairment [74-76].

Finally, the study did not assess the impact of specific
pathologies (eg, aphasia and Parkinson disease) on speech
recognition or multimodal adaptation. Future SAR development
should rely on more diverse datasets, advanced multimodal
calibration, and adaptive features (volume, articulation, and
gesture sensitivity) to enhance inclusion and responsiveness in
geriatric care.

Limitations of the Study
This study has several limitations. First, it was conducted in a
single geriatric hospital unit, which limits the generalizability
of the findings to other care contexts or to community-dwelling
older adults. The relatively small sample size may have reduced
the statistical power to detect certain associations, particularly
regarding user characteristics. In addition, the 2-wave,
cross-sectional design, where different participants were
recruited for each wave, limits our ability to isolate the impact
of the LLM from potential differences in participant profiles.
Because the individuals differed between samples, variations
in their characteristics may partly explain the observed
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differences in HRI quality. A within-subjects design would
allow a more precise assessment of the LLM’s specific
contribution to the outcomes.

Second, this study focused on stationary, face-to-face
interactions and did not explore the effect of robot mobility (eg,
autonomous navigation) or expressive gestures on user
engagement. Prior research has shown that these dimensions
can significantly enhance social presence and interactional
involvement in SAR-older adult encounters, particularly in
stimulating physical engagement and sustained attention [30].

Third, the analysis focused on short-term, functional
interactions. It did not capture the relational and identity-based
dimensions of conversation, which are especially meaningful
for older adults. For many older adults, dialogue is not only just
about obtaining information but also about sustaining social
ties and sharing narratives of lived experiences. By overlooking
these deeper aspects, our findings may underestimate key factors
influencing long-term engagement with SARs. Future work
should explore how LLM-enhanced dialogue systems can use
biographical cues, narrative prompts, and adaptive strategies to
better reflect the relational nature of older adults’
communication.

Finally, the short interaction duration (52 seconds) provided
only a snapshot of spontaneous use, limiting conclusions about
long-term engagement and sustained acceptance. Longitudinal
deployments are needed to capture how perceptions, trust, and
interaction patterns evolve over extended use.

Recommendations for Future Development and
Implementation of Conversational SARs Using LLMs
This study highlights the potential of conversational SARs
powered by LLMs to substantially improve conversational
reliability with older adults. Future development should build
on these gains while addressing key limitations and contextual
needs observed in our findings.

Adapt AI Architectures for Older Adult Use, Including
Future Vision-Language Model and
Vision-Language-Action Model Applications
Beyond LLMs, future conversational SARs are likely to
incorporate vision-language models and vision-language-action
models, enabling richer multimodal understanding and more
context-aware behaviors. However, all such models should be
specifically adapted for older adults, particularly those with
cognitive impairment, whose speech patterns, vocabulary,
cognitive processing, and sensory capabilities differ from the
datasets typically used to train general-purpose systems.
Responsible adaptation must comply with regulatory and ethical
frameworks to ensure safe, equitable, and trustworthy use in
care settings.

Address the Limited Prior Experience of Older Adults
With Conversational SARs Through Structured
Familiarization Periods
Many older adults, particularly those without prior exposure to
conversational agents, may require time and guided support to
understand the robot’s capabilities, limitations, and “rules of

engagement.” Future implementations should include a
facilitator-led familiarization phase, where older adults can
safely explore functions, interaction styles, and question formats
without performance pressure. This early stage can build
confidence, reduce uncertainty, and lay the groundwork for
more meaningful and sustained engagement once independent
use begins.

Strengthen the Facilitator’s Role During Familiarization
For both novice and older adults with cognitive impairment, a
human facilitator can play a critical role in bridging early HRI
challenges. This includes demonstrating effective input styles,
explaining the robot’s capabilities and limitations, and
supporting older adults during breakdowns. Incorporating a
structured familiarization period may accelerate learning, reduce
frustration, and foster more positive first impressions.

Implement Adaptive Error-Handling Strategies
Conversational SARs should detect and repair interaction
breakdowns early, such as prolonged silences, repeated input,
or off-topic responses, by offering clarifying prompts, rephrased
questions, or multimodal alternatives (eg, visual selection and
touch inputs). This can maintain engagement and reduce the
negative emotional impact of errors.

Enhance HRI Personalization Across Sensory, Cognitive,
and Motivational Dimensions
Personalization should include tuning speech recognition
thresholds, adjusting interaction pacing, adapting vocabulary
complexity, and aligning content with individual preferences
and abilities. For older adults with varying cognitive, sensory,
and mobility profiles, this is critical for both accessibility and
engagement.

Integrate Proactive and Context-Aware Conversational
Strategies
Initiative-taking behaviors, such as relevant follow-up questions,
personalized activity suggestions, and reference to prior
interactions, can help sustain older adult interest. Care should
be taken to ensure that such behaviors remain contextually
appropriate and nonintrusive.

Evaluate Future Systems With Multidimensional
Frameworks
Assessment should combine technical measures (eg, error rates
and latency), behavioral indicators (eg, engagement scores and
turn-taking dynamics), and experiential outcomes (eg, trust and
perceived usefulness). Such an approach ensures that
improvements target both system performance and user
experience in real-world contexts.

Promote Secure and Transparent Deployment
Beyond technical performance, deploying LLM-enhanced SARs
in geriatric care requires attention to ethics and practice. In our
study, only consenting participants were recorded, and all data
were pseudonymized and securely stored in compliance with
the General Data Protection Regulation. While these measures
reduce privacy risks, future use will demand strict safeguards
and transparency on secondary data use. Caution is also needed
against overtrust, as older adults may attribute undue authority
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to robots. Clear system limits, caregiver oversight, staff training,
and assessment of costs are vital to ensure safe, equitable, and
sustainable integration in care.

Conclusions
In this real-world, 2-wave study in a geriatric hospital day care
unit, integrating an LLM into a conversational SAR improved
interaction success, conversation quality, and perceived system
performance. Comparing a baseline dialogue system (wave 1)
with an LLM-enhanced system (wave 2) showed that advanced
AI can produce more coherent, contextually relevant exchanges.
These improvements were reflected in higher acceptability and
usability ratings from older adults. Conducting the study in a
naturalistic care environment was key to capturing spontaneous

interactions and real-world constraints, factors often absent in
laboratory settings.

Our findings confirm the potential of LLMs to enhance HRI in
care contexts. However, they also highlight the need to better
understand how interaction success relates to engagement quality
and to user sociodemographic characteristics. To maximize
these benefits, future systems should be tuned to older adults’
speech, cognitive, and sensory profiles. Strategies such as
structured familiarization periods, adaptive error recovery, and
personalized interactions could help maintain engagement over
time. Aligning technical capabilities with the needs and
preferences of older adults will be essential for making
conversational SARs trusted and effective tools for geriatric
care.

 

Acknowledgments
The authors would like to sincerely thank all the participants who took part in this study as well as all the health care professionals
whose involvement contributed to the successful conduct of the Socially Pertinent Robots in Gerontological Healthcare project.

Funding
This research was funded by the EU H2020 program (grant 871245) [77].

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
Study conception and design: LB (lead), XA-P (equal), ASR (equal), MP (equal)
Data collection: LB
Analysis and interpretation of results: LB (lead), MP (equal), JC (supporting)
Writing—original draft: LB
Writing—review and editing: LB (lead), MP (equal), ASR (equal), SD (equal)
All authors reviewed the results and approved the final version of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Evaluation scale Acceptability E-Scale and System Usability Scale (translated from French).
[DOCX File , 18 KB - humanfactors_v12i1e81936_app1.docx ]

Multimedia Appendix 2
Correlations among behavioral, successful, and subjective measures.
[DOCX File , 281 KB - humanfactors_v12i1e81936_app2.docx ]

References
1. Ageing and health. World Health Organization. 2025. URL: https://www.who.int/news-room/fact-sheets/detail/

ageing-and-health [accessed 2025-08-12]
2. Loukissa D. Understanding and addressing aggressive and related challenging behaviors in individuals with dementia. AJH

2018;5(4):245-264. [doi: 10.30958/ajh.5-4-1]
3. Abley C. Developing a dementia care leaders' toolkit for older patients with cognitive impairment. Nurs Older People

2025;37(5) [FREE Full text] [doi: 10.7748/nop.2020.e1250]
4. Hendlmeier I, Bickel H, Heßler-Kaufmann JB, Schäufele M. Care challenges in older general hospital patients: impact of

cognitive impairment and other patient-related factors. Z Gerontol Geriatr 2019;52(Suppl 4):212-221 [FREE Full text]
[doi: 10.1007/s00391-019-01628-x] [Medline: 31628613]

JMIR Hum Factors 2025 | vol. 12 | e81936 | p.834https://humanfactors.jmir.org/2025/1/e81936
(page number not for citation purposes)

Blavette et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e81936_app1.docx&filename=a497a6de04685ea48607b167039ca263.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e81936_app1.docx&filename=a497a6de04685ea48607b167039ca263.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e81936_app2.docx&filename=79adf94d610121bed5a08ac704dc4963.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e81936_app2.docx&filename=79adf94d610121bed5a08ac704dc4963.docx
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
http://dx.doi.org/10.30958/ajh.5-4-1
https://journals.rcni.com/nursing-older-people/evidence-and-practice/developing-a-dementia-care-leaders-toolkit-for-older-patients-with-cognitive-impairment-nop.2020.e1250/abs
http://dx.doi.org/10.7748/nop.2020.e1250
https://europepmc.org/abstract/MED/31628613
http://dx.doi.org/10.1007/s00391-019-01628-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31628613&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Feil-Seifer D, Mataric M. Defining socially assistive robotics. 2005 Presented at: 9th International Conference on
Rehabilitation Robotics, 2005. ICORR 2005; June 28, 2005; Chicago, IL, United States p. 465-468. [doi:
10.1109/icorr.2005.1501143]

6. Tapus A, Mataric A, Scassellati B. Socially assistive robotics [grand challenges of robotics]. IEEE Robot Autom Mag
2007;14:35-42 [FREE Full text] [doi: 10.1109/mra.2007.339605]

7. Hsu T, Hsieh C. Socially assistive robots assisting older adults in an internet and smart healthcare era: a literature review.
2022 Presented at: 2022 IEEE 4th Eurasia Conference on IOT. Communication and Engineering (ECICE) 2022.?594;
October 28-30, 2022; Yunlin, Taiwan p. 591-594. [doi: 10.1109/ecice55674.2022.10042947]

8. Abdollahi H, Mahoor MH, Zandie R, Siewierski J, Qualls SH. Artificial emotional intelligence in socially assistive robots
for older adults: a pilot study. IEEE Trans Affect Comput 2023;14(3):2020-2032 [FREE Full text] [doi:
10.1109/taffc.2022.3143803] [Medline: 37840968]

9. Dosso JA, Bandari E, Malhotra A, Guerra GK, Hoey J, Michaud F, et al. User perspectives on emotionally aligned social
robots for older adults and persons living with dementia. J Rehabil Assist Technol Eng 2022;9:20556683221108364 [FREE
Full text] [doi: 10.1177/20556683221108364] [Medline: 35782883]

10. Rigaud AS, Dacunha S, Harzo C, Lenoir H, Sfeir I, Piccoli M, et al. Implementation of socially assistive robots in geriatric
care institutions: healthcare professionals' perspectives and identification of facilitating factors and barriers. J Rehabil Assist
Technol Eng 2024;11:20556683241284765 [FREE Full text] [doi: 10.1177/20556683241284765] [Medline: 39324049]

11. Aymerich-Franch L, Ferrer I. Socially assistive robots’ deployment in healthcare settings: a global perspective. Int J Human
Robot 2023;20(1):2350002. [doi: 10.1142/s0219843623500020]

12. Graf B, Eckstein J. Service robots and automation for the disabled and nursing home care. In: Nof SY, editor. Springer
Handbook of Automation. Cham: Springer International Publishing; 2023:1331-1347.

13. Sutherland C, Ahn B, Brown B, Lim J, Johanson D, Broadbent E, et al. The doctor will see you now: could a robot be a
medical receptionist? 2019 Presented at: International Conference on Robotics and Automation (ICRA); May 20-24, 2019;
Montreal, Quebec, Canada p. 4310-4316. [doi: 10.1109/icra.2019.8794439]

14. Babu A, Srikanth K. Empowering elderly care with social robots. Recent Res Rev J 2024;3(2):410-423 [FREE Full text]
[doi: 10.36548/rrrj.2024.2.008]

15. González-González CS, Violant-Holz V, Gil-Iranzo RM. Social robots in hospitals: a systematic review. Appl Sci
2021;11(13):5976. [doi: 10.3390/app11135976]

16. Romero-Garcés A, Bandera J, Marfil R, González-García M, Bandera A. CLARA: building a socially assistive robot to
interact with elderly people. Designs 2022;6(6):125. [doi: 10.3390/designs6060125]

17. Wong KLY, Hung L, Wong J, Park J, Alfares H, Zhao Y, et al. Adoption of artificial intelligence-enabled robots in long-term
care homes by health care providers: scoping review. JMIR Aging 2024;7:e55257 [FREE Full text] [doi: 10.2196/55257]
[Medline: 39190455]

18. Huisman C, Kort H. Two-year use of care robot Zora in Dutch nursing homes: an evaluation study. Healthcare (Basel)
2019;7(1) [FREE Full text] [doi: 10.3390/healthcare7010031] [Medline: 30791489]

19. Hebesberger D, Koertner T, Gisinger C, Pripfl J. A long-term autonomous robot at a care hospital: a mixed methods study
on social acceptance and experiences of staff and older adults. Int J Soc Robotics 2017;9(3):417-429. [doi:
10.1007/s12369-016-0391-6]

20. Ghafurian M, Hoey J, Dautenhahn K. Social robots for the care of persons with dementia: a systematic review. ACM Trans
Hum-Robot Interact 2021;10(4):1-31. [doi: 10.1145/3469653]

21. Lima MR, Wairagkar M, Gupta M, Rodriguez Y Baena F, Barnaghi P, Sharp DJ, et al. Conversational affective social
robots for ageing and dementia support. IEEE Trans Cogn Dev Syst 2022;14(4):1378-1397. [doi: 10.1109/tcds.2021.3115228]

22. Wald S, Puthuveetil K, Erickson Z. Do mistakes matter? Comparing trust responses of different age groups to errors made
by physically assistive robots. ArXiv Preprint posted online on August 23, 2024 [FREE Full text] [doi:
10.1109/ro-man60168.2024.10731271]

23. Giorgi I, Tirotto F, Hagen O, Aider F, Gianni M, Palomino M, et al. Friendly but faulty: a pilot study on the perceived trust
of older adults in a social robot. IEEE Access 2022;10:92084-92096. [doi: 10.1109/access.2022.3202942]

24. Kim S. Exploring how older adults use a smart speaker-based voice assistant in their first interactions: qualitative study.
JMIR Mhealth Uhealth 2021;9(1):e20427 [FREE Full text] [doi: 10.2196/20427] [Medline: 33439130]

25. Khosla R, Chu M, Khaksar SMS, Nguyen K, Nishida T. Engagement and experience of older people with socially assistive
robots in home care. Assist Technol 2021;33(2):57-71. [doi: 10.1080/10400435.2019.1588805] [Medline: 31063044]

26. Miyake T, Wang Y, Yang PC, Sugano S. Feasibility study on parameter adjustment for a humanoid using LLM tailoring
physical care. 2023 Presented at: 15th International Conference, ICSR 2023; December 3-7, 2023; Doha, Qatar p. 230-243.
[doi: 10.1007/978-981-99-8715-3_20]

27. Esteban-Lozano I, Castro-González Á, Martínez P. Using a LLM-based conversational agent in the social robot Mini. In:
Artificial Intelligence in HCI. Cham: Springer Nature Switzerland; 2024:15-26.

28. Pinto-Bernal M, Biondina M, Belpaeme T. Designing social robots with LLMs for engaging human interaction. Appl Sci
2025 Jun 05;15(11):6377 [FREE Full text] [doi: 10.3390/app15116377]

JMIR Hum Factors 2025 | vol. 12 | e81936 | p.835https://humanfactors.jmir.org/2025/1/e81936
(page number not for citation purposes)

Blavette et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1109/icorr.2005.1501143
https://www.semanticscholar.org/paper/Socially-assistive-robotics-%5BGrand-Challenges-of-Tapus-MATARIC%C2%B4/6b29199b5f7e796f7f266cd6e957fadb4494e0e3
http://dx.doi.org/10.1109/mra.2007.339605
http://dx.doi.org/10.1109/ecice55674.2022.10042947
https://europepmc.org/abstract/MED/37840968
http://dx.doi.org/10.1109/taffc.2022.3143803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37840968&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20556683221108364?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/20556683221108364?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20556683221108364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35782883&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20556683241284765?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20556683241284765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39324049&dopt=Abstract
http://dx.doi.org/10.1142/s0219843623500020
http://dx.doi.org/10.1109/icra.2019.8794439
https://irojournals.com/rrrj/article/view/3/2/8
http://dx.doi.org/10.36548/rrrj.2024.2.008
http://dx.doi.org/10.3390/app11135976
http://dx.doi.org/10.3390/designs6060125
https://aging.jmir.org/2024//e55257/
http://dx.doi.org/10.2196/55257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39190455&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare7010031
http://dx.doi.org/10.3390/healthcare7010031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30791489&dopt=Abstract
http://dx.doi.org/10.1007/s12369-016-0391-6
http://dx.doi.org/10.1145/3469653
http://dx.doi.org/10.1109/tcds.2021.3115228
https://arxiv.org/abs/2408.13153
http://dx.doi.org/10.1109/ro-man60168.2024.10731271
http://dx.doi.org/10.1109/access.2022.3202942
https://mhealth.jmir.org/2021/1/e20427/
http://dx.doi.org/10.2196/20427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33439130&dopt=Abstract
http://dx.doi.org/10.1080/10400435.2019.1588805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31063044&dopt=Abstract
http://dx.doi.org/10.1007/978-981-99-8715-3_20
https://www.mdpi.com/2076-3417/15/11/6377
http://dx.doi.org/10.3390/app15116377
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Oertel C, Castellano G, Chetouani M, Nasir J, Obaid M, Pelachaud C, et al. Engagement in human-agent interaction: an
overview. Front Robot AI 2020;7:92 [FREE Full text] [doi: 10.3389/frobt.2020.00092] [Medline: 33501259]

30. Del Duchetto F, Baxter P, Hanheide M. Are you still with me? Continuous engagement assessment from a robot's point of
view. Front Robot AI 2020;7:116 [FREE Full text] [doi: 10.3389/frobt.2020.00116] [Medline: 33501282]

31. Rossi S, Conti D, Garramone F, Santangelo G, Staffa M, Varrasi S, et al. The role of personality factors and empathy in
the acceptance and performance of a social robot for psychometric evaluations. Robotics 2020;9(2):39. [doi:
10.3390/robotics9020039]

32. Kuo IH, Rabindran JM, Broadbent E, Lee YI, Kerse N, Stafford RMQ, et al. Age and gender factors in user acceptance of
healthcare robots. 2009 Presented at: RO-MAN 2009—The 18th IEEE International Symposium on Robot and Human
Interactive Communication; September 27-October 2, 2009; Toyama, Japan p. 214-219. [doi: 10.1109/roman.2009.5326292]

33. Flandorfer P. Population ageing and socially assistive robots for elderly persons: the importance of sociodemographic
factors for user acceptance. Int J Popul Res 2012;2012:1-13. [doi: 10.1155/2012/829835]

34. Lee SH, Kim JS, Yu S. The impact of care robots on older adults: a systematic review. Geriatr Nurs 2025;65:103507. [doi:
10.1016/j.gerinurse.2025.103507] [Medline: 40669132]

35. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the cognitive state of patients
for the clinician. J Psychiatr Res 1975;12(3):189-198. [doi: 10.1016/0022-3956(75)90026-6] [Medline: 1202204]

36. Alameda-Pineda X, Addlesee A, Hernández García D, Reinke C, Arias S, Arrigoni F, et al. Socially pertinent robots in
gerontological healthcare. Int J Soc Robot 2025 Nov 01. [doi: 10.1007/s12369-025-01330-6]

37. Blavette L, Dacunha S, Alameda-Pineda X, Hernández García D, Gannot S, Gras F, et al. Acceptability and usability of a
socially assistive robot integrated with a large language model for enhanced human-robot interaction in a geriatric care
institution: mixed methods evaluation. JMIR Hum Factors 2025;12:e76496 [FREE Full text] [doi: 10.2196/76496] [Medline:
40750072]

38. SPRING D1.6 ' user feedback from the final validation in relevant environments. SPRING Consortium. 2024. URL: https:/
/spring-h2020.eu/wp-content/uploads/2024/07/SPRING_D1.
6_-User-feedback-from-the-final-validation-relevant-environments_vFinal_31.05.2024.pdf [accessed 2025-08-13]

39. Anzalone SM, Boucenna S, Ivaldi S, Chetouani M. Evaluating the engagement with social robots. Int J Soc Robot
2015;7(4):465-478. [doi: 10.1007/s12369-015-0298-7]

40. Hemmler VL, Kenney AW, Langley SD, Callahan CM, Gubbins EJ, Holder S. Beyond a coefficient: an interactive process
for achieving inter-rater consistency in qualitative coding. Qual Res 2020;22(2):194-219. [doi: 10.1177/1468794120976072]

41. Indurkhya X, Venture G. Lessons in developing a behavioral coding protocol to analyze in-the-wild child–robot interaction
events and experiments. Electronics 2024;13(7):1175. [doi: 10.3390/electronics13071175]

42. Heerink M, Krose B, Evers V, Wielinga B. The influence of a robot's social abilities on acceptance by elderly users. 2006
Presented at: ROMAN 2006—The 15th IEEE International Symposium on Robot and Human Interactive Communication;
September 6-8, 2006; Hatfield, United Kingdom p. 521-526. [doi: 10.1109/roman.2006.314442]

43. Micoulaud-Franchi JA, Sauteraud A, Olive J, Sagaspe P, Bioulac S, Philip P. Validation of the French version of the
Acceptability E-scale (AES) for mental E-health systems. Psychiatry Res 2016;237:196-200. [doi:
10.1016/j.psychres.2016.01.043] [Medline: 26809367]

44. Bangor A, Kortum PT, Miller JT. An empirical evaluation of the System Usability Scale. Int J Human-Comput Interact
2008;24(6):574-594. [doi: 10.1080/10447310802205776]

45. Bangor A, Kortum P, Miller J. Determining what individual SUS scores mean: adding an adjective rating scale. JUX J User
Exp 2025:114-123 [FREE Full text] [doi: 10.7717/peerj-cs.1918/supp-1]

46. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2008;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

47. Mirnig N, Stollnberger G, Miksch M, Stadler S, Giuliani M, Tscheligi M. To err is robot: how humans assess and act toward
an erroneous social robot. Front Robot AI 2017;4:1-15. [doi: 10.3389/frobt.2017.00021]

48. Peddinti SR, Katragadda SR, Pandey BK, Tanikonda A. Utilizing large language models for advanced service management:
potential applications and operational challenges. J Sci Technol 2023;4(2) [FREE Full text] [doi: 10.2139/ssrn.5119925]

49. Vasic I, Fill HG, Quattrini R, Pierdicca R. LLM-aided museum guide: personalized tours based on user preferences. 2024
Presented at: International Conference, XR Salento 2024; September 4-7, 2024; Lecce, Italy p. 249-262. [doi:
10.1007/978-3-031-71710-9_18]

50. Li C, Xing W, Leite W. Building socially responsible conversational agents using big data to support online learning: a
case with Algebra Nation. Br J Educ Technol 2022 May 10;53(4):776-803 [FREE Full text] [doi: 10.1111/bjet.13227]

51. Voultsiou E, Vrochidou E, Moussiades L, Papakostas GA. The potential of large language models for social robots in
special education. Prog Artif Intell 2025;14(2):165-189. [doi: 10.1007/s13748-025-00363-2]

52. Chen J, Liu Z, Huang X, Wu C, Liu Q, Jiang G, et al. When large language models meet personalization: perspectives of
challenges and opportunities. World Wide Web 2024;27(4):42. [doi: 10.1007/s11280-024-01276-1]

53. Wang C. Comparing Rule-Based and LLM-Based Methods to Enable Active Robot Assistant Conversations. 2025. URL:
https://www.semanticscholar.org/paper/Comparing-Rule-based-and-LLM-based-Methods-to-Robot-Wang/
54bffd8096740732ce4bf6486b513a261f05e313 [accessed 2025-08-12]

JMIR Hum Factors 2025 | vol. 12 | e81936 | p.836https://humanfactors.jmir.org/2025/1/e81936
(page number not for citation purposes)

Blavette et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/33501259
http://dx.doi.org/10.3389/frobt.2020.00092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33501259&dopt=Abstract
https://europepmc.org/abstract/MED/33501282
http://dx.doi.org/10.3389/frobt.2020.00116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33501282&dopt=Abstract
http://dx.doi.org/10.3390/robotics9020039
http://dx.doi.org/10.1109/roman.2009.5326292
http://dx.doi.org/10.1155/2012/829835
http://dx.doi.org/10.1016/j.gerinurse.2025.103507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40669132&dopt=Abstract
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1202204&dopt=Abstract
http://dx.doi.org/10.1007/s12369-025-01330-6
https://humanfactors.jmir.org/2025//e76496/
http://dx.doi.org/10.2196/76496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40750072&dopt=Abstract
https://spring-h2020.eu/wp-content/uploads/2024/07/SPRING_D1.6_-User-feedback-from-the-final-validation-relevant-environments_vFinal_31.05.2024.pdf
https://spring-h2020.eu/wp-content/uploads/2024/07/SPRING_D1.6_-User-feedback-from-the-final-validation-relevant-environments_vFinal_31.05.2024.pdf
https://spring-h2020.eu/wp-content/uploads/2024/07/SPRING_D1.6_-User-feedback-from-the-final-validation-relevant-environments_vFinal_31.05.2024.pdf
http://dx.doi.org/10.1007/s12369-015-0298-7
http://dx.doi.org/10.1177/1468794120976072
http://dx.doi.org/10.3390/electronics13071175
http://dx.doi.org/10.1109/roman.2006.314442
http://dx.doi.org/10.1016/j.psychres.2016.01.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26809367&dopt=Abstract
http://dx.doi.org/10.1080/10447310802205776
https://uxpajournal.org/determining-what-individual-sus-scores-mean-adding-an-adjective-rating-scale/
http://dx.doi.org/10.7717/peerj-cs.1918/supp-1
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.3389/frobt.2017.00021
https://thesciencebrigade.com/jst/article/view/517
http://dx.doi.org/10.2139/ssrn.5119925
http://dx.doi.org/10.1007/978-3-031-71710-9_18
https://bera-journals.onlinelibrary.wiley.com/doi/abs/10.1111/bjet.13227
http://dx.doi.org/10.1111/bjet.13227
http://dx.doi.org/10.1007/s13748-025-00363-2
http://dx.doi.org/10.1007/s11280-024-01276-1
https://www.semanticscholar.org/paper/Comparing-Rule-based-and-LLM-based-Methods-to-Robot-Wang/54bffd8096740732ce4bf6486b513a261f05e313
https://www.semanticscholar.org/paper/Comparing-Rule-based-and-LLM-based-Methods-to-Robot-Wang/54bffd8096740732ce4bf6486b513a261f05e313
http://www.w3.org/Style/XSL
http://www.renderx.com/


54. Kim C, Lee C, Mutlu B. Understanding large-language model (LLM)-powered human-robot interaction. 2024 Presented
at: Proceedings of the 2024 ACM/IEEE International Conference on Human-Robot Interaction; March 11-15, 2024; Boulder,
CO, United States p. 371-380. [doi: 10.1145/3610977.3634966]

55. Lima MR, Su T, Jouaiti M, Wairagkar M, Malhotra P, Soreq E, et al. Discovering behavioral patterns using conversational
technology for in-home health and well-being monitoring. IEEE Internet Things J 2023;10(21):18537-18552. [doi:
10.1109/jiot.2023.3290833]

56. Yang Z, Xu X, Yao B, Rogers E, Zhang S, Intille S, et al. Talk2Care: an LLM-based voice assistant for communication
between healthcare providers and older adults. 2024 Presented at: Proceedings of the ACM on Interactive, Mobile, Wearable
and Ubiquitous Technologies; October 9 2024; UbiComp/ISWC p. 1-35 URL: https://dl.acm.org/doi/10.1145/3659625
[doi: 10.1145/3659625]

57. Lima M, O'Connell A, Zhou F, Nagahara A, Hulyalkar A, Deshpande A, et al. Promoting cognitive health in elder care
with large language model-powered socially assistive robots. 2025 Presented at: CHI '25: Proceedings of the 2025 CHI
Conference on Human Factors in Computing Systems; April 26-May 1, 2025; Yokohama, Japan p. 1-22. [doi:
10.1145/3706598.3713582]

58. Marge M, Espy-Wilson C, Ward NG, Alwan A, Artzi Y, Bansal M, et al. Spoken language interaction with robots:
recommendations for future research. Comput Speech Lang 2022;71:101255. [doi: 10.1016/j.csl.2021.101255]

59. Diaz M, Johnson I, Lazar A, Piper A, Gergle D. Addressing age-related bias in sentiment analysis. 2018 Presented at: CHI
'18: Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems; April 21-26, 2018; Montreal,
Quebec, Canada p. 1-14. [doi: 10.1145/3173574.3173986]

60. Chu CH, Nyrup R, Leslie K, Shi J, Bianchi A, Lyn A, et al. Digital ageism: challenges and opportunities in artificial
intelligence for older adults. Gerontologist 2022;62(7):947-955 [FREE Full text] [doi: 10.1093/geront/gnab167] [Medline:
35048111]

61. Kobayashi M, Kosugi A, Takagi H, Nemoto M, Nemoto K, Arai T, et al. Effects of age-related cognitive decline on elderly
user interactions with voice-based dialogue systems. 2019 Presented at: IFIP Conference on Human-Computer Interaction;
September 2-6, 2019; Paphos, Cyprus p. 53-74. [doi: 10.1007/978-3-030-29390-1_4]

62. Mahmood A, Cao S, Stiber M, Antony VN, Huang C. Voice assistants for health self-management: designing for and with
older adults. 2025 Presented at: CHI '25: Proceedings of the 2025 CHI Conference on Human Factors in Computing Systems;
April 26-May 1, 2025; Yokohama, Japan p. 1-22. [doi: 10.1145/3706598.3713839]

63. Mahmood A, Wang J, Huang CM. Situated understanding of errors in older adults' interactions with voice assistants: a
month-long, in-home study. ArXiv Preprint posted online on September 23, 2024. [doi: 10.48550/arXiv.2403.02421]

64. Liu YC, Chen CH, Lin YS, Chen HY, Irianti D, Jen TN, et al. Design and usability evaluation of mobile voice-added food
reporting for elderly people: randomized controlled trial. JMIR Mhealth Uhealth 2020;8(9):e20317 [FREE Full text] [doi:
10.2196/20317] [Medline: 32985999]

65. Kontogiorgos D, Tran M, Gustafson J, Soleymani M. A systematic cross-corpus analysis of human reactions to robot
conversational failures. 2020 Presented at: Proceedings of the 2021 International Conference on Multimodal Interaction;
October 18-22, 2021; Montréal, Qubec, Canada URL: https://dl.acm.org/doi/10.1145/3462244.3479887 [doi:
10.1145/3462244.3479887]

66. Liu S, Parreira M, Ju W. “I'm Done”: describing human reactions to successive robot failure. 2025 Presented at: 20th
ACM/IEEE International Conference on Human-Robot Interaction (HRI); March 4-6, 2025; Melbourne Convention Center,
Melbourne, Australia p. 1458. [doi: 10.1109/hri61500.2025.10974098]

67. Park JS, Bernstein MS, Brewer RN, Kamar E, Morris MR. Understanding the describing human reactions to successive
robot failure. 2021 Presented at: AIES '21: AAAI/ACM Conference on AI, Ethics, and Society; May 19-21, 2021; Virtual
Event p. 834-842. [doi: 10.1145/3461702.3462590]

68. Salomé S, Monfort E. Révolution numérique et âgisme: les enjeux éthiques de l’intelligence artificielle pour les personnes
âgées [The digital revolution and ageism: the ethical challenges of artificial intelligence for older people]. NPG Neurol
Psych Gériatr 2023;23(138):383-387. [doi: 10.1016/j.npg.2023.09.004]

69. Ali R, Tang OY, Connolly ID, Abdulrazeq HF, Mirza FN, Lim RK, et al. Demographic representation in 3 leading artificial
intelligence text-to-image generators. JAMA Surg 2024 Jan 01;159(1):87-95 [FREE Full text] [doi:
10.1001/jamasurg.2023.5695] [Medline: 37966807]

70. Bozkurt S, Cahan E, Seneviratne MG, Sun R, Lossio-Ventura JA, Ioannidis JPA, et al. Reporting of demographic data and
representativeness in machine learning models using electronic health records. J Am Med Inform Assoc
2020;27(12):1878-1884 [FREE Full text] [doi: 10.1093/jamia/ocaa164] [Medline: 32935131]

71. Aman F, Vacher M, Rossato S, Dugheanu R, Portet F, le Grand J, et al. Etude de la performance des modèles acoustiques
pour des voix de personnes âgées en vue de l'adaptation des systèmes de RAP [Assessment of the acoustic models performance
in the ageing voice case for ASR system adaptation]. 2012 Presented at: Proceedings of the Joint Conference
JEP-TALN-RECITAL 2012, Volume 1: JEP; June 2012; Grenoble, France URL: https://aclanthology.org/F12-1089/

72. Vigouroux N, Truillet P, Privat R. Etude de l¿effet du vieillissement sur les productions langagières et sur les performances
en reconnaissance automatique de la parole. 2004. URL: https://www.semanticscholar.org/paper/

JMIR Hum Factors 2025 | vol. 12 | e81936 | p.837https://humanfactors.jmir.org/2025/1/e81936
(page number not for citation purposes)

Blavette et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1145/3610977.3634966
http://dx.doi.org/10.1109/jiot.2023.3290833
https://dl.acm.org/doi/10.1145/3659625
http://dx.doi.org/10.1145/3659625
http://dx.doi.org/10.1145/3706598.3713582
http://dx.doi.org/10.1016/j.csl.2021.101255
http://dx.doi.org/10.1145/3173574.3173986
https://europepmc.org/abstract/MED/35048111
http://dx.doi.org/10.1093/geront/gnab167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35048111&dopt=Abstract
http://dx.doi.org/10.1007/978-3-030-29390-1_4
http://dx.doi.org/10.1145/3706598.3713839
http://dx.doi.org/10.48550/arXiv.2403.02421
https://mhealth.jmir.org/2020/9/e20317/
http://dx.doi.org/10.2196/20317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32985999&dopt=Abstract
https://dl.acm.org/doi/10.1145/3462244.3479887
http://dx.doi.org/10.1145/3462244.3479887
http://dx.doi.org/10.1109/hri61500.2025.10974098
http://dx.doi.org/10.1145/3461702.3462590
http://dx.doi.org/10.1016/j.npg.2023.09.004
https://jamanetwork.com/journals/jamasurgery/fullarticle/2811920
http://dx.doi.org/10.1001/jamasurg.2023.5695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37966807&dopt=Abstract
https://europepmc.org/abstract/MED/32935131
http://dx.doi.org/10.1093/jamia/ocaa164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32935131&dopt=Abstract
https://aclanthology.org/F12-1089/
https://www.semanticscholar.org/paper/Etude-de-l%C2%BFeffet-du-vieillissement-sur-les-et-sur-Vigouroux-Truillet/1b861e7349333a62466a27e7cad81f6ea4fc7404
http://www.w3.org/Style/XSL
http://www.renderx.com/


Etude-de-l%C2%BFeffet-du-vieillissement-sur-les-et-sur-Vigouroux-Truillet/1b861e7349333a62466a27e7cad81f6ea4fc7404
[accessed 2025-10-03]

73. Klaassen W, Dijk BV, Spruit M. A review of challenges in speech-based conversational AI for elderly care. Stud Health
Technol Inform 2024;327:858-862 [FREE Full text] [doi: 10.48550/arXiv.2412.07388]

74. Merenda T, Depasse F, Patris S. Déficience visuelle: développement et validation de recommandations sur les aides
techniques applicables dans la pratique officinale et détermination de la population cible [Visual impairment: development
and validation of recommendations on technical aids applicable in pharmacy practice and determination of the target
population]. Le Pharm Clin 2024;59(2):e118-e119. [doi: 10.1016/j.phacli.2024.04.197]

75. Simonnet M, Bothorel C, Maximiano LF, Thépaut A. GeoTablet, une application cartographique pour les personnes
déficientes visuelles. 2012. URL: https://www.semanticscholar.org/paper/
GeoTablet%2C-une-application-cartographique-pour-les-Simonnet-Bothorel/88d477be711b72f914f692676ef3525e9848b31f
[accessed 2025-10-03]

76. Gonsalves C, Pichora-Fuller MK. The effect of hearing loss and hearing aids on the use of information and communication
technologies by community-living older adults. Can J Aging 2008;27(2):145-157. [doi: 10.3138/cja.27.2.145] [Medline:
18845510]

77. SPRING: Socially Pertinent Robots in Gerontological Healthcare. 2025. URL: https://spring-h2020.eu/ [accessed 2025-08-13]

Abbreviations
AES: Acceptability E-Scale
AI: artificial intelligence
DCH: day care hospital
HRI: human-robot interaction
LLM: large language model
MMSE: Mini-Mental State Examination
SAR: socially assistive robot
SPRING: Socially Pertinent Robots in Gerontological Healthcare
SUS: System Usability Scale

Edited by E Borycki; submitted 13.08.25; peer-reviewed by C González-González, DC Muchaluat-Saade, R Singh; comments to author
13.09.25; revised version received 27.10.25; accepted 29.10.25; published 03.12.25.

Please cite as:
Blavette L, Dacunha S, Alameda-Pineda X, Cattoni J, Rigaud AS, Pino M
Integrating a Large Language Model Into a Socially Assistive Robot in a Hospital Geriatric Unit: Two-Wave Comparative Study on
Performance, Engagement, and User Perceptions
JMIR Hum Factors 2025;12:e81936
URL: https://humanfactors.jmir.org/2025/1/e81936 
doi:10.2196/81936
PMID:

©Lauriane Blavette, Sébastien Dacunha, Xavier Alameda-Pineda, Jeanne Cattoni, Anne-Sophie Rigaud, Maribel Pino. Originally
published in JMIR Human Factors (https://humanfactors.jmir.org), 03.12.2025. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly
cited. The complete bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this
copyright and license information must be included.

JMIR Hum Factors 2025 | vol. 12 | e81936 | p.838https://humanfactors.jmir.org/2025/1/e81936
(page number not for citation purposes)

Blavette et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.semanticscholar.org/paper/Etude-de-l%C2%BFeffet-du-vieillissement-sur-les-et-sur-Vigouroux-Truillet/1b861e7349333a62466a27e7cad81f6ea4fc7404
https://arxiv.org/abs/2412.07388
http://dx.doi.org/10.48550/arXiv.2412.07388
http://dx.doi.org/10.1016/j.phacli.2024.04.197
https://www.semanticscholar.org/paper/GeoTablet%2C-une-application-cartographique-pour-les-Simonnet-Bothorel/88d477be711b72f914f692676ef3525e9848b31f
https://www.semanticscholar.org/paper/GeoTablet%2C-une-application-cartographique-pour-les-Simonnet-Bothorel/88d477be711b72f914f692676ef3525e9848b31f
http://dx.doi.org/10.3138/cja.27.2.145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18845510&dopt=Abstract
https://spring-h2020.eu/
https://humanfactors.jmir.org/2025/1/e81936
http://dx.doi.org/10.2196/81936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Enhancing Safety in Clinical Practice: Cross-Sectional,
Within-Subjects, Simulated-Use Compliance Study Using BD
PosiFlush SafeScrub

Kyle De Boer1, RN, BSN, MS-HCM; John Simpson1, MS; Purnima Sharma1, PhD; Trevor J Steele1, PhD
Medical Affairs, BD Biosciences (United States), Franklin Lakes, NJ, United States

Corresponding Author:
Kyle De Boer, RN, BSN, MS-HCM
Medical Affairs
BD Biosciences (United States)
1 Becton Drive
Franklin Lakes, NJ, 07417
United States
Phone: 1 2018476800
Email: kyle.de.boer@bd.com

Abstract

Background: Needleless access devices are essential for intravenous therapy but can be a source of contamination and
catheter-related bloodstream infections (CRBSIs) if not disinfected properly. The BD PosiFlush SafeScrub (Becton, Dickinson
and Company) is designed to support aseptic nontouch technique (ANTT) by incorporating a built-in reminder to “scrub-the-hub”
before flushing. This feature can help improve compliance with disinfection practices and may reduce the risk of microbial
contamination.

Objective: This study aimed to evaluate compliance with scrubbing before flushing using the BD PosiFlush SafeScrub in a
simulated clinical environment compared with standard disinfection and flushing practices (alcohol swabs and prefilled saline
syringes).

Methods: A cross-sectional, within-subjects, simulated-use compliance study was conducted with health care professionals
familiarized with BD PosiFlush SafeScrub (a prefilled BD PosiFlush Syringe with an integrated disinfecting unit). Compliance
was defined according to the disinfection procedure specified for each scenario; participants were considered compliant with
standard practice if they followed their own institutional policy (ranging from 5 to 30 seconds or based on stroke counts), while
compliance with BD PosiFlush SafeScrub required scrubbing for at least 10 seconds with a minimum of 8 clockwise and 8
counterclockwise rotations, in accordance with the instructions for use (IFU). Compliance with disinfection was monitored and
recorded for both the BD PosiFlush SafeScrub and standard disinfection and flushing practice.

Results: Compliance with catheter hub disinfection was assessed among 60 participants for BD PosiFlush SafeScrub and 57
participants for standard practice. During preaccess procedures (Flush 1), BD PosiFlush SafeScrub achieved 46% compliance
versus 21% with standard practice, representing an absolute improvement of 25% and a 119% relative improvement (P<.001).
During the postmedication procedure (Flush 2), compliance was 22% with BD PosiFlush SafeScrub compared with 13% for
standard practice, corresponding to a 9% absolute improvement and 69% relative improvement, although not statistically significant
(P=.12). Overall, the compliance rate was 34% (81/240 interactions) in the BD PosiFlush SafeScrub group compared with 17%
(39/228 interactions) in the standard practice group, representing an absolute improvement of 17% and a relative improvement
of 100% (P<.001).

Conclusions: The BD PosiFlush SafeScrub, with its integrated disinfection unit, yielded approximately double the scrub-the-hub
compliance (34%) before flushing compared to the standard practice of alcohol pads and prefilled saline syringes (17%), supporting
its role in facilitating adherence to ANTT, which may reduce microbial growth.

(JMIR Hum Factors 2025;12:e78967)   doi:10.2196/78967
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Introduction

Background
Vascular access devices (VADs) and needleless access devices
(NADs) are essential tools in modern health care, enabling the
administration of medications, fluids, and nutrition.
NADs—such as needle-free connectors, Y-sites, and
stopcocks—are connected to the VAD hub or extension set to
support intermittent or continuous infusion. These devices help
maintain a closed system, reducing the risk of needlestick
injuries and contamination, and are now considered integral to
infection control practices [1,2].

Due to their routine use, safe disinfection and flushing practices
are critical. Among the most significant complications associated
with these devices are catheter-related bloodstream infections
(CRBSIs) and central-line-associated bloodstream infections
(CLABSIs), which are known to increase patient mortality,
hospital length of stay, and health care costs. Recent data show
that CLABSIs are associated with a 3.5-fold increased risk of
mortality and can extend hospital stays by up to 24.9 days, with
associated costs reaching as high as US $90,000 per case [3].
To mitigate these risks, updated guidelines strongly emphasize
adherence to standardized insertion bundles, education, and site
care and maintenance practices, including the use of
antimicrobial NADs and active or passive disinfection [1].

The 2024 revision to the Infusion Therapy Standards of Practice
recommends the use of active or passive disinfection to
“disinfect the connection surface and sides of the needleless
connector attached to any VAD” [1]. In addition, the standard
recommends performing active disinfection by vigorous
mechanical scrubbing containing 70% isopropyl alcohol or
alcohol-based chlorhexidine suitable for use with medical
devices. Buetti et al [4], emphasized the importance of hub
disinfection using alcohol-based antiseptics for 15 seconds,
recommending the use of disinfection caps or active scrubbing
techniques to further reduce contamination and biofilm
formation. These practices form an essential part of
evidence-based bundles aimed at the prevention of CLABSIs.

Despite efforts to educate health care providers and improve
disinfection agents, studies indicated that compliance with active
disinfection of access ports remains low. A systematic review
by Moureau et al [5], found that approximately 50% of central
VAD infections stem from bacterial colonization of NADs due
to a lapse in aseptic technique and inadequate disinfection.
Despite this known risk, adherence to NAD disinfection
protocols remains suboptimal, with observed compliance rates
as low as 10%. Various factors have been identified that
contribute to this noncompliance, including a lack of
standardized protocols, high workload and time constraints,
forgetfulness, and limited availability of necessary supplies,
such as alcohol wipes at the bedside.

Devices like the BD PosiFlush SafeScrub (Becton, Dickinson
and Company), which integrates disinfection and flushing into
a single-use syringe, offer workflow efficiency and improved
adherence to aseptic techniques. These innovations aim to reduce
contamination risk and enhance patient safety through

simplified, standardized practices. This study sought to evaluate
health care providers’ compliance with scrubbing practices
when using the BD PosiFlush SafeScrub versus standard
methods (alcohol wipes and prefilled syringes) to determine its
effectiveness in promoting aseptic vascular access.

Problem Statement
This study investigated whether the BD PosiFlush SafeScrub
can improve compliance with disinfection practice, before
flushing compared to standard practice, which may reduce
microbial growth.

Methods

Study Design
This cross-sectional, within-subjects, simulated-use compliance
study aimed to evaluate compliance with disinfection protocols
using the BD PosiFlush SafeScrub compared with BD PosiFlush
prefilled saline syringes with alcohol swabs. “BD PosiFlush
saline syringe with alcohol swabs” is hereafter referred to as
the “standard practice.” Sixty registered nurses from varied
clinical specialties, including emergency department, intensive
care unit (ICU), critical care unit, outpatient infusion, home
health care, and medical-surgical units, were enrolled from acute
care facilities. The recruitment and scheduling of participants
for this simulation, survey-based study was done in a usability
lab setting at Delve (Delve Research), a design consultancy and
research services provider. The study was conducted in two
geographical locations, Delve’s Philadelphia office and Boston
office, from June to July 2024.

Study Participants
All the study participants were healthy individuals. The
registered nurses were from the emergency room, ICU, critical
care unit, outpatient infusion center, home health care, and
medical-surgical units. No participant had any hand injuries,
latex sensitivity, or other conditions that might affect scrubbing
behavior. The participants recruited for the study had prior
experience with the care and maintenance of VADs and NADs.

Participants were recruited from acute care facilities with more
than 50 beds. Inclusion criteria required participants to have
experience with VADs and disinfection practices. Eligible
individuals needed to be at least 18 years of age and proficient
in understanding written and spoken English. Additionally,
participants were required to have a minimum of 2 years of
related nursing experience. They must not have participated in
any usability studies related to flushing with prefilled syringes
within 6 months of their participation in this study. This
structured approach ensured that the study included a diverse
and experienced group of health care professionals, providing
a comprehensive evaluation of the BD PosiFlush SafeScrub in
various clinical scenarios.

Materials
The materials used in this study included the BD PosiFlush
SafeScrub Prefilled Saline Flush Syringe (Becton Dickinson
and Co), standard alcohol swabs, and the BD PosiFlush Prefilled
Flush Syringe (Becton Dickinson and Co). A mannequin was
positioned in a simulated hospital bed or stretcher, with one
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arm outfitted with a peripherally inserted central catheter (PICC;
Becton Dickinson and Co) and the other with a peripheral
intravenous catheter (PIVC; Becton Dickinson & Co). The study
consisted of 60 simulated-use sessions, each lasting 60 minutes.
Participants were observed through four simulated push
medication scenarios, using both the standard practices and the
BD PosiFlush SafeScrub. They were provided with all necessary
materials typically found in a clinical setting, including gloves,
alcohol swabs with 70% isopropyl alcohol, flush syringes filled
with saline, prefilled simulated medication syringes (filled with
colored saline), and other ancillary components. All participants
were asked, before beginning the study, if the environment was
similar to what they would see in their clinical areas of practice.
This was done to ensure that the way they would respond to the
scenario would be very close to what would occur in a real
clinical setting.

The BD PosiFlush SafeScrub combines a prefilled saline syringe
with an integrated disinfection cap, simplifying and streamlining
the scrubbing and flushing workflow (Figure 1). It is a device
designed to improve the disinfection process of NADs in
vascular access systems. The dual-purpose design aims to
simplify the disinfection process and improve compliance among
health care providers with an all-in-one scrub and flush solution,
ensuring consistent and effective disinfection before each flush.
As a single-use product, it minimizes the risk of
cross-contamination, making it a valuable tool in promoting
aseptic nontouch technique (ANTT) in clinical settings [1]. By
supporting consistent and effective disinfection, such devices
play a vital role in reducing the contaminants that can cause
bloodstream infections and enhance overall patient care.

Figure 1. BD PosiFlush SafeScrub labeled image.

Study Protocol
Following consent and study enrollment, participants were
informed that their hospital adopted a new catheter hub
disinfection product. They were then asked, “What would you
do?” Based upon their responses, participants either received
the instructions for use (IFU) or were shown a demonstration
video (along with the IFU), which were the only 2 training
formats provided to ensure consistency. A total of 60
simulated-use sessions, each lasting approximately 60 minutes
in duration, were conducted. They were instructed to follow
aseptic technique throughout the medication administration
process to minimize the potential for touch contamination. Each
participant completed 4 simulated intravenous push medication
scenarios, 2 using the standard practice and 2 using the BD
PosiFlush SafeScrub. The order for using each syringe and
scenario was randomized. The randomization determined both
the sequence of device use (standard practice vs SafeScrub) and
the catheter type (peripherally inserted central catheter [PICC]
vs peripheral intravenous catheter [PIVC]) for each scenario.
A 4-factorial forced randomization design was used. Participants
were randomly assigned to one of the several pregenerated
scenario sequences using a computer-based randomization
algorithm. Each participant received their assigned sequence
upon enrollment, ensuring a balanced distribution of scenario
order and device type.

Each medication administration scenario included a flush before
medication delivery and a flush postdelivery; however, the
medication delivery step was solely for contextual purposes and
not included in data analysis. The data were collected on
compliance with scrubbing before flushing within the medication
administration process. Throughout the study, the focus was on
the scrubbing and flushing process, comparing the standard
practice with that of the BD PosiFlush SafeScrub.

Three pilot studies were conducted to identify any potential
issues and provide the most realistic setup and scenarios for the
current study. The protocol, which was chosen after the pilot
studies, included nonemergent clinical scenarios and no planned
distractions for the participants. This protocol was then applied
to the full data collection for all 60 participants.

These panels illustrate the simulated clinical environments
developed for evaluating catheter hub disinfection practices. In
each setup, the disinfection site (hub) is depicted to show the
scrub-the-hub step performed before flushing. Incorporating
both PICC and PIVC scenarios allowed the study design to
reflect routine vascular access procedures and provided a
standardized framework for assessing compliance with hub
disinfection across intervention and control groups.

A study session was set up as follows, a mannequin was
positioned in a simulated hospital bed or stretcher, with one
arm outfitted with a PICC and the other with a PIVC. Both
catheters were equipped with NADs. The arrangement and
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location of the PICC line setup and the PIVC line setup on the
mannequin are shown in Figure 2A and 2B, respectively. These
images accurately represent a clinical PICC or PIVC setup, with
both lines connected to a NAD. The NAD was not covered with

a passive disinfecting cap, reflecting certain clinician practices
that may not require scrubbing before accessing the NAD after
a passive cap has been removed.

Figure 2. Simulated catheter set-ups demonstrating scrub-the-hub disinfection workflow. (A) Peripherally inserted central catheters. (B) Peripherally
intravenous catheter.

The study protocol included several key steps outlined as
follows:

• Flush 1: this was the intended scrub and flush before
accessing the line for the medication delivery. It ensured
that the line was free of occlusion before medication was
delivered.

• Medication delivery: after Flush 1, the medication was
administered. It is important to note that there was no
compliance scoring for the scrubbing done immediately
before this step.

• Flush 2: after the medication was delivered, there was a
second scrub to disinfect the hub, followed by a flush step.
This was intended to disinfect the hub before a final flush,
which ensures no medication residue remains in the line.

• Compliance scoring: participants were evaluated based on
their adherence to the protocols for Flush 1 and Flush 2.
Absolute improvement in compliance was calculated as the
difference in compliance rates between the BD PosiFlush
SafeScrub group and the standard practice group, {(absolute
improvement) = [(compliance of SafeScrub) – (compliance
of standard practice)]}. Relative improvement in compliance
was calculated as the absolute improvement expressed as
a percentage of the standard practice compliance rate,
{[relative improvement] = [(compliance SafeScrub) –
(compliance standard) / (compliance standard)] times 100]}.

In summary, the protocol is designed to ensure proper
disinfection or cleaning during the administration of flushing
and medication administration via an intravenous line, with
specific compliance measures for the disinfecting steps before
and after the medication delivery. The study compared the
standard practice with the BD PosiFlush SafeScrub.

Data Collection
Data collected during the simulation study included user
demographics, current practices, and hospital policies on
scrubbing and flushing. Specific metrics recorded were the
frequency and duration of scrubbing before flushing for both

the standard practice and BD PosiFlush SafeScrub, as well as
the drying time allowed before accessing the NAD. For each
location, a facilitator was in the room with the participant, and
note takers and observers viewed from a separate room or
remotely by way of streaming video or poststudy video review
(Multimedia Appendix 1). Participants’ overall impressions and
reactions to each method were also collected. Data on
compliance was collected through direct observation and video
recording of the disinfection and flushing workflow process.
For standard practice scenarios, participants were asked what
their hospital policy was for scrubbing prior to flushing, and
they were considered “compliant” if they followed their own
individual hospital policy. Policies ranged from scrubbing 5-30
seconds, and some involved the number of times scrubbing back
and forth rather than duration. For BD PosiFlush SafeScrub
scenarios, participants were considered “compliant” if they
scrubbed for at least 10 seconds, for a minimum of eight
repetitions clockwise alternating with eight repetitions
counterclockwise, in accordance with the IFU. The time was
recorded using a stopwatch on a phone. We acknowledge that
defining compliance according to the BD PosiFlush SafeScrub
IFU (ie, ≥ 10-second scrub with at least eight clockwise and
eight counterclockwise repetitions) while using
institution-specific scrubbing policies for the standard practice
arm introduces methodological asymmetry. However, this
approach was intentionally chosen to preserve external validity
and generalizability by reflecting the diverse, real-world
practices of health care providers in different institutional
contexts. In pragmatic study designs, such variation in
comparator definitions is often embraced to capture how an
intervention performs under routine operational conditions
without artificially standardizing comparator practices [6,7].

Moreover, our goal was to assess whether the SafeScrub device
promotes compliance beyond prevailing norms, rather than to
apply a uniform compliance threshold across both conditions.
By allowing participants to follow their own institutional
standards in the comparator arm, we both minimized bias from
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altering habitual workflows and maintained the relevance of
our findings to everyday practice.

Thus, the differing compliance definitions enhance the external
validity of our results and reinforce the practical utility of the
BD PosiFlush SafeScrub device within diverse clinical settings.

Additional data collection methods included prestudy screener
criteria, manual observations by note takers, video recordings
and images for poststudy analysis, and reviews by data analysts
to finalize results and uncover additional insights. After
completing all 4 scenarios, participants were asked about their
hospital policies and what they stated regarding scrubbing
catheter hubs. After participants used the BD PosiFlush
SafeScrub in the study, they were asked to complete a user
acceptance survey, which was comprised of 15 questions. The
survey incorporated both 1-5 and 0-10 Likert-type scales,
intentionally selected based on the nature of the information
being gathered. The 1-5 scale was used for most survey items
to assess agreement with specific usability and compliance
statements related to the device (eg, ease of use, learning curve,
and reinforcement of guidelines). This scale is standard for
capturing general attitudes and perceptions and satisfaction
levels with sufficient sensitivity while minimizing respondent
fatigue. The 0-10 scale was selectively applied to 2 questions
that evaluated broader behavioral intentions–likelihood to
recommend and inclination to use the device in clinical practice.
These items benefit from greater granularity and are commonly
used in health care research. The expanded range enables
differentiation among high-positive responses (eg, 8 vs 10),
which is important for assessing clinical acceptability and
forecasting real-world implementation.

To aid interpretability and comparison across all survey items,
responses were summarized using both average ratings (mean
[SD]) and the percentage of respondents selecting a high
response (defined as ≥4 for 1-5 scale items and ≥8 for 0-10 scale
items).

Prior to enrollment, we conducted a priori power analysis based
on the three pilot studies for a 2-tailed independent samples t
test to determine the required sample size, targeting 80% power
at α=.05 to detect a meaningful between-group effect.

Data Analysis
Data were analyzed using R version 4.3.0 (R Foundation for
Statistical Computing). Descriptive statistics summarize the

data, and inferential statistics, such as chi-square tests, were
used to determine the significance of the differences observed.
The results were considered significant for all analyses at a 5%
level of significance (P<.05).

Ethical Considerations
No patient data were collected in this study, as patients were
not included. In accordance with the ethical standards of the
Declaration of Helsinki, written informed consent was obtained
from all study participants before study initiation [8,9].
Participants were assured that all identifying information would
remain confidential and would not be disclosed in any
study-related publications. All data were deidentified before
analysis to maintain participant anonymity.

Participants were informed of the potential risks associated with
the procedure. Furthermore, the intervention involved a
commercially available, marketed product containing substances
already used in routine clinical practice, specifically isopropyl
alcohol and 0.9% sodium chloride (normal saline). Although
formal IRB approval was not required due to the nature of the
simulation and the minimal risk posed to participants who were
only exposed to the test device and preinserted catheters, this
simulated use study was conducted in accordance with clinical
and ethical best practices under the guidance of Delve (Delve
Research).

Results

Study Participants
Sixty registered nurses participated in the study, representing
a diverse clinical background and varying levels of professional
experience. The demographics of the participants are shown in
Table 1. All participants completed the simulation and provided
complete demographic and clinical information. Participants
were employed across multiple health care settings, including
adult emergency departments (n=11), adult intensive care or
critical care units (n=16), outpatient infusion centers (n=15),
home health care (n=5), and medical-surgical units (n=13). The
average overall clinical experience among participants was
15.87 years, with an average of 9.09 years of experience in their
current primary department.

Table 1. Demographic and clinical background information of participants.

VariablesParticipants number (N=60)

Primary department of occupation, n

11Adult emergency room nurse

16Adult critical care nurse

15Outpatient infusion center nurse

5Home health care (HHC) nurse

13Med-surg nurse

15.87 (10.23)Overall years of experience (years), mean (SD)

9.09 (7.17)Years of experience in the current primary department (years), mean (SD)
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Hospital Policy for Scrubbing Time
Participants reported a wide range of institutional policies related
to catheter hub disinfection practices before flushing. Details
on hospital policy counts and ranges are presented in Table 2.
The most cited policy specified a scrubbing duration of 10
seconds, reported by 22 participants. A smaller number reported
(n=9) scrubbing durations of 15 seconds, 15-30 seconds, and
20-30 seconds. One participant each reported scrubbing
durations of 5-10 seconds, 5-15 seconds, or 25-30 seconds.

Variations in policy also included combined time and technique
directives. Two participants noted a requirement of 10 scrubbing

rotations, and one specified 10 rotations using 2 separate swabs.
One participant reported different time-based policies for
peripheral versus central lines (15 and 30 seconds, respectively),
and another reported a general scrub for peripheral lines with
a specified 15-second scrub for central lines. Three participants
reported not knowing their hospital disinfection policy, with
one stating that no disinfection policy was in place. A few
participants (n=4) indicated policies in which only the initial
flush required scrubbing, with no scrubbing required after
medication administration.

Table 2. Reported hospital policies and ranges.

Participants with hospital policy, n (%)Reported hospital policy

1 (1.6)3-5 seconds first flush, no scrubbing second flush

1 (1.6)5 seconds scrubbing time

22 (36.6)10 seconds scrubbing time

9 (15)15 seconds scrubbing time

2 (3.3)15 seconds first flush, no scrubbing second flush

1 (1.6)10 seconds first flush, no scrubbing second flush

6 (10)30 seconds scrubbing time

1 (1.6)5-10 seconds scrubbing time

1 (1.6)5-15 seconds scrubbing time

2 (3.3)10-15 seconds scrubbing time

2 (3.3)15-30 seconds scrubbing time

1 (1.6)25-30 seconds scrubbing time

2 (3.3)20-30 seconds scrubbing time

2 (3.3)10 rotations scrubbing time

1 (1.6)10 rotations, 2 swabs

1 (1.6)Peripheral just scrub, no time requirement Central 15 seconds

1 (1.6)15 seconds peripheral, 30 seconds central

1 (1.6)No requirement – as stated by the participant

3 (5)Does not know – participants not familial with hospital policy

Compliance
Compliance with catheter hub disinfection protocols was
assessed during both preaccess (Flush 1) and postmedication
(Flush 2) procedures using either standard practices or the BD
PosiFlush SafeScrub. For the BD PosiFlush SafeScrub scenarios,
compliance was defined as scrubbing for ≥ 10 seconds with a
minimum of 8 clockwise and 8 counterclockwise repetitions,
as per the IFU. A total of 60 participants were evaluated in the

SafeScrub group. In contrast, data from 57 participants were
analyzed for standard practice due to incomplete hospital policy
reporting from three individuals, rendering their standard
practice compliance scoring invalid. Table 3 summarizes the
compliance data for the participants using the standard practice
and BD PosiFlush SafeScrub. Compliance was assessed across
both the Flush 1 (preaccess) and Flush 2 (postmedication)
procedures, and the total number of compliant interactions
(overall compliance) was calculated for each method.
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Table 3. Compliance data for the participants using the standard practice and BD PosiFlush SafeScrub.

BD PosiFlush SafeScrub (N=60)Standard practice (N=57)Category

Flush 1 (preaccess)

27 (45)13 (23)PICCa, n (%)

28 (47)11 (19)PIVCb, n (%)

55/120 (46)24/114 (21)Total, n/N (%)

Flush 2 (postmedication)

12 (20)6 (11)PICC, n (%)

14 (23)9 (16)PIVC, n (%)

26/120 (22)15/114 (13)Total, n/N (%)

81/240 (34)39/228 (17)Overall compliance, n/N (%)

<.001—cP value

aPICC: peripherally inserted central catheter.
bPIVC: peripheral intravenous catheter.
cNot available.

Flush 1 (Preaccess)
The BD PosiFlush SafeScrub achieved a compliance rate of
46% (55/120), significantly higher than the 21% (24/114)
observed with standard practice. This corresponds to an absolute
improvement of 25% (P<.001) and a relative improvement of
119% in preaccess disinfection compliance when using the BD
PosiFlush SafeScrub.

Flush 2 (Postmedication)
Post-medication compliance was also higher with BD PosiFlush
SafeScrub, at 22% (26/120) interactions, compared to just 13%
(15/114) interactions with the standard practice. This represents
an absolute improvement of 9% and a relative improvement of
69%; however, the difference did not reach statistical
significance (P=.12).

Overall Compliance
Across all interactions, the overall compliance rate was 34%
(81/240) interactions in the BD PosiFlush SafeScrub group
compared with 17% (39/228) interactions in the standard
practice group, representing an absolute improvement of 17%
and a relative improvement of 100% (P <.001).

An exploratory post-hoc analysis applying a 10-second threshold
in participants using the standard practice and BD PosiFlush
SafeScrub was also conducted. A 2-sample proportion test
demonstrated a statistically significant difference between

groups (P<.000) such that the BD PosiFlush SafeScrub group
had a higher overall compliance when compared with the
standard practice group.

Summary of Root Causes
Participants often thought that they followed the IFU for
scrubbing the BD PosiFlush SafeScrub for at least 10 seconds,
for a minimum of 8 repetitions clockwise alternating with 8
repetitions counterclockwise, and many noted that they were
counting times back and forth rather than the seconds in their
head. For BD PosiFlush SafeScrub and standard practice, most
participants reported one of the following reasons for not
following hospital policy or IFU.

• The participants believed that they were following their
hospital policy.

• The participant reported that they knew they were in a study
and that no actual patient would be at risk for infection if
they did not scrub the entire required time (study artifact).

• The participant reported that clinicians generally do not
follow the hospital policy for scrubbing.

User Acceptance Survey Results
The results of the user acceptance survey revealed consistently
high levels of agreement with positive usability statements,
indicating acceptance of the device within clinical practice. The
user acceptance survey responses are summarized in Table 4.
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Table 4. User acceptance survey results for the BD PosiFlush SafeScrub device.

Average rating, mean (SD)Agreement (respondents selecting ≥4 on 1-5
scale or ≥8 on 0-10 scale), %

Parameters

SafeScrub Device (1-5 rating)

4.6 (0.62)96.6Ease of use

4.7 (0.58)96.6Learning curve

4.6 (0.64)91.6Impact on patient safety

4.4 (0.75)88.3Compliance with best practices

4.7 (0.52)96.6Reinforcement of guidelines

4.6 (0.55)93.3Ease of compliance

4.5 (0.62)85Labeling and integration impact

4.4 (0.83)58.3Efficiency improvement

3.1 (0.98)86Frequency of distractions

4.1 (0.76)85Impact of distractions

4.4 (0.67)91.6Overall sentiment

Clinical acceptability/impact (0-10 rating)

8.7 (1.93)43.3 (≥8 on scale)Inclination to use in practice

8.5 (1.75)78.3 (≥8 on scale)Likelihood to recommend

For ease of use and learning curve, a total of 96.6% of
participants agreed that the BD PosiFlush SafeScrub device is
easy to use, with an average rating of 4.6 on a 5-point scale.
Similarly, 96.6% indicated that most clinicians would learn to
use the device quickly, yielding an average learning curve rating
of 4.7. These findings reflect minimal training burden and
favorable ergonomics.

For the impact of safety and compliance regarding patient safety,
91.6% of respondents reported that the device contributed to
reducing the risk of microbial growth and potential CRBSIs,
with an average rating of 4.6. In terms of clinical compliance,
88.3% believed that the device improves adherence to
evidence-based best practices—such as ANTT and
“scrub-the-hub”—relative to their current practice, with a rating
of 4.4. Furthermore, 96.6% reported that the device design
reinforces compliance with “scrub-the-hub” guidelines (rating:
4.7), and 93.3% indicated that becoming compliant with its use
would be easy (rating: 4.6).

Device labeling and integration features, including the peel tab
and built-in disinfection unit, were positively received by 85%
of participants, with an average rating of 4.5. A total of 58.3%
of participants felt that the elimination of the need to search for
alcohol wipes improved workflow efficiency (rating: 4.4), and
43.3% of participants indicated a high inclination to adopt the
device in daily practice, with a mean rating of 8.7 on a 10-point
scale. Upon further investigation, we observed that around 30%
did not select a response, leading to a low inclination for
adoption of the device. Notably, 86% of respondents
acknowledged frequent distractions during catheter access tasks,
and 85% agreed that such distractions may cause clinicians to
rush the disinfection process, both rated at 4.1.

The overall sentiment toward the BD PosiFlush SafeScrub was
favorable, with 91.6% of participants rating their experience 4

or above on a 5-point scale (mean 4.4, SD 0.67). Additionally,
78.3% expressed a high likelihood of recommending the device
to colleagues, with a recommendation score of 8.5 out of 10.

These findings suggest that the BD PosiFlush SafeScrub is
perceived as a user-friendly and effective tool that enhances
compliance with infection prevention protocols and supports
safer, more effective clinical workflows.

Discussion

Principal Findings
The purpose of this study was to evaluate compliance with
scrubbing before flushing using the BD PosiFlush SafeScrub
in a simulated clinical environment compared with standard
disinfection and flushing practices (alcohol swabs and prefilled
saline syringes). The results revealed that the BD PosiFlush
SafeScrub, with its integrated disinfection unit, yielded
approximately double the scrub-the-hub compliance (34%)
before flushing compared to the standard practice of alcohol
pads and prefilled saline syringes (17%). This improvement
aligns with prior compliance-focused interventions. In adult
acute care, Samanta et al [10] demonstrated that structured
interventions, including daily audits, bedside teaching, and
reinforced scrub-the-hub protocols, raised compliance rates for
insertion checklists (83.3%), full barrier precautions (78.4%),
and scrub-the-hub technique (65%), underscoring the value of
both behavioral and system-based measures in high-risk
environments [10]. A recent review reports that the Institute for
Safe Medication Practices suggests that educational
interventions are the easiest to implement, but they are the least
effective approaches [11]. Further, the authors stated that the
“‘forcing functions,’ which are safety design features that
necessitate actions occurring in the same way each time, are the
most e ective type of intervention, as they can eliminate the risk
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of error (ie, a high leverage strategy based on system reliability),
although they are more complex to introduce.”

Bundle approaches have also been investigated to improve
patient safety. Devrim et al [12], reported that implementation
of a central line bundle—including split-septum devices,
needleless connectors, and single-use prefilled flushing
syringes—reduced CLABSI incidence in pediatric oncology
patients by 59% with an estimated cost saving of approximately
US $208,977 [12]. Similarly, Samanta et al [10], observed a
43% reduction in CLABSI rates in an adult polytrauma ICU,
with 49 consecutive CLABSI-free days, reinforcing the link
between compliance and infection prevention. In a neonatal
ICU, another study demonstrated that routine scrubbing of
catheter hubs reduced CLABSI incidence from 1.89 to 0.23 per
1000 central line days [13]. Collectively, these findings confirm
that interventions ranging from bedside timing aids to
institutional bundles and device-integrated solutions can deliver
both clinical and economic benefits across diverse populations.

Compared with system-level programs that rely on continuous
auditing and retraining, the BD PosiFlush SafeScrub offers a
device-level behavioral nudge that integrates disinfection into
the flushing step. By reducing reliance on memory, product
availability, and accurate time estimation—factors vulnerable
to erosion under workload stress—the device helps standardize
practice in real-world, high-pressure environments such as
emergency departments or ICUs. Its integrated design not only
simplifies workflow but also encourages habit formation and
consistent adherence, even when time is constrained.

These findings align with another study, which showed that
implementing a universal disinfection cap program reduced
CLABSI rates by over 40% with annual cost savings of US
$282,840, reinforcing the association between disinfection
compliance and economic benefits [14]. By embedding
disinfection directly into practice, BD PosiFlush SafeScrub
provides a low-barrier complement to larger institutional
initiatives, helping to close the persistent gap between policy
awareness and actual compliance.

According to the Infusion Nurses Society Infusion Therapy
Standards of Practice (Ninth Edition, 2024), disinfection of the
needleless connector is required before each access, including
before flushing and locking after medication administration [1].
While this study found that the BD PosiFlush SafeScrub device
improved preflush compliance substantially, the same effect
was not observed following administration of medication (Flush
2 compliance). This endpoint was powered a priori to detect
such differences, suggesting that improvements in
post-medication scrub compliance may require interventions
beyond device integration.

In addition, participant feedback further highlighted variability
in adherence. Several participants believed they were following
the BD PosiFlush SafeScrub IFU (at least 10 seconds with a
minimum of 8 clockwise and eight counterclockwise repetitions)
but admitted to counting motions rather than measuring time.
In standard practice scenarios, deviations were often attributed
to perceived protocol familiarity, low perceived risk during
study participation, or inconsistent hospital policies ranging
from 3 to 30 seconds. These observations emphasize the

challenges of ensuring consistent adherence to disinfection
protocols and reinforce the need for education, standardization,
and behavioral support tools [11].

Impact Statement
This study demonstrated a clinically significant increase in
disinfection compliance following the use of BD PosiFlush
SafeScrub. Enhanced compliance with disinfection practices is
critical for helping to reduce the microbial burden, which may
lead to health care–associated infections, providing better health
care, and lowering associated costs. By promoting a culture of
accountability and standardizing device disinfection, this
intervention could serve as a model for improving patient safety
and quality of care in various health care settings.

Limitations of the Study
This study has several limitations. The simulated nature of the
design, while valuable for the controlled exploration of device
performance, cannot fully capture the complexities, time
pressures, and interruptions present in real-world clinical
environments across different health care settings. Simulated
conditions may inadvertently inflate compliance rates due to
factors such as the Hawthorne effect, simplification of tasks,
scripted scenarios, and the absence of real patient risk, which
could alter participant behavior. For instance, clinicians might
demonstrate more meticulous disinfection in a simulation when
no actual patient is in danger. These limitations affect ecological
validity and underscore the need for further research to validate
these findings under actual clinical conditions, where time
pressures, competing priorities, and workflow disruptions are
present.

In addition, the generalizability of results may be limited due
to all participants being based in the United States. Further, not
all aspects of compliance and disinfection were measured,
leaving some critical elements unevaluated, and compliance
improvement was only assessed over a limited time frame,
preventing conclusions about long-term adherence. Another
limitation is that the intervention group received structured
training (via IFU or demonstration video), whereas the control
group followed existing hospital procedures without equivalent
refresher training. This methodological asymmetry introduces
a confounding effect, as training alone can increase adherence
regardless of device performance. Further studies should
consider designs that isolate training effects, such as crossover
trials or parallel group designs, to better determine
device-specific impact.

Additionally, given the current health care environment,
cost-conscious decision-making, and prevailing standard
practices, we recognize that the unit cost of an alcohol swab
and a prefilled flush may be lower than that of the study product,
BD PosiFlush SafeScrub. However, the true value of the device
lies in its ability to enhance compliance, as demonstrated in this
study. Its integrated design serves as a visual and functional
prompt for clinicians to scrub the access site prior to flushing,
helping reduce the risk of introducing contaminants that could
lead to CRBSIs. Further studies should therefore evaluate
cost-effectiveness, implementation feasibility, and sustainability
dimensions in real-world settings.
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Finally, three pilot studies informed the main study design.
Based on the clinician’s feedback, the control group was
evaluated against their own hospital policies rather than a
≥10-second threshold to preserve external validity by reflecting
real-world practice. We acknowledge that this approach may
introduce methodological asymmetry. To address this concern,
we conducted an exploratory post hoc analysis applying a
10-second compliance threshold to both groups. This analysis
demonstrated a statistically significant difference in favor of

the intervention, indicating that the findings are robust regardless
of the compliance definition applied.

Conclusions
The BD PosiFlush SafeScrub device approximately doubled
the scrub-the-hub compliance before flushing compared to
alcohol pads and prefilled saline syringes, simplifying workflow
by embedding disinfection into the flushing step. Further
real-world studies are needed to confirm cost-effectiveness and
environmental impact across diverse health care settings.
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Abstract

Background: Despite the promise of digital therapeutics in providing scalable interventions for psychosis, translating them
from clinical trials to routine care is challenging. SloMo is an evidence-based, digitally supported cognitive behavioral therapy
for psychosis comprising a web-based therapy platform and mobile app. The therapy encourages individuals to slow down for a
moment, to address fast-thinking habits fueling paranoia. SloMo has received a NICE Early Value Assessment recommendation
for use in the National Health Service to address evidence gaps related to its use in the real world, and an implementation study
is underway.

Objective: This study aimed to optimize the SloMo software for implementation by addressing limitations of the first release,
reducing technology complexity, and improving user experience, to increase equitable outcomes.

Methods: An inclusive, human-centered design methodology was used to optimize SloMo. The redesign sought to reduce the
technology’s complexity and improve the user experience for diverse patients and therapists. The Double Diamond framework
structured the iterative redesign, integrating insights from patient and public involvement consultants, therapists, and a
transdisciplinary co-design team. The Double Diamond process was facilitated through 24 transdisciplinary workshops. These
were supported by the following methods: identifying implementation barriers through desk research of SloMo’s evidence and
qualitative interviews with experts by experience (n=2); redefining user needs; iteratively developing solutions through user
testing sessions with service user consultants (n=32); and validating the minimum viable product through think-aloud testing
sessions with therapist (n=10) and service user (n=11) consultants.

Results: Users wanted a form of cognitive behavioral therapy for psychosis that was usable, trustworthy, enjoyable, personalized,
normalizing, and memorable. The redesign, therefore, included a minimalist user interface, more diverse lived experience vignette
content, enhanced agency over data, greater representation of protected characteristics and their intersectionality, and intuitive
navigation. Feedback from a purposively sampled patient and therapist sample validated the redesign as it was associated with a
strong user experience, particularly in relation to usability and usefulness.

Conclusions: The study produced a redesign of the SloMo software optimized for real-world use, whilst retaining fidelity to
the therapeutic content of the previous version. Through an inclusive, human-centered approach, the optimized design of SloMo
addresses barriers to adoption by reducing complexity and fostering accessibility. This study underscores the value of integrating
lived experience involvement into digital therapeutics to support scalable, equitable, and sustainable mental health care solutions.

(JMIR Hum Factors 2025;12:e75377)   doi:10.2196/75377
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Introduction

Digital therapeutics present an opportunity for providing
scalable, usable, and targeted evidence-based interventions for
people with psychosis. Emerging evidence suggests digital
technologies are acceptable and effective at addressing a range
of treatment targets in this population [1,2]. With device
ownership and levels of technology confidence on the increase,
investment and interest in digital therapeutics for psychosis are
growing. However, despite their promise, implementing digital
therapeutics within real-world clinical settings following clinical
trials is difficult, and a notable evidence-practice gap exists [3].

Successful implementation of digital technology in psychosis
is multifactorial, with technology complexity being a particularly
important barrier [4]. People from minoritized backgrounds are
more likely to experience additional barriers to technology
access and digital literacy, and if this is not given careful
consideration, there is the risk that technology might
inadvertently magnify health inequalities [5]. The National
Health Service (NHS) Inclusive Digital Healthcare Framework
[6] lists accessibility and ease of technology use as a key domain
of digital inclusion. Inclusive, human-centered design (iHCD)
is a method that seeks to ensure the design of a product aligns
with the needs and capabilities of the people for whom it is
intended [7]. iHCD uses ethnography to understand users and
their contexts, with purposive recruitment to ensure
representation across relevant user identities and characteristics
(ie, gender, age, ethnicity, cognitive abilities, use of technology,
and attitudes to therapy) and the inclusion of seldom-heard
groups [8,9].

SloMo is a digitally supported psychological therapy targeting
paranoia in psychosis. It was developed to address the
limitations of conventional psychological therapies for
psychosis; namely, issues in access, experience, and outcomes
[10-12]. SloMo works by targeting fast thinking habits that fuel
worries and supports people to slow down for a moment to find
ways of feeling safer and living well. Specifically, SloMo adopts
a causal-interventionist approach [13] to enhance belief
flexibility (“slow thinking”) and build awareness of reasoning
biases (“fast thinking”) that are characteristic of paranoia
[14,15].

The technology comprises a web-based therapy platform that
augments face-to-face individual therapy sessions. The platform
offers interactive features such as animated psychoeducation
videos, which encourage reflection, games promoting belief
flexibility, and personalized content, including a psychological
formulation, session summaries, and between-session task plans.
Key content is synchronized with a mobile app that supports
self-management in daily life. The mobile app supports users
to notice worries and connect to alternative, safer thoughts
through interactive features to promote slowing down, reminders
of session content, and a record of between-session tasks. SloMo
uses technology to support the visualization of thoughts and

thinking habits. People can interact with their personalized
SloMo thought bubbles, altering speed and size to reflect
thinking habits and distress. SloMo tips support people to slow
down and notice new information, helping to shrink
fast-spinning gray, worry bubbles and grow colorful,
slow-spinning helpful thoughts to promote well-being [16].

iHCD was used for the design of the first release of SloMo
[16,17]. Ethnographic research insights indicated users with
paranoia needed a form of cognitive behavioral therapy for
psychosis (CBTp) that was usable, trustworthy, enjoyable,
personalized, normalizing, and memorable, and the design
solution was iteratively developed with them. The therapy design
and usability of SloMo was validated by a comprehensive mixed
methods approach [15,18-20]. Notably, although baseline
technology use and confidence were lower in groups known to
be disproportionately affected by the digital divide (Black people
and older adults [21]), these baseline characteristics were not
associated with differences in outcomes or user experience. This
suggests the SloMo therapy design may bridge the “digital
divide” and support accessibility, as intended.

In a multi-site randomized controlled trial (RCT) (N=362),
SloMo demonstrated improved paranoia, self-concept, and
well-being outcomes over 6 months compared with treatment
as usual, with small to moderate effects [18]. SloMo received
a NICE Early Value Assessment recommendation [22] for use
in the NHS whilst real world data is collected to address
identified evidence gaps, and accordingly is now being tested
in a type II hybrid implementation-effectiveness study
(ClinicalTrials.gov identifier: NCT06568081). McGinty et al
[23] recommend that the evidence-practice gap be approached
with a complexity science lens, including adaptation of the
intervention to the implementation context. Consistent with this,
we sought to optimize the SloMo therapy software for routine
care prior to commencing our implementation-effectiveness
study. The Non-adoption, Abandonment, Scale-up, Spread,
Sustainability (NASSS) framework, an evidence-based
implementation science framework for technologies, informed
the work [24,25]. This mixed methods approach encourages the
minimization of complexity in key domains (target problem,
technology, adopters, organization, and broader system) to
reduce the likelihood of nonadoption and abandonment, and
increase the likelihood of scale-up, spread, and sustainability.
The NASSS model has been used to plan and evaluate the
implementation of SloMo and was chosen as it is an
implementation science framework developed specifically for
health care technologies. This paper reports on work focused
on reducing complexity in the technology domain. Research to
address other NASSS domains relevant to SloMo’s
implementation will be reported separately. Intervention
complexity has been identified as a key barrier to the
implementation of digital technologies in psychosis and,
therefore, warrants attention [4]. It is crucial we design digital
technology to meet the needs of the end user, particularly in the
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context of paranoia, where concerns about privacy and
technology are often elevated [26].

In summary, the study aimed to optimize the SloMo software
for implementation in routine care by addressing limitations of
the first release, reducing technology complexity, and improving
the user experience for service users and therapists, relative to
the first version of the software. We anticipated that through
iHCD methods, the likelihood of successful implementation
would be enhanced. This will be evaluated further in an ongoing
implementation-effectiveness study.

Methods

Design
Consistent with the design of the first version of SloMo [16,17]
the Double Diamond [8], a human-centered design framework,
was used to optimize SloMo for implementation, using inclusive
design principles [9]. The Double Diamond is the most widely
used co-design framework in the United Kingdom. This
framework was selected because of its alignment with inclusive
design principles and because it was used to develop the
previous release of SloMo [16,17].

Ethical Considerations
This work was undertaken as a quality improvement project
within South London and Maudsley NHS Foundation Trust and,
according to institutional policy, did not require review or
approval by a research ethics board. Participants provided verbal
consent to participate in user-testing sessions and focus groups.
Participation was voluntary, and all data were collected
anonymously. No identifiable personal or health information
was recorded, stored, or analyzed. The project was carried out
in compliance with relevant ethical standards for quality
improvement initiatives. Participants received gift vouchers for
their contributions in line with National Institute for Health and
Care Research payment rates [27].

Software
SloMo (release 1; R1) was self-certified as a class I medical
device. We anticipate SloMo release 2 (R2) to be a Class I
medical device under Rule 12 (All other active devices;

MEDDEV Guideline 2.4/1 Rev 9), as the criteria for Rules 9,
10, and 11 for active devices are not met. The software was
programmed by Bitam Ltd, which met ISO (International
Organization for Standardization) 13485 and ISO14971
standards (ISO13485 is an international standard for medical
device quality management systems; ISO14971 is an
international standard for risk management of medical devices).
The SloMo therapy platform architecture is compliant with
ISO/IEC 27001:2022, 27001:201, ISO/IEC 27017:2015 and
27018:201.

Sample
To address the risk inherent in participatory design that the most
willing, able, and vocal users are more likely to be involved,
neglecting the needs of underserved groups, we purposively
sampled people from a wide range of backgrounds (ie, across
diverse gender, age, ethnicity, technology confidence, and
attitudes to therapy). The group was representative of service
users across the 3 NHS Trusts, with respect to ethnicity and age
(Table 1). Confidence in using technology was self-reported by
service user consultants at the start of testing sessions on a scale
of “0” (not confident at all) to “100” (very confident). A wide
range of technology confidence was self-reported, skewed
towards people with higher levels. This is in line with recent
literature indicating digital literacy is improving amongst people
with psychosis [28].

Therapist patient and public involvement (PPI) consultants
currently working with people with psychosis were purposively
sampled in relation to gender, age, ethnicity, and experience of
delivering psychological interventions for psychosis. Ten
therapist PPI consultants participated in the deliver phase. The
mean age was 34.9 years (range 26-54) and comprised 7 women
and 3 men. One therapist identified as Bengali, 2 as Black
British-African, 2 as Black British-Caribbean, 4 as White
British, and 1 as White (other). Seven therapists were clinical
psychologists or counseling psychologists, one was a
high-intensity CBT therapist, two were trainee clinical
psychologists, and one was an assistant psychologist. The mean
technology confidence score was 86.2 out of 100 (range 70 to
100).
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Table 1. Demographic characteristics of service user consultants for the develop and deliver phases (N=32).

ValueCharacteristics

Gender, n (%)

18 (56.3)Man

13 (40.6)Woman

1 (3.1)Nonbinary

Age (years), n (%)

1 (3.1)18-25

12 (37.5)26-35

5 (15.6)36-45

11 (34.4)46-60

3 (9.4)60+

Ethnicity, n (%)

3 (9.4)Asian or Asian British

10 (31.3)Black British, Caribbean or African

3 (9.4)Mixed or multiple ethnic groups

15 (46.9)White British

1 (3.1)Any other White background

82 (10-100)Technology confidence (0-100), mean (range)

Procedure
Transdisciplinary co-design workshops (referred to as
“workshops” here forward) were central to the redesign of the
new version of SloMo. Our project team included experts by
experience (EBEs), designers, clinicians, academics, software
developers, video producers, and illustrators (Multimedia
Appendix 1 contains further details of the co-design team).
Workshops were initially held in person (to support group
cohesion), then switched to remote (to facilitate engagement of
people from geographically diverse locations). Attendees were
informed of the workshop’s focus in advance of the meeting,
which was prespecified according to the phase of development.
Sessions were recorded so that the discussion could be reviewed,

and members who were unable to attend could review and offer
feedback via email. A PPI management team oversaw the
project.

The Double Diamond is organized into 4 convergent and
divergent phases: discover (understand the problem; divergent),
define (reframe the problem and develop a design brief;
convergent), develop (develop potential solutions; divergent),
and deliver (test out solutions at a small scale and iterate;
convergent). It should be noted that divergent phases were
necessarily constrained by the previous version of SloMo and
its clinical evaluation, and so we adopted a “waterfall-agile”
approach [16]. Figure 1 provides an overview of the Double
Diamond phases used to optimize SloMo for implementation,
which are explained in more detail below.
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Figure 1. Optimizing SloMo for implementation—design research methods used across the 4 phases of the Double Diamond framework. PPI: patient
and public involvement.

Discover
The aim of the discover phase was to develop an understanding
of possible implementation barriers for the SloMo software.
This first involved reviewing the outputs of the SloMo RCT
[15,18-20] in the transdisciplinary co-design workshops, to
explore key technology problem areas that could potentially be
targeted for the next release of SloMo. In addition, the designers
conducted qualitative interviews with 2 EBEs who had received
the first release of SloMo. Interviews focused on exploring what
was required from a psychological therapy for psychosis,
building on insights from Hardy et al [17], as well as exploring
how SloMo could be improved.

Define
The define phase synthesized the insights gathered in the
transdisciplinary workshops. The EBEs who provided feedback
during the discover phase also took part in the next round of
workshops to assist in synthesis. The information from the
discover phase was sent to co-design group members to review
ahead of time to allow for the opportunity to familiarize and
reflect on the materials. Workshops involved reviewing the
insights as a group, noting patterns, and sorting into themes,
using a group consensus approach. Multiple workshops were
run until a clear and workable design brief was developed, in
line with identified user needs.

Develop
The develop phase aimed to generate potential design solutions
that helped to address the redefined user needs outlined in the
preceding phase. Guided by clinician and EBE
recommendations, the designers initially explored content
relevant to SloMo (ie, existing apps available on the market,
including for mental health, as well as apps in parallel markets,
such as meditation, nutrition, and habit-building). The designers
fed back their design solutions in co-design workshops, and

group consensus determined which ideas were taken forward
for iterative development.

Low-fidelity digital prototypes of initial design concepts were
developed (Multimedia Appendix 2). Preferred concepts,
selected through workshops, were taken for one-to-one user
testing with service user PPI consultants. Data from the user
testing sessions informed the iterative development of design
solutions, leading to the development of higher fidelity digital
prototypes of adopted concepts. Prototypes were further
iteratively tested and developed through one-to-one service user
testing, focus groups with service user and clinician consultants,
and workshops. Once a prototype had been validated, it was
added to the optimized SloMo minimum viable product (MVP)
software, which was taken forward to the deliver phase.

Deliver
The convergent deliver phase aimed to validate the user
experience of the optimized version of SloMo. Given the
redesign of SloMo focused on 2 software components (a
web-based therapy platform and native mobile app), the deliver
phase aimed to validate both through consultation with the
applicable user groups. For the web-based therapy platform,
therapist PPI consultants were chosen as this would be used by
therapists to augment the face-to-face therapy sessions they
deliver. Service user PPI consultants were chosen for mobile
app feedback, as they were the main intended users of the app.

Concurrent think aloud testing sessions were carried out with
therapist PPI consultants. This is a form of usability testing
where participants are asked to verbalize their thoughts in real
time as they interact with a user interface (UI; ie, modules on
the SloMo web-based therapy platform) [29]. Following this,
additional unstructured qualitative feedback was gathered. A
similar approach was taken for the mobile app. Service user PPI
consultants who were involved in the develop phase took part
in think-aloud testing sessions. Service users were asked to
complete different core functionalities on the app (eg, adding
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a new worry, slowing down a worry, viewing session summary
cards) whilst thinking aloud. Interactions were observed, and
qualitative feedback was elicited. Following this, a user
experience survey (UES) [19] was completed. This is a 10-item
questionnaire (adapted from Lobban et al [30]) with subscales
relating to enjoyment, usability, and usefulness. Each item is
rated from 0 to 10 and summed for the subscale total scores,
which were calculated as percentages, with higher percentages
indicating a more positive experience. Following user experience
validation, an MVP of SloMo, optimized for implementation,

was finalized for release to Apple and Android app stores for
piloting clinical use.

Results

SloMo Redesign Outputs
The key insights and outputs from each phase of the Double
Diamond are presented in Table 2 and expanded on below.
Additional details on participants, methods, and outputs can be
found in Multimedia Appendix 3 [15,17-20].
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Table 2. Summary of SloMo redesign using the double diamond framework.

Develop and deliver: SloMo design out-
puts

Define: design solutions for SloMo
(R2) implementation

Discover: implementation barriers to
design solution from SloMo (R1)

SloMo (R1) RCTa original
design solution

UIb that is sufficiently visually ap-
pealing

Poorer usability in men compared with
women [15]

Usable • Minimalist redesign of UI
• Character aesthetics made more re-

alistic

App navigation should feel intuitiveLower adherence with less tech confi-
dence [15]

Usable • App home screen limited to key
functions

• Embedded onboarding guidance

Convenient access to mobile appParticipants disliked carrying 2 phones
[20]

Usable • App availability through Android
and iOS app stored

Feedback available on session
progress

Therapists struggled pacing sessionscUsable • Session progress bar
• Burger menu to support navigation

To feel supported in generating
content

Difficulty generating goals and safer

thoughtsc
Usable • Co-produced “community” goals

and safer thoughts

Greater agency over data sharingLack of clarity on data transfercTrustworthy • Notifications to accept/reject shar-
ing content

• Ability to select specific content to
share/not share

• “Lock thoughts” function to keep
entries private

To feel supported when opening appWorries on home screen increased dis-

tressc
Enjoyable • Home screen displays safer

thoughts as default
• Active navigation required to view

worries

Therapist to tailor sessions to personIn session progress too slow for some
[15,20]

Personalized • Burger menu to tailor navigation
• Optional in session and between-

session tasks

Manage more paranoia related wor-
ries

Lack of diverse content in vignettes [20]Personalized • Co-design of novel vignettes

For SloMo to feel like a positive
experience

Negative connotations of “slow” in

SlowMoc
Normalizing • Therapy name updated to “SloMo”

To feel represented and normalizedLack of intersectional diversity in

videosc
Normalizing • Videos conveying a range of protect-

ed characteristics
• Customizable avatar representing

the SloMo user

SloMo journey to continue after
completion

Users wanted memory aides post-thera-

pyc
Memorable • Function to print a “therapy

blueprint”
• Catch-up screen at start of each

session
• Increased repetition of key learning

messages

aRCT: randomized controlled trial.
bUI: user interface.
cBarrier identified by patient and public involvement (PPI) consultants in transdisciplinary co-design workshops.

Discover
Key implementation barriers in the technology domain for the
first software version were identified through review of the
SloMo RCT outputs and interviews with EBEs. This included
reporting of poorer software usability by men and people with
lower levels of technology confidence. In addition, qualitative

data revealed service users disliked carrying 2 mobile handsets
(the first release of SloMo was only available on a study
handset). Therapists reported difficulties in pacing the sessions,
as there were no signifiers indicating how much session content
remained, which aligned with service user feedback indicating
progress was at times too slow. Therapists and service users
reported finding the content of psychoeducational vignettes
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limited and instead used SloMo for a greater range of
paranoia-related worries than was covered in the software. Other
barriers included a lack of clarity around when data was being
transferred between devices (ie, the web-based therapy platform
and mobile app), an overemphasis on worries instead of safety
on the app home screen, difficulties in generating personalized
goals and safer thoughts, a lack of diversity across
psychoeducational vignettes, and forgetting content covered in
therapy sessions once these had ended. Outputs at the end of
the discover phase included a list of technology-related
implementation barriers. These barriers were reviewed during
transdisciplinary workshops and taken forward to the define
phase.

Define
The define phase reaffirmed the importance of SloMo’s design
brief of users needing a form of CBTp that was usable,
trustworthy, enjoyable, personalized, normalizing, and
memorable [17]. The problems identified during the discover
phase were mapped onto these domains, indicating these were
areas that could be targeted in the next iteration to further deliver
on this design brief and enhance user experience.

The issues outlined in the discover phase were reframed as user
needs through co-design workshops. Service users needed a
visually appealing UI, an intuitive mobile app navigation, and
convenient access to support usability. To foster a sense of trust,
service users required greater agency over data sharing to and
from the web-based therapy platform and mobile app. Service
users needed to feel psychologically supported when opening
the mobile app, for SloMo to feel like a positive experience,
and to feel represented throughout. There was a need for learning
ways of managing a wider range of paranoia-related worries,
and for the SloMo journey to continue once face-to-face sessions
had ceased. For therapists, it was important that they were
provided feedback on session progress so they could pace
sessions efficiently. There was a need for therapists to be able
to use the web-based therapy platform flexibly, allowing them
to tailor sessions to the client. The outputs at the end of the
define phase included a design brief of the solution, which

specified the user needs to be addressed in relation to the original
design definition, which informed the subsequent development
phase.

Develop
Thirty-two 1:1 service user testing sessions and 3 service user
focus groups (n=9) were carried out. Initial user testing focused
on design concepts, and later stages focused on interactive
digital prototypes. Initial design concepts taken to 1:1 user
testing sessions included (1) aesthetics of bubbles used to convey
worry and safer thoughts, (2) design of the avatar representing
the SloMo user on their journey, (3) SloMo character
illustrations, and (4) aesthetics of physical tip cards used as a
memory aid. Other concepts (eg, lived experience vignettes, UI
changes, data transfer updates) were iteratively developed in
co-design workshops. Multimedia Appendix 4 displays the
updated concepts for the new version of SloMo compared with
the previous one used in the RCT.

High-fidelity interactive digital prototypes developed and taken
out for individual user testing included (1) user interactions
with thought bubbles, (2) user interactions for building a
customizable avatar, (3) character illustrations featured in
audio-visual psychoeducational vignettes, and (4) the content
of newly developed psychoeducational vignettes. User testing
feedback in both the concept and prototype development phases
was discussed in co-design workshops and iteratively developed
until there was a group consensus that the prototype should be
adopted. Figures 2 to 4 provide an overview of the development
of specific SloMo features from the discover to deliver phase.
Multimedia Appendix 5 provides additional data collected
during the develop phase.

Outputs at the end of the develop phase included iteratively
developed digital design solutions addressing the user needs
and design brief from the define phase. In addition, early-stage
demonstration and interaction testing of design solutions with
user testing consultants provided preliminary validation of
specific design solutions. These were then developed into the
SloMo (R2) MVP during the deliver phase.
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Figure 2. Development of SloMo characters featuring in psychoeducational vignettes. PPI: patient and public involvement.
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Figure 3. Co-designing psychoeducational vignettes on anomalous experiences and paranoia. EBE: experts by experience; MVP: minimum viable
product; PPI: patient and public involvement.
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Figure 4. Bubble interactions on the mobile app to indicate levels of distress.

Deliver
Table 3 presents quotes from the therapist PPI consultants during
the think-aloud testing sessions. Overall, the web-based therapy
platform received positive feedback. Therapists appreciated the
platform’s simplicity and visual appeal, believing it would
enhance the enjoyment and engagement of sessions. They noted
therapeutic benefits, such as providing more structure to sessions
and making therapy feel more personalized. Additionally,
therapists found the platform engaging and flexible, allowing
for adaptation based on various therapeutic needs. The addition
of progress bars was positively commented on as a helpful
feature for therapists to manage the session time more
effectively.

During the think-aloud sessions, several areas for improvement
were identified. Some therapists expressed hesitation about
navigating back and forth due to concerns that personalized
content entered into the platform might be lost. Others suggested
that enjoyment could be further enhanced by incorporating more
gamification elements, such as badges or achievements, to boost
engagement. Additionally, there were recommendations to
increase inclusivity by adding different languages, enabling
access for users whose first language is not English.

Eleven service user PPI consultants who had previously taken
part in user testing feedback sessions in the development develop
phase took part in the concurrent think-aloud testing sessions
for the deliver phase. Think-aloud consultants were purposively
sampled to be representative of the psychosis population across
the respective areas of the 3 trusts. The sample included 7
women and 4 men, whose ages ranged from 25 to 60 years, and
4 consultants identified as Black British, 1 as South American,
and the remaining 6 as White British.

The UES findings for each subscale are presented in Table 4.
The ratings suggest a good user experience of the SloMo
demonstration, with a total UES mean of 83.4%. Notably, the
mean score for enjoyment was around 10% lower than the
domains of usability and usefulness, as well as showing a greater
range of scores. This suggested that improved enjoyment may
be an area requiring further development.

Table 5 displays qualitative feedback captured during
think-aloud user testing sessions with service user PPI
consultants. The feedback aligned with the UES ratings,
indicating areas across the 3 domains of user experience that
were well received. Interestingly, there were suggestions around
how enjoyment could be enhanced, possibly providing insight
into lower UES scores for this domain. For instance, haptic
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feedback was seen as a feature that could boost enjoyment, and
improving touch screen interactions could further enhance
usability. Outputs at the end of the develop phase included an
MVP of SloMo (R2) that had received early-stage user
experience validation from service users and therapist

consultants. The user experience of the software will be further
evaluated in an ongoing implementation-effectiveness study.
Figure 5 [16,31] illustrates the prototype delivered from the
develop phase.

Table 3. Quotes from the therapist consultants (n=10) during think-aloud testing.

QuoteTheme

Enjoyment • I like the visuals… It is attractive to use
• The gamified elements make it more enjoyable
• This is definitely more enjoyable and accessible than conventional CBT for psychosis

Usability • I like how simple it is… It’s a nice scaffolding tool
• I like the bar along the bottom to help with time management
• I feel more confident to be flexible given my experience level... I worry that low intensity therapists

would struggle to deliver in a flexible manner

Usefulness • The structure scaffolds good CBT… you can be more focused on the person in the room
• The formulation feels personalized
• It gives such a clear focus for both therapists and client
• I think it makes [the therapy process] less intense for people who struggle with conversations for an

hour

Table 4. User experience survey (UES) ratings of SloMo from service user consultants (n=11).

ValuesUES variable

Enjoyment

76.1 (17.3)Mean % (SD)

47.5-100.0Range

Usability

85.8 (8.5)Mean % (SD)

72.5-100.0Range

Usefulness

87.0 (8.5)Mean % (SD)

67.5-100.0Range

Total UES

83.4 (9.7)Mean % (SD)

69.2-95.8Range

Table 5. Quotes from service user consultants (n=11) during think aloud testing sessions.

QuoteTheme

Enjoyment • I really liked the safer thoughts and the colours on the positive safer thoughts
• Using haptics would be good… adds another layer
• The swiping [screen interaction] is difficult in places. I would find this frustrating

Usability • Ease of access is the biggest positive
• It's not difficult to add worries and sometimes people are afraid of technology, but I think it’s not

difficult to use this app
• I feel like I can navigate around it and haven’t spent much time on in… It's pretty intuitive

Usefulness/Acceptability • I like you don’t need to share all of your thoughts with the therapist …sometimes you don’t want to
show your thoughts to other people

• I like that it’s really personalised, I can’t count the amount of times that I have been given something
that has not been in my own words in therapy
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Figure 5. SloMo sessions with a therapist (in person or online) are supported by a (A) web-based therapy platform which promotes (B) understanding
and managing worries through lived experience stories and interactive tasks. Personalized thought bubbles are visualized and synchronized with the
(C) SloMo mobile app, (D) then “slowed down” to find ways of feeling safer. Additional mobile app features can be accessed via a toolkit, which
includes (E) personalized learning summaries of therapy sessions (reproduced from Hardy et al [16], which is published under Creative Commons
Attribution 4.0 International License [31]).

Discussion

Principal Results
This study optimized the SloMo therapy software for
implementation in routine NHS care, through reducing
technology complexity and boosting user experience [24,25].
An iHCD was used, involving transdisciplinary co-design
workshops, focus groups, one-to-one user testing, and
think-aloud testing sessions. From this research, we have
produced an optimized MVP of SloMo, which is now being
tested in the SloMo2 hybrid implementation-effectiveness study
(ClinicalTrials.gov identifier: NCT06568081). User testing
indicated that users need a form of CBTp that is usable,
trustworthy, enjoyable, personalized, normalizing, and
memorable, in line with earlier work from our team [17]. Design
targets for improving the SloMo software were identified to

deliver this design brief and address user needs. For reducing
complexity, key targets included simplified app interfaces to
highlight core functionalities, improved navigation, and, for
boosting user experience, this included providing users with
greater agency over data, and improving the representation of
protected characteristics, including their intersectionality. The
user experience of this optimized version of SloMo may be
improved relative to the first version that was tested in the
SloMo RCT, indicated by higher UES scores compared with
those reported by Hardy et al [19].

A distinctive aspect of our product development approach is
the integration of lived experience involvement in all stages of
the design work. Traditional approaches to intervention
development in clinical research often follow a convergent
design process using existing theory and evidence to determine
intervention content and structure. This approach can miss novel

JMIR Hum Factors 2025 | vol. 12 | e75377 | p.862https://humanfactors.jmir.org/2025/1/e75377
(page number not for citation purposes)

Gant et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


opportunities to improve the user experience of therapies. In
contrast, we adopted a “waterfall-agile” approach to facilitate
the co-design of SloMo as an evidence-based digital therapeutic
[16]. This allowed for agility in iterating specific features (eg,
UI, psychoeducational vignettes) while maintaining fidelity to
the previous UI and therapy protocol [18]. To support this, we
embraced divergence, revisiting and challenging earlier design
assumptions in line with iHCD principles. An example of this
was the service user feedback that “unusual experiences” could
be perceived as stigmatizing, despite this wording being widely
used in CBTp [32] and the identification of a term describing
these types of experiences, which felt more relevant and
acceptable—“when the world doesn’t feel right.” Despite this
divergent approach, we were necessarily constrained in certain
respects. The need to build on a preexisting evidence base meant
that some design decisions were necessarily limited by prior
research findings and the parameters of the therapeutic model.
For instance, some users suggested moving away from
visualizing thoughts and thinking habits as bubbles, which was
not possible, as this is a core component of SloMo and its
previous clinical evaluation.

Limitations
Resource constraints restricted our ability to optimally develop
this new version of SloMo. This included time pressure, as there
was a need to produce an MVP in line with our
implementation-effectiveness study milestones. Another
constraint was workforce access, such as access to PPI
consultants (therapists and service users), designers, and
software developers. These limitations meant that pragmatic
decisions had to be made for the redesign, for instance, regarding
the types of software changes that could be made and what
features were selected for user testing. Whilst decisions were
made collaboratively within the transdisciplinary co-design
workshops, it is possible that different design decisions may
have been made with additional resources. These constraints
may be viewed as a barrier to reducing complexity in the
technology domain of the NASSS framework [24,25]. Ideally,
future projects could be based in “living labs,” whereby lived
experience, clinical, technological, industry, regulatory, and
research expertise is brought together in an organizational
structure, with coproduction underpinning the co-design of
digital health [33].

A limitation of the PPI consultant validation is that the service
user and therapist experience of the optimized version of SloMo
was based on a relatively brief exposure to the software, and so
may not be directly comparable to the user experience findings
from the SloMo RCT. Further, the PPI consultants involved in
the delivery phase had been involved in the SloMo design work
for an extended period and may have been less independent
than the RCT sample. This may limit the conclusions we can
draw from this early-stage validation. However, more rigorous
data will be provided in our ongoing implementation study,
examining SloMo when delivered by frontline therapists.

Validation of the SloMo (R2) MVP with service user consultants
found enjoyment was rated lower than other domains on the
UES [17], indicating an aspect of user experience that warrants
attention in future development. Qualitative feedback
highlighted specific areas for improvement, such as
incorporating haptic feedback and improving user interaction.
The digital therapy engagement literature could inform
additional design strategies [34]. Nonetheless, lower enjoyment
scores may reflect comparisons with nontherapeutic commercial
apps, where higher levels of enjoyment are likely expected. It
will be important to monitor this throughout the
implementation-effectiveness study, and iterate on the software
as needed; for example, monitoring engagement may act as a
proxy for enjoyment.

Conclusions and Future Directions
This study demonstrates the value of using iHCD to optimize
DMHIs for implementation in routine mental health care. By
adopting an iterative, transdisciplinary approach that prioritized
collaboration with service users, therapists, and technical
experts, the SloMo redesign addressed critical usability barriers,
fostered inclusivity, and enhanced the therapy’s ability to meet
the diverse needs of its target population. This methodology
offers a valuable model for future mental health innovation,
where the needs of diverse user groups are addressed, and
therapeutic technologies are designed to be impactful and
sustainable in routine care settings. We are now evaluating the
implementation and effectiveness of the optimized version of
SloMo when delivered by routine care therapists. We envisage
SloMo will continue to be iterated based on learning from this
work, in line with the principles of implementation science [35].
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Abstract

Background: As more patients transition from hospital to home for postacute care, a growing interest exists in leveraging
technology to support recovery, yet a limited understanding exists on how to design these tools to align with patient and caregiver
needs and preferences.

Objective: This study aimed to explore the perceptions, attitudes, and beliefs of recently discharged patients to develop
user-centered design principles for digital tools that support safe and effective transitions from hospital to home.

Methods: A vignette-based, mixed methods survey was conducted, grounded in the technology acceptance model, to explore
patient perceptions of digital tools supporting postdischarge care. A random sample of 1000 recently discharged adult patients
received a survey featuring validated vignettes and technology acceptance model–informed questions, with both quantitative and
qualitative items. Open-ended responses were analyzed using grounded theory to derive design principles that inform the
development and implementation of patient-centered digital health tools. Quantitative items were descriptive and are summarized
as counts (n) and frequencies (%).

Results: Of the 967 eligible patients contacted, 116 completed the survey (response rate of 2%), with respondents having a
median age of 71 (IQR 61-78) years, high rates of chronic illness, and access to smartphones (98/116, 84.5%) and in-home internet
(111/116, 95.7%). Qualitative analysis revealed 6 key themes—connection to care, technical ease of use, solution usability, human
connection, cost, and privacy—informing 3 patient-centered design principles focused on user experience, affordability, and
transparent communication to guide future technology-supported hospital discharge interventions. Respondents reported the
following factors as highly important: reassurance that a care team member would reach out if something seemed wrong (107/116,
92.2%), responsiveness to patient needs (95/116, 81.9%), ability to see their data (95/116, 81.9%), and out-of-pocket cost (94/116,
81.0%). Less important factors included duration of device use (22/116, 19.0%) and battery life (21/116, 18.0%).

Conclusions: Grounded in patient perspectives, this study identified the 3 core design principles of user experience and
accessibility, cost and privacy, and communication and transparency that should guide the development and implementation of
digital tools to support safe, effective, and human-centered transitions from hospital to home.

(JMIR Hum Factors 2025;12:e72913)   doi:10.2196/72913
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Introduction

The quality of postacute care impacts both short- and long-term
outcomes for patients discharging from the hospital [1,2]. In
the United States, 2 in 5 hospital discharges of Medicare patients
result in admission to a postacute care facility [1], despite
evidence that most patients and caregivers have a strong
preference for home-based postacute care [3]. In addition to
patient preference for healing at home, limitations in hospital
bed availability, restricted access to postacute care facilities,
the high cost of care within these settings, and endorsement for

in-home programs such as Medicare’s Acute Hospital at Home
have shifted rehabilitation and recovery to patient homes [4,5].

Although most patients feel relief returning home after hospital
discharge, this relief is often accompanied by anxiety and
confusion about managing recovery [6]. Telephone-based
postdischarge outreach by primary care is recognized as a best
practice for safe transitions of care and is supported by
Medicare’s transitional care management services, but can be
limited due to the operational burden associated with nursing
time and lack of longitudinal contact through the recovery period
[7]. Technology can help facilitate patient transitions from
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hospital care to home by addressing challenges experienced
postdischarge, including continuity of care, patient adherence
to therapy plans, patient and caregiver engagement, and timely
escalation of needs to prevent adverse events or complications.
Automated communications via standardized text messaging
(eg, ecological momentary assessments) are the most widely
reported upon technology, which can be used to schedule
follow-up appointments, encourage treatment adherence, and
monitor symptoms [7-9]. In addition to SMS-based text
messaging, other active technology support for patient
transitions from hospital settings to home includes remote
monitoring of conditions such as acute kidney injury [10] and
heart failure [11]. In these models, patients transfer daily vitals
and patient-reported outcomes back to care teams, while
interactive care plans guide them through discrete tasks to help
stabilize a new or evolving medical condition [12,13]. Passive
technology-based support, which is enabled without direct input
from the patient or caregiver, is also emerging as an option to
support patients transitioning from hospital care to home, but
is less studied. Accelerometers and GPSs are common elements
found in modern cellular phones and smartwatches and hold
the potential to detect patient movement patterns, assessing for
changes in physical activity levels, gait, or falls as proxies for
recovery [14-16]. These passive modes of technology support
are nascent and have only been studied in specific populations
[14,16]. A gap exists in the scientific literature about how to
design technologies to optimize patient and caregiver
acceptability [9]. This will be increasingly important as
intelligent monitoring systems based on Internet of Things
technologies are being developed and proposed as possible
health care solutions [17,18].

Hybrid models of technological connection between patients
and care team members continue to evolve and be shared in the
academic literature, while additional insights into
implementation and scaling of successful interventions, and
opportunities to address digital disparities experienced by
patients, continue to emerge [7,19]. User-centered design (UCD)
approaches can optimize the human experience with
technologies, facilitating increased acceptance and uptake of
new tools and thereby supporting implementation and scaling
of successful interventions [20]. UCD focuses on a deep
understanding of the needs, preferences, and barriers

experienced by end users of design tools, services, and
interventions addressing the needs of people [21]. Although
major funding organizations and patient advocacy groups are
encouraging participatory design for digital health interventions,
the principles and approaches leveraging UCD relating to
technology support for transitions from hospital care to home
are uncommonly described in the academic literature. Design
thinking can be deployed to create design principles in the build
of new tools and services grounded in a patient-centered format.
These design principles are critical constructs to inform product
design and build, as well as implementation strategies to support
adoption and sustainability.

The objective of our study was to elicit the perceptions, attitudes,
and beliefs of patients recently discharged from the hospital to
create design principles to enable the design and implementation
of digital tools. We present our methodology, results of our
vignette-based qualitative inquiry and survey-based quantitative
findings, and propose a set of design principles to be used in
technology design and clinical implementation.

Methods

Study Design, Setting, and Population
This study was a vignette-based, mixed methods survey design
grounded in the technology acceptance model (TAM) to
investigate patient-perceived barriers and facilitators to the use
of digital tools to support patient connection back to care teams
following hospital discharge. The TAM is a widely used
theoretical framework for understanding when, how, and why
individuals use technology [22]. Incorporating TAM constructs
into the development of questionnaires ensures that all aspects
known to influence technology use and acceptance are assessed
within the survey instrument [22]. Vignette-based studies within
the qualitative research landscape allow for an in-depth
understanding of patient attitudes on potential changes to their
health care environment and are commonly used in the
human-centered design process to facilitate the development of
design principles [23]. An overview of the approach is displayed
in Figure 1. A Checklist for Reporting Results of Internet
E-Surveys (CHERRIES) form is provided as Multimedia
Appendix 3.
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Figure 1. Overall approach used to delineate design principles for technology supporting patient transition from hospital to home.

Mayo Clinic is a multispecialty medical center with campuses
in Rochester, Minnesota; Jacksonville, Florida; and Phoenix,
Arizona, and a health care system spanning 44 communities in
southern Minnesota, western Wisconsin, and northern Iowa.
The Rochester, Minnesota, campus has 2 hospitals with over
2000 beds. The target population was 1000 unique patients
discharged from either of the 2 campuses in Rochester,
Minnesota. To ensure the relevancy and plausibility of our
findings, we focused on patients discharged within 180 days
before survey distribution. A simple random sample was
performed among patients aged 18 years or younger at the time
of discharge, residing within the hospital’s catchment area, who
had agreed to participate in research per state statute, were
discharged to home, and were not deceased according to our
medical records. The target sample size was 1000 patients to
gain responses from at least 200 individuals, based on the 20%
response rate typically observed in this population. The survey
was tested, deployed, and managed by the Mayo Clinic Survey
Research Center, as described in the later section “Instrument
fielding.”

Instrument Development and Testing
Instrument development involved a multistep process:
development of vignettes, face validation, and survey
development. Vignettes focused on 2 technologies under
consideration for use by hospital practice: watch-based
accelerometers intended to help hospital teams understand
patient movement as a proxy for recovery, and text
message–based ecological momentary assessments to check in
on patients using short sets of questions. Initial vignettes were
drafted by the principal investigator (LMP) in collaboration
with the Mayo Clinic Center for Digital Health, responsible for
the implementation of digital tools for patients as part of routine
clinical care. The first review was performed by members of
the research team (PR and REC) and internal medicine
physicians specializing in hospital care (SBD and AS) and
primary care (JOE).

Once initial vignettes were completed, they entered a phase of
face validation, whereby 5 individuals fitting the criteria for our

target population were interviewed one-on-one with a research
team member (CMS) trained in qualitative research methods.
A semistructured interview format was used, whereby each
participant was provided an overview of the intent of the study
and provided a printed copy of each draft vignette, as well as
had the vignette read aloud by the interviewer (CMS). Each
participant was asked about the clarity of the vignette through
a semistructured interview. Participants were offered the option
to be interviewed remotely (telephone or video) or in person,
and all interviews were recorded for analysis purposes. Based
on face validation, the technology vignettes were revised before
launch. The interview guide is provided as Multimedia Appendix
1.

The complete survey instrument included the revised technology
vignettes along with 2 open-ended questions: “What initial
impressions do you have when thinking about (using an
accelerometer/receiving ecologic momentary assessment) after
a hospital stay?” and “What questions come to mind that you
would want answered before agreeing to (wear an
accelerometer/receive ecologic momentary assessment) after a
hospital stay?” Following each vignette, respondents were asked
to evaluate the level of importance of literature-derived or
hypothesized design principles related to the use of each
technology on a 5-point Likert scale. Questions grounded in the
TAM that have been previously used and tested by the study
team [24,25] were used to assess general use of technology such
as the ability to access the internet at home or other locations,
access to devices (eg, personal computers or laptops, and
smartphones), and patient interest in and ability to use
technology. Patient demographic factors, medical comorbidities,
and patient-reported quality of life using the EuroQol
5-Dimension Scale (EQ-5D) [26] were also assessed. The survey
instrument is provided as Multimedia Appendix 2.

Instrument Fielding
The finalized instrument was built by the Mayo Clinic Survey
Research Center staff within Qualtrics survey software
(Qualtrics LLC) for electronic deployment, sent to
patient-provided email addresses. Pilot testing of the finalized
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instrument led the study team to anticipate that respondents
would need 20‐25 minutes to complete the survey. Based on
the inclusion criteria, 1000 patients were sampled to complete
the online survey on Thursday, October 31, 2024. In total, 33
invitation emails bounced upon delivery. A total of 2 reminders
were sent to nonresponders on November 3 and November 8,
2024, and the survey was closed on Wednesday, November 14,
2024, with 116 total responses.

Thematic Review and Derivation of Design Principles
Thematic review of participant-provided responses was
completed using grounded theory. Open coding was performed
to identify initial themes within the open-ended questions
following the technology vignettes. Specifically, the input
provided to the following questions was used: (1) “What initial
impressions do you have when thinking about (using an
accelerometer/receiving text messages) after a hospital stay?”
and (2) “What questions come to mind that you would want
answered before agreeing to (wear an accelerometer/answering
questions from your care team via text message) after a hospital
stay?” Keywords were derived from responses via close
examination of responses, whereby recurring patterns and terms
arose. Coding was performed to capture core messages provided
by survey respondents, allowing the data to be transformed into
generalizable, theoretical elements related to the main research
questions. Design themes were derived from coded values,
whereby design principles were created via the group’s
conceptualization of keywords, codes, and themes. The final
design principles are shared as the final product to help inform
the design of future technological tools to support patients
transitioning from hospital to home. This process was conducted
independently by 2 individuals trained in research methods with
the following characteristics: Analyst A is a first-generation
Asian American woman with training in public health science
and epidemiology with extensive experience within health care
delivery systems, while Analyst B is a White woman with
training in human-centered design with experience in designing
new products and services to enhance patient experiences with
health care. Analyst A’s experience navigating systemic barriers
in health care for older family members informed her sensitivity
to issues of access and equity, whereas Analyst B’s 20-year
experience designing digital solutions shaped her sensitivities
to digital barriers. While Analyst A shares lived experience as
a caregiver to the study population, she remains mindful of the
varying challenges and psychosocial factors that patients of
different ages, socioeconomic levels, and cultural backgrounds
may face upon hospital discharge, thereby allowing her to
approach data with a mindset open to understanding different

perspectives. Analyst B, as a trained designer who is practiced
in contextual inquiry and eliciting people’s behaviors, goals,
and motivations, approached this work with a trained perspective
of understanding patient needs through qualitative research
methods and analysis. The collaboration was grounded in mutual
respect and critical dialogue, allowing us to challenge each
other’s assumptions and enrich our interpretations. The team
recognized that positionalities are not fixed and committed to
ongoing reflexivity throughout the research process.

Analysis of Quantitative Survey Responses
Quantitative survey response data were used to reinforce the
design principles derived via our qualitative approach and were
descriptive. Likert-based survey responses are described using
frequency (n) and proportion. All data management and analyses
were performed using SAS (version 9.2; SAS Institute).
Response visualizations were created using R statistical software
(version 4.1.2; R Foundation for Statistical Computing) and the
ggplot2 package.

Ethical Considerations
This study was reviewed by the Mayo Clinic Institutional
Review Board and deemed exempt from Institutional Review
Board approval under 45 CFR 46.104(d), category/subcategory
2(i) (24‐005650; principal investigator LMP). Confidential or
identifying information was not collected for study participants,
and all data were shared in aggregate form. Remuneration for
study participation was not provided. As protected health
information was not requested, written consent and Health
Insurance Portability and Accountability Act (HIPAA)
authorization were not required following 45 CFR 160.103.

Results

Overview
We had 116 completed responses to our vignette-based
investigation (116/967, 12% response rate; excluding 33
bounced emails; Table 1). Our responding population had a
median age of 71 (IQR 61-78) years, was predominantly of
White race (112/116, 97%), and reported having chronic
obstructive pulmonary disease (103/116, 88.8%), diabetes
(87/116, 75.0%), cancer (65/116, 56.0%), osteoarthritis/chronic
joint pain (63/116, 54.3%), and predominantly “good” (48/116,
41.4%) or “fair” (29/116, 25.0%) health. Most respondents
reported having access to a smartphone (98/116, 84.5%),
personal computer/laptop (85/116, 73.3%), and in-home internet
(111/116, 95.7%).
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Table . Descriptive characteristics of respondents to vignette-based survey regarding technology to support hospital discharge (N=116).

OverallCharacteristic

71 (61-78)Age (years), median (IQR)

Race, n (%)

1 (0.9%)    Black, African, or African American

112 (96.6%)    White

1 (0.9%)    Mixed races

1 (0.9%)    Prefer not to disclose

1 (0.9%)    Missing

Comorbidities, n (%)

103 (88.8%)    Chronic obstructive pulmonary disease

87 (75.0%)    Diabetes (type 1 or type 2)

65 (56.0%)    Cancer

63 (54.3%)    Osteoarthritis/chronic joint pain

57 (49.1%)    High cholesterol

42 (36.2%)    Hypertension/high blood pressure

Self-rated health, n (%)

3 (2.6%)    Excellent

26 (22.4%)    Very good

48 (41.4%)    Good

29 (25.0%)    Fair

10 (8.6%)    Poor

Technology access (select all that apply), n (%)

98 (84.5%)    Smartphone

85 (73.3%)    Personal computer/laptop

47 (40.5%)    Tablet

14 (12.1%)    Smartwatch

1 (0.9%)    None

Are you able to access the internet from your smartphone when you are not at home or logged into an internet/Wi-Fi service?, n (%)

18 (15.5%)The patient does not have a smartphone

88 (89.8%)    Yes

8 (8.2%)    No

2 (2.0%)    I do not know

Do you access the internet from your home?, n (%)

111 (95.7%)    Yes

4 (3.4%)    No

1 (0.9%)    I do not know

Are you satisfied with your ability to access the internet?, n (%)

5 (4.31)    Patient does not have in-home internet

91 (82.0%)    Satisfied

18 (16.2%)    Neutral

2 (1.8%)    Dissatisfied
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Themes Associated With Technology-Supported
Hospital Discharge
Several themes arose during qualitative analysis. The themes
are outlined below with representative patient quotes.

Connection and Response
Most participants felt positively toward having a continuous
connection with Mayo Clinic once discharged and thought they
would benefit from sharing their data and receiving
recommendations or other support to manage their health. One
respondent wrote,

If it helps my providers gain needed information that
can improve my overall outcome, I am in favor.

while another stated,

I really like the idea. It would be able to track how a
person is generally doing instead of relying 100% on
the patient.

Technical Ease of Use
Participants felt comfortable with the technology associated
with these concepts, although some expressed concerns with
management regarding difficulties if the technology proved
challenging. One participant stated,

I am afraid I wouldn’t understand how to use the
device or if there was a glitch, I wouldn’t be able to
figure out how to fix it.

and another less tech-savvy patient mentioned wanting “an
alternative way to keep in touch because my techno skills are
non-existent.”

Solution Usability
Participants had questions or concerns with the wearability,
simplicity, or frequency of use/interaction associated with the
solution. This was the most popular theme, as participants
recognized the impact of daily use. Several participants were
wondering how long they would need to wear the device. One
asked,

Do I wear it 24 hours a day?

Regarding simplicity, another stated,

I don’t look at my phone much sometimes 1 time a
day.

suggesting they may need to change their behavior if more
frequent interaction is needed.

Human Connection
Participants mentioned a concern that these technologies could
take away from the human connection, replacing it with an

impersonal solution that might not recognize their specific needs.
One participant mentioned,

It’s okay but I feel it is better to talk to someone so I
can express my feelings about my recovery.

and another stated,

I would not want these text messages to replace the
after-hospital discharge phone call from a hospital
staff member.

Cost
Participants were concerned about any costs associated with
the product and expected not to incur any extra costs. One
participant summed up the general feelings of the group by
stating,

I would not expect to be charged for the device or
access.

Privacy and Security
Participants were concerned about data privacy and the security
of the information shared. One participant mentioned,

What exactly does it monitor and who has access to
the data?

Another stated, “I would want to make sure it is the doctor and
not spam,” and still another mentioned, “it seems a bit invasive.”

Patient-Reported Technology Attribute Importance
to Support Hospital Discharge
Regarding use of an accelerometer following a hospital stay,
respondents reported that “the ability to see my own
accelerometer data” (95/116, 81.9% rated as “Very important”
or “Extremely Important”) and “how much I would need to
pay” (94/116, 81.0% rated as “Very Important” or “Extremely
Important”) had the highest cumulative levels of importance
impacting willingness to use an accelerometer following a
hospital stay. These were followed closely by “reassurance that
my data is private between me and my provider team” (87/116,
75% rated as “Very Important” or “Extremely Important”) and
“how supportive my caregivers are to my use” (84/116, 72.4%
rated as “Very Important” or “Extremely Important”).
Respondents noted that “how long I would need to wear an
accelerometer” (22/116, 19% rated as “Not Important at all” or
“Slightly Important”) and “How long the battery would last”
(21/116, 18.1% rated as “Not Important at all” or “Slightly
Important”) were cumulative of least importance regarding
willingness to use the device (Figure 2).
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Figure 2. Factor importance for using accelerometers following hospital discharge.

When asked about factor importance in respondents’willingness
to receive ecological momentary assessments following a
hospital stay, the factors with the highest cumulative ranked
importance were: “Whether a member of the care team would
reach out if something was wrong” (107/116, 92.2% rated as
“Very Important” or “Extremely important”), “How responsive
the care team is to my answers” (95/116, 81.9% rated as “Very
Important” or “Extremely important”), and “How helpful I feel

the questions will be to my care” (92/116, 79.3% rated as “Very
Important” or “Extremely important”; Figure 3). Respondents
indicated “Whether I could have a family member or friend
receive the messages instead of me” (24/116, 20.7% rated as
“Not at all Important”) and “Whether I can use my computer
or tablet to answer instead of a cell phone” (25/116, 21.6% rated
as “Not at all Important”) had most responses indicating this
factor was of no importance at all.

Figure 3. Factor importance for using ecological momentary assessments following hospital discharge.

Design Principles for Technology-Supported Hospital
Discharge
Using the themes as guidance, 3 design principles were derived
to highlight how concepts should perform (Figure 4). The first

design principle describes user experience and accessibility by
patients and includes constructs such as a seamless experience
for end users (patients) during initial engagement with and use
of the technology, how technology support should enhance the
connection patients feel to care teams and not replace the human
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connection, how technology needs to minimize the amount of
effort needed by patients to enable the end goal of supportive
healing at home following hospital discharge, and how

modifications are needed to support patients with physical or
cognitive limitations, such as patients reliant on wheelchairs or
caregivers for cognitive support.

Figure 4. Design principles for technology to support patients during hospital discharge.

The second design principle derived focuses on consideration
of cost to the patient when deploying new technology-based
support for patients transitioning from hospital to home care.
Cost is broadly defined as financial, including copayments and
out-of-pocket costs, in addition to time and effort needed to
participate in postdischarge, technology-based care models.
Patients also identify the need for data security to ensure their
information is private between the patient and the care team,
and clear communication on how data privacy will be assured.

The third design principle emphasizes the need for
communication about the purpose of the intervention and how
the technology will be part of their care experience and used by
the care team. Expectations regarding the duration of expected
engagement with the technology were also important to patients,
as was a clear understanding of which member of the care team
would be interacting with the technology, and what the
anticipated response content and timeline may be.

Discussion

Principal Findings
In this study, we derived 3 categories of design principles to
aid in the design, development, and deployment of technology
to support patients as they transition from hospital to home. We
observed that patients value technology fitting seamlessly into
their care experience, extending but not replacing human
connection. Within our study, nearly every respondent indicated
high importance that care teams be responsive to information
received via technology, particularly if something seems to be

going wrong. Patients were sensitive to additional costs that
could be incurred based on use of these new technologies and
placed high importance on data privacy and security in their
willingness to engage with technology to support hospital
discharge. Communication and transparency of the “why, what,
who, and when” is important when engaging with technology
to support transitions from hospital care to home. While the
technical aspects of using technology are a consideration for
patients, battery life, duration of use, and ability to use
alternative mechanisms such as tablets or desktop computers
for participation were of lower importance in patients’
willingness to engage.

Comparison With Previous Work
Several studies have demonstrated a high degree of acceptance
of digital technology to support hospital-to-home transition
[7,9,27,28]. Studies deploying SMS-based text messaging had
high patient satisfaction rates, and patients rated programs high
on convenience and responsiveness during hospital-to-home
transitions [7,27]. In addition, patients have reported
appreciation for the flexibility enabled via automation and the
asynchronous nature of technology solutions compared with
traditional in-person care models [29]. Within our design
exercise, we observed that patients value human connection
supplemented by, but not replaced by, technology, building
upon these aspects reported in the literature. Technology
supporting human connection has been demonstrated in the
hosting of virtual birthdays, funerals, and graduations, enabling
shared human experiences across physical distances, which is
particularly helpful for individuals experiencing physical
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disabilities, frailty, or limited resources to support travel. In
health care, technology has enabled human connection to mental
health support that is accessible and practical, particularly for
certain populations, such as adolescents [30] and those residing
in areas with decreased availability of support services [31].
The multimodal delivery of mental health support, including
video- and telephone-enabled care, mobile apps, and therapeutic
gaming, supports the ability to foster human connection via
technology [32].

Research has shown that bidirectional communication is
considered more valuable than automated reminders by patients
[9,19]. Both within our study and as reported elsewhere [33],
patients indicate the desire to know that the interactions they
are having with a device are being monitored or overseen by a
human being, with the ability to escalate needs should a patient’s
condition warrant increased levels of care [34]. This reassurance
has been reported to increase patient and caregiver confidence
in the transition from institutionalized care to home care [34].
Use of technology to support hospital-to-home transitions is a
mechanism to mitigate costs experienced by health care systems
and payers alike via improved patient outcomes and decreased
use [7,35]. However, the technology needed to support
transitions from hospital to home may consist of personal
computers, laptops, or tablets for inputting information, and
in-home monitoring supplies such as glucose or blood pressure
monitoring. Payment models to support these costs vary greatly,
from coverage by payers to hospital systems to patients and
families themselves. In addition to being cognizant of the costs
associated with these new technologies, health care institutions
need to address patient privacy and communicate those privacy
considerations to patients upon consent for participation.
Devices and platforms must be chosen that follow federal
requirements (ie, HIPAA compliance within the United States),
which require end-to-end data encryption, access controls, and
audit trails. In addition, health care systems must require
role-based access controls to ensure that only pertinent members
of the care team can access patient information. All of these
requirements must be supported by robust informed consent
processes that ensure that patients understand how their data
will be collected, used, and shared, and how patients and
caregivers can protect themselves via secured network access,
locking of personal devices, and avoidance of phishing.

The ability to incorporate supportive technology into transitions
from hospital-based care to home as part of the care team, and
not a separate entity, was emphasized as a need by our study
participants. Technologies such as SMS-based text messaging,
accelerometers, and other tools could be used to facilitate
seamless transitions between our traditional care settings of
hospital-based care, postacute care, and home with return to
primary care. Patients with complex medical needs can
experience frequent care transitions between our traditional care
settings. However, care must be taken to ensure that safe and
effective care is being maintained, particularly among those in
a medically vulnerable state, such as following hospital
discharge. Accuracy of supportive technology must be ensured
so that care teams responding to in-home monitoring have
reliable information, and devices must be usable by patients
and caregivers. One opportunity is the movement toward “Bring

Your Own Device” to help ensure usability; however, variability
exists in the accuracy of direct-to-consumer monitoring devices,
such as for blood pressure [36]. Health care systems may opt
to designate a set of acceptable monitoring devices, allowing
patients to use the device they choose within safety parameters
outlined by health care providers. Grounding new tools in user
experience and accessibility, cost and privacy, and
communication and transparency can help clinical teams and
developers improve the incorporation of tools into routine
clinical care, thereby advancing seamless transitions during an
anxiety-filled and uncertain time for patients.

Strengths and Limitations
Our study had limitations. Although our sample would be
considered large for a qualitative assessment (n=116), the overall
response rate was low (12%). We believe that lack of
incentivization for study participation, use of patient-provided
email as opposed to use of the clinic-provided patient portal,
and survey availability in a single language (English) may have
contributed to our low overall response rate. In addition, our
response population was predominantly older adults (median
age 71 years, IQR 61-78) and White (112/116, 97%) respondents
from a single academic medical center, which may limit our
ability to generalize to other populations. The older age of our
participants may have influenced the digital literacy and access
of our population, as research shows that older adults are more
likely to experience decreased access to digital tools and services
[37], and decreased digital literacy serves as an independent
stressor to the well-being of older adults [38]. In addition,
individuals of racial and ethnic minority groups are less likely
to feel trust in the health care system and may be less willing
to provide surveillance data directly back to their health care
provider. Our response population was generally favorable about
the use of movement tracking and text-based assessments
following hospital discharge, but these results may not be
consistent with other populations. Our investigation focused on
2 technologies (ecological momentary assessments via text
message and accelerometers), which may not encompass the
nuances of new tools that could be created to support all care
transitions. One of the tools explored (accelerometers) is
considered an emerging technology, which may not be validated
for use in clinical settings. Our study had several strengths.
First, this is one of the few investigations published to
incorporate design thinking and UCD practices to help inform
the design, development, and implementation of technology to
support patients transitioning from hospital to home, focusing
on the practical implications of new tools or services. Second,
we used a vignette-based, mixed methods inquiry to derive
open-ended feedback from a large qualitative sample of
individuals who recently experienced hospital-to-home
discharge. We used qualitative methodology to derive design
constructs that can be used in multiple design settings and
validate findings with quantitative assessment derived through
the face validation exercise of patient interviews.

Future Directions
As health care systems increasingly rely on digital technologies
to support transitions from hospital to home, future research
must prioritize equity, inclusivity, and adaptability, building on
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and testing the design principles presented here. One critical
area for exploration is how these design principles perform
across diverse cultural, racial, and demographic groups, given
the limited diversity in our present sample. In addition,
opportunities exist to evaluate emerging technologies—such as
artificial intelligence–driven care coordination platforms,
wearable sensors, and voice-assisted devices—for their usability,
accessibility, and clinical impact. These innovations hold
promise for improving postdischarge outcomes, but their success
depends on aligning with patients’ real-world needs, preferences,
and capabilities. Finally, interdisciplinary collaboration among
clinicians, social scientists, caregivers, and patients themselves
will be essential to design and implement user-centered,
culturally responsive digital solutions. By addressing these gaps,

future work can help ensure that digital health technologies
truly enhance recovery and reduce disparities as patients
transition from hospital to home.

Conclusion
Our study identified key design principles for developing
technology to support patients transitioning from hospital to
home, emphasizing the importance of seamless integration into
care, minimizing patient and caregiver burden, and ensuring
data privacy and security. Patients value human connection
supplemented by technology and prefer transparent
communication about the use and purpose of these tools. Future
efforts should focus on incorporating these principles to enhance
patient experience and outcomes during postacute care
transitions.
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Abstract

Background: The Dutch acute health care system faces challenges with limited resources and increasing patient numbers. To
reduce outpatient follow-up, direct discharge (DD) has been implemented in over 30 out of 80 Dutch hospitals. With DD, no
routine follow-up appointments are scheduled after the emergency department (ED) visit for low-complex, isolated, and stable
musculoskeletal injuries. This policy is supported by information leaflets, a smartphone app, and a telephone helpline with human
support. Growing evidence shows that DD is satisfactory, safe, and effective in reducing secondary health care use, but thorough
patient experiences are lacking.

Objective: The aim of this study was to explore the experiences of patients with DD to ensure durable adoption and to improve
the treatment protocol.

Methods: A mixed method study was conducted parallel to the implementation of DD in 3 hospitals. Data were collected
through a survey directly after the ED visit, a survey 3 months post injury, and semistructured interviews. Quantitative data were
reported descriptively, and qualitative data used thematic analysis. Outcomes included the Bowen feasibility parameters:
implementation, acceptance, preliminary efficacy, and demand. All patients who consented to the study face-to-face with one of
the 12 low-complex musculoskeletal injuries were included in the study during the implementation period.

Results: Of the 429 patients who started the primary survey, 138 patients completed both surveys. A total of 18 semistructured
interviews were conducted and analyzed. Patients reported a median treatment satisfaction score of 7.8 (IQR 6.6-8.8) on a 10-point
scale of DD at the ED. Information quality was experienced as good (106/138, 77%), and most preferred DD over face-to-face
follow-up (79/138, 59%). Patient information demands and app use varied among patients, with a median frequency of use of 4
times (ranging from 1 to 30).

Conclusions: This study shows that patients consider DD a feasible and safe alternative to traditional treatment, with a favorable
perception of its acceptability, efficacy, applicability, and demand. Nevertheless, response rates were relatively low, and personal
nuances and preferences must be considered when implementing DD. Clinicians and policy makers can use the insights to improve
DD and work towards the integration of DD into clinical practice and future guidelines.

(JMIR Hum Factors 2025;12:e53074)   doi:10.2196/53074

KEYWORDS

self-care application; mHealth; experience; traumasurgery; orthopedic surgery; virtual fracture clinic; patient perspective; direct
discharge; musculoskeletal injury; mobile self-care; method study; health care system; hospital; mobile health; app; smartphone;
satisfactory; effectiveness; treatment; virtual clinic; virtual care; digital health
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Introduction

The Dutch acute health care system faces substantial challenges
due to limited resources and a rising number of patients
requiring in-hospital care [1,2]. To alleviate this pressure, virtual
fracture clinics have been introduced for Orthopedic and Trauma
surgery patients [3]. Direct discharge (DD) is the most basic
part of a virtual fracture clinic, concerning solely low-complex,
isolated, stable musculoskeletal injuries. With DD, patients with
these injuries are discharged directly from the emergency
department (ED) without routine outpatient follow-up. Patients
receive a removable orthosis or sling and are given information
summarized in a mobile self-care app, the Virtual Fracture Care
(VFC) app.

Growing evidence shows that DD is a safe and effective
alternative to “traditional” care with routine follow-up [4,5].
DD reduces secondary health care use without causing a shift
to primary health care use, while patient-reported outcomes (eg,
functional outcome and satisfaction scores) and adverse
outcomes (eg, complications and persistent complaints) are
comparable [3,4]. These results and the usefulness of this
method during COVID-19 social distancing measurements have
led to a rapid uptake of DD in the Netherlands for 12 frequent
injuries at the ED [6]. Since the first introduction in 2019, over
25 out of the 80 Dutch hospitals have implemented DD as the
standard of care, adding to over 100 virtual fracture clinics and
DDs worldwide [7]. While this reorganization of care has
yielded beneficial outcomes in terms of reducing resources with
comparable patient outcomes, there is a lack of research on the
experiences of patients and their relatives with DD.

Performing an in-depth evaluation from an end user perspective
deepens the insight into the quality of care by gaining a deeper
understanding of user experiences and exploring reasons for
nonadoption or abandonment, ensuring sustainable adoption of
DD (inter)nationally. The aim of this study was therefore to
explore the experiences of patients with DD to ensure durable
adoption and to improve the protocol.

Methods

Design
An observational mixed method study was conducted among
patients and parents of patients younger than 12 years who
sustained low-complex, isolated, stable musculoskeletal injuries
parallel to the implementation of DD in 3 Dutch level-2 trauma
centers from September 2021 to July 2022 with an inclusion
period of 3 months per hospital (Figure 1). Quantitative data
and qualitative data were collected and analyzed separately by
a quantitative team (GW and JS) and a qualitative team (WL
and E Mathijsen). The Bowen feasibility framework was used
to organize the data within the following parameters:
implementation, acceptation, preliminary efficacy, and demand
[8]. After separate analyses, quantitative data and qualitative
data were triangulated with the Pillar Integration Process [9].
This study was reported according to the Good Reporting on a
Mixed Methods Study (GRAMMS) criteria (Multimedia
Appendix 1) [10], and according to the “Improving and
Standardizing Evaluation Reports of Web-based and Mobile
Health Interventions from the CONSORT-EHEALTH” [11].

Figure 1. Summary of study procedures and models used to evaluate the direct discharge protocol among patients.

Context
All participating centers were urban, level-2 trauma centers and
teaching hospitals with up to 3 locations per hospital. All
locations per hospital have an ED and implemented DD at the
same time. Each hospital treats between 1200 and 1800 patients
with low-complex, stable, isolated musculoskeletal injuries
annually.

Traditional Treatment
Before DD was implemented, patients were treated according
to local trauma protocols. These protocols consisted of
immobilization or support with either a cast, sling, bandage, or
splint and brief information about the injury at the ED. At least
1 outpatient follow-up appointment was scheduled at the plaster
room or in the outpatient clinic within 2 weeks after the injury
for review, extensive information, and definitive management
planning.
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Direct Discharge Protocol
This protocol was derived from the British model of a virtual
fracture clinic and adapted to the Dutch health care setting in
2018. In its Dutch adaptation, DD includes 12 treatment
protocols for low-complex, stable traumatic orthopedic injuries
with additional injury-related criteria (Multimedia Appendix
2) [6]. Patients who met the injury-related inclusion criteria in
Multimedia Appendix 2 and spoke Dutch or English fluently
were included. No further predefined restrictions (eg, age or
comorbidity) were used. Patients were excluded from the
protocol if they had initial treatment in another hospital,
follow-up in another hospital (eg, closer to home), multiple
injuries, the reason for follow-up other than the injury (eg,
social-care reasons), Eye/Motor/Verbal-score<15 at presentation,
or intoxication. With DD, patients were discharged directly
from the ED without routine outpatient follow-up. They receive
a removable orthosis or a sling (eg, brace instead of a cast), and
extensive information at the ED, summarized in a mobile
self-care app, the VFC app. Apart from the criteria in
Multimedia Appendix 2 and Dutch or English language skills
(level B1), the protocols did not contain any predefined
restrictions (eg, age or comorbidity). If, however, the ED staff
believed physical follow-up was the most suitable treatment,
outpatient follow-up was scheduled accordingly.

Patient eligibility for the protocol was re-evaluated on the next
workday (within 24 h) by a team consisting of an (orthopedic)
trauma surgeon and a radiologist. Patients who were incorrectly
discharged directly were contacted by phone and scheduled for
a face-to-face appointment.

VFC App
The VFC app provides self-care assistance through information,
videos, and a helpline and can be downloaded for free at the
Google Play Store and iOS App Store (Figure 2). Injury-specific
leaflets with recovery information, treatment rules, and red flags
were included. Furthermore, frequently asked questions,
audiovisual exercise-, immobilization-, and analgesic
instructions were included to assist patients. If patients required
human contact in addition to the information, a helpline operated
by an employee (eg, plaster technician) was available during
working hours. The VFC app aimed to increase self-management
and self-care during recovery and to substitute face-to-face
follow-up. No reminders were sent, and use was voluntary. The
app was developed by OLVG to reduce health care use and built
by medical doctors with IT experience, usability testing was
performed with peers. Due to its success, it was implemented
in other hospitals. No major changes occurred during the study
period.
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Figure 2. English and Dutch in-app screenshots of the Virtual Fracture Care app used in the direct discharge protocol.

Study Population
Patients who met inclusion criteria and consented to participate
in the surveys in the VFC app were included. Based on the
annual number of patients (1200‐1800 per hospital), and the
inclusion time of 3 months per hospital, the estimated number
of eligible patients was between 900 and 1350. Parents were
asked to fill out the surveys if patients were 12 years or younger.
If patients were between 13 and 16 years of age, patients and
parents were allowed to complete the surveys. Patients older
than 16 years could fill out the surveys alone. The exclusion
criteria for this study were the same as the previously mentioned
exclusion criteria for DD.

Sampling and Recruitment
Before discharge from the ED, in a face-to-face setting, eligible
patients were asked to download and open the VFC app. An
in-app pop-up asked for informed consent to participate in 2
surveys and an interview. After informed consent, patients were
redirected to a Research Electronic Data Capture (REDCap)
environment, a web-based survey system, to fill out the primary
survey and were given an opt-out form by the treating physician,
[12]. Additional information was given about the study and
withdrawal methods. In the REDCap environment, all
participants who started the survey were invited to participate
in the interview by clicking a button and providing their email
addresses. Age, sex, type of injury, and hospital were used to
select a purposive sample among the quantitative population
for interview patients. Eligible patients were contacted a
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minimum of 6 weeks after injury to schedule a semistructured
interview. During data collection, authors WDL and E Mathijsen
considered whether the qualitative data had gained sufficient
depth to perform a thorough analysis. Patients were reminded
by email to complete the survey, and the second survey was
sent 3 months post injury. Additional patient data were collected
from electronic patient records.

Data Collection
Data were collected from surveys, semistructured interviews,
and system data.

Surveys
Two surveys, 1 directly after the ED visit and one 3 months
after the ED visit, with 63 questions, including close-ended
questions, multiple-choice questions, 5-point Likert Scales,
visual analog scales, and free-text questions, measured 5 Bowen
feasibility parameters (Multimedia Appendix 3) [8]. As no
golden standard for the evaluation of innovations exists, the
surveys and topic list were developed by 4 researchers (JS, GW,
BT, and THG) and checked by 2 experts on relevance: a
professor in trauma surgery (JC Goslings) and an associate
professor in-process evaluations of health care innovations (JCA
Trappenburg). We pretested the survey with 5 patients to
improve clarity.

Semistructured Interviews
Two independent researchers specialized in qualitative research,
not involved in daily clinical practice or the VFC research team,
conducted digital semistructured interviews to minimize
social-desirability bias. The interviews were held within 6 and
10 weeks post injury to warrant an optimal recall. The interviews
were guided by a topic list based on literature, including
previously mentioned Bowen feasibility parameters (Multimedia
Appendix 4) [8]. The research team piloted the topic list for
clarity and completeness and modified it during data collection.

System Data
Quantitative data were extracted from the electronic patient
record after 3 months of follow-up. The patient characteristics
included compliance to therapy, complications (yes/no), type
of complications, follow-up (yes/no), type of follow-up, and
imaging. Downtime from the app was extracted from the log
record of the VFC app.

Data Analysis
Quantitative data were analyzed using the SPSS (version 27;
IBM Corporation) [13]. Baseline characteristics were reported
descriptively using numbers and proportions for categorical
variables and mean with SD or median with IQR as appropriate.
The normal distribution of continuous data was assessed with
visual analysis. Discrete variables were reported as numbers
(percentages of the total population). The paired t test or the
Mann-Whitney U test was used to determine the statistical
significance of parametric variables for normally and
nonnormally distributed data.

Qualitative data were analyzed according to the principles of
the 6 phases of thematic analysis by Braun and Clark [14]. We
have used an inductive, categorical approach because the

triangulation process started after 4 phases. Data analysis started
after the first 5 interviews. Interviews were audiotaped,
transcribed verbatim, and analyzed using the software program
NVivo (QSR International) [14]. One researcher (WL)
independently analyzed the data, and another researcher (E
Mathijsen) reviewed the analysis. Two researchers (WL and E
Mathijsen) used several methods to ensure reliability and
validity [15-17]. Discrepancies and remarks were discussed
until they reached a consensus about data interpretations. Memos
were made to track research decisions during analysis. Code
saturation was reached when no new categories or themes
emerged from the new raw data [15,16]. Instead of steps 5 and
6 according to Braun and Clark [14], we organized the data per
theme during the triangulation session. The final themes were
used to describe the value and feasibility of DD from the
perspective of patients.

Triangulation
After the separate quantitative and partly qualitative analyses,
findings were triangulated with a simplified approach of the
Pillar Integration Process technique [9]. This approach uses a
transparent and rigorous 4-stage technique for integrating and
presenting qualitative and quantitative findings in a joint display
Microsoft Excel, 2018 [18]. One of the researchers presented
the quantitative findings (JS) per study parameter, and another
the qualitative findings (WDL). (Dis)similarities and
self-contained themes were objectified. One of the researchers
(E Mathijsen) merged these themes into a meaningful narrative
(the pillar), reviewed by researchers JS and WDL.

Ethical Considerations
This study, including the process analysis, was reviewed and
approved by the Medical Ethical Committee of Utrecht,
Netherlands (W21.261). Patients provided consent for
participation in the research and could opt out at any time after
request by email. The original consent and institutional review
board approval covers secondary analysis without additional
consent. A data key is stored at the local hospitals in a secured
map and coded file. This is only accessible to JS and GW. The
accessible data have been deidentified as far as possible (eg,
age in years instead of the date of birth). Patients received no
compensation to participate in this research.

Results

Demographics
Of the 429 patients who started the primary survey, 203 did not
provide any data or contact details and did not complete the
first survey and 88 did not complete both surveys (Figure 3).
Of the 138 patients that completed both surveys (response rate:
138/429, 32%), 83 out of 138 (60%) were female, and the
median age was 50 years (IQR 12 to 61) (Table 1). Patients who
provided contact details at baseline varied significantly from
responders regarding age (P=.01) but not sex (P=.14). Most
patients were native Dutch speakers, who had attended primary
school in the Netherlands (136/198, 98%), and over half had a
minimum of a bachelor’s degree (82/198, 59%) (Table 1). In
addition, 18 patients sampled from the quantitative source
participated in a web-based semistructured interview, of which
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15 (83%) patients were female and 6 (33%) patients were parents of children (Table 2).

Figure 3. Flow diagram of eligible patients to evaluate the DD protocol. DD: direct discharge.
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Table . Baseline characteristics of included patients in quantitative analysis of direct discharge.

Included in quantitative analysis (n=138)Characteristic

50 (12‐61)Age (years), median (IQR)

51 (37)Age younger than 18 years, n (%)

83 (60)Sex (female), n (%)

Country of primary school, n (%)

136 (98)    Netherlands

1 (1)    Philippines

1 (1)    Italy

Primary language, n (%)

136 (98)    Dutch

1 (1)    Filipino

1 (1)    Italian

Highest level of education, n (%)

4 (3)    Elementary school

21 (15)    High school

28 (20)    Vocational school

50 (36)    College

32 (23)    University

3 (2)    Other

Hospital treated, n (%)

54 (39)    Center A

26 (19)    Center B

58 (42)    Center C
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Table . Demographics of interviewed patients or parents regarding experiences with the direct discharge protocol.

Year of birthType of injuriesSexID

1969Mallet fingerFemale#1

1971Weber A Fxa or avulsion FxFemale#2

2000Weber A Fx or avulsion FxFemale#3

1956Fifth metatarsal FxMale#4

1957Radial head or neck FxFemale#5

1992Ankle distortionFemale#6

1963Radial head or neck FxFemale#7

2011Torus Fx of the radiusFemale#8

1959Radial head or neck FxMale#9

1964Hallux FxFemale#10

1980Fifth metatarsal FxMale#11

2010Hallux FxFemale#12

2017Spoke injuryFemale#13

2014Greenstick FxFemale#14

1974Radial head or neck FxFemale#15

2014Torus FxFemale#16

2011Torus FxFemale#17

1956Weber A Fx or avulsion FxFemale#18

aFx: fracture.

Implementation
Both data sources indicated that most patients were satisfied
with their ED visit and the introduction of the app, despite some
mentioning the hectic ED environment and difficulty
downloading the app due to poor Wi-Fi connection. The
physiological distress, and the hectic ED environment, resulted
in an inability to recollect all the information provided by the
ED physician. Several patients pointed out that the information
in the VFC app was a valuable supplement to their ED visit
(quote 1). Mobile app stability was excellent, with only 1 patient
reporting issues accessing the app. The helpline could not be
reached in 4 cases, resulting in 2 patients contacting the ED
directly. The app was available 99.6% of the time, with the only
downtime (5 hours in 3 months) caused by a software problem
that was fixed by the app builder.

Because… it always goes quickly. It is always busy.
But still, you know, this was completely clear; what
I could expect and that I could download the app.
[quote 1; ID #10]

Acceptation
The median satisfaction with treatment was 7.8 (IQR 6.6-8.8)
on a 10-point scale. Qualitative data complemented quantitative
data, as most patients mentioned that they were satisfied with
DD (quotes 2 and 3).

I would give DD a 7 or 8. Yeah, let’s say 7, because
I do feel that it might be difficult for older people.

Especially because they don’t always understand
technology, you know. [quote 2; ID #15]

To be honest, I think it’s better. You know, often it’s
like, you go to a hospital, and it takes half a day just
to get there, and come back, and all those things, and
then it’s just like: “O, it looks fine.” [quote 3; ID #5]

VFC App Acceptation
Most patients (106/138, 77%) reported that the quality of the
information in the app was good and reported that the
information answered the questions they had during their
recovery (82/138, 58%). Additionally, 59% (79/138) would
prefer the app over face-to-face follow-up if they were to have
a similar injury. However, in qualitative data, some patients
expressed concerns that the app may not be suitable for people
with limited digital skills. Even though none of the patients
identified themselves as “vulnerable,” many reported that the
app may not be appropriate for vulnerable individuals. Patients
expressed that DD should not be mandatory for all in order to
protect potentially vulnerable patients for whom DD would not
be suitable.

Brace Acceptation
A total of 122 patients out of 138 (89%) used the brace for the
prescribed period. Most patients (116/138, 84%) removed the
brace or the sling during showering, at night (118/138, 86%),
and (72/138, 52%) during non–weight bearing exercises. Most
patients (97/138, 71%) found the brace comfortable, and 94 out
of 138 patients (68%) found the brace convenient for these types
of injuries (Multimedia Appendix 5). These findings were
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complementary to the qualitative data. Patients preferred the
brace to a cast as it allowed for better mobility because it was
less bulky and less rigid compared with a cast (quote 4).
However, the increased mobility made it tempting to overexert
oneself, resulting in increased pain and insecurity for some
patients (quote 5). The smaller size of the braces made some
injuries seem less serious and burdensome, reportedly leading
to social pressure to return to work earlier than advised by the
doctor or app. Additionally, the less rigid nature of the brace
resulted in increased skin friction, causing a superficial ulcer
in 1 patient in the qualitative data.

I really like the brace because it allowed me to move.
So, I was not stuck with a bulky cast on my leg, but
rather, I had a lot of flexibility. I could actually
determine what I wanted to do or not. So, I found that
very enjoyable. [quote 4; ID #2]

The brace was sometimes the reason I went over my
limit. I could move more and was in the process of
moving to a new home. But then the pain came back.
I found it very difficult to ‘guard’ my limits. [quote
5; ID #18]

Helpline and Perceived Safety
Most patients found the helpline important (116/138, 84%) and
that the helpline offered them a sense of security (86/138, 62%).
For some patients, the helpline was a way of checking if their
recovery was still on track (quote 6). Most patients (94/138,
68%) in both data sources expressed that treatment with a brace
and a helpline is safe for these types of injuries. However, some
expected that if injuries were more severe, they would need
more assistance than a brace and a smartphone app (quote 7).

Self-Empowerment
An increase in perceived self-empowerment was reported in 67
out of 138 (49%) of all patients, 51 (37%) patients reported
neutral results, and 20 (14%) patients reported no increase.
Enhanced treatment engagement was reported in 58 (42%)
patients, while 50 (36%) patients reported neutral results, and
31 out of 138 (23%) patients reported no enhanced engagement
(Multimedia Appendix 6). In the qualitative data, some of the
interviewed patients stated that this type of treatment provided
more self-empowerment and therefore, more control in their
recovery (quote 8).

After about a week or three, I had a setback. I
couldn’t find this in the app, so I decided to call the
helpline. The pain came back, and I was afraid I had
broken something or something like that. They
reassured me that it could not happen so quickly and
that I just needed to rest for 24 hours h. They were
right! It was nice to be able to check this. [quote 6;
ID #11]

Yes, I believe it is safe, given the circumstances.
Because it wasn’t that serious. Yes. I do have the
confidence that if it is something serious I won’t
receive this type of treatment. [quote 7; ID #17]

It was nice that I could read what I was allowed to
do and what I was not. I think that gave me more
control over my recovery. I knew what I could do

myself in terms of exercises, and that was very helpful.
[quote 8; ID #2]

Preliminary Efficacy

Secondary Health Care Use
A total of 10 out of 138 (7%) patients had a face-to-face
follow-up, and 9 (7%) patients by phone. Two patients attended
the ED again after discharge due to anxiety and pain at the
fracture site and were scheduled for outpatient follow-up. Two
patients received follow-up for a wound check and 2 received
follow-up as decided by the medical specialist due to severe
pain complaints at the ED.

Functional Outcome
More than half of the patients had fully recovered 3 months
after injury in terms of daily activities, sports, and work (84/138,
61%). Between 31% and 40% of patients were limited in
functional outcomes once or twice a week. Approximately one
in 10 patients were limited in physical activities more than 3
times a week. (Multimedia Appendix 7).

Pain
Most (92/138, 67%) patients have used painkillers in the first
3 weeks of recovery. Of these patients, 70 out of 92 (76%)
patients have used acetaminophen, 17 (12%) patients have used
nonsteroidal anti-inflammatory drugs, and 5 (4%) patients have
used other undefined analgesics. Few patients (7/92, 5%) used
cooling of the injury site to reduce pain. Analgesic use in the
second week was lower (35/92, 38%) and further declined in
the third week (9/92, 10%) and in the fourth week or after (9/92,
10%). Qualitative data showed limited pain complaints after
immobilization of the initial trauma. Pain complaints in the first
weeks were treated with analgesics. After the immobilization,
a few patients had persistent pain symptoms. Most of these
patients sustained a Weber A ankle fracture or ankle distortion.
Those patients were most limited in their daily activities,
specifically during more intense physical activities (eg, labor
and sports) (quote 9).

The eight weeks of recovery are over, I believe. So
now I should be able to start exercising again, well
I do karate but I’ll wait a little longer for that. [quote
9; ID #4]

Demand
Almost all patients used the app during recovery (133/138, 95%)
with a median of 4 times (IQR 2-6.5, range 0‐30). Reasons to
use the app included checking recovery exercises (91/138, 68%),
treatment rules (69/133, 51%), the phase of recovery (68/133,
51%), seeking helpline information (57/133, 42%), and
analgesics (10/133, 8%). Qualitative data supported the
quantitative data. App use was focused on the first weeks post
injury, and parents consulted the app more than children. They
occasionally showed it to their child, predominantly if the
information contained photos and videos (quote 10). Among
the interviewed patients, almost all patients reported not
requiring face-to-face follow-up for these types of injuries. The
biggest advantage of DD is that it is time-saving on a personal
level. Nevertheless, a few patients expressed a preference for
outpatient follow-up. Especially if they had persistent complaints
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or when the recovery was slower than expected. Patients
expressed that this led to insecurity, which was also expressed
by patients who used the app more frequently or later in the
recovery phase (quote 11).

A minority of patients reported a lack of human contact and the
physicians’ reassurance of adequate recovery. Subsequently, as
a minimal substitute, these patients suggested a feedback system
(eg, pain scores or communication tools) to assist them further.

As for the app, he did see it, but you know, whatever!
The only thing they find really interesting are pictures.
What I liked that in the app is that they actually
showed what was going on and what it looks like.
[quote 10; ID #17]

I was constantly looking for confirmation in the app,
online, or at the fracture helpline. [quote 11; ID #11]

Discussion

Principal Findings
This study shows that patients consider DD a feasible and safe
alternative to traditional treatment, with a favorable perception
of its acceptability, efficacy, applicability, and demand.
Nevertheless, response rates were relatively low, and personal
nuances and preferences must be considered when implementing
DD.

Comparison With Literature
Patient satisfaction and perceived safety with DD aligned with
previous studies [3,19,20]. Most patients responded positively
to the introduction of DD at the ED, brace treatment, and
assistance with the VFC app and helpline. The VFC app proved
valuable in overcoming low recall of verbal information due to
the chaotic ED environment and psychological distress. This
finding is consistent with a systematic review highlighting the
benefits of additional visual and written information in
enhancing recall and injury knowledge [21]. Adequate
understanding of the injury is crucial for properly following
self-care protocols and monitoring red flags, this aligns with
the finding that almost all patients used the app at least once.
The braces used with DD were well-received, offering
advantages such as easy removal (eg, during or at night), and
improved daily living activities due to the early weight bearing.
Braces seem to affect patients positively, as the lack of these
advantages has been reported as most burdensome during cast
immobilization [22]. However, the perceived decreased severity
of the injury may pose a risk of overexertion and require further
research.

Preliminary efficacy results align with previous research,
demonstrating low complication rates, secondary health care
use, comparable functional outcomes, and patient satisfaction
with treatment [4,5,23]. Most patients preferred the VFC app
over face-to-face follow-up for these injuries. While using apps
in orthopedic and trauma surgery is not new, adding a self-care
app to DD and virtual fracture clinics is a novel approach
[24-26]. Patients found the information quality good and
appreciated the time-saving component (eg, reducing work
absenteeism). However, in the case of more severe injuries with
wounds or complex fractures, some patients would prefer

face-to-face interaction for additional reassurance. As previously
suggested, digital self-care could be combined with face-to-face
follow-up or used for preappointment education in patients with
more severe injuries [27,28].

Although a good fit for most, some (young) patients noted that
the app might not be suitable for older individuals or those with
limited digital skills, potentially increasing health inequities in
an already digitally oriented world [29,30]. However, it is
important to note that DD targets relatively young patients, who
are considered capable by the treating physician.

While previous studies have highlighted the potential for
increased self-empowerment and patient engagement with
eHealth, this study did not explicitly confirm it [31-33]. Despite
positive study results, individual nuances in patients and injury
types require a continuous assessment to ensure personalized
patient care.

Information demand and app use varied among patients,
implying different levels of demand among users. A minority
of patients expressed a desire for more human contact and
reassurance. A possible suggested solution was developing an
in-app numerical feedback system, such as a questionnaire or
communication tool.

Strengths and Limitations
This study has several strengths. To our knowledge, it is the
first to provide in-depth interviews with patients treated using
DD, providing valuable insights. Second, the research team’s
multidisciplinary involvement ensured a comprehensive
evaluation and analysis of the data from multiple perspectives.
Thirdly, the mixed method approach, including the separate
collection of both data sources until data saturation, combined
with the triangulation, increased the likelihood of realistic and
rigorous results. Additionally, using a validated framework
provided a structured insight into each feasibility parameter.

However, limitations include potential responder and selection
bias due to a younger sample of patients with higher education
levels and Dutch literacy rates than the general Dutch
population. This age difference could be caused by the 12
selected injuries, of which half only occur in pediatric patients.
Furthermore, the response rate of this study was 32%. Response
rate, literacy, and education may limit the generalizability of
the findings to a broader Dutch population, especially those
with lower health literacy or digital skills. Furthermore, the
timing to measure functional outcomes might have been
suboptimal in these patients, as for some injuries (eg, mallet
finger injuries), the immobilization period had just ended,
resulting in limitations in daily activities.

Implications for Clinicians and Policy Makers, and
Future Perspectives
DD has emerged as a promising approach to reduce outpatient
follow-up while maintaining positive effects on primary health
care use, patient satisfaction, complications, and functional
outcomes [4,5]. By delivering follow-up care close to home,
associated health care costs and societal costs decrease [34]. In
addition, it limits unnecessary patient travel to the hospital
thereby reducing the environmental impact of health care.
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Including patients’ perspectives in evaluating new care
pathways, whether digitally assisted or not, is crucial for
sustainable adoption and quality of care. Clinicians, researchers,
and policy makers should prioritize patient involvement
throughout the design, prototype, pilot, and evaluation phases.
“Design thinking,” a validated approach widely recognized in
user experience and implementation literature, can be used to
design these pathways. For example, replacing hospital care
with DD involves changes in location and care deliverers, which
presents new needs, challenges, and opportunities suitable to
solve with design thinking. This study has identified areas for
improvement of DD in terms of functions and features, and
adjusted language to lower literacy. Future studies should focus

on co-designing in-app feedback systems that address patient
and health care professional needs for reassurance and
monitoring like communication tools or questionnaires.

Conclusion
Patients consider DD a feasible and safe alternative to traditional
treatment, with a favorable perception of its acceptability,
efficacy, applicability, and demand. Nevertheless, response
rates were relatively low, and personal nuances and preferences
must be considered when implementing DD. Clinicians and
policy makers can use the insights to improve DD and work
towards the integration of DD into clinical practice and future
guidelines.
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Abstract

Background: Ward rounds are an essential component of inpatient care. Patient participation in rounds is increasingly encouraged,
despite the occasional complicated circumstances, especially in acute care settings.

Objective: This study aimed to evaluate the effect of real-time ward round notifications using SMS text messaging on the
satisfaction of inpatients in an acute medical ward.

Methods: Since January 2021, a service implementing real-time ward round notifications via text messaging (WR-SMS) has
been operational at a tertiary-care medical center in Korea. To assess its impact, we conducted a retrospective cohort study of
patients admitted to the acute medical unit who participated in a patient experience survey. Patient satisfaction was compared
between patients admitted in 2020 (pre–WR-SMS group) and 2021 (post–WR-SMS group).

Results: From January 2020 to December 2021, a total of 100 patients were enrolled (53 patients in the pre–WR-SMS group
and 47 patients in the post–WR-SMS group). Compared with the pre–WR-SMS group, the post–WR-SMS group showed
significantly greater satisfaction about being informed about round schedules (mean 3.43, SD 0.910 vs mean 3.89, SD 0.375;
P<.001) and felt more emotionally supported during admission (mean 3.49, SD 0.800 vs mean 3.87, SD 0.397; P<.001). Regarding
other questionnaire scores, the post–WR-SMS group showed an overall, although statistically insignificant, improvement compared
with the pre–WR-SMS group.

Conclusions: Real-time round notifications using a user-friendly SMS may improve inpatient satisfaction effectively.

(JMIR Hum Factors 2025;12:e57470)   doi:10.2196/57470
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Introduction

Inpatient ward rounds constitute a salient core activity of the
daily care of hospitalized patients and present a critical
opportunity to deliver patient-centered care [1,2]. Ward rounds
are a complex process that involves organizing the clinical care
of inpatients, including diagnostic assessment and therapeutic
planning by the care team [3]. For the patient, inpatient ward
rounds provide an opportunity for direct patient-clinician
communication, sharing of information, and participation in
their own care planning [3,4]. Despite the widely recognized
importance of ward rounds, an environment conducive to

conducting such rounds and effectively communicating with
patients is not always achievable, resulting in ineffective
communication with and dissatisfaction of patients [5].
Especially in acute care settings, the participation of patients in
ward rounds is likely to be limited not only due to their acute
illness and fatigue [6] but also by the acute care context itself
and time constraints of the ward staff [7,8].

With the emphasis on patient-centeredness, the Korean Ministry
of Health and Welfare (MOHW) and the Health Insurance
Review and Assessment Service (HIRA) developed the Korean
Patient Experience Survey, to gain insight into the needs of
inpatients and improve inpatient care quality. This survey has
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been conducted biennially by telephone since 2017 among
patients discharged from hospitals, and the results have
repeatedly revealed that patients remain least satisfied with
inpatient ward rounds [9,10]. In line with global trends, studies
from the United States and the United Kingdom highlight the
importance of improving patient communication and providing
clear, predictable information to enhance patient satisfaction
[11-13]. Furthermore, evidence suggests that interventions
focusing on real-time communication [14], such as the use of
SMS text messaging, can help alleviate patient dissatisfaction
by improving the timeliness and transparency of ward rounds.

As part of the efforts to improve patients’ satisfaction, Seoul
National University Bundang Hospital (SNUBH), a 1300-bed
tertiary referral hospital in the Republic of Korea, has
implemented the real-time ward round notifications via text
messaging (WR-SMS) service since January 2021 to inform
the patients and their carers about the start of daily ward rounds,
and thereby alleviating arbitrary waiting for rounds.

In 2015, a hospitalist-run acute medical unit (AMU) was
established to enhance patient safety and care efficiency for
patients with acute medical conditions. Although the AMU
improved patient outcomes and efficiency of care [15,16],
patients’ perceptions of inpatient care were found to be
inconsistent, which could be attributed to the acuteness and
complexity of clinical conditions, the hectic hospital
environment, and heightened levels of anxiety.

As mobile devices continue to advance, SMS text messaging
has been suggested to enhance clear and efficient
communication in various clinical contexts [14,17]. However,
there remains a gap in research regarding the potential impact
of informing patients about round times via SMS text messages
on communication effectiveness and patient satisfaction. This
study aimed to determine the effect of real-time WR-SMS
service on the satisfaction of AMU inpatients.

Methods

Study Design and Clinical Setting
This retrospective cohort study was conducted at the AMU of
SNUBH, a hospitalist-run 46-bed ward caring for patients with
acute medical conditions, who were admitted from the
emergency or outpatient departments for active acute medical
care, unless being hemodynamically unstable requiring invasive
monitoring and critical care or terminally ill with cancer
requiring only palliative care. After receiving active acute care,
patients were either discharged or transferred to a specialty ward
for further treatment. The AMU was operated 24 hours a day
and 7 days a week by 10 board-certified medical hospitalists
on a weekly rotation basis.

The SNUBH patient-experience survey has been routinely
performed by telephone since 2006. Patients eligible for the
survey were randomly selected within 2 to 56 days (8 wk) after
discharge. Patients unable to communicate effectively due to
conditions resulting in severe cognitive or communication
impairments were excluded from the survey. Following the
introduction of the official Korean Patient Experience Survey
developed by the Korean MOHW/HIRA in 2017, the SNUBH

patient-experience survey used the very same questionnaire to
assess patients’ hospital experiences.

Study Participants
Adult patients ≥19 years of age who were admitted to the AMU
of SNUBH between January 2020 and December 2021 for ≥1
day and who participated in the SNUBH patient-experience
survey after discharge were included. Their demographic data
were retrospectively collected from the electronic medical record
system, and their satisfaction was assessed based on the SNUBH
patient-experience survey results. To determine whether patient
satisfaction improved, we compared the scores from 2020
(before the implementation of the WR-SMS, pre–WR-SMS
group) with those of 2021 (after the implementation of the
WR-SMS post–WR-SMS group).

Real-Time Ward Round Notification Service With
Text Messaging
The WR-SMS service was first developed in September 2020.
It was actively implemented in January 2021, after an
introductory period of 3 months (October to December 2020)
during which the staff was educated about and encouraged to
use the service via campaigns and email or SMS notifications.

The WR-SMS service was embedded into the SNUBH electronic
health record system, enabling the doctors to send short text
messages (80 to 160 bytes; ie, SMS) to their inpatients directly
from the electronic health record system with a few clicks. From
their patient list, doctors were able to select or deselect the
patients who would receive the SMS text message. The default
content of the SMS text message read, “Ward rounds by Dr.
OOO will begin shortly. Visiting times may vary depending on
the room.” Further adjustments to the content of the message
could be made as needed by the doctor. The notification could
also be sent simultaneously to other relevant medical staff. The
doctors were encouraged to send this WR-SMS to their patients
just before starting their ward rounds, usually right after
reviewing the patients’ records.

Patient-Experience Survey
The SNUBH patient-experience survey questionnaire, which
uses the same questions as the official Korean Patient
Experience Survey developed by the Korean MOHW/HIRA,
comprises 19 questions organized into 5 domains about the
patients’hospital experience (4 questions pertaining to “Services
from nurses,” 4 pertaining to “Services from physicians,” 5
pertaining to “Medication and treatment processes,” 2 pertaining
to “Hospital environment,” 4 pertaining to “Ensuring patients’
rights”, and 4 assessing patients’ demographic characteristics)
(detailed questionnaire is presented in Multimedia Appendix
1). Each question was scored on a 4-point Likert scale (1=very
dissatisfied, 2=dissatisfied, 3=satisfied, and 4=very satisfied)
to assess patients’ subjective satisfaction with the quality of
inpatient services. Except for the question about providing
information about plans after discharge, answers were either
“Yes” or “No.” For this study, the responses to the “Services
from physicians” and “Medication and treatment processes”
domain, which are closely related to inpatient ward rounds,
were considered.
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Statistical Analysis
Data reflecting patients’baseline characteristics were expressed
as a median with ranges for continuous variables and as
frequencies and percentages for categorical variables. Data from
Likert scales were expressed as means and SDs, as well as
median with ranges (IQRs). Comparisons were performed using
the Mann-Whitney U test, Student t test, and χ² test. All tests
were 2-sided and performed at a significance level of .05.
Statistical analyses were performed using IBM SPSS v. 21.0
(IBM Corp).

Ethical Considerations
The study was conducted in accordance with the Declaration
of Helsinki, revised in 2013. The SNUBH institutional review
board approved this study design and waived the need for
obtaining informed consent from the participants due to the
retrospective design (B-2203-746-101). Participant
confidentiality and anonymity were strictly maintained
throughout the research process, and data were handled in a
secure manner to protect their privacy. In addition, the study

ensured that no undue harm or burden was placed on participants
and that their rights, safety, and well-being were prioritized at
all times.

Results

Baseline Characteristics of the Participants
A total of 100 patients were enrolled from January 2020 to
December 2021 (53 in the pre–WR-SMS group before WR-SMS
implementation and 47 in the post–WR-SMS group after
WR-SMS implementation). The median age of the patients was
59.5 (range 25‐81) years, and of the total, 59 were female. A
total of 74 patients were hospitalized because of malignancy
and 26 patients were admitted for non-cancer illnesses. A total
of 44 and 56 patients were admitted from the emergency and
outpatient departments, respectively. The median length of
hospital stay was 7 (range 3‐30) days. No statistically
significant difference of patients’ baseline characteristics
between the pre- and post–WR-SMS groups was observed
(Table 1).

Table . Baseline demographic and clinical characteristics of study participants.

P valuePost–WR-SMS groupb

(n=47)
Pre–WR-SMS groupa

(n=53)

Characteristics

.9060 (38-76)58 (25-81)Age (year), median (range)

.36Sex, n (%)

22 (47)19 (36)Male

25 (53)34 (64)Female

.43Disease, n (%)

37 (79)37 (70)Malignancy

10 (21)16 (30)Non-cancer illness

.94Hospitalization route, n (%)

20 (43)24 (45)Emergency department

27 (57)29 (55)Outpatient department

.25Education, n (%)

32 (68)29 (55)≤High school

15 (32)24 (45)≥College

.767 (3-23)7 (3-30)Length of stay (days), median (range)

aPre–WR-SMS group: patients hospitalized at the acute medical unit in 2020, before the implementation of ward round notifications via text messaging
service.
bPost–WR-SMS group: patients hospitalized at the acute medical unit in 2021, after the implementation of ward round notifications via text messaging.

Effects of Real-Time Round Notification on Satisfaction
of Hospitalized Patients
After the WR-SMS implementation in 2021, the score for the
question pertaining to whether the patient had received
information about round schedules improved significantly
compared with 2020. Differences in the Likert scale for this

question are illustrated in Figure 1. The proportion of patients
who assigned a rating of 4 points (very satisfied) increased from
66% (35/53) in the pre–WR-SMS group to 92% (43/47) in the
post–WR-SMS group, while the proportion of those who
assigned a rating of 1 point (very dissatisfied) decreased from
6% (3/53) in the pre–WR-SMS group to 0% in in the
post–WR-SMS group.
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Figure 1. Changes in Likert scale scores regarding the provision of patient information on round schedules before and after the implementation of ward
round notifications via text messaging. Pre–WR-SMS group: patients hospitalized at the acute medical unit in 2020, before the implementation of ward
round notifications via text messaging service; Post–WR-SMS group: patients hospitalized at the acute medical unit in 2021, after the implementation
of ward round notifications via text messaging service.

Table 2 summarizes the responses for the “Services from
physicians” and “Medication and treatment processes” domains.
Naturally, patients in the post–WR-SMS group showed
significantly higher satisfaction about being informed about
round schedules (mean 3.43, SD 0.910 vs mean 3.89, SD 0.375;
P<.001) compared with patients in the pre–WR-SMS group.
Interestingly, patients in the post–WR-SMS group also
demonstrated significantly higher satisfaction with the emotional
support (comfort and empathy) they received during admission
(mean 3.49, SD 0.800 vs mean 3.87, SD 0.397; P<.001).

Although not statistically significant, they were also satisfied
with the description of the treatment processes (mean 3.62, SD
0.713 vs mean 3.83, SD 0.481; P=.09) and the explanations of
possible side effects during treatment (mean 3.60, SD 0.743 vs
mean 3.85, SD 0.465; P=.05). For all other questions in the
“Services from physicians” and “Medication and treatment
processes” domain, the post–WR-SMS group recorded a higher
overall score compared to the pre–WR-SMS group, although
it was not statistically significant (Multimedia Appendix 2).
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Table . Survey results on patient satisfaction before and after the implementation of ward round notification using SMS text messaging servicea.

P valuet test (df)Post–WR-SMS

groupc (n=47)

Pre–WR-SMS

groupb (n=53)

Parameter

Services from physicians

–0.93 (83.47)Courtesy and respect for patients

.654 (4-4)4 (4-4)Median (IQR)

.363.89 (0.312)3.81 (0.557)Mean (SD)

–0.47 (88.02)Careful listening to patients

.884 (4-4)4 (4-4)Median (IQR)

.643.87 (0.337)3.83 (0.545)Mean (SD)

–1.58 (94.08)Opportunities for patients to meet
their doctors

.154 (4-4)4 (3-4)Median (IQR)

.123.77 (0.476)3.58 (0.663)Mean (SD)

–3.37 (70.90)Receipt of information about round
schedules

.0024 (4-4)4 (3-4)Median (IQR)

<.0013.89 (0.375)3.43 (0.910)Mean (SD)

Medication and treatment process

–1.72 (91.73)Detailed description of treatment
processes

.074 (4-4)4 (3-4)Median (IQR)

.093.83 (0.481)3.62 (0.713)Mean (SD)

–2.02 (88.60)Easy-to-understand explanation of
potential side effects

.0454 (4-4)4 (3-4)Median (IQR)

.0473.85 (0.465)3.60 (0.743)Mean (SD)

–1.15 (61.49)Appropriate pain relief management

.234 (4-4)4 (4-4)Median (IQR)

.263.95 (0.216)3.86 (0.462)Mean (SD)

–3.08 (78.06)Comfort and sympathy regarding
illness

.0034 (4-4)4 (3-4)Median (IQR)

<.0013.87 (0.397)3.49 (0.800)Mean (SD)

.89—d42 (89.4)48 (90.6)Receipt of information on postdis-
charge care, n (%)

aValues in the first row for each item represent medians with IQRs and P values from the Mann-Whitney test. Values in the second row for each item
represent means with SDs and P values from the Student t test (2-tailed).
bPre–WR-SMS group: patients hospitalized at the acute medical unit in 2020, before the implementation of ward round notifications via text messaging
service.
cPost–WR-SMS group: patients hospitalized at the acute medical unit in 2021, after the implementation of ward round notifications via text messaging
service.
dNot applicable.

Discussion

Principal Findings
The WR-SMS implementation resulted in significant
improvement of inpatient satisfaction among patients

hospitalized in the AMU. Besides the direct improvement in
scores pertaining to the receipt of round schedule information
(mean 3.43, SD 0.910 vs mean 3.89, SD 0.375; P<.001), patients
felt more emotionally supported and involved in the care process
(mean 3.49, SD 0.800 vs mean 3.87, SD 0.397; P<.001), and
also expressed higher satisfaction with the explanations provided
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about treatment side effects (mean 3.60, SD 0.743 vs mean 3.85,
SD 0.465; P=.047). These significant findings emphasize the
value of real-time communication on both procedural and
emotional aspects of care. Our results indicate that by enabling
patients to participate more actively in routine ward rounds,
WR-SMS fosters a greater sense of involvement and satisfaction,
reaffirming the critical role of patient-centered communication
in inpatient care.

Patient-centeredness is an essential component of high-quality
health care, contributing to improved experience and clinical
outcomes [18]. It is defined by the Institute of Medicine as the
establishment of a partnership between the patient and health
care providers to ensure that the wishes, needs, and preferences
of the former are respected in the shared decision-making
process [19]. Since the early 2000s, many countries have
implemented patient-reported experience measures (such as
standardized surveys) at the national level. The data are publicly
reported, in order to assess and monitor patients’ health care
experiences and improve the quality of care [11,12]. For
example, the United States Hospital Consumer Assessment of
Healthcare Providers and Systems (HCAHPS) survey, first
implemented in 2006, measures patients’ perspectives on the
quality of care they receive during their hospital stay, with its
scores influencing hospital payment [13]. The United Kingdom
and the Netherlands also conduct national-level surveys to assess
patient satisfaction, which are used for various purposes related
to improving health care services [20,21]. Previous studies
revealed that quality improvement activities were initiated after
patient care performance data were publicly released [22], with
even hospitals that exhibited high levels of patient satisfaction
delivering higher-quality clinical care [13].

In South Korea, the Korean Patient Experience Survey has been
regularly conducted by HIRA biennially since 2017 by telephone
among patients discharged from hospitals. It was developed
based on the American HCAHPS, but further modified to suit
the Korean context and to promote improvement of current
Korean health care service quality [23]. A 2015 survey by the
Korea Institute for Health and Social Affairs revealed that 30.5%
of hospitalized patients claimed not to have been adequately
informed about ward rounds and 20.4% reported not being
included in the care process [24]. Furthermore, qualitative
research during the Korean Patient Experience Survey
development process revealed that inpatients were frequently
unsatisfied with the communication with their doctors, especially
regarding the lack of advance notice and unpredictability of
ward round times [23]. To gauge these concerns, a direct
question about whether the patient has been informed about the
ward round time was included in the official Korean Patient
Experience Survey.

Despite the increasing emphasis on patient-centeredness, patients
are often still excluded from their own care process [5,6]. The
results of the previous Korean Patient Experience Surveys (first
to third, conducted from 2017 to 2021) reveal that the scores
for the “Ensuring patients’ rights” and “Services from
physicians” domains remain lowest [9,10,25], suggesting that
communication between patients and doctors remains
unsatisfactory and patients do not feel sufficiently involved in
the care process. Among several factors influencing patient

participation and communication, such as the ward staff’s
attitude, time constraints [7], and health literacy [26], the care
environment context itself has been identified as critical [8].
Previous Korean patient surveys revealed that patients felt
dissatisfied and even frustrated by the medical staff’s impolite,
indifferent, or authoritarian attitudes and faced difficulties in
communicating with their doctors who always appeared busy,
and took issue with unpredictable and irregular round times
[23]. Particularly in acute care environments, the patients’ability
to participate is further diminished by their vulnerability, illness,
and anxiety; furthermore, even the ward atmosphere is often
disorderly and far from suitable for effective communication.
In such situations, patient involvement is notably infrequent
[6].

Patients in our AMU were mostly afflicted with complex, acute
illness and frequently in need of interventional procedures,
imaging studies, and even surgical procedures. Therefore, these
patients and their carers often missed routine ward rounds during
planned procedures or did not notice that ward rounds were
taking place. Furthermore, the acuteness of the patients’
conditions and lack of awareness about ward rounds likely led
to frustration, anxiety, and dissatisfaction of patients and their
carers toward their care. Real-time notifications provided
through the WR-SMS addressed these issues by increasing
awareness and predictability of ward rounds, which may help
mitigate the emotional burden associated with the uncertainty
of acute care. This aligns with studies suggesting that structured
and predictable communication mechanisms, such as SMS
notifications, create a more conducive environment for patient
participation in care processes. A study conducted by Redley
et al [6] at an acute inpatient ward indicated that only 18%
(20/52) of rounds involved patient participation in clinical
decisions, although even the patients who participated in rounds
indicated low preferences for participation upon arrival at the
hospital. The authors suggest that the patients’ preferences for
participation could change during the course of their hospital
stay and it is also likely that passive participation may have
been driven by limited opportunities to participate [6]. Similarly,
Walton et al [27] revealed that familiarity with the hospital
environment tended to positively affect participation in ward
rounds, with several participants highlighting the uncertainty
regarding the timing of rounds as a source of difficulty and
anxiety.

With the development of communication devices such as cellular
phones and smartphones, text messaging via SMS is increasingly
used to enhance effective communication with patients and
carers [14,17]. In our institution, the WR-SMS was developed
and introduced to inform inpatients about the start of ward
rounds in real time to improve their opportunities to participate
in them. As physicians typically review their patients’ medical
records right before they begin ward rounds, the WR-SMS was
embedded into our electronic health record system to enhance
its use instead of using a separate platform. Following its
implementation in January 2021, its utilization rate rapidly
increased with long-term promotional activities, reaching an
average of 65% in 2021. With its use, although only a
statistically insignificant increase in patients’ perceptions of
opportunities to meet their doctors was noted (possibly owing
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to the small sample size and the nature of the ward, which is
staffed by hospitalists who are primarily based within the unit),
inpatient satisfaction significantly improved with regard to
“providing information about round-time” and the “Medication
and treatment processes” domain. However, scores for other
aspects in the “Services from physicians” domain did not
improve significantly, suggesting that while real-time SMS
notifications enhance patients’ involvement and satisfaction
with specific aspects of care, they may need to be supplemented
with other interventions to address broader communication gaps.

Limitations
To our knowledge, this is the first study to investigate the effect
of real-time round notification via SMS on inpatients’
satisfaction. Nevertheless, it has some limitations. First, it was
conducted at a single referral center in South Korea. As of 2019,
the penetration rate of mobile phones in South Korea was 100%,
with smartphones accounting for 95%. Therefore, our results
may not be reproduced in other countries with lower mobile
phone penetration rates. Second, as we used information from
subjects who participated in the SNUBH patient-experience
survey, instead of conducting a new survey, the number of

patients included in this study is relatively small, precluding
further adjustments and analyses based on clinical characteristics
or comorbidities. However, the clinical setting remained constant
throughout the study period and the subjects for the SNUBH
patient-experience survey were randomly selected, which should
minimize bias. Third, since this study included only patients
capable of communication as survey respondents, it was not
possible to assess the impact of WR-SMS on caregiver
satisfaction.

Conclusion
Effective communication between physicians and patients,
particularly during inpatient ward rounds, is a crucial aspect of
inpatient care. This study proposes that real-time round
notifications delivered through a user-friendly SMS service
could improve inpatient satisfaction, likely by providing
predictability and fostering an improved perception of emotional
support. In the contemporary landscape, with personal
communication devices becoming increasingly ubiquitous, the
strategic utilization of such devices is anticipated to significantly
influence patient satisfaction.
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Abstract

Background: The World Health Organization anticipates a shortage of 14 million health workers by 2030, particularly affecting
the Global South. Community health workers (CHWs) may mitigate the shortages of professional health care workers. Recent
studies have explored the feasibility and effectiveness of shifting noncommunicable disease (NCD) services to CHWs. Challenges,
such as high attrition rates and variable performance, persist due to inadequate organizational support and could hamper such
efforts. Research on employee empowerment highlights how organizational structures affect employees’perception of empowerment
and retention.

Objective: This study aims to develop Scripted Medicine to empower CHWs to accept broader responsibilities in NCD care.
It aims to convey relevant medical and counseling knowledge through medical algorithms and ThinkLets (ie, social scripts).
Collaboration engineering research offers insights that could help address the structural issues in community-based health care
and facilitate task shifting.

Methods: This study followed a design science research approach to implement a mobile health–supported, community-based
intervention in 2 districts of Lesotho. We first developed the medical algorithms and ThinkLets based on insights from collaboration
engineering and algorithmic management literature. We then evaluated the designed approach in a field study in the ComBaCaL
(Community Based Chronic Disease Care Lesotho) project. The field study included 10 newly recruited CHWs and spanned over
2 weeks of training and 12 weeks of field experience. Following an abductive approach, we analyzed surveys, interviews, and
observations to study how Scripted Medicine empowers CHWs to accept broader responsibilities in NCD care.

Results: Scripted Medicine successfully conveyed the required medical and counseling knowledge through medical algorithms
and ThinkLets. We found that medical algorithms predominantly influenced CHWs’perception of structural empowerment, while
ThinkLets affected their psychological empowerment. The different perceptions between the groups of CHWs from the 2 districts
highlighted the importance of considering the cultural and economic context.

Conclusions: We propose Scripted Medicine as a novel approach to CHW empowerment inspired by collaboration engineering
and algorithmic management. Scripted Medicine broadens the perspective on mobile health–supported, community-based health
care. It emphasizes the need to script not only essential medical knowledge but also script counseling expertise. These scripts
allow CHWs to embed medical knowledge into the social interactions in community-based health care. Scripted Medicine
empowers CHW to accept broader responsibilities to address the imminent shortage of medical professionals in the Global South.
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Introduction

Background
The World Health Organization projects a health worker
shortage of 14 million by 2030 [1]. Many countries struggle to
train and retain enough medical professionals [1], with the
Global South disproportionately affected by this shortage [2].
In response to this situation, community health workers (CHWs)
have been integral in alleviating the consequences of staff
shortages and extending the health systems in many countries
[3]. CHWs are laypeople residing within their communities who
receive basic medical training to provide essential health
services in their communities and to link patients to professional
facility-based health care [3]. Whereas physicians are often rare,
expensive, and concentrated in urban hubs, CHWs are available
in vast numbers and comparably inexpensive. While CHWs
have traditionally focused on maternal, neonatal, and infectious
disease services, recent studies have investigated the feasibility
of expanding CHWs’ responsibilities to tackle the rapidly
growing noncommunicable disease (NCD) pandemic [4,5]. In
task shifting, specific tasks are shifted from medical
professionals to CHWs [6,7]. For example, many
community-based health programs in the Global South shift
screening and monitoring tasks for infectious diseases, such as
HIV and tuberculosis, from medical professionals to CHWs.
Task shifting may be a cost-effective approach to increasing
the reach of health care delivery systems. It may reduce
important access barriers by allowing for more decentralized
health care delivery while freeing medical professionals’
resources [8].

Despite the increasing popularity of community-based health
programs, attrition rates among CHWs are generally high, and
studies often report high variability in CHW performance [9-13].
These persisting challenges are linked to inadequate
organizational support [12-14], including insufficient training
and economic opportunities [15,16] and a lack of appreciation
and support from supervisors [9,14]. Further, CHWs reported
other social challenges, such as a lack of support from their
families and insufficient trust, linked to low uptake rates of
services by the community [14].

Empowering CHWs to Accept Broader Responsibilities
The empowerment literature reported high attrition rates and
performance variability due to a lack of organizational support,
especially in nurses [17-19]. Studies show that an organization
needs to transfer power from supervisors to employees to create
ideal work conditions. This transfer of power is called structural
empowerment [20,21]. It emphasizes the necessity of providing
employees with a work environment that enables them to carry
out their work. Structural empowerment is achieved by
providing employees access to information, resources, support,
and opportunities [21,22]. The act of empowerment positively

influences the perception of empowerment. Psychological
empowerment builds on the idea that perceived control increases
intrinsic motivation. It draws on prior research on self-efficacy
[23] and self-determination [24] and is measured through the
perception of meaning, competence, autonomy, and impact [25].
Empowering employees increases retention rates and job
satisfaction and decreases job strain [18,22,26]. Employees feel
disempowered when lacking access to critical information (eg,
through training), resources (eg, adequate pay), or support from
peers and supervisors. Disempowered employees are less
productive and more likely to change jobs.

Unsurprisingly, CHW empowerment is a growing topic of
interest. However, CHW empowerment is a poorly defined
concept despite its recent popularity. Researchers often use
empowerment as a synonym for facilitating or enabling CHWs
to carry out specific tasks without diving into the depth of its
meaning. For example, CHWs are empowered to treat diabetes
[27] or provide counseling for family planning [28].
Consequently, they often miss addressing the persisting
challenges of inadequate organizational support that lead to
high attrition rates and performance variability. Only a few
articles introduce CHW empowerment conceptualizations that
consider the sociotechnical aspects of community-based health
care. They highlight how the lack of organizational support
disempowers CHWs with social, economic, and cultural
consequences [29-32].

Mobile Health for CHWs
Mobile technologies often play a central role in efforts to
empower CHWs in their work [33-35]. Recent studies
demonstrate the potential of mobile health (mHealth) to address
the challenges in CHW retention and performance [36], for
example, through decision support [11,37-39]. Clinical decision
support systems provide CHWs with the necessary clinical
knowledge through medical algorithms to ensure the proper
implementation of guidelines [37,40-42]. These explorations
in empowering CHWs with decision-support tools align well
with the premise of algorithmic management. Algorithmic
management is a growing research topic in human-computer
interaction and information systems research. It argues that
management becomes a process embedded in technology rather
than a human routine [43,44]. Studies have shown how
algorithmic management can increase productivity without
increasing job strain by managing the user’s work process
[45,46].

The 5RSM framework describes 7 forms of algorithmic
management for process restriction: algorithmicrecommending,
restricting, requiring, rating, rewarding, sanctioning, and
monitoring [47]. Table 1 provides the original definition for
each form of algorithmic management from Hirsch et al [47].
We complement the table with CHW-related examples.
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Table 1. Forms and definitions of algorithmic management [47], with community health toolkit (CHT)–related examples.

Example (CHT application)Definition (how the algorithm aligns worker behavior with
organizational goals)

Form

Medical algorithms propose a task prioritization that

CHWsa can adopt to organize their workflow.

The algorithm automatically suggests specific behavior to the
worker that takes the form of either explicit recommendations
for action or implicit forms (such as nudges).

Recommending

Medical algorithms hide recommendations for a drug
prescription in case of reported intolerance.

The algorithm withholds information or limits the scope of
action for the worker.

Restricting

Medical algorithms require CHWs to perform tasks by
a specific due date.

The algorithm instructs workers to perform specific actions
that they cannot reject without negative consequences.

Requiring

Medical algorithms display leader boards comparing
the number of clients CHWs have counseled.

The algorithm ranks workers or allows third parties to rate
work behavior and outcome.

Rating

Medical algorithms issue nonmonetary (eg, digital
badges) and monetary rewards (eg, performance-based
compensation).

The algorithm assigns rewards for work behaviors that align
with organizational goals.

Rewarding

Medical algorithms reduce performance-based compen-
sation if tasks are not completed in due time.

The algorithm issues penalties for work behaviors that do not
align with the organizational goals.

Sanctioning

Medical algorithms provide performance dashboards
with performance indicators such as the number of de-
layed task completions per month.

The algorithm enables supervision of the work process by the
worker or a third party by collecting, aggregating, and display-
ing data on working behavior.

Monitoring

aCHW: community health workers.

While algorithmic management offers valuable tools for
empowering CHW with mHealth, we believe 2 dimensions
require specific consideration for community-based health care.
Recommending might only be applied in areas where patient
safety is not at stake. For example, algorithms must require
instead of recommending CHWs to perform specific tasks such
as distributing medication on time to ensure patient safety. Work
termination, the strongest form of sanctioning, should not be
performed by algorithms. Work termination has far-reaching
consequences as communities would temporarily be left without
their CHW.

Digital CHW empowerment is associated with the improvement
of patient knowledge and attitude [48], disease surveillance and
health coverage [33], and identification of health priorities in
the communities [49]. These efforts often aim to address the
root causes of CHW disempowerment [35]: the lack of
organizational support and appreciation (eg, by supervisors)
[9,14]; inadequate training and learning opportunities [15]; and
insufficient monetary compensation [16].

However, the growing CHW empowerment literature mentioned
earlier criticizes the unilateral focus on clinical knowledge to
capacitate CHWs [29,30,50]. Research often abstracts from the
context in which the clinical knowledge is applied [51]. It studies
how technology empowers CHWs to become better and more
reliable at diagnosing and monitoring diseases in the field.
Consequently, the importance of a functioning CHW-client
interaction is often omitted [52,53]. A recent study highlights
the persisting, often implicit, view of CHWs as sensors for the
health system because of this unilateral consideration [54].
CHWs are often deployed to sense the health status of their
community by diagnosing and monitoring specific diseases (eg,
HIV). However, they are not autonomous actors who offer
treatment services. This perception stands against the proclaimed
active role CHWs should claim to address predicted staff
shortages [4,50]. Consequently, research lacks a comprehensive

approach that embeds clinical knowledge in its application
context to empower CHWs to accept broader responsibilities.

Collaboration Engineering
Current research often abstracts from the social interactions—the
collaboration between CHWs and patients—in community-based
health care. However, we argue that community-based health
care is not the outcome of an individual’s effort (ie, CHW) or
technology. It is a collaborative process between CHWs, their
clients, and the health system. Seen as a collaborative process,
community-based health care would likely benefit from insights
from collaboration engineering research. Collaboration
engineering originates from research on group support systems
(GSSs) [55]. This research studies how technology enhances
group collaboration by reducing process losses, such as
conformity pressure or the conversation domination of 1 or a
few collaborators [56]. Despite the substantial benefits, GSS
adoption struggled as they require professional facilitators who
design and conduct GSS-supported group collaborations [56,57].
However, facilitators are a rare and expensive resource, requiring
extensive training and experience [58].

The premise of collaboration engineering is to drastically reduce
costs and training efforts by enabling virtually anyone to design
and conduct group collaboration. Briggs et al [59] described
this as the “facilitator in a box.” The core assumption is that
high value and recurring tasks can be predesigned to empower
nonexperts through process restrictiveness [57,60]. This
restriction quickly allows nonexperts to carry out expert tasks
without extensive training and experience. However,
collaboration engineering stresses that they must benefit users
and offer adequate flexibility to avoid adverse effects [59,60].
The literature describes enabling nonexperts to fruitfully
collaborate by restricting them in the process through (1) a
carefully designed series of activities, (2) the configuration of
technology to support behaviors within each activity, and (3)
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guidance on the behaviors (including constraints) they should
perform in each activity [59]. Collaboration engineering research
proposes ThinkLets to guide the behaviors in these activities.
ThinkLets are tools to “codify expertise such that it would be
easy for [nonexperts] to learn and reuse.” Similar to a cooking
recipe, they consist of explicit instructions on collaboration
behaviors, including instructions on configuring and using
support tools [57]. ThinkLets formalize the required expertise
for nonexperts to reach predictable and repeatable outcomes,
increasing collaboration performance and outcomes [61].

On the basis of these insights, we argue that collaboration
engineering is a promising approach for CHW empowerment
as its underlying premise closely resembles global struggles in
health care. The fundamental problem that collaboration
engineering aims to resolve is that of scarce, valuable resources.
Facilitators are replaced with inexpensive and plentiful
nonexperts, who receive tools to facilitate collaboration in a
specific context successfully. Collaboration engineering breaks
processes into repeatable and formalized pieces, preconfigured
technology, and guidance on required behaviors. From this
perspective, collaboration engineering and community-based
health care adopt a similar approach. Medical professionals
facilitate their medical consultations based on their formal
training and a repertoire of scripts grown by experience. This
training is time-consuming and expensive. Likewise, CHWs
are the nonexpert collaborators in medical consultations. They
are available in large numbers and at comparably low costs.
They lack critical knowledge and expertise that must be
compensated through process restrictions. Thus, medical

professionals are trained facilitators, and CHWs are nonexperts
facilitating health care within a limited domain.

Following this analogy, we claim collaboration engineering
offers efficient and effective task shifting tools that “standardize
the performance and interpretation of certain tasks” [6].
Consequently, CHWs could be empowered to accept broader
responsibilities and perform tasks beyond diagnosing and
monitoring patients. In turn, empowered CHWs might be
retained longer, reducing attrition rates. Despite this potential
value, there is a lack of research studying how collaboration
engineering can formalize crucial knowledge to facilitate task
shifting from medical professionals to CHWs.

Research Objective
This study addresses this research gap by developing Scripted
Medicine, an approach for CHW empowerment inspired by
research on collaboration engineering and algorithmic
management. The insights from algorithmic management align
well with restricting collaboration processes through (1) a
carefully designed series of activities and (2) the configuration
of technology to support behaviors within each activity. In
community-based health care, mHealth combines both principles
as medical algorithms represent the series of activities and
provide the user with the functionalities required to perform
these activities. Collaboration engineering offers ThinkLets as
a tool to guide CHWs’behaviors throughout the activities. They
convey expert knowledge in predictable and repeatable
recipe-like scripts that make the knowledge easily accessible
for nonexperts. Accordingly, we formulate the design goal and
solution objectives demonstrated in Textbox 1.

Textbox 1. Design goal and solution objectives.

Design goal

• Empower community health workers with Scripted Medicine to accept broader responsibilities in noncommunicable disease care

Solution objectives

• “Medical Knowledge”

• Convey medical knowledge through a carefully designed series of activities and preconfigured technology by drawing on insights from
algorithmic management

• “Counseling Knowledge”

• Convey knowledge through guidance on specific behaviors in the activities in ThinkLets

Methods

Overview
We followed the design science research methodology proposed
by Peffers et al [62] to develop the Scripted Medicine approach
for CHW empowerment. Design science research is especially
suitable as it aims to create artifacts that address a practical
problem [63]. Such artifacts include software designs, theoretical
models, or approaches [62]. While originating from information
systems and computer science, design science research is
increasingly applied in medical informatics to study emerging
phenomena and generate new knowledge through a design
approach [64-68]. The following subsections introduce the

ComBaCaL (Community Based Chronic Disease Care Lesotho)
project and describe our implementation of the design science
research methodology. This manuscript focuses on the diabetes
pilot of the ComBaCaL project.

Ethical Considerations
The pilot is approved by the Ministry of Health Research and
Ethics Committee Lesotho (ID 176-2021). All participants gave
verbal informed consent to participate in the study. The obtained
data was de-identified. The participants did not receive any
compensation for participating in the study.
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ComBaCaL: Community-Based NCD Care
ComBaCaL is an innovative initiative to address the escalating
NCD epidemic in Lesotho. The 5-year project used a
community-based model, leveraging CHWs and mHealth to
enhance NCD prevention, screening, diagnosis, and care.

One key aspect of ComBaCaL is its emphasis on empowering
CHWs to play a pivotal role in delivering NCD care at the
community level. Lesotho successfully decreased HIV
transmission and AIDS-related deaths mainly due to the broad
rollout of HIV testing and antiretroviral treatment. Previous
studies explored the potential of decentralized, home-based
service delivery for HIV care in the setting [69-71]. The project
aimed to continue expanding the responsibilities of CHWs
horizontally (ie, other diseases) and vertically (ie, offer
treatment).

ComBaCaL is among the first projects to expand CHWs’
responsibilities to provide treatment for NCDs through task
shifting. The project strategically focuses on 2 critical NCDs:
type 2 diabetes and hypertension, with a comprehensive care
package beyond screening and monitoring. ComBaCaL follows
a more comprehensive approach to community-based care that
includes lifestyle counseling and prescription of first-line
treatments for uncomplicated type 2 diabetes and hypertension.
The goal was to provide accessible NCD care within the
community, thus minimizing the need for travel to the often
distant health care facilities without compromising patient safety
and care quality.

To achieve this goal, ComBaCaL used mHealth, specifically a
community health toolkit (CHT), to capacitate CHWs. These
tools guide CHWs through clinical algorithms on tablets,
enabling them to effectively screen and monitor NCDs, prescribe
first-line treatments, and provide necessary care within the
community.

The CHT is an open-source toolkit for community-based health
care that reflects the needs of the local context [72]: a
community-based perspective, an offline-first approach, and
flexibility in configuring medical algorithms. These tools should
streamline CHW activities and facilitate decision support based
on entered data, ensuring effective and accurate care provision.

ComBaCaL is a multidisciplinary implementation research
project that aims to improve care for chronic diseases in rural
Lesotho by developing and implementing innovative
community-based health service delivery models. The project
consortium includes SolidarMed, a local nonprofit organization;
the Division of Clinical Epidemiology at the University Hospital
Basel; the National University of Lesotho; the Lesotho Ministry
of Health; and the Department of Informatics at the University
of Zurich.

Design and Development
An interdisciplinary and multicultural project team adopted a
human-centered approach to gather extensive requirements for
the envisioned community-based health program with support
from students in Lesotho and Switzerland [73,74]. This approach
allowed the project team to include all relevant stakeholders
and their needs. The program was developed in 2 streams

between February 2021 and April 2022. In the first stream, the
project team developed medical algorithms instantiated in the
CHT, named the ComBaCaL app. In collaboration with medical
experts, informatics students from a university in Switzerland
build medical algorithms that contain step-by-step guidance in
registering, screening, diagnosing, and (if necessary) treating
clients for diabetes. The algorithms were developed using agile
methods and tested before the intervention. In the second stream,
a group of 4 researchers iteratively codeveloped ThinkLets. The
researchers developed 9 ThinkLets covering the social
interactions associated with the medical algorithm’s guidance.
They especially considered the interrelation between medical
procedures and social interactions between CHWs and their
patients. The ThinkLets were revised and finalized after the
CHW training to incorporate learning from practice sessions.

Demonstration and Evaluation
The concept was evaluated with 10 newly recruited CHWs in
2 districts in Lesotho in Spring 2022. The communities elected
the CHWs according to the Lesotho Village Health Policy. The
scope of the evaluation covers 2 weeks of training and
approximately 12 weeks of field experience, during which
CHWs provided diabetes counseling in their community.

The first week of training focused on clinical knowledge.
Medical experts educated CHWs on diabetes risk factors,
pathophysiology, diagnosis, and treatment. Practical sessions
on medical procedures, such as capillary blood glucose
measurement, complemented the lectures and allowed CHWs
to practice with peers. The second training week focused on
embedding the gained clinical knowledge into the interactions
between CHWs and their clients. The practice-oriented
counseling training was organized in modules along the
counseling process. Each module was built on the previous one
to cover the whole interaction when combined. The modules
all followed the same approach. First, the trainers introduced
the relevant ThinkLet to the plenum. They explained the aim,
reason, and process of each ThinkLet and answered questions.
A trainer demonstrated how a ThinkLet intends to support the
CHWs in handling the medical algorithm on a tablet app and
their interaction with clients. A total of 2 CHWs then applied
the ThinkLet in a roleplay, with the remaining CHWs watching
and asking questions. Second, the CHWs practiced on each
other in groups of 5 by applying the clinical knowledge in the
algorithms in its social context supported by ThinkLets. Third,
the groups met again in the plenum to discuss what they had
learned and to answer open questions. This approach was
repeated until the CHWs counseled their peers, from welcoming
to saying goodbye. The training concluded with 2 days in a
nearby village where the CHWs applied their knowledge and
skills in a real-world setting with people closely resembling
their future clients.

Data Collection and Analysis

Overview
We followed an abductive approach to study how Scripted
Medicine empowers CHWs to accept broader responsibilities
in NCD care. Deductive and inductive approaches aim to test
a theory objectively (ie, deductive) or generate a theory from

JMIR Hum Factors 2025 | vol. 12 | e57545 | p.906https://humanfactors.jmir.org/2025/1/e57545
(page number not for citation purposes)

Staehelin et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


interpretation (ie, inductive). Compared to these approaches,
abductive research balances empirical data and existing theory
[75]. This balance makes abductive reasoning suitable for design
science research and this study as it considers a theory (ie,
empowerment) and empirical data to generate new knowledge
[76]. We conducted our abductive approach in 2 rounds, as

depicted in Figure 1. Throughout the data collection, the CHWs
always could speak Sesotho to express themselves in the best
way possible. Native speaking Basotho either participated in
the focus group discussion or conducted the interviews if
preferred. Questionnaires were in Sesotho and English
languages.

Figure 1. An abductive analysis approach for the posttraining and field evaluation. CHW: community health worker; SUS: System Usability Scale.

Posttraining Evaluation
We collected data during the CHWs’ training. We captured
video recordings during the training sessions to study the CHWs’
learning curve. At the end of the training, the CHWs participated
in a focus group discussion to reflect on their training experience
and expectations toward their new role. We divided the CHWs
into 2 groups of 5 to give each CHW enough space to speak.
Finally, each CHW completed a questionnaire on structural and
psychological empowerment [17,25] and rated the ComBaCaL
app on the System Usability Scale (SUS) [77] (see Multimedia
Appendix 1 [17] and Multimedia Appendix 2 [77] for the
questionnaires).

We conducted the data analysis in 6 steps. First, we began our
analysis by focusing on the questionnaire data to assess goal
attainment regarding the CHWs’ perception of structural and
psychological empowerment. We calculated the median and
mean for each item and item group (where applicable). Second,
we calculated the SUS score for the ComBaCaL app. The SUS
evaluates the quality of the process restrictions instantiated in
the ComBaCaL app through (1) the designed sequence of
activities and (2) the configuration of the app, and, therefore,
verifies solution objective 1. Third, we compared the results
between the Mokhotlong and Butha Buthe groups (5 CHWs
each). This step elicited interesting insights to guide the
subsequent observation and interview data analysis. We then

analyzed the observations (ie, video recordings). In the fourth
step, we compared the CHWs’ behaviors with the counseling
ThinkLets to assess their adoption (solution objective 2). Fifth,
we applied the critical incidents technique to identify
outstandingly effective or ineffective behaviors [78]. Finally,
we analyzed the 2 focus group discussions following a
theory-driven coding approach based on the empowerment
literature [20,25] paired with in-vivo coding for emerging
themes. Analyzing the focus group discussions allowed us to
understand the insights from the previous steps. The initial codes
were access to information, support, resources, and
opportunities (structural empowerment) and meaning, impact,
competence, and autonomy (psychological empowerment).

Field Evaluation
We collected a second round of data after the CHWs worked
in the field for approximately 12 weeks. The CHWs again
completed the same questionnaire on empowerment and system
usability. Further, they provided insights into their work through
semistructured interviews (individual interviews).

We first analyzed the empowerment questionnaire and SUS
score (steps 1 and 2). In step 3, we calculated changes between
the initial and second questionnaires in addition to the median
and mean. These changes yielded interesting insights into the
dynamics of empowerment that we further explored in the
interviews (step 5). We analyzed the interviews based on the
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same coding approach to find explanations for the identified
changes. We further analyzed the interviews regarding the
continued use or adaptation of the ThinkLets (step 4). Finally,
we combined survey data, interviews, and field observations to
draw our conclusions. We could generate a rich and
multidimensional understanding of Scripted Medicine through
careful triangulation. Our abductive approach sensitized us to
balance the empirical findings and theoretical grounding in
collaboration engineering, algorithmic management, and
empowerment. Finally, we formulated design principles as
proposed in a study by Gregor et al [79] to synthesize our
contribution and inform designers.

Artifact Description
Scripted Medicine was developed based on the 3 principles of
process restriction proposed in collaboration engineering: (1)
careful design of a series of activities; (2) configuration of
technology to support behaviors within each activity; and (3)
guidance on the behaviors (including constraints) performed in
each activity [59]. Insights from algorithmic management guided
the design of the series of activities and the configuration of
technology, while ThinkLets formalize the behaviors in the
activities. Scripted Medicine interlinks medical and counseling
expertise conveyed by algorithms and ThinkLets to structurally
and psychologically empower CHWs. The act and perception
of empowerment allow CHWs to accept broader responsibilities
in NCD care. Figure 2 depicts this conceptual model for Scripted
Medicine.

Figure 2. A conceptual model for community health worker (CHW) empowerment with Scripted Medicine based on process restrictions through
medical algorithms and ThinkLets.

Formalizing Clinical Knowledge in ComBaCaL
Medical algorithms formalize the clinical knowledge necessary
to offer diagnosis, monitoring, and treatment services for NCDs.
These algorithms represent a carefully designed series of
activities that follow existing medical guidelines. They constrain
CHWs in their actions to ensure the proper application of care
procedures for patient safety. These constraints facilitate the
expansion of CHWs’ responsibilities and have been shown to
empower CHWs [35]. For example, they offer step-by-step
guidance to support CHWs in implementing the proper medical
procedures in the correct order. Further, mHealth automates
documentation, which frees up time for CHWs. Finally, such
tools give CHWs access to relevant medical history information
collected previously.

The medical algorithms were implemented in CHT and called
the ComBaCaL app. The toolkit offers a “shell” with basic
functionalities and allows for rapid deployment of medical
algorithms. The ComBaCaL app is structured in 3 tabs: tasks,
care guides, and profiles (Figure 3 [72]). The medical algorithms
influence each tab by defining open tasks and their due date,
storing, and displaying information in patient profiles, and
providing step-by-step guidance in the care guides. For the
study, the medical algorithm covered medical procedures for

(1) patient and household enumeration (ie, registration and
obtaining informed consent); (2) screening for diabetes, using
capillary blood sugar measurements after prescreening using
age and body mass; (3) diagnosing diabetes; and (4) initiating
treatment (ie, medication and lifestyle advice, if applicable). In
a diagnosis, the medical algorithm would initiate screening for
signs and symptoms of advanced disease and other criteria that
would require a referral of the patient to a health facility. In an
uncomplicated disease, the algorithm would start a treatment
cycle with regular follow-ups to adjust medication until an
acceptable blood glucose level is reached. If acceptable blood
glucose levels cannot be reached through the treatment provided
by the CHW, the algorithm would then suggest referral to the
health facility for further care. Guidelines for medical
professionals are confined to essential clinical information.
More guidance is required in community-based health care as
CHWs do not have this formal education. In ComBaCaL, the
medical algorithms contained relevant clinical questions, notes
on preparations (eg, to ensure that all necessary materials, such
as protective gloves are available), information to provide to
clients (eg, possible side effects of medication), and alerts, if a
client must be sent to a medical professional. However, not all
relevant knowledge can be conveyed in algorithms, as they
would become cluttered and overly lengthy.
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Figure 3. The community health toolkit structure in the tabs: (A) profile; (B) care guides; and (C) tasks. ANC: antenatal care.

Formalizing Counseling Knowledge in ComBaCaL
Accordingly, Scripted Medicine formalized counseling
knowledge in ThinkLets. Medical scripts (ie, medical
algorithms) guided the CHWs through a series of activities.
This way, they offered the information basis for the social
interactions (eg, a diagnosis a CHW must explain to the patient).
ThinkLets formalized counseling expertise to guide CHWs in
these social interactions throughout the consultation process.
While initially developed to guide behaviors in large group
collaboration, ThinkLets are not limited to such collaborations.
They have been successfully applied in dyadic collaboration.
For example, ThinkLets can empower service providers to use
technology to adapt work practices for value cocreation in
service encounters [80]. They can also facilitate knowledge
transfer between expert advisers and nonexpert clients in
burglary prevention [81].

In Scripted Medicine, they contained the counseling knowledge
required to interact meaningfully with clients and build quality
relationships. Counseling ThinkLets embed the clinical
knowledge instantiated in algorithms into social interactions.
Such ThinkLets can range from high-level steps to
microinteractions. For example, a ThinkLet could provide
instructions on approaching new clients and introducing the

health program to start counseling. Another ThinkLet on
comforting clients could offer CHWs a tool to handle patients’
emotional reactions after a diagnosis.

In ComBaCaL, social interactions along the medical algorithm’s
guidance were scripted in 9 ThinkLets. The ThinkLets covered
the steps of greeting and consent, enumeration, screening,
confirmation, counseling, referral, medication, dosing, closing
with diabetes, and closing no diabetes. These high-level steps
are intended as a proof-of-concept that should be broken down
into more nuanced ThinkLets with growing experience and
insights. Table 2 shows the greeting and consent ThinkLet as
an example. Italicized texts indicate posttraining adaptations
made due to insights from the training. For example, Basotho
customs require people entering the property to announce
themselves with “Koko.” The ThinkLets indicates the inputs
required and expected outputs for the interaction. The setup
includes instructions, for example, on how to position oneself
or organize the working space. The steps and “say this...” offer
guidance on how to structure the interaction. In the subsequent
example, the ThinkLet also refers to additional materials to be
used (ie, “according to the introduction cheat sheet”). Finally,
notes offer insights for CHWs and others into the context and
mechanisms of a ThinkLet.
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Table 2. An example ThinkLet greeting and consent, with posttraining adaptations in italics.

DescriptionDimension

Name • Greeting and consent

Inputs • None

Outputs • Signed informed consent form and client who knows the CHWa and ComBaCaLb

Setup • Say loudly “koko” while entering the property and repeat until you can be certain that the owner heard you if they are
around

Steps 1. Greet clients
2. Briefly present yourself
3. Briefly present ComBaCaL cohort study
4. Wait for permission to take a seat or ask for it (outdoor or indoor)
5. Take tablet and the introduction cheat sheet

Say this 1. According to the introduction cheat sheet:
• present yourself
• present ComBaCaL
• explain informed consent form

2. Let all clients sign the informed consent form (including children)
3. Start creating the household in the app
4. Answer all required questions while creating the household
5. Submit

Notes • Basotho houses in rural areas differ from houses in western countries in that you already enter a more private part of the
property, even if you have not yet stepped through a front door. Because many houses consist of only 1 room, one already
enters the bedroom when entering the house interior. The properties are fenced and when you pass through the fence gate,
however, you cannot knock. The observations during the trainings have shown that the CHWs replace the ringing or
knocking at the door with a loud “Koko.” This should be loud enough so that it can he heard over the entire property and
the owner will be aware of it if they are home.

aCHW: community health worker.
bComBaCaL: Community Based Chronic Disease Care Lesotho.

Results

Overview
In this section, we report on the evaluation outcomes of Scripted
Medicine in the field study in ComBaCaL. We evaluated the
attainment of the design goal (ie, empower CHWs to accept
broader responsibilities in NCD care) in 2 rounds. First, we
examined Scripted Medicine’s effect on CHW empowerment
directly after the training. Second, we highlighted changes in
the CHWs’perception after approximately 3 months in the field.

CHW Empowerment After the Training
The video recordings captured the CHWs’ application of the
counseling ThinkLets. While the interactions in practice sessions
at the beginning appeared artificial, the CHWs felt noticeably
more comfortable interacting with clients in the nearby villages.
The analysis showed that most CHWs closely followed the
ThinkLets. However, they had already started adjusting the
scripts to their liking. For example, instead of enumerating a
household with everyone present, they opted to enumerate each
member individually and asked others to leave. Later, the CHWs

explained that due to the personal questions in the general health
questionnaire (eg, HIV status), they wanted to create a more
secure environment.

The medical algorithms in the ComBaCaL app scored 74.25 on
the SUS. This indicated that the CHWs perceive the medical
algorithms and the ComBaCaL app as useful in counseling
clients. The analysis of the video recordings supports this
indication. Most CHWs navigated the app without difficulties
at the end of the practice-oriented training.

The empowerment questionnaire showed that the training
empowered the CHWs. On average, the CHWs rated their
structural empowerment at 4.5 on a 5-point Likert scale (Table
3; Multimedia Appendix 3 provides further details). In the focus
group discussions, many referred to the clear structure provided
by the medical algorithms and ThinkLets. One CHW said the
following:

I thought it’s going to be hard to go through [all the
procedures]. But then, when we proceeded, everything
became clearer. The app reminds me, and things come
easy.
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Table 3. Evaluation results of community health worker empowerment on a 5-point Likert scale and System Usability Scale (range 0-100).

TrendAfter field experienceAfter trainingMeasure and dimension

Structural empowerment (5-point Likert scale)

↑4.64.5Access to opportunities

—a4.64.6Access to information

↓44.3Access to support

↓4.34.6Access to resources

Psychological empowerment (5-point Likert scale)

↓4.84.9Meaning

↓4.54.6Competence

↑4.24.1Autonomy

↑43.8Impact

System Usability Scale ( range 0-100 )

↑76.574.25Total score

aNot available.

The training approach also resonated well with the CHWs. They
could make mistakes in a safe environment, where they received
feedback from trainers and peers. Further, the Butha Buthe
CHWs agreed in the focus group discussion that the last days
in the nearby village greatly benefited them in interacting with
strangers. Back in their community, their clients mostly will
not be strangers but people they already know to a certain
degree, which would make the interactions even easier.
However, some CHWs, particularly those from Mokhotlong
(ie, the more rural district), raised infrastructure concerns such
as the lack of electricity to charge their tablets. Consequently,
the Mokhotlong CHWs rated their access to resources as 14%
lower (4.27 compared to 4.87) and access to support as 17%
lower than their Butha Buthe colleagues (3.93 compared to 4.6).

The CHWs also felt empowered as they rated their combined
psychological empowerment at 4.35 out of 5. Notably, impact
is the only dimension rated <4, at 3.8. Again, the Mokhotlong
CHWs rated the perceived impact noticeably lower (26%, 3.33
compared to 4.2). In the focus group discussions, some feared
that people might refuse their services due to skepticism, as
NCDs “are for the rich people” and would only affect “people
who are older.”

Conversely, both groups perceived an exceptional meaning in
their future work (4.9 out of 5), which one CHW explained with
this:

We don’t want to see an increased number of patients
diagnosed with diabetes and hypertension, and also,
we don’t want to see people who already have
hypertension or diabetes die due to complications of
those diseases.

Another CHW highlighted the benefits of the counseling
ThinkLets. She described herself as shy, “but this time, I’ve
seen that I’m not shy anymore, and I can speak freely to
everyone.” The Mokhotlong CHWs all rated meaning with the
maximum score and, thereby, slightly higher than the Butha

Buthe CHWs. Further, all CHWs felt confident with their new
skills and roles. One CHW said the following:

I don’t think there will be challenges. The people in
my village are waiting for me.

However, the CHWs also raised some initial concerns. The
concerns were primarily related to their acceptance, as
community members might not be willing to accept their
services. Both groups would prefer a project representative to
introduce them to their village to gain initial credibility. Some
mentioned that weather conditions influencing their ability to
travel were a concern, especially in winter. These concerns often
evolved around the loss of control, which could explain the
CHWs’ lower perception of autonomy compared to the other
dimension (4.1 out of 5 on a 5-point Likert scale).

When asked what they expect upon returning, one CHW
emphasizes the collaboration with patients as follows:

We’re expecting to work hand in hand with patients.
And being kind to them, to speak to each other. I think
the most important thing is the idea of ComBaCaL to
come through, and this is going to happen by the way
we’ll be working. We are going to be sure that each
and everyone will be happy with our services.

Despite raising some concerns, the CHWs felt well-prepared
for their new responsibilities when returning to their
communities after the training.

CHW Empowerment After Field Experience
After approximately 12 weeks in the field, the CHWs still felt
empowered and ranked the ComBaCaL app slightly higher at
76.5 points on the SUS (Table 3).

Over the 3 months, CHW empowerment showed some minor
changes. As the CHWs are distributed across 2 districts in
Lesotho, they appeared to perceive less access to support (from
4.3 to 4 out of 5). During the training, they had access to
supervisors, experts, and peers to ask questions and receive
feedback. After returning to their communities, the CHWs
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mainly worked alone. In the interview, one CHW proposed
adding “a chatting platform, where people are ready to help in
case of seeking for help; on which our instructors are able to
communicate with us.” Further, they had fewer opportunities
to acquire new skills than during the training (from 4.6 to 4.3).
Some mentioned in the interview that adjusting from a training
setting to working back in their community took some time.

The CHWs perceived the same or even slightly better access to
information (from 4.5 to 4.6) and resources (remained at 4.6)
compared to the training. One CHW refers to the tablet as the
source of information and resources as follows:

It helps a lot since it shows all the activities we were
taught in training. It shows which people to attend
the following day and how many people I have offered
services to. It...helps me to keep track of people who
are served and others to be served. If I happen to
make a mistake in my activity, it reminds me because
it shows that something is wrong.

The CHWs’psychological empowerment also underwent some
changes. Despite their high confidence in their skills, most
CHWs report challenges they encountered in their community.
Accordingly, perceived meaning and competence slightly
decreased. A CHW mentioned convincing young adults as a
challenging task as follows:

The main challenge is that the youngest adults refuse
to agree when we test for them. But after talking to
them about the importance of this, then they agree.

Interestingly, most CHWs reported similar experiences of
persuading reluctant clients when asked about their greatest
success so far. For example, another CHW said: “what made
me happy is the joy of being able to convince a person, or
generally making a person have interest in matters of health.”
They could persuade clients to accept their services despite the
initial skepticism. This success might have increased perceived
autonomy and impact, as “those one I helped are very impressed
since ComBaCaL is taking care of their lives door to door, and
they even gained some information on how to take care of
themselves.” After translating their training into practice, the
CHWs could see the impact of their work. This gave them
confidence in their capabilities and resulted in more trust from
their patients, as one CHW summarized:

Most of my clients see the confidence in me when I
walk; when I touch anything. So, when you enter the
door of the household, you should look confident and
say clear things so clients are able to trust you. [The
training] was basic because it helped me overcome
my fear. That was my first action when I started; to
see how to work with a patient. So, I learned there,
and I was able to move forward with the knowledge.

Interestingly, the interviews showed that medical algorithms
dominated the perception of structural empowerment. However,

psychological empowerment is often attributed to the ThinkLets
that embed clinical knowledge in client interactions. As in the
example earlier, the CHW refers to “work with a patient” and
their confidence in their interactions with the patient. Hence,
combining medical and counseling knowledge empowered
CHWs to accept their responsibilities in ComBaCaL.

Discussion

Principal Findings
This study aimed to design Scripted Medicine, which is an
approach to empower CHWs to accept broader responsibilities
in NCD care. We grounded the approach in research on
collaboration engineering and algorithmic management.
Restricting CHWs in the process facilitated the transfer of power
(ie, structural empowerment) that led to psychological
empowerment. As hypothesized, the empowered CHWs could
accept the broadened responsibilities and offer more holistic
NCD care to their community. These results allow us to make
a 2-fold contribution.

Scripted Medicine
Scripted Medicine is a novel approach inspired by existing
research on collaboration engineering and algorithmic
management. It is the product of scripting the necessary medical
and counseling expertise. Scripted Medicine combines
previously separated knowledge spheres to create significant
empowerment potential in community-based health care. Process
restrictions empower CHWs by conveying the relevant
knowledge required for their work.

Medical algorithms empower CHWs to perform medical
procedures [40-42]. Scripted Medicine broadens the perspective
on medical algorithms by drawing on algorithmic management
literature [43,44,47]. The 5RSM framework provides a nuanced
distinction of algorithmic management forms that influence
how researchers design and study medical algorithms [47]. For
example, our evaluation highlights the necessity for carefully
considering algorithmic requiring and recommending. CHWs
might feel disempowered when requiring noncritical activities
instead of providing certain flexibility in work planning. On the
contrary, previous research reports seemingly contradictory
observations in CHW empowerment. CHWs perceived
algorithmic restricting as empowering instead of a loss of
autonomy [54]. This observation aligns with collaboration
engineering research [59,60]. Accordingly, Scripted Medicine
explains how restricting CHWs in the process (eg, restricting
unsafe actions) while allowing enough flexibility for users to
adapt to their context is empowering rather than disempowering.
It also emphasizes the “well-designed” when instantiating
clinical knowledge in mHealth tools. Consequently, we
formulate the design principle of scripted medical activities
(Textbox 2 [79]).
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Textbox 2. The design principle of scripted medical activities following the study by Gregor et al.

Title

• Design principle of scripted medical activities

Aim, implementer, and user

• For designers and researchers (implementers) to efficiently and effectively convey medical knowledge (aim; solution objective [SO] medical
knowledge) by drawing on the algorithmic recommending, restricting, requiring, rating, rewarding, sanctioning, and monitoring (5RSM) framework
to guide community health workers (CHWs; users) through carefully designing a series of medical activities

Context

• Community-based health care heavily relies on medical algorithms to enable CHWs to perform medical procedures (eg, diagnostics) safely and
independently [40-42]. While requiring CHWs to follow a specific path creates more reliability, it ignores the individual preferences of CHWs
and might lead to conflicts with other responsibilities (eg, families). This could result in dropouts [13,14].

Mechanism

• Provide medical knowledge to CHWs through scripts based on algorithms (eg, decision trees), allowing them to have agency over noncritical
medical activities

Rationale

• Collaboration engineering allows nonexperts to perform activities by restricting their process flexibility [59]. While this has an empowering
effect, certain forms of algorithmic management (ie, recommending and requiring) can have opposite effects [47]. Our results have shown that
requiring a specific order in which tasks are completed feels too restrictive. Allowing CHWs to plan their work independently, within limits,
offers them an agency that is perceived as empowering. Accordingly, the 5RSM framework offers more nuanced forms of algorithmic management
that acknowledge the need for reliability and safety as well as independence and agency.

Scripted Medicine further argues that formalizing clinical
knowledge alone is insufficient for sustainable community-based
health care. While medical algorithms provide the foundation
to expand CHWs’ responsibilities, they do not adequately
address all relevant aspects of empowering CHWs. Medical
algorithms cater to 2 out of 3 aspects of process restrictions as
follows: (1) careful design of a series of activities and (2)
configuration of technology to support behaviors within each
activity. However, they lack the final ingredient that translates
the clinical knowledge into its application context: (3) guidance
on the behaviors performed in each activity to maneuver CHWs
and their clients through the counseling process.

Scripted Medicine addresses a significant shortcoming in current
research that often assumes that medical algorithms alone
empower CHWs. This limited perspective results in unilateral
solutions that solely focus on the technical dimension of CHW
empowerment [29,30,54]. However, CHW acceptance and
overall health outcomes also depend on the quality of the social
interactions between CHWs and their clients [52,53]. Yet,
counseling knowledge is seldom in scope in community-based
health programs. Scripted Medicine extends the existing work
on CHW empowerment as it embeds clinical knowledge into
the context where it is applied. Our evaluation indicated
differences between Mokhotlong and Butha Buthe CHWs. These
differences highlight the importance of considering the social
context. Both CHW groups received the same scripted expertise
and training but showed different perceptions of structural and
psychological empowerment. While the survey only offered
indications, our observations and interviews allow us to argue
that the slightly different contexts between the 2 districts cause
the indicated differences. People in Mokhotlong might be more
skeptical of Western medicine in general. Hence, CHWs might
believe the community will be reluctant to accept their services

and perceive less impact of their work. Further, Mokhotlong
CHWs raise the issue of lacking access to electricity or cellular
signals, while their Butha Buthe colleagues do not. Infrastructure
differences also alter empowerment perceptions. Mokhotlong
CHWs perceive less access to resources (ie, the tablet could run
out of battery) and support (ie, no means to call or text a
supervisor). Scripted Medicine obliges designers and researchers
to consider the context within which they operate carefully.

Counseling ThinkLets serve multiple purposes in Scripted
Medicine. First, ThinkLets were useful training modules for
counseling clients with the support of medical algorithms.
Trainers can structure training along ThinkLets to maintain a
logical order. ThinkLets can first be discussed and demonstrated
in the plenum before moving to practice-oriented training
sessions. In these sessions, CHWs apply ThinkLets to build
expertise in a safe environment and receive feedback from
trainers and peers. Second, ThinkLets are individual learning
modules beyond official training sessions. CHWs can always
revert to them in case they feel insecure. For example, CHWs
might not perform specific tasks regularly and want to refresh
their memory before counseling clients. Third, ThinkLets are
intended to provide a foundation for social interactions in
counseling. While the medical algorithm provides continuous
constraints for care procedures, ThinkLets should “kickstart”
the CHWs’ counseling practices that they adapt over time as
their expertise grows. Finally, ThinkLets allow designers and
researchers to study the evolving routines of individual CHWs
when performing their work. These insights can be formalized
and shared with other CHWs to make knowledge accessible
within the program.

Scripted Medicine emphasizes the sociotechnical context, which
is often lacking in existing literature on technology-supported
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community–based health care. It allows research to go beyond
medical outcomes and consider CHWs’ difficult position at the
margin of different communities (eg, their families and the
health system), often without fully belonging to any of them
[29]. In combination, counseling ThinkLets and medical
algorithms facilitate the structural empowerment of CHWs as
they gain access to information, resources, support, and
opportunities. Scripted Medicine postulates a more
comprehensive view of structural empowerment, as optimizing
one aspect might not cater to all dimensions. For example,

medical algorithms might reduce or even prevent access to
opportunities. CHWs cannot deviate from the algorithm’s
predetermined workflow to ensure patient safety. On the other
hand, counseling ThinkLets open plenty of opportunities for
CHWs to develop their personal way of interacting with clients.
They empower CHWs to transfer medical procedures from
isolation into the social interactions of health services. On the
basis of these insights, we formulate the design principle of
scripted counseling (Textbox 3 [79]).

Textbox 3. The design principle of scripted counseling following the study by Gregor et al.

Title

• Design principle of scripted counseling

Aim, implementer, and user

• For designers and researchers (implementers) to efficiently and effectively convey counseling knowledge (aim; solution objective [SO] counseling
knowledge) to support community health workers (CHWs; users) in the creation of their own, culturally adapted counseling practices

Context

• Digital health tools for community-based health care primarily convey medical knowledge to CHWs [29,30,54]. While medical knowledge is
crucial, health care is always an interaction between people. Accordingly, existing research does not support CHWs enough to transfer this
medical knowledge into action.

Mechanism

• Provide counseling knowledge to CHWs through ThinkLets (ie, communication scripts), allowing them to scaffold their advice and to develop
their counseling practices in accordance with their preferences and the cultural context

Rationale

• CHW acceptance and health outcomes significantly rely on social interactions [52,53]. Counseling ThinkLets require designers to consider the
context for which they design and allow CHWs to develop their own practices that suit their preferences and strengths. Further, it allows tailoring
to nuances within specific cultural contexts. Our findings indicated differences between the CHWs from the more urban Butha Buthe and the
rural Mokhotlong.

Scripted Medicine is more than stringing together medical and
counseling scripts. These scripts are interdependent. Explicating
medical knowledge in the form of guidelines has long been
established. Counseling knowledge, as established in the
introduction, is often implicit and gained with years of training
and experience. Accordingly, guidelines for medical
professionals focus on essential clinical information. They
assume medical professionals possess the counseling experience
to translate clinical information into the consultation context.

The literature often neglects that CHWs require more guidance
than medical professionals. Scripted Medicine is an approach
to formalizing both areas of expertise, as clinical knowledge
alone is insufficient. For example, CHWs can counsel people
if they can rely on proper medical guidance and access relevant
clinical information about patients and medical procedures.
However, access to that data and being able to implement the
medical procedures depends on a good working relationship

with patients. Establishing and maintaining such a relationship
requires guidance on counseling practices.

Scripted Medicine considers the symbiosis of medical and
counseling knowledge and their interdependence. Accordingly,
it is more than merely a combination of clinical and counseling
guidance. For example, medical algorithms might include
different media types for CHWs to educate patients about their
condition after a diagnosis. Further, ThinkLets must consider
the process restrictions implemented in algorithms to avoid
unnatural interactions. This combination of formalized
knowledge in Scripted Medicine is the foundation for
psychological empowerment. While clinical knowledge itself
might enable CHWs to conduct medical procedures, CHWs
perceive the embedding in social interactions as empowering.
It allows CHWs to see the meaning in their work, feel competent
in counseling clients, autonomously plan their work, and observe
their work’s impact on their community. Thus, we formulate
the design principle of Scripted Medicine (Textbox 4 [79]).
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Textbox 4. The design principle of Scripted Medicine following the study by Gregor et al.

Title

• Design principle of scripted medicine

Aim, implementer, and user

• For designers and researchers (implementers) to meaningfully intertwine formalized medical and counseling knowledge (aim) to empower
community health workers (CHWs; users) to accept broader responsibilities in noncommunicable disease care

Context

• On one side, CHWs depend on medical algorithms to offer health services. On other side, medical algorithms depend on the data inserted by
CHWs during consultations. Thus, CHWs require a tool that carefully aligns the designed medical activities with counseling practices to carry
out more complex tasks successfully.

Mechanism

• Integrate formalized medical and counseling knowledge visually and algorithmically to empower CHWs

Rationale

• Collaboration engineering is an approach that carefully considers the effects of restricting and guiding users through activities and interactions
[57,59]. IT-supported community–based health care is a sociotechnical system in which people, tasks, systems, and organizational structures
(communities) are inherently interdependent [54]. Thus, CHWs require access to information, resources, support, and opportunities that consider
the social and technical dimensions of community-based health care.

Becoming Agents of Social Change
Existing research provides in-depth insights into the design of
mHealth to capacitate CHWs to perform actions they could not
perform otherwise, such as diabetes screening [5,34,37,41].
While this work is fundamental for expanding CHWs’
responsibilities, it fosters a unilateral focus on conveying
medical knowledge through mHealth. It has been argued that
most studies view CHWs as sensors of the health system, leading
to a reductionist perspective on community-based health care
[54]. In other words, existing research almost exclusively
focuses on the technical domain in a sociotechnical system and
omits the social dimension. This situation was mentioned in a
critique by Engel [82] on biomedical medicine as follows:

The crippling flaw of the [biomedical] model is that
it does not include the patient and [their] attributes
as a person, as a human being. Yet, in the everyday
work of the physician, the prime object of study is a
person.

Similarly, existing research does not consider community-based
health care as a collaborative process between CHWs and their
clients. However, multiple studies highlight the importance of
social interactions in community-based health care for patient
experience and treatment adherence [52,53]. Scripted Medicine
offers a lens that emphasizes the collaborative nature of
community-based health care. While the immense benefits of
community-based health care are undoubted, we criticize the
often reductionist consideration of health outcomes only.
mHealth might increase CHW performance and retention or
capacitate them to perform more complex tasks guided by
medical algorithms [36]. However, they do not necessarily
address the root causes of low performance and high attrition
(eg, lack of organizational support and appreciation [9,14]).
Accordingly, mHealth could even worsen the situation for
CHWs. Their responsibilities continuously broaden and become

more complex, while their work conditions do not necessarily
improve at the same rate. From an empowerment perspective,
current research focuses on shifting responsibilities and often
forgets shifting power. This could lead to CHWs feeling more
disempowered and increase instead of decrease attrition rates
over time.

Scripted Medicine aims to address such structural issues. It
accentuates the interdependence between the 2 dimensions of
health care: the medical and outcome-oriented procedure (health)
and the interpersonal, collaborative character (care). For
example, existing reports on health outcomes of
community-based health initiatives are limited to people willing
to accept CHWs’services. Reluctant people do not benefit from
improved access to health care and, consequently, are usually
not considered in such studies. Our evaluation indicates that
Scripted Medicine might empower CHWs to better persuade
this population to accept their services. By considering both
dimensions of health care, we believe CHWs become better
service providers and become the “agents of social change,
beyond their role as links between the community and the health
system.” [50]

Conclusions and Limitations
Task shifting to CHWs is a promising remedy to the imminent
shortage of medical professionals in the Global South [4,5].
However, community-based health programs often face
performance variability and high attrition rates [9-13]. As a
result, task-shifting efforts might be built on unstable
foundations if the root causes of the existing challenges are not
resolved.

Scripted Medicine provides a more comprehensive perspective
to empower CHWs to accept broader responsibilities in NCD
care. Scripted Medicine “scripts” clinical and counseling
knowledge that promises to quickly empower CHWs to accept
broader responsibilities and become active members of the
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health system. It draws on research on collaboration engineering
and algorithmic management to restrict CHWs in the counseling
process in a way that empowers them to offer more complex
health services, such as first-line treatment for uncomplicated
type 2 diabetes and hypertension.

Scripted Medicine positions CHWs as active members and not
sensors of the health system. Scripting medical and counseling
knowledge transfers the power necessary to offer high-quality
health services to CHWs. In turn, CHWs feel empowered to
accept new responsibilities and, thereby, increase the
accessibility of health care. Scripted Medicine highlights the
need for a deeper understanding of the local context and the

design of contextually adapted community-based health
programs to support CHWs in their work.

However, this study does not come without limitations. Scripted
Medicine broadens the unilateral focus on the technical
dimension by emphasizing social interactions. However, more
research is needed to study other potential dimensions
influencing CHW empowerment. Empowerment is a dynamic
concept that requires a longitudinal assessment of changing
CHW demands [35]. Finally, the rich dataset allowed us to
triangulate Scripted Medicine from empirical data. Future work
is needed to validate these empirical observations at a larger
scale.
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Abstract

Background: Knowledge sharing in medical imaging departments is driven by the need to improve health care services, develop
health care professionals’ skills, and reduce repetitive mistakes. It is considered an important step in the implementation of
knowledge management solutions. By following a maturity model of knowledge sharing, knowledge-sharing practices can be
improved.

Objective: This study aimed to develop a maturity model for knowledge sharing in the medical imaging department to help
managers to assess the level of maturity of knowledge-sharing practices. In modern health care institutions, improvements in
health care professionals’ skills and health care services are often driven through practicing knowledge-sharing behaviors.
Managers can follow the indicators of maturity model of knowledge sharing and its measurements to identify the current level
and move to the next level.

Methods: This study was conducted in 4 stages: an overview stage that highlighted the factors that affect knowledge-sharing
practices in medical imaging departments; an analysis factor stage that was designed to assess the factors that affect knowledge
sharing using a concurrent mixed methods approach (questionnaires and semistructured interviews) in 2 medical imaging
departments; a structuring maturity model knowledge sharing stage, where a maturity model of knowledge sharing was developed
based on the findings of the first and second stages; and finally, an assessment of reliability and validity stage, where a modified
Delphi method was used to obtain consensus among experts on model components to be ready for implantation.

Results: The model presented in this study includes 17 indicators, divided into 11 components. Those components were derived
from the findings of the questionnaires and semistructured interviews that were applied in the medical imaging departments. It
consisted of 5 maturity levels: initial, aware, defined, managed, and optimized. In each level, measurements were included to
help managers assess the current level by answering the questions. On the basis of reliability, the experts reached a consensus
agreement on the model’s components in 2 rounds with SD <1.

Conclusions: This maturity model of knowledge sharing in medical imaging departments allows managers and policy makers
to measure the maturity level of knowledge sharing in those departments. Although the model has been applied to medical imaging
departments, it could easily be modified for application in other institutions.

(JMIR Hum Factors 2025;12:e54484)   doi:10.2196/54484

KEYWORDS

knowledge management; knowledge sharing; medical imaging departments; cancer centers; the Christie; Kuwait Cancer Control
Center; KCCC; maturity model; factors; indicators; measurement
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Introduction

Background
Knowledge is an essential asset in achieving successful
institutional practices, and sharing knowledge gives a sustainable
competitive advantage to modern institutions [1,2]. Accessing
knowledge is the main step in problem-solving and
decision-making [3]. Knowledge is a mixture of experiences,
thoughts, ideas, values, and information. In the context of
institutions, knowledge can be shared and transformed among
employees within institutions to create new experiences and
information that did not exist before [4]. It consists of 2 main
categories: tacit and explicit knowledge [5]. Tacit knowledge
is any knowledge that exists in human minds, such as thoughts
and ideas. This kind of knowledge is difficult to document and
share. In contrast, explicit knowledge is the knowledge that
exists in policies, letters, documents, and manuals. This kind
of knowledge is easy to document and share with others using
several mechanisms [6]. Both kinds of knowledge are not
separate from each other. The dynamic process between tacit
and explicit knowledge helps share knowledge efficiently [5,7].

Health care institutions, for example, hospitals and specialized
centers, must apply a knowledge management system to build
a proper and effective network among all health care providers
[4]. The reasons for implementing a knowledge management
system are mainly the complexity and huge number of
knowledge-based resources that need to be managed [8].
Implementing knowledge management depends on
understanding its processes (knowledge creation, knowledge
capture, knowledge sharing, and knowledge applications).
Moreover, identifying a clear framework to follow is vital to
targeting any weaknesses in each step and creating a good
environment for health care professionals. As a result, health
care services and patient outcomes can be improved [8].

Knowledge sharing is considered an important step in
implementing knowledge management. Without a
knowledge-sharing process, knowledge management will be
difficult to implement because it relies on the dynamic process
of tacit and explicit knowledge sharing among employees.
Therefore, creating a culture of knowledge sharing among them,
and understanding the resources and factors that affect
knowledge sharing, are important for any knowledge
management system. Looking at health care services, knowledge
sharing is an essential step for successful knowledge
management within institutions, as it can lead to improved health
care settings performance, save them time, reduce costs, and
increase health education levels [9]. It plays an important role
in providing great accountability and establishing good practices
in health planning and policy making. Abzari et al [10] stated
that knowledge sharing is considered an essential factor in
successful institutional performance. It refers to the act of
sharing both tacit and explicit knowledge, such as thoughts,
ideas, and experiences from one person, group, or institution to
another to formulate new knowledge [11]. Knowledge sharing
is one of the challenges for health care institutions due to the
variety of resources and knowledge. Health care institutions are
complex environments given the variety of specialties in each

department and who operates institutional resources in each
department [12].

Medical imaging departments are essential in any health care
institution due to the importance of performing important
procedures for the pretreatment plan and interpreting results.
On the basis of the observation at the cancer center, there are
several problems facing knowledge-sharing practices in the
medical imaging department, such as a lack of awareness of the
importance of knowledge sharing, difficulty in sharing
knowledge among health care professionals, and a lack of
implementation of information and communication technology
(ICT) [13]. Creating a communication environment is important
to control the amount of knowledge shared among health care
professionals in their institutions [14]. In addition, dealing with
health care institutional issues is directly related to human capital
[15]. Sharing knowledge among health care professionals is
critical to apply that knowledge in their daily work and allow
them to create new knowledge that is needed for developing
the institutional process. Both tacit and explicit knowledge are
important to enhance the knowledge-sharing process among
health care professionals, because they are directly related to
the health care professional’s experience and skills [16].
Therefore, identifying a clear maturity model (MM) for
knowledge sharing in medical imaging is important to help
policy makers and managers use it to enhance
knowledge-sharing practices among health care professionals.

An Overview of the MMs
Maturity in this context refers to the degree to which technology,
institutional process, or frameworks evolve over time [17,18].
In institutions, an MM can be methodically used to define
operations and identify stages, which can lead to policy plans
[19]. The concept of the MM was developed in the early 1970s
[20]. It is increasingly applied in information systems [21] and
is established in many fields, such as knowledge management,
information management, and software performance and
management [22-25]. The purpose of MMs is to provide a clear
model based on an institution’s capabilities in a certain
managerial area using a set of criteria and related evaluation
methodologies [26]. It can be a powerful tool that helps identify
strengths and weaknesses in a specific area [27]. Bititci et al
[28] indicated that MMs have a positive impact on improving
institutional performance and respond to many challenges by
describing each step and stage properly.

Health care institutions face challenges in achieving best
practices in knowledge management system implementation
[29]. Maturity in knowledge management is defined as the
degree to which knowledge assets are effectively managed and
controlled within institutions [30]. There have been several
MMs for evaluating and describing these areas of management
that have been proposed in different studies [17-19,31-33].
Some other applications of MMs have been applied to health
care intuition information systems [34].

On the basis of the definition of maturity in knowledge
management, there is a strong link with the knowledge-sharing
definition, which is sharing experience and knowledge with
each other within an institution. This knowledge, either tacit or
explicit, needs to be managed to be able to be shared. In
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addition, to share any kind of knowledge, it should be managed
by human experience; this kind of management is required for
implementing the knowledge management process because it
is dynamic and active [35]. Therefore, there is a strong
relationship between the 2 definitions, as both deal with the
assets that need to be managed to obtain the objective. To share
the knowledge, they must understand the types of knowledge
and the factors that control the process of knowledge sharing,
all of which need to be managed and controlled within
institutions. On the basis of this context, to improve the
knowledge management process, we need to improve the process
of sharing the knowledge.

There is a continuing need to structure and develop a new
knowledge sharing MM (KSMM) for enhancing
knowledge-sharing practices among employees in the medical
imaging departments [36]. Structuring a KSMM helps decision
makers to achieve institutional tasks and improve the quality
of patient outcomes [37]. There are several models of knowledge
sharing [38-41]. Despite the variety of these models, few of
them focus on knowledge sharing in health care in general and
in the medical imaging department in particular [42]. There are
several factors that affect knowledge sharing among health care
professionals, including the MM of multidisciplinary team
(MDT) meetings, community of practice, ICT, social media
networks, picture archiving and communication system (PACS),
telemedicine, and digital library [43-49]. Creating a MM for
knowledge sharing that consists of all factors that affect their
behaviors is vital to implementing a knowledge-sharing
environment among health care professionals. The KSMM
should be an umbrella that covers all the factors.

To date, there is no MM to assess knowledge-sharing practices
among health care professionals in general hospitals, or in
medical imaging departments specifically, covering all the
factors that affect knowledge sharing in medical imaging
departments. Ipe [50] represented the model for the relation of
the knowledge sharing between individuals, factors, and the
relation between them. Therefore, developing an MM to evaluate
the level of maturity of knowledge-sharing behaviors is a
challenge due to the interactions of health care professionals’
behaviors with each other on the one hand and with ICT on the
other. In addition, this model is dependent on human beings,
cultural environments, and technological facilitators [50].

Aim and Research Questions
The aims of this paper were to present the steps of the
development of a KSMM for understanding how health care

professionals share their knowledge; define the proper stages
of achieving the best knowledge practices among health care
professionals in medical imaging departments; and use the
Delphi method to examine the reliability and validity among
experts on that model [51].

Therefore, the key research questions were as follows: (1) what
are the main components that structure the KSMM? (2) what
are the stages of MM that managers in medical imaging
departments need to follow to evaluate and enhance
knowledge-sharing practices among health care professionals?
(3) what are the indicators that control the KSMM, and how
can managers measure them? and (4) how to evaluate the
proposed KSSM regarding validity and reliability?

Objectives
This paper had various objectives. The first objective is to
identify the main stages and components that relate to the
KSMM. The second objective is to explain the main
characteristics of each stage involved in the MM in depth. The
third objective is to create a proposal for an MM that includes
the knowledge-sharing influencing indicators that affect
knowledge-sharing practices among health care professionals
in medical imaging departments, and to present the
measurements for each indicator that form the components of
the KSMM. Finally, the last objective is to generate consensus
among the experts in knowledge management and senior
managers of the medical imaging departments in the United
Kingdom and Kuwait on the components of the MM along with
its indicators and measurements to be implemented in all
departments.

Methods

Overview
This paper illustrates the development of an MM for knowledge
sharing in medical imaging departments. There were four stages
conducted in this study, as shown in Figure 1: (1) an overview
stage, consisting of a review of previous literature that identified
factors that affect knowledge-sharing practices in health care
institutions in general and medical imaging departments
specifically; (2) the analysis of factors stage, which consists of
applying several methodologies to examine those factors; (3)
the structuring the MM stage; and (4) the assessment of
reliability and validity stage. Hence, the initial MM for
knowledge sharing in the medical imaging department was
developed.
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Figure 1. The 4 stages conducted in this study. KS: knowledge sharing; MM: maturity model.

Ethical Considerations
This study followed the ethical guidelines outlined by the
Christie hospital and the Kuwait Cancer Control Center (KCCC).
Stage 1 was a systematic review, which did not require ethics
approval. Stage 2 assessed potential factors with the involvement
of health care professionals, and stage 3 analyzed the data from
previous stages. The Christie hospital, following the University
of Manchester regulations, did not require ethics approval for
these two stages because no sensitive or personal question were
asked; the KCCC, following regulation from the Ministry of
Health, Kuwait, provided the approval (3797). Stage 4 used the
Delphi method, which also does not require ethics approval
because all information based on the respondents will be kept
anonymous.

All respondents were asked to fill out the consent form
electronically, as a mandatory request on the Qualtrics survey
tool, before participating in the study. A brief description of the
study was provided at the start of the electronic survey, followed
by the consent form. Additionally, participants had a right to
withdraw at any point of the survey based on the consent form
provided. All the data are stored in the University of Manchester
Qualtrics platform and kept anonymous, only accessible by the
authors for the purposes of this study.

Stage 1: An Overview
An overview stage illustrated the factors that affect knowledge
sharing in medical imaging departments at the general hospital
and cancer centers specifically. There were several studies that
identified knowledge-sharing factors, which were divided into
3 categories: individual factors, administrative factors, and
technological factors [42,52-64]. Any factors that have a positive
impact on enhancing knowledge sharing are called facilitators.
In contrast, any factors that hinder knowledge-sharing practices
are called barriers.

Stage 2: Analysis of Factors
In this stage, to examine and analyze those factors, mixed
methods were used in this study. The mixed methods consist
of questionnaires and semistructured interviews [65]. A
concurrent, cross-sectional, triangulation, mixed methods design
was used in this study in 2 cancer centers (the Christie hospital
and KCCC). The questionnaire was structured based on the
previous studies, and the semistructured interview questions
were formed based on the factors in the previous stage to

examine those factors by distributing questionnaires and
conducting semistructured interview among health care
professionals who are working in the medical imaging
department at the 2 cancer centers [66-68]. We used
self-selection sampling for the questionnaires and snowball
sampling for the semistructured sampling techniques. The
questionnaire was divided into 3 parts: the demographic section,
knowledge-sharing practices, and factors that affect
knowledge-sharing practices in the medical imaging
departments. Multimedia Appendix 1 shows the survey
questions. The questionnaires were distributed electronically
using the Qualtrics (Qualtrics International Inc) survey tool.
For the health care professionals working at the KCCC, a
WhatsApp group (Meta Platforms) was used for distributing
questionnaires, whereas the internal page was used as an official
web-based tool for those questionnaires. The semistructured
interviews were conducted via Microsoft Teams for the health
care professionals in the medical imaging department of 2 cancer
centers: the Christie hospital and KCCC.

The collection of the data was conducted between February
2023 and July 2023. After collecting the data, an analysis for
the quantitative data were performed using Qualtrics Experience
Management software package. The duration of the
semistructured interviews was approximately 25 to 45 minutes.
The thematic analysis was conducted to analyze the transcripts.
All the codes and themes were analyzed using the NVivo
software (Lumivero).

Stage 3: Structuring the MM
In this stage, an MM for knowledge sharing was developed. On
the basis of the identification and evaluation of factors that
affect knowledge-sharing practices in medical imaging
departments in previous rounds, a clear vision was developed
to build a KSMM in a proper manner, helping the managers
and policy makers to follow these steps and understand how
these factors are related to each other in different stages.
Furthermore, it helped them either to implement a
knowledge-sharing environment or to identify the weak points
of knowledge-sharing practices.

Stage 4: Assessment of Reliability and Validity
In this stage, after the KSMM was developed, it was further
assessed for reliability to validate the model. Without validation,
the KSSM lacked reliability in its components. To apply this
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model, experts and senior managers should agree on its use.
Therefore, this stage aimed to generate consensus among the
experts in knowledge management and senior managers of the
medical imaging departments in the United Kingdom and
Kuwait on the components of the MM along with its indicators
and measurements to be implemented in all departments.
Consensus on the model contributes to updating and correcting
missing information before reaching out to whom it concerns.

Our target was to recruit 7 to 10 participants (experts in
knowledge management and senior managers in the medical
imaging department). This is the minimum number of
participants required to conduct this kind of study [69,70]. In
addition, Cyphert and Gant [71] illustrated that the best results
might be obtained by a homogenous group of 10 to 15 experts.
There are no rigid rules in the Delphi method regarding selecting
the size of the expert’s panel. However, the number of experts
depends on the purpose of the study [72]. Delphi studies often
use a sample size adjusted to the topic. By selecting experts
with comparable broad understanding of the subject, a smaller
sample size can be used [73]. We used the following four ways
to choose participants: (1) we searched for the experts of
knowledge management through the official university websites
to find the senior lecturer in that field, especially at Kuwait
University and the University of Manchester; (2) we searched
through LinkedIn (Microsoft Inc) to find stakeholders for the
National Health Service who have a role in knowledge
management practices; (3) throughout the previous literature
in knowledge management, there were several potential articles
in this field with the authors name and contacts details, so we
contacted them through this information to request their
participation in this study; and (4) we asked the senior managers
in the medical imaging department at the Christie hospital and
KCCC to participate and help us to add their perspectives based
on their professional experience. All participants remained
anonymous during the research.

The modified Delphi method survey questions were generated
based on the indicators and the measurements that structured
the KSMM. The experts who participated in this study were

informed of the aim, methods, and main components that
structured the model to give them an overview of the study. The
consensus survey questionnaire consisted the consent form (5
statements) and 3 sections: demographic questions (7
multiple-choice questions), a Likert scale with 5 points (disagree
to agree) for the 17 indicators, and open-ended questions for it
measurements to allow the experts to add their comments for
updating the model. Study data were collected electronically
using the Quartics survey tool and distributed via email. The
use of email has a potential benefit in making it easier to
maintain the anonymity of the respondents. Delphi studies
ensure the anonymity of suggested comments and assessment
to prevent group dynamics, strong personalities, or group
conformism from influencing personal relationships between
participants [74]. Descriptive statistics were used to analyze the
Delphi studies, including SD, mean, and the intraclass
correlation coefficient (ICC). We computed the mean, ICC, and
SD based on the Likert scale of each indicator, where 1 indicates
the least agreement and 5 indicates the highest agreement. In
Delphi studies, IQRs are widely used to identify the level of
group censuses [75,76]. However, we used mean, ICC, and SD
in this study as they might be enough to identify the level of
agreement for a model that was already structured.

Results

Stage 1: An Overview
On the basis of the previous literature, the factors that affect
knowledge sharing in medical imaging departments are the
same whether in a general hospital or a cancer center. However,
they are different in terminology because the nature of the cancer
center is mainly concerned with treating cancer cases, which
require more than one specialty to end up with an appropriate
protocol to treat specific cases [77]. Therefore, documenting
the factors that affect knowledge sharing in medical imaging
departments from the previous literature is important to test
these factors in the next stage [77]. These factors are shown in
Table 1 [77].
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Table 1. Factors that affect knowledge sharing in the medical imaging departments in general hospitals versus cancer centers.

Facilitators terminologies in medical imaging departments
in cancer centers

Facilitators terminologies in medical imaging departments
in general hospitals

Types of factors

Individual factors •• TrustTrust
• •Positive attitudes Positive attitudes

•• AwarenessAwareness
• •Experience Experience

•• Intrinsic motivationIntrinsic motivation
• •Personality Personality

•• Self-esteemSelf-esteem
• •Self-efficacy Self-efficacy

Departmental factors •• MDTb and community of oncologistsCoPa and interprofessional collaboration
•• LeadershipLeadership

• •Culture Culture
•• TeamworkTeamwork

• •Extrinsic motivation Extrinsic motivation
•• Learning and trainingLearning and training

• •Physician rounds Physician rounds
•• Departmental arrangementsDepartmental arrangements

Technological factors •• ICT (PACS, social media, intranet, extranet,
telemedicine, and teleradiology)

ICTc (PACSd, social media, intranet, extranet,
telemedicine, and teleradiology)

• Network• Network
• Digital library• Digital library

aCoP: communities of practice.
bMDT: multidisciplinary team.
cICT: information and communication technology.
dPACS: picture archiving and communication system.

Stage 2: Analysis of Factors
A total of 85 responses were received (56 from the KCCC and
29 from the Christie hospital), and the response rate based on
Quadrics was 100%. Qualtrics Experience Management software
was used to analyze the quantitative data. The factors were
divided into 3 categories based on the systematic review:
individual factors, departmental factors, and technological
factors [77]. The demographics characteristics of the 2 centers
are shown in Table 2. The results of the questionnaires for the
2 cancer centers are provided in Multimedia Appendix 2.

The semistructured interviews were conducted online using
Microsoft Teams with 13 health care professionals who were
working in the medical imaging departments at the 2 cancer
centers: 11 (85%) were from the KCCC and only 2 (15%) were
from the Christie hospital. Thematic analysis was used to
analyze the qualitative data. Codes were organized using NVivo
software. This was done to validate the quantitative methods,
understand their views, understand how knowledge-sharing
practices were going on in these centers, and assess if there was
a clear policy to adopt knowledge-sharing practices. Multimedia
Appendix 3 shows the interview questions and consent form.
All these methods were applied according to the ethical
considerations at both canters.
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Table 2. Demographic characteristics.

The Christie (n=29), n (%)KCCCa (n=56), n (%)Characteristic

Sex

7 (24)26 (46)Male

20 (69)29 (52)Female

2 (7)0 (0)Prefer not to say

Age group (y)

1 (3)0 (0)<20

8 (28)3 (5)20-30

7 (24)19 (34)30-40

8 (28)25 (45)40-50

3 (10)7 (12)50-60

2 (7)2 (4)>60

Educational level

4 (14)7 (12)Diploma

12 (41)26 (47)First degree (Bachelor)

8 (27)11 (20)Master’s degree

0 (0)9 (16)Doctorate degree

5 (17)3 (5)Other

Work experience (y)

22 (76)18 (32)<10

6 (21)29 (51)10-20

1 (3)7 (12)20-30

0 (0)2 (4)>30

aKCCC: Kuwait Cancer Control Center.

The results revealed that there were 11 components derived
from 5 categories, as shown in Table 3. These categories started
with awareness, which is considered the main step to adopting
knowledge-sharing practices in the department. Awareness of
the importance of knowledge sharing in developing health care
professionals’ skills and improving health care services is
important to increase their willingness to share their knowledge.
The results of the quantitative method showed that health care
professionals in both cancer centers have a high level of
awareness of the importance of knowledge sharing. The second
category was related to the types of knowledge sharing. It is
divided into 2 categories: tacit and explicit knowledge. Tacit
knowledge is the most dominant type of knowledge in the
medical imaging department because several meetings and
specialized meetings (MDT meetings, community of practices,
and community of oncologists) occur in these departments. In
contrast, explicit knowledge exists in the endorsed documents,
protocols, policies, and procedures manuals. Therefore,
understanding both types of knowledge and organizing them is
important to increase knowledge-sharing practices.

The third, fourth, and fifth categories were related to the factors
that affect knowledge-sharing practices: individual,
departmental, and technological factors. The mean scores of
the factors fell between somewhat agree and strongly agree,
which reveals that health care professionals believe in the
importance of these factors in enhancing knowledge-sharing
behaviors. The individual factors consisted of 2 components:
communication among health professionals, and personality
and positive attitudes. Building trusting relationships among
health care professionals is important to allow them to share
their experiences. In addition, most of the respondents agreed
that intrinsic motivation has a positive impact on sharing
knowledge by increasing their self-efficacy and self-esteem by
giving them opportunities to practice their abilities and
experiences. There is a strong relationship between personality,
positive attitudes, and increased knowledge-sharing practices.
The respondents indicated that knowledge-sharing behaviors
occur among individuals. Each indivdual has a specific
personality and attitude toward knowledge-sharing practices.
Some of them like to share their knowledge in large groups,
while others prefer when they share it in small groups.
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Table 3. Categories, components, and indicators that build maturity model of knowledge sharing for the medical imaging departments.

IndicatorsCategories and components

Awareness

•• (1/17) Awareness and willingness toward KSaAwareness and willingness

Types of knowledge sharing: tacit knowledge and explicit knowledge

•• (2/17) Structured and collected both types of knowledgeUnderstanding and organizing a knowledge-sharing
repository

Individual factors: trust, positive attitudes, experience, intrinsic motivation, personality, self-esteem, and self-efficacy

•• (3/17) Building trust among HCPs and sharing their experienceCommunication among HCPsb

• (4/17) Increased intrinsic motivation (self-efficacy, and self-esteem)

•• (5/17) Personality and communication among HCPsPersonality and positive attitudes

Departmental factors: MDTc and community of oncologists, leadership; culture, teamwork, extrinsic motivation, learning and training,
physician rounds, and departmental arrangements

•• (6/17) Structured leadership and creating cultureLeadership and culture
• (7/17) Handover policy

•• (8/17) Creating teamworkAchieving departmental tasks

•• (9/17) Organizing (learning lectures, workshops, training sessions, physician
rounds, and participation in conferences)

Continuous education and develop HCP skills

•• (10/17) Regular meetingDecision-making
• (11/17) MDT and CoPd decision-making

•• (12/17) Meeting room and office layoutInfrastructure and workforce
• (13/17) Enhanced extrinsic motivation
• (14/17) Organized work process

Technological factors: ICTe (PACSf, social media, intranet, extranet, telemedicine, and teleradiology), network, and digital library

•• (15/17) Strong networkStored and shared patient data electronically
• (16/17) Implementation information, communication technology, and mainte-

nance

•• (17/17) Digital libraryAccess to the electronical databases

aKS: knowledge sharing.
bHCP: health care professional.
cMDT: multidisciplinary team.
dCoP: communities of practice.
eICT: information and communication technology.
fPACS: picture archiving and communication system.

The departments have a big responsibility to enhance knowledge
sharing based on respondents’ thoughts. Departmental factors
consisted of 5 components: leadership and culture, achieving
departmental task, continuous education, decision-making, and
infrastructure and workforce. The participants agreed that a
leader has a responsibility to create a culture of communication
that allows health care professionals to practice
knowledge-sharing behaviors. Developing health care
professionals’ skills require setting a clear plan for practicing
continuing education activities, such as attending conferences,
lectures, training sessions, and workshops. Offering them space
and time is vital for allowing them to practice
knowledge-sharing activities by organizing tasks among them

and giving them empty spaces. To achieve departmental tasks,
working within a team is crucial to increase the number of tasks
achieved. Decision-making regarding patient treatment is one
of the important tasks in the department, which is usually
undertaken in highly specialized meetings, such as MDTs and
communities of practices.

Technological factors consisted of several technological
modalities, such as PACS, social media, the intranet, the
extranet, telemedicine, and teleradiology, that require high-speed
networking. These factors consisted of 2 components: storing
and sharing electronic data electronically, and access to
electronic databases. The respondents illustrated that using
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technology requires skills for using it efficiently. Moreover,
accessing the databases is vital to expanding health care
professionals’ knowledge about up-to-date treatment plans that
are used to treat patients with cancer.

Stage 3: Structuring the MM
The development of the MM was derived from a systematic
review that identified the factors affecting knowledge-sharing
behaviors in the medical imaging department, as well as
concurrent mixed methods that evaluated those factors in 2
cancer centers. The nonprobability sampling technique was used
for mixed methods: the self-selection sampling technique for
the quantitative method and the snowball sampling technique
for the qualitative method. The results indicated that the KSMM
consisted of 17 indicators divided into 11 components. These
components represented the following 5 main categories:
awareness, knowledge-sharing repository, individual factors,
departmental factors, and technological factors. Table 3 shows
the details of the MM indicators for knowledge sharing.
Knowledge sharing is a dynamic process among health care

professionals to manage the institutional process and interaction
with ICT infrastructures. As a consequence, these components
were incorporated into the 5 maturity levels. The levels were
adopted from the work of Pee and Kankanhalli [19] that
indicated that there are 5 levels of maturity in knowledge
management (initial, aware, defined, managed, and optimized)
based on people, process, and technology. The KSMM for the
medical imaging department is presented in Multimedia
Appendix 4. For each indicator, there are measurement questions
that help managers and policy makers assess each indicator.

Stage 4: Assessment of Reliability and Validity
A total of 9 different participants were recruited in this study:
9 in the first round and 9 in the second part. They were from 2
countries: the United Kingdom and Kuwait. Table 4 shows the
demographic characteristics of the participants. Most of
respondents were female (n=7, 78%), and they were mainly
from Kuwait (n=7, 78%). Most (n=6, 67%) of the respondents
had a doctorate degree and the rest (n=3, 34%) had first degree.

Table 4. Demographic characteristics of the participants in the Delphi method (N=9).

Participants, n (%)Demographic characteristics

Gender

7 (78)Female

2 (22)Male

Age group (y)

7 (78)40-50

2 (22)50-60

Highest education level

3 (33)First degree

6 (67)Doctorate degree

Background

3 (33)Senior lecturer in knowledge managements

6 (67)Senior manager in medical imaging departments

Experience (y)

1 (11)<10

4 (44)10-20

4 (44)20-30

Country

2 (22)United Kingdom

7 (78)Kuwait

In the first round, most of the indicators and their measurements
that formed the KSMM reached consensus with a narrow SD
(<1); Multimedia Appendix 5 shows the level of consensus in
both rounds. In contrast, indicators 1 (SD 1.25) and 17 (SD
1.15), which were about awareness and the digital libraries,
respectively, did not reach to the consensus level with a large
SD (>1). Therefore, the SD was more obvious and sensitive for
this study to assess the level of consensus, compared to other
measurements [74,78,79]. Awareness is the first component

that forms the KSMM because it has a crucial role in enhancing
knowledge-sharing practices among health care professionals.
On the basis of their comments, there is a difference between
the willingness to share knowledge and awareness. The
willingness to share their knowledge comes from an awareness
of the importance of knowledge sharing and believing in the
value and benefits of their shared knowledge [80]. To increase
awareness about knowledge sharing, the managers should set
a clear policy to identify the benefits of sharing practices in

JMIR Hum Factors 2025 | vol. 12 | e54484 | p.930https://humanfactors.jmir.org/2025/1/e54484
(page number not for citation purposes)

Almashmoum et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


their daily work to increase patient outcomes and reduce medical
errors. In contrast, their willingness to share knowledge is
directly related to their personality and how their intrinsic and
extrinsic motivations encourage them to share their knowledge
among other peers. On the basis of indicator 17, most (4/9, 44%)
of the respondents indicated that the digital resources are more
comprehensive among those indicators. The digital resources
include digital databases that contain libraries that play an
important role in enhancing their knowledge in any field and
therefore increasing knowledge-sharing practices. Regarding
other measurements, they showed less sensitivity compared to
the SD because they did not indicate any disagreements
compared to the SD. Therefore, the SD is a more sensitive
measurement compared to others [79].

Besides the analysis of the Likert scale, we received an
important comment that helped to update the KSMM based on
their experiences. Multimedia Appendix 6 shows the comments
of the participants and our response to update the model.

In round 2, all the components of KSMM met the consensus
SD level (<1.0). This indicates that all the respondents agreed
with the updated version of the model that kept all their
comments and considerations. Therefore, there was no follow-up
round for this study because consensus on all the indicators
along with their measurements of the KSMM was met. The
final KSMM in the medical imaging department is presented
in Multimedia Appendix 4.

Discussion

Principal Findings
Despite the considerable attention given to knowledge
management in health care institutions and the significance of
the MM in managing health care resources, knowledge sharing
in hospitals has been less focused on developing the MM as a
tool for assessing knowledge-sharing practices or a road map
to adopting knowledge-sharing behaviors. This is the essence
of this work. This study aimed to develop a KSMM in the
medical imaging department by assessing the factors that affect
knowledge-sharing practices. Several MMs have been developed
for social media, health systems, digital libraries, ICT, PACS,
and telemedicine [43,45,47-49]. These models were used to
assess each factor that affects knowledge-sharing practices in
benchmarking efforts and to develop progressive strategies that

might improve its activities. In addition, Liu et al [46] shed light
on a MM for multidisciplinary cancer teams. Their model
consisted of 17 indicators that were used to measure health care
professionals’ performance and monitor the quality of
performance at cancers centers over time.

Figure 2 highlights the 5 components that affect the KSMM in
the medical imaging department and classifies each component
in terms of its influence on knowledge-sharing behaviors.
Awareness of the importance of knowledge management is one
of the core components that contribute to the adoption of
knowledge-sharing practices among health care professionals.
Most of the respondents showed a high level of awareness of
the importance of knowledge sharing in developing their skills,
increasing health care services, and reducing medical errors.
Therefore, results showed that more than half of respondents
in both cancer centers (the Christie: 17/29, 59%; KCCC: 32/56,
57%) participated daily in knowledge-sharing activities that
were available in their department. In addition, one of the
articles showed that without awareness of the importance of
knowledge sharing, there were no knowledge-sharing practices
in the medical imaging department [13]. The next step was
structuring the types of knowledge (tacit and explicit).
Understanding the types of knowledge available in the
department and how to capture, document, and share it is vital
to accelerating knowledge-sharing practices in the department.
Tacit knowledge appears in the medical imaging department as
a dominant type among health care professionals that is
considered a tool for sharing knowledge in lectures,
conferencing, and meetings. In contrast, explicit knowledge
takes several forms, such as documents, policies, procedures,
and manuals. This form allows workers to reach it anytime in
an easy way [81]. From the third to the fifth step, factors that
affected knowledge sharing were divided into 3 categories:
individual factors, followed by departmental factors, and finally
technological factors [13,42,52-55,57,59-62].

The structure of the KSMM relies on the deep interpretation of
several methods. The KSMM was built based on the
interpretation of the systematic review and the concurrent mixed
methods. That model is lacking in validation. Applying the
modified Delphi method helps to validate this model by
involving experts. In the first round, the results revealed that
indicators 1 and 17 had a large SD (>1).
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Figure 2. Schematic description of the 5 components that affect the knowledge sharing maturity model in medical imaging departments. KS: knowledge
sharing.

The first round provided several comments and suggestions to
modify the model. There were significant comments that needed
to be considered and updated before being shared with the
participants in the second round. Some of the respondents (R6
and R7) indicated that tacit knowledge is different from explicit
knowledge in optimization, so the updated model indicated the
way to optimize tacit knowledge in a significant way. Tacit
knowledge is intangible, which is difficult to codify and capture
[82]. To optimize and capture tacit knowledge, it needs to be
part of an externalization process that focuses on transforming
the tacit knowledge into explicit knowledge [83]. There are
several methods of externalization, for example, recording the
meeting and writing a summary note to make it easy to share it
with health care professionals. On the basis of indicator 3, the
respondents (R1, R6, and R7) illustrated that there are 2 types
of trust that we should be aware of. Trust in their abilities and
other expertise helps them perform more tasks in the working
area, and benevolent trust helps to reduce conflicts among them
and, therefore, increases knowledge sharing. The trust itself
among group members might be increased throughout social
activities more than task communication [84]. In addition, Chen
and Hung [85] illustrated that both types of trust help increase
the desire to share their knowledge, resulting in enhancing the
level of positive outcomes in shared groups. Therefore, leaders
and managers should be aware of social activities that help
increase their trust, which is defined as a level of confidence
among members. Regarding individual facilitators, a respondent
(R7) illustrated that there is a difference between self-efficacy
and self-esteem. Chan and Hung [85] have defined
knowledge-sharing self-efficacy as an individual’s confidence
in their knowledge, abilities, and experience to achieve several
tasks that might be helpful for other peers. A high level of
self-efficacy is directly related to a higher level of performance

on tasks [85]. In contrast, self-esteem is defined to play a key
role in emotional and behavioral adjustment, as well as academic
achievements [86]. Leaders and senior managers should
encourage their employees to share their knowledge, helping
them to understand the importance of sharing knowledge among
them and how it has direct positive outcomes—by understanding
their abilities and increasing their awareness of knowledge
sharing, and not by forcing them. Giving them positive feedback
on their abilities directly increases their self-efficacy and
self-esteem [80,87].

Regarding applying knowledge-sharing practices, the
respondents (R1, R5, R6, and R7) indicated that the senior
managers and leaders should be aware of the knowledge-sharing
models. There are several models for knowledge sharing, and
each of them has a certain characteristic [36,88-90]. In addition,
they must be able to create a knowledge-sharing model based
on the resources that are available in the department. On the
basis of the indicator 7, a respondent (R5) indicated that the
handover policy should be applied and used not only when
health care professionals decide to leave the department. They
must share their knowledge with other peers in routine work to
allow them to cover their work when they are absent. Such
behavior helps to make knowledge-sharing practices more active
in daily work. On the basis of teamwork, a respondent (R7)
illustrated that to maximize the level of knowledge sharing,
leaders and managers should be aware of the diversity of the
teamwork in the workplace and the diversity of the member
professionals in one teamwork [91]. The diversity is directly
related to the individual differences in their knowledge and the
abilities that make them unique from other peers [91]. The
diversity of the member professionals in one teamwork helps
to increase their performance by bringing new knowledge and
experiences. However, diversity in one teamwork has several
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challenges, such as increasing conflicts and a lack of trust. In
contrast, the diversity of teamwork who are performing the task
has a positive impact on sharing knowledge.

On the basis of indicator 10, which illustrates meetings, the
respondents (R1, R5, R6, and R7) indicated that there are formal
and informal meetings in the department, and informal meetings
have a significant role in increasing knowledge-sharing
behaviors. Hutchinson and Qunitas [92] have defined informal
meetings as meetings that indicate knowledge-sharing practices
without focusing on the task and the target that is directed by
the organization. However, the leader should be aware of the
difference between formal and informal meetings and strike a
balance between them to enhance knowledge-sharing practices.

Indicator 15 illustrated the strong network. A strong network
plays a vital role in enhancing knowledge sharing by introducing
new technology to store and share data, anytime and anywhere.
A respondent (R7) identified that artificial intelligence (AI) is
an important technology, playing an important role in increasing
efficiency, effectiveness, and productivity, and therefore
increasing knowledge sharing [93]. It is defined as a set of ICTs
that mimic human intellect with the goal of enhancing jobs,
increasing efficiency, and boosting economic growth [94]. In
addition, Arakpogun et al [94] indicated that the benefit of using
AI is limited, because new knowledge needs to be introduced
as part of the AI learning process, and therefore, more effective
collaboration with knowledge-sharing systems is needed.

The Delphi method has limitations, including the use of
nonrandomized samples; subjectivity and bias from expert panel
composition; and a lack of consensus recommendations for the
number of participants, rounds, and reporting criteria [69]. In
this study, a significant limitation was the small size of the panel
in 2 rounds and only in 2 countries. Despite these limitations,
the modified Delphi method is an effective tool for validating
several models.

Through this study, the key research questions were answered.
The model can be used as a scoring tool to assess
knowledge-sharing practices, with each MM scoring 1, 2, 3, 4,
and 5, respectively. Moreover, this model can help managers
and policy makers find opportunities for improvements and
ways to achieve them. In addition, applying the KSMM helps
health care institutions increase health services and patient
outcomes, reduce errors, and solve the problem in a practical
way. The Delphi study identified several comments and
suggestions that helped in improving the KSMM. All these
comments were kept in consideration for updating the model
because they were based on participants’ experiences in the
workplace as either a senior manager in knowledge

managements or a lecturer in the knowledge management field.
Multimedia Appendix 4 shows the new KSMM with its updates.

Conclusions
Knowledge sharing is considered a core step in the
implementation of knowledge management. Health care
institutions have a responsibility to adopt knowledge-sharing
practices to manage knowledge that is either tacit or explicit.
A medical imaging department is crucial to any health care
institution. Therefore, creating the KSMM is important to
develop knowledge-sharing practices. The model proposed in
this study allows managers to measure the maturity level of
knowledge sharing in the medical imaging department. By
providing the road map, the KSSM allows policy makers and
managers in health care to appraise knowledge-sharing practices
and adopt a culture of knowledge sharing to achieve
departmental tasks and improvements. In addition, it could help
managers assess knowledge-sharing practices in the medical
imaging department and find the weak points that have a
negative impact on those behaviors. A range of factors were
addressed in our previous work, and we then evaluated those
factors in 2 medical imaging departments in 2 cancer centers.
The factors were further divided into 5 categories. Therefore,
the KSMM consisted of 17 indicators that were divided into 11
components and presented in 5 categories. The most important
of these indicators is awareness of the importance of knowledge
sharing, presumably because it allows health care professionals
to develop their skills and perform several tasks. The KSMM
went through 2 rounds to ensure consensus among the experts
who participated in the Delphi method. Regarding the
measurements, all the indicators reached the consensus level
with SD <1. Therefore, the model is ready to be applied in the
medical imaging departments, and with minor modifications
based on their resources, it might be applied in any institution.
The model presented might also be used as a reference for
improving knowledge-sharing practices. The measurement of
each indicator helps the managers assess what level they are at.
If the answer to the first level is no, then they must work on
their current level until they achieve it and then move on to the
next level. It enables them to share their experience in
knowledge-sharing practices and serve as a lesson learned for
another department with lower KSMM results. In the future,
we are looking forward to comparing knowledge-sharing
practices before and after implementing the KSMM in the
medical imaging department. In general, knowledge-sharing
practices are important in health care institutions to avoid
repetitive errors, improve health care services, improve
collaboration and communication among staff, and therefore
encourage them to come up with new ideas together.
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Abstract

Traditional medical education encounters several challenges. The introduction of advanced facial expression recognition technology
offers a new approach to address these issues. The aim of the study is to propose a medical education–assisted teaching and
student evaluation method based on facial expression recognition technology. This method consists of 4 key steps. In data
collection, multiangle high-definition cameras record students’ facial expressions to ensure data comprehensiveness and accuracy.
Facial expression recognition uses computer vision and deep learning algorithms to identify students’ emotional states. The result
analysis stage organizes and statistically analyzes the recognized emotional data to provide teachers with students’ learning status
feedback. In the teaching feedback stage, teaching strategies are adjusted according to the analysis results. Although this method
faces challenges such as technical accuracy, device dependency, and privacy protection, it has the potential to improve teaching
effectiveness, optimize personalized learning, and promote teacher-student interaction. The application prospects of this method
in medical education are broad, and it is expected to significantly enhance teaching quality and students’ learning experience.

(JMIR Hum Factors 2025;12:e72838)   doi:10.2196/72838
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Introduction

Under the traditional mode of medical education, although rich
teaching experience and knowledge system have been
accumulated for a long time, some inherent problems have
gradually emerged with the advancement of technology and
changes in social needs [1,2]. First, in terms of teaching
methods, traditional medical education generally adopts a
teacher-led teaching mode, which often neglects students’
initiative and participation, and limits the cultivation of their
independent thinking and practical abilities [3]. Second, in terms
of evaluation mechanism, traditional medical education mainly
relies on written examinations and clinical internships, but this
evaluation method often cannot fully and accurately reflect
students’ learning outcomes and abilities. Especially in
nonacademic evaluations, such as emotions, attitudes, and
values, traditional methods seem inadequate [4]. In addition,
with the continuous updating of medical knowledge and the
rapid development of technology, traditional medical education
often lags behind the latest scientific research achievements and
practical experience in teaching content and methods, which
makes it difficult for students to adapt to the rapidly changing
medical environment after graduation. Therefore, it is necessary
to introduce new teaching methods and technological means to
make up for the shortcomings of traditional medical education
and improve the quality and effectiveness of medical education.

Facial expression recognition technology is a technique that
recognizes and understands an individual’s emotional state by
capturing and analyzing facial expressions [5-8]. The
development history of facial expression recognition technology
can be traced back to the 1970s when American psychologists
Ekman and Friesen pioneered the definition of 6 basic human
expressions and established the Facial Action Coding System,
laying the foundation for subsequent research on facial
expression recognition [9-11]. This milestone work not only
clarifies the framework for facial expression classification but
also provides standardized analytical tools for subsequent
research [12].

Entering the 21st century, with the vigorous development of
computer vision and artificial intelligence technology, facial
expression recognition technology has ushered in new
opportunities for development. In early research, researchers
mainly relied on traditional image processing and machine
learning algorithms such as support vector machines (SVMs)
and principal component analysis to process and analyze facial
expressions [13,14]. However, the recognition accuracy of these
methods is limited by manually designed feature extraction
methods and limited training data [15-17].

In recent years, the rise of deep learning technology has brought
revolutionary changes to the field of facial expression
recognition. Deep learning models such as convolutional neural
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networks (CNNs) and recurrent neural networks have achieved
significant results in facial expression recognition [18-20]. For
example, AlexNet proposed by Krizhevsky et al has made
breakthrough progress in ImageNet image classification tasks,
providing strong support for the application of deep learning in
expression recognition [21]. Subsequently, researchers began
to apply deep learning models to facial expression recognition
tasks, continuously improving the accuracy and robustness of
facial expression recognition by constructing deeper network
structures and introducing attention mechanisms and other
methods.

In specific research work, there are several aspects that deserve
special attention. First, multimodal fusion technology has
become a research hotspot in recent years. Researchers have
found that in addition to facial expressions, a person’s emotional
state can also be expressed through other modalities such as
speech, posture, and physiological signals. Therefore, integrating
information from multiple modalities can further improve the
accuracy and reliability of facial expression recognition. For
example, some studies have achieved more accurate emotion
recognition by integrating facial expressions and voice
information [22].

Second, the application of self-supervised learning in facial
expression recognition is gradually receiving attention. Due to
the high cost of obtaining labeled data, researchers have begun
exploring the use of unlabeled data for pretraining to improve
the model’s generalization ability. This self-supervised learning
method can fully use a large amount of unlabeled data resources
and extract useful feature representations by designing
appropriate pretraining tasks. For example, some studies have
achieved significant performance improvements by designing
self-supervised learning tasks based on facial movements to
pretrain models [23].

In addition, with the continuous development of computer vision
technology, some new technologies have also been introduced
into facial expression recognition. For example, 3D facial
expression recognition technology can more accurately
recognize facial expressions by capturing 3D information of
the face. This technology can overcome issues such as lighting
and posture in 2D images and improve the robustness of facial
expression recognition. In addition, some researchers have also
explored expression synthesis techniques based on generative
adversarial networks, which can generate facial images with
specific expressions, providing more training data and testing
samples for expression recognition [24-26].

Introducing facial expression recognition technology to assist
teaching and student assessment in medical education can bring
significant advantages [27]. First, this technology can capture
students’ facial expressions in real time, providing teachers with
intuitive and immediate feedback, thereby helping them more
accurately grasp students’ learning status, adjust teaching
strategies in a timely manner, and improve teaching
effectiveness. Second, facial expression recognition technology
can help students better understand teaching content. Through
students’ facial feedback, teachers can promptly answer
students’ questions and enhance students’ learning motivation
and participation [28]. In addition, facial expression recognition

technology can also help achieve personalized teaching. Based
on the emotional reactions of different students, teachers can
develop more targeted teaching plans to meet their personalized
needs [29].

Facial expression recognition technology has unique advantages
in solving traditional medical education problems. Traditional
medical education often relies on written examinations and
clinical internships to evaluate students’ learning status, but this
evaluation method is difficult to comprehensively and accurately
reflect students’ learning outcomes and abilities. Especially for
nonacademic evaluations of students’ emotions, attitudes, and
values, traditional methods seem inadequate. Facial expression
recognition technology can capture students’ emotional
reactions, providing teachers with a more comprehensive
evaluation basis, thereby more accurately assessing students’
comprehensive qualities and potential. In addition, traditional
medical education often adopts a teacher-led teaching mode in
teaching methods, lacking student participation and interaction.
Facial expression recognition technology can obtain real-time
feedback from students, making teaching more interactive and
targeted and improving students’ learning outcomes.

Facial Expression Recognition
Technology and Its Application in Medical
Education

Principles of Facial Expression Recognition Technology
Facial expression recognition technology is a technique that
uses image processing and analysis to recognize and understand
human facial expressions. It is mainly based on algorithms, such
as machine learning and deep learning, and achieves automatic
recognition and classification of facial expressions through
training and learning on a large number of facial expression
images [30-33]. The facial expression recognition technology
mainly relies on computer vision and pattern recognition
technology and achieves automatic recognition and classification
of facial expressions through feature extraction and classification
of facial images [34]. This process can be summarized as the
following steps:

• Image input: first, an image containing facial expressions
needs to be input. These images can come from various
sources, such as real-time video streams captured by
cameras and static image libraries.

• Facial detection: using facial detection algorithms to
accurately locate facial regions in the input image. This is
one of the key steps in facial expression recognition
technology, as only by accurately detecting the face can
facial expression features be further extracted.

• Image preprocessing: preprocessing the detected facial
images, including grayscale, normalization, denoising, and
other operations. These preprocessing steps help eliminate
redundant information and interference factors in the image,
improving the accuracy of subsequent feature extraction.

• Feature extraction: in the preprocessed image, use feature
extraction algorithms to extract key features that can
characterize facial expressions. These features can include
geometric features of the face (such as the shape and
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position of the eyes and mouth), texture features (such as
skin texture and wrinkles), and dynamic features (such as
the movement of facial muscles). Feature extraction is one
of the core steps in facial expression recognition technology,
and the quality of the extracted features directly affects the
accuracy of subsequent facial expression recognition.

• Pattern classification: after extracting facial expression
features, machine learning or deep learning algorithms are
used to classify these features. These algorithms can
automatically recognize different facial expression
categories by training and learning from a large number of
labeled facial expression images. Common machine learning
algorithms include SVM, decision tree, and random forest;
deep learning algorithms include CNN, recurrent neural
networks, and so on. These algorithms continuously
optimize model parameters during the training process to
improve the accuracy and generalization ability of facial
expression recognition.

Potential Applications of Facial Expression Recognition
in Medical Education
In medical education, facial expression recognition technology
can be applied in 2 aspects: assisting teaching and student
assessment [35]. First, teachers can analyze students’ facial
expressions to understand their understanding and mastery of
the teaching content and adjust teaching strategies and methods
accordingly. Second, student assessment can also achieve more
objective and accurate evaluation results through facial
expression recognition technology. For example, students’
participation, interest, and learning status can be evaluated by
analyzing their facial expressions during classroom discussions,
experimental operations, and other processes.

Auxiliary Teaching: Optimizing Teaching Strategies
Through Facial Expression Recognition
In medical education, teachers can observe students’ facial
expressions to understand their understanding and mastery of
the teaching content [36]. Facial expression recognition
technology can provide effective support for this. By analyzing
students’ facial expressions in real time, teachers can quickly
identify their emotional states such as confusion, interest, or
fatigue. Based on this information, teachers can adjust teaching
strategies and methods in a timely manner to better meet
students’ learning needs.

Specifically, when teachers find that students are confused about
a certain knowledge point, they can pause the explanation and
clarify it through questioning or giving examples; when students
show a strong interest, they can further expand their relevant
knowledge points to stimulate their learning interest; and when
students show fatigue, they can adjust the teaching pace
appropriately and relieve their fatigue through rest or small
games.

Student Assessment: Achieving Objective and Accurate
Assessment Through Facial Expression Recognition
In addition to assisting teaching, facial expression recognition
technology can also be used for student assessment. Traditional
student assessment methods often rely on students’ self-reports
or teachers’ subjective judgments, which have certain

subjectivity and errors. Facial expression recognition technology
can evaluate students’participation, interest, and learning status
by analyzing their facial expressions, providing more objective
and accurate evaluation results.

For example, in classroom discussions, teachers can evaluate
students’ engagement by analyzing their facial expressions.
When students actively participate in discussions, they usually
show a positive and focused expression; when student
engagement is low, they may exhibit expressions of boredom,
fatigue, or confusion. By collecting and analyzing these facial
expression data, teachers can more accurately evaluate students’
classroom performance.

In addition, facial expression recognition technology can also
be used to evaluate students’ learning status in experimental
operations. When students encounter difficulties or challenges,
they usually show expressions of tension, anxiety, or confusion;
when students successfully solve problems, they will show
excited and satisfied expressions. By analyzing these facial
expression data, teachers can understand students’ learning
status during experimental operations and provide timely
guidance and assistance.

Auxiliary Teaching and Student
Evaluation Methods Based on Facial
Expression Recognition in Medical
Education

Overview of Methods
The auxiliary teaching and student evaluation method based on
facial expression recognition in medical education proposed in
this section mainly include the following 4 steps: data collection,
facial expression recognition, result analysis, and teaching
feedback.

Data Collection
In the medical education–assisted teaching and student
evaluation method based on facial expression recognition, the
data collection process is the foundation and key of the entire
process. The primary task of data collection is to obtain
high-quality video and image data, which mainly comes from
the facial expression records of students during the teaching
process. To ensure the comprehensiveness and accuracy of data,
multiple high-definition cameras are usually installed in the
classroom to capture students’ facial expressions from different
angles. These cameras need to have good resolution and frame
rate to ensure clear and detailed images. In addition, portable
devices such as smartphones and tablets can be used for
supplementary shooting to meet the flexible data collection
needs in special situations.

The collected data should not only include static facial images
but also dynamic video recordings. This is because the changes
in facial expressions are often continuous, and a single static
image may not fully reflect the emotional state of students.
Therefore, the collection of video data is crucial, as it can
capture the changes in students’ expressions at different time
points, providing richer information for subsequent expression

JMIR Hum Factors 2025 | vol. 12 | e72838 | p.941https://humanfactors.jmir.org/2025/1/e72838
(page number not for citation purposes)

Zhu & JuanatasJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


recognition and analysis. At the same time, video data can also
record classroom interactions, including scenarios such as
students’questions, answers, and discussions. These behavioral
data also have important reference value for evaluating teaching
effectiveness.

During the data collection process, special attention should be
paid to privacy protection and data security. Due to the personal
privacy involved in the collected facial expression data, it is
necessary to strictly comply with relevant ethical norms and
laws and regulations. Prior to data collection, informed consent
from students should be obtained, clearly informing them of
the purpose, scope of use, and protective measures of the data
collection. At the same time, encryption technology is used in
the process of data storage and transmission to prevent data
leakage and ensure that student privacy is not violated. In
addition, in order to further improve the confidentiality of the
data, anonymization can be performed on the collected data,
that is, personal identity information can be separated from
facial expression data through technical means, thereby ensuring
the effectiveness of data analysis while maximizing the
protection of student privacy.

Finally, in order to ensure the high quality and practicality of
the data, detailed standards and specifications need to be
developed in the data collection process. These standards include
the installation position and angle of the camera, control of
lighting conditions, and selection of shooting time. For example,
cameras should be installed at angles that can clearly capture
students’ faces and avoid adverse lighting conditions such as
backlighting. The shooting time should cover the entire teaching
process, including explanations, interactions, and breaks, to
comprehensively reflect the changes in students’ expressions
at different stages of teaching. By formulating and implementing
these standards and specifications, the accuracy and reliability
of data collection can be maximized, providing a solid
foundation for subsequent facial expression recognition and
result analysis.

Facial Expression Recognition
In medical education–assisted teaching and student evaluation
methods based on facial expression recognition, the facial
expression recognition process is a key step in converting the
collected raw data into meaningful emotional information. The
process of facial expression recognition first relies on advanced
computer vision and machine learning technologies, which can
automatically detect and analyze key feature points of students’
faces. Specifically, facial detection algorithms locate facial
regions by processing video frames or images and further extract
key feature points including eyes, eyebrows, nose, and mouth.
The precise localization of these feature points is the foundation
for facial expression recognition, ensuring that the algorithm
can accurately capture subtle changes in the face.

After extracting key feature points, the expression recognition
system will use the trained classifier to recognize different
expression categories. Common classifiers include SVM and
CNN. These classifiers can learn and distinguish feature patterns
corresponding to various expressions by training on a large
amount of labeled data. Especially, CNNs have shown superior
performance in facial expression recognition, as they can

automatically extract high-level feature representations,
significantly improving the accuracy and robustness of facial
expression recognition. In the recognition process, the system
not only needs to distinguish basic expressions, such as
happiness, sadness, and surprise, but also needs to combine
contextual information to recognize complex emotional states,
such as confusion, focus, or boredom.

To further improve the accuracy of facial expression recognition,
multimodal fusion is usually required, which combines multiple
sources of information such as facial expressions, speech
emotions, and posture changes. Multimodal fusion can make
up for the limitations of a single mode and provide more
comprehensive and accurate emotion recognition results. For
example, when students write with their heads down, their facial
expressions may not fully capture their emotional state. In this
case, combining speech intonation and body movement
information can enhance the accuracy and reliability of emotion
recognition. Through the fusion processing of multimodal data,
the system can better understand the true emotional state of
students and provide rich emotional data for subsequent result
analysis.

In addition, the accuracy of facial expression recognition also
depends on the personalized modeling of different individuals.
Due to individual differences in facial features and expressions
among students, a unified recognition model may not be able
to adapt to all individuals. Therefore, introducing personalized
modeling mechanisms into facial expression recognition systems
and establishing personalized facial expression recognition
models for each student can significantly improve recognition
accuracy. This process typically involves learning and adapting
individual features, dynamically updating the model using
previously collected data to continuously optimize recognition
performance.

The final output of the facial expression recognition process is
a detailed record of the emotional state of each student
throughout the entire teaching process. These records include
time series data of emotional states as well as emotional
fluctuations in different teaching stages. By organizing and
analyzing these emotional data, comprehensive emotional
feedback can be provided, laying a solid foundation for
subsequent result analysis and teaching feedback. The facial
expression recognition stage is not only the initial processing
stage of emotional data but also the core stage of the entire
auxiliary teaching and student evaluation method. Its accuracy
and effectiveness directly affect the final quality of teaching
feedback.

Result Analysis
In the medical education–assisted teaching and student
evaluation method based on facial expression recognition, the
result analysis stage plays a bridging role, which is a key step
in transforming the identified emotional data into a deep
understanding of teaching effectiveness and student learning
status. The result analysis first involves the organization and
preprocessing of emotional data, including smoothing of time
series, detection and removal of outliers, and statistical analysis
of the distribution of different emotional categories. Through
preliminary processing of emotional data, the emotional change
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curves of each student at different time periods can be obtained,
which provides a foundation for further in-depth analysis.

Based on the organized emotional data, statistical analysis and
data mining techniques are further used to reveal the relationship
between students’ emotional states and teaching activities.
Specifically, through regression analysis, correlation analysis,
and other methods, the impact of different teaching stages,
content, and methods on students’ emotional states can be
explored. For example, analyzing the changes in students’
concentration, confusion, and participation in different teaching
stages, such as teacher lectures, interactive questioning, and
experimental operations, in order to evaluate the teaching
effectiveness of these stages. In addition, through cluster
analysis and pattern recognition, student groups with similar
emotional change patterns can be identified, providing a basis
for personalized teaching and hierarchical guidance.

To gain a deeper understanding of the teaching significance
behind students’ emotional data, result analysis should also be
combined with the specific context of classroom teaching and
the teacher’s teaching design. By synchronously analyzing
emotional data and teaching videos, it is possible to identify
which specific teaching behaviors have caused students’
emotional fluctuations. For example, when students exhibit
general confusion or anxiety at a certain point in time, it is
possible to trace back to the teaching content and the teacher’s
explanation during that period and identify the difficult issues
or unclear explanations that may have caused confusion for
students. This situational analysis not only helps diagnose
problems in teaching but also provides specific reference
suggestions for teachers to improve their teaching.

In the result analysis stage, special attention should be paid to
the handling of individual differences. Due to significant
differences in emotional performance and learning styles among
each student, a unified analysis method may not fully reflect an
individual’s learning status. Therefore, the result analysis should
be combined with personalized emotional data for targeted
analysis. For example, by longitudinal tracking and comparative
analysis of a student’s emotional change data, it is possible to
evaluate their emotional response under different courses and
teaching methods and identify the most suitable teaching
strategy for their learning style. In this way, not only can it
improve the accurate assessment of individual learning status,
but it can also provide a scientific basis for personalized
teaching.

Finally, the output of the result analysis stage is a comprehensive
evaluation report of the entire teaching process and students’
emotional state. These reports include statistical results of
emotional data, trend analysis of emotional changes, emotional
feedback in teaching processes, and personalized teaching
recommendations. Through these detailed analysis reports,
teachers can comprehensively understand the teaching
effectiveness and students’ learning status, adjust teaching
strategies and methods in a targeted manner, and thus achieve
continuous improvement in teaching quality. Result analysis is
not only a simple processing of emotional data but also a
data-driven teaching improvement process, and its accuracy

and scientificity directly affect the effectiveness and operability
of teaching feedback.

Teaching Feedback
In the medical education–assisted teaching and student
evaluation method based on facial expression recognition, the
teaching feedback link is the terminal link of the entire process,
aiming to transform the conclusions drawn from the result
analysis into specific teaching improvement measures. Teaching
feedback is not only feedback on students’ learning status and
teaching effectiveness but also guidance for future teaching
design and strategies. Medical education has its unique
characteristics, including highly specialized knowledge content,
rigorous practical skills training, and comprehensive
requirements for students’ overall quality, which makes the
teaching feedback link particularly important in medical
education.

First, in the teaching feedback stage, the emotional data and
behavioral patterns identified in the result analysis need to be
fed back to the teacher. This process not only includes the
aggregation and presentation of emotional data but also requires
providing detailed explanations and analysis reports in
conjunction with specific teaching contexts and classroom
activities. For example, in the result analysis, it is found that
some students exhibit obvious confusion or anxiety in specific
teaching stages. Teaching feedback should provide a detailed
explanation of the possible reasons for these emotional changes
and provide corresponding teaching improvement suggestions.
For medical education, this meticulous feedback helps teachers
to explain complex medical concepts or skill operations in a
more targeted manner in subsequent teaching, improving
teaching effectiveness.

Second, the teaching feedback process should also focus on
providing individual feedback and guidance to students. Students
in medical education not only need to master a large amount of
theoretical knowledge but also need to possess solid clinical
skills and good professional ethics. Personalized feedback can
help students understand their weak areas in learning and
provide specific improvement suggestions. For example, through
facial expression recognition and emotion analysis of students
in simulated clinical operations, feedback can point out the
possible tension or lack of confidence that students may have
during the operation process and suggest that they improve their
operational skills and psychological qualities through more
practice or psychological counseling. Such personalized
feedback not only helps students make progress in their studies
but also assists them in better coping with various challenges
in their future careers.

In addition, the teaching feedback process should also take into
account the characteristics of team learning and collaborative
practice in medical education. Medical education not only
focuses on individual learning but also emphasizes the
importance of teamwork and collective decision-making.
Therefore, teaching feedback should include emotional and
behavioral analysis of student teamwork, identifying potential
communication barriers or collaboration issues within the team.
For example, through facial expression recognition technology,
analyzing students’ emotional states during team discussions
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or collaborative tasks can identify which members may have
issues with insufficient participation or poor communication
and provide suggestions for improving the team’s collaboration
methods. In this way, not only can it improve the efficiency of
team learning, but it can also cultivate students’ cooperation
ability and team spirit, which are key qualities in medical
education.

Finally, the teaching feedback process should focus on long-term
effectiveness evaluation and continuous improvement. Medical
education is a long-term process, and the cultivation of students’
learning outcomes and professional qualities requires continuous
attention and improvement. Through regular emotional data
analysis and teaching feedback, teachers can dynamically adjust
teaching strategies and continuously optimize teaching content
and methods. For example, regularly reviewing and summarizing
students’ emotional data and learning performance, evaluating
the effectiveness of teaching improvement measures, and
proposing new teaching improvement plans based on this. In
this way, teaching feedback is not only a reflection and
improvement of current teaching activities but also a continuous
and dynamic process of improving teaching quality.

In summary, the feedback loop in teaching is of great
significance in medical education–assisted teaching and student
evaluation methods based on facial expression recognition.
Through meticulous analysis of emotional data and personalized
feedback, not only can teaching effectiveness be improved and
students overcome learning difficulties, but also team
collaboration and long-term improvement of teaching quality
can be promoted. The particularity of medical education requires
that the teaching feedback process pays more attention to
individual differences, teamwork, and continuous improvement
in order to comprehensively enhance the quality of medical
education and the comprehensive quality of students.

Advantages and Limitations of the Method

Advantages of Methods
The medical education–assisted teaching and student evaluation
methods based on facial expression recognition have multiple
advantages, which are particularly significant in the special
context of medical education. First, through real-time facial
expression recognition technology, it is possible to objectively
and instantly capture and analyze students’ emotional states in
the classroom. This real-time data acquisition and analysis
enables teachers to timely understand students’ emotional
changes during the teaching process, especially their
understanding of complex or abstract medical concepts. When
students show negative emotions, such as confusion or anxiety,
teachers can immediately adjust teaching strategies, such as
providing more detailed explanations or adding interactive
elements, to alleviate students’ emotions and improve teaching
effectiveness. This real-time feedback mechanism significantly
enhances the dynamic adjustment ability of classroom teaching,
ensuring that every student can keep up with the teaching
progress.

Second, methods based on facial expression recognition can
provide refined personalized teaching feedback. The content of

medical education is complex and covers a wide range of
professional knowledge, and students’ understanding and
mastery vary greatly. By analyzing students’ facial expression
data in different teaching stages, specific difficulties and
emotional fluctuations of individuals in the learning process
can be accurately identified. For example, when studying
anatomy, if a student shows persistent confusion in a specific
chapter, the facial expression recognition system can capture
and record this phenomenon and provide targeted learning
suggestions for the student in teaching feedback. This
personalized feedback mechanism can not only help students
overcome obstacles in learning but also improve their learning
efficiency and effectiveness, thereby achieving the goal of
teaching according to their aptitude.

In addition, this method has unique advantages in cultivating
students’ clinical practice skills and comprehensive qualities.
Medical education not only emphasizes the mastery of
theoretical knowledge but also pays more attention to the
training of clinical skills and the cultivation of professional
qualities. Through facial expression recognition technology,
students’ emotional states can be monitored and analyzed in
real time during simulated clinical operations and actual clinical
training. For example, during simulated surgical procedures,
the system can capture students’ emotional changes, such as
tension, anxiety, or confidence, and use these data to evaluate
their proficiency and psychological resilience. This evaluation
method is more objective and comprehensive than traditional
manual observation, which helps teachers to strengthen students’
practical training and psychological development in teaching
feedback and improve their clinical and emergency response
abilities.

In addition, the evaluation method based on facial expression
recognition has also demonstrated significant advantages in
cultivating teamwork and communication skills. Many tasks
and projects in medical education require students to collaborate
as a team, and effective communication and collaboration among
team members are key to success. Facial expression recognition
technology can monitor and analyze the emotional states of
team members during collaboration, identifying potential
communication barriers or collaboration issues. For example,
in team discussions or collaborative tasks, if the system detects
insufficient participation or low mood among certain members,
it can promptly provide feedback to the teacher or team leader,
prompting them to take measures to improve the team’s
collaborative atmosphere. This team evaluation and feedback
based on emotional data not only improves the efficiency of
team learning but also cultivates students’communication skills
and teamwork spirit.

Finally, the teaching evaluation method based on facial
expression recognition has the advantage of continuous
improvement. Medical education is a long-term and dynamic
process that requires continuous adjustment and optimization
of teaching strategies. By regularly collecting and analyzing
emotional data, teachers can continuously evaluate teaching
effectiveness and identify and improve deficiencies in teaching.
For example, by tracking students’ emotional changes and
learning performance over the long term, evaluating the
effectiveness of different teaching methods and content, and
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continuously optimizing and adjusting them in subsequent
teaching. This data-driven continuous improvement mechanism
ensures the high quality of medical education and the efficiency
of student learning, meeting the needs of modern medical
education for refined and personalized teaching.

Limitations of the Method
Although facial expression recognition–based methods for
medical education auxiliary teaching and student evaluation
offer significant advantages, such as real-time feedback and
objective assessment, their limitations, including issues related
to data privacy, cross-cultural recognition accuracy, and the
complexity of emotional interpretation, cannot be overlooked.
First, the accuracy and reliability of facial expression recognition
technology face challenges in practical applications. Facial
expressions are influenced by various factors, including lighting,
shooting angle, and facial occlusion, which may result in
inaccurate recognition results. In addition, there are significant
differences in facial expressions and emotional expression styles
among individuals, which limits the applicability of universal
expression recognition models in personalized applications.
Especially in medical education, students may have more subtle
emotional expressions when faced with complex professional
content, which further increases the difficulty of facial
expression recognition.

Second, the dependency of facial expression recognition
technology is an important issue. This technology relies on
high-quality video data and advanced computing devices, and
in practical teaching environments, especially with limited
resources, it is difficult to ensure that every classroom is
equipped with sufficient cameras and computing power. This
not only increases implementation costs but may also lead to
incomplete or low-quality data collection, thereby affecting the
accuracy and reliability of evaluation results. In addition,
prolonged video surveillance may cause students’ resistance
and affect their natural performance, thereby interfering with
the authenticity of emotional data.

Furthermore, facial expression recognition technology mainly
focuses on facial expressions, and emotions and psychological
states are complex and multidimensional. Relying solely on
facial expression data is difficult to fully reflect students’ true
emotions and learning status. In medical education, students’
stress, anxiety, and cognitive load are often complex and varied,
and these internal states may not be fully expressed through
facial expressions. Therefore, relying solely on facial expression
recognition for emotional assessment has limitations and may
lead to a one-sided understanding of students’ learning status.
In addition, the interpretation of emotional data is also
subjective, and different teachers may have different
interpretations of the same emotional data, which affects the
consistency and effectiveness of teaching feedback.

In addition, privacy protection and ethical issues are major
challenges based on facial expression recognition technology.
Collecting and analyzing students’ facial expression data involve
personal privacy and must strictly comply with relevant laws,
regulations, and ethical guidelines. In practical operation, how
to ensure the security, anonymity, and transparency of data use
is a complex and sensitive issue. If not handled properly, it may

cause concerns for students and parents and even lead to legal
disputes. In addition, long-term monitoring and data analysis
may bring psychological pressure, affecting students’ learning
experience and mental health.

Finally, there is uncertainty in the application effectiveness of
facial expression recognition–based evaluation methods in actual
teaching improvement. Although emotional data can provide
some reference, improving teaching effectiveness involves
multiple factors, including teaching content, teaching methods,
and teacher quality. Relying solely on emotional data is difficult
to comprehensively improve teaching quality. Therefore, in the
application process, it is necessary to combine other evaluation
methods and means and comprehensively analyze and improve
teaching strategies to ensure the comprehensiveness and
scientificity of teaching feedback.

Conclusions and Prospect

In this paper, we explore the application of facial expression
recognition technology in medical education and its potential
in assisting teaching and student assessment. Through in-depth
research and practical application analysis of facial expression
recognition technology, we have found that this technology can
significantly enhance teacher-student interaction, improve
teaching effectiveness, and provide strong support for
personalized education. Specifically, facial expression
recognition technology can capture and analyze students’ facial
expressions in real time, helping teachers understand students’
emotional states and understanding in a timely manner, thereby
adjusting teaching strategies and providing more targeted
guidance.

In addition, facial expression recognition technology can also
serve as an effective student assessment tool, providing detailed
feedback data for teachers by quantitatively analyzing students’
emotional reactions and participation in the classroom. These
data can not only be used to evaluate students’ learning
outcomes but also to improve curriculum design and teaching
methods, thereby achieving a comprehensive improvement in
educational quality.

Looking ahead to the future, with the continuous development
and improvement of facial expression recognition technology,
its application prospects in medical education will be even
broader. We foresee that future medical education will become
more intelligent and personalized, and facial expression
recognition technology will be combined with other advanced
technologies such as artificial intelligence and big data analysis
to jointly build a comprehensive and dynamic education
ecosystem. At the same time, with the popularization of
technology and the accumulation of application experience, we
also need to pay attention and solve the ethical and privacy
issues that technology may face in practical applications,
ensuring the sustainable development of technology in the field
of education.

In short, facial expression recognition technology, as an
innovative tool, can not only improve the teaching effectiveness
and evaluation efficiency of medical education but also provide
new ideas and directions for the future development of medical
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education. We believe that with the deepening of research and
the promotion of application, facial expression recognition

technology will bring more innovation and change to medical
education and help cultivate more outstanding medical talents.
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Abstract

Mental health services face a multitude of challenges, such as increasing demand, underfunding, and limited workforce capacity.
The accelerated digital transformation of public services is positioned by government, the private sector, and some academic
researchers as the solution. Alongside this, human-centered design has emerged as a guiding paradigm for this transformation to
ensure user needs are met. We define what digital transformation and human-centered design are, how they are implemented in
the UK policy context, and their role within the evolving delivery of mental health services. The involvement of one of our
coauthors (DP) in the design and delivery of these policies over the past 5 years provides unique insights into the decision-making
process and policy story. We review the promises, pitfalls, and ongoing challenges identified across a multidisciplinary literature.
Finally, we propose future research questions and policy options to ensure that services are designed and delivered to meet the
mental health needs of the population.

(JMIR Hum Factors 2025;12:e66040)   doi:10.2196/66040

KEYWORDS

digital mental health; digital transformation; human-centred design; mental health policy; mental health services; patient and
public involvement

Introduction

Background
Mental health services are under strain in the United Kingdom
[1,2]. Demands for assessment, diagnosis, and treatment are
increasing [3], while funding and infrastructure struggle to keep
up and are widely seen to be in crisis [4]. Waiting lists and
prolonged referral times are commonplace, with disastrous
consequences for the well-being of service users [5]. Frontline
organizations struggle to recruit, retain, and train staff, with the
mental health of those in position already at risk [6,7]. The

United Kingdom and others across Europe and the Organisation
for Economic Cooperation Development countries are seeking
innovative and ambitious policy solutions [8].

Digital transformation is widely touted as the answer to these
challenges, promising affordability, accessibility, and rapid
scalability [9,10]. In the United Kingdom, widely regarded as
a leader in digital transformation across policy domains [11,12],
a digital-first delivery model is now embedded in the long-term
policy for the health service [4,13,14]. Special attention is placed
on the expansion and reform of mental health care [15,16], with
a view to supporting financial cuts. Globally, the digital delivery
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of mental health services is viewed as vital to meet demand
[17-20], especially for the poorest and the hardest-to-reach
populations, whether culturally, geographically, or economically
[21,22].

Despite national and international enthusiasm from policy
constituencies and academic researchers, digital transformation
remains an ambiguous concept [23] and is poorly defined on
the ground. Digital transformation has been ongoing in health
care for decades as various information and communication
technologies (eg, emails, mobile phones, and electronic health
records) were integrated into service delivery, at times through
professional and patient discretion. Still, recent calls for
acceleration and increased policy discourse demand a robust
definition moving forward. Furthermore, despite optimism,
digital transformation risks being an inequitable and ineffective
process if it fails to meet the needs and requirements of service
users, health care providers, and professionals [24]. In response,
service-user involvement is increasingly advocated in the form
of human-centered design (HCD) [17,25,26].

Outline
We begin by defining digital transformation and HCD for mental
health services. We contextualize these ideas and processes in
a personal view section, including a case study of the Mental
Health Act (MHA) in UK policy. These policy insights draw
directly from our experiences implementing HCD digital
transformation in the UK Department for Health and Social
Care (DHSC).

In the second half of the paper, we integrate academic
knowledge on these themes, bringing researchers and
practitioners together on policy and research developments. We
first discuss opportunities and challenges in digital therapeutics
before emphasizing the need for service-user involvement in
therapeutics. We then move to digital transformation of services
more broadly. We argue that HCD is essential to the digital
transformation of mental health. In so doing, we warn against
technosolutionism in digital transformation [17]. Finally, we
summarize ongoing service challenges, avenues for future
research, and policy recommendations. Overall, the paper
contributes to an ongoing debate on the digital transformation
of essential public services.

This review is a product of a National Institute for Health and
Care Research Applied Research Collaboration East of England
project, which holds knowledge exchange to be central. We
brought together researchers, service delivery experts in the
DHSC, the National Health Service (NHS), the Office for Health
Improvement and Disparities, as well as local coordinators and
frontline staff in the east of England. The review is informed
by the ongoing exchange, including interviews with practitioners
and a training workshop we hosted on “human-centered design
for mental health services” [27]. Among frontline professionals
we found enthusiasm for HCD, alongside many practical
constraints to implementation. The search strategy and selection
criteria are as follows: we identified relevant articles in English
through structured searches on Web of Science and unstructured
searches on Google Scholar using key terms, such as “mental
health,” “human-centered design,” “co-production,” “digital,”
and “services.” Our disciplinary focus was journals in psychiatry

and public health as well as relevant literature from public policy
and design. We also searched the key terms in The Lancet
Psychiatry, the Journal of Medical Internet Research, and JMIR
Mental Health. Relevant policy gray literature is included to
define the context, sourced from professional networks, and
project stakeholder engagement.

Defining Digital Transformation

Digital transformation is a poorly defined concept, with multiple
uses found across practitioner and academic literature. For
example, the UK DHSC does not offer any definition in their
policy paper “A plan for digital health and social care” [13],
despite central claims that “the long-term sustainability of health
and social care is dependent on having the right digital
foundations in place, and so digital transformation must be the
linchpin upon which all of these reforms are based.” Ambiguity
is repeated in government guidance for UK NHS trusts [28] and
in global settings, with the World Health Organization
neglecting to define digital transformation, despite its “Global
strategy on digital health 2020-2025” [18].

In a systematic review of the digital transformation literature,
Vial [23] offers a synthesized definition: “a process that aims
to improve an entity by triggering significant changes to its
properties through combinations of information, computing,
communication, and connectivity technologies.” In the context
of increased discourse around the digitalization of mental health
and the need to understand implementation and outcomes, a
domain-specific definition of digital transformation is required.
We adapt and define mental health digital transformation as “a
process that aims to improve the provision of mental health
services by triggering significant changes to its administration,
coordination, treatments and therapeutics, through combinations
of information, computing, communication, and connectivity
technologies.”

Defining HCD

The concept of HCD originated in the fields of computer
science, engineering, and ergonomics. The technical origin is
captured in the International Organization for Standardization
definition of HCD [29], but the emphasis in early
technology-oriented definitions centers the relationship between
individual users and physical objects. The conceptual scope of
HCD expanded as the social potential was realized: “today’s
human centred design is based on the use of techniques which
communicate, interact, empathise and stimulate people involved,
obtaining an understanding of their needs, desires and
experiences” [30]. HCD principles can guide value and
well-being creation in the delivery of products, systems, and
services. We define HCD in mental health services and research
as “a practical, iterative approach to the design, development
and reform of mental health systems, services and products that
is achieved through communication, interaction and empathy
with users’ needs, desires and experiences.”

Figure 1 summarizes the HCD approach. HCD is applied in an
iterative process and includes 4 dimensions: the problems and
coevolving solutions (objects), social and physical environment
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(context), structure and dynamic of the activity (process), and
those involved (actors) [30,31]. In the process, HCD deploys
a range of qualitative techniques, such as service logic modeling,
semistructured interviews, focus groups, and ethnographic
research. This qualitative view creates empathy in the discovery
phase to define the issue, including identifying user needs, the
interdependencies and interactions between different user
groups, and how users navigate and interact with services and

products. The aim is to understand the overall context and
provide a map of pathways through which a service or product
user moves. The new qualitative understanding then guides the
design of the product and service to be tested iteratively in a
prototype phase, continuing to redefine the issue and provide
new insight. Final implementation is enacted while quantitatively
evaluating processes and outcomes.

Figure 1. Human-centered design process for mental health services. GP: general practitioner.

Accompanying the expansion of HCD is increasing conceptual
confusion, with related terms such as user-centered design, user
experience design, stakeholder-centered design, design thinking,
and participatory design [17,31-33]. HCD is the most
theoretically developed and commonly applied in policy. We
propose HCD can be used as an umbrella term for iterative end
user involvement in product and service delivery that
emphasizes empathy, discovery, and testing. Synonymous terms

can be understood as types of HCD, deployed in different
contexts with varying aims.

Coproduction is a crucial related idea that dominates discussion
of user involvement in public services. Coproduction is a
broader umbrella concept that also entails citizen and user
involvement to varying degrees [34-37]. In contrast to HCD,
coproduction emphasizes sharing power (decision-making) and
collaboratively delivering a service or product. With HCD,
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decision-making and delivery remain with the service or product
provider while strongly involving user input in the iterative
process outlined above. HCD is a lighter approach to citizen
involvement. Figure 1 visualizes the HCD process and
demonstrates the underlying principles, which are more
important than semantic debates [37,38].

Personal View: Untold Stories From the
United Kingdom

Overview
In the United Kingdom health care system, digital transformation
methodologies were formally enacted with the creation of
“NHSX” [39]. However, the origins and design of the “whole
of government” approach were first articulated by the review
by Lane Fox [40]. The report emphasized the need for a
user-centered digital transformation and a policy culture that is
“putting the needs of citizens ahead of those of departments”
[40].

The Government Digital Service (GDS) unit within the Cabinet
Office was created with the mandate to digitally transform the
whole of government and public services more broadly, while
introducing new ways of working, such as agile delivery and
HCD [41]. While GDS standards, resources, and practices
offered a baseline, fragmented governance, dispersed
responsibilities, and split accountability among multiple agencies
in the health care system often led to inefficient transformation
and processes losing sight of the end user.

NHSX was embedded with the mandate of user-centered design,
with “X” standing for “user experience.” NHSX was the
convening body between DHSC (which designs policy), NHS
England (which currently designs policy implementation but is
soon to be subsumed in DHSC), and NHS Digital (which
delivers technology), alongside arm’s-length bodies of the NHS
[42]. In the June 2021 health ministerial transition, an
independent review was conducted to assess progress in digital
transformation, how to build on what had already been delivered
under NHSX’s mandate, and to inform future structuring and
investment decisions for NHSX as well as its consequences for
other NHS institutions [43]. Therefore, NHSX was dissolved,
and a new transformation directorate was created, hosted by
NHS England.

Digitizing the MHA
An example of an “untold story” [44] on an NHSX project is
the application of HCD and digital transformation to reforming
the MHA. The HCD discovery phase was conducted internally
in the UK government and until now has not featured publicly
in academic or policy debate.

The MHA is the main legislation covering the assessment,
treatment, and rights of people with mental health disorders.
As the review of the MHA was being commissioned, the
intention was to “make sure those suffering from mental health
issues are treated with dignity and respect, with their liberty
and autonomy respected” [45,46]. MHA reform began following
recommendations arising from another independent review,
“Modernising the Mental Health Act” [47]. The

recommendations, accepted by the DHSC [48], were to
modernize the act, digitize processes, and design a more
human-centered system, ensuring “a person’s wishes and
preferences will have much more impact and be harder to ignore
than before” (47: 186).

DHSC commissioned and delivered a series of discoveries on
the act. Discovery is the first qualitative stage of exploratory
work, outlined earlier, to identify problems and user needs. One
area of focus was advance choice documents (ACDs) [49],
which allow a person to set out preferences on future care and
treatment, especially in cases of detention. This exploratory
work examined the various service pathways people experience
the application of the MHA, such as the psychological state that
people are in at engagement and where “pinch points” are for
service users and staff. Through HCD methods, different users
of the ACD system were identified [49]. Discovery primarily
involved semistructured interviews with these users, including
service users or those at risk of detention, their support network,
approved mental health professionals, responsible clinicians,
charge nurses, and care coordinators. Exploration also included
questionnaires, secondary research, and further focus groups
with mental health professionals. The findings provided several
recommendations and insights for all types of users.

From the user research conducted, we learned that in moments
of acute crisis, there is often no time to meaningfully incorporate
patient preferences. People with lived experience described
feeling that the most distressing part of being detained is the
absence of agency in decision-making. They expressed the need
to feel listened to, treated with respect, and “not just a number.”
From professionals’ perspective, user involvement emphasized
the importance of understanding why a patient would or would
not seek specific treatments. Approved mental health
professionals we spoke to also expressed concerns about the
practical limitations they face in accessing up-to-date medical
information and about the crucial challenge of ensuring ACDs
reflect the most up-to-date picture of a patient’s needs and
circumstances. Nurses also shared concerns about how
staff-to-patient ratios directly affect the ability to engage in
person-centered care.

Further noted challenges were the lack of information
interoperability between care coordinators’systems and external
health care professionals. Overall, the process was felt to have
created empathy and illuminated implementation barriers as
well as specific challenges and contexts from different users’
perspectives. This HCD process emphasized the crucial role of
human relationships in improving care, rather than specific
needs for digital services and tools. The follow-up
recommendations from the study were to test prototypes for
ACDs through a pilot program designed to understand uptake,
ease-of-use, and effectiveness across a range of roles and to
identify challenges and improvements. Unfortunately,
government prioritization decisions meant that recommendations
were not put into action.
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Digital Mental Health Research

Digital Therapeutics
In most discussions of digital mental health, the emphasis is on
“apps, social media, chatbots, and virtual reality” [50]. Digital
interventions like these are seen as the solution for growing
demands for mental health support. Benefits appear to be
affordability, accessibility, quick response times, potential
integration of resources, and creation of large amounts of data
[26,50-53]. The largest benefits are expected for young people
who are digitally native [50,51], underrepresented racial and
ethnic minority groups [54-56], and low- to middle-income
countries where mental health care is minimal to absent [21].
Digital interventions are viewed as especially helpful during
acute personal crisis such as suicide prevention [56,57], and
external crisis, such as pandemics and natural disasters [58-60].
Researchers are generally positive about the promise of these
digital therapeutics [57,61,62], especially through self-help
[57,63-65]. However, there are difficulties for the practical
widespread adoption, with several reviewers unwilling to
recommend adoption and expansion of digital interventions,
judging the current evidence inadequate [66,67]. Claims that
digital transformation will address health inequalities are also
yet to be substantiated, with existing evidence for health care
broadly indicating they can exacerbate inequalities through
unequal access and outcomes [24].

There are further difficulties for digital interventions. There are
a vast number of digital mental health tools, with, for example,
estimates of over 15,000 mobile mental health apps [68,69].
Therefore, continued use of the apps is low, with high attrition
[68,70,71]. Preventing uptake and upkeep are concerns around
data transparency, lack of regulation, and inadequate links with
existing services for both patients and clinicians [50,53,69,71].
There is a polarization between low-use, evidence-based
practices and high-use, less substantial platforms, accelerated
by overcommercialization reducing the quality of products [72].
Furthermore, transplanting digital interventions from trial
settings into real-world contexts is a major hurdle [73]. Other
difficulties are known too, such as little engagement from those
with severe mental illness [74], supply-side technical issues,
and a lack of personalization [75]. Clinician involvement in
design and implementation is found to produce better effects,
but this is not always practiced [76].

Some of these problems arise from limitations in underlying
research, resulting in researchers, practitioners, and policy
makers being unable to make clear judgments. Trials often target
less complex mental illnesses with more standardized solutions,
such as generalized anxiety disorders and cognitive behavioral
therapy (CBT), acceptance and commitment therapy, and
mindfulness [61]. Witt et al [67] state that “most studies are
biased” and “it is unclear whether reductions would be clinically
meaningful.”

As one of the more controversial examples, chatbot
“conversational agent” therapies can exemplify the difficulties.
Chatbots are one artificial intelligence–driven therapy
enthusiastically proposed as cheap and effective [77]. Reviewers
have argued that trials are of low-quality study design overall,

with small samples, high attrition, negligible effects, and a high
risk of bias [78]. However, new evidence is frequently
published, pointing to the benefits of generative artificial
intelligence therapeutic solutions for clinical depression [79].
Further user involvement is needed for assessing efficacy [17].

While chatbots exemplify the need for user engagement where
therapeutic efficacy is not assured, the same is cited for proven
digital interventions. Togetherall is an illuminating example of
a prominent peer support platform for mental health [80,81].
Across multiple studies, partnered researchers show that service
can address gaps in provision, offer support for those on waiting
lists, and provide self-management opportunities. These studies
indicate positive signs but reveal an ongoing need for rigorous
and independent evaluation.

HCD and the Need for User Involvement
As in policy reviews, academic commentators continually call
for more user involvement in the design and implementation of
digital interventions [25,26,51,82], proposing coproduction as
the “standard way of working” in digital mental health research
[83]. This desire is echoed by practitioners and patients as well
[84], all recognizing the need for co-designed solutions for
effective and ethical care [85]. Therefore, it should not be
surprising that HCD emerged as a guiding paradigm alongside
digital transformation. Indeed, commentators in the design
literature cite the digital transformation of public services as
the reason why HCD has become so popular [86,87].

Vial et al [31] review the prevalence of HCD principles in the
development of digital mental health interventions. They find
22 studies mentioning HCD or specific design methods, offering
some promise for the integration of these ideas into digital
mental health products. Since then, other interesting case studies
have been published. The best example is perhaps from Creswell
et al [88]. The “digitally augmented” platform they co-designed
with users [89,90] provides online training and therapist support
for parents to deliver themselves in-person CBT treatment for
their child’s anxiety. They find this parent-led, real-world
application to be as effective as regular therapist-delivered CBT
and more cost-effective. The strengths of the intervention stem
from their HCD approach, ensuring fit with all user needs and
professional support throughout. Our examples show that digital
technologies can support the improvement and expansion of
mental health services, with HCD principles enhancing
development to meet service-user needs. These results suggest
that social interactions remain key to effective treatment, while
people can be supported with digital tools in the delivery rather
than replaced.

Digital Mental Health Services

Overview
Within digital mental health research and policy, there is an
overwhelming focus on the delivery of therapeutic interventions.
This can be seen across many of the systematic reviews [63]
and policy documents on the topic. However, this limits the
potential of digital transformation and hinders the stated aim of
improving the effectiveness, affordability, and scalability of
mental health services for all. Further uses are evident in the
studies by Naslund et al [91] and Stein et al [92].
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Data Collection and Sharing
Digital technologies offer opportunities for the collection,
communication, and analysis of patient data. Internal electronic
health records are an early example of digital transformation in
health services. A more recent patient-focused avenue is
patient-accessible electronic health records (PAEHRs). In recent
years, health services in North America and Europe have
allowed patients to view health data and clinical notes (eg, the
NHS App). The aim is to improve transparency, patient
engagement, patient-clinician communication, and health
literacy [93,94]. Service-user involvement in the design of
PAEHRs shows that different mental illnesses reveal different
attitudes toward the practice. Those with more severe and
chronic mental concerns decline open PAEHRs more often and
are more critical of systems, and in cases of severe mental
illness, records are often concealed [95]. Systems can be more
equitable with HCD applied in the development and ongoing
improvement of services [94,95].

Linkage and interoperability are ongoing data challenges,
highlighted in our discussion of the MHA [96,97]. Data sharing
is vital for the delivery of services, with overlapping policy
domains of health, employment, housing, and education. In our
stakeholder engagement we learned of difficulties faced by
asylum-seekers and refugees in the United Kingdom who would
be “bounced” between immigration, housing, health, and
employment systems with minimal communication or
knowledge sharing between organizations [27]. Considered
adoption of HCD could develop these insights for improving
information sharing.

Assessment
Assessment and diagnostics appear fruitful for the
implementation of digital technologies [51]. Multiple studies
propose digital screening in general practice offices to identify
mental health issues [98,99], alleviating resource constraints
on professionals. While promising, there have been too few
attempts to seriously involve those being assessed in the design
of digital screening tools. One exception is the depression
monitor by Nickels et al [100], which correlated electronic pulse
surveys with smartphone data to explore its applicability in
place of targeted questionnaires. Another radical form of
assessment is the use of smart home sensing by Tiersen et al
[101] for those with dementia, finding HCD enhanced
applicability and relevance.

Promotion and Primary Prevention
Mental health promotion is frequently proposed as a fruitful
domain for digital transformation [10,17,102-104]. Assessment
and diagnostics is a key component of prevention to develop
early intervention, but promotion and prevention can take on a
variety of forms. Some interventions include education (to
follow), mood management, diaries, peer support, or community
engagement. Some level of co-design is almost always argued
in the development of prevention interventions to ensure either
underrepresented voices are included [103], engagement with
products is maintained [102,104], or there is trust generally
between users, designers, and health professionals [102].

Education
Digital transformation and HCD can come together on a smaller
scale than full system change. Education is one such area where
research shows digitalization can assist and be effectively
designed for information provision for either clinicians or
citizens [105,106]. For example, Manning et al [107] show a
digital training program for nurses can improve professional
effectiveness when co-designed by young people who have
self-harmed. Digital learning can also benefit communities
through mental health literacy, especially in contexts with
previous low levels [108].

Rehabilitation
Finally, digital technologies may help with the rehabilitation
process. Engdahl et al [109] show that their co-designed, digital
return-to-work scheme is an effective way of supporting those
with common mental illnesses. “mWorks” operates as a
supplementary self-management tool for existing return-to-work
services to prevent relapse. The participatory aspects were
central to the success of the platform. Such an initiative shows
that successful digital mental health tools may supplement rather
than replace core services.

“The Solution May or May Not Be Digital”: HCD in
Mental Health Services
We have highlighted areas that indicate benefits from HCD in
digital mental health. However, by only considering HCD
principles in the design of digital therapeutic tools, researchers,
practitioners, and policy makers would fail to embody the ideals
of evolving services to meet citizen needs. HCD promotes
solutions tailored to user needs discovered through qualitative
engagement. It may be that appropriate solutions are not digital
but instead other service reforms or improved financial, staffing,
and technical resources. An implicit “technosolutionism” [17]
in discussions of HCD in psychiatry can be seen by the emphasis
placed on using it to enhance acceptability of these technologies
[110]. Similarly, assuming digital transformation will aid
co-creation methods risks ignoring that they may instead be
used to bypass democratic oversight and citizen involvement
[111]. These contradictions demand a more thorough integration
of HCD principles into the design of mental health services as
a whole.

HCD appears beneficial for the reform of health
services—digital or not digital [87,112]—while lessons can be
learned from the previous application of HCD in the public
sector outside of mental health. HCD and coproduction are
proposed by public policy scholars as ways to create public
value in services, enhance trust in the face of democratic deficit,
create active citizens and communities, and enhance the
legitimacy and communication of science [35,36]. Bason and
Austin [113] review various service and policy redesigns in
areas such as family services, housing, and education, finding
multiple advantages in HCD projects, including the ability to
identify previously unknown barriers and iteratively improve
services. They suggest HCD can produce a model of public
governance that is more relational, networked, and reflexive.
Several commentators outline these same empowering benefits
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in health and care services but cite several challenges for
embedding HCD as best practice [114,115].

The value of HCD for service delivery is demonstrated beyond
academic research teams. One case highlighted through
stakeholder engagement was conducted by the mental health
charity, Mind. They co-designed perinatal support for Muslim
women in the east of England [116], a population that is
typically considered difficult to reach. Mind also publicly
detailing their commitments to human-centered service design
and offering guidance for others who are interested in these
methods [117]. The charity Mind shows that HCD is relevant
for third-sector actors as well as for public policy, academics,
or commercial developers.

Ongoing Challenges: Directions for
Research and Policy

Research
Digital transformation and HCD ideals can offer great potential
for expanding and improving mental health services. However,
we see several ongoing challenges for researchers, practitioners,
policy makers, and service users.

First, many of the ideas within HCD principles are not new to
health care delivery, with elements found in, for instance, “no
decision about me, without me” [118], patient and public
involvement, triangle of care, and person-centered care. HCD
brings with it structured and working methodologies as well as
more expansive considerations, but progress from previous
citizen involvement agendas must not be forgotten or lost amid
calls for the latest trending policy paradigm.

As discussed, technosolutionism can limit the impact of HCD
if digital transformation is assumed to be the required resource
for meeting needs. Next, a common concern in HCD and
coproduction is continued power asymmetries [119,120]. For
many, “the gap between principles and practice is challenging”
[121], with dangers of practitioners, researchers, and designers
acting “as if” power boundaries are blurred [122], when in
reality the resources of current and future users of service are
not enhanced [123]. Relatedly, service-user involvement must
cover underrepresented populations [124]. This is most likely
to be those with more severe mental conditions, exposed to
multiple deprivations, and from discriminated groups.
Difficulties, including the hardest-to-reach populations,
emphasize that HCD will not guarantee success in the delivery
of mental health services.

In addition, there are tensions between medical models of health
care and the person, patient, or citizen emphasis of HCD.
Traditional models of health care assume that expertise lies with
professionals who have extensive training and clinical
experience. Indeed, this is especially relevant in severe cases
of mental illness; for example, following our discussion of the
MHA, a person may be detained against their wishes. Mental
health care generally requires classification and standardized
protocols such as the MHA. In contrast, HCD assumes that the
user is the expert [125], and in the case of mental health, where
the experiences are intensely subjective and often
context-specific, it poses domain-specific difficulties for
developing universally or nationally appropriate services. This
epistemic and political incompatibility is a common challenge
elsewhere in coproduction, leading to the ideal of coproduction
being undermined, proving tokenistic or “pretend”
[122,126,127]. In HCD, where the ultimate delivery remains
with the service provider, these limitations are less crucial.
Service provision can be designed with strong involvement of
service users, without appearing to dispense with professional
health expertise. Nevertheless, as with all involvement practices,
a central challenge remains which is achieving successful,
meaningful engagement with service users [126,128,129].

To evaluate these challenges, HCD digital transformation must
embed implementation evaluation and success metrics from the
start and include user involvement in this design process
[31,68,130]. This includes developing theories of change
[81,131], identifying process mechanisms, and safeguarding
those who may be negatively impacted by interventions [67].

Finally, thorough HCD can be time intensive, requires staffing
commitments and funding, and can be difficult to standardize
[131]. New policy structures, regulatory and commissioning
practices, and funding are needed if HCD is to be a long-term
solution [115,131], especially when facing the need for
cost-effectiveness of digital solutions. Recent regulation of
digital mental health technology from government agencies is
a welcome protection against these latter harms [132]. In our
own stakeholder engagement, the cost and time for co-designing
were cited as limitations, but so too was the feeling that these
ideas and digitalization were a top-down policy approach putting
pressure on service delivery instead of providing funding. We
learned of the gaps between, on one hand, those designing policy
plans for digital transformation and ideals of HCD, and on the
other, the realities of underresourced services. The future
research agenda is given in Textbox 1.
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Textbox 1. Future research agenda.

• How effective is large-scale digital transformation for meeting service-user needs and health outcomes?

• What are the barriers to engagement in human-centered design (HCD) and coproduction processes?

• How can user involvement be better integrated into data sharing, linking, and interoperability systems?

• How are government digital transformation policy mandates received by practitioners in health service delivery and local authorities? How are
HCD ideas translated and received across levels of governance?

• How does prospective regulation of artificial intelligence and other emergent technologies link to digital mental health?

• What is the political economy of digital transformation and HCD in mental health services, including political and economic incentives at multiple
levels, funding arrangements, and private capital involvement?

• Where do “policy ideas” on mental health emerge from?

Policy Recommendations

Overview
Our review of the literature reveals many opportunities, but also
challenges, for the digital transformation of mental health
services, and especially the contradictory promise of HCD. We
urge caution on technosolutionism, with increased institutional
support and attention to the tensions between technocratic and
HCD models as well as implementation and evaluation.

Similarly, insights from various NHSX projects, in the personal
view section, reveal systemic issues that hinder the design and
provision of HCD: the absence of agency for patients, staff
shortages, operational pressures that prioritize risk-based
approaches, fractured data systems, lack of systems’
interoperability, and outdated data and digital infrastructure.
These realities highlight the need for structural, policy, and
capability reforms that go beyond individual behavior change
to reshape decision-making systems.

The recent political decision to abolish NHS England marks a
significant shift in UK health care, offering a unique opportunity
to redesign the system for greater efficiency and responsiveness.
The elimination of duplicative governance structures and clearer
decision-making pathways bring modernization possibilities
for operations and realignment with user needs.

Therefore, in conclusion, we advance several policy
recommendations for mental health in the United Kingdom,
developed from our review, stakeholder engagement, and
professional experience of digital transformation and HCD.

Independent and Cross-Departmental Digital
Transformation Commission
The digital transformation directorate currently within NHS
England should be externalized to establish an autonomous unit
tasked with leading digital transformation across the health care
ecosystem. A common strength of GDS and NHSX lies in their
external positioning vis-à-vis “existing routines” and political

constraints [11]. An external directorate would provide more
effective convening powers, enabling better collaboration and
system-wide alignment of incentives, efforts, and decisions
across national and local public institutions and arm’s-length
bodies.

Agreed Definitions of Methodologies and Outcomes
In the course of this paper, we have developed definitions of
digital transformation and HCD with respect to mental health
services, and these should be incorporated into the digital
transformation directorate. We hope and intend for these to be
used in future policy work. Further research is needed to agree
on the criteria for successful transformation, standardized
processes, cost guidelines, capability assessment and needs
guidance, and impact evaluation methods.

Digital Standards Collaboratively Defined
Similarly to the first recommendation, HCD approaches should
be leveraged to develop data standards and operability with
collaboration across systems for common terminologies,
protocols, and exchange standards, as recommended by DHSC
[133] and NHSX [134]. Standards and operability must function
across policy domains and government departments, linking
NHS mental health services with other government departments.

Integrate HCD in Other Public Policy Domains and at
Both Local and National Levels in Health Services
Health care is viewed as the most promising and important
avenue for the adoption of HCD principles [112,135]. Still,
HCD and coproduction have been shown to be beneficial in an
array of policy settings [36,113]. To facilitate the success of
HCD in mental health, extending the application of HCD across
public services and at multiple policy levels will normalize and
strengthen the relevant social and operational systems required
for success. Widespread use of HCD can bring standardization
and capacity building and connect it to other models of
involvement to ensure meaningful service-user engagement.
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Abstract

Background: Rhinolaryngoscopes are one of the most widely used tools by otolaryngologists and speech-language pathologists
in current clinical practice. However, there is limited data on adverse events associated with or caused by the use of
rhinolaryngoscopes.

Objective: In this study, we used the Manufacturer and User Facility Device Experience (MAUDE) database with the aim of
providing insights that may assist otolaryngologists in better understanding the limitations of these devices and selecting appropriate
procedures for their specific clinical setting.

Methods: We characterized complications associated with the postmarket use of rhinolaryngoscope devices from the US Food
and Drug Administration MAUDE database from 2016 through 2023.

Results: A total of 2591 reports were identified, including 2534 device malfunctions, 56 injuries, and 1 death, from 2016 through
2023. The most common device problem with rhinolaryngoscopes was breakage (n=1058 reports, 40.8%), followed by fluid
leaks (n=632 reports, 24.4%). The third most common problem was poor image quality (n=467 reports, 18%). Other device issues
included contamination or device reprocessing problems (n=127 reports, 4.9%), material deformation or wear (n=125 reports,
4.8%), and device detachment (n=73 reports, 2.8%). Of the 63 reported adverse events, the most common patient-related adverse
event was hemorrhage or bleeding, accounting for 18 reports, with the root causes including material deformation or wear,
breakage, wrinkled rubber, or improper operation.

Conclusions: Our study offers valuable insights for endoscopists and manufacturers to recognize potential issues and adverse
events associated with the use of rhinolaryngoscopes. It emphasizes the need for improving device reliability, training, and
procedural protocols to enhance patient safety during diagnostic procedures.

(JMIR Hum Factors 2025;12:e67036)   doi:10.2196/67036

KEYWORDS

medical device; device malfunction; rhinolaryngoscope; adverse event; MAUDE; Manufacturer and User Facility Device
Experience

Introduction

Rhinolaryngoscopes are currently available in various forms,
including rigid, flexible, and video versions. They are essential
tools routinely used by otolaryngologists and speech-language
pathologists [1,2]. Given the substantial proportion of patients
who require a rhinolaryngoscopic procedure as part of a head
and neck examination, rhinolaryngoscopy has become an
indispensable diagnostic procedure in otolaryngological practice

[3]. Modern rhinolaryngoscopes can have a distal diameter as
small as 2 mm, are equipped with lighting, are flexible, and
have photo and video capabilities, enabling direct visualization
of the nose, throat, and airway in diverse clinical settings,
including emergency, inpatient, and outpatient scenarios. The
range of indications for rhinolaryngoscopy includes visualizing
polyps, tumors, and sources of epistaxis in the nasal cavity and
aiding in the identification of suspected tumors or adenoidal
hypertrophy [4]. In the oropharynx or laryngopharynx,
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rhinolaryngoscopy can be instrumental in evaluating foreign
bodies and potential airway obstructions from etiologies such
as neoplasm and epiglottitis, obstructive sleep apnea, dysphagia,
dysphonia, tonsillar hypertrophy, glossoptosis, laryngomalacia,
and vocal fold lesions [5,6]. Rhinolaryngoscopy may also assist
in assessing the severity of angioedema. An alternative
visualization tool is the flexible fiber-optic laryngoscope [7].
While laryngoscopes may be less expensive and simpler to use
than rhinolaryngoscopes, fiber-optic rhinolaryngoscopy provides
clearer visualization and better access to the larynx anatomy.
In general, imaging quality, including illumination, color
fidelity, resolution, and accurate length representation, plays a
pivotal role in visualizing abnormalities. Therefore, the choice
of instrument is often determined by clinician preference or
equipment capabilities [8].

Rhinolaryngoscopes are classified as a moderate-risk medical
device and require a 510(k) submission for premarket review
by the US Food and Drug Administration (FDA; regulation
number 21 CFR 874.4760). Although rhinolaryngoscopy is
considered a generally safe procedure with rare serious adverse
events, complications such as mucosal tearing, damage to
anatomic structures (particularly with rigid scopes), bleeding,
and laryngospasm have been reported [9]. However, there is
limited data regarding device failures for both rigid and flexible
rhinolaryngoscopes, incidence rates, and adverse events
associated with these devices. The FDA’s Manufacturer and
User Facility Device Experience (MAUDE) database serves as
a repository for adverse events and malfunction reports related
to medical devices, and it has been used as a data source to study
device-related adverse events [10,11]. In addition, capturing
user experiences and integrating them into the design during
medical device development has become an essential component
for ensuring patient safety and device effectiveness. In this
study, we used the MAUDE database to characterize postmarket
complications associated with the use of rhinolaryngoscope
devices from 2016 through 2023, with the aim of providing
insights that may assist otolaryngologists in better understanding
the limitations of these devices and selecting appropriate
procedures for their specific clinical setting.

Methods

Search and Selection
MAUDE, a comprehensive postmarket surveillance database
from the FDA, was chosen because of its extensive collection
of medical device reports (MDRs) from both mandatory and
voluntary reporters related to FDA-cleared medical devices
[11]. Mandatory reporters comprise manufacturers or device
user facilities, whereas voluntary reporters include physicians,
patients, or other device consumers. The MDRs from MAUDE
include device malfunctions and potential patient harms
associated with device failures during procedures. Therefore,
the event classifications used in this analysis include device
malfunctions and adverse events among patients.

The MAUDE database was queried by searching for the product
category “rhinolaryngoscope (Flexible or Rigid),” which
included MDRs from January 2016 through December 2023.
This search encompassed terms such as “rhino-laryngo

videoscope,” “rhino-laryngo fiberscope,” “telescope,” and
“single use endoscope.” Each MDR was then logged in a
Microsoft Excel spreadsheet. Among the reports, items that
may have been incorrectly classified, such as cystoscopes and
arthroscopes, were manually removed. These misclassifications
accounted for only a small portion of the reports and resulted
from errors made by the reporters. The MDRs underwent manual
review, including assessment of the date of the event, event
type (device malfunction, injury, or death), and the root causes
of the adverse event. Device failures were defined as reported
instances of rhinolaryngoscopes not functioning as expected
during a procedure.

Data Extraction
The device failure problems were classified as (1) breakage, (2)
fluid leakage, (3) poor image quality, (4) contamination, (5)
material deformation, (6) device detachment, (7) unintended
movement, (8) mechanical problems, (9) unidentified device
or use problems, (10) device overheating, (11) improper or
incorrect procedures, (12) moisture damage, (13) packing
problems, and (14) electrical shorting. To minimize potential
bias and ensure consistency in categorization, 2 reviewers (SHC
and DC) independently screened and categorized the reported
events. Adverse events among patients included all reported
complications resulting in injury, harm, or death during
procedures associated with rhinolaryngoscopes. Following the
categorization of the failure problems and adverse events,
statistical analysis was conducted. The frequency of each failure
type and adverse event was calculated, and the results were
expressed as the number and percentage of occurrences within
each category.

Additionally, to assess the context of these device failures in
clinical practice, we analyzed the US Medicare population using
Current Procedural Terminology (CPT) codes associated with
rhinolaryngoscope diagnostic procedures (excluding surgeries).
Specifically, we selected CPT codes 31231 (nasal endoscopy,
diagnostic; unilateral or bilateral), 31575 (laryngoscopy,
flexible; diagnostic), and 92511 (nasopharyngoscopy with
endoscope), which may correspond to diagnostic procedures
involving rhinolaryngoscopes. The data were accessed under
the “Research, Statistics, Data & Systems” section. The Centers
for Medicare and Medicaid Services Part B National Summary
Data File was used to obtain annual procedure data based on
CPT codes 31231, 31575, and 92511. These codes were used
to compare the number of procedure claims with the number of
device failure reports, allowing us to explore the relationship
between the frequency of rhinolaryngoscope use (as indicated
by procedure billing) and the reported failure incidents. This
comparison provide a picture of the relative incidence of device
failures in clinical practice compared to the frequency of
procedures conducted, shedding light on potential areas for
improvement in device performance or clinical training.

Ethical Considerations
This study involved querying the FDA MAUDE database and
US CPT codes. These activities did not involve direct interaction
with human subjects, nor did they involve the collection or
analysis of personal health data. Therefore, such data queries
typically do not require approval from an institutional review
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board. Publicly available databases like the FDA MAUDE and
CPT codes generally do not raise ethical concerns. We analyzed
publicly available data and did not collect personal data or
perform clinical trials, so institutional review board approval
was not required.

Results

Device-Related Problems
A total of 2591 reports were identified, including 2534 device
malfunctions, 56 injuries, and 1 death among patients from 2016
through 2023. The number of reports submitted significantly
increased in 2021, 2022, and 2023 (n=347, n=1147, and n=918

reports, respectively), constituting greater than 90% of all reports
submitted during the study period. Device malfunctions and
their incidence rates are presented in Table 1. The most common
device problem with rhinolaryngoscopes was breakage (n=1058
reports, 40.8%), followed by fluid leakage (n=632 reports,
24.4%). The third most common problem was poor image
quality (n=467 reports, 18%). Other device issues included
contamination or device reprocessing (n=127 reports, 4.9%),
material deformation or wear (n=125 reports, 4.8%), device
detachment (n=73 reports, 2.8%), and unintended movement
(n=55 reports, 2.2%), with the remaining issues each accounting
for less than 1%. Mechanical problems, device overheating,
packaging issues, and electrical shorting were relatively
infrequent problems, as summarized in Table 2.

Table . Event types reported to the US Food and Drug Administration Manufacturer and User Facility Device Experience (MAUDE) database for
rhinolaryngoscopes per year.

Malfunctions (n=2534), n (%)Injuries (n=56), n (%)Deaths (n=1), n (%)Year

918 (36.2)14 (25)0 (0)2023

1147 (45.3)7 (12.5)1 (100)2022

347 (13.7)2 (3.6)0 (0)2021

37 (1.5)10 (17.8)0 (0)2020

38 (1.5)14 (25)0 (0)2019

21 (0.8)2 (3.6)0 (0)2018

13 (0.5)5 (8.9)0 (0)2017

13 (0.5)2 (3.6)0 (0)2016

Table . Device problems reported for rhinolaryngoscopes.

Reports (n=2591), n (%)Device problems

1058 (40.8)Breakage

632 (24.4)Fluid leakage

467 (18)Poor image quality; optical distortion

127 (4.9)Contamination; device reprocessing problem

125 (4.8)Material deformation; wear

73 (2.8)Detachment of device

55 (2.2)Unintended movement

12 (0.5)Mechanical problem

11 (0.4)Unidentified device or use problem

10 (0.4)Overheating of device

6 (0.2)Improper or incorrect procedure

6 (0.2)Moisture damage

5 (0.2)Packaging problem

4 (0.2)Electrical shorting; flare or flash

We conducted a comprehensive analysis of device failures,
examining variations across specific manufacturers, including
Olympus, Storz, Pentax, and Gyrus. A high incidence of
breakage and fluid leakage reports was associated with Pentax.
In comparison, Olympus devices showed a breakage rate of
4.8% (50/1028). However, Olympus devices were also

associated with the highest frequency of contamination reports,
followed by Pentax. These higher failure rates could be linked
to the relatively larger market share of these manufacturers.
Additionally, we scrutinized the frequency of nasal endoscopies
performed in the US Medicare population using CPT codes
31231, 31575, and 92511. In 2022, a total of 1,196,520
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procedures were performed. Meanwhile, the MAUDE database
reported 1155 device failures. This results in an estimated failure
rate of approximately 1 per 1000 procedures.

Patient-Related Adverse Events
Adverse events or complications associated with device
problems were evaluated based on the MAUDE database.
Adverse events in patients in reports included all instances of
complications resulting in injury, harm, or death associated with
the use of rhinolaryngoscopes. Adverse events in patients were
categorized as (1) hemorrhage/bleeding, (2) a foreign body in
the patient, (3) burns or thermal burns, (4) discomfort or pain,
(5) anaphylactic shock, (6) edema, (7) laryngospasm and
dyspnea, (8) unspecified tissue injury, (9) allergic reaction, and
(10) death. The specified root cause of the adverse event
included material and mechanical problems, device chemical
contamination, improper operation, fluid leakage, overheating,
and display issues, among others.

The adverse events in patients and their specified root causes
are presented in Table 3. A total of 63 reported adverse events

were identified, including hemorrhage/bleeding (n=18 reports,
28%), a foreign body in the patient (n=12 reports, 19%),
discomfort/pain (n=10 reports, 16%), thermal burns (n=9 reports,
14%), anaphylactic shock (n=4 reports, 6%), edema (n=3
reports, 5%), laryngospasm and dyspnea (n=3 reports, 5%),
unspecified tissue injury (n=2 reports, 3%), allergic reaction
(n=1 report, 2%) and death (n=1 report, 2%). The most common
patient-related adverse event was hemorrhage/bleeding,
accounting for 18 reports, with the root causes including material
deformation or wear, breakage, wrinkled rubber, or improper
operation. One death was reported, with an unspecified cause.
Material breakage, material wear, and improper operation were
identified as the major root causes for the reported adverse
events. In 2019, 1 case of edema was attributed to improper
reprocessing and device contamination with chemicals. The
manufacturer’s investigation determined that the customer had
insufficiently wiped phthalaldehyde-based disinfectants off the
endoscope during reprocessing, resulting in the possibility of
anaphylactic shock. Table 4 displays the numbers of adverse
events from 2016 through 2023, including thermal burns, foreign
bodies in patients, and discomfort, reported in 2023.

Table . Adverse events in patients from rhinolaryngoscope device problems.

Events (n=63), n (%)Root causeAdverse event

18 (28)Material deformation or wear; breakage; rubber
wrinkling; improper operation

Hemorrhage/bleeding

12 (19)Detachment of device or device component;
breakage; material fragmentation; wear; improper
operation

Foreign body in patient

10 (16)Material wear; breakage; material invagination;
mechanical problems

Discomfort/pain

9 (14)Scratched material; cut or torn material; burst
battery; device overheating; use of device prob-
lem

Burns/thermal burns

4 (6)Material perforation; material cracks or holesAnaphylactic shock

3 (5)Unidentified device or use problem; allergic re-
action due to improper reprocessing and device
chemical contamination

Edema

3 (5)Display problem/poor image; unspecified issueLaryngospasm and dyspnea

2 (3)Fluid/blood leakage; material wearUnspecified tissue injury

1 (2)Reprocessing agentAllergic reaction

1 (2)Unspecified issueDeath
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Table . Number of adverse events based on year and type.

Events, n

20162017201820192020202120222023

130122000Hemor-
rhage/bleeding

15020004Foreign body
in patient

00021025Discom-
fort/pain

11101113Burns/thermal
burns

00004000Anaphylactic
shock

02010000Edema

00030000Laryngospasm
and dyspnea

00000020Unspecified
tissue injury

00000100Allergic reac-
tion

00000010Death

Discussion

Principal Findings
This study examined adverse events associated with the use of
rhinolaryngoscopes based on the MAUDE database, analyzing
2591 common device issues and 63 patient-related adverse
events from January 2016 through June 2023. Breakage
(40.83%) was the most common device issue, whereas
hemorrhage (28.57%) was the most common patient-related
adverse event, primarily attributed to material deformation or
breakage. These findings underscore the overall low occurrence
of adverse events associated with the use of rhinolaryngoscopes.
Previous studies have highlighted mucosal tearing and bleeding
as the most common complications, with laryngospasm
occurring in less than 1% of procedures [12-14]. To prevent
these complications, adequate nasal decongestion and limited
force are recommended. However, our results show that
improper operation or use problems frequently contributed as
the root cause of adverse events, including hemorrhages, foreign
bodies in patients, thermal burns, pain, and edema. Operator
experience with the device may also influence the occurrence
of adverse events. One customer reported a broken eyepiece on
a rigid scope (report number 9610773-2023-03626). Following
investigation, the manufacturer attributed the issue to wear and
tear coupled with excessive force. Similarly, another report
detailed a damaged lens at the distal end of a scope (report
number 9610773-2023-02419). Upon examination, the
manufacturer concluded that this damage stemmed from user
error, improper handling, and the application of excessive force.
Therefore, considerations of usability and ergonomics are
imperative to enhance patient care [15-17].

Despite gathering 125 reports of material wear from the
MAUDE database, which accounted for one-ninth of the total

breakage reports, it is noteworthy that the majority of the
reported failures were not attributed to routine wear and tear,
as determined by the manufacturer’s investigation. This
observation underscores the importance of scrutinizing reported
failures to distinguish between typical wear-related issues and
potentially more serious underlying concerns. It is evident that
device failures may arise from various root causes beyond
routine wear and tear, which manufacturers may not consistently
highlight in their manuals. For instance, in the manual for the
TJF-Q180V (Olympus) endoscope, there is an acknowledgment
that repeated use and reprocessing of the endoscope and its
accessories can lead to gradual wear and tear. This underscores
the importance of thorough understanding of and adherence to
manufacturer instructions, as well as recognizing potential
factors contributing to device failures, beyond typical
wear-related issues.

Moreover, it was observed that many cases of device failure
could be linked to improper reprocessing practices. In this study,
127 device failures caused by rhinolaryngoscope contamination
were reported. Although manufacturers provide
recommendations for product use and reprocessing, Biadsee et
al [18] reported that less than 20% of physicians adhere to the
recommended decontamination process outlined by
manufacturers. Another study, from Jiang et al [19], of
rhinolaryngoscope device failure due to contamination using
the MAUDE database from 2013 to 2019 revealed associations
with laryngeal edema, rather than infection, highlighting 1 injury
resulting from improper reprocessing procedures (insufficient
disinfectant removal from the endoscope). Anaphylaxis resulting
from the use of phthalaldehyde-based disinfectants has been
reported in cases involving the cleaning of rhinolaryngoscopes
and cystoscopes [20,21]. In this case (report number
9610877-2019-00238), the risk of injury from microbial
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infection may be less than the potential harm caused by the
disinfectant solution itself. In response to this incident, 5
members of the otolaryngology department were identified and
retrained as the personnel at the hospital did not properly
reprocess the endoscope. Regarding the compatibility of
disinfectants, the manufacturer of the endoscope recommends
that facilities adhere strictly to the instructions provided by the
disinfectant manufacturer, including specific parameters such
as concentration, temperature, and exposure time. Furthermore,
it is crucial to ensure thorough rinsing of internal channels,
external endoscope surfaces, and components with clean water
to remove any residual detergent solution, thereby minimizing
the risk of adverse reactions or complications associated with
disinfectant use. Our results identified 1 allergic adverse event
associated with a reprocessing agent, and 3 cases of edema due
to improper reprocessing or device use, confirming previous
literature regarding rhinolaryngoscope contamination [22,23].
Compared to other endoscope types, such as bronchoscopes
and duodenoscopes, the contamination rate of
rhinolaryngoscopes is less commonly associated with patient
harm or death [18]. This indicates a comparatively lower risk
associated with rhinolaryngoscopes in contrast to other
endoscopic examinations.

This study reviewed the MAUDE database and identified 9
cases of thermal burns in patients who underwent
rhinolaryngoscope examinations over 8 years. Scope overheating
was reported as a root cause, likely because of prolonged
procedure times with the light source on or the brightness setting
of the lamp. Several studies assessed the heat effects of
endoscopes in otorhinolaryngology and recommended keeping
light sources at the lowest effective intensity [24-26]. MacKeith
et al [27] evaluated the amount of heat produced by endoscopes
and showed that larger-diameter endoscopes attain a higher
temperature. Chitnavis [28] demonstrated that even momentary
proximity could cause a thermal burn to a patient’s skin, without
generating smoke or fire. The risk of thermal injury may be
associated with the light source, endoscope caliber, and
angulation [25,27,29,30]. Consequently, available cameras are
often equipped with a regulation system capable of automatic
gain control in poor lighting situations [31].

Furthermore, it is noteworthy that the number of MDRs
underwent a significant surge in 2021, 2022, and 2023, with
347, 1147, and 918 reports, respectively. This notable increase
underscores the importance of continued vigilance and thorough
investigation into the factors driving these trends to ensure the
safety and efficacy of medical devices. The growth in frequency
can be attributed to several major factors, including the increased
prevalence of laryngeal diseases, heightened use of
laryngoscopes in airway management, guideline
recommendations, elevated demand for respiratory products,
and the impact of the COVID-19 pandemic. However, there
was no significant rise in the number of nasal endoscopies
performed in the US Medicare population with CPT codes
31231, 31575, and 92511 from 2016 to 2022. Another plausible
explanation for the increased MDRs could stem from new
product launches and strategic activities by manufacturers,
which have had a moderate impact on the laryngoscope market,
influencing the growth in the frequency of MDRs.

The statistical analysis conducted using the FDA’s MAUDE
database carries significant implications for clinical practice.
These data not only help identify trends and patterns in device
failures but also provide critical safety information for clinical
health care. By analyzing the MAUDE data, we can identify
failure types and frequencies associated with specific devices,
such as rhinolaryngoscopes, thereby understanding their
potential impact on patient safety. The data reveal the sources
of device failures, including variations across manufacturers
and models, which can aid clinical decision-makers in selecting
devices based on more informed criteria. Furthermore, by
examining the time trends of device failures in the MAUDE
database, we can correlate these trends with medical policies
or other external factors. This trend analysis can assist health
care institutions in adjusting operational processes and training
programs to address the growing issue of device failures,
especially during times of infectious disease outbreaks or when
new devices are introduced. The data derived provide empirical
evidence that can help in developing more effective clinical
guidelines and training plans, ultimately contributing to
improved quality of health care services [32]. These findings
highlight the importance of timely adjustments to clinical
operational processes and training programs to address the
growing issue of device failures and provide guidance for future
device improvements and clinical recommendations.

Limitations
A major limitation of this study is its reliance on reports from
the FDA’s MAUDE database, which may not account for
comorbidities involved in reported device failures. Furthermore,
the information may be incomplete or limited because MDRs
can be submitted by health care professionals, patients, or
manufacturers. Reporting variations between private-practice
clinics and large academic medical centers may also affect data
accuracy and which brands are used. Therefore, establishing
causative associations for some reported adverse events is
challenging. However, it is important to note that manufacturers
are required to investigate reported adverse events and device
failures, and their findings or follow-up reports are included in
the MAUDE database. The manufacturer reports help to mitigate
potential bias arising from self-reported data. Since the MAUDE
database primarily focuses on device-related issues, we
recognize the possibility of underreporting or inconsistent
reporting practices. Nonetheless, the inclusion of both
user-reported and manufacturer-investigated information adds
a level of rigor to the analysis, allowing for a more nuanced
understanding of the issues related to device failures. Despite
these limitations, our study provides important insights for
endoscopists and manufacturers to recognize potential issues
and adverse events associated with the use of
rhinolaryngoscopes, emphasizing the importance of patient
safety.

Conclusions
Although our findings underscore the overall low occurrence
of adverse events associated with the use of rhinolaryngoscopes,
the results indicate that improper operation frequently
contributed to adverse events, including hemorrhage, foreign
bodies in patients, thermal burns, pain, and edema. Operator
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experience with the device may also influence the occurrence
of adverse events. Results from this study will be important for
endoscopists and manufacturers to have a thorough
understanding of the equipment and its limitations. Future

research should assess the broader organizational impact,
including otolaryngology teams, documentation practices,
clinician training, and patient perspectives.
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Abstract

Background: The collection of dietary behavior data is crucial in childbearing populations. In addition to observed inequities
in perinatal dietary intake and quality, burdensome assessment methods (eg, 24-h dietary recall) may limit research participation
for some groups. Ecological momentary assessment (EMA) is associated with reduced recall bias and participant convenience,
but there is a dearth of studies with diverse cohorts.

Objective: Our aim is to describe participant completion of food intake items in EMA surveys, overall and across individual
characteristics (eg, prepregnancy BMI).

Methods: Using secondary EMA data from participants in a longitudinal study, we report average completion rates of survey
items regarding dietary behavior (eg, number of meals eaten in a day) across individual demographic variables (eg, age) and
combined strata (eg, race+age) during late pregnancy and throughout 12 months post partum.

Results: In our analytic sample (N=310), the average completion rate was 52.4% (SD 27.8%) during pregnancy, rising to 59.1%
(SD 22.0%) after giving birth. Participants who were older (>30 y), overweight before pregnancy, self-identified as White,
working, or earning higher annual income (>US $50,000) had higher average completion rates than their counterparts. Examining
combined strata, we found some variation in survey completion within racial groups. Black participants using a study phone had
higher average completion rates during pregnancy and post partum, but this relationship was reversed for White participants.

Conclusions: Our secondary analysis showed relatively stable engagement with EMA surveys in a childbearing cohort across
15 months. Increased completion rates among privileged groups (eg, White, higher income) may demonstrate the impact of
socioeconomic advantages on individual health behaviors. Investigators should consider how intersections between race and
other factors (eg, employment) may impact participation and data collection.

(JMIR Hum Factors 2025;12:e67081)   doi:10.2196/67081

KEYWORDS

dietary behavior; ecological momentary assessment; pregnancy; post partum; dietary; diet; dietary intake; survey; longitudinal
study

Introduction

The collection of dietary behavior data is integral to
understanding how diet and eating patterns shape health for
individuals and communities [1,2]. In childbearing populations,

studies show that dietary intake patterns during pregnancy are
critical to the health of both the mother and infant [3].
Inadequate nutrition during pregnancy can increase the risk of
cardiometabolic comorbidities (eg, hypertension disorders of
pregnancy and gestational diabetes) during pregnancy and of

JMIR Hum Factors 2025 | vol. 12 | e67081 | p.973https://humanfactors.jmir.org/2025/1/e67081
(page number not for citation purposes)

Sanders et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/67081
http://www.w3.org/Style/XSL
http://www.renderx.com/


low birthweight from fetal growth restriction and
neurodevelopmental delays [4,5]. Additionally, research shows
significant disparities in perinatal diet quality across social
determinants of health (education, food security, income) [6-9],
obliging studies to examine dietary behaviors across these strata.
Racial inequities also exist, where Black birthing populations
report higher food insecurity [6] and lower-quality diets [7-9]
and increased prevalence of perinatal and postnatal
comorbidities compared to White populations [10].

Commonly used dietary assessment methods include 24-hour
dietary recalls, food frequency questionnaires, and food diaries,
each presenting advantages and disadvantages in their
administration and the quality of data collected [11]. The
24-hour dietary recall provides detailed information on dietary
intake and has proven to be acceptable across diverse
populations including pregnant individuals [12-15]. The major
disadvantages of the 24-hour dietary recall measure are that it
is prone to recall bias, it is limited by its reliance on an
individual’s episodic memory, there is potential for intentional
misreporting, and it requires the greatest amount of time to
complete [11,13]. Food frequency questionnaires also rely on
participants’ memory and lack detailed collection of specific
food intake. Food diaries and the 24-hour dietary recall are
similar in recording detailed food intake, increasing the burden
on study participants and potentially influencing their eating
behavior on the days being recorded [16].

Ecological momentary assessment (EMA) is a sampling method
used to repeatedly collect information in “real time” [17] and
in one’s natural setting; it has been used to understand eating
behaviors and food intake, typically via digital devices (eg,
smartphones) [18]. EMA reduces retrospective bias and
promotes reliability and ecological validity. Compared to more
time-intensive methods, EMA reduces the burden of reporting
and often the time lapse between a behavior and its recording.
Furthermore, the repeated sampling design facilitates a broader
behavioral assessment over time [17-22]. Recent research using
EMA to assess dietary behaviors has been conducted in different
populations, including children [23,24], adolescents [25,26],
mother-child dyads [27-29], individuals with eating disorders
[30], and postbariatric surgery patients [31]. The few EMA
studies examining dietary behavior in perinatal populations
report homogenous samples and poor adherence to EMA
completion, making a strong case for more demographically
diverse cohorts in evaluating the usability of these assessment
tools [32,33].

Since EMA is a novel approach to collecting dietary data,
particularly over long periods of time (eg, >3 mo), it is critical
to assess participant adherence to the EMA protocol for
reporting food intake. It is important to note that EMA surveys
are designed to be briefer, making them ideal for studying the
context of eating behaviors, rather than nutritional content,
which may be measured more precisely in recalls and diaries.
Leveraging EMA data from a diverse childbearing cohort within
a longitudinal, observational investigation (approximately 15
mo), this secondary analysis aimed to describe participant
completion of dietary intake items in EMA surveys, overall and
across individual characteristics (eg, prepregnancy BMI).

Methods

Study Design
This secondary analysis uses participant-reported data regarding
dietary intake from the Postpartum Mothers Mobile Study
(PMOMS), a longitudinal, observational investigation [34]
designed to examine factors associated with racial disparities
in postpartum weight retention and cardiometabolic health.
Pregnant people were recruited between 18 and 32 weeks’
gestation and followed through 12 months post partum.
Participants completed daily EMA surveys via smartphones,
weighed themselves weekly using Bluetooth-enabled scales,
and attended follow-up visits for anthropometric measurements
and biospecimen collection. The study applied EMA methods
to better understand participants’ experiences and exposures in
their natural environment via real-time measurements of
psychosocial (eg, stress, discrimination), behavioral (eg, eating
behavior, consumption of foods with added sugars, physical
activity), and contextual (eg, geographic location) factors.

Brief EMA surveys were administered at the beginning of day
(BOD) and end of day (EOD), representing time-contingent
responses, and at random times throughout the day
(signal-contingent responses). Participants selected times for
receiving BOD and EOD surveys, with at least 9 hours between
the 2 surveys. Links for BOD and EOD surveys were active for
30 minutes (60 min for random surveys) to ensure that
participant-reported data reflected real-time information. Each
participant contributed approximately 15 months of EMA data
during the pregnancy and postpartum periods. The protocol for
PMOMS is described in more detail in a previous publication
[34].

Ethical Considerations
The study was approved by the institutional review board within
the University of Pittsburgh Human Research Protection Office
(#PRO16100117).

Participants and Recruitment
PMOMS was an ancillary study to a randomized clinical trial,
the Comparison of Two Screening Strategies for Gestational

Diabetes (GDM2) [35,36], conducted at a women’s hospital in
southwestern Pennsylvania. The clinical trial visits provided 2
in-person opportunities for our staff to approach and recruit
potential participants and determine eligibility between 18 and
32 weeks’ gestation. Participants were recruited this way

between December 2017 and March 2019. After the GDM2

study ended recruitment, PMOMS staff directly recruited
participants from December 2019 to March 2020, when study
activities were interrupted by the COVID-19 pandemic.

After providing their written, informed consent at a baseline
visit (between 18 and 32 weeks’ gestation), participants
completed demographic questionnaires and anthropometric
measures. At this same visit, a research assistant facilitated
setting up participants’ smartphones for receiving daily EMA
surveys, which were scheduled to begin the following day [34].
Individuals using their own phone for study participation were
compensated US $35 each month for using their data (up to US
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$525 throughout the study). For those without a suitable device
for participating in the study, PMOMS offered a smartphone
with a paid, unlimited data plan for the duration of the study.
Upon completing the study, these participants had the option
of keeping the smartphone provided by the study as an additional
incentive.

All participants were compensated monthly if their EMA
completion rate reached 60% or more during that month. Those
who reached a completion rate of 80% or higher were entered
into a monthly drawing for additional compensation. In addition,
PMOMS staff conducted routine check-ins (via phone or text)
with all participants falling below the 60% threshold to identify
and address any barriers to increasing their completion rate.

Pregnant individuals were excluded from participating in
PMOMS if they indicated any of the following: plan to deliver
at a different hospital from the study recruitment site, multiple
pregnancy, plan to move from the area before 12 months post
partum, history of type 1 or type 2 diabetes diagnosis, gestational
diabetes diagnosis before 20 weeks’ gestation in current
pregnancy, consumption of oral glucocorticoids in last 30 days,
history of “dumping syndrome” following gastric bypass
surgery, hypertension diagnosis or medication for high blood
pressure, and diagnosis of severe liver disease (eg, cirrhosis).
Further details about the PMOMS protocol can be found
elsewhere [34].

Measures
Although EOD surveys were delivered to participants every
day, eating habits and intake of added-sugar foods were only
assessed in these surveys on 10 randomly selected weekdays
and 4 randomly selected weekend days for every 28-day block
of time after EMA prompts began [34]. Participants were asked
to report the number of meals and snacks they ate during the
day. They were also asked to report whether they had any food
or drinks with added sugar. If they answered yes to either, they
were asked to report the number of foods with added sugar in
4 categories (cookies, cake, pie, and donuts; candy; ice cream
and frozen treats; and other sugary foods), as well as the number
of drinks with added sugar in 4 categories (regular soda pop,
juice drinks, coffee shop drink and frozen treats, and other
sugary drinks). These EMA survey items, along with dozens of
others, were developed for the purposes of our study and were
tested in a pilot study [37]. All EMA surveys were designed to
be brief (1‐2 min in duration), and those including dietary
intake items did not ask participants to specify sizes or types of
added sugar items consumed.

Upon enrollment, we collected data on maternal age, education,
race, ethnicity, employment status, marital status, and annual
household income. We dichotomized some demographic
variables for descriptive statistics: age as ≤30 years and >30

years (based on the sample median), employment status as
working (part-time or full-time) versus not working
(unemployed or on disability), and annual household income
as ≤US $50,000 per year versus >US $50,000 per year (based
on the sample median). In this study, we also examined EMA
completion between participants using their own phone and
those using a smartphone provided by PMOMS. Study staff
measured participant height at the first clinical trial visit, and
participants self-reported their prepregnancy weight at the
second clinical trial visit. We calculated prepregnancy BMI by
dividing participants’ weight in kilograms by their height in
meters squared and categorized participants as normal/healthy
(BMI 18.0‐24.9) and overweight (BMI≥25.0) [38].

Data Analysis
We determined our final sample for this secondary analysis
(N=310) after excluding participants only if they were
determined to be ineligible for PMOMS (n=3) at the study
enrollment phase because they withdrew from either PMOMS

or GDM2 (parent study). We report frequencies and percentages
for all demographic and anthropometric variables.

Completion rates were calculated for all participants included
in the analytic sample by dividing the number of responses to
dietary intake questions by the number of EOD surveys
delivered during both pregnancy and postpartum periods. Given
the sampling design described above, we only considered EOD
surveys with the dietary intake questions in these completion
calculations. We then stratified the study sample across
demographic and clinical measures, describing average
completion rates for each pair. In addition to the subgroups
described above (by age, employment status upon study
enrollment, household income), we examined average
completion rates for participants by prepregnancy BMI (healthy:
18.0‐24.9 vs overweight: ≥25.0), study phone usage, and race
(Black vs White). Lastly, we looked at average completion rates
across combined sample strata (eg, by race and age). We focused
specifically on Black/African American and White participants
in describing completion rates in subgroups due to sample size
limitations in other racial groups.

Results

Table 1 provides an overall description of the analytic sample
(N=310), which attempted a total of 36,687 EOD surveys that
included dietary intake items, with a mean of 121.5 (SD 70.7)
EOD surveys attempted per person (median 2128.0, IQR
60.3-185.8) and a range of 1.0‐243.0 EOD surveys attempted
per participant over the study period. Only 3 participants were
excluded from these analyses due to being deemed ineligible
to participate in PMOMS after enrolling in the study (eg,
withdrew from parent study).

JMIR Hum Factors 2025 | vol. 12 | e67081 | p.975https://humanfactors.jmir.org/2025/1/e67081
(page number not for citation purposes)

Sanders et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Descriptive statistics of participant demographics and average end of day completion rates in the analytic sample (N=310).

Sample, n (%)

87 (28.1)Using study phone

172 (55.5)≤30 y old

81 (26.1)Healthy prepregnancy BMI (18.5‐24.9)

Employment

172 (55.5)Full-time

46 (14.8)Part-time

5 (1.6)Disability

87 (28.1)Unemployed/not working

Annual household income (US $)

77 (24.8)<20,000

41 (13.2)21,000‐30,000

17 (5.5)31,000‐40,000

19 (6.1)41,000‐50,000

22 (7.1)51,000‐60,000

12 (3.9)61,000‐70,000

19 (6.1)71,000‐80,000

103 (33.2)>81,000

Education

16 (5.2)<High school

57 (18.4)High school (or equivalent)

65 (21.0)Some college

82 (26.5)College degree

55 (17.7)Master'ss degree

35 (11.3)Doctoral degree or higher

Marital status

122 (39.4)Single (never married)

11 (3.6)Separated/divorced

175 (56.5)Married

2 (1.0)Other

18 (5.8)Hispanic/Latina

Race

12 (3.9)Asian

1 (0.3)NHOPIa

87 (28.1)Black/African American

187 (60.3)White

11 (3.6)More than one race

10 (3.2)Other

aNHOPI: Native Hawaiian or other Pacific Islander.

Compared to the overall demographics of the county where this
research was conducted, participants in the present analytic
sample are more likely to be Black, Hispanic, or multiracial;

be in the labor force; have higher educational attainment; and
earn less income annually [39].

Table 2 shows the average completion rates of dietary intake
items during the pregnancy (third trimester) and postpartum
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periods (up to 12 mo after giving birth), as well as across sample
strata (eg, study phone vs own phone). We note that values are
missing for 6 (1.9%) participants during pregnancy and 11
(3.5%) participants post partum, due to no EOD surveys being
delivered to these participants during that time. Rate calculations

for the 4 dietary intake items in EOD surveys did not vary
between the items, so the completion rates for just 1 item (meals)
are presented as proxy rates for overall completion of these
items.

Table . Average completion rates for dietary items during pregnancy and post partum in the overall cohort (N=310), as well as by subgroups and
combined strata.

Average completion rate post partumAverage completion rate during pregnancy

Sample, nPercent, mean (SD)Sample, nPercent, mean (SD)

30459.1 (22.0)29952.4 (27.8)Overall

8559.2 (20.7)8646.7 (29.2)Study phone

21959.0 (22.5)21354.7 (26.9)Own phone

8056.7 (23.6)7749.2 (27.5)BMI<25.0

22459.9 (21.4)22253.5 (27.8)BMI≥25.0

16954.5 (24.2)16344.0 (28.6)≤30 y

13564.9 (17.3)13662.5 (23.2)>30 y

8551.3 (24.7)8537.3 (27.6)Black/AAa

18362.8 (19.8)17958.5 (25.6)White

21459.4 (22.0)8843.2 (27.9)Working

9058.4 (22.2)21156.3 (26.8)Not working

15055.1 (23.5)14841.9 (28.4)≤US $50,000/y

15463.0 (19.7)15162.7 (23.0)>US $50,000/y

Black/AA+another variable

4457.3 (22.2)4640.9 (28.2)Study phone

4144.9 (25.9)3933.1 (26.7)Own phone

2445.9 (25.2)2431.1 (24.8)BMI<25.0

6153.4 (24.4)6139.8 (28.5)BMI≥25.0

6550.5 (25.7)6534.3 (27.7)≤30 y

2053.9 (21.8)2047.2 (25.6)>30 y

4746.9 (25.1)4539.3 (29.9)Working

3856.8 (23.5)4035.2 (25.1)Not working

7951.0 (25.3)7937.1 (27.7)≤US $50,000/y

655.2 (15.6)641.0 (28.9)>US $50,000/y

White+another variable

2958.5 (20.0)2852.3 (29.3)Study phone

15463.6 (19.8)15159.6 (24.7)Own phone

4560.3 (23.0)4256.6 (24.2)BMI<25.0

13863.6 (18.7)13759.0 (26.0)BMI≥25.0

8557.6 (23.4)8051.3 (27.6)≤30 y

9867.2 (14.8)9964.3 (22.3)>30 y

14363.3 (19.8)14260.5 (24.6)Working

4060.8 (20.3)3750.5 (28.0)Not working

5460.4 (20.8)5346.1 (28.5)≤US $50,000/y

12963.7 (19.4)12663.7 (22.3)>US $50,000/y

aAA: African American.

JMIR Hum Factors 2025 | vol. 12 | e67081 | p.977https://humanfactors.jmir.org/2025/1/e67081
(page number not for citation purposes)

Sanders et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Overall, participants had higher average completion rates for
dietary intake items during the postpartum period (59.1%, SD
22.0%) compared to the pregnancy period (52.4%, SD 27.8%).
Looking at subgroup strata, participants using a study phone
had lower completion rates on average (46.7%, SD 29.2%)
compared to those using their own phone (54.7%, SD 26.9%)
during pregnancy, but this difference was nearly eliminated
after giving birth (59.2%, SD 20.7% vs 59.0%, SD 22.5%,
respectively). Across both pregnancy and postpartum periods,
participants who had an overweight BMI before pregnancy
(>24.9), were older (>30 years), self-identified as White, were
working, or earned a higher income (>US $50,000 annually)
had higher average completion rates of dietary intake items.

We also examined completion rates within combined strata,
which consisted of race (Black or White) and another variable
(eg, phone use), to have a better understanding of variation in
responding to EMA surveys within racial groups (Table 2). We
observed increased average completion rates from pregnancy
to post partum across all strata of Black participants, with the
largest increases found for those not working at the time of
study enrollment (61%), those with a healthy prepregnancy
BMI (48%), and those 30 years old or younger (47%). Black
participants using the study phone had considerably higher

completion rates on average compared to those using their own
phone in both the pregnancy and postpartum periods. During
pregnancy, Black participants who were not working at the time
of study enrollment (eg, unemployed, on disability) had lower
average completion rates (35.2%) compared to those who were
working (39.3%), but this was reversed in the postpartum period
(56.8% vs 46.9%, respectively).

Similarly, we observed increased average completion rates from
pregnancy to post partum across all strata of White participants,
although with considerably less variation between time periods.
The largest increases were found for White participants earning
more than US $50,000 annually (31%) and those who were not
working at the time of study enrollment (20%).

Lastly, given the length of the postpartum period (12 mo), we
reported completion rates for each postpartum quarter
(approximately 3 mo or 91 d) in the overall sample and across
subgroup strata (Figure 1). With very few exceptions,
completion rates generally decreased over time during the
postpartum period, with the lowest rates for all subgroups in
the fourth quarter (>273 d after giving birth). We saw similar
declining trends in average completion rates for the same
combined strata across postpartum quarters (Table S1,
Multimedia Appendix 1).

Figure 1. Line graphs depicting average completion rates (%) of EMA items for dietary intake across four postpartum quarters (~91 d) for overall
sample, compared against individual characteristics: study phone usage (A); age at study enrollment (B); prepregnancy BMI (C); self-reported race (D);
employment status at study enrollment (E); and annual household income (F). AA: African American; EMA: ecological momentary assessment.
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Discussion

Principal Findings
Our secondary study is innovative in its examination of overall
completion rates for EMA surveys of dietary behavior in a
longitudinal, childbearing cohort (~15 mo, from late pregnancy
to 1 y post partum), as well as across individual characteristics.
Overall, the analytic sample (N=310) had average completion
rates of 52.4% during pregnancy (approximately 3 mo) and
59.1% during the first postpartum year (12 mo). This
relationship generally held true across subgroups, with average
completion rates increasing during the postpartum period,
compared to the pregnancy period.

The average completion rates examined here are lower than
ideal for EMA research, where at least 80% is often cited as the
minimum threshold for “adequate” levels of compliance [40].
Most dietary behavior studies using EMA report adherence rates
close to this level or higher [19]. Even so, very few of these
studies employed EMA for more than a month, with many of
them having study durations of just 1 week [19,41,42]. In our
secondary analysis, we observed average completion rates over
periods of about 3 months, potentially obscuring higher
adherence during shorter intervals. Furthermore, the
compensation structure for PMOMS participants was based on
monthly rates of EMA adherence, rather than individual survey
completion, which may have influenced participant responses.

Our findings partially contradict previous research that
demonstrates reduced adherence to EMA protocols over time
[19,20,43]. We observed an increase in average completion
rates from pregnancy to post partum for all strata examined,
potentially attributable to added availability for responding to
EMA prompts (ie, maternity leave), reduced stress related to
pregnancy symptoms, or increased interest in the study’s
objectives regarding postpartum health.

Even so, during the postpartum period, we observed a gradual
decline in survey completion across the cohort (Table S1,
Multimedia Appendix 1), in agreement with previous literature.
We interpret these reductions to survey burden, as well as
changing parental obligations, which may impact some
populations more than others. In the last postpartum quarter
(>273 d after giving birth), our overall cohort had an average
completion rate of 47.8%. It is also important to highlight
previous evidence demonstrating increased EMA adherence in
the morning [20,43,44], whereas the dietary intake items being
examined here appeared on the EOD survey.

We observed considerable disparities between subgroups in
average completion rates, some of which provide insights into
how racial and socioeconomic privilege may impact
participation in research applying EMA. Participants who were
>30 years old, self-identified as White, and earned >US $50,000
annually had higher completion rates than their counterparts
across both prenatal and postpartum periods. Although research
examining demographic differences in EMA adherence is
limited, a 9-week smoking cessation study found greater declines
in adherence for participants who were younger, working
full-time, and not White [44]. These differences in EMA

completion rates may be attributable to the socioeconomic
advantages associated with privileged groups, such as increased
access to resources (eg, employment, childcare) and reduced
exposure to stressors (eg, food insecurity, housing instability).
Chronic exposure to stressors, particularly related to caregiving,
may exacerbate EMA burden for participants, even from one
day to the next [42].

During the first postpartum year, average completion rates
increased by 38%, 35%, 32%, and 24% for participants who
self-identified as Black, reported not working (upon study
enrollment), had lower income (≤US $50,000 annually), and
were 30 years old or younger, respectively. These increases
were more considerable than those observed among the
privileged subgroups, which ranged from 0.5% to 7%. Beyond
the experience of survey burden for participants, these findings
suggest that the prenatal period carries additional burdens for
childbearing people from racially and socioeconomically
oppressed groups, potentially inhibiting their participation in
research.

Examining combined strata here provided additional insights
that would not have been afforded to us if we had ceased the
analysis at single-identity categories. Black participants using
the study phone had average completion rates approximately
20% higher than those using their own phone, across the study
period, contrasting with results from both the overall study
cohort and strata of White participants. We consider this a novel
finding in EMA research, where study designs typically leverage
the use of the participant’s current mobile device, potentially
excluding those who lack compatible devices or access to quality
phone or internet service [41].

Strengths and Limitations
While this study offers novel, scientific insights into
demographic and socioeconomic factors associated with
completion of EMA surveys regarding food intake in a
longitudinal, childbearing cohort, it is not without its limitations.
First, PMOMS is an ancillary study to a randomized clinical
trial, which had specific exclusionary criteria (eg, history of
diabetes diagnosis) that may have ultimately biased EMA survey
responses within the cohort. Second, examining combined strata
(eg, race and income) resulted in some small samples, making
our study underpowered to conduct comparative analyses or
report statistical significance. For this reason, we decided to
provide descriptive results only. Future investigations of
variation in EMA participation across sociodemographic factors
would benefit from a larger, representative sample to apply
comparative methods (ie, linear regression). Next, we conducted
our assessment of employment status upon study enrollment
(during late pregnancy). We asked about employment status in
an exit survey within an administrative supplement of the study,
meaning only a subset of the population had employment
information at the conclusion of the study. Lastly, we would
also like to qualify that our study findings do not include
information about any technical issues (eg, device malfunction,
survey delivery failure), which would likely impact participants’
EMA completion. Although the PMOMS team documented
these issues throughout the study period to assist participants
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and troubleshoot, these data were not prepared to be included
in these analyses.

Public Health Implications
The findings presented here are novel and valuable to perinatal
health research, particularly that which applies EMA or
telehealth technologies to collect data in diverse, representative
cohorts for longer periods (eg, several weeks, months). Although
PMOMS is considerably longer than most EMA studies, here
we demonstrated relatively stable engagement (average
completion rate of 59%) in a childbearing population over the
course of 15 months. Given evidence linking contextual factors
(eg, stress) to parental behavior, including dietary behaviors
[41], EMA may serve as a better methodological tool in maternal
health research compared to more burdensome dietary recalls.

Our descriptive analysis of EMA completion rates in a
childbearing cohort has important implications for future
research and intervention designs. PMOMS remains unique in
its application of EMA over more than 12 months, though there
is room for improving completion rates in longer EMA studies.
Immediately actionable strategies include reducing the number
of EMA surveys per day or week and increasing opportunities
for compensation among participants. Another approach would
be increasing participant engagement through an online
dashboard where they can see their own response data, as well
as aggregate data for the entire cohort.

We recommend that investigators consider the intersections
between race and other factors (eg, employment) in relation to
study participation and develop strategies to improve EMA
completion (eg, study-provided smartphone) among participants
who are likely to face more socioeconomic burdens.
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Abstract

Background: Patients with inflammatory rheumatic diseases often experience drug-related problems (DRPs). As these can
result in negative health consequences, DRPs should be identified and addressed in a timely manner. Text messaging between
patients and pharmacists at the initiative of the patient has the potential to deliver support with DRPs more continuously, increase
accessibility and efficiency, and enhance patient involvement in the process of identifying and solving DRPs.

Objective: This study aimed to assess the feasibility of text messaging from both the patients’ and health care practitioners’
perspectives before a large-scale implementation.

Methods: Adult patients using a disease-modifying antirheumatic drug were given access to text messaging with pharmacists
to discuss DRPs for a period of 8 weeks. Patients received a response from a pharmacist within 4 working hours. Feasibility was
evaluated based on five domains of Bowen’s framework for designing feasibility studies: (1) demand: actual use, expressed
interest (user version of the Mobile Application Rating Scale – section E), and factors impacting future use; (2) limited efficacy:
number of DRPs solved, DRPs resulting in follow-up, and DRPs warranting involvement of health care provider; (3)
implementation: degree of execution (number of conversations answered within service level) and resources needed (pharmacists’
time investment per conversation); (4) acceptability: satisfaction and appropriateness (theoretical framework of acceptability);
and (5) practicality: ability to carry out intervention activities (System Usability Scale). Data were collected by means of usage
data and a questionnaire.

Results: In total, 45 patients (median age 57, IQR 52-65 y; n=31, 69% female) and 5 pharmacists (median age 41, IQR 26-47
y; n=1, 20% female) actively participated in this study. In the demand domain, 158 unique DRPs were raised in 133 conversations,
with a median of 3 (IQR 2-4) unique DRPs per patient. Expressed interest was rated high by patients (median 4, IQR 4-5), and
90% (37/41) of patients would recommend text messaging to others. In the limited-efficacy domain, all DRPs were solved, and
77% (122/158) of DRPs warranted involvement of a health care provider. In the implementation domain, 87% (116/133) of
conversations were answered within the promised timeframe with a median time investment of 4:15 (IQR 2:21-7:27) minutes
per conversation. Acceptability was rated high by patients (median 4, IQR 4-5) and pharmacists (median 5, IQR 4-5). Finally, in
the practicality domain, System Usability Scale was scored above average for patients (mean 72, SD 18) and pharmacists (mean
81, SD 16).

Conclusion: Text messaging with pharmacists at the initiative of patients with rheumatic diseases seems feasible for discussing
DRPs in terms of limited efficacy, implementation, acceptability, demand, and practicality for patients and pharmacists.

(JMIR Hum Factors 2025;12:e66514)   doi:10.2196/66514

KEYWORDS

drug-related problems; text messaging; disease-modifying antirheumatic drug; inflammatory rheumatic diseases; digital health;
feasibility; inflammatory; rheumatic diseases; DRPs; questionnaires; mHealth; mobile health
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Introduction

Pharmacotherapy is the cornerstone of the treatment of many
inflammatory rheumatic diseases, which involves patients often
using multiple drugs chronically. Disease-modifying
antirheumatic drugs (DMARDs) are effective in decreasing
disease activity and disability in patients with inflammatory
rheumatic diseases and can even decrease or prevent joint
damage [1]. For optimal treatment outcomes and patient safety,
it is essential that DMARDs are used as agreed upon between
a patient and health care provider, also called adherence [2].
However, nonadherence is common in this population [3], which
is partly caused by drug-related problems (DRPs) experienced
by patients with rheumatic diseases [4]. These DRPs encompass
side effects, difficulties with medication management (eg,
problems regarding opening medication packaging,
administering and storing medication, or traveling with
medication), a lack of knowledge, or concerns about lack of
effect and unwanted effects of long-term medication use, among
others. DRPs can potentially lead to negative health
consequences, such as increased morbidity, which in turn can
result in increased health care costs and decreased quality of
life [5,6]. Thus, DRPs should be identified and resolved as soon
as possible (ie, at the earliest stage of DRP development
possible) to be able to prevent or minimize these negative
consequences. However, during regular health care provider
consultations, patients either do not always report all DRPs or
health care providers do not act upon DRPs reported by patients
[7]. In addition, patient-provider consultations occur only a few
times a year, while DRPs can occur continuously, often in
between these contact moments. Ideally, for adequate
management of DRPs, patients should be able to contact their
health care provider as soon as a DRP occurs, and health care
providers should be able to react in a timely manner. To this
end, one could argue that more continuous accessible contact
between patients and health care providers is needed.

eHealth, which entails information and communication
technology in health care that can benefit both patients and
health care providers, could facilitate such contact by, for
example, making health care more efficient and more easily
accessible because of its time- and place-independent
possibilities [8,9]. In addition, eHealth can increase patient
involvement in the process of identifying and solving DRPs,
for example, by lowering the threshold for patients to contact
health care providers. Previous research has shown that patient
involvement is important in identifying and solving clinically
relevant DRPs [10,11], underlining the key role of patients in
this process.

One such eHealth instrument is text messaging with a pharmacist
regarding DRPs. Text messaging has the potential to enable
patients to discuss DRPs in a timely manner with a health care
provider, as it can provide faster contact between patients and
health care providers without waiting or travel time. In addition,
text messaging can be an addition to the already available
communication channels, such as contact via telephone.
Research demonstrated that offering multiple communication
channels is important in providing patients with a suitable
channel for discussing individual DRPs [12]. Finally, text

messaging seems more efficient compared with phone calls, as
shown by diabetes self-management support via text messaging
requiring less staff time than via phone [13]. Furthermore, text
messaging has been shown to be effective and feasible as an
intervention to manage, for instance, blood pressure [14],
adherence in type 2 diabetes [15], and postoperative pain [16].
However, these studies evaluated text messaging only as a
channel for communication at the initiative of the health care
provider to instruct patients (eg, by sending reminders regarding
adherence) and provide health-related information to patients,
and in most cases, only encompassed one-way texting from
health care provider to patient (ie, patients could not respond
to text messages).

As patients fulfill a key role in timely identifying potentially
clinically relevant DRPs, this study opts for text messaging at
the initiative of the patient, in which patients can contact their
pharmacist when DRPs arise to facilitate timely resolution. This
potentially provides a personalized and quick channel to raise,
discuss, and resolve DRPs effectively. As patient-initiated text
messaging with a pharmacist to address and resolve DRPs has
not been evaluated, it is important to first study the feasibility
of this functionality from the perspectives of both patients and
pharmacists before its effect on reducing DRPs can be studied
and large-scale implementation can be considered. Therefore,
this study aims to assess the feasibility of text messaging
between patients with inflammatory rheumatic diseases and
pharmacists at the initiative of the patient when experiencing
DRPs.

Methods

Study Design
A prospective feasibility study was conducted at the outpatient
pharmacy of the Sint Maartenskliniek in the Netherlands
between August 2023 and February 2024.

Ethical Considerations
The Medical Research Ethics Committee of Arnhem-Nijmegen,
the Netherlands, reviewed this study and waived official ethical
approval (case 2023‐16580) as this study was deemed not
subject to the Medical Research Involving Human Subjects Act.
All participants gave informed consent digitally before
commencement of the study (Multimedia Appendix 1). All
participant data were anonymized to protect participant privacy
and were stored on a secure environment only accessible to the
researchers. Participants did not receive compensation for
participation.

Participants
Adult patients (≥18 y) with an inflammatory rheumatic disease
receiving at least 1 DMARD from the outpatient pharmacy were
eligible for inclusion. In addition, pharmacists covering
pharmacy day shifts during the study period were eligible for
participation. Pharmacists conducted study activities as part of
their daily routine and gave consent verbally.

As the number and types of DRPs are likely dependent on the
type of DMARDs patients use, as well as on the duration of
their treatment [17], purposive sampling was performed using
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the following criteria: (1) biological disease-modifying
antirheumatic drugs (bDMARDs), conventional synthetic
DMARDS or targeted synthetic DMARDS; (2) patients initiating
a new DMARD (new users) or patients using a specific DMARD
for at least 6 months before inclusion (existing users). Although
previous studies regarding sample sizes in feasibility studies
advise sample sizes ranging from 12 to 35 participants per group
[18,19], we aimed to include 60 participants (30 new and 30
existing users) distributed evenly among the 3 groups of
DMARDs.

New users were selected from the pharmacy information system
and were defined as patients who got their DMARD dispensed
for the first time in the 2 weeks before inclusion. For
bDMARDs, only bDMARD-naïve patients (ie, patients starting
their first bDMARD ever) were eligible for participation, as
switching between bDMARDs is common and DRPs reported
by patients usually differ minimally between bDMARDs.

Existing users were selected from all patients who received a
DMARD from the outpatient pharmacy in the last 3 months
before the study started and those who had been using that
specific DMARD for at least 6 months before the study started.
A random sample was then taken from which patients were
purposively approached for inclusion.

Inclusion was performed by telephone. During this phone call,
patients received a verbal explanation of the study content.
Patients willing to participate received written study information
and a digital informed consent form. Participation started after
informed consent was given.

Intervention
The intervention used in this study was text messaging with a
pharmacist at the initiative of the patient. This enables patients
to report DRPs directly to a pharmacist. Participants were able
to access the text messaging functionality by securely logging
in to the hospital’s patient portal either via the hospital’s website
or a smartphone app before each use. Participants were asked
to discuss questions or problems regarding their antirheumatic
drugs with a pharmacist using text messaging for a period of 8
weeks and received reminders at the start of the study and every
2 weeks thereafter, to ensure exposure to the intervention. There
was no restriction on the number of conversations participants
were allowed to initiate. The service level (ie, the aimed
maximum time between patients reporting a DRP and
pharmacists responding) was set at 4 hours from the moment
the question was asked, within working hours and days (Monday
to Friday between 9 AM and 5 PM).

Feasibility Evaluation: Outcome Measures

Overview
Feasibility was assessed using the framework for designing
feasibility studies by Bowen et al [20]. This widely applied
model describes feasibility in 8 areas of focus. For this study,
five of these eight domains were assessed: (1) demand, (2)
limited-efficacy testing, (3) implementation, (4) acceptability,
and (5) practicality. Furthermore, 3 domains (adaptation,
integration, and expansion) were not included in this study as
these focus on implementation and scale-up of the intervention,
which was not yet relevant for the intervention under
investigation. The domains of the framework by Bowen et al
[20] were assessed using the outcomes of interest and outcome
measures that are presented in Table 1.
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Table . Outcome measures per domain of Bowen’s framework for designing feasibility studies.

SubjectaBowen’s domain, outcome of interest, and outcome measures

Demand

    Actual use

—c        Db: Number of interactions

—        D: Number of unique DRPsd

—        D: Type of DRPs

    Expressed interest

Ptf and Phg        Qe: Subjective quality of text messaging (user-version Mobile Appli-
cation Rating Scale - section E) [21]

    Additional questions

Pt        Q: Factors impacting future use of text messaging

Pt        Q: Factors ensuring future use of text messaging

Limited-efficacy testing

    Effects on key variables

—        D: Number of DRPs solved

—        D: Number of DRPs in need of follow-up

—        D: Number of DRPs warranting HCPh involvement

Implementation

    Degree of execution

—        D: Response within service level

    Resources needed to implement

—        D: HCP’s time investment per conversation

Acceptability

    Satisfaction and appropriateness

Pt and Ph        Q: Acceptability of text messaging (theoretical framework acceptabil-
ity) [22]

     Additional questions

Pt and Ph        Q: Benefits and disadvantages of text messaging

Pt and Ph        Q: Types of DRPs acceptable or not acceptable to discuss using text
messaging

Pt and Ph        Q: Preferred service level

Pt        Q: Preferred form of address

Pt        Q: Preferred alternative if text messaging was not available

Pt and Ph        Q: Fit of text messaging within current care

Pt        Q: Added value of text messaging to current care

Practicality

—    Ability to carry out intervention activities

Pt and Ph        Q: System usability (Dutch version of the System Usability Scale)
[23]

     Additional questions

Pt and Ph        Q: Positive and negative properties regarding ease of use of text
messaging

aOutcome measures part of the questionnaire were answered by patients, pharmacists, or both.
bOutcome measures with prefix ‘D’ were collected by means of usage data.
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cNot applicable.
dDRP: drug-related problem.
eOutcome measures with prefix ‘Q’ were collected by means of questionnaire data.
fPt: patients.
gPh: pharmacists.
hHCP: health care provider.

Demand
To measure demand for the intervention, the actual use of the
intervention in terms of conversations and DRPs was assessed.
In addition, the extent to which the intervention was likely to
be used was assessed by determining participants’ expressed
interest in using the intervention, as well as factors impacting
future use.

Limited-Efficacy Testing
To measure the efficacy of the intervention, the effect of the
intervention on relevant key variables was measured. This was
by measuring the extent to which discussed DRPs could be
solved, the number of DRPs that needed follow-up from a health
care provider other than a pharmacist, and the number of DRPs
warranting health care provider involvement (ie, did an
individual DRP need to be discussed with a pharmacist, or could
this be solved by, for example, a frequently asked questions
[FAQ] page).

Implementation
To measure implementation, the degree of execution was
assessed by determining protocol fidelity, defined as the extent
to which pharmacists responded to conversations within the
service level. In addition, the resources needed to execute the
intervention were assessed by calculating pharmacists’ time
investment per conversation.

Acceptability
To measure the acceptability of the intervention, satisfaction
and appropriateness of text messaging with a pharmacist were
assessed as part of the questionnaire sent to participants. In
addition, participants’ intention to (continue) using the
intervention, satisfaction, preferred service level, preferred way
patients wish to be addressed, preferred alternative if text
messaging was not available, and added value of the text
messaging to current care were assessed.

Practicality
To measure practicality, participants’ ability to carry out
intervention activities (ie, using the intervention) was assessed.
For patients, this meant using text messaging to initiate
conversations with pharmacists, and for pharmacists, this meant
answering conversations initiated by patients.

Measurement Instruments

Study Sample
The patient characteristics that were retrieved from the electronic
health record were age, sex, diagnosis, disease duration, number
of drugs prescribed by a rheumatologist, and type of DMARDs
at the start of the study.

Demand
Actual use was measured from usage data by counting the
number of interactions initiated by the participants, the number
of DRPs raised (as multiple DRPs can be raised in a single
conversation), and the types of DRPs. To this end, individual
DRPs were categorized according to the DRP classification as
used by Haegens et al [4]. One researcher categorized DRPs
(LH), which were reviewed by a second researcher (VH), after
which discrepancies were discussed until consensus was
reached. In case patients had not responded to the question of
whether a DRP had been answered satisfactorily, one researcher
(LH) determined if the DRP was resolved, after which a second
researcher (VH) reviewed these cases, and discrepancies were
discussed until consensus was reached. Expressed interest was
assessed by incorporating the questions of the validated User
version of the Mobile App Rating Scale [21] (uMARS) section
E regarding subjective app quality into the questionnaire sent
to the participants, consisting of 4 questions answered on 5-point
Likert scales (Multimedia Appendix 2), which are reported
individually. Other sections of the uMARS were not
incorporated in this questionnaire, as they aim to assess factors
other than demand for the intervention or other domains that
are not of interest in this study. In addition, participants were
asked about factors that positively or negatively impacted their
future use of text messaging and how future use of text
messaging can be ensured.

Limited-Efficacy Testing
DRPs were regarded as solved either when participants answered
a confirmatory question at the end of every conversation
positively or, in the case participants did not answer this
question. In total, 2 researchers (LLH and VJBH) determined
if DRPs were solved separately, after which discrepancies were
discussed until consensus was reached. The number of DRPs
that involved follow-up with a health care provider other than
the pharmacist, or contained advice to do so, was counted from
usage data. For each DRP, it was determined if raised DRPs
warranted health care provider involvement by 2 researchers
(LLH and VJBH), determining if individual DRPs needed to
be discussed with a pharmacist or could be solved by, for
example, an FAQ page independently, after which discrepancies
were discussed until consensus was reached.

Implementation
Degree of execution was assessed by determining if pharmacists
responded to individual conversations within the predefined
service level of 4 hours, as well as pharmacists’ average
response time. To measure this, only working hours (ie, time
between 9 AM and 5 PM on Monday to Friday) were counted,
and hours outside working hours were not. Pharmacists’ time
investment per conversation (ie, including time for researching
answers and contacting other health care providers) was
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registered by the pharmacist responding to conversations using
a stopwatch.

Acceptability
Acceptability was measured using the questionnaire from the
theoretical framework of acceptability [22], which consists of
questions targeting 8 acceptability constructs answered on
5-point Likert scales (Multimedia Appendix 2) and are reported
individually. In addition, open-ended questions regarding the
intention to (continue) using the intervention, participants’
satisfaction, the preferred service level (ie, within what
timeframe do patients expect to receive an answer from a
pharmacist), patients’ preferred form of address, what
alternatives patients would use instead of text messaging, and
the added value of the text messaging to current care were
constructed based on the framework by Bowen et al [20] and
its description of the acceptability domain. All questions
regarding acceptability were constructed by one researcher (LH)
and discussed among coauthors (LH, BB, and VH) until
consensus was reached.

Practicality
Participants’ ability to carry out intervention activities was
assessed by using the validated Dutch translation of the System
Usability Scale (SUS) [23], which is a 10-item questionnaire
scored on a 5-point Likert scale from “strongly disagree” to
“strongly agree” (Multimedia Appendix 2) that results in a score
between 0 and 100. These questions were supplemented with
open-ended questions regarding the main benefits and
disadvantages of text messaging with a pharmacist, the main
positive and negative properties regarding the ease of use of
text messaging, and the fit of text messaging with current care.

Data Collection
Data on the feasibility of the intervention were collected either
via a web-based questionnaire sent to all participants (both
patients and pharmacists) or from usage data from the text
messaging app. Furthermore, 2 separate questionnaires were
constructed for participating patients and pharmacists. These
questionnaires consisted of the same domains and predominantly
differed in wording (eg, asking questions vs answering

questions). Some questions, however, were not included in the
questionnaire for pharmacists due to nonrelevance (Multimedia
Appendix 2). Participants received a notification from an
electronic data capture system via email with the invitation to
complete the questionnaire and were reminded after 1 week if
needed. Usage data were collected from the system that the text
messaging is part of, by extracting relevant data regarding
individual conversations into a separate database.

Data Analysis
Participating patients were regarded as “active participants” if
at least 1 conversation was initiated via text messaging and were
otherwise regarded as “nonactive participants” and thus excluded
from the analyses. Usage data and data from questionnaires
were descriptively analyzed using STATA 17 (StataCorp LLC)
[24]. Proportions were presented as percentages. Parametric
data were presented as means with SDs; nonparametric data
were presented as medians with IQRs. Questionnaires with
standardized analysis were scored and reported accordingly.

Results

Population Characteristics
Of the 108 patients that approached for participation, 56%
(n=60) of patients were included and signed informed consent
with a median age of 58 (IQR 53-65) years, and 70% (n=42)
were female (Table 2). The most frequent reasons reported by
patients for not participating were not interested (n=13) or too
busy (n=8). Of the 60 included patients, 75% (n=45) of patients
(median age 57, IQR 52-65 y; and n=31, 69% female) raised at
least 1 DRP via text messaging (hereinafter referred to as active
participants) and received the questionnaire. Reasons for not
actively participating were that participants forgot to ask
questions or were unable to ask questions due to personal
reasons. Of the active participants, 87% (n=39) completed the
questionnaire fully (hereinafter referred to as responders), 4%
(n=2) of active participants completed the questionnaire partly,
of whom only the fully completed domains are reported.
Furthermore, 5 pharmacists (median age 41, IQR 26-47 y; and
n=1, 20% female) participated in this study by responding to
the text messages.
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Table . Population characteristics.

Nonactive participantsb (n=15)Active participantsa (n=45)Characteristic

Sex, n (%)

10 (64)31 (70)    Female

61 (54‐65)57 (52‐65)Age (y), median (IQR)

Diagnosis, n (%)

11 (73)24 (53)    Rheumatoid arthritis

1 (7)10 (22)    Psoriatic arthritis

1 (7)6 (13)    Axial spondyloarthritis

1 (7)5 (11)    Other

9 (2-15)6 (2-10)Disease duration (y), median (IQR)

3 (5-6)3 (4-5)Drugs prescribed by rheumatologist, median
(IQR)

DMARDc group of inclusion, n (%)

7 (47)16 (36)    csDMARDd

5 (33)11 (24)    tsDMARDe

2 (13)18 (40)    bDMARDf

Experience category, n (%)

7 (47)23 (51)    New user

8 (53)22 (49)    Experienced user

aActive participants are defined as included patients that discussed at least one drug-related problem during the study using text messaging.
bNonactive participants are defined as included patients that did not raise a drug-related problem during the study.
cDMARD: disease-modifying antirheumatic drug.
dcsDMARD: conventional synthetic disease-modifying antirheumatic drug.
etsDMARD: targeted synthetic disease-modifying antirheumatic drug.
fbDMARD: biological disease-modifying antirheumatic drug.

Demand
During the study, 45 participants initiated 133 conversations
via text messaging containing 158 unique DRPs (ie, DRPs that
had not been raised before by individual participants), with a
median of 3 (IQR 2-4) unique DRPs per participant. DRPs
reported concerned information needs (n=42, 27%), (suspected)
side effects (n=36, 23%), problems regarding medication
management (n=34, 22%), logistics (n=14, 9%), medication
concerns (n=13, 8%), medication effectiveness (n=9, 6%),
contraindications (n=5, 3%), and others (n=5, 3%).

In total, 41 patients (91%) and 5 pharmacists (100%) completed
the questions regarding demand. Demand was measured as the
expressed interest or intention to use text messaging (uMARS
section E). Both patients and pharmacists scored text messaging
overall with a median of 4 (IQR 4-5) out of 5 stars. Out of 41
patients, 37 (90%) patients would recommend text messaging
to others who could benefit from this service, and all 5
pharmacists would recommend text messaging to others.
Furthermore, 63% (26/41) of patients would use text messaging
at least once a year, and 32% (13/41) would consider paying
for text messaging.

To ensure future use, 39% (16/41) of patients mentioned
promotion of text messaging as a means to discuss DRPs, 20%
(8/41) providing good instructions regarding and support with
text messaging, and 17% (7/41) reducing the number of steps
to navigate to the text messaging within the online patient portal
as improvements. Furthermore, 34% (14/41) of patients
mentioned quick answers, 27% (11/41) mentioned text
messaging being easy to use, and 15% (6/41) receiving clear
answers to questions as factors that would positively impact
future use. Factors negatively impacting future use included
text messaging being impractical (2/41, 5%) and impersonal
(2/41, 5%).

Limited-Efficacy Testing
Of the 158 unique DRPs raised by patients, 58% (n=92) were
solved according to patient confirmation, and the remaining
42% were solved according to pharmacist determination. In
total, 5 reported DRPs were followed up in consultation with
other health care providers: 3 with a rheumatologist, 1 with a
specialized rheumatology nurse, and 1 with a pharmacy
technician. In addition, 17 DRPs resulted in pharmacists
advising follow-ups, mainly with the patient’s rheumatologist
(n=12). It was determined that 77% (122/158) of DRPs required
a health care provider, and 23% (36/158) could have been solved
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without health care provider involvement. Within DRPs that
required health care provider involvement, the most common
types of DRPs were suspected side effects (32/122, 26%),
medication management (30/122, 25%), and information needs
(16/122, 13%). DRPs that did not require health care provider
involvement consisted of information needs (26/36, 72%),
suspected side effects (4/36, 11%), and medication management
(4/36, 11%). All types of DRPs were determined to require
health care provider involvement for the majority of DRPs
within their type (ranging from 30/34, 88% to N=13, 100%),
except for DRPs regarding information needs, for which 2 out
of 3 DRPs did not require health care provider involvement.

Implementation
Of the 133 conversations initiated by patients, 116 (87%)
conversations were answered within the predefined service level

of 4 hours. The median time until response was 80 (IQR 34-153)
minutes with a total range of 0 minutes to 39.2 hours within
opening hours of the pharmacy. The pharmacists’ median time
investment per conversation was 4:21 (IQR 2:15-7:41) minutes
for DRPs that required health care provider involvement and
3:32 (IQR 2:39-6:41) minutes for DRPs that did not require
health care provider involvement, which did not differ
significantly (P=.10).

Acceptability
From the 45 active participants, 39 patients (87%) and all 5
pharmacists completed the questions regarding acceptability.
Patients scored acceptability of the intervention with a median
score of 4 (IQR 4-5) out of 5, and pharmacists with a median
of 5 (IQR 4-5) (Figure 1).

Figure 1. Patients’ (orange) and pharmacists’ (blue) acceptability scores for text messaging between patients and pharmacists to discuss drug-related
problems at the initiative of the patient, measured using the theoretical framework acceptability [22]. Dots present median values, lines indicate IQRs.

The top 3 most-mentioned advantages and disadvantages
regarding the acceptability of text messaging mentioned by
participating patients and pharmacists, as well as types of DRPs

that are acceptable and not acceptable to discuss via text
messaging, are presented in Table 3.
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Table . Top 3 (where available) most-mentioned responses regarding advantages and disadvantages of text messaging, as well as types of DRPs
acceptable and not acceptable for discussing via text messaging.

Value, n (%)Questionnaire item, respondent, and response

Advantages regarding acceptability of text messaging

    Patients (n=39)

21 (54)        Quick answers

9 (17)        Clear answers

7 (13)        No waiting times

    Pharmacists (n=5)

4 (80)        Accessibility of contact between patient and pharmacist

3 (60)        Sufficient time to formulate answer

Disadvantages regarding acceptability of text messaging

    Patients (n=39)

4 (10)        Difficulties with logging in

2 (5)        Too many steps to reach text messaging

1 (3)        Less personal than contact via telephone

    Pharmacists (n=5)

2 (40)        Answering messages not yet embedded in daily routine

1 (20)        Contact becoming too accessible might lead to unnecessary contact

1 (20)        Questions need to be carefully answered, as these are in writing

Types of DRPs acceptable for discussing via text messaging

    Patients (n=39)

9 (23)        Side effects

4 (10)        Everything regarding medication

3 (8)        Medication intake

    Pharmacists (n=5)

3 (60)        Factual questions regarding information

2 (40)        (Mild) side effects

2 (40)        Practical problems such as medication intake

Types of DRPs not acceptable for discussing via text messaging

    Patients (n=39)

1 (3)        Questions for treating physician

1 (3)        Questions in need of in-person answer

    Pharmacists (n=5)

1 (20)        Insufficient medication effect

1 (20)        Allergies

1 (20)        Acute side effects

1 (20)        Emotionally-loaded questions

In total, 37 out of 45 patients (82%) and all pharmacists (N=5,
100%) completed the additional service-related questions.
Regarding the preferred service level (ie, within what timeframe
do patients prefer to receive a response to their text message),
the majority of patients preferred a response within 4 (17/37,
46%) or 24 hours (12/37, 32%), with 2 patients (5%) indicating
that the service level is dependent on individual DRPs.

Pharmacists preferred a service level of 24 hours (2/5, 40%), 8
hours (1/5, 20%), or 4 hours (1/5, 20%), with 2 pharmacists
(40%) suggesting letting the patient indicate the service level
per DRP. Patients preferred to be addressed informally (15/37,
41%), formally (6/37, 16%), or did not have a preference (14/37,
38%). The majority of patients (24/37, 65%) would have called
the pharmacy if text messaging were not available, and 11%
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(4/37) indicated having contacted their health care provider but
did not specify in which way. Another 11% (4/37) of patients
indicated they would wait until the next consultation to discuss
their DRP, and another 5% (2/37) would not discuss their DRP
at all. Patients scored the extent to which text messaging fits
into current care with a median of 4 (IQR 4-5), whereas
pharmacists scored fit with a median of 4 (IQR 3-4). Pharmacists
mentioned the inability to redirect questions to other health care
providers and the fact that text messaging is not well-integrated
into the existing information technology systems currently in
use as disadvantages. In general, the added value of text
messaging according to patients included quick answer to
questions (7/37, 19%), having an additional way to ask questions

(3/37, 8%), easy accessibility of contacting a pharmacist (2/37,
5%), and having an additional option for support when starting
with new medication (2/37, 5%).

Practicality
Out of 45 patients, 39 (87%) and all 5 pharmacists (100%)
completed the questions regarding practicality. The mean SUS
score was 72 (SD 18) among patients, with 22 participants (57%)
rating usability as good, excellent, or best imaginable. Mean
SUS score was 81 (SD 16) among pharmacists, with 4
pharmacists (80%) rating usability as good, excellent, or best
imaginable. The most-mentioned responses to the additional
open-ended questions regarding practicality can be found in
Table 4.

Table . Most-mentioned responses to additional open-ended questions regarding practicality.

Value, n (%)Questionnaire item, respondent, and response

Properties positively influencing ease of use of text messaging

    Patients (n=39)

14 (36)        Quick answer

7 (18)        Time- and place-independent

5 (13)        Easy to use

5 (13)        No waiting time

    Pharmacists (n=5)

3 (60)        Easy to use

1 (20)        Privacy-friendly

1 (20)        Time to formulate answers

Properties negatively influencing ease of use of text messaging

    Patients (n=39)

8 (21)        Too many steps to reach text messaging within online patient-portal

6 (15)        Difficulties with logging in

3 (8)        Image size too small on mobile

    Pharmacists (n=5)

2 (40)        Absence of notifications of new messages

1 (20)        Less personal contact

1 (20)        Uncertainty as to whether DRP has been solved

Discussion

Principal Findings
In this study, the feasibility of text messaging at the initiative
of the patient to discuss DRPs directly with pharmacists was
examined. Text messaging between patient and pharmacist
resulted in 158 unique DRPs in 133 conversations over an
8-week period. Pharmacists responded to all messages with
advice to solve the problem or an answer to the question. All
DRPs were solved, and most (116/133, 87%) were within the
promised service level, and 14% (22/158) of DRPs resulted in
follow-up or advised follow-up by health care providers other
than pharmacists.

Both patients and pharmacists mentioned good accessibility of
information and contact between patient and pharmacist as
important factors for the acceptability of text messaging, which
is also confirmed by other studies where accessibility was
regarded as an important factor in communication between
patient and pharmacist [25,26] as well as a driver for patients,
preferring more accessible channels [12,27]. However, 1
pharmacist in our study noted that too easily accessible contact
between patient and health care provider could lead to
unnecessary contact (ie, contact regarding DRPs that do not
warrant health care provider involvement) and thus an increased
workload, which is a concern found in several other studies
regarding the growing application of eHealth and its relation to
health care providers’ workload [28,29]. However, data on the
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actual magnitude of this effect is lacking [30] and should thus
be further researched.

In a study by Turcotte et al [25], patients mentioned the feeling
of pharmacists being able to devote more time to answering
their questions, which is in line with the pharmacists in our
study mentioning having sufficient time to answer individual
questions from patients when compared with current care. In a
study by Zafar et al [26], patients were unsure about what type
of questions were appropriate to ask via text messaging.
Although patients in our study named several types of DRPs
they find suitable to discuss, some differences exist between
what patients and pharmacists view as appropriate DRPs to
discuss via text messaging, with pharmacists making a
distinction between the severity of side effects that patients do
not make, which is important to align in managing patients’and
pharmacists’ expectations.

Although comparable studies did not employ the SUS, usability
was rated “good” or “best imaginable” by the majority of
patients and pharmacists, and both scored above the average
SUS value of 68 [31]. Regarding the ease of using text
messaging, which was in general mentioned as a positive factor
driving acceptability, patients mentioned time- and
place-independence and shorter waiting times of text messaging
as positive properties. The SUS scores possibly find their origin
in the comparability between the text messaging applied in this
study with online and app-based consumer text messaging
services. As some downsides regarding the practicality of the
text messaging app used in this study were mentioned, it might
be beneficial to organize and offer text messaging in a
comparable manner to consumer apps to increase ease of use
and thus acceptability, for example, by easing or removing the
login procedure.

The top 3 most common types of patient-reported DRPs were
information needs (42/158, 27%), (suspected) side effects
(36/158, 23%), and medication management (34/158, 22%).
These numbers are comparable with previous research regarding
types of DRPs discussed with patients with inflammatory
rheumatic diseases via 4 biweekly phone calls, in which
(suspected) side effects accounted for 28% (85/308) and
medication management for 26% (80/308) [4]. In our study,
27% (42/158) of DRPs were related to information needs, which
is considerably higher than the 4% (13/308) of DRPs in the
aforementioned study, which could be explained by the fact
that DRPs in this study were patient-initiated, while the referred
study assessed DRPs in health care provider–initiated
conversations. In addition, the conceivability that patients regard
information-related DRPs as more suitable to discuss via text
messaging than via telephone might also have contributed to
this. Although one might conclude that DRPs related to
information needs could be solved by channels without health
care provider involvement as this mainly pertains to information
provision, 77% (122/158) of all DRPs were determined to
warrant health care provider involvement, including 38% (16/42)
of all DRPs related to information needs which mostly
concerned needs for information regarding individual patient’s
treatment (eg, questions regarding safety of alternative medicine
in combination with current therapy).

In practice, questions and DRPs can be answered and solved
through various communication channels, such as during
consultations, telephone calls, or with an FAQ page, for
example. In this context, text messaging is a valuable addition
to currently available channels, offering patients with a wide
array of channels to discuss and resolve DRPs with high quality
and efficiency, corresponding with patients’ individual needs
[12].

Implications
Patients in this study were generally positive regarding the
feasibility of text messaging with pharmacists to discuss DRPs.
The fact that 65% (24/37) of patients indicated that they would
have raised their DRPs via telephone if text messaging had not
been available implies that patients view text messaging as a
suitable channel for raising DRPs in which health care provider
involvement is warranted from the patient’s perspective. In
addition, 16% (6/37) of patients indicated that they would wait
for the next consultation to raise a DRP if text messaging were
not available, indicating DRPs possibly remain unraised and
thus unsolved for a longer period of time. Although presumably
part of these DRPs can wait until the next consultation, another
part can lead to negative health consequences if not solved in
a timely manner. Offering text messaging in addition to the
currently available channels could lead to more DRPs raised,
as well as in an earlier stage, which might therefore prevent
negative health consequences associated with DRPs, as well as
save time during consultations normally dedicated to such
problems. Although all DRPs raised by patients were solved,
either by patient confirmation or expert determination, the effect
of this on patients’health outcomes was not assessed. Therefore,
future research should aim to quantitatively assess the impact
of the intervention on patients’ clinical outcomes, such as
medication adherence or improvement of health, as pharmacist
interventions aimed at lowering DRPs seem to be able to
improve clinical outcomes in other settings [32].

For health care providers, implementing text messaging can
have several implications. First, the actual demand of text
messaging in a large population will have an impact on its
feasibility, as pharmacists must be able to incorporate the
workload associated with text messaging into their daily routine.
To this end, real-life demand needs to be further researched. As
demand for text messaging is also related to the demand for
other available channels, this should be researched in the context
of all available channels rather than for text messaging alone.
Second, although patients mentioned some advantages of text
messaging over contacting a pharmacist via telephone, the extent
to which text messaging can reduce the number of contacts via
telephone or other channels and save time and resources is still
unknown and should be researched in a trial with sufficient
follow-up and a subsequent cost-benefit analysis. Third,
although text messaging might initially increase pharmacists’
workload, the potential of text messaging to save time and
resources further down the chain (eg, by saving time during
consultations) should be researched to determine the net
decrease (or increase) in workload. Fourth, to avoid offering
text messaging from leading to an additional workload, it is
important to prevent (intentional or unintentional) inappropriate
use of text messaging (ie, raising DRPs that could be solved
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without health care provider involvement, for example, using
an FAQ), which could be applicable for approximately 1 in 4
DRPs raised in this study that did not warrant health care
provider involvement. Therefore, it is important to communicate
to patients what DRPs are suitable to discuss via text messaging
and what DRPs better suit different channels, or direct patients
to the most suitable channel based on the subject of their DRP,
for which DRPs warranting health care provider involvement
in this study could be a first indication.

In terms of technological feasibility, several implications need
to be considered to improve implementability and future uptake.
Patients indicated that ease of use should be optimal for them
to use text messaging most optimally. To this end, minor
improvements should be made (eg, to the logging in procedure
and the number of steps patients need to take) to be able to raise
a DRP within the online patient portal. However, overall
feasibility was scored as high, and 90% (37/41) of participants
would recommend text messaging to others. Importantly,
although pharmacists scored system usability above average
and higher than patients, the fit with current care was scored
lower than patients. Therefore, it is essential to look further into
seamless integration of text messaging into the existing
pharmacy systems and workflow, as well as ensuring seamless
communication with other health care providers, to maximize
its potential and ensure future use.

Limitations
Some limitations should be acknowledged. First, patients were
reminded to ask a question at least once every 2 weeks to ensure
user experience before completing the questionnaire. This could
have led to DRPs being made up for study purposes, and thus
we cannot conclude on the real-life demand that exists for text
messaging from the patients’ side in the researched population
and setting. Second, 2 out of 5 pharmacists who answered
patient messages were also involved in the conception of this
study and as coauthors of this paper. This could have led to bias
regarding outcome measures that included pharmacists’
involvement, such as answering DRPs within the promised
service level. However, as feasibility was researched in the
context of current practice, the involvement of participating
pharmacists in the conception of outcome measures was an
added value, as they were able to include metrics that are needed

for assessing feasibility and deciding future research and
implementation. Third, selection bias might have been present
in the study sample; for example, more digitally inclined or
eHealth-literate patients could have agreed to participate than
digitally-averse or eHealth-illiterate patients. This possibly led
to an overestimation of the feasibility of text messaging from
the patient’s perspective, as these patients might have a more
positive attitude toward digital tools and eHealth in general.
Although 1 in 4 patients did not actively participate, these
patients did not significantly differ from active participants in
terms of sex, age, diagnosis, disease years, or prescribed
DMARD group. Fourth, the response rate to the question of
whether a DRP was answered sufficiently was low, with a
nonresponse rate of 42%, resulting in a large number of DRPs
determined to be answered sufficiently by the pharmacist’s
determination. Despite meticulous determination by 2
researchers (LLH and VJBH), this determination might not be
as precise as patient confirmation. The relatively low response
rate might be caused by the fact that the need to indicate if a
question was answered satisfactorily after the conversation is
concluded might not be intuitive and is normally not present in
face-to-face conversations. Finally, the generalizability of the
study is limited. As this study was performed in a specialized
center rather than a general hospital and on a limited number
of chronic conditions, standards of current (digital) care might
differ from those in general hospitals and other chronic
conditions. This can result in a different point of reference and
thus make this study’s findings not fully generalizable to other
settings.

Conclusion
To conclude, 2-way text messaging between patients and
pharmacists for discussing DRPs seems feasible from the
patients’ and pharmacists’ perspectives. Furthermore,
participants used text messaging primarily for raising DRPs,
warranting health care provider involvement, which shows the
potential of text messaging as an efficient addition to currently
available information and communication channels if correctly
integrated and intuitively usable. However, the impact of actual
demand in a larger population on the feasibility for health care
providers, as well as the impact on prevention of possible
negative health consequences of DRPs, should be researched
before full-scale implementation.
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Abstract

Background: Burn automated diagnosis may be instrumental for accurate and timely decision-making at point-of-care, helping
to ensure that the right patients are triaged to burns centers. This is particularly important in resource-poor settings.

Objective: We studied the intention of nonspecialized clinicians to engage in automated diagnosis in burn care as well as their
perceptions toward clinical risks.

Methods: A self-administered survey was used among a purposive sample of first contact clinicians (n=56) and burns specialists
(n=35). The survey had 2 main parts: 1 measuring the intention to use automated diagnosis as per 7 constructs of the Automation
Acceptance Model (yielding 8 hypotheses) and 1 on clinical risk perceptions (likelihood and severity of 7 risks). Structural
Equation Modelling was used to test the hypotheses among first contact clinicians, and the Mann-Whitney U test was used to
measure differences in risk perceptions between the two clinical groups.

Results: Many first contact clinicians would intend to use automated diagnosis for burns should the technology be made available
in their departments (41/56, 73%). The Automation Acceptance Model concepts contributed moderately to explain what the

intention to use automated diagnosis rests on (R2=0.432), with 5 out of 8 hypotheses being supported. The intention to use
automated diagnosis was associated with perceived usefulness but not with attitudes toward using it. Of the 7 risks studied, the
1 that was most often considered as high risk of occurring was that of complex burns not being recognized (n=23, 29%). The 2
groups differed significantly in their concern regarding both the likelihood of happening and the severity of 2 risks: the
undermanagement of severe burns and the overmanagement of minor burns. Specifically, a larger proportion of first contact
clinicians were more concerned than burns specialists (n=13, 27% versus 6% and n=11, 23% versus 6% for undermanagement
and overmanagement, respectively).

Conclusions: Almost three-quarters of first contact clinicians were inclined to seek automated advice for burn diagnosis. The
proposed model contributes to explaining the intention to use with 5 hypotheses supported. When seeking additional determinants,
clinical risk perception is a dimension that should be considered in any artificial intelligence implementation process, to help
ensure sustainability.

(JMIR Hum Factors 2025;12:e56300)   doi:10.2196/56300

KEYWORDS

artificial intelligence; burns; clinical decision support systems; clinical risk perception; diagnosis, computer-assisted; first contact
clinicians; image-based diagnostics; intention to use; telemedicine; triage

Introduction

Image-based automated diagnosis is developing rapidly, not
least with the access to deep neural networks and even more
with recent methods that can improve performance, such as

foundation models or vision transformers [1-3]. These
algorithms can outperform clinicians in medical specialties such
as cancer pathology [4], ophthalmology [5], dermatology [6],
and burns [7]. However, implementation of the technology into
the clinical setting has been relatively low and is dependent on
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the medical specialty. For instance, results in the radiology field
emphasized the need for grounded, well-structured, and
hospital-wide implementation processes [8]. In surgical
pathology, rapid and accurate results provided by automated
diagnosis enabled pathologists to focus on more complex
consultative tasks [9]. Further, maxillofacial surgeons,
ophthalmologists, dermatologists, and radiation oncologists
acknowledged the need to be trained before implementation
and to have well-defined responsibilities among all users
involved in the implementation process, especially if errors
were to happen [10,11].

In Sub-Saharan Africa, the potential for artificial intelligence
(AI) is big, as it could assist with early detection of infectious
diseases [12,13], but also assist with the lack of specialists in
underserved areas [14]. As an example, a solution for
tuberculosis detection in chest x-rays has been proposed in
South Africa [15].

Despite those promises, AI has not unleashed its full potential
in the continent, with the uptake of this technology being
relatively low at first point of care, perhaps because of limited
involvement from health care specialists at the development
stage [16,17]. Users’ trust and task seamlessness [18] have been
well described as uptake barriers since the introduction of
telemedicine [19,20] and mHealth [21]. Gaining knowledge on
first contact clinicians’ intention to adopt automated diagnosis
procedures is an essential milestone in their development and
implementation process, allowing for user-sensitive
transformations of diagnostic decision making in the clinical
setting.

The visual nature of burns, the wide uptake of mHealth [22],
the progress made in the technology [16], and the scarcity of
specialists, not least in low resource settings [23], are important
arguments in favor of implementing automated diagnosis in this
clinical domain. This current study follows prior work showing
that the technology performs well [16] and investigates the
factors influencing the willingness of first contact clinicians to
use automated diagnostic assistance in burn care. It adds to the
body of knowledge generated from implementation science
studies, setting the stage for translation from knowledge to
practice and informing on end users’ perceptions in view of a
change in clinical procedures.

Methods

Aim
The primary aim of this study was to determine the factors
influencing the intention to use an automated burn diagnosis
tool among first contact clinicians. An additional aim was to
assess whether the views of those clinicians are like those of
burns specialists, in particular, how they perceive the likelihood
and severity of certain clinical risks.

Study Design
This was a questionnaire-based cross-sectional study. The
CHERRIES checklist for reporting results of e-surveys was

used [24], with results presented in Table S1 in Multimedia
Appendix 1.

Data Collection
In 2019, two consecutive international congresses took place
in South Africa and gathered clinicians involved in burn injury
care at different levels, both first-contact care and specialized
care delivery. Those were judged good opportunities to reach
out to several professionals from different parts of Sub-Saharan
Africa and other parts of the world that, otherwise, would have
been difficult to reach. The survey took place in the context of
the development of an algorithm for image-based automated
burn diagnosis [23]. The meetings were the Pan African and
South African Burn Congress 2019 and the EMSSA (7th
Emergency Medicine Society of South Africa) International
Conference. At both events, participants were informed about
this study taking place when they registered, and pamphlets
containing information about the survey were distributed in
sessions. Using a QR code provided, those who wished to
participate could go on and fill in the survey on their own device
or using one of the tablets provided by the research team.

Questionnaire
A questionnaire developed built on previous publications
[20,21,25] was used to assess the intention to use an automated
burn diagnosis tool among the participants based on the
Automation Acceptance Model (AAM) [25]. For that purpose,
the questionnaire was divided into 3 parts. Following some
information on the context of automated burn diagnosis tool
development, and with a specific description of what such a
tool would consist of, the first section included demographic
questions about the participant and its practice in burn care. The
second part included 23 questions representing the 7 constructs
from AAM [25], as well as anxiety [21,26,27] to reflect the
intention to use an automated burn diagnosis tool in
resource-poor settings in Africa (Table 1). The 7 constructs
were behavioral intention (1 measurement item), attitude (3
items), perceived usefulness (8 items), perceived ease of use (2
items), trust (2 items), and compatibility (2 items) all directly
inspired from the AAM and adapted to burns diagnosis and
anxiety (5 items) which was shown to be predictive in similar
populations for the introduction of telehealth. All constructs
were measured on a 7-point Likert scale from 1 “strongly
disagree” to 7 “strongly agree.” The third part of the
questionnaire evaluated the participant’s perceptions of the risks
linked with the use of an automated burn diagnosis tool. Seven
risks were specifically evaluated: (1) that severe burns are
missed, leading to undermanagement; (2) that minor burns are
diagnosed as severe, leading to overmanagement; (3) that
clinicians feel less responsible for the care they provide; (4) that
the emotional well-being of the patient will be neglected; (5)
that the patient confidentiality will be breached; (6) that patients
will be less empowered in decisions around their care; (7) that
some complex burns may not be recognized by the algorithm.
For each risk, the participant had to evaluate the likelihood of
happening on a 3-point scale from low or very low to high or
very high; and the severity of the risk would it happen on a
4-point scale (insignificant, minor, moderate, or major).
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Table . Measurement items used in the questionnaire in relation to the defined construct they measure.

Measurement itemsConstruct (definition)

· I intend to use automated diagnosis for burns as soon as it becomes
available in my department

Behavioral intention: The motivational factors that determine an individ-
ual’s readiness to use the technology, which is assumed to be an immediate
antecedent of behavior [28]

· I believe that using automated diagnosis for burns is a good idea

· Using automated diagnosis for burns would make work more interesting

· I believe that using automated diagnosis for burns is a bad idea

Attitude: An individual’s positive or negative feelings about using the
technology [28]

· It would make it easier to do my job when managing patients with burns

· It could improve the care I give to my patients with burns

· It will reduce the probability of medical errors in burn care

· Using it will improve the quality of my burn-related work

· It will be useful in my burn-related work

· It will be useful in improving patient safety

· I would use it for burn wounds that I normally would hesitate to consult
a specialist about

· Using it in my burn-related work would make me feel more independent

Perceived usefulness: The degree to which an individual believes using
the technology will assist in performing a task [29]

· Learning to operate a tool like this would be easy for me

· It would be easy for me to become skilled at using such a tool

Perceived ease of use: The degree to which an individual believes using
the technology will be effortless [29]

· I believe that the diagnostic ability of automated diagnosis is superior to
the clinical experience of human doctors

· I would have difficulties trusting an automated diagnosis

Trust: The generalized expectancy to which an individual can rely on the
technology [25,30]

· Using a tool like this would fit well with the way I like to work

· Using an app like this would be compatible with most aspects of my
work

Compatibility: The degree to which the technology is believed to be con-
sistent with an individual’s existing values, needs, and experiences [25]

· I feel apprehensive about using such a tool

· Using automated diagnosis for burns would make me feel uncomfortable

· I am concerned about possible liability issues associated with its use

· Working with such a tool would make me feel anxious

· Using it would make me feel less anxious about dealing with burns pa-
tients

Anxiety: The degree to which emotional reactions are evoked when using
the technology [27]

The questionnaire was pilot-tested before the data collection to
ensure comprehensibility, content, and length of time.

Study Population

Overview
Two study groups were included in this study, all of whom were
familiar with cases from Sub-Saharan Africa: first contact
clinicians, as our focus, and burn specialists, as a basis of
comparison.

First Contact Clinicians
First contact clinicians treating burn injuries at the front line in
Sub-Saharan African countries were targeted because they would
be the ones using such an image-based automated diagnostic
assistance in burn care. The inclusion criteria were therefore
that the participant was a doctor or a nurse who may need
regular or occasional advice for referral, diagnosis, or treatment
of burn injuries in their practice. Another eligibility criterion
was that one had to work in an emergency or trauma center
(where patients with acute burns are brought) or at a specialized
surgical unit that manages patients with burns. Furthermore,
the participant had to be practicing, or have practiced in a
Sub-Saharan African country.

Burn Specialists
Those who took part in this study were burn specialists who
have an expert role in their setting when it comes to burns
assessment and treatment; they completed a limited part of the
questionnaire (see below), where they were asked about potential
risks that may accompany the use of automated diagnosis for
burns.

A total of 122 participants started the survey, of which 31 were
excluded because: they did not complete the consent form (n=6),
they did not complete the survey (n=18), they only practiced in
a high income country (n=3), or they were prehospital
paramedics (n=4). The analyses were performed on the
remaining 91 participants.

Data Analyses

Intention to Use Automated Diagnosis for Burn Care
To explain the intention to use automated diagnosis for burn
care, 8 hypotheses (presented in Table 2) were proposed based
on the 7 constructs previously defined. To evaluate the accuracy
and consistency of the developed measurement items with regard
to their respective constructs, Cronbach α and composite
reliability were measured. Any constructs that had a Cronbach
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α lower than 0.7 or a composite reliability value lower than 0.6
were excluded from further analyses [31]. The results are
presented in Table 3 and show that all constructs are consistent

and reliable except for trust, for which the 2 measurement items
do not yield an appropriate Cronbach α. This construct was
therefore excluded from further analyses and the model.

Table . Hypotheses tested, definitions, and results obtained.

Supported by the resultsDefinitionHypothesis

YesPerceived compatibility is positively related to
the perception of the usefulness of automated
diagnosis for burn care.

1

YesPerceived compatibility is positively related to
the perception of the ease of use of automated
diagnosis for burn care.

2

NoPerceived ease of use of automated diagnosis for
burn care is positively related to the perception
of its usefulness.

3

YesPerceived usefulness of automated diagnosis for
burn care is positively related to attitudes toward
using it.

4

NoPerceived ease of use of automated diagnosis for
burn care is positively related to attitudes toward
using it.

5

YesAnxiety is negatively related to attitudes toward
using automated diagnosis for burn care.

6

YesPerceived usefulness of automated diagnosis for
burn care is positively related to the behavioral
intention to use it.

7

NoPositive attitudes toward using automated diag-
nosis for burn care are positively related to the
behavioral intention of using it.

8

Table . Constructs summary (number of items and mean), consistency statistic (Cronbach α), and composite reliability measure.

Composite reliabilityCronbach αMean (SD)Number of itemsConstruct

——a5.4 (1.6)1Behavioral Intention

0.8460.7325.4 (1.1)3Attitudes

0.9340.9185.3 (1)8Perceived usefulness

0.9370.8665.7 (1.2)2Perceived ease of use

0.332−0.6584 (1)2Trust

0.9460.8865.4 (1.3)2Compatibility

0.8030.7014.7 (1.1)5Anxiety

aNot applicable.

We then used Partial Least Squares Structural Equation
Modelling to examine the proposed model (Figure 1) and test
the hypotheses. Partial Least Squares Structural Equation
Modelling is a multivariate statistical analysis that allows for
testing models with an established theoretical foundation and
with latent variables [32]. Bias-corrected and accelerated

bootstrapping using 5000 subsamples was used to measure
statistical significance. We used a hard cutoff to define whether
a hypothesis was supported or not, which was an obtained value
higher than 0.2 with a P value <.05 [20]. Analyses were
performed using SmartPLS (version 4.0).
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Figure 1. Seven hypotheses generated by the obtained AAM model and their respective path coefficients. AAM: Automation Acceptance Model.

Risks That May Occur With Implementation
Both first contact clinicians and burns specialists completed the
survey section on potential risks. For each of these risks, the
proportion of answers was reported in 3 categories. For the
severity of each risk, the categories of insignificant or minor
risk were combined and collapsed into one. A nonparametric
Mann-Whitney U test was used to assess the differences in
opinions between the 2 groups. For that, all data points for the
2 groups are ranked in ascending order, and the sum of the ranks
(R1 and R2) are then calculated for both groups separately (first
contact clinicians and burns specialists). The U statistic is then
calculated for each group:

U1=n1·n2+n1n1+12−R1 for group 1 and U2=n1·n2+n22+12−R2
for group 2

where n1 and n2 are the sizes of the 2 groups. The smaller U
value is then used to assess significance with a defined P value
threshold of .05.

All analyses were performed using Stata BE (version 17.0;
StataCorp LLC).

Ethical Considerations
This study was approved in South Africa by the Human
Research Ethics Committee of the University of Cape Town
(Dnr 823/2019) and in Sweden by the Ethics Committee
(Etikprövningsmyndigheten [Dnr 2019‐05122]). Informed
consent was provided by participants prior to filling in the online
survey. The data are deidentified and no compensation was
provided for participating.

Results

Of the 91 respondents who completed at least 1 section of the
survey, 62% (56/91) were first contact clinicians and 38%
(35/91) were burn specialists. Table 4 presents the respective
characteristics of the 2 groups with regard to their demographics
and experience with burn care. Overall, these were mostly men
(49/91, 54%), although the opposite was observed at first contact
care, with over half being women (31/56, 55%). A total of 52%
(29/56) of first contact clinicians managed patients with burns
at no or few occasions per week, whereas 20% (7/35) of burns
specialists manage patients at least once a week.
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Table . Characteristics of participants by clinical expertise.

Burns specialists (n=35), n (%)First contact clinicians (n=56), n
(%)

All (n=91), n (%)Characteristic

Sex

24 (68.6)25 (44.6)49 (53.9)    Men

11 (46.2)31 (55.4)42 (46.2)    Women

Age (in years)

8 (22.9)14 (25)22 (24.2)    <35

6 (17.1)21 (37.5)27 (29.7)    35‐39

6 (17.1)15 (26.8)21 (23.1)    40‐44

15 (42.9)6 (10.7)21 (23.1)    ≥45

Occupation

4 (11.4)13 (23.2)17 (18.7)    Nurse

8 (22.9)12 (21.4)20 (22)    Medical officer

5 (14.3)16 (28.6)21 (23.1)    Registrar

18 (51.4)15 (26.8)33 (36.7)    Specialist

Experience with burn treatment

1 (2.9)17 (30.4)18 (19.8)    None or minimal

21 (60)34 (60.7)55 (60.4)    Moderate

13 (37.1)5 (8.9)18 (19.8)    Extensive

Frequency of managing patients
with burns

0 (0)29 (51.8)27 (31.9)    No or few occasions

28 (80)22 (39.3)52 (55)    A few per month

7 (20)5 (8.9)12 (13.2)    A few per week or daily

Confident in own burn management

0 (0)4 (7.1)4 (4.4)    Not at all

16 (45.7)39 (69.6)55 (60.4)    Somewhat

19 (54.3)13 (23.2)32 (35.2)    Very

A total of 41 of the 56 (73%) first contact clinicians replied that
they agreed or strongly agreed that they would use automated
diagnosis for burns if it becomes available in their department.
Figure 1 presents the results of the tested model for path
coefficients. While perceived usefulness was positively and
significantly related to the intention to use, attitudes toward the
practice were not. Together, these 2 constructs explain 43% of
the variance in intention to use for clinicians at the point-of-care.
Almost two-thirds of the variance in attitudes toward the practice

(R2=0.631) could be explained by the 3 constructs of anxiety,
perceived usefulness, and perceived ease of use. For its part,
compatibility was positively related to the perception of both

usefulness and ease of use. Overall, out of the 8 tested
hypotheses, 5 were supported in the model (Table 2).

Table 5 indicates the position of the 2 groups of professionals
concerning the likelihood of different risks. All respondents
aggregated, the risk of complex burns not being recognized and
that of clinicians feeling less responsible for the care they
provide are the 2 risks that most often were considered as high
or very high (23/79, 29% and 19/85, 22%, respectively). There
are 2 risks where the opinions of the 2 groups differ
significantly, and they concern the undermanagement of severe
burns and the overmanagement of minor burns. In both
instances, the risk is seen as high or very high by more first
contact clinicians than burn specialists.
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Table . Likelihood of each risk to happen as perceived by clinicians at first contact and burn specialists.

Mann-Whitney P valueHigh or very high, n
(%)

Moderate, n (%)Low or very low, n (%)Do not know, nRisks assessed for like-
lihood

.03That severe burns are missed, leading to undermanagement

13 (27.1)20 (41.7)15 (31.3)5    First contact clini-
cians

2 (5.7)17 (48.6)16 (45.7)0    Burn specialists

15 (18.1)37 (44.6)31 (37.4)5    All participants

<.01That minor burns are diagnosed as severe, leading to overmanagement

11 (22.5)24 (49)14 (28.6)4    First contact clini-
cians

2 (5.9)11 (32.4)21 (61.8)1    Burn specialists

13 (15.7)35 (42.2)35 (42.2)5    All participants

.11That clinicians feel less responsible for the care they provide

14 (28)11 (22)25 (50)3    First contact clini-
cians

5 (14.3)7 (20)23 (65.7)0    Burn specialists

19 (22.4)18 (21.2)48 (56.5)3    All participants

.98That the emotional well-being of the patient will be neglected

6 (11.5)11 (21.2)35 (67.3)1    First contact clini-
cians

4 (11.8)7 (20.6)23 (67.7)1    Burn specialists

10 (11.6)18 (20.9)58 (67.4)2    All participants

.38That the patient confidentiality will be breached

3 (6)16 (32)31 (62)3    First contact clini-
cians

7 (20)8 (22.9)20 (57.1)0    Burn specialists

10 (11.8)24 (28.2)51 (60)3    All participants

.22That patients will be less empowered in decisions around their care

6 (11.8)10 (19.6)35 (68.6)2    First contact clini-
cians

1 (2.9)6 (17.7)27 (79.4)1    Burn specialists

7 (8.2)16 (18.8)62 (72.9)3    All participants

.2That some complex burns may not be recognized by the algorithm

15 (33.3)24 (53.3)6 (13.3)8    First contact clini-
cians

8 (23.5)18 (52.9)8 (23.5)1    Burn specialists

23 (29.1)42 (53.2)14 (17.7)9    All participants

Table 6 presents the perceived severity of each risk for both
groups of respondents. For all risks, the severity is perceived
as major to a higher proportion of first contact clinicians than
burn specialists. Just as for the likelihood, all respondents
aggregated, the risk for complex burns not being recognized is
the risk for which severity is most often considered as major

(45/82, 55%). A large proportion of clinicians (46/85, 54%)
also rated as major the severity of the risk for severe burns being
missed, although this is true especially for those at point of care
(32/51, 63%). While almost 80% (27/34) of burns specialists
considered the severity of minor burns being diagnosed as minor
or insignificant, only 40% (21/52) of first contact clinicians did.
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Table . Severity of each of the risks would it be perceived by first contact clinicians and burn specialists.

Mann-Whitney

P value

Major,

n (%)

Moderate,

n (%)

Insignificant or minor,

n (%)

Do not know
n

Risks as-
sessed for
severity

.02That severe burns are missed, leading to undermanagement

32 (62.8)13 (25.5)6 (11.8)2    First con-
tact clini-
cians

14 (41.2)9 (26.5)11 (32.4)1    Burn spe-
cialists

46 (54.1)22 (25.9)17 (20)3    All partici-
pants

<.01That minor burns are diagnosed as severe, leading to overmanagement

7 (13.5)24 (46.2)21 (40.4)1    First con-
tact clini-
cians

0 (0)7 (20.6)27 (79.4)1    Burn spe-
cialists

7 (8.1)31 (36.1)48 (55.8)2    All partici-
pants

.07That clinicians feel less responsible for the care they provide

17 (33.3)17 (33.3)17 (33.3)2    First con-
tact clini-
cians

6 (17.7)11 (32.4)17 (50)1    Burn spe-
cialists

23 (27.1)28 (32.9)34 (40)3    All partici-
pants

.14That the emotional well-being of the patient will be neglected

13 (26.5)17 (34.7)19 (38.8)4    First con-
tact clini-
cians

6 (17.7)9 (26.5)19 (55.9)1    Burn spe-
cialists

19 (22.9)26 (31.3)38 (45.8)5    All partici-
pants

.05That the patient confidentiality will be breached

19 (36.5)12 (23.1)21 (40.4)1    First con-
tact clini-
cians

6 (17.7)8 (23.5)20 (58.8)1    Burn spe-
cialists

25 (29.1)20 (23.3)41 (47.7)2    All partici-
pants

.03That patients will be less empowered in decisions around their care

10 (20)18 (36)22 (44)3    First con-
tact clini-
cians

1 (2.9)11 (32.4)23 (64.7)1    Burn spe-
cialists

11 (13.1)29 (34.5)44 (52.4)4    All partici-
pants

.096That some complex burns may not be recognized by the algorithm
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Mann-Whitney

P value

Major,

n (%)

Moderate,

n (%)

Insignificant or minor,

n (%)

Do not know
n

Risks as-
sessed for
severity

32 (64)11 (22)7 (14)3    First con-
tact clini-
cians

13 (40.6)15 (46.9)4 (12.5)3    Burn spe-
cialists

45 (54.9)26 (31.7)11 (13.4)6    All partici-
pants

Discussion

Main Findings
This study is an attempt to bridge the gap between what is
known about the potential performance of automated diagnosis
for burn care and the readiness of first contact clinicians to
endorse this as a practice. We showed that a majority of first
contact clinicians from resource-poor African settings would
be willing to use automated diagnosis for burns should the
technology be made available in their departments. The concepts
embedded in the AAM contributed moderately to explaining
what the intention to use such a technology rests on. Of special
interest is the association between the intention to use and
perceived usefulness, but not with attitudes toward the
technology. It is also of note that 5 of the 8 hypotheses derived
from the model were supported.

When reflecting upon the risks that such technologies could
imply, first contact clinicians showed more concerns than burns
specialists. They were typically concerned with the
consequences of poor diagnostic accuracy (ie, undermanagement
of severe burns and overmanagement of minor burns) and, like
their specialized peers, feared that clinicians’ sense of
responsibility would be reduced and that complex burns might
not be identified. The latter was regarded as the risk with the
most severe consequences across all clinicians, alongside that
of severe burns not being identified. By contrast, first contact
clinicians were less concerned with the risk of minor burns
being diagnosed as minor or insignificant.

That first contact clinicians show a widespread acceptance of
the intention to use automated burn diagnosis is well in line
with previous research on the use of clinical AI in general, where
77% of the respondents from different parts of the world
indicated being willing to use clinical AI if needed [33].
Perceived usefulness has already been suggested as a strong
predictor of both behavioral intention and technology
acceptance. This is true for technologies such as smart health
care [34,35], whereas in the context of burns, it has been shown
for the acceptance of mHealth [21].

As the model used does not pay attention to risk perception per
se in the determination of intention to use, our results can shed
light on it being a potentially underlying source of influence on
the intention to use. Indeed, first contact clinicians’ appraisal
of the risk is more multifaceted than that of their specialized
peers. A first explanation could be self-confidence, doubting
their ability to interpret the output of an automated burn

diagnosis [33]. Another one could be minimal experience of
mHealth for burn diagnosis, while experience of the like is
known to be associated with a decrease in perceived risks in the
use of smart health care, thanks to technology transfer
knowledge [35]. A third one could be a sense of loss in personal
usefulness, first contact clinicians being more prone to answer
positively to the fact that AI would replace them.

Strengths and Limitations
This is the first study performed in resource-poor settings
specifically on the topic of acceptance of automated diagnostic
acceptance among health care professionals. This can
complement the work done on a similar population on the
acceptance of mHealth for burn injuries [21], but also results
in the acceptance of AI-based diagnosis among medical students,
also performed in resource-poor settings [36]. Studies on
intention to use are important to be performed for specific
contexts and populations of interests as it has been shown
previously that physicians from resource-poor settings may
have different opinions regarding clinical AI than their
counterparts from other regions of the world [33]. The
perceptions might also depend on the qualification of the
surveyed professional [21,33,35]. The development of new
methodologies to analyze the obtained data (such as machine
learning techniques) might also assist in the future in targeting
more specifically what might influence the intention to use new
technologies by survey participants. The study also focused on
7 different risks that are relevant for the diagnosis of burn care
and for which the knowledge around clinicians’ perceptions is
important both for the development of algorithms as well as for
implementation. It is likely that burns specialists, sharing a
familiarity with the condition and aware of the progress made
in assisted diagnosis are more inclined to trust the technology
[37] and that, by contrasts to first contact clinicians, are more
heterogeneous as a group as regards their knowledge and
experience about burns, their skills and competences [21]. The
sample was conveniently selected among clinicians attending
2 specialized conferences in South Africa for their interest in
burn care and likelihood of using automated diagnosis would
it be developed. This, however, comes with the limitation that
the pool of people who can be included is relatively small, and
the results cannot be generalized to other specialties or settings
where the viewpoints of the professionals might differ.
Furthermore, there might have been respondent bias with those
accepting to fulfill the questionnaire having stronger opinions
in favor of or against automated diagnosis for burns than those
who did not respond. This study was cross-sectional and only
assessed the intention to use a potential tool rather than
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effectively measuring the clinicians’ behaviors once automated
diagnosis was implemented. While this information will be
interesting to investigate in the future, the knowledge gathered
in this study can further assist in the development of the
algorithms themselves to respond most appropriately to the
stakeholders’ demands. It could also be of interest to assess
users’ perceptions with regard to different methodologies with
varying performances, in particular when current advances in
the technological domain are extremely promising.

Future Research
This study has implications for future research as the AAM
model contributes poorly to informing what the determinants
of the intention to use are beyond the perceived usefulness.
There is a need to assess the input of clinical risk perceptions:
this should be an integral part of the model in the future, and it
should receive attention during the evaluation and
implementation process. Furthermore, with the body of evidence
growing on the potential for automated diagnosis in burn care
and its potential benefit in resource-poor settings, research on
the attitudes of medical professionals with regard to this
technology is necessary for a successful implementation. Finally,

it would be interesting to investigate, when implementing such
a technology in practice, whether it would enhance the clinical
abilities of first-contact clinicians, as well as improve diagnostic
efficiency, given the current state of resources and the lack of
specialist clinicians.

Conclusions
The results show that most first contact clinicians were inclined
to seek automated advice for burn diagnosis if it was available.
The conceptual model proposed contributes moderately to
explaining what influences intention to use beyond perceived
usefulness, with implications for clinical practice where the
perceived usefulness makes little doubt. This is encouraging as
there are good reasons to believe that the performance of
automated diagnostic support will continuously improve. When
seeking additional determinants, greater attention should be
placed on clinical risk perceptions as well as negative attitudes
due to bad experiences or unrealistic expectations. These
dimensions should also naturally belong to any AI
implementation process in practice, not least to ensure
sustainability.
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Abstract

Background: Mental health challenges, including depression, anxiety, and burnout, have become increasingly prevalent among
health care workers, who face high-stress environments, limited resources, and long working hours. The COVID-19 pandemic
has intensified these issues, especially in regions like Latin America, where health care professionals experience heightened
anxiety and depression. The urgent need for mental health support has prompted the development of mobile health (mHealth)
solutions. These tools offer accessible, confidential interventions that help reduce stigma and encourage engagement. The
“Psicovida” mobile app was designed to provide cognitive behavioral therapy (CBT)–based activities tailored to health care
workers, supporting them in managing stress, anxiety, and depression.

Objective: This study aims to evaluate the effectiveness of Psicovida, a mobile app that delivers CBT-based interventions, in
reducing depressive symptoms and emotional distress among health care workers over a 3-month period.

Methods: A quasi-experimental, nonrandomized controlled study was conducted with health care workers at a public hospital
in Ecuador. Participants were recruited offline and assigned to either an intervention group that used the Psicovida app or a control
group that received no intervention. The app provided weekly CBT-based tasks focused on stress management, cognitive
restructuring, and emotional regulation. Data collection included demographic information, with mental health outcomes assessed
pre- and postintervention using the Patient Health Questionnaire-9 (PHQ-9) to measure depression and the General Health
Questionnaire-12 to assess overall psychological well-being.

Results: A total of 211 health care workers participated, with 88 in the intervention group and 96 in the control group, and 29
participants dropped out. Among the intervention group, adherence varied: 34% (30/88) used the app consistently for 10‐12
weeks, 42% (37/88) for 7‐9 weeks, and 24% (21/88) for fewer than 6 weeks. Significant improvements in mental health outcomes
were observed among app users. The intervention group exhibited a statistically significant reduction in depressive symptoms,
with PHQ-9 scores decreasing significantly (P<.001; 95% CI 6.17-9.36). Within this group, 20% (18/88) achieved complete
remission of depressive symptoms (PHQ-9 scores <5), 32% (28/88) showed mild symptoms (PHQ-9 scores=5‐9), and 48%
(42/88) remained in the range requiring treatment referral (PHQ-9 scores ≥10). General Health Questionnaire-12 scores similarly
showed substantial improvement in psychological well-being (P<.001; 95% CI 3.99-5.58).

Conclusions: The Psicovida mobile app demonstrates promise as an accessible, effective tool for reducing depression and
anxiety among health care workers through CBT-based interventions. This study highlights the potential of mHealth technology
to deliver targeted mental health support, especially in resource-limited settings. Future research should focus on evaluating
long-term impacts and broader applications in varied health care environments.

Trial Registration: ClinicalTrials.gov NCT06650449; https://clinicaltrials.gov/study/NCT06650449

(JMIR Hum Factors 2025;12:e58943)   doi:10.2196/58943

KEYWORDS

mental health; depression; mobile apps; mental disorders; effectiveness; depressive symptoms; emotional distress; cognitive
behavioral therapy; experimental study; design; Ecuador; psychological well-being; psychological; tool; health care worker;
accessible; support system
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Introduction

Background
Mental health has emerged as a global challenge affecting
millions of individuals across geographical and cultural
boundaries. Mental disorders, including depression and anxiety,
now affect over 450 million people globally, according to the
World Health Organization, posing serious consequences for
quality of life and productivity. Events like the COVID-19
pandemic have only exacerbated these challenges, highlighting
the urgent need for innovative and accessible solutions [1].

Health care workers, especially doctors and nurses, are among
those most affected by the mental health crisis, facing high rates
of depression, anxiety, and burnout. Research shows that nearly
half of junior doctors report symptoms of depression, while
over 63% experience significant anxiety. Physicians also face
burnout rates 20%‐30% higher than those of other professions
and are 1.4 to 2.3 times more likely to die by suicide [2]. Despite
these concerning statistics, many health care workers hesitate
to seek mental health support due to stigma and fear of
professional consequences [3]. This hesitation highlights the
critical need for accessible, confidential mental health resources
that encourage help-seeking within health care environments,
fostering a culture where mental health support is accepted and
valued.

In Latin America, health care professionals contend with
additional mental health challenges, worsened by systemic
issues like insufficient health care infrastructure, extended work
hours, and direct exposure to the COVID-19 crisis. Anxiety
affects between 10.6% and 76.5% of health care professionals,
with depression impacting up to 81% in some regions. In
Ecuador, for example, 46.4% of health care workers report
experiencing anxiety, while 34.5% report depression. Among
female obstetricians in Peru, over half exhibit depressive
symptoms [4]. Frontline workers, particularly young and female
health care professionals, face heightened vulnerability due to
high workloads, inadequate personal protective equipment, and
ethical dilemmas, leading to both physical and mental exhaustion
[5]. The prevalence of these mental health issues points to an
urgent need for and met the inclusion criteria effective
psychological support and systemic improvements in working
conditions.

Addressing these challenges requires immediate attention to
systemic reforms that include accessible and confidential mental
health services. In this context, mHealth solutions have emerged
as promising tools. Recent studies have assessed the
effectiveness of mHealth interventions targeting various mental
health issues, including depression [6,7], suicide [8],
schizophrenia [9], substance use disorders [10], and psychosis
[11], among others [12]. Recent systematic reviews focused on
assessing smartphone apps for mental health demonstrated their
ability to generate significant reductions in anxiety [13] and
depression [13]. mHealth apps have been proven particularly
effective in breaking down barriers to help-seeking, such as
stigma and time constraints, and are shown to improve user
engagement when co-designed with health care workers [14].
Additionally, mHealth tracking apps have been recognized for

increasing self-awareness and enabling users to manage their
symptoms by identifying triggers and patterns. This kind of
proactive self-management can be highly beneficial for health
care workers facing depression and burnout [15]. These digital
tools, if implemented widely, could play a pivotal role in
addressing the ongoing mental health crisis among health care
workers.

Objective
This study aims to bridge the gap in understanding the
effectiveness of mHealth interventions in mitigating mental
health issues among health care workers. By conducting a
quasi-experimental, nonrandomized controlled trial among
health care workers in a public hospital in Ecuador, this research
seeks to evaluate the impact of the “Psicovida” mobile app [16],
a digital tool designed to support mental health through cognitive
behavioral therapy (CBT)–based activities, on depression and
emotional distress symptoms. The app offers structured
interventions aimed at alleviating symptoms associated with
mental health disorders, providing users with accessible and
guided support. The unique challenges faced by health care
personnel in Latin America, especially in regions like Ecuador,
where systematic monitoring of mental health issues is lacking,
underscore the importance of this research.

Methods

Study Design and Setting
This study used a quasi-experimental, nonrandom, parallel,
controlled trial with pre- and postintervention assessments. It
involved 2 groups with similar baseline characteristics: an
intervention group receiving access to the Psicovida app and a
control group without access. The study started in January 2023,
coinciding with a surge in COVID-19 cases in Ecuador. This
wave significantly impacted the health care system, creating
heightened stress among health care workers [17]. The timing
of the study underscores the critical need for effective mental
health support mechanisms for this population.

The trial adheres to the Consolidated Standards of Reporting
Trials (CONSORT) eHealth guidelines, and the detailed study
protocol and statistical analysis plan are publicly available on
ClinicalTrials.gov (NCT06650449) [18,19].

Rationale for Quasi-Experimental Design
The decision to use a quasi-experimental approach was driven
by the desire to achieve homogeneity in key demographic
characteristics (age, gender, marital status, education level, and
profession) between the intervention and control groups. To
achieve this, participants were purposefully assigned to 2
cohorts: those who used the Psicovida app and those who did
not. This intentional grouping aimed to control for potential
confounding variables, acknowledging the limitation that true
random assignment was not used.

Participants
The study population comprised health care workers (doctors
and nurses) from various departments of a public hospital in
Quito, Ecuador. Participants were purposefully assigned to 2
groups—those who used the Psicovida app and those who did
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not—to control for potential confounding variables,
acknowledging the limitation that true random assignment was
not used. At the request of hospital administrators, some staff
from high-acuity wards, whose heavy workloads left no
additional time for training, were kept in the control group,
whereas personnel from outpatient clinics with more flexible
schedules were placed in the intervention group. Inclusion
criteria were (1) employment as health care personnel at the
designated hospital for at least 12 months, (2) ownership of a
smartphone, and (3) provision of informed consent. Participants
included both men and women aged 18 years and older,
regardless of marital status. These criteria ensured engagement
with the Psicovida app and effective completion of study tasks.

Individuals not meeting any of the above inclusion criteria were
excluded from participation.

Recruitment and Data Collection
Recruitment and data collection occurred primarily through the
Psicovida app between October 2022 and January 2023, using
3 strategies. First, informational meetings were conducted by
the research team to explain the study and the Psicovida app
and to obtain digital consent. Second, from an initial pool of
296 health care professionals who expressed interest and met
the inclusion criteria, 211 eligible participants were selected
based on EPIDAT software (EPIDETAL, developed by the
Epidemiology Service of the Dirección Xeral de Saúde Pública,
Consellería de Sanidade (Xunta de Galicia), with support from
the Pan American Health Organization (PAHO/WHO) and CES
University of Colombia) recommendations and assigned to
either the intervention or control group. A double-entry table
was used during the assignment to ensure balanced distribution
across key variables such as profession and sex. Finally, baseline
data were collected, including personal information (email, age,
gender, and education level) for participant profiling, and
psychological evaluations using the Patient Health Questionnaire
(PHQ-9) and the General Health Questionnaire (GHQ-12) to
assess emotional distress and depressive symptoms.

During the study design phase, a plan was implemented to
account for potential dropout rates, including strategies to
manage missing data and maintain sample integrity. The study
was conducted remotely via the Psicovida app, with minimal
direct interaction with the research team, except when
participants opted to initiate communication.

Intervention
The Psicovida app is a free tool designed to support health care
workers’mental health by providing CBT-based activities aimed
at alleviating symptoms of depression and emotional distress.
The app includes a structured program of 12 weekly activities,
each taking around 2 to 10 minutes to complete, focusing on
introspection, stress management, and the restructuring of
negative thoughts. The modules cover various aspects of mental
health and personal growth, delivered through interactive tasks
that address emotional, cognitive, and physical dimensions.

The app was available to all interested users for download from
the Google Play Store, without the requirement to belong to a
specific group to access it. Participants did not pay for access,
nor did they receive any financial compensation for their
participation. During the onboarding phase, participants were
encouraged to engage with the app regularly, completing the
assigned activities over a period of up to 3 months. The app
sent daily reminder emails to participants from Monday to
Friday, encouraging consistent participation and improving user
engagement. Users could adjust the settings for reminders,
allowing flexibility in how they interact with the app. Users
could adjust the settings for reminders, allowing flexibility in
how they interact with the app. You can see the app interface
in Figure 1.

Since its initial release, significant updates have been made to
improve user experience, including expanding system bandwidth
to address downtimes and enhancing the app’s user interface
based on feedback from previous users. These changes, validated
by clinical psychology experts, ensure that the therapeutic
quality of the activities remains intact, offering personalized
support to health care workers. Developed as Discord Psicovida
Version 1 by principal author (SMO), the program underwent
rigorous evaluations to align with the needs of its user base. For
digital preservation and access, the Psicovida app can be
accessed via a dedicated link on the Open Science Framework
repository [20]. Upon completing the program, participants
received a notification thanking them for their participation and
were provided with general recommendations for maintaining
long-term mental health. The description of each activity is
presented in Multimedia Appendix 1.

At the end of the app use period, participants provided feedback
through a series of structured questions. This feedback will help
guide improvements for future versions of the app, based on
user experiences and suggestions.
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Figure 1. Psicovida mobile app.

Assessments

Depression
The PHQ-9 was carefully implemented as a digital assessment
tool to ensure data reliability and participant engagement.
Participants provided informed consent online after being fully
informed about the purpose of the PHQ-9, confidentiality
measures, and their data privacy rights. The questionnaire
maintained its standard, validated format with nine items, each
required to be answered to ensure complete data collection. The
questions were presented in a sequential, user-friendly interface
that preserved the questionnaire’s established structure without
adaptive questioning or alterations.

Participant completion was monitored at both baseline and
postintervention to assess adherence and track changes in
depression severity over time. Unique identifiers were used to
ensure that each participant completed the PHQ-9 only once at
each time point, eliminating the risk of duplicate entries. Data
security was prioritized through encryption and secure storage
of responses. Although specific online validation was not
conducted, the PHQ-9’s high internal consistency (Cronbach
α>0.80) and proven sensitivity and specificity in various settings
support its reliability for this digital deployment [21].

Anxiety
The GHQ-12 was implemented digitally to assess emotional
distress while upholding rigorous standards for data quality and
user experience. Before beginning the GHQ-12, participants
reviewed and agreed to informed consent details, which clarified
the study’s objectives, the role of the GHQ-12, and data
protection practices. All 12 items were mandatory, ensuring
comprehensive data for each participant and maintaining the
GHQ-12’s validated structure. The questionnaire was presented

in a fixed, linear format, allowing participants to complete it
with ease and consistency, without adaptive questioning or
alterations.

Completion rates were monitored both at the beginning and end
of the study to evaluate participant engagement and the tool’s
effectiveness in capturing changes in emotional distress. Each
participant was assigned a unique identifier to track usage and
prevent multiple entries, supporting data integrity. Responses
were securely encrypted and stored, safeguarding participant
confidentiality. While no digital-specific validation of the
GHQ-12 was mentioned, its established reliability (Cronbach
α ranging from 0.70 to 0.90) and consistent performance across
studies reinforce its suitability for digital application [22].

Demographic and Lifestyle Variables
Information on age, gender, marital status, education level,
profession, and toxic habits (alcohol and tobacco consumption)
was collected to describe the study population and adjust for
potential confounders.

Procedure
The Psicovida quasi-experimental trial followed a structured
process to ensure participant engagement and data collection.
After recruitment and eligibility confirmation in January 2023,
participants were randomly assigned to either the intervention
group, which used the Psicovida app, or the control group, which
did not receive app access.

Both groups completed baseline assessments, including
demographic data collection and psychological evaluations
using validated tools (PHQ-9 for depression and GHQ-12 for
emotional distress). Following this, the intervention group
started app use, while the control group received standard mental
health support information. Outcome assessments were
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conducted at two time points: (1) baseline (start of the study)
and (2) study completion (end of 3 months). Participants
received periodic email reminders to encourage adherence to
the study protocol and completion of assessments. The
intervention group was encouraged to engage with the app
weekly for up to 12 weeks, with each activity designed to take
2‐10 minutes. Upon completing the study, participants had
the option to continue using the app, subject to updates or
maintenance periods.

The study ran from January 2023 to March 2023, spanning three
months.

Data Management and Monitoring
All study data were collected and recorded electronically
through the Psicovida mobile app. The data, including
identifiable information such as participants’ email addresses
and demographic details, was stored in a secure, encrypted
database managed by the research team. Identifiers were
removed during data processing to ensure confidentiality before
analysis. Weekly backups of all data were conducted by the
research team during the data collection phase, and backups
were securely stored in a password-protected environment. Only
approved members of the research team and designated technical
staff had access to the data.

Trial Harms and Risk Management
Given the sensitive nature of mental health content, it was
possible that some participants could experience distress while
using the Psicovida app. Although no serious adverse events
were anticipated based on previous trials of similar apps, the
research team recorded and monitored any adverse events
reported by participants. Adverse events were defined as any
reported psychological distress or health impacts resulting from
app use. The principal investigator documented and notified
the ethics committee within 24 hours of any adverse events. If
necessary, a data safety monitoring board consisting of
independent clinical reviewers assessed the situation and
recommended whether the study should continue. The app also
provided direct access to mental health support services via a
“reach out” button on the app’s home screen, allowing users to
contact help if needed.

Data Analysis
To determine the appropriate sample size for this study,
EPIDAT, a specialized statistical software, was used with a
one-sided hypothesis anticipating improved outcomes in the
intervention group. Based on a 95% CI and a 5% margin of
error, EPIDAT recommended reducing the initial pool of 296
health care personnel to a final sample size of 211 participants.
Of these, 96 were allocated to the control group and 115 to the
intervention group. However, there was an approximate loss of
29 participants, representing about 15% of the recommended
sample size, due to personnel leaving the hospital or not
completing the study.

As the study required active participant engagement with the
Psicovida app, blinding participants to group allocation was not
feasible. However, outcome assessors and data analysts were
blinded to group assignments to reduce bias during data

collection and analysis. Fortunately, there was no attrition during
the study period, ensuring that all participants completed both
baseline and postintervention assessments, thereby preserving
the integrity of the data and the validity of the findings.

Descriptive statistics were used to summarize demographic
characteristics, with chi-square tests for categorical variables
and t tests (2-tailed) for continuous variables to compare
distributions between groups. The impact of the Psicovida app
on depression and emotional distress was analyzed using paired
t tests for within-group comparisons and independent t tests to
assess changes between groups. Effect size calculations were
performed to evaluate the clinical significance of these findings.

To further understand the intervention’s impact, binary logistic
regression models were constructed to examine predictors of
depression (PHQ-9 scores) and emotional distress (GHQ-12
scores) at the end of the study, considering factors such as app
use, baseline psychopathology, and demographic variables. All
statistical analyses were conducted using SPSS software (IBM
Corp), with significance set at P<.05, based on data sourced
from the Psicovida app database as of March 2023.

Ethical Considerations
This study received approval from the Human Research Ethics
Committee of the Carlos Andrade Marín Hospital (registration
number IESS-HCAM-CEISH-2022‐0007) on April 21, 2022.
All procedures adhered to the ethical standards of the
institutional and national research committee, as well as the
principles of the Declaration of Helsinki. No exemptions from
ethical review were sought, as the study involved human
participants.

Participants provided informed consent digitally before enrolling
in the study. The consent process included detailed information
on the study’s purpose, objectives, potential benefits, risks, and
confidentiality measures. Participants confirmed their voluntary
agreement by checking a digital consent form. They were
informed of their right to withdraw from the study at any time
without repercussions.

To ensure participant privacy and confidentiality, all data
collected through the Psicovida mobile app were anonymized
prior to analysis. Identifiable information, such as email
addresses, was encrypted and stored in a secure database
accessible only to the research team. Unique identifiers were
used to link participant data while preserving anonymity during
analysis. No personally identifiable information was included
in the final dataset.

Participants were not provided with financial or material
compensation for their participation in this study. Instead, they
were thanked for their contribution to advancing mental health
research and given general recommendations for maintaining
long-term mental health upon completing the study.

Results

Overview
Between January 2023 and March 2023, 296 health care workers
expressed interest in participating in the Psicovida study. Based
on EPIDAT’s recommendations, the sample size was reduced
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to 211 eligible participants who provided informed consent and
were assigned to either the Psicovida intervention group (n=115)
or the control group (n=96). However, due to a 15% dropout
rate, approximately 29 participants discontinued their
involvement. As a result, the final distribution included 94

participants in the control group and 88 in the intervention
group, who were evaluated for the primary outcome. The
procedure for the Psicovida quasi-experimental trial is presented
in Figure 2.

Figure 2. Psicovida study participation flowchart based on the CONSORT (Consolidated Standards of Reporting Trials) 2011 statement recommendations.
GHQ-12: General Health Questionnaire-12; PHQ-9: Patient Health Questionnaire-9.

In terms of app use, 34% (30 participants) in the intervention
group used the app for the full duration of 10‐12 weeks, 42%
(37 participants) used it for 7‐9 weeks, and 24% (21
participants) used it for fewer than 6 weeks. This variation in
usage was taken into account in the analysis to understand the
impact of exposure levels on primary outcomes.

Table 1 reveals a distinct age group distribution within the app
use group, primarily due to the higher percentage of individuals

aged between 18 and 25 years. Both groups exhibited a uniform
distribution of sex and marital status, with females and single
individuals prevailing. Similarly, the predominant education
level was undergraduate studies, consistent with the most
common age group. As for profession, despite having inversely
proportional frequencies in the study groups, there was no
statistically significant difference. Overall, less than 11% (n=19)
of the studied participants engaged in alcohol or tobacco
consumption.
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Table . Distribution of demographic variables in the study groups.a

P valueGroup without interventionIntervention groupDemographic variables

<.001Age (years), n (%)

46 (48.9)54 (61.4)    18‐25

18 (19.2)10 (11.4)    26‐35

20 (21.3)20 (22.7)    36‐55

10 (10.6)4 (4.5)    Over 55

.13Sex, n (%)

54 (57.4)60 (68.2)    Female

40 (42.6)28 (31.8)    Male

.23Marital status, n (%)

46 (48.9)43 (48.9)    Single

12 (12.8)8 (9.1)    Divorced

13 (13.8)19 (21.6)    Free union

23 (24.5)18 (20.4)    Married

.38Educational level, n
(%)

86 (91.5)77 (87.5)    Undergraduate

8 (8.5)11 (12.5)    Postgraduate

.11Profession, n (%)

40 (42.6)48 (54.5)    Doctors

54 (57.4)40 (45.5)    Nurses

Toxic habits, n (%)

.0054 (4.3)15 (17.0)    Alcohol consump-
tion

.00419 (20.2)5 (5.7)    Tobacco consump-
tion

aSource: Database of the Psicovida mobile app, March 2023.

Evaluation of Depression Symptoms at the Beginning
and End of the Groups With and Without Use of the
App (With the PHQ-9 Test)
Table 2 shows the scores in both groups at the start and end of
the research. We categorized the PHQ-9 variable to discern the
proportion of subjects with associated psychopathology
according to the applied test evaluation.

The group using the app showed significant improvements
(P<.001), with a 95% CI, with a difference of 6.17‐9.36. This
suggests that in a sample similar to the one studied, the

application of the app is anticipated to result in a decrease in
the PHQ-9 test score from 6 to 9 points with 95% CI.

At the end of the application, 20% (18/88) of the participants
met the criteria for complete remission or no symptoms of
depression (PHQ-9 scores <5), 32% (28/88) met the criteria for
recovery or mild symptoms (PHQ-9 scores=5‐9) and 48%
(42/88) continued to meet the referral criteria for treatment
(PHQ-9 ≥10). In the group that did not use the app, although a
significant improvement was observed in some participants and
there was a significant decrease in the mean in the final
measurement (P=.03), the percentage that met the referral
criteria for treatment (PHQ-9 scores ≥10) increased by 4%.
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Table . Comparison of the results of the PHQ-9a test in the study groups at the beginning and end of the research.b

P valueEndStart

PHQ-9, mean (SD)

<.0019.00 (4.88)16.77 (7.37)    Cluster with use of the app

.0314.62 (5.48)16.13 (−7.1)    Group without use of the app

PHQ-9 ≥10, n (%)

<.00142 (48)78 (89)    Cluster with use of the app

.3483 (88)79 (84)    Group without use of the app

aPHQ-9: Patient Health Questionnaire-9.
bSource: Database of the Psicovida mobile app, March 2023.

The following graph (Figure 3) shows the differences between
the groups. The initial scores on the PHQ-9 test showed no
statistically significant differences between the groups, but

significant disparities emerged in the final scores. In the app
user group, a decrease in the average was observed, and a large
effect size was calculated (d=0.95).

Figure 3. Comparison of the results of the PHQ-9 test in the 2 study groups. ES: estimated standard error; PHQ-9: Patient Health Questionnaire-9.

Evaluation of the Symptoms of Emotional Distress at
the Beginning and End of the Research Groups (With
the GHQ-12 Test)
Similarly, for the GHQ-12 test (Table 3), we see significant
improvements in the group using the app (P<.001), with a 95%

CI for the difference of 3.99‐5.58. This means that in a similar
sample, using the app is expected to result in an average
decrease in the GHQ-12 test score between 4 and 5 points, about
95% of the time.
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Table . Comparison of the results of the GHQ-12a test in the study groups at the beginning and end of the research.b

P valueEndStart

GHQ-12 , mean (SD)

<.0019.75 (5.24)14.53 (7.22)    Cluster with use of the app

<.00117.04 (5.57)15.15 (5.95)    Group without use of the app

GHQ-12 ≥16, n (%)

<.00110 (11)55 (57.29)    Group with use of the app

.00854 (57)41 (44.71)    Group without use of the app

aGHQ-12: General Health Questionnaire-12.
bSource: Database of the Psicovida mobile app, March 2023.

In this group, 89% (78/88) of the participants met the criteria
for complete remission or showed no distress symptoms
(GHQ-12 scores <16), and only 11% (10/94) still met the referral
criteria for treatment (GHQ-12 scores ≥16). Meanwhile, for the
group without app use, the percentage of participants with
psychopathology increased, and this difference became
statistically significant compared to the initial proportion.

Figure 4 shows the GHQ-12 test results. Initially, both groups
had similar scores. Towards the end, there are significant
differences favoring the app users, with a noticeable effect
(d=1.12). The group without app use also exhibits an increase
in final scores.

Figure 4. Comparison of the results of the GHQ-12 test in the 2 study groups. ES: estimated standard error; GHQ-12: General Health Questionnaire-12.

Binary Logistic Regression of the PHQ-9 Test
The PHQ-9 results in our study were dichotomized to categorize
participants into 2 distinct groups based on their depression
severity levels. Individuals scoring 10 or above were classified
as having moderate to severe depressive symptoms, indicating
a need for further clinical evaluation. Those with scores below
10 were considered to have minimal to mild depressive
symptoms, suggesting lower levels of depression. This
dichotomization allowed for a clearer analysis of the relationship
between demographic factors such as sex, age group, marital
status, educational level, or profession, and depression severity.

Despite this categorization, our findings revealed no significant
relationships between these demographic variables and the final
PHQ-9 results.

The model (Table 4) had the presence of psychopathologies at
the end of the research (PHQ-9f≥10) as the dependent variable.
It includes 2 independent variables: the use of the Psicovida
app (with the use of the app) and the variable (PHQ-9i≥10)
representing the presence of psychopathologies at the beginning
of the investigation, determined by the PHQ-9 test itself. This
model shows a significance of less than .05 in the omnibus test,
indicating that it contributes to explaining the observed event.
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Table . Variables in the equation, PHQ-9a. Variables introduced in step 1: with use of the app and PHQ-9i≥10.

Odds ratio (95% CI)P valueWald chi-square (df)SEbVariables

0.103 (0.047-0.226)<.00132.513 (1)0.398−2.269With use of the appb

8.987 (3.388-23.841)<.00119.458 (1)0.4982.196Step 1a PHQ-9i≥10c

0.847 (N/A)e.690.157 (1)0.419−0.166Constantd

aPHQ-9: Patient Health Questionnaire-9.
bWith use of the app denotes a binary indicator that captures whether participants engaged with the mobile app during the intervention period (coded
1 for use, 0 for nonuse).
cStep 1a PHQ-9≥10 is a baseline severity flag identifying individuals whose initial PHQ-9 score met or exceeded the clinical threshold of 10, indicating
moderate-to-severe depressive symptoms (coded 1 for ≥10, 0 otherwise).
dConstant represents the model intercept—the log-odds of screening positive when both predictors are set to zero (that is, for nonapp users with a
baseline PHQ-9 <10).
eN/A: not available.

The independent variables of the model explain up to 37% of
the dependent variable, and the correct classification level of
the model is 72%. The first independent variable, the use of the
Psicovida app, has a negative coefficient, an odds ratio (OR)
<1, and therefore represents a protective factor, contrary to what
happens with the initial presence of psychopathologies, which

shows a positive coefficient, an OR>1; therefore, it is considered
a risk factor.

Binary Logistic Regression of the GHQ-12 Test
There were no significant relationships between sex, age group,
marital status, educational level, or profession in the final
GHQ-12 results. As well, no association was observed between
the initial or final values obtained in the PHQ-9 test (Table 5).

Table . Variables in the equation, GHQ-12a. Variables introduced in step 1: with use of the app and GHQ-12i≥16.

Odds ratio (95% CI)P valueWald chi-square (df)SEbVariables

0.021 (0.006-0.070)<.00139.697 (1)0.612−3.859With use of the appb

22.054 (6.968-69.798)<.00127.695 (1)0.5883.093Step 1a GHQ-12i≥16c

0.459 (N/A)e.0087.085 (1)0.292−0.778Constantd

aGHQ-12: General Health Questionnaire-12
bWith use of the app denotes a binary indicator that captures whether participants engaged with the mobile app during the intervention period (coded
1 for use, 0 for nonuse).
cStep 1a GHQ-12i≥16 is a baseline severity flag identifying individuals whose initial GHQ-12 score met or exceeded the clinical threshold of 16,
indicating moderate-to-severe anxiety symptoms (coded 1 for ≥16, 0 otherwise).
dConstant represents the model intercept—the log-odds of screening positive when both predictors are set to zero (that is, for nonapp users with a
baseline GHQ-12 <16).
eN/A: not available.

The model used a dependent variable representing the presence
of psychopathologies at the conclusion of the study
(GHQ-12f≥16), and as independent variables, the use of the
Psicovida app and the variable (GHQ-12i≥16), which represents
the presence of psychopathologies at the beginning of the
research (determined by the GHQ-12 test itself). The model
demonstrates a P value below .05 in the omnibus test, suggesting
it significantly contributes to understanding the event in
question.

The independent variables of the model explain up to 54% of
the dependent variable, and the correct classification level of
the model is 83%. The first independent variable, the use of
Psicovida application, has a negative coefficient, an OR <1, and
therefore represents a protective factor, contrary to what happens
with the initial presence of psychopathologies, which shows a
positive coefficient, an OR >1; therefore, it is considered a risk
factor.

Discussion

Principal Findings
In this study, we evaluated the effectiveness of Psicovida, a
mobile app–based CBT intervention, in reducing depressive
symptoms and emotional distress among health care workers.
The results demonstrated its efficacy as a mental health
treatment option, with high user engagement, positive feedback,
and significant reductions in depression severity—nearly half
of the participants showed improvement, and 20% achieved full
remission after three months. These findings, comparable to
those from face-to-face CBT, indicate that Psicovida could be
a scalable solution in resource-limited settings.

Moreover, the data revealed that demographic factors such as
age, sex, education, profession, and marital status did not
significantly influence the intervention’s success, particularly
in urban areas like Quito. This suggests that mHealth
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applications like Psicovida can be effective across diverse user
profiles, making it a versatile tool for addressing mental health
challenges in health care workers.

Perspectives
A pivotal aspect of this investigation centers on the efficacy of
Psicovida in ameliorating symptoms of anxiety and depression.
The initial findings indicated that 16.77% of app users reported
persistent symptoms of anxiety and depression, a figure that
notably declined to 9% following the app’s use. This contrasted
with the control group, which exhibited a negligible shift in
symptomatology, underscoring the app’s potential therapeutic
value. This outcome resonates with the results observed in other
mHealth interventions, such as the MHapp app, which
amalgamates three components (Moodkit, MoodPrism, and
MoodMission) rooted in CBT principles, achieving similar
reductions in anxiety and depression symptoms [23].

Similarly, the Mindset for Depression app, which combines
structured cognitive behavioral tasks with therapist guidance,
has demonstrated comparable reductions in depression severity
[24]. In contrast, user-driven apps focusing on self-management
and flexible health-tracking features, as highlighted in another
study, show the importance of personalization in enhancing
user engagement and outcomes. These parallels further
underscore Psicovida’s potential in reducing depression and
emotional distress, even without direct therapist involvement,
demonstrating the scalability and accessibility of its design in
supporting mental health among health care workers.

Intellicare, another app developed with Intervention Technology
and incorporating diverse media such as videos, audio files, and
animations [25], mirrors Psicovida’s approach in behavior and
cognition modification. A distinctive feature of Intellicare is its
provision of brief individualized assistance by professionals, a
facet absent in Psicovida. Despite this difference, Intellicare’s
impact on reducing anxious and depressive symptoms, as
assessed by the PHQ-9 and Generalized Anxiety Disorder-7
questionnaires, showcases significant parallels with Psicovida,
reinforcing the potential of varied mHealth designs to effectively
address mental health challenges.

The discourse extends beyond symptom reduction to the
enhancement of positive psychological attributes, as evidenced
by apps like OneUS and My Coping Plan [26]. These apps aim
to cultivate positive emotions and thoughts, thereby elevating
general well-being. The OneUS app, for instance, demonstrated
a significant uplift in psychological well-being among its users,
suggesting that mHealth interventions can play a crucial role
in not only mitigating mental health symptoms but also in
promoting positive mental states. This dual capability
underscores the transformative potential of mHealth solutions
in both therapeutic and preventive mental health contexts [27].

Writing exercises have long been recognized as a valuable tool
in digital therapeutic interventions for their ability to foster
self-reflection and cognitive restructuring. In Psicovida, these
activities serve as a core component, encouraging users to
explore their thoughts and emotions in a structured manner to
facilitate changes in thinking patterns [28]. Compared to apps
like Wysa, which use artificial intelligence (AI) for real-time,

adaptive responses to users’ concerns, Psicovida emphasizes a
guided and introspective process. However, integrating AI into
Psicovida could enhance interactivity by offering personalized
feedback or tailored guidance during writing tasks. This hybrid
model would merge the depth of structured exercises with the
adaptability of AI, potentially increasing user engagement and
broadening its appeal [29].

Despite the encouraging trajectories observed in Psicovida and
similar mHealth apps [30], the research landscape in Latin
America, and indeed globally, reveals a pronounced scarcity in
scientifically rigorous studies validating the clinical efficacy of
these digital interventions. The prevailing emphasis on app
usability and feasibility studies, while critical, underscores a
nascent field that is yet to fully embrace the rigorous evaluation
of clinical effectiveness [31]. This gap highlights an urgent need
for comprehensive, long-term studies that can provide a robust
evidence base to inform the integration of mHealth solutions
into standardized mental health care practices, especially in
Latin America [32].

Psicovida’s adaptability is further demonstrated by its potential
to serve diverse user groups. For instance, adaptations inspired
by Stay Strong, an app used to support the emotional well-being
of Australian Indigenous groups [33], could make Psicovida
effective in addressing stress and anxiety in incarcerated
populations. Similarly, features from Intellect, which aids
medical students in managing subclinical obsessive-compulsive
disorder symptoms [34], could be incorporated to support those
facing high stress levels. In the aftermath of global crises, such
as the COVID-19 pandemic, Psicovida could adopt elements
from apps like Foundations to provide structured and accessible
mental health support [35].

The success of mHealth apps like Psicovida, however, depends
on addressing both patient needs and mental health
professionals’ recommendations. Psychiatrists often cite barriers
such as a lack of individualization, inadequate data privacy
protections, and the perception of these tools as supplements
rather than replacements for in-person therapy, especially in
complex cases [36]. Psicovida addresses many of these concerns
by using CBT principles, offering an intuitive design,
personalized content, and flexible scheduling, which optimize
user experiences and complement traditional treatments.
Nevertheless, maximizing the impact of such tools requires
respecting the therapeutic relationship and reinforcing clinical
work, ensuring their acceptance by both patients and
professionals [37].

In synthesizing these insights, it becomes evident that mHealth
applications like Psicovida hold considerable promise in
transforming mental health interventions. Their capacity to
transcend traditional demographic limitations, coupled with
their efficacy in reducing mental health symptoms and
enhancing positive psychological well-being, positions them as
valuable assets in the mental health care continuum [38-41].
However, the journey towards their full integration into
mainstream mental health services necessitates a concerted
effort to bolster the scientific rigor of efficacy studies, ensuring
these digital tools can be deployed with confidence in clinical
and preventive mental health settings. As this field continues
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to evolve [42-44], the intersection of technology and psychology
heralds a new era in mental health care, characterized by
accessibility, personalization, and a holistic approach to
well-being.

Limitations
Despite the significant improvements observed in mental health
outcomes for health care workers using the ’Psicovida’ mobile
app, it is important to acknowledge and critically assess several
limitations inherent to these findings, aligning with the best
guidelines for eHealth practices [37]. First, the
quasi-experimental design presents limitations. While the study
ensured comparable characteristics between groups, a fully
randomized controlled trial (RCT) would enhance internal
validity by further reducing the likelihood of confounding
variables influencing outcomes.

Second, this study was conducted in a single public hospital in
Quito, Ecuador, which may limit the generalizability of the
findings to other health care settings or regions. Factors such
as organizational culture, health care policies, and available
resources vary across institutions and countries, potentially
impacting the app’s effectiveness in other contexts. Expanding
future studies to include multiple institutions in diverse
geographic locations would provide more robust evidence of
the app’s applicability.

Third, the study intervention lasted only 3 months, making it
challenging to assess the long-term sustainability of the app’s
impact on mental health outcomes. Mental health interventions
often require ongoing support to maintain improvements, and
it remains unclear whether participants’ mental health would
regress postintervention without continued app use or alternative
support mechanisms. Additionally, participant engagement with
the app varied, with 34% of participants using it for 10‐12
weeks, 42% (n=37) for 7‐9 weeks, and 24% (n=21) for fewer
than 6 weeks. However, the study did not explore how these
variations in engagement levels might have influenced
outcomes. Understanding the relationship between frequency
and intensity of app use and mental health improvements would
offer valuable insights into optimal usage patterns.

Another limitation involves the reliance on self-reported
measures, such as the PHQ-9 and GHQ-12, which may introduce
bias as participants could underreport or overreport symptoms
due to social desirability or personal perception. While these
instruments are widely validated, incorporating objective
measures of mental health, like clinical interviews or
physiological data (eg, sleep patterns or stress biomarkers),
could provide more comprehensive and unbiased assessments.

Finally, typical limitations in eHealth trials apply here, including
the lack of blinding for participants, which could introduce
expectation bias. Additionally, the multiplicity of outcomes
assessed increases the risk of type I errors. Privacy concerns
and technical issues, though minimal, were not fully explored
in this study but should be considered in future research, as
unintended effects in eHealth interventions may also include
both negative and positive incidental findings.

In this non-RCT, structured reminders and prompts were used
to encourage regular app engagement, which may have

positively influenced adherence and outcomes. However, in a
routine application setting, these elements may be absent,
potentially impacting user adoption and consistent usage.
Additionally, the level of technical support and structured
monitoring available during the trial might not be feasible in
typical usage scenarios. The absence of these supportive features
in everyday settings could lead to decreased engagement,
highlighting the need for integrating alternative engagement
strategies, such as in-app notifications or occasional follow-up
messages, to maintain effectiveness outside the structured
environment of a clinical trial.

Generalizability
The findings of this trial have implications for similar health
care settings but may have limited generalizability to broader
populations. Given that this study focused specifically on health
care workers, the results may not directly apply to a general
internet population or patients outside of the study setting.
Health care workers face unique stressors and mental health
challenges, which may not be reflective of other groups, limiting
the applicability of the intervention’s effects in different
contexts.

Moreover, certain elements of the non-RCT, such as periodic
reminders and structured monitoring, may have positively
influenced user engagement and adherence. In a routine
application setting, the absence of these supportive elements
could reduce both app usage and its effectiveness. To improve
generalizability, future implementations should consider
integrating support features, such as reminders or optional
human guidance, which may enhance engagement and outcomes
outside of a controlled trial environment. Such adaptations could
facilitate the adoption and sustained use of eHealth interventions,
making them more practical and effective in broader health care
and community contexts.

Further Research
Future research should address these limitations to strengthen
the evidence supporting the Psicovida app and similar mHealth
interventions. A fully RCT design could enhance internal
validity by minimizing biases that may arise from a
quasi-experimental approach. Expanding the study across
multiple health care institutions and regions, particularly in
Latin America, is essential. The lack of robust mental health
research in this region, especially among health care workers,
underscores the need for broader evaluations to assess the app’s
effectiveness in diverse and underrepresented contexts.

As this study concluded, Psicovida serves primarily as an
adjuvant to traditional mental health treatments rather than a
standalone solution. Future research should explore how
app-based interventions like Psicovida can be integrated with
conventional therapeutic approaches to maximize effectiveness.
This is particularly relevant for individuals with more severe
mental health conditions, where professional support and
structured treatments are indispensable.

Longitudinal studies are needed to evaluate the long-term effects
of the Psicovida app. While this study demonstrated promising
short-term outcomes, further investigation is required to
determine whether the observed mental health improvements
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persist over time and to identify the optimal frequency or
duration of app use. These studies should also explore the
potential need for supplementary interventions to sustain
benefits, ensuring the app remains effective as a supportive
resource.

Comparative studies between Psicovida, other mHealth apps,
and alternative therapeutic interventions would provide valuable
insights into best practices for app design and implementation.
Such research could help refine strategies to address the unique
challenges faced by health care workers and adapt interventions
to specific cultural or occupational contexts.

Additionally, future research should examine the app’s
effectiveness across various health care roles (eg, doctors,
nurses, and administrative staff) and investigate the influence
of workplace stressors or social support. Understanding how
user engagement impacts mental health outcomes is critical, as
it can inform strategies to optimize adherence and enhance
effectiveness. Incorporating objective mental health assessments,
such as clinical interviews or physiological measures, alongside
self-reported outcomes would further bolster the evidence base.

By addressing these research gaps, future studies can help refine
and expand the application of Psicovida and similar tools,
making them more practical and effective in broader health care
and community contexts.

Conclusions
The Psicovida app represents a significant advancement in the
accessibility and convenience of mental health resources,
offering a valuable tool for users to access support anytime and
anywhere. This is particularly beneficial for individuals facing
barriers to traditional mental health services due to geographic,
social, or economic constraints. The app incorporates a variety
of therapeutic approaches, including CBT and mindfulness, and
provides interactive tools for emotional support, therapeutic
guidance, and progress monitoring.

Despite its benefits, Psicovida should not be seen as a
replacement for face-to-face therapy, but rather as a
complementary resource. The effectiveness of the app can vary
based on the user’s specific condition, the app’s design quality,
and the user’s engagement. Therefore, it’s crucial to have
realistic expectations based on scientific evidence and to view
such apps as part of a broader mental health strategy.
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Abstract

Background: Digital patient registries are actively used to monitor long-term diseases. However, their potential in symptom
management remains underused.

Objective: This study aimed to report on the Finnish registry-based protocol to screen and manage cognitive symptoms and
fatigue in multiple sclerosis (MS). Data on a sample collected during the first 2 years are presented.

Methods: At the beginning of 2021, a Finnish protocol to screen and manage patient-perceived concerns related to cognition
and fatigue, together with self-assessment of disease severity, symptoms, and quality of life (QoL) annually, was introduced. The
Symbol Digit Modalities Test (SDMT), the Multiple Sclerosis Neuropsychological Questionnaire (MSNQ), the Fatigue Scale
for Motor and Cognitive Functions (FSMC), as well as the Patient-Reported Expanded Disability Status Scale, the Visual Analog
Scales, and the Euro QoL-5 Dimension were implemented into the Finnish MS registry. To support symptom management,
patients were offered feedback reports based on the results of the FSMC and the MSNQ. The implementation of the protocol was
evaluated in 5 Finnish wellbeing services counties.

Results: Our sample from the beginning of 2021 to the end of 2022 includes data on 430 patients. A total of 86 (20%) patients
have been assessed with the SDMT, whereas 329 (76.5%) patients have filled out the FSMC, and 172 (40.0%) patients have
completed the MSNQ. The mean SDMT score is 49.0 (SD 13.56), MSNQ score is 35.3 (SD 9.39), total FSMC score is 63.0 (SD
22.49), and subscores for motor and cognitive fatigue are 31.6 (SD 11.43) and 31.5 (SD 11.68), respectively. The SDMT did not
correlate with the MSNQ or the FSMC. Instead, the SDMT, MSNQ, and the FSMC correlated significantly with QoL.

Conclusions: Fatigue and cognitive problems have an effect on QoL. In our preliminary sample, patient reports of cognitive
problems and especially fatigue were conducted more frequently than the objective evaluation of processing speed. Although the
Finnish MS registry offers a digital platform for the systematic screening of fatigue and cognitive problems, further education is
needed to support the implementation of the protocol.

(JMIR Hum Factors 2025;12:e67990)   doi:10.2196/67990
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Introduction

Multiple sclerosis (MS) registries are in active use in many
European countries [1], and the need to develop registry-based
data collection is recognized worldwide [2]. Registries help
with patients’ follow-up and care [3,4]. There is a need to
increase patient involvement and the collection of
patient-generated data. Tools to identify and manage the wide
range of patient-perceived MS-related concerns are needed.
Moreover, there is a special need for early recognition of
symptoms and factors that affect productivity and quality of
life (QoL).

According to a mapping survey, there are 19 MS registries in
Europe [1]. Patient-reported outcomes (PROs) are included only
in 7 registries. One of those is the Finnish MS registry with a
unique patient interface. The Finnish MS registry was launched
in 2014 to enable digital treatment monitoring, systematic
follow-up of incidence and prevalence, as well as the course of
the disease [5]. At present, the registry is used in 18 out of 21
of Finland’s wellbeing services counties, including all 5
university hospitals. A patient interface for PROs was created
in 2017, allowing patients to contribute health data on their
symptoms, QoL, and overall well-being to inform health care
professionals (HCPs) and to support patient-centered treatment
decisions [6,7]. The PROs implemented in the patient interface
include validated patient-reported outcome measures (PROMs)
as well as more informal PRO data.

Fatigue has been presented as the most common symptom of
MS, with a rate of up to 80% [8-10], whereas approximately
50% of patients with MS have been shown to have cognitive
deficits [11]. The negative effects of cognitive problems and
fatigue on working ability have been shown in registry-based
studies [12,13]. Self-perceived cognitive problems and fatigue
have shown a linear relationship with days on sick leave and a
decrease in weekly working hours and self-perceived working
ability [12]. Furthermore, impaired processing speed as
evaluated by the Symbol Digit Modalities Test (SDMT) has
been found to be related to decreased work productivity as
measured by days on sick leave and total annual income [13].
Cognitive deficits and fatigue, as invisible symptoms, often
remain underdiagnosed, and treatment options are considered
too late to promote working ability. Despite these findings,
patient reports on fatigue or cognitive problems are not
systematically included in MS registries [1]. Because the
underlying mechanisms of fatigue are multifaceted and no clear
definition for the symptom exists, the assessment is particularly
challenging and relies heavily on patient report [8]. The fact
that fatigue and cognitive concerns have been reported to be
confounded with depression and problems with mood further
complicates the assessment of the symptoms [14]. At the same
time, the detrimental effects of fatigue and cognitive concerns
on employment call for early diagnostics and treatment.

In 2020, a Finnish initiative called Invisible Symptoms in MS
was presented to meet the need to consider cognitive symptoms

and fatigue systematically and in a cost-effective way already
at the early phases of the disease. The primary aims of the
initiative were to promote early and holistic evaluation and
treatment of MS and to offer patients tools to evaluate and
manage fatigue and cognitive problems by themselves. The
objective of this paper is to describe the protocol to screen and
manage fatigue and cognitive problems by using the Finnish
MS registry. Furthermore, descriptive statistics are reported on
the data collected during the first 2 years following the
implementation of the procedure, based on a sample from 5
well-being services counties.

Methods

Finnish MS Registry
The Finnish MS registry is a browser-based registry for public
health care organizations [5]. The software service is provided
by StellarQ Ltd. The use of the registry is voluntary, and each
well-being services county has decided individually whether to
acquire it. At the time of the study, 17 out of 21 counties used
the registry with data on over 12,500 patients with MS. This is
estimated to cover approximately 90% of all patients with MS
in Finland [6]. The content of the registry is described in detail
elsewhere [5]. All patients registered in the clinician-based
registry can use the patient interface, called MyMS (patient
interface of the Finnish MS registry), which can be accessed
with the national Finnish electronic authorization. A total of
1201 patients with MS were reported to have recorded data into
MyMS by the beginning of 2023 [6]. The content of the patient
interface is described in our previous studies [6,7]. MyMS has
existed since 2017 with the possibility to record background
and lifestyle factors, suspected relapses, medications, need for
assistance and social support, rehabilitation, and other diseases.
Furthermore, 3 self-rating questionnaires, the Fatigue Severity
Scale, the Multiple Sclerosis Impact Scale-29, and the 15D QoL
scale have been available for users to assess their conditions
since 2017 [6].

Registry-Based Protocol for Screening of Fatigue and
Cognitive Problems
The protocol for registry-based evaluation of cognitive problems
and fatigue, along with the patient-perceived disability and QoL,
was accepted by the Expert Academic Advisory Board of the
Finnish MS registry. The protocol has been available since the
beginning of 2021. The annual protocol includes the SDMT
[15] as well as the following PROMs: the Patient-Reported
Expanded Disability Status Scale (PREDSS) [16,17], the Visual
Analog Scales (VASs) on neurological symptoms, the Euro
QoL-5 dimensions [18], the Multiple Sclerosis
Neuropsychological Questionnaire (MSNQ) [19,20], and the
Fatigue Scale for Motor and Cognitive Functions (FSMC)
[20,21]. The questionnaires are scored according to the
standardized procedures of the instruments. The content of the
protocol is described in Table 1.
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Table . The annual protocol for screening and management of fatigue and cognitive problems by using the Finnish multiple sclerosis (MS) registry.

Role in the protocolAssessment method / scoringDomain assessedAssessment tool

Screens for cognitive impairment.
Neuropsychological assessment is
recommended if the score declines
by more than 10% or 4 points com-
pared with baseline or previous as-
sessment.

Assessed by a nurse; the patient
matches symbols with digits in 90
seconds.

Cognitive processing speedSymbol Digit Modalities Test
(SDMT) in clinical MS registry

Provides a perspective on patient-
perceived disease severity.

Patient-reported evaluation of dis-
ease severity on a scale from 0 to 9,
corresponding to the clinician-rated
Expanded Disability Status Scale
(EDSS).

Disease severityPatient-Reported Expanded Disabil-
ity Status Scale (PREDSS) in

MyMSa

Provides perspective on patient-
perceived symptom severity. VAS
mood score can be used to control
the effect of mood on fatigue and
cognition.

Patient-reported evaluation of
symptom severity using a 0 to 100
scale, where 100 indicates the worst
possible symptom.

Neurological symptomsVisual Analog Scales on Neurologi-
cal Symptoms (VAS) in MyMS

Provides perspective on patient-
perceived quality of life.

Patient-reported QoL evaluation
using an index score from 0 to 1,
where 1 indicates perfect QoL.

Quality of lifeEuro Quality of Life-5 Dimension
(EQ-5D) in MyMS

Provides perspective on patient-
perceived fatigue. Offers feedback
to the patient including score inter-
pretations and practical guidance for
managing motor and cognitive fa-
tigue in daily life.

Patient-reported; consists of 10
items on motor fatigue and 10 on
cognitive fatigue, scored from 1
(totally disagree) to 5 (totally agree).
Motor and cognitive subscores up
to 50 each, total score up to 100.

Motor, cognitive, and overall fatigueFatigue Scale for Motor and Cogni-
tive Functions (FSMC) in MyMS

Provides perspective on patient-
perceived cognitive problems. Of-
fers feedback to the patient includ-
ing score interpretation and practical
guidance for managing cognitive
difficulties in daily life.

Patient-reported; consists of 15
items assessing cognitive problems,
each scored from 0 (does not occur)
to 4 (very often/very disruptive),
yielding a total score ranging from
0 to 60.

Cognitive problemsMultiple Sclerosis Neuropsycholog-
ical Questionnaire (MSNQ) in
MyMS

aMyMS: patient interface of the Finnish MS registry.

According to the Invisible Symptoms protocol, patients with
MS were familiarized with MyMS by the MS nurses in the
hospital clinics. Educational material was offered for the nurses.
Patients were provided with a leaflet containing instructions on
how to use MyMS (Multimedia Appendix 1).

Study Sample and Statistical Analysis
A preliminary sample collected from 5 well-being services
counties between the beginning of 2021 and the end of 2022
was analysed. Date imputation, as the middle of the month or
year, was used for clinical variables with partial dates. Date
imputation was not needed for patient-reported data. The date
of the first data entry in the patient interface was considered the
index date to calculate age and disease duration. Descriptive
statistics for demographics and PRO measures included means,
SDs, medians, and IQRs for continuous variables, and counts
and proportions for categorical variables. In addition, the
proportion of missing data was reported.

For the correlation analysis, each pair of samples was created
by matching the earliest dates of 2 PRO recordings that occurred
within 28 days of one another. Correlation coefficients and
testing were based on Pearson’s product-moment correlation.
For controlling and checking the false discovery rate, the
Benjamini-Hochberg procedure was used as a correction for
multiple comparisons. P values under .05 after the correction

were considered significant. All data analyses were done using
RStudio (version 2021.09.1; Posit, PBC).

Ethical Considerations
According to Finnish legislation, the approval of an ethical
committee was not required as the study was a noninterventional
registry study in which patients were not contacted. Patients
permit the use of the data for research purposes including the
secondary use when they log into the registry. Patients did not
get any compensation for participation in the study. All used
data were permitted via Finnish Social and Health Data Permit
Authority Findata, which is responsible for data permits
considering secondary use of data with multiple data sources
and registry keepers (permission numbers
THL/1809/14.02.00/2022 and THL/2104/14.05.00/2023
findata-rems-2023). Clinical data such as age at diagnosis,
course of disease, disease duration, and Expanded Disability
Status Scale (EDSS) [22] were extracted from the clinical MS
registry and PRO data from the patient interface. All the data
was analyzed in pseudonymized form, and in audited secure
processing environment. Only anonymized information can be
exported from the secure processing environment, and
patient-level data is not publicly available to either authors or
third-parties.StellarQ Ltd is the data processor for all data
extracted.
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Results

The Invisible Symptoms protocol was available in 17 out of 21
Finnish well-being services counties at the time of the analysis.
For the purposes of the study, we evaluated a sample from 5
Finnish well-being services counties: Southwest Finland,
Satakunta, Pirkanmaa, Central Finland, North Savo. The
population in these 5 counties represents approximately 30%
of the total population in Finland and approximately 40% of
the national MS population. The 5 counties represent areas with
different population density and prevalence of MS. The

implementation of the protocol was voluntary and depended on
the resources the clinics had to administer the SDMT and
introduce MyMS to the patients.

Altogether, 430 patients in the 5 well-being services counties
had recorded data related to the Invisible Symptoms protocol
into MyMS. The demographic and clinical variables of the
protocol sample are listed in Table 2. The mean age of the
patients at the first PRO recording was 42.5 years, the median
disease duration was 4.1 years, and the median EDSS score was
2.5. Over 80% of patients were women (357 out of 430) and
had a relapsing-remitting course of the disease (354 out of 430).

Table . Demographic and disease-related variables of the patients with data related to the Invisible Symptoms protocol.

Protocol sample (n=430)Variable

Age at MSa onset (years)

33.1 (10.18)    Mean (SD)

108 (25.1)    Missing data, n (%)

35.5 (10.13)Age at MS diagnosis (years), mean (SD)

42.5 (10.28)Age at first PROb recording (years), mean (SD)

357 (83.0)Sex (female), n (%)

Disease course, n (%)

354 (82.3)RRMSc

20 (4.7)SPMSd

22 (5.1)PPMSe

34 (7.9)UNSf

4.1 (0.6-11.3)Disease duration (years), median (Q1-Q3)

EDSSg

2.5 (2.0-3.5)    Median (IQR)

50 (12)    Missing data, n (%)

Education (total years)

14.3 (2.73)    Mean (SD)

118 (27.4)    Missing data, n (%)

Smoking (yes), n (%)

39 (10)Number

24 (6)    Missing data

aMS: multiple sclerosis.
bPRO: patient-reported outcome.
cRRMS: relapsing-remitting MS.
dSPMS: secondary progressive MS.
ePPMS: primary progressive MS.
fUNS: unspecified disease course.
gEDSS: Expanded Disability Status Scale.

Of the 430 patients, 349 (81.2%) patients have filled out the
PREDSS with a mean score of 2.9 (SD 1.67) (Table 3). Table
3 summarizes the coverage of data on the SDMT as well as the
PROMs related to the Invisible Symptoms protocol. The SDMT
assessment was performed on 86 (20%) patients. The PROM
on fatigue, the FSMC, was completed by 76.5% (329 out of

430) of the patients, whereas the PROM on cognitive problems,
the MSNQ, was completed by 40.0% (172 out of 430). When
a patient completes the FSMC, they receive a feedback report
summarizing the results. The report also includes information
about fatigue, along with practical tips for managing it in daily
life. An example of the feedback report is presented as the
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Multimedia Appendix 2. A similar report is available after
completing the MSNQ, summarizing the questionnaire results

and providing tips for managing cognitive problems.

Table . Results on the Symbol Digit Modalities Test (SDMT) and the patient-reported measures of disability, quality of life, fatigue, cognition, and
mood (n=430).

Median (IQR)Mean (SD)Total, n (%)Variable

3.0 (2.0-4.0)2.9 (1.67)349 (81.2)Patient Reported Expanded Disabil-

ity Status Scale score (PREDSS)a

49.0 (40.8-56.8)49.0 (13.56)86 (20)SDMT score

VASb scores, neurological symp-
toms

42.0 (20.0-70.0)45.2 (27.78)319 (74.2)Fatigue

30.0 (10.5-52.0)34.1 (25.96)295 (68.6)Cognition

15.0 (6.8-37.2)25.9 (26.10)264 (61.4)Mood

0.8 (0.7-0.9)0.8 (0.19)297 (69.1)Euro Quality of Life-5D scorec

FSMCd scores

68.0 (47.0-80.0)63.0 (22.49)329 (76.5)Total

34.0 (24.0-41.0)31.6 (11.43)337 (78.4)Motor fatigue

32.0 (23.0-41.0)31.5 (11.68)331 (77.0)Cognitive fatigue

MSNQe scores

35.0 (28.0-41.2)35.3 (9.39)172 (40.0)Total score

2.3 (1.7-2.7)2.2 (0.74)215 (50.0)Memory and learning

2.3 (1.8-3.0)2.4 (0.85)291 (67.7)Attention

2.0 (1.5-2.3)2.0 (0.64)199 (46.3)Verbal, problem-solving, and behav-
ior

aPREDSS 0‐9 where 0 stands for no disability and 9 for bedridden most of the time.
bVAS: Visual Analog Scale. VAS scores where 0 stands for no problems and 100 for worst possible problems.
cEQ-5D: Euro Quality of Life–5 Dimension. Higher scores refer to better quality of life in EQ-5D (range 0‐1).
dFSMC: Fatigue Scale for Motor and Cognitive Functions. Higher scores refer to more severe symptoms/problems in the FSMC (total score range
20‐100, subscore range 10‐50).
eMSNQ: Multiple Sclerosis Neuropsychological Questionnaire. Higher scores refer to more severe/frequent cognitive problems in MSNQ (total score
range 0‐60, subscores are means and range from 0 to 4).

In the present sample, a significant relationship was observed
between disease duration and both the EDSS and the PREDSS
(Figure 1). Disease duration did not show a significant
relationship with any of the measures on mood, fatigue,
cognition, or QoL except for the VAS-F. The EDSS correlated
significantly with the SDMT, the VAS scores on fatigue and
cognition, QoL, FSMC scores, and attentional items of the
MSNQ. The PREDSS showed a correlation pattern similar to
that of the EDSS. In contrast to the EDSS, it also correlated

significantly with the VAS-M, but not with the MSNQ scores.
The SDMT did not correlate significantly with the self-reports
on mood, fatigue, or cognition. Instead, a significant correlation
was observed between the SDMT and QoL. The VAS scores
on fatigue, cognition, and mood correlated consistently with
each other and the Euro Quality of Life–5 Dimension. Both the
FSMC and MSNQ scores showed significant correlations with
self-reports on fatigue, cognition, mood, and QoL.
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Figure 1. Correlation analysis of DDUR, disability (EDSS and PREDSS), SDMT performance, and PROMs on quality of life, fatigue, cognition, and
mood. DDUR: disease duration; EDSS: Expanded Disability Status Scale; EQ-5D: Euro Quality of Life–5 Dimension; FSMC: Fatigue Scale for Motor
and Cognitive Functions; MSNQ: Multiple Sclerosis Neuropsychological Questionnaire; PREDSS: Patient Reported Expanded Disability Status Scale;
SDMT: Symbol Digit Modalities Test; VAS: Visual Analog Scale. *P<.05, **P<.01, ***P<.001.

Discussion

The Finnish invisible symptom initiative presents a protocol
for registry-based screening and management of fatigue and
cognitive concerns. It includes an annual assessment of
processing speed using the SDMT, as well as patient-reported
measures of disease severity, QoL, and symptoms, with an
emphasis on cognitive symptoms and fatigue. For symptom
management purposes, patients are provided with a feedback
report on self-perceived fatigue based on the FSMC and on
self-perceived cognitive problems based on the MSNQ. Our
sample from 5 Finnish well-being services counties shows that
the implementation of the protocol has been gradual, and
patient-reported assessments have been conducted more
frequently than objective assessments of processing speed. The
descriptive statistics of the present sample support earlier
findings on the important role of fatigue and cognitive symptoms
in QoL [7,10,12,13,23].

Our protocol for the screening and management of problems
and fatigue aligns with the recommendations by Kalb et al [24]
for baseline screening and annual follow-up of cognitive
performance in MS using the SDMT. The SDMT has been
introduced as the most sensitive measure of cognitive
performance and processing speed in MS [25]. The Finnish
validation of the brief international cognitive assessment in MS
showed that the SDMT was the most sensitive measure, also in
Finnish patients with MS [20]. In the same study, the MSNQ
and the FSMC were found to be suitable for self-evaluation of
fatigue and cognitive symptoms, provided that the effects of
mood state are adequately controlled. To assess patient

perspective, the MSNQ and the FSMC were thus implemented
into the patient interface of the Finnish MS registry. The VAS
score on mood was used to control the effects of mood on
fatigue and cognitive concerns.

Only 20% (86 out of 430) of the patients in the present sample
were assessed with the SDMT. The mean SDMT score in the
present registry-based sample was higher than that observed in
the Finnish validation study with older and more disabled
patients [20] but in line with international studies with patients
of similar age and EDSS [26-29]. Over 50% (291 out of 430)
of the patients of the present sample had completed the MSNQ,
and over 70% (337 out of 430) of the patients had completed
the FSMC, at least partially. Based on the FSMC [21], the
patients of the present sample reported severe overall fatigue
and moderate motor and cognitive fatigue. Based on the MSNQ
[19], they also perceived at least occasional problems with
cognitive functions. The patients of the present sample reported
more fatigue and cognitive concerns than the patients in the
Finnish validation study [20]. Further, the FSMC scores of the
present sample were higher than those in another Finnish study
involving patients with relapsing-remitting MS [10]. The present
sample is likely overrepresented by patients with pronounced
fatigue and cognitive symptoms, as these individuals were
probably more often instructed to complete the questionnaires
to support symptom management.

In the present sample, physical disability as measured by either
the EDSS or the PREDSS correlated with all the self-report
measures used, except the MSNQ. On the contrary, disease
duration did not have a significant relationship with the
self-reports, certifying the earlier findings that invisible
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symptoms may emerge at any phase of the disease [30]. The
SDMT correlated with both the EDSS and the PREDSS. The
SDMT did not show a significant relationship with the
self-report of depression. On the contrary, self-reports on fatigue
and cognitive problems correlated significantly with those on
depression. These results are in line with earlier findings that
concerns with fatigue, cognition, and mood are interrelated and
should all be considered in the screening and search for optimal
treatment methods [11,14,19,20].

In the Invisible Symptoms initiative, feedback reports based on
the patient’s answers in the MSNQ and the FSMC were
developed. Digital self-management tools could be further
developed into web-based rehabilitation programs that integrate
assessments, feedback, and strategies with individual goal setting
and professional counseling. Positive effects on the management
of cognitive symptoms in MS have been demonstrated not only
through neuropsychological and cognitive rehabilitation, but
also through the use of digital applications [31-33]. Especially
cost-effective, individualized, and holistic intervention with an
input from HCP has been called for [11].

This study has several limitations. The procedure for screening
and managing fatigue and cognitive concerns has been in use
for only 2 years and is not yet fully implemented across all
regions, resulting in a relatively small sample limited to 5 of
Finland’s 21 wellbeing services counties—though these account
for approximately 40% of the national MS population. Adoption
of the protocol has likely been slowed by limited resources for
conducting the SDMT and challenges in interpreting and
integrating PROM data into routine clinical decision-making.
Additionally, the patient interface has so far been available only
as a web-based tool, which may have reduced usability; a mobile
app is currently under development in response to patient

feedback, particularly from younger individuals. The sample
may also over-represent individuals with fatigue and cognitive
symptoms, as participation is voluntary and allows patients to
choose which questionnaires to complete. It is also unknown
whether patients have engaged with the feedback provided.
Despite these limitations, the model offers clinics a structured
means to guide annual assessment and symptom management
through the digital registry. Ideally, this approach would be
applied systematically and include both PROMs and the SDMT,
which is internationally recommended for evaluating cognitive
function in people with MS.

Comprehensive management of invisible symptoms requires
effective communication between HCPs and patients [34,35].
The Finnish Invisible Symptoms initiative provides a systematic
approach to addressing patient-perceived cognitive problems
and fatigue. Cognitive performance and patient-perceived
symptoms, including fatigue and cognitive concerns, can be
assessed annually using validated tools, with results accessible
to patients via the patient interface and to HCPs via the clinician
interface. According to a European survey published in 2019
[1], only 7 out of 19 identified MS registries include
patient-derived measures. Digital registries can serve as
platforms for patient-reported data, empowering individuals to
take an active role in managing their disease, adhering to
treatment, and making beneficial lifestyle choices. As stated by
Lakin et al [34], by pairing clinical knowledge with an
understanding and consideration of the patient perspective,
HCPs are equipped to foster patient-centered dialogue that
encourages shared decision-making and high-quality care. The
need for innovative interventions addressing invisible symptoms
is increasingly recognized. Positive experiences with digital
solutions have already been reported, highlighting the
importance of continued development and evaluation [31,33,36].
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PRO: patient-reported outcome
PROM: patient-reported outcome measure
QoL: quality of life
SDMT: Symbol Digit Modalities Test
VAS: Visual Analog Scale

Edited by A Kushniruk; submitted 25.10.24; peer-reviewed by J Podda, J Zeng; revised version received 09.05.25; accepted 27.05.25;
published 22.08.25.

Please cite as:
Hämäläinen P, Lämsä E, Viitala M, Kuusisto H, Niiranen M, Avikainen S, Puustinen J, Ryytty M, Ruutiainen J, Soilu-Hänninen M
Finnish Registry-Based Protocol for Screening and Management of Fatigue and Cognitive Problems in Multiple Sclerosis: Observational
Study
JMIR Hum Factors 2025;12:e67990
URL: https://humanfactors.jmir.org/2025/1/e67990 
doi:10.2196/67990

© Päivi Hämäläinen, Elina Lämsä, Matias Viitala, Hanna Kuusisto, Marja Niiranen, Sari Avikainen, Juha Puustinen, Mervi
Ryytty, Juhani Ruutiainen, Merja Soilu-Hänninen. Originally published in JMIR Human Factors (https://humanfactors.jmir.org),
22.8.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information must be
included.

JMIR Hum Factors 2025 | vol. 12 | e67990 | p.1035https://humanfactors.jmir.org/2025/1/e67990
(page number not for citation purposes)

Hämäläinen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2025/1/e67990
http://dx.doi.org/10.2196/67990
http://www.w3.org/Style/XSL
http://www.renderx.com/


Health Care Providers’ Experiences and Perceptions With
Telehealth Tools in a Hospital-at-Home Program: Mixed Methods
Study

Shi Yun Low1, BSc, MPH; Stephanie Qianwen Ko1,2, MBBS, MMed, MPH; Ian Yi Han Ang3, BS, MA, PhD
1NUHS@Home, National University Health System, Singapore, Singapore
2Division of Advanced Internal Medicine, Department of Medicine, National University Hospital, 1E Kent Ridge Road, Singapore, Singapore
3Saw Swee Hock School of Public Health, National University of Singapore, Singapore, Singapore

Corresponding Author:
Stephanie Qianwen Ko, MBBS, MMed, MPH
NUHS@Home, National University Health System, Singapore, Singapore

Abstract

Background: The growing demand for hospital-based care, driven by aging populations and constrained resources, has accelerated
the adoption of telehealth tools such as teleconsultations and remote monitoring in hospital-at-home (HaH) programs. Despite
their increasing use in delivering acute care at home, studies exploring health care providers’ experiences and perceptions of
these tools within HaH settings remain limited.

Objective: This study aimed to understand the experiences and perspectives of health care providers toward teleconsultations
and vital signs monitoring systems within a HaH program in Singapore to optimize effectiveness and address challenges in future
implementation.

Methods: A convergent mixed methods approach that combines qualitative in-depth interviews with an electronic survey
designed based on the 5 domains (usefulness, ease of use, effectiveness, reliability, and satisfaction) of the Telehealth Usability
Questionnaire was used.

Results: In total, 37 surveys and 20 interviews were completed. Participants responded positively to the use of both teleconsultation
and vital signs monitoring with a mean total score of each method being 4.55 (SD 0.44) and 4.52 (SD 0.42), respectively.
Significantly higher mean ratings were observed among doctors compared with other health care providers for usefulness (P=.03)
and ease of use (P=.047) in teleconsultations. Health care providers with fewer years of clinical experience also perceived the
use of vital signs monitoring to be more effective (P=.02) and more usable (P=.04) than those with more years of experience.
Qualitative analysis identified four themes: (1) benefits of telehealth for health care providers such as improved work convenience,
efficiency, and satisfaction; (2) challenges of telehealth implementation relating to communication and technology; (3) perspectives
on telehealth impact; and (4) enablers for successful implementation. Comparing both datasets, qualitative findings were aligned
with and confirmed quantitative results.

Conclusion: This study highlighted the benefits and usability of telehealth among health care providers. However, challenges
relating to patient communication, technological issues, and delivery of care were also discussed along with enablers for successful
implementation. These insights can inform strategies to optimize future implementation of telehealth in HaH.

(JMIR Hum Factors 2025;12:e56860)   doi:10.2196/56860
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Introduction

As health care systems worldwide face growing challenges from
aging populations, the demand for hospital-based care continues
to rise, putting increasing pressure on limited health care
resources [1,2]. In response, innovative care models such as
hospital-at-home (HaH) have been developed to meet these

demands [3]. Although the concept of HaH is not novel, its
adoption has gained momentum in recent years driven by
advancements in digital health technologies, with successful
implementations in the United States, Europe, Australia, and
Singapore [4,5]. By leveraging these technologies, HaH aims
to optimize health care delivery, allowing more patients who
require hospital admission to receive treatment at home and
supporting the early discharge of patients whose care can safely
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continue outside the hospital [6,7]. Likewise, HaH played a
critical role in supporting health care systems during the
COVID‐19 pandemic [8-11], drawing attention to its potential
as a promising care model that extends coverage for pandemic
and nonpandemic times.

The integration of digital health tools, such as remote monitoring
systems and telecommunication technologies in HaH, allow
health care providers to remotely assess patients via video or
telephone consultations and monitor self-reported vital signs
and symptoms, creating a seamless and efficient care experience
[10-12]. Studies have consistently shown that these approaches
are both safe and effective, with low mortality and return to
hospital admissions rates [10,11,13,14], and high patient
satisfaction levels, as patients feel reassured knowing their
conditions are remotely monitored [13-17].

Despite these promising outcomes, there remains a lack of
research exploring the experiences and perspectives of health
care providers using telehealth and remote monitoring tools in
the HaH setting. Existing studies that have explored health care
provider experiences with telehealth use have primarily focused
on routine follow-up in outpatient clinics [18-20], long-term
care [21,22], and palliative setting [23] rather than in the HaH
setting caring for acutely ill patients. Understanding these
experiences can help design appropriate training for health care
workers looking to work in HaH settings and develop
appropriate support systems to ensure health care workers’
well-being, the fourth domain of the Quadruple Aim [24] .

To address this gap, we aimed to understand the experiences
and perspectives of health care providers toward
teleconsultations and vital signs monitoring systems within an
HaH program.

Methods

Study Design
This study adopted a convergent mixed methods design.
Quantitative data from an electronic telehealth usability survey
and qualitative data from in-depth interviews were collected
simultaneously during a single data collection phase. These
datasets were then analyzed separately before being interpreted
collectively [25]. The mixed methods approach was chosen for
its capacity to enhance data interpretation by leveraging the
complementary strengths of each method. The quantitative
survey data offer statistical evidence and a general overview of
health care providers’ perceptions regarding the usability of
telehealth in HaH. On the other hand, qualitative interviews
provide valuable contextual information and deeper insights.
By integrating both datasets, a more comprehensive
understanding of health care providers’ experiences and
perspectives can be achieved [26].

Setting and Sample Frame
The National University Health System (NUHS) is one of
Singapore’s 3 public health care clusters, responsible for taking
care of the Western population of Singapore. The HaH program
at NUHS, known as NUHS@Home, offers home-based
hospitalization services to 3 acute hospitals within the health
care cluster [4]. In September 2021, NUHS@Home expanded

its services to include patients with COVID-19 to manage the
surge in cases. To accommodate the larger volume of patients,
patients’ daily clinician review transitioned from in-person
home visits to teleconsultations (both video and audio) with the
care team that consists of doctors, nurses, pharmacists, and
allied health professionals.

Patients admitted in NUHS@Home during the study period
were primarily older adults with COVID-19 infection. Most
were proficient in smartphone use or have younger caregivers
comfortable with using technology to manage patient care at
home. Patients received daily regular scheduled teleconsultations
using their own mobile devices and reported their
home-monitored vitals through a chatbot with an online
reporting form. For patients less proficient with technology,
automated vital sign monitoring kits were provided, which
transmitted home-monitored vitals to the care team and included
a tablet for teleconsultations. Instructions on remote vital signs
monitoring and frequency of teleconsultations were provided
to patients or their caregivers before their admission to
NUHS@Home.

Purposive sampling was used to select participants for this study.
All health care providers who were involved in delivering care
within NUHS@Home between September 2021 and December
2022 were sampled. Those that have used teleconsultation, vital
signs monitoring, or both telehealth methods to provide care in
NUHS@Home, were eligible for the study.

Data Collection

Overview
Participants were recruited via an email invitation sent out by
the primary investigator of the study (SQK) between November
2022 and January 2023. Recruitment for the study concluded
when no new survey responses were received, and data
saturation was achieved for the qualitative component of the
study.

Surveys
We chose to adopt the Telehealth Usability Questionnaire
(TUQ), which assesses usability across 5 domains, that are
usefulness, ease of use, effectiveness, reliability, and satisfaction
[27]. The TUQ was selected as it has been widely used to
capture user perspectives on telehealth utilization [28]. It has
demonstrated strong content validity and internal consistency,
with Cronbach α values ranging from 0.81 to 0.93 for each
domain [27]. The electronic survey included 21 TUQ questions
specific to teleconsultation and the same set of 21 questions
related to vital signs monitoring. Demographic information of
health care providers, their roles in NUHS@Home, previous
telehealth experience, and years of clinical experience were also
collected. Survey questions were presented in English, and
responses to TUQ questions were rated on a 5-point Likert scale
(ranging from strongly disagree [−1] to strongly agree [−5]).

In-Depth Interviews
Participants who completed the electronic survey were also
invited to participate in an additional in-depth interview. A
semistructured interview guide was developed based on the
TUQ domains and existing literature on health care providers’

JMIR Hum Factors 2025 | vol. 12 | e56860 | p.1037https://humanfactors.jmir.org/2025/1/e56860
(page number not for citation purposes)

Low et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


telehealth experiences [29-32]. The interview guide was pilot
tested with 2 other health care providers before the actual
interviews. All interviews were conducted online in English via
Zoom (Zoom Communications, Inc) video call and audio
recorded for analysis. Each interview lasted approximately
between 30 and 90 minutes. The interviews were conducted
and transcribed by the first author of this paper (SYL), a Master
of Public Health graduate student with qualitative training.
Given the comprehensive nature of the interview data collected,
no repeat interviews were conducted, and transcripts were not
returned to participants for clarification.

Data Analysis
Survey data, including participant characteristics and TUQ
scores, were analyzed and summarized using descriptive
statistics. Percentages of responses for each Likert scale point
were calculated for each question. The TUQ total score was
obtained by calculating the mean of responses for all 21
questions. TUQ subscale scores were calculated with the mean
of the responses for the questions in each of the 5 domains.
Means and SDs of TUQ total and subscale scores are presented.
As the TUQ total and subscale scores did not follow a normal
distribution, the Mann-Whitney U test was used to examine
differences in scores between professional groups, years of
clinical experience, and previous telehealth experience. The
significance level was set at α=.05. Statistical analysis was
conducted using the R statistical software version 4.2.2 (R Core
Team).

All audio-recorded interviews were transcribed verbatim,
excluding any local Singaporean slang, and participant
identifiers were omitted during the transcription. The transcripts
were analyzed using an inductive reflexive thematic approach
outlined by Braun and Clarke [33] and Byrne [34]. Transcripts
were coded line-by-line using ATLAS.ti Web software
v5.16.1-2023-10-14 (Lumivero) by SYL with no second coder,
prioritizing the researcher’s reflexive and thoughtful engagement
with both the data and the analytic process. To ensure the rigor
and trustworthiness of emerging subthemes and themes, the
meanings of codes were compared and discussed monthly
among all authors of this study in an iterative and collaborative
process.

Upon completing analysis for both sets of data, qualitative
findings were compared with quantitative results by TUQ
domains to assess confirmation, expansion, or discordance
between the datasets and to draw meta-inferences [35]. Data
integration was completed by SYL, and the Good Reporting of
a Mixed Methods Study criteria [36] guided the reporting of
results to ensure reporting quality (Multimedia Appendix 1).

Ethical Considerations
This study was approved by the National Healthcare Group
Domain Specific Review Board (Ref 2021/00896). Since the
survey was anonymous, the requirement for informed consent
from survey participants was waived. To maintain anonymity
for the survey, respondents who were interested in participating
in the interviews were asked to voluntarily provide their contact
information in a separate, optional section of the survey. This
ensured that survey responses remained anonymous and
unlinked to identifying information unless the respondent
explicitly chose to participate in the interview. Informed consent
was only obtained from participants who expressed interest in
participating in the in-depth interviews. All data collected and
analyzed were anonymized. Each interviewed participant was
also compensated for their time and involvement with SGD $20
(SGD $1=US $0.75).

Results

Participant Demographics
A total of 49 health care providers were invited to participate
in the study. Among the 49 eligible health care providers, 37
responded and completed the electronic survey, resulting in a
response rate of 76%. Out of the 37 survey participants, 20 also
took part in the interviews. While 59% (22/37) of the
participants were doctors, the remaining participants represented
a diverse mix of health care providers of various professions
such as nurses, pharmacists, and allied health professionals
(Table 1). In total, 76% (28/37) of participants reported using
both teleconsultation and vital signs monitoring in
NUHS@Home. The participants had a median of 7 (IQR 4‐10)
years of clinical experience, but 35% (13/37) of them did not
have any previous experience with telehealth.
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Table . Characteristics of participants.

Interview participants (n=20)Survey participants (n=37)Characteristics

Age group (years), n (%)

4 (20)9 (24)20‐29

13 (65)22 (59)30‐39

2 (10)5 (14)40‐49

1 (5)1 (3)50‐59

Sex, n (%)

9 (45)15 (41)Male

11 (55)22 (59)Female

Ethnicity, n (%)

18 (90)33 (89)Chinese

1 (5)1 (3)Malay

0 (0)1 (3)Indian

1 (5)2 (5)Other

Profession, n (%)

9 (45)22 (59)Doctor

4 (20)5 (14)Nurse

5 (25)7 (19)Allied health professional

2 (10)3 (8)Pharmacist

Telehealth methods used, n (%)

2 (10)3 (8)Teleconsultation

5 (25)6 (16)Vital signs monitoring

13 (65)28 (76)Both methods

4 (2-5)4 (2-5)Days per week involved in NUHS@Home, median (IQR)

8 (5-13)7 (4-10)Years of clinical experience, median (IQR)

Previous experience with telehealth, n (%)

6 (30)13 (35)No experience

3 (15)4 (11)<3 months

1 (5)4 (11)3‐6 months

2 (10)5 (14)6‐9 months

0 (0)3 (8)9‐12 months

8 (40)8 (22)>12 months

Survey Results
In total, 31 responses were collected for the use of
teleconsultation in NUHS@Home. The TUQ total score for
teleconsultation ranged from 3.4 to 5, with a mean score of 4.55
(SD 0.44). For teleconsultation, the mean TUQ subscale scores
for each domain, from highest to lowest scores, were as follows:
“usefulness” (mean 4.84, SD 0.30), “satisfaction” (mean 4.73,
SD 0.43), “ease of use” (mean 4.72, SD 0.49), “effectiveness”
(mean 4.31, SD 0.61), and “reliability” (mean 4.06, SD 0.57)

(Figure 1). Furthermore, 34 responses were collected for vital
signs monitoring. The TUQ total scores for vital signs
monitoring ranged from 3.5 to 5, with a mean score of 4.52 (SD
0.42). For vital signs monitoring, the TUQ subscale scores for
“usefulness” (mean 4.8, SD 0.36), “satisfaction” (mean 4.75,
SD 0.35), and “ease of use” (mean 4.7, SD 0.43) were high
(Figure 2). However, “effectiveness” (mean 4.29, SD 0.59) and
“reliability” (mean 3.98, SD 0.87) scored slightly lower. Further
breakdown of TUQ scores is available in Multimedia Appendix
2.
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Figure 1. Telehealth Usability Questionnaire responses for teleconsultation.
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Figure 2. Telehealth Usability Questionnaire responses for vital signs monitoring.

Doctors perceived teleconsultation to be more useful compared
with other health care providers (mean usefulness 4.91 vs 4.67;
P=.03). Similarly, doctors found teleconsultation easier to use
compared with other health care providers (mean ease of use
4.87 vs 4.35; P=.047). No significant differences in TUQ
subscale scores between doctors and other health care providers
were observed for other TUQ domains of teleconsultation or
vital signs monitoring. Health care providers with fewer years
of clinical experience perceived the use of vital signs monitoring
to be more effective (mean effectiveness 4.48 vs 4.04; P=.02)
and more usable (mean 4.63 vs 4.39; P=.04) than those with
more years of clinical experience. No significant differences in
TUQ scores were observed for teleconsultation or other TUQ
domains of vital signs monitoring based on years of clinical

experience. Furthermore, no significant differences in TUQ
scores were found when comparing health care providers based
on previous telehealth experience for both teleconsultation and
vital signs monitoring (Multimedia Appendix 3).

Interview Results
Thematic analysis of the interview transcripts yielded 62 unique
codes, which were grouped into 4 overarching themes and 8
subthemes. The 4 themes identified are benefits of telehealth
tools for health care providers (23 codes and 135 quotes),
challenges of telehealth implementation (16 codes and 133
quotes), perspectives on telehealth impact (14 codes and 84
quotes), and enablers for successful implementation (9 codes
and 66 quotes). A summary of themes, subthemes, and examples
of codes and participant quotes is presented in Table 2.
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Table . Summary of participants’ themes, subthemes, codes, quotes.

Examples of quotesThemes, subthemes, and codes

Benefits of telehealth for healthcare providers

Improved work convenience, efficiency, and productivity

“…it’s a very straightforward sys-
tem that is very easy to learn to

Easy to learn and use vital signs
monitoring systems

navigate, very easy to use.” [ID9,
male doctor]

“So I think teleconsult has it’s good
because we actually cut down trav-

Reduced need for traveling

eling and received a lot of time in
return. The patient is just a phone
call or a video call away… You just
have to have a set of working
equipment in front of you, and you
can just sit in front of that and pro-
vide care for your patients.” [ID15,
female nurse]

“…through the patients submitting
their vitals, actually see and catch

Ability to use telehealth methods to
effectively identify signs of deterio-
ration any red flags immediately. You

know, like persistent high blood
pressure, then we know there’s
something going on. So we can
provide treatment immediately.”
[ID1, female allied health profession-
al]

Enhanced work satisfaction and confidence

“…because it’s all tele, so the team
can be physically close together.

Improved teamwork and collabora-
tion

That means the doctors, the nurses,
the pharmacists, all in like one
room… I think it’s good for like
collaboration or when they have is-
sues or when we have questions, it’s
much easier to just reach them…”
[ID5, male pharmacist]

“We don’t need to gown up and
wear all the PPE. Yeah, so in terms

Facilitated physical distancing and
protecting care providers against
infectious diseases of the safety of the staff and with

infection control, this is definitely a
plus point.” [ID20, female pharma-
cist]

“…I come from a time where phys-
ical consultation is extremely impor-

Improved care provider’s confi-
dence in using telehealth

tant… So at the start, I don’t think
my confidence was very high to do
telemedicine. But after going
through [HaH], the interactions with
patients have been mostly pleas-
ant… I think it has increased my
competence and confidence in
managing patients at home using
telemedicine.” [ID13, male doctor]

Challenges of telehealth implementation

Difficulties in patient communication and engagement
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Examples of quotesThemes, subthemes, and codes

“You don’t get to physically exam-
ine your patients. On top of that,
because you are not seeing them
fully, you can’t read their body lan-
guage, you can’t assess a lot of
things. So you end up having to talk
a lot more to glean more informa-
tion from a patient to make a clinical
decision, as compared to in a ward
or in a clinic where you can size up
patient pretty fast.” [ID9, male doc-
tor]

Difficulty assessing nonverbal infor-
mation and conducting physical as-
sessments

“I guess it’s a lot of repetition.
Sometimes they don’t understand,
or they can’t hear clearly over video
[call]…. Or they can’t really operate
the video calls very well.” [ID11,
female doctor]

Difficulty conveying information to
patients

“You get a few [patients] who just
don’t want to comply with the rules
like they don’t want to submit their
vitals, they don’t want to turn on
video because they’re sleeping, or
they don’t want to pick up their
phone call.” [ID17, female doctor]

Difficulty contacting noncompliant
patients and patients at certain time
of the day

Technological inconveniences related to telehealth systems

“Audio call, sometimes… including
the video calls as well, sometimes
it can be quite choppy. We then
need to make the calls multiple
times. So it tends to get a bit frustrat-
ing also.” [ID7, female nurse]

Care providers encountering techni-
cal issues with vital signs monitor-
ing systems

“Actually, we have feedback to the
[vital signs monitoring system ven-
dors] team. But somehow the team
also can’t quite troubleshoot it when
there’s problem.” [ID15, female
nurse]

Slow and tedious process to recover
and manage technical issues

“…you need to ensure you enter the
patient’s details correctly. Because
[vital signs monitoring system] it-
self, the patient details is not like an
auto flow from [electronic medical
records]. So if you enter wrongly or
when you create the entry wrongly,
then the data error sort of carries
forward.” [ID3, male doctor]

Inconveniences encountered due to
lack of interoperability of informa-
tion technology platforms

Operational issues

“…it got a bit noisy, which is not
that good and also can potentially
compromise confidentiality because
the guy next to you might be talking
very loudly, asking for the NRIC
number of his or her patients, and
your patient might potentially hear
the whole conversation.” [ID16,
male doctor]

Increased risk of compromising pa-
tient privacy during virtual consults
or unconducive environment to
conduct virtual calls
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Examples of quotesThemes, subthemes, and codes

“The use of the automated kind of
system where the vitals can automat-
ically transmit into the system…
involves a bit more resource setup,
because someone needs to go to the
patient’s house and set up the sys-
tem there.” [ID14, male doctor]

Labor intensive for care providers
to set up automated vital signs
monitoring system

Perspectives on telehealth impact

Perceived patient benefits

“…a shorter hospital stay, convalesc-
ing in a very comfortable home en-
vironment. So in terms of the expe-
rience for [the patients], it’s a lot
better.” [ID12, male doctor]

Perceived improved patient experi-
ence due to increased convenience
and comfort

“[Patients] will have more self-
awareness of their health. I think
they will be more in control of their
health when they monitor the blood
pressure themselves.” [ID6, female
nurse]

Improves patient empowerment

Potential benefits to health care systems

“…during COVID, one of the big
issues was a lack of beds. So [tele-
health] definitely helps to free up a
lot of beds, especially for patients
who are technically stable, who
didn’t really need to be in [the hos-
pital].” [ID17, female doctor]

Reducing need for hospital admis-
sions and saving hospital resources

“We can manage a large group of
patients at once. We don’t need to
visit all of them physically.” [ID10,
male doctor]

Increased capacity to care for more
patients

Potential risks and challenges

“Technically, it’s very difficult to
find out if someone is actually, you
know like faking the vitals read-
ing… I think the readings that are
taken at home will have some de-
gree of lower reliability compared
to in the hospital because the opera-
tors are the patients themselves and
the caregivers rather than the nurses
or the healthcare assistants.” [ID14,
male doctor]

Concerns with accuracy of patient
vitals submission

“So we get patients who are very
tired of being chased after to mea-
sure [vital signs] three times a day
because they wouldn’t have other-
wise be required to monitor their
health at all… Also because of the
timing that we would like to see the
vital signs, we also ask them to do
it at 7am, which is not their usual
wake up time.” [ID7, female nurse]

Concerns of “overmonitoring”

Enablers to successful implementation
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Examples of quotesThemes, subthemes, and codes

“…for COVID in particular, major-
ity of the patients are fairly stable…
there’s no reason to believe that they
might deteriorate in front of your
eyes. And I honestly tell you,
medicine and monitoring are proba-
bly the preferred and sensible
route… So honestly patients just
need to go home…and can be mon-
itored at home safely.” [ID12, male
doctor]

Suitability of using telehealth to
manage patients with COVID-19

“I think trust is implicit, we just
have to trust that the numbers they
are submitting is truly what they’re
doing.” [ID13, male doctor]

Importance of care provider-patient
trust

Integrating Survey and Interview Results
Quantitative and qualitative findings were summarized and
meta-inferences were drawn in Table 3. Overall, high levels of
usefulness were attributed to perceptions of increased
convenience, efficiency, and usefulness. High satisfaction rates
were attributed to a positive work environment, teamwork and
collaboration, protection from infectious diseases, and high
levels of acceptance described by participants. Systems were

generally found to be easy to learn and use; however, lack of
interoperability with electronic health records and noncompliant
patients were cited as key challenges. The comparatively lower
scores for effectiveness were likely associated with challenges
relating to patient communication and engagement. Finally, the
lower scores in the “reliability” domain were associated with
technical inconveniences, such as connectivity issues and having
a lengthy turnaround time to resolve technical issues.
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Table . Integration of findings and the mixed methods meta-inference.

Meta-inferenceQualitative resultsQuantitative resultsTUQa domain

Benefits of telehealth:Mean TUQ subscale scores of 4.84
and 4.8 for the use of both telecon-

Usefulness • Confirmation: participants’
positive experiences relating• Improved convenience due to

reduced need for traveling to improved convenience andsultation and vital signs monitoring
respectively.

100% and 98% of participants rated

positivelyb to use of virtual consul-

efficiency, as well as their per-
ception of the suitability of us-
ing telehealth to provide care
for patients with COVID-19,

• Increased flexibility and ease
of reaching out to their patients

• Efficient identification of early
signs of deterioration

tation and vital signs monitoring,
respectively.

align with the high scores ob-
served in the “usefulness” do-Perceptions:

• Perceived patient benefits (eg,
patient empowerment, patient

main.
• Expansion: participants also

shared on their perceived bene-comfort, and convenience)
• Potential benefits to health care

system (eg, saving hospital re-
fits of using telehealth to both
patients and the health care

sources and increased capacity system, thus expanding on the
to care for more patients) concept of usefulness of tele-

health not just for health careEnablers:
providers but also for patients• Suitability of using telehealth

to care for patients with and health care system.

COVID-19

Benefits of telehealth:Mean TUQ subscale scores of 4.73
and 4.75 for the use of both telecon-

Satisfaction • Confirmation: improvements
in work conditions, protection• More opportunity for collabo-

ration and sharing of expertise from infectious diseases, im-sultation and vital signs monitoring,
respectively.

98% and 97% of participants rated

positivelyb to use of virtual consul-

proved teamwork and collabo-
ration, and increased accep-
tance of telehealth described
by participants were able to

• Improvement in work condi-
tions

• Enjoyable virtual interactions
• Increased confidence and ac-

ceptance of telehealthtation and vital signs monitoring,
respectively.

explain and confirm the rela-
tively high scores rated for the
“satisfaction” domain.

Benefits of telehealth:Mean TUQ subscale scores of 4.72
and 4.70 for the use of both telecon-

Ease of Use • Confirmation: the majority of
participants reported that the• Easy to learn and use vital

signs monitoring systems vital signs monitoring systemssultation and vital signs monitoring,
respectively.

94% and 95% of participants rated

positivelyb to use of virtual consul-

were easy to learn and use,
with the utilization of familiar
platforms for teleconsultations
as an enabler. These findings

Challenges of telehealth:
• Difficulty dealing noncompli-

ant patients
tation and vital signs monitoring,
respectively.

• Inconveniences due to lack of
interoperability between sys-
tems

corroborate the high scores
observed in the “ease of use”
domain.

• Labor intensive to set up auto-
mated systems

• Expansion: a handful of the
negative experiences encoun-
tered by the participants relat-Enablers:
ing to inconveniences caused• Using familiar platforms for

virtual consultation by the lack of interoperability
between systems and setting
up of automated systems, and
difficulty dealing with noncom-
pliant patients, could explain
the lower percentage of partic-
ipants who rated positively for
the “ease of use” domain in
telehealth use.
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Meta-inferenceQualitative resultsQuantitative resultsTUQa domain

• Confirmation: the negative ex-
periences reported by partici-
pants, specifically regarding
challenges in patient communi-
cation and engagement, align
with, and provide an explana-
tion for the lower scores ob-
served in the “effectiveness”
domain.

Challenges of telehealth:
• Inability to assess nonverbal

information
• Difficulty communicating with

older adult patients
• Difficulty engaging and estab-

lishing rapport
• Unconducive environment

Perceptions:
• Accuracy of patient vital signs

submissions
• Fear of making wrong clinical

decisions

Mean TUQ sub-scale scores of 4.31
and 4.29 for the use of both virtual
consultation and vital signs monitor-
ing, respectively.

83% and 81% of participants rated

positivelyb to use of teleconsultation
and vital signs monitoring, respec-
tively.

Effectiveness

• Confirmation: recounts of
negative experiences associat-
ed with the technical inconve-
niences related to telehealth
systems, align with and con-
firm the lower scores observed
in the “reliability” domain.

Challenges of telehealth:
• Technical issues with vital

signs monitoring system
• Connectivity issues during vir-

tual consultations
• Process of resolving such is-

sues was often slow and cum-
bersome

Mean TUQ subscale scores of 4.06
and 3.98 for the use of both telecon-
sultation and vital signs monitoring,
respectively.

81% and 72% of participants rated

positivelyb to use of teleconsultation
and vital signs monitoring, respec-
tively.

Reliability

aTelehealth Usability Questionnaire.
bRating either ”strongly agree” or ”agree.”

Discussion

Principal Findings and Comparison With Previous
Work
In this mixed methods study exploring health care providers’
engagement in teleconsultations and vital signs monitoring for
acute care at home, “usefulness,” “satisfaction,” and “ease of
use” received the highest ratings, while “effectiveness” and
“reliability” received lower ratings. These findings were
corroborated during interviews, where overall positive
perceptions were highlighted alongside key challenges related
to patient communication and engagement, and technological
issues.

Our study contributes both fresh insights and confirmation of
existing literature on health care providers’ experiences with
telehealth. Consistent with previous research [37], participants
emphasized the convenience and flexibility of teleconsultations
and vital signs monitoring, particularly in optimizing health
care resources during the COVID-19 pandemic. This marks a
shift from previous reports favoring telehealth use for chronic
diseases [38] or palliative care [39] to acute care settings,
possibly due to the unique demands of the pandemic. Challenges
of managing noncompliant patients in HaH setting differed from
stable chronic conditions in outpatient virtual settings, due to
the acuity and risk of deterioration of these patients [40].
Concerns regarding vital signs accuracy and making clinical
judgments using telehealth tools were also novel observations,
possibly attributed to the adjustment from face-to-face
consultations to telehealth adoption, especially among more
experienced health care providers. Another noteworthy finding
is that telehealth use in a multidisciplinary HaH setting brought
health care providers closer together, fostering collaboration
and shared learning opportunities.

On the other hand, participants who stressed the importance of
interoperability between telehealth systems and electronic
medical records were aligned with existing literature advocating
for seamless integration and data exchange for successful
telehealth implementation [41]. Reports of communication
difficulties and patient engagement issues also mirror previous
findings, underscoring the need for specific communication
skills development among health care providers [42]. In
addition, our study reaffirmed the impact of technological issues
on telehealth reliability [43], emphasizing the need for robust
technical support to ensure system stability, though participants
mainly struggled with the slow resolution of problems rather
than frequent connectivity or technical difficulties. Finally,
participants’ high satisfaction with telehealth use echoes
previous research [37,39,44], highlighting its acceptance and
benefits across diverse care settings.

Health care providers’ real-world experiences offer vital insights
that can help policy makers understand practical implications
and identify policy gaps. Considerations for the real-world
implementation and context can aid in crafting practical
telehealth and HaH guidelines that reflect the realities of these
settings. Health care systems can also learn from these
experiences to create adaptable telehealth-ready systems to meet
the needs of an aging population and improve health care
accessibility, efficiency, and quality. Based on our findings, we
recommend 3 key actions. First, strengthen health care provider
training in developing skills for telecommunication, remote
assessment, and decision-making, along with early exposure to
digital health care tools. Second, ensure the reliability of
telehealth systems through regular checks, updates, and robust
technical support, and additionally integrate systems with
electronic medical records to ensure efficient data exchange.
Finally, promote multidisciplinary collaboration by designing
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physical spaces that facilitate effective communication and
allocate private areas for teleconsultations to ensure patient
confidentiality.

Limitations
Our study has several limitations. First, the health care providers
sampled were from a single HaH program, and their perspectives
may not fully represent those of providers in other programs
that use different telehealth tools or operate in varying contexts.
Nonetheless, we included a diverse range of health care
professions in both the survey and interviews to ensure a broad
representation of experiences.

Second, the sample size in this study may be considered small,
potentially limiting the statistical power of the quantitative
analysis. However, the integration of qualitative data through
a mixed methods approach mitigates this limitation by providing
a more comprehensive and nuanced understanding of trends
observed in the quantitative findings.

Third, there is a potential for recall bias among participants who
were no longer actively staffing the service during the data
collection period. In addition, the qualitative data analysis was
conducted by a single coder and not independently in duplicate
as per best practice. While this approach may introduce bias,
the reflexive thematic approach used during analysis emphasizes
the researcher’s interpretative engagement with the data over
consensus or reliability measures [34]. This enables a richer,
more cohesive analysis that upholds reflexivity and interpretative
rigor. Nevertheless, future studies could enhance richer and
deeper interpretations of the data by incorporating multiple
coders in a collaborative and reflexive manner.

Furthermore, the clinical context during the data collection
period was exclusively shaped by COVID-19, which presents
unique challenges and care requirements compared with
nonpandemic conditions typically managed in HaH programs.
Despite this, our findings offer valuable insights into the use of
telehealth tools, which remain relevant as HaH programs
continue to expand and scale.

Finally, while the TUQ has demonstrated strong validity and
reliability for assessing telehealth usability, it was originally
developed for general telehealth users rather than providers.
Nonetheless, we selected the TUQ for its comprehensiveness
in evaluating core usability dimensions that are also relevant to
health care providers. The comprehensive triangulation of data
underscores the novelty of our study, as it demonstrates the
adaptability of the TUQ beyond traditional end user settings
and highlights its effectiveness in capturing the multidimensional
experiences of health care providers engaging with telehealth
within HaH.

Conclusions
In summary, this study suggests that this generation of health
care providers, though not considered to be formally trained in
the use of telehealth tools, were generally adaptable and held
positive perceptions regarding the usability of telehealth. Our
findings further emphasize the equal importance of the health
care providers as key stakeholders and end users (in addition
to patients) in the development of telehealth tools. As HaH
programs continue to scale internationally, further studies are
needed to design and evaluate telehealth training programs for
HaH healthcare providers and explore the influence of physical
workspace design on health care provider effectiveness when
using telehealth tools.
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Abstract

Background: The burden caused by the use of electronic health record (EHR) systems continues to be an important issue for
health care organizations, especially given human resource shortages in health care systems globally. As physicians report spending
2 hours documenting for every hour of patient care, there has been strong interest from many organizations to understand and
address the root causes of physician burnout due to EHR burden.

Objective: This study focuses on evaluating physician burnout related to EHR usage and the impact of a physician engagement
strategy at a Canadian mental health organization 5 years after implementation.

Methods: A cross-sectional survey was conducted to assess the perceived impact of the physician engagement strategy on
burnout associated with EHR use. Physicians were invited to participate in a web-based survey that included the Mini-Z Burnout
questionnaire, along with questions about their perceptions of the EHR and the effectiveness of the initiatives within the physician
engagement strategy. Descriptive statistics were applied to analyze the quantitative data, while thematic analysis was used for
the qualitative data.

Results: Of the 254 physicians invited, 128 completed the survey, resulting in a 50% response rate. Among the respondents,
26% (33/128) met the criteria for burnout according to the Mini-Z questionnaire, with 61% (20/33) of these attributing their
burnout to EHR use. About 52% of participants indicated that the EHR improves communication (67/128) and 38% agreed that
the EHR enables high-quality care (49/128). Regarding the physician engagement strategy initiatives, 39% (50/128) agreed that
communication through the strategy is efficient, and 75% (96/128) felt more proficient in using the EHR. However, additional
areas for improvement within the EHR were identified, including (1) medication reconciliation and prescription processes; (2)
chart navigation and information retrieval; (3) longitudinal medication history; and (4) technology infrastructure challenges.

Conclusions: This study highlights the potential impact of EHRs on physician burnout and the effectiveness of a unique physician
engagement strategy in fostering positive perceptions and improving EHR usability among physicians. By evaluating this initiative
in a real-world setting, the study contributes to the broader literature on strategies aimed at enhancing physician experience
following large-scale EHR implementation. However, the findings indicate a continued need for system-level improvements to
maximize the value and usage of EHRs. The physician engagement strategy demonstrates the potential to enhance physicians’
EHR experience. Future efforts should prioritize system-level advancements to increase the EHR’s impact on quality of care and
develop standardized approaches for engaging physicians on a broader Canadian scale.

(JMIR Hum Factors 2025;12:e65656)   doi:10.2196/65656

KEYWORDS

electronic health records; health informatics; documentation burden; physician burnout; engagement strategy; evaluation; EHR;
burden; physician; cross-sectional survey
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Introduction

Background
The burden caused by the use of electronic health record (EHR)
systems continues to be an important issue for health care
organizations, especially given human resource shortages in
health care systems globally [1-4]. As physicians report spending
2 hours documenting for every hour of patient care, there has
been strong interest from many organizations to understand and
address the root causes of physician burnout due to EHR burden
[5]. This is particularly important given the growing digital
maturity of many health systems coupled with broader health
care challenges, specifically an overburdened health system and
a health care workforce crisis [2-4]. Over the last few years,
many organizations, including the American Medical
Informatics Association [6], the Canadian Medical Association
[2-4], and the American Medical Association [7], have
recognized and advocated for strategies to target these
challenges .

As a result, there have been many initiatives focused on
mitigating the impacts of EHR burden on physicians. For
example, the 25 × 5 initiative, led by American Medical
Informatics Association and including a task force representing
health professionals or systems, policy or advocacy, impact,
and technology requirements, is focused on developing a
multi-level approach (vendor, health systems, and government)
to reducing documentation burden by 25% in 5 years in the
United States [6,8]. Through these work streams, a toolkit has
been developed that provides recommendations and next steps
at the organization and system levels [8]. In addition, others
have explored unique initiatives to identify and address
EHR-related burden within their own organizations [9]. An
example of this is the Getting Rid of Stupid Stuff initiative from
the University of Colorado, which focuses on removing
redundant processes from the EHR [10]. Other initiatives include
more agile delivery of personalized training and system
optimization targeting the pain points of the end-users [11-13].

However, a key challenge that has impacted the ability to
develop strong recommendations on approaches to address
EHR-related issues has been limited insight into the impact of
these initiatives [9,14,15]. In particular, most of these
evaluations have been limited to a single-site pilot with a limited
duration and small participant size. Moreover, since these studies
examined the intervention immediately after implementation,
there is little information about the long-term impact of these
initiatives on EHR end-user experience [16]. To better
understand the impact of initiatives to reduce EHR burden, it
is essential to evaluate them in large-scale real-world
environments with numerous users, as studies of digital tools
indicate that effectiveness must be tested across diverse settings.
Overall, this study focuses on evaluating physician burnout
related to EHR usage and the impact of a physician engagement
strategy at a Canadian mental health organization 5 years
post-implementation.

Physician Engagement Strategy
The physician engagement strategy [17] was developed in 2018
through feedback from an organizational benchmark survey,

which was conducted to understand the contributors of
EHR-related burden and burnout rate among physicians across
a large Canadian academic hospital [18]. In the benchmark
survey, full-time and part-time physicians at the organization
were invited to provide their perceptions and concerns in order
to co-develop the first iteration of the physician engagement
survey. Briefly, from the benchmark survey, about 75%
(155/208) of physicians with symptoms of burnout reported
that the EHR was a major contributor to burnout. In addition,
participants highlighted process and infrastructure issues that
can be improved through an organization-wide strategy.

As such, the physician engagement strategy was created and
implemented and consists of 4 key components.

The “SWAT” Initiative
One of the main challenges has been an approach to rapidly
identify and address bottlenecks and issues related to the EHR.
As a result, we developed the “SWAT” initiative, which focuses
on bringing an interdisciplinary team to rapidly triage and
address issues related to the EHR in an agile manner [19].

Physician Think Tanks
Given the ongoing challenges of ensuring that decisions made
for the EHR are aligned with the needs of end-users, a medical
staff subcommittee was convened to engage in discussions on
EHR and digital health matters. These think tanks meet on a
monthly basis, and a representative from each medical division
attends to provide feedback and discuss relevant issues.

Communication, Education, and Informatics Strategies
In order to address the outstanding issues from the benchmark
survey, numerous initiatives were implemented. Several peer
education videos to provide peer support on common issues
that physicians encounter in using the EHR. In addition, a
monthly newsletter was implemented to communicate new
changes that have been implemented to the EHR. Lastly, speech
recognition technology (SRT) was procured and implemented
to improve efficiency in documentation. SRT allows physicians
to dictate their documentation directly into the EHR instead of
typing [20].

Using EHR Usage Log Data to Guide Further
Optimizations
In order to assess the impact of these interventions on the EHR,
back-end usage log data are being collected and reviewed. The
solution is included as part of the EHR system and includes
metrics such as documentation time per patient and after-hours
use of the EHR (pajama time).

While smaller evaluations have been conducted on individual
components [19-21], there remains a gap in understanding how
the overall strategy has supported improvements in EHR use
over the past 5 years. It is vital to explore opportunities for
continuously advancing the strategy as new technologies, such
as generative artificial intelligence, are integrated into the
environment [22-28]. This is particularly useful given the
growing issue of physician burnout and the rapid growth of
digital tool adoption in health care organizations outside of
Canada [29-32]. The core contribution of this manuscript is to
demonstrate the impact and lessons learned from implementing
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a multi-pronged organizational strategy focused on reducing
EHR burnout in a real-world environment, as well as some of
the outstanding areas of focus. This work helps support our
limited understanding of these initiatives. This is particularly
relevant to other countries and hospitals as they gain more
advanced, comprehensive EHRs such as the ones being used at
this hospital. EHR-related burnout is a global issue, and these
initiatives can be translated to other organizations facing similar
challenges.

Objectives
In this study, we present our findings from a survey conducted
5 years after the implementation of the physician engagement
strategy. The primary objective is to understand the impact and
perceptions of the strategy’s 4 components and identify
opportunities for further improvement. In order to do so, a
survey was developed that asks questions related to the
effectiveness of each of the components of the strategy. These
findings may be valuable for Canadian health care organizations
seeking to adopt a long-term strategy to enhance physician
experience and reduce EHR-related burden.

The specific aims of this study were to evaluate overall burnout
rates and the extent to which they are linked to the EHR 5 years
after implementing the physician engagement strategy; assess
the perceived effectiveness of the different components within
the physician engagement strategy; and pinpoint key areas for
future improvement and optimization of the physician
engagement strategy to further alleviate EHR-related burden.

Methods

Overview
A cross-sectional survey was conducted in January 2023 for 6
weeks, to evaluate the impact and challenges in delivering the
physician engagement strategy at a large, urban, Canadian
mental health hospital.

Participants and Settings
In order to identify physicians who are eligible for the survey,
we obtained a list from the Medical Affairs department. The
inclusion criteria for physicians are as follows: a staff physician,
resident, or fellow at the organization having a full-time or
part-time appointment at the organization as of November 2022,
and having a psychiatry, addictions, or hospitalist role that
provides care across inpatient, outpatient, emergency, outreach,
and community settings.

Physicians who joined after November 2022 were not invited
to participate in the survey due to their limited exposure and
use of the EHR prior to completing the survey.

In terms of setting, the large academic mental health hospital
is located in Toronto, Ontario, and provides care to over 34,000
patients a year. The EHR system was implemented in 2014 and
is being used for all facets of patient care. In 2017, the
organization achieved Healthcare Information Management
Systems Society (HIMSS) stage 7 on the Electronic Medical
Record Adoption Model (ENRAM) [33], which is used to
identify gaps in EHR usage, guide digital transformation,
improve data access and patient outcomes, and reduce grunt

work. Achieving the highest level, stage 7, of this model is a
testament to the high adoption and use of the EHR for clinical
care and requires our organization to use our EHR in dynamic
ways and leverage analytics and insights.

Data Collection Approach
A web-based survey was deployed to physicians via the
REDCap survey tool (developed by Vanderbily University)
[34,35]. The survey was developed using a co-design approach
with members of the Physician Think Tanks and was informed
by the Benefits Evaluation Framework, benchmark survey data,
and relevant literature. The survey underwent testing with the
Physician Think Tank members to refine its topics, content, and
wording. It was available from January to March 2023, with
biweekly reminders sent to encourage participation. The Chief
Medical Officer (SS) and the Division Chiefs encouraged
physicians to participate in the survey. The survey has 4
components, which can be found in Multimedia Appendix 1.
The first comprises demographics, which include age, gender,
appointment, and years of experience in the organization. The
second component focuses on burnout, which includes the
Mini-Z Burnout questionnaire [36], as well as a question on the
perceived contribution of the EHR to burnout. The third section
contains questions related to the perceived impact of the
initiatives within the physician engagement strategy, as well as
emerging issues of interest outlined by the Physician Think
Tanks. The last section is an open-ended question for
participants to outline opportunities for improvement in terms
of the use of the EHR and initiatives within the physician
engagement strategy.

Data Analysis
Both quantitative and qualitative approaches were used to
analyze the data. For Likert scale questions, descriptive statistics
(eg, mean, standard deviation) were generated. In addition,
one-way ANOVA and Chi-squared tests were used to compare
burnout rates from the benchmark survey. For qualitative data,
a content analysis approach was used to identify the main themes
[37,38]. The analysis was led by authors TT and BL. TT
conducted a review of the qualitative responses and developed
an initial codebook. BL then reviewed and identified any
discrepancies. Any discrepancies were reviewed and discussed
with the rest of the project team. Based on the revised codebook,
TT completed the coding of the qualitative responses. BL then
reviewed the coding to identify and discuss any additional
discrepancies. To ensure the trustworthiness of the data, 2
reviewers have analyzed the data using the approaches outlined
by Elo et al [39]

Ethical Considerations
This work has received approval by the Quality Project Ethics
Review (QPER) Board at the Centre for Addiction and Mental
Health (QPER 2018‐2019 #014) as it was a quality
improvement project and did not require approval from our
Research Ethics Board. Informed consent was obtained for
physicians participating in the project. Numerous safeguards
were also implemented to ensure the confidentiality of
participants. First, data were collected anonymously. Participants
were instructed not to share identifying information in their
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responses. All survey data were de-identified before analysis if
individuals entered identifying information in the survey.
Second, findings were reported only in aggregate form to both
internal and external audiences. Compensation was not provided
to participants.

Results

Participants
Of 254 staff physicians eligible to complete the survey, 128
participants completed it and were included in the analysis
(50%). There were 18 individuals who opened the link to the
survey but did not submit the survey. While we had originally
invited residents and staff fellows to the survey, despite our
extensive efforts in recruitment, we had received very few

responses resulting in a negligible response rate. Hence, they
were not included in the analysis of the survey. The findings of
the survey are described below.

Respondent Characteristics
The demographics reported by participants who completed the
survey (n=128) are outlined in Table 1. Respondents were
primarily staff physicians with outpatient duties and provided
psychiatric care to adult populations. There was a range in years
of experience of respondents, with 27% (35/128) of participants,
reporting 0‐5 years of experience. In terms of gender identity
and ethnicity, there was about equal responses from participants
identifying as a man (45%, 58/128) or woman (42%, 54/128),
and 53% of individuals (68/128) identified with a white ethnic
group.
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Table . Demographic characteristics of respondents.

Number of participants (%) (n=128)Characteristic category

Clinical activities (multiple options were allowed to be selected)

46 (36)    Inpatient physician

93 (73)    Outpatient physician

22 (17)    Emergency department

10 (8)    Community-based care

8 (6)    Outreach

Primary division

23 (18)    Addictions

12 (9)    Adult neurodevelopment and geriatric psychiatry

11 (9)    Child and youth psychiatry

8 (6)    Forensics

46 (36)    General adult and health systems psychiatry

15 (11)    Hospital medicine

13 (10)    Schizophrenia

Frequency in providing care

106 (83)    Full-time (≥0.6FTE)

22 (17)    Part-time (<0.6FTE)

Experience in practicing as a physician

35 (27)    0‐5 Years

26 (20)    6‐10 Years

24 (19)    11‐15 Years

12 (9)    16‐20 Years

12 (9)    21‐25 Years

18 (14)    26+ Years

1 (1)    Prefer not to answer

Age group

3 (2)    <30 years old

46 (36)    31‐40 years old

39 (30)    41‐50 years old

19 (15)    51‐60 years old

13 (10)    61+ years old

8 (6)    Prefer not to answer or did not respond

Gender identity

58 (45)    Man

2 (2)    Non-binary

54 (42)    Woman

14 (11)    Prefer not to answer or not reported

Ethnicity

11 (9)    East Asian

2 (2)    Latin American

9 (7)    Middle Eastern

10 (8)    South Asian
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Number of participants (%) (n=128)Characteristic category

2 (2)    Southeast Asian

68 (53)    White

1 (1)    Indian-Caribbean

1 (1)    Indigenous

4 (3)    Mixed ethnicity

2 (2)    Identity not listed

18 (14)    Prefer not to answer or did not respond

Burnout and Perceptions of the EHR
The level of burnout reported by participants using the Mini Z
questionnaire [32] is outlined in Table 2. About 26% (33/128)
of individuals reported a description that meets the threshold
of burnout. However, only 4% (5/128) of individuals reported

being at the highest and second-highest levels of burnout. Of
those who indicated a level that meets the threshold of burnout,
61% (20/33) of the respondents indicated that the EHR
contributed to their burnout often or always. There was no
relationship between burnout levels and age, ethnicity, or years
of experience.

Table . Reported levels of burnout for benchmark survey and follow-up survey.

Burnout, n (%)

Follow-up survey (N=128)Baseline survey (N=208) [18]Characteristic category

27 (21)45 (22)I enjoy my work. I have no symptoms of burnout.

68 (53)111 (53)Occasionally I am under stress, and I don’t always have as much energy
as I once did, but I don’t feel burned out

28 (22)35 (17)I am definitely burning out and have one or more symptoms of burnout,
such as physical and emotional exhaustion

4 (3)15 (7)The symptoms of burnout that I’m experiencing won’t go away. I think
about frustration at work a lot.

1 (1)1 (1)I feel completely burned out and often wonder if I can go on. I am at the
point where I may need some changes or may need to seek some sort of
help.

There were no significant differences in burnout level
(t(283)=.191, P=.85) between the current survey and the
previously conducted benchmark survey [18]. Of those who
reported burnout, there is a considerable reduction in the number
of individuals who reported that the EHR contributes to burnout
all or almost all the time (t(63)=−1.255, P=.21).

With regard to the perceptions towards the EHR, over half the
participants (74/128) agreed or strongly agreed that the EHR
adds to their daily frustration (Table 3). From a benefits
perspective, a similar proportion of participants also felt that
the EHR improved communication within their circle of care
(67/128), enabled the delivery of high-quality care (49/128),
and kept patients safe (50/128).
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Table . Perceived effectiveness of the various components of the physician engagement strategy.

Participants, N=128, n (%)Characteristic category

Do you think [EHR]a contributes to your symptoms of burnout? (only for
those who answered having at least one or more symptoms of burnout
(n=33))

1 (3)    Rarely

12 (36)    Sometimes

14 (42)    Often

6 (18)    Always

[EHR] adds to my daily frustration.

2 (2)    Strongly disagree

20 (16)    Disagree

32 (25)    Neutral

51 (40)    Agree

23 (18)    Strongly agree

[EHR] improves communication within the circle of care.

2 (2)    Strongly disagree

25 (20)    Disagree

34 (27)    Neutral

55 (43)    Agree

12 (9)    Strongly agree

[EHR] enables me to deliver high-quality care.

8 (6)    Strongly disagree

18 (14)    Disagree

53 (41)    Neutral

43 (34)    Agree

6 (5)    Strongly agree

[EHR] helps keep my patients safe.

4 (3)    Strongly disagree

19 (15)    Disagree

55 (43)    Neutral

44 (34)    Agree

6 (5)    Strongly agree

aEHR: electronic health record.

SWAT Initiative—Rapid Handling of EHR Issues
In the survey, participants indicated whether the SWAT initiative
improved documentation, order entry, and chart navigation
within the EHR (Figure 1A). Of those who provided a response,
about 54% of participants reported that the SWAT initiative

had made some or major improvements across documentation
(69/128) and order entry. For chart navigation, the numbers of
respondents were marginally less, with 40% of participants
indicating that SWAT has made some or major improvements
to the functionalities related to chart navigation (51/128).
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Figure 1. Impact of SWAT (agile approach for resolving electronic health record (EHR)-related issues) initiative on EHR burden (n=128).

In terms of overall experience (Figure 1A), approximately 59%
(75/128) of respondents reported that the SWAT initiative has
made some or major improvement to their use of the EHR.
Similarly, about 42% (54/128) of participants agreed or strongly
agreed that the initiative made them feel their needs were
acknowledged and 45% (58/128) agreed that it provided a
platform to discuss issues pertinent to their practice (Figure 1B).

Communication and Education
With regard to communication, about 77% (98/128) of
respondents recall reading the monthly newsletter that is sent
out from the strategy (Figure 2A). Of those who have read the
newsletter, about half (50/98) suggested that the communication
of EHR changes is efficient through this method.
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Figure 2. Impact of communication and education initiatives (n=128). EHR: electronic health record.

For education, about 64% (82/128) of individuals believe they
are proficient with the use of the EHR, yet only 39% (50/128)
of individuals thought that the education support provided by
the organization is available and sufficient (Figure 2B).
Regarding peer education videos (Figure 2C), about 32%
(41/128) of individuals reported watching 1 of the 3 peer
education videos released to date. For those who did not watch
a video, about 57% (73/128) of respondents were not aware that
peer education videos existed. Among the 41 individuals who

watched a video, 68% (28/41) of individuals reported that the
video was useful, and 66% (27/41) of individuals believed that
the length and details were appropriate.

Informatics Tools (SRT Documentation and Continuity
of Care)
With regard to documentation, about 64% (82/128) of
respondents reported trying to use SRT for documentation
(Figure 3A). Of those who indicated using SRT, 69% (57/82)
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of individuals reported that it was easy to set up and use, and
58% (48/82) of respondents indicated that it integrates well with
the EHR (Figure 3). About 51% (42/82) of respondents believed

that the use of SRT decreased their documentation time (Figure
3B).

Figure 3. Impact of speech recognition technology on documentation in the electronic health record (EHR; N=128). SRT: speech recognition technology.

For continuity of care, participants were asked to comment on
their confidence level regarding delivery of notes to external
health care providers. Only 35% (45/128) of individuals agreed
that they are confident that notes are sent to the provider as
intended (Figure 4A). With automated fax transmission being

the default approach for document delivery within the EHR,
54% (69/128) of respondents indicated that they are somewhat
or very comfortable with sending their notes through the current
automated fax transmission process instead of sending notes
through health records distribution process (Figure 4B).
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Figure 4. Perceptions of continuity of care in the electronic health record (n=128).

Areas of Focus
From the qualitative findings, 4 themes were identified. These
include (1) medication reconciliation and prescriptions
processes; (2) chart navigation and information retrieval; (3)
longitudinal medication history; and (4) technology
infrastructure challenges. These themes are detailed below.

Medication Reconciliation and Prescriptions Processes
Physicians had concerns about the current capabilities of the
EHR with regard to medication reconciliation and transmission
of prescriptions. While medication reconciliation and
communication of prescriptions were identified as highly
important for supporting patient care, the processes involved
were identified as cumbersome and time-consuming. As one
physician outlines:

Outdated and clunky interface - navigation is clumsy
and could be streamlined. More like 2010 than 2023
software…Med Reconciliation is a slow and laborious
chore - great when pharmacists do it. [Psychiatrist,
SC-FT-246]

Another physician also highlights the lack of intuitive search
functionality with the current EHR system:

Discharge med rec is frequently broken and unsafe.
Search function is desperately needed. For example,
cognitive testing hard to find or not accessible, not
organized, not uploaded. [Geriatrics Psychiatry
Physician, GE-APP-47]

Collectively, these limitations of the system can make the
process unsafe for patient care. Furthermore, the impact on
continuity of care back to the community also affects the process
at discharge. Fax is still commonly used for transmission of
prescriptions and documents to community providers and
pharmacies, but the limitations of this technology represent a

significant burden for clinicians. This is particularly outlined
from a physician who engages in telepsychiatry practice:

The prescription function on [the EHR] is awful for
telemedicine prescriptions. First, I have to enter the
prescription on the software. Next, I have to download
the PDF, find that, and sign manually. Finally, I have
to open separate software [company] to fax the
prescription. This whole process takes 5‐10 minutes,
whereas with the other EMR software I can send a
prescription in<1 min. Since I send many
prescriptions per day, I can waste anywhere between
30‐60 min of a clinical day on this cumbersome
prescription faxing process. [Telemedicine
Psychiatrist, AD-AP-22]

Collectively, the administrative burden spent on faxing
prescriptions can take a significant toll on physicians. More
importantly, the lack of feedback from the process hinders the
ability of the physician to know if the process worked for the
patient:

Sending external lab requisitions and prescriptions,
especially when delivering virtual care is
non-obvious, tedious, time-consuming and error
prone. For instance, for nearly 3 months my
prescriptions had a return fax number that no one
could tell me if and where returned faxes from
pharmacies were going to. [Addiction Psychiatrist,
AP-AD-6]

Given the growing adoption of team-based care within the
community, continuity of care through current medication
reconciliation processes and faxing significantly hinders the
value and utility of the EHR.
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Chart Navigation and Information Retrieval
Given the complexity and chronicity of the patient population,
chart navigation was another critical theme outlined by
physicians. For example, several physicians highlighted issues
about being able to view other notes while documenting:

It is horrific that one cannot simultaneously see a
document and type into a note. I don’t know who
designed such a system, they do not understand
physician work at all. Opening an ED note locks you
out of seeing other documentation. [Addiction
Psychiatrist, AD-FT-33]

Being unable to quickly click through the pages, for
example have a tab to click one month back or to be
able to skip an inpatient admission. Being unable to
have a note open while I am also looking at other
applications. Have to write the draft note somewhere
else and paste it. [General Adult Psychiatrist,
GA-FT-171]

As such, being able to review and generate new documentation
can be burdensome and can result in developing workarounds
that are not aligned with best practices. Another key limitation
of the system is the limited ability to search for relevant
documentation. Given that some patients have many previous
consultations, searching through prior documentation efficiently
is critical. One physician highlighted that it:

It can be hard to find needed documentation if the
chart is extensive because the filtering system isn’t
great/doesn’t let you just search for the things you
need. [General Adult Psychiatrist, GA-FT-158]

As such, this can hinder the ability for physicians to understand
the broader clinical picture in a timely manner through the EHR.

Longitudinal Medication History
A review of past medication history often informs
decision-making regarding which medication regimen to trial
next for a particular patient. However, currently, there is a
limited ability to review the medication histories of patients in
a longitudinal way:

[The EHR] is not well set up for longitudinal care.
Medication histories, for example, are not well
captured, nor are key pieces of information easily
parked somewhere that can be referenced later
without having to scroll through many progress notes.
[Schizophrenia Physician, SZ-AP-220]

Having to review numerous progress notes can make it difficult
for physicians to grasp the patient’s history and develop an
evidence-based treatment plan.

Challenges with Technology Infrastructure
Since the implementation of the EHR 10 years ago, physicians
have reported growing issues with regard to the challenges with
IT infrastructure. For example, one psychiatrist highlights how
the application slows down the system when open and takes
excessive amounts of time to complete tasks within the EHR.

The program freezes frequently and then it is a
process to restart it. [The EHR] often has a lag and

this slows down work for outpatient work, there is no
easy way to fax prescriptions. What I do is create a
PDF, open it in program (Premium which I pay for
personally), sign it, save it, then open the [fax]
program, and then send it. The fax process itself takes
5+ minutesand isn’t an effective use of physician time.
[General Adult Psychiatrist, GA-FT-184]

This process becomes especially challenging when physicians
must act under pressure, such as during an emergency code:

To work on multiple units when on call- Duty Doctor
is very time consuming as clinicians are required to
start up their [EHR] on a new computer on each unit
and the initializing process to get into the platform
to access [EHR] takes 5‐10 minutes sometimes
which is very delayed when responding to a code
where a clinician is required to order meds/restraints
etc. [General Adult Psychiatrist, GA-FT-114]

Since IT infrastructure is fundamental to EHR usability, it is
crucial that it remain up to date to ensure the system operates
efficiently and effectively over time, particularly in critical
situations.

Discussion

Principal Findings and Comparison With Previous
Work
This study examines the current findings from the physician
engagement strategy at a Canadian mental health hospital in
Toronto, Canada. Although extensive literature has investigated
the causes of EHR-related physician burnout and proposed
various approaches to address these issues [6], there is limited
research on how physician engagement strategies and their
components interact strategically to mitigate burnout through
a health informatics perspective. To our knowledge, this work
is among the first to involve a large number of Canadian
physicians in assessing the impact of these initiatives within a
cohesive and supportive environment. The findings from this
work are critical given that many of the current studies are pilot
or feasibility studies in a small setting or clinic. This work
provides preliminary insights into how these interventions can
be expanded to an organization and their impact. This is
particularly important given the growing adoption of advanced
EHRs with decision support, artificial intelligence, and other
capabilities [40-44]. Overall, the physician engagement strategy
has positively impacted perceptions and value of the EHR
among physicians. However, there are still many opportunities
for improvement, particularly at the system level. The
implications of these findings are described below.

We found that while the physician overall burnout rate remained
unchanged from the benchmark survey in 2018, the perceptions
of the EHR’s impact on physician burnout have considerably
improved. Physicians who used the physician engagement
initiatives reported enhancements in EHR usage,
communication, education, and documentation, which are key
components of the overall strategy [18]. These findings are
consistent with the growing literature on the role of perceptions
of physician burnout. Several studies have highlighted how
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perceptions can influence overall satisfaction and utility of the
EHR, despite its impact from a quantitative (objective)
perspective [45]. Studies that take a sociotechnical perspective
suggest that characteristics of the individual and the environment
can have a profound impact on burnout rate and EHR usage
patterns [46]. With this in mind, it is likely that understanding
EHR-related burnout requires a broader consideration of the
environment and the system at play.

Since the evaluation was conducted 5 years post-implementation
of the strategy, improvements seem to be sustained over time.
This provides promising support for the long-term impact of
initiatives such as a physician engagement strategy, which is
an area that has not been widely investigated [6].

Several areas for improvement have been identified since the
strategy’s inception, many of which necessitate system-level
interventions. For example, through the qualitative SWAT
interviews, issues related to the transmission of prescriptions
and documentation continue to be critical EHR-related barriers
to continuity of care. In the Canadian setting, initiatives
supporting electronic prescribing continue to progress at a slow
pace, despite the high interest and discussion over the last decade
[47]. In addition, functional interoperability could be used to
support better continuity of care and the sunsetting of aging
technology such as faxing [48]. As such, while these initiatives
have made improvements to the use of the EHR, there continues
to be a significant requirement for novel, system-level solutions
that fall outside the scope of a single organization or single
digital tool. As a next step from this work, the project team will
focus the efforts of the strategy on addressing these challenges.

Finally, this work makes a significant contribution to the
international literature on interventions to reduce EHR burden
for physicians. To date, most of the literature, including the 25
× 5 toolkit and the Getting Rid of Stupid Stuff initiative, has a
strong focus on the US context [10]. However, these constraints
do not necessarily apply to the Canadian and international
context. As such, the impact observed in this study provides
suggestive evidence of the broad impact these tools can have,
irrespective of clinical and administrative environments. Future
work should focus on examining the impact of similar initiatives
and strategies in other geographical and cultural contexts.

This work has broad-reaching implications for health care
organizations and health systems. At the organization level,
clinicians and health administrators can consider building and
evaluating similar strategies within their own organizations. By
leveraging similar evaluation approaches and methodologies
(eg, Mini-Z for burnout), it will enable comparison and
optimization of the initiatives outlined in this strategy. For
researchers, it would be useful to explore how theoretical
frameworks from implementation science and change
management can be used to further understand the impact and
key success factors in rolling out these initiatives across complex
health care environments. At the health policy and system level,
policy makers and health care organizations can leverage the
findings from this study to inform the development of
system-level recommendations and initiatives to address the

root causes that are consistent across the health care system (eg,
interoperability).

Limitations
The study’s findings should be interpreted with caution due to
several limitations. Foremost, the strategy is currently being
evaluated in a single health care organization for staff physicians
only. Despite our efforts to recruit residents and fellows through
engagement of leadership and communications, the rapid
turnover and limited time at the organization make it difficult
to recruit learners to complete the survey. Future work should
focus on exploring ways to enhance reach and engage these
groups in EHR-related burden. Moreover, due to the limited
number of time points available in the evaluation, this study
fails to examine how the broader environment and the temporal
nature of events can influence the impact of this strategy on
EHR burden. In addition, there are currently limited validated
instruments to examine the effectiveness of these interventions.
As such, the questions of the survey were based on the feedback
from the liaison members of the Physician Think Tank and the
members of the project team. Future work should focus on
developing validated survey instruments to assess initiatives
for reducing EHR-related burden [6]. Lastly, this study did not
examine objective data sources like EHR usage logs, which
could provide a more comprehensive understanding of the
initiatives’ impacts.

Conclusions
This study evaluates the impact of a physician engagement
strategy on improving physician experience and reducing EHR
burden at a Canadian mental health organization. The study
highlights the ongoing challenges and perceptions of staff
physicians regarding the EHR system, emphasizing its impact
on burnout, workflow efficiency, and patient care. While
physicians recognized that the EHR improved communication
and supported high-quality care, the system also played a
significant role in daily frustration for many physicians, with
many citing the usability of the system as a major challenge.
However, the cross-sectional survey suggests significant
improvements in EHR use since the inception of the strategy
in 2018. In addition, the findings from the survey demonstrate
the feasibility and preliminary effectiveness of these initiatives
on reducing EHR burden at an organizational level. Despite
some positive findings, additional interventions and system-level
changes are needed to further reduce EHR burden and enhance
physician experience and patient care. Gaps continue to persist
in areas such as medication reconciliation, chart navigation, and
the reliability of IT infrastructure. Targeted improvements such
as streamlining prescription processes, enhancing search
functionalities, and addressing system inefficiencies could
alleviate some administrative burdens and improve physician
satisfaction. Addressing these concerns is essential to optimizing
the usability of the EHR and supporting physician well-being
in clinical practice. Future work should also focus on exploring
how these system-level changes can be adopted and explored
in other health systems.
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Abstract

Background: The Swedish health care system is undergoing a transformation. eHealth technologies are increasingly being
used. The System Usability Scale is a widely used tool, offering a standardized and reliable measure for assessing the usability
of digital health solutions. However, despite the existence of several translations of the System Usability Scale into Swedish,
none have undergone psychometric validation. This highlights the urgent need for a validated and standardized Swedish version
of the System Usability Scale to ensure accurate and reliable usability evaluations.

Objective: The aim of the study was to translate and psychometrically evaluate a Swedish version of the System Usability
Scale.

Methods: The study utilized a 2-phase design. The first phase translated the System Usability Scale into Swedish and the second
phase tested the scale’s psychometric properties. A total of 62 participants generated a total of 82 measurements. Descriptive
statistics were used to visualize participants’ characteristics. The psychometric evaluation consisted of data quality, scaling
assumptions, and acceptability. Construct validity was evaluated by convergent validity, and reliability was evaluated by internal
consistency.

Results: The Swedish version of the System Usability Scale demonstrated high conformity with the original version. The scale
showed high internal consistency with a Cronbach α of .852 and corrected item-total correlations ranging from 0.454 to 0.731.
The construct validity was supported by a significant positive correlation between the System Usability Scale and domain 5 of
the eHealth Literacy Questionnaire (P=.001).

Conclusions: The Swedish version of the System Usability Scale demonstrated satisfactory psychometric properties. It can be
recommended for use in a Swedish context. The positive correlation with domain 5 of the eHealth Literacy Questionnaire further
supports the construct validity of the Swedish version of the System Usability Scale, affirming its suitability for evaluating digital
health solutions. Additional tests of the Swedish version of the System Usability Scale, for example, in the evaluation of more
complex eHealth technology, would further validate the scale.

Trial Registration: ClinicalTrials.gov NCT04150120; https://clinicaltrials.gov/study/NCT04150120

(JMIR Hum Factors 2025;12:e64210)   doi:10.2196/64210

KEYWORDS

application; Swedish; System Usability Scale; usability; validation

Introduction

In the rapidly evolving landscape of global health care, the
advent of eHealth technologies has emerged as a transformative
force that promises innovative solutions to the multifaceted
challenges faced by health care systems worldwide [1,2]. The
Swedish health care system is currently transforming along
these lines. The use of digital applications and other digital
contact methods, collectively described under the term eHealth,
is increasing. The World Health Organization (WHO) defines

eHealth as “the use of information and communication
technologies (ICT) for health.” These technologies include a
wide range of systems interventions, applications, and devices
such as mobile health and telehealth [3]. There is compelling
evidence for the increasing influence of eHealth on the provision
of health care globally today and how it is enhancing the
efficiency and responsiveness of health systems to meet people’s
needs and expectations [3]. It is essential to ensure that health
technologies are designed appropriately to meet the needs of
end users before deploying them as health interventions [4].
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Employing robust evaluation methods to ensure high-level
usability has been recognized as a crucial component of good
practice for achieving this goal [5].

Usability is defined as “the extent to which a product can be
used by specified users to achieve specified goals with
effectiveness, efficiency, and satisfaction in a specified context
of use” [6]. To determine the potential usability of a digital
solution, the System Usability Scale (SUS) has been widely
adopted as a standardized evaluative device. In 1996, Brooke
[7] published the SUS as an instrument that could easily measure
usability. Since then, it has been used to evaluate computer
systems, applications, and other digital solutions in a wide range
of areas [8-10]. The SUS is a questionnaire, consisting of 10
items each scored on a 5-point Likert scale from “strongly
disagree” to “strongly agree.” It is easy to administer and has
been shown to generate results with good reliability and validity
[7,8,11]. The instrument is free, and no fees are required to use
it [7]. With an international reach, it is the most widely used
standardized questionnaire for the assessment of perceived
usability today [10]. The SUS can be used to evaluate a wide
range of usability in products, including digital applications,
mobile devices, and web pages [8-10].

However, as psychometric properties are sample dependent, it
is essential to evaluate the psychometric properties when using
patient-reported outcome measure in new settings or populations
[12]. The SUS has been translated into numerous languages
such as Chinese [13], Finnish [14], French [15], Hindi [15],
Indonesian [16], and Polish [17]. It has undergone psychometric
validation [18], including in Arabic [19], Danish [20], Dutch
[21], German [22], Italian [23], Malay [24], Persian [25],
Portuguese [26], Slovene [27], and Spanish [28]. The
psychometric properties that have resulted from these studies
show that adapted versions of the SUS are a reliable tool for
usability assessments. However, a number of these studies
adopted a general focus and examined only the total sum in the
test. Only a small number of studies have tested the instrument
at an item level [19-28], with none of them in Swedish. This
emphasizes the need for a comprehensive testing of a Swedish
version of the SUS on an item level. Determining the robustness
is critical for ensuring that the measurement instrument has
sufficient validity in the proposed context.

Lewis [10] outlines the essential requirements for translating
the SUS into multiple languages and conducting validations
across diverse countries. In Sweden, one translation of the SUS
has been published in a scientific journal [29], although several
unpublished versions exist [9]. However, the linguistic
discrepancies between these translations give room for
ambiguities, and a united translation with a rigorous
psychometric testing in a Swedish context is warranted.

In 2016, an initial vision was for Sweden to be “the best in the
world” in eHealth by 2025. However, a more realistic view
today is that Sweden has made significant progress in this area.
Within the European context, Sweden demonstrates a distinct
approach to digitalization in health care, emphasizing
collaboration and innovation to address specific challenges and
opportunities [30].

With this in mind, there is a great need for a nationally united
SUS that has been rigorously tested and proven effective. A
robust process of evaluating the psychometric properties of a
Swedish SUS will foster participatory usability research and
ultimately improve the quality of health care services on a
broader scale. Although there are different Swedish translations
of the SUS, there is still a lack of psychometric testing showing
their robustness. Before any Swedish SUS can be recommended
for use, both translation and psychometric evaluation of the
instrument are necessary. Therefore, the aim of this study was
to translate and psychometrically evaluate a Swedish version
of the SUS.

Methods

Overview
This study consists of 2 steps. In step 1, the SUS was translated
and adapted into Swedish. In step 2, the psychometric properties
of the Swedish version were tested: data quality, scaling
assumptions, acceptability, convergent validity, and internal
consistency. The translation, adaptation process, and
psychometric evaluation adhered to the COSMIN
(Consensus-Based Standards for the Selection of Health Status
Measurement Instruments) checklist [31].

The SUS Instrument
The SUS instrument consists of 10 items (statements). The items
are divided equally into positively and negatively worded
statements. Requests for a response are graded on a scale of
agreement ranging from strongly disagree (1) to strongly agree
(5). The score is calculated as follows: for positively worded
items (1, 3, 5, 7, and 9), the score is the position on the scale
(1-5) minus 1, and for negatively worded items (2, 4, 6, 8, and
10), the score is the position on the scale minus 5. Individual
item scores, therefore, can range from 0‐4. The sum of all 10
scores is then multiplied by 2.5, resulting in a total score ranging
from 0‐100, with higher numbers representing greater usability
[7,8].

To date, factor analysis has not been able to show conclusively
whether the SUS consists of one factor (usability) or two
(usability and learnability) [11]. Efforts to replicate these
findings have led to the conclusion that addressing the
instrument as 2 dimensional has no practical or theoretical
interest. This study, therefore, treats the SUS as a
unidimensional instrument of perceived usability [32].

Translation and Adaption
According to Brooke’s [7] original formulation of the SUS, no
formal permission is needed for translation, and it can be used
free of charge. Further, Brooke [7] allows for the possibility to,
in any version, exchange the wording of the scale to a word or
expression suitable for the situation. The translation process
adopted in this study was inspired by Beaton et al [33]. First,
the original instrument was translated from English to Swedish
by one of the researchers (CC), proceeding from the versions
presented by Bangor et al [34] and Lewis [10]. During the
process, perceived difficulties and uncertainties were noted.
This first version was then reviewed and discussed by the group,
consisting of researchers familiar with eHealth, until consensus
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was reached. Second, an authorized translator, naive to the
research field, carried out a back translation on the instrument
and the notes taken during the research process. Finally, the
research group reviewed all versions of the translation, with all
notes attached, and finalized a second version of a Swedish
SUS. This version was then compared to other SUS translations
within the Scandinavian countries for content validity and the
original version for expressions and conceptions that could have
been culturally influenced. Following this last step, the group
then decided upon a final version by consensus. The response
options were structured in the same way as the original
questionnaire, although the phrases “strongly disagree” and
“strongly agree” were exchanged for the Swedish equivalents
of “totally disagree” and “totally agree.”

Psychometric Evaluation

Sample
The evaluation of the psychometric properties was carried out
in conjunction with a larger intervention study evaluating
eHealth, the eChildHealth tablet study [35]. Parents of children
with a range of illnesses and health conditions who were patients
in the pediatric department of a level-3 hospital in the south of
Sweden were invited to take part. A total of 66 parents to 52
unique children gave informed consent and were included in
the eChildHealth tablet study. Of these parents, 62 provided
information on the SUS, resulting in a total of 82 measurements.

Data Collection
Parents were introduced to an app on a tablet computer through
which they could communicate with health care staff after their
child had been discharged from hospital. The app made it
possible to continue to communicate with hospital staff whom
the parents knew well, through chat messages, sending photos,
video calls, and predesigned questionnaires. Using a
questionnaire, data on various aspects of eHealth were collected
for each parent. The SUS was one aspect, and the eHealth
Literacy Questionnaire (eHLQ) [36] was another. A
study-specific questionnaire was used to collect demographic
data such as age and level of education. Between October 2022
and October 2023, the 66 parents were included in study. Data
were collected after 1‐2 weeks of use and at a second time
point for those participants who used a tablet for more than 1
month. These parents constitute the eligible participants for this
study. A sufficient adequate sample size of approximately 80
measurements was based on recommendations from COSMIN
[31] and Beaton et al [33].

Data Analysis
The psychometric properties of the SUS were analyzed with
IBM SPSS Statistics for Windows (version 28.0, IBM Corp).
Descriptive statistics (mean, SD, and percentage) were used to
visualize participants’ characteristics along with data quality,
scaling assumptions, and acceptability. Construct validity was
evaluated by convergent validity, and reliability was evaluated
by internal consistency.

For data quality, use within the clinical setting was determined
by item nonresponse and missing scale scores, as they reflect
the acceptance and understanding of a measure [37]. Data

quality was determined as high if the percentage of missing data
per item was low (<10% acceptable). In this study, there were
missing data in 5 items (ranging from 1/81, 1% to 3/81, 4%),
representing high data quality. Participants with more than 3
unanswered questions were excluded (n=1), while mean
imputation was carried out for those with 1 or 2 missing items
(n=6, all missing 1 item) [38]. This resulted in a total of 81
measurements being included in the final analysis.

Regarding scaling assumptions, the dimensionality of the SUS
has been evaluated previously [32]. In accordance with these
studies, this study assumes that the SUS is to be treated as
unidimensional (all items measure the same construct).
Instruments composed of Likert-scale items can be summarized
if they have similar means and SDs. Furthermore, item-total
correlations (the correlation between each individual item score
and the total score) would indicate if all items contribute equally
to the total score. In line with Hobart et al [37], item-total
correlations with values of r≥0.3 were regarded as sufficient
for summing up the items to a total sum score.

To evaluate the acceptability of score distributions, ceiling and
floor effects along with skewness were calculated. Ceiling and
floor effects were regarded as present if they exceeded 90%,
that is, the percentage of responses for the lowest and highest
scores. Skewness statistics should preferably be within the range
of −1 to +1 [37].

Construct validity was explored through convergent validity.
It was evaluated with the correlation between the high total sum
of the SUS and one of the domains of the eHLQ [36], with the
hypothesis that it would correlate with the total score of the
SUS. Both instruments were distributed to the parents at the
same time points. The eHLQ has already been translated,
adapted, and validated within a Swedish context [39]. The eHLQ
consists of 7 domains across 35 items, with each domain being
extractable and treatable as a separate scale. Responses to each
domain on the eHLQ are recorded on a Likert scale from 1
(strongly disagree) to 4 (strongly agree). The eHLQ was
designed to be used to understand and evaluate people’s
interaction with digital health services [36,39]. The research
group independently reviewed the eHLQ and, after discussion,
decided to use domain 5, measuring the motivation to engage
with digital services. The correlation between the instruments
was assessed using the nonparametric correlation coefficient of
Kendall Tau-b. With regard to the comparative instrument not
being used in total (only 1 domain), the correlation was regarded
as acceptable if it was moderate or greater (>0.3) [40] and with
the level of significance being P<.05.

Internal consistency—how items are related to each other—was
explored according to the indicators recommended by Hobart
et al [37]: corrected item-total correlations and Cronbach α.
The cutoffs were >.04 for acceptable corrected item-total
correlations and >.8 for Cronbach α [37,41]. The internal
consistency was completed with an SEM to analyze the
measurement error of the instrument. The SEM represents the
smallest difference in scores and indicates a change on a group
level. SEM was analyzed with SDbaseline × √1 – reliability and
complemented with a CI 95% [12].
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Ethical Considerations
This study was conducted in accordance with the Declaration
of Helsinki [42] and approved by the Swedish Ethical Review
Authority (2021‐05077). The invited parents were recruited
through gatekeepers at the pediatric department. Information
regarding the study was initially provided orally and then
followed up by written information, before written informed
consent was obtained by a study nurse. Data were handled
confidentially, and participating parents were able to quit
without any explanation or impact on the care their children
received. Participation in the study was voluntary, and no
financial or other form of compensation was provided to the
participants.

Results

Translation and Adaption
Both translations (forward and backward) were similar and did
not differ substantially. Overall, the conformity of phrasing was
high, with some discrepancy for phrasing in statements 2 (I
found the system unnecessarily complex) and 8 (I found the
system very cumbersome to use). In statement 2, the word
“complicated” was suggested in the back translation from the
Swedish word “komplex.” In statement 8, the word “awkward”
was suggested instead of the original word “cumbersome.”

All such discrepancies were discussed within the research group
and a consensus was reached for the final version. The final
step, comparing the Swedish version to other Scandinavian
versions, generated no further changes. Table 1 shows the
original English version and the final Swedish version of the
SUS.

Table . Original English version [7] and the proposed Swedish version of the System Usability Scale, including (1) response alternatives and (2)
statements.

Swedish versionEnglish versionComponent

Response alternatives •• 1 - Instämmer inte alls1 - Strongly disagree
• •2 2

•• 33
• •4 4

•• 5 - Instämmer helt5 - Strongly agree

Statements 1.1. Jag tror att jag skulle vilja använda denna
applikation ofta

I think that I would like to use this system
frequently

2.2. Jag uppfattar denna applikation som onödigt
komplex

I found the system unnecessarily complex
3. I thought the system was easy to use

3.4. Jag tycker att denna applikation är enkel att
använda

I think that I would need the support of a
technical person to be able to use this sys-
tem 4. Jag tror att jag skulle behöva stöd för att

kunna använda denna applikation5. I found the various functions in this system
were well integrated 5. Jag upplever att de olika funktionerna i

denna applikation var väl integrerade6. I thought that there was too much inconsis-
tency in this system 6. Jag tycker att applikationen är inkonsekvent

7. 7.I would imagine that most people would
learn to use this system very quickly

Jag föreställer mig att de flesta personer
skulle lära sig att använda denna applikation
väldigt snabbt8. I found the system very cumbersome to use

8.9. Jag upplever denna applikation som krång-
lig

I felt very confident using the system
10. I needed to learn a lot of things before I

could get going with this system 9. Jag känner mig trygg med att använda denna
applikation

10. Jag behövde lära mig många saker innan
jag kunde komma igång med denna applika-
tion

aIn this study, the Swedish instruction was as follows: "Markera det alternativ som bäst beskriver din reaktion för applikation i surfplatta idag," meaning
“Please indicate your agreement with the following statements, one at a time.”

Psychometric Evaluation of the Swedish Translation
A total of 62 individuals were included in this study. Of these,
20 answered the questionnaire, including the SUS, twice. This

resulted in a total of 81 measurements included in the analysis.
Demographic data for the participants are shown in Table 2.
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Table . Demographic data of participants included in the study (N=62).

ValuesDemographic data

33 (22‐52)Age (years), median (range)

Gender, n (%)

41 (66)        Female

20 (32)        Male

1 (2)        Unknown

Marital status, n (%)

33 (53)        Married

28 (45)        Living together

1 (2)        Divorced or separated

Education level, n (%)

18 (29)        High school

42 (68)        College or university

2 (3)        Other

Born in Sweden, n (%)

52 (84)        Yes

6 (10)        No

4 (6)        Unknown

First language

56 (90)        Swedish

6 (10)        Other

Data Quality
The percentage of missing data per item was low (ranging from
0/81, 0% to 3/81, 4%) across all items. A tendency could be

seen for a higher percentage within the 3 highest steps of the
scale, resulting in 5 items having 0% in the lowest points of the
5-point scale (Table 3).

Table . Missing data (n and %) and item frequency distribution (%) of answers per response alternative in each question of the Swedish System Usability
Scale (n=81). The item “0” equals the response of “1” on the scale, etc.

Item frequency distribution, n (%)Missing data, n (%)Item

43210

19 (23)36 (44)21 (26)5 (6)1 (1)0 (0)1

52 (63)9 (11)16 (20)4 (5)0 (0)1 (1)2

47 (58)24 (29)10 (12)0 (0)1 (1)0 (0)3

58 (71)16 (20)6 (7)0 (0)0 (0)2 (2)4

25 (31)32 (39)21(26)2 (2)2 (2)0 (0)5

40 (49)13 (16)21 (25)3 (4)2 (2)3 (4)6

42 (51)34 (42)4 (5)1 (1)0 (0)1 (1)7

63 (77)10 (13)5 (6)1(1)1 (1)2 (2)8

48 (59)28 (34)6 (7)0 (0)0 (0)0 (0)9

63 (77)14 (17)4 (5)1 (1)0 (0)0 (0)10

Scaling Assumptions
Item means ranged from 2.82 to 3.70 (Table 4). The item-total
correlations showed that each item contributed substantially to

the total score with correlations ranging from 0.454 to 0.731
(Table 5), thus indicating that the scale can be summarized. The
total sum for the SUS in the data ranged between 50 and 100
(mean 84, SD 13).
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Table . Item descriptive statistics for the Swedish version of the System Usability Scale (n=81).

SkewnessScore, mean (SD)Item

−.5502.82 (0.904)1

−1.0943.35 (0.964)2

−1.4903.41 (0.800)3

−1.5853.65 (0.618)4

−.7662.93 (0.940)5

−.8763.09 (1.076)6

−1.0383.44 (0.652)7

−2.6823.66 (0.762)8

−.9433.51 (0.633)9

−2.2033.70 (0.622)10

Table . Item-total statistics for the Swedish version of the System Usability Scale (n=81).

Cronbach α if item deletedCorrected item-total correlationsScale mean if item deletedItem

.8470.46330.801

.8200.73130.302

.8400.53430.223

.8330.65730.004

.8470.47930.725

.8520.46330.576

.8460.45430.217

.8270.68729.998

.8310.67530.129

.8370.58529.9610

Acceptability
As indicated by the item mean score (range 2.82-3.70; Table 4)
and item-frequency distribution (Table 3), the instrument
showed acceptability. For 3 items (4, 8, and 10), the item
frequency was above 70%, which is still within the acceptable
range for the absence of a ceiling effect. Skewness statistics
were below or near the acceptable range of −1 for a total of 7
items, thus indicating that the distribution was excessively
skewed (Table 4).

Convergent Validity
Convergent validity was evaluated with the correlation between
the total sum of the SUS and the total sum of domain 5 in the
eHLQ. As expected, there was a positive correlation between
the total score of the instruments (correlation coefficient 0.305),
which was significant (P=.001) and supported the construct
validity of the Swedish version of the SUS.

Internal Consistency and Measurement Error
Cronbach α for the scale was .852. Corrected item-total
correlations were between 0.454 and 0.731, as shown in Table
5, indicating internal consistency for the different items. For all
items except item 6 (I thought there was too much inconsistency
in this system), the α value if the item deleted was lower than

the Cronbach α for the scale. The SEM was 5.05 (95% CI –4.84
to 14.954) points for the Swedish version of the SUS.

Discussion

Principal Findings
This study presents a new Swedish version of the SUS that is
psychometrically tested. This study seeks to establish the new
Swedish version of the SUS as a reliable and valid instrument
for assessing system usability. Overall, the psychometric testing
showed high data quality, good scaling assumptions, high
internal consistency, and fair convergent validity. Together,
these analyses support the validity and reliability of the new
Swedish version of the SUS.

The translation process of the new Swedish version of the SUS
was executed incrementally, both within and outside the research
team, involving an authorized translator who conducted a back
translation. This method facilitated thorough scrutiny and
comparison of the translation from multiple perspectives. The
approach also helped reduce the risk of bias and improved the
scale’s validity by incorporating multiple viewpoints [43].

The psychometric testing regarding internal consistency showed
that the Cronbach α values were satisfactory and that all items
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contributed to the instrument’s total score. This indicates that
the Swedish translation of the SUS is a stable instrument to use
in a Swedish context.

Convergent validity showed fair correlation between the SUS
and domain 5 of the eHLQ, which measured the motivation to
engage with digital services (I find that digital technology
support me in taking care of my health). This supported our
hypothesis that a generally positive attitude toward digital
solutions would correlate with a high usability score. This
hypothesis is also in line with previous research, which shows
that positive expectations directed toward a product generate
positive subjective usability ratings [14].

There was an indication of a ceiling effect for 3 items on the
Swedish version of the SUS (items 4, 8, and 10). They presented
above 70% in item frequency distribution and a high mean total
score, which is in line with studies indicating a generally high
score for the SUS [10]. Previous studies have also shown ceiling
effects of the SUS but only for the total score [15,44], thus the
responses on the different items can not be justly compared
between studies. This study, however, explores the SUS in much
more detail and in line with recommended psychometric
evaluations, as it explores the psychometric properties for each
item separately [12,37]. Further, the distribution was excessively
skewed. This could be an expected result of the nonnormal
distribution, since negatively skewed variables are assumed to
have a ceiling effect [37,45]. Also, the robustness of skewed
distribution as the sole indicator of ceiling effect has been
questioned [45].

However, based on the skewness result of the items, the question
arises as to whether the range of the response options is wide
enough (5-point scale) and if the wording in the response options
(“strongly disagree” to “strongly agree”) is a sufficient
description. It could be interesting to expand the number of
response options but, arguably, there could be obstacles with
revising such a widely used and widespread instrument.

Regarding the high mean scores for both the total sum and the
items of the SUS, it should be noted that the population had a
mean age of 33 years and are, therefore, used to digital solutions.
This could have influenced their experience of the app.
Therefore, the high item scores of the SUS could also indicate
a product that is perceived to have usability for this group. A
recommendation for future studies would be to test the
instrument in other contexts and with different age groups. This
app was designed to support users who were in exactly the same
situation as the participants in this study: parents in a specific
situation. Going home with a child after hospitalization can be
stressful; the parents in this study reported this eHealth solution
as supportive [46]. The SUS has previously been tested for its
sensitivity in different digital solutions and has shown a high
scoring (ceiling effect) within the best-of-class products [44].

The Swedish government has envisioned Sweden as a leading
country of eHealth in the near future. It has declared the need
for individual users to act as the cocreators of such solutions
[30]. Within eHealth, there has already been a call for a
participatory design to increase the equality of access to digital
solutions [47]. Even though digital technology and eHealth are
intended to enhance access to health care, for example, despite

geographical distances. It may also result in the opposite, as
people have different knowledge in using digital solutions. For
example, younger people tend to use and access digital solutions
differently than older people, which is why solutions should be
adapted to the intended end users [48]. In this study, the
population was younger, as previously discussed, which could
have influenced the result. To have a project design of cocreation
often means that end users are involved from the start of the
project as collaborators. Coproduction, on the other hand, often
involves the end users during the implementation phase [49].
Arguably, the end users are invaluable in all steps of the process,
and the usability of products needs to be evaluated where
instruments such as the SUS can be useful [50]. This study could
therefore be regarded as enhancing the possible participation
of end users in the future development of digital solutions and
eHealth in a Swedish context.

In conclusion, this study indicates that this developed and
psychometrically tested Swedish version of the SUS can be
recommended for use within the Swedish adult context.

Limitations
There are some methodological challenges in this study. First,
the sample could be regarded as small (N=62), although it was
sufficient according to the recommendations [31,33]. A larger
sample might enable different methods of analysis, such as
Rasch analysis, which might offer deeper psychometric insights.

Second, the 1-year interval for data collection could be
considered long in a rapidly changing world. This length of
time could influence how the app was perceived. That said, the
digital product was not changed to any great extent during this
period, so the perception of usability should not have been
influenced to any great extent. Additional data collection was
carried out after COVID-19 restrictions were essentially
withdrawn in Sweden. There is, however, always the possibility
of perceptions fluctuating, as the product could be used in
various ways according to the circumstances of the parents.

Third, there was an intention to pursue a data quality test for
reproducibility as some of the participants answered the SUS
twice. Regrettably, the test-retest sample (n=20) was regarded
as too small in this study, and such analyses need to be
considered in future studies. In addition, the use of imputation
can be discussed. There was a low number of missing data, with
a noncomplete frequency of only 9 responses in total. The
percentage of missing data per item was also low across all
items. This resulted in only 6 imputed scores across the items,
and based on mean score for the item, this was regarded as not
influencing the result noticeably.

Conclusions
This study presents a new Swedish version of the SUS. It is the
first study to carry out a psychometric evaluation of a Swedish
SUS, to establish the Swedish version of the SUS as a reliable
and valid instrument for assessing system usability. Overall,
the psychometric testing showed high data quality, good scaling
assumptions, high internal consistency, and fair convergent
validity, all of which support the validity and reliability of the
new Swedish version. The results from this study are promising.
They raise the possibility that the Swedish version of the SUS
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could be used to evaluate digital health solutions. To further
strengthen the usability of the scale, we suggest additional
analysis on data that evaluate more complex eHealth technology

and include a wider participant age group, both younger and
older.
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Abstract

Background: Evaluating digital health service delivery in primary health care requires a validated questionnaire to
comprehensively assess users’ ability to implement tasks customized to the program’s needs.

Objective: This study aimed to develop, test the reliability of, and validate the Tele-Primary Care Oral Health Clinical Information
System (TPC-OHCIS) questionnaire for evaluating the implementation of maternal and child digital health information systems.

Methods: A cross-sectional study was conducted in 2 phases. The first phase focused on content item development and was
validated by a group of 10 experts using the content validity index. The second phase was to assess its psychometric testing for
reliability and validity.

Results: A structured questionnaire of 65 items was constructed to assess the TPC-OHCIS delivery for primary health care use
based on literature and has been validated by 10 experts, and 319 respondents answered the 65-item TPC-OHCIS questionnaire,
with mean item scores ranging from 1.99 (SD 0.67) to 2.85 (SD 1.019). The content validity, reliability, and face validity showed
a scale-level content validity index of 0.90, scale-level content validation ratio of 0.90, and item-level face validity index of 0.76,
respectively. The internal reliability was calculated as a Cronbach α value of 0.90, with an intraclass correlation coefficient of
0.91. Scales were determined by the scree plot with eigenvalues >1, and 13 subscales were identified based on principal component
analysis. The Kaiser-Meyer-Olkin value was 0.90 (P<.049). The total variance explained was 76.07%, and factor loading scores
for all variables were >0.7. The Bartlett test of sphericity, determining construct validity, was found to be significant (P<.049).

Conclusions: The TPC-OHCIS questionnaire is valid to be used at the primary health care level to evaluate the TPC-OHCIS
implementation. It can assess health care workers’ work performance and job acceptance and improve the quality of care.

(JMIR Hum Factors 2025;12:e53630)   doi:10.2196/53630

KEYWORDS

telehealth; electronic health; eHealth; public health information system; psychometric analysis

Introduction

Background
Digital health is mostly used interchangeably with eHealth,
telehealth, or mobile health in the literature [1,2]. It requires
integrated and interdisciplinary sector involvement to use

knowledge information and communication technology in health
(eg, medicine, public health, pharmaceutical, dentistry, and
health management) [1-8]. It enables the national health system
to ensure population access to health services and the ability to
monitor and evaluate health system delivery performance
[1,2,9]. Electronic health records are created from digital health
systems for case management monitoring and can be shared
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across health care settings [9]. The data sharing platform allows
access to integration interfaces that include electronic medical
records, appointments, electronic prescriptions, e-commerce,
public health surveillance, system monitoring such as
vaccination, environmental health, institutional health
management, and an online platform for teaching and learning
among health care workers (HCWs) [10-16].

Malaysian Digital Health
Malaysia began integrating digital health into its health care
system in 1998 [4,5]. The Telemedicine Act 1997 (Act 564)
was enacted to regulate telemedicine practices in the country
[4,5,17-25]. Later, the telemedicine blueprint was created to
outline the government’s vision for digital health implementation
and align it with the 7 National Multimedia Super Corridor
flagship applications [19-22]. The initiative was referred to as
telemedicine and later restated as telehealth. The telehealth
system serves as a platform for digital health services in
Malaysia [20]. The National Telehealth Policy was launched
to support the Vision 2020 agenda, focusing on four key
components: (1) lifetime health plan, (2) mass customized health
information and education, (3) continuous medical education,
and (4) teleconsultation application [1]. The policy was
formulated during the Eighth Malaysia Plan and managed by
the National Health Informatics Centre Division [4,17,19-22].
The lifetime health plan covers health services from womb to
tomb [19]. The telehealth system also includes the clinical
support system and health information management and support
services, and it encompasses the hospital information system
and the Tele-Primary Care Oral Health Clinical Information
System (TPC-OHCIS) [18-24]. The TPC-OHCIS is a
comprehensive electronic medical record system for primary
health care [22-24]. It was initially developed for outpatient
services at primary health care clinics (PHCs), and later, it
incorporated maternal and child health (MCH), oral health, and
other life stage health services to ensure continuity of care
[21,22]. The development of TPC-OHCIS was a collaborative
effort between the Ministry of Science, Technology, and
Innovation; the Ministry of Health, Malaysia; and the Malaysian
Institute of Microelectronic Systems, Berhad [21-24]. The
system was first tested in the PHCs of Seremban District, Negeri
Sembilan, and later expanded to 34 PHCs across 3 states (ie,
Perlis, Sarawak, and Selangor) [17,21]. To date, the TPC-OHCIS
has been implemented in 108 PHCs across 7 additional states
[22,25]. The TPC-OHCIS is a web-based platform that allows
HCWs to enter data during clinic services or home visits,
automatically updating when connected to the internet [23,24].

Role of Digital Health in Service Quality Performance
The recent COVID-19 pandemic revealed a significant public
health issue in health care system delivery to provide
comprehensive quality care [2,26-28]. Malaysia has experienced
various health service delivery disruptions at PHCs during the
critical phase of the COVID-19 pandemic [29]. MCH services
include a wide range of services covering school health
programs that experienced substantial disruptions due to closing
and movement control orders, thus preventing mothers and
children from receiving adequate health care services [22].
During the COVID-19 pandemic, many countries have improved

health care delivery through digital technology, enhanced
resource coordination, and facilitated universal health coverage
[29,30].

The HCWs at the PHCs worked on the frontlines, assessing
risks, monitoring care treatment, and promoting health
empowerment in the community [17]. Most of the administration
work related to patient care is recorded manually. Even with
the implementation of TPC-OHCIS, many facilities still need
to record data manually and enter it into the system because of
internet instability at some PHCs [22]. At present, there is no
specific policy published by the Ministry of Health to completely
replace manual recording of patient information monitoring
with digital health. The HCWs monitor patients during home
visits and conduct outreach activities to cover areas inaccessible
to health facilities [17,22]. Therefore, it is important to continue
patient using manual data recording when services are provided
offline. The TPC-OHCIS is an electronic medical record system
used as a daily operating system and in “real time” at PHCs
[22-24]. However, the TPC-OHCIS implemented in selected
facilities in Malaysian PHCs is used mostly to record data and
monitor patient care only [22-24].

Specific Study Measurement Tool
The conceptualization of this study diverges from earlier studies
primarily in its integration of advanced technological modalities
and emphasis on patient-centered care delivery, unlike
traditional telehealth frameworks, which often focus on
providing remote consultations or basic medical services
[1,3,18,25]. The TPC-OHCIS incorporates elements of
comprehensive primary care delivery, leveraging telehealth
technologies to facilitate longitudinal patient-provider
relationships, care coordination, and proactive health
management. Moreover, this study’s conceptualization places
a heightened emphasis on the integration of patient health data,
wearable devices, and digital health platforms to enhance care
delivery and patient engagement. The TPC-OHCIS can remotely
monitor patient health metrics, deliver personalized
interventions, and empower individuals to take an active role
in their health management [24]. The importance of
interdisciplinary collaboration and team-based care is crucial
in the implementation of the TPC-OHCIS at PHCs. Hence, it
is important to assess the implementation of TPC-OHCIS by
focusing on technology, organization, environment, or human
resource components, as suggested in the literature [3-5,9].
Earlier studies were conducted to evaluate the effectiveness of
the TPC-OHCIS in improving health care quality; however,
there is limited evidence on assessing HCWs’ perceived
usefulness and ease of use [9,18,25]. A comprehensive study
of HCWs’ perspectives is important to provide a shred of
extensive knowledge and evidence on the TPC-OHCIS
implementation in PHCs.

Therefore, this study aimed at developing, testing reliability,
and validating the TPC-OHCIS questionnaire, which was
designed as a survey instrument to collect data on the
implementation of the TPC-OHCIS at the PHC setting among
HCWs related to various aspects of primary care services,
including MCH services. It aims to ensure that the TPC-OHCIS
questionnaire is a robust and effective tool for assessing the
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implementation of MCH services, which are the core services
for PHCs. The research question formulated was as follows:
“Is a customized questionnaire on digital health information
system (TPC-OHCIS) able to assess the HCWs’ perception of
its implementation process in the delivery of MCH services at
the primary care level?” A thorough design of the TPC-OHCIS
questionnaire validation helps increase the questionnaire’s
relevance and usefulness for decision-making purposes, as it is
designed to facilitate monitoring and evaluating the TPC-OHCIS
operability among the HCWs working at PHCs. To the best of
our knowledge, there is no valid questionnaire available to
measure the implementation evaluation of any digital health
information system for the primary care level that focuses on
MCH services, which is a priority service component of PHC
and which was monitored regularly for sustainable development
goals performance achievement [17].

Methods

Study Design
This study involved several steps for questionnaire development
(phase 1), reliability, and validation (phase 2).

Phase 1: Questionnaire Development
The questionnaire is adapted from literature and document
review [4,5,9,17-25,31-36]. The TPC-OHCIS questionnaire
was developed based on various theoretical models, which may
address multiple aspects of remote primary care and patient
information systems. The questionnaire was created based on
a combination of the technology-organization-environment
(TOE) theory [31], the technology acceptance model (TAM)
theory [32,33], the human organization technology-fit (HOT-fit)
model [34,35], and the diffusion of innovation (DOI) theory
[36]. There was a 65-item questionnaire with a 4-point Likert
scale (1=highly disagree, 2=disagree, 3=agree, and 4=highly
agree) developed based on the aforementioned theories [31-36].
The score scale is created according to the Likert scale that
indicates the following: 1=strongly agree, 2=agree, 3=disagree,
and 4=strongly disagree. In this study, the researcher did not
put a neutral on a scale of 3 to avoid respondent bias [37]. The
4-point Likert scale does not impact the reliability and validity
of the questionnaire [2,37].

The development of the questionnaire items was partly adapted
from various questionnaires available from previous studies
conducted in Malaysia, based on selected theoretical models,
using a 4-point scale questionnaire: (1) technology, (2)
organization, (3) environment, and (4) human [31-36]
(Multimedia Appendix 1 [4,5,9,17-25,31-36]). Therefore, we

classified the 65-item TPC-OHCIS questionnaire into 4 scales
(Multimedia Appendix 2), described below.

• Domain A, technology: this comprised 17 items and four
subscales that include (1) relative advantage (items 1-5),
(2) compatibility (items 6-9), (3) complexity (items 10-13),
and (4) security concern (items 14-17).

• Domain B, organization: this contained 18 items and four
subscales that include (1) the presence of a specified liaison
officer (BCHAMP: items 18-22), (2) infrastructure
(BINFRA: items 23-26), (3) top management support (BTP:
items 27-31), and (4) financial resources (BFIN: items
32-35).

• Domain C, environment: this focuses on vendor support
(CVEN: items 36-39).

• Domain D, human: this contained 26 items and six subscales
that include (1) staff competency in information systems
(DPT: items 40-44), (2) knowledge of the TPC-OHCIS
system (DEISK: items 45-50), (3) clinical information
technology competency (DCIT: items 51-54), (4) perceived
innovativeness of the IT officer (DCIO: items 55-57), (5)
perceived ease use (DPEU: 58-61), and (6) perceived
usefulness (DPU: items 62-65).

The 65-item TPC-OHCIS questionnaire was developed based
on the requirement of the TPC-OHCIS implementation plan for
the PHCs in Malaysia. A total of 15 items (item numbers 10,
11, 12, 13, 33, 40, 41, 42, 48, 49, 50, 53, 54, 58, and 39) were
written as negative items. The Likert scale score of negative
items was reversed for scoring analysis before data were entered
into the SPSS software (version 26.0; IBM Corp).

Phase 2: Questionnaire Validation
On the basis of the steps suggested by Boateng et al [38], the
second phase involved scale development, which consists of
pretesting questions, sampling and survey administration, item
reduction, and extraction of latent factors. The scale evaluation
requires tests of dimensionality, reliability, and validity. A
cross-sectional study was conducted to assess the psychometric
properties of the questionnaire.

Study Sample
The sample for each step was calculated and listed in Table 1.

The sample-to-item ratio was decided based on the number of
items in the questionnaire. The ratio per item was determined
using 5 to 20 samples per item [39,40]. In this study, the survey
included 65 items. Therefore, the total calculated sample size
required was 325 respondents.

Table 1. Calculated sample size for each validation step.

ReferenceSample size required, nSteps and aims

[3]40Pilot study and face validity: to test the adequacy of instrumentation in which the outcome is in the form
of a scale

[4]12Test-retest reliability: to test the degree of consistency exhibited when a measurement is repeated under
identical conditions

[5]325Field survey: to test the psychometric analysis of the questionnaire based on tests of dimensionality, relia-
bility, and validity

JMIR Hum Factors 2025 | vol. 12 | e53630 | p.1080https://humanfactors.jmir.org/2025/1/e53630
(page number not for citation purposes)

Sutan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Content Validity Index
The flow process of questionnaire validation was conducted
based on Figure 1.

On the basis of Figure 1, a total of 6 steps were taken to perform
content validity for the questionnaire.

Figure 1. Flow process for questionnaire validation.

Step 1: Assessment Form Development for Content and
Face Validity
In our literature review search [37,39-41], we listed items to
determine the content and face validity. We used the clarity
scale of 1 to 3 to indicate the relevance of each item (1=not
clear, 2=revision needed, and 3=very clear). The essentiality of
the questionnaire was identified using a 1 to 3 scale (1=not
essential, 2=useful but not essential, and 3=essential). A similar
form was used to assess face validity in evaluating the language,
feasibility, readability, and style formatting consistency [37,41].

Step 2: Content and Face Validity (Expert Review)
Face validity was conducted among the experts who were
involved in designing and using the system at the primary care
level. Ten experts were invited to review the 65-item
Tele-Primary Care Oral Health Clinical Information System
(TPC-OHCIS) questionnaire. All experts have extensive
experience and knowledge related to the TPC-OHCIS. Of the
10 experts, 3 (30%) were from the TPC-OHCIS division, 3
(30%) were public health researchers, 2 (20%) were from the
maternal and child health unit services in the Selangor State

Health Department, and finally, 2 (20%) were individuals who
worked directly with the TPC-OHCIS system and also served
as system liaison officers at health clinics. The adaptation of
questionnaires from earlier studies [41-43] was checked for
content suitability and appropriateness before forward translation
was performed. Scale evaluation was performed by experts
using a developed form. Owing to time constraints and
lockdown because of the COVID-19 pandemic, a face-to-face
method for collecting data from the experts was impossible. A
Google form (Google LLC) link was created and sent via
WhatsApp (Meta Platforms, Inc) to assess the face and content
validity. The selected 10 experts were asked to evaluate the
scale for content and face validation. All 10 experts’ comments
were used to improve the questionnaire. Experts were
encouraged to provide both verbal and written comments
regarding the questionnaire items. Verbal comments were
collected via phone call, and written comments were collected
via the Google form.
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Step 3: Pilot Study
A pilot study was conducted to assess the adequacy of the
instrumentation, which measured outcomes to ensure that the
instruments used were appropriate and effective for the intended
purpose. Through the pilot study, face validity was evaluated
to confirm that the 65-item TPC-OHCIS questionnaire
developed was constructed accurately and comprehensively.
We purposively invited health care workers (HCWs) who were
involved in the initial pilot-tested version of the TPC-OHCIS
in Seremban District, Negeri Sembilan [17]. The questionnaire
was sent after a thorough face and content validity assessment
by the experts. Correction and fine-tuning were conducted by
the researchers based on their feedback.

Step 4: Test-Retest Reliability
We selected 12 HCWs who were familiar with the TPC-OHCIS
involved in the pilot study mentioned above to test the degree
of consistency exhibited when a measurement is repeated under
identical conditions. The same questionnaire was sent to the
same respondents 2 weeks after the first time the survey was
conducted.

Step 5: Field Study
A cross-sectional study was performed to assess the item
reduction and extraction factors among the HCWs of the
TPC-OHCIS public health care clinics (PHCs) in selected states
in Malaysia. The TPC-OHCIS is a system used in the PHCs.
The PHC is headed by a family medicine specialist who
supervises staff from various disciplines (eg, physicians, nurses,
medical assistants, pharmacists, laboratory technicians, and
record officers).

Step 6: Performing an Analysis for Content Validity,
Face Validity, and Test-Retest Reliability
The item-level content validity index (I-CVI) and scale-level
content validity index (S-CVI) were used. I-CVI is defined as
the proportion of content experts giving items a relevance rating
of 3 and 4. S-CVI was calculated by the proportion of
understanding by experts (universal agreement [UA] of S-CVI),
which gave ratings of 3 and 4, or by average scores given
(average of S-CVI). The average of S-CVI is defined as the
average of the I-CVI scores for all items on the scale or the
average of proportion relevance judged by all experts. The UA
of S-CVI is the proportion of items on the scale that achieve a
relevance scale of 3 or 4 by all experts. UA score is given as 1
when the item achieved 100% agreement by all experts;
otherwise, the UA score is given as 0 [39]. First, we calculated
the experts in agreement. Second, a score of 1 was given to
items that achieved 100% agreement by all experts, while a
score of 0 was given to items that did not achieve 100%
agreement. Third, experts in the agreement were divided by the
total number of experts (calculated for I-CVI). The fourth step
was to divide the results obtained in the third step by 65, which
was the total number of items in the questionnaire (calculated
for average of S-CVI). Finally, we divided the UA result from
step 2 by 65 items (calculated for UA of S-CVI). The face
validity index was used to evaluate the form of clarity and
comprehensibility of language and instructions used in the
questionnaire [41]. The respondents were requested to rate the

comprehensibility of each item using a scale of 1 to 4 (1=not
understandable, 2=somewhat understandable, 3=understandable,
and 4=very understandable). The item-level face validity index
was computed for each item by dichotomizing the 4-point scale,
where items scoring either 1 or 2 were recorded as 0 and items
scoring 3 and 4 were recorded as 1. The values later were added
up according to each item, and the total values were divided by
the total number of respondents. Test-retest reliability was used
to define whether the questionnaire was answered by
respondents due to chance. The internal reliability of
questionnaires was assessed using the Cronbach α coefficient.
The Pearson correlation and intraclass correlation coefficients
of the scores of the 2 tests were calculated. The test-retest
reliability is achieved when the value of intraclass correlations
is 0.6 to 0.8 (good reliability), and values >0.8 indicate excellent
reliability, which means the higher the correlation, the higher
the test-retest reliability, with values close to 0 indicating low
reliability [38].

Forward-Backward Translation
The questionnaire was translated from English to the Malay
language, then underwent content assessment, and its
cross-cultural validity was evaluated by 3 experts representing
Malaysia’s diverse ethnic backgrounds (Malay, Chinese, and
Indian), proficient in both English and Malay. After the
questionnaire had been reviewed, the forward-backward
translation was sent to Proofreaders United company for
translation and proofreading.

Ethical Considerations
Ethics approval was granted by the National University of
Malaysia (FF-2021-124) and the Ministry of Health Malaysia
National Medical Research Registry (NMRR-21-599-58521,
investigatory initiated research). Meanwhile, the researcher also
needed to obtain verbal permission and a signed consent letter
from the respondent as evidence of consent to participate in the
study. Respondents were informed that their participation was
voluntary and they would not receive any payment. All research
information collected was treated as confidential. The data are
displayed anonymously without the name, address, or any
identity that describes the respondent when presented as the
study output.

Statistical Analysis
The internal reliability was assessed using Cronbach α. The
validity index was calculated based on the content validity index
(CVI). The Bartlett test of sphericity was used to determine the
construct validity. The Kaiser-Meyer-Olkin measure and total
variance explained (TVE) were evaluated. Factor analysis was
performed using varimax rotation in principal component
analysis (PCA) to verify construct validity (ie, discriminant and
convergent validity). Items loading >0.60 were considered for
further analysis [38].

Results

CVI Evaluation
Out of 10 experts evaluating the 65-item TPC-OHCIS
questionnaire (TPC-OHCIS questionnaire in Multimedia
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Appendix 2), the scale-level CVI (S-CVI) average for item 1
of domain A, relative advantage, to item 65 of domain D,
perceived usefulness, was 0.9. The average of S-CVI (based on
item-level CVI) was 7.415, the average of S-CVI (based on
proportion) was 0.742, and the universal agreement of S-CVI
was 0.045. The universal agreement of S-CVI was calculated
based on the proportion of items on the scale that obtained a
relevance value of 3 or 4 from all the experts (Multimedia
Appendix 3).

Face Validation
The face validity index was assessed for clarity, language
comprehensibility, and instructions used in the questionnaire.
The calculated item face validity index was 0.785 and fulfilled
the face validity criteria, which was >0.6 [41].

Test-Retest Reliability
The 65-item survey’s internal reliability score for Cronbach α
was 0.90 for the whole instrument and exceeded the suggested

minimum value of Cronbach α=0.70 [38]. Pearson correlation
coefficient was 0.90, and the intraclass correlation coefficient
was 0.91.

Descriptive Analysis
There were 319 respondents (Table 2) who answered the 65-item
TPC-OHCIS questionnaire, with mean item scores ranging from
1.99 to 2.85 (Table 3). Our study found that a high mean score
was achieved in all subscales except for the item 17 in domain
A, security concerns (how much can I trust the vendor). The
subscale mean scores were lowest at 1.93 (SD 0.751) and 1.99
(SD 0.832) for item 63 in domain D, perceived usefulness
(TPC-OHCIS application improved the quality of my work,
respectively). The mean score for communication was the
highest for item 38 in domain C, vendor, with a mean score of
3.45 (SD 0.819), and item 39 in domain C, vendor, with a mean
score of 3.39 (SD 0.805).

Table 2. Respondent profile for field study (N=319).

Frequency, n (%)Variables and category

Occupation

5 (1.6)Family medicine specialist

69 (21.6)Medical officer

2 (0.6)Matron

17 (5.3)Head nurse

138 (43.3)Nurse

88 (27.6)Community nurse

Sex

6 (1.9)Male

313 (98.1)Female

Race

7 (2.2)Chinese

21 (6.6)Indian

285 (89)Malay

6 (1.9)Others
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Table 3. Descriptive statistics for item mean score of the Tele-Primary Care Oral Health Clinical Information System (TPC-OHCIS) questionnaire.

Scores, mean (SD)Question statementItem question

2.05 (0.865)Using the TPC-OHCIS application enables me to do my work quickly.ARAa 1

1.99 (0.832)Using the TPC-OHCIS application improves the quality of my work.ARA 2

2.01 (0.864)Using the TPC-OHCIS application enhances my effectiveness on the job.ARA 3

2.04 (0.825)Using the TPC-OHCIS application increases my productivity.ARA 4

2.02 (0.795)Using the TPC-OHCIS application makes my job easier.ARA 5

2.53 (0.941)TPC-OHCIS application can be easily accessed across multiple platforms (labo-
ratory results, x-ray, and other related patient data).

ACOMb 6

2.62 (0.931)TPC-OHCIS user interfaces provide transparent access to all platforms (e-notifi-

cation and VEKPROc).

ACOM 7

2.74 (0.932)Data received from other devices (tablet/laptop/ smartphone) outside health facil-
ities in the TPC-OHCIS application can be easily merged into the database for
analysis.

ACOM 8

2.74 (0.839)Information is shared seamlessly across our organization regardless of location.ACOM 9

2.86 (0.870)I do not know enough about the TPC-OHCIS application to handle my job satis-
factorily.

ACOMPLEXd 10

2.82 (0.961)I need a long time to understand and get familiar with the TPC-OHCIS application.ACOMPLEX 11

2.71 (0.870)I do not find enough time to study and upgrade my technology skills before using
the TPC-OHCIS system.

ACOMPLEX 12

2.99 (1.019)I often find it too complex for me to understand and use the TPC-OHCIS applica-
tion.

ACOMPLEX 13

2.05 (0.855)I feel secure in using the TPC-OHCIS application, keying in patients’ data, and
sharing it across my organization.

ASECe 14

2.80 (0.754)I would feel safe using the TPC-OHCIS application to retrieve patient data.ASEC 15

2.07 (0.785)I am concerned about data patient leakage.ASEC 16

1.93 (0.751)I am concerned about how much I can trust the vendor.ASEC 17

2.02 (0.736)A specified liaison officer will provide useful information to top managers and
vendors about the TPC-OHCIS application faulty.

BCHAMPf 18

2.01 (0.760)A specified liaison officer plays a role in upgrading the TPC-OHCIS application
for users’ needs.

BCHAMP 19

2.22 (0.851)A specified liaison officer has a good relationship with both vendors and top
managers.

BCHAMP 20

2.41 (0.972)A specified liaison officer can bring staff to use the TPC-OHCIS application well.BCHAMP 21

2.54 (0.895)A specified liaison officer provides training/courses for the users a few times a
year.

BCHAMP 22

2.27 (0.743)We have enough computers for the TPC-OHCIS application use.BINFRAg 23

2.11 (0.767)We have a reliable computer network in our use.BINFRA 24

1.90 (0.749)Appropriate hardware, software, and network infrastructure were in place before
TPC-OHCIS implementation.

BINFRA 25

2.05 (0.775)We have integrated ISh applications encompassing different functional areas
(laboratory and pharmacy).

BINFRA 26

2.15 (0.785)Top management always supports and encourages the use of the TPC-OHCIS
application for job-related tasks.

BTPi 27

2.17 (0.746)Top management provides most of the necessary help and resources to enable
people to use the TPC-OHCIS system.

BTP 28

2.15 (0.732)Top management provides good access to hardware when staff need it.BTP 29

2.44 (0.822)Top management gives feedback to vendors on every dismayed or unsatisfactory
comment from staff.

BTP 30
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Scores, mean (SD)Question statementItem question

2.55 (0.842)Top management provides good access to the TPC-OHCIS application when staff
need it.

BTP 31

2.44 (0.901)There is enough financial aid from the organization for the coordination of the
system implementation.

BFINj 32

2.75 (0.814)I find difficulties in using the TPC-OHCIS application because it cannot be up-
graded due to not having enough budget.

BFIN 33

2.29 (0.743)Enough computers are available to access the TPC-OHCIS application.BFIN 34

2.28 (0.729)We easily obtain obsolete computer replacements.BFIN 35

2.41 (0.704)Vendors entertain each of our complaints dutifully.CVENk 36

2.41 (0.771)The vendor can upgrade the TPC-OHCIS according to our needs.CVEN 37

3.45 (0.819)The system vendor attends technical meetings quite frequently.CVEN 38

3.39 (0.805)I have a platform to voice out problems regarding the TPC-OHCIS application
directly to the vendor.

CVEN 39

3.19 (0.874)I do not know how to use computers.DPTCl 40

2.11 (0.849)I never used to work online.DPTC 41

2.15 (0.859)I need people’s help to use a computer.DPTC 42

2.29 (0.836)I like to work using the online system.DPTC 43

2.33 (0.794)The TPC-OHCIS application is easy to operate.DPTC 44

2.25 (0.836)I have enough training before working with the TPC-OHCIS application.DEISKm 45

2.85 (0.920)It took me only a few days before I could master the TPC-OHCIS application
well.

DEISK 46

2.63 (0.912)The TPC-OHCIS facilitates task management.DEISK 47

2.61 (0.900)The TPC-OHCIS application is hard to use.DEISK 48

2.05 (0.730)I have to open many interfaces just to key in 1 patient’s data.DEISK 49

2.50 (0.715)The TPC-OHCIS application takes much time because I have to open so many
interfaces.

DEISK 50

2.60 (0.725)I have confidence in my ability to operate the TPC-OHCIS application.DCITn 51

2.23 (0.737)I have the expertise regarding Information technology to provide valuable
knowledge to the organization.

DCIT 52

2.22 (0.688)It does not make any difference whether I add/share knowledge with others related
to the use of the TPC-OHCIS application.

DCIT 53

2.22 (0.688)I feel that other employees can provide more valuable knowledge about the sys-
tem’s use.

DCIT 54

2.34 (0.672)The ITOp is actively considering the introduction of new technology to solve to
organization’s problem.

DCIOo 55

2.84 (0.823)The ITO tries to keep a technological leading edge by adopting new technology
early.

DCIO 56

2.80 (0.847)The ITO tends to take risks in the decision-making of new technology introduction.DCIO 57

2.11 (0.810)I often become confused every time I use the TPC-OHCIS application.DPEUq 58

2.18 (0.768)Interacting with the TPC-OHCIS application is frequently frustrating.DPEU 59

2.28 (0.846)I find that the TPC-OHCIS application makes my job easier.DPEU 60

2.06 (0.764)The TPC-OHCIS application provides useful guidance in performing tasks.DPEU 61

2.13 (0.835)My job would be hard to perform without the TPC-OHCIS application.DPUr 62

2.18 (0.767)Using the TPC-OHCIS application improves my job performance.DPU 63

2.13 (0.851)Using the TPC-OHCIS application saves me time.DPU 64
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Scores, mean (SD)Question statementItem question

2.17 (0.782)Using the TPC-OHCIS application supports critical aspects of my job (e.g, retriev-
ing patients with missed treatment).

DPU 65

aARA: domain A, relative advantage.
bACOM: domain A, compatibility.
cVEKPRO: vector program for reporting vector-borne diseases and outbreaks.
dACOMPLEX: domain A, complexity.
eASEC: domain A, security.
fBICHAMP: domain B, champion.
gBINFRA: domain B, infrastructure.
hIS: information system.
iBTP: domain B, top management support.
jBFIN: domain B, financial support.
kCVEN: domain C, vendor.
lDPTC: domain D, perceived technical competence.
mDEISK: domain D, employee information system knowledge.
nDCIT: domain D, competency of employee’s IT.
oDCIO: domain D, chief information officer innovativeness.
pITO: IT officer.
qDPEU: domain D, perceived ease of use.
rDPU: domain D, perceived usefulness.

Statistical Analysis
The 65-item TPC-OHCIS questionnaire was created based on
a mix of items adapted from various sources in the development
of the questionnaire. It was adapted by a combination of the
TOE theory [31], the HOT-fit model [34,35], the DOI theory
[36], and the TAM theory [32,33]. The content validity was
assessed by experts according to the 4 scales (ie, technology,
organization, environment, and human), as highlighted in the
previous studies [33-35]. In this study, we explored the
constructs generated from this initial group of 65 items, which
were developed based on their multidimensional nature. An
exploration of the subdimensions based on the 65-item
TPC-OHCIS questionnaire at the initial phase found that there
were 13 factors, without being restricted to 4 domains.
Exploratory factor analysis (EFA) determined the quantity of
components (or themes) that emerged for the questionnaire
items. The process involved grouping the measurements of
comparable themes. The scree plot reveals that there were 13
components in a 65-item questionnaire (Figure 2).

A PCA with varimax rotation yielded 13 components with an
eigenvalue of >1. The eigenvalue for the first component was
17.71 and accounted for 27% of the variance. The difference
between the first and second components was 11.98, while the
subsequent eigenvalues were small (4.91, 4.64, and 3.40). The
Kaiser-Meyer-Olkin value was 0.908, which showed sample
adequacy. The Bartlett test of sphericity value for the

approximate chi-square was χ2
2080

=18,219.9; this was significant
(P=.001).

Table 4 shows that the eigenvalues from 1.01 to 17.71,
corresponding to the extraction sums of squared loadings of 13

subscales of the questionnaire. The highest eigenvalue accounted
for 17.71% of the total variance, while the lowest eigenvalue
explained 1.01%. The result also shows that the extraction
eigenvalue does not vary much from the rotation eigenvalue.
Therefore, 65 items loaded strongly on 13 factors at the
extraction level.

Table S1 in Multimedia Appendix 4 provides the scale construct
and its item. All 13 components had acceptable internal
reliability (Cronbach α>0.7). All construct eigenvalues were
>1. The deleted items were 14 and 15 of domain A, relative
advantage, and 56 and 57 of domain D, chief information officer
innovativeness, and the deletions were done because their factor
loadings were <0.6. After discussing with the experts, questions
for items 56 and 57 of domain D, chief information officer
innovativeness, were rephrased for clarity. Question for item
15 of domain A, relative advantage, was omitted, and question
for item 14 of the same domain remained as it was.

Table S1 in Multimedia Appendix 4 provides a detailed
breakdown of various items and their corresponding domain
scores, reflecting their relative contribution to each domain.
The items are identified by numbers and grouped under distinct
domains. For instance, items 18, 19, 22, 20, 21, 16, 17, and 14
display scores ranging from 0.493 to 0.854, indicating their
relevance within a particular domain. Similarly, items 63, 65,
62, 64, 61, 60, 59, and 58 exhibit scores from 0.636 to 0.807
and, therefore, were grouped in another domain. The third
domain was categorized based on items 40, 42, 44, 43, 41, 38,
and 39, with scores ranging from 0.701 to 0.927. The fourth
domain includes items 48, 46, 49, 47, 45, and 50, with scores
between 0.0715 and 0.829, and the last domain covers items
27, 31, 30, 29, and 28, with scores ranging from 0.773 to 0.822.
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Figure 2. Scree plot revealing the 13-factor components extracted from principal component analysis with varimax rotation.

Table 4. The total variance explained.

Extraction sums of squared loadingsInitial eigenvaluesFactor

Cumulative (%)Variance (%)Total, nCumulative (%)Variance (%)Total, n

27.227.21827.227.2181

36.18.8636.18.862

43.67.6543.67.653

50.77.1550.77.154

55.95.2355.95.235

60.34.3360.34.336

63.22.9263.22.927

65.92.7265.92.728

68.62.6268.62.629

70.72.2170.72.2110

72.82.1172.82.1111

74.51.7174.51.7112

76.11.6176.11.6113

Discussion

Principal Findings
This study aimed to validate a specific tool used in health care
delivery in Malaysia’s health care system, a new technology
telehealth application called TPC-OHCIS, making this
evaluation timely. The 65-item TPC-OHCIS questionnaire
demonstrated a comprehensive and reliable tool ready to be
used for the assessment of the implementation of the digital
application system for monitoring the health service program
at the PHCs. Monitoring any health care service performance
requires a periodic and ongoing operation to ensure that it can
be delivered as planned and with good tracking of progress.
Evaluation of how the program should be implemented needs
to have a valid tool that can give relevant and appropriate results.
A validated tool can be used to replicate similar studies in the
future for evaluation and comparison.

Developing and validating a locally customized questionnaire
for specific program service delivery is important. Therefore,
this study used 4 theories, including the HOT-fit model, DOI
theory, TOE theory, and TAM theory. The TPC-OHCIS
questionnaire was proven valid based on content, face, and
construct validities, as well as good psychometric analysis
reliability. A total of 4 scales created using PCA did not align
with a local study [17] that assessed the hospital information
system implementation in Malaysian hospitals. Measuring
implementation of technology in different service set-ups and
levels of care, at either hospitals or PHCs, should use a
customized tool. No similar research paper is available to check
for disagreement or benchmarks on other tools, to compare them
with the TPC-OHCIS questionnaire validation. Our findings
showed that the 13 scales were validated based on the local
population working in the PHC with the TPC-OHCIS. In
comparison, an earlier study conducted local testing on the
hospital information system and identified 4 scales [18]. Our
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analysis focuses on the MCH services, which are the routine
and regularly monitoring health services delivered at PHCs.

A CVI score of 0.90 is generally considered very high and
indicative of strong content validity for a measurement tool,
particularly in the academic context. Content validity refers to
the extent to which the items in a measurement instrument
represent the entire range of content that the instrument is
intended to measure [39]. A CVI of 0.90 provides strong
evidence that the measurement tool has undergone rigorous
development and validation processes.

Face validity has been widely used not only in questionnaire
development but also in questionnaires that were adopted from
other researchers’ tools, which required local forward-backward
translation [37-41]. Experts in the field who were recruited to
determine face and content validity in our study gave feedback
regarding content relevance, wording, quantity of items, the
amount of information, and other related issues. The analysis
results for the CVI from 10 experts indicated good quality
(>0.9), which complies with the recommendations in the
literature [41].

Internal reliability assessment using Cronbach α revealed how
close the selected items are to one another when measuring the
construct [39]. The Cronbach α value of the 65-item
TPC-OHCIS questionnaire was 0.90, which exceeded the
suggested minimum value of 0.70 [39]. By measuring Cronbach
α, the tool’s accuracy and reliability have been verified. Our
findings demonstrated that the variables are correlated with the
components as constructed through PCA, and it proved that
they are internally consistent.

The EFA also determined the TVE for the construct. The TVE
illustrated the precision with which the measuring objects and
their constituent parts estimate the construct. This study found
that the TVE was 76.08%, which exceeded the required
minimum of 60%, indicating that the overall variance explained
was satisfactory [39]. PCA is the most common EFA method
for dimension reduction. The EFA results using varimax rotation
with maximum likelihood showed that the TPC-OHCIS
questionnaire has 13 subscales.

The study may provide evidence-based recommendations for
policy makers and health care stakeholders regarding the
implementation and optimization of the TPC-OHCIS in the
MCH service delivery monitoring. By identifying key factors
influencing the TPC-OHCIS implementation and effectiveness,
the study offers actionable insights into policy development,
resource allocation, and quality improvement efforts aimed at
strengthening MCH care systems. The study may contribute
methodological innovations to the field of TPC-OHCIS
evaluation, such as novel approaches to questionnaire
development, validation, and implementation. By documenting
the methodological processes and challenges encountered in
assessing the TPC-OHCIS questionnaire validation, the study
adds to the methodological toolkit available to researchers and
practitioners working in the field of digital health.

Overall, the TPC-OHCIS study offers novel insights into the
evaluation of the TPC-OHCIS, which focuses on the MCH
services, highlighting the importance of tailored assessment

tools, cross-cultural adaptation, policy considerations, and
methodological innovations. These insights contribute to a
deeper understanding of the complexities and opportunities
associated with the integration of digital health technologies
into health care delivery and provide a foundation for future
research and practice in this area. The TPC-OHCIS
questionnaire is validated for evaluating other health information
systems, as it takes into account the outcome aspects of health
services, technology, organizations, vendors, and human
resources. Future researchers can replicate studies to validate
the findings of the TPC-OHCIS questionnaire in different
populations, settings, and contexts. By replicating studies using
a valid and reliable tool with diverse samples, researchers can
assess the generalizability and robustness of the questionnaire
across various demographic, cultural, and organizational
contexts.

Suggestions to Stakeholders
There is a need to integrate machine learning and artificial
intelligence into the TPC-OHCIS so that data can be extracted
faster and can be used in line with precision medicine. The
validated TPC-OHCIS questionnaire can help stakeholders
make effective evidence-based decisions in managing
patient-centered care. The system needs to be more stable, easier
to use, and faster in terms of data collection, without the need
for complicated training, and easy to download from the system
itself. Awareness related to the importance of complete and
accurate data from an organizational perspective needs to be
understood at the level of clinic users and data administrators
because they will then enter, process, and ensure that the data
entered are complete and accurate. These crucial issues were
addressed in our study during the content and face validity
assessment of the tool.

The COVID-19 pandemic made us see the need for the
TPC-OHCIS to be rolled out to wider PHCs in Malaysia. With
<10% of the TPC-OHCIS currently implemented, the vision to
having a digital health system in Malaysia by the year 2030
needs to be facilitated. The TPC-OHCIS should be developed
as a comprehensive package that includes embedded training
and health education to facilitate its delivery. The issue of data
security can be compared to the concept of banking system apps
in Malaysia, where users only need to download the app on
their mobile phones to share information with other health care
providers, unlike the TPC-OHCIS, which ensures continuity of
care. Otherwise, printing a duplicate report is sufficient for the
time being while the country works on transitioning all clinics
into a digital system.

Study Strength
The study demonstrates the development of a tailored
questionnaire specifically designed to assess the implementation
process and the effectiveness of the TPC-OHCIS in the context
of MCH health services at the primary care level. This tailored
approach acknowledges the unique challenges and complexities
of MCH service delivery and highlights the importance of
designing measurement tools that are sensitive to the needs of
this population. The study determined comprehensive items to
measure the integration implementation of the TPC-OHCIS,
which is one of the digital health technologies focusing on
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priority services, such as MCH service delivery at the primary
care level. The study sheds light on the practical considerations,
barriers, and facilitators associated with the adoption and use
of digital health solutions in MCH care settings. The study offers
insights into the cross-cultural adaptability assessment tools,
particularly in diverse multiethnicity population settings. By
evaluating the linguistic and cultural appropriateness of the
TPC-OHCIS questionnaire, the study highlights the importance
of considering cultural context and language preferences in
developing and validating measurement instruments for MCH
services.

Limitations of This Study
This study was conducted in 2021 when movement control
orders were implemented in Malaysia. The study was conducted
entirely online, and all surveys were distributed to the
respondents’ superiors without proper briefing about the survey
and the overall idea of the research except for study information
highlighted at the beginning of the online survey questionnaire
form. Therefore, each respondent answered as they saw fit,
without recognizing the true meaning of the survey. In addition,
the deployment of staff during the COVID-19 pandemic could
have caused fatigue among them, which was likely to cause
them to answer the questions lightly without focus. Meanwhile,

the distribution of questionnaires through Google Forms
contributed to the risk of bias among respondents when there
was no supervision or explanation that could be given as a guide
to answering the questionnaire.

Conclusions
The psychometric validation process of the questionnaire was
done comprehensively for all iterative stages, including initial
reliability tests, potential modifications based on these tests,
and integration with existing digital health assessment
frameworks. The novelty of the study lies in its unique approach
to conceptualizing the implementation of the TPC-OHCIS. This
may offer new insights into the integration of life stage records,
with a focus on priority services at PHCs, such as MCH services,
for its development. Cross-cultural adaptability was considered
to ensure wider applicability, and the rigor of the process was
demonstrated in part by high CVI scores, which is important in
an academic research setting. Likert scale points were carefully
chosen to capture nuanced responses, and while the TPC-OHCIS
has certain academic limitations, its robustness paves the way
for future research on policy implications and telehealth.
Comparison with existing literature establishes its validity and
reliability, showing its potential impact on policy development.
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HCW: health care worker
HOT-fit: human organization technology-fit
MCH: maternal and child health
PCA: principal component analysis
PHC: primary health care clinic
S-CVI: scale-level content validity index
TAM: technology acceptance model
TOE: technology-organization-environment
TPC-OHCIS: Tele-Primary Care Oral Health Clinical Information System
TVE: total variance explained
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Abstract

Background: Patient-reported outcome (PRO) data refer to information systematically reported by patients, or on behalf of
patients, without the influence of health care professionals. It is a focal point of the health care system’s ambition toward becoming
more involving and personalized. It is recognized that PROs provide valuable data. However, despite this recognition, there are
challenges related to both patients’ and clinicians’ accurate interpretations of the quantitative data. To overcome these challenges,
this study explores text vignettes as a representation of PROs.

Objective: This study aimed to develop data-informed text vignettes based on data from the Readiness and Enablement Index
for Health Technology (READHY) instrument as another way of representing PRO data and to examine how these are perceived
as understandable and relevant for both patients and clinicians.

Methods: The text vignettes were created from participant responses to the READHY instrument, which encompasses health
literacy, health education, and eHealth literacy. The text vignettes were created from 13 individual text strings, each corresponding
to a scale in the READHY instrument. This study consisted of 3 sequential parts. In part 1, individuals with chronic obstructive
pulmonary disease completed the READHY instrument, providing data to be used to create vignettes based on cluster profiles
from the READHY instrument. Part 2 focused on the development of scale-based strings representing all READHY dimensions,
which were evaluated through iterative cognitive interviews. In part 3, clinicians and patients assessed the understanding and
relevance of the text vignettes.

Results: Clinicians and patients both understood and related to the text vignettes. Patients viewed the text vignettes as an accurate
reflection of their PRO responses, and clinicians perceived the text vignettes as aligned with their understanding of patients’
experiences.

Conclusions: Text vignettes can be developed using PRO instruments, with individual scales as input strings. This provides an
opportunity to present numeric values in a text format that is understandable and recognizable to most patients and clinicians.
Challenges with the vignette’s language and layout require customization and clinician training to ensure meaningful interpretation.
Findings also support the need to expand the study and enhance clinical relevance with alternative or contextually relevant text
vignettes.

(JMIR Hum Factors 2025;12:e58077)   doi:10.2196/58077

KEYWORDS

patient-reported outcome; text vignette; data representation; Readiness and Enablement Index for Health Technology; understanding;
health care system; data analysis; clinical training; clinician; health professional
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Introduction

Background
Patient-reported outcome (PRO) data represent patients’
self-assessed health status in terms of physical and mental health
and do not involve health professionals [1]. PRO data can be
used as a screening tool before outpatient visits as a supplement
to in-person or virtual consultations, serving as a stratification
tool to reduce the number of visits needed. PRO data can also
be used during consultations to screen for symptoms or serve
as a dialogue and decision tool. The use of PRO data during
consultations may increase the patient’s self-awareness and
health literacy, facilitate joint decision-making, enable
self-management, and lead to better health outcomes [1,2].

Health Literacy
Competence in health literacy and digital knowledge is
fundamental for an accurate understanding of PRO data as well
as knowledge about health behavior and health practices and
how patients understand and interpret health information [3].
Challenges arise when data accessibility does not consider
differences in health literacy. While aggregate-level
understanding may tolerate some variations, individual patient
pathways require a common understanding to capture nuances
[4,5]. Therefore, it is crucial to account for patients’ health
literacy and cognition in the clinical use of PROs.

Interpretation of PRO Data
When incorporating PROs into individual patient pathways, it
becomes crucial to ensure that patients fully understand the
questions, fostering a shared understanding. In working with
PRO data, an assumption is often made that people have the
same needs, preferences, perceptions, and experiences and will
attach similar importance to items in the questionnaire, thus
leaving no room to capture different additions of value or
uncover nuances [4]. The quantitative part of PRO data operates
within a set of assumptions about the world, which states that
the standardized numerical score is the objective representation
of the respondents’ health status and health-related quality of
life, independent of an individual’s unique life story [4].

For both clinicians and patients, it may be difficult to understand
the meaning of PRO data when they are presented as values.
Patients often prefer visual representations, such as bar charts
and line charts, which prove useful for quick comprehension
and comparisons over time [6]. However, the accuracy of
interpretation is closely tied to the individuals’prior knowledge
of these graphical representations [6].

Graphical presentations may be a challenge. Grossman et al [7]
highlighted that individuals lacking prior knowledge of bar
charts struggled to interpret them accurately. Furthermore, health
literacy plays a crucial role in correct interpretation, with studies
suggesting that patients with lower health literacy may find it
challenging to grasp the longitudinal nature of PRO data [8].
There is a notable correlation between educational level and
accurate interpretation, along with age-related difficulties in
correctly interpreting graphic representations of PRO data [6,9].
Patients generally, regardless of educational level, prefer
less-complex presentations of PRO data, but a correlation has

been demonstrated between age and accurate interpretation,
where patients aged >65 years had substantially more difficulty
interpreting graphic representations of PRO data correctly [6,9].
In Denmark, 1 in 5 individuals is aged >65 years [10], which
means that a relatively large proportion of all individuals will
potentially have difficulty interpreting PRO data.

The use of traffic light colors, that is, green, yellow, and red,
in representing PRO data adds another layer of complexity.
While this method increases accuracy in interpretation across
various graphical representations [6,11], it is not foolproof and
93% of patients in a study population were able to correctly
interpret the meaning of traffic light colors [6]. Despite this
visual aid, there remains a need for additional descriptive
explanations to enhance understanding [9].

Patients’and health care professionals’perceived understanding
of graphically presented PRO data often exceeds their actual
comprehension [9]. In addition, studies indicate that there may
be a discrepancy between patients’ preferred form of
visualization and the form of visualization they can interpret
with the highest accuracy [9].

Patients may also view the use of PRO data in treatment as
impersonal and nonbeneficial for the relationship between
themselves and their clinicians because they experience that the
focus shifts from their own perspective to quantitative goals
[12]. This perspective highlights the significance of maintaining
a patient-centered approach.

A Common Understanding of PROs
When patients and clinicians collaborate on data interpretation,
potential errors may arise due to questionnaire misinterpretation.
This divergence in understanding creates a need for a common
language or understanding of the representations of colors,
figures, or text. A challenge is that patients and clinicians
possess distinct cognitive frameworks influencing their actions
and comprehension [13]. Data interpretation involves
understanding available data, extracting information, and
supplementing it for comprehensive comprehension [13].
Clinicians are shaped by a positivist background and may differ
from patients in cognitive approaches, impacting data
interpretation. When PRO data are translated into quantitative
targets, it may be unclear what data have been made available
and what information can be extracted. Patients provide a wide
range of data, but data visualization often only includes part of
these data.

Despite psychometric validation, there is a need to address
discordance in individual interpretations of PRO data.
Discordance reasons include word interpretation mismatches,
evolving patient circumstances, and differing expectations [14].
Awareness of these differences is crucial in interpreting PRO
data [14]. PRO tools vary in complexity, leading to further
potential errors if patients lack an accurate understanding. A
study found that only 11% of 59 PRO questionnaires are
readable by the average UK adult [15], emphasizing the need
for a patient-clinician dialogue to enhance understanding and
decision-making [5]. Numerical scores derived from PROs can
represent a person’s health status or health-related quality of
life to a limited extent because some of the narrative is lost
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along the way. In the representation of PRO data, there is a need
to be able to give meaning to individual experiences [4].
Positivism argues that knowledge should be based on the
objective world via empirically verified causal explanations
based on “positive” facts and not on abstract inferences;
however, according to Meadow [4], we cannot understand the
patient if we do not also try to understand subjective and
emotional meaning.

PROs as Text Vignettes
One approach to a more understandable and personalized
representation of data about a group of patients or individuals
is vignettes created based on a combination of clustered data,
which are enriched with sociodemographic characteristics and
interviews with individuals representing these clusters. An
example of this is the Optimizing Health Literacy and Access
(OPHELIA) process, where issues related to health care access
and engagement are identified and addressed [16,17]. This way
of creating data-informed text vignettes is a powerful tool to
provide clinicians and policy makers with insights into a more
detailed description of archetypes of patients [18]. In this way,
text vignettes play a pivotal role in providing a nuanced
understanding of the perceived status of various subgroups of
patients in a specific context or area. The primary aim is to bring
to life the “person behind the numbers,” referring to PRO scores,
addressing the challenge of visualizing the individuals behind
the statistical data. To the best of our knowledge, this has not
yet been done at the level of individuals by creating
person-specific text vignettes.

In this study, inspired by the OPHELIA process, we will explore
whether text vignettes can be developed from more structured
text inputs and how this work can be advanced to create text
vignettes that can be used at the individual level, rather than at
the group level, to present personalized texts that reflect each
patient’s perception of their condition. The study uses the
Readiness and Enablement Index for Health Technology
(READHY)  [19] ,  which  covers  3  key
themes—self-management, social capital, and digital health
literacy. This instrument was selected because, as its developers,
we have extensive experience with its performance, and its
design makes it well suited as a PRO tool for telehealth services.
The study demonstrates the process of converting psychometric
instrument scales into data-informed text vignettes, highlighting
the challenges and implications to consider for ensuring
understanding and relevance for both patients and clinicians.

Objectives
This study aimed to develop data-informed text vignettes based
on data from the READHY instrument as another way of
representing PRO data and to examine how these are perceived
as understandable and relevant for both patients and clinicians.

Part 1 Introduction: Generating Vignettes Based on
READHY Clusters Enriched With Sociodemographic
Data
This part is a proof of concept, where cluster-based profiles
were created to help develop representatives of characteristics
of a patient population divided into subgroups. This enabled us
to work with materials based on real-life data varying with

respect to the 13 scale scores. This has provided insights into
how dimension names can be phrased for text vignettes without
a systematic approach, while also helping us establish a shared
understanding of the OPHELIA [16] principles. These principles
were operationalized in a data-informed manner, bridging the
previously reported qualitative approach with a more
quantitative-based methodology.

Part 2 Introduction: Creation of Text Strings and
Testing of Meaning in Vignettes
In part 2, scale-based text strings describing the different
dimensions measured in READHY were developed through a
series of iterations. These were then combined into
comprehensive text vignettes profiling the participants. For this
process, the upper threshold was adjusted from 2.50 to 2.70
based on data from the study by Kayser et al [20]. The vignettes
were continuously refined through cognitive interviews to
evaluate and improve the participants’understanding and ability
to comprehend the content.

Part 3 Introduction: Applicability of Text Vignettes
in a Clinical Setting
The text strings iteratively created and validated in part 2 served
as the foundation for the work in part 3. In part 3, the focus
shifted to testing the applicability of individual text vignettes
within a clinical setting. The emphasis was on how meaningful
and relevant these text vignettes were in a setting involving both
patients and clinicians within a telehealth service, where the
READHY instrument was suitable as a PRO instrument. The
clinical setting included here was the same as the one used to
gather data for part 1.

Methods

Overview
The study comprises 3 parts, each building upon the previous
one. In part 1, which was inspired by the OPHELIA process
[16], the READHY instrument was administered to individuals
living with chronic obstructive pulmonary disease (COPD).
Data gathered from this group of participants served as the
foundation for generating 4 clusters, which were characterized
by high, intermediate, and low levels of the 13 READHY scales,
which together with another Health Literacy Questionnaire
(HLQ) scale, “actively managing my health and
sociodemographics”, were used to develop a proof of concept
of how data-informed text vignettes could be used to illustrate
the quantitative data qualitatively to better understand profiles
of user groups. The text vignettes in part 2 were crafted as
narratives, emphasizing the group’s high or low scores. This
approach created profiles that highlighted their resources and
barriers. In part 2, we expanded on the idea by constructing
scale-specific strings for each of the 3 levels for each scale in
READHY. The text strings were created to constitute a list of
variables, which in a later process could be combined based on
an algorithm to form the text vignettes. This computer-based
combination of the text strings is beyond the scope of this study
that only addresses the development of our concept up to a
technology readiness level of 3 [21]. Text vignettes are
consequently created by manually combining the text strings.
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In this process, the text strings were evaluated for clarity and
understanding through multiple iterations of cognitive interviews
with a diverse set of participants. In part 3, the refined
scale-based strings were combined manually, informed by the

2 patients’ READHY scores, into individual text vignettes,
which were presented to clinicians and patients for assessment
of their understanding, relevance, and recognizability (Figure
1).

Figure 1. Flowchart: the 3-part process for examining the use of text vignettes. COPD: chronic obstructive pulmonary disease; READHY: Readiness
and Enablement Index for Health Technology.

Setting and Population
The setting for the reported activities was in part 1 and part 3
of a telehealth service, PreCare [22], which provides 24-7 access

to a response and coordination center manned with registered
nurses and backed up by an e-doctor. PreCare is organized based
on the Epital care model [22,23]. The participants in part 2 were
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recruited broadly among individuals in the eastern part of
Denmark and clinicians not currently working in telehealth.

Participants

Part 1
The participants were 46 adults living with COPD, with a mean
age of 74.4 (SD 6.8; range 59-91) years. They were patients
recruited by convenience sampling from the European
Commission funded project Smart Inclusive Living
Environments, were enrolled in the PreCare project in Region
Zealand, and were diagnosed with different severity levels of
COPD [24]. The inclusion criteria were a COPD diagnosis and
being active in the PreCare project. The patients should be able
to understand and communicate in Danish.

Part 2

Individuals

A total of 11 individuals were recruited using a snowball
technique in the Capital Region of Denmark and Region
Zealand. Initially, 3 members of interest were identified and
approached within their local areas. These individuals were then
asked to refer others in their community who might be willing
to participate. With their consent, we received the necessary
contact information and subsequently reached out to the referred
participants by phone to arrange their involvement in the study.
The inclusion criteria for individuals’ participation was that
they had to be aged >18 years, able to understand Danish,
capable of giving informed consent, and able to complete the
READHY instrument, with assistance if needed (ie, the ability
to read and write independently was not a criterion). The first
3 recruited individuals resided in the metropolitan area, had
medium-length higher education (International Standard
Classification of Education level 6-7) [25], and had an average
age of 53 (SD 12.36) years. This group was expanded to include
8 participants, aged between 36 and 86 years, from the capital
region, Lolland, and Jutland with educational backgrounds
ranging from International Standard Classification of Education
level 4 to 6 [25] to attain a more diverse and comprehensive
perspective.

Clinicians

A total of 4 clinicians were also recruited using a snowballing
technique. Initially, 3 clinicians were approached, but not all
expressed interest in participating. These contacts referred to
others, and with their consent, we obtained their contact
information and contacted them. The clinicians who participated
in the interviews were 1 registered nurse, 2 physicians, and 1
professional with a master’s and PhD degree in biomedicine.

Of the 4 physicians, 2 (50%) had prior knowledge of READHY
as active researchers using the instrument. All physicians were
involved in professional settings related to digital health in
patient care, and they were all familiar with PROs.

Part 3
A total of 3 registered nurses and 2 patients from the PreCare
clinic were interviewed about the understanding, recognizability,
and relevance of individual text vignettes in a clinical setting.

The 2 patients, a woman aged 75 years and a man aged 80 years,
lived in the region where the PreCare project is based. They
were selected by PreCare staff based on the following inclusion
criteria: a COPD diagnosis, active participation in PreCare, the
ability to understand and communicate in Danish, clinic
enrollment at the time of data collection, and prior consent
through PreCare as well as informed consent specifically for
this study. A total of 3 (75%) of the 4 nurses in PreCare were
available for interviews.

Application of the READHY Instrument
READHY is a validated PRO instrument that combines several
aspects of PROs to illuminate experienced support, digital health
literacy, and coping with everyday life in relation to one’s health
[19]. The tool focuses on aspects of knowledge and skills related
to health; self-care, disease, and health-related mindset;
experiences with health technology and the individual
understanding of these; as well as the extent to which users feel
supported by relatives and health care professionals [19].

READHY has been used to identify different health technology
readiness profiles within different patient groups, such as
patients living with type 2 diabetes and patients with cancer
[26,27].

READHY consists of 65 items comprising 13 dimensions or
scales. The 13 scales are selected from 3 PRO instruments. Four
scales are from the Health Education Impact Questionnaire
(heiQ), which evaluates the effect of health education
interventions on self-care [28]. These address aspects of
self-management with relevance for a digital health context,
such as insights and attitudes. Two scales from the HLQ, which
assesses health literacy, including support from relatives, peers,
and health professionals [29], and all 7 scales from the eHealth
Literacy Questionnaire (eHLQ), which address patients’ digital
health literacy, were included [30]. The eHLQ informs about
knowledge, skills, motivation, perceptions, and experiences in
relation to digital health. The 13 dimensions of READHY,
which correspond to its 13 scales, are presented in Textbox 1.
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Textbox 1. The 13 dimensions of the Readiness and Enablement Index for Health Technology framework.

• Health Education Impact Questionnaire (heiQ) 3: self-monitoring and insight

• heiQ4: constructive attitudes and approaches

• heiQ5: skill and technique acquisition

• heiQ8: emotional distress

• Health Literacy Questionnaire (HLQ) 1: feel understood and supported by health care providers

• HLQ4: social support for health

• eHealth Literacy Questionnaire (eHLQ) 1: using technology to process health information

• eHLQ2: understanding of health concepts and language

• eHLQ3: ability to actively engage with digital services

• eHLQ4: feel safe and in control

• eHLQ5: motivated to engage with digital services

• eHLQ6: access to digital services that work

• eHLQ7: digital services that suit individual needs

The READHY instrument uses a 4-point response scale for all
items in the instrument [19], where 1 represents strongly
disagree, 2 represents disagree, 3 represents agree, and 4
represents strongly agree. The results are 13 scale scores. For
the scale heiQ8 (emotional distress), which includes 6 items,
the scale is reversed by subtracting the scored value from 5.
This adjustment simplifies interpretation, as higher scores now
correspond to less impact.

Ethical Considerations
Written informed consent was obtained from all participants
after providing information in accordance with the Helsinki II
Declaration, including their right to opt out. Participants did not
receive any salary or reimbursement of costs. Health science
questionnaire surveys and interview studies that do not involve
human biological material (section 14(2) of the Danish Act on
Committees) do not require reporting or approval from the
Danish National Center for Ethics [31].

Part 1 Methods

Data Sampling
The READHY instrument was handed out and collected with
a combination of mail using prestamped envelopes by EKW
and a researcher in PreCare in May 2021. A total number of
120 surveys including the READHY instrument were
distributed.

Cluster Analysis
In managing the READHY data from the 46 patients, clusters
were created using the K-means clustering function in IBM’s
software package SPSS Statistics (version 24) [32]. Three
models were created with 3, 4, and 5 clusters. On the basis of
an evaluation of which cluster model would be most meaningful
from a clinical perspective, a 4-cluster model was selected. The
final cluster constituted 41 valid cases and 5 missing cases out
of the 46 responses. The number of cases in each cluster was
as follows: 16 in cluster 1, 5 in cluster 2, 11 in cluster 3, and 9
in cluster 4.

The cluster data were then used to form the group-based text
vignettes. For each cluster, the 13 scales were initially labeled
with a color indicating whether the level was low, intermediate,
or high. We used arbitrary thresholds informed by a regional
survey, Sundhedsprofilen 2021 [33], which is the region where
the PreCare project is based. All values <2.00 were assigned
red, all values between 2.01 and 2.50 were assigned yellow,
and values >2.50 were given green. This helped us create text
strings that were specific for each of the colors indicating high
or low average scores for each scale and assigning them to the
cluster text vignette. The text strings were created from the
dimension name and informed by the items in the scale.
Additional data from an additional HLQ scale, “actively
managing my health,” and sociodemographic variables, such
as educational level, experience living with, and number of
chronic conditions, were added to the profiles to enrich them
and create personas that were recognizable to the clinicians.

Part 2 Methods

Overview
The overall process for constructing the text vignettes involved
several steps. First, text strings were developed based on the 13
READHY scales, with 3 versions for each scale corresponding
to low, intermediate, and high levels. Next, participants
completed the instrument. The average score for each scale was
then manually calculated from their responses, and this average
score was matched with the corresponding text string for that
scale score. Finally, the 13 text strings were combined into an
individual text vignette. The text strings were combined in a
coherent order, prioritizing readability and clarity, rather than
strictly following the numerical order of the scales. In part 2,
the focus was only on the READHY scales and text vignettes;
therefore, part 2 did not include sociodemographic information,
as these are anticipated to be retrieved from other data sources
such as electronic health records as they are specific at the
individual level.
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Constructing Data-Informed Text Vignettes
The text vignettes were created by combining 13 text strings
into a cohesive PRO profile. Each sentence in the text vignette
corresponds to a specific scale in READHY, describing the
knowledge, skills, and attitudes that the scale items aim to
capture.

Initially, 39 text strings were constructed—3 for each of the 13
READHY scales, representing different levels of knowledge,
skills, or attitudes within each scale. These initial text strings
were closely aligned with the scale names, as the scale names
summarized the experiences the items were designed to
encompass. For example, the scale “self-monitoring and insight”
(heiQ3) assesses an individual’s ability to monitor their health
and their insight into their health [19]. An initial sentence for

this scale might read as follows: “Has good insight into and
control over his/her health and has a constructive attitude and
approach to it.”

The levels are determined based on the average score for each
scale, with 3 categories: level 1 indicates problematic
knowledge, skills, and attitudes; level 2 corresponds to limited
or insufficient knowledge, skills, and attitudes; and level 3
signifies adequate knowledge, skills, and attitudes. To be
classified as level 3, the average score must be >2.7, indicating
agreement or strong agreement with the statement (Table 1).
The cutoffs are estimates defined by the authors and have not
been validated by other parties. However, they have been used
and found relevant in other studies using HLQ and eHLQ scores
[20,33].

Table 1. Breakdown of knowledge, skills, and attitude into levels based on average scores.

Level of knowledge, skills, and attitudesAverage scale scorea

Level 1<2.00

Level 22 to 2.7

Level 3>2.7

aThe cutoffs are author-defined estimates, unvalidated by others but found relevant in studies using the Health Literacy Questionnaire and eHealth
Literacy Questionnaire [20,33].

These 39 text strings are organized in Table 2 with the 13 scales
as rows and the 3 levels as columns. To construct a text vignette,
the appropriate text strings were selected from the table based
on the participant’s average scale score for each scale. The 13

selected text strings were then manually combined into a
coherent text vignette. The initial text strings were revised
throughout part 2 of the study in an iterative process using
cognitive interviews for accuracy and relevance.
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Table 2. Refined text strings based on scores.

Scores >2.70Scores between 2.00 and 2.70Scores <2.00Scale

He/she experiences having good insight
into his/her state of health, with suffi-
cient knowledge of how to deal with
health problems when they arise.

He/she experiences having limited in-
sight into his/her state of health, with
limited knowledge of how to deal with
health problems when they arise.

He/she experiences having insufficient
insight into his/her state of health, with
insufficient knowledge of how to deal
with health problems when they arise.

heiQ3a: self-monitor-
ing and insight

He/she does not find that his/her health
problems limit him/her from enjoying
life.

He/she finds that his/her health problems
limit him/her from enjoying life to some
extent.

He/she finds that his/her health problems
limit him/her from enjoying life.

heiQ4: constructive
attitudes and approach-
es

He/she experiences having sufficient
skills and techniques to deal with health
problems as they arise.

He/she experiences having limited skills
and techniques to deal with health prob-
lems as they arise.

He/she experiences having insufficient
skills and techniques to deal with health
problems when they arise.

heiQ5: skill and tech-
nique acquisition

He/she generally experiences no emotion-
al distress due to his/her health.

He/she generally experiences a bit of
emotional distress due to his/her health.

He/she generally experiences a high de-
gree of emotional distress due to his/her
health.

heiQ8: emotional dis-
tress

He/she feels adequately understood and
supported by his/her social network.

He/she feels only partially understood
and supported by his/her social network.

He/she does not feel understood or sup-
ported by his/her social network.

HLQ4b: social support
for health

He/she experiences adequate understand-
ing and support from the health care
professionals she/he has contact with and
access to.

He/she experiences limited understand-
ing and support from the health care
professionals he/she has contact with and
access to.

He/she experiences a lack of understand-
ing and support from the health care
professionals he/she has contact with and
access to.

HLQ1: feel under-
stood and supported
by health care
providers

He/she does not experience having
problems understanding information
about health and illness and has enough
knowledge to have conversations with
others about this.

He/she may experience problems under-
standing information about health and
illness and may experience having limit-
ed knowledge to have conversations with
others about this.

He/she experiences having trouble under-
standing information about health and
illness and may experience insufficient
knowledge to have conversations with
others about this.

eHLQ2c: understand-
ing of health concepts
and language

He/she has sufficient knowledge about
how he/she can use technology to take
care of his/her health.

He/she finds that he/she has limited
knowledge about how he/she can use
technology to take care of his/her health.

He/she finds that he/she has have insuffi-
cient knowledge about how he/she can
use technology to take care of his/her
health.

eHLQ1: using technol-
ogy to process health
information

He/she has good knowledge of how to
use technology and can navigate health
systems easily.

He/she has limited knowledge of how to
use technology to navigate health sys-
tems.

He/she has insufficient knowledge of
how to use technology to navigate health
care systems.

eHLQ3: ability to ac-
tively engage with
digital services

He/she experiences having sufficient
access to digital health systems that work
and can be accessed by himself/herself
and others who need it.

He/she experiences having limited access
to digital health systems that work and
can be accessed by himself/herself and
others who need it.

He/she experiences insufficient access
to digital health systems that work and
can be accessed by himself/herself and
others who need it.

eHLQ6: access to dig-
ital services that work

He/she believes that digital services can
adequately adapt to his/her needs.

He/she believes that digital services can
adapt to his/her needs to a limited extent.

He/she believes that digital services are
insufficiently able to adapt to his/her
needs.

eHLQ7: digital ser-
vices that suit individ-
ual needs

He/she finds that technology is sufficient-
ly useful and helps them keep up with
and take care of his/her health.

He/she finds that technology is helpful
to a limited extent and helps him/her
keep up with and take care of his/her
health.

He/she finds that technology is insuffi-
ciently helpful and helps him/her keep
up with and take care of his/her health.

eHLQ5: motivated to
engage with digital
services

He/she feels comfortable with how
his/her health data are used by others.

He/she feels partly uncomfortable with
how his/her health data are used by oth-
ers.

He/she feels uneasy about how his/her
health data are used by others.

eHLQ4: feel safe and
in control

aheiQ: Health Education Impact Questionnaire.
bHLQ: Health Literacy Questionnaire.
ceHLQ: eHealth Literacy Questionnaire.

Data Sampling and Analysis
Data collection involved conducting cognitive interviews with
each participant to validate the individual text vignettes
developed from the individuals’ READHY responses. These
interviews allowed for iterative feedback and refinement of the
text string to ensure their coherence and relevance. The analysis

focused on identifying and addressing any issues in
understanding and meaningfulness of the text strings and
vignettes.

Iterative Validation of Data-Informed Text Vignettes
The text strings were validated through cognitive interviews
with individuals and clinicians in an iterative process. Cognitive
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interviews, often used for validating questionnaires, involve
participants “thinking out loud” by verbally reporting their
mental activity while engaging with an item in a questionnaire
[34,35]. These interviews are conducted using a semistructured
approach, with in-depth sessions where participants read a text
vignette aloud and provide feedback by sharing their thoughts
and insights throughout the process.

The interviews were conducted in 2 stages: first with individuals
and then with clinicians. Before each individual’s interview,
they completed READHY, which was then used to create
individual text vignettes. Each individual was presented with a
full vignette, created based on their previous responses, to gather
feedback on both individual text strings and the vignette as a
coherent whole, evaluating its clarity and personal relevance.

After each interview, the data were analyzed individually to
identify issues in the understanding and meaningfulness of the
text vignettes. These individual findings were then aggregated
across interviews to identify recurring problems, leading to
adjustments of the text vignettes.

The iterative process included multiple stages of feedback
incorporation. The first iteration considered feedback from 3
participants, with subsequent iterations incorporating feedback
from additional participants—3 in the second and third iterations
and 2 in the fourth.

Identified problems were categorized informally into 4 groups:
scale-specific wording changes, need for further specification,
issues with text vignette setup, and difficulties in answering the
instrument [34].

Once all individual interviews were completed and the text
vignettes and algorithm were adjusted, clinicians were
introduced to the revised vignettes. The assignment of vignettes
to clinicians was random, as they had no prior knowledge of or
relationship with the individuals. Clinicians provided feedback
on these vignettes, which led to further refinements. Each
revised version was then presented to subsequent clinicians for
additional input, ensuring that the final text was coherent and
well understood.

Part 3 Methods

Data Sampling
First, 2 patients completed the instrument. From their responses,
2 individual text vignettes were constructed using the same

method as applied in part 2. The average scale scores were
calculated for each scale, and the scale score was then matched
with the final adjusted corresponding sentence (Table 2).
Afterward, the 13 text strings were combined to create an
individual text vignette. These text vignettes were then presented
to the 3 clinicians in 3 individual semistructured interviews
designed to explore the text vignettes within an actual clinical
environment and gain the clinicians’perspective. Each clinician
was presented with 1 text vignette. Because all clinicians were
somewhat familiar with booth patients, the specific vignette
used in the interviews was randomly chosen based on which
vignette was completed at the time of the interview.

Patients were also interviewed individually to assess their
recognition of themselves in their text vignettes and whether it
made sense for them in a clinical environment. However, the
primary focus in part 3 was on the clinicians. Patient interviews
were conducted via phone at the request of both patients. The
interviews were recorded with consent and later transcribed.

The unique aspect lies in its exploration of text vignettes within
clinical contexts, focusing on clinicians who interact with the
patients described, and incorporating insights from their practical
experience.

Analysis
Two interview guides were prepared, 1 for patient interviews
and 1 for clinician interviews (Multimedia Appendix 1). These
questions were grounded in the central inquiry: How can text
vignettes generated by PRO data, as an alternative or supplement
to traditional quantitative representations, improve dialogue
and understanding between clinicians and patients regarding
PROs?

All interviews were analyzed using qualitative content analysis
using inductive coding to identify and describe patterns,
categories, and meanings within the data [36]. The analysis was
conducted using NVivo software (version 12.4.0; Lumivero)
[37]. From the coding process, 4 main categories emerged:
“recognition and confirmation,” “challenges with context and
conceptual understanding,” “one size does not fit all,” and
“reflections on using text vignettes.”

An example of a text vignette, as presented to both clinicians
and patients, is shown in Textbox 2 (translated by the authors).
This vignette is based on one of the patient’s responses to the
READHY instrument.

Textbox 2. Text vignette based on Readiness and Enablement Index for Health Technology.

She experiences having limited insight into her state of health, with limited knowledge of how to deal with health
problems when they arise.

She finds that her health issues to some extent limit her from enjoying life.

She experiences having sufficient skills and techniques to deal with health problems as they arise and generally,
experiences no emotional distress due to her health.

She feels adequately understood and supported by her social network and experiences adequate understanding and
support from the healthcare professionals she has contact and access to.

She experiences having trouble understanding information about health and illness and may experience insufficient
knowledge to have a conversation with others about this.
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She finds that she has insufficient knowledge about how she can use technology to take care of her health and has
insufficient knowledge of how to use technology to navigate healthcare systems.

She experiences having sufficient access to digital health systems that work and can be accessed by herself and others
who need it, and that digital services can adequately adapt to her needs.

She finds that technology is helpful to a limited extent and helps her keep up with and take care of her health.

She feels comfortable with how her health data is used by others.

Results

Part 1
Four clusters with various levels of high, intermediate, and low
average scores of scales within self-management, social capital,
and digital health literacy were created (Table 3).

The mean value for each scale was presented for each of the 4
clusters that were informed. Values considered to represent a
problematic level were indicated in red (<2.00), values
considered to be below a sufficient level were indicated in
yellow (2.00-2.50), and values considered to represent a
sufficient level were represented in green (>2.50).

Table 3. Stratification using the Readiness and Enablement Index for Health Technology.

Cluster 4 (n=9)Cluster 3 (n=11)Cluster 2 (n=5)Cluster 1 (n=16)Metric (mean values)

3.113.133.662.98heiQ3a: self-monitoring and insight

3.462.763.282.81heiQ4: constructive attitudes and approaches

3.112.843.152.65heiQ5: skill and technique acquisition

3.122.132.762.50heiQ8: emotional distress

3.443.403.702.78HLQ1b: feel understood and supported by health care providers

2.682.923.402.68HLQ3: actively managing my health

3.332.903.592.83HLQ4: social support for health

2.031.893.922.78eHLQ1c: using technology to process health information

2.772.823.962.85eHLQ2: understanding of health concepts and language

2.651.993.962.95eHLQ3: ability to actively engage with digital services

3.182.954.002.97eHLQ4: feel safe and in control

2.602.113.922.85eHLQ5: motivated to engage with digital services

2.972.423.962.86eHLQ6: access to digital services that work

2.682.043.802.78eHLQ7: digital services that suit individual needs

aheiQ: Health Education Impact Questionnaire.
bHLQ: Health Literacy Questionnaire.
ceHLQ: eHealth Literacy Questionnaire.

On the basis of the thresholds, a focused text vignette was
constructed almost as a narrative for each cluster together with
key sociodemographic characteristics to create 4 text vignettes,
wherein each represented an archetype of the profile—termed
a “persona” (Multimedia Appendix 2). To simplify the
information in this initial phase, only scales with high (initial
green color) or low (initial red) average scores (>2.50 or <2.0)
were included in the text vignettes, thereby creating focused
text vignettes highlighting potential areas of barriers and
resources.

EKW and LK then presented these text vignettes to colleagues
in the Smart Inclusive Living Environments project. On the
basis of the insights gained from the proof of concept with text
vignettes at group or personal level, it was decided to proceed
to part 2, focusing on the development of structured text strings
that encompass high, intermediate, and low average score levels.

Part 2
A total of 39 initial text strings were created, with 3 strings for
each of the 13 READHY scales, reflecting different levels of
knowledge, skills, or attitudes within each scale. These text
strings were designed to align with the scale names, which
summarize the relevant experiences. The initial text strings are
included in Multimedia Appendix 3.

Immediate feedback from the first 3 participants indicated that
they could easily recognize themselves in the text vignettes,
found them meaningful, and saw how their responses were
reflected in them.

In the first iteration of text vignette validation, participants
largely recognized themselves but identified issues related to
the structure of the text vignettes and the completion of the
instrument. Feedback included suggestions to revise lengthy
sentences and reduce academic language, with specific terms
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such as “health professionals” and “health-related concepts”
being difficult to understand. Participants also struggled with
the term “technology” used in the text vignette, such as in the
description of scale eHLQ3.

On the basis of cognitive interviews, “healthcare providers”
was changed to “healthcare professionals” and “health-related
concepts” was simplified to “information of health and illness.”
The order in which the scales were presented was also slightly
changed. The order of HLQ4 and HLQ1 was adjusted to create
a more natural flow when reading through the vignette.
Similarly, the eHLQ items were reordered to enhance the
coherence of the vignette.

In subsequent validation iterations, feedback was generally
positive, with individuals finding the text vignettes
understandable and recognizable. However, they struggled more
with areas where they rated themselves as limited or insufficient.
Some participants mentioned difficulties with the questionnaire
due to the lack of a “don’t know” option and noted that terms
such as “insufficient” felt too academic and unrepresentative
of their self-view. The term “digital services” was also revised
to “digital health services” to clarify its meaning. Participants
suggested that discrepancies in text vignette descriptions might
stem from specific episodes rather than their general
experiences, and some participants requested more precise
wording to better reflect their experiences. During iterations
and refinement based on feedback, the understandability and
recognizability of the vignettes improved, with individuals
having an overall positive view of the text vignettes after final
refinement.

The clinicians had a generally positive view about the generated
READHY text vignettes. Feedback emphasized the need for
clarity in highlighting that the text vignettes were based on a
PRO instrument. The length of the text vignettes had mixed
reviews. Feedback suggested categorizing content into
taxonomic groups. The language was too academic, and
adjustments had to be made to align with the instrument.

Clinicians see the value of using the text vignettes at the
population level, allowing for generalization and description of
specific populations based on competencies and characteristics.
However, the current format may not be suitable for
individual-level use, as it offers a simplified representation for
personalized interaction. On the basis of input received from
all participants, the strings were refined. The refined text strings
are presented in Table 3 (translated from Danish to English by
the authors). In the context of this study, we have used gender
pronouns, but they should be adjusted to ensure relevance and
significance within the context and setting.

Part 3
There was a positive attitude among the clinicians and patients
toward the text vignette format and this way of presenting and
communicating PROs. The clinicians experienced being able
to recognize patients in the text vignettes, and patients
experienced being able to recognize themselves in their text
vignettes. Although the text vignette format does not necessarily
meet the specific needs, the textual presentation makes the

information from PROs more accessible in an understandable
way for both clinicians and patients.

There are different preferences for how dynamic the tool should
be. Some prefer to select only specific dimensions, while others
believe that the strength of the text vignettes comes from them
providing the full picture insights and exposing possibly
overlooked aspects. Clinicians who favor the text vignette
suggest that color coding as a supplement to the text vignette
would be helpful and that a schematic summary would help
with readability, indicating that flexibility in the profile
presentation is needed to accommodate different preferences.
Some prefer text-based representations, while others find visual
presentations more intuitive.

Clinicians may face language and comprehension challenges
due to ambiguity in words and abstract concepts within the text
vignettes. Ambiguity in words and concepts, such as “to some
extent,” leaves clinicians uncertain about the severity of the
patient’s problems. Abstract concepts such as “health” and
“technology” also pose challenges in interpretation. The text
vignettes highlight new angles in patients’ self-perception,
health, motivation, and emotional distress, which clinicians find
crucial.

Opinions differ on whether to highlight strengths or weaknesses.
Some prefer insights into both aspects, while others prefer
focusing solely on the weaknesses that are most likely to be
approved. Clinicians acknowledge the value of using text
vignettes at a population or group level for generalization but
point out some limitations for individual-level use due to
simplified representations. Emphasis on personal dialogue with
patients remains crucial for addressing unresolved questions
and determining personalized interactions.

From the patient’s viewpoint, there is self-recognition and
understanding; however, engaging in discussions about text
vignette representation proves challenging. It is essential to note
that clinicians report based on their experience of interacting
with patients, highlighting the dynamic nature of this interaction
in understanding and interpreting the text vignettes. The
clinician’s insights provide a valuable perspective for
understanding the broader implications of text vignettes in a
clinical setting.

Discussion

Principal Findings
This study presents a process for developing text vignettes based
on PRO data, resulting in the creation of individual vignettes
that incorporate all 13 scales of the READHY framework. The
motivation for the development of these text vignettes was the
challenges associated with presenting PRO data as numeric
values or graphical representations, aiming to provide a clearer
and more engaging way to present and communicate PRO
information.

This findings of this study suggest an overall positive attitude
toward the PRO data–informed text vignette format and this
way of presenting and communicating PROs. Clinicians
experienced being able to recognize patients in the text vignettes,
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and the patient’s experienced being able to recognize themselves
in and understand the text vignettes describing themselves.

Considering the background emphasizing the challenges
associated with graphical representations of PRO data, the
findings suggest that PRO-informed text vignettes are
understandable for clinicians and patients. While the text format
may not perfectly align with all the needs and interests of
clinicians and patients, it presents PRO data in a comprehendible
manner, with the text vignettes presenting a recognizable
description.

Patients’ Perspective
Patients found elements of self-recognition in the text vignettes,
although discussing their representation could be challenging.
It is important to note that text vignettes also face challenges
related to health literacy and differences in understanding, as
highlighted in part 3. These challenges can pose significant
barriers for individuals with low health literacy or those who
cannot read. In such cases, regardless of the presentation format,
additional support, such as reading the vignettes aloud, may be
necessary. However, the written format generally makes the
data more accessible and less complex.

Another potential challenge is that the threshold values used to
select appropriate text strings may result in choices that are not
recognized by the informants. For example, individuals scoring
between 2.00 and 2.70 might not feel limited, or they may
perceive issues in areas not fully captured by the items in a
scale. This issue requires further exploration in future studies
to determine whether scales can be used effectively or whether
a focus on single items is more appropriate, particularly for
those scoring at the extremes. This may be necessary as we
work in the intersection of presenting data from psychometric
valid scales reporting on latent variables and presenting numeric
values as an interpretation of experiences. The patients’
experiences and feelings may sometimes be undermined or
misinterpreted in this process.

Clinicians’ Perspective
The data-informed text vignettes add a candid dimension to the
information, making it directly engaging and allowing for the
capture of new perspectives on patients that clinicians would
not otherwise have focused on, although not all perspectives
are equally relevant. It is especially the aspects of experienced
support and patients’ own knowledge about health and illness
that are important for clinicians to understand and gain
perspective on. There are different preferences among clinicians
regarding the format of the text vignettes; some prefer text-based
representations, while others prefer visual presentations.
Likewise, there are different preferences regarding how dynamic
the text-based tool should be. Some experience a need to be
able to select only specific dimensions, while others believe it
is part of the strength of the vignettes that it presents the full
picture and thus insight into possibly overlooked aspects. This
indicates that there is a need for flexibility in the text vignette
presentation to accommodate different preferences.

Clinical Relevance
Clinicians using text vignettes stress the importance of
technology that effectively addresses practical and
treatment-specific needs. It remains imperative that the
information within text vignettes aligns with the treatment being
offered.

Clinicians emphasize that the central focus should be on
understanding the condition and enabling patients to lead
fulfilling lives. Reading the text vignettes prompts clinicians to
reflect on aspects that may have been previously overlooked,
serving as a reminder of the critical need for clinical relevance
in any work involving PROs. It underlines that for PROs, and
indeed text vignettes, to realize its full potential in creating
value, it must align with the clinical context and be relevant to
clinical practice.

A More Straightforward Representation of PROs
In addressing some of the challenges with the quantitative
representation of PROs, the use of text vignettes allows for a
deeper understanding of PROs. Text vignettes recognize the
complexities of patients’ experiences and provide a broader
perspective. This approach prevents reducing patients to just
numerical data, offering instead a more comprehensive view of
an individual’s health. The text vignettes are presented in an
understandable and consistent format, with transparency about
how the collected information is applied. This transparency is
crucial for patients’effective use of PROs [38]. By transforming
complicated numerical data into a clearer and more coherent
text format, text vignettes offer a direct representation that
ensures patients and clinicians can grasp details without relying
on prior knowledge of graphical presentations. This textual
format encourages conversation, minimizes ambiguity, and
fosters dialogue for a better understanding of individual
experiences.

Promoting Dialogue for Mutual Understanding
A data-informed text vignette is not a universal solution, but
rather an approach with both advantages and disadvantages that
must be weighted and adapted to individual preferences and
needs and that requires a more dynamic approach to meet needs.
Recognizing these challenges suggests a need for meaningful
conversations between patients and clinicians about aligning
their understanding at a conceptual level. Such discussions offer
a chance to clarify word meanings and ensure a common
understanding of the patient’s experiences. This approach is
essential for accurate and meaningful communication between
patients and clinicians, ultimately improving the quality of care
and treatment. Clinicians and patients may have different
perspectives on what the patient reports in the PRO instrument.
An example is how HLQ scores were not perceived in the same
way by patients and their physicians, with a disconcordance
ranging between 20% and 44% in the 9 HLQ scales [14].
Translating the data into text vignettes may ease the conversation
and help identify these disconcordances for other PRO data
also, ease the alignment of expectations, and provide a common
understanding of the patient perspective.
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Bias Concern
Clinicians are generally receptive to text vignettes and the
insights they provide. Many clinicians feel that the text vignettes
offer a strong sense of the patients before any direct contact is
made. However, clinicians also express concerns that the text
vignette may make them biased in their encounter with the
patient, which may affect their ability to understand and treat
the patient objectively. It emphasizes the necessity of acquiring
proficiency in tool use, particularly when presenting information
in a text format. Being mindful of potential biases becomes
central, especially in a context where the text vignette format
might intensify the impact. This highlights the importance of a
nuanced and skillful application of the tool, recognizing that
biases are not exclusive to text vignette representation but should
be carefully navigated, especially when conveyed in a
confrontational textual manner.

Strengths and Limitations
A strength of this study lies in the stepwise process of creating
a dataset using a validated instrument, followed by data
triangulation. This process is based on iteratively developed
text lines that can be combined into cohesive text vignettes,
forming complete paragraphs. The cocreation with individuals,
people living with a chronic condition, municipalities,
hospital-based clinicians, and 1 general practitioner helps ensure
the validity and meaningfulness of the proposed solution.

The number of participants in each of the 3 parts may be
considered a limitation. In part 1, convenience sampling was
used among participants active in a telehealth service and was
limited by availability. We do not find this to be a problem for
the presented results, as we were able to create 4 profiles and
personas that are meaningful and can serve to illustrate the
principles used as background for parts 2 and 3. The number of
participants in part 2 was determined through concurrent
evaluation during data sampling. When the inclusion of
additional informants no longer contributed new information,
the sampling process was considered complete. By including
data from 2 distinct sociodemographic areas, we aimed to
capture a range of perspectives. On the basis of these arguments,
we found the number to have sufficient information power for
a proof-of-concept study [39]. This is also supported by most

of the participants finding the text vignettes understandable and
recognizable.

In particular, in part 3, the number of patients is likely to be too
small, but we have included this part to illustrate how clinicians
who are familiar with the patients respond to the text vignettes
describing them. The findings need to be assessed in this light.
Moreover, the results may differ from those that will be obtained
using PRO data instruments that are developed for clinical
purposes, such as European Organisation For Research And
Treatment Of Cancer [40], The World Health Organization-Five
Well-Being Index [41], or European Quality of life–5
Dimensions [42].

Perspective
The study has used the READHY instrument to demonstrate
how data-based text vignettes can help to understand patients
and align expectations about what the data tell. During the field
studies and in discussions afterward, we have received
expressions of interest in setting up algorithms to convert other
established PRO data results into text vignettes. This calls for
abundant work in this field in collaboration with several PRO
instrument owners and distributors, and we welcome
collaboration in this field. It also calls for atomization
programming interfaces that build on the proposed structures
with filters based on cutoff values combined with generative
artificial intelligence to refine the created text vignettes.

Conclusions
The study demonstrates how text vignettes can be developed
using PRO instruments, with individual scales as input strings.
This provides an opportunity to present numeric values in a text
format that is understandable and recognizable to most patients
and clinicians. Some clinicians prefer text vignettes to other
forms of presentations and find them especially useful in
establishing a better understanding of a patient before initial
contact. However, language and the arrangement of text
vignettes can present challenges, underscoring the need for
adaptation to specific needs and clinician training to ensure
accurate interpretation of the text vignettes. Different
preferences for text vignette formats highlight the need for a
more dynamic and adaptable tool that can cater to individual
needs and preferences.
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COPD: chronic obstructive pulmonary disease
eHLQ: eHealth Literacy Questionnaire
heiQ: Health Education Impact Questionnaire
HLQ: Health Literacy Questionnaire
OPHELIA: Optimizing Health Literacy and Access
PRO: patient-reported outcome
READHY: Readiness and Enablement Index for Health Technology
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Abstract

Background: Health care institutions face high systemic risk due to the inherent uncertainty and complexity of their operations.
This often leads to stressful incidents impacting the well-being of health care professionals, which can compromise the effectiveness
of health care systems. Enhancing resilience among health care professionals is essential for maintaining high-quality care and
ensuring patient safety. The role of middle managers is essential to ensure the response capacity of individuals and teams.

Objective: This study aims to develop a web-based intervention aimed at middle management to enhance individual, team, and
organizational resilience.

Methods: An observational study was conducted in 3 phases: design, validation, and pilot study. The study was initiated in
February 2022 and concluded in June 2023. Phase 1 involved designing the content for the web-based tool based on a comprehensive
review of critical elements around resilience. Phase 2 included validation by an international panel of experts who reviewed the
tool and rated it according to a structured grid. They were also encouraged to highlight strengths and areas for improvement.
Phase 3 involved piloting the tool with health care professionals in Ecuador to refine the platform and assess its effectiveness. A
total of 458 people were invited to participate through the Institutional Course on Continuous Improvement in Health Care Quality
and Safety offered by the Ministry of Public Health of Ecuador.

Results: The tool, eResiliencia, was structured into 2 main blocks: individual and team resilience and organizational resilience.
It included videos, images, PDFs, and links to dynamic graphics and additional texts. Furthermore, 13 (65%) of the 20 experts
validated the tool, rating content clarity at an average of 4.5 (SD 0.7) and utility at an average of 4.7 (SD 0.5) out of 5. The average
overall satisfaction was 9.3 (SD 0.6) out of 10 points, and feedback on improvements was implemented. A total of 362 health
care professionals began the intervention, of which 218 (60.2%) completed preintervention and postintervention questionnaires,
with significant knowledge increases (P<.001). Of the 362 health care professionals, 146 (40.3%) completed the satisfaction
questionnaire, where overall satisfaction was rated at an average of 9.4 (SD 1.1) out of 10 points.

Conclusions: The eResiliencia web-based platform provides middle managers with resources to enhance resilience among their
teams and their components, promoting better well-being and performance, even under highly stressful events. Future research
should focus on long-term impacts and practical applications in diverse clinical settings.

(JMIR Hum Factors 2025;12:e67263)   doi:10.2196/67263
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Introduction

Systemic Risk
Health care institutions are considered high-reliability
organizations due to the inherent systemic risk associated with
the activities they conduct [1]. Uncertainty and complexity,
inherent in health care delivery along with other factors,
contribute to the occurrence of higher stressful incidents that
sometimes result in harm (adverse events) [2]. Health care
professionals are exposed almost daily to stressful situations
that can deteriorate their occupational well-being, thus
compromising the effectiveness of health care systems [3]. In
addition, the impact and demands stemming from unexpected
health outcomes and health care crises further exacerbate this
situation. Ultimately, the post–COVID-19 pandemic period has
underscored a reality that has always existed but has not been
adequately addressed until now: the well-being of health care
professionals is a necessary condition to ensure the effectiveness
of health care systems and the quality of care [4].

Professional Well-Being
In clinical contexts, situations with the potential to deteriorate
the well-being of professionals are varied. These situations can
range from those related to patient safety, such as near-misses,
poor prognoses, unexpected health outcomes, a patient’s
deteriorating condition, preventable and unavoidable adverse
events, and the unexpected death of a patient, to those more
associated with working conditions or structural factors. These
include a lack of resources, high care pressure, elevated staff
turnover, increased demand, violence against professionals, and
moral injury. They can have an emotional impact on
professionals, which affects their habits, practices, or clinical
decisions [5]. When this behavior change occurs in the undesired
direction, we may encounter defensive practices, burnout, or
detachment that often entail assuming unnecessary risks for the
patient and additional costs for the system [6,7].

Vicious Cycle
Even in the absence of behavioral change, the loss of
professional well-being is accompanied by an exponential
increase in the risk of human error in patient care, leading to
lower performance and a deterioration in the quality of care
provided to patients [8]. This worsening of outcomes can, in
turn, contribute to the occurrence of new errors and safety
incidents. Thus, we find workers in a vicious cycle where the
loss of well-being, the inability to regain balance and face
stressful situations, and the quality of care are intimately related
[5,9]. Hence, preserving and enhancing the resilience of
professionals is a key element in ensuring the proper functioning
of health care systems, the quality of care, patient safety, and
achieving better health outcomes [10].

Resilience
Resilience refers to the ability of individuals, teams, and
organizations to adapt, recover, and grow in the face of stress,
adversity, and challenging circumstances [11]. In the context

of health care, it enables professionals to maintain their
well-being and continue to provide high-quality care despite
the inevitable challenges they encounter. This not only benefits
the individuals themselves but also enhances the safety and
effectiveness of care provided by health care teams [12].

Individual Differences
In addition to the inherent risk in health care activities, other
cultural aspects can also be a source of distress for health care
professionals and may even constitute a barrier to the process
of recovering well-being once it has been compromised and are
also directly related to values. From an individual perspective,
health care professionals share a set of ideals focused on doing
good and prioritizing the well-being of others. While these ideals
are desirable for good performance, their rigid application in
critical situations can intensify distress or hinder constructive
coping and professional recovery [13].

Organizational Culture
At the organizational level, the institution’s culture plays a key
role in determining how professionals feel, interpret, and cope
with stressful situations. The prevailing professional culture in
the health care sector is characterized by strong ideals of
perfection that often lead to a negative and unconstructive view
of human response, considering someone weak for asking for
help or being unable to cope with a stressful situation.
Understanding these causes allows for designing and
implementing barriers that prevent or reduce the likelihood of
succumbing to stressful situations occurring in the future.

Challenge
The World Health Organization has incorporated resilience in
health care systems into the Global Patient Safety Action Plan
2021-2030 through strategy 2.4: providing a strong human factor
and ergonomics-based perspective and contributing to
strengthening the resilience of health care organizations and
clinical practices [14]. This initiative aims to address a basic
need for the proper functioning of health care systems, which
is to take care of those who care.

We intend to address this need not only from a reactive approach
when things go wrong but also by creating resilient teams and
providing middle managers with tools to reinforce the resilience
of professionals, teams, and the health care organization to
ensure their ability to respond to critical situations. We believe
that middle managers, due to their strategic position in the
institution’s structure, are key agents for the development of
resilience at all levels; therefore, the materials of this project
are specifically aimed at this group.

Methods

Study Design
An observational study was developed in 3 phases: development
of the web-based tool (phase 1), validation by experts (phase
2), and piloting with professionals (phase 3; Figure 1). Primary
care and hospital were defined as usual settings for the new tool
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named eResiliencia. The established 8 principles for learning
tools that aim to support the translation of resilience into practice
by Haraldseid-Driftland et al [15] were used. In this study,

resilience in health care was defined as the capacity to adapt to
challenges and changes at different system levels to maintain
high-quality care [12].

Figure 1. Flowchart of project phases and steps.

The study was developed by a core group involving a
multidisciplinary team supported by a panel of international
experts in health administration, occupational safety, and patient
safety. It was initiated in February 2022 and concluded in June
2023.

Phase 1: Development of the Web-Based Tool
To design the content for the web-based tool (phase 1), a
comprehensive search of critical elements reinforcing resilience
was conducted, culminating in a preliminary selection from
among the most frequently cited elements. This included the
revision of reviews and systematic reviews (after 2019) on the
concept of resilience, experimental studies measuring the
effectiveness of recent programs designed to enhance the
resilience of health care professionals, and the content of

different scales for measuring resilience. In particular, this
search was aimed at identifying experiences and successful
strategies [16].

The eResiliencia intervention is built on a robust theoretical
framework that integrates principles of resilience, human
behavior, and organizational adaptability to address the complex
challenges faced by health care systems (Figure 2). This
approach emphasizes strengthening resilience through the
development of 5 essential traits: self-control, which involves
regulating emotions and behavior under pressure; adaptability
or the flexibility to adjust to changes and demands; optimism,
characterized by a positive outlook and confidence in
overcoming challenges; self-sufficiency, reflecting the ability
to independently manage difficulties; and persistence, the
sustained effort to persevere in the face of adversity.
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Figure 2. eResiliencia theoretical framework. PERMA+4: PERMA+4 Well-Being model; RAG: Resilience Analysis Grid.

The intervention draws from the 5-tier model proposed by Seys
et al [17], which combines preventive and supportive measures
to build resilience. Levels 1 and 2 focus on proactive strategies
such as prevention and self-care, while levels 3 to 5 offer
structured peer and clinical support to address resilience at both
individual and organizational levels. This multilevel approach
ensures that resilience-building efforts are comprehensive and
adaptable to the diverse contexts within health care settings.

eResiliencia operates across 3 interconnected levels: individual,
team, and organizational. It uses both proactive and reactive
strategies to enhance resilience. Proactive measures aim to build
capacity before crises occur, using tools such as stress
management models and workplace well-being frameworks.
Reactive strategies focus on recovery and learning following
critical events, ensuring that individuals and organizations can
adapt effectively to challenges.

The intervention is informed by several evidence-based models,
including the stress continuum model [18], which helps monitor
and manage stress; the PERMA+4 Well-Being model [19],
which promotes workplace well-being through its
multidimensional framework; the G.R.A.C.E. model [20], which
supports health care workers in cultivating compassion and
managing burnout; and the Resilience Analysis Grid [21], which
was applied to assess and enhance team response capacity in
unexpected events. In addition, eResiliencia incorporates a set
of behavior change techniques [22] designed to equip middle
managers with targeted strategies for promoting workplace
well-being. These techniques are tailored to the unique cultural
and organizational contexts of health care systems, ensuring
their relevance and practicality.

Following this, a second step involved drafting the web structure
to accommodate the intended contents effectively. Subsequently,
a process of content adaptation to the health care context ensued,
wherein various support materials for the tool were developed.
These materials underwent 2 rounds of internal review before
arriving at version 1.0, ensuring their alignment with the
intended objectives. The first version of the web platform was
developed in Spanish and hosted on the Miguel Hernández
University of Elche (Spain) servers, which comply with security

requirements and regulations. A total of 11 months were spent
to complete this phase, commencing in February 2022.

Phase 2: Validation by Experts
Version 1.0 underwent a review and validation process by an
international panel of experts between February and April 2023.
A total of 20 professionals integrated this panel, comprising 14
(70%) from Spain, 2 (10%) from Colombia, 1 (5%) from
Argentina, 1 (5%) from Ecuador, 1 (5%) from Brazil, and 1
(5%) from Chile. The experts’ identification was made using
the snowball approach. All experts were informed of the pursued
objective and the approximate time commitment and were
requested voluntary, unpaid participation. Of the 20
professionals, 11 (55%) were women and 9 (45%) were men,
and all met the criterion of a minimum of 10 years of
professional experience. It was ensured that no personal
evaluation would be disclosed, and communications with them
were conducted via telephone or email.

Following a comprehensive examination of all contents and
their structural organization, experts engaged were required to
respond to a rubric designed to evaluate various aspects. This
rubric used a scale ranging from 1 to 5 to assess the clarity of
the content and its utility and applicability, grading from
completely disagree to completely agree on whether the
materials facilitated learning strategies to foster the resilience
of professionals or teams under their purview, their likelihood
to recommend the tool to other colleagues, and their intention
to apply learned tools or strategies. In addition, experts were
encouraged to identify strengths and areas for improvement and
to rate their overall satisfaction with the web-based intervention
and its contents on a scale from 1 to 10, where the higher the
score, the greater the satisfaction. The level of agreement among
evaluators was assessed to inform decisions regarding aspects
requiring changes. All feedback and suggested improvements
were meticulously implemented to enhance the quality of the
content. Subsequently, the refined version of the tool was
translated into English, Portuguese, and Valencian. Careful
attention was given to ensuring equivalence across all versions
through a process of back translation. Necessary adjustments
were made to ensure the adequacy and coherence of the system
across languages. An adaptation was also made to the idioms
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and expressions commonly used in Latin American Spanish.
This procedure also ensured that social and cultural aspects
specific to each country were considered.

Phase 3: Pilot Study
From May 1 to June 30, 2023, a pilot study was conducted in
a real setting in Ecuador. The participants’ feedback served to
refine the platform and the tool. A broader cohort of 458 health
care professionals from Ecuador was invited to participate. They
served as executives or managers in one of the country’s public
health care networks. This invitation was extended through the
Institutional Course on Continuous Improvement in Health Care
Quality and Safety offered by the Ministry of Public Health of
Ecuador with the support of the Miguel Hernández University,
Spain. The invitation was formally extended to all professionals
from the management teams of public health care institutions
in the country, including physicians, nurses, and other
professional profiles. They assessed whether they wished to
participate in this training, ensuring their data and performance
were completely anonymized. Participants were required to
complete a preintervention questionnaire at the moment of
registration to access the contents of the web-based tool. This
questionnaire comprised 20 questions assessing the knowledge
areas to be addressed. In Multimedia Appendix 1, the topics
addressed by each question can be consulted. After 7 days, a
postintervention questionnaire containing the same questions
was made available to assess content assimilation. Participants
had the option to retake this postintervention questionnaire up
to a maximum of 10 times, with a minimum score of 8 out of
10 required to qualify for a proficiency certificate. Following
the completion of the postintervention questionnaire, participants
were presented with an evaluation questionnaire consisting of
the same questions posed to the experts during phase 2.

Data Analysis
In this study, both quantitative and qualitative analyses were
conducted. The profile of participants who completed all phases
of the iteration was compared with those who dropped out and
did not finish to identify potential differences. For phase 2,
descriptive analyses were performed on the rubric scores, and
content analyses were conducted for open-ended responses.
Fleiss κ was used to analyze the level of agreement among

evaluators. The response options were recoded into 2 categories:
“agree” (values 4 and 5) and “disagree” (values 1, 2, and 3),
evaluating the overall agreement among experts across the 5
variables (clarity, utility, intention to recommend, intention to
apply, and eResiliencia).

Similarly, in phase 3, the same analyses as in phase 2 were
performed for the evaluation questionnaire. Descriptive statistics
were conducted for both the preintervention and postintervention
questionnaires. To assess differences between the means of such
questionnaires, the Wilcoxon signed rank test was used. In
addition, the McNemar statistic was calculated to compare the
number of correct responses before and after the use of the
web-based tool for each question. Qualitative analysis also
considered the frequency of positive comments and
improvement suggestions made by participants at the end of
the structured survey. These comments, expressed in natural
language, were categorized by 2 researchers (EG-H and IC) to
facilitate their documentation. Finally, sociodemographic data
were analyzed using descriptive statistics.

Ethical Considerations
In accordance with the Ecuadorian Ministerial Agreement
AM00005-2022 and the Spanish Law on Biomedical Research
(14/2007), studies conducted through anonymous surveys that
do not collect health-related data are exempt from ethical review.
This study was fully compliant with all regulatory standards for
personal data protection. Ethical principles for medical research
involving human participants included in the guidelines set by
the Helsinki Declaration were followed. Informed consent for
study participation was obtained at the time of registration on
the platform, whereby individuals were required to select the
corresponding checkbox, with instructions provided regarding
the process for revoking their participation. No form of financial
compensation was provided for participation.

Results

Phase 1: Development of the Web-Based Tool
A total of 42 documents were deemed relevant and were
analyzed in depth to extract lessons learned and proposals for
the design of eResiliencia (Table 1).
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Table 1. Documents considered when designing the content of eResiliencia.

StudyName

Resilience scales (n=7)

Winwood et al [23], 2013Resilience at Work Scale

The Psychometric Project [24], 201350-Item Resilience Questionnaire

Smith et al [25], 2008Brief Resilience Scale

Connor and Davidson [26], 2003Connor-Davidson Resilience Scale

Friborg et al [27], 2003Resilience Scale for Adults

Wagnild and Young [28], 1993Resilience Scale

Bartone et al [29], 1989Dispositional Resilience Scale

Resilience concept (n=11)

Troy et al [30], 2023Psychological Resilience: An Affect-Regulation Framework

Bowling et al [31], 2022A Simultaneous Concept Analysis of Resilience, Coping, Posttraumatic Growth, and
Thriving

Moya and Goenechea [32], 2022An Approach to the Unified Conceptualization, Definition, and Characterization of
Social Resilience

Métais et al [33], 2022Integrative Review of the Recent Literature on Human Resilience: From Concepts,
Theories, and Discussions Towards a Complex Understanding

Daly [34], 2020Resilience: An Integrated Review

Tay and Lim [35], 2020Psychological Resilience as an Emergent Characteristic for Well-Being: A Pragmatic
View

Infurna [36], 2020What Does Resilience Signify? An Evaluation of Concepts and Directions for Future
Research

Cooper et al [37], 2020Nurse Resilience: A Concept Analysis

Huey and Palaganas [38], 2020What Are the Factors Affecting Resilience in Health Professionals? A Synthesis of
Systematic Reviews

Sisto et al [11], 2019Toward a Transversal Definition of Psychological Resilience: A Literature Review

Stainton et al [39], 2019Resilience as a Multimodal Dynamic Process

Resilience in health care systems (n=9)

Lyng et al [40], 2022Exploring the Nature of Adaptive Capacity for Resilience in Healthcare Across
Different Healthcare Contexts; a Metasynthesis of Narratives

Raetze et al [41], 2022Resilience in Organization-Related Research: An Integrative Conceptual Review
Across Disciplines and Levels of Analysis

Vercio et al [42], 2021Shifting Focus from Burnout and Wellness toward Individual and Organizational
Resilience

Biddle et al [43], 2020Health System Resilience: a Literature Review of Empirical Research

Bhandari and Alonge [44], 2020Measuring the Resilience of Health Systems in Low- and Middle-Income Countries:
a Focus on Community Resilience

Strametz et al [45], 2020Maintaining capacity in the health care system during the COVID‐19 pandemic by
reinforcing clinicians’ resilience and supporting second victims

Wu et al [46], 2020COVID-19: Peer Support and Crisis Communication Strategies to Promote Institu-
tional Resilience

Thomas et al [47], 2020Strengthening Health Systems Resilience: Key Concepts and Strategies

Turenne et al [48], 2019Conceptual Analysis of Health Systems Resilience: A Scoping Review

Existing intervention programs to enhance resilience (n=6)

Qureshi et al [49], 2023Psychosocial Interventions for Building Resilience of Informal Carers of People
Living with Stroke: a Systematic Review

Stoliker et al [50], 2022Building Personal Resilience following an online Resilience Training Program for
BScN Students
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StudyName

Golden et al [51], 2021A Resilience-Building App to Support the Mental Health of Health Care Workers
in the COVID-19 Era: Design Process, Distribution, and Evaluation

Spiva et al [52], 2020The Effectiveness of Charge Nurse Training on Leadership Style and Resiliency

Liu et al [53], 2020Comprehensive Meta-analysis of Resilience Interventions

Venegas et al [54], 2019Interventions to Improve Resilience in Physicians Who have Completed Training:
A Systematic Review

Useful tools (n=9)

Donaldson et al [19], 2022PERMA+4: A Framework for Work-Related Wellbeing, Performance and Positive
Organizational Psychology 2.0

Franco and Christie [55], 2021Effectiveness of a One Day Self-Compassion Training for Pediatric Nurses’Resilience

Donaldson and Donaldson [56], 2021The Positive Functioning at Work Scale: Psychometric Assessment, Validation, and
Measurement Invariance

Butler and Kern [57], 2016The PERMA-Profiler: A Brief Multidimensional Measure of Flourishing

Michie et al [22], 2013The Behavior Change Technique Taxonomy (v1) of 93 Hierarchically Clustered
Techniques: Building an International Consensus for the Reporting of Behavior
Change Interventions

Halifax [20], 2014G.R.A.C.E. for Nurses: Cultivating Compassion in Nurse/Patient Interactions

Hollnagel et al [21], 2011RAG—Resilience Analysis Grid

Nash [18], 2016US Marine Corps and Navy Combat and Operational Stress Continuum Model: A
Tool for Leaders

Scott et al [58], 2010Caring for Our Own: Deploying a Systemwide Second Victim Rapid Response Team

The working team outlined a presentation structure for
eResiliencia and chose the most suitable appearance from
several options. With the information gathered and the ideas
from the working group itself, the first draft of the content was
structured in the beta version of the website that hosts
eResiliencia [59].

The content was divided into 2 main blocks (Figure 3), one
aimed at building resilience at the individual and team levels,
and another at the organizational level, preceded by a conceptual
framework. Platform navigation was conducted through both
the menu bar and the side panel (Figure 4). Within each block,
there were subdivisions as shown in Table 2. In the tab dedicated
to the conceptual framework, an explanation of the course

context, an introduction to resilience, several examples of
situations where it is crucial, and a section with definitions of
the most relevant concepts of the course were provided. The
first block, tools to strengthen resilience at the individual and
team levels, offered the necessary strategies to enhance the
resilience of team members at an individual level, placing
particular emphasis on the importance of workplace well-being.
Finally, the block on tools to reinforce resilience at the
organizational level provided strategies to assess and achieve
resilient institutions in the face of crises and unexpected events.
In addition, a road map was included at the end of the course
to aid in selecting the most useful strategies based on the
objectives.
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Figure 3. The home screen of the eResiliencia web-based platform.

Figure 4. Navigation panel of the eResiliencia web-based platform.
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Table 2. Structure of the eResiliencia web-based platform.

ItemsStructure

Framework • Why this guideline?
• Resilience components
• Examples
• Definitions

Individual level • Stress Continuum Model
• Enhancing resilience at the individual level
• G.R.A.C.E. model
• PERMA+4 Well-Being model for occupational wellness
• Behavior change technique for building work-related well-being

Organizational level • Enhancing resilience at the organizational level
• Resilience Analysis Grid

In total, it comprised 17 videos, 11 figures and images, 4 PDF
files, and references for further information expansion, among
which downloadable materials or video, graph, and text links
were also available. Upon accessing their personal account,
users were provided with a section containing pertinent
information regarding the platform’s functionality, along with
a video elucidating navigation and content. In addition, users
had access to a support resource and the option to change their
password.

Phase 2: Validation by Experts
Of the 20 experts, 13 (65%) assessed the tool and provided
feedback. They rated the clarity of the content at an average of
4.5 (SD 0.7) and the utility and applicability at an average of
4.7 (SD 0.5), out of 5 in both cases. Regarding whether the
materials facilitated learning strategies to foster the resilience
of professionals or teams under their purview, 62% (8/13) of
the experts indicated they completely agree, 31% (4/13) of the
experts indicated they agree, and 8% (1/13) of the experts
indicated they completely disagree. Regarding their likelihood
to recommend the tool to other colleagues, 92% (12/13) of the
experts responded definitely yes, and 8% (1/13) of the experts
responded probably yes. The same results were obtained for
their intention to apply learned tools or strategies. The level of
agreement among experts for the combined set of the 5
evaluative variables of eResiliencia was 0.79 (95% CI
0.65-0.92).

Overall satisfaction was rated with an average of 9.3 (SD 0.6)
out of 10 points. Some of the strengths highlighted were the
chosen content and the ease of navigation and presentation of
the web-based platform. In contrast, areas for improvement

included making the videos more engaging and the possibility
of incorporating practical exercises or a forum for participant
interaction. As a suggestion, an introductory video of the content
and the functionality of the web-based platform was included
(Multimedia Appendix 2) [60]. The full list of comments made
by experts is presented in Multimedia Appendix 3.

Phase 3: Pilot Study
Of the 458 professionals invited to participate, 362 (79%)
registered on the platform. The preintervention and
postintervention questionnaires of the pilot study were
completed by 218 (60.2%) of these 362 health care professionals
exercising leadership roles who began the intervention.
Moreover, 146 (40.3%) health care professionals responded to
the experience evaluation questionnaire.

Most of them were physicians (90/218, 41.3%) and nurses
(59/218, 27.1%), with a mean experience of 10.3 (SD 8.8) years.
Their primary work setting was primary care (113/218, 51.8%),
hospital (79/218, 36.2%), quality area (9/218, 4.1%), or other
management positions (7/218, 3.2%). The profile of those who
did not complete the entire educational intervention was similar
to those who did, with 42.4% (61/144 being physicians, 24.3%
(35/144) being nurses, and 45.1% (65/144) working in primary
care. Those who did not complete the intervention had slightly
average experience, with 11.4 years compared with 10 years.

The scores obtained in the preintervention questionnaire
averaged 42.0 (SD 16.6) of 100, while for the postintervention
questionnaire, they averaged 74.7 (SD 22.7), with significant
differences between them (P<.001; Z=–11.728). The increase
in the percentage of correct answers for each question is
represented in Table 3.
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Table 3. Increase in percentage of correct answers for each question (n=218).

P valueMcNemar testIncrease of correct
answers (%)

Correct responses on the
postintervention question-
naire, n (%)

Correct responses on the
preintervention question-
naire, n (%)

Questionsa

<.00125.68120.2192 (88.1)148 (67.9)1

<.00153.16534.4148 (67.9)73 (33.5)2

<.00127.87624.3155 (71.1)102 (46.8)3

<.00187.94046.8134 (61.5)32 (14.7)4

<.00137.96928.4165 (75.7)103 (47.2)5

<.00199.00850.5176 (80.7)66 (30.3)6

<.00152.90032.1162 (74.3)92 (42.2)7

<.00148.58232.1180 (82.6)110 (50.5)8

<.00130.86227.1153 (70.2)94 (43.1)9

<.00155.01035.3159 (72.9)82 (37.6)10

<.00129.28022.9189 (86.7)139 (63.8)11

<.00128.90023.8169 (77.5)117 (53.7)12

<.001111.62855.5165 (75.7)44 (20.2)13

<.00149.49532.5181 (83)110 (50.5)14

<.00164.32437.6111 (50.9)29 (13.3)15

<.00133.30727.1145 (66.5)86 (39.4)16

<.00134.37525.7194 (89)138 (63.3)17

<.00120.55418.3154 (70.6)114 (52.3)18

<.00155.93435.8162 (74.3)84 (38.5)19

<.00173.02543.6163 (74.8)68 (31.2)20

aBecause this is active training, the questions have been masked to avoid spoilers. They are available upon reasonable request.

Moreover, 58.3% (127/218) of the health care professionals
passed the postintervention questionnaire without requiring any
retries. However, 14.2% (31/218) of the health care professionals
needed 1 retry, 8.3% (18/218) needed 2 retries, 6% (13/218)
needed 3 retries, and 3.7% (8/218) needed between 4 and 7
retries. Furthermore, 9.6% (21/218) of the health care
professionals exhausted all 10 retry attempts without achieving
the required score.

Regarding the perception of the 146 people who completed the
evaluation questionnaire, the clarity of the content received an

average score of 4.7 (SD 0.6) on a 1 to 5 scale, while the utility
or applicability scored 4.8 (SD 0.5). The results of their opinion
are depicted in Table 4.

Global satisfaction was rated 9.4 (SD 1.1) out of 10 points on
average. Among the strengths underscored were the
comprehensiveness of the content and the interesting techniques
explained. Conversely, identified improvement areas consisted
of incorporating more illustrative examples and providing
downloadable materials.
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Table 4. Results of the nonnumerical scale questions from the assessment questionnaire (n=146).

Definite-
ly yes, n
(%)

Probably
yes, n
(%)

Not sure,
n (%)

Probably
not, n (%)

Definitely
not, n (%)

Complete-
ly agree,
n (%)

Agree, n
(%)

Neither
agree nor
disagree, n
(%)

Disagree, n
(%)

Completely
disagree, n
(%)

Question

—————a78 (53.4)54 (37)6 (4.1)1 (0.7)7 (4.8)The course content
has enabled me to
learn strategies for
reinforcing the re-
silience of the profes-
sionals or teams un-
der my supervision.

118
(80.8)

22 (15.1)6 (4.1)0 (0)0 (0)—————I will recommend
the course to other
colleagues.

114
(78.1)

28 (19.2)2 (1.4)2 (1.4)0 (0)—————I will apply some of
the tools or strate-
gies learned to
strengthen individu-
al, team, or organiza-
tional resilience in
my work environ-
ment.

aNot applicable.

Qualitative Analysis of Open-Ended Comments

Strengths
The most repeated topics among the strengths were the learning
of new techniques or specific models (34/146, 23.3%), the
web-based methodology that allowed access at any time (14/146,
9.6%), the organizational approach (10/146, 6.8%), the clarity
of the content (9/146, 6.1%), stress management (6/146, 4.1%),
and the examples provided (4/146, 2.7%).

Opportunities for Improvement
In terms of aspects to be improved, the incorporation of more
examples (14/146, 9.6%) and the expansion of the content
(14/146, 9.6%) were generally highlighted. In addition,
improving the quality of the videos (12/146, 8.2%), including
the possibility of interacting with other students in a more
practical way (9/146, 6.2%), enabling downloadable content
(9/146, 6.2%), reducing the length of the questionnaires (6/146,
4.1%), including web-based tutorials for resolving doubts with
the teachers (5/146, 3.4%), and adding a progress bar to visualize
the course as a whole (4/146, 2.7%) were emphasized.

Discussion

Principal Findings
Our developed web-based approach operates as a comprehensive
tool designed primarily for middle managers, aiming to foster
resilience at both individual and organizational levels within
the staff at their charge. By using multimedia resources, this
approach has been shown to enhance the knowledge about
resilience of health care professionals across diverse fields and
backgrounds.

eResiliencia was highly rated by the panel of experts regarding
clarity and usefulness, indicating that the tool is perceived as

comprehensible and relevant for application in professional
contexts. High ratings were also obtained for the willingness to
recommend the tool to colleagues and the intention to apply the
learned strategies, demonstrating strong acceptance and
confidence in the resource. For most (12/13, 92%) participants,
the materials were potentially effective in strengthening team
resilience, except for 1 (8%) expert who expressed complete
disagreement. This highlights the need to consider diverse
perspectives and possible improvements in adapting the content
to various contexts. Nonetheless, overall satisfaction was high,
with more than 9 points out of 10.

Implementing eResiliencia in Real-World Settings
The eResiliencia platform features a user-friendly interface, and
in most cases, managerial staff possesses the necessary skills
to use such digital tools effectively. However, some systemic
limitations may impact its implementation. First, the increasing
measures to prevent cyberattacks and data ransom incidents in
health care institutions have led to stricter internet access
controls, even in areas where connectivity was previously
unrestricted. This decision may hinder access to eResiliencia
within some organizations. In addition, in certain health care
networks, managers lack the resources to access the platform
outside their offices. Incorporating offline functionality could
address these limitations and facilitate broader access to the
platform.

Second, resistance from health care organizations, often rooted
in established workflows or skepticism about the benefits of
new interventions, represents a traditional barrier. In this case,
the integration of eResiliencia was facilitated by embedding it
within a national patient safety and quality training program
aimed at launching a global institutional strengthening plan. A
similar strategy could help overcome organizational resistance
in other settings.
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Third, ensuring flexibility and accessibility is essential to meet
the diverse needs of users. The use of asynchronous learning
options was key in this instance, allowing participants to decide
when and how to engage with the platform. This flexibility
significantly increases accessibility and is particularly relevant
in environments with high workloads. However, allocating
dedicated time during work hours could further enhance
participation rates by reducing competing demands on
participants’ schedules.

Comparison With Prior Studies
It is known that health care professionals face stressful situations
in their professional work. The frequency of burnout or the
existence of defensive practices is also not uncommon. It is no
surprise that the role of team leaders influences the team’s ability
to respond and recover after experiencing adverse situations
[61]. The COVID-19 pandemic brought to the attention of
managers, executives, and society in general concerns about
the resilience capacity of these collectives, both at an individual
and collective level, to face what has undoubtedly been the
greatest global challenge for health care professionals. This
study originates from that period and delves into both aspects,
offering an easily accessible training format for those
responsible for clinical teams. In this regard, it is based on the
observation that most programs designed to increase resilience
were developed to operate at the individual level and that it was
necessary to create interventions focused on the work group
[30].

eResiliencia incorporates agreed-upon resilience attributes [37]
and skills that leaders must possess to strengthen their teams’
resilience, which include self-efficacy, self-control, the ability
to provide support and help, and learning from difficulties [62].

Uncertainty, resource shortages, constant protocol variations,
the risk of infection and transmission, and critical
decision-making with ethical implications, among other factors,
were prevalent during the COVID-19 pandemic and contributed
to fear, anxiety, stress, moral injury, or compassion fatigue
among health care professionals [63,64]. These situations have
highlighted the need to reconsider the role of middle
management, as they must address the needs of their teams to
face challenges. Therefore, their resilience is a crucial
competence required for their work.

The scores obtained in this study by the professionals who
underwent the training show that after the use of the tool, the
results were better both overall and for each individual question.
However, the preintervention questionnaire also revealed that
participants’ previous knowledge was relatively low in many
areas, with correct response rates ranging from 13.3% (question
15; behavior change technique) to 67.9% (question 1; definition
of resilience). This underscores the necessity and effectiveness
of the educational intervention implemented. The greatest
increases were in questions with initially low correct response
rates (question 4, question 6, and question 13), suggesting the
acquisition of new concepts. In contrast, questions such as
question 1 and question 18, which initially had a higher
percentage of correct responses, showed a less pronounced
increase compared to those with lower initial performance. The
increase in scores on the final questionnaire compared to the

initial questionnaire is consistent with the findings of other
studies, which show that both in-person [52,65-67] and on the
web [50,68] interventions increase resilience capacity. In
addition, it has been observed that they also protect the mental
health of professionals [69].

Solutions to assist professionals were implemented in different
countries and were similar, including the availability of
psychological services, support hotlines, and websites with
resource materials [70]. Focusing on tools available for Spanish
speakers, an example is the digital platform and mobile app,
Be+Against COVID, which was used in Argentina, Brazil,
Colombia, Chile, Ecuador, and Spain [71].

Although middle managers have usually received training in
occupational risk prevention and conflict management, many
times there is a lack of specific and detailed training in
fundamental aspects of team management and resilience.
Traditionally, team management has focused on organizational
and clinical aspects to ensure that patients’needs are adequately
met. Nowadays, middle managers are expected to efficiently
manage the resources of the professional teams they lead,
particularly human talent, to adequately respond to health
challenges.

Implications of Findings
In the postpandemic era, there is a growing consensus that
among the functions of executives and middle managers (such
as the organization of responses to care demands, task allocation,
conflict management within teams, and the strengthening of
teams to meet care demands effectively), there should be an
emphasis on maintaining and strengthening the resilience
capacity of their teams of professionals, because their ability to
cope with highly stressful situations determines the quality of
care provided and the outcomes for patients. This eResiliencia
program follows this trend and takes a proactive approach by
offering a framework for executives and middle managers to
use some or all the resources to achieve this objective and
prepare their team for everyday challenges and future crises.

Although most (197/218, 90.4%) of the participants were able
to pass the training without any difficulties, some (21/218, 9.6%)
individuals exhausted all reattempts without achieving the
minimum required score. While these data suggest that the
material and teaching methods are effective for most, it would
be beneficial to delve into the reasons behind the difficulties
faced by this small percentage to address and mitigate the
problem.

Resilience training is presented as a crucial element in the
professional development of middle managers in the health care
sector. Promoting and reinforcing resilience is not only essential
for the individual well-being of professionals but also
strengthens the cohesion and effectiveness of the team as a
whole. However, for this to be feasible, it is essential that
clinical management evolves and provides effective tools to
middle managers, facilitating resource management, including
resilience training.

In this era, there is a growing consensus that the existing “find
and fix” solutions should be replaced by those that are more
forward-thinking [15]. Moreover, the organizational culture is
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critical to ensuring patients receive adequate care and workers’
resilience when things go wrong [72]. Health care organizations
are evolving toward the principles of Safety II framework here
[73], which involves recognizing the challenge of complexity
and uncertainty in clinical practice to anticipate errors.
Promoting the resilience of workers at both individual and team
levels contributes to realizing the implementation of Safety II
[74].

Fragmentation in the assignment of professionals poses a
significant challenge to teamwork. Thus, cohesion among middle
medical and nursing managers is essential to overcoming the
barriers created by this fragmentation and fostering a more
collaborative and efficient work environment. The training of
middle managers in the health care organization must be a
top-down strategy, driven by leadership. Health care executives
must communicate these priorities to middle managers and
provide the necessary support for implementation. Only through
strong and consistent leadership from the upper echelons can
we ensure that middle managers are equipped with the
competencies required to effectively manage their teams and
promote a resilient work environment.

The response rate indicates that 4 (40%) of the 10 professionals
who registered on the platform were eventually not interested
in the training on how to foster resilience in their teams and
collaborators. This could be because they already possess the
personal resources to tackle the task or because eResiliencia
did not meet their expectations or failed to motivate them
sufficiently. This aspect could be addressed, for example, with
a more practical approach through group dynamics and
cooperative tasks to generate greater interest and engagement,
so participants can see a more direct application of the training
tools.

Strengths
This study addresses the 5 key questions of a resilience study
in the health care sector [75]. It proposes an alternative approach
to individual-focused training by emphasizing the role of clinical
team leaders and how to strengthen the resilience of their teams
and team members.

Limitations
Although international experts share a common cultural
background, they represent a group of Spanish-speaking
countries. The generalization of content to other countries should
not be done directly. Participants in the pilot study phase worked
in various public health networks in Ecuador and took part in
this experience as part of a quality and patient safety
management course, which emphasized the need to move away
from a blame culture. This aspect may have influenced their
engagement with the eResiliencia content. Participants had a
set amount of time to complete the training on the eResiliencia
web-based platform. In a different self-directed learning context
without this limitation, trainee behavior might be different.
Because this is a study without a control group, the changes
observed in participants’ knowledge may not be exclusively
attributable to eResiliencia. Finally, it should be noted that
although the participants were enrolled in training organized
by the Ministry of Public Health of Ecuador, it was emphasized

that they could freely choose whether to complete the
eResiliencia training and respond to the satisfaction survey.
Answering the questionnaire did not provide any advantage and
the responses were not disclosed, ensuring anonymity at all
times, which was clearly communicated to the participants. This
approach was taken to avoid a reporting bias.

Cultural Factors Influencing Resilience-Building
Capacity
Ecuador’s health care system is characterized by hierarchical
structures and centralized decision-making, typical of
high-power distance cultures. eResiliencia capitalizes on the
influential role of middle managers, who act as intermediaries
between upper management and frontline workers. By equipping
middle managers with resilience-building tools, the intervention
empowers them to cascade these strategies throughout their
teams, reinforcing resilience at all levels of the organization.
The networks engaged in this study operate with limited
resources, requiring flexibility and improvisation to address
challenges. eResiliencia provides structured yet adaptable
strategies, offering tools for middle managers to tailor
resilience-building efforts according to the specific needs and
constraints of their teams. Although Ecuador faces challenges
in long-term health care planning, eResiliencia introduces
structured frameworks that emphasize proactive resilience
building. These frameworks align with preventive measures to
prepare health care professionals for crises, fostering a shift
from reactive to proactive management.

Many of these aspects are common to countries in this region.
However, the outcomes of eResiliencia in Asia, Europe, or
North America are likely to differ significantly due to the
cultural factors influencing resilience-building capacity. Cultural
dimensions such as collectivism, power distance, and approaches
to uncertainty, among others, play a crucial role in shaping how
resilience strategies are developed and applied across different
contexts.

Future Research
It is necessary to delve into a common definition of what is
meant by resilience [11,75] and, by extension, the role of
managers in the resilience of their team members. A critical
aspect for future development involves the incorporation of
mechanisms to monitor the utility and long-term impact of the
knowledge acquired through the web-based tool, particularly
considering the less optimistic data provided by some studies
on nursing students [76]. In later phases, this intervention will
be complemented by the development of improvement and
action plans based on the application of the eResiliencia tools
by health care teams and middle management interested in their
centers. This will allow a more effective monitoring of the tool,
its usefulness, and applicability. These approaches could also
be extended to companies that provide home care, to train those
who coordinate the work of informal caregivers in the home
[77], in light of the growing caregiving economy. Finally, as
these are preliminary data, this educational intervention should
be tested in the context of other organizational models and
diverse cultural settings to validate its effectiveness,
acceptability, and utility.

JMIR Hum Factors 2025 | vol. 12 | e67263 | p.1121https://humanfactors.jmir.org/2025/1/e67263
(page number not for citation purposes)

Gil-Hernández et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions
The proposal to evaluate each professional, identify signs of
stress, take appropriate measures, and manage team cohesion
represents a training initiative that could be implemented clearly
and explicitly. However, it is essential to first analyze the
organizational context where the intervention will be applied
and identify potential adjustments to improve its acceptability
based on national and local organizational factors. This tailored

approach ensures that the intervention aligns with the specific
needs and characteristics of each setting, enhancing its
effectiveness and relevance. This training would enable middle
managers not only to manage conflicts but also to prevent them
and foster a healthy and productive work environment. The
developed tool proved to be well received by both the experts
and the health care professionals who participated in this pilot
phase.
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Abstract

Background: Web-based health courses providing lifestyle-related information can potentially increase knowledge, facilitate
behavior change, and improve health outcomes for people living with multiple sclerosis (MS). Despite the low engagement with
web-based programs by this population, few studies have evaluated factors influencing engagement. This study evaluated
engagement with our 6-week lifestyle-related course (Multiple Sclerosis Online Course; MSOC) by participants enrolled in a
large, international randomized controlled trial, as well as preliminary outcomes.

Objective: This study aimed to quantitatively assess engagement with the MSOC (the intervention course [IC] and standard-care
course [SCC]), motivators of and barriers to participants’course completion, course satisfaction, engagement with the community
forum, and intentions to implement lifestyle changes.

Methods: We collected data via a baseline survey before course commencement and an evaluation survey 1 month after the
6-week course. Course completers were queried on motivators of completion, course satisfaction, previous knowledge, forum
participation, and intentions to adopt lifestyle changes. Noncompleters were queried on barriers to course completion. Differences
between the 2 study arms were examined using chi-square and 2-tailed t tests. Multivariable linear regression models assessed
factors (sociodemographic and course and health related) associated with participants’ intentions to adopt lifestyle changes
adjusting for baseline lifestyle factors. Moderation analyses were conducted to test group differences.

Results: Of the 857 participants, 442 (51.6%) completed the MSOC (IC: n=218, 49.3%; SCC: n=224, 50.7%), and 291 (34%)
completed the evaluation survey (n=254, 87.3% course completers; n=37, 12.7% noncompleters). Key motivators of course
completion included an interest in participating in MS research, optimizing health, course flexibility, and relevant and useful
course content. Barriers to course completion included time constraints and technical issues. Most course completers rated the
MSOC as “excellent/very good” (IC: 92/126, 73%; SCC: 78/128, 60.9%; P=.17). Engagement with the facilitator-led community
forum was higher in the IC than in the SCC (56/126, 44.4% vs 32/128, 25%; P=.003). More IC completers versus SCC completers
expressed their intention to adopt dietary changes (89/125, 71.2% vs 74/127, 58.3%; P=.04), increase their sun exposure (82/124,
66.1% vs 62/124, 50%; P=.01), supplement with omega-3 (84/125, 67.2% vs 60/126, 47.6%; P=.004), and practice meditation
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(85/124, 68.5% vs 66/126, 52.4%; P=.009). Forum engagement, course satisfaction, new course content, and an interest in
receiving additional course content were associated with intentions to adopt lifestyle changes across both study arms.

Conclusions: The web-based lifestyle IC provided new and satisfactory content and facilitated intentions to adopt lifestyle
changes. Positive associations between engagement with the community forum and intentions to implement lifestyle changes
and identifying barriers to completion such as time constraints provide important insights to inform the design of future digital
health interventions for people living with MS and possibly other chronic conditions.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR) ACTRN12621001605886;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=382778&isReview=true

(JMIR Hum Factors 2025;12:e59363)   doi:10.2196/59363

KEYWORDS

multiple sclerosis; randomized controlled trial; lifestyle; multimodal; digital intervention; Multiple Sclerosis Online Course;
course engagement

Introduction

Background
Multiple sclerosis (MS) is a chronic inflammatory disease of
the central nervous system that affects almost 3 million people
worldwide [1]. It is the most common cause of nontraumatic
disability in young and middle-aged adults [2] and manifests
with symptoms such as fatigue, depression, and anxiety, as well
as reduced quality of life (QoL) [3,4].

Although treatments for MS such as disease-modifying therapies
(DMTs) can ameliorate disease progression and reduce the risk
of relapse (transient exacerbations of new or recurring
neurological dysfunction) [5], people living with MS have
expressed a strong interest in self-management strategies [6].
Self-management strategies, such as modification of
lifestyle-related risk factors (eg, diet, exercise, and stress
management), have been shown to be beneficial in managing
MS-related symptoms and improving individuals’ sense of
control over their disease as an adjunct to pharmacological
treatments [7-10]. More recently, web-based interventions have
demonstrated effectiveness in promoting self-management
strategies to improve MS-related knowledge, self-efficacy, and
symptom management [11,12]. Web-based health interventions,
particularly lifestyle-related ones, could improve accessibility
issues and reduce barriers of geography and mobility, thereby
increasing knowledge translation to people living with MS
[12-15].

Despite the potential advantages of web-based health
interventions for people living with MS in terms of availability
and cost-effectiveness, these interventions have encountered
issues related to high attrition [16,17] and low engagement rates
[18]. Previous studies evaluating participation in web-based
health-related courses for people living with MS have also
focused primarily on course satisfaction [18], knowledge gain
[18], and self-management of fatigue [11,12]. Few studies have
comprehensively examined engagement (particularly course
commencement and completion) with web-based health
interventions to facilitate self-management strategies for people

living with MS, including whether knowledge gain through
interventions translates into changes in attitudes and lifestyle.

In addition, the influence of social support and interaction on
the completion of self-paced web-based interventions for people
living with MS remains unclear. While chat forums, online
message groups, and web-based coaches have been found to
increase course satisfaction [19], there is a noticeable gap in the
literature regarding social engagement and the learning outcomes
of web-based lifestyle interventions. Given the rapid shift toward
web-based health care platforms and their potential benefits for
people living with MS, studies exploring engagement with
web-based interventions by populations with chronic illnesses
such as MS remain a high priority.

We developed the Multiple Sclerosis Online Course (MSOC),
a web-based program delivering evidence-based lifestyle
recommendations for people living with MS with the aim of
improving health and well-being outcomes in this population.
After confirming the feasibility, acceptability, and learnability
of the MSOC [14], a large randomized controlled trial (RCT)
was designed and is currently being conducted to investigate
the effectiveness of a multimodal lifestyle intervention course
(IC) in improving health outcomes and QoL in people living
with MS compared to a standard-care course (SCC) [15].

Objectives
This study aimed to evaluate engagement with the web-based
lifestyle program, the MSOC, by RCT participants (an
international cohort of people living with MS) and the impact
of the MSOC in facilitating intentions to adopt lifestyle changes
after participants were provided with access to the MSOC (IC
or SCC; Textbox 1). This study used data collected from an
evaluation survey 1 month after the delivery of the MSOC and
specifically aimed to determine motivators of course completion,
levels of course satisfaction, engagement with a facilitator-led
community forum, and barriers to engagement among course
noncompleters (Multimedia Appendix 1). In addition, we
examined intentions to adopt lifestyle changes across the IC
and SCC.
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Textbox 1. A comparison of aspects of engagement with the Multiple Sclerosis Online Course across the intervention course and standard-care course
in course completers and noncompleters.

Aspects examined among course completers

Motivators of course completion

Course satisfaction

Previous knowledge of course content

Participation in the facilitator-run community forum

Intention to adopt recommended lifestyle modifications

Sociodemographic and course- and health-related factors associated with participants’ intention to adopt recommended lifestyle modifications

Aspects examined among course noncompleters

Barriers to course completion

Notably, this study complements our previously published
quantitative study from the same RCT, which specifically aimed
to determine sociodemographic, clinical, and lifestyle-related
factors associated with course commencement and completion
using participant baseline data [20]. That is, baseline data were
collected before participants had access to the MSOC, whereas
this study used data collected 1 month after the 6-week course.
In another 2 qualitative studies from the same RCT, we
examined how people living with MS (N=38 course completers)
seek information online [21] and participants’ perceptions of
their MS and their perceived sense of control over their disease
[22].

Overall, this study provides unique insights into factors
influencing engagement and lifestyle change intentions and
examines the role of course design elements such as
facilitator-led forums. The study findings can be used to improve
the design of future digital health interventions for people living
with MS and potentially other chronic conditions.

Methods

Overview
In this ongoing RCT, the IC, based largely on information from
the Overcoming MS lifestyle program [23], is being tested for
its effectiveness in improving health outcomes in a large
international cohort of people living with MS compared to the
SCC, which provides general lifestyle recommendations from
reputable MS websites, as described fully in the protocol paper
[24] (Multimedia Appendices 2 and 3).

Enrolled participants (people living with MS recruited online
from the United Kingdom and Ireland, North America, and
Australia and New Zealand) were allocated to 1 of 2 courses
using simple randomization: the IC or the SCC. The web-based
courses were freely delivered worldwide in English via a laptop
or PC connected to the internet. Course content was presented
in videos, animations, text, and images and structured into seven
modules covering the following topics: (1) introduction, (2)
eating well (diet recommendations), (3) sunlight and vitamin
D, (4) exercise, (5) meditation and the mind-body connection,
(6) medication and family prevention, and (7) conclusion (Table
S1 in Multimedia Appendix 4). Briefly, the 7 learning modules
were delivered biweekly over 4 weeks followed by a 2-week

catch-up period (total course length was 6 weeks). Each course
also included a facilitator-led community forum.

In the feasibility RCT, while the MSOC was found to be both
acceptable and useful by people living with MS, 45% of
participants did not complete the course, and there was no
engagement with the community forum [25]. As a result,
facilitators and researchers were added to the community forum
in the MSOC effectiveness RCT [24] to promote dialogue by
introducing each module topic, promoting discussion within
the module by asking questions related to the topic, and
answering participants’ questions with the intent of increasing
engagement and, subsequently, course completion.

In total, 5 rounds of recruitment took place via international
MS websites and social media: August 1, 2022, to September
12, 2022; October 19, 2022, to November 21, 2022; November
21, 2022, to December 31, 2022; March 27, 2023, to May 7,
2023; and July 24, 2023, to September 3, 2023.

Ethical Considerations
All participants provided informed consent for their data to be
used for research. This study was approved by the University
of Melbourne Human Research Ethics Subcommittee (ID:
22140). The trial was registered with the Australian New
Zealand Clinical Trials Registry (ACTRN12621001605886).
All methods were carried out in accordance with relevant
guidelines and regulations. Participants were provided with a
detailed plain-language statement explaining the study
objectives, procedures, potential risks, and benefits. This study
was administered and conducted solely by the
Neuroepidemiology Unit at the Centre for Epidemiology and
Biostatistics, Melbourne School of Population and Global
Health, the University of Melbourne. The single-site nature of
this study ensured that all participant data were securely stored
in 1 location, on the University of Melbourne server. Participants
did not receive monetary compensation for their involvement.

MSOC Completion
Course completion was defined as completing modules 1 to 6
of the MSOC as module 7 comprised a closing session and did
not provide lifestyle-related information. Course noncompletion
was defined as completing module 1 but failing to complete
module 6. At the end of each run of the 6-week IC and SCC,
all participants (including those who did not complete the
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course) were emailed a voluntary postcourse evaluation survey
to complete. Invited participants who did not complete the
voluntary evaluation survey were then sent a further email
reminder 2 weeks later.

Participant Sociodemographic and Health
Characteristics
Participants submitted a baseline survey before course
commencement via the online course platform. The baseline
survey collected a range of sociodemographic characteristics
(eg, sex, age, highest attained educational level, employment
status, partnership status, and country of residence) and health
data, including MS type (categorized into nonprogressive
[benign or relapsing-remitting MS] and progressive [primary
progressive, secondary progressive, or progressive-relapsing
MS]); MS duration (in years), derived from the year of diagnosis
and the year of survey completion; BMI, calculated from weight
and height squared and categorized into underweight (<18.5

kg/m2), normal weight (18.5-24.9 kg/m2), overweight (25.0-29.9

kg/m2), and obese (≥30.0 kg/m2) according to World Health
Organization guidelines; treated comorbidities queried via the
Self-Administered Comorbidity Questionnaire and then
dichotomized (≤1 or >1); DMT use (no or yes); and self-reported
ongoing symptoms of relapse in the preceding 30 days (no or
yes). Participants were also queried about whether they were
taking medications for their MS.

Patient-Reported Outcome Measures
Fatigue was measured using the 9-item Fatigue Severity Scale,
with mean Fatigue Severity Scale scores of >5 indicating
clinically significant fatigue [26]. Disability was assessed using
the Patient-Determined Disease Steps [27,28], a self-reported
assessment of ambulatory disability that has been validated
against the Expanded Disability Status Scale and is classified
into 3 categories: normal or mild (0-2), moderate (3-5), and
severe (6-8). The 14-item Hospital Anxiety and Depression
Scale was used to assess anxiety and depressive symptoms
[29,30]. This tool comprises 7 questions each for anxiety and
depression rated on a Likert scale from 0 to 3 and has been
validated in people living with MS [31]. Health-related QoL
was assessed using the psychometrically validated Multiple
Sclerosis Quality of Life–54 (MSQOL-54) instrument [32]. The
Physical Health Composite and Mental Health Composite were
derived from relevant subscales per the MSQOL-54 guidelines.
Although minimal clinically important differences have not
been established for the MSQOL-54 composite scores,
differences of ≥5 points have previously been determined as
the minimum clinically meaningful change in a health-related
QoL measure [33,34].

Motivators of and Barriers to Course Completion
Participants completing either the IC or SCC (completers) were
queried on motivating factors that facilitated course completion,
with multiple-choice options offered: “Convenience/flexible
time and location,” “Opportunity to participate in MS research,”
“Topics that were relevant and/or important to me,” “The course
was interesting,” “Connection and interaction with other people
with MS,” “Engagement with facilitators,” “To optimize my

health,” and “Other (specify in text).” Participants could select
more than one response to this question.

Participants not completing either the IC or SCC
(noncompleters) were asked to identify obstacles or issues they
encountered that prevented course completion. Multiple-choice
options offered included “Technical issues (e.g., computer,
internet connection, website),” “Problems with navigating the
modules,” “Lack of time or inability to schedule conveniently,”
“Irrelevant/unimportant course content/topics,” “Low
quality/attractiveness of course pages/videos/materials,” “Health
related to MS,” “Other health issues,” “Family or work issues,”
“Participation in another course or intervention,” “Did not
receive reminder emails,” and “Other (specify in text).”
Participants could select more than one response to this question.

Participants’ Levels of Satisfaction With the MSOC
Completers were queried regarding their satisfaction with the
corresponding courses. This included two questions related to
(1) overall course experience, measured on a 6-point Likert
scale from “excellent” to “very poor” (responses were
categorized into “Excellent/very good,” “Good/average,” and
“Poor/very poor”); and (2) how likely they would be to
recommend the course to a peer or family member with MS,
measured on a 5-point Likert scale ranging from “Extremely
likely” to “Extremely unlikely” (responses were categorized
into “Extremely/Somewhat likely,” “Neither,” and
“Extremely/Somewhat unlikely”).

Familiarity With the Course Content and Additional
Information Seeking
Completers were asked to rate their familiarity with the course
content before commencing the course using a 5-point Likert
scale with options from “All of the content was new to me” to
“I was familiar with all of the content.” Responses were
categorized into “Familiar with most/all the content,” “Some
of the content was new,” and “All/most of the content was new.”

Completers were also asked to select from a list of topics related
to each module that they would like to receive additional
information on (eg, “What is MS,” “Sunlight and vitamin D,”
and “Exercise”; yes or no).

Community Forum Engagement
We assessed engagement with the facilitator-run community
forum by querying completers on whether they participated in
the forum during the course (yes or no) and, if so, whether they
found the community forum beneficial (yes or no), with text
options provided to expand on these responses.

Intention to Adopt Lifestyle Change Recommendations
To assess whether course engagement could facilitate lifestyle
modification, completers were asked to rate their likelihood of
adopting the lifestyle recommendations of the IC or SCC. The
following question was asked for each topic or module: “As a
result of taking the course, how likely are you to change the
following lifestyle behaviour? (diet, smoking cessation, omega-3
supplementation, sun exposure or vitamin D supplementation,
physical activity, meditation, and other stress reduction
activities).” Responses were rated on a 5-point Likert scale:
“extremely unlikely,” “moderately unlikely,” “neither,”
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“moderately likely,” and “extremely likely,” resulting in a total
score ranging from 0 to 5. Participants selected “not applicable”
if they already adhered to the lifestyle recommendation (eg,
nonsmoking).

Statistical Analysis

Participant Characteristics and Group Engagement
Demographic characteristics of the study participants at baseline
were examined as sample sizes and percentages (categorical
variables) and means and SDs (continuous variables). Motivators
of and barriers to course completion, course satisfaction levels,
engagement with the community forum, interest in seeking
additional information on course topics, and intention to adopt
lifestyle recommendations of the IC and SCC were examined
as percentages. Differences between the IC and SCC groups
were assessed using the 2-tailed t test for continuous variables
and chi-square tests for categorical variables.

Assessing Factors of Intention to Implement Lifestyle
Changes
We examined whether participant- or course-related factors
were associated with participants’ intention to adopt individual

lifestyle recommendations among course completers.
Multivariate linear regression models were conducted to estimate
adjusted regression coefficients and 95% CIs adjusting for
baseline engagement with lifestyle recommendations and
participation in another lifestyle or intervention program. To
assess differences between the IC and SCC, we conducted
moderation analyses by adding an interaction term (group ×
lifestyle behavior) to the regression models. All statistical
analyses were conducted using Stata (version 17.0; StataCorp).
Statistical significance was set at P<.05.

Results

Participant Characteristics
In total, 857 participants (aged ≥18 years with a confirmed
clinical diagnosis of MS) enrolled in the MSOC effectiveness
RCT and completed the baseline survey (IC: n=413, 48.2%;
SCC: n=444, 51.8%; Figure 1). The analysis cohort comprised
291 participants (n=254, 87.3% course completers and n=37,
12.7% course noncompleters) who completed the baseline
survey and postcourse evaluation survey.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. IC: intervention course; MS: multiple sclerosis; SCC: standard-care
course.

There were similar numbers of participants (141/291, 48.5%
IC participants and 150/291, 51.5% SCC participants) across
both study arms (Table 1). Participants were 87.6% (255/291)
women, and the mean age was approximately 50 years (SCC:
mean 50.6, SD 10.7 years; IC: mean 49.8, SD 11.5 years). On
the basis of visual inspection alone, participants’
sociodemographic characteristics appeared similar across both
study arms except for BMI—the percentage of participants with

obesity was lower in the IC (28/141, 19.9%) than in the SCC
(48/150, 32%). A large proportion of participants held a
university degree (187/291, 64.3%) and were partnered
(210/291, 72.2%). Approximately half (141/291, 48.5%) of the
participants were employed. The most frequent regions of
residence were North America and Australia and New Zealand
(Table S2 in Multimedia Appendix 4).
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Table 1. Descriptive statistics of the study sample (N=291)a.

ICc (n=141)SCCb (n=150)

Sociodemographic characteristics

21 (14.9)15 (10.1)dGender (men), n (%)

49.8 (11.5)50.6 (10.7)Age (y), mean (SD)

45 (31.9)58 (38.9)dEducational level (lower than university), n (%)

96 (68.1)91 (61.1)dUniversity education, n (%)

74 (56.9)f67 (47.9)eEmployment status (working), n (%)

101 (71.6)109 (73.7)gPartnered (married or de facto partnership), n (%)

Country of residence, n (%)

41 (29.1)44 (29.5)dAustralia or New Zealand

49 (34.8)55 (36.9)dNorth America (United States or Canada)

20 (14.2)20 (13.4)dUnited Kingdom

31 (22.0)30 (20.1)dOther

Health characteristics

100 (76.9)f105 (74.5)iMSh type (nonprogressive), n (%)

10.0 (8.87)9.6 (8.43)MS duration (y), mean (SD)

77 (57.9)j83 (58.9)iComorbidities (≥1), n (%)

BMI, n (%)

82 (58.6)e65 (43.6)dUnderweight or normal weight

30 (21.4)e36 (24.2)dOverweight

28 (19.9)k48 (32)dObese

88 (63.3)l106 (71.6)gTaking MS-related medication, n (%)

Patient-reported outcome measures , n (%)

Disability (PDDSm)

72 (51.1)72 (48.3)dNormal or mild

52 (36.9)63 (42.3)dModerate

17 (12.1)14 (9.4)dSevere

79 (56.8)l80 (54.1)gClinically significant fatigue (mean FSSn>5)

Depression (HADS-Do)

93 (67.4)q90 (62.1)pNormal

24 (17.4)q32 (22.1)pBorderline

21 (15.2)q23 (15.9)pAbnormal

Anxiety (HADS-Ar)

68 (49.3)q69 (47.3)sNormal

40 (29)q30 (20.6)sBorderline

30 (21.7)q47 (32.2)sAbnormal

aPercentages are based on available data; totals may be smaller due to missing values.
bSCC: standard-care course.
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cIC: intervention course.
dn=149.
en=140.
fn=130.
gn=148.
hMS: multiple sclerosis.
in=141.
jn=133.
kP<.05.
ln=139.
mPDDS: Patient-Determined Disease Steps.
nFSS: Fatigue Severity Scale.
oHADS-D: Hospital Anxiety and Depression Scale–Depression subscale.
pn=145.
qn=138.
rHADS-A: Hospital Anxiety and Depression Scale–Anxiety subscale.
sn=146.

Most participants had nonprogressive MS types, and the mean
time since diagnosis was approximately 10 years (SCC: mean
9.6, SD 8.43 years; IC: mean 10.0, SD 8.87 years).
Approximately half of the participants reported no or mild
disability (144/291, 49.5%) or clinically significant fatigue
(159/291, 54.6%). On average, participants reported at least one
comorbidity that was either physical or mental health–related.
Approximately two-thirds of the participants reported symptoms
of depression (183/291, 62.9%) and were taking medication to
manage their MS (194/291, 66.7%), and 47.1% (137/291) had
symptoms of anxiety within the normal range.

Motivation for and Barriers to Completion
Among the 857 participants who completed the baseline survey,
course completion rates were 50.5% (224/444) for the SCC and
52.8% (218/413) for the IC (Figure 1). Among the course
completers, 57.1% (128/224) and 57.8% (126/218) of SCC and
IC participants, respectively, completed the postcourse
evaluation survey (Table 2). The main motivation for course
completion was similar between both groups regarding the
“opportunity to participate in MS research” (SCC: 104/128,
81.3%; IC: 96/126, 76.2%). Other commonly reported

motivators of course completion included “topics were relevant”
(SCC: 88/128, 68.8%; IC: 89/126, 70.6%), “convenience/flexible
time” (SCC: 88/128, 68.8%; IC: 83/126, 65.9%), “to optimize
my health” (SCC: 77/128, 60.2%; IC: 86/126, 68.3%), and “the
course was interesting” (SCC: 67/128, 52.3%; IC: 68/126, 54%).
Less common motivators of completion were “connection and
interaction with others” (SCC: 7/128, 5.5%; IC: 20/126, 15.9%)
and “engagement with facilitators” (SCC: 8/128, 6.3%; IC:
14/126, 11.1%).

Of the 417 participants who did not complete the course, 37
(8.9%) completed the evaluation survey (22/222, 9.9% SCC
noncompleters and 15/195, 7.7% IC noncompleters; Figure 1).
Among noncompleters, the most commonly reported barriers
to course completion were “lack of time or inability to schedule
conveniently” (SCC: 9/22, 41%; IC: 7/15, 47%) and
“technological issues” (SCC: 7/22, 32%; IC: 2/15, 13%). Other
barriers to completion were “health issues” and “family or
work-related issues,” and low quality or attractiveness (ie, the
course content lacked visual appeal or was not interesting) was
reported by 14% (3/22) of SCC participants but no IC
participants.
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Table 2. Most common reasons for course completion and noncompletiona.

ICc, n (%)SCCb, n (%)

Motivators among course completers

96 (76.2)f104 (81.3)eOpportunity to participate in MSd research

89 (70.6)f88 (68.8)eTopics were relevant

83 (65.9)f88 (68.8)eConvenient or flexible time

86 (68.3)f77 (60.2)eTo optimize their health

68 (54)f67 (52.3)eThe course was interesting

20 (15.9)f,g7 (5.5)eConnection and interaction with others

14 (11.1)f8 (6.3)eEngagement with facilitators

10 (7.9)f10 (7.8)eOther

Barriers to starting or completing the course among noncompleters

7 (46.7)i9 (40.9)hLack of time or inability to schedule time for the course
conveniently

2 (13.3)i7 (31.8)hTechnological issues

4 (26.7)i3 (13.6)hHealth issues

4 (26.7)i1 (4.5)hFamily or work-related issues

0 (0)i3 (13.6)hLow quality or attractiveness of the course

1 (6.7)i2 (9.1)hIrrelevant or unimportant content or topics

1 (6.7)i1 (4.5)hProblems navigating the modules

1 (6.7)i1 (4.5)hParticipation in another course or intervention

1 (6.7)i0 (0)hDid not receive reminder emails

0 (0)i2 (9.1)hOther

aDifferences between the standard-care course and the intervention course were assessed using the chi-square test.
bSCC: standard-care course.
cIC: intervention course.
dMS: multiple sclerosis.
en=128.
fn=126.
gP<.05.
hn=22.
in=15.

Participant Satisfaction
Most course completers were satisfied with the course across
both study arms (78/128, 60.9% of SCC completers vs 92/126,
73% of IC completers rated the course as “excellent/very good,”
and 48/128, 37.5% of SCC completers vs 32/126, 25.4% of IC
completers rated it as “good/average”; Table 3). Less than 2%
of completers across both study arms (SCC: 2/128, 1.6%; IC:

2/126, 1.6%) rated the course as “poor/very poor.” Most course
completers (SCC: 106/128, 82.8%; IC: 113/126, 89.7%) were
“extremely likely” or “somewhat likely” to recommend the
course to friends or family members with MS, whereas
approximately 4% (SCC: 5/128, 3.9%; IC: 5/126, 4%) were
“extremely unlikely” or “somewhat unlikely” to recommend
the course.
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Table 3. Course completers’ evaluation of the intervention course (IC) and standard-care course (SCC) in terms of course satisfaction, course
recommendation, and familiarity with the contenta.

IC (n=126), n (%)SCC (n=128), n (%)Survey query

Overall satisfaction

92 (73)78 (60.9)Excellent or very good

32 (25.4)48 (37.5)Good or average

2 (1.6)2 (1.6)Poor or very poor

Recommendation to friend or family member with MSb

113 (89.7)106 (82.8)Extremely or somewhat likely

8 (6.3)17 (13.3)Neither

5 (4)5 (3.9)Extremely or somewhat unlikely

Familiarity with the content before MSOCc

87 (69)d102 (79.7)Familiar with most of or all the content

27 (21.4)d22 (17.2)Some of the content was new

12 (9.5)d4 (3.1)All or most of the content was new

aDifferences between the SCC and IC were assessed using the chi-square test.
bMS: multiple sclerosis.
cMSOC: Multiple Sclerosis Online Course.
dP<.05.

Familiarity With Course Content and Information
Seeking
More SCC completers (102/128, 79.7%) compared with IC
completers (87/126, 69%) were familiar with some or all the
course content before taking the course, and only 3.1% (4/128)
of SCC completers and 9.5% (12/126) of IC completers found
that all or most of the course content was new (Table 3). When
course completers were queried as to whether they would like
to receive additional information on each course topic, the most
common topics selected by ≥24% of SCC and IC completers

were “diet,” “physical activity (exercise),” “stress management,”
“medication and family prevention,” and “review and
consolidation” (Table 4). There was less interest in receiving
additional information on “what is MS” (SCC: 12/128, 9.4%;
IC: 16/125, 12.8%) and sun exposure (SCC: 24/128, 18.8%;
IC: 17/125, 13.6%). Key topics of interest that SCC completers
expressed greater interest in receiving additional information
on than IC completers included physical activity (SCC: 49/128,
38.3%; IC: 30/125, 24%; P=.01) and “review and
consolidation,” which was part of the conclusion module (SCC:
63/128, 49.2%; IC: 32/125, 25.6%; P<.001).

Table 4. Topics that course completers would have liked additional information ona.

ICc (n=125), n (%)SCCb (n=128), n (%)Topic

16 (12.8)12 (9.4)What is MSd

48 (38.4)56 (43.8)Diet

17 (13.6)24 (18.8)Sunlight and vitamin D

30 (24)e49 (38.3)Physical activity

46 (36.8)62 (48.4)Stress management

32 (25.6)41 (32)Medication and family prevention

32 (25.6)f63 (49.2)Review and consolidation

aDifferences between the intervention course and the standard-care course groups were assessed using chi-square tests.
bSCC: standard-care course.
cIC: intervention course.
dMS: multiple sclerosis.
eP<.01.
fP<.001.
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Community Forum Engagement
A lower proportion of participants in the SCC (32/128, 25%)
than in the IC (55/126, 43.7%) engaged with the community
forum within the course. Furthermore, most completers who
engaged with the forum found it useful (SCC: 23/32, 72%; IC:
44/55, 80%), with reasons including “appreciated the
opportunity to gain insights from others’ experiences,”
“highlighted the benefits of receiving answers to their
questions,” “provided valuable resources from facilitators,” and
“appreciated the ability to share their own perspective and
experiences.” In contrast, the 2 main reasons why completers
did not find the forum useful included “the limited ability to
directly reply to and engage with other course members” and
“the low number of participants in the forums.”

Participants’Intention to Make Lifestyle Modifications
A large proportion of IC and SCC completers intended to adopt
lifestyle recommendations, particularly diet, sun exposure,
physical activity, and stress management (Table 5). However,
a smaller proportion of SCC versus IC completers were
“extremely likely” or “moderately likely” to make changes in
their diet based on the corresponding course content (74/128,
57.8% vs 89/125, 71.2%; P=.04). SCC completers were also
less likely to increase their sun exposure (62/124, 50% vs
82/124, 66.1%; P=.01), supplement with omega-3 (60/126,
47.6% vs 84/125, 67.2%; P=.004), and practice meditation
(66/126, 52.4% vs 85/124, 68.5%; P=.009). Of note, the SCC
did not contain specific recommendations regarding sun
exposure, omega-3 supplementation, or meditation practice
(Table S1 in Multimedia Appendix 4).

Table 5. Intentions of participants in the intervention course (IC) and the standard-care course (SCC) to implement lifestyle changes.

P valueIC (n=126)b, n (%)SCC (n=128)a, n (%)Lifestyle change

Not applicableNeither, extremely
unlikely, or moderate-
ly unlikely

Extremely likely
or moderately
likely

Not applicableNeither, extremely
unlikely, or moder-
ately unlikely

Extremely likely
or moderately
likely

.0410 (8.0)d26 (20.8)d89 (71.2)d8 (6.3)c45 (35.4)c74 (58.3)cDiet

.0738 (31.2)e20 (16.4)e64 (52.5)e47 (37.0)c31 (24.4)c49 (38.6)cVitamin D supple-
mentation

.0117 (13.7)f25 (20.2)f82 (66.1)f17 (13.7)f45 (36.3)f62 (50.0)fSun exposure

.00419 (15.2)d22 (17.6)d84 (67.2)d23 (18.3)g43 (34.1)g60 (47.6)gOmega-3 supplemen-
tation

.7218 (14.6)h20 (16.3)h85 (69.1)h16 (12.8)d25 (20.0)d84 (67.2)dPhysical activity

.00915 (12.1) f24 (19.4) f85 (68.6) f14 (11.1)g46 (36.5)g66 (52.4)gMeditation

.347 (5.7)e23 (18.9) e92 (75.4)e11 (8.8)d30 (24.0)d84 (67.2)dOther stress reduc-

tion activities i

.42100 (82.0)e8 (6.6)e14 (11.5)e100 (79.4) g14 (11.1)g12 (9.5)gNonsmoking

aPercentages are based on available data only; subgroup totals may be smaller than 128 due to missing data.
bPercentages are based on available data only; subgroup totals may be smaller than 126 due to missing data.
cn=127.
dn=125.
en=122.
fn=124.
gn=126.
hn=123.
iStress reduction activities other than meditation.

Factors Associated With Participants’ Intentions for
Lifestyle Modifications
Multivariate analysis found associations between several
course-related factors and completers’ intentions to adopt the
lifestyle recommendations of each course (Table 6).

In particular, course satisfaction was associated with an intention
to adopt vitamin D supplementation among SCC completers,
whereas among IC completers, course satisfaction was

associated with an intention to adopt dietary recommendations,
vitamin D supplementation or sun exposure, and meditation
practice. For example, IC completers who rated the course as
“very good” or “excellent” had a 1.69-point (95% CI 0.24-3.13)
higher intention to adopt a healthy diet due to the course.
Engagement with the community forum, new course content,
and seeking additional information on certain topics were also
associated with intentions to change certain factors, with no
group differences between the SCC and IC.
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Table 6. Course-related, sociodemographic, and health-related factors associated with intentions to change certain lifestyle behaviors in standard-care

course (SCC) and intervention course (IC) completersa.

aβb (95% CI)Factor and course

MeditationPhysical activityOmega-3 supplementationSun exposureVitamin D supplementationHealthy diet

Course related

High satisfactionc

−0.45 (−2.84
to 1.94)

0.18 (−1.95 to
2.32)

−0.05 (−2.48 to 2.38)e−0.31 (−2.41 to
1.80)

0.86 (0.21 to 1.50)d0.02 (−2.10
to 2.14)

SCC

1.54 (0.01 to

3.07)d
1.81 (−0.01 to
3.64)

−0.21 (−1.64 to 1.21)3.39 (1.41 to

5.36)g
0.99 (0.49 to 1.50)f1.69 (0.24 to

3.13)d
IC

Participated in forum

0.77 (−0.14
to 1.67)

1.20 (0.42 to

1.99)g
0.67 (−0.47 to 1.80)0.56 (−0.49 to

1.61)
0.80 (−0.55 to 2.15)0.98 (0.26 to

1.69)g
SCC

0.87 (0.14 to

1.60)d
0.67 (−0.26 to
1.60)

0.11 (−0.76 to 0.98)1.02 (0.16 to

1.88)d
−0.20 (−1.31 to 0.91)0.28 (−0.48

to 1.04)
IC

Learning new contenth

0.58 (0.20 to

0.97)g
0.63 (0.06 to

1.19)d
0.09 (−0.49 to 0.68)0.26 (−0.15 to

0.66)
0.06 (−0.72 to 0.84)0.15 (−0.35

to 0.64)
SCC

0.46 (0.04 to

0.88)d
0.33 (−0.31 to
0.97)

0.42 (−0.00 to 0.84)0.52 (0.06 to

0.98)d
0.23 (−0.26 to 0.73)0.56 (0.16 to

0.97)g
IC

Seeking information

0.00 (−0.48
to 0.49)

0.45 (0.06 to

0.85)d
0.50 (0.03 to 0.96) d0.22 (−0.19 to

0.64)
0.94 (0.24 to 1.65)d0.55 (0.16 to

0.94)g
SCC

0.42 (−0.07
to 0.90)

0.52 (0.10 to

0.95)d
0.22 (−0.24 to 0.69)0.44 (−0.01 to

0.89)
−0.05 (−0.75 to 0.65)0.55 (0.17 to

0.93)g
IC

Sociodemographic

Age of >54 y

−0.51 (−1.28
to 0.27)

−0.85 (−1.51 to

−0.16)d
−0.03 (−0.80 to 0.11)−0.30 (−0.99 to

0.40)
0.43 (−0.77 to 1.63)−0.02 (−0.72

to 0.68)
SCC

−0.05 (−0.83
to 0.72)

−0.38 (−1.08 to
0.31)

0.87 (0.10 to 1.64) d0.39 (−1.08 to
0.31)

−0.38 (−1.25 to 0.49)−0.52 (−1.26
to 0.21)

IC

Working

−0.53

(−0.98to−0.07)d
0.02 (−0.40 to
0.45)

−0.09 (−0.60 to 0.42)0.29 (−0.15 to
0.73)

−0.25 (−0.91 to 0.41)−0.20 (−0.62
to 0.22)

SCC

0.45 (0.01 to

0.90) d
0.39 (−0.03 to
0.81)

0.06 (−0.38 to 0.50)0.13 (−0.31 to
0.57)

0.25 (−0.26 to 0.76)0.20 (−0.22
to 0.62)

IC

University education

0.23 (−0.24
to 0.70)

−0.16 (−0.57 to
0.26)

−0.09 (−0.59to0.41)−0.01 (−0.43 to
0.41)

−0.45 (−1.10 to 0.19)0.23 (−0.18
to 0.63)

SCC

−0.35 (−0.82
to 0.12)

−0.34 (−0.77 to
0.10)

−0.58 (−1.02to−0.15)g0.08 (−0.40 to
0.55)

−0.35 (−0.87 to 0.17)−0.50

(−0.90to−0.07)d
IC

Health related

Long MSi duration

−0.06 (−0.74
to 0.63)

−0.19 (−0.83 to
0.46)

−0.15 (−0.91 to 0.61)−0.27 (−0.90 to
0.35)

0.97 (0.03 to 1.91) d0.65 (0.05 to

1.26)d
SCC

−0.40 (−0.97
to 0.17)

−0.12 (−0.64 to
0.40)

0.03 (−0.51 to 0.57)0.13 (−0.45 to
0.72)

0.12 (−0.54 to 0.79)−0.06 (−0.60
to 0.49)

IC
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aβb (95% CI)Factor and course

MeditationPhysical activityOmega-3 supplementationSun exposureVitamin D supplementationHealthy diet

Used DMTsj

−0.44 (−0.93
to 0.04)

−0.18 (−0.63 to
0.27)

0.26 (−0.27 to 0.78)0.40 (−0.05 to
0.84)

0.04 (−0.64 to 0.72)0.10 (−0.33
to 0.53)

SCC

−0.19 (−0.64
to 0.26)

0.26 (−0.14 to
0.67)

0.21 (−0.22 to 0.64)0.03 (−0.41 to
0.46)

0.12 (−0.39 to 0.63)0.44 (0.03 to

0.85)d
IC

≥1 comorbidity

−0.05 (−0.53
to 0.44)

0.10 (−0.42 to
0.44)

−0.14 (−0.66 to 0.36)−0.21 (−0.65 to
0.23)

0.10 (−0.67 to 0.67)0.03 (−0.38
to 0.43)

SCC

0.33 (−0.13
to 0.78)

0.13 (−0.27 to
0.53)

0.50 (0.10 to 0.89)d0.01 (−0.43 to
0.44)

0.06 (−0.45 to 0.58)0.31 (−0.09
to 0.71)

IC

aWe assessed associations between sociodemographic and course- and health-related factors and participants’ intention to making changes in the healthy
lifestyle behavior (range from 0=extremely unlikely to 4=extremely likely). Multiple linear regression models were used to estimate adjusted regression
coefficients and 95% CIs adjusting for baseline lifestyle behaviors and involvement in other lifestyle interventions or programs. Differences between
the SCC and IC were assessed using interaction analyses.
baβ: adjusted regression coefficient.
cHigh satisfaction: participants who rated their overall satisfaction with the course as “very good” or “excellent.”
dP<.05 between factors and intentions for lifestyle change within the SCC or IC.
e Group difference (P<.05) from SCC.
fP<.001 between factors and intentions for lifestyle change within the SCC or IC.
gP<.01 between factors and intentions for lifestyle change within the SCC or IC.
hLearning new content: participants who rated the course content as “most,” “all,” or “some” being new.
iMS: multiple sclerosis.
jDMT: disease-modifying therapy.

Sociodemographic factors associated with intentions for lifestyle
modifications included age (being aged >54 years was associated
with intentions to increase physical activity and supplement
with omega-3, with the latter being significantly lower in SCC
vs IC completers), employment status (being employed was
associated with a higher intention to practice meditation among
SCC completers and a lower intention among IC completers),
educational level (a university degree was associated with a
greater intention for diet changes and omega-3 supplementation
among SCC vs IC completers).

Regarding health-related factors, longer MS duration (>15 years
since diagnosis) was associated with a greater intention for
dietary modifications and vitamin D supplementation among
SCC versus IC completers. The use of DMTs and the presence

of comorbidities were associated with intentions to adopt certain
lifestyle modifications, with no significant differences between
study arms.

Poorer participant-reported health outcomes at baseline were
linked to higher intentions to adopt various lifestyle
modifications, particularly among SCC completers (Table 7).
Severe anxiety, depression and disability, and clinically
significant fatigue were associated with greater intentions to
adopt dietary modifications, vitamin D supplementation,
increased sun exposure, and physical activity among SCC versus
IC completers. However, higher physical and mental QoL was
associated with lower intentions to modify vitamin D intake,
omega-3 supplementation, and physical activity among SCC
completers.
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Table 7. Participant-reported health outcomes associated with intentions to change certain lifestyle behaviors among standard-care course (SCC) and

intervention course (IC) completersa.

aβb (95% CI)Outcome and course

MeditationPhysical activityOmega-3 supplementationSun exposureVitamin D supplementationHealthy diet

Health outcomes

Severe anxietyc

0.59 (0.08 to

1.10) d,e
0.50 (−0.03 to
1.02)

0.65 (0.09 to 1.20)d0.45 (−0.12 to
1.02)

0.51 (−0.20 to 1.23)0.26 (−0.19
to 0.72)

SCC

0.06 (−0.50
to 0.62)

0.08 (−0.37 to
0.52)

0.11 (−0.43 to 0.66)0.19 (−0.29 to
0.67)

−0.16 (−0.77 to 0.45)0.45 (−0.00
to 0.90)

IC

Severe depressionc

0.12 (−0.45
to 0.68)

0.51 (0.01 to

1.01)d
0.33 (−0.26 to 0.92)0.10 (−0.43 to

0.63)
0.97 (0.10 to 1.85)d0.79 (0.25 to

1.34)f
SCC

0.06 (−0.61
to 0.72)

0.19 (−0.31 to
0.68)

−0.04 (−0.56 to 0.47)0.13 (−0.39 to
0.66)

0.21 (−0.49 to 0.90)0.42 (−0.15
to 1.00)

IC

Fatigueg

0.14 (−0.31
to 0.60)

0.20 (−0.21 to
0.61)

0.19 (−0.29 to 0.67)0.38 (−0.04 to
0.79)

0.62 (0.03 to 1.24)d0.05 (−0.35
to 0.46)

SCC

0.03 (−0.41
to 0.48)

−0.18 (−0.58 to
0.22)

−0.07 (−0.48 to 0.34)0.02 (−0.40 to
0.43)

0.08 (−0.40 to 0.57)−0.01 (−0.41
to 0.40)

IC

Severe disabilityh

0.78 (−0.06
to 1.62)

0.49 (0.06 to

0.91) d
0.21 (−0.63 to 1.05)0.48 (0.03 to

0.92)d
1.51 (0.43 to 2.59) f0.80 (0.10 to

1.50)d
SCC

−0.31 (−1.15
to 0.54)

−0.18 (−0.60 to
0.23)

−0.03 (−0.70 to 0.64)−0.14 (−0.58 to
0.30)

−0.51 (−1.47to0.35)d−0.42

(−0.83to−0.00)d
IC

Physical HRQoLi

−0.01 (−0.02
to 0.00)

−0.01 (−0.02 to

−0.00)d
−0.01 (−0.02 to 0.00)0.01 (−0.00 to

0.02)
−0.03 (−0.04 to −0.01)f−0.00 (−0.02

to 0.01)
SCC

−0.00 (−0.02
to 0.01)

−0.00 (−0.01 to
0.01)

0.00 (−0.01 to 0.01)−0.01 (−0.02 to
0.00)

0.01 (−0.01 to 0.02)−0.01 (−0.01
to 0.01)

IC

Mental HRQoLi

−0.01 (−0.02
to 0.00)

−0.01 (−0.02 to

−0.00)d
−0.01 (−0.02 to −0.00)d−0.01 (−0.02 to

0.00)
−0.02 (−0.04 to −0.01)f−0.00 (−0.01

to 0.01)
SCC

0.00 (−0.01
to 0.01)

−0.00 (−0.01 to
0.01)

−0.01 (−0.02 to 0.00)0.00 (−0.01 to
0.01)

0.01 (−0.01 to 0.01)−0.01 (−0.02
to 0.00)

IC

aWe assessed associations between health outcomes and participants’ intention of making changes to the healthy lifestyle behavior (range from
0=extremely unlikely to 4=extremely likely) in each course. Multiple linear regression models were used to estimate adjusted regression coefficients
and 95% CIs adjusting for baseline lifestyle behaviors and involvement in other lifestyle interventions or programs. Differences between the SCC and
IC were assessed using interaction analyses.
baβ: adjusted regression coefficient.
cHospital Anxiety and Depression Scale.
dP<.05 between health outcomes and intentions for lifestyle change within the SCC or IC.
e Group difference (P<.05) from SCC.
fP<.01 between health outcomes and intentions for lifestyle change within the SCC or IC.
gClinically significant fatigue (Fatigue Severity Scale).
hPatient-Determined Disease Steps.
iHRQoL: health-related quality of life.

JMIR Hum Factors 2025 | vol. 12 | e59363 | p.1140https://humanfactors.jmir.org/2025/1/e59363
(page number not for citation purposes)

Yu et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Discussion

Principal Findings
Despite the potential advantages of digital health interventions
for people living with MS in terms of accessibility and
cost-effectiveness, their engagement with web-based
interventions is low [18]. This study comprehensively evaluated
factors associated with engagement with a novel web-based
lifestyle-related program, the MSOC, by people living with MS
and examined short-term outcomes following course completion
nested within the flagship RCT. Findings revealed that
participants in both study groups (SCC and IC) found the course
content interesting and useful and reported high levels of course
satisfaction. Importantly, there was evidence that the course
promoted intentions to implement lifestyle behavior changes,
and key factors associated with these intentions were identified
across both study arms. These findings provide new insights
for designing and implementing web-based lifestyle
interventions tailored to the MS community, addressing critical
gaps in usability, engagement, and learnability of digital health
solutions.

Course Completion
We observed completion rates of 23.3% (442/1893) for enrolled
participants and 51.6% (442/857) among those who completed
the baseline survey. These completion rates are noteworthy
considering that participants were required to complete a
166-question baseline survey, and a previous scoping review
reported 5% to 15% completion rates of health education
massive open online courses (MOOCs) by the general
population [35]. Given the documented desire of people living
with MS to receive lifestyle-related information to improve
their future health prospects [25], this may explain the higher
rates of completion in this study. Similarly, this cohort enrolled
in the RCT may represent a subgroup of highly motivated people
living with MS.

Motivators of and Barriers to Completion
Primary factors contributing to course completion included the
“opportunity to participate in MS research” and “to optimize
my health.” These findings align with those of the MSOC
feasibility study [26], where many people living with MS
reported that these factors were crucial to their engagement with
the course. The intention of people living with MS to contribute
to MS research is consistent with previous findings and
represents one of the most common reasons why individuals
engage in any research [27]. In addition, participants considered
relevant course content and the flexibility to engage with the
course in their own time as factors that influence course
completion.

Primary barriers to completion were time constraints and
technical issues. Other completion barriers included health-,
family-, and work-related commitments. While MS-related
studies examining noncompletion of web-based courses are
limited, a recent mixed methods study of a 6-week MOOC
called Understanding MS aimed at increasing understanding
and awareness of MS also found that time constraints and
MS-related symptoms were common completion barriers [36].

Other studies have also identified barriers to the uptake of
web-based health interventions, such as older age, lower
educational level, and MS symptoms [37].

Course Satisfaction, Familiarity, and Seeking of
Additional Information
While course satisfaction was high across both study arms,
satisfaction levels were higher in the IC arm than in the SCC
arm (IC: 92/126, 73%; SCC: 78/128, 60.9%). Due to the
quantitative nature of our evaluative study, we can only
speculate why participants found the course satisfactory.
Plausible reasons for high course satisfaction may be
participants’ strong interest in obtaining information on healthy
lifestyle recommendations or self-management strategies to
improve their future health prospects, as found in the qualitative
studies of this trial, where participants expressed that they sought
new knowledge to empower them to self-manage their MS
[21,22].

The positive tone of the MSOC may have further contributed
to the high satisfaction rates as this was found to be an important
factor in the qualitative aspect of the MSOC feasibility RCT
[38,39]. Similarly, “keep it positive” was 1 of the 3 core
principles for developing the 6-week Understanding MS MOOC
[40].

Participants in the SCC arm were more familiar with the course
content and expressed greater interest in receiving additional
lifestyle-related information than those in the IC. This is not
surprising due to the SCC course content being sourced from
publicly available MS society websites, whereas the content of
the IC was novel for many IC participants. People living with
chronic illnesses such as MS often exhibit a strong desire for
new information to enhance their understanding and
management of their condition [41]. Seeking additional
information may reflect participants’motivation and engagement
with digital health interventions aimed at disease
self-management. Similarly, digital interventions for diabetes
and rheumatoid arthritis have shown that reliable, professional
guidance is particularly valued, especially by newly diagnosed
individuals [42,43].

Interestingly, while the SCC provided information from readily
available sources such as international MS websites, only a
small proportion of participants (SCC: 2/128, 1.6%; IC: 2/126,
1.6%) were dissatisfied with the course, and a substantial
proportion (SCC: 106/128, 82.8%; IC: 113/126, 89.7%)
indicated that they would recommend the course to others. These
findings are consistent with those of the MSOC feasibility study
[39], where the MSOC was found to meet participants’
expectations regardless of their familiarity with the course
materials.

While new information that addresses knowledge gaps is critical
for engaging participants in digital interventions, current
findings suggest that even those familiar with the material can
benefit when interventions provide fresh perspectives and
dynamic delivery formats. Digital health interventions that offer
updated, evidence-based content tailored to diverse participant
needs—ranging from foundational knowledge for beginners to
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advanced updates for experienced users—are likely to achieve
higher satisfaction and engagement.

Community Forum Engagement
In the previous MSOC feasibility RCT, there was no
engagement with the forum [39]. Although participants
expressed positivity regarding the advantages of the forum in
terms of connecting with other people with MS, they felt nervous
and were reluctant to initiate discussions. This limitation was
anticipated to potentially affect course completion as a pilot
RCT of a web-based self-management program for fatigue for
people living with MS found that lower interaction and support
were associated with increased study dropout [12]. To address
this issue in the current MSOC effectiveness RCT, a researcher
facilitator was introduced into the community forum in each
course. The facilitator, who was familiar with the
evidence-based recommendations and course content, was
responsible for initiating conversations, creating discussions,
and answering participants’ queries to encourage participant
interaction and, ultimately, course completion. Subsequently,
we found that 25% (32/128) and 43.7% (55/126) of participants
in the SCC and IC study arms, respectively, engaged with the
forum in this study.

Notably, the engagement with the facilitator-led community
forum did not significantly improve course completion rates
(IC: 218/413, 52.8%; SCC: 224/444, 50.5%) compared to the
feasibility study (59% in the IC and 50% in the SCC).
Furthermore, facilitators were cited as a motivating factor for
course completion by only a small proportion of participants
(SCC: 8/128, 6.3%; IC: 14/126, 11.1%), although limited forum
engagement, with less than half of the participants actively
taking part, likely constrained its impact on course completion.
Key barriers to forum engagement identified by the participants
included the inability to directly reply to one another (restricted
to only replying in a group thread) and the small number of
forum participants. As shown in previous digital health
interventions, participants with neurological disorders
particularly value emotional support from others with similar
conditions [44]. Addressing these restrictions could create more
opportunities for meaningful interaction and enhance the
potential benefits of peer support in future iterations.

Interestingly, among those who did participate in the forum,
most found it helpful (SCC: 23/32, 72%; IC: 44/55, 80%),
particularly for accessing shared resources and gaining insights
from others. These findings align with the findings of the 2
qualitative studies related to this RCT [21,22] and existing
evidence [45] suggesting that participants are more likely to
engage with digital health interventions that promote both social
connectedness and information sharing.

Overall, while facilitator-led forums hold promise, the presence
of a facilitator alone may not be sufficient to drive higher course
completion rates. Introducing structured activities or prompts
could further encourage engagement and foster dynamic
conversations that extend beyond a small subset of participants.

Participants’ Intentions to Undertake Lifestyle
Modifications
The overarching aim of the MSOC was to improve QoL and
health outcomes in people living with MS. Preliminary
evaluation found that course completers across both study arms
intended to initiate lifestyle modifications following the course.
According to the theory of planned behavior [46], intentions
serve as crucial predictors for behavior change, thereby
providing support for the potential of the MSOC to encourage
lifestyle modification in people living with MS. This will be
assessed in detail by analyzing primary and secondary outcomes
of the RCT at the 6-, 12-, 24-, and 30-month follow-ups.

Across both study arms, physical activity and stress reduction
activities that did not include meditation practice were the most
common lifestyle recommendations that participants intended
to adopt. Notably, significantly more IC completers intended
to increase their sun exposure, supplement with omega-3, and
practice meditation than SCC completers. This finding was
expected considering that no specific recommendations
regarding these lifestyle modifications were provided in the
SCC. In contrast, the SCC provided more general dietary
information, emphasizing the importance of a balanced diet and
providing information on the vast range of MS-related diets
adopted by people living with MS.

A recent systematic review of web-based health education
interventions found that most included studies focused on
knowledge gain as the main outcome, whereas the impact of
knowledge gain on other outcomes such as lifestyle modification
was less clear [18]. However, the Understanding MS MOOC
study did examine lifestyle modification in people living with
MS 8 to 10 weeks after course completion and found that 43%
to 52% of participants had made improvements in their diet
quality, increased their physical activity, and initiated
supplementation with vitamin D [47]. Of note, these
modifications were observed despite only 1 of the 6 MOOC
learning modules providing information on lifestyle-related risk
factors. Collectively, the aforementioned study combined with
our study findings demonstrates that web-based learning can
potentially facilitate lifestyle modification in people living with
MS. The findings are consistent with meta-analytic evidence
of the effects of web-based lifestyle interventions in improving
diet quality and increasing physical activity in survivors of
cancer [48] and people with cardiovascular disease [49].

Factors Associated With Intentions to Undertake
Lifestyle Modifications
Understanding factors that may influence individuals’
experiences with web-based lifestyle interventions is important
in optimizing the effectiveness of tailored programs. In this
study, course-related factors were associated with participants’
immediate learning outcomes. For instance, higher course
satisfaction and an interest in seeking new information correlated
with a greater intention to implement lifestyle modifications
across both study arms, consistent with previous reports of links
between knowledge gain and increased motivation [50].

Engagement with the forum was also associated with
participants’ intentions to change certain lifestyle behaviors,
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consistent with previous study findings indicating that social
connections made with peers during educational programs are
important for engagement [51,52] and can mediate lifestyle
changes [53]. In particular, a recent systematic review found
that human support was a crucial component in the effectiveness
of web-based behavior change interventions [19]. Furthermore,
engagement with health care professionals in an MS-related
face-to-face lifestyle program was found to increase participants’
sense of control and agency in adopting lifestyle changes
[52,54]. Overall, these results highlight the importance of
facilitator-led community forums as integral components of
digital health interventions. With tailored design and
implementation, these features could be optimized to promote
increased health-related knowledge and support lifestyle
changes.

Of interest, a large proportion of SCC completers expressed
their intention to change their lifestyle despite being familiar
with the course content. Therefore, the SCC may have served
to refresh or reinforce their existing knowledge. Engagement
with information presented in a different setting or format (eg,
animation and videos) may also have been a motivating factor
for facilitating intentions for lifestyle changes. Alongside the
observed high satisfaction levels, these results highlight the
perceived value of the MSOC irrespective of participants’
previous familiarity with the course materials, translating
acquired or refreshed knowledge into motivational changes.
This insight offers a key recommendation for future digital
health design: developing modules that cater to both beginners
and those with previous knowledge. For participants already
familiar with the content, modules can serve as a refresher or
provide new perspectives through web-based and visually
engaging formats such as animations, videos, or quizzes.

Interestingly, other participant-related factors were also
associated with intentions for lifestyle change. For instance,
higher educational level was associated with lower intention
for lifestyle change, consistent with studies indicating that
participants with lower educational levels find course content
more informative and applicable [17,55]. This highlights the
importance of using clear, practical messaging and simplifying
language and concepts to ensure accessibility for a broad
audience. Disability was associated with an intention for diet
change, vitamin D supplementation, and increased physical
activity in the SCC but not in the IC. This may be attributed to
the content of the SCC as it may not be possible for someone
with a severe disability to adopt the restrictive diet or physical
activity recommendations of the IC, especially if they rely on
carers. As a result, it is important to consider course content
and its applicability to people living with MS of all abilities.

In addition, SCC participants with severe mental health issues
and lower QoL reported higher intentions to adopt lifestyle
modifications. However, interestingly, our analysis of baseline
characteristics and course completion in this RCT found that
those with poor health status at baseline were less likely to
complete the course [20]. While participants with poorer health
may face physical or psychological challenges that reduce their
likelihood of completing web-based courses, collectively, our
results suggest that participants who complete web-based
courses have a higher likelihood of implementing behavior

change. Moreover, these findings suggest that future digital
health interventions need to be designed to attempt to overcome
course noncompletion, possibly by implementing tailored and
motivational strategies such as progress tracking, personalized
feedback, and interactive support tools to help overcome barriers
to engagement to maximize the benefits of these programs.

Strengths and Limitations
This study sample represents a large and diverse international
cohort of people living with MS, with characteristics similar to
those of other international cohorts [7,37]. The findings expand
on previously documented qualitative insights from this trial
[21,22], providing a more comprehensive understanding of user
experiences and engagement with web-based educational
programs. The MSOC’s utility as a web-based program
demonstrates the potential of digital interventions to reach large,
geographically diverse populations. This scalability is
particularly beneficial for other chronic conditions for which
health care access may be limited.

Various limitations should be considered. First, the study sample
was restricted to RCT participants who completed the baseline
and evaluation surveys. As research on web-based health
interventions for chronic illnesses is likely to face challenges
in recruiting and retaining participants [16,55], our study sample
may be biased toward healthier individuals or those highly
motivated to acquire lifestyle-related knowledge and adopt
lifestyle changes. Second, while efforts were undertaken to
recruit participants through various channels worldwide, this
study also primarily involved participants from English-speaking
countries with convenient internet able to access the recruitment
sites. Consequently, the generalizability of the results may be
limited, warranting caution in their interpretation. Third, the
sample size of noncompleters across study arms may be
considered small. This increases the risk of selection bias,
potentially limiting the generalizability of the findings to a
broader population of noncompleters. Nevertheless, identifying
barriers to course completion, such as time limitations and
technical and health-related issues, provides important insights
for informing the development of web-based programs. For
example, extending the course to >6 weeks may allow more
participants to complete it, a strategy supported by findings
from the Understanding MS MOOC study [36]. Other
considerations may include presenting participants with
incentives to complete the MSOC, such as completion
certificates [56]. Furthermore, it is important to consider health
disparities within the MS community to ensure that course
content is appropriate for web-based interventions.

Conclusions
The evaluation of the MSOC in this study provided new and
valuable insights for the development of future web-based
programs for people living with MS. Participants expressed
high levels of satisfaction with the MSOC and strong intentions
to adopt lifestyle modifications, even among those already
familiar with the course content. Notably, course completers
with poorer health had stronger intentions to adopt
recommended lifestyle changes upon completing the course,
underscoring the potential value of web-based interventions
among those most likely to benefit. Identifying motivators and
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barriers to web-based course engagement could inform future
course development to facilitate increased engagement and
potentially achieve intervention objectives. Subsequent
follow-up studies of the RCT’s primary and secondary outcomes
will examine the effectiveness of the MSOC intervention in
supporting the adoption and maintenance of lifestyle changes

and achieving the primary outcome of the study (clinically
significant improvements in QoL). Overall, tailored, accessible,
and innovative web-based interventions offer an important
platform to assist people living with MS in self-managing their
MS and related symptoms and potentially improving their future
health prospects.
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Abstract

Background: Patients with long-term conditions, such as stroke, require regular follow-up visits to health care professionals
to identify changes in symptoms. The digital previsit tool Strokehälsa (Strokehealth) has been designed to encourage individuals
with stroke to reflect on stroke-related health concerns before a follow-up visit, thereby potentially enhancing their engagement
during the visit. Strokehealth has previously been evaluated using a patient satisfaction survey (part 1), but there remains a need
to further explore patients’ perceptions and needs to optimize its functionality before broader implementation.

Objective: The overall aim was to attain deeper insights into patients’ views and experiences of using the digital previsit tool
Strokehealth before a follow-up visit. A secondary aim was to identify potential improvements to the tool based on these insights.

Methods: For this qualitative study, patients who had used Strokehealth version 1.0 before a follow-up visit were recruited
through the previous survey between November 2020 and June 2021. Individual semistructured interviews were conducted, and
data were analyzed using reflexive thematic analysis. Subsequent workshops were held with people with firsthand experiences
of stroke, other stakeholders (including health professionals and researchers), and a web consultant to finalize decisions regarding
adjustments to be implemented in Strokehealth version 2.0.

Results: Interviews were conducted with 33 participants (23 men and 10 women), with a median age of 67 (IQR 55-76) years.
Analysis of the data regarding participants’ experiences of using Strokehealth revealed three overarching themes: (1) a supporting
tool for preparing dialogue and identifying needs, (2) how Strokehealth is introduced and communicated affects perceived usability,
and (3) the wording and structure of Strokehealth influences the response process. The findings captured various aspects of
receiving and using the digital previsit tool, highlighting its simplicity and purpose. Overall, Strokehealth was well received and
contributed to a sense of being well cared for. Participants generally not only found Strokehealth easy to use but also shared
suggestions on how to better address stroke-related issues, such as mental fatigue or pain. Examples of changes that have been
implemented in Strokehealth version 2.0, based on participant feedback, include improved explanatory texts and expanded
opportunities for free text.

Conclusions: The findings indicate that the freely available digital previsit tool Strokehealth was generally well received by
patients with stroke who were scheduled for follow-up visits in outpatient settings.

Trial Registration: Researchweb 275135; https://www.researchweb.org/is/vgr/project/275135
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Introduction

Health care systems are increasingly adopting digital support
to address future challenges and to transition toward more
person-centered care [1]. This shift has prompted a significant
increase in the development and use of digital services and tools
for self-care among community-dwelling people [2].
Advancements in medical care and improvements in health care
services are leading to rising numbers of individuals living with
conditions that require long-term care, such as stroke [3]. In
patients with such conditions, a lack of adequate self-care or
health care interventions can lead to serious consequences [3].
Continuous access to health care services is essential to ensure
optimal self-management, psychological and emotional support
[4,5], and treatment for patients, regardless of their condition
[6]. The integration of digital technology can potentially enhance
easy access to health care, patient engagement, and
self-management [2,7]. However, individuals managing
long-term conditions commonly show low eHealth literacy,
potentially resulting in their exclusion from digital health
resources [8]. Therefore, it is imperative that digital tools be
tailored specifically for individuals with diverse health
conditions and be designed with enhanced usability and
accessibility.

Regular follow-up visits enable caregivers to identify potential
health problems, detect symptom changes or worsening at an
early stage, and take preventive actions to minimize their impact
[9]. Follow-up visits also serve as opportunities to provide
patients with support, education, and counseling regarding their
condition, treatment options, and symptom management. This
helps patients better understand their condition and empowers
them to take a more active role in their health care. During
follow-up visits, meaningful conversations can be facilitated
using tools such as checklists or dialogue aids, for example, the
Post Stroke Checklist [10]. However, patients have emphasized
the importance of advance preparation to enhance engagement
during discussions with health care professionals [11]. Such
preparation can be achieved through previsit tools [12,13], which
encourage patients to reflect in advance, and thereby make
interactions with health care providers more efficient.
Accordingly, a previsit tool for individuals with
stroke—Strokehälsa (“Strokehealth”), based on the Post Stroke
Checklist—was developed in a participatory co-design process
with a patient partner, stakeholders, and a service designer [14].
The aim was to create a tool that would enable
people—including those with various disabilities—to take an
active part in their decision-making process by providing them
with targeted questions and time to reflect on stroke-related
concerns before their scheduled visit to an outpatient clinic
specialized in stroke care [14]. Other previsit tools exist but
most are designed to collect physical health data, such as blood
glucose levels, or are highly comprehensive (eg, the
stroke-related “Rehabkompassen” [15]), and require substantial

time and effort from the user. In contrast, Strokehealth was
designed to support reflection and communication, rather than
extensive data collection.

In short, the content of Strokehealth and the procedure for its
use in health care can be described as follows. First, the patient
is introduced to Strokehealth version 1.0 through a brief
introductory text before answering 14 questions (Multimedia
Appendix 1) covering various health-related domains. Each
question includes a short explanatory text to clarify and provide
examples. To indicate any health concerns, the response choices
are “yes,” “no,” or “choose not to answer.” Upon completing
Strokehealth, patients have the opportunity to provide additional
open-ended comments or information before their scheduled
visit. In addition, patients are offered further advisory
information about stroke and self-management strategies, which
is accessible via a clickable link. In clinical practice, health care
providers send Strokehealth to patients via the Swedish national
patient portal, prompting them by email or text message to log
in and complete the tool. The health care provider—usually a
stroke-specialized nurse—then has the option to review the
patient’s responses in advance and, if necessary, consult other
professionals—for example, a physician or an occupational
therapist—prior to the appointment, in order to proactively
address the patient’s concerns, although this step is optional.

In the development and evaluation of complex interventions,
contextual factors—including organizational and local
conditions—play a decisive role [16]. Therefore, Strokehealth
was evaluated in a real-world setting involving patients who
were discharged from a stroke unit and scheduled for follow-up
visits. A previous study (part 1) was conducted using a
web-based patient satisfaction survey, revealing that
Strokehealth was perceived to provide a structured framework
that facilitated the consideration of important issues in
conjunction with health care visits [17]. A wide range of health
problems was identified, and 56 out of 58 (96.6%) participants
expressed confidence that Strokehealth effectively captured
their health-related concerns. Analysis of free-text responses
revealed that Strokehealth was viewed as a valuable tool for
structured follow-up and was described as enabling increased
patient engagement. Participants also noted that Strokehealth
provided valuable information, offering enhanced insights into
their condition and the available support. Suggestions for
improvement included extended response options, the
opportunity to develop one’s answers, and clearer explanatory
texts [17]. Sustainable development and implementation of the
previsit tool require evaluating feasibility from different
perspectives, especially from the patients’ perspective as end
users. Thus, it was considered necessary to conduct individual
interviews to explore the participants’ survey responses in depth
and to allow them to elaborate on their suggestions for
improvements. The present interview study is an important step
in the development and evaluation of Strokehealth before its
implementation in health care.
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In this study, we aimed to gain deeper insights into patients’
experiences with and views on using the Strokehealth digital
previsit tool before follow-up visits. A secondary aim was to
identify further ways to improve the previsit tool based on these
findings.

Methods

Study Design
A qualitative study was conducted [18] as part of a larger
research project aimed at developing and evaluating the
Strokehealth previsit tool, using quantitative and qualitative
methods and following the Medical Research Council
framework [16]. The research paradigm guiding this study, as
part of the larger project, is inspired by the principles of realistic
evaluation based on scientific realism, in which various data
sources are used in a pragmatic and flexible manner to explore
“what works, for whom, under what circumstances?” [19]. This
study involved the interpretative analysis of semistructured
interviews to attain insights regarding how different contexts
and mechanisms influence outcomes and to inform changes to
the previsit tool. In this study, the COREQ (Consolidated
Criteria for Reporting Qualitative Research) checklist was used
to ensure explicit and comprehensive reporting (Multimedia
Appendix 2) [20].

Ethical Considerations
Ethical approval was obtained from the Swedish Ethical Review
Authority (556-17 and 2020-03324). After logging into the

patient portal, patients were presented with information
regarding the research project and asked whether they would
consent to participate. Only those who provided informed
consent were able to proceed with the survey (part 1) [17]. The
introductory information made it clear that participation was
voluntary and would not impact their medical treatment. No
incentives were offered for participation. At the end of the
survey, participants were asked a follow-up question about
participating in an interview. All transcripts were anonymized
before analysis and treated confidentially because they contained
health-related information. Only the research team had access
to the interview recordings, transcripts, and consent forms. No
prior relationship was established between the researchers and
participants before the interviews.

Setting and Participants
This study was conducted in the Västra Götaland region of
Sweden. The study participants were community-dwelling
individuals who had experienced a stroke, had recently used
Strokehealth (Figure 1), completed a subsequent patient
satisfaction survey, and volunteered to share their more in-depth
experiences regarding the tool. Initial participant recruitment
was performed consecutively between November 2020 and June
2021 from 3 hospitals in the region. The inclusion criteria were
admission to a stroke unit, being scheduled for a follow-up visit
to a stroke team nurse after hospital discharge, and having a
personal account on the Swedish national patient portal. No
exclusion criteria were set. Strokehealth was sent approximately
3 weeks to 3 months after discharge from the hospital, depending
on the standard routines of the outpatient clinic.
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Figure 1. A screenshot of the elements in the previsit tool Strokehälsa (English version; reproduced from Kjörk et al [14], which is published under
Creative Commons Attribution 4.0 International License [21].

A web-based survey was sent to all patients who had used the
tool (n=80). The survey was completed by 73% (58/80; 39 men;
age: median 67, IQR 56-75 years). The survey included
information about its purpose: to gain a better understanding of
their experiences using the previsit tool Strokehealth in
preparation for their follow-up visit, with a focus on its usability
and functionality. At the end of the survey, respondents were
asked whether they consented to future contact from the research

team regarding a more in-depth interview. It was emphasized
that the interviews would contribute to improving follow-up
care supported by the tool. A total of 36 patients indicated their
interest in further collaboration and were contacted via telephone
by the last author (EKK), of whom 33 agreed to participate in
individual interviews.

JMIR Hum Factors 2025 | vol. 12 | e73477 | p.1152https://humanfactors.jmir.org/2025/1/e73477
(page number not for citation purposes)

Pohl & KjörkJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Data Collection
Data were collected using a semistructured interview guide,
including questions about experiences and aspects of using
Strokehealth (Multimedia Appendix 3). The interview guide
was pilot-tested, and no adjustments were deemed necessary;
therefore, the pilot interview was included in the present
analysis. All interviews were conducted in Swedish over the
telephone at prearranged dates and times. At the time of the
interviews, only a few participants had completed their
follow-up visits. No relationship had been established between
the interviewer and the participants before the interviews. The
participants’ next of kin were allowed to be present and to
participate when appropriate. During 2 interviews, a spouse was
present for support.

All interviews were audio recorded. The study aims were
repeated, and the participants orally confirmed their consent.
To ensure high credibility, all interviews began with the same
introduction, emphasizing the importance of the participants’
experiences and viewpoints and that there were no right or
wrong answers. Prompts such as “Could you elaborate on your
thoughts?” were used. The duration of the interviews ranged
from 8 to 40 minutes (median 24 minutes, IQR 21-28 minutes).
All interviews were transcribed verbatim by a person who was
not part of the study, using MS Word. The transcripts comprised

289 pages of single-spaced text. No member checks were
conducted, and participants were not asked to provide feedback
on the results.

Data Analysis
A reflexive thematic analysis [22] was conducted, aligning with
an interpretivist paradigm that emphasizes understanding
individuals’ subjective experiences [18]. Reflexive thematic
analysis was deemed an appropriate analytical approach based
on the study’s focus on the unique experiences of the patients
who had used Strokehealth. Furthermore, reflexive thematic
analysis entails a flexible process that facilitates the
identification, analysis, and reporting of patterns of meaning
within interview data [22]. In reflexive thematic analysis, both
coding and theme development are flexible processes that evolve
throughout the analysis. An inductive approach was used, that
is, the analysis was data driven and based on the participants’
subjective experiences. Analysis was performed by 2 authors
(EKK and PP) using the NVivo software (version 12;
Lumivero).

The analysis was performed using the 6-stage framework
described by Braun and Clarke (Textbox 1) [22]. Throughout
the analysis process, conscious reflections were made, and
reflexive thematic analysis facilitated the authors’ reflective
engagement.

Textbox 1. The 6-stage framework of reflexive thematic analysis.

Stage 1. Both authors independently read and reread all transcripts to become familiar with the data.

Stage 2. Important features related to the research question were identified within the dataset and coded according to their content.

Stage 3. The codes were examined to identify significant patterns of meaning and clustered into potential themes and subthemes.

Stage 4. Themes and subthemes were reviewed against the dataset, and redefined in an iterative process, with continuous back-and-forth between the
main texts and the codes.

Stage 5. The themes were analyzed in detail to refine their scope and focus, and informative names were assigned.

Stage 6. Analytical narrative and data extracts were contextualized in relation to existing literature, and the manuscript was produced.

After the completion of the analysis, some of the suggested
changes that emerged from the interviews were implemented
in Strokehealth, resulting in version 2.0. This process included
consultation with members of the advisory board who were
involved in the previous study [14]. In addition, a linguist
reviewed the text to improve its clarity and structure. Finally,
the proposed amendments to Strokehealth were discussed in
formal decision-making workshops with the project’s research
team in collaboration with the patient partner. After the final
decision workshop, adjustments to Strokehealth in the patient
portal were made through close collaboration between EKK
and a web designer. These workshops guided the final decisions
about the design of Strokehealth and addressed issues such as
clarifying the language by adding or removing text and answer
options.

Research Team and Reflexivity
The interviews were conducted by EKK, a female who holds a
PhD degree in occupational therapy and is a senior lecturer. She

is an established researcher with previous experience in
qualitative research and is well published in the fields of stroke
rehabilitation and eHealth. Transcripts were cross-checked by
PP, a female who holds a PhD degree in physical therapy. She
is an assistant professor with previous experience in qualitative
research and is well published in the fields of neurological
rehabilitation and eHealth.

Results

Participants
The 33 study participants included 23 men and 10 women, with
a median age of 67 (range 43-87) years (Table 1). Among these
participants, 28 (85%) reported using the web multiple times
per day, 3 (9%) reported using it weekly, and 2 (6%) reported
using it once per year. Four participants (12%) received
assistance in completing Strokehealth.
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Table 1. Participant characteristics.

Participants in interviews (n=33)Characteristics

Age (years)

67 (43-87)All patients, median (minimum-maximum)

Sex, n (%)

23 (70)Male

10 (30)Female

Education (highest level), n (%)

10 (30)Mandatory

8 (24)High school

14 (42)University

1 (3)Other

Source of income at inclusion, n (%)

13 (39)Work

2 (6)Sick leave

17 (52)Retirement

1 (3)Other

Prestroke living conditions, n (%)a

32 (100)Without assisted care in own home

5 (15)Living alone

30 (94)Independent in activities of daily living

Stroke characteristics (onset)

31 (94)Cerebral infarct, n (%)

2 (6)Intracerebral hemorrhage, n (%)

5 (15)Previous stroke, n (%)

1 (0-7)Stroke severity, NIHSSb, median (minimum-maximum)

Stroke-related outcomes

5.5 (1-35)Length of hospital stay in days median (minimum-maximum)

33 (100)Discharged to own home, n (%)

aMissing data: without assisted care in own home (n=1), independent (n=1).
bNIHSS: National Institutes of Health Stroke Scale; measured ≤24 hours of admission, normal values 0-42. Values are presented as numbers and valid
percentages unless stated otherwise.

Themes Created Based on the Individual Interviews
The analysis resulted in the identification of 3 main themes,
reflecting the participants’ overall experiences with receiving
and using the previsit tool before their planned follow-up visit
to the nurse. The three main themes were as follows: (1)

Strokehealth as a supporting tool for preparing dialogue and
identifying needs, (2) how Strokehealth is introduced and
communicated affects perceived usability, and (3) the wording
and structure of Strokehealth influences the response process
(Figure 2).
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Figure 2. Themes and subthemes identified from interviews regarding the digital previsit tool Strokehealth.

Strokehealth as a Supporting Tool for Preparing
Dialogue and Identifying Needs
This main theme represents aspects of how effectively
Strokehealth captured the participants’ health issues and how
it was perceived in preparing patients for dialogue with health
care professionals as well as family members.

Completing Strokehealth Promotes a Sense of Connection,
Gratitude, and Being Cared for

The use of Strokehealth as preparation for a visit was perceived
to contribute to the sense of being well cared for by health care.
Some participants felt reassured by encountering familiar
information within the tool, as this validated their existing
knowledge and aligned with previous information received from
health care providers. This recognition created a sense of
connection and reassurance that they were not alone, and that
experiencing such issues after a stroke was both expected and

normal. Others expressed that the information provided within
Strokehealth helped to fill knowledge gaps, supplemented their
existing understanding, and brought a sense of hopefulness.

Participant 2: It’s really nice, what I’m looking at right now
[advisory text]; it looks really good. It’s short, concise, pleasant,
and gives hope [laughs]. No, but I think so. I don’t really have
anything to object to. You can’t do more than this, really. It
looks nice, good, and informative. [Male, 61 years old]

Completing Strokehealth also evoked feelings of gratitude for
being taken seriously by the health care system and for receiving
good care. It provided participants with an opportunity to
actively reflect on what it meant to have survived a stroke. They
felt grateful for not being more severely affected by the stroke
and for the confirmation that it could have been much worse,
as they read about different problem areas—one question after
another.
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Challenges in Capturing Health Issues at Varying Levels of
Severity

Most participants felt that the questions in Strokehealth were
relevant and adequately addressed their health issues, including
mental fatigue. However, individuals experiencing very mild
symptoms perceived that the questions or the given examples
did not fully capture their own experience. This prompted
reflections on whether Strokehealth might be better suited for
individuals with more severe strokes. One participant
experiencing mild aphasia found that none of the questions
adequately addressed this specific problem.

Participant 15: It also depends on what level I’m answering
from. If I’m answering from an everyday perspective—can I
go to the store, talk to my family and friends, participate in
Teams meetings, or write messages, emails, or texts—then I
have no problems. But if I want to do it at a higher level,
workwise, maybe speak another language, and so on, then that’s
a completely different level, and perhaps a completely different
answer to the question. [Male, 43 years old]

Another participant mentioned that none of the questions
captured the challenges of everyday tasks that were previously
effortless, such as emptying the dishwasher. Now, she had to
consider each step while maintaining balance, which made the
task exhausting. Participants suggested that more generous
open-response areas would allow for detailed explanations of
such issues. Participants also found that the questions in
Strokehealth were insufficient to capture psychological factors,
such as worrying thoughts about the future. They noted that the
question related to this topic did not precisely reflect what
participants wanted to express.

Perceived Value of Strokehealth for Preparing Health
Dialogues

Participants found that completing Strokehealth not only helped
them prepare for their follow-up visit but also provided them
with a valuable opportunity to reflect on their situation and
thoroughly consider their individual needs. They also felt that
the tool helped make them aware of certain issues that might
not have otherwise been addressed, such as their relationship
with loved ones. Some participants even expressed that
Strokehealth was valuable for explaining their problems to
family members and highlighting common poststroke issues.
They suggested that a previsit tool like Strokehealth could be
beneficial for structuring and optimizing any health care visit
that is often time-limited.

Participant 4: It makes things easier; it becomes like a
preparation beforehand. I guess that’s the case with all
meetings—the more prepared you are, the better it is. If you
know what it will be about and can reflect on it beforehand, it’s
always beneficial. So, I think that’s a good thing. [Male, 58
years old]

Participants also reflected on the potential value to the staff if
patients filled out Strokehealth, speculating that it might make
the meeting more efficient. However, not everyone believed
that Strokehealth was necessary; some felt confident about
directly articulating their concerns and believed that the nurse
was already informed about their problems.

Furthermore, Strokehealth also introduced new vocabulary that
inspired them to seek further information in advance—for
example, through search engines such as Google—to learn more
about their condition and possible interventions. Consequently,
this process of independently seeking information further
enhanced their preparedness for the upcoming health care
encounter.

How Strokehealth Is Introduced and Communicated
Affects Perceived Usability
This main theme emphasizes that the way Strokehealth is
introduced and communicated to patients plays a crucial role
in how the tool is perceived and used. The analysis underscores
the significance of offering patients various options for
appointment preparation and enabling them to make active
choices.

Patients’Ambivalent Reactions to an Initial Digital Contact
With Health Care

Participants described different reactions upon receiving the
digital notification, that is, a text message on their smartphone
indicating that there is a form to complete (Strokehealth). Many
participants who were already familiar with the patient portal
became curious and felt confident that the short text message
was sent from a trustworthy source. However, the meaning of
the text message was not always clear to participants who had
never previously received a notification from the patient portal.
Some participants felt a sense of suspicion, thinking that an
authority wanted to poke around in their private life or had
concerns about the risk of fraud, as often reported in the media.
In some cases, the sender (the nurse from the stroke team) would
follow up with a telephone call. These verbal reminders
increased patients’ motivation to log in and complete
Strokehealth. However, some participants mentioned that they
would have preferred the initial contact after their stroke to be
with a real person rather than an anonymous text message
prompting them to answer questions using a digital tool, while
others were fully content with the “digital-first” approach.

Participant 19: Well, I’m a bit critical and thinking like this—I
was at the stroke unit about 14 days ago, and this is the first
contact, about ten days later, that I receive from the healthcare
side, and I find that a bit contradictory. On the one hand, maybe
one would have wanted to talk to a person and not fill out a
form because, after all, it’s a transformative experience to have
a stroke. [Male, 63 years old]

Participant 30: I felt that it’s really good. I think all follow-up
feels reassuring. It’s very intense when it happens, and then the
healthcare system kicks in, and suddenly, you’re back home. I
think all follow-up is good. And digital tools are totally fine,
especially in combination with actually talking to someone, like
in this case [Strokehealth combined with a dialogue with a
nurse]. So, no, I’m in favor. [Male, 45 years old]

Several participants expressed that they would have preferred
to be informed about Strokehealth during their hospital stay
rather than only through a digital notification. However, they
also acknowledged that this information might have been
overlooked due to the many other concerns during their
hospitalization.
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Timing and Method of Delivery Shape Engagement With
Strokehealth

Participants had various thoughts on how to personalize the
process of when and how to complete Strokehealth. For instance,
they reflected on the time span between hospital discharge and
receipt of Strokehealth. It was generally considered that one
needed some time to settle back home after discharge before
the follow-up visit was scheduled and Strokehealth was
delivered.

Participants also reflected on the timing of receiving the text
message with a prompt to open the tool. Most considered the
forenoon to be appropriate because they still had some of their
often-limited energy left. If the message was sent during the
night, the signal was likely to wake the recipient. Participants
also emphasized that they wanted the flexibility to choose the
most convenient time of day to engage with the tool.
Approximately 1 week of preparation time was generally
considered sufficient to allow participants to select the best time
of day to engage with Strokehealth.

Participant 11: And then you could complete it at your own
pace as well, you didn’t have to rush through the questions, so
it’s quite nice, so yeah, I think it was a good thing, a really good
thing. [Female, 53 years old]

Participants generally appreciated that they could log in and
complete Strokehealth using a device of their own choice. The
text was considered sufficiently visible on any
device—including computers, tablets, and smartphones.
However, the prompt to complete Strokehealth digitally caused
stress for participants with less experience using technology.
Additionally, the web-based system of the patient portal was
perceived as difficult to navigate, adding to the digital stress.
Some participants also experienced stress related to clicking
the prompt to open Strokehealth and expressed concern about
clicking the wrong button. However, once participants
successfully managed to navigate the patient portal, most
considered it easy to complete Strokehealth. For participants
with severe technological issues, it was considered advantageous
to have someone assist them. Additionally, some participants
supported the idea of being able to choose between the digital
previsit tool and a paper version on which they could make
notes with a pen and then refer to during the follow-up visit.

Clarity and Purpose in the Introductory Text of
Strokehealth Supports Usability

The participants’ perception of the initial introductory text had
an impact on their willingness to fill out Strokehealth. Most
participants appreciated that the text was short and clear. Based
on the contents of the introductory text, all participants clearly
understood the purpose of answering the questions before their
follow-up visit. Participants appreciated that the introductory
text explicitly stated that there were only 14 questions, estimated
to take a reasonable amount of time. Specific information that
participants found helpful included that the answering process
could be initiated at any preferred time and place and that the
upcoming follow-up visit would provide an opportunity to
elaborate on any of the indicated symptoms (ie, “yes” responses
in Strokehealth).

Participant 25: Well, if it [the introductory text] says that your
nurse will ask you about answers, so that you can explain how
you have thought, then it makes you answer [the question].
Well, then I answer “yes” when it comes to swallowing because
then I know that I can explain that later. And pain, I have that,
but I can explain how much pain it is. [Female, 73 years old]

However, participants suggested providing the information that
one could take a break at any point and making it clear that they
could revisit and review their answers before submitting
Strokehealth. On the other hand, participants expressed concerns
that adding too much new information to the introductory text
could impact readability.

Despite previous adjustments extending the introductory text,
several participants did not notice the link to the advisory text
at the end of the tool (or forgot it while answering the questions),
suggesting a need for further improvements in future versions.
Others acknowledged seeing the link to the advisory text but
opted not to read it, either because they no longer had symptoms
or because they believed that they had already received sufficient
information.

The Wording and Structure of Strokehealth Influences
the Response Process
This theme highlights how the linguistic formulation and
structural design of Strokehealth affect users’ understanding,
interpretation, and response behavior. The response process was
also perceived as dependent on individual prerequisites,
highlighting the importance of how information is presented,
the clarity of instructions, and the perceived user-friendliness
of the interface.

Explanatory Texts Shape Interpretations of Questions

Most participants saw no disadvantages to the explanatory texts,
and some even found them crucial for interpreting the questions
and understanding their meaning. The provided contextual
information—including various examples related to specific
health issues—prompted participants to make new associations
related to their own impairments. These reflections helped
participants provide more accurate and informed answers to the
questions. On the other hand, one participant expressed
dissatisfaction with the comprehensive list of possible ailments
in the explanatory text. He was concerned that selecting “yes”
would inaccurately suggest that he experienced all listed
ailments. Another participant noted that although some
questions, for example, “Do you have more difficulty walking
or moving safely after a stroke?” could include minor symptoms,
such as slightly impaired balance, these symptoms were not
mentioned within the explanatory text. He therefore found this
question difficult to respond to.

Participants expressed overall satisfaction with the explanatory
texts, finding them easy to comprehend. The texts were deemed
concise and straightforward, and not disruptive when answering
the questions. Participants emphasized the importance of
maintaining simplicity and noted that excessive length could
reduce response rates. However, participants identified certain
problem areas that could benefit from more detailed
explanations. For instance, participants found the question about
pain difficult due to the complexity of the condition.
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Participant 4: Perhaps the definition of pain is a bit subjective
too. I don’t have severe pain; it’s more like a pressure sensation.
But of course, that could also be considered pain, depending on
how one defines pain—whether it’s sharp pain, severe pain,
discomfort, or something like that. I’m not sure if I would have
answered ‘pain’ even though I had this slight discomfort. It
didn’t hurt; it’s more of a discomfort if anything, especially if
it’s a milder sensation that doesn’t feel like direct pain. [Male,
58 years old]

Not everyone felt a need to read the explanatory texts. Some
participants chose to read the attached text only if the question
sparked their interest in the topic, was unclear, or prompted
deeper reflection on their remaining symptoms.

Participant 22: In those cases, my answer was obvious, I didn’t
read all of them thoroughly. I didn’t go into the details or the
fine print—I just moved on to the next one. I didn’t read
everything all the time; if the question was crystal clear to me,
I just went to the next one without any comments. Yes, there
were certain questions—not all of them—but some where I
thought, “What the hell do they mean by that?” And of course,
in those cases, I had to read more carefully to understand what
it actually said. [Male, 65 years old]

Individual Prerequisites Influence the Response Process

During the interview, several participants reported experiencing
communication or memory problems, including signs of aphasia.
For many, these impairments impacted their ability to recall
details, understand, and express their thoughts effectively within
Strokehealth. Some participants mentioned that having a
supportive spouse was advantageous when completing
Strokehealth. Others mentioned that they answered the questions
quickly, either due to their natural tendency to complete
questionnaires quickly or because they were at work when the
notification arrived. Responding rapidly may have reduced the
time available for reflection on the questions; however,
participants did not spontaneously raise this concern during the
interviews.

Participant 6: It could be that I took a break from work when I
did it, and maybe I felt like I didn’t really have time to continue
or look into it further, so I felt done. That’s often how it
feels—when I’ve completed a survey, I just want to get on with
my life [laughs]. [Male, 46 years old]

Participants commonly mentioned the problem of fluctuating
mental fatigue since their stroke. When participants experienced
mental fatigue during their completion of Strokehealth, it
influenced every answer. Participants felt that it was misleading
to answer “yes” to questions about difficulties with activities
of daily living if they were typically able to manage but were
currently hindered by fatigue. They suggested including a
specific question about fluctuating mental fatigue or adding a
free-text area where participants could indicate “sometimes”
instead of being limited to the binary “yes” or “no” responses.
Another suggestion was to move the question about “life after
stroke” from the bottom to the top of the tool, since that question
was related to fatigue and hence impacted their responses to the
subsequent questions. Notably, the presence of mental fatigue
significantly affected participants’ ability to focus during the

response process. One participant described feeling mentally
sluggish, as if their thoughts were moving “as slow as toffee.”
Accordingly, participants highlighted the need for flexibility to
take breaks, without fear of losing previous responses.

Importance of Optimizing User-Friendliness and Allowing
for Simplicity

Participants provided valuable insights regarding how to
improve the tool’s design to enhance the response process. Most
participants found the structure, layout, and language of
Strokehealth to be attractive, educational, and easy to
comprehend. The number of questions, response options,
wording, and sequencing of questions were all generally deemed
user-friendly and straightforward. No language was considered
offensive. In particular, participants with mild poststroke
symptoms found the tool easy to navigate.

Regarding the response options, participants speculated that
binary choices (“yes” or “no”) might be insufficient, suggesting
a need for more nuanced options.

Participant 6: I mean... I answered “yes” for those where I had
even the slightest symptom. I did, yes. That’s how I interpreted
it: if I experienced even the slightest symptom, I would answer
“yes,” and if I didn’t, I would answer “no.”

Interviewer: So it wasn’t hard for you to understand that this is
how you should answer, at least?

Participant: No, no. But the feeling could still be that this “yes”
might not convey the full truth. [Male, 46 years old]

Additionally, they emphasized the importance of providing a
free-text area below each question to allow for personalized
responses and improve user-friendliness. Participants felt that
a single free-text area at the end of the tool was insufficient
because they often wanted to specify directly after each question.
The need for a free-text area was particularly evident after the
question “Life after stroke,” which was generally considered
quite broad, with the ambition of capturing many aspects of
importance.

Participant 2: I just think I would have liked to answer “yes,”
but then define it. I would want to specify right under that
question... I would like to specify them a bit more, either by
breaking that question into several or by allowing a free-text
option right after, where you can specify what you mean. [Male,
61 years old]

Not all participants shared this perspective. Some found that
the combination of the question itself and a single free-text area
at the end was sufficient—especially if they found it challenging
to write due to linguistic or motor impairments. Participants
also reflected on the answer option “choose not to answer,”
which some viewed as somewhat peculiar, while others saw it
as a “way out.” No specific suggestions were made for
alternative wording to enhance clarity, but some reflected that
this response option could be supplemented with a free-text
area to allow individuals to explain why they chose not to
answer.

Participants appreciated that a summary appeared when they
completed the response process before submitting Strokehealth.
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Some suggested that the “submit” button should be made more
prominent and visible. After submitting Strokehealth, it
disappeared from the screen, which was seen as a disadvantage
if someone wanted to review their answers before their
follow-up visit. Similarly, it was suggested that it should be
made easier to print the summary of their responses.

Development and Amendments to Version 2.0
Strokehealth was amended and altered based on the findings
from the individual interviews and the theoretical
framework—for example, aspects of person-centered care and
health literacy (Multimedia Appendix 4). Several important
changes were made in version 2.0, including a revision of the
introductory text to better align with expressed preferences.
Additionally, the answer options were extended to include a
free-text box below each question and additional space in the
general free-text box at the end of the tool. Moreover, the
explanatory and advisory texts were improved to exhibit greater
consistency in structure and content. These included confirming
experiences, suggestions of what one can do by oneself
(self-management), suggestions of potential interventions, and
a prompt to seek support, if needed. Notably, the platform for
the national portal has some limitations regarding layout options,
predefined typography, and colors that cannot be changed.

Discussion

Principal Findings and Comparison With Prior Work

User Experience and Perceived Usefulness
The Strokehealth digital previsit tool, when used before a
scheduled follow-up visit after stroke, was perceived as a
supportive aid for facilitating dialogue and identifying patient
needs. It was also considered to be useful and user-friendly.
Themes identified from the interviews emphasized the
importance of patient comprehension and motivation to initiate
the response process. The real-world experiences captured in
this qualitative study, combined with the findings from the initial
patient satisfaction survey (part 1 [17]), provided the foundation
for further improvements to the tool. While the initial survey
provided useful data on general user satisfaction and perceived
usability, the subsequent qualitative evaluation offered deeper
insight into patients’experiences and contextual factors affecting
their interaction with the tool. It captured emotional responses
such as feeling acknowledged and supported, practical barriers
related to digital literacy, and the need for more nuanced
response options. These findings informed concrete
improvements to the tool and highlighted the importance of
considering patients’ individual circumstances when
implementing digital previsit tools in routine care. Based on
user feedback, minor adjustments were recommended in version
2.0 to better support the follow-up process from initiation to
identifying patient needs. Additionally, participants suggested
greater flexibility in the timing and method of introducing
Strokehealth to patients to enhance its accessibility and usability.

Supporting Patient Engagement and Self-Management
The current findings indicate that the information presented in
Strokehealth fosters increased patient engagement and
potentially supports meaningful dialogue with both health care

professionals and family members. The stroke-specific
information addresses common knowledge gaps that are often
experienced by people with stroke and their families [4,23],
especially after first-time strokes [24]. Participants reported that
the information reassured them that their experiences were
normal and, in some cases, motivated them to seek additional
resources on the web or take health-related actions. Patients
require relevant, concise, and easily accessible information to
be able to make informed decisions and support their
self-management [4,23,25]. The concise information within
Strokehealth aims to foster shared responsibility for
health—aligning with the broader health care shift toward
self-management [26]; however, simply providing information
is insufficient to elicit meaningful behavior changes without
active patient engagement [25] or effective communication with
health care providers [4]. Patient health engagement can be
further encouraged by combining Strokehealth with a follow-up
visit (whether on-demand or in-person) during which patients
can revisit information and discuss it with health care
professionals.

Self-Reflection and Response Design
Participants in this study emphasized the importance of
self-reflection during the response process, highlighting various
aspects of its significance. First, the response process
encouraged participants to consider issues they might not have
otherwise reflected upon. Somewhat surprisingly, participants
also expressed that the response process fostered a sense of
gratitude about not being more severely affected, as well as
feeling cared for by the health care system, rather than
abandoned—a sentiment that aligns with previous research
findings [6]. Second, the self-reflections and responses were
influenced by how participants interpreted the explanatory texts
attached to each question. Most participants found these texts
to be sufficient; however, some expressed that they did not fully
address subtle impairments. Third, self-reflection was influenced
by the design of the response options. Participants expressed
their desire to provide more nuanced responses than were
allowed by the binary response options, which reinforced
findings from previous evaluations of the co-design process
[14]. While this limitation was acknowledged, participants with
firsthand experience of a stroke indicated that the response
options were generally effective when complemented by a
free-text area with sufficient space to record their reflections.
Following the evaluation, restructuring the questions to include
additional response options aimed at capturing milder symptoms
was considered. However, overly complex or ambiguous
questions could hinder engagement. Therefore, this approach
was ultimately deemed to introduce unnecessary complexity,
potentially compromising the goal of developing a user-friendly
tool. Based on these insights, Strokehealth version 2.0 was
modified to incorporate free-text areas below each question and
revised text to better capture the nuances of patients’experiences
and support the response process.

Accessibility and Digital Literacy
The present results suggest that Strokehealth can be accessible
to a broad range of patients with stroke if choices are offered
regarding when and how the tool is introduced. Some
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participants described experiences of “digital stress” when
navigating the patient portal, although 48 out of 58 participants
(82%) used the web on a daily basis. This highlights the need
for Strokehealth to be accessible to individuals with limited
experience using digital tools. It is recommended that health
care providers consider patients’ eHealth literacy levels [27]
and implement alternative communication methods as needed.
For patients with limited digital literacy—including low digital
skills, low confidence, or reluctance to use digital tools—health
care providers could encourage seeking support from friends
or family to alleviate digital anxiety. Our results indicate that
some participants successfully completed the tool with support
from spouses. Additionally, alternatives to the digital version
should be readily available to help build patients’ confidence
in their ability to self-manage. Therefore, Strokehealth is also
offered as a paper version [28], which can be sent by a health
care professional to a patient who chooses not to interact with
the patient portal after receiving the initial text message. Such
efforts can improve accessibility and organizational health
literacy, ultimately supporting patients in more effectively
navigating the health care system [29].

Implementation Considerations
Importantly, evaluations of a digital health tool such as
Strokehealth must consider not only the functionality of the tool
itself but also the contextual factors [16] related to the follow-up
process. Effective introduction is crucial for engaging patients
in the proactive management of their health [30], including clear
communication of the purpose of a notification and building
trust in the sender [31]. In this study, the timing and method of
delivery played a key role in engagement with the tool, with
some participants initially questioning the legitimacy of the
digital notification. Mentioning Strokehealth upon hospital
discharge could raise awareness about the tool, enhance trust,
and help patients perceive the follow-up process as seamless
and integrated. Ideally, patients could be informed at the time
of hospital discharge that they will later receive a digital previsit
tool, once they have spent some time at home. This information
should include the purpose of Strokehealth, and if they choose
to opt out, a paper version could be offered at that later stage.
Engagement was further influenced by factors such as fatigue
and cognitive impairment, underscoring the need for well-timed
notifications, ideally in the morning when patients’energy levels
are higher. Strokehealth version 2.0 addresses these challenges
by promoting flexibility, allowing patients to complete the tool
at their convenience and to take control of their follow-up
process.

Implications for Digitally Supported, Person-Centered
Care
Our findings align with previous calls for digitally supported,
person-centered care in long-term conditions such as stroke
[1,2]. By providing insights into how patients experience the
use of a digital previsit tool, this study contributes to the growing
evidence base on how eHealth interventions can promote
reflection, engagement, and preparedness ahead of follow-up
visits.

Strengths and Limitations
This study involved patients who were consecutively recruited
by the selected health care professionals; therefore, bias due to
selection cannot be excluded. However, this sample—the
majority of whom had a mild stroke—is representative of the
Swedish population. The comprehensive description of the
context and participants in this study, complemented by part 1
[17], supports the transferability of the findings to other
organizations. In accordance with the co-design method, the
researchers were involved in all parts of the design process
[32,33], including the evaluation elements. However, the
researchers’ involvement could have made participants feel
hesitant to express drawbacks, despite encouragement to openly
share thoughts. Some of the interviews were relatively short in
duration, which may have limited the depth of participants’
responses. It is possible that conducting the interviews
face-to-face, rather than by telephone, could have facilitated
richer and more nuanced accounts by allowing for nonverbal
communication and a more personal connection between the
interviewer and the participant. Nevertheless, the critical
feedback and rich data in this study demonstrate participants’
willingness to share their experiences and contribute to
improving the tool. To enhance reflexivity, reflections were
systematically noted. Importantly, the researchers’
preunderstanding is considered a factor that influences the data
analysis and interpretation [34]. To ensure confirmability, the
impact of this preunderstanding was considered throughout the
analysis, together with continuous return to the coded data and
transcripts in NVivo. Moreover, credibility was strengthened
by conducting the interviews in a familiar environment, using
a telephone interview. However, the use of the telephone could
have influenced participant recruitment. Interviews were
conducted by telephone due to the COVID-19 pandemic;
however, this was found to be a surprisingly well-functioning
method of collecting data in this sample.

The Strokehealth digital tool has now been tested within a
clinical care pathway to assess whether patient needs and
preferences are being appropriately addressed in accordance
with prior recommendations [16]. Accordingly, Strokehealth
has been implemented within the Swedish health care system,
allowing health care professionals to access patient responses
via the national patient portal prior to clinical visits. However,
the broader implications and potential benefits from a health
care system perspective warrant further exploration. Following
guidelines for evaluating complex interventions, the next step
would be to gather the perspectives of health care professionals
to understand how Strokehealth could support them in the
delivery of care. Together, our studies (parts 1 and 2) indicate
that the tool’s overarching purpose—to encourage reflection
and preparation for a planned health care visit—remains broadly
applicable among patients with stroke.

Conclusions
The digital previsit tool Strokehealth was generally well
received, with participants describing it as supportive, easy to
use, and valuable for fostering reflection and preparing for
meaningful dialogue. Patients’ feedback led to concrete
refinements in Strokehealth version 2.0, including improved
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explanatory texts, added flexibility in the timing and format of
delivery, and expanded opportunities for free-text input.
Importantly, the findings highlight that digital tools must account
for individual circumstances, including eHealth literacy and

cognitive or emotional challenges, in order to ensure equitable
access. This study contributes to the evidence base for
implementing person-centered, digitally supported follow-up
care in stroke rehabilitation.
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Abstract

Background: Ireland is ranked among the most disadvantageous European countries in terms of mental health challenges.
Contrary to general health services that primarily focus on diagnosis and treatment, the mental health sector in Ireland deals with
highly sensitive psychiatric case notes based on patient-doctor conversations. Such data, therefore, must be collected, analyzed,
and stored with an approach customized specifically for psychiatry.

Objective: This study’s objective involves examining the state of data handling practices in the Irish Mental Health Services
(MHS), identifying the shortcomings regarding privacy, security, and usability of psychiatric case notes, and proposing an
innovative technological solution that addresses most of the surfaced challenges.

Methods: The study was conducted using a comprehensive methodology. Our approach involved a thorough literature review,
ethics approval, web-based surveys with mental health professionals as participants, interviews of psychiatrists, interactions with
mental health organizations, analysis of inspection reports by the Ireland Mental Health Commission, and comparative evaluation
of existing IT solutions. The thoroughness of our adopted research methodology instills confidence in the reliability and validity
of our findings.

Results: Our study revealed outdated data management, heavy reliance on paperwork resulting in serious repercussions, parallel
workload, alarmingly low readability of notes, and a nonviable setup that hinders research and analytical examination. Our survey
reported an average score of 4.37 of 10 (SD 1.25) given by participants in terms of technology use. Regarding privacy measures,
75% (n=12) of participants mentioned that staff members are allowed to keep their phones while accessing psychiatric case notes.
Similarly, 80% (n=13) of submissions highlighted that multiple staff members can access sensitive notes and patients’ contact
information. On the other hand, Mental Health Commission reports showed that their inspections are limited to evaluating physical
privacy only. Regarding technological comparative analysis, we observed that conventional IT solutions are vulnerable against
cyberattacks and fall short in addressing multiple challenges simultaneously. Therefore, an innovative convergence of different
technologies is needed. Our research supports speech-to-text transcription for data collection, interactive artificial intelligence
for data analysis, and permissioned blockchain for data storage and retrieval. Our survey participants also estimated the proposed
solution to optimize their workload by an average of 35%.

Conclusions: Irish MHS seem to be handling psychiatric data under polycrisis circumstances; therefore, a single-dimensional
digitization of records would not be sufficient in addressing the wide range of concerns. In addition to highlighting intertwined
challenges in Irish psychiatry and validating the need for innovation in data handling practices in Irish MHS, this study culminated
in the proposal of an innovative technological solution that offers a significant contribution to a considerably improved, efficient,
and compliant service delivery in mental health care.

(JMIR Hum Factors 2025;12:e64919)   doi:10.2196/64919

KEYWORDS

mental health records; Irish Mental Health Services; mental health care reforms; speech-to-text transcription; blockchain application
in health care; AI application in psychiatry; Ireland; psychiatric; mental disorders; behavior disorders; mental illness; mental
health professionals; psychiatrists; data management; surveys; data; psychiatric data; case study design; comprehensive case
study; digital; innovation; technology use
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Introduction

Mental health care is a critical component of public health
systems, playing a pivotal role in addressing the challenges of
mental disorders and promoting overall well-being. The
importance of mental health care extends beyond individual
health outcomes, encompassing significant social and economic
implications.

According to the third annual Mental State of the World (MSW)
report, Ireland ranks among the countries with the lowest mental

health score globally. Specifically, Ireland’s Mental Health
Quotient places it as the second worst in Europe, with the United
Kingdom ranking worst, as shown in Table 1. Furthermore,
Ireland is notable for having a significant proportion of
respondents classified as distressed or struggling, ranging from
30% to 36% (Table 1). These findings were based on data
collected from over 400,000 respondents across 64 countries
in 2022, providing a comprehensive assessment of the mental
well-being of included nations [1].

Table . Relevant statistics from the third annual Mental State of the World report 2022.

Percentage of distressed populationMental health quotient scoreCountries

18.972.1Belgium

1974.1France

22.670.2Spain

24.565.9Germany

30.456Ireland

35.746.2United Kingdom

Another study conducted by scholars from Maynooth University,
National College of Ireland, and Trinity College Dublin reveals
that more than 40% of Irish adults experience a mental health
disorder [2]. In terms of economic burden, mental health issues
in Ireland are reported to be costing the country over 8.2 billion
euros annually (a currency exchange rate of 1 EUR=US $1.1201
is applicable) [3]. As highlighted in the Organisation for
Economic Co-operation and Development report from 2018,
the cost of mental health problems accounts for 3.2% of
Ireland’s gross domestic product [4]. These financial
implications underscore the urgency of addressing mental health
challenges within the country and investing in robust mental
health care infrastructure.

Mental health services (MHS) in Ireland are responsible for
handling the sensitive and private data of patients, including
their medical history, diagnoses, treatment plans, and personal
information. When it comes to psychiatric data, the stakes get
much higher. There have been several instances of mental health
data breaches, abuses, and privacy violations within Ireland and
across Europe, highlighting the need for improved security
measures. With the growing reliance on digital health records,
the risk of data-related threats continues to increase. In 2023
alone, European Union countries reported 309 major
cybersecurity incidents in the health care sector, the highest
among all critical sectors [5]. We have also listed some relevant
incidents of data violations in Table 2.
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Table . List of relevant data violation incidents.

YearIncidentCountry

2024Two French health care payment providers, Vi-
amedis and Almerys, experienced data breaches
affecting over 33 million people, exposing per-
sonal details and insurance information [6].

France

2024A ransomware attack on Romania’s health care
management system has forced 100 hospitals to
take their systems offline [7].

Romania

2021The Health Service Executive of Ireland experi-
enced a serious ransomware cyberattack, which
led to all its IT systems nationwide to be halted.
The attackers demanded a ransom for not publish-
ing private health data [8].

Ireland

2020A hack of psychotherapy records affected thou-
sands of patients. Many of them reported in-
stances of receiving emails with ransom demands
paired with warning of disclosing their private
conversations with the therapists [9].

Finland

2018A doctor was reported for the abuse of his pa-
tient’s contact information by sending sexually
motivated text messages [10].

Ireland

2013Irish High Court ordered the suspension of a
psychiatrist over allegations of sexual misconduct
with vulnerable patients based on their mental
health records [11].

Ireland

These incidents underscore the critical necessity of
comprehending the deficiencies in data handling practices within
Irish MHS and the pressing need to devise an appropriate
solution that effectively addresses different concerns.
Considering such challenges, it was important to evaluate
different technological methods that are commonly adopted for
securing psychiatric data and then compare those practices with
the ones in Ireland MHS. When it comes to the state of
technological advancements in psychiatry, the most common
solutions are electronic health records (EHRs) and personal
health records (PHRs). While EHRs and PHRs are useful
solutions, they come with their own set of security risks [12,13].
Similarly, there is a wide range of technological solutions
involving cloud, blockchain, and conventional databases that
have been adopted by health care sector all over the world.
eHealth or e-therapy is another recent form of counseling that
has been arising during the last few years [14,15]. The World
Psychiatry Association also promotes digital means in mental
health care worldwide. Moreover, it has a dedicated working
group on digitalization in mental health [16,17]. Since our
research picked Ireland’s MHS as a case study, we finalized
our research objectives as follows:

• System insights: To gain insight into psychiatric procedures
and evaluate how sensitive data are handled within the Irish
mental health system.

• Stakeholders engagement: Interact and collaborate with
different stakeholders, such as psychiatrists, psychologists,
and mental health organizations. Document their concerns
and establish a feedback loop.

• Technical proposal: Document the research findings and
propose a solution that addresses the surfaced challenges
after getting it validated by the stakeholders.

Furthermore, to validate and document the existing state of data
handling practices in Irish MHS, this study makes a noteworthy
research contribution toward technological advancement in the
mental health care sector. Several methods were adopted to
confirm the consistency of surfaced shortcomings. Moreover,
different stakeholders of Irish MHS were engaged in research
participation, public and patient involvement contribution, and
critical analysis of proposed solutions. In addition to interacting
with public MHS, the scope of this study was extended to
relevant third-party organizations as well. Such a multifaceted
approach helped us map out an innovative and novel
technological solution based on consultations with the most
pertinent stakeholders of the loop. This involves the convergence
of different technologies, that is, speech-to-text transcription,
artificial intelligence (AI), and permissioned blockchain. These
technologies were selected for specific purposes with proper
justifications, following an in-depth comparative evaluation
against alternatives.

The remaining sections of this paper are organized as follows.
The Methods section presents the methodology with pertinent
details, involving interviews, surveys, third-party interactions,
and technological evaluation. The Results section includes
results and findings related to interviews, surveys, and
descriptive comparative evaluation of different technologies.
The Discussion section discusses a proposed solution, along
with its applicability and novelty compared to the existing state.
It also discusses the foreseen challenges and limitations of the
presented work. The Conclusions section contains concluding
remarks and future scope.
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Methods

Study Design
An extensive mixed methodology was adopted to perform a
thorough case study regarding existing data handling practices
in Irish MHS. This research intends to document the current
practices and propose an IT solution to further secure and
improve existing service delivery or address any identified
shortcomings. The following steps were taken for preliminary
investigations, which led to the new technical proposal for Irish
MHS.

Interviews With Psychiatrists
Detailed interviews were conducted with psychiatrists working
in MHS in Ireland, that is, Galway, Dublin, Cavan, and Donegal.
This helped us develop a basic understanding of the Irish
psychiatry sector, its challenges, and any scope for improvement.

Case Notes in Psychiatry
It was brought to our knowledge that a large amount of
paperwork is generated each day in the Irish MHS in the form
of “case notes.” Psychiatry case notes are used by doctors and
nurses to plan, implement, and evaluate treatment for mental
health patients. They are also used to track progress, exchange
information among other health care practitioners, and ensure
that care is being delivered safely, ethically, and effectively
[18]. Furthermore, these notes are highly useful in the analysis
of different cases. Clinicians often study these notes to identify
what went wrong at what stage. Therefore, the authenticity and
quality of psychiatry notes are of particular significance.

Reliance on Cognitive Abilities
Another aspect brought to our notice was that the existing
practice relies on the human ability of a doctor to write down
the conversation with a patient without skipping any important
information. Such reliance on doctors’cognitive abilities results
in a lack of uniformity regarding a patient’s case record [19].

Moreover, a large percentage of these handwritten notes have
quite a low readability. One of the psychiatrists claimed that
70% of the contents of psychiatric case notes are not readable.
This is quite concerning, as this low-readability problem would
also hinder the potential of research and analysis of such notes.

Legal Aspects
One interesting application of these psychiatry notes is
connected to occasional legal matters. Evaluation of a suspect’s
mental vulnerability during criminal proceedings is quite
common in Europe [20]. Under some circumstances, the
solicitors are granted access to the psychiatry notes of a patient
by the courts. The solicitors then use the documented
conversation and assessments to establish their points whether
in favor of proceedings or against it. This is quite a serious and
sensitive domain. If we connect this application with the
readability and uniformity challenges described earlier, those
shortcomings could potentially manipulate or affect the outcome
of a legal battle.

We came across a public example quoted by solicitor Sarah
Grace in an interview to the RTE Upfront program in 2023 [21],
which validated this aspect.

In her words: “In Ireland, in any sexual offence case, the therapy
notes, or counseling records of the victims can be used against
them to disprove what they are saying in trial.”

She also pointed out that the entire defense team of solicitors
as well as the accused can read those notes: “After the violation
of your body, you also go through the violation of your privacy
and dignity.”

Technology Adoption
When it comes to the existing state of technology use in the
Irish MHS, psychiatrists mentioned that so far, the technology
has not actually helped them, instead, it has built a parallel
system (paperwork+digital tasks) and increased the workload.
As articulated by a psychiatrist:

Technology was supposed to REPLACE our workload,
not ADD to it.

A bit of variation was noticed in the extent of technology use
among different MHS across Ireland. For example, unlike Cavan
MHS, which relied largely on paperwork, the MHS in
Letterkenny adopted a tool named T-Pro for the digital dictation
of nursing notes, letters, and other documents [22]. Although
this tool reduces time consumption in some specific tasks, it
still does not replace the overall practice.

On the other hand, the digitization of mental health records
should be considered beyond workload optimization, as it offers
numerous benefits like enhanced case analysis and improved
readability. Thus, workload reduction should be seen as an
added advantage rather than a necessary requirement.

Patient-Doctor Equation
Psychiatrists also mentioned that several patients are not fully
confident about the privacy of these notes. Some patients get
uncomfortable, watching their clinician making notes about
them while they are talking. They are, therefore, reluctant to
share their thoughts freely, which hinders diagnosis. We also
came across a similar observation made by psychiatrists in
Switzerland [23], where the patients were worried about being
judged or mistreated by medical staff if their report mentions
their mental ailment. For some clinicians in the Irish MHS, this
often results in maintaining 2 versions of notes, that is, an
official version for the institution and a private version to keep
track of highly confidential information related to their patients.

Quest for Solution
These insights put emphasis on the need for an automated
technological solution to collect such sensitive data. The process
should be automated to some extent, as asking doctors to replace
“writing” with “typing” will only solve the readability issue.
Still, it will not solve all the other challenges discussed earlier,
that is, reliance on cognitive ability, workload, uncomfortable
patients, authenticity, and uniformity.

We then asked, what if we record such treatment sessions
(audio)? Although that could potentially solve many problems,
we were informed that recording conversations would increase
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the sensitivity of these data by multiple folds. This discussion
then brought us to speech-to-text transcription as the most
reasonable potential solution, which will be discussed later in
this paper.

Community Engagement—Web-Based Survey

Overview
A web-based survey was also conducted to validate the
preliminary findings and explore the respective scope of
improvement. The target participants for our study were mental
health practitioners working at Irish MHS, that is, psychiatrists,
psychologists, psychiatric nurses, and senior consultants.

The inclusion criteria were mental health practitioners working
at Irish MHS, who are involved in handling psychiatric case
notes in any capacity.

A participant gets excluded if he or she is not a mental health
practitioner or clinician, he or she has not experienced working
in the Irish MHS, and he or she was not involved in handling
mental health notes or patient’s data.

Survey Sections
The survey comprised 9 sections, with 3 to 5 multiple-choice
questions each. The questionnaire did not ask for any
confidential information related to any institution. The
summarized breakdown of the different sections of the survey
is given below:

1. Participant’s experience of working at Irish MHS (years).
2. Admission: Queries regarding the process of data handling

during a patient’s admission.
3. Treatment: Queries regarding the process of data handling

during a patient’s treatment.
4. Procedures: Data handling during an exchange of

information between different departments.
5. Privacy and security: Measures in place to ensure privacy

and security of the patient’s data.
6. Technology: Extent of technology use and familiarity with

modern digital practices.
7. Workload: Queries regarding the workload of patients on

practitioners based on existing practices.
8. Assumed cases: Queries regarding participant’s opinions

about different assumed situations.
9. Suggestions: Submit any useful suggestion that could aid

the research objectives.

Third-Party Interactions

Overview
In addition to evaluating the public and mainstream MHS in
Ireland, we found it important to involve the insights from
relevant third parties, such as government regulatory bodies for
psychiatry and private sector. We had three reasons for this
outreach: (1) to paint a bigger picture that involves diverse
perspectives in the case study, so we may not miss out on
something significant; (2) to check and ask around whether the
shortcomings surfaced during our research have already been
identified or documented by some other stakeholder or not; and
(3) to go through the progress made by different players in

psychiatry in case the solution we are looking for might already
be in practice. And if yes, to what extent?

Brothers of Charity Services Galway
A local mental health organization named Brothers of Charity
Services (BoCS) Galway is known among mental health
clinicians for having quite advanced data management software.
Upon our request for a demonstration, they were considerate
enough to schedule a meeting with their IT team. Some
important findings and insights are highlighted in the Results
section.

Mental Health Commission
This study also involved interacting with Ireland’s Mental
Health Commission, which is responsible for promoting,
encouraging, and fostering high standards and good practices
in the delivery of MHS in Ireland [24]. They conduct annual
inspections of MHS in Ireland and publish their reports [25].
Therefore, the Mental Health Commission’s perspective was
an obvious choice to be considered and included in this case
study.

Technological Evaluation
Progressive digitization of all conventional processes and
systems results in a constant generation of data at quite a rapid
rate. All these data are produced, collected, processed, stored,
and shared for various purposes. Many data science technologies
are being adopted for health-related data handling. However,
the areas of data security and privacy are not up to the mark yet
[26]. We evaluated different IT solutions for mental health care
data management and found that conventional data security
practices are still prone to violations of different sorts.

Ethical Considerations
Before carrying out the survey and interviews, ethics approval
was obtained from the research ethics committee of the
University of Galway (2023.08.024). All participants signed a
consent form and were well aware of their right to opt out at
any stage. No financial compensation was offered or provided
to the participants. The study does not involve confidential or
sensitive data collection; instead, it entails validation of routine
standard practice. It is important to note that any mental health
patient data were not collected, stored, or used in the study.

Results

We have compiled results and findings from different
components of the research methodology. It was interesting to
notice how one problem was connected to many more.

Interview Findings

Overview
The key points from our interviews with mental health
practitioners working in the Irish MHS have been summarized
and listed as follows: excessive reliance on paperwork and
physical privacy; in addition to record-keeping, psychiatry notes
are quite useful in case analysis; psychiatry notes have
occasional application in legal matters; handwritten notes have
alarmingly low readability and uniformity; there is a dual system
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in place, that is, paperwork and digital tasks; patients are often
uncomfortable with this note-taking activity; patients are
reluctant in sharing information to bypass the notes; patients
often ask clinicians to skip some information to avoid stigma;
and clinicians often maintain 2 versions of notes, that is, official
and private.

Nonstatutory Services Report
Although BoCS’s IT solution and dashboard were
comprehensive and all-inclusive, it still lacked case
note–specific data handling that we sought. However, it was
quite an impressive system developed over 2 decades. This is
why we picked it as a reference for our investigation regarding
data handling practices in the private sector of Irish MHS. Here
are some highlights:

• Around 2000 staff members use their IT solution referred
to as “OLIS,” that is, online information system.

• OLIS is not merely a mental health record management
system, it is an extensive enterprise resource planning
system with around 18 merged modules that support largely
all aspects of their services. They have developed this IT
system for over 20 years.

• Regarding security, the BoCS team mentioned that they
have not experienced any serious cyberattack yet; however,
they reported occasional phishing attacks.

• Their system does not store or manage psychiatry notes
digitally. Instead, they have general fields for comments.

It is important to understand that if we remove the psychiatry
notes aspect from the equation, mental health records would
get the same treatment as general health records. Psychiatry
notes are what make mental health records more sensitive and
novel as compared to general health records.

Survey Findings
A total of 16 submissions by mental health professionals have
been collected and analyzed. A breakdown of the participants’
profiles is provided in Table 3.

Overall, the results confirm several concerns brought to our
attention during the interviews. In one section, we asked all 16
participants to rank their Mental Health Department’s processes
out of 10 regarding IT use and modern digital practices. The
distribution of responses was as follows: a total of 2 participants
rated the processes at 7 of 10, a total of 4 participants gave a
score of 5 of 10, a total of 6 participants rated them 4 of 10, and
a total of 4 participants assigned a score of 3 of 10. The average
score of the submissions is 4.37 of 10 (SD 1.25). This is
alarming enough to establish the need for digitization. Moreover,
some relevant findings regarding technology use, privacy
measures, and workload at Irish MHS are shared in Tables 4-6,
respectively.

Table . Survey participants’ profile.

Values, n (%)aProfile

Participants’ role

6 (40)    Nonconsultant hospital doctors

5 (30)    Senior psychiatrists

3 (20)    Psychiatric nurses

2 (10)    Health officers

Participants’ role

50    Working experience <5 years

35    Working experience >5 years

15    Working experience >10 years

aPercentages are rounded to the nearest tenth (10%).

Table . Survey findings regarding “technology use” at Irish Mental Health Services.

Values, n (%) aMajority or average responseQuestion

15 (90)General physician sends a letter by post.How does a general physician usually refer a
patient to your Mental Health Services?

12 (75)Patient’s identity, contact, and residence informa-
tion are collected and stored both electronically
and in paperwork.

What information is collected at the time of ad-
mission? Is that information stored electronically
or just in a patient’s paper file or folder?

15 (90)Notes on a paper-based chart or form.When patients describe their private thoughts or
mental challenges to a psychologist or psychia-
trist, how is that information stored?

10 (65)Staff members use technology to the extent of
sending emails, faxes, and scans.

To what extent, are the modern technology and
digital practices being used by staff members
regarding mental health records?

aPercentages are rounded to the nearest multiple of 5%.
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Table . Survey findings regarding “privacy measures” at Irish Mental Health Services.

Values, n (%)aMajority or average responseQuestion

9 (60)5 to 10 including nonmedical support staff.How many staff members are involved in the
process of discussing a patient’s case?

N/Ab50% split response between calling it a “routine
practice” and “no such changes are made.”

How often does a patient get assigned to alterna-
tive staff members, based on their availability,
or shift timing?

13 (80)Any staff member can access files, if needed.Which staff members are authorized to access
mental health patient files?

15 (90)All staff members are fully aware of GDPRc and
relevant privacy laws, with repeated reminders
or updates.

To what extent are the staff members aware of
the privacy laws and how strict are the privacy
policies?

12 (75)Yes, staff members are allowed to keep cell
phones.

Are staff members allowed to keep or use their
cell phones while they access patients’ records
or files?

16 (100)Yes, assigned staff can access patient’s contact
information.

Could assigned staff members access the contact
information of an active patient being treated by
them? That is, phone number and address.

aPercentages are rounded to the nearest multiple of 5%.
bN/A: not applicable.
cGDPR: General Data Protection Regulation.

Table . Survey findings regarding “workload” at Irish Mental Health Services.

Values, n (%)aMajority or average responseQuestion

11 (70)5‐10On average, how many mental health patients
does a psychiatrist or psychologist attend in a
full working day?

15 (90)7‐9On average, how many hours do psychiatrists or
psychologists work in a full day (officially)?

13 (80)30 minutes to 1 hourOn average, how much time is allocated for or
consumed by each mental health patient? That
is, consultation, diagnosis, report writing, and
prescription.

N/AbWide range of responses; ranging between 2
days, a week, and a month.

On average, how early can a patient get an ap-
pointment with a psychiatrist or psychologist?

aPercentages are rounded to the nearest multiple of 5%.
bN/A: not applicable.

We shared a summarized version of the IT solution plan with
our survey participants and asked them how much reduction in
workload do they estimate if this plan gets implemented? Results
are shown in Table 7.

From a different perspective, if we optimize the existing system,
we can expect approximately 35% more patients to be
accommodated each day. In our assessment, some improvements
could be made by simple changes in the procedural protocols
or policies, such as restricting the contact information to
administrative staff only.

Table . Expected reduction in workload (survey results).

Participants, nRange of reduction in workload

00%

710%‐25%

425%‐50%

250%‐60%

360%‐75%

0>75%
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Technological Evaluation Findings
The relevant use of technology was evaluated from 3
perspectives, that is, digitization of psychiatric case notes, the
scope of AI, and data storage and retrieval.

Digitization of Psychiatric Case Notes

Overview

Numerous challenges pertaining to data handling practices in
Irish MHS can be effectively addressed through the digitization
of psychiatric case notes. However, certain limitations persist.
These concerns encompass the human limitations associated
with memory retention and the time-consuming nature of manual
typing during patient sessions. In light of these usability
considerations, we explored the implementation of a
speech-to-text transcription approach. This approach involves
facilitating psychiatrists with a speech-to-text transcription tool
during mental health treatment sessions.

State of the Art

Several digital tools have been developed for the facilitation of
note-taking process. Some well-known tools include Evernote,
Microsoft OneNote, Google Keep, and Apple Notes [27]. Recent
progress in this industry involves the development of several
audio or video recording–based software that converts the audio
or video input to text format. Some notables are T-Pro,
CarePatron, VoiceBoxMD, Mentalyc, Athreon, Transcription
City, Upheal, etc [22,28-33]. However, such tools rely on audio
or video-recorded input, which has more serious implications
of its own.

This leaves us with transcription tools that process live audio
data to text form without storing the sound file. Most of the
tools developed for this purpose are based on different
speech-to-text application programming interfaces. Some
notable speech-to-text application programming interfaces are
being offered by Amazon, Assembly AI, Wav2Letter,
DeepSpeech, SpeechBrain, JavaScript, IBM Watson, OpenAI,
Google, Intel PyTorch, etc [34-43].

Scope of AI
Upon the successful transcription of the entire treatment session
conversation between the psychiatrist and the mental health
patient, we propose leveraging AI for two primary purposes:
(1) to generate a summary of the treatment session and (2) to
identify potential disorders and recommend appropriate
treatment options.

AI has become an increasingly active area of research over the
past few years in precision mental health care [44,45]. AI is
expected to significantly improve psychotherapy research in
the coming years. It has a lot of potential in predictive modeling
[46]. Since we are dealing with the summarization of psychiatric
treatment session, sentiment analysis of patient’s statements
could also be quite helpful in identifying various disorders.
Sentiment analysis includes natural language processing, text
analysis, and computational linguistics for identifying and
extracting subjective information in source materials [47].

We propose a human-supervised, query-based summarization
AI model for verifying factual consistency and identifying

conflicts between source documents and a generated summary.
Simply put, we would keep the psychiatrist or psychologist
involved in the process to verify and direct the AI-generated
content before submission.

During this research, we studied the shortcomings of
unsupervised automatic speech recognition [48], which refers
to the challenge of generating text transcriptions from raw
speech during a conversation between a psychiatrist and a
patient. Another interesting component is automatic text
summarization, which is becoming quite important because of
the large amount of textual content that grows exponentially on
the internet and various archives [49]. Automatic text
summarization approaches are either extractive, abstractive, or
hybrid [50]. Moreover, these days, there is a need for
summarizing text based on queries.

Data Storage and Retrieval
In response to the risks associated with EHRs and PHRs, more
advanced IT solutions have been introduced. Cloud-based
storage is another solution that has gained popularity in recent
years. It allows for the secure storage and sharing of data over
the internet [51]. Although cloud-based data handling is quite
convenient and user-friendly, it could still make the records
vulnerable to unauthorized access and loss of data [52].

This brought us to the doorsteps of blockchain technology,
which is a decentralized digital ledger that stores data in a secure
and tamper-proof manner [53]. Each block in the chain contains
a timestamp and a cryptographic hash of the previous block,
making it nearly impossible to alter or delete data without being
detected.

Two well-known blockchain solutions were evaluated as
potential platforms for our project, that is, Hyperledger Fabric
and Ethereum [54]. We first compared these blockchain
solutions in terms of the nature of their technology being
decentralized or centralized. Although Ethereum can be
categorized as decentralized and several security analysis tools
have been developed for its smart contracts, they mostly have
a command line interface with low usability [55]. Moreover,
we found that using Ethereum could potentially violate the
privacy of mental health records; therefore, Hyperledger Fabric
seems more practical for us, as it is a private permissioned
blockchain and is more suitable for private data [56].

Then, we compared these technologies based on their consensus
mechanisms and how fast they achieve confirmations. This
again resulted in Hyperledger Fabric being more appropriate
because it has fewer confirmation nodes compared to Ethereum
[57]. Finally, we differentiated Ethereum and Hyperledger
Fabric based on throughput. This too ended in Hyperledger
Fabric’s favor, as it can process far more transactions per second
compared to Ethereum [57].

Comparative Evaluation—Findings
We have categorized the findings of technological evaluation
into 3 parent aspects, that is, data collection, data analysis, and
data storage or retrieval. Table 8 describes what sort of solutions
were available to us for each aspect of psychiatric data handling,
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which ones did we choose, and what are the justifications of our choices or recommendations.

Table . Comparative evaluation of different existing technological solutions.

JustificationSuitable choiceAvailable solutionsData handling aspects

Digital note-taking tools would only
resolve readability and digitization
concerns. Whereas speech-to-text
transcription would also resolve the
workload, cognitive reliance, and
patient reluctance concerns.

Speech-to-text transcription tools

(OpenAI, Google APIa, JavaScript
API, AWS transcribe, Assembly AI,
Intel PyTorch, etc).

Handwritten notes, tools for typing
notes (Evernote, OneNote, Google
Keep, Apple Notes, etc), audio or
video recording tools (Voice-
BoxMD, T-Pro, Upheal, Mentalyc,
Athreon, CarePatron, etc), speech-
to-text transcription tools.

Data collection

With the exception of handwritten
notes or charts, a convergence of all
available solutions is needed. AI
must be involved to reduce work-
load and facilitate the process of
analysis, diagnosis, and treatment.

AI-enabled statistical analysis pro-
gram with “Human in the Loop,”
trained with psychiatry-specific data
for general statistics, identification
of patterns, and recommendations.

Multidisciplinary team meetings,
written or typed reports and charts,
statistical analysis tools, artificial
intelligence (AI).

Data analysis

Cabinet storage does not resolve any
challenge. Conventional databases
and cloud services are vulnerable
against cyberattacks. Blockchain is
secure, distributed, and tamper-
proof, which would also address
authenticity, in legal aspects.

Permissioned blockchain with
hashed storage. For example: Hyper-
ledger Fabric.

Patient folders with case notes in
cabinets, scanned or typed files in
PCs, conventional databases (SQL,
etc), cloud (AWS, Google, etc),
blockchain (Ethereum, Hyperledger
Fabric, etc).

Data storage or retrieval

aAPI: application programming interface.

Discussion

After compiling results and insights from our mixed methods,
we started framing a technological solution and kept some
psychiatrists in the loop to validate our technological proposals.
This section summarizes the thought process behind reaching
the proposed solution and how does it offer novelty.

Proposed Approach
The infographic overview of the proposed solution with its
operations is given in Figure 1. If we further break the workflow
into steps, it would be as follows:

• A mental health treatment session takes place, involving a
patient and a doctor.

• During consultation, the conversation gets transcribed into
digital text format.

• AI is then used to generate a summarized version or
highlights of the treatment session. This step holds the
potential to be advanced to probable diagnosis and treatment
suggestions and insightful analysis by the AI tool.

• The AI-generated summary and analysis would then be
reviewed by the doctor for any corrections or additions.

• Once approved by the doctor, the entire data would then
get encrypted for security and hashed to reduce its size.

• The hashed data would then get stored to a permissioned
blockchain.

• All nodes of the network would get updated based on an
access control framework, that is, which staff members will
have access to which sections of each patient record.

Figure 1. Overview of the proposed solution. AI: artificial intelligence.
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Proposed Novelty
In Table 9, we have summarized 12 comparative aspects of the

existing state of data handling practices in Irish MHS. It shows
how our proposed solution would address, innovate, or improve
each aspect.

Table . Comparative aspects between the current state and proposed solution.

Proposed solutionCurrent stateComparative aspects

Paperwork would get replaced by digitized psy-
chiatric case notes.

Psychiatric case notes are largely based on paper-
work in handwritten format.

Digitization

Digitized case notes would enable 100% readabil-
ity and support the case study.

Handwritten psychiatric case notes lack readabil-
ity and hinder case study.

Readability

Allows one to skip recalling or writing and focus
on psychiatric evaluation instead.

Heavy reliance on the human ability to remember
and write or type conversation.

Cognitive reliance

Speech-to-text transcription reduces workload
and automates the note-making.

Parallel workload (paperwork+digital tasks). If
not write, one must type.

Workload

Automated transcription enables patients to feel
comfortable while expressing.

Note-writing makes patients reluctant and uncom-
fortable in sharing thoughts.

Expression reluctance

Data would get stored in a permissioned
blockchain in a hashed format.

Patient’s data and case are written in paper files
and stored in cabinets.

Data storage

Data would be categorized in privacy terms and
kept in encrypted format.

Patient’s contact data and case are explicitly de-
scribed in files with stickers.

Data privacy

Role-based access authorization would be imple-
mented using smart contracts.

Unauthorized staff may access and read patient
files and take photographs.

Access authorization

Blockchain would ensure data immutability and
traceable digital footprints of all actions.

Signatures are used for alteration in notes, with
no digital tracking in place.

Data tampering

Distributed yet semicentralized blockchain net-
work would prevent cyberattacks.

Outdated security measures for data storage and
transfer, prone to cyberattacks.

Data security

Digitized Psy-Notes enables psychiatric data
analysis and diagnostic or treatment research.

Handwritten notes obstruct the potential of re-
search and psychiatric data analysis.

Research and analysis

Transcribed treatment sessions would ensure
uniformity in data for evaluation.

Existing practice may result in variations in col-
lected data by different doctors.

Uniform data collection

Challenges and Limitations
It is important to acknowledge that the initial phase of execution
of such an advanced and reform-driven technological solution
is not going to be a smooth process. Each aspect of this proposed
plan would involve different sorts of challenges and demands,
which are as follows: lack of familiarity with emerging
technologies like blockchain and AI, training needs of the
medical staff regarding the adopted technological solution, need
for advanced usability and human-computer interaction
standards, setting up the environment and distributed network
of nodes, securing investment for a required equipment and
routine maintenance, employment of skillful IT professionals
for development and cybersecurity, employment of a dedicated
research team for tracking progress and sharing insights, reliance
on speech-to-text transcription tool for accommodating different
Irish accents, the accuracy of the content generated by AI,
integration of the proposed solution with existing systems, and
amendments to the existing policies, where necessary, such as
access control protocol.

The limitations related to AI and speech-to-text transcription
were scaled down by adopting a human-in-the-loop approach.
However, these technologies must be improved and upgraded
over time to the extent where human involvement would be
reduced to formality or validation. When it comes to blockchain

applications, most people are concerned about the energy
consumption associated with it. It is important to clarify that
the energy-related drawbacks are related to those blockchain
platforms that are based on a proof-of-work consensus
mechanism. Our technological evaluation has recommended a
permissioned blockchain platform, such as Hyperledger Fabric,
which does not involve a proof-of-work mechanism.

Conclusions
Ireland’s mental health challenges place it among the worst in
Europe. This encouraged us to conduct a thorough case study
regarding data handling practices in Irish MHS, in order to
contribute toward an improved service delivery in the Irish
psychiatry sector. We adopted a mixed methodology to collect
data from various sources for comparative analysis and
cross-validation. Our study involved literature review,
interviews, web-based surveys, interaction with different
organizations, analysis of some relevant inspection reports,
comparative technological evaluation, and a feedback loop with
stakeholders.

It was noteworthy that all results were complimenting and
supporting each other. However, the list of surfaced
shortcomings in Irish MHS from different aspects turned up
way longer than our expectations. The main concerns
highlighted by results included lack of digitization, reliance on
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paperwork and doctors’cognitive abilities for writing case notes,
low readability, reluctance of patients in sharing their thoughts
due to confidentiality concerns, sensitive legal applications,
data violations by the staff, and parallel workload.

Upon brainstorming and consultation, we finalized a solution
that holds the potential to resolve multiple intertwined
challenges collectively. It involves collecting psychiatric data
using speech-to-text transcription, then performing analysis on
it using AI, which upon doctor’s review gets stored in a
distributed permissioned blockchain in categorized and hashed
format for retrieval based on access control rules. We shared
our results and the respective proposed solution with

psychiatrists working at Irish MHS, who estimated that it could
reduce an average of 35% of their existing workload.

Although this proposed solution has some technical and practical
challenges regarding development and usability, it is still
innovative and worthy enough to be considered and executed,
as it offers many positive implications. This is a novel
convergence of different existing technologies that could get
used smartly to address a wide range of flaws in the existing
state of data handling in Irish MHS. Upon implementation, such
a solution would not only facilitate the mental health
practitioners in their diagnosis and treatment process but also
optimize the workload and cost expenditure in the long term.
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Abstract

Background: Mental health difficulties are increasing among Canadian postsecondary students, and many face barriers to
accessing mental health care. Mobile health smartphone apps for mental health reduce common barriers to care and improve
student mental health outcomes. However, students’ engagement and use of mental health apps is low. Evaluating the usability
and quality of mental health apps is essential not only for user engagement but also for safety and overall utility. Few mental
health apps have undergone usability and quality evaluations, especially with measures explicitly designed for these apps. The
JoyPop app is a resilience-building mental health app with evidence supporting its effectiveness for student mental health. It has
yet to be evaluated using standardized measures of mental health app usability and quality, and the influence of usability and
quality on use is unknown.

Objective: We evaluated the usability and quality of the JoyPop app and the predictive importance of usability and quality,
compared to other relevant user characteristics, in predicting intentions to use the app in the future (usage intentions).

Methods: Participants (N=183) completed preapp measures assessing demographics and personality traits, then used the app
for 1 week, and then completed postapp measures assessing the usability, quality, and use of the JoyPop app. Usability (overall;
and subscales: ease of use, interface and satisfaction, and usefulness) and quality (objective, subjective, and perceived impact)
were assessed with descriptive statistics. Multiple regression analyses tested the predictive importance of usability and quality
on usage intentions after controlling for other user characteristics.

Results: Participants rated the JoyPop app’s overall usability as “very good” (mean 5.63, SD 0.85). Participants rated the JoyPop
app’s overall objective quality as “excellent” (mean 4.06, SD 0.54). Subjective quality ratings were good, with many participants
(135/183, 73.8%) indicating they would recommend the app to others. Participants rated the app as having a moderate and helpful
impact on their mental health and coping skills (mean 3.48, SD 0.88). In each regression model, usability (β=.56, P<.001) and
quality (β=.52, P<.001) were the strongest predictors and predicted usage intentions over and above other user characteristics.

Conclusions: Results align with prior research evaluating the JoyPop app and maintain that it is an engaging and high-quality
mental health app that can support students. Findings provide important insight into the optimal design of mental health apps for
students and inform adaptations to future iterations of the JoyPop app.

(JMIR Hum Factors 2025;12:e65472)   doi:10.2196/65472

KEYWORDS
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users; user version of the Mobile Application Rating Scale; Mobile Application Usability Questionnaire

Introduction

Background
Mental health difficulties among Canadian postsecondary
students are increasing [1-3]. Unaddressed mental health
difficulties can exacerbate existing challenges and negatively
impact academic and long-term health outcomes [4,5].
Concerningly, students face a multitude of barriers (eg, long
wait times and financial constraints) to access mental health
support [4,6], resulting in prolonged distress, difficulties for

campus mental health services, and low future help-seeking
behaviors [7,8]. Novel approaches that increase students’access
to mental health support are needed [9,10].

Mobile health smartphone apps designed to improve mental
health are promising tools to support students [10,11]. Mental
health apps also expand service capacity, improve availability
and access to support, and reduce stigma, cost, time, and
travel-related barriers for students [12-14]. Mental health apps
are especially promising for students because they use
smartphones frequently and are open to using apps for
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health-related reasons [15,16]. Research examining the
effectiveness and efficacy of mental health apps among students
shows that apps can improve well-being and reduce stress,
depression, and anxiety [17,18].

The JoyPop App
The JoyPop app is a mental health app designed to improve
resilience through evidence-based features that promote emotion
regulation and adaptive coping among youths and emerging
adults [19,20]. The JoyPop app was co-designed by youths,

researchers, and service providers [20]. The app’s
transdiagnostic focus makes it a valuable addition to usual
mental health supports and applicable to a diverse range of
students [21,22]. The app is particularly relevant to students as
many are undergoing critical life transitions, and timely
interventions that promote resilience can have a long-lasting
positive impact on well-being and mental health [23,24]. Details
of each feature are provided in Figure 1, and the rationale for
the inclusion of each feature is documented elsewhere [19,25].
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Figure 1. Summary and highlights of features in the JoyPop app. LGBTQ+: lesbian, gay, bisexual, transgender, and queer.

There is an increasing multimethod evidence base supporting
the effectiveness and value of the JoyPop app as a complement
to mental health services across diverse users in clinical and
nonclinical settings [19,25-29]. Among students, using the
JoyPop app is associated with improved emotion regulation,

improved depressive symptoms, and reduced stress [19,29].
Additionally, students perceive that the app improves emotion
regulation and facilitates opportunities to implement adaptive
coping skills [28]. Multiple randomized controlled trials (with
students more generally [30] and with youths waiting for mental
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health services [31]) evaluating the app’s effectiveness in
improving emotion regulation and mental health outcomes are
ongoing.

Although evidence of a mental health app’s effectiveness is
essential, it does not guarantee users will engage with or enjoy
their experience with an app [15,32]. Student engagement and
long-term uptake of mental health apps are typically low [33-35]
and can reduce the overall positive outcomes associated with
app use [32,36]. Engagement, safety, and overall utility are
affected by how usable an app is perceived to be and a user’s
perspective on the quality of an app [15,34,36]. Despite this,
the majority of mental health apps available in major
marketplaces have not undergone usability and quality
evaluations [35,37,38].

Usability
Usability is defined as a “quality attribute that assesses how
easy interfaces are to use” [39]. Evaluating mental health app
usability can reveal factors (eg, functionality, feature usefulness,
layout, and readability) that reduce engagement and use [35,36].
Mental health app usability studies show that students value
mental health apps with a convenient and intuitive design,
customization, anonymity, privacy, peer involvement, games,
and options to access professional help [40,41].

Most studies assessing usability include measures designed for
general technologies [42,43], such as the System Usability Scale
[44]. Applying general technology usability measures to mental
health apps can provide some valuable information, but they
miss identifying factors unique to mobile health apps, such as
limited computation power, security and privacy challenges,
and characteristics associated with small screens and portable
devices [43,45]. Measures designed specifically for apps, such
as the Mobile Application Usability Questionnaire (MAUQ)
[43], are rarely used [42,46]. Usability evaluations with validated
and standardized measures developed for apps are recommended
[43,46].

Quality
Evaluating the quality (eg, effectiveness, credibility, reliability,
and safety) of mental health apps is also essential. Users are
more likely to use a mental health app if it is provided by a
credible source, positively impacts their mental health, and has
evidence of safety and effectiveness [32]. Without proof of
quality, users may rely on subjective star ratings, which can be
inconsistent with an app’s actual quality and clinical utility
[47-49]. Claims of mental health app quality are not consistently
assessed by regulatory bodies [49,50], and most apps lack
evidence of quality and effectiveness, clinical input from
professionals, and evidence-based features [51,52]. Poor-quality
mental health apps can therefore pose significant risks to users,
such as misdiagnosis, unknown side effects, and physical and
mental harm [53].

Several resources are now available to locate, assess, and
regulate the quality of mental health apps, such as app rating
guidelines and platforms [37,54,55]. For example, the Mobile
Health App Database (MHAD) rating platform provides quality
ratings for a wide variety of mental health apps to help guide
users and health care providers in selecting quality apps [54,56].

The Mobile Application Rating Scale (MARS) [49] is the most
popular app rating guideline [42] and allows experts in mental
health to rate apps based on quality indicators from
health-related fields [49]. The user version of the Mobile
Application Rating Scale (uMARS) is also available to help
consumers without training and expertise to rate the quality of
mobile health apps [55].

This Study
In this study, we aimed to (1) evaluate the usability and quality
of the JoyPop app and (2) test the relative predictive importance
of usability and quality on usage intentions, compared to other
user characteristics. We used questionnaires explicitly designed
to evaluate mobile health apps [42,46] to ensure that important
facets of usability and quality unique to these apps were captured
[43,57]. We chose age, gender, neuroticism, and agreeableness
as relevant user characteristics based on past research
highlighting their influence on mental health app use [58-61].
Because of the extensive literature highlighting the importance
of usability and quality in mental health app use [32,37,45], we
hypothesized that usability and quality would significantly
predict JoyPop usage intentions over and above the other user
characteristics.

Methods

Design
We used a 1-week prospective design to ensure students had
sufficient time to use the app thereby facilitating more informed
app evaluations.

Ethical Considerations
The study was reviewed and approved by the Lakehead
University research ethics board (Romeo #1470023). All
participants provided informed consent before beginning the
study, were under no obligation to participate, and were free to
withdraw at any time without penalty. All data were deidentified.
We compensated participants for their time via cash or e-transfer
or bonus points toward an eligible psychology course for
completing part 1 and part 3 of the study (CAD $10 [US $7.28]
or 1 bonus point for part 1, CAD $20 [US $14.57] or 1.5 bonus
points for part 3).

Participants and Procedure
Participants were eligible for the study if they were students at
Lakehead University who spoke and read fluently in English.
We recruited students throughout the fall (2023) and winter
(2024) terms (N=183). To increase the representativeness of
our sample, we used multiple recruitment methods (eg, posters
and class emails), had no exclusionary criteria based on student
characteristics (eg, year of study), and provided refurbished
iPhones with the JoyPop app for students who did not have a
suitable device of their own. The study had 3 parts. In part 1,
students attended an orientation session where they provided
informed consent, learned about downloading and using the
app, and completed preapp measures (ie, demographics and
personality traits). In part 2, the research team reminded
participants (via text or email) to use the app twice daily for 1
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week. In part 3, participants were emailed or texted a link to
complete postapp measures (ie, usability and quality).

Measures

Demographics
To describe the characteristics of the sample, we captured
participant demographics (13 items) along with students’
experience with mental health apps (5 items) by adapting items
from prior questionnaires assessing technology experience
[62,63]. We used the age and gender of participants as control
variables in our analysis.

The Big Five Aspects Scale
We used the Big Five Aspects Scale (BFAS) [64] to gather
information on participant personality traits. The BFAS consists
of 100 items rated on a 5-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). Participants rate their
level of agreement with how well brief statements generally
describe how they are. The BFAS provides scores for the
traditional Big Five domains and 2 aspects for each domain.
We used scores for the neuroticism and agreeableness domains
as control variables in our analysis. The BFAS shows excellent
internal consistency and test-retest reliability in postsecondary
samples [64-66]. The internal consistency of domains used in
this study was excellent (neuroticism, α=.9; agreeableness,
α=.82).

MAUQ
The MAUQ [43] assesses the usability of mobile health apps.
We used the 18-item standalone patient version of the MAUQ
in this study as it best suits the context and design of the JoyPop
app. Overall usability includes 3 subscales: ease of use (5 items),
interface and satisfaction (7 items), and usefulness (6 items).
Participants rate their level of agreement with brief statements
on a 7-point Likert scale ranging from 1 (strongly disagree) to
7 (strongly agree). We calculated the overall usability score by
computing the mean across all items. We derived subscale scores
by computing the mean of scores for relevant subscale items.
Higher scores indicate greater usability. Consistent with prior
research [67,68], we used descriptors based on quartiles derived
from a maximum possible score of 7 on the MAUQ scales to
facilitate reporting and interpreting results: 0‐1.75 (poor),
1.76‐3.5 (moderate), 3.51‐5.25 (good), and 5.26‐7 (very
good). The MAUQ has adequate psychometric properties across
samples, including among postsecondary students [43]. The
internal consistency of the overall scale score and subscale
scores in this study was strong (overall scale, α=.92; ease of
use, α=.79; interface and satisfaction, α=.86; usefulness, α=.85).

uMARS
The uMARS is a simple and reliable tool for end users to
comprehensively evaluate mobile health app quality via
indicators of objective and subjective quality, and perceived
impact on a target health behavior [55]. We used the 27-item
uMARS to evaluate the quality of the JoyPop app from the
user’s perspective. The 16-item “objective quality” scale of the
uMARS allows users to rate app quality based on indicators
derived from research and expert and clinician recommendations
on a 5-point Likert scale ranging from 1 (inadequate) to 5

(excellent). The “objective quality” scale has 4 subscales:
engagement (5 items), functionality (4 items), aesthetics (3
items), and information (4 items). We derived the overall and
subscale scores by calculating the mean of relevant items (items
rated as N/A were omitted). Based on item ratings and past
research [69,70], we used descriptors for ranges of scores: 0‐1
(inadequate), 1‐2 (poor), 2‐3 (acceptable), 3‐4 (good), and
4‐5 (excellent), to facilitate the interpretation of results and
comparisons with other mental health apps. The overall scale
and subscale scores have good psychometric properties [55].
The internal consistencies in this study were good (objective
quality, α=.89; engagement, α=.77; functionality, α=.75;
aesthetics, α=.78; information, α=.79).

The 4-item “subjective quality” subscale of the uMARS allows
users to rate different indicators (eg, star ratings, whether it is
worth recommending) of a mobile health app’s subjective
quality on a 5-point Likert scale ranging from 1 to 5 (anchors
vary across questions). The 6-item “perceived impact” subscale
of the uMARS allows users to rate its impact on user knowledge,
awareness, intention to change, help-seeking, behavior change,
and attitudes on a 5-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree). This subscale was designed so
that the wording of the items could be adapted to fit the function
(eg, to impact mental health) of an app. We calculated the
subjective quality and perceived impact subscale scores by
calculating the mean of the relevant items (higher scores indicate
stronger quality and impact). The subjective quality scale and
perceived impact scale have good psychometric properties [55].
The internal consistency in this study was good (subjective
quality, α=.79; perceived impact, α=.93).

Usage Intentions
We used an item (“How many times do you think you would
use the JoyPop app in the next 12 months if it was relevant to
you”) from the subjective quality scale on the uMARS to assess
participants’ intentions to use the app in the future (usage
intentions). Participants responded on a 5-point scale ranging
from 1 (none) to 5 (>50 times). (Although we tracked the
number of days participants used the app across the study period,
we did not include this as our primary app use outcome variable
as there was insufficient variation; that is, the majority of
participants used the app every day; see descriptive results
below.)

Statistical Analysis
We used SPSS (version 29, IBM Corporation) for the analyses.
We calculated and examined the descriptive statistics for
demographics and personality traits to characterize the sample.
We calculated descriptive statistics for each scale and item of
the MAUQ and uMARS to evaluate the usability and quality
of the JoyPop app. To test our hypotheses that usability and
quality would predict app use over and above other user
characteristics, we conducted 2 multiple regression analyses.
The first model included overall usability as a predictor; the
second model included overall objective quality as a predictor.
Both models included age, gender, agreeableness, and
neuroticism as covariates. We included all predictors together
for each model because our focus was to examine the relative
importance of quality and usability in predicting use.
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Results

User Characteristics
We present the characteristics of the sample in Table 1. On
average, participants were aged 22.6 (SD 7.08; range 16‐56)
years. Most participants were women (150/183, 82%), White
(100/183, 54.6%) or Black (33/183, 18%), full-time students
(156/183, 85.2%), and in their first (81/183, 44.3%) or second
(54/183, 29.5%) year of university. The majority of participants

reported no current or past use of mental health apps (148/183,
80.9%), and most did not currently have a mental health app
installed on their phones/devices (158/183, 86.3%). Among
participants who used mental health apps in the past (35/183,
19.1%), most used them for 0‐6 months (115/183, 62.8%).
Descriptive statistics of relevant personality traits (ie,
neuroticism: mean 3.18, SD 0.63; agreeableness: mean 4, SD
0.42) were consistent with prior research among students
[64,66]. Most participants used the app every day of the study
period (mean 4.69, SD 0.81).

Table . User characteristics (N=183).

Value, n (%)

Gender

150 (82)Women

33 (18)Men

Ethnicity

100 (54.6)White

33 (18)Black

20 (10.9)South Asian

10 (5.5)Indigenous

7 (3.8)Southeast Asian

13 (7.1)Other (eg, Middle Eastern, South American, and Asian Canadian)

Country of birth

116 (63.4)Canada

26 (14.2)Nigeria

14 (7.7)India

4 (2.2)Pakistan

3 (1.6)Philippines

20 (10.9)Other (eg, Italy, Barbados, Vietnam, Sri Lanka, Uganda, and China)

Program

66 (36.1)Nursing

62 (33.9)Psychology

10 (5.5)Education

7 (3.8)Social work

7 (3.8)Computer science

7 (3.8)Biology

24 (13.1)Other (eg, kinesiology, business, outdoor recreation, and political science)

Year of university

81 (44.3)1

54 (29.5)2

26 (14.2)3

19 (10.4)4

3 (1.6)>5
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Usability
Participants rated the JoyPop app’s overall usability as “very
good” (mean 5.63, SD 0.85; range 2.22‐7), and 69.9%
(128/183) of the sample had scores in the “very good” range.
Participants rated the ease of using the app as “very good” (mean
6.37, SD 0.67; range 3.2‐7), and 92.3% (169/183) of the
sample reported scores in the “very good” range. Participants
rated the interface and satisfaction with the app as “very good”

(mean 5.7, SD 0.99; range 1.57‐7), and 68.9% (126/183) had
scores within the “very good” range. Participants rated the
usefulness of the app as “good” (mean 4.93, SD 1.17; range
1.5‐7), with 42.1% (77/183) of scores in the “good” range and
38.3% (70/183) of scores in the “very good” range. We found
that all item scores (see Table 2) on the ease of use and interface
and satisfaction subscales fell within the “very good” range,
and all item scores on the usefulness subscale were in the “good”
range.

Table . Means and SDs of MAUQa subscale items.

Mean (SD)Subscale items

Ease of use

6.58 (0.66)1. The app was easy to use.

6.64 (0.55)2. It was easy for me to learn to use the app.

6.37 (0.94)3. The navigation was consistent when moving between screens.

6.32 (1.04)4. The interface of the app allowed me to use all the functions (such as
entering information, responding to reminders, and viewing information)
offered by the app.

5.96 (1.20)5. Whenever I made a mistake using the app, I could recover easily and
quickly.

Interface and satisfaction

5.75 (1.23)6. I like the interface of the app.

6.29 (0.92)7. The information in the app was well organized, so I could easily find
the information needed.

5.50 (1.45)8. The app adequately acknowledged and provided information to let me
know the progress of my action.

5.84 (1.24)9. I feel comfortable using this app in social settings.

5.59 (1.42)10. The amount of time involved in using this app has been fitting for me.

5.42 (1.50)11. I would use this app again.

5.55 (1.50)12. Overall, I am satisfied with this app.

Usefulness

5.19 (1.58)13. The app would be useful for my health and well-being.

4.63 (1.62)14. The app improved my access to health care services.

4.52 (1.55)15. The app helped me manage my health effectively.

4.85 (1.71)16. This app has all the functions and capabilities I expected it to have.

5.16 (1.31)17. I could use the app even when the internet connection was poor or not
available.

5.22 (1.45)18. This app provided an acceptable way to receive health care services,
such as accessing educational materials, tracking my own activities, and
performing self-assessments.

aMAUQ: Mobile Application Usability Questionnaire.

Quality
Participants rated the overall objective quality of the app as
excellent (mean 4.06, SD 0.54; range 1.96‐5), with 60.7%
(111/183) of participants rating app quality as “excellent.”
Participants rated the app’s functionality (mean 4.47, SD 0.52;
range 2.75‐5; 136/183, 74.3% in the “excellent range”),
aesthetics (mean 4.17, SD 0.67; range 1‐5; 101/183, 55.2%
“excellent”; 41/183, 21.4% “good”), and information (range
1‐5; 107/183, 58.5% “excellent”; 39/183, 21.3% “good”) as

“excellent.” Participants rated the app’s engagement as “good”
(range 1‐5; 74/183, 40.4% “good”; 34/183, 18.6% “excellent”).

Regarding subjective quality (see Table 3), we found that many
participants (144/183, 78.7%) would recommend the app to
others. For our measure of app use, which asked how often
participants would use the app in the next 12 months, 24%
(44/183) reported 3‐10 times, 42.1% (77/183) reported 10‐50
times, and 19.1% (35/183) reported >50 times. Most participants
(132/183, 72.1%) did not want to pay for the app. The most
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frequent star rating of the app was 4 stars (92/183, 50.3%), followed by 3 stars (62/183, 33.9%).

Table . Means, SDs, and frequencies of “subjective quality” item responses (N=183).

Responses, mean (SD)Responses, n (%)Item and response options

3.69 (1.22)Would you recommend the JoyPop app to people
who might benefit from it?

7 (3.8)Not at all; I would not recommend this app to
anyone

32 (17.5)There are very few people I would recommend
this app to

33 (18)Maybe, there are several people I would recom-
mend this app to

49 (26.8)There are many people I would recommend this
app to

62 (33.9)Definitely, I would recommend this app to every-
one

3.55 (1.61)How many times do you think you would use
the JoyPop app in the next 12 months if it was
relevant to you?

19 (10.4)None

8 (4.4)1 to 2

44 (24)3 to 10

77 (42.1)10 to 50

35 (19.1)>50

1.9 (0.98)Would you pay for this app?

82 (44.8)Definitely not

50 (27.3)Probably not

40 (21.9)Unsure

9 (4.9)Probably yes

2 (1.1)Definitely yes

3.54 (0.80)What is your overall (star) rating of the app?

3 (1.6)One

13 (7.1)Two

62 (33.9)Three

92 (50.3)Four

13 (7.1)Five

The overall perceived impact of the app on participants’ mental
health and coping skills (see Table 4) was moderate (mean 3.48,
SD 0.88; range 1‐5). Most participants rated the app as having
a moderate impact (55/183, 30.1% of scores between ≥3 and
<4) or a strong impact (45/183, 24.6% of scores ≥4). Many
participants agreed or strongly agreed that the app had a positive
impact on their awareness (107/183, 58.5%), behaviors

(103/183, 56.3%), knowledge and understanding (103/183,
56.3%), intentions and motivation (106/183, 57.9%), and
attitudes (100/183, 54.6%) related to mental health and coping
skills. Most agreed or strongly agreed that the app had a helpful
impact on their willingness to seek further help for mental health
and coping skills if needed (115/183, 62.8%).
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Table . Descriptive statistics for perceived impact subscale items (N=183).

Response, mean
(SD)

Response option frequencies, n (%)Items

Strongly agreeAgreeNeither agree nor
disagree

DisagreeStrongly disagree

3.51 (1.05)29 (15.8)78 (42.6)41 (22.4)28 (15.3)7 (3.8)Increased my
awareness of the
importance of ad-
dressing mental
health and coping
skills

3.42 (1.04)21 (11.5)82 (44.8)44 (24)26 (14.2)10 (5.5)Increased my
knowledge and un-
derstanding of
mental health and
coping skills

3.39 (1.06)21 (11.5)79 (43.1)42 (23)32 (17.5)9 (4.9)Changed my atti-
tudes toward im-
proving mental
health and coping
skills

3.49 (1.02)26 (14.2)80 (43.7)44 (24)26 (14.2)7 (3.8)Increased my inten-
tions and motiva-
tion to address
mental health and
coping skills

3.64 (1.01)34 (18.6)81 (44.2)42 (23)20 (10.9)6 (3.3)Would encourage
me to seek further
help to address
mental health and
coping skills

3.44 (0.99)17 (9.3)86 (47)51 (27.9)19 (10.4)10 (5.5)Will improve my
mental health and
coping skills

3.48 (0.88)—————aTotal score

aNot applicable.

Usability, Quality, and Usage Intentions
We present the results of each regression model examining the
relative predictive importance of usability and quality on usage
intentions in Table 5. We found evidence of heteroskedasticity
for age, so we used robust standard errors to obtain unbiased
estimates of the regression coefficients. Our first regression
model tested the predictive importance of usability on usage
intentions. Age (β=.15; P=.008) and gender (β=.12; P=.04)
were both significant and positive predictors of usage intentions.
Neuroticism and agreeableness were not significant predictors
of usage intentions. In line with our hypothesis, usability

significantly and positively predicted usage intentions over and
above other user characteristics, and usability was the strongest

predictor in the model (F5,177=15.69; P<.001; R2
adjusted=0.29;

β=.56; P<.001). Our second regression model tested the
predictive importance of quality on usage intentions. Age was
a significant and positive predictor of usage intentions (β=.17;
P=.008). Gender, neuroticism, and agreeableness were not
significant predictors of usage intentions. Consistent with our
hypothesis, quality significantly and positively predicted usage
intentions over and above other user characteristics and was the
strongest predictor in the model (F5,177=12.58; P<.001;

R2
adjusted=0.24; β=.52; P<.001).
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Table . Multiple regression analysis predicting intention to use the JoyPop app in the future.

P valueβRobust SEBaPredictors

Model 1

.90—b1.050.14Constant

.04.120.18–0.38Gender

.01.150.010.03Age

.86–.010.13–0.02Neuroticism

.15–.100.18–0.26Agreeableness

<.001.560.100.76Usability

Model 2

.81—1.070.26Constant

.07.120.20–0.36Gender

.01.170.010.03Age

.66–.030.14–0.06Neuroticism

.06–.120.18–0.34Agreeableness

<.001.520.171.12Quality

aUnstandardized coefficient.
bNot applicable.

Discussion

Usability and Quality of the JoyPop App
We evaluated the usability and quality of the JoyPop app and
assessed their impact on intentions to use the app in the future
after controlling for other user characteristics. Participants rated
the overall usability as “very good” and all indicators comprising
usability subscales were in the “good” to “very good” range.
The cumulative evidence strongly supports that JoyPop app
users are comfortable and satisfied with using it, find it easy to
learn and use, and view it as a helpful tool to support mental
health and well-being in different contexts (eg, clinical and
academic settings) [25-28]. Usability ratings for the JoyPop app
from this study are also similar to ratings of other popular mental
health apps [71]. These findings will support organizations and
consumers who are considering offering or using the JoyPop
app.

Participants rated the JoyPop app’s overall objective quality,
functionality, aesthetics, and quality of information as
“excellent” and the app’s engagement as “good.” Results are
consistent with past research on the JoyPop app, highlighting
it as an engaging, high-quality mental health app with strong
functionality, visual design, and helpful evidence-based content
[25-28]. Results also indicate that the JoyPop app falls within
the upper ranges for objective quality when compared to popular
and research-supported mental health apps (eg, Calm, PTSD
Coach, SuperBetter, and Destressify) rated by experts [54,72].
For example, across approximately 50 mental health apps rated
using the MARS, the average objective quality was 3.54 (range
1.63‐4.75) [54]. Among 19 popular research-supported mental
health apps, the average objective quality score was 3.52 (SD
0.71), and average subscale scores were 3.98 (SD 0.82) for

engagement, 3.42 (SD 0.80) for functionality, 3.23 (SD 0.90)
for aesthetics, and 3.47 (SD 0.69) for information [72].

Response frequencies to items on the subjective quality scale
also support the quality of the JoyPop app. Although these are
subjective ratings, their importance is highlighted by the
consistency between subjective consumer ratings of mental
health apps and objective expert reviews of mental health apps
[72]. Subjective quality results also showed that most
participants would not pay for the app. This is not surprising,
as research consistently shows that people are less likely to use
apps that have associated costs [32,73]. Taken together, the high
objective and subjective quality ratings of the JoyPop app across
indicators of mobile health app quality, combined with its
quality ratings compared to mental health apps reviewed by
experts, strongly support its safety, credibility, helpfulness, and
use for students. Future research will benefit from having experts
evaluate the quality of the JoyPop app (eg, using the MARS)
to validate this study’s findings and by compiling end-user
quality evaluations of mental health apps to facilitate
comparisons.

Finally, more than half of the participants perceived that the
JoyPop app positively impacted their mental health and coping
skills in all areas queried. This finding further supports the
overall quality of the app. The broad range of areas impacted
by the JoyPop app is consistent with past research demonstrating
its effectiveness and benefits among diverse samples of users
and supports its overall ability to deliver users an effective
experience [19,25-29]. Results from rigorously controlled trials
examining effectiveness are still needed. However, results on
the app’s perceived impact on mental health and coping skills
can delineate whether future outcomes are meaningful and
impactful, provide researchers with an understanding of the
potential mechanisms and reasons why the app might be
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effective, and inform outcome measures that can be assessed
in rigorously controlled trials (eg, measures of help-seeking and
coping skills).

Influence of Usability and Quality on Usage Intentions
In our regression models, overall usability and objective quality
were the strongest predictors of usage intentions and predicted
usage intentions over and above age, gender, neuroticism, and
agreeableness. Although we did not objectively measure app
usage (eg, number of days used), behavioral intentions are a
strong predictor of actual behavior, and user intentions are
consistently shown to predict the use of digital health
technologies [74-76]. Consequently, our results align with
research demonstrating the substantial impact of quality and
usability on engagement, long-term uptake, and use of mental
health apps [32,35,37]. The importance of usability and quality
in predicting participants’ intentions to use the JoyPop app in
the future, along with insight into indicators influencing its
quality and usability, provides integral information for JoyPop
and other mental health app development teams in optimal app
design to improve user experience. An iterative process can be
used in which development teams have users rate the usability
and quality of the app, determine specific indicators requiring
improvement, adapt the app based on these indicators, and then
re-evaluate the usability and quality among similar populations.

Limitations
This study has some important limitations. First, we used a
convenience sample primarily comprised of women, which may
reduce the generalizability of results to men and the broader

student population. However, the demographics and diversity
of our sample help support the generalizability of the results to
students because this study’s demographics are similar to those
found among students across Ontario [77]. Second, in our study,
we requested that participants use the app twice a day over 7
days. This likely contributed to the limited variability in the
number of days participants used the app and necessitated our
use of a subjective measure of usage intention instead of actual
use. To better capture objective usage metrics, studies conducted
over longer periods without prompting participants to use the
app are needed to establish the relative predictive importance
of usability and quality on app use [57].

Conclusions
Mental health apps are promising tools for students’ mental
health. This study evaluated the usability and quality of a mental
health app (JoyPop) designed to improve resilience while
examining the relative predictive importance of usability and
quality in predicting intentions to use the app in the future.
Participants rated the JoyPop app as having “very good”
usability. Participants rated the app as having high overall
quality because of its “excellent” objective quality, good
subjective quality, and helpful impact on their mental health
and coping skills. After accounting for user characteristics,
usability and quality were the strongest predictors of
participants’ intentions to use the JoyPop app in the future.
Findings facilitate consistency and comparisons of mental health
app usability and quality and contribute to the growing evidence
base supporting the JoyPop app as an engaging and high-quality
mental health app that can support students.
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Abstract

Background: Patient portals are a crucial part of modern health care services, as they provide patients with access to their
personal information and enable communication with health care professionals. The usability and usefulness of these portals are
decisive factors in their adoption. There is a lack of previous research on the use of patient portals in occupational health care
(OHC).

Objective: This study aims to examine patients’ experiences with the usability and usefulness of OHC patient portals and to
identify the factors that influence their perceived usability and usefulness.

Methods: A cross-sectional study was conducted through a web-based survey in April 2024 in Finland. Of the 3072 respondents,
usability was assessed using 12 statements, and usefulness was evaluated with 9 statements. Responses were collected on a 5-point
Likert scale. The survey also gathered respondents’ background information, including age, gender, education, information and
communication technology (ICT) skills, satisfaction, frequency of use, and data privacy concerns. Data analysis was performed
using SPSS Statistics (version 29; IBM Corp), applying frequency analysis and a general linear model.

Results: The results showed that 75.1% (1895/2523) of respondents agreed that the portal was easy to learn and use, 70.5%
(1774/2517) felt it supported collaboration with OHC, while 52.4% (1316/2511) reported that it provided a good overview of
their work ability, and 35.5% (891/2505) felt it offered a good overview of their working conditions. The perceived usability of
OHC patient portals was significantly associated with several factors in the adjusted model: fear of unauthorized access to data
(F4=4.49, P=.001, η²=0.007), need for guidance (F4=52.2, P<.001, η²=0.080), frequency of use (F1=34.3, P<.001, η²=0.014),
satisfaction with the portal (F1=577.1, P<.001, η²=0.193), perceived ICT skills (F1=12.2, P<.001, η²=0.005), and age (F1=10.8,
P<.001, η²=0.004), with younger users (≤50 years) reporting better usability. Perceived usefulness was significantly influenced
by frequency of use (F1=9.80, P=.002, η²=0.004) and satisfaction (F1=548.0, P<.001, η²=0.183), while other factors such as fear
of unauthorized access (F4=0.41, P=.80), need for guidance (F4=1.52, P=.20), ICT skills, education, gender, and age were not
statistically significant.

Conclusions: OHC patient portals must enhance their capacity to provide information on work ability and working conditions.
Improved documentation of work-related hazards, risks, and workload factors in medical records is needed. These enhancements
could raise patient awareness of work well-being factors.

(JMIR Hum Factors 2025;12:e73197)   doi:10.2196/73197

KEYWORDS

patient portal; patient care; occupational health; work ability data; online questionnaire; Finland; descriptive statistics; general
linear regression

Introduction

Generally, a patient portal is a website or mobile app that
provides patients with access to their personal health information
using a username and password. Through the portal, patients
can view health records documented by health care
professionals, such as prescribed medications, administered
vaccinations, identified allergies, and laboratory test results.
Additionally, the portal might enable secure communication
with health care professionals [1-3].

Usability and usefulness are key factors in the adoption of
patient portals [4-7]. Positive experiences are often associated
with the portal’s usability and useful features, such as the ability
to request prescription renewals and view visit documentation
[2,6,8]. Real-time access to information is also an essential
aspect of a good user experience [5,6]. Some patients find
portals easy to use and useful, while others encounter challenges
due to complex interfaces [5,9], lack of user training [10], doubts
about the portal’s usefulness [11,12], and comprehensibility of
medical terminology [8]. Concerns about security and privacy
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[2,5,12,13] or lack of professional recommendations may also
reduce willingness to use portals [1,14].

The impact of patient portal use on health outcomes has been
variable. Some studies [15-17] have found no significant effect
of portal use on health outcomes. Conversely, some studies
have reported improvements in areas such as quality of care
[18], health behavior [19], and understanding own health [5,20].
Many other studies indicate that patient portals enhance
communication between patients and health care professionals
and increase patient engagement in their own care [5,8,21].
Furthermore, patient portals have helped patients identify errors
in their health records, enhancing patient safety [5,22,23].

My Kanta is the national patient portal accessible to all citizens
in Finland, and citizens are widely using My Kanta, which
allows them to view their medical records and prescriptions, as
well as check laboratory and radiology results [24,25].
Alongside My Kanta, occupational health care (OHC) providers
in Finland have developed patient portals for their clients [26],
likely to strengthen customer relationships by offering their
own portals [27].

In Finland, legislation mandates that all employers provide
preventive OHC services to their employees to prevent
work-related health issues and promote employees’ health,
safety, and work ability. In addition to the mandatory preventive
services, employers also have the option to offer primary health
care services at the general practitioner level. Thus, a significant
user group for OHC portals consists of working-age patients,
as around 91% of Finnish employees are covered by OHC
services [28].

Similar to My Kanta, OHC patient portals are used to view
medical records, prescriptions, vaccinations, and to check
laboratory and radiology results. However, OHC portals,
available as both a mobile app and a web service, expand on
these functions by also allowing appointment booking, viewing
sick leave certificates, and the designated OHC team, as well
as enabling remote consultations and secure messaging [6,27].

Information in the portal is based on clinical data entered by
OHC professionals and automatically transferred from the
electronic health record system. This data is presented as
read-only to patients. Additionally, patients are able to input
their own health questionnaire responses, self-measurements,
and treatment records from other health care providers.
However, this patient-generated data is not visible to
professionals without the patient’s explicit consent. Access
rights are clearly defined. Clinical data in the portal can be
updated by OHC professionals, while patients are only able to
manage their own entries. Furthermore, the portal does not
display records from other health care providers, such as My
Kanta [25].

A previous study has shown that in OHC, a significant amount
of work ability data is generated through patient work [29], as
a central objective of OHC is to prevent occupational illnesses
and accidents, as well as to maintain and promote work ability
[30].

Despite the significant role of patient portals in health care,
there is a notable gap in research regarding the experiences of

OHC patients with these portals. Only 1 study has explored the
experiences of patients from a single OHC provider; however,
the patients’ages ranged between 56 and 70 years, and the focus
was on using patient portals for health promotion [3]. According
to the study, patients were willing to use portals if the
information is readily accessible and the functionalities are
seamless.

Therefore, this study aims to examine the experiences of OHC
patients concerning the usability and usefulness of patient
portals. We are also interested in identifying the factors that
influence the usability and perceived usefulness of these portals,
thereby addressing the existing research gap.

The research questions (RQs) are:

RQ1: How do patients perceive the usability and usefulness of
OHC patient portals?

RQ2: Which patient factors are associated with the usability
and usefulness of OHC patient portals?

Methods

Participants and Data Collection
The study was conducted through an online survey in April
2024. Two organizations participated in the study: a trade union
and a patient expert organization, both representing OHC
patients. Each organization appointed a contact person who was
responsible for distributing the survey. This contact person sent
the survey link via email invitation to all members of their
organization, with 2 reminders sent to encourage responses.
Before the data collection phase, 5 individuals with experience
using OHC patient portals reviewed the survey content for
readability and comprehensibility. Their feedback was used to
prepare the final version of the survey.

The email invitation to the potential respondents explained that
this study aimed to gather insights into users’ experiences with
digital patient portals in OHC to help develop customer-oriented
digital services. It also noted that the survey was part of a project
by the Finnish Institute of Occupational Health, supported by
the Finnish Work Environment Fund. Participation was
voluntary, and the estimated survey completion time was
provided. The invitation emphasized respondent anonymity,
assuring that personal data and organizational affiliations would
not be disclosed. It also mentioned that the results would be
published in a scientific paper. Additionally, the invitation
included contact information, a research information sheet, and
a link to the project website.

A total of 3100 individuals completed the survey. Although the
exact response rate could not be determined due to the lack of
precise information on how many individuals received the
survey (we estimated the size of this study’s population to
comprise approximately 46,000 individuals), it is known that
8372 people opened the survey link. Based on those who opened
the link, the response rate can be estimated at approximately
37% (3100/8372).

JMIR Hum Factors 2025 | vol. 12 | e73197 | p.1193https://humanfactors.jmir.org/2025/1/e73197
(page number not for citation purposes)

Nissinen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Ethical Considerations
The Ethics Committee of the Finnish Institute of Occupational
Health approved this study on March 1, 2024 (approval number
ETR 022024, ID154008), and the study followed the Finnish
research ethics practice. All procedures followed were per the
ethical standards of the responsible committee on human
experimentation (institutional and national) and with the
Helsinki Declaration of 1975, as revised in 2000.

Participants were not asked to provide written consent for this
study. In Finland, completing the survey is generally seen as
an indication of consent to participate in the research and to
permit the use of the data collected. Every participant received
an official cover letter detailing this study’s background,
emphasizing that participation is entirely voluntary and
anonymous, and noting that answering the questionnaire is
considered informed consent to join this study. Also, the cover
letter included the purpose of this study, the estimated time
required to complete the survey, who the researchers are, the
data collection methods, and the duration of data storage. The
survey included a request for consent to use the responses for
scientific research purposes. All responses were collected
anonymously, and no identifying information was gathered.
Data were stored securely as per institutional data protection
policies to ensure participant privacy and confidentiality.
Participants did not receive any compensation for their
participation.

Measurements

Dependent Variables
The perceived usability of OHC patient portals was assessed
using 12 statements developed per attributes of usability:
learnability, efficiency, memorability, errors, and satisfaction
[31]. The perceived usefulness of OHC patient portals was
evaluated with 9 statements, which were based on researchers’
experiences with OHC services and also used elements from
the Technology Acceptance Model [32]. Responses to these
statements were collected using a 5-point Likert scale,
categorized as follows: “totally disagree,” “somewhat disagree,”
“neither agree nor disagree,” “somewhat agree,” and “totally
agree.”

All survey variables that investigated the usability (12
statements) and usefulness (9 statements) of OHC patient portals
were combined into 2 separate sum variables. Before forming
these sum variables, the internal consistency of the items was
assessed using the Cronbach α coefficient, resulting in values
of 0.95 for the usability sum variable and 0.93 for the usefulness
sum variable.

Independent Variables
The survey used in this study included questions on the
respondents’ background information: gender, age, education,
information and communication technology (ICT) skills,
satisfaction with OHC patient portals, frequency of use, a need
for guidance, and fear of unauthorized persons seeing the data.
These were used only in statistical analysis as adjustments.

For analyses, the variables were recoded to facilitate
interpretation and enhance clarity. Gender was originally

categorized as 1=female, 2=male, and 3=other, or do not want
to say. For analysis purposes, these categories were recoded
into 1=women and 2‐3=other. Age was initially divided into
5 groups: 1=up to 30 years, 2=31‐40 years, 3=41‐50 years,
4=51‐60 years, and 5=61 years or older. These were recoded
into 2 categories: 1‐3=50 years or younger and 4‐5=51 years
or older. Education was originally classified with response
options of 1=basic education degree (primary school),
2=matriculation examination, 3=vocational college,
4=University or University of Applied Sciences, and 5=other.
For analysis, these categories were retained except the “other”
category, which was excluded. Perceived ICT skills were
initially rated as 1=weak, 2=moderate, and 3=good and were
recoded into 1=weak and 2‐3=at least moderate for analysis.
The satisfaction variable was originally measured using response
options: 1=totally unsatisfied, 2=somewhat unsatisfied,
3=neither agree nor disagree, 4=somewhat satisfied, and
5=totally satisfied. These were recoded into 2 categories for
analysis: 1‐3=unsatisfied and 4‐5=satisfied. Lastly, variables,
need for guidance, and fear of unauthorized persons seeing the
data were retained as per the originals. Additionally, the
response option “neither agree nor disagree” is referred to as
“neutral.”

Data Analysis
The survey data were analyzed descriptively using frequency
analysis in SPSS Statistics (version 29; IBM Corp) software.
This study’s respondent group consisted of a total of 3100
participants who answered at least 1 survey question. Of these,
639 reported regular use of the OHC patient portal, 1906 used
it randomly, and 539 had never used it. Additionally, 16 did not
respond to this question. The respondents’ characteristic
variables were described by the absolute (n) and relative (%)
frequencies. The number of respondents varies depending on
the background variable. No imputation was performed for
missing data.

Before analyzing this study’s data, participants who reported
using the OHC patient portal were included. Respondents’
(2545/3084) attitude statements regarding the perceived usability
and perceived usefulness of OHC patient portals were described
by the relative (%) frequencies (RQ1). However, the number
of respondents varies because not all participants answered all
attitude statements regarding usability and usefulness. Missing
data was not imputed.

A general linear model (GLM) was used to examine the adjusted
associations of respondent characteristics with the perceived
usability and perceived usefulness of OHC patient portals (RQ2).
In the GLM, only those respondents who reported using the
patient portal were included in the analysis (2545/3084). The
number of respondents varies because only those who both used
the portal and responded to the relevant question were analyzed.
Additionally, the differences between the crude and adjusted
models arise because, in the adjusted model, only respondents
who provided complete responses to all variables included in
the model were analyzed. No imputation was performed for
missing data. Descriptive statistics are presented alongside GLM
results to aid interpretation of effect directions and group-level
differences.
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In the crude models, dichotomous variables were not treated as
continuous to facilitate easier interpretation and comparison of
differences. Using dichotomous variables in their original form
allows for more straightforward analysis and clearer
understanding of the results. In the adjusted model, dichotomous
variables were treated as continuous covariates to enhance the
model’s stability. A model with numerous categorical variables
could become unstable, leading to less reliable results.

Model selection was guided by a combination of theoretical
relevance, model fit indices (eg, Akaike Information Criterion),
and the principle of parsimony. Variables that did not improve
model performance or interpretability were excluded, even if
they were statistically significant in univariate analyses.

First, separate analyses (crude model) were conducted to
examine the association of each independent variable with the
dependent variable. Second, a fully adjusted multivariable model
(adjusted model) was performed to measure the joint effects of
all the statistically significant independent variables as covariates
in the multivariable model. Collinearity diagnostics were
performed, and variance inflation factor values were checked
to ensure no significant multicollinearity was present among

the independent variables. We chose a statistical significance
level of <0.001 to apply a stricter criterion for assessing the
significance of the results and to reduce the risk of false-positive
results because of the large sample size. This helps to obtain
more reliable and practically significant results.

Results

Characteristics of Respondents
Regular use of the OHC patient portal was reported by 20.7%
(634/3060) of all respondents. A total of 23.3% (102/438) of
men and 20.3% (528/2606) of women reported regular use.
Among respondents aged 30 years or younger, 23.4% (22/94)
reported regular use. Of those who were totally satisfied with
the portal, 39.7% (95/239) reported regular use. Respondents
with good ICT skills included 23.2% (264/1140) regular users.
Among those who totally disagreed with concerns about
unauthorized access, 31.2% (170/545) reported regular use.
Additionally, 31.9% (273/855) respondents who did not feel a
need for additional guidance reported regular use. Respondents’
background characteristics are presented in Table 1.
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Table . Respondents’ characteristics.

Use of the OHCa portal by respondentsCharacteristics

OverallNever, n (%)Occasionally, n (%)Regularly, n (%)

3060 (100)533 (17.4)1893 (61.9)634 (20.7)Gender

2606 (100)443 (17.0)1635 (62.7)528 (20.3)Women

438 (100)87 (19.9)249 (56.8)102 (23.3)Men

16 (100)3 (18.8)9 (56.3)4 (25)Other, or do not want to say

3062 (100)535 (17.5)1894 (61.9)633 (20.7)Age (years)

94 (100)23 (24.5)49 (52.1)22 (23.4)Up to 30

310 (100)46 (14.8)202 (65.2)62 (20)31‐40

683 (100)116 (17)432 (63.3)135 (19.8)41‐50

1432 (100)239 (16.7)882 (61.6)311 (21.7)51‐60

543 (100)111 (20.4)329 (60.6)103 (19)61 or older

3072 (100)535 (17.4)1901 (61.9)636 (20.7)Education

239 (100)57 (23.8)137 (57.3)45 (18.8)Basic education (primary
school)

138 (100)25 (18.1)81 (58.7)32 (23.2)Matriculation examination

2491 (100)428 (17.2)1551 (62.3)512 (20.6)Vocational college

199 (100)24 (12.1)129 (64.8)46 (23.1)University or University of
Applied Sciences

5 (100)1 (20)3 (60)1 (20)Other

3071 (100)538 (17.5)1899 (61.8)634 (20.6)Information and communica-
tion technology skills

213 (100)78 (36.6)109 (51.2)26 (12.2)Weak

1718 (100)304 (17.7)1070 (62.3)344 (20)Moderate

1140 (100)156 (13.7)720 (63.2)264 (23.2)Good

2970 (100)466 (15.7)1871 (63)633 (21.3)Satisfaction with occupation-
al health care patient portals

118 (100)49 (41.5)55 (46.6)14 (11.9)Totally unsatisfied

248 (100)31 (12.5)177 (71.4)40 (16.1)Somewhat unsatisfied

995 (100)312 (31.4)579 (58.2)104 (10.5)Neither dissatisfied nor satis-
fied

1370 (100)59 (4.3)931 (68)380 (27.7)Somewhat satisfied

239 (100)15 (6.3)129 (54)95 (39.7)Totally satisfied

2943 (100)451 (15.3)1860 (63.2)632 (21.5)Guidance needed

855 (100)45 (5.3)537 (62.8)273 (31.9)Totally disagree

450 (100)24 (5.3)314 (69.8)112 (24.9)Somewhat disagree

1018 (100)260 (25.5)608 (59.7)150 (14.7)Neither disagree nor agree

402 (100)58 (14.4)276 (68.7)68 (16.9)Somewhat agree

218 (100)64 (29.4)125 (57.3)29 (13.3)Totally agree

2960 (100)458 (15.5)1872 (63.2)630 (21.3)Fear of unauthorized per-
sons seeing the data

545 (100)31 (5.7)344 (63.1)170 (31.2)Totally disagree

614 (100)45 (7.3)422 (68.7)147 (23.9)Somewhat disagree

992 (100)270 (27.2)571 (57.6)151 (15.2)Neither disagree nor agree

564 (100)61 (10.8)382 (67.7)121 (21.5)Somewhat agree
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Use of the OHCa portal by respondentsCharacteristics

OverallNever, n (%)Occasionally, n (%)Regularly, n (%)

245 (100)51 (20.8)153 (62.4)41 (16.7)Totally agree

aOHC: Occupational Health Care.

The Usability of OHC Patient Portals
According to the results, respondents most positively evaluated
aspects related to learnability and ease of use. A large majority
(1895/2523, 75.1%) felt that learning to use the patient portal
was easy, and most (1861/2513, 74%) experienced the portal
as easy to use. Additionally, many respondents (1875/2504,
75%) considered the text size in the portal easy to read. In
contrast, the highest levels of disagreement were related to
efficiency and user-centered design. Nearly 1 in 5 (451/2509,
18%) respondents disagreed that the portal allows them to
quickly accomplish what they want, and 16% (399/2491)

disagreed that user needs have been fully considered in the
design of the portal. Figure 1 presents respondents’ attitudes
toward the usability of OHC patient portals, displayed as relative
percentages (without decimals).

The analysis of the GLM assessed the impact of various factors
on the usability of OHC patient portals. Satisfaction had the
strongest association with the perceived usability of OHC patient
portals. Need for guidance and frequency of use were also
significantly associated, though to a lesser extent. Fear of
unauthorized persons seeing the data, perceived ICT skills, and
age were statistically significant but had small effects. The full
results are presented in Table 2.

Figure 1. Respondents’ attitude statements regarding the perceived usability of occupational health care patient portals.

JMIR Hum Factors 2025 | vol. 12 | e73197 | p.1197https://humanfactors.jmir.org/2025/1/e73197
(page number not for citation purposes)

Nissinen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Results of general linear model analysis on perceived usability of occupational health care patient portals: crude and adjusted models.

Adjusted modelCrude model

η²P valueF test (df)Mean (SD)Patients, nη²P valueF test (df)Mean (SD)Patients, nVariable

0.007.0014.49 (4)—24270.051<.00133.3 (4)—2492Fear of
unautho-
rized per-
sons seeing
the data

4.0 (0.89)4994.0 (0.90)513Totally dis-
agree

3.8 (0.73)5583.8 (0.73)565Somewhat
disagree

3.5 (0.73)6943.5 (0.73)720Neutral

3.6 (0.70)4893.6 (0.70)501Somewhat
agree

3.7 (1.0)1873.7 (1.0)193Totally
agree

0.08<.00152.2 (4)—24270.148<.001107.4 (4)—2482Need for
guidance

4.1 (0.77)7894.1 (0.77)808Totally dis-
agree

3.8 (0.68)4183.8 (0.69)425Somewhat
disagree

3.4 (0.69)7343.4 (0.70)754Neutral

3.4 (0.68)3383.4 (0.68)343Somewhat
agree

3.4 (1.1)1483.4 (1.1)152Totally
agree

0.014<.00134.3 (1)—24270.042<.001110.5 (1)—2519Usage fre-

quencyab

4.0 (0.77)635Regularly

3.6 (0.84)1884Occasional-
ly

0.193<.001577.1 (1)—24270.227<.001730.9 (1)—2391Satisfac-

tionab

3.2 (0.77)965Dissatisfied

4.0 (0.70)1526Satisfied

0.005<.00112.2 (1)—24270.016<.00141.3 (1)—2507Perceived

ICTc

skillsab

3.2 (0.93)133Weak

3.7 (0.82)2374At least
moderate

—————0.003.042.77 (3)—2519Education

3.6 (0.89)180Basic edu-
cation de-
gree (prima-
ry school)

3.8 (0.79)112Matricula-
tion exami-
nation
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Adjusted modelCrude model

η²P valueF test (df)Mean (SD)Patients, nη²P valueF test (df)Mean (SD)Patients, nVariable

3.7 (0.77)2052Vocational
college

3.7 (0.77)175University
or Universi-
ty of Ap-
plied Sci-
ences

—————0.330.95 (1)—2501Gender

3.7 (0.84)2138Women

3.6 (0.82)363Other

0.004<.00110.8 (1)—24270.014<.00135.8 (1)—2502Age

(years)ab

3.8 (0.80)89650 or
younger

3.6 (0.84)160651 or older

aAs a continuous covariate in the adjusted model; group means not reported.
bAs a dichotomic variable in the crude model.
cICT: information and communication technology.

The Usefulness of OHC’s Patient Portals
According to the results, the most positively received aspects
of the OHC patient portal were its ability to facilitate easier
contact with OHC and to support collaboration. A total of 70.1%
(1765/2516) of respondents agreed that using the portal makes
it easier to contact OHC, and 70.5% (1774/2517) believed that
the portal supports their collaboration with OHC. In contrast,
only 52.4% (1316/2511) of respondents felt that the portal
provides a good overview of their work ability, and just 51.5%
(1291/2505) felt that it supports them in improving it. Regarding
working conditions, only 35.5% (891/2505) of respondents felt

that the portal offers a good overview of their working
conditions, and 39.9% (1000/2503) agreed that it provides
information about how those conditions impact their health and
work ability. Figure 2 presents respondents’ attitudes toward
the usefulness of OHC patient portals, displayed as relative
percentages (without decimals).

According to the GLM analysis, satisfaction had the strongest
association with the perceived usefulness of OHC patient portals.
Frequency of use was also significantly associated with
perceived usefulness, though to a lesser extent. The full results
are presented in Table 3.
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Figure 2. Respondents’ attitude statements regarding the perceived usefulness of occupational health care patient portals.
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Table . Results of general linear model analysis on perceived usefulness of occupational health care patient portals: crude and adjusted models.

Adjusted modelCrude model

η²P valueF test (df)Mean (SD)Patients, nη²P valueF test (df)Mean (SD)Patients, nVariable

0.001.800.41 (4)—24510.009<.0015.49 (4)—2490Fear of
unautho-
rized per-
sons seeing
the data

3.3 (0.95)5033.3 (0.96)513Totally dis-
agree

3.2 (0.76)5633.2 (0.76)564Somewhat
disagree

3.1 (0.76)7043.1 (0.77)720Neutral

3.2 (0.84)4893.2 (0.84)500Somewhat
agree

3.3 (1.0)1923.3 (1.1)193Totally
agree

0.002.201.52 (4)—24510.011<.0016.58 (4)—2480Need for
guidance

3.3 (0.89)7983.3 (0.89)808Totally dis-
agree

3.2 (0.78)4223.2 (0.77)425Somewhat
disagree

3.1 (0.80)7413.1 (0.80)752Neutral

3.2 (0.82)3403.2 (0.82)343Somewhat
agree

3.3 (1.1)1503.3 (1.1)152Totally
agree

0.004.0029.80 (1)—24510.019<.00148.08 (1)—2523Usage fre-

quencyab

3.4 (0.87)634Regularly

3.1 (0.86)1889Occasional-
ly

0.183<.001548.0 (1)—24510.195<.001603.3 (1)—2491Satisfac-

tionab

2.7 (0.78)965Dissatisfied

3.5 (0.78)1526Satisfied

0.001.102.64 (1)—2511Perceived

ICTc skillsa

3.1 (0.97)134Weak

3.2 (0.87)2377At least
moderate

0.002.241.41 (3)—2523Education

3.3 (0.98)181Basic edu-
cation (pri-
mary
school)

3.3 (0.81)112Matricula-
tion exami-
nation

3.2 (0.87)2055Vocational
college
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Adjusted modelCrude model

η²P valueF test (df)Mean (SD)Patients, nη²P valueF test (df)Mean (SD)Patients, nVariable

3.1 (0.80)175University
or Universi-
ty of Ap-
plied Sci-
ences

0.980.001 (1)—2505Gender

3.2 (0.87)2143Women

3.2 (0.86)362Other

0.001.12.70 (1)—2506Agea

(years)

3.2 (0.84)89650 or
younger

3.6 (0.84)161051 or older

aAs a continuous covariate in the adjusted model; group means not reported.
bAs a dichotomic variable in the crude model.
cICT: information and communication technology.

Discussion

Principal Findings
This study assessed the usability and usefulness of OHC patient
portals using a survey. The analysis focused on respondents
who reported using the portal either regularly or occasionally,
excluding nonusers. Thus, the results reflect the experiences of
actual OHC portal users.

Usability was generally rated positively: respondents highlighted
ease of use, readability, and ease of learning as the most
favorable aspects. Lower ratings were given to task completion
speed and the extent to which user needs were considered in
the portal’s design. Age and ICT skills were statistically
significant factors influencing usability ratings, with respondents
aged 50 years or younger and those with strong ICT skills
providing more positive assessments.

Usefulness received more mixed feedback: slightly more than
half of the respondents felt the portal provided a good overview
of their work ability, and just over a third considered it to offer
a comprehensive view of their working conditions. Many
respondents indicated that the portal did not sufficiently support
them in improving their work ability or provide clear
information on how working conditions might affect their health
and work capacity. In contrast to usability, neither age nor ICT
skills significantly influenced how useful the portal was
perceived to be.

Additionally, user satisfaction with the OHC patient portal was
strongly associated with both its perceived usability and
usefulness, with regular users giving it significantly higher
ratings than occasional users.

Comparison With Previous Studies
The findings of this study are consistent with previous research
that has identified younger users and those with stronger digital
skills as perceiving OHC digital services to be more

user-friendly and intuitive [33]. Contrary to earlier studies that
highlighted the significance of ICT skills, age, and gender in
shaping perceptions of usefulness in digital health services
[6,34,35], our study found that these factors did not significantly
influence how users perceived the usefulness of digital health
services. Moreover, the other studies suggest that both older
[36] and younger users [37] generally find OHC patient portals
useful, particularly for their clear overview of medical history
and treatment plans. The results also showed that satisfied portal
users valued its usability more, and those who used the portal
regularly perceived its usability as better than occasional users.
These results align with previous studies on user satisfaction
[3,6,38].

Privacy concerns are a common issue with patient portals in
Finland [12,13]. Despite these concerns, patients typically do
not restrict the use or disclosure of their information [2].
Interestingly, users of OHC patient portals experience fewer
privacy concerns (809/2960, 27.3%) compared to users of the
national My Kanta portal (1265/3731, 33.9%) [12]. During the
pandemic, privacy concerns among My Kanta users increased
even more, with up to half of the respondents expressing concern
(1923/3823, 50.3%) [13]. This topic warrants further
examination, as patient portals are intended to serve as an
essential tool for information exchange and communication
between health care professionals and patients.

In this study, only slightly over half of the respondents felt that
the portal gave a good overview of their work ability, while
only a third found it provided a comprehensive view of their
working conditions. Patients generally value access to personal
health information [3], and when work-related data—such as
the connection between diagnoses and occupational factors—is
visible in the portal, it can increase awareness of occupational
illnesses [39] and help patients understand how their work
environment affects their health and work ability [40]. The
patient data displayed in OHC patient portals originates from
professionals’ entries in the medical records. Previous studies
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have found that work-related patient data is rarely documented,
even when these issues are discussed with the patient [39,41,42].

Implications in Occupational Health
In OHC, work ability refers to an individual’s capacity to
perform their job, influenced by health, functional capacity, and
working conditions [43,44]. OHC visits often focus on
evaluating these aspects [45]. To enable OHC patient portals
to provide access to this information, the documentation
practices must be changed [46,47], particularly toward a more
systematic recording of work-related patient data in medical
records.

The observed lack of information on work ability and working
conditions contrasts with the general expectation that digital
services would improve access to information and increase
users’ awareness of their own situation [5,6]. When patients
have access to information about the hazard, risk, and workload
factors of their work and work environments, they can better
understand the impact of working conditions on their well-being.
This information could enable patients to make informed
decisions to provide better opportunities to improve work ability,
facilitate discussions with supervisors and OHC professionals
on needs for work modifications, and promote the
implementation of preventive measures.

To enhance the usability of OHC patient portals, it is important
to ensure that the information they contain is comprehensive
and easily understandable for patients, and that the portal’s
functions are useful to them. For example, the portal could
remind users of upcoming periodic occupational health
examinations or other job-related health tests, such as spirometry
for those exposed to respiratory hazards in the workplace.
Additionally, it could allow users to fill out symptom diaries to
investigate symptom variation between work and nonwork
periods, as well as exposure diaries to monitor the accumulation
of exposure [48].

Work, working conditions, and work ability are central areas
of OHC [30]. Additionally, OHC patient portals are widely
available to many working citizens [28]. Future research should
explore how these digital services can be developed to enhance
collaboration between patients and OHC professionals.

Strengths and Limitations
This was a cross-sectional study that examined OHC patients’
experiences with the usability and usefulness of patient portals,
aiming to identify factors influencing these aspects and address
existing research gaps. The theoretical framework of this study
provided a solid foundation for designing the questionnaire and
studying the usefulness and ease of use of OHC portals.
Although the questionnaire used in this study was
self-developed, its reliability is supported by the good Cronbach
α values of the composite variables measuring usability and
usefulness. This indicates that the questionnaire measured these
concepts consistently and strengthens the reliability of the
results. Thus, the research methods used in this study were

well-suited and provided answers to the RQs while generating
new information in line with the research objectives. However,
this study has both strengths and limitations.

The strength of this study lies in its uniqueness. To our
knowledge, no previous study has systematically assessed
patient perceptions of the usability and usefulness of OHC
patient portals. Another strength is the large sample size, which
ensures a substantial number of observations for analysis and
makes the data highly representative. This feature increases
confidence in the accuracy and generalizability of the results.
The third strength is its timeliness, considering the rapid growth
of digital health services. Additionally, calculating the effect
size was useful in this study as it provided an objective measure
of the magnitude of observed differences. Effect size enabled
comparisons between different variables and helped identify
clinically significant associations.

The first limitation of this study is the dominant participation
of 1 gender; thus, the sample is heavily skewed toward women
(2606/3060, 85.2%). This gender imbalance may influence the
results and limit the applicability of the findings to a broader
population. Future research should aim for a more balanced
gender representation to enhance generalizability.

Second, the sample likely includes individuals with higher
digital literacy, as the survey was conducted online. This may
result in an overrepresentation of participants who are
comfortable with digital technologies, potentially excluding
those with limited ICT skills. Consequently, the findings may
not fully capture the experiences and perspectives of individuals
with lower digital literacy.

The third limitation is that this study relies on self-reported data
collection. However, certain valuable information can only be
obtained through surveys, as was the case in this study. The
fourth limitation is the lack of available information about the
respondents. As participation in this study was anonymous, we
do not know the characteristics of those who declined to
participate or did not return the questionnaire. Moreover, despite
the statistically significant results obtained in this study, caution
should be exercised in interpreting the findings due to the low
explanatory power of some results.

Conclusions
The ability of OHC patient portals to provide information on
the work ability and the healthiness and safety of working
conditions needs to be improved. In particular, more
comprehensive documentation in medical records related to
work-related hazards, risks, and workload factors is needed.
This could strengthen the role of portals in promoting work
ability and in preventing work-related illnesses and accidents,
while also increasing patients’ awareness of factors affecting
work well-being. Furthermore, improving patient satisfaction
with the usability and usefulness of OHC patient portals may
lead to increased adoption of portals and, consequently, more
equitable access to digital OHC services.
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Abstract

Background: This study proposes an integrated approach to developing personalized health behavior change programs by
combining personality traits and behavior types. Existing tools, such as Myers-Briggs Type Indicator (MBTI) and Dominance,
Influence, Steadiness, and Conscientiousness (DISC), have limitations: MBTI reflects internal tendencies but lacks behavioral
insights, while DISC highlights behavior but overlooks deeper personality aspects. To address these gaps, the study integrates
MBTI and DISC to create a comprehensive profiling system.

Objective: The goal of this research is to design a novel profiling system that merges MBTI and DISC for personalized health
management. This system aims to link personality traits with behavior patterns to enhance the effectiveness of tailored health
behavior change programs.

Methods: The study involved 3 phases: administering MBTI and DISC tests to 130 participants to analyze correlations, developing
an integrated survey for health behavior analysis, and testing its usability with 20 experts for validation.

Results: Significant correlations were observed between MBTI and DISC indicators, including a notable negative correlation
between Thinking-Feeling (T/F) and Dominance (D), suggesting an inverse relationship between decision-making preferences
and assertiveness. Usability testing results indicated high participant satisfaction, with an average SUS (System Usability Scale)
score of 86.0. The SUS is a widely used questionnaire for measuring subjective assessments of usability. This score exceeded
industry benchmarks for system usability. Expert evaluations further reinforced the system’s practical applicability, highlighting
its potential to enhance user engagement through personalized behavioral insights.

Conclusions: This study presents a combined MBTI and DISC profiling system, offering both theoretical insights and practical
tools for health behavior change programs. Future research should validate its effectiveness with larger samples and explore
broader applications in various health domains.

(JMIR Hum Factors 2025;12:e73397)   doi:10.2196/73397
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Introduction

Overview
In modern society, health behavior change has become
increasingly important. According to the World Health
Organization, adopting healthy lifestyle habits is essential for
preventing chronic diseases such as obesity and cardiovascular
disorders, as well as for improving overall quality of life [1,2].

While health-promoting activities, such as exercise and dietary
management, can yield positive outcomes, standardized
approaches that fail to account for individual personality traits
and behavioral tendencies often face limitations in sustainability
and effectiveness [3,4]. For instance, the same exercise program
may feel burdensome to individuals with introverted tendencies
but serve as a motivating factor for those with extroverted traits
[5,6].
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Several personality assessment models, including the
Myers-Briggs Type Indicator (MBTI), Dominance, Influence,
Steadiness, and Conscientiousness (DISC), Big Five, HEXACO,
and Sixteen Personality Factor (16PF) Questionnaire, are widely
used to analyze personality and behavior in fields such as
psychology and health sciences. The MBTI categorizes
personality into 16 types based on 4 dichotomies:
Extraversion-Introversion, Sensing-Intuition, Thinking-Feeling,
and Judging-Perceiving [7,8]. DISC focuses on 4 behavioral
dimensions—Dominance, Influence, Steadiness, and
Conscientiousness—emphasizing interpersonal interactions.
The Big Five (OCEAN) assesses Openness, Conscientiousness,
Extraversion, Agreeableness, and Neuroticism, with
Conscientiousness and Neuroticism predicting health regimen
adherence and emotional barriers. HEXACO adds
Honesty-Humility to similar dimensions, offering insights into
ethical health decisions. The 16PF Questionnaire measures 16
factors, such as emotional stability, refining health intervention
strategies. The MBTI provides cognitive insights through its
16 personality types but lacks behavioral specificity. DISC
focuses on 4 behavioral dimensions, Dominance, Influence,
Steadiness, and Conscientiousness, but overlooks deeper
psychological motivations. The Big Five measures broad traits
such as Openness, Conscientiousness, Extraversion,
Agreeableness, and Neuroticism, with Conscientiousness and
Neuroticism predicting health regimen adherence and emotional
barriers, yet it lacks detailed granularity. HEXACO adds
Honesty-Humility, offering insights into ethical health decisions,
but is less established. The 16PF Questionnaire refines health
intervention strategies through 16 factors, such as emotional
stability, but can be complex to administer.

We examined various analytical tools, and while each operates
within its unique framework, no research has been identified
that provides specialized solutions for complex and integrative
domains, such as health behavior change programs [9].

This study proposes a novel approach that combines the
strengths of MBTI and DISC to overcome these limitations. By
integrating the analysis of individual personality traits and
behavioral tendencies, the study aims to design personalized
programs for health behavior change. Specifically, it seeks to
identify correlations between the 2 tools and develop a
methodology that maximizes the effectiveness of health behavior

change programs, contributing both practical and academic
value.

Literature Review on MBTI and DISC and Their
Integration
The MBTI, developed in the 1940s by Catherine Cook Briggs
and Isabel Briggs Myers, is a psychological tool designed to
understand and explain individual personality types [10]. It
categorizes personalities into 16 types based on cognitive
preferences and information processing styles, using 4
dichotomies: Extraversion (E)–Introversion (I), Sensing
(S)–Intuition (N), Thinking (T)–Feeling (F), and Judging
(J)–Perceiving (P). MBTI is widely used to understand
interpersonal relationships, decision-making styles, and job
performance [10]. However, its focus on static personality
classifications can limit its ability to reflect situational flexibility
[9].

DISC, developed from the theories of William Moulton Marston
in the 1920s, analyzes behavioral styles based on 4 dimensions:
Dominance (D), Influence (I), Steadiness (S), and Compliance
(C). It is especially effective in understanding interpersonal
dynamics, improving teamwork, and managing workplace
interactions [11]. While DISC excels in analyzing external
behavior and interaction patterns, it lacks the depth to fully
capture internal psychological factors [12].

Although MBTI emphasizes psychological preferences and
DISC focuses on external behaviors, both tools are valuable for
understanding individual tendencies [13]. Integrating their
strengths allows for a comprehensive understanding of both
psychological and behavioral dimensions. This integrated
approach is particularly suited for addressing complex issues
such as health behavior change, where both internal and external
factors play critical roles [14].

Prior to initiating this study, we recognized that the cognitive
insights of the MBTI and the behavioral analysis of DISC are
essential for health behavior change programs. However, no
related studies combining MBTI and DISC to analyze health
consulting or behavior change were identified. Accordingly,
this study proposes an integration of the 2 models, aiming to
analyze correlations between their core dimensions and develop
a novel profiling system tailored for designing personalized
health behavior change programs (Figure 1).
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Figure 1. The methodology for generating consulting reports integrates insights from both MBTI and DISC frameworks. The MBTI model contributes
psychological, internal, and personality-based dimensions (eg, personality and cognitive preferences), while the DISC model incorporates behavioral
traits such as dominance, interaction styles, and action-oriented tendencies. DISC: Dominance, Influence, Steadiness, and Conscientiousness; MBTI:
Myers-Briggs Type Indicator.

Methods

Verification of the Correlation Between MBTI and
DISC
The purpose of this study is to systematically verify the
correlation between MBTI and DISC by administering both
surveys to the same group of participants. Through this process,
the research aims to establish a foundation for an integrated
understanding of personality and behavior and to provide
fundamental data for developing an integrated personality
analysis model.

The correlation analysis between MBTI and DISC centers on
clearly identifying the similarities and differences that each tool
provides and proposing a new approach that can leverage the
strengths and compensate for the weaknesses of both tools. This
study also explores the possibility of overcoming the limitations
of existing personality assessment tools and developing a more
efficient and practical personality profiling system.

For this research, 4 elements were set as the main criteria:
interpersonal relationships, information-gathering style,
decision-making style, and planning tendency. These criteria
were selected to evaluate the potential applicability of this
approach to health behavior change strategies, such as exercise
and diet coaching. For example, the Dominance (D) type in
DISC is predicted to have a high correlation with the
Extroversion (E) and Thinking (T) traits in MBTI, suggesting
that it may be suitable for goal-oriented methods. Meanwhile,
the Influence (I) type is associated with the Feeling (F) trait,
indicating a preference for a more friendly and motivational
approach.

This study investigated the correlation between MBTI and DISC
by surveying 130 Korean students. Demographic data (eg, age
and gender) of the participants were collected to strengthen the
validity of personality trait analysis, with detailed results
summarized in Table 1.
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Table . Demographic analysis of the survey subjects.

Frequency, n (%)Variables and categories

Year of birth

100 (76.9)    2004-2000

19 (14.6)    1999‐1990

11 (8.5)    1989‐1980

130 (100)    Total

Sex

38 (29.2)    Man

92 (70.8)    Woman

130 (100)    Total

To analyze personality types using MBTI and DISC, each tool’s
official survey was administered to ensure reliable responses
from the students. Based on the survey results, this study
examined the correlation between the 2 personality assessments
and identified patterns in traits that appeared repeatedly. Graphs
and charts were used to visualize these correlations and patterns,
allowing for a clearer analysis of the relationship between MBTI
and DISC.

Refinement of an Integrated Trait Analysis
Methodology and Proposed Survey Items
The aim of this study is to develop an integrated personality
analysis model that concisely and practically uses personality
traits by examining the correlations between the 4 DISC types
and the 16 MBTI types.

DISC categorizes human behavioral styles into 4 types:
Dominance (D) for goal-oriented and challenging individuals;
Influence (I) for optimistic and social people; Steadiness (S)
for calm and patient individuals; and Conscientiousness (C) for
analytical and logical thinkers.

MBTI explains psychological preferences in perceiving and
judging the world through 4 dichotomies. The ‘Attitude’
(Extraversion/Introversion) dichotomy relates to how we engage
with others during exercise; for instance, questions gauge if one
easily socializes in new exercise groups (Extraversion) or prefers
solitary workouts for focus (Introversion). The “Perceiving
Function” (Sensing/Intuition) focuses on how we gather
information when choosing an exercise, assessing a preference
for detailed rules (Sensing) versus imagining overall potential
(Intuition). The “Judging Function” (Thinking/Feeling)
examines how we make exercise decisions, involving questions
about prioritizing objective data (Thinking) versus considering
emotional satisfaction (Feeling). Finally, “Lifestyle”
(Judging/Perceiving) looks at how we plan exercise, determining
whether one strictly adheres to plans (Judging) or prefers
flexible, spontaneous changes (Perceiving).

Based on the key indicators of these existing tools, this study
will categorize core traits into 3‐8 types to design a model
suitable for personalized coaching programs and behavior
change strategies. We developed 40 survey items based on DISC
and MBTI correlations, covering interpersonal relationships,
information-gathering, decision-making, and planning

tendencies, all adapted to specific contexts such as exercise and
dieting. This survey will collect individual trait data, serving as
a valuable source for designing customized health behavior
programs.

Customer Health Care Profiling Application Based on
Survey Items
An expert group of 20 was selected for analysis. This sample
was chosen to evaluate the practicality and validity of the
integrated trait analysis model. Based on the survey results, a
profiling system was developed to provide tailored health care
advice and personality descriptions suited to each customer’s
traits.

In developing the system, the 20 participants’ data were used
to review the validity of the integrated model and 2 experts were
consulted to assess its practicality.

This system can be used in various health care settings such as
hospitals, health and fitness centers, and wellness counseling
services, with an emphasis on delivering services, products, and
personalized coaching optimized for each individual’s traits.
For example, depending on the customer’s personality type, the
system can propose effective exercise plans, diet methods, and
stress management strategies, providing professional and
customized health management solutions.

Ethical Considerations
All information was collected anonymously. The data collected
pertained to MBTI and DISC profiles, which are not individually
identifiable and do not constitute sensitive personal information
that could pinpoint individuals. At the time of the survey,
participants were informed about the purpose of the study and
their right to withdraw from participation at any time. Therefore,
this study was deemed not to fall within the scope requiring
institutional review board review. Specifically, this study was
exempt from ethics review under Article 13(2) of the
Enforcement Regulations of the Bioethics and Safety Act of
Korea. This regulation exempts studies where researchers do
not directly face identifiable individuals, and where “sensitive
information” as defined by Article 23 of the Personal
Information Protection Act is neither collected nor recorded.
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Results

Analysis of the Correlation Between MBTI and DISC

The correlation analysis results for identifying the relationship
between the 2 personality assessment tools, MBTI and DISC,
are presented in Figures 2 and 3.

Figure 2. Summary of the analysis results of the correlation between MBTI and DISC, derived from the comparison table. Darker shades indicate
stronger positive correlations and lighter shades represent stronger negative correlations. Only values with an absolute value of 0.15 or higher are
displayed. DISC: Dominance, Influence, Steadiness, and Conscientiousness; MBTI: Myers-Briggs Type Indicator.
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Figure 3. A network diagram of Myers-Briggs Type Indicator (MBTI)—comprising Extraversion (E)–Introversion (I), Sensing (S)–Intuition (N),
Thinking (T)–Feeling (F), and Judging (J)–Perceiving (P)—and Dominance, Influence, Steadiness, and Conscientiousness (DISC) based on nodes and
edges. Circles denote DISC and squares denote MBTI. Solid lines denote positive correlations and dashed lines denote negative correlations. Only
correlations of 0.15 or higher were represented.

Through these findings, we aimed to determine the specific
connections between MBTI’s personality type indicators (E/I,
N/S, T/F, P/J) and DISC’s behavioral types (D, I, S, C), and to
provide basic data for developing an integrated personality
analysis model. The analysis was conducted using SPSS
software (IBM Corp) and Pearson correlation coefficients were
used to examine the relationships between the data. The sample
consisted of 130 college and graduate students in their 20s and
30s.

First, both Extraversion (E) and Introversion (I) in MBTI
showed significant correlations with all DISC types (D, I, S, C)
(P<.001). Introversion (I) demonstrated positive relationships
with Stability (S) and Conscientiousness (C), with a particularly
stronger correlation with S (correlation coefficients 0.38,
P<.001). In contrast, Extraversion (E) showed negative
correlations with Dominance (D) and Influence (I), with a
stronger negative correlation with I (correlation coefficients
−0.38, P<.001).

Both Intuition (N) and Sensing (S) in MBTI showed significant
correlations with Influence (I) and Stability (S) in DISC
(P<.001). Intuition (N) had a weak negative correlation with
Influence (I) (correlation coefficient −0.19, P=.03), whereas
Sensing (S) had a weak positive correlation with Stability (S)

(correlation coefficient 0.17, P<.04). Thinking (T) and Feeling
(F) also exhibited significant relationships with Dominance (D)
and Stability (S) in DISC (P<.001). Thinking (T) showed a
strong negative correlation with Dominance (D) (correlation
coefficient −0.38, P<.001), and Feeling (F) showed a positive
correlation with Stability (S) (correlation coefficient 0.30,
P<.001).

Finally, Perceiving (P) and Judging (J) in MBTI had significant
correlations with Influence (I) and Conscientiousness (C) in
DISC (P<.001). Perceiving (P) showed a negative relationship
with Influence (I) (correlation coefficient −0.25, P<.001), while
Judging (J) exhibited a positive relationship with
Conscientiousness (C) (correlation coefficient 0.31, P<.001).

These results indicate that the correlation between MBTI and
DISC is clearly evident in each type. For instance, according
to the figure, MBTI’s Introversion (I) had a strong positive
relationship with DISC’s Stability (S), while MBTI’s Thinking
(T) showed a strong negative relationship with DISC’s
Dominance (D). Despite MBTI and DISC each analyzing
different aspects of personality—psychological preferences and
behavioral patterns—these findings suggest that they can be
mutually complementary.

JMIR Hum Factors 2025 | vol. 12 | e73397 | p.1212https://humanfactors.jmir.org/2025/1/e73397
(page number not for citation purposes)

Kim et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Proposing an Integrated Trait Analysis Model and
Developing Survey Items
The survey items were designed based on the DISC-MBTI
correlation analysis results, narrowing down the classification
into 4 types. A model was developed to categorize individuals

into these 4 types, and the survey items were structured
accordingly as Figure 4.

Based on the designed survey items, exercise prescriptions have
been summarized in Table 2.

Figure 4. Type exploration and classification model based on MBTI-DISC. Considering the correlation between MBTI and DISC, 4 types (Relationship,
Gather Information, Decision-Making, and Planning) were categorized. Clustering is represented using arrows. DISC: Dominance, Influence, Steadiness,
and Conscientiousness; MBTI: Myers-Briggs Type Indicator.
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Table . Exercise prescription types based on the Myers-Briggs Type Indicator (MBTI)–Dominance, Influence, Steadiness, and Conscientiousness
(DISC) survey. The table systematically classifies exercise prescription types by organizing them into key categories, including type, description,
recommended exercises, and coaching strategies.

Coaching, support, and planning
strategies

Recommended exercisesDescriptionCategories and types

Relationship

Provide positive feedback, enhance
collaboration with peers.

Group fitness (Zumba, aerobics),
team sports

Finds motivation in activities with
others, prefers social interaction.

    Group-oriented

Emphasize individual performance,
provide an independent environ-
ment.

Solo running, gym equipment exer-
cises

Prefers solo activities, focuses on
achieving personal goals.

    Individual-oriented

Offer professional, data-driven
feedback.

Personal training, customized exer-
cise plans

Requires guidance and structured
plans from trainers or experts,
prefers systematic feedback.

    Expert-dependent

Visualize performance comparisons
with rivals, provide rewards for
victories.

Competition-based sports (tennis,
boxing, swimming)

Gains motivation through competi-
tion or performance comparison,
values winning.

    Competition-oriented

Gather information

Provide review-based materials,
emphasize user reviews and ratings.

Trendy programs, popular classesChooses exercises based on reviews
or others’ experiences.

    Experience-seeker

Explain exercise effects and provide
scientific data, offer professional
resources.

Systematic, structured exercise pro-
grams

Logically selects exercises based on
scientific evidence and principles.

    Principle-seeker

Decision-making

Set performance-based goals, moti-
vate with concrete data.

HIITa, strength trainingSets specific goals and approaches
exercise systematically to achieve
them.

    Logical goal-oriented

Provide emotional support, foster
positive relationship building.

Dance classes, group sportsValues emotional satisfaction or
building relationships, prioritizes
fun and experience.

    Emotion or relationship-oriented

Planning

Provide detailed schedules, set step-
by-step goals.

Regular yoga, PilatesConsistently follows a systematic
and detailed plan.

    Structured or detail-oriented

Emphasize autonomy, offer engag-
ing and appealing options.

Trekking, diverse activity experi-
ences

Adjusts plans flexibly according to
circumstances, prefers interaction
with others.

    Flexible and people-oriented

aHIIT: high-intensity interval training.

Based on the DISC-MBTI correlation analysis, the survey items
were designed to narrow the classification down to 4 types. A
model was then developed to categorize individuals into these
4 types, and corresponding survey items were created
accordingly. Finally, the exercise prescriptions derived from
these survey items are summarized.

In this study, we developed survey items to classify exercise
tendencies by measuring individuals’ relational tendencies.
Each item assesses aspects such as the individual’s level of
activity, expression styles, and relationship preferences in
interpersonal contexts. This approach identifies preferred

environments and motivational factors during exercise. For the
purposes of this study, we focused exclusively on methods for
categorizing relationships with others during exercise.

Implementation and Validation of an Exercise
Prescription Reporting Service
A practical profiling web application was implemented to input
survey items and verify whether the results matched actual
patient information. The web application was developed based
on Flask and calculated the total scores by summing up the
scores for each of the 4 survey items. The results of this process
are presented in Figure 5.
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Figure 5. Example of an exercise prescription consulting report for 4 categories: relationship, information-gathering, decision-making, and planning.

A pilot test was conducted to validate the practicality and
reliability of the proposed integrated trait analysis model. This
process assessed whether the proposed profiling system
effectively analyzed individuals’ personality and behavioral
traits and whether it could be practically used. The validation
process consisted of a pilot test, result analysis and
interpretation, and a practicality evaluation through expert
interviews.

The pilot test involved applying the profiling system, developed
based on MBTI and DISC survey data, to a group of 20 experts.
The experts responded to the survey items, and the system
analyzed their personality and behavioral types to generate
customized profiling results. This process confirmed whether
the profiling system could accurately classify and interpret types
based on the survey data.
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System Usability Scale Score Result for Prescription
Reporting Service

To evaluate the usability of the proposed system, a System
Usability Scale (SUS) assessment was conducted with 20
experts, as Table 3.

Table . Survey participants by occupation. The survey was primarily conducted with trainers, physical therapists, and professors.

Participants, nOccupation

8Trainer

4Physical therapist

4Exercise specialist

3Professor in related fields

1Aerobics instructor

The SUS, originally developed by Brooke [15], is a widely used
and reliable tool for measuring system usability across various
domains. The questionnaire consists of 10 items rated on a
5-point Likert scale, designed to assess both positive and
negative aspects of usability. Odd-numbered items measure
positive usability attributes (eg, ease of use and system
integration), while even-numbered items measure negative
usability attributes (eg, complexity and inconsistency). The

standard scoring methodology was applied, where responses to
odd-numbered items were adjusted by subtracting 1, and
even-numbered items were adjusted by subtracting the response
from 5. The final SUS score was computed by summing the
adjusted values and multiplying by 2.5, following the established
methodology described by Lewis and Sauro [16]. The resulting
SUS score of 86.0 indicates a high level of usability and user
satisfaction, as shown in Figure 6.

Figure 6. Histogram distribution of System Usability Scale (SUS) survey results. The majority of scores clustered in the 90‐100 range, although a
few respondents provided lower ratings.

Trainers, physical therapists, exercise specialists, professors in
related fields, and aerobics instructors responded positively,
highlighting that the system is intuitive, effectively integrates
various functions, and is easy to navigate. In addition,
participants across clinical, academic, and fitness backgrounds
stressed that a highly personalized approach, tailored to
individual user characteristics, is key to enhancing engagement
and usability. Some experts, particularly trainers and exercise
specialists, noted that the system has the potential to serve as
an effective tool for continuous health care management by
adapting to users’ needs. However, some participants

emphasized the need for more detailed exercise coaching
programs and suggested conducting further real-world validation
to ensure the system’s effectiveness in practical settings. These
findings, supported by feedback from professionals across
diverse fields, including trainers, sports dance instructors, and
professors, confirm the system’s practical applicability and its
potential for real-world implementation.
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Discussion

Principal Results
This study identified the integrated correlation between MBTI
and DISC, addressing the limitations of existing personality
theories and enabling theoretical expansion. MBTI focuses on
internal psychological preferences, while DISC emphasizes
external behavioral patterns. By combining the strengths of
these 2 tools, this study proposed a new analytical framework
for comprehensively understanding individuals’personality and
behavior.

The integrated trait analysis model, based on the correlation
between MBTI and DISC, clarified the relationship between
personality and behavioral types and validated its theoretical
soundness through data-driven analysis. This research provides
a new direction for personality analysis and behavior prediction
studies in academic fields and serves as foundational data for
future research.

In practical applications, this model can be used as a valuable
tool for health care and health behavior change programs. For
example, personalized health programs can be designed by
optimizing exercise plans, diet strategies, and stress management
techniques according to individual personality and behavioral
types. For instance, individuals with DISC’s Stability (S) and
MBTI’s Introversion (I) may benefit from quiet, structured
exercise environments, whereas those with DISC’s Influence
(I) and MBTI’s Extraversion (E) may thrive in sociable and
dynamic activities.

In addition, the findings contribute to the development of
personalized coaching programs that motivate behavior change
based on a deep understanding of individual tendencies and
behavior patterns. This system can be applied in diverse practical
environments, such as hospitals, fitness centers, and counseling
institutions, offering high user satisfaction while enhancing
service quality.

Limitations
This study offers valuable insights into the correlation between
MBTI and DISC, but it has several limitations. First, our sample
size was limited to 130 Korean college and graduate students
in their 20s and 30s, which may restrict the generalizability of

our findings. The sample was also somewhat skewed toward
female students and those born in the 2000s. The reliance on
self-reported survey data also introduces potential biases, such
as social desirability or self-perception. Future research should
include larger, more diverse populations and incorporate
additional data collection methods, like observational studies
or third-party assessments.

We recognize that the cultural context of South Korea
significantly influenced our survey results, particularly among
the 20s demographic, which is sensitive to social norms. For
example, Korea’s collectivistic culture may modulate the
expression of Extraversion (MBTI) and emphasize diligence
for Conscientiousness (DISC C-type) or harmony for Steadiness
(DISC S-type) in responses.

Furthermore, our study focused solely on MBTI and DISC.
Integrating additional frameworks, such as the Big Five
Personality Traits, could offer a more comprehensive
understanding. The practical applications discussed, like
healthcare and behavior change programs, also require further
real-world validation to confirm their effectiveness. Finally, we
simplified complex traits into 4 main categories for usability,
potentially overlooking nuanced individual differences and not
accounting for longitudinal changes in personality. Future
studies should explore these dynamics and validate the profiling
system in broader technological and organizational contexts.

Conclusions
In conclusion, this study successfully identified the integrated
correlation between MBTI and DISC, combining their strengths
to propose a novel analytical framework for understanding
personality and behavior. By validating the integrated trait
analysis model with data-driven methods, the research
highlighted its potential to clarify the relationship between
psychological preferences and behavioral patterns. This model
offers both theoretical contributions to personality analysis and
practical applications, such as personalized health behavior
programs, which can optimize exercise plans, diet strategies,
and stress management based on individual traits. While further
validation in diverse settings is needed, the findings pave the
way for future innovation in health care, counseling, and other
fields that benefit from tailored behavior change strategies.
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Abstract

Background: Clinical decision support systems are known to improve adherence to clinical practice guidelines and patient
outcomes by providing clinicians with timely, accurate, and appropriate knowledge.

Objective: This study investigates the perceived usefulness and practical implementation of UpHill Route v3, a personalized
digital care pathway (PDCP) system, in enhancing clinical decision-making and patient management across various clinical
settings.

Methods: A mixed-methods retrospective study was conducted among medical doctors and nurses from four National Health
System-Local Health Units in Portugal. Data were collected from May 2023 to April 2024. The primary data source was an
anonymous questionnaire assessing health care professionals’ perceptions of UpHill Route v3’s usefulness using the Likert scale
ranging from 0 (do not agree) to 10 (totally agree). Secondary analysis involved quantifying decisions across heart failure,
multimorbidity, diabetes, and colorectal and breast cancer clinical pathways. These data were collected from user interactions
with UpHill Route v3 as well as from its internal database. Descriptive and bivariate statistics were used to analyze the data.

Results: A total of 22 health care professionals with mean age 44.7 (SD 10.6) years, including 15 (68%) female participants
and 9 (41%) physicians were included in the study. High ratings for adherence to clinical protocols, mean score 8.06 (SD 1.73);
clinical decision support, mean score 8.05 (SD 1.73); patient care improvement, mean score 7.63 (SD 2.22); and confidence in
patient management, mean score 8.26 (SD 1.56) were reported. Secondary analysis showed that across 3574 patients, 25,741
clinical decisions were informed, and 9254 actions were performed with the assistance of the PDCP tool.

Conclusions: The UpHill Route v3 PDCP tool is highly valued by health care professionals for its ability to support clinical
decision-making and improve operational efficiency across various clinical settings. Our findings suggest that this tool can
effectively bridge the gap between clinical guidelines and real-world practice.

(JMIR Hum Factors 2025;12:e68581)   doi:10.2196/68581

KEYWORDS

care integration; clinical pathway; digital; heart failure

Introduction

Computerized clinical decision support systems (CDSS) are
designed to enhance patient care by providing clinicians and
patients with timely, accurate, and appropriate knowledge in
the context of specific medical interactions or encounters. These
systems have gained significant traction for their potential to
improve adherence to clinical practice guidelines, bridging the

gap between knowledge and its application in diverse clinical
contexts [1,2]. Systematic reviews and studies have been
conducted to evaluate the effectiveness of CDSS, showing that
CDSS can lead to improvements in process adherence, thus
leading to higher diagnosis accuracy and comprehensive disease
management [3,4]. There are multiple types of CDSS.
Traditional CDSS primarily offer static recommendations,
whereas personalized CDSS integrates patient-specific data
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from an electronic health record (EHR) to tailor clinical
recommendations. Personalized digital care pathway (PDCP)
represents a further advancement, extending CDSS capabilities
beyond single encounters by ensuring continuity of care across
multiple medical interactions. PDCP systems facilitate
decision-making and action execution across multidisciplinary
teams, while maintaining compliance with best practice
protocols and continuously adapting based on patient-specific
data. These systems have demonstrated benefits for patients,
health care professionals (HCP), and institutions by contributing
to improved service quality, workforce efficiency, and patient
outcomes. This expands the scope of CDSS to the entire
continuum of care, enabling the interaction among multiple
multidisciplinary teams through a shared care pathway. [4,5].

PDCPs ensure that each HCP delivers tailored care aligned with
standard protocols and guidelines, especially relevant for chronic
conditions requiring frequent assessments and timely therapy
adjustments across different contexts [6]. Current management
strategies for chronic patient care typically rely on traditional
methods such as face-to-face consultations, periodic monitoring,
and manual documentation of patient records. Care plans are
often manually developed based on clinical guidelines and
personal clinical judgment, with minimal decision support
integration. Most EHRs lack advanced decision support
capabilities, decision characterisation, and patient
communication features. Overall, current management strategies
can be time-consuming and prone to variability in care delivery.

For example, CDSS have been shown to improve patient
outcomes in heart failure management by enhancing monitoring,
management, and optimization of therapies [7]. As more clinical
practice guidelines emphasize the necessity of digital solutions
for early disease detection and patient self-care [8],
multidisciplinary chronic disease management programs
powered by CDSS tools have yielded better quality of life, lower
readmission rates, and reduced mortality [3]. Despite these
benefits, there is a lack of evidence regarding the perceived
usefulness of CDSS among HCPs using these systems and on
the quantification and characterization of this usage on the
number and types of decisions and actions usually performed
by CDSS in chronic disease management [3,9].

This study hypothesizes that HCPs consider PDCPs, such as
Uphill Route v3, to be more valuable than current management
strategies for chronic patient management. As a PDCP and a
subtype of CDSS, UpHill Route v3 aids medical
decision-making and improves patient management by
increasing compliance with locally validated clinical pathways.
The software creates personalized care pathways by capturing
patient health and demographic data from hospital EHRs,
manual inputs by HCPs, or self-reported patient questionnaires
(sent via text messages, web forms, or voice interaction
capabilities). This approach further supports HCP clinical
decisions and tasks throughout the clinical pathway. Thus, the
main aim of this study was to characterize the perceived
usefulness of a PDCP in chronic patient management. The
secondary aim was to describe the number and types of decisions
supported by the software, thus quantifying them as a proxy for
the system’s impact on decision support and patient management
efficiency.

Methods

Study Design
This was a mixed-methods retrospective study, conducted to
evaluate the usefulness of PDCP as a CDSS for HCPs. For the
primary aim, qualitative data was collected through a
questionnaire directed at HCPs using UpHill Route v3, to assess
the perceived usefulness of PDCP and compare it with current
management practices for chronic patient care. For the secondary
aim, quantitative data on decisions and tasks performed during
care pathways was retrieved from UpHill Route v3. This design
allowed for a comprehensive understanding of the impact of
UpHill Route v3 on clinical decision-making and patient
management.

Setting
Medical doctors and nurses from four National Health System
Local Health Units (LHUs) in Portugal, who were pilot-testing
UpHill Route v3, were invited to participate. These professionals
were trained in using UpHill Route v3 as part of the software
implementation framework, as described in the software
technical documentation and instructions for use. As part of the
implementation process, clinical content embedded in the
software was validated and approved, meaning that clinical
leaders from the enrolled institutions approved the protocols
reflected on the software.

The inclusion of patients in UpHill Route v3 was the exclusive
responsibility of HCPs, who were instructed and trained to use
the software in accordance with the technical documentation
for noncritical patients in non-critical clinical settings.

The study encompassed the central, capital, and southern coastal
regions of Portugal and conducted from May 2023 to April
2024. The LHUs—Litoral Alentejano, Amadora Sintra,
Coimbra, and São José—serve a combined population of over
1.40 million people across 17,660 km². This vast region includes
urban and suburban populations, and the clinical journeys in
these four LHUs include heart failure, multimorbidity (ie,
combined heart failure, chronic obstructive pulmonary disease,
and diabetes), diabetes, and colorectal and breast cancer, which
represent a diverse spectrum of chronic diseases with frequent
acute care interventions.

Participants
To be eligible for this study, participants were required to be
part of the HCP user base at the previously described health
units that were pilot testing UpHill Route v3 in their daily
practice and to have completed the training sessions in the
proper use of the software. The instruction to use UpHill Route
v3 only in noncritical settings was directly related to the targeted
diseases, which were chronic or elective conditions integrated
into predefined care pathways. The HCPs were briefed on the
appropriate use of the system, and adherence to this criterion
was monitored through participant feedback and usage data.

It is important to note that the device does not autonomously
provide care to patients, and all the content and behavior are
based on the locally validated clinical pathway. All participants
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provided informed consent to be included in each care journey,
ensuring their voluntary participation.

Endpoints and Variables
The primary aim was to study the perceived usefulness of this
PDCP captured through a questionnaire administered to HCPs
piloting UpHill Route v3. This questionnaire was developed so
that the constructs under each question contributed to
understanding the perceived usefulness of UpHill Route v3: (1)
adherence to clinical protocols (ease of compliance with
protocols; (2) clinical decision support (measure of
recommendation relevance); (3) improvement in patient care
(perceived value of the presented recommendations to the
patient); (4) task management (time-saving benefits); and (5)
confidence in patient management (reliability of support for
delivery of exhaustive and proper care). Each question was
answered using a Likert scale ranging from 0 to 10, indicating
the participant’s level of agreement with the presented
component concerning PDCP usefulness. The questionnaire
was written in Portuguese and distributed to participants via
email. It is available in the supplementary materials (Multimedia
Appendix 1).

The secondary aim was to describe the number and type of
decisions supported by the software, by analyzing
human-computer interactions made on the UpHill Route v3
graphical user interface. Decisions made with the support of
the software are encapsulated in decision gateways, which are
elements within UpHill Route v3 that prompt decision-making
based on specific criteria. These criteria may be related to the
patient’s condition, signs and symptoms, or clinical results.
Multimedia Appendix 2 represents an example interface for
UpHill Route v3 graphical interface for the type 2 diabetes
mellitus clinical pathway of a test patient. In this interface, HCPs
are presented with patient-specific actions and decisions in the
center panel. On the right panel, supportive complementary
information related to the selected action or decision in the
central panel is presented to the HCP. Data were collected from
user interactions with UpHill Route v3, as well as from its
internal database. Participants were characterized according to
demographic variables (eg, sex, age) and years of clinical
experience. Additionally, information on academic activity as
a binary variable indicating whether participants were involved
in academic roles alongside their clinical duties was collected.

Data Sources/Measurement
Primary objective data were collected through an online
questionnaire. The questionnaire (in Portuguese) was delivered
through Microsoft Forms and sent to the participants through
email and are available in Multimedia Appendix 1. The analysis
of the data was done using Microsoft Excel and STATA (version
14; StataCorp).

Secondary objective data were collected through queries from
UpHill Route v3 internal database.

Data Processing Protocol
Data were collected from the software’s database to describe
the number and type of decisions supported by the software.
The database recorded each option clicked on by the user for

each pathway element. Then, these data were aggregated by
pathway elements (ie, actions and decisions), each with a unique
identification number. To analyze these elements and their
selected options, queries on the database were performed,
aggregating the same pathway element across all patient records.

Decisions were categorized into one of the ten clinical decision
types as defined in the Decision Identification and Classification
Taxonomy for Use in Medicine (DICTUM) [10]. These includes
gathering additional information, evaluating test results, defining
problems, drug-related decisions, therapeutic procedure-related
decisions, legal and insurance-related decisions, contact-related
decisions, advice, and precaution, setting treatment goals, and
deferment.

Actions were categorized as clinical if assigned to nurses or
physician profiles, or as nonclinical if assigned to administrative
profiles. For example, clinical tasks included the
recommendations to request a mandatory diagnostic test, while
nonclinical tasks involved appointment scheduling. All data
were aggregated by pathway elements, combining all the patient
records without any identifiable patient variable.

Study Size
For the primary objective, all 48 potentially eligible HCPs who
were actively piloting UpHill Route v3 at the time of study
recruitment were invited via email to answer the questionnaire.

For the secondary objectives, internal data were retrieved
anonymously for HCPs and patient data. Therefore, data from
the activities of all 48 professionals was analyzed.

Statistical Methods
Descriptive statistics were used to summarize the demographic
characteristics of the participants. Continuous variables were
summarized with central tendency and dispersion measures,
namely mean and standard deviation. Categorical variables were
reported as relative and absolute frequencies. Bivariate analysis

was conducted with a χ2 test for categorical variables and a
2-tailed Student t test for continuous variables.

To address the primary objective, responses collected from the
questionnaire were analyzed by calculating mean scores and
measures of dispersion (standard deviation) for each question.
Higher mean scores indicated greater perceived usefulness of
UpHill Route v3, while low dispersion reflected stronger
agreement among participants regarding the software’s
usefulness.

To address the secondary objective, we categorized and counted
the types of decisions involving human-computer interaction,
which were presented as absolute and relative frequencies.
Additionally, we analyzed the tasks suggested by UpHill Route
v3 within each care pathway, reporting these tasks as
percentages.

Ethical Considerations
This research project was submitted and approved by NOVA
Medical School under the main author’s PhD research project
“Characterizing uncertainty in decision making with complex
multimorbidity patients,” (No.108/2021/CEFCM) (Multimedia
Appendix 3). The study involved secondary analysis of existing
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data for which informed consent was obtained at the time of
initial collection, and the original consent and institutional
review board approval covered secondary analysis without
requiring additional consent from the participants. All data used
in this study were fully anonymized to ensure privacy and
confidentiality. No compensation was provided to participants.

Results

A total of 22 participants answered the questionnaire (response
rate, 46%). The mean age of the participants was 44.7 (SD 10.6)
years, while mean years of experience was 20.6 (SD 11.0) years.
Of the 22 participants, 15 (68%) were female; 9 (41%) were
medical doctors, and the remaining 13 (59%) were nurses.
Additionally, 2 (9%) of participants were involved in academic
activities.

Bivariate analysis showed no significant associations between
gender and medical doctor status (P=.30), gender and nurse
status (P=.13), or gender and involvement in academic activities

(P=.66). Similarly, t tests for continuous variables indicated no
significant differences in age (P=.54) or years of experience
(P=.44) between male and female participants.

Perceived Usefulness of UpHill Route V3
Participants rated the statement “UpHill Route v3 makes it
easier to manage patients according to the clinical protocols of
my institution” with a mean score of 8.06 (SD 1.73), a statement
that aimed to assess the ability to easily comply with protocols.
Focusing on clinical decision support, the statement “the UpHill
Route v3 provides me with relevant clinical recommendations
at the right time” received a mean score of 8.05 (SD 1.73). For
the statement “the UpHill Route v3 helps me to improve my
patient care”, which evaluated the sense of patient care
improvement, the mean score was 7.63 (SD 2.22). Finally, for
confidence in patient management, “the UpHill Route v3 gives
me more confidence that my patients are being properly cared
for” received a mean score of 8.26 (SD 1.56). The results of the
questionnaire are presented in Table 1.

Table . Results of the questionnaire applied to HCPsa to assess the perceived usefulness of the UpHill Route v3b.

Mean score (SD)Question

8.06 (1.73)UpHill Route v3 makes it easier to manage patients according to the clin-
ical protocols of my institution

8.05 (1.73)The UpHill Route v3 provides me with relevant clinical recommendations
at the right time

7.63 (2.22)The UpHill Route v3 helps me to improve my patient care

8.26 (1.56)The UpHill Route v3 gives me more confidence that my patients are being
properly cared for

aHCP: health care practitioner.
bResponses collected from the questionnaire were analyzed by calculating mean scores and measures of dispersion (standard deviation) for each question
using the Likert scale ranging from 0 (do not agree) to 10 (totally agree) indicated the participant’s level of agreement with UpHill Route v3..

There were no significant differences in the perceptions of
effectiveness of the UpHill Route v3 between physicians and
nurses, as well as between genders.

Overall, the demographic characteristics or perceived usefulness
of the UpHill Route v3 did not significantly differ based on
gender or professional role (ie, medical doctor vs. nurse).

Decisions Supported by the Software
Data were collected from heart failure, diabetes, and cancer
(colorectal and breast) care pathways across the four different
institutions (ie, LHUs).

Forty-eight HCPs used UpHill Route for supporting decisions
of a total of 3574 patients, with 25,741 decisions captured. HCPs
answered 427 decision gateways, performed 9254 actions, and
the system generated 2429 clinical notes. Overall, there were
37,534 activities (ie, sum of decisions, actions, and notes)
performed in UpHill Route v3. These results are summarized
in Table 2.
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Table . Aggregated data of human-computer interactions across care pathways.

Total activities per
pathway, n (activi-
ties per patient)

Clinical notes
(n=2429)

Actions (n=9254)Decisions
(n=25,741)

Gateways (n=427)Patients (n=3574)Local health unit
(Care pathway)

10,819 (19.5)02570824976609Litoral Alentejano
(heart failure)

13,030 (17.8)0235010,680207668Litoral Alentejano
(multimorbidity)

2041 (5.8)013566853355Coimbra (colorec-
tal cancer)

1883 (9.3)14485688325202São José (colorectal
cancer)

2064 (9.3)107107987832223São José (breast
cancer)

7697 (5.1)217810534466841517Amadora/Sintra
(diabetes)

37,534 (10.5)—————aTotal

aNot applicable.

The Litoral Alentejano multimorbidity care pathway presented
the highest number of activities per patient, with an average of
19.5 activities, followed by the Litoral Alentejano heart failure
care pathway which exhibited a high level of clinical activity,
with 17.8 activities per patient. São José colorectal and breast
cancer pathways had an average of 9.3 activities per patient.
Coimbra colorectal cancer and Amadora/Sintra diabetes care
pathways averaged 5.8 and 5.1 activities per patient,
respectively. Overall, the mean number of clinical activities per
patient performed in the four health institutions using the UpHill
Route v3 was 10.5.

As part of the secondary objective, the categorization of clinical
decisions showed that the majority of decisions (9215/25,841,
35.7%) were related to “defining problem”, followed by
“gathering additional information” (n=5759, 22.3%) and
“treatment goal” (n=4845, 18.7%). The distribution of these
decisions varied across different care pathways, with Litoral
Alentejano multimorbidity and heart failure accounting for the
largest proportions, representing 41.3% (n=10,678) and 31.9%
(n=8251) of the total decisions, respectively. Other decision
types, such as “contact-related” and “therapeutic
procedure–related,” accounted for smaller proportions, 7.0%
(n=1814) and 5.0% (n=1280), respectively. This distribution
highlights the diverse range of decision types supported by
UpHill Route v3, tailored to the specific needs of different
clinical contexts. The results of the decision categorization,
presented by clinical journey are summarized in Multimedia
Appendices 4 and 5 .

While analyzing decision types, a total of 1814 (n=7.0%)
decisions were found to be contact-related. These involved
admitting or discharging patients, scheduling follow-ups, and
referring patients to other parts of the health care system. There
were 460 (1.8%) deferment decisions, which involved actively
delaying or rejecting a decision on a problem presented by the
patient. The highest number of decisions were defining-problem
decisions, totaling 9215/25,841 (35.7%). These complex,
interpretative assessments defined what the problem was,

including diagnostic conclusions, evaluations of health status,
etiological inferences, and prognostic judgments. A total of
1415 (5.5%) decisions were related to drug therapy, which
involved starting, stopping, altering, or maintaining a drug
regimen. There were 1053 (4.1%) decisions related to the
evaluation of test results, involving simple, normative
assessments of clinical findings and tests. A total of 5759
(22.3%) decisions were aimed at gathering additional
information, which involved obtaining information from sources
other than patient interviews, physical examinations, and patient
charts. There were 1280 (5.0%) decisions related to therapeutic
procedures; these involve planning, performing, or refraining
from therapeutic interventions. A total of 4845 (18.7%)
decisions were related to setting treatment goals, which involved
defining specific objectives for patient care. The comprehensive
details of each decision type’s categorization can be found in
Multimedia Appendix 6.

Discussion

Principal Findings
This study evaluated the perceived usefulness and practical
implementation of the UpHill Route v3 as a PDCP in various
clinical settings. The primary outcome focused on the perceived
usefulness of the system, as assessed by HCPs through a
structured questionnaire. The results demonstrated high scores
across multiple dimensions, including adherence to clinical
protocols, clinical decision support, and confidence in patient
management. Specifically, participants rated the system highly
in the ease of adhering to clinical protocols by providing relevant
clinical recommendations, demonstrating that HCPs perceive
UpHill Route v3 as a valuable tool in clinical settings. Our
analysis found no significant differences in the perceived
usefulness of UpHill Route v3 between genders or professional
roles (medical doctors vs nurses). This lack of disparity indicates
that UpHill Route v3 is perceived to be equally beneficial across
different demographic and professional groups within health
care settings. Overall, this posits that the software with its
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decision support capabilities proves valuable in adhering to
clinical guidelines, providing relevant clinical guidance,
enhancing patient care, and instilling confidence in the provided
care.

The high scores across multiple dimensions of perceived
usefulness indicate that HCPs find the UpHill Route v3 system
valuable for clinical decision support. The system’s ability to
integrate clinical protocols and provide timely recommendations
appears to enhance both clinical efficiency and the quality of
patient care.

Concerning secondary outcomes, the data indicated significant
usage of clinical activities being supported by UpHill Route v3,
averaging 10.5 activities per patient. There were expected
variations in clinical activities per patient across different care
pathways. Litoral Alentejano multimorbidity and heart failure
cases required the most activities per patient, suggesting highly
complex pathways with numerous decision points. These care
pathways naturally require more complex clinical activity for
the management of these conditions. In contrast, Coimbra
Colorectal Cancer and Amadora Sintra Diabetes involved fewer
activities per patient, reflecting a more focused and shorter
clinical pathway in those users. The distribution of decisions
supported by UpHill Route v3 varied significantly, with
defining–problem decisions and gathering additional information
being the most common. This finding is consistent with the
complex nature of clinical diagnostics and the need for
comprehensive information gathering to inform clinical
decisions in the follow-up phase of symptomatic chronic
diseases such as heart failure or multimorbidity [11]. The
system’s ability to support these critical decision types highlights
its relevance and utility in clinical practice. Overall, the
categorization of decisions and tasks demonstrates the system’s
versatility in supporting various aspects of patient management,
from diagnosis and treatment to follow-up care. These findings
suggest that the UpHill Route v3 system can effectively bridge
the gap between clinical guidelines and real-world practice,
potentially leading to improved patient management.

The study’s findings on UpHill Route v3 align with existing
literature on the effectiveness of CDSS in healthcare [12]. Our
findings emphasize the importance of CDSS, particularly PDCP,
in providing timely and accurate decision support, through
personalization and longitudinal continuity, which is crucial for
clinicians in complex and dynamic environments [13]. This
aligns with findings from multiple systematic reviews and
studies. Although many CDSS enhance practitioner
performance, evidence of their impact on patient outcomes
remains limited and inconsistent, indicating a need for further
research[14]. A recently published systematic review and
meta-analysis focused on the primary prevention of
cardiovascular disease demonstrated that CDSS were effective
in improving blood pressure clinical target attainments.
However, multilayered barriers affecting the uptake, longer-term
use and active engagement from clinicians and patients may
hinder their full potential in achieving other quality-of-care
outcomes [15]. While digital care pathways have shown promise
in optimizing the efficiency of care delivery, effective
implementation requires training, resource allocation, support

for information management, and optimizing alert algorithms
to manage information overload [16,17].

The positive feedback on UpHill Route v3’s decision support
capabilities reinforces the concept that a PDCP as a CDSS can
enhance clinical decision-making and patient management, and
the subsequent step for PDCPs is likely to be task automation
of predictable and mandatory tasks. Previous findings in the
literature highlight its benefits. For instance, a systematic review
by Jones et al [18] highlighted how task automation through
CDSS can streamline workflows, reduce administrative burdens,
and minimize human errors, allowing HCPs to focus more on
direct patient care.

Future research should explore the long-term impacts of task
automation on clinical outcomes and examine how the
integration of PDCPs with other health care technologies can
provide efficient orchestration of patient health care.

Several limitations and potential sources of bias need to be
acknowledged in this study. First, only 22 HCPs replied to the
questionnaire, a small number that may limit the generalizability
of the findings, although they worked at multiple health care
centers. Additionally, the study relied on self-reported data to
assess the perceived usefulness of the system, which could be
subject to response bias. Despite anonymization, participants
may have provided favorable responses due to social desirability
or perceived expectations of the study organizers. However, a
strength of the study is the inclusion of aggregated data from
diverse patient populations (eg, heart failure, diabetes, breast
and colorectal cancer) across various clinical settings (ie,
primary and secondary care) and contexts (ie, urban and rural).

Although all authors are affiliated with UpHill Health, S.A.,
the study design, data collection, and analysis were conducted
using standardized methodologies to ensure objectivity. The
findings were interpreted transparently and align with prior
research on clinical decision support systems, reinforcing their
validity.

While the study’s findings are promising, the small sample size
limits the generalization of the results. Future research should
aim to include a larger and more diverse cohort across multiple
health care settings (ie, various specialties and practice settings)
and geographic regions to enhance external validity and
applicability to broader clinical contexts. We speculate that
variations in health care system infrastructure, clinical
workflows, cultural factors, and user experience levels may
influence the adoption and perceived effectiveness of PDCP.

Additionally, this study primarily focuses on short-term
implementation outcomes. Future research should adopt a
longitudinal approach to evaluate sustained adherence to
protocols, patient outcomes, and cost efficiency, allowing for
a more comprehensive assessment of the long-term impact of
the UpHill Route v3 system on clinical outcomes and health
care efficiency. Despite these limitations, the positive qualitative
feedback and the objective quantitative interaction with the
software by HCPs suggest that the UpHill Route v3 system is
a valuable tool in various clinical settings, supporting
decision-making and enhancing patient care.
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Conclusion
This study demonstrates that HCPs highly value PDCPs as
CDSSs for enhancing adherence to clinical protocols, providing
timely recommendations, and improving patient care. The
system showed significant activity, with several decisions
supported across various clinical journeys and settings.

Despite the study’s small sample size, the anonymous nature
of the questionnaire and objective secondary outcome data

provide robust evidence of the system’s effectiveness across
different clinical scenarios such as chronic, oncological, and
surgical conditions. Further research with larger and more
diverse populations is needed to confirm these findings and
explore the system’s long-term impact.

In summary, the PDCP systems support clinical decision-making
and operational efficiency and promote the accurate execution
of a wide range of clinical activities in patient management in
health care settings.
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Abstract

Background: The use of digital technologies, such as mobile apps, Zoom (Zoom Communications), virtual reality, and video
games, to promote physical activity in individuals with autism spectrum disorder (ASD) has been increasing. However, there are
no studies using ChatGPT (OpenAI), a popular tool in recent years, for promoting physical activity in children with ASD.

Objective: This study aimed to evaluate the feasibility and potential effectiveness of ChatGPT-delivered physical activity
interventions in children with ASD.

Methods: A total of 26 families (parent-child dyads) participated in the study. Families were randomly assigned to an application
group (n=13) and a control group (n=13). In the application group, parents implemented physical activities recommended by
ChatGPT for their children with ASD. Data were collected using the Leisure Time Exercise Questionnaire (LTEQ) and a feasibility
questionnaire.

Results: Parents reported that ChatGPT-delivered physical activities were a feasible intervention to increase physical activity
levels in children with ASD. They also found the activity content suggested by ChatGPT to be interesting and useful. LTEQ
measurements corroborated these findings, showing a significant increase in the physical activity levels of children in the
intervention group after the intervention.

Conclusions: The results suggest that ChatGPT-delivered physical activities could be a promising intervention to enhance
physical activity in children with ASD. Further investigation is warranted.

(JMIR Hum Factors 2025;12:e71119)   doi:10.2196/71119

KEYWORDS

autism spectrum disorder; physical activity; parent; ChatGPT; child

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder that commonly emerges in early childhood and is
characterized by the deficiencies in social interaction and
communication skills and the restricted-repetitive behavioral
patterns [1]. ASD negatively affects the behavioral, social,
cognitive, and mental functions of children diagnosed with this
disorder [2], as well as their physical activity levels [3]. Recent
studies have revealed that children with ASD are less physically
active than their typically developing peers [4], and that these
children tend to lead sedentary lives [5]. Many individuals with
disabilities, including children with ASD, spend a lot of time
in sedentary behaviors such as watching television [6]. High
levels of inactivity, a concern for all children, is an important
issue to address since children with ASD have fewer
opportunities to participate in physical activity [7,8].

Participation in physical activity provides many benefits to
children with ASD in terms of physical and mental health [9-11].
Studies examining physical activities in children with ASD have

revealed that physical activities can have a positive effect on
manipulative and locomotor skills [12-14]. At the same time,
some studies have found that physical activity helps increase
the self-confidence and self-efficacy of children with ASD
[10,14]. Furthermore, some studies have shown that stress and
anxiety levels of children with ASD, who participate in physical
activity, decrease [15] while their social and communication
skills improve [16,17].

Despite the numerous health and social benefits of regular
physical activity, there are many potential barriers that limit the
participation of children with ASD in physical activity [9]. To
explain the barriers that cause physical activity deficiencies in
children with ASD, some studies focus on characteristic features
of ASD, such as inadequate motor skills (joint flexibility,
balance, speed, etc), biophysical behaviors (inattention and
hyperactivity), and communication disorders [18-20]. Other
studies have drawn attention to the limitations in the
sustainability of current physical activity interventions for
children with ASD [21]. Current physical activity interventions
aimed at increasing the physical activity level of children with
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ASD often require specialist support (teacher, medical clinician,
or physiotherapist), costly specialized equipment, and unnatural
environments (school, horse, pool, or equine therapy center,
etc) [21]. In most cases, access to existing physical activity
programs is limited to people living in areas where specialists
provide services [22], and especially during global crises such
as COVID-19 pandemic, children with ASD may have limited
access to physical activity [3]. For this reason, it is stated that
there is a need for an alternative physical activity presentation
that children with ASD can do at home with their parents and
reach a wider audience.

Recent studies have suggested that internet technologies,
programs, and apps may have significant potential in promoting
physical activity in children with ASD and creating a more
sustainable physical activity presentation [21,23,24]. Among
these apps, conversational agents using large language models
(LLMs), which have recently become widely used worldwide,
have attracted attention as powerful information search tools
for children with ASD [25]. Their ability to produce contextually
relevant and consistent text positions conversational agents
using LLM as potential agents, especially for educational content
[26]. Extensive information can be easily accessed anytime and
anywhere by simply typing a query about individuals with ASD
into conversational agents, usually exemplified by ChatGPT
(OpenAI) [27,28]. Conversational agents using LLM provide
useful information about daily living for individuals with ASD,
such as daily tasks, personal care, and social interaction [29,30].

Although there are different conversational agents such as
ChatGPT, BERT (Google), Cipherbot, and DeepSeek in the
literature, it has been seen that ChatGPT is frequently used for
children with ASD. These studies [31-35] included important
information about application protocols and ChatGPT prompts.
For this reason, this study used ChatGPT to deliver physical

activities to parents of children with ASD. Released by OpenAI
in November 2022, ChatGPT is an open AI language model
that produces human-like responses to text-based prompts [36].
ChatGPT, which can run on a phone, tablet, or computer, can
understand responses in a variety of languages, write stories of
different types and lengths, summarize information in complex
texts, provide explanations on various topics, and even refuse
to respond to inappropriate prompts [37]. ChatGPT is also a
highly advanced app in that it can provide a continuous dialogue
by remembering what the user has said before in the
conversation thread [38]. Although limited in number, studies
[31-35] have revealed that ChatGPT can be a useful tool for
improving the social skills of children with ASD or for providing
information to parents about children with ASD. Although it is
a new topic, there is no study evaluating the effectiveness and
feasibility of ChatGPT-delivered physical activities in children
with ASD. Considering this gap in the literature, the aim of this
feasibility study was to examine the effectiveness and feasibility
of ChatGPT-delivered physical activities to increase the physical
activity level of children with ASD.

Methods

Study Design
This study was designed to evaluate the feasibility of
ChatGPT-delivered physical activities to increase the physical
activity level of children with ASD. A feasibility study examines
whether an intervention is suitable for further testing [39] and
allows the intervention procedure to be used in future studies
[21]. The feasibility process of the study was based on previous
studies that used feasibility measures to evaluate a web-based
intervention [21,22,24,40-42] and consisted of 5 stages (Textbox
1).

Textbox 1. Feasibility process of ChatGPT-delivered physical activity.

• Stage 1 (assessment for participant eligibility): The researcher collaborated with a local special education and rehabilitation center in Ankara to
recruit parents of children with autism spectrum disorder as participants.

• Stage 2 (ChatGPT training for parents): Parents attended three 40-minute training sessions that included information about ChatGPT and physical
activity.

• Stage 3 (preintervention measurements): A week before the intervention, the physical activity level of children with autism spectrum disorder.

• Stage 4 (intervention [4 weeks]): Parents practiced the physical activities recommended by ChatGPT for 40 minutes, 3 days a week for 4 weeks.

• Stage 5 (postintervention measurements): A week after the intervention, the physical activity level of children with autism spectrum disorder
and parents’ opinions on ChatGPT-delivered physical activities were evaluated.

Participants
The participants of the study were recruited from Ankara
province. The criterion sampling method was used in
determining the participants [43]. Inclusion criteria were
individuals agreeing to participate in the study voluntarily,
having a child diagnosed with ASD according to the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
criteria, and parents and children not having any health problems
that prohibit physical activity. In line with these criteria, support
was received from a special education and rehabilitation center
to identify parents. With the permission of the director of the

association, the primary researcher interviewed the participant
candidates on the phone and explained the aim of the study and
participation process to them. Consent forms were received
from all parents who voluntarily participated in the study via
email. A total of 26 parents (9 mothers and 17 fathers) and their
children with ASD participated in the study. All parents filled
out the demographic information form and physical activity
questionnaire (pretest) before the intervention and the feasibility
measures and physical activity questionnaire (posttest) after the
intervention. The characteristics of the parents and their children
with ASD are presented in Table 1.
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Table . The characteristics of the participants.

GroupsCharacteristics

Control (n=13)Application (n=13)

Children (n=26)

    Sex, n (%)

8 (62)6 (46)        Female

5 (38)7 (54)        Male

13.92 (3.52)14.38 (3.06)    Age (years), mean (SD)

    Diagnosis, n (%)

13 (100)13 (100)        ASDa

    Additional comorbidities, n (%)

1 (8)1 (8)        SD

7 (54)11 (84)        ID

5 (38)1 (8)        N

Parents (n=26)

    Gender, n (%)

4 (31)5 (38)        Female

9 (69)8 (62)        Male

44.07 (7.95)42.84 (7.70)    Age (years), mean (SD)

    Education, n (%)

3 (23)5 (38)        Secondary school

7 (54)4 (31)        High school

3 (23)4 (31)        University

    Income, n (%)

—b3 (23)        Low

8 (62)7 (54)        Middle

5 (38)3 (23)        High

aASD: autism spectrum disorder.
bNot available.

Intervention

ChatGPT Training for Parents
In this study, parents played an important role by actively
participating in ChatGPT-delivered physical activities and
helping their children with ASD. Parental participation was an
integral part of ChatGPT-delivered physical activities. To
prepare parents for this role, the researcher conducted three
40-minute training sessions. Each session lasted until parents
demonstrated proficiency. The first session focused on
developing parents’ skills in using ChatGPT. The researcher
explained to parents how to download ChatGPT and how to get
physical activity recommendations using ChatGPT. Then, the
researcher asked all parents to give ChatGPT the following
command: “Create a 4-week, 3-day, 40-minute physical activity
program that can be implemented at home for my child who
is…years old and has ASD.” The researcher discussed the
program created by ChatGPT with parents and told them to give
the following command to ChatGPT for physical activities they

did not understand: “What is…activity? Show me in detail.”
The researcher emphasized the importance of all parents using
the commands suggested by the researcher in order to optimize
the prompts. The second session included informing parents
about the parts of a physical activity (warm-up, cool-down, and
main part). The third session addressed strategies that parents
can use when providing physical activity to children with ASD.
These strategies generally included information about preparing
children with ASD for physical activities (wearing sports
clothes, social stories, and preview of activities and equipment),
organizing the environment where physical activities will take
place (safety, ventilation of the environment and sports pictures),
including other members of the family in physical activities
(parent and sibling participation), and reward is given. A special
WhatsApp (Meta) group was created to answer parents’
questions during the implementation of the ChatGPT-delivered
physical activities. Parents’ questions regarding the
implementation of the physical activities and the use of the
ChatGPT software were answered instantly via the WhatsApp
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group. In addition, at the end of the daily physical activity
session, parents chatted in the WhatsApp group to evaluate the
effectiveness of the session and explore the experiences of other
parents.

ChatGPT-Delivered Physical Activities
All parents, who completed the ChatGPT training, used
ChatGPT-delivered physical activities to increase the physical
activity levels of their children with ASD. One week before the
intervention, the researcher asked each parent to give ChatGPT
an appropriate command so that the physical activities were
age-appropriate for children with ASD and could be easily
carried out in the home environment. Although the content of
ChatGPT varied, it generally suggested physical activities to
parents consisting of 3 parts: warm-up, main part, and cool-down
(Table 2). The researcher asked parents to ask ChatGPT again
about the activities they did not understand about the activities
suggested by ChatGPT until the intervention began. In addition,

the researcher supported the parents by explaining the activities
they did not understand in the WhatsApp group. The parents
implemented the intervention for 40 minutes, 3 days a week for
4 weeks. The parents and the children with ASD participated
in the activities together. During the implementation process,
the researcher immediately answered the parents’ questions
about the activities and strategies in the WhatsApp group. In
addition, at the end of the daily physical activity session, the
parents chatted in the WhatsApp group to evaluate the
effectiveness of the session and prepare them for the next
session. In the interview, the researcher asked the parents
questions about the extent to which physical activities were
performed, who participated in physical activities, and what the
benefits of physical activities were. In this way, the researcher
tried to verify to what extent and how physical activities were
carried out. All parents and children with ASD completed the
4-week intervention. The recommended physical activities in
a typical week are shown in Table 2.

Table . Physical activities in a typical week recommended by ChatGPT.

ContentDay and physical activity

First day (movement and balance)

Opening and closing the arms up and to the sides; slow walking with the
knees pulled in; slow running in place.

Warming up (10 min)

Main exercise

Draw a line on the ground and have your child walk along this line.Balance line (5 min)

Try to keep your balance on the pillow.One leg on pillow (5 min)

Sit on the floor with your child and roll a large ball to each other.Rolling with ball (5 min)

Use a ring or cushion to bounce in and out.Jumping (5 min)

Slow walking and stretching movements (stretching the arms and
stretching the legs).

Cooling down (10 min)

Second day (coordination and movement)

Stretching arms and legs; animal walks (bear walk, frog leap).Warming up (10 min)

Main exercise

You and your child throw and catch a large ball to each other.Throwing and catching balls (10 min)

Rolling back and forth on a large cushion.Rolling on the mat (5 min)

Exercises of standing on one leg and finding balance while turning
slightly.

Imitation games (5 min)

Slow breathing and yawning.Cooling down (10 min)

Third day (game day and free movement)

Free dance and simple movements with rhythmic music.Warming up (10 min)

Main exercise

Play a game with your child by holding balloons in the air.Balloon games (10 min)

Set up a simple track with cushions and chairs inside the house and have
your child walk through the track (crawling, walking, and jumping).

Obstacle course (10 min)

Slow paced walking and light stretching.Cooling down (10 min)

Data Collection

Overview
Data were obtained with the following 2 tools: (1) Feasibility
Questionnaire and (2) Leisure Time Exercise Questionnaire

(LTEQ). Measurements were made 1 week before and after the
intervention. Data were collected via Google forms. The
researcher shared the Google form links in the WhatsApp group
and asked all parents to complete the forms in the links within
1 week. A personal information form was used to obtain
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information about the demographic characteristics of parents
(age, gender, and level of education) and children with ASD
(age, gender, additional comorbidities, and number of people
in the household).

Feasibility Questionnaire
Parents rated their ChatGPT-delivered physical activities via
the Feasibility Questionnaire after the 4-week intervention.
Questionnaire questions were designed considering previous
studies investigating the physical activity level of children with
ASD [3,21]. Questionnaire questions included the following:
(1) how would you rate your overall experience with
ChatGPT-delivered physical activities, (2) how interesting were
the ChatGPT-delivered physical activities, (3) how beneficial
were the ChatGPT-delivered physical activities for your child’s
physical activity level, and (4) to what extent did you learn
about physical activity through ChatGPT? The Feasibility
Questionnaire was rated on a 5-point Likert-type scale (very
satisfied to not very satisfied, very to a little, very useful to not
useful at all).

Leisure Time Exercise Questionnaire
To assess the physical activity level of children with ASD before
and after the intervention, the researcher used the LTEQ
developed by Godin and Shephard [44]. The LTEQ has been
frequently used in previous studies [3,21,22,45-47] to determine
the leisure time physical activity level of individuals with ASD.
Memari et al [46] showed that the LTEQ has a good test-retest
reliability score that can be used to determine the physical
activity level of children with ASD. The questionnaire includes
questions about at least 15 minutes of leisure time physical
activity performed in the last 7 days and aims to determine the
number of times of strenuous-intensity physical activities,
moderate-intensity physical activities, and mild-intensity
physical activities performed in the last week. To calculate the
total score of the scale, high-intensity activities are multiplied
by 9, moderate-intensity activities by 5, and light activities by
3, and all are added together. The formula is as follows: weekly
leisure time activity score = (9 × strenuous intensity) + (5 ×
moderate intensity) + (3 × mild intensity). The calculated values
are added up and generally evaluate the individual’s leisure time
activity. In this evaluation, scores of 24 and above are classified
as “Active,” 14‐23 as “Moderately active,” and 13 and below
as “Not sufficiently active” [48]. The Turkish adaptation study
of the LTEQ was conducted by Yerlisu-Lapa et al [49]. As a
result of the exploratory factor analysis conducted to determine
the factor structure of the questionnaire, the total correlations
of the items were determined as 0.80, 0.76, and 0.65 for all 3
items, respectively, and it was found that 55% of the total
variance was explained and gathered under a single factor.
Test-retest reliability analysis yielded a Pearson correlation
coefficient of r = 0.84 for the entire Leisure-Time Exercise
Questionnaire (LTEQ), and 0.80, 0.76, and 0.72 for its vigorous,
moderate, and mild intensity subscales, respectively. To assess
equivalent form reliability, a comparison was made between
the LTEQ and the International Physical Activity
Questionnaire–Short Form (IPAQ-SF). The Spearman
correlation coefficient for the relationship between the two

forms was found to be ρ = 0.92, indicating a strong positive
correlation [49].

Statistical Analysis
Descriptive statistics (mean, SD, percentage, and frequency)
were used in the study for feasibility measurements,
demographic information, and frequency of participation in
physical activities. A 2-way mixed ANOVA (analysis of
variance; 2 groups × 2 time points) was used to determine the
effects of ChatGPT-delivered physical activities (from baseline
to intervention) on the physical activity level of children with
ASD. All these statistical processes were carried out with the
SPSS package program (version 25.0; IBM Corp).

Ethical Considerations
The research was approved by the Bayburt University
noninterventional clinical research ethics committee (number
209) on July 23, 2024. This study was approved by the Ethics
Committee of  Bayburt  Universi ty  (no.
E-15604681-100-215816). Informed consent was obtained from
the legal guardians of the participants. Participation was
voluntary, and the participants had the right to withdraw from
the study at any time. For secondary analyses using existing
data with primary consent, the original consent or institutional
review board approval covers secondary analyses without
additional consent. Data have been anonymized and deidentified
(pseudonyms were used in the study to protect the identities of
the participants. Participant names were listed as P1, P2, P3,
and so on. No financial compensation was given to the
participants, but small symbolic rewards (stickers, reward cards,
etc.) were given.

Results

Parental Opinions and Feedback on Feasibility of
ChatGPT-Delivered Physical Activity
All parents expressed that they were very happy to participate
in the ChatGPT-delivered physical activities. According to the
parents, the ChatGPT-delivered physical activity content was
interesting and very useful. Parents stated that the
ChatGPT-delivered physical activities positively affected the
physical activity levels of their children with ASD. Parents
reported that they gained important information about physical
activity through ChatGPT. In total, 92% (12/13) of the parents
participated in the discussions in the WhatsApp group and
shared pictures and videos of their children in the group.

Physical Activity Level
In order to determine the effect of ChatGPT-delivered physical
activities on the physical activity level of children with ASD,
a 2-way mixed ANOVA (2 groups × 2 time points) test was
performed (Table 3). While the mean physical activity score of
children with ASD in the application group was 6.69 (not
sufficiently active) before the intervention, their physical activity
score increased to 34 (active) after the intervention. In contrast,
while the mean physical activity score of children with ASD in
the control group was 7.46 (not sufficiently active) before the
intervention, their physical activity score decreased to 7.23 (not
sufficiently active) after the intervention. Regarding the mean
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physical activity scores, 2-way mixed ANOVA revealed a

significant group effect (F1, 24=108.769; P<.05, ηp2=.819), a

significant time effect (F1, 24=341.333; P<.05, ηp2=.934) and a

significant group × time interaction (F1, 24=353.069; P<.05,

ηp2=.936) on the physical activity level of the participants in
the application and control groups.

Table . Analysis of variance results related to the pretest-posttest physical activity scores.

Partial eta squared

(ηp2)

P valueF test (df)Mean squareType III sum of
squares

Source

9969.231Between-Subjects

.819<.001a108.769 (1, 24)2197.0002197.000    Group (A/C)

———b20.199484.769    Error

5014.999Within-subjects

.934<.001a341.333 (1, 24)2382.7692382.769    Time (pretest-
posttest)

.936<.001a353.069 (1, 24)2464.6922464.692Time group

———6.981167.538    Error

aSignificant at P<.05.
bNot applicable.

Since ANOVA results reveal a significant group × time
interaction, the adjusted Bonferroni value was used to determine
whether there was a change in application and control groups
over time. As reported in Figure 1, pair-wise comparisons
revealed the significant increase in the preintervention physical

activity scores of children with ASD in the application group
compared with their postintervention physical activity scores
(adjusted Bonferroni: P<.05, difference: +27.308); this was not
the case in the control group (adjusted Bonferroni: P>.05,
difference: −0.231).

Figure 1. Mean physical activity scores of the groups in preintervention and postintervention.

Discussion

Principal Findings
The aim of this study was to examine the effects of
ChatGPT-delivered physical activity intervention on the physical
activity level of children with ASD. The results revealed that
there was a positive and significant increase in the physical
activity level of children with ASD in the application group
after ChatGPT-delivered physical activities compared with
children with ASD in the control group. Current physical activity
interventions that aim to increase the physical activity level of

children with ASD generally include physical activity programs
such as karate [50], swimming [51], summer camp [52], fitness
[53], and therapeutic horseback riding [54]. Systematic reviews
suggest that participation in existing physical activity programs
has a positive effect on the developmental domains of children
with ASD [10,12]. Despite these promising findings, there are
some limitations in the sustainability of current physical activity
interventions [24]. Current physical activity interventions are
often disrupted due to dependency on professionals, unnatural
environments, and high costs [21]. In most cases, access to
current physical activity programs is limited to people living in
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areas where professionals provide services [22]. In fact, in
situations such as school closures due to COVID-19 pandemic,
children with ASD have completely restricted access to physical
activity [55]. Realizing this, researchers have recently begun to
show interest in alternative physical activity interventions that
can reach more people and that children with ASD can do at
home with their families [3]. Various studies have been
conducted on sustainable physical activity interventions,
especially for children with ASD who cannot access physical
activity [21,24,56]. The results of the studies revealed that
physical activities provided remotely via WhatsApp and
Facebook (Meta) are effective interventions to increase physical
activity in children with ASD.

As seen in the literature, alternative physical activity
interventions for children with ASD have been focused on social
media platforms. Although it is a new topic, no study has been
found using ChatGPT to improve the physical activity level of
children with ASD. To our knowledge, this is the first study to
evaluate the feasibility of ChatGPT-delivered physical activities
to increase the physical activity level of children with ASD. In
the study, it was taken into consideration that parents have a
critical role in the participation of their children with ASD in
physical activity [57,58], and parents assumed an important
responsibility in the entire process. The parents who participated
in the study reported that ChatGPT-delivered physical activities
were a feasible and useful intervention to increase the physical
activity level of children with ASD. Despite these positive
findings, the parents did not understand some of the physical
activity content in the WhatsApp group and consulted the
researcher about the content. The researcher asked the parents
to reprompt ChatGPT regarding the content they did not
understand, and the problem was solved in this way. In
conclusion, this study demonstrated that ChatGPT-delivered
physical activities effectively increased the physical activity
level of children with ASD. The findings provided preliminary
evidence that ChatGPT-delivered physical activities could be
an alternative physical activity that can be easily implemented
in the home environment by parents.

Limitations of the Study
Although the study is a pioneering study examining the
effectiveness of ChatGPT-delivered physical activities for

children with ASD, it has some limitations. Since the study was
conducted as a feasibility study, ChatGPT-delivered physical
activities were implemented for only 4 weeks. In addition, a
follow-up test was not conducted for the physical activity level
of children with ASD. Therefore, it may be difficult to interpret
the durability of the effects of ChatGPT-delivered physical
activities on the physical activity level of children with ASD.
Since the sample consisted of 26 families (parent and child
dyads), the generalizability of the survey results regarding the
physical activity level of children with ASD may be limited.
ChatGPT training was organized to prepare the parents in the
intervention group to implement physical activities. However,
no interviews were conducted regarding the ChatGPT training
to determine the perceived usefulness of this training. We relied
on the self-report measures of the parents regarding the
diagnoses and physical activity level of the children with ASD
who participated in the study, did not make any observations,
and excluded the perceptions of the children with ASD about
the activity program.

Implications for Future Research
Future studies may use measurements such as those obtained
via observation or pedometers, in addition to the LTEQ, to
assess the physical activity levels of children with ASD during
ChatGPT-delivered physical activities. This study does not
provide any information on comparing ChatGPT-delivered
physical activities with other physical activity programs. Future
studies may compare the effects of ChatGPT-delivered and
face-to-face physical activities. Future studies may include
interviews with parents about the benefits of ChatGPT training
organized for parents. We used ChatGPT version 4.0 in the
study. Since this version only included verbal information,
parents did not understand some of the content related to
physical activity. Future studies may provide a more
understandable process for parents by using different versions
of ChatGPT that include image and video support. Furthermore,
future studies can use different conversational agents such as
BERT, Cipherbot, and DeepSeek to deliver physical activities
to parents of children with ASD.
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Abstract

Background: Colonoscopy is the standard diagnostic method for colorectal cancer. Patients usually receive written and verbal
instructions for bowel preparation (BP) before the procedure. Failure to understand the importance of BP can lead to inadequate
BP in 25%-30% of patients. The quality of BP impacts the success of colonoscopy in diagnostic yield and adenoma detection.
We developed the “ColonClean” mobile health (mHealth) app for Android devices. It incorporates visual representations of
dietary guidelines, steps for using bowel cleansing agents, and observations of the last bowel movement. We used the Technology
Acceptance Model to investigate whether the use of the ColonClean mHealth app can improve users’ attitudes and behaviors
toward BP.

Objective: This study aims to validate the effectiveness of the ColonClean app in enhancing user behavior and improving BP,
providing safe and cost-effective outpatient colonoscopy guidance.

Methods: This study uses a structured questionnaire to assess perceived usefulness, perceived ease of use, and users’ attitudes
and behaviors toward BP regarding the ColonClean mHealth app. A total of 40 outpatients who were physically and mentally
healthy and proficient in Chinese were randomly chosen for this study. The data were analyzed using SPSS 25.0, and we used
Pearson product-moment correlation and simple regression analysis to predict the perception of ColonClean.

Results: The results showed that 75% (30/40) of participants achieved an “excellent” or “good” level of BP according to the
Aronchick Bowel Preparation Scale. Perceived usefulness and perceived ease of use of the ColonClean mHealth app were
positively correlated with users’ attitudes and behaviors (P<.05).

Conclusions: The ColonClean mHealth app serves as an educational reference and enhances the effectiveness of BP. Users
expressed their willingness to use the app again in the future and recommend it to family and friends, highlighting its effectiveness
as an educational guide for BP.

(JMIR Hum Factors 2025;12:e58479)   doi:10.2196/58479

KEYWORDS

mobile health app; bowel preparation; nursing guidance; technology acceptance model; mHealth; mobile health

Introduction

Colorectal cancer (CRC) is the third most prevalent cancer and
the second leading cause of cancer-related deaths worldwide
[1-3]. Colonoscopy is the standard diagnostic method for
colorectal cancer, and adequate bowel preparation (BP) is a
necessary and crucial step to effectively examine the entire
intestinal mucosa [4,5]. Currently, BP before colonoscopy is
primarily provided by nurses through paper-based nursing
instructions and oral explanations of relevant precautions [6,7].
This involves dietary restrictions and the use of bowel cleansing

agents to remove feces from the colon and facilitate visual
examination by physicians [8,9].

The explanations for BP are often lengthy, complex, and difficult
to understand and remember. As a result, the proportion of
inadequate BP ranges from 25% to 30% [10]. Poor BP could
lead to 42% of adenomas and 27% of advanced adenomas not
being diagnosed [11,12]. Inadequate BP also leads to a missed
detection of 10.55% for sessile polyps [13], which can develop
into CRC and are particularly difficult to identify as they lie
flat on the mucosal layer of the colon [9]. Incomplete
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colonoscopy increases the risk of cancer and requires
repreparation, adding to health care resource costs [14-16].

The European Society of Gastrointestinal Endoscopy guidelines
emphasize that good BP is essential for the diagnosis, treatment,
and removal of tumors and precancerous lesions, as well as for
the reduction of CRC incidence and its mortality rate. It ensures
the quality, safety, and effectiveness of colonoscopy in the
clinical examination environment. Adequate BP provides
optimal visualization for physicians during the examination,
facilitating the detection of polyps or other lesions [10,17].

During the COVID-19 pandemic in 2020, the need for a mobile
health (mHealth) app became evident [18,19]. Currently, nursing
instructions for BP mainly rely on paper-based materials
accompanied by oral explanations, multimedia instruction CDs,
or telephone interviews [20]. Using mobile apps can enhance
patient education for bowel cleansing [21,22]. Therefore, our
research team conducted a literature review and assessed current
needs to design and build the “ColonClean” mHealth app for
the Android operating system. The purpose of this study is to
validate the effectiveness of the ColonClean mHealth app in
enhancing users’ attitudes and behaviors toward BP through
the Technology Acceptance Model (TAM) by examining the
correlations among perceived usefulness, perceived ease of use,
usage attitudes, and actual usage behaviors. We aim for the
ColonClean mHealth app to serve as a comprehensive and
effective outpatient colonoscopy guidance tool, ultimately
improving the effectiveness of BP.

Methods

Ethical Considerations
This study is an interventional investigation conducted in
accordance with research ethics regulations. Approval from the
Institutional Review Board of Taipei Veterans General Hospital
was obtained prior to the commencement of the study (approval
number 2021-10-007AC). The study was conducted from
October 27, 2021, to December 31, 2022. Before enrolling
participants, the purpose and details of the study were explained
to them, and they provided informed consent by signing a
consent form. Throughout the research process, all participants’
privacy rights were strictly protected, and the collected data
were used solely for research purposes. Participants were not
compensated for their participation in this study.

Study Participants
G*Power 3.1.9.7 for Windows was used to analyze the
questionnaire data, considering a power (1-β) of 0.8, α value
of .05, a medium effect size of 0.3, and an estimated dropout
rate of 20%. As a result, a sample size of 40 participants was
determined. A total of 40 outpatients from the gastroenterology
and endoscopy center of the medical center were recruited. The
inclusion criteria were patients aged 20 years or older,
recommended by physicians to undergo colonoscopy, without

visual or hearing impairments, and without mental illnesses.
After explaining the purpose and content of the study and
obtaining written informed consent, paper-based nursing
instructions were provided along with verbal explanations of
ColonClean, and the BP was conducted. For easy access to
ColonClean, the participants downloaded the ColonClean
mHealth app on their mobile devices after scanning a QR code.
The nursing instruction process involved 1-on-1 teaching, with
an explanation lasting approximately 20 minutes in the
independent waiting area outside the outpatient visit room. Each
research participant was asked to submit feedback on their
experience with ColonClean within 3 days of their colonoscopy.

mHealth App (ColonClean)
Individuals aged ≥50 years are the target group for CRC
screening, making them the primary users of the ColonClean
mHealth app. Considering the physiological and cognitive
decline in older adults, it is crucial to design a user-friendly
interface to avoid difficulties in usage. The interface design for
older adults incorporates intuitive elements, clear and concise
text, and straightforward operational steps [23]. Contrast colors
were used for interface color schemes. The operational methods
are simple and clear, with functions executed through clicks or
straight-line swiping gestures [24,25]. All features were designed
to operate within a single page, avoiding menu structures with
more than 2 layers of information. This design reduces the
psychological pressure on older adults, who may be afraid of
making mistakes due to an unfamiliarity with technology; this
allows them to focus and read the important information
comfortably. Handwritten or voice inputs were preferred for
filling in the forms. Clear return or cancel buttons were placed
at the top or bottom of the screen. Considering the characteristics
of the users, the emphasis was on interaction and feedback rather
than simple page browsing to enhance the impression of BP.

The ColonClean mHealth app was developed using the Android
11 operating system due to its low development cost and
popularity among the general public [26]. The user interface
and content were designed using the Android app package, the
Java programming language, and a built-in database.

The screen display of ColonClean is divided into 3 sections:
top, middle, and bottom in a single-page layout for the main
screen. The top section displays the “Examination Date and
Time.” The middle section features 6 key topics arranged in a
zigzag pattern based on their importance. From left to right,
these topics include “Dietary Guidelines,” explaining the
necessary dietary education starting 3 days before the
examination as shown in Figure 1, and “Laxative Use,”
explaining the use of bowel cleansing medication. The “Fluid
Intake” screen is for recording the amount of fluid consumed
(Figure 2), while the “Stool Image Recognition” screen is for
providing images to identify the type of the last bowel
movement (Figure 3).
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Figure 1. Representative images of “Dietary Options” in ColonClean.

Figure 2. The “Hydration Intake Record” in ColonClean. Bowel preparation requires plenty of fluid intake to facilitate the passage of feces from the
bowel.

Figure 3. Images of the “Last Bowel Movement Type” section of ColonClean.

“Precautions” explains important points to keep in mind. The
bottom section of the screen, from left to right, includes the

“Home” button to return to the main screen; “Notifications,”
which displays text messages; “Medication,” which provides
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settings and modifications for regular medication or bowel
cleansing agents; and “Questionnaire,” which allows users to
provide feedback on their experience using the ColonClean
mHealth app.

The ColonClean app sent reminders and notifications to
participants in the experimental group starting 3 days before
their procedure. These notifications advised participants to begin
dietary restrictions, such as avoiding high-fiber fruits and
vegetables. Two days before the procedure, the app reminded
users to switch to a low-residue diet, focusing on foods like
congee or plain white noodles. The day before the procedure,
the app prompted users to follow a clear liquid diet, including
oil-free broth and sports drinks, and provided instructions on
taking BP medications.

The app utilizes tap and swipe gestures for navigation; for user
registration, it supports built-in Chinese phonetic input or
handwriting recognition on mobile devices. The interface
features a fresh color palette, primarily a warm lake green. Key
information is highlighted in red, and unnecessary content is
removed to offer concise summaries. Unique icons are designed
as entry pointers to access relevant content. Tapping on an icon
triggers entry into the main menu, which includes dietary
guidance, instructions on using bowel cleansing agents (via
images and videos), precautions for a colonoscopy, and fluid
intake records, and provides references to the type of last bowel
movement for understanding the differences compared to that
during endoscopy. The design allows users to navigate
intuitively, freely scrolling, tapping, and browsing related
content between pages [27,28]. Push notifications are
recommended to include instructions or prompts. Therefore,
through push notifications, users are informed about relevant
BP information to avoid any execution errors. Considering the
user groups are middle-aged and older adults, complex actions
are avoided. Instead, the key content is displayed directly in the
push notification message. When a notification is received,
users can click on the pushed message, which leads them to the
relevant page with clear instructions or recommendations to
view more detailed content. This approach reduces the chance
of users misunderstanding the message. The user-centered push
notification feature for BP steps enhances user engagement
[29,30].

Aronchick Bowel Preparation Scale
After completing a colonoscopy, the physician submits a rating
of the BP level using the Aronchick Bowel Preparation Scale
(ABPS) in the endoscopy report system [1,31,32]. The ABPS
is one of the most comprehensive and commonly used scales
to describe the visualization of the colon and assess the
percentage of stool covering the entire colon mucosa to explain
the state of BP [33]. Based on this assessment, the adequacy of
bowel cleansing is graded as excellent, good, fair, poor, or
inadequate [11,33-35]. In Taiwan, domestic quality indicators
for colonoscopy align with ABPS standards, targeting a 90%
or above rating for both “excellent” and “good” categories. This
ensures a high standard of care in colorectal screening,
enhancing procedural accuracy and improving patient outcomes
[36,37].

TAM
The TAM explains the behavior of users accepting new
information technology in the field of computer technology
[38]. Perceived usefulness and perceived ease of use affect
users’ attitudes toward adopting new technology, thereby
influencing willingness and usage behavior. The perceived ease
of use, perceived usefulness, attitudes, and behavior of outpatient
endoscopy patients toward the ColonClean mHealth app were
evaluated to assess their acceptance of using it. The
questionnaire adopted a 5-point Likert scale. The 4 dimensions
assessed by outpatient endoscopy patients after using
ColonClean were perceived ease of use, perceived usefulness,
attitudes, and usage behavior. The response options ranged from
1=“strongly disagree,” 2=“disagree,” 3=“neutral,” 4=“agree,”
to 5=“strongly agree.” Higher scores indicated a higher level
of agreement, while lower scores indicated a lower level of
agreement. The questionnaire was initially developed based on
literature references [39]. Three nursing informatics experts and
scholars were then invited to evaluate the applicability and
clarity of each question and to provide suggestions for
improvement.

The Cronbach α coefficient was used to assess the internal
consistency of the questionnaire items in this study. For the
perceived usefulness dimension, consisting of 6 items, Cronbach
α was 0.971. For the perceived ease of use dimension, consisting
of 6 items, Cronbach α was 0.950. For the attitude dimension,
consisting of 5 items, Cronbach α was 0.930. For the usage
behavior dimension, consisting of 6 items, Cronbach α was
0.976. The questionnaire comprised a total of 23 items, and the
Cronbach α coefficient for the scale was 0.986, indicating high
internal consistency, meeting the requirement of a Cronbach α
coefficient exceeding 0.7.

The structured questionnaire was designed and validated for
reliability and validity by 3 nursing informatics experts.
Participants accessed the questionnaire through a built-in link
within the app, with the collected data stored in the backend
management center for subsequent analysis.

Analysis
The data were analyzed using SPSS 25.0 (IBM Corp), with the
utilization of the Pearson product-moment correlation and simple
regression analysis to predict the perception of ColonClean.

Results

Demographic Characteristics
The demographic characteristics of the participants were as
follows: 17 males (43%) and 23 females (58%); 27 participants
aged ≥50 years (68%); and 35 participants with a high
school/vocational education or above (88%).

ColonClean
After completing their colonoscopy, each research participant
provided feedback on their experience with the ColonClean app
within 3 days.. The feedback highlighted several key aspects
of the app’s design that contributed to user satisfaction and
engagement:
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• User-centered design: Participants appreciated the intuitive
user interface, which maintained consistency in themes and
main menu content. The clear and simple instructions,
presented through a combination of text and visuals,
facilitated user-friendly navigation. This consistency helped
users feel more confident using the app.

• Examination date reminder: The feature displaying the
examination date at the top of the main menu was
well-received, as users felt it helped them stay organized
and aware of the timing, potentially increasing compliance
with preparation protocols.

• Graphic representations: Users found the unique graphic
representations of dietary restrictions particularly helpful,
as they enhanced understanding compared to traditional
text descriptions. This visual approach was seen as effective
in clarifying preexamination dietary options.

• Medication instructions: The clear, red-highlighted
instructions for using bowel cleansing agents, along with
drug images, dosage information, and timing, received
positive feedback. Users appreciated the visual cues that
simplified the medication process.

• Hydration tracking: Participants valued the hydration
tracking feature, which encouraged them to monitor their
water intake. Reminders to increase consumption when
below recommended levels and positive feedback for
meeting goals were highlighted as motivational elements
that enhanced their commitment to the BP process.

• Bowel movement comparison: The option to take a photo
of their last bowel movement and compare it with reference

images was particularly beneficial. Users reported that this
feature provided clarity on the required level of bowel
cleanliness, enhancing their understanding of preparation
requirements.

• Medication reminders and push notifications: The
integration of medication reminders, particularly for chronic
medications and anticoagulant discontinuation, was praised
for preventing potential issues during the colonoscopy
process. Users appreciated the timely push notifications
that kept them informed about important tasks related to
their preparation.

Overall, the research results indicated that users found the design
of the ColonClean app effective in enhancing their
understanding of and compliance with BP instructions. The
app’s focus on intuitive navigation, visual aids, and timely
reminders contributed to a positive user experience, ultimately
improving the effectiveness of BP for colonoscopy.

ABPS
After completing the colonoscopy, the BP level is reported by
the endoscopist using the ABPS: 10 individuals (25%) achieved
a “fair” level, 26 individuals (65%) achieved a “good” level,
and 4 individuals (10%) achieved an “excellent” level. There
were no cases of “poor” or insufficient preparation leading to
interruption or inability to perform the examination.

TAM

Perceived Usefulness
The details of perceived usefulness are shown in Table 1.

Table . Perceived usefulness of the ColonClean app.

Mean (SD)Perceived usefulness of the ColonClean app

4.60 (0.59)Using ColonClean helps me quickly understand the tasks required for
bowel preparation.

4.55 (0.68)Using ColonClean provides easy access to relevant information about
bowel preparation.

4.65 (0.53)I believe that using ColonClean can improve the accuracy of my bowel
preparation.

4.65 (0.48)Using ColonClean enables me to effectively complete the required bowel
preparation tasks.

4.60 (0.59)ColonClean provides clear reminders about bowel preparation tasks, such
as dietary restrictions and monitoring the type of my last bowel movement.

4.65 (0.53)I find the educational information provided by ColonClean sufficient for
completing my bowel preparation tasks.

The table presents users’ perceptions of the usefulness of the
ColonClean app in managing BP tasks. The mean scores,
averaging around 4.62 of 5, suggest that users generally find
the app very helpful. Below is an interpretation of the key
findings:

• Understanding tasks (mean 4.60, SD 0.59): Users feel that
the ColonClean app helps them quickly understand the
requirements for BP, indicating clear and effective
communication of instructions.

• Access to relevant information (mean 4.55, SD 0.68): The
app is seen as a convenient tool for accessing important

information about the preparation process. However, this
metric has a slightly lower score, suggesting minor room
for improvement in delivering information.

• Increased accuracy (mean 4.65, SD 0.53): Users believe
that the app enhances the accuracy of their BP, reflecting
a high level of trust in the app’s guidance to meet medical
standards.

• Effective completion of tasks (mean 4.65, SD 0.48): The
app is viewed as highly effective in helping users complete
BP tasks correctly, suggesting that it provides practical
support throughout the process.
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• Clear reminders (mean 4.60, SD 0.59): The app is viewed
as highly effective in helping users complete BP tasks
correctly, suggesting that it provides practical support
throughout the process.

• Sufficient educational information (mean 4.65, SD 0.53):
The app provides enough educational material for users to
feel confident about completing their preparation, further
supporting its educational role.

In summary, the ColonClean app was perceived as highly useful
across various aspects of the BP process, with particularly strong
scores for accuracy, task completion, and educational
sufficiency. These results highlight the app’s effectiveness in
improving the user experience and promoting adherence to BP
protocols.

Perceived Ease of Use
The details of perceived ease of use are shown in Table 2.

Table . Perceived ease of use of the ColonClean app.

Mean (SD)Perceived ease of use of the ColonClean app

4.63 (0.54)I think the interface design of ColonClean is clear and easy to understand.

4.63 (0.54)I find the process of using ColonClean to be smooth.

4.63 (0.54)It is easy to navigate and locate the desired functions in ColonClean.

4.65 (0.58)I think the data presentation in ColonClean is quick and stable.

4.53 (0.75)I find the font size in the ColonClean interface appropriate and easy to
read.

4.68 (0.53)The information provided by ColonClean makes it easier to understand
the bowel preparation tasks.

Table 2 presents users’ perceptions of the ease of use of the
ColonClean app, highlighting their experiences with various
interface features. The mean scores indicate a generally high
level of satisfaction, with most ratings above 4.62 of 5,
suggesting that users find the app intuitive and user-friendly.
Below is an interpretation of the key findings:

• Clear interface (mean 4.63, SD 0.54): Users feel that the
interface design is intuitive and user-friendly. This clarity
in design is crucial for users’ initial engagement with the
app, suggesting that the developers prioritized usability.

• Smooth user experience (mean 4.63, SD 0.54): The app
operates smoothly, without lag or issues, which is essential
for encouraging continued use and satisfaction with digital
health tools.

• Easy navigation (mean 4.63, SD 0.54): The ease of
navigation suggests that users can quickly find the features
they need, reducing frustration and enhancing overall
satisfaction.

• Quick and stable data presentation (mean 4.65, SD 0.58):
Users appreciate the app’s rapid and reliable presentation
of information. This reliability enhances user trust, which

is particularly important in health care applications where
accuracy is critical.

• Appropriate font size (mean 4.53, SD 0.75): Although the
font size received a slightly lower rating, it still indicates
that most users find it suitable. The slightly lower score
suggests that some users might prefer larger text or different
font styles, which could be an area for improvement.

• Enhanced understanding of BP (mean 4.68, SD 0.53): Users
find that the information provided by ColonClean
significantly aids their understanding of BP tasks, which is
essential for ensuring compliance with medical procedures.

In summary, the high average scores across these metrics
indicate that users generally find ColonClean to be an
easy-to-use app that effectively supports BP. The highlighted
areas demonstrate strengths in design, functionality, and
educational support, with only minor adjustments needed in
font size to further enhance the user experience. These findings
suggest that ColonClean is a valuable tool for improving patient
preparation and potentially contributing to better clinical
outcomes.

Attitudes Toward Usage
The details of attitudes toward usage are shown in Table 3.

Table . Attitudes toward usage of the ColonClean app.

Mean (SD)Attitudes toward usage of the ColonClean app

4.63 (0.54)I believe ColonClean is an excellent choice for assisting with bowel
preparation before an examination.

4.65 (0.53)I am currently satisfied with the benefits provided by using ColonClean.

4.63 (0.59)I would be willing to use ColonClean again in the future if I need to under-
go bowel preparation.

4.60 (0.59)I find the information provided by ColonClean to be very useful.

4.35 (0.77)I prefer using ColonClean over paper-based nursing instructions (single
sheets).

JMIR Hum Factors 2025 | vol. 12 | e58479 | p.1243https://humanfactors.jmir.org/2025/1/e58479
(page number not for citation purposes)

Chen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3 summarizes users’ attitudes toward the use of the
ColonClean app, reflecting generally positive perceptions of its
utility and effectiveness in assisting with BP tasks. The mean
scores indicated a high level of satisfaction, with most ratings
above 4.57 of 5, suggesting a strong endorsement of the app’s
features and benefits. Below is an interpretation of the key
findings:

• Good choice for assistance (mean 4.63, SD 0.54): This high
mean score reflects a strong consensus among users that
ColonClean is an effective tool for supporting BP. The low
SD suggests consistent agreement on its usefulness in this
context.

• Satisfaction with benefits (mean 4.65, SD 0.53): Users’
satisfaction indicates that the app meets their expectations
and provides meaningful benefits during BP. The relatively
low SD further shows that most users feel positively about
the app’s contributions.

• Willingness to use again (mean 4.63, SD 0.59): Users
expressed a strong intention to use ColonClean for future
BPs, suggesting that their initial positive experiences built
trust in the app and that they see it as reliable.

• Usefulness of information (mean 4.60, SD 0.59): The
perception that ColonClean provides highly useful
information reinforces its role as a valuable educational
resource, effectively aiding users in understanding the
preparation process.

• Preference over paper instructions (mean 4.35, SD 0.77):
Although users generally prefer ColonClean over traditional
paper-based instructions, the slightly lower score and higher
SD suggest that some users may still value printed materials
or have mixed feelings about fully transitioning to digital
formats. This variability presents an opportunity for further
enhancements in the app’s usability and content delivery.

In summary, the high mean scores (above 4.57) suggested that
users had a positive attitude toward ColonClean, seeing it as an
effective and beneficial tool for BP. The consistent responses
(low SDs) indicated broad agreement among users on its
usefulness. Meanwhile, the variation in preference over paper
instructions may highlight areas for potential improvement.
This feedback can guide future updates and enhancements to
maximize user satisfaction and efficacy.

Usage Behavior
The details of usage behavior are shown in Table 4.

Table . Usage behavior of the ColonClean app.

Mean (SD)Usage behavior of the ColonClean app

4.73 (0.45)I am willing to use ColonClean as an aid for bowel preparation.

4.70 (0.52)I am highly satisfied with the ability to access knowledge through Colon-
Clean during bowel preparation.

4.63 (0.63)I would recommend ColonClean to friends and family in the future.

4.70 (0.52)I would use ColonClean to improve the effectiveness of bowel preparation.

4.68 (0.53)I believe ColonClean provides useful information during the bowel
preparation period.

4.73 (0.51)Overall, I find using ColonClean to be satisfactory.

Table 4 summarizes the usage behavior of the ColonClean app
and reveals overwhelmingly positive user sentiment. The overall
mean score of 4.69 indicates high satisfaction with the
experience of using ColonClean. This average score, combined
with a relatively low SD (0.50), suggests a strong consensus
among users regarding the app’s effectiveness and utility. Below
is an analysis of the meaning behind the scores:

• Willingness to use (mean 4.73, SD 0.45): The high mean
score indicates that users are very inclined to use
ColonClean as a supportive tool for BP. The low SD
signifies that this sentiment is widely shared, suggesting
strong confidence in the app’s benefits.

• Satisfaction with knowledge access (mean 4.70, SD 0.52):
Users expressed a high level of satisfaction with the
knowledge accessible through the app during BP. This
indicates that ColonClean effectively meets their
informational needs, enhancing their preparation experience.

• Recommendation to others (mean 4.63, SD 0.63): The
willingness to recommend ColonClean to friends and family
reflects users’ trust in the app’s efficacy. Although this
score remained positive, the slightly higher SD suggests

some variability in users’ willingness to recommend it,
possibly due to differing experiences or expectations.

• Improvement of effectiveness (mean 4.70, SD 0.52): Users
believed that ColonClean enhanced the effectiveness of
their BP, reinforcing the app’s perceived value as a helpful
resource in the preparation process.

• Useful information obtained (mean 4.68, SD 0.53): The
belief that the app provides useful information further
underscores its utility as an educational tool. Users
recognized that the app offers relevant guidance throughout
the preparation period.

• Overall satisfaction (mean 4.73, SD 0.51): The high overall
satisfaction score indicates that users felt positively about
their experience with ColonClean. The consistency of this
sentiment, reflected by the low SD, suggests that many
users share a similar level of satisfaction.

In summary, the high mean scores across all categories reflect
users’ positive attitudes and satisfaction, underscoring
ColonClean as a valuable tool for assisting with BP. The low
SDs across most items indicate consistency in user experiences,
suggesting that ColonClean effectively meets users’ needs and

JMIR Hum Factors 2025 | vol. 12 | e58479 | p.1244https://humanfactors.jmir.org/2025/1/e58479
(page number not for citation purposes)

Chen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


expectations. This feedback is critical for developers, as it
reinforces the app’s strengths and highlights areas where further
enhancements could be beneficial.

Analysis

Pearson Correlation Coefficients
Pearson correlation coefficients were used to analyze the
relationships among users’ attitudes, perceived usefulness,
perceived ease of use, and usage behavior of the ColonClean
mHealth app (Table 5). The results indicated a significant

positive correlation between users’ attitudes and perceived
usefulness (r38=.907, P<.001), users’ attitudes and perceived
ease of use (r38=.825, P<.001), users’ attitudes and usage
behavior (r38=.835, P<.001), perceived usefulness and perceived
ease of use (r38=.894, P<.001), perceived usefulness and usage
behavior (r38=.933, P<.001), and perceived ease of use and
usage behavior (r38=.958, P<.001). Positive correlations were
demonstrated between perceived usefulness and perceived ease
of use, usage attitude, and usage behavior.

Table . Correlations among perceived usefulness, perceived ease of use, usage attitude, and usage behavior.

Usage behaviorUsage attitudePerceived ease of usePerceived usefulness

Perceived usefulness

1Pearson correlation
analysis

Significance level (2-
tailed)

40Number

Perceived ease of use

10.894Pearson correlation
analysis

<.001Significance level (2-
tailed)

4040Number

Usage attitude

10.8250.907Pearson correlation
analysis

<.001<.001Significance level (2-
tailed)

404040Number

Usage behavior

10.8350.9580.933Pearson correlation
analysis

<.001<.001<.001Significance level (2-
tailed)

40404040Number

Simple Regression Analysis
We used simple regression analysis to predict the correlation
among the perceived usefulness, perceived ease of use, usage
attitude, and usage behavior in the context of ColonClean. The
correlation between perceived usefulness and usage attitude,
with usage attitude as the criterion variable and perceived
usefulness as the predictor variable, yielded B=0.907, t38=13.3.
This model explained 82.3% of the variance in usage attitude

(R2=0.823), and the test result with P<.001 indicated that
perceived usefulness was a significant predictor variable for
usage attitude. This suggests that when users perceive the app
as providing substantial assistance, their attitude toward using
it improves significantly. This highlights the importance of
enhancing the app’s practical functionality to foster a positive
user experience. Similarly, the correlation between perceived

usefulness and usage behavior, with usage behavior as the
criterion variable and perceived usefulness as the predictor
variable, resulted in B=0.933, t38=16.0. This model explained

87.1% of the usage behavior (R2=0.871), and the test result with
P<.001 demonstrated that perceived usefulness significantly
predicted usage behavior. When users believe that the app helps
improve their preparation process, they are more likely to engage
actively with it. The correlation between perceived ease of use
and usage attitude, with usage attitude as the criterion variable
and perceived ease of use as the predictor variable, resulted in
B=0.825, t38=9.0. This explained 68% of the variance in attitude

toward use (R2=0.68), with P<.001, indicating perceived ease
of use as a significant predictor of attitude toward use. When
users find the app easy to use, their attitude becomes more
positive. This reflects their comfort and satisfaction during use,
which in turn influences their willingness to engage with the
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app. When determining the correlation between perceived ease
of use and usage behavior, with usage behavior as the criterion
variable and perceived ease of use as the predictor variable, the
result was B=.958, t38=20.5. This model explained 91.7% of

the variance in usage behavior (R2=.917), with P<.001,
indicating that perceived ease of use significantly predicted
usage behavior. When users perceive the app as easy to operate,
they are more likely to engage actively. This underscores the
importance of simplifying the app’s interface and functionality
to enhance user engagement and satisfaction.

In summary, the results indicate that both perceived usefulness
and perceived ease of use have a significant positive impact on
user attitudes and behaviors. This suggests that enhancing the
perceived usefulness and ease of use of the ColonClean app
during its design may encourage more positive user attitudes
and behaviors, thereby improving health management outcomes.
These findings not only validate the app’s usability but also
provide empirical support for future improvements.

Discussion

Principal Findings
Mobile health apps are increasingly used for illness prevention,
education, and promoting healthy lifestyles [40]. However, the
requirements for BP are often complex and challenging for
patients to navigate and remember. To help outpatient
colonoscopy patients adhere to dietary guidelines, manage bowel
cleansing agents, and maintain regular medication schedules,
push notifications were incorporated into the app’s design. The
app, protected under the patent titled “ColonClean Mobile
Management System” (patent number M639094, Republic of
China), features a user-centric interface that is both intuitive
and visually appealing. The well-designed interface, content,
push notifications, and multimedia section of the ColonClean
mHealth app provide users with a convenient and helpful
experience when using their mobile devices for health
management. Users expressed their willingness to use the app
again in the future and recommend it to family and friends,
highlighting its effectiveness as an educational guide for BP.

User Attitudes and Preference for Paper-Based
Instructions
Despite the overall positive reception of the ColonClean app,
some users indicated a preference for paper-based instructions,
as reflected in the lower mean score (mean 4.350.77) on this
aspect. This finding aligns with existing literature suggesting
that certain users may find physical formats more reliable or
easier to reference than digital alternatives [41]. Factors
contributing to this preference may include concerns about
technology accessibility, device compatibility, or personal
comfort with digital apps for health management.

Additionally, the preference for paper-based instructions may
arise from a desire for tangible resources that can be easily
annotated or highlighted [42]. Some users may feel that printed

materials provide a more straightforward and immediate
reference during the preparation process, particularly in
situations where mobile devices are not accessible or convenient
[43]. Therefore, while the digital format of the ColonClean app
offers numerous advantages, such as interactivity and real-time
updates, it is essential to recognize the value that traditional
paper-based resources continue to hold for certain individuals.

Limitations and Recommendations
The ColonClean app operates on the Android system and
functions as an mHealth app for mobile devices. However, it is
important to note that during the acceptance process, instances
may arise where individuals with non-Android operating systems
or outdated device models are unable to be included in this
study. Those unable to download ColonClean by scanning the
QR code were excluded. It is advisable to consider optimizing
future mHealth apps so that they can be integrated into mobile
devices of various operating systems. This enhancement would
contribute to more inclusive nursing guidance for BP, ensuring
accessibility across platforms.

In the current era of smart health care, it is recommended to
incorporate artificial intelligence recognition capabilities into
the ColonClean app. Specifically, for the section where users
capture images of their last bowel movement, artificial
intelligence can automatically analyze and determine the quality
of the stool, categorizing it as “excellent,” “good,” “fair,” or
“poor.” This improvement would facilitate a more accurate
assessment of the final bowel movement status. Furthermore,
optimizing the ColonClean mHealth app for other individuals
who require BP, such as those undergoing colorectal surgery
or hospitalized patients preparing for colonoscopy, would ensure
the successful completion of bowel cleansing.

Additionally, in light of the COVID-19 pandemic, when
individuals undergoing screening needed to reschedule their
appointments due to a positive diagnosis or being a close
contact, or when they encountered issues like poor bowel
movements, a consultation chat window was recommended as
a future addition to address user inquiries and provide real-time
solutions, thus maintaining user engagement and satisfaction.
To ensure the continuity of examinations and achieve the
objectives of examination, diagnosis, and treatment, it is crucial
to minimize ineffective examinations or schedule cancellations
that may impact individuals in need of these examinations. This
approach aims to maintain a steady number of examinations
and fulfill the purpose of providing necessary medical
assessments and subsequent care.

Conclusions
In summary, while the ColonClean app shows promise in
supporting BP, it is essential to recognize user attitudes toward
traditional paper-based instructions. Enhancing the app with
broader accessibility, artificial intelligence capabilities, and
additional user support features could significantly improve its
effectiveness and reach, ultimately contributing to better health
outcomes for patients requiring BP.
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Abstract

Background: Repeated applications of short-term dietary assessment instruments are recommended for estimating usual dietary
intake. For this purpose, NutriDiary, a smartphone app for collecting weighed dietary records (WDRs) in the German population,
was developed.

Objective: We aim to describe NutriDiary and evaluate its usability and acceptability.

Methods: NutriDiary was developed as a WDR, allowing users to enter food items via text search, barcode scanning, or free
text entry. The sample for the evaluation study included 74 participants (n=51, 69% female, aged 18‐64 years), including 27
(37.5%) experts and 47 (63.5%) laypersons (including n=22, 30%, nutrition students). Participants completed a 1-day WDR and
entered a predefined sample meal (n=17 foods) the following day by using NutriDiary. An evaluation questionnaire was answered
from which the system usability scale (SUS) score (0‐100) was calculated. A backward selection procedure (PROC REG in
SAS; SAS Institute) was used to identify potential predictors for the SUS score (age, sex, status [expert or laypersons], and
operating system [iOS or Android]).

Results: The median SUS score of 75 (IQR 63‐88) indicated good usability. Age was the only characteristic identified as a
potential predictor for a lower SUS score (P<.001). The median completion time for an individual WDR was 35 (IQR 19‐52)
minutes. Older participants took longer to enter the data than younger ones (18‐30 y: median 1.5, IQR 1.1‐2.0 min/item vs
45‐64 y: median 1.8, IQR 1.3‐2.3 min/item). Most participants expressed a preference for NutriDiary over the traditional
paper-based method.

Conclusions: Good usability and acceptability make NutriDiary promising for use in epidemiological studies.

(JMIR Hum Factors 2025;12:e62776)   doi:10.2196/62776

KEYWORDS

dietary assessment; food record; barcode scanning; app; mobile phone

Introduction

Usual dietary intake, the long-term average daily intake of a
nutrient or food, is the relevant exposure when studying
diet-health relationships in nutritional epidemiology. To estimate
usual dietary intake, repeated applications of short-term dietary
assessment instruments are recommended [1]. Self-reported
dietary intake is the most commonly used method in large-scale
studies through its rapid and cost-effective use. Mostly,
instruments such as 24-hour dietary recalls, food frequency
questionnaires or dietary records (DRs) are used, with each of
these methods having individual limitations and strengths [2].
Repeated use of these traditional dietary assessment instruments
is costly and burdensome for both participants and researchers

[3,4]. Innovative technologies such as web- or smartphone-based
tools have the potential to facilitate self-reported dietary
assessment by reducing the costs and time effort of data
collection and postprocessing while achieving higher acceptance
in study participants [5-7]. Smartphone technology seems
particularly promising among those innovative approaches.
First, smartphones are widely available to a large proportion of
the population. According to a survey conducted in 2021, over
95% of people aged older than 13 years in Germany already
use a smartphone [8]. Second, due to the advantage of portability
and the fact that most people always carry their smartphone
with them, smartphone-based tools are well suited for real-time
recording of food intake [1]. Third, smartphone apps can
facilitate food entry through the supplementary use of an
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integrated barcode scanner or by using the camera function,
which reduces the need to look up every food item in a database
or enter it manually [9]. Nowadays, a large number of
commercial nutrition apps for self-tracking or nutritional advice
are freely available [10,11]. However, because of their limited
scope and questionable quality of nutrient information, those
apps tend to be unsuitable for dietary assessment in
epidemiological studies [12,13]. Thus, several DR apps have
been developed specifically for use in epidemiological studies.
In a systematic review by König et al [14], 5 core assessment
features to collect data on dietary intake in scientific studies by
smartphone apps were identified: photo-based assessment,
assessment of serving or portion sizes, free-text description of
food intake, selection from a food database, and classification
systems. These features are used either alone or in combination.
Thereby, the combination of photo-based recording with
free-text descriptions of the consumed foods or the joint use of
a food database and the assessment of serving or portion sizes
were the most popular methods [14].

To provide a digital alternative for paper-based dietary
assessment in epidemiological studies, we developed NutriDiary,

an app for conducting weighed dietary records (WDRs) with
an integrated barcode scanner. This paper aims to describe the
current version of NutriDiary and to report on its usability and
acceptability in laypersons and experts.

Methods

NutriDiary and the NutriDiary Database

Development and Functions of NutriDiary
NutriDiary was developed as a smartphone app to conduct
WDRs within nutritional epidemiological studies. The app is
available in common app stores and study participants (hereafter
referred to as users) can use the app on their smartphones with
personal login data (Figure 1A). Users can start their WDR after
agreeing to the data protection regulations (Figure 1B). When
entering a new eating occasion, users are initially asked to enter
the date, time, and place of consumption (Figure 1C). Then, the
app offers three ways to enter food, beverages, and supplements:
(1) a text search and subsequent selection from the underlying
database, (2) barcode scanning in the underlying database, or
(3) free text entry.

Figure 1. The NutriDiary app (android version): (A) screen for entering access data, (B) welcome screen, and (C) food entry.

If a food item cannot be identified via barcode scanning, the
user is guided through a standardized process for collecting all
relevant product information (hereinafter referred to as the
NutriScan process). Thereby, the user is asked to take photos
of the brand and product name, the barcode, the ingredient list
and the nutrient table following step-by-step instructions
(Multimedia Appendix 1). This data is then sent to the NutriScan
server and automatically read out using optical character reading.
Researchers can access, edit, and download this data via a
moderation platform. Based on the packaging information,

dieticians can match detailed nutrient data from a similar product
in the database or estimate detailed nutrient values by recipe
simulation in order to continuously update and expand the
underlying database (Figure 2). The recipe simulation is carried
out manually using the list of ingredients and the nutritional
table and is described in detail elsewhere [15]. Finally, users
enter the weighed amount consumed, preparation method, and
quantity of potential leftovers (Figure 1C). If weighing is not
possible, users are provided with a range of specified options
in the drop-down menu to select an estimated portion size, such

JMIR Hum Factors 2025 | vol. 12 | e62776 | p.1251https://humanfactors.jmir.org/2025/1/e62776
(page number not for citation purposes)

Klasen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


as teaspoon or slice. After all foods and beverages have been
entered, users are redirected to the main screen, where all entered
eating occasions are displayed for final review. To further ease
the process of recording, NutriDiary offers some usability
features. A recipe editor allows entry of custom recipes, which
will be added to the user’s personal databases. An integrated
help mode provides immediate and problem-specific assistance
to users by simply touching the screen element they need help
with. In addition, the app includes a photo function for collecting

information, for example, on meals consumed out-of-home and
entered via free text. After finishing the WDR, data are
submitted to a server of the University of Bonn (NutriDiary
server, Figure 2). This server also provides an administration
tool to researchers (researcher website) where scientific
personnel can select project-specific settings, for example, study
name, study duration or the number of recording days. The app
also offers the option to integrate an individual questionnaire
at the end of the recording period.

Figure 2. Overview of the data structure and data flow of the NutriDiary app; ND: NutriDiary; OCR: optical character reading.

Description of the NutriDiary Database
The complex database structure of NutriDiary is shown in Figure
2. It currently contains more than 150,000 items (approximately
25% are duplicates due to different packaging sizes and different
barcodes) which come from various sources. The core database
is divided into the NutriDiary nutrient database and the
NutriDiary product information database. The basis of the
NutriDiary nutrient database is an adaptation of the in-house
food and nutrient database of the DONALD (Dortmund
Nutritional and Anthropometric Longitudinally Designed) study
named LEBTAB (LEBensmittelTABelle, food table) [15-17].
LEBTAB currently contains around 19,000 generic and branded
food items (as of June 2023) with corresponding contents of
energy, 82 nutrients, and other nutritional components. Data
entries for generic foods are based predominantly on the German
national standard food database “Bundeslebensmittelschlüssel”
(version 3.02 [18]; Federal Ministry of Food and Agriculture).
The energy and nutrient contents of branded foods are
predominantly estimated by recipe simulation using labeled
ingredients and declared nutrient contents [15,17]. When the
participant enters a food item from the NutriDiary nutrient
database, this item is automatically coded and the corresponding

values for energy and 82 nutrients are available. To enhance
user-friendliness and allow barcode scanning, additional branded
food products and barcode information were added to the
NutriDiary database structure by:

• requesting product information (product name, barcode,
ingredient list, and nutrition table) from food manufacturers
and others (Atrify [19], a subsidiary of GS1 Germany
[1WorldSync] and DATA NatuRe eG [20], a cooperative
to create a central data pool for organically produced foods)
to set up the NutriDiary product information database, and

• adding barcode information of already included branded
products to the NutriDiary nutrient database by searching
in open databases such as Open Food Facts [21], codecheck
[22] (Producto Check GmbH), and Open EAN/GTIN
Database (European Article Number [EAN]/Global Trade
Item Number [GTIN]) [23].

For the branded products obtained through step 1 (NutriDiary
product information database), information only on the
nutritional values indicated on the packaging (big 7) and the
ingredient list are available (Figure 2). When a participant
reports one of these products in a WDR, the trained dieticians
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match extended nutrient values of an equivalent food from the
NutriDiary nutrient database or carry out a recipe simulation as
already mentioned above [15]. This step generates all 82
nutrients for these products and they are then transferred to the
NutriDiary nutrient database, which is constantly growing.

The NutriDiary Evaluation Study

Study Design
A layperson and expert evaluation was conducted. Participants
were asked to keep an individual WDR with NutriDiary for 1
day and to enter a predefined sample meal on the following day.
The sample meal was identical for all participants and included
4 meals (breakfast, snack, lunch, and dinner) and was provided
as a digital presentation sent to study participants via email.
The sample meal comprised both, generic (n=15, presented as
text) and branded food items (n=3, presented as pictures of the
packaging including barcode), all labeled with a hypothetical
quantity of consumption, preparation method, and type of entry
(text entry vs barcode scanning). Participants were generally
instructed to enter branded products via scanning the barcode.
Further, 1 product was intentionally not available in both
NutriDiary databases, requiring participants to complete the
NutriScan process in order to add the food item to the record.
Furthermore, participants were tasked to correct a logged entry
and to enter a hypothetical leftover without further instructions
but with reference to the NutriDiary website [24] to test whether
the aids provided there (frequently asked questions and help
videos) fulfill their purpose (ie, helping users to help
themselves). After participants completed their WDR and
entered the sample meal, they were asked to answer an
app-integrated evaluation questionnaire on usability and
acceptability of NutriDiary on day 3. As the WDRs were not
analyzed at the nutrient level, no scales were handed out for
weighing the food on day 1. The participants were asked to use
scales from their households.

All participants were provided with a short video giving key
instructions on how to use NutriDiary before starting the WDR.
The video gave a brief overview of how to use the help mode,
enter foods (via text search, barcode scanning, or free text entry)
and navigate the recipe book. Furthermore, participants were
informed about the NutriDiary website [24], where frequently
asked questions and help videos for both, iOS and Android can
be found. Beyond this, participants did not undergo any
additional training in using the app.

Recruitment of This Study’s Population
We aimed to recruit a minimum of 51 participants, based on
the assumptions outlined by Lewis and Sauro [25]. This
recommendation takes into account an SD of 17.7, which is
typical for system usability scale (SUS) scores [25], and ensures
sufficient precision to achieve a 95% CI with a margin of error
of ±5 points. This study recruited both laypersons and experts.
Experts (trained nutritionists with experience in the field of
dietary assessment) were recruited via direct invitations (n=28).
Laypersons (n=52) were recruited via oral advertisement in
lectures, mailing, and personal contact by students studying
nutrition and food science at the University of Bonn, and as part
of a student project. The latter mainly targeted participants

between 30 and 60 years of age (in the personal environment
of the students and in 2 gyms) in order to increase the number
of participants in middle age and older in the group of
laypersons. All participants had to be fluent in the German
language, have a functioning smartphone and a valid email
address. Written informed consent from all participants was
obtained before enrollment.

Usability and Acceptability Assessment
The questionnaire on usability and acceptability included 14
questions on 3 different categories (usability, acceptance, and
technical issues). The usability of NutriDiary was assessed by
using the SUS by Brooke [26,27], which allows for comparison
between similar systems or products. In short, the SUS is a
Likert scale consisting of 5 positive statements (odd-numbered)
and 5 negative statements (even-numbered) to which
respondents indicate their degree of agreement on a scale from
1 (strong disagreement) to 5 (strong agreement). For odd items,
1 is subtracted from the user response, and for even-numbered
items, 5 is subtracted from the user response, added up and
multiplied by 2.5 to convert the score ranging from 0 to 100,
whereas higher scores indicate better usability. According to
Bangor et al [28], an SUS score below 50 is considered as “not
acceptable,” a score between 50‐70 years as “marginal,” and
a score above 70 as “acceptable” [28,29]. In our study, an
appropriate German translation of the SUS developed by SAP
usability professionals of a German software corporation (SAP
SE; Systems, Applications & Products in Data Processing
Societas Europaea) was used and integrated into the usability
questionnaire [30].

Age and sex of the participants were assessed within the
evaluation questionnaire. Status (expert or layperson) was
already categorized during the recruitment process. Information
on the operating system was automatically recorded when
NutriDiary was used and sent to the server together with the
questionnaire data. To find out whether participants would prefer
the app to a traditional paper-based WDR, 2 additional questions
in the same structure of the SUS were added. In order to assess
technical problems participants were asked whether technical
errors occurred (yes or no) and, if yes, to describe the error in
more detail (free text entry).

Furthermore, in-app behavior of users was recorded and
evaluated. The completion time for a WDR with NutriDiary
was determined by using the activity protocol of the app, in
which all actions were recorded and time-stamped. For this, the
time of all input activities was summed up. Interruptions of
more than 5 minutes were counted as breaks and excluded from
summation. As the time effort of a WDR depends on the
complexity of the meals and the number of foods eaten, the
relative completion time (completion time divided by the
number of items) was additionally calculated. Furthermore, the
percentage of estimated household measurements was of interest
as well as the percentage of automatically coded WDR entries.

Statistical Analyses
Results and participants’characteristics are presented as median
with their lower IQRs for continuous variables or as relative
frequencies (%) for categorical variables. A backward selection
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procedure (PROC REG in SAS) was used to identify
characteristics of participants that were potential predictors for
the SUS score. The following variables were tested: sex (male
or female), age (years), status (expert or layperson), and
operating system (iOS or Android). All statistical analyses were
conducted using SAS (version 9.4). The significance level was
set at P<.05.

Ethical Considerations
All examinations were carried out with written informed consent
from study participants. The NutriDiary evaluation study was
approved by the Ethics Committee of the University of Bonn
(project identification 445/23). All data collected in this study
has been pseudonymized to protect participant privacy. No
reimbursement was provided to participants for their
involvement in this study.

Results

From overall 80 study participants, 74 (27 experts) completed
the NutriDiary evaluation study according to this study protocol

and answered the evaluation questionnaire (Table 1). Most
participants were female (51/74, 69%) and younger than 30
years of age (41/74, 55%).

The overall age ranged from 18 to 64 years and the median age
was 29 years (IQR 25‐45). Overall, 54% (40/74) of the
participants owned a smartphone with an iOS operating system.
Table 2 shows the SUS score for NutriDiary for the total study
sample and stratified by sex, age groups, status, and operating
system. In the overall study sample, the SUS score for
NutriDiary ranged from 43 to 100 (data not shown). The median
SUS score of 75 (IQR 63‐88) indicates a good usability of
NutriDiary. The mean SUS score was 74 (SD 15; 95% CI 70-77;
data not shown). The median SUS score was higher in women
than in men (80, IQR 65‐88, vs 70, IQR 55‐78) and higher
in the group of experts than in the group of laypersons (80, IQR
65‐88 vs 73, IQR 58‐88), with female laypersons having a
higher SUS score than female experts (83, IQR 66‐88 vs 80,
IQR 60‐85). Looking at the group of laypersons after excluding
nutrition students (labeled in Tables 1 and 2 as “others,” median
age 55, IQR 29‐58, years), the median SUS score was 63 (IQR
50‐73).

Table . Characteristics of study participants of the NutriDiary evaluation study (N=74).

LaypersonsExpertsTotal

OthersNutrition studentsTotal

25 (53)22 (47)47 (63.5)27 (36.5)74 (100)Participants, n (%)

Sex (group), n (%)

9 (36)19 (86)28 (60)23 (85)51 (69)    Women

55 (29‐58)23 (22‐26)27 (23‐56)35 (28‐40)29 (25‐45)Age, median (IQR)

Age (years), n (%)

7 (28)22 (100)29 (61.7)12 (44.4)41 (55.4)    Age group 1: 18-≤30

4 (16)0 (0)4 (8.5)11 (40.7)15 (20.3)    Age group 2:>30-
≤45

14 (56)0 (0)14 (29.8)4 (14.8)18 (24.3)    Age group 3:>45‐
65

Operating system, n
(%)

16 (64)12 (54.5)28 (59.6)12 (44.4)40 (54)    iOS

9 (36)10 (45.5)19 (40.4)15 (55.6)34 (46)    Android
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Table . System usability scale (SUS) score for the NutriDiary app presented as median (IQR) values.

MenWomenTotal

Median (IQR)nMedian (IQR)nMedian (IQR)n

70 (55‐78)2380 (65‐88)5175 (63‐88)74SUS score

Stratified by age group

71 (63‐85)1083 (70‐88)3180 (70‐88)41Age group 1: 18 -≤30 years

74 (70‐78)485 (65‐93)1180 (68‐90)15Age group 2: >30 -≤45 years

65 (50‐70)958 (48‐65)958 (50‐70)18Age group 3: >45‐65 years

Stratified by status

83 (70‐90)480 (60‐85)2380 (65‐88)27Experts

70 (55‐73)1983 (66‐88)2873 (58‐88)47Laypersons (total)

73 (70‐85)388 (78‐90)1985 (75‐88)22Nutrition stu-
dents

66 (53‐73)1655 (48‐65)963 (50‐73)25Others

Stratified by operating system

66 (55‐73)1480 (68‐90)2678 (65‐88)40iOS

73 (70‐85)975 (58‐85)2574 (58‐85)34Android

Among the age groups 1 (18-≤30 y) and 2 (>30-≤45 y), the
median SUS score was noticeably higher (80, IQR 70‐88 and
80, IQR 68‐90) than in age group 3 (58, IQR 50‐70). The
results of the backward selection procedure showed that age
was the only characteristic identified as a potential predictor
for the SUS score in the examined sample (P<.001).

Figure 3 shows the individual statements of the SUS
questionnaire and a summary of the answers given by the 74

participants, presented as box plots. The figure shows that
agreement tends to be high for the positive (odd-numbered)
statements and tends to be low for the negative (even-numbered)
statements, as is a prerequisite for a higher SUS score. Among
the positive statements, the participants showed the lowest level
of agreement with statement 1 “I think that I would like to use
NutriDiary frequently.” For the negative statements, agreement
was highest for statement 8 “I found NutriDiary very
cumbersome to use.”

Figure 3. User rating (N=74) of the individual statements of the SUS evaluating the usability and acceptability of NutriDiary, shown as box plots. The
dot represents the mean and the thick stripe the median. SUS: system usability scale.

Table 3 shows the results of the evaluated in-app behavior logs
and WDRs. The calculated median completion time for an

individual WDR (day 1) with NutriDiary was 35 (IQR 19‐52)
minutes. Participants needed a median of 1.6 (IQR 1.2‐2)
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minutes to enter an item. This relative completion time was
slightly higher in age group 3 (>45‐63 y) compared to younger
participants (1.8, IQR 1.3‐2.3, min/item vs 1.5, IQR 1.1‐2,
min/item). The median time it took participants to enter the
sample meal in NutriDiary on day 2 was 15 (IQR 12‐18)
minutes. The median relative completion time for entering the
sample meal was 0.8 (IQR 0.7‐0.9) min/item. Participants in
age group 3 took slightly longer than younger participants. The

median proportion of already coded items was 68% (IQR
55%‐82%) and the median proportion of estimated quantities
(not weighed) was 8% (IQR 0%‐29%). Younger participants
(age group 1) used more estimated household measurements
instead of weighing than participants in age groups 2 and 3
(0%‐26%, 8% vs 0%‐31%, 7% and 0%‐23%, and 4%,
respectively).

Table . Completion time and proportion of items already coded for the total sample (N=74) and stratified by age groups.

Age group 3: 46‐65 yAge group 2: 31‐45 yAge group 1: 18‐30 yTotal

18 (24.3)15 (20.3)41 (55.4)74 (100)Participants, n (%)

21 (13‐30)21 (19‐32)22 (16‐31)21 (15‐31)Number of entered items

day 1a

36 (17‐53)44 (19‐55)35 (19‐45)35 (19‐52)Total completion time day

1 (min)a

1.8 (1.3‐2.3)1.5 (1.1‐2)1.5 (1.1‐2)1.6 (1.2‐2)Relative completion time

day 1 (min/item)a

17 (13‐23)17 (11‐19)14 (11‐17)15 (12‐18)Total completion time sam-

ple meal (min)a

0.9 (0.7‐1.3)0.9 (0.6‐1.1)0.8 (0.6‐0.9)0.8 (0.7‐0.9)Relative completion time

sample meal (min/item)a

71 (50‐86)77 (62‐86)63 (56‐79)68 (55‐82)Proportion of items already

coded (%)a

4 (0‐23)7 (0‐31)8 (0‐26)8 (0‐29)Proportion of estimated

household quantities (%)a

aMedian (IQR).

In total, 24% (18/74) of the participants reported technical
issues. In 2 cases, the app crashed, but could be reopened
afterward and no data was lost. In 5 cases, participants stated
that they had problems finding newly added products (this
process is sometimes delayed in rare cases). Further, 4
participants reported that the selection from the drop-down
menu did not work properly. In the remaining cases, participants
described issues rather associated with this study design than
with the technical functions of NutriDiary or gave general
comments. For example, 4 participants reported that a barcode
presented in the sample meal could not be scanned from the
screen (probably due to varying screen-brightness and
screen-resolution).

Overall, 85% (63/74) of the participants were able to enter the
sample meal correctly. Of the 11 participants who made
mistakes when entering the sample meal, 5 were in age group
1, 2 in age group 2, and 4 in age group 3, indicating that age
did not affect the accuracy of data entry. In 2 cases, food items
were missing. Further, 3 participants had difficulties in editing
a WDR entry and entering hypothetical leftovers. Furthermore,
6 participants entered a different amount of food than that
presented in the sample meal. When participants were asked
whether they would prefer NutriDiary to the traditional paper
method, a total of 77% (57/74) agreed. Only 9.5% (7/74) could
imagine, that it would be easier to keep a WDR with
pen-and-paper than to use NutriDiary (Multimedia Appendix
2).

Discussion

Principal Findings
To our knowledge, an app-based WDR system with barcode
scanning function for scientific studies in Germany does not
exist so far. The popularity and widespread use of smartphones
make NutriDiary a promising alternative to the traditional
pen-and-paper approach. Different ways for entering food items
(text search, barcode scanning, and free text entry) and the
NutriScan function enable users to record the products they
consume in a very detailed manner. The digital data output has
the potential to reduce the burden for researchers also. In this
study, we evaluated NutriDiary in a convenience sample of
experts and laypersons and found good usability and
acceptability.

The median SUS score of 75 indicated good usability of
NutriDiary. The SUS score has been developed as a means to
measure the overall perceived usability of a system [26,27].
However, technology-based dietary assessment instruments for
scientific purposes are very specific tools that are not designed
for everyday use but to generate scientifically useful data. The
collection of these data is often challenging for the participants.
The first statement of the SUS questionnaire is “I think that I
would like to use this system frequently.” This statement is
unlikely to be agreed upon by many people in the case of a
WDR due to the burden on participants by the method itself.
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Nevertheless, the advantage of the SUS score is that it offers
the possibility to compare systems used in the same context
[27]. The median SUS score of 75 for NutriDiary (mean SUS
score: 74, SD 15, for comparison) is comparable with SUS
scores for other similar technology-based food records such as
“METADIETA-web” (mean SUS score: 68, SD 15, n=26) [31],
the “Eat and Track app” (mean SUS score: 69, n=15) [32] or
the “Traqq app” (mean SUS score: 79, SD 15, n=22) [33].

Age has been discussed as a major limiting factor for the use
of technology-based systems [29] or innovative dietary
assessment instruments [31,34,35]. Consistently, the results of
the backward selection procedure showed that age was identified
as a potential predictor for a lower SUS score in the examined
sample. Further, older participants took slightly longer to
complete a WDR with NutriDiary than younger ones. Feasibility
testing of the digital food record METADIETA-web by Vitale
et al [31] also showed that the preference for using the digital
tool instead of the traditional pen-and-paper method decreased
with increasing age [31]. Older generations did not grow up
with smartphones and computers and are therefore likely to be
less intuitive with apps and web-based tools than younger
generations. However, longer completion times could also be
explained by higher accuracy in entering items and greater
patience [36], which would be in line with the observation that
older participants used fewer estimated household measurements
instead of weighing than younger ones in our study (0%‐23%,
4% for age group 3 vs 0%‐31%, 7% and 0%‐26%, 8% for
age group 2 and 1, respectively). Nevertheless, an
understandable introduction to the use of the instrument might
be particularly important in the group of older adults. For
practical reasons, only an introductory video was sent out in
this study. Our experience in training users to use the NutriDiary
app shows that older people tend to ask more questions. This
can only be addressed in a face-to-face conversation where it
can be ensured that all relevant information is conveyed.
Therefore, we recommend a personal introduction when using
NutriDiary in epidemiological studies, if feasible.

The median SUS score was higher in women than in men and
higher in the group of experts than in the group of laypersons.
This may partly be explained by the fact that the proportion of
older people was higher in men than in women and higher in
the group of laypersons than in the group of experts. The group
of laypersons also included students of nutritional science.
Although this group certainly cannot be described as experts,
the students may have some background knowledge that could
have influenced the outcome. Whether this makes them more
critical or less critical in their judgment remains questionable.

WDRs have the potential to provide the most accurate
description of the types and amounts of the foods consumed
over a specified period of time, but they are also considered to
be one of the most burdensome and elaborate dietary assessment
methods. When conducting a WDR, participants have to weigh
and write down everything they eat and drink and always carry
their kitchen scales, the record sheet, and a pen with them. This
process is exhausting and time-consuming and requires a high
level of cooperation from the participants [37]. The median
completion time for conducting a WDR with NutriDiary was
35 minutes (1.6 min/item, Table 3) and can be rated as

acceptable. When looking at the median relative completion
time of the sample meal (here, the amount of the presented foods
was predefined), it can be assumed that the single entering
process (without weighing) takes around 0.8 minutes per item.
This result suggests that weighing accounts for about half the
completion time. Keeping this in mind, the single entering
process is roughly comparable with the reported average
completion time of other text-based DR apps, for example, with
“My Meal Mate.” Here, participants needed on average 22
minutes per day to complete a record with estimated (not
weighed) portion sizes [38].

Whether the NutriDiary app significantly reduces the completion
time compared to the traditional pen-and-paper method is
questionable, because the digital version of a WDR does not
change the fact that weighing is required for this dietary
assessment method. However, NutriDiary offers some
advantages that can make its use more attractive than the
traditional method. First, most people always carry their
smartphone with them and recording “on the go” is more
practical than using pen-and-paper. Presumably, this makes it
less likely that participants forget their records and need to add
the meal at a later time. Second, features such as the recipe book
and the barcode scanner can make recording easier, as frequently
consumed food combinations and recipes can be stored and
retrieved later, and consumed products can be added more easily.
Furthermore, integrated standard household measurements make
it easier to estimate the quantity if weighing is not possible, for
example, when eating out of home. The photo function allows
participants to add a photo of the meal, which can help the
postprocessing. To figure out whether NutriDiary is more
attractive to study participants than the traditional pen-and-paper
method, we added 2 more questions to the SUS questionnaire
(, Multimedia Appendix 2). The result clearly showed that the
vast majority would prefer using the NutriDiary app instead of
a paper-based food record. To avoid errors caused by application
problems using technology-based instruments, an understandable
introduction and information structure are necessary to prevent
frustration and enable participants to help themselves quickly
if they have difficulties. For this purpose, we designed a website
where all information and support materials are centralized in
1 location [24].

When using traditional DRs in epidemiological studies, the
postprocessing of the DRs is very time-consuming. The data
needs to be digitized and manually coded by the study staff. In
this study, 68% (IQR 55%‐82%) of the food entered in
NutriDiary was already coded. Furthermore, the data was
already available in digital form, suggesting less costs and time
in data postprocessing, compared to the pen-and-paper method.
NutriDiary was designed as an app for keeping WDRs, meaning
that participants are asked to weigh all the food and drinks they
consume. However, as experience showed that this is not always
possible, the app also offers the choice of standard household
measurements (eg, teaspoon, glass, or portion) to estimate the
quantity in situations where weighing is not possible.
Considering the burden of weighing all foods, this selection
option might tempt participants to estimate rather than weigh.
However, the proportion of estimated quantities was rather low
and can be considered manageable in this study.
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Within the development process of NutriDiary, building an
appropriate food database structure and the collection,
standardization, and integration of barcode and food packaging
information to enable food entry via barcode scanning was one
of the most challenging tasks. The underlying database
determines the users’ success in searching for food items and
is essential for the functionality and accuracy of technology
based, self-administered dietary assessment tools [3,39].
Therefore, we aimed to make the database as complete as
possible. Due to a high number of available branded foods and
the frequently changing food market, this is a major challenge
[12,40-43]. According to the Food Federation Germany [44],
there are more than 170,000 food products available on the
German food market. Every year, about 40,000 new products
are launched and just as many disappear [44]. It also happens
that manufacturers change food recipes, which can also change
the ingredient lists and nutritional values. These circumstances
mean that the database needs to be constantly updated. To make
this possible, the NutriScan function described above was
developed and integrated. If the app is used regularly, the
database is regularly updated with new products recorded by
users.

Strengths and Limitations
The NutriDiary evaluation study had some strengths and
limitations. As NutriDiary was developed for scientific use,
practicing nutritionists were also recruited as experts. Although
experts are not intended users of the app, their evaluation allows
for a professional view of the usability of NutriDiary.
Furthermore, experts decide on the use of the assessment
instrument in scientific studies, which is why their opinion on

usability is of particular importance in this context. To assess
user-friendliness in older age groups as well, we specifically
recruited older participants. However, this study population was
not representative of the general German population. Most
participants were female, young, and highly educated. This
limited the generalizability of our results. Nevertheless, it is
important to acknowledge that participants in epidemiological
studies frequently possess a higher educational status compared
to the general population. In addition, participants were aware
of the purpose of this study, which was to evaluate the usability
and acceptability of NutriDiary, making it difficult to assess the
quality and transferability of the data on the completion time
and proportion of items already coded. This study aimed to
assess the usability and acceptability of NutriDiary and does
not contain any data on the validity of the NutriDiary app.
However, providing information on the app’s validity and
psychometric properties is a critical prerequisite for its effective
application. Therefore, a validation study has already been
initiated and will give insights into the validity and quality of
the assessed nutritional data.

Conclusion
NutriDiary is the first smartphone based WDR app with
integrated barcode scanning function for scientific purposes in
Germany. The evaluation by experts and laypersons indicated
an acceptable completion time, good usability and acceptability
on the users’ side, whereby younger experts and laypersons
tended to rate the app better than older ones. Future research
will give insights into the validity and feasibility of NutriDiary
in different study populations.
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Abstract

Background: Colonoscopies are vital for initial screening, follow-ups, surveillance of neoplasia, and assessing symptoms such
as rectal bleeding. Successful colonoscopies require thorough colon preparation, but up to 25% fail due to poor preparation. This
can lead to longer procedures, repeat colonoscopies, inconvenience, poorer health outcomes, and higher costs. eHealth tools can
enhance bowel preparation and potentially reduce the need for repeat procedures.

Objective: This usability study aimed to identify strengths and weaknesses in a prototype companion app for colonoscopy
examinations. The objective was to obtain in-depth insights into the app’s usability, ease of use, and content comprehension, with
the aim of refining the tool to effectively fulfill its intended purpose, guided by feedback from potential users.

Methods: From February to August 2024, we conducted a qualitative study using the think-aloud procedure. Each session
involved 6 tasks and a semistructured interview to delve deeper into participants’ task experiences. All think-aloud sessions and
interviews were recorded. Quantitative usability questions were analyzed using Microsoft Excel, while qualitative data underwent
coding and analysis based on thematic analysis principles.

Results: In total, 17 individuals, all smartphone users, participated in this study. Participants were recruited from 1 hospital, 1
private clinic, and 1 patient organization in Switzerland. The study found that participants rated the app’s usability metrics
positively, with an overall mean rating of ease of use at 4.29 (SD 0.59), usefulness at 4.53 (SD 0.72), and comprehensibility at
4.29 (SD 0.92). For the individual features, the mean ratings for ease of use were between 4 and 4.65, usefulness ranged from
4.35 to 4.82, and comprehensibility received ratings between 4.29 and 4.53, all measured on a 5-point scale, where 1 represented
low agreement and 5 indicated high agreement. Additionally, 100% of participants indicated they will or may use the app if they
require a colonoscopy examination. Participants highlighted the need for reminders and alerts in the week leading up to the
colonoscopy, along with tailored content, simplified language, and visual aids.

Conclusions: The app prototype demonstrated favorable results with the majority of participants, and the testing process enabled
the prompt identification and resolution of usability issues. The next phase will prioritize and assess potential improvements
based on urgency and feasibility to guide a focused development plan. Usability testing highlighted features such as push
notifications and personalized content as top priorities for participants, making them key areas for immediate attention. Moving
forward, the app has the potential to function effectively as a companion app for colonoscopy examinations. To achieve this,
further studies with a larger sample in real-world settings will be crucial.

(JMIR Hum Factors 2025;12:e67043)   doi:10.2196/67043
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eHealth; mobile health; mHealth; digital health; technology assessment; technology adoption; technology implementation; usability
study; colonoscopy; app; application; examinations; smartphone; usability
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Introduction

Background
Colonoscopies are widely recognized as the most reliable
method for detecting colorectal issues; their effectiveness and
safety hinge on the thoroughness of bowel preparation
beforehand [1,2]. Ensuring adequate bowel preparation is crucial
for achieving clear visualization of the colon’s inner lining
during the procedure. Poor bowel preparation is linked to risks
such as missed significant lesions, procedural challenges, longer
operation times, higher rates of interval colorectal cancers, and
increased health care expenses [3]. However, a colonoscopy is
an invasive procedure that demands extensive preparation. This
includes taking a laxative, restricting food and liquid intake,
and stopping certain medications in the week before the
appointment.

Research indicates that up to 11% of individuals miss their
colonoscopy appointments [4,5], and among those who do
attend, many have insufficient bowel preparation, hindering
clear colonic visualization [6-12]. A recent study investigated
the efficacy of various bowel preparation regimens (4L, 2L, and
≤1L) for colorectal cancer screening, focusing on key quality
indicators such as bowel cleanliness, cecal intubation rate,
adenoma detection rate, and polyp detection rate, all aligned
with the performance standards set by the European Society of
Gastrointestinal Endoscopy (ESGE) [13]. While all regimens
met the ESGE’s minimum quality thresholds, the adequacy of
bowel preparation varied significantly between volumes [13].
Ultralow-volume preparations achieved an adequacy rate of
79%, notably lower than the 86.4% seen with high-volume
preparations [13]. In particular, bowel preparation with sodium
picosulfate and magnesium citrate (SPMC) and 1L polyethylene
glycol with ascorbic acid (1L-PEGA) was adequate in only
75.2% and 82.9% of cases, respectively, highlighting the need
for careful consideration when selecting a preparation method
based on patient needs and procedural goals [13].

Misunderstanding dietary guidelines and cleansing instructions,
along with noncompliance, significantly contributes to
inadequate bowel preparation [14]. Ineffective bowel preparation
can lead to several adverse outcomes, including reduced
adenoma detection rates, extended procedure times, lower cecal
intubation rates, increased electrocautery risks, and more

frequent examination intervals [15,16]. To enhance patient
adherence to colonoscopy procedures, various educational
strategies have been used. Tools such as booklets, cartoons, and
SMS text messaging have proven effective in increasing
follow-up rates compared to standard care [17]. Furthermore,
smartphone-based strategies have been developed to assist
patients in preparing for colonoscopy [18-24]. Research
indicates that these smartphone interventions generally lead to
better outcomes, such as higher bowel cleansing quality scores,
compared to usual care control groups [18-20,25,26]. However,
there is limited evidence that these tools were designed with
input from their intended users [27], which may reduce their
effectiveness. Engaging potential users in the app development
process is likely to enhance usability by ensuring the app’s
content and features match user needs and preferences [28-30].

Objectives
Considering that user research can significantly enhance a tool’s
adoption and adherence rates post launch [28], this usability
study was conducted to pinpoint strengths and weaknesses in
the prototype of a companion app for colonoscopy examinations
and to provide detailed insights into its quality regarding
usefulness, ease of use, and content comprehension. The goal
is to refine the product based on evidence gathered from
potential users, ensuring it meets its intended purpose
effectively.

Methods

App Prototype
The health care technology company Gimini Biosciences SàRL
is developing digital health solutions to empower patients
undergoing complex medical interventions. Their mission is to
ensure every patient has access to the necessary information for
a successful medical examination.

The companion app for colonoscopy examinations, their first
use case, features three main sections: (1) educational content
about colonoscopy examinations; (2) digital protocols detailing
diet, fasting, and laxative instructions; and (3) a personalized
timeline based on the user’s examination date and time to guide
them on diet, fasting, and laxative schedules. Figure 1 illustrates
the design of the prototype, showcasing these sections.
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Figure 1. App prototype overview, including (A) patient information, (B) digital protocols, and (C) timeline and schedule.

Study Design
The study involved conducting a qualitative interview with each
participant using the standardized think-aloud method [31],
which is described in detail below. Participants were guided
using a semistructured test script to articulate their cognitive
process in real time while completing a list of predefined tasks.
Similar to many qualitative studies, this research used purposive
sampling to gather in-depth insights [32]. Participants were
selected based on their capacity to offer detailed and firsthand
insights into the research topic, ensuring they could effectively
articulate their real-life experiences [32,33].

Participant Recruitment
The inclusion criteria covered individuals aged 40‐65 years
who use a smartphone, have undergone a colonoscopy
examination, have access to Wi-Fi and email, are comfortable
using teleconferencing tools (eg, Microsoft Teams), and are
capable of screen-sharing during the testing session. Three
institutions played a key role in recruiting participants: Clarunis
(the University Digestive Health Care Center of St. Clara
Hospital and University Hospital Basel), GGHA (Geneva
Gastroenterology & Hepatology Associates SA), and EUPATI
Switzerland (European Patients’ Academy on Therapeutic
Innovation).

Participants were directly approached and recruited by the
collaborating institutions. Once a participant agreed to
participate and signed the consent form, the respective institution
forwarded the signed consent form along with the participant’s
contact details to the core research team at the University of
Applied Sciences and Arts Northwest Switzerland (FHNW).
From that point, the research team took over the coordination
and management of the participant’s involvement in the study.

Participants had the option to conduct the testing session in
English, French, or German. The English version of the
participant information sheet and consent form can be found in
Multimedia Appendix 1. The information was also provided in

both German and French, giving participants the freedom to
select the language they felt most comfortable using, and the
recruitment process spanned from February to July 2024. The
researchers aimed to recruit a sufficient number of participants
to achieve saturation, indicating that enough data had been
collected when new information no longer provided additional
insights [32,33].

Think-Aloud Procedure
The think-aloud method is extensively used in app development
as a popular tool for assessing usability [34]. In a think-aloud
test, participants are asked to use the system and verbalize their
thoughts continuously as they navigate through the user
interface. This technique allows researchers to gain deeper
insights into user misconceptions, which often lead to practical
recommendations for redesign: when users misunderstand design
elements, those elements may require modification. It also sheds
light on why users make incorrect assumptions about certain
aspects of the design and why they find other parts intuitive.
The method is used to make cognitive processes, which would
otherwise remain implicit and unspoken, more visible. By
having participants verbalize their thoughts while performing
a task, researchers can gain insights into thought processes,
decision-making strategies, and individual patterns of
interpretation.

Participants evaluated a web-based prototype of the app. They
were instructed to explore the prototype while vocalizing their
actions and observations, and to offer feedback on features,
navigation, and perceived usefulness as they interacted with it.
Researchers reminded participants to maintain a continuous
stream of thoughts when needed and observed their behavior
throughout the test tasks. All sessions were recorded, capturing
participants’ screen interactions with the prototype. Detailed
notes were taken during feedback sessions and stored using the
research platform Tivian.

During each test session, participants were asked to complete
6 tasks, during which we observed their behavior and
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interactions with the tool. Additionally, they provided subjective
assessments for each task, evaluating its usefulness, ease of use,
and comprehensibility of the content. Textbox 1 displays the

list of tasks participants were required to complete during the
test sessions. The English version of the complete test script
can be found in Multimedia Appendix 2.

Textbox 1. The list of tasks participants were required to complete during the test sessions.

Task 1: Customization and language choice

Task 2: First screen tour

Task 3: Accessing and navigating the background information section

Task 4: Accessing and navigating the fasting and food instructions

Task 5: Accessing and navigating the laxative instructions

Task 6: Accessing and navigating the meal and exercise recommendations

The think-aloud test was designed to encompass every possible
task a user might perform within the app, covering all available
functions and interactions. By including all tasks, we ensured
a thorough capture of user feedback across the app’s entire
functionality, providing a comprehensive assessment of the user
experience. Below is a high-level summary of what each task
involved:

• Task 1: Customization and language selection—In this task,
participants were prompted to select their preferred language
and adjust settings such as font size or content complexity,
allowing them to personalize the app to their needs.

• Task 2: First screen tour—This task aimed to assess the
intuitiveness of the app’s initial screen, encouraging
participants to reflect on the clarity of the navigation and
their understanding of the content available in each section.

• Task 3: Exploring background information—Here,
participants were guided to access and navigate the section
on background information about the colonoscopy
examination, supporting their understanding of the
procedure as they prepared for their appointment.

• Task 4: Reviewing fasting and dietary instructions—This
task directed participants to find and review guidelines on
what they can and cannot eat before the examination,
including details on when to begin the special diet and the
required fasting period.

• Task 5: Reviewing laxative instructions—Participants were
asked to locate and understand instructions on taking the
laxative, including information on dosage timing for
effective preparation.

• Task 6: Reviewing meal and exercise
recommendations—This task involved participants
exploring the app’s suggestions for meals and exercises
that could help them prepare optimally for the examination.

Analysis
After compiling all notes from the testing sessions, CJ, RM,
and SS collectively reviewed and synthesized the findings.
These were then presented to the app development team for
discussion, focusing on identifying features and functions
requiring modification. The data encompassed audio recordings
of the think-aloud sessions, observations noted by CJ, RM, and
SS, and responses to usability questions.

Quantitative usability data, such as user ratings of ease of use
and usefulness of the different features, were aggregated and

analyzed using Microsoft Excel for Mac 2021 (version 16.86)
to compute totals, percentages, means, and standard deviations.
Qualitative participant comments were translated into English
as needed for coding purposes. NVivo version 1.7.2 (QSR
International), a qualitative data analysis software, was used for
coding and categorizing the qualitative data. The data underwent
thematic analysis to capture the depth and the unique
interpretative contributions of individual researchers [35]. To
ensure coding reliability, the first 3 authors, who conducted
testing sessions in 3 different languages, engaged in
collaborative discussions. The initial codebook was organized
around core eHealth app development components: user
interface (including navigation and visual design), user
experience design (such as personalization), functionality
(including notifications and reminders), and patient engagement
and support (such as educational content). Initial coding was
carried out by the first author (CJ), followed by a review from
RM. Any coding discrepancies were addressed through
discussions with SS until a consensus was reached.

Ethical Considerations
The ethics committee of Northwest and Central Switzerland
determined that ethics approval was not needed for this study,
according to the Federal Act on Research Involving Human
Beings, article 2, paragraph 1 (reference number
Req-2023‐01506). All participants were briefed about the
research background and signed a consent form agreeing to
participate. Participants did not receive payment but were
offered the opportunity for early and free access to the app upon
its launch.

Results

Sample Characteristics
In total, 17 participants from 4 institutions tested the app
prototype (3 of them were pilot tests, 1 in each of the 3 test
languages). Participants were mostly male (13/17, 76%) and
aged 40‐50 (8/17, 47%) years. The gender discrepancy among
participants is largely due to recruitment challenges and the
voluntary nature of the study. Since participation was optional,
it may have led to a self-selection bias, where individuals more
comfortable with technology or who have a specific interest in
health applications were more likely to take part, resulting in a
less balanced gender distribution among participants. Tests were
conducted in German (6/17, 35%), French (6/17, 35%), and
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English (5/17, 29%). Table 1 presents the demographics and characteristics of the sample.

Table . Sample characteristics (N=17).

Values, n (%)Characteristic

Gender

13 (76)Male

4 (24)Female

Age (years)

1 (6)a<40

8 (47)40‐50

5 (29)51‐60

3 (18)>60

Language

6 (35)German

6 (35)French

5 (29)English

Referring institution

9 (53)Clarunisb

4 (24)GGHAc

3 (18)FHNWd (pilot testers)

1 (6)EUPATI Switzerlande

aOne of the pilot tests, hence age inclusion criteria were not applied.
bClarunis: The University Digestive Health Care Center of St. Clara Hospital and University Hospital Basel.
cGGHA: Geneva Gastroenterology & Hepatology Associates SA.
dFHNW: University of Applied Sciences and Arts, Northwestern Switzerland.
eEUPATI Switzerland: European Patients' Academy on Therapeutic Innovation, Switzerland.

Usability Metrics
Usability metrics are specific measurements used to evaluate a
digital product’s usability. These metrics typically assess how
quickly users complete tasks, how often they make mistakes,
and their overall satisfaction with the tool. By analyzing various
usability metrics, we can gain a comprehensive understanding
of the user’s experience and the tool’s overall usability.

During the testing sessions, we incorporated satisfaction metrics,
which are subjective measures based on users’ self-assessments.
These metrics evaluated the ease of use, usefulness, and content
comprehensibility of different sections of the app, as well as

their overall impression of the app. Responses were rated on a
Likert scale from 1 (low agreement) to 5 (high agreement).
Table 2 provides an overview of these subjective measures for
the various tasks and the app as a whole. Some measures were
not applicable for certain tasks. For example, in task 1
(customization and language selection), there was no text content
to assess for comprehensibility, so this measure is marked as
N/A (not applicable) for that task. In task 2 (first screen tour),
participants were only asked to reflect on whether the initial
screen was intuitive, rather than completing an action. Therefore,
measures such as ease of use, usefulness, and comprehensibility
were not rated for this task.
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Table . Subjective usability measures (N=17).

Comprehensibilitya, mean (SD)Usefulnessa, mean (SD)Ease of usea, mean (SD)Task

N/Ab4.35 (1.11)4.41 (0.71)Task 1: Customization and language
choice

N/AN/AN/ATask 2: First screen tour

4.53 (0.87)4.76 (0.44)4.41 (0.94)Task 3: Accessing and navigating
the background information section

4.29 (0.99)4.41 (0.87)4 (1)Task 4: Accessing and navigating
the fasting and food instructions

4.35 (0.93)4.82 (0.39)4.53 (0.62)Task 5: Accessing and navigating
the laxative instructions

4.53 (0.8)4.59 (0.62)4.65 (0.7)Task 6: Accessing and navigating
the meal and exercise recommenda-
tions

4.29 (0.92)4.53 (0.72)4.29 (0.59)Overall satisfaction with the app as
a whole

aUser satisfaction of usability attributes was rated on a scale of 1 (low agreement) to 5 (high agreement).
bN/A: not applicable.

To provide a comprehensive assessment, test moderators also
recorded observations on three additional usability metrics: (1)
completion metrics (these measure whether users can
successfully complete or partially complete tasks, indicating
the tool’s effectiveness); (2) duration metrics (these track the
average time users take to perform a task, reflecting the design’s
complexity and the efficiency of user navigation); and (3) error
metrics (these refer to actions users take that do not lead to the
expected outcome, highlighting areas of confusion in the user

interface or challenges with functionality). Table 3 presents an
overview of these observed measures. Certain measures in this
table were not applicable for task 2 (first screen tour), as
participants were only asked to assess the intuitiveness of the
initial screen rather than perform any specific action. As a result,
metrics such as completion rate and error rate were not relevant
for this task, since there was no actionable step for participants
to complete or errors to quantify.

Table . Observed usability measures (N=17).

Duration (seconds), mean (SD)Error rate, n (%)Completion, n (%)Task

44.47 (32.39)1 (6)16 (94)Task 1: Customization and language
choice

57.41 (45.94)N/AN/AaTask 2: First screen tour

66.53 (46.32)7 (41)15 (88)Task 3: Accessing and navigating
the background information section

75.41 (46.07)7 (41)16 (94)Task 4: Accessing and navigating
the fasting and food instructions

54.88 (47.89)3 (18)15 (88)Task 5: Accessing and navigating
the laxative instructions

56.76 (50.49)3 (18)17 (100)Task 6: Accessing and navigating
the meal and exercise recommenda-
tions

aN/A: not applicable.

When asked if they would use the app for a colonoscopy
examination once it becomes available, out of 17 participants,
14 (82%) said yes, 3 (18%) said maybe, and 0 (0%) said no.

Qualitative Feedback
Participants provided comments and qualitative feedback on
the 6 tasks they performed during the test sessions. While their
feedback concerning the comprehensibility of the content, the
user-friendliness, and the general user benefits of the application
was mostly positive, they also expressed some confusion about

certain content or features. Additionally, they offered
suggestions for improvements in areas such as design and
visualization as well as user guidance to address the gaps or
issues they identified in the prototype. Overall, participants
stressed the importance of receiving reminders and alerts in the
week leading up to their colonoscopy. They also preferred
tailored content, simplified language, and visual aids to enhance
their understanding. Table 4 summarizes their qualitative
feedback, organized into 4 key themes: app content, design,
guidance, and features. These themes collectively illustrate the
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participants’ preferences and priorities, providing valuable
insights for the development and improvement of the

application.
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Table . Key themes that emerged from the thematic analysis of the qualitative feedback.

Qualitative feedbackThemes and subthemes

Content

Participants expressed a need for greater accuracy
in the app’s content. Specifically, they suggested:

Content accuracy

• Allowing the selection of examination times
down to the minute, rather than in 15-
minute intervals.

• Clearly stating that tea and hot drinks should
not contain milk, as specified in the paper-
based guidance.

• Ensuring the app accurately reflects the
strict fasting phase, as some participants
experienced longer fasting periods than in-
dicated.

Some content has been found to be unclear or
confusing. For instance:

Content clarity

• The term “residue-free diet” may be diffi-
cult for laypeople to understand; “bowel
cleansing” is suggested as a more straight-
forward alternative.

• The term “protocols” is ambiguous, and
“preparation” is recommended as a clearer
option.

• Instead of using the word “option” for meal
examples, provide explicit examples to
avoid misleading users into thinking these
are the only choices available.

• For dosage instructions, emphasize that the
liquid should be consumed in sips rather
than all at once.

• The timeline entry “pickup medication” is
unclear and potentially misleading; a more
descriptive label is needed.

• More information on physical exercise
should be included, such as its effects and
importance in the preparation process.

It has been noted that certain content is currently
lacking in the app, namely:

Content completeness

• Expanded details on the colonoscopy proce-
dure should be provided, with careful atten-
tion to wording. Starting the information
section with cancer detection details can be
perceived as alarming. It is essential to in-
troduce the procedure in a reassuring man-
ner, highlighting its benefits and emphasiz-
ing preventive care.

• Information on the effects of laxatives.
• Vegetarian menu options.
• Post-colonoscopy care and potential adverse

events.
• Any assistance with laxative consumption

would be greatly appreciated, as it can be
quite unpleasant. For example, mixing the
laxative with clear syrup to improve taste.
Another tip is to sip water alternately with
the laxative instead of consuming them se-
quentially, which can make the experience
less difficult. Additional advice on making
the process more manageable could include
using a straw to drink the laxative or drink-
ing tea beforehand to mitigate the salty
taste.
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Qualitative feedbackThemes and subthemes

Participants have suggested including a section
with FAQs to provide clear and concise answers
to common concerns. Suggested questions in-
clude:
• Why is a colonoscopy performed? Include

an explanation of its purpose and benefits,
and note any differences in the procedure
or considerations for men and women.

• Can I drive after taking the medication?
• When can I resume a normal diet?
• What are the advantages and disadvantages

of various examination methods? Offer a
comparison of different diagnostic options,
such as stool examinations, to help users
understand their relative benefits and limita-
tions.

FAQsa

A few minor translation inaccuracies have been
identified:
• “Dose 1” was incorrectly translated into

German; the correct term is “Dosis.”
• Under “fasting time,” “Untersuchung” is a

more appropriate translation than “Prüfung.”

Translation accuracy

Design
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Qualitative feedbackThemes and subthemes

Participants have proposed several improvements
to enhance the clarity of the app’s navigation.
Suggested enhancements include:
• Adjust the color scheme of the language

selection navigation to make it more
prominent.

• The button for confirming language selec-
tion should be available in multiple lan-
guages.

• Change the name of the navigation section
labeled “Information” to better reflect that
it pertains to the procedure rather than app-
related information.

• The back arrow should be made more
prominent by increasing its size and reposi-
tioning it centrally for better visibility and
ease of use.

• There is uncertainty about the type of infor-
mation the sections labeled “Protocols” and
“Timeline” contain.

Navigation clarity

There were several suggestions to improve the
app’s navigation structure:
• Increase the size of the customization icon

and consider positioning it at the same level
as the other main navigation icons to attract
more attention.

• Keep content concise and allow users to
click for more detailed information when
needed.

• Display the timeline immediately after
scheduling an appointment, as it is highly
relevant. Ideally, place the timeline in the
same section where laxative information is
provided.

• Clearly mark the section for taking the lax-
ative in the protocol and integrate the “how”
with the “when” to provide a comprehensive
guide.

• Distinguish and prioritize personalized
content related to individual preparation for
the colonoscopy from general informational
content about the procedure, such as exam-
ination details and menu suggestions.

Navigation structure

Guidance
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Qualitative feedbackThemes and subthemes

Participants have reported some confusion and
expressed a need for clearer guidance on navigat-
ing the app and understanding required actions.
Specific recommendations include:
• Add a note indicating that users can change

the language and the date of their interven-
tion, as this option is not immediately appar-
ent.

• Clearly explain why users need to enter their
appointment details.

• Provide a clear explanation of the next steps
immediately after entering appointment in-
formation, as some users were unsure where
to click.

• Indicate that some content is customized
based on the user’s appointment time to
clarify how the app personalizes informa-
tion.

• Include preliminary information about the
general procedure at the start of the app,
such as an overview page, to give users a
better understanding of what to expect.

Step-by-step guidance

Features

Nearly all participants emphasized the critical
need for personalized reminders and alerts, tai-
lored to each patient based on the specific date
and time of their colonoscopy appointment.

Personalized notifications

The importance of having the ability to print or
share information directly from the app was em-
phasized.

Sharing and printing info

Participants noted that the app’s capability to
customize content for individual users makes it
more favorable compared to other methods of
information delivery, such as paper. Specific
suggestions include:
• Set the app to automatically select the lan-

guage based on the user’s browser settings.
• Allow direct integration with the user’s

calendar for streamlined timeline manage-
ment.

• Ensure that the link directs users to the cor-
rect hospital right from the start.

• Add the medical center’s phone number or
provide a direct link for users to easily
contact the center.

Tailored content

Participants recommended integrating visual aids
to improve the clarity and comprehension of the
information. Suggestions include:
• Add illustrations to assist in understanding

the content more easily.
• Use visual cues to highlight the fasting time

more prominently.
• Present information about meal preparation

and dishes in a more visual format, includ-
ing photos of menu items.

• Integrate photos and potentially a video to
visually explain the procedure.

Visual aids

aFAQs: frequently asked questions.
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Discussion

Principal Findings and Implications for App
Improvement
Our findings indicate that participants were generally willing
to use the companion app for colonoscopy examinations and
found it mostly useful and easy to navigate. Usability is crucial
for implementation, as technologies that are user-friendly are
more likely to be consistently used over time. This is why
leading technology acceptance frameworks such as the
Technology Acceptance Model (TAM) and the Unified Theory
of Acceptance and Use of Technology (UTAUT) emphasize
ease of use and usefulness as key predictors for adopting new
technologies [36,37]. The inclusion of subjective measures in
assessments has been debated in the literature due to potential
variability introduced by users’ subjective views. Despite this
challenge, many scholars advocate for the inclusion of subjective
criteria, such as ease of use and visual appeal, because they are
fundamental drivers of adoption [38-41]. Therefore,
incorporating subjective criteria, such as perceived ease of use,
into the testing process could enhance tool adherence and
improve health outcomes [42]. However, it is important to
recognize that moderating factors such as a person’s age,
education, and digital skills can influence their assessment of
a technology’s perceived ease of use and overall usefulness
[38].

Although participants rated the app highly for both ease of use
and usefulness, they also offered several suggestions for
improvement. For instance, they recognized that preparing for
a colonoscopy involves multiple complex steps during the week
leading up to the appointment. They expressed a desire for the
app to send timely reminders to guide users throughout the
process, aligning with findings from previous similar research
[27]. Reminders are likely crucial for the effectiveness of the
app. In fact, a randomized controlled trial found that without
reminders the app group had the same quality of bowel
cleanliness as the control group [21]. Previous studies have
demonstrated that personalized reminders and alerts enhance
the adoption of electronic health technologies, effectively
modifying various health behaviors [43].

The app content was generally well received for its clarity and
ease of understanding. However, there were a few requests for
improved clarity or accuracy in certain areas, as detailed in the
Results section. Additionally, users identified some content

gaps in the tested prototype. Specifically, they requested more
comprehensive guidance on how to take the laxative and
minimize the unpleasantness of the experience. Furthermore,
there was a need for information addressing post-colonoscopy
issues. This latter finding aligns with similar research; for
instance, Sewitch et al [27] also highlighted the perceived
importance of post-colonoscopy information among potential
users. Their study similarly underscored the need for detailed
guidance on what to expect and how to manage any subsequent
issues after the procedure. This is especially pertinent
considering that statistics reveal approximately 25% of patients
experience a minor adverse event within 48 hours of a
colonoscopy, and 0.5% encounter a serious adverse event within
30 days [44].

Participants indicated a need for more detailed, step-by-step
guidance on using the app. They sought clear instructions on
the use of entering specific information, such as their procedure
date and time, and how to effectively use the app to prepare for
their examination. This feedback aligns with the extensive
literature emphasizing the importance of user training and
guidance to enhance adoption rates [38]. Introducing an app
tour with guided notes detailing each section, coupled with clear
instructions on features such as adjusting font size, could greatly
enhance the overall user experience. This initial guidance would
make it easier for users to understand how to navigate the app
and maximize its use right from the start. Research suggests
that users’ perception of ease of use can be significantly
improved with high-quality training materials that guide them
on how to effectively optimize these technologies [38,45,46].

Participants expressed a strong preference for more visual and
interactive content, as well as a navigation design that prioritizes
personalized information, such as the preparation timeline. They
expressed a desire for information to be presented clearly at
every stage of the colonoscopy preparation process. This
feedback is consistent with previous research, which underscores
the critical role of design elements and personalization in
achieving successful patient adoption of digital health tools
[38]. Several studies have specifically highlighted the
importance of personalization. For example, a lack of
customization options to meet individual needs can result in
lower adoption rates or even abandonment of the tool [38,47].
Figure 2 provides a summary of our findings regarding user
preferences for app design, content, features, and guidance.
These insights will help boost the app’s usability and
functionality, ultimately improving user adoption.
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Figure 2. Key areas for app improvement.

The next step will involve a thorough prioritization and impact
assessment, where improvements according to urgency and
feasibility will be ranked to guide a targeted development plan.
For example, the usability testing results indicate that features
such as push notifications and personalized content are top
priorities for the participants. These will be addressed at the
start of the next development cycle to ensure they are optimized
before moving into real-world testing.

Limitations and Future Research
While the practical insights from participants regarding the app
prototype were valuable and guided us in making important
modifications, it is important to acknowledge several limitations.
Using the think-aloud methodology, there is a potential for
reporting bias where participants may shape their responses to
align with perceived researcher expectations; additionally,
participants might selectively verbalize thoughts that align with
what they believe interviewers want to hear, known as social
desirability bias [48]. To address these potential biases,
moderators were trained to actively encourage participants to
provide verbal feedback and to collect observational data. These
observations were used alongside participants’ subjective
feedback during data analysis.

While the sample size of this study may appear small, previous
research indicates that 80%‐90% of usability issues in websites
and apps can be identified with 5 to 9 participants [49,50].
During the individual think-aloud sessions, recurring themes
emerged, suggesting data saturation was achieved [32].
However, it is possible that additional participants could have
uncovered different usability issues and provided diverse
perspectives. Looking ahead, the app has promising potential
as a companion for colonoscopy examinations. However,
conducting larger-scale studies in real-world environments will
be essential to validate and optimize its value and effectiveness.

Conclusions
Overall, participants expressed satisfaction with the app’s
usability. The think-aloud sessions provided real-time insights
into the app’s appeal, relevance, and use. Minor adjustments to
the prototype’s functionality were identified as necessary to
enhance usability. Feedback and suggestions from participants
have been integrated into the final app design. The initial
findings from this usability study indicate that the app holds
promising potential as a companion for colonoscopy
examinations. This work establishes the foundation for further
research to evaluate usability and feasibility among a larger,
real-world population.
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Abstract

Background: Emergency and acute medicine doctors require easily accessible evidence-based information to safely manage a
wide range of clinical presentations. The inability to find evidence-based local guidelines on the trust’s intranet leads to information
retrieval from the World Wide Web. Artificial intelligence (AI) has the potential to make evidence-based information retrieval
faster and easier.

Objective: The aim of the study is to conduct a time-motion analysis, comparing cohorts of junior doctors using (1) an
AI-supported search engine versus (2) the traditional hospital intranet. The study also aims to examine the impact of the AI-supported
search engine on the duration of searches and workflow when seeking answers to clinical queries at the point of care.

Methods: This pre- and postobservational study was conducted in 2 phases. In the first phase, clinical information searches by
10 doctors caring for acutely unwell patients in acute medicine were observed during 10 working days. Based on these findings
and input from a focus group of 14 clinicians, an AI-supported, context-sensitive search engine was implemented. In the second
phase, clinical practice was observed for 10 doctors for an additional 10 working days using the new search engine.

Results: The hospital intranet group (n=10) had a median of 23 months of clinical experience, while the AI-supported search
engine group (n=10) had a median of 54 months. Participants using the AI-supported engine conducted fewer searches. User
satisfaction and query resolution rates were similar between the 2 phases. Searches with the AI-supported engine took 43 seconds
longer on average. Clinicians rated the new app with a favorable Net Promoter Score of 20.

Conclusions: We report a successful feasibility pilot of an AI-driven search engine for clinical guidelines. Further development
of the engine including the incorporation of large language models might improve accuracy and speed. More research is required
to establish clinical impact in different user groups. Focusing on new staff at beginning of their post might be the most suitable
study design.

(JMIR Hum Factors 2025;12:e52358)   doi:10.2196/52358

KEYWORDS

artificial intelligence; machine learning; information search; emergency care; developing; testing; information retrieval; hospital
care; training; clinical practice; clinical experience; user satisfaction; clinical impact; user group; users; study design; mobile
phone

Introduction

In making decisions about patient care, clinicians frequently
are faced with queries and are often unable to retrieve answers
to them in a timely fashion. A systematic review [1] estimates

that the per-patient frequency of queries raised by clinicians
ranges from 0.4 to 0.8 per patient and that about two-thirds of
these queries are left unanswered. This picture has been fairly
stable over time despite the broad availability of web-based
evidence resources that can answer these questions. Unanswered
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questions may lead to suboptimal patient care decisions and are
missed opportunities for timely learning and practice
improvement.

Medwise.ai is a solution codeveloped with Betsi Cadwaladr
University Health Board), which helps clinicians find answers
quickly from local guidelines and provide seamless and
just-in-time access to high-quality evidence in the context of
patient care decision-making in the clinical environment. A
previous study [2] has demonstrated that smartphone apps can
increase the speed to access guidelines when compared to using
desktop computers. However, access to guidelines does not
equate to finding answers to clinical questions quickly and
effectively at the point of care. The Medwise.ai platform can
collate local clinical guidelines and break them down into
chunks of content that can be retrieved using natural language
processing and information retrieval technologies as bite-sized
answers for clinician’s questions. We conducted a time-motion
analysis, comparing cohorts of junior doctors using an artificial
intelligence (AI)–supported search engine and the traditional
hospital intranet, to examine the impact of the AI-supported
search engine on participant time and workflow when seeking
answers to clinical queries at the point of care. The secondary
end points of our study were to assess whether effective question
answering could lead to a better quality of work life and improve
confidence in decision-making for the end user.

This study aimed (1) to gain user feedback for a novel
context-specific proof-of-concept search engine and (2) to
measure the time required to retrieve clinically relevant
information with a novel engine compared to other search
engines in the setting of hospital emergency care.

Methods

Study Design
We conducted a prospective direct pre- and postobservational
pilot study in teams caring for medical emergency admissions
examining the impact of access to Medwise.ai, a clinical query
answering platform, versus information retrieval from guidelines
saved on the hospital intranet using time-motion study
methodology [3].

Study Setting
The study took place at the Ysbyty Gwynedd, Bangor. The
Ysbyty Gwynedd is a district general hospital in North Wales
with 550 beds covering all major specialties, including a dialysis
unit and a 13-bedded critical care unit. Clinicians from 2 units
in the hospital were recruited; the acute medical unit has 23
beds and is complemented by a same day emergency care unit
for low-risk admissions.

Both units receive direct admissions from primary care and
work closely with the emergency department (ED) to manage
acute medical presentations. It is important to note that the
traditional boundaries between emergency care and acute
medicine have become less distinct in recent years due to
increasing hospital overcrowding in the United Kingdom. While
historically, patients were first seen in the ED by emergency
physicians and then referred to the Acute Medical Unit for care
by acute and general physicians, many acute and general medical

teams now also work within the ED to manage the flow of acute
medical patients.

During the day shift (8 AM to 8:30 PM), the on-call team
consists of 4 doctors in training (a newly qualified foundation
year 1 doctor, 2 core medical trainees with 1‐4 years of
experience, and 1 medical registrar with 4 or more years of
clinical experience and membership of the Royal College of
Physicians) and an on-call consultant with a full specialist
qualification. The sole task of the on-call team is the care of
emergency admissions and emergencies of inpatients. Patients
seen by doctors in training are subsequently reviewed by a
consultant as part of the posttake ward round.

Intervention
Medwise.ai is a proof-of-concept search engine combining
well-established information retrieval techniques with textual
question answering and trained models that determine the best
answer within a document. The search platform is available to
the participating clinicians over a web app accessible via mobile
web browser on both Android and iOS devices. Research staff
trained the onboard clinicians and helped to install the
Medwise.ai search on the participating clinicians’ mobile
devices ahead of observations.

Content development for Medwise.ai was informed by informal
interviews (Multimedia Appendix 1) with staff and a single
focus group, consisting of 14 participants, to identify relevant
local guidelines and standard operating procedure documents
to be included in the Medwise.ai platform, thus ensuring user
buy-in and optimal functionality of the Medwise.ai platform.
The local documents shared with Medwise.ai were in PDF or
Microsoft Word format. It is important to note that searches
using Medwise.ai were limited by the content available in the
local repository; if the content did not exist within this
repository, the AI would not be able to provide answers to
queries. It should be noted that the underlying AI model’s
technical performance was not the focus of this study.

Research Procedure
A dedicated and trained member of the research team shadowed
trainee doctors for 20 complete working days: observation days
included 10 days without and 10 days with access to Medwise.ai.
The 2 groups of participants were not matched for the hospital
intranet versus AI-supported search engine using groups.

Doctors reviewed new admissions and conducted unscheduled
reviews of previously admitted patients: the doctors were aware
that they were observed, and written consent was taken prior to
commencing the direct observation. The observed activity of
doctors was entered into a work diary. For practical reasons, all
observations were undertaken during office hours.

Sampling and Recruitment
The sample size was chosen pragmatically based on experience
with previous time-motion studies [4]. Doctors working as part
of the acute medical take throughout Ysbyty Gwynedd were
recruited. To be included, participants had to be willing and
able to give informed consent for participation in the study, be
in possession of a smartphone to access web-based content, be
permanent or locum staff, and be qualified as a doctor of any
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grade. Participants had the right to withdraw from the study at
any time. Participants received vouchers with a value of US
$50 for participation in the study. Doctors who were only part
of the clinical team for 4 hours or less were excluded from
recruitment.

Candidates were approached by the principal investigator (CPS)
or the dedicated research team member. Notification of the study
was undertaken through existing WhatsApp groups and a Junior
Doctors’Forum. Inclusion and exclusion criteria were identified
during the initial screening.

Assessments
Participants’ gender, specialty, grade, duration of work in their
current post, and duration of clinical practice were recorded.
Participants were shadowed for the duration of a shift but for a
minimum of 6 hours per study day. Shadowing did not include
times when doctors were consulting or examining patients.

Task duration for clinical queries was measured in minutes.
Tasks were classified using a standardized list. Observed
searches for information were classified by clinical content
(diagnostic category, diagnostic pathway, treatment protocols,
prognostication, scoring systems, normal values, and accessed
data source). Confidence in decision-making was assessed at
the end of each working day using a validated scale for
self-assessment [5]. Confidence in decision-making and user
satisfaction were measured using the Likert scale (How satisfied
are you with the Medwise.ai product? On a Likert scale of 1-10)
and the Net Promoter Score (NPS) [6] (How likely are you to
recommend Medwise.ai to a friend or colleague?). NPS is a
validated score that is used to measure user satisfaction. It is
widely used in industry as a benchmark for comparing products
within different industries. A positive NPS is considered as
good, a score above 20 as favorable, and above 50 as excellent.
Participants were also asked for suggestions for improvements
of the platform.

Data Management and Statistics
Statistical analysis was primarily descriptive including key data
items related to the frequency of clinical searches, the subject
of such searches, the time taken for the searches, and graded
feedback in relation to the app. Data were recorded on paper
case report forms and subsequently transcribed into a Microsoft
Excel database for further analysis. Data were anonymized
through the removal of name, case report number, and age.

The comparison was made between the events during 10
observed shifts without the app and 10 observed shifts with the
app. Diary data and data from questionnaires were analyzed
using SPSS (IBM Corp). Kernel density plots were used to
visualize the differences in observed task duration; Welch t test
(2-tailed) was used to determine whether the apparent
differences in distribution were likely to have occurred due to
random chance or were due to a real difference in the mean task
duration.

Given the sample size and the unknown baseline distribution
of the variables in question, statistical comparison data from
this study might inform subsequent power calculations for
related research or a definitive trial.

Ethical Considerations
National Health Service (NHS) Research Ethics Review was
not required as the study involved staff only as participants.
The study was approved through Health and Care Research
Wales and the Health Research Authority. No adverse events
were anticipated. However, monitoring was in place in line with
the sponsor safety reporting standard operating procedure. Data
from focus group meetings were anonymized and deidentified.
Written informed consent was given by all members of staff
who were observed during the assessments. Participants were
reimbursed with £50 (US $61.92) retail vouchers according to
local regulations.

Results

Demographics and Baseline Characteristics
All assessments were undertaken between November 17, 2022,
and February 8, 2023 (hospital intranet period) and July 6 and
27, 2023 (AI-supported search engine period).

The hospital intranet and AI-supported search engine groups
both comprised 10 doctors each with 5 and 7 female doctors,
respectively. The hospital intranet group had a median clinical
experience of 23 months. Of these, 6.1 months were in their
current specialty. The AI-supported search engine group had a
median of 54 months of experience. Of these, 9.6 months were
in their current specialty. No statistically significant differences
between mean time in current specialty were observed between
the groups (t=−1.01; 95% CI −11.4679 to 4.0179; P>.05).

Focus Group
The focus group was held on April 5, 2023, after the completion
of the hospital intranet period. In total, 14 clinicians participated
including foundation year 1 and 2 doctors, registrars, physician
associates, and 3 consultant physicians. Participants were asked
a list of prepared questions in relation to search habits, preferred
information sources, and views about search engines
(Multimedia Appendix 1).

Contributors discussed sources of information that they use for
their clinical practice and recommended examples of web
resources from other NHS organizations. Pros and cons of
alternative models of information provision including share
point sites were debated. Clinicians commented on the
difficulties to find the right locally authorized resources in
locations of the internet and intranet. On the other hand, they
valued that Medwise.ai guidance is relevant for the organization
in which the search is undertaken. Participants discussed their
experience of using resources from other UK and international
organizations if there is no identifiable local guidance for a
topic. Doctors were concerned that Google searches might
identify sources that contain misinformation. The challenge of
identifying the right information in real time was described as
crucial during the time pressures of acute and emergency care.

Descriptives
Overall, 67 searches were observed in the hospital intranet and
39 searches in the AI-supported search engine period. The mean
number of clinical searches performed per shift was 6.7 (SD
3.43) in the hospital intranet group and 3.9 (SD 3.00) in the
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AI-supported search engine group. Mobile phones were used
for 40 of 67 (60%) searches in the hospital intranet group and
34 of 39 (85%) in the AI-supported search engine group. In the
hospital intranet group, 11 searches were via Google. Other
sources included apps, the British National Formulary, National
Institute for Health and Care Excellence guidelines, and local
guidelines. In the AI-supported search engine group, no search
required Google.

Searches covered a large number of topics (Multimedia
Appendices 2 and 3). The most commonly searched topics in
both groups were medication-related (n=18 and n=10,
respectively).

Participants in the AI-supported search engine group commented
on the impact of Medwise.ai on workflow using free-text
responses (Textbox 1).

Textbox 1. Free-text feedback provided by users collected at the end of observation.

“With more training [training of the AI system] this could be very helpful in speeding up carrying out jobs. Bit unfortunate study was carried out in
final weeks of rotation, when doctors are the most comfortable with systems and need to search things very rarely” [Participant 1].

“Can see it has the potential to increase speed of doing jobs, thus means we see patients quicker” [Participant 2].

“May expediate time available for patient care if brings up more precise answers. When I know where to find the answers it is easier to go straight to
the source” [Participant 3].

“As you get your answers under one second from hospital protocol, it saves time and helps you see more patients. also can provide more time for
patient care rather than looking for protocol and guidelines in each app, it will be all in one. Highly recommended” [Participant 4].

“Probably not much difference. Perhaps better used in GP. I think it would be more useful in GP. In hospital it is okay but not majorly useful. I think
over all it would be a good idea. But I think I search for stuff more in GP. I think overall ED staff would use it most in hospital” [Participant 5].

“Easy availability of resources saves up time and causes less disruption to the flow of clerking. Easy access to BCU/local guidelines is very helpful
as some of these are difficult to find on the intranet. Great idea; would be really helpful” [Participant 6].

“Will reduce search time for searching guidelines resulting in more time for patient care. And all in one place makes it easy to find [information]. I
am surprised that I have not needed to access my phone/ the app as yet today as this is unusual. Would usually look at betsinet multiple times during
a shift for electrolyte levels. I anticipate that this app would be useful” [Participant 7].

“Makes it easier to search for relevant guidelines/policies/pathways etc. Easy and quick to use. User friendly. Appears to work well for searches during
work time. Quickly found everything I searched for” [Participant 8].

“Will help find relevant guidelines much more quickly, which will make work more efficient” [Participant 9].

“Directed me to mdcalc which I already use as an app. No impact on above criteria (workflow, number of patients seen and time for each patient).
Would be more useful to have easy access to trust guidelines such as electrolyte imbalances and chest pain etc.” [Participant 10].

Comparison of Groups
Comparison of the 2 groups revealed that searches in the hospital
intranet group had shorter search times than in the AI-supported
search engine group (41.4 vs 88.1 seconds, respectively; Welch
t=4.06; 95% CI 20.30-59.09; P<0.05). The differences in the
observed task duration are presented as Kernel density plots in
Figure 1. There were no statistically significant differences

between the groups with regard to user satisfaction (Welch
t=0.75; 95% CI −1.2607 to 2.6607; P>.05) and likelihood of a

search result solving the query (χ2=2.2; 95% CI −3.24% to
27.45%; P>.05). Participants of the AI-supported search engine
group were likely to recommend Medwise.ai to a friend or
colleague as reflected in their NPS of 20 (40% promoters and
20% detractors).
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Figure 1. Kernel plot of the duration of searches pre (hospital intranet) and post (artificial intelligence–supported search engine) phase.

Overall, the group using Medwise.ai spent longer searching for
information, and their searches were not more likely to be
successful compared to the usual information retrieval methods.

Discussion

What We Have Shown
To the best of our knowledge, this is the first study to evaluate
the impact of an AI-based information retrieval system on
clinical workflow in acute hospital care. The design and
implementation of a clinical information search engine
integrating intranet- and internet-based information resources
using machine learning was feasible and well-received by
participants.

Searches in this small sample were not faster, and there was no
higher likelihood of a successful search result. Despite this,
doctors believe Medwise.ai has the potential to improve
efficiency and workflow in the future and hence highly
recommended the digital tool to their colleagues.

Strength and Weaknesses
One of the strengths of our study is that it uses objective
measures of efficiency including search times and search
outcomes rather than relying on self-reported questionnaire data
from users. This mitigates recall bias. Additionally, the free-text
feedback from users provided useful insights in that it shows
that despite Medwise.ai’s limitations, the users were optimistic
about its potential in the future and expressed views in favor of
its implementation in clinical workflow, as evident in quotes in
Textbox 1.

It is worth noting that no specific training in evidence searching
was provided to the participants beyond what they would have
received as part of their usual medical education. This lack of
additional training could be seen as both a strength and a
limitation of our study. On one hand, it reflects the real-world
scenario where clinicians often rely on their existing search
skills when using new tools. This approach allows for a more
authentic assessment of the AI-supported search engine’s
usability and effectiveness in a clinical setting. On the other
hand, it raises questions about whether targeted training in
evidence searching or in using the new platform might have
improved search efficiency and outcomes. The ideal search
engine should require minimal introduction or training, but
understanding its functionality could potentially enhance search
yields. Future studies might consider comparing the performance
of users with and without specific search training to better
understand the impact of such preparation on the effectiveness
of AI-supported search tools in clinical practice.

The initially unfamiliar user interface could have been a
significant contributor to the longer search time. Additionally,
the introduction of the AI-supported search engine occurred
toward the end of the rotation when doctors were most confident
about the processes and management of patients. Participants
had spent an average of 8 months in their current specialty,
throughout which they would have regularly used traditional
information retrieval sources.

Our observations and user feedback highlighted several areas
for potential improvement in future iterations of the
AI-supported search engine. First, we recognized that the
platform was initially developed for desktop use, but mobile
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access emerged as the preferred method in the acute care setting.
In response, the platform’s developers are working on a
mobile-first version, including dedicated iOS and Android apps,
as well as access via a chatbot interface on WhatsApp. This
adaptation aims to improve user experience and reduce search
times. Additionally, we noted that the more experienced
intervention group might have been less accustomed to new
digital formats, potentially impacting their interaction with the
novel interface. To address this, future iterations could
incorporate more intuitive design elements and provide brief,
targeted training to familiarize users with the system’s
capabilities.

In our pilot, Medwise.ai was neither more nor less efficient,
successful, or satisfying to users than traditional information
retrieval sources. Searches using Medwise.ai were limited by
the content available: if content did not exist within the local
repository, then the AI will not be able to provide answers to
queries. Finally, the local documents that were shared with
Medwise.ai were in PDF or Microsoft Word format. Further
development to transform these documents into more
machine-readable formats with seamless integration with the
search could further improve the performance of the Medwise.ai
search engine. Like all AI-based tools, Medwise.ai’s
performance is contingent upon the quality and quantity of data
used to train the tool. As the bank of searches builds up over
time, Medwise.ai would be able to offer easier and faster access
to reliable local guidelines.

The effectiveness of the search engine is dependent on the
underlying AI models’ performance. Although not a focus of
this study, it is an area for future attention, particularly with the
growing use of large language models.

What Others Have Shown
The NHS Long Term Workforce Plan [7] emphasizes the need
to leverage the power of AI to improve efficiency and workflow.
This case study is an example of a technological innovation to
improve work efficiency with the end goal of improving patient
care. It contributes to the literature focusing on evaluating the

potential of AI-based technologies to improve service provision
in the NHS [8-10].

Clinical Implications
The search engine was implemented successfully during this
trial. With the clear hierarchy of information sources,
Medwise.ai might represent a source that has higher utility for
clinicians at the bedside than public search engines such as
Google or Safari. While it has been hypothesized that AI could
aid to bring clinical guidelines to routine consultations [11],
clinical apps remain scarce [12]. Moreover, evidence suggesting
a significant reliance on colleagues and internet websites for
information retrieval during shifts makes a strong case for the
need for easy-to-access evidence-based local guidelines [13].

Research Recommendations
Given the small sample size and the unknown baseline
distribution of the variables in question, statistical comparison
is expected to be of limited value. A larger study with
randomization of doctors at the beginning of rotational posts
might provide a more robust assessment. The authors believe
that less experienced clinicians (foundation year 1 trainees or
advanced nurse practitioners in their first year of practice) would
rely heavily on digital information sources and would be equally
unfamiliar with other information retrieval methods and might
hence be the most suitable group to evaluate effects on
decision-making, safety, and possible clinical impact. More
recent developments in AI such as large language models have
shown the ability to encode clinical knowledge and answer
medical questions [14]. Integrating these into the Medwise.ai
engine might improve accuracy and speed. In the
proof-of-concept platform, a full-text, query-augmented,
retrieval engine configured and tuned for medical searches was
used (Figure 2). No large language models were used. Further
research is needed to evaluate how the accuracy and
performance of the proof-of-concept search engine could be
improved by incorporating large language models into the
engine.
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Figure 2. An image of the platform’s search reply.

Conclusions
Implementation of Medwise.ai was feasible. In this small pilot
study of an AI-supported search engine, we did not demonstrate
increased workflow efficiency, search success, or satisfaction
when compared with searches using the traditional hospital

intranet. However, doctors in training believed the solution has
the potential to do so in the future and hence recommend its
implementation in clinical workflow. With added source content
and integration of the Medwise.ai search with the next
generation of AI large language models, it is likely that more
benefits will be realized.
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Clustered column chart showing the distribution of search categories in the hospital intranet period (control) and artificial
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converting units of measurements. “Interpreting invx” meant finding information about the significance of specific findings on
investigations including plain films, electrocardiographs, and blood results. “Medication” meant medication-related information,
that is, dose, route of administration, and interactions. “Scoring systems” meant users calculating prognostic scores including
Well score. “Staff contact“ meant looking up bleep numbers for other members of the health care workforce. “Term” meant
looking up specific definitions. “Treatment protocol” meant treatment pathways for conditions and presenting complaints.
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Multimedia Appendix 3
Word cloud of search terms.
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Abstract

Background: Mobile health technologies have the potential to enhance the management, communication, and overall quality
of life of patients with cancer. The MyPal project, using a participatory design approach, aims to provide palliative care support
for patients with cancer through an electronic patient-reported outcomes eHealth platform.

Objective: This study aims to evaluate the usability and user experience of “MyPal for adults,” a co-designed palliative care
mobile app designed to support adults with cancer.

Methods: Representative users participated in a 4-step usability study using a “think-aloud” protocol, complemented with
feature satisfaction, difficulty perceived, and design impression surveys along with a short, structured interview. Participants
were also asked to provide quantitative feedback via the postuse System Usability Scale, User Experience Questionnaire, and
Post-Study System Usability Questionnaire. The data were analyzed along the lines of the International Organization for
Standardization (ISO) 9241‐210 framework.

Results: All participants found the intervention content useful, and they reported satisfactory usability, with a mean Post-Study
System Usability Questionnaire score of 2.458 (SD 1.08) and a System Usability Scale score of 68.9. All aspects of the User
Experience Questionnaire (attractiveness, perspicuity, efficiency, dependability, stimulation, and novelty) surpassed usability
quality benchmarks. The qualitative analysis identified 43 usability issues, primarily related to effectiveness and efficiency as
defined in ISO 9241‐210.

Conclusions: In this study, we conducted a usability evaluation of the “MyPal for adults” app, a digital tool designed to enhance
the palliative care experience. This approach identifies real-world usability issues, enabling iterative improvements in the eHealth
platform’s design. Our findings reveal a user-friendly interface and positive patient experiences. This study emphasizes the need
to enhance mobile health platform usability, offering insights to improve digital palliative care.

Trial Registration: ClinicalTrials.gov NCT04370457; https://www.clinicaltrials.gov/study/NCT04370457

(JMIR Hum Factors 2025;12:e57342)   doi:10.2196/57342

KEYWORDS

mHealth; app; digital intervention; think-aloud test; palliative care; cancer care; patient-reported outcomes; usability evaluation;
mobile health; mobile phone

Introduction

Background
Hematological malignancies (HMs) account for about 6.5% of
global cancer cases, primarily affecting older individuals around
70 years old [1]. Patients with HMs often experience distressing
symptoms, which can lead to a lower quality of life (QoL) [2].
Consequently, palliative care has emerged as a vital health care
practice to enhance the QoL of individuals facing serious,
life-limiting illnesses, regardless of age or disease stage [3].

Effective palliative care relies on active patient-health care team
communication, where electronic patient-reported outcome
(ePRO) systems offer substantial promise [4,5]. These systems
enable patients to report their health status, including personal
evaluations, symptoms, psycho-emotional state, and adverse
drug reactions via defined questionnaires. However, despite
their potential to enhance patient care, the widespread integration
of ePRO systems in routine health care and research remains
limited [6].
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Although smart device adoption in health care began increasing
even before COVID-19 [7], enabling more direct dissemination
of health information, complex interfaces often lead to app
abandonment, especially among older users. The Google and
Apple app stores offer around one million health-related apps,
with approximately 300,000 in the mobile health (mHealth)
category [8]. Despite this, mHealth app downloads are declining
[9,10], raising concerns about their usability and acceptance,
influenced by factors like privacy and usability [11].

To address these challenges, co-design approaches have gained
interest [12]. Co-design involves collaborative efforts among
researchers, designers, and end users who actively contribute
to knowledge development, idea generation, and concept
refinement [13]. This user-centered approach fosters a deeper
understanding of user perspectives [14] and can optimize the
development and usability of palliative care ePRO apps.

MyPal Project
MyPal [15], a collaborative H2020 research project funded by
the European Commission, uses eHealth technologies to support
adults and children with cancer through advanced
patient-reported outcome systems. Its primary aim is to develop
and clinically assess 2 new ePRO-based palliative care
interventions for adults and children, along with their carers,
and health care professionals (HCPs) to enhance their QoL [16],
improve effective communication, and management of the
disease. MyPal uses a user-centered, iterative methodology
involving end users from the project’s inception to design
various platform components. The design of the MyPal platform
and its features were aligned with the needs of patients receiving
palliative care for hematologic malignancies, as identified
through research conducted during the early stages of the MyPal
project. These include symptom management tools (eg, pain
and fatigue tracking and spontaneous symptom reporting),
psychosocial support features such as customizable motivational
messages and emotional well-being assessments via ePROs,
and tools for personalized care planning allowing patients to
set individual goals and preferences. In addition, the app

facilitates advanced care planning discussions by providing
educational resources that address both treatment and QoL
considerations.

The MyPal platform for adult patients consists of a mobile app
for the patient, a web app for the HCP, and tools for the
administrator. MyPal also supports young patients (children
and adolescents) and their careers in the CHILD study [17] with
a serious game for patients, a mobile app for the carer, and a
web app for HCPs. These interventions and their associated
technologies are to be tested in a randomized clinical trial
conducted across 5 countries (Greece, Germany, Italy, Sweden,
and the Czech Republic).

This usability study focuses on the “MyPal for adults” app [18]
which has an end goal to facilitate (1) better self-management
of the HM disease symptoms, and (2) timely assessment of the
reported symptoms or QoL deteriorations by treating HCPs.
Technical components are demonstrated in an openly available
video [19]. The MyPal adult platform includes a mobile app
(Figure 1) that supports periodic and spontaneous reporting of
physical and psycho-emotional symptoms, using standardized
ePROs for periodic reporting and custom electronic forms for
spontaneous reporting. These reports, along with the
standardized ePRO data, are directly accessible to HCPs via
their dedicated platform. HCPs can view reports, track the status
of questionnaires for each patient, and be alerted to any
symptoms that meet predefined thresholds, ensuring timely
clinical intervention. The app also offers features such as
medication management, where the patient can set reminders
for dosage intake, an HCP-tailored disease, and health
information search engine, personalized motivational messages
that are sent to patients based on their needs collected via
screener questionnaires at specific time points, and tracking of
lifestyle parameters like physical activity and sleep quality.
Additionally, “MyPal for adults” provides secondary supportive
features that are optional for use, including an app tutorial, tech
support chat, and contact information for local MyPal liaisons.
Overall, the app is provided in 5 languages: Greek, Italian,
Swedish, Czech, and English (only for demonstration).
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Figure 1. The MyPal mobile app for adult patients: login page, home screen, and example question from the electronic patient-reported outcome
module. The interface tested was in Greek; the version shown here is in English to facilitate clear communication of the app’s design and functionality.

Objective
This study aims to evaluate the usability and user experience
(UX) of a co-designed, midfidelity version of the “MyPal for
adults” mobile app using a 4-step framework, focusing on
assessing content, functionality, and barriers experienced by
end users.

In that context, the research questions addressed are: Is “MyPal
for adults” usable, comprehensible, satisfactory, and acceptable
to end users? If not, what are the usability and satisfaction issues
in terms of number, type, and severity as evaluated by patients?

Methods

Explorative Usability and UX Assessment
We chose an exploratory approach to assess usability and UX
through a 4-step process, including a coaching “think-aloud”
protocol [20], structured interviews, and follow-up usability
and UX measuring questionnaires: the Post-Study Systems
Usability Questionnaire (PSSUQ) [21], the System Usability
Scale (SUS) [22] and the User Experience Questionnaire (UEQ)
[23] known for their established effectiveness in the literature.
This process simulated a patient’s journey in the MyPal Adult
intervention study, as described in its protocol [2] (Figure 2).
Given the COVID-19 pandemic restrictions and the Greek
National Health System’s advisories against hospital visits, we
conducted all assessments remotely using digital tools.

Usability, as per the ISO (International Organization for
Standardization) usability framework (ISO 9241‐210), is “the
extent to which a product can be used by designated users to
achieve specific goals with efficiency, effectiveness, and
satisfaction, in a specific context use” [24]. The criteria of this
framework are effectiveness, efficiency, satisfaction, and context
of use. Typically, the concept of usability also covers
comprehensibility, learnability, functionality (operability),
attractiveness, appropriateness recognizability, accessibility,
user error protection, and interface aesthetics [25].

As described in ISO 9241‐210, effectiveness is the accuracy
and completeness with which users achieve specified goals,
such as symptom reporting. Efficiency refers to the resources
used in relation to the results achieved, like the time needed to
report a symptom. Satisfaction is defined as the “extent to which
the user’s physical, cognitive, and emotional responses that
result from the use of a system, product, or service meet the
user’s needs and expectations” [24].

UX is defined as “user’s perceptions and responses that result
from the use or anticipated use of a system, product, or service.”
[26]. Good UX not only contributes to higher work motivation
and performance but can also affect the well-being of users [27].
Achieving acceptable UX or usability requires systematic
evaluation and iterative design adjustments as the app matures
[28].
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Figure 2. Participant journey in the usability study.

Participant Recruitment
Participants for this study were recruited through nonprobability
methods, a mix of purposive sampling to target relevant
participants, and convenience sampling to address recruitment
challenges during the COVID-19 pandemic. They were recruited
based on predefined inclusion criteria in the project’s
randomized clinical trial protocol [2]. Indicatively, adults (18
years or older) diagnosed with hematologic cancer, who were
scheduled to receive or had previously been exposed to any line
of treatment, and were users of an internet-connected device
(smartphone or tablet). Exclusion criteria included patients
requiring immediate referral for specialized palliative care or
with a life expectancy of less than 3 months. To this end, given
our institution’s close collaboration with ELLOK (Greek
Federation of Cancer Patients), members were contacted via
telephone and email, facilitated by MyPal’s clinical liaisons,
ensuring the participation of members who are patients with
hematologic cancer. Finally, since ELLOK had previously
procured volunteers to consult on and test earlier prototypes,
we added an exclusion criterion stating that no participant should
have had any prior experience interfacing with the midfidelity
app in focus. This exclusion criterion was added to ensure that
all participants would be “naïve” users, that is, users who have
no training or experience with the app, as would be the case for
a patient enrolling in the MyPal study.

To address the recruitment difficulties posed by the pandemic
and in consultation with our clinical liaisons, the inclusion
criteria were expanded to include individuals with other chronic
diseases sharing care needs similar to hematologic cancer (eg,
autoimmune skin conditions and chronic pulmonary diseases)

and recent hospital visits in the last 6 months were also planned
to be included as a countermeasure.

Data Collection

Global Process
In alignment with the MyPal Adult intervention study protocol,
interested and eligible candidates were informed about this
usability study objective and the MyPal project goal, its
technologies, and their functionalities, and provided with a
detailed informational sheet and contact details for any inquiries.
The consent process was also conducted remotely using digital
tools due to the COVID-19 pandemic restrictions. After
confirming their participation in this usability study, they were
emailed with every material a patient joining the MyPal Adult
intervention study would receive, specifically the link to
download the app, a user manual, and a quick-start guide,
offering a summary of the project’s goal and the platform
capabilities. They were also asked to confirm the appointment
for the usability session. Verbal consent was obtained once
more by the moderator of the usability study prior to the session
initiation.

Each participant completed a single 55- to 70-minute
teleconference session, following a structured task-based use
scenario (Figure 3). The moderator used a PC with a webcam
and the Zoom (Zoom Communications, Inc) platform to record
facial expressions and facilitate the sharing of the mobile device
screen. Participants were asked to install the Zoom app on their
smartphones and laptops prior to the session to enable screen
sharing from their smartphones and record facial and vocal
interactions via their laptops. For the app testing, participants
used their own Android devices; however, the research team
had a backup Android device available if needed.
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Figure 3. Step sequence in a single think-aloud session.

Preparatory Steps
At the beginning of each session, participants provided
sociodemographic information, including age and sex. They
also answered 2 multiple-choice questions about their
smartphone skills, based on their comfort level and experience
with using smartphone apps, including frequency of use, ability
to navigate apps, and familiarity with mobile technology in
general, and 3 questions on smartphone app use (Multimedia
Appendix 1). Following the introduction, the usability study’s
context, task completion logic (described in the task “scenario”
in Multimedia Appendix 2), and the “think-aloud” process were
explained in detail. An example task was also presented to
familiarize participants with the “think-aloud” method.

Step 1: First Impressions
During the task “scenario” execution, participants navigated to
various functionalities’ screens. The moderator inquired about
the screens’general eye-catching attributes and the users’ initial
impressions. For each screen, 2 questions were posed: (question
1.1) “What is your initial impression of this screen?” and
(question 1.2) “How do you rate the design and information
organization?” To gain more detailed insights, a third question
was added for each screen (question 1.3): “What actions do you
think you can perform on this screen?”

Step 2: Task “Scenario” With an Embedded Survey for
Satisfaction and Perceived Difficulty
The second step involved executing tasks within the “scenario,”
where participants were encouraged to think aloud to identify
usability issues, aligning with the “think-aloud” protocol. The
“scenario” included in total of 16 tasks (Multimedia Appendix
2). Some of the tasks included multiple-choice questions in the
5-Likert and 7-Likert scale [29], to gather quantitative data on
perceived difficulty and satisfaction with specific functionalities.
While the satisfaction questions were inquired for every feature
in the app, (mainly focusing on modules and elements regarded
as important early on in the design ideations), the perceived
difficulty questions were more targeted. Difficulty-perceived
questions were only inquired during tasks that had performed
poorly based on the results of prior assessment procedures
(validation, rehearsal testing) within the MyPal project. In
accordance with the “think-aloud” protocol, moderators worked
with participants during task execution, meaning they would

intervene to prompt participants to verbalize their thoughts, or
“think-aloud.” When a participant struggled with a task, the
moderator noted it down and provided guidance. If participants
repeatedly encountered issues with a specific action leading to
task failure, moderators inquired about the problem’s nature to
capture participant perceptions and experiences.

Participants’ verbalizations about their preferences or dislikes
regarding the PROs content were not considered, as it was not
the study’s purpose. Nonetheless, participants were encouraged
to voice their thoughts while going through the content to
uncover potential user interface (UI) inconsistencies.

Step 3: Short Structured Interview
After completing the final task in the “scenario,” participants
were given the opportunity to add anything to their responses
regarding feature satisfaction from step 2 and to address any
follow-up questions related to the usability evaluation and
overall UX. Additionally, 3 extra questions were posed as part
of the structured interview following the last task of the
“scenario:” (question 3.1) “How do you perceive the secondary
complementary supportive features? Would you use them?”
(question 3.2) “What would be your first action with this app?”
and (question 3.3) “Do you feel the app expects something from
you?”

Step 4: Standardized Questionnaires
Before concluding each session, quantitative feedback was
gathered from participants using a set of well-established and
validated questionnaires. These included the SUS, a 10-item
questionnaire rated on a 5-point Likert scale ranging from
Strongly Disagree to Strongly Agree, which assesses the overall
usability of a system [22]. The UEQ measures 6 distinct
dimensions of UX—attractiveness, perspicuity, efficiency,
dependability, stimulation, and novelty—using a 7-point
semantic differential scale [23]. Finally, the PSSUQ, which is
rated on a 7-point scale from Strongly Disagree to Strongly
Agree, evaluates user satisfaction with system usability, covering
areas such as task ease, efficiency, and interface quality [21].
Participants were then given the option to submit either only
the PSSUQ or all 3 questionnaires.
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Data Analysis
Steps 1 and 3 (“first impression” and “short, structured
interviews”) underwent inductive thematic analysis [30],
involving transcription and translation of all participant
responses into English, along with the calculation of
standardized questionnaire scores. In step 2 (task “scenarios”),
a deductive analysis aligned with the ISO framework categories
was performed [30].

Ethical Considerations
The study received ethical approval from the Bioethical
Committee of the Center for Research and Technology Hellas
(ETH.COM-61). The study involved human participants and
adhered to institutional and ethical guidelines for research
involving human participants. Informed consent was obtained
from all participants after they were provided with clear
information regarding the purpose of the study, procedures
involved, data handling, and their right to withdraw at any time
without penalty. No waiver of consent was applied. Privacy and
confidentiality were maintained throughout the study. All data
collected were fully anonymized before analysis, and no
personally identifiable information was stored or used in
reporting. Any potential identifiers in screenshots or visual
material were removed or blurred. Participants did not receive

any form of remuneration or compensation for their participation
in the study.

Results

Participant Demographics
A total of 9 participants took part in the usability and UX testing.
They were recruited from 3 regions in Greece—Thessaloniki,
Karditsa, and Heraklion—for feasibility and proximity reasons.
The study group included 4 individuals with chronic
lymphocytic leukemia (CLL), 2 senior citizens, and 3 adult
representative users afflicted by a range of chronic ailments.
The gender distribution was balanced, with 4 (44%) women
and 5 (56%) men. Participants’ ages ranged from 27 to 68 years
old, with a mean age of 49.1 (SD 13.6) years, and a median of
17 (IQR 42-59) years. Regarding smartphone skills, participants
self-reported varying levels of proficiency: 1 (11%) participant
reported poor skills, 2 (22%) participants reported low skills, 2
(22%) participants had medium skills, 1 (11%) participant had
high skills, and 3 (33%) participants considered their skills to
be perfect. In terms of prior experience with similar apps, 2
(22%) participants had used health-related apps before, while
the majority of participants (7/9, 78%) had no previous
experience (Table 1).

Table . Participants’ sociodemographic data.

Value (N=9)Characteristics

Gender, n (%)

4 (44)Female

5 (56)Male

49.1 (13.6)Age (years), mean (SD)

Smartphone skills, n (%)

1 (11)Poor skills

2 (22)Low skills

2 (22)Medium skills

1 (11)High skills

3 (33)Perfect skills

Prior experience with similar apps, n (%)

2 (22)Yes

7 (78)No

Participant’s diagnosis, n (%)

4 (44)CLLa

1 (11)Chronic arthritis

3 (33)COPDb

1 (11)HSc stage 3

aCLL: chronic lymphocytic leukemia.
bCOPD: chronic obstructive pulmonary disease.
cHS: hidradenitis suppurativa.
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Participants’ Feedback

Step 1: First Impressions

Overview

This section presents the results from open-ended questions
gathered during the first impressions collection step, translated
into English. Each participant is referenced by an assigned ID
(eg, P1 and P2). The analysis of these initial impressions is
based on themes that emerged during the inductive thematic
analysis.

Question 1.1: “What Is Your Initial Impression of This
Screen?”

Every functionality and screen received a positive first
impression. No one expressed any major dislikes or was annoyed
by something particular in the design. The only negative
comment was about the app’s icon:

I don’t particularly like that the icon’s portraying a
human head that is black like it is burned. Also, the
gears appearing like they are inside the head makes
me cringe a little bit. [P4]

Question 1.2: “How Do You Rate the Design and
Information Organization?”

As question 1.2 significantly overlapped with question 1.1,
participants had already developed an impression of each
screen’s design by the time question 1.1 was posed. All
participants neutrally accepted every screen in each
functionality, with minor feedback primarily related to button
placement and text entry field colors.

When analyzing participant responses, 2 distinct user groups
emerged: young users (25-35 years of age) and senior users
(45-70 years of age). While younger participants desired a more
modern app design, they found the app’s current design very
user-friendly.

It would be very good if there was an additional UI
with a more modern design, like with a side menu etc
but I guess this would be more helpful with older
patients as well. I don’t really mind it as long as it
proves easy-to-use and useful. Which I guess it will
... at least it seems that way. [P8]

The color palette of the app and the simplicity of the design
were very much appreciated by the more senior users.

I really like the colors, they are quite soothing, and
give me the “health care” vibe. Everything seems
quite simple and straightforward. [P2]

Question 1.3: “What Actions Do You Think You Can
Perform on This Screen?”

The main purpose of this question was to determine if the
context of use for each functionality was evident from the
screen’s appearance and whether the action-probing screens
were distinguishable from the informing and data-viewing
screens. Almost all participants correctly identified the main
purpose of each screen, except for one participant (P9), who
was a senior patient with limited technology experience.

I understand that the purpose of this screen is to help
me manage my disease. I guess it will ask me
somehow about my medication. Can I speak to it? I
don’t understand how to do this or what to do. [P9]

Step 2: Task “Scenario” With an Embedded Survey
on Satisfaction and Perceived Difficulty
We identified 43 problems in the task “scenarios,” which were
classified according to the categories defined as part of the ISO
9241‐210 framework. The task can be found in Multimedia
Appendix 2. Most problems (10/43, 23%) occurred during
questionnaire submission at task 3. Other tasks with notable
problems were drug entry (5/43, 12%) and reminder setting in
the drug module (8/43, 19%) at tasks 11 and 12, respectively.

Table 2 presents the problems mapped to the main categories
defined by the ISO usability framework, an example for each,
and the transcript or description of the observation. It also
presents the task where the problems occurred and the type of
the problem. Some tasks could not be completed because of
programming errors or bugs. When problems were caused by
programming errors, they were classified as N/A (not applicable)
in each ISO framework category and the task was considered
failed. In those cases, a screenshot was displayed of the broken
feature to enable the continuation of the study.

About 30% (13/43) were classified as “effectiveness” and took
place mainly at the “add a drug” task, where users were asked
to log their medication. A total of 23% (10/43) were classified
as “efficiency” and occurred mainly at the registration process
during the baseline filling-out questionnaire mainly affected by
the repetition of text at each step of the registration process. In
the MyPal Adult intervention study, prior to the “MyPal for
adults” app’s regular use, a baseline data collection is taking
place immediately after logging into the app for the first time,
as part of the app’s registration process. The registration process
was a relatively new feature, that was not thoroughly tested
prior to this study, and problems were expected. It is presented
in a step-by-step manner guiding the user to complete all
baseline questionnaires and configure app initial settings. In
addition, a notable efficiency issue was related to task 16, and
the time needed to locate the emergency contact number of the
local liaison team in the app. A smaller portion (9/43, 21%)
related to “satisfaction” and was mainly noticed in the
medication reminder setting task, which was perceived as overly
complex by most participants, hindering their satisfaction with
it. Two problems were classified as context of use. These
problems were identified by a single participant, and both could
be explained by the fact that this participant was a senior user,
not experienced with mobile apps. The problems coded as the
context of use included the following: (1) the participant tried
to use the MyPal patient-tailored disease-related information
search engine to “ask a question” (expecting a chat function)
to the clinicians and (2) the size of some UI elements, that is,
the module buttons, text displayed. Finally, 21% (9/43) of the
problems were classified as N/A and were related to technical
issues, such as software bugs or errors, that were outside the
scope of usability-related classifications (effectiveness,
efficiency, etc). These technical issues arose from system
updates occurring during the usability testing and could not be
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classified according to the ISO usability framework. Most of
these problems occurred mainly in the Fitbit module when
attempting to view the sleep data, setting drug reminders, and
accessing the patient-tailored disease-related information search
engine.

In Figures 4 and 5, we present the results of the feature
satisfaction and perceived difficulty questionnaires which
complemented the usability task “scenario.” The question
formulation can be also found in Multimedia Appendix 2.

As shown in the figures, most of the functionalities of the app
were rated as satisfactory and easy to use. However, the

medication reminder feature stood out as overly complex for
some participants, leaving a portion either unsatisfied or
indifferent. Another noteworthy observation concerns the
questionnaire module. While most participants found it generally
satisfactory, they struggled to locate it quickly, suggesting the
need for a more intuitive or descriptive heading. Regarding the
ePROs and questionnaires overall (including personalization
surveys and symptom reporting), some dissatisfaction and
difficulty were noted, largely due to efficiency issues. These
stemmed from repetitive text at each question and high question
volume, which impacted the UX, and even had some participants
thinking it was a technical bug with the system.

Table . Problems with the app, classified according to the International Organization for Standardization framework.

Problem detected (example)Verbalization or observation
(example)

“Scenario” section and task
number (example)

Problems (n=43), n (%)ISOa categories

Setting up the notification
timing choice was not visu-
ally clear and as a result the
participant did not notice it
and moved on.

“So, I can see here the clin-
ics communication informa-
tion, so I guess I tap on
next”

App registration process
(task 2)

13 (30)Effectiveness

There are a lot of seemingly
repeated questions in a
questionnaire, where only a
small phrase would change,
and all the other wordings
would stay the same.

“Why are the same texts re-
peated? Wouldn’t it be bet-
ter to have them all grouped
so the texts wouldn’t have
to be repeated?”

Custom personalization sur-

veys and ePROsb impression
(task 3)

10 (23)Efficiency

Password needs to be protect-
ed. When the passwords are
entered, they could be hid-
ing with asterisks.

“Is this normal, or is it a
bug? In any case it should
not be like that”

Login and initial settings
(task 1)

9 (21)Satisfaction

The participant did not un-
derstand that this is a search
engine.

Participant is entering a
question directed to his clin-
icians

Patient tailored disease-relat-
ed information search en-
gine (task 14)

2 (5)Context of use

There is a technical issue
with a specific button, the
participant cannot watch his
sleep data.

“It doesn’t work. I am
pressing the button but I
cannot see my sleep data”

Fitbit Module (task 9)9 (21)N/Ac

aISO: International Organization for Standardization.
bePRO: electronic patient-reported outcome.
cN/A: not applicable.
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Figure 4. Feature satisfaction. ePRO: electronic patient-reported outcome.

Figure 5. Task difficulty.

Step 3: Short Structured Interview
This section presents the results from the open-ended questions,
translated into English, collected during the structured interview
process that followed the task-based “scenario.”

Question 3.1: “How Do You Perceive the Secondary
Complementary Supportive Features? Would You Use
Them?”
All participants expressed their willingness to use every
complementary supportive feature. The tech support chat was
very appreciated, as well as the app’s manual.
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I really like the fact that the manual of the app is in
the home screen and so easily accessed. [P3]

I really appreciate the chatting service for technical
support. I feel like I could do this. [P7]

Question 3.2: “What Would Be Your First Action With
This App?”
This question aimed to determine if participants would prioritize
pending questionnaires. However, participants’ responses were
inconclusive regarding this objective because all users, being
new to the app, expressed a desire to explore and become
familiar with it instead of immediately focusing on the active
pending questionnaires.

I would like to familiarize myself with the app at first.
I would just browse through everything and start
playing with it, I guess. [P8]

I would most likely first enter my medications and set
reminders for them. Then I would probably report
something retrospectively. [P2]

Only 2 users expressed the desire to first navigate to the
questionnaire module or the questionnaire pending list so they
can verify they have completed everything is expected from
them:

I guess first step is to familiarize myself with the app
and make sure that I have reported everything I must

since I can see in the pending list that there are a few
questionnaires available for me. [P4]

Well, I am a gadget geek so I would want to explore
the whole app. But first I would navigate to the
questionnaire module to make sure everything is set.
[P1]

Question 3.3: “Do You Feel the App Expects Something
From You?”
This was a follow-up to question 2, ensuring that pending
questionnaires were clear to all users. All participants except
one did not grasp the main purpose of the pending questionnaire
list on the home screen. The participant who understood its
purpose admitted it was not obvious and required guidance from
the moderator.

Yes, of course it is expecting me to answer these
pending questionnaires displayed in this list. But I
have to say if you had not asked me before I would
not notice it right away. I would eventually but not
right away. [P5]

Step 4: Standardized Questionnaires
Following every session, the participants were asked to submit
a follow-up questionnaire that included the postuse SUS, the
UEQ, and the PSSUQ. All participants submitted every
questionnaire. The mean scores of each questionnaire are
presented in Table 3.
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Table . Poststudy standardized questionnaire scores.

ValueStandardized questionnaires

PSSUQa,b

2.14 (0.74)SYSUSEc score, mean (SD)

2.70 (1.09)INFOQUALd score, mean (SD)

2.77 (1.48)INTERQUALe score, mean (SD)

2.46 (1.08)Overall PSSUQ score, mean (SD)

68.9SUSf,g score

UEQh,i means, mean (SD)

1.667 (0.574)Attractiveness

1.444 (0.728)Perspicuity

1.500 (0.671)Efficiency

1.361 (0.6)Dependability

1.528 (0.52)Stimulation

1.306 (0.825)Novelty

aPSSUQ: Post-Study System Usability Questionnaire.
bScale: 1=strongly agree or best score to 7=strongly disagree or worst score.
cSYSUSE: System Usefulness.
dINFOQUAL: Information Quality.
eINTERQUAL: Interface Quality.
fSUS: System Usability Scale.
gScale: 0=worst usability to 100=best usability.
hUEQ: User Experience Questionnaire.
iScale: –3=worst to +3=best.

Discussion

Principal Results and Findings
This study assesses the usability and UX of the “MyPal for
adults” app in the early phases of the MyPal project. Results
from the usability test yielded a marginally positive SUS score
of 68.9, as per Brooke [22]. UX results were favorable, as
evidenced by UEQ means and user feedback. PSSUQ also
showed a positive outcome (mean 2.46, SD 1.08), with higher
ratings for usefulness compared to information quality and UI.
While all quantitative data indicated an acceptable score, a closer
examination of participant responses revealed the primary issues
with the app. User feedback emphasized the importance of
tailoring specific interface elements, such as wording changes
(eg, “Questionnaires” to “My Questionnaires”). Additionally,
technical bugs in 2 features and repetitive text in ePRO screens
reduced satisfaction and utility. Furthermore, certain functions,
particularly the Medication module, were seen as overly
complex, requiring refinement to enhance ease of use. Despite
these challenges, users expressed a desire to engage with the
app and appreciated its potential once they became familiar with
its features.

Findings from step 1 confirm that all participants found the
presented information comprehensible, with a clear organization
of information. However, participants made numerous proposals,
suggesting a potential need for a more personalized interface

that accounts for age-related preferences. Older users appreciated
the app’s simplicity, while younger users preferred a more
modern and visually engaging design. The feedback primarily
focused on button placement, header wording, and contextual
text. Given that these differences between age groups were
consistently observed throughout the study, a dual-tiered UI
could provide an effective solution. Such an approach would
allow users to choose between a more visually appealing,
modern interface and a minimalist, straightforward design better
suited for older adults or those less familiar with technology.
This tailored UI could help mitigate issues related to horizontal
comprehension and ensure that every module’s screen has its
purpose understood by all participants.

Findings from step 2 revealed more major issues in the drug
reminders and emergency contact detail modules compared to
the minor issues found with the app’s core functionality, the
ePRO submission, which mainly related to wording and
information displayed refinements. Participants found the
medication reminder function confusing and overly complex
and indicated they were unlikely to use it. Interestingly enough,
during the “think-aloud” part of the study, most participants
also dismissed this as an issue by pointing out that they already
have a system and keep a medication log with reminders in
place, making this feature possibly redundant. Locating
emergency contact information was challenging for all
participants, which in an emergency situation, could prove vital.
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Participants suggested a more obvious approach, where the
information can be found at the top of the home screen, which
arguably could hinder usability by limiting the available screen
to essential app functionalities and should be further explored.
Additionally, 2 modules faced technical problems: (1) the search
engine module and (2) the activity data display in the Fitbit
module. The search engine module experienced unexpected
bugs because the study was conducted on the development
server, while the Fitbit module had difficulties connecting to
the Fitbit server during the project’s early development phase.

In general, based on the questionnaire results, the participant’s
attitude, and our overall impression and experience of the
usability study, participants enjoyed using the app, and in many
cases, they complemented their feedback with suggestions for
UI-related details and expressed concerns about module titles
or text. For instance, “Questionnaires” could be improved to
“My Questionnaires” to clarify its purpose. An interesting
realization was the importance of translating paper-based PROs
into digital “ePROs” successfully. Unlike paper-based PROs
presented on a single sheet, ePROs in the “MyPal for adults”
app had individual screens for each question, leading to
perceived information redundancy and concerns about falsely
perceived technical issues. Participants also raised concerns
about HCPs’ ability to respond promptly to MyPal reports due
to their busy schedules, which could affect the UX of patients,
aligning with previous research on chronic pain monitoring
[31].

Findings from step 3 indicate that participants were eager to
explore and familiarize themselves with the app before engaging
with specific tasks, such as completing pending questionnaires,
an encouraging sign of positive anticipation for using the system.
Additionally, many expressed a desire to explore the app, set
up medication reminders, and retrospectively report symptoms.
The accessibility of the app’s manual was highly appreciated,
especially by more senior participants, who also were positively
surprised, and even relieved, when they realized the app had its
own tech support functionality. Further investigation revealed
that senior users anticipated complex background computations,
and the availability of tech support reassured them. One of the
app’s core functionalities, facilitating ePRO submissions, was
supported by in-app reminders and notifications, as well as a
list of pending ePROs prominently displayed on the home screen
to draw users’ attention upon opening the app. While some
participants quickly identified the pending questionnaire list,
others required additional guidance, underscoring the need for
clearer design cues or onboarding processes to ensure critical
tasks were not missed.

Finally, the importance of iteration in the development cycle
must be highlighted since all participants had problems with
the presentation of the ePROs, and almost all participants but
one missed the pending list of questionnaires, present on the
home screen of the app. Although this could in part be attributed
to the actual question which was formulated in a way to not
betray its purpose, the fact that it was missed completely by
almost every participant (all but one) suggests that a redesign
of the app following the principles of UX is needed.

Challenges and Limitations
Study limitations include programming errors that interrupted
tasks and potentially led to the loss of usability information.
These errors endured due to concurrent bug fixes conducted
alongside the study. The scheduling challenges related to
usability testing caused by COVID-19, compounded by the
Greek National Health System’s discouragement of hospital
visits, resulted in significant delays. Consequently, participants
faced programming errors that impeded their ability to complete
tasks without issue.

Beyond these limitations, the main challenges were related to
the study participants. The purposive sampling method used in
this study, while suitable for targeting specific user groups, does
introduce inherent selection bias. Participants were chosen based
on their medical conditions and alignment with clinical trial
inclusion criteria. This limits the generalizability of our findings
to the broader population but remains relevant to the specific
user group we studied. Furthermore, the nature of usability
testing and the absence of blinding may have influenced
participant feedback, as users were aware they were interacting
with the MyPal app. We aimed to mitigate this by simulating
real-world use cases via a use scenario, where users would
receive a thorough briefing during onboarding, conducted by a
recruiter physician to explain the functionalities of the app. We
also encouraged participants to provide candid and constructive
feedback throughout the process.

Additionally, the participants had a very diverse level of
smartphone skills which along with the age variation, posed a
limitation. Age is a determining factor in the use of mobile app
products, especially considering neurodegenerative conditions
that affect older individuals may significantly impact dexterity,
and thus navigation. While the study did not focus on
participants with such conditions, the age range of 27 to 68
years presents its own challenges. However, the median of 17
(IQR 42-59) years suggests that the majority of participants
were within a relatively concentrated age group, minimizing
the impact of an extensive age gap.

Finally, participant recruitment was arduous due to the
constraints imposed by the COVID-19 pandemic. Initially
targeting users with hematologic malignancies and more
specifically CLL or myelodysplastic syndrome, recruitment
difficulties led to a shift toward enlisting senior patients coping
with other chronic diseases that necessitate periodic hospital
visits. While the original objective was to secure 10‐15
participants, the study ultimately included 9 participants.
Faulkner [32] has demonstrated that groups of 10 users can
identify an average of 95% of usability problems, mitigating
concerns regarding sample size. It is worth noting that the
study’s findings possess limited generalizability but can be
partially applied to self-management mHealth systems using
ePROs within the context of palliative cancer care, with a focus
on a dedicated mobile app tailored for patients with cancer.

Comparison With Prior Work and Future Directions
Our usability evaluation of the “MyPal for adults” app
demonstrates its potential to improve patient-provider
communication, supporting the broader scope of palliative care
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for patients managing chronic illnesses. Comparing our findings
with prior research in the field of eHealth apps for palliative
care, several key insights emerge. First, this study aligns with
previous research that emphasizes the potential of eHealth apps
to improve communication between patients and HCPs in
palliative care settings [33]. Through the MyPal app, participants
in this study reported improved channels for information
exchange, empowering them to actively participate in their care
decisions. This echoes findings from related studies [33,34],
which have also highlighted how eHealth apps can bridge the
communication gap in palliative care, providing a convenient
and accessible platform for patients to engage with their health
care providers.

While our usability evaluation yielded positive outcomes, it is
important to note that, similar to much of the prior work in this
field [33], this study primarily involved testing, feasibility
assessments, and acceptability studies on relatively small patient
populations. A comprehensive evaluation that can impact patient
outcomes, including symptom management, QoL, and overall
satisfaction with care, necessitates the execution of rigorous
clinical trials [35]. This phase of assessment represents the final
critical stage in establishing the app’s effectiveness and
suitability for integration into palliative care practices, as is the
plan with the “MyPal for adults” app.

Future research should aim to broaden the use of the MyPal app
to include a more diverse range of patients in palliative care.
Additionally, the integration of the app with existing health care

systems is crucial to enhance its functionality, providing HCPs
with real-time patient data and enabling better care coordination.
Finally, ongoing development efforts should prioritize a
user-centric design approach, incorporating input and feedback
from both patients and health care providers to maintain the
app’s intuitiveness, accessibility, and alignment with evolving
user needs.

Conclusions
This usability study assessed the “MyPal for adults” app with
a diverse user group, including individuals with chronic diseases,
and patients with CLL. Participants generally had positive initial
impressions of the app’s design and organization, though some
preferred a more modern interface. Although certain modules
posed usability challenges, the ePRO modules were
well-received. However, enhancing learnability, personalization,
and addressing technical issues in some tasks is essential. This
study emphasizes the importance of iterative, user-centered
development to improve the app’s usability and UX. Notably,
older users favored simplicity, while younger users sought a
contemporary design, indicating room for age-specific
improvements. Given the app’s role in palliative cancer care,
effective ePRO implementation and thoughtful translation of
paper-based PROs into digital formats are critical. Ensuring
timely health care provider responses to patient reports is vital.
These findings offer valuable insights for refining the MyPal
app and may inform other self-management mHealth systems
in palliative cancer care.
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Abstract

Background: Research supports the use of mobile phone apps to promote medication adherence, but the use of and satisfaction
with these apps among medically underserved patients with chronic illnesses remain unclear.

Objective: This study reports on the overall use of and satisfaction with a medication adherence app (Medisafe) in a medically
underserved population.

Methods: Medically underserved adults who received care for one or more chronic illnesses at a federally qualified health
center (FQHC) were randomized to an intervention group in a larger randomized controlled trial and used the app for 1 month
(n=30), after which they completed a web-based survey. Objective data on app usage were provided as secondary data by the
app company.

Results: The participants were very satisfied with the app, with all participants (30/30, 100%) somewhat or strongly agreeing
that they would recommend the app to family and friends. Participants strongly agreed (28/30, 93%) that the reminders helped
them remember to take their medications at the correct time each day, and they (28/30, 93%) found the app easy to use. Additional
features accessed by some included educational features and the adherence report. Participants noted the helpfulness of having
a medication list on their phones, and some used it during medication reconciliation at doctor visits. Use of the Medfriend feature,
which alerts a social support person if a medication is missed, was low (n=2), but those who used it were very positive about the
feature.

Conclusions: A commercially available medication adherence app was found to be useful by participants, and they were satisfied
with the app and the additional features provided. The use of medication adherence mobile phone apps has the potential to
positively influence chronic disease management in a medically underserved population on a large scale.

Trial Registration: ClinicalTrials.gov NCT05098743; https://clinicaltrials.gov/study/NCT05098743

(JMIR Hum Factors 2025;12:e63653)   doi:10.2196/63653
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Introduction

Background
Medication adherence is vital for those with chronic illnesses
who require long-term medication therapies to maintain optimal
health. For example, medication adherence and persistence with
high blood pressure medications are known to significantly
decrease the risk of both cardiac events and stroke [1,2]. In those
with type 2 diabetes, medication adherence with hypoglycemics
reduces microvascular complications [3]. Unfortunately, the
burden of chronic diseases is increasing, with an estimated 60%
of adults in the United States having 1 chronic disease and 40%
having 2 or more chronic diseases [4]. The growth of chronic
disease burden coupled with a lack of medication adherence is
associated with increased health care expenditures due to
increased demands on health care resources [5,6] and poor health
outcomes such as worsening disease status and even death [5].
The economic impact of low medication adherence is estimated
to cost the US health care system between US $100 billion and
$290 billion annually [5-8].

Medication adherence is therefore particularly important in
medically underserved populations who seek care at federally
qualified health centers (FQHCs). These centers serve
communities and populations with a demonstrable unmet need
for health services [9]. These centers are reporting growth in
more complex patient populations because their patients have
higher rates of chronic conditions and social risk factors
associated with poorer health outcomes [10]. Additionally, lower
rates of medication adherence are seen in lower socioeconomic
populations [11,12] and those with multiple chronic conditions
[13]. The reasons for this are influenced by social determinants
of health and the material and social conditions in which people
live [14]. Adverse social determinants of health are associated
with lower medication adherence [15].

Mobile health (mHealth) interventions, defined as the use of
mobile wireless technologies for public health [16], have been
cited as a potential way to reduce health disparities among
chronically ill and medically underserved populations [17,18].
However, despite the promise of these technologies, researchers
indicate that mHealth interventions remain understudied in
medically underserved populations [17,18]. This is true of
medication adherence apps, which can support patients in
adhering to their medications through reminders, medication
educational information, adherence data, and social support.
Studies have shown mixed results for the interest in mobile
phone interventions in vulnerable populations [18,19].
Furthermore, research testing commercially available apps to
manage chronic disease in a racially and ethnically diverse
sample found that the usability of the tested apps in this
population was suboptimal [20]. Understanding and gathering
detailed data from diverse perspectives regarding the user
experience of medication adherence apps will provide important
information that is needed to support wider implementation.

A recent meta-analysis of the effectiveness of mobile apps on
medication adherence in adults with chronic illnesses found
that medication adherence mobile apps, which are designed to
be used across a range of multiple chronic health conditions,

remain underexplored [21]. This meta-analysis reported that in
general, patients have a high acceptance of medication apps,
but none of the studies analyzed included medically underserved
populations [21]. Eight studies have demonstrated increased
medication adherence with the use of medication adherence
apps [22-29], but only 3 of these were conducted in low-income
medically underserved populations [27-29]. Two of those studies
in underserved populations were focused on hypertension
[27,28], and the other included hypertension and type 2 diabetes
and was a post hoc analysis of a digital health offering using a
cluster-randomized design [29]. Only 1 of these studies,
conducted in an urban low-income population with hypertension,
obtained satisfaction information on the intervention [28].
Satisfaction with the app was high, and most participants felt
they would use the app or a similar program in the future.
Participants agreed that the app made it easier to keep track of
their medications and that having a medication list on their
phone made it easier to take care of themselves. More detailed
feedback from the participants or information on which features
of the app were used was not gathered [28].

A high-quality, free, commercially available smartphone
medication adherence app called Medisafe supports patients in
adhering to their medication regimen across disease states [30].
It uses a variety of advanced features, such as daily reminders,
which can be snoozed, rescheduled, and marked as taken or
missed; medication educational information in the form of
medication cards and videos; an interaction checker;
customizable refill reminders; adherence reports; and the ability
to designate a social support person to be notified if a medication
is skipped [23]. A randomized controlled trial (RCT) mixed
methods evaluation in patients with coronary artery disease
examined the efficacy [23] and the utility, acceptability, and
engagement [31] of the Medisafe app. This study was conducted
in a large urban tertiary hospital in Sydney, Australia and did
not focus on a medically underserved population. In addition
to improving self-reported medication adherence, overall utility
was rated positively, with participants indicating that having
their medication list on their phone and receiving timed
reminders were useful. Most participants engaged with the app
and its features; found the app acceptable, convenient, and easy
to use; planned to continue using the app; and would recommend
it to a family member or friend [31].

A qualitative study explored the potential benefits and barriers
of using a mobile medication app in a medically underserved
population in the United States [18]. The researchers found that
patients were willing to try smartphone apps but expressed
concerns about affordability, the technology being too
complicated, not keeping phones with them all the time, and
not being able to use all the features [18]. That study exposed
a knowledge gap regarding the perceptions and user experiences
of medically underserved patients with chronic illnesses who
use free commercially available medication adherence apps.

Purpose
To address the knowledge gaps, a larger RCT investigating the
efficacy of the Medisafe app (reported elsewhere) [32] was
performed for evaluating the overall use and satisfaction of
patients with a variety of chronic illnesses in a medically
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underserved population in an FQHC in the United States. The
efficacy portion of the RCT found significant improvements in
both medication adherence (Cohen d=0.52; P=.01) and
medication self-efficacy (Cohen d=0.43; P=.04) for participants
assigned to use the app compared to the usual care group [32].
As part of this RCT, participants assigned to the intervention
arm provided feedback and usage data regarding their experience
using the Medisafe app [32]. This manuscript presents the
summaries of the perceptions of patients enrolled in the
intervention arm of the RCT regarding the usefulness of and
satisfaction with the app features after 1 month of use. Given
the improvements observed in medication adherence and
self-efficacy, understanding patients perceived usefulness and
satisfaction with the app is important to address potential barriers
for uptake and use in larger medically underserved patient
populations who often receive care for chronic illnesses in
FQHCs.

Methods

Setting and Recruitment
Participants were recruited from November 2021 through June
2022 from an outpatient adult medicine department in an FQHC
in the northeastern United States. The inclusion criteria for the
RCT study were as follows: (1) adults aged 18 years or older,
(2) having the ability to speak and understand English, (3)
personally owning and using an Android smartphone (version
5.0 or above and at least 88 MB of phone space) or iOS
smartphone (version 13 or later and at least 165 MB of phone
space), and (4) taking at least one medication for a chronic
condition based on the computerized medical record at the health
center. Patients were excluded if they: (1) were already using
a medication reminder app or other electronic reminder system
such as phone alarms, (2) owned a smartphone not capable of
downloading the app, (3) had a diagnosis of severe dementia
or serious mental illness, or (4) were otherwise unable to use a
mobile phone or the medication reminder software either
physically or cognitively. For this study, only those participants
who were randomized to the intervention group and used the
Medisafe app were invited to participate in the survey.

Recruitment involved an informational flyer, a referral form
from clinicians at the health center, and in-person recruitment.
The flyer and referral forms were available to clinicians, staff,
and patients in the FQHC offices and at the reception desk. The
form contained study information, the contact information of
the principal investigator (PI), and a place for patients interested
in participation to provide their contact information. The form
also contained a section for health care providers (HCPs) to
refer potential patients and a section for their signature to verify
that the patient’s medications listed in the electronic health
record were correct and current. The PI (CH) conducted
in-person recruitment at the FQHC on multiple days per week
and worked with clinic staff to identify potentially eligible
patients. Although a convenience sample was used (ie, patients
visiting the clinic on any given day), the risk of selection bias
was reduced by using the aforementioned 2-prong approach to
identify eligible patients for recruitment, inviting all patients
meeting the eligibility criteria to participate, and using random

assignment to either the intervention or control group. The 2
groups were not statistically different [32]. The PI approached
eligible patients at the end of the health center visit to inform
them of the study. Once the PI confirmed participant eligibility
and obtained informed consent, participants were randomized
to either the intervention or control group. Additional details
of study procedures for the RCT have been previously published
[32].

Statistical Analysis
Based on a preliminary efficacy study for the RCT [33], a total
sample of 60 participants was estimated to enable the detection
of differences between the groups with Cohen d effect values
of 0.6-0.7 (80% power; α=.05) for the quantitative study
variables [32]. As 30 participants were randomized to the app
intervention group, their usage and satisfaction data are
presented in this manuscript. Descriptive statistics and frequency
distributions were used to describe the sample and determine
if the data were normally distributed. Qualitative participant
responses were transcribed into an Excel spreadsheet, and the
content was coded and summarized as themes by the researcher
(CH) and PhD faculty advisor (DPS).

Ethical Considerations
This research was approved by the Vanderbilt University
Institutional Review Board (IRB #211409) and is registered
with ClinicalTrials.gov (NCT05098743). All participants
received a copy of the consent form. Based on participant
preference, informed consent was completed as either an
IRB-approved e-consent form or a hard copy. The consent form
contained a privacy and confidentiality protection description
ensuring that all study data are deidentified. Participants received
a US $25 gift card after completion of the baseline survey and
a US $35 gift card after completion of the follow-up survey.

Medisafe App Intervention
The Medisafe app is a Health Insurance Portability and
Accountability Act (HIPAA) compliant medication adherence
app that is available at no cost in the iTunes and Google app
stores. In previous studies, Medisafe was ranked highly among
medication reminder apps [30,34]. The Medisafe app provides
interactive and customizable daily timed reminders to reinforce
medication taking at a set time every day through a push
notification, equivalent to an alarm or text message. The
reminders can be snoozed, rescheduled, or marked as taken or
skipped, and they are repeated a total of 3 times in 10-minute
intervals if the participant does not mark the medication dose.
Additional features include educational information in the form
of a medication database that includes written and video content
[30]. The written content is in the form of a medication card,
which Medisafe terms a leaflet, and it reviews what the medicine
is used for, medication interactions, what to do if the user misses
a dose, what the user should watch for, possible side effects,
how it should be used, and where to store the medication. Some
medications also have video content, consisting of a brief clip
of an HCP reviewing the most important considerations when
taking the medication, which can be viewed on tapping the
information icon. There is also an interactions tab that lists
possible interactions with the medications or food/alcohol.
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Lastly, there is an interaction checker where participants can
check for interactions between their medications. The app also
has a Medfriend feature, which allows participants to designate
a family member or friend as their support person. The
Medfriend feature will alert the designated Medfriend who can
provide peer support and additional reminders through text
messages, emails, or a telephone call if the patient misses a
dose. The language mode of the app can be switched, if desired,
to multiple foreign languages, including Spanish.

The PI helped consented participants set up the app using a copy
of the patient’s medication list extracted from the electronic
health record. The PI also reviewed how participants could
access and edit their medications; access medication educational
content; and indicate when a medication was taken, skipped, or
rescheduled. The PI reviewed with participants additional app
features such as Medfriend, medication interaction checking,
adherence reports, and refill reminders. Participants were also
shown how to access the help and support section in the app.
Following the app set up, the PI provided previously developed
educational materials as a take-home resource. These materials,
specific to either an iPhone or Android smartphone, included a
laminated “quick tips” card with short instructions on the
reviewed features and how to access them. Additional detailed
instructions on how to use the app were printed in a
question-and-answer format and distributed to participants.

Data Collection and Study Procedures
All study data were collected using observation, a REDCap
web-based survey, and secondary data provided by the app
company and were obtained using a data-sharing agreement
between institutions. REDCap is a secure web-based software
platform designed to support data capture for research studies
[35,36]. Following consent, all participants completed the
baseline study survey. Those randomized to the intervention
group also completed a survey at study end to obtain feedback
on the app, including usability and satisfaction.

Observation
While setting up the app for the intervention group, the PI
completed a study-specific observational behavioral checklist.
The purpose of the checklist was to inform the researchers if
participants had difficulty setting up the app and how long it
took them to do so. The checklist included documenting whether
the participant had difficulty visualizing the app and had
difficulty with dexterity while setting up the app, and mentioning
the number of times the participant’s input of medications
needed to be corrected. The length of time in minutes from
starting the download of the app to completing app set up and
reviewing the app was also documented.

Survey
After 1 month, based on preference, participants completed the
follow-up survey online, by phone, or in-person at the health
center. Participants who did not complete the follow-up survey
within 10 days of the 1-month follow-up date received 2
reminders via phone, email, or text message.

Measures
The end-of-study survey included 11 questions that assessed
satisfaction and usability using a 5-point Likert scale with
responses ranging from “strongly disagree” to “strongly agree.”
The survey questions were developed and pilot tested before
use [33]. Seven of the first 11 questions were developed by
Santo et al [31] and were used with permission in this study,
while the remaining 4 were developed by the researchers. Six
additional questions asked about the use of additional features
such as the educational information, Medfriend feature,
interaction checker, adherence report, refill reminder, and
additional morning reminder of the Medisafe app. These
questions asked participants whether they used a given feature,
and if they did, whether they found the feature useful. There
were open-text response options available to elicit qualitative
data from the app participants such as how a feature helped
them manage their medications and what they found most useful
about the feature. The remainder of the survey included 6
general use questions previously developed and pilot tested, 4
of which were “Yes/No” questions (eg, did you use the refill
reminder and did you have technical issues with the smartphone
app?). The remaining 2 questions assessed how often medication
reminders were received each day and which language the
participant used.

Secondary Data
Deidentified usage data were obtained from the Medisafe
company at study completion. Medisafe provided the PI with
objective user interactions with the Medisafe app, such as
whether educational information in the form of a leaflet was
accessed by participants and whether the Medfriend feature was
used.

Analysis
Descriptive statistics and frequency distributions were used to
describe the sample and determine if the data were normally
distributed. Open-ended survey question responses were
imported into an Excel (Microsoft Corp) spreadsheet, and the
content was coded and summarized as themes by the researcher
(CH) and the PhD faculty advisor (DPS). This approach was
taken given the short, free-text, and limited responses received.
Since the qualitative data came from the open-ended survey
responses, data collection was based on sample size rather than
data saturation.

Results

Participant Characteristics
Complete details are included in Table 1, and information can
also be found in the app efficacy manuscript [32]. A flowchart
of study participants in the main RCT can be found in Figure
1. The median age of the 30 participants using the app was 53.5
years (IQR 37-76 years). Most participants in the intervention
group were non-White (23/29, 79%). Races/ethnicities were as
follows: Asian (5/29, 17%), Black or African American (10/29,
35%), Hispanic/Latino (4/29, 14%), Native American or Alaska
Native (1/29, 3%), and other (3/29, 10%). More than 75% of
the participants had government insurance (25/30, 83%), and a
small number of participants were uninsured (2/30, 7%). Brief
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health literacy scores were generally high (median 12.0 of a
possible score of 15, IQR 5-15). Slightly more than half of the
participants (16/29, 55%) reported that it was either very or
somewhat difficult to pay their monthly bills. The most common

chronic illness was hypertension (22/30, 73%), followed by
hyperlipidemia (19/30, 63%) and type 2 diabetes (14/30, 47%).
Most participants (25/30, 83.3%) had 2 or more chronic
illnesses.

Table 1. Sociodemographic characteristics of the participants using the app.

Value, n (%)Characteristic

Race/ethnicity (N=29)

5 (17)Asian

10 (35)Black or African American

4 (14)Hispanic/Latino

1 (3)Native American or Alaska Native

6 (21)White

3 (10)Other

Marital status (N=30)

15 (50)Married/partnered

15 (50)Single/never married

Employment status (N=30)

15 (50)Employed

12 (40)Unemployed

3 (10)Retired

Education (N=30)

8 (27)Some high school or less

4 (13)High school graduate

8 (27)College credit, no degree

4 (13)Trade/vocational training

2 (7)Associate’s degree

4 (13)Bachelor’s degree or higher

Difficulty paying bills (N=29)

6 (21)Very difficult

10 (35)Somewhat difficult

8 (28)Not very difficult

5 (17)Not at all difficult

Type of health insurance (N=30)

2 (7)Uninsured (sliding scale)

25 (83)Government insurance

3 (10)Private insurance

Current chronic illness (N=30)

22 (73)Hypertension

14 (47)Type 2 diabetes

19 (63)Hyperlipidemia

5 (17)Asthma

11 (37)Othera

aIncludes depression (n=1), type 1 diabetes (n=1), chronic obstructive pulmonary disease (n=1), heart disease (n=1), cirrhosis (n=1), anxiety (n=1), gout
(n=1), rheumatoid arthritis (n=1), thyroid disorder (n=1), hypothyroidism (n=2), gastroesophageal reflux disease (n=1), arthritis (chronic pain) (n=1),
and fibromyalgia (n=1).
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Figure 1. Flowchart of study participants in the larger randomized controlled trial of the efficacy of the app intervention.

Behavioral Observations While Setting Up the App
During app set up, some participants (4/30, 13%) expressed
difficulty visualizing the app owing to the unavailability of their
eyeglasses, which they stated were either in their car or left at
home. No participants had difficulty with dexterity while setting
up the app, and the median time it took from starting the app
download to completing the set up and reviewing the app was
15 minutes (IQR 10.0-25.0; minimum 10, maximum 30
minutes). The majority of participants (21/30, 70%) did not
need to be corrected when they entered the medications.
However, 4 (13%) were corrected by the researcher once, 3
(10%) were corrected twice, and 2 (7%) were corrected thrice.
Patients were corrected when they spelled the medication name
incorrectly, chose the incorrect medication dose, or set an
incorrect time for the reminder.

Satisfaction and Utility
Summaries of the participants’ reports of satisfaction are
presented in Table 2.

Most participants (27/30, 90%) strongly agreed that they liked
the app design, while most (25/30, 83%) strongly agreed that
it was useful to have their medication list on their smartphone.
Some participants (2/30, 7%) mentioned the usefulness of the
app when seeing other HCPs to indicate the medications they
were taking during medication reconciliation. Furthermore, a
large proportion of participants (28/30, 93%) strongly agreed
that the reminders helped them to remember to take their
medications at the correct time each day. The majority of
participants strongly agreed that the app was easy to use (27/30,
90%) and convenient (28/30, 93%) and that they would continue
using the app (26/30, 87%). A small number of participants
(2/30, 7%) somewhat agreed that they would continue using
the app. It is important to note that some participants (2/30, 7%)
strongly disagreed that they would continue using the app,
because they found the reminders annoying. All the participants
(30/30, 100%) somewhat agreed or strongly agreed that they
would recommend the app to family and friends.
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Table 2. Satisfaction with the app (N=30).

Value (N=30), n (%)Satisfaction information

Liked the app design

1 (3)Neutral

2 (7)Somewhat agree

27 (90)Strongly agree

It is easy to tap the correct icon with my finger

1 (3)Neutral

1 (3)Somewhat agree

28 (93)Strongly agree

I am able to see all the options in the app

3 (10)Neutral

1 (3)Somewhat agree

26 (87)Strongly agree

It is useful to have a medication list on the smartphone

1 (3)Somewhat disagree

1 (3)Neutral

3 (10)Somewhat agree

25 (83)Strongly agree

Reminders helped me remember to take my medications at the correct time each day

1 (3)Neutral

1 (3)Somewhat agree

28 (93)Strongly agree

Found it easy to use the app

1 (3)Somewhat disagree

1 (3)Neutral

1 (3)Somewhat agree

27 (90)Strongly agree

Found it easy to set up reminders in the app

3 (10)Neutral

2 (7)Somewhat agree

25 (83)Strongly agree

Found it convenient to have the app

1 (3)Strongly disagree

1 (3)Somewhat disagree

28 (93)Strongly agree

Found it useful to snooze the reminder

1 (3)Strongly disagree

1 (3)Somewhat disagree

10 (33)Neutral

3 (10)Somewhat agree

15 (50)Strongly agree

Will continue using the app

2 (7)Strongly disagree
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Value (N=30), n (%)Satisfaction information

1 (3)Somewhat disagree

1 (3)Neutral

26 (87)Strongly agree

Will recommend the app to family and friends

2 (7)Somewhat agree

28 (93)Strongly agree

The 2 participants (10%) who were dissatisfied with the app
described the reasons why. One said:

It is annoying when you get a reminder and you are
in the middle of doing your work. This is not for
everybody. I work on the computer and on my cell
phone and it is very distracting to receive the
reminder in the middle of working on something. It
might be better for someone who doesn't have as much
going on. I find it very distracting.

The other participant had technical difficulties but blamed it on
the type of phone they had:

The bug thing with the notification alarms was a
problem. I have an android - a cheap phone. My
phones get destroyed because of the type of work I
do.

Use of Educational Information
Almost half of the participants (12/30, 40%), self-reported
accessing educational information. To the contrary, objective
usage data from Medisafe indicated that only 3 participants
(10%) accessed the educational content, which was defined as
cards termed “leaflets” or videos. According to Medisafe, this
was done for a total of 14 medications. Additionally, Medisafe
reported that only 1 participant accessed 4 different videos and
1 leaflet, 1 participant accessed 1 leaflet, and 1 participant
accessed 6 different videos and 2 leaflets. Although not all
participants actually accessed the information, those who
reported accessing the educational information (12/12, 100%)
found the information useful. When asked about how they used
the educational information in the app, the participants reported
learning about the side effects of the medications (6/12, 50%),
reported that it was helpful for general knowledge (4/12, 33%),
and mentioned using it to learn more about medication and food
interactions (2/12, 17%).

Medfriend Feature
Based on usage data from Medisafe, only 1 participant (3%)
used the Medfriend feature. That participant was very positive
about the feature and reported that her husband would call her
to say, “Are you taking your medicines?” She stated:

It gets him involved. It makes him recognize that I
need support and I need to take the medicine. It makes
me know he loves me.

Another participant self-reported using the Medfriend feature,
but there was no indication of use in the Medisafe data. The
participant reported that when her husband was notified, he
would send a text about her forgetting her medications and she

would remember to take them. Those who did not use the
Medfriend option were asked, “who might that person be for
you?” Among those who responded (18/30, 60%), the top 3
most common responses were their sibling (4/18, 22%), their
child (4/18, 22%), and their husband or wife (4/18, 22%).

Interaction Checker
All participants who used the interaction checker (5/30, 17%)
agreed that it was useful. One participant reported that 2 of the
medications she had been taking together should be taken
separately and stated, “It was a lifesaver!” The other 4
participants expressed an appreciation for being able to have
access to this type of information. The use of the interaction
checker was distinct from the educational content and could not
be verified in the Medisafe data as Medisafe does not register
or track the use of the interaction checker.

Adherence Reports and Reminders
Participants (8/30, 27%) who checked their adherence report
agreed it was useful. The adherence report provided them with
a history of their daily missed and taken medications as well as
a weekly adherence percentage based on what they reported
when marking medication reminders in the app. Participants
reported experiencing positive reinforcement for adhering to
their medications through the adherence report, mentioned the
affirmation they received when they saw a high percentage of
adherence, and reported appreciating the positive reinforcement
as useful. Some participants (2/30, 7%) mentioned that it
incentivized them to reach higher levels of adherence.

Slightly less than half of the participants (13/30, 43%) received
reminders to take their medications 2 times a day, while around
one-third (9/30, 30%) received reminders 3 or more times a
day. Reminders were generally well received:

I like the reminder. The shaking of the pill bottle helps
me. Sometimes I will wake up at night and remember
hearing the shaking pill bottle that day and I will get
out of bed and check if I took my pills that day. I might
be cooking with the grandkids and the first reminder
goes off. I might ignore it but with the second
reminder I might put the bottles on the counter so I
can remember.

Three participants (15%) mentioned the app’s helpfulness,
particularly for those who have multiple chronic illnesses and
take multiple medications.

This app was a lifesaver. I take a lot of different
medication so sometimes I forget whether I took the
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medication or not. I can check the app to see if I took
it or not.

One of those 3 participants commented as follows:

It is perfect for people who have multiple illnesses
and take a lot of different medications. I take eight
different medications a day.

Most of the participants (27/30, 90%) did not use the refill
reminder. In their comments, a number of participants said they
received automatic refill reminders from their pharmacy and
therefore did not need this feature of the app. All participants
(30/30, 100%) used the app in English, and the majority (24/30,
80%) did not make any changes, such as changing the time of
a reminder, removing or adding a medication, or changing the
medication dose in the app. Many participants (13/30, 43%)
said they would use the app to manage someone else’s
medications.

Technical Difficulties Using the App
Some participants (4/30, 13%) mentioned they had technical
difficulties. Of those who reported difficulties, 3 (75%) needed
to allow notifications from the app to hear the reminders.
Another user mentioned that they had to tap the “take all” icon
a number of times before it registered and suggested that it
should be made bigger or be more centrally placed. Participants
gave additional feedback about the app when asked (20/30,
67%). In this section, participants (7/20, 35%) specifically
mentioned liking the reminder.

It was really nice to hear that shaking sound. It was
fun.

Some participants (2/20, 10%) reported that the snooze function
was particularly helpful when they were away from home.

The snooze option is helpful to use when I am out and
don’t have my medications. When I come back home
it reminds me so I remember to take it.

Social Support
The 2 participants (7%) who self-reported using the Medfriend
feature were very enthusiastic.

It's a great app and I love it. My husband is on it for
his meds and I am his Medfriend. I am also going to
get my mother hooked up on it.

The other participant shared her thoughts about the feature,
highlighting her increased feelings of self-efficacy and social
support.

This app is about being a team player. You are able
to help me and I am able to help you. I can now say
“I did it” “I can do this.” This is a good app. I can't
see anyone who is interested in their health not using
this app. Since being introduced to this app I know
that it is there for me.

Discussion

Principal Findings
As part of an RCT using the Medisafe medication adherence
app in a medically underserved population with a variety of

chronic illnesses, behavioral observations on app use and
satisfaction and usage data were gathered from participants in
the intervention arm of the study and the Medisafe company.
The quantitative RCT results (reported elsewhere) [32] found
significant improvements in both medication adherence and
medication self-efficacy for participants who used the app. The
portion of the RCT presented in this manuscript, which collected
behavioral observations and satisfaction and usage data from
the intervention arm, identified that participants were satisfied
with the app and found it useful. Even though the use of the
additional features was generally low, those who used them
found them useful. Most participants did not need help setting
up the app. An important strength of this RCT is that it explored
patients’ perceptions of the usefulness of the app and their
satisfaction with the app and therefore fills an important
knowledge gap. This was done by collecting both quantitative
and qualitative data through open-response questions, which
gave voice to the perspectives of a low-income racially and
ethnically diverse sample of adults with chronic illnesses
receiving care in an FQHC [17,18]. As FQHCs are reporting a
growth in the rates of treating complex chronic conditions [10]
and there are lower rates of medication adherence among
populations with lower socioeconomic status and those with
multiple conditions [37], the implementation of tools to enhance
medication adherence is imperative. Understanding the user
experience with the Medisafe mobile app demonstrated that
wider-scale use of the Medisafe app is feasible in a low-income
population with multiple chronic illnesses. Systematic literature
reviews have pointed out a gap in implementation studies of
mobile app interventions in this population [38]. This study
addressed an important knowledge gap by demonstrating that
the use of a commercially available free medication adherence
app is a viable option for medically underserved adult patients
with chronic diseases.

Prior research found that medically underserved patients
expressed reluctance about paying for a medication adherence
app [18]. While not directly addressed in this study, some
participants anecdotally asked before enrolling in the study if
they would need to pay for the app, and when told it was free,
they expressed interest in participating. This underscores the
importance of not having patients incur additional costs for the
technology and was a strength of this intervention.

Most participants were able to set up the app with minimal
assistance, with a median duration time of 15 minutes during
the behavioral observation. It is important to note that 30% of
the participants needed to be corrected 1-3 times when setting
up the app, thus pointing to the importance of helping some
patients set up the app initially and checking that the medications
are entered accurately. This highlights a difficulty with
individuals setting up the app. Although not implemented in
this study, another option is to import medications from other
databases, such as Apple Health, or a pharmacy directly. This
may shorten the time it takes to set up the app. Once the app is
set up properly, in addition to HCPs assisting patients, the help
and support page and the company contact could serve as a
resource for patients.

Survey data indicated that satisfaction with the app was high,
with most patients strongly agreeing it was easy to use. All
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intervention group participants (30/30, 100%) strongly agreed
that they would recommend the app to family or friends. This
was higher than the proportion in the study by Santo et al [31],
which used Medisafe and found that 78.6% of patients with
coronary heart disease would recommend it [31], and the study
by Anglada-Martinez et al [24], which used a similar app and
found that 71.4% of patients receiving treatment for
hypertension, dyslipidemia, heart failure, or HIV would
recommend it [24]. Both these studies were, however, conducted
outside of the United States. It may be that Americans are more
familiar with app technologies and feel more comfortable
recommending apps to others.

Qualitative research conducted in a medically underserved
population with chronic illness regarding the use of medication
adherence apps found that technical issues and complexity were
concerns when setting up and using these apps [18]. One study
involving a medication adherence app similar to Medisafe
indicated that 50% of participants reported problems receiving
reminders [24]. The Medisafe app used in this study is a
commercially available app with high-quality assessment ratings
[30,39], and in this study, technical issues were rare. The most
common issue was not receiving the reminders until the
participant allowed notifications from the app in their phone
settings. No participants expressed that the app was technically
complex, which was previously cited as a concern in this
population but was not an issue in this study [18]. One
participant had ongoing technical issues receiving reminders.
These findings suggest that the Medisafe app can be
implemented in this population from a technology standpoint,
and participants did not find it difficult to use.

Similar to other studies involving the Medisafe app, feedback
results point to receiving timed medication reminders as the
most used aspect of the app [31]. Furthermore, feedback
regarding the app aligns with the findings of other studies
linking medication reminders with medication adherence
[22,25,28,29]. Participants found the snooze function of the
reminder helpful when they were not home to take their
medications and used this function as a reminder to take their
medications when they got home. The snooze function therefore
was an important component of the app when participants
experienced disruptions in their routines, such as being away
from their medications. The findings also align with a previous
study in a medically underserved population where participants
indicated that disruptions in their daily routines negatively
affected their medication adherence [18]. This study
demonstrated that patients used the reminder feature when
available, and the majority of patients found it helpful in
improving medication adherence. The 1 participant who was
bothered by the reminders used his phone for work and found
the reminders distracting if he was using his phone for work
purposes. The reminders predominantly targeted the
phenomenon of forgetting, which has been found by a study to
be the most likely cause of reported nonadherence in low-income
uninsured patients with multiple chronic illnesses [13].

Research has shown that both patient knowledge of medications
and their satisfaction with the information provided about their
medications can improve medication adherence [40]. There was
a discrepancy between the data reported by Medisafe and the

number of participants who self-reported accessing educational
information. Although the reason for this discrepancy is not
clear, several possibilities exist. First, participants could have
overstated the use of educational features. Another potential
reason might be related to the specific data Medisafe defines as
educational data. Medisafe does not collect data on the use of
the interaction tracker or the “For You” tab at the bottom of the
app and only collects data if a participant clicks on the
educational leaflet and opens it up. In contrast, participants
might have perceived content under the “For You” tab and drug
interaction materials or videos as educational materials, resulting
in a discrepancy between patient self-reported data and Medisafe
data regarding accessing educational content. The feedback
received demonstrated that participants who reported accessing
the educational information (less than half) were very positive
about doing so. The educational information was found to be
useful for learning about side effects and food and medication
interactions. Because individuals have different preferences for
the amount of medication information they receive and the way
that information is delivered [41], the modularity of the
Medisafe app is useful to facilitate patient education in a
practical and less burdensome way. The information is available
at the patient’s fingertips and can be accessed as frequently as
needed to learn what they want at their convenience. The
educational app feature is also advantageous to HCPs as it
alleviates some of the burden and time commitment associated
with educating patients about their medications.

Social support has been found to have a positive effect on
medication adherence [42-44]. Studies deploying digital
technologies in the form of web-based online communities to
provide social support have generally demonstrated that they
can support people emotionally, socially, practically, and
politically [45]. However, using technology to provide social
support has not been studied in the context of a commercially
available medication adherence mobile app. This study
addressed this gap by studying social support via a commercially
available app in the context of medication adherence. The
Medisafe app offers social support in the form of Medfriend,
and this is the first known study to incorporate this feature as
part of the study intervention. Some studies have pointed out
that online social support networks for those with specific
chronic illnesses lessened the burden on relationships with
family and friends, who are referred to as “offline” support
persons [45,46]. However, despite asking and offering to
demonstrate how to set up the Medfriend feature, usage of the
Medfriend feature was very low. This study did not gather
information on why participants chose not to set up the
Medfriend feature, and this is a limitation of the study. It may
have been because this feature was seen as too burdensome by
the patients or their support people, most of whom were
identified as family members. Patients might have avoided using
Medfriend due to confidentiality concerns associated with this
feature, which entails giving access to the user’s medication
list, as many participants (13/30, 43%) were willing to use the
app to manage someone else’s medications but chose not to
share their own medication information. Another challenge
regarding the Medfriend feature was that there was a discrepancy
between Medisafe data and self-reported data on the use of the
Medfriend feature. Despite the aforementioned concerns, the 2
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participants who reported using the Medfriend feature were
satisfied with it as they perceived that the app fostered social
support. To further explore the social support feature of the app,
research on dyads who use the app to manage the medications
of family members might shed new light on the phenomenon
of incorporating social support into mobile apps. By studying
a subset of the population, including patients and their
caregivers, the social support feature may be used more
frequently. If the confidentiality of medication lists proves to
be a barrier, a feature that dissociates specific medications from
the reminder might address that concern. Support persons could
receive a general text that their online Medfriend has not taken
their medications without sharing details on the specific
medications.

Participants reported that having a list of medications on their
phone was beneficial, which was also noted in a population of
patients with coronary heart disease who used the Medisafe app
in Australia [31]. When managing chronic illnesses, patients
are often referred outside of the FQHC setting or require
hospitalization to receive care. Some participants mentioned
using the phone medication list for medication reconciliation
when seeing other HCPs. This finding is in contrast to that of
another study of patients presenting to an emergency department
setting, which found that emergency department patients rarely
used their mobile phones to share their medication list during
medication reconciliation [47]. Medication reconciliation can
be facilitated through the adoption of these technologies. HCPs
in both primary care and tertiary care settings should suggest
and support patients with implementing researched medication
adherence mobile apps. The sample of this study included many
patients with multiple chronic conditions. These participants
appreciated the ability of the app to work across multiple chronic
illnesses and its helpfulness when taking multiple medications.
This finding underscores the importance of advocating for the
use of medication adherence apps like Medisafe, which can
work across a range of illnesses and medications and can be
easily adjusted when medications change over the disease
trajectory. Additionally, participants who used the adherence
report felt that it provided positive reinforcement and was an
incentive to reach higher levels of adherence. Similar to what
has been reported in other studies, a majority of participants
reported not using the refill reminder because they already
received text alerts from their pharmacy, which they found
helpful [18]. When HCPs select apps for patients to enhance
their medication adherence, careful attention to app features
and evaluation of existing research findings, such as the findings
of this study, are important.

Limitations
This study had several limitations. First, the study duration of
1 month does not provide insights regarding long-term patient
satisfaction and continued use of app features, which are
important aspects of chronic disease management. Though this
study found high satisfaction and usability of the app during
the first month of use, future studies should evaluate the role
of time in app usage and satisfaction. Medisafe data and
self-reported data showed that the uptake of educational
information and the Medfriend social support feature was low.
There was an unresolved discrepancy in the number of

participants who reported accessing educational information
and the actual usage identified from the Medisafe data. The
discrepancy might be because Medisafe data only captured if
the leaflet was accessed. Patients may have perceived accessing
educational information as clicking the interaction button or
clicking the “For You” tab at the bottom of the app, which
Medisafe data did not capture. This can be clarified in the future
by a more detailed definition of what constitutes the educational
features of the app. Incorporating interviews to clarify
subsequent survey results would strengthen future research
studies. Another limitation of the study is that we did not gather
participants’ inputs about why they chose not to use the
Medfriend feature. Therefore, this study cannot speak about the
potential benefits of this feature. Finally, although the app can
be used in several languages and many patients who seek care
at FQHCs speak a primary language other than English [48],
the researchers were not able to incorporate multiple languages
into the study protocol.

Future Research
FQHCs and primary care settings working with adults who are
chronically ill should consider medication adherence mobile
phone apps as acceptable and practical tools to support
medication adherence. Future studies could include a larger
sample, consider the use of the available provider portal, and
consider the experiences of both providers and patients. Cost
analysis could be performed, and hospitalization rates and
long-term usage and health outcomes over time could be studied.
This study was for a 30-day period, but a study with a longer
duration is necessary to see if the use of the app is sustained
over time. In this study, only 2 participants reported barriers to
using the app, and a larger long-term study could further explore
barriers to sustained use and strategies for maintaining
engagement in this population. Future research should use mixed
methods to provide insights into app modification, the nature
of barriers to use, and how app features, such as the Medfriend
feature, could more easily be implemented among patients who
might benefit the most from such features. As uptake of the
additional features of the app, such as educational information
and the Medfriend option, was low in this study, future research
using larger datasets could explore what types of patients chose
to use specific features and why they did. We purposefully did
not require certain features to be used because we wanted to
organically discover which features were most often used, if
any.

Studying the usability of the app and its associated effects in
ethnic populations in various languages is an important area of
future research as community health centers serve a large
number of patients with limited English proficiency [48].

Conclusion
This study demonstrated that the medication adherence app is
a useful, convenient, and feasible intervention in an FQHC
setting. The various features of this app positively influenced
the medication-taking behaviors of adults with one or more
chronic illnesses. Participants were satisfied with the app and
the features they chose to use. Reminders were viewed as helpful
by the majority of participants. The medication list feature was
particularly useful for patients who had multiple chronic
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conditions and saw multiple providers, and some used it to
facilitate medication reconciliation. The findings of this study
have important clinical implications, as clinicians can

recommend the use of medication adherence apps as tools to
provide support in adhering to medication regimens and as
additional tools to use during medication reconciliation.
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Abstract

Background: Perinatal nurses are increasingly encountering patients who have engaged in perinatal substance use (PSU).
Despite growing evidence demonstrating the need to reduce nurses’ stigmatizing attitudes toward PSU, limited interventions are
available to target these attitudes and support behavior change, especially those reflecting the overwhelming evidence that
education alone is insufficient to change practice behavior. Arts-based interventions are associated with increasing nursing
empathy, changing patient attitudes, improving reflective practice, and decreasing stigma. We adapted ArtSpective for PSU—a
previously evaluated, in-person, arts-based intervention to reduce stigma toward PSU among perinatal nurses—into an interactive,
digital, and responsive platform that facilitates intervention delivery asynchronously.

Objective: This study aimed to evaluate the usability, acceptability, and feasibility of the interactive, responsive platform version
of ArtSpective for PSU. Our goal was to elicit the strengths and weaknesses of the responsive platform by evaluating the user
experience to identify strategies to overcome them.

Methods: This study used a mixed methods approach to explore the platform’s usability, user experience, and acceptability as
an intervention to address stigma and implicit bias related to PSU. Theatre testing was used to qualitatively assess usability and
acceptability perspectives with nurses and experts; a modified version of the previously validated 8-item Abbreviated Acceptability
Rating Profile was used for quantitative assessment. Quantitative data for acceptability and satisfaction were analyzed using
descriptive statistics. All qualitative data were analyzed iteratively using an inductive framework analysis approach.

Results: Overall, 21 nurses and 4 experts in stigma, implicit bias, and instructional design completed theatre-testing sessions.
The mean duration of interviews was 31.92 (SD 11.32) minutes for nurses and 40.73 (SD 8.57) minutes for experts. All participants
indicated that they found the digital adaptation of the intervention to be highly acceptable, with mean acceptability items ranging
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from 5.0 (SD 1.0) to 5.5 (SD 0.6) on a 1-6 agreement scale. Nurses reported high satisfaction with the platform, with mean
satisfaction items ranging from 5.14 (SD 0.56) to 5.29 (SD 0.63) on a 1-6 agreement scale. In total, 1797 interview segments
were coded from the theatre-testing sessions with 4 major themes: appearance, navigation, characterization, and overall platform,
and 16 subthemes were identified. Consistent with the quantitative findings, the results were positive overall, with participants
expressing high satisfaction related to the platform’s appearance, the ease with which they could navigate the various modules,
engagement, clarity of the presentation, and feasibility of being completed asynchronously.

Conclusions: Developing and evaluating the usability of a digital adaptation of ArtSpective for PSU resulted in strong support
for the usability, acceptability, and satisfaction of the program. It also provided insight into key aspects related to acceptability
and usability that should be considered when designing a digital adaptation of an arts-based intervention for health care providers.

(JMIR Hum Factors 2025;12:e67685)   doi:10.2196/67685

KEYWORDS

digital platform; nurse training; usability; user experience; user interface; mixed methods; theatre testing; stigma; perinatal
substance use; art intervention; acceptability; perinatal; substance use; pregnancy; perinatal nurse; feasibility; interactive responsive
platform

Introduction

Background
Stigmatizing attitudes among nurses who treat patients with
perinatal substance use (PSU) [1-7] is a major barrier to the
implementation of evidence-based practices for maternally
provided care (ie, breastfeeding and skin-to-skin contact) that
improve infant outcomes; decrease symptom severity; and
reduce pharmacologic treatment, length of stay, and costs [8-18].
Despite growing evidence that demonstrates the need to reduce
nurses’ stigmatizing attitudes toward PSU [17-20], limited
interventions are available that target these attitudes and support
behavior change among nurses. Interventions that have been
studied use didactics to increase awareness about the need to
reduce stigma and increase compassion [20]. However, these
interventions do not reflect the overwhelming evidence that
education alone is not sufficient to change practice behavior
[21,22] and that stigmatized attitudes may prevent the
application of education to individual practice [23].
Evidence-based interventions targeting stigmatizing attitudinal
change are necessary to empower nurses to effectively reduce
biases and judgments toward PSU and care for these patients.

One of the key weaknesses of traditional interventions in
addressing stigma is that they are generally structured around
passive learning and focus on knowledge deficits rather than
intervening on stigma itself [24]. In contrast, increasing research
demonstrates how arts-based interventions improve clinical
skills and communication between health care providers,
especially for stigmatized attitudes [25]. Arts-based pedagogy
is associated with increasing nursing empathy, changing
stigmatized attitudes toward patients, and improving reflective
practice [26]. Photography and digital storytelling have been
demonstrated to decrease stigma and increase provider
willingness to help patients affected by substance use disorder
[27]. In addition, creative storytelling has been effectively used
to improve clinician attitudes toward persons with dementia, a
highly stigmatized population [28].

ArtSpective for PSU: An Arts-Based Intervention

Overview
Based on existing evidence of efficacy for arts-based
interventions to improve clinician attitudes toward stigmatized
patient populations [29,30], we developed ArtSpective for PSU
to facilitate perspective taking and change attitudes toward PSU
among nurses to facilitate their engagement with mothers and
promote evidence-based practice that is not impeded by biases
and stigma. ArtSpective for PSU was initially designed as a
synchronous intervention that is delivered in one 60-minute
session to a small group of nurses through live videoconference
[24,31-33]. The intervention is grounded in art pedagogy
previously used by art museum educators and facilitates a
perspective-taking exercise using curated fine-art photographs
and guided narrative storytelling. Participants are shown images
and instructed to select two to interact with for the intervention.
Selected images use a documentary photographic style
characterized by ambiguity in subject matter, which enables
participants to write two short creative narratives from two
different perspectives (one perspective per image): (1) the
perspective of a subject in the photograph and (2) the outside
perspective of the nurse. Perspective taking is described as
taking the point of view of another person within the other's
context. This is grounded in evidence that this type of
contextualization is associated with taking actions and exerting
behaviors to alleviate distress and improve outcomes [34].
Participants spend time discussing their narratives with partners
during the synchronous session after writing a narrative about
the photographs they reviewed. They also engage in facilitated
dialogue related to the perspective-taking attitudes elicited
during their participation. These conversations enabled
participants to compare their responses to the photographs and
notice when their interpretations displayed biased attitudes.

While participants previously reported high demand,
satisfaction, and efficacy with the synchronous version of
ArtSpective for PSU [24], they identified key barriers to scaling
the intervention across hospitals and health systems, given its
synchronous and in-person modality. These barriers are
consistent with several implementation barriers that prevent
engagement with arts-based interventions, including fluctuation
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in participation, skepticism of efficacy, and obstacles related to
delivery, especially in person [35]. Given these barriers, we
adapted ArtSpective for PSU into an interactive, responsive
platform that facilitates the delivery of the intervention
asynchronously. Responsive platforms and digital delivery of
interventions have been demonstrated to improve uptake and
overcome implementation barriers related to scalability,
especially for interventions designed for nurses [36-42].

Design and Development of Digital Intervention
A multidisciplinary team, including experts in nursing, labor
and delivery, health informatics, health communication, and
implementation science, developed the interactive responsive
platform. Before developing the platform, we conducted 2 focus
groups related to the synchronous version of the intervention
(n=11) to identify specific requirements for the interactive,
responsive platform. Participants noted the need for the adapted
intervention to (1) take less time to complete, (2) allow for
self-pacing, and (3) be delivered asynchronously [24]. Partnering

with a public health communications firm, the synchronous
intervention components were adapted into an interactive,
responsive platform optimized for desktop, smartphone, or tablet
interface. The platform incorporated electronic art exhibits and
facilitation materials consisting of a 30-minute, web-based
session that nurses could complete asynchronously (Figure 1).
The platform design is grounded in the user experience design
methodology, which is anchored in principles related to
understanding users, user participation throughout the process
of development, user-centered evaluation, iteration, a reflection
of the entire user experience, and a multidisciplinary perspective
to design and development [43,44]. The overall design is guided
by Material 3, an iteration of Google Material Design, an
open-source adaptable system of guidelines, components, and
tools that support best practices of user interface design [45].
The platform also uses structured headings, alternative text
descriptions, bold fonts, high-contrast color combinations, and
captions to ensure accessibility across all users.

Figure 1. ArtSpective for perinatal substance use (PSU) platform structure.

Before the study’s launch, the research team and health
communications firm developed an interactive prototype of the
digital adaptation of ArtSpective for PSU in Figma (Adobe). A
panel of experts with extensive experience in perinatal nursing,

PSU, art pedagogy, implementation science, and user interface
and experience design examined all prototype elements in an
iterative process as part of a heuristic evaluation. This process
consisted of identifying platform functionalities individually
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based on the list of heuristics for usable interfaces [46,47]. The
health communications firm iteratively refined the prototype as
user interface issues were identified.

Platform Flow
At the platform launch, users are asked to register for an account
or log into their existing account. Following account creation,
users complete a series of demographic questions as part of
creating their profile. Once a profile has been completed, the
user lands on a dashboard with the four core modules that

comprise the intervention: (1) Pre-Course Self-Assessment, (2)
Perspective Taking, (3) Key Takeaways, and (4) Course
Completion and Certificate. Modules are displayed as
symmetrical cards with large rounding on each card. Small,
rounded badges are included on each module card to indicate
if it has a status of “To Do,” “Locked,” or “Completed.”
Navigation is contained at the top of the interface, along with
a module progress bar that uses numbers and colors to indicate
progression through the platform (Figure 2).

Figure 2. Sample of the dashboard, along with the Pre-Course Self-Assessment and Perspective Taking modules, in the adapted intervention.

In the Perspective Taking module (Figure 2), participants are
presented with 6 rounded symmetrical cards containing
photographs to select from for the exercise. Before choosing a
photograph, the user is prompted to complete a brief guided
tutorial and then prompted to imagine that they are a health care
worker encountering the scene they see in the image and directed
to type a message into a textbox consisting of an evaluation of
the image from their health care worker perspective. Following
this, the participant is presented with the same 6 photographs
(the first photograph they chose has a reduced opacity to indicate
that it can no longer be selected). The participant is prompted
to type a message into a different textbox that evaluates the
second image from their personal perspective. After entering
their messages, the participant sees each photograph they chose
and can read the messages they typed without editing them.

In the Key Takeaways module (Figure 3), participants watch a
1-minute animated video depicting the perspective flipping
exercise through the actions of animated characters, exploring
how to limit assumptions in patient care through the lens of how
the participant’s health-care-worker perspective may have been
different from their personal perspective in the exercise. After
watching the video, participants review 6 rounded symmetrical
cards that contain clinical examples and strategies illustrated
with the characters from the animated video and watch a
90-second video articulating the core clinical examples and
techniques that users reviewed in the previous phase to reinforce
the content. On average, participants spend 10 minutes engaging
with this module.
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Figure 3. Sample of the video displayed in the Key Takeaways module and the Clinical Examples page presented in the adapted intervention.

Before evaluating the effectiveness of a digital adaptation, it is
critical to examine its use and sustainability [48,49], including
usability, acceptability, and feasibility with end users. Usability
is characterized by how well specific users achieve a
predetermined goal with efficiency and satisfaction in a
particular context [50]. Acceptability relates to how end users
think and feel about a digital intervention, while feasibility
relates to how well it can be deployed with end users [51-53].

Purpose
This study aimed to evaluate the usability, acceptability, and
feasibility of the interactive, responsive platform version of
ArtSpective for PSU—designed to deliver an adapted version
of the in-person, arts-based, perspective-taking intervention to
improve nurses’ stigmatizing attitudes toward PSU—following
a mixed methods approach. Our goal was to elicit the strengths
and weaknesses of the responsive platform by evaluating the
user experience to identify strategies that overcome the
weaknesses.

Methods

Study Design
The evaluation of the platform’s usability, acceptability, and
feasibility followed a mixed methods approach, combining
target user experience evaluation facilitated through Zoom
(Zoom Communications) videoconference and a validated
measure of acceptability.

Procedure

Study Population and Recruitment
A purposive sample of nurses was invited to participate through
an email sent to all nurses meeting eligibility criteria employed
by a large, urban academic medical center in Chicago with high
rates of birthing individuals with opioid use disorder and infants
with neonatal opioid withdrawal syndrome. This was followed
by snowball sampling in both community hospitals and
academic health centers in Michigan and Chicago. Inclusion
criteria consisted of (1) being credentialed as a registered nurse,
(2) actively practicing in a perinatal unit (labor, postpartum,
and neonatal intensive care unit), and (3) being at least 18 years
old. In addition, a convenience sample of experts in instructional
design, stigma, and implicit bias was recruited to participate.
The target sample size was 24 nurses and 4 experts.

Methodology
We used theatre testing to qualitatively explore nurses’ and
experts’usability and acceptability perspectives. Theatre testing
is a methodology that is integrated into the Assessment Decision
Administration Production Topical Experts-Integration Training
Testing (ADAPT-ITT) model and designed to facilitate the
adaptation of evidence-based interventions [54]. It is a type of
pretesting methodology that has been previously used to test
messaging, such as television or print advertisements, with a
key target demographic [55]. Participants who reflect the
intended audience of the intervention are asked to respond to a
demonstration of an intervention and answer questions designed
to elicit their reactions to it [54]. A key strength of this
methodology is its ability to rapidly gather feedback about a
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prototype that reflects the intervention as end users would
experience it. We modified the 8-item Abbreviated Acceptability
Rating Profile (AARP) [56], a previously validated and widely
used acceptability instrument, for quantitative acceptability
assessment. The abbreviated nature of the instrument was
designed to overcome barriers related to time-intensiveness.
Modifications to the AARP for this study included specific
references to perinatal substance. We complemented the
instrument with a separate stand-alone set of 5 items related to
satisfaction that were used previously when conducting concept
testing of the synchronous intervention [24].

Theatre testing for qualitative evaluation provides a deeper
understanding of users’ perspectives on interface and platform
design and individual user experience. Simultaneously, the
quantitative data derived from the validated scale and our
supplemental satisfaction questions provide precise
measurements of acceptability and feasibility among nurses and
experts. The goal was to explore both the usability and user
experience of the platform and its acceptability and feasibility
as an intervention to address stigma and implicit bias related to
the treatment of PSU.

Data Collection
A total of 2 research team members (MR and CS) designed the
theatre-testing session interview guide, which was piloted for
presentation and clarity of information and workflow
(Multimedia Appendix 1). MR (male) has a PhD and MPH. He
is a clinical assistant professor with experience and training in
implementation science and provider behavior change. CS
(male) has a PhD, MSN, and RN. He is an assistant professor
with training and experience in implementation science and
care for vulnerable populations, including individuals with PSU
and postpartum women. This study is reported according to the
COREQ (Consolidated Criteria for Reporting Qualitative
Research) guidelines (Multimedia Appendix 2) [57]. Participants
were invited by email to individual sessions facilitated through
Zoom videoconference and were informed that the researchers
leading the study were developing a new platform to promote
a behavior change intervention. Sessions lasted between 30 and
45 minutes between December 2022 and October 2023. Each
session was conducted by one of two analysts on the research
team (YG) who have extensive expertise in qualitative
interviewing and have clinical experience caring for patients
with substance use disorder. The analysts did not share their
assumptions or motivations for facilitating the study with
participants. The study procedure was explained to participants
after they had logged into the Zoom session, and participants
were informed that the interview would be video recorded and
transcribed. Interviewers used the screen-sharing feature in
Zoom to display the interactive prototype and clicked through
the screens and prompts. To understand participant reactions
to the platform, the concurrent think-aloud method was used
by asking participants to verbalize what they noticed or did not
understand [58]. No training or contextualization of the
prototype were offered before the interview began to avoid
biases related to preparation. Participants were given minimal

assistance in understanding what was displayed, and
interviewers only interjected with contextual information to
encourage them to continue reflecting on what they saw.
Following the demonstration, the interviewer debriefed each
participant, using a semistructured interview guide that assessed
overall user experience, design of the content in the platform,
and ease of navigation, and performed a brief retrospective
analysis of issues that participants noted during the
demonstration [59]. Participants also completed a questionnaire
using Qualtrics XM hosted at the University of Michigan that
included questions about demographics, the AARP, and
stand-alone satisfaction questions.

Nonparticipants did not attend the sessions, and no relationship
with participants was established before they engaged with the
study. No repeated interviews were conducted, and no field
notes were taken. Sessions were recorded through Zoom
Recordings, pseudonymized, and transcribed verbatim.
Transcripts were not returned to participants for their review.
Data were transcribed by Rev. Data were analyzed in MAXQDA
(version 22.8.0; VERBI GmbH), a computer-assisted qualitative
data analysis software. The research team met after 21
interviews with nurses to discuss data saturation and information
power. Since no new themes emerged in later interviews, the
research team concluded that information power had been
reached, and no additional interviews were required. In addition,
following the 4 interviews with experts, the research team met
separately to discuss information power and concluded that
since all 4 experts had provided similar feedback, information
power had been reached.

Data Analysis
All data, including pilot sessions, were included in the final data
analysis. Pilot sessions were included, as no changes were made
to the interview guide or protocol after the pilot sessions were
conducted. We conducted separate quantitative and qualitative
data analyses. All quantitative data regarding acceptability and
satisfaction were checked for completeness, and analyses were
performed using descriptive statistics (mean, SD, frequency,
and percentage) to describe demographic characteristics,
responses to the modified AARP, and satisfaction items. All
qualitative data were analyzed iteratively, using an inductive
framework analysis approach [60]. Three multidisciplinary
research team members with backgrounds in implementation
science, perinatal nursing, and qualitative research methods
(MR, YG, and MM) read the transcripts to inductively identify
initial sets of codes. The team then met to discuss codes and
map them to a coding schema, resulting in a codebook based
on overarching themes. In addition, 2 research team members
(YG and MM) independently coded segments in each transcript,
meeting regularly with the entire research team to discuss
discrepancies and refine or modify the codebook as necessary.
This resulted in an iteratively developed, more detailed
codebook. All themes were organized into major themes and
subthemes that reflected quotes from the interview transcripts
(Figure 4). Participants did not provide feedback on the findings.
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Figure 4. Overview of overall themes and subthemes.

Ethical Considerations
The study was deemed exempt by the University of Michigan
institutional review board (HUM00223937). Informed consent
was obtained from all participants. Data have been deidentified.
Participants received a US $30 cash card for their time.

Results

Overview
A total of 21 nurses and 4 experts completed theatre-testing
sessions. No participants refused to participate. The mean

duration of interviews was 31.92 (SD 11.32) minutes for nurses
and 40.73 (SD 8.57) minutes for experts. Table 1 shows the
demographic data of the participants. The majority of
participants identified as female (22/25, 88%), and nearly half
(12/25, 48%) of the participants were between 18 and 34 years
old. Nearly half (10/21, 48%) of nurses practiced in the neonatal
intensive care unit. Years of experience among nurses were
equally divided across the three categories (<5, 5-10, and >10
years).
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Table 1. Demographic characteristics of study participants (N=25).

Value, n (%)Demographic characteristics

Sex

2 (8)Male

22 (88)Female

1 (4)Other

Race

16 (64)White

3 (12)African American

4 (16)Asian

2 (8)Other

Ethnicity

2 (8)Hispanic

23 (92)Not Hispanic

Age category (years)

12 (48)18-34

13 (52)>35

Unit type (nurses only; n=21)

10 (48)NICUa

6 (28)Labor and delivery

5 (24)Postpartum

Years in practice (nurses only; n=21)

7 (33)<5

7 (33)5-10

7 (33)>10

aNICU: neonatal intensive care unit.

Quantitative Measures
All participants indicated that they found the digital adaptation
of the intervention to be highly acceptable, with mean
acceptability items ranging from 5.0 (SD 1.0) to 5.5 (SD 0.6)
on a 1-6 agreement scale (Table 2). Nurses reported high
satisfaction with the platform, with mean satisfaction items

ranging from 5.14 (SD 0.56) to 5.29 (SD 0.63) on the same
agreement scale (Table 3). Of note, after completing the
intervention, participants recognized the severity of clinician
stigma toward PSU; they recognized the intervention is needed
to better understand and demonstrate compassion for mothers
and infants affected by PSU.
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Table 2. Acceptability of the intervention among all participants using the Abbreviated Acceptability Rating Profile (N=25).

Scorea, mean (SD)Item

5.20 (0.57)This is an acceptable program for addressing clinician stigma towards
perinatal substance use.

5.04 (0.79)This program should be effective in reducing clinician stigma towards
perinatal substance use.

5.54 (0.64)Clinician stigma toward perinatal substance use is severe enough to justify
this program.

5.00 (1.00)I would recommend this program to others.

5.50 (0.65)This program would not have bad side effects on the clinician participant.

5.00 (1.00)I liked this program.

5.08 (0.74)This program is a good way to handle clinician stigma toward perinatal
substance use.

5.24 (0.59)Overall, the program would help clinicians.

aItems were rated on a 1- to 6-point agreement scale, with higher scores indicating greater levels of acceptability.

Table 3. Nurses’ satisfaction with the intervention (n=21).

Scorea, mean (SD)Item

5.14 (0.56)The overall program was beneficial to me.

5.29 (0.63)After completing the program, I have a better understanding of compassion for mothers and infants affected by perinatal substance
use.

5.14 (0.64)After completing the program, I have a better understanding of maternal agency related to caring for mothers and infants affected
by perinatal substance use.

5.25 (0.54)Because of this program, I will be more compassionate to mothers and infants affected by perinatal substance use.

5.19 (0.66)This program was unique, unlike other training about stigma toward perinatal substance use.

aItems were rated on a 1- to 6-point agreement scale, with higher scores indicating greater satisfaction.

Qualitative Measures

Interviews and Themes
A total of 1797 interview segments were coded from the theatre
testing sessions. A total of 4 major themes and 16 subthemes
were identified. Major themes included appearance, navigation,
characterization, and overall platform. A summary of themes
is contained in Figure 4.

Appearance
The first major theme was related to the appearance of the
platform and different aspects of the visual user experience and
design. We identified five subthemes of appearance: (1)
highlighting, (2) buttons, (3) graphics, (4) icons, and (5) color.
Participants reflected on how highlighting was used in the
navigation bar to indicate progression, module completion, and
photograph selection during the Perspective Taking module.
They observed that highlighted buttons helped them with
navigation. They also noted that highlighting in the navigation
bar provided a clear indication of their progression and
appreciated the use of visual elements to denote locked or
unlocked modules, noting the strength of the visual design of
the platform. Participants frequently compared it with other
training modules where highlighting as a visual cue was not
present, which led to a lack of motivation by the user to
complete a different training.

…the next button is literally highlighted when you’re
next and it literally walks you right through it and I
think that’s super important for courses like this
because sometimes it’s not easy, people are going to
give up and just get right through it and not even
complete it as they’re supposed to. [Participant 107]

Participants also appreciated that highlighting related to locked
photos was used during the Perspective Taking module to help
them know where to go next.

Participants noted the use of buttons throughout the platform
and how they served as visual cues for navigation. They noticed
that illuminating the buttons and giving them specific colors
provided the signal to move to the next step.

I liked the visual reminders and cues, having the little
padlock sign that’s not where you are now. Good use
of color and contrast for the buttons to say next or
completed. [Participant 106]

The “Next” button also encouraged them not to give up before
completing the course. They also mentioned that the modal
window containing a blue button with a check mark helped
them to know that the course had concluded and that they could
download a certificate of completion. Overall, the buttons served
as visual cues for the participants, and the colors made them
easy to understand.
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Participants observed the strengths of how the text was formatted
and sized, the arrangement of content, the use of animated
characters, and photography. While most participants noted
specific strengths related to monochromatic colors for all
graphical elements, some participants pointed out that this
seemed like too much of one color, making it more difficult to
find specific elements.

I would maybe emphasize the woman as a different
color. It's like the numbers are that color, the
Continue button is that color and the woman is that
color. I feel like it's a little overload on that color.
[Participant 119]

One suggestion they made was that the characters in the Key
Takeaways module could be easier to understand if they were
in full color. In addition, participants commented that the
colorization of the graphics helped them understand what was
coming next.

Most participants found the typography and the design of
iconography and color made it easier to navigate overall.
However, some noted that the overwhelming use of blue icons,
buttons, and graphics made it difficult to see where to click
next. Participants also indicated that icons in the menu choices
helped to prompt them on what they needed to complete. They
commented that the checkmarks (once completed) that appeared
next to each clinical example in the Key Takeaways module
helped clarify what needed to be reviewed before they could
continue.

The same screen as before, just the first one has a
checkbox now, so I would assume to continue through
until they all get a checkbox. And currently the finish
is grayed out, so I assume I still have something to
do on the screen before I can move on. [Participant
111]

Participants also noted that check mark icons in the menu
choices helped guide them on what was completed and what
still needed to be reviewed. The participants generally found
the icons helpful and appealing, especially when combined with
bolding and bulleted list formatting.

I think definitely the usability of this was a lot more
simpler. I feel like other courses that I’ve taken, it's
a little bit outdated and it’s a little bit harder to
navigate. I like big fonts and all this stuff. It’s just
nice. It’s like bubbles and push, click, next, get
started. That was really nice. [Participant 103]

Finally, some participants observed that using the large
checkmark icon at the end of the training was unclear, noting
that they were unsure whether to save the certificate of
completion or view it. However, they also mentioned that since
the only choice was to click on the page, it led them to download
the certificate, which clarified the user experience.

Overall, participants commented that the lavender color was a
calming element in the platform. They also found the white
background and blue colors appealing. Participants mentioned
that the color scheme helped them to navigate, pointing out that
the grayed-out objects that appeared not to be clickable helped
to indicate how the platform progressed. They also noted their

satisfaction with how the colored buttons guided participants
to click through the different parts of each module.

I think the content is pretty calming, giving the
lavender colors and just the very light design in
general. There isn’t too much going on, on the page,
so it’s not very distractive, and I could see where my
tasks are. [Participant 102]

Although some participants stated that there was too much blue
and purple, others felt that a similar color was helpful for
consistent navigation. In general, participants remarked that the
consistent blue color for all the buttons made it clear where to
click next and helped them know how to navigate.

Navigation
The second major theme was related to the user experience
surrounding the platform’s navigation and how users were able
to interpret navigational elements. We identified three subthemes
of navigation: (1) confusing, (2) anticipate, and (3) easy.

Overall, participants remarked that the platform was not
confusing. However, some participants commented that tutorial
features were overly prescriptive, which confused them about
whether they were still in the tutorial or were supposed to begin
their reflection in the Perspective Taking module.

I will say there were times I wasn’t exactly sure if I
had completed something, or I guess I should say
some things were somewhat repetitive, like when I
click the picture and then it pops up again and then
it goes away, but then I have to click it again. That
was kind of the only thing. [Participant 117]

Participants reported that they knew what to do after each step
and that the platform’s visual cues helped them anticipate the
next step. Overall, they observed that the step-by-step process,
including check marks to indicate what was completed, the
“Next” buttons that were illuminated when they were activated,
and the grayed-out imagery to indicate what could not be
selected, helped to guide them on what they needed to do next.

Think it was pretty easy to navigate, because once
you complete something, it shows you that you’ve
completed it. What else you need to do, there’s buttons
that says you need to do that. And once you complete
a task, the next button or the finish button illuminates,
then I feel that’s your clue that you could move on.
[Participant 101]

Participants described the visual cues as being very helpful in
making navigation easy. They also observed that the signup and
log-in features were simple and easy to navigate.

…literally for each section, it would explain what the
section is, and then in order to continue, you would
have to either fill something out, or click the
highlighted button. [Participant 102]

Characterization
The third major theme was related to how participants
characterized the platform across engagement, clarity,
familiarity, and difficulty. We identified six subthemes of
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characterization: (1) hard; (2) engaging; (3) overwhelming; (4)
pleasing; (5) clear, simple, and intuitive; and (6) familiar.

There were very few instances of participants indicating
difficulty, except for the requirement that they would need to
respond to questions about substance use when they might not
remember a case related to substance use in their caseload.
Participants also noted that if they had personal experience with
substance use, it would be more difficult to actively participate.

I also don’t have any personal or family relationships
with people with substance use. So I think in that
sense, I don’t... I wouldn’t have as much hesitation
or maybe nervousness in going through this module
versus somebody who does have a personal
experience. It might be a little challenging, perhaps.
[Participant 105]

Participants noted that one of the most engaging aspects of the
platform was knowing in advance how many scenarios there
would be during the Perspective Taking module and not being
able to skip around in the platform.

I really liked the format of this. I’ve done quite a few
modules in the last few months, and I wish they all
looked like this because I think sometimes the ones
that are just you’re going through an automatic
voiced PowerPoint and then you have a knowledge
check every so often can just really drag you down.
Anything that allows for more thoughtful learning I
think is good. Yeah, I liked it a lot. [Participant 108]

They were also very receptive to the active learning format that
allowed them to practice a skill instead of reviewing didactic
material. In addition, they found the activities on the platform
incredibly engaging since they related to a topic they were
already familiar with.

I think a lot of them are rather mundane and bleak
and you just feel like, oh, I have to do another module.
But this one was just intriguing. I think a lot of that
was because of the uniqueness of it. So it didn’t make
me feel like, oh, geez, another module I have to do.
It kept my interest. [Participant 121]

A common observation among participants was that the
monochromatic color scheme sometimes felt overwhelming to
process. However, they reflected that this was modulated by
the different photographs used. When presented with the
Perspective Taking module, some participants also noted that
the task of writing a narrative in 5 minutes felt like a significant
task that may not be achievable. Finally, some participants
shared that the number of “Next” and “Continue” buttons during
the tutorials seemed overwhelming.

In the tutorial, a lot set up the same. I do feel like this
one, there was a lot of “Hit the ‘Next’ button,” and
then “Hit the ‘Continue’ button,” whereas if you just
hit the “Next” button, could you not... Could you do
without some of the “Next,” and then “Next,” again,
button. It seemed like you had to hit the “Next” button
at that end a lot. And I was like, I feel like that’s
redundant. If you hit the “Next” button, you should
just be done. [Participant 112]

There was high satisfaction with the platform layout,
presentation clarity, and information flow, and the participants
noted that the use of material design principles caused the
platform to be visually pleasant.

I think the content is pretty calming, giving the
lavender colors and just the very light design in
general. There isn’t too much going on the page, so
it’s not very distractive, and I could see where my
tasks are. [Participant 101]

Participants also noted that instructions and guidance were
unambiguous and made progressing through the different
modules easy. They were especially satisfied with how the
design allowed them to see the difference between the writing
activities in the Perspective Taking module and the didactic
material in the Key Takeaways module. There was consensus
on the dashboard’s clarity about how to progress through the
platform, and participants found the signup and sign-in flow to
be very intuitive and accessible.

There’s four distinct sections. They kind of go in an
order. Once you finish one, it highlights that you're
supposed to move on to the next. So there's not really
any way to get kind of lost. [Participant 105]

Participants noted that the Key Takeaways module structure
that used cards, modal windows, and short video segments was
clearly organized and easy to follow.

Finally, participants consistently reported that the format was
very familiar and similar to other courses they had taken.

It reminds me of kind of the courses that we have to
take in the hospital when we have to renew or look
at our continuing education. It has kind of that similar
feel. [Participant 115]

Overall Platform
The fourth major theme was related to participant observations
about the entire platform experience, with a particular focus on
their suggestions for improvements and how they would
characterize the time commitment required to complete the
platform activities. We identified two subthemes: (1) suggestions
and (2) time-consuming.

Participants suggested that during sign-up and profile creation,
the platform should not request a profile picture, as this is too
personal for an educational module connected to their
workplace.

The profile picture thing, unless it was like
pre-selected profile pictures, but I think it would just
be kind of funny also if you were just doing an
education module for them to ask for a profile picture.
[Participant 116]

In the Pre-Course Self-Assessment module, participants noted
that it would be helpful if they were given more notice that they
would be prompted to share their personal perspective as part
of the training, which may be something not all nurses want to
do. During the Perspective Taking module, participant
suggestions included reducing the length of the tutorial to avoid
redundancy, making the visuals more explicit about what role
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they were assuming in each of the narrative writing steps,
retaining instructions from one screen to the next to help recall
what to do, and adding more arrows and icons to help with users
who are less experienced with web-based platforms. In addition,
participants suggested some improvements to the exercise that
was being facilitated asynchronously in this module. This
included a desire to learn other participants’ perspectives and
eliminate the review of their narratives after they wrote them,
since they could not be edited. In the Key Takeaways module,
participants suggested that the clinical examples and strategies
could be separated more clearly to deliver more independent
information. They also thought that these could be more
consolidated to help participants remember them.

It might be nice if you were like, here, read this
clinical example and then click a button and you say,
actually, here’s the strategies that we recommend for
this situation, instead of just having it all on one page.
If you separate those, it might be more clear to people
this situation actually did not go well. Here's what
we want to promote. [Participant 106]

Finally, some participants suggested that the platform be more
explicit about available subtitles for videos so that users who
do not have headphones could still review the video content. In
the Course Completion and Certificate module, participants
suggested that the platform include an instrument that assesses
competency related to the learning before providing a certificate,
as well as a presentation of statistics and background data about
maternal substance use, so that participants could carry more
issue-related content with them after participating.

Very few participants noted that the platform was too
time-intensive after completing the application session during
the interview. Those participants who did observe this aspect
said that when using the platform, they might need to take a
break after the perspective-taking exercise before proceeding
to the Key Takeaways module, since the perspective-taking
exercise required writing, and the Key Takeaways module
required listening and reading. Even though the total amount
of time for the whole session was approximately 30-45 minutes
(interview and application session together), they thought that
taking a break between the two modules might be helpful.

...I see a few key takeaways, but by this point I’d
probably take a two-minute break or five-minute
break only because that perspective taking took a lot
of my mental capacity, so I’ll probably just rest and,
I don’t know, refresh my mind for a couple minutes.
Then, I’ll go ahead and press the key takeaway.
[Participant 103]

Discussion

Principal Findings
In this study, we evaluated the initial usability, acceptability,
and feasibility of the interactive, responsive platform version
of ArtSpective for PSU—an adapted version of an arts-based
synchronous intervention designed to improve nurses’
stigmatizing attitudes toward PSU—following a mixed methods
approach. We engaged 21 perinatal nurses and 4 experts in

instructional design, stigma, and implicit bias to participate in
theatre-testing sessions where they qualitatively assessed the
usability of the platform and quantitatively assessed
acceptability. This mixed methods approach has been
extensively used to evaluate usability [61-64] and is consistent
with previous work that uses theatre testing to gather feedback
on an intervention from a specific group of users [65-67].

The results from the theatre testing sessions were positive
overall, with participants expressing high satisfaction with the
appearance of the platform, the ease with which they were able
to navigate the various modules, their engagement in the
platform, the clarity of the presentation, and its feasibility to be
completed asynchronously by perinatal nurses. These findings
were consistent with the quantitative acceptability measures
and complementary satisfaction items. Using a mixed methods
approach provided a more holistic assessment of the platform’s
different usability, acceptability, and feasibility aspects among
perinatal nurses and experts.

Furthermore, while quantitative and qualitative analyses
indicated high acceptability and satisfaction, the theatre-testing
sessions allowed for more granular data on platform usability.
The use of theatre testing as a modality for conducting this type
of evaluation also provided a more accessible method for
practicing nurses to participate as it did not require them to
allocate more significant time to engage in task-oriented
usability testing, overcoming barriers related to engaging health
care providers in this type of study [68-70] and engaging far
more than the 5 participants that are minimally adequate to
identifying more basic usability challenges [71]. Furthermore,
an important implication of using theatre testing in this way is
that we could collect granular usability data without investing
fully in a developed platform. This provided for a more
cost-effective development process that allowed developers to
incorporate target user feedback before the final development
of the platform.

In designing an interactive, responsive platform for perinatal
nurses, we observed that while having a monochromatic color
scheme consistent with material design principles may be
helpful, it might also make it more difficult for nurses to discern
differences. As a result, one of the updates made to the platform
before development included changing the color scheme of
illustrated characters in the Key Takeaways module from
monochromatic to full color (Figure 5). In addition, while
evidence related to effective asynchronous module instructional
design recommends robust tutorials to guide participants [72,73],
we observed that too many instructions could lead to more
confusion and frustration. Therefore, future tutorial integration
into interactive, responsive platforms for health care providers
should be highly targeted and aligned with only the most
essential information. This could be integrated through tooltips
or info buttons that allow users to select which aspects of the
platform they need more help clarifying. At the same time, our
findings demonstrate that while an asynchronous platform may
facilitate engagement in an intervention among health care
providers, it must facilitate rapid content completion without
sacrificing meaningful comprehension and overall effectiveness.
Our findings indicate that achieving this goal requires a dynamic
and modern design that also balances graphical and verbal cues
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with a similar structure to other training platforms that allows
users to recognize that the material is consistent with different
pieces of training and, therefore, gain trust with users so that

they are willing to engage in completing the intervention with
a high degree of fidelity to each step.

Figure 5. Platform screens before and after the completion of theatre-testing sessions: (A) the original Clinical Examples screen with monochromatic
characters and (B) the updated screen with full-color characters aligned with the animated videos.

Comparison With Previous Work
Our findings related to acceptability and satisfaction were
consistent with those related to our previous work,
demonstrating satisfaction with the intervention [24]. This
supports our conclusion that the platform addressed some of
the dissatisfaction points identified in the previous study of the
synchronous intervention, which illuminated the need for an
asynchronous version of the intervention that would not
compromise satisfaction overall among nurses.

Limitations
Our study is not without limitations. First, while we achieved
information power after recruiting 21 perinatal nurses, 28%
(7/25) of participants identified as either African American or
Asian, and 88% (22/25) identified as female. While these
demographics are somewhat representative of the perinatal
nursing field, our results related to the usability of an interactive,
responsive platform outside of the perinatal specialty might be
more generalizable with a different group of participants.
Furthermore, all participants were from two states in the
Midwest, which may not be generalizable to providers in other
regions of the United States. Second, although a larger sample
of experts may have offered additional feedback, the sample
included in this study was conveniently selected, represented
multiple disciplines with varied expertise, and the research team
concluded that information power was reached after receiving
very similar feedback from all 4 experts being interviewed.
Third, while theatre testing was an effective approach to
gathering input from target users, we could not incorporate
task-specific analyses into the sessions, as the theatre-testing
approach is oriented around the presentation of the prototype.
This enabled our study to include more nurses, but a
task-oriented analysis, where we could compute a severity score
for different issues encountered, may have allowed us to further
augment our findings [74-76]. Fourth, while the validity and

reliability of the AARP scale have been previously demonstrated
[56], we did not have a sample large enough to evaluate the
reliability of the AARP or the individual satisfaction items in
our study. However, these items were administered primarily
to pragmatically assess acceptability and satisfaction overall to
inform future usability testing of the developed platform.
Finally, since we were presenting a prototype of the intervention,
not all features were fully implemented. For example, users
reviewed a desktop version of the platform even though it was
designed responsively. The decision to only review the desktop
version was motivated by study feasibility. A prototype that
switches between desktop and mobile formats may have
confused participants as they went through the various modules.
One alternative would be to review a separate mobile prototype.
However, that would introduce feasibility challenges related to
how much time perinatal nurses could allocate to participate in
the study. To overcome these limitations, future studies might
stratify participants into two groups where one group engages
in theatre testing with a desktop-oriented prototype and the
second group reviews a mobile prototype.

Conclusions
Developing and evaluating the usability of a digital adaptation
of ArtSpective for PSU provided insight into key aspects related
to usability, acceptability, and feasibility that should be
considered when creating a digital adaptation of an arts-based
intervention for health care providers. Overall, theatre-testing
sessions identified key strengths and weaknesses of the
prototype and provided opportunities to refine the platform’s
design before engaging in more costly development. Nurses
and experts found the platform acceptable and were highly
satisfied with its design and features. Future studies could
evaluate the efficacy of the fully developed platform among
practicing perinatal nurses and inform further refinements of
the platform to ensure that health care providers in other
specialties can engage with the intervention asynchronously.
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Abstract

Background: As the prevalence of mild cognitive impairment (MCI) among older adults increases, so does the need to enhance
social participation and cognitive functions through innovative interventions. Digital storytelling in group settings holds potential
not only to foster social connections but also to integrate with traditional in-person activities, leveraging both for greater impact.

Objective: This study aimed to evaluate the feasibility of the Huiyou app in supporting group-based storytelling activities,
aiming to enhance social participation for people with MCI. We focused on the app’s ability to improve storytelling goal attainment,
social connectedness, self-efficacy, and subjective happiness, comparing these outcomes between the experimental and control
groups.

Methods: We randomly assigned 20 participants with MCI to either an intervention group or a control group, engaging them
in the use of the Huiyou digital storytelling app over 4 weekly sessions of 45 minutes each. We measured outcomes through the
Assessment of Life Habits questionnaire (77 items), particularly outdoor activities and interpersonal relationships; the Social
Connectedness Scale–Revised (20 items); the General Self-Efficacy Scale (10 items), focusing on coping self-efficacy; and the
Subjective Well-Being Scale (SWBS; 20 items), with a special emphasis on self-acceptance.

Results: The sample had an average age of 69.7 (SD 3.21) years, with no significant (P=.23) baseline differences between
groups in age, sex, or educational background. Cognitive function, assessed via the Montreal Cognitive Assessment–Chinese
questionnaire, also showed no significant differences at baseline (P=.20). Specifically, significant enhancements in the outdoor
activity (mean value difference 0.171, SD 0.353; Cohen d=1.046; P=.03) and interpersonal adaptation experience subscales of
the SWBS (mean value difference 0.167, SD 0.247; Cohen d=1.290; P=.01) were noted. Notably, storytelling performance
improved markedly, evidenced by increases in story sharing duration and complexity. Although overall improvements in Assessment
of Life Habits (P=.14), Social Connectedness Scale–Revised (P=.59), and Subjective Well-Being Scale (P=.26) scores were not
statistically significant, the large effect sizes observed suggest potential benefits of the Huiyou app that might be obscured by the
study’s small sample size.

Conclusions: This study indicates that the Huiyou mobile storytelling app is feasible to enhance social participation and specific
aspects of social functioning such as interpersonal adaptation for people with MCI. Despite the lack of significant changes in
overall scores for key scales, observed effect sizes highlight a positive trend that merits further investigation. These results
advocate for the continuation of digital intervention development to improve quality of life and social integration for individuals
with MCI.

(JMIR Hum Factors 2025;12:e70177)   doi:10.2196/70177
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Introduction

Background
People with mild cognitive impairment (MCI) face significant
challenges in daily life due to cognitive deficits and emotional
changes that reduce their ability to function socially [1].
Cognitive decline is closely linked to decreased social activities,
with behavioral symptoms and social-cognitive deficits often
leading to poor maintenance of social networks and difficulties
using everyday technology [2,3]. Memory loss further
undermines feelings of security and autonomy, often resulting
in frustration and anxiety [4]. Despite these challenges,
maintaining high-level social participation is crucial for people
with MCI as it has been shown to prevent or slow down
cognitive decline, improve quality of life, and reduce social
isolation and loneliness [5-8]. Despite this, people with MCI
often experience reduced social connections and activities,
which are fundamental to social participation [9,10]. Conversely,
limited social engagement can lead to further cognitive decline
and increased isolation [11,12]. However, multiple barriers,
including the subtle nature of MCI-related social decline, often
impede participation in social activities. In response, various
interventions have been developed to support social participation
for people with MCI. Technology-based interventions, supported
by modern technologies such as cameras, internet
communication, and speech-to-text tools, have shown promise
in enhancing social participation for people with MCI. These
interventions include cognitive rehabilitation programs,
educational tools, telecommunication systems, social robots,
and self-management systems, all designed to improve social
engagement and quality of life [13-15]. While some studies
suggest that these interventions have outcomes comparable to
those of traditional treatments, such as in the quality of social
interactions [16], they offer the advantage of expanding care
from hospitals to homes, reducing therapists’ workload and
enabling remote treatment [17]. Recent studies have
demonstrated that patients engaging in digital technology–based
serious game interventions experience notable improvements
across multiple domains, including global cognitive function,
executive function, attention, mood (notably reductions in
depression), and activities of daily living, compared to those
undergoing traditional rehabilitation or receiving standard
medical care [18]. Given this context, digital storytelling
interventions, which combine the benefits of technology with
the therapeutic power of narrative, hold particular potential to
further enhance social participation and cognitive engagement
among individuals with MCI.

Digital storytelling is a powerful tool for enhancing cognitive
engagement and fostering social connections, particularly among
older adults with MCI. Engaging in storytelling requires
individuals to recall past experiences, organize their thoughts,
and articulate them coherently [19], which stimulates essential
cognitive processes such as memory recall, attention, and
language skills. For those with MCI, this activity offers a

structured yet creative outlet for mental engagement, helping
maintain and even improve cognitive functions that are often
challenged by the condition [20]. In addition, storytelling fosters
social connections by creating opportunities for individuals to
share their personal narratives with others whether in person or
through digital platforms [21]. Recent developments such as
time travel tours have made digital storytelling more accessible
to older adults by enabling them to create and share
location-based narratives through a conversational web interface
without requiring advanced technical skills [22]. This exchange
of stories not only builds empathy, understanding, and a sense
of community but also combats the social isolation that
frequently accompanies cognitive decline [23]. When older
adults share their stories in a group setting, they reinforce their
own memories while contributing to the collective memory of
the group, further strengthening social bonds [24]. As an
intervention, digital storytelling uniquely addresses the cognitive
and social challenges faced by people with MCI by combining
the therapeutic benefits of storytelling with the accessibility and
engagement potential of digital tools. This dual focus on
cognitive engagement and social connection makes digital
storytelling a valuable approach for improving the overall
well-being of older adults with MCI, providing them with a
meaningful way to connect with others and exercise their
cognitive abilities.

Prior Work
Technology-based storytelling interventions involve recalling
previous actions, events, and feelings using physical prompts
(ie, photographs, household items, music, and audio recordings).
Such prompts are now commonly stored and presented digitally
[25]. However, there is some evidence, albeit not conclusive,
suggesting that storytelling interventions or reminiscence
therapy for dementia yield no significant effect on quality of
life immediately following the intervention period when
compared to a control group (no treatment; see the study by
Wood [26]). In reviews of storytelling interventions and apps
aimed at enhancing social participation among people with MCI
[19,27], we identified 4 key themes: capture memory, saving
memory, memory retrieval, and sharing. These themes represent
the core aspects of the interventions, focusing on how
individuals can record, store, recall, and share their personal
experiences. These elements collectively contribute to the
effectiveness of technology-based storytelling interventions.

Various digital storytelling applications are designed to assist
older adults, particularly those with MCI or dementia, in
enhancing their mood and increasing social engagement [28].
The main features for generating materials across these
applications include the ability to upload personalized content
such as photos, videos, and music [29]. Some applications offer
additional capabilities such as selecting auto-play intervals [30],
adding tags [31], or creating dynamic timelines [29]. For
memory retrieval, features include auto-playing photos and
videos, viewing materials on timelines, and using virtual reality
to project realistic images [32]. Some applications support a
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random display of materials to trigger reminiscence [33]. Story
sharing capabilities vary, with some applications enabling
sharing through smartphones, tablets, or dedicated platforms
[34,35]. These features often include options to share edited
storybooks, personal videos, or narrated slideshows with family,
friends, or broader networks [25,30]. Additional features
frequently involve creating structured stories, using prewritten
scripts, integrating multimedia content, and supporting
administrative activities such as tagging and organizing materials
[36].

The platforms for these applications are primarily smartphones
and tablets [32], with some using laptops, computers, or virtual
reality devices [37]. The impact on social participation includes
improving mood, increasing social interactions, enhancing
subjective well-being, and fostering closer ties with friends and
family [30]. However, specific outcomes vary, and not all
applications provide detailed results on social participation.
Overall, these digital storytelling applications demonstrate
significant potential for enhancing social engagement and
emotional well-being among older adults with cognitive
impairments.

Digital storytelling interventions offer a promising avenue for
enhancing social participation among people with MCI, but
they also face significant barriers and limitations. One major
issue is that most interventions target individual relationships
rather than broader community-based connections [8,38], which
can limit the social impact and scope of interaction. This focus
on personal relationships might support social connections
within families but does not necessarily encourage engagement
with the wider community or strangers, which is essential for
comprehensive social participation. Another barrier involves
the difficulty that people with MCI often encounter with
commercial digital storytelling applications [39]. These
applications frequently require a level of digital literacy that
can be challenging for this group even after training sessions.
As a result, many interventions rely on caregivers or trained
volunteers to help develop and share stories, which may not be
sustainable or widely accessible [29,40]. This indicates a need
for user-friendly applications designed to accommodate the
specific needs and capabilities of people with MCI, reducing
the learning curve and associated resource demands. There is
a research gap in developing customized software that caters
specifically to the usability needs of people with MCI [41,42].
The addition of group elements to digital storytelling can
enhance engagement and foster a sense of community [43], yet
current digital storytelling tools focus on individual experiences,
not collaborative storytelling [30,44]. Privacy concerns also
emerge when sharing stories with broader audiences [43,45].
While sharing personal stories online can create new connections
and engagement, it also poses risks of exposing sensitive
information or triggering unfavorable reactions from a wider
audience. This necessitates careful consideration of privacy and
safeguarding measures when designing digital storytelling
interventions. Moreover, most studies use the basic versions of
the interventions or applications, but few studies have been
conducted as randomized controlled trials to measure the
efficacy of the interventions or applications [19]. Recent
international research underscores the potential of digital health

interventions in supporting individuals with MCI. A systematic
review and meta-analysis by Di Lorito et al [46] found that such
interventions can produce positive effects on cognitive abilities
among people with MCI and dementia. Furthermore, Karakose
et al [47] conducted a comprehensive bibliometric and science
mapping analysis, revealing the evolving landscape of digital
addiction research, which is pertinent to understanding user
engagement with digital health tools. These findings highlight
the importance of integrating international perspectives to inform
the development and implementation of digital storytelling
applications such as Huiyou.

The Huiyou App
To bridge these research gaps, we co-designed an app, 会友
(Huiyou, derived from the pinyin pronunciation, which means
“meeting new friends” in Chinese), with therapists and people
with MCI [48]. It is inspired by a classic quote from Confucius
in the Analects: “A gentleman seeks friendship through literature
and reinforces goodness through friendship.” This statement
emphasizes the idea that individuals cultivate friendships
through literary exchange and support virtue through
companionship. The name reflects a positive vision of fostering
social connections through literature, friendship, and
benevolence. Users can leverage technological means through
the software to expand their social circles, facilitating deeper
communication and connections with others. The name
embodies the social nature of the software and its goal of
promoting friendship. Huiyou effectively stores memories from
daily life and encourages people with MCI to reminisce and
discuss favorable memories with new friends. Huiyou has 2
main features: supporting people with MCI to conduct
self-reflection daily (preparing materials using cues) on certain
topics and facilitating group memory retrieval (presenting a
story and promoting a discussion with group members). In
addition, Huiyou uniquely integrates structured outdoor activities
with digital storytelling to reinforce physical engagement
alongside cognitive and social interaction. The 2 innovative
aspects of Huiyou are embedded memory retrieval for capturing
daily life and its ability to collect recent, valuable memories.
The intervention design also deliberately combines
self-generated memory prompts with shared group discussions
to maximize both personal reflection and collective participation.
Another feature is combined self-reflection and group reflection
to enhance social interaction during the discussion in addition
to sharing and participating in social activities outside the home.
A previous publication provides more details about the design
of Huiyou [48].

Study Objectives
This study contributes theoretically by advancing the
understanding of digital storytelling to enhance social
participation and emotional well-being for people with MCI.
Empirically, it delivers one of the first pilot evaluations of a
co-designed, culturally adapted mobile storytelling app for
community-dwelling older adults with MCI in China. The
integration of storytelling with structured outdoor engagement
provides a practical model for accessible, technology-supported
interventions in low-resource settings. This experimental study
aimed to investigate the feasibility of the Huiyou digital
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storytelling intervention for people with MCI. We hypothesized
that (1) the Huiyou intervention would significantly enhance
social participation among individuals with MCI, as evidenced
by improved quantitative measures of social participation
outcomes; and (2) the intervention would facilitate the
achievement of predefined social participation goals, with
quantitative assessments confirming goal attainment.

Methods

Ethical Considerations

Ethics Review Approvals or Exemptions
Ethics approval for this study was granted by the Swinburne
University of Technology Human Research Ethics Committee
(approval number 20226525-11105; September 26, 2022). The
study was conducted in accordance with the principles of the
Declaration of Helsinki. The study protocol was also published
in advance [49].

Informed Consent
Informed consent was obtained from all participants prior to
their involvement in the study. For participants with mild
cognitive impairment (MCI), consent was obtained with the
support of a formal or informal caregiver. Participants were also
asked to articulate their reasons for participation to confirm
understanding and willingness. Trained research assistants
provided step-by-step guidance throughout each session,
addressing confusion or distress in real time. Participants were
continuously monitored for signs of cognitive overload or
discomfort, with immediate support provided as needed.

Privacy and Confidentiality
All data were anonymized using participant ID codes, and no
personally identifiable information was collected or stored. Data
were securely stored on encrypted servers with access restricted
to authorized research personnel. No identifiable images or
personal data of participants are presented in this manuscript.

Compensation Details
No financial or material compensation was provided to
participants. Participation was entirely voluntary, and support
was offered to ensure a safe and respectful experience.

Study Design and Procedure
We conducted a 4-week experimental study with a waitlist
control group to assess the impact of the Huiyou app on people
with MCI (see Multimedia Appendix 1 for the CONSORT
checlist). The randomization sequence for participant allocation
was computer generated and managed through a Microsoft Excel
spreadsheet. As this study involved active participation in the
experimental activities, it was designed as a single-blind

experiment. The experiment was conducted in 2 batches, with
the second batch serving as a supplemental recruitment due to
some participants’ limited availability.

This study commenced with the installation and learning of the
Huiyou software, along with pretesting, on December 18, 2023.
The intervention period spanned the second to the fifth week,
with posttesting conducted at the end of the fifth week and some
participants opting for testing in the sixth week. The intervention
sessions took place at the Jing Shi Psychology Centre Meeting
Room in Tiantongyuan, Tongzhou District, Beijing.

After each intervention session, the theme for the following
week was announced, with the first week’s theme disclosed
after the pretest. A WeChat group was established to facilitate
the convenient communication of activity information and
scheduling adjustments. Participants had the flexibility to upload
the necessary materials for their stories through the Huiyou app
at any time, including photos and videos.

Recruitment
Recruitment for this study commenced in September 2023 and
concluded in December 2023. We initiated participant selection
by prescreening people with MCI from previous studies. Our
collaboration with the Jing Shi Psychology Centre was pivotal
in reaching out to potential participants. The center provided
these individuals with detailed information about the study,
including providing informed consent forms and an overview
of the activities involved. A total of 20 participants enrolled in
the study, with 10 (50%) randomized to the experimental group
and 10 (50%) to the control group (Figure 1). The
communication between the participants and staff in the partner
institution before the formal research was aimed at gauging
their interest in participating in our research. In addition, the
center assisted in the recruitment process by conducting
screenings of people with MCI using the Montreal Cognitive
Assessment–Chinese (MoCA-C) questionnaire [50]. This
meticulous and collaborative approach ensured that we recruited
participants who met the study criteria and were well informed
and motivated enough to contribute to our research on improving
the lives of people with MCI. Participants were asked to
complete the scales within a week.

The inclusion criteria for recruiting people with MCI were being
clinically diagnosed with MCI using the MoCA-C screening
tool, residing in community-dwelling complexes in Beijing,
being aged ≥65 years, and having no significant visual or hearing
impairments. In addition, participants were required to have
adequate reading skills, especially for digital interfaces.
Exclusion criteria were in place for individuals who had
neurological conditions such as stroke or brain injury as these
could affect daily functioning and impact study outcomes.
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Figure 1. Flowchart for selecting the study participants.

Intervention: Huiyou Group
Huiyou is an Android-based mobile app designed to support
digital storytelling co-designed with therapists and people with
MCI [48]. Participants engage with weekly activity themes,
where they are prompted to prepare and upload photos or videos
relevant to 1 of 3 selected themes. Users can also edit keywords
and categorize them for better organization. Once an activity
begins, participants are grouped into small teams of 3 to 4
members for a storytelling session. A tablet serves as the
interface for the storyteller, displaying prepared keywords to
aid in their narrative, whereas a computer screen acts as the
display terminal for the audience. Currently, owing to technical
constraints, the display technology is managed through Keynote
(Apple Inc), with researchers predownloading and processing
materials to ensure smooth playback. Participants are given
approximately 30 minutes before each activity to prepare their
materials. The sessions are held weekly, with the timing
determined by each group through discussions before each
activity. Goal assessments are conducted at the end of the second

and fourth weeks, with detailed records kept of goal completion,
notes, and the duration of each story shared.

Figures 2 and 3 illustrate various functionalities of the Huiyou
mobile app designed to enhance user interaction and memory
recording. The workflow of Huiyou is as follows. Participants
sign up for topics of interest, and we assist them in scheduling
a sharing time. Huiyou assigns 3 missions, providing several
guiding questions to help participants think about and prepare
their materials in advance. During preparation, participants can
type in memos and tips. During the sharing session, the pictures
are displayed to group members, and participants can refer to
their memos. This process ultimately creates a shared
storytelling memory. The co-design and usability study of
Huiyou provides a more detailed description of the app [48].
The first screenshot in Figure 2 shows the Browsing Activity
page, offering a user-friendly interface for users to navigate
through different activities seamlessly. The second screenshot
in Figure 2 highlights the functionality for users to add material
descriptions and tags, enabling them to organize and categorize
their entries for better accessibility and management. The first
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image in Figure 3 shows the Check the Written Tips section,
where users can access practical advice on using the app
effectively. Finally, the Write Down New Memory feature,

which provides a structured format for users to document new
memories with prompts and text fields to guide detailed
recollections, is shown in the second screenshot of Figure 3.

Figure 2. Screenshots of Huiyou—memory collection.
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Figure 3. Screenshots of Huiyou—story sharing.

Waitlist Control Group
The participants in the waitlist control group were involved in
all evaluations at the beginning (T0) and end (T1) of the study.
After completing the final evaluation (T1), they were offered
the opportunity to learn about the Huiyou program, which they
could potentially use in future research. This arrangement
ensured that all participants received equal information about
the program’s features and potential benefits, although they did
not use the program during the study period [49].

Measures
Assessments were completed at community locations in Beijing,
China, at baseline (T0) and 4 weeks (T1). Baseline participant
characteristics included age, sex, educational level, and
MoCA-C score. This paper summarizes the assessments for
social participation (Assessment of Life Habits [LIFE-H]; 77
items), social connectedness (Social Connectedness
Scale–Revised [SCS-R]; 20 items), self-efficacy (General
Self-Efficacy Scale [GSES]; 10 items), and subjective sense of
happiness (Subjective Well-Being Scale [SWBS]; 20 items),
as Table 1 shows. Further details of the study design can be
found in the protocol paper [49].
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Table 1. Study assessments and outcome measures, which were conducted on all participants at baseline and after 4 weeks.

OutcomeAssessment

Social participation • The LIFE-Ha (77 items): indoor activity, outdoor activity, interpersonal relationships, community life, and
amusement and recreation

Goal attainment of storytelling • Duration of story sharing
• Number of key events in the story
• Number of photos collected
• Number of notes made on the photos

Social connectedness • SCS-Rb (20 items)

Self-efficacy • GSESc (10 items): action self-efficacy and coping self-efficacy

Subjective sense of happiness • SWBSd (20 items): interpersonal adaptation experience, mental health experience, family atmosphere ex-
perience, psychological balance experience, physical health experience, target value experience, social
confidence experience, growth and progress experience, contented and abundant experience, and self-ac-
ceptance experience

aLIFE-H: Assessment of Life Habits.
bSCS-R: Social Connectedness Scale–Revised.
cGSES: General Self-Efficacy Scale.
dSWBS: Subjective Well-Being Scale.

All the scales used have validated Chinese versions, and we
used these versions in this study. Social participation was
evaluated using the Chinese version of the LIFE-H, a validated
and reliable self-report questionnaire comprising 77 items [51].
This instrument assesses various aspects of daily living,
including indoor activities, outdoor activities, interpersonal
relationships, community life, and amusement and recreation.
Goal attainment in storytelling was measured by recording
several key metrics: the duration of story sharing, the number
of key events included in each story, the number of photos
collected, and the number of annotations made on these photos.
Participants set baseline targets on a 10-point scale before
commencing the activity and revisited these targets during the
second and fourth weeks of the intervention to track progress
and achievement [52]. Social connectedness was assessed using
the SCS-R, a 20-item, well-established self-report questionnaire
known for its validity and reliability in measuring individuals’
sense of belonging and connection to others [53]. Self-efficacy
levels were measured using the GSES, a validated 10-item
questionnaire that evaluates both action self-efficacy and coping
self-efficacy, reflecting the participants’confidence in managing
and executing tasks as well as handling challenging situations
effectively [54,55]. The subjective sense of happiness was
evaluated using the SWBS, another reliable and valid self-report
instrument consisting of 20 items. This scale captures a wide
range of experiences related to well-being, including
interpersonal adaptation, mental health, family atmosphere,
psychological balance, physical health, goal achievement, social
confidence, personal growth, contentment, and self-acceptance
[56]. Interpersonal adaptation is the process of adjusting one’s
behavior and communication style to better fit in with others in
social interaction [53].

In addition to the structured quantitative assessments, qualitative
observations were conducted during the field-testing sessions
to capture participants’ engagement and social interaction

patterns. Researchers took brief field notes after each session,
documenting participants’ verbal and nonverbal responses,
interactions, and levels of engagement. These observations were
intended to supplement the quantitative findings by offering
contextual insights into the participants’ experiences with the
intervention [57]. A full systematic analysis of these qualitative
data was outside the scope of this paper and has been reported
separately in a companion article focusing specifically on the
qualitative findings. In this paper, qualitative observations are
referred to selectively to support the interpretation of key
quantitative outcomes.

Statistical Analysis
Quantitative data analysis was conducted in the JASP software
[58]. The analysis focused on key metrics related to the digital
storytelling intervention: duration of story sharing, number of
key events in the story, number of photos collected, and number
of notes made on the photos. Participants submitted subjective
reports at 3 junctures: baseline, the 2-week follow-up, and the
4-week follow-up. For each metric, we followed the Bangor
Goal-Setting Interview Manual [52] to calculate the mean and
variance of and changes in the outcomes reported by participants
in addition to objective measures such as the actual duration of
story sharing, the total photos collected, and the tally of notes
made. To standardize the scoring across various metrics, a
normalization method was applied: the maximum number of
photos (n=9) was set as a perfect score of 10, with each
participant’s count proportionately scaled. Similarly, for the
duration of story sharing and the number of notes, the highest
recorded value was established as the benchmark for a full score
of 10, with other values adjusted accordingly. Regarding the
number of key events in the story, following transcription, our
research team conducted a quantitative assessment to enumerate
significant narrative elements within each shared story. Finally,
to attain a comprehensive insight into the participants’
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experiences and the intervention’s impact, thematic coding was
applied to analyze the data from the concluding user interviews.

To evaluate the intervention’s impact, we calculated a
standardized change rate for each outcome measure:

This calculation standardizes each participant’s change relative
to their baseline, providing a more sensitive measure of group
differences. Independent t tests were conducted in JASP to
compare these change rates between the intervention and control
groups, with P values and effect sizes with 95% CIs reported.
An α level of .05 was set for all 2-tailed tests. No interim
analyses or stopping rules were applied, as the trial involved a
small sample and posed minimal risk to participants. Participants
and facilitators were not blinded due to the nature of the
intervention. However, outcome assessors and data analysts
were blinded by using coded group labels and de-identified
data.

All randomized participants (N=20) were included in the final
analysis and analyzed in the groups to which they were
originally assigned, following an intention-to-treat approach.
No participants were lost to follow-up. Minor missing data
identified during data checking were subsequently completed
through verification with source records, and no imputation was
required. No subgroup or sensitivity analyses were prespecified
or conducted, given the exploratory nature of the study. Harms
were described narratively, as no adverse events were reported.

Harms Assessment
Given the non-invasive and low-risk nature of the digital
storytelling intervention, no formal adverse event monitoring
was implemented. Harms were defined broadly as any negative

physical, emotional, or psychological responses associated with
participation in the intervention. These were assessed
non-systematically through participant self-reports and informal
observations made by facilitators during and after each session.
No adverse events or participant-reported harms were observed
or reported throughout the trial.

Results

Sample Characteristics
A total of 20 participants were recruited and randomly assigned
to either the intervention group or the waitlist control group
(n=10, 50% per group). Demographic and cognitive assessments
showed no significant differences between the groups,
supporting the randomization protocol (Table 2). Participants
were randomly assigned to the intervention or control group in
a 1:1 ratio using simple randomization. The allocation sequence
was generated by an independent researcher using Excel’s
RAND function and implemented via sequentially numbered,
opaque, sealed envelopes. The personnel responsible for
enrolling participants and assigning interventions did not have
access to the allocation sequence, ensuring allocation
concealment. Specifically, the difference in age was not
statistically significant (P=.23), nor were differences in sex
distribution (P=.29), educational attainment (P=.41), or
MoCA-Ca scores (P=.20). Participants averaged 69.7 (SD 3.21)
years of age, with no significant difference between groups
(mean 68.80, SD 2.61 in the intervention group vs mean 70.60,
SD 3.49 in the waitlist control group; P=.23). Most participants
(16/20, 80%) were female, with sex distribution consistent
across groups (P=.29). Educational levels and cognitive function
(assessed using the MoCA-C) did not significantly differ
between groups (P>.05 in all cases).

Table 2. Sample characteristics overall and by treatment condition (N=20).

P valueWaitlist control (n=10)Intervention (n=10)TotalCharacteristic

.2370.60 (3.49; 65-74)68.80 (2.61; 65-76)69.7 (3.21; 65-76)Age (y), mean (SD; range)

.29Sex, n (%)

3 (30)1 (10)4 (20)Male

7 (70)9 (90)16 (80)Female

.41Educational level, n (%)

2 (20)2 (20)4 (20)University

2 (20)5 (50)7 (35)High school

6 (60)3 (30)9 (45)Middle school

.2022.8 (1.66)23.7 (1.19)23.25 (1.51)MoCA-Ca score, mean (SD)

aMoCA-C: Montreal Cognitive Assessment–Chinese version.

Intervention Impact Analysis
According to statistical comparisons of change rates across key
outcome measures (Multimedia Appendix 2), significant
improvements were observed in outdoor activity on the LIFE-H
(t18=2.339; Cohen d=1.046; P=.03) and in interpersonal
adaptation experience on the SWBS (t18=2.884; Cohen d=1.290;
P=.01), indicating that the intervention effectively enhanced

participants’ engagement in outdoor activities and interpersonal
adaptation. In other measures, such as indoor activity on the
LIFE-H (P=.40) and the GSES (P=.98), slight but nonsignificant
improvements were noted. Figure 4 illustrates the change rates
across outcome measures, with clear improvements for outdoor
activity and interpersonal adaptation, whereas other measures
showed overlapping trends, consistent with the nonsignificant
t test results.
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Figure 4. Selected outcome measure change rates—intervention versus control group. LIFE-H: Assessment of Life Habits; SWBS: Subjective Well-Being
Scale.

Effect of Huiyou
To assess specific domains of social participation and subjective
well-being, we used the LIFE-H, SCS-R, GSES, and SWBS.
Pre- and postintervention t tests were conducted to compare
group differences (Multimedia Appendix 3). Most measures
showed no significant baseline differences between the
experimental and control groups, confirming initial equivalence.
Specifically, baseline comparisons showed no significant group
differences in general LIFE-H (P=.14), indoor activity (P=.40),
outdoor activity (P=.03), interpersonal relationships (P=.08),
community life (P=.81), SCS-R (P=.59), GSES total (P=.98),
action self-efficacy (P=.39), coping self-efficacy (P=.14), SWBS
total (P=.26), interpersonal adaptation (P=.01), mental health
(P=.42), family atmosphere (P=.41), psychological balance
(P=.22), physical health (P=.21), target value (P=.21), social
confidence (P=.46), and contented and abundant experience
(P=.70). However, a significant baseline difference was
observed in the self-acceptance experience on the SWBS, where
a baseline difference (P=.007) was noted and considered in
subsequent analyses.

Table 3 presents descriptive statistics for improvement rates
across study measures. For LIFE-H categories, average
improvement rates ranged from 0.045 (SD 0.156; general) to
0.171 (SD 0.353; outdoor activities), reflecting varied
enhancements in daily living habits. The SCS-R showed a mean

improvement of 0.098 (SD 0.192). Mental health experience
on the SWBS demonstrated the largest variability (mean 0.448,
SD 1.12; range −0.222 to 5), indicating individual differences
in postintervention outcomes. Other subjective well-being
domains, including interpersonal adaptation (mean 0.167, SD
0.247; P=.01) and psychological balance (mean 0.313, SD 0.514;
P=.22), also showed positive trends; however, these results were
not statistically significant.

Multimedia Appendix 2 shows the effect sizes (Cohen d) of
improvement rates across various outcome measures, visually
highlighting the magnitude of changes observed between the
intervention and control groups. The red dashed line at 0.80
indicates the threshold for a large effect. As shown, interpersonal
adaptation experience and outdoor activity demonstrated large
effect sizes (Cohen d=1.29 and 1.05, respectively), suggesting
substantial improvements attributable to the intervention. Several
other outcomes, including overall LIFE-H, SCS-R, and SWBS
scores, showed medium to small effects, whereas a few measures
exhibited minimal or negative effects. This visual summary
supports the interpretation that, while the intervention had varied
impacts, it significantly enhanced certain aspects of social
participation and well-being in people with MCI.

The remaining variables, including different facets of life habits
(LIFE-H), general self-efficacy (GSES), social connectedness
(SCS-R), and various dimensions of subjective well-being
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(SWBS), did not show statistically significant changes. Small
to moderate effect sizes were observed, suggesting that, while
certain domains such as outdoor activity and interpersonal

adaptation showed meaningful improvements, other areas such
as community life, self-efficacy, and overall subjective
well-being exhibited minimal to no change.

Table 3. Descriptive statistics and improvement rates in study measures.

Cohen dP valuet test (df)Improvement rate, mean (SD; range)

0.701.141.566 (18)0.045 (0.156; −0.273 to 0.597)LIFE-Ha general

0.389.400.87 (18)0.053 (0.168; −0.181 to 0.653)Indoor activity

1.046.032.339 (18)0.171 (0.353; −0.2 to 1.414)Outdoor activity

0.834.081.864 (18)0.097 (0.227; −0.02 to 0.923)Interpersonal relationships

0.108.810.242 (18)0.06 (0.444; −0.56 to 1.778)Community life

−0.245.59−0.548 (18)0.098 (0.192; −0.174 to 0.533)SCS-Rb

−0.012.98−0.027 (18)−0.006 (0.174; −0.275 to 0.417)GSESc

−0.394.39−0.882 (18)0.012 (0.188; −0.278 to 0.357)Action self-efficacy

0.698.141.562 (18)−0.015 (0.227; −0.4 to 0.5)Coping self-efficacy

0.519.261.16 (18)0.109 (0.189; −0.103 to 0.603)SWBSd

1.29.012.884 (18)0.167 (0.247; −0.125 to 0.667)Interpersonal adaptation experience

0.371.420.83 (18)0.448 (1.12; −0.222 to 5)Mental health experience

0.378.410.845 (18)0.05 (0.185; −0.125 to 0.714)Family atmosphere experience

0.563.221.259 (18)0.313 (0.514; −0.2 to 2)Psychological balance experience

−0.585.21−1.307 (18)0.444 (0.94; −0.2 to 4)Physical health experience

0.589.211.317 (18)0.096 (0.247; −0.125 to 0.714)Target value experience

0.341.460.762 (18)0.059 (0.256; −0.4 to 1)Social confidence experience

−0.175.70−0.391 (18)0.01 (0.238; −0.583 to 0.571)Contented and abundant experience

−0.127.78−0.283 (18)0.1 (0.247; −0.2 to 0.714)Self-acceptance experience

aLIFE-H: Assessment of Life Habits.
bSCS-R: Social Connectedness Scale–Revised.
cGSES: General Self-Efficacy Scale.
dSWBS: Subjective Well-Being Scale.

Goal Attainment of Digital Storytelling
Table 4 presents the goal attainment ratings at baseline and the
2- and 4-week follow-ups, alongside statistical comparisons
across various measures related to digital storytelling activities
among participants. The measures include the duration of story
sharing, the number of key events in the story, the number of
photos collected, and the number of notes made on the photos,
each assessed through participant and objective ratings. At
baseline, the duration of story sharing was rated at an average
of 4.8 (SD 1.23), which increased to 9.2 (SD 0.79) at the 4-week
follow-up. Similarly, the number of key events showed an
increase from a baseline rating of 5.5 (SD 1.35) to 9.5 (SD
0.528), and the number of photos collected rose from an initial
5.2 (SD 1.39) to 9.7 (SD 0.48). Finally, the number of notes

made on the photos increased from 5.2 (SD 0.92) to 9.7 (SD
0.48). These results demonstrate a significant improvement in
all measured aspects of digital storytelling activities, reflecting
enhanced participant engagement, storytelling complexity, and
interaction with digital content over the course of the study.

Table 4 presents the mean attainment and changes in story
sharing duration, number of key events, number of photos
collected, and notes on the photos at baseline and the 2- and
4-week follow-ups among 50% (10/20) of the participants in
the intervention group. The table illustrates a clear improvement
in participants’ performance from the initial assessment to
subsequent follow-ups. Substantial improvements were observed
across all digital storytelling performance metrics, including
longer storytelling durations, greater number of key events,
more photos collected, and more notes recorded.
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Table 4. Goal attainment ratings at baseline and the 2- and 4-week follow-ups and statistical comparisons.

Researcher rating (1-10), mean (SD)Participant rating (1-10), mean (SD)Measure

4 wk (T1)2 wkBaseline (T0)

6.8 (1.93)9.2 (0.79)8.7 (1.34)4.8 (1.23)Duration of story sharing

5.7 (1.06)9.5 (0.53)8.4 (1.43)5.5 (1.35)Number of key events in the story

7.3 (1.49)9.7 (0.48)8.6 (1.26)5.2 (1.39)Number of photos collected

7.3 (1.49)9.7 (0.48)8.3 (1.77)5.2 (0.92)Number of notes on the photos

In addition to the quantitative findings, qualitative observations
during the field-testing phase highlighted noticeable changes
in participants’ engagement and interaction patterns. Initially,
several participants appeared hesitant to share their stories;
however, by the third and fourth sessions, many became more
active, showing greater willingness to discuss personal memories
and respond to others’ narratives. Emotional expressions such
as laughter, nostalgia, and mutual encouragement were
frequently observed during group discussions. For example,
one participant shared the following—“We chatted away, made
new friends. Without this activity, I wouldn’t have met
everyone, you know” (group 1; P1)—reflecting the social bonds
that developed through the sessions. Another participant
remarked the following—“I am very interested in this activity
as it is a completely new experience for me. I have never done
anything like it before” (group 2; P1)—highlighting the novelty
and engagement stimulated by the Huiyou app.

Most participants also demonstrated increasing independence
in navigating Huiyou, requiring less assistance over time. One
participant expressed the following:

I managed to do everything by myself and didn’t ask
for help from anyone. [Group 1; P2]

Furthermore, the intervention appeared to strengthen
interpersonal relationships beyond the sessions, with a
participant noting the following:

I’ve had more interactions with my husband now; we
reminisce about the old times together. [Group 1; P3]

These observations provide supplementary evidence of improved
social connectedness, storytelling engagement, and digital
competency among participants with MCI.

No subgroup or sensitivity analyses were prespecified or
conducted in this study. Given the small sample size and the
exploratory nature of the trial, the analysis was limited to
evaluating primary and secondary outcomes at the group level.

No harms or unintended events were reported in either the
intervention or waitlist control group throughout the study
period. Participants did not report any emotional distress,
discomfort, or adverse reactions related to the digital storytelling
sessions or study procedures. Facilitators also did not observe
any concerning behaviors or incidents during intervention
delivery.

Discussion

Principal Findings
The principal findings of this pilot randomized controlled trial
investigating the effects of the mobile storytelling app Huiyou
on social participation and storytelling ability among people
with MCI are compelling. This study demonstrated that the
experimental group, which engaged with the Huiyou app,
exhibited a significant improvement in outdoor activities
compared to the control group. This was reflected by a Cohen
d value of 1.046, indicating a large effect size, suggesting that
the intervention significantly increased the frequency and
possibly the quality of outdoor social interactions among
participants. In addition, there was a significant enhancement
in interpersonal adaptation experiences, with a Cohen d of 1.290,
also indicating a substantial effect. However, although there
were strong effects observed for the LIFE-H total score, SCS-R
total score, SWBS total score, interpersonal relationships,
psychological balance experience, physical health experience,
and target value experience, these improvements did not reach
statistical significance. This may be due to the small sample
size.

Despite the lack of statistically significant changes across all
measures, the large effect sizes observed suggest meaningful
improvements that warrant further investigation. These findings
underscore the potential value of the Huiyou app in enhancing
social participation among individuals with MCI but also suggest
that larger-scale studies are necessary to fully assess the app’s
impact. The intervention effectively increased the duration of
story sharing, the number of key events detailed in the stories,
the volume of photos collected, and the number of notes made
on these photos. These improvements indicate an increase not
only in participant engagement but also in the complexity and
richness of the narratives shared by the participants. This
multifaceted enhancement highlights the efficacy of the
intervention in enhancing participants’ storytelling skills and
their overall experience with the digital platform. It reflects a
broader impact on their engagement and the quality of their
interactions. This improvement suggests that the intervention
successfully boosted participants’ ability to adapt to social
interactions, enhancing their social integration and reducing
feelings of isolation. These outcomes underline the potential of
tailored digital storytelling interventions to enrich social
engagement and overall quality of life for people with MCI.
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Comparison With Prior Work

Social Participation and Storytelling Engagement
In our discussion regarding the Huiyou intervention, we noted
a significant increase in outdoor activities after the intervention,
echoing the findings of Ryu and Heo [59]. They noted a positive
correlation between life satisfaction and physical activities,
suggesting the various benefits of outdoor engagement. The
significant improvement in outdoor activities observed in the
experimental group of this study compared to the control group
highlights that the intervention led to increased participation in
these activities by older individuals. The strong effect size
(Cohen d=1.046) indicates a substantial impact of the
intervention, demonstrating its effectiveness in enhancing
outdoor activity among participants. This notable increase not
only supports the efficacy of our intervention but also suggests
that engaging in outdoor activities could be particularly
beneficial for improving the overall well-being and social
engagement of people with MCI. This finding is crucial for
developing future interventions aimed at increasing physical
activity and social interactions in this population. Our structured
weekly meet-ups as part of the intervention encouraged active
participation in the external environment, as highlighted in the
study by Ryu and Heo [59]. Their research expands on this
connection by linking outdoor engagement not only to physical
and psychological well-being but also to increased life
satisfaction and health perception. This indicates that the
intervention’s impact on outdoor activities extends beyond
immediate physical benefits, potentially influencing overall life
satisfaction and health perception among participants, thus
underlining the vital role of structured outdoor activities in
improving quality of life for people with MCI. Furthermore,
the holistic advantages of outdoor activities, bolstered by
structured interventions, encompass physical health, optimism,
and cultural engagement. This comprehensive approach to
wellness emphasizes the importance of environmental factors
in promoting outdoor activities, alongside the findings of Ryu
and Heo [59] and Chang [60]. These studies highlight the
multifaceted value of outdoor engagement in promoting health
and well-being among people with MCI and stress the
importance of both structured interventions and supportive
environments in enhancing outdoor activity participation. The
prototype developed in this study played a significant role in
enhancing outdoor activities, particularly reflected in the notable
differences in LIFE-H outdoor activity scores after the
intervention. This aligns with existing research indicating the
significant benefits of structured outdoor interventions,
particularly those conducted in natural settings, for enhancing
the physical and mental health of older adults. These studies
highlight that such interventions can lead to improved physical
activity, reduced stress, and better overall well-being [61]. These
findings suggest that similar programs focusing on outdoor
activities could be valuable in various contexts to promote a
healthier lifestyle and greater social engagement. Specifically,
rehabilitation programs that incorporate outdoor mobility have
shown success in increasing activity levels, outdoor mobility,
and endurance for older adults recovering from illness or injury.
This suggests that incorporating structured outdoor activities
into rehabilitation or wellness programs can have a notable

impact on improving both physical endurance and quality of
life for people with MCI [62]. Coming out of the room is a
preliminary step toward engaging in outdoor activities. It is a
crucial aspect of encouraging physical activity and social
interaction, especially for people with MCI. By fostering a
motivation to leave the room, interventions can lay the
groundwork for enhanced outdoor activity, leading to improved
health outcomes and overall well-being. Given this
understanding, it is important to design interventions that address
the barriers that may prevent individuals from coming out of
their rooms. This might involve creating structured programs
that are appealing and easily accessible, offering social
incentives, and providing support to overcome potential anxiety
or hesitation. Such efforts can increase the likelihood of
engaging in outdoor activities, which in turn can lead to better
physical health and more social connection.

Our findings on the Huiyou app underscore its substantial
positive effects on interpersonal adaptation among participants
with MCI. The significant improvement in interpersonal
adaptation experience, highlighted by activities such as
generating and sharing material, aligns with existing research
on psychological interventions for MCI or dementia [63]. The
intervention notably increased participants’ scores compared
to those in the control group, which suggests that the digital
storytelling approach not only enhances interpersonal skills but
also supports people with MCI in adapting more effectively to
social interactions. The strong effect size (Cohen d=1.290)
emphasizes the impact of the intervention, illustrating its
potential to significantly improve social adaptability in
individuals with MCI. These findings advocate for the
integration of storytelling elements into interventions as a
powerful mechanism to enhance social capabilities and address
some cognitive impairments associated with social challenges.
Interventions that focus on building social connections and
promoting social participation have been shown to improve
interpersonal adaptation and reduce feelings of isolation [64].
Technology-based interventions such as digital applications
that support reminiscence activities can further enhance memory
recall and strengthen social interactions [20]. This aligns with
our findings that the “generate material” phase, involving the
searching and sharing of photos, facilitated increased
interactions with friends and family, thereby improving social
bonds.

Furthermore, Bentley et al [37] highlighted the importance of
connecting with places to strengthen social contact, promoting
a unified system with friends and family to share places and
stories. This concept dovetails with our findings, wherein
participants engaged in deeper reminiscence with their spouses
to recall more detailed memories. This process not only nurtured
more positive interactions but also effectively reduced negative
exchanges, highlighting the value of digital storytelling
interventions in cultivating meaningful interpersonal
relationships. The convergence of our results illustrates the
multifaceted impact of digital storytelling interventions on
enhancing social interaction and communication. Through
facilitating the creation and sharing of content, such
interventions promote active social participation and

JMIR Hum Factors 2025 | vol. 12 | e70177 | p.1348https://humanfactors.jmir.org/2025/1/e70177
(page number not for citation purposes)

Zhu et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


reminiscence, contributing to improved interpersonal
relationships among participants and their social circles.

Moreover, the study’s intricate assessment of digital storytelling
activities revealed considerable improvements in engagement,
complexity of storytelling, and interaction with digital content,
marking a significant stride in enhancing participants’ quality
of life. Digital storytelling interventions offer several benefits
for older adults, including promoting mental health, building
meaningful community connections, achieving digital literacy,
mitigating negative ageism, and enhancing intellectual ability
[65]. In addition, we found that these interventions can support
self-expression and language expression, providing a platform
for older adults to share their stories, which encourages active
communication and engagement with others. By engaging in
digital storytelling interventions, older adults can develop new
skills, build social networks, and gain a sense of
accomplishment, contributing to improved overall well-being.
Given these observations, incorporating digital storytelling into
rehabilitation and engagement programs could effectively
improve participants’ quality of life through enhanced
interaction and complexity in storytelling while also
strengthening social engagement and psychological well-being.
The Huiyou app notably enhanced participants’ storytelling
engagement, as evidenced by increased narrative complexity
and more active interaction with digital content. The structured
sessions and targeted prompts encouraged deeper reflection and
participation in storytelling activities. Furthermore, the process
of generating and sharing stories fostered richer social
interactions within participants’networks, highlighting a positive
potential toward improved social connectedness.
Complementary structured outdoor activities also contributed
to significant improvements in outdoor activity engagement,
supporting both physical and psychological well-being. Overall,
the findings suggest that structured interventions integrating
digital storytelling, social participation, and outdoor activities
can meaningfully enhance quality of life and social well-being
for people with MCI. Although a detailed qualitative analysis
is reported separately, key observations during the intervention
reinforce the quantitative results. The progressive increase in
storytelling engagement, emotional sharing, and group
interaction suggests that Huiyou successfully fostered a
supportive social environment for people with MCI. These
behavior changes align with previous research emphasizing the
role of peer interaction and shared memory activities in
promoting social participation. Furthermore, the gradual
improvement in participants’ digital literacy and confidence
with the app underscores the potential for appropriately designed
technology to support autonomy and reduce technology-related
anxiety among older adults with cognitive impairment.

Self-Efficacy and Measurement Challenges
Our study examined the lack of significant changes in
self-efficacy among older adults engaging in physical and social
activities. It shed light on several critical factors that merit
consideration. First, the intervention’s duration was a potential
factor influencing these outcomes. Existing literature supports
the notion that short-term interventions may not be sufficiently
impactful to alter self-efficacy levels significantly, particularly
in older adults who may have long-held beliefs about their

capabilities [66]. Self-efficacy develops and is influenced over
time through mastery experiences, vicarious experiences, verbal
persuasion, and interpretations of physiological and emotional
states [67]. Consequently, the relatively brief span of our
intervention might not have provided ample opportunities for
these processes to effectuate a meaningful change in
self-efficacy levels. Second, the challenge of detecting
significant changes in self-efficacy is compounded by the high
baseline self-efficacy scores observed among participants and
the possible insensitivity of the measurement tools used. This
observation aligns with findings of other studies that highlight
the difficulty in measuring subtle shifts in self-efficacy among
populations with already high levels of this construct [66,68].
The necessity for more refined measurement tools is
emphasized, suggesting a need for instruments that can discern
minor yet impactful changes in self-efficacy. Such tools would
enable a more accurate assessment of intervention effects,
particularly in contexts in which initial self-efficacy levels are
high. Third, the stress associated with participation in activities
represents another critical consideration. Our findings indicate
that stress may undermine self-efficacy beliefs, resonating with
previous research indicating that stress and anxiety can
negatively impact one’s confidence in performing future
activities [69,70]. This means that incorporating strategies within
interventions is crucial to managing stress and enhancing
psychological resilience among participants. Thus, tailoring
interventions to account for initial psychological states and
using stress management techniques could be pivotal in
supporting and possibly improving self-efficacy beliefs.

Given the cognitive and linguistic difficulties among people
with MCI [71-73], measurement tools such as the SCS-R should
be simplified for accurate evaluation. The linguistic complexity
of some measurement tools, particularly the double-negative
phrasing found in items of the SCS-R, may have posed cognitive
challenges for participants with MCI. While this limitation was
acknowledged, future research should pilot simplified or adapted
versions of such instruments that are validated for populations
with cognitive impairment to ensure accuracy and
comprehension. Given these considerations, there is a pressing
need for more straightforward or positively framed items in
future studies, especially when assessing populations with
cognitive impairments such as MCI. Simplifying the language
used in measurement tools not only accommodates the cognitive
profiles of these populations but also enhances the reliability
and accuracy of the data collected.

While not all measures showed significant changes, certain
areas such as physical health and self-acceptance exhibited
positive trends toward improvement. This observation suggests
that prototype-based interventions could contribute to a broader
impact on these outcomes. Studies have shown that outdoor
physical activity interventions in green and blue spaces can
improve health outcomes, including well-being, mood, and
physical performance [74]. Although our study indicated that
structured activities play a pivotal role in enhancing outdoor
activity engagement, the scope of these findings suggests the
need for more extensive studies to validate these trends and
determine the potential for these interventions to improve health
outcomes across a wider range of indicators [75].
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The results from the digital storytelling intervention suggest
that further exploration in this field could lead to improved
strategies for enhancing social participation and quality of life
for people with MCI. The success of these interventions
underscores the need to develop innovative approaches that
effectively address the unique challenges faced by people with
MCI.

Limitations
Primarily, the pilot nature of this study, with 10 participants in
both the intervention and control groups, serves as a
foundational step, limiting the generalizability of our findings.
The modest sample size also restricts our ability to detect
significant differences across some outcome measures,
underscoring the need for expanded research to validate these
initial results in a future study. This study was conducted as a
pilot trial to explore the feasibility and preliminary effects of a
digital storytelling intervention for people with MCI. Although
the study received ethical approval from the relevant institutional
review board, it was not prospectively registered. At the time
of initiation, trial registration was not required for minimal-risk
behavioral interventions under institutional policy. We
acknowledge the absence of prospective registration as a
limitation and recommend that future confirmatory trials
undergo prospective trial registration in accordance with best
practices. Given the pilot nature of this study (N=20), the
statistical power was limited, and the findings should be
interpreted with caution. However, the promising trends
observed in this preliminary investigation justify the design and
implementation of a larger, fully powered randomized controlled
trial to validate the intervention’s effectiveness and enhance
generalizability to a broader population of people with MCI.
Although randomization was used, a notable baseline difference
in self-acceptance scores (SWBS) was observed between groups.
This may have introduced bias into postintervention comparisons
related to this variable. Future studies should consider stratified
randomization or statistical adjustment to better control for such
baseline differences. Concerning the sex distribution, our study
observed a lower participation rate among men. Rather than
reflecting a bias in recruitment or willingness to participate, this
trend aligns with broader observations that, in China, men tend
to engage less in collective activities compared to women. This
aspect provides a cultural context to our findings and suggests
avenues for further exploration into sex dynamics in social
participation. A crucial point of consideration is the nature of
the participants recruited through institutions, who tended to be
more active or had previously engaged with psychological
services. This selection bias suggests that the intervention’s
preliminary findings may not fully represent the broader
population of older individuals with MCI, particularly those
who are less active. Recognizing this, there is a pronounced
need for future studies to delve into the intervention’s effects
on a more diverse and possibly less active older adult cohort,
ensuring a comprehensive understanding of the intervention’s

benefits across varying levels of initial activity and engagement.
Addressing feasibility concerns, the potential commuting
barriers highlighted the importance of local community
engagement in facilitating participation. Organizing activities
within participants’ communities could enhance the
intervention’s accessibility and reduce logistical barriers to
participation. We could also use an online platform for digital
storytelling to support participants who live far away from the
group members.

Moreover, the scalability of the Huiyou intervention requires
careful consideration. Technical barriers such as digital literacy
gaps among older adults, limited access to compatible devices,
and challenges in maintaining user engagement over time could
hinder broader implementation. Contextual challenges,
particularly in low- and middle-income settings, include resource
constraints and insufficient community infrastructure to support
ongoing group activities. These considerations are crucial for
ensuring that digital storytelling interventions such as Huiyou
can be effectively scaled to benefit wider populations of people
with MCI.

Conclusions
The Huiyou intervention has shown promising effects on the
well-being of people with MCI, significantly enhancing outdoor
activities and interpersonal adaptation experiences. Notable
improvements were observed in participants’ engagement with
digital storytelling, contributing to more complex narrative
constructions. Consistent with existing research, these outdoor
activities were found to contribute to both physical and
psychological health, potentially affecting overall life
satisfaction. Enhanced social connections were facilitated
through digital content sharing, boosting interpersonal
relationships. However, improvements in self-efficacy were
limited, suggesting challenges in enhancing this area through
short-term interventions, particularly given the cognitive
limitations associated with MCI. These findings underline the
importance of developing suitable measurement tools that can
capture nuanced changes in this population.

Although most outcome measures did not reach statistical
significance, the large effect sizes observed in outdoor activity
and interpersonal adaptation outcomes suggest promising
intervention potential. Given the limited sample size, these
findings should be interpreted as preliminary, highlighting the
need for further research using larger randomized controlled
trials to substantiate and extend these early results. This study
underscores the potential for digital interventions to improve
quality of life for people with MCI and suggests a need for
accessible and user-friendly digital platforms tailored to their
specific needs. Future studies should expand on these findings
by examining the intervention’s effectiveness across a more
diverse and larger population to fully leverage digital tools in
supporting individuals with MCI.
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Abstract

Background: Out-of-hospital cardiac arrests (OHCAs) are a leading cause of death worldwide, yet first responder apps can
significantly improve outcomes by mobilizing citizens to perform cardiopulmonary resuscitation before professional help arrives.
Despite their importance, limited research has examined the psychological and behavioral factors that influence individuals’
willingness to adopt these apps.

Objective: Given that first responder app use involves elements of both technology adoption and preventive health behavior,
it is essential to examine this behavior from multiple theoretical perspectives. Building on the unified theory of acceptance and
use of technology (UTAUT) and health belief model (HBM), this study therefore developed an integrative framework to explain
which behavioral determinants and demographic and health-related factors drive an individual’s willingness to install a first
responder app for OHCA.

Methods: We conducted a web-based cross-sectional survey (N=3660; mean age 49.95, SD 16.75 years; n=1909, 52.2% women)
in June 2024 among Belgian adults. Behavioral determinants (UTAUT and HBM constructs), demographic (eg, age), and
health-related (eg, cardiopulmonary resuscitation training experience) variables were measured using (multi-item) scales.
Willingness to install the app served as the outcome variable. We developed a structural equation model using the Lavaan package
in R and specified regression paths, on the one hand, between the behavioral determinants and willingness to install the app, and
on the other hand, between the demographic and health-related factors and the behavioral determinants. Additionally, we conducted
multiple group analyses to examine the moderating role of demographic and health-related factors on the relationships between
the behavioral determinants and the willingness to install the app.

Results: Our results revealed that 2 UTAUT variables (ie, facilitating conditions: β=.07; P=.003 and social influence: β=.16;
P<.001) and 3 HBM variables (ie, perceived susceptibility: β=.06; P=.003, perceived barriers: β=–.29; P<.001, and perceived
benefits: β=.38; P<.001) were associated with willingness to install a first responder app for OHCA. Additionally, most demographic
and health-related factors were indirectly related to willingness via behavioral determinants, with age being the sole moderator.
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Specifically, a negative association between perceived severity and willingness was only observed among older adults. In addition,
the positive relationship between perceived benefits and willingness was stronger for older adults compared to younger ones.

Conclusions: Overall, the results of this study have both theoretical and practical implications. Theoretically, this study finds
its relevance in extending the UTAUT and HBM to altruistic mobile health apps and advancing our understanding of technology
adoption in health contexts. Practically, the study’s findings could inform real-life health campaigns aimed at enhancing citizen
participation in first responder systems.

(JMIR Hum Factors 2025;12:e69934)   doi:10.2196/69934

KEYWORDS

mHealth; mobile health; out-of-hospital cardiac arrest; first responder app; UTAUT; unified theory of acceptance and use of
technology; health belief model; health technology adoption; cardiopulmonary resuscitation

Introduction

Background
With the widespread use of mobile phones, the potential of
technology to improve health outcomes has significantly
increased [1]. Many people, for example, use their mobile
devices to install apps for medical and public health practices,
better known as mobile health (mHealth) [2]. Most of these
apps enable users to monitor their health by, for instance,
tracking their steps or creating personalized diet plans [3,4].
Additionally, besides promoting self-tracking, some mHealth
apps can also be used to enhance the health of others and benefit
society overall. Examples of such altruistic mHealth apps
include contact tracing apps (CTAs), used during the recent
COVID-19 pandemic [5], and first responder apps.

First responder apps alert and mobilize trained citizens to
provide first aid in emergency situations, such as experiencing
an out-of-hospital cardiac arrest (OHCA) [6]. Experiencing an
OHCA is a leading cause of death worldwide [7], and in order
to tackle this public health problem, early recognition of an
OHCA and responding quickly to the situation are crucial. The
use of a first responder app could thus be critical in this case,
as citizens can be alerted to provide cardiopulmonary
resuscitation (CPR) before the arrival of professional medical
help, thereby ensuring a higher chance of survival [6,8].
However, despite the significant value of these apps, little is
still known about their integration within societies for 2 reasons.
First, these apps offer health benefits for others but not directly
for users themselves, thereby leaving a gap in our understanding
of users’ motivations behind adopting these altruistic apps.
Second, first responder apps for OHCA differ substantially from
other mHealth apps, as they are not designed for frequent use.
Once installed, users are only required to engage with the app
when they receive a notification requesting assistance for
someone experiencing a cardiac arrest. As such, given this
infrequent use, it is crucial to understand individuals’willingness
to install first responder apps for OHCA in order to promote
the adoption of such apps in society.

Therefore, this study aims to contribute to the literature by
defining which behavioral and individual factors play a role in
citizens’ willingness to install a first responder app for OHCA.
Given that first responder app use involves elements of both
technology adoption and preventive health behavior, it is
essential to examine this behavior from multiple theoretical

perspectives, including the unified theory of acceptance and use
of technology (UTAUT) [9] and the health belief model (HBM)
[10]. Based on these theories, we will develop an integrated
framework to explain the behavioral determinants that drive
individuals’ willingness to install altruistic mHealth apps, that
is, first responder apps for OHCA. Additionally, demographic
and health variables will be examined to provide a
comprehensive understanding of factors driving adoption
willingness.

Technology Perspective: UTAUT
To address the technology-related aspect of first responder app
adoption, the study builds on the UTAUT model [9], a
commonly used theoretical model for predicting the adoption
of new technologies. The model consists of 4 key behavioral
determinants of technology adoption: performance expectancy
(ie, perceived effectiveness of the technology), effort expectancy
(ie, the degree of ease associated with using the technology),
social influence (ie, descriptive and injunctive norms), and
facilitating conditions (ie, resources available that make it easier
to adopt the new technology, such as internet access and owning
a smartphone).

Given that this model integrates elements from various models
and theories related to technology acceptance, it has been used
frequently in the past to explain the adoption of apps that require
frequent and consistent interaction, such as mobile banking apps
[11], health monitoring apps [12,13], or travel apps [14].
Moreover, besides these frequently used apps, UTAUT has also
been successful in explaining the adoption of CTAs [5,15-18].
Studies, for example, found that users were more inclined to
install CTAs when they perceived the app as effective [5,17,18]
and easy to use [18]. Additionally, social influence [16] and
facilitating conditions, like smartphone ownership [19], were
crucial predictors of CTA adoption. The study by Walrave et
al [19], for example, showed that not owning a smartphone was
one of the main reasons for not using a CTA.

These studies on CTAs, in turn, offer a relevant comparison for
our study, as these apps, similar to first responder apps for
OHCA, benefit public health and involve passive use (ie, only
interacting when receiving a notification). Based on their
insights, it is thus reasonable to assume that the factors outlined
in the UTAUT model could also serve as effective predictors
for the willingness to install a first responder app for OHCA—an
app that is characterized by its altruistic nature, focus on
immediate action, and infrequent use. In line with the prototype
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willingness model [20], we focus on willingness to install a first
responder app rather than behavioral intention or actual use,
since no such app currently exists in Belgium, thus making
those measures less feasible at this stage. Building on the
UTAUT model, this study therefore extends the literature by
forming the following hypotheses:

• Hypothesis 1—Performance expectancy is positively
associated with the willingness to install a first responder
app for OHCA.

• Hypothesis 2—Effort expectancy is negatively associated
with the willingness to install a first responder app for
OHCA.

• Hypothesis 3—Facilitating conditions are positively
associated with the willingness to install a first responder
app for OHCA.

• Hypothesis 4—Social influence is positively associated
with the willingness to install a first responder app for
OHCA.

Health Perspective: HBM
When installing a first responder app, individuals are not merely
installing new software but are committing to potentially
performing life-saving actions, that is, providing CPR to
someone experiencing a cardiac arrest. Relying solely on a
technological perspective, such as the UTAUT model, would
therefore be insufficient to fully understand an individual’s
willingness to install a first responder app for OHCA. Logically,
this decision requires consideration of the health-related
implications and responsibilities associated with the app’s use.
Therefore, in addition to examining first responder app adoption
through the lens of technology acceptance, it is essential to
apply a health behavior change model to better understand the
factors influencing the adoption of a first responder app for
OHCA.

To do so, we will integrate the HBM [21], which is a widely
recognized framework for understanding health-related behavior.
The HBM suggests that individuals’ decisions to take health
actions are influenced by 5 different factors: perceived
susceptibility (ie, belief in the risk of experiencing a health
problem), perceived severity (ie, belief in the seriousness of the
health problem), self-efficacy (ie, confidence in performing the
health behavior), perceived benefits (ie, factors that facilitate
the health behavior), and perceived barriers (ie, factors that
hinder the health behavior). In this context, a perceived benefit
might be personal relevance [22], while a potential barrier could
include privacy concerns [23]. Self-efficacy was later added as
the fifth variable [21].

The model is often used to explain health behaviors aimed at
protecting or improving one’s own health, such as condom use
[24], or using mobile apps for managing chronic diseases [25].
However, limited research has explored the effectiveness of the
HBM in predicting altruistic health behavior like providing
CPR. Unlike self-beneficial behaviors, installing a first
responder app, and thus committing oneself to potentially
performing CPR, is a health behavior that only benefits another
individual (ie, person experiencing a cardiac arrest). Several
studies have examined the application of the HBM in the context
of CTA adoption, which can also be considered an altruistic

health behavior, as its primary goal is to minimize the spread
of COVID-19. These studies indicate that self-efficacy,
perceived barriers, and perceived benefits are the most
significant predictors of adoption [18,26]. For instance,
participants were more inclined to install the app when they felt
confident in using it, recognized its benefits, and perceived
fewer barriers to its adoption. While perceived severity and
susceptibility have not consistently predicted adoption in studies
on CTAs, they have shown positive associations with preventive
health behaviors, such as mask-wearing [27].

Despite these insights related to CTAs, research on first
responder apps and the determinants outlined in the HBM is
limited. Still, building on findings from previous studies, the
HBM likely also applies to the adoption of first responder apps
for OHCA. For instance, as these apps can prevent severe
outcomes, such as death or brain injury [28], individuals who
perceive OHCA as a severe health risk may be more willing to
install the app to be able to prevent such serious consequences.
In addition, perceived susceptibility may influence willingness
by heightening awareness of the app’s necessity in addressing
a widespread health risk in society. Furthermore, because of the
similar altruistic and preventive nature of CTAs, we can expect
that self-efficacy and perceived benefits may positively influence
the willingness to install a first responder app, while perceived
barriers may negatively influence it.

Building on these insights, this study therefore aims to provide
an extensive overview of how the variables of the HBM can
explain the willingness to install a first responder app for OHCA.
Based on current literature on mHealth apps and preventive
health behavior, we propose the following hypotheses:

• Hypothesis 5—Self-efficacy is positively associated with
the willingness to install a first responder app for OHCA.

• Hypothesis 6—Perceived susceptibility is positively
associated with the willingness to install a first responder
app for OHCA.

• Hypothesis 7—Perceived severity is positively associated
with the willingness to install a first responder app for
OHCA.

• Hypothesis 8—Perceived barriers are negatively associated
with the willingness to install a first responder app for
OHCA.

• Hypothesis 9—Perceived benefits are positively associated
with the willingness to install a first responder app for
OHCA.

Influential Factors
Apart from the previously mentioned direct determinants of
first responder app adoption, the HBM also identified a number
of indirect factors affecting health behavior, including
demographic factors and prior contact with the health problem
[10]. Other health behavior change models such as the theory
of planned behavior [29] and social cognitive theory [30] also
emphasize the importance of demographic (eg, age, gender, and
socioeconomic status [SES]) and social context variables in
shaping individuals’ beliefs, attitudes, and social norms.
Moreover, these theoretical propositions have also been
confirmed in empirical research as, for example, older people
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tend to perceive health issues, such as COVID-19, as more
severe [31].

Along with demographic variables, practicing a medical
profession may also play a significant role in installing a first
responder app for OHCA. Individuals working in the medical
sector could, for example, perceive greater benefits from using
such an app, as it can improve patient outcomes through
bystander CPR [6,8]. Consequently, their perceived barriers to
installing the app and expectations regarding its effectiveness
may also be shaped by their professional experience and
familiarity with emergency medical care.

In addition, as installing a first responder app for OHCA is a
health-related behavior, the general health status of an individual
and other relevant health variables should also be taken into
account. First, given that CPR training significantly enhances
the willingness to provide CPR [32,33], we could assume that
trained individuals will be more likely to install a first responder
app for OHCA, potentially via various behavioral determinants
such as increased self-efficacy and perceived benefits. Second,
the HBM highlights the relevance of prior contact with a health
problem as a factor that can increase perceived susceptibility
and severity, thereby influencing behavior [10]. In this study,
having a cardiovascular disease and, therefore, an increased
change of experiencing a cardiac arrest can be a relevant factor.
Finally, indirect contact with health issues, such as having a
family member or close acquaintance with a cardiovascular
disease, could also affect individuals’perceptions and decisions
to adopt health-related behaviors like installing a first responder
app for OHCA.

Since relationships between these influential factors (ie,
demographic and health variables) and behavioral determinants
of first responder app adoption have not been tested before, we
pose the following research question (RQ):

• RQ1—Do demographic and health variables influence the
behavioral determinants of willingness to install a first

responder app for OHCA (performance expectancy, effort
expectancy, social influence, facilitating conditions,
self-efficacy, perceived severity, perceived susceptibility,
perceived barriers, and perceived benefits)?

In addition to examining the variables mentioned earlier as
predictors, it may be valuable to explore their potential
moderating role. In the UTAUT model, gender and age already
moderate the relationships between the key determinants and
technology adoption [9,34]. For example, the relationship
between performance expectancy and the intention to adopt a
technology was stronger for men and young people, but the
opposite was found for the other determinants [9,35].
Additionally, empirical research indicates that an individual’s
education level moderates relationships between certain UTAUT
variables (ie, performance expectancy and social influence) and
individuals’ willingness to adopt new software [36]. This
suggests that similar effects could be found for other
demographic and health-related variables in the context of first
responder OHCA apps. As there are again a limited amount of
studies that investigated these moderations, we will examine
the following RQ:

• RQ2—Do demographic and health variables moderate the
relationships between the behavioral determinants
(performance expectancy, effort expectancy, social
influence, facilitating conditions, self-efficacy, perceived
severity, perceived susceptibility, perceived barriers, and
perceived benefits) and individuals’ willingness to install
a first responder app for OHCA?

Overall, to fully understand the willingness to install a first
responder app for OHCA, this study will evaluate a
self-developed integrative framework that incorporates
determinants from the UTAUT and HBM, along with additional
influential factors that are particularly relevant to this context
(Figure 1).
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Figure 1. Conceptual framework of understanding and predicting willingness to install a first responder app for OHCA. Arrows indicate hypothesized
associations based on theory and do not imply a causal relationship due to the cross-sectional design. CPR: cardiopulmonary resuscitation; H: hypothesis;
HBM: health belief model; OHCA: out-of-hospital cardiac arrest; RQ: research question; SES: socioeconomic status; UTAUT: unified theory of
acceptance and use of technology.

Methods

Study Design, Setting, and Participants
To test our hypotheses and address our RQs, we conducted a
cross-sectional survey in June 2024 among a representative
sample of Belgian adults. Participants were recruited out of a
large national panel managed by a research agency, which
ensured representativeness based on key sociodemographic
characteristics, including gender, age, education level, and
region of residence. Using quota sampling, the agency, with
help from the researchers, actively monitored sample
composition and adjusted invitations during data collection (eg,
targeting underrepresented age groups). Eligible participants
were individuals aged 18 years or older residing in Belgium.
Respondents were asked to fill in a web-based Qualtrics
questionnaire in Dutch or French, given the bilingual nature of
the country.

Ethical Considerations
The study received ethics approval from the Social and Societal
Ethics Committee of the KU Leuven (G-2024-7825). At the
beginning of the survey, participants were informed about the
study’s objectives, procedures, their right to opt out at any time,
and the confidentiality of their data, and were required to provide
informed consent before continuing. Given the web-based
procedure, the involved researchers were available via email to
answer questions and solve practical and logistic issues. As
compensation, participants received digital points from the
research agency that recruited them, which could be redeemed
for cash or donated to charity. To ensure privacy and
confidentiality, all data were collected anonymously, with no
personal identifiable information recorded, and were used solely

for research purposes. In addition, the data were kept on a secure
server.

Study Size
Of the initial 3908 respondents, only those who completed more
than the sociodemographic section of the questionnaire were
included (n=3752). After removing 92 ineligible cases
(underage, duplicate responses, or lack of consent), the final
sample was 3660 participants, with a mean age of 49.95 (SD
16.75) years; 52.2% (n=1909) were women. The sample
included 2205 Dutch-speaking and 1455 French-speaking
respondents. Education levels varied, with 1.6% (n=58) having
no formal education, 3.9% (n=144) primary, 36% (n=1319)
secondary, 28.9% (n=1058) bachelor, 26.5% (n=971) master,
and 3% (n=110) PhD. SES was assessed using the MacArthur
Scale of Subjective Social Status [37]: 4% (n=149) low SES
(scores 1-3), 70.3% (n=2576) medium SES (scores 4-7), and
25.5% (n=935) high SES (scores 8-10). Health-related data
showed that 10.1% (n=369) worked as medical professionals,
58.8% (n=2153) had CPR training, 15.4% (n=564) had
cardiovascular disease, and 30.4% (n=1113) knew someone
with cardiovascular disease.

Assessments and Data Sources

Demographic Variables
Respondents’ gender (1=man, 2=woman, and 3=other), year of
birth, education level (1=no degree, 2=primary school degree,
3=secondary school degree, 4=bachelor degree, 5=master
degree, and 6=PhD), and subjective SES were questioned [37].
Respondents were also asked if they practice a medical
profession (1=yes and 0=no).
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Health Variables
We asked respondents whether they had ever followed a CPR
training (1=yes and 0=no) and whether they (1=yes and 0=no)
or people in their surroundings (1=yes and 0=no) experienced
a cardiovascular disease. Additionally, general health was
measured with an adapted version of the Linear Analogue Scale
[38]. Respondents had to indicate their general health condition
on a scale from 1=worst to 100=best. On average, participants
scored 71.11 (SD 18.05), suggesting that the overall health of
our sample was good.

Willingness to Install a First Responder App for OHCA
To measure participants’ willingness to install a first responder
app for OHCA, participants first received an explanation of
what is meant with a first responder app. They were told that a
first responder app for OHCA is a mobile app that alerts and
mobilizes volunteer citizens to provide first aid to someone
experiencing a cardiac arrest. Additionally, we explained the
different features of the app (eg, location-based technology),
the goal of the app, and that such an app is currently being set
up in Belgium. Next, we asked respondents if they ever heard
of a first responder app (n=458, 13.5% heard of a first responder
app) and to indicate on a 5-point Likert scale (1=totally disagree
to 5=totally agree) to what extent the following statement
applied to them: “If a first responder app for OHCA is available
in Belgium, I am willing to install it.” The mean score of 3.64
(SD 1.03) indicates a moderately high willingness to install the
app.

Behavioral Determinants

UTAUT Determinants

Performance Expectancy

Based on the definition given by Venkatesh et al [9],
performance expectancy was measured by a self-developed
scale that asked respondents to indicate on a 5-point Likert scale
(1=totally disagree to 5=totally agree) to what extent the
following 2 statements applied to them: “This first responder
app is an effective app for saving individuals experiencing a
cardiac arrest” and “This first responder app would ensure that
fewer people die from a cardiac arrest.” In these statements,
this refers to the particular first responder app for OHCA in
Belgium that is being set up. We found a high correlation
between the 2 items (r=0.75; P<.001) and merged them together
in 1 variable. On average, participants scored 3.90 (SD 0.78),
indicating a strong positive perception of the app’s effectiveness.

Effort Expectancy

This was assessed using a 5-point Likert scale (1=totally
disagree to 5=totally agree) item adapted from van der Waal et
al [18], asking participants to rate the statement, “I think it will
cost me a lot of time and energy to install this first responder
app.” The average score was 2.06 (SD 1.05), indicating that
most participants found the app easy to install.

Facilitating Conditions

Facilitating conditions were measured with a 5-point Likert
scale (1=totally disagree to 5=totally agree) item based on van
der Waal et al [18], asking participants to rate the statement, “I

have a smartphone with internet access, allowing me to install
this first responder app.” The mean score of 4.04 (SD 1.08)
indicates high smartphone ownership and internet access among
respondents.

Social Influence

Social influence was surveyed by measuring both injunctive
and descriptive norms. We developed 2 items based on the
definitions of Rimal and Real [39]. Injunctive norms were
measured by asking respondents to indicate on a 5-point Likert
scale (from 1=totally disagree to 5=totally agree) to what extent
the following statement applied to them: “Most people in my
environment would have a positive attitude toward this first
responder app.” Descriptive norms were measured by: “Most
people in my environment would install this first responder app,
if this app would be available in Belgium,” and were evaluated
on a 5-point Likert scale. Both norms were combined in social
influences, as they were correlated (r=0.65; P<.001). With an
average score of 3.28 (SD 0.78), the results indicate that social
influences were moderately strong, meaning that the participants
believed a fair number of people in their environment would
install the first responder app and have a positive attitude toward
it.

HBM Determinants

Self-Efficacy

A self-developed scale based on the definition of Bandura [30]
asked respondents to indicate on a 5-point Likert scale (from
1=totally disagree to 5=totally agree) to what extent the
following 2 statements applied to them: “It seems difficult to
install this first responder app” and “I would be able to install
this first responder app if I wanted to.” The first item was
recoded for analysis and then merged with the second item into
1 construct, as there was a significant correlation between the
2 items (r=0.45; P<.001). Participants scored high on
self-efficacy (mean 3.92, SD 0.87), suggesting that they feel
confident in their ability to successfully install a first responder
app.

Perceived Susceptibility of an OHCA

Perceived susceptibility was assessed on both personal and
societal levels using self-developed items based on El-Toukhy
[40]. Respondents rated their own risk (personal perceived
susceptibility) and the average person’s risk (societal perceived
susceptibility) of experiencing a cardiac arrest on a 5-point
Likert scale (1=very low to 5=very high). Personal and societal
susceptibility were correlated (r=0.56; P<.001) and combined
into one measure with a mean of 2.90 (SD 0.64), indicating a
moderate perceived susceptibility of an OHCA.

Perceived Severity of an OHCA

To measure respondents’ perceived severity of an OHCA on a
personal and societal level, a self-developed scale adapted from
El-Toukhy [40] asked them to indicate on a 5-point Likert scale
(from 1=totally disagree to 5=totally agree) to what extent the
following 2 statements applied to them: “I believe that if I
experience a cardiac arrest, it could have serious consequences
for me” and “I believe that if someone experiences a cardiac
arrest, it can have serious consequences for that person.” The
items, personal and societal perceived severity, respectively,
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correlated with each other (r=0.71; P<.001), and a mean score
was calculated by averaging the 2 items. On average,
participants perceived an OHCA as very severe (mean 4.45, SD
0.74).

Perceived Barriers

Based on technology and health behavior literature [19,21,41],
we created 14 different items that reflected various barriers that
respondents could experience while installing a first responder
app (Multimedia Appendix 1). Examples of these barriers
included phone-related issues, digital difficulties, privacy
violations, and credibility of the app. Respondents had to
indicate on a 5-point Likert scale (from 1=totally disagree to
5=totally agree) to what extent the statements applied to them
(eg, “I would not install this first responder app because I am
afraid my privacy will not be guaranteed.”). A manifest variable
was created by summing the scores of all 14 items (range 14-70).
Consequently, a low score on this variable indicates that a
participant experiences few barriers, while a high score suggests
that a participant encounters many barriers when it comes to
installing a first responder app for OHCA. On average,
participants scored 29.75 (SD 10.70), indicating that they
generally did not feel substantially hindered in their ability to
install the app.

Perceived Benefits

For perceived benefits, we developed 5 items that reflected
various benefits respondents could perceive about installing a
first responder app for OHCA (Multimedia Appendix 1), based
on previous studies on altruistic health apps and providing CPR
[22,32,42]. We measured benefits like personal relevance and
altruistic satisfaction. Respondents had to indicate on a 5-point
Likert scale (from 1=totally disagree to 5=totally agree) to what
extent the statements applied to them (eg, “I would install this
first responder app because it is my duty to help people.”). A
manifest variable was formed by adding the scores from all 5
items, resulting in a possible range of 5 to 25. A lower score on
this variable reflects fewer perceived benefits, while a higher
score indicates more benefits related to installing a first
responder app. The average participant score was 18.17 (SD
3.47), suggesting that most respondents saw the app as
advantageous.

Data Analysis

After data cleaning, reliability indices (Multimedia Appendix
2), descriptive statistics (Multimedia Appendix 3), and
zero-order correlations (Multimedia Appendix 3) were
calculated. Then, we developed a structural equation model
(SEM) using the Lavaan package in R (R Foundation for
Statistical Computing) to test the hypotheses and address the
RQs.

All variables with 2 items were entered as latent variables, while
single-item variables were entered as manifest variables.
Subsequently, we specified the regression paths, which were
drawn between the behavioral determinants (ie, performance
expectancy [hypothesis 1], effort expectancy [hypothesis 2],
facilitating conditions [hypothesis 3], social influence
[hypothesis 4], self-efficacy [hypothesis 5], perceived
susceptibility [hypothesis 6], perceived severity [hypothesis 7],

perceived barriers [hypothesis 8], and perceived benefits
[hypothesis 9]; independent variables) and the willingness to
install a first responder app for OHCA (ie, dependent variable)
to answer our 9 hypotheses. Additionally, to examine RQ1,
paths were specified between the behavioral determinants as
dependent variables and the influential factors (ie, demographic
and health-related variables) as independent variables.

To explore RQ2 and examine the moderating role of the
influential factors on the relationships between the behavioral
determinants and the willingness to install a first responder app
for OHCA, multiple group analyses were conducted. We created
groups based on the median for age, SES, general health, and
education. For age, we compared younger and older participants;
for SES, we compared low and high SES groups; for health, we
compared poor and good health; and for education, we compared
lower and higher educational attainment. Gender was recoded
as a dichotomous variable, as the group of 11 participants who
selected “other” was too small for meaningful analysis; these
responses were therefore treated as missing values. The variables
for medical profession, CPR training, cardiovascular disease,
and cardiovascular disease in one’s environment were also
dichotomous, meaning that participants were already divided
into 2 distinct groups for each variable. The constrained model
(ie, the model in which the paths of the behavioral determinants
to willingness were specified to be the same across groups) was
then compared with an unconstrained model (ie, the model in
which the paths of the behavioral determinants to willingness
were allowed to differ across groups), and a chi-square
difference test was conducted to assess whether the model fit
differed significantly between the groups.

The following indices were used to assess the model fit:
chi-square/degrees of freedom, Comparative Fit Index,
Tucker-Lewis Index, root mean square error of approximation
(RMSEA), 90% CI for RMSEA, and standardized root mean
square residual. The overall hypothesized model indicated an

acceptable fit (χ2
95=1230.8; P<.001; RMSEA=0.060; 90% CI

0.057-0.063; Comparative Fit Index=0.950; Tucker-Lewis
Index=0.874; standardized root mean square residual=0.030).
Although the chi-square (df) statistic and corresponding P value
are reported, they were not used as the primary criterion for
model acceptance or rejection, given that reliance on chi-square
(df) alone can be overly restrictive in many research contexts.
The study was preregistered on the Open Science Framework
after data collection but before data analysis. The preregistration
included the hypotheses and a detailed analysis plan (including
model specifications, exclusion criteria, and handling of missing
data). Additionally, an anonymized and cleaned version of the
dataset and R code are available on Open Science Framework
to enhance transparency and reproducibility of the analyses.

Results

Relations Between Behavioral Determinants and
Willingness to Install a First Responder App for OHCA
Parameter estimates can be found in Table 1. First, regarding
hypothesis 1 on the association between performance expectancy
and willingness to install a first responder app for OHCA, we
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found no significant relationship between the 2 variables.
Hypothesis 2 was also rejected, as we did not find a significant
association between effort expectancy and willingness to install
a first responder app for OHCA. For hypothesis 3, we found
that more facilitating conditions were related to a higher
willingness to install a first responder app for OHCA, which
consequently confirms the hypothesis. In addition, social
influence positively predicted willingness to install a first
responder app for OHCA, thus confirming hypothesis 4.
However, there were no significant associations between

willingness to install a first responder app for OHCA,
self-efficacy (hypothesis 5), and perceived severity (hypothesis
7), thus refuting hypothesis 5 and hypothesis 7. Perceived
susceptibility on the other hand was positively related with the
willingness to install a first responder app for OHCA,
confirming hypothesis 6. Finally, the strongest associations with
willingness to install a first responder app for OHCA occurred
for perceived barriers (hypothesis 8) and perceived benefits
(hypothesis 9), confirming hypothesis 8 and hypothesis 9.

Table 1. Parameter estimates of the structural equation model: relations between behavioral determinants and willingness to install a first responder

app (FRA) for out-of-hospital cardiac arresta.

P valueStandard estimateSEEstimateDependent variable and predictor

Intention FRA

.240.0260.0310.036Performance expectancy

.36–0.0450.049–0.044Effort expectancy

.0030.065b0.0210.062bFacilitating conditions

<.0010.157c0.0290.228cSocial influences

.24–0.0970.102–0.118Self-efficacy

.0030.061b0.0420.126bPerceived susceptibility

.17–0.0230.024–0.033Perceived severity

<.001–0.292c0.003–0.028cPerceived barriers

<.0010.375c0.0050.111cPerceived benefits

<.001–0.090c0.001–0.006cAge

.410.0110.0270.022Genderd

.12–0.0240.011–0.017SESe

.42–0.0120.015–0.013Education level

.240.0160.0470.055Medical professionf

.070.0280.0010.002General health

.470.0100.0400.029Cardiovascular diseasef

.13–0.0210.030–0.045CPRg trainingf

.990.0000.0300.000Cardiovascular disease in environmentf

aR2 value is 0.446.
bP<.01.
cP<.001.
dGender is coded: 1=woman, 2=man, and 3=other.
eSES: socioeconomic status.
fMedical profession, cardiovascular disease, CPR training, and cardiovascular disease in environment are coded: 1=yes and 0=no.
gCPR: cardiopulmonary resuscitation.

Relations Between the Influential Factors and the
Behavioral Determinants
To answer RQ1, we examined how demographic and health
variables related to the behavioral determinants of willingness

to install a first responder app for OHCA (see Tables 2 and 3
for all parameter estimates).
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Table 2. Parameter estimates of the structural equation model: relations between demographic variables and the behavioral determinantsa.

R 2P valueStandard estimateSEEstimateDependent variable and predictor

0.015Performance expectancy

<.0010.093b0.0010.004bAge

.32–0.0190.028–0.028Gender

.520.0140.0110.007SESc

.39–0.0180.015–0.013Education level

.09–0.0320.047–0.079Medical profession

0.095Effort expectancy

<.0010.203b0.0010.013bAge

.01–0.0400.035–0.082Gender

.01–0.0480.014–0.034SES

<.001–0.095b0.019–0.099bEducation level

<.0010.106b0.0590.366bMedical profession

0.073Facilitating conditions

<.001–0.190b0.001–0.012bAge

.480.0120.0360.026Gender

<.0010.076b0.0150.056bSES

<.0010.076b0.0200.082bEducation level

.007–0.047d0.062–0.167dMedical profession

0.015Social influences

<.001–0.076b0.001–0.003bAge

.800.0050.0270.007Gender

.0020.070d0.0110.034dSES

.30–0.0220.015–0.015Education level

.090.0330.0470.078Medical profession

0.191Self-efficacy

<.001–0.335b0.001–0.017bAge

.0090.051d0.0320.085dGender

.030.0490.0130.028SES

<.0010.131b0.0180.110bEducation level

<.001–0.129b0.055–0.358bMedical profession

0.428Perceived susceptibility

<.0010.594b0.0010.018bAge

.220.0180.0140.018Gender

.008–0.045d0.006–0.015dSES

<.001–0.115b0.008–0.057bEducation level

<.0010.075b0.0250.123bMedical profession

0.068Perceived severity

.020.0450.0010.002Age
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R 2P valueStandard estimateSEEstimateDependent variable and predictor

.61–0.0090.026–0.013Gender

.510.0140.0100.007SES

<.0010.195b0.0140.135bEducation level

<.001–0.108b0.044–0.248bMedical profession

0.053Perceived barriers

.49–0.0120.012–0.008Age

.005–0.049d0.360–1.018dGender

.01–0.0520.146–0.377SES

<.001–0.068b0.199–0.726bEducation level

<.0010.082b0.6132.882bMedical profession

0.090Perceived benefits

.430.0140.0040.003Age

.170.0230.1150.158Gender

.890.0030.0460.007SES

.07–0.0330.063–0.115Education level

<.0010.068b0.1950.786bMedical profession

aGender is coded: 1=woman, 2=man, and 3=other. Medical profession is coded: 1=yes and 0=no.
bP<.001.
cSES: socioeconomic status.
dP<.01.
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Table 3. Parameter estimates of the structural equation model: relations between health variables and the behavioral determinantsa.

R 2P valueStandard estimateSEEstimateDependent variable and predictor

0.015Performance expectancy

.0020.067b0.0010.003bGeneral health

.75–0.0060.041–0.013Cardiovascular disease

.0030.058b0.0290.087bCPRc training

.900.0020.0310.004Cardiovascular disease in environment

0.095Effort expectancy

.02–0.0430.001–0.002General health

.060.0340.0520.098Cardiovascular disease

<.001–0.099d0.036–0.211dCPR training

.020.0410.0390.094Cardiovascular disease in environment

0.073Facilitating conditions

.0050.053b0.0010.003bGeneral health

.73–0.0060.054–0.018Cardiovascular disease

<.0010.070d0.0380.154dCPR training

.540.0110.0410.025Cardiovascular disease in environment

0.015Social influences

.070.0400.0010.002General health

.750.0070.0410.013Cardiovascular disease

.01–0.0500.029–0.072CPR training

.990.0000.0310.000Cardiovascular disease in environment

0.191Self-efficacy

.0090.058b0.0010.003bGeneral health

.14–0.0310.049–0.071Cardiovascular disease

<.0010.105d0.0340.180dCPR training

.15–0.0290.036–0.053Cardiovascular disease in environment

0.428Perceived susceptibility

<.001–0.094d0.000–0.003dGeneral health

.080.0270.0220.038Cardiovascular disease

.04–0.0300.015–0.031CPR training

.0010.051b0.0160.056bCardiovascular disease in environment

0.068Perceived severity

.070.0380.0010.001General health

.170.0270.0380.052Cardiovascular disease

<.0010.126d0.0270.179dCPR training

.310.0190.0290.029Cardiovascular disease in environment

0.053Perceived barriers

<.001–0.103d0.011–0.061dGeneral health

.030.0390.5401.159Cardiovascular disease

<.001–0.107d0.380–2.325dCPR training
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R 2P valueStandard estimateSEEstimateDependent variable and predictor

.090.0290.4050.676Cardiovascular disease in environment

0.090Perceived benefits

<.0010.075d0.0040.014dGeneral health

.72–0.0070.172–0.062Cardiovascular disease

<.0010.257d0.1211.818dCPR training

<.0010.070d0.1290.530dCardiovascular disease in environment

aCardiovascular disease, CPR training, and cardiovascular disease in environment are coded: 1=yes and 0=no.
bP<.01.
cCPR: cardiopulmonary resuscitation.
dP<.001.

Demographic Variables
The results showed that practicing a medical profession was
positively related to effort expectancy, perceived susceptibility,
perceived barriers, and benefits but negatively with facilitating
conditions, self-efficacy, and perceived severity (Table 2). Age
was positively associated with performance expectancy, effort
expectancy, and perceived susceptibility but negatively with
facilitating conditions, social influences, and self-efficacy.
Furthermore, education level correlated with 6 of the 9
behavioral determinants: negatively with effort expectancy,
perceived susceptibility, and perceived barriers and positively
with facilitating conditions, self-efficacy, and perceived severity.
Gender was only positively related to self-efficacy and
negatively related to perceived barriers. This means that men
had higher levels of self-efficacy and women perceived more
barriers to install a first responder app for OHCA. Finally, we
found positive relationships between SES and facilitating
conditions and social influences, whereas SES was negatively
correlated with perceived susceptibility (Table 2).

Health Variables
General health proved to be an important variable, as the higher
participants rated their health, the higher they scored on
performance expectancy, facilitating conditions, self-efficacy,
and perceived benefits, but the lower they scored on perceived
susceptibility and barriers. Moreover, having done a CPR
training was also positively related to 5 behavioral determinants
(ie, performance expectancy, facilitating conditions,
self-efficacy, perceived severity, and perceived benefits) but
negatively with effort expectancy and perceived barriers.
Surprisingly, we found no significant associations between any

of the behavioral determinants and experiencing a cardiovascular
disease oneself. Knowing someone in your close environment
who is experiencing a cardiovascular disease, on the other hand,
increased perceived susceptibility and perceived benefits of a
first responder app for OHCA (Table 3).

We also explored the indirect relationships between the
influential factors and willingness to install the app through the
behavioral determinants. Only a limited number of these
relationships were significant. Multimedia Appendix 4 reports
the estimates.

The Moderating Role of the Influential Factors
Regarding RQ2, multiple group analyses were performed to
examine potential moderating effects of the demographic and
health variables (Table 4). Age was the only significant
moderator in the SEM, with the chi-square difference test
indicating a significant difference between the fits of the

constrained and unconstrained model (Δχ2
9=23.690; P=.005).

The post hoc tests revealed that age differences were only
present for 2 relations within the model (Table 5). First,
perceived severity was differently related to willingness to install
a first responder app for OHCA. For young adults, there was
no significant relation (β=.028; P=.49), and for older adults,
there was a negative relationship (β=–.072; P=.03). Thus, for
older people perceiving a cardiac arrest as severe related
negatively to willingness to install the app. In addition, the
association between perceived benefits and willingness to install
a first responder app for OHCA was significantly stronger for
older people (β=.123; P<.001) compared to younger people
(β=.092; P<.001) .

JMIR Hum Factors 2025 | vol. 12 | e69934 | p.1367https://humanfactors.jmir.org/2025/1/e69934
(page number not for citation purposes)

von Winckelmann et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 4. Multiple group analyses.

P valueΔχ2 (Δdf=9)Moderator

.00523.690aAge

.3410.195Gender

.597.478SESb

.706.443Education level

.2511.397Medical profession

.538.091Health

.478.704Cardiovascular disease

.369.901CPRc training

.844.890Cardiovascular disease in environment

aP<.01.
bSES: socioeconomic status.
cCPR: cardiopulmonary resuscitation.

Table 5. Post hoc chi-square difference tests for age.

β oldβ youngP valueΔχ2 (Δdf=1)

——b.172.467Performance expectancy→intention to install FRAa

——.720.128Effort expectancy→intention to install FRA

——.880.022Facilitating conditions→intention to install FRA

——.083.013Social influences→intention to install FRA

——.350.885Self-efficacy→intention to install FRA

——.820.053Perceived susceptibility→intention to install FRA

–.072.028.0483.920cPerceived severity→intention to install FRA

——.690.161Perceived barriers→intention to install FRA

.123.092.0057.820dPerceived benefits→intention to install FRA

aFRA: first responder app.
bNot applicable.
cP<.05.
dP<.01.

Discussion

Overview
OHCAs are one of the leading causes of death worldwide,
impacting approximately 350,000 people annually in Europe
[7]. With survival rates ranging from 5% to 25% [7], first
responder apps for OHCAs offer a vital solution to increase
survival rates by mobilizing volunteer citizens to provide CPR
in emergency situations. However, despite the emergence of
these apps, little is still known about their adoption processes.
Building on a comprehensive framework that integrates the
UTAUT model, the HBM, and other contextual variables, this
study therefore contributes to the literature by examining which
factors influence citizens’willingness to install a first responder
app for OHCA. While this framework suggests meaningful
relationships between the variables studied, it is important to

note that these are correlational and do not imply causality due
to the cross-sectional nature of the study.

Main Findings Related to Hypotheses
This study offers partial evidence for the use of UTAUT
determinants in understanding the adoption of first responder
apps for OHCA, expanding our insights into how the model
applies to altruistic mHealth apps. Specifically, only facilitating
conditions (hypothesis 3) and social influence (hypothesis 4)
were positively related to willingness to install a first responder
app for OHCA, whereas performance and effort expectancy
were not. First, aligning with facilitating conditions in studies
on CTAs [18,19], people with internet and smartphone access
were more willing to install a first responder app for OHCA,
which is unsurprising given that these conditions are essential
for installing and using a first responder app [19]. In addition,
individuals who perceived more positive descriptive and
injunctive norms were more willing to install a first responder
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app for OHCA. This aligns with a systematic review on CTAs
showing that social influence is one of the most significant
predictors of novel app adoption [16]. Moreover, research shows
that social influence is a crucial predictor of the intention to
perform bystander CPR [43], which may also help clarify the
relationship observed in this study.

Performance (hypothesis 1) and effort expectancy (hypothesis
2) were not significantly associated with willingness to install
a first responder app for OHCA. While previous studies on
CTAs and other health apps have reported mixed results for
effort expectancy [5,18,44], performance expectancy has been
classified as a strong predictor [13,15,17,18]. These insignificant
findings in this study could be attributed to the fact that the first
responder app has not yet been implemented in Belgium, thus
making it hard for individuals to estimate the app’s effectiveness
(performance expectancy) and ease of use (effort expectancy)
based solely on the brief description provided.

Regarding the HBM determinants, we identified 3 significant
relationships (ie, perceived susceptibility, barriers, and benefits)
with willingness to install a first responder app for OHCA. First,
even though mixed findings occurred for perceived susceptibility
in mHealth app literature [18,25,45], this variable was a
significant predictor for the willingness to install a first
responder app (hypothesis 6). This indicates that individuals
who perceive themselves to be at a higher risk of experiencing
a cardiac arrest are more inclined to adopt the app.
Consequently, their personal risk assessment likely influences
their perception of the app’s importance in society. In addition,
perceived barriers (hypothesis 8) and benefits (hypothesis 9)
were significantly associated with willingness to install a first
responder app for OHCA, with barriers negatively and benefits
positively relating to willingness. In other words, the more
barriers participants perceived, the less likely they were to install
the app, while those who saw more benefits were more inclined
to install. These findings align with previous research on health
app adoption and bystander CPR, where barriers such as
usability issues or privacy concerns [19,21,22,41], and perceived
benefits like personal relevance and altruistic satisfaction
[21,31,42], have been shown to be key predictors. Interestingly,
perceived barriers and benefits emerged as the strongest
predictors, highlighting their critical role in users’ willingness
to install a first responder app for OHCA.

Finally, there was no significant relationship between
self-efficacy (hypothesis 5) or perceived severity (hypothesis
7) and willingness to install a first responder app for OHCA.
The absence of a link with self-efficacy is surprising, as it
contradicts studies on CTAs [18,26] and other mHealth
technologies [46,47], where self-efficacy often emerged as a
strong predictor, sometimes even the strongest. One possible
explanation could lie in the difference between
technology-related and health-related self-efficacy. In health
research, self-efficacy often involves confidence in performing
complex behaviors, like CPR. As such, it may not be
self-efficacy related to feeling able to install the app, which can
be fairly simple, but rather self-efficacy related to feeling
capable of providing CPR if alerted, which may predict
individuals’ willingness to install the app. This study only
measured technology-related self-efficacy, which might explain

the absence of a significant link in the findings. Future studies
should explicitly differentiate between technology-related and
health-related self-efficacy to clarify their respective roles in
shaping willingness to adopt first responder apps. Additionally,
mixed results regarding perceived severity have been reported
in the literature [18,48], suggesting variability in its influence
across different health behaviors. In the context of first
responder apps for OHCA, the lack of a significant relationship
might be explained by the psychological and physical distance
associated with such emergencies. Although citizens recognize
that OHCA is a severe, life-threatening condition, they may
perceive it as happening outside of their immediate, familiar
environment and therefore do not feel a personal sense of
responsibility. This feeling of detachment might lessen their
willingness to install a first responder app.

Main Findings Related to RQs
We formulated 2 RQs to explore influential factors that may
affect the behavioral determinants of willingness to install a
first responder app for OHCA and to examine the potential
moderating effects of these factors on the relationships between
the determinants and willingness. As expected, age proved to
be a significant variable for 2 main reasons. First, it was
associated with 6 of the 9 behavioral determinants. Second, it
was the only moderating factor in the model. More specifically,
there was an age difference in the relation between perceived
severity and willingness: no significant link was found for adults
younger than 50 years of age, while a negative association was
observed for those older than 50 years. Older adults who viewed
cardiac arrest as severe were thus less willing to install a first
responder app for OHCA. This finding is surprising; yet, it may
suggest that older adults, who often have a more skeptical
attitude toward technology [49], may associate severe medical
emergencies with the need for professional intervention rather
than assistance from lay responders. This perception could
reduce their confidence in the app’s usefulness or
appropriateness. Alternatively, they may feel less personally
capable or comfortable engaging with the app, especially in
high-stakes situations. While these interpretations remain
speculative, they highlight the need for further research into
how age-related attitudes toward technology and emergency
care shape the willingness to install health apps. Additionally,
there was an age difference in the relationship between perceived
benefits and willingness, with a stronger positive relation
identified among older adults. The stronger positive relationship
may indicate that older people, unlike digital natives, require
clearer and more substantial advantages before they are willing
to adopt new technologies. This aligns with Rogers’ diffusion
of innovations theory [50], which suggests that individuals
assess the relative advantages and disadvantages of an
innovation before deciding to adopt it. Moreover, it is in line
with the UTAUT model that says that all relationships except
for performance expectancy are stronger for older people [9,35].

In accordance with the HBM [10], also other demographic
variables such as gender, SES, and education level were related
to several of the behavioral determinants, and in that way
indirectly to willingness to install a first responder app for
OHCA. For example, younger people and men experienced
more self-efficacy, which aligns with existing research on
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technology-related self-efficacy [51,52], and people with a lower
SES perceived themselves and their environment as more
susceptible to a cardiac arrest. This relationship is logical, as
general health showed a strong correlation with SES.

Health variables, although often not included within behavior
change models [10,29], seemed to play a meaningful role. First
of all, medical professionals perceived greater benefits of a first
responder app for OHCA than those outside the medical field,
which aligns with expectations, given the app’s potential to
improve patient outcomes [6]. However, they also reported more
barriers, lower self-efficacy, higher effort expectancy, and lower
scores on facilitating conditions and perceived severity. This
pattern of results, where medical professionals score lower on
multiple variables associated with willingness to install the app,
may be attributed to several factors. First, they may be less
technology-savvy or more resistant to health care digitalization,
a trend supported by previous research [53]. Second, their
familiarity with the consequences of a cardiac arrest could
reduce the perceived severity, as the nature of their work may
lead them to view a cardiac arrest as a more routine, manageable
event. Third, they may have reservations about the general
public’s ability to provide effective CPR, leading to greater
skepticism toward the app’s effectiveness in nonprofessional
hands. This skepticism may be unfounded, as individuals trained
in CPR scored higher across 7 of the 9 behavioral determinants
in this study, highlighting the potential benefits of promoting
CPR training among the general public in first responder app
adoption.

Furthermore, the general health status of individuals affected
the majority of the behavioral determinants, but surprisingly,
this was not the case for having cardiovascular disease. This is
in contrast with the HBM, which states that prior experience or
direct contact with a health issue typically influences perceptions
and attitudes toward related health behaviors [10]. Indeed, one
would assume that individuals with a cardiovascular disease,
given their increased susceptibility to a cardiac arrest, would
perceive themselves as more at risk and potentially recognize
greater benefits in a first responder app for OHCA. Although
we did find individual correlations between having a
cardiovascular disease and several determinants (eg, positively
related to effort expectancy, perceived susceptibility, and
perceived barriers), their significance diminished when tested
within the full model. Given the cross-sectional nature of our
study, making it impossible to make claims about directionality,
longitudinal research is needed to further clarify these
correlations. On the contrary, knowing people in your
environment who have a cardiovascular disease heightened
individuals’ awareness of personal risk and ensured more
perceived benefits of a first responder app for OHCA.

Limitations
This study has several limitations that should be considered
when interpreting the findings. First, as mentioned, the use of
a cross-sectional survey design limits the ability to establish
causal relationships. The relationships observed in the study
should be interpreted as correlational, rather than causal. For
example, while our model posits that social influence increases
individuals’willingness to install a first responder app, it is also

plausible that individuals who are already willing to install such
an app subsequently develop stronger descriptive and injunctive
norm perceptions. To further explore the directional effects and
how all constructs within the model influence each other over
time, future research should consider using longitudinal or
experimental methodologies.

Second, many behavioral determinants were assessed with only
1 or 2 items, rather than more complex, multidimensional scales.
This approach was intentional to minimize participant burden
and was supported by literature in applied survey research and
health psychology, which suggests that single-item measures
can be as valid and reliable as their multifaceted counterparts
[54]. However, we did not validate the single-item measures in
our study, and future research is, therefore, recommended to
validate these measures and compare them with multi-item
scales to assess whether they perform equally well. This is
particularly important, given that some single-item measures
(eg, effort expectancy) targeted only specific facets of the
constructs rather than capturing them in their entirety.

Third, while the study benefited from a large sample, the use
of a web-based survey panel may have introduced self-selection
biases. Individuals who join such panels and choose to
participate in a CPR-related survey may be more
technology-savvy and health-conscious than the general
population. This could have led to an over- or underestimation
of certain beliefs or attitudes toward the app. For instance,
participants may have reported a higher willingness to install
the app, as technology-savvy individuals may be more
comfortable downloading and using health apps compared to
the general public. Future studies should, therefore, consider
using alternative or mixed method recruitment strategies, such
as random digit dialing or community-based sampling, to
validate the results in more diverse and representative
populations.

Finally, as there is no existing first responder app for OHCA in
Belgium, the study could not measure behavioral intention or
actual app use, which is typically measured in studies applying
models like UTAUT or the HBM. As a result, we were unable
to determine whether participants’ stated willingness would
translate into real-world behavior. Additionally, the use of
self-reported willingness to install the app may have been
subjected to social desirability bias. For example, participants
may have overstated their willingness to install the app to appear
socially responsible or helpful, especially given the focus on
emergency health situations. This intention-behavior gap is well
documented in health behavior research and highlights an
important limitation of the study. Future research should
replicate this work in countries where such apps are already in
use to examine whether the identified determinants also predict
actual behaviors, such as installation rates, retention over time,
and the frequency of CPR interventions triggered by the app.

Implications and Future Research
The findings of this study have both theoretical and practical
implications. Theoretically, it finds its relevance in extending
the UTAUT and HBM to altruistic mHealth apps that require
active involvement, which has not been done before. Moreover,
this study contributes to the field by developing a comprehensive
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framework that also integrates relevant demographic and health
variables, offering a more nuanced understanding of the factors
influencing the first responder app for OHCA adoption.
Practically, this study was conducted in Belgium, which is a
country that currently lacks an established first responder
system. As such, the knowledge provided by the study provides
practical guidance regarding how to convince citizens in
Belgium to participate in the first responder system that health
care professionals are currently deploying. Building on this,
future research could further enhance these efforts by designing
and testing health messages in an experimental setting based
on the key determinants of willingness to install a first responder
app that we identified in this study. In that way, subsequent
studies can refine communication strategies for real-life
campaigns. Additionally, it would be valuable to replicate the
proposed model in countries where first responder apps for
OHCA are already available. Such studies could examine actual
adoption behaviors and compare the model’s applicability across
different contexts.

This study provides an important first step in mapping the
behavioral, demographic, and health-related factors of the

Belgian population that influence the willingness to install a
first responder app for OHCA. By identifying key behavioral
determinants, such as social influence and perceived barriers
or benefits, and other sociodemographic and health-related
factors, we offer actionable insights that governments can use
to shape implementation strategies. For example, campaigns
could emphasize the app’s societal benefits and social norms
around helping others while also addressing privacy or usability
concerns. Additionally, app developers may draw on these
insights to design a more accessible and user-friendly first
responder app for OHCA. Our findings also point to the need
for tailored messaging, as one-size-fits-all communication
strategies may not be effective for the entire Belgian population.
For instance, older adults may respond differently to a message
focused on a certain behavioral determinant than younger adults,
suggesting that future research should explore how best to adapt
outreach efforts to diverse groups. Future efforts to roll out such
technology should be grounded in this type of
population-informed research, ensuring that interventions are
aligned with what people value and what might hold them back.
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Abstract

Background: Breast cancer treatment, particularly during the perioperative period, is often accompanied by significant
psychological distress, including anxiety and uncertainty. Mobile health (mHealth) interventions have emerged as promising
tools to provide timely psychosocial support through convenient, flexible, and personalized platforms. While research has explored
the use of mHealth in breast cancer prevention, care management, and survivorship, few studies have examined patients’experiences
with mobile interventions during the perioperative phase of breast cancer treatment.

Objective: This study aimed to explore the experiences of patients with breast cancer using iCareBreast, a mobile app designed
to provide perioperative guidance and psychosocial support.

Methods: A qualitative approach was used to explore participant experiences. A total of 13 English- or Chinese-speaking
participants from the intervention group of a clinical study were recruited via purposive sampling between April 2021 and February
2022. Semistructured individual phone interviews were conducted, audio-recorded, and transcribed verbatim. Thematic analysis
was performed to identify key patterns of experience, focusing on usability, emotional impact, perceived value, and areas for
future improvement.

Results: Overall, 4 main themes and 11 subthemes emerged from this study: (1) navigating the app with confidence and comfort,
(2) making sense of treatment through relevant and evolving content, (3) finding emotional anchors in a time of uncertainty, and
(4) advocating for broader use and continued motivation. Participants found the app user-friendly and appreciated its structure
and locally relevant content, which helped reduce anxiety and enhance surgical preparedness. Features such as deep breathing
exercises, motivational quotes, survivor stories, mindfulness practices, and peer support links offered emotional comfort and a
sense of companionship. Participants strongly advocated for more personalized and adaptive content aligned with their treatment
type and recovery progress. They also emphasized the value of interactive elements, such as video demonstrations and accessing
messaging functions, to support sustained engagement. Many expressed the need for extended support throughout the adjuvant
treatment phases, including chemotherapy and radiotherapy.

Conclusions: The iCareBreast app was perceived as a supportive tool during the perioperative period, helping patients navigate
both informational and emotional challenges. However, the findings underscore the importance of extending content across the
treatment continuum and enhancing personalization and interactivity. mHealth interventions should be responsive to patients’
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evolving needs and integrated into clinical care pathways to provide timely, comprehensive, tailored, and ongoing support for
women with breast cancer.

(JMIR Hum Factors 2025;12:e71686)   doi:10.2196/71686

KEYWORDS

breast cancer; mobile health; psychosocial intervention; participant experience; qualitative study

Introduction

Background
Breast cancer is one of the most prevalent cancers among
women worldwide and remains the leading cause of cancer
diagnosis and mortality in Singapore [1,2]. Despite
advancements in treatment, patients frequently experience
heightened anxiety, depression, and uncertainty as they navigate
surgical procedures and recovery [3-5]. Psychological distress
affects approximately 50% of patients with breast cancer and
is closely linked to factors such as short time since diagnosis,
being in the preoperative phase, and concerns about body image
[6]. Preoperative depressive symptoms are particularly
concerning, with rates as high as 39% among patients
undergoing mastectomy or lumpectomy, particularly in Asian
countries [7]. These statistics highlight the significant
psychological challenges faced by women during the
perioperative period.

In addition to emotional distress, many patients report unmet
information needs during the active treatment phase. During
treatment preparation, patients often seek detailed explanations
about the treatment plan and procedures, whereas their focus
shifts to managing side effects and understanding long-term
outcomes during treatment [8]. Supportive and goal-oriented
strategies before surgery, including psychosocial interventions,
have been shown to effectively reduce stress and improve the
quality of life for patients with breast cancer [9-11]. These
findings underscore the critical importance of comprehensive
psychosocial support in addressing psychological distress and
unmet information needs, ultimately improving outcomes during
the perioperative period.

Traditional face-to-face psychosocial support mechanisms may
not always be sufficient and convenient to meet the needs of
patients with breast cancer, particularly during the brief and
emotionally intense period from diagnosis to surgery. Mobile
health (mHealth) interventions have emerged as innovative
solutions that offer timely psychosocial support through
accessible digital platforms. These interventions leverage
flexibility, convenience, and cost-effectiveness to deliver
personalized care. Research highlights mHealth’s value across
breast cancer care, including prevention, early detection, care
management, and survivorship. Through interactive features
such as pictures, audios, videos, and tracking diaries, these
platforms provide educational resources, monitor health,
promote lifestyle changes, facilitate emotional support, and
enable communication with health care professionals (HCPs)
[12]. Despite their potential, psychosocial interventions
specifically targeting patients with breast cancer during the
perioperative period are limited, particularly those delivered
through mHealth or eHealth platforms. Furthermore, there is a

limited understanding of patients’preferences for such solutions
[13]. To address this gap, we developed an innovative
e-supportive care mobile app, iCareBreast, designed for patients
with breast cancer undergoing surgery. On the basis of the
self-efficacy theory proposed by Bandura [14], the app aims to
enhance patients’ self-efficacy in perioperative care while
addressing their specific needs during this critical period.

Objectives
Understanding participant experiences with these technologies
is essential for uncovering the mechanisms behind their impact,
optimizing their design to better meet patients’ needs, and
guiding future implementation [13,15]. This process evaluation
focused on exploring the experiences of patients with breast
cancer who used the iCareBreast mobile app, designed to deliver
care support during their surgical journey. By gathering
qualitative insights into each component of the app, the
evaluation aimed to identify user experience, focusing on
usability, strengths, weaknesses, and suggestions for future
improvements. These insights are critical for refining the app
and ensuring that it effectively addresses patients’ needs,
ultimately enhancing their perioperative care experience.

Methods

Study Design and Participants
This descriptive qualitative study is a follow-up to a randomized
controlled trial (ClinicalTrials.gov ID NCT04172350) [16] that
evaluated the effectiveness of iCareBreast, a mobile-based
perioperative care program, on various health outcomes in
improving perioperative self-efficacy, anxiety, depression,
fatigue, health-related quality of life, and perioperative care
satisfaction among women undergoing breast surgery in a public
hospital in Singapore. The randomized controlled trial enrolled
123 women with early-stage breast cancer, randomized to either
the iCareBreast intervention group (n=62) or the control group
(n=61). While no statistically significant differences were found
between the groups for most health outcomes, participants in
the iCareBreast group reported higher perioperative care
satisfaction.

All participants received standard multidisciplinary preoperative
care, including consultations with a breast surgeon. The number
and duration of consultations varied depending on case
complexity and individual patient concerns. Patients were
typically referred to a breast care nurse (BCN), who served as
a nurse navigator providing education, emotional support, and
care coordination. A short hospital stay (1-2 days) following
breast-conserving surgery or mastectomy was typically required
to ensure adequate pain control, postoperative monitoring, and
wound care education. Postoperative follow-up appointments
were scheduled with the breast surgeon. Medical social workers

JMIR Hum Factors 2025 | vol. 12 | e71686 | p.1376https://humanfactors.jmir.org/2025/1/e71686
(page number not for citation purposes)

Pang et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/71686
http://www.w3.org/Style/XSL
http://www.renderx.com/


were available, and referrals were made based on clinical
judgment and patient-specific needs. In addition to standard
care, participants in the intervention group used the iCareBreast
app daily at home.

iCareBreast e-Support Care Program
The iCareBreast app was an interactive tool designed to guide
and support patients through their perioperative journey.
Tailored to each patient’s surgery date, the app provided daily
guidance and information over a 29-day period (14 days before
surgery, the day of surgery, and 14 days after surgery). Aiming
to enhance care management and patient engagement for both
surgery preparation and recovery, iCareBreast included 4 main
functions: educational content, perioperative care guidance,
psychological support, and social support.

The educational components covered presurgery and postsurgery
topics relevant to breast cancer, such as anatomy, treatment
options, and anesthesia. The perioperative care included
preoperative preparation, day-of-surgery guidance, and
postoperative care guidance on wound and drain management,
pain control, infection monitoring, physiotherapy, and discharge
planning. The psychosocial support component provided daily
motivational quotes, mindfulness exercises, and stories from
breast cancer survivors, along with a summary of breast cancer
support networks available in Singapore. In addition, participants
could ask questions through the app’s messaging system, with
responses provided by HCPs and researchers within 24 hours.

The iCareBreast app was downloaded from the Google Play
Store (for Android) or the Apple App Store (for iOS), available
in participants’preferred language—either English or Mandarin.
A unique activation code was used for login, ensuring
confidentiality and preventing cross-group contamination.
Further details have been published elsewhere [16].

Recruitment
Purposive sampling was used to select participants from the
intervention group, categorized by age groups (21-49, 50-64,
and ≥65 years), to ensure representation across different levels
of technology competency. Participants in the intervention group
were purposely invited to the interview phase at the same time
they were enrolled in the main study. Interviews were conducted
2 weeks after surgery (immediately following the intervention)
until data saturation was reached, which occurred with the 10th
participant. Three additional patients with breast cancer were
interviewed to confirm that no new information emerged,
resulting in a total of 13 participants enrolled. All participants
were informed that participation in the interview was optional
and would not impact their involvement in the main study. They
were also informed that the interviews would take approximately
10 to 20 minutes and would be audio-recorded.

Data Collection
All semistructured interviews were conducted via phone calls
during the COVID-19 period (from April 2021 to February
2022). Interviews lasted an average of 20 minutes, with duration
ranging from 12 to 32 minutes. An interview guide was
developed to facilitate discussions about participants’

experiences using the app, focusing on usability, strengths,
weaknesses, and suggestions for future improvements.

Approximately 2 weeks after surgery, when participants had
just completed their app use, a female research assistant who
had no prior contact with participants trained in qualitative
interviewing conducted individual phone interviews at mutually
convenient times for both the interviewer and participants. The
interview guide (Multimedia Appendix 1) was developed by
an academic expert specializing in eHealth interventions, with
another academic expert providing feedback on content clarity.
A total of 10 interviews were conducted in English, and the
remaining 3 in Mandarin. The Mandarin interviews were
transcribed verbatim, then back translated into English by the
same bilingual research assistant and verified for accuracy by
another bilingual team member. Field notes were also taken to
capture nonverbal cues (such as crying or laughing) to
supplement the transcripts.

Data Analysis
Data were analyzed following the 6 phases of thematic analysis
described by Braun and Clarke [17]. This approach enabled us
to explore and interpret patterns of meaning across the dataset,
with an emphasis on understanding participants’ experiences
and perspectives rather than counting specific responses. All
interviews were transcribed verbatim by the same interviewer
(research assistant) and cross-checked for accuracy by another
team member. Data were analyzed concurrently with collection
using inductive thematic analysis [17]. Two independent coders
immersed themselves in the transcripts, repeatedly reading them.
Codes were developed inductively from the data, and themes
were shaped based on the depth and recurrence of meaning both
within and across interviews. Initial coding was conducted
independently by both coders line-by-line in the raw Microsoft
Word documents, after which the codes were transferred to
XMind Zen software to develop themes and subthemes related
to participant experience [17,18]. A thematic map illustrating
the connections between themes and subthemes was created
after a third researcher reviewed and harmonized the findings
[17]. Study rigor and reliability were maintained through
prolonged engagement, peer debriefing, and by taking an audit
trail and field notes [19]. Study finding was reported according
to the COREQ (Consolidated Criteria for Reporting Qualitative
Research) checklist (Multimedia Appendix 2) [20].

Ethical Considerations
Ethics approval was obtained from the SingHealth Centralised
Institutional Review Board (reference number 2019/2632). In
accordance with the principles of the Helsinki Declaration, the
participants were fully informed about the study, given ample
time for consideration, and assured of their voluntary
participation and right to withdraw at any time. All participants
provided informed consent, and their identities were
anonymized. They were then randomly assigned to either the
intervention or control group. No compensation was provided
to the participants.
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Results

Participant Demographics
A total of 13 participants were interviewed for this study, all of
whom were women with breast cancer undergoing breast
surgery. The mean age was 58.5 (SD 11.8) years, with an age
range of 35 to 73 years. Overall, 31% (4/13) of the participants
were aged 21 to 49 years, 31% (4/13) were aged 50 to 64 years,
and the remaining 38% (5/13) were aged ≥65 years. The average
hospital stay was 2.85 days. Of the 13 participants, most were
Chinese (n=11, 85%), with 1 (8%) Malay and 1 (8%) from
another ethnicity. All participants identified as religious

believers. Just more than half of the participants (11/13, 85%)
received a polytechnic-level education or less; 46% (6/13) were
currently employed, and 46% (6/13) had an income of more
than SGD 3000 (approximately US $2243). Overall, 62% (8/13)
of the participants underwent mastectomy, including 3 who
received immediate reconstruction. Furthermore, 31% (4/13)
of the participants underwent lumpectomy, with one receiving
immediate postlumpectomy reconstruction. Approximately half
of the participants (6/13, 46%) received adjuvant treatment
(chemotherapy or radiotherapy) after surgery during the study
period. Other sociodemographic and clinical characteristics of
the participants are provided in Table 1.
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Table 1. Participants’ sociodemographic and clinical characteristics (N=13).

ValuesCharacteristics

58.5 (11.8; 35-73)Age (y), mean (SD; range)

Age group (y), n (%)

4 (31)21-49

4 (31)50-64

5 (38)≥65

2.85 (1-9)aHospital stay length (days), mean (range)

Marital status, n (%)

8 (62)Married

4 (31)Single

1 (8)Divorced or separated

Ethnicity, n (%)

11 (85)Chinese

1 (8)Malay

1 (8)Others

Religion, n (%)

7 (54)Buddhism

5 (38)Christianity

1 (8)Islam

Education, n (%)

1 (8)No formal education

7 (54)Secondary school

3 (23)Polytechnic or college

2 (15)University

Employment, n (%)

6 (46)Employed

3 (23)Unemployed

3 (23)Retired

1 (8)Others

Monthly household income per capita (SGD $), n (%)

4 (31)≤1000

3 (23)1000-3000

3 (23)3000-5000

3 (23)>5000

Type of surgery, n (%)

5 (38)Mastectomy

3 (23)Mastectomy with reconstruction

4 (31)Lumpectomy

1 (8)Lumpectomy with reconstruction

Chemotherapy, n (%)

6 (46)Yes

7 (54)No

Radiotherapy, n (%)
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ValuesCharacteristics

5 (38)Yes

8 (62)No

aExtended coordination of postdischarge care due to no immediate home support.

Overview
Overall, 4 main themes and 11 subthemes emerged from the
thematic analysis: navigating the app with confidence and
comfort, making sense of treatment through relevant and

evolving content, finding emotional anchors in a time of
uncertainty, and advocating for broader use and continued
motivation. A summary of the themes and subthemes is provided
in Figure 1.

Figure 1. User experience thematic map for the iCareBreast app, showing 4 main themes and 11 subthemes.

Theme 1: Navigating the App With Confidence and
Comfort

Subtheme 1.1: Simple, Familiar, and Easy to Use

Participants generally found the app easy to use and navigate,
with a clean layout that suited users across ages, including older
adults. While the content was released daily, the app’s flexibility
allowed them to preview upcoming content and catch up on any
information from previous days that they may have missed. In
addition, participants appreciated the daily app reminders, which
helped engage them in completing their daily tasks consistently:

Simple, convenient. Also, there was no need to enter
this, enter that, switch here and there. [P5]

Yeah I appreciate the ah availability of the
information before the actual day has passed. [P1]

Subtheme 1.2: Technical Glitches and Physical Limitations

While most had a smooth experience of using the app, several
users encountered login problems or faced issues such as the
app hanging. However, these issues were quickly resolved by
our technical support team in Finland, who developed the app
and provided technical assistance throughout the study period.
A few participants also noted that they were physically too

unwell to use the app on the day of surgery and during the initial
days after surgery, as they needed to remain in bed and focus
on recovery:

That day there are some login technical issues. But
then your colleague is setting it up. But then after
that, this is no more issue. [P12]

Subtheme 1.3: Preferences for How Support Is Delivered

Some participants missed out on using the in-app messaging
feature due to its location or unfamiliarity, suggesting that
making it more visually prominent would help them easily ask
questions and receive support without needing to contact
hospital staff. Others, particularly older users, preferred direct
phone calls for urgent concerns. They noted that this feature is
more appropriate for nonurgent issues. Many felt that shorter
video-based instructions, particularly for physiotherapy or
muscle relaxation exercises, would be easier to follow and
maintain interest than written or static images:

I forgot to use, because it (messaging feature) was
not part of the main interface, I think the design of
that part was build it within the setting. [P4]

I don’t know if it itself as a reminder to the patients.
But my therapy is simple so I will remember after a
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few times you see, that I don’t need to see every, but
if I keep seeing every day I will like I feel like
boring...a video format will be good, because we can
follow like an instructor that we can follow. [P12]

Theme 2: Making Sense of Treatment Through Relevant
and Evolving Content

Subtheme 2.1: Feeling Prepared and Reassured Before
Surgery

Participants found the surgical guidance within the app clear
and helpful, particularly as it walked newly diagnosed patients
with breast cancer through the process step by step. Knowing
what to expect for breast cancer and surgical procedures reduced
uncertainty and helped them mentally prepared for surgery. The
app’s detailed knowledge on postoperative expectations and
postsurgery care such as pain management, wound care, and
lymphedema prevention was particularly valuable:

I feel self-prepared (for surgery). Uh, I know what’s
going to happen. what will happen. How am I going
to accept it and take care of it. [P9]

Subtheme 2.2: A Reliable Source in a Sea of Misinformation

Many participants felt that the content provided in the app was
trustworthy and Singapore-relevant source of information. Many
appreciated not having to seek additional resources, such as
Google searches, which they found overwhelming or sometimes
confusing. The volume and complexity of information shared
during clinical visits often left them feeling overwhelmed and
more likely to forget important details. Many participants
appreciated that they could refer back to the app whenever
needed, finding it a helpful resource to reinforce what they had
learned during clinic visits:

Yeah, in fact this software is specifically for the
patient at the hospital in Singapore, I think the content
of the app is may more rigorous than my own online
searching. [P1]

So someone like me I need to refer to the app to
refresh my memory. I’ll go back to the apps again
and see the exercise (physiotherapy) and all those
posted on the app lah. [P11]

Subtheme 2.3: The Need for Continued Support Beyond
Surgery

Several users felt the iCareBreast content ended too soon,
particularly as new symptoms or emotional challenges often
arose later. They expressed a strong desire to extend the app’s
content to include the subsequent adjuvant treatment phase,
with a particular emphasis on chemotherapy. They suggested
adding information on different types of chemotherapy, side
effect management, and ongoing recovery support to better
prepare patients for this stage. Some participants also expressed
interest in educational resources on radiotherapy, similar to the
surgery-related guidance, covering topics such as types of
radiation, key precautions, and postradiation care:

For me, the first 14 days were fine; my wound healed
well, no pain, nothing unusual. But after the 14 days
(end of app using), the pain started, and there was

some discharge. Additional information could be
helpful. [P7]

Because like for me, the treatment after the surgery
I think at least I have to go 9 more months of
treatment so I think it would be helpful if we expand
using the application after the surgery. [P8]

Subtheme 2.4: Desire for Contents That Fits Personal
Condition and Recovery

Some participants felt that, while the app provided general
information, it lacked in-depth detail information based on their
surgery type, treatment plan, or recovery stages. Participants
felt that the app should adapt to their progress and treatment
stages, with features such as adjusting physiotherapy exercises
as they recover to provide more personalized support. They also
hope for more guidance on nutrition, exercise, and long-term
self-care as they progress in recovery:

Some people need chemotherapy and so on, so I think
it would be great if it was added, it would be
continuous for the patient. Because of this disease its
treatment is relatively long…patient will just choose
to see the content that relevant will be a long-term
help for them. [P1]

Additionally, this kind of information for faster
recovery, like diet, I believe will be helpful, because
I was trying to search if there’s any in the app, I
couldn’t find much. [P3]

Theme 3: Finding Emotional Anchors in a Time of
Uncertainty

Subtheme 3.1: Calming Anxiety Through Daily Guidance

Many participants reported that the app’s day-to-day guidance
and recovery tips gave them a clearer sense of what to expect,
helping to reduce anxiety and alleviate doubts. The amount of
daily information in the app also made them feel less
overwhelmed. After practicing the provided deep breathing
exercises or mindfulness practices, participants felt less pain
and pressure, more relaxed, and experienced improved sleep
quality:

The daily updates on what would happen each day,
like meeting the anesthetist and what they would do.
It helped me know what to expect, so I didn’t feel
panicked. [P7]

Subtheme 3.2: Feeling Supported, Connected, and Uplifted

The app served as a supportive emotional companion, helping
participants feel cared for and less alone. They experienced a
sense of connection, encouragement, hope, and optimism when
reading stories from breast cancer survivors, realizing that many
others had been through similar experiences. However,
participants suggested adding more diverse breast cancer
survivors’ stories to strengthen this emotional support aspect.
They also appreciated the peer group resources provided, which
allowed them to seek additional support and participate in more
activities. In addition, participants reported feeling more
focused, hopeful, and motivated to think positively and
appreciate the present, inspired by the app’s motivational quotes
and mindfulness practices. They suggested that adding more
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mindfulness practice videos would further enhance these
benefits:

Yeah, I think it can introduce two people (breast
cancer survivors’ story) a week, that make you feel
there are a lot of people who are recovering... A kind
of more encouragement. [P2]

The app helped me a lot. One day, when I was feeling
down, especially on Chinese New Year’s Day, I was
very negative. Then, I saw content in the app that
talked about people in Africa who don’t have food
and children in other places who suffer from diseases.
It reminded me to be grateful, and it completely
changed my outlook. I stopped being resentful and
started communicating better with my family. [P13]

Theme 4: Advocating for Broader Use and Continued
Motivation

Subtheme 4.1: A Resource Worth Recommending

Nearly all participants recommend the app to others in similar
situations. They saw it as a valuable support tool that made a
difference in both practical and emotional aspects of their
recovery:

Yes, if others need something like this for the long
term, I think I would recommend them to use. [P10]

Subtheme 4.2: Encouragement to Stay Engaged

Participants expressed a desire for the app to provide ongoing
motivational content to help them feel supported. Continued
emotional support and inspiration were seen as key to
encouraging long-term use of the app throughout their recovery:

We have this disease, diagnosis has been extremely
scared, it is difficult to sleep. Have this thing (APP)
is also a kind of encouragement, good. Isn’t it? If the
app keeps giving me encouragement, confidence, of
course I will continue using. Otherwise, if recurrence
happen and the app content would be forgotten for a
long time. [P6]

Discussion

Principal Findings
This qualitative study explored how women with breast cancer
experienced and engaged with a mobile perioperative support
app during the breast cancer perioperative period. Through
thematic analysis of interviews with 13 users, 4 key themes
were identified, highlighting how the app supported users in
navigating their surgery treatment journey, making sense of
medical information, managing emotional challenges, and
suggesting its potential beyond surgery.

The findings indicate that participants generally felt confident
using the iCareBreast app due to its user-friendly interface and
smooth navigation across both iOS and Android platforms. The
app delivered daily content tailored to each user’s surgery date,
which helped manage the information flow during an already
emotionally overwhelming period. Participants valued this
gradual delivery, noting it prevented the overload often
experienced during clinic visits or conversations with others.

The app’s flexibility was another key strength. Users appreciated
being able to catch up on missed information if they enrolled
late, and some users found it helpful to preview upcoming
content if desired. Daily app reminders were seen as helpful
prompts that supported consistent engagement, particularly by
older users who also appreciated the app’s straightforward
design. These features underscore the importance of designing
digital tools that accommodate varying levels of digital literacy.
A few users reported occasional app hang-ups or encountered
login difficulties, particularly during scheduled app updates
timed according to Finland’s time zone, where the iCareBreast
app was developed and maintained, which inadvertently affected
users in Singapore. These technical challenges were quickly
addressed, ensuring minimal disruption to the participants.

Research consistently highlights that patients with breast cancer
experience distress and anxiety during the perioperative phase
due to uncertainty about what to expect, lack of health-related
information, and concerns about unexpected surgical outcomes
[21]. These emotional states can exacerbate feelings of being
overwhelmed by the overwhelming volume of information
provided during hospital visits [22,23]. Our study findings
supported this observation. Many participants reported relying
on the iCareBreast app to recall guidance from physicians or
physiotherapists. This reliance underscores a communication
gap that contributes to heightened distress early in the
perioperative journey [21]. Although preoperative education
and surgery-related information have been shown to reduce
anxiety, improve knowledge, and enhance satisfaction,
particularly when delivered in person [23], limited consultation
time and the fast-paced nature of clinical care often restrict such
opportunities. In this context, digital tools such as mobile apps
can play a valuable role in supplementing patient education.
Participants in our study noted that the iCareBreast mobile app
helped in addressing their doubts. They appreciated its
trustworthy, locally relevant content, which they described as
more accessible and less overwhelming than online searches,
which were often confusing or inconsistent. For many users,
the app served as a reassuring and structured source of support
during the perioperative phase.

Participants described the app as a source of emotional comfort
and companionship during a time of uncertainty. Features such
as deep breathing exercises, mindfulness practices, daily
motivational quotes, breast cancer survivor stories, and links to
peer support groups were seen as helpful in reducing feelings
of isolation, enhancing focus, and increasing hope. These
findings align with the self-efficacy theory proposed by Bandura
[14] and the social support components, which guided the
conceptual framework of the app’s content. The integration of
practical knowledge with psychosocial support appeared to
mitigate uncertainty-related anxiety and contributed to a more
reassuring perioperative experience [21]. However, several
participants expressed a desire for a greater variety of
mindfulness videos and a wider selection of survivor stories.
They felt that expanding these elements would offer additional
encouragement, strengthen their sense of hope, and help them
stay focused on the present. At the time of the study, the app
included 3 survivor stories and 5 short mindfulness practices,
which participants found limited. Enhancing this content may
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deepen the emotional support provided and increase the app’s
impact on psychological well-being during the perioperative
period [24].

At the same time, our findings point to areas for future
development. Participants expressed a strong desire for the app’s
content and motivational support to extend beyond the
perioperative period, encompassing the adjuvant treatment
phase, including chemotherapy and radiotherapy. They also
highlighted the value of content addressing long-term needs,
such as practical advice on nutrition and strategies for
maintaining overall health. Many participants noted that their
informational and emotional needs evolved significantly
approximately 2 weeks after surgery, when discussions about
further treatments typically began during follow-up
consultations. These findings underscore the importance of
providing continuous education and psychosocial support across
the entire cancer treatment trajectory [25]. Expanding the app
to support active treatment phases could enhance patient
engagement, improve preparedness, and help reduce the anxiety
associated with uncertainty. To achieve this, the content should
align closely with the patient’s treatment progress and individual
care plans. In addition, HCPs play a critical role in ensuring the
ongoing and timely delivery of support that reflects each
patient’s evolving needs.

In addition to extended support, participants expressed the need
for more detailed and personalized information tailored to their
specific type of surgery, treatment plans, and recovery process.
They noted that personalized physiotherapy exercise and
in-depth explanations of treatment options would enhance the
app’s relevance to their individual experiences. This need for
personalized information and care has also been emphasized in
previous studies, which report that the complexity of breast
cancer treatments, including various combinations of surgery,
chemotherapy, radiotherapy, and hormonal therapies, creates a
significant demand for individualized support [26]. To address
these needs, future app iterations could incorporate features
such as an initial intake assessment to identify individual
treatment types, algorithms designed to tailor recommendations
based on individual treatment plans, and interactive tools for
progress monitoring [27-29]. These enhancements would enable
the app to remain adaptable and relevant, providing patients
with timely and personalized support as patients navigate the
complexities of their breast cancer treatment.

In addition, participants expressed a preference for an interactive
and engaging format. While the current app includes a
messaging feature that allows participants to post nonurgent
concerns related to breast cancer surgery, it was underused.
Several participants mentioned that this feature was hidden
within the settings, making them either unaware of its
availability or prone to forgetting to use it. Others acknowledged
its usefulness as an alternative means of communicating with
HCPs but noted that its use was limited to nonurgent matters,
and some preferred speaking with HCPs directly through a
phone call. Importantly, many participants favored video
content, particularly for deep breathing and physiotherapy
exercises, because they found visual demonstrations easier to
follow and more confidence building than text or image-based
instructions. These findings highlight the need for mHealth

interventions to prioritize interactive features to support
long-term patient engagement. Future research delivering
interventions via mHealth platforms should explore the
integration of additional interactive components, such as
enhanced video-based content, user-friendly messaging systems,
and real-time feedback mechanisms. By aligning with patient
preferences, such features have the potential to engage users
more actively with digital health tools [30]. Aligning app design
with patient preferences and use behaviors could increase
engagement, enhance satisfaction with care, and contribute to
improved health outcomes over time [13,27].

Recommendations for Future Clinical Practices and
Research
This study highlights the significant emotional burden faced by
patients with breast cancer in the perioperative period. Many
participants experienced heightened anxiety and distress due to
the uncertainty of surgery and its potential outcomes. During
this time, patients often felt overwhelmed by the volume and
complexity of information provided by HCPs. The challenges
are compounded by the short window between surgical
decision-making and the procedure itself-often just a few days,
depending on hospital scheduling and clinical urgency. This
limited time frame can make it difficult for patients to process
their diagnosis, seek clarification, or access psychosocial
support, particularly as preoperative consultations are typically
brief and infrequent. In light of these findings, HCPs,
particularly BCNs, play a proactive role in regularly assessing
and addressing patients’ informational, emotional, and
psychosocial needs, particularly during the preoperative period.
Early introduction of supportive resources, including digital
tools, can help patients better prepare for surgery and reduce
feelings of uncertainty. After surgery, as patients often transition
quickly into adjuvant treatment, ongoing support remains
crucial. BCNs play a vital role in maintaining ongoing
communication and providing emotional support to help patients
cope with the evolving demands of treatment and recovery.

Future research should focus on qualitative studies to explore
patients’ experiences and support needs throughout the
continuum of care, from the waiting period for diagnosis, the
period of diagnosis to surgery, and the transition into
postsurgical and adjuvant treatment. Such studies could provide
valuable insights into how mHealth interventions can be
optimized to benefit more patients by extending their use period
and tailoring support to address patients’ evolving needs at each
stage of their treatment journey. Further development of
mHealth solutions should prioritize personalization, such as
tailoring content based on individual treatment plans and
recovery stages, to improve relevance and user engagement.
Adding interactive elements such as real-time messaging and
video demonstrations can make the app more engaging and
easier to use. By designing features based on patients’
preferences, future versions of the app could play a stronger
role in supporting better health outcomes and making
oncological care feel more personalized and responsive.

Study Strengths and Limitations
A key strength of this study was its use of mHealth technology
to support patients with breast cancer during the perioperative
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period, a phase often marked by high anxiety and limited access
to psychosocial support. The iCareBreast app provided timely,
accessible, and structured guidance, which was particularly
valuable during the COVID-19 pandemic when traditional
face-to-face support was not feasible. This study is one of the
few that specifically explores user experiences with mHealth,
specifically during the perioperative phase of breast cancer
care—a phase with limited research focus and unmet patient
needs. It offers valuable practical recommendations for future
psychosocial or educational interventions using mHealth and
provides insights into enhancing patient engagement with
mHealth solutions in clinical practice.

However, this study has several limitations. First, participants
were restricted to those who were technologically proficient
and willing to provide feedback, potentially limiting the
generalizability of the findings to the broader population of
patients with breast cancer. In addition, the perspectives
primarily reflect those of older adults, with a mean participant
age of approximately 58.5 years, which may not fully capture
the age-specific perspectives of younger patients with breast

cancer. Furthermore, as with other qualitative studies, reliance
on self-reported data may introduce recall bias.

Conclusions
In conclusion, this study provides valuable insights into
participants’ experiences using a mobile perioperative support
app and highlights the evolving nature of their informational,
emotional, and psychosocial needs throughout the early
treatment journey. Participants found the app to be a helpful
and accessible resource that enhanced their preparedness for
surgery, reduced anxiety, and offered emotional reassurance.
However, their feedback also revealed a strong need for
extended, personalized, and interactive support beyond the
immediate postoperative period. These findings underscore the
importance of designing patient-centered mHealth interventions
that align with the dynamic realities of cancer care. Future
iterations should prioritize content continuity, personalization,
and engagement strategies to ensure long-term engagement
across the treatment continuum. Such enhancements hold
promise for improving patients’ experience, emotional
well-being, and long-term outcomes in breast cancer care.
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Abstract

Background: Remote patient monitoring (RPM) has the potential to reduce in-clinic visits and promote proactive and preventive
care for patients with chronic diseases in primary care. However, a decentralized approach to RPM in a primary health care (PHC)
setting has not met stakeholders’ expectations regarding scalability. This study introduces a centralized virtual ward (CVW)–led
RPM, utilizing a multidisciplinary team approach to monitor patients with chronic diseases by clinicians who do not belong to
the patients' PHC center.

Objective: This study aimed to gain a better understanding of patients’ perceptions of CVW-led RPM for managing chronic
diseases in a PHC setting.

Methods: In-depth interviews were conducted with 22 patients with chronic diseases enrolled at a PHC center in Stockholm,
Sweden. The RPM project ran between October 2018 and April 2019 and included a total of 395 patients. Interviews followed
a semistructured interview guide and were analyzed using qualitative content analysis.

Results: Primary care patients with chronic diseases expressed that their contact with the CVW felt impersonal but at the same
time secure and accessible. They noted a lack of coordination and communication between the clinicians of the CVW and their
PHC providers. Captured data resulted in 1 overarching theme “Sense of security and accessibility, but impersonal and
uncoordinated” based on 5 categories: sense of security, care and self-care, accessibility, quality of care, and communication.

Conclusions: Our findings suggest that by addressing patients’ needs for new organizational routines for patient-caregiver
communication, RPM via centralized virtual wards can better realize the potential of this technology.

(JMIR Hum Factors 2025;12:e78780)   doi:10.2196/78780

KEYWORDS

chronic disease; patients perception; primary care; qualitative study; remote patient monitoring; remote sensing technology;
telemedicine

Introduction

Background
The future of health care needs a shift from reactive to proactive
and preventive care to reduce the rising global burden of
diseases [1]. The World Health Organization defines primary
health care (PHC) as “a key process in the health system that
supports first-contact, accessible, continued, comprehensive,
and coordinated patient-focused care” [2]. A fundamental
philosophy of PHC has been to deliver continuity of care to
achieve positive patient experiences, greater patient satisfaction,
increased treatment adherence, and improved patient outcomes
[3].

Globally, PHC is facing numerous challenges, including rising
costs, increased public demand for convenience, and
technological advances driving personalized health care [4].
New models of health care delivery, including centralized
coordination among providers, have been suggested to improve
care quality and reduce hospitalizations [5]. Novel digital
solutions may enable new forms of interventions and activities
that address these challenges [6].

Remote patient monitoring (RPM) is a technology that allows
health care providers to monitor, evaluate, and manage
patient-reported health data through a remote interface. The
collected data are transmitted to the health care provider for
clinical review, care management, and patient education [7,8].
RPM enables clinical interventions performed by medical staff

JMIR Hum Factors 2025 | vol. 12 | e78780 | p.1387https://humanfactors.jmir.org/2025/1/e78780
(page number not for citation purposes)

Jaranka et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/78780
http://www.w3.org/Style/XSL
http://www.renderx.com/


who monitor health data, communicate with the patient, and
make decisions as a part of the treatment [9].

A plethora of studies indicate that patients with chronic diseases
perceive RPM as improving their access to care [10], sense of
security [11,12], engagement [13], and disease-specific
knowledge [14]. RPM also supports better clinical assessment
[15,16], promotes better relationship-based continuity [17], and
improves self-management [18]. However, recent studies have
identified a lack of competence regarding the use of RPM in
clinical care [19]. Also, given the resource constraints and time
pressures in PHC, it can be challenging to introduce new tasks
such as continuous monitoring of health data.

Virtual wards were first introduced in PHC in 2005, targeting
individuals with a very high risk of future emergency
hospitalization [20]. The intention was to use multidisciplinary
teams and the daily routines of a hospital ward to provide health
care in the community [21,22]. A community virtual ward
project targeting older adults with complex health care and
social care needs resulted in a reduction of emergency
department visits and hospital admissions [23]. A centralized
health information strategy in the PHC sector has fostered
data-driven decision-making, improving the transparency of
workflow and preventative care [24].

Combining the virtual ward concept with RPM could potentially
offer a more feasible approach to implementing RPM in PHC.
The prediction of prior work around CVW and RPM highlights
the importance of care coordination and leverages the full range
of health care skills within the system to promote
patient-centered care [25]. Consequently, it encourages greater
patient autonomy and self-management and provides a sense
of reassurance [26]. The introduction of CVW models for
monitoring patients with COVID-19 during the pandemic may
have transformed patients’ experiences of care, making the
measurement of patient experience increasingly vital for building
a strong, person-centered health care system [27].

Problem Statement
Despite growing interest among stakeholders, the
implementation of RPM in PHC remains limited [28]. Patients
support sharing their health data but are concerned about data
privacy, security, and management [29]. Clinicians see the
benefit of having access to more reported health data but are
concerned about increased workload due to the volume of
transferred health data [30]. Clinicians also worry that the
modernization of health care might lead to a decline in
continuity of care [31,32] and reduced patient safety [33]. A
major concern among PHC professionals regarding the use of
RPM is increased workload due to the transfer of a large amount
of data and an increased number of requests from caretakers
[34-36]. Health care managers have seen telemonitoring as a
means for cost reduction. However, due to increased workload
and the cost of technology, managers believed that service
centralization would reduce the level of clinician involvement
in frontline, resulting in cost savings [32].

A key distinction of the centralized virtual ward (CVW)–led
RPM model compared to the traditional in-clinic RPM is that
the CVW multidisciplinary care team solely focuses on digital

patient interactions based on patient vitals transferred via the
RPM platform. The CVW-led RPM team can therefore
continuously monitor incoming patient data and interact with
the patients without interruptions related to in-clinic workload.
This allows the CVW-led RPM model to conduct the monitoring
of chronic patients from several clinics, which could therefore
address patient and clinician concerns and make the
implementation of RPM in PHC more feasible according to
health managers' consideration.

The novelty of this study is the examination of the patients’
perception of CVW-led RPM in a PHC setting. To our
knowledge, there are no previous publications on this topic.

Objective
The objective of this study was to explore patients’ perceptions
of CVW-led RPM for managing their chronic diseases in a PHC
setting.

Methods

Study Overview
In this qualitative study, semistructured in-depth interviews
were conducted with participants of a digital health intervention,
in a Swedish PHC setting. This study is reported in accordance
with the Consolidated Criteria for Reporting Qualitative
Research checklist [37].

Centralized Virtual Ward
A private Swedish health care provider, with multiple PHC
practices across the country, collaborated with researchers from
Karolinska Institutet to establish a CVW-led RPM project at a
PHC center in Stockholm. This project was initiated to evaluate
the effects of a centralized model of RPM compared to the health
care providers’ previous experience of piloting an on-site RPM
project, where patients sent their vitals to and communicated
with their ordinary clinicians at the PHC.

To establish the CVW-led RPM project, an RPM platform
provider was contracted by the health care provider. A specialist
doctor in family medicine, 2 specialist district nurses, and an
information technology assistant worked part-time at the CVW.
All clinical staff at the collaborating PHC were informed about
the project. In addition, 2 doctors and 3 nurses from the PHC
received training and were given access to the RPM platform
for monitoring and communicating with patients during the
entire project period.

After the project was launched, the CVW team monitored patient
data to detect early signs of deterioration. Elevated vital signs
resulted in asynchronous patient contact initiated by the CVW
via the platform. Based on the transmitted patient data, medical
staff at the CVW were able to personalize treatment plans and
make medication adjustments digitally. When signs of
deterioration indicated that the participants needed a physical
examination, the staff at the patients' PHC center were alerted
by the CVW.

The CVW clinicians received training in digital communication
with patients but did not conduct any physical examinations
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during the intervention. Further details of the intervention are
available in previously published papers [38,39].

Remote Patient Monitoring Project
The PHC staff created a list of eligible participants for the
project enlisted at the PHC by using a database extraction tool
(MedRave) [40], connected to its electronic health records. A
flyer with written information about the intervention was mailed
to the candidates. The flyer contained an email address and
instructions on how to express interest in participating in the
project. The information about the project was posted at the
PHC center. PHC staff gave information to eligible candidates
about the intervention during physical visits. CVW staff phoned
the candidates who showed interest in participating in the
intervention and gave further information about the project and
assessed eligibility.

The inclusion criteria to the CVW-led RPM project were age
above 18 years, being fluent in the Swedish language, having
access to a smart device with the iOS operating system and
internet access, and having one or more of the following chronic
conditions: hypertension, chronic heart failure, type 2 diabetes,
chronic obstructive pulmonary disease, anxiety, and mild
depression. Pregnant women and patients with other psychiatric
conditions were excluded. In total, 395 participants were
enrolled during the first 3 months of the project. At the time of
enrollment, 153 participants gave their written consent to be
contacted about further research. The project started in October
2018 and ended after 6 months at the end of March 2019.

All the participants were scheduled for introductory group
information sessions at the PHC (6-10 participants per session).
The CVW enrolled the participants into the platform and decided
on a monitoring plan for each participant based on their chronic
disease(s). An information technology assistant from the RPM
platform provider helped the participants to download an iOS
app into their smartphone device and paired the app to the
selected noninvasive sensor(s) via Bluetooth. The participants
received verbal and written instructions on how to share their
vitals (blood pressure, weight, sleep rhythm, step count), track
their vitals, fill out forms, receive standardized information,
and communicate asynchronously by chat or synchronously via
prebooked video appointments with the CVW.

The participants were able to transmit health data or respond to
questionnaires without restrictions in time or place. Vitals and
answers to questionnaires were transferred via the participants’
apps to a secure cloud server.

Recruitment of Study Participants
All 153 RPM project participants who consented to be contacted
were invited by the last author (MT) via email (including 1
reminder) to receive information about this qualitative study.
A total of 21 (13 female) patients responded to the invitation
and accepted to be interviewed. The number of participants at
each process stage for the recruitment to the in-depth interviews
is presented in Table 1.

Table . Process stage for in-depth interviews.

Number of participantsProcess stage

395In the RPMa intervention

153Agreed to be contacted for qualitative study information

22Agreed to be interviewed

22Completed the interview

aRPM: remote patient monitoring.

Data Collection
Due to the COVID-19 pandemic, the in-depth interviews were
conducted digitally via the Zoom communication platform [41]
and audio-recorded after the participants’ verbal consent. Only
the interviewer and the participant were present during the
individual interview.

Interview Guide
A semistructured interview guide was designed to attain an
in-depth understanding of participants’ perception about the
interaction with the CVW team. A pilot interview with 1 person
not included in this study was performed by the first author (AJ,
PhD student, M.D, specialist in family medicine, male). The
final interview guide was approved by all the authors
(Multimedia Appendix 1).

Between March and May 2021, 22 in-depth interviews were
conducted. Each interview ranged between 45 and 90 minutes.
An external research assistant (female) with previous experience
in qualitative methods, without any affiliation to the participants,

conducted the interviews after initial training in the
semistructured interview guide and with the guidance of the
last author of this study (MT, associate professor in family
medicine; female).

Data Analysis
All interviews were recorded and transcribed verbatim. Data
analysis was conducted in Swedish. The principles of qualitative
content analysis were conducted according to Graneheim and
Lundman [42]. A basic inductive content analysis process was
applied [43]. The first and last authors selected meaningful
phrases and sentences independently. The second step was to
condense them to meaning units, and the third step was to set
open codes on the manifest level to avoid interpretation and
abstraction at the coding stage. The condensing of meaning
units into codes was revised during physical meetings in
discussions between the first and second authors, and after
agreement, a new clustering of codes was conducted if needed.
This ensured a common understanding and a reduction in the
number of codes before aggregating these into subcategories
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and categories. The strength of this method is that during the
categorizations, the authors are going back to the original
statements several times. After the coding and categorization

described above, all the authors discussed the results and
developed the overall theme (Textbox 1).

Textbox 1. Examples of meaning units, condensed meaning units, and codes.

Quote

“I take my blood pressure a number of times a week, then I get someone who reviews these values and thinks whether it’s good or bad simply. So far,
all the values have been satisfactory all the time, so it’s that you feel calm, and you know that someone is checking it.”

Meaning unit

I take my blood pressure and feel reassured that someone is checking and thinking whether it is good or bad.

Condensed meaning unit

I feel reassured.

Code

Someone is keeping track and is watching.

Ethical Considerations
This study was approved by the Regional Ethical Review board
in Stockholm, with 2 amendments (Dnr 2018-625-31/5;
2018/1717‐32; 2020‐01890). An email with study
information and a consent form was sent to the participants
prior to the interview. All the participants gave written informed
consent before they were scheduled for an in-depth interview,
and oral informed consent was recorded verbally at the start of
the interview. To ensure participant anonymity, the participants’
identification was replaced by a unique identification number.
This number was used to match the participants and their
transcripts and to report participant quotations in this study. The
participants did not receive any compensation for being
interviewed.

The first author (AJ) was clinically active at the pilot PHC 1
year prior to the launch of the project. Thus, he did not
participate in the data collection to avoid bias.

Results

Demographics
The 22 interviewed participants had a mean age of 61.2 years
(SD 11.2; range 40-78 years of age). Most (n=13, 59%)
participants were women. They had predominantly 1 medical
condition (n=15, 68%), where 19 (86%) of these participants
had hypertension. No participant was diagnosed with more than
3 medical conditions. In comparison to the CVW-led RPM
project, the 385 participants had a mean age of 58 years, with
62.3% (n=240) being female participants. The participant
characteristics of this study are listed in Table 2.
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Table . Participant characteristics (n=22) with 1 or more chronic conditions.

Participants, n (%)Characteristics

Age (y)

4 (18)40‐49

5 (23)50‐59

8 (36)60‐69

5 (23)70‐79

Sex

13 (59)Female

9 (41)Male

Medical condition

19 (86)Hypertension

6 (27)Diabetes

3 (14)Mental disorder

1 (5)Congestive heart failure

1 (5)Chronic obstructive pulmonary disease

Number of medical conditions

15 (68)One

5 (23)Two

2 (9)Three

Overall Theme
The following theme was constructed: “Sense of security and
accessibility, but impersonal and uncoordinated” based on 5

categories: sense of security, care and self-care, accessibility,
quality of care, and communication (Textbox 2).

Textbox 2. Subcategories, categories, and themes from content analysis. CVW: centralized virtual ward; PHC: primary health care.

Theme: Sense of security and accessibility, but impersonal and uncoordinated.

• Sense of security

• Self-control

• Care relationship between CVW and the patient

• Care and self-care

• Care utilization at the PHC

• Health awareness

• Accessibility

• Care not dependent on space and time

• Quality of care

• Basis for making health care decisions

• Proactive care

• Communication

• Participant communication with the CVW team

• Lack of coordination between CVW team and other caregivers at the physical center
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Sense of Security
A higher number of transferred vitals and correspondence with
the CVW at signs of deterioration strengthened the patients’
sense of security. The patients experienced that the CVW reacted
promptly to deviating vital signs. Seeing that their vitals were
stable induced a sense of security, which reduced their worries
about a potential major medical event. Prompt actions taken by
the CVW at signs of deterioration built further trust. The
participants expressed that the CVW cared about them. A
recurring argument for sense of security was the interaction
with a trusted health care professional who gave clinical
feedback:

Then you know that there is someone who cares, there
is someone who sees my values every day which my
regular doctor does not do. Then I feel safer, then
there is a reason why I do this every morning.
[Participant 9]

The participants regarded their collected vitals as evidence when
they interacted with health care professionals. They used this
evidence to present their case when having a physical contact
at their PHC. The clinicians’ access to collected vitals and
medical records gave a historical perspective, which gave the
patients an elevated sense of security as illustrated:

What is positive is that it feels like there is a history
all the time that you can keep track of, what it looks
like for me… it feels like there is a history to see in a
completely different way, which gives security…
[Participant 12]

RPM with interactions by the CVW sheds light on the
importance of feeling safe as expressed by the following
participant:

Now you start to realize that it is incredibly important
that you feel safe, important for your health and the
feeling of… well if something happens, yes, then I
know. [Participant 13]

Care and Self-Care
Continuous reporting of vitals gave the participants insights
into their underlying condition and the symptom related to their
chronic diseases. Discussing deviating vitals with the CVW
enhanced their understanding about the causes of deterioration.
Health awareness resulted in patients taking steps toward active
lifestyle changes. Motivation for tracking vitals increased as it
gave better insights about their condition, as 1 participant
described:

… say that I had gone to the health centre every other
month or quarterly and taken my blood pressure
there, then I had not thought about the times between
each visit that you may have felt bad and that it may
have been because the blood pressure had been too
high. Now it was very easy when you feel a little
strange, this does not feel good, well then, I can take
the blood pressure and then I have better
understanding of how I feel right then and how it feels
to have this high blood pressure. [Participant 20]

Feedback on the collected vitals and being monitored also
motivated some participants to take further steps toward active
lifestyle changes, as expressed by the following participant:

Yes, but it is with this that I have started to move a
lot more, it has really motivated me to do not just
walking but also other physical activity like with
swimming and cycling and things like that, there have
really been changes there. [Participant 3]

Insights about the correlation between lifestyle choices and the
stability of vitals were generated in the dialogue between the
participants and the CVW. These insights motivated the
participants to change harmful lifestyle behaviors. The
participants sensed that the CVW tried to improve their health
outcomes by working both reactively and preventively. One
participant described an aha feeling:

Just that feeling that it was nice that someone has an
ambition to make it possible for me as a patient to
improve. A little aha-feeling… It felt like someone
cared, like “now we'll do good before it gets too bad,”
so that was positive. [Participant 1]

Accessibility
The participants expressed that they refrained from contacting
the PHC for what they perceive as bagatelle symptoms because
they want other patients with greater medical needs to have
access to care. This mindset might lead to deteriorating
symptoms that might result in unnecessary complications. The
RPM platform reduced thresholds for asking questions about
their chronic condition, which enhanced the participants’ sense
of accessibility to the CVW compared to the medical staff at
the PHC center as expressed:

I contact healthcare when I need to. If I had a
question that was important to me, but that I wouldn’t
call the regular health centre about.…When I can
write that easily, maybe I’ll reach out to them more
often if I have questions or such…. Usually, I don’t
do that; I go to the doctor when I am really unwell…
[Participant 16]

The participants were able to travel with their noninvasive
sensors and contact the CVW to follow up on their vitals. This
opened a new dimension of accessibility to health care for some
participants who had been restricted from traveling:

A benefit is that you are not tied to sitting at home;
even when I travel, I have the blood pressure monitor
with me, and I can take those readings, which can
also be used for monitoring. [Participant 6]

Quality of Care
The difference between the number of data points collected by
traditional health care versus RPM via the CVW raised new
perspectives. The participants reflected that the collection of
additional data points could result in better decision-making by
the health care staff:

The staff I have contact with have significantly better
information available once I contact them.
[Participant 9]
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A higher frequency of data transfer by sharing of vital
measurements leads to a better basis for medical
decision-making for the CVW according to patients’
experiences. They found that continuous control of vital signs
allows both patients and clinicians to detect signs of
deterioration. This allows clinicians to adjust treatment plans
more stringently to stabilize patients’vitals. Medical adjustment
made based on only 1 measurement is not as reliable as those
made based on a higher frequency of measurements according
to the following participants:

…it became more quantitative data of course because
it felt like the case became more, it became a better
basis in the continued care… [Participant 20]

To go to the healthcare centre and do a measurement
at some point in the year does not actually say much
more than what it is right then. I think it is good to
have some continuous measurements, partly it is a
security to get information if there is something that
seems strange. [Participant 9]

To be reminded of reporting values was expressed as feeling
that “someone taps on the shoulders.” This proactiveness of the
CVW was more appreciated than the traditional way of contacts
from the health care center.

…if I did not leave my daily vital measures they
contacted me. The healthcare centre does not do this
in the same way, but it is this part that I appreciate,
that there is someone who taps you on the shoulder
and says that now is the time to leave some vital
measures. [Participant 19]

Communication
This category includes the communication between the CVW,
the participants, and the PHC staff. A communication plan was
established for participant referrals from the CVW to the PHC.
The CVW was being seen as a quite separate entity, and some
participants mentioned that it was not important where the CVW
was located physically. The ease of use of the app, including
the CVW response through the asynchronous channel, was
expressed as faster, easier, and simpler compared with the
communication channels with the PHC center:

…if they are in the healthcare centre or if they are
sitting elsewhere, I have no idea and I do not care so
much either. It does not matter to me. [Participant 6]

Much simpler. Much faster response, much
easier…Yes, I have much more communication with
the healthcare now than I had before… [Participant
4]

The participants identified that the clinicians at the PHC did
not have access to their collected RPM data. In addition, the
general practitioners were not interested in getting the
information regarding the collected vitals. The lack of
communication and collaboration between the PHC personnel
and the CVW was mentioned by some participants:

I can't quite understand if this team collaborates, or
to what extent they cooperate with the healthcare

centre, or if they are updating them on the values that
I submit. [Participant 19]

But I don't know if that’s the case; it doesn’t seem
like it when I’ve wanted to show my values to the
doctors. There was a female doctor, and she said,
‘That’s not for us.” [Participant 5]

The asynchronous communication, in combination with the
standardized automatic replies and notifications sent to the
participants, was described as impersonal:

So, it feels safe although it is quite impersonal, I
would say. [Participant 22]

Yes, it’s not the same staff that I have contact with
anymore; it could be random people reaching out
who I don't really know who they are, so it becomes
more anonymous that way…It becomes impersonal
that way. [Participant 11]

The participants noticed that there was a lack of coordination
between the CVW and the PHC center. Also, some participants
wished that their efforts of vital submissions would result in
better transparency and utilization of health data between the
patients, the CVW, and the PHC center. There was a sense of
disappointment that the PHC staff did not have access to their
health data through the platform and that they felt rejected when
they tried to show their data to the health care personnel at the
PHC center. One participant expressed lack of coordination as
follows:

I lacked some natural spin-offs such as my general
practitioner or others that I met with would be
informed and kept track of this. But they seemed
unaware that I was connected to this system.
[Participant 1]

Discussion

Principal Findings
The unique contribution of this study lies in exploring patients’
perspective of CVW-led RPM in a PHC setting, bringing a new
dimension into the field of RPM in comparison to on-site RPM
by the PHC staff. A principal finding of this study was that the
participants did not mind that the CVW staff did not belong to
their ordinary PHC. The qualitative data highlight the
participants’ appreciation for engaged, accessible, and
well-prepared CVW staff rather than an attachment to their PHC
clinician. The participants experienced similar benefits of RPM
as the traditional model of RPM, such as enhanced sense of
security [12], improved accessibility [18], positive effects on
self-care [44], better quality of care [45], and the need for
improvement in communication between the patients and the
staff [17,46]. In addition, this study underscores the challenge
of data transfer and communication between the CVW staff and
the PHC staff. The main theme of this study represents the main
result: Sense of security and accessibility, but impersonal and
uncoordinated.

Interpretation of Findings
The participants valued the CVW-led RPM in terms of staff
medical competence, availability, and prompt feedback in
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comparison to their regular clinical contact. This indicates that
patients’ trust can be earned through virtual interactions, even
with unfamiliar health care staff. In this case, the CVW was
able to earn the participants’ trust by following a set of protocols
to monitor incoming data to detect the signs of deterioration
and reacted promptly by reaching out to the individual.

Similarly, Walker et al [17] found that RPM participants
reported an increased sense of safety when clinicians responded
to clinical signs of deterioration. A sense of safety is defined
as an internal sense—an intrinsic state based on faith and trust
in oneself and others [47]. The capacity for the RPM system to
operate safely lies in the possibility of understanding a
participant’s symptoms and health behaviors. A sense of safety
also relates to participants’ ability to process health data and
awareness that the health care professionals continuously
monitored their data [12]. Although a false sense of security
was not mentioned by the participants, one could argue that
there is a potential risk for a false sense of security as an
extended outcome of organizational and workflow challenges
that arise during the introduction of new ways of working, as
described in the literature [48] .

The automated response in the patient application gave a sense
that someone was constantly monitoring their vitals. But the
dismissal of RPM data by some individual clinicians at the PHC
upon physical visits may have contributed to the participants’
experience of uncoordinated care. However, the communication
gaps need further investigation.

A higher number of interactions with the CVW with a faster
response rate compared to their usual care at the PHC prompted
a sense of accessibility to care. Access to asynchronous
communication and data visualization by the RPM application
gave the participants a new perspective regarding the
accessibility and continuity of care. Previous studies have
described that improved accessibility increases the chance of
getting medical attention [49], resulting in the avoidance of
hospitalization [50-52]. Hall et al [10] also describe that patients’
access to technology can aid in the development of effective
health behavior interventions. The ability to share vitals from
the convenience of their residence at any time of the day resulted
in the sense that they had better accessibility to the CVW than
to their PHC center. By eliminating confinements of time and
space, their interactions with the CVW felt more adequate since
they were able to ask specific questions about their underlying
health conditions. The participants sensed that the answers
provided by the CVW were based on facts from the collected
health data. This interpretation is consistent with prior findings
that patient trust increases when health data are accurate and
complete [53]. Improved accessibility also reduced the threshold
for help-seeking behavior from the participants. In turn, the
effects of continuous interactions between the participants and
the CVW in combination with the prompt response rate from
the CVW enhanced their sense of continuity of care. The
combination of accessibility to care and sense of continuity of
care became the driving factors for their sense of security.

Previous studies found that future care models of chronic disease
management will shift toward self-care facilitated by digital
technology, social support, and clinical expertise [54]. Self-care

is based on long-term adaptations of lifestyle behaviors with
adherence to preventive or therapeutic regimens with the
potential of improving health outcomes [55]. The cornerstone
in self-care is collaborative care between the patient and the
health care provider and individual education in disease
management [56,57]. Several studies indicate that RPM
empowers patients by enhancing their motivation to adhere to
the treatment plan, understanding of their chronic condition,
and ability to follow their vitals [17,58]. The participants of this
study described enhanced knowledge about their chronic
condition, awareness and understanding of deviating vitals, and
adherence to long-term lifestyle changes. The collection of vitals
from the comfort of their residence enhanced the sense of
measurement accuracy. In line with previous findings [59], we
found that the collection of vitals is a major key for allowing
patients to actively share their personal health data. By observing
the longitudinal trends of their vitals, the participants gained a
better understanding of the effects of their lifestyle choices,
resulting in deeper insights into their chronic condition. As
described by Quinn et al [60], patient-gathered health data allow
the patients to better understand their disease process, monitor
their symptoms, and feel connected to their health care provider.
These insights, with their ability to discuss their observations
with the CVW, evolved in revising their health goals, leading
to self-knowledge that was used for better self-care.

Stavropoulou et al [61] describe the quality of care as “holistic
care, addressing all patient needs with competency and aiming
for the best patient outcomes”. The participants expressed
confidence in the CVW’s ability to detect deterioration signs
based on health data trends. A common notion among the
participants was that a higher frequency of shared vitals resulted
in a better basis for medical decision-making, resulting in higher
quality of care in comparison to annual checks made at the PHC
center. The participants anticipated a reduced risk of
deterioration because the CVW reacted to deviated vitals and
applied preventive measures for restoring the participants’health
to achieve better health outcomes. However, 1 area of
consideration regarding longitudinal collection of health data
at a high frequency is the ethical aspects concerning boundaries
of confidentiality and the clinician’s access to vast amounts of
data [62]. The participants in this study did not express concerns
regarding compliance to data regulatory frameworks for
protecting their data privacy.

The inclusion criteria requiring participants to have access to
iOS smart devices and sufficient digital literacy have excluded
less tech-savvy individuals or those from lower socioeconomic
backgrounds. This selection bias potentially limits the
generalizability of the findings to broader patient populations,
consistent with prior research highlighting digital divides in
remote health monitoring uptake [29].

This study identifies that clear organizational routines and
communication strategies between patients, CVWs, and their
PHC center are crucial for gaining patient confidence in a
CVW-led RPM setting. Several participants expressed a sense
of uncoordinated health care due to a lack of work routines for
sharing information between the CVW and the PHC center.
While RPM facilitates continuous data collection and clinical
oversight, our findings highlight persistent communication gaps
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between the CVW and patients’ primary care providers, which
may hinder integrated care delivery. Addressing these
collaborative barriers is critical to realizing the full potential of
CVW-led RPM. Setting clear goal-oriented communication
strategy between caregivers and patients can increase the success
rate for establishing RPM [63,64]. This finding might also be
relevant to setting up a CVW-led RPM within PHC settings.
Our participants appreciated the ability to communicate with
the CVW without being confined to the opening hours of the
PHC center. Although they appreciated the better accessibility
to the CVW, they argued that the asynchronous way of
communication felt impersonal. This impersonal sentiment can
be due to the transactional nature of digital care with fewer
nonverbal cues and limited opportunities for nuanced empathy
that can hinder traditional elements of small talk, creating a
sense of anonymity and the decreased opportunities for
emotional and social support in comparison to standard clinical
visits. Despite this limitation, enhanced patient agency,
transparency, and collaborative goal-setting, all supported by
CWV-led RPM, can foster a sense of partnership and
engagement, thereby mitigating feelings of isolation.

Previous studies describe that an increased number of
communications require new work routines for the health care
personnel [58] and that there is a continuous need for
improvement in the communication between the patients and
the staff [17,46]. Our findings suggest that clear communication
strategies and work routines could reduce the perception of
impersonal interactions from the participants’ perspective.

Despite advancements in RPM technology after the COVID-19
pandemic, there are still barriers for scalability of RPM in PHC
settings [19], making the findings of this study relevant to
understanding these challenges and potentials of CVW-led
RPM.

Strengths and Limitations
To support trustworthiness [42], we described each phase of
our study methodology from data collection, analysis of data,
and interpretation. The credibility [42] of the results has been
validated by internal considerations regarding the reliability
and accuracy in every process of this study. To improve the
reliability of the study data, clear coding rules were applied so
that each researcher could independently interpret the data. The
trustworthiness and credibility of the study were also
strengthened by providing detailed contextual information,
conducting member checks, and performing a pilot study before
data collection.

A primary limitation of this study was the lack of patient
involvement in the design process. The limitation to data
collection correlates to the recruitment of participants to the
RPM project where patients who lacked access to an iOS smart
device were excluded. This reduced the potential number of

candidates with a lower socioeconomic background. An
additional limitation of this study is the lack of information
about the participants’ digital literacy and experience of using
iOS smart devices. However, all the participants included in
this study had access to iOS smart devices, and they received
instructions for how to use the RPM app prior to getting
connected to the CVW for sharing their vitals. To ensure
dependability [65] on data collection, the participants were
required to be fluent in the Swedish language. In addition, a
semistructured interview guide was used to enhance
dependability. This study did not explore the importance of how
the underlying disease impacted the patient’s perception of the
CVW-led RPM. Such aspects need to be further investigated
in further research.

Transferability [65] was assured by describing the study setting,
methods, and time frames for the collection of data. Despite the
fact that the pool of the participants may not represent all the
participants of this RPM project, we recognize that there is a
strength in the large sample size contributing to data collection.
Since some participants had left the RPM project 18 months
prior to being interviewed, recall bias may have been introduced.
In addition, the duration of participation in the project varied
among the participants, which might have affected their view
and understanding of the organizational structure and the
strengths and limitations of the project.

To obtain confirmability [65], the research team audited the
results and discussed the analysis repeatedly. Research
reflexivity was maintained through continuous dialogues within
the research team regarding personal biases that might affect
data interpretation. The final strength of the study material is
the inclusion of various points of view from participants as well
as the research team, which is required in qualitative studies.

Conclusion
Patient perceptions of a CVW-led RPM of chronic diseases in
PHC could be condensed to a “Sense of security and
accessibility, but impersonal and uncoordinated,” with 5
underlying categories: sense of security, care and self-care,
accessibility, quality of care, and communication. This study
reveals the following learnings from a patient perspective
regarding CVW-led RPM: sense of security due to the health
care staffs’ prompt reaction on signs of health deterioration,
improved motivation for care and self-care, sense of accessibility
to health care staff, and enhanced quality of care.

Our findings suggest that by addressing patients’ needs for new
organizational routines for patient-caregiver communication,
RPM via centralized virtual wards can better realize the potential
of this technology.

Future research is needed to explore the health care personnel’s
perceptions regarding their interactions between the CVW and
PHC.
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Abstract

Background: Palliative care supports individuals with incurable, life-threatening illnesses, focusing on symptom management
and quality of life. Access to timely care, including essential medications, is often limited, particularly in rural areas, leading to
gaps in home-based care. Digital health technologies, including drone-based delivery systems, have the potential to address such
logistical challenges. For these technologies to be effective, they must be adapted to the specific needs of patients and caregivers,
which often differ from general health care contexts, especially in remote areas.

Objective: This study aimed to identify user needs and requirements for a drone-based medication delivery system designed
to supplement traditional courier services in palliative care. The study also sought to explore practical considerations for integrating
drones into home-based care workflows, with the goal of informing both technical design and clinical applicability.

Methods: We conducted 1 focus group (FG) and 4 semistructured individual interviews with family caregivers involved in
home-based palliative care. Participants were recruited via local palliative care services in rural regions. The discussions focused
on experiences with palliative care, medication logistics, needs, expectations, and concerns regarding drone-assisted delivery.
Interviews and the FG were audio-recorded, transcribed, and analyzed using structured qualitative content analysis.

Results: A total of 10 caregivers participated (mean age 68.6, SD 12.3 years) in this study. Six participants took part in the FG
and 4 participants were part of individually conducted interviews. Caregivers frequently reported long travel distances to obtain
medications, sometimes leaving patients unattended and noting medication shortages, especially in the afternoons and on weekends.
Participants highlighted the potential of drones to supplement existing courier services during periods of high demand. At the
same time, caregivers expressed concerns about limited technical skills, particularly regarding mobile apps for ordering deliveries,
and emphasized the need for simple, user-friendly systems.

Conclusions: These findings reveal logistical gaps in palliative care medication supply and design requirements for drone-based
delivery systems. There is a clear demand for faster, more reliable access to essential medication, especially during evenings and
weekends. Whether drone-assisted delivery can reduce hospitalizations and support patients’ wishes to remain at home warrants
further research. Specialized outpatient palliative care teams are central to eHealth adoption, providing technical guidance,
emotional support, and confidence in using new technologies. Their involvement in communication and training is critical.
Strengthening digital health literacy requires individual training and structural adjustments to meet the needs of older caregivers
and those with limited digital affinity. Concerns about losing personal interaction remain significant; digital tools should
complement, not replace, face-to-face care. Timely medication access could reduce caregiver stress and improve quality of life
by supporting symptom control at home. To foster acceptance, caregivers need hands-on experience. Future studies should test
drone delivery in real-world settings, addressing technological, psychological, and social factors.

(JMIR Hum Factors 2025;12:e80320)   doi:10.2196/80320

KEYWORDS

palliative care; family caregivers; drone-based medication delivery; eHealth; technology acceptance; specialized outpatient
palliative care; SOPC
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Introduction

Over the past decades, most developed countries have seen
declining mortality rates [1,2]. This increase in life expectancy
is accompanied by a rise in chronic and incurable diseases,
especially in old age, such as cardiovascular conditions, cancer,
and diabetes. The end of life is often marked by enduring and
heavy symptom burdens, prompting the development of
specialized palliative care to support patients and families in
leading a self-determined life and maintaining quality of life
[3,4].

Most palliative patients prefer to remain in their familiar home
environment. While 76% wish to spend their final days at home,
only about 20% actually do, with nearly half dying unplanned
in hospital settings [5]. The care setting significantly impacts
quality of life; patients at home generally experience better
outcomes than those in institutional settings [6].

As the number of terminally ill people increases, home care
becomes more reliant on family caregivers. The level of support
required varies depending on the illness [7]. This puts a
tremendous amount of pressure on family caregivers, as they
are often unable to cope with the stressful situation and may
feel helpless in the face of the situation [3,8]. In this regard, it
was indicated that the pattern of enduring in the social,
psychological, physical, and spiritual domains at certain time
points (diagnosis, return to home, recurrence, and terminal stage)
is similar between patients and their caregivers, which is mainly
influenced by the nature of the disease and the availability of
professional care [3,9,10]. This implies that the needs of patients
and caregivers should be addressed in parallel, as these key time
points are identical for patients and caregivers [3,9].

Palliative care aims primarily at minimizing pain to preserve
patients’ dignity and life quality, which also positively affects
caregivers’ well-being [11,12]. Fast and flexible symptom
management is crucial and often requires rapid medication
adjustments by caregivers or specialized outpatient palliative
care (SOPC) teams [13]. The inability to respond quickly and
adjust necessary medication can jeopardize home care and lead
to unwanted hospital admissions and a deterioration in the
patient’s and caregivers’ quality of life. In other words, it is
crucial to ensure rapid and direct access to essential medicines
that improve quality of life, especially in rural areas.

In this context, drones may offer value by significantly
improving delivery response times in health services [14].
Drones are increasingly applied in health care and medicine,
particularly in areas such as public health, disaster response,
telemedicine, and medical logistics [15]. In the context of
medical transport, drones are used to deliver medications (eg,
vaccines, pharmaceuticals), blood products, organs,
defibrillators, and other essential medical equipment [15-20].
These medical drones offer substantial advantages for health
care, including faster emergency response times, improved
access to medical services in remote or hard-to-reach regions,
and enhanced clinical outcomes, such as increased survival rates
[14,21-23]. Compared with helicopters, drones offer a more
cost-effective solution for transporting medical supplies. Their
utility is especially pronounced in regions with challenging

terrains such as mountains, deserts, or forests, in areas with
limited road access, over long distances, or in locations impacted
by large-scale natural disasters [18,19,24]. Overall, drones hold
significant promise for improving health care delivery in such
contexts [18]. Despite their considerable potential in health care,
the adoption and effectiveness of drones are influenced by
technological, organizational, and environmental factors (TOE
barriers) [14,25,26]. In Germany and many other countries,
structural and regulatory conditions, such as undefined legal
frameworks and operational guidelines, currently limit the use
of drones to research projects and prototype testing [14,27].
Most existing projects on medical drones have been conducted
in Africa, where regulatory conditions are comparatively more
flexible than in Europe or North America [27,28]. However,
findings from African contexts cannot be directly generalized
to European settings [29]. Among the factors affecting drone
usage, usability, and design consistently emerge as the most
critical. In addition, users’ limited skills, negative perceptions
of the technology, and the relative immaturity of drone systems
pose significant barriers to broader adoption [14,25,26].

Despite increasing interest in drone-based medication delivery,
robust evidence on its impact in real-world health care logistics
remains limited. Most existing studies have focused on single
scenarios [20,21,23,30-32] or relied on simulations [33,34], and
thus have not been conducted in real-world settings. To date, 1
study covered the entire development process, from the initial
app prototypes to the complete ordering and delivery workflow
using an ordering app and drone over densely populated areas
in Germany [35]. In particular, to our knowledge, no study has
investigated drone-based medication delivery in the real-world
context of palliative care, a setting characterized by complex
symptom management, urgent medication needs, and a high
reliance on family caregivers. Consequently, it remains unclear
whether drones could meaningfully improve medication
logistics, support care networks, or enhance symptom
management and quality of life in outpatient or inpatient
palliative care. To address these gaps, the present study is
embedded within the PalliDrone project, which aims to co-create
and evaluate a drone-based medication delivery system for
palliative care [36,37]. The PalliDrone project comprises
multiple intervention components (T0–T3), encompassing
medical and nursing strategies. It will assess the usefulness,
effectiveness, and benefits of drone delivery compared to
conventional courier services, treating it as a complex health
intervention [38]. In this context, the present study focuses on
identifying user needs, potential benefits, and practical
requirements for integration into existing palliative care
processes. Specifically, the research objectives are:

1. To explore the needs, expectations, and concerns of family
caregivers regarding drone-based medication delivery in
palliative care.

2. To assess how drone delivery could alleviate burdens on
caregivers and support timely access to essential
medications.

3. To identify practical and organizational factors that may
facilitate or hinder the implementation of drone-based
medication logistics in real-world palliative care settings.
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In this study, we aim to explore the practical requirements,
opportunities, and challenges associated with drone-based
medication delivery in palliative care for family caregivers.
Specifically, the study seeks to inform both the technical
readiness of a user-centered drone delivery system and its
potential integration into clinical workflows. By assessing user
needs, expectations, and concerns, the study provides insights
that are relevant for the development of the drone system itself
as well as for its safe, effective, and feasible use in routine
palliative care practice. This dual focus ensures that the
intervention addresses both technological feasibility and clinical
applicability.

Methods

Overview
This study adheres to the COREQ (Consolidated Criteria for
Reporting Qualitative Research) to enhance transparency,
credibility, and completeness in qualitative reporting. A
completed COREQ checklist is provided in Checklist 1. The
COREQ checklist was used as a guiding framework during the
preparation and reporting stages. Before data collection, the
checklist was instrumental in informing the study design,
ensuring that all pertinent aspects—including the composition
and reflexivity of the research team, participant selection
strategy, and detailed data collection procedures—were
meticulously planned and documented in advance. During the
process of manuscript development, the COREQ items were
systematically reviewed to verify that each relevant element
was transparently reported in the Methods and Results sections.
This process ensured completeness and facilitated
reproducibility.

Setting and Sampling
The focus group (FG) and interviews included family caregivers
selected through purposive sampling. The sampling was used,
with participants being purposively recruited to ensure a diverse
range of experiences relevant to the study’s objective. The
selection of participants was conducted by the SOPC teams of
the “Anhaltische Hospiz- und Palliativgesellschaft” in
Dessau-Roßlau, Germany, and the “Leipziger
Palliativgesellschaft” in Torgau, Germany. Participants were
approached by telephone or via email. The SOPC teams
identified potential participants who met the inclusion criterion
of having provided care for a palliative patient within the past
6 months in rural regions. Within this sample, variation in
relationship to the patient (spouse and other relative) and gender
was sought to capture a range of perspectives. Although the
data collection process did not entail the application of formal
stratification criteria, such as age, caregiving burden, or
technology literacy, the SOPC teams were encouraged to extend
invitations to individuals with a range of backgrounds, thereby
fostering heterogeneity in the ensuing discussions. Group effects
were minimized, and no strict exclusion criteria were applied,
reflecting the open, cocreative nature of the development
process. There was no relationship to participants before the
study.

Materials
A German-language FG and interview guide was developed
through a systematic, multistage process informed by qualitative
research principles rooted in a constructivist paradigm by AL
and FF [30,39]. This method was chosen due to existing
theoretical assumptions, with the aim of exploring a wide range
of perspectives rather than reaching consensus. The guide
focused on eliciting argumentative patterns, that is, the reasoning
and justification underlying participants’ views, rather than
collecting biographical narratives [40]. The stepwise procedure
(collecting, checking, sorting, and subsuming) ensured
systematic coverage of relevant themes while maintaining
openness to emergent issues [39]. First, potentially relevant
questions were collected without concern for their final usability
(collecting). Next, the questions were evaluated against
qualitative guideline criteria (checking). Then, the content was
sorted into thematic areas (sorting). Finally, these were
subsumed into question blocks, each beginning with an open
introductory question. The sequence of these blocks was also
determined (subsuming). Critical review and feedback were
provided by PJ, MG, and members of the PalliDrone project
team (peer group). Feedback aimed to assess the clarity and
relevance of items. No fixed instructions were given, and the
guide was refined after each feedback round.

In terms of content, the guide development was informed by
established models of technology acceptance, particularly the
technology acceptance model (TAM 1‐3) [41-43]. TAM
proposes that technology adoption is primarily driven by
perceived usefulness and perceived ease of use, complemented
in later extensions by factors such as social, cognitive, and
psychological factors. These factors collectively shape the
intention to use. The Technology Usage Inventory expands
upon the traditional technology acceptance factors of the TAM,
such as perceived usability, usefulness, immersion, and
accessibility (technology-specific), by incorporating key
psychological constructs, including interest, curiosity,
technology-related anxiety, and skepticism [44,45]. The guide
built on these theoretical foundations and on instruments from
previous research on cocreative development of drone-assisted
delivery and mobile app [30]. Thus, the final guide includes
four categories: (1) processes and problem situations in palliative
care (is-state), (2) specification of the process flow and
communication (usability), (3) possibilities for realizing
technical integration (usefulness), and (4) concerns regarding
the implementation and integration (concerns). The guide began
with a narrative stimulus (description) to initiate the
conversation, followed by open-ended thematic question blocks.
These were built on previous responses (immanent) and
introduced new themes (exmanent). Transitions between blocks
were deliberately soft to encourage storytelling. Evaluative
questions were asked at the end. The complete FG and interview
guide is available in Multimedia Appendix 1.

Data Collection
All FG and interview discussions were conducted in German.
The FG was conducted at “Leipziger Palliativgesellschaft” in
Torgau, Germany. With the help of the “Anhalt-Hospiz Dessau”,
interviews were conducted at the homes of caregivers. Two
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moderators (M) guided both formats: M1 (AL, female, research
associate, experienced in mixed methods) actively led the
sessions using an inductive questioning approach (starting with
immanent before exmanent questions), while M2 (FF, female,
postdoc, experienced in FG and interviews) remained more
passive and managed the input setting. M1 moderated the
discussion, asked questions, and encouraged participants to
elaborate, drawing out a range of views. M2 documented
interactions, atmosphere, and key statements through an ad-hoc
protocol, which was later made available for participants to
verify the accuracy of their contributions. Before the data
collection, M1 received interview training from M2. Both
moderators were familiar with the subject matter and guided
their actions using the principle of “methodological
understanding of others” [46].

At the beginning of each session, moderators introduced
themselves and explained the procedure. A detailed overview
of drone-based medication delivery was presented, followed by
an open discussion about possible applications in palliative care.
Participants reflected on urgency, expected relief for caregivers,
and situations where traditional courier delivery would suffice.

Sessions were audio-recorded. Data validation was ensured
through member checking. Participants received summaries of
their respective FG discussions or interviews and were invited
to provide feedback or corrections. This process helped to
confirm the accuracy and credibility of the data while respecting
participants’ time and availability.

Participants were informed in writing and verbally about the
recording and their right to withdraw consent at any time.

The FG lasted about 90 minutes; interviews lasted around 30
minutes, depending on the situation. In interviews, 1 member
of the SOPC team was present, and in the FG, 2 members were

present. This was done deliberately to provide emotional support
for participants, given that recruitment targeted caregivers within
6 months of bereavement, which could evoke distress.

Data Analyses
All collected statements during the FG and interviews were
repeated and discussed with participants. All participants
confirmed for correctness. The participants’ responses were
transcribed and coded by 1 researcher in German (AL).
Transcripts were not returned to participants. A simple
transcription system was used, that is, only manifest content
was analyzed [47,48]. The data analysis was conducted
according to the content analysis method from Elo and Kyngäs
[47] and was coded using a deductive approach moving from
general to specific [49]. All data were coded with the MAXQDA
2022 program (VERBI Software GmbH). The unit of analysis
(event) was defined as words and as one or several sentences
that contain one theme of the guideline-based questions [50].
Thus, aspects that would fit the matrix were chosen from the
data. The categories were formed along the guideline-based
question complexes [30,44] (see Table 1).

To validate the concept, a second researcher (FF), familiar with
the analyses, independently coded 20% of the transcripts to
calculate the interrater reliability. In case of discrepancies,
discussions were held between the 2 researchers until a
consensus was reached. Cohen Kappa was computed for all
variables [51]. The interrater reliability was κ=0.71 (P<.001)
with a substantial agreement [51,52].

For reporting purposes, illustrative quotes and examples were
translated into English. Translations were iteratively
cross-checked by FF and AL of the research team to ensure that
the original meaning, tone, and context were preserved.
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Table . Structured analysis matrix showing the categorization of caregiver statements collected during focus groups and interviews. The study explored
perspectives on drone-based medication delivery among family caregivers of recently deceased palliative patients (within 6 months) in rural areas in
Germany, in 2024.

ExampleDefinitionCategoryNo.

—aDescribes the initial situation and
current state of problems and work

Is-state1

procedures in palliative care as well
as the competence in handling
medical apps and drones

“We always plan for a week and
adjust it every day, depending on
what we need.”

Describes the current work flow in
palliative care

Work procedure    1.1

“So we have to speed things up so
that we can do all this.”

Describes current problems in pallia-
tive care that justify the usefulness
of the technology

Problems    1.2

“Well, I have no experience. Some-
times you see one flying and it’s a
bit easy.”

Describes the current level of
knowledge and skills in handling
medical apps and drones

Competence    1.3

—Describes the necessities or condi-
tions for the comprehensibility, ap-

Usability2

plication, and usability of the tech-
nology

“It would really be more interesting
for rural areas, where there is a bit

Describes different implementation
options for the drone, app, and the
general process

Realization options    2.1

more space and people have their
yard.”

"I could imagine that. But then it
has to be quick. Because when I

Describes the necessities or condi-
tions for the communication of the
technology

Communication    2.2

call, I’m on a house call and a nor-
mal patient, I want to prescribe an
antibiotic. It’s the weekend, Satur-
day if you like, I need it on duty to-
day if you like and then I call. Then
it’s really a matter of a minute and
I don’t stay in this house call forev-
er. And then I think it has to happen
within five minutes.”

“If you are logged in, you will see
all patients. When I log in, I also see
all patients.”

Describes the necessities or condi-
tions/characteristics of the process
of technology

Drone process    2.3

“But that’s basically just triggering
the prescription. I could also call. I

Describes the necessities or condi-
tions for the ordering of medication

Ordering    2.4

think in this case it’s quite practical
via this app. Triggering the prescrip-
tion.”

“For example: It should be dropped
off right here on the meadow, or

Describes the necessities or condi-
tions for the transfer of medication

Delivery    2.5

somewhere up ahead. And when the
person of SOPC team, triggers the
order, they can decide: Delivery
here or to the customer. And the
caregiver can only decide: Delivery
to my home.”

"We’ve had it once or twice now,
we had a ward round with the doc-

Describes the advantages, the bene-
fits of the technology

Usefulness3

tor. She wanted to inject a medica-
tion, but we didn’t have it there. It
would be good to say, I need this
now. It’ll be there in 10 min.”
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ExampleDefinitionCategoryNo.

"I think there are problems with the
fact that the patients we look after
can’t do that at all. [...] So I say, if
you’re there as a nurse yourself and
you have the app on your duty
phone, it may all work. You can use
it, but the patients we look after, I’d
say 70, 80 percent of them, can’t do
that. And they’re not mobile either,
they’re immobile, they can’t even
go out the door. I think that’s actual-
ly the big problem.”

Describes the dangers, the risk, the
complications, the disadvantages,
the difficulties that the technology
brings with it

Concerns4

aNot available.

Ethical Considerations
The PalliDrone project was reviewed and approved by the Ethics
Committee of Martin-Luther-University Halle-Wittenberg (case
number 2024‐038, date of approval April 18, 2024) for the
conduct of the PalliDrone study. All participants gave their
informed written consent before the FG and semistructured
interviews and were informed about the procedure, the general
aim, and the reasons for the discussion or interview. Participants
were informed of their right to withdraw at any time without
any consequences. For participants who were approached for
qualitative interviews following recent bereavement, special
care was taken to ensure they had the opportunity to ask
questions and receive adequate explanations before consenting.
All data were anonymized before analysis. All personal
identifiers (eg, names and locations) were removed during
transcription. Transcripts and coded data were stored on secure,
password-protected servers accessible only to the research team.

Participants did not receive financial compensation for their
participation but were offered reimbursement of travel expenses
where applicable. No identifiable images or other identifying
information about participants are presented in this manuscript
or in the supplementary materials.

Results

Characteristics of Caregivers
Between June and July 2024, we collected data from 10
participants. Six participants took part in the FG, and 4
participants were part of individually conducted interviews. No
one dropped out during the discussions or interviews. All
caregivers (n=10; mean age 68.6, SD 12.3) lacked knowledge
and skills in using drones, and only 30% (3/10) were familiar
with using medication apps. Of the 10 participants, 30% (n=3)
care for their relatives while they are still working. Additional
findings are reported in Table 2.

Table . Demographic characteristics of study participants, including age, gender, technology competence, and education (N=10). Participants were
family caregivers of recently deceased palliative patients (within 6 months) in rural areas in Germany.

ValueCharacteristic

68.60 (12.29)Age, mean (SD)

49‐84Age range (years)

Gender, n

8    Female

2    Male

0Drone competence, n

3Medication app competence, n

3Professional active, n

6Secondary school, n

3High school, n

5Profession degree, n

5University degree, n
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Qualitative Content Analyses

Overview

Is-State

With 80‐81 utterances, talking about their daily lives and
problems was the most reported topic during the interviews and
FG. However, all participants reported that they worked well
with the SOPC.

[…] I’ve already called at night when he gets his pain
attacks again, […] it’s wonderful, they [SOPC] were
always available.

Some of the participants reported that they had little or no
technical experience (competence), did not own a tablet or
smartphone, and therefore could not imagine ordering
medication via app and drone. Technical difficulties or poor
network coverage in rural areas are barriers to the use of
drone-based medication delivery (problems). In particular, those
who reported no problems with medication delivery said they
did not see the point of having medication delivered by drone.
While some of the caregivers stated that the medication delivery
with the courier service has been good so far, most of the
participants reported problems with long errands for medication
and transportation tickets. One of the biggest difficulties is
leaving their relatives alone for too long:

You come home and he’s lying down again because
he tried to get up and he couldn’t. But those are
situations where you’re really pushing yourself to the
limit. I could see [the drone] really taking the
pressure off.

They mentioned that home delivery may be a relief in any case.

Another major problem mentioned was delivery bottlenecks
during evenings and weekends. One woman described the
problem this way:

I also took over the final care of my uncle. He had
lung cancer. And he was taken out of the hospital
without medication. He was screaming in pain. I had
an aunt who was completely overwhelmed. […] I got
in the car and drove to the next town. Friday night.
Pharmacies closed. No pharmacy available. […] We
just didn’t have the medicine. […] in the morning we
had the same problem. It’s a small town, but the
pharmacy had been closed for three months because
the owner was sick. So we had to go back to the next
bigger town. Same problem. Who should I send? My
aunt couldn’t have made it. […] I was really lucky
that the doctor came by chance, his family doctor,
and they knew each other privately. She said I’ll stay
here until you get back and I drove myself. But that’s
where the problems start. If I had a drone, a lot of
things would have been easier for me.

In addition, many caregivers have little family support, are often
older adults, are no longer able to drive, or have to travel long
distances, making it difficult to provide care and obtain
medications. The lack of time available to general practitioners
was also mentioned as a problem.

Another mentioned problem was the e-prescription. A key issue
with e-prescriptions is delayed availability; pharmacies often
cannot access all medications immediately after the chip card
is inserted, as updates may take additional time.

Usability

Participants emphasized that the delivery process should be
clear and as simple as possible. Since caregivers often need
more than just medication—such as transport tickets—they
suggested drones could also deliver important documents.
Generally, they found it difficult to imagine ordering medication
via an app and drone but appreciated the idea of centralizing all
information: “because then you only have one point of contact.”
Most participants could only envision drone delivery being
useful in rural areas.

In terms of communication, participants stressed the importance
of direct contact with SOPC services, especially for
consultations:

And there are also side effects from these medications.
That’s the case when you have palliative care and
questions quickly arise.

They would be more willing to use an app if it enabled phone
communication with general practitioners, SOPC teams, and
pharmacies. A chat function was dismissed as too impersonal
and lacking advisory value. One participant with a caregiver
who spoke limited German suggested the app should support
multiple languages.

Some participants preferred that the SOPC team initiate
medication orders through the app, with individual orders placed
only if necessary. They also valued having a choice between
courier and drone delivery.

Regarding logistics, caregivers suggested that “the nursing
service should be involved” and that medication be delivered
directly to the SOPC service. While most found it hard to
visualize the drone process, “find it hard to imagine how such
a drone would work,” they could imagine choosing half-hour
delivery time slots and having “an alternative” between courier
or drone.

Usefulness

Although usefulness was in sum the category with the lowest
statements, it was the category with the most agreement that
drones would be useful in “emergency situation where they’re
panicking or something,” in rural areas, “over the weekend,”
or in situations where the relatives have to be left alone:

My husband was very ill at the time, he always said
when I had to go away […]: Don’t leave me alone.
There was no one there […]. It’s all such a problem
[…] so with the drone, that’s a good thing.

Concerns

Participants encounter a range of challenges when delivering
medications via drone. These include adverse weather
conditions, inadequate network infrastructure, dead spots in
remote areas, malfunctioning technology, and users who are
unable to operate the technology. In addition, data protection
concerns and escalating costs for users further compound the

JMIR Hum Factors 2025 | vol. 12 | e80320 | p.1406https://humanfactors.jmir.org/2025/1/e80320
(page number not for citation purposes)

Fink et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


challenges. Notably, the primary concern among participants
pertains to technical issues with the drone, such as its ability to
reach its destination and its reliability. There is also a fear that
“the drone may crash.”

The participants expressed concerns that the introduction of
drone-based medication delivery systems might result in a
diminution of human interaction with pharmaceutical services:

I can well imagine that if someone is alone at home
and then only has a telephone, they no longer have
any relationship with other people. That’s why I think
it’s very important for me, […] that there is [...]
personal contact, with the doctor or, as is the case
with palliative care, that human closeness is not lost.

This is accompanied by “the concern that if you take advantage
of this, you might get one less home visit.”

Another concern raised was the logistics of medication delivery
by drone if “people […] live in a new building, three floors up,
are single, old, over 80 and even older, then the drone comes
and drops the medicine in front of the door, downstairs, who’s
going to fetch it?”

This concern was further compounded by the possibility that
the delivery would be made to a lower floor, necessitating the
retrieval of the medicine by someone else, like children or pets.
The participants expressed uncertainty regarding the procedural
mechanisms involved in the administration of medication
delivered by drone. Specifically, there was a lack of clarity
concerning the necessity of signature authentication in such
circumstances, given the assumption that the delivery would be
formalized through the usage of a signature.

Discussion

Principal Findings
This study aimed to explore the practical requirements,
opportunities, and challenges associated with drone-based
medication delivery in palliative care for family caregivers by
addressing their needs, relief, and requirements. FG and
interview results revealed that family caregivers face challenges
in assessing the usefulness of drone delivery, largely due to
unfamiliarity with such technologies and generally low eHealth
literacy [53]. Caregivers highlighted frequent delays in
medication access, especially during evenings and weekends,
which often led to emergency interventions and increased stress.
They expressed a need for reliable and fast delivery solutions
that operate beyond regular hours, while emphasizing the
importance of maintaining human contact and trusted
communication channels, particularly with SOPC teams.

Needs, Expectations, and Concerns of Family
Caregivers Regarding Drone-Based Medication
Delivery in Palliative Care
This study revealed that family caregivers face persistent
challenges in accessing medications in a timely manner,
particularly during evenings and weekends. These delivery gaps
often result in emergency interventions or unplanned hospital
admissions, increasing stress and contradicting patients’wishes
to remain at home [5,6]. Such problems are especially acute

during early stages of palliative care, before SOPC teams are
established [3,8-10]. This highlights the need for a reliable, fast
delivery system that operates even during off-hours, where
conventional courier services may fail. Studies in rural medicine
and emergency supply delivery have demonstrated drones’
ability to overcome logistical and geographic barriers and reduce
delivery times, especially in areas with limited infrastructure
[15-24,32]. For example, the usage of drones for the delivery
of defibrillators has led to a notable enhancement in accessibility
to essential lifesaving equipment [21-23,32]. Consistent with
the findings of our study, these investigations underscore the
value of drones as a useful addition to existing logistics, rather
than a replacement. They demonstrate the potential of drones
to facilitate access to critical medical supplies through faster
delivery [54]. However, there is a paucity of studies that have
used drones within the framework of a living lab design to
substantiate their effectiveness and practicality within a
particular context. Moreover, palliative care differs from
emergency contexts in its ongoing, sensitive care relationships
where continuity and human interaction are paramount.

However, the family caregivers also highlighted a limited
familiarity with drones and generally low eHealth literacy,
making it difficult to assess the usefulness of the technology.
The technological gap makes it difficult to assess what
caregivers truly need in this context. This gap necessitates
empowering both individuals through skill development and
adapting social and technical infrastructures accordingly,
because digital health literacy is an interplay between user
competence, system readiness, and their interaction [55]. At the
same time, the likelihood of requiring palliative care increases
with age, raising concerns about a mismatch between technical
competence and care needs. Although the most common
palliative care services are symptom management (88%) and
psychological support (81%), which often require face-to-face
contact, eHealth can complement traditional support to some
extent [56]. However, concerns regarding a potential loss of
trusted human contact, particularly with SOPC teams, privacy
risks, and the possibility that digital ordering systems could
exclude those with limited technical competence were faced in
this context. These concerns align with previous studies
reporting that palliative care users value face-to-face
relationships and clear communication as part of care delivery
[53,57]. This indicates that the loss of human connection is a
key concern, mirroring previous research [31,53,58]. Given
disparities in access to palliative care globally, alternative
delivery models that help patients and families communicate
needs are essential [59]. This is particularly important for family
caregivers, who frequently report feelings of helplessness in
managing complex care situations [8,60].

Drone-Assisted Delivery as a Relief for Family
Caregivers
Despite these concerns, caregivers acknowledged the potential
benefits of drones, especially for logistical relief and emergency
access. Participants described how delivery delays often required
them to travel long distances to pharmacies, leaving patients
unattended. These situations were particularly stressful for older
adult caregivers, many of whom had limited mobility or
transport options [61,62]. A reliable drone delivery system was
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perceived as potentially reducing such logistical burdens by
shortening delivery times and enabling rapid response during
urgent situations, especially in rural or poorly connected areas
[15-24,32]. Although most participants had no previous
experience with drones, they acknowledged that faster access
to medication could improve symptom control and help maintain
patient comfort, which in turn might reduce caregivers’ stress
levels. Previous studies have demonstrated strong links between
patient well-being and caregiver quality of life [3,7,10,62,63].
Managing pain effectively is a priority in palliative care, and
fears related to pain, particularly fear of patients dying in pain,
can exacerbate caregiver distress [63]. Faster access to
medications via drones could reduce these fears and feelings of
helplessness [21-23,32]. However, these anticipated benefits
remain hypothetical and require further empirical testing in
real-world palliative care contexts.

Practical and Organizational Factors for
Implementation of Drone-Assisted Delivery
Several conditions emerged as critical for successful
implementation. Integration into established SOPC workflows
was considered essential to maintain trusted communication
channels and ensure that drones complemented rather than
replaced conventional courier services [53,57]. Strengthening
collaboration with SOPC teams is crucial, as caregivers view
these professionals as trusted partners for both emotional and
technical support. Participants emphasized that the ordering
process should be as clear and simple as possible, ideally with
the SOPC team initiating medication orders and individual
orders placed only when necessary. They valued having a single
point of contact for all medication-related information (eg,
within the app) and suggested that drones could also transport
essential documents, such as transport tickets. Direct
communication options, particularly via telephone, with SOPC
teams, general practitioners, and pharmacies were seen as
indispensable, while chat functions were dismissed as
impersonal and lacking advisory value. Direct communication
was also the most important aspect of the cocreative process
for developing a delivery app for drone-assisted systems [31].
However, in the present study, participants were, on average,
18 years older (mean age 68.6,SD 12.3) and preferred not to
communicate with the SOPC via app or chat. Moreover,
multilingual app interfaces were recommended to accommodate
caregivers with limited German proficiency.

In terms of logistics, caregivers expressed a preference for
having the option to choose between courier and drone delivery,
with flexible time slots (eg, 30-minute windows) for urgent
deliveries. Involving nursing services and enabling direct
delivery to SOPC facilities were seen as beneficial. While many
participants found it difficult to imagine the operational aspects
of drones, they recognized their potential for rural areas with
limited infrastructure.

Environmental and technical challenges, such as weather
conditions, potential mechanical failure, and flight range
limitations, were viewed as possible constraints. Data protection,
noise disturbance, and regulatory and liability issues were
additional concerns that would need to be resolved before
deployment [26,31]. Moreover, unequal access to necessary

digital tools could exacerbate disparities among caregivers and
patients from different socio-economic or geographic
backgrounds [31]. These findings highlight that technological
readiness alone is insufficient; social, infrastructural, and
regulatory readiness must also be addressed before
implementation [25,55].

Study Limitations
Although the sample reflects typical age and gender
distributions, it is not representative due to the small number
of participants. The recruitment process, conducted by SOPC
staff, may have introduced a positive selection bias. Caregivers
with an established trust relationship with the SOPC teams may
have been more inclined to participate and potentially more
open to innovative care concepts, including drone delivery. This
could have led to an overrepresentation of participants who
were generally supportive of new interventions. We also note
that such participants may have been more motivated to engage
in research activities, which could have influenced the generally
positive reception of the concept. While drones in medical
delivery were largely unknown to all participants, reducing the
likelihood that only technology enthusiasts were included, clear
rejections of drone use were rare. However, limited knowledge
restricted the depth of the discussion. Nevertheless, data
saturation can be assumed, as previous studies have also shown
low awareness of drones in health care, likely due to the novelty
of the technology and lack of discourse [31]. Despite this, the
discussions revealed a clear need for drone delivery, particularly
through the detailed accounts of caregivers’ challenges. This
supports the relevance of the topic, even with limited previous
knowledge. Another limitation concerns the presence of SOPC
team members during data collection, one in the interviews and
2 in the focus group. Their involvement was intended to provide
emotional support for participants, who were within 6 months
of bereavement. However, the SPOC involvement may have
introduced social desirability bias, as SOPC staff were also
involved in recruitment. Participants might have felt inclined
to provide answers they believed aligned with SOPC
expectations. To minimize this risk, SOPC staff did not actively
contribute to the discussions, and all facilitation was conducted
by the research team. However, the possibility that their presence
influenced participants’ responses cannot be fully excluded. All
FGs were conducted in German; to preserve meaning,
translations were cross-checked. Minor linguistic shifts were
adjusted through a process of iterative translation.

Clinical Implications
This study reveals several clinical implications. First, integrating
eHealth can help ensure timely medication supply during critical
care gaps, such as evenings and weekends. Drone-based delivery
could reduce unnecessary hospitalizations and support patients’
preference to remain at home. Second, SOPC teams play a
central role in facilitating eHealth use. Caregivers view them
as essential for technical guidance, emotional support, and
confidence in using new technologies. Their involvement in
training and communication is therefore crucial. Third,
strengthening digital health literacy should be a structural task.
The study shows that a lack of eHealth literacy is a key obstacle
to accepting and effectively using drone-based health care
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solutions. Therefore, empowerment measures should focus not
only on individual training but also on structural adjustments
that better adapt technological offerings to the abilities and
needs of target groups, such as older relatives and people with
little affinity for technology. Fourth, technology must not replace
human connection. Concerns about losing personal interaction
in palliative care remain significant. Digital tools should
complement in-person care and include communication features
that maintain links with SOPC teams. Fifth, improving the
quality of life through faster access to medication may ease pain
and reduce caregiver stress. Drone delivery may help close
critical supply gaps, a potential that future research should
explore further. Ultimately, to foster acceptance, caregivers
need hands-on experience with drone-based services to
understand their practical value.

Conclusions
This study highlights both opportunities and challenges in
implementing drone-based medication delivery in palliative
care. Caregivers perceived drones as a promising solution for
timely access to essential medication, particularly during critical
care gaps such as evenings and weekends. It remains open for
further research whether the integration of eHealth solutions
like drone-assisted delivery could help reduce unnecessary
hospitalizations to support patients’ preference to remain at
home.

Successful adoption; however, requires more than technical
feasibility. Low digital health literacy, especially among older
caregivers, remains a key barrier. Effective eHealth must align
with users’ abilities, offering simple interfaces and integration
into trusted systems like SOPC teams, who play a central role
in providing technical guidance, emotional support, and
confidence in new technologies. Their involvement in both
communication and training processes is therefore critical for
successful adoption. Strengthening digital health literacy should
be addressed not only through individual training but also via
structural adjustments that better adapt technology to the needs
of older caregivers and those with limited affinity for digital
tools.

Improving timely medication access could also reduce caregiver
stress and improve patients’ quality of life by supporting
symptom control at home, which remains open for further
research. Ultimately, to foster acceptance, caregivers need
hands-on experience with drone-based services to understand
their practical value. Future research should focus on real-world
testing in living lab environments, evaluating feasibility,
effectiveness, and integration into existing clinical workflows
while ensuring that technological, psychological, and social
needs are equally addressed.
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Abstract

Background: Latinas are one of the largest and fastest-growing female ethnic groups in the United States and have high levels
of physical inactivity and sedentary behavior (SB), contributing to a disproportionate burden of chronic health conditions. An
ecological momentary assessment (EMA) involves the use of smartphone-based data collected in real time to assess health
behaviors and outcomes.

Objective: We examined the feasibility, validity, and acceptability of an EMA protocol assessing physical activity (PA) and
SB in Latina adults.

Methods: For 7 days, 67 Latinas (average age 39 years, SD = 13.6; n=37, 55.2% earning less than US $50,000/year; n=53,
79.1% foreign-born; and n=49, 73.1% of Mexican or Mexican American origin) completed a signal-contingent EMA protocol
with 3 prompts per day and wore an ActiGraph GT3X accelerometer to measure levels of PA and SB. EMA prompts inquired
about current behavior, feelings, beliefs, social conditions, and contexts.

Results: Latinas completed 69.7% (892/1279) of EMA prompts. They were more likely to respond to EMA prompts when
engaged in more SB (odds ratio [OR] 1.04, 95% CI 1.01-1.06) and less light-intensity PA (OR 0.97, 95% CI 0.94-0.99) in the
30 minutes around the prompt. Accelerometer data validated self-reported occasions of PA and SB via EMA. The majority of
participants (>70%) were satisfied with the protocol and expressed interest in participating in future studies.

Conclusions: EMA is a feasible, valid, and acceptable methodology for capturing movement behaviors among Latinas, which
can provide insights into the antecedents and consequences of these behaviors in their daily lives.

(JMIR Hum Factors 2025;12:e75855)   doi:10.2196/75855

KEYWORDS

experience sampling; ambulatory assessment; Hispanic; physical activity; exercise; sitting; accelerometer; women

Introduction

Latina or Hispanic adult women (hereafter, “Latinas”) are one
of the largest, fastest-growing female ethnic groups in the United
States and engage in lower levels of physical activity (PA)
compared to Latino men and non-Latina women [1,2]. Recent
estimates suggest that one-third of Latinas in the United States
report no moderate-to-vigorous-intensity physical activity
(MVPA; outside of work), the highest of any racial or ethnic
group [3]. Conversely, Latinas tend to engage in more
light-intensity physical activity (LPA) and less sedentary
behavior (SB) compared to their White and Black counterparts
[4,5]. The unique movement behavior profiles among Latinas
likely result from unique barriers and facilitators that Latinas

encounter in their daily lives. Yet, our understanding of Latinas’
engagement in movement behaviors (ie, MVPA, LPA, and SB)
and determinants of those behaviors in naturalistic settings is
limited, hampering efforts to effectively intervene [6]. Therefore,
it is not surprising that Latinas in the United States experience
disproportionately high rates of chronic conditions closely linked
to low levels of MVPA such as diabetes, hypertension, obesity,
and certain cancers.

The ecological momentary assessment (EMA) has increased in
popularity over the last 15 years in PA research as a
methodological approach to better capture health behaviors and
their determinants as they occur in daily life [7]. Specifically,
EMA is a real-time data capture methodology designed to
intensively and repeatedly assess participants’ behaviors,
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experiences, feelings, and contexts surrounding a phenomenon
of interest [8]. Such an approach can improve ecological validity
and reduce recall errors [9], ultimately improving our
understanding of when, where, with whom, and why movement
behaviors occur.

Despite the potential advantages of this methodological
approach, no studies have explicitly evaluated the feasibility,
validity, and acceptability of EMA to capture movement
behaviors in Latinas. Latinas are likely to face unique barriers
to participation in research involving methodologies such as
EMA given documented issues related to lack of trust in
research, limited rapport with research staff, and cultural
insensitivity of research to the unique values, traditions, and
beliefs of the Latino/a community [10,11]. Other issues
associated with broader research participation among Latinas
include concerns about immigration or undocumented status,
lack of access to Spanish-speaking staff or interpreters, and lack
of childcare [10,11].

Therefore, there is a need to establish the feasibility, validity,
and acceptability of a smartphone-based EMA study to assess
movement behaviors in Latinas. In this study, we examined the
feasibility, validity, and acceptability of a 7-day EMA protocol
assessing PA and SB. To determine feasibility, we examined
rates of compliance with elements of the study protocol (ie,
EMA, accelerometer wear time). EMA studies across a variety
of designs, samples, and research fields have reported an average
compliance with EMA protocols of 79% [12]. However, given
that EMA studies focused on movement behaviors in other
samples of minoritized women have reported lower compliance
[13] balanced with the need to capture representative and
ecologically valid data on participants’ daily experiences, we
deemed a compliance rate of 70% to be acceptable. We also
examined measurement reactivity to determine whether
accelerometer-derived behavioral data were affected or changed
because of answering the EMA prompts. With respect to
validity, we investigated the degree to which EMA-reported
behaviors corresponded with the amount of MVPA, LPA, and
SB captured by the accelerometer over that same time. To our
knowledge, we are not aware of any studies that have
investigated compliance with, potential reactivity to, or validity
of EMA reports with regard to LPA; however, given the unique
movement behavior profiles of Latinas with high amounts of
LPA and accumulating evidence regarding the health benefits
of LPA [3-5,14], this is an important question to investigate.
Finally, to establish acceptability, we used end-of-study
feedback on specific elements of the study. This formative
research is crucial for enhancing our understanding of the factors
influencing movement behaviors and for developing personally
tailored and context-sensitive movement-related interventions
for Latinas.

Methods

Participants and Recruitment
Latinas living in Guilford County, North Carolina, and
surrounding counties were recruited for participation in this
study. Recruitment was done primarily through community
centers serving predominantly Latina/o populations. Through

conversations with community partners, effective methods for
recruitment were identified. Print materials were placed at
community locations. Further, announcements were made and
recruitment tables with staff were present at specific community
events (eg, English as a second language classes, soccer games,
and family services). Community partners also communicated
information about the study to organization patrons. Women
were eligible if they were aged ≥18 years, self-identified as
Latina or Hispanic, and had no limitations that would prevent
engaging in PA. If women did not speak and read English or
Spanish, were pregnant, or were unwilling to use their personal
smartphone for the study, they were deemed ineligible to
participate. We hired and trained bilingual, bicultural research
staff to recruit, enroll, and check in with participants over the
course of the study.

Procedures
Following eligibility screening, Latinas attended the introductory
training session (day 1) at one of three community locations.
At the training session, a research staff member provided a
broad overview of the study (eg, procedures, risks or benefits,
and compensation). After the overview, individuals were asked
to review the consent form (written in English) and sign to
indicate their willingness to participate in the study. Research
staff indicated that they could read the consent form to
participants, if desired. Although we did not collect specific
records of whether participants read the consent themselves or
had the staff member read it to them, based on anecdotal staff
reports, most participants read the consent form themselves.
Research staff were available to answer any questions
individuals had. Once participants consented, they completed
a baseline questionnaire to provide basic demographic and health
information. Participants were also familiarized with an
accelerometer, which was to be worn on the hip during all
waking hours unless they were showering, bathing, or
swimming. Research staff also provided more details on the
EMA study procedures during the training session and assisted
participants in downloading the smartphone app, LifeData, onto
their personal smartphones. The app delivered the
signal-contingent EMA protocol. The EMA protocol delivered
a questionnaire at a random time within three 2-hour windows
(ie, morning: 6:30-8:30 AM; afternoon: 12-2 PM; evening: 6-8
PM). The EMA surveys took 2‐3 minutes to complete, and
participants could receive between 29 and 35 items at each
prompt depending on participant responses at the time of the
prompt (eg, if they were at work and if they were alone).
Screenshots of all EMA items can be found in Figure S1 in
Multimedia Appendix 1. When reviewing the EMA items during
the training sessions, as well as at the beginning of each EMA
prompt, participants were presented with definitions of key
constructs to help orient participants to what was meant by
specific terms that appeared in the questions. For instance,
participants were provided a definition of physical activity that
aligned with MVPA (eg, moderate to hard physical effort and
breathing harder than normal). The EMA protocol was available
in English and Spanish and continued for 7 consecutive days.

After the delivery of an EMA prompt, participants had 30
minutes to answer the EMA. After 30 minutes, if the EMA
prompt was still unanswered, the questionnaire became
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inaccessible and was counted as missing. Research staff
monitored compliance in real time and contacted all participants
2‐3 days into the EMA protocol to check in and address any
issues related to questionnaire delivery, compliance, etc.

Following the 7-day study period, participants returned the study
equipment at a community location and were compensated for
their time. Community locations were also compensated for
granting the research team space to meet with participants.
Finally, participants were asked to complete a brief questionnaire
to gather feedback about their experience in the study.

Measures

EMA-Reported Physical Activity and Sedentary Behavior
At each EMA prompt, participants were asked “What were you
doing just before the phone went off?” and were given the option
to select all responses that were applicable (eg, watching
television or movies; using a computer, tablet, or phone; physical
activity or exercise; running errands; and household chores
[15-17]; see Multimedia Appendix 1 for a complete list of
response options). Given our interest to determine the validity
between self-reported PA and device-measured PA, occasions
in which participants selected “physical activity/exercise” at
the time of the prompt were classified as currently engaged in
PA at that occasion. Responses were coded so that occasions
in which PA was not reported were the reference (coded as 0)
and occasions in which PA was reported were the comparison
(coded as 1). Aside from occasions where participants reported
engaging in “physical activity/exercise,” they were asked if they
were sitting while doing their current activity. We classified
participants as engaging in SB at the time of the prompt if they
reported sitting while doing their current activity. Responses
were coded so that occasions where sitting was not reported
were the reference (coded as 0) and occasions where sitting was
reported were the comparison (coded as 1). Regardless of
whether participants indicated they were currently engaged in
PA or SB, they were not asked to report the duration of their
current PA or SB.

Device-Based Physical Activity and Sedentary Behavior
The ActiGraph GT3X-BT accelerometer measured participants’
PA and SB. Data from this device were downloaded in
30-second epochs, and movement behaviors were
operationalized as minutes of MVPA (ie, ≥2020 counts/minute),
LPA (ie, 100‐2019 counts/minute), and SB (<100
counts/minute) [18,19]. Time stamps from the device and EMA
questionnaires were used to pair the 2 data sources and create
windows of accelerometer data before, after, or around the EMA
prompt. Movement behavior data accumulated in the 15 minutes
before, 15 minutes after, or 30-minute window around (ie, ±15
minutes) the EMA prompt was used in analyses. Nonwear time
was determined based on consecutive minutes of 0 activity
counts [19]. Time intervals in which valid wear time amounted
to at least half of the interval were considered valid and included
in the analysis (eg, ≥7.5 minutes of wear in the 15 minutes
before the prompt).

Time
We created variables representing the time of day and day of
the week EMA prompts were delivered. EMA prompts delivered
between 6:30 and 8:30 AM were classified as morning prompts,
12 and 2 PM as afternoon prompts, and 6 and 8 PM as evening
prompts. Prompts delivered from Monday to Friday were
classified as weekday prompts, and prompts delivered on
Saturday and Sunday were classified as weekend prompts.
Finally, an EMA prompt number variable (ranging between 1
and 21, as this is the maximum number of prompts that could
be delivered as part of the study) was created to account for
time in study.

Demographic, Family, Work, Social, and Structural
Determinants
During the introductory training session, participants completed
a baseline questionnaire that assessed demographic and health
information including age, nativity, and self-reported health.
Although not relevant to the aims of this manuscript, at each
EMA prompt, participants reported on family, work, and social
conditions and potential stressors they were experiencing.
Latinas’ geographic location at the time of the prompt was also
recorded at each EMA prompt.

Study Feedback
At the end of the study, participants provided their perceptions
of study procedures, their overall experience, and their
willingness to complete smartphone-based or
accelerometer-related study procedures in future studies. Items
and response options are provided in the Results section.

Data Analysis
Our analytic approach was informed by previous work
investigating the feasibility and validity of EMA in PA-related
research in other populations [15-17]. As an intensive
longitudinal study, we fit a series of multilevel models to
account for the nested structure of our data (ie, observations
nested within people) to investigate the aims previously defined
[20,21]. Descriptive statistics and frequencies were calculated
to describe compliance (ie, total answered prompts completed
divided by total delivered prompts).

To determine if engagement in movement behaviors influenced
the likelihood of completing an EMA prompt, we fit a series of
multilevel logistic regression models. More specifically, these
models examined if engaging in movement behaviors (ie,
MVPA, LPA, and SB in the 30-minute window [±15 minutes]
around the EMA prompt) as well as temporal (ie, time of day,
day of week, and time in study) or demographic factors (ie, age,
preferred language, self-reported health, nativity status, and
employment status) influenced whether or not an EMA prompt
was completed. EMA prompts were dummy coded (ie, prompts
completed were coded as 1; prompts not completed were coded
as 0). Prompts were considered not completed if a participant
did not open the EMA questionnaire within 30 minutes of
delivery or the prompt was answered but the participant did not
answer all questions included in the EMA questionnaire (ie, did
not provide complete data at the EMA prompt).
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The next set of models examined whether the time spent
engaging in PA (or SB) in the 15-minute window before the
EMA prompt differed from the time spent engaging in PA (or
SB) in the 15-minute window after the EMA prompt. This is
relevant as it provides insights into whether the EMA prompt
resulted in any reactivity (or changes in PA or SB as a result of
being prompted about their movement behaviors) [22,23]. We
created a dummy-coded variable representing the 15 minutes
prior (“window”=0) and after the EMA prompt (“window”=1)
to examine its association with MVPA, LPA, and SB (one
movement behavior per model).

Our final set of models examined criterion validity. We fit
multilevel linear regression models to determine associations
between EMA-reported PA and SB and accelerometer-derived
PA and SB, respectively. We used EMA-reported PA (or SB)
at the time of the prompt as the main predictor to determine
associations with accelerometer-derived MVPA, LPA, or SB
(one movement behavior per model). For all models in which
MVPA was the outcome, model results were consistent
regardless of using raw or transformed MVPA variables, so we
opted to use raw MVPA values to aid in the interpretability of
findings.

Based on a priori selection of covariates and prior studies, we
adjusted all multilevel models for time and day of the prompt,
time in study (ie, EMA prompt number), age (grand mean
centered), employment status (dummy coded), language of
questionnaire (dummy coded), nativity (dummy coded), and
self-reported health (eg, [3,5,6,12,15,23-25]). Previous
simulation studies indicate that having at least 50 units at the
high order level (in our case, participants at level 2) with
between 5 and 30 observations per unit (in our case, we averaged
10 valid observations per participant) is sufficient to generate
accurate unstandardized coefficient and standard error estimates
[26]. Quantitative analyses were conducted in Stata v. 18 and
SAS v9.4.

Lastly, to establish acceptability, we evaluated reports of
satisfaction with, convenience of, and disruptions due to study
participation. In addition to Likert items assessing acceptability,
participants were given the opportunity to provide additional
feedback via an open-ended question. Only one-third (23/67,
34.3%) of the participants responded to the open-ended question,
and responses were brief, with an average length of 10 words.
Therefore, we did not conduct a formal qualitative analysis but
highlighted quotes to represent common responses across
respondents.

Ethical Considerations
All study procedures were approved by the University of North
Carolina at Greensboro’s institutional review board (IRB
FY22-483). Written informed consent was obtained from all
individual participants included in the study. Several measures
were implemented to ensure participant privacy and
confidentiality, including meeting with participants in private
or secluded areas at community locations, using ID numbers to
link participant data, and storing electronic or paper records in
secure locations. Participants could earn up to US $50 in gift
cards: US $20 for attending the introductory session and US
$30 for completing the EMA and accelerometer protocol (not
prorated based on compliance).

Results

Participant Characteristics and Completion of EMA
Prompts and Accelerometer Wear
A total of 67 Latinas completed the study. Table 1 displays the
demographic characteristics of study participants. Participants
were, on average, 39 years of age (SD = 13.6). About half of
the sample met physical activity guidelines and indicated they
were from households earning less than US $50,000 per year.
Approximately three-quarters (53/67, 79.1%) of the sample
were foreign-born. Similarly, about three-quarters (49/67,
73.1%) of the sample were identified as Mexican or Mexican
American.
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Table . Demographic characteristics of study participants.

ValuesParticipant characteristics

Age (years) (n=67), n (%)

44 (65.7)18‐44

21 (31.3)45‐64

2 (3.0)≥65

Education (n=67), n (%)

18 (26.9)Some high school

23 (34.3)High school or equivalent

12 (17.9)Some college

12 (17.9)College degree or postsecondary

2 (3.0)Missing

Annual household income (US $) (n=67), n (%)

3 (4.5)<10,000

11 (16.4)10,000‐24,999

23 (34.3)25,000‐49,999

20 (29.9)≥50,000

10 (14.9)Do not know or not sure

Marriage status (n=67), n (%)

48 (71.6)Married or cohabitating

12 (17.9)Single

7 (10.5)Other

Ethnic group (n=67), n (%)

49 (73.1)Mexican or Mexican American

13 (19.4)Central American

5 (7.5)Other

Language spoken at home (n=67), n (%)

33 (49.2)Only Spanish

15 (22.4)Mostly Spanish

2 (3.0)Mostly English

17 (25.4)Spanish and English equally

Self-reported health (n=67), n (%)

8 (11.9)Excellent

13 (19.4)Very good

27 (40.3)Good

19 (28.4)Fair

Currently employed (n=67), n (%)

41 (61.2)Yes

Country of birth (n=67), n (%)

14 (20.9)United States

40 (59.7)Mexico

13 (19.4)Other

Physical activity (n=67), n (%)
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ValuesParticipant characteristics

37 (55.2)Meeting physical activity guidelines (based on average daily minutes of

MVPA)a

Occasions engaging in physical activity or exercise (n=907), n (%)

35 (3.9)EMA-basedb report

Occasions engaging in sedentary behavior (n=901), n (%)

457 (50.7)EMA-based report

Moderate to vigorous physical activity (minutes), mean (SD)

0.44 (1.42)Device-based assessment (15 minutes prior to EMA prompt)

Light physical activity (minutes), mean (SD)

5.01 (3.72)Device-based assessment (15 minutes prior to EMA prompt)

Sedentary behavior (minutes), mean (SD)

9.32 (4.21)Device-based assessment (15 minutes prior to EMA prompt)

aMVPA: moderate to vigorous intensity physical activity.
bEMA: ecological momentary assessment.

There were 1279 EMA prompts delivered across all participants.
Of the EMA prompts delivered, participants answered 927
(72.5%) EMA prompts and completed 892 (69.7%, range:
5%‐100%) EMA prompts. On approximately two-thirds of
occasions, participants had valid actigraphy data in the 15
minutes before (n=842, 65.8%) or 15 minutes after (n=860,
67.2%) the EMA prompt. Frequencies and descriptive statistics
for EMA-reported and device-based movement behaviors are
displayed in Table 1.

Factors Influencing Compliance With Study
Procedures
Table 2 displays associations between demographic, temporal,
and behavioral factors and compliance. There was no difference
in odds of participants completing the EMA prompt (vs not)
depending on the amount of MVPA engaged in in the 30-minute
window around the EMA prompt (P>.05). However, Latinas
were more likely to complete an EMA prompt if they engaged
in more SB (odds ratio [OR] 1.04, 95% CI 1.01-1.06) and less
LPA (OR 0.97, 95% CI 0.94-0.99) in the 30-minute window
around the EMA prompt.
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Table . Odds of completing an EMAa prompt based on participant characteristics and current behaviors and temporal context.b

Model 3: Multilevel logistic regres-

sion with SBf as key movement be-
havior, OR (95% CI)

Model 2: Multilevel logistic regres-

sion with LPAe as key movement
behavior, OR (95% CI)

Model 1: Multilevel logistic regres-

sion with MVPAc as key movement

behavior, ORd (95% CI)

Fixed effects

0.32 (0.08‐1.36)0.84 (0.21‐3.35)0.66 (0.17‐2.54)Intercept

1.04g (1.01‐1.06)0.97g (0.94‐0.99)0.95 (0.90‐1.01)Movement behavior (±15 minutes)

1.74g (1.02‐2.95)1.85g (1.09‐3.14)1.83g (1.08‐3.10)Afternoon

2.22g (1.29‐3.81)2.36g (1.38‐4.04)2.51g (1.47‐4.29)Evening

0.66g (0.44‐0.99)0.67 (0.44‐1.02)0.66g (0.43‐0.99)Weekend day

1.08g (1.04‐1.12)1.08g (1.04‐1.12)1.08g (1.04‐1.12)Notification number

1.01 (0.98‐1.04)1.01 (0.98‐1.04)1.01 (0.97‐1.04)Age

1.09 (0.39‐3.05)1.07 (0.38‐3.00)1.04 (0.38‐2.90)EMA in Spanish

1.22 (0.59‐2.56)1.21 (0.57‐2.54)1.19 (0.57‐2.48)Currently working

1.25 (0.38‐4.08)1.23 (0.37‐4.09)1.26 (0.38‐4.13)US born

1.26 (0.85‐1.86)1.27 (0.85‐1.88)1.25 (0.85‐1.85)Self-reported health

Random effects

1.47 (0.77‐2.56)1.45 (0.81‐2.63)1.41 (0.78‐2.56)Intercept

aEMA: ecological momentary assessment.
bAll models were based on 67 participants with 850 observations.
cMVPA: moderate to vigorous intensity physical activity.
dOR: odds ratio.
eLPA: light intensity physical activity.
fSB: sedentary behavior.
gP<.05.

Latinas were more likely to complete an EMA prompt in the
afternoon, evening, and weekend compared to mornings and
weekdays (except for the model with LPA predicting
compliance). Participants were also more likely to complete an
EMA prompt as participants received more notifications in the
study (ie, time went on in the study). There was no difference
in odds of completing an EMA prompt by between-person
demographic factors (eg, age).

Potential Reactivity to EMA Prompts
Latinas engaged in significantly more SB in the 15 minutes
following the EMA prompt (B=0.49, SE 0.21, P=.02; mean
9.56, SD 4.14 minutes) compared to the 15 minutes before the
prompt (mean 9.07, SD 4.34 minutes). However, there was no
difference in MVPA (B=−0.04, SE 0.07; P=.54) or LPA
(B=−0.3, SE 0.19; P=.11) in the 15 minutes before the EMA
prompt compared to the 15 minutes after the EMA prompt (data
not shown in table).

Criterion Validity of EMA Responses
Table 3 displays results from models investigating the extent
to which there was agreement between device-based movement
behaviors and EMA reports of PA and SB. Latinas who
self-reported engaging in PA at the time of the prompt averaged
3.6 more minutes of device-based MVPA (B=3.60, 95% CI
2.75‐4.45) and 2.32 more minutes of LPA (B=2.32, 95% CI
0.17-4.61) relative to occasions when Latinas did not report
being physically active at the time of the prompt. Further,
device-based assessments of SB corresponded with self-reported
behavior via EMA. At the time of the prompt, Latinas averaged
4.11 more minutes of device-based SB in the 30-minute window
(ie, ±15 minutes) on occasions when they reported sitting at the
time of the prompt relative to occasions when they did not report
sitting at the time of the prompt (B=4.11, 95% CI 3.10-5.11).
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Table . Predicting minutes of movement behaviors in the 30-minute window (±15 minutes) around the EMAa prompt to determine correspondence

between EMA-reported and device-based behaviors.b

Multilevel linear regression with

SBe as outcome, unstandardized
coefficient (SE)

Multilevel linear regression with

LPAd as outcome, unstandardized
coefficient (SE)

Multilevel linear regression with

MVPAc as outcome, unstandardized
coefficient (SE)

Fixed effects

17.09f (1.47)8.89f (1.34)0.14 (0.42)Intercept

—h2.32f (1.17)3.60f (0.43)EMA-reported PAg

4.10f (0.51)—h—hEMA-reported SB

1.84f (0.82)–0.86 (0.77)–0.01 (0.28)Afternoon

2.14f (0.82)–1.31 (0.76)0.09 (0.28)Evening

0.71 (0.57)–0.39 (0.52)–0.25 (0.20)Weekend day

–0.05 (0.05)0.02 (0.04)0.01 (0.01)Notification number

–0.07f (0.03)0.07f (0.03)–0.01 (0.01)Age

–1.29 (0.99)0.91 (0.92)0.10 (0.27)EMA in Spanish

–0.57 (0.70)0.97 (0.67)0.12 (0.19)Currently working

0.40 (1.13)–1.15 (1.05)–0.01 (0.31)US born

–0.15 (0.38)0.25 (0.36)0.14 (0.10)Self-reported health

Random effects

2.77 (1.24)2.46 (1.09)0.03 (0.08)Intercept

40.35 (2.34)34.67 (2.01)4.90 (0.28)Residual

aEMA: ecological momentary assessment.
bAll models were based on 66 participants with 657 observations for models predicting MVPA and LPA, and 656 observations for the model predicting
SB.
cMVPA: moderate to vigorous intensity physical activity.
dLPA: light intensity physical activity.
eSB: sedentary behavior.
fP<.05.
gPA: physical activity.
hNot applicable.

Adjusting for covariates may overfit models. Another set of
unadjusted multilevel models was tested to determine
correspondence between EMA-reported and device-based
behaviors. Results did not differ substantially from the adjusted
results presented in Table 3 regarding agreement between
EMA-reported and device-based behaviors. Output from
unadjusted multilevel models is in Multimedia Appendix 2.

Acceptability
As indicated in Table 4, most participants (48/66, 72.7%) were
satisfied with the study. More than half of the participants
indicated that the length of the questionnaires was reasonable
(ie, 37/66, 56.1% strongly disagreed or disagreed that the EMA
questionnaires took too much time to complete). There were
mixed responses regarding the convenience of the timing of
EMA prompts (ie, 21/66, 31.8% agreed or strongly agreed
prompts were delivered at a convenient time; 15/66, 22.7%

disagreed or strongly disagreed). One participant noted in
open-ended comments about the study: “Sometimes
questionnaires were too early, or I was busy with my kids, and
I couldn’t answer.” Another participant indicated a preference
for more time before EMA prompts became inaccessible, with
one participant noting that they would have liked to “get more
than 30 minutes to answer [the EMA prompt].” Most
participants indicated that the preferred number of EMA prompts
per day was 3 (52/66, 78.8%) and study days was 7 (53/66,
80.3%). Though in open-ended responses, some participants
reported the desire for EMA questionnaires to take less time to
complete. Nearly half of the participants indicated that the
accelerometer was not a nuisance to wear (29/66, 43.9%) or
were neutral about wearing it (18/66, 27.3%), while 28.8%
(19/66) indicated it was a nuisance to wear. More than four-fifths
(56/66, 84.8%) of the sample indicated that they were satisfied
with the compensation provided for completing the study.
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Table . Participant feedback on study procedures (n=66a).

Values, n (%)Item and response options

It took too much time to complete the questionnaires sent over the tele-
phone.

14 (21.2)Strongly disagree

23 (34.8)Disagree

20 (30.3)Neutral

7 (10.6)Agree

1 (1.5)Strongly agree

1 (1.5)    Missing

The hours when the EMAb prompts were sent over the telephone were
convenient.

6 (9.1)Strongly disagree

9 (13.6)Disagree

30 (45.5)Neutral

18 (27.3)Agree

3 (4.5)Strongly agree

It was a nuisance wearing the activity monitor for 7 days.

10 (15.2)Strongly disagree

19 (28.8)Disagree

18 (27.3)Neutral

14 (21.2)Agree

5 (7.6)Strongly agree

This study demanded a lot of time.

18 (27.3)Strongly disagree

26 (39.4)Disagree

16 (24.2)Neutral

6 (9.1)Agree

0 (0)Strongly agree

I was satisfied with the compensation for this study.

3 (4.5)Strongly disagree

0 (0)Disagree

6 (9.1)Neutral

33 (50.0)Agree

23 (34.8)Strongly agree

1 (1.5)    Missing

Overall, what was your level of satisfaction with the study?

3 (4.5)Very unsatisfied

0 (0)Unsatisfied

14 (21.2)Neutral

33 (50.0)Satisfied

15 (22.7)Very satisfied

1 (1.5)    Missing

What is the maximum number of questionnaires you would be willing to
complete on your mobile phone in a single day?
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Values, n (%)Item and response options

52 (78.8)3 prompts

8 (12.1)4‐5 prompts

6 (9.1)6‐8 prompts

What is the maximum number of consecutive days you would be willing
to complete these study procedures?

53 (80.3)7 days

7 (10.6)8‐11 days

6 (9.1)12+ days

aOne participant did not provide study feedback.
bEMA: ecological momentary assessment.

Discussion

EMA can provide novel insights into the prediction and
modeling of movement-related behaviors as it captures
phenomena of interest in real-time and real-world environments.
However, such a methodology is only useful and informative
if participants are willing to comply with study procedures and
the data collected through this method are valid. To our
knowledge, this study is the first to investigate Latinas’
willingness, compliance, and accuracy in reports of behaviors
in an EMA protocol designed to assess movement-related
behaviors. We found that among a sample of emerging to midlife
Latinas of Mexican or Mexican American origin and born
outside of the United States, these women were willing to
engage in and comply with the EMA research, demonstrated
strong agreement in reporting engagement in PA and SB when
compared to device-based measures, and, overall, had positive
perceptions of the study procedures. This study provides
encouraging findings for future EMA research with Latinas to
better understand and intervene on movement-related behaviors.

Latinas demonstrated acceptable levels of compliance with the
EMA protocol, answering approximately 72.5% (927/1279)
and completing 69.7% (892/1279) of EMA prompts in this
study. Across a variety of research designs, samples, and
disciplines, the average compliance with an EMA protocol is
approximately 79% [12]. Compared to EMA studies of
movement behaviors exclusively among samples of women,
compliance rates documented in this study were similar [27,28]
or better than previous research [13]. Some of the PA EMA
studies among women have implemented strategies to entice
EMA compliance by offering additional compensation based
on the percentage of EMA prompts answered [27,29]. However,
Wrzus and Neubauer [12] found that compliance did not differ
if EMA studies used incentives dependent on answering
minimum percentage of prompts compared to incentives without
compliance reinforcement. It appears the main compliance issue
women in our study expressed was the convenience of EMA
prompts (eg, timing). Further design considerations regarding
EMA prompts among Latinas may be warranted.

Rates of activity monitor nonwear documented in this study
were surprising, considering that participants generally reported
that it was not a nuisance to wear the activity monitor.
Commercial wearable devices may be more advantageous than

research-grade devices as commercial devices tend to be
water-resistant, comfortable to wear, and stylish, all of which
can promote continuous wear with limited reasons for device
removal. However, researchers should weigh the pros and cons
of using commercially available devices for research purposes
[30].

Our findings suggest that the likelihood of completing an EMA
prompt increases significantly if Latinas are engaged in higher
levels of SB and less LPA around the time of the prompt.
Previous EMA studies have similarly documented that rates of
compliance are improved if a participant is engaged in high
levels of SB around the EMA prompt and that engagement in
MVPA around the EMA was unrelated to compliance [16,17].
Other PA EMA studies have documented compliance differences
based on concurrent engagement in MVPA (particularly driven
by vigorous intensity PA) [15,31], but we did not observe such
differences in compliance. This may be due to the relatively
low levels of MVPA in our study sample. We did, however,
find that engaging in more LPA around the prompt decreased
the likelihood of completing an EMA prompt. Engaging in
higher levels of LPA may reflect a general busyness of daily
life among women, which may explain poorer compliance at
those times.

One concern with EMA protocols is that they can potentially
induce measurement reactivity (ie, changes in a construct
because of intensively assessing it) [22,23]. Our finding that
Latinas sat for significantly more time immediately following
the EMA prompt as compared to immediately before the EMA
prompt aligns with previous findings [15]. Of note, estimates
in our study suggest that the difference in SB before and after
the EMA prompt was approximately 30 seconds. This volume
of change in SB may not have practical implications for Latinas’
health. Further, neither MVPA nor LPA significantly changed
among Latinas because of completing the EMA prompt, aligning
with previous work [15,23]. In general, findings from this study
are promising as they suggest that completing an EMA prompt
does not induce meaningful reactivity in PA or SB behaviors
among Latinas.

Regarding the validity of EMA to assess PA and SB, on
occasions when Latinas reported engaging in PA or SB via
EMA, actigraphy-derived measures of those behaviors were
greater than when those behaviors were not reported via EMA.
Importantly, actigraph-derived MVPA increased by nearly 4
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minutes when Latinas reported engaging in PA at the EMA
prompt, but LPA only increased by about 2 minutes. This
suggests that Latinas accurately differentiated between
intensities of PA as they were instructed during the introductory
training session and reminded at the beginning of each EMA
prompt. Given the relatively low prevalence of MVPA in the
±15-minute window around the EMA prompt across all
observations (mean 0.96, SD 2.87 minutes), the increase of
nearly 4 minutes of device-based PA when PA was reported at
the prompt indicates that participant reports were consistent
with the behavioral engagement. The agreement between
EMA-reported and device-based movement behaviors is
consistent with findings from studies involving diverse samples
of emerging, midlife, and older adults. These studies have shown
increases of 2-4 minutes in device-based PA on occasions when
PA was reported through EMA prompts, compared to occasions
when it was not [15-17,32]. Ultimately, these findings indicate
that Latinas accurately report their current movement behaviors
through EMA.

Finally, the overall positive perceptions of the EMA study
indicate that this type of smartphone-based study design is
acceptable to assess movement behaviors in a sample of Latinas
that have immigrated to the United States. Based on participants’
feedback, further refining ways to minimize study demands and
improve the convenience of study procedures would be
advantageous. Additional strategies such as customizing to
participants’ sleep and wake time schedules or allowing more
time to complete the EMA prompt could address issues of
convenience. Lengthening the available window in which
Latinas can respond to an EMA prompt may help limit potential
burden. However, when deciding whether to lengthen the
availability of the EMA questionnaire, researchers should weigh
the potential benefits and costs of such a decision considering
the phenomenon of interest they are interested in capturing.
Finally, considerations around the number of items and time to
complete at each EMA questionnaire may be necessary. Some
EMA studies have reduced the number of items in EMA
prompts, while also providing variety in the constructs assessed,
by randomizing items so that only a portion of constructs are
assessed at each EMA prompt [15,33]. Though such design
considerations may only be applicable in studies with a larger

number of EMA prompts within days or more days of
assessment to ensure that all constructs are adequately captured
to reflect the changing contexts of daily life.

Strengths of this study include the rigorous interrogation of
factors that may influence potential feasibility and validity of
a movement behavior EMA protocol among a socially
vulnerable population of Latinas. However, study limitations
should be noted. Although simulation studies indicate that in
intensive longitudinal study samples of more than 50 participants
with assessments within participants can generate reliable fixed
and random estimates as well as standard errors [26], our sample
size was relatively small (N=67), which may limit the
generalizability of findings. Additionally, we obtained a larger
percentage of Latinas meeting PA guidelines compared to
national averages. Further, most of our sample identified as
Mexican or Mexican American and was born outside of the
United States. There may be important differences in terms of
feasibility, validity, and acceptability depending on Hispanic
origin and nativity status. Relatedly, we did not take height and
weight measurements to determine participants’ Body Mass
Index (BMI). Some studies have indicated differences in EMA
compliance by BMI [15]. Examining differences in compliance
by BMI is an important direction for future EMA research
among Latinas. With respect to our study design, because a
random, signal-contingent prompting schedule was used, it is
likely that not all bouts of PA and SB were captured. Further,
EMA items did not assess the duration or intensity of PA or SB.

The findings from our study indicate that EMA methods are a
feasible, valid, and acceptable approach to use with Latinas to
understand PA and SB. Although some strategies may need to
be implemented in future work to enhance compliance with
smartphone and accelerometer-based study procedures, our
study provides timely, new evidence that EMA can be
effectively used among Latinas to capture movement behaviors.
Latinas represent a vulnerable and understudied population in
PA research. Using EMA in such a group can shed new light
on the antecedents and consequences of movement behaviors,
leading to new intervention targets delivered in the context of
Latinas’ daily lives. The findings from this study represent an
essential first step in that process.
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Abstract

Background: Health messages are integral to smoking cessation interventions. Common approaches to health message
development include expert-crafted messages and audience-generated messages, which produce messages that can be monotonic,
didactic, and limited in number. We introduce an alternative approach to health message development that relies on user-generated
content available on open-content platforms as a source of health messages.

Objective: We examined the acceptability of user-generated content curated from Twitter (subsequently rebranded X) as a
source of health support messages in a newly developed smoking cessation mobile intervention called Quit Journey and the
optimal timing and frequency with which health messages can be deployed to support app users in real time.

Methods: A total of 12 semistructured focus groups were held with 38 young adults with low socioeconomic status who smoked
cigarettes, wanted to quit, and were aged 18 to 29 years. Focus groups were held virtually on GoTo Meeting, audio recorded, and
transcribed verbatim. Deductive thematic analysis was used, with themes based on 5 constructs from the second unified theory
of acceptance and use of technology (ie, effort expectancy, facilitating conditions, hedonic motivation, performance expectancy,
and social influence) and negative, neutral, and positive sentiment.

Results: Participants perceived user-generated content positively (56/108, 51.9% of the quotes) and focused on their perceived
usefulness (37/108, 34.3% of the quotes). User-generated content was perceived as authentic, nonrepetitive support from people
with similar real-life experiences. Negative or sarcastic user-generated content elicited negative reactions from participants.
Participants preferred receiving 3 or fewer daily messages, ideally before cravings. Suggestions focused on the need to screen
user-generated content before its inclusion in the app library and allow app users to customize message frequency and timing.

Conclusions: User-generated content was deemed an acceptable source of health messages. This content can improve the
efficacy and effectiveness of smoking cessation interventions by increasing their pool of unique messages that may be better
received and more persuasive than expert-curated content. User-generated content can be used to curate health messages for all
medical conditions and behaviors with relevant publicly available online content for integration in behavioral interventions given
its high volume, brevity, and narrative-like nature. Future research is needed to investigate the effects of user-generated content
on health behaviors and identify the theoretical mechanisms for these effects.

(JMIR Hum Factors 2025;12:e76804)   doi:10.2196/76804

KEYWORDS

focus group discussions; low socioeconomic status; smoking cessation apps; young adults; user-generated content; social media;
Twitter; X

Introduction

Health messaging is integral to smoking cessation efforts,
including behavioral interventions [1,2]. Effective health

messages are understandable; informative; engaging; and, most
importantly, capable of inducing behavior change [3]. Despite
the importance of health messages to behavioral interventions,
the process of health message development is “commonly
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hidden within a black box” [4]. The most common is a top-down
approach to message development, where interventions include
expert-crafted health messages that embody clinical or expert
guidelines, determinants of behavior change as outlined in
theoretical frameworks (eg, health belief model, theory of
planned behavior, and elaboration likelihood model), message
tactics (eg, gain framed and narratives), and approaches (eg,
targeting and tailoring) [3]. Alternatively, target populations
have been involved in developing health messages in a
bottom-up approach, although this approach is less frequently
used [5]. We propose a different approach, where health
messages are curated from online open-content sources for use
in smoking cessation interventions.

There are limitations to current approaches to health message
development. Expert-constructed messages can be perceived
as dry, didactic, or unrelatable and can be met with persuasion
resistance from audiences [6,7]. Target population–constructed
messages can be difficult to generate, especially at scale. Both
approaches to message development generate a finite number
of messages that are recycled over the course of an intervention.
Message repetitiveness can result in message fatigue, which
leads to unfavorable message attitudes and reduced message
effectiveness, credibility, and behavioral intentions [8,9]. This
is particularly important given the need for a substantial pool
of candidate messages to cover the extended treatment times of
smoking cessation interventions, which usually last 4 to 6 weeks
(and often require multiple quit attempts), and the need for
personalized message content and intensity under adaptive
interventions [10,11].

Web 2.0 and social media platforms have an endless reservoir
of user-generated health content owing to their active users,
including 2 billion for Instagram and 600 million for Twitter
(subsequently rebranded X) [12]. User-generated content is
defined as “content [that] is created or produced by the general
public rather than by paid professionals and primarily distributed
on the internet” [13]. There is evidence suggesting that people
turn to online platforms, including social media, for health
purposes. For instance, health discussion forums, social media
platforms, and crowdsourcing platforms have user-generated
smoking cessation content [14,15]. In 2018, a total of 70.14%
of Americans used digital means to access health information,
whereas 14.02% shared health information via social media
platforms [16]. However, research on Web 2.0 and social media
platforms has been limited to examining tobacco advertising
and audience-targeting strategies and their associations with
tobacco use behaviors [17-19]; analyzing opinions and attitudes
regarding tobacco products and the viability of predicting user
behavior based on online media posts [20-23]; and, finally,
engaging with and disseminating antitobacco messaging and
cessation interventions [14,24-26].

User-generated content remains a practically untapped resource
for persuasive health messaging. There is evidence suggesting
that users trust content created by those going through similar
experiences [27]. User-generated online content is also akin to
unscripted peer-to-peer communication, which is typically
conversational and can include narrative elements or storytelling.
These content characteristics can induce behavior change
through various mechanisms, such as reducing counterarguments

and facilitating role-modeling of the behavior [28-31]. For
example, peer messages have been associated with greater
engagement with tobacco interventions compared to expert
messages [32], whereas emotional and personal testimonials
have been associated with greater quitting among individuals
with low and middle socioeconomic status (SES) who smoke
than among those with high SES [33].

In this study, we explored reactions to the potential of
user-generated content as a source of support messages in a
smoking cessation intervention [34] called Quit Journey that
targets individuals with low SES who smoke cigarettes. The
app will feature an on-demand message library and just-in-time
support messages to be sent to users when they are at risk of a
lapse or relapse. These messages will be drawn from Twitter,
a microblogging platform. As target audiences’ reactions to
health messages are critical determinants of their effectiveness
[3,35], we gauged the acceptance of the use of Twitter messages
for cessation support in Quit Journey among young adults with
low SES who smoked and their opinions on the frequency and
timing of the just-in-time support messages. This study was part
of the preparation phase of the multiphase optimization strategy
for the development and evaluation of Quit Journey [36,37].

Methods

Ethical Considerations
The National Institutes of Health institutional review board
exempted this study on October 11, 2019, under category 2,
research that only includes interactions involving educational
tests, survey procedures, interview procedures, or observation
of public behavior (title 45 of the Code of Federal Regulations,
part 46.10(d)(2)), and category 3, research involving benign
behavioral interventions (title 45 of the Code of Federal
Regulations, part 46.10(d)(3)). ICF International’s institutional
review board exempted this study on November 19, 2019, under
category 2 and approved an amendment on February 26, 2020.
All participants verbally consented to take part in the study.
Participants received US $150 as compensation. Participants
were assigned numeric identification numbers that were used
during the focus group discussions and in the transcripts.

Participants and Recruitment
We partnered with UserWorks, Inc, to recruit a convenience
sample of 38 young adults with low SES who smoked.
Individuals with low SES are a priority for smoking cessation
efforts, with high prevalence of cigarette smoking among adults
with low incomes (18.3%) and those without a high school
diploma or who passed the General Educational Development
test (20.1% and 30.7%, respectively) [38].

Eligibility criteria included being aged 18 to 29 years; having
a low SES, as evidenced by being neither a 4-year college
graduate nor a college enrollee [39-41]; being a current smoker
who smoked at least 100 cigarettes in their lifetime and reported
smoking every day or some days; willingness to quit within 6
months; not currently using any smoking cessation aids or
noncigarette combustible tobacco products; being a smartphone
owner; and speaking English. Recruitment took place between
January 2020 and April 2020. The sample size was deemed
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sufficient to achieve data saturation, and none of the participants
withdrew from the study [42,43]. The 32-item COREQ
(Consolidated Criteria for Reporting Qualitative Research)
checklist can be found in Table S1 in Multimedia Appendix 1
[44].

Procedures
We conducted 12 virtual focus groups lasting approximately
1.5 hours each on GoTo Meeting using a topic guide informed
by the second unified theory of acceptance and use of
technology (Multimedia Appendix 1) [45,46]. In this paper, we
focus solely on Quit Journey’s message library and just-in-time
support feature, which are under development. The moderator
described the concept behind the on-demand message library
and just-in-time support feature in 8 focus groups and presented
mock app pages with placeholder messages and 5 sample tweets
in 4 focus groups. For example, one sample tweet read the
following:

...after seeing a smokers teeth now im glad I haven’t
touched a cig in months!!

All sample tweets can be found in Note S1 in Multimedia
Appendix 1. In total, 31.6% (12/38) of the participants were
involved in 2 focus groups, one in which the moderator
presented the concept behind utilizing user-generated content
in Quit Journey and one in which the moderator presented app
mock pages with placeholder user-generated content. Our work
on perceptions of smoking cessation apps and of Quit Journey
and its individual features has been published elsewhere [47-51;
Wakeman M, unpublished data, April 2025].

We conducted dry runs to ensure that the sessions ended on
time. TG, a male user experience strategist, moderated the
discussions. EL, a female strategic communications and
marketing project director, was a backup moderator and recorded
notes. TG, EL, and SE-T were the only nonparticipants present
during the focus group discussions, and none had a previous
relationship with the participants. Participants were informed
that the moderators were unaffiliated with the research group
that commissioned the study. The focus groups were audio
recorded and auto-transcribed by GoTo Meeting. Three members
of our staff verified these transcripts against the audio files.
Transcripts and findings were not returned to participants for
feedback.

Analysis
We adopted a deductive thematic approach to data analysis [52].
After an initial review of the transcripts, we developed codes
and corresponding themes based on 5 constructs from the second
unified theory of acceptance and use of technology: effort
expectancy, facilitating conditions, hedonic motivation,
performance expectancy, and social influence [45,46].
Furthermore, we coded the transcripts for negative, neutral, and
positive sentiment; design concepts; suggestions for
improvement; and Quit Journey app features [49-51]. Briefly,
effort and performance expectancies were defined as “perceived

ease or effortfulness” and “perceived usefulness or helpfulness”
of mobile apps and their features, respectively. Facilitating
conditions were defined as “factors that can aid or impede [their]
uptake or use,” whereas social influence referred to “perceived
importance of significant others’ recommendations and
approval” in considering use of mobile apps and their features.
Hedonic motivation was defined as “perceived fun, pleasure,
or enjoyment (or lack thereof) associated with [their] use.”
Negative and positive sentiment captured statements that
indicated “a sense of disapproval, criticism, or skepticism” or
“a sense of approval, praise, or certainty” about mobile apps,
respectively. Neutral sentiment captured remarks that “did not
have positive or negative tone, contained equal number of
positive- and negative-toned remarks, or were conditional in
nature.” The design concept code captured statements related
to the visual depiction and aesthetics of mobile apps or their
features. Finally, the suggestion code captured statements that
were “concerned with improvements, modifications, or
adjustments” to mobile apps or their features, whereas the app
feature code captured the Quit Journey app feature being
discussed (eg, carbon monoxide tracking; Wakeman M,
unpublished data, April 2025) [47-51]. Quotes that did not fit
under a technology acceptance construct but still conveyed a
particular sentiment were coded as “not applicable.”

We introduced new codes if the content in the transcripts did
not fit the predefined ones. In coding the transcripts, we applied
the predominant theme in each quote even if it was not
mentioned explicitly (ie, in response to a moderator’s question).
When one theme was contingent on another, we coded the quote
for the underpinning theme. We followed a multicoding
approach where multiple domains (eg, technology acceptance
and sentiment) could be applied to a single quote but only 1
code could be selected from each domain (eg, negative, neutral,
or positive).

MW and LT independently coded the focus group transcripts.
Using the ATLAS.ti qualitative software (version 8; ATLAS.ti
Scientific Software Development GmbH), we calculated 2
intercoder agreement measures: the Krippendorff c-alpha and
Krippendorff cu-alpha. The first, a measure of separating
relevant and irrelevant content (ie, whether coders identified
texts of similar locations and lengths), was 0.82 [53]. The
second, a metric related to semantic domain reliability (ie,
whether coders coded for the presence or absence of groups of
related themes), was 0.66 for technology acceptance, 0.70 for
sentiment, and 0.94 for app features [53]. MW, LT, and SE-T
discussed discrepancies and resolved them.

Results

Overview
Sample characteristics are shown in Table 1, and detailed
participant characteristics can be found in Table S2 in
Multimedia Appendix 1.

JMIR Hum Factors 2025 | vol. 12 | e76804 | p.1429https://humanfactors.jmir.org/2025/1/e76804
(page number not for citation purposes)

Wakeman et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Participant characteristics (N=38) [47-51].

Participants, n (%)Characteristics

Sex

20 (52.6)Female

18 (47.4)Male

Race and/or ethnicity

1 (2.6)American Indian or Alaska Native

3 (7.9)Asian, Native Hawaiian, or Pacific Islander

11 (28.9)Black or African American

6 (15.8)Hispanic or Latino

16 (42.1)White

1 (2.6)Mixed

Highest level of education

3 (7.9)Lower than high school

10 (26.3)High school graduate

3 (7.9)High school equivalent

18 (47.4)Some college, no degree

4 (10.5)2-year associate degree

Smoking frequency

30 (78.9)Every day

8 (21.1)Some days

Quit time frame

11 (28.9)7 days

22 (57.9)30 days

5 (13.2)6 months

Smartphone operating system

21 (55.3)Android

17 (44.7)iOS

User-generated content was an acceptable source of smoking
cessation support messages. Of 108 extracted quotes, roughly
half (n=56, 51.9%) reflected a positive sentiment (Table 2).
Discussions largely focused on performance expectancy (n=37,

34.3%), followed by effort expectancy (n=7, 6.5%), hedonic
motivation (n=7, 6.5%), and facilitating conditions (n=1, 0.9%).
All quotes appear verbatim in Tables S3 and S4 in Multimedia
Appendix 1.

Table . Distribution of the number of quotes by technology acceptance and sentiment toward the user-generated message library. Column totals add
up to 100% within each theme, whereas overall row totals add up to 100% across a semantic domain (N=108).

Total, n/N (%)Sentiment, n/N (%)Technology acceptance do-
main

PositiveNeutralNegative

7/108 (6.5)6/7 (85.7)0 (0)1/7 (14.3)Effort expectancy

1/108 (0.9)0 (0)1/1 (100)0 (0)Facilitating conditions

7/108 (6.5)4/7 (57.1)3/7 (42.9)0 (0)Hedonic motivation

37/108 (34.3)25/37 (67.6)3/37 (8.1)9/37 (24.3)Performance expectancy

0 (0)0 (0)0 (0)0 (0)Social influence

56/108 (51.9)21/56 (37.5)16/56 (28.6)19/56 (33.9)Not applicable

108/108/ (100)56/108 (51.9)23/108 (21.3)29/108 (26.9)Total
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Performance Expectancy
Most quotes on the usefulness of user-generated content for
smoking cessation (25/37, 67.6%) overlapped with positive
sentiment. Reasons for its perceived usefulness included
providing nonrepetitive, authentic content from people “going
through the same thing as you” (P35). User-generated content
was also seen as a validation of the intended audiences’
emotions and experiences while imparting a sense of community
and social support:

I know I get annoyed when...something that’s...giving
you motivational quotes and it’ll just start like
repeating them because they only have a few. [P11]

Yeah, I feel like it'd be very motivating to have that
sense of community [from the tweets] and to see it
working in real-time and kind of have that push to be
inspired to keep going, if you see actual people getting
benefits from it. [P10]

Participants emphasized the benefits of knowing the experiences
of others, which could improve their self-efficacy and motivation
to quit:

I think [the tweets] would be super helpful for
people.... The community who have ended up quitting
smoking, I think it would be super helpful to see what
they have to say and what they think about it after the
fact. So, yeah, I like that a lot. [P08]

I think it’s nice to have a personal touch and [the
tweet] gives the user a reminder that it’s possible to
achieve the outcome you're wanting and...there’s
proof from other people that have been able to
overcome the...addiction that we're all trying to kick....
There are key points that I can see in some of these
[example tweets] that I'm thinking to myself are
applicable to me and concerns that I have. So, it’s
just another reminder and incentive and...positive
reinforcement that I think is a great idea. [P14]

Quotes with a negative sentiment (9/37, 24.3%) captured
skepticism about the relevance of others’ success stories or their
motivating impact on individual participants’ quit journeys:

I just don't think that...reading what other people are
doing...is like helpful to me and...if I'm quitting
smoking, I don't care if someone else...is a “proud
owner of a tobacco free body,” right. Like, there’s
lots of people who don't smoke. But...that’s not my
journey. [P11]

Negative sentiment also reflected participants’ reactions to
sample tweets that were perceived as sarcastic or ironic in tone
or those that referenced the adverse health effects of smoking:

I don't like the first [example tweet], because I feel
like that would just make me feel bad, especially if
like my teeth are already yellow from smoking.... If
you’re...struggling and then someone else is, like,
“Oh, yay.” Like, you know, “I'm doing so well and
blah blah blah,” and...that can make you feel kind
of...bad. And then...if you feel that you might just start

smoking more because you're like, what’s the point,
I’m a failure. [P11]

Other Technology Acceptance Themes
Participants perceived Quit Journey’s tweet-based message
library as both easy and fun to use. Quotes reflecting effort
expectancy, or the perceived ease of using the message library,
and hedonic motivation, or the perceived enjoyment of using
the message library, were generally positive (6/7, 85.7% and
4/7, 57.1%, respectively):

I think it will be fun [to include tweets]. [P16]

Discussions rarely focused on conditions that could facilitate
or impede the use of a Twitter-based message library or
just-in-time support messages. For example, one participant
had no privacy concerns, noting that they would be comfortable
with the app collecting their ratings of messages to personalize
message content as the app learned their preferences.

Suggestions
An additional 105 quotes focused on participants’ suggestions
related to message content, timing, and frequency. First, to
maintain the authenticity of user-generated content (ie, ensuring
that app users know that the messages were authored by real
people), participants suggested that messages be attributed to
the poster’s name, Twitter handle, or online platform. Others
suggested that the app’s library maintain the visual presentation
of Twitter messages to signal the messages’authenticity. Finally,
participants suggested that the tweets should be unedited or
unaltered, including emojis and any spelling or grammatical
errors unless they jeopardized the meaning of the message. If
edited, it should be minimal to aid comprehension:

If you're going to have [tweets], yeah, it’s better to
know that it’s from a real person than like a
computer-generated thing. [P11]

Just mention the name of the platform the messages
are from but exclude the name of the people who
posted. Keep them anonymous. [P06]

We use social media a lot, we do a lot of misspelling,
we miss punctuations, and all of that stuff. So...if that
is gonna be coming from an actual person...you want
to show...not just the good, but the ugly too [in the
tweets], you know not everyone can spell. [P16]

Participants emphasized that sarcastic, ironic, or negative tweets
should not be included in the app’s message library:

I would just be cautious with what [Twitter] messages
you use.... But I like the idea, like, getting a
notification. Maybe...every day or twice a day or
something that has something kind of inspirational
to help you. But...I think it’s...really a matter of
choosing ones...that are all positive. [P05]

Regarding push messages, participants suggested tailoring the
messages based on age, smoking behavior, and ratings of
previous messages, among other factors. Furthermore,
participants emphasized the importance of being able to
customize the timing and frequency of notifications. For
example, although feedback was mixed, most participants
preferred to receive support messages before a craving occurred.
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Participants suggested that they would be receptive to 1 to 10
messages per day, with 3 messages per day being the most
common:

I guess [I would prefer to receive messages] before,
or during the craving, because if it comes afterwards,
then you probably already smoked one. [P10]

So, in my opinion, it would be that if you're making
a really good progress, the less [tweets] that you may
need, or it can be the opposite...if you're doing really
good, more [tweets].... I don't know. I think maybe
start off three a day—morning, noon, night. [P16]

I feel like [the tweets are] really personal and
probably even could like learn me in a way where if
I’m having...a bad day or...there’s certain times where
I feel like I need a little more support then.... Just to
kind of like throw it at me and then if I have to change
it then I will change it, you know? [P02]

Discussion

Principal Findings
This study showed that user-generated content was an acceptable
source of support messages in Quit Journey, a smoking cessation
intervention targeting individuals with low SES who smoke.
The perceived usefulness of user-generated content reflected
core characteristics of effective health messaging, including
their brevity, relatedness to target populations, and narrative-like
nature, while avoiding pitfalls common to expert-designed
messages, such as monotony, repetitiveness, and didacticism
[3,6]. Suggestions to improve user-generated content for use in
Quit Journey’s message library and just-in-time support feature
included refraining from overly negative or sarcastically toned
messages and tailoring the messages to users’ characteristics,
time-varying needs, and message preferences [3]. Cumulatively,
these results suggest that we can leverage user-generated content
to build Quit Journey’s message library. More broadly,
user-generated content marks a departure from the limited
number of top-down, expert-designed messages commonly used
in health interventions, which can be subject to persuasion
resistance and message fatigue [8,9]. Moreover, the use of
user-generated content exponentially increases the pool of
candidate messages, which allows for the tailoring of message
content, frequency, and timing to users’ needs. This is
particularly true for technology-based smoking cessation
interventions, where the capture of time-varying psychological,
physiological, and contextual factors is increasingly feasible
[54,55]. Our proposed approach of relying on user-generated
content is applicable to practically all health conditions and
behaviors with relevant publicly available online content,
including addictive and lifestyle behaviors [56,57].

Comparison to Prior Work
User-generated content includes elements of effective health
messages, including its brevity and narrative-like nature, which
can improve message persuasiveness and effectiveness in
promoting behavior change [30,31]. Indeed, our participants
attributed the usefulness of user-generated content to its realism
and role-modeling from others who have attempted to quit,

successfully or otherwise. For example, one participant noted
their aversion to “computer-generated” messages (P11), whereas
another noted how these messages could improve self-efficacy,
saying that “if someone else can do it, maybe...you can do it
too” (P21). These positive perceptions may also reflect
involvement with message creators and trust in the health
information provided as personal stories by those perceived to
be similar to them and with firsthand experiences [27,29,58].
Evidence shows that peer messages and emotional and narrative
content have been used to effectively treat nicotine dependence
and are associated with greater engagement with tobacco
cessation interventions [32,59]. Notably, tweets are similar in
length to SMS text messages, which have proven successful as
smoking cessation interventions [60]. While user-generated
content has been shown to influence nonhealth decision-making
(eg, purchasing decisions) [61,62], future research should
examine its persuasive effect on health behaviors, identify
mechanisms of its effect (eg, self-efficacy and perceived norms),
and compare its effectiveness to other content generation
approaches (eg, expert-crafted messages and artificial
intelligence conversational agents or chatbots [63]).

Open-source content negates message fatigue associated with
message repetition [8,9]. A typical smoking cessation
intervention is 6 to 8 weeks long and includes a fixed number
of support messages (eg, the National Cancer Institute’s SMS
text messaging intervention SmokefreeTXT) [64]. An
intervention recipient is bound to receive the same messages
during the intervention once they have exhausted the number
of messages dedicated to a particular purpose (eg, craving
support). Furthermore, individuals who smoke often attempt to
quit several times before they are successful [65]. This means
that they will be exposed to the same messages if they reset
their quit day or re-enroll in an intervention. Additionally,
tailoring messages to individuals’ characteristics and
time-varying factors as they undergo an intervention quickly
becomes a challenge [66]. This could be one of the reasons why
many smoking cessation interventions use only basic tailoring
strategies (eg, addressing an intervention recipient by their
name) [67]. A large pool of candidate smoking-related messages
curated from Twitter or other platforms can facilitate tailoring
of intervention message content.

Our results show that the appeal of user-generated content as a
source of cessation support messages was dependent on message
content and attributes. Participants generally preferred positive
messages over those perceived as sarcastic or ironic, consistent
with previous research [68]. Furthermore, perceptions were
mixed on messages that focused on the adverse health effects
of smoking. These discussions reflect debates on the use of fear
appeals (ie, messages that include a threat) and gain- versus
loss-framed messages (ie, messages that emphasize benefits of
compliance with message recommendations or losses associated
with noncompliance, respectively) in health interventions
[69,70]. There is evidence suggesting that fear appeals can be
effective in promoting smoking cessation [71-73], including
among individuals with low SES who smoke [2]. It is
noteworthy that the persuasiveness of a message depends on
various factors, such as the behavior in question (eg, one time
vs repeated and prevention vs detection), audience
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characteristics (eg, readiness for change), and other message
elements (eg, inclusion of self-efficacy statements). For
example, evidence shows that gain-framed messages can be
slightly more effective in promoting some preventive behaviors,
including smoking cessation [74,75]. Additionally, there are
unintended and ethical consequences of fear appeals and
loss-framed messages and questions about their long-term effects
on behavior [76]. Taken together, feedback from our participants
and existing literature suggests a need to identify the underlying
theoretical concepts conveyed in user-generated messages and
investigate the effect of different types of user-generated
messages on behavioral outcomes at various stages of a smoking
cessation intervention.

Participants’ suggestions centered on message attribution and
content and the frequency and timing of push messages. They
emphasized the appeal of attributing the messages in Quit
Journey to their actual authors. This is consistent with research
showing that message source can increase trust and operate as
a cue to persuasion and attitude change [27,77]. Relatedly,
participants noted the need for the messages to be authentic and
human-authored, suggesting that the tweets retain their
conversational tones and even grammatical errors. Finally,
participants emphasized the need to tailor message content to
personal and dynamic factors [66,78,79]. For instance,
participants suggested several tailoring factors, including
cravings, mood, and stage of quitting. Furthermore, participants
suggested that, on average, they would be open to receiving up
to 3 daily push notifications but preferred to have the ability to
customize the frequency and timing of these messages. While
these requests are common [80], they defeat the purpose of
just-in-time support [10]. A compromise could be to allow users
some control over the number of daily messages they want to
receive and giving them options to customize other aspects of
the intervention (eg, app aesthetics).

Strengths and Limitations
To our knowledge, our approach to curating publicly available
user-generated content in a smoking cessation mobile

intervention (and in health interventions generally) is the first
of its kind [22,54]. In this study, we demonstrated initial
acceptance of this approach among the target population of our
smoking cessation intervention, Quit Journey. Study strengths
include a diverse group of participants, with no more than 50%
being from one race and/or ethnicity. Limitations include the
reliance on educational level as a sole indicator for SES [39-41].
The focus groups were held virtually due to the COVID-19
pandemic, which may have impacted engagement in discussions.
Additionally, the pandemic had mixed effects on smoking
behaviors [81], which consequently could have affected
participants’ perceptions of our smoking cessation mobile app
and its components, including the proposed user-generated
message library to support smoking cessation. Participants were
only shown 5 example tweets, which were not representative
of the wide range of smoking-related tweets that could have
elicited different reactions from participants. Furthermore,
because the message library and just-in-time support features
of Quit Journey were still under development, participants were
presented with mock pages with placeholder messages.
Participants were not representative of all individuals who
smoke, such as older individuals, some of whom may not be as
receptive to social media content as the young adults in our
study [82]. Finally, due to scheduling conflicts, focus groups
had unequal numbers of participants.

Conclusions
This study provided evidence of the acceptability of
user-generated content as a source of support messages in
smoking cessation interventions. Implementing this new
approach to developing health messages requires additional
research to select and evaluate user-generated content with the
target audience before these messages are integrated into a
behavioral intervention. Although we focused on smoking
cessation, our proposed approach to health message development
can be applied to other health conditions and risky behaviors
to accommodate increasing needs for content-diverse, relatable,
and short messages that can support individual users and their
dynamic needs during behavior change.
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Abstract

Background: In rural Australia, geographical isolation, limited resources, and complex health care navigation create significant
barriers to mental health care access. Mental health care professionals and organizations often work in segregation, exacerbating
existing barriers. Digital technology provides an opportunity to improve communication between providers and streamline
workflows while supporting a diverse range of consumers.

Objective: This co-design study aimed to identify rural community needs and explore digital solutions to enhance mental health
service delivery pathways.

Methods: Using a design-thinking methodology, we conducted focus groups and workshops with 17 participants (7 consumers
and caregivers and 10 health care professionals) from a rural region to understand mental health service needs, systemic challenges,
and design potential digital solutions. Thematic analysis followed a grounded theory approach, involving systematic coding and
theme development through an iterative consensus process.

Results: Access to mental health care emerged as the central theme. Rural community participants reported strong community
connections but faced challenges, including limited technological innovation and substantial travel burdens. Health care professionals
highlighted critical systemic pressures: underresourcing, overwhelmed clinicians with extensive waitlists, and complex referral
processes. Both groups identified overlapping barriers in service limitations and system navigation. During the design phase, we
developed personas capturing consumer and health care professional experiences and conceptualized an integrated digital solution
comprising a health care professional dashboard and a consumer-facing app with caregiver access to enhance service coordination.

Conclusions: The study demonstrated strong stakeholder support for implementing an integrated digital solution to enhance
rural mental health service delivery. Further research is required to build upon the solution prior to testing, optimizing, and
scaling.

(JMIR Hum Factors 2025;12:e73460)   doi:10.2196/73460
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Introduction

Mental health burden has significant economic and social
impacts [1], particularly in rural areas [2,3], which typically
have fewer trained professionals, limited services, and less
service innovations compared to metropolitan areas [3-6]. In
Australia, 7 million rural residents face substantial barriers to
mental health care access. These obstacles include fewer
resources, limitations in technology, lack of knowledge of
services, distance to services, and a deficiency in culturally
sensitive practices [7], with complex and often ineffective
treatment pathways [3].

General practitioners (GPs), as the primary contact for mental
health support [8,9], face considerable challenges when
connecting patients with appropriate mental health care,
primarily due to time constraints in determining suitable referrals
and limited availability of services in rural communities [10,11].
Adding to the complexity, service availability, fee structure,
and communication methods vary between providers and change
frequently, reflecting poor integration between services. This
exacerbates the problem caused by inefficiencies and
complexities in the health care system, decreasing the efficiency
of care provision and inadvertently resulting in potentially less
effective care [2].

The Australian government has provided the Initial Assessment
and Referral Decision Support Tool (IAR-DST), a clinical
decision support tool to assist with mental health care level
determination. While IAR-DST determines care need, clinicians
require additional support to rapidly identify suitable local
providers and optimize referral processes [12]. Without such
support, rural GPs may struggle to initiate the right referral on
their first attempt where limited service availability already
constrains their options. This may lead to rework, delayed
treatment, and patient disengagement [13]. Moreover, many
rural Australian people forgo seeking support altogether due to

the difficulties in accessing GPs, so the importance of getting
the referral processes right on the first attempt is even more
imperative [10].

Digital referral platforms could augment existing assessment
tools by automating provider matching and streamlining referral
workflows [14]. Such systems show promise in reducing
administrative load while supporting culturally and linguistically
diverse consumers, for example, through better matching of
services and more informed options [15]. However, their utility
in rural Australian settings remains unexplored. Awareness of
the needs and context of the community, what resources are
available, and how their systems operate is invaluable [5,8].
Thus, to explore whether this could be a useful strategy, the
community in which it would be implemented must be involved
in the co-design process.

The primary aim of this formative study was to explore digital
solutions for mental health care referral pathways in a rural
community using participatory and human-centered
design-thinking methods. Specifically, this study explored if
the rural community wants a digital solution for mental health
referral pathways, how it would be useful, and who would
benefit.

Methods

Study Design
Participatory and human-centered design-thinking
methodologies informed the structure and approach for all
participant activities (Figure 1). Design-thinking methodology
is an iterative, user-centric process that aims to create a solution
that is desirable, feasible, and viable [16] to end users,
stakeholders, and the supporting infrastructure. Accordingly,
consumers’ and health care professionals’ lived experiences,
preferences, and needs are prioritized to develop a technological
solution to improve referral efficiencies in rural communities.

Figure 1. Participatory and human-centered design-thinking methodologies (adapted from NNGroup: Design thinking 101). AI: artificial intelligence.

Design-Thinking Methodology
Design-thinking phases were reflected in the study design:

1. Empathize: Semistructured focus groups with consumers
and health care professionals to develop a deep
understanding of the rural community needs.

JMIR Hum Factors 2025 | vol. 12 | e73460 | p.1440https://humanfactors.jmir.org/2025/1/e73460
(page number not for citation purposes)

Bartel et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


2. Define: A workshop to start the co-design process with
combined consumer and health care professional input to
prioritize the pain points in the mental health care system.

3. Ideate: A second workshop with consumers and health care
professionals to brainstorm possible solutions.

Setting
The study took place in the Riverland, South Australia, which
is a small, rural region with a high level of rurality (Modified
Monash Model 5), which entails considerable geographical
remoteness and smaller population sizes. The Riverland area
represents a typical low-resourced and low socioeconomic rural
context with a Socio-Economic Indexes for Areas score of 996.8,
indicating a level of socioeconomic conditions that falls below
the national average.

Participants
Consumers were recruited through researcher and clinician
networks and included those with lived experience of mental
health issues and formal or informal caregivers of people who
experienced mental health issues. To be eligible to participate,
consumers needed to be 18 years of age or older and have
interacted with a health service regarding their mental health,
or the mental health of a person they cared for, within the past
24 months. Health care professionals were recruited using
purposeful sampling. Those who worked in the Riverland region
in South Australia and had experience working with mental
health consumers in the previous 24 months were invited to
participate. The services approached included all public health
sites, private mental health services, nongovernment
organizations (NGO), charities, and Aboriginal services.
Prospective participants were contacted via email or telephone
and informed of the nature and purpose of the study, prior to
consenting.

Ethical Considerations
This project was approved by the Department of Health and
Wellbeing Ethics Committee (2023/HRE00227) and the
Aboriginal Health and Research Ethics Committee (04-23-1104).
All participants provided written consent prior to their inclusion
in the study and were remunerated for their time according to
South Australian Health Department guidelines. Participants’
data were deidentified and stored on a secure electronic server.

Data Collection
Data collection occurred from June to September 2024.

Empathize: Focus Groups
All focus groups followed a semistructured format as provided
in Multimedia Appendix 1. Consumers (n=7‐10) participated
in two 90-minute, face-to-face focus group discussions that
were facilitated by experienced coinvestigators (KP and SL),
including a lived experience representative (SL). The first
session explored past experiences with mental health care and
expectations of mental health management. The second focus
group discussion explored current digital engagement behaviors
and willingness to explore digital solutions. Health care
professionals (n=7‐10) participated in two 60-minute focus
group discussions conducted on the web (via Microsoft Teams)
with the same facilitators. The first session explored the

coordination of care and navigation across the mental health
system. The second focus group discussion centered on
experiences with technology as a solution and willingness to
explore further a digital solution.

Following the completion of the focus group interviews, all
participants were invited to participate in two 3-hour face-to-face
design workshops. The workshop was facilitated by 2 external
design-thinking experts. A consumer representative from a
consumer and caregiver mental ill-health advocacy group (SL)
and members of the research team with a background in
psychology or focus group research assisted (KB, AEM, and
AMS). All face-to-face focus groups and workshops were held
in a local hospital meeting room.

Define: Design Workshop 1
Participants were asked to choose from consumer scenarios
presented (as outlined in the Results section). For each scenario,
consumers and health care professionals worked together in
groups (n=4‐6) to map the key interactions that happen along
the consumer mental health “journey.” Following the mapping
process, these interactions and timelines were discussed with
the entire group to fill in any gaps and highlight barriers in the
system (pain points).

Ideate: Design Workshop 2
Key journey moments across the scenarios in workshop 1 were
prioritized for conversation in workshop 2. Using these “key
moments,” the room was split into 2 groups (1 group of
consumers and 1 group of health care professionals). Each group
discussed the pain points in the referral pathways and identified
possible technological solutions. Following these small group
discussions, the core pain points and technological solutions
were discussed with the entire group. Following on from earlier
conversations, participants were provided with a scope to focus
on interactions between using mobile phone apps and health
care professional–facing dashboards.

Data Analysis
Focus groups were recorded, transcribed, and deidentified. Field
notes were written by AMS and KB. Data were thematically
coded using qualitative analysis software NVivo (version 14;
Lumivero), guided by a grounded theory approach. The thematic
coding process was managed by AMS and KB, in discussion
with AEM, BP, and SL. Open coding was performed by AMS
and checked for accuracy by KB, with any discrepancies
discussed and resolved through consensus. Axial and selective
coding were subsequently conducted by AEM, AMS, BP, KB,
and SL [17]. Saturation of data was discussed (ie, no new themes
were being generated by the data). Themes and subthemes were
finalized by AEM, AMS, BP, KB, and SL. This study followed
the COREQ (Consolidated Criteria for Reporting Qualitative
Research) reporting guidelines, ensuring transparency in
reporting researcher reflexivity, study design, and data analysis
(Checklist 1) [18].

The iterative process of design-thinking methodology was
implemented throughout the study, with data collected and
analyzed in each phase to advise the next phases of data
collection. Participants were provided with a verbal summary

JMIR Hum Factors 2025 | vol. 12 | e73460 | p.1441https://humanfactors.jmir.org/2025/1/e73460
(page number not for citation purposes)

Bartel et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


of previous session content, at the commencement of the session,
and given the chance to comment or provide correction.
Preliminary analyses of the focus groups were discussed with
the research team, and external user-experience designers
advised on the planning of co-design workshop 1. Participant
outputs were digitally collated, and user personas were
developed. User personas are a fictional representation of
real-life users who share common characteristics, behaviors,
goals, and pain points [19,20]. This effectively narrows down
the intended users of the platforms and creates a more targeted
approach, reflecting the “define” stage of the design-thinking
process. Moreover, it creates a more detailed representation of
the consumers to inform effective and targeted design decisions
while maintaining the anonymity of the real study participants
and reflecting their experiences accurately. Insights from
co-design workshop 2 were similarly digitized and analyzed to
identify key themes, which were then grouped to uncover
opportunities. These opportunities were mapped back to the
user personas to ensure that the solutions created serve the user.

Results

Overview
A total of 7 consumers and 10 health care professionals
participated in focus groups and design workshops. In total, 10
consumers were contacted; 2 were unavailable, 1 did not attend,
providing no notice, and 7 participated in at least 1 focus group
or workshop. A total of 15 health professionals or organizations
were contacted. In total, 3 professionals were unavailable, 2 did
not return contact, and 10 attended a minimum of 1 focus group
or workshop. Health care professionals included a psychiatrist,
GPs (n=2), a clinical psychologist in private practice, NGOs
and nonprofit managers (n=2), mental health nurses (n=2), and
an Aboriginal nurse unit manager. Of the consumers, 5 had
experienced a mental health issue, and 2 cared for someone with
a mental health issue in the previous 24 months. One of the 2
Aboriginal consumers was an Aboriginal Elder.

The unifying theme identified across consumer and health care
professional focus groups was “access to mental health care in
a rural community.” A coding tree displays an overview of the
main themes and subthemes identified from the focus group
discussion (Figure 2), with example quotes provided in Table
1.

Figure 2. Coding tree of the main themes and subthemes identified from the focus group discussions.
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Table . Themes and subthemes from focus groups.

QuotesThemes and subthemes

Theme 1: living in a rural community (consumer identified)

    1.1. Cultural sensitivity and safety • “I heard a whisper, they’re getting a morgue up here. I don’t know
how true this is. But they want to know how to make it culturally
appropriate. So they’re getting someone from Adelaide to come up
here to tell us” [Consumer 2].

    1.2. Strong community connections • “We are just one really, really big family” [Consumer 4—in relation
to community group members in the Riverland].

    1.3. Travel burdens • “Sometimes it’s transport because that’s terrible up here” [Consumer
1—assisting people with mental health support].

    1.4. Affordability of services • “Clients don’t have money to pay to see a GP” [Health care profes-
sional 1].

    1.5 Technology

        1.5.1. Access • “But I’m happy to use my phone. Get my SMSs when I’ve got ap-
pointments, they text me say your appointment” [Consumer 4].

• “A lot of people who use our services don’t have smart phones. Or
if they do, they have very limited capabilities and often don’t have
access to internet” [Health care professional 2].

• “I don’t know how to use a computer. But I know how to use my
phone” [Consumer 4].

        1.5.2. Human interaction • “I’d rather stand in a line at a grocery store rather than using the
checkout because I like face-to-face contact” [Consumer 3—regarding
worries about using technology].

• “The least human interaction I can have sometimes, the better. If my
social battery is full, empty actually, I’ll opt for that” [Consumer 5
regarding a fuel app that allows users to pay from their phone at the
bowser].

        1.5.3. Privacy and trust concerns • “Could this not just be—instead of, ‘How’s your Wednesday been?
Let’s write this. What are your good thoughts, bad thoughts, grati-
tudes. Something to work on tomorrow.’ Instead of it being so inva-
sive, could it not be a basic K10 every three weeks? Or just a check-
in every so often to see how you’re travelling, instead of being an
every single day thing” [Consumer 5].

Theme 2: service limitations (consumer and health care professional identified)

    2.1. Lack of services • “Up here, if you need to get referred onto any specialist service, like
a psychiatrist or a psychologist. They’re just not available and you
just can’t make an appointment with one” [Consumer 1].

• “Specialist services not being available in Riverland” [Health care
professional 6—in relation to the biggest pressure point they face in
the Riverland with mental health services].

    2.2. Care team visibility • “It would be helpful to know who is part of this client’s care team”
[Health care professional 1].

    2.3. Service navigation challenges

        2.3.1. Health service literacy • “I’m still not aware of all the services here or what’s available”
[Consumer 3].

        2.3.2. Consumer agency • “The person’s got to make a choice. It has to be their choice” [Con-
sumer 1].

• “Some sort of system that would involve the client, so that information
that was being shared was accessible by the client and was maybe
even directed by the client” [Health care professional 1].
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QuotesThemes and subthemes

• “It would be really helpful in terms of me then, if I could somehow
use that system to communicate with their GP or other people in their
team” [Health care professional 5].

        2.3.3. Service coordination

• “Not getting your own GP when you want to go and see the doctor”
[Consumer 4].

            2.3.3.1. Continuity of care

• “When you look at how many services are in town, I don’t know
what they all are. I don’t know who’s referred people to whom”
[Consumer 1].

• “Yes and if they require an actual official referral” [Consumer 5 in
response to Consumer 1].

        2.3.4. Referral process

• “Depending on the GP, I find it varying levels of useful” [Health care
professional 5—addressing referrals they receive from general prac-
titioners].

• “The other thing is that when the clinician who’s assessing the patient
at the intake, if that assessment is just limited to a tool or is too super-
ficial or is mostly looking at past records. Especially for risk assess-
ment, then usually they get it wrong” [Health care professional 6].

            2.3.4.1. Inefficient tools and systems

Theme 3: service pressures (health care professional identified)

• “A lot of clients are completely disengaged with mental health ser-
vices, despite them being significantly unwell” [Health care profes-
sional 2].

• “I think it would be beneficial for lots of family and carers to be in-
volved and have access to the apps, because they’re obviously usually
the first to know when people are deteriorating. It gives them re-
sources too, how to navigate the step model of care for their person”
[Health care professional 1].

    3.1. Consumer well-being

• “I find waitlist management really hard, because it’s impossible for
me to predict how long someone’s going to need services for” [Health
care professional 5].

    3.2. Waitlist management

• “This hospital’s constantly bed blocked now. I work closely with
[psychiatrist] and the on-call psychiatrist to determine whether com-
munity treatment would be more beneficial” [Health care professional
3].

    3.3. Resourcing

• “Or finances which is obviously what [Health care professional 6]
has sort of alluded to as well” [Health care professional 4—in re-
sponse to the biggest mental health service challenges faced].

        3.3.1. Financial challenges

• “It’s another administrative job that nobody wants to do” [Health
care professional 1].

        3.3.2. Admin load

• “Recruitment and retention of staff is a big one” [Health care profes-
sional 4—in response to the biggest mental health service challenges
faced].

        3.3.3. Staff shortages

Empathize: Focus Groups

Overview
Consumer insights were primarily shaped by the experience of
living in a rural community. Such experiences were underpinned
by the effects of geographical isolation and lower population
densities, often resulting in service limitations. These limitations
may, in turn, stem from broader service pressures faced by
health care professionals such as staff shortages and a lack of
resources, contributing to the unique challenges faced by rural
communities in accessing mental health care.

Living in a Rural Community
In spite of the challenges faced, consumers living in rural
settings had strong community connections, describing
themselves as “one really, really big family” (Consumer 4),
feeling a sense of pride in residing in the country. Aboriginal
participants echoed these sentiments by having support networks
to care for those with mental health issues. Regardless of strong
community connections, trust in health care systems was varied,
with Aboriginal participants less likely to trust in health care
systems. As an Aboriginal Elder observed: “That’s where it’s
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different for Aboriginal people. The health system was where
they stole kids” (Consumer 2).

Historically, Aboriginal people in Australia have faced systemic
discrimination [21], leading to distrust in the health care system,
underscoring the importance of cultural safety and sensitivity
when developing the technological solution. Distrust in health
care systems may also extend to distrust in technological
products issued by these systems, as corroborated by consumers,
regardless of Aboriginality. Lacking cultural and rural
appropriateness, privacy, and data mishandling concerns may
contribute to this varied trust.

When asked regarding the general experience of using digital
technology tools, consumers raised concerns about accessibility,
as some were unable to afford smartphones, phone credit, or
had limited digital literacy.

Consumers reinforced that rural mental health services were
harder to access due to affordability or geographic location,
often requiring numerous visits to metropolitan Adelaide for
specialist services. Of the services that were available in the
Riverland, most were said to have long wait times, or consumers
were not aware of their existence.

Service Limitations and Potential Solutions
Health care professionals and consumers voiced that available
mental health services were hard to find and difficult to navigate
for consumers in rural areas. Despite being a lifelong resident
in the Riverland, a consumer was “still not aware of all the
services here or what’s available” (Consumer 1), and another
reinforced that it would be helpful to “create some kind of a
roadmap to the services” (Consumer 5). This lack of health
service literacy may be a by-product of ineffective
communication and coordination between mental health
services, GPs, and hospital services. Participants identified that
effectively increasing interservice communication can lead to
a better continuity of care, improving mental health outcomes
for patients.

Care team visibility and effective communication may assist in
avoiding duplication of services, as “there’s a lot of
overservicing that happens in [the mental healthcare] space”
(Health care professional 1), thus reducing workloads and
service limitations. Consumers suggested that this may empower
and encourage them to actively participate in their care while
reducing the risk of confusion and misunderstanding. Consumers
felt strongly regarding patient choice, having the necessary
information to make an informed decision regarding their care.
In this respect, the role of the caregiver was also emphasized
by both consumers and health care professionals, as caregivers
can advocate for patients when they cannot do so themselves.
Caregivers are also “usually the first to know when [patients]
are deteriorating” (Health care professional 1). Health care
professionals respectively advocated for the consumers, valuing
the importance of care “directed by the client” (Health care
professional 1) and sharing information with the consumers.

Service Pressures and Potential Solutions
The predominant challenges and frustrations for health care
professionals were categorized under the central theme of

service pressures. Services were impacted by limited resource
availability, which included a lack of finances for infrastructure
and increased administrative loads due to staff shortages and
attrition.

Most mental health services in the Riverland were characterized
by prolonged waiting periods for patients, as providers were
overburdened. Methods for the management of waitlists varied
between health care providers. Participants suggested that if
consumers were able to inform the health care service of their
symptoms improving or worsening, health care professionals
would be able to reprioritize consumers and better manage
waitlists.

While both consumers and health care professionals agreed that
displaying waitlists in the technology tool would be quite
helpful, services would struggle to update waitlists regularly,
as it would be the “first thing that slips when practices get busy”
(Health care professional 1).

Health care professionals unanimously agreed that referral
processes between services were underoptimized and “siloed”
(Consumer 1), significantly impacting service delivery. Each
service used varied processes and systems for referral and
interservice communication, and most relied on inefficient and
archaic tools such as fax machines: “It can actually delay
consumer care because the fax might not be working, or got
rejected” (Health care professional 3).

All health care professionals except 1 were unfamiliar with the
IAR-DST, preferring practical, more familiar tools that allow
flexibility in clinical judgment. Clinician discrepancies in tool
use were often not visible to other health care professionals,
impacting the efficiency of the referral process. In a similar
vein, out-of-date waitlists and service directories place pressure
on GPs to efficiently refer patients. For developing the
technological solution, health care professionals prioritized
consumer advocacy and recognized the importance of addressing
consumer pain points in improving service provision.

Define: Design Workshop 1

Overview
Workshop 1 was conducted with mixed groups of health care
professionals and consumers. Based on the preliminary insights
from focus groups in the empathize stage, the following
consumer scenarios were developed.

1. An older person living alone in an isolated rural location
with limited family support, moderate mental health
challenges, and no internet access.

2. A young adult living and working in town with severe
mental health challenges requiring frequent journeys
between metro services and rural community support
services.

3. A single parent with mild mental health challenges living
rurally and accessing GP and NGO supports.

4. A young person attending a rural high school, accessing
services and supports following an acute mental health
admission at the local hospital.

5. A farmer living on a rural property, experiencing isolation
and hesitant to seek support for his mental health challenges.
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Participants chose scenarios 1, 2, and 3 for the journey mapping
exercise. Each step of the consumer journey was mapped with
the current channel that the consumer engages in, the value of
this interaction, the software capabilities to replace or augment,
the value that could be added from this augmentation, and the
outcome for the consumer.

Scenario 1
An older person living alone in an isolated rural location with
limited family support, moderate mental health challenges, and
no internet access.

The role of the caregiver was particularly stressed in this
scenario due to the consumer’s limited access to technology.
All participants agreed that the caregivers should be given access
to the technological solution at the discretion of the consumer.
The caregiver will thus be able to facilitate consumer care
through the digital tool.

Community support groups, or another trusted person, were
proposed to facilitate mental health care support for consumers
when a caregiver was unavailable. This was particularly
pertinent for some Aboriginal consumers and those of a lower
socioeconomic status, who may lack smartphones or internet
access. Conversely, SMS text messaging through basic mobile
phones appeared to be more readily available and accepted
across the population. By incorporating an SMS text messaging
feature into a clinician platform, accessibility may be enhanced
for individuals with limited technological literacy or low
socioeconomic backgrounds.

Scenario 2
A young adult living and working in town with severe mental
health challenges requiring frequent journeys between metro
services and rural community support services.

Current channels for patient-mental health service interactions
were identified to be initial care visits (GP, hospital admissions,
and community mental health groups), crisis services,
specialized services, telehealth appointments, potential police
contact, and ongoing support groups. Participants valued positive
relational interactions in these channels, specifically feeling
safe, respected, and avoiding behavioral stereotyping from
decision makers such as law enforcement and doctors, as it can
lead to inappropriate care.

Consumers and health care professionals reiterated that
navigating the health care system with available services was
overwhelming and confusing. Moreover, health care
professionals acknowledged that patient handovers were
inadequate, particularly between metropolitan and rural services.
To address this, real-time information sharing, such as discharge
summaries between services in the dashboard, was suggested.

Trust and privacy issues were identified as potential concerns
for the clinician dashboard and consumer app. Both consumers
and health care professionals emphasized the importance of
data encryption to protect the transfer of sensitive patient data
between services. Including the consumer in the care team

ecosystem was suggested to entrust the consumer with handling
of their own information, giving the ability to share or unshare
data with selected providers.

Scenario 3
A single parent with mild mental health challenges living rurally
and accessing GP and NGO supports.

Participants reaffirmed that navigating the available services in
the Riverland was overwhelming, advocating for a centralized
directory of services in the digital tool with customization
specific to the user and their mental health requirements. The
potential user in this scenario was presumed to have hectic
schedules, leading to missed appointments or medications. To
combat this, participants proposed the software to embed a
medication and appointment management system that
consolidates and integrates the user’s existing apps to prevent
software fatigue.

User Personas
Informed by the insights derived from the 3 scenarios, the
following user personas were developed (Figures 3 and 4):
“Anna,” a health care professional persona, and “Peter,” a
consumer persona.

Health care professional persona “Anna” was structured around
a GP, as this is often the initial point of contact for mental health
care in Australia [22]. One of the biggest challenges in mental
health care quoted by a clinician (Health care professional 6)
was the lack of specialist services in the Riverland. Health care
provider bottlenecks and frustrations presented previously are
consolidated under pain points: inefficient referral processes,
lack of communication between services, underresourcing, and
difficulties in maintaining patient well-being. The desired
outcome for Anna is to ultimately improve patient care by
coordinating with other services effectively. The attribute scale
displays Anna as proficient in technology, care coordination as
poor, service navigation confidence as moderate, and time
management as poor. Technological channels for providing care
entail electronic health record systems and general practice
software, telehealth services, and patient communication through
mobile devices and email.

Consumer persona “Peter” was framed around scenario 2.
Similar to health care professionals, access and availability of
specialist services were quoted to be a pressure point by a
consumer (Consumer 1). An amalgamation of consumer issues
raised in focus groups and scenarios and pain points underscores
rural access issues such as service access, long waitlists, and
service navigation. Peter envisions more consumer-driven care
and better support throughout his mental health care journey.
The attribute scale presents technology proficiency as low,
mental health awareness as moderate to high, health service
navigation as poor, and access to technology as moderate.
Peter’s current channels for accessing care include a GP for
primary care, traveling for specialist services, and telehealth
services for potential ongoing care.
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Figure 3. Health care professional persona “Anna”.

Figure 4. Consumer persona “Peter”.

Ideate: Design Workshop 2
The content of the personas was used to guide participant
discussions in workshop 2 and ensure that consumer and health

care professional goals were kept central, and ideated solutions
were addressing respective pain points.
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Co-design workshop 2 iteratively revised bottlenecks in prior
phases and generated possible solutions through an interaction
map between the proposed clinician dashboard and consumer
app (Figure 5). An overarching theme of “communication” was
identified across the clinician and consumer journey. It was
considered essential for health care professionals to be able to
easily communicate with each other, and for the consumer’s
journey to be easily visible, within the constraints of privacy
and confidentiality. Health care professionals articulated the
desire for consumer-specific information (eg, referrals made to

other agencies) as well as generic organization information (eg,
requirements for valid referrals), relevant to the consumer they
are seeing, to be made clearly accessible. Likewise,
communication was a key aspect of consumer agency, both for
consumers being aware of their options and being able to
communicate required information to their health provider, even
if that was prompted via an app and discussed in a session.
Participants also provided personal reflections of the study and
its aim, ultimately affirming their support for a consumer-facing
app and a health care professional–facing dashboard.

Figure 5. Interaction map outlining communication pathways within and between a health professional dashboard and consumer app. AI: artificial
intelligence; DNA: did not attend; ED: emergency department; F2F: face to face; GP: general practitioner; HP: health care professional; MBS: Medicare
benefits schedule; MH: mental health; MHCP: Mental Health Care Plan; MHR: My Heath Record; PATS: patient assistance transport scheme; PBS:
pharmaceutical benefits scheme; SAAS: South Australia Ambulance Service.

Prototype and Test
Low-fidelity prototypes were developed by the research team
based on ideated solutions and re-evaluated using the personas.
These displayed key interactions between the consumer app
and the health care professional dashboard. The main features
will be applied and tested in the future include but are not
limited to the connectivity between platforms used by different
providers, self-assessment and patient assessment tools that are
required for referral and monitoring processes, medication
management, social network building, transport, and telehealth
options.

Discussion

Principal Findings
The core purpose of this study was to initiate co-designing a
digital platform with consumers and health care professionals,
which may enhance referral processes and service navigation
in rural mental health care. Three core themes emerged, which
include (1) consumers identifying that “living in a rural
community” has both positive aspects (strong community bonds)
and negative challenges (access to technology and innovation);
(2) health care professionals highlighting “service pressures”
such as waitlists, consumer well-being, and resourcing; and
finally, (3) both consumers and health care professionals
identifying “service limitations,” such as navigation challenges
and issues around an inefficient referral process. The

human-centered technological solution that was explored in the
workshops highlights the need for “communication” to integrate
the consumer, caregiver, and providers, marking a critical step
toward optimizing rural mental health care.

In this study, consumers highlighted both challenges and positive
aspects of living in a rural community. Struggles included
limited access to mental health services, often requiring travel
to metropolitan locations for necessary care. Despite these
challenges, rural consumers were often mentioned to be
supported by dedicated caregivers and benefited from strong
community bonds, especially among the Aboriginal population.
These findings are consistent with prior studies [7] that identified
barriers such as limited resources and distance to services while
also highlighting the importance of person-centered and
collaborative care. Thus, a key implication for future iterations
of the prototype is to integrate community-based support
systems to reduce strain caused by remoteness. Participants in
this study further mentioned the importance of integrating other
health services and community groups into the platform. While
this is important for delivering a holistic service, it is outside
the scope of this study and requires further investigation of
limitations such as data sharing barriers. Future research could
explore opportunities to integrate health services, providing
additional support to consumers.

Rural health care professionals in this study faced pressures of
underresourcing and access challenges. Similar to previous
research [23], this resulted in mental health care systems that
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were overly complex, impacting health care professionals in
coordinating care and consumers in navigating the required
care. Our study showed that both providers and consumers
deemed the current referral processes to be inefficient due to a
lack of care coordination and limited communication between
services, exacerbated by existing rural service limitations [7].
Participants in this study supported the view that a dashboard
for health care professionals could address these referral
inefficiencies by integrating referral tracking, communication
tools, and standardizing or displaying referral processes for
various services. Participants also agreed that a consumer-facing
app complements the dashboard by offering consumers the
agency to input information for their care team and displaying
real-time service updates. An app could also allow for a
consumer-nominated, trusted community member to access
particular information, for example, appointment times. Thus,
transport to appointments could be facilitated if the consumer
is unable to take themselves. Although the digital platform may
not directly resolve resource constraints, it is likely to reduce
administrative loads for health care professionals, enhance care
coordination, and provide a more consumer-centered approach
to mental health care by improving the accessibility of services
for consumers [24]. This could also afford a flow-on effect,
whereby practitioner burnout is decreased and retention is
improved. In particular, in rural locations where GPs take on a
high proportion of mental health cases, easy, appropriate referral
could reduce compassion fatigue and burnout [8].

Prior studies have explored the use of digital platforms to
improve service navigation [15] and potentially improve
communication among providers [25,26]. However, these
platforms did not integrate well with existing infrastructure used
by clinicians; thus, they resisted uptake [27]. Furthermore, many
of these solutions were designed for urban settings and do not
resolve the challenges faced by rural consumers and providers.
Rural Australia, compared to metropolitan areas, has fewer
public mental health systems [28] but a higher prevalence of
private organizations that often operate in isolation. The health
care professional dashboard could enable communication with
these private organizations and public systems, facilitating care
coordination. Thus, this study distinguished itself by its focus
on a rural community. This uniquely positioned the study to
co-design a platform to improve rural mental health referral

pathways. Due to the location, there were fewer services to
coordinate than a metropolitan region; yet, the population could
benefit substantially from a platform that decreases the
sometimes wastefully siloed service provision and enhances
communication between service providers, consumers, and their
care teams.

Strengths and Limitations
A key strength of this study lies in its participatory approach,
engaging both consumers and health care professionals in the
design process, ensuring that the digital platforms developed
are grounded in real-world experiences [29] and tailored to the
unique challenges of rural mental health care. By using
design-thinking methodology, the prototyped solutions are
human-centric, contextually relevant, and functional [16]. The
percentage of Aboriginal participants employed in this study
was representative of the community demographics; however,
further in-depth Aboriginal input is needed prior to
implementing the solution. This study was also limited by its
total number of participants. While this is reflective of a pilot
study, it may also limit the generalizability of the findings to
broader contexts; thus, future studies with a greater number of
participants are necessary to further prototype the provider
platform and consumer-facing app in continued consultation
with end users. This includes testing the feasibility and
acceptability and determining which cohorts would benefit most.
Furthermore, the solution should be tested in other rural
Australian regions to assess scalability.

Conclusions
The proposed human-centered technological solution aims to
integrate the consumer, the caregiver, and the provider, marking
a critical step toward optimizing rural mental health care. The
co-design process empowered consumers to actively engage in
their mental health care journey while suggesting options to
streamline system inefficiencies for overburdened clinicians.
Ultimately, this platform may not only improve patient
well-being and satisfaction but also boost the morale and
retention of rural mental health professionals—a critical factor
in addressing the current workforce shortage. Importantly,
designing a solution in collaboration with rural communities
may help to ensure a trusted, sustainable, and scalable
implementation [29] in the future.
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Abstract

Background: There is an increased focus on involving members of the public in health research. These types of groups, such
as “health consumer groups,” bring different expertise to inform the design of a research study. There is a growing general concern
about older adults’ acceptance and use of technologies. This becomes critical when it involves health care services.

Objective: To understand the use of social robots among older adults, it is prudent to gauge stakeholders’ perspectives on
optimal research design. In line with the philosophy of the “triple helix model,” researchers sought the expertise and guidance
of a health consumer group.

Methods: Researchers recruited an expert health consumer group for this study. This included 5 participants from an 8-member
panel. Semistructured interviews were conducted. Each interviewee was introduced to visual stimuli of assistive technologies,
older adults, and social robots. Subsequently, they were asked for their perspectives on what they viewed and to provide guidance
on how to best design upcoming research on these phenomena.

Results: Key themes were derived from the interview transcripts with the health consumer group members. Findings include
panel members’advice and guidance on explaining the research aims to technology-averse older adults, approaching data collection
from this demographic, and, finally, their perceptions of the appearance of social robots.

Conclusions: The advice and guidance of this expert health consumer, in tandem with researchers and industry partners,
substantially aid in advancing research efforts toward social robot use among technology-averse older adults in Australia. This
research provides vital information, including how best to approach data collection about social robots from this demographic.

(JMIR Hum Factors 2025;12:e70462)   doi:10.2196/70462

KEYWORDS

older adults; assistive technology; social robots; health care stakeholders; health consumer group; triple helix model of innovation;
quality of life

Introduction

Health Consumer Groups
A health consumer group, also called the consumer council, is
a platform that brings together community members to provide
health care–related consumer views, opinions, and experiences
to help guide research projects and to disseminate research
findings among the community [1]. A “consumer” is a receiver
or a potential receiver of health care services. However, other
terms are also used to describe health care recipients, laypersons,
users, service users, patients, and clients [2].

There is an increased focus on involving differing perspectives
from the public domain in developing health-specific
interventions [3]. This involvement of public representatives
enables a broad range of differing ideas, perspectives, and
resolutions to be brought forward [1]. Such public involvement
is advocated for governing boards [4], social care [5], and
consumer research [6]. It is recognized that the expertise of

members of the public is unique and is different from possessing
professional skills [7]. Consequently, this enables various
stakeholders in the health care sphere to have their perspectives
incorporated, enabling health care professionals to design and
implement effective strategies [1]. While the use of “expert
opinion” in health research is common [4], there is now a more
significant push to increase the involvement of patients and the
public in health research [8]. Public participation in health
research refers to research conducted with or by the public rather
than to, about, or for them [8]. Consumer and community
participation in health care is well-recognized [9]. However,
the case for public involvement in health research has, over the
years, become more widespread [9].

Health consumer groups in the Australian health care networks
are commonplace. Ordinarily, they comprise ex-health care
professionals, retired professionals who worked adjacent to the
health care sector, and stakeholders with a wealth of experience
with the health care sector throughout their lives [1].
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Subsequently, their perspectives are vital, as they offer an
outside view of issues occurring within the health care sector,
which may need to be seen or recognized by professionals [1].

Rationale for Using Health Consumer Groups in
Research
Social robot research among older adults in an Australian
context is still emerging within the literature. Australia’s older
adults are particularly hesitant and resistant to newer forms of
technology, which pose expected barriers to the acceptance and
use of social robots by Australia’s older adults in a clinical
setting [10,11]. Enabling outside perspectives, such as those of
members of a health consumer group, allows researchers to
access valuable information regarding potential causes of these
barriers. Theoretical, political, and ethical reasons are given in
favor of public involvement with research. Theoretically,
according to World Health Organization guidelines, there is a
difference between disease and illness. A disease is a
“physiological and clinical abnormality” [12]. On the other
hand, an illness is a persistent sickness and is a “more subjective
concept related to personal experience of a disease” [12].
Research studies require the expertise of professionals and input
from “experts” who may have witnessed and experienced living
through a medical condition.

The political argument for involving the public members in
health research is based on the premise that, as citizens and
taxpayers, individuals who use health care services have the
right to influence research funded through public monies [13].
Finally, the traditional model of a passive patient and an active
doctor is no longer valid. Similar to the ethical obligation of
health to involve patients in service delivery [2], there is a
growing call for community input in research conducted within
those communities.

Roles Played by Members of Health Consumer Groups
Members of health consumer groups play a critical role in
ensuring clinically relevant research is being undertaken. Health
group members are essential in identifying priority areas for
research. They can identify research gaps from a layperson’s
perspective [13]. First, consumer participation helps determine
the type of information communities need [13]. Second, they
can help with the design and development of innovations. Next,
they can help recruit relevant participants for research studies
[8]. Finally, members of a health consumer group can ensure
that the information produced is in a format and language that
is easily comprehensible [13].

Limitations of Health Consumer Groups
There are challenges in using health consumer groups for
exploratory research. First, as a preselected group, the
perspectives of the consumer group members may not be
representative of opinions held by the entire demographic or
community [14]. Second, the size of the consumer group plays
a crucial role in the depth of the discussion conducted in
qualitative research [14]. If a consumer group is too large and
the resources of researchers are spread too thin, the engagement
can become disorganized, difficult to manage, and lead to
inadequate data collection [15]. If the consumer group is too
small, the scope of information could be further limited [15].
Finally, there is a chance of misunderstanding some of the
technical information and jargon [15]. Not all health consumer
group members are health care professionals. This may create
knowledge deficits or misunderstandings and can lead to
misconceptions about the research, interventions, policies, or
practices discussed within the interview processes [14].

Triple Helix Model
The triple helix model (Figure 1) inspired the use of a health
consumer group for this study. First proposed by Etzkowitz and
Leydesdorff [16], the “triple helix model” (Figure 1) initially
referred to the interactions among higher education, government,
and industry to encourage economic, social, and cultural
development in a region. Each component of the helix model
plays a commensurate role in fostering economic, social, and
cultural development [17]. For example, higher education
focuses on research and the dissemination of innovation,
industry on the production of goods and services, and the
government or the public on serving the interests of people,
including legislative and regulatory mechanisms that encourage
and foster the diffusion of innovation into a population [17].

The triple helix model has mainly been used to improve the
innovation process [16]. However, this study uses an “end-user
enriched triple helix” approach [18], which considers the
end-users’perspective. Innovations do not occur spontaneously;
in fact, understanding the user’s perceptions and interacting
with them is critical to the success of a technological innovation
[19]. The lack of input from users may lead to missed
opportunities. The use of the triple helix model is based on the
premise that involving the end users and adopting a participatory
approach would lead to a more effective innovation development
process. As older adults are the logical end users [18] of such
technologies as social robots in the aged care sector, the triple
helix model provides an essential apparatus to include their
perspectives in the research process while incorporating
academic and industry interests [17].
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Figure 1. The triple helix model (as applied in this study).

Social Robots and Older Adults
Assistive technology use among older adults is commonplace.
Assistive technologies are ordinarily used to improve the quality
of life of older adults by overcoming a physical or cognitive
deficit [20]. Newer forms of assistive technology, such as social
robots, have been deployed among older adults in a range of
contexts with demonstrable effectiveness (Figure 2A). Social
robots are machines equipped with a degree of artificial
intelligence and human-like mechanics that can mimic or
replicate a human interaction with a user [20]. These interactions
include companionship, gameplay, touch, eye movement,
handshaking, hugging, greetings, verbal interactions, and
recognizing cues (Figure 2B). In the aged care sphere, where
the number of older adults is increasing, and the number of care
staff is declining, social robots can provide valuable supplements
to care practices, social interactions, connectedness, and
subsequent improvements in the quality of life for older adults
(Figure 2B) [21,22].

Primarily, research on social robots among older adults has
focused on mimicking social interactions and providing
companionship (Figure 2B) [23,24]. As demonstrated by Khosla
et al [25], interactions between social robots and older adults
in care were associated with significant improvements in
observed states of well-being among residents. This is reinforced
by Ge and Schleimer [26], whose analysis of older adults’ use
and acceptance of social robots demonstrated a marked
improvement in general well-being. The benefits of social robots
to older adults in care transcend social interactions and

companionship. Consistent with Fasola and Mataric [27] and
Kyong et al [28], deploying a socially assistive robot to assist
in exercise routines has been shown to provide positive
motivation and outcomes for older adults in care settings.
Socially assistive robots can also motivate older adults to engage
in physical activities (Figure 2A). According to Macis et al [29],
the deployment of a socially assistive robot into a residential
aged care facility motivated residents to try and maintain a daily
stretching and tai chi routine. Pharmacological disbursement is
another area where socially assistive robots have been deployed
effectively. According to Smarr et al [30], reminders to take
medications and management systems for pharmacology by
socially assistive robots in care facilities have produced positive
outcomes and a greater level of compliance.

Studies show that the use of social robots can improve the
quality of life; however, acceptance of the technology is a key
barrier in Australia [31]. To better explore and understand this
phenomenon, researchers contend that it is important to seek
broader contextual information from differing players in the
health care sphere, such as assessing the acceptance of the
technology by a health consumer group. This would aid in
overcoming these barriers in Australia. In addition, Australia
has an aging population, and it is expected that the proportion
of Australians aged 65 and older will represent 21%‐23% of
the population in 2066. As mentioned above, with a major
shortage of health care workers in Australia, the social robots
in aged care present an opportunity to fulfill this gap. Thus,
understanding the adoption of social robots in aged care in
Australia has become a national priority.
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Figure 2. (A) Pepper leading group physio. (B) Mario along with a patient with Alzheimer disease (credit: Getty Images).

Research Objectives
Social robot research among older adults in an Australian
context is still in its infancy. Research using a health consumer
group in designing an academic study with older adults and
social robots is limited. Before testing social robots as an
intervention among older adults in a clinical aged care setting,
it is prudent to gauge the perceptions of an expert health
consumer group. Subsequently, the objective of this research
is to apply the triple helix model of innovation to seek guidance
from a health consumer group to aid research efforts in the
adoption of social robots among older adults.

Methods

Participant Recruitment
UnitingCare Australia recommended the research team contact
the Sydney Partnership for Health, Education, Research and
Enterprise for advice on this study. An element of the Sydney
Partnership for Health, Education, Research and Enterprise is

the Age and Aging Clinical Academic Group (AAA CAG),
which acts as an expert health consumer panel related to aged
care [1]. The work of the AAA CAG is to guide and inform
research, policy, practice, and support assistive technology use
to further healthy aging and independent living for Australia’s
aged population [1]. The AAA CAG consists of 8 members,
many of whom have worked within, adjacent to, or have
extensive experience in the Australian health care sector. People
who worked in AAA and CAG formed the population of the
study. To reduce bias, each person was invited to participate in
the study. Therefore, the participants were selected randomly
from the population.

Participant Information
Overall, 5 members of AAA CAG were interviewed, of whom
3 were deselected due to lack of interest, age, and time
constraints. Of the 5 interviewed members, 3 were males and
2 were females between the ages of 66 and 73 years. Overall,
2 were from non–English-speaking backgrounds (non-ESB)
and 3 were from English-speaking backgrounds (ESB; Table
1.

Table . Participant demographic information.

Language backgroundSexAge (years)Participant number

Non–English speakingMale73P1

English speakingMale66P2

English speakingFemale73P3

Non–English speakingFemale72P4

English speakingMale66P5

Participant Interviews
Semistructured interviews were conducted with each member
via Zoom (Zoom Communications, Inc.). Participants were
asked background questions from a preselected pool about their
perceptions and experiences with assistive technologies. Visual
stimuli, including images and short video clips about social
robots and older adults, were used to give the participants an
insight into this novel technology. Examples included images
of a social robot leading a seated physiotherapy routine to older

residents in a care facility. Similarly, a BBC YouTube clip of
an independently living older man interacting with PEPPER, a
social robot, was also used in the interview process. This was
designed to mirror past studies that have also used videos and
visual stimuli to demonstrate the capability of robots [32,33].
Finally, researchers asked participants for their opinions,
feelings, and perceptions regarding the use of social robots in
a research project with older adults. Each interview lasted
approximately 45 minutes, and audio recordings were taken
using Zoom. Professional transcriptions of each recording were
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generated using Notta AI software (Notta Inc.), and each
participant was deidentified and provided with a participant
number (P1-P5). Manual content analysis was conducted on
each transcription. Transcripts were read and reread manually
to ensure maximum retention.

Data Analysis
The initial content analysis was inductive, following the
guidelines of Braun and Clarke [34,35]. This involved
familiarization with the data by reading and rereading the
interview transcripts. During this process, the researchers
identified and reviewed initial codes, which were later grouped
into themes. The themes were subsequently confirmed through
meetings with the research team and deductively grouped using
the protocols developed by the Australian Clinical Trials
Alliance. Three key themes emerged across the 5 interviews
with members of the health consumer panel.

Ethical Considerations
Ethics approval was sought from the Western Sydney Human
Research Ethics Committee, which approved application
H15666 to seek information from the AAA CAG. As the study
involved an expert consumer panel, who is involved with aged
care in an ancillary capacity, its ethics classification was a
low-negligible risk. The AAA CAG meets monthly to discuss
various research projects, technologies, interventions, policies,
and practices currently within the health care sector. As part of
the recruitment process, the authors of this paper were asked to
present their research study via a Zoom meeting to all AAA
CAG panel members. The chair of AAA CAG permitted the
research team to contact each interested member for interviews
by providing each member’s email address. Interviews, rather
than a focus group discussion, were preferred. Interviews
ensured that all members were free to voice their opinions
without hesitation. Each participant met the inclusion criteria:
a member of the AAA CAG, above 65 years of age, willingness
and availability to participate in the study, and some experience
with aged care consumer products. After the preselection phase,
researchers distributed participant information sheets, consent
forms, and other informational materials to members who
indicated interest in participating. Informed consent was
obtained prior to conducting interviews. All participants were
deidentified and any identifiable information was obscured
within this research and held by researchers only. Gift cards in
the amount of $50 were distributed to each participant for their
participation in this project.

Results

Overview
This section outlines the main themes that emerged as the
researchers analyzed the transcripts. In line with previous
research on engaging consumers and communities [36], we
focused on identifying topics that provided guidelines for
researchers on how to use social robots with older adults.
Participants’ quotes are presented with the following
information: participant identification number, gender, age, and
language background (ESB or non-ESB).

Communicating the Research Aim to Tech-Averse
Participants
Researchers may find communicating the interview’s research
aims to the participants easy and straightforward. However, it
can be a challenge with some population segments. Older adults
could be skeptical about new technologies, including social
robots. Not surprisingly, some may hold opposing views even
about standard assistive technologies.

… my mother-in-law - an elderly lady-had to be
convinced to get a walking stick and get it fitted
properly as well. She said she didn’t need it, but she
does. [P3, Female, 73 years, ESB]

Hesitation to use tools or equipment by older adults appears to
be shared across different backgrounds and demographics:

… it’s nothing to do with education. It’s to do with a
mindset [of this age group]. [P4, Female, 72 years,
non-ESB]

One research participant was particularly vocal about the need
to explain the research aims to older adults:

… the biggest thing that I can see is to be able to
communicate, talk to them [participants]. [P1, Male,
73 years, non-ESB]

The same participant offered advice, stating:

Initially, they might [resist], but when they can see
the benefits of it, I don’t think there will be any
resistance [to the research project].

Panel members of this consumer health group reiterated that
undertaking human-robot interaction research is meaningful if
older adults are convinced about its benefits. As mentioned by
a non–English-speaking panel member:

Initially, they might [resist], but when they can see
the benefits of it, I don’t think there will be any
resistance... [P1, Male, 73 years, non-ESB.]

A suggestion on how to communicate the research aims of a
social robot project to older adults highlighted the role of family
members:

If there was a family member or carer involved and
they also were accepting and recommending
[involvement in the research project], I think yes...
that would certainly get through the first barrier. [P5,
Male, 66 years, ESB]

Data Collection Methods With Older Adults
The consumer health panel members advised researchers on
collecting data from older adults. The participants’ overarching
opinions were “direct” questions and “face-to-face” interviews.
The research team also received advice on involving “health
professionals” and “family members” during the data collection
phase. One panel member (P1, male, 73 years, ESB) warned
the research team against using videos to communicate the idea
of a social robot. Despite older adults’generally known aversion
to technology, this English-speaking male participant strongly
advocated for a direct interaction of the robot with older research
participants.
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Appearance of the Social Robot
The research team also sought advice on the robot’s appearance.
Two members of the consumer panel had previously been
exposed to humanoids:

...In Paris, in 2017, ... this little white machine came
up and was talking to us in English. [P3, Female, 73
years, ESB]

Another participant revealed the introduction of a baby seal,
Paro, at his previous workplace. These panel members did not
find the social robot “scary.” Such participants quickly
commented that this may not be the case with the average older
adult who would interact with the humanoid for the first time:

Look..., it goes back to that idea of dystopian...it’s
sort of big brotherish. [P5, Male, 66 years, ESB]

Another panel member (P4, female, 72 years, non-ESB) stated
that while the robot’s image was “acceptable”… “the eyes could
be more friendly.” This participant also hesitated about the
robot’s look:

The expression,..., the expression, yeah... [P4, Female,
72 years, non-ESB]

Interestingly, another female participant (P3, 73 years, ESB)
appreciated the “feminine form” of the robot and that it was
“not confronting with the height and size.”

Discussion

Principal Findings
In this section, we highlight 3 key themes identified from the
data analysis. We also highlight the managerial implications of
the results for each theme. The primary aim of this paper was
to seek advice and guidelines from members of a health
consumer group regarding human-robot interaction research
with older adults. Such advice becomes even more critical when
the consensus is that a participant group is vulnerable [37].
There is a general concern about older adults’ vulnerability to
technology, especially regarding their security and privacy [38].

Key Theme 1: Communicating the Research Aim to
Tech-Averse Participants
The first theme that emerged from our analysis was the
importance of explaining the aims of a research project to an
anxious participant group. Previous researchers [39] have
already acknowledged that conducting research with older adults
presents challenges; however, the most identified challenges
center around obtaining consent and ensuring privacy during
interviews. The discussion with the health consumer group
revealed that presenting the research topic to tech-averse
participants, such as older adults, could hinder gaining
cooperation for interviews and discussions [40]. The results
demonstrate that demographic variables have little role to play
in older adults’ attitudes toward technology. Researchers
working on tech-related topics should involve family members,
peers, or other familiar clinicians to ensure smooth participation
in the research project. Furthermore, identifying an opinion
leader within the group and encouraging them to use technology
will have a positive impact on the group’s adoption of the

technology. This snowball effect will be more powerful than
trying to convince everyone to adopt the technology. In addition,
to encourage tech-averse participants to adopt the technology,
consistent messaging about its benefits is required. For example,
“the robot can help with my exercise routine” and “the robot
exercise routine is entertaining and fun.” Highlighting the health
and entertainment benefits is more likely to reduce resistance
to technology. Furthermore, it is also important to change the
mindset; for example, a 30-minute robot tai chi exercise as part
of their daily routine could help change their mindset. Robots
delivering these exercises daily can help older individuals
change their daily behavior and change their mindset toward
regular exercise.

Key Theme 2: Data Collection Methods With Older
Adults
Another commonly discussed topic with the health consumer
group focused on data collection methods. Despite increasing
evidence of older adults’ comfort in using the internet [41], our
panel of experts felt that the best way to collect data was
face-to-face, allowing older adults to interact directly with a
social robot. While it may not be feasible to “house” the robot
for extended periods at a facility [42], the findings suggest
short-term interactions in a safe environment would be an ideal
way to introduce older adults to humanoids. For example, short
30-minute robot-driven exercises daily would work better than
2‐3 hours of activity. The findings also indicate that effective
communication between the robot and the individual is critical
in the adoption of the robot. Older individuals would find it
difficult to communicate with the robot if it were at the house
for only 1‐2 days. Thus, having the robot for several weeks
or months in the house would help older individuals learn to
communicate with the robot more effectively. This would also
help change the “mindset” toward being more active and
exercising.

Key Theme 3: Appearance of the Social Robot
Finally, the health consumer group provided mixed feedback
on the robot’s appearance and features. Recent studies [43] have
found that older adults label the robot as “friendly.” However,
it could be that some of these studies used smaller types of
robots in their projects. Other researchers [44] have reported
older adults’ dislike for a machine that tries to look like a
human—a fake human. Our results demonstrate the need for
further research in this area. It is necessary to consider users’
needs by investigating them in greater detail. At this stage, the
results show conflicting arguments from the health consumer
group. For example, some preferred robots with eyes that were
more friendly. However, they did not like the expressions of
the robot. Other participants highlighted that the feminine
features of the robot made it look less confrontational. While
these findings are limited to a few participants, it is clear that
the personalization and customization of robot features are
necessary to enhance adoption. It was interesting to find that
the adoption of the robot depends on the individual’s preferences
for the robot’s features. However, academic research in this
area is limited, and future studies should investigate the
personalization and the personification of robots.
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Limitations and Future Studies
Several essential caveats deserve comment. First, this research
study was conducted with an 8-member health consumer group,
resulting in a small sample size for interviews. Next, our study
considered only one type of social robot—Pepper. It is quite
possible that a different robot type may have resulted in different
opinions by the participants. Finally, it is important to consider
the presence of bias in participant responses due to their values
and attitudes toward robots. The industry partner (UnitingCare
Research) recommended future research to focus on the health
consumer group. This would provide a standard unit of analysis
in future studies, and it provides researchers with a standard
research process to compare against. One of the key learnings
from the study is that when you are recruiting participants for
the health consumer group, it is important to vet the participants.
Future studies should develop a vetting process for the health
consumer group. This would help future studies have a
standardized selection process and help researchers compare
the results more accurately. Furthermore, the study was limited
to the qualitative methodology, and future studies should
validate the findings using empirical modeling.

As this research is the foundation for future studies, including
social robots and older adults, the results highlight how best to
approach studying this phenomenon. Future studies should
consider these recommendations to effectively design social
robot interventions among older adults in the Australian aged
care context. However, the findings are limited to the Australian

aged care context, and future researchers should explore
different cultural backgrounds. For example, in the Middle East,
religion is at the core of their livelihood, and therefore, the way
individuals interact with the robot may differ substantially from
that of older Australian adults. The Japanese are more likely to
adopt the robot; thus, future researchers may compare whether
culture impacts the adoption process. Comparisons between
these contexts are important to understand the factors driving
robot adoption. These findings could be used to advise future
studies in aged care.

Conclusions
Health consumer groups are vital health care stakeholders,
whose experiences, perspectives, concerns, and
recommendations form the basis for designing robust
interventions to improve the quality of life for specific
demographics through products and services. After being
pretested among an expert health care consumer panel by the
authors, the findings of this study should provide confidence to
another element of the triple helix model: industry. However,
as mentioned in the limitations of this study, social robot
research among older adults in Australia is still emerging. This
study represents nascent exploratory research that requires
further testing. The authors, in conjunction with industry
partners, recommend field testing of social robots among older
adults to assess their acceptance and use, as they are the intended
end users of the technology.

 

Authors' Contributions
Conceptualization: JS and AK
Validation: JS and AK
Writing - original draft preparation: JS
Visualization: AK
Supervision: AK, OM, and ML

Conflicts of Interest
None declared.

References
1. Age & ageing. Sphere. 2024 Jun 6. URL: https://thesphere.com.au/clinical-themes/age-ageing/ [accessed 2025-08-25]
2. Boote J, Telford R, Cooper C. Consumer involvement in health research: a review and research agenda. Health Policy 2002

Aug;61(2):213-236. [doi: 10.1016/s0168-8510(01)00214-7] [Medline: 12088893]
3. Baxter S, Clowes M, Muir D, Baird W, Broadway-Parkinson A, Bennett C. Supporting public involvement in interview

and other panels: a systematic review. Health Expect 2017 Oct;20(5):807-817. [doi: 10.1111/hex.12491] [Medline: 27535876]
4. Florin D, Dixon J. Public involvement in health care. BMJ 2004 Jan 17;328(7432):159-161. [doi: 10.1136/bmj.328.7432.159]

[Medline: 14726350]
5. INVOLVE strategy 2012-2015. : National Institute for Health Research; 2024 Apr 22 URL: https://core.ac.uk/reader/

186751140 [accessed 2025-09-12]
6. Roberts P, Wild K, Washington K, Mountford C, Capewell J, Priest H. Inclusion of lay people in the pre-registration

selection process. Nurs Stand 2010;24(48):42-47. [doi: 10.7748/ns2010.08.24.48.42.c7930] [Medline: 20806610]
7. Mosconi P, Satolli R, Colombo C, Villani W. Does a consumer training work? A follow-up survey of the

PARTECIPASALUTE training programs. Health Res Policy Syst 2012 Sep 1;10:27. [doi: 10.1186/1478-4505-10-27]
[Medline: 22938140]

8. Russell J, Fudge N, Greenhalgh T. The impact of public involvement in health research: what are we measuring? Why are
we measuring it? Should we stop measuring it? Res Involv Engagem 2020;6:63. [doi: 10.1186/s40900-020-00239-w]
[Medline: 33133636]

JMIR Hum Factors 2025 | vol. 12 | e70462 | p.1458https://humanfactors.jmir.org/2025/1/e70462
(page number not for citation purposes)

Sadler et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://thesphere.com.au/clinical-themes/age-ageing/
http://dx.doi.org/10.1016/s0168-8510(01)00214-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12088893&dopt=Abstract
http://dx.doi.org/10.1111/hex.12491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27535876&dopt=Abstract
http://dx.doi.org/10.1136/bmj.328.7432.159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14726350&dopt=Abstract
https://core.ac.uk/reader/186751140
https://core.ac.uk/reader/186751140
http://dx.doi.org/10.7748/ns2010.08.24.48.42.c7930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20806610&dopt=Abstract
http://dx.doi.org/10.1186/1478-4505-10-27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22938140&dopt=Abstract
http://dx.doi.org/10.1186/s40900-020-00239-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33133636&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Liabo K, Boddy K, Bortoli S, et al. Public involvement in health research: what does “good” look like in practice? Res
Involv Engagem 2020;6:11. [doi: 10.1186/s40900-020-0183-x] [Medline: 32266085]

10. Lancioni GE, Singh NN. Assistive Technologies for People with Diverse Abilities, 1st edition: Springer; 2014.
11. Wu YH, Wrobel J, Cornuet M, Kerhervé H, Damnée S, Rigaud AS. Acceptance of an assistive robot in older adults: a

mixed-method study of human-robot interaction over a 1-month period in the Living Lab setting. Clin Interv Aging
2014;9:801-811. [doi: 10.2147/CIA.S56435] [Medline: 24855349]

12. Australia’s health. Australian Institute of Health and Welfare. 2014 Jun 9. URL: https://www.aihw.gov.au/reports-data/
australias-health [accessed 2025-09-12]

13. Shea B, Santesso N, Qualman A, et al. Consumer-driven health care: building partnerships in research. Health Expect 2005
Dec;8(4):352-359. [doi: 10.1111/j.1369-7625.2005.00347.x] [Medline: 16266423]

14. Tausch AP, Menold N. Methodological aspects of focus groups in health research. Glob Qual Nurs Res 2016 Jan
1;3:233339361663046. [doi: 10.1177/2333393616630466]

15. Wiles LK, Kay D, Luker JA, et al. Consumer engagement in health care policy, research and services: a systematic review
and meta-analysis of methods and effects. PLOS ONE 2022;17(1):e0261808. [doi: 10.1371/journal.pone.0261808] [Medline:
35085276]

16. Etzkowitz H, Leydesdorff L. The triple helix -- university-industry-government relations: a laboratory for knowledge based
economic development. EASST Review 1995;14(1):14-19 [FREE Full text]

17. Cai Y, Lattu A. Triple helix or quadruple helix: which model of innovation to choose for empirical studies? Minerva (Arlingt
Va) 2022 Jun;60(2):257-280. [doi: 10.1007/s11024-021-09453-6]

18. Bunders JFG, Broerse JEW, Zweekhorst MBM. The triple helix enriched with the user perspective: a view from Bangladesh.
J Technol Transf 1999 Aug;24(2-3):235-246. [doi: 10.1023/A:1007811607384]

19. Buchanan RA. The atmospheric railway of I.K. Brunel. Soc Stud Sci 1992 May;22(2):231-243. [doi:
10.1177/030631292022002003]

20. Shin HR, Um SR, Yoon HJ, et al. Comprehensive senior technology acceptance model of daily living assistive technology
for older adults with frailty: cross-sectional study. J Med Internet Res 2023 Apr 10;25:e41935. [doi: 10.2196/41935]
[Medline: 37036760]

21. Hegel F, Muhl C, Wrede B, Hielscher-Fastabend M, Sagerer G. Understanding social robots. Presented at: 2009 Second
International Conferences on Advances in Computer Human Interactions; Jul 1-7, 2009; Cancun, Mexico. [doi:
10.1109/ACHI.2009.51]

22. Kang HS, Koh IS, Makimoto K, Yamakawa M. Nurses’ perception towards care robots and their work experience with
socially assistive technology during COVID-19: a qualitative study. Geriatr Nurs (Lond) 2023 Mar;50:234-239. [doi:
10.1016/j.gerinurse.2023.01.025]

23. Pirhonen J, Tiilikainen E, Pekkarinen S, Lemivaara M, Melkas H. Can robots tackle late-life loneliness? Scanning of future
opportunities and challenges in assisted living facilities. Futures 2020 Dec;124:1-12. [doi: 10.1016/j.futures.2020.102640]
[Medline: 33041358]

24. Sun R, Liu Y. Mortality of the oldest old in China. J Aging Health 2006 Feb;18(1):37-55. [doi: 10.1177/0898264305281103]
[Medline: 16470963]

25. Khosla R, Nguyen K, Chu MT. Human robot engagement and acceptability in residential aged care. International Journal
of Human–Computer Interaction 2017 Jun 3;33(6):510-522. [doi: 10.1080/10447318.2016.1275435]

26. Ge GL, Schleimer SC. Robotic technologies and well-being for older adults living at home. JSM 2023 Feb 28;37(3):340-350.
[doi: 10.1108/JSM-03-2022-0076]

27. Fasola J, Mataric M. A socially assistive robot exercise coach for the elderly. Journal of Human-Robot Interaction 2013;2(2):2.
[doi: 10.5898/JHRI.2.2.Fasola]

28. Freedman S, Mataric MJ, Cunningham MJ, Lopez B. A hands-off physical therapy assistance robot for cardiac patients.
Presented at: 9th International Conference on Rehabilitation Robotics, 2005 ICORR 2005; Jun 28 to Jul 1, 2005; Chicago,
IL, USA. [doi: 10.1109/ICORR.2005.1501114]

29. Macis D, Perilli S, Gena C. Employing socially assistive robots in elderly care. Presented at: UMAP ’22; Jul 4-7, 2022;
Barcelona, Spain. [doi: 10.1145/3511047.3537687]

30. Smarr CA, Prakash A, Beer JM, Mitzner TL, Kemp CC, Rogers WA. Older adults’ preferences for and acceptance of robot
assistance for everyday living tasks. Proc Hum Factors Ergon Soc Annu Meet 2012 Sep;56(1):153-157. [doi:
10.1177/1071181312561009] [Medline: 25284971]

31. Huppertz C, Forbrig TA, Lengert-Brzozowski S, Gräske J. Associations between older adults’ loneliness and acceptance
of socially assistive robots: a cross-sectional study. J Gerontol Nurs 2023 Apr;49(4):21-26. [doi:
10.3928/00989134-20230309-04] [Medline: 36989477]

32. Fortunati L, Manganelli AM, Höflich J, Ferrin G. How the social robot sophia is mediated by a YouTube video. New Media
& Society 2024 Jun;26(6):3390-3409. [doi: 10.1177/14614448221103176]

33. Saplacan D, Schulz T, Torresen J, Pajalic Z. Health professionals’ views on the use of social robots with vulnerable users:
a scenario-based qualitative study using story dialogue method. Presented at: 2023 32nd IEEE International Conference

JMIR Hum Factors 2025 | vol. 12 | e70462 | p.1459https://humanfactors.jmir.org/2025/1/e70462
(page number not for citation purposes)

Sadler et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1186/s40900-020-0183-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32266085&dopt=Abstract
http://dx.doi.org/10.2147/CIA.S56435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24855349&dopt=Abstract
https://www.aihw.gov.au/reports-data/australias-health
https://www.aihw.gov.au/reports-data/australias-health
http://dx.doi.org/10.1111/j.1369-7625.2005.00347.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16266423&dopt=Abstract
http://dx.doi.org/10.1177/2333393616630466
http://dx.doi.org/10.1371/journal.pone.0261808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35085276&dopt=Abstract
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2480085
http://dx.doi.org/10.1007/s11024-021-09453-6
http://dx.doi.org/10.1023/A:1007811607384
http://dx.doi.org/10.1177/030631292022002003
http://dx.doi.org/10.2196/41935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37036760&dopt=Abstract
http://dx.doi.org/10.1109/ACHI.2009.51
http://dx.doi.org/10.1016/j.gerinurse.2023.01.025
http://dx.doi.org/10.1016/j.futures.2020.102640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33041358&dopt=Abstract
http://dx.doi.org/10.1177/0898264305281103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16470963&dopt=Abstract
http://dx.doi.org/10.1080/10447318.2016.1275435
http://dx.doi.org/10.1108/JSM-03-2022-0076
http://dx.doi.org/10.5898/JHRI.2.2.Fasola
http://dx.doi.org/10.1109/ICORR.2005.1501114
http://dx.doi.org/10.1145/3511047.3537687
http://dx.doi.org/10.1177/1071181312561009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25284971&dopt=Abstract
http://dx.doi.org/10.3928/00989134-20230309-04
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36989477&dopt=Abstract
http://dx.doi.org/10.1177/14614448221103176
http://www.w3.org/Style/XSL
http://www.renderx.com/


on Robot and Human Interactive Communication (RO-MAN); Aug 28-31, 2023; Busan, Republic of Korea. [doi:
10.1109/RO-MAN57019.2023.10309644]

34. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

35. Braun V, Clarke V. Reflecting on reflexive thematic analysis. Qualitative Research in Sport, Exercise and Health 2019
Aug 8;11(4):589-597. [doi: 10.1080/2159676X.2019.1628806]

36. Todd AL, Nutbeam D. Involving consumers in health research: what do consumers say? Public Health Res Pract 2018 Jun
14;28(2):2. [doi: 10.17061/phrp2821813] [Medline: 29925089]

37. Fordham M, Lovekamp WE, Thomas DSK, et al. Understanding social vulnerability. In: Thomas DSK, Philips BD,
Lovekamp WE, et al, editors. Social Vulnerability to Disasters, 2nd edition: CRC Press; 2013:1-29 URL: https://www.
academia.edu/8600704/Understanding_Social_Vulnerability_in_Social_Vulnerability_to_Disasters_2nd_ed_ [accessed
2025-09-12]

38. Murthy S, Bhat K, Das S, Kumar N. Individually vulnerable, collectively safe: the security and privacy practices of
households with older adults. In: Proceedings of the ACM on Human-Computer Interaction: Association for Computing
Machinery; 2021, Vol. 5:1-24. [doi: 10.1145/3449212]

39. Hall S, Longhurst S, Higginson IJ. Challenges to conducting research with older people living in nursing homes. BMC
Geriatr 2009 Aug 24;9:1-8. [doi: 10.1186/1471-2318-9-38] [Medline: 19703277]

40. Hu HM. A qualitative study on why older adults may be reluctant to participate in learning activities. Journal of Adult and
Continuing Education 2024 May;30(1):39-55. [doi: 10.1177/14779714231191354]

41. Brondani MA, MacEntee MI, O’Connor D. Email as a data collection tool when interviewing older adults. Int J Qual
Methods 2011 Sep;10(3):221-230. [doi: 10.1177/160940691101000303]

42. Ostrowski AK, Breazeal C, Park HW. Mixed-method long-term robot usage: older adults’ lived experience of social robots.
Presented at: 2022 17th ACM/IEEE International Conference on Human-Robot Interaction (HRI); Mar 7-10, 2022; Sapporo,
Japan. [doi: 10.1109/HRI53351.2022.9889488]

43. Bayles MA, Lee J, Kadylak T, Rogers WA. Understanding older adults’ initial perceptions of robot appearance and function:
implications for acceptance. Gerontechnology 2023 Aug 31;22(2):1-7. [doi: 10.4017/gt.2023.22.2.bay.08]

44. Wu YH, Fassert C, Rigaud AS. Designing robots for the elderly: appearance issue and beyond. Arch Gerontol Geriatr
2012;54(1):121-126. [doi: 10.1016/j.archger.2011.02.003] [Medline: 21349593]

Abbreviations
CAG: Age and Aging Clinical Academic Group
ESB: English-speaking background
non-ESB: non–English-speaking background

Edited by A Kushniruk; submitted 22.12.24; peer-reviewed by CK Tan, F Shojaei; revised version received 29.04.25; accepted 03.06.25;
published 24.09.25.

Please cite as:
Sadler J, Khan A, Mubin O, Lwin M
Exploratory Research With a Health Consumer Group on Social Robot Use Among Older Adults: Qualitative Study
JMIR Hum Factors 2025;12:e70462
URL: https://humanfactors.jmir.org/2025/1/e70462 
doi:10.2196/70462

© James Sadler, Aila Khan, Omar Mubin, Michael Lwin. Originally published in JMIR Human Factors
(https://humanfactors.jmir.org), 24.9.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic
information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

JMIR Hum Factors 2025 | vol. 12 | e70462 | p.1460https://humanfactors.jmir.org/2025/1/e70462
(page number not for citation purposes)

Sadler et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1109/RO-MAN57019.2023.10309644
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1080/2159676X.2019.1628806
http://dx.doi.org/10.17061/phrp2821813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29925089&dopt=Abstract
https://www.academia.edu/8600704/Understanding_Social_Vulnerability_in_Social_Vulnerability_to_Disasters_2nd_ed_
https://www.academia.edu/8600704/Understanding_Social_Vulnerability_in_Social_Vulnerability_to_Disasters_2nd_ed_
http://dx.doi.org/10.1145/3449212
http://dx.doi.org/10.1186/1471-2318-9-38
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19703277&dopt=Abstract
http://dx.doi.org/10.1177/14779714231191354
http://dx.doi.org/10.1177/160940691101000303
http://dx.doi.org/10.1109/HRI53351.2022.9889488
http://dx.doi.org/10.4017/gt.2023.22.2.bay.08
http://dx.doi.org/10.1016/j.archger.2011.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21349593&dopt=Abstract
https://humanfactors.jmir.org/2025/1/e70462
http://dx.doi.org/10.2196/70462
http://www.w3.org/Style/XSL
http://www.renderx.com/


Testing the Acceptability and Feasibility of a Gender-Informed
Smoking Cessation mHealth App for Women: Mixed Methods
Approach

Osnat C Melamed1,2,3,4, MSc, MD; Kamna Mehra3, DNB, MSc, MBBS; Allison Gayapersad3, PhD; Roshni Panda3,

PhD; Nadia Minian1,2,3,4,5, PhD; Laurie Zawertailo2,3,4,5, PhD; Leslie Buckley6,7, MD, MPH; Marta Maslej7,8, PhD;

Lorraine Greaves9,10, PhD; Andreea C Brabete9, PhD; Jonathan Rose11, PhD; Matt Ratto12,13, PhD; Peter Selby1,2,3,7,14,
MBBS, MHSc
1INTREPID Lab, Nicotine Dependence Service, Centre for Addiction and Mental Health, 1025 Queen Street West, Toronto, ON, Canada
10School of Population and Public Health, Faculty of Medicine, University of British Columbia, Vancouver, Canada
11Edward S. Rogers Sr. Department of Electrical and Computer Engineering, University of Toronto, Toronto, Canada
12Faculty of Information, University of Toronto, Toronto, Canada
13Schwartz Reisman Institute for Technology and Society, University of Toronto, Toronto, Canada
14Dalla Lana School of Public Health, University of Toronto, Toronto, Canada
2Department of Family and Community Medicine, University of Toronto, Toronto, ON, Canada
3Campbell Family Mental Health Research Institute, Centre for Addiction and Mental Health, Toronto, ON, Canada
4Institute of Medical Sciences, University of Toronto, Toronto, ON, Canada
5Department of Pharmacology and Toxicology, University of Toronto, Toronto, ON, Canada
6Addictions Division, Centre for Addiction and Mental Health, Toronto, ON, Canada
7Department of Psychiatry, University of Toronto, Toronto, ON, Canada
8Krembil Centre for Neuroinformatics, Centre for Addiction and Mental Health, Toronto, ON, Canada
9Centre of Excellence for Women's Health, Vancouver, BC, Canada

Corresponding Author:
Osnat C Melamed, MSc, MD
INTREPID Lab, Nicotine Dependence Service, Centre for Addiction and Mental Health, 1025 Queen Street West, Toronto, ON,
Canada

Abstract

Background: Cigarette smoking is a leading cause of preventable morbidity and mortality worldwide. Women who smoke face
greater health risks than men, including higher rates of cardiovascular disease and more pronounced declines in lung function.
Despite this, women experience lower success rates with conventional smoking cessation treatments, due in part to unique sex-
and gender-related factors influencing smoking behavior and barriers to quitting. Digital health tools, such as mobile health apps,
offer a promising avenue for delivering accessible, tailored smoking cessation support to women.

Objective: This study evaluated the acceptability and feasibility of the “My Change Plan–Women” (MCP-W) app, a
gender-specific smoking cessation mobile health intervention co-designed with women who smoke, clinicians, and researchers,
to address women’s unique needs in smoking cessation.

Methods: We conducted a single-group, prospective, sequential mixed methods study with 30 women who smoke in Ontario,
Canada. Participants used the MCP-W app for 28 days. Acceptability was defined as ≥50% of participants endorsing “agree” or
“strongly agree” to the statement “using the app is likely to help me make changes to my smoking habits.” Feasibility was defined
as ≥50% of participants using the app for 7 or more days during the trial period. Quantitative data on acceptability, smoking
behavior, and motivation to quit were collected at baseline and follow-up via REDCap (Research Electronic Data Capture)
surveys. App usage metrics were captured through Google Analytics. Semistructured interviews explored participants’ experiences
using the app and were thematically analyzed using the theoretical framework of acceptability.

Results: At follow-up, 37% (11/30; 95% CI 21%-56%) of participants rated the MCP-W app as acceptable, falling below the
predefined threshold (≥50%) and indicating that the intervention “needs further work.” Feasibility criteria were met, with 60%
(18/30) of participants using the app for 7 or more days. Notably, acceptability was higher among those who used the app for
more than 14 days (7/11, 64%) compared with those with lower usage (4/19, 21%). Average daily cigarette consumption decreased
from 16.4 to 14.6 cigarettes, and the number of participants reporting at least 1 smoke-free day in the previous week increased
from 7% (2/27) to 22% (6/27). Qualitative findings revealed that women with higher motivation to quit found the app more
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helpful, particularly its behavior change tools (eg, cigarette tracking and identifying triggers) and gender-specific content. However,
women facing stress, mental health challenges, or low readiness found it harder to engage. Participants suggested enhancements
including customizable reminders, more interactive content, and live or artificial intelligence–based emotional support.

Conclusions: The MCP-W app is a feasible intervention for delivering gender-specific smoking cessation support. However,
its acceptability was limited to a third of users with high levels of motivation. Improvements to interactivity and support features
may enhance its relevance and uptake among women with complex barriers to quitting.

International Registered Report Identifier (IRRID): RR2-10.2196/60677

(JMIR Hum Factors 2025;12:e71683)   doi:10.2196/71683
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women’s health; gender; smoking cessation; mHealth; digital health; co-development; feasibility; mobile phone; mobile health

Introduction

Cigarette smoking is one of the leading risk factors of morbidity
and mortality globally contributing to the development of
cancers, lung diseases, and heart diseases [1]. While the
prevalence of smoking among women in some Western
countries may be reducing overall, the rate of decline is slowing,
and the contribution of smoking to deaths among women is
increasing [2,3]. Smoking causes more harm in women
compared with men. Relative to men, women who smoke have
higher rates of cardiovascular events and experience greater
decline in lung function as a result of smoking [4]. When trying
to quit smoking to protect their health, women experience less
success than men when offered evidence-based smoking
cessation treatment. The disparity can be partly attributed to
sex- and gender-related factors affecting motives for smoking
and barriers to quitting, which are rarely addressed in treatment.
This highlights the need for smoking cessation programs to take
into account the unique needs of women and incorporate them
into treatment.

Various sex- and gender-related factors affect smoking and
quitting behaviors among women. Cosgrove et al [5] found
differences between the effect of nicotine on the dopaminergic
pathway in the brains of men and women, where men showed
a greater dopamine response to smoking than women. This
suggests that men smoke for the pleasurable effects of nicotine,
whereas smoking has additional drivers in women. Others
theorized that stressful life experiences in women become a
conditioned cue for smoking (ie, sociopharmacology) [6]. This
theory is backed by evidence of high smoking rates among
women facing material hardship, domestic violence, mental
illness, and lone parenting. Biological factors, as well as diverse
social and psychological factors (ie, sex- and gender-related
factors), contribute to a greater difficulty in smoking cessation
among women relative to men [4,7-11]. Previous work suggests
a number of unique challenges experienced by women in
quitting, including using smoking to cope with stress or manage
emotions and control weight by suppressing their appetite [12].
Behavioral interventions that focus explicitly on the unique
experiences of women trying to quit could improve smoking
cessation success [11].

Mobile health (mHealth) technology, such as smartphone apps,
can deliver smoking cessation treatment to wider populations
in a more cost-effective manner [12-16]. For greater

effectiveness, mobile app content can be tailored to address the
unique smoking cessation needs of women. Indeed, 4 apps
dedicated to helping women reduce or quit smoking have been
identified in a systematic review of the literature [13]; 2 of them
focus on women who are pregnant [17,18], 1 on modifying
multiple health behaviors among women [19], and 1 for Chilean
women using which sends motivational messages and strategies
to women to reduce or quit smoking [20]. This trend is
encouraging, but there is room for further work focused on a
wider, more general population of women who smoke.

The “My Change Plan–Women” (MCP-W) app is one such
additional mHealth intervention. The original version of the
app, My Change Plan (MCP), was developed to support the
smoking cessation efforts of patients enrolled in the Smoking
Treatment for Ontario Patients (STOP) program and was a
digital evolution of a paper-based booklet, also called “My
Change Plan” [21,22]. The MCP app provides evidence-based
behavioral change techniques to support tobacco reduction and
cessation that can be helpful for both women and men in
developing their quit plan. The quit plan includes goal setting,
identifying smoking triggers, and developing coping strategies
which are grounded in theory [23-25]. It allows users to track
their cigarettes and cravings and evaluate financial savings from
reducing or quitting smoking. It also provides evidence-based
information in the app’s library about smoking cessation
medications, local supports for smoking cessation (eg, smoker’s
helpline), and the impact of physical activity, nutrition, stress,
and sleep on smoking and smoking cessation. The MCP app
has been available for iPhone (Apple Inc) and Android (Google)
smartphones, in their respective app stores, for over 5 years.
The MCP-W app retains MCP gender-neutral content and
complements it with women-specific content that focuses on
women’s unique motives for smoking and the barriers to quitting
they experience. The women-specific content is delivered
through 4 animation videos embedded in the app, and
testimonials from women who smoked are included in the app’s
library. The animated videos focus on women-specific motives
for smoking, challenges faced by women when trying to quit,
and strategies that have helped women overcome them. The
testimonials include quotes from women on topics such as
“desire to quit,” “quit strategies,” “quit struggles,” and
“encouragement.”

The women-specific version of this app, the MCP-W app, was
co-designed in collaboration with women who smoke (ie, patient
partners) and a multidisciplinary team of researchers and
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clinicians with expertise in tobacco addiction, implementation
science, sex and gender science, women’s health, public health,
and app development [26]. The MCP-W app was based on
motivational interviewing. This is a counseling method aimed
to promote behavioral change in a compassionate and
nonjudgmental manner [27]. It respects women’s autonomy to
make changes to their smoking at their own pace, when they
feel ready, and does not pressure them into quitting by using
scare or shame tactics.

The MCP-W app was developed between July 2022 and August
2023, and a testable version was finalized in January 2024. The
aim of this study is to test whether women who smoke find the
MCP-W app to be an acceptable tool for the delivery of
gender-informed smoking cessation support, and whether the
MCP-W app can feasibly deliver this content.

Methods

Study Design and Setting
We conducted a single-group, prospective, sequential mixed
methods study to test the acceptability and feasibility of the
MCP-W app at the Center for Addiction and Mental Health
(CAMH) INTREPID Lab in Toronto, Ontario, Canada. A
comprehensive protocol of this study was published previously
[26].

Participant Recruitment and Study Procedures
Purposive sampling was conducted between February and May
2024 to recruit 30 women participants who smoked cigarettes
to test the MCP-W app. The study recruitment flyer was shared
through monthly presentations to STOP clinicians, who provide
smoking cessation treatment in primary care clinics across
Ontario, Canada. In addition, recruitment flyers were provided
to health care practitioners at the Nicotine Dependence Clinic
at CAMH and posted on the CAMH research boards across
campus. Furthermore, past treatment-seeking individuals (STOP
program participants), who agreed to participate in future
research studies, were contacted about the study.

Women who expressed interest in participation were screened
for eligibility over the telephone. We included women between
25 and 65 years of age, who smoked at least 5 tobacco cigarettes
per day, owned a smartphone, had continuous internet access,
and had experience using smartphone apps. Those who did not
feel comfortable using smartphone apps, or were pregnant,
breastfeeding, or trying to become pregnant in the next 3 months
were ineligible to participate. Individuals with severe general
or mental health conditions that could interfere with study
participation were also excluded. This criterion was assessed
during the eligibility screening and applied to those unable to
complete study procedures due to a physical or mental illness
(eg, current hospitalization). Eligible participants provided
informed consent over WebEx (Cisco Systems), a secure online
platform to conduct videoconference meetings, after a discussion
of the study procedures, risks, benefits, and rights as a study
participant. During this WebEx meeting, participants also
completed the baseline survey (Multimedia Appendices 1 and
2) through a unique REDCap (Research Electronic Data
Capture) survey link sent by email, where they provided

information about their sociodemographic characteristics,
acceptability of the app, smoking behaviors, smoke-free days
in the past week, and their motivation to quit smoking. They
downloaded the MCP-W app (either an Android or an iPhone
version) and were provided a brief demonstration of the various
app features.

Participants were granted access to the app for a period of 28
days. After the 28-day trial completion, participants were sent
an automatic email through REDCap with a follow-up survey.
The follow-up survey asked participants about the acceptability
of the app, smoking behaviors, smoke-free days in the past
week, motivation to quit smoking, the usability of the app using
the System Usability Scale (SUS) [28], and how likely they
were to recommend the app to others (Multimedia Appendices
2 and 3). In addition, participants were invited to schedule the
follow-up semistructured WebEx interview about their
experiences using the app. Interviews were conducted by a
research staff member who did not have any previous
relationship with the participants. The interview guide consisted
of questions about the app based on the 7 constructs of the
theoretical framework of acceptability (TFA; ie, affective
attitude, burden, ethicality, intervention coherence, opportunity
costs, perceived effectiveness, and self-efficacy) [29], as well
as additional questions about barriers to quitting smoking, the
app’s helpfulness in quitting smoking, and strategies to make
the app helpful for women from diverse backgrounds
(Multimedia Appendix 4). The interview lasted for an average
of 34 (SD 11, range 18‐62) minutes. The interviews were
automatically transcribed by the WebEx Assistant Software.
Research staff members reviewed, cleaned, and verified the
transcripts for accuracy.

Data Analysis

Primary Outcomes
The primary outcomes for the study included acceptability and
feasibility of the app. Acceptability of the app was measured
by asking the question “using the app is likely to help me make
changes to my smoking habits” at baseline and follow-up
surveys, which could be answered on a 5-point Likert scale
from “strongly agree” to “strongly disagree.” The proportion
of participants endorsing “agree” or “strongly agree” was
calculated. The app would be considered “acceptable” if the
majority (≥50%) of participants rate it as such. Similarly, if 26%
to 50% reported the app as acceptable, then it would be deemed
“needs further work”; otherwise, it would be deemed
“unacceptable” if the proportion was 25% or lower. Nonresponse
values were imputed to “do not agree” since low study
participation most likely indicated low acceptability of the app.

Feasibility of the app was assessed using Google Analytics data.
Participants were assigned unique log-in IDs and the number
of times they accessed the app and clicked on the videos was
collected using Google Analytics. The app would be considered
“feasible” if the proportion of participants who accessed the
app for 7 days or more out of 28 days was 50% or more, “needs
further work” if 26% to 49% , and “not feasible” if 25% or less.
Since the Google Analytics data was available for all
participants, there was no missing data on feasibility measures.
The binomial 95% CIs were calculated to assess precision of
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estimates, but the decision about acceptability and feasibility
rested on point estimates.

Secondary and Tertiary Outcomes
The secondary outcome measures consisted of participants’
motivation to quit smoking. Changes in mean scores of
motivation from baseline to follow-up were calculated for each
of the 3 validated subscales: “importance,” “commitment,” and
“ability” [30]. Participants rated the following statements: (1)
it is important for me to change my smoking habits, (2) I am
trying to change my smoking habits, and (3) I could change my
smoking habits, using a Likert scale where 1=definitely not,
2=probably not, 3=maybe, 4=probably, and 5=definitely.

The tertiary outcomes consisted of smoking behavior metrics
including change in the number of cigarettes smoked daily and
the number of smoke-free days in the last 7 days. Quantitative
data was analyzed using Stata v.16 (StataCorp). Based on the
observed distribution, we used McNemar tests for binary
outcomes, exact Wilcoxon signed-rank tests for paired ordinal
data, and negative binomial regression for cigarettes per day.
Demographic data were analyzed descriptively.

Qualitative Data Analysis
A deductive analysis approach was used to analyze the
qualitative data [31]. Using Microsoft Excel, the interview data
elicited from the 26 participants were organized into categories
based on the 7 TFA constructs and 2 additional questions asked
in the interview guide. KM read and reread all transcripts to
become familiar with and code the data. AG and OM reviewed

the transcripts and the extracted and coded data to ensure
accuracy and consistency. KM, OM, and AG met weekly to
discuss and refine the codes. Coded data were structured into
themes and relevant quotes were selected to support themes and
subthemes.

Ethical Considerations
The study was approved by the CAMH Research Ethics Board
(#122/2023). Participants provided informed consent via WebEx
(Cisco Systems). Participants were provided an honorarium of
CAD $30 (a currency exchange rate of US $1=CAD $1.33796
was applicable at the time of data collection) for completing
the baseline survey and an additional CAD $30 for completing
the posttrial interview. No identifying information about the
participants has been included in this manuscript.

Results

Characteristics of Study Participants
A total of 383 women were contacted about the study (369 from
the STOP program and 16 from other sources), out of which 55
women expressed interest and were screened for eligibility. Of
the total, 49 women were found to be eligible, out of which 32
women provided informed consent and completed the baseline
survey. Furthermore, 30 women were able to download the app,
and 2 women could not do so due to technical issues, 27
completed the follow-up survey, and 26 completed the interview
(3 participants were lost to follow-up). The baseline
demographic data of the 30 participants are described in Table
1.
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Table . Characteristics of 30 study participants.

ValueDemographic characteristics

49.5 (9.4)Age (y), mean (SD)

Gender, n (%)

30 (100)Woman

Marital statusa, n (%)

10 (33)Never legally married

10 (33)Legally married (and not separated)

4 (13)Separated or divorced

5 (17)Living with a partner but not married (common law)

Highest level of education completed, n (%)

1 (3)Some high school

5 (17)High-school diploma

5 (17)Some college

13 (43)College diploma

6 (20)University degree

Total household income last year before taxes (CAD $b), n (%)

8 (27)40,000 or less

12 (40)40,000 to 80,000

10 (33)More than 80,000

Racial background, n (%)

2 (7)Métis

1 (3)Latin American (Hispanic or Latin American descent)

1 (3)Middle Eastern (eg, Arab, Persian, and West Asian descent [Afghan,
Egyptian, Iranian, Kurdish, Lebanese, Turkish, etc])

1 (3)South Asian (eg, Bangladeshi, Indian, Indo-Caribbean, Pakistani, and Sri
Lankan descent)

25 (83)White (eg, European descent)

Overall health, n (%)

0 (0)Excellent

5 (17)Very good

15 (50)Good

9 (30)Fair

1 (3)Poor

Chronic health conditions, n (%)

7 (23)High blood pressure

8 (27)High cholesterol

2 (7)Heart disease

6 (20)Diabetes

3 (10)Chronic bronchitis, emphysema, or COPDc

3 (10)Rheumatoid arthritis

11 (37)Chronic pain

1 (3)Cancer

11 (37)Depression
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ValueDemographic characteristics

13 (43)Anxiety

1 (3)Schizophrenia

2 (7)Substance use disorder (other than tobacco or caffeine)

1 (3)Problem gambling

16.4 (7.5)Cigarettes smoked per day, mean (SD)

aOne participant selected “Don’t know/prefer not to answer.”
bData collected in Canadian dollars. A currency exchange rate of US $1=CAD $1.33796 was applicable at the time of data collection.
cCOPD: chronic obstructive pulmonary disease.

Primary Outcome Measures

Acceptability of the MCP-W App
Following the 28-day trial period, participants responded to the
following question: “Please indicate how much you agree or
disagree with the following statement: Using the app is likely
to help me make changes to my smoking habits.” In total, 11
out of 30 (37%, 95% CI 21%-56%) participants endorsed “agree

or strongly agree.” This result did not reach our predefined
threshold for acceptability (≥50%), but landed in the “needs
further work” range (26%‐49%). We assessed the acceptability
of the intervention before and following the 28-day trial, in
which the proportion of participants endorsing “agree or strongly
agree” decreased from 43% (13/30) before using the app to 37%
(11/30) at follow-up; however, this decrease was not statistically
significant (Table 2).

Table . Primary, secondary, and tertiary outcome measures.

P valueFollow-upBaselineOutcome measures

Primary outcome

.09    Acceptabilitya, n (%)

11 (37)13 (43)Agree or strongly agree

16 (53)14 (47)Neutral, disagree, or strongly dis-
agree

Secondary outcome

    Motivationb, mean (SD)

>.994.7 (0.6)4.7 (0.6)Importance

.224.5 (0.7)4.6 (0.7)Commitment

.403.7 (1.0)4.1 (0.9)Ability

Tertiary outcomes

.0114.6 (7.0)16.4 (7.5)    Cigarettes smoked per dayb, mean
(SD)

.016 (22)2 (7)    1 or more smoke-free days in the

last 7 daysb, n (%)

aAcceptability was measured on a 5-point Likert scale using the question: “Using the app is likely to help me make changes to my smoking habits.”
bData from 27 participants who completed the follow up survey.

Feasibility of the MCP-W App
Based on the Google Analytics data, 18 (60%, 95% CI
41%-77%) participants used the app for 7 or more days, which
fulfilled the 50% feasibility criteria. Furthermore, 14 (47%)
participants used the app for 1‐7 days, 5 (17%) used it for
8‐14 days, 3 (10%) for 15‐21 days, and 8 (27%) for 22‐28
days. Based on the number of days the MCP-W app was used,
the proportion of participants who found the app acceptable was
14% (2/14; 1‐7 days), 40% (2/5; 8‐14 days), 67% (1/3;
15‐22 days), and 63% (3/8; 22‐28 days; Multimedia
Appendix 5). There was a statistically significant correlation

between the number of days the app was used and agreement
with the acceptability of the app (P<.001).

Secondary and Tertiary Outcome Measures

Motivation to Quit
Participants had a high level of motivation with respect to
“importance” of quitting smoking (mean score of 4.7, SD 0.6),
and it did not significantly change from baseline to follow-up.
There were no statistically significant changes in the
“commitment” and “ability” measures (Table 2).
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Smoking Behaviors
The number of cigarettes smoked per day significantly reduced
from a mean of 16.4 (SD 7.5) cigarettes at baseline to a mean
of 14.6 (SD 7.5) cigarettes at follow-up. The number of
participants endorsing 1 or more smoke-free days in the last 7
days significantly increased from 2 (7%) at baseline to 6 (22%)
at follow-up (Table 2). Based on the number of days the MCP-W
app was used, the proportion of participants who reported a
smoke-free day in the last 7 days at follow-up was 0% (1‐7
days), 20% (8‐14 days), 100% (15‐22 days), and 25%
(22‐28 days). Furthermore, 1 participant reported quitting
smoking at follow-up.

System Usability
The mean total score of the SUS was 70.2 (SD 12). The mean
score of the response for the question “How likely are you to
recommend this app to others?” was 6 (SD 2.0; on a scale of 0
to 10).

Qualitative Inquiry Into the Acceptability and
Feasibility of the MCP-W App
Table 3 summarizes key themes and insights from qualitative
inquiry with MCP-W participants.

Table . Summary of key themes and insights from qualitative results.

Supporting quotesSubthemes or key insightsTheme

Motivation and readiness to quit •• “I was pretty motivated... that gave me a
definitive start date.” [ID 27]

App more useful for those highly motivated
or ready to quit

•• “I’m not there yet... the app helped …but I
think you have to be a 100% ready.” [ID
01]

Lower readiness linked to lower engage-
ment

Barriers to quitting smoking •• “The more stressed I am, the more I
smoke...” [ID 19]

Stress, mental health, daily hardships
• Habitual use and nicotine addiction

• “It’s really hard to quit... the brain always
makes excuses to get it” [ID 28]

• Social contexts and emotional triggers

Helpful app features •• “...just reminding me to get outside and…do
something other than just …smoking...” [ID
11]

Cigarette tracking increased awareness
• Trigger identification and coping strategies
• Resource library, visual feedback (savings,

graphs, progress) • “Everything they were talking about (in the
videos) is how I felt...” [ID 18]• Gender-specific content resonated with

users

Features in need of improvement •• “It just seemed like the app wanted me to
go into it every time...” [ID 07]

Burden of frequent tracking/logging
• Usability issues (eg, journal entries, notifi-

cations) • “I would like to get more like a free open
option to write stuff down” [ID 19]• Desire for more interactivity and real-life

testimonials

Desire for additional support •• “A live connection... someone like ...a
sponsor.” [ID 14]

Suggestions for live support or artificial in-
telligence–based chat features

•• “Maybe they should be starting that (medi-
cation) already before they use the app, so
they already have a jump start, so to speak”
[ID 29]

App more effective when paired with
counseling or pharmacotherapy

Motivation and Readiness to Quit Smoking
We found that participants’ motivation and readiness to quit
smoking influenced the acceptability and feasibility of the
MCP-W app. More than half (n=16) of all participants
interviewed mentioned that they were motivated to quit smoking.
The app was seen as a helpful tool particularly for those highly
motivated to quit. Some doubted the app’s utility for women
with lower levels of motivation or readiness.

Well, right now for my journey, I’m at a point where
I know - I know I’ve got to quit smoking for my health,
for my family’s health, but mainly for mine just
because I’m getting older I smoked for so long. Um,
here’s my cough… [ID 03]

Well, I was pretty motivated when you first contacted
me, so I think that’s what helped [quit] was with the
trial starting that that gave me a definitive start date
or an end date, I should say. [ID 27]

And I’m so tired of smoking, I don’t want to smoke
anymore. But I’m not there yet. I don’t think, cause,
I mean, I could analyze my smoking and I could, you
know, the app helped me with that and, and figure it
out and the triggers and… But, I think you have to be
a 100% ready. [ID 01]

Participants who mentioned that they were motivated and ready
to quit smoking appeared to find the MCP-W app feasible,
which they demonstrated by engaging with the MCP-W app
longer than participants who mentioned they were not as
motivated or ready. For example, one of the following
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participants who was ready to quit used the MCP-W app for 29
days compared with the other participant who was not ready
and only used the MCP-W app for 14 days.

But I’m determined right now with this app… It like
with the full 29 days I’ve been using the app so far…
[ID 31]

I feel like, I have no motivation or willpower or
something, and I’m just not making real changes here.
So this is just kind of like, maybe it’ll help other
women, but not me. [ID 16]

Some participants felt that the app is of most use to women who
are ready to quit. Since they did not feel ready, it was less
relevant to their needs.

If I was further into this stage of quitting smoking or
wanting to quit smoking, it would definitely - it would
help me. I just - I’m not there yet, so it was easy for
me to not-not use the app, to not look at it. Right? [ID
03]

I think that if somebody is ready, that it would be a
valuable tool. It would be like an accountability tool…
So I think I would be a good candidate for that if and
when I was ready, I was just not ready… [ID 32]

Participants cited numerous barriers to quitting smoking, some
related to gender and others to the nature of the tobacco
addiction including daily stressors (eg, employment, housing,
finance, and relationships; n=16), the addictive nature of nicotine
(eg, lifelong habit and hard to give up; n=14), boredom or
nonstructured daily routine (n=4), social smoking (eg, with
partners, friends, and work colleagues or managers; n=3), and
mental health challenges (eg, depression; n=3).

The more stressed I am, the more I smoke, so, stress
is a big trigger. I think when you’re looking at, like,
certainly me being a single mom, everything’s on me
to do all the time. So, I think quitting smoking would
be a lot easier if I wasn’t so stressed out all the time.
[ID 19]

I think that I would not have to love nicotine. Or I
think that I would not have ever had to start
smoking… But personally, I just don’t think, once a
person starts and once their brain like becomes
addicted to nicotine, it’s, it’s really hard to quit cause
the brain always makes excuses to get it. [ID 28]

Some participants mentioned that the tailored content in the app
was helpful to overcome gender-specific barriers to quitting.

I was able to cut out a few cigarettes when I’m
walking to the bus stop. I made a conscious effort,
because I thought, oh, that is what I really could skip.
Um, most of my problem is that it is habit. I think the
reasons why we smoke and when we’re smoking, when
you see it [in the MCP-W app], it really hits home.
It’s like, wow. [ID 02]

I think since I’ve started using this [MCP-W app], I
have reduced. So proud of that, um. It’s just a matter
of reducing to nothing. [ID 10]

So, it actually made me think about that in retrospect
of where I’ve been and what I’ve been doing and even
just reminding me to get outside and go and do
something other than just sitting here smoking. Just
seeing that sheer number and volume day by day,
helped me cut back. By the end of the month, it helped
me cut back probably 10 to 11 cigarettes per day. [ID
11]

MCP-W App Features That Were Helpful
Participants provided additional insights about the acceptability
and feasibility of the MCP-W app. Factors that facilitated the
acceptability and feasibility of the MCP-W app included the
available tools and resources, for example, the feature of
tracking the number of cigarettes they smoked. Participants
(n=15) mention this feature helped them become more aware
of the number of cigarettes they were smoking and held them
accountable for changing their behavior (n=6). When tracking
their cigarettes, they also became more aware of their smoking
triggers such as emotions, places, and people they were with
(n=10).

I like the idea that when I did use it, that it would ask
me my, my attitude or who I was smoking with, which
then if I used it properly, then it would trigger to when
I am actually smoking. And then it would make me
more aware of where I need to maybe change my
surroundings or the urge to smoke. [ID 04]

Participants mentioned that identifying their triggers and
recording their coping strategies was helpful (n=15).

I did like the survey where you could put your
motivations for quitting, how many you smoked a day,
what to do, what are your triggers, how you could
alleviate those stresses… when you think about it
beforehand, so that when you’re in the moment,
you’re able to go back to that app, look at it and say,
“Okay, I said I would do this.” [ID 23]

Participants thought that the library feature provided helpful
information about resources on quitting smoking, medications,
such as nicotine replacement therapy, managing weight when
quitting, and so on (n=14).

The library section had quite a bit of information as
well with different smoking cessation medications
and different supports and things like that that are
very helpful. [ID 25]

Other features found helpful by participants included visualizing
their smoking through progress graphs (n=7), receiving
notifications about reduction in number of cigarettes (n=6), and
feedback about money saved (n=4).

I liked the notifications. So, when it said to me, like,
you’ve smoked, you know, so many cigarettes less
this morning than you did yesterday, that was kind of
like a pat in the back moment for me. [ID 01]

A number of participants provided feedback on the
gender-specific content embedded in the app. In total, 9
participants mentioned the topics depicted in the videos and
testimonials tailored to women who smoke resonated with them
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and 5 mentioned that the videos motivated them or provided
them information they did not know.

You know, I was reading the testimonials of people
and it’s, it’s real people and you, you know, you can
relate to them and then it just gives you more
motivation to want to quit smoking. [ID 04]

I think every video hit home, because everything they
were talking about is how I felt or how I feel, right?
So it kind of, that reminded me of like my own
personal journey as well. So there was a lot of things
in those videos that was just totally me. [ID 18]

MCP-W App Features That Needed Improvement
Using the app requires a time commitment which was perceived
as a burden to some. Half the participants (n=13) mentioned
they found it difficult to find time or forgot to track every
cigarette they smoked, and several (n=12) mentioned they
needed reminders to log their cigarettes, with some specifying
the need for customizable reminders 2 or 3 times a day. Indeed,
5 participants mentioned that women with children would have
difficulty logging their cigarettes multiple times a day every
day. Furthermore, 4 participants also reported logging factors
associated with every cigarette was too tedious.

It just seemed like the app wanted me to go into it
every time I had a cigarette and I just don’t have that
kind of time or resources to do that, especially while
I’m at work - and like if you’ve got a young mom or
anything like that, there’s no way they could do that.
Like, it’d be better if we could go in a couple of times
a day and just pinpoint on a timeline when we had
cigarettes. [ID 07]

Some participants described functionality and design issues
with key features of the MCP-W app that may have affected
the usability. For example, some participants mentioned the
journal did not allow independent entries (n=7), clicking on
notifications did not open the app (n=2), or logging previous
cigarettes did not allow logging the factors associated with them
(n=4).

My journal part… I couldn’t enter anything… I think
it would be really beneficial if we can write things
like ‘Today really sucks and I’m really struggling
with quitting smoking”… I would like to get more like
a free open option to write stuff down. [ID 19]

Sometimes I noticed on my phone, I’d get a
notification pop up. And then I’d click on it, but it
never said anything. So, I don’t know if there were
some problems with that. [ID 10]

A few participants (n=5) wished for the MCP-W app to be more
engaging in order to maintain participants’ interest over time.
Participants suggested that the MCP-W app should include
interactive activities (ie, gamification) or dynamic content to
keep interest levels high (n=8).

Maybe that’s a good time to have something
integrated into the app, like a game to play… [ID 19]

Because there was not a true engagement. At the end
of the day an app, it passes the excitement like a movie

or like a show, like anything. It passes the time. So if
there’s no more like new things or like more
engagement you will lose just interest naturally, I
think… [ID 22]

In total, 15 participants acknowledged that the app contains
both gender-specific and gender-neutral content. Furthermore,
2 suggested that the library could be improved by including
more gender-related information such as hormonal influences
on smoking. They also preferred human actors in the videos as
opposed to the animated characters (n=9), with additional
success stories and strategies to overcome challenges to quit
(n=6).

I think having a section to deal with hormones would
be very beneficial like… things have changed
drastically for me there, going through menopause…
So, I think having that information involved, so you
can take a closer look at yourself, because hormones
trigger everything in your life, really. [ID 11]

Oh, maybe, like real people (in the videos) would be
nice and also maybe people who have been successful
in what worked the best for them. [ID 28]

A few participants (n=6) mentioned that they would like to have
a feature that allows the user to connect to a support person or
artificial intelligence (AI)–based chatbot for more personalized
support.

A live connection where you can phone somebody
and speak to them live. And not for psychological,
like, not a psychiatrist or psychologist, but just
someone, like, what do they call-a sponsor? [ID 14]

I think in terms of quitting and smoking, you need
more live support, that’s one. But like I mentioned
before, I think if it had like a chat open or linked to
other participants that shared the experience, like,
“Okay, how are you doing this day.” [ID 22]

Overall, participants (n=5) mentioned that the app can be a
helpful tool, particularly when it is combined with other types
of support such as behavioral counseling or smoking cessation
medication, rather than a stand-alone solution.

Well, it did [help] on the few days that I had, for
whatever reason, fewer smokes than other days. I
think it did tell me like something like “You didn’t
have a cigarette this morning”… I think I’m stuck in
some personal issues right now that that make it hard.
I think you have to already be committed to doing
something seriously and not have a lot of extraneous
problems that are gonna defeat you before you even
get started. Maybe somebody should already be
starting patches or have a bunch of the other, you
know, whether it’s that medication, you know, pills
or whatever they are, or other things. Maybe they
should be starting that already before they use the
app, so they already have a jump start, so to speak.
Otherwise, just jumping into the app, it’s really hard
to just change everything without more, more of a
push. [ID 29]
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In summary, participants’ motivation and readiness to quit
smoking significantly influenced the acceptability and feasibility
of the MCP-W app. Women motivated to quit found the app
helpful for tracking smoking behaviors, identifying triggers,
and providing gender-specific resources. However, individuals
with lower readiness to quit engaged less with the app.
Participants recommended improvements, such as providing
additional success stories of women, enhanced interactivity (eg,
gamification), and personal coaching options. While the app
could be beneficial, especially when paired with other cessation
tools, it was not perceived as a stand-alone solution, particularly
for individuals who face significant barriers to quitting.

Discussion

Principal Findings
In this study, we aimed to test the acceptability and feasibility
of a gender-specific app for smoking cessation among women
who smoke using a mixed method approach. Our study found
that the MCP-W app was acceptable to slightly more than a
third of women, with 37% (11/30) endorsing it as a helpful tool
that can support their smoking cessation needs. As such, it did
not meet the a priori acceptability criteria (>50%). Nonetheless,
the app met feasibility criteria, with 60% (18/30) of participants
using it for 7 or more days. The finding that the MCP-W app
did not meet the predefined threshold for acceptability (only
11/30, 37% of participants rated the app as likely to help with
smoking cessation) has important implications for future
scalability and deployment. This result suggests that without
additional support or enhancements, the MCP-W app in its
current form may not be suitable as a stand-alone tool for a
broad population of women who smoke. Instead, the app may
be most useful for a subset of women who are already highly
motivated to quit. This emphasizes the need for further
development work to improve engagement and relevance,
particularly for women exhibiting ambivalence about quitting.
Future iterations of the app may benefit from incorporating
more dynamic features (eg, personalized reminders,
gamification, or peer support options) and tailoring content
based on users’ readiness to change.

The proportion of participants needed to consider the app
acceptable (50%) was not met; however, the proportion of
participants who used the app more frequently (more than 14
d) found it acceptable (7/11, 64%), as compared with the
proportion of participants (4/19, 21%) who found it acceptable
but used the app less frequently (14 d or less). The significant
correlation between acceptability and feasibility of an app could
be bidirectional, representing the increased acceptability of the
app resulting in more use or conversely, as users engage with
the app for longer, they find it more helpful. Previous research
has found a similar correlation between acceptability and
feasibility, even though they have been recognized as separate
constructs [32,33]. In addition, the proportion of participants
who mentioned they would find the MCP-W app acceptable at
baseline was 43% (13/30), demonstrating their low pre-existing
beliefs about the app’s ability to help them make changes to
their smoking. Research has shown that pre-existing beliefs
about effectiveness can affect engagement with digital health

interventions, for example, perceiving technology as distracting
is linked with lower use metrics [34]. There may be a need for
more education and awareness about the potential helpfulness
of digital health interventions among women who are trying to
reduce or quit smoking.

MCP-W use was associated with a positive change in participant
smoking behaviors. The average number of daily cigarettes
reduced from 16.4 to 14.6, and more women reported that they
attempted to quit after using the MCP-W compared with baseline
(6 vs 2). The latter was more pronounced in women who used
the app more versus less than 14 days. This is an encouraging
finding, although it should be interpreted with caution given
that our study did not have a control group. This finding is
consistent with other reports from digital interventions for
smoking cessation [13,35] that speak to the potential
effectiveness of digital health tools to support individuals in
quitting. Our sample included women with a high level of
motivation for quitting, which did not change significantly
across the study timeline. Women rated the importance of
quitting smoking as 4.7/5 at both baseline and follow-up.
However, their perceived “ability” to quit smoking, measured
by the statement “I could change my smoking habits (reduce
or quit)” decreased in a nonsignificant way from 4.1/5 to 3.7/6.
Since many women reported tracking their cigarettes and
reducing during the trial, it is possible that these actions
crystalized the challenges they face in their day-to-day lives,
thus rating their ability to quit as lower.

Women’s attitudes toward quitting were closely linked with
whether they rated the MCP-W app as acceptable and the
relative intensity of their use of the app (feasibility). Despite
the majority of women reporting high motivation for quitting
for common reasons, such as improving one’s health, saving
money, and for their families or children, many felt they were
not ready to make this change. Lack of readiness was centered
around life stressors such as material hardship, interpersonal
conflict, lone parenting, mental illness, and medical problems.
Dealing with the above was prioritized, and quitting smoking
was left to be dealt with in the future, when life circumstances
would change. This notion is consistent with the previous
literature on women and smoking [7]. This explains, in part,
why some women did not find the app acceptable. The app
cannot directly change difficult life circumstances but is aimed
at strengthening women’s resilience in light of them. It is
possible that combining the use of the app with support from
cessation counselors could provide women with clarity regarding
the individual barriers they face and guide them to develop
helpful strategies to overcome those barriers [36].

The MCP-W app contained evidence-based gender-neutral
behavior change techniques meant to facilitate change via goal
setting, tracking daily cigarettes, and identifying triggers for
smoking [23]. Most women found these techniques helpful.
This is consistent with previous research on effective features
that are recommended for use in smoking cessation apps [13].
However, in our study, women who were not ready to quit
tended to put less effort into these behavioral tasks (ie, logging
smoked cigarettes and identifying smoking triggers), compared
with women who were ready to quit. Some women also
commented on the efforts needed to enter information into the
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app (ie, goal setting and tracking), and felt it was a big task,
particularly from women with very little free time, like single
mothers. It is possible that newer technologies will be able to
make these tasks less tedious and easier to perform. For
example, voice to app features, where you do not need to enter
information manually to your device but use a voice command
to do so (eg, “MCP-W, record I just smoked one cigarette in
my car as I am driving back from work”). Voice-activated app
functions are widely used today [37] and should be explored in
the future as a method to reduce the burden of tracking a target
behavior.

The MCP-W app contained gender-specific components
including 4 animation videos and testimonials from women
who quit smoking. The majority of women appreciated the
tailored content and felt they could relate to the challenges
expressed by other women. They sense that others sharing your
struggles and understanding you is considered a key tenet of
peer-supported activities in addiction recovery [38]. In addition,
seeing other women succeed in quitting smoking may also
improve one’s self-efficacy of quitting as suggested by the social
cognitive theory [39]. It could also help reduce the stigma and
shame that is associated with smoking that is known to
undermine cessation treatment seeking in some women [40]. It
is possible that this will provide women with future gains of
increased readiness to ask health care providers and family
members for cessation support instead of smoking in secret or
denying their smoking [41].

Overall, several participants who described themselves as
motivated and ready to quit reported using the behavioral tools
in the app with greater engagement. This helped them identify
triggers for smoking and come up with alternatives to smoking
in these situations. Other participants wished for live support
to address challenges, such as chronic medical conditions or
mental illness, that come in the way of quitting. This support
is most likely to be achieved through interactive counseling by
a human or agent. Nonetheless, our results suggest that the
MCP-W could be helpful to a subset of women who are willing
to use the app in line with their strong commitment to quitting.
These findings also indicate that future research should consider
stratifying or targeting participants based on motivation and
readiness to quit, as well as testing the MCP-W app as part of
a blended intervention model (eg, combined with counseling
or pharmacotherapy). For example, for women who struggle to
engage with the app due to life challenges and low motivation
for quitting, a live counseling alternative could be doubly
helpful. First, it provides ongoing encouragement and emotional

support, and second, it solves problems like how to overcome
specific barriers in one’s life, such as having a smoking male
partner. Alternately, some women felt that the support could be
delivered using a virtual agent such as an AI-based chatbot
counselor. Given the advances in the use of AI technologies in
health care and the early success of smoking cessation chatbots
[35], this is an avenue for scalable low-cost support that should
be tested in the future.

Strengths and Limitations
The strengths of the study include the co-development of
gender-specific content for a smoking cessation app by
collaborating with patient partners and subject matter experts
[42]. In addition, the use of mixed methods ensured that we
captured in-depth contextual information about the quantitative
findings of the app’s acceptability and feasibility using
qualitative data from the interviews [43]. However, most of the
participants in this study were treatment-seeking individuals
that reported continuing to smoke at the end of a treatment
course with the STOP program. This represents a selection bias
toward individuals with treatment resistance, which could limit
generalizability to women who smoke in the general population
[44]. In addition, the study sample size was small and
nonparametric tests had to be conducted to explore the
acceptability and feasibility. We also acknowledge that the study
sample primarily consisted of middle-aged women with higher
levels of education, which may limit the generalizability of our
findings to younger individuals or those experiencing
socioeconomic disadvantage. However, this was an exploratory
study, and the attrition rate of participants was low, which
allowed us to conduct appropriate statistical analyses.

Conclusions
The MCP-W app could serve as a valuable tool to support
women in their journey to quit smoking. By delivering
gender-specific smoking cessation content through a pre-existing
gender-neutral platform, the app addresses unique needs. The
acceptability and feasibility of the app are closely linked to the
motivation and readiness of the woman attempting to quit.
Improvements such as incorporating interactive features and
offering additional personalized support could enhance its
relevance. Feedback from participants highlighted the app’s
most helpful features, providing valuable insights. These
findings underscore not only the current value of the MCP-W
app but also its potential to evolve through continuous
improvement, leading to greater effectiveness in women-focused
smoking cessation interventions.
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Abstract

Background: Incorporating serious games and advancements in information and communication technologies into physical
rehabilitation can substantially enhance the process, provide unique benefits, and improve its effectiveness and efficiency. While
recent literature highlights various game-based interventions for physical rehabilitation, there is a lack of comprehensive guidance
on how to design and develop systems that effectively address the actual needs of therapists, practitioners, and individuals with
physical disabilities.

Objective: The objective of this study was to explore the intentions, needs, and desires of therapists and other practitioners, as
well as to examine the factors and determinants influencing the effectiveness and efficacy of game-based physical rehabilitation,
since therapists and other health care practitioners play crucial roles in both patient recovery and the establishment of an effective
game-based therapy.

Methods: A design science approach was adopted to achieve this research objective. A focus group of 27 participants was
conducted to gather feedback, identify user needs, and understand the requirements for game-based physical rehabilitation. The
participants first tested commercially available games and then evaluated mock-ups of the proposed game prototypes.

Results: This study provides essential design insights and guidelines for designers and researchers, focusing on the practical
needs and requirements of game-based physical rehabilitation systems.

Conclusions: As proof of concept, these guidelines will be used in the next phase of our research, which involves designing
and developing a game-based physical rehabilitation system.

(JMIR Hum Factors 2025;12:e67336)   doi:10.2196/67336

KEYWORDS

serious games; physical rehabilitation; game design; brain damage; kinect; game; gamification; therapy; therapist; practitioner;
game-based; physical; rehabilitation; virtual reality; VR; movement; motor

Introduction

The application of technology in rehabilitation is experiencing
significant and rapid expansion [1]. The integration of serious
games and technological advancements enhances the
rehabilitation process, creating new opportunities to address
stakeholders’ needs and expectations by (1) enhancing the
quality and efficacy of rehabilitation, (2) offering alternatives
that sustain patient motivation by mitigating the repetitive nature
of traditional rehabilitation, (3) providing tailored therapy levels,
and (4) overcoming limitations in resources and facilities
associated with conventional rehabilitation methods [2-13]. For
example, individuals who have experienced a stroke are
motivated to use technologies and games to facilitate their

functional recovery [14]. Furthermore, the study by Cruz et al
[15] revealed that commercial gaming consoles and off-the-shelf
games are more affordable and offer numerous options and
variations, which could facilitate the implementation of virtual
reality games in clinical practice. However, the usability of
virtual reality games is a crucial factor to consider in the design
of these interventions. The study by Daoud et al [16] introduced
a game-based rehabilitation system that includes 3 exercises
and a computerized assessment method. This system evaluates
the accuracy of right arm movements during gameplay by
analyzing tracking data collected from a Microsoft Kinect
sensor. The study by Jayasree-Krishnan et al [17] discussed
several barriers to the seamless integration of technological
solutions into clinical care, including issues with accessibility
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to quality rehabilitation, adaptability to individual patient
differences, compliance, and engagement with the rehabilitation
process.

In recent years, the implementation of diverse technologies has
strengthened telerehabilitation, enhancing rehabilitation
processes and ensuring patients receive the necessary services
[11,18,19]. Integrating physiotherapy with technologies such
as virtual reality and video games enhances the rehabilitation
of poststroke patients compared to physiotherapy alone. This
approach offers an immersive and interactive platform that
boosts patient engagement and motivation during rehabilitation,
while also providing a safe environment for practicing and
improving physical abilities [2,20,21]. Evidence from a range
of studies highlights its potential to improve outcomes for
individuals with various physical impairments [2]. Takei et al
[22] assessed the safety, feasibility, and acceptability of using
the Nintendo Switch video game Ring Fit Adventure for upper
and lower limb strength training in older adults with
musculoskeletal conditions, alongside conventional
physiotherapy over 6 sessions. The authors concluded that this
approach is a safe and feasible adjunct to a rehabilitation
program, as long as it is supervised, particularly in the initial
stages. In the study by Wittmann et al [23], the game “Meteors”
was introduced, which involves a virtual robotic arm that
replicates the player’s arm movements to catch meteors falling
onto a planet. In the study by Wittmann et al [24], the game
“Slingshot” was used to enhance arm coordination and improve
the precision of aiming and extending arm movements. This
game focuses on exercising the flexion and extension of the
elbow. In this game, scoring is based on performance, and the
difficulty level can be dynamically adjusted to maintain the
patient’s motivation and commitment. In the study by Goršič
et al [25], 4 video games were developed for arm rehabilitation.
One game involved competitive play, where the patient
competed against another individual, such as a friend, relative,
or therapist. In addition, there were 2 cooperative games, where
the patient and another player worked together to play against
the computer, and 1 single-player game where the patient played
alone against the computer. The study revealed that competitive
games significantly enhanced functional recovery and improved
patients’ quality of life more than conventional rehabilitation
exercises.

In the study by Ma et al [26], a full-body rehabilitation video
game was developed using Kinect V2 as an input device. The
game accommodates both sitting and standing positions,
supporting various movements such as gross motor actions
(steps, jumps, and squats) and fine motor gestures (handshakes,
palm rotations, and hand opening and closing). This system
tracks the player in 3D space and registers real-time data,
demonstrating positive outcomes in motor function and the
performance of basic daily activities among chronic poststroke
patients. The study by [19] argued that successful games in the
industry, known for their immersive qualities, incorporate 8 key
features: game control technology, display technology, rewards,
social elements, avatars, game difficulty, music or sound, and
graphical realism. They proposed that future research could
explore different game genres, aspects like game narrative and

competition, improvements in user interface, and the integration
of immersive technologies such as virtual and augmented reality.

The exploration of therapeutic alternatives, combined with new
technologies, enables professionals to use a variety of tools for
patient rehabilitation and treatment. However, it is crucial to
comprehend the functionalities, potential applications, and
limitations of these tools [27]. Future research should aim for
higher methodological quality, larger sample sizes, and
well-defined rehabilitation programs to mitigate inconsistencies
in evidence within this field [3,28].

Video games designed for therapeutic use have distinct
requirements compared to regular video games. There are
differences in user characteristics, where the patient serves as
the primary player and the therapist as a secondary user, in
contrast to players of regular video games. These users also
have different objectives, and the context varies [27].
Considering the patient as the sole end user for any rehabilitation
intervention is an aberration and diverges from standard practice,
as therapists are primarily responsible for motivating, guiding,
and assessing the patient. The study by Krishnan et al [14]
revealed that, although individuals who have experienced a
stroke were amenable to integrating exergames into their
rehabilitation regimen, they noted that these games could not
replace the essential role of therapist supervision. Integrating
new technologies into clinical practice is complex, as it requires
addressing the needs of both clients and clinicians. By
considering these factors, technology developers can improve
the chances that clinicians will embrace and adopt innovative
technologies [29].

The study by Hamilton et al [30] highlighted 2 key factors for
optimizing patient engagement: adequate support and a
perceived benefit from the technology. It concluded that patients
are more likely to engage with technology during rehabilitation
when it is personalized by a therapist to fit their specific needs.
Therapists and other health care practitioners play crucial roles
in both patient recovery and the establishment of an effective
rehabilitation system [31,32].

Since rehabilitation aims to restore patient independence and
enhance the quality of life, achieving optimal outcomes requires
a cohesive multidisciplinary team comprising doctors,
psychologists, occupational therapists, nurses, social workers,
and physiotherapists collaborating effectively [27]. Despite
numerous studies on technology acceptance, there is still a lack
of understanding regarding the factors that influence health care
professionals’ adoption of technological innovations [27,33].
The study by Jung et al [34] argued that although there has been
speculation about the roles of therapists in game-based therapy
and suggestions regarding varying levels of patient engagement,
no comprehensive studies have been conducted to investigate
these matters in depth. Understanding how games influence and
support the different roles of therapists remains an area for future
study [34]. The study by Wu et al [35] argued that, although
some serious games have been developed for physical therapy,
little work has been conducted through a participatory design
approach. The authors highlight the importance of involving
diverse stakeholders in the design process to create more
effective and user-centric serious games for rehabilitation.
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Therefore, effective implementation and use require
collaboration from all parties involved in the process, including
physicians, nurses, social workers, and other allied health
professionals [27]. Thus, the objective of this study is to explore
the intentions, needs, and desires of therapists and other
practitioners, as well as to examine the factors and determinants
influencing the effectiveness and efficacy of game-based
physical rehabilitation.

Methods

Ethical Considerations
This study was conducted in accordance with ethical standards
for research involving human participants. Ethics approval was
obtained from the Ethics and Research Committee, Scientific
Research Department, University College of Science and
Technology, Gaza, Palestine.

All participants were provided with comprehensive information
regarding the study’s purpose, procedures, and ethical
considerations, enabling them to make an informed decision
about their involvement. Informed consent was obtained from
all participants, who were explicitly informed of their right to
decline or withdraw from the study at any point without any
repercussions. Participants’personal information and responses
were treated with strict confidentiality. Data were anonymized
and stored securely, ensuring that individual identities could
not be disclosed in any reports or publications.

Study Design Overview
This study used a design science research methodology,
encompassing 2 iterations. The first iteration investigated the
therapeutic game requirements and proposed guidelines to guide
developers and practitioners in the design of therapeutic games;
this iteration will be documented in this paper. The second
iteration will use the findings from the first iteration to construct
the main artifact, which is a rehabilitation gaming system for
physical rehabilitation. The earlier work outlines a more detailed
description of the design science research methodology [36,37].
Therefore, in the first iteration, the limited expertise of therapists
in using game-based physical rehabilitation for acquired brain
injuries significantly prolonged the process of determining the
appropriate research strategy. Hence, before any actual game
development, conducting a focus group with therapists and
related practitioners is a great starting point as it helps generate
interesting discussions between physical therapists, occupational
therapists, service providers, special educators, psychologists,
game designers, software engineers, other practitioners, and the
researchers. This process is crucial to understanding how
rehabilitation exercises can be translated into a suitable game
by identifying the required movements, constraints, difficulty
levels, and outputs to design game interventions that align with

these exercises. To achieve this objective, the first purpose of
the focus group is to evaluate the low-fidelity game prototypes
(paper mock-ups) developed and assess how well these
prototypes meet the requirements of the rehabilitation exercises.
These low-fidelity game prototypes were developed through
collaborative team brainstorming sessions and an in-depth
review of the literature [38-57]. The second purpose of the focus
group is to evaluate the commercial games. The study by
Pedraza-Hueso et al [58] determined the feasibility of using the
Xbox Kinect gaming console (Kinect Adventure game series)
in the rehabilitation of a single patient. This study highlights a
usability gap, noting that further research is needed to assess
the usability of the Xbox Kinect gaming system in clinical
settings and across different patient populations. Whole-body
motion capture VR allows a unique opportunity for individuals
to experience a heightened sense of realism during task-specific
therapeutic activities. However, clinicians need to be able to
match a game’s components to an individual’s functional deficits
[59]. Even though none of these games were designed for
clinical purposes. The study by Rizzo and Kim [60] stated that
“Designers of rehabilitation tasks can benefit from examining
the formulas that commercial game developers use.” For
example, the study by Burke et al [61], discussed that scoring
mechanisms as well as mechanisms that maintain player
engagement are commonly used in commercial games and can
be used similarly in a rehabilitation setting. Therefore, testing
commercial games such as the Kinect Adventure game series
and Motionsports Adrenaline with therapists can also provide
valuable insights into design, usability, and the various
mechanisms used to motivate and maintain patient engagement.
It can also help identify the missing components that make these
games unsuitable for physical rehabilitation. Based on the focus
group results, we can then move forward to create high-fidelity
prototypes.

Focus Group
The purpose of the focus group was to gather feedback from
participants, explore their needs and expectations for a serious
game, and gain insights into the requirements for game-based
physical rehabilitation. The focus group (Figures 1-3) was held
at a designated presentation venue in a hotel in Palestine and
was divided into 2 sessions. The first session, lasting
approximately 3.5 hours, involved the evaluation of selected
commercial games. It began with an introductory briefing by
the principal investigator, who outlined the study’s objectives.
Research assistants initially facilitated the gameplay, helping
participants become familiar with the interface. As the session
progressed, some participants became comfortable navigating
the game menus independently. Following the gameplay, an
open discussion was conducted to gather participants’ feedback
on their experiences and expectations. A scheduled break
followed the conclusion of this session.
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Figure 1. Focus group session briefing by the researcher.

Figure 2. Focus group session. The participants are playing the Kinect Adventures game.
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Figure 3. Focus group session. The participants are playing the Kinect Motionsports Adrenaline game.

The second session, held after the break and lasting
approximately 4 hours, focused on evaluating the game
prototype mock-ups developed by the research team. The
principal investigator presented each mock-up sequentially
using a projector. Participants were then provided with
structured questionnaires, which allowed them to share detailed
feedback and offer suggestions for improvement. The completed
questionnaires were collected by the research assistants for

further analysis. Both sessions were audio- and video-recorded
to support detailed qualitative data analysis.

Participants
The focus group comprised 27 participants, including 4
occupational therapists, 10 physiotherapists, 2 game designers,
3 software engineers, 3 special educators, 3 psychologists, and
2 researchers. Table 1 shows the list of focus group participants,
encompassing all participant categories.

Table . List of participants.

Participant IDRole

P1-P4Occupational therapists

P5-P14Physiotherapists

P15-P16Game designers

P17-P19Software engineers

P20-P22Special educators

P23-P25Psychologists

P26-P27Researchers

Intervention Using Commercial Games
Motion sensing and tracking technologies, such as the
high-performance 3D depth-sensing camera Astra Pro Plus, can
be used in diverse applications, including robotics, serious
games, virtual reality, and augmented reality. Motion-sensing
devices, such as the Kinect, fall under the category of
gesture-tracking devices, using a user interface known as a
natural user interface. Consequently, participants moved around
the play area, raised and lowered their arms, and adjusted their
body positions to complete the tasks. A total of 2 commercially
available games were selected: Kinect Adventures and
Motionsports Adrenaline. Kinect Adventures was selected for
its entertaining nature and its variety of mini-games, including
Space Pop, 20,000 Leaks, Reflex Ridge, River Rush, and Rally

Ball. These mini-games offer diverse scenarios and require
different body movements. For instance, in 20,000 Leaks,
players use their hands and feet to plug holes that appear when
fish hit the tank glass. In Rally Ball, players hit a virtual ball
toward targets, while in Reflex Ridge, they avoid obstacles
while collecting coins. The second game chosen is Motionsports
Adrenaline, which offers a range of sports experiences. It
includes six distinct mini-games—Wingsuit, Kitesurfing,
Kayaking, Mountain Biking, Rock Climbing, and Extreme
Skiing—designed to simulate high-stakes stunts that most people
would not attempt in real life. Unlike Microsoft’s Kinect Sports
series, it stands out with a focus on realistic visuals,
distinguishing it from many other Kinect games.
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Intervention Using Low-Fidelity Paper Mock-Ups

Rabbit Hunting
This game prototype displays several holes, with a rabbit hiding
inside one of them. Once the game begins, the rabbit pops out
of one of the 5 holes and stays in a hole for a short period of
time (depending on the patient’s ability), as shown in Figure
S1 in Multimedia Appendix 1. The player must hit the appearing
rabbit with their hand to score a point. Using motion sensing
devices, such as Kinect, the arm movement of the patient is
mapped on the corresponding limb of the avatar (a model of a
human represented on the screen). Feedback, such as a buzzing
sound, an updated score counter, and a change in the rabbit’s
color, is displayed to the patient on the screen. The game
prototype aims to score as many points as possible within a
specified time limit, which can be adjusted by the therapist
according to the patient’s ability. The game becomes more
challenging by increasing its speed or introducing a cat that the
player must avoid. The therapeutic goals are to improve
shoulder, elbow, and wrist movement; enhance multifunctional
ability; develop eye-hand coordination; and strengthen muscle
power.

Picking the Balls
The game prototype comprises three levels, each designed with
increasing difficulty. The patient’s arm movements are tracked
using motion-sensing devices, such as Kinect, and mirrored by
a human avatar displayed on the screen. In the first level (see
Figure S2 in Multimedia Appendix 1), the player simply places
balls into a basket, with no requirement regarding color or order.
Upon successful completion, the player advances to the second
level (see Figure S3 in Multimedia Appendix 1), where colored
balls are introduced. In this stage, the system prompts the player
to pick a ball matching the color shown on the screen. In the
final level (see Figure S4 in Multimedia Appendix 1), balls are
marked with random numbers, and the player must place them
into the basket in either ascending or descending numerical
order. In the advanced levels, the patient will be asked which
hand to use to pick up the balls. The therapeutic goal is to
improve cognitive skills, endurance, eye-hand coordination,
awareness, and the range of motion (ROM) of the arm.

Organizing Eggs
This prototype shows an egg appearing in the middle of the
screen. Using motion sensing devices, such as Kinect, the avatar
(the virtual character portraying the player on the screen) mimics
the movements that the player makes. The player has to pick
and put each egg in the specified place in the basket as shown
in Figure S5 in Multimedia Appendix 1. The player gets a point
for every egg put in the right place. The therapeutic goal is to
improve motor functioning, balance, strengthen the muscle
power in the whole upper limb, and movement of reach, grasp,
and release.

Shuffling Shelves
This game prototype intends to work on the patient’s cognitive
and physical capabilities, as the patient has to grab or pick the
book from the upper shelf and put it on the lower one (see Figure
S6 in Multimedia Appendix 1), depending on both the book
and the shelf’s colors. The arm movement of the patient is

mapped on the corresponding limb of the avatar (a model of a
human represented on the screen) using the motion-sensing
device recognition feature. The game begins with a series of
colored books appearing on the upper shelf, above the divided
and colored lower shelves. After the patient grabs the book and
puts it on the suitable shelf, he gets a point. The therapeutic
goals include improving endurance and balance, enhancing
trunk control, developing right-left discrimination, refining the
patient’s coordination skills, and promoting arm movements
such as extension and shoulder abduction.

Hold the Boat
This prototype focuses on the arm’s strength and stability. Using
the motion sensing device recognition feature, the avatar (the
virtual character portraying the player on the screen) mimics
the movements that the player makes. In this game prototype,
the patient has to hold the boat and keep moving it to the goal
(the end of the channel). Visual cues appear on the screen to
guide the player, as shown in Figure S7 in Multimedia Appendix
1. The patient must not only reach the game objects (the boat)
but also accompany their movements toward the final
destination. This will promote the patient’s stability and
persistence. The therapeutic goals are to improve grasping, hand
awareness, stability, and shoulder ROM.

Reaping the Oranges
This game prototype includes 2 modes: single-player and
multiplayer. In the single mode, the patient plays alone,
collecting as many oranges as possible from the tree during a
certain period of time. Using the motion sensing device
recognition feature, the avatar (the virtual character portraying
the player on the screen) mimics the movements that the player
makes. The player collects the oranges by simply moving their
hands to touch the orange on the tree, then placing it in the
baskets displayed on the screen, as shown in Figure S8 in
Multimedia Appendix 1. The game ends when the time limit is
reached. The patient’s score is displayed, which is the number
of oranges collected during the game. In the multiplayer mode,
the goal of the game does not change, but there are two options:
competition or collaboration. In the competition, both
participants (either 2 patients or a patient and a therapist) must
collect as many oranges as possible. The winner will be the one
who reaps the most oranges. In the collaboration, both
participants must collect as many oranges as possible and place
them in shared baskets. The game ends when the time limit is
reached or when they reach the target number of oranges, which
can be set and controlled by the therapist. In the next game
levels, the patients can be asked to use either their right or left
arm to place the oranges in the right or left basket, depending
on their condition. The therapeutic goal is to strengthen the
upper limb, improve eye-hand coordination, range of motion
for the arm, “Right-Left” discrimination, weight shifting,
abduction, and adduction of the upper limbs of patients, and
social interaction. In the next two game prototypes, the objective
remained the same as described above, with the difference that
the game objects the player must touch would be moving rather
than static. This adds complexity, promoting stability and
persistence.
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Ice Balls
In this game prototype, the patient has to move his hands
(stretching his arms at different lengths) to catch ice ball drops
from the top of the screen as shown in Figure S9 in Multimedia
Appendix 1. The game begins with a small number of ice balls
falling slowly from the top of the screen. The arm movement
of the patient is mapped on the corresponding limb of the avatar
(a model of a human represented on the screen) using the
motion-sensing device recognition feature. The more ice balls
a player catches, the higher the score is. In the next levels, the
number and speed of dropping ice balls increased, and in more
difficult places to reach. The therapeutic goal is to improve
upper limb movement and coordination, motor planning, timing
of reaching, and the supination and pronation movement of the
forearm.

Blowing the Bubbles
In this game prototype, the player must move their hand (or
both hands). Using the motion sensing device recognition
feature, the avatar (the virtual character portraying the player
on the screen) mimics the movements that the player makes.
The game starts with a girl on the side of the screen generating
bubbles, and the player starts collecting points by blowing those
bubbles with his or her hand as shown in Figure S10 in
Multimedia Appendix 1. The game gets harder by creating more
bubbles and making them faster and harder to blow. The
therapeutic goal is to improve supination and pronation
movements of the forearm, as well as shoulder and elbow muscle
power and elbow ROM.

Matching Shapes
This game prototype focuses on cognitive and movement skills.
The game starts as several shapes appear randomly on the screen
(see Figure S11 in Multimedia Appendix 1). The arm movement
of the patient is mapped on the corresponding limb of the avatar
(a model of a human represented on the screen) using the motion
sensing device recognition feature. The patient must use both
arms to select matching shapes or identical symbols. The earlier
levels have fewer and simpler shapes, while the advanced levels
present more complex shapes. The player gets a point for
correctly matching shapes. The therapeutic goal is to improve
bilateral hand functioning, movement for the whole upper limb,
coordination, and depth perception.

Colored Boxes
This game prototype focuses on cognitive and movement
rehabilitation. The arm movement of the patient is mapped on
the corresponding limb of the avatar (a model of a human
represented on the screen) using the motion-sensing device
recognition feature. The patient uses both upper limbs to
transport boxes from one side to the other. On the left of the
screen, the colored boxes (red, yellow, and blue) gradually
depart from one of the 3 levels (the moving belts). The player
stands in the middle of the screen using his upper extremities
to make a bridge connecting both sides so that the appropriate
colored box moves towards the same truck color as shown in
Figure S12 in Multimedia Appendix 1. As the game levels
advance, the speed of the colored boxes increases. The
therapeutic goal is to improve bilateral hand functioning,

endurance, coordination of movement in the upper limb, and
hand control.

Fallen Apples
In this prototype, the patient raises their hands and moves them
left and right, causing the apples to drop, as shown in Figure
S13 in Multimedia Appendix 1. Using the motion sensing device
recognition feature, the avatar (the virtual character portraying
the player on the screen) mimics the movements that the player
makes. As the game begins, the trees appear with apples on
them, and the player starts moving their hands left and right. A
correct movement causes the apples to drop, earning the patient
a point. As the levels increase, the difficulty also rises, requiring
the player to move their arms to more challenging angles. The
therapeutic goals are to strengthen the upper limb, maintain
balance, enhance motor planning, and refine movement timing.

Boat Driver
This game prototype relies on the player’s ability to use both
hands simultaneously. Using the motion sensing device
recognition feature, the avatar (the virtual character portraying
the player on the screen) mimics the movements that the player
makes. The game starts with the boat in a river, as shown in
Figure S14 in Multimedia Appendix 1. The player tries to lead
the boat to the goal by moving their hands to steer the boat’s
rudder, aiming to reach a specific point within a given time.
Visual cues appear on the screen to direct the player’s
movement. The game gets more challenging by adding obstacles
that the player must avoid before reaching the final destination.
The game prototype mechanics focus on improving patients’
speed, endurance, eye-hand coordination, rigidity, ROM, and
bilateral movement.

Flying for Gold
In this prototype, the player emulates the movement of a flying
bird by raising their arms and moving them up and down toward
the locations where the golden coins appear. Using the motion
sensing device recognition feature, the virtual flying bird on the
screen mimics the movements that the player makes. The game
starts with the bird appearing on the screen, as shown in Figure
S15 in Multimedia Appendix 1, followed by golden coins that
appear randomly. The player must collect the coins using the
movement mentioned above; the more coins they collect, the
higher their score will be. The therapeutic goals are to improve
coordination, shoulder movement, and endurance.

The Rowing Boat
The prototype is designed to enable the patient to use both arms
simultaneously. Using the motion sensing device recognition
feature, the avatar (the virtual character portraying the player
on the screen) mimics the movements that the player makes.
The game starts with the 2-paddled boat in a river (Figure S16
in Multimedia Appendix 1), and the player starts moving his
arms (bilateral movement) to reach a specific point at a given
time. Visual cues will appear on the screen to guide the player.
The faster the player moves the paddles, the quicker they reach
the finish line. In the advanced levels, obstacles are introduced,
and the player must navigate around them to reach the
destination. The prototype mechanics (targeted exercises) focus
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on improving patients’ speed, ROM, bilateral movement, body
awareness, and reducing rigidity.

The Steam/Air Pump Game
The game begins with the appearance of a pump and a steering
wheel. The objective is for the player to rotate the steering wheel
or valve multiple times to release steam, ignite a fire, and cook
food within a specified time limit, as illustrated in Figure S17
in Multimedia Appendix 1. Points are awarded when the player
turns the steering wheel in the correct direction. Visual cues are
displayed on the screen to guide the player’s movements. The
game mechanics are designed to enhance movement speed,
reduce joint rigidity, improve ROM, and promote bilateral
coordination. Figure S18 in Multimedia Appendix 1 shows an
alternative scenario within the Air Pump game prototype.

Results

This section presents the opinions and statements of expert
participants regarding the commercial games and game
prototypes (mock-ups) that were presented during the focus
group. It also includes observations made by the researchers.
Therefore, several design implications and recommendations
are highlighted.

The participants were excited to test the Kinect-based
commercial games, exploring their features and expressing
strong enthusiasm for their potential applications. However, the
therapist (P4) pointed out that the Kinect Adventures and
Motionsports Adrenaline games may not be entirely suitable
for patients and would require significant modifications to
settings such as speed and difficulty. He added that the extent
of a patient’s impairment increases the necessity for
customizable difficulty settings. Participants (P20 and P22) who
tested the adventure game observed a lack of clear initial
in-game guidance, which required the facilitator to provide
instructions on how to play. Therapists (P1, P2, P6, P11, and
P13) agreed that the mock-up prototypes were effective due to
their simplicity and focus on specific movements, whereas the
commercial games lacked this focus. It is important to note that
these games are typically created for healthy individuals and
often provide negative feedback upon losing, which may be
unsuitable for patients. However, depending on the patient’s
rehabilitation stage and their motor and cognitive abilities, these
games can be a fun alternative to conventional rigorous training,
particularly for maintaining a training regimen at home after
clinical sessions. Participants (P3, P7, and P14) mentioned that
in certain cases, the primary goal is to get patients moving and
to create a positive experience with motion. Although correct
movement is important, it is not always the primary focus. The
commercial games have the potential to motivate patients,
serving as a foundation for more advanced exercises. However,
to be effective, they need adjustable difficulty levels, minimal
distracting elements to maintain focus, simplicity, easy
navigation, and clear feedback.

Participants (P4, P6, P10, and P12) emphasized that for a
game-based rehabilitation system to be effective, therapists’
roles should closely align with their responsibilities in traditional
therapy. Once the therapist identifies the therapeutic goals, the

game should enable them to assign activities and adjust the
exercises to suit the individual impairment characteristics of
each patient. In addition, it should enable therapists to track
patients’ progress and monitor the quality of their exercise
movements.

A participant (P19) highlighted that rehabilitation game systems
cannot operate independently (as stand-alone applications).
They need to be part of a comprehensive framework that
involves patients, therapists, clinicians, hospitals, and other
relevant stakeholders, due to the multidisciplinary nature of the
rehabilitation process. Participants (P5 and P11) believed that
the use of rehabilitation games could help reduce therapists’
workloads by automating exercise movements and providing
monitoring and evaluation of patients’performance. Participants
(P17 and P19) suggested expanding the game system to support
multiple stations, enabling therapists to work with several
patients simultaneously. After each session, patient data would
be stored in a database for easy access, review, and performance
analysis.

Participants noted that in conventional rehabilitation, therapists
used various methods to deliver instructions, including verbal,
gestural, and physical approaches. For example, therapists might
say, “Move your hand up,” and often combine verbal cues with
demonstrations of the movements. When patients had difficulty
understanding the instructions through verbal or gestural means,
therapists provided physical assistance, guiding the patients
through the movements until they understood the instructions.
Therefore, the game-based system should use multiple methods
to communicate instructions and explain game-related rules to
patients, particularly those with cognitive impairments. This
includes offering audio and visual instructions through text,
images, and animations on the screen. In addition, it is important
to provide feedback and multiple visual stimuli during gameplay
to help direct and maintain patients’ focus on the required
exercises throughout the therapy sessions. In addition, a
participant (P17) mentioned that for the game system to be a
viable complement to in-hospital rehabilitation, it should provide
clear and sufficient instructions for home-based exercises,
allowing patients to participate independently. Another
participant (19) suggested including video recording
functionality to enable therapists to record themselves while
playing the game and demonstrate the correct movements for
patients to follow at home. Also, participants (P2) proposed
that, following a patient’s discharge from the hospital or
rehabilitation center, it would be beneficial if the game-based
system could record the patient while they practice at home.
This would allow therapists to review and evaluate these
recordings to monitor the patient’s adherence and ensure the
exercises are being performed correctly.

A participant (P15) proposed using an avatar to mirror patients’
movements, as illustrated in the mock-up prototypes, enabling
them to observe their actions in real time. To enhance
instructional clarity, a second avatar could be included to
demonstrate the correct exercise movements.

When asked about the importance of patients seeing themselves
and their actions while exercising, as depicted in most of the
presented game prototypes, most therapists appreciated the
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visual representation on the screen. The psychologists (P24 and
P25) noted that, for youths and children, using a fun character
to demonstrate movements on the screen could be beneficial,
as many prefer not to see themselves in real images due to
potential negative self-perception. A psychologist (P23) added
that role-playing in games is impactful because players develop
emotional connections with their avatars. As avatars evolve
through different stages, they play a key role in sustaining
motivation. Important motivational factors include providing
diverse avatar options to boost feelings of autonomy, which in
turn fosters positive emotions and connections through the
avatar’s development and advancement (P14). In the Reaping
the Oranges mock-up game, a participant (P4) recommended
updating the avatar to a farmer. This change would let players
take on the role of a farmer, harvesting oranges from a tree to
fill a basket. He also suggested adding different game scenarios
to involve a variety of physical movements. For example, instead
of placing the basket beside the player, the avatar could carry
a small basket on their head. In this setup, the player would
need to reach up to pick oranges from the tree and place them
into the basket on their head. A participant (P9) proposed
incorporating different game scenarios for subsequent or
advanced levels. For example, oranges could appear on a tall
tree that the player’s avatar cannot reach by hand. In this case,
the avatar could use a small basket, either on its head or held
in its hands, to catch the falling oranges before they hit the
ground. The avatar would move left or right depending on where
the orange will fall, considering the patient’s conditions and
limitations (P9). He also suggested that with each new game
level, the system could change the shape and size of the tree
and add animated objects to the environment to increase visual
variety. Participants (P7, P11, and P13) suggested that the game
system should allow them to choose from a list of available
exercises. This way, each patient can be assigned different
exercises based on what the therapist wants to evaluate.

A participant (P23) pointed out that consideration should be
taken carefully when choosing game themes, as some themes
could trigger negative reactions in patients. For example, a car
racing game might be uncomfortable for someone who has been
involved in a car accident. To address these concerns, it’s
essential to provide a variety of themes to suit different needs
and sensitivities. A participant (P15) proposed that farm life
could be an excellent theme for game-based physical
rehabilitation, and many others (P1, P2, P11, P13, P15, P16,
P20, and P22) agreed with this suggestion. This theme could
appeal to a broad range of patients, including elderly individuals
who may have connections to rural environments from their
youth, as well as younger adults and children. The peaceful and
relaxing nature of farm life can instill a sense of purpose in
patients, potentially improving their commitment to the
rehabilitation process. Furthermore, the theme of farm life aligns
with the slow pace of seasonal changes and the growth cycles
of crops and animals, reflecting the long-term nature of
rehabilitation. This theme emphasizes the need for patients to
commit to intensive exercise over an extended period, much
like the ongoing care required in farming. For example, various
farming activities can be adapted into game exercises targeting
different movements, such as shearing sheep, herding flocks,
milking cows, sowing seeds, planting trees, weeding, fishing,

mending fences, cutting grass, picking fruit, harvesting wheat,
chopping wood, feeding chickens, selling corn, irrigating,
collecting honey, gathering eggs, watering plants, driving a
tractor, trimming hedges, spraying pesticides, raking leaves,
and scaring birds. A participant (P3) proposed enhancing the
game environment by adding a farmer’s house and including
more exercises related to activities of daily living (ADLs).
Similarly, a participant (P13) emphasized the importance of
designing the game system to support the practice of
ADL-related movements and tasks. To be effective, game
scenarios should replicate real-life activities such as washing
dishes, brushing teeth, combing hair, grasping a spoon, holding
a cup, shaving, and moving objects. These scenarios should be
presented through virtual representations performed by the
in-game avatar, incorporating relevant joint movements—such
as shoulder abduction and adduction, elbow flexion and
extension, and forearm pronation and supination—to interact
meaningfully with virtual objects.

A participant (P9) suggested providing a pool of games, each
targeting different exercise movements. Another participant
(P21) noted that many of the mock-up game prototypes,
including The Steam/Air Pump Game, The Rowing Boat, Boat
Driver, Colored Boxes, Matching Shapes, Reaping the Oranges,
Shuffling Shelves, Organizing Eggs, Rabbit Hunting, and Fallen
Apples, could be adapted to fit within a farm life theme under
a unified game system. This would provide a variety of game
exercises centered around the farm life concept.

Participants (P20 and P23) revealed that the multiplayer aspect
of the Reaping the Oranges game, whether through competition,
collaboration, or connecting with other patients face-to-face or
online, could enhance engagement and enjoyment for many
patients. However, it is important to recognize that such
interactions may cause stress for some individuals. Therefore,
while the game has the potential to enhance the overall
experience, it is crucial to consider the diverse preferences and
needs of different patients.

A participant (P10) suggested that, given recent technological
advancements, it is possible to enable immersive experiences
through head-mounted display devices, which are now
lightweight and affordable. These devices provide immersive
3D game experiences that can help sustain patient motivation
and adherence.

Therapists and other practitioners have been asked about how
to transform a physical rehabilitation procedure into a game. It
is found that various devices are employed to facilitate
therapeutic processes. For instance, during physiotherapy
sessions, patients employ various auxiliary devices to facilitate
task execution, such as the Shoulder Pulley T Type and the
Shoulder Wheel, as depicted in Figure S19 in Multimedia
Appendix 1. The shoulder wheel is employed to regain the range
of motion in the shoulder joints. Although these devices support
the execution of therapeutic movements, they often lack
motivational aspects to engage patients. Participants (P3, P10,
and P20) noted that integrating gamification with these
instrumented devices could fill this gap by turning rehabilitation
procedures into interactive and motivating experiences. This
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approach represents a valuable opportunity for enhancing
therapeutic outcomes and deserves further investigation.

Participants (P22, P24, and P14) argued that adapting existing
devices used in physiotherapy sessions and transforming them
into game controllers could shift patients’ focus from the
monotonous repetitions of their exercises to engaging with the
game itself. Consequently, actions performed with physical
objects in the real world are mapped and reflected in the virtual
environment.

The researchers suggested the following game scenarios to
demonstrate how these devices can be used: (1) by placing a
screen in front of the patients, the Shoulder Wheel can be used
to explore a virtual city or world, allowing them to engage with
the game and experience tailored stimuli and positive
reinforcement. Actions performed by the player using physical
objects in the real world are mapped and reflected in the virtual
environment. (2) The Shoulder Wheel can also be used for a
variety of therapeutic exercises. When operated with both hands,
its movements can be integrated into a racing car simulator.
Alternatively, when used with one hand, it can be adapted into
a firefighter pump game, allowing patients to simulate
controlling a water hose to help extinguish a fire. (3) The
Shoulder Pulley T Type can be used to simulate the flapping of
a bird or the soaring of an aircraft through the skies.

Games based on this setup can be designed to balance patient
enjoyment (entertainment value) with an emphasis on the quality
of exercise movements (therapeutic value), thereby enhancing
both engagement and the effectiveness of the rehabilitation
process.

Most participants emphasized that a game-based physical
rehabilitation system should offer flexible configuration. It
should accommodate diverse cognitive abilities and gameplay
preferences by incorporating essential features such as
therapy-specific physical movements, adjustable game
mechanics, and customizable visual aesthetics.

A participant (P2), who has experience using games in
rehabilitation, expressed dissatisfaction with the preprogrammed
difficulty levels in games such as adventure games. The
participant emphasized the need for more flexible control over
game parameters, allowing therapists to adjust the difficulty to
suit the individual needs and progress of each patient.

A participant (P16) suggested that developers could take
advantage of existing commercial games to create diverse game
scenarios. He added that a game like Kinect Adventures: 20,000
Leaks could be modified by simplifying its design, enabling
therapists to control aspects such as difficulty level, speed, and
range of motion, and to tailor patients’ interactions with virtual
game objects.

A participant (P14) argued that the game prototypes presented
in the Intervention Using Low-Fidelity Paper Mock-Ups section
are designed to permit only predefined exercise movements to
interact with or play a specific game. For example, in the
Blowing the Bubbles game, patients use reaching movements
to blow the bubbles. In the Boat Driver game, patients perform
circular movements to control the boat. A game system that
enables therapists to customize and align different physical

movements with game actions (such as using circular motions
to maneuver a jet fighter) can enhance the gaming experience
for patients and support their rehabilitation goals more
effectively.

Most participants believed that a game system with
reconfigurable visual elements, tailored to patients’preferences
and needs, can enhance their engagement and participation in
game-based therapy.

Participants (P4, P7, P22, and P24) noted that patients may react
differently to the visual design of rehabilitation games.
Individuals with cognitive impairments often struggle to process
highly realistic graphics, which can lead to disengagement. In
such cases, simplified 2D or cartoon-like visuals may improve
comprehension and promote participation in therapy. In addition,
older patients or those with negative attitudes toward gaming
may view these games as childish and lacking therapeutic value.
To address this concern, a participant (P15) suggested that game
designs could be adjusted to reflect real-world therapeutic
activities, thereby reinforcing their role as serious tools for
rehabilitation. Therefore, a game-based system should be able
to adjust its visual settings and reconfigure its appearance to
match a patient’s preferences and needs, as this is crucial for
enhancing engagement and participation in game-based therapy.
This highlights the need for future research to develop tools
that enable therapists to adjust and tailor games to individual
patients’ preferences and needs.

On the other hand, the controllers of the rehabilitation game
system should be designed to enable patients to practice various
exercise movements while intentionally suppressing their
compensatory behaviors. A participant (P11) suggested that the
controller could be configured by the therapist to recognize only
the horizontal movements of the patient’s hand, or to consider
trunk movements as input, thereby reducing trunk-related
compensatory actions. Likewise, for stroke patients who
unintentionally involve their shoulder or elbow, the game system
can allow the therapist to address this by using the compensating
joint as an input. Furthermore, the system should be adjustable
and flexible, allowing the therapist to choose which hand or
side of the patient (left or right) will be used for game
interaction.

A participant (P5) suggested implementing a dedicated user
interface for therapists to enable efficient control of the game
system. This interface would allow therapists to configure game
settings. For instance, if a patient begins to show compensatory
behaviors during gameplay, the therapist can adjust the game
settings to reduce the range of motion or slow down the game
pace. This allows the patient to perform movements without
severe compensatory behaviors. When patients experience
fatigue or pain, therapists can make the games less challenging
or pause them. In addition, therapists can have full control over
the games to maintain a balance between therapeutic and
engagement values.

Another participant (P6) argued that in conventional
rehabilitation sessions, therapists must physically interact with
patients to correct inappropriate movements. This often requires
therapists to stand or sit next to or behind their patients, meaning
they need to continuously reposition themselves throughout the
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therapy sessions. Thus, a dedicated and portable user interface
is essential, allowing therapists to control game-based therapy
more efficiently using handheld devices like tablets or mobile
phones. This interface would facilitate better interaction with
the games and improve the moderation of therapy sessions.

Consequently, based on the earlier discussion, it is evident that
there is a need for game systems with high configurability. Such
systems would allow therapists to customize therapy programs
to better meet individual patient needs. These systems should
offer the flexibility required for therapists to tailor therapy
programs to each patient’s specific needs. However, the
increased complexity of game system operations places
additional demands on therapists and requires comprehensive
training to effectively manage and moderate game-assisted
therapy sessions.

Therapists and other practitioners emphasized the importance
of proper training to effectively utilize rehabilitation games as
a therapeutic tool. For instance, a participant (P1) remarked, “I
am motivated to use games with my patients, but I don’t know
what to do.” Therapists explained that improper use of
rehabilitation games can result in patient pain or injury, making
it challenging for therapists who are new to or lack experience
with game-based therapy. Participants (P22 and P25) noted that
using rehabilitation games without previous training can make
it difficult to determine how to tailor the therapy to meet
patients’ needs effectively. With proper training, therapists
would gain a clearer understanding of their roles, leading to
more efficient use of the games and an improvement in the
quality of game-based therapy sessions. Therefore, thorough
training on the game system is crucial for therapists to let them
grasp the system’s details and learn the most effective ways to
use it. Consequently, it is essential to thoroughly assess and
prioritize the usability of the game system for therapists to
ensure it is both effective and user-friendly. This underscores
the necessity for future research to examine the usability and
effectiveness of interactive mechanisms that allow therapists
to configure and customize game-based interventions.

On the other hand, therapists revealed that the data collected
from the game-based intervention can provide various insights.
While the scores at the end of a game session are commonly
used to measure performance, additional metrics can be gathered
to offer insights into patients’ motor and cognitive abilities.
These include the following: (1) score: higher scores may
indicate better performance in response to challenging tasks;
(2) time: longer session durations suggest a greater number of
repetitions of the prescribed exercises; (3) level: advancing to
higher game levels is associated with increased challenges; (4)
distance: Assessing the distance covered by the affected limbs
helps determine the level of muscle engagement and effort
exerted during the exercise; (5) changes in motion direction: a
higher frequency of changes in movement direction might
indicate inaccuracies in execution or that the movements were
performed without a clear purpose; (6) initial movement
range/amplitude: this metric is crucial for evaluating patients’
progress and understanding their development over time; and
(7) number of sessions: tracking the number of sessions played
and any interruptions can help therapists determine whether
patients felt uncomfortable with specific games or if they were

disengaged and did not complete the prescribed exercises. In
addition, one therapist mentioned that electromyography (EMG)
sensors could be used to monitor muscle activity during
exercises. By recording EMG readings, therapists can assess
movement patterns, measure muscle fatigue, identify disorders,
and evaluate the effectiveness of exercise interventions.

Movement correction measure: A key factor in the effectiveness
of game-based rehabilitation systems is the accurate assessment
of patient movements during gameplay sessions. However,
according to a participant (P13), the measures taken to prevent
incorrect execution of exercises in motion-sensing
technology–based games are limited, as patients at risk of injury
are typically not permitted to use motion-tracking systems. It
remains the therapist’s responsibility to evaluate and manage
these situations. Another participant (P5) highlighted that some
of the major benefits of using this technology include engaging
patients, making exercise enjoyable, providing opportunities
for social interaction, and offering feedback on exercises. The
experts were less worried about the games enforcing or ensuring
correct movement and addressing compensatory actions, as they
would personally guide and decide when and how patients
should use motion games.

According to the discussed metrics, these metrics are expected
to provide valuable insights for therapists to evaluate a patient’s
recovery progress. For instance, low scores and extended
playtimes may indicate that patients are struggling to complete
the required tasks, which can result in frustration and a negative
perception of the game. In addition, covering longer distances
with the affected limb and making fewer changes in motion
direction suggests that patients are performing movements with
greater amplitude, indicating they are in a more advanced stage
of recovery. Conversely, if patients cover short distances with
frequent changes in motion direction, it indicates that they either
struggle to perform wide gestures or exhibit inaccuracies in
their movements. Thus, while the patient enjoys the game, these
parameters can be collected and stored for later analysis. This
allows therapists to monitor and assess the patient’s progress
and development over time, providing insights into the quality
and effectiveness of the game exercises performed. Another
therapist suggested developing an online game-based system
accessible to both patients and therapists. Therapists would log
in to the system to view their patients, and once a specific patient
is selected, the therapist could access their records, review
collected data, and customize each game’s settings as needed
to better suit the patient’s needs.

Discussion

Principal Findings
The observations, feedback, and suggestions from the focus
group were analyzed, leading to the development of several
guidelines to inform the design and development of an effective
game-based physical rehabilitation system. To increase
compliance and ensure patients perform their exercises correctly,
the game must maintain patient engagement and provide support
during exercises. This can be achieved through appropriate
feedback. Instant and clear feedback is crucial for providing a
meaningful gameplay experience. It helps patients understand
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the outcomes of their actions, reflects their performance in
exercises, and offers various in-game achievements. Feedback
should include visual, audible, and haptic elements to enhance
the user’s interpretation of the gameplay and maintain their
engagement. In addition, a game-based system needs to facilitate
the practice of movements and tasks related to ADLs.

The social aspect of the game system is crucial, enabling patients
to play with family members, friends, or other patients.
Highlighting this feature enhances the overall experience. In
addition, incorporating a tracking mechanism for the quality of
the patient’s movements in the game system is advantageous.
This will effectively support and facilitate the rehabilitation
process, encouraging patients to perform the exercises
accurately. In addition, a potential game-based system should
be capable of tracking patients’ progress. This feature could
benefit patients by providing positive reinforcement and
encouraging compliance and also assist physiotherapists by
enabling them to monitor and assess patient development. In
addition, simple art styles and graphics, as seen in the mock-up
prototypes, can motivate players and make the games more
approachable, a feature that participants seemed to appreciate.
This cartoon-like, simplistic art style has benefits such as lower
processing power requirements and encouraging a more playful
state of mind compared to realistic graphics. However, different
demographics might respond differently to this style, as many
people today are accustomed to games with nearly

photo-realistic graphics, such as Call of Duty. People generally
tend to prefer familiar styles. On the other hand, since
rehabilitation programs typically involve multiple exercises,
the game system should be designed to incorporate them.
Therefore, the game system should be expandable to include a
variety of exercises, supporting the entire rehabilitation process.

Furthermore, the game system should offer significant flexibility
and adaptability to suit each patient’s specific degree of injury.
It is essential for a potential game-based rehabilitation system
to allow therapists to customize the game exercises. Since
individuals have different needs based on their injury and stage
of rehabilitation, customization ensures that the game can better
accommodate these unique patient requirements and preferences.
Given that the rehabilitation process often extends over a long
period, the focus of the training changes throughout this time.
Therefore, the game system should include mechanisms for
adapting game interventions to accommodate the different stages
and focuses of rehabilitation. On the other hand, ensure that
patients can concentrate on their exercises rather than dealing
with technical details. The findings highlight the need for a
rehabilitation game to be simple to install and start. It should
be easy to begin without lengthy or complex setup processes.
For home use, the game system should prioritize easy
installation, fast start-up, and intuitive usability. Table 2 presents
a summary and categorization of the design guidelines for
game-based physical rehabilitation systems.
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Table . Design guidelines for the game-based physical rehabilitation system.

GuidelinesCategory

Gameplay design and usability • Support simplified gameplay mechanics to enhance usability and
accommodate patients with varying cognitive and physical abilities.

• Integrate multimodal instructional methods, including audio, visual,
text, and animation, to support understanding of game mechanics
and therapeutic tasks.

• Include accessibility features such as simplified controls, multiple
visual modes, easy-to-navigate menus, and customizable interface
styles to support diverse user needs, allowing the system to cater to
different user preferences, cognitive loads, and therapeutic require-
ments.

• Support game-based exercises tailored to the cognitive and physical
capacities of patients.

• Provide instant feedback and multiple visual stimuli during gameplay
to guide and sustain patients’ focus on the required exercises.

• Use positive reinforcement and reward mechanisms to motivate pa-
tients and enhance engagement during therapy.

• Support home-based exercise modules that are self-explanatory and
include clear, structured instructions to enable independent participa-
tion.

• Embed clear and intuitive tutorials, supported by visual and auditory
cues, as well as explicit in-game guidance, to encourage independent
use and reduce the need for external support.

• Provide optional multiplayer modes to promote social interaction and
engagement when appropriate for the therapeutic context.

Game themes and scenarios • Provide a variety of themes and scenarios to suit different needs and
sensitivities.

• Avoid game themes that may trigger distress. Themes should be
carefully selected to prevent negative reactions (eg, racing games for
car accident survivors) and instead incorporate neutral, calming set-
tings (eg, farm life with seasonal progression) that align with rehabil-
itation goals.

• Incorporate activities of daily living (ADLs), such as fruit picking,
brushing teeth, and combing hair, to enhance task relevance and
promote functional recovery.

• Use stylized, age-appropriate avatars rather than live camera images
of patients to enhance comfort and engagement during gameplay.

• Offer diverse avatar choices and thematic avatars matching game
contexts.

• Incorporate avatar customization and progression systems and offer
upgrade options to enhance autonomy and sustain patient motivation
throughout therapy.

• Implement a dual-avatar system, where one avatar mirrors the pa-
tient’s movements and another, representing the instructor or therapist,
demonstrates the correct form to facilitate self-correction.
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GuidelinesCategory

• Implement therapist interfaces that allow dynamic adjustment of ex-
ercise parameters such as speed, difficulty, and range of motion during
rehabilitation sessions.

• Enable therapists to adjust difficulty, customize visuals, and adapt
game mechanics to accommodate patient limitations and cognitive
impairments.

• Allow therapists to target specific motor functions by selecting exer-
cises from a game-based exercise list and assigning them based on
individual patient impairments and needs.

• Provide a portable, handheld (tablet or phone) interface for therapists
to seamlessly control sessions, including real-time form alerts,
emergency stop, pause, and override functions to ensure patient
safety, correct movement, and efficient session management.

• Include tools that allow therapists to translate and map physical reha-
bilitation movements into game mechanics, ensuring clinical relevance
and effectiveness.

• Enable the therapist to define movement constraints: the system
should be adjustable and flexible, allowing the therapist to choose
which hand or side of the patient (left or right) will be used for game
interaction.

• Provide video recording functionality for therapists to demonstrate
exercises remotely.

• Enable multiuser support, centralized patient databases, and access
for multiple stakeholders or practitioners.

Therapeutic focus and therapist control

• Incorporate features to track performance metrics, including scores,
time, directional changes, movement precision, range of motion, limb
engagement, muscle activation, and compensatory movements.

• Implement AI-assisted compensatory movement detection with real-
time alerts to prevent patients from persisting through pain or incorrect
form.

• Store data for longitudinal analysis to inform therapy adjustments.
• Integrate motion tracking with electromyography (EMG) data to en-

able comprehensive monitoring of muscle activity during exercises.
• Include postsession analytics and progress monitoring dashboards.
• Develop comprehensive dashboards for therapists that display and

visualize patient progress, compensation behaviors, adherence levels,
and movement quality trends over time.

Movement quality, monitoring, and data management

• Support the integration of virtual reality or augmented reality and
diverse interaction technologies to enhance the effectiveness and
engagement of rehabilitation experiences.

• Support the integration of EMG biofeedback to track muscle activa-
tion, fatigue thresholds, intervention efficacy, and exercise effective-
ness.

• Gamify existing rehabilitation devices, such as shoulder wheels and
pulleys, by transforming them into game controllers that map real-
world movements to virtual environments. This allows patients to
navigate and interact with the game, thereby enhancing the effective-
ness of rehabilitation.

• Implement an online platform that supports secure data access and
remote configuration.

Technology and device integration

Limitations
Therapists and health care professionals were actively involved
in this phase of the study due to their critical role in
implementing effective game-based rehabilitation. Although
the inclusion of brain injury survivors (including those with
traumatic injuries and stroke) is equally significant, it was
beyond the scope of this paper. Their perspectives and
participation will be incorporated into future phases of the
research and addressed in subsequent publications.

Conclusions
Incorporating serious games and advances in information and
communication technologies into physical rehabilitation can
enhance the rehabilitation process, offer benefits beyond those
of conventional methods, and improve both the effectiveness
and efficiency of rehabilitation. The aim is to (1) enhance the
effectiveness of game-based therapy for patients who struggle
to engage with or benefit from it, and (2) assist therapists by
offering a game-based rehabilitation system tailored to their
needs. To investigate the factors, determinants, requirements,
and actual needs for potential game-based rehabilitation, a focus
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group with therapists and other relevant health care professionals
is organized. This decision aims to evaluate the ideas with real
rehabilitation therapists and practitioners. To effectively discuss
the ideas with therapists and other related professionals before
starting development, available commercial games are tested,
and various paper game mock-ups are evaluated. This approach
facilitated productive discussions, validated the direction, and

is expected to optimize our development timeline. The focus
group discussions yielded several guidelines that will serve as
the foundation for the next phase of our research. This phase
will involve the design, development, and implementation of a
game-based physical rehabilitation system aligned with these
guidelines.
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Abstract

Background: Decision aids (DAs) are important tools that support shared decision-making (SDM) between clinicians and
patients, enabling patients to be more informed and engaged in decisions regarding their care. The use of DAs can increase patient
knowledge, reduce decisional regret, and engage the clinician and patient in meaningful dialog. Despite proven effectiveness in
enhancing patient-centered care, a gap remains in clinician use of DAs. Known clinician barriers to using DAs include (1) time
constraints, (2) concerns about the match between patient need and available DAs, (3) forcing users to leave the electronic health
record (EHR) to access DAs, and (4) the burden of manually entering data into the DA.

Objective: This qualitative study identified the needs and requirements of clinicians to inform the design of a clinician-facing,
EHR-integrated, Substitutable Medical Applications, Reusable Technologies (SMART; SMART Health IT) on Fast Healthcare
Interoperability Resources (FHIR) (HL7) app, the Decision Aid Navigator (DEAN; University of Colorado Anschutz Medical
Campus). The Navigator identifies and surfaces DAs that are relevant to a patient’s health care conditions (eg, atrial fibrillation),
current care (eg, not on anticoagulation), and demographics (eg, check the youngest age for the stroke prevention), and facilitates
documentation of SDM discussions and decisions.

Methods: We conducted 13 semistructured interviews with clinicians who were recruited from 4 academic medical centers.
Interviews included a demonstration of an initial, mid-fidelity, DEAN app prototype that was designed to address DA use and
barriers described in the literature. The interviews focused on clinician context and use of the prototype, affordances and barriers
to using the system, and clinician needs and requirements of the system. We used qualitative content analysis to code and reduce
the data, using a consensus-making approach, and identify emerging themes.

Results: We identified 3 overarching themes: (1) streamlined functionality may simplify workflow and decrease the burden of
DA use and SDM; (2) clinicians need appropriate competencies to effectively use the Navigator and relevant DAs; and (3) trust
that the Navigator suggests prevetted DAs. Unanimously, clinicians shared that the DEAN Navigator should be integrated into
the EHR. To accomplish this clear priority, clinicians stated that they needed the requisite competencies to successfully use the
tool within their workflow and build trust with the tool itself.

Conclusions: Better tools to support and harness the benefits of SDM are needed. Overcoming the barriers of using DAs is
paramount. Tools designed and developed to support DA use must be integrated into the EHR efficiently to create an opportunity
for uptake of the technology by busy clinicians. If tools like DEAN can streamline the cumbersome process of documenting the
use of DAs, more clinicians may potentially use DAs with their patients, given the right context and appropriate DA.

(JMIR Hum Factors 2025;12:e69756)   doi:10.2196/69756
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Introduction

Background
Shared decision-making (SDM) and the use of decision aids
(DA) tools improve patient-centered outcomes, such as
satisfaction with understanding the risks and benefits of health
care decisions and less decisional regret [1-3]. SDM is a
deliberative process and is defined as: “an approach where
clinicians and patients share the best available evidence when
faced with the task of making decisions, and where patients are
supported to consider options, to achieve informed preferences”
[4]. Some believe the SDM process is best accomplished with
the use of DAs [5], which are tools specifically designed to
provide easily understandable information to facilitate clinician
and patient communication and understanding of information
to support informed decision-making, as compared to usual care
[5].

DAs often elicit a patient’s preferences and values and present
evidence-based comparisons that are easily understandable to
support clinicians and patients in their discussions and
decision-making. A 2024 Cochrane review of 209 studies
provided strong evidence that patient decision aids, DAs that
target health care decisions made by patients, resulted in
increased knowledge, more accurate risk perception, congruency
between values and care choices, decreased decisional conflict
and regret for patients, patient satisfaction with their decision,
and improved communication between clinicians and patients
[5,6]. In some scenarios, patients were less likely to choose
major invasive surgery over conservative care and were more
likely to start needed medications [6]. DAs come in many forms,
including static text, videos [7], interactive websites [8], and
even telenovelas [9], to support various learning preferences,
cultures, and attention spans.

It is essential that patients and their care teams can work together
to achieve patients’ health goals, patient-centered outcomes,
and effective, high-value health care systems. As a primary
process of involving patients directly in their care, SDM is
explicitly supported both by the National Academy of Health
(NAM) (formerly the Institute of Medicine) [10,11] and the
Affordable Care Act [12,13]. For instance, Medicare includes
requirements for SDM as a condition of reimbursement for
implantable cardiac defibrillator [14,15], lung cancer screening
[16], and the left atrial appendage closure (WATCHMAN)
device placement [15].

Barriers Facing Clinician DA Uptake
Similar to other clinical decision support (CDS) tools, DAs face
many implementation barriers, such as increased workload and
knowledge demands [17], and organizational factors (eg, culture
and priorities) [18]. The result is the slow adoption of DAs and
SDM approaches. Stacey et al found that the main barriers for

uptake of DAs were (1) lack of funding to support
implementation of DAs in clinical practice, including training
in using DAs, (2) outdated DAs, and (3) clinician reluctance to
use DAs due to increased workload, quality concerns, health
record integration issues, manual data entry, and documentation
burden [19,20].

Clinician DA use to support decision-making by patients is
directly influenced by how cumbersome the process is to access
and use the DA within existing clinical workflows [21].
Furthermore, clinicians desire a flexible approach to
decision-making with patients [22]. These existing gaps in the
literature suggest a need to more fully understand the complex
clinical phenomenon and subjective experiences of clinicians
to be better able to leverage Health Information Technology
(HIT) to support expanded use of DAs.

The 5 Rights of CDS
Osheroff’s “The 5 Rights of CDS,” shown in Figure 1, outline
a framework for effective CDS implementation [23,24]. We
applied the “5 Rights of CDS” framework to SDM support,
specifically the facilitation of DA use in the SDM process. SDM
and DA implementation face many of the same implementation
barriers as CDS interventions. The “5 Rights of CDS” address
many of the known barriers to SDM and the use of DAs. DAs
provide the right information (eg, the relevant, current, and
unbiased DA) to the right person (eg, clinician or patient) at the
right time (eg, before the decision has been made), in the right
format (eg, best format for the clinician or patient given the
topic, such as written text or video and the patient’s primary
language), and in the right channel (eg, within the electronic
health record [EHR] patient portal).

Despite the proven benefits of DAs and SDM [6], informatics
systems to address the barriers that health systems, clinicians,
and patients face when attempting to use DA are lacking. The
5 Rights of CDS and the use of DA are closely aligned with the
aim to improve patient care by ensuring that the right
information reaches the patient or clinician at the right time.
Aligning the principles of the 5 Rights and SDM can improve
the quality of care and support patient engagement to make
important health decisions.

Based on the documented advantages of using DAs, the 5 Rights
of CDS, and the research still needed in making DAs accessible
in existing workflows, the objective of this study was to
understand clinician needs and requirements for a HIT solution
that surfaces relevant DAs. In our proposed solution, DAs are
launched in the SMART (SMART Health IT) on FHIR (HL7)
[25] Shared Decision Aid Navigator System (DEAN; University
of Colorado Anschutz Medical Campus) navigator app and are
surfaced in the customized DEAN EHR tab. DEAN was
designed and developed as an interoperable SMART on FHIR
[25] app and therefore is highly applicable and generalizable.
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Figure 1. The 5 rights of clinical decision support (adapted from [23]) .

Methods

Overview
We (BM) conducted semistructured interviews (SSI), while
other study staff were present to take notes (EL) and assist with
facilitation (AS and LS), with clinicians identified at 4 US
academic medical centers across the United States using
purposive sampling [26,27]. Partners at the academic medical
centers identified potential interview participants. We
approached individuals via email to gauge interest in
participating. Eligibility requirements for the SSI included
clinicians with previous DA use experience and at least 20%
clinical effort. Interviews continued until we reached thematic
saturation, defined as not hearing any substantive new
information from research participants.

Interview Guide and Data Collection Interaction
After a review of the literature to understand the already reported
barriers and potential facilitators to DA use by clinicians, and
alignment with the “5 Rights,” we (LS, AS, and BM) developed
an SSI guide to elicit insight from potential future users of the
Navigator and ensure the same core questions were asked of all
the participants while allowing flexibility to ask probing
questions on other topics that arose during the discussion
(Multimedia Appendix 1).

The SSI began with an elicitation of the participants’
perspectives and experiences using DAs and having SDM

discussions. This served to kick start the interview and provided
the interviewer with the necessary personal context to conduct
the remainder of the interview. As the purpose of the SSI was
to obtain clinician input on our initial solution to the known
barriers to DA use and SDM, we demonstrated a clickable,
interactive prototype of DEAN (referred to as the Navigator
henceforth) to demonstrate our proposed solution and collect
insights from clinicians on how to further refine the prototype
to support clinician use of DAs. The demonstration reviewed
the known barriers and proposed solutions and facilitated input
on the prototype features and functions from a user’s
perspective. Each interview lasted 1 hour and was conducted
on the Zoom (Zoom Video Communications Inc) [28] video
conferencing platform. Sessions were recorded and
professionally transcribed verbatim for analysis.

Content Analysis Overview
We then conducted a 4-step qualitative coding process to analyze
the interview transcripts using the Rapid and Rigorous
Qualitative Data Analysis (RaDaR) technique [29-31]. This
process included (1) creation and application of first-order codes,
(2) application of second-order subcodes for a more nuanced
and detailed coding scheme and a reduction of the code-subcode
pairings to individual summary paragraphs [29,32], (3)
identification and prioritization of relationships in the data, and
(4) articulation of salient relationships into qualitative themes
describing clinician needs and requirements of the Navigator
(Figure 2).

JMIR Hum Factors 2025 | vol. 12 | e69756 | p.1495https://humanfactors.jmir.org/2025/1/e69756
(page number not for citation purposes)

Morse et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Content analysis overview.

Qualitative Analysis Step 1: First-Order Coding
To accomplish data reduction and thematic development, a
codebook was developed that contained the initial a priori codes,
ie, first-order codes [33]. We then applied the codes to the
interview transcripts to identify expected phenomenon (eg,
barriers to the use of DAs) [32] using Dedoose (SocioCultural
Research Consultants LLC), a qualitative analysis software [34].
If emergent codes (ie, new codes) were necessary during the
coding process, the team defined the emergent code and
discussed adding them to the codebook on a consensus basis
(agreement from all 5 team members needed for the emergent
code to be added). Coding was completed by the core qualitative
team (AN, CR, SA, and BM). Each transcript was coded to
consensus by 2 team members [33,35,36], a process in which
discrepancies are discussed until consensus is reached [37],
increasing the rigor of the coding [33,35,37].

Qualitative Analysis Step 2: Second-Order Subcoding
and Summary Paragraphs
Once all the transcripts received codes, the Dedoose excerpts
were entered into an Excel spreadsheet. Coders then applied
more nuanced second-order subcodes. Subcodes were applied
independently to Excel excerpts by at least 2 qualitative team
members, and consensus was reached (AN, CR, EL, HB, SA,
and BM) [36]. Excerpts that received the same code and subcode
combination were grouped together and then reduced through
synthesis to a single summary paragraph for each pairing.

Qualitative Analysis Steps 3: Code-Subcode Pairing
Prioritization
Team members (CR, EL, HB, and BM) then reviewed all the
code-subcode pairing summary paragraphs to identify the most
relevant pairings to the needs and requirements of clinicians to
support DA use. The saliency of the code-subcode pairing was
determined by the pairing’s information power [38], that is, the

richness and relevance of the data in light of the study’s
objective and questions. Relationships were identified between
code-subcode pairings that could be used to articulate the needs
and requirements of clinicians for Navigator use.

Qualitative Analysis Steps 4: Theme Development
Mural [39] was used to visualize relevant code-subcode pairings
and to interactively coproduce themes (BM, CR, EL, and HB)
that characterized and described clinician needs and
requirements. We reviewed and finalized the drafted themes
ensuring that they accurately reflected our data. Themes were
presented to the DEAN team (LS, AS, EL, PR, SS, RE, SA,
and CR) for verification of relevance to our research question.

Ethical Considerations
The study was approved by the Colorado Multiple Institution
Review Board (COMIRB #22‐1061) and adhered to all
relevant ethical guidelines, including informed consent
procedures. We attest to maintaining privacy and confidentiality
of research subjects' data and/or identity. The project received
a waiver of informed consent. We distributed a postcard consent
form outlining the study to all participants prior to data
collection. Participants were informed that they could stop their
participation at any time. Data were anonymized. Clinicians
were compensated $100 for participating in the SSIs.

Results

Overview
Twenty clinicians were contacted to participate in the SSIs, of
which 13 participated in them, representing 4 academic medical
centers, while 7 did not participate (Table 1). One of the 7
clinicians did not respond, 3 were too busy, 3 did not meet the
criteria (1 had no experience with DAs and 2 did not meet the
minimum clinical full-time equivalent, FTE requirement of
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20%). Interviews were approximately 60 minutes long. The
data collected provided data saturation for understanding the
needs and requirements of clinicians interacting with the
Navigator.

We identified 3 primary themes. Theme 1 describes
opportunities identified by the clinicians that may support the
uptake of the Navigator. Themes 2 and 3 describe needs and
requirements, training and trust, which clinicians reported as
necessary to use a technology like the Navigator that surfaces
relevant DAs.

Table . Semistructured interview participant demographics (n=13).

Participants (N=13), n (%)Demographic variables

Sex identity

3 (23)    Female

8 (62)    Male

2 (15)    Not reported

Age (years)

1 (8)    26‐32

5 (38)    33‐40

4 (31)    41‐49

3 (23)    50+

Race

2 (15)    Asian

10 (77)    White

1 (8)    Not reported

Specialty

1 (8)    Cardiology

2 (15)    Emergency Medicine

1 (8)    Family Practice

1 (8)    Geriatrics

5 (38)    Internal Medicine

2 (15)    Pediatrics

1 (8)    OB/GYN-Oncology

Clinical FTEa (remainder of time spent on informatics)

10 (77)    20%‐50%

3 (23)    51%‐100%

aFTE: full-time equivalent.

Theme 1: Streamlined Functionality May Simplify
Workflow and Decrease the Burden of DA Use and
SDM
Clinicians shared that some DAs can be redundant to their own
practice and delivery of health advice and therefore are not
worth the time to learn how to use, especially when they provide
little value to themselves and their patients. One clinician
exemplified this by saying, “Physicians are already
overburdened. Having to bring up another tool, the Navigator,
and explain another decision [DA] to the patient takes more
time.” Clinicians also shared that while they believed DAs can
be valuable, they are not as significant an issue to tackle with
their patients as there are more urgent problems the patient is
experiencing.

According to the clinicians we interviewed, to combat the
burdensome barriers and enable more clinicians to use DAs,
the Navigator should address the following requirements: (1)
integration into the EHR, (2) data collection burden reduction,
and (3) documentation burden reduction. The DA delivery
system that centralizes patient EHR data, populates required
DA data, allows DAs to open within the EHR, and facilitates
documentation of the SDM discussion in the EHR, are
components that clinicians cited as desirable.

Too many clicks will be detrimental to the adoption of the
DEAN technology. This concern was expressed by a clinician
who asked, “If these tools exist, are they going to be within the
existing workflow division or are they going to add extra
clicks?” Another clinician warned, “All the third-party vendors
try to make it seem like it’s seamless. It never is. And busy
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clinicians don’t fall for the seamless talk,” expressing the
importance of immediately and consistently demonstrating EHR
integration in the existing workflow. Several clinicians
recognized that automating tasks (eg, documentation) may
increase time in the visit for patient engagement and enhanced
patient-clinician relationships, sharing that “The clinician should
spend time catching up with the patient, asking how they’re
doing and having that human aspect to it.”

To overcome common barriers, it is not only important that the
Navigator is integrated into the EHR, but that the Navigator
documentation process be integrated within the EHR
note-writing function to make it as easy as possible. Automated
note population of DA use with patients was strongly preferred.
Some physicians stated they document their use of the DA,
including discussing risks with the patients and what they and
the patient decided together. “The report, that would then
populate into the note, which I think would be brilliant and is
a perfect way to include it in the template.” However, some find
it difficult to balance thorough notes that are simple for patients
to understand. In addition, some physicians find it challenging
to either write a note with the patient during the visit (which
can be very time-intensive) or to remember enough about the
visit to write about it later. Templates, or even having the patient
come in already engaged with the DA by entering required data,
make the documentation process easier for clinicians.

Theme 2: Clinicians Need Appropriate Competencies
to Effectively Use the Navigator and Relevant DAs
The use of a DA delivery system, like the Navigator, to support
SDM involves interaction with complex technology and health
care information. Clinicians communicated that training would
be important before using the Navigator. They also felt they
needed the knowledge and skills necessary to use the DAs. For
clinicians, this includes the training required to access
appropriate DAs in the Navigator and use the Navigator within
the fast-paced and time-pressured clinical workflows, as well
as possessing sufficient knowledge and experience with the
clinical content of a DA. Currently, clinicians report being
overburdened and learning how to use the Navigator and various
DAs to implement the DSM processes into their workflow would
be time-consuming. Many clinicians shared that they see many
patients in a day and learning a new tool like the Navigator
would only add to their busy schedules.

Clinicians identified the need to determine whether a DA is
well designed and evidence-based. Alternatively, clinicians
would rely on others (eg, a health system governing group or a
medical organization) to endorse the DA. Clinicians described
the substantial effort expended to adopt a new DA and stay
current on the underlying evidence base. Evidence can change
rapidly or be based on studies that are unfamiliar to the clinician.
“I have very deep knowledge of the CDS tools that I use and
understand how well they were validated and who did the studies
and how high quality the studies were…we do journal clubs to
talk about these tools…There is a depth of understanding and
trust that happens before we apply them in clinical practice.”
Another clinician added, “Some of the other barriers that come
up are comfort with the data. Like, you must know the material

well yourself to be able to use some of these…and it changes
all the time, so you must really be up to date.”

Clinicians indicated that competency with the Navigator and
specific DAs could be gained through trial-and-error adaptive
learning. The opportunity to learn through practice was seen as
a strategy to gain the experience and knowledge required to
comfortably integrate DAs into clinical workflows. “I think
trialability, (eg, using the tool before having to use it with
patients) is another way to get over the mental model of
adoption.” Trialability will add work to the busy clinician’s
schedule, however, “And if you just gave me a new tool (DA
and the Navigator) and say, hey, this is good for head injury
patients, I would say, all right, I’ll read about it after shift, and
I may apply to the future.” Relatedly, some clinicians
highlighted the Navigator’s ability to increase their competence
and knowledge, stating, “there’s a lot of times when not only
am I having trouble explaining a complicated decision to a
patient, but there’s also actually information in these tools [the
relevant DA] that I don’t know.”

Theme 3: Clinicians Must Trust the Navigator to
Implement Use in Their Standard Workflow
A common response to the tool demonstration was that trust in
the Navigator is a crucial prerequisite for the successful adoption
of DAs. Clinicians are often reluctant to adopt technologies,
such as the Navigator, when their benefits are uncertain [40].
Two types of trust were identified by clinicians.

Trust That the Navigator Is Aligned With Clinic
Workflow
One clinician recognized the importance that streamlining the
busy and burdensome clinical workflow may have on clinician’s
assessment of the Navigator. Trusting that the Navigator works
smoothly within the busy clinical workflow is important because
an indirect patient assessment of both the clinician and Navigator
may result in, “…we’re dealing with time and trust” of the
patient. Violation of this expectation could erode clinician trust
in the Navigator. Another clinician recognized that the Navigator
might streamline the use of DAs, but gaining personal
experience with the tool is an essential component for building
trust in the system, “…I think after you try these three or four
times, then the mental model barrier goes away. You’re like,
‘Oh, this is kind of helpful. It’s not usurping me.’”

Trust That the Navigator Suggests Prevetted DAs They
Can Use
Finally, selecting a quality DA and becoming familiar enough
with its content to use it effectively during a visit was a concern
for clinicians. Physicians feel that they need to establish
familiarity with and trust in a specific DA in advance of using
the DA during a patient encounter. One clinician shared, “If
there were a lot of these [DAs] and I wasn’t personally familiar
with them, deeply familiar, then I would have difficulty…trying
to make sure that I’m comfortable that this information applies
to their particular case.” Clinicians felt that while information
embedded in the Navigator about a DA, such as evidence base
or journal citations, could support clinicians’comfort with using
a DA, clinicians would still have to become familiar with the
DA to trust it enough to put it into practice. However, clinicians
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stated that if DAs were prevetted by subject matter experts or
committees at the local institution, uptake would be easier
because the institution had previously endorsed veracity and
use of the DA.

Discussion

Principal Findings
Our findings in Theme 1 reveal that clinicians have concerns
about their ability to use DA and have SDM discussions during
routine clinical care due to visit length time constraints, which
are further impacted by technology that does not fit within their
workflow and the need to address the most pressing and
medically serious issues during visits. Workflow-concordant
technology is essential for adoption and uptake, and clinicians
stressed the importance of seamless EHR integration, prevetted
and suggested DAs, DAs that do not require duplicate data entry,
and the facilitation of the documentation of SDM discussions.
While every concern matters, and clinicians and patients should
work together to prioritize the visit agenda, clinicians are trained
to recognize signs of urgent or life-threatening conditions that
must take precedence. For instance, addressing symptoms of a
possible heart attack would understandably take precedence
over discussing sleep difficulties, regardless of the existence of
the perfect insomnia management DA. Clinicians also expressed
concerns about redundancy and a lack of value to DAs due to
a clinician’s expert knowledge of a topic or a simplistic decision.
Many clinician recommendations and patient decisions do not
require use of a DA, such as the recommendation and decision
to take antibiotics for confirmed bacterial pneumonia. This
contrasts with the high-stakes decision to have an implantable
cardiac defibrillator, which is highly dependent on a patient’s
desire to lengthen their life and the distress caused by expected
and realized electronic shocks. It is an obvious and
understandable stance that DAs should only be used when they
provide added value to complex SDM discussions. Although
research suggests that clinicians recognize that they use
paternalistic methods more often than they would prefer and
that they have more limited discussions than they feel are
optimal, mainly focusing on treatment options but not
comparative pros and cons, and patient values and preferences.
Many patients would like to be more engaged in their health
care decisions [41,42].

Our findings formulated in Theme 2 indicate that clinicians may
need to acquire new skills and knowledge to use a tool such as
the Navigator and to effectively integrate DA use into existing
health care workflows. In a study by Abbass et al [43], who
found that lack of appropriate training was a key barrier to
technology use, our research participants also commented on
the need for both Navigator training and time to become familiar
with a DA’s content before using it with patients. A qualitative
analysis of expert interviews in the context of artificial
intelligence [44] described core competencies that clinicians
need to effectively use these types of advanced technological
tools within their clinical workflow [44]. The competencies
identified include basic knowledge about the purpose and
application of the tools; how to evaluate the quality, accuracy,
and contextual appropriateness of the tools; how to adapt to

changes in roles and workflows resulting from implementation;
and the need to participate in continuing education related to
use.

Similar competencies will be required for DA use in SDM, and
with a tool like the Navigator, implementation planning and
system training curriculum should account for the additional
learning needed to successfully operationalize DAs in real-world
settings. When clinicians participate in education opportunities
on DAs, they are more likely to share a DA with a patient and
engage in formal SDM [45]. With an increased skill set, it may
follow that patient satisfaction with DAs and the SDM process
would also improve. However, due to the high potential for
ongoing changes to DA content, as new evidence and care
standards emerge, continuing education will also be required.
Continuing education should focus on SDM and DAs as a
teachable skill [46].

As explained in Theme 3, while the benefits of DAs have been
documented, the lag in widespread “trust” will persist until we
can address multiple barriers. When designing and developing
HIT that promotes trust, Jones et al [47] recommend designers
clearly explain how the technology works, involve end-users
in the development of the HIT, provide training and support for
targeted end-users, allow for customization by end-users so that
they can tailor the way they use the technology, and develop
feedback mechanisms so that designers and developers can
address system issues [47]. In our interviews, clinicians
highlighted issues consistent with the recommendations made
by Jones et al [47]. They wanted to trust that the Navigator
system and the process of its implementation would work in
their existing workflow. Therefore, before clinicians can trust
the Navigator, which is mandatory, they need to be assured that
the Navigator meets their needs and requirements as outlined
in Themes 1 and 2.

The goal of health care technology is to provide greater
convenience and clinical task efficiency, yet Abbas et al[43]
cite key findings that barriers exist at technological, individual,
and institutional levels that prevent widespread trust and
adoption of health care technology. Specifically, these findings
highlight compatibility, reliability, usability, training, and
governance as barriers designers need to overcome to build
clinician trust in new technologies [43]. Concerns were shared
in the interviews that the Navigator would be vulnerable to these
same trust issues and would need to be addressed before uptake.

The results of this study informed the future design, evaluation,
and implementation plans of our proposed DEAN system. The
rich qualitative data confirmed many of the functional
requirements our team had previously identified based on known
barriers to DA use and SDM. It also allowed further
specification of some functional requirements and advanced the
prototype to be used in further user-centered design sessions.
For example, we sought to ensure the Navigator interface would
integrate with the EHR in a manner consistent with EHR use
in clinical care, opening within the EHR and not within an
external browser. We also confirmed the need to create a system
to support institutional curation of vetted DAs. In response to
clinician input, we designed a system that surfaced Suggested
DAs based on patients’ current problems and medications, in a
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manner that was noninterruptive, as clinicians expressed that
DA use would be based on agenda prioritization and the need
for a formal SDM discussion and the added value of the DA to
the discussion. We also planned to streamline the filing of the
SDM discussion note to the EHR through a variety of commonly
used pathways. Our hope is that data-informed improvements
in DA use workflows through the DEAN system, including the
Navigator, will support greater uptake of DAs and enhance
SDM conversations for clinicians and patients.

Furthermore, we believe the Navigator could lead to more trust
on the part of the clinician. For example, the Navigator is
designed to have a tile in the interface for each DA. Each DA
tile will have an information button that provides readily
available information on topics such as the references for the
evidence on which the DA was developed and the DA creators.
The information button also provides information to indicate
the governing person or committee at the institution responsible
for vetting and releasing the DA within the Navigator. Finally,
we believe that training in Navigator use and time for clinicians
to become familiar with the DAs will increase clinician trust of
the tool.

Limitations
Some participants conflated the idea of risk calculators with
DAs, but the facilitators were able to clarify the difference and

provide relevant examples. We only conducted interviews with
academic clinicians and community clinicians; practices may
have different opinions. If anything, we suspect their time
constraints and need to focus on revenue-generating activities
may be even greater for community physicians. This could lead
to varying stances, such as a clinician never making the time to
use a DA and participate in a thorough SDM discussion, or a
clinician who welcomes the timesaving and workflow-aligned
functionality that the Navigator offers.

Conclusions
Future directions include the further development of the DEAN
system, including the Navigator, and other backend systems to
support DA curation and documentation of key facts such as
DA governing entities, DA authors, evidence citations, evidence
in the form of brief written summaries, and DA version date,
including when the DA was last updated. Our hope is that the
process of including clinicians early in the process of the DEAN
system design leads to a tool that is workflow aligned and
addresses the major barriers associated with DA use and SDM
discussions. This should result in a system that has greater
uptake and adoption, ultimately leading to better patient
engagement and satisfaction with their medical decisions.
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Abstract

Background: Mobile health (mHealth) for breast cancer care can greatly benefit patients’ symptom management. Although
research supports the effectiveness of mHealth, older adult patients with breast cancer often face difficulties using it, hindering
them from accessing effective symptom management possibilities. Understanding the preference for mHealth among this population
is crucial for providing insights into effective mHealth design.

Objective: This study aimed to better understand the symptom management preference using mHealth for Chinese older adult
patients with breast cancer and use the approach of personas to inform the mHealth design.

Methods: This was a descriptive qualitative study. In total, 17 patients with breast cancer aged 60 years and older were recruited
from tertiary hospitals in Shanghai, China, using purposive sampling. Data were collected through one-on-one interviews. Content
analysis was used to identify the factors that influence participants’ symptom management preference using mHealth. The
categories of influencing factors of preference informed the persona template and guided the development of the persona.

Results: We identified 3 major categories affecting participants’ preference for mHealth, including social interaction patterns,
mHealth literacy, and symptoms. The following five personas were developed: (1) Positive Manager, (2) Dependent Parent, (3)
Management Isolationist, (4) Image Manager, and (5) Clinician Dependent. We provide insights into how these personas can be
used when designing and implementing mHealth for symptom management support.

Conclusions: Key factors influencing symptom management preference using mHealth among Chinese older adult patients
with breast cancer and personas developed based on that can foster a better understanding of this population and initiate future
mHealth design and implementation.

(JMIR Hum Factors 2025;12:e71448)   doi:10.2196/71448

KEYWORDS

qualitative; mHealth; preference; symptom management; older adults; personas

Introduction

Breast cancer is among the main illnesses that threaten the lives
and health of older adult women in China, with a double
incidence peak at 45‐55 and 70‐74 years of age [1]. The
mean age for breast cancer diagnosis in China is 45‐55 years,
which is considerably younger than that in Western countries,
where the average age is between 48 and 50 years. However,
due to the current unrestrained population aging, a substantial
number of older adult patients with breast cancer may emerge.
Although only 16.6% of patients with breast cancer were aged

65 years or older in 2018 in China, the incidence rate is
estimated to increase to 27% by 2030 [2], leading to growing
concerns regarding the management of older adult patients with
breast cancer. According to previous studies, older adult patients
with breast cancer experience higher rates of comorbidities,
poorer performance status, limited social support, and difficulty
with transportation, thus leading to different treatment
approaches than those provided for their younger counterparts
or undertreatment [3]. Older adult patients with breast cancer
may face a complicated recovery process, insufficient
information access, and a lack of emotional support [4,5].
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Fortunately, mobile health (mHealth), which refers to medical
and public health practices supported by mobile devices [6], is
a promising tool that supports symptom management by
providing unprecedented access to specialist clinical diagnostics
and treatment advice [7]. Currently, mHealth is providing
substantial improvements in human lifestyle behaviors and
chronic condition management, facilitating the popularity and
accessibility of health interventions [8,9]. Regarding disease
management for patients with breast cancer, mHealth has
demonstrated great potential for improving lifestyles, managing
symptoms, and providing information and emotional support
[10-14].

Integrating mHealth solutions for older adults can be
significantly beneficial to this population, but the process faces
various challenges [15]. For example, many mHealth tools may
not be designed considering age-related dilemmas, such as
vision or dexterity limitations, thus causing accessibility and
usability problems [16]. Furthermore, the older adults from
lower socioeconomic backgrounds may face affordability
barriers to smartphone access and internet connectivity [17,18].
Moreover, a lack of tailored mHealth designed specifically for
their needs can decrease the older adults’ willingness to use
mHealth, preventing them from adapting to technology and
receiving the associated benefits [19,20]. Thus, the successful
usage and adoption of mHealth are fairly poor in aging patients,
accounting for a large proportion of the customer base for
innovative health care devices [21].

Considering the importance of understanding the unique needs
of older adult patients with breast cancer, we adopt personas to
guide analyses of the needs of this population. The concept of
persona was first introduced by Alan Cooper in 1999 [22]. It
refers to virtual figures that share specific needs and unique
personalities and are categorized based on key information about
a target group [23]. Personas are detailed personas that embody
the characteristics, behaviors, motivations, goals, and pain points
of the identified user segments, thereby enabling more precise
interventions [24,25]. Personas serve as the main character in
a narrative, a scenario-based approach to intervention design
that iteratively generates concepts (in the envision phase),
provides feedback to enhance design coherence and
appropriateness (in the refine phase), and provides a powerful
communication tool to help developers understand the design
rationale and prioritize features based on user needs. Considering
persona was continuously adopted in different health contexts
[20], the age-related challenges in the aging population facing
mHealth, in part, can be compensated for by designing
senior-friendly mHealth devices using persona.

The specific needs related to mHealth for improving symptom
management among Chinese older adult patients with breast
cancer have received little focus, and the insufficient use of
personas requires further exploration. We typically focus on
patients undergoing chemotherapy in this study because of the
long duration and cumulative nature of this treatment phase,
which is characterized by consistent and increasingly severe
side effects such as fatigue, nausea, and immunosuppression.
Understanding these patients’unique challenges is essential for
developing effective mHealth solutions to improve their
symptom management and overall quality of life. Therefore,

this study aims to (1) understand the symptom management
behavior and preference for mHealth among this population
using qualitative data, (2) develop personas representing patients
with different symptom management behavior and preference
for mHealth, and (3) provide guidance for integrating personas
into the design of mHealth.

Methods

Sampling
This study was conducted from April 2022 to February 2023
at the Fudan University Shanghai Cancer Center and Huadong
Hospital in Shanghai, China. The purposive sampling method
was adopted to enroll participants. The inclusion criteria were
as follows: (1) diagnosed with primary breast cancer, (2) aged
60 years and older, (3) undergoing chemotherapy after breast
cancer surgery or within 2 weeks of chemotherapy ending, (4)
expected survival time of more than 6 months, and (5) know
about their own disease status and can express their thoughts
and options. The exclusion criteria were as follows: (1) patients
currently receiving radiation therapy and (2) patients with vital
organ dysfunction. The sample size was guided by the principle
of data saturation. Interviews were discontinued after a minimum
of 10 sessions, once no new themes emerged across 3 successive
interviews [26].

Data Collection
Eligible participants were identified by nurse leaders in the
breast oncology departments based on predefined inclusion and
exclusion criteria. After briefly introducing the study aims and
obtaining verbal agreement from potential participants to be
contacted, the nurse leaders referred the interested individuals
to the research team.

Before each interview, participants received a detailed
explanation of the study from the research team and signed
written informed consent forms. General participant
characteristics were then recorded, including age, education,
chemotherapy stage, primary carer, and whether living with a
primary carer.

Subsequently, one of the authors (YZ) and the corresponding
author (FW) conducted the face-to-face interviews. YZ is a
nursing undergraduate student who took classes in qualitative
study, and FL is a lecturer and experienced qualitative researcher
with a research focus on breast cancer and imparted qualitative
research methodology in the university. Before the beginning
of data collection, YZ was trained by FW, covering the
principles of qualitative research, techniques of conducting
semi-structured interviews (building rapport, active listening,
and probing), and mock interview exercises based on the
interview guide. Each interview was audio-recorded and lasted
30‐50 minutes. During data collection, the interviewers
summarize and confirm their interpretation of what a participant
said during data collection as a member checking to secure the
trustworthiness.

Data were collected through semi-structured interviews using
open-ended questions. The study aimed to gather qualitative
data about participants’ behavior and patterns for symptom
management and preference for using mHealth; therefore, the
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questions were developed carefully around this topic. The
original questions were refined after trial interviews with 3
potential patients, and the final interview outlines are presented

in Textbox 1. The data from trial interviews were not included
in the final data analysis.

Textbox 1. Interview outline around patients’ symptom management behavior and preference for using mHealth to manage symptoms.

1. Since starting chemotherapy, how do you feel?

2. What physical, mental, and social interaction changes have you noticed?

3. What are the most dominating symptoms you feel?

4. How do you manage your symptoms? What are the barriers and facilitators of your symptom management experience?

5. Did you get any help to manage your symptoms? Regarding help and resources from your spouse, children, relatives, friends, and health care
providers?

6. How do you think about your symptom management skills, attitudes, and experience?

7. How do you think about managing your symptoms using mHealth (eg, knowledge distribution apps, virtual health consultation websites, symptom
assessment apps)? Are there any concerns that might discourage you from using mHealth?

8. What features would you find most helpful in mHealth for symptom management?

Ethical Considerations
This study was reviewed and approved by the Institutional
Review Board of Fudan University School of Nursing (IRB no.
TYSQ2021-03-05). All participants provided informed consent
prior to data collection.

Data Analysis
The audio-recorded interviews were transcribed within 24 hours
after interview completion. All transcripts were managed and
coded using NVivo 12. Data were analyzed using qualitative
content analysis, and transcripts were coded inductively [27].
By using inductive coding, the data drove the analytical process,
ensuring a comprehensive exploration of patterns and themes
based on the interview transcripts. This approach allows the
researcher to derive insights and meaning directly from the data
rather than imposing preconceived coding categories. YZ and
DL analyzed the data independently, and the main steps are as
follows: (1) immersing in the data by line-by-line reading of
the transcript; (2) selecting the unit of analysis; (3) making sense
of the data as a whole; (4) open coding; and (5) group and
categorization. After open coding, the preliminary codebook
was developed and was iteratively refined through constant
comparison and discussion between 2 researchers. Codes were
then clustered into subcategories and higher-level categories.
Intercoder reliability was addressed through regular meetings
to compare coding results and resolve discrepancies via
discussion until consensus was reached. Investigator
triangulation was implemented by involving 2 researchers in
data coding and theme development. Discrepancies were
resolved through discussion with the other 2 researchers (CY
and FW, with 25 y and 10 y of qualitative research, respectively)
to reach consensus. Investigator triangulation was used to ensure
a comprehensive and trustworthy exploration of subcategories
and categories grounded in the interview transcripts.

Persona Segmentation
After the qualitative data analysis, we identified the categories
and subcategories of symptom management behavior and
preference for using mHealth to manage symptoms, which could
be used as the persona segmentation template. Patients with
similar features of categories and subcategories were grouped.
Based on these groupings, a persona was created to represent
the shared patterns within each subgroup [28]. This ensured
that each persona reflected not just individual traits but collective
tendencies observed across participants. These personas were
sent back to participants for validation to ensure an accurate
representation of their characteristics and experiences. Final
groupings were refined through team discussions and reviewed
by qualitative experts to ensure consistency.

Persona Creation
Subsequently, we designed the persona skeleton, a layout
describing the key information that the persona includes [28].
After finalizing the details of each persona, we used visual icons
to highlight their key features and enhance vividness. To further
humanize the personas, we assigned them names and
incorporated representative quotes to reflect each target group’s
personality and context [25]. The visual elements were
hand-drawn by the research team to maintain authenticity and
engagement.

Results

Participants
A total of 17 participants were approached and agreed to
participate in the interviews. Participant characteristics are
outlined in Table 1. The participants had a mean age of 69.6
(range 61‐80) years. All the participants were female and had
undergone radical mastectomy. The most common primary
caregivers were their adult children.
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Table . Sociodemographic characteristics of the participants.

Live with primary car-
er

Primary carerChemotherapy stageEducationAgeNo.

YesChildren2nd-4th cyclePrimary school72N1

YesChildren5th-8th cycleIlliteracy73N2

YesSpouse2nd-4th cycleHigh school66N3

YesChildren2nd-4th cyclePrimary school68N4

YesChildren5th-8th cycleIlliteracy79N5

YesChildrenChemo-endedIlliteracy81N6

YesChildrenChemo-endedIlliteracy78N7

YesSpouse5th-8th cycleMiddle school63N8

NoChildren2nd-4th cycleHigh school61N9

NoChildren2nd-4th cycleHigh school65N10

YesChildren5th-8th cyclePrimary school80N11

NAPatient self5th-8th cycleMiddle school66N12

NAPatient self2nd~4th cycleHigh school65N13

YesChildrenChemo-endedPrimary school71N14

NoChildren2nd-4th cycleCollege64N15

YesChildrenChemo-endedHigh school69N16

YesSpouse5th-8th cycleMiddle school63N17

Symptom Management Behaviors and Preference for
Using mHealth to Manage Symptom
We identified 3 categories, 7 subcategories, and corresponding
descriptions (Table 2). The results describe the symptom

management behaviors and preference for using mHealth to
manage symptoms among Chinese older adult breast cancer
patients.

Table . Symptom management behavior and preference for using mHealth to manage symptoms.

DescriptionSubcategoriesCategories

Living with children or spouse who provide 24/7
care or living alone without a specific caregiver

Living conditionsSocial interaction patterns

Regular interacting with families or friends or

completely being isolated and staying at home

Social dynamics

Having or not having mobile devices (phone or
computer) and Internet connection

mHealth accessmHealth literacy

Knowing or not knowing how to use mHealth
devices or with amount of experience

mHealth usage

Being willing or unwilling to interact with others
via mobile devices

mHealth interest

Experiencing many or only a few symptoms si-
multaneously

Symptom diversitySymptoms

Experiencing tremendous or bearable symptom
burden

Symptom severity

Personas
We classified our findings into 5 personas, with differences in
social interaction patterns, mHealth literacy, and symptoms.

We typologized the personas as follows: Positive Manager,
Dependent Parent, Management Isolationist, Image Manager,
and Clinician-Dependent (Table 3).
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Table . Persona overview.

Clinician-DependentImage ManagerManagement Isolation-
ist

Dependent ParentPositive ManagerFeatures

7060816665Age

Primary schoolCollegeIlliteracyPrimary schoolHigh schoolEducation

Lives with childrenLives with spouseLives with spouseLives with children
who provide 24/7 care

Lives with spouse and
children providing care

Living conditions

Regular interaction
with clinicians

Seeks interactions with
patient support groups

Isolated, stays mostly
at home

Regularly interacts
with family members

Regular interaction
with family and friends

Social dynamics

Has mobile devices but
prefers clinician sup-
port

Has accessNo mobile devices or
Internet

Limited access, often
relies on children for
tech support

Has mobile devices
and Internet access

mHealth access

Relies heavily on clini-
cians, limited personal
mHealth use

Uses mHealth to com-
municate with peer
groups but may need
help

Refuses to use
mHealth, relies solely
on children

Uses mHealth only
with children’s assis-
tance

Actively uses mHealth,
searches for profession-
al health information

mHealth usage

Trusts only clinician-
guided mHealth solu-
tions

Prefers engaging with
online patient commu-
nities for social and
emotional support

No interest in using
mHealth directly

Prefers family involve-
ment in mHealth, little
personal interest

Interested in web-based
clinician interactions
and reliable informa-
tion

mHealth interest

Multiple symptoms,
particularly concerned
with treatment side ef-
fects

Focuses on managing
self-esteem and emo-
tional symptoms

Experiences chronic
pain and discomfort

Deals with a mix of
symptoms, mainly relat-
ed to chemotherapy

Experiences multiple
symptoms (eg, gastroin-
testinal issues)

Symptom diversity

Could bear with symp-
toms with close clini-
cian guidance

Faces moderate symp-
tom severity but is
more focused on ap-
pearance

Bears with severe
symptoms with
willpower

Struggles with symp-
tom severity

Manages ssymptoms
well but occasionally
need support

Symptom severity

mHealth with reliable,
clinician-vetted infor-
mation and consulta-
tion options

mHealth for emotional
support, patient-patient
communication

mHealth for children to
track appointments and
care schedules

mHealth for monitor-
ing by children, simple
interface for basic
needs

mHealth to support
chemotherapy-related
symptom management,
online clinician interac-
tion

Specific need

Provide a trusted, clini-
cian-validated platform
with regular updates,
symptom management
tips, and easy access to
clinician consultations.

Design should empha-
size patient-to-patient
interaction for emotion-
al support, with fea-
tures to help rebuild
self-esteem and man-
age appearance-related
concerns.

Design tools that allow
children to remotely
manage patient sched-
ules, appointments, and
care, with minimal in-
teraction from the pa-
tient. Focus on simpli-
fying updates and re-
minders.

Create a simple, user-
friendly interface that
allows children to
monitor patient health
and symptom manage-
ment, ensuring notifica-
tions for appointments
and medical updates.

Design should focus on
providing tips for
chemotherapy-related
symptom management
and ensuring access to
reliable professional
information, with easy
access to online clini-
cian consultations.

Design point

Persona of Positive Manager
Quotes:I think I can battle with breast cancer, and I will
eventually win. Long days are there (Textbox 2).
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Textbox 2. Persona of positive manager.

Characteristics:

• Social interaction patterns: I live with my caring spouse and supportive children, who play a crucial role in my daily life and health journey. I
am deeply grateful for their presence and support, and I cherish every moment with them. Family and friends are my pillars of support. Regular
gatherings and conversations keep me mentally engaged and emotionally fulfilled.

• mHealth literacy: Having access to mobile devices and the internet has been a game-changer. It empowers me to stay informed about my health
and treatment options, which gives me a sense of control. I actively use mHealth apps to educate myself on managing chemotherapy-related
symptoms. The ability to connect with healthcare professionals online reassures me and provides personalized advice. I completed high school
and have always valued learning. I find comfort in online interactions with healthcare providers. Their expertise and reassurance help me
navigate the challenges of treatment with greater confidence.

• Symptom diversity and severity: Dealing with various symptoms, such as digestive issues and occasional fatigue, can be challenging. However,
learning how to manage them effectively has been empowering. While I generally manage my symptoms well, there are moments when I need
extra support. Knowing I can reach out to my family or healthcare team for guidance makes a big difference.

Specific preference: Specifically, I require tailored symptom tracking to monitor chemotherapy-related symptoms accurately. Personalized guidance
is essential, offering tips on managing issues like gastrointestinal discomfort and fatigue. Regular updates and alerts keep me informed of symptom
changes and treatment updates.

Persona of Dependent Parent
Quotes:I don’t know what to do and have lost hope for the
future. Please tell anything to my children (Textbox 3).

Textbox 3. Persona of dependent parent.

Characteristics:

• Social interaction patterns: I live with my children, who provide around-the-clock care. We have a close-knit family dynamic, and I rely heavily
on them for both emotional support and practical assistance. While I interact regularly with my family members, most of my social interactions
revolve around family gatherings and caregiving responsibilities.

• mHealth literacy: I have limited experience with technology and rely on my children to navigate mHealth tools. They assist me in using healthcare
apps for basic tasks like appointment scheduling and medication reminders. Understanding complex medical information online is challenging
for me, so I prefer simplified explanations and direct guidance from my family.

• Symptom diversity and severity: I manage a mix of symptoms related to chemotherapy, including fatigue and occasional digestive issues. These
symptoms can be overwhelming at times, impacting my daily activities and emotional well-being. While I strive to cope independently, I often
rely on my children’s support to manage symptom flare-ups and seek medical advice when needed.

Specific preference: I require mHealth tools that simplify symptom monitoring and provide clear instructions for managing chemotherapy side effects.
Specifically, I need a user-friendly app that allows my children to track my health status, appointments, and medication schedules effortlessly. Timely
alerts and reminders are essential to ensure I adhere to treatment plans and receive prompt medical attention for any symptom changes. Access to
reliable information and simplified health advice through mHealth would greatly enhance my ability to manage symptoms and maintain my overall
well-being.

Persona of Management Isolationist
Quotes:I am so severely ill. I don’t want to say anything
(Textbox 4).

Textbox 4. Persona of management isolationist.

Characteristics:

• Social interaction patterns: I prefer solitude and spend most of my time at home, away from social interactions. Living alone with minimal external
contact, I find comfort in solitude and independence, handling my health challenges mostly on my own.

• mHealth literacy: I don’t use mobile devices or the internet regularly, which limits my access to mHealth tools. I rely solely on face-to-face
interactions with healthcare providers or family members for medical information and support.

• Symptom diversity and severity: Managing chronic pain and discomfort is a daily struggle for me. These symptoms significantly impact my
mobility and quality of life, requiring ongoing management strategies to cope independently.

Specific preference: I require healthcare solutions that respect my preference for isolation while providing essential medical support. An ideal mHealth
tool would allow minimal digital interaction but provide critical health updates and remote consultations with healthcare professionals as needed. This
approach would enable me to maintain my independence while ensuring timely medical guidance and support.
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Persona of Image Manager Quotes:I haven’t retired. I have to go back to work with a
normal body shape (Textbox 5).

Textbox 5. Persona of image manager.

Characteristics:

• Social interaction patterns: I actively seek interaction with online patient support groups and communities. These platforms provide me with
valuable emotional support and information-sharing opportunities, helping me navigate the challenges of chemotherapy with peers who understand
my experiences.

• mHealth literacy: I use mHealth apps to connect with patient communities and access reliable health information. I am comfortable navigating
online resources and value the empowerment that comes from educating myself about my health and treatment options.

• Symptom diversity and severity: While managing chemotherapy symptoms, I focus on maintaining my appearance and emotional well-being. I
deal with moderate symptom severity, such as fatigue and appearance-related concerns, which impact my self-esteem.

Specific preference: I need mHealth tools that facilitate patient-to-patient interactions and provide emotional support. Specifically, I seek platforms
that foster community engagement and offer resources for managing appearance-related symptoms. Access to reliable information and peer support
online is crucial for enhancing my resilience and emotional health during treatment.

Persona of Clinician-Dependent
Quotes:

I only rely on health care providers, and I want to contact
doctors when I need (Textbox 6)

Textbox 6. Persona of clinician-dependent.

Characteristics:

• Social interaction patterns: I maintain regular interactions with healthcare providers, relying heavily on their expertise and guidance in managing
my health. I prioritize direct communication with doctors and healthcare professionals for medical advice and treatment decisions.

• mHealth literacy: While I have access to mobile devices, I primarily use them to facilitate communication with healthcare providers. I prefer
direct contact with doctors for accurate medical information rather than relying on digital health tools or online resources.

• Symptom diversity and severity: Managing multiple symptoms related to chemotherapy is a significant concern for me. I depend on clinicians
to monitor my symptoms closely and provide tailored treatment plans that address my specific health needs.

Specific preference:

My specific need is a reliable mHealth platform that facilitates direct and timely communication with healthcare providers. I prefer tools that offer
secure messaging or virtual consultations with doctors, ensuring I can reach out for medical advice promptly when needed. This direct access to
clinicians is crucial for me in managing chemotherapy-related symptoms effectively and receiving personalized care.

Discussion

Overview
This study depicted the differences in symptom management
behaviors and preference for using mHealth to manage
symptoms among the older adult breast cancer patients in China
and, based on the differences, built 5 typical personas: Positive
Manager, Dependent Parent, Management Isolationist, Image
Manager, and Clinician-Dependent. This study outlines the
complete process of persona development, including qualitative
data collection, persona segmentation, and creation, building
upon previous reviews of persona technologies [28]. The strict
adherence to the consensus process [28] and early user
involvement [29] suggests that our findings may serve as a
valuable reference for future persona development and
user-centered design.

The qualitative interviews we conducted focused on our target
and special population—older adult breast cancer patients. The
combination of cancer and aging renders this population
particularly vulnerable, as cancer impacts their physical health
while aging contributes to increased comorbidities and a decline
in overall resilience [30]. Despite previous studies that have

primarily focused on the treatment and survival of this
population, few have closely examined their self-management
behaviors or actively engaged them in the information age to
ensure they fully benefit from modern technologies [31].
Notably, we found only 1 previous paper that recognized the
need for health technology in chronic disease management [21],
and no existing literature specifically addresses the preferences
of older adult breast cancer patients. Therefore, our study
identifies 3 key categories—interaction patterns, mHealth
literacy, and symptom diversity and severity—that revealed the
self-management behavior patterns and preference of mHealth
for symptom management of older adult breast cancer patients.
This research addresses a critical gap in the literature,
highlighting the importance of understanding these factors to
enhance mHealth solutions for this vulnerable population.

Following this, we developed 5 personas based on the categories
and subcategories identified. This approach adheres to standard
persona construction practices by using data-driven classification
[28]. Moreover, the personas expand traditional persona content
to include social dynamics, mHealth access, mHealth usage,
mHealth interest, symptom diversity, symptom severity, specific
needs, and design points to enhance richness in understanding
older adult breast cancer patients and their context [32].
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According to previous studies, the enriched insights gained
provide valuable guidance for functional requirements, design,
and implementation strategies tailored specifically for this target
population [21]. The structure and content of our personas,
which incorporate the key features of symptom management,
can serve as templates for developing personas for other health
consumer target populations [21].

We believe that the personas developed can effectively highlight
both common and distinct traits among users. The shared
characteristics of the 5 personas should serve as the primary
focus for core functionalities, while the unique traits will inform
the development of supplementary and optional features. From
our research findings, we have initially identified 2 core
functionalities: symptom reporting and educational materials.

The symptom self-reporting feature will enable users to log
their symptoms daily, facilitating real-time monitoring and
proactive management of potential side effects, which is crucial
for breast cancer management for older adult patients [33]. For
instance, for the Positive Manager, visualizing longitudinal
symptom assessments could enhance their understanding of
health trends over time. In the case of Dependent Parents, the
mHealth product could facilitate a dyad approach where patients
and their children both engage with the system, allowing
symptom reports to be sent directly to their children via push
notifications.

Meanwhile, the educational materials will provide tailored
information to enhance users’ understanding of their condition
and treatment, empowering them to make informed decisions
regarding their health. For the Clinician-Dependent, it is crucial
to integrate a voice icon and profile icon, enabling medical
advice to be easily accessible and conveyed by a trusted
physician. Regarding the educational features of the mHealth
product, Positive Manager and Imanage Manager are inclined
to learn and manage their health and could benefit from
self-directed reading materials and a patient support network,
while Clinician Dependent, who prefers individualized attention
from health care providers, could be offered one-on-one video
appointments. Given that the target population consists of older
adult patients who often experience memory and comprehension
difficulties, the development team must carefully manage the
amount of information presented to avoid cognitive overload.
A modular approach can effectively cater to users, providing
essential knowledge for those who prefer not to delve deeper
while allowing for broader exploration through optional
modules. Active information seekers, such as the Positive
Manager and Image Manager, can benefit from this modular
design, which ensures continuous content updates and relevance.

As for the role of personas in the design process, they serve as
educational tools for design and usability teams. They provide
insights that convey project progress to sponsors and offer a
“word picture” that familiarizes team members with target user
groups. Personas structure user typification, enhancing
communication within development teams. As noted by Hill
and Barteck [34], once established, personas become the primary
medium for design discussions, aiding in resolving group
conflicts by referencing user perspectives. For instance, team
members might ask, “What would the Clinician-Dependent

think?” while designing the interface and algorithm.
Additionally, based on interaction design principles like the
double-diamond design, the iterative process often involves
usability testing [35]. Personas can help predict who the primary
and secondary users will be. For breast cancer patients, spouses
and children are typically considered secondary users, as they
can facilitate adoption and usage and are often willing to assist
primary users in receiving better care. Therefore, detailed
personas can serve as a foundation for selecting and screening
participants for interactive prototyping and usability testing,
directly influencing the solution’s design and development [21].
For instance, when considering Dependent Parents, it is crucial
to involve their children as secondary users of the mHealth tool,
as their experiences and insights are equally valuable.

During the implementation stage, personas serve as essential
tools to guide the deployment of mHealth solutions. For the
Positive Manager, promotional efforts such as posters and
advertisements can effectively reach this group. For the Image
Manager, word-of-mouth within social circles is a key avenue
for adoption. The Clinician Dependent persona can be
introduced to mHealth solutions through doctors or nurses
during appointments, making it crucial to integrate mHealth
into the clinical workflow. For the Dependent Parent, the focus
can be on caregivers who accompany them to appointments,
using this relationship as a key promotional touchpoint.
Additionally, for long-term adherence, especially with
Dependent Parents, their children should be considered the
primary channel to improve compliance and ensure ongoing
engagement with the mHealth tool.

According to previous studies, personas do not need to be
recreated from scratch for every application [36]. Our 5 specified
personas—The Positive Manager, The Dependent Parent, The
Management Isolationist, The Image Manager, and The
Clinician Dependent—can be reused by both researchers and
practitioners. With China’s rapidly aging population and
increasing prevalence of cancer, innovative approaches to patient
management are urgently needed [37]. These personas offer
valuable insights that can address the current gap in China’s
user-centered design practice, particularly in mHealth solutions
tailored to older adult breast cancer patients. Their reusability
makes them adaptable for various health care applications,
enhancing design efficiency and consistency across future
projects.

Limitations
Our study presents some limitations that should be
acknowledged. First, we relied on interviews for data collection,
without using focus groups. While one-to-one interviews
provided in-depth insights into individual experiences, focus
groups could have uncovered collective perspectives and group
dynamics, particularly valuable when studying older adult
populations. Second, the personas we developed are based on
qualitative data, which, while rich in detail, are inherently
subjective. The personas were constructed by researchers based
on interpretations of the qualitative data, which may introduce
some bias. Quantitative approaches to persona development,
such as surveys or statistical analysis, could offer more
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objective, testable profiles that may provide additional validity
and generalizability to the findings [38].

Conclusions
This study identified symptom management behaviors and
preferences for managing symptoms using mHealth among
older adult Chinese breast cancer patients. Further, we developed
5 personas that reflect the diverse preferences of this population.

These personas play a crucial role across multiple stages of
mHealth development: helping to determine core functionalities
during the planning phase, guiding design and development by
aligning product features with user needs, and supporting
implementation by facilitating adoption and engagement
strategies. Together, these insights contribute to more effective,
user-centered mHealth solutions.
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Abstract

Background: Digital care platforms that integrate patient-generated health data (PGHD) alongside education and communication
tools have been recognized as potential instruments in transforming health care from clinician-centered to a more patient-centered
approach. This transformation is driven by the potential of PGHD to provide deeper insights into patients’ conditions, facilitate
personalized care, improve patient quality of life, reduce inefficiencies in data collection, and empower patients. Yet, actual
implementation within clinical settings is still at early stages; therefore, impacts on clinical care remain limited.

Objective: This study sought to explore the benefits, challenges, and opportunities of integrating PGHD into orthopedic care
by analyzing the reflections of early adopter surgeons and physiotherapists who have used a digital care management platform.

Methods: This qualitative study used thematic analysis of interviews conducted with surgeons and physiotherapists (n=9) from
a clinical unit that was among the first to trial “mymobility,” an industry-produced software platform (Zimmer Biomet). The
participants were recruited using snowball sampling, and interviews were conducted from June to July 2022. The interviews
focused on work practices, use of digital tools, experiences with PGHD, and experiences with the mymobility software. Thematic
analysis was conducted using NVivo software (QSR International Pty Ltd), focusing on identifying key themes and insights.

Results: The study identified several benefits of integrating PGHD into orthopedic care, including improved patient education,
enhanced communication and assessment, and increased patient motivation and adherence. However, several challenges were
also noted, such as increased clinician workload, questionable data utility, lack of patient centricity, and inability to tailor software
to clinical contexts. Suggested opportunities included improving dashboard design, personalizing physiotherapy, and using
collected data for improving clinical care.

Conclusions: The integration of PGHD into orthopedic care shows promise, largely in areas suggested by the literature. However,
significant challenges remain. Future research should focus on addressing solvable challenges, such as improving software user
interface design and functionality, while embracing the possibility that some challenges lack clear solutions and will likely require
careful balancing of design tensions. The findings highlight the need for ongoing development and refinement of PGHD-inclusive
systems to better support clinical practice and patient outcomes.

(JMIR Hum Factors 2025;12:e65216)   doi:10.2196/65216

KEYWORDS

patient-generated health data; PGHD; orthopedic care; digital health; remote monitoring; patient-centered care; clinician workload;
patient engagement; health informatics; orthopedics; quality of life; physiotherapists; surgeons

Introduction

Overview
There are frequent calls within academic literature and popular
media to transform health care systems from the traditional
“clinician-centered” model to a more “patient-centered”
approach, an approach characterized by shared clinical
decision-making and increased patient autonomy [1] while also

helping to reduce costs through coordinated and accessible
personalized services [2]. An important and often asserted
mechanism for this transition is increasing the use of
patient-generated health data (PGHD) within clinical care.
PGHD are information collected by individuals (and informal
caregivers) on aspects such as their treatment records,
symptoms, biometric data, and lifestyle preferences [3]. The
use of PGHD has been promoted for various reasons: providing
deeper insight into a patient’s condition [4], facilitating
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personalization of care [5], improving patient quality of life [6],
reducing inefficiencies and insufficiencies in data collected
solely at clinical visits [7], reducing retrospective recall bias
[8], and empowering patients by helping them to understand
their progress [9].

Using PGHD has become increasingly feasible, as technologies
for self-tracking of health and wellness data have become
affordable and culturally acceptable to consumers [10]. The
ease of data collection for patients and ubiquity of these devices
are informally influencing clinical interactions, as patients
increasingly present their self-collected data during clinical
visits [5], and recent studies suggest that clinicians are
increasingly open to using PGHD at least as supplementary data
within clinical workflows [11] [4].

Despite the potential benefits, there remain extensive known
barriers to implementing PGHD within clinical care. For
example, West et al [5] identified the nature of the data
(structure, completeness, reliability, lack of context, and
relevance), selective disclosure, clinician suspicions of
underlying patient psychiatric disorders, insufficient clinician
time, insufficient clinician expertise, clinician overload,
interoperability, and negative impacts to workflow. Other
notable barriers include clinician reluctance to assume
responsibility for motivating patients to collect data [4], clinician
concerns that reliance on PGHD could exacerbate health
disparities [6], negative impacts on patient-clinician relationships
[12], and resistance to change within clinical culture [7]. Given
such diverse challenges, it is perhaps unsurprising that formal
integration of PGHD within clinical practice remains limited
[13]. Therefore, there remains a lack of knowledge on diverse
PGHD-related topics such as how to use PGHD to improve
health care outcomes [3], impact on patient-clinician
communication within surgical domains [12], best practices to
incorporate into clinical workflows [14], and impacts in
supporting clinical practice [11].

This study sought to understand work practices, acceptance of
digital tools, and attitudes toward PGHD as part of a broader
care management platform to gain insights that could guide the
design of digital systems that incorporate PGHD alongside other
patient support functionalities in orthopedic care. To this end,
we conducted interviews with surgeons and physiotherapists
who were members of an “early adopter” orthopedic unit that
had (1) been given the opportunity to use an early release of
industry-produced patient journey software that offered various
tools for interacting with patients and their data and (2)
participated over several years in the development and
deployment of a novel device to enable orthopedic patients to
self-collect pain data [15]. Focusing on this context foregrounds
real-world exposure and engagement with PGHD, with the
reported experiences helping to fill current gaps in knowledge
in the clinical use of PGHD, guiding future research on the use
of these data in a clinical context.

Background
Total knee arthroplasty (TKA) and total hip arthroplasty (THA)
are common elective surgeries for older adults, where an original
joint damaged by arthritis or trauma is replaced with metal and
plastic implants. Due to high cumulative expenses resulting

from this increasingly common procedure, TKA or THA
operation is an important target for optimizing care [16]. To
this end, fast-track programs that seek to reduce patient time in
the hospital have become standard, successfully reducing costly
hospital stays without impairing outcomes or increasing
readmissions [17]. However, despite the successes of this
approach, there remain opportunities for improvement that could
potentially be supported with increased use of PGHD. For
example, patients who have had a TKA or THA operation
frequently have risk factors that can be related to readmission
(eg, obesity, cardiovascular disease, diabetes, and lifestyle
factors) [16]. Yet, current clinical systems often fail to consider
what occurs outside the boundaries of the health care system
[18]. This lack of vital information about patients’comorbidities
and lifestyle can hinder timely decisions about surgical
scheduling and personalizing patient care, and there is also an
urgent need to increase proactive care to enhance patient
satisfaction, promote long-term recovery, and reduce
unnecessary hospital stays. Given the importance of events
occurring outside of the clinical setting for improving outcomes,
the importance of engaging patients in collaborative care, and
the potential for nonclinical data to inform policies that could
improve outcomes, TKA or THA appears as a promising domain
for increased PGHD integration.

PGHD and THA or TKA
The adoption and affordability of wearable devices have
increased the feasibility of integrating PGHD into THA or TKA
care, and there have been numerous studies exploring potential
benefits and limitations. Toogood et al [19] used ankle-worn
Fitbit step counters to track daily steps in patients who have
had their THA operation. They found this method feasible and
found that by differentiating activity levels based on factors like
age, BMI, surgical approach, and discharge destination, it might
be possible to identify slower recovery cases that could benefit
from interventions. However, other studies cautioned that while
tracking was technically feasible, the resulting data had practical
limitations. For example, Crizer et al [20] studied using step
counts to monitor preoperative and postoperative recovery but
found a weak correlation with patient-reported outcomes. The
authors suggested that combining objective measures like step
counts with patient-reported outcomes would provide a more
comprehensive assessment. Similarly, Bendich et al [21]
examined data from wearable sensors worn by patients both
before and after total joint surgery. They reported that alterations
in sensor data 6 weeks after surgery correlated closely with
patients’ reported improvements in well-being; however, the
raw sensor data did not directly correspond with patients’
self-reported feelings, suggesting that to effectively predict
postsurgery outcomes using sensors, it is essential to analyze
how the data evolve over time rather than solely focusing on
absolute values. These papers highlight that it is not sufficient
to aggregate and report data to clinicians, but rather that
meaningful interpretation and context are essential. We found
numerous papers that applied tracking devices to support patient
monitoring outside the clinical environment. However, we found
little research on the reflections of orthopedic clinicians on the
use of PGHD and more specifically their experiences with
PGHD-inclusive clinical software. In addition, relatively few
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studies on PGHD integration have examined the use of
patient-generated data from the clinician’s perspective rather
than the patient’s perspective [5], which is important, as clinician
engagement has previously been recognized as a significant
challenge for integrating patient self-reporting systems into
clinical practice [7]. This paper aims to fill these gaps through
exploring clinicians’ real-world experiences with the benefits
and challenges of integrating PGHD into TKA or THA
workflows and through analysis identifying opportunities to
improve these systems.

Methods

Ethical Considerations
Ethics clearance was granted through the Open University
Human Research Ethics board (HREC/3776/Mehta).
Preconditions for participation were professional capability in
either of the 2 selected clinical roles, experience with TKA or
THA, and spoken English. All participants were employed in
these roles in the United Kingdom. Participants were assured
anonymity. Prior to the interview, participants received an email
confirmation of the time and date, as well as receiving a copy
of the questions and a consent form that was returned by email.
Participation was voluntary, and all participants were informed
of their right to withdraw at any time. The interviews lasted
from 30 to 60 minutes and were conducted by the same member
of the research team (LP). Participants were offered either
face-to-face or digital interviews to accommodate their clinical
schedules. The interviewees’ responses were anonymized
according to the ethics committee procedure. Each institution’s
data protection policy was adhered to, ensuring that data were
confidentially stored. All transcripts were transcribed and stored
anonymously, and the data were stored on a secure system only
accessible to the research team. Interviewees received
approximately US $34 honorarium for taking part in the
interviews.

Study Design
This study was designed as a formative qualitative investigation
to surface early insights from clinicians engaging with
PGHD-inclusive digital tools. It was not intended to quantify
impact or compare outcomes but rather to inform future system
design and identify areas warranting further evaluation through
quantitative or mixed methods research.

We chose to interview 2 essential and complementary clinical
roles in the TKA or THA domain: orthopedic surgeons who are
central to the procedure [22] and physiotherapists whose work
has been shown to improve postsurgical recovery [23]. These
2 clinical roles are directly involved in interpreting and
responding to PGHD within the mymobility platform (Zimmer
Biomet). Surgeons reviewed data to monitor recovery progress
and inform follow-up care, while physiotherapists engaged with
exercise adherence and symptom reports to adjust rehabilitation
plans. Their combined perspectives were essential for
understanding how PGHD are integrated into orthopedic
workflows. Participants were selected using purposive sampling
to capture a range of clinical and implementation perspectives
from early adopters of the platform. Recruitment occurred during
the COVID-19 pandemic, which introduced additional

constraints such as staff unavailability, clinical backlogs, and
limited access to nonurgent personnel. These conditions
restricted the expansion of the sample. Our team was composed
of human-computer interaction professionals (an
interdisciplinary field that studies how people interact with
digital technologies, with the goal of designing systems that are
usable, effective, and aligned with users’ needs) and clinicians,
a pairing recommended by Cheng et al [24]. Our team also
included a change management specialist with experience in
digital system implementation. This team member supported
interview design and interpretation by contributing expertise
on organizational readiness, clinician engagement, and adoption
patterns as well as conducting interviews. This team member’s
perspective helped to frame questions around perceived barriers
and enablers in relation to system-wide change processes. Our
research was also guided by a sociotechnical systems design
(STSD) approach, which seeks to balance human, social,
organizational, and technical requirements. This perspective
recognizes that digital systems—particularly those introduced
into complex clinical environments—often fail when they
overlook the interdependent and often hidden dynamics of the
social and organizational contexts in which they are deployed
[25]. The STSD perspective was used as an interpretive lens
for understanding clinician experiences and guiding the
interpretation of clinician reflections in relation to their work
systems, roles, and digital interactions. It was not applied as a
formal evaluative framework, and no inferential claims are
made. Given the qualitative nature and small sample size of this
study, STSD served to sensitize analysis to the dynamic
interplay between human, technical, and organizational factors
in digital orthopedic care. Our research group has been
collaborating with clinicians within this group since 2016 on
the use of tracking devices to assess compliance [26] as well as
research and design of tangible devices for patient pain logging
[15,27,28]. In addition, members of this unit are participating
in early testing of “mymobility,” an industry-produced
orthopedic care software platform that integrates diverse PGHD
from Apple Watch and iPhone into clinical dashboards. These
interviews were conducted from June to July 2022, a period
when, due to the pandemic, many typically in-person services
had been replaced with app-based communication, which by
necessity gave clinicians additional exposure to using
health-relevant data collected by patients. Drawing on our
ongoing relationship with the orthopedic center at Milton
Keynes University Hospital, we used snowball sampling to
recruit 4 orthopedic surgeons (1 female and 3 male) and 5
physiotherapists (4 female and 1 male; Table 1). All had
previous experience with TKA or THA procedures, with
experience ranging from 1.5 to 25 years. Clinicians had varying
levels of exposure working with PGHD at Milton Keynes
University Hospital. While we did not track or analyze the
number of patients whose PGHD were reviewed by each
participant, all interviewees were directly involved in the early
use of the digital platform in clinical care. Participants routinely
engaged with patients contributing PGHD as part of their roles,
with varying degrees of exposure depending on their clinical
responsibilities. The goal of this study was to explore clinicians’
perspectives on PGHD integration, not to quantify its use across
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patient populations. In the reporting on interviews, S1-4 will be used for surgeons and P1-5 for physiotherapists.

Table . Demographics of participants.

Experience (years)RoleEthnicitySexAge (years)Participant

25Associated specialistAsianMale56Surgeon 1

25Consultant orthopedic
surgeon

AsianMale46Surgeon 2

25Trauma and orthopedic
consultant, hip and
knee

AsianMale45Surgeon 3

15Consultant orthopedic
and trauma surgeon

WhiteFemale53Surgeon 4

1.5Rotational physiothera-
pist

WhiteFemale25Physiotherapist 1

32Senior team lead
physio in trauma and
orthopedics

WhiteFemale56Physiotherapist 2

12Physiotherapist on
trauma and orthopedics

WhiteFemale46Physiotherapist 3

4Musculoskeletal and
orthopedic outreach
physiotherapist

WhiteMale29Physiotherapist 4

3Specialist muscu-
loskeletal physiothera-
pist

WhiteFemale32Physiotherapist 5

Questions were based on our literature review and previous
experience researching the requirements and design of digital
systems. The interview questions were piloted and iterated with
an advising senior orthopedic surgeon and a physiotherapist.
The questions for the semistructured interviews were structured
within four sections: (1) current work practices, (2) use of digital

tools, (3) experiences with PGHD, and (4) experiences with the
mymobility software platform. For the last set of questions,
participants were provided with anonymized screenshots of
PGHD from the mymobility app for their reference (Figures 1
and 2).

Figure 1. Patient overview.
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Figure 2. Patient progress.
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mymobility Software
mymobility [29] is a digital care management platform tailored
for orthopedic patients, supporting a variety of procedures
through care plans for knee, hip, shoulder, and spine surgeries.
This platform seeks to facilitate communication and data sharing
between patients and health care providers throughout the
surgical process. Key features include:

• Patient engagement and compliance: The app seeks to foster
patients’engagement in their surgical journey by providing
educational materials, procedural information, and
personalized exercise plans.

• Data monitoring and insights: Through automated remote
monitoring with Apple Watch and iPhone and
patient-reported outcomes, the app tracks patient progress,
allowing patients’ and clinicians’ dashboards to view
collected data.

• Care team management: Through a unified platform for
digital care management and telemedicine, the app seeks
to support communication and coordination among patients
and care team members.

Data Analysis
The anonymized transcribed interviews were analyzed using
reflexive thematic analysis (RTA), a qualitative approach that
emphasizes the researcher’s active role in constructing meaning
and identifying patterns across data [30,31]. RTA was selected
for its suitability in capturing subjective clinician perspectives
without imposing a fixed coding frame, aligning with our study’s
exploratory and practice-based context. We adopted a realist
stance—seeking to report participants’ experiences and
meanings—while using an inductive, data-driven approach
without applying a pre-existing theory or model. The analysis
followed Braun and Clarke’s [30,31] 6-phase process:
familiarization, coding, theme development, theme review, and
final definition and naming.

Although the sample was limited (n=9), this reflects the
formative nature of the study and recruitment constraints within

a single National Health Service site during ongoing pandemic
restrictions. While no formal assessment of data saturation was
conducted, thematic redundancy across participants suggested
that core experiential patterns were robustly captured. Consistent
with Braun and Clarke’s [30,31] critique of saturation as a
criterion borrowed from grounded theory, we recognized that
RTA does not seek conceptual closure but rather embraces
interpretative plurality and the coconstruction of meaning
between researchers and data.

Analysis was conducted with NVivo software (version 12; QSR
International Pty Ltd). The interviews were audio-recorded and
transcribed. The answers were then collected in subcategories
using open coding. Finally, similar open codes were grouped
together and discussed in frequent subsidiary meetings with
team members. While not all software functions within the
mymobility platform are exclusively PGHD-related (education
and messaging), and as the software integrates PGHD as a core
functionality that can influence these interactions, and as our
approach was not sufficiently fine-grained to distinguish
between the impact and interactions of each of the features, we
report on clinician reflections on these aspects as well.

Results

Benefits

Overview
The mymobility app demonstrated benefits in patient
information and education, communication and assessment, and
patient motivation and adherence (Figure 3). Participants noted
that the app reduced staff workload by providing preoperative
information and exercise plans, ensuring that patients were
well-prepared for surgery. Remote monitoring capabilities
offered insights into patient activities and adherence, aiding
clinical decisions and interventions. Additionally, features like
reminders and goal setting improved patient adherence to
clinical protocols.

Figure 3. Benefits.

Information or Education
Participants viewed the app as a valuable tool for reducing staff
workload related to preoperative education. Several noted that

it helped patients access key information and prepare for surgery
independently. One physiotherapist explained that patients “get
all the information ... we normally spend a lot of time going
through with them,” giving them “an idea of what they’re getting

JMIR Hum Factors 2025 | vol. 12 | e65216 | p.1520https://humanfactors.jmir.org/2025/1/e65216
(page number not for citation purposes)

Katz et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


themselves into” (Physiotherapist 3). Another remarked that
patients find the preoperative education “very beneficial”
(Physiotherapist 5). The app also supported home-based exercise
routines, with participants noting that the protocol-based
rehabilitation content was “absolutely fine prior to the operation”
(Physiotherapist 4) and that it allowed patients to better
“understand the exercises” (Surgeon 1).

Communication and Assessment
Clinicians consistently valued the app’s capacity to monitor
patients remotely, particularly in terms of activity tracking,
exercise adherence, and recovery progression. For example,
one physiotherapist highlighted how access to pre-operative
step counts offered a useful baseline for recovery expectations:
“How active they are pre-op will influence their speed of
recovery after op” (Physiotherapist 1). Another clinician
appreciated the insight into adherence and difficulty with
exercises, noting that the app enabled them to “see what
exercises they’re doing ... and how well they’re adhering to it”
(Physiotherapist 4).

Several participants described the platform as offering an
unusually comprehensive overview. One surgeon described it
as “brilliant ... it’s even doing your gait analysis ... the data
we’re capturing, it’s unbelievable” (Surgeon 3). These data were
also used to assess postoperative recovery patterns, helping
clinicians gauge improvements or asymmetries over time: “It’s
quite beneficial to give us a bit more of a guide as to how much
load they’re putting through their operated limb”
(Physiotherapist 5).

Beyond passive monitoring, participants emphasized the
potential for the system to inform real-time interventions. One
surgeon noted that the data made it easier to detect when patients
were deviating from expected progress and intervene earlier if
needed (Surgeon 1), while a physiotherapist described how

being able to see prior prescribed exercises allowed for better
continuity of care and responsive treatment adjustments
(Physiotherapist 3). Another surgeon discussed how longitudinal
data helped prioritize surgical scheduling for patients with
deteriorating function: “We go through the app ... and we are
able to assess that they need to be prioritized” (Surgeon 1).

Patient Motivation or Adherence
Participants valued the app’s features that supported patient
motivation and adherence to rehabilitation protocols. Automated
reminders were seen as particularly useful, helping patients
follow exercises more consistently: “They seem to adhere a lot
better to it when the phone pings at them and tells them to do
it” (Physiotherapist 4). Similarly, goal-setting features were
appreciated for creating clear expectations and providing
structure: “Setting the goals ... is a very good, nice incentive
for the patient” (Surgeon 1).

Clinicians also highlighted how progress tracking helped patients
maintain perspective during recovery. One physiotherapist noted
that visualizing change over time enabled more constructive
conversations: “It’s really nice to be able to say, ‘But look how
you were here’ ... you actually forget quite how bad you were
at the start” (Physiotherapist 3).

Challenges or Weaknesses

Overview
Despite the benefits noted in the previous section, there were
also many noted shortcomings, which draw attention to the
ongoing challenges in designing and implementing
PGHD-inclusive software. In the following sections, we discuss
ways in which the software was reported to often increase
clinician workload, data utility was often questionable, was
ill-suited for patient needs, and the software lacked the flexibility
to be tailored to clinical workflows (Figure 4).
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Figure 4. Reported challenges.

Clinician Workload or Time
Clinicians reported that the app introduced additional workload
and usability challenges. For example, managing patient queries
about technical issues, such as step-count tracking, was
time-consuming (Physiotherapist 4). Accessing the platform
also required logging into multiple systems, which several
participants described as cumbersome or unrealistic within the
constraints of outpatient care: “It’s too difficult to log on to lots
of different things” (Physiotherapist 5).

Beyond accessibility, participants expressed frustration with
the fragmentation and volume of data, which often lacked
clinical clarity. One surgeon noted, “Too much information and
not quite sure what the information it is giving me is ... I don’t
even know what double support percentage means” (Surgeon
2). Others echoed this sentiment, describing the system as
cognitively overwhelming and poorly integrated into existing
workflows. As one clinician put it, “It’s a lot of data”
(Physiotherapist 1).

Utility
Beyond issues of access and cognitive load, clinicians expressed
doubt about the reliability and clinical utility of
patient-generated data. Some were concerned that behavioral
data (eg, step counts) lacked the necessary context. As one
physiotherapist explained, “If someone’s doing 3000 steps but
limping badly and in significant pain, that’s not particularly
useful for us” (Physiotherapist 4). Others questioned the
accuracy of passive data collection, noting that reduced activity

might reflect patients not carrying their phones, rather than a
true change in function.

Several participants also highlighted the insufficiency of
quantitative metrics alone, emphasizing the continued need for
direct clinical assessment: “You have to look at the patient, you
can’t just look at the data” (Physiotherapist 2). For many, the
data offered limited actionable value, and some felt it had
minimal influence on therapeutic decision-making. As one
participant concluded, “It doesn’t change our practice in any
way, and it almost makes it longer” (Physiotherapist 4).

Lack of Patient Centricity
Clinicians emphasized that the app’s design did not fully account
for the cognitive, motivational, and contextual limitations faced
by many patients. Some described difficulties with patients who
struggled to understand what was being asked of them,
especially those with cognitive impairments or who were frail
and living in care settings. As one clinician put it, “A lot of the
patients we see here are also quite frail, quite elderly ... I think
it may just be one too many things for them to manage”
(Surgeon 4). Another noted that misunderstandings about the
purpose or expectations of PGHD were common: “One of the
biggest challenges is everyone’s understanding of exactly what’s
being asked of them and how they measure that accurately”
(Physiotherapist 5).

In addition to these accessibility issues, clinicians also reflected
on the unintended psychological effects of goal-based metrics
and countdowns. While some patients found feedback
motivating, others reacted negatively to perceived regressions
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or delays. “If they see they’re slipping back,” one
physiotherapist explained, “then it’s that defeat ... ‘What’s the
point?’” (Physiotherapist 3).

Inability to Tailor to Patient Journey
Clinicians expressed frustration with the app’s limited flexibility
to accommodate real-world variations in patient pathways and
care team structures. One key issue was the fixed countdown
timer, which could become inaccurate after surgery and block
access to relevant content: “Her app is now telling her it’s 52
days to her surgery ... but she’s just had it” (Physiotherapist 3).
This lack of adaptability also extended to exercise programming.
Physiotherapists reported that postoperative exercise options
were too generic to meet the diverse needs of patients and could
not be tailored to individual recovery trajectories. As one noted,
“There’s only two programs ... some exercises are too easy for
certain patients, some are too difficult ... there’s no way of
changing them” (Physiotherapist 5). In some cases, clinicians
advised patients to ignore or delete the app in favor of more
appropriate alternatives.

In addition to content rigidity, participants also pointed to
deficiencies in role-based functionality. They reported being
unable to assign specific clinicians to patients, which led to
communication breakdowns and unclear responsibilities.

“There’s no way of us assigning ourselves to that patient on the
app,” one physiotherapist explained, “so they may still get
pinged with exercises we’re not using” (Physiotherapist 5).
Surgeons likewise described limited visibility into patient
activity between referral and surgery, undermining continuity
of care (Surgeon 4).

Opportunities for Improvement

Overview
As well as the benefits and shortcomings noted in the previous
section, our analysis suggests several opportunities for
enhancing future systems in dashboard design, personalization
of physiotherapy, and clinical service improvement. Participants
suggested making dashboards more intuitive and informative,
with real-time notifications and interest in adding additional
data such as heart rate and pain levels. They also emphasized
the need for trend identification in patient data to better track
progress over time. Personalizing physiotherapy was highlighted
as crucial, with tailored exercises based on individual
weaknesses and goals, especially after the operation. Finally,
the potential of PGHD to improve clinical care and surgical
prioritization was recognized, suggesting that more detailed and
personalized patient data might enhance treatment outcomes
and resource management (Figure 5).

Figure 5. Opportunities.

Dashboard Design
Clinicians proposed several enhancements to dashboard design
and data presentation. Many expressed a desire for a more
intuitive overview of patients with real-time updates and alerts
for significant changes. One surgeon asked, “Why can’t I have
[notifications] for my patients?” and described wanting a sidebar
dashboard to monitor patient status more easily (Surgeon 2).
Participants also suggested visual elements like color coding to
draw attention to significant changes in patient mobility
(Surgeon 3).

Requests for additional data included heart rate and pain levels,
especially during the early recovery phase. “Pain is usually the
really big indicator ... in that first six-week period,” noted one
physiotherapist (Physiotherapist 4). Others emphasized the

importance of context—knowing not just pain scores, but how
they relate to exercises, walking aid use, and movement patterns
(Physiotherapist 5).

There was strong support for capturing functional outcome
measures that reflect daily living. Participants emphasized
activities like dressing, standing from a chair, driving, or using
public transport as better indicators of recovery than static
scores. As one clinician put it, “It’s all about their ability to get
on with daily life” (Physiotherapist 3).

Finally, clinicians stressed the value of visualizing patient trends
over time. One surgeon explained that even if absolute scores
remain low, improvements in mobility or independence may
still represent substantial recovery: “Trend is more important
than absolute” (Surgeon 4). Another participant noted that

JMIR Hum Factors 2025 | vol. 12 | e65216 | p.1523https://humanfactors.jmir.org/2025/1/e65216
(page number not for citation purposes)

Katz et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


having longitudinal data could significantly improve follow-up
consultations after long gaps (Physiotherapist 3).

Personalizing Physiotherapy
Clinicians highlighted the need to personalize physiotherapy
plans based on individual patient characteristics, especially
postoperatively. “I give different exercises to most of my
patients depending on where their weakness is, where their
limitation in movement is, and what their goals are,” explained
one physiotherapist (Physiotherapist 5). Others emphasized that
while protocol-based rehabilitation may suffice preoperatively,
postoperative recovery is highly variable. “After the operation,
so much depends on what changes ... everyone’s different,”
noted Physiotherapist 4.

Clinical Service Improvement
Participants saw potential for PGHD to improve clinical services
by informing population-level trends, surgical practices, and
prioritization processes. One surgeon noted that, with sufficient
data, PGHD could help identify common rehabilitation
challenges or communication barriers and enable more targeted
support: “We can look into what works for most of the patients
... and target those patients specifically” (Surgeon 1). Others
reflected on how such data could prompt critical self-assessment
of surgical decisions—for example, identifying stiffness patterns
that might relate to prosthetic fit (Surgeon 4).

PGHD were also seen as a tool for refining surgical
prioritization. “If their mobility is decreasing rapidly, that’s
very important ... so we can try to get them in and have their
operation quicker” (Surgeon 1). The dynamic use of
deterioration data to rerank patients on waiting lists was
described as a promising but underused opportunity.

Discussion

Principal Findings
In this section, we discuss the benefits, challenges, and
opportunities raised through our analysis. First, we examine the
software’s potential to streamline patient education, improve
communication, and enhance motivation. We then explore the
hurdles of increased clinician workload, clinician concerns about
the reliability or credibility of patient-submitted data, and patient
engagement variability. We finally discuss emergent tensions
and propose further research to help resolve ongoing challenges.

Benefits
The interviews suggested that the mymobility software with
PGHD integration could offer meaningful benefits in the
orthopedic care setting. Structured education plans and essential
information were appreciated for reducing staff workload and
helping patients to prepare for operations. The communication
and data sharing functions were useful for monitoring patients
and, in some cases, helping to inform interventions. The use of
reminders, goal setting, and the ability for patients to view
progress over time were noted as showing promise for
motivating patients to follow pre- and postoperative care plans.
Perhaps most promising for asserting the value of PGHD
integration was Surgeon 1 noting that there were specific cases
where the shared data had provided evidence for prioritizing

care. However, it is important to note that app-based education
and preoperative physiotherapy support, some of the more
successful noted aspects of the app, do not necessarily require
PGHD integration. It remains for further research to determine
if PGHD could help with further personalization, for example,
with support for comorbidities [32], and if in these cases,
benefits would outweigh operational challenges. Physiotherapist
4 noted that the great variance in postoperative outcomes
requires in-depth knowledge of the patient’s abilities and
progress, which could potentially be supported by greater PGHD
integration, though the interviewees expressed concerns that
this was more reliably and with less effort accomplished through
in-person contact (Physiotherapist 4 and Physiotherapist 2). It
is noteworthy and promising that many of the potential benefits
of PGHD cited in the literature review were to at least some
degree reflected in these interviews and in some cases delivered
by the software. As per Cohen et al [4], PGHD did help to
provide insights; as per West et al [5], it did help to facilitate
care personalization; and as per Caldeira et al [9], the collected
data showed promise in motivating and engaging patients. While
these benefits might not be universally reported by all clinicians,
the responses suggest that this software is making strides in
delivering the promised benefits of PGHD integration, and this
study provides some empirical evidence that it is viable to
integrate PGHD within orthopedic clinical practice.

Challenges
Despite the noted benefits, clinicians reported many barriers to
integrating PGHD within clinical care, often echoing the known
barriers cited in our review. Particularly problematic were the
many ways the app could increase clinician workload, from
requiring time to support patients in using the app
(Physiotherapist 4), interacting with the platform (Surgeon 2),
and locating and making use of data (Physiotherapist 5).
Potential benefits of the platform were also complicated by the
clinicians’ continued reluctance to trust the validity of PGHD
(Physiotherapist 4) and challenges in applying data to
decision-making (Physiotherapist 2). Furthermore, clinicians
expressed concerns that the need for patients to participate with
this approach was unsuitable for many of their patients, echoing
the study by Jim et al [6], which noted that the use of PGHD in
treatment could increase care disparities. The interviews also
highlighted the challenges in tailoring software to reflect
individual needs, such as the selection of postoperative exercises
or the assigning of clinicians. While the noted interface design
shortcomings are likely correctable, the inability to overcome
the larger barriers cited within the review is concerning, given
the resources likely invested in this software’s design and
development. In addition, defining the requirements for the
many configurations needed to adequately address
personalization of the patient journey likely remains a stubborn
problem [33]. This is especially vital, as clinicians noted how
this inability to properly reflect the individual patient journey
can easily lead to software rejection. Similarly, this leads to
another broader question as to how many features should be
included within PGHD systems, given how a single deficiency
area such as improper notifications can lead to product
abandonment.
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Opportunities
Clinicians suggested many realizable and relatively standard
suggestions for improving product usability, such as making
interface terms easier to understand, expanded use of color
coding, and indications of how patient progress deviates from
norms or expectations. There were also calls for increasing
convenience through new features such as notifications of
important events and streamlining sign-ins, as well as potentially
integrating additional data sources like heart rate, range of
movement, pain levels, gait patterns, and increased integration
of functional outcome measures to support a more holistic
understanding of patients’ needs. Such suggestions appear
relatively straightforward and reflect established design practices
and features within other products. However, other suggestions,
such as automated exercise adaptation to individual patient need,
might pose greater challenges, given that the clinicians
emphasized the importance of human interaction in making
these adjustments. While the use of PGHD for clinical service
improvement appears especially promising, it might require
standardization and trust in PGHD, which might still be
culturally lacking at this time.

Design Tensions for Further Research
The software demonstrated capacity to deliver value to clinical
care, and many of the noted design deficiencies and suggested
improvements are likely amenable to improvement through
established iterative human-centered or co-design techniques.
Other deficiencies relate to broader societal concerns, which
are outside of the ability of software systems to address. In this
section, we identify key areas for further research that consist
of trade-offs or tensions that might imply conflicting
requirements, which cannot be “solved” but rather require design
decisions that recognize that trade-offs are inherent. While not
necessarily novel, their persistence in this software after
significant industry investment suggests that software design
alone is insufficient to drive PGHD into the mainstream.

Leveraging Bigger Data Versus Burdening Clinicians
Participants were impressed with the range of available data
presented within the mymobility app and even suggested adding
additional data. However, they also noted that expansive data
could be overwhelming, could increase workload, and that they
were often unsure of how to apply such data to their practice.
Research question: How can PGHD dashboards be designed to
decrease clinician workload? How can the system deliver the
right data at the right time to the right clinical role?

Standardization Versus Personalization in Clinical
Practice
While standardized protocols and data collection methods are
necessary for consistency and reliability, clinicians emphasized
the importance of personalized care, particularly in postoperative
physiotherapy, where individual patient needs vary significantly.
Research question: How can PGHD systems balance the need
for standardized data collection and protocols with the flexibility
required to personalize patient care effectively?

Comprehensive Versus Targeted Software
Study participants related challenges resulting from accessing
information and functionalities from multiple systems, which
could support the need for a single comprehensive approach.
Yet, participants also noted how one inappropriate feature could
lead to system rejection. Research question: What is the
appropriate balance in the number of features to include within
PGHD-inclusive orthopedic software? How should this be
determined?

Adaptive Versus Static Design Approaches
It is recognized that health care is complex with outcomes
emerging from multiple interacting systems needing frequent
adaption to shifting contexts [34]. This creates a tension between
the validation needed to gain regulatory approval for clinical
software systems and the dynamic requirements within clinical
contexts. Research question: How can clinical software systems
be designed that can be validated yet are sufficiently adaptable
to variable workflows, preferences, and evolving needs?

Limitations
This study has several limitations. The sample size was limited
due to real-world constraints during the COVID-19 pandemic,
including staffing shortages and scheduling disruptions.
Although we sought diverse perspectives, these logistical
challenges prevented broader recruitment and may have
introduced selection bias. Additionally, recruitment was limited
to a single orthopedic center, which may constrain the
transferability of findings. This was due to institutional access
constraints and pandemic-related limitations. Future research
should explore multicenter participation to capture a broader
range of experiences with PGHD integration. Recruitment
methods using snowball sampling and existing professional
relationships may also introduce selection bias, and the reliance
on self-reported data could affect accuracy due to recall bias or
socially desirable responses. Additionally, the varying levels
of technological familiarity among clinicians and the unique
circumstances of the COVID-19 pandemic, which increased
reliance on digital tools, may have influenced the results. Future
research should address these limitations by including a larger,
more diverse sample across multiple health care settings and
ideally using random sampling methods to better capture the
evolving nature of PGHD integration in clinical practice.
Furthermore, as the study was limited to clinicians working
with patients who have had TKA or THA operations, the
findings may not be transferable to other orthopedic contexts
such as trauma, spine, or sports medicine. Future research should
investigate the applicability and value of PGHD integration
across a wider range of orthopedic conditions.

Conclusions
This study sought to close gaps in knowledge about the
real-world application of PGHD integrative software within
orthopedic practice. To this end, surgeons and physiotherapists
were interviewed to learn more about their experiences and
suggestions for improvement. The findings suggest that the
mymobility software delivered some meaningful benefits.
Structured education plans and the providing of essential
information were praised for reducing staff workload and
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helping patients prepare for operations. The communication
and data-sharing functions showed promise for monitoring
patients and informing interventions. Additionally, reminders,
goal setting, and progress-tracking features showed the capacity
to motivate patients to adhere to pre- and postoperative care
plans. Notably, the integration of PGHD helped prioritize care
in specific cases, indicating its potential in enhancing clinical
decision-making. While some benefits, such as app-based
education and preoperative physiotherapy support, do not
necessarily require PGHD integration, the software still aligns
with literature-reviewed benefits, providing insights, facilitating
personalized care, and motivating patients. While there remained
a clear need for further interface and interaction design, the
software appears to be making strides in delivering on the
promised benefits of PGHD within a clinical context.

However, many of the known barriers to PGHD integration
remain unresolved. Clinicians reported challenges such as the
app increasing their workload by requiring time to support
patients in using the app, interacting with the platform, and
locating and making use of data. Potential benefits were further
hampered by clinicians’ reluctance to trust the validity of PGHD
and challenges in applying data to decision-making.
Additionally, the patient participation required for a PGHD
approach posed significant challenges, especially for those who
are older or have cognitive impairments. Although the

mymobility platform has already been scaled commercially,
this study shows that availability does not guarantee seamless
clinical integration. Participants described persistent
barriers—such as limited time to engage with PGHD, doubts
about its clinical relevance, and challenges supporting diverse
patient populations—that complicated effective use in practice.
These findings suggest that even at scale, PGHD platforms
require ongoing refinement of interface design, clinician
workflows, and support strategies to ensure meaningful and
sustainable adoption.

While many of the perceived benefits and barriers align with
prior findings from similar digital health interventions, this
study adds value by contextualizing those dynamics within the
day-to-day realities of orthopedic care. The role-specific insights
from surgeons and physiotherapists offer a practical
understanding of how PGHD are actually interpreted, adapted,
and applied within clinical workflows.

Future research should explore how to address trade-offs or
tensions that may not be fully “solvable” but instead require
thoughtful design decisions. Research and development efforts
should aim to navigate these complexities in ways that improve
usability, utility, and adoption. Further studies should also build
on these findings by using quantitative or mixed methods
approaches to evaluate the measurable impact of PGHD on
clinical workflows, patient engagement, and health outcomes.

 

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
Conceptualization: BP (lead), DSK (equal), DG, LP, OP, IR
Data curation: LP (lead), DSK (supporting)
Formal analysis: DSK (lead), LP (equal)
Investigation: DSK (lead), LP (equal), BP, DG, OP, IR (supporting)
Methodology: DSK (lead), BP, DG, LP, OP, IR (supporting)
Writing—original draft: DSK (lead), BP, DG, LP, OP, IR (supporting)
Writing—review and editing: DSK (lead), BP, DG, LP, OP, IR (supporting)

Conflicts of Interest
OP is the UK Lead for the Zimmer Biomet Rapid Recovery Program; he received a travel grant to present his work in 2022. All
other authors have no conflicts of interest.

References
1. Grover S, Fitzpatrick A, Azim FT, et al. Defining and implementing patient-centered care: an umbrella review. Patient

Educ Couns 2022 Jul;105(7):1679-1688. [doi: 10.1016/j.pec.2021.11.004] [Medline: 34848112]
2. Dickson N. Confident your patients get the best care? You might be surprised how care can improve. Physician’s Weekly.

2024. URL: https://www.physiciansweekly.com/
confident-your-patients-get-the-best-care-you-might-be-surprised-how-care-can-improve/ [accessed 2024-06-18]

3. Omoloja A, Vundavalli S. Patient generated health data: benefits and challenges. Curr Probl Pediatr Adolesc Health Care
2021 Nov;51(11):101103. [doi: 10.1016/j.cppeds.2021.101103] [Medline: 34799255]

4. Cohen DJ, Keller SR, Hayes GR, Dorr DA, Ash JS, Sittig DF. Integrating patient-generated health data into clinical care
settings or clinical decision-making: lessons learned from project HealthDesign. JMIR Hum Factors 2016 Oct 19;3(2):e26.
[doi: 10.2196/humanfactors.5919] [Medline: 27760726]

5. West P, Van Kleek M, Giordano R, Weal MJ, Shadbolt N. Common barriers to the use of patient-generated data across
clinical settings. 2018 Apr 21 Presented at: CHI ’18; Apr 21-26, 2018; Montreal QC Canada p. 1-13. [doi:
10.1145/3173574.3174058]

JMIR Hum Factors 2025 | vol. 12 | e65216 | p.1526https://humanfactors.jmir.org/2025/1/e65216
(page number not for citation purposes)

Katz et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.pec.2021.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34848112&dopt=Abstract
https://www.physiciansweekly.com/confident-your-patients-get-the-best-care-you-might-be-surprised-how-care-can-improve/
https://www.physiciansweekly.com/confident-your-patients-get-the-best-care-you-might-be-surprised-how-care-can-improve/
http://dx.doi.org/10.1016/j.cppeds.2021.101103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34799255&dopt=Abstract
http://dx.doi.org/10.2196/humanfactors.5919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27760726&dopt=Abstract
http://dx.doi.org/10.1145/3173574.3174058
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Jim HSL, Hoogland AI, Brownstein NC, et al. Innovations in research and clinical care using patient-generated health data.
CA Cancer J Clin 2020 May;70(3):182-199. [doi: 10.3322/caac.21608] [Medline: 32311776]

7. Basch E, Abernethy AP. Supporting clinical practice decisions with real-time patient-reported outcomes. J Clin Oncol 2011
Mar 10;29(8):954-956. [doi: 10.1200/JCO.2010.33.2668] [Medline: 21282536]

8. Yoo DW, De Choudhury M. Designing dashboard for campus stakeholders to support college student mental health. 2019
May 20 Presented at: PervasiveHealth’19; May 20-23, 2019; Trento Italy p. 61-70 URL: https://dl.acm.org/doi/proceedings/
10.1145/3329189 [doi: 10.1145/3329189.3329200]

9. Caldeira C, Costa Figueiredo M, Dodakian L, de Souza CRB, Cramer SC, Chen Y. Towards supporting data-driven practices
in stroke telerehabilitation technology. Proc ACM Hum-Comput Interact 2021 Apr 13;5(CSCW1):1-33. [doi:
10.1145/3449099]

10. Lai AM, Hsueh PYS, Choi YK, Austin RR. Present and future trends in consumer health informatics and patient-generated
health data. Yearb Med Inform 2017 Aug;26(1):152-159. [doi: 10.15265/IY-2017-016] [Medline: 29063559]

11. Guardado S, Karampela M, Isomursu M, Grundstrom C. Use of patient-generated health data from consumer-grade devices
by health care professionals in the clinic: systematic review. J Med Internet Res 2024 May 31;26:e49320. [doi: 10.2196/49320]
[Medline: 38820580]

12. Lordon RJ, Mikles SP, Kneale L, et al. How patient-generated health data and patient-reported outcomes affect
patient-clinician relationships: a systematic review. Health Informatics J 2020 Dec;26(4):2689-2706. [doi:
10.1177/1460458220928184] [Medline: 32567460]

13. Giordanengo A, Årsand E, Woldaregay AZ, et al. Design and prestudy assessment of a dashboard for presenting self-collected
health data of patients with diabetes to clinicians: iterative approach and qualitative case study. JMIR Diabetes 2019 Jul
9;4(3):e14002. [doi: 10.2196/14002] [Medline: 31290396]

14. Tiase VL, Hull W, McFarland MM, et al. Patient-generated health data and electronic health record integration: a scoping
review. JAMIA Open 2021 Feb 15;3(4):619-627. [doi: 10.1093/jamiaopen/ooaa052]

15. Price BA, Kelly R, Mehta V, McCormick C, Ahmed H, Pearce O. Feel my pain: design and evaluation of painpad, a tangible
device for supporting inpatient self-logging of pain. Presented at: CHI Conference on Human Factors in Computing Systems;
Apr 21-26, 2018; Montreal, QC, Canada p. 169. [doi: 10.1145/3173574.3173743]

16. Yu S, Garvin KL, Healy WL, Pellegrini VDJ, Iorio R. Preventing hospital readmissions and limiting the complications
associated with total joint arthroplasty. J Am Acad Orthop Surg 2015 Nov;23(11):e60-e71. [doi: 10.5435/JAAOS-D-15-00044]
[Medline: 26498587]

17. Petersen PB, Jørgensen CC, Kehlet H, Lundbeck Foundation Centre for Fast-track Hip and Knee Replacement Collaborative
Group. Fast-track hip and knee arthroplasty in older adults-a prospective cohort of 1,427 procedures in patients ≥85 years.
Age Ageing 2020 Apr 27;49(3):425-431. [doi: 10.1093/ageing/afz176] [Medline: 31868901]

18. Batalden M, Batalden P, Margolis P, et al. Coproduction of healthcare service. BMJ Qual Saf 2016 Jul;25(7):509-517. [doi:
10.1136/bmjqs-2015-004315] [Medline: 26376674]

19. Toogood PA, Abdel MP, Spear JA, Cook SM, Cook DJ, Taunton MJ. The monitoring of activity at home after total hip
arthroplasty. Bone Joint J 2016 Nov;98-B(11):1450-1454. [doi: 10.1302/0301-620X.98B11.BJJ-2016-0194.R1]

20. Crizer MP, Kazarian GS, Fleischman AN, Lonner JH, Maltenfort MG, Chen AF. Stepping toward objective outcomes: a
prospective analysis of step count after total joint arthroplasty. J Arthroplasty 2017 Sep;32(9S):S162-S165. [doi:
10.1016/j.arth.2017.02.058] [Medline: 28343831]

21. Bendich I, Chung C, Hwang K, et al. Changes in prospectively collected longitudinal patient-generated health data are
associated with short-term patient-reported outcomes after total joint arthroplasty: a pilot study. Arthroplast Today 2019
Mar;5(1):61-63. [doi: 10.1016/j.artd.2019.01.005] [Medline: 31020024]

22. Walters JL, Mackintosh S, Sheppard L. The journey to total hip or knee replacement. Aust Health Rev 2012
May;36(2):130-135. [doi: 10.1071/AH11050] [Medline: 22624631]

23. Coulter CL, Scarvell JM, Neeman TM, Smith PN. Physiotherapist-directed rehabilitation exercises in the outpatient or
home setting improve strength, gait speed and cadence after elective total hip replacement: a systematic review. J Physiother
2013 Dec;59(4):219-226. [doi: 10.1016/S1836-9553(13)70198-X] [Medline: 24287215]

24. Cheng KG, Hayes GR, Hirano SH, Nagel MS, Baker D. Challenges of integrating patient-centered data into clinical workflow
for care of high-risk infants. Pers Ubiquit Comput 2015 Jan;19(1):45-57. [doi: 10.1007/s00779-014-0807-y]

25. Baxter G, Sommerville I. Socio-technical systems: from design methods to systems engineering. Interact Comput 2011
Jan;23(1):4-17. [doi: 10.1016/j.intcom.2010.07.003]

26. Kelly R, Jones S, Price B, Katz D, McCormick C, Pearce O. Measuring daily compliance with physical activity tracking
in ambulatory surgery patients: comparative analysis of five compliance criteria. JMIR Mhealth Uhealth 2021 Jan
26;9(1):e22846. [doi: 10.2196/22846] [Medline: 33496677]

27. Price L, Rauf I, Gooch D, Katz D, Pearce O, Price B. Children’s perspectives on pain-logging: insights from a co-design
approach. 2024 Jul Presented at: DIS ’24; Jul 1-5, 2024; Copenhagen Denmark p. 1306-1318 URL: https://dl.acm.org/doi/
proceedings/10.1145/3643834 [doi: 10.1145/3643834.3661597]

28. Pearce O, Gooch D, Price L, Price B. The challenges of technology adoption in the NHS: lessons learnt from deploying
PROMs collection devices. Bulletin 2023 Nov;105(8):376-378. [doi: 10.1308/rcsbull.2023.131]

JMIR Hum Factors 2025 | vol. 12 | e65216 | p.1527https://humanfactors.jmir.org/2025/1/e65216
(page number not for citation purposes)

Katz et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.3322/caac.21608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32311776&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2010.33.2668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21282536&dopt=Abstract
https://dl.acm.org/doi/proceedings/10.1145/3329189
https://dl.acm.org/doi/proceedings/10.1145/3329189
http://dx.doi.org/10.1145/3329189.3329200
http://dx.doi.org/10.1145/3449099
http://dx.doi.org/10.15265/IY-2017-016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29063559&dopt=Abstract
http://dx.doi.org/10.2196/49320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38820580&dopt=Abstract
http://dx.doi.org/10.1177/1460458220928184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32567460&dopt=Abstract
http://dx.doi.org/10.2196/14002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31290396&dopt=Abstract
http://dx.doi.org/10.1093/jamiaopen/ooaa052
http://dx.doi.org/10.1145/3173574.3173743
http://dx.doi.org/10.5435/JAAOS-D-15-00044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26498587&dopt=Abstract
http://dx.doi.org/10.1093/ageing/afz176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31868901&dopt=Abstract
http://dx.doi.org/10.1136/bmjqs-2015-004315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26376674&dopt=Abstract
http://dx.doi.org/10.1302/0301-620X.98B11.BJJ-2016-0194.R1
http://dx.doi.org/10.1016/j.arth.2017.02.058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28343831&dopt=Abstract
http://dx.doi.org/10.1016/j.artd.2019.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31020024&dopt=Abstract
http://dx.doi.org/10.1071/AH11050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22624631&dopt=Abstract
http://dx.doi.org/10.1016/S1836-9553(13)70198-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24287215&dopt=Abstract
http://dx.doi.org/10.1007/s00779-014-0807-y
http://dx.doi.org/10.1016/j.intcom.2010.07.003
http://dx.doi.org/10.2196/22846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33496677&dopt=Abstract
https://dl.acm.org/doi/proceedings/10.1145/3643834
https://dl.acm.org/doi/proceedings/10.1145/3643834
http://dx.doi.org/10.1145/3643834.3661597
http://dx.doi.org/10.1308/rcsbull.2023.131
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. mymobility. Zimmer Biomet. URL: https://www.zimmerbiomet.com/en/products-and-solutions/zb-edge/mymobility.
html#01-overview [accessed 2024-05-12]

30. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

31. Braun V, Clarke V. Reflecting on reflexive thematic analysis. Qual Res Sport Exerc Health 2019 Aug 8;11(4):589-597.
[doi: 10.1080/2159676X.2019.1628806]

32. Jansson M, Vuorinen AL, Harjumaa M, et al. The digital patient journey solution for patients undergoing elective hip and
knee arthroplasty: protocol for a pragmatic randomized controlled trial. J Adv Nurs 2020 Jun;76(6):1436-1448. [doi:
10.1111/jan.14343] [Medline: 32133684]

33. Tunis R, Fleischmann KR, Smith ADR. Designing for personalization in personal informatics: barriers and pragmatic
approaches from the perspectives of designers, developers, and product managers. 2024 Jul Presented at: Designing
Interactive Systems Conference; Jul 1-5, 2024; Copenhagen, Denmark p. 584-596. [doi: 10.1145/3643834.3661622]

34. Greenhalgh T, Papoutsi C. Studying complexity in health services research: desperately seeking an overdue paradigm shift.
BMC Med 2018 Jun 20;16(1):95. [doi: 10.1186/s12916-018-1089-4] [Medline: 29921272]

Abbreviations
PGHD: patient-generated health data
RTA: reflexive thematic analysis
STSD: sociotechnical systems design
THA: total hip arthroplasty
TKA: total knee arthroplasty

Edited by A Kushniruk; submitted 08.08.24; peer-reviewed by H Gandhi, Z Chen; revised version received 30.05.25; accepted 09.07.25;
published 29.08.25.

Please cite as:
Katz DS, Gooch D, Price L, Rauf I, Pearce O, Price B
Exploring Clinician Experiences With a Digital Platform Supporting Orthopedic Care That Integrates Patient-Generated Health
Data: Qualitative Study of Early Users
JMIR Hum Factors 2025;12:e65216
URL: https://humanfactors.jmir.org/2025/1/e65216 
doi:10.2196/65216

© Dmitri S Katz, Daniel Gooch, Linda Price, Irum Rauf, Oliver Pearce, Blaine Price. Originally published in JMIR Human
Factors (https://humanfactors.jmir.org), 29.8.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete
bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license
information must be included.

JMIR Hum Factors 2025 | vol. 12 | e65216 | p.1528https://humanfactors.jmir.org/2025/1/e65216
(page number not for citation purposes)

Katz et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.zimmerbiomet.com/en/products-and-solutions/zb-edge/mymobility.html#01-overview
https://www.zimmerbiomet.com/en/products-and-solutions/zb-edge/mymobility.html#01-overview
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1080/2159676X.2019.1628806
http://dx.doi.org/10.1111/jan.14343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32133684&dopt=Abstract
http://dx.doi.org/10.1145/3643834.3661622
http://dx.doi.org/10.1186/s12916-018-1089-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29921272&dopt=Abstract
https://humanfactors.jmir.org/2025/1/e65216
http://dx.doi.org/10.2196/65216
http://www.w3.org/Style/XSL
http://www.renderx.com/


An Informatics-Based, Payer-Led, Low-Intensity Multichannel
Educational Campaign Designed to Decrease Postdischarge
Utilization for Medicare Advantage Members: Retrospective
Evaluation

Danica Fernandes1, MBS; Elise Kokonas2, BA; Jai Bansal1, MA; Ken Hayashima1, MS; Brian Hurley1, MS; Annabel

Ryu1, MS; Snehal Mhatre1, MS; Mohammed Ghori1, MS; Kelly Jean Craig3, PhD; Amanda L Zaleski3, PhD; Lily

Vogel1, MBA; Alena Baquet-Simpson4, MD; Daniel Reif1, BS
1Analytics & Behavior Change, Aetna, CVS Health, New York, NY, United States
2Marketing, Aetna, CVS Health, New York, NY, United States
3Clinical Evidence Development, Medical Affairs, CVS Health, Corporate Office, Wellesley, MA, United States
4Medical Affairs, Aetna, CVS Health, Wellesley, MA, United States

Corresponding Author:
Kelly Jean Craig, PhD
Clinical Evidence Development, Medical Affairs, CVS Health, Corporate Office, Wellesley, MA, United States

Abstract

Background: Readmission avoidance initiatives have been a priority for the Centers for Medicare & Medicaid Services for
over a decade; however, interventions are often high-intensity, costly, and resource-intensive, and therefore, rarely scalable or
sustainable. Large national payers are in a unique position to leverage data to identify members in real-time who are at high risk
of readmission to prioritize the scaled delivery of tailored behavior change techniques to provide an educational intervention to
modify health behaviors.

Objective: This study aims to examine the impact of an informatics-driven, multichannel educational messaging campaign
implemented to decrease 30- and 90-day acute inpatient readmissions and emergency department (ED) visits among Medicare
Advantage members of a large national payer.

Methods: A quality improvement initiative was designed and implemented to provide an evidence-based outreach campaign
using human-centered design and behavior change principles to deliver multiple intervention functions, including timely, contextual,
and relevant delivery of education, enablement, and persuasion, to reinforce health-promoting behaviors related to planned or
unplanned inpatient admissions. Outcomes, including 30- and 90-day acute inpatient readmissions and ED visits, were
retrospectively evaluated from Medicare Advantage members enrolled in a large national health plan residing across the United
States between May 2020 and July 2022. Leveraging utilization management data, rules-based logic identified members (N=368,393)
with a planned acute inpatient procedure (ie, preadmission) or discharged from an acute hospital stay (ie, postdischarge) within
15 days. Members were sequentially assigned to a standard (N=141,223) or an enhanced (N=227,470) messaging group, whereby
the standard group received usual outreach and the enhanced group received an educational intervention via a messaging campaign
deployed through multiple low-intensity communication channels (eg, text message, email, direct mail) in addition to standard
outreach.

Results: Members who received enhanced outreach had fewer relative 30-day acute inpatient readmissions (−4.1%, 95% CI
−5.5% to −2.7%; P<.001) and ED visits (−3.4%, 95% CI −5.0% to −1.7%; P<.001) compared with members receiving standard
outreach. Similarly, these findings persisted for relative 90-day outcomes such that members receiving enhanced outreach
experienced fewer acute inpatient readmissions (−5.4%, 95% CI −6.5% to −4.3%; P<.001) and ED visits (−3.8%, 95% CI −5.0%
to −2.5%; P<.001) compared with members receiving standard outreach messaging.

Conclusions: Behavior change techniques deployed via educational interventions as low-intensity multi-channel outreach is
an effective strategy to reduce avoidable 30- and 90-day inpatient readmissions and ED visits in recently discharged Medicare
Advantage members (primarily >65 years).

(JMIR Hum Factors 2025;12:e63841)   doi:10.2196/63841
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Introduction

Acute inpatient readmissions pose a significant challenge to the
US health care system, affecting patient outcomes, health care
costs, and overall quality of care. Despite increasing health
system focus on readmission avoidance initiatives, hospital
readmissions remain a major burden for health care
organizations, payers, and patients. On average, there are ≈3.8
million readmissions per year, contributing to US $452.4 billion
in US health care costs, of which Medicare members account
for ≈60% [1]. As such, the Centers for Medicare & Medicaid
Services introduced the Hospital Readmission Reduction
Program (HRRP) in 2012 with the primary goal of addressing
excessive hospital readmissions and improving the quality of
health care delivery [2]. Key activities of the HRRP include
identifying high-risk patients, comprehensive discharge
planning, patient education, medication reconciliation, timely
follow-up appointments, care coordination with primary care
providers, and proactive outreach to patients postdischarge to
monitor their health status and address any concerns. Under the
HRRP, the Centers for Medicare & Medicaid Services imposes
financial penalties on hospitals with higher-than-expected
30-day readmission rates for certain conditions, including, but
not limited, to acute myocardial infarction, heart failure, and
pneumonia [2].

Now, 10+ years since its inception, there has been a dearth of
literature focused on reducing hospital readmissions. Of the
existing studies, a majority focus on high-intensity interventions
that are costly and resource-intensive, such as home visits and
clinician-led telephonic outreach to deliver high-touch member
education, discharge planning, care coordination, and transitions
of care [3-6]. While such interventions have shown great
promise, they are generally not universally sustainable for
large-scale implementation. In addition, many readmission
avoidance programs primarily focus on specific high-risk
groups, leaving a significant portion of the patient population
underserved. Thus, there is an unmet need to identify practical
and cost-effective strategies that can be operationalized and
delivered at scale.

Large national payers hold a unique position in the health care
landscape owing to continuous data ingestion of claims and
clinical informatics data. Leveraging this rich and diverse data
foundation, payers are well-poised to identify members in
real-time who are at high risk of readmission to prioritize the
frequency and intensity of behavior change techniques and
interventions. Combined with clinical expertise and other
foundational capabilities (ie, multi-channel tools,
interoperability, and plan benefit design), these data-informed
insights have great potential to enable the delivery of low-cost
interventions to modify members’ health behaviors associated
with a planned inpatient procedure or following discharge from
an acute hospital stay. These tailored intervention functions
complement and extend existing initiatives across the health

care ecosystem, enhance the patient and member care
experience, and effectively optimize the use of health care
resources on a population level.

As such, the purpose of this study was to explore the impact of
a payer-led quality improvement initiative that used behavior
change techniques to deliver low-intensity interventions,
primarily an education-based campaign with persuasion and
enablement, as an innovative approach to address the persistent
challenge of hospital readmissions and related health care use
outcomes. Specifically, it was hypothesized that Medicare
Advantage members receiving enhanced outreach using a
multichannel educational campaign would exhibit lower relative
30- and 90-day acute inpatient readmissions and emergency
department (ED) visits compared with members receiving
standard of care messaging (ie, usual outreach).

Methods

Study Overview
This study represents a retrospective evaluation of a quality
improvement intervention. Briefly, a personalized,
evidence-based, informatics-enabled campaign framework was
designed and implemented with the overall goal to reduce
avoidable hospital readmissions in the Medicare Advantage
(primarily >65 years) population. Eligible members were
sequentially assigned to a standard or enhanced messaging
intervention consisting of evidence-based, multichannel lay
education. Administrative claims data were deidentified,
aggregated, and analyzed to compare relative changes in 30-
and 90-day acute inpatient readmissions and ED visits in a group
of Medicare Advantage members that received the enhanced
messaging campaign compared with those who received the
standard messaging campaign.

Overview of the Campaign Framework
A quality improvement initiative was designed and implemented
to provide an evidence-based outreach campaign using behavior
change techniques to deliver multiple intervention functions,
including education, enablement, and persuasion, to modify
health behaviors related to planned or unplanned inpatient
admissions. An education-based outreach intervention was
designed with the intention of supporting Medicare Advantage
members in taking their “next best action” to better health
through analytics-informed behavioral changes to modify health
behavior before and after hospital admission. The campaign
framework was operationalized across six key components
(Figure 1): (1) a rich and diverse data foundation; (2)
interoperability between multiple internal and external data
platforms; (3) application of analytical techniques and data
science capabilities, (4) a designated platform to serve as the
centralized technology to operationalize campaigns; (5) deep
subject matter expertise, and (6) connectivity and engagement
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in the health care ecosystem to deliver actionable recommendations for members, providers, or both.

Figure 1. A high-level overview of the campaign framework. Key foundational competencies directly enable the identification, delivery, and evaluation
of an informatics-based, readmission avoidance educational messaging campaign for Medicare members of a large national payer. Potential members
are identified through rule-based logic that is highly dependent on a rich and diverse data foundation. Model sets are derived from a data warehouse
that continuously ingests data from numerous internal platforms with interoperability. Advanced analytics identifies and routes eligible members to a
dedicated platform to operationalize the delivery of evidence-based, multichannel outreach and education campaigns (standard or enhanced). Data assets
and analytical capabilities facilitate the retrospective evaluation of behavior change and downstream impacts on health care use patterns.

Member Identification
The campaign was deployed to Medicare Advantage members
enrolled in a large national health plan with an acute inpatient
index event and discharged to a home setting between May
2020 and July 2022. One index admission was associated with
each member’s study eligibility, which occurs once per 180-day
window. Members were excluded from study evaluation if they
were discharged to a nonhome setting (eg, skilled nursing
facilities, long-term care); enrolled in Dual-Eligible Special
Needs Plans; had nonimpactable conditions (ie, trauma,
pregnancy); or were admitted for maternity-related or behavioral
health events.

Standard Versus Enhanced Messaging Group
Allocation
Existing technological capabilities were leveraged to
operationalize campaigns. Specifically, a marketing technology
application (previously developed in-house in 2018) served as
the centralized tool to enable identification, risk stratification,

randomization, channel delivery, engagement, and reporting.
Briefly, the platform architecture integrates multiple internal,
third-party, and other external data, systems, and services.
Defined modules enable data input, processing, and campaign
deployment. Precise member targeting and agile data science
and marketing pods drive rapid and iterative test-and-learn
experimentation approaches that support high-volume test cells
to evaluate the impact of campaign-related interventions.

Leveraging these standardized processes, members were
sequentially assigned to standard or enhanced messaging groups
following response adaptive-randomization procedures with
dynamic adjustment for covariate imbalance [7]. Briefly, the
standard intervention consisted of usual outreach messaging
(ie, single-channel, single-time point evidence-based educational
messaging) to members with conditions that were high-risk for
readmission while the enhanced intervention used member- and
condition-informed personalization to augment the mode,
frequency, timing and content of educational messaging in an
expanded population (Table 1).
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Table . Comparison of standard versus enhanced messaging intervention components.

Enhanced interventionStandard interventionIntervention component

Population •• All eligible members with an acute inpatient
index event

High-risk or select conditions

Data sources •• Daily list of acute inpatient staysMedical and administrative claims
• Precertification vendor data
• Provider information
• Plan benefit structure

Personalization

logic

•• Machine learning to optimize member’s
channel preferences

Member-centric content (see messaging
content below)

• Just-in-time messaging
• Tailored content (see messaging content

below)

Channel delivery •• Multichannel (eg, email, direct mail, SMS,

and IVRa) approach

Channels informed by member permissions
• Variable; often single channel

• Provider (PCP)b fax notifications

Timing

    Preadmission •• Within 15 d prior to admissionNone

    Postdischarge •• 3‐5 d after discharge to homeHigh-risk or select conditions

    Recovery •• 7‐30 d after previous messageHigh-risk or select conditions

    Frequency •• Multiple touchpointsOne time

    Messaging content •• Behavior change technique groupings (eg,
goals and planning, shaping knowledge),
and intervention functions (eg, education,
persuasion, and enablement)

Clinically relevant (ie, condition-specific)
• Informed by evidence-based guidelines

• Multi-component communication campaign
(knowledge sharing, reminders, tracker tool,
reinforcement of provider follow-up, com-
plications awareness, etc)

• Rooted in human-centered design
• Condition-specific considerations
• Reinforcement of additional plan-enabled

resources and support (eg, transportation)

aIVR: interactive voice response.
bPCP: primary care provider.

Standard Intervention Description
The standard group received the usual outreach messaging. In
general, usual member-facing communication leverages a
combination of demographic information, health history, and
behavioral economics to create personalized, evidence-based
awareness and education campaigns. Personalized messaging
campaigns are deployed through multichannel modes of
communication delivery, including: digital (eg, SMS,
multimedia message service, email, interactive voice response
[IVR], 1:1 personalized websites or mobile applications);
traditional (eg, direct mail, telephonic); or in-person (eg,
provider-led, retail brick-and-mortar store) channels.

General principles of member-facing campaigns are to (1) serve
as a trusted source of evidence-based, credibly sourced health
education; (2) provide strategies to overcome barriers to enable
decision-making; and (3) deliver personalized, relevant, and

timely information that facilitates informed health care
decisions. Education-based campaigns are grounded in
well-established, evidence-based guidelines and best-practice
recommendations for population health (eg, United States
Preventive Services Task Force, Centers for Disease Control
and Prevention, and American Heart Association). All
educational content reinforces or references publicly available
health education intended for lay audiences and approved by
an internal panel of medical directors with subject matter
expertise.

Primary outcomes of member-facing communications vary
depending on the use case but are designed to favorably impact
clinical outcomes, appropriate health care utilization, medical
health care spend, quality metrics, or member satisfaction. For
example, many messaging campaigns are designed to favorably
augment outcomes related to primary (eg, vaccinations),
secondary (eg, screenings), tertiary (eg, disease management),
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and quaternary (eg, prevent overmedicalization) care activities.
Note that standard outreach communications may differ (ie,
frequency, intensity, and type) based on member permissions,
plan benefit design, gaps in care, and member risk/need. In the
event of potentially redundant outreach initiatives, standard
campaigns may be suppressed to facilitate test-and-learn
outreach campaigns that are most likely to optimize member
outcomes. Specific to this use case, examples of interventions
that members may receive include payer-led readmission
avoidance program support; postdischarge, telephonic-based,
nurse care manager outreach; pharmacist-based medication
reconciliation; home health services; remote monitoring; and
social support services.

Enhanced Intervention Description
The enhanced group received usual (ie, standard) outreach
messaging in addition to personalized readmissions-focused
educational outreach using a low-intensity multichannel
approach. The enhanced campaign was designed and
implemented by a transdisciplinary team composed of experts
across data science, clinical, economic, behavioral, marketing,
and public health disciplines. Human factors principles were
integrated into an agile, rapid-cycle testing framework [8,9] to
ensure usability, accessibility, and real-world applicability of
readmission reduction interventions for the identified user and
context; Medicare members with a recent or planned
hospitalization. User requirements for the enhanced intervention
were informed by best practices for readmission prevention [2],
including recommended transitional care activities (ie, timely
postdischarge provider follow-up) and self-monitoring and
self-management activities (ie, medication adherence, symptom
tracking, and postacute recovery). Human-centered design
principles were then applied to enhance local adaptability based
on anticipated needs, barriers, and facilitators that were informed
by the existing literature [3,9-16] and in-house medical directors
with subject matter expertise. These specifications informed
the development of the final campaign that was pilot-tested
against design requirements prior to large-scale implementation.
Continuous feedback loops, including call transcripts, surveys,
and evaluations, enabled iterative refinements to messaging,
workflows, and intervention delivery, ensuring alignment with
user needs and real-world constraints.

The overall goal of the campaign was to support, empower, and
encourage members to engage in clinical actions aligned with
guideline-directed care. Personalized, timely outreach at critical
touchpoints in a member’s journey (ie, preadmission and
postdischarge) ensured that messaging was contextually relevant
and most likely to translate to goal-concordant behavior change
related to planned or unplanned hospital stay. Messaging was
grounded in behavioral economics of decision-making,
specifically the “foot-in-the-door” technique [17], which
facilitates engagement by first encouraging small, manageable
tasks (eg, filling out a preadmission checklist or a postdischarge
recovery tracker), which often translates to participation with
a larger ask, such as avoiding unnecessary health care utilization
[17]. Additionally, behavior change technique groupings (eg,
goals and planning, shaping knowledge) [18], and intervention
functions (eg, education, persuasion, and enablement) [19] were
incorporated to reinforce health-promoting behaviors.

The campaign (Figure 2) identified members with a planned
acute inpatient procedure (ie, preadmission) using the
precertification process or those who were discharged from an
acute hospital stay (ie, postdischarge), both within a 15-day
event window time span. Just-in-time lay educational messaging
was strategically timed to reinforce key recovery actions at
critical touchpoints in the member’s journey. The outreach
strategy used all available communication channels based on
member preferences, ensuring inclusivity across digital and
nondigital mediums. Preadmission outreach provided timely
education on essential preparation steps, including instructions
to (1) prepare the home environment, (2) schedule provider
follow-up visits and manage prescription fills, and (3) stay on
track with recovery plans. Postdischarge outreach supported
recovery during the critical 30-day period by delivering tools
and information. All members received a recovery tracker
calendar with designated fields to record self-reported signs,
symptoms, and notes, along with stickers to reinforce daily use.
The recovery tracker was designed for portability, enabling
members to easily bring to follow-up appointments to facilitate
patient-provider communication. Messaging emphasized the
importance of provider follow-up, medication adherence, and
symptom recognition for complications that would warrant
further care. In addition, contact information was provided to
facilitate inbound telephonic outreach to assist with potential
questions or needs.
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Figure 2. Readmissions campaign member flow. Overall campaign logic flow and cadence containing both preadmission (where applicable) and
postdischarge messaging and channels. Potential channels for initial member outreach were informed by member permissions and included: e-mail,
direct mail, SMS, and interactive voice response (IVR). Provider fax notifications were also sent to all members with a provider on file. PCP: primary
care provider.

Examples of enhanced member-facing preadmission and
postdischarge messaging can be referenced in Multimedia
Appendices 1 and 2, respectively. Human-centered design
ensured messaging was accessible and engaging [11]. For
example, plain language and large fonts optimized readability
and usability, addressing common barriers to comprehension.
To accommodate varying levels of digital literacy, all members
received direct mail (at minimum), with reinforcement through
digital channels (eg, SMS, email, IVR) based on member
preferences, ensuring engagement was not limited by access or
comfort with technology. Operational efficiencies were
implemented to improve the timeliness of direct mail delivery.
Creatives were preprinted and mailed daily to ensure arrival
within 3 days of identification. Personalization was further
enhanced to improve relevance and usefulness using rules-based
logic informed by provider relationships, medical and social
needs, and plan benefit structure. For example, for members
with a provider of record, fax notifications were incorporated
to reinforce patient-provider communication and care

coordination. Where plan benefits allowed, postdischarge
messaging included transportation options and additional support
for medical and social needs.

Campaign Evaluation

Data Sources and Study Setting
Retrospective demographic and medical claims data were
deidentified, aggregated, and analyzed to determine the impact
of the enhanced versus standard educational campaign on
primary outcomes for the evaluation timeframe (ie, May 2020
to July 2022). The study design overview is provided in Figure
3. Claims data included ED diagnoses, procedures, sites of care,
and provider information. Additional data fields included
aggregations of the above information in the forms of medical
cases, episode treatment groups, and chronic condition flags.
Demographic information collected during health insurance
enrollment included self-reported sex, age, plan benefit design,
location, and census tract statistics.
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Figure 3. Study design overview. The campaign experimentation framework was leveraged to conduct a retrospective analysis of 30- and 90-day
outcomes (ie, hospital readmissions and emergency department [ED] visits) between members who received the enhanced messaging campaign compared
with a cohort of members who received the standard campaign.

Inclusion and Exclusion Criteria
All participants were enrollees of a Medicare Advantage health
plan provided by a large national payer. Inclusion criteria
included: (1) receipt of ≥1 standard or enhanced messaging
campaign intervention throughout the study evaluation period.
Potential participants were excluded if they: (1) did not meet
inclusion criteria or (2) were members of a commercial, dual
coverage, or indemnity insurance plan.

Ethical Considerations
The Sterling Institutional Review Board reviewed and approved
the study (#10132) as an exempt study under 45 CFR
46.104(d)(4). Informed consent was not obtained, as an
exemption determination was provided. In addition, a waiver
of Health Insurance Portability and Accountability Act
authorization for the use and disclosure of aggregated,
deidentified member data was obtained. No compensation was
provided.

Statistical Analyses
Two-tailed unpaired t tests examined between-group differences
in baseline characteristics to ensure adaptive randomization
techniques effectively achieved balance. Change in acute
inpatient readmission rate was calculated as the difference in
the average number of readmissions per 100 members (ie,
readmission rate) between the standard and enhanced outreach
groups. The relative reduction in inpatient readmissions was
calculated as the between-group difference in readmission rates
divided by the standard outreach group’s readmission rate and
expressed as a percentage ±95% CI. Change in ED visits was
calculated as the difference in the average number of ED visits
per 100 members between the standard and enhanced outreach
groups. The relative decrease in ED visits was calculated as the

between-group difference in ED visits divided by the standard
outreach group’s ED visit rate and expressed as a percentage
±95% CI.

Secondary analyses explored differences in 30- and 90-day
acute inpatient readmissions and ED visits by age brackets
(ie,<65 yr, 65‐69 yr, 70‐74 yr, 75‐79 yr, 80‐84 yr, and
>80 yr), geographic region (ie, Midwest, Northeast, Southeast,
West), geographic area (ie, urban, suburban, rural), as well as
common comorbidities (eg, dementia, diabetes mellitus, low
back pain, and obesity).

Covariate balance was confirmed by assessing standardized
mean differences for all variables reported. Chi-square tests
were used to test the statistical significance of the outreach
impact on primary outcomes. Two-tailed unpaired t tests were
used to explore between-group differences, with statistical
significance defined as P<.05.

Results

Baseline Characteristics
Table 2 details the baseline characteristics of the standard
(N=141,223) and enhanced (N=227,470) outreach groups. On
average, the total included study population (N=368,693) was
comprised of older adult (mean age:75.3 yr) males (n=181,083
[49.1%]) and females (n=187,610 [50.9%]); a majority of which
residing in rural geographies (n=189,594 [51.4%]) with top 3
comorbidities being heart conditions (n=153,353 [41.6%]),
diabetes mellitus type 1 or 2 (n=115,432 [31.3%]), and low
back pain (n=114,954 [31.2%]). There were no between-group
differences in baseline demographic characteristics, risk factors,
or comorbidities (all P>.12). Of note, mean age was marginally
higher in the enhanced (75.4 yr) versus standard (75.3 yr) group
(P<.001), though this is not considered clinically significant.
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Table . Baseline demographic and clinical characteristics among the total study population and comparison by group.

P valueSMDaEnhanced outreach
(n=227,470)

Standard outreach
(n=141,223)

Total population
(N=368,693)

Characteristic

.120.005Sex, n (%)

111,460 (49.0)69,623 (49.1)181,083 (49.1)    Male

116,010 (51.0)71,600 (50.7)187,610 (50.9)    Female

<.001–0.01075.3 (10.0)75.4 (9.9)75.3 (9.9)Age (years), mean
(SD)

Age at admission
(years), n (%)

.91–0.00523,202 (10.2)14,687 (10.4)37,889 (10.3)    <65

.890.00234,803 (15.3)21,466 (15.2)56,269 (15.3)    65‐69

.890.01247,769 (21.0)28,809 (20.4)76,578 (20.8)    70‐74

.880.01246,859 (20.6)28,386 (20.1)75,245 (20.4)    75‐79

.88–0.00635,940 (15.8)22,737 (16.1)58,677 (15.9)    80‐84

.87–0.01638,897 (17.2)25,138 (17.9)64,035 (17.5)    >85

US region, n (%)

.850.00369,518 (28.0)39,260 (27.8)102,952 (27.9)    Midwest

.84–0.00783,413 (33.6)48,016 (34.0)124,446 (33.8)    Northeast

.860.00162,369 (25.1)35,306 (25.0)92,401 (25.1)    Southeast

.900.00432,705 (13.2)18,641 (13.1)48,894 (13.2)    West

Geographic area, n (%)

.85–0.01555,503 (24.4)35,447 (25.1)90,950 (24.7)    Urban

.870.01054,820 (24.1)33,329 (23.6)88,149 (23.9)    Suburban

.800.005117,147 (51.5)72,447 (51.2)189,594 (51.4)    Rural

Comorbidities, n (%)

.860.01360,052 (26.4)36,436 (25.8)96,488 (26.2)    Behavioral healthb

.870.02155,730 (24.5)33,329 (23.6)89,059 (24.2)    Cancer

.950.0007507 (3.3)4802 (3.4)12,308 (3.3)    COVID-19

.93–0.00812,966 (5.7)8332 (5.9)21,298 (5.8)    Dementia

.850.01171,653 (31.5)43,779 (31.0)115,432 (31.3)    Diabetes mellitus

.830.01795,310 (41.9)58,043 (41.1)153,353 (41.6)    Heart conditionsc

.970.0043412 (1.5)2118 (1.5)5530 (1.5)    Hepatitis

.990.006682 (0.3)424 (0.3)1106 (0.3)    HIV

.850.02471,881 (31.6)43,073 (30.5)114,954 (31.2)    Low back pain

.99–0.0041137 (0.5)706 (0.5)1843 (0.5)    Multiple sclerosis

.880.01751,408 (22.6)30,928 (21.9)82,336 (22.3)    Obesity

.970.0033185 (1.4)1977 (1.4)5162 (1.4)    Parkinson disease

.950.0066824 (3.0)4095 (2.9)10,920 (3.0)    Rheumatoid arthritis

.880.00644,129 (19.4)27,256 (19.3)71,385 (19.4)    Renal conditionsd

.940.00512,738 (5.6)7767 (5.5)20,506 (5.6)    SUDe

aSMD: standardized mean difference.
bAnxiety, bipolar disorder, depression, psychoses, eating disorders, and postpartum disorders.
cHeart failure, congenital heart disease, and ischemic heart disease.
dEnd-stage renal disease and chronic renal failure.
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eSUD: substance use disorder.

Thirty-Day Inpatient Readmissions and ED Visits
Members in the enhanced outreach group experienced a 4.1%
(95% CI 2.7%‐5.5%) relative reduction in acute inpatient
readmissions compared with the standard outreach group
(P<.001). In addition, the enhanced outreach group experienced
a 3.4% (95% CI 1.7%‐5.0%) relative reduction in unplanned
ED visits compared with the standard outreach group (P<.001).

Secondary analyses (Table 3) revealed that members between
the ages of 70 and 74 years experienced the greatest relative

decrease (5.8%) in acute inpatient readmissions, followed by
members who were 65‐69 yr (5.3%), and 75‐79 yr (4.5%)
(all P<.05). Members who reside in the Northeast (8.0%) and
Midwest (3.4%) experienced a greater relative reduction in acute
inpatient readmissions (both P<.05) compared with those in the
Southeast or West, as did those in suburban (7.6%) compared
with members in urban (3.8%) and rural areas (both P<.05).
Certain comorbidities also demonstrated a relationship with
decreased frequency of 30-day readmissions (Table 2), including
behavioral health, cancer, diabetes mellitus type 1 or 2, and
heart conditions (all P<.05).

JMIR Hum Factors 2025 | vol. 12 | e63841 | p.1537https://humanfactors.jmir.org/2025/1/e63841
(page number not for citation purposes)

Fernandes et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Relative change in 30-day acute inpatient readmissions and emergency department (ED) visits by demographic and clinical characteristics.

P valueChange in 30-day

ED visits (%), (95% CI)

P valueChange in 30-day inpatient
readmissions (%), (95% CI)

Characteristic

Age at admission (years)

.57−1.1 (–4.8 to 2.6).38−2.3 (−5.7 to 1.2)    <65

.36−1.9 (–5.5 to 1.7).02−5.3 (−8.5 to −2.1)    65‐69

.001−5.7 (–9.1 to −2.4).005−5.8 (−8.6 to −2.9)    70‐74

<.001−6.7 (–10.0 to −3.4).02−4.5 (−7.2 to −1.8)    75‐79

.361.9 (−1.5 to 5.2).06−4.1 (−7.1 to −1.1)    80‐84

.03−4.0 (−7.3 to −0.7).51−1.4 (−4.1 to 1.3)    >85

Region

.04−2.8 (−5.3 to −0.2).04−3.4 (−5.7 to −1.1)    Midwest

<.001−5.7 (−8.3 to −3.2)<.001−8.0 (−10.2 to −5.8)    Northeast

.28−1.8 (−4.6 to 1.1).95−0.1 (−2.4 to 2.2)    Southeast

.34−2.0 (−5.7 to 1.6).34−2.4 (–5.7 to 0.8)    West

Geographic area

.02–3.8 (–6.9 to –0.7).03−3.8 (−6.1 to −1.4)    Urban

<.001–6.8 (–9.8 to –3.7)<.001−7.6 (−10.2 to −5.1)    Suburban

.07–1.9 (–3.7 to –0.1).07−2.3 (−4.0 to −0.6)    Rural

Comorbidities

.05–2.7 (–5.2 to –0.1).049−3.4 (−5.6 to −1.1)    Behavioral healtha

<.001−5.4 (−8.3 to −2.5).02−4.2 (−6.5 to −1.9)    Cancer

.008−8.4 (−15.5 to −1.3).95−0.3 (−6.0 to 5.5)    COVID-19

.04−5.8 (−11.5 to −0.2).85−0.7 (−5.2 to 3.8)    Dementia

<.001–4.6 (–7.0 to –2.2).003−4.4 (−6.4 to −2.4)    Diabetes mellitus

.04−2.4 (−4.5 to −0.4).02–3.1 (–4.8 to –1.4)    Heart conditions b

<.001−21.6 (−34.8 to −8.3).31−5.8 (−14.1 to 2.4)    Hepatitis

.005−30.1 (−60.3 to 0.1).70−5.5 (−26.0 to 15.0)    HIV

<.001−5.8 (−8.3 to −3.3).06−3.0 (−5.2 to −0.9)    Low back pain

.861.8 (−17.3 to 20.9).83−2.8 (−19.8 to 14.2)    Multiple sclerosis

.21−2.1 (−4.9 to 0.8).15−2.7 (−5.2 to −0.3)    Obesity

.001−16.5 (−29.3 to −3.7).42−5.7 (−15.3 to 3.9)    Parkinson disease

.02−10.0 (−18.1 to −1.9).14−7.2 (−14.0 to −0.3)    Rheumatoid arthritis

.590.9 (−2.0 to 3.7).33−1.7 (−4.0 to 0.6)    Renal conditionsc

.671.1 (−4.0 to 6.2).25−3.8 (−8.2 to 0.7)    SUDd

aAnxiety, bipolar disorder, depression, psychoses, eating disorders, and postpartum disorders.
bHeart failure, congenital heart disease, and ischemic heart disease.
cEnd-stage renal disease and chronic renal failure.
dSUD: substance use disorder.

Ninty-Day Inpatient Readmissions and ED Visits
These trends (ie, 30-day) persisted at 90-days postdischarge
such that the enhanced outreach group experienced a 5.4% (95%
CI 4.3%‐6.5%) and 3.8% (95% CI 2.5%‐5.0%) relative
reduction in acute inpatient readmissions and ED visits,

respectively, compared with the standard outreach group (both
P<.001).

Secondary analyses revealed between-group differences across
age, geographic region, geographic area, and comorbidities
(Table 3). Similar to the 30-day results, members between the
ages of 70 and 74 years experienced the greatest relative
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reduction in 90-day acute inpatient readmissions on the order
of 8.5% (vs 2.2%‐5.9% for all other age groups). Members
with behavioral health, cancer, diabetes mellitus type 1 or 2,
heart conditions, low back pain, obesity, Parkinson disease, and

renal-related conditions receiving enhanced messaging
demonstrated greater reductions in acute inpatient readmissions
at 90 days postdischarge (all P<.05) compared to members
receiving standard messaging (Table 4).

Table . Relative change in 90-day acute inpatient readmissions and emergency department (ED) visits by demographic and clinical characteristics.

P valueChange in 90-day

ED visits (%), (95% CI)

P valueChange in 90-day inpatient
readmissions (%), (95%CI)

Characteristic

Age at admission (years)

.015–2.3 (–5.4 to 0.9)<.001–5.1 (–7.7 to –2.4)    <65

.27–1.4 (–4.2 to 1.5).007–3.9 (–6.4 to –1.5)    65‐69

<.001–8.9 (–11.5 to –6.3)<.001–8.5 (–10.7 to –6.3)    70‐74

<.001–5.1 (–7.6 to –2.7)<.001–5.6 (–7.7 to –3.5)    75‐79

.56–0.7 (–3.2 to 1.8)<.001–5.9 (–8.2 to –3.7)    80‐84

.11–1.8 (–4.1 to 0.6).09–2.2 (–4.2 to –0.2)    >85

Region

<.001–2.8 (–4.8 to –0.9)<.001–4.7 (–6.5 to –3.0)    Midwest

<.001–5.3 (–7.2 to –3.3)<.001–8.5 (–10.1 to –6.9)    Northeast

<.001–3.3 (–5.5 to –1.0).006–3.0 (–4.8 to –1.2)    Southeast

.005–3.6 (–6.6 to –0.6).10–2.6 (–5.1 to –0.1)    West

Geographic area

<.001–4.2 (–6.6 to –1.8)<.001–4.9 (–6.7 to –3.2)    Urban

<.001–6.1 (–8.5 to –3.7)<.001–9.9 (–11.9 to –8.0)    Suburban

<.001–2.7 (–4.1 to –1.3)<.001–3.2 (–4.4 to –1.9)    Rural

Comorbidities

<.001–3.7 (–5.6 to –1.7)<.001–4.8 (–6.6 to –3.1)    Behavior healtha

<.001–4.4 (–6.5 to –2.3)<.001–4.4 (–6.2 to –2.7)    Cancer

.01–4.3 (–9.4 to 0.8).85–0.5 (–4.6 to 3.7)    COVID-19

.02–3.5 (–7.6 to 0.6).89–0.3 (–3.5 to 3.0)    Dementia

<.001–5.1 (–6.9 to –3.3)<.001–4.9 (–6.4 to –3.4)    Diabetes mellitus

<.001–4.4 (–6.0 to –2.8)<.001–3.9 (–5.2 to –2.7)    Heart conditionsb

<.001–10.8 (–20.1 to –1.5).24–3.7 (–9.7 to 2.3)    Hepatitis

<.001–31.7 (–54.6 to –8.8).45–6.5 (–22.1 to 9.2)    HIV

<.001–6.3 (–8.2 to –4.4)<.001–6.4 (–8.0 to –4.7)    Low back pain

.92–0.6 (–14.8 to 13.5).337.4 (–3.9 to 18.7)    Multiple sclerosis

<.001–5.3 (–7.5 to –3.0)<.001–4.5 (–6.4 to –2.7)    Obesity

<.001–14.8 (–24.4 to –5.1).04–8.5 (–15.8 to –1.3)    Parkinson disease

.04–5.1 (–11.2 to 0.9).13–4.5 (–9.4 to 0.5)    Rheumatoid arthritis

.004–2.6 (–4.8 to –0.4).002–3.1 (–4.8 to –1.4)    Renal conditionsc

.67–0.5 (–4.7 to 3.6).11–2.9 (–6.2 to 0.3)    SUDd

aAnxiety, bipolar disorder, depression, psychoses, eating disorders, and postpartum disorders.
bHeart failure, congenital heart disease, and ischemic heart disease.
cEnd-stage renal disease and chronic renal failure.
dSUD: substance use disorder.
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Discussion

Principal Findings
This study sought to explore the impact of a payer-led, quality
improvement initiative that was designed and implemented to
deliver a low-intensity, multichannel educational outreach
campaign to modify health behaviors with the goal of decreasing
unplanned and avoidable hospital readmissions and ED visits
at 30- and 90-days. Consistent with our hypothesis, members
receiving the enhanced outreach campaign intervention
experienced greater relative reductions in both outcomes
compared with the standard outreach group at both 30- and
90-days postdischarge. Put into context, a 4% decrease in 30-day
readmissions would translate to approximately US $600,000 in
avoidable health care costs for every 1000 members or ≈US
$136.5M for the included study sample of 227,470 members
(assuming a conservative estimate of US $15,000 per
readmission) [1].

The effectiveness of low-intensity, postdischarge follow-up has
been examined in previous studies; however, a majority of
research has focused on provider-led settings with direct
clinician engagement and escalation mechanisms. Bressman et
al [20] found that an automated, bi-directional, text-based
follow-up intervention from their primary care physician
following an index admission translated to 41% lower (adjusted
odds ratio) 30-day acute inpatient readmissions or ED visits
among 374 patients recently hospitalized (compared with a
control, no messaging cohort). Similarly, Patel et al [21] were
the first to evaluate the impact of provider-facing secure text
messaging on patient outcomes among ≈6400 patients on
inpatient services. Patients whose providers were engaged via
text messaging to communicate patient information and to help
facilitate medical decision-making demonstrated a significant
decrease in length of stay on the order of ≈1 day. The larger
effect size observed in these studies is likely attributed to
differences in setting and intervention design. For example,
their interventions were conducted within a single health care
system, enabling direct provider engagement and follow-up,
whereas this study implemented educational messaging at scale
across a nationally distributed MA population. Additionally,
the smaller sample size may have influenced effect size
estimates by reducing the heterogeneity of outcomes.

This study expands upon the existing literature by evaluating
the impact of a payer-led readmission avoidance campaign at
scale. Despite the modest relative reductions observed in our
study, the large-scale implementation across ≈368k members
underscores the potential population-level impact of
informatics-driven outreach. The success of the low-intensity
multichannel educational outreach campaign is likely
multifactorial. Access to extensive claims and clinical
informatics data played a critical role in identifying high-risk
patients in real-time, enabling the timely deployment of
intervention efforts to reduce readmissions. Integrating these
data into the outreach campaign enabled precision and
effectiveness in reaching the target population. Unlike
resource-intensive high-intensity interventions, the low-intensity
campaign allowed for engagement with a larger number of

members, ensuring that a broader population had equitable
access to the necessary support and education to effectively
manage their health at a critical moment that matters in their
health care journey.

This multichannel outreach campaign embraced a holistic
approach to care that was rooted in behavior change. Behavior
change technique groupings (eg, goals and planning, shaping
knowledge) [18], and intervention functions (eg, education,
persuasion, and enablement) [19] were applied to modify health
behaviors with the goal of reducing hospital readmissions.
Numerous components that combined various self-management
techniques, including knowledge acquisition, independent health
monitoring, medication adherence, and lifestyle changes,
comprehensively addressed member needs in a tailored manner.
The multichannel aspect of outreach was designed to reinforce
educational messaging that was personalized, contextual, and
relevant. Additionally, targeted messaging and outreach efforts
were deployed to both members and their providers on record,
whenever possible. Specifically, campaign messaging
encouraged members to proactively schedule postdischarge
follow-up visits and communicate potential complications that
would warrant additional clinical support. Simultaneously,
payer-led provider alerts regarding their patients’ recent
hospitalization equipped providers with pertinent information,
enabling them to deliver more informed and timely
interventions. Overall, this dyadic approach (ie,
member-provider) aimed to bridge the communication gap and
foster continuity of care by reinforcing the relationship between
members and their existing care team.

Last, the low-intensity delivery of communications allowed for
broader inclusion of Medicare-insured members across different
regions of the United States compared with higher-intensity
outreach, which is often cost and labor-intensive. Previous
studies examining readmission reduction strategies have found
that higher-intensity outreach combining multiple methods is
more effective than only using one method, although these
methods (eg, home visits, telephone calls, case management)
are resultantly more costly compared with the outreach channels
deployed in this study [22]. To the best of our knowledge, the
study represents the first to investigate the effectiveness of
combining multiple low-intensity outreach channels for this use
case.

Limitations
There are several limitations to this study. First, the study
population is limited to Medicare Advantage members of one
large national insurer in the United States with geographic
concentrations in the Northeast and Midwest regions. A majority
of members in this study self-report primary residence in rural
areas (n=189,594 [51%]); notably higher than the average US
population (14%) [23], which may limit generalizability to the
broader US population. It is possible that differences in access
to broadband internet and digital engagement tools may have
influenced the effectiveness of electronic messaging, particularly
among rural populations. However, the inclusion of multiple
outreach channels, including direct mail and provider
notifications, helped mitigate these potential disparities. It is
difficult to systematically assess differences in access to
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technology by geographical location, as multichannel outreach
was informed by member channel permissions. In addition, this
study was not designed to examine differences in digital
technology by geographic location. However, contemporary
analysis (Feb 2025) suggests minimal differences in access and
preference for digital outreach methods among Medicare
Advantage members residing across rural, urban, and suburban
locations, with 68%‐69% of members permitting SMS,
75%‐78% permitting email, and 92%‐93% permitting IVR
contact across all regions. Interestingly, email open rates (2024
data) indicate slightly lower engagement among rural members
(60.5%, P<.0001) compared with suburban (64.3%) and urban
(62.8%), which may signal potential differences in digital
engagement and warrant additional exploration. Nevertheless,
this study presents outcomes for a population often
underrepresented in the literature and advances our
understanding of potential disparities in hospital readmissions.

Second, this study infers readmission and ED visit reductions
to be driven by the campaign interventions and does not consider
additional (ie, not plan sponsored) interventions. Third, the time
horizon may not fully capture the impact of the COVID-19
pandemic on members’ behaviors, which continues to evolve.
Base rates are unable to be reported due to commercial data use
agreements; however, these findings from this large-scale
intervention provide valuable insights for designing and
implementing future readmission reduction strategies across
diverse health care settings. Finally, the possibility always exists
that unmeasured confounding variables and potential selection
bias may influence outcomes.

Despite the recognized limitations, this study possesses several
key strengths. This study represents a retrospective evaluation
of a rigorously designed and pragmatic quality improvement
intervention. The included study population consisted of a large
sample size of 368,693 Medicare Advantage-insured,
geographically diverse, older adults across the nation. By
focusing on Medicare Advantage beneficiaries, the study
addresses a critical population with unique health care needs,
contributing to the development of effective strategies to reduce
readmissions and improve member and patient outcomes in the
population most likely to have gaps in care. The use of claims
data enriches the results, providing real-world evidence of
outcomes. The integration of additional member data, including

plan benefit structure and overlapping programs, enhances the
study’s precision and effectiveness in minimizing confounding
bias. Finally, the campaign’s grounded approach in
evidence-based practice and health behavior theoretical
constructs reinforces the robustness of the intervention and its
potential applicability to the generalized population.

Future Research
There are several opportunities for additional exploration.
Immediate future research will aim to explore the incremental
effect of additional channels. Interestingly, post hoc analysis
within the enhanced outreach group revealed that members who
received more channels experienced fewer ED admissions than
those receiving fewer channels. Specifically, members who
received 4 outreach channels had fewer 30-day acute inpatient
readmissions and ED visits than members receiving campaigns
via one outreach channel, indicating an additive effect of
incremental channels (P<.001). While interesting, we caution
that these results are preliminary and warrant additional
evaluation in a controlled, hypothesis-driven study.

In addition, investigating the impact of low-intensity channels
based on specific sub-populations, diseases or conditions, and
health care settings can provide targeted insights for tailored
interventions. As previously mentioned, incorporating more
granular data on channel engagement by geographic location
could potentially refine multichannel strategies to optimize
outreach effectiveness, particularly in rural populations. Future
explorations should explore whether reliance on postcharge
digital messaging could unintentionally widen the “digital
divide” or disparities in access to care. Additionally, exploring
best practices in human-centered design that increase member
satisfaction, engagement, and resultant clinical and economic
outcomes will further optimize and elucidate campaign
effectiveness.

Conclusions
Payer-led, personalized educational messaging using multiple
low-intensity channels of delivery, including digital health
communications such as text message, email, and IVR, can
effectively reduce inpatient readmissions and ED visits within
30- and 90-days of discharge among the Medicare Advantage
member population.
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Multimedia Appendix 1
Screenshot displaying enhanced preadmission messaging sent to members via direct mail channel prior to an upcoming hospital
stay. Preadmission outreach content focused on priority actions to take in advance of a hospital stay, with emphasis on preparation
for the eventual return home (eg, nutritious meal planning, removal of fall risk hazards), scheduling follow-up visits prior to
admission, and the importance of medication filling and adherence).
[PNG File, 2608 KB - humanfactors_v12i1e63841_app1.png ]

Multimedia Appendix 2
Screenshot displaying enhanced postdischarge messaging sent to members via direct mail following hospital discharge to home.
Postdischarge outreach content focused on a member’s individual recovery journey by providing a “recovery tracker” calendar
for personalized tracking of pain levels, upcoming appointments, and any other key notes to share with their care team at their
next follow-up visit. The content reinforced the importance of going to follow-up visits, filling prescriptions and taking them as
directed, as well as common warning signs suggestive of a potential complication that would warrant care.
[PNG File, 1218 KB - humanfactors_v12i1e63841_app2.png ]
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Abstract

Background: The increasing prevalence of mental health disorders among youth underscores the need for accessible and
effective interventions. Digital mental health (dMH) platforms like Innowell offer promising solutions by increasing access to
mental health care for young people. Innowell is a web-based platform that supports youth mental health by providing personalized
measurement-based care in collaboration with a youth’s health care providers. However, understanding youth perspectives on
these platforms is crucial for ensuring successful implementation and sustained engagement.

Objective: This study aimed to explore youth perspectives on the implementation of the Innowell platform, identifying key
factors influencing uptake, engagement, and long-term retention.

Methods: A qualitative descriptive approach was used to examine youth perspectives. Data were collected through 9 focus
groups and 1 interview, involving 39 participants aged 15‐24 years from urban (23/39, 59%) and rural (16/39, 41%) communities
in Alberta, Canada. Participants were recruited through mental health clinics and community organizations. Thematic analysis
was conducted on the transcripts to identify factors that support or hinder engagement with the platform.

Results: Participants emphasized the importance of privacy, security, and personalization in building trust in the platform, with
72% (28/39) reporting that clear communication about data protection would increase their likelihood of use. Progress tracking
features, such as symptom trend visualizations and diaries, were identified by 65% (25/39) of participants as critical for sustaining
engagement. Ease of use was highlighted, with 58% (23/39) preferring mobile app functionality over web-based interfaces.
Dynamic content and personalized notifications were suggested as strategies to maintain long-term use, with 64% (25/39) of
participants valuing customizable reminders to encourage daily interactions. Rural participants (16/39, 41%) noted the need for
offline functionality due to inconsistent internet access. In addition, participants recommended features such as crisis support,
professional communication channels, and access to local mental health resources.

Conclusions: Youth-centered design is essential for enhancing the usability and engagement of dMH platforms like Innowell.
Key features prioritized by participants included privacy, security, progress tracking, and personalization. Dynamic and user-friendly
interfaces, along with the ability to customize notifications and access professional support, were critical for fostering long-term
engagement. Insights from this study provide actionable recommendations for optimizing dMH platforms to meet the mental
health needs of young people, particularly in diverse urban and rural settings. Future research should explore implementation
strategies tailored to specific user demographics to enhance the scalability and impact of dMH interventions.
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Introduction

The number of youth and young adults affected by mental health
disorders has increased in the last 10 years [1,2]. Adolescence
and early adulthood, ages 12‐24 years [3], is a peak period of
vulnerability for mental ill-health, with 62.5% of mental health
disorders emerging before the age of 25 [4]. Mental health
conditions of concern include depression, anxiety, eating
disorders, bipolar disorder, and substance abuse disorders among
others [1,2,4]. Globally, mental health disorders are the leading
cause of disability in youth and are the sixth leading cause of
disability adjusted life years [5]. The number of youths
underdiagnosed or undertreated remains a significant global
issue due to barriers to accessing youth mental health services
[6,7]. This involves social stigma, limited awareness of available
mental health resources [7], and concerns about the therapeutic
relationship, including confidentiality and privacy [8,9].

Digital mental health (dMH) has the potential to address the
treatment gap of those who do not receive services and increase
accessibility of mental health care to youth and young adults
[10,11]. The dMH includes both mobile apps and web-based
platforms [12] that can augment in-person and traditional mental
health services. Youth tend to be more familiar with the digital
world and use the internet at progressively younger ages [13].
Given that social interactions and educational commitments are
increasingly taking place through digital modes, youth are
becoming more inclined to seek mental health support through
the internet [14-16]. Research suggests that stigmatizing beliefs
surrounding mental illness drive many youth to self-initiate
their mental health care by accessing the internet for educational
information or assistance regarding mental health concerns,
because it is perceived to be more confidential and private than
face-to-face services [17]. Of youth aged 13‐17, approximately
22.2% use internet-based services to seek information regarding
behavioral issues [17]. Therefore, there is a growing need for
youth-oriented dMH platforms to address some of the challenges
of traditional face-to-face mental health care [18,19].

Youth and young adult perspectives on dMH platforms are
critical to facilitate retention and uptake of these platforms [20].
Including youth perspectives in dMH research ensures that
platforms are accessible, relevant and align with their unique
needs and experiences [20,21]. A qualitative study conducted
by McKenna et al [22] found that youth valued
measurement-based care when embedded in a digital platform
and used in their sessions with their therapists because it helped
them track their health information between appointments.
Generally, dMH platforms have been noted by youth to increase
accessibility to mental health care [23], however, the information
presented on these platforms must be easy to understand [23].
Youth also noted that dMH may aid self-determination and
promote anonymity when asking for mental health support [23].

Despite the benefits of dMH for youth, knowledge regarding
the reasons youth use and continue to engage with these
platforms is limited [24]. To date, research suggests that reasons
for lack of engagement in dMH platforms include limited
in-person elements, for example, face-to-face support from a
parent, peer or professional [13], privacy concerns [25],
technical difficulties [25], and inadequate personalization of
the platform [25,26].

A 2019 systematic review and meta-analysis assessing the
effectiveness of dMH platforms for youth with anxiety and
depression revealed that out of the 34 identified interventions
reported, none involved young people in the design process
[27]. In contrast, a 2020 review identified 30 platforms that did
involve youth design [28]; however, the impact of this has not
yet been fully explored as few are widely available for use [29].
One example of a codesigned, personalized, and youth-centered
dMH platform that is available in Australia and Canada is
Innowell [10,30-32]. The perspectives of youth on the
facilitators and challenges in using dMH to access mental health
resources and as an adjunct to mental health interventions are
scarce.

This study seeks to ascertain the perspectives of youth and
young adults regarding the potential barriers and facilitators of
using dMH. Understanding what youth expect from a dMH
platform can inform recommendations for implementation. To
that end, this project asked the following research question:
what influences youth engagement with and sustained retention
of digital mental health platforms?

Methods

Ethical Considerations
This study is part of a larger multimethod research project aimed
at investigating the implementation of a measurement-based
care dMH platform for Albertan youth and young adults and
was approved by the University of Calgary’s Research Ethics
Board (REB20-1137) [30,31]. Informed consent was obtained
from all participants, and participants under 18 years were
required to complete a decision-making capacity assessment to
not require parental consent. Participants received instruction
to avoid disclosing identifying information, and during
transcription any direct identifiers (names, cities, and
workplaces) were removed to protect participants’ privacy.
Focus group participants were compensated for their time at a
rate of CAD $25 (US $18.07) per hour.

Recruitment
Recruitment occurred from November 2020 to June 2022.
Participants were recruited using self-selected sampling, where
participating communities and Innowell testing sites displayed
and shared study recruitment posters. Project Leads coordinated
with leaders in partnering communities to display the
recruitment poster in mental health clinics and community
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spaces. In some cases, clinicians discussed the opportunity to
participate in the study with their clients aged 15‐24 years.
Interested youth then emailed the study coordinator to express
their interest in participating. Inclusion criteria for participants
required being between the ages of 15 to 24 years, proficient in
written and spoken English, residing in Alberta, and finally,
able to use web-based technologies on a computer, tablet, or
smartphone. Interested participants were emailed the date and
time of the focus group, along with a link to complete the
informed consent form and a brief demographics survey to
assess participant characteristics. In accordance with the research
ethics protocol, a decision-making capacity assessment was
administered to participants under the age of 18 years. A perfect
score of 4 out of 4 was required to be determined a mature
minor, for which parental consent would not be required. If a
participant scored lower than 4/4, the missed items were
reviewed and retested with a limit of 3 total attempts.
Participants without a perfect score after 3 trials were determined
to not be mature minors and were ineligible to participate
without parental consent. Once the completed consent form was
received, the participants were sent a link to join the focus group
via Zoom Video Conferencing Software.

Data Collection
Focus groups were conducted as the primary source of data
collection. One interview was conducted at the request of the
participant. A semistructured interview guide was created to
focus on general thoughts and opinions on the Innowell platform
and what would support or hinder youth from using it in their
community. All focus groups and interviews were facilitated
virtually via Zoom Video Conferencing software, audio
recorded, and transcribed verbatim by a professional
transcriptionist [30,31]. Each focus group lasted up to 90
minutes in length and included 2 to 8 participants. The focus
groups and interview included one facilitator and 1 youth
research partner note-taker or chat moderator. Participants were
first introduced to Innowell through a short video and
demonstration of the platform before the focus group discussion.
In total, 9 focus groups and one interview were conducted with
39 participants (n=39). Participants represented both urban and
rural communities across the province of Alberta, Canada.
Sample characteristics are in Table 1.

Table . Demographic characteristics of the participants (N=39) were analyzed.ab

Values

Sex, n (%)

25 (64.1)Female

7 (17.9)Male

7 (17.9)Missing

Sexual orientation, n (%)

25 (64.1)Heterosexual

10 (25.6)LGBTQIA2S+

4 (10.2)Missing

Age, n (%)

21 (53.8)15‐17 years

16 (41.0)18‐24 years

1 (2.5)Missing

Ethnicityc, n

7Other North American origins

21European origins

5Asian origins

6Other

Student or employment status, n (%)

22 (56.4)Employed

29 (74.3)Student

a“Other” includes sociodemographic information for fewer than five participants to protect anonymity.
bMissing includes “prefer not to answer“ and “missing” responses. These are combined for clarity and confidentiality.
cValues for ethnicity do not equal 100% as participants were allowed to select multiple responses.
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Data Analysis
This study used a qualitative descriptive methodology to
thoroughly capture the thoughts, perspectives, and experiences
of participants who have experiences in health care settings
[33,34]. This allowed for the exploration of youth perceptions
of challenges and enablers of dMH implementation that are
grounded in their lived-experiences of navigating mental health
within their communities.

The qualitative analysis of the focus group and interview data
was conducted using a 6-stage thematic analysis process:
familiarization with the data, generating codes, constructing
themes, revising themes, defining themes, and producing the
report [30,31,35]. This process followed an iterative codebook
approach, allowing for the development of consistency with the
generation of codes across focus groups [35]. Three young adult
researchers familiarized themselves with the transcripts. They
then independently created preliminary codes with support and
oversight from the qualitative lead. After coding, they exchanged
transcripts and collaborated to resolve any discrepancies,
ensuring the validity of the codes through consensus. The coders
and the research team then developed themes from the codes.
The team engaged in group discussions about the themes,
actively documenting their insights to maintain a rigorous and
transparent process. Following these 6 steps enhanced the
accuracy and credibility of the analysis [30,31]. The sample of
9 focus groups and 1 interview was deemed sufficient based on
the concept of “information power,” which suggests a qualitative
sample’s quality relies on its richness, relevance, and depth
rather than the number of participants. This approach ensures
ample information was gathered to draw meaningful conclusions
from the content of the data [30,31,36].

Research Team Positionality
Our team comprises qualitative leads with extensive experience
in both research and frontline clinical support, bringing a wealth
of knowledge about the complexities of health care settings and
a deep understanding of how to effectively support youth. The
study team also included youth and young adult coresearchers
throughout the entirety of the study, including recruitment, data
collection and analysis, and writing the research findings. Youth
coresearchers contributed to the research process and offered
guidance and knowledge in engaging youth participants. The
study team also focused on the power dynamics inherent in
conducting focus groups with youth. Recognizing these
dynamics, the study team prioritized creating a safe and
supportive environment by including a youth coresearcher in
every session. The study team also actively encouraged youth
to choose their level of engagement, including whether to keep
their videos on or off or use the chat, ensuring that their comfort
and agency were prioritized in the research process. Through
these strategies, we aimed to foster a more equitable dialogue
and enhance the validity of our findings.

The Innowell Platform
The dMH platform, Innowell, is an Australian web-based tool
youth use in conjunction with their mental health providers
[37-39]. Specifics regarding the Innowell platform are described
elsewhere [30-32,38,39]. Previous work from the research group

has explored the implementation of this platform in school
settings, mental health providers’ perceptions of using and
engaging dMH with youth, and the creation process of an
implementation protocol for using dMH in stratified care.

Results

Demographics Summary
The study included participants from various communities across
Alberta (withheld to protect anonymity). Participants were aged
15‐17 years (n=21) and 18‐24 years (n=16), with one missing
response for age. Regarding sex, 7 participants identified as
male, 25 as female, and 6 did not report. Sexual orientation was
diverse, with most participants identifying as straight (n=25)
and 10 as Lesbian, Gay, Bisexual, Queer or Questioning,
Intersex, Asexual, 2-Spirited, and other orientations
(LGBQIA2S+), combined to protect anonymity. Ethnic
backgrounds included European origins (n=21), Other North
American (n=7), Asian origins (n=5), six as other or unsure.
Regarding employment or student status, 22 were employed
and 29 were students. For a full overview of the demographics,
see Table 1.

Theme 1: Building Trust—A Digital Safe Space

Confidentiality, Privacy and Data Security
Participants in the study agreed that youth valued and trusted a
dMH platform that would grant them the “comfort of
…confidentiality and being up front and honest,” (FG2). By
improving confidentiality and privacy, dMH enables a safe
space for youth disclosure of mental health challenges and
requests for support. A highly secure and confidential dMH
platform would enable youth to access mental health support
by reducing the stigma associated with seeking in-person mental
health care. One participant stated:

There’s always that stigma around mental health
…[by] having it so that you don’t have to be right
in-person with the doctor is just a lot easier for people
to maintain confidentiality and to be more expressive.
[FG6]

Participants across all focus groups emphasized a deciding factor
in their use of dMH would be the strength of data privacy and
security features determining how their information is used and
stored. As illustrated by one participant, “You have to remind
the people that are using this (dMH) that you’re not collecting
their data” (FG9). Another participant indicated, “I would want
to know who can view the information, where the information
is going etc,” (FG4). To build trust with youth, participants
strongly advocated that dMH must clearly state how user data
is used and protected. Factors that contributed to building trust
in dMH security measures included the appearance and
professionalism of the platform. Participants identified that
commercial advertisements decreased the platform’s appeal,
with one stating:

I would be hesitant to download that app knowing
that I could still be targeted with ads or that
information could be leaked to third parties and trying
to sell me something with it. [FG9]
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The dMH was seen as having the potential to build safe spaces
for youth disclosure if “you have that comfort of some sort of
confidentiality and being upfront and honest” (FG2) when
providers are onboarding youth to use dMH in their care.

Keeping “Control Over the Situation”: Access to
Information and Involvement of Others
Participants frequently reported that youth must have jurisdiction
over who accesses their personal information on dMH, including
providers and parents or guardians. Many participants advocated
for reassurance that their information was “protected, nobody
else is going to see [their] information [and] it’s not going to
be shared with anybody outside of [their] clinician and
[themselves] or [their] support person” (FG6).

To facilitate this level of privacy, some participants identified
“certain healthcare providers that [they] would not want
involved in [their] mental health care,” and suggested that youth
are “able to pick the adults that they were going to be disclosing
information to” on dMH platforms (FG1). All participants noted
that youth must have control over the level of parent or guardian
involvement in dMH. In fact, some participants who reported
having a conflictual relationship with their parent or guardian
were less inclined to use dMH if family members had any
involvement in their care. Overall, youth wanted “control over
the situation” to defend their confidentiality and privacy: “...if
someone is being added they know they can say, ‘Hey, I don’t
want this person here’” (FG6).

Theme 2: Platform Features to Maximize Youth
Engagement

Onboarding or Getting Started With dMH
The participants agreed that youth must be onboarded to dMH
to increase digital literacy and trust and generate enthusiasm
for dMH’s utility in their care. Once receptive to the idea of
dMH, participants expressed a preference to receive
collaborative onboarding by a provider or dMH expert. One
participant imagined receiving a “thorough” walk-through in
which they receive a “step-by-step explanation of what you
would do [led by] the professionals behind the app” (FG4).
Other participants emphasized the need to understand the
purpose and the features of dMH to increase the likelihood of
engaging with dMH applications. Participants suggested that
the onboarding process to dMH be educational, informing youth
of “the why behind using it [as] people lose interest when there
isn’t much detail explained” (FG4).

Progress Tracking
Participants frequently reported the value of tracking their
mental health within dMH, including visualizing trends through
graphs. One participant noted:

I know for myself, I’m really interested in data and
trends about myself and my health and being able to
broaden that to my mental health is kind of a cool
way to introduce it. [FG9]

Relatedly, a participant noted that seeing progress through dMH
tracking may be motivating when a change in their mental health

is not perceptible on a day-to-day basis to them and others in
their lives.

It is about getting better, but it’s not always going to
be about seeing this dramatic increase and having
this weight lifted off your shoulders. I think being able
to document things like, “What happened to me
today?” Or “how’s this week been?” Or “how am I
feeling or dealing with whatever’s going on?” [FG6]

A platform feature allowing youth to store and detail personal
information, including symptoms and important goals, can serve
as an invaluable tool for tracking progress . One participant
expressed, “Maybe there could be areas where you could store
things and keep things, maybe make a diary page or something”
(FG2). This feature would enable users to document their
thoughts, feelings, and experiences over time, facilitating
self-reflection and self-awareness. Overall, participants noted
that they would use dMH regularly if it served to track and
enable reflection on their mental health progress and fluctuations
in symptoms.

User Experience
Participants throughout the focus groups valued user-friendly
design of dMH, including ease of navigation and accessibility.
One participant described a facilitator to consistent dMH use
as being if “the dashboard itself is easy to understand and
navigate” (FG9). Participants expressed a clear preference for
an app, or mobile-based, interface compared to a web-based
one: “I think it should be an app in the App store because if that
is an app in the App Store, it would be accessible to everyone”
(FG1). Participants indicated it would increase the chances of
discovering dMH, as “youth “looking for meditation
[applications] or…games [might] come across it” (FG1). In
addition, participants saw potential in the dMH interface
facilitating access to mental health education and resources.
One participant remarked:

It could give you helpful information to make your
mental health better and to give you more activities
to help you and places to access phone numbers or
places to contact if you need help. That would be
amazing. [FG1]

Other participants suggested that dMH could direct youth to
local mental health resources and crisis hotlines.

The ability to customize the platform’s features and resources
to suit a youth’s unique needs was also desirable to participants.
A participant suggested users be granted the ability to “edit
when notifications are sent, when I can talk to someone, who I
can talk to and more would be great so it won’t be stressful and
I can run on my own time”(FG2). A personalized dMH could
cater to a wider “variety of people and it can connect [them]
with the right resources” (FG4). Another suggested utility of
dMH included direct communication with a professional, who
“could reach out to you through the app. You could maybe have
a personal chat area” (FG2). Other participants expressed interest
in dMH platforms with specific features supporting youth in
crisis.

I think having emergency functions be very accessible
would be important as well. Something like a ‘chat
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now’function that’s right on the home screen or close
to it so that if someone is in crisis, they can access
the help they need.

This highlights the critical need for in-app support for urgent
situations, accessible and emergency functions, complementing
the platform’s diverse set of resources, including educational
materials, links to available mental health services and crisis
hotlines.

Theme 3: Sustaining Engagement—Strategies for
Optimum User Retention

Barriers to Consistency: The Challenge of Integration
Across all focus groups, participants identified barriers to
integrating dMH into their lives. One participant noted, “For
me personally, using apps in the past, after a certain point you
just kind of get bored of it” (FG6). Another difficulty was
prioritizing dMH in the face of other pressing demands and
daily routines: “I think that I’ve had mental health apps in the
past, but it’s just remembering to do it and having it as a priority
it was really tough….” (FG7). Participants identified competing
online priorities such as social media as a barrier to using dMH:
“Why would I use a mental health app when I can go on
Instagram instead. There’s nothing enticing me to use the app”
(FG6), and “Social media gets in the way of using mental health
apps sometimes” (FG3). Overall, these quotes underscore the
necessity for dMH platforms to be engaging, easy to integrate
into daily routines, and compelling enough to compete with
other online activities to ensure sustained user retention.

Suggestions to Reduce Distractions and Maintain
Attention
An additional strategy to encourage motivation and continued
use of dMH mentioned within the focus groups was the
integration of reminder notifications. One participant stated:

...if I’m getting notified all the time to maybe update
or maybe there’s like a quote of the day every day
that it’ll send me… I think that would be very useful,
and something very appealing to the eye. [FG2]

Another participant provided an example of how notifications
and prompts promoted reflection and participation with the
platform.

I have the app “Calm” on my phone … you can get
a notification at the end of the day asking, “How are
you feeling at the end of the day?” Sometimes, a lot
of the time I just swipe up and sometimes I actually
take the time to think about how I’m actually feeling.
It’s nice for the most part. [FG3]

However, other participants did not find consistent prompts
necessary:

Some apps I know I have deleted before if I have set
the notifications on and they are just constantly
sending me notifications to the point where it gets
annoying. [FG2]

Incorporating timely and personalized notifications could,
therefore, play a role in keeping young users engaged and

motivated to consistently use dMH platforms, as suggested by
one participant.

If you check your phone, you see the app which
reminds you to do your daily check in or maybe a
reminder to do it later in the day around lunchtime
or afternoon when you accomplish things or have
things that affect your mood. I think that would be
very important and useful for people. [FG2]

The ability for dMH platforms to incorporate additional elements
to increase engagement was valued by participants, reflected in
a broader sentiment that applications lacking new content tend
to be forgotten: “If an app never has anything new on it or
different things to try, I find I forget about the app after a while”
(FG2). Likewise, one participant noted the power of rewards to
attract attention to the dMH platform.

People are very motivated by rewards and attention
as well. Because like social media—even though
you’re not getting a specific reward, you’re getting
attention from others, you’re getting communication
and it kind of feeds you … so, I think if either some
kind of award or like “Congrats you’ve made it this
far! Here’s like a little boost of encouragement,” or
something like that. People like that—that positive
reinforcement. [FG6]

Therefore, incorporating timely, personalized notifications can
significantly enhance the appeal and retention of dMH platforms,
ensuring they remain a valuable and consistently used resource
for young users.

Discussion

Principal Findings
This study aimed to explore youth perspectives on optimizing
the implementation of dMH platforms. Three themes were
identified from the inductively coded data. The first theme
emphasizes the importance of trust in dMH, protecting youth
information and creating a safe digital space. The second theme
is the identification of specific platform features to enhance the
engagement of youth on the platform. The third theme describes
the need for dMH platforms to maintain ongoing engagement
of youth by removing obstacles to consistent use of the dMH
platform and highlighting strategies to reduce user fatigue and
boredom.

Theme 1: Building Trust—A Digital Safe Space
Our findings suggest that transparency in a dMH’s privacy and
confidentiality protections is essential to build youth trust. Other
research supports confidentiality’s importance for youth across
both in-person and digital mental health care settings [8]. Further
supporting our results, youths’ knowledge of a platform’s
privacy and security features was identified as a critical factor
in increasing engagement with dMH [40]. Despite
confidentiality measures contributing to youths’ trust in a dMH
platform, a study identified this as insufficient for long-term,
sustainable engagement from youth [18].

Intertwined with their emphasis on confidentiality, participants
valued the power and autonomy to restrict who can see their
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mental health information on the dMH platform. Youth most
expressed concern about parents and guardians being involved
in their dMH care. The findings from our study underscore the
critical importance of maintaining youth autonomy and control
within dMH platforms, including the ability to selectively
involve providers, parents, or guardians. Consistent with our
findings, in a preimplementation survey of youth interest in a
dMH platform, parental consent was identified as a deterrent
for youth participation in dMH [41]. Contrasting to our findings,
a study investigating youth attitudes toward parental
involvement in dMH reported that youth favored parent access
to the dMH patient portal, predicting it would increase
accountability and engagement, and enable provider follow-ups
[42]. The difference in results may stem from the setting: their
study focused on clinical care, where parental involvement is
more common, whereas our study was based in community
settings, potentially encouraging a greater emphasis on
independence and privacy. Our findings suggest that to
maximize engagement and effectiveness, dMH platforms should
allow users to decide who has access to their data, including
the flexibility to invite parents or guardians when it aligns with
the youth’s preferences and needs.

In line with our finding that that youth value security and privacy
measures on dMH platforms, dMH platforms should have robust
data security measures to reinforce confidentiality promises.
Supporting our findings, a review article identified
confidentiality as a “key ethical concern” for users of all ages
on dMH platforms [43]. The emotional and psychological effects
of data breaches on victims are long-reaching and can include
a loss of confidence in the related technology, acute symptoms
of posttraumatic stress disorder, and even learned helplessness
[44]. Our participants wanted to be informed about dMH’s
security and privacy measures to build trust in the platform.
More investigation is necessary, but dMH platforms should
maintain user trust by clearly communicating the security
features present on the platform.

Theme 2: Platform Features to Maximize Youth
Engagement
Our findings suggest youth prioritize their autonomy when
choosing to use dMH platforms but are more inclined to engage
if recommended by a trusted individual, including a provider
or peer. However, some youth expressed a general resistance
to any recommendations about dMH, valuing their own
decisions about whether to use dMH. These contrasting findings
suggest that eliciting youths’ consideration about using dMH
must be explored to minimize the risk of rejection and resistance
to dMH. Inquiries about dMH from trusted individuals may be
followed by youth considering dMH.

Once committed to using a dMH platform, our findings suggest
that a positive onboarding experience can facilitate positive user
engagement. Youth participants in this study recommend that
educational information about dMH and a collaborative
approach to engaging youth is critical for increasing the
continuous use of dMH. Similar to our findings, a 2023 scoping
review of therapeutic dMH platforms for schizophrenia
identified thorough initial training including, educational
sessions and a hands-on support team as a predictor of user

engagement levels [45]. To increase trust in reluctant youth, we
recommend that dMH platforms facilitate a virtual orientation
process that grants youth the opportunity to practice navigating
through the platform and educates them about its intent, and
security and privacy features.

Our findings indicated progress tracking features such as graphs
and diaries could bolster user motivation and thus lead to higher
user engagement. It has been found that increased insight into
a user’s own personal health, along with empowerment,
knowledge, and curiosity may increase engagement with the
platform [25]. A research article postulates a psychological
mechanism for how digital technologies use progress tracking
to increase user motivation and engagement [46]. Another paper
described the opportunities and challenges of passive and active
progress tracking, arguing that the latter is more conducive to
habit formation than a passive, automated one [47]. This
suggests that active progress tracking, such as the diary feature
suggested by participants , can be more effective in fostering
user engagement than passive strategies such as data
visualization. Some participants identified the potential for
progress tracking to be discouraging for youth whose progress
is nonlinear or in a crisis. However, although not contributing
to user motivation, progress tracking features could bring
youth’s attention to unconscious trends of improvement, decline,
or stagnation in their mental health.

Our findings suggest an intuitive and accessible user interface
is conducive to increased engagement with dMH platforms.
Other literature supports our findings, including a qualitative
study on the dMH platform Artemis; youth testers preferred a
“simple, modern, and consistent” user design and “calming”
color schemes instead of identifying technical issues as
problematic and disruptive to user engagement [48]. User
interface design, content quality, and personalization
significantly influence youth engagement [49]. Visually
engaging and user-friendly interfaces are crucial in encouraging
youth to engage with digital health tools. Our findings indicated
that youth preferred an application-based delivery over a
web-browser-based dMH platform.

In our findings, participants emphasized dMH, including crisis
resources such as a “chat now” feature. In a review of dMH
applications’ features, a stark 1 out of 31 CBT applications
targeting depression were identified that included explicit crisis
support features, defined as prominent, identifiable, and intended
for use during mental health crises. Such features were not
interactive, including a detailed crisis plan or prominent links
to suicide prevention hotlines or support centres. This limited
presence of crisis support in existing dMH applications aligns
with the youth’s call for such features on dMH platforms [47].

Theme 3: Sustaining Engagement—Strategies for
Optimum User Retention
Participants in our findings highlighted several factors that
hindered their ability to consistently use dMH platforms,
including the challenges of maintaining engagement, integrating
usage into daily routines, and competing with other digital
distractions. This decline in engagement over time reflects a
common issue with adherence to digital health interventions
[50-52]. To that end, designing platforms that offer ongoing

JMIR Hum Factors 2025 | vol. 12 | e69907 | p.1550https://humanfactors.jmir.org/2025/1/e69907
(page number not for citation purposes)

Daniel et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


value, such as personalized content, may help foster long-term
use. Further, nonpersonalized interfaces can result in frustration
and disengagement [13]. A systematic review by Opie et al [53]
found that personalized feedback primarily delivered through
a dMH internal messaging system from providers to youth was
linked to a positive increase in user outcomes.

Participants also identified competition with social media as a
barrier to using dMH, as youth often use social media to seek
and maintain relationships for educational purposes and
entertainment [54]. The immediate gratification and diversity
of applications offered by social media can divert attention from
health-focused applications. However, by incorporating these
aspects, platforms promoting social connectedness enabled by
social networks through peer support have been shown to
increase engagement [25,53,55]. In contrast, research showed
that integrating social media may affect the credibility of the
dMH platform [53]. To compete, dMH platforms must offer a
similarly compelling user experience. The increased face-to-face
interactions facilitated by proper and consistent dMH use by
providers can similarly engage youth users. Participants
emphasized push notifications and dynamic visual and
interactive content would optimize youth retention and
engagement (Table 2). Consistent with existing research,
participants emphasized the need for customizable, well-timed,
relevant notifications that fit naturally into their daily routines
[26,56]. In addition, the use of rewards or positive reinforcement
to motivate individuals was mentioned within focus groups,
which is consistent with previous research on persuasive design
techniques [52,57]. However, collecting data for personalized
notifications may impact users’privacy without youths' informed
consent. Research also suggests that the development of

notification fatigue, where users feel overwhelmed by constant
alerts, can lead to disengagement or deletion of the platform
[58]. Similarly, while not youth-specific, notifications promoted
the engagement of users who consistently use the platforms
rather than inactive users [59].

Our findings can be situated within a Self-Determination Theory
framework, which suggests that human behavior is motivated
by 3 innate psychological needs: autonomy, competence, and
relatedness [60]. Participants emphasized privacy controls and
personalization, which align with Self-Determination Theory.
Progress-tracking features and user-friendly design can increase
youth’s sense of competence. The need for relatedness can be
linked to the crisis support and provider communication features
suggested by youth for dMH. The satisfaction of these
psychological needs may facilitate engagement and long-term
retention for youth on dMH.

Practical Recommendations for dMH Implementation
Throughout focus groups, youth participants provided
recommendations on how to implement and maintain dMH
platforms, including building trust by using these platforms,
features that promoted engagement and ways to maintain youth
attention and engagement throughout dMH adoption. The
themes outlined in this paper offered the ability to provide
practical recommendations for implementing dMH platforms
in clinical settings for youth and young adults dealing with
mental health concerns. Table 2 details the recommendations
based on our findings. It is important to note that dMH
implementation relies on an individual’s access to an electronic
device and the internet, which may be feasible in low-resource
settings.
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Table . Recommendations are based on participant focus groups.

DescriptionTheme and recommendations

Theme 1: Building Trust

Ensuring privacy, control, and security • Prioritize transparent data usage policies
and emphasize the platform’s commitment
to data security to foster trust among youth.

• Empower youth by offering customizable
privacy settings that allow them to control
who accesses their mental health informa-
tion. Platforms should provide flexibility
for users to selectively involve providers,
parents, or guardians, ensuring youth needs
are met.

• Build trust by clearly communicating priva-
cy policies and data security protocols be-
fore onboarding. Highlight confidentiality
without overemphasizing security features
to avoid triggering concerns about privacy
invasions.

• Strengthen data security measures to protect
youth from the emotional impacts of poten-
tial data breaches and foster confidence in
the platform’s safety.

Theme 2: Platform Features for Engagement

Streamlined, collaborative onboarding processes • Implement a comprehensive, step-by-step
onboarding process hosted on the digital
mental health (dMH) platform and engaging
their provider. The onboarding process
should be educational, explaining the pur-
pose and key features of the platform to
sustain user interest.

Progress tracking and a user-friendly interface • Offer customizable tracking tools like
graphs and diaries to help youth monitor
their mental health and increase autonomy.
Active tracking can foster engagement and
support self-reflection.

• Platforms should emphasize that progress
tracking is not just about linear improve-
ment but also about understanding personal
growth, even in times of crisis.

• Develop simple and intuitive platforms with
customizable features. Allow youth to per-
sonalize notifications, communication set-
tings, and resources to suit their needs and
preferences.

• Mobile-based applications are preferred
over a web platform for ease of access.

Crisis support and professional communication • Include easily accessible crisis resources.
Youth mentioned the importance of timely
crisis interventions. Facilitating communi-
cation with professionals via the platform
can provide an added layer of support,
making the platform a go-to resource in
times of need.

Theme 3: Sustaining Engagement
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DescriptionTheme and recommendations

• Ongoing human guidance and support can
improve adherence by providing regular
check-ins or nudges as well as personalized
feedback from a professional to maintain
motivation.

• Knowing that professional support is avail-
able can help youth build confidence when
navigating dMH to promote sustained use.

• Regular interaction with a professional or
trusted individual can promote a sense of
accountability, leading to higher engage-
ment rates as opposed to unguided approach-
es.

Guided dMHa platforms

adMH: digital mental health.

Strengths and Limitations
The project’s strengths included involving youth from different
geographic regions in rural and urban communities where Wi-Fi
varied in accessibility. We recruited a diverse sample of youth
with respect to geography, sector of involvement, gender, and
age. Another important strength is that the focus groups were
facilitated by a researcher, youth researcher partner, and
implementation lead. A summary of the focus group was shared
with participants within 24 hours to receive additional reflections
and confirm the accuracy of what was captured from the focus
groups.

There are several limitations worth noting. The focus groups
were conducted during the COVID-19 pandemic, which may
have influenced youths’ reflections about using online
applications and e-tools via dMH. The increased usage of digital
platforms during the pandemic period may have made
participants more receptive to dMH compared to prepandemic
conditions. The pandemic may have also heightened youth’s
mental health concerns, influencing their expectations and needs
from dMH. This could affect the generalizability of our findings
in postpandemic settings. However, the research team probed
broadly about the youths’ perceptions of dMH before the

pandemic to obtain reflections that were not dependent on the
context at the time. While the youth had a brief explanation and
introduction to the platform before each focus group, all were
conducted before youth were onboarded or using the dMH;
consequently, the feedback about dMH was general rather than
specific to a particular platform like Innowell. In addition, only
Albertan youth participated in the focus groups, affecting the
generalizability beyond our context.

Conclusions
In this paper, youth perspectives on facilitators of the
implementation of dMH perspectives were explored. In total,
3 major themes emerged through thematic analysis. The first,
“Building Trust,” includes strong confidentiality and robust
data security measures as crucial for youth trust in a dMH
platform. Second, “Platform Features to Maximize Engagement”
includes a thorough onboarding process, a simple and intuitive
user interface, and progress tracking to engage with youth users.
The third, “Sustaining Engagement,” centers on strategies like
notifications and reward systems to increase the likelihood that
users remain users of dMH platforms. The findings informed
recommendations for developing dMH to increase youth uptake
of dMH platforms, increase engagement with dMH platforms,
and ensure that youth stay committed to dMH platforms.
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Abstract

Background: The perinatal period is one of the most vulnerable times a woman experiences. Multidimensional, interprofessional,
and personalized support is needed to improve outcomes in women’s and children’s health while strengthening partner relationships
at the same time. Although a vast amount of support services already exist in Germany for psychosocial counseling during the
perinatal period, groups who are especially at risk do not take advantage of them.

Objective: Family eNav is an app-based intervention developed by experts in the field of medical and psychosocial support to
help young parents navigate through primary and secondary care services in Germany according to their needs. It also empowers
patient and parenting perspectives through self-education and symptom monitoring for different settings, for example, mental
health and preterm birth. While the intervention will be evaluated in a multicenter, randomized, controlled trial, the focus here
lies on the conception of the app, demand among patients, and preuse acceptance.

Methods: During the conception phase, we conducted an explorative study with prospective users and experts in the perinatal
psychosocial field to understand the need and preuse acceptance of the intervention. We interviewed 20 participants with a
semistructured guide, analyzing their responses using systematic text condensation. Additionally, we conducted a short survey
on general questions concerning digitalization within the health care system among the participants.

Results: We established two main themes: (1) access and barriers to health care and psychosocial services and (2) high preuse
acceptance of app-based intervention. Health care and psychosocial providers indicated that there is a high demand for their
services, which cannot always be met immediately, and at the same time, they are doubtful of reaching those individuals most in
need. Prospective users and health and social care providers alike showed great interest in the perinatal navigator and suggested
a variety of needs and content requirements to be included. Regionality, availability, and individualized content were underlined
as success factors for high user acceptance. Barriers consisted of data protection concerns, as well as denial of their own needs.

Conclusions: Our findings show great acceptance for an app-based intervention on the part of both prospective users and service
providers. Feedback on requirements and content, as well as possible barriers, was taken into consideration while developing the
app.

(JMIR Hum Factors 2025;12:e66658)   doi:10.2196/66658

KEYWORDS

perinatal; mobile app; need-based care; patient empowerment; preuse acceptance; family; digital health; smartphone; eHealth;
preterm birth; woman; Germany; psychosocial support; parenting; survey; telehealth; telemedicine

Introduction

Pregnancy and early parenthood represent a turning point in
life. Sufficient multidimensional support during pregnancy may
be beneficial for mother-child relationships [1,2], whereas a

lack of support can lead to manifold psychosocial risk factors
[3]. Exposure to psychosocial risk factors, such as maternal
depression, stress, and low social support, negatively affects
pregnancy and child development [4,5]. Maternal and children’s
health and social inequality are tightly linked [6-9]. Therefore,
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improving maternal psychosocial risk factors during this phase
represents an important public health aim.

In 2015, a cross-sectional survey in Germany of over 7500
families with small children showed that around 40% of families
have three and more stressors, consisting of biographic,
perinatal, and psychosocial measures, cumulatively, whereby
at least 25% of participants reported that the parenting role was
associated with stress [10]. A vast amount of support services
already exist in Germany. The ministry for families, seniors,
women, and children even offers web-based services through
a family portal [11]. For families in troublesome situations,
early preventative measures are outlined, from diminishing
exposure to violence to promoting a positive environment for
development, which are all compiled—and subsidized—within
the initiative called “Frühe Hilfen” (translation: Early Help)
[12]. Frühe Hilfen conducted several studies on how
socioeconomic factors are related to obstacles to using early
childhood prevention services. They found that families from
lower socioeconomic backgrounds knew less about assistance
programs in general and were less likely to actively make use
of them. Programs such as home visits or family midwives, who
provide support during the first year after childbirth, were more
often used by families with lower socioeconomic backgrounds
because they were offered to them on the basis of need, and
parents did not have to actively look for them [13,14].

Women show a high tendency to search for pregnancy-related
information on the web and via smartphone apps [15,16]. The
number of health apps for pregnant women that are easy to
access and can introduce new ways to perinatal care delivery,
especially in low socioeconomic settings, is growing [15,17].
The quality and effectiveness of mobile apps vary tremendously,
though, which can lead to mistrust and discontinuance of the
app [18,19]. Nonetheless, multiple randomized controlled trials
(RCTs) showed health-promoting effects of using mobile health
(mHealth) apps, for example, in weight management, gestational
diabetes management, and maternal mental health [20,21].
Introducing a digital tool that has been developed with a user-
and provider-centered approach opens a realistic opportunity
to find evidence-based information and also lowers the threshold
for gaining access to this information by digitally interlinking
families in need with their regional service providers.

Our research project, Family eNav, is a multicenter health
service program funded through the innovation funds of the
Joint National Committee (German: Gemeinsamer
Bundesausschuss). It was our objective to develop an app-based
perinatal guide to better coordinate need-based primary and
secondary prevention care and empower patient and parenting
perspectives through self-education and symptom monitoring.
Intensifying the link between health and social system support
through an app-based navigator may ameliorate care for
pregnant women and young families, especially those with
psychosocial risk factors, and hence may lead to higher quality
of life, relieve stress, and strengthen partner and parent-child
relationships.

In the conception phase, we tried to develop the content basis
for the guide by evaluating the demand for and acceptance of
such an app-based intervention. The aim of this study was
therefore to gain a deeper understanding of young families’
needs and reasons for using services to establish the demand
for an app-based perinatal guide. At the same time, we tried to
shed light on the provider’s perspective on how to successfully
integrate an app-based perinatal navigator to determine factors
of success and possible barriers.

Methods

Study Design
The study was conducted at the University Hospital of
Heidelberg with pregnant women and young mothers, as well
as health care experts [22]. Study participants were recruited
between November 2021 and March 2022. We used purposive
sampling to include all perspectives necessary for the conception
of an app-based perinatal guidance program. Overall, we
recruited 9 prospective users, among whom 5 users were
pregnant and 4 users had infants, and 13 experts from all areas
of perinatal services (Table 1). Eligibility criteria for users were
older than 18 years of age and fluency in German. To be eligible
for participation, service providers had to be involved in the
care of pregnant women or young families. We conducted
interviews until information saturation was reached.
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Table . Study participant information.

Duration of interview (min)Highest level of educationAge (years)

Patient

18University degree34    Pregnant in week 32 (interview
1)

33University degree32    Pregnant in week 28 (interview
2)

21Secondary level30    Pregnant in week 20 (interview
3)

19University degree29    Mother of 6-week-old infant (in-
terview 4)

29Secondary level31    Mother of 4-month-old infant
(interview 5)

63Secondary level29    Mother of 8-week-old infant (in-
terview 6)

38University degree30    Mother of 3-month-old twins (in-
terview 7)

29Secondary level33    Pregnant in week 11 (interview
8)

17Vocational training31    Pregnant in week 12 (interview
9)

Expert

21University degree34    Course teacher (interview 10)

30University degree65    Psychologist or psychotherapist
(interview 11)

29Vocational training27    Physiotherapist (interview 12)

28Vocational training61    Midwife (interview 13)

38University degree48    Coordinator at Frühe Hilfen (in-
terview 14)

36Medical examination62    Pediatrician (interview 15)

24Habilitation46    Professor of medical psychology
(interview 16)

45University degree41    Preterm development aid worker
(interview 17)

43University degree56    Frühe Hilfen (interview 18)

29University degree37    Frühe Hilfen (interview 19)

59Medical degree64    Head of Gynecology Department
(interview 20)

Semistructured interviews with a mean length of 32.45 (SD
9.54) minutes were held by 3 trained investigators following a
previously established interview guide with primarily
open-ended questions. At the end of the semistructured
interviews, we added a general survey of the participants’
perspective on digital health with primarily closed-ended
questions, using a scaling system (Multimedia Appendix 1).
We performed systematic text condensation on the responses
to the questions, which is a descriptive method concentrating
on people’s experiences rather than the underlying meaning
[23]. Through meaning units, we established a coding scheme
to form predominant themes in accordance with our research
questions. Researcher triangulation was used to increase
reliability. Specific quotes were translated into English to

underline the main perspectives. The answers to the digital
health survey were assessed through descriptive statistics.

The study aimed to explore the perceived status quo of perinatal
services and investigate whether there was a demand for a digital
navigator, and also determine preuse acceptance of the planned
mHealth intervention study [24]. Second, we wanted to give
our prospective users and collaborators a voice within the
conception phase of the app. Data were analyzed descriptively.

Ethical Considerations
The study was approved by the ethical committee of the
University of Heidelberg (S-344/2022). Informed consent was
gathered prior to the interviews. Participants gave oral and
written permission to record the interviews and perform data
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analyzation. They were later transcribed verbatim. The data
were anonymized. Participants did not receive any
compensation.

Results

Overview
Through our analysis, we established the following main themes:
health care and psychosocial services, and preuse acceptance
of an app-based intervention (Figure 1). We listed the most
important meaning units for preuse acceptance by comparing
the views of our prospective users and experts.
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Figure 1. Main themes and categories retrieved from 20 interviews during the conception period of an app-based intervention study, called Family
eNav.
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Health Care and Psychosocial Services: Access and
Barriers

Means of Access to Psychosocial and Health Care
Services
Internet-based methods, such as search engines, social media,
and local home pages to access perinatal services, made up at
least 50% of the responses from users and experts. Most experts
said they were contacted via email. Conventional methods, such
as the telephone or the formal referral system, made up the rest.
Numerous experts additionally stressed the importance of
word-of-mouth recommendations.

I mainly google things or ask colleagues who already
were pregnant for recommendations. [Interview 2]

Reasons for Using and Not Using Services
The willingness to take advantage of health care services during
and after the pregnancy was high in our study group. Almost
all participants at least tried to take part in activities such as
antenatal classes, yoga for pregnant women, baby swimming
classes, or courses for family bonding. Reasons for not taking
advantage of services were a lack of interest and time, or low
perceived value of the service itself, or low perceived
qualification of the personnel, lack of knowledge, and higher
barriers due to COVID-19 restrictions on services. Some
minimized the use of certain services because of disadvantages
due to cost and organizational load. Sometimes, a certain level
of distrust was shown when services did not show transparently
what they offered.

Because I think this is what happens to all parents,
they just don’t have enough time and if they had more
time, maybe they would care more about things like
this, but especially if they have to search things for a
long time, then this is why it fails. [Interview 7]

Our experts described their situation as being in high demand
and even having to work with waiting lists for their services.
According to them, the reason is a shortage of personnel and
not saturation of demand. They even raised concerns about their
outreach to families in need. Most experts see ignorance of their
services as the most important reason that they are not used.
They stated that barriers to asking for help are naturally high
and that the process of finding help is time-consuming;
therefore, many families cannot overcome such a barrier.
Additionally, they suggested that families in need are often in
denial about their own condition or even consider social and
health services as a threat that needs to be controlled.
Psychological conditions such as lethargy due to depression
constitute another barrier to looking for and taking advantage
of services. All experts recognized that a digital tool to navigate
families would be helpful in lowering access barriers.

In our experience, I would say, very paradoxically,
the smaller the problem, the higher the parents’
willingness to ask for help and vice versa. [Interview
14]

Well, I think the process of looking for help is
complicated for postpartum depression, for example,
because until you find someone to take you in, there

is just not enough capacity in small cities. I think it
would help to have some kind of shortcut to a contact
person. [Interview 10]

High Preuse Acceptance of App-Based Intervention

Overview
You see, hardly anybody reaches for a book or
magazine or something similar while waiting for
something. Usually, you have your phone with you.
[Interview 6]

This quote shows the importance of mobile devices in our
patients’ everyday lives. During our interviews, we saw great
acceptance for an app-based intervention on the part of both
prospective users and the service providers. As suitable devices,
smartphones and handhelds were most often named. Service
providers found a computer format more convenient for their
daily work.

As a provider, the computer would be the most
appropriate, but I think for most of the users the
mobile phone is most appropriate. [Interview 16]

We created a mind-map showing the most relevant points
concerning the acceptance of our navigator, both from a user
and provider standpoint (Multimedia Appendix 2).

High Demand for App-Based Navigator
All our prospective users saw the benefit of an app-based
navigator to lower the threshold. They especially mentioned
how they missed a sense of direction when looking for specific
services. Especially, primipara considered their lack of
experience as a source of uncertainty throughout their
pregnancy. When those people in their surroundings have had
little or have had bad experiences, they see the guidance through
an app as a source of trust.

Because especially when you are expecting your first
child you know zero of what to expect. There is this
big unknown territory. [Interview 6]

Not only do prospective users see the wide range of offers and
the inherent lack of transparency here as hindering, but experts,
too, emphasized the importance of having clear structures and
orientation within health care services to ameliorate pre- and
postnatal care.

And then we decide within the situation which help
systems are needed. And I think, this is like a jungle
for women but also for us midwives. [Interview 13]

Another main improvement this study’s participants found in
using app-based navigators is time-efficient self-education,
which gives them a feeling of security and strengthens their
partnerships when sharing new information within the app. Most
of our prospective users emphasized that it is important to have
one app that combines all aspects of pregnancy, the postpartum
period, and early childhood, instead of having a multitude of
books and apps for only certain subjects.

For example, we bought the book Oh I am growing
where all development steps are explained because
I did not want to have an app, but now the book is
actually just sitting on the bookshelf. [Interview 7]
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Service providers also had a very positive perception of the
improvements a future digital navigator could bring. They
considered an app where all health-related information could
be collected as an improvement in efficiency, making it easier
to treat their patients or adequately help their clients. Some of
them could envision the app as part of an early warning system,
making interventions available sooner to those who need them.
Concerning the target group, they thought an app might have a
better reach due to the low threshold for gaining information
on services and due to the privacy aspect of self-assessing one’s
need through psychological check-ups and symptom tracking
tools. They stated that a digital navigator might be able to lift
the burden from some overcrowded postnatal wards and go
hand in hand with hospitals’ psychosocial support concepts.
Like our prospective users, they believe that the app can help
give a sense of security and orientation throughout this
challenging time.

And I would recommend it because it will convey
knowledge to parents, mothers, so as to give a little
bit of assurance and orientation in this new phase
and an important way to network. In the broadest
sense of I know where to turn to when I need it and
this will indirectly positively influence the children
because mothers will feel more confident in their role
as mothers or fathers in their role as fathers.
[Interview 14]

Promoting Factors for an App-Based Navigator
Design-wise, our interviewees found a clear-cut structure with
a user-friendly interface, as well as easy-to-understand
instructions and messages, to be most agreeable. Both experts
and prospective users emphasized that anything that would
lower the threshold will enhance user engagement.

(…)the more I feel at ease, because through colors,
font, structure or something else it might leave me
with a certain feeling, the more I would be willing to
spend time on the app. [Interview 6]

Both experts and prospective users expressed the need to have
a filter function on the displayed services. Filters should include
distance and availability of services to promote an efficient
search. Prospective users would also look for ratings or
comparison tools for services. They would like to have a direct
link to the services and information on whether certain offers
fall within their insurance benefits. To contact the services, most
users would like to have a direct link to the home page or their
email address, or telephone number, and some would even prefer
to have a direct chat option.

Prospective users listed the following as important content for
the self-education part of the navigator: financial aspects such
as how to apply for parental benefits; information on the
development of the fetus with individual updates according to
the gestational age; information on prenatal care, advice on
symptoms during the pregnancy, symptom- and weight-tracking
tools; calendar function for all doctors’and health care services’
appointments and deadlines; checklists for daily questions;
information on delivery options and health care providers;
support for the postpartum period; and list of postnatal courses,

childcare services, information on breastfeeding, activities for
babies, and nutritional advice pre- and postpartum.

In addition to the aforementioned content, experts included:
relief opportunities for mothers such as family midwives,
motherhood nurses, or simple food delivery options; help on
finding a midwife and information about their importance;
emergency telephone number when dealing with negative
feelings after a traumatizing birth or due to postnatal depression;
lists of medical doctors and psychologists; lists and information
on where to give birth; organizational check lists pre- and
postpartum; nutritional and sport advice during pregnancy and
nursing period; advice on sleep rhythm and signaling of babies,
as well as development milestones; and networking possibilities
such as self-help groups.

When asked whether the women wanted to have their partner
included in the app, most found it to be helpful. Experts also
distinguished the importance of including partners.

I think this might be even more important than for
myself. As a mother, one is a lot closer to the baby,
and therefore, it is easier to find out what is wrong
with it. Especially when the father is home alone then
he has something like a guidebook. It could be a good
back-up to look up things. [Interview 1]

The last promoting factor that both sides brought up in nearly
every interview is the trustworthiness of the information and
the contacts that are displayed, and how this might be the key
factor for women to continue using and working with the app.

The maximum of neutrality and the maximum of
transparency and the maximum of the maximum of
credibility. This is the basic prerequisite, and this
needs to be conveyed. [Interview 20]

Barriers to App Use
Possible reasons for not using such an app were dominated by
data protection concerns, and in some form, a fear of becoming
dependent on the smartphone. This was connected to
time-consuming installation processes or questionnaires, which
could lead to user dissatisfaction or even to withdrawal from
the intervention. It was also mentioned that if the information
was not kept up-to-date, users would stop using the app soon
after realizing this.

I think first and foremost, data protection reasons. I
think there are many who might be a little timid in
this case. As to maybe their data might be given to
third parties or maybe they must disclose too much.
[Interview 8]

Some participants stated that people might not be well informed
or generally did not acknowledge their own need for help. Here,
experts found lower education status, language barriers, and
psychological conditions to be the cause.

They think they already know everything and will
manage solely on their gut instinct. Otherwise, I do
not see a reason because applications are
omnipresent and only rarely do people shy away from
using them. [Interview 10]
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Others thought that users might miss the personal contact when
dealing with their problems through an app. Experts had doubts
in particular about video-based therapy options, which they had
already had to incorporate in their daily work due to COVID-19
restrictions.

Maybe that is just because of anonymity, the
nonverbal, the missing conversation. [Interview 13]

In general, some assessed that the market for app-based
interventions might already be saturated. Prospective users said
they would not use an app if it were not free of charge. At the
same time, none of the prospective users wanted to have
advertisements within the app.

Digital Health Survey
At the end of the interview, we asked our participants some
general questions about their opinions concerning digital health

in Germany (Multimedia Appendix 1). They indicated that the
state of digital health in Germany is at least mediocre. However,
experts still had a higher opinion than our prospective users,
where one even gave a zero, which was outside the given range
of 1‐10. When asked about the need for more digital
interlinkage between women and services, both sides estimated
that the need is fairly high. Here, opinions did not differ between
experts and users (Figure 2). We asked whether not only
interlinking providers and users but also providers with
providers might be beneficial. All the respondents thought that
creating a digital network for service providers would improve
access for women. A total of 13 out of 19 respondents thought
it would also ameliorate the quality of services, while 6
respondents thought it would not have any effect on the quality.
When we asked our service providers specifically, 82% indicated
it would enhance their efficiency (Multimedia Appendix 3).

Figure 2. Boxplots of results from the digital health survey; possible answers ranged from 1 to 10 (1 meaning the least and 10 meaning the highest);
1=perspective users, 2=experts; marked within the plot are mean (X), median, and IQRs.

Discussion

Improving Access to Psychosocial Services in Germany
This study showed that most women already access information
about perinatal services online and have a high willingness to
take advantage of general perinatal services, in particular.
Barriers consist mainly of a lack of knowledge, time and
affordability constraints, and a certain degree of distrust in the
qualification and effectiveness of the services. On the other
hand, most experts stated that the services they offered are in
high demand, and both pregnant women and young mothers
reflected this in their interviews. This outcome can be argued
in light of the sociodemographic background of our study
participants and the region of Heidelberg, where the annual
household average income is approximately €24,400
(approximately US $27,469), which is among the highest in
Germany [25]. Our multicenter approach to the RCT, involving
centers from low-income areas such as Berlin Tempelhof and
more rural areas such as Jena, will provide a more representative
study population. The next question we asked is whether the
demand is high relative to what is being offered and the capacity
of services, or whether services are saturated for other reasons,
such as underfunding and understaffing. This fact was explicitly
mentioned by some of our experts. While stating that their
resources are limited, they also saw an urgent need to reach
more families in need, suggesting that their services needed
improved access points. This finding compares well with similar
studies in Germany showing that there is, in fact, a need to

improve access to perinatal services for hard-to-reach subgroups
[14,26].

There is a significant amount of evidence pointing in the
direction of mHealth for improving access to psychosocial
treatments [27]. Furthermore, multiple studies showed that
mHealth interventions had positive effects on a large range of
psychosocial measurements, including self-management of
health, acceptance of pregnancy, anxiety, depressive symptoms,
perceived stress, mental well-being, coping, and self-efficiency.
It also showed that mHealth interventions positively influenced
social support from partners or health care providers. The
greatest effect was observed in highly vulnerable pregnant
women, leading to the conclusion that a perinatal navigator can
effectively help vulnerable groups that we are missing right
now [28-31]. In prior studies, interlinking women with service
providers or enhancing self-help through mHealth interventions
seemed to be the key concept. We took this a step further by
asking whether it might be beneficial not only to interlink
providers and users but also to connect providers with providers.
All the respondents thought that access could be facilitated for
women by creating a digital network for service providers. Most
of the respondents thought it would also improve the quality of
services. When we asked our service providers specifically,
82% indicated it would enhance their efficacy. Creating
interdisciplinary networks within perinatal care is an ongoing
aim for health care providers and has been shown to be
beneficial, for example, in mental health settings [32,33]. So
far, interprofessional networks have been based on personal
meetings and consultations, and to our knowledge, a telemedical
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network has not yet been implemented within perinatal care.
We submit that regional interdisciplinary networks can be
created and implemented via a mobile navigator and will
improve access to and uptake of perinatal services.

High Preuse Acceptance Promising for RCT Outcomes
All of our study participants gave positive feedback and showed
high preuse acceptance. Most pregnant and postpartum women
have already used apps during their pregnancy. Promoting
factors for app use from the user’s perspective were
time-efficient self-education concerning evidence-based
information, positive feedback mechanisms through symptom
tracking, direct and easy contact opportunities to regional
perinatal and psychosocial services, and networking possibilities.
Providers estimated a destigmatization of risk factors, the low
threshold for information, and for access to specific services,
as well as the chance to better monitor high-risk pregnancy, as
success factors for a perinatal app-based navigator. On the
subject of perinatal and postpartum depression, a study from
Varma et al [34] showed comparable results on acceptance and
utility. Especially during the COVID-19 pandemic, we saw an
increased interest in the subject of telemedical monitoring.
Several studies showed that virtual visits and communication
through telemedicine are highly accepted on both the patient
and provider sides of health care [35-37]. Barriers to app use
expressed by future users were mainly unawareness, data
protection concerns, complexity of app use, hidden costs, or
in-app advertisements, as well as the already high number of
apps on the market. Providers added language barriers, low
education profile of users, and mismatch of app design, denial
of necessity, and psychological lethargy, as well as a general
digital skepticism, to this list. Similar barriers to telehealth
uptake, including level of education, telehealth literacy, and
unawareness, were found in a multinational review by Kruse et
al [38]. What differs from other studies is our family-centered
approach in a multidisciplinary context, allowing multiple entry

points, as well as a personalized solution for women and young
families navigating through this phase.

Limitations
There are several limitations to this study. The first and perhaps
greatest limitation concerns our study participants’
socioeconomic status and level of education, which is only
partly representative of the foreseen cohort of women with
psychosocial risk factors from hard-to-reach socioeconomic
niches. Furthermore, all participants were from the same
geographic area, which might lead to results not being
generalizable nationally. Nonetheless, tailoring the app to the
needs of prospective users and health care providers should help
the intervention to be more successful. Testing the mHealth
intervention in a multicenter setting will help with representative
data. Another limitation is the small sample size, which is
characteristic of qualitative research methodology. To validate
the data, we used researcher triangulation. Interviews were
conducted by two investigators, and data interpretation was
done in a team of three. By introducing a small survey with
closed-ended questions, we were able to triangulate common
notions on digital health.

Conclusions
This study demonstrated high acceptance of an app-based
perinatal navigator both from the users’ perspective and the
psychosocial and health care providers’ points of view. It also
showed that creating better networks between users and
providers, but also between providers and providers, will help
improve access and quality of care. Feedback on requirements
and content, as well as possible barriers, informed our concept
and helped in creating all parts of the self-education guide. All
information was curated by a team of health care professionals
from different specialties, including midwives, gynecologists,
psychologists, and pediatricians. The results from this study
underscore the necessity for a multicenter RCT on the perinatal
navigator.
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Abstract

Background: With the increasing prevalence of type 1 diabetes alongside limited health care resources, the need for more
sustainable health care services is apparent. Central to ensuring the standard of diabetes care while simultaneously optimizing
resource utilization is improved patient-clinician communication and the provision of individualized care. Digital outpatient
solutions incorporating patient-reported outcome measures (PROMs) have been introduced in diabetes outpatient care over recent
years; however, features and delivery methods differ, and existing studies on their use and perceived clinical value are limited.
Furthermore, clinicians’ acceptance has been suggested as a key factor in the sustainability of digital solutions. Thus, to support
the implementation of digital outpatient solutions perceived as valuable by clinicians and patients, we need more knowledge
about how they are accepted and utilized in clinical practice.

Objective: This study investigates how clinicians and patients with type 1 diabetes accept and utilize a digital outpatient solution
to support individualized care in the context of full-scale implementation at a diabetes specialist outpatient clinic. Furthermore,
we aim to explore the synchronous interaction between patients and clinicians when they are allowed to prepare through the
filling and reviewing of asynchronous PROMs before consultations.

Methods: This qualitative study uses interpretive description as a methodological approach. The digital outpatient solution
features various components, including PROM questionnaires, asynchronous chat, remote consultations, e-learning, and information
distribution. Data were collected through semistructured interviews with 10 clinicians and 20 patients with type 1 diabetes and
observations of consultations. The data from the patient and clinician interviews (267 A4 pages) were analyzed separately before
being jointly analyzed in the context of the findings from the observations (40 A4 pages).

Results: Our analysis resulted in the following three main themes that describe the interplay between clinicians’ and patients’
acceptance, utilization, and perceived clinical value of a digital outpatient solution: (1) clinicians’ acceptance of the digital
outpatient solution influences patients’acceptance, (2) variations in the use of different features influence the extent of individualized
care, and (3) clinicians’ and patients’ utilization influences perceived care efficiency and quality. Those who demonstrated higher
acceptance and more extensive utilization reported that the solution was more valuable in enhancing individualized care efficiency
and quality.

Conclusions: This study highlights the interplay between clinicians’ and patients’ acceptance, utilization, and perceived clinical
value of a digital outpatient solution in diabetes specialist outpatient care. Our findings suggest that when clinicians and patients
understand why and how digital solutions are used, such solutions can enhance care efficiency and quality, contributing to
sustainable health care. Future research should aim to gain an in-depth understanding of clinicians’ and patients’ acceptance, as
well as the effectiveness of change management strategies when implementing digital outpatient solutions in diabetes specialist
outpatient care.
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Introduction

Background
As of 2022, about 8.75 million individuals worldwide were
living with type 1 diabetes [1], a number predicted to increase
to between 13.5 and 17.4 million by 2040 [2]. The rising global
prevalence of type 1 diabetes, combined with limited health
care resources, poses significant challenges to health care
systems worldwide in their effort to provide high-quality care
[3]. This escalating pressure calls for more sustainable health
care services to ensure high diabetes care standards while
simultaneously optimizing resource utilization. Thus, facilitating
efficient communication between patients and their health care
providers, emphasizing patients’ individual needs, and providing
timely support will be increasingly important in the immediate
future. Emerging digital solutions designed to promote patient
communication and evaluate health status to individualize care
offer opportunities and potential strategies to navigate this
successfully [3,4].

An important aspect of diabetes care involves educating and
supporting patients in developing sufficient self-management
skills [5]. Diabetes self-management, which includes
maintaining blood glucose levels within the target range,
adopting a healthy lifestyle, and managing potential
psychological issues, can help minimize the risk of
complications and improve quality of life [6,7]. However,
patients’ required self-management support level varies
significantly, underlining the need for person-centered and
individualized care [5]. Patient involvement becomes
increasingly important, and digital solutions can be tailored to
enable patients to participate actively in their treatment and
self-management. One way of involving patients is through
digital patient-reported outcome measures (PROMs), which
entail collecting health information directly from patients
without interpretation by a health care professional [8]. Relevant
PROMs in type 1 diabetes may encompass patients’ perceived
glycemic control, self-management activities, and diabetes
distress. PROMs can provide a comprehensive understanding
of patients’ needs and provide valuable information for
clinicians when delivering person-centered and individualized
care [9,10]. Simultaneously, PROMs can foster a self-reflection
process within patients, leading to increased engagement in
their treatment and self-management [9].

In recent years, digital outpatient solutions with PROMs have
been developed and examined in diabetes specialist outpatient
care [11-13]. However, according to a scoping review, these
solutions’ features and delivery methods vary [4]. Some digital
PROM-based outpatient solutions that aim to individualize care
seem to focus on the psychological aspects of living with type
1 diabetes [14,15], while others also include other factors, such
as glucose monitoring, self-management activities, and lifestyle
[13,16]. The delivery methods range from patients completing

the PROMs at a touch screen at the clinic to utilizing web-based
solutions [4]. Furthermore, the literature on how the solutions
are used is limited, mainly comprising small pilot and feasibility
studies [4], underscoring the need for further research.

DigiDiaS—Individualizing Diabetes Care Through a
Digital Solution
In November 2021, a multicomponent digital outpatient solution
was implemented at the diabetes specialist outpatient clinic at
Akershus University Hospital in eastern Norway through the
DigiDiaS project [17]. The solution mainly relies on PROMs
entailing glucose monitoring, diabetes distress, and
self-management activities. However, it also incorporates
additional features aimed at individualizing care and supporting
communication between clinicians and patients with type 1
diabetes, such as asynchronous chat and video consultations.
For patients, use of the solution is voluntary and requires their
consent upon app download. As of April 2024, 1354 out of
approximately 1800 patients with type 1 diabetes had been
included in the digital outpatient solution. All clinicians at the
outpatient clinic utilize the digital outpatient solution,
comprising diabetes specialist nurses and physicians working
with type 1 diabetes patients.

For digital solutions aiming to individualize care to be
implemented successfully, they must be accepted and utilized
by both clinicians and patients, and clinicians’ acceptance has
been suggested as a key factor in new digital solutions’
sustainability [18,19]. Acceptability, a core concept in digital
health [20], can be defined as a multifaceted construct reflecting
the extent to which people delivering or receiving a health care
intervention consider it appropriate [19]. This acceptability can,
in turn, influence utilization in the sense of user engagement
and intervention effectiveness [20]. While previous research
states that patients in diabetes outpatient care generally seem
to welcome the use of digital PROMs [14,16,21,22] and the
opportunity to self-report concerns [23,24], clinicians’
acceptance and perceptions of such measures’ usefulness vary
[11,12,16]. Thus, we need more knowledge about how digital
solutions are being accepted and utilized by clinicians and
patients in diabetes specialist outpatient care [4]. Furthermore,
no prior research has explored the synchronous interaction
between clinicians and patients after asynchronous preparation
using PROMs in a digital solution [4]. Consequently, the clinical
value of using digital PROM-based solutions in diabetes care
has yet to be established in terms of enhancing care quality and
sustainable utilization of health care resources.

Objective
This study investigates how clinicians and patients with type 1
diabetes accept and utilize a digital solution to support
individualized care in the context of full-scale implementation
at a diabetes specialist outpatient clinic. Furthermore, we aim
to explore the synchronous interaction between patients and
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clinicians when they are allowed to prepare through the filling
and reviewing of asynchronous PROMs before consultations.

Methods

Design
This qualitative study uses interpretive description as a
methodological approach, comprising a framework developed
to conduct research arising from clinical practice and aiming to
improve practice [25]. The interpretive description process is
inductive and pragmatic, providing flexibility to adapt the
research process to the specific research questions [25]. Our
study is embedded within a larger multimethod prospective
observational study investigating digital PROMs in diabetes
specialist outpatient care [17].

The Multicomponent Digital Outpatient Solution
The previously detailed solution [17] was facilitated via Dignio
Connected Care, offering web-based software used by clinicians
and an app for patients [26], along with JOIN Norsk Helsenett,
which provides a platform for video consultations [27].
Clinicians received training on the use of the digital outpatient
solution, with ongoing support provided during and after the
implementation process. Clinicians use the web-based Dignio
platform to review completed PROM questionnaires from
patients before a scheduled consultation, assign tasks, provide
e-learning, and distribute digital information to individual
patients and groups. During the outpatient clinic’s operating

hours on weekdays, diabetes specialist nurses asynchronously
respond to chat messages from patients, consulting a physician
if necessary. On the patients’ side, the solution’s app enables
them to complete assigned PROM questionnaires before
consultations, receive information and e-learning, cancel
consultations, reschedule or change upcoming consultations at
the outpatient clinic to phone- or video consultations, and chat
asynchronously with their clinicians as needed. The chat feature
is mainly used by patients to report and ask questions about
nonacute medical issues (self-initiated patient-reported
outcomes) and submit practical queries. Should immediate
assistance be required, patients are instructed to either call the
clinic directly or dial the national emergency number.

The PROM questionnaire sent to patients before consultations
is a modified and translated version of the DiabetesFlex Care
PROM questionnaire originating from Denmark [13]. The
questionnaire is multidimensional and is triaged based on preset
thresholds using a traffic light system, which indicates patient
responses’ severity [13]. Norwegian adjustments to the Danish
version were made based on a user involvement study conducted
at Akershus University Hospital, involving patients, diabetes
specialist nurses, endocrinologists, management, and researchers
[23]. In addition to PROMs, the questionnaire contains open
text boxes for subjective responses. Figure 1 illustrates the
digital outpatient solution’s different features. Figure 2 shows
a screenshot of the web-based digital platform used by
clinicians, while Figure 3 displays screenshots of the app used
by patients.

Figure 1. The digital outpatient solution aims to individualize care through improved patient-clinician communication. Each feature can be used based
on an individual patient’s need for support. The triangular presentation illustrates the different levels of individualized care that each feature promotes,
from uniform to highly individualized features. For example, while e-learning is a uniform feature received by those patients in need, the asynchronous
chat is highly individualized and tailored to address a specific question at hand. PROM: patient-reported outcome measure.
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Figure 2. Screenshot from the dashboard used by clinicians. The screenshot is from a demo user and is intended as an example to illustrate the design.
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Figure 3. Screenshots from the app used by patients. The screenshot on the left illustrates how the patient-reported outcome measure questionnaire
appears in the app, while the screenshot on the right shows an example of a chat conversation. These screenshots are from a demo user and are intended
to illustrate the design.

Participant Recruitment
Clinicians working with patients with type 1 diabetes at the
outpatient clinic were recruited through convenience sampling
[25], and the clinic manager invited them to participate. They
were recruited based on availability, as we wanted to interfere
as little as possible with clinical practice. All 10 clinicians
invited to participate in the study, comprising 6 diabetes
specialist nurses and 4 physicians, consented to participate. This
represented approximately half the physicians and all the
diabetes specialist nurses at the outpatient clinic, excluding the
clinic manager and 1 newly hired nurse. Patients invited were
adults with type 1 diabetes who had consented to use the digital
outpatient solution and had completed the PROM questionnaire
before their next consultation. Patients were recruited through
purposive sampling [25] to ensure variation in gender, age,

ethnicity, and frequency of digital interactions. Information
about the study was sent to patients via the digital outpatient
solution before their next upcoming consultation. At the start
of the consultation, their clinician asked whether they wanted
to participate. Of the 23 patients invited to participate, 20
consented. Written consent was obtained from all study
participants.

Data Collection
The first author collected data through observations and
semistructured interviews between August 2023 and April 2024.
An observation guide (Multimedia Appendix 1) and interview
guides (Multimedia Appendices 2 and 3) were developed based
on informal observations that the first author conducted at the
outpatient clinic between February and March 2023, as well as
aspects of the Method for Assessment of Telemedicine
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framework [28]. The guides were reviewed in a reference group
comprising a user representative, researchers, clinicians, and
management from the outpatient clinic. The observation guide
facilitated insight into how the digital outpatient solution was
used to individualize care, while the interviews sought to capture
both clinicians’ and patients’ perspectives on their utilization
of possibilities provided by the digital outpatient solution.

Scheduled consultations involving all participating patients and
6 out of 10 participating clinicians were observed. The observed
consultations took place at the clinic (17), over the phone (2),
or via video (1). Observations of remote consultations were
conducted on-site, in the same room with the clinician at the
outpatient clinic. Observation notes (40 A4 pages) were written
down manually in the observation guide, digitally recorded, and
stored. The notes in the observation guide contained descriptions
of the type of consultation, topics discussed, context, use of
PROM responses during the consultations, and analytical
thoughts.

Individual semistructured interviews with clinicians were
conducted before the observations, whereas patient interviews
were conducted within 2 weeks after the observed consultations.
The interviews were conducted at the clinic, over the phone, or
via video based on participants’ preferences regardless of
whether they were clinicians or patients. During the interviews,
participants were asked questions about their attitudes toward
the use of health technology in general, experiences with the
implementation of the digital outpatient solution and using
different features, the solution’s perceived usefulness, and
potential improvements. Clinician interviews lasted between
28 and 52 minutes (median 37 minutes), and patient interviews
lasted for 20-47 minutes (median 28 minutes). All interviews
were transcribed verbatim (267 A4 pages).

Data Analysis
Data analysis was conducted in line with interpretive description
[25]. We concurrently collected data and conducted a constant
comparative analysis. This made the process dynamic by moving
back and forth between the different steps of the analysis, as
illustrated in Figure 4.

Figure 4. Illustration of the dynamic process of the constant comparative analysis.

The analysis aimed to inductively explore how clinicians and
patients utilize a digital outpatient solution to individualize care.
Through our interpretation process, we revealed a strong link
between acceptability and utilization. In the final step of the
analysis, 3 main themes were developed based on the coding
process that describe clinicians’ and patients’ acceptance and
utilization of the digital outpatient solution. The theoretical
framework for acceptability was used to determine that the
findings pertain to acceptance and utilization [19]. The first
author conducted the analysis, with ALJ, HH, and AT
contributing to analytical discussions during each step. These
themes were discussed further with the remaining authors.
NVivo 14 software (Lumivero) was used to manage and code
the data [29], supplemented by visual exploration techniques
to identify connections and patterns in the data. The visual
exploration process involved positioning the thematic categories
in relation to each other to identify patterns in clinicians’ and
patients’ acceptance and utilization of the digital outpatient
solution.

Credibility
To ensure the credibility and epistemological integrity of our
study, we have provided a comprehensive description of the

study design and analysis process [25]. We aimed to establish
representative credibility through prolonged engagement with
the outpatient clinic prior to data collection. Furthermore, we
enhanced the credibility of our findings by triangulating data,
collecting information from multiple sources [30]. By
thoroughly describing our results, we aim to demonstrate our
analytic logic and interpretive authority to ensure trustworthiness
[25].

Ethical Considerations
The study was assessed by the Norwegian Agency for Shared
Services in Education and Research (reference no. 456954) and
the data protection officer at Akershus University Hospital
(22/09709‐13). The project did not require approval by the
regional committees for medical and health research ethics
(reference no. 407539).

We used a service for sensitive data (TSD), developed at the
University of Oslo, which was designed for storing and
processing sensitive data in compliance with the Norwegian
Personal Data Act and Health Research Act [31]. Written
consent was obtained either on paper and stored securely, or
digitally via Nettskjema [32], requiring a governmental ID portal
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login to access the information, and stored in TSD. All
interviews were audiorecorded using the Nettskjema-diktafon
app [33], a solution that immediately transfers all audio files
encrypted for storage in TSD. MAM transcribed the interviews
using the f4transkript program [34]. AT reviewed all recordings
and transcripts throughout the analytical process, informing the
interpretations. The privacy and confidentiality of research
participants’ data and identities were maintained.

Results

Participants’ Characteristics
The patients’ characteristics, including their use of the digital
outpatient solution, are shown in Table 1, and the clinicians’
characteristics, including their diabetes care experience, are
shown in Table 2.

Table . Characteristics of patients and their use of diabetes technology and the digital outpatient solution (N=20).

ValuesCharacteristics and usage

10 (50)Gender (female), n (%)

36 (18‐65)Age (years), median (minimum-maximum)

21 (1‐50)Diabetes duration (years), median (minimum-maximum)

Glucose monitoring, n (%)

19 (95)    Continuous glucose monitor

1 (5)    Glucometer

Treatment, n (%)

12 (60)    Insulin pump

8 (40)    Insulin pen

1 (1‐7)Number of completed PROMa questionnaires, median (minimum-maxi-
mum)

2 (0‐11)Number of chat conversations, median (minimum-maximum)

12 (60)Has used remote consultations, n (%)

aPROM: patient-reported outcome measure.

Table . Characteristics of clinicians and their diabetes care experience (N=10).

ValuesCharacteristics and diabetes care experience

9 (90)Gender (female), n (%)

6 (60)Diabetes specialist nurse, n (%)

4 (40)Physician, n (%)

5‐25Nurses’ diabetes care experience (years), minimum-maximum

5‐15Physicians’ diabetes care experience (years), minimum-maximum

Overview of the Identified Patterns
Our analysis identified three main themes that comprise a pattern
describing the complex dynamics of how clinicians and patients
accept and use the digital outpatient solution to support
communication and individualize care: (1) clinicians’acceptance
of the digital outpatient solution influences patients’acceptance,

(2) variations in the use of different features influence the extent
of individualized care, and (3) clinicians’ and patients’
utilization influences perceived care efficiency and quality.
Figure 5 provides an overview of how the 3 themes are
connected. Notably, the participants did not emphasize the
possibility of assigning and receiving tasks, information, and
e-learning, so it was not a focus of the analysis.
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Figure 5. Illustration of how clinicians and patients accept and use the digital outpatient solution to support individualized care.

Clinicians’ Acceptance of the Digital Outpatient
Solution Influences Patients’ Acceptance
This theme describes how a variation was observed in how
clinicians and patients accepted the digital outpatient solution,
with an interplay between the two. Specifically, clinicians’
acceptance seemed to shape patients’ understanding of the
solution’s use and, subsequently, their acceptance.

Clinicians’ understanding of the digital outpatient solution’s
potential and their confidence in using its different features
varied. They also expressed variations in their personal
commitment toward mastering the digital outpatient solution’s
features and adjusting their existing workflows. Some clinicians
felt confident using the PROM questionnaires, chat, and remote
consultations, viewing them as positive means to support
individualized care:

I really like it. Both the digital outpatient solution
and I absolutely love video consultations because
they shorten the time spent during consultations and
we stay more on topic. And with the apps we use, we
have access to much more data than before. [Clinician
1]

Conversely, other clinicians expressed uncertainty about using
some features of the solution. While most felt comfortable using
the chat and remote consultations, some were uncertain about
how to use the PROM questionnaires before and during
consultations, questioning whether the benefits outweighed the
additional preparation time required of them and their patients:

I feel it is a very comprehensive and somewhat
time-consuming questionnaire for patients to fill out.
I’m a bit worried that patients might find it to be too
much work. [Clinician 10]

Furthermore, clinicians’ own understanding and acceptance of
the solution seemed to affect how they introduced the solution

to patients. Clinicians who indicated a solid understanding of
the solution’s possibilities to individualize care expressed that
they spent time explaining the various features to patients,
during which they emphasized how it could enhance patients’
self-management awareness and improve communication with
their clinicians. Patients who felt well informed about the
solution’s potential also indicated higher acceptance levels:

As we talked, he realized that this was his tool, and
he could expect that I had read his responses before
consultations. So, it suited him very well. He also
understood that it was a way to make him more aware
of his disease… Of course, it creates an expectation
that I, as a clinician, should keep myself updated on
their responses, but with him, I also experienced a
positive expectation, that now we are talking, we can
clear big and small problems out of the way early.
[Clinician 3]

However, clinicians expressing less familiarity with the
solution’s possibilities often focused on the chat feature as a
means for patients to communicate with the clinic between
consultations. Some reported that they did not mention the use
of PROM questionnaires at all when presenting the solution to
patients. This led to uncertainty among patients who received
these questionnaires before consultations without adequate
information about their purpose:

It was a bit like, what is this, I thought…and it seemed
that you had the option to decline to fill out the
questionnaire. I believe there was an option to not
fill out the questionnaire without losing the
appointment. But I thought, OK, I’ll just fill out the
form, it’s probably a questionnaire they have. But I
thought the information was poor. [Patient 14]

Simply receiving the questionnaire without any clear instructions
about its intended use was insufficient to gain patients’
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acceptance. Clinicians’ and patients’ acceptance of the digital
outpatient solution influenced further to what extent they used
the different features to improve communication and
individualized care.

Variations in the Use of Different Features Influence
the Extent of Individualized Care
This theme describes how clinicians and patients used PROM
questionnaires, the option for remote consultation, and the chat
feature to individualize care. It outlines the variations among
participants’ use, as well as the interplay between clinicians’
and patients’ usage patterns.

PROM Questionnaires Can Facilitate Individualized
Consultations Through Mapping Needs and Reflection
The most pronounced differences in use of the solution were
related to use of patients’ PROM responses and how these
responses influenced consultations. While some clinicians
admitted to forgetting to review the patients’ PROM responses
before a consultation occasionally, most clinicians made it a
routine part of their consultation preparation. Some clinicians
used PROM responses to tailor consultations and set agendas,
ensuring that the patient’s needs were emphasized. When PROM
responses were used actively, patients reported feeling more
engaged in their treatment, with increased opportunities to
discuss their concerns and priorities. This also included
discussing positive PROM responses, as this could serve as a
motivational factor in patients’ self-management process:

I have previously felt that these consultations are a
bit “so-so”. We talked about blood glucose
monitoring and maybe not so much more. So, you
don’t really know, and maybe the clinician doesn’t
know either, which direction the conversation will
take. So, the fact that I have already thought about
what I want to discuss, and they are aware of my
thoughts and feelings, has added great value to my
consultations. [Patient 8]

When patients reported challenging issues through the
questionnaire, clinicians could address these concerns
specifically, improving their communication with their patients.
However, some clinicians used the PROM responses less often
during the consultations, which led their patients to question
the value and purpose of the information they provided through
the questionnaire:

What then is the value of the questionnaire? It was
not mentioned and none of the elements I reported
were brought up... so I question the value of it.
Questionnaires for the sake of questionnaires?
[Patient 6]

If clinicians did not address patients’ PROM responses during
the consultations explicitly, we observed that most patients did
not bring it up. However, patients noted that this lack of use
made it more challenging to engage actively in their
consultations. Still, most patients used the PROM questionnaire
as a tool for reflection to some extent to inform and guide their
self-management process and prepare for consultations.

Consultations Tailored to Needs and Personal
Preferences
With the digital outpatient solution’s implementation, most
patients experienced a notable shift toward more individualized
consultations. In addition to the use of PROM questionnaires,
which affected the consultations’ content, the shift was
facilitated by patients being asked whether they wanted to meet
remotely with their clinicians by either phone or video. Both
clinicians and patients agreed that certain matters, such as
physical checks or discussing difficult or complex issues such
as mental health challenges, were best addressed in person.
However, many found remote consultations more convenient
for simpler requirements, such as support when starting to use
a new insulin pump:

I have used it in the follow-up when patients have
started using an insulin pump. Initially, a physical
meeting is required to get started with the pump, but
the subsequent follow-up is conducted digitally. This
is possible because patients have uploaded their pump
data. This allows us to see all the necessary
information while they are at home, enabling us to
make necessary adjustments. [Clinician 1]

However, both clinicians and patients expressed personal
preferences regarding using remote consultations. While some
preferred communicating remotely and used it regularly, others
had a strong preference for in-person consultations:

I have always chosen to decline that option because
I prefer to speak with people face-to-face. I have used
video meetings a lot for work and other settings, and
that’s not a problem, but I feel much more
comfortable face-to-face. [Patient 10]

Patients regularly chose between physical attendance at the
clinic and video or phone consultations based on needs or
personal preferences.

Chat Messages Facilitate Individualized Care When
Needed
Most patients used the chat feature, which all the diabetes
specialist nurses used consistently, facilitating targeted care
within a short time frame. Chat was highlighted as the most
frequently used feature of the digital outpatient solution. For
clinicians, chat presented an opportunity to maintain contact
with patients and even reduce consultation frequency if adequate
follow-up could be conducted via chat:

We reach more patients when they have the
opportunity to send a message. We dare, in a way, to
schedule their next consultation in half a year because
they can write to us in the meantime if they need to.
[Clinician 1]

When confronted with complex patient inquiries via chat that
warranted comprehensive written responses or extensive
dialogue with the patient, clinicians found transitioning to
immediate remote consultations useful in providing the
necessary support. These chat-initiated remote consultations,
serving as an extension of the chat interaction, enriched the
overall communication process:
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When the patients write messages, we see how
extensive the issue is, whether it’s a short question,
or if it’s a question that requires having a
conversation around what the patient is wondering
about. So, I often ask if we can have a conversation
instead of answering a dissertation...And there is a
lot of good feedback on that. I also think we can
resolve issues quickly so that they don’t have to wait
until their next scheduled consultation to get answers.
So, I believe that we are promoting health more in
the way we are working now. [Clinician 3]

The patients found it easier to contact the clinic through chat.
Moreover, patients reported that chat supported their
self-management, as they used it to address urgent concerns
immediately instead of waiting for their next consultation or
calling the clinic. Many patients viewed phone calls as a barrier,
and they experienced a lower threshold for writing their
questions in chat. Patients and clinicians used the chat feature
for a range of queries, from addressing practical questions about
upcoming consultations to discussing treatment-related matters,
such as insulin adjustment. Chat also provided a sense of
security for patients, knowing that help was just a message
away:

It certainly helps me to have the reassurance that I
can simply send a message instead of having to call
and wait for a response and all that, so it’s very
convenient. Let us say I’m at work and wondering
about something, I can just send a message, and I
know I’ll get a response soon. Especially when I don’t
have the opportunity to be on the phone, it’s a great
comfort knowing there’s someone there to help.
[Patient 4]

Although some patients had used chat only once or twice, or
not at all, they reported a sense of security from knowing that
they had the option to send a chat message when necessary.
This underscores the chat feature’s latent value, demonstrating
its significance even when not used actively.

Clinicians’ and Patients’ Utilization Influences
Perceived Care Efficiency and Quality
Both clinicians and patients acknowledged the digital outpatient
solution’s potential clinical value in enhancing efficiency by
streamlining communication and improving care quality through
individualized follow-up based on patients’ needs. However,
the extent of the perceived clinical value varied among clinicians
and patients and was reflected in how they utilized different
features of the solution. Clinicians’ and patients’ utilization,
that is, their practical and effective use of the digital outpatient
solution, appeared to influence their experiences regarding the
solution’s benefits, with those demonstrating extensive
utilization typically perceiving the solution as more valuable.
Furthermore, this theme describes clinicians’ and patients’
perspectives on how the different features can contribute to
enhanced care efficiency and quality.

The most prominent differences in clinicians’ and patients’
perceived clinical value were related to the PROM
questionnaires. When utilized, both clinicians and patients found
that the questionnaires helped focus on patient-identified key

areas for managing their life with type 1 diabetes,
simultaneously making consultations more efficient by
prioritizing topics. From the patients’ perspective, the PROM
questionnaires were also viewed as the clinic’s acknowledgment
of the complex nature of living with type 1 diabetes. This
comprehensive focus on all aspects of living with diabetes was
believed to enhance care quality by enabling the patients to
address challenging issues more comfortably:

It’s easier to sit and write it on the phone than to
bring it up in a consultation because the questionnaire
is a lot about your thoughts and feelings, and it is not
always easy to talk about… and when you are in a
consultation, they often ask you how you are doing
and then you usually just say that it’s going well even
though it’s not. [Patient 11]

However, patients stressed that the extent to which clinicians
utilized their responses was crucial in perceiving the
questionnaire as valuable from the patients’ perspective.
Although not all patients experienced remote consultations,
most recognized their clinical value in increasing efficiency.
Some patients also expressed a wish to try remote consultations
in the future, particularly if circumstances prevented them from
meeting clinicians in person at the outpatient clinic. Both
patients and clinicians appreciated remote consultation’s
potential to increase efficiency and flexibility. Patients clearly
benefited from a reduction in travel time, while some clinicians
valued the possibility of working remotely. Both parties also
noted that remote consultations tended to be more concise,
without the usual small talk evident during in-person
consultations. However, this led to a few clinicians expressing
concerns about potentially missing important information, with
some worrying that care quality provided remotely was not as
high as in person. Most patients did not share the same concern,
as they would choose clinic consultations for issues they felt
were better discussed in person.

Both clinicians and patients emphasized the chat feature’s role
in elevating care efficiency and quality. Clinicians found that
chat reduced the volume of calls to the clinic, allowing them to
respond at their convenience, rather than being interrupted by
calls during other tasks. Although responses from the clinic
could take a few hours or even a couple of days, patients
perceived the overall process as more efficient and flexible than
calling. Furthermore, chat enabled clinicians to give more
thought-out advice, differing from the immediate responses
provided over the phone and enhancing the perceived quality
of the responses provided to patients:

After nearly two years of using the solution, we
appreciate receiving written questions, as it allows
us to respond at our convenience. This also allows
us to thoroughly consider our response and consult
with a colleague before replying if necessary. I think
this is a good approach. [Clinician 4]

Patients appreciated the chat feature’s value in offering an
accessible way to receive reassuring responses to their questions,
thereby easing everyday management of their condition. Both
clinicians and patients viewed the chat feature, largely driven
by patient-initiated conversations, as a key element of the digital
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outpatient solution for individualizing care to meet patients’
needs.

Discussion

Principal Findings
This qualitative study provides insight into how clinicians and
patients accept and utilize a digital outpatient solution in a
diabetes outpatient clinic differently, highlighting an interplay
between their usage patterns. Specifically, clinicians’acceptance
seems to shape patients’ understanding and acceptance of the
solution’s resources, subsequently influencing clinicians’ and
patients’ use. Furthermore, this seems to influence clinicians’
and patients’ perceived clinical value of the solution’s different
features. Those demonstrating higher acceptance and more
extensive utilization perceived the solution as more valuable,
recognizing its potential to enhance care efficiency and quality.

To our knowledge, no extant literature has highlighted the
interplay between clinicians’ and patients’ acceptance,
utilization, and perceived clinical value of digital outpatient
solutions during full-scale implementation in diabetes specialist
outpatient care. The literature mostly encompasses pilot and
feasibility studies, with an emphasis either on the patients’ or
the clinicians’ perspective [4]. Although the literature in this
field is limited, studies have indicated that patients generally
embrace PROM-based digital outpatient solutions [16,22],
whereas clinicians often express ambivalence and challenges
related to time, resources, and care quality [11,12,16]. Our
findings particularly align with how clinicians express
ambivalence about using digital outpatient solutions, revealing
variations in satisfaction and use of the solution. Moreover, our
study goes further than extant studies in exploring the complex
interplay between clinicians and patients, specifically by
demonstrating that clinicians’ acceptance influences patients’
acceptance and their collective utilization of the solution. This
interplay underscores the important role of clinicians’
understanding and acceptance of the digital outpatient solution
for successful implementation [19].

The importance of clinicians’ acceptance has been emphasized
in literature examining telehealth services in different contexts
[18]. Regarding this specific multicomponent digital solution,
our findings suggest that both clinicians and patients perceived
combining different features to improve the efficiency and
quality of individualized care as clinically valuable and
appropriate for implementation in clinical practice [19].
However, variations in acceptability across individuals
seemingly affect clinicians’ and patients’ perceived clinical
value of each feature, influencing their utilization in the sense
of user engagement and intervention effectiveness [20]. For
instance, most participants used the chat feature and found it
valuable for individualizing care, aligning with extant literature
arguing that a chat feature can strengthen clinician-patient
relationships in type 1 diabetes care [35]. Remote consultations
were used based on individual preferences and needs and were
valued particularly for their role in enhancing communication
efficiency, a benefit also reported in earlier literature [36].
However, we observed wide variations in use and perceived
clinical value of PROM questionnaires. Extant literature has

argued that PROMs’ usefulness in clinical practice depends on
patients reporting their concerns, clinicians’ proficiency in
utilizing information, and both patients and clinicians perceiving
them as useful [37]. This suggests that the effectiveness of using
PROMs to individualize care depends on clinicians’ and
patients’ ambition and capacity to leverage opportunities that
PROMs offer. Without active engagement from both clinicians
and patients, PROM questionnaires can be perceived as a burden
rather than an asset, adding to workloads without enhancing
perceived clinical value.

Implications for Clinical Practice

Overview
To ensure successful implementation, it is crucial to address
both human factors and organizational change [38]. We argue
that an in-depth understanding of human factors, such as users’
acceptance, is essential when implementing a digital outpatient
solution in diabetes care. Based on our findings, we emphasize
the importance of clinic management in addressing the
challenges and implications that clinicians and patients
encounter during implementation, as these factors can
significantly impact the solution’s sustainable utilization.

Importance of User Acceptance and the Clinicians’Role
in Implementation
Based on our findings, which underscore the important role of
clinicians’acceptance in the sustainable utilization of the digital
outpatient solution, we argue that clinicians should be a
prioritized group during implementation. When clinicians accept
and understand how the digital outpatient solution can be
utilized, they are in a better position to provide the necessary
information for patients to start using it. Extant literature has
recognized clinicians’ role in implementing digital outpatient
solutions successfully [18] and has suggested further exploration
of workflow changes that clinicians encounter when
implementing digital solutions in diabetes care [4]. Furthermore,
clinicians’ role has also been highlighted in the context of other
diagnostic groups, such as epilepsy, in which it has been argued
that PROM-based follow-up represents substantially changed
outpatient care and that implementation success is highly
dependent on clinicians’daily management of the solution [38].

The Need for Organizational Involvement and Strategy
Ensuring clinicians’ acceptance and competence to provide the
necessary information and education to patients about how to
utilize digital outpatient solutions seems to require
organizational strategies that emphasize education, training,
and ongoing support throughout and after implementation. As
part of the implementation of this digital outpatient solution,
all clinicians underwent training and were offered ongoing
support as needed. Nevertheless, the persistence of some
clinicians’hesitance to change implies that more comprehensive
organizational involvement may be necessary for optimal
implementation. Strategies that address clinicians’ individual
support needs might help foster more universal acceptance
among clinicians.

Furthermore, our findings indicate that the extent of
organizational involvement required for implementation to be
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successful can differ, depending on the effort required from
clinicians and patients to adapt to the new practices. In this
study, the implementation of the chat feature and offering
patients the choice of remote consultations were viewed as
particularly valuable. However, the implementation of PROM
questionnaires required considerable changes in clinicians’
workflow and their care delivery methods, while concurrently
requiring increased patient involvement. Extant literature has
highlighted the need for clinicians to adapt their care methods
when implementing PROMs in diabetes care [12] and that the
efficiency of using PROMs in clinical practice seems to increase
in line with clinicians’ and patients’ understanding of why and
how they are used [37]. Consequently, we suggest that more
structured education and follow-up from clinic management are
needed on the use of PROM questionnaires, compared with
other, more easy-to-use features of the digital outpatient
solution, such as the chat feature and remote consultations.

Change management, a systematic approach to managing the
human elements of change [39], could inspire strategies to
ensure utilization when implementing a digital outpatient
solution. This approach involves a set of processes designed to
guide an organization through a transition [39] and has been
applied in other contexts implementing digital services [40], as
well as other settings in health care services [41]. We propose
that using a change management approach adapted to the
specific context could facilitate future implementations of digital
outpatient solutions in diabetes specialist outpatient care.
However, implementing change notably often requires more
time and resources than anticipated, particularly under pressure
[42]. Given the increasing patient population in diabetes care
[2], as well as the constraints of limited health care resources,
potential implementation challenges should be considered before
introducing new digital outpatient solutions in diabetes specialist
outpatient care. Thoughtful consideration of potential
implementation challenges and proactive planning for their
resolution could enhance the likelihood of successful
implementation.

Limitations
Despite providing valuable insights, this study has some
limitations. The data, collected from 1 single diabetes outpatient
clinic and specific to 1 particular digital outpatient solution,
may not present patterns transferable to other settings or digital
solutions. However, we did find that patients and clinicians
were reporting similar experiences in other studies, although
the content and delivery methods in their digital outpatient
solutions differed [11,12,16,22]. These studies were also
conducted in Scandinavian countries, providing a patient
population and health care setting comparable with our study.

Another potential limitation is that some of the clinicians
interviewed in this study also participated in the user
involvement study previously conducted at Akershus University

Hospital [23], which aimed to develop this digital outpatient
solution and the care trajectory. The clinicians’ involvement in
the solution’s development process may have influenced their
attitudes and understanding of its use. This implies that not all
clinicians may have had the same foundation or knowledge to
utilize the solution, potentially contributing to observed
variations in acceptance, utilization, and perceived clinical value.
Still, this variation in clinicians contributes to bringing different
perspectives with the digital solution into the study, and the
findings emphasize the importance of understanding why and
how such solutions are used for their effective utilization.

All patients recruited for this study had used the solution to
some extent, having completed at least 1 PROM questionnaire.
We chose to focus on this group to gain insight into the
utilization of the different features. However, we acknowledge
a limitation in that we have not considered patients who have
accepted using the digital outpatient solution but have not done
so for various reasons. Understanding the barriers that these
patients face in using the solution could provide valuable insight,
potentially helping to facilitate a smoother transition to digital
follow-up for patients currently not using the solution.

Finally, as this is a qualitative study, we are gaining deep insight
into how the solution is utilized in clinical practice. Although
our sample size concerning the clinicians could have been larger,
it still contained 96 A4 pages of transcribed data. This shows a
high degree of information power [43]. However, using a mixed
methods design or further investigating patients’ and clinicians’
acceptability and utilization quantitatively could deepen our
understanding and enhance the validity and reliability of our
findings.

Conclusions
This study explored the interplay between clinicians’ and
patients’ acceptance, utilization, and perceived clinical value
of a digital outpatient solution in diabetes specialist outpatient
care. We identified variations in the use of the solution’s
features, suggesting that certain features might require greater
knowledge and efforts from clinicians and patients to be utilized
efficiently, particularly the use of PROM questionnaires. Our
findings imply that when clinicians and patients understand
why and how such solutions are used, they can enhance care
efficiency and quality, contributing to sustainable health care
services. We argue that an in-depth understanding of clinicians’
acceptance is essential when implementing a digital outpatient
solution. Furthermore, using a change management approach,
adapted to the specific context, could facilitate future
implementations to ensure sustainable utilization. Future
research should look deeper into clinicians’ and patients’
acceptance, as well as use of change management strategies
when implementing digital outpatient solutions in diabetes
specialist outpatient care.
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Abstract

Background: Latino adults with type 2 diabetes (T2D) have higher rates of diabetes medication nonadherence than non-Hispanic
White adults. REACH (Rapid Encouragement/Education And Communications for Health) is a text message platform based on
the information-motivation-behavioral skills model that addresses barriers to adherence and was shown to improve adherence
and glycated hemoglobin (HbA1c) levels, but it is only available in English.

Objective: This study aimed to report the multiphase, stakeholder-driven adaptation of the REACH barriers to diabetes medication
adherence content to a Latino population (REACH-Español).

Methods: This was a qualitative study using focus groups. We identified potentially eligible patients (≥18 y old, Latino ethnicity,
Spanish-language preference, and T2D diagnosis) using a Mass General Brigham Hospital query. Eligible patients were invited
to participate in a focus group conducted in Spanish between April 13 and November 9, 2023. A total of 5 focus groups were
conducted. Focus groups 1‐3 centered on ranking 40 barriers to diabetes medication adherence (derived from REACH and the
extant literature), whereas focus groups 4‐5 centered on translation and cultural modifications of the original SMS text message
content associated with each of the REACH barriers. Barriers were mapped onto information-motivation-behavioral constructs.
We used descriptive statistics to summarize participant characteristics. Focus groups were audio-recorded, professionally
transcribed, and analyzed with thematic content analysis using NVivo (Lumivero).

Results: In total, 22 participants attended the focus groups. The mean (SD) age was 63.2 (11) years, 55% (n=10/22) were female,
and the mean HbA1c level was 8.5%. All participants were born in Latin America or the Caribbean and spoke Spanish as their
preferred language, and 54.5% (12/22) had completed middle-school education or less. Among the top 10 ranked barriers, 50%
(n=5) corresponded to information, 20% (n=2) to social motivation, 20% (n=2) to behavioral skills, and 10% (n=1) to personal
motivation. Personal motivation barriers (medication burden and fear of side effects) and behavioral skills (forgetting to take
medication) emerged as important themes in the focus groups.

Conclusions: A stakeholder-driven approach to intervention adaptation identified and prioritized relevant barriers to diabetes
medication adherence among Latino adults with T2D and facilitated the adaptation of the REACH platform to a Spanish-speaking
population.

(JMIR Hum Factors 2025;12:e66668)   doi:10.2196/66668
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Introduction

Suboptimal medication adherence, generally defined as taking
less than 80% of prescribed medications [1], is reported by
nearly 50% of adults with type 2 diabetes (T2D) [2,3] and is
associated with poor glycemic management [1,2,4] and higher
risk of all-cause mortality [5]. Rates of suboptimal diabetes
medication adherence are higher in racial and ethnic minority
populations [6,7], particularly among individuals with lower
English language proficiency [8]. An estimated 60% of Latino
adults with limited English language proficiency report
nonadherence to diabetes medications, compared with 52% of
Latino adults with English proficiency and 38% of non-Hispanic
White individuals [8]. Unique barriers to diabetes medication
adherence have been reported by Latino adults with T2D [8-18],
including negative perceptions regarding diabetes medication
use (particularly insulin) [9,12,18], misunderstanding of the
ongoing need for glucose-lowering pharmacotherapy once
glycated hemoglobin (HbA1c) has improved [17], and
challenges with regimen complexity even with the use of a
Spanish-language interpreter [8,19]. While interventions that
address patient-reported barriers to diabetes medication
adherence can improve glycemic management [20,21],
interventions that address barriers to diabetes medication
adherence of relevance to Latino adults with T2D are lacking.

Among numerous behavioral theories that explain medication
adherence behavior [22], the information-motivation-behavioral
skills (IMB) model is an important theory-based model for
conceptualizing and addressing domains associated with diabetes
medication adherence [23,24]. The IMB model is built on three
key components that influence behavior change, that are (1)
information (ie, accurate knowledge about the disease and
medications), (2) motivation (ie, beliefs and attitudes plus social
support and social norms), and (3) behavioral skills (ie, objective
and perceived abilities) [23,25]. When applied to diabetes
medication adherence behavior, the IMB components allow for
the identification of barriers to medication adherence in each
domain [25]. Several interventions that have incorporated this
model to address self-reported barriers to medication adherence
have shown improvements in diabetes medication adherence
and glycemic management among adults with T2D, including
among Latino adults [21,23]. However, patient-centered tools
for Latino adults with T2D based on the IMB model that are
scalable and that do not rely on in-person educational sessions,
which can be resource-intensive, do not yet exist.

REACH (Rapid Encouragement/Education And
Communications for Health) is an innovative text message tool
based on the IMB model that delivers text message content
tailored to individual patient-reported barriers to diabetes
medication adherence [21,26]. REACH delivers daily diabetes
self-management 1-way texts, daily 2-way texts that ask about
medication adherence, and weekly texts that provide adherence
feedback and encouragement based on responses to 2-way texts.

REACH was shown to improve diabetes medication adherence
(by an average of one-third to one-half day per week over 12
months), reduce barriers to diabetes medication adherence
(including cost-related barriers), improve dietary behavior and
physical activity, and significantly reduce HbA1c at 6 months
compared with usual care (0.74% reduction among patients
with baseline HbA1c≥8.5%) [21]. However, despite its efficacy,
scalability, and high participant engagement [27], REACH has
not been adapted to other contexts. REACH could serve as an
important clinical tool to address barriers to diabetes medication
adherence among Latino adults with T2D. In this study, we
used a multistage, stakeholder-driven, iterative method of
language adaptation to adapt the original REACH barrier content
to a Latino, Spanish-speaking population with T2D, focusing
on identifying barriers to diabetes medication adherence of
relevance to this population.

Methods

Study Design, Setting, and Participant Eligibility
We conducted a qualitative study by carrying out focus groups
at the Massachusetts General Hospital (MGH) Chelsea
HealthCare Center, one of the MGH Community Health Care
Centers that serve a patient population in the greater Boston
area that is majority Latino or Spanish-speaking [28]. Eligible
participants had a T2D diagnosis (based on diagnostic codes,
confirmed with electronic health record review), were ≥18 years
old, were taking at least 1 glucose-lowering medication, and
reported Spanish as their preferred written and spoken language.
We excluded patients with auditory or communication
difficulties.

Participant Recruitment
We searched the MGH Research Patient Data Registry to
identify individuals who received care at MGH within the
previous 2 years and who were ≥18 years old, had a diagnosis
of T2D, and had registered Spanish as their preferred language.
A total of 3709 patients met this criteria, of whom 500 lived in
the city of Chelsea. We mailed out opt-out letters to 350 of these
participants (selected randomly), followed by telephone calls
to screen for the eligibility criteria described above. Among 30
eligible patients willing to participate in the study, 22 unique
participants attended one of the focus groups 1‐5. A total of
10 participants who attended focus groups 1‐3 also attended
either focus group 4 or 5. The reason for participation in multiple
focus groups was to engage patients in the iterative process of
content adaptation, which took place in two steps: (1)
identification of barriers to diabetes medication adherence of
relevance to the study population (focus groups 1‐3) and (2)
adaptation of SMS text message content addressing the relevant
barriers. Enrollment occurred between March and November
of 2023. Given that the original REACH content was created
with input from communication experts who edited the text
messages to be readable and understandable (ie, written at the
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sixth-grade reading level or below) [26], the adaptation of
REACH barrier content was also guided by an emphasis on
reading appropriateness for the study population. Thus, for
eligible patients interested in participating in the study, we
conducted a health literacy screening to tailor the focus group
activities to the literacy level of the study population. We used
the 1-item Brief Health Literacy Screening Tool (BRIEF)
questionnaire (“How confident are you filling out medical forms
by yourself?”), which has been validated for Spanish-speaking
populations as a quick assessment of health literacy [29].

Ethical Considerations
Participants received US $50 for focus group attendance. The
Mass General Brigham Institutional Review Board approved
all aspects of the study (protocol 2022P002678). At the
beginning of each focus group, participants received an
IRB-approved information sheet, which outlined the objectives
of the study, procedures, benefits and risks, confidentiality, as
well as an emphasis on voluntary participation. All participants
agreed to participate in the focus groups.

Measures
At the start of each focus group, participants were asked to fill
out a sociodemographic and diabetes history questionnaire. The
data that were collected through this questionnaire were age,
sex, ethnicity, country of birth, preferred language, educational
attainment, household income, health insurance, and diabetes
history (age at diagnosis, diabetes medications, and
complications).

REACH Barriers to Diabetes Medication Adherence
The development of the REACH barrier content has been
described in studies by Nelson et al [25,26]. The REACH study
team conducted a thorough review of published studies
describing patient-reported barriers to adherence to
glucose-lowering medications. The literature review yielded 68

barriers to taking oral glucose-lowering medications and 7
barriers to taking insulin; similar barriers were collapsed,
resulting in 36 adherence barriers [25]. A 2-step interactive
procedure was subsequently used to rank these barriers among
adults with T2D. Each of the 36 barriers was mapped to the
IMB constructs, and content experts drew on identified studies
to develop SMS text messages addressing each barrier [26]. For
instance, the barrier “My daily medicine routine is too
complicated to keep track of” generated 21 SMS text messages
to address this concern, such as “to help keep things simple,
take your medications at the same time you’re doing something
else, like brushing your teeth or eating meals.”

Adaptation Methodology

Description
To ensure that the REACH-Español barrier content was
culturally and linguistically appropriate for the target population,
we were guided by the multistage, iterative method for
cross-cultural adaptation proposed by Matías-Carrelo et al [30]
This multistage method relies on the linguistic review of the
translated instrument by incorporating input from multiple
stakeholders, including both a multinational bilingual committee
composed of bilingual (English-Spanish) researchers familiar
with the instrument and stakeholders from the populations being
studied. This adaptation methodology aims to maintain the
content, semantic, and technical equivalence. It is superior to
the translation and back-translation method, which may not
yield cultural equivalency of the content being translated, nor
capture key sociocultural factors [30]. In this study, two groups
of bilingual stakeholders reviewed the SMS text message content
being translated (1) a bilingual research team and (2) focus
group participants. Figure 1 summarizes the 10-step adaptation
process used in this study (the Matías-Carrelo et al [30]
framework is shown in gray and the corresponding adaptations
in white).
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Figure 1. Adaptation and development of REACH-Español text message content on barriers to diabetes medication adherence (gray boxes outline
original adaptation framework proposed by Matias-Carrelo et al [30]; corresponding modifications are shown in the white boxes). REACH: Rapid
Encouragement/Education And Communications for Health.
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Literature Review of Barriers and Translation
We conducted a systematic review of published studies
describing patient-reported barriers to diabetes medication
adherence in Spanish-speaking adults with T2D. We identified
an additional 9 barriers relevant to Spanish-speaking adults that
were not included in the original REACH barrier list
(Multimedia Appendix 1). We collapsed similar barriers,
resulting in 40 barriers to diabetes medication adherence with
potential relevance to Spanish-speaking adults with T2D
(Multimedia Appendix 2).

Barrier Translation
The 40 barriers’ names were professionally translated into
Spanish (Multimedia Appendix 1).

Barrier Assessment
To assess the relevance (and irrelevance) of the 40 barriers to
diabetes medication adherence among Latino adults with T2D,
we conducted 3 focus groups. Our screening for health literacy
at recruitment showed that 33% of participants interested in
attending one of the focus groups had low health literacy (“not
at all” confident in filling out medical forms by yourself).
Therefore, we tailored the focus group activities to a lower
health literacy level by focusing on nonwritten activities and
using visual props and cues to guide the discussion (Multimedia
Appendix 3). We used a 2-step interactive process adapted from
the original REACH barrier development process [25]. In the
first activity, we encouraged an open discussion by asking
participants to think about “things that make taking diabetes
medications difficult” and to share these with the group; we
wrote each item on a whiteboard as the discussion progressed.
In the second activity, we asked participants to rank each of the
40 barriers to diabetes medication adherence referenced earlier,
according to personal relevance. To make the activity easy to
follow, we used a “traffic light” model of 3 colored envelopes
and asked participants to place each written barrier name (eg,
“I worry that taking diabetes medicines for a long time will be
bad for me”) into a folder, based on its relevance to them
(Multimedia Appendix 3): red (never), yellow (sometimes), or
green (always). Focus groups were audio-recorded and
professionally transcribed in Spanish.

Barrier Analysis and Selection
Upon completion of the barrier ranking activity, barriers that
were placed in the red “never” envelope received a score of 1,
those placed in the yellow “sometimes” folder received a 2, and
barriers placed in the green “always” folder received a 3. We
then calculated the proportion of participants that reported each
barrier as sometimes or always (Multimedia Appendix 4). We
retained 23 barriers that were reported as relevant ≥33% of
participants (mean proportion for all barriers was 32%) plus 1
barrier (regimen complexity) that emerged as an important
theme in the focus groups. We then combined barriers with
similar content (19 barriers) and removed 1 barrier (“I think
brand name medicine works better than generic medicine”)
because of some recent recalls of generic glucose-lowering
medications which may have affected perceptions at the time
[31], resulting in 18 final barriers for REACH-Español.

Review of Existing Barrier Text Message Content
To adapt the text message content corresponding to each barrier
in a Spanish-speaking population, we selected the most relevant
barriers that were identified in focus groups 1‐3. We reviewed
the original REACH text message English content corresponding
to each of the selected barriers and conducted a readability check
of each text message using the Flesch-Kincaid readability grade
level test, ensuring that the language used was grade 6 or lower.

Text Message Content Translation
The text message content corresponding to each of the 18
barriers was professionally translated into Spanish.

Text Message Spanish Language Assessment
To ensure that the Spanish text message content was culturally
and linguistically appropriate for the target population, we
invited the same group of participants that attended focus groups
1‐3 to attend 1 of 2 additional focus groups (focus groups
4‐5). To solicit participant feedback in the focus groups, we
projected each text message on a Microsoft PowerPoint
presentation and gave each participant a green (“Yes) and a red
(“No”) paddle (Multimedia Appendix 5). We asked participants
to approve or disapprove of messaging according to ease of
understanding by raising the paddle when each text message
was projected and read aloud. We discussed messages that
received “No” votes.

Text Message Content Modification
Following the completion of focus groups 4‐5, we excluded
text messages not well-received by participants (not relevant,
tone did not resonate). Then, our bilingual research team
modified specific language based on participant feedback, with
a focus on selecting language that was more broadly understood
by Spanish-speaking participants from diverse geographic and
cultural backgrounds with distinct dialects. Focus groups were
audio-recorded and professionally transcribed in Spanish.

Beta Testing
The revised text message content was sent to our digital health
partner, MEMOTEXT, which will deliver the text messages to
participants in the pilot study of REACH-Español. To ensure
that the text message content delivery worked as intended and
to subject the content to one more round of language
modification, we conducted beta testing of the text message
content. Beta testing entailed having the research team members
as well as 3 patient stakeholders (participants who attended
focus groups 4 or 5) receive and interact with the
REACH-Español text message content over the course of 4
weeks. All members of the beta testing process provided input
on a weekly basis on either technical or linguistic aspects that
required modification. Patient stakeholders provided their
impression of the program via an exit interview.

Fine-Tuning
Throughout the beta testing process, we identified several
technical issues, mostly pertaining to the sent time of the text
messages (ie, too close to bedtime, welcome text message sent
after content message). MEMOTEXT revised the platform
throughout the beta testing process based on user feedback.
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After all user input was incorporated, a final version of the
REACH-Español text message content was created.

Analysis
We used descriptive statistics (means, SDs, and proportions) to
summarize participant characteristics. For the qualitative
analysis, an “open-coding” approach (inductive) was used first
to identify themes in the transcripts (in Spanish) from focus
groups 1‐3. Themes were then categorized as barriers and
facilitators to diabetes medication adherence. Second, we used
deductive coding to map the codes into the IMB construct.
Coding was conducted by native Spanish-speaking research
team members. Analyses were conducted using Microsoft Excel
and NVivo 14 (Lumivero).

Results

Focus Group Participants
A total of 22 participants attended focus groups 1‐5. The first
3 groups were attended by 18 participants; 10 of these
participants also attended either focus group 4 or 5. Table 1
summarizes the demographic and clinical characteristics of the
study participants. The mean age was 63.2 (SD 11) years, 55%
(10/22) were female, 59% (13/22) were categorized as having
high health literacy (based on the 1-item BRIEF questionnaire),
although 55% (12/22) reported an educational attainment of
elementary or middle school only. Over two-thirds (16/22 73%)
of participants were born outside of the United States, largely
in Central America. Participants had a mean (SD) diabetes
duration of 20.3 (12) years. In addition, 59% (13/22) of
participants reported insulin use.

Table . Characteristics of the focus group population.

Overall (n=22)Characteristic

63.2 (11)Age (y), mean (SD)

10 (55)Sex (female), n (%)

8.5 (1)HbA1c, mean (SD)

2 (9)    HbA1c<7%, n (%)

20 (91)    HbA1c>7%, n (%)

44.2 (13)Age at diabetes diagnosis (y), mean (SD)

20.3 (12)Diabetes duration (y), mean (SD)

2.9 (1)Number of diabetes medications, mean (SD)

13 (59)Insulin use, n (%)

Health literacy quintile, n (%)

3 (14)    1 (lowest)

1 (4)    2

2 (9)    3

3 (14)    4

13 (59)    5 (highest)

Educational attainment, n (%)

12 (55)    Elementary or middle school

4 (18)    Some secondary schooling

4 (18)    High school or GED

2 (9)    Some university

Place of birth, n (%)

1 (5)    Colombia

1 (5)    Dominican Republic

5 (23)    El Salvador

5 (23)    Guatemala

3 (14)    Honduras

1 (5)    Peru

6 (27)    Puerto Rico
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Barrier Selection
Multimedia Appendix 2 shows the list of 40 barriers to diabetes
medication adherence that were assessed for relevance in focus
groups 1‐3. Barriers are shown in order of higher to lower
proportion of participants reporting each barrier as relevant
sometimes or always. Figure 2 shows the list of 40 barriers,

categorized into the IMB model and ranked according to the
proportion of participants who reported the barrier as relevant
sometimes or always. Among the top 10 barriers, 50% (n=5)
corresponded to the information category, 20% (n=2) to the
social motivation category, 20% (n=2) to behavioral skills, and
10% (n=1) to personal motivation.

Figure 2. Proportion of participants who reported each diabetes medication adherence barrier as relevant sometimes or always (barriers were shortened
to improve readability, please refer to Multimedia Appendix 4 for full barrier wording).

Barriers to Diabetes Medication Adherence Based on
Thematic Analysis
Table 2 outlines the key themes that emerged in focus groups
1‐3 based on participant quotes, grouped into barriers to
diabetes medication adherence, and mapped into the IMB model.
In total, 5 themes emerged in response to the question “What
are some difficulties that come to mind when taking your

diabetes medications?” In order of relevance (higher or lower
number of times mentioned), most participants agreed that
medication burden was one of the most important barriers to
diabetes medication adherence, followed by fear of side effects
or of new medication, difficulty or confusion with medication
changes, forgetting to take medications, and frustration with
diagnosis or lack or improvement.
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Table . Diabetes medication adherence barriers reported by focus group participants (what are some difficulties that you encounter when taking your
diabetes medications?).

Barriers to diabetes medication adherence: What are some difficulties that you encounter when taking your diabetes medications?

Existing REACHb barrierIMBa categoryParticipant QuotesThemes

Medication burden

I feel burned out with having to take
diabetes medicines

Personal Motivation“It’s not difficult to take medica-
tions, it’s just that we are disgusted
by having to take so many medica-

Too many medications and exhaus-
tion with taking medications daily

tions.” (Female, 62 y old, El Sal-
vador) “I am exhausted with having
to take medications every day.”
(Female, 45 y old, Guatemala)
“Sometimes I don’t want it….there
is a rejection, a rejection [of the
medication].” (Female, 45 y old, El
Salvador)

Taking diabetes medicine disrupts
my daily activities/ Taking insulin
disrupts my daily activities

Social Motivation“Yes, [it interferes] with daily
chores…if the next dose is close
enough, then I skip it and inject the
following dose.”(Male, 63 y old, El

Interferes with daily activities

Salvador). “Well, sometimes it’s
very difficult to wake up, knowing
that you won’t be drinking a cup of
coffee with bread, but something
else, to take the diabetes pills.” (Fe-
male, 74 y old, Puerto Rico)

My daily medicine routine is too
complicated to keep track of

Behavioral skills“It’s very difficult because I take ten
medications in the morning and
eight at night.” (Male, 63 y old, El

Regimen complexity

Salvador). “In my case, I have to
take two pills in the morning and
two at night…and the daytime ones,
I can’t get used to taking them. I
take all four at night.” (Male, 63 y
old, El Salvador)

Juggling other responsibilities
makes medicine difficult

Social Motivation“I have difficulty taking the medica-
tions because I start working at
7AM, so if I am late for work I

Juggling other responsibilities

don’t take any medications until my
break time, around 10am…and then
the other medications I take at 9PM,
when I come back from work.”
(Female, 45 y old, Guatemala)

Fear of side effects or of new medications

N/AcPersonal Motivation“And there are times when it [blood
sugar] drops suddenly and it gives

Low blood sugars

me anxiety to find something to eat
because I feel like as he [other par-
ticipant] mentioned, tremulous, it’s
horrible.” (Male, 56 y old,
Guatemala)

I worry that taking diabetes
medicines for a long time will be
bad for me

Personal Motivation“Perhaps I will not feel it now but I
will feel it [side effects] over time.”
(Male, 65 y old, Guatemala)

Side effects

N/AInformation“You are taking a risk, if you take
the medication, it alleviates some-

New medications

thing but it will damage something
else.” (Female, 63 y old, Puerto Ri-
co)
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Barriers to diabetes medication adherence: What are some difficulties that you encounter when taking your diabetes medications?

Existing REACHb barrierIMBa categoryParticipant QuotesThemes

I believe diabetes medication can be
harmful.

Personal Motivation“Because you know that there are
medications that damage the kid-
neys and then the doctor tells you,
I’m sorry, it was the medication
[that caused the kidney damage], so
you live in fear.” (Female, 71 y old,
Puerto Rico)

Organ damage

Difficulty or confusion with medication changes

I’m not sure why my doctor some-
times changes my dose or type of
medicine

Information“I had a problem with the insulin
because, I mean, my sugar was very
high so the doctor said ‘we are go-
ing to do an experiment,’ they did
an experiment with me that they put
me until a certain level and that’s
where it [the dose] remained.”
(Male, 65 y old, Guatemala) “Be-
cause they have me like a guinea
pig, like playing with me, making
experiments…sincerely don’t know
what to do.” (Male, 56 y old,
Guatemala)

Medication changes

When I leave a clinic visit, I am
confused as to which medications I
need to take

Information“Í would leave [the clinic] and
would write down the [medication]
changes but then I would lose the
paper…so I wouldn’t know if I had
to put 35 [units] in the morning or
38 in the afternoon…and since I had
a visit every 3 mo, I would suffer
very much.” (Male, 77 y old,
Guatemala)

Medication instructions

Forget to take medications

I forget to take my medicineBehavioral skills“In reality, it’s not difficult to take
the medications…the problem is
that I forget to take the medications
because of my age.” (Male, 77 y
old, Guatemala) “Yes, I have one
difficulty in taking my medications.
That is, I am very forgetful.” (Male,
54 y old, El Salvador)

Frustration with diagnosis or lack of improvement

I’m disappointed when my medicine
doesn’t improve my diabetes right
away

Information“At times I feel very frustrated be-
cause so many medications that you
are taking and the sugar does not go
down….that puts me depressed.”
(Female, 62 y old, El Salvador)

Treatment doesn’t work

N/APersonal motivation“I have diabetes since the last two
years. I come from a family with
diabetes. I got divorced and in the
process, the diabetes appeared. So,
I started taking the metformin be-
cause I didn’t want to accept it. It
was something very hard and I have
difficulty accepting it.” (Female, 45
y old, Guatemala)

Difficulty accepting diagnosis
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Barriers to diabetes medication adherence: What are some difficulties that you encounter when taking your diabetes medications?

Existing REACHb barrierIMBa categoryParticipant QuotesThemes

N/AInformation“The sugar went down but now I
have a problem that the sugar went
up, so there’s no balance, how to
control this, sincerely it is very, very
complicated for me and I don’t
know what to do.” (Male, 56 y old,
Guatemala)

Labile blood sugars

aIMB: information-motivation-behavioral skills model.
bREACH: Rapid Encouragement/Education And Communications for Health.
cN/A:not applicable

Facilitators to Diabetes Medication Adherence Based
on Thematic Analysis
Multimedia Appendix 6 shows the 5 themes that emerged in
response to the question, “What motivates you to take your
diabetes medications.” In order of relevance (higher to lower),
fear as motivation was an important facilitator, followed by
belief in treatment benefit, personal responsibility, and will to
take medications, family support and medication organization,
and getting used to the medication.

Language Modification of Text Message Content
Focus groups 4‐5, which centered on eliciting feedback on
the translated text message language content, generated rich
discussion. A total of 111 text messages (related to barriers
1‐8) were reviewed in focus group 4 and 100 text messages
(related to barriers 9‐18) were reviewed in focus group 5.
Participants were generally enthusiastic about the text message
content and provided feedback on wording that seemed
confusing, too complex, or less likely to be understood by broad
Spanish-speaking audiences. For instance, the word
“comprimidos” was changed to “pastillas” and the preferred
word for refills was “reposiciones” instead of “prescripciones.”
In total, 12 messages were excluded since patients did not like
the tone, felt that they were difficult to understand, or felt that
they were not relevant. Some examples of these excluded text
messages included “If taking your diabetes medications is
unpleasant, try to push through. Remember that not taking them
may make you feel worse” and “What advice would you give
your friends who forget to refill their medications? Use those
tips for yourself too!”

Beta Testing Patient Stakeholder Input
In the final step of REACH-Español content adaptation, 3 patient
participants who had attended one of the focus groups were
invited to participate in the beta testing process over the course
of 4 weeks. At the end of beta testing, the following patient
stakeholder input was provided:

The texts are very important because when you are
old, you know things from experience, but you forget
things that are important. Like that the test strips need
to be in a hermetically sealed box. The text messages
are very helpful with remembering to take the
medications. [Male, 77 years old, Guatemala]

The texts are helping to remind me to take my
medications. When I look and I see the message [any
of the messages], I run to take my medication. The
texts are very clear. It’s really helping me. [Female,
45 years old, Guatemala]

The content is helpful. For example, learning about
what food to eat to raise a low blood sugar. It’s
helping to remind me to take my medications. I think
this program is best for older people who have the
time and attention to follow the advice. [Male, 63
years old, El Salvador]

Discussion

Principal Findings and Comparison With Previous
Works
In this study, we outline the multistage process used to adapt
the REACH text message content [26], which addresses
patient-reported barriers to diabetes medication adherence, to
a Latino population. The adaptation process centered on the
theory-based IMB skills model for medication adherence and
engagement of patient stakeholders to identify barriers to
diabetes medication adherence with specific relevance to Latino
adults with T2D (with Spanish-speaking preference). We found
that among the top 10 most commonly reported barriers to
diabetes medication adherence among Latino adults with
diabetes, 50% (n=5) corresponded to information gaps, 20%
(n=2) to social motivation, 20% (n=2) to behavioral skills, and
10% (n=1) to personal motivation. In contrast, our thematic
analysis showed that personal motivation barriers (medication
burden and fear of side effects) were the highest concern for
focus group participants, followed by behavioral skills
(forgetting to take medications), and information barriers
(difficulty or confusion with medication changes and frustration
with diagnosis or lack of improvement). These findings suggest
that using the IMB model as a framework to identify barriers
to diabetes medication adherence is useful in this population
and that different qualitative approaches (open discussion vs
ranking exercise) can provide complementary data to inform
the adaptation process of tailored interventions.

By engaging focus group participants in an interactive barrier
ranking exercise conducted through card sorting, we were also
able to select highly relevant barriers to diabetes medication
adherence and exclude those with lower salience from the study.
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Through this exercise, we found that the priority of some barriers
differed in this population compared with the original REACH
intervention. For instance, “I’m not sure what my diabetes
medicine is supposed to do” was reported as relevant by 61%
(11/18) of participants in this study, whereas this barrier was
relevant only for 16% (38/237) of participants in the REACH
development study [25]. Similarly, “I am not sure why my
doctor sometimes changes my dose or type of medicine” was
relevant to 50% (9/18) of participants in this study, whereas
only 15% (36/237) of participants in the REACH development
study reported that this barrier was relevant. These findings
underscore the importance of stakeholder-driven adaptation
approaches given that core intervention components (in this
case, the list of barriers), differed across populations.

We also found that the iterative process of translating and
modifying the original intervention content with stakeholder
input (bilingual research team, focus group participants)
enriched the adaptation process by incorporating language
diversity and nuance. By eliciting input from participants
through interactive focus group activities, we were able to
capture both the thematic and linguistic or cultural relevance
of the content being translated. For instance, we excluded certain
text messages that did not resonate with the audience. We
revised the language with modifications considered more
broadly understood across Spanish-speaking Latin American
and Caribbean populations. Choosing language wording with
a broader reach was particularly important in this study given
the heterogeneity of the Spanish language across Latin America
and the Caribbean. Our observations are consistent with previous
studies that have highlighted the importance of engaging
bilingual stakeholders (including patients) throughout the
language adaptation process [30,32,33].

Although barriers to diabetes medication adherence have been
previously reported in the Latino population [8,10,11,17,19,34],
most studies have not used a theoretical framework to identify
such barriers. The IMB model has been empirically validated
as a framework to identify barriers to diabetes medication
adherence [23], but only 1 intervention based on the IMB model
has documented its use in Latin American adults with diabetes
[35]. Our study supports the use of the IMB framework to better
ascertain barriers to diabetes medication adherence among
Latino adults, which can be helpful in the development of
interventions to address these barriers. Our qualitative analysis
also highlights the importance of treatment complexity in this
patient population and underscores the need for interventions
that can identify and reduce treatment burden and regimen
complexity. Although these challenges to diabetes
self-management have been well described [36-39], scalable
interventions that can reduce the treatment burden are lacking,
particularly in the Latino population.

Digital health technology can improve diabetes medication
adherence behavior [21,40] and HbA1c [21,40,41] and is
recommended by the American Diabetes Association to support
diabetes self-care [42]. However, among the 90 (approximately)
digital health apps currently available for diabetes
self-management, only one-third are available in Spanish, of
which 94% (90/96) have a readability level above that
recommended for patient education material [43]. Some digital

medication adherence support platforms are currently under
study in Latino and Spanish-speaking populations [44,45].
However, none of these platforms provide educational content
tailored to patient-reported barriers to diabetes medication
adherence. The REACH-Español platform adapted in this study
offers this key innovation, in addition to health
literacy–informed content, which could facilitate broader
engagement of prospective participants and long-term
medication adherence.

Our study has the key strength of having adapted an intervention
with iterative input from stakeholders who could be
representative of the population most likely to use the
intervention. This user-centered approach is recommended in
diabetes digital health research [46,47] to ensure that end user
perspectives are represented in the development of interventions
and content is tailored to user needs. However, our study also
has several limitations. First, the sample size was relatively
small, although we achieved thematic saturation for barrier
selection after conducting 3 focus groups. Second, we recruited
participants from a single health center and did not have
representation from every Latin American and Caribbean
country, which could limit the generalizability of our findings.
In addition, although the barriers to diabetes medication
adherence selected in this study were based on relevance to the
focus group participants, the order of relevance may differ in
other Latin American populations living elsewhere in the United
States or with a different insulin usage profile. For instance, “I
have trouble paying for my medicine” was not a highly ranked
barrier but this may be an important barrier in other areas of the
country with lower insurance coverage. Thus, should the
REACH-Español content be adapted to other contexts, using
the IMB model to identify population-specific barriers could
be helpful. Finally, the focus of this study was to adapt the
barrier-specific text message content. While text message
content pertaining to diet and physical activity was directly
translated from English to Spanish, the content did not undergo
the stakeholder-driven adaptation process described here, which
will be the subject of a future study.

Conclusions
In this study, we report the multiphase, stakeholder-driven
adaptation of the REACH digital health platform text message
content, which addresses barriers to diabetes medication
adherence, to a Latino population with T2D. We found key
barriers to diabetes medication adherence that were relevant to
this population, largely related to information gaps. These
findings can contribute to the fields of patient-important
outcomes and treatment burden to guide respectful and
meaningful patient engagement in the management of T2D.
Furthermore, engaging a diverse group of bilingual stakeholders
(bilingual research team, focus group participants) early and
throughout the iterative adaptation process was integral to
ensuring content and linguistic relevance of the text messages
in the REACH-Español platform. The feasibility, acceptability,
usability, and preliminary efficacy of REACH-Español is under
study in a 6-month pilot randomized controlled trial, which
could broaden our understanding of the role of tailored, digital
health interventions on improving diabetes self-care among
Latino adults with T2D.
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Abstract

Background: Digital health education can enhance the quality of life of patients with heart failure by providing accessible and
tailored information, which is essential for effective self-care and self-management.

Objective: This work aims to develop a mobile health knowledge transfer concept for heart failure in a user-centered design
process grounded in theoretical frameworks. This approach centers on enhancing the usability, patient engagement, and
meaningfulness of mobile health education in the context of heart failure.

Methods: A user-centered design process was employed. First, semistructured stakeholder interviews were conducted with
patients (n=9) and medical experts (n=5). The results were used to develop a health knowledge transfer concept for a mobile
health app for heart failure. This concept was implemented as a digital prototype based on an existing German mobile health app
for patients with heart failure. We used this prototype to evaluate our concept with patients with heart failure in a study composed
of user testing and semistructured patient interviews (n=7).

Results: Stakeholder interviews identified five themes relevant to mobile health education: individualization, content relevance,
media diversity, motivation strategies, and trust-building mechanisms. The evaluation of our prototype showed that patients value
the adaptation of content to individual interests and prior knowledge. Digital rewards such as badges and push notifications can
increase motivation and engagement but should be used with care to avoid overload, irrelevance, and repetition.

Conclusions: Our findings emphasize the importance of tailoring mobile health education to the specific needs and preferences
of patients with heart failure. At the same time, they also highlight the careful implementation of motivation strategies to promote
user engagement effectively. These implications offer guidance for developing more impactful interventions to improve health
outcomes for this population.

(JMIR Hum Factors 2025;12:e56798)   doi:10.2196/56798

KEYWORDS

health literacy; digital Literacy; user-centered design; digital health app; heart failure; mixed methods study; user centered deign;
usability; patient engagement; mHealth app; development

Introduction

In 2019, heart failure affected more than 56 million people
worldwide [1]. The diagnosis of heart failure entails severe
health consequences for patients and significant financial
resources for public health systems [2]. In light of an aging
population, heart failure is becoming increasingly important in
society and requires new approaches for prevention,
management, and therapy to mitigate health impact [3,4].

Heart failure requires a high level of active patient involvement
[5]. Self-monitoring of physiological parameters, medication
intake, nutrition, and physical activity are crucial factors in
preventing the hospitalizations of patients [6,7]. In this context,
health literacy plays a major role since high levels of health
literacy in patients with heart failure promote patient
empowerment, self-care practices, and medication adherence
[8-10]. Health literacy can be described as the capacity of a
person to access and understand health-related information,
place it in context, and use it responsibly to promote and
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maintain good health [11]. With a focus on heart failure and
other cardiovascular diseases, The American Heart Association
concludes that health literacy is crucial for effective treatments
for cardiovascular diseases and acknowledges information
technology as a potential path to improving health literacy [12].
In the long-term, low health literacy is associated with an
increased risk for hospitalizations and death in patients with
heart failure [13].

To effectively deliver information to patients and achieve
learning effects, mobile health technology offers great potential.
This applies to populations with low health literacy in particular
[14-16]. As smartphone access has become widespread across
various demographic groups, including those with lower
socioeconomic status, they provide an accessible platform for
delivering tailored health interventions to underserved
populations [17,18]. Enhancing health literacy requires attention
not only to disease-specific content but also to digital health
literacy, empowering users to navigate health-related inquiries
online effectively [14,19,20]. However, several barriers have
been identified, including the access to apps, the readability of
content as well as the usability of digital health services [14,21].
In the context of heart failure, evidence about the effects of
mobile health for promoting health literacy is still limited. Allida
et al identified no increase in heart failure knowledge through
digital educational content and unclear evidence on self-efficacy,
self-care, and health-related quality of life [22]. In contrast,
several recent studies demonstrated positive effects on quality
of life, hospitalization rates, and self-management abilities
[23-25]. However, despite the potential benefits, these
approaches lack the incorporation of theoretical frameworks
for engaging, appealing, and effective knowledge transfer.
Furthermore, patients with heart failure are hardly involved in
the development process of mobile health interventions.

Thus, the aim of this work was to develop a concept for a
sustainable and engaging knowledge transfer with a specific
focus on the needs and preferences of patients with heart failure.

Theoretical frameworks for mobile health knowledge transfer
and the involvement of end-users throughout the design process
build a strong foundation for an engaging, user-friendly, and
effective mobile health intervention. A digital prototype served
as a tangible representation of our concept, which we evaluated
with patients with heart failure.

Methods

Study Design Overview
The foundation of this work was the user-centered design
process, a common method in interaction design [26]. It
emphasizes the involvement of the potential end-users
throughout the developmental phases to ascertain that the
resulting concepts align with their needs, preferences, and
experiences of the target group. This iterative approach often
incorporates techniques such as user interviews, focus groups,
prototyping, and usability testing to refine the design based on
continuous feedback. The graphical abstract (Figure 1) provides
an overview of the methodology used.

First, we used current literature and semistructured qualitative
interviews to understand the context of use and derive
requirements. Based on the findings, possible design solutions
were drafted as a paper prototype. Thereafter, a digital
high-fidelity prototype was implemented. This digital prototype
was then evaluated in a study focusing on the identified
requirements of the target group.

The exemplary app we used for the prototype design is the
ProHerz app (ProCarement Gmbh, Germany), a medical-grade
mobile app for heart failure. This app is intended to support
patients in managing their health by tracking vital signs and
medication intake. Additionally, the company provides a
‘CareCenter,’ where, depending on the product used, medical
experts regularly monitor the patients’ health parameters and
stay in personal contact via messages and phone calls.
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Figure 1. Graphical abstract illustrating the integration of the user-centered design process in the development of a health knowledge transfer concept
for patients with heart failure.

Stakeholder Interviews

Recruitment
Qualitative semistructured interviews were conducted with
patients (n=9) and medical experts (n=5). This approach is a
flexible data collection method that combines predefined
questions with the freedom to explore emerging topics to further
enhance the understanding of participants’ experiences and
perspectives [27]. All patients were recruited from the ProHerz
user base. Thus, all were patients with heart failure and previous
experience with the ProHerz app. We chose this group because
of their experience using a mobile health app for
self-management. To allow for meaningful comparisons of
feedback, our recruitment strategy aimed to include participants
with varying levels of experience using the ProHerz app,
aligning with best practices in end-user and usability testing.
Medical experts were recruited through ProCarement, where
they interact with the ProHerz users in their daily work. All
experts were nurses with long-term experience in heart failure
care. Their close exchange gives them a broad perspective on
patients’ characteristics, needs, and skills.

Procedure
The interview guidelines were based on our research aims and
current literature. Both stakeholder interviews covered similar

aspects (Figure 2). The guidelines aimed to identify patients’
specific needs and requirements regarding content and features
within a mobile health knowledge transfer.

The interviews with the medical experts targeted explicitly at
their perspective on essential knowledge and skill requirements
that should be covered in a mobile health knowledge transfer
concept. Besides, specific features, content presentation, and
adaptation strategies for individual patient needs were discussed.

In the patient interviews, we inquired about experiences with
specific features, their current interactions with the ProHerz
app, and their expectations regarding knowledge transfer within
a mobile health app designed for heart failure. Furthermore, the
interviews included discussions on patients’ health-related
routines and goals and identifying requirements for
trust-building and cogency. Additionally to the interview,
patients were asked to complete the European Health Literacy
Survey Questionnaire (EU-HLS-Q16) to assess their health
literacy level [25,26]. Through this tool, participants rate general
tasks related to health literacy based on their level of difficulty.

All interviews with medical experts were conducted via
Microsoft Teams. Patient interviews were conducted in person.
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Figure 2. The topics included in the interview with both stakeholder groups.

Prototype Development
The development of the knowledge transfer concept was based
on the findings from the interviews and related literature.

We incorporated the framework of Riegel et al to structure the
topics [28]. The content categories in the prototype are oriented
toward the three self-care processes for heart failure:
maintenance, symptom perception, and management.
Information in the prototype was structured based on the
principles for effective e-learning by Clark and Mayer and the
recommendations for designing health-literate mobile apps by
Broderick et al [29,30]. This included, for example, dividing
information into manageable units, using different types of
media, and writing in a conversational style.

Additionally, we considered possible cognitive limitations of
users in the context of heart failure [22,31-34]. According to
the Cognitive Load Theory, a reduction of cognitive load is able
to improve learning outcomes. The theory describes three types
of cognitive loads in the context of learning: intrinsic,
extraneous, and germane cognitive load. We aimed at reducing
the extraneous cognitive load by simplifying navigation,
avoiding unnecessary elements, and ensuring a clear, uncluttered
interface design. The intrinsic load was managed by sequencing
information into smaller units aligned with the complexity of
topics. The germane load was supported by including interactive
elements such as quizzes or visual aids, encouraging active
engagement.

Personalizing health education to address individual needs has
been shown to improve health outcomes in areas such as
physical activity, nutrition, and adherence to screening
recommendations [35]. In the context of health education for
heart failure, users face unique challenges through varying levels
of health literacy and cognitive impairments [13]. As such, a
personalized approach that takes relevant individual factors into
account can meet diverse needs of patients, ensuring information
is both accessible and relevant [22]. For this reason, we decided
to incorporate the possibility of adapting the contents based on
a short survey participants answered in the beginning.

The derived themes of the interviews were brought together
with findings from the health literacy assessment that
additionally revealed the needs of patients. We drafted a
workflow for the mobile knowledge transfer and implemented
this as a low-fidelity paper prototype.

For the first usability test, we embedded the paper prototype in
Useberry (Useberry User Testing Technologies IKE, Greece).
Useberry is a tool to test the usability of the paper-based
prototype digitally. We aimed to find usability issues as early
as possible in our design. For this initial testing, we invited
healthy participants through personal contact. At this stage, the
priority was gathering quick insights from users who were
familiar with mobile apps to identify basic usability issues before
moving on to the larger-scale user testing with patients with
heart failure. This reduced the burden and required time and
effort of the actual patients. Test users (n=5) were asked to
perform different navigation-related tasks within the prototype.
Outcome measures were the task completion rate and the
recorded clicks.

After this initial usability testing, the paper prototype was then
transferred into a digital high-fidelity prototype using Figma
(Figma GmbH, Germany). This prototype included an example
questionnaire for individualizing the information content based
on the date of diagnosis, implanted devices (pacemaker and
defibrillator), smoking habits, topics of interest, the preferred
media formats and the New York Heart Association (NYHA)
functional class (Figure 3). The NYHA classification is a
commonly used system for categorizing the severity of heart
failure based on physical activity limitations caused by cardiac
symptoms. It ranges from Class I (no limitations) to Class IV
(highest limitations) [36]. After the questionnaire, the basic
landing page of the app was presented with an additional link
to the health knowledge section. The main part of our prototype
was the knowledge section with an overview and link to the
available courses and the short information messages.
Additionally, badges for learning-related achievements can be
found there. Finally, an example course was implemented on
the topic of sports and exercise (Figure 4).

JMIR Hum Factors 2025 | vol. 12 | e56798 | p.1604https://humanfactors.jmir.org/2025/1/e56798
(page number not for citation purposes)

Flaucher et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 3. Questionnaire for individual adaptation (left), home screen of the app with the link to the knowledge section (middle), and the main page of
the knowledge section (right) of the digital prototype.

Figure 4. Structure of one exemplary course with (1) the overview of the content, (2) a quiz question, (3) an infographic presenting key facts, and (4)
an article starting with information about the author of the text and a summary of the most important aspects of the article.

Concept Evaluation

Recruitment
For evaluating the knowledge transfer concept, we recruited
patients with heart failure (n=7), who were already experienced
in using a mobile health app. Therefore, all participants were

recruited from the user base of ProCarement. Four participants
already took part in the previous stakeholder interviews
conducted as part of this study.
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Procedure
After being instructed about the study procedure, participants
were asked to complete 11 tasks with the digital prototype. Due
to feasibility reasons, patients accessed the prototype on a
computer interface. This approach allowed participants to
interact with the app more comfortably during the evaluation,
while also enabling researchers to observe user interactions in

detail and collect qualitative feedback efficiently. Tasks included
small, simple tasks and more complex, time-consuming tasks.
An overview of all tasks is listed in Table 1. Afterwards,
semistructured interviews were conducted to obtain the
participants’ overall impression and to identify features and
characteristics that have the potential to improve engagement
and increase health literacy.

Table . Tasks given to participants in the evaluation of the digital prototype of the health knowledge transfer concept.

DescriptionNo.

Navigate to the questionnaire for individualization1

Complete the questionnaire for individualization2

Navigate to the knowledge section3

Navigate to informative notifications, read the first unread notification4

Navigate to the educational courses5

Navigate to the course category ‘symptoms’6

Navigate to completed courses7

Select a course within a course category8

Navigate to recommended courses and select a recommended course9

Complete one educational course10

Navigate to the overview of badges11

Analyses
All qualitative data obtained during interviews were analyzed
using thematic analysis based on the approach of Braun and
Clarke [37]. This method involves identifying, analyzing, and
reporting patterns (themes) within the data, allowing for a rich
and detailed interpretation of the participants’ experiences and
perspectives. The process includes familiarizing oneself with
the data, generating initial codes, searching for themes,
reviewing themes, and defining and naming them to ensure a
comprehensive understanding of the qualitative insights.

Ethical Considerations
All presented substudies were approved by the institutional
review board of the Friedrich-Alexander-Universität
Erlangen-Nürnberg (approval no. 22‐233-S), and we obtained
written informed consent from all participants. The collected

data were pseudonymized after collection to ensure participant
confidentiality and data protection.

Results

Stakeholder Interviews

Demographics
The stakeholder interviews with patients and medical experts
were conducted in August 2022. We recruited 9 patients with
a mean (SD) age of 67 (7) years. Patients received their
diagnosis between 15 and 3 years prior to this study. All patients
were using the ProHerz app for at least 4 months (Table 2).
Seven identified as women, and 2 identified as men.
Additionally, 5 medical experts were recruited (Table 3) with
work experience between 6 and 11 years.

Table . Characteristics of patients with heart failure included in the stakeholder interviews.

Months of app experience
with ProHerz

Years since heart failure di-
agnosis

Identified asAge (y)Interviewee ID

95female60P1

53female58P2

153female75P3

155female78P4

164female63P5

49female75P6

515female69P7

43male60P8

69male68P9
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Table . Characteristics of medical experts included in the stakeholder interviews.

Years of work experience with pa-
tients with heart failure

Expert experienceIdentified asInterviewee ID

11Heart failure nurse, licensed practi-
cal nurse

femaleExpert 1

6Licensed practical nursemaleExpert 2

6Licensed practical nursefemaleExpert 3

9Bachelor of Science in Nursing,
specialist in anesthesia and intensive
care

femaleExpert 4

8State-qualified nursemaleExpert 5

Thematic Analysis
We derived five themes relevant to a knowledge transfer concept
from the stakeholder interviews with patients with heart failure
and medical experts.

Individual Adaptation of Health Information

The interviews revealed a positive perspective towards the
adaptation of content and push notifications to the different
levels of knowledge of the users (4/5 experts, 2/9 patients). Our
results suggest individualization based on different information
such as the NYHA class, walking distance, app usage duration,

physical condition age, prior knowledge, or personal preferences
that could be determined for example through a quiz within the
app.

Relevant Health Topics for Patients With Heart Failure

Several relevant health topics were identified within the
stakeholder interviews (Figure 5). Health topics most requested
by both patients and medical experts included nutrition (4/5
experts, 4/9 patients), physical activity (3/5 medical experts,
4/9 patients), symptom perception and reaction (4/5 medical
experts, 3/9 patients), and app functionality (3/5 medical experts,
3/9 patients).

Figure 5. Health topics mentioned in the stakeholder interviews with patients and medical experts and that were considered relevant to be included in
a digital knowledge transfer concept.
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Diversity of Media Formats

Most of the interviewed patients (7/9 patients) preferred
information in text format. For example, 1 participant stated,
“you can read it two or three times if you say it’s something
that’s difficult to absorb, maybe a text would be better” (P5,
translated). Additionally, videos were perceived as useful by
all medical experts but only desired by 2 patients. Related to
the presentation of the information, patients mentioned using
fewer technical terms and more simple language (2/9 patients)
and shortly highlighting the most important aspects (2/9
patients). This can support easy comprehension of contents,
which was also mentioned as a factor for the trustworthiness of
health information (3/9 patients).

Promotion of Motivation, Engagement, and Joy

Medical experts (4/5 experts) suggested a reward system to
increase engagement with the information contents. However,
it should be ensured that this reward system is suitable for the
specific target group of users (2/5). Three patients also
mentioned the wish to receive positive feedback for progress
within the app. Personal interest in the content was also
mentioned (3/9) to have a positive influence on engagement.

Credibility and Trust

From the interviews with patients, we identified several factors
related to the credibility of information. Positively perceived
was the specification of authors (3/9 patients), especially if the

authors are physicians (2/9 patients) or authors with an academic
background (2/9 patients). In addition, the provider of the
mHealth app should have a good reputation (3/9 patients).
Factors restraining trust and credibility could be advertising
(1/9 patients), authors without medical background (1/9
patients), or irrelevant information (1/9 patients).

Health Literacy
Health literacy levels based on the EU-HLS-Q16 were between
10 and 16 with an average (SD) score of 13.6 (2.1). Participants
mostly had difficulties deciding on preventive actions based on
media information (5/9 patients) and determining whether
information about health risks in media is trustworthy (4/9
patients).

Evaluation of the Digital Prototype

Demographics
We evaluated the proposed digital prototype of the knowledge
transfer concept with 7 patients with heart failure (Table 4). The
mean (SD) age was 65 (6) years. Patients received their
diagnosis between 2 and 24 years prior to this study. All patients
were using the ProHerz app for at least 5 months. Four
participants identified as women, and 3 as men. This group was
less diverse in terms of ProHerz experience, which was a result
of recruiting participants based on availability and willingness
to participate.

Table . Characteristics of patients included in the evaluation study of the knowledge transfer concept.

Months of app experienceYears since heart failure di-
agnosis

GenderAge (y)Interviewee ID

95female60P1

53female58P2

153female75P3

164female63P5

159male59P10

152male71P11

1024male69P12

Usability
The mean task completion rate was 84%; 5 of the 11 tasks given
during the study were completed by all participants. The lowest

completion rate occurred with task 4, which was completed by
4 of 7 participants (Table 5).
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Table . Task completion rate for all tasks performed by the participants within the usability testing.

Completion rate (%)DescriptionNo.

100Navigate to the questionnaire for individualiza-
tion

1

100Complete the questionnaire for individualization2

100Navigate to the knowledge section3

57Navigate to informative notifications, read the
first unread notification

4

71Navigate to the educational courses5

71Navigate to the course category ‘symptoms’6

71Navigate to completed courses7

71Select a course within a course category8

86Navigate to recommended courses and select a
recommended course

9

100Complete one educational course10

100Navigate to the overview of badges11

Interview Results
The thematic analysis of the semistructured interviews with
patients within the evaluation of our proposed concept resulted
in 3 main themes.

Knowledge Transfer

In the evaluation of the digital prototype, the majority of
participants (4/7 patients) classified the prospective range of
information as valuable. The organization and structure of
contents received positive feedback from most participants (5/7
patients). Specifically, the clear arrangement of information
(3/7 patients) and the definition of specific categories (2/7
patients) were highlighted. Patients also perceived the individual
adaptation as positive, because personally irrelevant content
would be hidden (4/7 patients).

To further improve the concept, participants indicated the
necessity to update contents in response to potentially evolving
needs over time due to lifestyle or health condition changes (2/7
patients).

Motivation and Engagement

A majority (5/7 patients) expressed an intention to utilize the
course content in the future. Notably, reminders about feasible
health-promoting measures were identified as a motivational
factor by 3 out of 7 patients, with a specific emphasis from 2
participants on messages related to physical activity.

Concerns were raised about the potential negative impact of
irrelevant, repetitive, or overly frequent notifications (4/7
patients). Conversely, aligning information with individual
interests was identified as a key factor in promoting joy and
sustaining engagement among users.

Patients expressed joy while answering the quiz questions,
which may have contributed to a more engaging experience
(2/7 patients). There was a suggestion to place quiz questions
at the end of a course to assess the comprehension of the content
effectively.

Participants generally responded positively to medical staff
monitoring of progress, considering it a supportive element in
their engagement with the course. However, 1 participant viewed
social comparison negatively. Furthermore, intangible rewards,
such as badges, were not universally well-received, with 1 out
of 7 participants expressing a negative opinion, stating that it
is solely virtual and not a real reward (P11).

Ease of Use

Out of 7 patients, 3 patients explicitly mentioned the app as
easy to use. Other participants did not comment on this aspect,
neither positively nor negatively. Concerns regarding the ease
of use included potential initial overload when first using the
app and potential individual difficulties with the technology
and navigation.

Discussion

Principal Findings and Implications
In this study, we developed a concept for mobile health
knowledge transfer for patients with heart failure. We grounded
this concept on the requirements of patients with heart failure
and current theoretical frameworks. From the patient and
caregiver perspectives, we derived five central themes for a
health knowledge transfer concept.

Our findings contribute to the understanding of user preferences
and content organization in digital health interventions targeted
at users with heart failure. The integration of diverse
methodologies, including qualitative interviews, usability
testing, and participant feedback, fortifies the study’s
comprehensiveness, providing insights into user engagement,
health literacy promotion, and the practical implications for
digital health interventions. The results of this study represent
an important step toward the development of a mobile health
knowledge transfer tool for heart failure patients. By identifying
relevant features and characteristics, this work provides a
foundation for further refinement and testing, ultimately aiming
to support health literacy and improve patient outcomes. It
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becomes evident that a concept should focus on
individualization, topic relevance, media diversity, motivation
strategies, and trust-building mechanisms to optimize its impact
on health literacy and engagement of patients with heart failure.
Based on the findings, identified in the stakeholder interviews,
we developed a concept for knowledge transfer in a digital
health app for patients with heart failure.

We evaluated our concept with a digital prototype and identified
features and characteristics that are perceived as supportive in
increasing health literacy, that can promote motivation,
engagement, and joy, and that are able to convince patients of
a mobile health knowledge transfer. Most prominent was the
wish for content that is individually adapted and balanced
regarding the topics covered as well as media formats used to
present those topics.

The results of the prototype evaluation presented both
encouraging feedback and areas for refinement. Participants
highlighted the app’s structured design and ease of navigation,
emphasizing that these features facilitated a straightforward
user experience and enhanced the clarity of the presented
information. The quiz elements, in particular, were frequently
mentioned as engaging and motivating, showcasing the potential
of interactive components to sustain user interest and reinforce
learning. These positive responses suggest that the app
effectively addressed some of its primary goals, including
improving knowledge transfer and supporting patient
engagement.

Conversely, the feedback also identified challenges that should
be addressed in future iterations. Participants expressed concerns
of getting overwhelmed, potentially hindering comprehension.
This may reflect concerns about managing excessive information
or complex interactions within the app, particularly in the
context of their health condition. For users with chronic
conditions like heart failure, the introduction of too much
content or functionality in a single interface could exacerbate
feelings of being overwhelmed and lead to disengagement or
frustration [38]. Furthermore, badges and achievements were
mentioned to be not motivating despite research showing the
positive effects of such gamification elements [39,40]. Older
users or those less familiar with gamification might find such
features irrelevant or even patronizing if they do not see clear
value in them. Other gamification elements such as progress
bars, interactive storylines, or more useful rewards may be more
effective in motivating users. Therefore, future iterations could
explore the inclusion of a simple setup and customization menu
to enable or disable features such as gamification and other
user-preferred functionalities.

Accessibility is a critical consideration in designing digital
health systems to ensure they meet the needs of diverse users.
While none of the participants in our study raised concerns or
reported difficulties with accessibility, indicating that the system
was well-received by the target population, it is important to
account for potential challenges in broader user groups. Features
such as larger fonts, high-contrast visuals, simplified navigation,
and optional audio support can further enhance usability,
particularly for individuals with age-related changes in vision,
hearing, or varying levels of digital literacy.

The high rates of completion for most tasks suggest that the
interface and navigation design are intuitive, enabling users to
locate and interact with the desired functions efficiently. This
aligns with the positive feedback received during the interviews
conducted within the evaluation. However, with a few tasks
having a lower completion rate, some aspects of the design need
further refinement in future iterations. Factors such as
differences in technology familiarity, cognitive load, or previous
experience with the ProHerz app could have contributed to these
discrepancies. Interactive tutorials to onboard users and a further
adaptation of content may be able to better account for different
requirements, levels of experience, or cognitive abilities. In
particular, task 4 with a completion rate of only 57% was the
most problematic task for participants. The participants were
not able to locate the button to navigate to the informative
notifications. The reason for this is most likely the design of
the progress bar on the same page (Figure 3, right) that users
expected to be the button to the next page. Ensuring more
consistent visual cues for interactive elements could further
reduce the potential for misinterpretation and enhance the overall
user experience.

Comparison With Prior Work
The need for individualization is in line with the findings of
Giordan et al [41], calling for further customization especially
related to the educational level and digital literacy of users. Our
results additionally highlight the need for customization
regarding personal interests and lifestyle and the importance of
regular adaptation to changing circumstances in the life and
knowledge of users. Future applications require new strategies
to individually adapt educational content that can change over
time. This can include regularly soliciting user feedback through
surveys, using quizzes to assess understanding, or adaptive
learning algorithms based on user behavior within the mobile
app [42].

The topics covered in our knowledge transfer concept are in
line with the recommendations of the European Society of
Cardiology. They included information about heart failure,
symptom monitoring, self-management, medication, fluid intake,
implantable devices, physical activity, nutrition, smoking, sleep
mental health, and traveling [43]. The information was presented
using different media formats, which relates to current literature
emphasizing the benefits of this approach. A variety of formats
can support users with different health literacy levels and can
deepen the learning effects [29,43,44].

Strengths and Weaknesses
Several limitations apply to this study. Firstly, the participant
pool featured a restricted number of individuals, all
German-speaking and residents in Germany. Moreover,
participants were well-acquainted with the ProHerz app,
potentially influencing their perspectives and feedback,
especially regarding the ease of use. Given the advanced health
literacy levels of the participants, our findings may not
comprehensively represent the needs of individuals with lower
health literacy. The initial usability testing was conducted with
a convenience sample due to limited patient availability;
therefore, results from this group need to be interpreted with
caution. During the evaluation phase, 4 participants already
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were part of the stakeholder interviews in the first phase of this
study due to limited participant availability. Lastly, all
participants accessed the app on a laptop rather than a mobile
phone, introducing a potential discrepancy, as some users
reported difficulties with computer usage and the overall
interaction experience may be different. These limitations
underscore the necessity for cautious interpretation and highlight
avenues for future research refinement.

Our study combines several strengths: we were the first to
conceptualize a mobile health knowledge transfer within a
user-centered design approach. By prioritizing patient needs
and requirements, and involving healthcare professionals to
ensure relevance and meaningfulness, the study sets a precedent
in fostering impactful and patient-centric digital health
interventions. The incorporation of theoretical frameworks for
mobile health education enriches the conceptual foundation,
contributing to the overall robustness of the study and its
potential impact on the enhancement of patient-centered care.

Conclusions
We were the first to develop a mobile health knowledge transfer
for heart failure grounded on theoretical frameworks within a
user-centered design process.

By addressing individual health literacy levels, cognitive
challenges, and personal preferences, this knowledge transfer
concept can help patients better understand and manage their
condition. The active involvement of healthcare professionals

ensures that the resulting intervention is meaningful and aligned
with relevant healthcare aspects. The findings also emphasize
a discrepancy between what healthcare professionals perceive
as important for patients and what patients themselves prioritize,
particularly when it comes to identifying relevant healthcare
topics. Our results are paving the way to more personalized and
effective mobile health education for individuals managing
heart failure. The concept can be used as a foundation for other
digital platforms and mobile health apps to provide tailored
educational content and supporting clinicians in delivering
consistent, patient-specific information in home settings.

Future research opportunities should focus on longitudinal
studies to assess the sustained impact of this knowledge transfer
concept on health literacy, self-care behavior, and patient
outcomes. In this context, validated usability scales alongside
user interviews should be incorporated during iterative
development processes, while also addressing potential biases
in design and testing to ensure more robust and generalizable
findings. Additionally, possible strategies for better
individualization of health information should be further
explored. To better understand the impact of personalization,
future studies could incorporate a comparison of user
experiences before and after customizing the app, providing
valuable insights into how individualization influences usability
and user satisfaction. This presents an opportunity to investigate
adaptive learning algorithms that dynamically tailor content
based on user progress and preferences.
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Abstract

Background: Long COVID is an often debilitating condition affecting millions of people. Its diverse clinical presentations
make effective diagnosis and management at the primary care level difficult, while specialist services for long COVID face
extensive wait times. An electronic consultation (eConsult) program in Ontario developed a long COVID specialist group to
allow primary care providers (PCPs) prompt access to specialist advice for patients with long COVID.

Objective: This study aims to assess patterns of service use, response times, impact, and clinical content of eConsult cases
submitted to an eConsult long COVID specialist group in Ontario.

Methods: This study is a mixed methods analysis of eConsults submitted by PCPs to the long COVID specialist group of 2
eConsult services (Champlain eConsult BASE and Ontario eConsult) between June 1, 2021, and July 31, 2022. Data sources
included the use data collected automatically by the services, responses to a mandatory closeout survey, and the content of PCP
questions and specialist responses (Champlain eConsult BASE service only). Clinical questions or responses were analyzed using
2 validated taxonomies. Descriptive statistics were used for survey responses and use data.

Results: A total of 40 PCPs submitted 47 eConsults through Champlain eConsult BASE and 197 PCPs submitted 228 cases
through Ontario eConsult. The median specialist response time was 0.6 (IQR 0.19-2.36; mean 1.7, SD 2.29) days. The 5 most
common symptoms of long COVID were fatigue (14/47, 30%), dyspnea (7/47, 15%), cough (6/47, 13%), altered sense of smell
(ie, anosmia and parosmia; 6/47, 13%), and cognitive changes (6/47, 13%). The five main question categories asked by PCPs
were: (1) management of chronic symptoms of COVID-19, (2) need for additional work-up or follow-up testing, (3) community
resources to support or manage patients with long COVID, (4) diagnostic clarification, and (5) guidance regarding COVID-19
vaccination.

Conclusions: The long COVID groups provided rapid access to a multispecialty service that facilitated the avoidance of
unnecessary face-to-face referrals. An assessment of eConsults highlighted 5 common question types, providing insight into
potential gaps in knowledge among PCPs that could help guide medical education and policy.

(JMIR Hum Factors 2025;12:e58582)   doi:10.2196/58582

KEYWORDS

COVID-19; long COVID; eConsult; consultation; Canada; mixed methods analysis; diagnosis; primary care; electronic consultation;
COVID specialist; specialist; patient; assessment; COVID-19 vaccination; vaccination; symptom; medical education; web-based
consultation; teleconsultation; web-based consultations
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Introduction

The COVID-19 pandemic has had an unprecedented impact on
health care systems and economies worldwide. As of November
2023, there have been over 700 million reported cases of
COVID-19, resulting in over 6.5 million deaths [1]. As the
pandemic began spreading, the potential for long-term morbidity
from COVID-19 became apparent. The World Health
Organization reports that 10%‐20% of those infected with
COVID-19 report incomplete recovery months beyond the acute
illness—a condition commonly referred to as long COVID or
post-COVID-19 condition [2].

A recent Statistics Canada survey reported that 14.8% of
respondents with a previous positive test or suspected infection
for COVID-19 experienced ongoing symptoms at least 3 months
after infection [3]. Potential symptoms of long COVID are
varied, and people often experience symptoms across multiple
organ systems.

Primary care is ideally positioned to diagnose and provide
management for patients with long COVID. Unfortunately,
given its diverse clinical presentations and limited empirical
evidence guiding management, many primary care providers
(PCPs) lack the specialized knowledge to effectively identify
and manage long COVID. In certain jurisdictions, long COVID
specialty clinics have been established to support primary care.
However, demand and wait times for these clinics make timely
access a challenge. There is a need for innovative tools to
support PCPs in identifying and delivering care for those with
long COVID.

One solution to these challenges is electronic consultation
(eConsult), which allows PCPs to ask clinical questions
regarding their patients to specialists using a secure web-based
platform. In response to the pandemic, an eConsult service
operating in Ontario, Canada, launched a long COVID specialist
group, allowing PCPs to connect with specialists across multiple
disciplines with expertise in long COVID to help with the
diagnosis and management of their patients. Previous studies
assessing this eConsult service in Ontario have demonstrated
improved access to specialty care, reduced need for face-to-face
specialist visits, cost savings, and high physician satisfaction
[4-8].

In this study, we examined eConsult cases submitted to a long
COVID specialist group in Ontario to assess patterns of service
use, response times, the impact on the need for formal
face-to-face referrals, and the content of clinical questions being
asked.

Methods

Study Design
This study is a mixed methods analysis of eConsults submitted
by PCPs to the long COVID specialist group between June 1,
2021, and July 31, 2022.

Ethical Considerations
This study received ethics approval from the Ottawa Health
Science Network Research Ethics Board (REB protocol
2009848‐01). The Ottawa Health Science Network Research
Ethics Board waived informed consent for the study due to its
retrospective, cross-sectional nature, so individualized patient
consent was not obtained. All nonanonymized data were stored
on secure servers that are accessible only by approved users
who signed a privacy and confidentiality form.

Participants
Participants in the study were PCPs who were registered to 1
of the 2 eConsult services and who submitted at least 1 eConsult
to the long COVID group within the study timeframe.

eConsult Services
Two multispecialty eConsult services currently operate in
Ontario under the umbrella of Ontario eConsult. The first
service, the Champlain eConsult BASE (Building Access to
Specialists through eConsultation) service, was initially piloted
in 2010 across the Champlain region of eastern Ontario, which
includes Ottawa and its surrounding communities and has a
population of around 1.3 million people. The second service,
the Ontario eConsult Service, made eConsult available to all
PCPs across Ontario in 2018. Both services are funded through
the Ontario Ministry of Health. On June 2, 2021, a long COVID
specialty group was established on the Champlain eConsult
BASE service. Later in the year, a similar service was made
available on the Ontario eConsult Service, providing PCPs with
access to five different long COVID specialty subgroups that
were rolled out between December 2021 to January 2022: (1)
Post-COVID Condition Internal Medicine Provincial Group,
(2) Post-COVID Condition Neurology Provincial Group, (3)
Post-COVID Condition Phys Med/Rehab Provincial Group, (4)
Post-COVID Condition Chronic Fatigue Syndrome—Environ
Health Provincial Group, and (5) Post-COVID Condition
Respiratory Recovery Provincial Group.

Measures considered when recruiting specialists to eConsult
BASE-managed groups include the specialist’s experience, level
of interest, and ability to maintain an adequate case volume, as
well as maintaining equity across and within regions or
organizations. The services leveraged existing eConsult
specialists and recommendations from peers to identify eligible
specialists.

In total, 19 specialists were available to respond to long COVID
questions during the study period (5 on the Champlain BASE
and 14 on the Ontario eConsult service) from various specialty
backgrounds, including internal medicine, infectious disease,
neurology, physiatry and respirology (Figure 1).
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Figure 1. Timeline of the establishment of a long COVID specialty group for eConsult services. WHO: World Health Organization.

PCPs initiate an eConsult by logging onto a secure web portal
and selecting the specific specialty service from a dropdown
menu. The PCP fills out a structured electronic form and submits
the case along with any pertinent attachments (eg, laboratory
or imaging data). The case is assigned to a specialist from the
chosen group, who responds within 7 days (the median specialist
response time is typically 1 day [5]). When a case is closed, the
PCP completes a mandatory close-out questionnaire that gathers
information about the case’s outcome, whether a referral was
originally contemplated and whether it was ultimately avoided
as a result of the specialist’s advice, and the case’s educational
value and capacity to serve as material for continuing medical
education by using a 5-point Likert scale (Multimedia Appendix
1).

Data Collection and Analysis
We computed descriptive statistics to examine the overall use
of the long COVID specialist group from June 1, 2021, to July
31, 2022. Data from both the Ontario eConsult and Champlain
eConsult BASE services were analyzed to determine the total
number of cases submitted to the long COVID specialty group.
Time stamps for each eConsult were assessed to examine the
response interval for specialist responses, and the total
self-reported time billed was used to determine the amount of
time each specialist spent responding to the eConsult.

Following the established methodology, case transcripts of PCP
questions from eConsults submitted through the Champlain
eConsult BASE between June 1, 2021, and July 31, 2022, were
retrospectively reviewed. Case-level data were accessible for

Champlain eConsult BASE but not for Ontario eConsult. Two
investigators (MQ and JS) reviewed cases retrospectively using
2 validated taxonomies: the International Classification for
Primary Care, version 2 and Ely et al’s taxonomy of generic
clinical questions. The International Classification for Primary
Care, version 2 was used to classify clinical topics and
patient-presenting symptoms. The taxonomy of generic clinical
question was used for question classification. In many cases, a
single eConsult case had multiple questions, and patients often
presented with multiple symptoms; therefore, each case was
not restricted to a single clinical question or presenting
complaint or symptom.

We performed a descriptive analysis of all eConsult close-out
questionnaires completed by the PCPs. Specifically, we sought
to determine the PCP’s course of action after the eConsult (eg,
face-to-face referral avoided and face-to-face referral still
needed) and to gain insight into the nature of the advice given
to the PCP (eg, new advice given and advice confirmed course
of action initially contemplated).

Results

Overview
A total of 40 PCPs submitted 47 eConsults through Champlain
eConsult BASE between June 1, 2021, and July 31, 2022, and
197 PCPs submitted 228 cases through Ontario eConsult
between December 1, 2021, and July 31, 2022. These cases
comprised 0.2% (n=23,067) of the total number of closed cases
submitted to Champlain eConsult BASE and 0.5% (n=45,494)
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of all Ontario eConsult closed cases during their respective time
frames.

The median time for a specialist to respond to the eConsult was
0.6 (IQR 0.19‐2.36; mean 1.7, SD 2.29) and the average time
the specialist billed in responding to each eConsult was 27.5
(SD 18.53; median 20, IQR 15-45) minutes.

Clinical Content of eConsults
The retrospective taxonomy analysis assessed the clinical
questions PCPs asked in the 47 cases submitted through
Champlain eConsult BASE. Patients had a median age of 43
(IQR 6-65) and presented 24 unique symptoms across cases
(Table 1).

Table . Percentage of patients with reported symptom or finding.

Patients (n=47), n (%)Symptom or finding

14 (30)Fatigue

7 (15)Dyspnea

6 (13)Altered smell (anosmia, parasomnia)

6 (13)Cough

6 (13)Cognitive changes

5 (11)Chest pain

3 (6)Palpitations

3 (6)Altered taste (dysgeusia, ageusia)

3 (6)Congestion

2 (4)Alopecia

2 (4)Myalgia

2 (4)Rash

2 (4)Paresthesia

2 (4)Headache

2 (4)Tremor

2 (4)Insomnia

1 (2)Fever

1 (2)Eye pain

1 (2)Tinnitus

1 (2)Arthralgia

1 (2)Back pain

1 (2)Abdominal pain

1 (2)Edema

1 (2)Asthenia

The 5 most common symptoms were fatigue (14/47, 30%),
dyspnea (7/47, 15%), cough (6/47, 13%), altered sense of smell
(ie, anosmia and parosmia; 6/47, 13%), and cognitive changes
(6/47, 13%). The five main question categories asked by PCPs
were: (1) management of chronic symptoms of COVID-19, (2)
need for additional work-up or follow-up testing, (3) community
resources to support or manage patients with long COVID, (4)
diagnostic clarification, and (5) guidance regarding COVID-19

vaccination (Table 2; sample questions in Multimedia Appendix
2). The most common topics pertained to guidance on the
management of chronic symptoms of COVID-19 (22/47 cases,
47%), the need for additional work-up or follow-up testing
(20/47 cases, 43%), suggestions for community resources to
help support or manage patients with chronic COVID-19 (9/47
cases, 19%), and diagnostic clarification (7/47 cases, 15%).
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Table . Content of clinical questions asked of post-COVlD-19 condition specialists by electronic consultation (eConsult).

eConsult cases (n=47), n (%)Content topic

22 (47)Management of chronic symptoms of COVID-19

20 (43)Need for additional work-up or follow-up testing

9 (19)Community resources to support or manage patients

7 (15)Diagnostic clarification

7 (15)Guidance related to COVID-19 vaccination

6 (13)Necessary to refer to specialist

4 (9)Interpretation of testing

3 (6)Other

Outcome of eConsults
PCPs completed the post-eConsult questionnaire for 268 of the
275 cases submitted on both the Champlain eConsult BASE
and Ontario eConsult services during the study timeframe.
Through eConsult, PCPs were able to confirm a course of action

that they had initially contemplated in 35% (95/268) of cases
and received advice on a new or additional course of action in
59% (157/268) of cases (Table 3). In 38% (102/268) of cases,
PCPs had initially contemplated a face-to-face referral but found
it unnecessary after the eConsult, while an actual face-to-face
referral was needed in only 24% (64/268) of cases (Table 4).

Table . Impact of electronic consultation (eConsult) on PCPa course of action.

Responses (n=268), n (%)PCP survey answer

157 (59)I got good advice for a new or additional course of action

95 (35)I was able to confirm a course of action that I originally had in mind

5 (2)I got good advice for a new or additional course of action that I am not

able to implementb

5 (2)I did not find the advice very usefulc

6 (2)Other

aPCP: primary care provider.
bResponse option available only for the Champlain eConsult BASE Service.
cResponse option available only for the Ontario eConsult Service.

Table . Impact of electronic consultation (eConsult) on need for face-to-face referral.

Responses (n=268), n (%)PCPa survey answer

102 (38)Referral was originally contemplated but now avoided at this stage

88 (33)Referral was not originally contemplated and is still not needed

57 (21)Referral was originally contemplated and is still needed

7 (3)Referral was not originally contemplated, but eConsult process resulted
in a referral being initiated

2 (1)There was no particular benefit to using eConsult in this caseb

12 (4)Other

aPCP: primary care provider.
bResponse option available only for the Ontario eConsult Service.

Discussion

Principal Results
This study demonstrates the considerable potential of an
eConsult service to support PCPs navigating the complexity
and diversity of long COVID symptoms. By facilitating quick,
low-barrier access to specialist advice, eConsult empowered

PCPs to provide the best possible care for patients with long
COVID while avoiding long wait times for specialist referrals.
PCPs were able to get prompt specialist advice from a specialist
with a median response time of just over 12 hours. The main
question types identified in the study related to (1) the
management of chronic symptoms of COVID-19, (2) the need
for additional work-up or follow-up testing, (3) community
resources to support or manage patients with long COVID, (4)
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diagnostic clarification, and (5) guidance regarding COVID-19
vaccination. A face-to-face referral was not needed after the
majority of eConsult cases, so patients could be given an
expert-guided treatment plan without waiting to see a specialist.
To our knowledge, this is the first study to examine an
innovative electronic solution to help support PCPs in managing
long COVID.

Limitations
This study has several limitations. First, the taxonomy analysis
used data from a single health region in Ontario, which may
impact the generalizability of our findings. As mentioned above,
we only had access to case-level data from the Champlain
eConsult BASE service and not the Ontario eConsult service.
The Champlain region is a culturally and linguistically diverse
region and our findings were externally validated by specialist
team members who answered eConsults from across Ontario
and confirm the nature of the questions identified in this study
are representative of common questions asked across the
province. Furthermore, this study only examined eConsults
submitted to the long COVID group and it is possible that
relevant COVID-19 cases were submitted to other specialty
groups such as infectious disease. Finally, neither service
collects detailed demographic information about the PCPs using
the service, so we were unable to report any of this information
in our results section.

Comparison With Prior Work
With studies and data continuing to emerge about long COVID,
there remain significant challenges in diagnosing and managing
patients with this condition (O’Hare et al [9]). A systematic
review conducted by Macpherson et al [10] found patients
commonly expressed concerns about the lack of knowledge
about long COVID, and often found they received conflicting
or inconsistent advice from providers. There is currently no
effective validated treatment for long COVID [11]. This
challenge with management was evident in our findings, as
approximately half of the questions PCPs posed were related
to advice on management, and one-fifth inquired about
community resources to support with management. Furthermore,
59% of PCPs surveyed reported receiving new advice that
changed their management plans.

Recognizing the burden of long COVID, many jurisdictions
worldwide have implemented multispecialty long COVID clinics
and rehabilitation centers. Previous studies have shown that
these rehabilitation programs can have a positive impact on
various patient outcomes [12,13], such as increased quality of
life, reduced fatigue, improved functional status, and better
mental health [13]. Unfortunately, the demand for such clinics
is high, with many reporting long wait times. Digital strategies
such as eConsult provide a means for quicker access to support
patients and initiate management. They also have the potential
to reduce demand by allowing the PCP to provide guided care;
approximately 40% of PCPs surveyed highlighted that a
face-to-face referral was not needed as a result of the advice
they received through eConsult. This may lessen the backlog
of seeing long COVID specialists by decreasing the number of

unnecessary in-person referrals. Additionally, we were able to
quickly adapt the eConsult service to implement long COVID
groups, whereas setting up specific specialty clinics requires
greater coordination, time, and cost.

One of the other challenges in identifying and managing long
COVID relates to its diversity of presentation; the Public Health
Agency of Canada has reported over 100 different symptoms
associated with long COVID. In the 47 eConsults examined in
this study, 24 unique symptoms were reported, with the 5 most
common being fatigue, dyspnea, cough, altered sense of smell
(ie, anosmia and parosmia), and cognitive changes. These
findings are in line with other international studies. For example,
a UK-based study conducted by Carfi et al [14] also noted
fatigue as the most common long COVID symptom (51%),
followed by dyspnea (35%), arthralgia (25%), and concentration
difficulties (25%). This diversity in presentations can lead to
challenges with diagnosis, which is particularly important as
the symptoms of long COVID overlap with other serious and
possibly life-threatening complications associated with
COVID-19, such as pulmonary embolism, myocarditis, and
organizing pneumonia. Several publications have reported delays
in the diagnosis of life-threatening conditions such as pulmonary
embolism as they were mistaken for symptoms of COVID-19
(Yousefazai and Bhimaraj [15]; Melazzini et al [16]). In total,
15% (7/47) of PCP questions related to diagnostic clarification,
while 43% (20/47) of eConsults asked about the need for
additional testing to rule out other conditions. This highlights
the importance of getting timely advice to confirm the diagnosis
and avoid delays in the diagnosis of possibly life-threatening
conditions. The diversity of presentations also demonstrates the
need for a multidisciplinary approach to providing support for
patients with long COVID. To address this need, Ontario
eConsult established 5 unique subgroups that PCPs can select
(ie, internal medicine, neurology, physical medicine or
rehabilitation, chronic fatigue syndrome, and respirology)
involving providers from various specialties to better support
PCPs and their patients in getting helpful and appropriate advice
in a timely manner.

Conclusions
The long COVID groups available through the Champlain
eConsult BASE and Ontario eConsult services provided rapid
access to a multispecialty service that facilitated the avoidance
of unnecessary face-to-face referrals. Long COVID is a
multisystemic condition that is often debilitating, with a
significant impact on one’s quality of life and mental health.
Given the lack of knowledge around long COVID, limited
timely access to specialized long COVID clinics, and the
possibility of delayed diagnosis of life-threatening conditions
associated with COVID-19 (eg, pulmonary embolism), there is
an urgent need for innovative digital solutions such as eConsult
to better support PCPs to provide patients with timely access
to specialty advice. An assessment of eConsults highlighted 5
common question types, providing insight into potential gaps
in knowledge among PCPs that could help guide medical
education and policy.
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Abstract

Background: Digital self-monitoring tools, such as the experience sampling method (ESM), enable individuals to collect
detailed information about their mental health and daily life context and may help guide and support person-centered mental
health care. However, similar to many digital interventions, the ESM struggles to move from research to clinical integration. To
guide the implementation of self-monitoring tools in mental health care, it is important to understand why and how clinicians
and clients adopted, adapted, and incorporated these tools in practice.

Objective: Therefore, this study examined how clinicians and clients within a psychiatric center appropriated an ESM-based
self-monitoring tool within their therapy.

Methods: Twelve clinicians and 24 clients participated in the piloting of the ESM tool, IMPROVE. After utilizing the tool, 7
clinicians and 11 clients took part in semistructured interviews. A thematic framework analysis was performed focusing on
participants’ prior knowledge and expectations, actual use in practice, and potential future use of ESM tools.

Results: Many participants experienced that the ESM tool provided useful information about clients’ mental health, especially
when clinicians and clients engaged in collaborative data interpretation. However, clinicians experienced several mismatches
between system usability and their technical competencies, and many clients found it difficult to comply with the self-assessments.
Importantly, most participants wanted to use digital self-monitoring tools in the future.

Conclusions: Clinicians’ and clients’ choice to adopt and integrate self-monitoring tools in their practice seems to depend upon
the perceived balance between the added benefits and the effort required to achieve them. Enhancing user support or redesigning
ESM tools to reduce workload and data burden could help overcome implementation barriers. Future research should involve
end users in the development of ESM self-monitoring tools for mental health care and further investigate the perspectives of
nonadopters.

(JMIR Hum Factors 2025;12:e60096)   doi:10.2196/60096

KEYWORDS

digital self-monitoring; technology appropriation; experience sampling method; mental health care; mental health; self-monitoring;
digital health; adoption; implementation; thematic; usability; interview; experience; attitude; opinion; perception; perspective;
acceptance

Introduction

To improve access to and facilitate person-centered mental
health care, digital technologies are increasingly being deployed
to collect and share health-related data, deliver care, and support
individuals in managing their health [1,2]. The experience
sampling method (ESM; also termed ecological momentary
assessment) is a structured diary technique that enables
individuals to collect detailed information about their mental
health in their daily lives [3]. Using smartphone apps, the ESM
prompts individuals to complete brief self-assessments multiple

times daily, assessing their emotional states, behaviors, and
psychological symptoms. By allowing individuals to collect
this information and share it with their clinicians, the ESM can
ensure that therapeutic decisions are aligned with clients’
everyday experiences and needs. For example, by providing
insights into which activities an individual commonly engages
in, and how they respond to different daily life situations and
stressors, clients and clinicians can make shared decisions about
the focus of treatment [4].

Despite its potential, the ESM, similar to many other digital
mental health interventions [5,6], struggles to move from
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piloting and trialing to actual clinical implementation. To
address this research-to-practice gap, scholars have made calls
to adopt user-centered design strategies for developing digital
mental health tools [7]. User-centered design emphasizes the
importance of conducting in-depth analyses of users’ goals,
needs, and context of use to inform technology design [8].
Nonetheless, most evaluations of digital health technologies
focus primarily on quantifiable, technical aspects such as system
performance, usability scores, and cost benefits [9,10]. However,
an often overlooked but crucial step in implementing the ESM
and self-monitoring tools is understanding how and why people
integrate these technologies into their daily practices [11]. For
example, what are the goals people hope technologies will help
them achieve, what difficulties do individuals encounter when
using new technologies, and what strategies do they apply to
overcome technology use obstacles?

Studying the situated use of the ESM can provide essential
knowledge into how users appropriate and make sense of these
tools [12,13]. Technology appropriation can be examined in
three main stages [13]. The first stage involves users’ prior
knowledge and expectations, which determine their initial
willingness to adopt the technology. Expectations about potential
benefits (eg, simplifying tasks) and the effort required (eg, time
spent on training) are particularly crucial in shaping the initial
interest [14,15]. In the second phase, users explore and evaluate
the technology’s capabilities, while becoming familiar with its
functions. They adapt their practices to integrate the technology
(eg, maintaining an internet connection), and adapt the
technology to suit their needs (eg, disabling certain features or
altering settings) [13]. They will test the technology’s
applicability in different situations and determine what features
are most useful to them. Finally, if users find that the technology
has added value and helps them achieve their goals and tasks,
they might develop new routines and workflows that allow them
to integrate and use the technology in their daily practice, thus
moving into the third stage of persistent use [13].

To date, the appropriation of ESM tools in health care has
largely been overlooked. While one study has examined how
individuals with back pain appropriated ESM tools for pain
management [16], there is a lack of research in the field of
mental health care. As a consequence, we have a limited
understanding of how individuals with mental illnesses and
their clinicians interact with and make sense of digital ESM
tools, and what might lead them to adopt or abandon these
technologies. However, understanding this is vital for facilitating
successful implementation [15,17]. To address this knowledge
gap, we undertook a pilot implementation study, using the ESM
tool “IMPROVE,” a clinical prototype tool informed by research
examining clinicians’ and clients’ design preferences [18,19].
IMPROVE was used as a part of therapy following a 3-step
intervention, in which clinicians and their clients could (1)
personalize the tool to clients’ specific problems and situations,
(2) self-monitor clients’ mental health and daily activities via
an app, and (3) review the collected data in summarized graphs
in an online dashboard. To inform the further development and
implementation of clinical ESM tools, this paper aimed to
evaluate participants’ (1) prior knowledge and expectations, (2)
actual use in practice, and (3) potential future integration of

ESM-based self-monitoring tools. Addressing these gaps in the
literature will provide valuable insights into why and how clients
and clinicians in mental health care choose to adopt or abandon
digital self-monitoring tools in therapy.

Methods

Ethical Considerations
All participants provided written informed consent, and all
procedures were approved by the medical ethics committee of
KU Leuven (S64244). Participants were given a study ID to
ensure anonymity, and interviews were pseudonymized during
the transcription by removing personally identifiable information
and replacing them with pseudo codes. Finally, participants
were allowed to freely use the IMPROVE tool after completion
of the study but were not given additional compensation.

Study Design and Recruitment
We conducted a pilot study within the University Psychiatric
Center KU Leuven in Belgium in which we involved clients
and clinicians in testing and evaluating IMPROVE. The research
team was unable to access the clinic directly, due to COVID-19
restrictions. Therefore, invitations to participate were emailed
to all psychiatrists and psychologists affiliated with the
psychiatric center (N=142). The study aimed to enroll 12
clinicians, and initial invitations were followed by up to 2
reminder emails. For those interested, online informational
sessions with the research team were organized. Participating
clinicians were asked to recruit at least 1 client from their
practice. By allowing clinicians to select clients, the referred
sample provided a practical representation of the clients with
whom clinicians were likely to use the tool within a real-life
context.

The inclusion criteria were kept broad to reflect the diverse
reality of clinical practice. To be eligible, clinicians needed to
be certified mental health professionals and proficient in Dutch,
which was the language the intervention was designed in. Clients
had to be 18 years or older and also proficient in Dutch. To
replicate real-world implementation, clients were asked to use
their own smartphones. As a result, only clients owning a
smartphone with at least 3G coverage were eligible to
participate.

IMPROVE was run on the digital platform m-Path [20]. To
enable clinicians to use IMPROVE, they received a manual
with instructions on using the tool in their practice (Multimedia
Appendix 1: IMPROVE training manual) and were invited to
join an online training session. Clinicians and their clients were
then requested to complete the 3-step intervention (Figure 1).
In the first step, clinicians introduced IMPROVE to their clients
and assisted them in downloading the app on their smartphones.
They also discussed personalization of the tool, such as adding
symptom-specific questions or adjusting the notification
schedule. In the second step, clients self-monitored their mental
health for 6 consecutive days. They received 10 semirandom
notifications daily, prompting them to complete brief
self-assessments on mood and context. Additionally, they
received a morning notification to assess their sleep and an
evening notification to evaluate the day. In the third step,
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clinicians and clients reviewed the collected data together,
exploring factors such as clients’ activities, mood variability,

and mood-context interactions.

Figure 1. Overview of the steps included in the IMPROVE intervention.

Data Collection and Analysis
Due to COVID-19 measures, data were collected remotely via
online surveys in RedCap (Research Electronic Data Capture,
Vanderbilt University) [21] and through Skype interviews
(Version MSO; Skype Technologies). In some cases, poor
connections affected the quality of the interview recordings;
however, the overall data collection was not hindered by remote
methods. Demographic information was collected at study
enrollment and participants who completed the intervention
were invited to participate in a semistructured interview
(Multimedia Appendix 2: Interview guides). Interviews were
audio recorded and transcribed verbatim. We performed a
thematic analysis [22] in which we first conducted top-down
content-coding of the transcripts using a thematic framework

that identified interview material related to clinicians’ and
clients’: (1) previous knowledge and expectations, (2) actual
use in practice, and (3) potential future integration of the
IMPROVE tool (Table 1). Hereafter, we performed additional
inductive in vivo coding and used pattern and focused coding
to create labels for the in vivo codes and compiled them into
additional subthemes [23]. LdT undertook all primary and
secondary coding, which was then revised by the coauthors and
discussed in multiple peer debriefing sessions [24]. After each
session, the coding categorizations and labels were modified
and refined based on feedback from coauthors. To explore the
potential impact of the different themes on the discontinued use
of IMPROVE, additional information was extracted from
informal participant contact records kept by the research team.

Table . Thematic framework for top-down coding of interviews.

DescriptionTheme

Participants talk about any prior experiences or knowledge they have re-

garding the ESMa or self-monitoring tools (analog or digital). Participants
talk about their motivations and expectations related to using the ESM or
self-monitoring tools and participating in the study.

Prior knowledge and expectations

Participants talk about how they used the IMPROVE tool and how they
judged these experiences. Mentioning eg, what purpose they used it for,
when, and how often they used it.

Actual use in practice

Participants talk about their interest in using the IMPROVE tool (or similar
tools) in the future. Participants talk about potential changes that they find
would be relevant for future use and integration of the IMPROVE tool.

Potential future integration

aESM: experience sampling method.
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Results

Participant Characteristics
Nineteen clinicians expressed interest in participating in the
study, of whom 12 were enrolled. While a systematic record of
the number of clients approached by clinicians was not
maintained, at least 29 clients were invited, with 24 agreeing
to participate. Of the enrolled participants, 8/12 clinicians (67%)
and 17/24 clients (71%) completed the intervention; among
these, 7/8 clinicians (88%) and 11/17 clients (65%) subsequently
participated in an interview. A demographic summary of
interview participants can be consulted in Multimedia Appendix
3: Demographic summary.

Thematic Analysis
A complete overview of the themes and subthemes of the
analysis and how frequently they were mentioned by participants
can be found in Multimedia Appendix 4: Overview of themes.
Tabulated in vivo code summaries of participants’ individual
experiences can be found in Multimedia Appendix 5:
Individually summarized experiences. Additionally, illustrative
summaries are displayed in text boxes.

Previous Experience and Expectations
Individuals’ experiences and expectations are important
indicators of their initial willingness to adopt technologies.

While only 1 clinician had experience using digital
self-monitoring tools, most clinicians and some clients had
experience using analog self-monitoring or diary techniques.
Some clinicians also had experience with different forms of
digital tools within their practice (eg, online training platforms,
video consultations, and virtual reality). Similarly, several clients
had experience using mental health apps, eg for practicing
breathing techniques and cognitive-behavioral therapy exercises.
Despite their limited experience, clinicians generally expected
that IMPROVE would offer benefits over analog registration
methods, allowing them to more easily collect and summarize
information about their clients. However, several clinicians also
anticipated that there would be challenges and limitations for
using the tool. The most commonly mentioned was that low
digital literacy could be a barrier for both clients and clinicians
(Clinician 0100 Textbox 1). Clinicians’ motivation for testing
the tool was primarily driven by curiosity and the conviction
that they need to master digital tools, as these are becoming
increasingly dominant in the health care sector. Interestingly,
most clients were primarily motivated by a wish to help and
contribute to research but also expressed a curiosity toward
what digital mental health tools might offer (Client 0501
Textbox 2). Some clients hoped that IMPROVE would allow
them and their clinicians to get a better understanding of their
mental health problems.
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Textbox 1. “Might use digital self-monitoring tools in the future”– selected participants’ experiences.

CLINICIAN 0100:

Prior knowledge and expectations

• I had no experience with digital self-monitoring, but I am currently testing VR technology in therapy. I have previously worked with analog
self-registration in therapy.

• I expected it would be technically challenging to work with the tool.

• I want to try using new methods in therapy and I was eager to try the tool.

Actual use in practice

• It was difficult to find things in the dashboard and I needed help from the research team to use the tool. After a while using the platform got
easier, but it required a lot of time to get started.

• It was difficult to draw conclusions about my clients' data, but I asked my client for clarifications when I was not able to interpret their data.

Potential future integration

• The tool gave me more information about what happens in clients' lives.

• I might use the tool again if it is made easier to use.

CLIENT 0503:

Prior knowledge and expectations

• I had no experience with self-monitoring apps.

• I hoped to gain more insight into my mental health.

Actual use in practice

• Assessment frequency was high, but okay for 1 week.

• I think I responded to almost all notifications, but I sometimes missed notifications because I forgot my phone. Also, when I was not feeling well
I didn't respond to the notifications.

• Identifying, labeling, and scoring emotions on a scale are difficult.

• My therapist had difficulties operating the dashboard, so we didn't go into detail with the data.

Potential future integration

• I might use the tool again, but it is tiring to do for a long time.

• I prefer using the tool as a part of therapy, but I would like to have access to the data myself.

CLIENT 0802:

Prior knowledge and expectations

• I have no experience with health apps, but I use analog methods to keep track of my mental health.

• Digital tools allow you to do more than analog tools, so I thought it would be interesting to try.

Actual use in practice

• The number of notifications was okay, but I sometimes missed notifications because I was working or sleeping.

• Using the tool during the therapy session made it easier to recollect things that had happened.

Potential future integration

• I might consider using the tool again.
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Textbox 2. “Not likely to use digital self-monitoring tools in the future”– selected participants’ experiences.

CLIENT 0501:

Prior knowledge and expectations

• I had no experience with self-monitoring apps.

• I was hesitant to participate because I do not like self-assessments.

• I thought it was worth trying and I wanted to contribute to improving mental health care.

Actual use in practice

• It was difficult always to remember to have my phone with me.

• Notifications were sometimes disturbing and the assessment frequency was too high.

• It was important to me that I did not miss notifications; therefore, fear of missing notifications would sometimes stress me.

• Self-reflection was sometimes difficult and confronting.

• It was interesting to look at my data.

Potential future integration

• I don't find it likely that I will use the tool again.

Actual Use in Practice
Participants’ willingness to test the IMPROVE tool was
influenced by their initial expectations that digital
self-monitoring would provide them with benefits and
advantages. Below we describe how clinicians and clients used
the tool in practice and how they evaluated its capabilities and
contextual fit.

Step 1: Start-Up Session
Clinicians generally found that the time investment required to
learn to use IMPROVE was too much considering the time they
had available. Experiencing time constraints was also one of
the most common reasons reported by clinicians who did not
complete the intervention. Personalizing clients’questionnaires
in particular asked for extra time and effort from clinicians.
Despite emphasizing that the personalization of the IMPROVE
questionnaires made the tool more relevant, clinicians made
limited use of the available personalization options. Most clients
also expressed that personalization of the tool is desirable but
that clinicians did not discuss this with them.

Furthermore, while most clinicians were convinced that using
the IMPROVE tool would become easier with practice, many
clinicians indicated that the complexity of the tool was too high.
In particular, clinicians found that navigating the dashboard
was not intuitive and that it was difficult to find things and set
up the clients’questionnaires. Thus, many experienced that they
did not have adequate competencies to make full use of the tool;
“I constantly felt I was doing something wrong,” 1 clinician
explained. However, at the same time, clinicians made limited

use of the training manual and expressed a wish for more
in-person support. This was also reflected by several clinicians
contacting the research team for additional support after the
initial training (Clinician 0100,Textbox 1). Interestingly, some
clinicians resolved their need for support by organizing training
sessions with colleagues.

Step 2: Self-Monitoring
The majority of clients reported that they made an effort to
comply with the notifications, but many found that the frequency
of the self-assessments (10 notifications per day) was too high.
A few clients indicated that they would consciously skip
assessments because they did not consider it important to
respond to all notifications. Conversely, some clients also
mentioned that missing notifications would make them feel
guilty and annoyed, or that the thought of missing assessments
made them nervous and stressed (Client 0501, Textbox 2).
Although clients reported that completing the assessments did
not take them long, many experienced difficulties responding
to the notifications within the fixed 15-minute response window.
Several reasons for this were voiced, of which being occupied
with work and other daily activities was the most frequent
(Client 0802, Textbox 1; Client 0601, Textbox 3). Having an
irregular day rhythm or sleep schedule that did not match the
notification schedule, needing to carry one’s phone and ensure
an internet connection, and feeling unwell or tired were also
factors that made complying difficult. Importantly, clients who
dropped out of the study also reported a lack of time, difficulties
complying with the assessments, notifications stress, and feeling
unwell as reasons for not completing the intervention.
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Textbox 3. “Likely to use digital self-monitoring tools in the future”– selected participants’ experiences.

CLINICIAN 0600:

Prior knowledge and expectations

• I have no experience with digital self-monitoring, but I have used analog self-monitoring techniques in therapy.

• I think digital tools are easier to use than analog self-monitoring methods. Digital tools are used more and more, and we need to offer clients
tools that can help them achieve their goals.

Actual use in practice

• It takes time and effort to learn to use the tool.

• I didn't personalize my client questionnaire, because I wanted to start with the basics.

• I monitored my clients' responses and contacted them if I could see they weren't responding.

• There was a lot of data; I started with simpler visualizations and gradually added things. If I didn't know the client beforehand, I would not be
able to make sense of the data.

Potential future integration

• The tool provided more details and an overview and allowed us to go more in-depth with problems that we already knew were there. We used
the tool to identify what was important for the client.

• I will certainly consider using this tool again with my clients.

CLIENT 0601:

Prior knowledge and expectations

• I had no experience with health apps.

• I had no specific expectations and I’m generally skeptical about health apps, but I wanted to help research.

Actual use in practice

• I responded to as many notifications as I could, but I missed a lot because I was busy. I didn't consider it a problem that I missed some notifications.
I also had to remember to bring my phone and connect it to 4G.

• It is sometimes difficult to assess whether your mood changed and how much.

• I was amazed to see what came out of the data. My therapist was able to do a lot with the data, despite my low compliance.

Potential future integration

• The tool provided useful information and allowed me to get to know myself better.

• I would be interested in using the tool again, but I would like to have access to the data myself.

CLINICIAN 1200:

Prior knowledge and expectations

• I used digital self-monitoring tools before in therapy.

• Digital self-monitoring tools are easier to use and give better insight into clients’ lives than other methods. However, self-monitoring can be
difficult for some clients.

Actual use in practice

• Setting up the tool took a lot of time.

• It was interesting to look at the data, but the many visualizations were somewhat overwhelming.

Potential future integration

• The tool quickly provides you with an overview of how your client is doing.

• I would like to use the tool again, but it should be made less burdensome for clients. It would be interesting to monitor clients for a longer period
to evaluate their progress and the effect of treatments.

CLIENT 1201:

Prior knowledge and expectations

• I had no experience with mental health apps.
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I expected the tool would make it easier for my therapist to understand my problems.•

• I think there is a need for more mHealth in mental health care and that this tool might help me and others.

Actual use in practice

• There are too many notifications and they are sometimes disturbing. People should be allowed to snooze notifications if they are busy.

• I did my best to respond to the notifications. On good days, it is okay to complete the assessments, but on bad days, it is difficult.

• My therapist identified moments when I was feeling bad and tried to understand these.

Potential future integration

• The tool can make you aware of what you need to work on, and it makes it easier to monitor the effects of your treatment.

• I would like to keep using the tool to check how I am doing.

Several clients found the practice of labeling and rating their
emotions difficult. Some indicated that they were unsure whether
they completed the self-assessments correctly and expressed a
need for more guidance from their clinicians on how to respond
to the assessments. Several clients also expressed a wish for
more open questions that would allow them to describe their
experiences in more detail, as they did not find that the default
questions were sufficiently able to capture their experiences.
Interestingly, while clinicians were not instructed to do so, some
monitored their clients’ responses during the self-monitoring
week as a form of remote monitoring of clients (Clinician 0600,
Textbox 3).

Step 3: Data Feedback Session
To get the most out of the data feedback session, most clinicians
reviewed their clients’data in preparation for the session. Many
felt that preparation was necessary for them to understand the
data and be able to discuss it with clients. Many clinicians found
it challenging to interpret and navigate the graphs, which they
often perceived as overwhelming. This generally led clinicians
to be selective in the data they would review and discuss with
clients. All clinicians reviewed the data with their clients and
some also encouraged their clients to give their interpretation
of the data or to provide further clarification (Clinician 0100,
Textbox 1). Similarly, clients indicated that the support of a
clinician was crucial for them to make sense of their data. While
most clients reported that they could understand the graphs,
they also indicated relying on their clinician to help them
interpret the data. These findings indicate that, despite
challenges, most clinicians could provide useful feedback to
their clients based on the self-monitoring data.

Potential Future Integration
Despite encountering challenges, both clinicians and clients
described that the IMPROVE tool provided them with useful
insights. Next, we will explore how these experiences influenced
participants’ willingness to integrate and use digital
self-monitoring tools in their future practice. Clinicians and
clients were generally open to using digital self-monitoring
tools again. Participants who expressed the greatest interest in
continued use more often experienced an added value of using
IMPROVE (see Textbox 3). This included having access to
more detailed information about clients’ mental health, which
helped create an overview and clarity, and identify focus points
to discuss in therapy. Clinicians who had initial positive

expectations and believed digital tools were important in
supporting mental health care were also more willing to use
digital self-monitoring again. The clinicians who were more
hesitant reported more difficulties using IMPROVE and
expressed a greater need for support (see Textbox 1).

Clients who expressed a low interest in using digital
self-monitoring tools in the future also reported negative
reactivity in the form of stress and increased negative emotions
during self-monitoring (see Textbox 2). Interestingly, all these
clients had high compliance during the self-monitoring.
However, clients overall reported that the assessment frequency
should be lowered to make future self-monitoring less
burdensome. Moreover, some clients and clinicians expressed
an interest in using the tool for extended periods to monitor
progress and the effects of therapy. Finally, clients and clinicians
also expressed a desire to adapt the self-assessment further and
monitor factors more specific to the individual client.

Discussion

Principal Findings and Implications
To guide the successful implementation of digital
self-monitoring tools in mental health care, it is pivotal to
understand how people react, respond, and adapt to these
technologies. We examined how clinicians and clients in a
psychiatric center appropriated the ESM-based self-monitoring
tool IMPROVE within their therapeutic practices. In line with
existing theories, our results indicate that clinicians’and clients’
willingness to adopt and integrate digital self-monitoring tools
into their practice depend on the perceived balance between
added benefits and the effort necessary to accomplish these
[17]. The main benefits identified in our study included better
information about clients’mental health, while system usability
and assessment burden demanded extra effort from participants.
Below we discuss the potential implications of this for the
implementation of the ESM tools in clinical practice.

While some struggled more than others, all interviewed
participants managed to reach a basic level of use of the
IMPROVE tool within the intervention period. Furthermore,
we observed a great interest and curiosity towards digital mental
health tools, especially among clinicians. Many clinicians
experienced that using IMPROVE added value and generated
more clarity and focus in the therapy, by providing more detailed
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information about the clients’ mental health. Several clients
also experienced these benefits. Our findings suggest that a
collaborative effort between clients and clinicians is key to
maximizing the experienced benefits of the ESM tools. While
many clinicians struggled to construct a frame for the
interpretation of clients’ data, several turned to their clients to
help make sense of the data. Clients also stressed the importance
of having a clinician support them in interpreting their data and
doubted whether they would be able to do this themselves. Other
studies similarly highlighted the value of patients providing
clinicians with additional information about patient-generated
health data to unveil the subjective meanings of the data [25].
This indicates that collaborative data interpretation is an
essential component in the clinical application of the ESM tools,
which boosts the perceived usefulness of the tool. Therefore
this component should be emphasized and strengthened in future
implementation initiatives.

Most participants in our study expressed willingness to use the
ESM or similar tools in the future, although many emphasized
the necessity of making changes and improvements to the tool.
This aligns with previous findings that clinicians and clients
are generally interested in the ESM-based self-monitoring
[18,19,26]. However, the need for further adaption was reflected
by participants encountering several challenges in using and
integrating IMPROVE into their practice. Many clinicians
experienced difficulties navigating the tool’s functionalities,
which made it difficult for them to start using the tool and apply
more advanced features, such as personalizing clients’
questionnaires. Clinicians, therefore, expressed a need for more
in-person support. Unfortunately, these types of usability issues
are common in digital health tools [27]. A study examining
usability problems of eHealth applications found that system
navigation, interface design, and lack of built-in guidance and
support accounted for 69% of users’ usability issues [27].
Furthermore, consistent with other research [28,29], our study
indicated that technology literacy and attitude can influence
willingness to use digital tools. More anthropological field
research on mental health care workers’ existing technology
habits and literacy might help inform the system design of the
ESM tools and understand users’ context and capabilities.
Similarly, engaging end-users in co-design processes could help
tackle usability issues that could lead users to abandon the tools.
Finally, our results show that adequate support for clinicians
and clients is needed to facilitate the implementation of the
ESM tools in mental health care. Especially in the early adoption
phases, users should be supported in familiarizing themselves
with the tools and integrating them into their work routines.
Potential solutions could include more built-in guidance
functions in the tool or establishing additional structures (eg,
service centers) that can provide direct user support.

Furthermore, our findings emphasize that self-monitoring
demands a lot of clients, and can be difficult and burdensome
for people with mental health problems. While clients expressed
a wish to comply with the self-assessments, they often found it
practically challenging. In line with other self-monitoring studies
[30], we found that competing activities (eg, working) and
technical issues (eg, device or internet access) were the most
common reasons for missing assessments. To comply with the

assessments, several clients had to change their phone habits,
eg, ensuring that they always had their phone with them, and
had notifications and internet connection on. As it is known that
existing habits are important predictors of technology acceptance
[17], this need to change habits can become a threat for sustained
clinical implementation of ESM tools. Furthermore, some clients
reported negative reactivity to self-monitoring, which was
associated with less interest in using the tool again. Other studies
also found that while self-monitoring can be motivating and
helpful, it can also become a stressful activity that clients feel
obliged to comply with [31]. This highlights the need to
investigate how self-monitoring tools can be made less
burdensome for users while still producing valuable information.
Potential solutions could include the integration of passive
monitoring [32,33] or adaptive assessment schemes that allow
for periods with lower and higher assessment intensity [34,35].

Limitations
The findings of the study should be interpreted considering the
following limitations. One limitation is that the study relied on
referral sampling, which might have influenced the
representativeness and diversity of the sample. Furthermore,
the study was conducted in a large psychiatric center of a
university in Belgium. Clients and clinicians within different
health care settings or with different demographic backgrounds
might have different experiences of using digital self-monitoring
tools. Another limitation is the potential overrepresentation of
people with a positive attitude towards digital mental health
tools. Several clinicians for example recruited clients who they
expected were interested in using digital tools and had the
necessary technical literacy. Furthermore, none of the
participants who dropped out of the intervention participated
in the interviews. However, using contact records data, we
established that some of the challenges experienced by
participants who were interviewed were also reported as reasons
for dropout by participants who did not complete the
intervention. Future research should aim to better understand
the views of nonadoptors, identify the main reasons for
nonadoption, and work towards tackling these barriers in the
design and implementation of ESM self-monitoring tools.

Conclusion
ESM-based self-monitoring can provide clinicians and clients
with useful information about how clients’ daily life activities
correspond to fluctuations in their mental health. These benefits
seem to increase when clinicians and clients engage in
collaborative interpretation and sense-making of the clients’
data. Therefore, ESM tools have a clear potential to support a
person-centered approach to mental health care rooted in clients’
daily life experiences. However, our study highlights that the
effort required by clinicians and clients to integrate ESM tools
into daily practice remains substantial due to system usability
challenges and the burden of repeated assessments. Addressing
these issues in future ESM tool developments will be crucial
for successful implementation. One potential solution to tackle
these barriers is enhancing user support. Another is modifying
key features of ESM tools to better suit users and their contexts,
such as reducing the frequency of assessment and data
information load. Engaging end-users directly in this process
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through user-centered design approaches may ensure a better
fit between the tools, their context of use, and user goals and

ultimately facilitate better adoption.
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Abstract

Background: First Nations children and youths may have unique ways to convey their health needs that have not been recognized
by health providers. This may contribute to the disparity between high rates of mental health and physical pain and low rates of
treatment for the conditions they experience. Evidence suggests that a colonial history has resulted in poor experiences with the
health care system, lack of trust with health providers, and miscommunication between clinicians and patients. Contemporary
ways, using both Indigenous and Western knowledge, are needed to bridge the gap in communicating pain.

Objective: The aim of this qualitative study was to test the usability and clinical feasibility of the Kids Hurt App with First
Nations youths and clinicians working with youths.

Methods: Using a Two-Eyed Seeing approach, the Kids Hurt App was developed using concepts from validated mood and pain
assessment apps combined with community-based research that gathered First Nations youths and clinicians perspectives on
quality, intensity, and location of pain and hurt. The Kids Hurt App contains 16 screens accessible on any web-based device.

Results: In total, 3 rounds of low-fidelity testing (n=19), 2 rounds of high-fidelity testing (n=20), and 2 rounds of clinical
feasibility testing (n=10) were conducted with First Nations youths (10‐19 years) to determine the relevance, validity, and
usability of the Kids Hurt App. High-fidelity testing was also conducted with 15 clinicians after completing the high-fidelity
youth sessions. Youths had constructive suggestions that were used to improve the app in subsequent rounds of version testing.
There was one main discrepancy between youths and clinicians related to preference for how best to visually convey pain. The
youth’s preference was maintained in the app.

Conclusions: All youths in all rounds of testing indicated that they would use the Kids Hurt App if it was available to them in
a health care setting, with most clinicians noting that the app would be useful in practice.

(JMIR Hum Factors 2025;12:e48370)   doi:10.2196/48370

KEYWORDS

app; eHealth; pain; Indigenous; First Nations; children; youths; mobile phone

Introduction

Overview
Indigenous peoples in Canada are comprised of 3 distinct
groups: First Nations, Inuit, and Métis. They reside across
Canada, from large cities to small isolated communities [1]. In

comparison to non-Indigenous peoples, Indigenous peoples are
the fastest-growing cohort in Canada with a significantly
younger population [1]. Indigenous children younger than 14
years of age represent 25.4% of the total Indigenous population,
while the same age group in the non-Indigenous population
only compromises 16% [1]. Repeated reports of racism in health
care, such as those in the In Plain Sight report describing Joyce
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Echaquan’s fatal health care experience in Quebec [2], combined
with research findings [3,4] suggest that health care providers
need to understand the structural and historical factors that
contribute to the current racial disparities faced by Indigenous
peoples [5]. A legacy of colonialism and present-day racism is
a determinant of health that is unique to Indigenous peoples so
efforts need to be made to create better understanding,
appropriate assessment, and improved care for health conditions
such as pain [6].

While 1 in every 5 Canadian people experiences chronic pain,
this number is significantly higher in Indigenous communities,
and most types of pain are more prevalent in Indigenous peoples
[7]. Indigenous children are particularly vulnerable to
experiencing pain. In one study examining pain diagnoses, a
large sample of First Nations children (n=2631) who were
compared to an age-, sex-, and location-matched sample of
non–First Nations children, demonstrated that the First Nations
cohort experienced significantly more physical pain–related
diagnoses for 10 of the 13 pain indicators studied [7]. Further
to this, while ear- and throat-related diagnoses were the 2 most
diagnosed pain conditions for both groups, the First Nations
cohort was significantly less likely than the non–First Nations
cohort to visit a specialist for these same conditions,
demonstrating inequities in diagnosis and treatment [7].
Additionally, these data showed that children (0‐9 years) who
had a physical pain diagnosis were more likely to have a mental
health diagnosis in adolescence, a finding only evident in the
non–First Nation cohort who were seemingly able to access
mental health care [7].

Cultural variances in pain expression have also been found
between Indigenous and non-Indigenous children and youths
[8,9]. Latimer et al [8] concluded that Mi’kmaq children were
stoic and hid their pain. Children reported that they would not
cry when enduring pain and preferred instead to be “brave” or
“tough it out” [8]. These findings led researchers to conclude
that health clinicians may not have ways to accurately assess
or document the level of pain a child or youth is experiencing.
Similar findings of stoicism were reported in Indigenous peoples
in Australia, with participants often being described as quiet
about their pain and not reporting pain due to higher pain
tolerance, fear of Western medicine, or intercultural
communication difficulties [10]. Clinicians are trained to use
numerical or face pain scales to assess pain; however, only
minimal research has been done to determine if these self-report
pain scales are culturally appropriate for use with Indigenous
children, and indeed to our knowledge, none in First Nations
children [11,12]. Community members reported that numerical
pain rating assessment scales are confusing, and it is difficult
to attach hurt or pain to one measure such as a face or number
[9]. The evidence suggests that there is a clinical practice gap
in assisting Indigenous youths to convey their pain to health
providers. This study endeavored to find a culturally appropriate
mechanism to support youths in sharing their pain and to address
reports of a lack of clinician’s ability to recognize pain, which
creates a barrier to appropriate health care [13]. In response to
these needs, the Kids Hurt App [14] was cocreated with
Indigenous and clinical partners. It was created with the notion
that Indigenous peoples have many effective ways of

communicating knowledge that include visual images and
storytelling. This led the developers to explore how both
Indigenous and Western ways could be used to develop a better
assessment tool that puts the technology in the hands of the
youths. The aim of this qualitative study was to test the usability
and feasibility of the Kids Hurt App with First Nations youths
and clinicians working with youths.

Background

Two-Eyed Seeing
The project used a Two-Eyed Seeing (TES) approach, a term
coined by Elders Murdena and Albert Marshall, which
recognizes the benefit of seeing Indigenous knowledge and
experience from one eye while also seeing strengths from
another eye’s perspective that is different from one’s own [15].
The Western perspective is most typically how health care is
currently delivered. When both eyes are used, the ultimate
benefit is achieved by effectively enhancing the health of
Indigenous peoples through the practical sharing of knowledge
[16].

Digital Health Interventions for Indigenous Children
and Youths
Although there is a growing body of literature on digital health
and app-based interventions to manage pain in children and
youths, research on the development and usability of app-based
interventions for Indigenous peoples is limited. In a review of
digital health solutions for Indigenous mental well-being across
Canada, the United States, Australia, and New Zealand, Hensel
et al [17] indicated that co-designed app-based interventions
had been shown to reduce anxiety and depression symptoms
and contribute to well-being. The Aboriginal and Islander
Mental Health Initiative for Youth App, or AIMhi-Y, was
developed in consultation with Indigenous youths from Australia
and the Torres Strait Islands [18]. The youths identified apps
as a potential way to mitigate barriers to accessing help and
highlighted the need for a strength-based approach [18,19]. A
randomized controlled trial found that iBobbly, a suicide
prevention app developed in consultation with Indigenous youths
living in Australia, had only a minimal, nonsignificant impact
on psychological well-being outcomes, although qualitative
data indicated the app was helpful and that construct validity
issues may have been the reason why there was not a significant
impact [20]. To date, there is no research on the development
or usability of apps for Indigenous children and youths in
Canada [21].

Development of the Kids Hurt App
The Kids Hurt App was developed by the Aboriginal Children’s
Hurt and Healing Initiative for children aged 10‐19 years.
Funding for the app development and testing was received from
the Canadian Institutes of Health Research (FRN# 162455 &
SCA-145102), Indigenous Health Nursing Research Chair,
Dalhousie University (FRN# 167603), and IWK Health
Foundation. The Aboriginal Children’s Hurt and Healing
Initiative is a broad partnership, consisting of Indigenous
community leaders, clinicians, elders, youths, researchers from
universities, and health delivery systems. In keeping with
Ownership, Control, Access and Possession (OCAP) principles
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[22], the app is owned by communities involved in this research
study. OCAP is a registered trademark of the First Nations
Information Governance Centre and describes the principles of
ownership, control, access, and possession to ensure that First
Nations have control over data processes including ownership
and how their information is used. The app was developed to
facilitate pain communication between clinicians and Indigenous
youths in a culturally safe manner. It is not meant to replace the
history-taking step of a health care interaction but rather serves
to augment the quality of communication exchange by giving
youths an opportunity to share their pain story in a comfortable,
culturally safe way.

The app was developed using TES to ensure both Indigenous
and Western concepts and content were included. In total, 16
“screens” or interfaces were developed. Multimedia Appendix
1 provides an example of the final 16 screens developed.
Previous versions of these screens were used throughout various
stages of testing.

The first app screen asks users their gender and age (see Screen
1 in Multimedia Appendix 1), with the subsequent screen
providing them with the option to create an avatar or choose a
predesigned one (see Screen 2-3 in Multimedia Appendix 1).
First Nations youths were involved in the development of the
avatar designs through initial content validity testing to ensure
that visual representation was present. Once an avatar is chosen,
it is prompted to answer a series of responses to physical and

emotional pain prompts. The inclusion of both physical and
emotional pain prompts provides an example of how TES [15]
was used throughout the development of the app. Earlier design
ideas for the app had only physical pain prompts; however,
community feedback suggested that incorporating both physical
and emotional pain prompts would better represent the
Indigenous holistic view of health, which involves “a healthy
balance of 4 elements or aspects of wellness: physical,
emotional, mental, and spiritual” [23]. While this version of the
Kids Hurt App does not incorporate all 4 wellness aspects,
emotional and physical pain were chosen because they were the
most reported types of pain in previous research [7]. Future app
iterations are expected to include spiritual and mental
dimensions. There is also evidence that physical and emotional
pain are interconnected, and the app presents an opportunity to
highlight this for both youths and clinicians.

Additional incorporation of TES [15] involved the use of the
International Association for the Study of Pain assessment tool
guidelines [24] in the development, ensuring three key
assessment features were embedded into the app: (1) pain
location (see Screen 4-6 in Multimedia Appendix 1), (2) pain
quality (see Screen 7 in Multimedia Appendix 1, and (3) pain
intensity (see Screen 8 in Multimedia Appendix 1). Pain quality
icons were conceptualized based on previous art-based research
with Indigenous youths [8,9] as well as the Iconic Pain
Assessment Tool [25] and the Pain Quality Icon (QuILT) [26]
as illustrated in Figure 1.

Figure 1. Pain quality icon development.

Pain intensity was initially captured using 2 scales: a 10-point
“face scale,” mimicking the Faces Pain Scale—Revised (FPS-R)
[27], and a newly developed “Jar of Hurt,” building on the
concept of the “Pieces of Hurt” tool [28] and respecting the
nation’s language and word for “pain” which is “hurt” [8]. A
jar was used as a common, everyday item that would provide
the imagery of filling something up with pain or hurt. In
addition, details of where users were when they got hurt (ie,
school) and what they were doing (ie, playing) were also
included with options based on common places of injury noted

in the First Nations Regional Health Survey [29].The inclusion
of the where and what aspects of the app allowed the
incorporation of storytelling (see Screen 9-10 in Multimedia
Appendix 1), an approach with significant cultural ties for
Indigenous populations [30].

After completing questions regarding the user’s physical pain,
users are then prompted to provide information on their
emotional pain through a series of similar screens (see Screen
11-14 in Multimedia Appendix 1). Emotional pain icons were
initially chosen based on 22 common emotions identified from
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20 validated mood apps (Multimedia Appendix 2). Through the
initial content validity testing with First Nations youths, these
22 emotions were narrowed down to 8, which were identified
as most likely to be used to describe their emotional mood. The
resulting 8 emotions, both “negative” and “positive,” provided
a range of options and avoided bias in responses (Figure 2).
Emotional pain questions focused on users’ current emotional

state (happy, sad, and anxious), intensity of those emotions
(using the 10-point Jar of Hurt), and any physical symptoms
that may be associated with their emotional pain (ie, chest
tightness).

Upon answering both the physical and emotional pain questions,
information is presented on a final storyboard screen (see Screen
15 in Multimedia Appendix 1).

Figure 2. Emotional pain icons.

Methods

Study Design
Once an initial version of the app was finalized three types of
testing took place: (1) low-fidelity testing, (2) high-fidelity
testing, and (3) clinical feasibility testing. This testing or
development strategy mirrored the process published by Stinson
et al [31].

Ethical Considerations
Prior to project initiation, the study was approved by both an
Indigenous and tertiary pediatric hospital research ethics board
(Mi’kmaw Ethics Watch & IWK Health Research Ethics Board;
#1017831). Informed consent was obtained from all participants
or their parents or guardians prior to taking part in study
procedures. Youth participants received a CAD $10 (US $6.98)
gift card after completing the testing. Clinician participants were
not compensated. Data were deidentified immediately following
data collection sessions.

Participants
First Nation youth participants were recruited through social
media platforms and community organizations or contacts to
complete low-fidelity, high-fidelity, and clinical feasibility
testing. Clinicians recruited from a First Nation Health Centre

and a pediatric health center unit specializing in emotional or
physical pain–related services (rheumatology, pain clinic, etc)
also completed high-fidelity testing. Eligibility criteria for youth
participants included (1) self-identifying as Indigenous, (2)
residing in a First Nation community, and (3) being between
10 and 19 years of age.

Data Collection

Overview
The study took place over a 5-year period between April 2017
and March 2022. Significant delays were experienced due to
the COVID-19 pandemic. All youth data collection sessions
were completed within the youth’s Indigenous community to
ensure that local support resources were available if a youth felt
distressed. A trained mental health clinician was available as a
resource for each session, and smudging was offered for youths
who took part in the clinical feasibility sessions.

Low-Fidelity Testing
Low-fidelity testing is a qualitative usability approach where
youths were able to view a paper-based version of the app.
Youths completed a demographic survey prior to reviewing the
app screens. In total, 3 rounds of low-fidelity testing took place.
During each round, youths were shown paper-based screenshots
of the Kids Hurt App and asked what they liked and disliked
about the design through a series of semistructured questions.
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Sessions were audio-recorded and transcribed for clarity and
accuracy. After each round of testing, feedback was reviewed
and integrated into the app. Screenshots of the updated version
of the app were then shown to the next round of participating
youths until no further changes were suggested based on the
methods of Stinson et al [31].

High-Fidelity Testing
High-fidelity testing is similar to low-fidelity testing; however,
participants were able to review a fully functioning version of
the app rather than paper-based screenshots. Youths completed
a demographic survey prior to using the app, and all sessions
were audio-recorded and transcribed. Two rounds of
high-fidelity testing were completed with participating youths
to determine functionality and acceptability and to allow for
any suggested revisions to be shared. The app was viewed on
an iPad, and the youths worked through the app in the presence
of the research assistant. At the start of each session, youths
were asked to complete the app by themselves and to talk out
loud about any likes, dislikes, or difficulties. The length of time
it took for youths to complete the app from start to finish was
recorded. Then, they were asked to go through the app for the
second time with the research assistant who asked them
semistructured questions. Once finished, they were asked
open-ended questions on their overall thoughts regarding likes,
dislikes, ease of use, and whether they would use the app in a
health care setting if it was available. Feedback from each round
was incorporated until no further changes were suggested (2
rounds). Interviews with the youths were audio-recorded in each
of the 2 rounds to maintain the integrity and accuracy of the
findings.

After the youths completed the high-fidelity testing, clinicians
were then invited to take part in high-fidelity testing. Clinicians
were invited to use the app and then answer a series of questions
either through a digital survey or during a focus group. Focus
group sessions were transcribed to ensure data accuracy.
Questions assessed the clarity and importance of the various
app components and also allowed space for participants to
provide suggestions on what they would like to change or add
for each screen. Demographic questions were also asked to
determine participant’s profession and types of experience.

Clinical Feasibility Testing
Clinical feasibility testing was completed with youths to help
determine if the app works well, if it is easy to use, and if youths

found it relevant for use in their care. Youths were asked to
work through the app with the research assistant present and
then answer a series of questions in a digital survey format.
Questions ranged from demographic questions to those regarding
the app’s usefulness as well as functionality. Once an initial 5
youths had completed their review of the app, changes were
incorporated, and an additional 5 youths were invited to take
part. After 2 rounds of clinical feasibility testing with very
positive results and minimal changes, it was determined that a
third round was not needed.

Data Analysis
Demographic survey responses from all rounds of testing were
analyzed using the SPSS Statistics (version 24; IBM Corp)
database system to provide an overall breakdown of age and
gender. Field notes and transcribed interviews were reviewed
to determine any changes needed for subsequent rounds of
testing. Revisions associated with more large-scale app
functionality that were unable to be incorporated between testing
rounds, such as incorporating a feature to track pain over time,
were added to a database for future recommendations.

Results

Low-Fidelity Testing
A total of 19 youths participated in 3 rounds of low-fidelity
testing (round 1: 7 youths, round 2: 6 youths, and round 3: 6
youths). In total, 63% (n=12) of the participants were identified
as female. The average age for all participants was 13 (SD 2.46)
years. In the first round of low-fidelity testing, 1 participant
suggested that the Jar of Hurt scale should use a plus or minus
button to increase or decrease the amount of hurt rather than
the original “slider” option (Figure 3). In subsequent rounds,
youths were shown both the slider and the plus or minus option
and asked their preference. The majority of youths (n=11)
preferred the plus or minus option. The directions for describing
how to use the Jar of Hurt were also identified during
low-fidelity testing as needing clarification. A total of 6 of the
19 youths identified this issue. “I don’t know, it’s a little
confusing. It sounds complicated” (Female, 14 years). The
language was simplified, and it was agreed that it would be
further reviewed in the high-fidelity rounds.
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Figure 3. Jar of Hurt—plus or minus button addition.

The final noted change from low-fidelity testing was an overall
dislike of the way the emotion face icons looked. One youth
described the faces as “creepy.” To address this, the facial icons

were redesigned to look like the user’s avatar rather than a
generic face as illustrated in Figure 4.
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Figure 4. Emotion faces—revised. Original image depicts 10 emotions rather than the finalized 8 emotions, as this was an initial mock-up screenshot
for testing purposes only.
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High-Fidelity Testing
A total of 20 youths participated in the 2 rounds of high-fidelity
testing (round 1: 10 youths and round 2: 10 youths). In total,
70% (n=14) of participants were female, and the average age
for youth participants was 16 (SD 2.46) years. The average time
it took youths to complete the app was 3.61 minutes (216.6
seconds; SD 48). All youth participants identified enjoying the
app and agreed it would be helpful to them.

It was pretty helpful. I know when you go to your
doctor, you don’t really want to open up. Sometimes
you’re nervous. At least the app helps explain how
you feel. [Female, 17 years]

Confusion remained regarding the use of the Jar of Hurt with
2 of 10 youths in the first round of testing describing it as
confusing. As a result, examples of an empty jar and a full jar
were added beside the plus or minus buttons to provide a visual
of how to increase or decrease the amount of pain or hurt (see

Screen 7 and 8 in Multimedia Appendix 1). After this change
was implemented, no confusion was noted in the remaining
high-fidelity testing round.

Participants also suggested revisions to the “I took something
harmful” icon in the “how you were hurt” section. Initially, this
icon included a skull and crossbones to symbolize poison;
however, youths suggested that something more representative
of drugs or alcohol should be included.

I think this would be something chemical, based on
the picture and skull thing. But I think something that
can be added is maybe drugs or alcohol. Because the
person may not always feel comfortable saying it but
hitting it on the button without thinking and if it’s
right in front of you, they may be honest. [Female, 18
years]

This icon was revised to better reflect youth participant’s
perception of which icons are most relevant to them (Figure 5).

Figure 5. “Harmful” icon changes.

A final revision resulting from the youth high-fidelity sessions
was determining a preference for which scale to use to represent
the quantity of pain. Youths were shown a scale with facial
images similar to those in the FPS-R and superimposed in the
avatar [27] (Figure 6) and the Jar of Hurt scale (Figure 7) and
asked which they felt would best allow them to quantify their

pain. The majority (n=12, 60%) preferred the Jar of Hurt scale.
One youth shared their reason why:

If you had to choose one option, I would say the jar
scale would be a lot better. Because maybe some
people, they know how to hide it. Their pain. So, I’d
say the jar scale is a lot better. [Male, 16 years]
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Figure 6. Faces Pain Scale—Revised expressions avatar adapted faces scale.

Figure 7. Jar of Hurt scale.
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In addition to youths, a total of 15 clinicians participated in
high-fidelity testing. In total, 10 clinicians completed this
through a digital survey, and 5 participants took part in a focus
group session. Most survey respondents were nurses (n=7, 70%),
and focus group participants included physicians,
physiotherapists, nurses, and psychologists.

In total, 14 of 15 clinicians found the app to be moderately or
extremely useful. Like youths, clinicians were asked to identify
their preference between the Jar of Hurt or the FPS-R adapted
scale (Figures 6 and 7) through the survey questions. A total of
7 of the 9 clinician respondents identified a preference for the
FPS-R adapted scale.

On 2 different screens, clinicians suggested adding an “other”
option. For the quality of pain screen, 4 of 5 clinicians from the
focus group felt that an “other” option should be included to
allow users to add their own quality of pain descriptors.
Similarly, for the emotional pain screen, all clinician participants
suggested adding an “other” option to allow users the flexibility
of adding any emotion they felt, even if not in the presented
list. These additions were made in subsequent versions of the
app.

Clinical Feasibility Testing
A total of 10 youths completed clinical feasibility testing (round
1: 5 and round 2: 5). Results from the clinical feasibility testing
were very positive, with 80% (n=8) of respondents identifying
that they found the app easy to use and 90% (n=9) saying they
would use the app in a hospital or health care setting. No
technical errors were found. Participants suggested that the Jar
of Hurt method was more geared toward younger youths but
also noted that they were happy to use the scale either way.
Suggestions for change were mainly larger design changes
identified as “future changes” including having a text or email
function to send results to themselves or their care providers,
having the ability to track changes in their pain or hurt over
time, and including translation in their Indigenous language.

Discussion

Principal Findings
In this study of clinicians and First Nations youths, 3 types of
testing occurred in the development of the Kids Hurt App:
low-fidelity, high-fidelity, and clinical feasibility. For the 2
groups of participants, each subsequent round of testing reduced
the app modifications. Overall changes were minor, but
important observations were thought to increase the usefulness
of the app for users.

Recent literature has identified that app-based interventions
may remove barriers to accessing care for youths [18,32,33].
Apps are accessible and may mitigate confidential concerns and
concerns about stigma. Smartphone-based apps may be
particularly useful, as authors from one study found that
smartphones are a mainstream technology and are an advantage
within the health care system [34]. While existing research
suggests that Western pain assessment tools are not appropriate
for Indigenous peoples [10], this study demonstrates how an
app can be developed collaboratively and engage youths to share
their pain respecting both Indigenous and Western knowledge

systems. All youths stated that they would use the Kids Hurt
App if it was available in the health care setting. Youths
reaffirmed that they often found it difficult to articulate their
feelings and felt that the app could help them communicate their
needs. This app allows them to share their pain and help
facilitate enhanced communication.

One notable finding in this study was the process of determining
which pain scale to use, the “Jar of Hurt” scale or the “face
scale.” In the initial development stages of the app, the “Jar of
Hurt” concept was chosen based on previous research regarding
the “Pieces of Hurt” tool [28]. While this research was
completed with younger children than our target population,
the concept of using objects rather than faces was appealing
based on previous research indicating that Indigenous children
are often stoic in their expression of pain and may hide their
pain rather than displaying it outwardly through facial
expressions [8]. Through high-fidelity testing, 60% (n=12) of
youths preferred the “Jar of Hurt” scale over the “face scale,”
and while it was noted in clinical feasibility testing that the scale
was more geared toward younger youths, participants identified
being happy to use the tool, regardless of that. Clinician
preference was strongly noted for the face scale likely because
of its similarity to the FPS-R scale, a well-known pain
measurement tool [27]. However, given that the app was
developed to provide youths with a valid way to convey their
pain and hurt and to develop an alternative to Western pain
assessment tools, the “Jar of Hurt” was maintained as the
preference for conveying pain intensity. This finding highlights
the importance of taking the time to validate patient indicators
of pain consistent with different age groups and populations.

Improved Health Care Experience
During a typical patient visit, a clinician obtains the patient’s
history, current pain experience, and future needs in a short
amount of time [35]. This can be challenging if a patient finds
it difficult to articulate their pain and hurt for a range of reasons,
such as stoicism or power dynamic, further causing delay in
timely and appropriate care [34,36]. In this study, participants
identified the app as “easy to use” and were able to complete
the app screens in an average of 3.61 minutes (216.6 seconds;
SD 48). The youths’ suggestions for app improvement, such as
the Jar of Hurt being a better way to capture pain instead of a
face that may hide pain, provide some indication that the Kids
Hurt App may facilitate better communication, and consequently
health care experience, by allowing Indigenous youths to convey
their pain through an app. Other comments such as the youths
who indicated pushing a button might be easier than talking
could imply that the app offers a nonthreatening and safe way
for youths to share their stories. Research has shown that youths
have high technological literacy and are comfortable using
eHealth apps [37,38]. In a generation where technology is fluent,
the Kids Hurt App can give youths a voice in the health care
system, in a medium they are comfortable with, to personally
advocate for their physical and emotional pain care.

Limitations
At the time of testing, the app was not yet available in the youth
participant nation’s language. The current version of the app
[14] is fully translated into Mi’kmaw. Communication between

JMIR Hum Factors 2025 | vol. 12 | e48370 | p.1643https://humanfactors.jmir.org/2025/1/e48370
(page number not for citation purposes)

Francis et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


the provider and patient should always be clear and effective,
and having health information accessible in one’s primary
language is important [39]. Thus, we recommend that the app
be available in the nation’s primary language in any further
testing. An additional limitation is that testing was only
completed with 2 First Nation communities so results cannot
be assumed to be accurate for all Indigenous nations.

Conclusions
Culturally safe care acknowledges the attitudes, knowledge,
and behaviors of another’s culture in a respectful manner. If a
provider encounters an Indigenous patient, it would be important
to understand the patient’s unique historical legacies, ways of
communicating, and any potential intergenerational trauma that
may influence pain report [40]. Implications of creating and
using an app that has been codeveloped by the end users (First

Nations youths) increase the usefulness of the app and provide
a space for the provider and patient relationship to be optimized
for best care outcomes. The short app completion time is an
indication of the minimal effort it takes to offer a culturally
appropriate alternative to pain self-report and may reduce
miscommunication and repeat visits for the same condition.
Future research will include testing the app with non-Indigenous
youths as well as in various health settings such as mental health,
tertiary, primary care, and emergency departments. Further
development of the app related to youth’s self-report of effective
strategies that reduce pain and hurt is planned. The Kids Hurt
App is a culturally safe and evidence-based communication tool
that may allow First Nations youths to comfortably share their
pain and hurt stories. Each nation may be different in its
communication and will need to review the app for usability
and feasibility in its own communities.
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Abstract

Background: It is widely accepted that the COVID-19 pandemic has accelerated the era of online health care delivery, including
within community palliative care. This study was part of a larger project involving a collaboration between universities, health
care services, government agencies, and software developers that sought to enhance an existing telehealth (video call) platform
with additional features to improve both patient and health care professional (HCP) experience in a palliative care context.

Objective: The aim of this study was to understand palliative care patients’ and HCPs’ experiences of telehealth delivery in a
palliative care context in Victoria, Australia. For the purposes of this study, telehealth included consultations by both video and
telephone calls. By better understanding users’experiences and perceptions of telehealth, we hoped to determine users’preferences
for new telehealth enhancement features.

Methods: A total of 6 health care professionals and 6 patients were recruited from a major tertiary hospital network’s palliative
care unit in Victoria, Australia. Participants were asked to generate 3‐5 photographs depicting their telehealth experiences.
These photographs were used as visual aids to prompt discussion during subsequent one-on-one interviews. Intertextual analysis
was conducted to identify key themes.

Results: A total of 3 overarching themes emerged: comfort (or lack thereof) afforded by telehealth, connection considerations
in telehealth, and care quality impacts of telehealth. Patients (n=6) described telehealth as supporting their physical and psychological
comfort and maintaining connection with HCPs, yet there were specific situations where it failed to meet their needs or impacted
care quality and delayed treatment. HCPs (n=6) recognized the benefit of telehealth for patients but reported several limitations
of telehealth, in particular due to lack of physical examination opportunities. Participants indicated that 2 types of connection
were imperative for effective telehealth delivery: technical connection (eg, good internet connectivity or clear phone line) and
interpersonal connection (ie, good rapport and therapeutic alliance between the HCPs and patients). Often technical connection
issues impeded the development of interpersonal connection between the HCPs and patients in telehealth.

Conclusions: The findings presented in this study combined with other co-design activities, which are outside the scope of this
paper, indicated the potential value of a telehealth enhancement feature that generates patient-facing clinical consultation summaries.
Our team has developed a video telehealth enhancement feature (or “add-on”), which will enable clinicians to distill key actionable
advice and self-management guidance discussed during teleconsultations for a take-home summary document for patients. The
add-on’s prototype has also been subjected to an initial simulation study, which will be reported in a future publication.
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Introduction

In Australia, chronic illness continues to be a major challenge
in health care [1] with more than three-quarters (78.6%) of
Australians impacted by at least one chronic condition [2]. Many
of these chronic conditions are life-limiting [3], and thus patients
may benefit from palliative care [4]. The 2018 National
Palliative Care Strategy recommends the approach of using
palliative care as a “means to improve the quality of life of
patients and their families affected with life-threatening illnesses
through the prevention and relief of suffering by means of early
identification, assessment, and treatment of pain and other
problems” [5]. Studies have shown that palliative care improves
quality of life by improving independence, providing symptom
relief and pain control, and supporting the physical, emotional,
and spiritual needs of patients, their carers, and loved ones [6-9].
Furthermore, palliative care is linked with a significant decrease
in health care use and prolongment of survival [10].

Specialist palliative care in Australia is delivered using different
models of care depending on the geographic location and
available resources [11]. Many of these models of care were
transformed during the COVID-19 pandemic to promote
physical distancing [12,13]. One such approach for the delivery
of specialist palliative care in Australia was a move to telehealth
to limit hospital attendance and in-home visits [12]. The
implementation of telehealth in palliative care in Australia
demonstrated promise beyond the pandemic, with the potential
to improve communication, facilitating more equitable access
to palliative care (especially for those in rural and regional
areas), avoiding lengthy travel to hospitals or clinics (particularly
when patients are very unwell), and potentially assisting with
timely symptom relief [14]. However, for continued
sustainability and success of telehealth models, telehealth needs
to adapt and evolve based on feedback from patients and health
care professionals (HCPs) [15].

The importance of user involvement in the implementation of
palliative care services has been recognized and prioritized by
researchers to improve productivity, quality, and relevance of
care [16]. The aim of this study was to understand palliative
care patients’ and HCPs’ experiences of telehealth delivery in
a palliative care context in Victoria, Australia. For the purposes
of this study, telehealth included consultations by both video
and telephone calls. This study was part of a larger project
involving a collaboration between universities, health care
services, government agencies, and software developers, which
sought to enhance an existing telehealth (video call) platform
with additional features to improve both patient and HCP
experience. By better understanding users’ experiences and
perceptions of telehealth, we hoped to determine users’
preferences for other telehealth enhancement features.

Methods

Participants
Palliative care professionals and patients were recruited from
the Monash Health Supportive and Palliative Care Unit at a
tertiary hospital network in Victoria, Australia. HCPs, including
palliative care medical and nursing staff, and interpreters
involved in the Unit’s use of telehealth were invited to
participate by email. The Unit has video telehealth palliative
care clinics for oncology patients. In addition, during COVID-19
outbreak, the Unit provided a telehealth outreach service when
in-person home visits were not possible.

Patients aged 18 years and older, with conversational English
proficiency, currently using telehealth to access palliative care
were invited through email invitations and postcards. A total
of 6 patients and 6 HCPs participated in the study. All
participants lived in Victoria and spoke English as their primary
language. The patients’ ages ranged between 54 and 61 years
old. In addition, 4 of the 6 patient participants identified as
female and 2 identified as male. The HCPs’ages ranged between
33 and 62 years old, with 5 identifying as female and 1 as male.
The duration in their health care roles ranged from 6 months to
8 years. Their roles were ‘doctor’ (n=3), ‘interpreter’ (n=2), and
‘nursing clinical coordinator’ (n=1). Our 6 patient participants
have been deidentified as P009, P012, P013, P014, P015, and
P016, and HCP participants as HCP001, HCP003, HCP 004,
HCP005, HCP010, and HCP011.

Data Collection
The study used a qualitative photo interviewing technique
[17,18]. Participants were requested to generate 3‐5
photographs based on certain prompts and share them with the
research team. HCPs were asked to click photographs to depict
their everyday work life in the context of telehealth models of
care, what telehealth represents in their work, general
experiences, and opportunities for improving current telehealth
models. Similarly, patients were asked to generate photographs
to illustrate their experience of receiving health care through
telehealth, what telehealth represents for them as patients and
their everyday lives, and opportunities for improving telehealth
models of care. Multimedia Appendix 1 and Multimedia
Appendix 2 shows the specific instructions provided to both
HCPs and patients.

Participants emailed their photographs to a member of the
research team. Subsequently, telephone interviews, lasting
between 30 and 45 minutes, were conducted with each HCP
and patient participant. During the interviews, participants were
asked to elaborate on what each of the photos meant for them
and how the photographs related to their experiences of
telehealth. During the interviews, use of participant-generated
photographs helped trigger participants’ memories and invoke
their deeper consciousness, values, attitudes, and personal
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meanings of telehealth [19-21]. The visual aids also helped the
researcher and participant reach a shared understanding of the
topic [22]. All the interviews were audio-recorded and
transcribed verbatim by a professional transcribing company.
The interview transcripts were deidentified, and photos blurred
to protect participants’ identities. The anonymized transcripts
were imported into Microsoft Word and the photos inserted at
the point where they were discussed during the interviews,
allowing for an intertextual analysis in which the participants’
photos and words could be viewed together [23].

Data Analysis
A multistep data analysis process was conducted, involving
intertextual analysis wherein participants’ words and photos
were viewed together and analyzed using a 3-step process
involving (1) preview, (2) review, and (3) cross-photo
comparison [23]. In the first “preview” stage, the first author
reviewed all the photos and identified recurring motifs. These
motifs were recorded in a PowerPoint slide deck and shared
with the research team at a meeting for feedback and further
interpretation. Subsequently, a more in-depth “review” was
conducted wherein one researcher coded all the interview
transcripts with relevant themes and subthemes in more granular
detail. The emergent codebook was shared and workshopped
with the research team to further distill the emerging patterns.

The final stage in the data analysis process was “cross-photo
comparison.” During this phase, the research team discussed
the similarities and differences within and across participant
groups (eg, within patient participants’ or within HCPs’
accounts, or across patients’ and HCPs’ accounts). Often the
patients’ and HCPs’ accounts provided contrasting experiences
of the same facet of telehealth use (referred as
“counter-examples”). For example, where patients valued the
convenience of telehealth and being able to liaise with their
doctors from anywhere, HCPs found patients’ use of telehealth
in certain places (eg, public spaces) disruptive and uncongenial
to the therapeutic process. To organize the emergent themes, a
storyboard was developed by the first author containing
illustrative quotes and photographs from both patients and HCPs.
This story board has been provided in Multimedia Appendix 3
. The storyboard was presented to the research team and
subsequently, manuscript development commenced.

Ethical Considerations
Ethics approval for the study was obtained from the Monash
Health Human Research Ethics Committee (project

identification number 79681). All participants were provided
plain language summaries of the research project, and what their
participation would entail. All participants provided informed
written consent. They also had the option to stop the interview
at any point. Only approved members of the research team had
access to the identifiable participant information. All interview
transcripts were deidentified before the commencement of the
data analysis process. Photos generated by participants showing
any humans were also blurred to preserve participants’ privacy.

Results

Overview
A total of 3 themes were identified: comfort (or lack thereof)
afforded by telehealth, connection considerations in telehealth,
and care quality impacts of telehealth. It should be noted that
while these themes are presented as distinct categories, they are
not necessarily mutually exclusive. In addition, in some cases
the themes included counter-examples, as mentioned above.

Comfort (Or Lack Thereof) Afforded by Telehealth
For some participants, telehealth afforded them greater physical
and psychological comfort. However, for some others, telehealth
hampered their physical and psychological comfort. Therefore,
this theme elucidates how telehealth use impacted patients’ and
HCPs’ physical and psychological comfort.

Physical Comfort
Palliative care patients often experience physical discomfort,
including pain and fatigue, which in turn impacts their ability
to visit clinics for in-person consultations. Patient participants
advised that they had arranged their homes in ways that
minimized their discomfort. Telehealth enabled them to remain
in this environment, unlike in-person appointments, which lead
to physical exertion due to travel and wait times, with this issue
compounded for rural patients.

Patient participant P015 captured this theme when discussing
a photo (Figure 1) of the room where they spent most of their
time. They reported being “in pain 24/7” and explained how
telehealth helped minimize their discomfort:

...You can actually see how close my bed; my chair
is to my office desk. And so, I just use the walking
frame, I get to the chair very easily. I sit in my chair,
I’m listening to a bit of music, or I’m just watching
TV…I’ll sit in the wait in the chair, waiting for the
doctor to come in. [P015]
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Figure 1. Patient home office for telehealth consultations (P015).

By contrast, some HCPs associated telehealth with physical
discomfort. HCPs working in the palliative care outreach service
during the pandemic, as opposed to the Unit’s dedicated
telehealth clinics, reported that private rooms were not always
available. Therefore, telehealth appointments were often
conducted in shared workspaces, which could be noisy and
distracting, impacting their ability to effectively conduct quality
consultations with patients. For example, HCP001 included a

photo of the shared office space (Figure 2) where they often
conducted telehealth consultations and stated:

It gets very loud because we’re [all] talking… So then
anybody else talking on the phone, someone else has
to talk up to talk over the top of that, and then
anybody having a conversation with each other in the
office has to talk up. [HCP001]
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Figure 2. Palliative care service shared office space (HCP001).

Psychological Comfort
Alongside physical comfort, telehealth provided patients with
psychological comfort by reducing the stress associated with
in-person appointments. Participants reported a variety of
psychological stressors associated with in-person appointments,
which were mitigated by using telehealth, for example, travel
and wait times, risk of exposure to COVID-19 in hospitals,
forgetting key questions for their doctors, and financial stress,

particularly for rural patients who may need to make overnight
accommodation arrangements for brief appointments. P013
provided a photo of a piggybank (Figure 3) and stated:

…going to appointments, car wear and tear, fuel for
my daughter, parking fees, petrol... [With] telehealth,
[I] don’t have to spend that money… [the money
saved could be spent on] all the bits and bobs that
they keep chucking at me to take. [P013]
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Figure 3. Piggy bank (P013).

The psychological comfort associated with the freedom to stay
in one’s chosen location and receive health care from the
comfort of their own homes is also illustrated in P014’s photo
(Figure 4) and quote as follows:

My bush family are my reason for living out here …
This is my family. Because of telehealth, I get to stay
home and enjoy them. You know, I don’t lose a day
or two being on the road away from them. I know it’s
only animals but for some people, you know, animals
are our family. [P014]
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Figure 4. Life in ‘the bush’ (P014).

For some outreach service HCPs, however, the sudden
large-scale transition to telehealth in the aftermath of the
COVID-19 outbreak, led to some psychological discomfort at
their perceived inability to provide their usual standard of care.
Given their professional training had primarily been in
face-to-face care, they felt ill-equipped to efficaciously transition
to online care. HCP005 provided a photo of themselves holding
their stethoscope up to the camera (Figure 5), demonstrating

the limitation of physical examination in telehealth
consultations. HCP005 said that the return to more in-person
consultations was “almost a relief” post–COVID-19 pandemic.
They further elaborated:

…often to be thorough in your assessment, as a
doctor, you’ve been trained [to] do your history,
examination and do investigations. I guess telehealth
takes away … what we’re trained to do. [HCP005]
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Figure 5. Health care professional (HCP) uncomfortable about limitations of telehealth (HCP005).

Connection Considerations in Telehealth
Participants indicated that 2 types of connection were imperative
for effective telehealth delivery: technical connection (eg, good

internet connectivity or clear phone line) and interpersonal
connection (ie, good rapport and therapeutic alliance between
HCPs and patients). Often technical connection issues impeded
the development of interpersonal connection between the HCPs
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and patients in telehealth. This theme illustrates how technical
connection and interpersonal connection impacted the
participants’ telehealth experiences.

Technical Connection
The technical aspects of connection included the skills required
to use the technology, internet and mobile phone connectivity,
and specific hardware and software concerns. HCP participants
noted that their patients had first been introduced to the
telehealth model of care during the pandemic with varying levels
of technological proficiency. Patients with limited technological
proficiency needed to build their confidence and skills over
time, with support from HCPs, support staff, and family
members. HCPs described situations where no one had checked
whether or not a patient’s computer had required microphone
and video capabilities. Internet connectivity and bandwidth
issues were also reported by both patients and HCPs. HCPs, in

particular, due to their volume of telehealth calls, reported a lot
of time lost to troubleshooting connectivity issues, which
impacted the time available for clinical conversations. Often
participants had to transition to telephone calls. For example,
P012 shared an image of their landline home phone (Figure 6),
describing it as follows:

It is the most reliable tool in my house. It never drops
out. Whereas the Internet … the internet on my
computer can be slow or drop out or whatever at a
telehealth appointment. And my mobile phone drops
out, it’s unreliable as well. But this phone is not
unreliable. So if I lose a connection with any of the
doctors, I know I can ring them on that phone … and
it’s not going to drop out. That’s really important …
So the landline is a good back up source for me for
telehealth. I always have it sitting there in case
something happens. [P012]
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Figure 6. Landline home phone as back-up (P012).

Nevertheless, participants also reported that in the absence of
connectivity issues, and with the appropriate skill level to use,
and availability of the right technology, telehealth can be very
useful and seamless. For example, HCP003 illustrated a good
experience of using telehealth involving both a patient and their
carer in Figure 7, and recounted:

… essentially showing how we can make it work when
everyone is capable of using telehealth. On the right
… that’s actually the patient’s son … But it just shows
how it can work. So … having patient caregiver in
telehealth, it is all very possible. The video worked
well the audio worked well ... there was no barrier
there. [HCP003]
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Figure 7. Positive experience of telehealth (HCP003).

Interpersonal Connection
Participants expressed a general preference for video
consultations over telephone consultations because of more
opportunities for eye contact, and reading of facial expressions
or other nonverbal cues. The notion of power dynamics between
HCPs and patients also emerged, with some participants stating
that conducting the consultations over telehealth made patients
feel more relaxed and open, as opposed to feeling nervous in

front of their HCP in person. P012 provided an image of their
laptop (Figure 8), which they used for video consultations and
stated:

I’ve noticed for me that I open up and talk more ...
But when I’m in his rooms, I’m intimidated when I’m
in person with him, face to face. I’m more conscious
of myself and self-conscious. Whereas over the
computer I’m not. I’m really confident and I just pour
everything out. [P012]
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Figure 8. Patient’s laptop used for video consultations makes them feel more relaxed (P012).

The type of technology used for video consultations also played
a role in the quality of the clinical conversations. As previously
mentioned, participants sometimes had to rely on backup options
such as mobile phones or landlines for consultations due to
technological failures, which also impacted the quality of their
telehealth consultations. HCP011 shared a photo of an outreach

service consultation that they had joined using their mobile
phone, because the laptop and desktop were being used by other
HCPs (Figure 9), and reflected:

The pictures are very small. So it just does not give
you a realistic feeling of seeing a patient. [HCP011]
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Figure 9. Video consultation conducted on a mobile phone (HCP011).
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In addition, participants generally agreed that periodic in-person
consultations interspersed between their regular telehealth
appointments were necessary to generate rapport between
patients and HCPs. P015 had video telehealth oncology
appointments every 6‐8 weeks for over a year, despite which
they said, “I’ve never met my oncologist,” by which they meant
that they had never met their oncologist in person. Even P012,
who felt they were able to be more open through telehealth said:

the doctors should touch base with you specifically
in person after a period of at least six months….
seeing them person to person sort of reconnects the
relationship. [P012]

In considering the benefits of in-person care, HCP010 said:

…we still want that relationship with the patient, we
want to look them in the face and an important aspect
of interpreting is body language. So even if you see
them on the screen, [it] is not the same. [HCP010]

HCP005 explained that some patients, “feel a bit suspicious or
not completely trusting when you are not there [in person].”

Separately, HCP004 and HCP005 both also said that breaking
bad news was more difficult through telehealth because of their
inability to offer comfort through nonverbal communication
like touch.

Care Quality Impacts of Telehealth
This final theme elucidates participants’ perceptions about how
telehealth impacts the quality of health care for patients.

Patient participants expressed mixed feelings regarding their
satisfaction with the telehealth model of health care. While some
participants perceived that the care they received through
telehealth was satisfactory, others expressed concerns around

issues such as lack of physical examination, impact on treatment
timeliness, and communication.

Patients who described telehealth care positively viewed the
crucial elements of care as unaffected. P014 explained that being
able to share documents and show the HCP medications meant
that:

[telehealth] doesn’t stop the communication process
in anyway…as [a] patient I’m not missing anything.
[P014]

Participant P014 was also able to monitor their blood pressure
and oxygen saturation at home and share this information with
their HCP. HCP004 saw telehealth as working well when there
was another complementary team, for example,
“hospital-in-the-home,” which offered in-person care and
provided clinical information to the palliative care patients.
They also described the benefits of using telehealth to determine
when an in-person visit was necessary:

it works best where there’s opportunity for, or being
able to identify that you can’t rely on telehealth alone.
[HCP004]

Participants who believed that the lack of an in-person
examination had compromised their care were more negative
about telehealth. For example, P013 shared a photo of their arm
in their lymphoedema sleeve (Figure 10) to describe the way
telehealth had limited their care:

I was seeing her [my HCP] pretty much monthly on
telehealth. As my arm would flare up, there was still
not much she could do because we weren’t allowed
in … she finally got face to face with me, measured
me up for the sleeve, so that was six months without
proper diagnosis. [P013]

Figure 10. Lymphoedema sleeve (P013).
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This participant perceived that their symptoms had not been
taken as seriously or treated as effectively because the HCPs
involved had not been able to examine them.

P016 used a photo of their skin (Figure 11) to discuss the
implications of limited physical examination opportunities in
telehealth:

I was trying to explain to the doctor what the problem
was … he actually couldn’t see me, what I was trying
to explain he couldn’t see … And we didn’t really get
to the bottom of what it was. [P016]

Figure 11. Patient finding it difficult to show the health care professional (HCP) her skin redness concern (P016).

For this participant, in-person care was important not only in
this specific instance, but also because:

the doctor would pick up from the last time he saw
you or your oncologist who last saw you [on] sort of
things that you don’t notice in yourself … I just feel
as I’m getting more unwell, that I need to have more
face-to-face appointments than telehealth
appointments, but they tend to push you towards
telehealth. [P016]

HCPs also stated that telehealth sometimes resulted in less
thorough assessments. HCP001 explained that this may be the
result of poor technical connection, whereas HCP005 described
it as a problem when the assessment required a third party to
facilitate the telehealth consultation, such as staff in an aged
care facility, whose other duties meant they did not have the
requisite time to devote to the consultation.

On the other hand, a positive aspect of the telehealth model of
care for patients was their ability to feel more in control of their
self-care and self-management during telehealth consultations.
For example, patient P012 took a photo of their notebook (Figure
12) to illustrate that they felt more comfortable bringing
prewritten notes for discussion and scribing notes during a
telehealth consultation than they would in person:

Notebook [is] very important ... Leading up to all my
appointments I have, I make notes. And then when
my appointment comes up, I cross stuff off … that’s
really important. For me, it’s my notes. That way, I
know I’m not going to forget anything. And whatever
they say to me that’s relevant or important, something
I had to do or whatever, I’ll write it down … I
probably wouldn’t do that at the doctor’s … But
online I can just do it on the side while I’m talking to
them. [P012]
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Figure 12. Patient feels more in control of their ability to take notes before and during telehealth consultations (P012).

Similarly, another patient P009 recounted a similar experience
of feeling more comfortable about their ability to capture
important information before and during a telehealth
consultation by having family members present with them from
the comfort of their homes:

Part of the brain tumors is that I can’t remember stuff
afterwards. So I have to have someone there who’s
like my virtual notepad … they can answer things that
I may have forgotten especially to do with medication

because it seems to be the main one or [one of the]
side effects … So it works well as in, they’ve [husband
and/or daughter] got an area where they can be
comfortable … I have a pad and pen here. But of
course I have sometimes husband and/or daughter
not only remembering stuff like that’s said but going
back and reminding me of stuff I need to tell the
oncologist that I may have forgotten about. [P009]
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Discussion

Principal Findings
Our intertextual analysis yielded 3 key themes: comfort (or lack
thereof) afforded by telehealth, connection considerations in
telehealth, and care quality impacts of telehealth. Participants’
relationship to telehealth was nuanced. Generally, participants
acknowledged the myriad of benefits that telehealth brings, such
as greater psychological and physical comfort for patients,
especially those based in rural areas. However, there was also
a general sense that telehealth should be combined with
in-person care for optimal patient-HCP therapeutic alliance and
better patient outcomes. It should be noted that this study’s data
collection commenced during the pandemic, amid nation-wide
efforts to rapidly scale telehealth models of care across
Australia. Eastman et al [15] sought to understand patients’ and
HCPs’ experiences of telehealth in community palliative care.
Their findings were congruent with ours, suggesting that
telehealth is being increasingly used in palliative care and
generally patients and HCPs are supportive of using this model
of health care, combined with regular in-person touchpoints.

A salient finding from our study was the notion of greater power
symmetry between patients and HCPs in telehealth compared
with in-person consultations. Patients alluded to feeling more
empowered, in control, and psychologically comfortable during
teleconsultations. This translated into them feeling more
confident about “pouring out” information in front of their
HCPs, than they would face-to-face. Furthermore, the safety of
a device’s screen afforded patients the space to take notes during
consultations. Having teleconsultations from the comfort of
their homes where family members could also be present where
needed, meant that patients felt more at ease. In some cases,
family members also served the important function of
remembering what had been discussed during consultations,
which enhanced patients’ quality of care.

Our team conducted additional co-design activities with
consumers which are outside the scope of this article. In those
activities too, participants had reported the importance of taking
notes before, during, and after their telehealth appointments.
Participants described forgetting important details from their
appointments and relying on their family to attend consultations
to remember what had happened during the appointment.

Literature suggests that 40%‐80% of medical information and
recommendations provided by HCPs during clinical
consultations is forgotten by patients almost immediately. The
poor information recall may have downstream impacts for
treatment adherence [24]. Issues of memory recall may be
exacerbated in palliative care patients who experience complex
illness symptomatology. There is some evidence to suggest that
patient-facing clinical consultation recordings can be helpful
for patients in general. A scoping review conducted by
Tsulukidze et al [25] in 2014 suggested that patients place a
high value on audio recordings of clinical consultations and
benefit from subsequently listening to the consultation
recordings.

The participants of our study reported in this paper and
subsequent co-design activities indicated that having a summary
of the consultation at the end of telehealth session would mean
that this information is kept secure and in one place for patients.
Memory and cognitive deficits are often experienced by
palliative care patients. Therefore, a mechanism to record salient
information discussed during consultations would be particularly
useful for this patient population.

The literature on patient-facing consultation summaries
generated during telehealth is currently limited. A
non-systematic literature scan in Google Scholar on this subject
yielded no relevant papers. The closest relevant literature
appears to be about artificial intelligence (AI) enabled digital
scribes or documentation systems, which can help automate
clinical documentation tasks ordinarily conducted by humans
[26-28]. However, the literature on patient-facing clinical
summaries in telehealth (whether generated manually by HCPs
or through AI-enabled algorithms) is not yet developed.

The paucity of literature on this subject combined with the
participants’ unanimous views emergent in our investigations,
emphasized the need for innovating in the area of patient-facing
clinical consultation summaries. Since the conduct of the study
presented in this paper, our team of software developers has
created a telehealth-enhancement add-on feature which seeks
to generate patient-facing summaries of clinical consultations
during video telehealth sessions. The prototype was developed
in an agile manner, involving think-aloud testing activities with
end users. Subsequently, the minimum viable product (MVP)
was subjected to a simulation study to generate early-stage
evidence about end-users’ perceptions of the add-on’s potential
clinical usefulness. The findings of our think-aloud and
simulation studies will be reported in future papers. However,
based on participants’ accounts presented in this paper, we
expect that the provision of a patient-facing document that
summarizes the telehealth consultation and distills key
actionable clinical advice for patient self-management, might
enhance patient experience and self-management.

Limitations
The limitations of this project include the small number of
participants interviewed. The small sample size was partly due
to challenges in recruiting palliative care patients. Patients’
complex symptomatology and in some cases, limited life
expectancy, impacts their ability to participate in research
studies. In addition, as the data collection was conducted during
the pandemic, this posed additional challenges for HCP
recruitment. Nevertheless, our multimodal data collection
approach involving the use of photographs and interviews
combined with dual perspectives of patients and HCPs meant
that we had a rich dataset to generate an in-depth understanding
of users’ experiences of telehealth.

In this instance, we did not collect information about, or pose
eligibility restrictions regarding participants’ ethnic and racial
background, socioeconomic status, and level of experience with
telehealth. This decision was driven by the small number of
palliative care participant population available to participate in
the study. Future telehealth research may include
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contextualisation of emergent findings through the lens of one
or more of these socio-demographic characteristics.

Conclusion
This study explored patients’ and HCPs’ experiences of
telehealth in a palliative care context. A total of 3 themes
emerged: comfort (or lack thereof) afforded by telehealth,
connection considerations in telehealth, and care quality impacts
of telehealth. The findings presented in this article combined
with other co-design activities, which are outside the scope of

this paper, indicated the potential value of a telehealth
enhancement add-on feature that generates patient-facing clinical
consultation summaries. Our team has developed a video
telehealth enhancement feature, which will enable clinicians to
distill key actionable advice and self-management guidance
discussed during teleconsultations in a take-home summary
document for patients. The add-on prototype has been subjected
to a preliminary simulation study which will be reported in a
future publication.
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Abstract

Background: Irritable bowel syndrome (IBS) has a high worldwide prevalence and there are few effective treatment options.
Patient education can influence patient behavior that subsequently may lead to changes in attitudes and skills necessary for
maintenance or improvement in management of symptom severity and quality of life. However, as postdiagnostic patient education
can be resource demanding, assessment of digital approaches and verification of their effectiveness is warranted.

Objective: This cohort study aimed to investigate the effects of a digital web-based multidisciplinary eHealth program on the
domains of symptom severity (Irritable Bowel Syndrome Symptom Severity Scale [IBS-SSS]), quality of life (irritable bowel
syndrome quality of life [IBS-QOL]), anxiety and depression (Hospital Anxiety and Depression Scale), and a measure of general
client satisfaction (client satisfaction questionnaire), compared with an onsite multidisciplinary 2-day group-based education
program (“IBS-school”), in 2 cohorts of 255 patients with IBS.

Methods: Patients diagnosed with IBS, aged 15-70 years, were enrolled after referral to the Section of Gastroenterology at
Haukeland University Hospital, Norway. In total, 132 patients were recruited to the eHealth program and 123 to the IBS-school
group for comparison. Data were self-reported and collected digitally at enrollment and after 3 months, between 2017 and 2019.
Furthermore, 71 attending the eHealth program and 49 attending the IBS-school completed the questionnaires at 3 months.
Intervention response was defined as a reduction of ≥50 points on the IBS-SSS.

Results: Patients attending the eHealth program reported a significant reduction in IBS symptom severity 3 months after treatment
(n=71), compared with patients attending the IBS-school (n=50). Overall, patients categorized as intervention responders in both
programs showed a significant reduction in symptom severity at 3 months. Here, 41% (29/71) of patients attending the eHealth
program reported a mean IBS-SSS reduction of 103 (SD 72.0) points (P<.001). In addition, these patients reported reduced anxiety
(P>.001) and depression (P=.002) and enhanced quality of life (P=.03), especially the degrees of dysphoria, body image, food
avoidance, health worry, interference with activity, relations, and social relations. Patients responding to the IBS-school intervention
(18/50, 36%) reported a mean IBS-SSS reduction of 119 (SD 86.2) points (P<.001), and reduced depression scores (P=.046), but
no difference in overall quality of life. Both groups reported the respective interventions as “good” quality health care programs,
scoring them 23.5 (SD 4)—the eHealth program 23.5 (SD 4), and the IBS-school 24.2 (SD 4)—on the client satisfaction
questionnaire.

Conclusions: We conclude that the digital multidisciplinary eHealth program has a significant effect on IBS symptom severity
in a portion of patients; it is useful as a tool in disease self-management and does not result in worse symptom scores than an
onsite multidisciplinary 2-day group-based education program after 3 months. We believe these results indicate that a digital
eHealth approach is preferable to an onsite multidisciplinary 2-day group-based education program covering the same topics.

(JMIR Hum Factors 2025;12:e43618)   doi:10.2196/43618

KEYWORDS

irritable bowel syndrome; IBS; eHealth; internet-guided; patient education; self-management; self-reported; patient behavior;
quality of life; QOL; anxiety; depression; gastrointestinal; physiotherapist; kinesiology; cognitive behavioural therapy; CBT;
Hospital Anxiety and Depression Scale; HADS; client satisfaction questionnaire; CSQ; Mann-Whitney U test; nonparametric;
Wilcoxon test; neurogastroenterology
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Introduction

Irritable bowel syndrome (IBS) is a chronic disorder manifested
by recurrent abdominal pain and alterations in stool form or
frequency [1,2]. The condition affects between 4% and 9.2%
of the global population [3-5] and it is highly heterogenous.
IBS’ unclear etiology involves multifactorial disturbances of
the bidirectional communication between the gut and the brain,
including visceral hypersensitivity, low-grade inflammatory
responses, intestinal motility disturbances, alterations of central
nervous system processing, and alterations in gut microbiota
composition [6]. However, no clear biomarker or therapeutic
target for IBS has been identified. The condition lacks both a
cure and medication that gives sufficient symptom relief, a fact
that highlights the necessity of integrating nonpharmacological
approaches including patient education in patient care [7].
Patients with IBS require personalized treatment for successful
symptom relief. Approaches may include physical therapy,
cognitive behavioral therapy (CBT), hypnotherapy, mindfulness
and exposure therapy, and comprehensive dietary guidance by
registered dietitians such as the low FODMAP (fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols)
diet. However, access to these treatment options is often limited
due to lack of trained professionals, travel distances, and cost.
Thus, more accessible treatment options are warranted.
Web-based interventions, patient education, and
self-management has been demonstrated to be effective in
patients suffering from chronic diseases, including IBS [8-10].
A systematic review from 2017 concluded with mixed results
regarding the effectiveness of web-based mindfulness-based
interventions compared with active control treatment conditions
such as CBT. However, the study showed that treatment
targeting symptoms of IBS had the largest effect size
improvements [11]. A longitudinal qualitative study from 2020
showed that both telephone-based CBT and web-based CBT
for IBS were positively received and had lasting positive impacts
on participants’understanding of IBS symptoms, quality of life,
and IBS-related behaviors [12]. A recent Japanese randomized
controlled trial has shown that a multidisciplinary eHealth
self-management program can reduce the severity of
IBS-symptoms and improved the quality of life [13].

Indeed, limited health care resources, national priority
guidelines, and sparse treatment options may restrict any
long-term follow-up that patients with IBS may request from a
secondary or tertiary care institution. Since 2012, Haukeland
University Hospital has offered patients with IBS an onsite
multidisciplinary 2-day group-based education program, a
so-called “IBS-school.” The multidisciplinary approach is
designed to provide patients with evidence-based information

and practical skills that may lead to improved IBS management,
reduced IBS symptoms, and enhanced quality of life. Based on
our clinical experience with group education, we have developed
a novel internet-guided multidisciplinary self-care management
program for patients with IBS, from now on referred to as the
“eHealth program.” The content in the eHealth program is based
on topics covered in the IBS-school, but the patients also have
access to digital clinical support during the program. Herein,
we hypothesized that the eHealth program would have an
equally good effect on symptom severity, quality of life, and
patient satisfaction, compared with a cohort of patients attending
IBS-school. Data from neither program have been published
before. In this study, we aimed to investigate the effects of a
digital web-based multidisciplinary eHealth program on the
domains of symptom severity (Irritable Bowel Syndrome
Symptom Severity Scale [IBS-SSS]), quality of life (irritable
bowel syndrome quality of life [IBS-QOL]), anxiety and
depression (Hospital Anxiety and Depression Scale [HADS]),
and a measure of general client satisfaction (client satisfaction
questionnaire [CSQ-8]), compared with an onsite
multidisciplinary 2-day group-based education program,
IBS-school, in 2 cohorts of 255 patients with IBS.

Methods

Patient Sample, Randomization, and Treatments
In this study, 255 patients between 15 and 70 years were
recruited after being accepted for patient education at Haukeland
University Hospital in Norway between 2017 and 2019. Random
patients on the waiting list to the onsite multidisciplinary 2-day
group-based education program, IBS-school, were contacted
by phone by a study nurse and offered to attend the novel
multidisciplinary digital 5-module eHealth program, from here
on referred to as the “eHealth program.” Patients attending the
IBS-school were recruited on site when attending the 2-day
group-based education program. Patients received oral and
written information before giving written consent and sent it to
the hospital by post. Furthermore, 123 patients that attended
the IBS-school were used for comparison (N=255, 1:1). Here,
patients were recruited by a study nurse on site. They received
an oral and written information about the study before signing
consent (Figure 1). Inclusion criteria included (1) being referred
to receiving patient education on IBS by a gastroenterologist
or general practitioner after the diagnosis of IBS had been
determined (International Classification of Primary Care,
Second Editon [ICPC-2] code D93; International Statistical
Classification of Diseases, Tenth Revision [ICD-10] code K58),
(2) being between 18 and 70 years, and (3) understanding written
and oral Norwegian. There were no specific exclusion criteria.
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Figure 1. Intervention overview. CSQ-8: client satisfaction questionnaire; FODMAP: fermentable oligosaccharides, disaccharides, monosaccharides,
and polyols; GI: gastrointestinal; HADS: Hospital Anxiety and Depression Scale; IBS: irritable bowel syndrome; IBS-QOL: irritable bowel syndrome
quality of life; IBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale; NICE: National Institute for Health and Care Excellence.

Ethical Considerations
Eligible patients gave informed written consent and participants
were given the option to withdraw from the study at any time
point without a specific reason. The data were deidentified and
stored on a secure hospital server, and analysis was performed
on anonymous data. None of the participants were compensated.
The study was approved by the Regional Ethical Committee of
Western Norway (REC-2016/1098).

Interventions

The Irritable Bowel Syndrome–School
Patients attended an onsite multidisciplinary 2-day group-based
education program, IBS-school, at Haukeland University
Hospital. The number of participants varied between 15 and 40
each month. The program involved lectures and question and
answer sessions by 4 health care professionals. Refer to Figure
1 for the intervention outline. On day 1, a gastroenterologist
talked about the human body and the gastrointestinal system,
what IBS is, what causes it, diagnostics, and treatment options
(3 hours). Second, a physiotherapist was giving a lecture on
body posture and breathing techniques including demonstrations,

introducing pain physiology, and the function of the human
nervous system (3 hours). On day 2, a patient representative
shared her personal experience with IBS (1 hour), and a clinical
dietitian gave a lecture on National Institute for Health and Care
Excellence (NICE) guidelines [14] that summarizes the most
recent recommendations on IBS in adults in primary care, and
the low FODMAP diet [15] (3 hours). Finally, a psychiatrist
gave a lecture on coping with life including health worry, social
relations, tiring thoughts and feelings, adaptations, and
symptoms. A nurse with specialization in gastroenterology
hosted the group education program to create a comfortable
environment for exchange of personal experiences and
participate in group assignments.

The eHealth Program
Patients who were enrolled in the digital eHealth program had
access to a comprehensive, multidisciplinary web-based program
that consisted of 5 modules (refer to Figure 1 for the outline).
The modules consisted of instructive texts, videos, animations,
and images over 150 web-pages on a digital treatment platform
by CheckWare AS [16]. In addition, patients carried out “home
assignments” based on principles of CBT, a protocol by Ljótsson
et al [17] at the Swedish Karolinska Institute, followed by an
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optional low FODMAP diet intervention guided by a clinical
dietitian. The eHealth program allowed a secure login (eg,
bank-ID) and digital communication between patient and a
clinical dietitian throughout the process, at the patient’s own
request and need. The patients were expected to finish the
program over a period of 3‐12 weeks, at his or her own pace,
all dependent on their motivation and work capacity. Module
contents have been described further in this study. Module 1
describes the body and the gastrointestinal system. In this first
module, the patient gets an introduction to what IBS is, how it
is diagnosed, and what causes it. The patient learns about the
function of our digestive system and how it is regulated, and
how it can be disturbed in people with IBS. Module 2 describes
the posture and breathing techniques. This module focuses on
the connection between IBS and musculoskeletal disorders.
Many people with IBS may have a “hyperactive” nervous system
that can cause pain and physical maladjustments. In this module,
a physiotherapist introduces the patient to pain physiology and
how the nervous system works. There is a practical section with
useful exercises for people with IBS. The module will give the
patient an understanding of how long-term pain occurs, why it
often persists, and how to influence it. Module 3 consists of diet
and lifestyle advices. There is no miracle cure for IBS, but many
people experience improvement by following some general
advice. In this module, we look at lifestyle advice that has been
shown by research to improve symptoms in people with IBS.
It is recommended to try this before eliminating other foods or
following strict diets. Module 4 focuses on coping with life. In
this module, the patient learns techniques from cognitive therapy
including “the cognitive diamond,” mindfulness, and practice
systematic exposure exercises has previously shown beneficial
effects for patients with IBS. The protocol has been described
in a study by Ljótsson et al [17]. Module 5 describes the dietary
intervention with a low FODMAP diet. This is a dietary
treatment that provides symptom relief in approximately 70%
of patients with IBS [18]. In this module, the patient will be
introduced to the low FODMAP diet in both theory and practice.
The patient had access to digital guidance by a clinical dietitian
during the entire course of the study.

Questionnaires

Overview
Patients completed questionnaires related to IBS symptom
severity (IBS-SSS) [2], quality of life, (IBS-QOL) [19], and
anxiety and depression (HADS) [20] upon enrollment at baseline
and after 3 months.

The IBS-SSS is considered the gold standard measure of IBS
symptoms and contains 5 questions that measure the frequency
of abdominal pain, the severity of abdominal distention,
dissatisfaction with bowel habits, and interference with quality
of life, scored in the range of 0‐500. A higher score indicating
worse condition, scores <175 represent mild IBS symptoms,
175‐300 represents moderate severity, scores >300 represent
severe IBS [2].

The IBS-QOL is a condition-specific measure for assessing
health-related quality of life in IBS. It consists of 34 items, each
with a 5-point response scale in a range of 0‐100, where the
higher score indicates a better IBS specific quality of life. There

are 8 subscale scores for the IBS-QOL: dysphoria, interference
with activity, body image, health worry, food avoidance, social
reaction, sexual, and relationships [21].

HADS is a scale of 14 items designed to measure anxiety and
depression, 7 items for each subscale (ie, anxiety and
depression). The total score is the sum of the 14 items, and for
each subscale the score is the sum of the respective 7 items that
range from 0 to 21 [20].

CSQ-8 [22] was completed at 3 months. The questionnaire is
an 8-item measure with a total score ranging from 8 to 32, with
the higher number indicating greater satisfaction with treatment.

Primary Outcome Measure and Definition of
Intervention Responders
In the field of IBS research, a change of 50 points in IBS-SSS
score has shown to reliably indicate improvement in IBS
symptom severity [2]. Our primary outcome measure was a
>50-point reduction in IBS-SSS at 3 months, compared with
baseline. Patients reporting a ≥50-point reduction in IBS-SSS
at 3 months were categorized as “responders” to the intervention.
Patients reporting <50-points on IBS-SSS were categorized as
“nonresponders” to the intervention.

Statistical Analysis
Statistical analyses were performed using SPSS Statistics
(version 26, IBM) for Microsoft Windows. Baseline patient
characteristics and questionnaires were first presented according
to intervention—eHealth group and IBS-school. At 3 months
after intervention, patients were categorized as responders or
nonresponders. For comparison between groups, unpaired t test
were performed for parametric data and Mann-Whitney U for
nonparametric data. For comparisons before and after
interventions, paired t tests were performed for parametric data
and Wilcoxon signed rank test for nonparametric data. A P
value <.05 was considered statistically significant. The
intervention responder or nonresponder analysis to the eHealth
program or IBS-school was carried out performing a paired t
test on data from patients who filled out the 3-month

questionnaires (n=71 and n=50, respectively). A χ2 test of
independence was used to assess differences between
intervention response.

Results

Patients and Characteristics
A flowchart of participating patients is illustrated in Figure 2.
Of the 132 eligible patients who gave written consent to
participate in the eHealth program group of the study, 7 did not
fill out the minimum requirement including the electronic case
report form and the IBS-SSS questionnaire. Of the 125 patients
who completed the program, 54 patients did not respond to the
IBS-SSS questionnaire at 3 months. Hence, the follow-up data
from patients attending the eHealth program reduced to n=71
at 3 months. Of the 123 eligible patients who gave written
consent to participate in the IBS-school group of the study, 5
did not fill out the minimum requirement including the electronic
case report form and the IBS-SSS questionnaire. Thus, of the
118 patients who completed the program, 69 patients did not
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respond to the IBS-SSS questionnaire at 3 months. Hence, the
follow-up data from patients attending the eHealth program

reduced to n=49 at 3 months.

Figure 2. Flow chart of participating patients with IBS. Patients reporting a ≥50-point reduction in the IBS-SSS at 3 months were categorized as
“responders to the intervention”. Patients reporting <50-points on the IBS-SSS were categorized as “nonresponders to the intervention”. CRF: case
report form; eCRF: electronic case report form; IBS: irritable bowel syndrome; IBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale.

Participants were predominantly female (190/235, 81%) with
a mean age of 38.3 (SD 12.4) years (Characteristics are
summarized in Table 1). An unpaired t test showed that there
was no difference in age between groups. A Mann-Whitney U
test was performed to evaluate whether sex differed between
groups, reveling no significant difference between patients
attending the eHealth program and patients attending the
IBS-school (Table S1 in Multimedia Appendix 1, U=6407.0,
z=−1.394, P=.16). Furthermore, participants at the IBS-school
and eHealth program displayed similar baseline characteristics
upon enrollment, including moderate to severe IBS symptom
severity.

There was no significant difference between most relevant
features at baseline, except for anxiety and depression, as shown
in Table 1. Here, patients attending the eHealth program scored

an average of 11 (SD 5.2) which corresponds to mild to
moderate anxiety, while patients attending the IBS-school scored
9.4 (SD 5.1), corresponding to a mild level of anxiety (2-tailed
t232=2.37, P=.02). Thus, both patient groups displayed an
anxiety score typical of a clinical case of anxiety (HADS-anxiety
≥8 is considered a clinical case [20]), and patients attending the
eHealth program presented a significantly higher baseline score
than patients attending the IBS-school. Furthermore, patients
attending the eHealth program reported significantly higher
depression scores than patients attending the IBS-school (mean
7, SD 4.1 vs mean 5.9, SD 4, respectively; t232=2.01, P=.045).
However, both groups displayed an average depression score
corresponding to nonclinical severity of depression
(HADS-depression ≤8 is considered noncase [20]) which gives
the difference little relevance on group level.
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Table . Baseline patient characteristics and questionnaire data of 242 patients with irritable bowel syndrome (IBS) at enrollment to the eHealth program
or IBS-school interventions. Unpaired t test unless otherwise stated; the reduced number from total number of participants indicate missing data.

SignificanceIBS-schooleHealth program

P valuet test (df)Mean (SD)nMean (SD)n

.95−0.06 (234)38.4 (13.4)11738.3 (12.4)125Participant age

Gender

———18—a27Men

.16b——98—92Women

.201.29 (240)268.5 (87.9)117282.7 (82.5)125IBS symptom severity (IBS-SSSc)

.02e2.37 (232)9.4 (5.1)11211 (5.2)124Anxiety (HADS-Ad)

.045e2.01 (232)5.9 (4)1127 (4.1)124Depression (HADS-Df)

117123IBS-QOL g

.63−0.48 (238)51.8 (21.0)50.4 (21.9)Overall score

.21−1.27 (238)44.6 (22.9)41.0 (21.3)Body image

.33−0.97 (238)50.0 (24.0)47.0 (23.5)Dysphoria

.800.25 (238)28.3 (21.9)29.0 (22.2)Food avoidance

.15−1.46 (238)57.0 (23.0)52.5 (22.9)Health worry

.900.32 (238)44.2 (21.3)45.0 (21.9)Interference with
activity

.79−0.27 (238)57.6 (22.6)56.7 (23.2)Relationships

.35−0.93 (238)54.3 (22.6)51.6 (22.1)Social relations

.96−0.05 (238)57.8 (32.9)57.8 (29.6)Sexual activity

aNot applicable.
bMann-Whitney U test (Mean rank, U, z in Table S1 in Multimedia Appendix 1).
cIBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale.
dHADS-A: Hospital Anxiety and Depression Scale – Anxiety.
eSignificant at the P<.05 level.
fHADS-D: Hospital Anxiety and Depression Scale – Depression.
gIBS-QOL: irritable bowel syndrome quality of life.

Symptom Relief and Enhanced Quality of Life

Overview
A paired t test revealed that patients attending the eHealth
program reported a significant reduction in IBS symptom
severity at 3 months, shown in Figure 3 (mean 279.3, SD 80 vs
mean 242.7, SD 79.3; t70=4.91, P<.001). Comparably, patients
attending the IBS-school did not report a significant reduction
in symptom severity (mean 248.6, SD 86.6 vs mean 235.4, SD
98.9; t49=0.85, P=.40). Refer to Table S2 of Multimedia

Appendix 1 for data. However, none of the groups achieved a
clinically meaningful improvement of ≥50 points on IBS-SSS
at 3 months. Patients in the eHealth program-group reported a
37-point reduction, whereas patients attending IBS-school
reported a 13-point reduction in IBS-SSS total score (Table S2
of Multimedia Appendix 1). Thus, for further analysis we
categorized participants as a “responder” or “non-responder”
to the intervention, where the sample response threshold for
responders was set as ≥50-point decrease in total IBS-SSS score,
a threshold that has been demonstrated to correlate with
improvements in clinical symptoms [2].
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Figure 3. Overall change in IBS-SSS over time. On average, patients who completed the 3-month questionnaires at the IBS-school reported a 13 point
reduction in IBS-SSS (n= 50), whereas eHealth program participants reported a 37-point reduction (n=71). A decrease of 50 points is defined as a
clinical response to the intervention, categorizing the patient as a “responder to the intervention.” The IBS-SSS eHealth program score at baseline was
279 (SD 80) and 243 (SD 79) at 3 months, P<.001; the IBS-SSS IBS-school score at baseline was 248 (SD 87) and 235 (SD 99) at 3 months (P=.40).
Paired t test results are summarized in Table S2 in Multimedia Appendix 1. *P<.001, indicating a significant difference in IBS-SSS scores before and
after eHealth program intervention. Blue dot represents the eHealth program; orange dot represents the IBS-school. Paired t test was performed. Error
bars present SD. Lower n indicate missing data. The reduced number from the total number of participants indicate missing data. IBS: irritable bowel
syndrome. IBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale.

Responders
Of the 71 patients, 29 (41%) attending the eHealth program
responded to the intervention with a reduction in IBS-SSS score
of ≥50 points, compared with 36% (18/50) who attended the
IBS-school after 3 months (Figure 3). The results in this section
are summarized in Tables 2 and 3. Patients categorized as
responders to the eHealth program reported a significant mean
reduction in IBS-SSS score of 103 (SD 72.0) points with a
moderate effect size of 0.56 (t28=7.62, Cohen d=1.33, P<.001).
In addition, eHealth program–responding patients reported a
significant reduction in anxiety, changing from a clinical case
to a noncase classification (mean −4.7, SD 6.2; t28=6.89, Cohen
d=0.85, P<.001). Here, the effect size of 0.39 indicated a
moderate effect. On average, these patients also reported an
increase in overall quality of life, summarized in Tables 2 and

3 (mean 5.80, SD 19.1; t28=−2.28, Cohen d=−0.30, P=.03).
Here, features such as dysphoria (mean 18, SD 23.3; t28=−2.1,
Cohen d=−0.85, P<.001) and body image (mean 14.8, SD 18.6;
t28=−3.9, Cohen d=−0.72, P<.001) increased significantly with
a moderate effect size. Features such as food avoidance (mean
6.3, SD 22.5; t28=−2.10, Cohen d=−0.13, P=.045), health worry
(mean 10.8, SD 23.5; t28=−3.44, Cohen d=−0.43, P=.002),
interference with activity (mean 13.4, SD 18.8; t28=−4.03, Cohen
d=−0.63, P<.001), relations (mean 9.5, SD 22.9; t28=−2.72,
Cohen d=−0.37, P=.01), and social relations (mean 10.7, SD
19.4; t28=−3.62, Cohen d=−0.56, P=.001), all improved
significantly, compared with baseline. The changes in sexual
activity were not significantly different after 3 months (mean
5.4, SD 29.8; t28=−1.52, Cohen d=−0.19, P=.14).
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Table . Changes in symptom severity, anxiety and depression, and quality of life 3 months after the eHealth program in patients with irritable bowel
syndrome (IBS) who attended the eHealth program. Lower n indicate missing data; the reduced number from the total number of participants indicate
missing data.

NonresponderResponder

P valueEffect
size r

Cohen dt test
(df)

mean
(SD)

nP valueEffect
size r

Cohen dt test
(df)

mean
(SD)

n

.09−0.06−0.13−1.73
(41)

9.2
(70.4)

42<.001b0.561.337.62
(28)

−102.8
(72.0)

29IBS symptom
severity

(IBS-SSSa)

.001b0.250.523.65
(38)

−2.4
(4.8)

39<.001b0.390.856.80
(28)

−4.7
(6.2)

29Anxiety (HADS-

Ac)

.670.170.341.89
(38)

−1.3
(3.8)

39<.001b0.360.763.47
(28)

−3.0
(4.6)

29Depression

(HADS-Dd)

.44−0.05−0.10−0.79
(36)

2.5
(24.8)

37.03b−0.15−0.30−2.28
(28)

5.80
(19.1)

29IBS-QOL e ,
overall score

.15−0.08−0.16−1.24
(36)

3.8
(25.4)

.001b−0.34−0.72−3.90
(28)

14.8
(18.6)

Body
image

.24−0.05−0.11−1.20
(36)

2.8
(24.3)

<.001b−0.39−0.85−2.10
(28)

18.0
(23.3)

Dyspho-
ria

.06−0.11−0.22−1.94
(36)

4.8
(21.7)

.045b−0.13−0.26−2.10
(28)

6.3
(22.5)

Food
avoid-
ance

.55−0.04−0.08−0.60
(36)

1.8
(23.5)

.002b−0.21−0.43−3.44
(28)

10.8
(23.5)

Health
worry

.28−0.05−0.11−1.11
(36)

2.5
(23.65)

<.001b−0.30−0.63−4.03
(28)

13.4
(18.8)

Interfer-
ence
with ac-
tivity

.08−0.10−0.20−1.81
(36)

4.6 (21).01b−0.18−0.37−2.72
(28)

9.5
(22.9)

Relation-
ships

.60−0.23−0.46−0.53
(36)

10.7
(24.6)

.001b−0.27−0.56−3.62
(28)

10.7
(19.4)

Social
relations

.58−0.09−0.19−0.56
(36)

5.4
(30.13)

0.14−0.10−0.19−1.52
(28)

5.4
(29.8)

Sexual
activity

aIBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale.
bSignificant at the P<.05 level.
cHADS-A: Hospital Anxiety and Depression Scale – Anxiety.
dHADS-D: Hospital Anxiety and Depression Scale – Depression.
eIBS-QOL: irritable bowel syndrome quality of life.
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Table . Changes in symptom severity, anxiety and depression, and quality of life in patients with irritable bowel syndrome (IBS) 3 months after the
IBS-school. Lower n indicate missing data; the reduced number from the total number of participants indicate missing data.

NonresponderResponder

P valueEffect
size r

Cohen dt test
(df)

mean
(SD)

nP valueEffect
size r

Cohen dt test
(df)

mean
(SD)

n

<.001b−0.27−0.57−4.08
(31)

46.5
(77.8)

32<.001b0.561.335.45
(17)

−119.3
(86.2)

18IBS symptom
severity

(IBS-SSS)a

.050.190.382.02
(28)

−1.9
(5.3)

29.070.210.431.97
(15)

−2.5
(6.8)

16Anxiety (HADS-

Ac)

.580.060.120.56
(28)

−0.5
(3.9)

29.046b0.270.552.17
(15)

−2.3
(4.4)

16Depression

(HADS-Dd)

.004b0.255.523.16
(23)

−11.4
(23.8)

24.64−0.04−0.08−0.49
(7)

2.4
(27.9)

8IBS-QOL e ,
overall score

.180.090.181.38
(23)

−4.0
(22.4)

.59−0.02−0.05−0.57
(7)

1.68
(26.5)

Body
image

.280.080.151.11
(23)

−3.3
(21.7)

<.001b−0.30−0.62−6.76
(7)

17
(27.2)

Dyspho-
ria

.85−0.02−0.03−0.13
(23)

0.8
(21.6)

.56−0.09−0.17−0.62
(7)

5.3 (28)Food
avoid-
ance

.2000−0.01
(23)

0 (22.4).03b−0.32−0.67−2.76
(7)

13.7
(15.3)

Health
worry

.850.010.020.19
(23)

−0.5
(19.1)

.02b−0.15−0.30−3.14
(7)

9.3
(28.1)

Interfer-
ence
with ac-
tivity

.046b−0.39−0.86−2.11
(23)

18.7
(17)

.01b−0.40−0.87−3.50
(7)

21.2
(22.6)

Relation-
ships

.080.130.261.84
(23)

6.4
(24.2)

.26−0.13−0.27−1.23
(7)

7.8
(21.4)

Social
relations

.430.040.080.81
(23)

2.8
(31.6)

.33−0.10−0.191.05 (7)5.4
(29.8)

Sexual
activity

aIBS-SSS: Irritable Bowel Syndrome Symptom Severity Scale.
bSignificant at the P<.05 level.
cHADS-A: Hospital Anxiety and Depression Scale – Anxiety.
dHADS-D: Hospital Anxiety and Depression Scale – Depression.
eIBS-QOL: irritable bowel syndrome quality of life.

Patients who responded to the IBS-school intervention reported
an average reduction in IBS symptom severity score of 119 (SD
86.2) points (n=18; t17=5.54), Cohen d=1.33, P<.001). In
addition, patients reported a reduction in depression scores
(mean −2.3, SD 4.4; t15=2.17, Cohen d, P=.046). However,
these patients did not report significant improvements in anxiety
or overall quality of life (mean 2.5, SD 6.8; t15=1.97, Cohen
d=0.43, P=.07 and mean 2.4, SD 27.9; t7=−0.57, Cohen d=−0.08,
P=.64, respectively). Furthermore, the number of responding
patients were too low for further in-depth statistical analysis of
quality of life (n=8). Data for these analyses are presented in
Table S3 of Multimedia Appendix 1.

Nonresponders
Patients who were nonresponders to the eHealth program
reported no improvement in symptom severity or quality of life
(mean 9.2, SD 70.4; t41=−1.73, Cohen d=−0.13, P=.09) and a
significant decrease in anxiety scores (mean −2.4, SD 4.8,
t38=3.65, Cohen d=0.52, P=.001), compared with baseline.
However, both changes were of small effect (r=−0.27 and 0.25,
respectively). Results are summarized in Tables 2 and 3. There
were no significant changes in depression scores or overall
quality of life or the respective sub-categories (P>.05).
Nonresponding patients attending IBS-school reported
significantly enhanced symptom scores (mean 46.5, SD 77.8;
t31=−4.08, Cohen d=−0.57, P<.001). However, it is worth noting
that these enhanced symptoms scores were not above the
50-point threshold for clinical relevance. Furthermore, these
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patients reported a significantly reduced overall quality of life
(mean −11.4, SD 23.8; t23=3.16, Cohen d=5.52, P=.004) and a
significant increase in the domain of relationships (mean 18.7,
SD 17; t23=−2.11, Cohen d=−0.86, P=.046). Baseline
characteristics for these analyses are presented in Table S3 of
Multimedia Appendix 1.

Association Between Type of Intervention and Outcome

A χ2 test of independence analysis was used to test whether the
type of intervention was independent from the intervention
outcome. Results showed that the proportion of patients who
responded to the intervention in both groups (29/71 vs 18/50)
were the same. Hence, there was no significant association
between the type of intervention and response to the intervention

(Pearson χ2
1=0.2, Φ=0.041, P=.65). Thus, we conclude that

there is no difference in treatment response between the eHealth
program and IBS-school in affecting symptom severity scores.
Data from this analysis is reported in Table S4 of Multimedia
Appendix 1.

Patient Satisfaction
Patient satisfaction was investigated in both groups 3 months
after enrollment (CSQ-8). Patients who attended the IBS-school
reported a mean score of 24.2 (SD 3.7), compared with patients
attending the eHealth program with a mean score of 23.5 (SD
4.0), which are both equivalent to “good” health care offers
[22]. An unpaired t test revealed no significant difference
between group scores (t115=−1.032, P=.31; Table 4).

Table . Difference in client satisfaction scores (CSQ-8) between patients attending the eHealth program and irritable bowel syndrome (IBS)–school.

A χ2 test of independence was conducted. The reduced number from the total number of participants indicate missing data.

P valueEffect size rCohen dt test (df)mean (SD)n

.31−0.01−0.193−1.032 (115)Overall

23.46 (4.0)68eHealth program

24.20 (3.67)49IBS-school

Discussion

Principal Findings
In this study, we have shown that the novel digital
multidisciplinary eHealth program has a significant reducing
effect on IBS symptom severity and is useful as a tool in disease
self-management. In total, 41% (29/71) of participants reported
significant and clinically relevant symptom relief. Furthermore,
we show that the eHealth program is safe, as patients not
responding to the intervention reported unchanged symptoms
and quality of life at 3 months. In addition, eHealth
intervention–responding patients reported significant benefits
on multiple domains of IBS-related quality of life such as body
image, food avoidance, health worry, interference with activity,
relations, and social relations. Levels of anxiety were
significantly reduced, and levels of dysphoria were improved.

Comparably, 36% (18/50) of participants reported a clinically
significant effect to the onsite multidisciplinary 2-day
group-based education program, the so-called “IBS-school.”
Thus, our results indicate that the digital multidisciplinary
eHealth program may be equally effective to the IBS-school,
which is often a standard treatment offer to newly diagnosed
patients. Furthermore, patients responding to the IBS-school
intervention did not report any significant improvements in
quality of life or in anxiety, but a small not clinically meaningful
decrease in depression scores. The number of IBS-school
responders were too low for more in-depth statistical analysis
on the domains of quality of life.

A χ2 test of independence showed no difference between
intervention outcome in the 2 groups; hence the eHealth program
did not have a better intervention response than the IBS-school
on the measures of symptom severity. However, the eHealth
program had a significant effect on other aspects of IBS

symptomatology, including anxiety and quality of life, whereas
IBS-school did not.

Patients rated both the eHealth program and the IBS-school as
good health care offers on measures of patient satisfaction of
health care quality, scoring them 23.5 and 24.2 out of a
maximum of 32 points, respectively.

We believe these results indicate that a digital eHealth approach,
designed to provide patients with evidence-based information
and practical skills, is preferable to an onsite multidisciplinary
2-day group-based education program covering the same topics.

Comparison With Previous Work
Initially at baseline in both groups, the greatest impairment in
quality of life was observed for the subscale of food avoidance
followed by body image, inactivity, and dysphoria. This order
of impairment is similar to findings by Drossmann et al [21] in
an international study from 2009 (n=1966). However, our
findings show lower scores on all subscales except dysphoria
and health worries, which are in the same magnitude. In
comparison with a newer study on quality of life by Kopczyńska
et al [23] (n=87), our baseline results show much lower scores
on both overall and all subscales of quality of life. A recent
Vietnamese study showed that patient education, lifestyle, and
dietary intervention, administered by clinical pharmacists,
improved IBS related quality of life compared with standard
medical therapy over 8 weeks [10]. These study patients also
showed a much higher baseline and postintervention quality of
life-scores compared with our study. We speculate that our study
participants represent a group with more severe IBS because
they are referred to a tertiary health care institution that due to
capacity issues has to prioritize those patients who need it the
most. However, the low baseline scores on food avoidance in
our study indicate that both our interventions with a key focus
on diet was the right call. This core problem was targeted
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because food is a known important trigger of IBS-symptoms
[24]. On the domain of food avoidance, we observed an
improvement in eHealth program-responders, compared with
baseline (Tables 2 and 3). No such improvement was observed
in patients attending the IBS-school. We speculate that this is
due to the differences in comprehensiveness and durability. The
eHealth program is designed to engage the patient interactively
to learn how to make appropriate changes in diet. It offers a
thorough guidance with videos and instructions on how to follow
the low FODMAP diet, including the exclusion and
reintroduction of foods. In addition, the patient has the option
of digital question and answer sessions with a clinical dietitian
throughout the program. The IBS-school is also designed for
patients to learn how to self-help, but the program is much
shorter with its 2 days of physical attendance. In the light of
these results, we deduce that the eHealth program is not inferior
to the established IBS-school as a health care offer. In fact, we
show that an eHealth intervention program can provide the
patient with self-help tools that can lead to reduced
gastrointestinal symptoms and enhance quality of life for
patients with IBS. This aligns with a recent randomized
controlled study by Tayama et al [13] (n=40) showing that a
multidisciplinary eHealth self-management program leads to
an increased intake of FODMAP-groups and subsequently a
more extensive diet. Severe food avoidance and dietary
restriction is previously reported in 13% (829/955) of
IBS-patients and this subgroup of IBS-patients reported more
severe IBS-symptoms, reduced quality of life, and reduced
intake of nutrients [24]. Thus, providing patients with
evidence-based information, practical tools, and support by a
clinical dietitian is important in clinical care of patients with
IBS.

eHealth programs in the form of apps, internet-guided programs,
or telehealth has recently accelerated as useful tools in clinical
medicine. In an American study on satisfaction during
COVID-19, most patients with IBS reported high satisfaction
rates and ease of use with telehealth [25]. Here the authors
reported on multiple benefits including the patient having to
take less time off from work and improved access to the care
team. Their most commonly reported challenges with telehealth
included feeling impersonal and being unable to address all of
their issues or concerns. A majority felt that telehealth was as
good as or better than face-to-face visits and would use
telehealth for future care. Only approximately 10% (130/1311)
of the patients remained dissatisfied. In 2020, a Polish study
showed that an educational program combined with elements
of behavioral therapy, individualized for patients with IBS, is
an important part of therapy [26]. In addition, as a part of a
dietetic-led gastroenterology service in primary care, feasibility,
acceptability, and cost-efficiency of using webinars to deliver
first-line patient education for patients with IBS, has been shown
to be successful [27]. A meta-analysis of chronic gastrointestinal
illness interventions (19 studies conducted in 8 countries,
n=3193) showed that eHealth gastrointestinal interventions
improved patients’ quality of life, psychological distress,
medication adherence, and illness-related knowledge [28]. The
meta-analysis also showed that eHealth gastrointestinal
interventions significantly reduced the number of patient visits
to the hospital. Taken together with our results, these findings

support eHealth interventions holding decent promise in
improving outcomes for patients with IBS.

Comparably on patient satisfaction, a randomized controlled
trial by Lackner et al [29] showed that patients who received 4
gastroenterologist-led patient education sessions over 2 weeks
reported 26.6 in patient satisfaction. Here, 43.5% (63/145) of
patients reported improvement in addition to a higher
satisfaction score than in our study. However, both these and
our results reflect that subjective symptom relief may not be
required for the patient to experience the treatment as useful.
This is also highlighted by our patients attending the IBS-school
who did not experience significant enhancement in quality of
life nor reduction in symptom severity, but still reported a higher
satisfaction than patients who objectively benefited more from
the eHealth program.

Limitations
All 255 recruited patients completed the programs. However,
there was a very high percentage that did not submit the 3-month
questionnaires. In total, 41% (54/132) percent of patients
attending the eHealth program, and 54% (67/123) of the patients
who attended the IBS-school did not submit the 3-month
follow-up questionnaires on IBS symptoms severity (Figure 1).
Unfortunately, this occurred despite multiple efforts and
reminders (phone calls, emails, and SMS text messages) from
the research team encouraging the participants to respond. First,
this high percentage of missing data are significant and may
have affected the results of the study even though the rates
appear similar across the groups. However, high dropout rates
are a common issue in eHealth studies and known as “the law
of attrition” [30]. This warrants the need for a larger study where
an intention-to-treat analysis can be carried out without
diminishing the power of the study. Second, eHealth literacy is
defined by Norman and Skinner [31] as “the ability to seek,
find, understand, and appraise health information from electronic
sources and apply the knowledge gained to addressing or solving
a health problem”. The individual patient’s level of health
literacy was not mapped during the study and variations in these
abilities may have affected our results. Third, the patient
population represents all subtypes of IBS and there are no
analyses focusing on the differences in response between
patients with predominant diarrhea, constipation, or a mix of
the 2. Comorbidities or other additional diagnoses are common
in IBS [32] but have not been excluded in this study and may
have affected the results. Fourth, the use of drugs during the
study period have not been reported. Hence, many drugs have
side effects such as nausea, vomiting, diarrhea, constipation,
flatulence, which are symptoms that the patient may confused
with IBS symptoms. Fifth, a high placebo effect, which can be
up to 40%, is a known challenge in clinical studies on IBS [20].
Although this study has not been designed with a control group,
the placebo effect may have affected our results in either group
and have not been adjusted for. However, we may speculate
that the phenomenon has affected patients in both groups equally
and importantly, the placebo effect may recede after 12 weeks,
which was our end point [33]. Sixth, as both programs are broad
and cover a variety of information, advice, and treatment
including the low FODMAP diet and principles of CBT, another
limitation of this study is the unknown specifics patients were

JMIR Hum Factors 2025 | vol. 12 | e43618 | p.1677https://humanfactors.jmir.org/2025/1/e43618
(page number not for citation purposes)

Berentsen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


responding to in either program. Indeed, there are no measures
on cognition verifying the direct effects of the principles of
CBT or exposure therapy. This needs to be further investigated
in a prospective study, and we acknowledge that an in-depth
explanation for our observed benefits after attending the eHealth
program remain to be clarified. Thus, these aspects are
objectives in our currently ongoing randomized controlled trial
[34]. In the light of limited primary and secondary health care
resources, it will be useful to develop prediction tools to identify
which patients may achieve improvement in both symptom
severity and domains of quality of life. For these stratification
analyses to be clinically meaningful, the number of participants
need to be higher than reported in this study and performed in
and randomized controlled trial.

Conclusions
We conclude that the digital multidisciplinary eHealth program
has a significant effect on IBS symptom severity in a portion
of patients, and is useful as a tool in disease self-management.
In addition, it does not result in worse symptom scores than an
onsite multidisciplinary 2-day group-based education program
after 3 months. We believe these results indicate that a digital
eHealth approach, that include benefits such as 3 months
unlimited access to quality assured information and treatment
with documented effect, is preferable to an onsite
multidisciplinary 2-day group-based education program covering
the same topics.
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Abstract

Background: Bangladesh and West Bengal, India, are 2 densely populated South Asian neighboring regions with many
socioeconomic and cultural similarities. In dealing with breast cancer (BC)–related issues, statistics show that people from these
regions are having similar problems and fates. According to the Global Cancer Statistics 2020 and 2012 reports, for BC (particularly
female BC), the age-standardized incidence rate is approximately 22 to 25 per 100,000 people, and the age-standardized mortality
rate is approximately 11 to 13 per 100,000 for these areas. In Bangladesh, approximately 90% of patients are at stages III or IV,
compared with 60% in India. For the broader South Asian population, this figure is 16%, while it is 11% in the United States and
the United Kingdom. These statistics highlight the need for an urgent investigation into the reasons behind these regions’ late
diagnoses and treatment.

Objective: Early detection is essential for managing BC and reducing its impact on individuals. However, raising awareness
in diverse societies is challenging due to differing cultural norms and socioeconomic conditions. We aimed to interview residents
to identify barriers to BC awareness in specific regions.

Methods: We conducted semistructured interviews with 17 participants from West Bengal and Bangladesh through Zoom
(Zoom Video Communications). These were later transcribed and translated into English for qualitative data analysis. All our
participants were older than 18 years, primarily identified as female, and most were married.

Results: We have identified 20 significant barriers to effective BC care across 5 levels—individual, family, local society, health
care system, and country or region. Key obstacles include neglect of early symptoms, reluctance to communicate, societal stigma,
financial fears, uncertainty about treatment costs, inadequate mental health support, and lack of comprehensive health insurance.
To address these issues, we recommend context-specific solutions such as integrating BC education into middle and high-school
curricula, providing updates through media channels like talk shows and podcasts, promoting family health budgeting, enhancing
communication at cultural events and religious gatherings, offering installment payment plans from health care providers,
encouraging regular self-examination, and organizing statewide awareness campaigns. In addition, social media can be a powerful
tool for raising mass awareness while respecting cultural and socioeconomic norms.

Conclusions: Fighting BC or any fatal disease is challenging and requires support from various dimensions. However, studies
show that raising mass awareness is crucial for the early detection of BC. By adopting a sensitive and well-informed approach,
we aim to improve the early detection of BC and help reduce its impact on South Asian communities.

(JMIR Hum Factors 2025;12:e53969)   doi:10.2196/53969

KEYWORDS

Bangladesh; West Bengal; India; Asia; breast cancer; awareness; early detection; screening; sociocultural barriers; health
knowledge; cultural; stigma; social media; socioeconomic
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Introduction

According to the GLOBOCAN (Global Cancer Observatory)
2020 report on the estimates of cancer incidence and mortality
among the people of 185 countries (produced by the
International Agency for Research on Cancer), female breast
cancer (BC) has been identified as the most commonly
diagnosed cancer (11.7%) and is the fifth leading cause of cancer
mortality worldwide [1]. The same report suggests that among
women, BC accounts for 1 in 4 cancer cases and for 1 in 6
cancer deaths, ranking first for incidence in most of the countries
(159 of 185 countries). Through numerous studies, researchers
found that early detection can significantly reduce fatal
outcomes, and awareness is one of the keys to early detection
[2]. Spreading awareness is a challenge for different societies
for various reasons, and researchers have been working on
identifying those for a long time. In this work, we assess the
barriers to mass awareness (and thus far early detection) of BC
among people in 2 very densely populated but culturally similar
and geographically neighboring areas—Bangladesh and West
Bengal, India.

Bangladesh (area: 57,321 square miles) and West Bengal, India
(area: 34,267 square miles) are 2 territories in South Asia.
Bangladesh’s official language is Bengali, and the mass people
primarily use the Bengali language for daily conversation. In
total, 8% (91,276,115/1,210,569,573) of the Indian population
speaks Bengali and mainly resides east of the country, with a
concentration in West Bengal [3]. The population density of
Bangladesh is 1328.68 people per sq km (collected from the
web), and in West Bengal, India is 1028 people per sq km
(according to their 2021 census). The deep sociocultural linkages
between the Bengali linguistic community in eastern India and

Bangladesh remain stable even after India’s partition and
independence in 1947. The unemployment rate in Bangladesh
is 5.23%, and in West Bengal, it is 5.2% (as of June 2022). A
total of 70.54% (64,385,546/91,276,115) of people from West
Bengal follow Hinduism, and 27.01% (24,654,825/91,276,115)
follow Islam. In Bangladesh, 91.04% (150,360,405/169,828,921)
are Muslims, and 7.95% (13,130,109/169,828,921) are Hindus.
The life expectancy in West Bengal, India, is 71.2 years [4],
and in Bangladesh, it is 73.57 years [5]. The approximate sex
ratio (as of 2022) in Bangladesh is 102.12 males per 100
females, whereas in West Bengal, it is 105 males for every 100
females. The average literacy in Bangladesh is 74.91% [6], and
in West Bengal is 76.26% [6]. The commonality in the history
and sociocultural environment of eastern India and Bangladesh
has created a pseudo-homogeneous society where language is
one of the fundamental elements in this connectivity. Hence,
our work focuses on understanding attitudes, perceptions, and
behaviors around BC-related issues in these 2 densely populated
areas.

Unfortunately, there are no available sources of comprehensive
epidemiological, pathological, and outcomes data for patients
with BC [7,8] for the chosen regions; so, we are using the closest
information from the GLOBOCAN 2020 report [1] to estimate
the incidence and mortality rate of BC in this part of the world
(Table 1). The factors contributing to the rising incidence and
mortality of BC in low-income countries such as Bangladesh
and West Bengal, India, are multifaceted. It is important to
acknowledge that the solutions required for addressing these
challenges differ significantly from those implemented in
high-income countries [9]. Therefore, adopting models or
policies directly from high- or middle-income countries, which
have demonstrated success in tackling BC, may not be
applicable in this context.

Table 1. Age-standardized incidence rate and age-standardized mortality rate of breast cancer in India and Bangladesh (GLOBOCAN 2020 report)
and some relevant sources like the World Health Organization.

Age-standardized mortality rate in
100,000

Age-standardized incidence rate in
100,000

Scope

13.6 [1]47.8 [1]World

13.1 [1]26.2 [1]South Central Asia (Bangladesh and India are geographically part of the
area)

13.62 [10]25.2 [8]West Bengal, India

10.69 [11]21.4 [8]Bangladesh

Despite being classified as least developed countries,
Bangladesh and West Bengal, India, are home to several highly
equipped and specialized cancer hospitals, some for BC only;
for example, the National Institute of Cancer Research and
Hospital (Dhaka, Bangladesh) or Tata Medical Center (Kolkata,
West Bengal, India). These institutions, staffed with highly
skilled and experienced surgeons, oncologists, and
gynecologists, offer mammograms, CT (computed tomography)
scans, and other modern screening and medical facilities.
However, advanced medical facilities are scarce in rural and
suburban areas, and the capacity of existing institutions often
falls short of meeting the demand. In addition, there are also
significant uncertainties regarding the overall cost of treatment,

the duration of care, mental health support, and gaps in
preventative measures. Given this context, our goal is to identify
key gaps in existing approaches to raising awareness about BC
and addressing the barriers that prevent people from seeking
preventative care and timely treatment. By targeting these blind
spots, we aim to make meaningful changes that promote early
detection and improve access to necessary medical services.

In this work, to understand the barriers to BC awareness, we
conducted an open-ended interview with the residents from both
regions about BC awareness (to assess their current state of
knowledge, attitude and readiness, awareness, and so on) After
carefully analyzing our interview data, we highlighted some
common obstacles in both regions or societies, by grouping
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them into different societal levels such as individual, family,
local society, health care system, and state or country. In the
upcoming sections, we discuss the study design (Methods), the
highlighted barriers with some root causes, and suggested
solutions (Results); then, we suggest how technology and social
media can play a crucial role in resolving some of those
effectively (Discussion).

Methods

Study Design
The main objective was to evaluate the general knowledge and
awareness of the participants regarding BC, identify
sociocultural factors that could hinder mass awareness
campaigns, and examine health care disparities and systemic
issues. We conducted individual interviews with the participants
using a semi structured questionnaire that included a variety of
specific questions as well as 1 open-ended question (Table 2).
The participants’ responses included personal experiences and
anecdotal stories.

Table 2. Our questionnaire.

QuestionsCategory

Awareness • People of which age range do you think are at high risk of getting breast cancer?
• What are the most common symptoms of Breast Cancer?
• What are the common misconceptions about Breast Cancer?
• Are there any media-related programs that have provided information regarding Breast Cancer or Breast

Cancer diagnosis or progression of the disease? Example: Television talk shows, YouTube, WhatsApp,
Facebook groups, or movie or television shows

• Are you aware that breast cancer can affect anybody regardless of their sex and gender classification? If
not, what gender and sex demographic do you think have the possibility of getting Breast Cancer?

Self-diagnosis • Do you know and voluntarily do the Breast test yourself at home?

Post-diagnosis support • What were the support mechanisms (nonpharma) provided to you? For example, mental health or NGO
support, nutrition, or self-care.

• Was the financial impact of the proposed treatment plan discussed with the doctor?

Open-ended • Is there anything you would like to share about your journey or experience with Breast Cancer?

aNGO: nongovernmental organization.

Participant Selection and Recruitment
We recruited participants through snowball sampling [12], using
mutual connections and social media platforms such as
Facebook (Meta). Semistructured interviews were conducted
with 17 participants from West Bengal and Bangladesh. All our
participants were above the age of 18 years, and recruitment
was focused on participants who resided (at the time of study)

in the 2 regions mentioned above. Our participants primarily
identified as female, with an average age of 25-35 years, and
most were married (Figure 1). The participants selected the
language during the interview; most spoke Bengali. The
researchers conducted the study through Zoom (Zoom Video
Communications), and the audio recordings were transcribed
and translated into English for data analysis.
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Figure 1. Distribution of participants.

Demographics
We aimed to recruit a representative sample of participants from
diverse educational and financial backgrounds from the region,
as socioeconomic status and education play a huge role in the
participants’ access to health care in the region. Also, a cultural
stereotype related to educational qualifications is widely
propagated, relating educational accomplishments to
open-mindedness, access to health care, and overall “success”
in life [13]. Our participants self-declared their financial status
as middle- and high-economic classes and were all in professions
such as business, architecture, social development work, or
education. Most of our participants had completed their
undergraduate degrees (n=13), few had graduate degrees (n=3),
and some were currently working toward a professional degree
(n=1). The socioeconomic status of our participants is important
in the larger context of interpreting the results and will be
discussed further in the upcoming section.

Data Collection and Analysis
We transcribed the interview audio recordings, which were
between 15 and 45 minutes long, and translated into English.
Our qualitative data analysis follows a tiered approach and an

inductive methodology [14,15] to generate themes. In tier 1,
the initial coder examined the transcript identifying recurring
themes, clustering them based on similarity, and using the
descriptive coding methodology to label them. This clustering
formed the foundation for subsequent analysis. Moving to tier
2, a second coder independently reviewed the clustered themes
and descriptive terms associated with them, providing validation
by either corroborating existing clusters or proposing new ones
as necessary. Finally, tier 3 involved collaborative discussions
between both coders to assess the relevance and significance
of the clustered themes and descriptive terms associated with
them. Through iterative deliberations and consensus-building,
the final classification of themes was determined (Figure 2). As
our interviews were semistructured (where the participants had
the freedom to take the narrative and provide more information
beyond a fixed set of questions), this method of generating
themes bottom up and assigning descriptive terms to it allowed
us the flexibility to show nuance and highlight subthemes. Both
coders were familiar with the language spoken by the
participants (Bengali) to parse through the linguistic, cultural,
and social significance of the data generated during the interview
sessions.
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Figure 2. Outcome of our qualitative data analysis: major barriers to breast cancer awareness in the region.

The hierarchical representation of our themes and subsequent
categories (Figure 2) is inspired by the presentation of the barrier
tree [16] developed for a mobile-based BC monitoring study
for the people in rural Bangladesh around 2012. Notably, several
factors (such as feeling shy, fear, lack of familiarity,
undermining women problems, religious belief, shared beliefs
and practices, communication problems, scarcity of doctors,
inconsistent patient data, long-term monitoring, and poverty)
identified then are still highly relevant and came up during our
analysis. The distinctions between both works are listed below.

First, most of our participants are city dwellers, but they shared
stories and experiences from different parts (city, suburb, or
rural) of the country or state during their interviews. Haque et
al [16] studied in rural setups about 1.2 decades ago.

Second, we present the barriers by clustering them into 5
socioeconomic themes (individual, family, local society, health
care system, and country or state). Haque et al [16] presented
their findings into categories like identification and disclosure,
achieving treatment, continuation of treatment, environmental
issues, and user issues.

Third, while many research articles in the domain of BC
primarily adopt a medical science perspective, such as the study
by Haque et al [16], where the team visited a clinic or hospital
to gather data and generate a barrier tree, our approach diverges
by examining BC through a societal framework. By doing so,
we aim to offer a comprehensive analysis that encompasses
both the medical and societal impacts of BC. This approach
allows us to explore the same problem from different lenses,
shedding light on the multifaceted challenges and implications
of BC beyond the purely medical aspect.

Finally, as a novel addition to the field, we delve into the mental
health relevancy of patients with cancer and their caregivers, a
crucial aspect that was not addressed in the other work.

We discuss the outcome of the qualitative analysis in the next
section.

Ethical Considerations
The institutional review board of New College of Florida
approved the study (Protocol #22-037), and we strictly followed
all protocols to ensure data privacy and integrity, demonstrating
our commitment to ethical standards. For the study, participation
was voluntary; participants did not have to participate and could
stop at any time. There were no penalties or loss of benefits or
opportunities if the participant did not participate or decided to
stop once started. Their decision to participate or not to
participate did not affect their job status, employment record,
employee evaluations, or advancement opportunities. The
participants did not receive any benefit from the research team.
There was no cost to participate. This research was considered
minimal risk. Minimal risk means that the study risks are the
same as those in daily life. 

Results

The results of the data analysis are discussed in 2 phases; first,
barrier identification and second, awareness raising.

Barrier Identification
The majority of our participants were aware of BC’s symptoms,
possible treatment mechanisms, costs, survival rate, and so on.
During the interviews, they were able to list most of the
significant symptoms of BC, like deformed breasts or nipples,
lumps in the breast and armpit, discharge of pus or liquids,
irritation, flaky breast skin, irregular breast pains, overall fatigue
and weight loss, and so on. All but 3 participants knew of at
least 1 person who has or had BC—either in their own or
extended family, in the neighborhood, or in a friend’s
family—indicating how predominant this disease has become
(Tables 3 and 4). A total of 14 participants “had heard of”
self–breast-examinations, 13 participants “knew how to”
perform self–breast-examinations, and 7 participants “had
performed” self–breast-examinations (Figure 3). A greater than
50% decrease in the number of participants who had conducted
self–breast examination is noteworthy.
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Table 3. Number of responses to the question: “How many patients with breast cancer do you know of?”

Number of patients or survivors with BCaPercentage of participants

018

135

235

36

46

aBC: breast cancer.

Table 4. Patients with breast cancer in immediate family.

Number of patients or survivors with BCa in immediate familyPercentage of participants

059

124

217

aBC: breast cancer.

Figure 3. Familiarity test for “breast self-examination.”.

The following sections share the barriers we highlighted from
our data. Since the barriers often have cause-and-effect
relationships and circular causality, we will not present them
according to the identified societal levels like in Figure 2;
instead, we would discuss them under the same section or title
if they mostly appeared together during the interviews.

Tendency to Neglect Early Symptoms and Knowledge
Gap
Our survey participants agreed that although BC is well-known,
many people are unaware of the symptoms and often miss early
signs. Specifically, when trying to identify symptoms in
themselves, they either don’t know what to look for or tend to
disregard early signs of discomfort. For example, 1 participant
stated:

One day, my mom had severe stomach pain. We took
her to the doctor, who asked us to complete a USG
of her abdomen as the doctor suspected that my mom
had a tumor in her stomach. While doing the USG
for the tumor, the doctor detected that she had gotten
breast cancer, not a tumor…… it was already a late
detection. It’s at a deadly stage already. The treatment
would have been much less painful if she had been
diagnosed earlier. [b007]

A similar story also stated the reluctance to pay heed to early
symptoms or disclose them:

Though she (a neighbor) suspected it, she did not
disclose it initially. When the pain became
unbearable, then only she went to the doctor. She
went to the doctors in the middle stage (not the early
stage). [b011]
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One of my aunts (a family friend) had been diagnosed
with breast cancer. However, it had already spread
to the throat and jaw when she was diagnosed. So,
the doctors could not remove/cure it, and she passed
away. [b008]

These responses reflect the results Amin et al [17] found in a
survey that the research team conducted in Bangladesh in 2020;
out of the 9 symptoms of BC, approximately 50% (N=500) of
participants were unaware of 5 or more symptoms.

Misconceptions
Although none of our participants were medical professionals,
our participant pool consisted of individuals who had all
completed at least an undergraduate degree, were
socioeconomically affluent, and were self-professed,
open-minded individuals. Due to their educational backgrounds,
we assumed that the number of misconceptions about BC would
be lower than other groups. However, our participants had
several deep-rooted misconceptions about BC, which are listed
below.

First, it can only afflict females. Surprisingly, 10 out of 17
participants (59%) believed BC could only afflict females. The
rest of the participants agreed BC occurred, irrespective of sex.

Second, it is more likely to afflict married women and those
who have recently become mothers. Several participants stated
that in married women, especially after giving birth to a child
or during the breastfeeding period, it is highly likely to get
inflicted with BC.

Third, it is more likely to afflict older women. Several
participants responded that BC only affects older women; when
probed further, they believed that the age range between 25 and
45 was not particularly susceptible to BC. Reports have
suggested that Indian women in their early thirties till fifties are
at considerable risk of developing BC, and the incidence risk
increases till its peak when they reach 50-64 years of age.
Furthermore, 1 in 28 Indian women are likely to develop BC
during their lifetime [18-21]. It is more (1 in 22) for urban
women than for the rural group (1 in 60). Amin et al [17] report
similar statistics for Bangladesh (22.5 per 100,000 women and
mean age being 41.8 years and 56% of the diagnoses were for
reproductive-age women).

At the end of our interviews, we informed our participants that
(1) BC is statistically more dominant among females but can
afflict anyone, irrespective of gender and (2) there are various
types (metastatic, inflammatory, and so on) of BCs that afflict
people from various age ranges, so directly linking it to a
particular age, marital status, or maternity may not be the best
idea.

These factual misconceptions and knowledge gaps about BC
are major factors related to the diagnosis of BC at an early stage.
Our participant responses reinforced the need to disseminate
accurate information to raise awareness.

Social Stigma and Lack of Open Conversation
First, beauty and breasts—judgmental attitudes. In addition to
being an organ, breasts play a significant role in defining
femininity and women’s role in South Asian cultures. The fear

of the disease attacks the fundamentals of female identity as a
woman’s breast conjures her sexuality and her capacity to
nurture [22]. In patriarchal societies, such as Bengalis in West
Bengal and Bangladesh, irrespective of educational or financial
gains and social liberties through the years, women are perceived
to have the roles of mothers, wives, or homemakers, whereas
men are mostly seen as primary breadwinners of the family
[23].

According to a report by a Pakistani Non-Governmental
Organization, Aurat Foundation and USAID (United States
Agency for International Development; 2016), in South Asian
cultures, feminine traits include emotional, nurturing, passive,
good homemakers, fair-skinned, without body or facial hair,
long-haired, with a narrow waist, and sexually submissive. In
contrast, masculine traits include being assertive, primary
breadwinners, risk-taking, rational, and brave [24]. The ultimate
danger of this notion to a Bengali (or maybe many people from
other parts of the world) is that they feel one becomes “lesser
feminine” if one has any breast health-related issue. On top of
that, many people assume that BC’s ultimate aftereffect is
mastectomy, if not death, which adds a new level of stigma
[25,26].

When I was very young, I learned that one of my
friend’s mom had breast cancer. At that time, my
parents were very conservative; they would not open
up in front of other family members/us. I learned later
that doctors had to remove her breast. But the good
thing is, she recovered totally, and it’s been 20 years.
She has an everyday life. I believe she received good
treatment. Every treatment doesn’t go wrong! [b009]

Of the few breast-cancer and other cancer survivors
I know of, I say it is common for breast cancer
patients to feel humiliated or more mentally upset
than other cancer patients. …… I don’t notice any
initiative in our society in this matter; neither is it
commonly seen to provide some counseling for the
patients for overcoming/fighting cancer. [b005]

For several reasons, anyone with BC is reluctant to share their
experiences. In many cases, patients with BC suffer from
depression [17] due to a lack of a support system to debunk the
body image and societal myths. The image of an ideal woman
propagated in the media (television or social media) reinforces
the narrative that is sometimes unhealthy to a person’s body
image [27]. Particularly the lack of influential media
personalities sharing their stories of struggle and recovery or
the absence of characters that represent the struggles of patients
or survivors of cancer in television shows or media portrayals
impacts the perception of the journey and struggles.

Our participants echoed these sentiments in their statements:

There is a taboo around breast cancer, regardless of
class and status. People do not talk about it. We learn
about it later, like once someone has recovered or
died of breast cancer. Mostly, no one shares their
journey with breast cancer. [b014]

She (a breast cancer survivor) used to talk to me and
hang out with our family. However, she and I never
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talked about it. Neither I asked, nor she opened up.
If it is not very necessary, we will not share. That is
the mindset. [b012]

The term cancer comes with a connotation of impending doom
and death; however, the significantly higher chances of patients
surviving cancer because of early detection strategies and
awareness are not emphasized at all [28]. When it comes to the
5-year overall survival, a study reported it to be 95% for stage
I patients, 92% for stage II, 70% for stage III, and only 21% for
stage IV patients [29]. It is important to highlight these statistics
widely to encourage early detection and awareness. Survival
rates of patients with BC are lower compared with Western
countries, primarily attributed to early age onset, late-stage
detection and delayed initiation of definitive management, and
inadequate or fragmented treatment [28].

Second, cultural sensitivities. In addition to not expressing
discomfort, awareness campaigns in India and Bangladesh must
be wary of the strict cultural, religious, and moral censorship,
which does not allow the posting of revealing images of breasts.
People, in general, are brought up in an environment where they
do not feel comfortable discussing sexual health or women’s
health concerns, including BC. The term “breast” is perceived
through the lens of hypersexualization and hence comes under
deep scrutiny from moral and religious sensitivities. As
researchers embark on developing awareness campaigns, it
becomes crucial to exercise cultural sensitivity, especially
considering the conservative nature of the audience in these
regions. Being mindful of cultural nuances is essential to ensure
that the true essence of the campaign is not overshadowed by
moral policing or societal restrictions. It is important to point
out that women’s health or sexual health and the term breast
are not taboo; we cannot undo decades of cultural teaching and
biases in a day. Hence respecting the norms and designing
awareness campaigns around them would be a more sensitive
approach.

She (my paternal aunt, who was a teacher) had lung
infections and troubled breathing due to breast
cancer, but the doctor tracked it back to breast cancer
after doing several medical tests; she was never open
about the symptoms (or discomforts with her breasts)
upfront to the doctor. [b001]

People are not comfortable talking about it. Since I
am the son, my mom also never shared about her
symptoms or sufferings. [b007]

Third, women’s health care is a necessity, not a luxury.
Irrespective of South Asian patriarchal societies or more
progressive Western societies, a woman’s role in society,
economy, and family cannot be ignored. The roles of caregiver,
parent, and wife for a rural woman with added burdens of
maintaining appearance and body image in the case of an urban
woman all contribute to the issues that the contributions women
make to the world are “nonproductive” or “nonessential.” This
perception sometimes from women themselves (in some cases,
the family members) leads to the health concerns of women
being ignored or underprioritized [23]. This includes a lack of
attention to proper nutrition, timely intervention, care after
diagnosis, and adequate mental health support. This practice or

habit stood out as one of the major reasons why female patients
often get a late detection of health-related problems.

We wait and hope that the discomforts will disappear
automatically after a while – so we tend to linger. I
have noticed this among my friends and family
(especially females), including myself; we tend not to
go to doctors so easily. I am not sure if it’s a cultural
thing! But it is less about financial conditions and
more about awareness. [b014]

Certainly, that mindset is changing gradually. Nonetheless, there
is a need for increased awareness in this particular area:

A woman in the family will likely delay her treatment
as she thinks it’s the least important issue and is
probably putting financial pressure on the family. But
sometimes, they forget that delayed treatments may
invite worse consequences. [b003]

The Disconnect Between Health Care Models and People
Although none of the existing health care models worldwide
are perfect, in the context of a deadly disease like BC and
health-related supports, we noted the flaws, inconsistencies,
and lack of patient-centered policies in the regions.

First, lack of a yearly health examination policy. Unlike in the
United States or other parts of the world, Bengalis usually do
not go for yearly health examinations, or it is not a common
practice among doctors to prescribe yearly health checkups.
The lack of adequate resources, such as available medical
professionals, provider-centric consultations, and a
symptom-based health care model, is partially responsible for
this issue [30]. The region requires immediate advocacy for a
robust primary health care system and the use of existing
community care efforts to enhance awareness.

Second, out-of-pocket medical expenses. Health examinations
are expensive, and it is unusual for the region to support health
insurance employers [31]. There is no system of national health
insurance in Bangladesh [31]. People whose employers cover
health benefits also must pay to the facilities out of pocket first
and then later ask for a reimbursement. This cost barrier leads
to patients not seeking treatment early on.

Third, lack of integrated service and long-term plans. Those on
tight budgets usually have to prioritize the price over reliability
and integrated service available to few modern (and more
expensive) health care facilities. Patients and their family
members are often not fully aware of the overall costs (long-term
plans alongside short-term plans) and risk factors so that they
can make informed decisions.

Talking to the patient and their family about the
situation and possibilities is crucial. Only then can
we make an informed decision. But if the doctor
dictates the options, the patient’s family has to follow
the order, no matter how expensive or if they have to
lose their property in arranging the financial support.
[b009]

Fourth, open conversation between patients and the doctors.
Due to various reasons, including high volume of patients,
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doctors seem to spend much less time with the patients, which
has been a consistent story we heard from our participants.

The more renowned the doctors are, the less
interactive they are, or the less compassionate they
are. There is much less scope and the chance of
openly conversing with them. [b014]

Fifth, insensitive and judgmental commenting. Medical
professionals lack adequate training when addressing patients
and their concerns. A dearth of empathy compounded by the
enormous patient loads leads to negative interactions with the
health care providers, and patients or family members do not
feel comfortable asking essential questions. An insensitive
comment may cause severe damage to the patient’s (or their
caregiver’s) confidence and motivation. Effective doctor-patient
communication is determined by the doctor’s bedside manner,
which patients judge as a major indicator of their doctor’s
general competence [32,33]. Doctor-patient communication
skills are based on verbal and nonverbal communication, where
22% is transferred through voice tone, 55% through visual cues,
and 7% verbally [34]. Lack of training to demonstrate effective
behavior leads to scarring patient outcomes, one such is listed
below:

I remember an oncologist’s comment to his patient
(lung cancer survivor, 65+ years of age) regarding
the side effects of Chemo/radiotherapy: you don’t
have your natural hair anymore! So why worry about
that? [b003]

Sixth, the doctor’s gender. BC disproportionately afflicts the
female population, and since it concerns an intimate body part,
it is common among the patients and their family members to
withhold the treatment until they find a female specialist; in
short, they prioritize the doctors’ gender over professional
expertise [32]. In a cross-sectional study conducted with 1257
female patients in Udaipur, India (August 2014), by Nagarajappa
et al [32] found an overwhelming 85% (1069/1257) of the
respondents said yes to the question: “I would always prefer
being treated by a doctor of my gender.” In some other similar
studies conducted in 2019, researchers found that the most
important attributes of maternal health care facility choice for
Bangladeshi women were consistent access to a female doctor,
the availability of branded drugs, respectful provider attitudes,
and a continuum of maternal health care [35,36].

My aunt and uncle delayed the treatment as they were
hesitant about choosing a doctor; they were looking
for a female doctor, but there were not many female
breast cancer specialists in Bangladesh during that
period. My uncle (my mother’s cousin) had hesitation.
Had she been diagnosed earlier, she would have had
a better chance of survival. She was a survivor, but
her entire family suffered greatly due to the delay.
My uncle later regretted his decision. I remember him
expressing that to my mother (his sister). [b003]

Although 61.1% (198/324) of medical students in India identify
as female, a study by Bajpai et al [37] in 2020 found that men
led 67.3% (218/324) of oncology teams in India. These numbers
are similar to the numbers in the United States, where out of
667 female respondents, 442 identified as academic oncologists

versus nonacademic ones [38]. This gender disbalance among
physicians leads to patients not seeking timely medical care.

Seventh, lack of trust. Many people in the region believe that:

…an institute (hospital and caregiving center) that
is capitalist in nature cannot have people’s best
interest at heart. [b016]

This may play a significant role in people’s hesitancy to seek
health advice unless necessary.

Mental Health Support Infrastructure
All participants expressed concerns about lacking mental health
support systems. Most reported that:

• family members and caregivers are never made aware of
the patient’s mental health, its relevance, and how to handle
them [26].

• “I didn’t know and never thought mental health could be
impacted directly by these (or any) diseases.” [b007]

• there is no infrastructure to support the mental health of
patients suffering from terminal or deadly diseases.

• “Mental health is considered taboo, more significant of a
taboo than breast cancer. People don’t usually talk about
it. Doctors also don’t do a good job in this regard. Providing
professional mental health support is not common in
India/West Bengal to battle cancer.” [b016]

• “Since cancer is associated with a lot of uncertainty, fear,
and stress, the moment patients get diagnosed with cancer,
they must get counseling. Mental support from proper
channels can help patients gather the strength and courage
to defeat it.” [b010]

Role of Media
Media has always played a significant role in spreading
awareness among the general population on various issues. We
wanted to learn how our participants felt about the role of media
around them in spreading BC awareness. A survey conducted
by YouGov Global Media in India identified that in 2022, 59%
of Indians under the age of 24 years depended on websites or
web apps as their primary media source, whereas people above
the age of 45 years depended on television (live or nonlive
broadcast) as a primary media source [39]. In Bangladesh,
USAID conducted a similar survey and found that 46.6% of
respondents mentioned television, and then 33.1% said the
internet was a primary source of information media [40].
Similarly, in India, 60% of the population in the age group of
45 years and above depend on television for news, whereas
younger audiences tend to lean toward updates from social
media instead of watching traditional television news (which
broadcasts news at specific hours).

Social media and traditional media (television and newspapers)
can substantially spread awareness among people. We wanted
to understand whether the media’s contribution to raising
awareness was limited to a date or time (eg, Breast Cancer
Awareness Month) or whether there is any consistent
campaigning.

Our participants have reported seeing numerous posts, symbols
(such as the pink ribbon or black screen), and talk shows on
specific days, weeks, or months of the year (such as during
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Breast Cancer Awareness Day). However, these efforts are
transitory. They come and go; many posts are left unattended,
unread, and unfollowed, and many programs and talk shows
are left unwatched. The lack of consistent programming on any
platform that regularly sends out relevant messages throughout
the year leads to reduced engagement and interest.

I have seen many programs aired on the national
television of Bangladesh, but I believe that is not
sufficient…. I haven’t noticed any program regularly
on this topic. If we talk about social media, I don’t
see enough posts relevant to this topic. [b004]

People share (even if that’s at a minimal level,
especially on special occasions like Breast Cancer
Month). But others may not have time to read it
carefully due to their busy schedules. I sometimes see
such posts but don’t have time to read them
thoroughly. I feel until it hits someone, they are likely
to ignore (or blindside) it. [b003]

Most BC-related posts (eg, Figure 4) on media platforms include
either a pink bow [41,42] or wearing the color pink at campaign
events [43,44]. To urban audiences’ mammograms are widely
promoted by health care professionals or organizations [41,45].

Figure 4. Media coverage, rallies, and campaigns.

The absence of relevant information about the disease,
prognosis, and symptoms is stark and leaves the audience
wondering how to perceive this awareness campaign. Often,
momentum is lost, and true engagement is not achieved, leading
to lackluster awareness numbers.

We see advertisements relating to breast cancer,
sometimes on the television or elsewhere, or
billboards, but then it is very short and crisp. And it
just says that we should be aware of breast cancer,
but then what to be aware of it is never mentioned
anywhere. [b017]

Awareness Raising
Many of the findings are codependent and mutually recursive.
For example, lack of trust in health care systems in the area and
financial hardships implicitly push people to neglect early
symptoms of deadly diseases; lack of open conversation and
social stigma block them from reaching out for mental health
support, to name a few. Our discussions with the participants
highlighted several means to help spread mass awareness in the
regions. In this section, we present the summary of our
suggestions to achieve mass awareness through Figure 5 and
briefly discuss them right after.
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Figure 5. Our recommendation to help raise awareness. BC: breast cancer.

Designing a Yearly Health Care Routine for Everyone
Society must believe that early diagnosis can help
increase survival and reduce suffering. We need to
build the practice of going through a yearly checkup.
[b008]

Given the population, unemployment, and other issues,
achieving mass success in building this practice will require

support and cooperation from international organizations (such
as the World Health Organization) and local governments.

Spreading the Voice of Survivors
We often hear words from specialists (doctors and scientists)
on mass media (eg, Shastho Kotha [46]). Aside from their
knowledgeable notes, the programs will draw attention to the
mass scale if BC survivors’ interviews are included regularly.
This will also reduce fear, hesitancy, and social stigma. When
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people see interviews of BC survivors belonging to the same
community (age, gender, social status, and so on), it will help
everyone to open up about similar issues.

I believe cancer changes our views and ways of life.
We must break the practice of neglecting minor
symptoms and not seeking medical advice. We need
to improve trust and healthy communication between
doctors and patients. Roughly 50% of the population
is female. So, whichever cancer is more probabilistic
to which population, they need to take it seriously.
Financial hurdles should not be the first concern. It
will be beneficial if there is a platform where people
can talk about it and not treat it as something that
cannot be discussed. [b016]

Sharing the experiences of BC survivors as they navigate
treatment plans, manage financial burdens, and embark on their
journey toward recovery can play a crucial role in dispelling
fear, reducing anxiety, and challenging the taboos surrounding
BC. Narratives that illuminate the resilience of these survivors,
highlight the support of their families, and shed light on the
obstacles they overcome contribute to humanizing this daunting
illness.

Using the Grassroots Health Workers
NGOs like Surjer Hashi Clinic, Shobuj Chata
Community Clinic, etc., wildly succeeded in child
immunization and birth control in Bangladesh. So, if
cancer awareness (like breast and cervical cancer)
is taken as an agenda by such organizations, I am
hopeful it will succeed. [b003]

If the health workers spread a simple flyer about BC with some
visuals and depictions in Bangla during their weekly visits, it
will help raise awareness in rural areas quickly.

Bangladesh has successfully rolled out the idea of
condoms and contraception, though we are

considered a very conservative society. Major
religions of our land directly oppose the idea of birth
control. Yet the success came not because of the paid
advertisements or programs in media but because of
sending medical advice to the grassroots level. So, I
believe we can succeed in growing awareness about
breast cancer if the Government takes such programs
into the hand. [b005]

Establishing a Collaborative Effort on Social Media
Bangladesh’s internet penetration rate stood at 31.5% (52.58
million/167.1 million) of the total population at the start of 2022
[47], and India’s 47% (658 million/1.40 billion) of the
population has internet access [48]. India and Bangladesh have
both shown steady growth in mobile cell phone service, too.
Instant messaging apps such as WhatsApp (Meta; 487 million
users in India and 40 million users in Bangladesh) [49,50]. We
strongly believe these platforms can be used to spread accurate
awareness messages to users, particularly if government health
organizations partner.

We suggest regularly preparing WhatsApp message broadcasts
or mass forwards to groups, patients, or individuals from
credible organizations such as local government branches (eg,
zilla panchayat or district offices), medical associations (eg,
Bangladesh Medical Association or Medical Council of India),
or nonprofit organizations (eg, Sabuj Sathi). Sending these
messages individually to users also avoids making anyone
uncomfortable with the content, keeping in mind the social and
religious sentiments or barriers in these regions. WhatsApp’s
ubiquitous presence in the digital communication ecosystem of
both countries removes additional app downloads or
installations. We propose using WhatsApp forwards (illustrated
in Figure 6) as a cost-effective, easy-to-understand, and
time-efficient method for dissemination. However, it is essential
that these messages are reviewed by an expert before distribution
to ensure accuracy and reliability.

JMIR Hum Factors 2025 | vol. 12 | e53969 | p.1692https://humanfactors.jmir.org/2025/1/e53969
(page number not for citation purposes)

Hamid & RoyJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 6. Proposed self-breast examination instruction flyer.

Inclusive Texts in Secondary and Higher Secondary
(Middle and High School) Curricula
Many people in both regions finish their education till middle-
or high-school level. Some inclusive articles (written with
appropriate languages and cultural values in mind) regarding
women’s health and the terminal and most predominant diseases
in society will help spread awareness. The students and their
families will gradually become aware; thus, many of the causes
blocking the attention can be addressed thus far. Because
textbooks can reach families where social media or
entertainment media cannot.

I grew up in a village. I can talk to you from that
context.… It isn’t easy to spread awareness in the
villages. For example, I grew up in a Muslim family
where watching TV was not allowed, as it is
anticipated that kids will be misguided by watching
cartoons or inappropriate programs. So, getting this
knowledge through TV was/is challenging for many
kids like me. [b006]

Per our research, no story, article, or novel about BC is included
in the secondary and higher-secondary curricula of Bangladesh
and West Bengal, India.

Educating the Caregivers and the Family Members
Besides building infrastructure for mental health support, doctors
and other associates must educate the family members and
caregivers about the patient’s mental health and how to deal
with it. We heard stories suggesting how a family can motivate
a survivor to fight BC:

Someone very close to me has breast cancer. Initially,
when it was diagnosed, the doctor prescribed her
some medicine but barely communicated with her
about her mental health. So, she melted down. After
battling breast cancer for two years, she started
self-motivating and regained her mental strength. She
is a mother of two young kids, so that pushed her to
keep going and not give up. She involved herself in
activities like Yoga. Due to regaining mental strength,
she started handling the treatment better (I am not
suggesting that the cancer has disappeared, but she
started driving it better). [b002]

She (a relative) went into depression after the
mastectomy. But since she has kids, she motivated
herself. Her family also supported her very strongly.
This support has helped her come out of the trauma.
She is still following up with her breast cancer-related
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treatment. It is four years that she has been receiving
treatments. [b011]

Discussion

In this research study, we aimed to understand the attitudes and
perceptions of South Asian people, specifically people from
Bangladesh and West Bengal, India, regarding BC. Our goal
was to identify common barriers to raising mass awareness
about BC in this population. In the results section, we discussed
the significant barriers to BC awareness, which included a lack
of knowledge and open conversation, negligence of early
symptoms, negative bias toward health care systems, judgmental
attitudes, and insensitive comments toward patients and their
families, and financial hardship with limited options for financial
support. We also provided suggestions to effectively raise mass
awareness, including encouraging open conversations among
family members and different groups, discussing relevant topics
in social events and places of religious practices, integrating
the topic into school curriculums, and disseminating accurate
information through social and traditional media.

We present, in this work, the summaries of our findings in
Figure 2 and Figure 5, where we clustered the critical points
into 5 themes based on different societal levels—individual,
family, local society, health care system, and state or country.
Our findings highlighted the need for long-term planning and

cooperation between people and the government, collaboration
between national and international organizations, the use of
media and education systems, and the importance of modern
technologies and mass media in raising BC awareness.

Considering our dataset size (N=17) and the demographics of
the participants, particularly their socioeconomic status and
educational background, it is important to acknowledge that
our findings are not fully representative of the entire population.
Specifically, our dataset may not adequately capture the
experiences of individuals living in rural areas, those below the
poverty line, or those in the wealthiest brackets. These
socioeconomic statuses certainly have disparate health care
experiences and struggles. Our participant pool does offer
valuable insights into the perspectives of the upper-middle-class
segment of society and gives a general overview of barriers that
should be further investigated.

For future work, it will be essential to extend this study to
include participants from a wider range of economic and
educational backgrounds. This broader approach will enable us
to evaluate the generalizability of our findings and
recommendations across diverse demographic groups and to
uncover any critical issues that may have been overlooked in
the current analysis. Such an expansion will contribute to a more
comprehensive understanding of the nuances of this important
issue and increase the applicability of our conclusions to a
broader audience.
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Abstract

Background: Patients with cerebrovascular accident (CVA) should be involved in setting their rehabilitation goals. A personalized
prediction of CVA outcomes would allow care professionals to better inform patients and informal caregivers. Several accurate
prediction models have been created, but acceptance and proper implementation of the models are prerequisites for model
adoption.

Objective: This study aimed to assess the added value of a prediction model for long-term outcomes of rehabilitation after CVA
and evaluate how it can best be displayed, implemented, and integrated into the care process.

Methods: We designed a mock-up version, including visualizations, based on our recently developed prediction model. We
conducted focus groups with CVA patients and informal caregivers, and separate focus groups with health care professionals
(HCPs). Their opinions on the current information management and the model were analyzed using a thematic analysis approach.
Lastly, a Measurement Instrument for Determinants of Innovations (MIDI) questionnaire was used to collect insights into the
prediction model and visualizations with HCPs.

Results: The analysis of 6 focus groups, with 9 patients, 4 informal caregivers, and 8 HCPs, resulted in 10 themes in 3 categories:
evaluation of the current care process (information absorption, expectations of rehabilitation, prediction of outcomes, and decision
aid), content of the prediction model (reliability, relevance, and influence on the care process), and accessibility of the model
(ease of understanding, model type preference, and moment of use). We extracted recommendations for the prediction model
and visualizations. The results of the questionnaire survey (9 responses, 56% response rate) underscored the themes of the focus
groups.

Conclusions: There is a need for the use of a prediction model to assess CVA outcomes, as indicated by the general approval
of participants in both the focus groups and the questionnaire survey. We recommend that the prediction model be geared toward
HCPs, as they can provide the context necessary for patients and informal caregivers. Good reliability and relevance of the
prediction model will be essential for its wide adoption.

(JMIR Hum Factors 2025;12:e56521)   doi:10.2196/56521
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Introduction

Cerebrovascular accident (CVA), the collective name for
ischemic stroke and intracerebral hemorrhagic stroke, affects
15 million people each year globally [1]. A CVA can have a
range of symptoms that vary from patient to patient. Unilateral
paralysis or weakness, numbness or loss of vision, speech
difficulties and other cognitive dysfunctions, ataxia, diplopia,
and nonorthostatic dizziness are some of these symptoms [2].
After the acute phase of treatment, patients often undergo a long
rehabilitation process, although the length, intensity, and
outcome can vary greatly between patients. In the Netherlands,
65% of CVA patients undergo rehabilitation at home after their
hospitalization. The remaining 35% of CVA patients visit a
rehabilitation center or geriatric rehabilitation center. Among
patients in this group, 25% will not return to their homes and
will go to nursing homes [3].

To provide the best care, health care professionals (HCPs) and
patients should decide together which path to take in the care
process [4]: shared decision-making. Efficient and practical
goals can be determined when patients are involved in
decision-making, leading to a more appropriate and suitable
discharge location. Thus, CVA patients should be involved in
decision-making regarding where rehabilitation will take place
and setting rehabilitation goals [5]. A considerable number of
CVA patients prefer active involvement in decision-making
and consider themselves capable of doing so [6]. An important
part of supporting active involvement in the decision-making
process is to offer patients insights into expected outcomes.

Recovery is very heterogeneous for CVA patients in terms of
speed, process, and outcomes, and is often considered too
complex for HCPs to predict. As such, little information about
expected medium- and long-term outcomes (3 months to >1
year) is provided to patients. Over the last few years, using
artificial intelligence (AI) methods, several outcome prediction
models have been developed. Some models on certain aspects
of functional status have been developed, such as rehabilitation
of motoric upper limb skills [7] or independent walking [8].
Others have reported testing at rehabilitation admission [9] or
the use of wearable sensors [10] to provide useful data to predict
postrehabilitation CVA outcomes. Most of these models use
machine learning algorithms on structured clinical data, with
varying accuracy [11,12]. Deep learning has offered the
opportunity to combine more data and more different data types,
such as imaging or free text, into a prediction model [13] and
as such increase the accuracy of predictions. Several studies
have investigated how deep learning can lead to better CVA
outcome predictions [13,14] to reach clinically acceptable
reliability. One of our previous studies [15] showed that
combining structured clinical data and perfusion computed
tomography (CT) scans can lead to an increase in performance.

While having accurate and reliable predictions is important, the
explainability and clinical relevance of AI methods are essential

for their adoption in medical practice [16,17], and many
prediction model implementations currently fall short in these
aspects [18]. Using a functional tool based on AI in a real-world
setting would require both HCPs and patients to understand and
trust the outcome prediction and see its relevance. Understanding
a predicted outcome can be challenging for healthy people, but
even more for CVA patients. These patients can have impaired
cognition and often have a higher age [2]. Thus, information
should be provided in an easy and clear manner for low
cognitive effort. For example, when numerical data are
presented, it is recommended to use simple visual forms such
as flow or bar charts and circle diagrams [19].

The discharge interview usually addresses the duration and
location of the rehabilitation. There are typically multiple
possibilities after discharge, such as going home without or with
home therapy, outpatient rehabilitation, geriatric rehabilitation,
and clinical rehabilitation treatment [3]. A personalized
prediction of CVA outcomes and the length of the rehabilitation
process would allow HCPs to better inform patients and informal
caregivers. This could form a basis for shared decision-making,
as a more informed conversation about the preferences of the
patient can be held. This research aims to assess the added value
of a prediction model for long-term outcomes of rehabilitation
after CVA, to investigate how its results can be best displayed,
and to determine the best way to implement and integrate it into
the care process.

Methods

Design
A qualitative study was designed with the goal of evaluating
the added value of a prediction model for stroke outcomes in
CVA care. More specifically, this study aims to investigate how
to best display the outcomes of the model, and integrate and
implement them in the care process in an appropriate manner.
We based our study on a prediction model previously designed
in our hospital [15]. Before the qualitative evaluation, the
research team developed a mock-up of a display of the
prediction model, together with several different visualizations
of the model outcome and interpretability. The research team
included a neurologist and an expert on medical AI. The
mock-up design was iterative, allowing for an update after each
part of the study.

The study consisted of 3 parts: focus group discussions with
CVA patients and their informal caregivers, focus group
discussions with HCPs, and a follow-up questionnaire to HCPs,
as shown in Figure 1. In both sets of focus groups, the opinions
of patients and HCPs on the current information management
and their needs with regard to the prediction model were
explored and analyzed using a thematic analysis approach. The
questionnaire was used to evaluate the finalized prediction
model and visualizations with the HCPs.
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Figure 1. Schematic overview of the different parts of the study. The circular arrow refers to the iterative aspect of each step. HCP: health care
professional.

Focus Groups

Study Population
Patients who were admitted to St. Antonius Hospital between
January 2020 and December 2021 for a CVA were selected
using convenience sampling. Patients who had a CVA in the
previous 3 months or who did not speak Dutch were excluded.
We selected participants with a wide variation in age, gender,
rehabilitation type (medical specialist, geriatric, home, or
outpatient), and education level. An overview of the
characteristics of the selected participants can be found in Table

1. Patients were approached by phone, and information letters
were sent by email or postal address. Patients could bring their
informal caregivers to the focus groups if this was of added
value due to impaired cognition or higher age. The research
team thought that an informal caregiver could assist in
interpreting the model and could discuss patient preferences.
Another advantage of including informal caregivers is that they
are often involved in the entire hospitalization process of
patients, and their opinions can therefore be valuable.
Participants signed up by contacting the researcher and were
asked to sign an informed consent form before the focus group
started.

Table 1. Cerebrovascular accident participants in focus groups.

RehabilitationLevel of educationGenderAge range (years)Participant

Geriatric rehabilitation centerVocational educationFemale71-75P1

Rehabilitation at homeVocational educationMale41-45P2

Rehabilitation centerVocational educationFemale41-45P3

Rehabilitation at homeApplied universityMale71-75P4

Rehabilitation at homeHigh schoolFemale81-85P5

Rehabilitation at homeApplied universityFemale66-70P6

Rehabilitation at homeHigh schoolMale41-45P7

Geriatric rehabilitation centerVocational educationFemale76-80P8

Rehabilitation centerVocational educationFemale61-65P9

For HCPs, participants were recruited from a pool of HCPs
involved in the discharge or rehabilitation process in the
hospital. This included neurologists, rehabilitation doctors,
junior doctors, nurses, and nurse specialists. All participants
were approached via email or in person. The research team
aimed to have 3 participants in each focus group, specifically
a medical specialist, a general doctor, and a nurse.

Data Collection
The focus groups were led by 2 researchers (CGA and SvH).
SvH moderated the focus groups with patients, and CGA
moderated the focus groups with HCPs. We opted for the
separation of patients and HCPs in different focus groups, such

that the participants in both groups would be able to speak more
freely about their experiences. We started with 3 focus groups
for patients and their informal caregivers and 3 focus groups
for HCPs, and we assessed whether saturation of data was
reached or more focus groups were necessary. Each focus group
had different participants.

The focus groups consisted of 2 phases. The first phase of the
focus group was intended to explore the needs and expectations
of the use of a prediction model during the discharge interview.
This started with a reflection on the discharge interview and
rehabilitation process, what expectations were created, what
shared decisions were made, how the process went, and other
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questions about topics and components that were addressed in
the prediction model. The goal was also to determine how a
prediction model could contribute to better expectations and
improve the discharge interview.

In the second phase of the focus groups, different options for
visualizations of the prediction model were discussed. We have
elaborated on their design in the section on visualizations.
Before the second phase of the focus group started, there was
a short explanation of the visualizations. After this, the
participants were asked to discuss several topics. First, whether
the visualizations were clearly explained. Second, they were
asked about relevance and what they think about the
visualizations being used. During the focus groups with HCPs,
this also included the predictors included in the model. Finally,
they were asked to discuss which of the visualizations they
preferred and why.

Focus Group Guide
Focus group guides were used, consisting of open and follow-up
questions for the 2 phases of the focus groups (Multimedia
Appendix 1 for patients and Multimedia Appendix 2 for HCPs).
The focus group guides consisted of a few open questions, aimed
at starting a discussion on information provision to patients in
the current care process and the suitability of the prediction
model and its visualizations. The focus groups followed an
iterative design, which meant that after each focus group, the
questions in the interview guide were adjusted if certain topics
needed to be added or changed.

Data Analysis
Analysis of the focus groups was performed by researchers
CGA and SvH in a thematic analysis approach using Atlas.ti
[20]. CGA and SvH are early stage researchers with educational
training and some research experience in focus group research.
The thematic analysis was performed as follows. First, the
researchers transcribed and anonymized the interviews. Then,
both researchers separately open coded the transcripts. The data
were coded axially by clustering codes by meaning, and the
clusters were assigned themes. When all 6 transcripts were
axially coded, the data were selectively coded to determine the
relevance and consistency of the themes [21]. Finally, the themes
were defined by noting the characteristics of the themes for
consistent use. After analysis, the researchers held discussions
about the data until a consensus was reached. We aimed for
research triangulation by having 2 researchers independently
analyze the data and iterate until agreement.

Questionnaire Survey

Study Population
The study population of the questionnaire consisted of HCPs.
Similar to the focus groups, the participants were recruited from
the pool of HCPs involved in the discharge or rehabilitation
process in the hospital. However, only HCPs who directly
worked with the prediction mode, such as junior doctors and
neurologists, were asked to fill out the questionnaire. They were
contacted by email or phone, or in person.

Data Collection
The last part of this study consisted of a questionnaire for a final
analysis of the visualizations by HCPs. A simulated visualization
(updated after the focus groups; see section visualizations) was
shown to the HCPs for different scenarios for possible situations
of patients in a discharge interview. They were asked to answer
a modified Measurement Instrument for Determinants of
Innovations (MIDI) questionnaire [22], which is a tool for
describing the helpfulness and possibilities of medical
technological devices. We selected 2 relevant sections out of 4
in the questionnaire regarding the innovation itself and the end
users. The other 2 sections regarding work environment and
sociopolitical environment were out of scope and more suitable
for a later implementation phase. The questionnaire was adapted
to fit the setting of the prediction model and was distributed via
RedCap [23]. The questions were divided into 5 sections:
general opinions, advantages and disadvantages, effects on
patients, effects on colleagues, and opinions on implementation.
The questionnaire consisted of 21 questions on a Likert scale
and 1 open question.

Data Analysis
No statistical analyses were performed on the questionnaire, as
the MIDI questionnaire is not a validated questionnaire and the
sample size is small. Instead, the questions were meant to
provide a formalized evaluation of the prediction model and its
visualizations. Both the general score of the prediction model
and the agreement have been reported.

Prediction Model and Visualizations
The model visualizations were based on the model described
in a previous article [24]. This model aims to predict a 2-fold
outcome: functional outcome (modified Rankin scale [mRS]
score) after 3 months and length of stay in a rehabilitation center.
Two feature sets were used as predictors: hospital data and data
from geriatric rehabilitation clinics. The hospital data were
based on registry data from the Dutch Acute Stroke Audit [25],
such as medical history, treatment data, and admission data,
and the other data included intake data, admission data, and
discharge data.

The design of the visualizations followed an iterative setup with
the research team. Before the focus groups, the research team
created a mock-up, with outcomes and visualizations for 2
fictional patients, as a functional model with real patient data
was not yet available. Based on examples and previous literature
about explainable AI in health care [26,27], a choice of 2
different visualization styles was made. One with a more
simplified textual approach having clear and limited information,
and one with a more detailed visualized approach having more
information in the form of diagrams. We chose circle and bar
charts for this style, as they are considered the most
“approachable style” of visualization of numbers [19]. The
visualizations of the outcomes in both styles are shown in Figure
2.
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Figure 2. Different visualizations of outcomes (translated from Dutch). (A) Textual limited information; (B) Visual detailed information. mRS: modified
Rankin scale.

Next to outcome visualizations, we also included explanations
of the predicted outcomes by the models, which have been
shown to be important for the adoption of AI in medicine [14].
We opted to show the model explainability through feature
importance, where for the predicted outcome of the model for
each patient, the contribution of each feature is shown. This can
also be described as local interpretability, which has been further
explained previously [19,23]. For example, it can show that the

age of that specific patient contributed 20% to the decision of
their personal outcome. This can be both positive or negative
feature importance, indicating whether it made the predicted
outcome more or less likely. The detailed visualization (Figure
3A) shows this in red and green bars. For the simplified version
(Figure 3B), only the most important features for the outcome
were mentioned (not the extent of their contribution).

Figure 3. Different visualizations of influencing factors (translated from Dutch). (A) Visual detailed information. The color and length of the bars
indicate the size of the effect on the outcome. (B) Textual limited information. CVA: cerebrovascular accident; IVT: intravenous thrombolysis; MSR:
medical specialistic rehabilitation; NIHSS: National Institutes of Health Stroke Scale.
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Visualizations were developed for 2 fictional patients in 2
different visualization styles, resulting in 4 examples. The
complete translated visualizations can be found in Multimedia
Appendix 3. Based on the feedback from the focus groups, 1
visualization style was selected, and the visualizations were
modified in accordance with the focus group feedback. These
final visualizations were used for the questionnaire.

Ethical Considerations
The Medical Ethics committee of Utrecht (MEC-U) declared
that this study is not subject to the Dutch Medical Research
Involving Human Subjects Act (WMO) and issued a non-WMO
statement under number W22.007, and subsequently, the board
of directors of St. Antonius Hospital issued a statement of no
objection (permission to perform) under number Z22.009. All
participants provided informed consent.

Results

Focus Groups
The focus groups took place in April and May 2022 and lasted
for 60-90 minutes with patients and caregivers and for about

an hour with HCPs. We conducted 3 focus groups of each type
(total 9 patients, 4 informal caregivers, and 8 HCPs). After these
sessions, further focus groups were not deemed necessary, as
saturation was reached.

A few minor changes were made to the interview guide after
the first focus group with patients. We put less focus on the
discharge interview and more on the questions about the care
process in general for patients and the family interview for
HCPs. For the focus groups with patients and informal
caregivers, the transcripts were sent to these participants for a
member check. None of the participants had any remarks on
the transcripts.

The results of the focus groups have been organized by theme
in prediction model development in 3 sections: evaluation of
the current care process, content of the prediction model, and
accessibility of the model (Figure 4).

Figure 4. The 10 themes in the focus groups divided into 3 categories.

Evaluation of the Current Care Process

Information Absorption

Some of the patients said that they either could not remember
or did not understand the information given at the discharge
interview. This could be due to the symptoms of their CVA.
For example, a patient developed aphasia because of the CVA.
As a result, she did not know what questions to ask during the
discharge interview and did not manage to do so. However,
most patients said this was due to information overload caused
by discharge taking place shortly after the CVA, and the
impressions and emotions during admission. On the other hand,
most of the informal caregivers said that they received the
information provided during the discharge interview and helped
the patients with the information when necessary.

The patients and informal caregivers who could remember said
that they were positive about the information provision, calling
it clear, open, and informative, with a lot of room for questions.

HCPs mentioned that they often found it hard to estimate
whether patients and caregivers truly understood the given
information, saying that patients always say they understand,
even if they do not. They also mentioned language barriers as
a common issue. Moreover, they were not sure whether the
extra resources given, such as websites or information flyers,
were read and understood by patients, as they did not discuss
these with them.

Expectations of Rehabilitation 

Most patients and informal caregivers had little idea of what to
expect from rehabilitation and expressed that they felt thrown
in at the deep end. One patient described her lack of expectations
as follows:

I just let everything wash over me. That was all I
could do.

Only 1 patient said he knew what he could expect in his personal
situation, even if daily tasks proved more difficult. Informal
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caregivers expressed wishes for more information from the
hospital about rehabilitation, with 1 informal caregiver
expressing that he would have wanted a rehabilitation plan from
the hospital:

[...] my mom is not the first one with a CVA, so there
is a certain expectation and based on that […]
protocols are made. It's my first time, and then there's
nothing […] that's hard. Something has to be done
about that. That's what I missed.

Eventually, most patients were happy with the rehabilitation,
except for a few bad experiences with HCPs. HCPs’experiences
matched with the views of the patients and caregivers, and they
stated that they do not have a good overview of rehabilitation
and therefore cannot give patients an expectation of what will
happen during rehabilitation. Some HCPs believed that this
information should be given in rehabilitation clinics. They also
mentioned that there could be a disparity in the expectations
between patients and informal caregivers. In those situations,
patients often felt like they were ready to be discharged home,
while caregivers would still be very worried and push for
inpatient rehabilitation.

Predictions of Outcomes

Almost all HCPs mentioned the difficulty of making individual
predictions. They explained that this was due to patients, even
similar patients, having varying recovery paths and because
they did not have oversight over recovery during rehabilitation.
Only the 2 most experienced neurologists felt more comfortable
giving general predictions using age and the severity of the
event. One of the junior doctors mentioned that they did not
feel like they had enough knowledge and data to make such
predictions.

I also don't know the exact scientific evidence from
the top of my head […] for someone with a
hemiparesis after 3 months.

These statements were in agreement with the experiences of the
patients. In the perception of the patients, if the physician did
predict outcomes, it was not very precise. For example, they
mentioned that the physician predicted that they would recover
gradually in the first 3 months. Moreover, they said that no data
in the form of numbers or percentages were used. 

We asked all participants what they considered the most
important outcomes to have a prediction on. Three outcomes
were mainly mentioned: functional status in the medium or long
term (multiple months or years), time of rehabilitation, and the
chance of a new CVA. A new event was something that many
patients were very scared about. They wanted to know how high
the chance of recurrence was and wanted reassurance that it
was as low as possible. HCPs mentioned it was not necessary
to have a prediction of recurrence, as medications will always
be given to minimize those chances. 

Decision Aid

Many patients and informal caregivers felt like the physician
took their opinions into account. According to the participants,
it varied for each patient whether they had a choice in discharge
location. Most participants said they did not have a choice in
this decision. However, most participants felt that they could

not make a better decision than a physician could, and they
accepted the physician’s opinion and professionalism. According
to the participants, physicians have more knowledge about a
CVA than patients and therefore know what is better for them.

You have to imagine; it was all new to us. So […]
how can your opinion be different from what they
recommend to you? It's almost impossible because
you're in a situation like that so you can't judge it.

Physicians mentioned shared decision-making. There is often
not really any discussion on where the patient should be
discharged.

Content of the Prediction Model

Reliability

Many patients were initially skeptical about a model that would
predict outcomes. This was based on the physician’s statement
that it is not possible to make personal predictions. Several
patients and informal caregivers said they did not believe that
a physician could make accurate predictions and that
consequences could only be seen after rehabilitation.
Furthermore, some caregivers also found the prediction too
absolute and programmed.

If it’s such a well-founded prediction but we asked
the neurologist about the whole thing, and he couldn't
really give us any answers about predictions […].
Won’t we get the wrong expectations from an
overview like this?

HCPs were also skeptical of the reliability of the model. They
similarly argued that they see a lot of variation between patients
and wondered if it is possible to make accurate predictions. In
general, they believed that all included predictors would be
usable. However, the HCPs questioned the reliability of the
model due to the absence of certain important predictors, such
as pre-existent functioning (Barthel score), detailed comorbidity,
and the character of the patient. They acknowledged that the
last aspect would be hard to measure. Moreover, if it is just a
tool for information, the doctors argued that it is not that bad if
the prediction is not 100% accurate.

[perfect performance] would be preferable, but you
can never predict that […] maybe the important part
is how to translate model performance to the patient

One of the informal caregivers felt that there should be a
disclaimer with the model because the outcome could never be
100% right.

Relevance

While most HCPs were generally enthusiastic about the
proposed model, another point of skepticism was regarding
relevance, as they were hesitant about how to explain the
predicted outcomes to patients, especially regarding percentages.
Patients confirmed these concerns. One of the patients said he
did not like percentages because one can never say what 90%,
for example, truly quantifies. Patients agreed that it is better to
have a conversation and explain the information instead of
simply showing the model. HCPs mentioned that while a general
model for outcome prediction would be good, a more useful
option would be if there were more different outcomes. For
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example, where it would be more useful if we could split it into
several types of complaints or symptoms (like aphasia or
paralysis).

There was disagreement among patients regarding whether they
wanted predictions at all. Some stated that they would be curious
to know their predictions. Another participant stated that the
information he received from his physician was sufficient and
that he did not need a more specific prediction. Some of the
caregivers said they would find it convenient to use a prediction
model during a discharge conversation and that a prediction
could supplement the information given by HCPs. Most HCPs
were slightly worried about the risk of giving too much
information, as it is currently already too much. However, some
physicians also thought that a prediction could help clarify the
situation, making the other information more digestible.

Influence on the Care Process

There were several points discussed concerning the possible
influence of a prediction model on the care process. There was
agreement among HCPs that it would be good for the patient
as guidance if it is understandable for the patient. Junior doctors
especially thought it would be good for HCPs as well for
guidance in conversations with patients, reaching a better ground
to make prognoses and overcoming unconscious biases about
patients.

While most patients and informal caregivers expressed the
positive aspects of guidance similar to HCPs, some patients
worried that if the prediction is negative, it could be scary or it
could demotivate the rehabilitation process. The patients stated
that a lot of motivation is necessary for the best recovery.

And if I were [example patient] and 82 [years old] I
don’t know if I would be up for knowing […] that bad
outcome

However, most patients and informal caregivers did not want
HCPs to hold back negative results from them. Moreover,
doctors mentioned they would not be worried about this, as they
are used to delivering bad news.

The main importance for HCPs was a way to inform patients
and to offer clearer information for expectation management in
the further rehabilitation process. As such, using this prediction
tool would not have a direct result on the treatment or outcome
of patients. There was the question of why this would be useful,
and it was expressed that the goal of the tool should be clear;
otherwise, it might not be used.

Accessibility

Ease of Understanding

The HCPs in general found the prediction model and the
visualizations quite clear, and most thought that with explanation
the model should be understandable for patients. However,
several patients and informal caregivers found it hard to
understand. Even after another explanation, they struggled to
fully comprehend the meaning. One patient mentioned this
might be due to one of the complications of his CVA being a
lack of concentration and thus not having enough concentration
to read. They struggled with the medical terminology, even after
explanation. One patient said that it might be convenient for a

physician but it is too hard for a patient. Most patients and
caregivers understood the visualizations if they looked at them
for a little longer but concurred that an explanation is needed
from someone with a medical background or a more detailed
but simple explanation is needed in additional text.

Preference for a Model Style

There were differences among patients regarding the preferences
for the style of visualizations. Most of the participants preferred
the prediction model with more graphics and less text because
it was more visual and easier to understand. One participant
stated that when a patient has symptoms like trouble with
reading or concentration, it is easier to see the graphs.

I also think that for people who have […] more
symptoms, who understand it a […] less easily […]
the pictures are a little bit more informative.

A few patients said the bar charts for feature importance did
not have their preferences, as they contained too much
information and the features could not be changed.

All HCPs preferred the more detailed visualization, and they
argued that they contained more information and made the
prediction more “alive.” Interestingly, they thought patients
would not have the same preferences. The HCPs also argued
for integration into the electronic health record (EHR), as this
would help with ease of use and adoption in the care process.
Some HCPs were afraid that due to the high workload and the
model not having a direct impact on the care process, the model
might not be used if it is not easily accessible.

Moment of Use

Whether to use the model during the discharge interview or
during the family interview, which happens a few days into
admission with informal caregivers, was a point of discussion
among HCPs. It could be beneficial for both. The discharge
interview can be very rushed, and during the family interview,
there might be more time to go over the predictions. However,
this would be earlier in the process, which means that less
information might be included in the predictions. Moreover,
they agreed that having some form of access afterward would
be good. Different options were mentioned: at the rehabilitation
center, with the general practitioner, or at the 3-month follow-up.

The patients generally agreed with this view. One patient stated
that it would be good to see the prediction when you feel like
it, but it would have been too much during the discharge
interview.

It is useful but […] too extensive [for] a normal
person […] does not understand a thing. [...] Then it
is explained by someone with a medical background
[…] who can perhaps explain it better. […] Maybe
after a few months go back and look at it again […].
What are the expectations now, what are the
expectations later.

Questionnaire Survey
Based on the results of the focus groups, we extracted a set of
recommendations. These recommendations were either
immediately included in the visualizations of the prediction
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model or served as general recommendations for further
development or for the context of the implementation in current

care. The recommendations are summarized in Table 2.

Table 2. Recommendations from the focus groups.

IncorporationRecommendationThemeCategory

ImplementationRecognize that the information might not be understood at
the discharge interview

Information absorptionEvaluation of current care

Context of careCreate a better overview of rehabilitation for patients, in-
formal caregivers, and health care professionals

Expectations of rehabilitationEvaluation of current care

ImmediatelyHighlight that the model meets the needs of patients, infor-
mal caregivers, and health care professionals regarding
providing a prediction of the outcome

Prediction of outcomesEvaluation of current care

Context of careMake sure the patient's opinion is heard in the decision
process, for example, through shared decision-making

Decision aidEvaluation of current care

ImmediatelyThe target audience of visualizations should be health care
professionals and not patients

Ease of understandingAccessibility

ImplementationDo not limit the use of prediction to the discharge interviewMoment of useAccessibility

ImmediatelyVisualize outcome and feature importance (visualization
version b)

Model preferenceAccessibility

Future researchInclude the general predictive performance of the model,
for example, according to the margin of error

ReliabilityContent of the model

Future researchmRSa score in 3 categories, including the possible function-
al score, measured during hospital stay

RelevanceContent of the model

ImmediatelyClarify the goal of the model (informing patients) to im-
prove adherence

Influence on the care processContent of the model

amRS: modified Rankin scale.

The visualizations were adapted according to the
recommendations. We selected the more “visualized” versions
(see Figures 2B and 3A). Moreover, we focused on HCPs as
our target audience and therefore removed explanations of
well-known abbreviations and concepts, such as the National
Institutes of Health Stroke Scale (NIHSS) score. We also
specified that the moment of use could be the discharge or
family interview and that the goal of the prediction model was
to inform patients. Moreover, we included more detailed

information on feature importance, based on our underlying
model. The adapted visualizations can be found in Multimedia
Appendix 3.

The questionnaire was sent to 16 relevant HCPs in St. Antonius
Hospital, and we received 9 responses. The answers to the closed
questions are summarized in Table 3. For each question, we
have reported scores. Moreover, we have presented the average
score and SD for each section. Negatively phrased questions
(questions 4, 8, and 9) were scored in reverse.
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Table 3. Questionnaire results reported on a Likert scale (0-5).

Score, mean (SD)Questiona

General statements

4.0 (0.5)1. The prediction model matches well with my usual way of working.

3.7 (0.5)2. The prediction model is based on factually correct information.

3.6 (0.5)3. The prediction model offers all the information and materials necessary to work with it properly.

4.1 (0.8)4. The prediction model is too complicated for me to use.

2.9 (0.4)5. I expect that the effects of the use of the prediction model will be clearly visible.

3.8 (1.0)6. I think the prediction model is suitable for my patients.

Advantages and disadvantages

3.8 (1.0)7. The use of the prediction model gives me the opportunity to inform my patients better.

3.2 (0.5)8. The use of the prediction model during discharge or family interviews will cost me more time than usual.

3.9 (0.8)9. I find it too complicated to use the prediction model during discharge or family interviews.

Prediction model and patients

3.4 (0.5)11. I expect that with the prediction model, my patients will be better informed about the expected functional status after 3
months and the duration of rehabilitation.

4.0 (0.5)12. I think it is important to use the prediction model to better inform my patients about the expected outcomes: the func-
tional status after 3 months, and the duration of rehabilitation.

3.6 (0.7)13. I consider it part of my job to use the prediction model.

3.8 (0.4)14. Patients will generally be satisfied if I use this prediction model.

3.7 (0.5)15. Patients will generally be cooperative if I use this prediction model.

Prediction model and colleagues

3.5 (0.5)16. I can count on sufficient help from my colleagues when necessary while using the prediction model.

3.8 (0.7)17. How many doctors who conduct discharge interviews will actually use this prediction model?

3.2 (0.4)18. To what extent will (your fellow) neurologists expect you to use the prediction model?

3.7 (0.5)19. When it comes to working with the prediction model, how much do you care about the opinion of (your fellow) neurol-
ogists?

Application of the prediction model

3.9 (0.3)20. If you wanted to, do you think you would be able to apply the prediction model during the discharge or family discussions?

3.8 (0.8)21. I have sufficient knowledge to be able to use the prediction model.

3.1 (1.1)22. To what extent are you aware of the content of the prediction model?

aQuestion 10 was an open question (What are the other advantages or disadvantages of this prediction model?) and is not included in the table.

We considered statements with a score of ≥3.5 and an SD of
<1.0 to be sufficient to positive, with agreement among HCPs.
Most statements were received as such, and we considered the
general feedback to be moderately positive. Moreover, in all
categories of statements, we noted that most statements were
at least moderately positive with agreement, highlighting that
there is no topic where the prediction model consistently
underperforms. The high scores for “The prediction model
matches well with my usual way of working” (score 4.0), “I
think it is important to use the prediction model to better inform
my patients about the expected outcomes: the functional status
after 3 months, and the duration of rehabilitation” (score 4.0),
and “If you wanted to, do you think you would be able to apply
the prediction model during the discharge or family
discussions?” (score 3.9) indicate a high willingness to
implement the prediction model.

For some questions/statements, the HCPs were not positive on
average (score of <3.5) or were not in agreement (SD ≥1.0).
The statement “I expect that with the prediction model, my
patients will be better informed about the expected functional
status after 3 months and the duration of rehabilitation” had a
score of 3.4. This was just under our set threshold. Interestingly,
the statement “I think it is important to use the prediction model
to better inform my patients about the expected outcomes: the
functional status after 3 months, and the duration of
rehabilitation” had a score of 4.0. It shows that the HCPs, even
when not sure about the positive outcome of use, still found it
important to use the prediction model. The same concern was
highlighted in 2 statements that had high disagreement among
the HCPs: “I think the prediction model is suitable for my
patients” (score 3.8, SD 1.0) and “The use of the prediction
model gives me the opportunity to inform my patients better”
(score 3.8, SD 1.0). This shows consistency with the focus
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groups indicating that there seems to be variety in the extent to
which HCPs are positive about the effects of the prediction
model.

In the other statements that were not positive on average or had
high disagreement, we also noted similar findings that came up
in the focus groups as well. The statement “Iexpect that the
effects of the use of the prediction model will be clearly visible”
had the lowest score of 2.9. This is not completely unexpected
as the model’s primary function is to inform and not provide
decision support. Moreover, the issue of high workload was
reflected in the statement “The use of the prediction model
during discharge or family interviews will cost me more time
than usual” (score 3.2). Lastly, the statement “To what extent
are you aware of the content of the prediction model?” had both
a low score and high disagreement (score 3.1, SD 1.1),
indicating that more detailed explanation and training are
necessary to understand the model.

The statement “To what extent will (your fellow) neurologists
expect you to use the prediction model?” had a low score of 3.2.
This shows that many HCPs would consider the use of such a
prediction model to be more elective. Next to the scaled
questions, we also asked 1 open question “what are the other
advantages or disadvantages of this prediction model?” A big
point of contention was whether the prediction model would be
accurate enough, as certain factors like recovery during the time
in the hospital and mental resilience were not included. A
positive aspect mentioned a few times was that it could also be
used to preinform the rehabilitation clinics for helping with
planning.

Discussion

Principal Findings
This study shows the added value of a prediction model for
long-term outcomes of rehabilitation after stroke in CVA care
under certain conditions. The need for a prediction model was
consistently shown in focus groups and a questionnaire survey,
as evidenced by the general approval of participants. Several
recommendations can be made, most importantly on the
following 5 conditions: primary target, timing of discussing the
predictions, different focuses of HCPs and patients, goal of the
prediction model, and visualization of the model.

First, the primary target audience of the prediction model should
be HCPs. While the information provided is of interest to both
patients and informal caregivers, not all patients can fully
understand the outcomes of the prediction model. This resembles
the findings of other studies that investigated different digital
health tools for stroke patients, which reported complaints of
difficulty [28] or disinterest among some patients [29]. Our
study specifically found that patients prefer HCPs to provide
information and guide them through the visualizations of the
model.

Second, the timing for using predictions should also be
considered. As patients mentioned, it could be more useful when
targeted toward patients at different points in the care process.
Here, it is interesting to see if the model can be simplified, as
was requested by interested patients, and how that should be

offered. Another study on digital health tools for patients with
brain injuries [30] highlighted the importance of user testing
among these patients. This would be a good way to ensure that
the simplified model fits the patient’s needs and understanding.

Third, for HCPs, the reliability and relevance of the model are
key. HCPs focus largely on the reliability and relevance of the
model. It is essential to not only provide good reliability and
relevance but also clearly communicate the aspects to HCPs.
Reliability is essential to validate the performance of the model.
Therefore, changes in outcome reporting were considered to be
more in line with the current care [31]: divide the mRS score
into 3 categories and include predictive factors. By including
the general predictive performance of the model (eg, according
to the margin of error), the reliability can be better
communicated to HCPs. These 2 points of reliability and
relevance are very much in agreement with the guidelines for
the implementation of AI in health care [32,33]. While the
performance and generalizability of the model were not the
focus of this study, they should be properly validated before
model implementation. We found that patients focused more
on the impact on rehabilitation, the emotional aspects, and
understandability.

Fourth, HCPs and patients should understand the goal of the
prediction model. This understanding can improve adherence
and the willingness of HCPs to cooperate, which are essential
for the adoption of the model in practice [32]. This matched our
results, as this was one of the main points of the HCPs in both
focus groups and the questionnaire survey. We aimed to clarify
the goal of the prediction model after the focus groups.
However, the questionnaires showed that the goal of the
prediction model was still unclear to some HCPs, even after a
more detailed explanation in the introduction of the
questionnaire. This could be mitigated by properly informing
HCPs, for example, by providing in-person training or a detailed
demonstration of the model. It is also essential to highlight the
goal of the explainability aspect of the model. The visualizations
showed to what extent certain factors contributed to the model’s
decision, but that did not mean changing those factors would
necessarily lead to a different outcome for the patient. For
example, while the model might assign high importance to a
certain treatment in the prediction of negative outcomes, it does
not mean that not performing this treatment would lead to a
better outcome.

Finally, all participant groups showed a preference for a more
visual model. This matches the general consensus in
visualization science, which argues for presenting numerical
data in simple visualizations, such as bar or pie charts [15]. Our
results showed that this is even more relevant for patients who
have experienced a stroke. However, the visualizations that we
used relied on red and green bars to highlight the importance
of features, which can be an issue for colorblind people [34].
While none of our participants reported issues related to
colorblindness, it should be adapted to a more inclusive
visualization.

Strengths and Limitations
One of the main strengths of this study was the involvement of
different stakeholder groups, including patients, informal
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caregivers, and HCPs, with different roles. Moreover, the double
setup with separate focus groups and questionnaires allowed
for a check of agreement between the results of the different
methods. One limitation to consider is our use of convenience
sampling, which could have skewed the results. People with
very severe stroke or with trouble reading or understanding
were not represented. For HCPs, we mainly included people
who were already open to research and new developments. The
interviews with patients and informal caregivers were performed
several months after the CVA, so their actual responses at the
time of discharge might have been different. Moreover, we used
mock-ups for the visualizations and not “real” predictions based
on actual patient data. Although the visualizations were based
on our existing models and data as much as possible, this was
not a personal prediction. This made the visualizations more
difficult to understand than expected, and the focus groups might
have been more efficient with a functional model based on the
actual patient data.

For the questionnaires, we had a relatively small sample size,
and therefore, we did not perform any statistical analyses. As
there was high agreement among the HCPs and the majority
(9/16) of invited HCPs responded, it is likely they are a
representative sample of the HCP group in the hospital, but we
cannot know this for sure. Moreover, this group did not include
all HCPs involved in stroke care. It is possible that physical
therapists or general practitioners would have a different outlook
on the prediction models, as they might be more involved in
the rehabilitation of patients or involved at a different point in
rehabilitation care. Lastly, this study was limited to a single
hospital in the Netherlands. Differences between hospitals and
especially between medical practices among countries can
impact the generalizability of our results. Combining these
limitations, we would recommend a quantitative follow-up study
based on our questionnaire. Preferably, this should be a
multicenter and international study to confirm the
generalizability of our results outside the confines of our
hospital.

Implications and Future Directions
From this study, we can extract lessons to be considered when
implementing AI in medicine in general. An important aspect
is that the need for information provision is highly variable

between groups as well as individuals. The results of the
prediction model can be highly personal, and similarly, the
needs of a patient and the setting and specific illness of the
patient can be personal. It is essential to clearly define the
purpose of the tool, as there are not only different levels of
understanding but also different priorities. For example, patients
do not always appreciate detailed information, especially if the
information is not actionable but only informative. It is also
essential to consider a model that can have multiple purposes.
A model, such as ours, could also be used for advanced resource
planning in rehabilitation clinics by estimating the future
demand on the clinics and evaluating the effectiveness of the
rehabilitation.

An important point is to investigate how to include patients who
struggle with technology due to language, socioeconomic, or
medical issues. For example, this study excluded non-Dutch
speakers, but HCPs mentioned that language issues could further
complicate explaining the expectations of recovery. This
difficulty in communication should not be increased by a new
technological tool or prediction model. Relying more on
technology can lead to more inequality in care [35], especially
for vulnerable patients, such as stroke patients [32]. One effort
that can prevent such issues is the development of a
comprehensive framework for AI implementation in health care
and the creation of a roadmap for AI implementation. Such
frameworks are being developed [31,33], but none of them are
exhaustive, and having resources that detail considerations for
AI application and evaluation are still necessary to develop AI
with meaningful medical applications [33].

Conclusions
The findings of this study show that participants are generally
positive toward a prediction model for long-term outcomes of
rehabilitation after stroke in CVA care under certain conditions,
with a general preference for a more visualized prediction
model. The prediction model should be geared toward HCPs,
as they can provide the context necessary for patients and their
informal caregivers. For HCPs, good reliability and relevance
of the prediction model are essential for its proper integration.
We recommend a quantitative follow-up study to confirm these
results in multicenter and international settings.
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Abstract

Background: Problem gambling and gambling disorder cause severe social, psychiatric, and financial consequences, and
voluntary self-exclusion is a common harm reduction tool used by individuals with gambling problems.

Objective: The aim of this study was to explore users’ experience of a novel nationwide, multioperator gambling self-exclusion
service, “Spelpaus,” in Sweden and to inform stakeholders and policy makers in order to improve harm reduction tools against
gambling problems.

Methods: Semistructured interviews were conducted with 15 individuals who reported self-perceived gambling problems and
who had experience of having used the self-exclusion service Spelpaus in Sweden. Interviews were transcribed and analyzed
through qualitative content analysis.

Results: We identified 3 categories and 8 subcategories. The categories were (1) reasons for the decision to self-exclude, (2)
positive experiences, and (3) suggestions for improvement. The subcategories identified a number of reasons for self-exclusion,
such as financial reasons and family reasons, and positive experiences described as a relief from gambling; in addition, important
suggestions for improvement were cited, such as a more gradual return to gambling post–self-exclusion, better ways to address
loopholes in the system, and transfer from self-exclusion to treatment.

Conclusions: Voluntary self-exclusion from gambling, using a nationwide multioperator service, remains an appreciated
harm-reducing tool. However, transfer from self-exclusion to treatment should be facilitated by policy making, and loopholes
allowing for breaching of the self-exclusion need to be counteracted.

(JMIR Hum Factors 2025;12:e66045)   doi:10.2196/66045

KEYWORDS

gambling disorder; gambling addiction; behavioral addiction; harm reduction; self-exclusion; voluntary self-exclusion; Spelpaus;
lived experience; human factors; usability; qualitative study

Introduction

Background
Gambling disorder is a behavioral addictive disorder known to
cause severe financial, social, and mental health consequences
to affected individuals [1-3]. Among the harm-reducing or
harm-preventive strategies used against gambling-related harm,

voluntary self-exclusion is a well-established responsible
gambling measure aiming to prevent and reduce the damage
that can be caused by gambling [4].

Through self-exclusion, gamblers can voluntarily suspend
themselves from gambling. However, 1 well-known limitation
of self-exclusion services may be the possibility to gamble with
another operator than the one the gambler has been self-excluded
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from [5]. Gamblers are therefore usually required to self-exclude
from multiple different operators. Consequently, in recent years,
to further prevent gamblers from breaching their self-exclusion,
it has become more common to offer gamblers the possibility
to self-exclude from multiple operators at the same time.

In January 2019, the legislation for the Swedish gambling
market changed, and monopoly was replaced by a
license-regulated market [6]. This regulation meant that
gambling operators, including overseas operators, needed to
apply for a Swedish gambling license to operate on the Swedish
market. In connection to the new regulations, the nationwide
self-exclusion service “Spelpaus” was launched. Gambling
operators with a Swedish license must adhere to this
self-exclusion service, along with a series of other measures for
responsible gambling. Spelpaus offers the possibility to
self-exclude from all gambling operators with a Swedish license
for 1, 3, 6, or 12 months. Self-exclusion cannot be canceled
prematurely, and if the 12-month option is chosen, the
self-exclusion continues beyond the 12 months, unless the
individual actively chooses to cancel it after that period.
Self-exclusion via Spelpaus also prohibits gambling operators
from sending direct advertisements to self-excluded customers.

Spelpaus is in many ways a unique harm-reducing tool since it
is nationwide, covers all licensed gambling operators (both
online and land based), and can be accessed separately from the
gambling operators. Thus, it theoretically represents a novel
harm reduction strategy over and above other responsible
gambling measures. Indeed, theoretically, this system may have
a larger coverage and fewer loopholes (ie, fewer practical
possibilities to turn into other gambling modalities and gamble
despite self-exclusion) compared to a self-exclusion system
involving 1 or few gambling operators. Around 100 gambling
companies have a Swedish gambling license, with most of them
operating exclusively online.

The prevalence of gambling problems in the Swedish population
is estimated to be approximately 0.5% on a diagnostic level and
a total of 1%-2% with at least moderate-risk gambling according
to the Problem Gambling Severity Index [7,8]. Formal treatment
seeking, or treatment provision, is low; less than 1000 people
annually receive a gambling disorder diagnosis in the whole of
Sweden, and even when taking other care providers into
considerations, it can be assumed that only a small minority of
people with a gambling problem on a diagnostic level receive
formal treatment [9]. In contrast, low formal treatment seeking
is often described in gambling disorder; however, a more
informal but still active help-seeking behavior appears to be
common, and voluntary self-exclusion from gambling can be
part of this [10].

In Sweden, around 110,000 inhabitants are enrolled in Spelpaus
[11], a number that has steadily increased since the launch in
2019 [12]. Thus, we believe that an increasing number of people
with problematic gambling are attempting to intervene against
their problem through self-exclusion, although we must consider
that people without gambling problems also choose to
self-exclude.

The steady increase in registrations in Spelpaus indicates that
it is perceived as a helpful tool for many people. However, there

are also limitations in the self-exclusion service, making it
possible to breach the self-exclusion. Such a limitation is that
Spelpaus only covers operators with a Swedish license, therefore
making it possible for gamblers to gamble with overseas
operators outside the Swedish license gambling market. In a
2020 web survey among gamblers, 38% of gamblers stated that
they had gambled with unlicensed operators, while being
self-excluded through Spelpaus [13], and in a later survey in
2022, the corresponding figure was 49% [14]. In another survey,
conducted by the Swedish Gambling Authority, 25% gamblers
stated that they had gambled with unlicensed operators during
their self-exclusion [15]. In addition, continued gambling despite
self-exclusion remains part of the clinical picture in clinical
gambling disorder treatment in this setting [16].

Previous international experience of responsible gambling tools
has demonstrated not only the feasibility of self-exclusion
services and their use by individuals with gambling problems
[4,17,18] but also that users experience limitations of these
services [10,18]. Altogether, previous research calls for more
in-depth examinations of user experience with self-exclusion
services and suggestions for improvement of their effectiveness.
In particular, this is relevant for the present type of
self-exclusion service, which theoretically has been designed
to overcome well-known limitations of older self-excluson
systems; this novel Swedish service (1) is government based
and independent of gambling operators, such that an individual
does not need to enter a gambling site in order to self-exclude;
(2) covers all licensed operators in the country and therefore
prevents the possibility to change between licensed operators
during an ongoing self-exclusion period; and (3) involves both
land-based and online-based operators.

Thus, altogether, the relatively recent introduction of a unique,
large-scale, multioperator self-exclusion service in Sweden has
attracted a large number of users, but it is hindered by the risk
of breaching one’s self-exclusion to an extent that is clearly of
relevance in the treatment setting. Therefore, it is of great value
to study which effects of the Spelpaus service are perceived as
favorable and challenging by its users and to also study this in
more detail than in previous quantitative survey studies.

Aim
Based on the aforementioned research gap, the aim of this study
was to enhance comprehension of the user experience of the
Spelpaus service within the gambling community and to acquire
a more profound insight into the reasons for use of this harm
reduction tool and its advantages and challenges. Thereby, the
overarching goal of the study was to inform policy makers about
potential drawbacks and the potential for improvement of the
harm reduction tool.

Methods

Study Design
This research was exploratory in nature. A semistructured
interview guide was developed to ensure the exploration of
diverse perspectives and experiences related to Spelpaus.
Notably, this study represents the first attempt to
comprehensively examine user experiences of Spelpaus, thus
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justifying the use of qualitative content analysis for its
methodological flexibility. The protocol of this study has been
published previously [19].

An initial interview guide was developed based on the study’s
aim and research questions. A test interview with a peer support
worker who had experience with self-exclusion services was
conducted, leading to refinements of some questions to be more
open ended. Further details of the interview questions are
provided in the study protocol [19].

Context
The study was conducted in Sweden, a country with
approximately 10.4 million inhabitants, where gambling is
prevalent, with around 56% of individuals aged from 16 to 84
years having engaged in gambling activities in the past year.
Moreover, 18% gamble at least once per month. The prevalence
of gambling is higher among men aged 45-84 years, and online
gambling has increased markedly in popularity in Sweden over
the past decade [20]. Problem gambling in the present setting
is predominated by online casino gambling and sports betting,
with online casino gambling representing a large majority of
patients seeking treatment at a gambling disorder facility in
Sweden [16].

Sweden has a license gambling market since 2019, where online
and land-based gambling operators are allowed to operate,
provided they adhere to a number of responsible gambling
regulations, one of which is adherence to the nationwide
Spelpaus service. The legal gambling age in Sweden is 18 years
[6]. After being a more traditional, land-based gambling market,
but with a large predominance of a government-owned gambling
monopoly for many years [21], the Swedish gambling market
was gradually increasingly affected by overseas online operators,
which represented a large proportion of visible gambling
advertising despite their unregulated status [22]. This led to the
decision to liberalize the gambling market into a licensed, but
controlled, market from 2019. Given the new license-based
gambling market since 2019, and thereby the relative recency
of a unique self-exclusion service, the present setting is of
interest to assess the qualities and challenges of such a new
harm reduction instrument.

Potential stakeholders and users of the study’s findings may
include policy makers, public health officials, mental health
professionals, gambling addiction counselors, researchers in
the field of addiction studies, advocacy groups, and individuals
and families affected by problem gambling. The insights
garnered from this research could inform the development of
targeted interventions, public health campaigns, regulatory
measures, and support services aimed at addressing and
mitigating the adverse effects of gambling behavior within the
Swedish population.

Recruitment Process
Criterion sampling was used in the recruitment process.
Participants were selected based on 2 critera: (1) being 18 years
old or older during the time of the interview and (2) having
previous or ongoing experience of using Spelpaus (any
experience was enough, and it was not a requirement that the
self-exclusion be in close temporal association with the

interview). Recruitment was conducted online through social
media advertisements managed by Trialy, a company
specializing in research recruitment. Potential participants
received information about the study and registered their interest
via the Trialy website, completing a short online survey
regarding their age and experience with Spelpaus. Eligible
individuals were contacted by the first author (JT) and provided
with additional study information. They were then sent written
information about the study and about participants’ rights and
asked to sign and return (by mail) an informed consent form.
When written consent was obtained, an interview was scheduled.
Individuals were recruited during spring-summer 2023.

Sample
In total, 13 men and 2 women, aged between 31 and 62 years,
participated in the study, representing various regions of
Sweden. All participants reported either a gambling problem
or identified themselves as being at risk, with prior or current
experience using the Spelpaus self-exclusion service. This
gender distribution aligned with existing research findings on
gambling demographics in Sweden, which indicate a higher
prevalence of gambling-related issues among men [16]. The
gambling types involved in each person’s gambling pattern
were reported. Although the study did not systematically record
whether gambling occurred (and had occurred) in online-based
or land-based settings, the distribution of gambling types
reported by the participants was comparable with the gambling
types typically seen in Swedish problem gambling treatment
settings, where online casino and sports betting is predominant
[16].

Interviews
All interviews were digital (both video and audio) and were
carried out by the first author (JT) of the paper, who has
experience in qualitative interviewing and psychiatric research,
especially in psychiatric research, ensuring a sensitive and
nuanced data collection approach. The interviews were
audiorecorded but not videorecorded and lasted between 23 and
67 minutes. During the interview process, the authors
continuously reviewed and assessed the interviews to discern
recurring patterns. Following the completion of 12 interviews,
the emergence of new categories began to decline. In the final
2 interviews, only categories closely aligned with those
identified previously surfaced. Consequently, the authors made
the decision to conclude recruitment for the study. All interviews
were then transcribed verbatim by the first and second authors
(JT and SH).

As compensation for their time and efforts in the study, all
participants received 2 cinema tickets.

Researcher Characteristics and Reflexivity
Our research team included professionals in psychiatry and
social work, with substantial experience in qualitative research
and interviewing. Throughout the study, we reflected on our
backgrounds and preconceptions, particularly regarding
gambling disorders and harm reduction strategies, and their
potential influence on data interpretation. This reflexivity was
integrated into our coding and analysis discussions to include
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multiple perspectives and thereby to expand our own
perspectives.

To ensure trustworthiness, triangulation was used throughout
the analysis process. Multiple researchers independently coded
the data, followed by discussions to reach consensus, minimizing
the influence of individual biases and ensuring comprehensive
data representation.

Data Analysis
This study used qualitative content analysis as the primary
method for data analysis, chosen for its flexibility in
systematically describing textual data, aligning well with the
exploratory nature of this research. The analysis focused on
manifest content, which involves identifying clear, descriptive
categories that summarize data without deeper interpretive
meanings. As noted by Graneheim and Lundman [23], categories
represent the descriptive level of content and express the
manifest content of the text, consistent with this study’s goals.
We deliberately chose not to identify themes, aiming instead to
capture the descriptive aspects of participants’ experiences, a
recommended approach when focusing on manifest content
rather than latent content [24,25]. Although themes can provide
interpretative layers, we chose not to use them in this analysis,
maintaining a descriptive focus to capture clear, observable

patterns in participants’ experiences with Spelpaus. This
approach reflects the strength of qualitative content analysis in
emphasizing the descriptive aspect without requiring thematic
depth when the aim is to focus on manifest content [23].

The qualitative content analysis followed Graneheim and
Lundman’s [23] approach, focusing on identifying categories
that represented the manifest content of participants’ responses.
Key analysis steps included repeated readings of the transcripts
by 3 authors (JT, SH, and HH), identifying meaning units,
condensing those units, and labeling them with codes, which
were then grouped into categories based on similarities. The
transcribed interviews were read through repeatedly and
independently, and then the material was discussed by all
authors. The content of the interviews related to the aim of the
study was divided into meaning units, which were then
condensed and labeled with codes. Similarities and differences
in the codes were identified before they were divided into
different categories and subcategories (Table 1). All steps of
the analysis process were carried out separately and then
discussed within the group to reach consensus. Various meetings
within the group were held during the analysis process to discuss
the different findings before a consensus about the results was
reached.

Table 1. Examples of the data analysis process.

SubcategoryCategoryCodeCondensed meaning unitsMeaning unit

Prevention of future gam-
bling problems

Positive experiencesSatisfaction with SpelpausThe gambling stop should
really apply to everything.
Because the brain will al-
ways find a way otherwise.
The good thing is that it is a
stop, you cannot just change
your mind. I think that is
important.

“If you should have a gam-
bling stop like this, it should
really apply to everything,
because the brain will al-
ways find a way otherwise.
This is the good thing—that
it is a stop. You can’t make
a phone call, you can’t just
change your mind, because
now it is a stop. I think that
is very important.” [Male
participant, 31 years old]

Addressing loopholesSuggestions for improve-
ment

Suggestion for improve-
ment: to also stop overseas
gambling sites

The downside is that it gives
a little bit of a false sense of
security. When it comes to
certain people who gamble
on other sites, it does not
help anything.

“Well, the downside is that
it gives a little bit of a false
sense of security. At least
when it comes to certain
people...as if you gamble on
other gambling sites...it
doesn’t help anything.” [Fe-
male participant, 35 years
old]

Ethical Considerations
The study was conducted according to the principles of the
Declaration of Helsinki and was approved by the Swedish
Ethical Review Authority (approval number 2022/06933-01,
amendment 2023/01684-02). All participants received oral and
written information about the study and about participants’

rights, prior to signing a consent form. Written informed consent
was obtained from all participants.

Results

Participant Details
A detailed description of the 15 participants is presented in
Table 2.
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Table 2. Background information about the participants (N=15).

Participants, n (%)Characteristics

Social relationships

8 (53)In a relationship

9 (60)Have children

Gambling form

3 (20)Casino

1 (7)Sports betting

0Horse race betting

1 (7)Lottery

2 (13)Casino + sports betting

3 (20)Casino + poker

1 (7)Casino + horse race betting

4 (27)>2 different gambling forms

Enrolled in Spelpaus at the time of the interview

10 (67)Yes

3 (20)No

2 (13)N/Aa

In active gambling at the time of the interview

3 (20)Yes

11 (73)No

1 (7)N/A

Number of times using Spelpaus

4 (27)1

11 (73)≥2

Chosen time interval of self-exclusion

7 (47)12 months

3 (20)1, 3, or 6 months

5 (33)Both of the above

Overseas gambling during Spelpaus

6 (40)Yes

9 (60)No

aNot applicable.

Categories and Subcategories
As shown in Table 3, we identified 3 categories: motivations
and reasons for self-exclusion (including triggers, such as
financial strain and concern for close relationships), perceived

positive experiences (eg, reduced gambling urges and improved
quality of life), and challenges and suggestions for improvement
(notably, breaches through unlicensed gambling sites and lack
of integrated support).
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Table 3. Categories and subcategories.

SubcategoriesCategory

Reasons for the decision to self-exclude • Precipitating factors
• Self-awareness of gambling habits
• Concern for close ones

Positive experiences • Prevention of future gambling problems
• Improved quality of life

Suggestions for improvement • Integrated support systems
• Addressing loopholes
• Practical enhancements

Reasons for the Decision to Self-Exclude
The motivations underlying the choice to use the self-exclusion
service were multifaceted, often encompassing a combination
of factors.

Precipitating Factors
Numerous participants reported specific events that precipitated
heightened gambling activity, ultimately leading to the decision
to self-exclude. Common triggers included winning a large
amount of money and quickly gambling it away, traumatic
family incidents, interpersonal conflicts, financial struggles,
and the onset of the COVID-19 pandemic. For instance, 1 (7%)
participant articulated:

I was facing unemployment without insurance, which
exacerbated my gambling tendencies. Although I
secured employment thereafter, the meager income
did not deter my gambling. The resurgence of
COVID-19 in September restarted my gambling
habits, leading to a downward spiral. [Male
participant, 44 years old]

Additionally, some participants opted for self-exclusion to
prevent the risk of others accessing their gambling accounts as
part of gambling-related criminal behavior. An example of this
was the following interviewee who had a gambling problem
but who also had a family member with a severe gambling
problem:

...At the same time, this has helped us a lot every time
she has wished to gamble on our accounts. [Female
participant, 35 years old]

Another reason to self-exclude was because the individual
wished to facilitate debt settlement, as self-exclusion was a
prerequisite for debt relief applications.

I applied for a debt settlement, but since I did not take
it [self-exclusion] for a year, I did not get it…I would
like to make another attempt for a debt settlement
application, but then I probably have to take a
12-month period [of self-exclusion] as well.

Self-Awareness of Gambling Habits
A prevalent reason for self-exclusion was an enhanced
awareness of one’s gambling behavior. Participants
acknowledged excessive gambling tendencies, albeit with
varying perspectives on whether they had developed a

full-fledged gambling problem or were teetering on the brink
of one. Fueled by these insights, individuals opted for Spelpaus
to forestall further progression into problem gambling or to
address existing issues. As 1 (7%) participant reflected:

I have had a realization, particularly in recent
months...I recognize that I need to address this
behavior before it escalates. [Female participant, 56
years old]

This introspective process often unfolded gradually, sometimes
facilitated by professional guidance or peer support.

Concern for Close Ones
Many participants described the adverse impact of their
gambling habits on loved ones, with 10 (67%) individuals
mentioning that their loved ones had been negatively impacted
to a great extent. Financial strain, deceit, and compromised
relationships were common themes. Some participants lamented
fractured relationships resulting from their gambling, while
others acknowledged the toll gambling took on family bonds
and quality time spent together. One participant expressed:

It is not just about the money lost—it is the betrayal,
the lies...and the time squandered gambling instead
of being with my family that truly stings. [Male
participant, 39 years old]

Although self-exclusion was often an independent decision,
familial influence or shared deliberation with loved ones also
played a role. The following 2 (13%) citations are examples of
this:

The relationship with my parents is starting to get a
little bit better; for many years, it was pretty bad.
They have helped me out with money a lot of times.
Every time I call them, they think I am going to ask
them for money again, so it [gambling] has hurt our
relationship a lot. [Male participant, 44 years old]

If you fail in a game or something, you get kind of
aggressive, depressed, and angry. You also get very
affected emotionally. If you bet on 7 games and 1 of
them fails, you get upset, angry, or sad. It has affected
my close ones the most. [Male participant, 40 years
old]

Positive Experiences
Participants identified several benefits associated with using
the Spelpaus self-exclusion service.
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Prevention of Future Gambling Problems
Self-exclusion was perceived as a preemptive measure to
safeguard against relapse into gambling behaviors. Even
individuals who had not experienced gambling urges for an
extended period recognized the potential for future vulnerability.
By enacting self-exclusion, participants closed the door to
impulsive gambling, thus mitigating the risk of relapse. Several
participants credited the Spelpaus service for preventing
immediate urges to gamble. A couple of the participants who
began gambling again described how they after the end of the
self-exclusion period managed to gamble in a more controlled
way than before.

After the self-exclusion, it was much more under
control. I gambled a lot less, bet smaller amounts…if
I felt I need to limit it now or I have to stop now. When
you feel it is starting to be too much or take too much
time, you feel a little self-control. Then I take a free
weekend or several days free from betting, and after
that, I bet a little, and then it feels like everything is
under control. [Male participant, 40 years old]

Another participant described the partial effect on gambling,
primarily on impulse-driven uncontrolled gambling:

A part of me does not really want to say goodbye and
never gamble again, but I want it to be at a
reasonable level. It is at ATG [Swedish horse-betting
company]. I am staying there. I think I gamble for 96
(Swedish) kronor a week now, but it was still that
break (self-exclusion) that forced me to deal with it
somehow. [Male participant, 55 years old]

Improved Quality of Life
Many participants reported enhanced well-being during the
self-exclusion period. Freed from the grip of gambling,
individuals experienced a newfound sense of calm, happiness,
and control over their lives. Moreover, self-exclusion provided
an opportunity for personal growth and self-improvement,
allowing participants to redirect their focus toward constructive
pursuits, such as physical exercise and social interactions. One
individual reflected:

You can relax because you have given away the
control to something else…once I have chosen to
self-exclude, I cannot do anything about it…and I get
so mentally relaxed, I do not have to think about it at
all anymore. [Male participant, 32 years old]

Financial stability and restored trust within familial relationships
were also cited as positive outcomes, as 1 (7%) respondent
expressed:

My family can tell that I feel better when I do not
gamble. I am happier, more positive, and I do not call
them and ask for help. Of course, they notice a big
difference when I do not gamble. [Male participant,
31 years old]

In addition, the self-exclusion period provided an opportunity
for reflection within the motivational process:

When I had my Spelpaus, I became quite aware of
the problem, so I had a lot of thoughts about the need

to do something about this problem. [Male participant,
40 years old]

Suggestions for Improvement
Participants identified several areas for enhancement within the
Spelpaus self-exclusion service.

Integrated Support Systems
Acknowledging self-exclusion as 1 component of the
multifaceted approach to gambling cessation, participants
emphasized the need for additional support mechanisms. One
participant expressed:

My fear is that when the self-exclusion disappears, I
have not come so far that I will not get stuck in
gambling again…I think it is important that you try
to solve your problems when you are self-excluded.
[Male participant, 43 years old]

Peer support groups, counseling services, and psychotherapy
were deemed vital complements to self-exclusion. However,
participants expressed reluctance to seek out support
independently, underscoring the importance of proactive
outreach and integrated support systems from within Spelpaus.
Some of the participants who considered themselves to be more
at risk of developing a gambling problem expressed that
Spelpaus alone was enough for them.

If you take a year, and you have the opportunity to
end it, then there needs to be some kind of dialogue
before, and some kind of amount limit. [Male
participant, 55 years old]

I think it should be combined with a guaranteed CBT
[cognitive behavioural therapy] or diary where you
write what you feel, what you can do and what you
think you should be able to do. Then of course, in the
best of worlds, group therapy is perhaps even better
than being digital. [Male participant, 55, years old]

Addressing Loopholes
Participants raised concerns regarding the efficacy of Spelpaus
in preventing access to overseas gambling sites. The absence
of coverage for nondomestic operators posed a significant
loophole, enabling some individuals to circumvent self-exclusion
measures. Suggestions for improvement included enhanced
international cooperation and stricter regulations on gambling
advertisements.

Practical Enhancements
Participants proposed various technical and logistical
improvements to Spelpaus, including more flexible and
expanded self-exclusion options, longer time intervals, and a
more deliberative process for ending self-exclusion periods.
Mainly, participants asked for time intervals longer than 12
months. Several participants saw it as problematic to be able to
gamble immediately after the end of a self-exclusion period.
Additionally, participants advocated for heightened demands
on gambling operators to deter relapse and streamline the
self-exclusion process.

The self-exclusion service should be able to be
developed so you cannot access overseas sites…when
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you select it, it should be covering all sites within the
EU [European Union] or something like that…that
you have a self-exclusion service for all of Europe
when you choose it. [Male participant, 62 years old]

The best thing would have been if there was a
self-exclusion site where you are self-excluded from
all gambling…that you have some kind of cooperation
with other countries and everything and that it will
be a stop everywhere. [Female participant, 35 years
old]

Several respondents stated that the possibility of returning to
gambling after the self-exclusion period should still be hindered
or slowed down in order to prevent impulse-related relapses
even after the predetermined self-exclusion period is over. Some
examples of this was an “embargo” period during which
gambling still could not be reopened. Some participants found
themselves waiting to gamble immediately after the
self-exclusion period ended, so they suggested there be some
kind of deposit limit for all clients coming back from
self-exclusion, a mandatory telephone call or other message to
individuals for whom self-exckusion is ending, prohibition of
direct advertising to individuals immediately after a
self-exclusion period, or mechanisms making the risk of
gambling during alcohol influence smaller (eg, through
prohibition of gambling during the night).

One respondent described the need for an embargo period:

After 12 months, you should not be able to cancel it
on the same day; it should be 1, 2, 3 months
notice…otherwise, when 12 months have passed, you
can just gamble without any restrictions. [Male
participant, 32 years old]

Other respondents described the need for other possible
measures to apply in the policy of self-exclusion:

After the self-exclusion ended, the advertising started
coming again. It becomes like a reminder. So one
could simply get going and gamble again! [Male
participant, 31 years old]

There should be some time to think it over when a
client has asked to come back to gambling again.
Some time should elapse, and then the person should
be asked again. After some time, you should be asked
about whether you really want to gamble again. There
are people who get a kick, but after some time, that
feeling migh pass again. [Male participant, 44 years
old]

Discussion

Principal Findings
This study aimed to deepen the understanding of the user
experience of a nationwide, multioperator self-exclusion service,
beyond what is known from recent quantitative research studies
with web panel members and clinical data from patients in
treatment for a gambling disorder. The potential challenges of
a multioperator self-exclusion service have been demonstrated
in surveys, showing that primarily among individuals with
highly intense gambling practices, self-exclusion is popular but

often breached by its users [13,14]. However, advantages of
being self-excluded, and a deeper understanding of how this is
related to the challenges of the method, largely remain to be
understood.

Here, this qualitative study resulted in the description of 3
overarching categories that provide a deeper understanding of
the problem: the main reasons for the decision to self-exclude,
the advantages perceived by the users of this method, and the
users’ suggestions for improvements.

The decision to self-exclude from gambling platforms is often
prompted by a sudden realization of escalating gambling
behavior and a subsequent desire to regain control. Although
the development of a disordered gambling pattern or financial
difficulties were reported to have contributed to the decision to
self-exclude, it was also reported, less expectedly, that
self-exclusion may also be triggered by a wish to prevent another
person from gambling on one’s account. This may be a less
expected reason for self-exclusion and will merit further
investigation, especially in relation to the role of gambling in
criminal behavior. Gambling or conducting financial transactions
using somebody else’s identity may represent one of the features
of a severe gambling problem and also constitutes a criminal
act [26].

Importantly, the role of the gambler’s concerned significant
others emerged as one of the reasons for self-exclusion. This
highlights the importance of further addressing the interplay
between individuals with gambling problems and their close
ones and may also facilitate treatment processes if families of
the affected individual are actively involved. This finding is
consistent with previous research indicating that concerned
significant others can favor treatment seeking and a favorable
treatment outcome in their near ones with gambling problems
[27,28]. In addition, the active participation of partners in the
treatment of patients with a gambling disorder can be beneficial,
both to the outcome of the affected patients and to the well-being
of patients and their partners [29]. Thus, altogether, concerned
significant others appear to play an important role through
different phases of help seeking in individuals with problem
gambling, even in the earlier harm-reducing interventions that
self-exclusion is meant to represent.

Furthermore, the data showed that one reason for self-exclusion
may be the intention to demonstrate one’s willingness to quit
gambling when formally applying for a public service where
this is either required or believed to have an effect favoring the
application process. This type of instrumental decision to
self-exclude in order to obtain specific services or to fulfill
expectations of external decision makers rarely has been
reported in this context before. Whether this happens as part of
an individual motivational process or entirely based on the
requirements from others remains to be studied.

When external factors are cited as a reason to self-exclude,
whether it be the concern of family members or the requirements
from a treatment setting or authority, it can be argued that the
choice to self-exclude does not represent the same decisive step
in a motivational process as it does when an individual
self-excludes based on their own decision to stop gambling in
order to prevent or alleviate symptoms of addiction. Thus, the
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possibly different levels of personal commitment associated
with self-excluding will be relevant to include in the theoretical
framework of self-exclusion in the future.

Overall, many favorable effects from self-exclusion were cited,
despite previous experience where research has highlighted
some major limitations of this service. Previous studies have
been conducted using quite different methodologies, relying on
larger quantitative data sets from online surveys [13,14] and
clinical documentation [16], and where the findings were
primarily the high rates of breaching one’s self-exclusion within
this service. This paper, importantly, adds to the literature
regarding the present type of multioperator, nationwide
self-exclusion service; in previous publications from this setting,
it has been highlighted that the rate of breaching of one’s
self-exclusion is high in people with a gambling disorder [16]
or with intensive online gambling patterns [14]. Here, several
respondents described a large favorable impact on life after
having self-excluded. Therefore, the description of more
favorable experiences from this study provides a valuable
experience, which contributes to the overall picture of this
model, and strongly deepens the understanding of how this
service fairs in affected individuals, over and above previous
analyses conducted with quantitative methodology.

Although self-exclusion offered a respite from gambling-related
stressors, several suggestions for improvements of the system
emerged from the interviews. Participants emphasized the
importance of holistic support systems and regulatory measures
to augment its efficacy as a harm reduction tool. Suggestions
for improvement partly followed what could be expected from
previous web survey studies on gamblers; as many individuals
who self-exclude also struggle with the risk of relapsing on
overseas and nonlicensed gambling sites, users desired further
legislative efforts making it possible to also self-exclude from
other services, including those that are registered outside the
present jurisdiction. Gambling in unlicensed, overseas online
casinos has been reported to be the most common means of
breaching one’s self-exclusion period, as reported in the online
surveys previously conducted here in this setting [13,14]. Thus,
one major implication of this is the political process of how to
exclude unlicensed gambling operators from the gambling
market or to prevent financial transactions to gambling
companies operating abroad. The legal framework and technical
boundaries of this go beyond the scope of this study, but these
findings highlight the need for gambling regulations to stretch
beyond the controlling of the land-based gambling opportunity
within each geographical jurisdiction.

One important and relatively novel suggestion was the linking
between a mere harm-reducing self-exclusion service and actual
therapeutic efforts against the addictive disorder. Importantly,
this would move the purpose of the self-exclusion service from
being an anonymous electronic support tool to actually providing
a conduit to treatment. Treatment seeking in gambling disorder
is known to be low, with several barriers reported [18].
Importantly, it has been reported that despite perceived barriers
against treatment seeking, individuals with gambling problems
may use more informal ways to seek help and not necessarily
formal enrolment into psychotherapeutic treatment. For example,
this may involve access to online advice or other online tools

to facilitate a behavioral change [10]. In that aspect, any degree
of referral from self-exclusion to different degrees of online
support, advice, or treatment may be a way forward to improve
the outcome of a person with gambling problems, over and
above the effect of self-exclusion per se.

Such a system of transferring self-excluding clients to addiction
treatment has not, to the best of our knowledge, been described
in previous literature, and this may suggest a new area of
research. For example, in such a system, it would have to be
considered whether there is a potential barrier against enrolling
in a self-exclusion service if it may, under some conditions,
trigger a personal contact from a gambling operator, from a
public authority, or from a treatment provider. However, it has
been demonstrated that unsolicited motivational telephone calls
to people displaying hazardous gambling habits may be a way
to lower wagering and increase harm-reducing measures [30,31]
and that acceptability of such motivational efforts appears to
be high [32]. Thus, if self-exclusion from gambling would
trigger an outreach effort aiming to improve the individual’s
gambling, it could be argued that this would not require a formal
therapist-guided treatment but possibly may involve a brief,
personalized intervention but with the capacity to refer
individuals to further treatment when needed. Such
individualized, personalized normative feedback has been
suggested to be effective in other treatment or harm reduction
interventions in problem gambling [33,34] and can initiate or
enhance an internal motivational process in affected individuals,
over and above the effects from the sole self-exclusion.

Likewise, another expansion of the self-exclusion tool, as
suggested by this study, would be to slow down the procedure
of opening up gambling opportunities after the self-exclusion
period is terminated. This would also be a novel strategy that
would require further study, but potentially, given the loss of
the control component in gambling disorder, a more gradual
onset of gambling after the self-exclusion period may provide
further possibility to consider one’s choice to gamble and may
reduce the harm potentially associated with a sudden onset of
high-risk gambling. Likely, any tool that slows down access to
online gambling may potentially have a harm-reducing and
relapse-preventing effect [35].

Overall, including the considerations made by interviewees in
this study and their suggestions for improvement, a
self-exclusion service generally appears to be promising and
possible to increase even further. However, the major obstacle
to this method, the risk of breaching one’s self-exclusion through
the use of gambling sites outside of the system, may remain.
Here, one also has to consider the fact that the choice to
self-exclude may cause the gambling patterns upon a potential
relapse to happen on an unlicensed market and thereby with a
lower degree of control than inside a licensed market. Previous
experience, however, has pointed out that in individuals with
extremely intense gambling patterns, such gambling patterns
may happen on many operators, and a limit set upon one’s
gambling in one setting may be followed by gambling on
another site. Still, even when this happens, such as during a
deposit limit imposed during the COVID-19 pandemic in
Sweden, still many clients report such a limit to be favorable
and to have decreased their gambling pattern, rather than the
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opposite [36]. Thus, although a method such as self-exclusion
cannot hinder all types of gambling, it may still have
motivational effects that limit the money lost and limits some
of the consequences even in a high-risk gambling behaviour.

Strengths and Limitations
This study has a number of potential limitations, but given the
novelty of the research topic and the merits of an in-depth
qualitative study design, it also has considerable strengths.
Recruitment via social media advertisements and digital
interviews can be considered as both a strength and a limitation.
The recruitment method enabled recruitment without any
geographical limitations, therefore enabling a wide sample of
individuals with different backgrounds, gambling habits, and
experiences. However, it is possible that advertisements in social
media attract interviewees with slightly different views on and
experiences of self-exclusion from gambling than help-seeking
individuals or individuals currently attending some type of
land-based or online-based gambling venue. In contrast, the
capacity of a qualitative design to identify a range of different
aspects of a behaviour may benefit from this type of broad
recruitment.

Digital interviews may represent another limitation, as these
cannot readily be compared with physical interviews. Small
changes in tone and body language are easily overlooked when
the interview is held online. Meanwhile, the use of digital
interviews in this study substantially facilitated data collection,
widened the possibility to participate from the whole country
rather than only locally, and may have facilitated recruitment
of affected individuals who may not readily disclose their
personal suffering and show up in person in a mental health–and
addicion-oriented research unit. Indeed, challenges, but also
potential advantages, of online qualitative research interview
have been discussed in the research literature in recent years
[37], pointing to the fact that such online interviews can play
an important role in qualitative research.

Another potential limitation is the time aspect; some of the
participants had recent or even ongoing experiences of Spelpaus,
while others had been using it further back in time. Although
this may be seen as a limitation, their information about their

Spelpaus-related experience still is of great value (ie, as their
ongoing or previous experience).

Additionally, the absence of a diagnosis of gambling gisorder
as an inclusion criterion means that assessments of participants’
gambling problems relied solely on self-reported statements
and estimations, which may not capture the full spectrum of
gambling-related issues. This limitation underscores the
possibility that experiences with Spelpaus may vary based on
individuals’ level of gambling problems.

However, this study addressed a novel research issue and has
strengths in a number of aspects. This is, to the best of our
knowledge, the first qualitative study centered around the users’
experiences of the relatively novel and unique nationwide
self-exclusion service. Consequently, it offers updated and
in-depth insights into gamblers’ experiences with Spelpaus,
elucidating its advantages and challenges as a harm reduction
tool.

Conclusion
This qualitative study aimed to deepen the knowledge about
and understanding of a novel nationwide service for
self-exclusion from gambling. This includes the experience of
individuals who have a history of being self-excluded, including
their reasons for self-exclusion and their experience of the
system’s merits and challenges. Based on the interviews, this
study suggests that although breaching one’s self-exclusion
remains a challenge, users of this service also report major
advantages from being self-excluded. Users suggest further
improvements to the self-exclusion model, such as international
collaboration in order to prevent overseas gambling operators
offering gambling outside of the self-exclusion system and also
structured links from self-exclusion to further help and support,
possibly also involving formal treatment. The study provided
new information about self-exclusion and about a broader ranges
of reasons for self-excluding, over and above the reporting of
severe gambling problems (eg, the role of self-exclusion in the
relationship with concerned significant others or to prove
willingness to quit gambling). Several favorable effects from
self-excluding were reported, in addition to a need for clearer
obstacles against going back to gambling once self-exclusion
ends.
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Abstract

Background: Peer support groups or web-based chats for young people offer anonymous peer support in judgment-free spaces,
where users may share their thoughts and feelings with others who may have experienced similar situations. User engagement is
crucial for effective web-based peer support; however, levels of engagement vary. While moderation of peer support groups can
have a positive impact on the engagement of young people, effective moderation can be challenging to implement.

Objective: This study aimed to identify barriers and facilitators to user engagement with, and moderation of, web-based peer
support groups among young people aged 16 to 25 years and to provide recommendations for enhancing this service.

Methods: Drawing upon the Theoretical Domains Framework (TDF) and the Behavior Change Wheel (BCW), this study
conducted qualitative interviews and gathered open-ended questionnaires from service users and moderators of The Mix, the
United Kingdom’s leading web-based mental health platform providing peer support groups for young people. Semistructured
interviews were conducted with 2 service users and 8 moderators, and open-ended questionnaires were completed by 7 service
users. Themes were coded using the Capability, Opportunity, Motivation, and Behavior (COM-B) model and the TDF. The BCW
tools were then used to identify relevant behavior change techniques to improve user engagement in, and moderation of, the
service.

Results: Thematic analysis revealed a total of 20 inductive themes within 10 TDF domains—9 (45%) for engagement and 11
(55%) for moderation. Of these 20 themes, 3 (15%) were facilitators of engagement, 7 (35%) were facilitators of moderation, 4
(20%) were barriers to moderation, and 6 (30%) barriers to engagement. Results suggest that skills, knowledge, beliefs about
consequences, intentions, emotions, and the social and physical environment are important factors influencing service users and
moderators of group chats. In particular, supporting the improvement of memory, attention, and decision-making skills of those
involved; adapting the physical environment to facilitate effective interactions; and reducing negative emotions are suggested to
optimize the value and effectiveness of peer support groups for young people’s mental health for both the service users and
moderators of these services.

Conclusions: The study demonstrates the effectiveness of the BCW approach and the use of the TDF and COM-B model to
understand the influences on behavior in a systematic manner, especially for mental health and well-being interventions. The
findings can be applied to design structured interventions to change behaviors related to the engagement with, and moderation
of, web-based peer support groups and, in turn, improve mental health outcomes for young people.

(JMIR Hum Factors 2025;12:e64097)   doi:10.2196/64097
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Introduction

Background
Young people aged 16 to 25 years are particularly vulnerable
to mental health difficulties [1]. Recent evidence shows an
increase in reported mental health problems for young people
aged 16 to 25 years, particularly following the COVID-19
pandemic [2,3]. For example, in young people aged 17 to 19
years in England, rates of probable mental disorders rose from
17.7% in 2020 [4] to 23.3% in 2023 [5]. Nevertheless, health
care systems and support often overlook the needs of young
people [6]. In the United Kingdom, 75% of young people
experience delays in accessing mental health support, leading
to a worsening of their condition [7].

Web-based mental health communities are a viable option to
bridge the mental health service gap for young people. They
offer anonymous peer support in judgment-free spaces, where
users may share their thoughts and feelings with others who
may have experienced similar situations [8]. Web-based peer
support can be asynchronous or synchronous, providing online
support in a group format, with or without moderation [9,10].
Synchronous or real-time support, such as web-based chats,
provides users with in-the-moment assistance without the delays
that can occur within asynchronous services [11,12]. Notably,
studies have shown the efficacy of web-based peer support
platforms compared to in-person talk therapies [13]. They offer
clinical effectiveness [14] and scalability for public health
impact, enabling outreach to a larger population [13]. Therefore,
there is a strong argument for the use of web-based peer support
platforms for young people as they address key barriers and
hold the potential to enhance mental health treatment by
providing a safe, accessible, and effective means of support.

Despite numerous benefits, studies have also highlighted
challenges to web-based peer mental health support that limit
its effectiveness [15], including varying engagement rates [14].
Low rates of engagement can lead to negative outcomes, such
as perceived exclusion and isolation [16], whereas high rates
have been found to improve young people’s mental health [17].
Effective moderation of web-based, user-led mental health
services has been found to improve user engagement [18].
However, there are few studies examining user engagement in,
and moderation of, synchronous web-based peer support groups,
especially capturing the perspectives of both service users and
moderators [11,19]. Service users, with their lived experience
of giving and receiving support, can offer valuable insights and
suggestions for improving these platforms. Moderators, due to
their proximity to users and responsibility for supporting positive
interactions, safety, and engagement [14], may have practical
insights to enhance platform effectiveness [20]. A systematic
examination of these behaviors from different viewpoints would
enable the identification of tailored intervention strategies to
improve moderation of web-based peer support services and

enhance user engagement. Using the Behavior Change Wheel
(BCW) [21], this qualitative research study investigates the
barriers and facilitators to user engagement and moderation for
web-based peer support groups among young people aged
between 16 and 25 years and then proposes tailored strategies
for optimization.

User Engagement in Web-Based Peer Support
Digital health research has defined user engagement as the extent
and subjective experience (characterized by attention, interest,
and affect) of use [22]. Studies measure engagement in terms
of use time, log-ins, or module completion [23,24], with
approximately 60% of studies measuring attendance alone to
assess engagement [25]. However, although passive involvement
or observational participation in web-based peer support groups
has recognized benefits [26], considering only attendance falls
short as it omits active participation and interaction, which
fosters the sense of community and support unique to this
service. Therefore, this study considers engagement in the
broader sense, incorporating any observable written contribution,
such as comments expressing thoughts and feelings or support
for others. This inclusive approach captures subjective
experience, aids barrier and facilitator identification, and can
inform interventions for enhanced meaningful engagement.

Previous research highlights key barriers and facilitators to
young people’s engagement with digital mental health
interventions and services [27,28]. Barriers include interventions
that are perceived as unappealing or unhelpful, technical issues,
privacy concerns, and young people lacking time or
remembering to use the intervention. Facilitators include the
personalization and flexibility offered by digital interventions,
along with effective design, usability, opportunities to build
connections, and the potential for a rewarding user experience
[27,28].

However, there is a gap in research examining influences on
young people’s engagement in synchronous web-based peer
support groups for mental health. Barriers and facilitators are
likely to differ from those in other digital mental health services,
as peer-to-peer support is viewed as less stigmatizing and more
relatable [29]. In addition, synchronous interactions have a
different pace compared to other formats [11]. Recent research
focusing on peer-to-peer chats has centered on moderators’ roles
without including service user voice [30].

Moderation of Web-Based Peer Support
Moderation involves managing content, safeguarding, and
providing support to users when needed [18]. It can be carried
out by health professionals or trained volunteers [19]. Effective
moderation has been found to have a positive effect on user
engagement and has also been helpful in preventing “toxic”
web-based settings [18]. Negative effects of web-based
platforms such as trolling and stalking may also be prevented
by effective moderation [16]. In web-based chat groups and
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discussion forums, moderators ensure adherence to group
guidelines to enhance user safety and prevent service users from
becoming overly dependent on one another [31,32].

There has been limited research on the moderation of web-based
mental health interventions [19]. Synchronous group settings
pose distinct challenges as they require real-time monitoring of
the chat and interaction between peers and moderators. In a
recent study, Deng et al [30] explored moderation of peer
support for a web-based mental health community. In this study,
although moderators were qualified mental health professionals,
they experienced challenges, such as dealing with emotionally
triggering problems or hostile users. In a similar environment,
Saha et al [33] highlighted challenges, such as a lack of concern
for moderators’ well-being and moderators’ uncertainty about
when to intervene. However, the services examined in these
studies were not specifically designed for young people. Thus,
there is a need to understand moderation and, importantly, how
to enhance it, particularly in the context of real-time group chats
for young people moderated by young volunteers, in a way that
is structured and rooted in theory.

To address these research gaps, this study triangulates moderator
and service user perspectives using a theoretically based
behavior change approach, providing a comprehensive
examination of user engagement and the moderation process in
synchronous web-based mental health peer chats. The BCW
provides a systematic and comprehensive framework to enhance
understanding of behavior and support the identification of
linked, relevant behavior change techniques (BCTs) to address
the identified barriers and optimize group chat engagement [21].

BCW Framework
The BCW comprises interconnected tools to guide
decision-making and facilitate the systematic development and

evaluation of behavioral interventions [21]. At its center lies
the capability, opportunity, motivation, and behavior (COM-B)
model of behavior, which supports the identification of the
barriers and facilitators to a behavior (Figure 1 [21]). Capability
refers to an individual’s physical as well as psychological
capacity to perform a specific activity. Motivation is the
cognitive processes that drive human behavior. Finally,
opportunity refers to external factors that are outside the
individual and may facilitate behavior.

The components of COM-B can be further elaborated into 14
domains using the Theoretical Domains Framework (TDF),
providing a more granular understanding of the influences on
behavior [34,35]. In the next layer of the BCW are intervention
functions, which are the broad categories of means by which
an intervention can change behavior. The outer layer consists
of policy categories to support long-term, system-wide
implementation.

The Behavior Change Techniques Taxonomy (BCTT) comprises
93 observable and replicable BCTs. The BCTT is a reliable
method for specifying, interpreting, and implementing BCTs,
which are considered “active ingredients” to facilitate behavior
change either alone or in combination [36]. Expert consensus
allows for mapping of the COM-B and TDF domains to
intervention functions and corresponding BCTs, guiding
appropriate strategies for change [37].

The BCW approach has been successfully applied in previous
research to understand the barriers and facilitators to the use
and delivery of digital mental health platforms for young people,
including webchat counseling [28,38] and moderation of
self-harm content in web-based discussion boards [39].
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Figure 1. The Behavior Change Wheel and Theoretical Domains Framework (TDF) (adapted from Michie et al [21]).

This Study
Given the lack of research in this area, this qualitative study
systematically explores the barriers and facilitators to the user
engagement and moderation of synchronous web-based peer
group chats for young people and proposes evidence-based
strategies for improvement. Data were gathered from
open-ended questionnaires and in-depth, semistructured
interviews with young service users and moderators of The Mix,
a web-based mental health support service for young people
aged <25 years. Using the BCW [21], the following research
questions were addressed:

1. Using the COM-B and TDF, what are the barriers and
facilitators to young people’s engagement in web-based
peer support groups?

2. Using the COM-B and TDF, what are the barriers and
facilitators to moderation of web-based peer support groups?

3. Using the BCTT, what strategies can be used to improve
user engagement in, and moderation of, web-based peer
support groups for young people’s mental health?

Methods

Participants
This study collected data from service users and moderators of
The Mix, the United Kingdom’s leading digital mental health
support service for young people aged <25 years. The Mix offers
free mental health support, including a helpline, phone and
webchat counseling, crisis support, discussion boards, and
moderated live group chats. These synchronous group chats are
freely available for young people aged 13 to 25 years. Table 1

summarizes the peer-to-peer mental health group chats of The
Mix analyzed in this study.

The Mix circulated a poster to moderators (total population of
52) and service users to promote participation. Interested
participants contacted the researcher through email, and their
involvement was entirely voluntary. As shown in Table 2, a
total of 2 service users were interviewed, and a further 7 service
users completed an open-ended questionnaire about their
engagement. A total of 8 moderators (n=5, 63% staff and n=3,
38% volunteers) participated in interviews about moderation.
Of these 8 moderators, 4 (50%) staff members and 1 (13%)
volunteer also completed a separate interview about user
engagement. As this was a qualitative study, it aimed to gather
rich and detailed data from participants, similar to previous
studies in a similar context [38,39], rather than to achieve a
representative sample.

All moderators were women, while most of the service users
were either women or did not self-identify their gender, with
the exception of 1 man and 1 nonbinary service user. Moderators
were aged between 19 and 30 years, and service users were
aged between 18 and 24 years (Table 2). Moderators were
involved with The Mix ranging from 6 months to as long as 8
years and worked for 1 to 2 hours per week.

Semistructured interviews, based on the TDF, were conducted
via the Microsoft Teams platform and transcribed for analysis.
The interviews lasted between 30 to 60 minutes each and were
designed to gain in-depth service user and moderator insights
into experiences of group chats regarding peer interactions,
structure of the chats, and feelings about contributing. Questions
included, for example, “How long do you spend on The Mix’s
chat per week?” and “How do other people in the group chat

JMIR Hum Factors 2025 | vol. 12 | e64097 | p.1727https://humanfactors.jmir.org/2025/1/e64097
(page number not for citation purposes)

Ananya et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


make it easier or more difficult for you to share your thoughts,
feelings and experiences or support others with theirs?”
Questions for moderators only included the following: “How
do other people influence how you contribute to the moderation
of posts on the group chats?”

For user engagement only, participants were offered the
alternative option to complete an open-ended Microsoft Forms

questionnaire to combat any difficulties young people felt in
expressing themselves in an interview and may have hindered
participation [28]. The questionnaire included 5 open-ended
questions, exploring what made it easier or harder for users to
share their experiences, what influenced their decision to
participate or not, and what changes they would make to the
chat if given the opportunity.

Table 1. The Mix’s peer-to-peer mental health chat groups.

ModerationPrivacyParticipationStructureParticipants, nDescriptionGroup chat type

Moderated by trained
young volunteers and
staff

No sign-up required,
no password protec-
tion

Active participationOpen discussionsVariablePeer support for men-
tal health struggles

Support chat

Moderated by trained
young volunteers and
staff

Password protected,
full session attendance

Sign up to receive
support or as a “lis-
tener”

Rotating support
and sharing

≤5More intimate setting,
where everyone takes
turns to obtain support
while the rest of the
group listens

Support circle

Table 2. Participant information.

GenderAge (y)DataParticipant

Man24InterviewSU1a

Nonbinary18InterviewSU2

Did not self-identify18-25QuestionnaireSU3

Did not self-identify18-25QuestionnaireSU4

Woman18-25QuestionnaireSU5

Woman18-25QuestionnaireSU6

Did not self-identify18-25QuestionnaireSU7

Did not self-identify18-25QuestionnaireSU8

Did not self-identify18-25QuestionnaireSU9

Woman28Interview (engagement and moderation)MS1b

Woman30Interview (engagement and moderation)MS2

Woman24Interview (engagement and moderation)MS3

Woman26Interview (moderation)MV4c

Woman24Interview (engagement and moderation)MV5

Woman19Interview (moderation)MV6

Woman23Interview (moderation)MS7

Woman22Interview (moderation)MS8

aSU: service user.
cMS: moderator staff.
dMV: moderator volunteer.

Data Analysis
Data were thematically analyzed using the 6-phase process
developed by Braun and Clarke [40]. NVivo (Lumivero) and
Excel (Microsoft) were used as analytical tools. The initial stage
involved gaining familiarity with the transcribed interviews. A
deductive coding approach was adopted initially, which involved
reviewing items of data from the transcripts and questionnaires
and organizing them into the TDF domains, providing a “start

list” [41,42] of themes to be categorized as barriers or
facilitators. The process was repeated using an inductive analysis
to generate specific subthemes within each TDF theme. These
subthemes were then reviewed, defined, and included in the
codebook [43]. A codebook was developed to facilitate coding
and was iteratively updated. As new data were added to TDF
domains, facilitators and barriers were modified, expanded, or
recategorized using the constant comparison method to identify
patterns and variations within the dataset [44]. Triangulation
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was completed with data from both service users and moderators
to explore consistencies and contradictions in influences on
young people’s engagement with group chats. Reflexivity was
prioritized to ensure openness and challenge in interpretations
[45]. To ensure coding reliability and validity, 2 researchers
independently cross-coded 1 transcript; a reliability check was
conducted, and agreement was reached on any discrepancies.

Following data analyses, the coded TDF barriers were mapped
to corresponding intervention types, using the BCW, and then
specific BCTs were selected using the links specified in Cane
et al [46] as well as the more recently developed Theory and
Techniques Tool [47,48]. The selection of the relevant and
appropriate intervention types and BCTs was informed by an
appraisal of the affordability, practicability, effectiveness and
cost-effectiveness, acceptability, side effects, and equity criteria
[21]. This approach has been used in a multitude of studies
[49,50] to evaluate intervention strategies. The selection of
policy options was out of scope because the study was focused
on a single organization rather than system level. Finally, the
BCTs were operationalized, and intervention strategies were
proposed based on a review of previous literature.

Ethical Considerations
Low-risk ethics approval was obtained from the University
College London Ethics Committee (Z6364106/2023/03/149
social research, 25069/001). Participant information and a
consent form were provided to interested parties to sign digitally
and confirm consent. Participants were advised that participation
was completely voluntary and they could withdraw at any time,
up to 4 weeks after their data were collected. As reimbursement
for the interviews, participants were given a £10 (US $12.45)
voucher. Questionnaire respondents could opt into a lottery
prize draw to win 1 of 2 £10 (US $12.45) vouchers by providing
their email address. To protect participant privacy and
confidentiality, data were fully anonymized.

Results

Overview
Table 3 sets out the themes identified as both barriers and
facilitators to user engagement and moderation. These are set
out according to both COM-B and TDF frameworks.
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Table 3. The COM-Ba and TDFb themes and subthemes for user engagement and moderation.

Moderation subthemesUser engagement subthemesCOM-B and TDF themes

Psychological capability

Cognitive and interpersonal skills •• Developing skills (facilitator)Difficulty expressing feelings and needs (barrier)
• Skills to listen and validate (facilitator)

—cKnowledge • Understanding the guidelines (facilitator)

Memory, attention, and decision-
making

•• Responding quickly in complex situations (barri-
er)

Memory recall of guidelines (barrier)

—Behavioral regulation • Holding back on advice (barrier)

Reflective motivation

Beliefs about consequences •• Impact of moderation (facilitator)Judgment and confidentiality concerns (barrier)

—Social and professional role and
identity

• Congruence between social and professional
identity (facilitator)

Intentions •• Intending to shape young people’s perceptions
(facilitator)

Wanting to support others (facilitator)

Automatic motivation

Emotions •• Distressing subject matter (barrier)Fear and anxiety (barrier)

Physical opportunity

Environment, context, and re-
sources

•• Organizational resources (facilitator)Overload and lack of structure (barrier)
• Lack of visual cues (barrier)

Social opportunity

Social influences •• Support offered (facilitator)Similarity and familiarity (facilitator)
• Integration of new users and gaps in support

(barrier)

aCOM-B: Capability, Opportunity, Motivation, and Behavior.
bTDF: Theoretical Domains Framework.
cNot applicable.

Young People’s Engagement
As shown in Table 3, a total of 9 barriers and facilitators were
identified as subthemes across 7 domains of the TDF. Themes
were mainly consistent across support chat and support circle
responses, but a small number of differences arose between the
2, and these are indicated, where relevant, in the following
subsections.

Cognitive and Interpersonal Skills (Psychological
Capability)

Difficulty Expressing Feelings and Needs
Several service users and moderators described the difficulty
users face in expressing their emotions and thoughts, which can
prevent them from opening up in the chat. Subthemes are
described below, together with illustrative quotes. Service user
quotes are indicated by “SUX,” volunteer moderator quotes are
indicated by “MVX,” and staff moderator quotes are indicated
by “MSX,” where “X” is the participant number, to identify

each participant as per Table 2. One user commented the
following:

[What makes it more difficult to open up is] not being
able to express myself about feelings. [SU8]

Moderators also noted that vague statements about one’s
emotional state without specific requests for support may be a
barrier to others’ engagement, as they provide insufficient
guidance for other users to offer relevant support. For example,
one user stated the following:

I think it depends on how someone phrases the
question...if they’re sort of saying, “And I’m feeling
really low today” or “And I can’t do this anymore,”
like some of those trickier comments. [MV5]

Skills to Listen and Validate
Both moderators and users identified that having skills to
effectively validate and listen to others facilitated peer support
and engagement. One moderator noted the following:
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The people that tend to offer the most peer support
are those that...know how to validate someone’s
experiences. [MS1]

Users described how they did this, with one user stating the
following:

Everyone listened and waited their turn...I listened
to others, and they encourage people waiting their
turn to help others. [SU6]

Personal experiences that related to others’ struggles made it
easier to connect and offer support, but 1 user stated the
following:

There are some situations where I can’t exactly
relate...so I stay quiet. [SU5]

Memory, Attention, and Decision Processes
(Psychological Capability): Memory Recall of
Guidelines
Difficulties in absorbing, retaining, and applying guidelines
posed a significant barrier to a couple of users. Users indicated
that they struggled to remember guidelines due to content
volume, distractions, and cognitive limitations, impacting their
ability to engage. Even long-term users found it challenging,
with 1 individual expressing the following:

I can’t actually remember what [the guidelines are].
They’re very basic from what I do remember. [SU1]

Mental health crisis situations further exacerbated guideline
oversight, leading some users to unintentionally deviate from
the chat’s intended mode of engagement in the moment.
Moderators noted that this issue was worsened by some users,
particularly regular ones, who found the guidelines unengaging
and tended to ignore them.

Beliefs About Consequences (Reflective Motivation):
Judgment and Confidentiality Concerns
This was a barrier revolving around young people’s
apprehensions about being judged, misunderstood, or facing
negative reactions when sharing personal thoughts and
experiences, particularly in the presence of new members. One
participant stated the following:

Some people feel like a new person may judge more
or less or may be offended more or be offended less.
So [withdrawing] very much sort of safeguarding
themselves, protecting themselves, and protecting
others. [SU1]

This could also lead users “to not give too much information”
(SU7). Similarly, a moderator highlighted concerns about users
fearing judgment, with 1 moderator stating the following:

...judging that person for talking about that cause I
think that’s probably what they worry about quite a
lot. [MV5]

Both moderators and users mentioned concerns about
confidentiality, giving examples of where their privacy was
violated by other members, leading to negative consequences.
As a result, they became hesitant to share. One moderator stated
the following:

Some members also worry confidentiality will be
broken so they don’t open up in fear of the police
being called. [MS2]

Intentions (Reflective Motivation): Wanting to Support
Others
Overall, the intention to create a supportive environment was
a facilitator, which motivated users to engage to support others.
One user expressed the following:

Most of the time, I try my best to offer support and be
there for the person too. I just want people to be able
to open up to me, and when they do, I try to be a good
friend. [SU2]

However, moderators were concerned that some users may
prioritize self-support, limiting their involvement in supporting
others and welcoming newcomers. One moderator stated the
following:

Often times, the young people are so busy sharing
their own experiences that they don’t make enough
space to support others who may be going through a
similar thing. [MS1]

Emotions (Automatic Motivation): Fear and Anxiety
A frequently mentioned barrier by both users and moderators
related to the user’s fear of being perceived as a burden by
sharing their thoughts, feelings, and experiences. One user
expressed the following:

As for not opening up so much that’s more when I
feel like I’m a burden and not wanted, but that’s me
not The Mix. [SU4]

Users identified that “Worrying what people think” (SU7) in
terms of oversharing or repeating themselves caused them to
hold back or stop sharing altogether. Another user shared similar
sentiments, noting that opening up more “doesn’t really make
me feel better, it just makes me anxious and guilty” (SU2).
These feelings of self-doubt and anxiety hindered users from
fully opening up and receiving the support they needed.

Environmental Context and Resources (Physical
Opportunity): Overload and Lack of Structure
A barrier identified by almost all participants was the lack of
structure and organization within the support chat, especially
during busy times. This could result in confusion, overwhelm,
and a sense of disorganization. Users sometimes struggled to
fully engage and provide or receive support effectively because,
as 1 user said, “When you have a lot of people, you do get to a
point where you do have like five, ten different conversations
going on, all different levels of importance so it does get a bit
confusing” (SU1) and “It can be hard to type that fast” (SU6).
One moderator added the following:

It can be hard for someone to post, and their message
may get missed. [MV5]

Another user highlighted the following:

Support Chat needs to be more organized...The way
it currently is...stresses me out, I find myself leaving
midway most of the time. [SU9]
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Social Influences (Social Opportunity)

Similarity and Familiarity
The presence of individuals who had experienced similar
situations or who were known to each other was highlighted by
moderators and users as helping foster a sense of belonging and
encouraging engagement. One user noted the following:

It helps that there are people who know what you’ve
been through, so you don’t feel alone. It makes you
feel more comfortable to open up. [SU1]

It was seen to be “Easier to have people with similar problems
and get ideas surrounding mental health teams etc.” (SU3).
Several long-term users also highlighted that regular
participation by both users and moderators builds trust and
familiarity, facilitating engagement. One user stated the
following:

Because we’ve been with [the moderators] for some
time, they understand our situations a little bit more
so it makes it easier for us to open up to them and...we
can trust them. [SU5]

Moderators shared similar insights, noting that regular users
“feel quite attached to the moderators, so they’ll leave support
circle and join support chat for a bit and then come back”
(MV5).

Integration of New Users and Gaps in Support
A frequently mentioned barrier by several members and most
moderators related to how some regular users tended to chat
among themselves or with the moderators, making it difficult
for new users to integrate into the group. This could lead to new
users feeling like outsiders and being less likely to engage. One
user stated the following:

When I first started coming to circle, it was very
awkward for me because the other people in there
had been doing it a lot longer and I felt like a bit of
an outsider. [SU5]

New users described not receiving responses to messages, which
seemed to have a notable impact on them. One of them stated
the following:

What prompts me to withdraw is when some of my
messages get ignored. I know it’s not on purpose but
it kind of makes me feel unwanted. [SU4]

This was a theme that was also recognized by multiple
moderators as a deficiency in social support.

Moderation
As shown in Table 3, a total of 11 barriers and facilitators were
identified as subthemes across 10 domains of the TDF. The
following paragraphs describe the themes in more detail, along
with selected quotes.

Cognitive and Interpersonal Skills (Psychological
Capability): Developing Skills
Most moderators discussed how they developed their skills over
time through a continuous learning process, which helped them

become more effective and refine abilities such as active
listening and conflict management:

But it’s like a continuous learning process, so I
wouldn’t say they give you kind of training at the
beginning of you know, how to be an active listener
and how to give that specific type of support. [MS1]

Observing and practicing moderating also helped develop the
necessary skills for moderation. One moderator expressed the
following:

I think a lot of it is just sort of the exposure and just
sort of the repeated attendance of chats and you sort
of build, you work out sort of what things you’ve said
have gone down well. [MS7]

Knowledge (Psychological Capability): Understanding
the Guidelines
Knowing and understanding the guidelines and procedures laid
out by The Mix was a recurrent enabling theme of moderation,
mentioned by all moderators, facilitating the identification of
what is and is not deemed inappropriate. One moderator
expressed the following:

And then the handbook also has things around the
tech side of things, so using the platform how to use
the moderator functions as well, so we’re able to mute
people. We’re able to freeze them and then remove
them from the room as well. [MS3]

The guidelines were also particularly helpful for directing
individuals at risk through appropriate safeguarding procedures.
One moderator stated the following:

“It’s got things from and sort of managing young
people that come in who are in crisis. So many kinds
of questions to ask safely within the room and the
kind of signpost we can give. [MS2]

Memory, Attention, and Decision Processes
(Psychological Capability): Responding Quickly in
Complex Situations
The complexity of group chats acted as a barrier for most
moderators, presenting challenges by their fast-paced nature
and situations that moderators may not have come across before.
Attentively responding to the chats becomes challenging. One
moderator expressed the following:

But there’s only so fast you can type, and only so
many conversations you can kind of have going on
at once that you can’t talk to everybody. [MS8]

In addition, dealing with novel or gray situations caused
confusion about what is acceptable in the chat and what is not,
making decision-making difficult. One moderator stated the
following:

There’s still some situations that catch me off guard.
You know, some people saying things that I’ve not
come across before, experiencing things that I’ve not
come across before. [MV5]
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Behavioral Regulation (Psychological Capability):
Holding Back on Advice
Having a natural inclination to offer advice made it difficult for
some moderators to self-monitor their responses. Going against
instincts and refraining from giving advice when young people
shared their problems required self-monitoring of behavior. One
moderator expressed the following:

It is like to go against that nature and leave it open
to the room to support each other and not give advice.
[MS1]

As moderators found it difficult to hold back, effective
moderation became challenging. One moderator stated the
following:

We can’t give medical advice, it’s tough...we
shouldn’t really be saying (giving advice) to someone.
[MV5]

Belief About Consequences (Reflective Motivation):
Impact of Moderation
Overall, the perceived outcome of moderation for young people,
as understood by moderators, facilitated their moderation.
Moderators had different beliefs on the impact that moderation
had on young people. Some believed that moderation helped
create a safe space. One moderator expressed the following:

I think young people find it really reassuring to have,
like, moderators there because there’s a lot of online
support spaces, but they’re not always moderated or
kept safe. [MS2]

Some moderators felt that young people could feel left out and
unsupported. One moderator stated the following:

And sometimes the young people can feel like the
moderators are not responding to them. [MS3]

The vast coverage of the impact of moderation was also
highlighted by moderators. One moderator expressed the
following:

I think you do notice the impact because it covers
everything OK, like mental health is the main domain.
But it’s also like everything like education, careers,
drugs and alcohol. Just like everything that someone
could be going through. So I think you do notice a
wider impact. [MV4]

Social or Professional Role and Identity (Reflective
Motivation): Congruence Between Social and
Professional Identity
The alignment of personal values and social identity with the
professional role of a moderator facilitated moderation for all
moderators. One moderator expressed the following:

I love volunteering and I love working in a church in
the voluntary sector and working with charities. So
and I like working with young people. A lot of my
work has been with young people. So and yeah, I think
it does. It does fit in that respect personally. [MS3]

The role of a moderator aligned with the identity that moderators
had built for themselves. One moderator stated the following:

I also work in mental health in my 9 to five job, so
that really helps and that’s why I wanted to start it
in the first place because I started the chat at
university and I was trying to broaden my experience
working with people with mental health conditions.
[MS7]

Intentions (Reflective Motivation): Intending to Shape
Young People’s Perceptions
Some moderators expressed a deliberate intention to shape and
manage young people’s perceptions and expectations of the
chat. One moderator expressed the following:

I’ve tried over the years to change the young peoples’
perception of what the chat should be used for, I think
that in the spirit of trying to make it more of a group
conversation like a group chat. [MS1]

This intention served as a strong facilitator for moderators. One
moderator stated the following:

So I guess how we manage those situations, yeah, we
can warn community members like, we encourage
them to take a step back and let the moderators
manage the situation. And yeah, we always let them
know like they might be removed from the room if
they don’t like, listen to us. [MS2]

Emotion (Automatic Motivation): Distressing Subject
Matter
Most moderators identified that topics discussed in group chats,
such as self-harm and suicidal thoughts, could take an emotional
toll on moderators and cause stress and exhaustion. One
moderator stated the following:

The topics that are being discussed are quite
distressing. Examples are feeling very, very low and
sometimes it becomes a bit of an echo chamber of you
know, they’re all talking about feeling like they want
to end their life or feeling like self-harming. [MS1]

These topics also gave way to discussions about the larger
mental health ecosystem and evoked concern among the
moderators for the young people. One moderator expressed the
following:

Hard when you see them struggling. And so yeah, I
think when that happens, you like worry quite a lot
and it does kind of be on your mind for like a few
days. [MS2]

These distressing thoughts and related feelings inevitably acted
as a barrier for moderators.

Environmental Context and Resources (Physical
Opportunity)

Organizational Resources
The multitude of resources provided by The Mix was
appreciated by all moderators. These encompassed guidelines,
debrief forms, newsletters, and more, helping them moderate
effectively. One moderator stated the following:
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It really helps to have that handbook there to walk
you through those guidelines and how to respond.
[MS3]

Moderation was facilitated through the ready availability of
these resources, providing moderators with content that could
be used in the chat. One moderator expressed the following:

And we have our Mod handbook which is really
helpful in terms of giving us like example messages
to pop in the group chat and to manage certain
situations. [MS7]

Lack of Visual Cues
Working in a web-based environment meant that moderators
had to work without any visual cues, such as facial expressions.
One moderator stated the following:

I think moderating is quite a unique task...especially
when it’s online.[MS2]

This absence made it difficult for moderators to gauge the
intensity of young people’s emotions and thus required extra
effort and attention, which could be a barrier for some
moderators. One moderator expressed the following:

I guess you have to put a bit of extra effort into that
because you don’t have the visual cues of like,
nodding and all that stuff. [MS1]

Social Influences (Social Opportunity): Support
Offered
Support offered during and after moderation (eg, support from
supervisors and emails checking up on moderators) acted as an
enabling influence. All respondents had an overwhelmingly
positive response toward the support that they received from

their supervisors and believed that this support helped them
moderate. A respondent stated the following:

[The Mix] never makes you feel unappreciated. Like
we get quite regular emails of just a reminder that
you’re all doing really good things...and I think yeah,
when you have had a difficult chat and sort of things,
they’re feeling a bit hard, just things like that really
make a difference. [MS7]

In addition, volunteers reported that the presence of a supervisor
in the chats made moderation easier. One moderator stated the
following:

The moderator would flag it to the supervisor on shift
and just say you know ohh it looks like these two are
having a bit of a disagreement. What should we do?
[MS1]

One moderator expressed the following:

They are really understanding about wanting someone
else to step in with a conversation that hits too close
to home or needing 5 mins to yourself during the
session. There is also a debrief form and if I say
anything I felt unhappy with, they always chase it up
to check on me or ask if I want more training in the
area. [MV6]

BCTs to Address Barriers
To optimize user engagement, Table 4 presents the BCTs
identified to address the core barriers and enhance the
facilitators, along with examples.

Table 5 shows the potential intervention types along with the
corresponding BCTs to overcome the identified barriers to
moderation.
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Table 4. Barriers to engagement and strategies for change.

Operationalization of BCTsPotential BCTsbIntervention typesBarrierTDFa domain

Self-reflection worksheets: provide optional
worksheets with guidance on identifying emo-
tions and the support needed before users’ par-
ticipation in the group chat.

Instruction on how to perform

a behavior (4.1c); behavioral
practice/rehearsal (8.1)

TrainingDifficulty expressing
feelings and needs

Cognitive and inter-
personal skills

Group agreement (in the support chat): collec-
tively agree to abide by principles and behaviors
aligned with the guidelines at the start of the
support chat.

Commitment (1.9)EnablementMemory recall of
guidelines

Memory, attention,
and decision process-
es

Reminders: implement periodic reminders or
prompts about the chat guidelines to reinforce
their importance and improve memory recall.

Prompts/cues (7.1)EducationMemory recall of
guidelines

Memory, attention,
and decision process-
es

Share success stories: highlight success stories
or testimonials from other young individuals
who have benefited from engaging in peer-to-
peer group chats.

Information about emotional
consequences (5.6)

EducationJudgment and confi-
dentiality concerns

Beliefs about conse-
quences

Clarify burden misconceptions: provide informa-
tion and resources from peers about the value of
sharing and supporting each other, and share
examples of challenges discussed by previous
service-users in groups chats to address miscon-
ceptions that sharing is a burden and facilitate
engagement.

Reduce negative emotions
(11.2)

EnablementFear and anxietyEmotions

Group similar topics and establish topic rotation:
encourage moderators and members to brain-
storm and group similar topics together either
during the support chat (eg, via a poll website
such as Slido) or before the chat (eg, via a poll
on the discussion boards), allowing for more
focused and meaningful discussions instead of
fragmented conversations (alternative: create
more themed chat sessions).

Restructuring the physical
environment (12.1)

Environmental re-
structuring

Overload and lack of
structure

Environmental con-
text and resources

Limit chat size: implement a cap on the number
of members allowed in the support chat at 1 time
to maintain a manageable and supportive group
size.

Restructuring the social envi-
ronment (12.2)

Environmental re-
structuring

Overload and lack of
structure

Environmental con-
text and resources

Emoticons: consider moving to a new chat soft-
ware that enables members to offer immediate
reactions to others’ messages via emoticons
rather than messages.

Adding objects to the environ-
ment (12.5)

Environmental re-
structuring

Overload and lack of
structure

Environmental con-
text and resources

Buddy system: assign new users a designated
“welcoming buddy” (peer) whose role is to en-
courage or practically facilitate interactions
during their initial sessions; grouping or pairing
system: pairing or grouping members in the chat
as each other’s dedicated “supporters” for the
session to enhance peer support and encourage
more engagement.

Social support (unspecified;
3.1) and social support (prac-
tical; 3.2)

EnablementIntegration of new
users and gaps in sup-
port

Social influences

aTDF: Theoretical Domains Framework.
bBCT: behavior change technique.
cBehaviour Change Technique code numbers as per the Behaviour Change Technique Taxonomy provided in Michie et al [21].
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Table 5. Barriers to moderation and strategies for change.

Operationalization of BCTsPotential BCTsbIntervention typesBarrierTDFa domain

Practice sessions: create practice moderation
sessions that simulate the quick nature of group
chats, which could help moderators to enhance
their attention and decision-making processes.

Behavioral practice/re-

hearsal (8.1c)

TrainingResponding quickly
to complex situa-
tions

Memory, attention, and
decision processes

Diaries: ask moderators to make a note of situa-
tions and monitor when they feel instinctively
inclined to offer advice to avoid it in the future.

Self-monitoring of behavior
(2.3)

TrainingHolding back on ad-
vice

Behavioral regulation

Positive messaging: providing information about
the positive impact of moderation through regu-
lar updates (eg, weekly or biweekly emails such
as “Here’s the impact that you helped deliver!”)
to increase moderators’ positive emotions and
reduce concerns about young people.

Reduce negative emotions
(11.2)

EnablementDistressing subject
matter

Emotion

Phrase book: prompts or cues may be provided
to compensate for the lack of visual cues. A
booklet of phrases or “words to look out for”
may be provided such that moderators may look
out for these words to gauge if an individual is
at risk, which may otherwise be missed.

Prompts/cues (7.1)Environmental re-
structuring

Lack of visual cuesEnvironmental context
and resources

aTDF: Theoretical Domains Framework.
bBCT: behavior change technique.
cBehaviour Change Technique code numbers as per the Behaviour Change Technique Taxonomy provided in Michie et al [21].

Discussion

Principal Findings
This study addresses a research gap by investigating the
influences on engagement with, and moderation of, synchronous
web-based peer support group chats to support young people’s
mental health. Using the BCW framework, thematic analysis
revealed a total of 20 themes, 9 (45%) for engagement and 11
(55%) for moderation. Of the 20 themes, 3 (15%) were
facilitators of engagement, 7 (35%) were facilitators of
moderation, 4 (20%) were barriers to moderation, and 6 (30%)
were barriers to engagement. The following discussion focuses
on the COM-B and TDF themes that were prominent and
common across both user engagement and moderation. The
findings of this study are discussed in relation to previous
research, and the potential BCTs to address the identified
barriers to engagement and moderation are contextualized.

Facilitators Common to Moderation and Engagement
Cognitive and interpersonal skills and knowledge (psychological
capability) enabled users to express their feelings and needs.
Both moderators and users benefitted from having the skills to
listen and respond to other users. Moderators developed these
skills through practice and were supported by a strong
knowledge and understanding of the chat guidelines. Similar
themes have been found in other modes of web-based mental
health support [39].

Intentions (reflective motivation) were also core themes for
moderators and users—both were driven by their desire to help
others and ensure that the chat was a valuable resource for users.
This sentiment is echoed elsewhere in the literature on
web-based support groups, where listeners aimed to create a
“safe and warm” space for their clients [51]. Similarly,

moderators in this study consciously resolved to provide a safe
and nonjudgmental space for young people. This is a theme that
can be seen elsewhere in the literature, relating to other
web-based peer mental health communities [30].

Finally, for both engagement and moderation, social influences
(social opportunity) was another facilitator, where other users,
moderators, or supervisors were seen as understanding,
supportive, and appreciative of others’ needs. For users, this
meant being able to share experiences in a safe environment,
and moderators felt valued, appreciated, and encouraged in their
moderation. Such support also promotes moderators’ mental
health. As has been previously suggested by Aldamman et al
[52], perceived organizational support was positively related to
mental well-being, reduced emotional exhaustion, and reduced
stress among humanitarian volunteers. This aspect is also linked
to the potential of moderators to contribute to the enhancement
of the mental well-being of service users, as demonstrated by
Perry et al [19].

Barriers Common to Moderation and Engagement
Group chats present a complex environment due to their
dynamic and fast-paced nature, with multiple users. Users could
find it difficult to remember and adhere to the guidelines,
especially in pressurized situations (eg, crises). Although
moderators were familiar with the guidelines, they found it
challenging to make real-time decisions, particularly during
busy chats when many users were interacting rapidly with one
another. This inherent complexity can function as a barrier to
effective moderation and engagement. With a continuous inflow
of new messages in group chats, it becomes challenging to focus
on messages and identify any specific theme, as noted by Li et
al [53]. Moderators in this study also encountered difficulties
in promptly and accurately assessing messages for potential
at-risk situations, under time pressure, while simultaneously
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ensuring that all the young people in the chat felt supported.
The BCT of “Behavioral practice” can help equip moderators
to handle novel situations quickly as they arise. This BCT has
been successfully used to “positively influence” behavior in the
context of user training [54] and in interventions supporting
shared decision-making [55].

The challenges with rapid decision-making of how to respond
partly resulted from the chat environment being unstructured
and uncontrolled in terms of the volume and speed of message
exchanges; this was a barrier for moderators and users.
Implementing emoticons (BCT “adding objects to the
environment”) could offer an alternative and rapid way of
engaging with messages, helping to express emotions while
reducing message overload [56]. Previous studies have also
highlighted participants of a Cognitive Behavioral
Therapy-based peer support platform feeling overwhelmed and
stressed due to message volume and unfamiliar dynamics [57].
This underscores the need for accessible and well-organized
chat platforms. One promising BCT is “restructuring the
physical environment.” Similar topics could be grouped within
the platform or support chat sessions could be themed to allow
users to explore and self-organize into groups based on shared
characteristics and pain points, as has been implemented
elsewhere [58].

Another aspect of the environment that was highlighted in
previous studies was the lack of visual clues to support
decision-making. This was a particular barrier for moderators,
impeding connection and relationship building [39,59]. The
BCT “prompts/cues” has been previously suggested in a similar
context to improve moderation [39]. These could be in the form
of electronic prompts or suggested phrases that pop-up when a
young person writes a phrase that may need to be flagged. Such
prompts may support moderators to identify individuals at risk
and compensate for the lack of visual cues. This BCT has been
successfully used to prompt action by the user in various
contexts [60] and can also be used to simultaneously address
barriers related to memory difficulties.

Given the sensitive nature of the discussions within web-based
peer support chats, it is perhaps unsurprising that emotions can
constitute another barrier. The BCT of “reduce negative
emotions” can help address this. For users, the fear and anxiety
associated with disclosure can prevent them from sharing in the
chats, hindering their access to the help they need. Previous
interventions report participants finding it helpful to know that
others were undergoing similar emotions, reducing feelings of
isolation [61]. Therefore, providing information and resources
from peers about the value of sharing and supporting each other,
and sharing examples of challenges discussed in group chats
by previous service users may facilitate engagement. This could
further build a sense of a supportive and friendly community
on the platform, which facilitates willingness to share feelings
and difficulties in other contexts [57]. Dealing with distressing
topics such as mental health issues, suicidal thoughts, and other
issues that young people are dealing with often becomes
emotionally exhausting for moderators. In this case, the BCT
“reduce negative emotions” could involve providing moderators
with information about the positive impact of their moderation,
to counter any negative emotions. A scoping review highlighted

that this BCT has frequently been used in the development of
mental health interventions [62]. Resilience-building training
may also be helpful in equipping moderators to deal with the
“emotional cost” of content moderation [63].

Barriers Specific to User Engagement
The barrier of “difficulties expressing feelings and support
needs” experienced by users aligns with a prior study on
webchat counseling engagement among young people, which
found users lacking self-expression skills [28]. “Constructive
emotional sharing” is a skill that can be improved with practice
[64]. Promising BCTs to address this barrier include “instruction
on how to perform a behavior” and “behavioral
practice/rehearsal.” For example, self-reflection worksheets
could encourage users to identify their feelings and practice
written statements before participating in group chats [64].
Statements such as “I feel...when...because” could be shared,
leading to more personalized responses [65]. These BCTs could
prove particularly beneficial for newcomers or individuals less
familiar with the dynamics of group chat interaction, also
creating positive spillover to a further barrier “integration of
new users and gaps in support.” A barrier identified here aligns
with a previous study, which found that receiving empathic
comments initially has a significant cascading effect, motivating
individuals to reciprocate and offer support to others [66]. To
further encourage integration and support for new users, the
BCT “social support” could be introduced by assigning a
designated “welcoming buddy” whose role is to support new
members during their initial sessions or pairing members in the
chat as each other’s “supporter” to enhance peer support and
encourage more engagement. Prior research has shown that
shared interests encouraged conversation between new pairs in
a peer support intervention, who were strangers when they were
initially paired [67].

Having judgment and confidentiality concerns constituted
another barrier. Overcoming such concerns can contribute to
more fluid communication in web-based peer support and are
a core component of building trust [67]. The BCT “information
about emotional consequences” may address this barrier through
sharing success stories, statistics, or personal narratives. Within
the recovery model, this increases a sense of acceptance,
understanding, and authenticity, particularly for new service
users who tend to experience these fears more than long-term
users [68].

Barriers Specific to Moderation
Moderators found it difficult to hold back on offering advice.
Rooted in the logic of care [69], moderation is contextualized
and involves an empathetic dialogue or interaction between
moderators and users [70]. In such an open-ended process,
holding back, given the natural flow of an interaction, proved
a challenge for moderators. “Self-monitoring of behavior” could
be a potential BCT that may help moderators to keep their
behavior in check and change it. This could be achieved by
encouraging moderators to note when they instinctively offer
advice or feel like they want to do so, allowing them to reflect
and monitor their own behavior if such situations arise again.
This technique has proved effective in many behavior change
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interventions in different contexts [71,72], particularly for health
behaviors [73,74].

Limitations
The findings of this study need to be considered in light of
certain limitations. The sampling of this study was reliant on
self-selection, which may have introduced bias and favored
participation by more confident users and moderators,
potentially influencing the barriers and facilitators identified
[75]. Although the participants were assured that their responses
would remain confidential and would not have any consequences
with respect to their relationship with The Mix, they may
nevertheless have given socially desirable responses, whether
intentionally or subconsciously [76]. Furthermore, it is
noteworthy that the study participants were predominately
women, making the sample relatively homogeneous. However,
the overall population of moderators and group chat users at
The Mix is also mainly women (>70% of users and 95% of
moderators). Finally, the study’s findings are grounded in the
data obtained from a single mental health group chat forum,
which could limit the generalizability of the results to other chat
contexts operating under different circumstances.

Conclusions
Group chats are an increasingly popular form of digital mental
health intervention, and this study contributes to building the
evidence base, which can help optimize them as a safe and
timely form of mental health support for young people. It is
particularly valuable as it examines synchronous group chats,

which are characterized by in-the-moment empathic interactions
and emotional connections. Through using the COM-B and
TDF, the study found that skills and knowledge, beliefs about
consequences and intentions, emotions, and the social and
physical environment are important factors influencing both
the users and moderators of group chats. In particular, supporting
the improvement of memory, attention, and decision-making
skills of those involved; adapting the physical environment to
facilitate effective interactions; and reducing negative emotions
are suggested to optimize the value and effectiveness of group
chats for young people’s mental health support for both the
users and moderators of these services. The intervention types
and BCTs proposed serve to emphasize the importance of
training and support, particularly for moderators, in this
important role. The study also further demonstrates the
effectiveness of the BCW approach and the use of the TDF and
COM-B to understand the influences on behavior in a systematic
manner, especially for mental health and well-being
interventions.

A natural progression of this work would be to implement and
evaluate the interventions proposed in the study and gauge to
what extent the suggested BCTs reduce the identified barriers.
In addition, the fidelity of the BCTs could also be assessed to
understand the nuances of intervention delivery [77] to facilitate
contextualized tailoring of the intervention. In an environment
where digital mental health interventions for young people
continue to grow in significance, this study and future suggested
studies can contribute toward ensuring that they are evidence
based and consider the voices of young people themselves.
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Abstract

Background: The literature around the safety of digital mental health interventions (DMHIs) is growing. However, the user/patient
perspective is still absent from it. Understanding the user/patient perspective can ensure that professionals address issues that are
significant to users/patients and help direct future research in the field.

Objective: This qualitative study aims to explore DMHI users’ experiences, views, concerns, and suggestions regarding the
safety of DMHIs.

Methods: We included individuals aged 18 years old or older, having experience in using a DMHI, and can speak and understand
English without the need for a translator. Fifteen individual interviews were conducted. Deductive thematic analysis was used to
analyze the data.

Results: The analysis of the interview transcripts yielded 3 main themes: Nonresponse: A Concern, a Risk, and How Users
Mitigate It, Symptom Deterioration and Its Management, and Concerns Around Data Privacy and How to Mitigate Them.

Conclusions: The results of this study led to 7 recommendations on how the safety of DMHIs can be improved: provide “easy
access” versions of key information, use “approved by...” badges, anticipate and support deterioration, provide real-time feedback,
acknowledge the lack of personalization, responsibly manage access, and provide genuine crisis support. These recommendations
arose from users’ experiences and suggestions. If implemented, these recommendations can improve the safety of DMHIs and
enhance users’ experience.

(JMIR Hum Factors 2025;12:e62974)   doi:10.2196/62974

KEYWORDS

digital mental health; safety; user perspective; patient perspective; qualitative; risks; risk mitigation; deterioration; nonresponse;
data safety

Introduction

Digital mental health interventions (DMHIs) are mental health
interventions that are delivered through digital platforms such
as mobile apps, websites, or virtual reality [1]. Some of the
added benefits of mental health interventions that are delivered

digitally are improved accessibility, scalability, convenience,
and the potential for anonymous engagement [2]. To realize
these benefits, users need to trust that these interventions are
effective and safe [2]. The evidence shows that DMHIs can be
as effective as traditional face-to-face therapies, especially for
common mental health disorders such as depression and anxiety
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[3,4]. However, the safety of DMHIs is still an evolving field
[1,2,5,6].

DMHI’s users face similar risks to those in face-to-face therapy,
such as deterioration in symptoms, novel symptoms
(experiencing new mental health symptoms during treatment),
and nonresponse [1]. Deterioration of symptoms, observed in
approximately 3%-10% of psychotherapy cases [7,8], signifies
a phenomenon where patients’ conditions worsen during
therapy. Deterioration is the most common side effect of mental
health therapies (face to face and digital) [1]. There is a debate
in the literature about whether deterioration is a normal and
integral part of therapy or an unnecessary side effect [9,10]. A
recent experts’ consensus study concluded that short-term
deterioration that occurs during therapy is part of therapy and
should not be considered a safety concern; however,
deterioration still needs to be monitored to ensure that it is not
chronic, severe, and does not lead to an adverse event such as
the patient dropping out of treatment [11]. Nonresponse occurs
when the therapy is not effective in relieving the target

symptoms [12]. It is considered a negative outcome as it hinders
access to more effective treatments, spontaneous remission, and
may prolong or even increase distress [12]. Additionally, the
digital nature of DMHIs introduces additional risks to mental
health therapies such as technical issues and privacy concerns
[5,13].

The expanding body of literature addressing the safety of
DMHIs is noteworthy [1,5,6]. While considerable attention has
been devoted to exploring the safety of DMHIs (how it is
assessed, analyzed, and reported), a notable gap exists in the
qualitative understanding of individual perspectives on the topic.
Existing qualitative studies in this field have either focused on
the viewpoints of health professionals and medical students
[14,15] or have sought user opinions on specific digital
innovations usually as part of a wider program of development
work. A few studies have sought service users’ views on digital
interventions more generally [16-18], but no work to our
knowledge has investigated user/patient perspectives specifically
about the safety of these technologies [19,20]. Understanding
the user/patient perspective on safety can help direct future
research in the field to ensure professionals focus on issues
significant to users/patients; identifying users’ concerns can
help professionals address these issues, leading to higher rates
of adherence and engagement. For that reason, this qualitative
study aims to explore DMHIs users’ experiences, views,
concerns, and suggestions regarding the safety of DMHIs.

Methods

Design and Aim
This qualitative study utilized individual interviews to explore
users’ experiences, views, concerns, and suggestions about the

safety of DMHIs. The Consolidated Criteria for Reporting
Qualitative Research (COREQ) was used to report the results
of this study [21].

Recruitment
The study included individuals aged 18 years or older, with
previous experience using a DMHI, and speaking and
understanding English without the need for a translator. The
DMHI needed to be a mental health intervention that was
provided via a tech-based medium (eg, app, website, virtual
reality) and targeted a specific mental health condition.
Participants were recruited using nonpurposive sampling by
posting advertisements on authors’ own professional social
media platforms, such as X (formerly Twitter; X Corp.) and
LinkedIn (Microsoft Corporation), an online participant
recruiting platform (MQ; MQ Mental Health Research), the
university’s (King’s College London) research volunteering
circular email, and through DMHI trials whose participants
consented for their details to be shared for future research. A
total of 54 potential participants reached out; 15 (28%) were
eligible and participated in the study, 7 (13%) did not complete
the online eligibility form, and 32 (59%) were ineligible.
Eligibility was determined through screening questions asked
of potential participants to gather further details about the
specific intervention used. The main reasons for ineligibility
were that the intervention used was telehealth (eg, face-to-face
therapy conducted via video call) or did not target a specific
mental health condition (eg, mindfulness apps).

Participants
A total of 15 participants were recruited to participate in this
study. Researchers initially estimated a sample size of 6-16
participants based on pragmatic recommendations from the
literature, suggesting that 6-16 interviews provide sufficient
information power [22]. Then the final sample size (15
participants) was determined based on the richness of the data
and their ability to sufficiently answer the research question
[23]. Of the 15 participants, 12 (80%) were females and 3 (20%)
were males. All participants lived in the United Kingdom at the
time of the interviews. Participants had an average age of 30
years (SD 6.43 years; range 19-42 years). On average,
participants had used a DMHI for 8 months (SD 10.51 months;
range 1-36 months). The DMHIs used by participants in this
study were Beating the Blues, Calm Harm, FREED-M, Happify,
Molehill Mountain, Moodkit, Silver Cloud, Sleepio, STOP app,
Woebot, Youper, and an online intervention for Bulimia. See
Table 1 for more information on the interventions used by
participants in this study. Some participants used the DMHI for
both anxiety and depression. Other than that, no other
participants used the DMHI for more than 1 target symptom or
condition.
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Table 1. The DMHIsa used by participants in this study (N=15).

Duration (months) of use, mean (range)Values, n (%)DMHI

DMHI’s target symptom/condition

3.4 (1-6)5 (33)Depression and anxiety

19.25 (2.5-36)2 (13)Depression

12.75 (1.5-24)2 (13)Self-harm

3 (N/Ab)1 (7)Paranoia

1.5 (N/A)1 (7)Insomnia

24 (N/A)1 (7)Postnatal depression

1.5 (N/A)1 (7)Bulimia

3 (N/A)1 (7)Anxiety in autism

3 (N/A)1 (7)Eating disorders

DMHI’s format

2.5 (1-6)7 (47)Web-based

11.5 (1.5-36)6 (40)App-based

15 (6-24)2 (13)Artificial intelligence chatbot

Therapist involvement

9.33 (1.5-36)12 (80)Self-administered (users independently used the DMHI without any
support)

1.66 (1-2)3 (20)Hybrid (users independently used the DMHI while receiving regular
support)

How participants found the DMHI

N/A7 (47)Health care professional

N/A2 (13)Social media

N/A2 (13)App store

N/A2 (13)DMHI research

N/A1 (7)Work (via human resources)

N/A1 (7)University website

aDMHI: digital mental health intervention.
bN/A: not applicable.

Materials
Individual interviews with participants were conducted and
recorded online via Microsoft Teams (Microsoft Corporation).
Interviews were semistructured. See Multimedia Appendix 1
for the topic guide. The interviewer (RT) used prompts to
facilitate and guide the discussion. RT has experience
conducting individual interviews for research purposes.

Procedure
Participants viewing the study advertisement were asked to
email the researcher if they were interested. The researcher
replied to introduce them to the study, share the participant
information sheet (PIS), and request that they complete an online
(Qualtrics) questionnaire to check eligibility. The same
researcher contacted eligible participants to check that they had
read the PIS, answered any questions that they had, and asked
if they were interested in participating in the study. Those
expressing a desire to participate were emailed an online form

that includes a few questions (details below) and an e-consent
form (using Qualtrics) to sign and a link to book a 1-hour slot
for the interview. The online form asked for demographic details
such as gender and age, details about the intervention (name
and intended purpose), and how long they used the intervention
for. All interviews were audio recorded. At the end of the
interview, participants were sent a thank you email and a £20
(US $25) voucher as compensation for their time. Interviews
lasted on average 40 minutes. Recordings were automatically
transcribed by Microsoft Teams and were verified for accuracy
by RT. Once transcription was complete all recordings were
deleted.

Analysis

Thematic Analysis Process
The 15 transcripts were uploaded onto NVivo (Lumivero, LLC)
for analysis [24]. We used deductive thematic analysis to
analyze the data. Thematic analysis is a process used to identify
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patterns or themes within qualitative data to answer or explore
a research question [25,26]. The analysis was conducted
collaboratively by 2 researchers (RT and JY), who followed
Braun and Clarke’s [25] step-by-step guide to conduct a thematic
analysis by familiarizing themselves with the 15 transcripts and
coding the data. They then organized the codes based on
relatedness, reviewing them, and defining and naming them as
subthemes and themes [25]. The thematic analysis acknowledges
“the researcher’s reflective and thoughtful engagement with
their data, and their reflexive and thoughtful engagement with
the analytic process is essential” [25]. It recognizes the potential
benefits of using multiple coders, such as achieving richer
interpretations, however, it does not view this as a requirement
[26]. Researchers are discouraged from attempting to provide
accounts of “accurate” or “reliable” coding or pursuing
consensus among multiple coders [26].

Given the research question and acknowledging that
participants’ experiences and perspectives on safety may vary
in this study, the analysis was used to reflect the range of
experiences of participants and highlight how these might differ,
rather than attempting to merge these experiences into a single,
unified interpretation [25]. Once the results of the study were
ready, they were shared with all 15 participants to review and
ensure that they were representative of their experiences. Three
participants responded and said that they agreed with the results
and did not offer any additional insights or suggest any
alterations.

Researcher Reflexivity
A critical realist epistemology was adopted for this study, where
the researchers aimed to explore participants’ subjective
experiences, acknowledge them as “real,” and recognize the
researchers’ inability to fully access that reality [25]. The
researchers were aware of their reflexivity [27]; at the time of
this study, they all worked on a separate clinical trial that aimed
to assess the efficacy and safety of a specific DMHI. The first
author (RT) was completing her PhD on the safety of DMHIs.
This study was 1 of 4 separate pieces of work for the PhD (other
work comprising a systematic review, a methodology paper,
and an experts’ consensus study). This study was not directly
related to or in any way part of the clinical trial that researchers
were working on. As a team, the researchers were invested in
learning how users/patients experience risks, react to them, and
what risks matter to them in order to contribute to the field and
improve their approach to safety.

Ethical Approval
Ethical Clearance was provided for this study by the King’s
College London (reference number LRS/DP-22/23-35403).

Results

Overview
The analysis of the data using deductive thematic analysis led
to 3 major themes:

• Nonresponse: A Concern, a Risk, and How Users Mitigate
It

• Symptom Deterioration and Its Management

• Concerns Around Data Privacy and How to Mitigate Them

Theme 1: Nonresponse: A Concern, a Risk, and How
Users Mitigate It

Assessing the Effectiveness of DMHIs
Under this theme, participants spoke about their concerns
regarding the DMHI being ineffective, experiencing
ineffectiveness/nonresponse as a risk, and the methods they
used to assess whether a DMHI was safe and effective.

Concerns Around Nonresponse
Users of DMHIs were concerned about the potential
ineffectiveness of these interventions. Will these interventions
be able to help them? Are these interventions evidence-based?
One important area of concern is illustrated as follows:

Umm, I was concerned with like how helpful it would
actually be, being that it is an online thing and like
I'm not actually talking to a person you know...I was
even actually concerned when I started the first
session, whether the program would have lasting
effects on actually helping me or supporting my
mental health. [Participant 6, used a DMHI for
depression for 2.5 months]

It is likely that participants were doubtful about their
interventions’ effectiveness because they were struggling and
in such emotional pain that they were unsure how a technology
with no human could alleviate their pain and improve their
mood.

Nonresponse as a Risk
Participants also spoke about the risk of the DMHI being
unhelpful and ineffective, and how that at times led to further
frustration, deterioration, and self-blame, for example:

I found it ineffective, if I'm honest. I think it was the
set of six or eight weeks...I remember that the second
week I burst into tears. It just felt so pointless. I can't
remember what set me off, but it just felt so pointless.
[Participant 9 used a DMHI for an eating disorder for
1.5 months]

Another participant explained how the ineffectiveness of the
DMHI led to a deterioration in her symptoms and feelings of
isolation and self-blame. She said:

So, it's sort of added to that frustration when it was
making the situation worse...So now, I felt like it
would lead me to do sort of negative coping
strategies...I'd be like get angry and irritable with
people, or I'd go and overeat....it definitely sort of
furthered the thoughts that there was like no one to
help me...It made low moments even worse...It almost
triggered sort of thoughts of like, oh, something's
wrong with me. Why can't the program help me?
[Participant 14 used a DMHI for post-natal depression
for 24 months]

Users’ Method for Assessing Safety and Effectiveness
Users used 2 main methods to assess whether they thought a
DMHI was safe and effective: (1) social proofing, which refers

JMIR Hum Factors 2025 | vol. 12 | e62974 | p.1746https://humanfactors.jmir.org/2025/1/e62974
(page number not for citation purposes)

Taher et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


to the tendency to follow the behavior of others as a guide for
one’s own actions [28]; and (2) assessing the contribution of
experts or a trusted body. Some participants opened up about
finding it difficult to assess the safety of a DMHI, and not
knowing how to do that.

Participants wanted to know that professionals were involved
in the development of the DMHI and that scientific research
has been conducted to assess it, saying:

I suppose I would want to know how it was developed
and in partnership with mental health
practitioners...so I think with credibility, I guess
things like whether they have worked with the
university or with kind of recognized academics and
done any kind of scientific research and rather than
just user testing. [Participant 11 used a DMHI for
insomnia for 1.5 months]

In this participant’s case in particular, knowing that the
intervention was evidence-based was very important because
she had struggled with insomnia for more than a decade and
had tried many things (face-to-face therapy and medication)
that were not helpful for her. Users also relied on other users’
experiences. They checked reviews, ratings, and social media
groups to find out more about the DMHI. The following quote
is an example of this:

Uh, I have this habit of looking up these things online,
so I would look up reviews of the app online. Maybe
even check out any details about how helpful it has
been. If people have had good experiences, bad
experiences, they've had negative experiences, what
have they been about and how I could avoid them. I
would maybe even like look at Facebook groups.
[Participant 6 used a DMHI for depression for 2.5
months]

Some participants were honest about not knowing how to check
the safety of the DMHI, and needing the support of professionals
to be able to do so, they said:

I mean, unless it was like referred by my GP or kind
of, you know, promoted through kind of official
channels like the NHS website or something, I don't
know how I would even check that an app has all the
right checks, and you know safeguarding approvals
or whatever. [Participant 13 used a DMHI for
depression and anxiety for 2 months]

Other participants suggested that the DMHI needs to assess
users’ suitability, saying:

I guess before someone's able to access the app kind
of going through, I don't know, some sort of risk
assessment on like who would find it useful.
[Participant 7 used a DMHI for paranoia for 3 months]

Another participant thought that this could be achieved by the
DMHI clearly stating its intended use and target population:

I think the app would need to be really explicit about
the limitations and sort of say up front like this is not
for severe mental health issues or this is for

maintenance. [Participant 14 used a DMHI for
post-natal depression for 24 months]

Theme 2: Symptom Deterioration and Its Management

Addressing Symptom Deterioration in DMHIs
Under this theme, participants spoke about experiencing
symptom deterioration. Participants also gave their feedback
on one of the methods used to support them when experiencing
or struggling to cope (referral to other services and crisis
support) and their suggestions on how deterioration can be
managed.

Deterioration of Symptoms
Participants talked about how using a DMHI and dealing with
their mental health struggles at times led to a deterioration in
their mental health symptoms because it made them think about
things that were upsetting. One participant who was struggling
with sleep said:

I did find thinking more closely about my trouble with
sleep did initially make me more anxious about sleep
and made it harder to sleep. So, like the kind of
tracking and then realizing that actually that was a
really bad night...sometimes makes it harder to sleep
the next night, by bringing it to the forefront.
[Participant 11 used a DMHI for insomnia for 1.5
months]

It is important to note that this participant found her intervention
effective in helping her manage her insomnia and improve her
sleep quality. This aligns with recent findings from an expert
consensus study, which concluded that symptom deterioration
is not a safety concern of DMHIs but rather a normal part of
therapy [11].

In some cases, the inflexibility of the predetermined content in
the DMHI and its inability to cater specifically to each user’s
needs (ie, lack of personalization) meant that the DMHI was
unable to relate to users’ emotional state and could lead to a
deterioration in symptoms, for example:

So sometimes the AI (chatbot) like would give me
suggestions that didn't really fit my situation. So, I'm
like, you know what? Forget it. I'm not even going to
do it, and I would feel worse afterwards because I
wanted to express it. And then I'm just sitting here
typing things, and it's not helping. It wasn't really
built to recognize that CBT isn't effective for certain
situations. [Participant 14 used a DMHI for post-natal
depression for 24 months]

Managing Deterioration
As deterioration is the most common negative effect of DMHIs
[1], the authors asked participants how they think DMHIs could
support them through it. Some participants said that normalizing
deterioration would be very helpful. Participant 1 explained
how that could be done in a hybrid model:

I think one way to support...is to have a video call
therapy session. With an agent for example to make
me understand that these things are normal. So, at
that I would be reassured that I'm getting back to
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normal. [Participant 1 used a DMHI for depression
for 36 months]

Another participant explained how that could be done in a
nonhybrid model:

Uh, maybe you know if the app had a mood tracker.
The algorithm could check if you’re feeling low right
after therapy. It might just send them a message “Hey,
if you're feeling down, you just check, you just had
therapy. This could be normal” and that would be
like, uh, fair enough. [Participant 5 used a DMHI for
depression and anxiety for 1 month]

Another participant suggested using regular check-ins to detect
deterioration and provide users with support accordingly, saying:

Umm, I think the biggest thing is regular check-ins.
That's quite an important thing about how they're
finding it and what particularly is so difficult, maybe
even not slowing it down, but having a bit of flexibility
around kind of OK, you found this section of the app
pretty difficult. [Participant 10 used a DMHI for
self-harm for 1.5 months]

Signposting to Other Services for Support
Most participants (11/15, 73%) were provided with emergency
numbers, within the DMHI, to call in case they felt that they
could not cope and needed further support. Some participants
shared that they found this support helpful:

They gave me the contact numbers of like mind and
Samaritans in case I needed urgent help. I'm using
an online service. If I did need help, I could contact
these services, which is actually really helpful because
once or twice when I really felt like I was troubled at
night, this did come in handy. [Participant 6 used a
DMHI for depression for 2.5 months]

However, other participants felt that the signposting to crisis
support within the DMHI was tokenistic, sharing:

It's hard to feel like it's a genuine thing. It feels almost
like a boilerplate that they put in every conversation.
It doesn't really feel like there's thought going into it
like “Ohh I recognize that the program can't help you
with this. This would be better for a psychiatrist.
[Participant 14 used a DMHI for post-natal depression
for 24 months]

Further analysis of these data highlighted that the participants
who had a positive experience with the DMHI (ie, found it
helpful) experienced the referral to crisis support information
positively. By contrast, participants who found the DMHI
unhelpful and were frustrated with it found the crisis support
information unhelpful and ingenuine. Thus, users’ relationship
with the DMHI and their feelings toward it informed how they
felt about being referred to other services. Users who found the
DMHI helpful were likely to view the information about other
services as a helpful bonus, whereas those who found their
DMHI unhelpful were likely to doubt its genuine concern for
them and thus viewed such referrals as a mere box-ticking
exercise.

Theme 3: Concerns Around Data Privacy and How to
Mitigate Them

Participant Perspectives on Data Privacy
Under this theme, participants spoke about their concerns around
data privacy and their suggestions on how to help ease these
concerns.

Concerns Around Confidentiality and Data Privacy
Participants were concerned about their data. Was the DMHI
confidential? If not, who is it sharing their data with?
Participants talked about their concern that the data might be
shared with their health care team without their consent:

I had concerns about the information that I was
putting in, and the kind of data that might have been
collected. It's kind of that worry that what you're
writing isn't actually confidential or you know that it
could go back to someone else. I think one of the
biggest worries for me was that what I was inputting
in the app might have been given to my psychologist
or somehow, you know, connected with the NHS or
something like that. [Participant 10 used a DMHI for
self-harm for 1.5 months]

It is worth noting that, given the sensitivity of participant 10’s
struggle with self-harm, it is understandable why they were
particularly concerned about their data being shared—even with
their health care provider.

A User-Friendly Data Policy
Participants expressed their frustration with the vagueness and
complexity of how DMHIs present their data protection policy
and had suggestions on how that can be improved. Some thought
that DMHIs should make key data protection information
available in a simpler and more readily accessible format:

Maybe just share more information...like make it clear
what you do to protect users' data. I don't want to
have to go through, you know, all of your Terms and
conditions, privacy policies and things like that to
find out what it is. I mean, nobody's actually going
to do that. I would never actually do it, so it would
be helpful if it was just clearly mentioned somewhere.
[Participant 6 used a DMHI for depression for 2.5
months]

Another participant said that all they wanted from a DMHI is
to be honest about what data they are storing and why:

They could kind of like emphasize maybe that your
data isn't stored under an identifiable name that leads
to you. Or say we are storing the data, but it is
confidential and we're doing it to help more people.
That's all...just being open about it. [Participant 8
used a DMHI for an eating disorder for 3 months]

It is worth noting that the data from this study did not show any
association between duration of use and participants’
experiences. Participants had mixed responses to the DMHI
when they used it for a short period (1.5 months, eg, participants
10 and 11), and those who used the DMHI for a long period (24
months; eg, participant 14) did not necessarily have a good
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experience. However, Table 1 does show that the DMHIs that
were targeting low mood–related areas were used for the longest
period, such as depression (on average 19.25 months), self-harm
(on average 12.75 months), and postnatal depression (on average
24 months). It is also noted that self-administered interventions
were used for longer periods compared with hybrid interventions
(on average 9.33 months vs 1.66 months). This is expected
given that self-administered interventions require fewer
resources and clinician time.

Discussion

Advancing Knowledge on DMHI Safety
This research was successful in exploring and understanding
users’ experiences, views, concerns, and suggestions regarding

the safety of DMHIs. Until now, such findings have been absent
from the literature. These findings contribute to advancing the
field of digital mental health safety by providing valuable
evidence of the viewpoints and experiences of its target
population.

Principal Findings

Overview
The main findings of this study are presented in Table 2 (also
see Figure 1) using user-friendly language and in the form of
recommendations.

Table 2. User-informed recommendations to improve DMHIa safety.

DescriptionRecommendations

Ensure that DMHI product manufacture and approval include a requirement to provide readily
accessible, easy-to-read lay summaries of key information. At a minimum, these should cover
(1) evidence of effectiveness; (2) data usage, security measures, and access (ie, who can access
the data); and (3) potential negative effects.

1. Provide ‘easy access’ versions of key information

Introduce a sectorwide, widely recognized, branded badge to provide top-level reassurance of
the quality and safety of any DMHIs bearing that badge.

2. Use ‘Approved by...’ badges

DMHIs should flag to users their inability to be fully personalized and adaptable to an individ-
ual user’s needs to mitigate feelings of invalidation and disappointment.

3. Acknowledge the lack of personalization

Before using a product, users should be alerted to possible mood or symptom deterioration,
given normalizing information, and signposted to relevant support to help mitigate these effects
should they occur.

4. Anticipate and support deterioration

DMHIs should internally track users’ progress and provide feedback on whether they are ben-
efiting as expected. Where there is no individual benefit, despite the appropriate use of the
product, users should be automatically advised to seek alternative support.

5. Provide real-time feedback

Content should include an acknowledgment of the DMHIs’ limitations and a summary of each
crisis service’s support. It is recommended to consult the target population on wording to ensure
genuine concern for users is communicated.

6. Provide genuine crisis support

DMHIs should incorporate an assessment of suitability focusing on risk levels and the appro-
priateness of the intervention for users’ specific mental health conditions and severity. This
could be done with a simple set of initial built-in questions which output a recommendation to
use, or not use, the product based on the user’s response.

7. Responsibly manage access

aDMHI: digital mental health intervention.
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Figure 1. Key findings (in lay language). DMHI: digital mental health intervention.

Users’ Concerns Around the Safety of DMHIs
In this study, users expressed 2 primary concerns regarding the
safety of DMHIs: (1) whether a product would be effective and
(2) whether their data would be secure and confidential.
Evidence around the effectiveness of DMHIs is usually
disseminated in academic peer-reviewed articles. This poses an
accessibility challenge for the typical users, which is only
slightly tempered by recent initiatives toward making
open-access publications the norm in academia. It has been
documented that uncertainty around the effectiveness of a DMHI
is a key barrier to its use [15]. To address users’ concerns about
effectiveness, it is crucial to translate scientific findings into
lay language and publish them in user-friendly formats to
improve accessibility (recommendation 1). This dovetails well
with the increasing requirements placed upon academics to
evidence the impact of their work.

Regarding users’ second major concern, data safety and
confidentiality, participants in this study suggested that DMHIs
provide their users with clear and concise information on how
their data are used, stored, and who has access to it. Recognizing
that users often overlook traditional lengthy privacy policies
and terms and conditions [29], DMHIs could supplement these
by providing users with a layperson’s summary of how their
data are being used, kept safe, and who has access to them

(recommendation 1). Clear and transparent communication
about data and privacy would help build trust, a key component
of the therapeutic relationship [30]. The evidence to date
suggests that the digital therapeutic alliance is both relevant and
important in DMHIs [19,20].

Assessing a DMHI’s Safety From Users’ Perspective
It is important to understand how users assess the safety of
DMHIs, as this will inform professionals about where users
look for safety information and so where and how best to
provide it. Participants in this study described methods for
assessing the safety of a DMHI that reflected social proof, a
concept first attributed to Robert Cialdini [31,32]. Social proof
refers to situations where people use opinions and information
from others similar to themselves to influence personal choices,
decisions, and behaviors, especially if uncertain [31,32]. In the
present context, this involved reading online product reviews
on websites and mobile app stores. Other participants expressed
that they did not know how to assess the safety of a DMHI. In
a different qualitative study, medical students shared a similar
experience, expressing difficulty in identifying which DMHIs
were evidence-based [15]. These students also criticized the
lack of guidance available for users on how to find
evidence-based DMHIs [15].
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There are already regulatory bodies equipped and responsible
for assessing the efficacy and safety of DMHIs and making
recommendations for use. In the United Kingdom, this includes
NICE (The National Institute for Health and Care Excellence)
and the MHRA (Medicines and Healthcare Products Regulatory
Agency). The NHS (National Health Service) previously had a
health app store called the “NHS Health Apps Library,” but it
was decommissioned in 2021 due to the increasing complexity
of maintaining the library and ensuring the safety and
effectiveness of the listed apps. An alternative to this has
emerged through the Health App Library provided by the
Organization for the Review of Care and Health Apps
(ORCHA), in collaboration with health providers such as NHS
Trusts. This library offers a list of mobile apps that have been
reviewed by ORCHA for effectiveness and safety. One effective
way to demarcate a product’s safety and efficacy status would
be for regulators to introduce a branded, recognizable stamp or
badge to be displayed by products achieving prespecified
minimum safety and efficacy requirements (recommendation
2). What those requirements should be, however, would entail
significant additional research to achieve a consensus across
industry, regulatory bodies, academia, developers, and users.
Nevertheless, this approach would capitalize on users’ existing
tendency to seek safety information via the product’s mobile
app page or website and is therefore likely to ultimately be an
effective means of disseminating key information on which end
users can base their decisions. A notable advancement in this
direction is Google’s revision of their app store’s health policy,
which mandates that starting from May 31, 2024, all health apps
posted on their app store must prove compliance with relevant
laws and regulations (privacy policy, ethics approval, and
certification when required) [33].

Risks Experienced by DMHIs’ Users and Their
Suggestions on How to Mitigate Them
Participants in this study spoke about 3 risks they had
experienced as a result of using a DMHI: feeling invalidated
by the DMHI, deterioration in their symptoms, and nonresponse.
Users noted that, unlike a human therapist, the DMHIs’ inability
to be fully responsive, personalized, and adaptable to each user’s
needs left them feeling invalidated and unheard. Such
experiences undermine the therapeutic relationship. There is
evidence that personalization in a DMHI fosters therapeutic
alliance [20], and thus the lack of it is likely to undermine this
alliance. The weaker the digital therapeutic relationship, the
more this is likely to undermine the effectiveness of the DMHI
[30]. In a qualitative study involving Australian psychologists
and their experiences with DMHIs, the psychologists expressed
the view that DMHIs are inferior to face-to-face therapy due to
their limited capacity for personalization [14]. In another
qualitative study, medical students made the same comparison
between DMHIs’ and health professionals’ ability to provide
personalized therapy [15]. This is a limitation of current
technologies, which might change with the future advances of
artificial intelligence. However, for now, it is important for
DMHIs to acknowledge and communicate this limitation to
users to mitigate feelings of invalidation (recommendation 3).

Participants suggested that DMHIs can support users
experiencing deterioration by informing them about the

possibility, normalizing it, and providing pathways to relevant
support when it occurs (recommendation 4). These suggestions
align with those made by digital mental health professionals in
a recent consensus statement [11]. Other studies have suggested
implementing an automated process within DMHIs to monitor
and flag when participants’ symptoms deteriorate beyond a
predefined threshold [5]. Although that threshold would be
subject to individual conditions and clinical opinion within any
specific context, a useful starting point would be to adopt the
clinical “rule of thumb” that considers a 20% change in
symptoms as a meaningful variation [34].

“Nonresponse” is a documented potential side effect of DMHIs
[1,12]. It was interesting to see how nonresponse from users’
perspective was almost a compound negative effect that led to
a cascade of unwanted effects including feelings of frustration,
hopelessness, deterioration, isolation, and self-blame. One way
to address this would be for DMHIs to track users’ clinical
outcomes, identify those experiencing nonresponse, and provide
them with targeted pathways to further support as a way of
mitigating these possible adverse consequences
(recommendation 5).

The Risk Mitigation Methods Experienced by DMHIs’
Users
When discussing how DMHIs mitigate risks and safeguard
users, users highlighted the importance of signposting to other
sources of support. The majority of users (11/15) were provided
with details of emergency numbers and other mental health
services; however, not all users found these helpful. Some users
felt that this was a checkbox exercise that DMHIs needed to
complete and that the crisis support provided was ingenuine.
Users of DMHIs may feel this way because of their experiences
with mental health services, and because most mental health
services/interventions tend to provide crisis support information.
Signposting to a different service needs to be done delicately
to ensure that the user feels cared for. For that, DMHIs need to
be careful about how they present crisis support details.
Including an acknowledgment of the DMHI’s limitations, a
concern for the user, and a description of the support that each
crisis service provides might help make users feel that the
intention to provide support is more genuine (recommendation
6). Soliciting user input on how such information is phrased
and presented would also be of benefit (recommendation 6).

Only 1 user among our sample of 15 was informed of the
potential side effects of the DMHI that they were using. A recent
systematic review on the safety of DMHIs found that only
one-third of the interventions informed their users of their
adverse events or possible side effects [1]. The even lower level
of side effect awareness in our study might be due to the
commonplace practice of embedding side effect information
within inaccessible or often unread documentation (eg, terms
and conditions or instructions for use) [6]. Indeed, as reported
above, our participants told us that they found these documents
particularly impenetrable, suggesting some may have missed
out on important side effect information. To ensure user safety,
it is important to improve the visibility and accessibility of side
effect information by adopting new methods of communication
(recommendation 1). This might include a digital equivalent of
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listing possible side effects on medication labels. Existing
regulations already require a digital product label to be displayed
within the product itself and this label includes “Cautions” and
“Warnings.” It would be a relatively simple matter to add a
section “Possible Side Effects” as a further requirement.

However, simply adding information is unlikely, on its own, to
meet users’ needs as identified by our study. In addition (and
as already discussed earlier), serious consideration should be
given to adopting the practice of requiring “easy read” or “lay
summary” versions of key information which is provided
alongside full and formal versions. This is now standard practice
in domains such as academia, governmental, and other public
sector organizations. Our study suggests that, as a minimum,
this should apply to information on data security and side effects.

Finally, to minimize this risk, our sample of participants/users
recommended that DMHIs should evaluate each user’s
suitability, with a focus on assessing risk levels and determining
the appropriateness of the intervention for their specific mental
health condition and severity. These assessments can be included
as a standard procedure before onboarding a user onto a DMHI,
similar to how patients are screened before they receive
face-to-face therapy (recommendation 7).

Limitations
There are a few limitations to this study. The participants in this
study were mostly female (12/15, 80%). The DMHIs used by
participants were mostly self-administered (12/15, 80%), and
thus results might be biased by their experiences. Additionally,
recruiting for a study to explore users’perspectives on the safety
of DMHIs might have attracted individuals who have
experienced such issues. It is important to be aware of how the
sample of participants in this study could have shaped the
results. This is expected in qualitative studies, which aim to
explore and understand the experiences and opinions of a sample
of the population [35].

Conclusions
The results of this study led to 7 user-informed recommendations
on how the safety of DMHIs can be improved. These
recommendations arose from users’experiences and suggestions.
The key findings (Figure 1) and recommendations of this paper
could improve the safety of DMHIs, enhance users’experience,
address some of their concerns, and foster a more trusting
therapeutic relationship between the user and the DMHI.

 

Acknowledgments
We are grateful to all our participants for taking the time to participate in our study and share with us their valuable experiences
and opinions. We also would like to express our gratitude to the National Institute for Health and Care Research (NIHR) Biomedical
Research Centre hosted at South London and Maudsley NHS Foundation Trust in partnership with King’s College London. The
views expressed are those of the author(s) and not necessarily those of the NHS, the NIHR, the Department of Health and Social
Care, the ESRC, or King’s College London.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Topic guide.
[DOCX File , 24 KB - humanfactors_v12i1e62974_app1.docx ]

References
1. Taher R, Hsu C, Hampshire C, Fialho C, Heaysman C, Stahl D, et al. The safety of digital mental health interventions:

systematic review and recommendations. JMIR Ment Health 2023 Oct 09;10:e47433 [FREE Full text] [doi: 10.2196/47433]
[Medline: 37812471]

2. Brown P, Prest B, Miles P, Rossi V. The development of National Safety and Quality Digital Mental Health Standards.
Australas Psychiatry 2022 Apr 27;30(2):154-157. [doi: 10.1177/10398562211042361] [Medline: 34569321]

3. van Orden ML, Kraaijeveld JC, Spijker AT, Silven AV, Bonten TN, Chavannes NH, et al. Preliminary effects of a digital
mental health intervention for depression and anxiety. Clinical eHealth 2022 Dec;5:44-51. [doi: 10.1016/j.ceh.2022.06.002]

4. Kambeitz-Ilankovic L, Rzayeva U, Völkel L, Wenzel J, Weiske J, Jessen F, et al. A systematic review of digital and
face-to-face cognitive behavioral therapy for depression. NPJ Digit Med 2022 Sep 15;5(1):144-144 [FREE Full text] [doi:
10.1038/s41746-022-00677-8] [Medline: 36109583]

5. Gómez Bergin AD, Valentine AZ, Rennick-Egglestone S, Slade M, Hollis C, Hall CL. Identifying and Categorizing Adverse
Events in Trials of Digital Mental Health Interventions: Narrative Scoping Review of Trials in the International Standard
Randomized Controlled Trial Number Registry. JMIR Ment Health 2023 Feb 22;10:e42501. [doi: 10.2196/42501]

6. Martinez-Martin N, Kreitmair K. Ethical issues for direct-to-consumer digital psychotherapy apps: addressing accountability,
data protection, and consent. JMIR Ment Health 2018 Apr 23;5(2):e32 [FREE Full text] [doi: 10.2196/mental.9423]
[Medline: 29685865]

JMIR Hum Factors 2025 | vol. 12 | e62974 | p.1752https://humanfactors.jmir.org/2025/1/e62974
(page number not for citation purposes)

Taher et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e62974_app1.docx&filename=ddc9a3b66225d40dbb06894109f5b4a1.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e62974_app1.docx&filename=ddc9a3b66225d40dbb06894109f5b4a1.docx
https://mental.jmir.org/2023//e47433/
http://dx.doi.org/10.2196/47433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37812471&dopt=Abstract
http://dx.doi.org/10.1177/10398562211042361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34569321&dopt=Abstract
http://dx.doi.org/10.1016/j.ceh.2022.06.002
https://doi.org/10.1038/s41746-022-00677-8
http://dx.doi.org/10.1038/s41746-022-00677-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36109583&dopt=Abstract
http://dx.doi.org/10.2196/42501
https://mental.jmir.org/2018/2/e32/
http://dx.doi.org/10.2196/mental.9423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29685865&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Berk M, Parker G. The elephant on the couch: side-effects of psychotherapy. Aust N Z J Psychiatry 2009 Sep
01;43(9):787-794. [doi: 10.1080/00048670903107559] [Medline: 19670051]

8. Batterham PJ, Christensen H, Calear AL, Werner-Seidler A, Kazan D. Rates and predictors of deterioration in a trial of
internet-delivered cognitive behavioral therapy for reducing suicidal thoughts. Archives of Suicide Research 2020 Nov
20;26(2):937-947. [doi: 10.1080/13811118.2020.1848671] [Medline: 33215554]

9. Linden M. How to define, find and classify side effects in psychotherapy: from unwanted events to adverse treatment
reactions. Clin Psychol Psychother 2013 Jan 18;20(4):286-296. [doi: 10.1002/cpp.1765] [Medline: 22253218]

10. Terry NP, Gunter TD. Regulating mobile mental health apps. Behav Sci Law 2018 Mar 16;36(2):136-144 [FREE Full text]
[doi: 10.1002/bsl.2339] [Medline: 29659069]

11. Taher R, Bhanushali P, Allan S, Alvarez-Jimenez M, Bolton H, Dennison L, et al. Bridging the gap from medical to
psychological safety assessment: consensus study in a digital mental health context. BJPsych Open 2024 Jun
03;10(4):e126-e126 [FREE Full text] [doi: 10.1192/bjo.2024.713] [Medline: 38828683]

12. Rozental A, Andersson G, Boettcher J, Ebert DD, Cuijpers P, Knaevelsrud C, et al. Consensus statement on defining and
measuring negative effects of internet interventions. Internet Interventions 2014 Mar;1(1):12-19. [doi:
10.1016/j.invent.2014.02.001]

13. Bradstreet S, Allan S, Gumley A. Adverse event monitoring in mHealth for psychosis interventions provides an important
opportunity for learning. J Ment Health 2019 Oct 26;28(5):461-466 [FREE Full text] [doi: 10.1080/09638237.2019.1630727]
[Medline: 31240970]

14. Scott S, Knott V, Finlay-Jones AL, Mancini VO. Australian psychologists experiences with digital mental health: a qualitative
investigation. J Technol Behav Sci 2022 Aug 16;8(4):1-11 [FREE Full text] [doi: 10.1007/s41347-022-00271-5] [Medline:
35991293]

15. Dederichs M, Weber J, Pischke CR, Angerer P, Apolinário-Hagen J. Exploring medical students' views on digital mental
health interventions: a qualitative study. Internet Interv 2021 Sep;25:100398 [FREE Full text] [doi:
10.1016/j.invent.2021.100398] [Medline: 34026567]

16. Allan S, Beedie S, McLeod HJ, Farhall J, Gleeson J, Bradstreet S, et al. Using EMPOWER in daily life: a qualitative
investigation of implementation experiences. BMC Psychiatry 2023 Aug 17;23(1):597-597 [FREE Full text] [doi:
10.1186/s12888-023-05096-x] [Medline: 37592231]

17. Arnold C, Williams A, Thomas N. Engaging with a web-based psychosocial intervention for psychosis: qualitative study
of user experiences. JMIR Ment Health 2020 Jun 19;7(6):e16730 [FREE Full text] [doi: 10.2196/16730] [Medline: 32558659]

18. Berry N, Lobban F, Bucci S. A qualitative exploration of service user views about using digital health interventions for
self-management in severe mental health problems. BMC Psychiatry 2019 Jan 21;19(1):35-13 [FREE Full text] [doi:
10.1186/s12888-018-1979-1] [Medline: 30665384]

19. Tong F, Lederman R, D'Alfonso S, Berry K, Bucci S. Conceptualizing the digital therapeutic alliance in the context of fully
automated mental health apps: a thematic analysis. Clin Psychol Psychother 2023 Apr 11;30(5):998-1012. [doi:
10.1002/cpp.2851] [Medline: 37042076]

20. Tong F, Lederman R, D'Alfonso S, Berry K, Bucci S. Digital therapeutic alliance with fully automated mental health
smartphone apps: a narrative review. Front Psychiatry 2022 Jun 22;13:819623-819612 [FREE Full text] [doi:
10.3389/fpsyt.2022.819623] [Medline: 35815030]

21. Braun V, Clarke V. Successful Qualitative Research A Practical Guide for Beginners. London, UK: SAGE Publications
Ltd; Mar 01, 2013.

22. Moltu C, Stefansen J, Svisdahl M, Veseth M. Negotiating the coresearcher mandate - service users' experiences of doing
collaborative research on mental health. Disabil Rehabil 2012;34(19):1608-1616. [doi: 10.3109/09638288.2012.656792]
[Medline: 22489612]

23. Braun V, Clarke V. To saturate or not to saturate? Questioning data saturation as a useful concept for thematic analysis and
sample-size rationales. Qualitative Research in Sport, Exercise and Health 2019 Dec 26;13(2):201-216. [doi:
10.1080/2159676x.2019.1704846]

24. NVivo (version12). QSR International Pty Ltd. URL: https://www.qsrinternational.com/
nvivo-qualitative-data-analysis-software/home [accessed 2025-01-31]

25. Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology 2006 Jan;3(2):77-101.
[doi: 10.1191/1478088706qp063oa]

26. Byrne D. A worked example of Braun and Clarke’s approach to reflexive thematic analysis. Qual Quant 2021 Jun
26;56(3):1391-1412. [doi: 10.1007/s11135-021-01182-y]

27. Braun V, Clarke V. Reflecting on reflexive thematic analysis. Qualitative Research in Sport, Exercise and Health 2019 Jun
13;11(4):589-597. [doi: 10.1080/2159676x.2019.1628806]

28. Scott W, Barden J. Social Proof. London, UK: Routledge; Apr 22, 2022:36-64.
29. Wykes T, Lipshitz J, Schueller SM. Towards the design of ethical standards related to digital mental health and all its

applications. Curr Treat Options Psych 2019 Jul 5;6(3):232-242. [doi: 10.1007/s40501-019-00180-0]

JMIR Hum Factors 2025 | vol. 12 | e62974 | p.1753https://humanfactors.jmir.org/2025/1/e62974
(page number not for citation purposes)

Taher et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1080/00048670903107559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19670051&dopt=Abstract
http://dx.doi.org/10.1080/13811118.2020.1848671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33215554&dopt=Abstract
http://dx.doi.org/10.1002/cpp.1765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22253218&dopt=Abstract
https://hdl.handle.net/1805/18505
http://dx.doi.org/10.1002/bsl.2339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29659069&dopt=Abstract
https://www.cambridge.org/core/product/identifier/S2056472424007130/type/journal_article
http://dx.doi.org/10.1192/bjo.2024.713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38828683&dopt=Abstract
http://dx.doi.org/10.1016/j.invent.2014.02.001
https://eprints.gla.ac.uk/187525
http://dx.doi.org/10.1080/09638237.2019.1630727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31240970&dopt=Abstract
https://europepmc.org/abstract/MED/35991293
http://dx.doi.org/10.1007/s41347-022-00271-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35991293&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(21)00038-5
http://dx.doi.org/10.1016/j.invent.2021.100398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34026567&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-023-05096-x
http://dx.doi.org/10.1186/s12888-023-05096-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37592231&dopt=Abstract
https://mental.jmir.org/2020/6/e16730/
http://dx.doi.org/10.2196/16730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32558659&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-018-1979-1
http://dx.doi.org/10.1186/s12888-018-1979-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30665384&dopt=Abstract
http://dx.doi.org/10.1002/cpp.2851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37042076&dopt=Abstract
https://europepmc.org/abstract/MED/35815030
http://dx.doi.org/10.3389/fpsyt.2022.819623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35815030&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2012.656792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22489612&dopt=Abstract
http://dx.doi.org/10.1080/2159676x.2019.1704846
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1007/s11135-021-01182-y
http://dx.doi.org/10.1080/2159676x.2019.1628806
http://dx.doi.org/10.1007/s40501-019-00180-0
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Boucher EM, Harake NR, Ward HE, Stoeckl SE, Vargas J, Minkel J, et al. Artificially intelligent chatbots in digital mental
health interventions: a review. Expert Rev Med Devices 2021 Dec 31;18(sup1):37-49 [FREE Full text] [doi:
10.1080/17434440.2021.2013200] [Medline: 34872429]

31. Cialdini RB. Influence, New and Expanded: The Psychology of Persuasion. New York, NY: HarperCollins; Oct 27, 2013.
32. Cialdini R. Influence: Science and Practice. London, UK: Pearson Publishing; 2009.
33. Google LLC. Health content and services. Google LLC. URL: https://support.google.com/googleplay/android-developer/

answer/13996823?sjid=11315650021394300636-EU [accessed 2025-01-31]
34. Hobbs C, Lewis G, Dowrick C, Kounali D, Peters TJ, Lewis G. Comparison between self-administered depression

questionnaires and patients' own views of changes in their mood: a prospective cohort study in primary care. Psychol Med
2020 Jan 20;51(5):853-860. [doi: 10.1017/s0033291719003878]

35. Leung L. Validity, reliability, and generalizability in qualitative research. J Family Med Prim Care 2015;4(3):324-327
[FREE Full text] [doi: 10.4103/2249-4863.161306] [Medline: 26288766]

Abbreviations
COREQ: Consolidated Criteria for Reporting Qualitative Research
DMHI: digital mental health intervention
MHRA: Medicines and Healthcare Products Regulatory Agency
NHS: National Health Service
NICE: The National Institute for Health and Care Excellence
ORCHA: Organization for the Review of Care and Health Apps
PIS: participant information sheet

Edited by A Kushniruk; submitted 06.06.24; peer-reviewed by I Wilson, L McCann; comments to author 14.10.24; revised version
received 07.11.24; accepted 24.11.24; published 07.02.25.

Please cite as:
Taher R, Stahl D, Shergill S, Yiend J
The Safety of Digital Mental Health Interventions: Findings and Recommendations From a Qualitative Study Exploring Users’
Experiences, Concerns, and Suggestions
JMIR Hum Factors 2025;12:e62974
URL: https://humanfactors.jmir.org/2025/1/e62974 
doi:10.2196/62974
PMID:

©Rayan Taher, Daniel Stahl, Sukhi Shergill, Jenny Yiend. Originally published in JMIR Human Factors
(https://humanfactors.jmir.org), 07.02.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic
information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

JMIR Hum Factors 2025 | vol. 12 | e62974 | p.1754https://humanfactors.jmir.org/2025/1/e62974
(page number not for citation purposes)

Taher et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.tandfonline.com/doi/abs/10.1080/17434440.2021.2013200?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/17434440.2021.2013200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34872429&dopt=Abstract
https://support.google.com/googleplay/android-developer/answer/13996823?sjid=11315650021394300636-EU
https://support.google.com/googleplay/android-developer/answer/13996823?sjid=11315650021394300636-EU
http://dx.doi.org/10.1017/s0033291719003878
http://www.jfmpc.com/article.asp?issn=2249-4863;year=2015;volume=4;issue=3;spage=324;epage=327;aulast=Leung
http://dx.doi.org/10.4103/2249-4863.161306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26288766&dopt=Abstract
https://humanfactors.jmir.org/2025/1/e62974
http://dx.doi.org/10.2196/62974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Provider Perspectives on the Use of Mental Health Apps, and the
BritePath App in Particular, With Adolescents at Risk for Suicidal
Behavior: Qualitative Study

Frances Lynch1*, PhD, MSPH; Julie Cavese1,2*, PsyD, MA; Lucy Fulton1*, AA; Nancy Vuckovic3*, PhD; David

Brent4*, MD, MS
1Kaiser Permanente Center for Health Research, Portland, OR, United States
2Cavese Counseling, Portland, OR, United States
3Vuckovic Consulting, Vuckovic Consulting, Portland, OR, United States
4Department of Psychiatry, University of Pittsburgh Medical Center, Pittsburgh, PA, United States
*all authors contributed equally

Corresponding Author:
Frances Lynch, PhD, MSPH
Kaiser Permanente Center for Health Research
3800 N Interstate Ave
Portland, OR, 97227
United States
Phone: 1 503 335 2400
Fax: 1 503 335 2428
Email: frances.lynch@kpchr.org

Abstract

Background: Many youth with significant mental health concerns face limited access to mental health services. Digital programs,
such as mobile apps designed to address mental health issues, have the potential to expand access to strategies for managing these
conditions. However, few mental health apps are specifically designed for youth experiencing severe concerns, such as suicidal
ideation. BritePath is a new app developed to enhance communication and interaction between providers and youth at risk for
suicidal behavior.

Objective: This study aims to explore health care providers’ opinions and concerns regarding the use of mental health apps for
youth at significant risk of suicidal behavior.

Methods: We conducted individual semistructured interviews with 17 providers across 7 states. Interviews were conducted via
video, recorded, and transcribed. Codes were developed using a team-based approach, with discrepancies resolved through team
discussions.

Results: Most providers were aware of mental health apps in general and expressed interest in trying the BritePath app with
patients experiencing depression, suicidality, or both. Analyses identified 4 key themes related to mental health apps: (1) almost
all providers viewed mental health apps as an adjunct to, rather than a replacement for, psychotherapy visits; (2) most providers
were concerned about the cost of apps and youth access to them; (3) providers noted the challenge of maintaining patient
engagement with apps over time; and (4) providers were concerned about patient privacy, in terms of both data shared with app
developers and data privacy within families. Analyses of providers’ opinions specifically about the BritePath app identified 4
additional themes: (1) providers believed that access to safety plans within BritePath could be beneficial for youth at risk for
suicidal behavior; (2) providers reported that BritePath’s interactive features could enhance communication between providers
and youth; (3) providers appreciated BritePath’s flexibility and the ability for both youth and providers to tailor its content to
individual needs; and (4) providers expressed concerns about integrating BritePath into clinical workflows within health systems.

Conclusions: The use of mental health apps is expanding, yet there is limited understanding of how to effectively integrate
these tools into mental health treatment. Providers are increasingly referring patients to mental health apps, and most expressed
interest in trying the BritePath app for patients with depression, suicidality, or both. However, providers also identified several
concerns, particularly regarding privacy and safety.
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Introduction

Background
Adolescent suicidal behavior, suicide ideation, and depression
are major public health problems that have increased
significantly over the past 20 years [1-3] and have been
exacerbated by the COVID-19 pandemic and its sequelae [4-8].
For example, between 2019 and 2021, the number of female
high school students reporting that they had seriously considered
attempting suicide increased by 6% [3]. These increases in
suicidal ideation, behavior, and depression have
disproportionately affected youth from historically minoritized
racial and ethnic groups [2-4]. Once youth are identified as
having a significant risk of suicidal behavior, they are typically
treated in emergency departments or urgent care settings or
hospitalized for stabilization before beginning outpatient
treatment [9]. However, many youth remain at high risk of
suicidal behavior even after acute treatment or stabilization in
intensive settings. Managing youth with high levels of suicidal
risk requires close communication between patients and clinical
providers, such as psychiatrists or mental health therapists
(referred to collectively as providers hereafter). Evidence-based
care for these youth includes regular monitoring of depression
symptoms, suicidal ideation, and suicidal behavior [9-11].
However, most health systems fall short of maintaining this
level of close communication due to barriers such as lack of
time and resources, as well as difficulties in staying in touch
with at-risk youth after they leave intensive settings or acute
treatment.

To address these concerns, researchers are developing new
mobile apps aimed at improving both the efficiency of
communication with youth at risk for suicidal behavior and
shared decision-making between providers and adolescent
patients. These tools are increasingly promoted to address mental
health concerns in general and depression in particular [12-16].
Empirically based apps for depression range from cognitive
behavioral self-help programs [15,16] to screening [16,17] or
mood-tracking apps [18]. Recent research indicates that these
tools are generally acceptable to providers [13,17]. However,
there are several limitations to their use in clinical practice.
Much of the evidence comes from surveys asking providers
about the acceptability of apps [19] or studies that have not
focused on specific concerns about particular apps [13]. Few
studies have examined the use of apps within the context of
mental health treatment [15]; instead, most have focused on
patients’ use of apps independent of providers [13]. To date, no
prior research has examined the acceptability of apps designed
to support shared decision-making between providers and youth
at high risk for suicidal behavior. While some experts have
raised potential ethical and safety concerns about using digital
interventions with high-risk populations [19,20], improving
connections to treatment after nonfatal suicidal behavior has

the potential to enhance the treatment trajectory and long-term
outcomes for these youth.

Study Goal
The aims of this study were to characterize providers’ (1)
opinions on the barriers and benefits of using apps in mental
health care in general, (2) perspectives on the use of apps with
adolescents with depression or suicidal thoughts and young
adult patients, (3) interest in and willingness to use a recently
developed app (BritePath) intended for use with adolescents
with suicidal thoughts or young adult patients, and (4) barriers
to implementing the BritePath app in routine clinical practice.

Methods

Implementation of BritePath: Benefits and Barriers
This qualitative study was conducted as part of the Center for
Enhancing Treatment and Utilization for Depression and
Emergent Suicidality (ETUDES Center), an ALACRITY Center
funded by the National Institute of Mental Health (NIMH
P50MH115838), aimed at helping providers better support youth
experiencing severe depression, suicidality, or both. This study
explores issues related to the use of mental health apps in general
with this population and examines potential benefits and barriers
to implementing an already developed app, BritePath, in health
systems that have not participated in the research studies
developing BritePath and are not affiliated with the ETUDES
Center. To date, all information regarding the acceptability of
the BritePath app has been gathered within the institutions that
developed it.

The BritePath App
The BritePath app was developed to improve communication
between providers and youth with depression or suicidal
thoughts. It consists of 3 integrated components: (1)
Guide2BRITE, an electronic guide for mental health providers
that includes step-by-step instructions for onboarding a patient’s
safety plan into the app, as well as guidance on discussing key
treatment components such as emotion regulation and distress
tolerance skills; (2) the BRITE app, a personalized and
interactive safety plan and self-monitoring tool for youth; and
(3) the clinician dashboard, BRITEBoard, which allows
providers to track youth’s app use, distress levels, and treatment
progress while facilitating communication and collaboration
among mental health and primary care providers.

BritePath promotes self-monitoring and self-management
through personalized strategies to avoid or cope with triggers
for suicidal urges [21]. It is based on BRITE, a patient-facing
safety planning app developed by researchers in psychiatry and
psychology at the University of Pittsburgh and the University
of Texas Southwestern Medical Center [21]. To our knowledge,
BritePath is the first smartphone-based safety planning app to
be tested in clinical trials involving adolescents with severe
depression or suicidal thoughts. BritePath provides providers
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with tools to onboard their adolescent and young adult patients
to the app. This includes assisting youth in developing and
personalizing a safety plan, incorporating distress tolerance and
emotion regulation strategies, and monitoring symptomatic
progress for at-risk youth in their care. Figure 1 provides a
screenshot from the BritePath app for a mock patient.

BritePath was first tested for clinical effectiveness in a pilot
randomized trial that evaluated BritePath in combination with
a related intervention. The study found that the combined

intervention reduced the rate of suicide attempts by 50% in the
6 months following hospital discharge [21]. This pilot study
also suggested that more frequent use of BritePath increased
reasons for living. However, the small sample size did not allow
for comprehensive testing of BritePath alone. A more recent,
larger randomized trial found that BritePath is as effective as
usual care for youth hospitalized for suicidality. Additionally,
youth who received BritePath were less likely to have a
subsequent suicide attempt and had a longer time until a repeat
attempt [22].

Figure 1. Example of the safety plan in the BritePath app.

Sampling and Recruitment
We identified a convenience sample of mental health and
primary care providers who have cared for patients with mental
health concerns. Providers were recruited through health systems
participating in the Mental Health Research Network [23] and
via snowball sampling [24,25], in which interviewed providers
recommended additional potential participants. No specific level
of digital experience or skills was required for participation in
the study.

Ethical Approval
All study procedures were approved by the Institutional Review
Board of the Kaiser Permanente Center for Health Research
(KPCHR) at Kaiser Permanente Northwest (approval ID:
MOD20050381-003), where the study was conducted.
Interviews were conducted via KPCHR Teams, and digital
recordings and transcripts were securely stored within the
primary organization’s firewall-protected file service.

Data Collection
Semistructured interviews were conducted remotely via
Microsoft Teams. The interview guide (Multimedia Appendix
1) was developed by our medical anthropologist expert (NV)
in coordination with the principal investigator (FL).

Additionally, a qualitative investigator from the larger BritePath
team reviewed the guide for content. The interviewer (FL) used
a semistructured interview guide (Multimedia Appendix 1) to
ensure consistency across interviews. The framework that guided
the design of our qualitative interview guide focused on usability
and concept testing. We examined whether providers from
different backgrounds and training would consider using
BritePath. The included questions aligned with several
frameworks for adopting new technology, such as the Diffusion
of Innovation theory [26,27]. The interviews assessed providers’
opinions on using apps with patients and their impressions of
the benefits and barriers of mental health apps in general.
Participants were then shown a series of visuals (screenshots)
depicting what a user would see while interacting with the
BritePath app. These prompts ensured that participants had a
clear and consistent understanding of the app’s features and
user interface. During this portion of the interview, participants
were asked about their initial impressions of the BritePath app,
as well as the barriers and potential benefits of using it in their
practice. They were also given the opportunity to suggest
features they would like to see in future app developments. Each
interview lasted 30-40 minutes and was audio recorded and
transcribed by an independent transcriptionist. Transcripts were
entered into Atlas.ti [28], a qualitative analysis software program

JMIR Hum Factors 2025 | vol. 12 | e64867 | p.1757https://humanfactors.jmir.org/2025/1/e64867
(page number not for citation purposes)

Lynch et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


used for coding and managing data. Atlas.ti was then used to
generate reports for the analysis of interview transcripts.

Analysis
Thematic analysis, a method for analyzing patterns of meaning
in a data set, was used to interpret the data by identifying themes
and their interconnections [29-32]. Following established
thematic analysis procedures [30], members of the research
team (JC, LF, and NV) first familiarized themselves with the
data and, together with FL, developed an initial code list
consisting of a priori codes reflecting the interview questions.
JC and LF coded the first interview using this initial code list
and identified additional codes while reviewing the transcripts.
The full team met to review coding consistency between
reviewers and to evaluate the need for new, emergent codes.
Modifications to the code list were made based on discussion
and consensus. This process was repeated, with 2 team members
coding 2 additional transcripts each. The full team met to discuss
differences between coders for these additional transcripts and
found minimal discrepancies in the codes applied. Upon
confirming sufficient consistency in code usage and identifying
no additional emerging codes, a master code list was finalized
and used to code the remaining transcripts. After coding all

transcripts, the full study team individually reviewed reports of
coded interview segments to identify themes. The final themes
were then derived through discussion and consensus. This
formal, team-based analysis procedure was used to enhance the
credibility and trustworthiness of the findings.

Results

Providers’ Perspectives on Mental Health Apps and
the BritePath App for Youth at Risk of Suicidal
Behavior
We conducted semistructured interviews with a convenience
sample of 17 providers from 7 states in the United States (Table
1). Our goal was to understand providers’ opinions on the use
of apps for youth with mental health concerns in general and
the use of the BritePath app for youth at risk of suicidal
behavior. First, we asked providers about their experiences using
mental health apps with patients. Next, we gathered their
opinions on a specific app, BritePath, designed to improve
patient engagement and communication with providers for youth
at risk of suicidal behavior. The interview guide is available in
Multimedia Appendix 1.

Table 1. Provider demographics (N=17).

Values, n (%)Characteristic

Age (years) group

4 (23)25-34

6 (35)35-44

7 (41)45 and over

Sex at birth

15 (88)Female

2 (22)Male

Provider type

2 (22)Physician

8 (47)Therapist/social worker

7 (41)Psychologist

Type of setting

10 (22)Large health system

4 (47)Smaller group practice

3 (41)Individual practice

Providers’Opinions About the Use of Apps for Mental
Health Concerns in General

Overview
All providers reported familiarity with mental health apps, and
most stated that they had referred at least one patient to a mental
health–focused app—for example, to help patients learn a skill
such as relaxation. However, none of the providers reported
regularly using any mental health app during treatment visits
or in an interactive manner with patients. Each theme is
discussed in more detail below.

Theme 1: Mental Health Apps Have the Potential to Be
Valuable as an Adjunct to Therapy Visits
Providers reported that they felt mental health apps could add
value to the therapeutic relationship as an adjunct or complement
to face-to-face or video-based psychotherapy sessions. However,
most did not believe that mental health apps could serve as a
substitute for psychotherapy visits. Several providers noted that
these apps can offer access to exercises for learning new skills
or encourage the use of tools discussed in therapy, making them
a useful complement to treatment sessions.
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I think they can be really great adjuncts if you have
the time to utilize those as a clinician. I am always
interested for my patients of course for them doing
things in the many hours outside of therapy, so I see
you from 1:00 to 2:00 and then there are all these
other hours that in theory you’re doing the things that
we were practicing in that one hour. If there are apps
that can promote, engage, and promote the use of
those strategies, whether it’s thought records or sleep
diaries or mood meters, things like that. And then
they can bring that back in and we can look at it
together and that facilitates the conversation, I think
that would be great. [P5]

And this way as a clinician I am teaching a skill, but
I want it to be reinforced by this tool that mainly my
client really loves but eventually is a way to train the
brain to think a new and different way. [P4]

Providers also noted that this approach to learning skills may
be particularly useful for teenagers, who frequently engage with
their phones.

I think they’re a great compliment to therapy. I think
they’re really useful as a tool. I am not a huge fan of
the app-based therapies you know. Like text therapy
and stuff like that, I think it’s not a good fit for
everybody of course. But I think the apps themselves
as far as tools and teaching and reinforcing skills I
think are really helpful. And I would imagine for
teenagers, I am assuming most of them are on their
phones quite a bit. So that might be kind of a really
easy transition or way to incorporate into something
they’re already doing. I think it would be cool
especially for teens if there was a way to have some
sort of feedback or back and forth with their therapist
so they could actually share what they’re doing, that
would be neat. I think there’s a lot of potential there
for younger people. [P14]

Although providers generally expressed support for mental
health apps, most also raised several concerns. They described
issues from both the provider and patient perspectives.

Theme 2: Cost/Access to Tool
The cost of purchasing an app was noted as a potential barrier.
Providers suggested that they would only consider
recommending apps with relatively low fees or a 1-time payment
rather than ongoing costs.

Obviously free is best. Especially for teens, even
young adults that are trying to make ends meet. If not
then maybe something that’s a one-time fee. If it was
a subscription that would be harder for that
population. I think that’s something that older adults
could possibly swing, but unless the parents are
paying for it, it doesn’t seem like that would be a good
match. [P13]

On the patient side yeah I think it would depend on
how expensive the app would be. If they’ve got to pay
$50/month that certainly could be prohibitive for
folks. [P5]

In addition, providers expressed concern that some youth,
particularly those from low-income backgrounds, might lose
phone service or have limited minutes, which could hinder
access to the app and reduce engagement with its tools. They
also noted that youth might have only intermittent access to
mental health apps for various reasons, such as an inability to
consistently pay for phone service or depleting their data or
minutes. This loss of access could be frustrating for youth trying
to use mental health apps and could interfere with their
engagement with the app’s content.

Most of our patients do have smart phones so that’s
usually not a barrier. But sometimes getting their cell
phones shut off has happened before. So whether or
not they’ll have continuous access I think has been a
barrier in the past. [P8]

Theme 3: Engagement
Many providers expressed concern that a common barrier to
using mental health apps is a lack of patient engagement. Several
participants shared experiences of patients downloading apps
but never using them beyond the initial session. Others noted
that apps often lose their appeal quickly, making sustained
engagement a challenge.

Yeah, and I think the literature is pretty clear that if
you send patients off to use some sort of behavioral
health app, they'll use it once or twice. They'll check
it out and then use drops of precipitously. [P1]

I think patients often download and forget about them
which is probably the biggest one is the engagement
with some of these apps is low. After a short amount
of time they might forget about it and then they don’t
really come back to it. So in the context of therapy
that was less of an issue because I would be there and
be encouraging that use. So that’s one of the barriers
if people were just using it out in the real world. [P9]

Providers described challenges in getting youth to engage with
an app at all. Several noted concerns that apps must be visually
appealing and up-to-date to attract teens, who are often highly
tech-savvy. Based on their experience, if an app was not
engaging enough, usage would decline, similar to what they
had observed with other patient-focused apps.

I think we all know that teens are very sophisticated
with apps and tech so I think having it be interesting
and up to date is I think if they’re going to use it, it’s
got to be flashy in some way. [P3]

Theme 4: Patient Privacy
Most providers expressed concern about patient privacy. Some
noted that their patients had raised concerns about the privacy
of data collected by apps, which could make them hesitant to
use mental health apps. Providers also emphasized that health
systems would need to ensure patient privacy before integrating
an app into treatment.

I know so many patients just in general are very
concerned about their privacy. So I think that would
be at the top of my list is just knowing that I could
have confidence in saying to this person this app has
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been vetted in these different ways. This is the security
that it offers. Maybe it's even password protected
when you sign in so that way if your mom picks up
the phone and she can't get into that particular app.
I feel like that's a deeply personal thing. And I would
want to make sure that I am protecting my patient's
confidentiality and I can speak to how this app does
that. [P2]

I think always a concern is privacy and making sure
the data is secure and HIPAA compliant. Especially
working in health systems we’re always concerned
about technology and the privacy of patient
information. [P9]

Some providers also discussed concerns about patient privacy
at home. Before recommending an app, they wanted to be
confident in their understanding of how patient data were being
protected.

On the other hand, if their parents are checking their
phone and they don’t feel like they have privacy they
might not be able to use it in the same way that they
might have otherwise had they had more privacy. [P8]

Providers’ Opinions About the Use of the BritePath
App

Overview
All of the themes providers discussed regarding mental health
apps in general were also reported in relation to the BritePath
app. For instance, providers expressed privacy concerns both
broadly and specifically in the context of BritePath. After
hearing a description of BritePath, all but one provider expressed
interest in trying this type of app for patients with depression,
suicidality, or both. In addition to the general themes identified
for mental health apps, several additional themes emerged
specific to BritePath.

Theme 1: May Make Visits More Efficient
Providers described several ways in which an app such as
BritePath could make therapy visits more time-efficient. Some
noted that BritePath could help patients gain insight into the
relationship between their mood and the activities they engage
in between visits.

I think such a common thing with younger teens is
being able to reflect back on how their week went or
how their time went. And often times having
something that is kind of tracking in the moment gives
so much more actual information of when there were
any spikes in anxiety or in distress in some way to
help be like oh I saw this happened on this day, what
happened then. To help anchor them into being able
to talk about some things. So I can see that being a
real benefit. [P15]

I think it’s so important for people to be able to see
visually what the distribution is of the moods
throughout the week. And also to remember that
they’re not always in that low point. So having some
check ins throughout and maybe not only on their
really bad days, right, but check ins every day would

be helpful probably so they could be able to track
down only the downs but maybe the ups or the little
bit better. [P14]

BritePath was also seen as a tool for providers to gather
information on patient moods and their use of techniques
between in-person sessions. Providers noted that access to this
information via the app could make sessions more focused and
productive by reducing the need to collect it during visits and
allowing for better session preparation. Additionally, real-time
patient-reported data on the app were perceived as more
complete and valid than recalled information shared during a
visit.

If you had the time to review what someone did or
didn’t do since you last saw them before they even
walked in the door...I’ve saved at least 10 minutes of
the precious 45 that we have together. I can launch
straight into hey your mood meter was great over the
last week. Or I see you check in on your safety plan
on Tuesday, tell me a little bit about that? I don’t have
to say so how did the last week go? Oh Tuesday was
bad. Tell me more about Tuesday and then wait for
them to bring up the fact that they had to use their
safety plan on Tuesday. We can just get straight to it.
And it helps...not only the time saver, but hopefully
not having to deal with retrospective recall. [P5]

I think too if we have a session with a patient and
they’re just in that moment trying to recall their week
is not as impactful as if you can actually go back and
see what they’re feeling in any particular time and
probably would really help with recall bias. [P8]

Providers also discussed how the BritePath app could facilitate
communication with youth and enhance their engagement in
the treatment process.

I think...leveraging digital health tool...I think another
place this can be helpful is if kids engage in it, it gives
you more to talk about in the session. You know doing
sessions with teenagers a lot of times it’s pulling teeth
to get them to say anything. At least this would
provide them with one, another way to keep them
engaged and two, more fodder for talking to someone
that may not be interested in filling 45 minutes’worth
of talking. [P5]

Theme 2: Provides Access to Safety Plans
Most providers noted that a key benefit of BritePath was giving
patients convenient and consistent access to their safety plans
through the app. They believed that because most youth carry
their phones, they would be more likely to have their safety
plan readily available in a crisis—unlike a paper version, which
could be easily misplaced.

I think the nice thing about it, is it’s all in one place.
It’s easily accessible on our phone. If they’re in
distress at any given moment they can pull it out and
it’s all right there. That makes it much more likely
that they’re going to use their skills in the moment,
versus us giving them a piece of paper or emailing
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them or whatever else technology that would be used
in the past. So I think that’s a huge advantage. [P13]

So patients can have a safety plan in the EHR but if
they can't access it. We print it out and who knows
where they left it. This gives them something, most
people are pretty good about not leaving without their
phone. So, it's a way that's there, it's accessible. [P1]

However, providers also had questions and concerns about the
functionality of storing the safety plan on a youth’s phone. Some
wondered whether the safety plan could be easily integrated
into the patient’s electronic health record. Another concern was
whether providers would be notified when a patient accessed
or used their safety plan.

Would the provider be alerted if there was a change?
For example, if someone were to use the program or
use part of their safety plan would that then ping me
as a provider? Or would I just need to go and check
on the patient status every so often to know those sorts
of things? Another thing I might be curious about is
how it might communicate with my EHR, if there was
a way to import the information or download, even
the safety plan for example so that way I could then
upload it into the patient's chart. I think that would
be important for me too. [P2]

Theme 3: Offers an Additional Way to Communicate
With Patients
Providers noted that BritePath could serve as an alternative
communication tool for patients. Some recounted experiences
with teens who struggled to express themselves and suggested
that BritePath could offer these youth another way to connect
with their providers. One provider also noted that this feature
could enhance engagement in treatment for some patients.

Obviously, someone who is busy, if they’re actually
busy or just having issues with talking with a clinician
face to face, this is a way to avoid that stress of direct
interpersonal interaction. So that’s a positive. And
adolescents have all sorts of reasons why they
sometimes don’t want to engage with care. This is a
way for them to get some care even if they’re not
feeling like interacting with their clinician that week.
That I see as a benefit. Asynchronous so it can be on
their time rather than someone else’s time. [P12]

If you think about teenagers, they are much more
comfortable with technology and sometimes that’s a
great place to start for therapy or treatment with them
because they might not feel comfortable talking to a
professional. [P9]

Several providers valued BritePath’s 2-way communication
feature, noting that it could facilitate shared decision-making
and provide real-time updates to the treatment plan.

I think there's a real value in that shared
decision-making component that can go into an app
like the one you're describing. And it also becomes
an important way of sort of communicating. [P1]

I think that two-way communication is what I think
could be the most useful if it’s going between the
patient and the therapist and you’re able to interact
back and forth. So in terms of modifying treatment
plan or knowing what is resonating with the person.
[P3]

Theme 4: Flexibility and Personalization of the BritePath
App
A number of providers expressed enthusiasm for BritePath’s
flexibility and personalization features. Several noted that
allowing youth to customize the app with photos, videos,
motivational reminders, or prompts for coping strategies could
help sustain engagement, increase usage frequency, and
accommodate diverse patient needs.

I think that’s definitely a bonus. Sometimes the out of
the box app works just fine. But the more you can
tailor it or personalize it to someone’s specific needs,
the more likely they are to use it, so I think that that
could definitely be useful! [P9]

I love that there can be general tools but also some
really individualized personal things in there in too.
I just love the idea of having names and photos of
people, loved ones and pets and things like that. [P14]

One provider highlighted BritePath’s potential to empower
youth by allowing them to personalize their treatment and safety
plan.

The place a teen usually goes to for soothing support
regulation is the phone. But it often feels like the
phone is just riddled with pitfalls of things that could
make things worse. Maybe don’t go on Instagram and
compare your life to other people. So the fact that
there’s something right next to it potentially on their
phone for them to dive into instead of something that
could be potentially more disregulating or harmful I
think is fabulous. The more opportunity I think there
is to customize what’s happening in that app the more
I’d be inclined to really empower my client to tap into
a wise place, tap into wiser parts of themselves, have
those places and parts load what’s in the app. So then
they have access to it in those harder moments. I
could see that being a particularly empowering thing.
[P11]

The collaborative functionality of the app was also seen as a
benefit, as it enables providers to modify the app’s content in
collaboration with patients over time as their needs change.

I think that two-way communication is what I think
could be the most useful if it’s going between the
patient and the therapist and you’re able to interact
back and forth. So in terms of modifying treatment
plan or knowing what is resonating with the person.
[P3]

Theme 5: Concerns About Integration of BritePath Into
Clinical Workflow
Providers expressed additional concerns specific to BritePath,
beyond those related to mental health apps in general. One
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concern was its impact on clinical workflow. For instance,
providers questioned how well the app would integrate with
existing electronic medical record systems. They also expressed
concerns about its ease of use for busy clinicians.

Another thing I might be curious about is how it might
communicate with my EHR, if there was a way to
import the information or download, even the safety
plan for example so that way I could then upload it
into the patient's chart. I think that would be
important for me too. [P2]

Do I have to have a certain log in? Do I see a list of
patients that I have that are using it? How
cumbersome is it to get into that? And what's the
patient's understanding and expectations for me,
either monitoring that data or accessing that data or
is there even some sort of portal to do that? Or is it
more that the patient brings in their phone with their
smart phone app and sort of shows me what they've
been up to? [P1]

In some cases, these concerns amplified existing worries about
mental health apps in general, such as what might happen if a
patient experiences a crisis. Additionally, several providers
raised concerns about managing patient expectations regarding
24/7 access to their provider and ensuring that patients
understood how to handle crises when providers were
unavailable.

The only thing that has come up before... as far as
cell phone and texting technology is somebody trying
to text you in crisis while you’re off work. You’re not
checking, so if there’s something that presents in the
app that is alarming or suggests that this client is in
danger of harming themselves and you haven’t
checked the app in whatever amount of time, that
would be I guess the concern for me too. [P13]

I would want to make sure that whatever the app is
that it stays within the boundaries of how I am
available to the client or not. And I’d want it to be
clear, it’s tricky because if I can get a report about
where they’re at conceivably I could get a report
when they’re having a moment of increased distress
and does that require me to then reach out to them
too? So, I’d want it set up to be like hey either this
app only releases this data to me X amount of times,
so if you put in that you're having a hard time I am
not going to see it. [P11]

Discussion

Principal Findings
The focus of this qualitative study was to gain a deeper
understanding of provider opinions on the use of mental health
apps in general and the BritePath app specifically for treating
teen and young adult patients with depression, suicidality, or
both. Providers in this study had no prior exposure to the
BritePath app. Most were aware of mental health apps in general
and expressed interest in trying the BritePath app with patients
with depression, suicidality, or both. Nearly all providers viewed

mental health apps as a complement to other mental health
treatments rather than a replacement for psychotherapy visits.

Mental Health Apps in General
Most providers were supportive of mental health apps,
recognizing their potential to provide access to information and
skills that could improve youth mental health. Key benefits
included their availability at any time—particularly when
providers were not accessible, such as late at night—and their
ability to reinforce skills such as stress reduction between
sessions. However, providers differed in their level of comfort
with these tools. Some frequently recommended resources such
as online cognitive behavioral therapy programs or anxiety
management apps, while others were less enthusiastic. Most
providers noted that mental health apps might be particularly
useful for younger individuals, as they frequently use phones
and other digital devices. These findings align with existing
research on provider and patient perspectives, which indicate
broad support for digital mental health tools [13,17,33-35].
However, most providers emphasized that apps alone were not
sufficient for youth with significant mental health concerns.
Many explicitly stated that these tools should complement,
rather than replace, psychotherapy.

All providers expressed concerns about patient privacy. They
discussed potential risks related to data collection by apps,
including unauthorized access by individuals other than the
youth (eg, parents) and uncertainties about how app providers
might use collected data. While privacy concerns are common
with app usage in general [13], providers emphasized that data
collected by mental health apps are particularly sensitive and
require high standards of privacy and protection. Several
providers noted that app usage has become so commonplace
that privacy policies are often overlooked, which may be
especially problematic for youth. One provider specifically
highlighted the difficulty in determining how commercial apps
safeguard data privacy, which they found concerning.

Many providers also raised concerns about maintaining youth
engagement with apps. Difficulty in sustaining engagement
with digital tools has been noted in prior studies [36,37]. Several
providers pointed out that they currently have little to no insight
into how engaged their patients are with mental health apps.
This uncertainty tempered some providers’ optimism about the
potential of these tools as a strong aid in treatment.

Providers also identified several logistical barriers to the
effective use of mental health apps. The cost was a common
concern, particularly the potential inaccessibility of apps that
require ongoing payments (eg, monthly fees). Additionally,
several providers noted that youth often experience inconsistent
access to phones due to service suspensions, late payments, or
lack of internet access. While these concerns have been raised
in studies on app use in general [13], they may be especially
critical for youth with mental health concerns, as intermittent
access could disrupt their ability to use these tools as a coping
mechanism.

BritePath App
Each of the potential benefits and concerns providers expressed
about mental health apps in general were also raised in relation
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to BritePath, including data privacy, patient engagement, and
cost-related concerns. In some cases, providers expressed
stronger opinions—both positive and negative—specifically
regarding BritePath. For example, concerns about patient privacy
were heightened due to the app’s inclusion of sensitive
information on symptoms and suicidality. By contrast, providers
strongly supported BritePath’s potential to enhance
psychotherapy visits by facilitating more in-depth collaboration
between providers and patients on skill development.

Providers raised several additional themes regarding BritePath.
Many highlighted the value of the app’s personalization features,
noting that these could enhance patient engagement. Most
providers expressed enthusiasm for BritePath’s ability to
facilitate communication between sessions and help providers
prepare more effectively for upcoming appointments.

Providers also raised concerns about ensuring that safety issues
were thoroughly addressed if BritePath were to be used in
practice. While they appreciated the idea of having a safety plan
integrated into the app, they emphasized the need for built-in
safeguards, such as pop-up messages directing patients to
emergency services when necessary. Additionally, providers
wanted to ensure that patients understood that communication
through the app would not guarantee a 24/7 response from
providers.

Practical Implications for Research and Clinical
Practice
Providers suggested several ideas for future research on apps
addressing suicidality in youth. Integrating ambient phone data,
such as activity tracking, could enable more timely and accurate
recording of safety plan activities, reducing reliance on
self-reporting. Additionally, visually linking mood and activity
data, along with incorporating pop-up mood assessments, could
enhance patient awareness of the relationship between mood
and behavior. Increasing personalization in mood tracking and
allowing patients to annotate their mood data may further
improve engagement with the app.

Although providers were enthusiastic about the potential benefits
of a customizable, readily accessible safety plan on a patient’s
phone, many also raised concerns about ensuring the security
of this information. From a clinical perspective, safeguarding
safety plans on the device would be essential for successful
implementation within health systems. Additionally, embedding
a clear and transparent patient consent process into the app—one
that explains who will have access to their data and why—would
be crucial in helping patients understand the risks associated
with using a tool such as BritePath. Furthermore, ensuring that
BritePath is compatible with different phone operating systems
and can integrate with various electronic health record systems
would be key to facilitating widespread adoption in clinical
practice.

Strengths and Limitations
This study provides new insights into providers’ perspectives
on the use of mental health apps for youth at risk of suicidal
behavior. We acknowledge the potential for sampling bias. To
address this, we aimed to recruit a diverse range of providers
from different health systems affiliated with the NIMH Mental
Health Research Network [23]. While this sample may not be
fully representative of providers across all health systems,
participants were drawn from health systems in 7 US states.
Although the sample is not fully representative of all providers
in the United States, it includes a variety of geographic areas,
organizational arrangements, and provider types, ensuring a
diverse range of perspectives. In designing our qualitative
interview guide, we focused on usability and concept testing
rather than adhering to a specific technology adoption theory,
such as the Technology Acceptance Model [26] or the Diffusion
of Innovation Model [27]. However, our interview questions
covered many of the key domains included in these models. We
invited providers who delivered mental health services within
these health systems to participate, without requiring a specific
level of experience with apps or other digital tools in their
practice, as we aimed to capture a broad range of experience
levels. It is possible that providers with a greater interest in app
use were more likely to participate.

One goal of this study was to explore providers’ opinions about
the BritePath app, which was developed for use with youth at
risk for suicide. Specifically, we sought feedback from providers
with no prior clinical experience or knowledge of BritePath to
assess its potential for future implementation in health systems.
Our focus was on understanding the broader applicability of
mental health apps, with a particular emphasis on BritePath.
While we collected limited demographic data on providers, it
is possible that unmeasured factors influenced their perspectives
on the use of mental health apps. For example, although
respondents represented a range of age groups, most were
younger providers, who may have been more comfortable with
apps in general than older providers. Despite these limitations,
this study offers new insights into providers’ perspectives on
mental health apps, including the BritePath app, and highlights
key concerns regarding their use with young patients at risk for
suicide.

Conclusions
The use of mental health apps is expanding, yet more research
is needed to determine how they can be most effectively
integrated into mental health treatment. Most providers
expressed interest in using the BritePath app for patients with
depression, suicidality, or both; however, concerns about privacy
and safety remain.
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Abstract

Background: As technology is integrated into health care delivery, research on adoption and acceptance of health technologies
leaves large gaps in practice and provides limited explanation of how and why certain technologies are adopted and others are
not. In these discussions, the concept of legitimacy is omnipresent but often implicit and underdeveloped. There is no agreement
about what legitimacy is or how it works across social science disciplines, despite a prolific volume of the literature centering
legitimacy.

Objective: This study aims to explore the meaning of legitimacy in health and technology as conceptualized in the distinctive
disciplines of organization and management studies, science and technology studies, and medical anthropology and sociology,
including how legitimacy is produced and used. This allows us to critically combine insights across disciplines and generate new
theory.

Methods: We conducted a critical interpretive synthesis literature review. Searches were conducted iteratively and were guided
by preset eligibility criteria determined through thematic analysis, beginning with the selection of disciplines, followed by journals,
and finally articles. We selected disciplines and journals in organization and management studies, science and technology studies,
and medical anthropology and sociology using results from the Scopus and Web of Science databases and disciplinary expert–curated
journal lists, focusing on the depth of legitimacy conceptualization. We selected 30 journals, yielding 796 abstracts.

Results: A total of 97 articles were included. The synthesis of the literature allowed us to produce a novel conceptualization of
legitimacy as a form of social infrastructure, approaching legitimacy as a binding fabric of relationships, narratives, and materialities.
We argue that the notion of legitimacy as social infrastructure is a flexible and adaptable framework for working with legitimacy
both theoretically and practically.

Conclusions: The legitimacy as social infrastructure framework can aid both academics and decision makers by providing more
coherent and holistic explanations for how and why new technologies are adopted or not in health care practice. For academics,
our framework makes legitimacy and technology adoption empirically approachable from an ethnographic perspective; for
decision makers, legitimacy as social infrastructure allows for a practical, action-oriented focus that can be assessed iteratively
at any stage of the technology development and implementation process.

(JMIR Hum Factors 2025;12:e48955)   doi:10.2196/48955
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Introduction

Background
Technological innovations and health care delivery have become
increasingly intertwined in recent decades [1,2]. With each
promising innovation, new questions are raised about how to
integrate the technology into health domains and the social
implications of doing so [2-8]. This problem has given rise to
evaluation processes such as health technology assessment [9]
and a range of government institutions, such as the National
Institute for Health and Care Excellence in the United Kingdom,
to help make decisions about the appropriate use of technologies
in various health care contexts [10].

Questions of legitimacy are implicit in debates about embedding
technologies in health care, and these implicit questions about
legitimacy permeate the literature about health and technology.
While there is limited conceptual work on legitimacy in health
and technology specifically, within the small body of work that
exists, legitimacy is explored through a wide range of theoretical
lenses and conceptualizations. However, there is no consensus
about what legitimacy is or how it works nor is there much
conversation among different branches of the literature. Across
social science disciplines and medicine, legitimacy is affiliated
with many concepts, including “acceptability” [11],
“reasonableness” [12], and “transparency” [3,4]; these terms
are sometimes conflated with legitimacy itself. Definitions of
legitimacy range just as widely, especially among different
disciplines: in organization and management studies (OMS),
legitimacy is often defined as “normative appropriateness”
[13,14], although science and technology studies (STS) and
medical anthropology and sociology (MAS) include definitions
such as “the acceptability of claims to authority” [15,16] and
“accountability for reasonableness” [10] when the term is
defined. Some disciplines, such as OMS, follow a strong
tradition of explicit theorization of legitimacy, while others,
such as medicine, usually do not explicitly problematize or
define the word “legitimacy,” although legitimacy and similar
concepts may play a substantial role in discussions in the field.
Within the same discipline, some authors use legitimacy
interchangeably with other concepts [6], while others focus on
a single subcategory of legitimacy developed from a narrow
line of theoretical thought [17]. Given the breadth and depth of
the literature on legitimacy in health and technology, it is clearly
an important topic. A cross-disciplinary conceptualization of
legitimacy that can be applied to questions about embedding
technologies in health care would allow for a deeper
understanding of these processes.

We chose to focus on legitimacy for several reasons. Legitimacy
specifically is widely used but poorly defined within multiple
fields studying health and technology and points toward social
and organizational processes. Even though legitimacy is clearly
important in studies of health and technology across many
disciplines, it is abstract and there is very little cohesion both
within and across social science disciplines around how it is
produced and how it is used.

To understand the role of legitimacy in relation to the embedding
and governance of technology in health care, we fleshed out the

different ideas and underlying assumptions authors bring to the
OMS, STS, and MAS literature. This paper explores three
research questions: (1) What does legitimacy mean in the context
of health and technology? (2) How is legitimacy produced? (3)
How is legitimacy used to explain the challenges of embedding
technologies in health care? On the basis of a synthesis of the
literature, we developed a novel conceptualization of legitimacy
as social infrastructure. This allowed us to focus on the aspects
of legitimacy related to norms, materialities, semiotics, and
specific relationships among stakeholders and larger systemic
contexts.

Existing frameworks guiding policy intentions around
technology adoption in health care often do not reflect the
realities of everyday practice nor do they focus on the social
processes of embedding technologies in health care [18]. Current
models and frameworks for embedding technologies (in health
care), such as the Unified Theory of Acceptance and Use of
Technology [19] and the Technology Acceptance Model (TAM)
[20,21], provide useful information about the judgments and
perceptions of various actors in relation to a specific technology.
While these models provide useful insights into actors’ intention
to adopt, as well as the ethical considerations they may perceive
and institutional norms they may face, they do not often explain
how and why certain technologies are or are not adopted or
accepted in practice among particular groups and thus can
provide only limited governance support [22]. Most technology
adoption and acceptance models deal primarily with behavioral
intention [20,21]. These models attempt to explain individual
behavior intentions (as a proxy for actual behavior) through an
analysis of a variety of factors, which can include beliefs,
attitudes, perceived control, and perceived norms. This leaves
substantial gaps, including the lack of attention to external
factors impacting the embedding process [20] and any difference
between behavioral intention and practice. Focusing on the
impact of legitimacy within technology embedding processes
can help fill these gaps by allowing for more comprehensive
and nuanced conversations about technology adoption and
acceptance.

A Cross-Disciplinary Legitimacy Conceptualization
The goal of this review is to produce a theoretical synthesis of
how the legitimacy of health and technology is conceptualized.
We aim to generate theoretical insights that will allow for a
cross-disciplinary approach to legitimacy. To do this, we used
the critical interpretive synthesis (CIS) review method to
produce a cross-disciplinary understanding [23] of how
legitimacy is produced and maintained without privileging one
discipline’s theoretical traditions over another’s [24].

We used OMS, STS, and MAS as a disciplinary framework to
understand the different strands of reasoning within legitimacy
studies. OMS includes the most clearly developed theorization
of legitimacy as a concept and several of the best-known review
articles [14,25]. Legitimacy studies is a well-defined subarea
of OMS research that explores legitimacy in the context of
management, entrepreneurship, and institutional endeavors.
OMS primarily focuses on how legitimacy works at the level
of organizations and institutions, rather than among individual
people or through technologies.
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STS explores the social and cultural implications of science,
technology, and technology development [26,27]. STS tends to
focus on controversies, the unforeseen implications of
technology development and adoption, and “black box”
technologies [28] that inhibit full understanding. This contributes
to a strong disciplinary interest in legitimacy, particularly of
technology and medicine. STS centers interactions with
technologies and technical change in legitimacy discussions,
rather than separating the motivations of human actors from
technologies and practices.

Although MAS developed from different traditions, they have
partially converged in the study of medical cultures and
interactions from a qualitative perspective [29], which is also
the focus of legitimacy studies in MAS. MAS generally takes
a skeptical view of taken-for-granted institutions. Many studies
explore the impact of this taken-for-grantedness on people who
are harmed by or left out of these institutions and systems. This
leads to a natural questioning of legitimacy and deeper
exploration of baseline assumptions, particularly in a health
care context. Together, these disciplines explore health and
health technologies with less focus on institutions and more
focus on humans and connections among them. We hope that
greater synthesis of different conceptualizations of legitimacy
could provide a more holistic perspective about how and why
technologies are or are not embedded in health care that
integrates ideas from outside current frameworks based on
adoption, acceptance, and implementation.

This review does not focus on ethics, although some articles
that deal with ethics are included in this review. Within ethics,
there is general consensus that legitimacy in health and
technology is produced through ethical judgments and
values-based reasoning [30-33]. While there is more cohesion
in ethics than in other disciplines that deal with legitimacy, the
scope of the literature is narrower and generally limited to moral
or ethical legitimacy [3,34]. Legitimacy is often defined in
ethical terms across several disciplines, including management,
STS, and health policy. Articles with an ethical focus on health
care technology adoption usually prioritize normative and moral
dimensions of legitimacy, which may or may not be related to
other aspects that contribute to overall legitimacy, such as utility
or social acceptability [35]. While moral legitimacy is an
important dimension of the subject, it has also already been
studied and reviewed extensively and is far more clearly defined
within the literature than other dimensions of legitimacy.
Therefore, we chose to focus on other aspects of legitimacy to
fill gaps in the existing social science literature. In addition, our
review does not center legal approaches. Legal literature defines
legitimacy according to principles of a participatory democracy
[36]. Because the focus of this review is on social processes
rather than democratic principles, we have chosen to center
other means of legitimacy production and thus other branches
of the literature, while acknowledging that democratic principles
can play an important role [15,37].

Methods

Overview
In a research landscape that increasingly encourages and
necessitates interdisciplinary collaboration, a CIS [24] allows
us to develop a richer conceptual frame that can bring these
different disciplines into conversation with one another [23,38].
The CIS method specifically addresses the limitations of
conventional systematic reviews in cases where the objective
is to generate a critical analysis of a body of the literature [24].
It draws on a tradition of qualitative inquiry: rather than
summarizing the literature using preidentified key concepts,
CIS uses an inductive, iterative process to interpret data, develop
key concepts, and synthesize concepts with data through the
process of the review itself [39]. Therefore, CIS produces a
critical interpretation of the data reported in literature, which
allows questioning of taken-for-granted assumptions [24].

We found CIS to be a particularly appropriate review style for
an exploration of legitimacy in health and technology because,
unlike traditional review styles, CIS is adept at dealing with “a
large, amorphous, and complex body of literature” [24]. CIS
synthesizes findings in a way that is both conceptually valuable
to researchers and useful in informing policy. Furthermore, the
CIS review style can manage the abstract nature of legitimacy
across 3 disciplines without reducing the complexity of existing
literature.

CIS is methodological and rigorously structured. However, it
is also labor intensive compared to other review styles and
deprioritizes transparency and full replicability available through
systematic reviews. As in other kinds of interpretive research,
different researchers using the same materials may have come
to different conclusions, and full transparency of analysis cannot
be expected at the same level as quantitative studies. We chose
the CIS method in service of greater interpretive flexibility and
conceptual depth and because it allowed us to account for the
diversity of qualitative research without privileging a small
range of studies that met specific and, here, less-relevant
methodological standards.

Despite many empirical papers that address some aspects of
legitimacy in relation to health and technology, there is a much
more limited number of articles dealing with legitimacy in the
domains of health and technology at a conceptual level.
Therefore, we adopted broad definitions of both technology and
health, including as many articles with strong legitimacy
theorization as possible. “Health” in this paper refers to “human
health and well-being”; “technology” includes “any devices,
machinery, or equipment developed for the application of
scientific knowledge that may impact human health.” We
acknowledge that there are potentially many other ways to
operationalize these concepts that could be relevant to this
review and health care in general [40]. Given the broad,
conceptual focus of the review, as well as the wide range of
distinctive technologies considered, we introduced 2 measures
that allowed us to provide a clear focus. First, we zoomed in on
conceptualizations of legitimacy; it was outside the scope to
examine the specific empirical contexts and details of these
conceptualizations (ie, the use of specific technologies within
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specific health practices). Second, looking at specific disciplines
proved helpful to demarcate boundaries around our topic. We
used academic disciplines as the basis of our theoretical
categories to give structure to a broad and abstract review,
following in a strong disciplinary synthesis tradition established
by other CIS researchers [23,38].

Our review was conducted in 4 cycles [38]. In the first cycle,
we conducted an exploratory search in relevant journals with
many articles on legitimacy in the context of health and
technology. Using this search and subsequent iterations, we
refined inclusion criteria (for instance, a threshold for legitimacy
theorization) to determine a list of disciplines, journals within
each discipline, and articles within these journals that would be
a part of our review (see Multimedia Appendix 1 for details).
In the second cycle, we read and coded included articles directly
from the text, then grouped codes into thematic areas. Third,
we analyzed legitimacy in health and technology within each
discipline through interpretive disciplinary summaries. Finally,
we developed a synthesizing argument across all 3 disciplines,
based on these interpretive summaries.

Search Strategy
Journals within each discipline were selected for the review
manually. Given the interdisciplinary nature of this review, we
sought to include relevant journals within each discipline from
a wide range to ensure diversity of perspectives.

The first author ran an initial search in Google Scholar and the
Web of Science (WoS) database using the terms “legitimacy,”
“health,” and “technology.” However, it became clear that
regardless of how specific the search criteria became, most
records returned through a database search would not include
deep conceptualizations of the term “legitimacy.” This is
because this term is commonly used across many disciplines as
an unproblematic descriptor of technologies, legal processes,
narrative choices, medical decisions, policies, and institutions.
Therefore, we switched to a more iterative, manual strategy for
discipline and subsequently journal selection (Textbox 1). The
first author searched through a few of the major journals (based
on impact factor or prior knowledge of the review team) in depth
to understand whether studies addressing questions of legitimacy
in a specific discipline generally included deeper
conceptualization. This method allowed us to narrow down the
disciplines to be included (see Multimedia Appendix 1 for
details).

JMIR Hum Factors 2025 | vol. 12 | e48955 | p.1770https://humanfactors.jmir.org/2025/1/e48955
(page number not for citation purposes)

Howe et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 1. Selected journals.

Organization and management studies

• Journal of Business Venturing

• Journal of Management Studies

• Organization Studies

• Organization Science

• Administrative Science Quarterly

• Health Care Management Review

• Strategic Entrepreneurship Journal

• Health Care Analysis

• Strategic Organization

• European Journal of Public Health

Science and technology studies

• Science as Culture

• Science, Technology and Human Values

• Social Studies of Science

• Social Epistemology

• Journal of Responsible Innovation

• AI & Society

• Big Data and Society

• Risk Analysis

• Information Communication & Society

• Research Policy

Medical anthropology and sociology

• Medical Anthropology

• Medical Anthropology Quarterly

• Anthropology & Medicine

• Qualitative Health Research

• Critical Public Health

(interdisciplinary journal: some articles included within science and technology studies)

• Sociology of Health & Illness

• Health: An Interdisciplinary Journal for the Social Study of Health, Illness and Medicine

• Social Science and Medicine

(interdisciplinary journal: some articles included within science and technology studies)

• Sociology-The Journal of the British Sociological Association

• Sociological Theory

Upon the selection of disciplines, journals were first included
based on impact factor: the top 10 journals in each discipline
according to the WoS formed the base of the list. Then these
journals were screened for topical relevance, and lower-ranked
journals were excluded when the topic was not relevant. Finally,
journals were added from library guides created by universities
that are well-known in the field, especially if no definitive
rankings were available from the WoS (STS) or there was too

much disciplinary overlap in the rankings (MAS). This resulted
in a list of approximately 20 journals per discipline. We then
screened all journals for legitimacy, health, and technology
results to produce the final list, prioritizing journals that
contained significant theorization and conceptual work around
legitimacy (see Multimedia Appendix 1 for details).
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Selection Process

Overview
A total of 791 abstracts were selected for initial review in April
2021 (Figure 1). Articles were sorted based on inclusion criteria:
an article was included if there was evidence of explicit

theorization or problematization of legitimacy in the abstract
and the subject of the article was health or technology or both.
A final search for more recent articles was run in August 2022,
resulting in 1 additional inclusion. Multimedia Appendix 1 gives
more information about the inclusion criteria.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of inclusions. WoS: Web of Science.

Triangulation
The first author (SH) read all 791 abstracts and categorized
them according to the inclusion criteria as “include,” “exclude,”
or “review.” The last author (RW reviewed 79/791, 10% of the
total articles’ abstracts at random (every 10th article when
arranged in alphabetical order by author name). The resulting
inclusion list closely matched SH’s selection. In the 7
disagreements, the 2 reviewers came to a joint decision about
each contested article and edited the inclusion criteria. SH then
reviewed the abstracts again. With no disagreements following
this protocol, the literature list of 96 articles was finalized in
March 2021, with an addition of 1 article in August 2022,
bringing the total to 97, including, by discipline, 48 for STS,
29 for OMS, and 20 for MAS [4-8,10,12,13,15,16,37,41-126].

Synthesis Methods
The goal of our initial analysis was to develop “synthetizing
constructs” for each discipline, which “build on the explanations
and interpretations of the constituent studies and are
simultaneously consistent with the original results while
extending beyond them” [24]. To accomplish this, SH first

coded themes across a random selection of 30 articles spread
equally across the 3 disciplines in Atlas.ti (ATLAS.ti Scientific
Software Development GmbH). Inductive coding began with
words taken from the article text. We made an exception for
deductive codes relating to assumptions made as part of our
“critical and reflexive approach” to this review [24]; for
instance, coding whether articles discussed legitimacy as a
process, perception, or asset based on our background
understanding of existing legitimacy theorization across multiple
disciplines. SH grouped codes by theme within each discipline.
This thematic analysis was performed with the help of tables
of code co-occurrences, generated in Atlas.ti, which showed
overlap of unique codes within each document; this allowed us
to understand when codes could be combined into a theme. We
also used network visualizations, which helped us understand
how different aspects of legitimacy may relate to one another
on a broader scale (see Multimedia Appendix 2 for an example
of one of these visualizations). This process allowed reviewer
SH to maintain a differentiated perspective on each discipline
and acted as a memory aid for the reviewer given the volume
of the literature. SH then wrote summaries of the approach to
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legitimacy within each discipline, which were discussed with
RW. SH coded the remaining articles using Excel (Microsoft
Corporation) while editing the disciplinary summaries as
necessary. Multimedia Appendix 1 provides an example.

SH developed a synthesizing argument that could connect
constructs of legitimacy across all 3 disciplines. SH tested the
fit of different conceptualizations with the disciplinary
summaries and then explored the development of these
metaphors with RW. After SH had read 90% (87/97) of the
articles, no further edits or additions to the disciplinary
summaries or synthesizing argument were necessary, likely
indicating data saturation.

Results

Organization and Management Studies

What Does Legitimacy Mean?
The basis of legitimacy epistemology in OMS can be traced to
the highly influential paper by Suchman [14]. His definition of
legitimacy still forms the basis of most subsequent theorizing
in this field: “Legitimacy is a generalized perception or
assumption that the actions of an entity are desirable, proper,
or appropriate within some socially constructed system of norms,
values, beliefs, and definitions” [14].

This definition builds from and expands on Weber’s [127]
understanding of legitimate authority, among other
conceptualizations [41], focusing on the application of Weberian
legitimacy concepts such as “tradition, affectual attitudes, value,
and legality” [127] within a “socially constructed system of
norms, values, beliefs, and definitions” [14]. Bitektine and
Haack [128] further expanded on the Weberian connection to
Suchman [14] with a multilevel legitimacy theory that
differentiates among legitimacy judgments at the individual and
collective levels [42]. Because of strong theoretical cohesion
in this discipline, authors draw generously from these theoretical
traditions, and most legitimacy subtypes are variations of
normative legitimacy. Normative legitimacy deals with the
norms, systems, and underlying assumptions that result in an
institution, technology, or system being considered legitimate,
and is generated through systems and social processes that may
not be made explicit until there is a legitimacy crisis [41].

This definition is notable for its understanding of legitimacy as
a perception of actions based on socially constructed norms and
implicit conceptualization of legitimacy as a taken-for-granted
state. However, perhaps more important is what is left out:
because legitimacy is “generalized,” it is not dependent on
materialities or physical space, nor does the definition of
legitimacy change specific to relationships among institutions
or individuals. Our critical interpretive analysis shows that these
kinds of assumptions seem to help determine the lines of
reasoning for most OMS legitimacy scholars included in this
review.

Our analysis shows that OMS legitimacy studies constitute a
cohesive body of literature in which theoretical contributions
are made incrementally. For instance, most authors outline
exactly how they are adding to the existing literature (usually

based on the definition by Suchman [14]) in a specific way. For
instance, articles often divide legitimacy into ever more granular
categories such as “network legitimacy” [43] and “actional
legitimacy” [44] or focus on a particular aspect of the definition
by Suchman [14] to explore in more depth, such as “normative
appropriateness” [129]. Therefore it is easy to trace the lineage
of theory. However, because every article adheres to the same
framework, there is less diversity of thought. In light of this, a
division could be made between technology literature and health
care literature. Technology literature, usually with an
entrepreneurship bent, tends to focus on audience perception
and innovation framing through discourse, by teaching
entrepreneurs how to appeal through discourse to different kinds
of funding audiences [45]. For example, entrepreneurs seeking
crowd-based funding are advised to make “contribution claims”
emphasizing identity and added value to the funding community,
rather than institutional ties or the significance of potential
scientific or social advancements that may legitimate the
entrepreneur to other audiences [45]. Health care literature
focuses mainly on institutional legitimacy, for instance, by
examining the negotiations involved in academic health center
mergers [46] or the role of physician executives in institutional
contexts [47]. For example, Kitchener [46] emphasizes that
even as new sources of legitimacy for an academic health center
became necessary in the wake of both a merger and a changing
environment, the aim was to create an “aura” of legitimacy
within a new institutional logic; in other words, even though
the source of legitimacy changed, it was still defined through
institutions.

How Is Legitimacy Produced?
On the basis of the literature reviewed for this study,
conceptualizations of legitimacy production in OMS fall into
3 categories. Legitimacy-as-process, or legitimation, is “an
interactive process of social construction” [25], often with
clearly delineated steps toward generating legitimacy [48,130].
Articles using this conceptualization tend to track change over
time [13,49,50], for instance, by examining the legitimation
journey of a single innovation over decades [50]. Legitimacy
as perception or “a social judgment, an evaluation, a
socio-cognitive construction” [25] is used most frequently in
relation to audiences or the question “legitimate to whom?”
usually when examining innovations within larger organizational
contexts [45,51,52]. Finally, a legitimacy-as-property
conceptualization, in which legitimacy is viewed as an asset to
be gained, increased, or lost [25], emphasizes how an entity
gains legitimacy rather than differences between legitimate or
illegitimate entities; this conceptualization appears to play a
smaller role in more recent work. Legitimacy as a process and
legitimacy as a perception are often used simultaneously within
the same paper; there is an acknowledgment that both
perspectives can offer valuable insights. For instance, McKnight
and Zietsma [53] describe the process through which new
ventures can achieve “optimal distinctiveness” (a perception)
through framing and collaboration strategies (a process).
Similarly, Garud et al [54] discuss entrepreneurial storytelling
as a legitimation process that relies on audience perceptions,
thereby promoting an understanding of audience perceptions
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as part of analyses of different narrative techniques, which are
framed as processes of legitimation [53].

How Is Legitimacy Used?
Within the literature reviewed, we noted that legitimacy is often
assumed in OMS to be necessary for resource acquisition and
is mostly relevant in an institutional setting. Because resource
acquisition is the raison d'être of business in capitalism,
legitimacy is considered essential. All literature included in our
review aims to explain legitimation journeys or to advise
institutions and entrepreneurs on how to move toward
legitimacy. The stated goal is often to advance legitimacy theory
within OMS, rather than explore empirical evidence beyond
specific case studies.

Our analysis shows that nearly all legitimacy problems in OMS
are framed as problems of categorization: either an institution
or innovation has been miscategorized by its intended audience,
or it has not yet been categorized [51]. Because of this, there
are several articles that deal with the paradox of legitimacy for
disruptive innovations: the innovation must conform to a
category to be seen as legitimate, but it will not be seen as
necessary unless it also distinguishes itself within the category
[45,53,54]. Articles often describe how entrepreneurs can strike
this balance or analyze how an older innovation navigated the
paradox. For instance, Ruef and Scott [41] produced a
multidimensional model of legitimacy designed to help hospitals
use knowledge of legitimacy norms and categorization to “attract
managerial legitimacy.” Other authors provide articles that,
while academic, can also be interpreted as how-to guides for
entrepreneurs attempting to formulate narratives for different
audiences. Articles in this category posit that entrepreneurs must
fit the narrative to the correct category of both the legitimacy
problem [54] and the audience’s perspective [45].

Articles discussing specific innovations often explore problems
of categorization through “institutional logics” [45,46,55] or
the forms normative legitimacy may take within a particular
institution. These articles acknowledge that different institutions
have different norms, and therefore, entrepreneurs and
innovators must adapt their storytelling to “fit” with the
institution. Our analysis of the OMS literature showed that
institutions that are taken for granted have no narrative
flexibility. This means that any changes made not only require
buy-in from professionals but also immediate practical
implementation of changes (such as shifting patient education
responsibilities from physicians to nurses) to avoid becoming
mired in default institutional processes [56]. However, an
entrepreneurial venture wrestling with liability of newness [53]
has nearly endless opportunities for narrative reframing and
limited risk of stagnation in nonexistent institutional processes
[45].

Summary
In short, OMS seems to heavily theorize granular definitions
of legitimacy, derived mostly from normative legitimacy. Most
articles describe how organizations can move from illegitimate
to legitimate status. Legitimacy must be negotiated at multiple
levels and can be conceptualized as a process, perception, and
asset. On the basis of our initial analysis, legitimacy in OMS

rests on taken-for-grantedness and categorization according to
institutional logics; it is hampered by liability of newness [51]
and difficulties fitting into an institutional logic or other
category.

We now move on from the critical interpretation phase of CIS
methodology and toward synthesis. We develop synthetic
constructs to metaphorically unite major themes within each
discipline. While the OMS line of reasoning is somewhat
homogeneous, our interpretive analysis shows that there is
acknowledgment that different institutions use different systems
of thought, or institutional logics, to judge and negotiate
legitimacy. Stakeholders must navigate these different systems
by fitting themselves into clear categories. However, the system
by which legitimacy is judged and negotiated is rarely fully
navigable to any one stakeholder.

In this way, navigating legitimacy in OMS is like using a
highway system. The roads themselves (in this case, pathways
to legitimacy) are clear and concrete but can only be used by
particular categories of vehicles in particular locations, in the
same way that, for instance, entrepreneurs must use particular
discourses (ie, roads) to legitimate their invention to certain
audiences (locations) [45,50,54]. The metaphor of the highway
system allows us to capture OMS’ conceptualization of
legitimacy as a rule-bound system of connections, driven by
institutions. The highway system metaphor shows us that the
OMS perspective on legitimacy is unusual for how fully
theorized and comprehensive it is. However, in the same way
that mapping a highway system alone does not describe
everything that happens on the road, this metaphor also helps
us articulate gaps in OMS theorization. OMS focuses on
pathways to legitimacy, institutional involvement, and
categorization; however, it can be difficult to explore the
moments of legitimacy breakdown, unexpected contradictions
within legitimacy journeys, and the influence of materialities
on legitimacy within the concrete and bounded pathways that
make up legitimacy conceptualization in OMS.

Science and Technology Studies

What Does Legitimacy Mean?
Within the legitimacy literature reviewed, nearly all STS articles
dealt with health care or science practices on the edge of
scientific validity or public acceptance, usually by focusing on
controversial technologies. Authors seemed to pay significant
attention to the audience for these controversies. Innovations
explored within STS also include changes in health care and
scientific systems or discourses, for instance, the process of
creating new institutions within an academic environment [57].

In this way, it seems that legitimacy in STS can only be
discussed easily when it is in question. This may be linked to
STS’s longstanding focus on controversies as strategic locations
of research and the STS tendency to “stay with the trouble”
[131]. Taken-for-grantedness may be considered such an integral
part of legitimacy that it raises red flags in a discipline that is
highly sensitive to unintended consequences.

However, in the STS literature reviewed, legitimacy itself is
rarely the subject of an article. Our interpretive analysis shows
that legitimacy is still undertheorized in STS, in that many
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articles do not reference other legitimacy literature or define
the term. When legitimacy is explored in depth, authors tend to
deal with it as a type of knowledge coproduced at the site of
controversy between human and nonhuman actors. For instance,
2 articles examine the demarcation of boundaries in discourse
about future-facing technologies; in these articles, narratives
about nanotechnology and forensic science both impact and are
impacted by developments in the technology [16,58]. For
instance, Selin [16] demonstrates that even if a single vision of
the future of nanotechnology is accepted by scientists over all
others, competing visions may still have an impact on the
direction of technological development via other avenues, such
as governance and funding. We interpret this as evidence that
legitimacy is coproduced between the narrative around new
scientific disciplines and concrete innovations within those
disciplines.

A consequence of the focus on disputed boundaries that we
observed in the STS literature seems to be that STS scholars
treat legitimacy as mutable. Boundary work [59] articles
conceptualize legitimacy as a process that happens through
negotiation within relationships among people and institutions.
Boundary work deals with how people and institutions negotiate
changing roles, limits, and responsibilities, often in relation to
knowledge practices [59]. Within our review, most authors seem
to use boundary work only as an explanatory framework for
discursive strategies, but some articles include writing and
practices as instances of boundary work [60]. For instance,
Granja and Machado [58] describe how forensic scientists
clearly demarcate their expertise and the limits of their role in
the justice system through both discursive strategies and
practical performances of accountability such as fastidious
record keeping as a strategy to maintain their legitimacy. While
perception can play a role in this process, we found no STS
boundary work articles within the literature reviewed that
consider legitimacy to be merely an asset. We interpreted this
as possible evidence of the STS disinclination to consider any
relationship or object to be fixed and a general disciplinary
focus on processes of knowledge production.

How Is Legitimacy Produced?
We found that processes of legitimacy coproduction of new
technologies in health care are described in relationships among
a variety of human and nonhuman actors [28]. STS seems to
resist explanations that pin legitimacy’s presence or absence on
a single explanation or strategy. Instead, by examining the
influence of nonhuman actors, STS encourages readers to
embrace complexity in legitimacy relationships. For example,
Barker [61] discusses how a drug marketing campaign
legitimated a contested illness; McLevey [62] details how
legitimacy goals for policy recommendations change how think
tanks make knowledge; and Greco [63] uses the concept of
“scientific ideology” to explore how the placebo effect threatens
the legitimacy of scientific rationality in biomedicine. In these
examples, the influence of unexpected nonhuman actors shapes
legitimacy in a porous way; this influence adds complexity to
legitimacy relationships. These examples thus turn the
“expected” legitimacy relationship upside down. Barker shows
that a treatment can make an illness legitimate (rather than an
illness becoming legitimate and then treatment being developed).

McLevey [62] demonstrates that knowledge may be made to
legitimize policy recommendations (rather than knowledge first
being created and then informing policy decisions). Finally,
Greco [63] posits that a biomedical effect can threaten the
legitimacy of biomedicine (rather than biomedicine creating
biomedical effects that reinforce its legitimacy).

How Is Legitimacy Used?
Through our critical interpretive analysis, legitimacy in STS
appears to be yet another “two-faced Janus” [28], in that it is
coproduced by both taken-for-granted processes and unexpected
assemblages, which may appear contradictory. For instance,
Brown and Michael [64] note that the institutional mechanisms
for validating scientific discovery play a part in legitimizing
medical use of pig organs. However, the authors also find that
these taken-for-granted institutional processes are not enough
to legitimate transspecies transplantation. Rather, porcine donor
organs are legitimated in their interpretation through an
unexpected assemblage of institutional processes and scientific
and cultural judgments about pigs. While anatomical similarities
between humans’ and pigs’ organs exist from a scientific
perspective, human-pig differences legitimate porcine donor
organs (over, for instance, monkey organs) from a cultural
perspective [64]. These apparent contradictions do not threaten
the legitimacy of porcine donor organs; instead, the authors
interpret these contradictions as necessary to establish legitimacy
for a controversial innovation in medicine.

While most articles in the reviewed STS literature use the
concept of legitimacy to explore complexity in relationships
among technologies, ideas, people, and institutions, a small
subset of the literature consists of discourse analyses focusing
on language as the only vehicle of legitimation [4,62]. In these
articles, there is no room for other means of legitimation, such
as nondiscursive practices, language-free materialities, or
physical space. In addition, policy-oriented articles about
discourse-based legitimation strategies tend to view these
strategies as mutually exclusive: “legitimacy can only be
achieved if complexity is reduced via language” [65]. This
appears to be a radical departure from the assembled view of
legitimation present in most STS articles, in that legitimacy is
produced by specific arguments designed to convince one party
that another is legitimate, rather than through the complexity
of negotiation among people, technologies, ideas, and
institutions. However, both STS subgroups use legitimacy as a
relational concept, whether relationships are implied through
arguments or complex negotiations.

Summary
Our analysis demonstrates that STS approaches legitimacy
through controversy and contestation. Because of its empirical
orientation and wide variety, the way legitimacy is approached
in STS cannot be viewed as theoretically cohesive. We found
that STS explores legitimacy as an artifact of knowledge
coproduction, centering nonhuman actors and complex
legitimacy processes through discourse, practices, or both. In
one conceptualization, legitimacy is viewed as a constant and
complex negotiation among actors and their contexts. However,
discourse analyses often view the complexity of these
relationships as a problem for legitimacy rather than an integral
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aspect of the concept. Despite this divergence, nearly all STS
literature reviewed seems to assume that legitimacy is relational
and includes nonhuman actors, contexts, and practices of
knowledge production.

Moving toward our synthetic constructs, we posit that in STS,
the coproduction of legitimacy through both taken-for-granted
processes and unexpected assemblages functions such as the
mutable infrastructure of a computer operating system. The
hardware of the computer does not change (much), even though
the overall capacity of the computer relies on constant updates
of existing software. New operating systems build on what came
before while adding something new to stay relevant. Similarly,
the legitimacy of technologies in health care is viewed
predominantly as being built on underlying infrastructures, such
as evidence-based medicine (EBM) and laboratory protocols.
However, it is also considered to be shaped by unexpected
influences, such as the coexistence of traditional medicines with
EBM standards [66] and popular conceptualizations of new
technologies that do not align with the use of those technologies
by experts [58]. Furthermore, legitimization of a technology
may have unexpected consequences, such as a medicine
legitimizing an illness [61]. Legitimacy, according to STS
scholars, must be constantly negotiated among nonhuman actors
through an iterative process that is most visible at the
boundaries. Through the metaphor of computer operating
systems, STS emphasizes a dualistic perspective of legitimacy.
Legitimacy in STS depends on the mutability and unexpected
creativity of practices, actors, and context (ie, software);
simultaneously, this “software” of legitimacy must be built on
top of preexisting systems that are much more rarely changed
in substantial ways (ie, hardware). Without these preexisting
systems, the knowledge production practices delineated by STS
scholars have nowhere to operate.

Medical Anthropology and Sociology

What Is the Meaning of Legitimacy?
On the basis of our critical interpretation of the MAS literature
under review, we found that MAS tends to center relationships
among people within larger systems and physical spaces, rather
than the nature of the systems or institutions themselves. Similar
to STS, the MAS literature reviewed usually discusses
controversies rather than strategies of legitimation.

Because few articles use concrete definitions of legitimacy or
conceptualizations that reference any other body of literature,
even if they discuss legitimacy issues in depth using empirical
evidence, we found legitimacy to be undertheorized within MAS
as a discipline. Several articles use terms such as “medical
legitimacy” [6] or “narratives of legitimation” without
definitions [67]. Some define legitimacy only in relation to
another concept [12,68,69]. More than any other discipline,
MAS seems to veer toward legitimacy definitions that are
limited by subject and narrow [59] in scope: for instance, “being
legitimately on sick leave requires both a certified illness and
the inability to perform one’s work as a result of that illness”
[70]. In our interpretation, this appears to allow for more
empirical grounding but prevents conversation with other
literature about legitimacy as a larger concept. Within the MAS

literature reviewed, legitimacy is always relative, in that there
is no universal legitimacy that works across all contexts.

However, there is still some cohesion visible among a subset
of articles in the discipline. Several authors frame legitimacy
as a form of “symbolic capital” in the Bourdieuvian sense
[69,71,132] that can be used for resource acquisition. These
articles and others also use boundary work [59] to describe the
legitimacy of professional roles as a negotiation of boundaries
mostly through discourse [72]. In combination with the
disciplinary tendency to focus on the disenfranchised, these
framings paint legitimacy as a power issue [37].

The literature reviewed seems to prioritize nuanced accounts
of both social processes in contested situations and the spaces
and materialities that shape the contestation of a technology.
For instance, in an exploration of medical quackery in South
Africa, Hornberger [68] shows that even when using medically
useless technologies, providers of these technologies can
construct legitimacy for their patients because of contextual
elements, such as lower education levels, local beliefs, and
problems accessing proven medical treatments. Spaces,
materialities, and relativity appear to be especially important
in articles about disconnects between policy and practice in
professional settings [73]. For example, Perrotta and Geampana
[7] explore how in vitro fertilization (IVF) professionals
navigate the disconnect between the standards of EBM and the
enthusiasm of patients for the latest technologies. In another
account of IVF, Barnreuther [84] notes that because the research
took place in a physician private home in India, as opposed to
an institutional setting in a Western country, the resulting
technical success was deemed illegitimate and went
unrecognized in both medicine and research for decades. We
find that these kinds of nuanced accounts present a deeper and
more empirically grounded understanding of the meaning of
legitimacy in context, despite a lack of theorization.

How Is Legitimacy Produced?
Our critical interpretation of the MAS literature emphasizes the
intertwined nature of practices, discourses, social processes,
and materialities in the production of legitimacy. Authors often
seem to assume these are impossible to separate from each other
without losing meaning. For instance, in a study of the use of
restraint in a hospital psychiatry ward, McKeown et al [74]
examine how boundaries of space (ie, office or patient area),
identity (ie, health care professional or patient), and diagnosis
work together to legitimize or delegitimize the use of force in
context. In this way, legitimacy is defined, not merely
influenced, by the environment in which it is generated [75].

When legitimacy is conceptualized as a power problem,
categorization seems to solidify the standing of
already-legitimate actors. Meanwhile, power appears to become
less accessible for the illegitimate when professional boundaries
are unclear [69,76-78] or impermeable to outsiders [8,79,80].
Common MAS topics include contested illnesses and attempts
of patients to receive treatment [70,80,81] and role negotiations
of nonmedical practitioners within the medical establishment
[69,79,82-84]. In both cases, power imbalance is usually framed
as the primary obstacle to legitimacy, which is necessary for a
more egalitarian redistribution of power. Although some authors
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argue it is possible to have some power without legitimacy
[72,82,84], the physical location of institutions, people, and
technologies still defines flows of resources, manifesting in, for
instance, differential treatment of patients at a rural hospital
that would be unlikely at an urban hospital due to differences
in hospital conditions rather than patient deservingness [85].
On the basis of these examples, our interpretation is that MAS
and OMS have some overlap in this area in that both disciplines
seem to approach legitimacy as an issue of access to resources.

How Is Legitimacy Used?
MAS literature reviewed often examines how legitimacy can
flow through the taken-for-granted artifacts of professionalism.
These artifacts include prescriptions [78] and
complicated-looking fake medical machines [68]. Because the
object itself is imbued with legitimacy through specific qualities
in the professional context (eg, an appearance of being “official”
or “high tech”), artifacts in these articles seem to reinforce the
legitimacy of the pharmacist writing the prescription or the
practitioner using the machine. Material artifacts may also
include larger systems such as old IT infrastructures or
preexisting contracts that impede desired change within
institutions [73], implicitly reinforcing the legitimacy of
institutional systems. While these materialities impact potential
changes in legitimacy, they are usually not the subject of debate
in the MAS literature. Therefore, it seems that the legitimacy
of the prescription-writing pharmacist may be contested, but
the prescription itself usually is not [78].

Summary
Our critical interpretation of the MAS literature is that
legitimacy in this discipline is a relative and context-dependent
concept. Legitimacy is often understood to be intertwined with
power relations, but authors disagree about the nature of this
connection and its implications. Finally, MAS articles center
sites of controversy in which the subject has already been
deemed illegitimate by focusing on space, materialities, and
relationships. MAS authors appear to use these lenses to
question “default” narratives of legitimacy in favor of exploring
how and why a technology, system, group, or experience came
to be viewed as illegitimate.

Here we develop our final disciplinary synthetic construct. Our
interpretive analysis found that in MAS, legitimacy is physical,
material, and always relative. Therefore, we employ the
metaphor of a building’s plumbing: each part of the system,
from the pipes to the faucets, performs a different function,
which defines both their physical form and location. No two
buildings can have identical plumbing systems, because no two
buildings, even if constructed similarly, are situated in exactly
the same location—thus, they must connect to the local
environment in different ways. In much the same way, the
materialities of health and technology, and how these
materialities interact with spaces and actors, are considered to
define the legitimacy of health and technology in MAS. A
“quack” technology reads as legitimate instead of “fake” because
of both its physical form and the spatial context it inhabits [68];

an innovation such as IVF in the “wrong” space may never be
recognized as innovation at all [84]. In both cases, if we
understand legitimacy to be an infrastructure that is dependent
on both space and materialities, we can better connect the
different underlying systems and elements that comprise
legitimacy for health technologies. A sink connected to a sewer
line requires multiple specific parts, arranged in a particular
way, running through a particular location, to function. In the
cases noted earlier, materials, the spaces in which they are
developed, and the spaces in which they are used must be
arranged in particular ways for technologies to be considered
legitimate, whether the audience is the international scientific
establishment [84] or residents of a rural South African
community [68]. The metaphor of a plumbing system
emphasizes the categorical importance of context and physical
materials in the construction of legitimacy: in MAS, legitimacy
cannot exist without these. Therefore, this metaphor also helps
us understand why MAS generally avoids comprehensive
definitions or theorization of legitimacy; other than a few basic
building blocks, systems of legitimacy for MAS are essentially
viewed as nontransferrable between contexts.

Synthesizing Argument: Legitimacy as Social
Infrastructure
Legitimacy is omnipresent and important within all 3 disciplines.
However, it is often undertheorized and the subject of many
implicit assumptions across MAS and STS literature. In OMS,
conversely, increasingly detailed theorization results in the
proliferation of “subtypes” of legitimacy with limited empirical
support (see Table 1 for more details). Our synthesizing
argument allows us to bring these different disciplinary
traditions into conversation with each other through a new
conceptual framework for legitimacy.

Using the 3 disciplinary metaphors we developed, we propose
that legitimacy can be conceptualized as a social infrastructure,
based on the criteria for an infrastructure by Star and Ruhleder
[133]. If we combine the metaphors of a highway system
(OMS), computer operating system (STS), and plumbing system
(MAS), we begin to see the building blocks of an infrastructure
that can support an entire city (Figure 2). Each metaphor shows
a particular element of city infrastructure (ie, understanding of
legitimacy) clearly. However, similar to a layered map of a
city’s interconnecting infrastructures, we gain a fuller picture
of how legitimacy works in health and technology when we
layer the metaphors to view their intersections and divergences.
Knowing how computer systems monitor traffic and manage
stoplights helps us better understand both computer systems
and highways; similarly, an STS understanding of how
unexpected assemblages may work with taken-for-granted
processes can help us better understand how these unexpected
assemblages may impact theory about taken-for-granted
processes in practice within OMS. Therefore, such a layered
map allows for a richer conceptualization in which there is room
for different approaches to legitimacy without denying the
validity of any single conceptualization.
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Table 1. Disciplinary characteristics: legitimacy in organization and management studies (OMS), science and technology studies (STS), and medical
anthropology and sociology (MAS).

MASSTSOMS

Limited theoretical exploration, re-
liance on granular definitions based
on empirical evidence

Some theoretical exploration but limited
theoretical cohesion

Major focus on theory, granular defini-
tions of legitimacy common; normative
legitimacy most prevalent

Theoretical foundations

A relative and context-dependent
concept intertwined with power rela-
tionships

A product of knowledge coproduction; a
negotiation among human and nonhuman
actors, contexts, and epistemic cultures

A process (of negotiation); perception;
or asset, and sometimes as several of
these at once.

Conceptualized as

Explore how and why a subject came
to be viewed as illegitimate

Investigate instances of controversy and
contestation

Describe how organizations can move
from illegitimate to legitimate status

Purpose of literature

Materialities, relationships, and spaceRelationships, taken-for-grantedness, and
unexpected assemblages

Taken-for-grantedness; categorization
and standardization

Most important related
concepts

Figure 2. Disciplinary metaphors. MAS: medical anthropology and sociology; OMS: organization and management studies; STS: science and technology
studies.

Similar to a physical infrastructure, legitimacy can be understood
as a binding fabric that makes possible certain types of
relationships among people, institutions, and technologies. In
our conceptualization, legitimacy is an inherently relational
concept: it can only exist between two or more entities, rather
than within the perceptions of a single person or institution. The

notion of social infrastructure makes space for legitimacy to
exist outside of human judgments, without devaluing the
importance of perception in the production of legitimacy. Just
as infrastructures consist of both materialities and abstract
systems (eg, roads are made of concrete, but their use is
facilitated by traffic laws), social infrastructure melds semiotic,
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material, and normative aspects of legitimacy and explores how
they might work together. Infrastructure thus allows for the
integration of disparate and seemingly contradictory aspects of
making legitimacy. While Star [134] has emphasized that
infrastructure is inherently a “relational property,” we use the
word “social” to focus on how legitimacy supports specific
types of relationships among people, institutions, and
technologies; in particular, how these relationships are shaped
by implicit and intangible norms and values [135]. For instance,
understanding the nuances and norms of pharmacists’
relationships with both physicians and health care institutions
reveals why a simple policy change allowing pharmacists to
prescribe medication legally is not enough to legitimize the
practice [78]. This moves us away from conversations about
legitimacy as a conduit for resources and toward more clarity
about how legitimacy acts as a binding fabric within social
relationships.

Descriptions of legitimacy across all 3 disciplines fit the criteria
for an infrastructure by Star and Ruhleder [133]. For instance,
legitimacy is usually only visible “upon breakdown” [133].
Contestation and controversy are the only sites of legitimacy
exploration in MAS and STS; in OMS, legitimacy is discussed
in terms of desired change in legitimacy status (ie, moving from
illegitimacy to legitimacy), and contestation is captured
explicitly through concepts such as “liability of newness”
[53,54]. In addition, maintenance of this social infrastructure
happens through continued adherence to legitimizing protocols
and norms within relationships; deviations can result in a crisis
of legitimacy. In this sense, legitimacy is characterized by a
strong fit with predefined categories and “standards” [133] in
many articles [45,53,65,85], even when legitimacy itself is not
defined. In our conceptualization of legitimacy, norms and
values make up the “installed base” into which legitimacy is
embedded [133] and are responsible for legitimacy’s
taken-for-granted nature.

Legitimacy also acts similar to infrastructure, in that it can be
used to invisibly support the work of organizations,
technologies, or people [55,86,133], often by allowing for
acquisition of resources or power [69,87]. In fact, values and
norms are often so deeply entrenched and invisible that even
the infrastructure supporting them (ie, legitimacy) becomes
taken-for-granted and invisible itself. This combination can
make it extremely difficult for any contradictory experiences
or knowledge to find expression within a society’s
taken-for-granted, unquestioned truths [85,88,89,132].
Therefore, it is understandable why the moments of crisis when
legitimacy is “visible upon breakdown” usually occur when
norms and values clash with each other. For example, in the
exploration of IVF by Perotta and Geampana [7], new
reproductive technologies are a site of legitimacy crisis because
they are heavily desired by patients but cannot adhere to
standards of EBM. In this situation, physicians must navigate
among the medical value of providing patients with the care
they seek, the medical value of providing evidence-based care,
and the medical norm of adhering to preset medical standards
that may not have kept up with available care options.

Finally, the origins of legitimacy parallel those of any other
infrastructure. Legitimacy is built on existing social systems:

it “wrestles with the inertia of the installed base” [133] and
borrows both strengths and weaknesses from that base, resulting
in legitimation by once-functional mechanisms that are now
relics. For instance, Sheard et al [73] show how desired changes
in practices in a hospital setting are stalled by existing social,
technical, and bureaucratic systems and entrenched social
practices, despite a lack of effectiveness of these entrenched
systems and a desire for change among the people acting within
them. Overcoming this systemic inertia requires the integration
of new practices and systems into the installed base, regardless
of the current utility of that base; attempts to completely
overhaul entrenched institutional practices or technologies
without attention to the installed base rarely succeed.

In all 3 metaphors, infrastructure serves as a system through
which different elements that contribute to legitimacy can
negotiate with one another. A social infrastructure
conceptualization reflects the nature and parameters of these
negotiations. Thus this lens allows us to see where different
perspectives on legitimacy could provide a more holistic picture
of how legitimacy works in practice, encouraging a collaborative
approach to conflicting views on legitimacy.

We hope this conceptualization can provide a useful lens to
better understand how legitimacy is produced and how it works
among institutions, technologies, and people. We aim to move
the conversation toward a more holistic perspective on
embedding technologies in health care that goes beyond models
based primarily on judgments and perceptions.

Discussion

Principal Findings
Our conceptualization of legitimacy as social infrastructure
allows for deeper analysis and understanding of the meaning,
production, and uses of legitimacy when embedding
technologies in health care. Our review contributes to the OMS
literature by bringing in outside perspectives. Cross-fertilization
among the 3 disciplines reigns in the proliferation of legitimacy
theory in OMS while providing a better connection with
empirical research. STS and MAS literature benefit from
grounding empirical exploration within a more cohesive
theoretical framework. Our review also helps contextualize
studies of legitimacy that are more limited in scope; for instance,
while discourse analyses of legitimacy are useful, this review
demonstrates that discourse comprises just one aspect of
legitimacy production [67,90,91]. By allowing for many
definitions of legitimacy, the notion of legitimacy as social
infrastructure is adaptable enough to produce meaning across
disciplines while providing ways to explore relational, material,
and semiotic aspects. By providing a framework through which
to explore many conceptualizations and understandings of
legitimacy, we hope LSI can facilitate fruitful cross-disciplinary
collaborations of legitimacy researchers. Specifically, LSI allows
different conceptualizations to coexist without competing with
one another, providing a framework in which researchers can
build on the work of other disciplines without having to
disregard the traditions of their own discipline. In addition, this
framework provides value to acceptance, adoption, and
implementation researchers and other stakeholders interested
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in better explaining how technologies are embedded in health
care. Through an interdisciplinary understanding of legitimacy
and a focus on relationships and moments of breakdown, LSI
provides a mechanism to study technology embedding both
contextually and over time. In this way, LSI produces a more
comprehensive understanding of how the interconnected social,
medical, environmental, and institutional elements surrounding
a technology may interact in ways that impact legitimacy for a
given technology, and thus, whether a technology will become
embedded in health care.

Embedding Beyond Current Frameworks
Legitimacy as social infrastructure provides an alternative to
current models describing how technologies are embedded in
health care. We can use this conceptualization to account for
gaps between policy intentions and practices when embedding
technologies. Social infrastructure produces a more
comprehensive understanding of the issues underpinning
technology adoption than frameworks that hinge on trust
[136,137], transparency [4,137], and acceptability [19],
especially when those frameworks are based on behavioral
intention [20,21,138]. Articles included in this review have
shown that the complexities of embedding technologies in health
care often clash with the best-intentioned policy choices because
these frameworks generally do not account for the full scope of
legitimizing processes within health care delivery systems. This
is particularly evident in articles that focus on contested illnesses
[80,89,92] and professional boundary work negotiations in light
of new policies or collaborations in health care
[47,56,77,78,93,94]. For example, Weiss and Sutton [78]
demonstrate that even though policy changes explicitly allow
pharmacists to prescribe medication, actually doing so in
practice involves a more complex negotiation of roles and
hierarchies to legitimize pharmacist prescribing activities. The
new prescribing policy, based on notions of trust and
acceptability, is not enough. For patients whose contested
illnesses do not meet EBM criteria [80], negotiations and
individual relationships are essential to access any kind of
medical care [95]. Here, EBM criteria designed to increase
transparency and trust in medicine prevent patients with real
symptoms from accessing necessary care.

The many technology acceptance and adoption frameworks
available currently have difficulty explaining adequately how
and why some technologies are embedded in health care but
others are not; in other words, “the literature does not specify
the conditions for full use to be achieved” [138]. Similar to
legitimacy, these terms are not clearly defined across the
literature [138]: “acceptance” and “acceptability” generally are
defined in terms of perceptions of potential users [138,139] and
separate from both “adoption” and “appropriation,” which deal
with the processes and practices of using the technology [138].
Other models aim to identify factors contributing to acceptance
of new technologies. TAM is the most well-known example; it
has been adapted and added to by numerous authors since its
inception [20,21,138,140]. However, similar to most adoption
and acceptance frameworks, TAM is based on behavioral
intention, which has limited utility in predicting actual behavior
[141,142] and does not generally attempt to integrate other
systemic or relational aspects of technology acceptance. Within

this review, Reay et al [56] demonstrated that gaining discursive
buy-in, the focus of behavioral intention models of technology
adoption, “is not enough” to legitimize new practices in a
clinical setting without action and interpersonal, structural
support.

Other frameworks have attempted to integrate sociocultural
aspects of technology acceptance, specifically in low- and
middle-income countries, although acceptance still generally
focuses on individual users rather than systemic or relational
factors [143]. More unusually, the nonadoption, abandonment,
scale-up, spread, and sustainability framework by Greenhalgh
et al [22], which is explicitly directed at health technologies,
attempts to fill gaps left by TAM and other models by focusing
on nonadoption and abandonment of technology instead of
acceptance. This framework incorporates norms and values to
some extent but does not focus specifically on legitimacy and
the impact of norms and values on technology development.

The legitimacy as social infrastructure framework (LSI
framework) is different from these models: rather than starting
with adoption and acceptance of technologies, our
conceptualization focuses on the relationships and negotiations
that result in adoption and acceptance or not. If we take
legitimacy as a necessary element in technology adoption and
acceptance, conceptualizing legitimacy as social infrastructure
allows us to understand how adoption, acceptance, and
implementation frameworks may work together to explain the
process of embedding technologies in health care. For instance,
rather than conducting acceptance, adoption, and implementation
studies separately in a health technology development project,
researchers could use the conceptualization of legitimacy as
social infrastructure as a framework to iteratively explore the
binding fabric of relationships and legitimacy narratives that
make up the landscape in which a new technology is being
developed and provide advice to decision makers based on these
findings. This focus would also allow project stakeholders to
contextualize the results of a traditional acceptability or adoption
study to better support the end goal of successfully embedding
a technology in health care. Doing so would move conversation
beyond simple adoption and acceptance and toward a more
holistic perspective about this embedding process based instead
on an analysis of legitimacy.

Focus on Relationships and Narratives
Momentum for embedding technologies in health care often
fades due to unforeseen complexities [144] when moving
technologies from laboratories to real-world environments.
Particularly for mobile health technologies in which social and
relational elements play a heightened role, the LSI framework
could prove extremely useful in both anticipating and navigating
complexity in the real world by describing changing
relationships and narratives. Legitimacy as social infrastructure
could provide a better blueprint that takes contextual factors
into account earlier and avoids some of the acceptance and
adoption bottlenecks that develop in linear models.

The struggles and unintended consequences of embedding
technology in practice have been well-documented in STS and
OMS [58,61,93,96]. The LSI framework conceptualizes how
these documented struggles impact legitimacy and, thus,
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technology adoption and acceptance. STS understands new
technologies (including those designed for health care) to be
both directional and open-ended [23]. Technologies are
embodied with certain scripts and ideas, produced both through
the development process and purposely in the minds of
developers and other stakeholders, impacting how they can be
used and when. However, the scripts managing this
directionality never completely determine how a technology is
used in practice [23,145]. Integrating technologies into
real-world environments necessarily involves tinkering
[22,23,144] by users, developers, and other stakeholders, often
contradicting a technology’s directionality entirely. For instance,
as Perrotta and Geampana [7] demonstrate, new medical
technology may be used in ways that contradict its original
EBM-derived script, given a particular set of circumstances
generated by patients, economics, and the pace of technology
development. What happens next is a negotiation that determines
how real-world context, practices, and technology scripts interact
to generate a legitimacy relationship. Conceptualizing legitimacy
as social infrastructure allows us to both understand the nature
of these interactions and how they may or may not lead to
technology adoption and acceptance in a health care setting.
For instance, Sheard et al [73] discuss the complex systems and
legitimacy relationships that impact the ability of care providers
in the United Kingdom to act on patient feedback; this feedback
is solicited in the first place to increase trust in and acceptability
of the medical system. If we view patient feedback frameworks
as a form of health care technology, legitimacy as social
infrastructure helps us better understand and anticipate the
relative importance of backgrounded relational and structural
systems [73] that determined whether patient feedback was
incorporated successfully in the health care institutional systems
under study. An infrastructural understanding reveals how the
3 issues identified (ie, normative legitimacy, structural
legitimacy, and organizational readiness [14,73]) work together
to support or deter change in a complex organizational setting.
A binding fabric of relationships ties all of these issues together
and clarifies why the quality of certain relationships is more
important than others. This focus also adds to understanding of
the phenomenon of “institutional entrepreneurs.” Relationships
likely play a role in how institutional entrepreneurs avoid being
“confined by the status quo,” allowing them to change
organizations from within despite legitimacy challenges for
others [73].

Future Research and Applications
Given the utility of this conceptualization in bringing together
3 very different disciplinary traditions around legitimacy, future
research could expand on this work to incorporate perspectives
from disciplines, such as ethics and law, that we could not
include here. In addition, it is possible that legitimacy is usually
not explicitly conceptualized in medicine and psychology due
to an implicit discipline-wide understanding of the values that
underpin the concept. In other words, norms and legitimacy in
medicine and psychology may be so closely intertwined with
the goal of providing care that legitimacy may not be contested
or questioned from these disciplinary perspectives. These kinds
of taken-for-granted assumptions make it important to explore
the origins, production, and meanings of legitimacy more

thoroughly in the psychology and medical fields. Our
conceptualization could allow for such investigation in fields
in which the language describing legitimacy is either absent or
perceived to be self-evident.

Potential applications of legitimacy as social infrastructure in
practice have a wide range thanks to the flexibility and
adaptability of the conceptualization. For example, to manage
risks appropriately, regulators and others must have knowledge
and understanding of the subject of regulation, in this case,
health care technologies. This includes not only technical
knowledge, but epistemological understanding of what is seen
to constitute valid forms of knowledge, what is being left out,
and “system knowledge of the context regulation is operating
in” [146]. By approaching the embedding of technologies in
health care as a result of knowledge coproduction, the notion
of legitimacy as social infrastructure can provide deeper
understandings of the systems and context of health
technologies. It can then help regulators differentiate valid from
invalid forms of knowledge in context. Regulators also
experience legitimacy concerns themselves, in that regulation
must be legitimate to function [9,147]. An understanding of
legitimacy as social infrastructure could provide regulators with
clarity about the practices, decisions, and structures that may
impact their own legitimacy. For instance, knowing more about
how their relationships with various stakeholders contribute to
their legitimacy could help regulators take stakeholders’
viewpoints into account at the most impactful moments and
more appropriately narrate their decisions for different audience
needs.

Limitations
Given the broad focus of our topic “legitimacy in health and
technology,” we included a heterogenous collection of empirical
topics within each discipline. While this allowed for a broad
discussion of legitimacy in health and technology, we did not
produce one overarching definition of legitimacy; rather, we
developed a conceptualization that can be used as a framework
with the diversity of definitions already available. Similarly,
the disciplinary boundaries are somewhat “fuzzy” [24]: OMS
is a subdiscipline of sociology, STS overlaps with both MAS
and OMS, and MAS is a combination of 2 disciplines with
similar approaches. We found these disciplinary constructs
useful because, despite their overlap, they highlight substantial
differences among social science approaches to legitimacy.

In addition to the legal and ethical boundaries previously
described, in this review, we did not engage with several other
topics related to the legitimacy of technologies in health care.
While the word “legitimacy” is used frequently in medicine and
health economics, very few articles in these fields define the
concept or explore it in any depth. Rather, the vast majority use
the word uncritically within a surface explanation of the
importance of a problem, either by claiming without evidence
that legitimacy is an asset held by organizations, technologies,
or people [148-150] or by mentioning that the legitimacy of a
technology is under threat but without fully discussing why or
how [151,152]. When legitimacy is defined, it is often reduced
to a series of related concepts, such as “expertise, reciprocity,
and trustworthiness,” without discussing how these interact to
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create legitimacy [153], although there are a few exceptions
[9]. Due to the general lack of critical exploration, medicine
and health economics were excluded as disciplines. This is an
area that would benefit from further research using the LSI
framework.

For similar reasons, we focused our search strategy within
journals known to provide deep conceptualization of legitimacy
(see Multimedia Appendix 1 for further details). Given the
abstract and conceptual nature of our subject, a database search
proved inadequate for finding all relevant articles; however,
searching only within specific journals, despite rigorous
selection, may have biased study findings. We feel the benefits
of closely adhering to CIS protocol in this manner outweighed
this issue due to our study’s interpretive goals and the abstract
subject matter.

Conclusions
The notion of legitimacy as social infrastructure provides a
deeper understanding of how and why technologies are or are
not embedded in health care. Social infrastructure focuses on
the aspects of legitimacy related to norms, semiotics,
materialities, and specific relationships among stakeholders and

institutional contexts without excluding or privileging one form
of knowledge production over the other. Through this
conceptualization, the production and use of legitimacy can be
studied ethnographically by following the social infrastructural
networks and relationships that constitute and maintain
legitimacy. By moving beyond judgment- and perception-based
frameworks, legitimacy as social infrastructure approaches the
problem of embedding technologies in health care through the
lens of knowledge coproduction. The LSI framework enables
empirical data collection and analysis that transcends
disciplinary boundaries without negating the discrete lines of
theoretical thought of any one discipline.

Given the interdisciplinary nature of health care policy and
practice and the wide range of stakeholders involved, clearer
and deeper communication around legitimacy could have
far-reaching impacts. This could include new frameworks
explaining technology adoption and acceptance, greater
consensus about what makes a health care technology or policy
decision legitimate, and strategic direction for decision makers
working with disruptive health care technologies within
entrenched systems.
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Abstract

Background: Digital health technologies, particularly mobile health (mHealth) apps and wearable devices, have emerged as
crucial assets in the battle against hypertension. By enabling lifestyle modifications, facilitating home blood pressure monitoring,
and promoting treatment adherence, these technologies have significantly enhanced hypertension treatment.

Objective: This study aims to explore the perspectives of health care professionals (HCPs) regarding the perceived benefits
and barriers associated with the integration of mHealth apps into routine hypertension care. Additionally, strategies for overcoming
these barriers will be identified.

Methods: Through qualitative analysis via semistructured interviews, general practitioners (n=10), cardiologists (n=14), and
nurses (n=3) were purposefully selected between October 2022 and March 2023. Verbatim transcripts were analyzed using
qualitative content analysis.

Results: The results unveiled 3 overarching themes highlighting the benefits of mHealth apps in hypertension care from the
perspective of HCPs. First, these technologies possess the potential to enhance patient safety by facilitating continuous monitoring
and early detection of abnormalities. Second, they can empower patients, fostering autonomy in managing their health conditions,
thereby promoting active participation in their care. Lastly, mHealth apps may provide valuable support to medical care by
offering real-time data that aids in decision-making and treatment adjustments. Despite these benefits, the study identified several
barriers hindering the seamless integration of mHealth apps into hypertension care. Challenges predominantly revolved around
data management, communication contexts, daily routines, and system handling. HCPs underscored the necessity for structural
and procedural modifications in their daily practices to effectively address these challenges.

Conclusions: In conclusion, the effective usage of digital tools such as mHealth apps necessitates overcoming various obstacles.
This entails meeting the information needs of both HCPs and patients, tackling interoperability issues to ensure seamless data
exchange between different systems, clarifying uncertainties surrounding reimbursement policies, and establishing the specific
clinical benefits of these technologies. Active engagement of users throughout the design and implementation phases is crucial
for ensuring the usability and acceptance of mHealth apps. Moreover, enhancing knowledge accessibility through the provision
of easily understandable information about mHealth apps is essential for eliminating barriers and fostering their widespread
adoption in hypertension care.

Trial Registration: German Clinical Trials Register DRKS00029761; https://drks.de/search/de/trial/DRKS00029761
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Introduction

Hypertension is a significant health problem affecting millions
of people worldwide [1]. In Germany, too, hypertension is one
of the most common diseases affecting a large proportion of
the population. Prevention and effective treatment of
hypertension are therefore crucial to prevent associated serious
complications such as ischemic heart disease, strokes, and renal
disease, and to improve the quality of life of those affected [2-4].

In recent years, the development of digital health technologies
has experienced a considerable upswing, opening up promising
perspectives for the prevention and management of hypertension
[5]. Mobile health (mHealth) apps, wearables, and other digital
tools enable patients to monitor their blood pressure levels, track
lifestyle changes, and set health goals. These technological
advances also offer health care professionals (HCPs) new
opportunities to improve patient care and promote healthier
lifestyles [6]. mHealth apps in particular have been shown to
improve the treatment of hypertension [7].

In Germany, the following professional groups are primarily
involved in the treatment of people with hypertension. General
practitioners play a central role in the diagnosis, treatment, and
long-term care of patients with hypertension. They are often
the first point of contact for patients with hypertension and
coordinate further care. Cardiologists specialize in the diagnosis
and treatment of heart disease, including hypertension. They
can treat complex cases of hypertension and offer specialized
diagnosis and treatment options. Internists can also play a role
in the care of patients with hypertension, especially if there are
comorbidities or complex medical problems. Nursing
professionals (nurses, nursing assistants) play a crucial role in
the care of patients with hypertension. They help implement
blood pressure control measures, educate patients, and help
monitor symptoms and side effects [8]. In October 2020,
physicians in Germany were allowed to prescribe digital
therapeutics (DiGA [Digitale Gesundheitsanwendungen]) in
standard care for the first time [9]. DiGAs can be prescribed by
physicians for a 3-month use period and is fully reimbursed by
the statutory insurance companies. To obtain approval, mHealth
providers must demonstrate the safety, functionality, quality,
data security, and a fundamental benefit in a clinical study to
obtain DiGA status. Patients receive a written prescription for
a DiGA based on respective indications (eg, depression) and
have to send it to their insurance company.. At the time this
study was conducted, there was no DiGA that is specific for the
prevention of hypertension. In perspective, however, it is
expected that mHealth apps for the prevention of hypertension
will obtain DiGA status and will be made available to patients.
In their recent study, Dahlhausen et al [10] pointed out the
significant role of HCPs, specifically physicians, in promoting

mHealth use among patients. In order to understand the
implementation of mHealth into hypertension care, it is
necessary to understand the perspectives of physicians, nurses,
and medical assistants and their perception of benefits and
challenges, as well as their information needs, in order to best
integrate mHealth into hypertension care.

Nevertheless, a certain frustration is noticeable among
physicians in Germany. Not least because there have been
repeated technical problems in the past with the connection to
the German telematics infrastructure (TI). The TI comprises a
range of technical components that are relevant for operation
in medical practices. These include the practice management
system (Praxis Verwaltungssystem), which supports the
organization and documentation of practice tasks, and the
connector, a piece of hardware that enables access to the TI and
communicates with the eHealth card terminal and the Praxis
Verwaltungssystem via a secure network. The eHealth card
terminal is used to use the electronic health card and to check
practice ID cards. Other components include mobile card
terminals, practice or institution ID cards, a virtual private
network access service, and the electronic health professional
card, which is required for various applications such as the
electronic doctor's letter and prescriptions [11]. However, half
of the physicians have to struggle with technical problems at
least once a week, compared to 36% in 2020. Overall, frustration
with the digitization process has increased [12].

While there is a wealth of research focusing on the patient
perspective regarding digital health tools [13-15], there remains
a lack of comprehensive evidence on how physicians perceive
and integrate these technologies into their clinical practice.
Despite the promising potential of digital health tools, the
potential obstacles and barriers to widespread adoption of these
technologies in the clinical setting have not been thoroughly
explored. A deeper understanding of the structural and individual
factors that influence the implementation and adoption of digital
prevention approaches is imperative. Integrating digital
prevention approaches into the health care system requires a
clear delineation of the role and positioning of these technologies
within the broader health care landscape. A thorough
investigation of how digital health tools can be effectively
integrated into the existing health care infrastructure and how
they are perceived by the various stakeholders in the health care
sector is crucial.

Addressing these research gaps can contribute significantly to
a more nuanced understanding of how digital health and
specifically mHealth apps can be optimally used for
hypertension prevention. It can also identify potential barriers
and pave the way for strategies to improve clinical adoption
and seamless integration of these technologies. In this study,
we explore the following research questions: Which benefits
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do HCPs see in mHealth apps for prevention? What are possible
structural and individual barriers to the use of mHealth apps?
How can the challenges be met?

Methods

Study Design
This paper reports on our exploration of the HCPs’perspectives
regarding mHealth apps in hypertension prevention. We
conducted in-depth interviews with general practitioners,
cardiologists, and nurses. This study is part of the DiPaH project
[16], which examines structural and individual factors in
different stakeholders that influence the use of digital preventive
measures in patients with arterial hypertension in Germany.

Ethical Considerations
This study was approved by the Ethics Committee of the
Brandenburg Medical School Theodor Fontane
(E-02-20220620). All experimental protocols were approved
by a named institutional or licensing committee. All methods
were carried out in accordance with relevant guidelines and
regulations. Participants were informed verbally and in writing
about the purpose, the procedure, the significance of the study,
and the benefits and risks that may be associated with it and
had the opportunity to ask questions. They were also informed
that they had the right to withdraw their consent to participate

in the study at any time, either verbally or in writing, without
giving reasons. They were also informed that personal data
would be recorded and stored, whereby the data would be
pseudonymized, but that no data would be published that could
be used to identify the person. For security reasons, the data
received from the participants were always stored in a
password-protected folder on a secure desktop computer.
Written consent was obtained after participants were given the
opportunity to ask questions. Patients were not involved in
designing this study. Participants were offered €75.00
(approximately US $77.89) as an incentive for their participation
in the study.

Recruitment
Participants were selected using purposive sampling [17]. We
included HCPs who were currently actively involved in the
treatment of people with hypertension, such as general
practitioners, cardiologists, and nurses. The participants were
selected according to defined categories, aiming to generate a
heterogeneous sample with the broadest variety of different
perspectives [18]. The following categories were included:
region of practice (rural vs urban), main area of practice
(outpatient vs inpatient), and gender (male vs female). A further
inclusion criterion was interest and willingness in participating
in an interview. Participants were recruited both by systematic
invitation and by snowball sampling. The following sources
were used for recruitment (Textbox 1).

Textbox 1. Sources used for recruitment.

• Social media accounts of the university (Brandenburg Medical School Theodor Fontane), such as Facebook, Instagram, and Twitter

• Association of Statutory Health Insurance Physicians Brandenburg (KVBB): newsletter

• General practitioners’ association Brandenburg: information study participation at events

• Personal contacts among colleagues (snowball sampling)

• Interested persons contacted the study team by telephone or e-mail, and it was checked in advance whether they could be included before an
interview was conducted

Data Collection
A preliminary semi-structured interview guide was drafted by
a multiprofessional team (SM, FM, DB, and SSp). The
semistructured interview guide consisted of open-ended
questions that explored how the participants are attuned to digital
applications and mHealth apps, what benefits and barriers they
see in digital technologies for prevention, what information
needs they have, and how these can be met. The focus was on
hypertension apps with the following functions: educating about
hypertension, monitoring blood pressure, and promoting
adherence, although no specific apps were offered or
recommended to participants. Sample interview questions
included: Which mHealth apps in the context of hypertension
treatment are used in your practice, or what experiences have
you had with it? What benefits do you see in the use of mHealth
apps? What barriers do you see in the use of mHealth apps?
How well informed are you about mHealth apps, and where are
knowledge deficits? In addition, sociodemographic data were
collected, including profession, gender, age, number of
inhabitants of the place of practice, duration of professional

activity, and setting. To ensure clarity and relevance of the
questions, we did a pilot test of the interview guide with 5
eligible participants recruited from clinics and outpatient
physicians in the study’s catchment area (refer to Multimedia
Appendix 1).

All interviews were conducted via telephone during October
2022 to March 2023. The interviews were recorded and
transcribed verbatim in accordance with data protection
guidelines. Data collection continued until no substantially new
findings emerged and saturation of content was reached.
Saturation of content is defined as code saturation, when no
additional issues are identified, and meaning saturation, when
no further dimensions, nuances, or insights of issues can be
found [19]. We chose to conduct 27 interviews, as this number
has proven to be adequate in previous studies to reach theoretical
saturation in the exploration of digital approaches [20,21]. Field
notes (a short summary of the interview) were taken following
each interview to ensure better comprehensibility of the
interview situation. The field notes themselves were not included
in the analysis.
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Data Analysis
Qualitative analysis of the interviews was performed iteratively
by the study team (SM and FM) based on Kuckartz’s structured
qualitative content analysis [22] using MAXQDA Analytics
Pro 2022, Release (version 22.1.0; Verbi GmbH). After
transcription of the audio material, the analysis began with a
screening of the interview texts, whereupon the interviews were
coded. Relevant text passages from the interview material were
coded according to a deductive-inductive procedure. Main
categories and subcategories were formed inductively from the
codes. Until a common understanding of all the emerging
categories was achieved, consensus discussions were held
continuously in the research group. Other categories were
developed deductively based on the research questions and
merged into the coding tree. By then, the process of gathering
data had already concluded. Two researchers (SM and FM)
separately applied the established category system to analyze
the complete data set, ensuring that the process could be traced
and replicated. The data was analyzed in German. To present
the findings, significant excerpts from the transcriptions were

chosen as representative quotes. These quotes were translated
into English by native speakers and incorporated into the
manuscript. The manuscript has been compiled in accordance
with the COREQ (Consolidated Criteria for Reporting
Qualitative Research; refer to Multimedia Appendix 2) [23].

Results

In total, 27 interviews were conducted and analyzed until
theoretical saturation was reached. The mean duration of the
interviews was 42 (range 33-56) minutes. The mean age of the
participants (N=27) was 50 (range 35-74) years. Most
participants were female (14 female/13 male). A total of 14
cardiologists, 3 nurses, and 10 general practitioners participated.
In total, 9 persons worked in the inpatient setting and 17 persons
worked in the outpatient setting. One person worked in both
settings. Four of the HCPs had already had experience with
digital applications in daily practice or were also working with
them. Detailed characteristics of study participants are shown
in Table 1.

Table 1. Detailed characteristics of study participants.

Participants (N=27), n (%)Characteristics

Professional group

10 (37)General practitioner

14 (52)Cardiologist

3 (11)Nurse

Duration of professional activity

9 (33)>10

8 (30)10-20

7 (26)21-30

3 (11)31-40

Gender

14 (52)Female

13 (48)Male

Age (years)

2 (7)>40

11 (41)40-50

11 (41)51-60

3 (11)<60

Number of inhabitants

2 (7)>10,000

11 (41)10-100,000

4 (15)100,001-1 million

10 (37)<1 million

Settinga

10 (37)Inpatient

18 (67)Outpatient

aOne participant works in both the inpatient and outpatient settings.
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Themes
The analysis explored 7 key themes, categorized into benefits
and barriers. Themes identified as benefits included (1) patient
safety, (2) patient autonomy and support, and (3) support in
medical care. Themes identified as barriers were organized by
the following context: (4) handling of data, (5) in the context
of communication, (6) in daily routines, and (7) in dealing with
the systems.

Benefits
Although few of the HCPs use or have used mHealth apps in
their daily practice, they were able to mention benefits they
expected to gain from using mHealth apps. In the context of
benefits, 3 overarching themes could be identified: potential to
increase patient safety, patient autonomy, and support in medical
care (Figure 1 and Multimedia Appendix 3).

Figure 1. Coding tree of the benefits regarding mHealth apps in hypertension prevention. mHealth: mobile health.

A different number of subcategories could be assigned to the 3
main categories. The following 3 subcategories were assigned
to the “Patient safety” category: preventing secondary illnesses,
improving patient adherence in medication, and circumventing
the white coat effect. The following 3 subcategories were
assigned to the category “Patient autonomy and support”:
motivating factor, supporting patients, and reflectivity. The
following 5 subcategories were categorized under the category
“Support in medical care”: clear presentation of blood pressure
levels, constant access to health data. Results can be evaluated
quickly, better data quality compared to analog methods, and
improved physician-patient communication.

Patient Safety
Respondents see the potential of mHealth apps primarily in the
prevention of secondary diseases. In addition, participants see
the potential of mHealth apps to improve patient adherence to
treatment in terms of medication adherence, which in turn has
an impact on patient safety.

The respondents attribute a better representation to the blood
pressure levels measured at home and subsequently documented.
The interviewees hope that through the use of mHealth apps,
patients will consistently document their blood pressure and
thus always have an overview of their blood pressure levels.
This is because, in contrast to the blood pressure levels measured
in the practice, they seem to correspond more closely to the
reality of life. The “white coat effect” is thus circumvented.

Patient Autonomy and Support
An mHealth app can offer a variety of features that serve as a
motivating factor for patients from the perspective of health

care providers. Gamified elements, progress tracking, and
reward systems can provide incentives for developing and
maintaining health-promoting behaviors, strengthening patients'
self-motivation, and fostering engagement in their health.

From the HCP’s perspective, an mHealth app can be a valuable
addition to medical care by providing support to patients in
several ways. First, the mHealth app can provide personalized
advice based on the patient's individual needs and health goals.
This can include dietary recommendations, lifestyle changes,
or stress management tips. Second, mHealth apps can act as
reminders, reminding patients to take their medication, which
could improve adherence to therapy.

An mHealth app can also include reflectivity and help patients
comprehend information about their blood pressure to their
behaviors, which can support them reduce or avoid unfavorable
behaviors.

Support in Medical Care
By using mHealth apps, the HCPs assume that blood pressure
levels can be presented in a clear and understandable way.
mHealth apps allow patients to access their levels on their
smartphones or other digital devices. Patients can track the
development of their blood pressure over time and identify
possible trends or abnormalities so that they can seek medical
help timely if necessary.

Patients have constant access to their current health data. This
enables real-time tracking of their health status, even if they are
not undergoing immediate medical treatment.
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mHealth apps provide quick results that can be evaluated
immediately. Physicians can thus make timely decisions about
the treatment and care of their patients.

HCPs attribute better data quality to mHealth apps compared
to analog methods.

Using mHealth apps, patients can send the data they collect in
their daily environment directly to the medical facility before
visiting the physician. This allows the physician to check the
blood pressure levels in advance and prepare specifically for
the conversation with the patient. The time saved helps to make
the physician-patient conversation more efficient and targeted
so that relevant questions and concerns of the patient can be
better addressed.

The benefits initially included constant access to health data,
which was particularly mentioned by participants in the
outpatient sector. This group also appreciated the motivating
factor that the apps could provide to support them in their health
routines. Participants in large cities also preferred the app's clear
display of their blood pressure readings, which helped them to
better understand their health data. The time saved in
doctor-patient communication was also mentioned as a benefit
by the outpatient participants.

Barriers
We identified barriers in 4 different aspects of the HCPs work
life: handling of data, in the context of communication, in daily
routines, and in dealing with the systems (Figure 2 and
Multimedia Appendix 4). A different number of subcategories
could be assigned to the 4 main categories. The following 3
subcategories were assigned to the category “Handling of data”:
uncertainty about the validity of the data, privacy unclear, and
unclear responsibility for data. The following two subcategories
were assigned to the category “in the context of
communication”: more patient trust in the app than in medical
care and the impersonal nature of digital approaches. The
following 4 categories were assigned to the category “in daily
routines”: additional workload, limited personnel resources, no
remuneration for the use of apps in daily routines, and not
suitable for all patients. The following 5 subcategories were
assigned to the category “in dealing with the systems”:
immaturity of the technologies, unclear clinical benefit,
interoperability issues, and inconsistent digitalization strategy
in Germany, which causes frustration and lack of evidence for
effectiveness.

Figure 2. Coding tree of the barriers regarding mHealth apps in hypertension prevention. mHealth: mobile health.

Handling of Data
One of the main barriers to the use of apps for blood pressure
monitoring is uncertainty about the validity of the data collected.
Concerns about the accuracy of data documented by patients
can undermine HCPs’ confidence in the data and willingness
to use such tools.

Another important concern related to the use of mHealth apps
in the treatment of hypertension is privacy. Fear of data breaches
or unauthorized access to patient information may limit the use
of such tools.

Unclear responsibility for data presents another hurdle.
Physicians and nurses feel uncertain about who is responsible

for managing and interpreting the data they collect. The wealth
of data generated by mHealth apps can be overwhelming, and
the lack of clear structures and policies for appropriate use of
the data can be challenging.

In the Context of Communication
The HCPs expect that a potential barrier to communication
when using mHealth apps is the tendency of some patients to
trust the mHealth app more than their medical care. This
misconception could lead to patients relying solely on the
mHealth app for solutions or seeing its advice as better than
that of their physician. This could hinder communication with
HCPs and lead to a lack of collaboration between patients and
physicians.
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Another barrier perceived by HCPs is the impersonal nature of
mHealth apps. In contrast to direct interaction, the use of
mHealth apps could lead to a lower intensity of exchange
between patients and HCPs. In addition, mHealth apps may be
perceived as less empathetic and less tailored to the individual
needs of patients.

In Daily Routines
The HCPs apprehend that introducing mHealth apps in medical
practice can initially lead to an additional workload for them.
The introduction of new technologies requires training, the
adaptation of workflows, and integration into existing IT
systems, which can initially lead to time and resource
constraints.

In many health care settings, resources are lacking in order to
engage HCPs in the active use of mHealth apps in practice.
Adoption and integration of new technologies requires time,
training, and technical support, which can be challenging in an
already strained health care system. Limited capacity impedes
readiness to use mHealth apps for hypertension care.

At present, the use of mHealth apps is not sufficiently
reimbursed in everyday health care in Germany. HCPs do not
receive additional compensation or incentives for the use and
deployment of digital tools in the care of hypertensive patients.
This lack of compensation may cause some HCPs to be hesitant
to use digital tools, as it may entail additional tasks without
financial compensation.

Although mHealth apps offer many benefits, they may not be
suitable for all patients. Older people or those with limited
digital capabilities may have difficulty using digital applications.
In addition, some patients, especially those with hypertension,
may overmeasure their blood pressure, which can negatively
impact their blood pressure levels. According to HCPs, digital
tools for monitoring blood pressure may be less appropriate for
such patients.

In Dealing With the Systems
A major barrier to the use of mHealth apps in hypertension care
is the immaturity of the technologies. HCPs suspect that
mHealth apps do not work reliably, have bugs, or do not have
all the necessary features to meet the demands of medical
practice. As a result, they may be reluctant to recommend digital
technologies for fear that the systems will not exist at a later
date.

Another barrier to the use of mHealth apps in hypertension care
is the unclear actual utility and clinical effectiveness of such
tools from the perspective of HCPs.

The diversity of mHealth apps and their interfaces is another
barrier for HCPs. The incompatibility or lack of interoperability

between systems can hinder smooth data exchange and
integration.

The insufficient as well as inconsistent digitalization strategy
in Germany is a source of frustration for HCPs. There is often
a lack of a clear, long-term vision and of a structured approach
to drive the integration of digital technologies in health care.
The development and implementation of digital health solutions
is often fragmented and inconsistent, leading to confusion,
ineffective solutions, and a return to analog methods. These
negative experiences are a significant barrier to the adoption of
digital tools.

The actual effectiveness and long-term impact of mHealth apps
in treating hypertension are poorly researched or demonstrated
from the perspective of HCPs. The lack of evidence on the
clinical effectiveness of such tools raises doubts and influences
their willingness to use them.

Specific Aspects in Various Subgroups
Participants from the outpatient sector in particular pointed out
interoperability problems that could hinder the smooth exchange
of data. In addition, the unclear clinical benefits of the apps
were not recognized by everyone, especially not by the
participants from the outpatient sector. It was also noted from
the outpatient sector that not all apps are suitable for every
patient. Concerns about data protection were also expressed by
participants in the outpatient sector, who were worried about
the security of their personal health data. Finally, the lack of
reimbursement for the use of health apps from the outpatient
sector was cited as a further barrier. Women expressed concerns
about the validity of the data collected by the apps.

Recommendations for Successful Integration of mHealth
Apps Into the Health Care Landscape From HCPs’
Perspective
In the context of recommendations, 2 themes could be identified:
in daily routines and in dealing with the systems (Figure 3 and
Multimedia Appendix 5). A different number of subcategories
could be assigned to the 2 main categories. The following 5
categories were assigned to the category “in daily routines”:
extrabudgetary remuneration for digital prevention services,
defining goals: tracking or monitoring, identifying patient
(groups) in advance, app individually tailored and
personalizable, and combination with other diseases. The
following 5 subcategories were assigned to the category “in
dealing with the systems”: more information about digital
services, validation of apps, bottom-up approaches, training and
involvement of medical assistants, and improvement of interface
problems.
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Figure 3. Coding tree of the recommendations for successful integration of mHealth apps into the health care landscape. mHealth: mobile health.

In Daily Routines
One of the fundamental challenges in integrating hypertension
mHealth apps into routine medical practice is that the time spent
using and counseling patients is not adequately compensated.
To address this problem and increase HCPs' motivation to use
digital prevention services, extrabudgetary reimbursement for
the implementation and support of these apps in HCPs' practices
should be considered. According to the participants, such
remuneration would ensure that HCPs are appropriately
compensated and thus create an incentive to increasingly
integrate mHealth apps into their daily work.

It is crucial to define clear goals for the use of mHealth apps in
hypertension prevention. HCPs should work with patients to
determine which parameters or data should be collected by the
mHealth app and which specific health goals are being pursued.
The HCPs assume that a distinction can be made between
tracking and monitoring approaches. While tracking helps
patients to collect data on their blood pressure, lifestyle, and
other relevant parameters themselves, monitoring enables the
physician to regularly monitor and analyze the collected data.
The clear definition of goals facilitates the use of the mHealth
apps and ensures that the collected data can be used
meaningfully and effectively.

The HCPs mentioned that not all patients benefit equally from
mHealth apps. It is important to identify in advance which
patients or patient groups could benefit most from a hypertension
prevention mHealth app. Some patients may already be well
informed and motivated to use digital health technologies on
their own, while others may need more support and guidance.
By identifying those patients who could best benefit from
mHealth app use, clinicians can target their mHealth services
more effectively and efficiently.

Another important improvement is that hypertension apps should
be customized and personalizable. Each patient is unique, and
the mHealth app should therefore be customizable to each
individual's specific needs, health goals, and preferences.
Personalization options could include selection of relevant health
goals, medication reminders, or customization of the app
interface to the user's personal preferences. By tailoring the app

to each patient's individual needs, the user experience is likely
to be enhanced and the likelihood of long-term use increased.

Hypertension often occurs in combination with other conditions,
such as diabetes or obesity. To improve the care of multimorbid
patients, mHealth apps for hypertension could be combined
with other health applications to provide comprehensive and
integrated care.

In Dealing With the Systems
It is important that HCPs have access to comprehensive and
reliable information about the functionalities, efficacy, safety,
and privacy policies of the various hypertension apps. A
transparent and evidence-based presentation of this information
can help to address concerns about the quality and reliability
of the apps and stimulate physicians' interest in using these
digital tools.

Careful validation of mHealth apps is essential to ensure that
hypertension management apps actually deliver the promised
benefits and provide medically robust data. HCPs need reliable
information about the scientific evidence and clinical validity
of the apps in order to effectively integrate them into their
clinical practice.

To improve the adoption and integration of apps for
hypertension, it is crucial to promote bottom-up approaches.
This means including the user perspective, including physicians
and medical staff, in the development and implementation of
mHealth apps from the very beginning. Involving users in the
development process makes it possible to adapt mHealth apps
to the specific needs and requirements of physicians and ensure
high usability.

Successful integration of hypertension apps requires not only
training of physicians but also the involvement of other HCPs,
especially medical assistants. Medical assistants play an
important role in helping physicians use mHealth apps and
interact with patients. Extensive training of medical assistants
on how the mHealth apps work and are useful, as well as how
to effectively use the data collected, can help ensure that the
integration of the apps is seamless in the practice workflow.

Interoperability and compatibility between different mHealth
apps and existing practice IT systems are critical. Often,
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physicians and medical assistants face the challenge that the
interfaces between the mHealth apps and existing IT systems
are not sufficiently optimized, which can lead to technical
difficulties and data inconsistencies. Targeted improvement of
the interface issues enables physicians to work smoothly with
the mHealth apps and seamlessly integrate the captured data
into their practice workflows.

Discussion

Principal Results
This qualitative study is the first to explore the factors that
enable or hinder the use of mHealth apps for the prevention of
hypertension from the perspective of general practitioners,
cardiologists, and nurses in Germany. Until now, mHealth apps
for the prevention of hypertension are only fragmentarily used
in the care of hypertensive patients. From the perspective of the
caregivers, the main potentials of mHealth apps lie in increasing
patient safety, patient autonomy, and support in medical care.
However, the presented results point to major challenges in data
handling, patient-HCP communication, integration into standard
care, and interoperability. Measures such as extra-budgetary
remuneration for digital preventive services, setting targets
through tracking or monitoring, identifying patient groups in
advance, adapting and personalizing mHealth apps, and
combining them with other diseases could, in the view of the
HCPs, help to overcome the barriers. In dealing with the
systems, the HCPs mention aspects such as more information
about digital services, validation of mHealth apps, bottom-up
approaches, training and involvement of medical assistants, and
improvement of interface problems.

Comparison With Prior Work
Our results are in line with earlier research in mHealth and
beyond: physicians and nurses recognize the added values and
positive potential of mHealth apps in supporting patients,
fostering patient autonomy, and improving medication adherence
[24,25]. The attributed benefits are supported by evidence: for
instance, Li et al [26] report improvements in self-management
behavior and medication adherence in adults using mHealth.
Furthermore, self-monitoring of hypertension-related behaviors
via smartphone apps combined with tailored advice has a modest
but potentially clinically significant effect on blood pressure
reduction [27].

Despite the advantages of mHealth, as of yet the barriers hinder
their integration into the medical routine. One of the main
concerns is the handling of data. Physicians frequently doubt
the validity of data collected by patients and have concerns
regarding data privacy and security. This can impede trust in
the data and willingness to use such mHealth apps.

The mode of communication between physicians and patients
can also be influenced by the use of mHealth apps. Some
patients may tend to place more trust in the instructions provided
by the mHealth app than in the recommendations of their
medical caregivers. This could hinder communication with
HCPs and impede collaboration between patients and physicians.
However, studies have already demonstrated that there are
contrary findings to the presumed concerns: findings of a

systematic, narrative review show a generally positive influence
of mHealth apps on physician-patient communication and
relationships, which at times was correlated with better health
outcomes [28]. And perhaps the use of apps can make visits
more efficient, because blood pressure levels can be transmitted
to the practice in advance, and conversations can be focused on
essential aspects.

In the interviews, it is stated that mHealth consumes more
resources and deteriorates patient communication. In
rheumatology, digital health and especially mHealth are
considered resource-saving. Digitization creates more time for
patient interaction, which enhances the quality of care. If
questions have already been answered beforehand, there may
be extra time in the conversation with the patient to focus on
essential aspects, which can positively impact the perceived
quality of care [29]. Furthermore, it is emphasized in
rheumatology care that this would allow more time for patient
consultations. This is a contradiction. However, rheumatology
is more digitized compared to hypertension care because of the
greater shortage of personnel and disease burden.

Furthermore, apps can initially mean additional workload for
HCPs. The introduction of new technologies requires training,
adaptation of workflows, and integration into existing IT
systems, which can lead to time and resource constraints. In
addition, due to limited resources, many medical facilities may
not be adequately prepared to actively integrate digital
technologies into their practice. To be able to use digital
technologies in their daily routine, physicians also need the
appropriate digital skills [30]. In a recent measurement of
physicians' professional digital health literacy, they scored 53.1
out of a possible 100 points [31]. For nurses, this figure is only
slightly higher at 54.5 points. The most difficult task for
physicians and nurses is “helping patients assess the
trustworthiness of the digital health information they find,”
followed by “helping patients find the digital health information
that is relevant to them.” In the future, physicians and nurses
will need support especially in this area so that the digital
transformation in health care can be driven forward.

A lack of integration of digital tools into the reimbursement
structure of the health care system in Germany is also a barrier
to the use of such applications. Currently, physicians only
receive remuneration for prescribing DiGAs, which does not
translate to monitoring apps that have not obtained the DiGA
status. There are ongoing discussions about which remuneration
model is suitable for mHealth. Labinsky et al [32] reported that
only 13% of patients that were prescribed a DiGA completed
the whole program. This may also be due to a lack of incentives
for physicians to ask if the apps are being used. Considering
the low adherence with DiGA, performance-based compensation
appears to be appropriate.

Implications
Several recommendations for the integration of mHealth apps
into medical practice can be derived from the results. It is
important to provide HCPs with low-threshold access to
comprehensive and reliable information about available mHealth
apps to address their concerns about quality and privacy.
Validation of mHealth apps for effectiveness and clinical
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validity is critical to convince physicians that these apps provide
real value [33]. Bottom-up approaches or participatory study
designs that include the user perspective, including physicians
and medical assistants in the development process, can help
ensure that apps are better tailored to the needs and requirements
of medical practice and have a higher usability.

Involving HCPs, especially medical assistants, is also important
as they play a key role in helping physicians use mHealth apps
and interact with patients. Extensive training of medical staff
on how the apps work and their benefits can help ensure that
the integration of the apps is seamless in the practice workflow.

Our results underline the importance of staggered use of the
mHealth app for effective blood pressure control in patients
with hypertension. A high frequency of use at the beginning of
treatment helps both patients and health care providers to quickly
identify and implement individualized strategies to lower blood
pressure. Once the target values have been stably achieved, the
frequency of use can be gradually reduced so that the mHealth
app can serve as a monitoring tool without unnecessarily
increasing the time required by medical staff. This flexible
handling could allow the mHealth app to be optimally integrated
into everyday clinical practice while minimizing the burden on
health care providers in terms of data management.

In addition, it is important to improve the interface issues
between digital health apps and existing IT systems.
Interoperability and compatibility between different digital apps
and medical practice software systems are critical to ensure
smooth integration and use of the apps. Targeted improvement
of the interfaces can enable physicians to work smoothly with
the apps and seamlessly integrate the collected data into their
practice workflows.

The use of digital care services could be beneficial if the goal
of use were addressed in advance in physician-patient
communication. For example, use in the sense of self-tracking
would not necessarily require medical intervention. Whereas
the use in the sense of monitoring is associated with a control
function, and physicians are actively involved in the process.
Further studies are also needed to analyze the benefits and
effectiveness of digital care services.

Based on the current findings and recommendations made by
the HCPs, various stakeholders (eg, policy makers, health
insurance companies, physicians’ associations, associations of
the scientific medical societies, patient organizations, health
care researchers, or app developers) in different fields of the
health care system should take action to push the integration of
mHealth app in daily practice (Textbox 2).

Textbox 2. Recommendations for the integration of mobile health (mHealth) apps into medical practice.

Structural conditions

• Extrabudgetary remuneration for digital prevention services

• Improvement of interface problems

• Training and involvement of medical assistants

• More information about digital offers

App development

• Bottom-up approaches and user experience design

• App individually tailored and personalizable

• Combination with other diseases

• Validation of mHealth apps

Use in patient care

• Assessment of patients’ eligibility to use mHealth

• Identify patient (groups) in advance

• Define goals: tracking or monitoring

Strength and Limitations
Our study is the first to investigate the benefits and barriers of
using mHealth apps in preventing hypertension in Germany.
We drew closely on the reality of care and the perspectives of
the physicians and nurses. The qualitative interviews allowed
for obtaining an in-depth understanding of the experiences with
or without apps in preventing hypertension and expected
advantages and disadvantages. However, there are certain
limitations to our study. The results might be subject to a
selection bias because perhaps people who were more interested
in the topic took part in the study. Due to the sampling strategy,

we may not have been able to reach everyone and did not record
important aspects. A generalization of the results is therefore
impossible. In addition, patients were not interviewed at this
time.

The authors are aware that this general exploration can only be
a first step given the breadth and diversity of the topic
“hypertension mHealth apps.” Further studies must be conducted
in the context of specific health care situations to build upon
these findings. These limitations directly translate into
opportunities for further research: We are planning to extend
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the study to a larger sample in Germany [16] and to validate
the qualitative results with a questionnaire survey.

Further research should also focus on how to identify patients
who may or may not be eligible for mHealth apps in
hypertension care; how HCPs can be effectively informed about
mHealth and digital health in general, as well as what
reimbursement strategy will reinforce the effective use of
mHealth in the care of chronic conditions.

Conclusions
HCPs recognize the benefits of mHealth apps for patient safety
or to support disease management. However, at present, best

practices for implementing mHealth apps in preventing
hypertension do not exist. In order to be able to use digital tools
such as mHealth apps efficiently, the barriers, such as
information needs, interoperability issues, uncertain
remuneration, and vague clinical effectiveness, need to be
overcome. Above all, users need to be involved in design and
implementation processes. Furthermore, low knowledge needs
to be eliminated by offering access to low-threshold information
on mHealth apps.
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Abstract

Background: Telehealth is a recognized and rapidly evolving domain in the delivery of emergency medicine. Research suggests
a positive impact of telehealth in patients presenting for emergency care; however, the regional challenges of acute telemedicine
delivery have not been studied. The WA Country Health Service (WACHS) established the Emergency Telehealth Service (ETS)
in 2012 to provide telehealth and other technology-enabled services to regional Western Australian hospitals and clinics. The
WACHS ETS supports 87 rural and remote WACHS-operated hospitals as well as 10 non-WACHS health clinics via high-definition
audio-visual equipment installed in the resuscitation bay of the emergency department (ED) at each site. This 12-year practical
application of emergency telemedicine offers a unique opportunity to explore the experiences and perceptions of clinicians
delivering virtual care to rural and remote communities.

Objective:  This study explores the perceptions of ETS clinicians regarding acceptability, appropriateness, and clinical
decision-making when delivering emergency telemedicine in rural and remote settings.

Methods: This qualitative study used semistructured interviews to explore the perspectives of ETS clinicians regarding the
factors influencing their clinical decision-making. It explored how ETS clinicians determine and modify clinical risks associated
with using audio-visual equipment to deliver care. Emerging themes were compared with the concepts arising from the interim
guidance of the Medical Board of Australia, and both the Australian and New Zealand, and American Colleges of Emergency
Medicine.

Results: Overall, 16 doctors, 4 clinical nurse coordinators, and a nurse educator from WACHS ETS provided their experiences
and perspectives. Accurate clinical decisions, especially regarding patient disposition, were crucial to virtual care. Timeliness
and accuracy were enhanced through a mutual learning model grounded in the local context. Mitigation strategies such as
improvisation and flexible technology use compensated for technological barriers. Nonmodifiable risk factors included patients’
presenting complaints, clinical urgency of presentation, ED capability, clinician scope of practice, and, if a transfer was required,
the distance between the ED of original presentation and the hospital of definitive care.

Conclusions: Telehealth can enhance clinical decision-making in rural and remote EDs, and ETS clinicians can prioritize patient
safety through a lens incorporating both local hospital capabilities and community contexts. Even for the most experienced
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clinicians, telehealth was not comparable to face-to-face communication in all circumstances. The impact of the ETS on the scope
of the regional emergency medicine practice and on the building of clinical skills warrants further study in relation to its overall
effectiveness and cost-effectiveness in rural and remote EDs. These findings identify areas for further qualitative research while
providing a rich contextual background for rigorous quantitative analysis of the effectiveness of the ETS.

(JMIR Hum Factors 2025;12:e58851)   doi:10.2196/58851

KEYWORDS

emergency telemedicine; implementation effectiveness; clinical effectiveness; risk aversion; risk mitigation; rural and remote;
emergency departments

Introduction

Background
Telehealth has rapidly emerged as a means of providing health
advice and care to people at sites where health providers at the
hospitals of initial presentation (presenting hospitals) may lack
capability or require assistance with the diagnosis and treatment
of presenting clinical conditions. In recognition of the rapidly
evolving domains of telehealth in the delivery of emergency
medicine (EM) in the United States [1] and Australia and
Aotearoa (New Zealand) [2], the Australasian College of
Emergency Medicine (ACEM) [2], American College of
Emergency Physicians [1], and Medical Board of Australia [3]
deliberated on interim principles, considerations, and minimum
standards to guide emergency telemedicine (“the interim guiding
principles from the Colleges of Emergency Medicine”).
Telehealth in the emergency department (ED) aspires to improve
the quality of health care for patients in remote and other settings
by increasing access to specialists and optimizing health service
utilization and disposition coordination, including timely access
to definitive care [2].

Guiding Principles on Emergency Telemedicine
Implementation
These interim principles provide minimum standards for
telehealth practice in the ED. As the Colleges of Emergency

Medicine have identified, the use of telehealth in EM is in the
formative stage and currently lacks a strong evidence base for
clinical practice in the context of emergency care.

The ACEM and Australian New Zealand Fellow of ACEM
(FACEM) Telemedicine Community of Practice (ANZFTCOP),
superseded by a formal ACEM Emergency Telehealth Network,
raised the importance of local context and the unplanned and
exigent nature of emergency care [3]. The ANZFTCOP
distinguished the nature of emergency medical practice from
the broader telehealth discussion as it involves the provision of
acute care without an ongoing clinical relationship either
in-person or virtually [3]. The Community of Practice also
pointed to circumstances where it may not be possible to access
emergency physician expertise without recourse to telemedicine
[3]. This is common for many rural and remote Australian EDs.
The ANZFTCOP suggested that the decision regarding the
appropriateness of conducting a telemedicine session instead
of an in-person consultation should be based on individual
clinical circumstances and expert clinician judgment [3]. Table
1 provides an amalgamated summary of the key guiding
principles from these position statements and guidance
documents.
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Table 1. Amalgamated summary of the interim guidance on emergency telemedicine implementation.

What is not emergency telehealth and what
should it not do?

What is emergency telehealth and what should it do?Key themes

Locally grounded •• Should not replace local care.Should be an important complement for locally and regionally provided com-
prehensive health care. • Should not be considered as a substi-

tute for face-to-face consultations.• Should be part of regional models of emergency care delivery validated by all
relevant stakeholders across the public health system. • Should not involve low-value care that

would not have otherwise been provid-
ed.

• Should have regard for the local context and be grounded in the relationship
with local clinicians including but not limited to knowledge of the local popula-
tion, service availability, and patient pathways. • Should not be a stand-alone solution

to address health workforce capacity
and maldistribution.

• Should have appropriate escalation procedures in place to activate emergency
services.

—aOf similar quality
and standard to
ordinary care

• Assessments and consultations: (1) should be thorough within the limitations
of telehealth and virtual consultations, (2) should replicate the components of
an emergency medicine consultation, and (3) should be cognizant of the pecu-
liarities or distinctive requirements of specific conditions.

• Should implement quality assurance programs to monitor clinical performance,
patient outcomes, and integrated ongoing care.

Timely care •• Should not create additional barriers
to accessing emergency medical care.

Should ensure that definitive care is not delayed.

Appropriateness
of care

•• Not appropriate for all clinical consul-
tations.

Should ensure that the patient’s presenting problem is suitable to be assessed
and managed remotely.

aNot applicable.

Study Setting
The WA Country Health Service (WACHS) is one of the largest
country health services in the world in terms of geographical
coverage (2.55 million square kilometers, 96% of the land mass
of Western Australia), with a population of 531,934 (18% of
the Western Australian population; population density of 0.21
per square kilometer). It is organized into 7 distinct and diverse
regions with 118 health facilities, accounting for 41% of the
total number of emergency presentations across Western
Australia (over 40,000 presentations per year) [4]. Most
hospitals outside the large regional centers are staffed mainly
by nursing staff supported by a resident general practitioner
(GP) credentialed to provide medical services at the hospital.
There are variable numbers of consultant specialists providing
services at the larger regional resource centers. The majority of
WACHS hospitals do not have on-site access to emergency
medicine physicians (FACEMs).

The WACHS established the Emergency Telehealth Service
(ETS) in 2012 to provide telehealth and other
technology-enabled services to regional Western Australian
hospitals and clinics. The ETS is the earliest and most
established service stream of the WACHS Command Centre,
which supports 87 WACHS hospitals and 10 additional
non-WACHS facilities through high-definition
videoconferencing services [5]. The Command Centre is a 24/7
virtual clinical and operational hub including services for general
medical inpatients, mental health, midwifery, after-hours
palliative care, and transfer coordination. It supports clinicians
in regional hospitals and nursing posts by providing ready access
to specialist clinicians who use technology, videoconferencing,
and real-time data to assist in delivering quality patient care [6].

In addition to over 38,000 clinical consultations per year, the
ETS supports rural and remote clinicians to maintain skills and
knowledge through an education program and opportunities for
professional development [5]. The consulting clinicians are
located across multiple geographical areas (Perth, across
regional Western Australia, other Australian jurisdictions, and
internationally). Most medical practitioners are FACEMs
complemented by EM-credentialed GPs and emergency nurse
practitioners. The central hub of the Command Centre is based
in Perth, and referrals are coordinated by a team of clinical
nurses and clinical nurse consultants.

Referrals to the ETS vary across hospital types but are mainly
from small hospitals (81.5%), nursing posts (9.7%), and
integrated district health services (8.2%), and the ETS is least
used by regional resource centers (0.7%) [4,7]. The proportions
of ED presentations involving the ETS also vary across hospital
types, with nursing posts and small hospitals involving the ETS
in 21.3% and 23% of all ED presentations, respectively.
Between July 2018 and April 2023, the uptake for nursing posts
ranged from 2.8% for nonurgent presentations to 62.1% for
emergency presentations that must be attended within 10
minutes. For small hospitals, the uptake ranged from 5.3% for
nonurgent presentations to 47.9% for presentations requiring
resuscitation. The more remotely located EDs appear to have
greater reliance on the ETS especially for the management of
more urgent cases [4,7].

Evidence on Telehealth Implementation in Rural and
Remote EDs
Studies have identified factors that negatively influence the
experiences of regional clinicians in rural and remote EM
practices. These include [8,9] the lack or absence of medical
backup or resources, the geographical and social isolation of
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rural communities, poor health system coordination, the
loneliness experienced by regional clinicians, and the challenges
of health care provision in geographically isolated locations
[10-12].

The challenges these conditions pose are community specific
[8], and studies found that rural and remote EM physicians drew
on the strength of professional relationships to improvise, solve
problems, and create systems of support to meet local needs in
order to survive and thrive in the middle of rural and remote
challenges [8,9].

Published studies on the use of telehealth in EM suggested
positive impacts on patient care, including benefits such as cost
reduction, improved quality of care, reduced mortality rate,
reduced patient treatment time, and reduced time between first
contact and treatment [13]. Moreover, in the rural and remote
context, studies have reported reduced patient transfers from
rural facilities to major centers [10-12,14-16] and improved
capability of rural centers [10,17,18]. However, studies have
not discussed the complexities of rural and remote EM practices
in depth or taken them into account in their analyses.

The use of telehealth in rural and remote EDs to help alleviate
these regional EM practice challenges has not been studied.
Whether or how emergency telemedicine in rural and remote
settings improves patient health outcomes and the factors
influencing the clinical decisions of emergency telehealth
clinicians remain uncertain. There is a need for quality evidence
to better understand these factors to help identify the gap in the
effectiveness of emergency telehealth [12,14,15,17,19-27].

Studies have, however, identified challenges in the
implementation of virtual care, and emergency telehealth is one
of the practice areas considered [14,22,23]. These include
technical difficulties [11,12,23,25-27], factors impeding the
process of care [10,14,16,19-21,24-26], and factors impacting
patient privacy, confidentiality, and data security [24-26].

It has been proposed that to understand the factors influencing
job satisfaction, the complex environments around rural and
remote EM practices must be considered [8]. However, the
impact of environmental factors on clinical decision-making in
rural ED practice has not been considered.

The clinicians’ perceived clinical risks have been identified as
a challenge in rural and remote EM practices [8,9]; however,
how individuals perceive the risks in rural and remote
emergency telehealth practices and the impacts on their clinical
practices have not been explored previously. In rural and remote
EDs, it is possible to assume that when the perceived clinical
risk is high, the approach to diagnosis and treatment may
change, leading to increased rates of transfer. The distinctions
between these perceived clinical risks when delivering
face-to-face versus virtual EM services warrant investigation.

To the best of our knowledge, specific links between the
challenges of clinical reasoning and decision-making in virtual
emergency care and the rural and remote context have not been
identified. However, these factors are critical for understanding
the effectiveness of implementing telehealth in rural and remote
EDs.

Study Aims
From the perspective of WACHS clinicians delivering the ETS,
this study explored the perceptions of emergency telehealth
clinicians regarding the acceptability, appropriateness, and
determinants in clinical decision-making when delivering
emergency telehealth in rural and remote settings. This study
aims to understand the following: (1) the factors influencing
clinical decisions during an emergency telehealth consultation;
(2) the impact of involving emergency telehealth clinicians in
rural and remote ED consultations on the health workforce and
the safety of clinical service delivery; and (3) how the clinical
risks associated with emergency telehealth consultation can be
modified, including whether improving the status of factors that
are amenable to change can positively influence the safe and
effective delivery of the ETS.

Methods

Overview
This qualitative study used semistructured interviews to explore
the perspectives of ETS clinicians regarding the factors
influencing their clinical decision-making. It explored how ETS
clinicians determine and modify associated clinical risks.
Emerging themes were compared with the concepts arising from
the interim guidance of the Medical Board of Australia and both
the Australian and New Zealand, and American Colleges of
Emergency Medicine. The WACHS ETS was used to examine
contextual factors influencing the quality and perceived
effectiveness of emergency telehealth in rural and remote areas.

Sampling Techniques and Study Participants
A combination of convenience, snowball, and purposive
sampling was used to obtain a diverse perspective on the ETS
model of care. Convenience sampling was required given the
nature of ED work and participant availability to recruit
FACEMs, GPs, ETS nurse coordinators, and clinical nurses. A
purposive sampling of WACHS ETS physicians who were
interstates or overseas occurred toward the end of the participant
recruitment.

On December 17, 2020, an invitation email was sent to all ETS
doctors and nurses by one of the FACEM members of the
research team. This was followed by individual follow-up emails
on January 22, 2021, to ETS doctors, as well as emails and
in-person follow-ups by one of the ETS clinical nurse
consultants in the research team.

Interview Guide Development
The interview protocol (guide) was developed in collaboration
with the clinical researchers at the Command Centre. This
interview guide was then distributed to the full research team
for review.

After piloting the interview protocol with a select leadership
group, the protocol was updated to include probes on whether
an electronic stethoscope would help provide confidence in
clinical decision-making, as well as adding questions related to
the clinical governance, service legitimacy, and legality of the
ETS practice. Minor changes were also made to the wording
and ordering of the content areas and probes within each content
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area. The final version of the interview protocol is presented in
Multimedia Appendix 1.

Simultaneous Data Collection and Analysis
Semistructured in-depth interviews explored the experiences
and opinions of the clinicians involved in ETS implementation
and the factors considered in clinical decision-making.

Participants were given the option to participate in an interview
via MS Teams (Microsoft Corp) or phone, from a place and at
a time of their choosing. Interviews were audio recorded,
automatically transcribed, and repeatedly played back in the
open-coding phase of the analysis to validate the accuracy of
the transcription. Due to the nature of emergency work, the
recruitment and conduct of the interview occurred
opportunistically to catch moments when the clinicians were
available. This meant that interviews sometimes occurred
outside rostered work times, with some conversations interrupted
by work-related demands.

Data analysis proceeded simultaneously with data collection
and issues arising from information [28]. The early phase of
the analysis included open and axial coding [29], identifying
the emerging themes with open coding from clinician interviews.
The emerging themes were then compared with the guiding
principles identified from the interim guidance documents of
the Colleges of Emergency Medicine and Medical Board of
Australia. The key guiding principles were introduced as axial
codes to place the open codes within the context of EM practice.
In the final phase of the analysis, risk factors considered by
clinicians in their clinical decision-making during an emergency
telehealth consultation were extracted and classified into
technology related, presenting hospital/location related, or EM
related. The modifiability of each of the factors was assigned
by the lead author and confirmed by co-authors based on author
experience, the rural and remote context of Western Australia,
the public health service landscape, and the resources available
to the WACHS. The factual findings reported in this paper were
discussed with and confirmed by the WACHS Command Centre.

Ethics Approval
This research obtained ethics approval from the WACHS Human
Research Ethics Committee (approval number:
RGS0000003076) and reciprocal ethics approval from the Curtin
University Human Research Ethics Committee (approval
number: HRE2019-0740-09). Site access was governed by the
WACHS research governance policy and procedures. A
participant information and consent form was attached to

individual email invitations to the participants to review, sign,
and return before the scheduled interview. For participants who
attended the interview but were unable to sign the consent form,
verbal consent was obtained before the commencement of the
interview. Interview recordings were transcribed verbatim by
the first author. The transcripts and recordings were allocated
a participant code and stored in a password-protected electronic
folder that is separated from the folder where the participant
register is stored.

Results

Interviews and Participants
Most interviews were conducted via MS Teams (17/21, 81%),
and the remaining were conducted by phone (4/21, 19%).
Participants were in their private homes, a dedicated home office
space, or Western Australian health facilities.

Sixteen WACHS ETS doctors and 5 ETS nurses participated
in the interviews. There were 9 FACEMs, 5 GPs, 2 ED
registrars, 4 clinical nurse coordinators, and 1 nurse educator.
All participating ETS nurses were based at the Command Centre
in Perth, while 5 of the ETS medical practitioner participants
were based in Perth, 6 were based in regional Western Australia,
4 were overseas, and 1 was interstate. Two senior rural GPs
provided their perspectives from both the receiving and
provisioning ends of the ETS (as GPs working in regional
locations). Around a quarter of ETS doctors and 16% of ETS
nurses in the Command Centre participated in the interviews.
All ETS nurses, except 1, were recruited by the same clinical
researcher through face-to-face invitations, while 83% (15/18)
of the ETS doctors who participated in the interviews responded
to the initial invitation to participate. The purposive recruitment
yielded 2 additional ETS participants to add weight to the
perspectives of overseas or interstate doctors. Multimedia
Appendix 2 lists the details of the participants, including home
base, professional designation, gender, ETS role, and
perspectives they contributed to this study.

Domains That Emerged From the Simultaneous Data
Collection and Analysis
The major thematic domains identified in this analysis were
clinical decision-making, technology, and patient safety or
clinical risk. The themes and subthemes have been outlined
below. Figure 1 provides a representation of the domains and
themes.
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Figure 1. Thematic domains and subthemes that emerged in this study. ETS: Emergency Telehealth Service; Tech.: technology.

Clinical Decision-Making: Benefits of Involving the
ETS to Support Clinical Decisions
Participants identified 3 key benefits of ETS involvement in
rural and remote clinical services. Hospital clinicians reported
that having the ETS improved the willingness and confidence
of regional clinicians to practice in remote locations. The ETS
enabled synergistic mutual learning through the collaborative
patient management of site-based and ETS clinicians. Further,
ETS FACEMs experienced the benefit of ETS practice over
site-based practice as it allowed them to be more cognitively
focused when processing complex information. Participants
touched on the changing scope of clinical practice as part of
their discourse on clinical decision support.

Locally Grounded Clinical Decisions
Participants described timely and appropriate disposition
(admission, discharge, or transfer) of patients as the most

significant clinical decision for rural and remote EDs.
Disposition of ED patients, especially from less-resourced
remote EDs, has significant patient safety and clinical risk
implications. Clinical decisions pertaining to patients presenting
to small and remote EDs differed from those of better-resourced
urban or regional center EDs as site-related factors needed to
be considered.

All participants commented that multiple interacting factors
were at play when deciding to transfer a patient for ongoing
management. Table 2 lists the factors they considered in their
clinical reasoning, and only 1 was related to technology. The
predominant consideration was the resources available locally
within the presenting hospital and in the local community. The
next consideration was the distance to a destination site of
definitive treatment if a patient’s condition deteriorated. The
final consideration was the timing of transfer and its
appropriateness according to an individual patient’s health
condition.
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Table 2. Thought processes in clinical decisions including patient disposition considerations via rural and remote emergency telehealth.

Emergency
medicine related

Patient relatedHospital/location
related

Technology relatedThought processes of decision-making clinicians

YesNoNoNoNormal diagnostic decision-making: what is wrong with the patient?

NoNoYesYesCan the patient be adequately assessed for all relevant possibilities at
the site? What [differential diagnosis] am I potentially missing and is
that putting the patient at risk?

NoYesYesNoIs this patient safe to go home medically and socially?

NoNoYesNoIs there a local GPa in town to care for the patient the next day?

YesYesYesNoAm I happy for the patient to wait till the next day for follow-up in a
community?

NoNoYesNoConsidering the patient’s location, the weather conditions, and the local
resources available, is the patient safe to stay at this site and/or be ad-
mitted locally for observation?

NoNoYesNoDoes the patient need to be retrieved earlier [compared to the standard

of a tertiary center or regional center EDb]?

NoYesYesNoWhere and how do I transfer them? Is this patient safe to go somewhere
with private transport or road ambulance, or do they require aeromedical
transfer?

NoYesNoNoWhat does the patient want? (some patients do not want to leave their
community)

aGP: general practitioner.
bED: emergency department.

Synergistic Mutual Learning With Joint Clinical
Decision-Making
ETS physicians were reliant on the local knowledge of hospital
clinicians at the site of patient presentation to facilitate and
consider community, social, and resource factors in clinical
decisions for regional patients. Rural-based hospital clinicians
reported benefits from the assistance of ETS clinicians in making
clinical decisions, especially their support in connecting to
appropriate and available resources.

Regional-based participants reported that the involvement of
ETS colleagues supported them in answering the questions
listed in Table 2, with increased speed and confidence. An ETS
physician who also worked at a site based on a WACHS ED
stated:

It makes certain that we make the best decisions for
our patients. ETS does make the decision-making
process much easier in the region. I've got somebody
else online who can call me if I'm looking after
somebody who's critically ill. They can help organize
transfers and ICU admission, they can help me with
drug doses, so I can…crack on and do what I need
to do. And I know that I'm working in a safe
environment. [ETS Doctor #3]

Participants also stated that they acquired a different skill set
working in a supportive role to clinicians in remote facilities,
including ways of communicating instructions to presenting
hospital clinicians (mainly nursing staff), gathering medical
history, prescribing medications, and efficiently analyzing and
synthesizing presenting complaints.

For ETS clinicians who were FACEMs mainly based in
metropolitan hospitals, participation in ETS consultations
provided a new and unfiltered experience in the rural and remote
clinical practice. Many reported that this changed the way they
practiced in their substantive role on the floor of tertiary EDs:

I think [the learning has been] in both directions, one,
it makes me realize how resource rich we are in a
tertiary hospital. Two, it makes me realize that the
nurses and other staff out there [in regional WA] are
often just as competent, just as knowledgeable, and
just as skillful and often braver than we are in tertiary
hospitals. It certainly helps me stay grounded when
I'm accepting referrals. [Tertiary hospital] has a big
catchment, we receive a lot of these people from
peripheral hospitals and nurse run clinics. And one
that certainly helped me know where all these places
are, when I'm on the receiving end of the phone…I'm
able to explain to other staff exactly how resource
limited, a lot of these clinics are. And there is a reason
they haven't had blood tests and haven't had imaging.
And in fact, there's no doctor there. So they have just
been seen by nurses must come to be seen by us, we
don't have to be difficult about accepting them. I think
that's been quite useful. [ETS Doctor #43]

Conducive to Complex Clinical Information Processing
Participants reported that their ability to control and prioritize
their consultations in the virtual environment assisted their
efficiency in processing complex information and enabled more
objective assessment than working in person on the ED floor,
given their distance from the patient. Participants reported the
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benefits of providing virtual care compared to working on an
ED floor:

If you're on an ED floor you are interrupted
constantly because you're physically there…one of
the most frustrating things is you're constantly
distracted, and you can't finish a task from A to B, I
think that adds hugely to burnout. …But you are
focused here [at ETS], …we can only see one
camera…one patient at a time. …And the chaos is
more manageable… you can choose to not be
interrupted. So I feel that it's very satisfying, because
you're so cognitively focused. And I think that can
potentially lead to better quality care… because you
can just make better decisions. [ETS Doctor #6]

With the ability to control the environment they practice in,
ETS FACEMs found the virtual environment conducive to them
being more cognitively focused.

Changed Scope of Clinical Practice
The impacts on the scope of practice of regionally based
clinicians, especially nurses, were dichotomously reported. Most
participants reported an increasing scope of site-based clinical
practice with ETS doctors guiding local nurses to perform
procedures that they otherwise would not have the confidence
to do on their own. A contrary perspective was the engagement
of ETS clinicians in treatment and procedures or clinical
decisions, which local clinicians would have performed
independently through a local process in place prior to ETS
implementation. For example, regarding giving a tetanus
booster, 1 participant commented:

…we'll get consults of patients who need a tetanus
booster, they've had a small wound a few days ago,
…I don't know what they would have done before, I
think they would have done it and had a process in
place to do it. [ETS Doctor #2]

The changing scope of practice was noted by the participants.
This reflected policy changes to increase medical practitioner
involvement in ED consultations and was an emerging theme
that warrants further in-depth exploration.

Technology
The second thematic domain was technology, which included
technological (digital) disruption and mitigation strategies in
emergency telehealth consultations.

Participants were of the view that the WACHS ETS had already
made most of the technological and process improvements and
considered that any further changes on the technological front
would have incremental benefits in effectiveness for improving
patient health outcomes. One FACEM participant stated:

A lot of the system problems are the fact that we have
a hundred places that are tiny and it’s hard to get
[for example] a pathologist, or experienced nurses
for long stays. A lot of it is system problems that are
difficult to modify. [ETS Doctor #43]

We probably made the easy gains and the incremental
changes you can make to improve things from here
are big and costly, and difficult. For example,
attracting and keeping people in remote communities
and providing enough staffing to let GPs take holidays
and do professional development and be replaced by
someone, rather than leaving the community to rely
on telehealth because there is no one else to cover.
[ETS Doctor #43]

Participants described the ways in which they modify how they
use the telehealth technology or adjust the process of care to
improve the quality of ETS consultations.

Technological (Digital) Disruptions
A commonly expressed view among ETS physician participants
was that during videoconferencing, one is expected to lose
nonvisual cues and some verbal cues due to technological
(digital) disruptions. Clinicians reflecting on the videoconference
consultation experience suggested that the amount and quality
of information a clinician could gather through video came
down to their level of understanding of people as individuals.
They referred to the nuances of patients’expressions observable
during videoconferencing and being able to relate to the regional
context of the patients. Table 3 provides a summary of the
circumstances around the technological barriers during an ETS
consultation and the mitigation strategies participants used to
overcome these technological disruptions.
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Table 3. Technology-related issues of Emergency Telehealth Service technology and mitigation strategies.

Mitigation strategyTechnology barrierETSa technology-
related issues

ParticipantsIncompatibilityStrategyParticipantsCircumstancesBarrier

ETSN #3;
ETSD #7

ETSDc #1,
4, 6, 7, 10,
and 13; ET-

SNd #3

When people on the
floor are not ade-
quately prepared and
people are unaware
why the ETS clini-
cian is appearing on
the screen, there can
be disruptions in the
actions already tak-
ing place in the ETS
bay.

Positioning of the
monitor where
the image of the
ETS physician
appears (ie, at the

foot of the EDb

stretcher)

••• In a critical
encounter,
there is no
time and
space to pre-
pare patients
and people
in the room.

Prepare patients before

the VCe link is up; ex-
plain the process be-
fore and after VC con-
sultation, including the
steps leading up to
transfer when interhos-
pital transfer is indicat-
ed

Sending the wrong
message that the doc-
tor is looking down
on the patient.

• Abrupt appearance
does not allow ETS
to ease into the scene
as in the case of an
in-person ED floor. • Only avail-

able to re-
gional-
based ETS
clinicians.

• ETS physician is identi-
fied as not from Perth
and thus does not ap-
pear as “someone from
Perth talking down on
us”

ETSN #3
and 4

ETSD #1, 4,
7, 10, and
13; ETSN #3

Especially when
multiple parties are
involved in the con-
versation

Talking into an
open space;
broadcasting of
sound from the
VC setup into the
ETS bay

••• If children
are in-
volved,
communi-
cate with
parents or
carers

Mute VC sound and
use a telephone directly
with site-based clini-
cians or patients for
audio to ensure private
conversations.

Impersonal, with pri-
vacy and confidential-
ity potentially com-
promised; concurrent
private conversations
can occur from adja-
cent ED bays, which
can create distracting
noise during the con-
sultation process.

• Transition to telephone
only after an initial
meet and greet with
VC.

• Clinicians on the floor
are encouraged to wear
headphones to enable
switching voice chan-
nels between different
target audiences.

ETSD #2, 4,
8, 9, 12, 13,
15, and 43

 —fETSD #1
and 6

Consulting before
realizing a family
member or another
patient is in the
room; knowing who
is in the room and
their relationship
with the patient can
change the dialogue
and alter the instruc-
tions given regard-
ing the next steps.

The ETS clini-
cian’s visual field
of the ETS bay is
restricted by the
camera’s visual
field

•• Use a telephone before
screen appearance, find
out who is present, and
clarify the purpose of
involvement.

ETS clinicians are not
aware of others in the
room.

• Self-introduction, role
of ETS consultation,
and a name shown at
the base of the screen.

ETSD #4
and 14

 —ETSD #5Significant (disas-
trous) impact in criti-
cal situations.

Zoom in or out
function adjusted
locally without
the ETS clini-
cian’s awareness

•• Having a reliable cam-
era that the ETS doctor
can control.

Unable to zoom in to
see what needs to be
seen.

aETS: Emergency Telehealth Service.
bED: emergency department.
cETSD: ETS doctor.
dETSN: ETS nurse.
eVC: videoconferencing.
fNot applicable.

The videoconferencing equipment setup and the restriction of
the camera’s visual field created technological barriers affecting
the quality of ETS consultation. Physical distance was the

perceived distance between either side of the high-definition
audio-visual equipment installed in the resuscitation bay of the
ED at each site.
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Participants experienced constraints of the camera setup made
consultations impersonal and visual cues easily missed or
distorted, and they shared how they adapted in their ETS practice
to ensure effective visualization. One doctor said the technical
issues and logistics of commencing a consultation with sudden
appearance on a screen and sound broadcasting as key
differences to working on the floor:

…, you got to spend time to dial in, and, then suddenly
just appear on the screen in front of the patient…
sometimes they're a bit shocked because you're big
and loud on the screen… especially if they're drunk,
confused that can exacerbate that [shock]. And
sometimes I don't know what the volume is, sometimes
I'm absolutely booming. And then everybody can hear
me in the ED… they got to find the mute button,
unmute me and decrease the volume… [ETS Doctor
#6]

A few participants suggested that adding a reliable
remote-control pan or zoom would considerably improve the
quality of the ETS physical assessment:

…great history and reading the cues if someone is
lying very still, are they squirming around, are they
making reasonable eye contact, are they coherent
when they talk, all of that sort of stuff... you know
looking for facial droop, obvious distal neurological
deficit can be done really well [with reliable and high
resolution camera]. [ETS Doctor #14]

Understanding of People Can Overcome Technological
Challenges
Through reflective practice, participants redefined and modified
their practice over the ETS to mitigate the shortcomings of the
videoconference equipment setup. There were varied responses
to technological (digital) disruptions in interpersonal
communications. ETS doctors gave examples of how they used
visual and imperfect auditory cues to assist with formulating
their working diagnosis when direct eye contact was not possible
via videoconferencing. Visual cues, such as closing hands and
fidgeting, were used to the clinician’s advantage to help with
diagnosis. Humor and a nonjudgmental approach were helpful
in getting patients to reveal their alcohol issues and to work
collaboratively with patients over videoconferencing to reach
the best outcome for them. These human approaches made a
notable difference in the virtual physical assessment process.

Multitrauma Situations With One Videoconference Bay
In a multitrauma situation when only 1 doctor was available on
site, teamwork was required. For example, when the site-based
doctor was busy with hands-on procedures in collaboration with
an ETS FACEM, a local nurse stepped up to perform the team
leader tasks under the guidance of ETS clinical nurses. When
there were multiple casualties, all casualties would need to rotate
to be in front of the cameras (typically 2 perpendicular
pan/tilt/zoom cameras), and by using headphone channel
switching, ETS clinicians could converse with each of the site
clinicians individually. When there was a requirement to
“shuffle” beds in and out of the camera visual field, adequate
explanation ahead of the action was noted as an indispensable
component of patient-clinician communication.

Person-Centered Technology Use
Facing variations in the quality of the internet connection, fixed
positioning of cameras, and the broadcasting of sound into an
open space of the ETS bay at regional EDs, ETS clinicians
developed approaches to work with and via the presenting
hospital clinicians to improve the quality of videoconference
consultation while also protecting the privacy and confidentiality
of patients. Overcoming technological limitations required users
to troubleshoot and adapt to circumstances, requiring flexibility
to ensure the effectiveness of virtual care. This finding pertains
more to the exigent nature of EM and less to the rural and remote
context of ETS delivery.

Patient Safety and Clinical Risk Considerations
The final thematic domain was related to the perceived risks of
virtual care identified by the study participants (Table 4). The
central aim was to ensure patient safety when using telehealth.
If the ETS team perceived that patient safety was compromised
by remaining at the local facility (particularly if there was no
on-site medical practitioner), they would strongly consider
transferring patients to an appropriate hospital for ongoing
management. ETS clinicians who had higher levels of perceived
clinical risk had a lower threshold to transferring their patients.
Participants were confident that with experience (both at the
site and virtually), some transfers could be avoided. The
modifiability of risks as assessed in this study identified areas
for potential improvement and the factors to consider in the
effectiveness dialogue.
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Table 4. Factors that make emergency telemedicine clinicians risk averse in rural and remote areas in Western Australia.

Is it modifiable?Emergency
medicine related

Hospital/location
related

Technology relatedClinical risks and sources of risks in the Emergency Telehealth Service
practice

Insufficient or lack of local resources

Not modifiableYesNoNoNature of EDa cases: sudden deterioration not always predictable

Not modifiableNoYesNoDistance/time required to transfer to a location with more re-
sources against the risk of deterioration

PotentiallyNoYesNoNo short-stay unit: cannot keep the patient after hours

Local workforce capacity and capability

LimitedNoYesNoClinicians on the ED floor are unable to perform the required
physical assessment

PotentiallyNoYesNoProcedural (IVb access and treatment procedures)

PotentiallyNoYesNoNo doctor or insufficient nurses onsite to admit the patient

LimitedNoYesNoNo GPc in town to follow-up on the next day

Unable to secure a clear diagnosis

Not modifiableNoYesNoUnable to access required testing or imaging

LimitedNoNoYesUnable to fully examine: chances of missing a clinical cue are
greater

Not modifiableYesNoNoNot 100% confident with the clinical picture despite full comple-
ment of clinical information

LimitedNoNoYesVariable internet quality: disrupts physical assessment

ModifiableNoNoYesCamera is not always reliable

Individual factors

Not modifiableYesNoNoPhysician personality and approaches to risk

PotentiallyNoNoYesPhysicians are less comfortable with the reliability of their own

physical assessment over VCd compared to face-to-face evalua-
tion

Not modifiableYesNoNoPatient preference (to stay closer to home)

PotentiallyNoNoYesPatients and family members are risk averse to telehealth consul-
tation

aED: emergency department.
bIV: intravenous.
cGP: general practitioner.
dVC: videoconferencing.

Concept of Risk Aversion in the WACHS ETS
Risk aversion impacts transfer rates from the site of presentation.
The level of risk ETS clinicians were willing to take in keeping
patients locally depended on 4 broad categories risk
considerations. The first and second considerations of risks were
related to the presenting hospital capacity and capability (ie,
the health service resources and workforce). Risk aversion was
associated with increasing remoteness of the presenting hospital.
The third category of risk was unanimously reported by all the
ETS physician participants. They reported that they were not
able to examine the patient adequately or be completely
confident with the clinical information relayed by site-based
clinicians. This concern reflected how well ETS clinicians felt
they could apply strategies to mitigate technological (digital)
disruptions. The final category reflected individual clinician
factors, such as their personality and their own tendency to be

risk averse, and was present in EM generally, irrespective of
whether it was place based or virtual. Factors related to the
nature of EM and patients presenting to EDs would not have
changed this risk even if managing clinicians were able to be
“teleported” to the scene in person, and these aspects have not
been discussed further in this paper.

Risk Aversion Associated With the Hospital of
Presentation and the Rural and Remote Geography
Of 17 risks, 8 emerged from the ETS risk-aversion discussion
related to the hospital of presentation and the rural and remote
geography. These were less readily modifiable than the
videoconference-related risks. The least modifiable risk was
related to the inability to access the required tests or imaging,
and this was reported by multiple clinicians. If point-of-care
testing and the pathological approach available locally were not
adequate to reach a clear diagnosis, the patient would be

JMIR Hum Factors 2025 | vol. 12 | e58851 | p.1813https://humanfactors.jmir.org/2025/1/e58851
(page number not for citation purposes)

Tsou et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


transferred for further investigation. The extent to which this
was considered an issue varied, with 1 participant (ETS doctor
#3) having a view that point-of-care tests, routine pathology,
and x-ray imaging available locally were generally satisfactory
and sufficient for many of the presentations, and this view
differed from that of many other participants.

Another factor associated with the presenting health facility
was related to the regional workforce capacity and capability
to perform the required physical assessment or procedure, or to
keep patients locally for observation onsite or in the community.
This mainly applied to sites where there were no medical
practitioners. These factors had limited modifiability at the time
of the consultation but were potentially adaptable. When the
ETS clinician was unable to work with the clinician onsite to
overcome the limitations of physical assessment over
videoconferencing, the workforce capacity at the presenting
hospital impacted the ability to secure a clear diagnosis and
manage the patient adequately. Workforce capability was also
related to the inability to perform required procedures ranging
from establishing vascular access, inserting an intraosseous
needle, and simple suturing to performing more complicated
procedures, which could have avoided transfer. Generally, this
is related to nursing-only facilities staffed by clinicians with
limited scope of practice. Even when a diagnosis was made and
the required procedures are performed, a patient might still be
transferred if there was no doctor or insufficient nursing capacity
to keep the patient on site for further observation, including if
there was no GP in town the next day to follow-up in the
community.

The final factor adding to the risk aversion of ETS clinicians
was related to resources available at the hospital of presentation.
The key issue raised here was the absence of a short stay–type
inpatient unit to keep patients in the hospital for overnight
observation. The distance and time required to transfer patients
to a location with higher levels of capacity and capability were
considered against the risk of deterioration of the patient’s
condition and the assessment of clinical risk. These factors were
not modifiable and subject to the treating clinician’s judgment
of the patient’s health condition.

Videoconference-Related Risk Aversion
Of the 4 categories of ETS clinical risk, 2 included factors that
were related to the inability to secure a clear diagnosis and were
related to videoconferencing. Many participants discussed the
need to transfer patients because they were not confident with
the clinical assessment via video. These included their
perception of missing significant clinical signs, due to being
unable to directly palpate or examine the patient, which impeded
reaching a clear diagnosis. For example, 1 FACEM participant
commented as follows:

…spending a lot more time thinking about exactly
what I’m going to do and why… you don’t have any
of the nice reassurance normal investigations you
would normally have. You are putting yourself more
at risk by doing telemedicine because the chances of
missing something are greater because you don’t
have access to all the little things that would make
you much more comfortable. [ETS Doctor #14]

ETS physician participants also reported issues with internet
connectivity and speed, and many made comments on issues
associated with the reliability of the camera affecting their ability
to formulate a clear diagnosis. As discussed above, issues related
to the camera were associated with the way it was physically
positioned in the allocated treatment bay; operational limitations
with pan, tilt, or zoom; and the camera technology itself. The
internet speed and connectivity were more challenging as they
were impacted by the internet provision where both the patients
and ETS clinicians were physically based (nationally and
internationally).

Finally, user acceptance of videoconference consultation differed
among participants. Not seeing patients face-to-face made some
clinicians more cautious and risk averse, with treating clinicians
also reporting that some patients or family members were risk
averse to telehealth consultations due to a lack of experience or
understanding of this alternative modality of clinical service
delivery. Several ETS clinicians reported that they spent more
time second-guessing their observations and decisions,
suspecting that they are less reliable over videoconferencing
compared to a face-to-face meeting.

Risk Management for Patient Safety Instead of Risk
Aversion
Complementing the higher level of potential and perceived risk
associated with videoconference consultations, participants
shared a range of perspectives on the perception of clinical risk:

…am I risk averse? I am probably less. It's not my
personality. My personality is not risk averse. And I
think most emergency physicians are not risk averse.
That's not the nature of our business. There's risk
everywhere we are risk managers. [ETS Doctor #2]

Despite observing the potential risks associated with
videoconference consultations, participants believed that those
who were overly risk averse would not participate in telehealth,
and it was a matter of finding a balance between the perceived
benefits of ETS and the expected risks associated. A pragmatic
view was that ETS physicians were no more cautious on camera
compared to being on the ED floor; however, due to incomplete
data points to inform an evidence-based clinical decision,
interhospital transfer may be suggested for the required
investigations. In terms of confidence in their decisions, some
participants reported that they felt comfortable with their clinical
decision-making as FACEM training helped balance relatively
scant information in undifferentiated patients, and this was no
different from the decision they would make in a face-to-face
meeting:

Well, that's my job. It’s not so much about being
confident. Well, you've got to be confident in your
decision because otherwise you can't afford to be in
the [emergency medicine] business. I mean, you know,
if you if you're worried about the patient, then you do
something to alleviate that worry… Occasionally,
there are times when it is difficult… for example, if a
patient has a communication problem in either they
are deaf, or they can't speak properly, and so my
interaction is sufficiently degraded but otherwise, for
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[most] times, I don't think it does make a particular
difference to be honest. The difference between me
not being there and being there is far more evident
in the skills that are brought face-to-face. And those
are nearly all procedurals. [ETS Doctor #5]

Discussion

Overview
The experiences and perspectives of WACHS ETS clinicians
contributed to an in-depth understanding of the factors
influencing clinical decision-making during an emergency
telehealth consultation in rural and remote settings. The study
progressed the understanding of the mutual learning
opportunities presented during the joint decision-making
process, the perceived clinical risks of emergency telehealth
practice in the rural and remote context, and the technological
barriers imposed on clinical decisions and the modifiability of
these perceived risks.

Principal Results: Meeting the Principles of the ETS
Practice
This research described the mutually beneficial effects of ETS
consultation recognized by the participants in their clinical
practice. These were in line with the principles and interim
standards stipulated by the Colleges of Emergency Medicine
that telehealth should complement and be part of the regional
model of emergency care delivery validated by all stakeholders
[1-3]. This finding also aligns with previous research, which
highlights how rural and remote ED clinicians rely on the
support and expertise of their colleagues to navigate and succeed
in the unique challenges of rural and remote settings
[8-10,17,18]. It further explored how this dynamic operated
when colleagues provided support through a virtual presence.
This research provides additional insights into how collegiality
during emergency telehealth consultations supports various
aspects of practice. These include enhancing confidence in rural
and remote clinical practices, advancing the practice of virtual
EM, and incorporating the rural and remote context into
collaborative clinical decision-making involving stakeholders
on both sides of the technology.

Clinical Decision-Making
The participants described clinical decision-making mediated
by a complement of ordinary technologies. Considerable regard
was given to the context of the hospital of initial ED
presentation, the community where the patient is from, and the
regional Western Australia health service delivery landscape.
ETS clinicians were reliant on the local knowledge of presenting
hospital clinicians, the patients, and their family members to
incorporate these local contexts into collaborative
decision-making. The capacity building was mutually beneficial
for regionally based clinicians and ETS clinicians. Their
complementary skills and synergies in what they were able to
contribute to patient care became apparent during ETS
consultations. In this paper, we have referred to this phenomenon
as “synergistically mutual learning.”

Many participants described their experience of improved
efficiency in processing complex clinical information through

better focus. This reflected the time-sensitive nature of the ED,
especially when the hospital of definitive treatment was hours
away, and the organized chaos in multitrauma situations. This
finding represents a novel contribution from the perspective of
emergency physicians conducting virtual ED consultations. The
quality of clinical reasoning was reported to be superior in ETS
practice where there was greater reliance on synthesizing
medical history, reviewing clinical records, and carrying out
focused processing of multiple sources of information. In
situations where there was a heavy reliance on physical
examinations and complex laboratory or imaging investigations,
clinicians were cognizant of the peculiarities and distinctive
requirements of the specific conditions and replicated, as much
as possible, the components of an EM consultation. This was
in line with the guiding principles stipulated by the Colleges of
Emergency Medicine to deliver a service of similar quality and
standards as ordinary care [1,2].

The perspectives of ETS clinicians highlight a critical aspect
of improvement in the overall efficiency of emergency care
delivery not previously reported in studies of the efficiency of
emergency telemedicine within receiving hospitals
[10-12,14-16].

Clinical Use of Technology
At the forefront of technological change is how humans
personalize technologies. The way technologies are used is a
significant part of the innovation in the EM practice in rural
and remote settings. This study extended past findings of
technological difficulties impeding care processes
[10,14,16,19-21,24-26], patient privacy, confidentiality, and
data security [24-26] by explaining how emergency telehealth
practitioners introduced human factors to the innovative use of
emergency telehealth through their understanding of people and
tailoring the use of the same technology to the needs of patients
on the other side of the camera as described in Table 3. To the
best of our knowledge, this is the first description of how human
users innovate to close the distance across technological barriers
in an emergency telehealth scenario.

Modifiability of Patient Safety and Clinical Risks
Identified
Risk factors related to ETS technology were modified through
upgraded camera resolution, fixed camera positioning, increased
user experience, improvisation, and consumer preparation. The
quality of physical examinations was generally considered
unlikely to match the quality of face-to-face examinations,
especially when examinations of hard-to-visualize areas of the
body or procedural interventions were indicated. However,
emergency telemedicine using videoconference facilities has
been considered to have reached a plateau and might be
sufficient to cover a great majority of presentations. Additional
investment in other examination equipment will need to be
carefully evaluated as the benefits of further equipment upgrades
are likely to be incremental against the costs of purchasing the
equipment.

To meet the standard of replicating components of an EM
consultation stipulated in the interim guidance [1,2], the need
for an appropriately skilled and competent local workforce
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cannot be overlooked. Workforce capabilities were potentially
modifiable through education, including pre- and postvocational
training opportunities; however, modifiability was offset by the
ongoing issue of the turnover of clinical staff in rural and remote
hospitals. This said, participants provided examples of how
inter- and intraregional movement of clinical staff helped to
retain the necessary skill sets within Western Australia. The
extent to which clinical skills acquired through ETS involvement
in ED consultations benefited the overall capability of the
regional clinical workforce in WA fell outside the scope of this
paper; however, this is an area of significant importance and
relevance to the effectiveness of the ETS.

The pivotal but nonmodifiable consideration in clinical
decision-making was the physical distance from definitive
treatment locations and presenting hospitals. Local hospital
resources, capacity and capability were beyond the scope of
this study, but it was acknowledged that these had limited
modifiability, at least in the short term.

This paper did not explore the impact of the ETS on the quality
and standard of care in larger regional EDs, and the dominant
view that EM specialists are risk managers is of significance.
Any manifested risk aversion is likely related to patient safety
considerations given that rural and remote contextual factors
are nonmodifiable or have limited modifiability. Despite the
dominant view that the ETS added value to presenting hospital
clinical decisions, there were also concerns that pre-existing
processes and capacity had been disrupted by the care processes
now available through the ETS. The change in the scope of
practice in presenting hospitals, particularly regarding nursing
staff, because of ETS involvement is a subject for further
detailed exploration to reach an optimal balance.

Novel Contributions of This Study
Prior work has paid considerable attention to advocating for
telehealth policy reform [30] and identifying the barriers and
enablers of telehealth implementation in rural and remote EDs.
This is the first study to systematically detail the complex
interrelationships between technological and human interfaces.
The barriers to quality and safety of emergency telehealth
consultations and mitigation strategies used by the WACHS
ETS clinicians when collaborating with rural and remote EDs
were detailed. These perceived clinical risks and risk mitigation
strategies added new insights into the contextual factors
influencing the effective implementation of rural and remote
ETS.

Findings around technological challenges were consistent with
the findings of previous studies that pointed to variations in
usability, depending on the setting and situation. Unlike previous
studies that compared the approach of different types or
combinations of telehealth technologies (eg, videoconferencing,
store and forward, and telemonitoring) [21], this study embraced
the use of available technology as a norm in rural and remote
ETS practices in Western Australia. The focus on the strategies
used in WACHS ETS delivery to overcome technological
barriers in this study makes a novel contribution to advancing
our knowledge on the modifiability of the risks associated with
rural and remote virtual care and helps to inform future

quantitative analysis and interpretation of findings on the
effectiveness of rural and remote ETS.

Limitations and Future Research
The findings reported in this paper are subject to several
limitations. Clinical nurse coordinators are the first contact
points for accessing the ETS, and this triaging (referred to as
ETS prioritization to distinguish from the Australasian Triage
Scoring system) plays a pivotal role in case review order and
selection. The ETS prioritization process ensured that the
presenting hospital and community context were incorporated
into timely and appropriate care from the first point of ETS
contact. This paper focused on regional context considerations
influencing clinical decisions around the disposition of ED
patients during a virtual consultation and did not examine
regional context factors already incorporated during the process
of ETS prioritization. Future reports on ETS prioritization would
be an essential addition to the body of knowledge on emergency
telehealth implementation in the rural and remote context.

Telehealth, especially emergency telehealth, is a relatively new
area in clinical practice with evolving clinical governance
standards. Medical indemnity issues were discussed during the
interviews but did not emerge as a dominant theme in the data
analysis. WACHS ETS physicians are particularly focused on
patient safety. However, based on available data, it is difficult
to conclude the extent to which medicolegal considerations are
at play in the response to the risks associated with the ETS
practice.

The financial viability or cost-effectiveness of virtual care is
best explored quantitatively. It is worth noting that participants
were value conscious in evaluating disposition options.
However, they were not able to comment on the financial
viability of the service as it was not within the role of most of
these clinician participants. The implementation factors
identified inevitably influence the effectiveness of telehealth in
rural and remote EDs but are insufficient to determine the
effectiveness of the ETS. This study represents a step toward
determining the effectiveness of ETS delivery and is an area
for future research.

The recruitment of participants may have been subject to social
desirability bias, and some nonresponders may have had an
alternative opinion about the service, which they felt did not
align with the health service’s official position. The presenting
health condition is one of the central tenets in this research,
although the data collection did not focus on specific health
conditions. Our intention in this paper was to capture the
overarching themes of clinical decision-making and how they
affect the safe and effective delivery of rural and remote ETS
to improve patient health outcomes. There were no comparisons
between the treatments of urgent and nonurgent presentations
because formative analysis showed the tendency of using the
ETS for more urgent cases. This focus was due to the higher
proportion of FACEMs among the study participants, who were
more likely to encounter urgent cases.

Conclusion
Telehealth has the potential to improve the processes of clinical
decision-making in rural and remote EDs. The participants, all
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of whom participated in delivering the ETS, perceived improved
accuracy, confidence, and speed of clinical decisions. The reach
and effectiveness of the ETS in addressing the identified health
needs remain to be tested.

Patient safety was central to all clinical decisions, which were
grounded in the capability of presenting hospitals and the local
community context. The risks of delay in definitive care for
those patients requiring transfer for ongoing management
associated with the geographical distance to the hospital for
definitive treatment and the presenting hospital capability were
not amenable to change. The importance of social and
geographical contexts for appropriate telehealth delivery was
highlighted in this study.

Technological barriers to the safe and effective delivery of the
ETS were amenable to improvisation and improvements to

infrastructure, but overall, participants were aware that they
could not reach the same reliability as that in face-to-face
consultation for all presenting conditions. Although the ETS
was an acceptable and feasible option for ED consultation, the
maintenance and sustainability of the ETS as part of routine
practice and policy are dependent on presenting conditions.

Investment into rural and remote telehealth has the potential to
support regionally based clinicians both directly in patient care
and indirectly by promoting their (health workforce) longevity
in regional areas through the ongoing development of the virtual
care network. The effect of the ETS on the scope of the regional
ED practice and the building of clinical skills within the region
warrants further in-depth exploration including its potential
implications for the overall effectiveness and cost-effectiveness
of telehealth services in rural and remote EDs.
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Abstract

Background: Commercial wearable and mobile wellness apps and devices have become increasingly affordable and ubiquitous.
One of their aims is to assist the individual wearing them in adopting a healthier lifestyle through tracking and visualizing their
data. Some of these devices and apps have a wheelchair mode that indicates that they are designed for different types of bodies
(eg, wheelchair users with spinal cord injury [SCI]). However, research focuses mainly on designing and developing new
condition-specific self-tracking technology, whereas the experiences of wheelchair users with SCI using self-tracking technology
remain underexplored.

Objective: The objectives of this study were to (1) provide a comprehensive overview of the literature in the field of self-tracking
technology and wheelchair users (as a basis for the study), (2) present the self-tracking needs of wheelchair users with SCI, and
(3) present their experiences and use of commercial self-tracking technology.

Methods: We conducted semistructured interviews with wheelchair users with SCI to understand their experiences with
self-tracking and self-tracking technologies, their self-tracking needs, and how they changed before and after the injury. The
interviews were thematically analyzed using an inductive approach.

Results: Our findings comprised three themes: (1) being a wheelchair user with SCI, (2) reasons for self-tracking, and (3)
experiences with self-tracking technologies and tools. The last theme comprised 3 subthemes: self-tracking technology use, trust
in self-tracking technology, and calorie tracking.

Conclusions: In the Discussion section, we present how our findings relate to the literature and discuss the lack of trust in
commercial self-tracking technologies regarding calorie tracking, as well as the role of wheelchair users with SCI in the design
of commercial self-tracking technology.

(JMIR Hum Factors 2025;12:e65207)   doi:10.2196/65207
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Introduction

Background
Every year, up to 500,000 people experience spinal cord injury
(SCI) and, as a result, become wheelchair users [1]. This
population must adjust to their new body, learn to use a
wheelchair, and sustain an active lifestyle. An active lifestyle
is vital for their independent living and quality of life. If they
are not active, their shoulders can be injured because they are
overused in their daily life without being trained for specific
activities (eg, getting in and out of the wheelchair). Another
risk is that they can gain weight, which requires them to change
to a wider wheelchair, thus rendering more places inaccessible.

As commercial self-tracking technology (eg, smartwatches)
becomes increasingly common, wheelchair users can access
and benefit from its advancements. Some of this technology
(eg, Apple Watch and Runkeeper) has already implemented
accessibility settings for wheelchair users. Up to now, research
on self-tracking technology has focused on (1) chair-ables,
artifacts placed on or in the wheelchair to promote a healthier
lifestyle [2-4]; and (2) studies on wheelchair users’ experiences
with self-tracking technology that was provided or introduced
to them [5-7]. However, the everyday lived experience of
self-tracking and related technology (ie, self-tracking
technology) of wheelchair users with SCI is underresearched.
This can result in the exclusion and underrepresentation of this
specific group in the research and development of commercial
wearables. Excluding part of the population as “special users”
is an ethical and social issue [8,9]. In addition, more commercial
technologies are anticipated to become accessible to a broader
audience once the European Accessibility Act (EAA) is applied.
This act focuses on digital products and services, underlining
the importance of mainstream technology being accessible to
people with disabilities and older adults [10].

The objective of this study is to build on previous research on
self-tracking and self-tracking technology among wheelchair
users with SCI [5-7,11] to include lived experience of
self-tracking and self-tracking technology. Through an interview
study, we aimed to answer the following question: How do
wheelchair users with SCI experience self-tracking and
commercial self-tracking technology in their everyday lives?

This section first provides an overview of SCI and the impact
of the injury on people’s lives. This is followed by a short
overview of existing research on wheelchair users and
self-tracking technology for health and well-being. Finally, we
position our research in the context of contemporary society
and technological research focusing on the role of wheelchair
users with SCI.

SCI Overview
Worldwide, approximately 90 million people live with SCI,
many of whom are either underage or part of the working
population [1,12]. Each year, between 250,000 and 500,000
people sustain an injury to their spinal cord [1]. The average
lifetime costs of an SCI starting at the age of 25 years range
from €0.45 million to €2.1 million (US $0.49 million-$2.3
million), which exceeds those related to dementia, multiple

sclerosis, and cerebral palsy [1]. Poor quality of life for people
with SCI, their families, and caregivers—in combination with
the socioeconomic burdens caused by the injuries—make it
imperative to find solutions for this condition.

A motor-complete SCI leads to complete muscle mass loss in
the legs and, thus, life as a wheelchair user. For a walking
person, the muscles in the legs are the main consumers of energy
both in an active state (eg, when the person exercises or moves)
and in a rest state (eg, sleeping or sitting) [13,14]. In addition,
an injury above thoracic level 6 provokes an altered
(physiological) autonomic response during both rest and activity
[15]. This results in an altered metabolic response, leading to
reduced energy burn in both states [13-15]. Body weight balance
is partly explained as caloric balance based on calorie intake
and output [16-18]. After an SCI, the total energy burn (ie,
calorie burn) is much lower than before. Generally, after the
initial acute phase, people with SCI lose weight due to the loss
of muscle mass and the healing process. During rehabilitation,
most people get used to their light body weight and narrow
wheelchair, facilitating an active and independent daily life.
Throughout the rehabilitation phase, body weight tends to
increase (approximately ≥2 kg during the first year) [19]. This
relates to the lack of compensatory caloric intake due to the
lower metabolic demands (total daily energy burn), which leads
to energy imbalance with higher calorie intake than energy burn
[19]. Increased body weight can have many consequences, such
as higher stress on shoulder muscles due to extra weight being
carried each time the person transfers to and from their
wheelchair [20]. Moreover, it becomes more difficult to manage
daily activities such as self-care. The resulting shoulder pain
and reduced independence are often devastating [20]. Thus,
calories are extremely important for people with SCI.
Maintaining an appropriate calorie balance becomes much more
achievable when energy burn and calorie intake can be
monitored.

Wheelchair Users With SCI and Self-Tracking
Technology for Health and Well-Being

Overview
Self-tracking is a voluntary, reflexive practice in which people
collect data about themselves to enhance self-awareness and
understanding by observing, noting, and interpreting various
aspects of their lives [21]. Self-tracking technology is any
technology that supports people in self-tracking practice. This
technology can include apps—where the user registers
information about their health and well-being—smartwatches
or other wearable technology (wearables), or sensors embedded
in assistive technology such as a wheelchair (chair-ables).
Self-tracking technology is not assistive technology as it does
not aim to improve the functional ability of people with
disabilities or enable and enhance their participation and
inclusion in different domains of life [22]. However,
self-tracking technologies can offer inclusivity through adjusting
functionality to include people with disabilities.

In this study, we focused on the experiences of people with SCI
with mainstream technology as we aimed to contribute to an
inclusive design. However, we recognize the importance of

JMIR Hum Factors 2025 | vol. 12 | e65207 | p.1821https://humanfactors.jmir.org/2025/1/e65207
(page number not for citation purposes)

Mylonopoulou et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


understanding and learning from assistive technology for our
target demographic. This understanding could direct inclusive
design research and practice as it provides insights into adjusting
or expanding the mainstream technology to be more inclusive.

Assistive Technology
Chair-ables have been researched in terms of tracking specific
behaviors and self-care–related injuries. Let us take the case of
pressure releases, which are vital for wheelchair users in
avoiding pressure ulcers potentially contributing to premature
death [23]. A chair-able can support wheelchair users with
pressure release exercises. Sensors can be placed on the
wheelchair to measure in-seat movement, classify the activity
from the sensors into weight shifts, and inform the user with
their data as well as sending push notifications upon achieving
goals related to pressure releases [2]. In 2021, Ahad et al [4]
developed and evaluated the reliability of an algorithm and a
chair-able that could support people on wheelchairs in doing
their pressure release exercises. The year after, design
considerations for supporting electric wheelchair users with
SCI on their pressure releases were published [24]. The authors
[24] implemented context-aware and unobtrusive reminders
delivered by the wheelchair for incomplete or incorrect pressure
release exercises. The interaction with the wheelchair in this
context [24] was preferable to an interaction with an app.
Similarly, but in the context of self-tracking apps, Amann et al
[25,26] used participatory design to design, develop, and
evaluate an evidence-based app that uses a smart camera to
prevent pressure injuries.

As for self-care, Büyüktür et al [3] presented requirements for
semiautomated tracking to support people with SCI in their
self-care by interviewing patients and health care professionals.
Their main findings were that the patients’ routines change from
the clinic to the home environment and each patient decides to
focus on what they value the most (eg, sleeping instead of
waking up to change position during their sleep). Each patient
and their informal caregivers try different routines in the home
environment until they find one through which they can track
the behavior and with which they can comply. Thus, Büyüktür
et al [3] recommended a highly tailored and flexible system that
can follow the patient’s routines as they change and give them
feedback. In general, a systematic literature review [11] showed
that there is research on self-management of SCI in the home
environment and clinic as well as the promotion of physical
activity and a healthy lifestyle (eg, wellness and fitness). For
example, one of the articles reviewed [27] presented that an
intervention that tracked the activity of wheelchair users with
SCI and motivated them through just-in-time messaging had
the potential to improve physical activity for wheelchair users
with SCI. Similarly, an interview study [28] explored the barriers
that people with SCI face to staying physically active: (1) lack
of tailored physical activity forums with wheelchair users with
SCI and (2) lack of personalized fitness-tracking technology
tailored to wheelchair-based activities.

Mo et al [29] explored the information needs of wheelchair
users, and they identified a lack of tailored, accurate, and
affordable tracking for wheelchair users both commercially and
academically. Even though they argued for inclusive technology,

the start of filling this gap could be in the assistive technology
literature. Li et al [30] introduced WheelPoser, a system that
tracks and identifies wheelchair users’ on-the-move activity.
They argued that they could do that by using 4 small sensors.
Their dataset, code, and models are available for everyone to
use, which allows mainstream technology to become more
inclusive by using the same system as an add-on to their trackers
or only the dataset to train their own systems. Huang et al [31],
recognizing the lack of data on wheelchair users for training
artificial intelligence algorithms on pose estimation, developed
and evaluated a dataset to fill that gap. Their dataset is publicly
available as well. Another article published in a disability forum
explored the relationship between the successful completion of
activity guidelines for people with SCI and the fitness or health
status of the person with SCI [32]. This paper referred to activity
guidelines [33,34] for people with SCI and an understanding
of how mainstream technology can tailor its features (eg, daily
goals) to a specific SCI group.

Inclusive Technology
Research underlines the need for inclusive and accurate
commercial technology for wheelchair users through studies
[35] and literature reviews [36,37]. The participants in the study
by Li et al [35] showed interest in tracking their activity, but
they did not trust the accuracy of contemporary commercial
technology, understanding that those using powered wheelchairs
could track some data on their activity that were relevant to
them, such as distance. A literature review explored how
academic publications in the personal informatics field address
the information needs of wheelchair users [36]; it consolidated
recommendations to tackle the design challenges that researchers
and practitioners may face when attempting to design for
including wheelchair users’ activity tracking and information
needs. In 2019, Moon et al [37] conducted a literature review
of studies on the inclusivity of contemporary digital technology.
They advocated for inclusive and universal design to become
an integral part of commercial digital technology’s development
process and consolidated methods that can support the process.

Another systematic literature review [11] published in 2023
examined the use of mobile health in supporting people with
SCI to maintain or improve their health. It showed that research
lacked results regarding the role of commercial self-tracking
technology for health and wellness to support people with SCI.
The authors [11] attributed this gap in research to the fact that
commercial self-tracking devices are inaccurate in their
calculations for wheelchair users. However, in 2021, a study
[38] evaluated the accuracy of the Apple Watch Series 1,
showing that the watch was accurate for high-frequency strokes
on a wheelchair (eg, a treadmill) but not for low-frequency
strokes (eg, walking). Even though the research was published
recently, the results of this research may not correspond to the
current version of the Apple Watch (Series 7).

Related to commercial trackers and their use by of wheelchair
users with SCI or their preferences, there is research limited to
commercial technology given to them for a specific amount of
time. For example, Ungurean and Vatavu [7] published a study
in 2022 exploring the needs of wheelchair users related to
activity trackers regarding different self-tracking technologies
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(eg, rings, watches, armbands, and chair-ables). The researchers
[7] interviewed participants after letting them watch videos of
2 different self-tracking technologies (eg, ring and armband) to
understand their perceptions, preferences, and willingness to
use wearables. Some of their participants were already wearable
technology users, and the researchers mentioned that this could
have supported them in answering the interview questions [7].
However, the study’s results focused on the videos that the
participants watched.

Malu and Findlater [5] based their research on the work by
Carrington et al [6]. Carrington et al [6] tracked variables of
wheelchair basketball players and presented the variables to the
athletes to understand their needs and potential data use. In
addition, Malu and Findlater [5] included wheelchair users who
were not necessarily athletes. Their participants were
interviewed, participated in design workshops, and tried 2
commercial technologies. Specifically, they used 3 fitness
trackers for 30 minutes before they compared them and
participated in a design session for designing a fitness tracker.
Finally, both studies agreed that the values that people in
wheelchairs may want to see are energy burned (calories),
distance, GPS data, and pulse. The participants in the study by
Malu and Findlater [5] added that calorie intake is equally
important to energy burned. Finally, Malu and Findlater [5],
unlike Carrington et al [6], showed that commercial self-tracking
devices using GPS and comparing mobility in steps between
different dates were acceptable and of value to their participants.

In 2019, Helle and Rosenbeck Gøegb [39] conducted a focus
group interview study with 7 wheelchair users who were
members of a basketball team. The study aimed to explore
wheelchair users’experiences with current self-tracking devices
and future requirements. Their key results showed that their
participants only found the distance and time parameters useful
and perceived calorie consumption, pulse, steps, and training
intensity as inaccurate [39]. Their study participants commented
that “some activity trackers provide reminders that assume that
the user can walk” [39]. The authors concluded that accurate
activity trackers designed for wheelchair users are needed. It is
not obvious from this publication whether the participants were
daily users of the technology or whether the technology was
given to them for study purposes, and we do not know whether
they were professional athletes.

To summarize, research on self-tracking and self-tracking
technology and its use by wheelchair users with SCI is primarily
focused on either building technology for them or gathering
requirements and their opinions on contemporary commercial
self-tracking technology, with which they may have limited
experience [5-7,11,25,39]. Our research enriches this body of
knowledge [5-7,11,25,39] with lived experience of people who
track or tracked their activity or use or used commercial
self-tracking technology. This study also increases the body of
knowledge of everyday lived experiences with self-tracking
devices and self-tracking for an often underrepresented
community in technological research—wheelchair users with
SCI [40].

More Reasons for Inclusion in the Design of
Commercial Technology
People with disabilities are often considered users of “special”
products designed explicitly for them instead of active
participants in the mainstream market [41]. “Special” targeted
products would have a smaller share in the market, and they
may be more expensive and, therefore, inaccessible for many
people with disabilities as people with disabilities—at least in
the European Union (EU) [42]—tend to be at a higher risk of
financial challenges. According to Eskyte [41], dividing the
market into “average” and “vulnerable” users is an obstacle to
incorporating accessibility requirements into general consumer
product development. In 2025, all digital services and products
in the EU market need to be accessible according to the EAA
[10], which will urge practitioners to design digital products
and services with a diverse audience in mind.

Publications in technological fields support that building things
for people with disabilities often means building better things
for everyone [9], and a systematic literature review [11] shows
that research on technology for people with SCI tends toward
user-centered design. Even though user-centered design focuses
on the user by collecting information about them, building
empathy—often by simulating their health conditions [43]—and
potentially involving them in key stages of the design and
development process, it does not seem to be enough. Bennett
and Rosner [44] argued for a more participatory way of
designing; instead of designing for the person who is different
from the designers (eg, wheelchair users), we should design
with them as part of the design team. Their research indicates
that, by trying to simulate their life experiences, we do not treat
them as equals but as something different from us, different
from the norm [44]. While the solution to the limitations of
current empathy-building methods seems to be the participation
of the specific user group in the design process, participation
does not guarantee technology acceptance [26] and may be hard
to achieve [40]. For example, in the case of SCI, Kabir et al
[40] support that, due to the impact of the condition on the user,
for example, speaking or fatigue issues may have been excluded
from the research because the collection methods of the
designers and researchers are inaccessible. Kabir et al [40]
describe that the methods need to be adjusted based on each
participant’s abilities, something that some publication forums
and reviewers may consider a methodological weakness of a
study.

This paper does not argue about replacing the involvement of
people with SCI in research or user research. However, it gives
an idea of how current people with SCI experience commercial
self-tracking technology and describes some of their needs.
Even though researchers and practitioners will need to involve
people with SCI when designing accessible products, this study
can act as a starting point to understand some people’s
experiences with SCI, their self-tracking habits, and their use
of self-tracking technology.

Methods

We will first present the research context and then how the data
collection and analysis were conducted.
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Context of the Study
This research was conducted as part of a long-lasting
cooperation among researchers in the human-computer
interaction field; a researcher in physiotherapy focusing on
wheelchair users with SCI; and a center for SCI in Gothenburg,
Sweden. This cooperation aims to explore the use of affordable
commercial wearables and build an application that uses the
wearables’ data to accurately calculate the collected variables
specifically for wheelchair users with SCI. The project is based
on research exploring the energy outtake for wheelchair users
with SCI on specific exercises [21-24]. Within the scope of this
project, we conducted interviews to understand how wheelchair
users with SCI experience self-tracking and the use of
commercial self-tracking technology in their everyday lives.

Ethical Considerations
At the start of the cooperation, the planned research was
reviewed and evaluated for its ethical integrity following the
process of the Department of Applied IT at the University of
Gothenburg, Sweden. This qualitative study interviewed people
with SCI on their tracking habits and use of commercial
self-tracking technology. This type of research does not fall
under any of the categories described by the Riksdag (the
supreme decision-making body of the Kingdom of Sweden) as
research requiring ethical clearance as no sensitive personal
data or other personal data were collected or published [45].
The study did not have access to or collect interviewees' personal
information prior to, during, or after interviews. The participants
were informed about the study through an informed consent
form and could ask questions before taking part. The information
sheet also included details on how they could withdraw. The
data of the participants were handled according to the Swedish
implementation of the European General Data Protection
Regulation. Participants received no compensation.

Recruitment, Data Collection, and Data Analysis
We conducted 9 semistructured interviews [46,47] with
wheelchair users with SCI. Knowing from the literature [40]
that we may face challenges in recruiting participants for
interviews, we used nonprobability convenience sampling using
the network of the SCI center in Gothenburg, Sweden, and
personal connections. Eligible for participation were people
aged >18 years who had SCI for more than a year and who used
a wheelchair to move. If participants did not fulfill all the
aforementioned criteria, they were excluded. The aim was to
have a deep understanding of the experiences of the people who
contacted us rather than having a certain quantity of data.

Due to the geographical distribution of the participants and to
accommodate the interviews at any time the participants wanted
(even if it was on short notice), we conducted the interviews
and recorded them over Zoom video call (Zoom Video
Communications). In that way, the participants could also show
us how they tracked themselves if needed. The interview guide
had three groups of questions: (1) introductory and background
questions, aiming to get to know the interviewees and their
habits concerning daily life and exercise activity, including
mobility; (2) questions about experiences of self-tracking and
self-tracking technologies before and after their injury, aiming

to understand the relationship of the interviewee with
self-tracking and self-tracking technologies before and after
their injury; and (3) closure of the interview questions, aiming
to allow the interviewees to add anything they wanted us to
know and understand their interest in the results of the study.
We did not collect any actual measurements of their physical
activity, nor did we try to evaluate their physical activity based
on any tool as the focus of this study was to understand their
experiences with self-tracking and self-tracking technologies.

The average duration of the interviews was 45 (SD 12.9)
minutes, with the shortest being 30 minutes long and the longest
being 69 minutes long (390 min; 6.5 h of video recordings in
total). All participants were Swedish; 89% (8/9) of the
interviews were conducted in English, and 11% (1/9) were
conducted in Swedish. The participants interviewed in English
could communicate clearly and fluently in English. The
interviews were transcribed, and the first author analyzed them
through inductive thematic analysis [48] following the steps by
Braun and Clarke [49]. The first author familiarized themselves
with the data and found codes and initial themes (steps 1-3).
All authors reviewed, defined, and named the themes (steps
4-5). In our qualitative and explorative study, we focused on
providing a rich description of our participants’ experiences
with self-tracking and self-tracking technology rather than the
frequency with which they talked about each theme. The quotes
used were modified to remove repetitions and for grammatical
correctness. The quotes taken from the Swedish-language
interview were translated into English.

Methodological Limitations
To invite the participants, we used the connections mentioned
previously. In the invitation, we informed participants that it
would be an online interview; thus, participants who had
difficulty speaking due to their injury or other reasons may have
been excluded [40]. We expected a small sample who would
have the time and energy to participate. To counteract this, we
invited people with SCI to participate regardless of whether
they were current or past users of self-tracking technology as
long as they had tracked something related to their injury or
physical activity at some point. We focused on analyzing and
obtaining a deeper understanding of the experiences of the 9
people rather than on collecting more data.

Results

Overview
A total of 22% (2/9) of the participants were female, reflecting
the gender ratio of SCI at 20% female [50]. In total, 22% (2/9)
of the participants had never used self-tracking technology, but
they had all tracked some variables. Apart from participant P5,
no one was currently an athlete. All the participants (9/9, 100%)
were well past their first year of living with SCI, characterized
as phase 3 or the chronic phase [40]. No participant had any
serious issues with breathing or speaking during the interview
regardless of their level of injury. More details about each
participant’s sex, age, years with SCI, and use of self-tracking
technology, as well as the code used to refer to them in the
following sections, can be found in Table 1.
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Table 1. Demographics of the participants, including their use of self-tracking technology.

Use of self-tracking technologyYears with SCIaAge group (y)SexParticipant code

Yes3550sMaleP1

Yes3140sFemaleP2

Yes530sMaleP3

No29≥65MaleP4

Yes1230sMaleP5

Yes1340sMaleP6

No40≥65FemaleP7

Yes660sMaleP8

Yes—b50sMaleP9

aSCI: spinal cord injury.
bNot applicable.

In total, 78% (7/9) of the participants had extensively
experienced self-tracking technology; however, this high level
of engagement with technology should be considered within
the context of the study. People living in Sweden use IT daily
for mundane things (eg, mobile payment is common; 92% of
the population) [51]. In addition, Sweden is among the 7
countries in the EU with the lowest gap in employment between
people with and without disabilities, which may have allowed
our participants to have enough income [52] to purchase
self-tracking technologies.

The thematic analysis resulted in 3 themes, one of which had
3 subthemes. The first theme, being a wheelchair user with SCI,

included codes relevant to the participants’ descriptions of their
activity levels, themselves, and their lives. The second theme,
reasons for self-tracking, included codes related to the
participants’ self-tracking habits. The third theme, experiences
with self-tracking technologies and tools, included subthemes
related to self-tracking technology use, calorie tracking (intake
and burn), and trust in self-tracking technologies. Figure 1
provides a more illustrative understanding of how the themes
are structured. The figure is designed to be read from top to
bottom and left to right. A tabular form of the figure can be
found in Multimedia Appendix 1.

Figure 1. The final themes that resulted from the thematic analysis in a diagrammatic representation. Multimedia Appendix 1 shows the representation
of the themes in a tabular form with a summary of the main findings.
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Being a Wheelchair User With SCI
This presentation of the participants aims to increase our
empathy and understanding of how they experience their lives
as wheelchair users and as former walking persons. Wheelchair
users with SCI experience life first as walking people and then
as wheelchair users. This means that they must adjust to their
new body and develop new skills and often see themselves and
their life divided into 2 periods—before and after the injury.
For example, P8, who had a physical job and changed to a desk
job after becoming a wheelchair user, mentioned that “before
the injury, I did not track [my activity]. You could see I was
physically in a good place. I was very masculine. After the
injury, it is another story...you need to train, of course, a lot of
rehabilitation.” The various SCIs can influence people’s bodies
and lives differently, widening the diversity of their bodies.

Our participants dealt with the change in their skills in five
ways: (1) adjusting their previous knowledge to the new
situation, (2) giving up old habits, (3) being challenged to keep
old habits, (4) reflecting on the behavior of their body, and (5)
acquiring new skills. For example, regarding item 1, P3 adjusted
his previous knowledge to the new situation in the following
way:

I knew what because of my experience before the
injury. I knew how to train, [but] I had to adapt to
the situation I got into. I could not do everything in
the same way, but I got some tips from the
rehabilitation clinic, and I tested them myself.

Others had advanced skills as non–wheelchair users that they
lost when they became wheelchair users. For example, regarding
item 2, P9 preferred to give up old habits “since I know that I
have been playing badminton at a certain [high] level, it is
frustrating to find myself being bad at it in the wheelchair. So
maybe I would rather play tennis or basketball,” whereas others
saw their new life as a challenge to keep doing what they used
to do. For example, regarding item 3, P1, who used to ski before
his injury, felt that sit skiing would not be a challenge. When
he tried it and realized how difficult it was for him, he was
challenged to keep skiing:

I tried [sit ski], then it was so super hard.... So
somewhere, it triggered me that I need to practice to
get better at it.

Regarding item 4, P9 reflected that his body did not react the
same while running. As now he was not using his legs but his
arms to move the wheelchair, it was harder for him to raise his
pulse and feel the effects of exercise before his arms got tired.
All of them had to learn to use a wheelchair, and the learning
experience differed from person to person (item 5). For example,
P4, one of the main organizers of a wheelchair community,
mentioned that, when he started using a wheelchair, there was
not much support but, in his community, they support others
with basic wheelchair skills:

[W]e [practice] with balancing the wheelchair [on
the back wheels] without dropping it back. [It] is very
useful and hard skill.... It is very dangerous [as] you
can hit your head.

Everyday activities take more time based on the level of the
injury and how it has influenced the body. For example, P7
mentioned that “I have to take care of myself and then work...it
takes a lot of time,” so she did not have much time to dedicate
to exercising. P6, who worked at a rehabilitation center where
people stayed for several weeks, said the following:

[R]ehabilitation is a lot about...you come here for 4,
6, 8, 10 weeks and you lay a foundation, but to get to
be autonomous/independent. You need to continue
when you get home because that’s where you really
need to put in the effort. And I tried to be clear with
patients that this is the beginning. When you come
home, that’s where the struggle or the real-life starts.

P6 underlined that, when one is in the rehabilitation clinic, they
are free from daily responsibilities that may increase when they
return to their daily life and take time from the exercise levels
they need to sustain. Finally, P4 and P8 pointed out that, in
addition to SCI, one develops more chronic conditions due to
aging (eg, P8 kept track of his diet due to type 2 diabetes, and
P4 tracked his blood pressure and related medication because
he had a myocardial infarction).

To summarize, wheelchair users with SCI need to learn to know
and adjust to their new bodies—bodies that are diverse by nature
combined with the type of injury. When they learn basic
wheelchair skills, they must deal with everyday life, which of
course takes time for everyone, but for them, it can take time
from their exercise. Exercise is a vital part of the high level of
activity they need to sustain to be independent and healthy.

Reasons for Self-Tracking
Habitually, inpatients in rehabilitation clinics are told to
document their activities or have them tracked during any type
of rehabilitation or training related to their injury. However,
few of our participants described this as tracking. For example,
P9 mentioned the following:

If one is in rehab, one should keep track so they can
see that the exercise is working...

P7 remembered tracking during her injury-related training:

[Y]ou get a mentor that you can check up to after a
couple of weeks, then you must make a new measure
and see how you are doing. That was very useful.

P8 reflected on the lack of technology and feedback during
rehabilitation:

I think I get the idea [of tracking] from having to fill
out all those forms when I was in the rehab center.
Every week I have to write on paper, my weight, how
much I lost when I went to the toilet, how much I ate
on a particular day...and then the doctor
concluded...[what I should change]...with the
technology we have today just putting that on paper
was not doing anything to me...I was just waiting for
the outcome from the doctor.

Our participants had different motivations for tracking. A total
of 44% (4/9) of them (P1, P2, P5, and P9) mentioned that they
had started tracking as they were practicing a sport. They tracked
because their coach had told them to, or their coach did the
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tracking for them. However, all of them kept tracking their
behavior even after stopping exercising. P2 tracked variables
related to swimming (eg, swimming style, time, and meters) as
she was training for the Paralympics; nowadays, she tracks the
activities she does through her Apple Watch as “it’s so
simple...the watch does it for me” and also uses it as a
motivation to move—“it kind of reminds me to move” and “it
keeps track, and it tells me you did a good [job] today.” P1
mentioned his reaction the first time he was asked to track
variables related to skiing (eg, weather conditions, exercise
type, and timing) and how he came to keep tracking his
activities:

Well, it was the trainer who said, you need to keep
track on what you do. Why I’ve already done it. That
was my answer. But then I started to do it. And then
I realized that let’s say after one season, I looked in
the diary [and thought] oh, I need a lot of those things
and [those things] didn’t pay off. Maybe I should do
less of those things since they don’t pay off so much
and maybe I should increase the things that pay off.

P9 continued reflecting on his motivation for tracking his
activities using his Apple Watch:

[I]t is not so much that I want to be in a national team
or anything, it is more important that I can stay
healthy and be a part of family activities and continue
to do that. That is the most important thing to me.

P3 mentioned keeping track of his training, especially when
making changes to his training activities:

When you gonna train intensively for a month or
something, I think it’s interesting to keep track of your
training. If you have a goal or race as well, which I
don’t right now.

He reflected the following:

Yeah, I think most parts of tracking is for motivation
for me at least, and then also, it’s just interesting to
see some data.

P2 and P3 mentioned that they used tracking to increase
motivation, as did P6:

[I]t’s mostly motivation to see that to give myself a
pat on the shoulder.

Some participants (P1, P5, P6, and P9) tracked their activity
before their injury as they were practicing different sports or
participating in competitions. On the other hand, P4, P7, and
P8 were not interested in tracking or were motivated to track
only after their injury. P4 tracked his activity only as part of a
game his colleague created—a point system that considered
activities one did (eg, walking) and measurements of weight,
waist, and chest. The person with the most points won. The
point system was adjusted for P4 as he was in a wheelchair. P4
mentioned this game:

It was like, a challenge, you know...we challenge
ourselves and even checked together “now I’m up to
2000 points” or whatever.

P7, who had a higher level of injury, mentioned that she was
never interested in tracking but that she kept track of her weight
and the time it took her to move between places in her house:

[I]f you go to the bathroom, I got to make it in 10
minutes, [to] compete with myself to do with it as
quickly as possible.... The only thing I track is my
weight. My heart rate is no use because I can’t get
[much variation]

P8 mentioned that he started feeling the need to track after his
injury; before, he could simply see that he was muscular.

Summarizing, our participants performed a lot of tracking during
their rehabilitation period to support the health care professionals
following them, but the tracking was done on paper. Those
training before their injury had a habit of tracking different
variables and found value in tracking, but not everyone felt the
need to track. In any case, the injury changed the way in which
our participants tracked, either from not needing to track to
needing to track or by changing the reasons for tracking and the
variables they tracked.

Experiences With Self-Tracking Technologies and
Tools
In this section, we will present the experiences of our
participants with self-tracking technologies and tools through
three subthemes: (1) use of self-tracking technologies, (2)
tracking calories, and (3) trust in self-tracking technologies.

Self-Tracking Technology Use
The participants had experience using the Apple Watch,
Runkeeper, Polar Beat, Pulse Polar Watch, and Nike+. While
these technologies automate tracking and keep score of data,
the participants also used manual means of tracking data about
themselves. They mentioned using Microsoft Excel, a stopwatch,
Lifesum, and paper as examples of manual means of
self-tracking. One participant (P5) also mentioned that they
“track in my mind.” However, the most recurrent technologies
in the responses were Apple Watch and Runkeeper.

Before their injury, only P6 and P9 used technology (Nike+
Running App) to track their activity. P1 kept a logbook with
ski-related variables (he continued after the injury until he
bought his Apple Watch), and P5’s coach tracked his activity
and gave him a schedule or advice accordingly. After their
injury, participants P3, P5, P6, and P9 started using the
Runkeeper app, which includes a wheelchair user mode. P3 and
P5 used it to measure their speed and the distance they ran, and
P6 and P9 used it to train for marathons or similar events.
However, P9 mentioned that he had given up on Runkeeper
because it did not work well with his Apple Watch:

Nike, that’s actually what I used when [training for
the] world run because it’s, it’s pre-installed in my
Apple watch. So, when I got the Apple Watch, the first
thing I did was download RunKeeper on my Apple
watch. But I noticed that it wasn’t attached to it with
all its [features]. But there was also already a running
up called Nike.

P1, P2, and P9 were using Apple Watch to track their activities.
Apple Watch includes an option for wheelchair users. In the
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default mode, the Apple Watch tracks many activities (eg,
biking, swimming, and skiing). However, if one sets it to the
wheelchair user mode, only 4 activities become available:
wheeling in- or outdoors and walking or running speed. P2
preferred to track her activities separately and used the default
mode:

So most of the time I use the activities that are in the
watch. I’m aware that they [calories] are not adapted
for me and my muscle mass. That is not the important
thing to me. For me, the important thing is that kind
of keeps track and tells me that—okay, you did a good
job.

For P2, it was more important to track her activities and obtain
positive feedback than to have access to accurate measurements
of some of her activities.

The Apple Watch also displays 3 concentric rings: the inner
blue ring shows how many times in the day one has moved (ie,
changed position), the middle green circle shows how many
minutes of brisk activity one has had, and the outer red circle
indicates the active calories burned throughout the day. When
P2 referred to the positive feedback she received, she meant
how full these rings were. P1 and P9—who used the wheelchair
mode on their watches—also looked at those rings for a quick
daily overview. P9 mentioned the following:

[I] look at it but I don’t pay too much attention to it....
I can see that I have done my full day’s work and
that’s kind of the analysis I do, not so much else.

Some of our participants used other apps and devices. For
example, P8 had tried the Samsung Health app, but the
measurements provided were not relevant to him. P1, one of
the Apple Watch users, used a digital food diary (Lifesum)
compatible with his watch to track his diet. P5, who was using
Runkeeper, also used Polar Beat when training to measure his
heart rate; however, he also considered the limitations of the
technology. Specifically, he said the following:

I don’t know if it’s correct, but they mean that if
you’re a tetraplegic [injury level], your heart rate
can’t go over 120 Mm. And you can push as hard as
you can. And you can’t get over 120 But on the
Polar-Beat that I [wear around the arm], I have been
up to 136, I don’t trust the one you put around [the
chest] like this.

This section shows that our participants were familiar with
self-tracking tools. Many used or tried digital self-tracking
technology after their injury, and some had done it even before.
They tracked variables that could influence their sports
performance or support them in understanding their body (eg,
pulse and diet). They also tracked in less quantifiable ways, for
example, what activities they did (eg, skiing or swimming) or
the completion of goals set on their Apple Watch, which
provided motivation. However, all participants mentioned
calories and their measurement and consumption. Some
expressed the need for a “lifestyle app” supporting them in
healthy living as a whole—both in activity and diet tracking.

Tracking the Calories

Overview

When our participants talked about their experiences with
self-tracking technology, the discussion always turned to calorie
tracking or similar variables (such as weight and diet). Keeping
a healthy lifestyle and not gaining weight is an issue for
wheelchair users, and the impact of gaining weight on their life
quality is tremendous. P9 was the most descriptive on how
gaining weight could influence his life quality:

I just want one thing; I don’t want to have to change
my wheelchair into a wider one. If I get fatter, for
example, it would be harder to make all these
movements that I have to do in and out of the car
every day, in and out of my bed every day in and out
of the shower every day, or maybe every other day.
Also, if because I’m getting fatter, if I have to get a
wider wheelchair, I wouldn’t get into certain doors,
for example, in hotel rooms because my wheels are
wider apart...I don’t want that to happen and I’m
ready to try any mechanical device to help me from
not having to do that.

This quote illustrates the potentially more serious consequences
of gaining weight for wheelchair users and the need to track the
calorie burn and, if possible, intake. P5 mentioned that “in our
world, calories are very important,” and P1 commented on
weight gain and aging:

[W]eight is a problem all the time, especially now
when I am getting a bit older, and it is easier to gain
weight than losing it.

Even P7, who seemed uninterested in tracking her activities and
did not use any self-tracking technology, mentioned that
“tracking it’s not so important for me” but “I track weight
because it is important for us.” When our participants discussed
tracking their calories, they mostly talked about calorie burn
(P1, P2, P3, P5, P6, P8, and P9). Only 44% (4/9) of the
participants (P1, P3, P4, and P5) mentioned calorie intake or
diet, and only 11% (1/9; P7) mentioned weight (which can be
perceived as a balance between calorie intake and burn).

Calorie Burn

As wheelchair users with SCI have less muscle mass than a
walking person, they consume calories differently. P1 mentioned
the following:

It is really hard for a paraplegic [injury level] to burn
calories. It takes so much more time to burn the same
amount as you [a full-muscle ability person]. If you’re
out jogging for one hour, I must wheel maybe for
three.

Therefore, to burn enough calories, they need to spend more
time exercising.

Few commercial self-tracking technologies have their features
adjusted to wheelchair users. Runkeeper and Apple Watch were
2 technologies mentioned by our participants that consider
wheelchair users in some of their features. Our participants did
not trust the self-tracking technology they used regarding
calories and, instead, used other variables as a proxy for calorie
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burn. Consequently, they managed their calories by staying
active or using self-tracking technology as a motivation to stay
active. P6 used self-tracking technology (FitNotes and
Runkeeper) to keep a high level of activity in addition to
motivating himself:

[One session] wasn’t good enough, next week, I’m
doing two sessions. And I’m taking the time [for an
extra session] by putting something else out of my
schedule. Or if, last week, I trained five times. I tell
myself I did something good. Continue!

P5, who used the Runkeeper app, underlined that he checked
the distance and speed provided by the app but not the calories
despite mentioning that calories were very important to him.
He also discarded the calories that his wearable showed (Polar
Beat, which measures heartbeat and calories), saying that “I
don’t care about the calories because I know...the calories are
all wrong.” P3 also mentioned heartbeat as an indicator for
understanding that his training had an impact:

[H]eartbeat is always good because if your heartbeat
races, you're doing something.

He also reflected on a noncommercial smartwatch he had tried
as part of another study that measured steps, finding steps not
to be a good indicator or proxy for understanding his activity
levels:

I do not know if I am moving a lot, I have more steps
on my watch, but I do not know how it works and I
do not know what it reduces it and what it does not.

Similarly, P8 reflected that the visualization of steps in
commercial self-tracking technology as an activity proxy was
irrelevant to him:

Samsung health (smartphone) counts my steps which
is not connected with the reality...Like FitBit.

Apple Watch is one of the self-tracking technologies that has
adjusted some of its features for wheelchair users (eg, wheeling
in- or outdoors and walking or running pace); however, only
P1 trusted and followed their calorie burn. In contrast, P9
pointed out the following:

I have my Apple Watch on when I do [strength
exercises]. I guess it’s not smart...it tracks some of
the movements I make as a push in my wheelchair. It
was the same with that would that pole pooling...it
doesn’t track it as something else than kind of push
with the wheelchair.

Thus, the watch counted his calories based on the strokes he
did to move his wheelchair, and he argued that, regardless of
what exercise he did, the watch would always measure only
wheeling in- or outdoors and walking or running pace but not
the actual exercise. Therefore, the calories could not be
estimated based on a different activity but only on the strokes
he did, so he did not pay attention to them but used the watch
mainly for motivation. P2, another Apple Watch user, said the
following:

[A]ll other activities are in there, but they are not
adapted for people with no full muscle ability. With

that said, I had kind of decided that it doesn’t really
matter if I spent 300 calories or 500 calories.

She added that she used the watch to motivate herself to move.
Thus, she preferred to use the Apple Watch in the default mode
rather than in the wheelchair mode, favoring the ability to track
different activities over a more accurate calorie estimation.

Some participants also used nontechnological means to measure
their calories manually. For example, P1, who was part of a
medical research project on SCI, became aware of the
connection between his energy consumption and his pulse and
took action based on that:

[B]efore being part of the project about energy
consumption for a disabled person, I had no way to
determine how much energy I consume during the
day but after that, I made charts because I have a
really strong correlation between pulse and how much
energy I consume.

To summarize, a person with SCI consumes calories at a slower
pace than a full-muscle, able-bodied person and needs to be
more active to burn the same amount of calories. Most
commercial technology currently in the market does not account
for this difference, which leads to apps incorporating the
wheelchair symbol without adjusting the calorie burn for this
type of user or apps calculating the calorie burn correctly but
only for limited activities. Thus, our participants estimated their
calorie burn based on how many exercise sessions they did or
their heart rate increase. Self-tracking technology was used
mainly for motivation, and steps were not perceived as a good
proxy for activity tracking or calorie burn.

Calorie Intake

Weight is impacted not only by calorie expenditure but also by
calorie intake. For example, P4 said that “Exercises are good
but if you don’t stop eating too much, you will never lose
weight.” Just like P3 adjusted his exercise knowledge to the
new situation, P5 needed to adjust what he knew about diet.
Before the injury, P5 had a personal trainer who planned his
weekly exercise and diet, for example, to gain muscle. However,
P5 mentioned that he found that he could no longer follow what
he had learned from his trainer after the injury:

When I ended up in a wheelchair, I was used to having
the [diet and exercise] paper in the back of my head.
But every other person in a wheelchair said you can’t
eat as much as you did before. So today I’m eating
small portions but more often. I don’t do breakfast,
lunch, dinner.

P5 had to adapt his weight management after becoming a
wheelchair user by avoiding the traditional food distribution
throughout the day.

Even though participants were interested in counting their
calorie intake, only P1 used a dietary app, called Lifesum. He
mentioned that the intake of calories was also important and
that it would be interesting to have a daily calorie goal and take
note of the type of diet one follows, if applicable. P1 said the
following:
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An app that could measure what I eat, and I can put
in parameters like, [amount of] calories [that] are
ok for the day, and any kind of diet I follow.

Another participant, P7, felt that she had control over her diet
owing to a course organized for people with SCI that she took
after her injury:

[In this course] you start tracking everything, they
check your weight and height, how you train and
exercise, how you feel—everything. And then you get
a plan and learn a lot [about] bad calories, and you
know exactly how much you are going to eat and how
to change...you get a mentor that you can check in
with after a couple of weeks, then you [must] make a
new measure or everything and see how you are
doing. That was very useful.

Here, instead of using a tracking tool, the user learned how to
manage their calorie intake in an educational setting, when
episodic measurements were made, and then made sense of
them with the support of their mentor.

The participants expressed that calorie intake was as important
as calorie burn. They described that they had to adjust their
eating habits after the injury to fit their new bodies. Even though
only P1 used self-tracking technology to track their diet, other
participants mentioned that they had to undergo training or go
through an adjustment period to learn how much they could eat
by tracking their diet.

Trust in Self-Tracking Technology
P1, P2, P3, P5, P6, and P9 used self-tracking technology to track
their activities but did not trust this technology, especially
regarding the calories. P1 trusted his Apple Watch because
“Apple bought a survey conducted in the US that was about
paraplegics, working [out], and how much calories [they burn]
with which workload. And they put that algorithm in the watch.
For example, let’s say a paraplegic person has a 30% slower or
lower metabolism compared to able-bodied, that is in
consideration in this app.” He compared his watch to Runkeeper:

I’m out wheeling with 100 pulses; I get depressed
because it’s like 210 calories. But if you go to
RunKeeper, and you have been jogging for one hour,
you have 700 calories. So, if you use that app, you
will be so fooled and tricked by it. Because it is hard
for a paraplegic to burn calories.

P1 made a comment on commercial apps using the wheelchair
symbol deceptively:

[Y]ou have apps on the market RunKeeper, or
whatever, you download it because it has a
wheelchair symbol [thinking] Oh, yeah, this is a cool
company, they even bother to [consider] wheelchair
[users]. Yeah, but people don’t understand. That’s a
chart with calories from an able-bodied person. They
just replace the running person symbol with the
wheelchair symbol.

P2 was dissatisfied that, as a wheelchair user, she could only
track 4 activities on the Apple Watch. Therefore, she preferred
to use the watch without the wheelchair user setting to keep

track of the different activities rather than accurately tracking
the calories—as the quote in the previous theme shows. Despite
this, P2 stated that they were an “Apple family” and that she
trusted Apple because “it’s people I know that are interested in
technology that buy all the gear and try all the gear out that’s
Apple Watch is good I’m buying kind of trusted them Yeah.
And my husband recommended and said that it would be worth
it [now] that I had already started to add more exercise into my
life, and I thought that could be a good fun thing to try.” In this
case, what made the technology more trustworthy was not the
actual technological features but the social context. On the other
hand, P9 did not trust his Apple Watch to accurately calculate
the calories because it tracked everything as strokes on a
wheelchair regardless of the type of activity—as his quote in
the previous theme showed. However, he mentioned that he
trusted his Apple Watch more than an app on his phone as he
could not see how an app could track accurately:

[T]here was a wheelchair feature that I can put [in
the RunKeeper], instead of running or cycling, I put
it on the chair. But for example, it didn’t track my
pushes, because it can’t track my pushes, it seems it’s
only on the phone. So, I think it helps that it’s on my
Apple watch on my hand to be able to keep track of
[the pushes]. So, if I only have the phone in my, pouch
that I have on my sitting pillow, or I have it on my
arm higher, it doesn’t track my movement in the same
way.

P9 expressed his distrust of Runkeeper because it did not provide
the user with an explanation of how the app measures the
calories of a wheelchair user.

Similarly, P3 and P5 mentioned that they did not trust the
technology they used (Runkeeper and Polar Beat) regarding the
calories it presented them with. Specifically, P5 mentioned the
following:

Now it’s like, if I go for a walk, it shows how far and
the pace and even it [RunKeeper] shows the calories.
But I do not think the calories are exact, so I don’t
care so much about the calories.

He explained that, apart from calories, “I trust just the
RunKeeper because it’s like a map, a GPS. You have walked
three kilometers. You got the pace for each kilometer.” This
quote illustrates that, despite P5 distrusting some features of
the app (calories), he trusted others that were more easily
understandable. He added the following:

So for now, I’m pretty happy with the Polar-Beat it
is just the calories are not...and it’s not reliable.

Although the user considered himself satisfied with the Polar
Beat use, he chose not to rely on the calorie measurement.

Summarizing, trust in self-tracking technology (or the lack of
it) is influenced by the perception of the participants regarding
how the technology works and how the development company
accounts for different bodies related to calorie burn.
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Discussion

Principal Findings
This section recaps our contribution followed by a short
discussion on trust and transparency related to self-tracking
technology. Then follows a section with the implications of
commercial self-tracking technology, which concludes with
directions for future research.

To address the question of how wheelchair users with SCI
experience self-tracking and commercial self-tracking
technology in their everyday lives, we interviewed 9 wheelchair
users with SCI who had experience with self-tracking or
self-tracking technology. The last theme, experiences with
self-tracking technology and tools in Figure 1 divided into 3
subthemes, shows that current self-tracking technology fails to
accommodate wheelchair users’ needs concerning calorie
management in 2 ways. First, the current commercial technology
calorie calculation is based on a body with full muscle ability
and, therefore, is inaccurate for people with SCI (subtheme:
calorie tracking), and second, the users do not trust the calories
in the self-tracking technology (subtheme: trust in self-tracking
technology). Nevertheless, the wheelchair users we studied
continue to use self-tracking technology to motivate them to
stay active and to monitor variables such as heartbeat, speed,
and activity schedule as proxies for their energy consumption
(subtheme: self-tracking technology use).

This research has limitations due to the small number of
interviews and the positioning of the research in a
technologically advanced country (Sweden), which also has 1
of the 7 lowest gaps in unemployment between people with and
without disabilities in the EU. If the study had been conducted
in a different context with, for example, lower technological
literacy and use or lower employability of people with
disabilities, the results may have differed, particularly on the
number of people who have used self-tracking technology.
Finally, all of our participants (9/9, 100%) were White. If our
participants had had a darker skin tone, the results may have
differed, particularly in relation to the trust in self-tracking
technology theme as self-tracking technology is even less
accurate on darker skin [53]. Nevertheless, this study adds to
the body of knowledge by validating previous studies on the
different variables that wheelchair users want to see. It expands
the current body of knowledge by focusing on long-lived
experiences of self-tracking and contemporary commercial
self-tracking technology, especially on calorie management—the
most important factor influencing the life quality of wheelchair
users with SCI.

Our research contributes to the scientific community as follows.
It extends the work by Malu and Findlater [5] on fitness trackers
on wheelchairs by interviewing wheelchair users with SCI who
had lived, daily experience with tracking their activity or
self-tracking technologies. In line with the work by Malu and
Findlater [5], our findings in the calorie tracking subtheme
indicate that one of the most important values to be measured
is calories (intake and burn), followed by distances, GPS data,
and pulse, as indicated by the self-tracking technology use
subtheme. However, our findings in the calorie burn subtheme

indicate that steps are not a good variable to measure for
wheelchair users, which contradicts the study by Malu and
Findlater [5] but is in line with the work by Carrington et al [6]
and Helle and Rosenbeck Gøegb [39].

Our research, specifically the self-tracking technology use
subtheme, is in line with the work by Helle Rosenbeck
Gøegb[39] regarding the tracking of distance and time. In
addition, the trust in self-tracking technologies subtheme is
partially in line with the results of Helle and Rosenbeck Gøegb
[39] showing a lack of trust in technology related to some
variables (calorie burn and training intensity). Our participants,
similarly to those in the study by Helle and Rosenbeck Gøegb
[39], trusted the self-tracking technology regarding their speed
measurements and were interested in these measurements;
however, neither the participants in the aforementioned study
nor our participants trusted calorie burn tracking (see the trust
in self-tracking technology subtheme). Some of our participants
showed a lack of trust in training intensity as well (similarly to
those in the study by Helle and Rosenbeck Gøegb [39]); for
example, smartwatches counted every activity as a stroke on a
chair without distinguishing it from upper-body strength training
(see the trust in self-tracking technology subtheme). Finally,
our findings in the reasons for self-tracking theme suggest that
being able to track different activities and calorie burn and keep
track of exercise schedules, as well as seeing activity goals being
reached, was motivational for our participants to keep the active
lifestyle they needed, which is in line with the findings of past
research [27,28,54].

Trust and Transparency
Participants’ trust in self-tracking technologies was heavily
influenced by their understanding and perception of how these
devices worked. For example, Apple Watch users often trusted
the device more than phone apps, believing that the watch’s
ability to track arm movements made it inherently more accurate
than a phone carried in a pocket. However, this trust was
conditional and limited; participants expressed confidence in
the calorie estimates only for the 4 wheelchair-specific activities
provided by the device. Regarding other activities in which
calorie expenditure was approximated using these predefined
categories, they expressed skepticism about accuracy. This led
to varying strategies—some participants attempted to fit all
their activities into 1 of the 4 wheelchair-specific categories to
achieve more reliable calorie estimates, whereas others discarded
calorie tracking entirely and used the watch in nonwheelchair
mode to access a broader range of features.

Previous work on trust in self-tracking technology has revealed
that users often have a mental model of how apps or devices
work and calculate data [55]. Trust in self-tracking technologies,
particularly in the context of wheelchair users with SCI, hinges
significantly on the transparency of how data are collected,
processed, and presented. Participants in our study exhibited a
nuanced understanding of their devices, often forming mental
models to rationalize the data’s validity. However, the perceived
“black box” nature of calorie calculations—whether on the
Apple Watch or Runkeeper—fostered skepticism. This
reinforces previous findings that transparency regarding
algorithms and data processing is critical for trust [56]. On the
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basis of this, we suggest that designers prioritize user education
by including detailed explanations of their algorithms, especially
when adapting generic metrics such as calorie burn for niche
user groups, such as wheelchair users. This aligns with broader
calls [57,58] for designing technologies that foster informed
trust.

Furthermore, trust in technology is not isolated from social
factors [59]. Apple Watch users’ trust was partially rooted in
social recommendations and previous brand experiences. This
suggests that trust may extend beyond technical accuracy to
include the brand’s perceived reliability and commitment to
inclusion. Investigating the interplay between social networks,
brand trust, and technology adoption among wheelchair users
could provide further insights into how collective validation
influences individual trust decisions.

Distrust in calorie tracking was not merely technical but also
emotional, linked to fears of inaccuracy impacting critical life
decisions (eg, managing weight to maintain mobility). This
illustrates that trust is not just a cognitive process but a deeply
affective one. Incorporating participatory design with wheelchair
users at every stage of the design and development
process—testing, iteration, and after launch—can mitigate such
emotional concerns. By co-designing solutions, developers can
address both the technical and psychological dimensions of
trust.

We observed how distrust often led participants to bypass calorie
metrics altogether, choosing instead to focus on other variables
or manual methods. This self-empowerment reflects resilience
but also signals a failure of the technology to deliver on its
promise. Therefore, tools must enhance user agency by aligning
design goals with real-world constraints and expectations.

Finally, we observed a mismatch between representation and
actual design. Runkeeper users appreciated the app’s reliance
on GPS and speed data, which they found straightforward and
comprehensible. However, despite this, they distrusted the app’s
calorie calculations even when using its wheelchair mode and
described feeling misled by its implied inclusivity. The use of
wheelchair symbols created an initial perception of inclusivity
but, ultimately, resulted in feelings of deception among
participants due to inaccurate calorie calculations. This reflects
a broader issue in which symbols and icons signaling
accessibility and inclusiveness are in fact merely superficial.
Misrepresentations such as these can diminish trust but also risk
alienating the very communities that the technologies claim to
support. Implications such as these are discussed further in the
next section.

Implications for Commercial Self-Tracking Technology
for Wheelchair Users With SCI
The most important need and valuable variable for our
participants (subtheme: calorie tracking), and of the participants
of previous research with wheelchair users, was the accuracy
of calorie consumption [6,39,60]. Previous research [6,39,60]
and our participants indicated that commercial fitness and
wellness technology that uses the wheelchair symbol does not
necessarily calculate accurately the calories burned by
wheelchair users (subtheme: trust in self-tracking technologies).

Research [6,39,60] also indicates that specific technology for
wheelchair users needs to be developed, personalized, and
tailored to their needs, which underlines the importance of
tailoring mainstream self-tracking technology to the user group
that it intends to include [61]. Furthermore, there is extensive
research on wheelchair user–specific technology for
self-tracking health and well-being [27,28,54], as well as
exploring current technology with wheelchair users to inspire
designs of wheelchair user–specific fitness and wellness
technology [5]. Even though a big part of the aforementioned
literature focuses on assistive technology or technology
specifically for wheelchair users, mainstream self-tracking
technology that aims to be inclusive toward wheelchair users
can take advantage of what assistive technology research can
offer (eg, databases and artificial intelligence models) [30,31],
as well as what the medical field offers, which already has some
physical activity guidelines for wheelchair users [14,32,34,62].

On the other hand, the production of new wheelchair-specific
self-tracking technology (which is not assistive technology)
divides the market into wheelchair users and non–wheelchair
users. Recent research [41] indicates that, by excluding specific
populations from the development of commercial products, the
incorporation of accessibility requirements into general
consumer products comes to a halt. In addition, special
technology could cost more as it targets a specific population.
Regarding wheelchair users, special technology may not be a
financially viable solution as they have a higher risk of financial
issues [42]. Working with affordable materials to create new
technology for a specific population can also lead to them not
using it because it could be stigmatizing [63]. From 2025
onward, digital services and products in the EU market should
be accessible according to the EAA [10,49]. Our findings show
that the self-tracking technology currently in the market is not
prepared to be accessible to wheelchair users with SCI. This
technology is not trusted when it comes to calorie calculation.
Our participants described how they used proxy variables to
estimate their calorie consumption and activity level. They
expressed the need for a self-tracking technology that accurately
calculates their calorie intake and burn during a variety of
activities. Many of the issues with self-tracking technology that
uses the wheelchair symbol can be solved by involving
wheelchair users in the design and development phase. This
involvement will make the technology more relevant to the
people it aims to include (ie, wheelchair users) and open the
market to broader audiences [64-66].

On the basis of the literature presented in this paper and our
findings, we see a need for future research and development
regarding inclusive self-tracking technology for wheelchair
users with SCI supported and inspired by assistive technology
literature.

First, there is a need to explore ways to make affordable
technology already used by wheelchair users closer to their
needs and make it more accurate regarding calorie burn (ie,
track a variety of activities and calorie intake). Our study can
be seen as a starting point for this exploration of commercial
fitness self-tracking technology and its use by wheelchair users
with SCI, complementing previous literature on similar subjects
[5-7,11].
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Second, we argue that there is a need to confront and
acknowledge the limitations of the methods used to conduct
similar research and alternate them for the research and practice
to be more inclusive. According to Kabir et al [40], data
collection and design methods may be inaccessible to some
populations, leading researchers to exclude them as they
perceive them as “difficult to reach and research.” Instead, they
suggest having a palette of methods and adjusting them based
on the participants’ abilities [40]. Similarly, Moon et al [37]
provide a comprehensive toolbox for more inclusive user
research when designing with wheelchair users in mind. In
addition, Li et al [30] and Huang et al [31] provide freely
available concrete tools (ie, databases and code) for developing
an inclusive self-tracking technology to be used by anyone
wanting to make self-tracking technology more inclusive.

Third, regardless of all the support that this paper and the
literature provide, the inclusion of wheelchair users as an
integral part of the design process of the self-tracking technology
targeting this demographic should be seen as mandatory for the

product to be relevant to the new audience (ie, wheelchair users)
[65,66].

Future Research
Our next steps are a series of participatory workshops in which
we—together with people with SCI and the support of the SCI
center we partnered with—identify further tracking needs and
co-design a first version of an app that could support them in
learning about their new body in different stages of their
postinjury phase. In the workshops, we plan to include the
physiotherapist who cooperates with us to include the health
care perspective without compromising the power balance. His
participation will also create an environment in which the
participants can learn more about SCI and how the health care
system perceives SCI and them as patients. To create a link for
the communication between health care professionals and people
with SCI, we will use the connections of our partner at
Karolinska Institute to investigate the needs of health care
professionals (ie, which of the data tracked by people with SCI
are relevant to the health care professionals and in what form
to fit their practice when consulting with their patients).
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Abstract

Background: Guided mobile-based interventions may mitigate symptoms of anxiety disorders such as panic disorder, agoraphobia,
or social anxiety disorder. With exposure therapy being efficacious in traditional treatments for these disorders, recent advancements
have introduced 360° videos to deliver virtual reality exposure therapy (VRET) within mobile-based interventions.

Objective: Despite ongoing trials evaluating the treatment’s efficacy, research examining patient perceptions of this innovative
approach is still scarce. Therefore, this study aimed to explore patient opinions on specific treatment aspects of mobile-based
interventions using mobile VRET and psychotherapeutic guidance for anxiety disorders.

Methods: A total of 11 patients diagnosed with panic disorder, agoraphobia, or social anxiety disorder who had previously
taken part in the experimental conditions of 2 randomized controlled trials for a mobile intervention including mobile VRET
participated in cross-sectional, retrospective interviews. Using a semistructured interview format, patients were asked to reflect
on their treatment experiences; personal changes; helpful and hindering aspects; their motivation levels; and their encounters
with the mobile-based intervention, manualized treatment sessions, and the mobile VRET.

Results: Thematic analysis led to the formation of 14 themes in four superordinate categories: (1) perceived treatment outcomes,
(2) aspects of the mobile intervention, (3) experiences with mobile VRET, and (4) contextual considerations. Patients offered
their insights into factors contributing to treatment success or failure, delineated perceived treatment outcomes, and highlighted
favorable aspects of the treatment while pointing out shortcomings and suggesting potential enhancements. Most strikingly, while
using a blended app-based intervention, patients highlighted the role of psychotherapeutic guidance as a central contributing
factor to their symptom improvement.

Conclusions: The findings of the thematic analysis and its diverse patient perspectives hold the potential to guide future research
to improve mobile-based treatment options for anxiety disorders. Insights from these patient experiences can contribute to refining
mobile-based interventions and optimizing the integration of VRET in accordance with patients’ preferences, needs, and
expectations.

(JMIR Hum Factors 2025;12:e60957)   doi:10.2196/60957
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Introduction

Background
Anxiety disorders such as social anxiety disorder (SAD), panic
disorder (PD), or agoraphobia (AG) are a pervasive public health
issue with 12-month prevalence rates between 0.9% and 1.2%,
causing severe impairment for those affected [1-3]. SAD, PD,
and AG are characterized by intense fear reactions toward
specific situations or bodily sensations that are normally
perceived as harmless or nonthreatening [4]. In SAD, typical
anxiety-provoking situations include social interactions (eg,
being at the center of attention and meeting new people) as the
fear is linked to negative evaluation, criticism, or embarrassment
and rejection [5]. In PD, panic attacks are triggered by an
overinterpretation of occasional bodily arousal (eg, elevated
heartbeat) as life-threatening (eg, having a myocardial
infarction) [6]. The catastrophic misinterpretation of such
sensations can then lead individuals to be afraid of losing control
or experience fear of death. In contrast, AG entails paniclike
fear in situations in which escape is difficult (shopping queues,
the subway, or car rides) as patients often describe their main
concern revolving around losing control, having a medical
emergency, being trapped, or not receiving help [7]. Affected
individuals often describe anticipatory anxiety as especially
troublesome, which may explain why all 3 disorders are often
associated with avoidance and safety behavior [8,9].

Cognitive behavioral therapy (CBT) has been found highly
effective in treating PD and AG. [10]. Typical methods used in
CBT for these disorders are psychoeducation, behavioral
experiments, and exposure therapy [11]. However, despite
compelling evidence supporting the treatment’s efficacy [12],
most affected individuals fail to receive treatment (ie, according
to Stein et al [13], less than a quarter of patients are admitted
for treatment). One reason that keeps individuals in need from
receiving treatment is the increasingly exhausted supply
capabilities in mental health care, leading to prolonged waiting
periods and large pretreatment attrition rates [14]. This is further
aggravated by the fact that treatment recommendations such as
exposure therapy often remain unfollowed due to time
constraints, high costs, and resource demands [15,16].

Exposure therapy, one of the most effective treatments for
anxiety disorders, involves the systematic confrontation with
feared stimuli or situations to reduce avoidance behavior and
facilitate fear extinction. There are several underlying
mechanisms that may explain the effect of exposure therapy.
First, early theories emphasize that repeated confrontation with
anxiety-inducing stimuli promotes habituation [17], leading to
a reduction in fear responses and supporting a learning process
whereby patients experience that anxiety can diminish without
avoidance. Second, confrontation also addresses general
therapeutic factors such as problem activation and
problem-solving, which have been repeatedly shown to be key
mechanisms in psychotherapy [18]. Current theories suggest
that the central mechanism in exposure therapy is inhibitory
learning, which is induced by expectancy violations. In this
framework, to optimize exposure success, it is key to challenge
patients’ predictions about feared outcomes [19,20]. Despite

the documented efficacy and repeated validation of exposure
therapy, it remains underused in clinical practice. A contributing
factor is the underdiagnosis of anxiety disorders, which reduces
access to appropriate treatment [21,22]. However, even when
correctly diagnosed, the implementation of exposure therapy is
not guaranteed. Reasons for this vary, including logistical
challenges, a lack of resources, concerns about patient distress,
or insufficient training [16]. In addition, patients might be
reluctant to confront feared stimuli or discontinue treatment,
which poses additional considerable barriers.

A recent approach to bridge the shortage of treatment
capabilities in mental health care is using internet- and
mobile-based interventions (IMIs) [23], which include
smartphone apps that are tailored for specific psychological
disorders such as SAD, PD, and AG. Most of these apps
incorporate basic CBT interventions and have been shown to
be effective in reducing symptoms, for example, through (a
combination of) psychoeducation, cognitive restructuring,
mindfulness, and relaxation techniques [24-26]. IMIs can follow
a stand-alone approach or may also include varying degrees of
psychotherapeutic guidance. Regarding the latter, guided
treatment programs have been shown to be superior to
stand-alone approaches in reducing clinical symptoms, as
indicated by larger acceptability, engagement, and adherence
[23,26]. These factors are crucial as they have been linked to
improved treatment outcomes and sustained recovery [26].
Possible advantages of IMIs include flexible use at almost any
time and place and relieving the psychotherapists’ time burden
[27]. While the use of IMIs could constitute an option to bridge
scarce treatment capabilities, little is known about the potential
of IMIs with exposure components to overcome these
boundaries and provide less resource-intensive and more
accessible exposure therapy as the first-line treatment option
for anxiety disorders [28]. Therefore, the question arises of how
exposure therapy can be integrated within IMIs.

One way to reduce barriers in the delivery of exposure therapy
is the transfer of anxiety-eliciting situations to a virtual reality
(VR) environment. VR exposure therapy (VRET) allows for
the creation of specific scenarios that may be challenging or
impractical to replicate in real life (in vivo) and that are tailored
to elicit fear responses [29-31]. These simulations can be
adjusted according to each patient’s unique needs (ie, massive
or gradual approach) and specific concerns while therapists
maintain full control during such sessions [32,33]. For instance,
therapists can pause, repeat, or pick scenarios based on the
patients’ progress, feedback, or observed reactions, whereas no
unforeseeable events can appear as in in vivo therapy. Even if
a certain level of risk is necessary for successful exposure
therapy, which cannot be guaranteed by the artificial nature of
VRET, the so-called immersion (ie, the feeling of realism
created in VR atmospheres) helps uphold the patients’
apprehension of imminent danger. This, in turn, can activate
central fears and allow for their correction. Moreover, aversive
risks such as physical harm can mostly be ruled out in VRET,
rendering it to a certain degree safer than in vivo exposure
therapy. So far, VRET has been used in the treatment of multiple
anxiety disorders, such as SAD or AG, to reduce symptoms and
improve quality of life successfully [34,35]. For instance,
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patients with SAD have experienced significant reductions in
fear of public speaking or social interactions [36-39]. Patients
with AG have had less anxiety and shown less avoidance when
traveling or enduring crowded places [40]. The quantity and
duration of VRET sessions varies in the literature, typically
lasting between 30 and 60 minutes and being conducted 8 to
12 times. Compared to exposure in vivo, increased acceptance
and lower refusal rates have been reported in the past, making
VRET a low-cost treatment option with a high success rate
[30,41].

VRET has been used in mainly 2 ways in the existing literature.
The first involves a computer-based system, allowing patients
to engage with avatars, affect their surroundings, or receive
immediate feedback during exposure [42]. Advantages of this
approach include a high degree of immersion, the ability to
tailor scenarios to individual needs, and the option to simulate
dynamic (eg, social) interactions. The second approach uses
360° video systems, which present prerecorded scenarios
without the possibility of affecting these through interaction.
Notable advantages of this method are low costs, effortless
scalability, and integrability with other mental health approaches
such as IMIs as it requires considerably less technical equipment
than interactive VR systems [43]. However, theoretical models
of SAD [5] suggest that approaches with higher degrees of
interaction might be more beneficial as fear is linked to
interpersonal feedback or interaction [44]. Interestingly, both
approaches have been found efficacious in reducing symptoms
of SAD, PD, and AG [45]. However, research that directly
compares interactive VRET systems and VRET via 360° video
systems for the treatment of the aforementioned disorders is
still scarce.

Taken together, the use of an IMI might reduce waiting times,
whereas VRET might help implement exposure without high
costs and resources [30]. To benefit from and provide additional
advantages from the combined use, new approaches most
recently have tried to integrate mobile VRET into IMIs [46-48].
Instead of using expensive VR equipment, patients use a
head-mounted construction in which they can insert their
smartphone as a screen and display 360° videos. By doing so,
it has been demonstrated that treating acrophobia via self-guided
VRET is possible [46,49]. Currently, randomized controlled
trials (RCTs) are ongoing to investigate the efficacy of
improving symptoms of SAD, PD, and AG using this innovative
treatment approach [47,48,50].

To date, compared to a robust body of quantitative research,
there are considerably less qualitative studies that have examined
VRET. Research investigating the patient perspective has found
that immersion and engagement are critical factors for its
success, with patients highly valuing the ability to confront fears
in a controlled and virtual environment [51,52]. However,
perceived challenges are limited interactivity in prerecorded
scenarios and technical difficulties, which may decrease the
immersive experience and, therefore, the perceived effectiveness
of the intervention [51,52]. Regarding the use of IMIs,
qualitative research on patients’ opinions has highlighted high
accessibility and flexibility as major strengths while raising
concerns about the lack of relational and emotional support
inherent to the oftentimes self-guided nature of IMIs [53,54].

Although the cited literature provides valuable insights into the
perspective of patients using VRET and IMIs separately,
qualitative research regarding the integration of mobile VRET
within guided IMIs is scarce. This research gap is addressed in
this study.

Objectives
This study aimed to investigate patients’ perspectives on
integrating mobile VRET into guided IMIs for SAD, PD, and
AG. Specifically, the goal was to identify key aspects that
patients perceive as relevant to improvement or deterioration,
including factors associated with the treatment’s limitations,
benefits, and outcomes [55,56]. This study also attempted to
explore how patients navigate through the different treatment
components, what their subjective reasons were for experiencing
change or not, and their views on the combination of app-based
treatment with psychotherapeutic guidance. On this basis, ideas
can be formed on how to improve further similar approaches
by facilitating patient adherence.

Methods

Participants
Patients were recruited from 2 RCTs that used a blended
treatment approach comprising an IMI with in-app mobile
VRET and appointments with a licensed psychotherapist. The
work by Planert et al [47] and Hildebrand et al [48] provides
further details concerning the trials.

Inclusion criteria were (1) fulfilling the International
Classification of Diseases, 10th Revision, diagnostic criteria for
one of the following psychological disorders: agoraphobia,
unspecified (F40.00), agoraphobia with panic disorder (F40.01),
agoraphobia without panic disorder (F40.02), social phobia
(F40.1), or panic disorder (F41.0); (2) being aged ≥18 years;
and (3) having completed the treatment in one of the RCTs
[47,48]. Exclusion criteria for participation in the trials included
a history of cardiovascular conditions (eg, stroke or myocardial
infarction), respiratory disorders (eg, asthma or chronic
obstructive pulmonary disease), epilepsy, pregnancy, impaired
vision, schizophrenia, severe depression, acute suicidality, or
substance use disorders. None of the patients received outpatient
psychotherapy during the treatment period apart from the
therapy provided as part of the study. Only participants from
the treatment group in either of the 2 trials were invited upon
completion of the RCT. A total of 11 patients (n=5, 45% patients
with SAD; n=6, 55% patients with PD or AG) agreed to partake
in the interviews.

Mobile-Based Intervention
The IMI in this blended treatment was an app for mobile phones
incorporating 3 distinct treatment programs specifically
developed for SAD, PD, and AG (Invirto [57]), of which patients
completed 1. The app is based on a CBT treatment and consists
of structured modules targeting different treatment aspects: goal
setting, motivation, psychoeducation, tension regulation,
cognitive techniques, exposure therapy, behavioral experiments,
emotion regulation, exposure, reflection, and relapse prevention.
For example, tension regulation was provided via breathing
exercises, incorporating mindfulness-based techniques to help
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patients manage physiological arousal. Unlike classic behavioral
therapy methods, which rely heavily on face-to-face interactions,
the app enabled patients to work autonomously through the
modules. While the psychotherapists provided some guidance
during scheduled appointments, the intervention allowed patients
to progress within the structured program at their own pace.
Modules incorporated a mix of prerecorded video sequences of
psychotherapists, interactive experiments, self-assessments,
exercises, and a wide range of potentially fear-evoking situations
in a controlled VR environment. Using 360° videos, patients
were able to choose scenarios such as giving a public speech,

undergoing a job interview, or being in a crowded space or
public transport that were thought to provoke or aimed at
provoking symptoms of their specific anxiety disorder.

Procedure
Throughout the blended treatment, 5 psychotherapeutic
appointments were conducted (for details, see the work by
Planert et al [47] and Hildebrand et al [48]). As the mobile-based
app offers 3 different treatment programs depending on the
anxiety disorder, a joint recruitment process took place. Figure
1 provides an overview of the treatment procedure and study
schedule.

Figure 1. Procedure of the treatment process and study schedule. On the left, the boxes indicate the corresponding week of the trial. Blue boxes indicate
psychotherapeutic sessions, whereas the red boxes indicate periods in which the patients worked independently with the treatment app. The yellow box
marks the time point at which the patient interviews took place. AG: agoraphobia; PD: panic disorder; SAD: social anxiety disorder; VR: virtual reality;
VRET: virtual reality exposure therapy.

At study entry, patients received 2 diagnostic appointments in
which they were assessed for eligibility. During these
appointments, the diagnosis was checked, and an anamnesis
took place. Those diagnosed with PD, AG, or SAD received
access to the app (ie, 1 of the 3 treatment programs), which was
available for 90 days after prescription. They were instructed
to complete the first modules (self-guided phase I), including
psychoeducation on the corresponding disorder and exercises
(eg, identifying and visualizing triggers of fear and exercising
diaphragmatic breathing for PD to reduce hyperventilation and
promote relaxation [58]). To check on the completion of the
self-guided phase I, patients were called to check up on their

progress and whether they were ready for the next appointment.
The self-guided phase I was set to 6 weeks; however,
progressing to the next appointment was only possible after
completing all modules from phase I.

After completing the self-guided phase I, there was a third
appointment to evaluate what patients had learned in the last
modules and prepare for the next phase. As the treatment
programs slightly differed with respect to the specific diagnosis,
the content of the third appointment differed as well. For patients
with SAD, the third appointment included evaluating the
previous psychoeducation, exercises, and the behavioral
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experiments in mobile VR. In addition, the patients were
prepared for the transfer of those behavioral experiments into
everyday life. For patients with PD or AG, the evaluation
included the previous psychoeducation and exercises without
VR. The patients were prepared for behavioral exercises (eg,
running upstairs) and exposure to mobile VR (eg, sitting in a
car or train) via 360° videos without the possibility of interacting
(eg, by provoking reactions from objects or persons nearby).
Patients received additional guidance to apply previously learned
breathing techniques and integrate these during exposure tasks,
ensuring that patients were able to handle physiological
symptoms of panic that would arise. After the third appointment,
all patients had 4 weeks to complete the remaining modules
(self-guided phase II). This included exposure in vivo, emotion
regulation, and relapse prevention in all treatment programs.
For patients with PD and AG, this also included exposure in
VR in multiple scenarios (eg, a car or plane ride or a
supermarket). Afterward, patients and psychotherapists
evaluated the complete intervention in a fourth appointment.
After 6 weeks, patients had a follow-up appointment to assess
long-term changes in symptoms and were asked to participate
in a half-standardized interview. The obtained data were
retrospective insights from patients who completed the whole
treatment and were able to extensively use the app in their daily
routine.

Half-Standardized Interview Procedure
All interviews were held in German and took, on average, 30
minutes and 40 seconds (SD 6 min). The interviews were
conducted by author JP, a clinical psychologist. After describing
the interview’s purpose and how data protection was ensured,
each interview began with an open-ended question, providing
interviewees with an initial opportunity to freely discuss the
aspects of the treatment they found most notable. This was done
by asking the following: “How did you experience the treatment
you were taking part in?” Afterward, the interviewer followed
a semistructured manual based on the Client Change Interview
[59]. The Client Change Interview establishes aspects that are
potentially associated with a client’s change in psychotherapy,

such as helpful and hindering aspects, personal or psychological
changes they made, or attributions for these changes. In this
study, the interview manual was expanded through specific
questions about the app included in the study, along with the
mobile VRET, the study design of the RCT, and the expected
role of the specific treatment in mental health care. The
interview was semistructured, and for every point that the
interviewee brought up, the interviewer was instructed to ask
follow-up questions to ensure an in-depth understanding. All
the interviews were semantically transcribed by student
assistants. The interview procedure was conducted under the
supervision of researchers AM and TK to ensure consistency
and adherence to ethical guidelines.

Data Analysis
To analyze the interview data, a thematic content analysis was
conducted according to Braun and Clarke [55,56]. The analysis
was carried out by authors JP (first coder) and ASH (second
coder), both clinical psychologists, who independently from
one another reviewed the data. An inductive approach was
chosen to generate codes directly from the transcripts of the
interviews.

The qualitative data analysis was conducted using MAXQDA
2022 (version 22.7.0; VERBI GmbH) [60]. As a first step, both
coders intuitively went over a part of the interviews in a
summarizing manner. This was done to establish codes
representing the content of the interviews. At this point, codes
were not structured. Afterward, the established codes were
reviewed by both coders collaboratively to ensure accuracy and
check on errors or parts and messages that the other coder might
have missed. The generated codes were then interpreted and
grouped into overarching categories (eg, VR-related content
and IMI-related content) by 1 coder. The second coder then
checked the categories and the assigned codes. Afterward, the
codes in 1 overarching category were grouped into multiple
themes by the second coder and checked by the first coder. Both
coders then reflected on and interpreted the categories and
themes with their corresponding codes and depicted them in a
thematic map (Figure 2) to visually illustrate the findings.
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Figure 2. Thematic map of the established themes within their respective categories. Themes are divided by category. Links between the themes indicate
thematic relatedness depending on the statements of the interviewed patients. IMI: internet- and mobile-based intervention; VRET: virtual reality
exposure therapy.

Ethical Considerations
The interview procedure after the follow-up appointment was
approved by the Research Ethics Committee of the University
of Siegen through an amendment to the corresponding ethics
statement (ER_48_2021, amendment AZ_56/2023) All
participants provided informed consent before participation,
which could be withdrawn at any time without giving any
reason. All collected data were pseudonymized to protect
participants’ confidentiality. No monetary compensation was
issued.

Results

Overview
As the interviews were conducted in German, extracted quotes
were translated from German into English literally. The
extracted quotes appear indented and in italics in the sections
corresponding to each theme. Table 1 shows the demographic
characteristics of the 11 interviewees.

Table 1. Demographic information of the study sample.

Symptom changecPrimary diagnosis (ICD-10b)GenderAge range (ya)Patient code

–8.5%Social anxiety disorderWoman20-39P01

–50%Panic disorderWoman20-39P02

–28.4%Social anxiety disorderWoman20-39P03

–92.3%AgoraphobiaWoman>40P04

–20.2%Social anxiety disorderWoman>40P05

–73.2%Panic disorderWoman>40P06

–27.6%Panic disorderWoman>40P07

–70.1%AgoraphobiaWoman20-39P08

–19.4%Agoraphobia with panic disorderMan>40P09

+10%Social anxiety disorderWoman20-39P10

–3.8%Social anxiety disorderMan20-39P11

aInformation on age is given as ranges to protect the anonymity of the interviewed patients.
b ICD-10: International Classification of Diseases, 10th Revision.
cSymptom change indications refer to either of 2 disorder-specific questionnaires: the Questionnaire for Social Anxiety and Social Competence Deficits
or the Panic and Agoraphobia Scale.

The themes of the various interview segments were divided into
4 overarching categories: “treatment and outcome–related
themes,” “mobile-based intervention–related themes,”

“VRET-related themes,” and “context-related themes” (Figure
2).
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Category 1: Treatment and Outcome–Related Themes
The first category covered themes that were related to
patient-perceived aspects of the blended treatment or its
outcomes. In total, this category consisted of 4 themes: symptom
improvement, no change and symptom deterioration, side
effects, and motivation throughout treatment.

Theme 1: Symptom Improvement
Throughout the treatment, many of the interviewed patients
experienced symptom improvement. Indications as to how and
why their symptoms might have improved are covered by this
category’s first theme. While some patients reported a perceived
symptom remission, others indicated that, while the treatment
helped, they felt not fully recovered:

I was able to learn a lot and made big advancements.
By now, I oftentimes go by car alone and I feel like I
make progress every day, I also stopped thinking
about my anxiety. [P04; position 8]

Well, I still have anxiety. Partly, it got better. [P03;
position 18]

Various reasons were given for the perceived improvement.
While some patients stressed the superior role of one component
of the therapy (eg, therapeutic appointments, VRET, or
psychoeducation), some pointed out that the comprehensive
approach with a treatment app, mobile VRET, and
psychotherapeutic appointments was helpful:

Yea, I’d say the therapist rather helped me, coming
from an interpersonal understanding. [P02; position
29]

It was an interplay. There was the app, in which I
learned about anxiety and its causes. And then I had
a person that accompanied or led me. The
appointments helped me to keep going and push
through. [P06; position 50]

While sometimes the mobile VRET was highlighted as an
especially helpful ingredient, others claimed that everything
but the mobile VRET was beneficial:

And these experiments with the VR-headset. They
really helped me, because in these situations, I really
had anxiety, but I knew it was not real and it doesn’t
matter how I behave. [P03; position 51]

I think the video took an hour, I was on the highway
and I was in the passenger seat. But being the
passenger was no problem for me. That’s the same
as if I was in somebody’s car, that doesn’t bother me
either. [P09; position 54]

In addition to the treatment components, symptom insight,
learning to reflect on these symptoms, and receiving access to
treatment after a long search were mentioned as crucial factors.
Reflecting on their treatment progress, participants illuminated
different protective factors that facilitated their symptom
improvement, such as engaging modules, social support, hope,
optimism, and motivation to use the app.

Theme 2: No Change and (Short-Term) Symptom
Deterioration
Some patients reported retrospectively no change or even
deterioration of their initial symptomatology. They brought up
that the treatment was not able to address all aspects of their
anxiety due to the manualization and the one-size-fits-all
approach. In addition, they reported a lack of individualization
and personalization:

It’s not possible as it is a pretty general format. For
example, symptoms I don’t have are described or you
are put in a state that does not cause anxiety. That is
something I suspected to happen in the beginning.
[P11; position 108]

One patient brought up that, through psychoeducation,
symptoms worsened by shifting the focus toward them:

I always watched the first few modules at night. This
was usually the time when I got my panic attacks and
listening to the modules was kind of a trigger for me.
For example, it’s about what happens in your brain
and what symptoms it can have. After hearing about
the symptoms, I started to notice them and that is how
my panic was caused. Very unpleasant, nausea and
shortness of breath. When the person in the app talked
about it, it sometimes made it even worse for me.
[P02; position 48-49]

Theme 3: Side Effects
The theme of side effects covered codes addressing unwanted
changes associated with the treatment but not related to the
patients’ anxiety disorders. Side effects included simulation
sickness (eg, “I got a little headache” [P02; position 36]) and
the surfacing of other problems (eg, trauma), which were not
addressed by the app:

I think there still is something. For now, I’d use the
app, but through the treatment, other areas arose that
were problematic, which were kind of hidden before.
In that sense, you could say that it had a negative
effect. [P10; position 44]

Theme 4: Motivation Throughout the Treatment
Motivation was oftentimes addressed by the interviewed
patients, depicting it as a dynamic process throughout the
treatment. Many mentioned it as a crucial factor to the success
or failure of their treatment. Different factors were given as
reasons for an increase or decrease in motivation. Patients
described the motivation to reduce symptoms to be able to
master feared situations and increase well-being:

I was totally motivated, I wanted it, no matter what.
For me it was so important, as from day to day, my
life completely shifted and I couldn’t deal with it.
Before, I was a happy and funny person and suddenly,
I was afraid of everything. [P07; position 64]

During the interviews, patients emphasized the necessity of
being motivated for the, in large part, self-reliant treatment.
Therefore, a lack of motivation was brought up as a potential
risk factor for treatment success:
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In the beginning [I was] very motivated, but at some
point, that faded a little. And then I had a few weeks
doing nothing. Then I realized I should do something
and did a few exercises. But sometimes, I lack the
motivation to sit down at home and engage [with the
app]. I think it lacks the person that in some way
“kicks your butt.” [P03; position 74]

However, a high initial motivation was no guarantee for
long-term engagement with the treatment app. For example, a
patient reported a reduction in motivation to engage with the
app due to a quick initial symptom reduction and overall
improvement. Eventually, this made it harder to find the required
time for the treatment or resulted in difficulties facing their
anxiety in the frame of the treatment and a lack of translation
into their everyday life:

In the beginning, it was fairly easy [to work with the
app] because I knew it had to happen. The weeks
before that weren’t really worth living. Once I got a
grip on my anxiety, also because of the app and the
therapy, it got harder, as it is quite time-consuming
and I couldn’t estimate how long the next module
would take. [P02; position 62]

Category 2: Mobile-Based Intervention–Related
Themes
The second category covered 3 themes regarding the
mobile-based app used in the intervention evaluated in this
study: app content and exercises (theme 1), user interface (theme
2), and technicalities (theme 3). The displayed codes do not
concern the mobile VRET, which is covered in another category
(category 3: VRET-related themes).

Theme 1: Content and Exercises
The first theme covered patients’ opinions concerning the
content and exercises of the app. Patients viewed the modules
covering psychoeducation, the in-app push notifications, and
the option to repeat contents as especially helpful:

I was surprised, how well the content was specialized
to my panic disorder. I guess there is different content
available that is shown to you, depending on what
you have. [P02; position 62]

Also, it was nice that I received notifications. [P04;
position 33]

Patients had mixed opinions on the relaxation exercises. Some
described them as “extremely helpful” (P08; position 16-17),
whereas others perceived them as rather misleading and
distressing:

These breathing or mindfulness exercises partly
worsened my panic. Well, definitely the breathing
exercises, as I tried it a lot in the beginning. As soon
as I gave room to my panic and tried to breathe
against it, it became worse and made it take longer.
[P02; position 34]

Some patients expressed a desire for in-app contact with other
patients or their psychotherapist to share progress or solve issues
with peers:

It could be that for social anxiety, this isn’t realizable,
but I could well imagine that it works like group
therapy. So you could talk about it. “How was the
situation for you?” “What was your take-home
message?” [P11; position 144]

Theme 2: User Interface
Overall, the app was perceived as well built regarding quality
and user interface:

And I found [the app] qualitatively well-made. And
it was good to listen to it and to read through it. [P11;
position 96]

The option to choose the in-app psychotherapist was brought
up as an advantage. However, the importance of an option to
speed up videos in the modules was highlighted. To further
facilitate usability, a function to consume the content while
being absent from the screen was desired:

Not being able to lock the screen, not being able to
close the app. These are mechanisms that in some
way make sense, but most of the time I used the app
while cleaning, doing my laundry, or doing my
homework. And then your cellphone is in another
room and you have to click to proceed. That wasn’t
severe, but also not comfortable. [P10; position 86]

Theme 3: Technicalities
The sign-up process was marked as a problem source, and a
transparent guide on how to obtain access to the treatment app
and a function to download content were deemed helpful.
However, it was also pointed out that technical difficulties, if
they occurred, were quickly solved by the app support:

One time a situation didn’t load, so I contacted the
support and they solved it fairly quickly, on the same
day. It worked directly. [P11; position 88]

Category 3: VRET-Related Themes
The third category consisted of 3 themes covering opinions that
were related to the mobile VRET modules of the treatment app.
Participants discussed their experiences in the VRET, including
the degree of immersion, the usability, and the variety of
situations displayed on the treatment app.

Theme 1: Immersion
The first theme covered the perceived degree of immersion.
Regarding this theme, several patients emphasized the feeling
of immersion as helpful for their improvement and the ability
of the app to create immersion and elicit fear:

And then I had anxiety, even though it was not real.
It was quite surprising that I was able to do that. It
was quite interesting and for some part even fun.
Overall, I think it was mostly interesting to get to
know more about [the anxiety]. [P03; position 34]

I think that is especially because I am conscious about
being in a virtual situation. Other aspects, such as
noises from the outside felt different. It is so advanced
that you can completely exchange certain things,
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which somehow felt very real, without the real
consequences, however. [P11; position 79]

On the other hand, other patients found the prerecorded
situations unrealistic, which could have negatively affected the
degree of immersion. In that sense, it was addressed as a
shortcoming that the mobile VRET consisted of 360° videos
without possible interaction. This was perceived as especially
problematic by patients with SAD as the prerecorded audience
did not react to them:

You wear the VR-headset and you are sat in front of
an audience, which is obviously filmed and the VR
doesn’t really matter, because no matter what I do,
they will always react the same. And that is not what
causes my fear, it rather is the direct contact with
others. [P01; position 26]

So sometimes, when I misspoke, I had the feeling that
it usually would’ve been a situation that would have
caused a reaction. That took a bit of the immersion
away. But I cannot estimate how much. [P11; position
82]

In addition, some patients with PD or AG described a lack of
anxiety when confronted with situations in mobile VR:

What I didn’t like, was the virtual [reality], yes, that
didn’t match. I have to be honest, I sat on an airplane
with weird people that did not look real and made
repetitive movements. The airplane didn’t even shake
or do anything that would have caused something in
me. Or being alone in the basement. You would
imagine this being creepy, yes? But nothing happened,
not even a mouse hushed by or anything. I tried a lot,
but that wasn’t for me. Or a shopping queue, nothing
happened. Unrealistic. But for the rest, the app was
great. [P07; position 28]

Theme 2: Usability
The second theme was the usability of the VRET. While some
patients did like facing feared situations at home, others felt
discomfort when using mobile VRET:

My parents were home for the whole day so I could
only train in situations when no one was at home. At
some time in the evening, when I was sure that no one
could hear me. [P05; position 66]

Some patients described problems with the compatibility of the
VR app and their smartphone despite their device meeting the
manufacturer’s specified minimum technical requirements. For
example, they mentioned lags in the 360° videos:

It should have worked with my phone, but it lagged
so much, for five seconds it worked and then it stood
still for another five. [P09; position 52]

Regarding the VR headset, patients had problems with adequate
fit and the glasses fogging up on the inside:

The VR headset did not really fit well and I got a bit
of a headache because I wasn’t able to correctly
adjust the resolution. [P02; position 36]

Another patient brought up that the weight of the head-mounted
construction with the smartphone inside made it difficult to
wear the equipment for an extended period:

I found the headset very heavy. At some point, I had
to put my elbows on my knees and by that point, it did
not feel like not being at home on the couch. [P10;
position 107-108]

Finally, it was suggested that, as the app was only available for
90 days, the VR equipment should be only distributed
temporarily as, when the license ends, the patient has no further
use for the equipment that is tailored to the treatment app.

Theme 3: Variety of VR Content
A third theme covered the situations available in VR within the
treatment app. Patients described the situations presented on
the app as aligning well with fear-evoking situations in real life.
They also liked the variety of agoraphobic situations they were
able to experience without having to face these situations in
real life:

So first of all, being able to identify the anxiety and
then being able to directly test it. It was nice to
directly go into the specific situations. So, thinking
back, I would have never gone into the situation [in
reality]. It was practical, I did not need to go
somewhere to go through the fear. [P06; position 100]

However, the situations were criticized for the lack of
eventfulness. Patients did expect options to further increase fear
and adjust situations:

I thought that the situations would increase in
intensity. I thought that eventually, I would stand on
a huge stage and give a speech. And I thought that
something VR-related would happen with the people.
Not being in a prerecorded situation, but something
like a chat. [P11; position 100]

While the app did implement situations for SAD (eg, giving a
talk in front of an audience) and AG (eg, a bus ride), one patient
criticized the lack of available situations for eliciting bodily
arousal PD–related symptoms:

In the end, some modules did not fit my panic disorder
anymore but fitted more to other anxiety disorders....
But I think that also was because I wasn’t able to pick
a location that would cause my panic. For me, it is
rather a personal, bodily thing. I tried one exercise
on the airplane but after two minutes it was boring
as it did not elicit panic. [P02; position 34-36 and
position 62]

Category 4: Context-Related Themes
The fourth category comprised themes that addressed the
framework in which the patients received the treatment.

Theme 1: Significance of Treatment Guidance
The treatment consisted of an app with mandatory
psychotherapeutic sessions for the preparation and
postprocessing of certain modules. Many of the patients
addressed this guidance in their interviews. For most, this was
a crucial ingredient for symptom improvement or a protective
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factor against deterioration. In addition, patients who did not
particularly like the treatment app or the mobile VRET
components still regarded the psychotherapeutic sessions as
helpful:

The therapist definitely helped. Just being able to talk
and also for my understanding. So, the empathy and
to accept it as normal and not be upset about it. [P02;
position 27-28]

Despite the guidance, it was criticized that patients could not
share the completed modules with their psychotherapist.
However, the combination of the treatment app and the
psychotherapeutic sessions was brought up as a well-rounded
mix by most patients. One of the reasons given was that the
appointments facilitated the integration of the content learned
on the app:

After I held the speech [in VR] I had an appointment
and the therapist was able to improve my anxiety a
little, which I would have never achieved on my own.
That’s why it was very good that I still had the
appointments. Completely on my own, it wouldn’t
have been possible. [P03; position 38]

Some patients addressed the desire for more appointments
accompanying the app-based treatment:

I would’ve appreciated it if the time between the
appointments was shorter and that we would’ve met
more often and spoken more. [P07; position 82]

Theme 2: Study Schedule
Patients attended psychotherapeutic appointments at prearranged
intervals as part of the RCTs. Most patients indicated not feeling
like “being part of a research scenario” (P01; position 54) but
being glad to contribute to research findings. However, to enable
the manualized appointments in the experimental condition, the
patients were asked to engage with the treatment app between
the scheduled sessions. While this was perceived as helpful for
staying motivated by most patients, some patients perceived it
as stressful. The schedule was linked to treatment outcomes and
limited the flexibility of the treatment:

First I felt relieved because usually, you have to wait
a long time for a therapy spot. I was happy about any
help, after all. It went quickly and I felt relieved, but
also obligated to do this and that module between the
appointments.... A downside was that time-wise, you
are independent, but also in this study combination.
If you have this time frame in which you have to finish
certain modules before coming to the next
appointment, it is a downside for me, as it limits my
flexibility. [P02; position 13-14 and 56-57]

Theme 3: Motives for Study Participation
In their interviews, patients expressed their motives for
participating in this study. For example, one patient was
motivated to improve the supply situation for women in mental
health care:

It is super important to generate new findings,
therefore I find [participating in research] always

positive. Especially, I think for many diseases, women
are underrepresented, and when I can contribute to
improving this and technology. [P02; position 69-70]

Another motive was receiving access to therapy as this is often
hindered by long waiting times. Patients hoped to be prioritized
by contributing to research:

I find the first step very hard and also exhausting
when you are looking for a therapist. And when
through [the study], you can quickly talk to someone,
I consider this helpful, as you are rewarded for your
first step and you don’t need to call another 20
[psychotherapists] and receive 19 rejections. [P01;
position 62]

Theme 4: Role of Mobile-Based Interventions in Mental
Health Care
The fourth theme consisted of different opinions regarding the
role of app treatment in mental health care. As such, IMIs were
considered as an add-on to conventional therapy (eg, as an
alternative to traditional homework or to bridge the waiting
period before beginning psychotherapy):

Sometimes I think [waiting times] take way too long.
The anxiety or the problems get more severe the
longer it takes until they finally receive treatment.
With this, you can at least work a bit on your own.
[P07; position 198]

In addition, IMIs were considered as having fewer barriers. This
way, they could be a well-suited first step for patients searching
for help:

I think many people are afraid to attend therapy in
the first place or to completely trust another person.
So I think it is easier to start the treatment with an
app. For example, writing down things in the app
without the therapist noticing. So I can imagine that
this could lessen the barrier to starting a treatment.
[P11; position 67]

However, while IMIs were perceived as suitable for
complementing therapy or bridging waiting times, some patients
also described limitations in their applicability. They thought
that IMIs might only be suited for certain aspects of treatment
or patients. For example, some people might prefer books over
using their smartphones to inform themselves about their
disorders. P05 mentioned that she perceived the app treatment
as helpful as she already knew what her problem was:

If you have problems in many areas of your life and
the app asks you to name your problems and then you
type down an eternally long text, in that case, a real
conversation is more practical. However, if you know
your problem and just want to work on it.... For me,
that was very helpful and I think that could also be
helpful for others. [P05; position 82]

Patients consistently made clear that, from their experience,
IMIs could be a complementary tool but should not replace
psychotherapy:
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Difficult. I think that depends on the person. But I
cannot imagine [IMIs replacing therapy]. Not in the
current state. [P03; position 96]

Discussion

Principal Findings

Overview
The goal of this study was to systematically analyze patients’
perspectives concerning the integration of mobile VRET into
guided IMIs for treating anxiety disorders. This was done to
inform how patients perceive this innovative treatment approach
and where chances and challenges might lie. This way, in 4
overarching categories, 14 themes were identified: symptom
improvement, no change and deterioration, side effects,
motivation, content and structure, user interface, technicalities,
immersion, usability, variety of situations, treatment guidance,
study schedule, motives for study participation, and role of IMIs
in mental health care.

Perspectives on Treatment Outcomes
The first category of themes captured patients’experiences with
symptom alleviation throughout the treatment. Most striking
about the themes in this category was that patients articulated
a variety of reasons for their change or no change in symptoms
and linked these to different aspects of the treatment.
Improvement was explained by oftentimes highlighting the
helpful interactions with the guiding psychotherapist but also
by pointing out especially helpful treatment components such
as psychoeducation, which was easy to follow as well as
informational. Mobile VRET was also frequently brought up
as allowing for the controlled encounter of feared and previously
avoided situations [30]. Thus, fear responses can be elicited in
a controlled virtual setting, enabling a confrontation of fears in
line with the principles of in vivo exposure therapy, leveraging
gradual exposure and habituation while maintaining the control
of a simulated environment. By reducing logistical barriers,
mobile VRET highlights the potential it holds in mental health
care [35], which is further supported by meta-analytic findings
yielding no inferiority of VRET compared to in vivo exposure
therapy concerning primary treatment outcomes [61-63]. No
change was explained by the treatment components not meeting
the individual symptomatology, showing that the superficial
modality of an app-based treatment might not fit every patient.
The results give rise to the argument that treatment apps alone
may not provide the depth of therapeutic interaction needed for
comprehensive mental health care. Regarding the theme of side
effects, how to deal with adverse events related to the treatment
needs to be reflected on [23], as it happened to one patient, who
learned through the treatment that there were other issues they
needed to deal with for which there was no room in the
manualized short-term treatment. Without the frame of the study
context, this occurrence could have gone unnoticed, and the
patient would most likely not have received further treatment.

Bringing together these findings with the results of previous
quantitative studies, it can be stated that there are very few but
promising studies on the efficacy of mobile VRET in IMIs.
These emphasize clinical improvements and provide initial

evidence of treatment benefits, particularly for components such
as mobile VRET [46,64]. While additional quantitative studies
have yet to profoundly support the treatment’s efficacy, the
current qualitative studies can expand the findings by showing
that the patient-perceived treatment outcomes are often tied to
specific treatment components, such as psychoeducation, VRET,
or tension regulation. These components have also been found
efficacious in quantitative research [42,65], whereas other
qualitative studies have determined motivation, symptom
insight, and social support as crucial factors in treatments
incorporating IMIs [52,53]. In comparison, the qualitative
approach used in this study highlighted that the personally
perceived commitment, motivation, and outcome expectancy
were intertwined with personal impairments (anticipatory
anxiety limiting daily routine and reinforcing the circle of
avoidance and increase in fear over time) and treatment goals
(building confidence for certain scenarios and gaining tools to
manage physiological symptoms), which cannot be taken into
account in many quantitative approaches.

Patients pointed out motivation as a central construct when
addressing treatment outcomes. While motivation has also been
found to be a key factor in traditional psychotherapy [66], it
appears to play an even bigger role when the patient is
self-reliant in working through most of the treatment content
[67]. In particular, motivation was described as a dynamic
process that is highest in the beginning, when the psychological
strain is highest, and decreases throughout the treatment. After
its decrease, it is then associated with no change or even
deterioration, resembling previous findings on motivation in
traditional psychotherapy [68]. For this treatment approach, this
finding highlights the need for additional motivators as the
treatment progresses to protect the patient from demotivation
and losing benefits from the treatment.

Perspectives on the Treatment App
The second category of themes covered patient opinions
regarding the treatment app. Most strikingly, psychoeducation
was brought up as an overwhelmingly positive treatment
component that can be delivered well via an app, which is in
line with previous research on patient perspectives on digital
treatment modalities [69]. In addition, a high degree of
individualization (eg, choosing the voice of the in-app
psychotherapist) and an adjustable user interface were stressed
as preferable. An aspect that faced repeated criticism was the
in-app relaxation. While mindfulness interventions have been
found efficacious in mental health care [70], this sample
encompassed patients with anxiety disorders. It might be that,
for such disorders, in particular regarding PD, relaxation is
better delivered via psychotherapeutic interaction than through
an app considering the possibility of relaxation-induced panic
attacks [71]. It is also known that confrontation with situations
and contexts that have previously been avoided contributes to
an initial increase in fear or discomfort, which is positively
associated with treatment success [72]. However, in the
framework of self-guided or blended treatment, patients might
be more inclined to discontinue treatment as they perceive the
initial negative emotional states as threatening, thereby
reinforcing avoidance behavior and, ultimately, intensifying the
risk of unwanted events. For patients, it was also important to
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have quick access to the treatment app and be able to use it
without barriers. One of these barriers was long informational
sections, which patients could not speed up or listen to while
being active (eg, walking or cleaning) as the app would require
the user to click to move along. These findings are comparable
to those of other qualitative studies on opinions on app treatment
as, in general, a desire for a high degree of personalization stood
out in this study as well [69]. However, while implementing
the patients’ suggestions might lead to more treatment
acceptance, whether these suggestions could raise other issues
has to be carefully considered for each suggestion on its own.
For example, allowing for the locking of the screen or opening
of other apps while using the treatment app could lead to less
focus on the treatment and, eventually, a decline in motivation
or less treatment success.

Perspectives on Mobile VRET
In the third category, themes were listed that were related to the
mobile VRET of the treatment app. The most discussed aspect
was the degree to which the head-mounted construction with
the patient’s smartphone serving as a display was able to create
an immersive experience for VRET [43]. While it was welcomed
by some patients, who described being pleased with the high
immersion, others criticized a lack of interaction given the fact
that the mobile VRET consisted of prerecorded 360° videos.
As previously outlined, different systems are used in VRET
that are either equipped with dynamic interaction options or, as
in this study, based on 360° videos that do not offer the chance
to affect the scenarios or characters in them. Patients addressed
this by pointing out a lack of interpersonal interaction during
VRET, which made the experience less immersive. This aligns
with the clinical presentation of SAD, where interpersonal
interaction plays a central role [5,44], and suggests that the
degree of the immersive interaction required might vary
depending on the disorder. Nonetheless, many participants
across all 3 anxiety disorders found the 360° videos personally
beneficial for treating their anxiety, appreciating the practical
benefits of accessibility and ease of use, supporting their
engagement during the exposure tasks. It is important to note
that these evaluations were conducted without directly
comparing 360° videos to interactive VRET systems, which
could be addressed in future research. In this study, the hardware
was identified as a problem source in the theme of usability.
These findings suggest that mobile VRET still needs time to
overcome these particular challenges but, overall, can be useful
in treating SAD, PD, and AG.

Although numerous studies have drawn out the possibilities of
VRET in mental health care [35], it is yet to be seen how the
intriguing treatment approach of using mobile VRET can be
further improved to be well received by patients. One way could
be to integrate desired elements such as the possibility to choose
from a large pool of fear-evoking situations with optional
adjustments, such as the crowdedness of certain places or the
pace of car, bus, or tram rides, as brought up by the interviewed
patients.

Perspectives on the Study’s Context
Themes in the fourth category, which were context related,
showed that, for the patients, the psychotherapeutic supervision

was very important, the study schedule may have had an
influence on symptom change, and most patients could well
imagine using (guided) treatment apps but could not imagine
them as a substitute for psychotherapy. Overall, the interviewed
patients highly valued the psychotherapeutic sessions as part
of the guided treatment approach. Despite the app being the
main ingredient of their treatment, the psychotherapeutic
guidance was mentioned in all interviews and was always
brought up positively or with the request to have more
psychotherapeutic sessions. This finding is in line with those
of previous literature that found guided IMIs to be superior to
unguided ones [26], indicating that alliance as a mechanism of
change also holds up for digitally delivered interventions [73].
While the general modality of using IMIs is partly aimed at
reducing psychotherapeutic involvement [23], how far this
reduction is taken should be carefully considered for each
treatment approach. In this study, many interviewed patients
distinguished the psychotherapeutic appointment as the most
remarkable factor in their treatment, whereas conceptually, one
could argue that it was only intended as a supporting element,
with the main focus laying on the treatment app with mobile
VRET [47,48].

The thematic connection between the theme of study schedule
and the theme of symptom improvement originated in patients
giving aspects of the study schedule as reasons for their
improvement. For example, it was mentioned that the
psychotherapeutic appointments and calls from the study team
served as deadlines and reminders to finish the modules in the
treatment app, which then led to a more holistic understanding
of etiological and maintaining factors underlying their anxiety
disorder. Here, it is important to note that these checkups would
not have occurred in a real clinical setting. Despite making sure
that the RCTs from which the interviewed patients were
recruited accurately reflected real-world clinical settings, it is
essential to acknowledge that the patients still engaged in a
structured intervention within a controlled environment [47,48].
Therefore, these minimal but necessary alterations could have
influenced the quantitative results. Beyond trials investigating
the treatment efficacy, it is important to also further identify
characteristics in patients (eg, demographic and clinical
variables, personality traits, and coping mechanisms), as well
as process (eg, fear reduction during exposure) and context
variables that may predict the treatment outcomes of these
interventions and develop clear indications as to who should
gain access to these treatment options [72,74,75]. In addition,
for this reason, future interventions could increasingly
incorporate deadlines and checkups to increase the patients’
commitment to engage with the otherwise self-reliant treatment
contents.

While treatment acceptance is a crucial factor in mostly
self-delivered treatments, in their interviews, patients also
reflected on the role of IMIs in the mental health care system.
Due to the scarcity of treatment capabilities, they could imagine
IMIs as a way to bridge waiting times. However, they could not
imagine the tested treatment substituting psychotherapy as a
whole, which is comparable to other qualitative research on
patient attitudes toward IMIs [54]. This finding is also in line
with those of research on the perspective of psychotherapists
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on IMIs, who welcomed the digital treatment option as an aid
for certain aspects but also could not imagine it as a substitute
for psychotherapy [76].

Relating this study’s results to the current situation of outpatient
psychotherapy, several advantages and challenges of the
investigated treatment modality can be highlighted. As
accessibility and a low threshold for engaging with IMIs were
appreciated, they might be advantageous in bridging waiting
times or reducing stigma or hesitancy associated with seeking
psychotherapeutic treatment [26]. This might be especially
beneficial in countries with long waiting times, such as Germany
[77]. Another advantage was that the treatment functioned as
digital homework, contributing to problem activation outside
the treatment, which has been associated with treatment success
in the past [18]. Patients also listed the cost and scalability of
the treatment as potential advantages over outpatient
psychotherapy. However, oftentimes, the importance of
psychotherapeutic guidance was emphasized, which is why a
challenge might lie in the self-guided nature of mobile VRET.
Namely, the procedure partly opposes current treatment
guidelines [10], indicating that initial exposure attempts are best
psychotherapeutically accompanied to prevent adverse effects
or misapplication (ie, premature termination). In addition, a
lack of individualized support remains a challenge, which was
criticized by patients in direct comparison to regular outpatient
psychotherapy.

Limitations and Future Research
While this study was capable of drawing a multifaceted picture
of patients’ opinions, some limitations need to be addressed
when interpreting the findings. First, the findings of this study
are derived from a blended IMI with integrated mobile VRET,
indicating that the observed benefits or challenges may not
directly translate to other treatment modalities. For instance,
experiences with unguided IMIs or stationary VRET may differ
from those with blended IMIs with mobile VRET. In addition,
while the reliance on a qualitative method of data analysis to
interpret the obtained interview transcripts offers rich insights,
it also inherently requires caution when interpreting causality.
Such an approach captures patient perspectives but does not
allow for claims regarding the treatment’s efficacy, which would
require further exploration through controlled, comparative,
and quantitative research designs. Future trials of a confirmatory
nature are needed to further investigate the exploratory findings
of this study.

Another point worth noting is that the interviews were conducted
as part of a larger RCT. From the patients’ perspective, it was
interpreted that the study schedule, despite being incorporated
into an outpatient clinical setting, might be linked to the obtained
results. Differences between the study and treatment as usual
include, for example, a high degree of standardization, required
comparability of therapeutic settings, frequency and duration
of therapy, and a reliance on treatment manuals. Therefore, for
future research, it could be beneficial to conduct studies in a
more naturalistic setting. This could include investigating
treatment adherence and feasibility in less structured clinical
settings such as standard outpatient care. Another relevant option
for future research could be investigating challenges to the
treatment’s accessibility in contexts with different resources
and infrastructure (eg, rural vs urban regions) as IMIs and
mobile VRET in particular are theorized to possibly address
disparities in the supply of mental health care by reducing
geographical barriers and providing scalable solutions in
underserved areas.

Conclusions
This study explored patients’ perspectives on IMIs embedding
mobile VRET for SAD, PD, and AG. As such, various
components such as the psychoeducational content were listed
as beneficial in the intervention, and motivation was
continuously perceived as a crucial factor for treatment
engagement. The mobile VRET was welcomed as an innovative
add-on to overcome anxiety but, for some patients, lacked
immersion and personal fit due to the reliance on prerecorded
360° videos without interaction. Finally, the psychotherapeutic
guidance of the intervention was appreciated as especially
beneficial and stood out as a central aspect in most of the
interviews as it helped the patients integrate their learning from
the IMI and served as a deadline to engage with the IMI before
the next treatment session. This study has shown that, in the
further development of IMIs and other associated interventions
such as VRET, it is important not only to empirically test the
efficacy of such procedures or their acceptance among
psychotherapists but also not to ignore the perspectives of
patients and those affected as these are highly valuable to further
improve existing procedures as well as ensure their applicability.
For future research, it is suggested to explore patients’
perspectives on other treatment modalities or investigate the
findings of this study using confirmatory research designs.
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Abstract

Background: Surgical lighting systems (SLSs) provide optimal lighting conditions for operating room personnel. Current
systems are mainly adjusted by hand; surgeons either accommodate the light themselves or communicate their requirements to
an assistant to ensure optimal surgical conditions. This poses challenges to maintaining sterility, proper accessibility, and
illumination and can lead to potential collision problems. Furthermore, the personnel operating the light may not have deep
medical knowledge or equipment expertise.

Objective: This paper introduces a touch-free interaction concept for controlling an SLS using speech and gestures.

Methods: We used an iterative, user-centered design approach with participatory design sessions. This process involved
conducting a literature review, several observations of actual surgical sites, and engaging stakeholders through interviews and
focus groups. In addition, we carried out 2 user studies: one in a virtual reality setup and another in a living laboratory environment.

Results: Our findings indicate that our interaction concept is a viable alternative for controlling an SLS. Despite some technical
limitations, surgical experts found the system intuitive and useful, recognizing the significant potential for touch-free lighting
adjustments in the operating room. The combination of speech and gesture modalities was seen as helpful and even necessary,
with some interactions better suited to one modality over the other. Offering both modalities for each interaction provided greater
flexibility.

Conclusions: Our findings suggest that our proposed touch-free interaction concept can enhance surgical conditions and has
the potential to replace traditional adjustment.

(JMIR Hum Factors 2025;12:e70628)   doi:10.2196/70628

KEYWORDS

speech interaction; gesture recognition; operating theater; surgical lighting systems; smart lighting; artificial intelligence

Introduction

Background
The illumination of the operating room (OR) is critical to
ensuring optimal surgical conditions. Surgical lighting systems

(SLSs) are designed to provide optimal lighting for the surgical
staff in the OR. They provide settings for adjusting the intensity
of the light, its color temperature, and the size of the illuminated
field, which are mainly controlled with control panels situated
on the lamp’s body. Such adjustments to the SLS are necessary
for various reasons, such as differentiating between only
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marginally different-looking tissues [1]. Making modifications
to the lighting conditions requires the surgeon or an assistant
to operate the control panel with their hands, which is often
located in an ergonomically unfavorable position, such as above
the surgeon’s head [2].

Generally, an OR is required to have two sets of distinctive
lighting types: (1) general room lights (ambient lights) and (2)
focused and precise procedural surgical lights to illuminate
areas of incision (surgical lights) [3]. Optimal surgical
illumination combines sufficient ambient light with the ability
to apply focused light at specific positions and angles throughout
different stages of an operation [4]. Current SLSs are primarily
controlled and adjusted by hand, and surgeons are eager to
operate the SLSs themselves while keeping sterility. It is
essential to look for an ergonomic solution for the SLS
adjustments to maintain the surgical staff’s focus on their
primary task and keep distractions to a minimum. Hence,
controlling the SLS should be intuitive and straightforward to
keep the mental load to a minimum and increase interaction
safety [1]. Moreover, during an operation, the surgical staff
must reposition the SLS several times to ensure optimal surgical
illumination. Research shows that every 7.5 minutes, a change
in the lighting position takes place [2]. Such position changes
are also commonly performed by hand. However, performing
such adjustments by hand can lead to collisions and other
mechanical problems. In addition, this raises concerns regarding
sterility and increases potential safety risks [5]. Even though it
is required to sterilize all equipment the surgical staff comes in
contact with during an operation, this still might not be done
sufficiently due to the lack of information and attention of the
OR personnel, use of the wrong sterilization product, or
insufficient and ineffective work of sterilization [5]. During an
operation, surgeons often need to interact with the OR
equipment, such as radiological images and lights [6]. Due to
sterility concerns, surgeons may be unable to interact with such
equipment and depend on their assistants. Communicating this
need with the personnel might be complex and lead to further
errors if the assistant and the surgeon cannot communicate
properly. Consequently, there is a possibility of interruptions
in the workflow.

In this work, we propose the use of natural user interfaces
(NUIs) [7,8] to provide surgeons with an intuitive interface for
adjusting the SLS. NUIs have the potential to enable clinicians
to have freehand control of the OR equipment while maintaining
sterility. Data from several studies highlight the potential and
advantages of using NUIs in ORs [1,6,9-13]. This paper presents
an interaction concept that combines voice and gesture to control
the SLS. We used a touch-free approach to protect sterility in
the OR and ultimately increase patient safety. To develop this
interaction concept, we used an iterative user-centered design
approach with participatory design sessions. First, we conducted
a literature review and had several observations of actual
surgical sites to develop the initial list of interactions. Using
this list, through co-design, we discussed individual interactions
for both modalities of speech and hand gestures with 7 experts
using interviews and developed an initial interaction concept.
Subsequently, we conducted 2 focus groups to discuss the
concept with the OR personnel. The revised interaction concept

based on the focus groups’ feedback was then used in a virtual
reality (VR) prototype and evaluated by 6 experts. Considering
the results of the VR evaluation, we developed a prototype in
a living laboratory and conducted a laboratory study with 12
surgeons and surgical assistants. Our findings suggest that our
interaction concept is a valid alternative for controlling the SLS.
Even though certain technical limitations were experienced,
surgical experts found the system highly useful and intuitive
and saw great potential for touch-free approaches to lighting
adjustments in the OR. This paper contributes the following:
(1) the design and implementation of a touch-free interaction
system for controlling the SLS informed by domain experts and
(2) 2 user studies providing an exploratory evaluation of how
this system can support surgical personnel. The implications of
our work can support researchers and medical companies when
adapting touch-free approaches for adjusting SLS. It further
gives an understanding of the potential and challenges of such
approaches. The broader insights of this research can also be
valuable for the general use of NUIs in the OR to enhance
surgical conditions and increase patient safety.

All figures used in the manuscript can be viewed in Multimedia
Appendix 1.

Related Work
Many OR personnel believe that lighting is a major
inconvenience [14]. Previous literature identified the following
types of problems with SLS: mechanical, collision, accessibility,
and illumination problems [2,15,16]. Mechanical problems
include the requirement of excessive force to move the SLS,
which can make a 1-hand light adjustment difficult and
occasionally cause the SLS to get jammed. In such cases,
surgeons usually ask for the help of other OR personnel. This
can delay the completion of the adjustment and could lead to
possible errors because the personnel responsible might not
have the necessary medical knowledge or familiarity with the
equipment [2]. Collision problems refer to the times when the
SLS collides with other OR equipment or against the heads of
the personnel [2]. Accessibility problems occur when surgeons
have to stand up or move to perform an adjustment because the
SLS is out of reach [2]. Illumination problems refer to the issues
that the surgeons or the surgical staff experience regarding the
SLS lighting conditions, such as wound illumination, refocusing
the light beam, and increasing illumination levels [15].

In the following sections, we provide an overview of the
previous literature on smart surgical light control and touch-free
techniques for an OR, including voice and gesture interaction
in the OR.

Smart Light Control in the OR
Appropriate lighting during surgery is critical for patient safety
[17]. Researchers have looked into various methods to enhance
the lighting conditions in the OR and the interaction with the
SLS. Teuber et al [18] presented a method for autonomous
positioning of surgical lamps during open surgeries using a
depth camera and robotic arms. The authors tested their
algorithm in a VR simulation and found that their method was
robust and could ensure close-to-optimal lighting conditions in
real-world surgeries. Burger [15] developed a technique for
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autonomous, real-time adjustment of an SLS by identifying the
wound based on heat sources to achieve complete automation
of an SLS in the OR. The findings suggested that the
combination of optical and thermal cameras with stereo
image-processing techniques could be used to identify and track
a heat source. Moreover, predefined scene lighting has been
commonly examined and used for medical environments, such
as angiography rooms [3]. This is accomplished by defining
specific lighting features, such as the light position, intensity,
angle, and color. Mühlenbrock et al [19,20] introduced a novel
lighting system consisting of numerous small lighting modules
permanently mounted on the ceiling. This system actively avoids
casting shadows using depth sensors. Through simulations and
a subsequently constructed prototype, which was evaluated with
surgeons, it was demonstrated that in open abdominal surgeries,
this system can illuminate a surgical wound more effectively
than conventional surgical lights and was deemed more suitable
for use in the operating theater by surgeons. In addition, point
cloud recordings were used to investigate how the positioning
and optimization of these light modules affect the achievable
brightness at the surgical site [21]. Other studies have shown
the potential of freehand control for operating the OR lights.
Hartmann and Schlaefer [9] used an RGBD (red, green, and
blue, plus depth) camera for gesture tracking to study
gesture-based control of OR lights. Their results showed that
gesture control could be quickly learned and effectively used
to operate OR lights. Similarly, to offer the surgeons a sterile
and ergonomically comfortable operation, Dietz et al [1]
developed a freehand gesture control using a Kinect (Microsoft
Corporation) system for the SLS. Participants reported high
usability scores for the system and rated it ergonomically more
comfortable than the conventional control panels and less likely
to distract them from their tasks. In this work, we build on the
lighting modules introduced by Mühlenbrock et al [20] in our
living laboratory study, implementing a freehand control method
to adjust the lighting conditions in the OR.

Touch-Free Techniques in the OR
An extensive body of literature has previously looked into
touch-free methods for controlling OR equipment. As input
modalities, gaze [22-24], gestures [12,22,25-33], or voice
[11,34-36], for example, were researched. Hatscher et al [22]
used gaze tracking and foot gestures on an interactive floor as
input modalities for hands-free interaction to interact with
medical image data. Their results show that selection is
accomplished faster via gaze than with a foot-only approach,
but gaze and foot easily interfere when used simultaneously.
To minimize the dependency on OR personnel, Zaman et al
[35] investigated voice- and foot-based interactions for the
surgeon to interact with 2D images in VR. Their findings suggest
that both modalities have acceptable usability. While the voice
command system was perceived as more comfortable, foot-based
interaction was more efficient.

The use of voice technology in health care is growing. Research
has shown that voice-based commands could lower the cognitive
and physical cost of accessing specific features or performing
certain actions [37]. Feedback from experts revealed that
surgeons have previously requested more voice-controlled
features in ORs, including voice commands for adjusting lamp

positions [14]. Often, in critical situations during an operation,
the surgeon and the assistants must use both hands to ascertain
the patient’s health [38]. In this context, the advantage of voice
interaction is that the surgeons can concentrate on the operation
while simultaneously controlling other components using their
voice [38,39]. The most crucial point is that the surgeon’s hands
are always unencumbered. Previous research has looked into
the use of voice interaction in an OR [36,40-43]. El-Shallaly et
al [40] evaluated a voice interface regarding the use of time and
surgical staff during laparoscopic cholecystectomy. Their results
showed that the voice interface significantly optimized the
operating time and the use of surgical staff. In a comparison
study, Alapetite et al [39] compared a voice interaction system
with the traditional touchscreen and keyboard interface to update
anesthesia records during crisis situations. Their results showed
an accurate speech-based registration performance even during
emergencies and time-critical scenarios. Punt et al [44]
compared the efficiency, reliability, and user satisfaction of
controlling an endoscope’s zoom and light intensity using voice
control, a touch panel, or manual control by an assistant. Most
participants experienced voice control as the quickest interface,
although in reality, it was slower than the other 2 conditions.
Recent advances in natural language processing and artificial
intelligence have extensively enhanced the efficacy of such
systems, addressing some of the most prominent concerns with
these systems, such as speech recognition. These advances
provide new opportunities to explore the use of voice in various
domains, including health care [45]. The emergence of large
language models and generative artificial intelligence
technologies such as ChatGPT (OpenAI) has ushered in notable
improvements in this regard [46]. Another commonly proposed
modality for hand-free interaction is gesture control.
Gesture-based systems have been considered a novel application
to adjust medical equipment [32,33]. Previous research has
looked into navigating magnetic resonance imaging and
computer tomography images using arm gestures during surgery
[6,13,31]. Nestorov et al [30] designed a touch-free medical
image control system using Leap Motion (Leap Motion, Inc)
and Kinect. Their results showed an average acceptability rate
for both systems. Nonetheless, surgeons and radiologists found
Kinect to have better utility and be more beneficial for most
clinicians. Overall, each of these modalities has demonstrated
potential in ORs, improving the working conditions for
surgeons. Researchers have also investigated the combination
of different interaction modalities. Data from several studies
suggest that incorporating voice and gesture inputs can be
helpful in the OR [10,29,42]. To operate a system without the
risk of equipment contamination, Ebert et al [10] developed a
system prototype that allows for touch-free control of medical
images using a depth camera and voice recognition software.
The authors found that the touch-free system performs favorably
and removes a potential vector for infection, protecting both
patients and staff. Similarly, Hötker et al [42] demonstrated the
feasibility and utility of using speech and gesture for reviewing
images in interventional radiology to navigate through image
data in a sterile environment. Their results showed
high-command recognition rates and stability under different
lighting conditions. In a study investigating the uses of voice
control versus gestural control in the OR, Mentis et al [11]
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designed a system that allows for both modalities at the user’s
choice.

Authors suggest that the benefits of each technology are
circumstantial and recommend enabling functionalities to be
achieved using both modalities to have a more flexible
combination of their benefits as the context of the procedure
requires [11]. Previous studies have highlighted that voice
interaction is better fitted for trigger functions or functionality
switches, whereas hand or body gestures are more suitable for
continuous manipulation of parameters [11,38]. Although
alternative methods for controlling the OR equipment have been
largely investigated, to our knowledge, using speech and gesture
to operate the SLS has yet to be evaluated in this context.
Moreover, previous literature still lacks an understanding of the
experts’expectations and perceptions of such systems. Building
on the previous work, in this paper, we engage with OR
personnel to design a touch-free interaction concept for
controlling the SLS in an iterative user-centered approach.

Methods 1: Initial Concept

Overview
In this work, we sought to develop and evaluate a touch-free
interaction concept for controlling an SLS. For this, we used
an iterative, user-centered approach to address the needs and
requirements of the OR personnel. We could not directly
translate existing touch-free practices to controlling an SLS, as
the use case in the OR is unique due to its constraints (eg, patient
safety or sterility aspects) and requires extra attention. Therefore,
we chose a human-centered approach to best integrate and fulfill
the needs of the OR personnel. The iterative process allowed
us to enhance the concept by reevaluating it several times. This
approach also helped us identify possible weaknesses and issues
at the early stages. Furthermore, it enabled us to fill the gap
between our intended design and how the experts interpret it
[47,48]. We first sat in on an actual surgery to observe how
surgical personnel interact with the SLS; on the basis of the
observations and related work, we curated a list of required SLS
interactions, which were discussed with experts and further
refined using a focus group.

Assessing OR Light Adjustments
To come up with our initial concept, we first reviewed the
existing literature to explore previous work on contactless
approaches for controlling surgical equipment [1,10,29,38,42].
A short summary of our review is mentioned in the Related
Work section of this paper. Furthermore, to better understand
how the OR personnel, especially the lead surgeon, interact
with the current surgical lights, we attended an open liver
surgery. The main goal was to identify what type of interactions
occur with the lights, which personnel modify the SLS, how
often it is adjusted, and how the adjustments are made
throughout different phases of an operation. In total, 7 surgical
personnel were involved in this surgery. The operation took
around 81 minutes. For this surgery, 2 satellite lamps were used
as focused lights to illuminate the wound. During this time, 21
light adjustments were made (6 major and 15 minor), that is,
approximately 1 adjustment for every 4 minutes. Major light
adjustments involve significant changes to overall illumination

or focus to accommodate procedural needs, while minor
adjustments are precise tweaks to optimize visibility without
altering the general lighting setup. We observed that all the light
adjustments were made using a single hand during the surgery.
The reasons for light adjustments were mainly due to the lead
surgeon or assistants changing poses, using other OR equipment,
such as the ultrasound device, or changing the light’s focus.
Only around 35% of adjustments took the shortest route to get
to the next position. The lead surgeon only adjusted the SLS
20% of the time. Three other assistant surgeons made the
remaining adjustments. We observed that light adjustments led
to interruptions and interference with the personnel’s task at
hand. For instance, the lead surgeon had to stop what they were
doing to adjust the light and then continue with the work.
Considering our literature research and observation of the
surgery, we developed a list of possible interactions to perform
with the SLS, which includes the light switch, light beam
position, size of the illuminated field, light intensity, and
predefined lights. On the basis of the recommendations from
the previous research, we chose the 2 modalities of speech and
gesture to use for our touchless interaction concept.

Expert Interviews
After developing a list of possible interactions with the light,
we conducted 7 interview sessions with the OR personnel to
better match our concept to their needs and discuss our
modalities and individual interactions, with the aim of designing
an initial interaction concept.

Procedure
All interview sessions were held remotely via video calls while
the experimenter recorded verbal statements and observations.
The participants were asked to give informed consent and fill
in the demographics questionnaire before the session.
Participants were briefed about the interview procedure at the
beginning of each session. We explained our concept and
research goals, including our intention to use voice and hand
gestures to control the SLS. We first asked about the experts’
impression of the concept when the interview started. After that,
they provided feedback about each interaction and its positive
or negative aspects. We then asked for their suggestions to
enhance the current concept. For further qualitative analysis,
we audio-recorded the sessions. The interview sessions took
between 35 and 45 minutes. The interview recordings were
summarized, then analyzed and coded based on domain
summaries [49,50], where the themes are structured around a
shared topic rather than shared meaning, with the goal of
capturing the diversity of meaning in relation to a specific
subject or area of focus [51]. The transcripts of the interviews
were coded by a researcher using inductive coding [52,53],
where a single quote could be assigned to multiple codes. In
addition, we collected insightful and unique statements.

Participants
We recruited 7 senior physicians (1 female and 6 male) who
were aged between 41 and 58 (mean 47, SD 6.16) years, all
with at least 17 (mean 22, SD 5.12) years of medical experience
and active roles in surgeries. Moreover, 4 were general and
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visceral surgery specialists, 1 was a neurosurgeon, 1 was a
urological surgeon, and 1 was an ear-nose-throat specialist.

Ethical Considerations
Ethics approval was received for every step of our evaluation
from the University of Oldenburg ethics board. For each step,
participants gave informed consent before participation. All
data collected during the study were anonymized following the
sessions to ensure participant confidentiality and privacy. No
personally identifiable information was stored or retained.
Participation in the study was entirely voluntary, and no
compensation was provided.

Results 1

Overview
The experts generally liked the idea of using voice and gesture
to control the SLS. They found it beneficial to have more control
over the lights and avoid having additional personnel to make
such changes. One expert said, “It is exhausting to ask an
assistant to control the light. It takes extra effort” (P1). Another
mentioned, “Everything you have to ask somebody else to do
for you should have smart control” (P4). Furthermore, one expert
pointed out that using such a concept can reduce unnecessary
movement in the OR, for example, moving around for activities
such as regulating or switching the lights. All participants agreed
that multiple personnel should be able to adjust the SLS. This
includes the anesthesiologist, the instrument nurse, and the
assistant surgeons. One participant suggested that restricting
access to certain personnel in special cases could be helpful.
One participant suggested designing the interactions based on
what is commonly used in ORs, such as similar sentences or
phrases that are now used as an assistance request, “Easiest way
is always to follow what you have done before” (P3). Two other
experts recommended designing familiar gestures based on
real-world interactions. For our experts, minor position changes
were the most critical interactions often used during surgeries.
Four participants mentioned that major position adjustments
are less often performed in surgeries than fine adjustments,
which matches our observations. Regarding the light intensity,
4 found it helpful to adjust the light intensity intraoperatively.
On the other hand, 3 found it unnecessary to adjust the
brightness of the SLS. In addition, 6 out of the 7 participants
agreed that using predefined lights is beneficial. Participants

found it helpful to record specific light characteristics to be able
to reload them again afterward. One expert said, “It is an
absolutely useful feature to save specific light positions and go
back to it later” (P2). Another participant mentioned, “It would
be beneficial if we could define certain positions based on the
positions of the organs and just load them” (P3). One expert
judged predefined lighting conditions to be an unnecessary
feature. Furthermore, 3 participants suggested changing the
light color to be helpful during the surgery. One surgeon
highlighted that using the color green during laparoscopic
surgery is quite beneficial, and it would be helpful to make this
change with the new concept. Participants also pointed out
possible concerns regarding each modality. Although all
participants gave highly positive feedback on the concept, some
were uncertain about the efficiency of the technology. Five
participants were concerned about the noise level in the OR and
whether voice input could be used in such an environment.
Participants were worried about the recognition of the gestures
and speech commands. Two mentioned that the unrecognized
commands could frustrate the personnel and add more stress.
Four participants were worried about misrecognition and false
positives where the OR personnel give input, but the system
does something otherwise. Moreover, participants raised
concerns about having multiple hands near the wound, which
might be problematic for gesture recognition. In addition, 6 out
of the 7 participants suggested using a wake word for the voice
input to minimize false recognition by the system. Four experts
emphasized the importance of choosing a suitable wake word,
suggesting using words or phrases not commonly used in the
OR. A similar initiation step was also recommended for the
gesture interaction to avoid false recognition. Moreover, 2
participants pointed out the importance of considering lighting
scenarios that different surgical disciplines can use. Experts
mentioned that designing smart lighting systems may not suit
every type of surgery. For instance, the positions are typically
predefined in spinal surgeries, and there is little variation.
Moreover, in some instances, the surgeons use different lighting
sources, such as headlights.

Initial Concept

Overview
On the basis of the discussions and findings from the expert
interviews, previous literature, and technical considerations, we
developed an initial interaction concept (Table 1).

Table 1. Interactions in the initial concept with their respective modality and action to perform the interaction.

ActionModalityInteraction

“Activate”SpeechSystem activation

“Surgical lights on”SpeechLight switch

Move hand for positioningGestureLight beam position (minor)

“Position three”SpeechLight beam position (major)

“Intensity 75 percent”SpeechLight intensity

Distance between the two handsGestureSize of the illuminated field

“Standard mode”SpeechPredefined positions

“Previous position”SpeechPrevious position
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System Activation
To interact with the system, the system first needs to be activated
using a wake word. This activation is done via speech using the
command “activate.” After using the wake word, there is a
5-second window to interact with the system. The system returns
to standby mode when an action is performed, awaiting the next
wake word. If no action happens, the system returns to standby
mode after 5 seconds.

Light Switch
Switching the lights on and off is done using speech. Users can
turn the SLS on by saying, “surgical lights on!” and, similarly,
switch it off by saying, “surgical lights off!”

Light Position
The major position changes are done using speech interaction.
The possibility is to either use numbers for each major position
(eg, “position two”) or specific names (eg, “position stomach”).
The surgical team can add custom positions with their desired
names for that position. Fine (ie, minor) adjustments are
performed with a combination of speech and gestures. After the
wake word, users must use the command “edit position!” The
system will then follow the personnel’s hand. After finding the
right spot, the position can be set by saying “save position!”
The position is saved afterward, and the hands are no longer
tracked as the system returns to standby mode. The personnel
can always command the system to return to the previous
position by saying, “previous position.”

Light Intensity
The intensity of light is also adjusted by speech. Users can use
percentages to modify the intensity, for example, “intensity 75
percent.”

Predefined Settings and Modes
Different predefined illumination modes can be set where
specific lighting conditions are saved for multiuse purposes.
For instance, in dark mode, the lights are off, and the personnel
can better focus on the information from the monitors (eg, the
ultrasound device). The modes are set using speech, where users
can give commands such as “standard mode,” “dark mode,” or
“laparoscopic mode” (which turns the light green).

Field of Illumination
To adjust the size of the illuminated field, we chose a
combination of hand gestures and speech. After system
activation, users must use the command “edit angle.” The system
would then track the surgeon’s hands and calculate the distance
between them. The more distant they are, the wider the angle,
and vice versa. After finding the right size, the position can be
set by saying “save.” The position is saved afterward, and the
system returns to standby mode.

Methods 2: Focus Groups

Overview
We conducted 2 focus groups with the surgical personnel to
evaluate and discuss our initial interaction concept. We used
an approach similar to scenario-based design methods [54] and
vignette experiments [55]. We developed animated videos
demonstrating the interactions based on the concept (Figure 1).
In these videos, we visualized how each interaction could be
done in the OR using the previously defined and described input
modalities. This allowed us to investigate the interaction and
technologies without worrying about technological concerns.
The main goal for the focus group sessions was to design the
input format for each interaction, including individual voice
commands and different hand gestures. Furthermore, we wanted
to discuss the appropriate modality for individual interaction.

Figure 1. A frame from the concept animation that was used in the focus group sessions to help visualize the interactions for the experts.
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Procedure
We conducted 2 focus groups, inviting different target groups.
Both sessions were conducted in a hybrid format. The first focus
group (FG1) consisted of 6 surgeons (2 female surgeons and 4
male surgeons), all present in a hospital meeting room, with 2
researchers assisting them in person (Figure 2). Two other
researchers joined in via video call. The second focus group
(FG2) was conducted with 4 surgical assistants (one female
surgical assistant and 3 male surgical assistants). Similar to the
first session, all participants and 3 researchers were present in
a hospital meeting room, and 1 researcher joined via video call.
We grouped surgical assistants separately from surgeons to
allow for a comfortable reflection without the potential influence
of the hierarchical structure within surgical teams. Both sessions
were video recorded for further analysis. Participants gave
informed consent and filled in a demographics questionnaire at
the beginning of each session, which was followed by a brief
overview of the session’s procedure. Our interaction method

was then presented along with the chosen modalities as well as
the primary research goals. Next, individual interactions and
possible input forms for each were discussed. The participants
then acted on these suggestions in Wizard-of-Oz style, where
they would make hand gestures or say the speech commands
and the researchers would modify the lamp to simulate the
interactions so that the participants could experience their
suggested interactions better. Afterward, we demonstrated our
animated concept video and collected the participants’ feedback.
We discussed the animated videos after the initial discussion
about the interactions to avoid biasing participants with our
chosen interaction set and modalities. In the end, we left the
floor open for further comments or suggestions from the experts.
The first session took approximately 90 minutes (FG1), and the
second took approximately 80 minutes (FG2). On top of the
video recordings in each session, 2 researchers noted verbal
statements and their own observations. The researchers
reviewed, analyzed, and summarized the session recordings of
both focus groups.

Figure 2. A surgeon acting out the interactions in the first focus group session.

Results 2

Overview
The focus group results generally mirrored those obtained from
interviewing experts. The focus groups led to further insights
regarding participants’ concerns with the system and how such
systems should be designed. Participants again pointed out that
the interactions should be familiar to the personnel: “It would
be nice to have a similar approach like the current way of
moving the lamps” (P2 in FG1). All participants agreed that
multiple personnel should be able to access the system. One

participant mentioned, “When both surgeon’s hands are
occupied, an assistant should be able to control the light” (P5
in FG2). In both focus groups, experts agreed that the
interactions should be kept as simple and short as possible.
Participants believed it would be valuable if the new interaction
concept could help shorten the operating time.

Appropriate Modality
Three participants agreed that speech would be more practical
than gestures overall, as they believed gestures could be more
distracting and lead to collisions. Participants agreed that speech
would be more suitable for switching the lights on or off. All
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recommended that hand gestures should be used to perform fine
adjustments. Regarding brightness and field of illumination,
there were mixed feelings. Two participants believed speech
would be more appropriate, while others suggested using
gestures. The feedback about adjusting the size of the
illuminated field varied among participants. Some believed this
was best performed by speech using some sort of a scale, such
as percentages, while others thought it would be more accurate
using hand gestures. Two participants highlighted that the hand
gestures should all be made using 1 hand. They believed that
occupying both hands to adjust the SLS could delay the
operation. The participants of both focus groups mainly agreed
that position changes should be done with hand gestures, as
they seem more precise. It was difficult for the participants to
imagine speech commands that could accurately and quickly
adjust the position of the light’s focus.

The general agreement in the sessions regarding the voice
commands was that they needed to be as short as possible.
Experts believed that more extended commands would be harder
to remember. More importantly, brief commands would save
time, a critical aspect of surgeries. Using phrases not commonly
used in the OR was recommended to avoid false recognition.
There was uncertainty about the language used for the speech
commands. Three participants believed the commands should
be given in the local language (German), as it is easier to learn,
remember, and correctly pronounce them. Others suggested
using a language different from the local one, such as English,
because it is not commonly spoken in the OR. It was
recommended that the system should be flexible and able to
handle multiple phrases per action, meaning multiple commands
should be able to perform the same interaction.

Individual Interactions
We received multiple suggestions for a wake word, including
“sun,” “sunlight,” “OP light,” and “light.” Among these, “light”
was favored by most as it is short and easy to remember.
Moreover, it was recommended that an activation step be used
for hand gestures to avoid false positives. One participant
suggested holding a gesture for a specific amount of time before
giving the actual gesture. One participant recommended
simulating pressing a light switch with hand gestures to switch
the lights on and off. Another suggested opening and closing a
fist to switch the lights. Participants mainly agreed that “lights
on” or “lights off” are appropriate commands for speech
regarding the light switch. For positioning the light beam, 2
participants tried to grab the beam of light and move it to a
different position. Others in the group also found this form of
interaction natural. Participants had difficulty imagining an
appropriate speech command for positioning. One participant
suggested using distance and a direction (eg, “20 centimeters
left”), but others found this complex and time-consuming.
Participants mainly agreed that having the possibility to go back
to the previous position could be beneficial during operations.
Regarding light intensity, one of the participants recommended
using percentages. Another suggested using numbers from 1 to
10. For gesture interaction, a participant suggested moving a
fist up and down to adjust the light intensity, similar to dragging
a slider. Similar to the light intensity, numeric commands were
recommended for speech input to adjust the illumination field.

For gestures, 1 participant suggested using both hands in an
L-shaped form (fully opened thumb and index finger, while
other fingers are closed) and moving them closer or further
away to make adjustments. The group also favored this, although
it did not follow the one-hand-in-use recommendation.
Predefined light settings were highly favored by the participants.
All participants agreed that such a feature could be valuable for
the OR and could help save time. One participant said, “We can
use a specific setup and call it ‘scenario 1’, and then just say
‘scenario 1’ if we want to use this setting” (P3 in FG1).

Feedback on Animated Videos
Participants commented on the initial interaction concept based
on the animated video. They generally liked the interactions
and found them intuitive. Experts found some speech commands
long and highlighted that they must be quick and short.
Participants found the wake word sufficient but suggested using
their recommended phrases instead. They found it appropriate
to switch the lights with speech. Similarly, participants believed
that modifying the light’s position with hand gestures is intuitive
and would be challenging with speech. Nevertheless, they found
it helpful to use speech for predefined positions, including the
previous position. It was mentioned that hand gestures used for
the concept are easy to remember. Two participants
recommended adjusting the system with both modalities to give
the personnel more options and to allow them to choose the best
based on circumstances.

Concerns
Similar to the interviews, experts had concerns regarding the
reliability of the technology. They were skeptical about the
accuracy of recognition of both speech and gesture. One expert
mentioned, “It is critical to lower the stress level in the OR. At
the moment, with this technology, I feel a bit stressed.” (P1 in
FG1). Participants were worried about the use of speech in the
OR due to the high noise level. They repeatedly noted that
surgeons may be unable to adjust the lamps as accurately as the
current lights. Furthermore, 2 participants were concerned about
the additional cognitive load on the surgical personnel caused
by complicated interactions. They were worried that the surgical
personnel might not remember the commands quickly enough
in a stressful situation. Three participants suggested having a
backup control for such situations. Regarding speech, 1
participant was skeptical about recognizing commands with
different dialects.

Adjustments to the Interaction List
Considering the insights of the interviews and focus groups, we
refined the interaction concept. Regarding speech commands,
we shortened some of the commands and changed the wake
word based on the expert recommendations to “Hey, light!”
Because “light” was the favorite suggestion during focus groups,
we adjusted it based on the technical recommendation by adding
“hey” in the beginning to enhance the recognition and prevent
false activation of the system. We also modified the predefined
lights into saving and loading positions, where users could save
specific lighting conditions and load them later on. To activate
the gesture system, in line with recommendations from Dietz
et al [1], the user could hold the gesture they will use to edit the
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light settings for a certain period to perform an action. In this
way, the probability of false positives will also be lowered, as
it is less likely that surgical personnel will hold a specific gesture
for a specific period. For instance, if the user wants to adjust
the position of the light beam, they must hold the gesture for
positioning the light first for a specific period. Once the system
has been activated, the user is notified with auditory feedback
that the gesture has been recognized, allowing the command
(while maintaining the gesture) to be executed. We empirically
set this time to 1.5 seconds after our initial testing sessions. The
gesture system is deactivated when the command is executed

until the next activation. Unlike Dietz et al [1], the user must
only hold 1 gesture to activate and execute the command. In
their approach, the activation gesture differed from the
interaction gesture. To switch the lights on or off with hand
gestures, users must hold an “L-shaped” hand gesture (Table
2) and move their hands in front, resembling the act of switching
the lights on or off in the real world. Users must hold an “OK”
gesture to position the light beam. The light would then follow
the tip of their thumb and stop tracking once the hand is opened
(Figure 3).

Table 2. Interactions in the virtual reality prototype for speech.

SpeechInteraction

“Hey, light!”System activation

“Lights on/off”Light switch

“20 centimeters left”Light position

“Intensity 75”Light intensity

“Angle 15”Size of the illuminated field

“Save/load position two”Save or load positions

Figure 3. Interactions in the virtual reality prototype for gestures.

This gesture was chosen as it would resemble grabbing the beam
of light and moving it around. To modify light intensity, we
implemented the “fist” gesture. Users have to move their fists
up or down to increase or decrease the light intensity. We chose
the “peace” gesture to save and load the positions. To save, the
user has to move the hand forward and backward for loading.
To choose a specific number to save or load, the hand has to be
moved left to choose slot number 1 or right to choose slot
number 2. For instance, if a user wants to save a specific position
as position 2, they first have to move the hand forward and then
to the right. This hand gesture was inspired by changing gears
in a car. To change the size of the illuminated field, both hands
have to be held as “L-shaped.” The closer the hands would get,
the smaller the size, and vice versa. The complete list of
interactions can be found in Table 2.

Methods 3: VR User Study

Overview
After adjusting the interaction concept, we implemented it in a
VR prototype. In this prototype, one could adjust the SLS in a

virtual OR using gesture and speech interaction. Both modalities
were supported for every individual interaction. We designed
the interactions based on the experts’ recommendations,
technical considerations, and suggestions from the
aforementioned literature. After developing the VR prototype,
we consulted 2 surgeons and discussed the interactions that had
been implemented with them before conducting the study. On
the basis of their feedback, we made final adjustments to the
prototype. We then tested the prototype with 2 novice users to
identify and resolve further issues. For this study, we did not
implement the functionality to return to the previous position
to reduce study time and prioritize more essential interactions,
as this was considered a minor feature.

Implementation
The prototype was implemented in Unity 3D [56]. We used
Valve Index [57] VR glasses to conduct the study. A virtual
OR was designed to simulate a natural environment (Figure 4).
We used the Picovoice Speech-to-Text library [58] for speech
recognition and the Valve Index’s 2 built-in cameras for gesture
recognition using the hand-tracking SDK by HTC Vive [59].
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A neural network classified the detected hands after matching features had been computed.

Figure 4. The virtual operating room used for the virtual reality study.

Feedback System
Both auditory and visual feedback were developed for the
prototype based on recommendations from previous research
[1]. Brief auditory feedback was played after the system was
activated and commands were executed. The audio clips were
short and subtle to not annoy or overload users with auditory
feedback.

The visual feedback system was aimed at providing
supplementary information regarding the hand gestures so the
participants could understand the interactions better. This
feedback system would show participants their current
recognized hand gestures for both left and right hands using 2

separate boxes (Figure 5). The border of the boxes representing
hand gestures could be either red or green. The border would
turn green when a gesture was held for 1.5 seconds. This meant
that activation occurred, and the designated interaction could
be done. The border is red if activation has not yet taken place.
A green button in the center represents the light switch. The
button would be pressed when users hold the designated gesture
for the light switch (“L-shaped”) and move forward. Below this
button, a number shows the size of the illuminated field. For
this, we used degrees rather than the diameter or the radius of
the light, as the diameter could change with repositioning on
uneven surfaces. Furthermore, a slider on the left side showed
the degree of light intensity. Another slider at the top showed
the save and load slots.

Figure 5. Visual feedback implemented in the virtual reality prototype.
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Participants
Six experts took part in our study. The information about the
participants’ demographics can be found in Table 3. The
participants included a chief physician, 2 senior physicians, and
3 assistant physicians. All were from the general and visceral

surgery discipline. All surgeons regularly take part in operations
(at least 2 times a week), besides one of the assistant surgeons,
who takes part in operations once every 2 weeks. Only 2
surgeons had previous experience with VR, and 1 surgeon had
experience with voice-based systems.

Table 3. Demographic information of the participants in the virtual reality study.

Experience (y)Age group (y)SexParticipants

26-3056-60Male1

6-1031-35Male2

1-531-35Male3

11-1536-40Female4

6-1036-40Female5

1-531-35Female6

Procedure
In the beginning, the participants were informed about the
procedure and risks of the study. After giving informed consent,
the experts were given a detailed explanation of how the gesture
and speech systems work and how the feedback system
functions. They then spent 15 to 20 minutes familiarizing
themselves with the VR environment. Furthermore, during this
time, the participants were also asked to complete all the
interactions at least once using both modalities to familiarize
themselves with both speech and gesture systems. Subsequently,
the experimenters explained the tasks for the study. Each
participant had to perform the task in 3 rounds: once only using
speech; once only using gesture; and in the last iteration,
participants were free to choose the modality for each

interaction. For the first 2 iterations, we changed the order of
the modality for each participant to avoid order effects. In each
iteration, the participants had to start by switching on the lights.
They then had to position the light and adjust the illumination
field, so it was positioned between the 2 drawn white rings
(Figure 6). Then, they adjusted the light intensity by making it
as bright as possible while not so bright that the gray tones could
no longer be distinguished (Figure 7). Finally, they had to save
the light settings and turn off the lights. After each iteration,
participants answered a series of interview questions. The
questions addressed aspects such as learnability, memorability,
familiarization, audio and visual feedback systems, suggestions
for improvement, and opinions on individual commands. Each
session took approximately 40 to 50 minutes.

Figure 6. Examples of setting the illumination field and position of the light (left: wrong position; middle: correct setting; and right: field of illumination
is too large).
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Figure 7. Examples of light intensity settings (left: too dark; middle: correct setting; and right: too bright).

Results 3

Overview
Our results showed that participants found the concept
compelling and helpful. All experts stated that they could
imagine using the system regularly in the OR as a new system
or as an add-on to the conventional lights. We witnessed that
the experts often prioritized one modality over the other. Three
participants suggested that gestures were generally more
intuitive and easier to use, while others believed that speech
was more convenient and faster to learn. One reason mentioned
for this prioritization was that it was easier to master 1 than the
2 modalities. Two participants pointed out that the touch-free
aspect of the interactions was a great advantage and very
beneficial in the OR. They mentioned that such a system helps
keep sterility and avoids asking other staff members to perform
specific actions. On the other hand, 2 experts believed that the
system is still not ready to fully replace a conventional SLS due
to error rates and the time it takes to execute the commands, as
it would be a potential risk in time-critical or emergency
situations such as stopping heavy bleeding. They pointed out
that the precision needs to be extremely high and the interactions
even quicker.

Feedback Systems
All participants agreed that the audio feedback was helpful.
Four experts mentioned that such feedback is necessary,
especially for triggering the commands. Two participants noted
that the auditory feedback could be turned off after a training
phase for visible interactions such as positioning the light.
However, 2 others mentioned that they could not imagine the
system working well without auditory feedback. Participants
found the activation tone of the speech system more helpful
than the confirmation tone because the successful execution of
the command is mainly confirmed by the visible changes in the
light (with the exception of the save and load command).
Regarding the visual feedback interface, 5 participants found it
to be helpful, especially in the beginning. Four experts
mentioned that they could use the system without visual
feedback after a short training. However, 1 participant found
the visual feedback disruptive and suggested only using auditory
feedback.

Interactions
All but one participant found the gesture system intuitive and
easy to learn. All agreed that with a short familiarization phase,
one could understand and learn to interact with the system.
However, 2 participants indicated that our familiarization phase
was too short for the gesture interactions, and they recommended
prolonging that to 30 to 60 minutes. Two participants found the
execution of gestures to be ergonomic and quick. Three
participants highlighted that knowing the commands from
similar activities helped them to learn the interactions faster
and the execution of the commands easier. Five experts believed
that gesture interaction was more appropriate for positioning
the light, as it was more precise. One participant found the load
and save gesture command rather tricky and unintuitive. Another
participant noted that it was unclear how to stop the hand
tracking after performing the command. One participant found
the gesture recognition not precise enough. The error rate for
this user was higher than that of all other participants. Similar
to the gesture system, all participants perceived speech
commands as intuitive, fitting, and easy to remember. Two
participants added that they particularly liked that the commands
were short, which can be advantageous when used in the OR.
One participant highlighted the high accuracy of the speech
system. Two participants specifically praised the wake word
“Hey, light!” and found it appropriate and fitting. One
participant remarked that the trigger functions or functionality
switches [11,38] are very suitable with voice commands because
performing them requires little cognitive and physical effort
(eg, light switch). A major criticism that was pointed out by 3
participants was about setting continuous parameters with
speech, such as positioning the light beam. They found such
interactions overly complex and confusing. One expert noted
that estimating the numbers as measurements needed for the
voice command is difficult. All participants wore medical masks
during the study. We did not observe any negative impacts
caused by wearing the mask. One of the participants believed
that using the German language would be more convenient for
the speech system. Others found English to be appropriate and
sufficient. One participant experienced difficulties with the
speech commands due to their accent.

Modality Preferences
Participants’ reasons for choosing a modality over another were
based on the number of commands needed for execution, the
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speed of the interaction, the cognitive and physical effort, and
the precision of the commands. All but one participant used a
mixture of both speech and gestures to go through the tasks in
the last iteration. Table 4 shows the chosen modality of all
participants for individual interactions in the third iteration.
Among the 5 subtasks were 2 trigger functions and 3 continuous
parameter settings. We observed that parameters were preferred
to be set by gesture, as the dynamic feedback would help to
interact more precisely. For such interactions, multiple speech
commands were often needed to set the parameters accordingly.
In the subsequent interview, we asked the participants why they
chose a particular modality for each command in the last
iteration. During these interviews, we found that, although
participants might have preferred one modality over the other,
2 participants chose the less favored one to give it another
chance. One participant who experienced problems using the

speech system due to unclear English pronunciation performed
all the tasks in the last iteration with the gesture. One participant
indicated that they mainly worked with speech, as the
familiarization phase was too short for them, and they forgot
how to carry out the command with the other modality. All
participants stated they could use the system entirely without
further help after a short training period. Two participants stated
that having both modalities simultaneously during surgeries is
beneficial. One said that they would be able to use voice
commands when their hands are busy or gesture when the noise
level in the room is very loud. No participant expressed a
negative characteristic of using both modalities simultaneously.
Participants particularly emphasized the advantage of dynamic
feedback and fine motor skills when setting continuous
parameters with gestures, as well as speed and the low cognitive
and physical effort in trigger functions when using speech.

Table 4. The selected modalities for each interaction in the third iteration of the virtual reality study.

GestureSpeechInteraction type

15Light switch

51Position

33Intensity

60Field of illumination

24Save or load

Methods 4: Living Laboratory Study

Overview
The interaction concept was implemented in a prototype to be
tested in a living laboratory. Similar to the VR study,
participants could adjust the SLS in a living laboratory using
gestures and speech, where every interaction could be made
with both modalities. In this study, we used smart lighting
modules introduced by Mühlenbrock et al [20] to test our
interaction concept. This novel lighting system is specifically
designed for the OR, which uses an array of small lighting
modules mounted on the ceiling [20].

Smart Ceiling Lights
Each module is equipped with 2 motors for directional
adjustment. The modules are arranged in a 7×8 grid with

distances of 0.36×0.35 m and are controlled by a central
computer that adjusts their intensity and orientation (Figure 8).
To minimize shadows, the system uses geometry recognition
of objects and personnel within the surgical area via 3 Kinect
(version 2) [60] sensors, which are registered with each other
and with the room. However, the automatic shadow prevention
feature was disabled during the study. The lighting system
provides an application programming interface that accepts
commands for the absolute target position of the light in 3D
space, relative adjustments to this position, and changes in
lighting intensity. It then adjusts the motors and intensity of the
lights accordingly. While individual modules are capable of
providing up to 50 klx, compliance with medical standards
limits the system to a maximum of 160 klx. The paper by
Mühlenbrock et al [20] provides further details on the ceiling
lights.
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Figure 8. Smart ceiling lights used for the living laboratory study, consisting of an array of small lighting modules.

Interaction Concept Integration
We integrated our interaction software with the lighting system
application programming interface to be able to interact with
the lights using our touch-free concept. The prototype was
implemented in Python (Python Software Foundation). We used
Kinect Azure [61] for tracking hand gestures and used the
Picovoice Speech-to-Text library [58] for speech recognition.
A neural network classified the detected hands after matching
features had been computed.

Due to the limitations regarding the motors in individual light
modules, we were not able to change the field of illumination
adequately. Therefore, we excluded this interaction from this
study. The rest of the interactions were identical to the ones in
the VR study (Table 2).

Moreover, in a realistic surgical environment, multiple hands
may appear within the camera’s field of view, complicating
accurate hand recognition. To address this, we used the Kinect

RGB camera and trained the system to track hands wearing a
specific color of gloves—in this case, blue. This way, we could
ensure that the system only tracks the designated surgeon’s
hands to adjust lights. Testing confirmed that only hands with
blue gloves were detected. A notable advantage of this method
is its ability to restrict access to authorized users based on glove
color. However, a limitation arises when gloves become
bloodstained, as red-tinted areas may hinder recognition. To
mitigate this issue, the algorithm could be adapted to reassign
red pixels to a skin-like color space to ensure consistent
recognition.

Participants
For this study, we recruited 12 experts. Other than 1 medical
student, all other participants were surgeons or assistant
surgeons, and they regularly took part in operations (at least 2
times a week). The information about the demographics of the
participants can be found in Table 5. All participants were from
the general and visceral surgery disciplines.

Table 5. Demographic information of the participants in the living laboratory study.

Experience (y)Age group (y)SexParticipants

1-521-25FemaleP1

16-2041-45MaleP2

21-2546-50MaleP3

1-526-30FemaleP4

6-1031-35MaleP5

1-526-30MaleP6

1-531-35MaleP7

1-526-30MaleP8

11-1541-45FemaleP9

11-1536-40MaleP10

6-1031-35MaleP11

1-526-30FemaleP12
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Procedure
After a short welcoming conversation, participants were briefed
about the study procedure and gave informed consent. All
participants were given a detailed explanation of how the
interaction with the system works and how to use both
modalities of gesture and speech. Participants then spent around
10 minutes familiarizing themselves with the system by
performing all the supported interactions at least once using
both modalities. Afterward, the experimenter explained the
tasks to perform for the study. Similar to our VR experiment,
each participant had to perform the task in 3 rounds. However,
this time they could choose which modality to use for individual
interactions in every iteration. For each iteration, we used 2
circular position marks, numbered mark 1 and mark 2 (Figure
9). Participants had to position the light on each ring, save that

position with the mark’s associated number, and switch between
the 2 positions by loading the previously defined positions. The
light intensity had to be set differently for each mark. One had
to have a higher intensity and one, a lower intensity. Adjusting
the size of the illuminated field was not considered in this study
due to technical limitations with the physical lights in the living
laboratory. The participants chose the order of the tasks to
perform, and the experimenters suggested no strict order. At
the end of each iteration, participants took a short break and
continued with the next one. Once the last iteration was through,
a semistructured interview was conducted where experts
answered a series of questions about the overall system,
learnability, memorability, familiarization, audio feedback,
suggestions for improvement, and opinions on individual
commands. Sessions took approximately 30 (mean 31.91, SD
4.85) minutes.

Figure 9. Setup of the user study in the living laboratory.

Results 4

Interaction Ratings
Our results indicated that most participants (11/12, 92%) found
both speech and gesture interactions appropriate for their
intended actions. Most participants (9/12, 75%) envisioned
using such a system in the OR regularly. All participants agreed
that, with a brief training period, they could use the system
without needing ongoing technical support. While 2 participants
suggested that the training might take up to a week, the
remaining participants believed it could be completed in under
an hour. They described the interactions as “fast and easy” (P3).
We witnessed that the experts’ performance improved over

time. We saw that they worked easier with the system in the
second and third iterations compared to their initial attempts.
This trend suggests a positive learning effect with increased
exposure to the system. Initially, during the first 2 iterations,
participants were open to using both speech and gesture
modalities for various interactions. However, by the final
iteration, clear preferences for specific modalities had emerged
depending on the task (Figure 10). For certain interactions,
distinct modality preferences became apparent. Participants
found speech more suitable for trigger functions, such as
switching lights or saving and loading lighting conditions.
Conversely, gestures were preferred for continuous parameters,
such as positioning the light. Opinions on controlling light
intensity were divided: half of the participants found gesture
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interactions more intuitive, while the other half preferred using
speech. All participants considered audio feedback as highly
crucial for their interactions. A few participants (3/12, 25%)
suggested using distinct sounds for different actions to help
differentiate them more clearly. Participants found audio
feedback particularly beneficial for specific tasks, such as
positioning, as it provided essential information about the
system’s current state and alerted them when an action was not
recognized.

Despite general satisfaction with individual interactions,
participants provided several recommendations for adjustments
and suggested new interaction features. Two participants
recommended using shorter speech commands for adjusting
light intensity. They proposed a simplified system where
intensity is set on a scale of 1 to 10 rather than using percentage
values. One participant (P5) suggested adding a feature to

disable gesture tracking via speech commands to prevent
misrecognition and unintended hand tracking. Participants also
recommended the ability to revert to a previous light
configuration. There were suggestions to combine modalities
for specific interactions. For instance, 1 expert proposed a mixed
approach for the save and load function: initiating the action
with a gesture and then using speech to assign it to a specific
slot (eg, “Save two”). However, 4 participants found the
gesture-based save or load interaction unintuitive and overly
complex. Two participants noted that this interaction was
cognitively demanding because it required memorizing which
position corresponded to each number. One participant
suggested using specific names for save slots (eg, “save
stomach”) instead of numerical labels. In addition, 5 participants
explicitly mentioned that using speech commands for positioning
was inappropriate. They found it required excessive effort and
approximation, making it less effective compared to the gesture.

Figure 10. Bar chart showing the experts’ selected modality for each interaction on all 3 iterations.

Experimenter Observations
We observed that the field of view of the depth camera used to
track hand movements positioned above the surgical bed was
limited. Experts noted the desire to move the surgical light into
zones that fell outside this camera’s range. This limitation could
be addressed by integrating multiple cameras, which would
expand the tracking area and potentially enhance gesture
recognition accuracy. Despite the system’s capabilities, we still
encountered several recognition errors for both speech and
gesture modalities. To ensure reliability, these systems require
better training and increased accuracy, especially in a
high-stakes environment like an OR where patient safety is
critical. The current system’s precision needs to be enhanced
to meet the strict demands of surgical settings. We found that
participants’ proficiency with the system improved over time
with increased use. This suggests that future implementations
should include longer and more comprehensive training sessions
to help users become adept at operating the system efficiently.
Four participants reported that the gesture-based positioning of
the surgical light was slow. This issue stemmed from the
limitations of the motors used in the light modules, which caused
a noticeable delay in moving the light. Addressing these

mechanical limitations could improve the system’s
responsiveness and enhance the user experience.

Discussion

Principal Findings
In this work, we examined a hands-free solution for controlling
an SLS in the OR. In an iterative design process, we developed
a system that uses speech and gestures as interaction modalities
to control the SLS. We observed that surgeons and practitioners
found such a system highly valuable and practical. They
believed that this system could certainly support sterility and
give them more direct control over the SLS.

Our results highlighted that the combination of modalities was
a quite helpful approach, supporting the previous literature
[10,29,42]. We witnessed certain interactions (specifically,
triggers) that were much better suited to be performed by speech
and others better suited with gesture (continuous parameters),
in line with previous work [11,38]. In line with the
recommendation from Mentis et al [11], our participants also
suggested having the opportunity to be able to use both
modalities for each interaction to have higher flexibility. We
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witnessed that experts often preferred one modality over the
other, largely based on perceived cognitive load and familiarity
with the modality. Participants’ opinions differed on which
modality they found less cognitively demanding; some
considered speech interaction easier due to its directness and
hands-free nature, while others preferred gestures for visual
immediacy. These findings highlight the potential of multimodal
systems to enhance interaction effectiveness. The clear
observation that certain tasks are better suited to one modality
over another highlights the advantages of leveraging the
strengths of both speech- and gesture-based interactions.
Although mastering both interaction methods might initially
pose a cognitive challenge for users, we believe this can be
mitigated through brief technical training and the design of
intuitive interactions and significantly reduce cognitive demands
over time. Moreover, multimodal systems also serve as a critical
redundancy layer—ensuring functionality even if one modality
fails. In addition, providing users with the flexibility to choose
their preferred modality fosters greater satisfaction and increases
the likelihood of broader adoption.

The list of functions we planned for the adjustment of the lights
was consistently found to be practical and useful by participants.
Notably, participants highly favored predefined light settings,
aligning with findings from previous research [3], as these
settings simplify operations and save time for the personnel.
The individual interactions were mainly found to be intuitive
and usable. However, certain interactions that were not matched
well with their modality were criticized, for example, saving
and loading light settings with gesture. As this is considered a
trigger function, speech seems to be the more intuitive modality
to use. Participants found the freehand control aspect of using
speech quite helpful. This meant the surgeons could use both
hands at all times and focus on their primary tasks, as pointed
out by previous work [38,39]. Furthermore, it is common that
during surgeries, multiple hands are actively working on the
patient, making it challenging to identify the correct hand for
gesture control. Another concern with gestures is that they can
cause collisions, a problem that does not occur with speech. On
the other hand, speech is less appropriate for fine adjustments
and more exact changes, as seen in our evaluations. In addition,
a loud OR environment and problems with speech recognition,
such as the accuracy for nonnative speakers or people with
accents or certain dialects, could also be raised. These issues
further emphasize the benefits of a multimodal system, where
challenges with one modality can be mitigated by leveraging
the strengths of the other.

A key advantage of our proposed system was the enhanced
agency it could offer to the main surgeon. This was particularly
appreciated when the surgeons’ hands were occupied, as they
could still control the lights, providing them with higher control
and efficiency. Experts highlighted the benefit of eliminating
the need to rely on additional personnel for adjustments,
potentially reducing errors and saving time [2].

Throughout our examination, we observed that the biggest
concern raised by the experts was the technological limitations,
such as accuracy and functionality problems with the systems.
In different stages of our evaluation, participants faced certain
challenges with inaccuracies where the developed system did

not behave as the experts intended it to do. The experts
repeatedly highlighted that in such a sensitive context where
patients’ safety could be impacted, there is no room for error.
Hence, the system ideally has to function error-free with perfect
efficacy. As previous work highlighted, events that require
unnecessary actions from the surgeons could hinder their
performance [2]. It comes as no surprise that systems deployed
in sensitive environments, such as health care, must prioritize
reliability and error mitigation. Experts’ emphasis on error-free
operation highlights the unique stakes in surgical contexts,
where minor inaccuracies could risk patient safety. In such
high-stakes applications, designers must aim for the highest
technical accuracy and consider appropriate backup methods
and error recovery means to safeguard against unanticipated
failures. Several technical concerns were highlighted, including
the high noise levels in the OR and worries about their potential
impact on speech command accuracy, as well as the challenges
of achieving the high precision required for fine adjustments.
Addressing these challenges is essential, and future research
should focus on developing solutions that specifically mitigate
these issues to ensure reliable system performance. Moreover,
we observed that few participants did not trust the technology
to work seamlessly due to old experiences or unfamiliarity with
the technology (eg, “speech will not work well!”). Our
participants highlighted that the lack of trust in the technology
could raise the stress levels of the surgeons. Skepticism
stemming from users’ past experiences or unfamiliarity with
the technology underscores the importance of fostering trust
through transparency, education, and hands-on training with
novel systems. Bridging the gap between perceived and actual
system reliability through effective communication and usability
testing is essential for promoting user trust and ensuring
successful integration. A gradual adoption in low-risk contexts
(such as VR simulation) can build confidence before full
integration in critical tasks.

Limitations and Future Work
Our results offer valuable insights into using a touch-free
interaction approach for controlling the SLS in the OR.
Nevertheless, our work has certain limitations that require
acknowledgment.

In our iterative evaluation, we mainly relied on qualitative
approaches to assess our concept and interaction system. This
provided us with in-depth insights into user perceptions,
behaviors, and subjective experiences, enabling us to refine and
improve the system based on detailed feedback and observations.
However, for future work, incorporating quantitative approaches
will be crucial to measuring usability, cognitive load, and user
experience more objectively. By using metrics such as task
completion times, error rates, physiological measurements, and
standardized questionnaires, we can obtain a comprehensive
understanding of the system’s performance and its impact on
users, ensuring a more robust and reliable evaluation. Moreover,
our designed system was still a prototype, and participants
encountered technical challenges at various stages. Future work
should also focus on better training the systems to improve
recognition rates, providing a more reliable foundation for such
interaction methods.
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Our studies primarily consisted of laboratory experiments and
interviews. As an initial approach, this selection of methods is
reasonable, providing controlled conditions to refine the system
and gather preliminary insights. Nevertheless, testing the system
in more complex environments and realistic situations—such
as in noisy environments, with multiple hand-in scenarios, and
across various surgical disciplines—would be beneficial. This
would help us observe and address potential challenges and
limitations, ensuring the system’s robustness, adaptability, and
effectiveness in real-world applications.

Finally, in our experiments, we observed that longer training
sessions with the system could have led to better performance
from the experts. Therefore, we recommend extended
familiarization phases to allow users to become more acquainted
with the system, enhancing their proficiency and effectiveness.
Future work could also explore the optimal duration and
structure of these training sessions.

Conclusions
This work sought to develop an intelligent interaction concept
for controlling an SLS. We designed a touch-free interaction
concept using speech and hand gestures to control the SLS. In
an iterative process, using a user-centered design approach, we
used a 5-step design process including a literature review and
OR visits, interviews with surgeons and assistant surgeons,
focus groups with the OR personnel, a VR evaluation, and a
living laboratory study. Our findings suggest that experts find
our interaction concept highly useful and beneficial for the OR.
Despite facing technical challenges, surgeons saw great potential
for such a touch-free approach and could imagine using it
regularly in the OR. Moving forward, further refinement and
validation of such a multimodal system will be essential to fully
realize its potential in real-world surgical settings.
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Abstract

Background: Chronic pain is prevalent among adults with sickle cell disease (SCD) and can be worsened by psychosocial
factors such as depression and inadequate social support. Effective behavioral interventions (eg, cognitive behavioral therapy
[CBT]) exist for chronic pain in various populations; however, few have been developed to address chronic pain in SCD. Several
barriers have restricted the development and dissemination of CBT pain interventions in SCD, such as limited accessibility and
time constraints. Digital interventions provide accessible and cost-effective pain management tools, offering self-management
strategies, real-time monitoring, and personalized treatment options. Yet, there are limited data regarding patients’ experiences
with such interventions within the SCD population. The Cognitive Behavioral Therapy and Real-Time Pain Management
Intervention for Sickle Cell Via Mobile Applications (CaRISMA) trial evaluated the effectiveness of a digital CBT intervention
compared with a digital educational intervention for pain management in SCD. Evaluating participants’ experiences can guide
refinement of digital pain interventions in SCD.

Objective: This study aimed to gain a deeper understanding of the lived experiences of participants in the CaRISMA trial and
to determine how to better adapt this intervention to the SCD population. The study examined individuals’ overall experience
with the trial and their perspectives of the trial components: a health coach, a chatbot-delivered digital CBT program, and an
electronic pain diary.

Methods: Respondents were randomly selected to participate in semistructured interviews at (1) baseline, (2) the end of the
intervention period at 3 months, and (3) the postintervention time point at 6 months or beyond. Interviews were audiotaped,
transcribed verbatim, and analyzed using conventional content analysis.

Results: A total of 48 participants (women: 33/48, 69%) completed the interviews, with 24 and 19 completing midpoint and
postintervention interviews, respectively. Participants generally had a positive experience in the trial. Many found value in learning
about the connection between pain and mental health, considering it an important aspect of their well-being. The health coach
played a key role in offering personalized support and guidance. Although the chatbot reinforced pain management strategies,
its usefulness and engagement varied based on participants’prior knowledge of SCD. The pain diary helped increase self-awareness
of pain patterns but was perceived as tedious and irrelevant by those without current pain episodes.

Conclusions: This qualitative substudy of the CaRISMA trial showed that participants valued the personalized support of the
health coach, education about the connection between stress and pain, and the self-reflection fostered by the pain diary. These
findings highlight the potential of digital, patient-centered approaches to address the multifaceted needs of SCD care. For digital
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interventions, the inclusion of personalized support with ongoing communication appears to be a critical component that can
influence treatment adherence and effectiveness.

Trial Registration: ClinicalTrials.gov NCT04419168; https://clinicaltrials.gov/study/NCT04419168

International Registered Report Identifier (IRRID): RR2-10.2196/29014

(JMIR Hum Factors 2025;12:e73719)   doi:10.2196/73719
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behavioral; digital intervention; sickle cell disease; chronic pain; pain

Introduction

Sickle Cell Disease
Sickle cell disease (SCD) is a genetic disorder characterized by
recurrent acute episodes of severe pain, commonly referred to
as “pain crises,” and chronic pain that can persist between these
episodes. The unpredictable nature of SCD-related pain,
combined with the physical and emotional burden of living with
a chronic illness, leads to high rates of depression, stress, and
reduced social support [1,2]. Additionally, stress and depression
can further exacerbate pain, creating a cycle in which physical
and emotional distress reinforce each other. Historically, pain
interventions in SCD have focused on pharmacologic treatments,
yet comprehensive biopsychosocial approaches that address
both the physical and emotional aspects of SCD pain
management remain limited. The 2019 American Society of
Hematology guidelines for the management of SCD recommend
a comprehensive approach to pain management, including
pharmacologic treatments alongside behavioral health
interventions that address psychological and social contributors
to pain [1]. Despite these recommendations, access to integrated
biopsychosocial care remains limited, leaving many individuals
with unmet behavioral health and psychosocial coping support
needs [3].

Cognitive Behavioral Therapy for Chronic Pain
Cognitive behavioral therapy (CBT) is a first-line,
evidence-based treatment for chronic pain endorsed by the
American College of Physicians and the United States Centers
for Disease Control and Prevention [4,5]. CBT effectively
improves pain outcomes in several chronic conditions, including
SCD [6-8], by addressing psychosocial contributors to pain such
as maladaptive thought patterns, promoting behavioral
activation, and equipping individuals with coping strategies.
CBT has also been linked to improved emotional regulation,
self-efficacy, and health-related quality of life in patients with
chronic pain.

Digital Interventions for SCD
Despite its effectiveness, access to CBT has been limited by
barriers such as lack of transportation, costs, provider shortages,
and scheduling conflicts. Digital behavioral interventions offer
a promising avenue to expand access to behavioral health
support, especially for individuals with chronic illnesses like
SCD who face barriers to in-person care; however, the use of
digital interventions in SCD has been limited. Digital CBT
programs have demonstrated effectiveness for improving
pain-related outcomes, coping skills, and mental health across

chronic pain populations. Furthermore, when compared with
non-CBT mobile apps, CBT-based apps demonstrated greater
efficacy for behavior change than non-CBT apps, likely due to
structured use of CBT techniques, engagement in cognitive
reframing tasks, and empowerment of users [9]. However, there
is limited evidence on the effectiveness and user experiences
with digital behavioral health programs specifically designed
for individuals with SCD [6,10-13], a population with unique
medical, cultural, and psychosocial needs. Individuals with SCD
report mixed experiences with available digital health
interventions: Some found these tools helpful for learning coping
strategies and tracking symptoms, while others noted limitations
such as insufficient personalization or a lack of cultural
relevance to the unique challenges of SCD [14]. In the context
of SCD, where pain is deeply intertwined with stress, mood,
and self-efficacy, digital CBT offers a targeted and scalable tool
for helping individuals manage pain both psychologically and
behaviorally, but more high-quality clinical trials of digital CBT
interventions are needed.

Initial Development of a Digital CBT Intervention:
Beginning With Addressing the Challenges in SCD
Clinical Trials
Clinical trials in SCD face significant recruitment and retention
challenges. Insufficient patient participation is a major
impediment to the advancement of SCD research, with many
studies terminating due to low enrollment [15,16]. A systematic
review of 174 SCD clinical trials found that 14% were
terminated specifically for failure to enroll participants, with
only 35% of completed studies resulting in published
manuscripts [17]. These challenges can be particularly
pronounced for behavioral interventions, which require
consistent engagement and are time-intensive for the
participants. Our early research aimed to simultaneously address
enrollment challenges and develop an accessible intervention
by prioritizing people with lived experience. In collaboration
with the SCD community, our group developed a digital CBT
app adapted for adults with SCD. To explore the feasibility and
preliminary impact of digital behavioral health tools in SCD,
our group previously conducted a pilot randomized controlled
trial with adolescents and young adults evaluating an earlier
version of our CBT app compared with a CBT app for the
general population [18]. The study demonstrated improvements
in pain, self-efficacy, and depressive symptoms, highlighting
the potential for digital interventions to address the
biopsychosocial needs of this population. However, about 40%
of participants did not engage with the digital interventions,
revealing significant barriers to sustained participation.
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Prior Work Refinement and Expansion of the Digital
CBT Intervention: Further Addressing Engagement
Challenges
To better understand the determinants of digital intervention
engagement, we previously conducted a qualitative study using
focus groups of adolescents and adults with SCD [18].
Participants identified 5 key engagement factors, including the
importance of peer connection, personalized content and
coaching, preferences regarding the coach’s background (eg, a
coach with lived SCD experience), the value of journaling and
symptom tracking, and flexible engagement options [13]. These
insights, along with data from our pilot randomized controlled
trial, helped inform the design of the Cognitive Behavioral
Therapy and Real-Time Pain Management Intervention for
Sickle Cell via Mobile Applications (CaRISMA) trial. We
randomized participants to 1 of 2 health coach-supported
interventions: digital CBT versus digital patient education [19].
Participants also completed pain diaries during the study period.
All components were designed to align with the preferences
and barriers identified in our prior work, with the goal of
creating a flexible, patient-centered digital platform for SCD
pain management. Peer support delivered by health coaches
was a core component of the intervention, as research suggests
that peer-delivered models can build trust, improve engagement,
and address barriers to mental health care in historically
underserved populations [20-24]. In the primary outcomes study,
we found that both the CBT and education interventions led to
an improvement in pain interference; however, there was no
significant difference between the arms [19].

This study focuses on participants’experiences in the CaRISMA
trial and with the various components of the digital CBT
program. Most of the previously published studies on digital
interventions focus on single-component interventions [25].
Multicomponent, app-based interventions are less common but
emerging [26]. The CaRISMA trial incorporated a
multicomponent, culturally tailored platform that included
peer-supported digital CBT, symptom tracking, and personalized
chatbot engagement. Although there was no difference between
groups, we found that digital CBT leads to improved
pain-related outcomes [19]. Therefore, a critical next step is to
better understand participants’experiences with the intervention
components to in order to refine future approaches and enhance
the likelihood of successful implementation in real-world
settings.

Objective of This Study
This qualitative study aimed to gain a deeper understanding of
participants’ experiences with the CaRISMA trial, focusing on
their perceptions of the health coach, chatbot, and pain diary
components. By identifying key factors influencing engagement
and satisfaction, we sought to better understand barriers to trial
enrollment and retention in the SCD population, evaluate the
potential for digital behavioral interventions to address this
population’s unique needs, and inform the implementation of
culturally appropriate, patient-centered digital health
interventions for individuals living with SCD.

Methods

Study Design and Setting
The protocol for CaRISMA has been previously published [27].
The CaRISMA trial enrolled adults with SCD who reported
chronic pain (ie, pain at least 4 days a week over the past 3
months or longer). Participants of the CaRISMA trial were
recruited from 7 comprehensive sickle cell centers and from 4
community-based organizations, either virtually or in person.
Participants were randomized 1:1 to either the digital CBT or
Education arm. Both arms had access to a health coach and a
chat system via a chatbot. All participants were asked to
complete daily pain assessments via an electronic pain diary
app.

For this qualitative study, we aimed to recruit a diverse group
of trial participants, stratifying our sample by depression severity
assessed using the 9-item Patient Health Questionnaire (PHQ-9;
PHQ-9≥10 vs PHQ-9<10) and trial arm (CBT vs Education).
Trial participants were randomly selected for 1-to-1
semistructured interviews at baseline. We sought 24 interview
participants from each study arm (CBT or Education), and
within each of those 2 sets of 24 participants, we sought 12
participants with high depression severity (PHQ-9≥10) and 12
participants with low depression severity (PHQ-9<10). If a
randomly selected participant declined to participate in the
baseline interview, another participant was randomly selected
until we had achieved a total of 48 interviews. This target was
chosen based on a strong likelihood of achieving thematic
saturation, the point at which additional interviews are unlikely
to provide new insights [28,29]. Participants who completed
baseline interviews were invited to participate in follow-up
interviews at midtrial (3 months, end of intervention) and
post-trial (between 6 months and 12 months) time points.

Intervention Components

Digital CBT
The digital CBT arm included a 12-week, tailored program
designed for adults with SCD. It taught participants how to
identify negative thoughts and emotions, use cognitive skills
and problem-solving techniques, and apply effective coping
strategies. The program focused on skill development through
practice, homework assignments, and regular check-ins with a
health coach.

Digital Education
The digital Education arm included comprehensive information
about SCD and pain management through an interactive digital
platform. Participants learned about chronic pain, lifestyle
modifications, and SCD fundamentals while reinforcing their
knowledge through interactive assessments. The program
encouraged active learning by enabling users to discuss concepts
with their health coach.

Health Coach
Health coaches—many of whom had personal connections as
SCD patients, caregivers, or advocates—offered weekly support
through phone calls or text messages, depending on participant
preferences. Their primary role was to provide emotional support
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and encourage active engagement with the digital platform.
Each coach underwent comprehensive training and attended
weekly group supervision sessions facilitated by a mental health
professional and research lead.

Chatbot
The CaRISMA interventions were delivered by a scripted
chatbot (Figure 1), which was developed in collaboration with
patients, families, and community partners. The chatbot was

accessed through the Facebook Messenger app and offered
tailored responses, educational materials, and motivational
content in various formats including videos, GIFs, and images,
all adapted to participants’ inputs. It also provided
round-the-clock conversational support, adapting responses to
each participant’s unique circumstances and needs. Users were
able to monitor their progress through the program, revisit
materials they had completed, and view their accomplishments
via progress metrics and achievement rewards.

Figure 1. Cognitive Behavioral Therapy and Real-Time Pain Management Intervention for Sickle Cell via Mobile Applications (CaRISMA) components
including (A) chatbot interaction and (B) pain diary tracking.

Pain Diary
Patients were asked to track pain levels daily through a mobile
web app, as illustrated in Figure 1. They received text reminders
during 2-week assessment windows at the start of the study and
at 3 months, 6 months, and 12 months. Between these formal
tracking periods, they were encouraged to keep logging their
pain scores in the app.

Qualitative Analysis

Analytic Approach
We used a qualitative descriptive approach for data collection
and analysis, aiming to directly capture and summarize
participants’ experiences, thoughts, and feelings related to the
interview topics. This approach is frequently used in health and
medical research to provide clear and practical insights [28,30].
Here, we sought a holistic understanding of SCD patients’prior
experiences with pain, depression, and treatment for either or
both conditions.

Our interview guides for baseline, midpoint, and final interviews
(Multimedia Appendix 1) were designed to explore participants’
experiences throughout the trial. Baseline interviews focused
on participants’ previous experiences with SCD pain
management and their initial impressions of the study. Midpoint
interviews gathered feedback on their experiences partway
through the trial and any changes they had noticed. The final

time point interviews sought information on durable effects and
knowledge gained from their trial experiences.

Data Collection and Coding Procedures
Data collection and analysis were conducted by skilled
qualitative researchers at the Center for Biostatistics and
Qualitative Methodology’s Qualitative Core, under the
supervision of a qualitative methodologist. Once a randomly
selected CaRISMA participant agreed to be interviewed, the
interview was scheduled at a time that was convenient for them.
To accommodate CaRISMA participants who were located
across multiple geographic locations, interviews were conducted
telephonically or via teleconferencing software according to the
interviewee’s preference. Interviews were audio-recorded and
transcribed verbatim, with identifying details redacted. Although
we hoped to have one consistent interviewer across the time
points, the duration of the study and the logistics resulted in
interviews being conducted by 3 interviewers, all of whom
received the same training.

Concurrent with data collection, interviewers completed a
summary template after each interview to document key topics
discussed and capture emerging themes. These summaries
allowed the team to assess thematic saturation, which was
achieved. A trained qualitative analyst inductively developed
an initial codebook based on the content of the interviews. This
draft codebook, complete with detailed code definitions, was

JMIR Hum Factors 2025 | vol. 12 | e73719 | p.1879https://humanfactors.jmir.org/2025/1/e73719
(page number not for citation purposes)

Oluwole et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


circulated to the study team to ensure that it reflected relevant
topical and theoretical themes important to the study team, as
well as the content of the interviews. The codebook was slightly
revised to incorporate new codes specific to themes emerging
in the midpoint and final interviews. Once codebooks were
finalized, qualitative coding was completed with the assistance
of MAXQDA 2022 software. For each data set, 10 transcripts
were co-coded and then reviewed by 2 independent, trained
qualitative coders from the Center for Biostatistics and
Qualitative Methodology to ensure quality and consistency in
coding. Any coding discrepancies identified were adjudicated
by the coders to full agreement. The primary coder completed
the coding of the remaining transcripts following the standards
established in the codebook and refined through the adjudication
process. This coding served as the basis of a conventional
content analysis [18], in which the primary coder prepared
summaries describing participants’ responses related to each
interview guide domain at each time point. These summaries
were reviewed by the qualitative methodologist and other study
team members to identify the most relevant findings for
reporting. Additional manuscripts are planned to present findings
related to pain management and depression. This manuscript
focuses specifically on participants’ experiences with and
perceptions of the CaRISMA trial.

Ethical Considerations
This study was approved by the University of Pittsburgh
Institutional Review Board (STUDY20110346). Informed
consent for this study was included in the original consent
process for participation in the CaRISMA trial. No compensation
was provided for this portion of the study. Participants were

compensated for their broader participation in the CaRISMA
trial. All study data were stored on secure University of
Pittsburgh servers, accessible only to authorized members of
the study team. Specifically, access was limited to members of
the Qualitative Core who conducted the analysis. Audio files
and interview transcripts were labeled with unique study
identifiers and did not include participant names or other direct
identifiers. All transcripts were de-identified, with personally
identifying information redacted during the transcription process

Results

Participant Characteristics
A total of 48 participants completed baseline interviews. Of
those 48 participants, 24 completed a midpoint interview, and
19 completed a final time point interview following the
conclusion of their interactions with CaRISMA. At baseline,
the mean age of participants was 36 (SD 9.7) years, and the
majority were women (33/48, 69%). Most participants were
recruited through clinic visits (38/48, 79%). About two-thirds
(33/48, 69%) had attended some college or higher education,
while 31% (15/48) had some high school education or a high
school diploma or equivalent. One-third of participants (16/48,
33%) were employed, and about one-half of participants (25/48,
52%) reported being on disability. The demographic and clinical
characteristics of participants at the baseline, midpoint, and
final interview time points are summarized in (Table 1).

Here, we focus on participants’experiences in the trial, focusing
on the unique aspects of the CaRISMA program, including the
health coach, chatbot, and pain diary.

JMIR Hum Factors 2025 | vol. 12 | e73719 | p.1880https://humanfactors.jmir.org/2025/1/e73719
(page number not for citation purposes)

Oluwole et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Baseline demographic and clinical characteristics of study participants across time points.

Final (n=19)Midpoint (n=24)Baseline (N=48)Characteristic

34.2 (10.8)35.7 (10.8)36.1 (9.7)Age (years), mean (SD)

Sex, n (%)

6 (32)8 (33)33 (69)Female

13 (68)16 (67)15 (31)Male

Race, n (%)

19 (100)23 (96)45 (94)Black/African American

0 (0)1 (4)3 (6)Multiple/other/White

Education, n (%)

1 (5)1 (4)3 (6)Some high school

6 (32)5 (21)12 (25)High school or equivalent

8 (42)13 (54)23 (48)Some college

3 (16)3 (13)6 (13)Completed college

1 (5)2 (8)4 (8)Graduate studies

Employment status, n (%)

8 (42)7 (29)16 (33)Employed

2 (11)4 (17)7 (15)Unemployed

9 (47)13 (54)25 (52)On disability

60.4 (7.8)60.6 (6.9)62.2 (7.2)PROMISa pain interference score, mean (SD)

3.5 (2.5)3.7 (2.3)4.0 (2.5)Average pain intensity, mean (SD)

46.5 (13.7)48.1 (13.2)47.6 (14.3)Pain episode frequency, mean (SD)

ASCQ-Meb measures, mean (SD)

47.8 (9.8)47.5 (8.0)46.9 (8.2)Social functioning impact

50.2 (11.0)49.3 (9.3)48.0 (10.0)Emotional impact

8 (4)10 (4)9 (4)Number of pain diary entries (during the 2-week reminder period),
mean (SD)

10 (5)9 (4)10 (5)Depressive symptoms (PHQ-9c), mean (SD)

Depressive symptom severity, n (%)

2 (13)4 (19)5 (12)Minimal (0-4)

7 (44)8 (38)17 (40)Mild (5-9)

3 (19)5 (24)8 (19)Moderate (10-14)

4 (25)4 (19)12 (28)Moderately severe (15-19)

0 (0)0 (0)1 (2)Severe (20-27)

8 (4)9 (4)9 (4)Brief PCSd, mean (SD)

8 (5)7 (4)9 (5)GAD-7e, mean (SD)

29 (6)29 (5)29 (6)SCSESf, mean (SD)

aPROMIS: Patient-Reported Outcomes Measurement Information System.
bASCQ-Me: Adult Sickle Cell Quality of Life Measurement Information System.
cPHQ-9: 9-item Patient Health Questionnaire.
dPCS: Pain Catastrophizing Scale.
eGAD-7: 7-item Generalized Anxiety Disorder.
fSCSES: Sickle Cell Self-Efficacy Scale.
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Overall Trial Experience
Most participants reported a positive overall experience with
the CaRISMA study, emphasizing that it provided a “safe space”
to learn and express themselves without fear of judgment. One
participant noted:

I enjoy doing it. I really enjoyed—like I said, I learned
a lot. And I like the fact that I can say how I feel in a
safe, safe space. [...] the thing I think I appreciated
the most about the study was, no matter what I say,
good, bad, or indifferent, it is appreciated, and I felt
safe. I can say it exactly how I feel. [P31]

Others appreciated the study’s focus on the connection between
chronic illness and mental health, noting that such an approach
was rare but much needed. One participant noted:

I feel like the study went well. [...] The fact that you
guys thought of doing something like this to think on
mental health and just treating symptoms differently,
I felt like was great for the community because a lot
of us did not know anything about CBT. [P68]

Additionally, several participants found the exploration of the
link between pain and depression particularly valuable,
highlighting the need for greater awareness of this relationship
within the sickle cell community. One participant noted:

Yeah, it was good overall. I think that I was quite
impressed that there's something being studied about,
you know, like taking care of the relationship between
chronic illness and mental health. I hadn’t seen that
before so that was a good one for me. Yeah, so it was
good generally. [P107]

Despite these positive aspects, participants also expressed a
desire for more follow-up and reminders throughout the study.
Many felt that regular check-ins and clearer communication
could have improved their engagement and overall experience:

Yeah, I feel like that’s, that’s, that would help the
study be so much more successful or everybody's
feeling on the same page, just because — I mean, not
saying that it's not successful now, but I feel like, you
know, if you have people checking me in frequently
and letting you know, hey, you know, you had this
option, this option, this option, you maybe should try
it out, see if this helps, whatever. It was just it was a
lack of communication. [P104]

Participants expressed mixed preferences regarding in-person
versus social media–based engagement, with some valuing the
sense of community and real-time connection that in-person
meetings offer, while others appreciated the convenience and
accessibility of digital platforms. One participant emphasized
the benefits of in-person interactions, stating “It would be nice
to be in-person, you know, we all get together now” (P110).
Another noted the challenges of an in-person engagement:

Oh, I like in-person. Um, the only thing is, you know,
distance, transportation, things like that, schedules
of people that are working, you know. But in-person
is always a good one, because you, for me, the most
important thing about any person is a sense of

community, um, and connection to someone else in
real-time, right. But other than that, I think on, like,
a walk through a study, because, you know,
scheduling conflict, and time and transport and all
those things might make in-person maybe a bit more
difficult. [P107]

Participants also had mixed opinions on the most effective social
media platform for engagement, with some favoring Snapchat
due to its artificial intelligence chatbot feature, which they
believed could enhance interactions and provide a more
conversational experience. Others preferred Instagram, citing
its widespread use and strong messaging capabilities, suggesting
that a more active presence with regular updates and resources
could increase engagement. Another participant recommended
a separate app for the study. If a separate app is not feasible,
then Instagram is the next best option:

Yeah, I, I think, I think the app will be the best route.
But if, if you couldn't, if, if it was added on other
social media platform, I feel like Instagram will be a
real, a real good one, because I think Instagram is
probably more widely used, especially when it comes
to, like, messaging. Um, so I, I think it will be, yeah,
I think you'll get more of a reach on Instagram.
Because I've been on CaRISMA Instagram page, and,
I mean, it’s, it's okay, but it don't, it don't really have
[...] life on it. You know, that, that will be the only
thing that they will have to do is just bring more life
to the page. [P68]

Others saw value in leveraging existing platforms to reach a
broader audience. Overall, participants highlighted the
importance of selecting a platform that aligns with user
preferences while ensuring consistent engagement and
accessibility.

Health Coach Interactions
Participants appreciated that the health coach had SCD or knew
someone (eg, a family member) who has SCD. Participants thus
felt understood by the health coach. For instance, one participant
said, “I just like to be able to talk to my coach, because she’s
going through what I’m going through. So, it’s, it’s good to be
able to talk to somebody” (P30). Another participant similarly
said, “I loved it [the health coach]. It was like, you know, talking
to somebody that I can, you know, relate to. Um, that was, that
was a great thing. You know? Easy to communicate. You know”
(P40).

Talking to someone who was knowledgeable proved to be very
helpful. This led to enduring effects beyond the health coach
interactions, with participants noting that they learned the
importance of talking and reaching out to someone when they
are upset or in pain. In at least one case, a participant sought
counseling after completion of the CaRISMA program, as a
result of learning how helpful it could be to talk to someone:

There is one thing that we did choose to implement,
which was, you know, just kind of self-care and mental
health check-ins, and that’s something that on the
side of after speaking with my CaRISMA coach about
that, that’s something that I decided to sign myself
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up for. So, I signed up for counseling through my
church and we have little weekly check-ins; so that’s
been very helpful. [...] So yes, I, I would, I would think
that, that was definitely was something that, that’s
helpful in the event that there is a depression or
anxiety episode that rises. [P53]

Participants also appreciated that the health coach was willing
to be flexible when scheduling meetings, as the health coach
understood the unpredictability of SCD. For instance, one
participant said,

I feel like she’s [...] very helpful. She’s, uh, very, like,
mindful of my time and my, my situation, like she
understands that there are some days where I could
just really just be ready to collab and have a long
conversation. And then there are other days where I
may not feel well and I’m not interested in really just
talking on the phone, especially if I’m in the hospital
or at home trying to relax. So, that’s why I like; she
comes in and texts and if, if we scheduled an
appointment and that’s not good day, she’s very
flexible. So, uh, I kinda like how everything is going
with, with the coach that I have. [P53]

Some participants lamented limited interactions with their health
coach, wishing that they had more time to get to know them.
For example, one participant said, “I kinda wish I had the, more
time to talk to her more, so we could kinda get like a better
understanding of each other” (P67). The participant added that,
ideally, they would like to speak to the health coach “every
week because with sickle cell stuff can change so quickly, so
you never know what I could be doing this week or what could
happen next week. So, I would say, like, every week but I know,
like, schedules and work and school and different stuff puts a
burden on me trying to check in with her every week. So, I
mean, text messages is fine, but conversation is different than
texting, so, that’s what I mean” (P67).

Chatbot Use and Feedback
Most participants found the chatbot to be helpful, barring
technical difficulties. Participants primarily enjoyed the chatbot
if they gained new insights from it. Some participants said that
the information they learned helped to reframe the way they
think about their SCD. One participant found this to be an
enlightening experience:

I actually learned something new. I didn’t think I was
going to learn anything. [...] So we know that the
sickle cells are crescent shaped. [...] Well, I learned
that different types of, you know, genotypes sometimes
the sickle cells are shaped differently. Because I have
[inaudible] mine are more shaped like crystals instead
of crescents. So that was new. I was like what! And I
love crystals [laugh]. You know, they kind of made
me like the sickle cell a little bit. Like okay, girl, we’re
twins! [...] I really did not know that. I was like oh
my God I’ve had sickle cell for 34 years and I did not
know that. [P82]

Some participants found the chatbot helpful for reinforcing pain
management strategies, while others felt it provided limited

new information for those already knowledgeable about their
condition. For participants who gained new insights, the chatbot
was a valuable learning tool.

Some participants also noted that the insight they gained
challenged certain “preconceived notions” they held about SCD:

Um, yeah, there’s been...um, information that
I...probably didn’t think about...before. On that. And,
that you had, um — you know, it’s just like you think
this is logically, this is certain information you had
in your head about stuff, and you find out that, oh,
my god, that they makes sense, this, this — do you
understand what I mean? [...] Okay. So, if I had a
preconceived notion on a particular aspect of sickle
cell; I don’t know, if for any reason like…it could be
like an old wives’ tale. And then, on looking, going
through that I get a different information and I’m like,
oh, that makes sense; why did I ever think this is what
it was? Yeah, that’s what I mean. [P69]

In contrast, participants who did not find the chatbot to be
helpful reported that it did not teach them anything new. The
participant explained that the chatbot was more useful for
“people who [...] don’t know much about their own disease”:

To be honest, I think it was more unhelpful to me,
because the questions that it asked are, are questions
that I already know the answer to. Does that make
sense? Like, um, some people don't know what kind
of sickle cell they have, or they don't know their
triggers or, or things like that. And my mom taught
us growing up, like, to be able to speak for yourself
when you went to the doctor, so I know what kind of
sickle cell I have. I know — you know what I’m saying
— my triggers, I know, um, my medications and the
dosages and stuff like that. So, it would be helpful for
some people who aren't really, I guess who don't know
much about their own disease. Does that make sense?
But I...I think I know my disease and my body pretty
well to where that was, it wasn't helpful to me. [P80]

Frequently, participants who did not use the chatbot suggested
that it should take a more proactive role in encouraging
participants to interact with it, rather than relying on users to
engage on their own. For example, when asked what would
improve their use of the chatbot, one participant asked for a
reminder: “Train the bot to just kind of reach out and be, like,
‘Hey, you haven’t answered the question or asked a question
in a couple days; is everything good or would you like to
resume’-type thing” (P39). The need for reminders was
particularly salient for anyone who did not regularly interact
with Facebook Messenger outside of the study and might
therefore not see it in the course of their day.

Use of the Pain Diary
One participant added that filling out the pain diary—and being
able to show the pain diary to their health care providers—was
very helpful:

And also, to see that part in the, in the study where
they was asking, like, how you feel, like that was,
that’s something I wish was everywhere, honestly; I

JMIR Hum Factors 2025 | vol. 12 | e73719 | p.1883https://humanfactors.jmir.org/2025/1/e73719
(page number not for citation purposes)

Oluwole et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


wish I had that everywhere. I wish you could, like,
show the doctors how you feel and whatnot, because
even if they did put it everywhere, I feel like if it was
standardized, they probably would know how to deal
with different pain levels, you know, and, and that
would probably be able to help them structure, um,
medication doses. Like I feel like that would be so
helpful cuz they can see it, and it's not more of you
trying to struggle and explain it to them; they already
see it; they know exactly how this is affecting you.
This is, this is what works for them, many other
warriors on this level; let's give them the same — and
I'm telling you, I feel like it would be so helpful. I feel
like that needs to be implemented in every hospital
for every, every person just — or not anybody. Um,
but yeah, I, I, I think that was probably the, the
biggest thing for me. [P68]

Some participants found completing the pain diary daily
redundant or tedious, particularly on pain-free days, leading
them to develop their own strategies to manage this task. One
noted:

To me personally because it would come every day.
I would get the email for it every day. And at a certain
point it felt redundant if I wasn’t in pain for a few
days or weeks at a time. Having to fill it out every
day. So it got to the point where if I had pain I would
say okay yeah I’ll go fill it out now. Instead of every
day putting no pain. [P115]

Some participants appreciated completing the pain diary daily,
even on pain-free days, as it allowed them to track their
symptoms and emotions. It also helped them reframe their
experience, reminding them that not all days are “bad” and that
pain episodes eventually subside. For example, one participant
stated:

I mean, I like the pain diary because then it shows
me, like, you know, what I write. Pretty much write
down everything on my own. To do it every day just
to know okay I’m feeling bad this day but this day I
was okay. So that kind of helps. [P104]

Participants also appreciated having a record of their pain and
pain medication usage. As one participant described it:

Not that I enjoy, but I do look forward to the daily
pain diary; it just, it does make me stop and think
about, you know, what pain I’m in and have I taken
meds and do I, you know, what can I do to not
decrease but to minimize the pain and, in turn,
minimize, I guess, the amount of medication. So that
is helpful. [P58]

Thus, participants felt that the pain diary helped to increase their
awareness of their pain and feelings, helping them make more
informed decisions about their pain management strategies.

Representative quotes are summarized by intervention
component in Table S1 in Multimedia Appendix 2.

Discussion

Principal Findings
Digital health interventions have emerged as a promising tool
to enhance chronic pain management and coping. Based on
feedback from people with lived experience, we designed the
CaRISMA trial to equip adults with SCD with the tools,
resources, and support systems necessary to improve long-term
chronic pain outcomes. In the primary CaRISMA trial, we found
that both digital interventions (CBT and Education) resulted in
improvements in the primary pain outcome, pain interference,
at 6 months [19]. Additionally, greater engagement with health
coaches was associated with greater improvements in pain
interference. The qualitative study reported here enhances our
understanding of the first peer-supported digital CBT
intervention for adults with SCD by examining participant
experiences with its key components: the health coach, chatbot,
and pain diary.

Overall Experience
Overall, participants reported a positive experience with the
CaRISMA trial, appreciating the safe space provided for open
discussions and the opportunity to learn about the connection
between pain and mental health. Although some participants
preferred face-to-face interactions, logistical barriers such as
transportation and health limitations reinforced the value of
flexible digital formats, consistent with findings in other chronic
disease populations [31,32]. Regarding the delivery platform,
some participants valued engagement via social media (eg,
Facebook, Instagram), appreciating its convenience,
accessibility, and ability to provide on-demand support.
Participants also had varying opinions on which social media
platform would be most effective, with some favoring Snapchat
due to its chatbot feature, while others preferred Instagram for
its broad user base and messaging capabilities. Given the
evolving nature of social media, leveraging multiple digital
platforms may enhance engagement by catering to diverse
communication preferences. Alternatively, considering the
shifting landscape of social media usage, consolidating resources
into a single, dedicated app, separate from social media, could
provide a centralized and streamlined user experience. These
findings also highlight the importance of offering flexible,
accessible digital health interventions that accommodate the
unique needs, preferences, and logistical challenges faced by
individuals living with chronic conditions like SCD.

Health Coach Experience
Participants strongly valued their health coach’s lived experience
with SCD, highlighting the need for culturally concordant and
condition-specific health coaching. In other chronic disease
populations, tailored peer support has contributed to enhanced
trust, self-efficacy, satisfaction, engagement, and adherence by
offering emotional support, shared experiences, and practical
guidance [20,21,33]. In the CaRISMA trial, many participants
appreciated that their health coach had SCD or personal
connections to someone with SCD, which contributed to feeling
understood and supported. Some participants also reported that
interactions with their health coach motivated them to seek
mental health counseling, demonstrating the intervention’s
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potential for long-lasting impact that possibly extends beyond
pain management.

Participants found the health coach relationship so valuable that
many expressed a desire for more frequent contact. We designed
the CaRISMA program to consist of weekly check-ins; however,
the unpredictability of pain episodes for both participants and
health coaches interfered with check-ins. Our findings are
aligned with those of previous studies demonstrating that more
frequent, flexible check-ins improve engagement and adherence
in chronic disease populations [34,35]. To optimize future
interventions, health coach check-ins should be frequent and
adaptable, incorporating scheduled and on-demand support. A
multimodal approach, incorporating text messages, phone calls,
and video check-ins, could help meet individual needs.

Chatbot Experience
The chatbot received mixed responses; some participants found
it helpful for reinforcing pain management strategies, while
others felt it provided limited new information. These
differences may reflect variation in prior knowledge, learning
preferences, higher health literacy, or the degree to which
participants engaged with other components of the intervention.
Digital interventions incorporating chatbots have been
recognized as an effective way to deliver behavioral coaching,
track symptoms, and strengthen patient engagement [36].
Although some participants had a positive or eye-opening
experience with the feature, others suggested that the chatbot
should be more proactive, initiating conversations and providing
reminders rather than waiting for users to engage. Previous
research highlights that adaptive, artificial intelligence–driven
chatbots that tailor responses based on user engagement and
knowledge levels improve overall effectiveness in digital health
interventions [37]. This approach could be incorporated into
future digital interventions for adults with SCD.

Pain Diary Experience
The pain diary helped some participants track pain trends, but
others found it redundant and unnecessary on pain-free days.
Daily pain diaries are widely used in both SCD and broader
chronic pain populations to monitor pain patterns and inform
treatment strategies. In previous studies, patient experiences
with these diaries have varied, reflecting both benefits and
challenges. For instance, in the Pain in Sickle Cell Epidemiology
Study (PiSCES), 60% of participants submitted fewer than 5
months of the expected 6 months of pain diaries, indicating
challenges in sustained daily reporting [38]. In the CaRISMA
trial, some participants mentioned that tracking their pain helped
them gain perspective on their condition, allowing them to
recognize that not every day was a “bad” day. This is a sentiment
echoed in prior research on digital self-monitoring tools for
chronic pain [14,39]. However, others recommended the use of
the pain diary only when participants are experiencing pain.
Research has shown that user fatigue is a common barrier to
adherence in digital health interventions, particularly when data
entry is required daily without immediate benefits [14,40,41].
To enhance usability, customizable pain tracking options
allowing participants to self-select tracking frequency might be
helpful. Additionally, integrating mood tracking and other

symptom assessments alongside the pain diary may provide a
more holistic view of well-being.

Comparison With Prior Work and Future Directions
The CaRISMA trial offered a novel approach to pain
management in SCD by integrating a culturally adapted,
multicomponent digital intervention within a historically
marginalized and medically underserved population. Our focus
on a historically marginalized group with specific cultural needs
contributes new evidence on tailoring digital behavioral
interventions for high-need populations. Unlike previous digital
health trials that often focus on single-component interventions,
the CaRISMA trial evaluated a comprehensive model combining
digital CBT, peer support via health coaches, symptom
monitoring, and chatbot technology. This study also highlights
the importance of tailoring digital behavioral health interventions
to the unique needs of individuals with SCD. The findings
suggest that a multicomponent approach can enhance
engagement and effectiveness. Future trials should consider the
following recommendations: (1) enhanced health coaching that
involves frequent and flexible coach check-ins, including
on-demand support, to improve participant engagement; (2) an
adaptive and interactive chatbot that offers personalized
education based on an individuals’ knowledge, needs, and
preferences (eg, chatbot with adjusted tone and content based
on patient-reported depression and pain severity or providing
layered content depending on the user’s baseline familiarity
with SCD education and management); and (3) flexible and
customizable self-monitoring tools, such as pain diaries that
allow users to adjust tracking frequency, skip entries on low-pain
days, or annotate with additional symptoms and reflections, as
well as view visual summaries of pain trends to support provider
communication and self-awareness. Future research should also
develop and test digital interventions that incorporate other
therapeutic approaches, such as acceptance and commitment
therapy [42,43] and mindfulness-based stress reduction [44,45].
Digital interventions may also offer a form of cognitive
escapism, a concept referring to psychological relief and
distraction from distressing symptoms. For instance, Anto et al
[46] found that digital tools can help users disengage from pain
and emotional burdens through structured, engaging content.
Within the context of SCD, a digital CBT program may provide
both therapeutic and escapist benefits, helping individuals better
manage their symptoms while finding temporary relief from
the psychological weight of chronic illness, which may be
relevant to coping and engagement. These processes should be
further investigated in adults with SCD.

Strengths and Limitations
This study has several strengths. First, to our knowledge, this
is the first qualitative study to explore patient experiences with
a peer-supported digital CBT intervention tailored for chronic
pain in adults with SCD. Second, it fills a gap in understanding
SCD patients’ perspectives on digital pain tools by examining
multiple intervention components (health coach, chatbot, and
mobile pain diary) and how each contributed to engagement
and self-management. Third, by evaluating participants’
willingness and ability to use a mobile pain-tracking platform
in a real-world setting, the study provides valuable insights for
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the design and implementation of future digital health
interventions. Finally, this study captured real-world barriers
and facilitators to digital health engagement in a medically
underserved, high-burden population with specific, actionable
feedback regarding reminder frequency, chatbot utility, and
diary fatigue that can inform digital health optimization.

However, the study also has limitations. First, this study does
not account for participants’ underlying mental health
conditions, which may have influenced their responses to the
interventions. Second, although participants were randomly
selected for interviews, selection bias remains possible, as only
48 of the 115 individuals contacted agreed to participate. Third,
attrition across interview time points may have introduced bias,
as participants who remained engaged may differ systematically
from those who dropped out. Although no clear patterns were
observed among nonresponders, those who disengaged may
differ in unmeasured ways from those who completed all
interviews. This may reflect health issues, competing demands,
limited perceived benefit, logistical barriers, or stronger
motivation to remain involved. It is also possible that retention
was skewed toward individuals with particularly strong feelings
about the intervention or more positive experiences with the
interventions who were more motivated to remain engaged.

Although much of our feedback was positive, it is possible that
more critical voices did not engage, although we have no data
to support this speculation. Last, most participants had at least
some college education, which may limit generalizability to
individuals with lower educational attainment. As participants
were also recruited from specialty centers and community-based
organizations, findings may not reflect the broader SCD
population

Conclusions
Overall, participants found the CaRISMA program to be a
supportive space for learning, self-reflection, and symptom
management. Digital interventions offer a scalable and
accessible approach to addressing pain care disparities within
the underserved SCD population. Regular, proactive
communication emerged as essential for participant engagement,
with inconsistent interaction likely contributing to dropout rates
in this and similar studies. Future digital interventions should
prioritize regular communication among participants, health
coaches, and research teams to enhance retention and overall
effectiveness. Additional research should focus on developing
culturally appropriate, patient-centered, and adaptable
interventions that address the diverse needs within the SCD
population.
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Abstract

Background: Bring your own device (BYOD) adoption in health care improves clinician productivity, but introduces cybersecurity
risks due to weak security controls, human error, and policy circumvention. Existing security frameworks and models are
technocentric, while overlooking sociotechnical factors such as clinician behavior, workflow integration, and organizational
culture. This misalignment reduces their effectiveness in health care settings. In addition, hospitals vary in structure, resources,
and BYOD use, necessitating a flexible yet structured approach to assess security maturity and prioritize improvements, which
is lacking in existing models.

Objective: This study aims to develop and pilot a hospital BYOD security maturity model that integrates technical, policy, and
human factors for a structured assessment and improvement of BYOD security in health care.

Methods: This study used mixed methods action research to design and pilot a hospital BYOD security maturity model. Surveys
and interviews with IT managers and clinicians shaped the model, which was trialed at a public metropolitan hospital in Victoria,
Australia. Participants completed a maturity assessment and joined a 90-minute co-design workshop that prioritized 6 key domains
and proposed improvements. Descriptive statistics and thematic analysis guided refinements to improve clarity and usability.

Results: The model was initially developed with 22 domains across 3 key dimensions: technology, policy, and people, each
structured across 5 maturity levels to support systematic progression in hospital BYOD security. On the basis of participant
feedback during the refinement process, 2 training-related domains were merged, resulting in a final model with 21 domains. The
technology dimension includes domains such as identity, access, and authentication management; device security; and clinical
communication, ensuring technical controls align with hospital policies and workflows. The policy dimension focuses on
governance, covering areas such as BYOD strategy, regulatory compliance, and incident response, to establish clear security
guidelines and enforcement mechanisms. The people dimension addresses human factors, including security awareness training,
stakeholder involvement, and security culture, fostering staff engagement and adherence to security protocols. A maturity
assessment survey conducted at a public metropolitan hospital in Victoria, Australia, revealed an overall maturity level of 2.04.
Key areas for improvement included identity and access management, clinical communication security, and governance transparency.
A 90-minute co-design workshop identified challenges and proposed solutions for the top 6 priority domains. Recommendations
included implementing single sign-on, defining a formal BYOD strategy, enhancing secure communication tools, and improving
stakeholder engagement.

Conclusions: The model can serve as a valuable tool for hospitals and policy makers, offering actionable recommendations to
strengthen BYOD security. The pilot implementation demonstrated its practical applicability, helping the hospital identify security
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gaps and develop a road map for structured enhancements. Further validation across diverse health care settings will enhance its
adaptability and long-term impact.

(JMIR Hum Factors 2025;12:e71912)   doi:10.2196/71912

KEYWORDS

bring your own device; BYOD; security; privacy; mobile health; mHealth; mobile phone; maturity model; sociotechnical security;
policy and governance; artificial intelligence; AI

Introduction

Background
Bring your own device (BYOD) is the practice of using personal
devices, including laptops, smartphones, and tablets, for
professional purposes. This practice has witnessed a significant
increase in adoption across various sectors, especially within
the health care domain [1]. A survey conducted in 2021 among
hospital clinicians in Australia revealed that 87% of respondents
engaged in BYOD for tasks related to their hospital
responsibilities [2]. The ubiquitous and multifunctional nature
of contemporary mobile devices attracts clinicians, who use
BYOD for activities such as clinical documentation, accessing
electronic medical records (EMRs), diagnostic decision support,
and clinical communication [3-6]. For health care professionals,
BYOD allows enhanced flexibility and convenience, thereby
enhancing their mobility and productivity. Nevertheless, despite
its benefits, BYOD is recognized as a contributor to increased
cybersecurity vulnerabilities, which presents a significant
concern for health care institutions [7,8]. A critical dimension
of BYOD implementation is the insufficient security measures
associated with clinicians’ personal devices, rendering them
more susceptible to security breaches, particularly due to human
error and misuse. These elements are acknowledged as key
contributors to data breaches within the health care sector
[7,9,10]. In certain situations, clinicians may sometimes
prioritize immediate patient care over adhering to IT security
protocols, further exacerbating risks [11,12]. The risk escalates
within a BYOD environment, wherein users exert greater control
over hospital data residing on their personal devices, thus
increasing the likelihood of security oversights. For instance,
the proliferation of EMR use on mobile devices intensifies the
difficulty of integrating security measures into routine
workflows [13,14]. Moreover, adherence to health care privacy
regulations further complicates the adoption of BYOD, as
hospitals strive to reconcile security requirements with clinical
operational efficiency [9].

Multiple academic studies have explored security issues
associated with BYOD use, addressing challenges such as device
theft, network vulnerabilities, malware, unencrypted data, and
improper employee behavior [15-17]. However, research in the
health care sector is comparatively limited. Several researchers
emphasize the need for targeted academic investigations to offer
a comprehensive and objective understanding of this field. They
have highlighted that a one-size-fits-all approach to BYOD
security is insufficient, and existing best practices and
recommendations lack the nuanced approaches needed for
specialized sectors such as health care, where security solutions
must balance operational efficiency with strict regulatory

requirements [18,19]. The intricate nature and multifaceted
dynamics of technology implementation within health care calls
for focused research on BYOD security in hospital
environments. On the contrary, previous research has highlighted
the limitations of existing BYOD security frameworks in health
care, noting a predominant focus on technical solutions without
adequately addressing the sociotechnical dimensions critical in
clinical environments [15,16]. Existing frameworks emphasize
technical controls such as access management and encryption
(the process of converting data into a coded format to prevent
unauthorized access, ensuring data security both in transit and
at rest) but often overlook the importance of user behavior,
organizational culture, and workflow integration [17,20]. This
technocentric approach has been associated with increased
vulnerability to cyberattacks due to neglected social aspects of
security [21,22].

Recognizing these gaps, previous work involved developing a
preliminary hospital BYOD security framework that integrated
sociotechnical considerations, encompassing technical controls,
policies, and human factors [10]. This framework outlined a
7-stage process—plan, identify, protect, detect, respond, recover,
and assess and monitor—with recommendations tailored to the
unique challenges of BYOD security management in hospitals.
Subsequent empirical studies involving hospital IT managers
and clinicians provided practical insights, further informing and
refining the framework [2,23-25].

However, translating this comprehensive framework into
actionable and practical sociotechnical security controls presents
challenges. Hospitals vary significantly in their organizational
structures, workflows, and available resources, making it
impractical to implement all recommendations uniformly. There
is a need for a flexible tool that allows hospitals to assess their
current BYOD security posture and prioritize improvements in
a manner that aligns with their specific contexts.

Maturity models have been used in information systems as
instruments for assessment and systematic enhancement of
organizational practices [26,27]. In information security,
maturity models aid organizations in identifying cybersecurity
gaps and developing tailored countermeasures that are feasible
and aligned with organizational goals [28]. Nonetheless, existing
maturity models in cybersecurity are predominantly
technocentric and compliance-oriented, lacking in sociotechnical
considerations and specific applicability to the health care sector
[26,28-32]. A 2025 systematic review of cybersecurity maturity
models identified several persistent gaps, including the absence
of sector-specific frameworks and the limited integration of
behavioral and organizational dimensions [33]. Similarly, other
contemporary studies tend to focus on national cybersecurity
capabilities, broad information security themes, or narrowly
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defined applications, such as incident response, and hence do
not address the full range of health care–specific challenges,
nor do they provide comprehensive sociotechnical maturity
frameworks [34-36]. The complexity of health care systems,
characterized by intricate interactions between technology,
clinical workflows, communication, and regulatory
requirements, necessitates a maturity model that encompasses
both technical and sociotechnical dimensions [37-39].

Objectives
Given the absence of a tailored maturity model addressing
hospital BYOD security and its unique challenges, this study
aims to bridge this gap by developing a comprehensive and
holistic hospital BYOD security maturity model. Therefore, the
aim of our research is to propose and present a comprehensive
hospital BYOD security maturity model. Furthermore, we
describe a pilot implementation that demonstrates the model’s
practical application to BYOD security in a specific hospital
organizational context. In addition, the model presented aims
to advance maturity model theory by offering a granular,
domain-based structure that enables targeted progression
mapping. This overcomes the abstraction of traditional models
by operationalizing maturity in specific, interrelated hospital
functions.

By bridging the gap between theoretical frameworks and
practical implementation, this study aims to provide hospitals
with a practical tool to enhance their BYOD security posture
in a manner that is adaptable to their unique organizational
contexts. The resulting maturity model is intended to facilitate
a systematic approach to improving BYOD security, integrating
both technical controls and sociotechnical factors, such as
clinician behavior and organizational culture.

Methods

The method section comprises 2 subsections. First, we describe
the method used to develop and refine the proposed hospital
BYOD security maturity model. Then, we outline the method
used to pilot its implementation.

Development and Application of the Proposed Hospital
BYOD Security Maturity Model

Maturity Model Development
Before the maturity model, the authors developed a hospital
BYOD security framework providing a comprehensive set of
sociotechnical guidelines for BYOD security in hospitals across
the BYOD life cycle. This framework was developed using a
mixed methods action research (MMAR) approach, providing
a robust foundation for the creation of the hospital BYOD
(hBYOD) maturity model. The MMAR methodology enabled
the integration of both qualitative and quantitative data
(collected through empirical studies), ensuring that the
framework addressed sociotechnical factors, including technical
controls, policies, and human behaviors, to balance security
with clinical productivity [40-42]. The quantitative studies
involved surveys of IT management staff across hospitals to
assess existing security practices and BYOD users, such as
clinicians, to evaluate their security behaviors and compliance.
The qualitative component included semistructured interviews
with IT management staff to explore contextual factors
influencing BYOD security decisions and with clinicians to
understand how security measures impact their workflows and
productivity. This comprehensive approach ensured that both
the management and user perspectives were incorporated into
the framework’s development.

For the purposes of the maturity model, recommendations were
mapped from the hospital BYOD security framework to the 5
maturity levels across all domains of the model. These
descriptions and levels were triangulated among the 3
researchers to ensure consistency, accuracy, and alignment with
the framework. By aligning the framework’s recommendations
with the maturity levels, elementary guidelines correspond to
the lower levels, while more complex and advanced guidelines
align with the higher levels, in accordance with the defined
criteria for each level. This mapping ensures structured
progression from basic to optimized practices within each
domain.

Figure 1 illustrates the comprehensive process involved in
developing the hBYOD maturity model, from initial problem
analysis to the finalization of the model [10,19,43].
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Figure 1. Hospital bring-your-own-device (hBYOD) security maturity model—Development process overview. BYOD: bring your own device; CIO:
chief information officer; CISO: chief information security officer; PPT; people, policy, technology.

The proposed maturity model was initially developed with 22
domains across the 3 dimensions of people, process, and
technology (PPT; 7 domains for technology, 7 for policy, and
8 for people), selected for their relevance to hospital BYOD
security, following extensive research that included literature
reviews and a series of empirical studies [2,23-25]. On the basis
of participant feedback during the refinement process, 2
training-related domains were merged, resulting in a final model
with 21 domains. Each domain represents a specific aspect of
hospital BYOD security.

Each domain represents a specific aspect of hospital BYOD
security. Incorporating the PPT dimensions ensured a holistic
sociotechnical approach when assessing BYOD security
maturity [43]. Every domain is defined across 5 maturity levels,
ranging from level 1 to level 5, with unique definitions for each
level in all 21 domains. These levels are aligned with prominent
academic and industry-based maturity models [31,44-46]. An

analysis of these models reveals the following definitions
corresponding to each maturity level:

1. Nonexistent or very limited and elementary implementation,
unreliable, completely reliant on manual effort, and major
changes required.

2. Ad hoc or informal implementation, reactive, significant
room for improvement, and mostly reliant on manual effort.

3. Well-defined but with gaps in management and
enforcement, minimal automation, a high degree of manual
effort, compliant, and moderate room for improvement.

4. Well-managed and enforced, structured practices, moderate
level of automation, proactive, moderately agile, best
practice, and low room for improvement.

5. Continually improving and highly agile and real-time, high
levels of automation, complete integration, enterprise-wide
practices, innovative, and up to date with little or no room
for improvement.
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The 5 maturity levels across all domains were derived from the
hospital BYOD security framework (Multimedia Appendix 1),
ensuring each level has a distinct and well-defined definition
and characterization. Detailed mappings of the hospital BYOD
security framework’s recommendations to the maturity levels
are provided in Multimedia Appendix 2.

Assessment Process Using the Maturity Model
The maturity model can be used to assess a hospital’s BYOD
security maturity through a straightforward process. For each
of the 22 domains, a brief description of cybersecurity controls
or practices is provided for each of the 5 maturity levels.
Assessors rate their hospital from level 1 to level 5 in each
domain, based on how closely their practices align with the
provided descriptions. Assessors are expected to possess
substantial knowledge of the described activities and have
tangible evidence of the specified security controls.

When multiple assessors evaluate the same hospital, an average
rating can be calculated for each domain to determine the overall
maturity level. In addition, average ratings can be computed for
each of the 3 PPT dimensions, as well as an overall average,
providing cumulative ratings. This approach allows the model
to identify specific areas for improvement and to represent the
general capability of the hospital, based on individual domain
maturity ratings and the cumulative mean maturity rating,
respectively.

Prioritization and Roadmap for Improvement
It is important to note that areas for improvement can be
prioritized or ranked based on the hospital’s needs, future
mission, capabilities, and feasibility considerations. Hospitals
can plan a road map for enhancement by referring to the higher
maturity levels in specific domains as guidance. For example,
if a hospital’s maturity rating in a particular domain is level 2,
the descriptions of the progressive levels (levels 3, 4, and 5)
can provide actionable insights on how stepwise improvements
can be achieved. Depending on the hospital’s capabilities and
resources, it may aim for the level that is feasible to attain within
a given time frame.

Pilot Implementation Study
This section outlines the methodology used for the pilot
implementation study.

Ethical Considerations
Ethics approval was obtained from the hospital’s ethics
committee and the University of Melbourne, where the study
was conducted (Ethics approval project no. 556/21). Informed
consent was obtained from all participants through an
information statement, and participation was voluntary, with
an option to withdraw at any time. Survey responses were
collected anonymously, and workshop data were pseudonymised
and deidentified to ensure privacy and confidentiality. No patient
data were collected. All data were securely stored on
password-protected university systems. No compensation was
offered to participants.

Study Site
The maturity assessment and improvement study were conducted
at a major public tertiary metropolitan hospital in Victoria,
Australia.

Study Participants and Recruitment

Overview
Two key groups of BYOD security stakeholders from the
participating hospital were involved in this study. Participants
were selected based on their involvement and understanding of
BYOD security management, decision-making, or use within
the hospital. The selection process was facilitated through
nominations from the hospital’s chief privacy officer to ensure
the inclusion of individuals with relevant expertise and diverse
perspectives. The criteria for participant selection included the
following.

Technology Managers
IT professionals, cybersecurity managers, and policy makers
responsible for BYOD decision-making, such as developing or
implementing BYOD security strategies. They were chosen for
their expertise in technical security controls, policy formulation,
and compliance measures.

Clinical Stakeholders (Device Users)
Clinicians who understood BYOD use and clinical needs, such
as those with IT and informatics roles. They were selected to
provide insights into the impact of BYOD security controls on
aspects such as clinical efficiency, usability, and compliance
with hospital policies.

Nominated individuals were provided with a plain language
statement and were included in the study upon giving informed
consent. A total of 10 participants from the hospital took part
in the study.

Study Design
The study was conducted in 2 stages.

Maturity Assessment and Model Feedback Survey
(Before the Workshop)
A BYOD security maturity assessment and feedback survey
was developed using Qualtrics (Qualtrics International Inc;
Multimedia Appendix 3). Participants received a survey link
and had 1 week to complete it independently before the
workshop. Both technology managers and clinical stakeholders
assessed BYOD security maturity by selecting the most
appropriate level for each domain based on their knowledge
and available tangible evidence. They also provided feedback
on the accuracy, applicability, and clarity of the model, with an
option to suggest improvements or indicate if they lacked
sufficient knowledge to assess a domain.

Following the maturity assessment, participants were asked for
their reflective comments on the structure of the model. This
included (1) identifying any missing domains that should be
included, (2) suggesting the removal of any domains deemed
unnecessary, and (3) proposing reclassification of domains from
one dimension to another.
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At the end of the survey, participants were asked to prioritize
and rank the domains within each PPT dimension based on their
perceived importance for improving the BYOD security maturity
of the hospital.

Maturity Improvement Discussion Workshop
Following the maturity assessment, a 90-minute Zoom (Zoom
Communications, Inc) workshop was held with the same survey
participants, including IT and clinical representatives providing
management and user perspectives on BYOD use.

A participatory co-design approach was used during the
workshop, enabling these stakeholder groups to collaboratively
discuss challenges and propose recommendations related to the
prioritized domains of BYOD security identified from the initial
survey [47,48]. To maximize the effectiveness of the workshop,
design and evaluation guidelines by Thoring et al [49] were
followed.

The web-based workshop tool MURAL was used to document
participant responses. Each group had 2 facilitators who
managed time, addressed queries, and recorded key discussions.
The full workshop session was recorded, transcribed, and
deidentified.

Analysis
The maturity assessment data underwent descriptive statistical
analysis to determine mean maturity ratings across the hospital’s
BYOD security domains. The top 6 priority domains (two from
each of the technology, policy, and people dimensions) were
identified based on participant responses.

For qualitative analysis, data from the maturity assessment,
model improvement feedback, and workshop sessions were
analyzed using thematic analysis [50]. A deductive approach
was applied to assess how participant feedback aligned with
predefined BYOD security maturity domains, followed by an
inductive review to identify emerging challenges, contextual
insights, and proposed solutions. This combined approach
ensured that both structured evaluation and exploratory findings
contributed to the refinement of the model and the formulation
of consolidated, prioritized security recommendations for the
hospital.

Participant Characteristics
A total of 10 participants from the model hospital, representing
both participant groups—7 technology managers and 3 clinical
stakeholder representatives—participated in the maturity
assessment survey and the following discussion workshop.

Figure 2 provides an overview of the maturity assessment and
model refinement process.
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Figure 2. Maturity assessment and model refinement process overview. BYOD: bring your own device; hBYOD: hospital bring your own device;
MMAR: mixed methods action research.

Results

This section is organized into three parts: (1) maturity model
description, (2) feedback and refinements, and (3) hospital
maturity assessment and workshop recommendations. The first
part provides an overview of the maturity model domains, the
second summarizes participant feedback and resulting revisions,
and the third presents the findings from the maturity assessment
survey and subsequent workshop conducted at the model
hospital.

Maturity Model Description

Overview
The proposed maturity model was initially developed with 22
domains across 3 dimensions—technology (7 domains), policy
(7 domains), and people (8 domains). Following participant
feedback, 2 training-related domains under the people dimension
were merged, resulting in a final model comprising 21 domains.
This revision is detailed in the Feedback and Refinements
subsection.

While this section provides only a brief overview of the 3
dimensions and their respective domains, the complete model,
including detailed definitions for each of the 5 maturity levels
per domain, along with clearly defined, measurable criteria, is
presented in Multimedia Appendix 2. To aid interpretation, the
operational indicators for each level have been bolded in the
revised version of the appendix. These indicators are designed
to support objective evaluation and guide structured
improvement efforts.

Technology

Overview
The technology dimension demonstrates a clear progression
from basic security practices to an advanced, integrated
sociotechnical approach, where technology aligns with
organizational policies and user needs. Each maturity level
builds on the previous, addressing specific security and usability
challenges relevant to BYOD use in hospitals. Table 1 presents
a concise summary of the technology domains, offering a
high-level overview of their structure and key focus areas.

JMIR Hum Factors 2025 | vol. 12 | e71912 | p.1896https://humanfactors.jmir.org/2025/1/e71912
(page number not for citation purposes)

Wani et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Technology dimension domain definition and descriptions (7 domains).

Levels summaryDefinition and descriptionTechnology di-
mension

Technologies and processes for verifying
user identity and controlling access to

Identity, access,
and authentica-

• Level 1: basic password-only authentication without additional protections for BYOD
access.

hospital systems and data in a BYODa

environment

tion manage-
ment

• Level 2: complex passwords with enforced policies, providing minimal improvement
for personal device security.

• Level 3: dual-factor authentication (eg, OTP or token) to enhance security for BYOD
users.

• Level 4: RBACb tailored to BYOD device use, restricting access based on job roles.
• Level 5: federated SSOc for seamless and secure access across multiple hospital

systems from BYOD devices.

Tools and controls for securely storing
and backing up hospital data accessed or

Storage and
backup

• Level 1: no controls for securing or backing up data accessed via BYOD devices.
• Level 2: minimal separation between personal and hospital data, with limited backup

options for BYOD users.stored on BYOD devices, ensuring sepa-
ration from personal data • Level 3: virtualizationd ensures BYOD users access data in secure, isolated environ-

ments without local storage.
• Level 4: containerizatione fully separates hospital data on BYOD devices, with secure

backup options.
• Level 5: private cloud infrastructure with automated, encrypted backups for data

accessed through BYOD devices.

Security measures to protect BYOD de-

vices, including encryptionf, antivirus,
and compliance monitoring

Device security • Level 1: no restrictions or security requirements for BYOD devices.
• Level 2: manual security controls, such as user-installed antivirus and basic settings.
• Level 3: blacklist and white list capabilities to restrict unauthorized apps and ensure

BYOD compliance.
• Level 4: end point protectiong with real-time threat detection and device monitoring

for BYOD devices.
• Level 5: UEMh for centralized, automated security management of all BYOD devices.

Security protocols to protect hospital
networks from threats introduced by

Network securi-
ty

• Level 1: basic firewalls providing limited protection against BYOD-related threats.
• Level 2: network segmentation separates hospital systems from BYOD devices to

minimize risk.BYOD use, including firewalls and seg-
mentation • Level 3: firewalls integrated with IDSi and IPSj) to identify and mitigate BYOD-

originated threats.
• Level 4: secure web gatewaysk filter internet traffic from BYOD devices, ensuring

safe access.
• Level 5: real-time threat detection using AIl and analytics to proactively secure

hospital networks from BYOD threats.

Safeguards to secure applications in a
BYOD environment, preventing unautho-
rized access and data breaches

Application se-
curity

• Level 1: no restrictions, allowing any applications on BYOD devices without secu-
rity oversight.

• Level 2: limited to basic applications with minimal security checks for BYOD use.
• Level 3: vulnerable silos where hospital apps on BYOD gadgets lack integration or

adequate oversight.
• Level 4: approved white-listed applications with robust security policies for BYOD

use.
• Level 5: virtualized applications providing isolated and secure environments for

BYOD users.

Systems and tools to manage, monitor,
and automate security measures for BY-
OD devices within the hospital

BYOD manage-
ment and au-
tomation

• Level 1: manual BYOD management with no centralized tools.
• Level 2: ad hoc controls implemented reactively for BYOD issues.
• Level 3: MDMm solutions enforce basic policies for BYOD compliance.
• Level 4: MAMn tools control apps and permissions on BYOD gadgets.
• Level 5: UEM provides comprehensive, automated security and operational manage-

ment for BYOD gadgets.
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Levels summaryDefinition and descriptionTechnology di-
mension

• Level 1: undefined systems, with personal apps frequently used on BYOD devices
for communication.

• Level 2: generic communication platforms with limited security features for BYOD
users.

• Level 3: limited secure platforms partially integrated into hospital workflows for
BYOD communication.

• Level 4: fully integrated platforms with strong encryption and compliance features
tailored for BYOD devices.

• Level 5: dedicated systems specifically designed for secure clinical communication
and file sharing on BYOD devices.

Secure platforms and protocols for com-
munication, photography, file sharing,
and data transfer using BYOD devices
in clinical settings

Clinical commu-
nication, photog-
raphy, and file
sharing

aBYOD: bring your own device.
bRBAC: role-based access control. A method of restricting system access based on an individual’s job role to enforce security and limit exposure to
sensitive data.
cSSO: single sign-on. An advanced form of SSO that allows users to access multiple apps and systems across different organizations or domains using
a single authentication mechanism.
dA technology that allows hospital apps and data to be accessed in a controlled, virtual environment rather than being stored directly on BYOD devices,
reducing security risks and enhancing centralized management.
eA security method that isolates hospital data and apps within a secure, controlled environment on a BYOD device, preventing unauthorized access to
sensitive information while maintaining separation from personal apps.
fThe process of converting data into a coded format to prevent unauthorized access, ensuring data security both in transit and at rest.
gEnd point protection: protection measures applied to end-user devices (eg, mobile phones, laptops) to prevent privacy or security breaches.
hUEM: unified end point management. A comprehensive security solution to managing and securing all devices (eg, desktops, mobiles, and tablets)
from a single platform.
iIDS: intrusion detection system. Security tools are designed to detect, alert, and prevent potential cyberattacks by monitoring network traffic and system
activities.
jIPS: intrusion prevention system.
kA security solution that monitors and filters internet traffic from devices to enforce hospital security policies, block malicious websites, prevent data
leaks, and protect against web-based threats.
lAI: artificial intelligence.
mMDM: mobile device management. A security solution that allows organizations to control, monitor, and enforce policies on personal and
organization-owned mobile devices.
nMAM: mobile application management. A security solution that focuses on controlling and securing hospital-approved apps on BYOD devices without
managing the entire device, enabling secure access to clinical apps while maintaining user privacy.

The following sections provide a brief description of the 5
maturity levels across the 7 technology domains, illustrating
the progression from minimal to advanced security capabilities
and their application in BYOD contexts within hospitals.

Level 1: Minimal Security Controls
This foundational level exhibits basic security with limited
controls. Authentication is password-based, without advanced
access restrictions or separation between hospital and personal
data on devices. Device security is minimal, allowing
unrestricted personal device use, and network protection relies
on basic firewall configurations. Application security is
nonexistent, with employees using personal, unsecured
applications. There are no centralized controls over BYOD use,
and clinical communication occurs through personal apps, such
as WhatsApp (Meta Platforms, Inc), posing significant data
privacy and security risks.

Level 2: High Complexity and Minimal Automation
Security capabilities improve slightly, introducing single-factor
authentication with complex passwords and limited device-level
restrictions, mainly for high-risk devices. Network segmentation
and guest network access are applied to separate personal and
hospital data minimally, but data security largely depends on

manual user management. BYOD management remains largely
manual, and clinical communication continues through generic
applications, offering little dedicated security.

Level 3: Basic Access Controls
At this level, more structured controls emerge, including basic
identity and access management (IAM; a framework of policies
and technologies ensuring that only authorized individuals can
access specific hospital resources and systems) solutions with
application-level virtualization (a technology that allows hospital
applications and data to be accessed in a controlled, virtual
environment rather than being stored directly on BYOD,
reducing security risks and enhancing centralized management)
for limited access control. Device security uses blacklist and
white list capabilities to enforce some restrictions, while network
security is strengthened with advanced firewalls and intrusion
detection systems (security tools designed to detect, alert, and
prevent potential cyberattacks by monitoring network traffic
and system activities) and intrusion prevention systems.
Although personal cloud options are permitted for backup, there
is some degree of logical separation between personal and
hospital data. Basic mobile device management (MDM; a
security solution that allows organizations to control, monitor,
and enforce policies on personal and organization-owned mobile
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devices) tools are used for BYOD control and secure clinical
communication platforms are available, although uptake remains
minimal due to limited usability and integration.

Level 4: Role Based and Partially Integrated
This level introduces advanced IAM solutions with role-based
access control, supporting more sophisticated, role-specific
permissions. Data storage is managed through sanctioned cloud
platforms with access restrictions based on user roles, enhancing
data protection. End point protection (protection measures
applied to end-user devices [eg, mobile phones and laptops] to
prevent privacy or security breaches) incorporates network
visualization and secure web gateways (a security solution that
monitors and filters internet traffic from devices to enforce
hospital security policies, block malicious websites, prevent
data leaks, and protect against web-based threats), providing
greater oversight of device security. Hospital-approved
applications are made accessible through a secure app store,
and mobile application management (MAM; a security solution
that focuses on controlling and securing hospital-approved
applications on BYOD devices without managing the entire
device, enabling secure access to clinical apps while maintaining
user privacy) tools enable more consistent BYOD management.
Dedicated platforms for clinical communication offer basic
integration with hospital systems, supporting more secure and
streamlined workflows.

Level 5: Advanced, Integrated Security
The highest maturity level reflects an enterprise-level approach
with fully integrated, automated security practices. IAM

solutions use artificial intelligence for enhanced authentication
management, including federated single sign-on (SSO; an
advanced form of SSO that allows users to access multiple apps
and systems across different organizations or domains using a
single authentication mechanism) across all hospital
applications, significantly improving user experience and
security. Storage and backup solutions are handled via a private
cloud with complete data isolation, ensuring data security.
Comprehensive end point protection and real-time network
monitoring provide robust defense against cybersecurity threats.
Application security includes sophisticated isolation and
restriction features, protecting sensitive data. Unified end point
management (a comprehensive security solution to managing
and securing all devices [eg, desktops, mobiles, and tablets]
from a single platform) enables centralized, automated control
over all BYOD devices, and dedicated clinical communication
platforms integrate seamlessly with hospital systems, supporting
efficient and secure communication workflows.

Policy

Overview
The policy dimension outlines a structured progression in BYOD
policy development and governance within health care
organizations. This dimension emphasizes the progression from
a lack of structure in BYOD policy and security management
to a comprehensive, proactive governance framework that aligns
legal, technical, and operational elements of BYOD security
within health care environments. Table 2 provides a brief
overview of the policy domains.
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Table 2. Policy dimension: domain definition and descriptions (7 domains).

Levels summaryDefinition and descrip-
tion

Policy dimension

The overarching plan for
integrating BYOD into
hospital workflows while
ensuring security and
compliance

BYODa strategy • Level 1: no defined strategy for BYOD use.
• Level 2: BYOD addressed informally as part of general IT strategy.
• Level 3: a dedicated BYOD strategy focusing on security and compliance.
• Level 4: comprehensive strategy covering clinical and nonclinical workflows related

to BYOD use.
• Level 5: proactively updated strategy aligned with evolving threats and hospital

needs.

Key elements of policies
that define acceptable
use, privacy, and security
requirements for BYOD
use

Policy components • Level 1: no specific BYOD policy components defined.
• Level 2: basic acceptable use guidelines included in broader IT policies.
• Level 3: dedicated BYOD policy components addressing security and privacy.
• Level 4: comprehensive policies tailored for BYOD workflows and compliance re-

quirements.
• Level 5: regularly reviewed and updated policies integrating feedback and regulatory

changes.

Ensuring BYOD use ad-
heres to health care regu-
latory standards and data
security requirements

Regulatory compliance • Level 1: no understanding or monitoring of regulatory requirements for BYOD.
• Level 2: minimal awareness of applicable regulations for BYOD use, with inconsis-

tent adherence.
• Level 3: regulatory requirements are clearly defined and communicated.
• Level 4: compliance is routinely monitored and documented.
• Level 5: automated systems ensure real-time adherence to regulatory standards for

BYOD devices.

Mechanisms to monitor
and ensure compliance
with BYOD policies, in-
cluding audits and correc-
tive actions

Policy enforcement • Level 1: no enforcement mechanisms for BYOD policies.
• Level 2: limited BYOD monitoring with occasional audits.
• Level 3: formal processes for BYOD monitoring and periodic reviews.
• Level 4: balanced enforcement system integrating penalties and incentives.
• Level 5: automated, real-time monitoring and enforcement of BYOD policies.

Procedures for managing
and resolving security in-
cidents involving BYOD
devices

Incident response • Level 1: no formal incident response processes for BYOD
• Level 2: general IT incident management applies inconsistently to BYOD
• Level 3: defined BYOD-specific incident response plans
• Level 4: formalized processes with clear roles and rapid response capabilities
• Level 5: automated, proactive incident response systems for BYOD threats

Guidelines for handling
lost or stolen BYOD de-
vices, including data re-
covery and remote wip-
ing

Lost device policy • Level 1: no procedures for lost or stolen BYOD devices
• Level 2: staff follow ad hoc guidance for reporting and recovery
• Level 3: defined policy for data wiping and device recovery
• Level 4: selective data wiping to protect sensitive information
• Level 5: real-time device tracking and automated data wiping capabilities

Defined structures and
roles for overseeing and
ensuring accountability
for BYOD security

Accountability and governance • Level 1: no defined roles or governance for BYOD security
• Level 2: informal BYOD governance with limited oversight
• Level 3: BYOD governance exists but is included in general IT management
• Level 4: formal structures with clear roles and responsibilities for BYOD oversight
• Level 5: agile BYOD governance processes integrated into organizational leadership

and IT strategy

aBYOD: bring your own device.

The following subsections outline the progression of maturity
levels within the policy dimension.

Level 1: Undefined BYOD Policy
At this foundational level, there is no formal BYOD strategy
or dedicated policy for IT security concerning BYOD. Legal
risks are not identified, and there are no established processes
for enforcement, measurement, or compliance verification.
Incident management is ad hoc and slow, with no defined roles
or responsibilities for BYOD governance, making the
organization highly vulnerable to security incidents.

Level 2: Basic, Informal Policy
BYOD policy is incorporated into the general IT strategy, with
only loosely defined BYOD security aspects and references to
legislation. Legal risks are vaguely defined, and compliance
verification is minimal, with a general incident management
process lacking specific standard operating procedures for
BYOD incidents. Lost or stolen devices are not addressed, and
governance is informal, lacking a clear structure and authority.
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Level 3: Defined Policy With Basic Governance
A dedicated BYOD policy is established, offering high-level
guidance. Legal risks are identified, but they remain complex
and difficult for the staff to understand. There is basic
enforcement, with a high-level compliance verification process.
A BYOD incident management process is defined, but response
times are slow, and devices are only wiped out when it is lost
or stolen. Governance is somewhat integrated, with BYOD
security part of the general IT and security governance
framework.

Level 4: Comprehensive Policy With Formal Governance
At this level, a comprehensive BYOD strategy covers both
clinical and nonclinical aspects, with well-defined legal risks
that are regularly monitored. Compliance is measured through
a balanced system, and a defined BYOD incident management
process is in place, supported by a dedicated security team. The
policy allows for selective data wiping on lost devices, and a
formal BYOD governance structure is established to ensure
accountability and clarity in roles.

Level 5: Advanced, Proactive Policy
The highest maturity level features a fully developed and
continually updated BYOD strategy that is aligned with the

latest threat, business, and legal landscapes. Compliance
verification is automated with real-time measurement. The
incident management process is highly automated and proactive,
with swift responses and advanced capabilities. Governance is
robust, ensuring that all aspects of BYOD policy are tightly
managed within a well-defined structure, allowing for
adaptability and scalability in response to evolving security
needs.

People

Overview
The people dimension emphasizes the evolution from minimal
awareness and isolated efforts to a fully integrated, proactive
security culture. As maturity increases, the organization’s
workforce becomes more knowledgeable, engaged, and adept
at managing BYOD security, aligned with the organization’s
overarching goals for patient safety and data protection in health
care environments. Table 3 provides a brief overview of the
people domains:

The following subsections outline the progression of maturity
levels within the people dimension.
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Table 3. People dimension: domain definitions and descriptions (8 domains).

Levels summaryDefinition and descrip-
tion

People dimension

Programs to educate
staff on the risks and
security best practices
specific to BYOD de-
vice use

BYODa security
awareness and
training

• Level 1: no awareness programs or training for staff
• Level 2: generic training offered occasionally, with minimal focus on BYOD security
• Level 3: dedicated BYOD training programs addressing basic security risks
• Level 4: comprehensive, role-specific training with practical scenarios for BYOD security
• Level 5: regularly updated, workflow-integrated training emphasizing BYOD best practices

Methods and channels
for delivering BYOD-
specific security train-
ing to staff effectively

Training dissemina-
tion

• Level 1: no structured BYOD training dissemination
• Level 2: periodic reminders or basic presentations
• Level 3: online modules accessible to staff, covering BYOD security
• Level 4: multichannel training, including workshops and hands-on sessions tailored to staff roles
• Level 5: integrated dissemination through various media, including just-in-time training tools

Emphasizing the role
of training in maintain-
ing security when us-
ing BYOD devices in
the hospital environ-
ment

Training impor-
tance

• Level 1: BYOD training not prioritized or mandatory
• Level 2: training is optional and provided only to interested staff
• Level 3: training viewed as important and made available to all staff
• Level 4: training made mandatory with management oversight
• Level 5: training incentivized and fully embedded in hospital practices, with performance linked

to adherence

Leadership commit-
ment and staff support
to prioritizing and
funding for BYOD
security

Management sup-
port

• Level 1: no visible support from leadership for BYOD security initiatives
• Level 2: limited acknowledgment of BYOD security risks
• Level 3: moderate support, with funding allocated for basic BYOD security measures
• Level 4: high-level support with strategic investments in BYOD security
• Level 5: unrestricted commitment, with BYOD security as a priority in organizational strategy

Engagement of key
stakeholders, includ-
ing clinical staff and
IT teams, in shaping
BYOD security strate-
gy, practices, and pro-
cedures

Stakeholder in-
volvement

• Level 1: no involvement of stakeholders in BYOD decisions
• Level 2: minimal IT department involvement without clinical input
• Level 3: limited leadership and stakeholder input in shaping BYOD policies
• Level 4: regular feedback and participation from clinical and IT teams
• Level 5: continuous collaborative engagement of stakeholders in all BYOD-related strategies and

practices

Promoting a proactive
organizational ap-
proach to securing
hospital and personal
data in a BYOD envi-
ronment, fostering
awareness and collab-
oration

Security culture • Level 1: no emphasis on security culture; reactive approach to incidents
• Level 2: awareness limited to certain departments
• Level 3: general staff awareness of security risks but minimal collaboration
• Level 4: proactive initiatives to promote a security-conscious culture across the organization
• Level 5: continuous improvement and organization-wide security commitment embedded into the

culture

Balancing security
measures for BYOD
devices with ease of
use to enhance clinical
workflows and staff
efficiency

Usability and pro-
ductivity

• Level 1: BYOD security measures such as extensive restrictions and complex passwords, impede
usability, leading to workarounds

• Level 2: basic usability improvements, such as reduced sign-on, implemented without significant
productivity gains

• Level 3: improved usability through simplified processes such as basic sign-on
• Level 4: workflow-optimized BYOD security measures, such as single sign-on and enterprise pro-

ductivity BYOD apps
• Level 5: fully integrated, seamless user experience enhancing both security and productivity through

an optimized, secured, and unrestrictive BYOD environment

Building and maintain-
ing technical skills to
manage and secure
BYOD devices effec-
tively

Expertise and skills
improvement

• Level 1: no focus on BYOD-related technical skills
• Level 2: limited skill-building through ad hoc initiatives
• Level 3: dedicated IT staff receive basic BYOD security training
• Level 4: regular training and certifications provided for key staff
• Level 5: advanced, ongoing skill development programs to maintain high levels of BYOD expertise

aBYOD: bring your own device.

Level 1: Limited Awareness and Reactive Approach
At this initial stage, there is no formal IT security training for
staff regarding BYOD. Employees rely solely on personal

knowledge and awareness, without any structured support or
guidance from management on cybersecurity issues. There is a
lack of stakeholder involvement in the BYOD strategy, leading
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to a restrictive environment with low expertise and inadequate
capacity to handle BYOD-related security issues.

Level 2: Basic Guidance With Minimal Organizational
Support
This level introduces optional, generic IT security training, with
basic guidelines and reminders sent to staff. Management
provides limited support for cybersecurity initiatives, with only
IT or executive groups involved in BYOD strategy development.
The organization operates within a reactive security culture,
where employees create workarounds due to limited resources.
Individual staff members handle BYOD security issues
independently, rather than through coordinated departmental
efforts.

Level 3: Structured Training With Moderate Stakeholder
Engagement
A dedicated BYOD security training program is in place,
prioritizing cybersecurity with moderate management support.
Clinical leaders play a minimal role in BYOD security
decision-making, and there is general awareness among staff
about the importance of patient data protection. However,
resistance to change exists within some groups. Basic features,
such as SSO, are introduced to simplify workflows, and
dedicated IT personnel manage BYOD security.

Level 4: Integrated Security Culture With High
Stakeholder Involvement
BYOD security training becomes a mandatory, strategic, and
practical component of the organization’s cybersecurity
approach, with a high level of commitment and active

management support. Clinical stakeholders, including BYOD
users, are consulted in strategy development and changes,
fostering a proactive security culture. The organization
demonstrates strong capabilities to manage BYOD-related
sociotechnical issues and leverages enterprise productivity
features to enhance security and efficiency.

Level 5: Tailored Support and Proactive, Adaptive
Security Culture
At the highest maturity level, BYOD security training is
regularly updated and tailored to align with specific workflows,
making cybersecurity a top priority. There is ongoing,
unrestricted support from management, along with a
collaborative process involving all stakeholders in BYOD
strategy development. The organization promotes a proactive
and continually improving security culture, where security
concerns are autonomously managed through skilled
improvement programs. This level represents a mature,
integrated approach where the workforce is fully engaged and
prepared to handle BYOD security challenges effectively.

Feedback and Refinements
Participant feedback led to both content and structural
refinements of the maturity model. Content changes included
clarifying technical terms, enhancing policy definitions, and
tailoring guidance to BYOD use scenarios. Structurally,
overlapping domains were consolidated for clarity and
coherence. Detailed revisions, including before-and-after
descriptions, are provided in Multimedia Appendix 4. Figure 3
illustrates the revised 21 domains across the 3 dimensions of
the hBYOD security maturity model.
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Figure 3. Hospital bring-your-own-device (hBYOD) security maturity model—dimensions and domains. BYOD: bring your own device.

Pilot Study: BYOD Security Maturity Assessment and
Recommendations for Model Hospital

Maturity Assessment Survey Results
The hospital BYOD maturity assessment evaluated security
practices for the model hospital across the initially envisaged

22 domains, categorized into technology, policy, and people
dimensions. The overall mean maturity level was 2.04,
indicating foundational security practices. Technology scored
an average of 2.21, policy scored an average of 1.85, and people
scored an average of 2.07. Figure 4 provides a summary of the
assessment results.
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Figure 4. Bring-your-own-device (BYOD) security maturity assessment results for the model hospital.

Workshop Findings and Recommendations

Overview
In the maturity assessment survey, participants ranked domains
to identify priority areas. Given time constraints, only the top
2 ranked domains from each PPT dimension were discussed in
the workshop. The following summarizes key challenges and
solutions mapped to the maturity model recommendations:

Priority Domain 1 (Technology): Identity, Access, and
Authentication Management

Challenge 1: Cumbersome Authentication
Requirements
Clinicians faced productivity challenges due to complex
authentication processes, such as logging into multiple hospital
applications, setting up 2-factor authentication, and managing
regular BYOD updates. The varying levels of technology
expertise among clinicians further exacerbated the issue,
increasing dependency on IT support staff.

Recommendations
The first recommendation was BYOD workflow analysis. Tailor
authentication processes to align with clinical workflows,
minimizing disruption (usability and clinical productivity: level
4). Define access levels based on roles and analyze data flows
to ensure security without impacting productivity (IAM: level

4). The second recommendation was advanced IAM solutions.
Invest in role-based access control, multifactor authentication,
and SSO services to streamline IAM across device types and
locations, enhancing efficiency and reducing IT overhead (IAM:
level 4).

Challenge 2: Managing BYOD Device Identities Across
Multiple Health Services
Clinicians working across multiple health services encounter
conflicts in BYOD requirements, making it impractical to
implement device management solutions such as MDM.

Recommendations
The first recommendation was hospital-owned devices or device
segregation. Encourage using separate BYOD devices for
different health services to simplify management. Alternatively,
provide hospital-owned devices to staff working at multiple
health services after following an approval process. Allow full
administrative control over devices for IT administrators (device
security: level 3). The second recommendation was centralized
identity management. Implement state-level centralized identity
systems to provide a unified authentication experience across
multiple health services, ensuring compatibility and reducing
complexity (IAM: level 4; BYOD management automation and
control: level 4).
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Priority Domain 2 (Technology): Clinical
Communication, Photography, and File Sharing

Challenge 1: Lack of a Sanctioned Platform for Clinical
Communication
The absence of a formal strategy led to the use of multiple
platforms for clinical communication, photography, and file
sharing, with no consistency. Hospitals relied on tools such as
Microsoft Teams, SharePoint, and OneDrive, while clinicians
often used personal apps such as WhatsApp and Messenger for
communication.

Recommendations
The first recommendation was strategy and policy development.
Define and formalize a comprehensive strategy outlining
approved platforms, processes for obtaining patient consent,
and guidelines on information sharing and separation of personal
and hospital data on BYOD devices (clinical communication,
photography, and file sharing: level 3). The second
recommendation was stakeholder engagement. Ensure buy-in
from clinicians and other stakeholders to promote adherence to
the strategy, minimizing policy circumvention (stakeholder
engagement: level 4).

Challenge 2: Use of Unsecure Platforms
Unsecure platforms for communication and file-sharing posed
risks, such as data leakage and unauthorized access, especially
when patient data or photographs were stored on personal
devices or cloud storage.

Recommendations
The first recommendation was to formalize generic platforms.
Restrict the use of unsecure personal apps and formalize
hospital-approved platforms such as Teams, SharePoint, and
OneDrive, leveraging their encryption and secure storage
capabilities to reduce risks (clinical communication,
photography, and file sharing: level 2). The second
recommendation was to invest in dedicated platforms. Opt for
secure clinical communication and file-sharing platforms
tailored for hospital use. These platforms should integrate with
clinical systems, support electronic patient consent for
photography and data sharing, and improve usability, thereby
enhancing clinical workflows (clinical communication,
photography, and file sharing: level 4).

Priority Domain 3: BYOD Strategy

Challenge 1: Lack of Strategic Direction
Workshop participants highlighted the absence of a clear
strategic framework for BYOD security. Sociotechnical controls
were implemented on an ad hoc basis, with critical aspects such
as approved applications, device definitions, information
exchange, and policy enforcement measures left undefined.
Inconsistencies in related policies further compounded the issue,
creating confusion among staff.

Recommendations
The first recommendation was to develop a comprehensive
strategy. Establish a formal BYOD strategy addressing both
clinical and nonclinical aspects, with a strong focus on patient

and staff data privacy and security (BYOD strategy: level 3).
The second recommendation was to consolidate existing
controls. Streamline and formalize existing sociotechnical
controls to eliminate inconsistencies and conflicts in related
policies (BYOD strategy: level 3). The third recommendation
was effective communication. Disseminate the strategy through
various channels to ensure staff understand and comply with
BYOD security guidelines, fostering clarity, direction, and user
buy-in (stakeholder involvement: level 3).

Priority Domain 4: Accountability and Governance

Challenge 1: Undefined Roles and Responsibilities
Workshop participants highlighted a lack of clarity regarding
BYOD-related roles and responsibilities, leading to confusion
among staff. Clinicians were unsure about boundaries for BYOD
use, such as when and where devices could be used (eg, within
the hospital or after work hours) and for what purposes. In
addition, there was insufficient guidance on actions required to
ensure patient data privacy, responsible BYOD use, and
compliance with legal and hospital policies.

Recommendations
The first recommendation was to define and communicate roles:
Clearly outline BYOD-related roles and responsibilities through
user agreements or employment contracts (accountability and
governance: level 3). The second recommendation was a BYOD
governance framework. Implement a governance structure that
specifies reporting lines and promotes accountability
(accountability and governance: level 4). The third
recommendation was policy alignment. Ensure these
expectations are integrated into the hospital’s BYOD strategy
to enhance compliance and improve user behavior (BYOD
strategy: level 3).

Challenge 2: Lack of Transparency
Staff expressed concerns about the rationale behind certain
security measures, such as MDM, which they perceived as
intrusive to personal privacy. This lack of transparency created
mistrust, with staff uncertain about the implications of security
requirements such as dual-factor authentication and device
restrictions.

Recommendations
The first recommendation was to enhance transparency. Clearly
explain the rationale behind BYOD security measures,
addressing staff concerns about personal privacy and
productivity (security culture: level 3). The second
recommendation was effective communication. Use the BYOD
policy, user agreements, and training sessions to inform staff
about privacy protections and hospital efforts to maintain
productivity (BYOD awareness and training: level 3; stakeholder
involvement: level 3). The third recommendation was to build
trust. Foster confidence by demonstrating how personal data
are safeguarded and ensuring staff understand the benefits of
implemented security measures (accountability and governance:
level 4; security culture: level 4).
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Priority Domain 5: Stakeholder Involvement

Challenge 1: Minimal Input From Clinical
Stakeholders
Both clinical and IT management groups identified the lack of
clinician input in BYOD policy and strategy development as a
key issue. This gap often led to policies misaligned with
clinicians’workflow and productivity needs, resulting in limited
buy-in. The compliance-driven focus of IT management, aimed
at meeting state regulatory requirements, was seen as a
contributing factor. Clinicians also raised concerns about
meeting device requirements and the additional costs of using
personal mobile data. On the IT side, engaging busy clinicians
in strategy discussions was challenging, as cybersecurity often
took a lower priority compared to their clinical responsibilities.

Recommendations
The first recommendation was to involve senior clinical
stakeholders. Engage senior informatics officers, such as chief
medical informatics officers or chief nursing informatics
officers, in BYOD policy development and decision-making.
These leaders can act as bridges between clinicians and IT
management (stakeholder involvement: level 3). The second
recommendation was to facilitate regular engagement. Establish
regular forums, such as monthly meetings, to discuss BYOD
security issues, raise awareness, and gather clinician feedback
(stakeholder involvement: level 4). The third recommendation
was to promote cybersecurity awareness. Use informatics
officers to educate clinicians on the importance of cybersecurity,
integrating it into their roles to encourage active participation
in related activities (stakeholder involvement: level 5).

Priority Domain 6: Security Culture

Challenge 1: Convenience-First Environment
Participants noted that in a hospital setting, patient care often
takes precedence, leading to a preference for convenience over
data security. Clinicians frequently circumvent policies by using
unsanctioned platforms, such as WhatsApp, for tasks such as
sharing patient photos or clinical information.

Recommendations
The first recommendation was user-friendly policies and tools.
Minimize workflow disruption by ensuring BYOD tools and
processes are intuitive and easy to use (usability and clinical
productivity: level 4; security culture: level 3). The second
recommendation was comprehensive training programs.
Enhance staff awareness of BYOD security risks through
interactive and tailored training methods, such as phishing
simulations and role-specific modules (BYOD security
awareness and training: level 4). The third recommendation was
strategic awareness campaigns. Educate clinicians on the impact
of policy circumvention to foster compliance and reduce reliance
on insecure platforms (security culture: level 4).

Challenge 2: Resistance to Change
Clinicians may resist BYOD security measures, citing fears of
personal privacy intrusion or productivity losses. For example,
concerns about device monitoring or objections to multifactor
authentication and mandatory updates are common.

Recommendations
The first recommendation was to change management programs.
Develop systematic approaches to address resistance,
incorporating strategies to reduce disruption and alleviate
concerns (security culture: level 4). The second recommendation
was the hospital’s commitment to cybersecurity. Ensure visible
management support to emphasize the importance of
cybersecurity (management support: level 4). The third
recommendation was to engage change champions. Use
influential clinicians to advocate for security measures, explain
their rationale, and address concerns about privacy and workflow
impacts within their departments (security culture: level 5).

The workshop structure and screenshots of brainstorming notes
from the MURAL worksheets used by the clinical and IT
management groups are provided in Multimedia Appendix 5.

Discussion

Principal Findings
This study introduces a sociotechnical maturity model that offers
a holistic approach to addressing hospital BYOD security risks.
By combining technical controls with organizational policies
and human factors, the model fills existing gaps in the literature
by integrating technical controls with organizational policies
and human factors. It uniquely defines maturity levels across
21 specific domains, making it modular and providing detailed
guidance throughout all areas of BYOD security. In addition,
encompassing the key dimensions of PPT, it offers a
comprehensive framework that spans the entire BYOD life cycle
within hospitals. This aligns with the recommendations of
several researchers who highlighted the importance of
integrating sociotechnical elements into information security
management [22,51-53]. Furthermore, a prominent feature of
the maturity model is its accommodation of unique health care
sociotechnical factors. Domains, such as clinical communication
and collaboration, clinical productivity and usability, and
compliance with health care regulatory laws and standards,
better represent the complexity of cybersecurity in health care
settings, especially concerning BYOD environments. This focus
is supported by McLeod and Dolezel [54], who emphasized the
critical role of regulatory compliance and user behavior in health
care cybersecurity. The model also contributes theoretically by
operationalizing abstract socio-organizational factors, such as
security culture, into discrete, assessable maturity levels. This
allows hospitals to systematically measure and improve
human-centered dimensions of security previously overlooked
in dominant frameworks.

This model also directly responds to several limitations
identified in cybersecurity maturity literature. For instance,
Büyüközkan and Güler [33] noted the lack of industry-specific
models and insufficient emphasis on human and organizational
factors. While their model is broad and literature based, it does
not include detailed, structured maturity levels or any health
care–specific focus. Bitzer et al [35] present a sociotechnical
maturity model with tangible evaluation metrics, but it is limited
to incident response and does not extend across the broader
health care cybersecurity landscape. Similarly, Smyrlis et al
[36] offer a health care cybersecurity risk assessment model
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that is entirely technical and lacks both maturity level structuring
and attention to human or organizational dimensions. AlDaajeh
and Alrabaee [34] center their work on national-level
cybersecurity capabilities rather than institutional or clinical
implementation. In contrast, our model provides a modular,
multidimensional, and health care–specific approach that can
be practically applied within hospitals, offering clearly defined
maturity levels across technology, policy, and people dimensions
to guide structured, real-world improvement in BYOD security.
In addition, the structured and modular design of the model
facilitates alignment with internationally recognized
cybersecurity frameworks, such as ISO/IEC 27001 and the
National Institute of Standards and Technology Cybersecurity
Framework [55]. By covering key areas, including governance,
access control, incident response, and compliance monitoring,
the model enables translation of these high-level standards into
context-specific, actionable practices. It supports hospitals in
operationalizing global best practices through enforceable
policies, measurable progress indicators, and a commitment to
continuous improvement, all while addressing the distinctive
sociotechnical challenges posed by BYOD in health care
environments.

The model was developed through MMAR, which
synergistically integrated perspectives from both IT management
and clinical users. MMAR facilitated the consolidation and
critical analysis of findings from multiple empirical studies,
enabling the refinement of the preliminary framework and the
mapping of recommendations to formulate a comprehensive
maturity model that ultimately provides a structured road map
for enhancing BYOD security capabilities within hospitals.
Being incremental and iterative in nature, MMAR can allow
successive refinements to the maturity model based on evolving
insights by incorporating emerging cybersecurity threats,
advancements in technology, and evolving hospital security
needs. As demonstrated in this study, stakeholder engagement
through IT and clinical representatives played a crucial role in
refining the maturity model. Therefore, methodologically, this
study contributes to cybersecurity maturity model development
by applying MMAR, enabling co-creation with end users. This
iterative, participatory process grounds the model in real-world
hospital contexts and contributes to theory by demonstrating
the value of embedded stakeholder engagement in model
formulation.

In terms of model updating, a cyclical evaluation process can
be applied for future updates to the model through a structured
step-by-step approach. First, periodic reassessments should be
conducted through a regular review of industry best practices,
emerging security frameworks, and hospital-wide BYOD
security evaluations, including surveys and compliance audits,
to identify gaps and risks. Second, real-world case studies can
be integrated by analyzing security incidents, policy
effectiveness, and user compliance trends, ensuring the model
reflects actual BYOD security challenges in hospitals. Third,
expert consultations with cybersecurity professionals, health
care IT leaders, and policy makers can help incorporate
regulatory updates, advancements in security technologies, and
evolving best practices. Fourth, refining domain definitions and
maturity levels based on the best practices review, stakeholder

feedback, and empirical findings will ensure that the model
accurately represents new threats, technologies, and governance
strategies. Finally, validation and implementation should occur
through structured feedback loops, pilot testing across diverse
health care settings, and continuous monitoring, enabling
iterative refinements that enhance the model’s adaptability and
long-term applicability in hospital environments. This stepwise
approach, enabled by the incremental nature of MMAR, ensures
that the BYOD security maturity model remains dynamic,
evidence based, and responsive to the evolving cybersecurity
landscape in health care.

The technology dimension covers various BYOD security
technical controls and practices across domains such as IAM,
storage and backup security, device security, network security,
application security, and clinical communication, photography,
and file sharing. The lower levels reflect basic practices, such
as single-factor authentication systems, mixing of hospital and
personal data on BYOD devices, use of basic firewalls, no
restriction or control over BYOD use, and use of personal and
unsecure apps for clinical communication and collaboration.
Such practices may lead to a higher risk of BYOD-related data
breaches, as they suggest a complete dependence of BYOD
security on user action due to a lack of control over
BYOD-related user activities. As we move to higher levels,
advanced technical controls, such as enterprise IAM solutions,
federated and unified SSO, private cloud for hospital data
storage and backup, unified end point protection to manage
BYOD devices, network segmentation and visualization,
software-defined networking, and a dedicated secure platform
for clinical communication integrated with hospital clinical
systems, are stipulated. These features minimize the risk of
hospital data leakage, restrict unsecure behavior, improve
clinical workflow, and also enable better management and
control over hospital BYOD use. Such practices align with the
topmost or “optimized” level of prominent information security
maturity models [28].

The policy dimension focuses on hospital BYOD security
strategy, governance, and compliance factors. Lower levels
specify policy practices such as a lack of a formal BYOD
governance structure, ad hoc and inconsistent policies on BYOD
security, a slow incident management process, no or unchecked
policy enforcement, and poor compliance to relevant regulations
or standards. These practices indicate a lack of direction and
guidance on BYOD security, which can result in poor
management of BYOD security incidents and greater chances
of breach of relevant legislation or regulations. Higher or more
advanced levels are characterized by a well-defined, formalized,
and comprehensive BYOD strategy and related policies, which
are regularly updated in view of changes to the threat, business,
and legal landscape. Real-time, automated, and advanced
compliance measurement and incident management processes
are also key features of higher BYOD policy maturity levels.
Therefore, hospitals at higher BYOD security maturity levels
are better guided and equipped to prevent, detect, and respond
to BYOD security incidents. Such a proactive approach,
incorporating technology-enabled solutions for real-time
compliance monitoring, aligns with prominent adaptive security
management frameworks emphasizing the importance of
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continuously enhancing security practices by leveraging
real-time data to promptly detect security incidents, monitor
compliance, and adapt policies as needed [56,57].

Finally, the people dimension addresses the “human” element
of hospital BYOD security and therefore consists of domains
such as BYOD security awareness and training, stakeholder
involvement, security culture, and clinical productivity and
usability. The lower maturity levels of the “people” dimension
indicate a reactive security culture where there is no or low
commitment from hospital IT management and clinicians alike
to improve BYOD security practices. It is characterized by
minimal stakeholder input on BYOD security management, a
restrictive BYOD environment, a lack of BYOD security
training, and minimal skills or low expertise to manage BYOD
security issues. Such measures may lead to unsafe security
behavior among hospital staff, circumvention of policies, and
a tension between clinical and IT departments, ultimately
increasing chances of BYOD security breaches. As far as higher
maturity levels are concerned, they indicate a proactive security
culture, where cybersecurity is seen as a top priority by
management and staff alike. Therefore, hospitals at an advanced
state of BYOD security handle cybersecurity affairs
autonomously and may implement measures such as dedicated
BYOD security training tailor-made to clinical specialty,
ongoing management support, and a regular stakeholder
consultative process for BYOD security strategy or policy
development. Eventually, these practices can improve staff
commitment and knowledge of BYOD security while also
ensuring that BYOD use is made productive, in addition to
being secure. A balanced approach that effectively balances
productivity with security can lead to a positive security culture,
thereby improving compliance and reducing risks [58-60].

The pilot implementation demonstrated how the hospital BYOD
security framework can be applied to assess current practices
and codevelop tailored recommendations. The maturity survey
identified key gaps, while the workshop enabled
stakeholder-driven discussions to guide progress from the “as-is”
to the “to-be” state. This participatory approach proved valuable
in addressing BYOD security challenges that are particularly
important in complex and dynamic environments such as
hospitals [61].

Change Management Considerations
While the maturity model provides a structured approach to
hospital BYOD security, its implementation presents several

challenges that hospitals must consider. Resource requirements
vary depending on the hospital’s current BYOD security posture,
as advancing to higher maturity levels may require investment
in MDM solutions, end point security tools, secure
authentication systems, staff training programs, and dedicated
cybersecurity personnel. Change management strategies are
essential to ensure smooth adoption, particularly when
introducing stricter BYOD policies, access controls, or security
monitoring tools that may impact clinical workflows. Engaging
stakeholders, including IT teams, clinicians, and hospital
administrators, through structured communication, tailored
training, and phased rollouts can minimize disruption and
improve adherence. Potential resistance from stakeholders,
especially clinical staff, must be addressed by demonstrating
that security measures do not hinder usability or productivity.
Establishing leadership buy-in and appointing clinical and IT
champions can further support organizational alignment and
reduce friction during implementation. Furthermore, hospitals
should ensure that BYOD security policies are clinically
feasible, providing secure yet user-friendly alternatives (eg,
approved hospital communication apps instead of WhatsApp)
to prevent the circumvention of policies through shadow IT.
Integration with existing systems is another key consideration,
as BYOD security measures must be compatible with EMRs,
secure messaging platforms, hospital networks, and cloud-based
collaboration tools without disrupting access to critical clinical
information.

Significance
The maturity model serves as a valuable tool for assessing the
current state of BYOD security management within a hospital,
leading to a better understanding of strengths, weaknesses, and
gaps in the existing security posture. It facilitates structured
improvement toward a higher maturity level. Both internal and
external technology or security auditors can use the model.
Internal auditors, such as the hospital’s IT or cybersecurity
practitioners, can periodically assess BYOD security to set new
improvement goals. Hospitals can also engage specialized
auditors to carry out the assessment process.

Hospitals can follow a systematic approach to improve their
BYOD security posture using the maturity model (Textbox 1).

In addition, government agencies, such as health departments,
can use the maturity model as an audit tool to assess whether a
hospital’s BYOD security aligns with established standards.
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Textbox 1. Improving bring your own device (BYOD) security posture using the hospital BYOD security maturity model.

1. Understanding the current maturity state: conduct a BYOD security assessment across the 21 domains. This step establishes the baseline or “as-is”
state, crucial for understanding the current BYOD security position.

2. Identifying priority domains: determine critical areas or domains of BYOD security that require attention. Prioritization is essential because
hospitals have finite resources and may not be able to improve all domains simultaneously. Improvement should be carried out step by step,
addressing priority areas first. Involving all relevant stakeholders, especially technical and clinical personnel, ensures that user requirements are
considered.

3. Setting improvement goals: develop achievable and measurable improvement goals based on the progressive maturity levels specified by the
model. Identify which maturity level to aim for in each priority domain, considering hospitals’ unique needs, constraints, and regulatory
requirements. Improvement goals should be clearly defined using quantifiable benchmarks or key performance indicators, such as increasing
SSO adoption rates, training completion percentages, or MDM enrollment levels, to track meaningful progress. Goals should be feasible, with
a well-thought-out plan that gains consensus among all relevant stakeholders within the hospital.

4. Measuring progress: continuously monitor the progress of set goals against measurable, time-bound metrics set in stage 3 to systematically
measure progress and ensure structured, data-driven maturity advancement. Verify that all actions required to advance to the next maturity level
have been completed, providing concrete evidence of progress.

5. Revisiting maturity improvement: recognize that BYOD security management is an ongoing process requiring regular cycles of improvement.
Establish a reasonable time frame to revisit and enhance controls and processes to counter evolving and complex BYOD security threats.

Limitations
The utility of the proposed hospital BYOD security maturity
model has not been extensively tested across diverse hospital
environments. Although significant effort was invested to
enhance the model’s accuracy by mapping maturity levels to
recommendations derived from empirical studies and aligning
them with industry standards, the model’s practical effectiveness
remains to be fully validated. Feedback from study participants
was incorporated to refine the model further; however, additional
validation and evaluation studies are required in various hospital
contexts to improve its accuracy and efficacy. In addition, the
rapidly changing nature of cybersecurity threats and technologies
means that the model may require continuous updates to remain
relevant. New types of security risks, emerging technologies,
and changes in legal requirements could necessitate revisions
to the model’s domains and maturity levels. Another
consideration is the approach to maturity assessment; while
averaging assessors’ ratings provides an overview, it can obscure
key issues in the maturity assessment process. A structured
consensus-building method, such as the Delphi approach used
in the development of the Essentials of Cybersecurity in
Healthcare Organizations framework [62], could enhance
assessment reliability by integrating expert opinions
systematically. Future research should focus on implementing
such consensus-driven assessment methods alongside extensive
validation studies in diverse hospital settings to refine the model,
enhance its generalizability, and ensure it remains a practical

tool for improving BYOD security in the ever-evolving
landscape of health care cybersecurity. In addition, future
validation studies may provide further insights into refining
behavioral assessment methodologies, potentially incorporating
more direct behavioral metrics where needed to better evaluate
how security behaviors are enacted in practice.

Equal representation of both clinical and technical stakeholders
was initially planned; however, due to limited availability, only
3 clinical representatives were able to participate in the
workshop. Nonetheless, these clinicians had consulted with
their broader teams beforehand and conveyed shared concerns
and perspectives during the assessment. This imbalance in
representation may have introduced a bias toward technical
perspectives in the model’s pilot results. Future research should
aim for a more balanced stakeholder composition and a larger,
more diverse sample to ensure broader applicability and
validation.

Conclusions
This study developed a sociotechnical BYOD security maturity
model tailored for hospitals, addressing gaps in existing
cybersecurity models. By integrating technical controls, policies,
and human factors, the model provides a holistic approach to
managing BYOD security risks. The pilot implementation
demonstrated how hospitals can use the model to create a
structured, modular road map for enhancing security while
balancing the unique sociotechnical complexities of health care.
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Abstract

Background: The COVID-19 pandemic forced the world to quarantine to slow the rate of transmission, causing communities
to transition into virtual spaces. Asian American and Pacific Islander communities faced the additional challenge of discrimination
that stemmed from racist and xenophobic rhetoric in the media. Limited data exist on technology use among Asian American
and Pacific Islander adults during the height of the COVID-19 shelter-in-place period and its effect on their physical and mental
health.

Objective: This study aims to examine Asian American and Pacific Islander adults’ attitudes, perspectives, and experiences
regarding their use of technology during the COVID-19 pandemic.

Methods: We collaborated with community partners and used social media to distribute the COVID-19 Effects on the Mental
and Physical Health of Asian Americans and Pacific Islanders Survey Study, a nationwide multilingual survey available in English,
Chinese, Korean, Samoan, and Vietnamese. The survey was administered from October 2020 to February 2021, and participants
rated their level of agreement (1=not at all to 5=extremely) on 6 items assessing their attitudes toward technology use. Thematic
analysis was conducted on responses to the open-ended question “Is there anything else you want to tell us about your use of
technology during COVID-19?” The qualitative responses were reviewed, analyzed, coded, and organized into corresponding
themes.

Results: The mean age of respondents was 45.9 (SD 16.3; range 18-98) years, with 5398 participants completing the quantitative
survey and 1115 (20.66%) providing unique responses to the open-ended question. In the quantitative survey, 68% (3671/5398)
of the respondents reported being comfortable using technology; the majority indicated that it helped them keep up with the news
(4318/5398, 79.99%), maintain social connections (4102/5398, 75.99%), and provide care for others (2537/5398, 46.99%).
However, responses were mixed regarding the usefulness of technology for health: 39.99% (2159/5398) agreed that it was helpful
for mental health but disagreed regarding physical health. Four main themes emerged from the qualitative analysis: (1) technology
was critical for functioning across many aspects of life and maintaining physical, mental, and emotional well-being; (2) technology
was often the only means of interpersonal social connections; (3) overuse led to negative physical and mental health outcomes;
and (4) technology use was associated with multiple challenges and barriers.
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Conclusions: Our findings revealed diverse perspectives and experiences related to technology use by Asian American and
Pacific Islander adults during the height of the COVID-19 pandemic. Dependence on technology may have exacerbated social
inequities, particularly for those with lack of access to devices and Wi-Fi and limited English proficiency, affecting their ability
to work, apply for jobs, and communicate virtually. Further qualitative research would be beneficial in amplifying the perspectives
of Asian American and Pacific Islander adults to uncover concerns and address health disparities.

(JMIR Hum Factors 2025;12:e64999)   doi:10.2196/64999

KEYWORDS

COVID-19; technology use; Asian American and Pacific Islander; mental health; physical health; social connections; virtual
space; health disparities; thematic analysis; community partners; social media; multilingual survey; qualitative research;
SARS-COV-2; coronavirus; infectious; pandemic; Asian American; Pacific Islander; mixed methods; COVID-19 Effects on the
Mental and Physical Health of Asian Americans and Pacific Islanders Survey Study; COMPASS; adult; mobile health; mHealth

Introduction

Background
The impact of technology on society in the realm of health care
access and delivery has been profound and multifaceted. The
dependence on technology was magnified during the COVID-19
pandemic, underscoring the critical role that technology plays
in nearly every form of communication. The pandemic caused
widespread loss of life, a myriad of health consequences, and
unprecedented physical and social isolation [1]. During this
period, technology served as a vital tool for accessing health
care, continuing remote work and education, and operating
businesses. To protect older adults and others considered
vulnerable, shelter-in-place policies were implemented to
varying degrees across the world. As a result, many were forced
to rely on virtual forms of communication, such as
videoconferencing and online chat. In most cases, virtual
communication became the only means of social interaction.

The pandemic also brought the digital divide to the forefront.
Disparities related to COVID-19 and health care access were
exacerbated for rural communities, racial and ethnic minority
groups, individuals with low income, and other populations
considered vulnerable. These groups were disproportionately
burdened by the digital divide, compounding existing structural
disadvantages [2]. These inequities may have been particularly
acute for individuals with limited English proficiency in virtual
workspaces and job interviews, where reliance on verbal
communication can heighten communication challenges [3].
Research has also revealed that the widening of the digital divide
intensified challenges, especially for rural residents [4].
However, to our knowledge, limited research exists on the use
of digital technology among Asian American and Pacific
Islander populations in the United States during the pandemic,
particularly among older adults (aged ≥60 y) and adults with
limited English proficiency. Asian American and Pacific
Islander populations were especially vulnerable during the
pandemic, as xenophobic attitudes became more prevalent due
to racist statements linking China to COVID-19 [5]. As a result,
many individuals from these communities experienced racism,
discrimination, and hate crimes, which contributed to fear,
loneliness, and social isolation [6,7].

A Pew Research Center survey of American adults conducted
in April 2021 revealed that the internet served as a “lifeline”
for many during the pandemic, but respondents also reported

“struggles” associated with the increased use of and reliance on
the internet [8]. Such surveys provide insights into general
patterns of digital technology use, purposes, and associated
challenges among the general American adult population.
However, limited data exist on digital technology use patterns,
perceived health-related support, and attitudes toward digital
technology use among Asian American and Pacific Islander
adults. Examining these gaps may assist in culturally and
linguistically tailoring appropriate digital technology programs
for these diverse populations. In addition, a better understanding
of the impact of digital technology use is needed to inform
clinical recommendations for physical and mental health.

Our prior work with the COVID-19 Effects on the Mental and
Physical Health of Asian Americans and Pacific Islanders
Survey Study (COMPASS) revealed that increased technology
use during the pandemic was associated with poorer mental and
physical health outcomes among participants [9]. Specifically,
those who reported increasing their technology use by ≥7 hours
per day experienced higher levels of depressive symptoms and
worse physical health, regardless of age or ethnic background
[9]. These findings suggest that even with high levels of digital
access, increased technology use does not necessarily equate to
positive health outcomes. Still, little is known about digital
technology use among Asian American and Pacific Islander
adults. In the COMPASS study, the majority of Asian American
and Pacific Islander participants reported owning a smartphone
(96.2%), home internet access (90%), a desktop or laptop
computer (83.4%), a tablet (61.1%), cable television (43.5%),
and a streaming device (45.7%).

Objectives
Building on previous findings, we aimed to address gaps in
knowledge regarding technology use among Asian American
and Pacific Islander populations by analyzing data from
COMPASS, which examined mental and physical health
implications associated with technology use during the height
of the COVID-19 shelter-in-place period among Asian American
and Pacific Islander adults in the United States. In this study,
we quantitatively describe COMPASS participants’ attitudes
toward technology use and qualitatively explore their
perspectives and experiences of technology use during the
COVID-19 pandemic.
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Methods

Recruitment
A total of 5411 individuals participated in the study from
October 2020 to February 2021. The survey was offered on the
COMPASS website [10] in English, simplified Chinese,
traditional Chinese, Korean, Vietnamese, and Samoan or by
telephone with assistance from COMPASS staff and community
partners (Multimedia Appendix 1). The survey was also offered
by telephone in Cantonese, Mandarin, Vietnamese, Korean, and
Samoan by multilingual COMPASS staff. The survey was
shared through personal and professional networks via social
media, email, telephone, health promotion webinars, flyers, and
ethnic media across the United States. The 26 COMPASS
community advisory board members and 15 community partners
that serve Asian American and Pacific Islander populations
supported recruitment efforts by promoting the survey among
their networks. In addition, recruitment leveraged the
Collaborative Approach for Asian Americans and Pacific
Islanders Research and Education (CARE) registry [11,12],
contacting eligible participants interested in participating in
health research via email and telephone. The goal of the CARE
registry was to increase the participation of Asian American
and Pacific Islander individuals in research related to aging,
Alzheimer disease and related dementias, and caregiving.

Ethical Considerations
The COMPASS research project was approved by the
institutional review board of the University of California San
Francisco (UCSF; 20-31925). Informed consent was provided
by participants before survey completion. Participants had the
option to receive a US $10 gift card upon completing the survey.

Eligibility and Procedures
Eligible participants were required to be aged ≥18 years; reside
in the United States; and identify as Asian, Asian American,
Native Hawaiian, Pacific Islander, or any combination of these
with other racial or ethnic identities. Participants were also
required to be able to read in English, Chinese (simplified or
traditional), Korean, Samoan, or Vietnamese. We used the
World Health Organization’s instrument adaptation process
[13], including backward and forward translation, to guide the
multilanguage survey’s scale and material development. All
translated instruments were reviewed by multiple research team
members for accuracy and cultural relevance. Non-English
survey responses were translated into English through online
translation services before analysis.

Methodology, Data Collection, and Measures
We applied a cross-sectional study design that included
COMPASS quantitative survey data and qualitative data from
an open-ended question asking, “Is there anything else you want
to tell us about your use of technology during COVID-19?”
Free-text responses of any length were accepted. The data were
stored in REDCap (Research Electronic Data Capture;
Vanderbilt University) tools hosted at UCSF [14,15]. For
sociodemographic information, participants were queried about
their age, sex, ethnic or cultural background, marital status,

country of birth, education, employment status, annual
household income, and English proficiency.

The technology use survey was developed by the COMPASS
research team to explore patterns of technology use during the
COVID-19 pandemic. Participants were queried about the
number of hours they used technology per day and whether their
technology use increased during the COVID-19 crisis.
Responses were categorized into five groups: (1) “did not
increase,” (2) “increased by 1 to 2 hours per day,” (3) “increased
by 3 to 4 hours per day,” (4) “increased by 5 to 6 hours per day,”
and (5) “increased by ≥7 hours per day.” In addition, participants
were asked about their comfort level with using technology and
their engagement in various technology-mediated activities
during the COVID-19 pandemic. These activities included video
chatting with friends or family, video meetings for work-related
activities, telephone or video visits with health care providers,
exercise or physical fitness activities, mental health activities,
keeping in touch with friends and family through social media,
leisure activities or hobbies, and accessing news. Moreover,
participants were asked to evaluate the helpfulness of
technology. The survey encompassed statements concerning
the use of technology for keeping up with the news, maintaining
social connections, caregiving, supporting mental health, and
enhancing physical health. Respondents indicated their level of
agreement with each statement on a 5-point Likert scale ranging
from 1=not at all to 5=extremely.

Analysis
Descriptive statistics were used to report the sociodemographic
characteristics and technology use patterns of the sample.
Qualitative analysis was conducted using content analysis. Two
trained independent reviewers initially organized the raw
participant responses and analyzed the data to identify
subthemes and categorize significant statements. Using an
iterative process and a constant comparative method, the
research team refined the coding scheme, finalized the themes,
and identified patterns and relationships across the qualitative
data.

Coding and organization of interview data were conducted using
Microsoft Word and Microsoft Excel. A third coder
independently cross-checked the transcripts to ensure the
consistency of the interpretation and summarized the coded
content within thematic categories. After this initial round of
analysis, the coders collaboratively reviewed subthemes and
worked together to consolidate them under broader thematic
umbrellas. Through continued discussion, 5 major themes were
identified. Codes were developed to support each theme, with
refined subthemes providing additional structure. Participant
responses were then organized according to these codes to
illustrate and support the thematic findings.

The first coder (ML) is a board-certified registered nurse and
research analyst at UCSF, with extensive experience in public
health, clinical nursing, and Asian American and Pacific Islander
health promotion initiatives. Their professional background
spans diverse health care settings, with a focus on community
health; health equity; and holistic, family-centered care. The
second coder (NP) is a project policy analyst at UCSF with a
strong background in qualitative research and experience
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engaging with research participants in both English and
languages across several Asian American and Pacific Islander
communities. Their expertise includes community-based
participatory research, coordinating outreach initiatives, and
developing volunteer programs for Asian American and Pacific
Islander students. A third team member (LGP), also experienced
in qualitative methods, served as an adjudicator to resolve
discrepancies in data interpretation and assist in finalizing the
thematic structure. The diverse backgrounds of all three coders
informed their analytical lens, particularly in identifying
sociocultural influences and health disparities within
participants’ narratives. Their lived experiences and cultural
identities contributed to a reflexive and culturally responsive
approach to qualitative analysis.

Results

Participant Characteristics
Only individuals who provided responses to the open-ended
question (n=1115) were included in the analysis. The mean age
of the participants was 45.9 (SD 16.3; range 18-98) years. The
majority identified as Vietnamese (399/1115, 35.78%) and
ethnic Chinese (336/1115, 30.13%), followed by those who
identified as Korean (161/1115, 14.44%) and Filipino (69/1115,
6.19%). Most of the participants completed the qualitative
question in the survey in English (665/1115, 59.64%), identified
as female (731/1115, 65.56%), were either married or living
with a partner (723/1115, 64.84%), and were born in a foreign
country (776/1115, 69.6%). In addition, a significant portion
of participants reported limited English proficiency (322/1115,
28.88%). Table 1 provides an overview of the demographic
characteristics of the participants.
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Table 1. Descriptive characteristics of the participants (n=1115).

ParticipantsCharacteristics

45.9 (16.3; 18-98)Age (y), mean (SD; range)

Age groups (y), n (%)

185 (16.6)<30

150 (13.4)30-39

198 (17.8)40-49

227 (20.4)50-59

355 (31.8)≥60

Questionnaire asked for cultural group, n (%)

68 (6.1)Asian Indian

336 (30.1)Ethnic Chinesea

69 (6.2)Filipino

98 (2.1)Hmong

61 (5.5)Japanese

161 (14.4)Korean

15 (1.3)Native Hawaiian or Pacific Islander

399 (35.8)Vietnamese

83 (7.5)Other or mixed

Survey response language, n (%)

665 (59.6)English

78 (7)Chinese

81 (7.3)Korean

288 (25.8)Vietnamese

3 (0.3)Samoan

Sex, n (%)

731 (65.6)Female

380 (34.1)Male

40 (0.9)Other or declined to answer

Country of birth, n (%)

338 (30.3)United States

776 (69.6)Outside the United States

1 (0.1)Don’t know

Limited English proficiency, n (%)

322 (28.9)Yes

793 (71.1)No

Marital status, n (%)

275 (24.7)Single

723 (64.8)Married or living with partner

113 (10.1)Separated, divorced, or widowed

4 (0.4)Declined to answer

Employment status, n (%)

441 (39.6)Full time

185 (16.6)Part time
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ParticipantsCharacteristics

108 (9.7)Homemaker

134 (12)Unemployed

207 (18.6)Retired

82 (7.4)Other or declined to answer

Education, n (%)

246 (22.1)High school or less

162 (14.5)Some college or technical school

379 (34)Bachelor’s degree

318 (28.5)Master’s degree or higher

10 (0.9)Declined to answer

Household income (US $), n (%)

282 (25.3)≤25,000

337 (30.2)>25,000-75,000

232 (20.8)>75,000-150,000

77 (6.9)>150,000

97 (8.7)Declined to state

aEthnic Chinese includes individuals who identified as mainland Chinese, Hong Kongers, Taiwanese, or Huaren.

The participants’ technology use characteristics are presented
in Table 2. The majority (644/1115, 57.8%) reported using
technology for 1 to 8 hours per day. A notable portion
(803/1115, 72%) reported increased technology use due to the
COVID-19 pandemic. More than half of the respondents
(627/1115, 56.23%) said that they were very or extremely
comfortable using technology. During the pandemic, the most
common activity was video chatting with friends or family, with
902 (81%) of the 1115 participants using platforms such as
Zoom, WhatsApp, or FaceTime for communication. In addition,
614 (55.07%) participants engaged in video meetings for

work-related activities, while 575 (51.57%) used technology
for telephone or video visits with health care providers. Exercise
or physical fitness activities were performed by 420 (37.67%)
of the 1115 participants, while 187 (16.77%) reported engaging
in mental health activities through technology. Social media
served as a means of keeping in touch with friends and family
for 866 (77.67%) of the 1115 participants, and 517 (46.37%)
used technology for leisure activities or hobbies. Furthermore,
850 (76.23%) participants accessed news through technology
platforms.
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Table 2. Self-reported technology use of participants (n=1115).

Participants, n (%)Characteristics

Total technology use (h/d)

66 (5.9)<1

321 (28.8)1-4

323 (29)5-8

238 (21.4)9-12

120 (10.8)13-16

46 (4.1)≥17

Change in technology use due to the COVID-19 pandemic

292 (26.2)Decreased or stayed the same

275 (24.7)Increased by 1-2 h/d

311 (28)Increased by 3-4 h/d

128 (11.5)Increased by 5-6 h/d

89 (8)Increased by ≥7 h/d

Comfortable using technology

204 (18.4)Not at all

91 (8.2)Slightly

187 (16.9)Moderately

301 (27.1)Very

326 (29.4)Extremely

Types of technology used during the COVID-19 pandemic

902 (80.9)Video chatting with friends or family (eg, Zoom, WhatsApp, and FaceTime)

614 (55.1)Video meetings for work-related activities

575 (51.6)Telephone or video visit with health care provider

420 (37.7)Exercise or activities for physical fitness

187 (16.8)Mental health activities

866 (77.7)Keeping in touch with friends and family through social media

517 (46.4)Leisure activities or hobbies

850 (76.2)Accessing news

20 (1.8)None

20 (1.8)Other (please specify)

The findings (Figure 1) indicate that the majority of participants
(896/1115, 80.35%) found staying informed by accessing news
through technology very or extremely helpful. In terms of
keeping in touch with social connections, a significant majority
(885/1115, 79.37%) perceived technology as very or extremely
helpful, with only a small proportion (60/1115, 5.38%) reporting
slightly or not at all helpful. Similarly, in the context of
caregiving, a substantial portion of participants (938/1115,
84.12%) viewed technology as moderately or extremely helpful.
However, perceptions regarding mental health support through

technology varied, with a notable portion of participants
(874/1115, 78.38%) finding it moderately or extremely helpful,
while others (241/1115, 21.61%) indicated that technology was
slightly or not helpful. Finally, participants’ perceptions of
technology’s helpfulness for physical health varied, with a
considerable proportion (565/1115, 50.67%) reporting
technology being moderately or very helpful, while others
(439/1115, 39.37%) expressed that technology was slightly or
not helpful.
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Figure 1. Survey responses to whether using technology was helpful in different aspects of life during the COVID-19 pandemic (n=1115).

Technology use among participants revealed a spectrum of use
patterns (Table 2). Notably, 36.23% (404/1115) of the
participants reported using technology for ≥9 hours per day.
Specifically, 5.91% (66/1115) of the participants used
technology for <1 hour per day, while 28.78% (321/1115) used
it for 1 to 4 hours per day, 21.34% (238/1115) for 5 to 8 hours
per day, 21.34% (238/1115) for 9 to 12 hours per day, 10.76%
(120/1115) for 13 to 16 hours per day, and 4.12% (46/1115) for
≥17 hours per day.

Themes Related to Technology Use
Of the 5411 participants who completed the quantitative survey,
1115 (20.66%) provided responses to the open-ended question
“Is there anything else you want to tell us about your use of
technology during COVID-19?” A thematic analysis revealed
four main themes related to digital technology use during the
COVID-19 pandemic: (1) technology was critical for functioning
across many aspects of life and maintaining physical, mental,
and emotional well-being; (2) technology was often the only
means of interpersonal social connections; (3) overuse led to
negative physical and mental health outcomes; and (4)
technology use was associated with multiple challenges and
barriers.

Technology Was Critical for Functioning Across Many
Aspects of Life and Maintaining Physical, Mental, and
Emotional Well-Being

Overview

Technology use was found to be critical in maintaining daily
activities related to skills and hobbies, work, and fitness during
the pandemic. All these functions were reported to be vital for
maintaining mental health, given the limited access to physical

connection and ability to socialize outside of their homes.
Participants reported feeling very isolated and believed that
they would not have coped as well as they did without
technology:

Without technology (internet, social networks, video
streaming, online shopping), I’m not sure how I could
survive this shelter-in-place. [Ethnic Chinese
participant, male, aged 44 y]

This reflects a common theme of isolation and disconnection
experienced during the lockdown and shelter-in-place period.
Many individuals were forced to physically distance from their
community networks, resulting in increased reliance on
technology to connect with others. In addition, many were
unable to carry out routine errands, such as shopping, making
delivery services their only option. One participant similarly
emphasized her dependence on technology:

I would have gone absolutely insane without the
internet during this quarantine. [Filipino participant,
female, aged 40 y]

During the lockdown, for many Asian American and Pacific
Islander individuals, online access was the only means of
connection to others. The internet was the safest way to follow
public health guidelines, protect themselves and their loved
ones from COVID-19 infection, and maintain their mental and
emotional well-being. In terms of helpful aspects of technology,
a participant described using social media to spread information
and raise awareness on social issues relevant to Asian American
and Pacific Islander individuals:

I used social media to spread information about
anti-Asian discrimination and Black Lives Matter.
[Vietnamese participant, female, aged 49 y]
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This statement reflects the broader context of the time, including
the emotional unrest associated with the lockdown and the
concurrent political movements and cultural propaganda directed
toward the Asian American and Pacific Islander community. It
highlights how these challenges were experienced by many
individuals in this community and how they used social media
as a tool for connection and raising awareness.

Skills and Hobbies

Many participants found technology to be beneficial for learning
new skills and hobbies to pass time and for entertainment during
the lockdown. These activities helped alleviate boredom and
loneliness and created opportunities to explore new interests,
for example, learning to cook, acquiring linguistic skills, and
learning to play musical instruments. Such engagement was
reported to help ease stress and remain occupied during the
lockdown:

In my personal experience, the use of technology
allowed me to learn and be exposed to people and
places that may not have been possible. Also, I’ve
become more knowledgeable with technology.
[Filipino participant, female, aged 62 y]

This quote illustrates how participants used technology to adapt
and find new ways to connect with others as well as engage in
new activities to promote positive habits and increase knowledge
during the lockdown.

Another participant described how technology supported the
continuation of daily activities and helped ease pandemic-related
stress:

I have become better at the interplay between
technology & non-technology- using technology to
enhance aspects of my non-technology life like
learning instruments or exercise. [Chinese participant,
female, aged 47 y]

This comment reinforces the theme of participants using
technology to master new skills and hobbies to improve their
quality of life during the shelter-in-place period.

Work

Learning new skills also included improving technology skills,
such as adapting to online platforms for work and school. This
included learning to navigate various tools and interfaces such
as Zoom, Google Classroom, Google Workspace, Microsoft
Office, and others:

I have had to learn to use a lot of technology tools
for work within a very short period of time - Google
classroom, Google slides, Google docs, Google drive,
Ladibug document camera, Screencastify, Boom
cards, interactive pdf, and of course, Zoom. [Chinese
(Huaren) participant, female, aged 51 y]

This quote reflects the transition to online forums and the use
of new technological tools and how participants were required
to quickly adapt to maintain productivity for work and school
tasks during the lockdown.

Other benefits related to work included reduced commuting
time and costs, which participants associated with increased
efficiency and more time to focus on work-related tasks:

Good for my work I don’t have to commute everyday
no Bart [train]/bus fares don’t have to wake up early
to prepare going to work. [Filipino participant,
female, aged 68 y]

This supports the finding that new advances in technology and
the incorporation of digital tools into work and school routines
enabled participants to save time on commuting and increase
productivity.

Fitness

Technology was reported to be especially helpful for monitoring
and tracking fitness goals, particularly through devices such as
Fitbit and Apple Watch:

I rely heavily on Fitbit to monitor and achieve
physical fitness goals. This in turn has helped lower
my blood pressure after these months of working out
consistently. [Korean participant, female, aged 66 y]

A Chinese participant (female, aged 60 y) shared that she was
“doing virtual exercise classes daily,” and another participant
highlighted the role of activity tracking:

Apple Watch (and other activity trackers) have been
helpful to keep me moving. [Native Hawaiian
participant, male, aged 25 y]

These quotes reflect the usefulness of technology for achieving
consistent physical activity and monitoring daily progress for
many participants. Thus, technology helped participants meet
their fitness goals and was a tool to support positive health
outcomes.

Technology Was Often the Only Means of Interpersonal
Social Connections

Overview

Technology helped address participants’ feelings of boredom
and isolation by allowing access to streaming services, online
shopping, and social media, as well as enabling them to feel
connected to others. Staying connected through technology was
also vital for work and health-related reasons, for example,
when checking in on loved ones who were
immunocompromised:

It’s been very important in keeping me sane and
connected to others. [Vietnamese participant, female,
aged 35 y]

This quote supports the finding that technology was essential
in maintaining social interaction during the pandemic.

Connections for Social Interactions

During the COVID-19–related lockdown, many participants
were unable to physically check in with friends and family and
had to rely on alternative methods to maintain social connection.
Technology use was reported to ease negative feelings by
allowing quick and effective communication. Many participants
with family members and friends residing out of the country
used platforms such as Facebook Messenger, WeChat,
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KakaoTalk, LINE, or WhatsApp for daily interactions and
updates. Social media, Zoom, and Skype were also heavily used
by participants to connect with loved ones and meet new people
during this period of isolation. These tools were reported to be
very useful for addressing communication challenges and easing
worries of not being physically present:

Would have been much harder to cope without
technology! Being able to video conference or text
friends has helped maintain a sense of social
connection while also being safe. [Chinese participant,
female, aged 51 y]

This quote further showcases technology’s ability to bridge
gaps in social connection, enabling participants to use tools to
interact with members of their communities and support one
another while maintaining safe distancing practices.

Technology was also reported to help participants meet new
people and find online groups centered around similar interests
and hobbies:

I have been involved in decisions about moving my
community chorus to the virtual platform, a less than
satisfactory replacement to singing together. But we
have been able to reach out to singers from far and
wide, something we would not have been able to do
before! [Chinese participant, female, aged 66 y]

This quote illustrates how technology enabled participants to
meet others with common interests and hobbies, further
expanding their communities and social interactions. Another
participant shared a similar experience:

It’s been an eye-opener to realize the capacity of the
internet to connect people from all over the world
through events, etc. I volunteer with our Girl Scout
council and create virtual events for girls, who have
attended from across the country! [Japanese
participant, female, aged 67 y]

This quote reflects the theme of technology facilitating the
formation of new online communities, allowing participants to
build relationships across geographic boundaries through
common interests.

A participant expressed the importance of social connection
with other Asian American and Pacific Islander individuals in
the face of the racism and xenophobia that some experienced:

We Asians face a lot of discrimination. We can only
communicate with friends online because it’s risky
to go out, and technology supports this. [Chinese
participant, female, aged 36 y]

This quote reflects participant concerns regarding the hate
directed at Asian American and Pacific Islander communities
during the lockdown and illustrates how technology enabled
safe social interaction and communication.

Connections to Help Others

Technology was also reported to assist in the care of others,
such as ordering groceries and essential supplies through online
platforms:

It was helpful that I could order groceries for myself
and my elderly parents on Instacart and also I am
able to Zoom with them a few times a week so that
we can “see” each other make sure everything is ok.
[Asian Indian participant, female, aged 53 y]

The availability of no-contact services provided a practical
alternative to in-person errands, helping participants reduce
their risk of exposure to COVID-19 infection while continuing
to care for loved ones.

Connections for Work

Participants reported benefits associated with the shift to remote
work. One noted advantage was the ability to expand business
contacts across geographic regions and use platforms such as
Zoom to widen professional networks and communicate with
people in different time zones.

Connections for Health Reasons

Participants reported that technology use also facilitated access
to wellness resources and communication with health care
professionals. This included using technology to connect with
meditation groups, community meetings, workshops, online
physical activity classes, and telehealth services. Technology
also enabled video calls with loved ones in hospital when
in-person visits were not allowed:

Use of technology in the hospital provides an effective
source of communication between the patient and
his/her family members. I witnessed how helpful and
meaningful to keep in touch with our patients’ family
by using smart phones or tablets, to see their loved
one who is in the hospital in the screen really brought
them a true happiness and brought positive effects to
patients’wellbeing. [Filipino participant, female, aged
52 y]

This comment illustrates how technology was used to care for
others and protect individuals considered vulnerable by
maintaining safe distancing. It also reflects concern regarding
disconnecting from loved ones during the lockdown and how
using technology allowed participants to continue to provide
care and support to their communities.

Overuse Led to Negative Physical and Mental Health
Outcomes
A common theme among participants was that increased
technology use during the lockdown led to overuse, contributing
to negative mental and physical health outcomes, including
burnout. Participants described how increased reliance on
technology use led to the feeling that they needed a break from
technology and having no outlets away from technology use,
feelings of increased reliance, and addiction to technology and
social media.

Negative Mental Health
Participants also described needing mental health breaks due
to feeling overwhelmed by constant COVID-19 updates from
news outlets and social media. Some reported feeling addicted
to social media and finding it difficult to step away due to
loneliness or fear of “missing out,” which resulted in increased
anxiety and mental stress:
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Technology, specifically social media has been
incredibly stressful but addictive for me. I find myself
much more anxious and unhappy when scrolling
through other peoples profiles. But I feel this need to
know otherwise I will miss out. [Vietnamese
participant, female, aged 24 y]

This quote reflects the broader theme of technology’s impact
on mental health during the pandemic, highlighting how constant
access to social media and news updates made it difficult to
disconnect for fear of missing essential information.

Technology also enabled participants to stay informed about
the pandemic by providing access to news updates from outside
of their immediate communities, including other cities, states,
and countries. However, this constant exposure to negative news
was also associated with increased anxiety and stress:

It’s a double-edged sword—on one hand it has
provided access to news and connection to family and
friends, but it still feels isolating, lonely, and awkward
to try and convey emotions and connections through
the use of social media only. [Asian Indian participant,
female, aged 24 y]

This quote supports the finding that participants struggled to
use technology effectively to maintain connection. Technology
use helped participants stay connected with loved ones, but it
also contributed at times to feelings of isolation and loneliness.

Discrimination Experienced by Asian American and
Pacific Islander Individuals
Some participants reported negative experiences related to
discrimination and racism during the pandemic, particularly on
social media. Others expressed concerns about language barriers,
xenophobia, and racism throughout this period:

I have been more sensitive to racially related news
and posts on socially media. [Chinese participant,
female, aged 56 y]

[I] found that social media can be a bit more toxic
during this period. Especially with all the negative
news surrounding social justice, racism, the election,
etc. [Chinese participant, male, aged 28 y]

These quotes express the emotional and mental impact of
frequent exposure to news and social media during a period
marked by political unrest, social justice movements, and the
pandemic, which resulted in participants feeling overwhelmed.

Burnout
Participants described feeling fatigued from constant technology
use throughout the day but unable to disconnect due to the need
to use technology for school and work:

I noticed that my technology usage has significantly
increased during the COVID-19 pandemic. In doing
so, I realized that I need to take screentime breaks so
that I don’t get exhausted from it. [Filipino participant,
female, aged 23 y]

Participants reported exhaustion from prolonged use of digital
devices and limited opportunities to disconnect, given the lack
of in-person alternatives for connection with others during the

pandemic. This led to participants incorporating breaks from
technology to maintain their mental health.

Some individuals reported being busier during the pandemic
due to increased work hours and workload. A participant shared
her experience as a frontline worker:

During the pandemic I have never been busier.
Following my shifts at the hospital, I attend nightly
community, task force, and organizing meetings
learning about resources and responses to the
COVID-19 pandemic that is disproportionately
affecting our community of immigrant front-line
workers with high levels of high-risk exposure.
Technology has made it easier to connect local and
national Filipino organizations, but Zoom fatigue
coupled with clinical burnout is a real hazard.
[Filipino participant, female, aged 30 y]

This quote illustrates how frontline workers experienced long
shifts and overwhelming workloads to protect their patients.

Participants also reported experiencing Zoom fatigue and feeling
exhausted from daily online meetings. Some also reported
struggling to separate work from home after transitioning to
fully remote work, leaving little downtime to destress:

I was working from home 4 days per week before the
pandemic, so I was just on my computer all day every
day already. Now I’m on it more because I can’t go
out on weekends or in the evenings. [Chinese
participant, female, aged 35 y]

The combination of seemingly nonstop screen time from both
work and personal activities contributed to mental and emotional
exhaustion and resulted in feelings of burnout.

Negative Physical Health
Technology use during the pandemic was also found to be
associated with negative physical health outcomes. Participants
reported increased screen time and reduced physical activity,
which contributed to symptoms such as fatigue, eyestrain, dry
eyes, headaches, back and neck pain, wrist and hand pain, loss
of sleep, dizziness, and weight gain:

Using electronic devices for long hours makes my
shoulders, neck and back pains. However, I don’t feel
safe to see a doctor or physical therapist. [Taiwanese
participant, female, aged 37 y]

Too much screen time, more sitting for work related
issues, common illnesses experienced, like headache
and back pain. [Asian Indian participant, female, aged
47 y]

These narratives reflect the physical toll of sustained technology
use that compounded over time during the pandemic. Notably,
the hesitation to seek care due to safety concerns highlights how
the pandemic exacerbated both physical strain and barriers to
accessing care for technology-related health issues.

Technology Use Was Associated With Multiple
Challenges and Barriers
Many participants shared concerns regarding increased
technology use, including language-related communication
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challenges in virtual settings; increased costs; poor connectivity;
and difficulty adapting to technology, particularly among older
adults. These barriers may have been more pronounced for
individuals who were underresourced or living in areas with
limited internet access.

Challenges of Being a Nonnative English Speaker
Virtual work environments introduced new barriers for some
Asian American and Pacific Islander individuals, as described
by a participant:

As a nonnative English speaker/immigrant, I felt that
I couldn’t perform as well during a Zoom job
interview as I became very self-conscious about my
accent or mistakes that I make when I speak English.
I think the Zoom interview environment has negatively
impacted my chance of landing a job because it
encourages interviewers to rely more on interviewee’s
speech as there are limited nonverbal cues that
contributes to effective communication. [Korean
participant, male, aged 33 y]

This quote highlights the participant’s perceived disadvantages
when navigating a virtual job interview, with interviewers unable
to meet interviewees and assess them as a whole. With first
impressions limited to screen interactions, the complete
dependence on technology was a barrier to connection and, in
this participant’s case, their success. Furthermore, relying
primarily on speech disadvantaged the participant, a nonnative
English speaker, heightening their fear of judgment and
perceived risk of discrimination.

Increased Costs
Participants reported experiencing increased or additional
expenses related to their increased technology use. These
included upgrading internet service, paying higher data fees,
and incurring increased electricity costs to support working or
studying from home:

I had to upgrade my internet to be able to service
people for work and during my internship for
graduate school and it cost more to upgrade. Also,
my electricity bill has gone up since I’m working and
interning at home. [Japanese participant, female, aged
41 y]

Increased costs posed additional challenges for individuals and
families and was an added stressor, especially for those who
were already facing financial strain.

Connectivity
Increased technology use at home also led to connectivity
challenges related to school and work. Many participants
reported that increasingly busy networks and limited bandwidth
in certain areas led to decreased connectivity efficiency, which
caused disruptions in work and school tasks. This often led to
meeting disruptions, resulting in additional stress and loss of
time to address connectivity issues:

With remote schooling and working remote, even in
the suburbs, there are challenges with connectivity
as everyone is online and using the internet for school

and work. If the wireless networks and bandwidth are
not strong, this often negatively impacts accessing
internet for school and work. [Filipino participant,
female, aged 47 y]

This quote underscores that the usefulness of technology
depends on reliable infrastructure. These challenges were
especially pronounced for individuals in rural areas and for
older adults who already faced barriers such as unfamiliarity
with technology, financial constraints, and lack of support.

Technology Use Among Older Adults
Several participants reported difficulty navigating technology,
with only 8.2% (91/1115) indicating that they felt slightly
comfortable using technology and 18.4% (204/1115) reporting
that they were not at all comfortable. The transition to increased
technology use during the pandemic disproportionately affected
older Asian American and Pacific Islander adults who struggled
to adapt and often lacked the support necessary to learn how to
operate technological tools. A participant expressed difficulty
understanding how to use technology, stating that she would
benefit from someone teaching her:

Please teach low tech adult/senior citizens like me
how to use our iPhones, MacBook etc. We are
dependent on our 7-12 year old grandchildren for
tutorials (if we are lucky to have them nearby). Apple
stores don’t teach us anymore. [Filipino participant,
female, aged 77 y]

This quote reflects the generational gap in technology familiarity
and the desire of older adults to improve their technology
literacy and decrease their dependence on younger family
members in this regard. It also highlights the frustration that
some older adults felt due to limited opportunities for formal
instruction and underscores the need for structured, age-inclusive
technology education tailored to older adults.

Some participants expressed concern that their older adult loved
ones did not know how to use technology to contact resources
or reach out to family members for assistance during the
pandemic:

I am grateful that I am comfortable and experienced
in all aspects of technology. However, my mother
(who does not live with me) is not, and it always
worries me that she wouldn’t be able to contact me
if she has a pressing need, or that I am not around to
help her immediately troubleshoot technological
difficulties. [Taiwanese participant, female, aged 31
y]

This participant’s sentiment underscores the stress that families
experienced when older adults lacked the skills to use
technology independently. Limited technology access can create
safety and communication barriers, especially during
emergencies and periods of physical separation.

Another participant similarly reported worries regarding an
older loved one:

Using technology is difficult with my elderly mom as
she does not understand how to use it. As she is in an
assisted living home, I cannot show her and the staff
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has limited time to help. For the hearing impaired or
for those who are not familiar with screen
interactions, technology is limited in its usefulness
for meeting social needs. [Chinese participant, female,
aged 50 y]

This quote encapsulates the compounded challenges that older
adults face when navigating technology, even in assisted living
settings, and highlights how barriers such as impairments or
unfamiliarity with digital interfaces can significantly hinder
social connectivity and access to essential support.

Discussion

Principal Findings
This study describes the use of technology and its impact on
the well-being and experiences of Asian American and Pacific
Islander adults during the COVID-19 pandemic. While other
studies have investigated the broad implications of technology
on mental and physical health, the use of technology and its
application to the culturally specific experiences of Asian
American and Pacific Islander adults during the pandemic was
largely unknown. The quantitative survey data revealed
significant changes in lifestyle and communication behaviors
that occurred during the pandemic. Nearly half of the
respondents (528/1115, 47.5%) reported increasing their
technology use by ≥3 hours per day during the pandemic, with
up to 7.98% (89/1115) indicating an increase of ≥7 hours per
day compared to before the pandemic. The 4 themes identified
in this study highlight the mixed sentiment toward technology
and social media use among Asian American and Pacific
Islander adults, alongside notable challenges and barriers.

In the periods of social isolation during the pandemic,
technology was a central force in facilitating individual
well-being and fostering connections within the community
[16]. Virtual platforms enhanced both the professional and
hobby-related skills of participants, while connecting individuals
with common interests. In addition to supporting mental and
emotional health, technology benefited the physical health of
participants through the use of fitness trackers and virtual
interactions with health care professionals. Moreover, for the
Asian American and Pacific Islander community, technology
assumed a special significance by providing a sense of security
amid rising anti-Asian discrimination. Virtual platforms and
networks helped individuals stay informed about relevant social
issues and incidents affecting their communities. Fearing for
their safety, Asian American and Pacific Islander adults relied
on technology, such as video chats and telephone calls, to
maintain social connections without leaving home. Older adults
were also better supported by family members who used mobile
delivery services to order food and other essentials.

However, alongside the benefits of using technology, the
detrimental effects of overuse on both mental and physical
health were also revealed by this study. Participants reported
concerns such as addiction to social media, burnout, and
videoconferencing fatigue, which exacerbated feelings of
loneliness and mental strain. For Asian American and Pacific
Islander adults in particular, the increased exposure to negative
news and discrimination on social media contributed to

heightened awareness of discrimination, which in turn led to
psychological distress. In addition to these negative impacts on
mental health, technology overuse was associated with physical
symptoms such as fatigue, eyestrain, back pain, headaches, and
weight gain.

Our analysis of technology-related barriers for Asian American
and Pacific Islander adults underscored how technology may
exacerbate existing disparities within the community. Notably,
technology may amplify inequities in employment opportunities,
particularly evident in the challenges faced by nonnative English
speakers during job interviews conducted over platforms such
as Zoom. The shift to virtual interviews accentuated concerns
about linguistic proficiency. Asian American and Pacific
Islander participants expressed concern that interviewers may
prioritize verbal communication over nonverbal cues, placing
nonnative English speakers at a disadvantage. Moreover,
increased reliance on technology also imposed financial burdens,
potentially compounding economic disparities within the
community. In addition, the growing global reliance on
technology presented a significant barrier for older adults in the
Asian American and Pacific Islander community who struggle
to learn new technology. This challenge had a ripple effect on
family members of these older adults, as they faced increased
distress fearing an inability to contact older adult members in
emergent situations or in times of social isolation.

While the themes of our study reveal a spectrum of positive and
negative impacts of technology on Asian American and Pacific
Islander adults, such mixed results regarding technology use
are congruent with current literature sampling the general
population. Our finding that technology was critical in
maintaining individual mental and emotional well-being during
the pandemic is supported by both studies concluding that the
use of technology and digital tools was beneficial for young
adults during the COVID-19 pandemic [17] and studies
involving older adults [18,19]. In alignment with our findings,
these studies reported reduced feelings of loneliness, better
self-rated health, fewer chronic illnesses, higher subjective
well-being, and fewer depressive symptoms. The use of
technology as a facilitator for the feeling of community
connection has also been well reported. A qualitative study
involving older adults and their relatives highlighted how the
use of technology-mediated communication by older adults
during the pandemic afforded meaningful interconnections in
their social lives and promoted cross-generational connections
among family members [20].

Our finding that technology overuse can lead to detrimental
effects on the mental and physical health of Asian American
and Pacific Islander adults is also congruent with prior literature.
Prior research has shown that moderate or severe depression
levels were associated with greater time spent watching
television and using computers (>6 h/d) for American adults
[21]. In addition, our parent study of Asian American and Pacific
Islander individuals found that those whose technology use
during the pandemic increased by ≥7 hours per day had a
1.32-point (95% CI 1.00-1.64; P value for the trend <.001)
higher Patient Health Questionnaire-4 score [9]. Negative
impacts on physical health in the Asian American and Pacific
Islander population are also congruent with our previous study

JMIR Hum Factors 2025 | vol. 12 | e64999 | p.1927https://humanfactors.jmir.org/2025/1/e64999
(page number not for citation purposes)

Park et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


results, which detected significant changes in self-reported
physical health scores with ≥3 hours per day of technology use
[9], as well as independent studies reporting that technology
use negatively affects physical activity and sleep routines,
leading to headaches, neck pain, myopia, digital eye syndrome,
and cardiovascular risk factors [22,23].

Finally, and perhaps most notably, our fourth theme, which
discusses the multiple challenges and barriers to technology use
for Asian American and Pacific Islander adults, contributes to
the highly necessary investigation of racial disparities in an
increasingly digitized world. Nonnative English speakers in this
study described feeling disadvantaged in virtual workspaces,
an experience recognized by a growing number of studies. In a
case study of a multinational corporation after a shift to remote
work triggered by the COVID-19 pandemic, researchers found
that language-based discrimination in virtual spaces was
primarily organizational and more subtle than in physical
settings [3]. Virtual spaces also seemed to expedite the process
of excluding migrant professionals, in part due to the emergence
of separate meetings and parallel virtual channels for informal
conversation [3]. Other barriers observed in our study, such as
increased costs, connectivity challenges, and the lack of
technological support for older adults, add to the growing body
of evidence that technology may be exacerbating, rather than
eliminating, socioeconomic and health disparities through the
digital divide. This divide has significant clinical implications
for the Asian American and Pacific Islander community.

This study illustrates ways in which Asian American and Pacific
Islander adults found technology to be beneficial for mental
and physical health. These results contradict our prior study
results, which indicated that an increase in technology use during
the pandemic correlated with negative mental health outcomes
in the form of higher Patient Health Questionnaire-4 scores and
lower physical health scores [6]. This discrepancy may be due
to the variance in the framing of questions between the two
studies. Our prior study (COMPASS) analyzed numeric
responses from a structured set of questions, while this study
analyzed responses to the open-ended question “Is there
anything else you want to tell us about your use of technology
during COVID-19?” This may have permitted respondents to
consider alternative, positive applications of technology, such
as its use as a tool to safeguard against an anti–Asian American
and Pacific Islander social environment.

As revealed by our findings, while the COVID-19 pandemic
accelerated the use of technology and telehealth, it also
exacerbated existing challenges and barriers to accessing and
using needed health care, evident in the growing digital divide
and lack of digital literacy, as discussed in prior literature
[24-26]. Asian American and Pacific Islander adults, particularly
those with limited English proficiency, older adults, individuals
with low income, and those living in rural areas or
neighborhoods experiencing internet connectivity issues or
lacking necessary digital literacy skills to effectively use
telehealth platforms, face more challenges in adopting and using
telehealth [27,28]. This leads to increased health disparities due
to inequitable access to necessary health care. The barriers
observed in our study, such as poor digital literacy, internet
access issues, and lack of technology assistance, have been

proven to be key drivers of the digital divide [29]. As such,
identifying and resolving these barriers within the Asian
American and Pacific Islander population is vital for the
advancement of equitable health care and for appropriately
addressing technology use as a social determinant of health.
While many members of Asian American and Pacific Islander
communities have become significantly more aware of the need
to use such technologies, it is both crucial and timely to provide
culturally and linguistically appropriate services, as well as
training and resources to improve digital literacy, to address the
identified disparities.

Consistent with previous research [30], our findings have
revealed that dependence on technology, such as increased
screen time, was associated with negative mental health.
Conversely, avoidance of technology due to anxiety or lack of
familiarity can prevent individuals from accessing telehealth
services, potentially leading to delayed treatment or untreated
health issues. Clinicians should be aware of these potential
issues and integrate assessments of technology use and its impact
on mental health into their care plans. Using a patient-centered
approach to provide the needed support and resources to manage
technology use in a helpful manner and offering alternative care
options for patients who prefer not to use technology are
important strategies in addressing these concerns.

The digital divide—highlighted during the COVID-19 pandemic
as a disparity between the “haves” and “have-nots”—has been
well documented [31]; however, more research is required to
better understand the needs of diverse populations, not only by
race and ethnicity, but also by English proficiency and age. This
study contributes important knowledge in this area and may be
helpful for developing social and educational programs to serve
such diverse populations (eg, Asian American and Pacific
Islander adults with low socioeconomic status and limited
English proficiency).

Limitations
This study has several limitations. We used convenience
sampling through community networks, social media, and the
CARE registry, which may not fully capture the diversity of
the broader Asian American and Pacific Islander population.
There may be selection bias, with underrepresentation of
individuals with limited internet access or those not engaged
with community organizations. In addition, only 20.66%
(1115/5398) of the respondents to the quantitative survey
provided open-ended responses, which formed the basis for the
qualitative themes presented in this study. In terms of
generalizability, although the age range of participants was 18
to 98 years, the mean age was 45.9 (SD 16.3) years, which may
reflect a generally more technology-savvy group. Furthermore,
the majority of the respondents (665/1115, 59.64%) completed
the open-ended question in English, likely reflecting a sample
with a higher level of acculturation to the United States. Finally,
we reported aggregated data across numerous Asian American
and Pacific Islander groups, which may not represent the unique
experiences of specific backgrounds within these communities.
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Conclusions
This study presented the diverse attitudes and experiences
related to technology use among Asian American and Pacific
Islander adults during the COVID-19 pandemic. There were
numerous benefits of using technology during a period of
mandated physical and social isolation; however, there were
many adverse experiences, including the detrimental effects of

technology overuse on both mental and physical health.
Important considerations for Asian American and Pacific
Islander adults include awareness of how technology may
exacerbate existing disparities, particularly among those with
limited English proficiency. Further qualitative research would
be beneficial in amplifying the perspectives of Asian American
and Pacific Islander adults to uncover concerns and address
health disparities.
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Abstract

Background: Web-based mental health forums have the potential to play a significant role in providing accessible support for
young people, supplementing in-person services and contributing positively to their mental well-being. However, limited
engagement often constrains their impact and effectiveness in supporting young people.

Objective: Using the Behavior Change Wheel framework, this qualitative study explores the barriers and facilitators to young
people’s engagement with web-based mental health forums, focusing on the behaviors of creating new posts, responding to posts,
and reading posts. Behavior change techniques (BCTs) are identified to address these barriers.

Methods: Semistructured interviews were conducted with 13 young people aged 17-25 years who use UK-based youth mental
health forums. Three participants self-identified as men, 8 as women, 1 as nonbinary, and 1 chose not to disclose their gender.
Transcripts were coded using the Theoretical Domains Framework (TDF), followed by inductive theme generation. TDF barriers
were then mapped to BCTs to suggest intervention strategies.

Results: Thematic analysis revealed ten inductive themes across 5 TDF domains. Of these, 3 were enablers, 2 were barriers,
and 5 functioned as both enablers and barriers. The findings indicated that skills, beliefs about consequences, emotions, and the
social and physical environment are key influences on young people’s engagement with web-based mental health forums. Positive
emotions experienced after using the forums enabled posting, responding, and reading behaviors. Enablers of more active
participation (ie, posting and responding) included anonymity and positive interactions with other users. The presence of moderators
acted as an enabler for all 3 behaviors by providing a safe environment, but also as a barrier to posting, as moderation could
restrict the content of users’ posts. Similarly, mobile access facilitated posting, responding, and reading, whereas layouts not
optimized for mobile use acted as barriers to typing and reading on the go.

Conclusions: This study contributes to the existing knowledge base by examining the different ways in which young people
engage with youth mental health forums. Different strategies may be prioritized and adopted depending on whether forum providers
aim to increase more active forms of engagement (eg, posting and responding, which can be encouraged by fostering positive
interactions with other users) or overall engagement (eg, establishing clear rules of engagement and optimizing web page content
for mobile access can benefit all forms of engagement). These insights can help improve the delivery of youth mental health
forums and foster a positive ecosystem of support for young people.

(JMIR Hum Factors 2025;12:e71549)   doi:10.2196/71549
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Introduction

Young People’s Mental Health and the Role of
Web-Based Forums
Globally, young people are experiencing a significant decline
in mental health, with rising levels of reported mental health
problems [1,2]. The COVID-19 pandemic, in particular,
accelerated the deterioration of young people’s mental health
[3]. In the United Kingdom, 1 in 3 young people aged 18-24
report symptoms of anxiety, depression, or both—an increase
since 2000, when fewer than 1 in 4 (24%) reported these
problems [4]. However, a recent report identified significant
gaps in early mental health support for young people, with a
rising number reaching crisis point [5]. From 2022 to 2023, the
Children’s Commissioner’s annual report on children’s mental
health [6] found that 28% of children and young people referred
to mental health services were still waiting for support, with
some waiting up to 2 years.

Viable stopgaps for young people include web-based channels
such as social media or mental health forums, which are
typically available 24/7 and can potentially provide accessible
mental health support at scale. As digital natives, young people
are adept at using the internet to seek support and are often
favorable toward this approach, as it offers greater convenience
and anonymity [7]. While social media may have a wider reach
[8], mental health forums can be seen as a more focused and
structured channel for young people to obtain mental health
support [9]. Engaging in youth mental health forums can offer
benefits such as emotional support, alleviation of feelings of
isolation and stress, and reductions in symptoms of depression
and self-harm [10,11]. However, potential drawbacks include
increases in mental distress and self-harm tendencies,
particularly when safeguards are insufficient in forums
addressing sensitive or distressing topics [9]. Thus, it is
important to continually explore ways to increase the
effectiveness of these forums while reducing their potential
harmful impacts. In addition, young people’s low engagement
in web-based mental health forums remains a challenge,
potentially limiting their effectiveness [12]. Research shows
that mental health forums often fail to achieve their intended
purpose because of low engagement rates [13], and users are
unlikely to continue participating in inactive forums due to the
limited support available [14]. Sustaining user activity in
web-based forums helps to build a pool of knowledge and ensure
that the forum remains relevant, facilitates the creation of online
connections, and provides necessary support [14,15]. Therefore,
there is a need to better understand the factors influencing
engagement to maximize potential benefits.

Research shows that young people engage in web-based mental
health forums in various ways. Many studies dichotomize them
into posters, who are active participants contributing most of
the content, and lurkers, who are passive participants and read
posts without contributing [16,17]. Posters may create initial
posts that introduce topics for discussion, often focusing on
their own concerns, questions, thoughts, and lived experiences
[18]. They may also respond to others’ posts, providing
emotional or informational support to the user who shared the

original comment [19]. Lurkers, on the other hand, read posts
either to find specific information or to browse more generally
[20]. Young people’s engagement in web-based mental health
forums therefore encompasses multiple behaviors, including
posting original content, responding to others, and reading posts.

While these behaviors should be treated as distinct, as they have
different motivating and hindering factors [21], existing studies
often examine youth mental health forum use more generally
[22,23] or focus only on posters and lurkers [15,16]. However,
this limits our understanding of the factors influencing young
people’s engagement across a range of different behaviors.
Using the Behavior Change Wheel (BCW) approach [21], this
qualitative study explores the barriers and enablers to young
people’s engagement in mental health forums, focusing on
posting, responding, and reading behaviors, and identifies
strategies for improvement. Such an examination can reveal
both unique and shared influences and support the development
of targeted interventions, offering a holistic view of young
people’s engagement with youth mental health forums.

Research Background
Current research has highlighted the benefits of mental health
forums for young people. Web-based forums foster a sense of
community and friendship, providing spaces where young
people can receive practical advice on a variety of topics [18].
They not only offer informal support but also signpost young
people to formal support services when necessary [24,25]. Thus,
they can serve as important conduits, facilitating access to
relevant professional services and encouraging help-seeking
behavior among young people who need it. Furthermore, unlike
professional or in-person services, web-based forums connect
young people around the clock and therefore serve as valuable
supplements to other mental health services within the broader
ecosystem [19].

The characteristics of web-based mental health forums also
enable different types of engagement among young people. As
these forums contain a wealth of information and messages that
are typically archived for long periods, young people can access
relevant content at any time [9]. Reading the repository of
existing discussion threads therefore provides immediate,
personally relevant, and actionable information [14], such as
personal experiences on managing specific situations and
techniques for improving one’s own mental health [26,27].
Reading posts also allows young people to reflect on their
personal difficulties through the lens of others’ experiences, for
instance, by reframing common challenges as manageable [28].

In contrast to passively reading content, young people who
actively use web-based forums—by initiating and replying to
posts—can benefit from the therapeutic nature of writing and
from providing support to other users in need [28]. The veil of
anonymity offered by most web-based forums reduces users’
feelings of threat and inhibition when posting or responding
[29,30], creating vast potential to connect young people who
share similar life experiences and emotions but may not be in
close geographical or physical proximity [9]. Consequently,
young people may feel more motivated to post on web-based
forums because they can voice their opinions with greater
confidence and less fear of judgment [14]. Posting also
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contributes to the exchange of emotional and informational
resources within the online space and encourages further
engagement from users [31]. “Reply reciprocity,” whereby users
tend to receive more replies to their posts if they respond to
others, further underscores the importance of encouraging
participation, as this positive feedback loop promotes sustained
user activity [31].

Several barriers to the use of web-based mental health forums
have also been identified. Concerns about confidentiality and
privacy can discourage posting on these forums, as can
difficulties in accurately conveying emotions through writing
[22]. In addition, reading about the challenges faced by other
users may be triggering and induce negative moods [32]. Young
people are also deterred from reading posts when forums lack
high-quality resources or relevant topics [18,22]. Fears of
causing harm to oneself (eg, worsening one’s mental health
condition) or to others (eg, making others feel worse) have
likewise been identified as barriers to active participation [23].
Furthermore, some young people cite the lack of orientation for
new users—making it harder to fit into a new online
environment—as an additional barrier to active participation in
mental health forums [32].

While existing studies have examined factors influencing
engagement and proposed ways to enhance young people’s
experiences with mental health forums, such efforts are rarely
guided by a comprehensive intervention framework like the
BCW. Moreover, most studies on young people’s use of
web-based mental health forums take a one-dimensional view
of engagement, without exploring the specific behaviors
involved in interacting with these platforms. This limits
researchers’ and practitioners’ ability to identify the distinct
factors influencing different engagement behaviors and to
develop effective, targeted solutions.

Behavior Change Wheel Framework
The BCW (Figure 1) is a comprehensive framework developed
through the integration of 19 existing behavior change theories
[21]. It offers a structured, evidence-based approach for
diagnosing the barriers and enablers of behavior, which in turn
informs the design and evaluation of interventions [33]. Central
to the BCW is the COM-B model, which posits that capability
(physical and psychological), opportunity (social and physical),
and motivation (reflective and automatic) interact to produce
behavior. The Theoretical Domains Framework (TDF) is often
used alongside the COM-B model to provide greater granularity
[34] and a more detailed understanding of different types of
behavioral influences.

Figure 1. The Behavior Change Wheel and Theoretical Domains Framework (TDF).

Nine intervention types that enable behavior change form the
layer surrounding the COM-B model, followed by an outer layer
outlining 7 policy options for delivering these interventions
[35]. The Theory and Techniques Tool [36] facilitates the

mapping of TDF domains to behavior change techniques (BCTs)
within the behavior change techniques taxonomy (BCTTv1).
The taxonomy contains 93 evidence-based BCTs that are
observable and replicable, facilitating behavior change [37].
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This enables identified barriers to target behaviors to be linked
to specific BCTs to achieve the desired change. The BCW
approach has been successfully applied to enhance web-based
mental health services for young people, including webchat
counseling [38,39], helpline services [40], peer support groups
[41], and self-harm content on a mental health forum [42].

Current Study
This study applies the BCW framework [20] to systematically
explore the perceived barriers and facilitators of engagement
in UK-based web-based youth mental health forums among
young people aged 16-25 years. Through qualitative interviews,
this study addresses the following research questions:

• Using the COM-B/TDF, what are the barriers and enablers
to young people’s engagement with youth mental health
forums, specifically in relation to posting, responding, and
reading?

• Using the BCTTv1, which BCTs can be applied to enhance
young people’s engagement with youth mental health
forums, focusing on posting, responding, and reading?

This study can inform strategies to optimize the design and
delivery of youth mental health forums, helping to better harness
the potential of these web-based platforms in supporting young
people’s mental health and well-being.

Methods

Participants
The study targeted young people aged 16-25 years who had
read, posted, or responded to posts in UK-based youth mental
health forums. Participants were recruited via convenience
sampling, with support from The Mix, powered by Mental
Health Innovations—a UK-based charity that provides mental
health support for young people, including crisis helplines,
support groups, and web-based forums. The Mix helped
publicize the study by sharing a recruitment poster and
registration link via their web pages and social media channels.
Additionally, the study was promoted on LinkedIn (LinkedIn
Corporation) to broaden the pool of potential participants.
Interested young people registered through an online form,
which collected information such as age, gender, ethnicity, and
frequency of youth mental health forum use.

Of the 32 young people who registered interest, 12 did not meet
the eligibility criteria (eg, outside the target age range or not
using youth mental health forums) and were excluded. Of the
remaining 20 eligible participants, 6 did not provide consent
after receiving the participant information sheet and consent
form. Fourteen participants were interviewed; however, 1
interview was later excluded due to possible duplication.

The mean age of the 13 participants was 21 years, with a range
of 17-25 years; 3 participants self-identified as male, 8 as
female, 1 as nonbinary, and 1 did not wish to disclose their
gender. Table 1 provides further details on participants’
characteristics.

Table 1. Description of participants’ characteristics.

Mental health forums usedExperience with reply-
ing to posts on youth
mental health forums

Self-identified ethnicityGenderAge (years)Participant ID

The MixWeeklyWhite BritishWoman191

The MixWeeklyIndianMan252

The MixDailyIranianWoman213

The MixWeeklyBlack AfricanMan204

The MixNeverMultiple ethnic groupsWoman235

The MixMonthly or lessWhite BritishWoman256

The MixWeeklyWhite BritishNonbinary187

The MixNeverWhite BritishDid not disclose238

The MixNeverAsianWoman239

The Mix and KoothDailyWhite BritishMan2310

KoothDailyBlack AfricanWoman2411

The MixMonthly or lessBlack CaribbeanWoman1812

The MixWeeklyMultiple ethnic groupsWoman1713

Procedure
The researchers (ZL, SYL, and SL) conducted 1-on-1
semistructured interviews with participants from June to July
2024. These interviews were held online via Microsoft Teams.

Participants could choose to respond using either audio
conferencing or written chat, depending on their stated
preference. All participants were asked the same set of questions
based on an interview guide developed using COM-B and TDF
domains, along with general questions that allowed for a broader
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range of responses. The guide was developed by ZL, SYL, and
SL in consultation with the senior author (LMG), and the
questions were adapted from previous studies with a similar
focus [38]. Sample questions were “What discourages you from
responding to a post?” (general question), “What do you think
are the benefits of using web-based mental health forums?”
(reflective motivation: beliefs about consequences), and “Do
others such as friends, family, or other users affect whether you
use web-based mental health forums?” (social opportunity:
social influences). The full interview schedule is provided in
Multimedia Appendix 1.

Before recruitment began, the interview schedule was piloted
with 4 young people from different demographic backgrounds
(eg, gender, age range) to ensure that the questions were easily
understood and that the interview could be completed within
30-45 minutes. Based on their feedback, the schedule was
revised to use less technical language to enhance comprehension.
The revised version also included additional prompts to
encourage participants to provide more in-depth responses.

Publicity and participant recruitment began after the interview
schedule was finalized. Interested individuals who met all
eligibility criteria were provided with a consent form and a
participant information sheet outlining the details of the study.
After reviewing the information sheet and returning a signed
consent form, participants were scheduled for 1-on-1 online
interviews conducted by the research team. The interviews
explored 3 types of behavioral engagement with web-based
forums: reading forum content, creating new posts, and
responding to existing posts. All interviews were recorded and
transcribed. Participants received £25 (US $36) worth of
vouchers as compensation for their participation.

Data Analysis
The behaviors of posting, responding to posts, and reading posts
on youth mental health forums were coded separately by ZL,
SYL, and SL. For each behavior, analysis followed a deductive
approach guided by the Framework Analysis method, which
included the stages of transcription, data familiarization,
indexing, charting, and data interpretation [43]. Transcription
and data familiarization involved repeatedly reviewing the
interview content to develop a deeper understanding of the data.
Indexing referred to applying an existing analytical framework
to the dataset, while charting involved systematically organizing
the data [44]. To support the indexing and charting process, a
codebook was developed to define how each TDF domain
applied to the specific engagement behaviors associated with
youth mental health forum use (see Multimedia Appendix 2 for
an example). The TDF served as a useful framework for coding
and conducting a behavioral diagnosis to identify participants’
perceived barriers and facilitators to forum use.

To enhance the reliability and consistency of coding, and to
provide additional perspectives on the data, half of the total

transcripts were second-coded by either ZL, SYL, or SL.
Feedback from this process was used to refine the codebook
applied throughout the deductive analysis phase. This was an
iterative process in which the codebook was continually updated
during transcript coding. The overall agreement rate exceeded
80% (122/146, 83.5%), and all coding discrepancies were
discussed and resolved through mutual agreement.

After indexing and charting the data using the co-developed
codebook, an inductive analysis approach was adopted to
identify more specific and concrete themes. Candidate themes
were examined to ensure internal consistency, and the data
extracts within each theme were reviewed to confirm accurate
representation, with further refinements made where necessary.
Elements of Braun and Clarke’s [45] reflexive thematic analysis
were incorporated, emphasizing reflective and purposeful
engagement with the data informed by the researchers’
subjective experiences.

Following the deductive and inductive analyses, core inductive
themes were shortlisted by ZL and LMG [46] based on their
frequency and their importance and relevance to at least 2 of
the 3 target behaviors. This criterion was used to identify key
areas for improvement. Based on the identified TDF domains,
associated BCTs with conclusive evidence-based links in the
Theory and Techniques Tool were considered, while those with
inconclusive or absent links were excluded. The final selection
of BCTs and corresponding intervention strategies was informed
by previous research on web-based forums and assessed for
appropriateness and feasibility within this context by ZL, SYL,
and SL. The selected strategies were further evaluated using
the APEASE (Affordability, Practicability, Effectiveness,
Acceptability, Side-effects, and Equity) criteria [21].

Ethical Information
This study was approved by the UCL Research Ethics
Committee (reference number 16583/003; approval date: 27
July 2023). Informed consent was obtained, with researchers
highlighting that participation was voluntary and that
participants’ sharing would be kept confidential.

Results

Overview
Ten core inductive themes were generated and mapped to the
corresponding TDF domains (Table 2). These comprised 3
enablers, 2 barriers, and 5 that functioned as both enablers and
barriers. Each theme is described in detail below, supported by
participant quotes identified by their participant ID (Table 1).
Themes specific to creating posts, responding to posts, and
reading posts were also identified (see Multimedia Appendix
3).
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Table 2. Description of core inductive themes.

Relevant behaviorsDescription of themeBarrier/enablerTheme

Posting, responding, and readingYoung people feel positive emotions (eg, relief, calmness)
after using youth mental health forums.

EnablerPositive emotions

Posting and respondingYoung people are discouraged from creating a new post
or responding if they felt that the replies would not be
helpful.

BarrierBeliefs about helpfulness of the
reply

Posting, responding, and readingPresence of moderators on youth mental health forums
makes the web space safer and reduces antisocial behav-
ior, but may also limit the content of posts.

Barrier/enablerPresence of moderators

Posting, responding, and readingContent that is not properly categorized or not personally
relevant to young people discouraged reading and respond-
ing, but may encourage posting behavior.

Barrier/enablerRelevance of information

Posting, responding, and readingThe ability to access forum content on mobile phones fa-
cilitates usage, but when the layout is not optimized, it
leads to difficulty in typing and reading on the go.

Barrier/enablerAccessing content on mobile
phones

Posting and respondingAnonymity reduces the sense of judgment from other
users and encourages the sharing of thoughts.

EnablerAnonymity

Posting and readingBeing able to quickly find the information needed can
encourage young people to read posts, while the slow
support and response prevent them from posting new
content.

Barrier/enablerTime taken to obtain support

Posting and respondingPositive experiences with other users facilitate posting
and responding, while negative interactions discourage
young people from doing so.

Barrier/enablerInteractions with other users

Responding and readingEmpathy helps young people relate to the original poster
and provide more respectful and effective responses.

EnablerEmpathy

Posting, responding, and readingPoor communication skills hindered young people from
creating and responding to posts in youth mental health
forums. This barrier also had implications for reading,
making it harder to understand posts.

BarrierPoor communication skills

Automatic Motivation (TDF: Emotions)—Positive
Emotions (Enabler)
Experiencing positive emotions was identified as an enabler for
half of the young people using youth mental health forums
across posting, responding, and reading behaviors. For those
who actively engaged by posting or responding, these emotions
often arose from the sense of connection with others. For
example, P12 shared: “I feel relieved, I feel I'm able to interact
(with) someone, I'm able to at least remedy a situation for
someone, and I feel satisfied (with) myself.” P10 expressed
similar sentiments, stating that they felt “a relief and calmness
within that you've actually add(ed) value to someone’s life”.
Even participants who only read forum posts reported
experiencing positive emotions, often in the form of validation
for their thoughts or behaviors. For example, P1 described: “it’s
nice to read the posts and see that I’m not the only one feeling
a certain way or experiencing a specific thing.”

Reflective Motivation (TDF: Beliefs About
Consequences)—Beliefs About Helpfulness of the Reply
(Barrier)
A barrier that discouraged a small number of young people from
posting or responding was their belief about the helpfulness of
replies. For example, P6 noted that responses are “not always
helpful, depending on who responds.” P8 expressed a similar

concern, highlighting that users may not “(get) the answers you
wanted.” Specifically for the behavior of responding to posts,
P1 reported sometimes withholding their response, explaining
that they “might say the wrong thing to the person and end up
making them feel worse or leave them feeling more confused.”
Others expressed similar concerns, noting that they were
cautious about responding to “avoid upsetting or triggering
other users” [P1], or to ensure they did not “make things worse
for anyone” [P6].

Physical Opportunity (TDF: Environmental Context
and Resources)

Presence of Moderators (Barrier/Enabler)
For most young people, the presence of moderators in the forums
could act as either a barrier or an enabler to posting, responding,
and reading posts. Some participants noted that moderators
helped make the online space safer, which in turn encouraged
forum engagement. As P4 explained, “professional moderation
on the online environment can ensure that the discussion boards
remain (a) safe and respect(ful) space.” Participants also
highlighted that moderators helped prevent exposure to content
they preferred not to see, such as “seeing feeds that you think
you don’t want to associate with or relate with, or even see”
[P11], including “sexually explicit posts, political posts,
terrorism, crimes” [P8]. Conversely, a small number of young
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people felt that moderators could limit the content of posts and
restrict self-expression. As P13 noted, “you’re not able to
adequately share what you're thinking about...the moderators
put a lot of limitations that are making you not maybe express
yourself the way you would have done if the moderator had no
restrictions.”

Relevance of Information (Barrier/Enabler)
A small group of young people noted that the relevance of
information could act as either a barrier or an enabler for
engagement, including posting, responding, and reading. For
example, P6 explained, “there are a lot of subsections which...is
needed but sometimes posts are in the wrong area or there are
so many that things get lost” [P6]. Some young people also
reported that the content they encountered on the forums was
“not always relevant” and often focused on the “popular ones”
[P3]. This perception that discussion board information might
not be personally relevant or useful sometimes discouraged
them from reading posts. As P3 explained, “whenever I read
stuff about other people there, their situation isn’t like mine.”
These participants therefore preferred creating posts on the
forums rather than searching for information in existing posts,
as posting could elicit responses that were more personally
relevant and “felt more tailored to me and my current situation”
[P6]. However, the inability to find relevant information also
acted as a barrier, limiting young people’s capacity to share
knowledge and provide useful responses. P8 also noted that the
presence of posts that were “repetitive or non-unique”
discouraged her from responding and added that she “would
respond to posts more (if) they were more varied.”

Accessing Content on Mobile Phone (Barrier/Enabler)
For a small number of young people, accessing forum content
on mobile phones could function as either an enabler or a barrier
for posting, responding, and reading behaviors. One participant
highlighted that the convenience of using her phone facilitated
forum engagement: “the fact I can use it both on my phone and
my laptop make me use it more because I can access it whenever
I want” [P1]. However, others reported that the website’s design
and mobile experience were not optimized, which hindered their
ability to use the forum on the go. As P5 elaborated, “If you’re
checking in via mobile phone, it can be a little awkward to
navigate, some areas oversized or needing to be zoomed in
upon, not always straightforward to type something in.” Others
shared similar challenges, with P9 stating that “using the website
on cellphone is not convenient...It could be better if it launch
apps,” while P1 suggested that a mobile application could be
helpful, allowing users to “access it easier” and “get
notifications.”

Anonymity (Enabler)
In the interviews, most young people highlighted anonymity as
a key factor facilitating active engagement in forums,
particularly for posting and responding. A secure, anonymous,
and private environment was considered crucial for users to feel
comfortable sharing their thoughts and concerns, thereby
encouraging young people to create posts to seek help. For
example, “I think the biggest contributor to me using it is the
fact that it’s anonymous so I don't have to worry about people

I know seeing my posts” [P1] and “the sense of anonymity to
most people so it’s easier to open up about something and get
the support” [P6]. When crafting responses, the sense of
anonymity enabled young people to “freely talk about your
situation or feelings without anyone judging you or questioning
or invalidating you” [P1] and to “open up without the fear of
people knowing who you are” [P11]. Anonymity facilitated
engagement by allowing participants to share their thoughts
with reduced concern about judgment from others.

Time Taken to Obtain Support (Barrier/Enabler)
For a small group of participants, the time required to obtain
support could act as either an enabler or a barrier to posting and
reading, depending on how quickly responses were received.
Some participants preferred reading existing posts rather than
creating new ones to seek information, as the immediacy of
support available through reading was more appealing in the
context of web-based forums. The wealth of information in the
existing forum posts led some participants to view reading posts
as a more desirable alternative to creating new posts. As P12
explained, “once I log in, I notice that most of the information
that I needed to post, was already sometimes already there.”
This view was echoed by P8, who noted, “generally making
posts means you can be waiting a couple of days for a response,
whereas when you search and read information you get what
you need immediately.” The immediacy of support thus
encouraged participants to read posts, while the potential for
delayed responses discouraged them from posting.

Social Opportunity (TDF: Social
Influences)—Interactions With Other Users
(Barrier/Enabler)
For a small group of young people, interactions with other forum
users specifically influenced active engagement (ie, posting and
responding), acting as either an enabler or a barrier depending
on the nature of these interactions. Participants who had positive
experiences were more likely to increase their posting or
responding behaviors, whereas those with negative experiences
were less inclined to engage. For example, P6 described the
role of reciprocity in deciding whether to reply, stating, “if
someone has supported me before and they post I would be
more likely to reply...It just feels like you are then helping
someone who has helped you before.” Conversely, negative
experiences with other users discouraged young people from
responding. As P11 explained, “usually if its someone that I
know doesn’t like me I will never reply to them...if there have
been issues in the past with people it makes you want to avoid
them.” The impact of negative interactions extended beyond
specific users to affect overall posting and responding behaviors.
For example, “negative comments or replies by others” [P7] or
instances where others “answer(ed) you rudely...really
discourage(d)” [P13] deterred users from posting in general,
whereas experiences of “peer support and empathy and
understanding” [P4] encouraged engagement.

Psychological Capability (TDF: Skills)

Empathy (Enabler)
For most young people, empathy was identified as an important
skill that helped them relate to the original poster when reading
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posts and providing responses. Specifically, having empathy
helped users “understand the situation...(and) how they’re
feeling” [P2], facilitating “emotional connection” and “driv(ing)
you to offer support” [P4]. It also provided a foundation for
young people to reply “respectfully and in an understanding
way” [P6]. P11 elaborated that a lack of empathy could lead to
negative outcomes: “they may tend to just reply without any
emotions and for the person that has gone through this, it’s
hurtful and this discourages them from posting something that
they feel like it’s very personal or made them feel like that.” P1
echoed these points, noting that empathy is necessary to “fully
understand what that person is feeling before you begin to
reply...otherwise the person may end up feeling more isolated
or misunderstood.”

Poor Communication Skills (Barrier)
Half of the participants reported that the poor communication
skills of posters and responders discouraged them from engaging
in posting and responding on youth mental health forums. For
example, P3 stated, “I don’t have great communication
skills...that’s why I don’t always tend to write.” P4 added that

having good writing skills helped to “express your ideas and
what you are going through.” This barrier also affected the
behavior of reading, representing a Physical Opportunity (TDF:
Environmental Context and Resources) barrier, as young people
were deterred from reading posts that were poorly
communicated. This included posts that lacked clarity and
coherence, such as those with incorrect grammar and
punctuation, which made them more difficult for participants
to read and understand. P13 explained, “if you’re reading
through a post that has grammatical mistakes...you can interpret
it differently, but if it is clear, then you just get the information
the way it is.” In addition, some posts were described as “vague”
[P9] or “confusing” [P10], with P9 adding that “some of the
posts didn’t make much sense...even after reading them.”

BCTs
To address the identified barriers, the Theory and Techniques
Tool was used to identify relevant BCTs. The most appropriate
intervention components were then selected based on an
APEASE assessment, as detailed in Table 3.
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Table 3. Proposed intervention components and APEASEa evaluation.

APEASE evaluationDescriptionSuggested BCTcBarrier (TDFb domain)

Presence of moderators
(Environmental Context
and Resources)

••• Creating clear guidelines is an affordable, acceptable,
and practicable way of setting the boundaries of what
can be discussed in web-based forums. Having different
interaction mechanisms can also be effective in provid-
ing the required social support for young people with
different support needs [47].

Clearly state rules and
guidelines about content
that is not permitted, and
provide different interaction
mechanisms for users

Adding objects to
the environment

• Restructuring the
physical environ-
ment

Relevance of information
(Environmental Context
and Resources)

••• While it may not be the most affordable option, it is the
most effective, practicable, and acceptable in addressing
stated barrier [48]. Thus, organizations are suggested
to consider this option if resources permit.

Implement recommender
engines (ie, tools which use
machine learning to recom-
mend relevant items to
users) to improve the recom-
mendation of relevant con-
tent

Restructuring the
physical environ-
ment

Accessing content on a
mobile phone (Environ-
mental Context and Re-
sources)

••• An effective, practicable, and acceptable option to im-
prove the readability and usability of forums on mobile
devices. [49]

Optimize website layout on
mobile interface

Restructuring the
physical environ-
ment • Develop a mobile app

• Effective and acceptable by young people, but may be
less affordable than optimizing layout on the mobile
interface [50]. Organizations may wish to consider this
if resources permit.

Time taken to obtain
support (Environmental
Context and Resources)

••• Effective and acceptable, having the potential positive
side effect of reducing the workload of moderators
[51,52]. However, it is less affordable than having
manual processes in place to prioritize replies, and or-
ganizations may wish to consider this if resources per-
mit.

Leverage technology to fa-
cilitate quicker responses
(eg, using automated triage
systems; artificial intelli-
gence as virtual assistants
to help with replies)

Restructuring the
physical environ-
ment

• Young people could be in-
volved in developing the
artificial intelligence tool to
ensure it is acceptable, effec-
tive, and inclusive.

Interactions with other
users (Social Influences)

••• This is an affordable, practicable, and acceptable way
to increase positive interactions on the forum, as such
social interactions could improve mood and increase
intrinsic motivation [53].

Moderators validate young
people who create their first
post or respond to posts;
badges

Social reward
• Social support (un-

specified)

•• For forums without moderators, this is an effective,
practicable, and acceptable way to manage negative
interactions between users [9,28].

Unmoderated forums to in-
troduce moderators who can
actively look out for nega-
tive interactions

Poor communication
skills; self-understanding
of emotions (Skills)

••• This option of using training to improve young people’s
communication skills is practicable [54]. An online self-
administered training was assessed to be more effective
than other methods of instruction, such as email (not
suitable as it may be too wordy and hard for young
people to absorb the information) or in-person training
(more resource-intensive and difficult to accommodate
available timeslots).

Online self-administered
training on ways to commu-
nicate effectively; self-
paced learning tools/mod-
ules

Instruction on how
to perform behavior

Beliefs about helpfulness
of reply (Beliefs About
Consequences)

••• This is an affordable and practicable option to convey
succinct information. Using a personalized and persua-
sive tone in these types of communications has been
shown to be effective in increasing participation in web-
based communities [55].

Customized email outreach
highlighting the positive
consequences of posting
and replying to forum posts

Information about
social and environ-
mental conse-
quences

aAPEASE: Affordability, Practicability, Effectiveness, Acceptability, Side-effects, and Equity.
bTDF: Theoretical Domains Framework.
cBCT: behavior change technique.
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Discussion

Principal Findings
This study addresses an existing gap by examining the factors
influencing young people’s engagement in youth mental health
forums, including creating posts, responding to posts, and
reading posts. Ten core inductive themes were identified across
5 TDF domains, including Skills, Beliefs About Consequences,
Emotions, and the Social Influences and Environmental Context
and Resources. Of these, 3 themes were enablers, 2 were
barriers, and 5 functioned as both enablers and barriers. Some
themes were relevant to all 3 behaviors, such as the presence
of moderators, while others were specific to more active
participation (ie, posting and responding), such as positive
interactions with other users. While most themes were relevant
to either active participation or overall engagement, some acted
as a barrier for 1 behavior but an enabler for another, or were
specific to responding and reading only. For example, the ability
to quickly find the information needed encouraged reading
posts, whereas slow support and responses acted as a barrier to
posting new content. Empathic skills were important for both
reading and responding. Most barriers were related to physical
and social opportunity, suggesting that adjustments to the service
structure could enhance young people’s engagement. Below,
the enablers of engagement are discussed first, followed by the
barriers, along with the proposed contextualized BCTs to
optimize engagement.

Enablers of Engagement With Youth Mental Health
Forums
A range of capability, opportunity, and motivation factors
influence young people’s use of youth mental health forums.
Regarding automatic motivation, this study found that both
passive and active engagement with the forum can generate
positive feelings, which serve as reinforcement to encourage
similar behaviors in the future. This aligns with Smith-Merry
et al’s [28] findings, which reported that users of web-based
mental health forums viewed responding as therapeutic and
associated with positive emotions.

Regarding psychological capability, many young people in the
study highlighted empathy as an important skill for responding
to and reading others’ posts. Empathy enables users to better
understand others’ situations and provide sensitive, thoughtful
replies. Perowne and Gutman’s [42] study found that empathy
in communication was a key skill for moderators of self-harm
content on young people’s web-based forums, and this same
skill is required by users to effectively understand and respond
to others’ posts.

Regarding physical opportunity, young people in this study
reported that a platform allowing anonymity enabled them to
express their opinions with less fear of judgment, thereby
facilitating posting and responding behaviors. This finding
aligns with research in other fields, such as education and
physical health, which indicates that anonymity generally
promotes self-disclosure and facilitates engagement with
web-based forums [56-58].

Barriers to Engagement and Suggested BCTs

Presence of Moderators
Previous studies [9,59] have demonstrated that forum
moderators play a crucial role in maintaining a safe online
environment for participation. This was echoed in our study,
where participants reported that the presence of moderators
facilitated engagement by mitigating potential adverse effects
of anonymity, such as bullying or disrespectful behavior
resulting from disinhibition [14]. This study extends existing
literature by highlighting a potential drawback of moderation:
some young people may be reluctant to post for fear of negative
consequences, such as being banned, if they freely express their
thoughts or experiences. The BCTs of “adding objects to the
environment” and “restructuring the physical environment”
may help mitigate this issue. Specifically, forum providers can
reduce ambiguity by offering clear rules or guidelines regarding
content that should not be posted [60], giving young people
greater certainty about what is acceptable on the forums.
Additionally, alternative interaction mechanisms (eg, 1-on-1
chats, if available) can be offered for users to share personal
anecdotes of a sensitive nature, ensuring they continue to feel
supported for their mental health needs [47]. Providing such
avenues allows young people to express their thoughts safely
while reducing the likelihood of posting inappropriate content
on web-based forums.

Relevance of Information
Consistent with past studies [29], another barrier to reading and
responding to posts in youth mental health forums was the
difficulty in finding relevant information. Most forums organize
posts by recency (ie, the most recent posts appear at the top)
rather than providing customized content tailored to users’
interests. Furthermore, when forum content is not categorized
intuitively or specifically enough (eg, a category is too generic
and includes posts spanning a wide range of sub-topics), it
hinders young people’s ability to find personally relevant
information. This, in turn, affects their ability to read or share
knowledge and reduces their confidence in replying effectively.
Interestingly, the inability to find relevant information may
actually increase posting behavior, as users attempt to obtain
content that is more personally relevant. However, when young
people post solely because they cannot easily locate existing
information, it can contribute to more repetitive content on the
forums. Thus, it is important to optimize content relevance to
reduce repetitive information and maintain the quality of
interactions in the forums. To help young people find
information that is relevant for reading and responding, forum
providers could apply the BCT of “restructuring the physical
environment,” delivering more relevant or customized content
based on users’previously indicated preferences. Implementing
recommender engines based on participant preferences has been
shown to enhance forum engagement, and this approach could
be applied in the current context, as young people are more
likely to read and respond to posts they find personally relevant
[48].
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Accessing Content on a Mobile Phone
Many young people value the convenience, immediacy, and
ease of accessing services via their mobile phones [61].
Consequently, difficulties in using web-based forums on mobile
devices—such as challenges with reading or typing—generally
hindered posting, reading, and responding behaviors. By
applying the BCT of “restructuring the physical environment,”
providers of youth mental health forums could optimize the
layout of their websites for mobile interfaces. Additionally,
forum providers might consider developing a mobile app to
further facilitate ease of use on mobile devices. Converting
websites into mobile apps offers several advantages, including
the ability to provide instantaneous notifications (if users allow)
and to sort content based on user preferences [50]. Providing
more customized content through mobile apps could also help
address the barrier of difficulty in finding relevant information
on the forums. This, in turn, may lead to higher engagement
and increased responding behavior.

Time Taken to Obtain Support
Efficiency is a key factor influencing user engagement in
help-seeking and information-seeking via web-based forums
[62]. Studies by Browne et al [63] and Lobban et al [12] found
that forum users valued timely responses to their posts, as this
helped them address their current difficulties. Similarly, users
who read posts to seek help may be motivated by the desire for
immediate support. To minimize the time required to obtain
assistance on web-based forums, providers could apply the BCT
of “restructuring the physical environment,” leveraging
technology to facilitate faster responses. For example, previous
studies have highlighted the utility of automated triage systems
to help moderators identify posts requiring immediate attention
[51], as well as the use of artificial intelligence as virtual
assistants to respond during off-peak hours [52]. These
technological interventions can reduce reliance on manual post
monitoring and increase the efficiency of responses.

Interactions With Other Users
Consistent with previous studies [14], some young people
reported reservations about posting or responding due to prior
negative interactions with other users. By contrast, others noted
that they were more inclined to respond to users who had
previously replied to them, supporting the concept of reply
reciprocity [31,64]. This factor specifically affects active
engagement (ie, posting and responding) and underscores the
importance of fostering positive interactions on the forums to
create a reinforcing feedback loop. To encourage greater posting
and responding, forum providers could apply the “social reward”
BCT, with moderators placing added emphasis on recognizing
users who have made their first post or responded to others,
thereby motivating continued engagement. Applying the BCT
of “social support (unspecified),” it is important for unmoderated
youth mental health forums to introduce moderators. These
moderators should actively monitor the forums for negative
interactions and work to diffuse and resolve conflicts efficiently
[9,28]. By increasing positive interactions and reducing negative
ones, overall active engagement with youth mental health forums
can be facilitated.

Poor Communication Skills
Existing literature highlights communication skills as a key
factor influencing forum engagement. Poor communication
skills can act as a barrier, limiting young people’s ability to post
about their mental health issues or respond to others’ posts.
Consequently, young people had difficulty understanding poorly
written posts, which hindered their reading. Previous research
also indicates that longer posts can impede reading, as users are
more likely to lose focus unintentionally [65]. Unclear or
incoherent posts and replies can also affect users’ ability to
understand and act on the information provided [66,67]. To
enhance communication skills, youth mental health forum
providers could implement the “instruction on how to perform
behavior” BCT. This might involve an online, self-administered
training module that young people can access at their
convenience. The training could include guidance on posting
and replying effectively (eg, being clear and concise) and
emphasize the importance of responding to other users’ replies
when they agree with the content. Although not in the same
context, previous research has shown that online,
self-administered social skills training can effectively reduce
social fear and enhance social skills [54]. This highlights the
potential of using online, self-administered training to enhance
young people’s skills and confidence in contributing positively
to forums.

Beliefs About Helpfulness of Reply
A recent systematic review indicated that perceived effectiveness
of professional help is a key factor influencing mental health
help-seeking behavior. Adolescents’ beliefs about the
helpfulness of advice or interventions can significantly affect
their likelihood of seeking support; for example, they may avoid
seeking help if they have doubts about its effectiveness [68].
An empirical study of a web-based mental health community
intervention also found that the quality and effectiveness of
responses influenced young people’s behavior in creating posts
to seek help online [69]. To address the barrier of negative
perceptions regarding the helpfulness of replies, forum providers
could consider making the benefits of using web-based mental
health forums more salient to users. The BCT “information
about social and environmental consequences” could be used
to emphasize the positive outcomes of posting or replying to
forum posts. This could be paired with an active call to action,
encouraging users to create posts or respond to existing ones.
Implementation could include customized email outreach to
new forum members or to existing members who have not yet
posted or responded. The email could highlight the positive
outcomes of posting or responding helpfully to other users,
including validating those who have replied to the original post.
It could also encourage recipients to complete the online,
self-administered training mentioned above, helping to build
their confidence in posting or replying. Directly reaching out
to forum members with a persuasive message can effectively
promote responding behavior. In similar contexts, studies have
shown that actively inviting users to participate in discussions
on web-based forums leads to increased engagement [55].
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Limitations
The following limitations should be considered when
interpreting the findings of this study. First, the use of
convenience sampling may have introduced self-selection bias,
meaning that individuals who consented to participate in the
interviews could differ systematically from those who did not
[70]. A similar study by Prescott et al [29] found that
participants who volunteered for interviews were more likely
to emphasize the advantages of web-based mental health forums
rather than the disadvantages, possibly because individuals with
more positive experiences were more inclined to share their
opinions. To mitigate this, participants were assured of the
anonymity of their responses and encouraged to provide honest
feedback. Future research could also aim for a more
representative sample, including a balanced mix of genders, as
there may be gender differences in the use of online platforms
for mental health support [8]. Additionally, most participants
in this study used a single web-based mental health forum in
the United Kingdom, which may limit the generalizability of
the findings to other forums in different contexts. Future
research could explore the barriers and enablers to posting,
responding, and reading posts on other mental health forums
targeting different age groups or populations. As the proposed
intervention strategies were not evaluated in this study, future
research could assess their effectiveness in optimizing young
people’s engagement with web-based mental health forums.
Finally, as forums represent only a subset of the online mental
health ecosystem, it may be valuable to explore how these

strategies could be applied more broadly to other platforms,
such as social media, to maximize their impact.

Conclusions
In today’s digitally connected age, the internet serves as a
valuable conduit for knowledge sharing and building
connections. Youth mental health forums have the potential to
provide accessible support, complement in-person services, and
positively contribute to young people’s mental well-being.
However, a lack of engagement can limit the impact and
effectiveness of these forums in supporting young people. This
study contributes to the existing knowledge by examining the
various ways in which young people engage with youth mental
health forums. Different strategies may be prioritized depending
on whether forum providers aim to increase active engagement
(eg, encouraging posting and responding through positive
interactions) or overall engagement (eg, implementing
moderators and clear rules to support both active and passive
participation).

Overall, these findings demonstrate the utility of the BCW
approach in conducting behavioral diagnoses and developing
behavior change interventions, contributing to the evidence
supporting the application of behavior change frameworks in
digital mental health interventions. This can help advance the
emerging field of digital mental health intervention engagement,
ultimately leading to higher-quality forum services that provide
better support for young people.
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Abstract

Background: Telerehabilitation is a promising solution to provide continuity of care. Most existing telerehabilitation platforms
focus on rehabilitating upper limbs, balance, and cognitive training, but exercises improving cardiovascular fitness are often
neglected.

Objective: The objective of this study is to evaluate the acceptability and feasibility of a telerehabilitation intervention combining
cognitive and aerobic exercises.

Methods: A virtual reality–based dual-task exercise exploiting a cycle ergometer was designed, developed, and integrated with
a commercially available telerehabilitation platform. Patients with different conditions were enrolled and administered subjective
questionnaires investigating attitudes toward technology, usability, technology acceptance, and subjective workload. Their
therapists were interviewed, and adherence and performance data were analyzed.

Results: In total, 26 patients with neurological or post-COVID symptoms were included. Their attitude toward technology
(range: 0‐5) did not change after the training period (pre: 3.44 [IQR 0.63]; post: 3.50 [IQR 0.48]); the platform was rated usable
and acceptable. Frustration and physical and mental workload were present, especially among younger participants. The adherence
was moderate, but individual differences were present (0.59 [IQR 0.54]). The therapists highlighted the potential of remote
rehabilitation programs but also identified some limitations.

Conclusions: This study proved the feasibility and acceptability of a customized virtual reality–based telerehabilitation program
allowing for the safe implementation of aerobic cycling-based dual-task training. The solution was judged meaningful for
dehospitalized patients, although some environmental and technical barriers should be overcome to implement telerehabilitation
more effectively.

(JMIR Hum Factors 2025;12:e71099)   doi:10.2196/71099

KEYWORDS

telemedicine; virtual reality; exergaming; aerobic exercise; usability

Introduction

Rehabilitation comprises a series of interventions aimed at
optimizing the functioning of an individual; it can play an
essential role in regaining or maintaining autonomy during
activities of daily living and reduce the personal, social, and

economic impact of several acute or chronic conditions. On the
contrary, without regular rehabilitation care, individuals with
neurological, rheumatological, musculoskeletal, or cognitive
disorders may experience a worsening of their condition,
reduced quality of life, and emotional distress [1].
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In such a context, a possible solution for the sustainable
implementation of continuity of care is telerehabilitation, i.e.,
the remote delivery of rehabilitation services using information
and communication technologies [2-5]. Telerehabilitation
increases accessibility to care services in remote areas and
developing countries [6] and enables patients to engage in higher
doses of therapy or repetition, thus improving their performance
at impairment, activity, and participation levels [7,8]. Existing
studies have proven that telerehabilitation can improve patients’
adherence and satisfaction [9], allowing clinical personnel to
assist patients who cannot travel or have mobility issues and
leading to improved clinical outcomes similar to those obtained
with standard therapy [10].

The importance of such remote care-related services has been
further emphasized during the COVID-19 pandemic, which hit
Italy severely in February 2020 [11]. The emergency that arose
significantly overloaded hospitals and led to halting or limiting
several clinical services [12]. Such an interruption caused
detrimental effects on many patients who were in need of
rehabilitation, raising the need to develop efficient, safe, and
long-term remote rehabilitative programs [13].

Currently, telerehabilitation can be administered via video and
phone calls from a therapist or through a platform that provides
the patients with videos, messages, emails, and links to
educational materials. Also, it can be supported by virtual reality
(VR), a digital technology that allows the patient to train in a
computer-generated scenario [14]. VR could generally offer
many advantages to rehabilitation interventions [15]: it allows
for the simulation of ecological and controlled environments in
which patients can train safely and promotes the transferring of
the acquired abilities to real life [16,17]. Also, VR has been
proven to enhance performance and contribute to keeping
patients’ motivation at a high level [18,19]. Thus, it can play a
key role in promoting adherence, especially for patients with
chronic conditions and needing (life-)long treatments.

When COVID arose, several telerehabilitation services were
commercially available on the market [2,4]. However, most of
them provided only cognitive exercises; a few focused on upper
and lower body muscle strength and mobility [20] but did not
address lower limb coordination and cardiovascular fitness [21],
which—instead—could be very helpful for patients with
post-COVID syndrome and chronic conditions in general
[22-24].

This work was conceived to respond to the lack of rehabilitation
services during the second wave of the COVID pandemic
(September to December 2020). In particular, it aimed to design
and develop a novel VR-based exercise supporting lower body
and cardiovascular training to complement the existing exercises
dedicated to upper limbs and cognitive functions in a
commercial telerehabilitation platform.

Afterward, the feasibility and acceptability of a customized
telerehabilitation program, possibly including such an aerobic
exercise, were assessed in different categories of patients.

The remainder of this paper is organized as follows. The
Methods section describes the qualitative study performed; the
Equipment subsection, besides technical aspects, presents the

design choices and the rationale for developing the novel
VR-supported exercise. The following sections contain,
respectively, the study outcomes, their discussion, and the
conclusions we drew with some recommendations for future
work.

Methods

Study Design
The study presented in this work was a pilot, interventional,
and multicentric study conducted between July 2022 and March
2023.

Ethical Considerations
The study was approved by the Ethics Committees of Ospedale
Valduce – Villa Beretta Rehabilitation Center (VB) (Prot. N.
150/2022; date of approval: February 24, 2022), IRCCS E.
Medea (MEDEA) (Prot. N. 23/22 – CE; date of approval: March
31, 2022), IRCCS INRCA Casatenovo (INRCA) (Prot. N. 14/22;
date of approval: May 26, 2022). All the procedures were
performed under the Declaration of Helsinki. All adult
participants gave their written informed consent. In the case of
participants below legal age, informed written consent was
obtained from their parents or legal guardians. No compensation
for participation was given.

Equipment

Requirements and Design
As this work was conceived to give an immediate response
during the pandemic, the following three requirements were
set: (1) the system must accommodate different conditions,
including post-COVID patients, and include different exercises
for motor, aerobic, and cognitive training; (2) it must be safe
for home use; and (3) it had to be available in a short time.

The first two requirements were not easy to satisfy, as, in
general, program interventions focusing on balance and gait
were delivered in person due to the potential risks of falls [25].
Experiences reported in the literature either occurred while
sitting or lying down or were dedicated to orthopedic patients
with no other co-morbidities [20]. Furthermore, in most cases,
the focus was on increasing muscle strength and mobility rather
than promoting coordination and improving cardiovascular
fitness [21].

We used a cycle ergometer to satisfy safety and controllability
requirements and the need to support an aerobic training
program for lower limbs. In this way, in fact, aerobic training
could be carried out safely while seated and holding the cycle
ergometer handlebars [26,27]. Moreover, using an ergometer
allows for workload adjustment and, thus, the possibility of
modifying the difficulty of the proposed task according to each
patient’s characteristics [28]. Finally, cycling and walking share
common features: both movements are periodical, require
alternative joints’ flexion/extension, and require the contraction
of agonist/antagonist muscles in a coordinated pattern [29]. To
ensure safety related to the accomplishment of physical activity,
additional physiological sensors were added to the system (i.e.,
heart rate (HR) and oxygen saturation) to interrupt the exercise
when it was too exhausting.
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To answer the third requirement, two elements were considered.
First, we decided to use commercially available equipment
already certified by Medical CE. Second, we investigated the
availability of telerehabilitation companies to integrate a
cycling-based task. These requirements were met by the cycle
ergometer from COSMED (Rome, Italy) and the Virtual Reality
Rehabilitation System (VRRS) produced by Khymeia Group
(Padova, Italy). Both systems are further described in the
following section, along with the developed virtual environment.

The Telerehabilitation System
The VRRS is a commercial telerehabilitation system composed
of a tele-cockpit operated by the therapists in the clinics and a
patient kit. The VRRS tele-cockpit allows for the creation of a
daily rehabilitation plan and assessment of patients’compliance
and performance. Through the tele-cockpit, the therapist can
also video call the patients to assist her or him during the
exercise execution. The patient kit comprises a Windows Surface

laptop (VRRS Home Tablet), wearable sensors, and interaction
devices (e.g., inertial measurement units). The VRRS system
offers, per se, several modules dedicated to rehabilitating
specific functions, e.g., cognitive, speech, neuromotor, and
respiratory exercises [30].

For the sake of this study, the VRSS system was integrated with
medical-certified cycle ergometers and a custom-built VR
environment. In total, 3 different models of cycle ergometers
were used: E100, E5, and E150 Pediatric. All were equipped
with a chest band with a HR monitor; E5 models also integrated
an oximeter to measure oxygen saturation (SpO2).

The VR environment designed and developed with Unity (Unity
Technologies) to support dual-task training was named
ARTEDIA and made available, among other VRSS applications,
on the Home Tablet. The technical connection details shown in
Figure 1 are further described in [26].

Figure 1. A schema of the ARTEDIA application as integrated into the Virtual Reality Rehabilitation System (VRRS) from Khymeia [26].

The exercise occurs in a virtual park where the patient can travel
along a predefined path; the forward velocity is synchronized
according to the current ergometer’s revolutions per minute
(RPMs).

The cognitive exercise was based on the “go/no-go” paradigm,
i.e., the participant has to respond when a “go” target appears;
conversely, when a “no-go” target appears, participants should

not react. During cycling, targets appear randomly at the edges
of the path. The patient had to press the Bluetooth button
mounted on the cycle-ergometer handlebar to kill the monsters
(“go” targets), whereas animals (“no-go” targets) required no
action (Figure 2). At each button press, the target disappeared,
and visual feedback showed if the reaction was due or not. In
case of a missed target, no feedback was provided.
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Figure 2. A screenshot of the ARTEDIA application with a no-go target appearing along the route. On the right side, a patient doing the exercise is
shown.

The therapist could customize the ARTEDIA exercise by
selecting, for each session, the level of difficulty from 1 to 3
(targets frequency and highlight), the cycle ergometer workload
(30-70 W), and the duration of the exercise (10, 15, or 20
minutes). Also, the therapist could define the maximum HR
(range: 70‐200 beats per minute) and minimum SpO2 values
(range: 85%‐100%). The exercise was automatically
interrupted if the physiological measurement overcame these
safety thresholds for more than 10 seconds. At the end of each
session, correct answers, errors, missed targets, average RPMs,
HR, and SpO2 (if available) were saved.

Participants
The participants in this study were patients in diverse conditions
but suitable to receive an unsupervised training program
following their Individual Rehabilitation Project (IRP). Enrolled
patients were adults with post-COVID syndrome (INRCA) and
stroke (VB), children, adolescents, and young adults with
neuromotor diseases (MEDEA).

Participants had to be older than 12. Participants above legal
age (18 years) had to be able to provide informed written
consent; for children and adolescents below 18, the consent was
obtained by their parent or legal guardian. All patients were
selected among the ones referring to the 3 involved clinical
centers and were judged in need of an additional training period
after discharge. All the participants had to live in Lombardy in
a house with an available space of 1.5×1 meters (to
accommodate the cycle ergometer easily), own a good internet
connection, and be assisted by a caregiver who could support
home-based training. Exclusion criteria were pain; tracheostomy;
reduced trunk control; history of seizure; severe respiratory,
renal, hepatic, or cardiological conditions; and the presence of
motor, sensory, or cognitive deficits preventing the execution
of the exercises. Patients taking part in other rehabilitative
programs were also excluded.

Sample size estimation was made based on the attitude toward
technology questionnaire developed by Huygelier et al. [31]

(see paragraph Outcomes). Considering an effect size of 0.69
(as in the original work, i.e., [31]), α=0.05, and power =0.9, we
obtained a sample size of 24 patients.

Study Protocol

Baseline
All patients were assessed for enrollment using the Trunk
Control Test [32], the Visual Analog Scale for pain [33], and
the Mini-Mental State Examination [34]. If considered eligible
to participate in the study, each patient, depending on his or her
condition, was administered a series of clinical measures to
assess his or her baseline and define the IRP. These were the
6-minute walk test [35], the modified British Medical Research
Council Questionnaire [36], the Quality of Upper Extremity
Skills Test [37], the Gross Motor Function Measure [38], the
Motricity Index [39], and the Berg Balance Scale [40].

Whenever possible, clinical scales were complemented with
measures of cycling power to help the clinicians define
ARTEDIA workload. Power measures were obtained using
commercially available sensorized pedals (X-Power, SRM
GmbH). This test saw 3 minutes of cycling on the cycle
ergometer with a fixed workload set from 30 to 100 W. Data
were analyzed to extract mean right and left power and the index
of symmetry (S) [41]. The index of symmetry varies between
0 and 1, where 0 represents perfect symmetry, and 1 is the
maximum power displacement (i.e., a leg has no or negative
power).

Individual Rehabilitation Project
Depending on the baseline assessment, each patient was assigned
to a complete telerehabilitation program, including lower limb
aerobic and cognitive training with ARTEDIA, or an
intervention foreseeing only Khymeia VRSS Home tablet
exercises targeting cognitive and upper limb training.

The training was executed in unsupervised settings for all
patients; most received the VRRS home tablet at their home.
In total, 6 of them performed the rehabilitation program in a
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room that one of the clinics (VB) set up to execute the training
program. Such a room was near the clinic but only opened,
closed, and sanitized by non-medical personnel; thus, patients
were completely autonomous in following their IRP.

Each patient had access to the telerehabilitation system from
15 to 60 days; patients were instructed to train as defined by
the therapist in their IPR and set in their VRSS Home Tablet
profile.

Outcomes
Both subjective and objective outcomes were considered to
achieve the objectives of the study.

The main outcome was attitude toward the technology; it was
assessed before (T0) and after (T1) the intervention. This
questionnaire, developed by Huygelier et al. [31], aimed at
assessing the perceived ease of use, perceived usefulness, and
anticipations about VR among older adults and was composed
of 18 items to be assessed on a Likert scale from 1 (completely
disagree) to 5 (completely agree).

Files stored on the VRSS home tablet were examined to extract
objective data regarding patients’ adherence. From these files,
we extracted the total number of sessions, the total exercise
time per day, and the total time spent using ARTEDIA; the
following parameters were available for each ARTEDIA
exercise: duration, mean RPMs, mean HR, mean SpO2 (when
present), number of correct answers, omissions, and errors.

As for subjective outcomes, the following dimensions were
investigated at T1: perceived workload, usability, and
technology acceptance. The questionnaires we used were the
NASA Task Load Test (NASA-TLX) (considering raw scoring
[42,43]), the System Usability Scale (SUS) [44], and the
modified version of the Technology Acceptance Measure 3
(TAM3) [45] questionnaires, respectively.

NASA-TLX is a subjective method for measuring mental
workload and includes 6 factors measured through a single
question that has to be answered on a scale where 0 indicates
no demand, and 20 maximum demand.

The TAM3 evaluates the acceptability of the system according
to 13 dimensions. Responses to these questions were measured

on a 5-point Likert scale, where 1 indicated strongly disagree
and 5 strongly agree.

The SUS comprised 10 questions assessed on a 5-point Likert
scale, ranging from 1 (strongly disagree) to 5 (strongly agree).
The scores are totaled and then multiplied by 2.5 to calculate
the final score, which ranges from 0 to 100. Higher scores reflect
superior usability.

At the end of the experimental campaign, all the therapists
involved in the study in the 3 clinical centers (n=7) were
interviewed to provide feedback about the system. The questions
of the semi-structured interview are reported in the
Supplementary Materials in Multimedia Appendix 1.

Statistical Analysis
Collected data are presented using medians and interquartile
ranges; we report mean and standard deviations whenever
needed for comparison with previous works. Pre- and
post-intervention attitudes toward technology were compared
using a paired Wilcoxon rank-sum test. Groups were compared
using the Kruskal-Wallis test, and post hoc significance was
investigated with Dunn’s test. Correlations among subjective
variables and between subjective and objective variables were
calculated using Spearman’s correlations. The reliability of
TAM3 subscales was analyzed using Cronbach α. For all tests,
the significance level was set at P<.05.

Results

Participant Characteristics
In total, 26 patients were enrolled in the 3 clinical centers. All
participants had the maximum score in the Trunk Control Test
and no pain, except for one (MEDEA2), who had a score of 2
due to foot pain. The patients’ final allocation and their health
conditions are shown in Figure 3. Baseline data for each
participant is reported in Multimedia Appendices 2-4.

There were 3 dropouts. MEDEA8 (paraparesis) left the study
because of the occurrence of pain, whereas VB008 was not able
to cycle safely. One of the participants (VB006) had to leave
the study after having performed 4 sessions of training due to
a call for a surgical procedure, but questionnaire data were
collected. All dropouts had the ARTEDIA exercise in their IRP.
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Figure 3. Final study allocation and the number of patients involved divided for any of the 3 clinics (INRCA, MEDEA, VB). In between brackets, the
number of patients is reported. VRRS exercises indicate the exercises available on the Khymeia Home tablet; ARTEDIA stands for programs containing
our newly developed exercise.

Attitude Toward Technology
The median attitude toward technology considering all patients
was 3.44 (IQR 0.63, mean: 3.23 (SD 0.71)) out of 5 at T0 and
3.5 (IQR 0.48, mean: 3.40 (SD 0.48)) at T1. Figure 4 shows the
attitude toward technology in the 3 categories of patients.

The attitude toward technology was positive (above 3) at T0
for most patients; such a value was preserved at T1 in most
cases, especially among adults. One patient in the post-COVID
group rated their attitude at T1 over 1 point with respect to T0
(INRCA2), and 1 patient with cerebral palsy reached 0.9
(MEDEA2). One young patient (MEDEA7) showed a decrease
greater than 1 point at T1. No significant differences were
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recorded at the paired Wilcoxon test (P>.05), either considering
the whole population of the patients enrolled by each clinic

singularly.

Figure 4. Attitude toward technology (range: 0‐5) in the 3 categories of patients as enrolled by the 3 clinics (INRCA, MEDEA, VB) measured pre-
(T0) and post-intervention (T1). Each dashed gray line represents the observed scores of 1 participant, while the red solid line represents the group
average. The gray area represents the density plots of the observed mean attitude scores.

Objective Data
Table 1 contains data regarding the IRP of each patient and his
or her hours of actual exercise with the Home Kit, considering

both ARTEDIA and VRSS Home Tablet exercises. The
adherence, calculated according to the IRP each patient received,
was 0.59 (IQR 0.54, min: 0.16, max: 1).
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Table . Information about each patient Individual Rehabilitation Project and their adherence to the overall program the therapist prescribed. Data
regarding upper limb and cognitive training are presented for the Virtual Reality Rehabilitation System (VRSS); more details are provided for the
ARTEDIA exercise.

ARTEDIA

Mean duration/
day (min)

No.

sessions/ day

No. days of
training

Total number of
sessions

AdherenceHours VRSS ex-
ercises

Hours ARTE-
DIA

ID patient

21.711.14141536%04.79INRCA1

20.451.11182249%06.54INRCA2

75.241.28182459%07.92INRCA3

18.061.181115100%03.77INRCA4

20.441.03363894%012.60INRCA5

30.422.00255128%012.85INRCA6

29.912.00173398%11.458.19MEDEA1

20.911.65173092%11.976.44MEDEA2

NANANANAa65%12.950.00MEDEA3

29.981.881631100%13.628.12MEDEA4

26.691.76173292%10.707.77MEDEA5

18.521.004624%2.971.76MEDEA6

26.362.1471749%6.513.27MEDEA7

NANANANA74%14.880.00MEDEA9

15.041.00101130%3.422.63MEDEA10

25.081.8051021%2.052.19MEDEA11

NANANANA89%19.670VB001

NANANANA37%8.130VB002

26.861.7891876%04.54VB003b

26.301.77132252%05.48VB004

21.032.001416%00.70VB005b

15.641.50101672%02.87VB006b

15.231.2417.002241%04.49VB007b

——————c—VB009b

aNA: not applicable.
bpatients who did the training in the clinic-devoted room.
c—: missing data.

No differences were present among groups considering total
hours of actual training and adherence ratio. Nonetheless, the
total hours planned by the therapists were different (H(2)= 8.57,
P=.013), with patients from MEDEA receiving an IRP
foreseeing significantly more hours of exercise than both

INRCA (P=.04) and VB (P=.03). Table 2 displays data
regarding the physical and cognitive performance of each patient
who performed ARTEDIA (i.e., session with cycle ergometer)
at least once.
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Table . ARTEDIA performance considering all sessions. The correctness ratio was calculated by dividing the number of correct guesses by the total
number of stimuli (targets or distractors).

Cognitive performancePhysical performance

Correctness
ratio

LevelMean RPMdMean SpO2

(%)
Mean SpO2c

threshold (%)
Mean HR

(bpm)
Mean HRb

threshold

(bpm)

Mean WLa

(W)

ID patient

0.962.8763.1897.6090.0051.84128.6740.67INRCA1

0.912.9164.2188.8790.3287.77130.3242.73INRCA2

0.983.0078.0194.4190.00113.73130.0030.83INRCA3

0.982.3776.48NANAe98.17132.9470.00INRCA4

0.982.2665.0593.9590.0080.58131.3233.68INRCA5

0.913.0062.3774.8090.0097.84120.0030.00INRCA6

0.993.0068.63NANA150.72176.9754.85MEDEA1

0.951.0064.47NANA123.59180.0062.33MEDEA2

0.952.9463.66NANA136.49180.0030.32MEDEA4

0.982.6660.91NANA113.19180.0059.69MEDEA5

0.801.0039.69NANA115.90180.0030.00MEDEA6

0.921.1263.47NANA101.25180.0052.35MEDEA7

0.481.9161.03NANA133.05180.0030.00MEDEA10

0.651.8063.41NANA112.10180.4052.00MEDEA11

0.991.0062.96NANA99.76120.0030.00VB003

0.951.0048.46NANA81.44137.2730.00VB004

1.001.0062.16NANA112.99125.0030.00VB005

0.941.0065.14NANA74.43132.1930.00VB006

0.981.0075.25NANA88.21132.7330.00VB007

———NANA———VB009

aWL: workload.
bHR: heart rate.
cSpO2: oxygen saturation.
dRPM: rounds per minute.
eNA: not applicable.

Subjective Data
The workload measured at T1 is shown in Figure 5. Usability
score was found to be in the “acceptable” and “excellent” ranges

according to [46]; its median value was 80 (IQR 20, mean 75.73
(SD 17.45)). Figure 6 and Table 3 depict the correlations among
TAM3 subscales and their reliability.

Figure 5. Perceived workload in the 3 populations of patients as enrolled by the 3 clinics (INRCA, MEDEA, VB). The reported items are the subscales
measured by the NASA-Task Load IndeX (TLX).
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Figure 6. TAM3 subscale values in the 3 populations of patients as enrolled by the 3 clinics (INRCA, MEDEA, VB). Non-reliable scales are grayed
out. PU: perceived usefulness; PEOU: perceived ease of use; SE: self-efficacy; PEC: perception of external control; PLAY: playfulness; ANX: anxiety;
ENJ: enjoyment; SN: subjective norm; VOL: voluntariness; REL: relevance; OUT: output quality; RES: result demonstrability; BI: behavioral intention.
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Table . Correlations among TAM3 subscales and their reliability.

αBImRESlOUTkRELjVOLiSNhENJgANXfPLAYePECdSEcPEOUbPUaVari-
able

PU

0.970.250.080.310.360.230.070.350.160.350.340.330.41    rs

.30.72.18.12.32.78.13.51.13.14.15.07    P
value

PEOU

0.870.470.510.360.220.34-0.240.310.600.190.620.72    rs

.04.02.12.34.14.31.19<.001.42<.001<.001    P
value

SE

0.560.490.420.420.380.36-0.040.290.480.280.69    rs

.03.07.06.10.12.85.21.03.24<.001    P
value

PEC

0.620.340.630.530.280.580.110.380.510.35-    rs

.14<.001.02.24.01.65.09.02.13    P
value

PLAY

0.700.370.430.620.590.180.280.640.13    rs

.11.06<.001.01.45.24<.001.60    P
value

ANX

0.510.750.640.220.310.670.180.45    rs

<.001<.001.34.18<.001.46.05    P
value

ENJ

0.860.500.500.700.650.490.10    rs

.03.02<.001<.001.03.67    P
value

SN

0.640.540.180.060.340.25-    rs

.01.44.81.15.29    P
value

VOL

0.250.450.620.430.32-    rs

.05<.001.06.17    P
value

REL

0.870.620.500.78-    rs

<.001.03<.001    P
value

OUT

0.910.370.59-    rs

.11.01    P
value
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αBImRESlOUTkRELjVOLiSNhENJgANXfPLAYePECdSEcPEOUbPUaVari-
able

RES

0.910.59-    rs

.01    P
value

BI

0.95-    rs

    P
value

aPU: perceived usefulness.
bPEOU: perceived ease of use.
cSE: self-efficacy.
dPEC: perception of external control.
ePLAY: playfulness.
fANX: anxiety.
gENJ: enjoyment.
hSN: subjective norm.
iVOL: voluntariness.
jREL: relevance.
kOUT: output quality.
lRES: result demonstrability.
mBI: behavioral intention.

In terms of subjective outcomes, group differences emerged in
terms of perceived cognitive workload, in particular in the
subscales of physical demand (H(2)=8.00, P=.018) and
frustration (H(2)=11.36, P=.035); MEDEA reached higher levels
than VB for both variables (P=0.03and P=.002, respectively).
Significant differences among groups were also present in the
case of technology acceptance, in particular for the subscales
of result demonstrability (H(2)=13.13, P=.001) and behavioral
intention (H(2)=11.76, P=.003). Post-hoc tests showed that VB
results were more positive than both MEDEA and INRCA
(P<.007 in all cases). No other significant group differences
were present.

Mean attitude toward technology at T1 was negatively correlated
with physical demand (rs=−0.48, P=.018), effort (rs=−0.41,
P=.049), and frustration (rs=−0.52, P=.01) as measured by the
NASA-TLX. Mean attitude at T0 was significantly correlated
with frustration only (rs=−0.51, P=.01).

Mean attitude (T1) and technology acceptance subscale
correlations were significant (P<.05) in the case of perceived

usefulness (rs=0.52), perceived ease of use (rs=0.55), playfulness
(rs=0.50), relevance (rs=0.44), and behavioral intention (rs=0.50);
the correlation of attitude with usability was significant (rs=0.68,
P<.001).

None of the subjective variables was correlated to total hours
of training or adherence ratio.

Considering those who did ARTEDIA, the difference between
the HR threshold and the mean HR measured throughout the
sessions was correlated only with frustration (rs=0.55, P=.017).
The correctness ratio (i.e., the number of targets identified
correctly divided by the total targets) correlated significantly
and negatively with mental demand and frustration (rs=−0.62,
P=.007 and rs=−0.53, P=.023, respectively). No other correlation
was significant.

Therapists’ Feedback
The results of the semi-structured interview are presented in
Table 4.
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Table . The therapists’ feedback grouped according to themes and positive and negative comments. When the comments were related to one participant
in particular, their ID is reported between brackets.

ConsPros

Perceived usefulness •• Exercises are generic and not well-targetedImplementation of continuity of care
• •Home-based treatment favored compliance No easy assessment of the performance

quality (i.e., if compensation was used)• Possibility of lower limb training
• Impossible to establish the reason behind

pain occurrence (MEDEA7)
• Patients’ monitoring throughout time

Accessibility •• Patients must fit precise conditions (high
cognitive functioning, no spasticity)

Accessibility for chronic patients not receiv-
ing other care

•• Patients must be available to schedule calls
with the therapist during working hours
(MEDEA11)

Accessibility for patients living in remote
areas

• The safety thresholds were not suitable for
one patient (INRCA4)

• Internet connection was not always stable
enough

• Architectural barriers impeded the installa-
tion of the setup (stairs, lack of space)

Usability •• Technical issuesGood autonomous management in most
cases • Difficulty in providing support in case of

malfunctioning• Scheduling daily exercises promoted adher-
ence

• Engaging scenario promoting motivation

As per technical issues, we have tracked the following
occurrences in patients from MEDEA: the sensors were not
responding properly or were sending wrong input data (n=1;
MEDEA7); server updates did not allow the therapist to update
the IRP and the patient to access the daily training (n=2;
MEDEA4, MEDEA5); generic malfunctioning of the system
(n=1, MEDEA6). For one post-COVID patient (INRCA4), the
minimum threshold set for oxygen saturation was still too high
to proceed with the training. In this case, the patient replaced
the sensor with another that was not linked to the system and
monitored themselves according to the therapist’s indications.
Insufficient power of the internet connection and architectural
barriers were mentioned in all the interviews.

Discussion

Principal Findings
The results of this study indicated the feasibility and
acceptability of a customized VR-based telerehabilitation
program that allowed for the safe implementation of lower limb
and aerobic training. This result aligns with the outcomes in
previous works studying telerehabilitation interventions, either
with or without VR support. Furthermore, conducting this study
allowed the provision of rehabilitation services to patients who
had limited access to the clinic due to geographical distance or
had ended their hospitalization.

The study was performed by enrolling a heterogeneous sample
of patients, comprising post-COVID patients and adults,
adolescents, and children with neuromotor impairments. It
allowed us to demonstrate the feasibility of our proposed
customizable telerehabilitation program to address diverse issues
and needs. Although heterogeneity may constitute a limitation,
it can be welcomed when scientific (e.g., pragmatic) studies are

aimed to demonstrate the effectiveness in a population as similar
as possible to the target population who may benefit from the
intervention [47]. Moreover, it could help design the future
delivery of targeted care, accounting for patients’ diverse
conditions [48].

Regarding the attitude toward technology, contrary to what was
found in [31], in which Huygelier et al. recorded an increase
from 3.4 to 3.9, we did not find any improvement after the
treatment. This outcome may be explained by considering that
the original work used immersive VR, whereas our system used
more familiar technologies, such as laptops and smartphones.
Therefore, it is possible that our participants did not change
their minds due to the lack of a “wow” effect [49]; also, their
anticipation and perception toward the use of digital technology
were probably correct at the baseline and confirmed at the end
of the experience [50]. Nonetheless, the patients’ relationship
and approach to technology did not change, and no technical
factors affected technology adoption and caused participants to
leave the program. This was also confirmed by usability and
acceptance outcomes, which were both satisfactory (all
technology acceptance subscale scores were >2.7, up to 5), and
the positive correlations, found at T1, between attitude and
usability, and attitude and perceived ease of use, playfulness,
and intentions to reuse the system.

On the other hand, as mentioned by the therapists in their
interview, our sample was selected to fit the requirements of
mostly autonomous system use (i.e., cognitive level and presence
of a caregiver), thus introducing a possible bias in this sense.
Indeed, literature shows that the general acceptance of mHealth
applications still encounters patients’ resistance in more than
half of the cases, resulting in minimal engagement and no
clinical improvements [51,52].
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Our patients’ adherence to the proposed program was
moderate-to-good (59%), in line with other works proposing
unsupervised physical activity programs [53,54] or rehabilitation
activities for patients [55]. Other interventions indeed recorded
higher adherence, but they also accounted for a stricter sample
selection: e.g., a tablet-guided exercise program for older adults
obtained 85% adherence, but only 36% of patients accepted to
participate in the program and completed it [56].

This issue has already been discussed in the literature, especially
when dealing with programs promoting physical exercise:
participants in scientific studies are volunteers and, therefore,
inherently motivated to exercise or willing to be involved. This
means that the results of trials engaging patients in exercise are
mostly not generalizable to the general population.

Previous work tried to identify the factors that may influence
adherence; a review conducted in 2021 identified 14 key factors
affecting adherence in rehabilitation programs [57]; among the
others, there was the involvement of professionals from several
disciplines, exploration of patients’ barriers and facilitators,
participants’ education, integration in daily living and social
support, which we did not investigate. Among older adults,
factors promoting an active lifestyle were also identified as
personal factors: younger age, education, history of regular
exercise, less depression, fewer impairments, and chronic
conditions could all positively influence adherence to training
programs [58,59].

This dependence upon personal factors was possibly present
also in our case, as individual differences, not detected by our
collected data, were present. Only in a few cases, analyzing all
the information together, was it possible to formulate a
hypothesis for higher or lower adherence. For instance,
MEDEA7 encountered some problems with the sensors and
experienced footache, and the therapist was not able to
investigate the cause of the pain remotely. This has impacted
their attitude toward technology (showing a decrease of over 1
point from T0 to T1) and possibly their adherence (49%). In
the case of INRCA6, MEDEA6, MEDEA 10, and VB002, it is
plausible that their initial condition—worse than other
peers’—negatively impacted adherence, as they had to make
more effort to participate in the program.

These considerations are to be considered cautiously: they are
hypotheses, and in most cases, both the adherence and the total
training hours were not directly attributable to any of the
variables investigated. Because of this, we encourage future
work to focus more on personal and anamnestic characteristics
we have not explored.

Another element that could contribute to assessing the
acceptability of an intervention and influencing patients’
adherence is workload, i.e., the cost incurred by an individual
while achieving a certain performance on a task with specific
demands [60]. The concept of workload per se is hard to
interpret, as it is impossible for many tasks to define a “redline”
above which the performance degrades [61].

Indeed, in our case, it is plausible to think that some mental
effort would be required to perform the proposed exercises per
se, even without any influence of the technological system.

Considering the performance data related to ARTEDIA dual-task
exercise, it emerged that lower cognitive results were indeed
linked to higher cognitive demands.

Instead, both cognitive and physical performances were
negatively correlated with frustration. In the NASA-TLX
questionnaire, the frustration item foresees the investigation of
“how insecure, discouraged, irritated, and annoyed” one feels
while accomplishing a task, i.e., it examines the unsuccessful
fulfillment of objectives after repetitive attempts due to obstacles
and negative feedback [62]. Also in this case, it is impossible
to discriminate precisely if the frustration was due to the task
itself (either cycling or go/no-go task) or the system
management. However, some considerations could be made by
examining the significant differences among groups: patients
from MEDEA reported more frustration and physical effort and
were also the group reporting the higher occurrence of problems,
such as VRRS updates that caused temporary unavailability of
the system, sensor malfunctioning, and the impossibility of the
therapist to assess the cause of pain remotely. The relationship
between frustration and technical issues has emerged before
[63,64].

Another consideration that could be made is related to the
absolute dose of therapy: the group of younger participants from
MEDEA was also the one receiving a more intense training
plan. Although no correlations were identified (possibly because
of the small sample), this outcome was in agreement with
previous studies, which highlighted that lower-dose interventions
could fit better the patients’ schedules and, therefore, be more
accepted [65,66]. This was highlighted by the case of
MEDEA11, who was mostly unavailable for the video calls
with the therapists and had a low adherence rate, possibly
because of other duties of daily living (21%). Given this, the
topic of the appropriate dose to promote adherence in
telerehabilitation deserves to be further explored in future works.

On the contrary, VB patients were less subjected to problems,
possibly because the system was regularly checked and sanitized
(as it was shared and close to the clinic, with one exception
only), and—as mentioned before—they trained significantly
less.

Despite the reduced adherence, due possibly to the need to travel
to reach the room close to the clinic, the hybrid solution has
been appreciated and, therefore, deserves further analysis,
especially in the case of non-intensive training, e.g, for
maintenance of muscle fitness and promotion of an active
lifestyle among chronic patients.

In such a setting, sharing a single piece of equipment saves
personnel time, money, and equipment management duties (e.g.,
handling transfers, installations, and conformity checks at the
end of the training). Plus, environmental barriers such as lack
of space and adequate internet connection are excluded, and
prompt support can be provided in the case of technical or
clinical issues. On the other hand, the accessibility to the service
remains available only for those patients who can travel and
reach the facility.
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Limitations
This work has some limitations. First of all, the sample was
heterogeneous, and although this choice allowed testing our
telerehabilitation program with diverse conditions, this limited
the generalization to the populations of adults and children with
neuromuscular or post-COVID-related impairments. Second,
the adherence to the intervention was very different, and we
could not determine which factors influenced it either positively
or negatively. Finally, rehabilitation sessions were carried out
in two different scenarios (home and clinic-devoted room), and
study participants were part of different age groups; this may
have influenced the patients’ subjective experiences. Although
the in-depth evaluation of differences among subgroups goes
beyond the scope of this work, it would have been interesting
to investigate the effects of other factors, such as age or setting.
Unfortunately, this was not possible due to the small sample.
Nonetheless, the preliminary assessment of the feasibility of
the proposed intervention paves the way for future trials in
which more participants per group should be enrolled.

Conclusions
This work presents a feasibility study of a novel
telerehabilitation system allowing cycling-based dual-task
training. The system was preliminarily assessed with a sample
of patients with different conditions and demonstrated usable,
meaningful, and acceptable. Moderate acceptance was found
by therapists who recognized several strengths but also a number
of issues. For the effective implementation of a complete
telerehabilitation program, including lower limbs, some
improvements are still required to overcome environmental and
technical barriers.

In the future, larger and more homogeneous populations should
be engaged to extend the obtained results and increase their
generalizability. A higher number of participants will also allow
us to delve deeper into subgroup differences, highlighting which
features are considered more relevant by each patient or age
group to enhance personalization even more. Particular attention
should be paid to the therapy dose and the rehabilitation setting
to find the correct balance between treatment effectiveness and
suitability with patients’ daily life in order to promote optimal
compliance.
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Abstract

Background: Mental health during pregnancy is a critical factor influencing maternal and fetal outcomes. Anxiety and depression
affect up to 30% of pregnant women, with significant consequences for maternal well-being and child development. Despite this,
interventions during pregnancy remain limited, creating a need for innovative, accessible solutions.

Objective: This study aimed to evaluate the effectiveness of an immersive virtual reality (IVR) eHealth intervention in reducing
anxiety and depression symptoms in women during pregnancy.

Methods: A 2-arm, randomized controlled trial was conducted across 5 primary care centers in Catalonia, Spain, between
October 2021 and May 2024. The study included pregnant women (N=70) aged ≥18 years with moderate anxiety and depression
symptoms (Edinburgh Postnatal Depression Scale [EPDS] scores: 9-12) at 12 to 14 weeks of gestation. They were randomly
assigned (1:1) to an IVR intervention or standard care group. The intervention group engaged in daily 14-minute IVR mindfulness
and relaxation sessions for 6 weeks. Mental health outcomes were assessed using the EPDS and State-Trait Anxiety Inventory.

Results: The intervention group demonstrated significant reductions in EPDS scores, with a mean decrease from 11.32 (SD
0.96) to 7.25 (SD 1.32; P<.001), compared to an increase in the control group from 11.32 (SD 0.94) to 16.23 (SD 1.25; P<.001).
Similarly, State-Trait Anxiety Inventory scores improved markedly in the intervention group (mean decrease from 57.94, SD
5.23 to 35.03, SD 6.12; coefficient –30.47, 95% CI −45.23 to −15.72; P<.001), while the control group experienced a nonsignificant
increase (from 66.10, SD 5.89 to 72.91, SD 6.34; P=.68). High adherence rates were observed, with 79% (26/33) of participants
completing ≥30 sessions. Participant satisfaction was high, with 87% (29/33) reporting being “very satisfied” with the intervention.
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Conclusions: The IVR eHealth intervention significantly reduced symptoms of anxiety and depression, demonstrating its
potential as an accessible and effective tool for mental health support during pregnancy. High adherence and satisfaction levels
underscore its feasibility and acceptability. Future research should explore the long-term effects and scalability of IVR interventions
in diverse settings.

Trial Registration: ClinicalTrials.gov NCT05756205; https://clinicaltrials.gov/study/NCT05756205

International Registered Report Identifier (IRRID): RR2-10.1186/s12912-023-01440-4

(JMIR Hum Factors 2025;12:e71708)   doi:10.2196/71708
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Introduction

Background
Mental health during pregnancy is a crucial aspect of women’s
overall well-being, influencing not only the mother but also the
development of the fetus and the subsequent outcomes for the
child [1,2]. Up to 30% of women may experience mental health
disorders during pregnancy, including anxiety and depression
[3-5]. These disorders, often interrelated, have a significant
impact not only on the mother’s health but also on the
neurological development of the fetus, potentially leading to
complications, such as preterm birth, low birth weight, and
long-term emotional difficulties [6]. These adverse effects not
only affect the immediate postpartum period but can also
influence the child’s long-term development, with possible
repercussions on behavior, cognition, and mental health [7].

Despite their importance, interventions to address mental health
disorders during pregnancy have been limited, with many
focusing on the postpartum period, leaving a critical need for
attention during pregnancy itself [8]. This deficit in intervention
during pregnancy is concerning, as early detection and
appropriate treatment of these disorders are essential to ensuring
optimal health outcomes for both the mother and the baby [9].
Inadequate treatment or lack of interventions may increase the
risk of obstetric complications, such as preterm birth or low
birth weight, as well as long-term emotional and behavioral
problems in the child [10,11].

Low-intensity interventions, as described by the National
Institute for Health and Care Excellence, are particularly
important for women experiencing mild to moderate symptoms
of anxiety and depression. The National Institute for Health and
Care Excellence recommends these interventions as a first step
before considering more intensive treatments, as they can
provide effective support with fewer adverse effects and are
accessible to a wide population [12]. In this context, digital
health technologies, known as eHealth, offer a promising new
avenue for improving access to care and supporting the mental
health of pregnant women [13].

The use of eHealth technologies is growing exponentially
worldwide, supported by guidelines from international
organizations, such as the World Health Organization, which
promote the use of these technologies to improve public health
[14]. According to World Health Organization, eHealth
technologies can play a key role in expanding access to mental
health services [15]. Their application in perinatal mental health

has shown promising results in preliminary studies, especially
in reducing symptoms of anxiety and depression [16]. These
technologies offer the possibility of providing low-intensity
interventions, such as mindfulness, relaxation, and other stress
management techniques, in a way that is accessible and
convenient for women [17]. In addition, mobile apps allow for
closer and more personalized monitoring of women’s mental
health, offering continuous support and enabling quicker
interventions in the event of concerning symptoms [18]. eHealth
interventions can be a flexible alternative for those women who,
for various reasons, cannot easily access traditional mental
health services, offering solutions tailored to their individual
needs and daily routines [19].

In this context, immersive virtual reality (IVR) is emerging as
an innovative tool in the health field. IVR allows users to
immerse themselves in simulated environments in a fully
immersive manner, offering therapeutic experiences that can
be highly effective in managing anxiety, depression, and other
mental disorders [20]. Several studies have demonstrated that
IVR can help reduce stress and improve emotional well-being
in patients, providing cognitive and emotional distraction that
facilitates relaxation and symptom reduction [21]. Moreover,
its ability to recreate controlled environments makes it useful
for exposure therapy and other psychological interventions [22].
This technology, combined with other eHealth tools, can offer
personalized and highly effective solutions for pregnant women
experiencing mental health issues, opening new possibilities
for their management and treatment [23].

Furthermore, the integration of eHealth and mobile health
technologies is gaining traction as an effective means of
delivering mental health interventions. These technologies
provide a direct, low-cost, and engaging manner to deliver care,
making mental health support more accessible [24,25]. The
global increase in the use of these technologies has led to a
growing body of research supporting their efficacy, particularly
in treating mood disorders during pregnancy [26,27]. Recent
studies have also underscored the importance of mobile health
interventions specifically designed for pregnant women,
highlighting their effectiveness in reducing anxiety and
depression symptoms during pregnancy [5,28].

Objectives
The objective of this study was to evaluate the effectiveness of
an IVR eHealth intervention in improving mental health
outcomes during pregnancy, specifically by comparing
symptoms of anxiety and depression between pregnant women
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in the intervention and control groups, assessing satisfaction
with antenatal care between the 2 groups, and monitoring
adherence to the intervention by tracking the number of
completed IVR sessions.

Methods

Study Design
This study was a 2-arm, prospective, randomized controlled
trial (RCT) designed to assess the efficacy of a low-intensity
eHealth intervention in improving mental well-being among
pregnant women. The CONSORT (Consolidated Standards of
Reporting Trials) guidelines for RCTs were followed.
Participants were randomly assigned (1:1) to the intervention
or control group using a computer-generated randomization
sequence. Specifically, the Epidat (version 4.2; Epidemiology
Service of the Dirección Xeral de Saúde Pública, Xunta de
Galicia) software was used to generate the randomization list,
ensuring allocation concealment and minimizing selection bias.
To maintain the integrity of the randomization process, the
allocation sequence was generated independently by the
principal investigator (MJ-B) before recruitment. Randomization
was stratified by recruitment center to control potential
site-specific variations. Allocation was concealed from
participants and researchers responsible for data collection to
reduce potential biases. Participants and health care providers
were masked to group allocation to the extent possible in an
intervention of this nature.

The study included pregnant women aged ≥18 years who
attended primary care centers affiliated with the sexual and
reproductive health care (Atenció a la Salut Sexual i
Reproductiva [ASSIR; Sexual and Reproductive Health Care
in English]). It was conducted across 5 primary care centers
(ASSIR) in Catalonia, Spain, between October 2021 and May
2024. Between 12 and 14 weeks of gestation, participants who
scored between 9 and 12 on the Edinburgh Postnatal Depression
Scale (EPDS)—validated Spanish version [29]—were recruited
and randomly allocated to either the intervention group, which
received the eHealth intervention, or the control group, which

received standard care. Participants were also screened for
mental health conditions using the State-Trait Anxiety Inventory
(STAI)—validated Spanish version [30]. Those with a diagnosis
of severe psychiatric disorder, ongoing treatment by mental
health specialists, and a history of gender-based violence were
excluded.

Procedure
Participants who scored between 9 and 12 on the EPDS,
indicating symptoms of moderate anxiety and depression, were
considered for inclusion in the study. Participants were randomly
assigned (1:1) to the intervention or control condition. The
principal investigator generated a randomization list using the
Epidat (version 4.2) software, and all study participants were
masked ensuring the randomization process. Women assigned
to the control group were informed that their follow-up would
proceed as usual, while those in the intervention group received
additional information about the eHealth intervention, including
the use of IVR.

Intervention
The intervention group received an eHealth-based mental health
program, which included the use of IVR technology to deliver
mindfulness and relaxation exercises designed to reduce anxiety
and depression during pregnancy. The IVR intervention lasted
14 minutes per session and was performed daily for 6 weeks.
These sessions were based on mindfulness techniques, conscious
breathing, and progressive muscle relaxation, with the aim of
providing an immersive therapeutic environment that would
promote stress reduction and improve the emotional well-being
of the participants. The content of the intervention was
developed by Delaguila Games [31], a company specializing
in virtual reality applied to health care (Figure 1). The sessions
were designed to be self-guided and accessible from home
(Figure 2), using an Oculus Go (Meta Reality Labs) virtual
reality headset. The program contained 3 main modules that
could be selected individually or together, adapting to the needs
and preferences of each participant. To ensure adherence and
effectiveness of the intervention, the total number of sessions
completed by each participant was recorded.
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Figure 1. Screenshots of the virtual reality experience.

Figure 2. A pregnant woman using the immersive virtual reality application at home (with written patient permission).

Control
Participants in the control group received the usual antenatal
care provided by the public health system. This refers to the
pregnancy follow-up protocol established by the Department
of Health of the Generalitat de Catalunya, which outlines
standard guidelines for prenatal care and monitoring [32].

Sample
Pregnant women aged ≥18 years who were followed at the
primary care centers of sexual and reproductive health care
(ASSIR) of Mútua Terrassa in Barcelona, Spain, were invited
to participate in the study.

In a previous published interventional work [33] using a
mindfulness program to evaluate changes in the EPDS score in
pregnant women, the authors reported a mean difference of
−2.56 (SE 0.72) between the 2 groups of study (intervention
and control) after the program. From that, the SD was calculated
as SE=SD/Root(n), so SD=SE × Root(n). In this case, as the n
was different in both groups (51 and 45), we used the minimum
of both (n=45), obtaining a joint SD of 4.83. Assuming a power
of 80% to detect differences in contrast of the null hypothesis
H0: μ1=μ2 using a bilateral Student t test for 2 independent
samples, a significance level of 5%, and assuming a mean
difference between both groups of −3.5 (SD 4.83 units), it was
necessary to include 31 women in the nonintervention group
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and 31 women in the intervention group, totaling 66 patients in
the study. Considering that the expected drop-out rate is 5%, it
was necessary to recruit 70 women (35 in each group).

Measures

Primary Outcome: Mental Health Status
The mental health status of the participants was measured using
the EPDS and the STAI. The EPDS is a self-report scale
comprising 10 items, where participants choose 1 of 4 responses
that best describes how they felt during the past week. The
EPDS has been validated in Spanish and shows good sensitivity
(79%) and specificity (95.5%), with a Cronbach α of 0.87 [29].
Scores range from 0 to 30, with scores ≥13 indicating a positive
screen for depression. The STAI assesses 2 dimensions of
anxiety: state anxiety (a temporary condition in response to a
specific situation) and trait anxiety (a general tendency to
perceive situations as threatening) [30]. Both scales have
demonstrated robust psychometric properties in various
populations.

Secondary Outcomes

Satisfaction With Pregnancy Care

Satisfaction with pregnancy care was measured using a validated
self-completed questionnaire [34], consisting of 28 items that
assess different aspects of care, including equipment,
accessibility, organization of the consultation, and the
competence of the staff. The scale uses a 5-point Likert system,
and scores are categorized as satisfied (scores >3) or very
satisfied (scores >4). The reliability of this tool has been
demonstrated with a Cronbach α of 0.92 [35].

Adherence to the Intervention Protocol

Adherence to the intervention protocol was monitored by
tracking the number of sessions completed by each participant
in the intervention group. In addition, participants in this group
were asked to complete a questionnaire evaluating the usability
and accessibility of the eHealth technology used during the
study [36]. The number of sessions and time spent on each
session were recorded to assess adherence and participant
engagement with the intervention.

Pulse Measurements

Pulses were recorded before and after the intervention.

Participants were encouraged to report any adverse events,
discomfort, or unexpected side effects experienced during or
after the IVR sessions. If the participant experienced dizziness,
nausea, or an increase in anxiety symptoms, she was instructed
to stop the session and rest. If symptoms persisted, participants
could contact the research team via an email address specially
designed to resolve any problems. Participants had the right to
withdraw from the study at any time, without having to justify
their decision, and without this affecting their regular prenatal
follow-up. In addition, the study team, made up of midwives
and mental health professionals, was available to provide
additional psychological support if necessary, ensuring that
participants felt safe and supported throughout the intervention.

Data Collection and Management
Data were collected at 2 time points: baseline (12-14 weeks of
gestation) and 6 weeks after the start of the intervention. All
data were securely stored and anonymized, with access restricted
to authorized personnel only. Participants’personal information
was protected according to the ethical standards of Mútua
Terrassa.

Statistical Analysis
Qualitative variables were described using absolute frequencies
and percentages. Quantitative variables were summarized using
the mean, SD, and median. The Kolmogorov-Smirnov test was
used to assess the normality of distributions.

Sociodemographic and clinical characteristics were compared
across groups. For quantitative variables, Mann-Whitney U
tests were conducted. The chi-square test (or Fisher exact test
for frequencies <5) was used to compare categorical variables.
The effectiveness of the intervention was evaluated using
mixed-effects models to assess changes in mental health
outcomes over time by group. The interaction between time and
intervention, as well as potential confounding factors such as
age, previous admissions, current planned pregnancy, and
personal history of anxiety, were also considered in these
analyses.

In addition, the postintervention scores of the EPDS and STAI-E
were transformed into binary variables. For EPDS, a cutoff
score of 9 was selected based on bibliographic criteria [29],
while for STAI-E, the third quartile value (>86 points) was used
[30]. Finally, several logistic regression models were conducted
for the primary outcomes with the study group included as an
independent variable. These models were also adjusted for the
previously mentioned confounding factors, including
preintervention EPDS and STAI-E scores. Hosmer-Lemeshow
goodness-of-fit tests were performed to assess the overall fit of
the models [37]. Receiver operating characteristic curves were
also calculated for this approach.

Statistical significance was set at P<.05, and all analyses were
performed using R version 4.2.1 (R Foundation for Statistical
Computing). For the mixed-effects models, we used the nlme
package with the lme function and the stats package with the
glm function in the logistic models.

Ethical Considerations
The study protocol was approved by the Drug Research Ethics
Committee of Mútua Terrassa (B1803). Informed consent was
obtained from all participants before their inclusion in the study.
The study was conducted in accordance with the Declaration
of Helsinki and relevant European Union regulations on data
protection. The informed consent process was conducted
following strict ethical guidelines to ensure that all participants
fully understood the nature of the study and its potential risks
and benefits, and that their participation was voluntary. The
steps taken for the informed consent process are provided in
Textbox 1.

These measures were taken to guarantee that all participants
provided truly informed and voluntary consent, minimizing any
risk of coercion or undue influence.
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Textbox 1. Informed consent process.

• A comprehensive explanation: before the enrollment, all participants received a detailed explanation of the study’s objectives, procedures, potential
benefits, and possible risks. This was done through both written and verbal communication by trained health care professionals.

• Time for reflection and questions: participants were given sufficient time to read the informed consent document and ask any questions. Researchers
provided clarifications to ensure that participants had a clear understanding before signing the consent form.

• Assessment of understanding: to ensure comprehension, participants were asked to summarize key aspects of the study in their own words. If
any misunderstandings were identified, additional explanations were provided.

• Voluntary participation and withdrawal rights: it was explicitly stated that participation was entirely voluntary, and that participants could withdraw
at any time without any consequences for their health care or treatment.

• Safeguards against coercion: to prevent undue influence, recruitment was conducted by independent health care professionals who were not
involved in participants’ routine medical care. No financial or material incentives were provided to encourage participation.

• Ethics approval: the study protocol, including the informed consent procedures, was reviewed and approved by the Drug Research Ethics
Committee of Mútua Terrassa (B1803), ensuring compliance with ethical and legal standards.

Results

Overview
The study included 70 participants with a mean age of 31.9 (SD
4.83) years, evenly distributed between the intervention group

(n=35, 50%) and the control group (n=35, 50%; Figure 3). There
were 2 losses to follow-up in the intervention group and 3 in
the control group. All cases of loss to follow-up occurred in the
period after the intervention.

Figure 3. CONSORT (Consolidated Standards of Reporting Trials) participant flowchart for the randomized controlled trial. VR: virtual reality.

Sociodemographic and Clinical Characteristics
Regarding sociodemographic and clinical characteristics, the
intervention group had a higher mean age (in years) compared
with the control group (33.77, SD 3.46 vs 30.03, SD 5.3;

P=.003). Furthermore, a significantly higher proportion of
participants in the intervention group reported having their own
income (35/35, 100% vs 21/35, 60%; P<.001) and a
university-level education (24/35, 69% vs 8/35, 23%;
P<.001;Table 1).
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Table 1. Comparison of sociodemographic and clinical characteristics between the control and intervention groups (N=70).

P valueIntervention group (n=35)Control group (n=35)Total (N=70)Characteristic

.003a33.77 (3.46)30.03 (5.3)31.9 (4.83)Age (y), mean (SD)

Country of origin, n (%)

<.001b33 (94)17 (49)50 (71)Spain

—c0 (0)10 (29)10 (14)Morocco

—2 (6)8 (23)10 (14)Other countries

Religious affiliation, n (%)

.001b12 (34)9 (26)21 (30)Christian

—0 (0)10 (29)10 (14)Muslim

—21 (60)15 (43)36 (51)Atheist

—2 (6)1 (3)3 (4)Other

Educational level, n (%)

<.001b24 (69)8 (23)32 (46)University

—11 (31)19 (54)30 (43)Secondary

—0 (0)6 (17)6 (9)Primary

Employment status , n (%)

<.001b26 (74)11 (31)37 (53)Specialized worker

—5 (14)7 (20)12 (17)Seeking employment

—4 (11)17 (49)21 (30)Other occupations

Personal income, n (%)

<.001b35 (100)21 (60)56 (80)Yes

—0 (0)14 (40)14 (20)No

aP value results comparing the study groups by Mann-Whitney U test are considered statistically significant when <.05.
bP value results comparing the study groups by chi-square tests are considered statistically significant when <.05.
cNot available.

Regarding prepregnancy mental health treatment history,
participants who reported treatment history had received a
variety of interventions, including individual or group
psychotherapy, pharmacological treatment with antidepressants
or anxiolytics, and follow-up by mental health professionals in
primary or specialist health care. The length of treatment varied
among participants, ranging from brief interventions <6 months
to continued treatment >2 years. Disaggregated data about

specific treatment adherence or the exact type of medication
used by each participant were not available in this study.

Regarding obstetric characteristics, 86% (30/35) of pregnancies
in the intervention group were planned, compared with 57%
(20/35) in the control group (P=.02; Table 2). No significant
differences were found between the groups regarding the history
of cesarean sections, traumatic deliveries, or high-risk
pregnancies (all P>.05).
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Table 2. Clinical and obstetric characteristics.

P valueaIntervention group
(n=35), n (%)

Control group (n=35),
n (%)

Total (N=70), n (%)Category and characteristic

Clinical

.313 (9)7 (20)10 (14)Current smoker

.0325 (71)15 (43)40 (57)Mental health treatment before pregnancy

.8010 (29)12 (34)22 (31)Family history of psychiatric disorders

.0230 (86)20 (57)50 (71)Planned current pregnancy

.116 (17)1 (3)7 (10)Current pregnancy achieved through assisted
reproduction

.0129 (83)18 (51)47 (67)History of anxiety

.7810 (29)8 (23)18 (26)History of depression

Obstetricb

.4111 (31)7 (20)18 (26)Previous miscarriage

.992 (6)2 (6)4 (6)Previous cesarean section

.996 (17)5 (14)11 (16)Previous traumatic childbirth experience

.6318 (51)15 (43)33 (47)High-risk current pregnancy

.5035 (100)33 (94)68 (97)Partner involvement in care

.990 (0)0 (0)0 (0)Previous fetal loss

.116 (17)1 (3)7 (10)Method of conception: IVFc

.0312 (34)8 (23)20 (29)Prepregnancy mental health diagnosis

aP value results comparing the study groups by chi-square test are considered statistically significant when <.05.
bGestational week of all participants at enrollment was 12 to 14 weeks.
cIVF: in vitro fertilization.

Comparison of EPDS Scores Between Groups Before
and After the Intervention
At baseline, the EPDS score was comparable between both
groups (P=.56). Following the intervention, the mean EPDS
score significantly decreased in the intervention group (from

11.32 to 7.25; P<.001), whereas it increased in the control group
(from 11.32 to 16.23; P<.001). The adjusted mixed-effects
model revealed a significant interaction between time and
treatment (coefficient=−9.03, 95% CI −11.29 to −6.76; P<.001),
indicating a substantial reduction in EPDS scores attributable
to the intervention over time (Figure 4).
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Figure 4. Interaction between time and treatment in the Edinburgh Postnatal Depression Scale (EPDS) score.

Furthermore, the adjusted logistic regression model
demonstrated that participants in the intervention group had a
significantly lower likelihood of exhibiting postintervention
EPDS scores ≥9 points compared to the control group (odds
ratio [OR] 0.03, 95% CI 0.01-0.8; P=.001; Table 3). In addition,
a planned pregnancy was associated with a lower probability
of achieving EPDS scores ≥9 points. In contrast, a higher

preintervention EPDS score was associated with an increased
likelihood of achieving EPDS scores ≥9 points (OR 3.32, 95%
CI 1.52-9.58; P=.008). The model demonstrated good
calibration, as evidenced by the Hosmer-Lemeshow
goodness-of-fit test (P=.10) and the area under the receiver
operating characteristic curve (area under curve=0.82).

Table 3. Multivariate logistic regression model for postintervention Edinburgh Postnatal Depression Scale (EPDS) score (>9 points).

P valuebMultivariatea odds ratio (95% CI)Variable

.001b0.03 (0-0.18)Intervention group

.0083.32 (1.52-9.58)Preintervention EPDS score

.930.99 (0.8-1.12)Age (y)

.582.2 (0.12-41.26)Personal income

.030.1 (0.01-0.65)Current planned pregnancy

.164.48 (0.66-50.4)Personal history of anxiety

aHosmer–Lemeshow goodness-of-fit test, P=.10. Area under the receiver operating characteristic curve=0.82 (95% CI 0.78-0.85).
bP value is considered statistically significant when <.05.

Comparison of STAI-E Scores Before and After the
Intervention
At baseline, the STAI-E score was similar in both groups
(P=.12). Following the intervention, the intervention group
experienced a significant reduction in mean scores (from 57.94
to 35.03; P<.001), whereas the control group showed an increase
(from 66.10 to 72.91; P<.001). The adjusted mixed-effects

model identified a significant interaction between time and
treatment (coefficient=−30.47, 95% CI −45.23 to −15.72;
P<.001; Figure 5), indicating a substantial improvement
attributable to the intervention over time, similar to the effects
observed with the EPDS. Conversely, the control group
exhibited a nonsignificant change, with mean scores increasing
slightly from 66.10 to 72.91 (P=.68).
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Figure 5. Interaction between time and treatment in the State-Trait Anxiety Inventory (STAI)-E score.

Furthermore, the adjusted logistic regression model
demonstrated that participants in the intervention group had a
significantly lower likelihood of presenting postintervention
STAI-E scores >86 points compared to the control group (OR

0.05, 95% CI 0.01-0.40; P=.01). In addition, a higher
preintervention STAI-E score was associated with an increased
probability of exceeding the threshold (OR 1.04, 95% CI
1.01-1.08; P=.02;Table 4).

Table 4. Multivariate logistic regression model for postintervention State-Trait Anxiety Inventory (STAI) scores (state; >86 points)

P valuebMultivariatea odds ratio (95% CI)Variable

.05b0.09 (0.00-0.73)Intervention group

.021.04 (1.01-1.08)Preintervention STAI-E score

.080.83 (0.64-1.01)Age (y)

.340.40 (0.05-2.46)Personal income

.200.32 (0.05-1.75)Current planned pregnancy

.960.95 (0.16-6.05)Personal history of anxiety

aHosmer–Lemeshow goodness-of-fit test, P=.18. Area under the receiver operating characteristic curve=0.79 (95% CI 0.65-0.88).
bP value is considered statistically significant when <.05.

Pulse Measurements
Before intervention, the intervention group had a mean pulse
of 85.91 (SD 5.47) beats per minute. After intervention, the
mean pulse decreased to 76.94 (SD 6.62) beats per minute,
indicating a significant improvement.

Intervention Adherence
Among the 33 participants in the intervention group, 32 (97%)
provided valid data for adherence analysis. The average number
of completed sessions was 37.84 (SD 9.83), with a median of
42 sessions. A total of 17 (51%) participants completed all 42

sessions, while 26 (79%) participants completed at least 30
sessions. Only 6 (18%) participants completed fewer than 30
sessions, and 1 (3%) participant had no adherence data available.

Participant Satisfaction
Participant satisfaction with the eHealth intervention was
quantitatively assessed. Of the participants in the intervention
group, 87% (29/35) reported being “very satisfied” with the
intervention, while 9% (3/35) were “satisfied,” and 3% (1/35)
expressed a neutral stance. No participants reported
dissatisfaction.
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In addition, 91% (32/35) of participants found the intervention
“easy to use,” and 86% (30/35) stated that it “helped them feel
more supported during their pregnancy.” These quantitative
measures highlight the high level of acceptability and usability
of the intervention.

No serious adverse events were reported. Only mild cases of
dizziness (3/35, 9%) and temporary nausea (2/35, 6%) were
recorded, all of which resolved spontaneously within a few
minutes without requiring interruption of the intervention.

Discussion

Principal Findings
This study examined the efficacy of a low-intensity eHealth
intervention supported by IVR technology in improving mental
health outcomes during pregnancy. The results provide evidence
that the intervention contributed to significant reductions in
anxiety and depression scores among participants in the
intervention group, compared to the control group. Specifically,
participants in the intervention group experienced a decrease
in EPDS scores from 11.32 to 7.25, while the control group
showed an increase from 11.32 to 16.23. A mixed-effects model
revealed a significant interaction between time and group
(coefficient=−9.03; P<.001), emphasizing the intervention’s
effect on mitigating depressive symptoms. Similarly, for
STAI-E, the intervention group’s score decreased from 61.89
to 35.03, whereas the control group’s score increased to 72.91.
These findings underscore the intervention’s capacity to address
acute and persistent anxiety symptoms during pregnancy. The
reduction in EPDS and STAI-E scores could be related to
changes in cortisol levels, sleep quality, or social support [38].

The choice of IVR as an intervention tool is based on the
growing scientific evidence supporting its efficacy in reducing
anxiety and depression. Previous studies have shown that IVR
can induce states of relaxation, facilitate emotional regulation,
and reduce stress through immersion in controlled environments
designed to promote psychological well-being [18,19]. Its ability
to isolate the user from external stimuli and generate an
immersive experience promotes greater adherence to, and
engagement with, the intervention, which is particularly
beneficial in pregnant populations. Furthermore, previous
research has shown that IVR activates neurobiological
mechanisms associated with the reduction of stress and anxiety
[20], reinforcing its suitability as a low-risk, nonpharmacological
strategy that is easy to implement in this context. Although the
intervention was not specifically validated in women from
various cultural contexts, it was designed to be accessible and
applicable to a broad spectrum of users. The content of the
intervention focused on mindfulness and relaxation exercises,
techniques widely used and recommended in perinatal mental
health care. To ensure that it was accepted and understood, a
neutral and accessible language was used, without specific
cultural references that could limit its applicability in different
settings. In addition, priority was given to usability and ease of
integration into the daily routine of the participants, which are
the key aspects to maximize adherence to the intervention.

Our approach in this study is based on modern theories of
emotional processing, which postulate that emotional responses
are mediated by neural networks associated with memory and
fear regulation [39]. IVR facilitates immersion in relaxing and
controlled environments that induce a physiological relaxation
response, promoting regulation of the autonomic nervous system
and reducing activation of the amygdala, a key structure in the
response to stress and anxiety [19]. Furthermore, the immersive
experience in IVR promotes attentional focus and cognitive
distraction, mechanisms that have been shown to be effective
in reducing symptoms of anxiety and depression [18,20]. The
intervention is based on mindfulness-based therapy, which has
been widely validated in the treatment of anxiety and depression
[16]. IVR enhances this practice by providing an immersive
environment that facilitates the experience of presence and
engagement with the activity, optimizing therapeutic benefits.
Repeating sessions over 6 weeks favors the consolidation of
emotional regulation patterns through neuroplasticity
mechanisms, generating sustained changes in the perception of
stress and anxiety [21]. Thus, the theoretical model that supports
our intervention combines the physiological regulation of stress
through modulation of the autonomic nervous system, cognitive
distraction and attentional focus facilitated by immersion, and
the progressive internalization of emotional coping strategies
through the repeated practice of mindfulness in a safe and
structured environment.

Although our study protocol did not include a specific
assessment of sleep quality or anxiety sensitivity, some
publications suggest that anxiety and depression during
pregnancy are closely related to these factors. Previous studies
have shown that mindfulness- and relaxation-based
interventions, such as the one used in our study, can improve
sleep quality and reduce stress levels [40,41]. Furthermore, it
has been shown that anxiety sensitivity can act as a vulnerability
factor for the development of anxiety and depressive symptoms,
which reinforces the relevance of addressing these aspects in
future research [42].

There are several mechanisms that may explain the observed
benefits of IVR-based intervention on mental health. First, the
cognitive and emotional distraction effect plays a key role in
reducing symptoms of anxiety and depression. The immersive
nature of virtual reality allows attention to be diverted from
stressors, providing a controlled and immersive environment
that promotes relaxation. This mechanism has been
demonstrated in previous studies, in which exposure to virtual
environments effectively reduced the perception of stress and
pain in clinical contexts. Second, the induction of physiological
relaxation may be a determining factor. The IVR intervention
includes mindfulness and guided relaxation techniques, which
have been associated with reduced autonomic activation,
decreased heart rate, and better emotional regulation. These
effects are consistent with our findings, in which a significant
reduction in symptoms of anxiety and depression, as well as a
decrease in heart rate, was observed in the intervention group.
Third, the influence on neuroplasticity and emotional
engagement could contribute to the positive effects of IVR.
Immersive experiences can modulate neural circuits associated
with stress and mood regulation, promoting adaptive cognitive
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and emotional responses. Furthermore, the activation of
reward-related brain areas during the virtual experience can
improve mood and motivation, which would explain the high
levels of adherence and satisfaction observed in our study.
Finally, the increase in the perception of support and
self-efficacy could mediate the effectiveness of the intervention.
By providing a structured, engaging, and easily accessible tool
for mental well-being, IVR allows users to take an active role
in managing their symptoms. This sense of control has
previously been linked to better outcomes in digital health care
interventions. In any case, future studies should explore these
mechanisms in greater depth by using neuroimaging techniques,
physiological monitoring, and qualitative evaluations of the
user’s experience.

Regarding the generalizability of the findings, we acknowledge
that the study was conducted in a specific region of Spain, which
might limit its applicability to other populations. Nevertheless,
to strengthen external validity, the following 2 strategies were
implemented: (1) participants were recruited from 5 primary
care centers (ASSIR), allowing for the inclusion of women with
different sociodemographic profiles within the public health
system; and (2) the virtual reality intervention used does not
depend on specific cultural or contextual factors, facilitating its
implementation in other prenatal care settings. Our findings are
consistent with previous studies on eHealth and virtual reality
for the management of anxiety and depression, suggesting that
this technology may be effective in several pregnant populations.

With regard to the representativeness of the sample and the
strategies to improve diversity, participants were selected in
public primary care centers, ensuring equal access to the
intervention and avoiding biases associated with the use of
private services. Broad inclusion criteria were established,
including women aged ≥18 years with moderate symptoms of
anxiety and depression (EPDS scores: 9-12), which favored the
heterogeneity of the sample. All participants had to speak and
understand Spanish, ensuring understanding of the intervention
and evaluation of the results without linguistic bias. Although
differences were observed in the educational level of the
participants, we performed adjusted analyses to control possible
effects of these variables on the results.

In our study, no serious adverse events were reported. A pilot
study in the United States analyzed the feasibility of IVR for
distraction and pain management in women in labor and reported
a high acceptance with no serious side effects [43]. While in
the general population the use of IVR may be associated with
effects such as dizziness, nausea, or disorientation—known as
cybersickness—these effects appear to depend on the design of
the intervention, the duration of exposure, and the individual
characteristics of the users [44]. Although the evidence so far
suggests that IVR is a safe and well-tolerated intervention in
pregnant women, we encourage future research evaluating
potential adverse effects in the long term and in more diverse
populations.

Comparison With Previous Literature
Our findings align with previous literature emphasizing the
potential of digital mental health interventions for perinatal
populations. For example, Bell et al [45] demonstrated the

effectiveness of virtual reality in managing anxiety and
depression in diverse clinical settings. Similarly, studies such
as Pallavicini et al [46] highlighted the ability of virtual reality
games to elicit positive emotions and reduce state anxiety
through immersive and interactive experiences. These findings
suggest that IVR technology’s immersive nature enhances user
engagement and emotional regulation, supporting its use as a
tool for mental health interventions during pregnancy.

In addition, Fuster-Casanovas et al [47] observed a significant
rise in the adoption of eHealth tools for managing mental health
in Catalonia, further highlighting the role of digital platforms
in enhancing accessibility to psychological support. Their
findings resonate with our study’s results, as both suggest that
digital tools, particularly IVR, can bridge gaps in care by
offering scalable and engaging solutions for vulnerable
populations. Moreover, Bell et al [48] reported that virtual reality
interventions significantly reduced anxiety in adolescent patients
in hospital settings when immersive, therapeutic applications
were used, providing further evidence for the clinical utility of
such technologies in diverse populations.

Satisfaction
Participant satisfaction with the IVR-based intervention was
remarkably high, as evidenced by postintervention surveys.
Participants reported that the immersive nature of the technology
facilitated relaxation and emotional engagement, which
contributed to the observed reductions in anxiety and depression
symptoms. These findings are consistent with previous studies,
such as Bell et al [48], which demonstrated that virtual reality
interventions elicited positive emotional responses and were
well-received by users. In addition, Pallavicini et al [46] noted
that the interactive elements of virtual reality contributed to
enhanced user experiences, making the intervention more
enjoyable and effective. Further support comes from Al Kuwaiti
et al [49], who highlighted that virtual reality’s adaptability and
immersive environments increase patient satisfaction in
therapeutic applications. The positive feedback underscores the
acceptability of IVR as a feasible mental health intervention,
particularly in populations with limited access to traditional
therapies.

Adherence
Adherence to the intervention protocol was high, with 97%
(32/33) of participants providing valid data. Among them, 79%
(26/33) completed at least 30 sessions. This is in line with
findings from Fuster-Casanovas et al [47] who highlighted the
ease of use and accessibility of eHealth tools as key factors in
ensuring consistent engagement. High adherence rates were
also observed in studies using similar virtual reality–based
interventions, such as Bell et al [45], which attributed participant
compliance to the engaging and user-friendly nature of the
technology. In addition, findings by Garcia et al [50] suggested
that virtual reality interventions designed with user-centric
features significantly improved adherence by maintaining user
motivation and interest. Furthermore, Indovina et al [51]
demonstrated that adherence to virtual reality–based pain
management programs was strongly associated with the level
of interactivity and the ability to tailor content to user
preferences. These findings suggest that the immersive and
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interactive characteristics of IVR not only enhance satisfaction
but also foster sustained participation, which is critical for
achieving meaningful mental health outcomes.

We found that user-centered design and personalization of IVR
is very important. As far as individual needs assessment is
concerned, before implementing the IVR intervention, it is
essential to conduct an initial assessment of each pregnant
woman’s needs, preferences, and expectations. This may include
questionnaires about her anxiety and depression levels, as well
as her preferences regarding types of exercises (eg, mindfulness,
relaxation, and guided imagery) and virtual environments (eg,
beaches, forests, and mountains) [23]. This assessment would
allow for the creation of a personalized intervention plan that
fits each woman’s specific needs, thus increasing adherence to,
and satisfaction with, the intervention [52]. As far as adaptation
of virtual environments is concerned, they should be designed
to be inclusive and culturally sensitive. For example, women
from certain cultural backgrounds may feel more comfortable
with environments that reflect their natural or cultural
environment. This could involve adapting landscapes, sounds,
and narratives to be culturally relevant [53]. Furthermore,
environments should be adjustable in sensory intensity (eg,
sounds, colors, and movement) to suit individual preferences
and avoid overstimulation, especially in women who may be
more sensitive during pregnancy [54]. Regarding flexibility of
duration and frequency of the IVR session, they should be
flexible to suit pregnant women’s routines and energy levels.
Some women may prefer shorter but more frequent sessions,
while others may benefit from longer but less frequent sessions
[55]. The ability to pause and resume sessions is also important,
as pregnant women may need frequent breaks due to physical
discomfort or fatigue [56]. The incorporation of real-time
feedback systems can improve the personalization of the
intervention. For example, heart rate sensors or short
questionnaires during sessions can provide information about
the woman’s emotional state, allowing the IVR content to be
adjusted based on her responses. This dynamic approach can
help ensure that the intervention is always relevant and effective
for each woman [56]. Finally, to ensure that the IVR intervention
is truly user-centered, it is essential to involve pregnant women
in the design and development process. This may include focus
groups, pilot testing, and satisfaction surveys to gather direct
feedback about the content and usability of the intervention
[57]. Active user participation not only improves the acceptance
of the intervention but also increases the likelihood that it will
be effective and sustainable in the long term [58].

Strengths and Limitations
While our study contributes to the growing evidence base for
IVR interventions, it is not without limitations. First, the
relatively small sample size restricts the generalizability of the
findings. Second, the reliance on self-reported adherence and
satisfaction data introduces potential reporting biases. In
addition, the absence of long-term follow-up limits our ability
to evaluate the sustained impact of the intervention on
postpartum mental health.

Another limitation to consider is related to the extrapolation of
these results to women from disadvantaged socioeconomic

backgrounds, or whose technological limitations could be
restrictive, given that the availability of, and familiarity with,
technologies such as IVR can differ significantly between
socioeconomic groups. Also, the representativeness of the
sample is limited because the participants generally had a high
educational level and good access to health care and
technological resources, which could bias the results toward
greater effectiveness and adherence. Another potential limitation
is related to possible biases derived from self-reporting of
adherence to, and satisfaction with, the intervention, which may
reflect a social desirability bias. Finally, it is worth noting that
long-term follow-up was not conducted, which limits
conclusions about the sustainability of the treatment’s effect on
postpartum mental health. Future research should therefore
consider, including more diverse samples, including women
from different socioeconomic and cultural backgrounds, as well
as evaluating alternative methods of technological access that
facilitate the equal participation of women in vulnerable
situations. In addition, future studies should implement longer
follow-ups to assess the sustainability of the observed impact
on mental health and delve deeper into possible biases arising
from self-reporting and the specific characteristics of the studied
group.

Nonetheless, this study has several strengths. The use of IVR
technology represents an innovative and accessible approach
to perinatal mental health care. Rigorous adjustments for
baseline differences strengthen the reliability of our findings,
and the high adherence rates suggest feasibility for real-world
implementation. Importantly, the results of this study provide
a foundation for future research to build upon, particularly in
exploring the long-term effects and cost-effectiveness of IVR
interventions for pregnant women.

Clinical Implications and Future Directions
From a clinical perspective, the integration of IVR-based
eHealth programs into prenatal care offers a promising avenue
to address gaps in mental health support. These programs can
serve as scalable and engaging solutions, particularly in contexts
where traditional resources are limited. Future studies should
explore how to customize IVR content to meet individual needs
and preferences, potentially enhancing both engagement and
outcomes. Fajnerova et al [59] emphasized the potential of
multiuser virtual environments for facilitating group-based
mental health interventions, which could be explored further in
maternal care settings.

Our primary objective in this RCT was to assess the immediate
efficacy of the IVR intervention on symptoms of anxiety and
depression during pregnancy, using standardized instruments
(EPDS and STAI). However, the evaluation of durability of
these beneficial effects beyond the immediate intervention
period is essential to confirm its clinical utility and inform
maternal mental health policies. We therefore plan to conduct
future longitudinal studies that include extended postpartum
follow-up periods (eg, from 6 to 12 months after birth) to assess
whether reductions in prenatal symptoms of anxiety and
depression symptoms are maintained after delivery. These future
studies will adopt longitudinal designs to analyze the persistence
of improvements in maternal mental health outcomes, including
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the potential prevention of postpartum depression (PPD) and
anxiety. In addition, long-term secondary outcomes related to
maternal and infant health will be studied, specifically assessing
maternal psychological well-being, mother-child bonding,
parenting stress, and infant development trajectory using
validated tools. These assessments will help determine whether
the benefits observed during pregnancy have significant
long-term effects, contributing to improved mother-child
interactions and improved infant development trajectories. In
addition, to improve the robustness and generalizability of the
findings, future studies will include larger and more diverse
cohorts, multicenter trials, and economic analyses to assess the
cost-effectiveness of IVR interventions and their long-term
effects on postpartum mental health. We believe that this
comprehensive approach will provide robust evidence about
the clinical relevance, sustainability, and scalability of IVR
interventions in perinatal care settings.

We are also aware that there are some limitations related to the
implementation of IVR-based interventions and eHealth
technologies in real-world clinical settings. Effective
implementation will require rigorous compliance with data
protection regulations (eg, General Data Protection Regulation),
clear informed consent processes, and robust cybersecurity
measures to protect confidentiality among users. Furthermore,
it is critical to consider the question of equity. The
sociodemographic characteristics observed in this study suggest

a potential bias toward participants with higher educational
levels and stable economic situations, which could limit the
applicability of the intervention in socioeconomically
disadvantaged populations. Addressing these equity concerns
involves ensuring technological accessibility, affordability, and
ease of use across diverse socioeconomic groups and geographic
locations, while also considering differences in technological
ability and internet connectivity. Financial constraints are also
a barrier, particularly relevant in the context of national health
care services, where resources are often limited and require
careful budgeting. The implementation of these technologies
may require considerable initial investments, as well as clear
financial strategies to ensure long-term sustainability and
cost-effectiveness. Finally, practical challenges, such as
integration into existing health care services, obtaining
acceptance by health care professionals, and devising sustainable
financing models must also be considered. For all of these
reasons, future research should focus on longitudinal analyses,
assessing not only immediate efficacy but also sustained use
and real-world feasibility, with the aim of developing scalable
and inclusive solutions tailored to different clinical contexts
and populations.

In relation to how to integrate IVR-based interventions into the
health care system, we propose different key aspects as shown
in Textbox 2.

Textbox 2. Proposed strategies to integrate immersive virtual reality (IVR)–based interventions into health care system.

Implementation within primary care and maternity services

• Midwives and health care professionals could incorporate IVR sessions into routine prenatal visits, offering guided relaxation and mindfulness
exercises as a complementary mental health support tool.

• The intervention could be integrated into antenatal education programs, in which pregnant women receive structured sessions on stress management
and emotional well-being using IVR technology.

Home-based digital health care support

• Pregnant women could be prescribed access to the IVR application for home use, with health care professionals monitoring adherence and
outcomes through a digital platform.

• A mobile app could complement the IVR sessions by providing additional psychological support, reminders, and educational content tailored to
individual needs.

Scalability within public health care system

• Collaboration with public health care providers could facilitate the incorporation of IVR technology into maternal mental health care programs,
ensuring accessibility for a broad population.

• Future research should focus on cost-effectiveness analyses and feasibility studies to assess the sustainability of implementing IVR interventions
on a larger scale.

Regarding to how to implement IVR in routine clinical practice,
we consider the following recommendations for the integration
of IVR into antenatal care protocols:

1. Early detection of anxiety and depression symptoms:
through the implementation of IVR, routine screening for
anxiety and depression symptoms could begin during
antenatal visits, using validated tools, such as EPDS and
STAI-E. Women presenting with moderate anxiety or
depression symptoms (scores within the range established
in our study) could be referred for the IVR intervention as
part of a stepped care approach.

2. Training of professional health care staff, especially
midwives and primary care nurses, in the use of IVR
technology and in supervising sessions: this would include
training in setting up the equipment, explaining relaxation
and mindfulness exercises, and monitoring patients’
progress. It would also be important to provide guidelines
about how to address potential questions or concerns from
patients regarding the use of technology.

3. Access to technology: primary care centers could have IVR
equipment available at antenatal follow-up consultations.
Alternatively, lending IVR devices to patients for use at
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home could be considered if adequate follow-up is ensured.
The intervention could be designed to be self-guided, with
preprogrammed sessions that patients could complete
independently, but with the possibility of contacting a health
care professional in case of questions or need for additional
support.

4. Integration into the individualized care plan, including the
IVR intervention and tailoring to each patient’s specific
needs and the context of their pregnancy: this could include
coordination with other mental health professionals, such
as psychologists or psychiatrists, in cases where a more
intensive approach is required. In addition, it could be
combined with other low-cost interventions, such as prenatal
exercise programs, mindfulness workshops, or support
groups, to offer a holistic approach to mental well-being
during pregnancy.

5. Continuous monitoring and evaluation: a continuous
monitoring system should be established to evaluate the
effectiveness of the intervention and adjust it as necessary.
This could include collecting data about adherence, patient
satisfaction, and changes in anxiety and depression
symptoms over time. Health care professionals could use
the data collected to identify patients who could benefit
from additional or more intensive interventions.

6. Cultural and socioeconomic considerations: as accessibility
and acceptance of technology may vary depending on the
cultural and socioeconomic context, it is important to adapt
the intervention to the specific needs of each population.
This could include translating content into different
languages or adapting IVR scenarios to make them
culturally relevant.

We have also reflected on the potential long-term effects of the
IVR intervention. In the effects on postpartum mental health,
we should consider the following: first, anxiety and depression
during pregnancy are known risk factors for the development
of PPD [8]. Because our intervention demonstrated a significant
reduction in anxiety and depression symptoms during pregnancy,
it is plausible that it may also contribute to a decreased risk of
PPD [60]. Previous studies have shown that interventions that
improve mental health during pregnancy have a protective effect
against PPD, suggesting that IVR could have a positive impact
on women’s emotional well-being after delivery [61]. Second,
maternal mental health is closely related to the quality of the
mother-child bond [62]. A reduction in anxiety and depression
symptoms during pregnancy could facilitate a stronger and more
positive bond between mother and infant, which in turn could
have beneficial effects on the child’s emotional and social
development [6]. Future studies could assess the impact of the
IVR intervention on the quality of the mother-child bond using
validated scales, such as the Postpartum Bonding Questionnaire
[63]. In addition, regarding the effects on child development,
we can consider the following: first, maternal anxiety and
depression during pregnancy have been associated with an
increased risk of problems in the child’s cognitive and emotional
development, including learning difficulties, attention problems,
and emotional disorders [64]. By reducing these symptoms
during pregnancy, the IVR intervention could contribute to a
healthier development of the child [16]. Longitudinal studies
could evaluate the impact of the intervention on the cognitive

and emotional development of children using tools such as the
Bayley Scales of Infant and Toddler Development or the Child
Behavior Checklist [65]. Second, some research suggests that
maternal stress and anxiety during pregnancy may be associated
with an increased risk of neurodevelopmental disorders, such
as attention-deficit/hyperactivity disorder or autism spectrum
disorder [66]. Although the relationship is not direct, it is
possible that reducing stress and anxiety during pregnancy
through the IVR intervention may have a protective effect in
this regard [61]. Future studies could explore this hypothesis
by long-term follow-up of children whose mothers participated
in the intervention. Finally, regarding future research, we
consider the following: first, to assess the long-term effects of
the IVR intervention, longitudinal studies following women
and their children for several years after delivery would be
necessary. These studies could measure not only maternal mental
health, but also children’s cognitive, emotional, and social
development [60]. Second, it is important to explore the
underlying biological and psychological mechanisms that could
explain how reducing anxiety and depression during pregnancy
influences postpartum mental health and child development.
For example, changes in cortisol levels or other biological
markers associated with stress could be investigated [6]. Third,
future research could explore the effect of combining IVR
intervention with other postpartum interventions, such as
parenting support programs or cognitive behavioral therapies,
to maximize benefits on maternal mental health and child
development [16].

We consider that feasibility, scalability, and costs are key aspects
for the IVR interventions to be effectively implemented,
especially in underserved populations where access to mental
health care is limited. With regard to feasibility and scalability
in real-world settings, we consider the following: first, the IVR
intervention requires the use of virtual reality devices, which
can vary in cost and complexity. In our study, we used midrange
devices that are relatively affordable and easy to use. These
devices could be purchased by primary care centers or maternal
health clinics or even rented to reduce initial costs. IVR
technology is becoming more accessible and device costs have
decreased in recent years, making it easier to implement in
resource-limited settings. Second, implementation of the IVR
intervention would require basic training of health care
personnel, such as midwives, nurses, or psychologists, in using
the technology and supervising sessions. This training could be
done in a short period and would not require advanced technical
skills. Furthermore, the intervention could be designed to be
self-guided, which would reduce the need for constant
supervision by health care staff. Third, the IVR intervention is
highly adaptable and could be tailored to meet the needs of
various populations, including those with language or cultural
barriers. For example, relaxation and mindfulness scenarios
could be adapted to reflect culturally relevant environments,
and content could be translated into different languages.
Regarding cost and resource estimation, we consider the
following:

1. Device cost: the cost of IVR devices can vary between €300
(US $327) and €600 (US $654) per unit, depending on the
brand and features. For a primary care center with a
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moderate workload, several devices could be purchased for
rotational use.

2. Content development: the development of IVR content (eg,
mindfulness exercises and relaxation) may involve an initial
cost, but once developed, the content can be used repeatedly
without significant additional expenses.

3. Maintenance: maintenance costs are relatively low, as
modern IVR devices are long-lasting and require few
upgrades.

4. Training: training of health care staff could be completed
in a short period, such as a one- or two-day workshop, at
an estimated cost of €500 (US $545) to €1000 (US $1090),
depending on the number of participants. This training
would not require advanced technical skills.

5. Implementation and long-term savings: the intervention
could be designed to be self-guided, reducing the need for
constant supervision by health care staff. In the long term,
the IVR intervention could generate significant savings by
reducing the need for more expensive interventions (eg,
pharmacological or individual therapies), particularly for
cases of mild to moderate anxiety and depression.
Additionally, improved mental health in pregnant women
could help reduce obstetric and neonatal complications
related to stress and depression.

6. Adaptability: the IVR intervention is highly adaptable and
could be tailored to meet the needs of various populations,
including those with language or cultural barriers. For
example, relaxation and mindfulness scenarios could be
culturally adapted and translated into different languages.

All currency conversions from euros to US dollars were
calculated using the average exchange rate at the time of the
study (€1=US $1.09).

In addition, by improving the mental health of pregnant women,
costs associated with obstetric and neonatal complications
related to stress and depression could be reduced.

In relation to scalability in underserved populations, we consider
the following: First, the IVR intervention could be particularly
useful in rural or remote areas where access to mental health
care professionals is limited. The devices could be transported
between different health facilities or even used at home under
remote supervision. In addition, the portable nature of IVR
devices allows their use in communities with limited
infrastructures if there is access to electricity and adequate space
for sessions. Second, to facilitate implementation in underserved
populations, collaborations could be established with
nongovernmental organizations or public health agencies already
working in these areas. These organizations could provide
logistical and financial support for the acquisition and
maintenance of the devices.

In this study, women with a history of diagnosed anxiety or
depression were excluded because this clinical subgroup could
present a different evolution compared to those with recent and
moderate symptoms, which could affect the validity of the
results. However, we consider that future studies could evaluate
the effectiveness of this intervention in populations with a
previous psychiatric history. We also consider that future studies
could further explore the influence of pregnancy planning on

the effectiveness of digital interventions for perinatal mental
health.

It is worth remembering that IVR has been applied in other
areas of mental health: first, IVR has been used for posttraumatic
stress disorder, in which it has proved to be an effective
treatment tool, particularly in the context of exposure therapy.
The technology allows for the simulation of controlled and safe
environments where patients can gradually confront the stimuli
that trigger their symptoms, facilitating desensitization and
emotional processing [67]. Studies have shown that IVR can
be particularly useful in war veterans, accident survivors, or
survivors of violence, in whom exposure to virtual environments
can help reduce the symptoms of reexperiencing, avoidance,
and hyperarousal associated with posttraumatic stress disorder
[68]. Furthermore, IVR can be combined with evidence-based
therapies, such as cognitive behavioral therapy, to improve
treatment outcomes [69]. Second, IVR has also shown potential
in the treatment of substance-use disorders, particularly in
relapse prevention. Virtual environments can simulate high-risk
situations (eg, bars or parties) where patients can practice coping
strategies in a safe and controlled environment [70]. In addition,
IVR can be used for aversion therapy, where patients are
exposed to virtual stimuli associated with substance use, which
can help reduce craving and dependence [71]. Recent studies
have shown that IVR can be effective in treating alcohol,
tobacco, and other drug addictions; improving treatment
adherence; and reducing relapse rates [72]. Third, IVR has been
widely used in the treatment of specific phobias, such as fear
of flying, heights, or closed spaces. Gradual exposure to these
stimuli in a virtual environment allows patients to confront their
fears in a controlled manner, which reduces anxiety and
improves functioning [73]. Furthermore, IVR can be useful in
the treatment of generalized anxiety, by providing relaxing
environments and mindfulness exercises that help reduce
symptoms of excessive worry and muscle tension [46]. Fourth,
IVR has also shown potential in supporting individuals with
autism spectrum disorders, particularly in developing social
skills and reducing anxiety in social situations. Virtual
environments can simulate complex social interactions, allowing
patients to practice and improve their communication skills in
a safe environment [74]. Fifth, IVR has been used as a
complementary tool in the management of chronic pain, which
is often associated with mental health disorders, such as
depression and anxiety. Virtual environments can distract
patients from the pain and provide relaxation techniques that
improve their emotional well-being [51].

Finally, we would like to mention the integration of artificial
intelligence and machine learning into IVR interventions. We
believe that these new tools have great potential to improve the
personalization and effectiveness of IVR. Artificial
intelligence–based algorithms could allow the individualization
of IVR experiences based on, for example, emotional state or
therapeutic response.

Conclusions
The findings of this study highlight the significant potential of
IVR-based eHealth interventions in improving mental health
outcomes during pregnancy. By reducing symptoms of anxiety
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and depression, the intervention demonstrated its capacity to
address critical mental health challenges faced by pregnant
women, aligning with the growing emphasis on integrating
digital health solutions into prenatal care. This intervention,
grounded in immersive and interactive technology, not only
achieved significant reductions in EPDS and STAI-E scores
but also fostered high adherence and participant satisfaction.
These results underscore the feasibility of implementing
IVR-based programs as accessible, low-intensity, mental health
interventions within broader health systems. Such programs
hold promise for addressing disparities in access to care,
particularly for vulnerable populations or those with limited
availability of traditional mental health services.

Despite these, conclusions should be interpreted with caution
given the relatively small sample size, the socioeconomic and
educational homogeneity of the participants, and the possible

presence of biases derived from self-reporting in the assessment
of adherence and satisfaction. Furthermore, the lack of long-term
follow-up limits the ability to determine the sustainability of
the observed benefits. Therefore, although the findings support
the potential efficacy of IVR-based interventions in specific
contexts, additional studies with more diverse samples and
longer follow-ups are required to confirm these results and
explore their applicability in different socioeconomic and
cultural contexts.

Future research should aim to address these limitations while
exploring the scalability, cost-effectiveness, and cultural
adaptability of IVR-based interventions. In addition, longitudinal
studies are needed to evaluate the sustained impact of such
interventions on postpartum mental health and their potential
influence on maternal and child outcomes.
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Abstract

Background: Fostering innovative and more effective interventions to support active aging strategies from youth is crucial to
help this population adopt healthier lifestyles using technologies they are already familiar with. Mobile health (mHealth),
particularly apps and wearables, represents a promising approach due to its versatility, ease of use, and ability to monitor multiple
health variables simultaneously. Moreover, these devices offer opportunities for personalization and support in health behavior
change, making them valuable tools for shaping healthy habits from a young age.

Objective: This study aims to (1) investigate whether young adults (18‐26 years old) use apps or wearables to monitor or
improve their health variables (ie, physical activity, diet, and mental health); (2) examine how they use them; (3) identify the
most commonly used apps and wearables and the most frequently monitored health variables across these domains; and (4)
evaluate the importance of different characteristics and functions of apps and wearables for health purposes.

Methods: This cross-sectional study used a public involvement framework to enhance the research quality and was conducted
through an anonymous web survey disseminated across Italy over a 3-month period. The survey consisted of 5 sections: (1)
demographics, (2) mobile apps and wearable devices for physical activity and sports, (3) mobile apps and wearable devices for
diet, (4) mobile apps and wearable devices for mental health, and (5) preferences regarding mobile apps and wearable devices.
Participants were eligible if they were young adults who reported using at least one app or wearable device to monitor at least
one health variable (eg, steps, training, sleep, calorie intake). No additional eligibility criteria were applied.

Results: A total of 693 questionnaires were analyzed for aims 1 and 4, with the sample showing an equal gender distribution
(females: 363/693, 52.4%). For aims 2 and 3, a total of 317 questionnaires were included. Participants using an app or wearable
for physical activity accounted for 320 (46.2%), while 60 (8.7%) and 156 (22.5%) reported use for diet and mental health,
respectively. Moreover, the frequency of use was predominantly on a daily basis, particularly for wearables. The app and wearable
characteristics identified as most important were user-friendliness, free access to content, loading speed, and icon clarity.

Conclusions: Findings suggest that Italian young adults, particularly women, predominantly use wearables over apps to track
health data, with both being checked on a daily basis. Physical activity is the most frequently monitored domain, likely due to
its ease of tracking, while diet and mental health receive less attention. Overall, these tools are used more for monitoring than for
actively improving health-related variables. The most valued characteristics identified by young adults include ease of use, free
access to all content, and fast loading speed. These insights should guide the design and refinement of digital health interventions
targeting this population.

(JMIR Hum Factors 2025;12:e64629)   doi:10.2196/64629

KEYWORDS

exercise; mobile apps; diet; mental health; mHealth; apps; digital health; smartphones; wearables; parameters; young adulthood;
adolescents; teenagers; young adult; cross-sectional study; public; involvement; interventions; active aging; strategies; healthy
lifestyle; technology; physical activity

Introduction

Promoting healthy aging, or “active aging” [1], helps prevent
excessive pressure on medical systems in the forthcoming years

[2], while improving both individual and collective health [3].
This strategy combines theoretical and practical interventions
to teach people, starting from youth, how to monitor and
enhance health through a virtuous and sustainable lifestyle [4].
Reaching a large population in real time is crucial for the success
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of this slow and consistent process. In the last decades, mobile
health (mHealth) [5,6] interventions have provided general and
personalized information to support decision-making and
behavior change. In this context, mobile apps designed for
smartphones are particularly popular among young people and
adults [7], offering continuous data collection via built-in sensors
and adaptability to different scenarios [8,9]. Given the rapid
evolution of this technology, it is crucial to understand its use
and effectiveness in creating sustainable and useful mHealth
apps. To promote lasting behavioral changes for active aging,
apps must specifically target young adults [10] and adapt to
their needs. Educating young adults (18-26 years old) [11] about
healthy lifestyles using familiar tools [12] encourages long-term
adoption. Therefore, it is important to explore how apps and
wearables for health purposes are used by this specific
population to manage domains such as physical activity (PA),
diet, and mental health. In particular, considering that health is
defined as a state of complete physical, mental, and social
well-being and not merely the absence of disease or infirmity
[13], these domains might play a role in health promotion for
early active aging strategies.

The Health Belief Model (HBM) is a useful framework for
understanding health-related behaviors [14]. It suggests that
individuals are more likely to engage in health-promoting
actions, such as using apps or wearables, if they perceive
susceptibility to health issues, recognize their severity, and
believe the benefits outweigh the barriers. Cues to action, such
as app notifications, and self-efficacy in performing healthy
actions further drive behavior change. By incorporating these
elements, apps and wearables can motivate young adults to
adopt healthy habits, supporting early active aging strategies.

In 2023, Italy had 5.3 million young adults, with about 1 million
overweight or obese, 2.3 million not practicing any sports, and
2.4 million with chronic diseases [15]. Hence, it is fundamental
not only to monitor but also to help this population effectively
manage and improve its health. Moreover, in 2023, students
enrolled in secondary high schools in Italy were reported to be
2.7 million, while 1.8 million were enrolled in universities [15].

Additionally, identifying the most and least appreciated features
of these apps and wearables, along with their functions, is crucial
for creating preventive and educational interventions [16] that
assist young people in monitoring and improving their health
[17-19], well-being, and quality of life through familiar
technology tailored to their needs and expectations.

Therefore, this study aims to (1) determine whether young adults
use mobile apps and wearable devices to monitor and improve
their health variables (ie, PA, diet, and mental health); (2)
understand how young adults use mobile apps and wearable
devices to monitor and improve these health variables; (3) assess
the most used mobile apps and wearables in terms of brands,
as well as the most monitored variables via both apps and
wearables; (4) evaluate the most important functions and
characteristics of mobile apps and wearable for health variables
based on young adults’ opinion.

Methods

Study Design
This work consists of a cross-sectional study performed via an
anonymous web survey distributed across the Italian territory.
The survey was created in accordance with the International
Handbook of Survey Methodology [20] and the Declaration of
Helsinki [21], and was distributed via Microsoft Forms (Office
365 Suite), which ensures secure and ease of data collection, as
well as anonymity in compliance with General Data Protection
Regulation [22] policies. Before accessing the survey, each
participant was presented with an informative note about the
study and data processing.

Participation was completely voluntary, and completion of the
survey could be interrupted at any time and for any reason,
without the need for explanation; in such cases, no data were
saved. The reporting of this manuscript follows the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines [23]. At each phase of the research,
a habitual mobile app user was involved to ensure the “public
involvement,” as discussed below.

Ethical Considerations
Ethical approval for this study was granted by the University
of Genoa’s Ethical Committee for Research (CERA2023.24,
approved on April 27, 2023). The study adhered to good clinical
practice guidelines for the ethical conduct of research involving
human participants. Participants were not compensated for their
involvement, as clearly stated in the information sheet and
informed consent form provided before their participation. All
participants reviewed the study details and provided informed
consent before taking part. Data were anonymized at the point
of collection, as the use of Microsoft Fforms allowed
participants to complete the survey without submitting personal
information unless explicitly requested by the researchers. Data
were collected and stored in accordance with current regulations,
in a password-protected digital archive accessible only to the
researchers directly involved in the study.

Web Survey
The web survey was created by a panel of 5 professionals from
different fields, such as sports science and health, psychology,
engineering, and physiotherapy, and a habitual mobile app user
pursuing a master’s degree in communication sciences. Existing
questionnaires were reviewed to identify relevant questions,
but none were deemed suitable for this specific research.
Consequently, a preliminary draft of the survey was developed
for evaluation and subsequent validation. The final web survey
was divided into 5 sections: (1) demographics; (2) mobile apps
and wearable devices for PA and sport; (3) mobile apps and
wearable devices for food and diet; (4) mobile apps and
wearable devices for mental health; and (5) preferences
regarding mobile apps and wearable devices. Once imported
into Microsoft Forms, the questions were organized with
branching logic, allowing participants to skip sections on unused
mobile apps or wearable devices, thereby enabling faster and
more efficient completion. Following the demographics section,
each subsequent section began with an initial yes-or-no question,
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giving participants the option to either skip that section or
proceed. The estimated total completion time was about 5
minutes. The full survey is available in Multimedia Appendix
1.

The web survey was assessed for face and content validity [24]
by 10 potential participants who used mobile apps to monitor
their PA, diet, or mental health. These individuals met the
study’s inclusion criteria and were asked to provide feedback
on the survey before its adoption in the data collection process,
to ensure data reliability and quality. Specifically, each
participant had either a face-to-face meeting or a video call with
the same professional, who explained the research aims,
provided the informative note and informed consent documents,
and, once consent was obtained, initiated the survey completion.
Afterward, participants were asked questions about the survey’s
characteristics, and all notes and suggestions were recorded.
The feedback received was subsequently discussed by the panel
of experts to produce the final version of the web survey. Face
and content validity assessments are crucial in survey creation
to ensure that the main topic under investigation is correctly
addressed and that the questions and answers are understandable
to the target population. This ensures that the results can be
accurately analyzed and compared with the research question.
In particular, content validity is provided by the panel of experts
in the field investigation, whereas face validity is assessed by
potential participants. Additionally, to evaluate the internal
consistency of the survey, a Cronbach α [25] analysis was
performed. The results confirmed good internal consistency
(Cronbach α=0.891), as values of 0.70 and above are generally
considered acceptable. The scale ranges from 0 to 1, with 1
indicating the highest level of internal consistency. The higher
the value obtained for the survey items, the better the internal
consistency is considered to be. No other validation methods
were applied to this survey.

Public Involvement
Our work employed the “study-focused” public-involvement
framework [26], considering the point of view of the target
population (ie, young adults aged 18‐26 years using at least
one app or wearable to monitor or improve PA, diet, or mental
health) across all phases of the study [20]. The public
representative was (1) a 23-year-old female student; (2) enrolled
in the first year of a master’s degree program in communication
science; and (3) actively engaged with a mobile app for PA and
possessing previous experience in using a mobile app for diet.
Given the exploratory nature of this study, which aimed to
investigate the prevalence of app and wearable use for health
purposes among young adults as a whole, and not among
specific subgroups (eg, by gender), a single representative, male
or female, of the target population was deemed sufficient and
was not expected to influence the results. The focus was on
understanding general behaviors rather than subgroup-specific
patterns, such as those based on gender.

The public representative volunteered to actively participate in
formulating the research question and played a crucial role in
creating, validating, and distributing the web survey. After the
data collection period, she was also involved in the data analysis
and the overall interpretation of the results, which was

fundamental for better understanding the needs of the target
population and maximizing the value of the collected data.
Moreover, the public representative contributed to the writing
and review of the final draft of this paper.

Participants
To answer the first and last aims (1 and 4) of the study,
participants were considered eligible if they were young adults
(ie, aged 18‐26 years) and could read and understand the
informative note and the web survey.

For aims 2 and 3, participants were eligible if they used at least
one mobile app or wearable device for PA, diet, or mental
health, and could read and understand the informative note and
the web survey.

No other limitations were set for the population or for the type
of app or wearable device used.

Setting and Modalities of Contact
The web survey was distributed via Microsoft Forms (Office
365 Suite) in July and from September to October 2023.
Potential participants were reached through various modalities,
including face-to-face, digital, and printed invitations (see
Multimedia Appendix 2). Printed advertisements were placed
in locations frequently visited by young adults, both
education-related and not (eg, university campuses, local groups
headquarters, libraries). Social media platforms (eg, Facebook,
Instagram, WhatsApp), email, and high school and university
mailing lists were also used to disseminate invitations to
complete the survey. To maximize nationwide reach, all 73
universities in Italy were contacted. Of these, only 7 agreed to
assist in distributing the survey. The list of universities was
publicly available online, and each university’s website was
visited to obtain a contact email to explain the study rationale
and request assistance with its promotion. The universities and
high schools that agreed to collaborate were free to choose the
dissemination method they considered most appropriate. To
help balance the potential sample of participants, voluntary and
social groups were also invited to share the study invitations.
Concerning email, researchers used addresses that were publicly
available in the “Contacts” section of relevant websites to reach
potentially interested groups. Additionally, participants were
encouraged to share the invitation with others who might be
interested in participating. The recruitment process aimed to
reach a diverse and broad audience, including individuals both
engaged and not engaged in education, and from different
regions of the country. Efforts were made to maintain a balance
in region of origin, gender representation, and age distribution
within the predefined age range. As the web survey was
anonymous, and to prevent multiple responses, the option to
submit more than 1 questionnaire was disabled directly in the
platform settings. To further ensure data reliability, the dataset
was checked for duplicates in Microsoft Excel after data
collection. In cases of potential duplicates, variables such as
age, gender, height, weight, and education were examined; no
duplicates were found.
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Statistical Analysis
Sociodemographic data were analyzed using descriptive
statistics, with percentages reported where applicable, and
continuous variables presented as mean (SD). Binomial logistic
regression analyses were performed to assess the influence of
gender and education level on the use of apps and wearables.
The last section of the questionnaire was analyzed using
different methods. The first method defined consensus as being
reached for each statement when 2 conditions were met [27]:
(1) at least 51% of participants responded with “quite important”
or “very important,” and (2) the median score exceeded 2.5. In
our case, considering the IQRs, if the median was above 2.5, it
could be assumed that at least 75% of the responses fell in the
neutral or positive categories (ie, 2, 3, and 4). The second
method involved the calculus of a ratio value between positive
and negative answers collected. Moreover, a descriptive
evaluation of results obtained from the Likert-type scale was
adopted.

For evaluating the main variables monitored through mobile
apps and wearables, the variables were divided into specific
areas of interest (ie, PA, diet, and mental health) and aggregated
into categories based on their similarities. PA-related variables
were divided into “PA metrics” (ie, daily steps, distance covered,
daily activity, training, number of weekly trainings, calorie
consumption, elevation, and speed/step per kilometer) and
“physiological parameters” (ie, heart rate, weight, oxygen
saturation, sleep, stress, rest, body composition, menstrual cycle
monitoring, and respiratory frequency). Diet parameters were
grouped into “nutritional metrics” (ie, calorie consumption,
macronutrient count, and water) and “body metrics” (ie, weight
and body composition). Finally, mental health parameters were
categorized as “sleep,” “mental well-being” (ie, stress, mood,
and emotions management), and “mindfulness and meditation
practices” (ie, breathing, meditation, mindfulness). Additionally,
the motivation behind the use of these mobile apps and

wearables was presented, with results split between the 2 types
of mHealth.

The last section of the questionnaire investigated mobile app
and wearable preferences, and the results of each question were
graphically reported. Participants were asked to indicate their
level of agreement with each statement on a 5-point Likert-type
scale. The possible answers were as follows: (0) “not important
at all,” (1) “unimportant,” (2) “neutral,” (3) “quite important,”
and (4) “very important”. The results were then aggregated into
3 levels of agreement: negative (ie, 0 and 1), neutral (ie, 2), and
positive (ie, 3 and 4). Moreover, an analysis of IQRs was
performed, and medians and the distribution of responses were
reported.

Bias
Young adults with different levels of education were contacted
to reduce any possible selection bias. To better describe the
target population, invitations were disseminated across the entire
Italian territory without restrictions, with the aim of reaching
participants with diverse characteristics such as age, gender,
occupation, and education level. Other universities and several
secondary high schools were also contacted to increase the
number of responses. Detailed modalities of dissemination are
reported in the “Setting and Modalities of Contact,” and study
limitations are discussed in the “Strengths and Limitations”
section.

Results

A total of 821 responses were received, and after applying the
inclusion and exclusion criteria, a final sample of 693
questionnaires was analyzed. Specifically, 42 questionnaires
were excluded because participants did not consent to data
treatment, 83 did not meet the study’s age range (ie, 18‐26),
and 3 were excluded due to unusable data. Demographic data
for the final sample are presented in Table 1.
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Table . Demographic characteristics of the sample (n=693).

ValuesCharacteristics

21.2 (2.5)Age (years), mean (SD)

Gender, n (%)

363 (52.4)    Female

329 (47.5)    Male

1 (0.1)    Nonbinary

22.3 (3.03)BMI (kg/m2), mean (SD)

Last educational degree, n (%)

95 (13.7)    Secondary school diploma

414 (59.7)    High school diploma

184 (26.6)    Higher education

317 (45.7)Not using any mobile app or wearable, n (%)

Physical activity (n=144), n (%)

106 (73.6)    1 app

38 (26.4)    2 or more apps

Diet (n=52), n (%)

45 (86.5)    1 app

7 (13.5)    2 or more apps

Mental health (n=45), n (%)

37 (82.2)    1 app

8 (17.8)    2 or more apps

Data regarding the use of mobile apps or wearables for PA, diet,
or mental health variables are reported in Table 2 and include

only those participants who reported using at least one app or
wearable to monitor at least one health variable (n=376).

Table . Total number and percentage of participants using mobile apps or wearables for physical activity, diet, and mental health (n=693)..

EliminatedaNoYesVariables

35 (5.1)338 (48.8)320 (46.2)Physical activity, n (%)

——b56 (8.1)    App and wearable, n

——88 (12.7)    Only app, n

——176 (25.4)    Only wearable, n

11 (1.6)622 (89.8)60 (8.7)Diet, n (%)

——15 (2.2)    App and wearable, n

——37 (5.3)    Only app, n

——8 (1.2)    Only wearable, n

13 (1.9)524 (75.6)156 (22.5)Mental health, n (%)

——19 (2.7)    App and wearable, n

——26 (3.8)    Only app, n

——111 (16.0)    Only wearable, n

aData from each section were eliminated if participants provided conflicting answers within that section.
bNot available.

Table 3 ranks and details the most used mobile apps and
wearables by brand and further divides them into specific
spheres of interest (ie, PA, diet, and mental health).
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Table . Ranking by brand of the most used mobile apps and wearables (n=376).

Mental health (n=156)Diet (n=60)Physical activity (n=320)App

Wearable (n=130)App (n=45)Wearable (n=23)App (n=52)Wearable (n=232)App (n=144)

1, n (%) •••••• Apple: 39 (30)Apple Health:
7 (15.5)

Apple: 8
(34.8)

Yazio: 15
(28.8)

Apple Watch:
81 (35)

Apple Health:
62 (43.0)

2, n (%) •••••• Amazfit: 35
(27)

Samsung
Health: 6
(13.3)

Xiaomi: 7
(30.4)

MyFitnessPal:
11 (21.1)

Xiaomi: 37
(16)

Samsung
Health: 25
(17.4) • FatSecret: 11

(21.1) • Google Fit: 6
(13.3) ·

• FitBit: 6
(13.3)

3, n (%) •••••• Samsung: 12
(9.2)

Calm: 5 (11.1)Samsung: 4
(17.6)

Samsung
Health: 7
(13.5)

Amazfit: 25
(10.7)

WeWard: 18
(12.5)

•• Garmin: 12
(9.2)

Garmin: 25
(10.7)

4, n (%) •••••• Huawei: 10
(7.6)

Garmin Con-
nect: 4 (8.9)

Fitbit: 1 (4.3)Apple Health:
5 (9.61)

Samsung: 20
(8.6)

Google Fit: 14
(9.7) • Garmin: 1

(4.3)
• Zepp Life: 4

(8.9)
• Huawei: 1

(4.3)
• Headspace: 4

(8.9)
• Redmi: 1 (4.3)

5, n (%) •••••• Fitbit: 9 (6.8)Flo: 3 (6.7)N/AaMacros: 3
(5.8) ·

Fitbit: 12 (5.2)Garmin Con-
nect: 11 (7.6) •• Serenity: 3

(6.7)
Huawei: 12
(5.2) • Melarossa: 3

(5.8)

6, n (%) •••••• Honor: 5 (3.8)N/AN/ALifesum: 2
(3.8)

Honor: 5 (2.2)Zepp Life: 9
(6.2)

7, n (%) •••••• Google: 1
(0.8)

Daylio: 1
(2.2) ·

N/AGoogle Fit: 1
(1.9) ·

Polar: 4 (1.7)Komoot: 7
(4.9)

••• Polar: 1 (0.8)Stoic: 1 (2.2) ·Fitdays: 1
(1.9) •• Oura: 1 (0.8) ·Mindshift: 1

(2.2)• Lose it: 1
(1.9)

• Real me: 1
(0.8)

• Liujo: 1 (0.8)
• Suunto: 1

(0.8)
• Whoop: 1

(0.8)
• Xiaomi: 1

(0.8)

Others, n (%) •••••• N/AN/AN/AN/AA2c: 11 (4.7)A1b: 52 (36.1)

aN/A: not applicable.
bA1: SweatCoin, Strava, Fitbit, iSkiTracker, Pedometer, MyWellness, My workout plan, Huawei health, Hevy, Relive, Pokemon Go, Fitdays, Adidas
Running, Nike training, GloryFit, Nike Run, etc.
cA2: Oppo, Google, Real me, Redmi, Suunto, and Liujjo.

Furthermore, the frequency of use of both mobile apps and
wearables was evaluated and is presented in Table 4.
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Table . Frequency of use of mobile apps and wearables.

Mental healthDietPhysical activityVariables

WearableMobile appWearableMobile appWearableMobile app

130452352232144Total users, n

91 (70.0)16 (35.6)16 (69.6)31 (59.6)148 (63.8)53 (36.8)Every day, n (%)

12 (9.2)4 (8.9)3 (13.0)10 (19.2)24 (10.3)20 (13.9)5 or 6 times a
week, n (%)

10 (7.7)8 (17.8)2 (8.7)2 (3.8)27 (11.6)31 (21.5)3 or 4 times a
week, n (%)

8 (6.2)9 (20.0)1 (4.3)4 (7.7)22 (9.5)20 (13.9)1 or 2 times a
week, n (%)

9 (6.9)8 (17.8)1 (4.3)5 (9.6)11 (4.7)20 (13.9)Less than once a
week, n (%)

Moreover, motivation for the use of apps and wearables, as well
as the health variables monitored via these devices, is reported
in Multimedia Appendix 3. The vast majority of the sample did
not report using premium or paid content (310/320, 96.9%,
participants monitoring PA; 58/60, 96.7%, monitoring diet;
152/156, 97.4%, monitoring mental health). Those who did use
these additional functionalities primarily sought more detailed
information on specific aspects such as sleep, rest periods,
training, macro- and micronutrients, or personalized advice
based on their data. Similarly, community functions were not
used by most participants (289/320, 90.3%, monitoring PA;
54/60, 90%, monitoring diet; 142/156, 91%, monitoring mental
health; see Multimedia Appendix 4)

Additionally, an analysis of the frequency distribution of
answers based on gender and level of education was conducted.
Binomial logistic regressions were also performed on these
parameters to explore possible associations between the use of
apps and wearables and gender or education level. Regarding
gender, the percentage of females monitoring PA is higher than
that of males (216/693, 31.2% vs 138/693, 19.9%), while
nonusers are 191 out of 693 (27.6%) for males and 147 out of
693 (21.2%) for females. A slight difference was also found in
diet monitoring, with 325 out of 693 (46.9%) females and 297
out of 693 (42.9%) males reporting no monitoring. For mental
health, gender differences were observed, with 105 out of 693
(15.2%) females and 64 out of 693 (9.2%) males reporting
monitoring. Logistic regressions examining gender influence
on the monitoring of PA, diet, and mental health revealed a

slight positive correlation for males in each sphere. Specifically,
the models account for 2.4% for PA, 1.0% for diet, and 1.1%
for mental health. Full results of these binomial logistic
regressions are reported in Multimedia Appendix 5. Regarding
education level, the frequency distribution for females and males
differed across categories: (1) secondary school diploma
(females: 23/693, 3.3%; males: 72/693, 10.4%), (2) high school
diploma (females: 228/693, 32.9%; males: 185/693, 26.7%),
(3) bachelor (females: 100/693, 14.4%; males: 4/693, 0.6%),
and (4) master’s degree (females: 12/693, 1.7%; males: 4/693,
0.6%). Logistic regression models explained 5.0% of the
variance for PA, 0.5% for diet, and 2.4% for mental health. For
PA, having a bachelor’s or master’s degree showed a slight
negative influence on the use of apps or wearables, and the same
pattern was observed for mental health, while for diet, only a
master’s degree has a slight negative influence on use. Full
results of these analyses are reported in Multimedia Appendix
5. Finally, none of the differences related to gender or education
level were statistically significant (see Multimedia Appendix
5).

For the fifth and final part of the questionnaire, all 693
participants were included in the analysis. Considering the
assessment of the most important characteristics of mobile apps
and wearables, 4 elements emerged as particularly important
for young adults: (1) user-friendliness, (2) free access to all
content, (3) loading speed, and (4) icon clarity. Figure 1 presents
the aggregated responses for each question according to the
level of attributed importance.
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Figure 1. Mobile apps and wearables’ functions preferences (n=693).

Figure 2 shows the distribution of responses, including IQRs
and medians. Results are displayed for each of the original
5-point Likert scale options available to participants.

Figure 2. IQRs, medians, and distribution of responses for mobile apps and wearables’ functions preferences.

A second method of analysis was applied to the last section of
the questionnaire, particularly to the data regarding elements
considered important. The analysis evaluated the ratio of positive

to negative answers, both with and without including neutral
responses, as reported in Table 5.
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Table . Ratio values of responses for mobile apps and wearables’ functions preferences.

positives+neutralsnegatives+neutralsPositives/negativesDevice’s characteristics

31207145User-friendliness

28005852Get all app/device content for free

27956143Loading speed

19043267Icons clarity

14691940The fact that the app/device motivates me to
change my lifestyle in a positive way

14292176The possibility of manually uploading data into
the app/device

14252025The fact that the app or device/wearable helps
me effectively manage my health and well-being

13501722The presence of educational content within the
app/device

13261830The design/graphics

12821676The ability to graphically customize the app/de-
vice

12191508The ability to download data from the app/device
(eg, PDF, Excel)

10321070The possibility to have a playful approach with
the app (eg, forest or plant nanny)

0.8060.640The fact that the app/device helps me improve
my lifestyle without understanding the benefits
of it in depth

0.7710.421Not having community-related functions

0.5460.235Have the option to buy premium content that
other users do not have

From this analysis, it can be observed that user-friendliness,
loading speed, free access to all content, and icon clarity were
confirmed as the most important elements for our sample.
Moreover, the possibility of manually uploading data and the
efficiency of the app or device in helping individuals manage
their health were also indicated as potentially important. When
neutral responses are also considered, the elements with the
highest ratio values remain user-friendliness, free access to all
content, loading speed, and icon clarity. Other ratio values were
lower and may not warrant further investigation.

Discussion

Principal Findings
This study comprehensively investigated the use of apps and
wearables to track and improve health variables among young
adults. The average BMI of the sample fell within the normal
range, consistent with national trends. In 2023, the Italian
National Institute of Statistics reported that the majority of
young adults, approximately 2.8 million individuals, had a BMI
within the normal range [15]. While nearly half of the
participants reported using these tools to track PA, only a
minority used them to monitor diet or mental health. Conversely,
almost half of the sample reported not using any app or wearable
for health purposes. This might be due to a low perceived
relevance of health monitoring, negative aspects associated with
using such tools (eg, distress or fixation), or a lack of

understanding or trust in these devices and the results they
provide [28,29]. Another main issue in using apps and wearables
for health is the manual input required for certain data, which
leads to lower adherence and reduced usage of these tools
[30-32]. The findings regarding diet are consistent with those
reported by Hahn et al [33] in a study conducted on a
comparable population. Similarly, the reported percentage of
use for mental health apps aligned with previous literature
[34,35], except for Borghouts et al [35], who reported a higher
usage rate. Viewed through the lens of the HBM, PA may be
the most frequently monitored health domain due to the greater
perceived benefits of tracking it and the immediate, tangible
feedback provided by step count, distance covered, or calories
burned. In line with this, the perceived severity and susceptibility
of problems related to sedentary behavior (eg, weight gain) may
also serve as motivating factors. By contrast, monitoring diet
and mental health presents greater barriers, as it often requires
manual data entry [30], thereby reducing engagement,
self-efficacy, and both the frequency and quality of data
collection [31,32]. In particular, diet variables cannot be
automatically monitored, especially from wearables. For mental
health, automated tracking of variables such as sleep or stress
through heart rate variability [36] provides an exception, as it
requires less user interaction, fostering higher self-efficacy by
simplifying behavior monitoring. To increase diet and mental
health monitoring, digital assistants (eg, vocal assistants),
artificial intelligence, and machine learning could be
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implemented into apps and wearables to automate tasks that are
now manually required [37], lowering the need for users’
interaction and broadening the adoption also to other populations
with lower digital skills.

The higher prevalence of app and wearable use among females,
particularly for PA and mental health, might also be viewed
through the HBM lens. Women’s greater focus on prevention
could reflect a higher perceived susceptibility and severity of
health risks, as well as stronger cues to action, such as societal
expectations and health information targeting females [38]. In
line with this, a previous study highlighted that females were
more likely to use well-being apps to improve their health,
whereas males were more interested in tracking their variables
and tended to lose interest in these apps more quickly [39].
Moreover, factors influencing young adults’ adoption and use
of apps for health purposes are shaped by socioeconomic status
and educational level, creating discrepancies and barriers for
individuals with low socioeconomic status and lower educational
levels, even when they are interested in using them [40].

In contrast with other studies [30,41,42], a very high frequency
of use was found among the majority of our sample (148/232,
63.8%, users of wearables for PA), who reported using mobile
apps and wearables to measure their health variables on an
everyday basis. According to the HBM, this preference may be
due to the immediate perceived benefits of short-term feedback,
which reinforces behavior change. However, 38 out of 144
(26.4%) participants reported the need for multiple apps to track
PA, highlighting a potential barrier: fragmented tools may lower
perceived practicality and increase user burden. Integrating
comprehensive solutions that address all necessary variables
could enhance adoption and self-efficacy. Moreover, it can be
argued that the wider adoption of apps for PA might be due to
their greater market presence, supported by the widespread
promotion of well-known brands such as Nike or Puma. The
daily use of apps and wearables may indicate their potential in
health interventions that require frequent monitoring over time,
as well as the possibility of tracking small daily results to keep
users motivated toward long-term goals.

Survey respondents demonstrated a clear preference for
wearables over apps, especially for PA and mental health
tracking. According to HBM’s self-efficacy principle, the
automatic data collection provided by wearables reduces the
effort required for health monitoring. This ease of use increases
confidence and adherence, as wearables simplify behavior
tracking [43] while offering precise data [44]. Nonetheless,
further analysis of the response ratios revealed a positive interest
in the option of manually uploading data, which could represent
an additional personalization feature of apps or wearables.
Conversely, diet monitoring remains underutilized due to
barriers such as manual input requirements, which reduce both
perceived benefits and self-efficacy. Additionally, in our sample,
wearables were also used to monitor sleep, mindfulness, and
meditation practices. The latter is an interesting aspect, as
another study [45] reported the use of a wearable to assess
meditation practices, but only to identify abrupt movements
during meditation rather than to monitor variables such as
breathing or heartbeat. By contrast, participants in our sample

reported using wearables to monitor actual meditation and
mindfulness practices.

Comparison With Prior Studies
Regarding the motivations for use in our population, apps and
wearables were mostly adopted for monitoring health variables
and, additionally, for receiving personal advice based on
individual data collected. These results align with previous
literature [31] on young populations [43], which also reported
a similar rationale behind the use of technological tools to
support health. Considering these motivations and the HBM
theory, the importance of cues to action and personal advice
emerges. Hence, based on the results obtained, health
interventions for young adults might benefit from the use of
apps and wearables to monitor health variables while also
providing personalized advice to support daily tasks aimed at
improving health outcomes over time, particularly in the PA
domain. A study conducted on university students showed that
PA apps, in particular, are valued and considered useful;
therefore, people are more likely not only to use them but also
to promote their use [46], further supporting the hypothesis that
apps may be beneficial in long-term health interventions
beginning in youth.

Characteristics of mobile apps and wearables identified as
important by the respondents were (1) user-friendliness, (2) free
access to all content, and (3) fast loading speed of the
app/wearable and its contents. These elements are key enablers
of technology adoption and should therefore be carefully
addressed by app and wearable developers [47].
User-friendliness, in particular, may increase self-efficacy, tool
effectiveness [48], and young people’s adoption of technology
[49]. Previous evidence has already highlighted the importance
of user-friendliness for young populations, especially in relation
to fitness apps [50]. Moreover, free content may reduce financial
barriers to access for people with low socioeconomic positions,
thereby enabling the reach of broader populations [51,52],
especially considering that app prices can vary depending on
the specific app and market [53]. In line with this assumption,
almost all participants were not interested in purchasing
premium content. Interestingly, all the abovementioned aspects
relate only to device characteristics and do not consider the
specific types of content provided (ie, educational, motivational,
informative) [38]. Regarding loading speed, this feature has
been emphasized in previous literature [47,54,55] as a crucial
element for technology acceptance, as users typically spend
very little time deciding whether to use an app on their devices
[56]. Hence, to ensure young adults’ use of apps and wearables
in health interventions, the choice should favor fast-loading
tools that are inexpensive or free, to minimize reported barriers.

Interestingly, only half of the sample acknowledged the
importance of including educational content within apps [57,58],
as well as the importance of technology assisting users in
understanding the benefits of improving health variables [47].
Similar results were observed for the motivational aspect: half
of the users considered it important that apps or wearables
support them in improving their health. This may be considered
controversial, given the nature of the apps and wearables
investigated and previous studies reporting a positive attitude
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toward the technology’s supportive role in improving health
variables [40,59]. Nonetheless, this finding is consistent with
responses on motivations for use, which highlighted that the
primary function of apps and wearables was perceived as
monitoring health variables. While the HBM emphasizes that
understanding the benefits of healthy behaviors can motivate
action, these results indicate a need to better communicate such
benefits through engaging, user-centered app features.

Regarding the aesthetics of apps and wearable devices, the
overall design and graphical aspects were not considered as
significant as the clarity of the icons [52,53]. This particular
element has been highlighted as a crucial factor in attracting
users to the technology [60]. Additionally, the possibility of
personalizing the app or wearable interface was deemed quite
important, in line with existing evidence [61-63]. Such
personalization may enhance users’ perceived self-efficacy and
reduce barriers to adoption, making the technology more
adaptable to individual needs.

Despite evidence supporting gamification strategies for
enhancing engagement and health outcomes [64], only one-third
of our respondents expressed interest in playful features. This
may suggest that young adults already feel sufficiently motivated
to use these tools, reducing the perceived need for additional
cues to action. A deeper analysis of the response ratios
highlighted the significance of community functions. Previous
literature has reported these features as a positive strategy for
promoting challenging behaviors and motivation [65], serving
as optional cues to action in health interventions. However,
while participants in our study acknowledged community
functions as important, they also reported not using them, raising
questions about their actual role in motivating users to achieve
their goals. In the literature, community features are often
described as useful and appreciated in motivating individuals
to improve their behaviors, particularly among young women
[39], but mostly when they can view and compare results with
people they personally know [50,66]. Nonetheless, a scoping
review reported mixed results regarding their effectiveness in
improving PA outcomes, largely due to the poor methodological
quality of the studies evaluated [67]. Therefore, despite some
positive results, further research is needed to strengthen the
evidence on the use of community and social features in health
programs targeting PA [68]. These features could be
incorporated into health apps and wearables as optional tools,
allowing users to decide whether to engage with them based on
individual preferences. Thus, considering both the results
obtained from our study and those of previous research, it would
be useful for future studies to further investigate the
effectiveness of community and social functions in young adult
populations through both qualitative and quantitative
approaches.

Given that mobile apps and wearables are frequently used by
young adults for monitoring purposes, they could be integrated
as valuable tools in strategies for early active aging [69,70].
These technologies may support the monitoring of health
variables while also educating individuals about the importance
of improving them. To further promote adoption and more
efficient use of apps and wearables for health purposes, it is
important to involve young adults in their design and

development processes [63,71,72]. Finally, clear guidelines
should be provided on how to develop effective health-related
apps and wearables [73].

Strengths and Limitations
A strength of this study is the specific population investigated
and the broad inclusion criteria adopted, which allowed for a
more accurate description of the patterns of young adults who
use apps and wearables for health purposes. Moreover, the broad
inclusion criteria enabled heterogeneity in participants’
characteristics, supporting the generalization of findings to the
broader population. Another strength was the large number of
questionnaires collected, which ensured sufficient statistical
power to perform different types of analysis on the data and
even examine subgroups (eg, gender). Despite this being the
first study conducted in Italy on this population, some limitations
should be acknowledged. First, the public representative who
participated in the study was a student with prior professional
experience in different roles (eg, social media manager, press
officer). While her status as a student may have been an
influencing factor, her communication skills and educational
background provided a privileged perspective, making her
contribution appropriate and constructive rather than biased.
However, it cannot be excluded that her high level of education
may limit the representativeness of individuals with lower
educational backgrounds. Second, although this study
investigated commercial mobile apps, the apps mentioned by
participants were predominantly from renowned tech brands,
with only a limited number of independent, nonprofit-oriented
apps being reported. Future studies should aim to include a
larger number of users of apps and wearables not linked to major
brands to capture a broader range of opinions on different types
of health tools. Third, data collection was conducted exclusively
through digital procedures, which may have posed a barrier for
individuals with poor digital literacy. However, given the young
age of participants and the nature of the topic under
investigation, such barriers were considered unlikely to represent
a significant hindrance. Fourth, it cannot be excluded that, due
to the digital nature of data collection, our sample may have
been skewed toward individuals more comfortable with
technology. Fifth, it is also possible that participants who
completed the questionnaire were more interested in the topic
investigated, which could have introduced distortion in the
results. Sixth, the final sample included a high proportion of
students, which may have influenced the findings; including
more young adults who are not students might yield different
results. Seventh, despite researchers’ efforts to ensure the
reliability of responses (as explained in the “Methods” section),
the anonymous nature of the web survey could have introduced
inaccuracies and self-reporting bias. In particular, participants
may have overestimated their healthy behaviors (eg, social
desirability bias). However, given the large number of responses
and the nature of the topic, it is unlikely that responses were
falsified. This likelihood is further supported by the study’s
aim, which focused on investigating the prevalence of app and
wearable use rather than assessing their effectiveness. Eight, as
it fell outside the study’s aims, objective health outcomes were
not directly assessed in relation to app or wearable usage;
instead, only the outcomes reported and collected by apps and
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wearables were considered, given that this was an exploratory
study aimed at assessing the prevalence of use in young adults.
Finally, socioeconomic status and geographic location data were
not collected, making it impossible to examine their potential
interactions with other variables. These aspects should be
addressed in future research.

Future Directions
Further studies should assess the motivation, expectations, and
user experience associated with apps and wearables for health
variables, exploring other aspects that young adults might find
helpful in improving their health. Barriers and facilitators to the
use of these technologies in young adults should also be
investigated to strengthen the evidence base and enhance their
adoption. Moreover, future research should involve a larger
proportion of individuals not engaged in educational programs
and include those with weaker digital skills. Similar prevalence
assessments should also be conducted in other age groups, such
as adults and older adults. Finally, studies targeting health in

young adults, particularly improvements in PA, should prioritize
wearables over apps.

Conclusions
This study highlighted that young Italian adults track
health-related variables more often via wearables than through
apps, although both are consulted daily. Based on the results,
young adults, particularly females, predominantly monitor
PA-related variables, as these can be more easily tracked, while
mental health and diet are monitored less. Moreover, apps and
wearables are mainly adopted for monitoring rather than for
improving health variables. Regarding the most important
characteristics and features of these tools for young adults,
user-friendliness, free access to all content, and the loading
speed of the app/wearable software and content emerged as key.
These characteristics should therefore be considered when
developing or optimizing health interventions supported by apps
and wearables in this population.

 

Acknowledgments
This work was carried out with the kind collaboration of the following institutions: Università degli Studi di Genova, Liceo Don
Bosco Alassio, Liceo Statale Calasanzio, Istituto Ferraris Pancaldo Savona, Università degli Studi G. d’Annunzio Chieti, and
Università di Parma, as well as Professors Fabrizio Sors and Cristiana Simonetti. We sincerely thank Stella Leuzzi for her support
in pursuing this work. ChatGPT (OpenAI, Inc) was used solely for grammar and spelling checks in the manuscript. It was not
involved in the study design, data collection, data analysis, generation of ideas for any section of the manuscript, or the creation
of data visualizations. All participants provided consent for publication.

Data Availability
Data available on reasonable request from the authors.

Authors' Contributions
GL, MJ, and MT contributed to study conceptualization; GL and MJ to methodology. GL conducted the investigation and data
extraction. GL, MJ, and AS performed the analysis. GL drafted the original manuscript, and GL, MJ, AS, and MT contributed
to reviewing and editing. All authors read and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Survey.
[DOCX File, 23 KB - humanfactors_v12i1e64629_app1.docx ]

Multimedia Appendix 2
Study advertisement.
[PNG File, 680 KB - humanfactors_v12i1e64629_app2.png ]

Multimedia Appendix 3
Number of parameters monitored for physical activity, diet, and mental health; motivations for use of apps and wearables for
physical activity, diet, and mental health.
[JPG File, 77 KB - humanfactors_v12i1e64629_app3.jpg ]

Multimedia Appendix 4
Use of premium contents and community functions.
[DOCX File, 15 KB - humanfactors_v12i1e64629_app4.docx ]

JMIR Hum Factors 2025 | vol. 12 | e64629 | p.1999https://humanfactors.jmir.org/2025/1/e64629
(page number not for citation purposes)

Leuzzi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e64629_app1.docx&filename=7dd5f511-88fe-11f0-b16f-39fb79112623.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e64629_app1.docx&filename=7dd5f511-88fe-11f0-b16f-39fb79112623.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e64629_app2.png&filename=7de7a851-88fe-11f0-b16f-39fb79112623.png
https://jmir.org/api/download?alt_name=humanfactors_v12i1e64629_app2.png&filename=7de7a851-88fe-11f0-b16f-39fb79112623.png
https://jmir.org/api/download?alt_name=humanfactors_v12i1e64629_app3.jpg&filename=7e02aa61-88fe-11f0-b16f-39fb79112623.jpg
https://jmir.org/api/download?alt_name=humanfactors_v12i1e64629_app3.jpg&filename=7e02aa61-88fe-11f0-b16f-39fb79112623.jpg
https://jmir.org/api/download?alt_name=humanfactors_v12i1e64629_app4.docx&filename=7e14f9e1-88fe-11f0-b16f-39fb79112623.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e64629_app4.docx&filename=7e14f9e1-88fe-11f0-b16f-39fb79112623.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 5
Binomial logistic regression results.
[DOCX File, 41 KB - humanfactors_v12i1e64629_app5.docx ]

References
1. Walker A. A strategy for active ageing. Int Social Security Review 2002 Jan;55(1):121-139. [doi: 10.1111/1468-246X.00118]
2. Cai T, Verze P, Bjerklund Johansen TE. The quality of life definition: where are we going? Uro 2021 Feb;1(1):14-22. [doi:

10.3390/uro1010003]
3. Active ageing: a policy framework. World Health Organization. 2022. URL: http://www.who.int/hpr/ [accessed 2023-01-31]
4. Walker A, Maltby T. Active ageing: a strategic policy solution to demographic ageing in the European Union. Int J Soc

Welfare 2012 Oct;21(s1):S117-S130. [doi: 10.1111/j.1468-2397.2012.00871.x]
5. Park YT. Emerging new era of mobile health technologies. Healthc Inform Res 2016 Oct;22(4):253-254. [doi:

10.4258/hir.2016.22.4.253] [Medline: 27895955]
6. Robbins TD, Lim Choi Keung SN, Arvanitis TN. e-Health for active ageing: a systematic review. Maturitas 2018

Aug;114(34–40):34-40. [doi: 10.1016/j.maturitas.2018.05.008]
7. Klonoff DC, King F, Kerr D. New opportunities for digital health to thrive. J Diabetes Sci Technol 2019 Mar;13(2):159-163.

[doi: 10.1177/1932296818822215]
8. Muro-Culebras A, Escriche-Escuder A, Martin-Martin J, et al. Tools for evaluating the content, efficacy, and usability of

mobile health apps according to the consensus-based standards for the selection of health measurement instruments:
systematic review. JMIR Mhealth Uhealth 2021 Dec 1;9(12):e15433. [doi: 10.2196/15433] [Medline: 34855618]

9. Llorens-Vernet P, Miró J. Standards for mobile health-related apps: systematic review and development of a guide. JMIR
Mhealth Uhealth 2020 Mar 3;8(3):e13057. [doi: 10.2196/13057] [Medline: 32130169]

10. Bonnie RJ, Stroud C, Breiner H. Investing in the Health and Well-Being of Young Adults: National Academies Press;
2015. [Medline: 25855847]

11. Committee on Improving the Health, Safety, and Well-Being of Young Adults, Board on Children, Youth, and Families,
Institute of Medicine, National Research Council. Introduction. In: Bonnie RJ, Stroud C, Breiner H, editors. Investing in
the Health and Well-Being of Young Adults: National Academies Press; 2015. URL: https://www.ncbi.nlm.nih.gov/books/
NBK284791 [accessed 2025-08-26]

12. Ge Y, Xin S, Luan D, et al. Association of physical activity, sedentary time, and sleep duration on the health-related quality
of life of college students in Northeast China. Health Qual Life Outcomes 2019 Jul 16;17(1):124. [doi:
10.1186/s12955-019-1194-x] [Medline: 31311564]

13. Schramme T. Health as complete well-being: the WHO definition and beyond. Public Health Ethics 2023 Nov;16(3):210-218.
[doi: 10.1093/phe/phad017] [Medline: 38333767]

14. Sheng J, Gong L, Zhou J. Exercise health belief model mediates the relationship between physical activity and peer support
among Chinese college students: a cross-sectional survey. Front Psychol 2023;14:1103109. [doi: 10.3389/fpsyg.2023.1103109]
[Medline: 36814667]

15. Istat. URL: https://www.istat.it/ [accessed 2024-12-16]
16. Gordon WJ, Landman A, Zhang H, Bates DW. Beyond validation: getting health apps into clinical practice. NPJ Digit Med

2020;3:14. [doi: 10.1038/s41746-019-0212-z] [Medline: 32047860]
17. Al-Nawaiseh HK, McIntosh WA, McKyer LJ. An m-health intervention using smartphone app to improve physical activity

in college students: a randomized controlled trial. Int J Environ Res Public Health 2022 Jun 13;19(12):7228. [doi:
10.3390/ijerph19127228] [Medline: 35742477]

18. Holtz BE, McCarroll AM, Mitchell KM. Perceptions and attitudes toward a mobile phone app for mental health for college
students: qualitative focus group study. JMIR Form Res 2020;4(8):e18347. [doi: 10.2196/18347]

19. Laranjo L, Ding D, Heleno B, et al. Do smartphone applications and activity trackers increase physical activity in adults?
Systematic review, meta-analysis and metaregression. Br J Sports Med 2021 Apr;55(8):422-432. [doi:
10.1136/bjsports-2020-102892] [Medline: 33355160]

20. de Ieeuw D, Hox J, Dillman DA. International Handbook of Survey Methodology (European Association of Methodology
Series) 1. URL: https://www.researchgate.net/publication/46706288_International_Handbook_Of_Survey_Methodology_2008
[accessed 2022-05-31]

21. WMA Declaration of Helsinki: ethical principles for medical research involving human subjects. WMA – The World
Medical Association. URL: https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/ [accessed 2023-09-01]

22. GDPR official legal text. General Data Protection Regulation (GDPR). URL: https://gdpr-info.eu/ [accessed 2023-09-01]
23. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE). URL: https://www.strobe-statement.org/

[accessed 2023-09-01]
24. Sadowski PK, Battista S, Leuzzi G, Sansone LG, Testa M. Low back pain in people with lower limb amputation: a

cross-sectional study. Spine (Phila Pa 1976) 2022 Nov 15;47(22):1599-1606. [doi: 10.1097/BRS.0000000000004422]
[Medline: 35920468]

JMIR Hum Factors 2025 | vol. 12 | e64629 | p.2000https://humanfactors.jmir.org/2025/1/e64629
(page number not for citation purposes)

Leuzzi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e64629_app5.docx&filename=7e27be91-88fe-11f0-b16f-39fb79112623.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e64629_app5.docx&filename=7e27be91-88fe-11f0-b16f-39fb79112623.docx
http://dx.doi.org/10.1111/1468-246X.00118
http://dx.doi.org/10.3390/uro1010003
http://www.who.int/hpr/
http://dx.doi.org/10.1111/j.1468-2397.2012.00871.x
http://dx.doi.org/10.4258/hir.2016.22.4.253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27895955&dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2018.05.008
http://dx.doi.org/10.1177/1932296818822215
http://dx.doi.org/10.2196/15433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34855618&dopt=Abstract
http://dx.doi.org/10.2196/13057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130169&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25855847&dopt=Abstract
https://www.ncbi.nlm.nih.gov/books/NBK284791
https://www.ncbi.nlm.nih.gov/books/NBK284791
http://dx.doi.org/10.1186/s12955-019-1194-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31311564&dopt=Abstract
http://dx.doi.org/10.1093/phe/phad017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38333767&dopt=Abstract
http://dx.doi.org/10.3389/fpsyg.2023.1103109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36814667&dopt=Abstract
https://www.istat.it/
http://dx.doi.org/10.1038/s41746-019-0212-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32047860&dopt=Abstract
http://dx.doi.org/10.3390/ijerph19127228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35742477&dopt=Abstract
http://dx.doi.org/10.2196/18347
http://dx.doi.org/10.1136/bjsports-2020-102892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33355160&dopt=Abstract
https://www.researchgate.net/publication/46706288_International_Handbook_Of_Survey_Methodology_2008
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://gdpr-info.eu/
https://www.strobe-statement.org/
http://dx.doi.org/10.1097/BRS.0000000000004422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35920468&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


25. Tavakol M, Dennick R. Making sense of Cronbach’s alpha. Int J Med Educ 2011 Jun 27;2:53-55. [doi:
10.5116/ijme.4dfb.8dfd] [Medline: 28029643]

26. Greenhalgh T, Hinton L, Finlay T, et al. Frameworks for supporting patient and public involvement in research: systematic
review and co-design pilot. Health Expect 2019 Aug;22(4):785-801. [doi: 10.1111/hex.12888] [Medline: 31012259]

27. Giannarou L, Zervas E. Using Delphi technique to build consensus in practice. IJBSAM 2014;9(2):65-82 [FREE Full text]
[doi: 10.69864/ijbsam.9-2.106]

28. Leuzzi G, Recenti F, Giardulli B, Scafoglieri A, Testa M. Exploring digital health: a qualitative study on adults’ experiences
with health apps and wearables. Int J Qual Stud Health Well-being 2025 Dec 31;20(1). [doi: 10.1080/17482631.2024.2447096]

29. Zhou L, Bao J, Watzlaf V, Parmanto B. Barriers to and facilitators of the use of mobile health apps from a security perspective:
mixed-methods study. JMIR Mhealth Uhealth 2019 Apr 16;7(4):e11223 [FREE Full text] [doi: 10.2196/11223] [Medline:
30990458]

30. Rasche P, Wille M, Bröhl C, et al. Prevalence of health app use among older adults in Germany: national survey. JMIR
Mhealth Uhealth 2018 Jan 23;6(1):e26. [doi: 10.2196/mhealth.8619] [Medline: 29362211]

31. Hilmarsdóttir E, Sigurðardóttir Á, Arnardóttir RH. A digital lifestyle program in outpatient treatment of type 2 diabetes: a
randomized controlled study. J Diabetes Sci Technol 2021 Sep;15(5):1134-1141. [doi: 10.1177/1932296820942286]
[Medline: 32680441]

32. Choe EK, Abdullah S, Rabbi M, et al. Semi-automated tracking: a balanced approach for self-monitoring applications.
IEEE Pervasive Comput 2017;16(1):74-84. [doi: 10.1109/MPRV.2017.18]

33. Hahn SL, Hazzard VM, Larson N, Klein L, Loth KA, Neumark-Sztainer D. Correlates of weight-related self-monitoring
application use during emerging adulthood in a population-based sample. Eat Weight Disord 2022 Aug;27(6):2107-2119.
[doi: 10.1007/s40519-021-01349-4]

34. Melcher J, Camacho E, Lagan S, Torous J. College student engagement with mental health apps: analysis of barriers to
sustained use. J Am Coll Health 2022;70(6):1819-1825. [doi: 10.1080/07448481.2020.1825225] [Medline: 33048626]

35. Borghouts J, Eikey E, Mark G, et al. Barriers to and facilitators of user engagement with digital mental health interventions:
systematic review. J Med Internet Res 2021 Mar 24;23(3):e24387. [doi: 10.2196/24387] [Medline: 33759801]

36. Benedetti D, Olcese U, Frumento P, et al. Heart rate detection by Fitbit ChargeHRTM: a validation study versus portable
polysomnography. J Sleep Res 2021;30:e13346. [doi: 10.1111/jsr.13346] [Medline: 33837981]

37. Howell MD, Corrado GS, DeSalvo KB. Three epochs of artificial intelligence in health care. JAMA 2024 Jan
16;331(3):242-244. [doi: 10.1001/jama.2023.25057] [Medline: 38227029]

38. Hiller J, Schatz K, Drexler H. Gender influence on health and risk behavior in primary prevention: a systematic review. J
Public Health 2017 Aug;25(4):339-349. [doi: 10.1007/s10389-017-0798-z]

39. Antezana G, Venning A, Smith D, Bidargaddi N. Do young men and women differ in well-being apps usage? Findings
from a randomised trial. Health Informatics J 2022;28(1):14604582211064825. [doi: 10.1177/14604582211064825]
[Medline: 35128952]

40. Simons D, De Bourdeaudhuij I, Clarys P, De Cocker K, Vandelanotte C, Deforche B. A smartphone app to promote an
active lifestyle in lower-educated working young adults: development, usability, acceptability, and feasibility study. JMIR
Mhealth Uhealth 2018;6(2):e44 [FREE Full text] [doi: 10.2196/mhealth.8287]

41. Jembai JVJ, Wong YLC, Bakhtiar N, et al. Mobile health applications: awareness, attitudes, and practices among medical
students in Malaysia. BMC Med Educ 2022 Dec;22(1). [doi: 10.1186/s12909-022-03603-4]

42. Kc B, Alrasheedy AA, Hing Goh B, et al. The types and pattern of use of mobile health applications among the general
population: a cross-sectional study from Selangor, Malaysia. Patient Prefer Adherence 2021;15:1755-1762. [doi:
10.2147/PPA.S325851] [Medline: 34408408]

43. Thornton L, Gardner LA, Osman B, et al. A multiple health behavior change, self-monitoring mobile app for adolescents:
development and usability study of the Health4Life App. JMIR Form Res 2021 Jan;5(4):e25513. [doi: 10.2196/25513]

44. Vijayan V, Connolly JP, Condell J, McKelvey N, Gardiner P. Review of wearable devices and data collection considerations
for connected health. Sensors (Basel) 2021 Aug 19;21(16):5589. [doi: 10.3390/s21165589] [Medline: 34451032]

45. Rodriguez VH, Medrano CT, Plaza I. Wearable sensors for measuring movement in short sessions of mindfulness sitting
meditation: a pilot study. J Healthc Eng 2018;2018:7275049. [doi: 10.1155/2018/7275049] [Medline: 29854363]

46. Jabour AM, Rehman W, Idrees S, Thanganadar H, Hira K, Alarifi MA. The adoption of mobile health applications among
university students in health colleges. J Multidiscip Healthc 2021;14:1267-1273. [doi: 10.2147/JMDH.S310539] [Medline:
34103927]

47. Willems SJ, Coppieters MW, Pronk Y, et al. A clinical journey mobile health app for perioperative patients: cross-sectional
study. JMIR Hum Factors 2021 Feb 8;8(1):e20694 [FREE Full text] [doi: 10.2196/20694] [Medline: 33555262]

48. Schneider T, Baum L, Amy A, Marisa C. I have most of my asthma under control and I know how my asthma acts: users’
perceptions of asthma self-management mobile app tailored for adolescents. Health Informatics J 2020 Mar;26(1):342-353.
[doi: 10.1177/1460458218824734] [Medline: 30732520]

49. Ndayizigamiye P, Kante M, Shingwenyana S. An adoption model of mHealth applications that promote physical activity.
Cogent Psychol 2020 Dec 31;7(1):1764703. [doi: 10.1080/23311908.2020.1764703]

JMIR Hum Factors 2025 | vol. 12 | e64629 | p.2001https://humanfactors.jmir.org/2025/1/e64629
(page number not for citation purposes)

Leuzzi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.5116/ijme.4dfb.8dfd
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28029643&dopt=Abstract
http://dx.doi.org/10.1111/hex.12888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31012259&dopt=Abstract
http://hdl.handle.net/10419/190657https://creativecommons.org/licenses/by/2.0/uk/
http://dx.doi.org/10.69864/ijbsam.9-2.106
http://dx.doi.org/10.1080/17482631.2024.2447096
https://mhealth.jmir.org/2019/4/e11223
http://dx.doi.org/10.2196/11223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30990458&dopt=Abstract
http://dx.doi.org/10.2196/mhealth.8619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29362211&dopt=Abstract
http://dx.doi.org/10.1177/1932296820942286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32680441&dopt=Abstract
http://dx.doi.org/10.1109/MPRV.2017.18
http://dx.doi.org/10.1007/s40519-021-01349-4
http://dx.doi.org/10.1080/07448481.2020.1825225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33048626&dopt=Abstract
http://dx.doi.org/10.2196/24387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33759801&dopt=Abstract
http://dx.doi.org/10.1111/jsr.13346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33837981&dopt=Abstract
http://dx.doi.org/10.1001/jama.2023.25057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38227029&dopt=Abstract
http://dx.doi.org/10.1007/s10389-017-0798-z
http://dx.doi.org/10.1177/14604582211064825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35128952&dopt=Abstract
https://mhealth.jmir.org/2018/2/e44
http://dx.doi.org/10.2196/mhealth.8287
http://dx.doi.org/10.1186/s12909-022-03603-4
http://dx.doi.org/10.2147/PPA.S325851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34408408&dopt=Abstract
http://dx.doi.org/10.2196/25513
http://dx.doi.org/10.3390/s21165589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34451032&dopt=Abstract
http://dx.doi.org/10.1155/2018/7275049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29854363&dopt=Abstract
http://dx.doi.org/10.2147/JMDH.S310539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34103927&dopt=Abstract
https://humanfactors.jmir.org/2021/1/e20694
http://dx.doi.org/10.2196/20694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33555262&dopt=Abstract
http://dx.doi.org/10.1177/1460458218824734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30732520&dopt=Abstract
http://dx.doi.org/10.1080/23311908.2020.1764703
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Goodyear VA, Armour KM, Wood H. Young people learning about health: the role of apps and wearable devices. Learn
Media Technol 2019 Apr 3;44(2):193-210. [doi: 10.1080/17439884.2019.1539011]

51. Arora S, ter Hofstede F, Mahajan V. The implications of offering free versions for the performance of paid mobile apps. J
Mark 2017 Nov;81(6):62-78. [doi: 10.1509/jm.15.0205]

52. Liu H, Liu S. Research on advertising and quality of paid apps, considering the effects of reference price and goodwill.
Mathematics 2020 Jun;8(5):733. [doi: 10.3390/math8050733]

53. García JS, Alonso SG, de la Torre Díez I, et al. Reviewing mobile apps to control heart rate in literature and virtual stores.
J Med Syst 2019 Feb 19;43(4):80. [doi: 10.1007/s10916-019-1202-z] [Medline: 30783824]

54. Zhao W, Ge Y, Qu W, Zhang K, Sun X. The duration perception of loading applications in smartphone: effects of different
loading types. Appl Ergon 2017 Nov;65:223-232. [doi: 10.1016/j.apergo.2017.06.015]

55. Newton A, Bagnell A, Rosychuk R, et al. A mobile phone-based app for use during cognitive behavioral therapy for
adolescents with anxiety (MindClimb): user-centered design and usability study. JMIR Mhealth Uhealth 2020 Dec
8;8(12):e18439. [doi: 10.2196/18439] [Medline: 33289671]

56. Wang Y, Huang Y, Li J, Zhang J. The effect of mobile applications’ initial loading pages on users’mental state and behavior.
Displays 2021 Jul;68:102007. [doi: 10.1016/j.displa.2021.102007]

57. Timmers T, Janssen L, van der Weegen W, et al. The effect of an app for day-to-day postoperative care education on patients
with total knee replacement: randomized controlled trial. JMIR Mhealth Uhealth 2019 Oct 21;7(10):e15323. [doi:
10.2196/15323] [Medline: 31638594]

58. Harmon DJ, Burgoon JM, Kalmar EL. Development and assessment of an integrated anatomy mobile app. Clin Anat 2022
Jul;35(5):686-696. [doi: 10.1002/ca.23895] [Medline: 35452135]

59. McCall T, Threats M, Pillai M, Lakdawala A, Bolton CS. Recommendations for design of a mobile application to support
management of anxiety and depression among Black American women. Front Digit Health 2022;4:1028408. [doi:
10.3389/fdgth.2022.1028408] [Medline: 36620185]

60. Cao Y, Zhang Y, Ding Y, Duffy VG, Zhang X. Is an anthropomorphic app icon more attractive? Evidence from
neuroergonomomics. Appl Ergon 2021 Nov;97:103545. [doi: 10.1016/j.apergo.2021.103545] [Medline: 34352470]

61. Bol N, Høie NM, Nguyen MH, Smit ES. Customization in mobile health apps: explaining effects on physical activity
intentions by the need for autonomy. Digit Health 2019;5:2055207619888074. [doi: 10.1177/2055207619888074] [Medline:
31807312]

62. Liu N, Yin J, Tan SSL, Ngiam KY, Teo HH. Mobile health applications for older adults: a systematic review of interface
and persuasive feature design. J Am Med Inform Assoc 2021 Oct 12;28(11):2483-2501. [doi: 10.1093/jamia/ocab151]
[Medline: 34472601]

63. Kruzan KP, Reddy M, Washburn JJ, Mohr DC. Developing a mobile app for young adults with nonsuicidal self-injury: a
prototype feedback study. Int J Environ Res Public Health 2022 Dec 2;19(23):16163. [doi: 10.3390/ijerph192316163]
[Medline: 36498234]

64. Pérez-López IJ, Navarro-Mateos C, Mora-Gonzalez J. “STAR WARS: The first Jedi” gamification program: use of a mobile
app to improve body composition in college students. Games Health J 2022 Oct;11(5):321-329. [doi: 10.1089/g4h.2022.0046]
[Medline: 35944270]

65. Anderson K, Burford O, Emmerton L. Mobile health apps to facilitate self-care: a qualitative study of user experiences.
PLoS ONE 2016;11(5):e0156164. [doi: 10.1371/journal.pone.0156164] [Medline: 27214203]

66. Tong HL, Coiera E, Laranjo L. Using a mobile social networking app to promote physical activity: a qualitative study of
users’ perspectives. J Med Internet Res 2018 Dec 21;20(12):e11439. [doi: 10.2196/11439] [Medline: 30578201]

67. Arigo D, Brown MM, Pasko K, Suls J. Social comparison features in physical activity promotion apps: scoping meta-review.
J Med Internet Res 2020 Mar 27;22(3):e15642. [doi: 10.2196/15642] [Medline: 32217499]

68. Tong HL, Laranjo L. The use of social features in mobile health interventions to promote physical activity: a systematic
review. NPJ Digit Med 2018;1(1):43. [doi: 10.1038/s41746-018-0051-3] [Medline: 31304323]

69. Helbostad JL, Vereijken B, Becker C, et al. Mobile health applications to promote active and healthy ageing. Sensors
(Basel) 2017 Mar 18;17(3):622. [doi: 10.3390/s17030622] [Medline: 28335475]

70. Baer NR, Vietzke J, Schenk L. Middle-aged and older adults’ acceptance of mobile nutrition and fitness apps: a systematic
mixed studies review. PLoS ONE 2022;17(12):e0278879. [doi: 10.1371/journal.pone.0278879] [Medline: 36520839]

71. Chettri S, Wang V, Balkin EA, Rayo MF, Lee CN. Development of a mobile app for clinical research: challenges and
implications for investigators. JMIR Mhealth Uhealth 2022 Apr 1;10(4):e32244. [doi: 10.2196/32244] [Medline: 35363154]

72. Bautista J, Schueller SM. Understanding the adoption and use of digital mental health apps among college students: secondary
analysis of a national survey. JMIR Ment Health 2023 Mar 22;10:e43942. [doi: 10.2196/43942] [Medline: 36947115]

73. McCallum C, Rooksby J, Gray CM. Evaluating the impact of physical activity apps and wearables: interdisciplinary review.
JMIR Mhealth Uhealth 2018 Mar 23;6(3):e58. [doi: 10.2196/mhealth.9054] [Medline: 29572200]

Abbreviations
HBM: health belief model

JMIR Hum Factors 2025 | vol. 12 | e64629 | p.2002https://humanfactors.jmir.org/2025/1/e64629
(page number not for citation purposes)

Leuzzi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1080/17439884.2019.1539011
http://dx.doi.org/10.1509/jm.15.0205
http://dx.doi.org/10.3390/math8050733
http://dx.doi.org/10.1007/s10916-019-1202-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30783824&dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2017.06.015
http://dx.doi.org/10.2196/18439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33289671&dopt=Abstract
http://dx.doi.org/10.1016/j.displa.2021.102007
http://dx.doi.org/10.2196/15323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31638594&dopt=Abstract
http://dx.doi.org/10.1002/ca.23895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35452135&dopt=Abstract
http://dx.doi.org/10.3389/fdgth.2022.1028408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36620185&dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2021.103545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34352470&dopt=Abstract
http://dx.doi.org/10.1177/2055207619888074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31807312&dopt=Abstract
http://dx.doi.org/10.1093/jamia/ocab151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34472601&dopt=Abstract
http://dx.doi.org/10.3390/ijerph192316163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36498234&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2022.0046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35944270&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0156164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27214203&dopt=Abstract
http://dx.doi.org/10.2196/11439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30578201&dopt=Abstract
http://dx.doi.org/10.2196/15642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217499&dopt=Abstract
http://dx.doi.org/10.1038/s41746-018-0051-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304323&dopt=Abstract
http://dx.doi.org/10.3390/s17030622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28335475&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0278879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36520839&dopt=Abstract
http://dx.doi.org/10.2196/32244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35363154&dopt=Abstract
http://dx.doi.org/10.2196/43942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36947115&dopt=Abstract
http://dx.doi.org/10.2196/mhealth.9054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29572200&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


mHealth: mobile health
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology

Edited by A Kushniruk; submitted 22.07.24; peer-reviewed by B Pouls, H Wieser, S Mitra; revised version received 09.05.25; accepted
27.05.25; published 03.09.25.

Please cite as:
Leuzzi G, Job M, Scafoglieri A, Testa M
Smartphone Apps and Wearables for Health Parameters in Young Adulthood: Cross-Sectional Study
JMIR Hum Factors 2025;12:e64629
URL: https://humanfactors.jmir.org/2025/1/e64629 
doi:10.2196/64629

© Gaia Leuzzi, Mirko Job, Aldo Scafoglieri, Marco Testa. Originally published in JMIR Human Factors
(https://humanfactors.jmir.org), 3.9.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic
information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

JMIR Hum Factors 2025 | vol. 12 | e64629 | p.2003https://humanfactors.jmir.org/2025/1/e64629
(page number not for citation purposes)

Leuzzi et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2025/1/e64629
http://dx.doi.org/10.2196/64629
http://www.w3.org/Style/XSL
http://www.renderx.com/


Developing a Data Trust Model (Not Only) for Sleep Research:
Conceptual Study and Quantitative Survey

Raphael Jan Dressle1, PhD; Dieter Riemann1, PhD; Nicole Thoma1, MSc; Christina Erler2, MSc, PhD; Rodger

Burmeister2, Dipl-Inf; Bianka Jogwitz3, MA; Katharina Domschke1,4, MD, PhD; Kai Spiegelhalder1, MD, PhD;

Joachim Boldt5,6, PhD; Svenja Wiertz5, DPhil; Bernd Feige1, PhD
1Department of Psychiatry and Psychotherapy, Medical Center - University of Freiburg, Faculty of Medicine, University of Freiburg,
Albert-Ludwigs-Universität Freiburg, c/o Medizinische Fakultät, Klinik für Psychiatrie und Psychotherapie, Hauptstraße 5, Freiburg, Germany
2FZI Research Center for Information Technology, Karlsruhe, Germany
3Medical Center - University of Freiburg, Faculty of Medicine, University of Freiburg, Freiburg, Germany
4German Center for Mental Health (DZPG), Partner site Berlin/Potsdam, Berlin, Germany
5Department of Medical Ethics and the History of Medicine, University of Freiburg, Freiburg, Germany
6Center for Philosophy and Ethics of Health, University of Southern Denmark, Odense, Denmark

Corresponding Author:
Raphael Jan Dressle, PhD
Department of Psychiatry and Psychotherapy, Medical Center - University of Freiburg, Faculty of Medicine, University of
Freiburg, Albert-Ludwigs-Universität Freiburg, c/o Medizinische Fakultät, Klinik für Psychiatrie und Psychotherapie, Hauptstraße
5, Freiburg, Germany

Abstract

Background: A large amount of data are generated in health care facilities, yet it is rarely made available for secondary research
use. The reasons are manifold. Most importantly, different stakeholders’ needs must be balanced. However, there are currently
hardly any feasible solutions for this.

Objective: This study aimed to develop a data trust model with supporting user interface applications to provide a legally and
ethically sound framework for secondary use of medical data. The development was based on extensive surveys of various
stakeholders.

Methods: Semistructured interviews were conducted with researchers (data users) and institutional representatives of the Medical
Center–University of Freiburg, and online questionnaires were administered to patients (data subjects), data users, and institutional
representatives. The questionnaire for data subjects covered the dimensions of trust (measured with a 5-point Likert scale), quality
of interaction and involvement (measured with a 4-point Likert scale), subjective and objective understanding, and usability
(measured with the user version of the Mobile Application Rating Scale). For all other stakeholder groups, the questionnaire
focused on usability measured using the user version of the Mobile Application Rating Scale. The surveys comprised a requirement
elicitation followed by two rounds of evaluation. Independent-samples Welch t tests were used to compare group means between
the first and second evaluations.

Results: We devised SouveMed, a framework for secondary use of medical data, applied to the use case of sleep research data.
The model includes secure onboarding of data subjects and using digital consent and a digital interface for data users for onboarding,
defining research aims, querying the amount of available data, and, finally, either downloading data or having algorithms run on
it. At its core is a data trust entity that matches descriptions, consents, and constraints of all stakeholders using digital representations
and constraint-solving techniques. Fourteen participants took part in the requirements elicitation, 22 in the first evaluation, and
16 in the second evaluation. In both the first and the second evaluations, data subjects showed a high level of trust in the concept,
with mean ratings on the trust scale of 4.23 (SD 0.46) in the first and 4.23 (SD 0.68) in the second evaluation (t15.78=0.03, P=.97).
Regarding usability, the mean functionality score of the data user system increased from 3.56 (SD 0.77) in the first to 4.58 (SD
0.38) out of 5 points in the second evaluation (t10.69=−3.28, P=.008). The mean functionality score of the data subject system
increased from 4.30 (SD 0.41) in the first to 4.50 (SD 0.74) in the second evaluation (t13.99=−0.75, P=.46).

Conclusions: The SouveMed concept provides a comprehensive framework for the secondary use of medical data. The developed
processes can be adapted to other areas of medical research.

Trial Registration: German Clinical Trial Register DRKS00031093; https://drks.de/search/en/trial/DRKS00031093/details

(JMIR Hum Factors 2025;12:e66513)   doi:10.2196/66513
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Introduction

Digitalization in health care holds great potential for data-driven
research and scientific progress for the benefit of patients and
the general public. This includes, for example, automated
systems for disease prediction [1-3], as well as innovative
approaches that enhance data exchange between practitioners
and enable better patient monitoring [4]. However, the use of
data for purposes outside the specific treatment context (ie,
secondary use) is hindered by several aspects. While an
increasing amount of data is being digitally recorded during
treatment, the common notion of data silos, where data is in
principle readily accessible for research purposes, is too
simplistic. This is because many processes in routine clinical
care are not yet sufficiently digitized, and many analog,
paper-based processes remain [5,6]. Furthermore, even digitized
data is often not sufficiently preprocessed to be directly
accessible for research purposes. They are documented using
different software systems that lack interoperability and are
stored in a variety of file formats [5-7]. In clinical practice, for
example, questionnaires are still frequently handed out in paper
form. Digitizing these questionnaires can simply mean that they
are scanned and saved in PDF format. A major challenge in this
context is the fact that electronic health records, while
principally useful for research, are primarily intended to
document treatment and reimbursement. Separate measures are
necessary to render health record data fit for purpose regarding
research and to check data quality [8,9].

Legal restrictions are another major obstacle. In the European
Union, the introduction of the General Data Protection
Regulation (GDPR) has been celebrated as a milestone for the
protection of data subjects’ rights but has also been criticized
for creating obstacles to research [10-13]. For example, it has
been criticized that the GDPR sets higher standards for
anonymization than was previously the case in many European
Union member states [12,14]. Recital 26 of the GDPR states
that pseudonymized data “should be considered to be
information on an identifiable natural person.” This has been
interpreted to mean that, in principle, all key-coded data must
be considered and treated as identifiable personal data, even if
the researcher holding the data is not in possession of the key
to re-identify it [14]. Therefore, a legal basis is required for the
processing of this data, which generally requires greater efforts
from researchers and their infrastructure in terms of data
protection.

Article 9 of the GDPR outright prohibits the processing of
sensitive personal data, which includes health-related data. An
exception is made in Article 9 (2) (a) if the patient (data subject)
has given explicit consent to the processing of the personal data.
Another exception refers directly to scientific research. Under
Article 9 (2) (j), processing of sensitive data is allowed for
research purposes if appropriate safeguards are in place and a
lawful basis for the processing of data is given in the Union or
the relevant member state in accordance with Article 6 [11,15].

With regard to consent, there are different consent models to
choose from, ranging from broad consent (ie, consent for future
studies whose exact research questions and specifications are
unknown) to specific consent for a particular study. Hybrid
models between broad and specific consent have been developed
that allow participants to specify the terms of use without having
to give consent for each individual study (tiered consent; for a
general overview on different consent models, see [16]).
However, in the area of secondary use of medical data, it may
be impractical to obtain explicit consent (eg, due to the need to
reconsent for data already generated), and it has been suggested
that it would often be useful to consider other possible legal
bases (eg, [11,14]).

The secondary use of health data must, however, also comply
with other legal and ethical principles that are not fully taken
into account in the GDPR [14]. While from the perspective of
the GDPR, obtaining active consent might be replaced by
referring to the special purpose of scientific research (if the
required legal basis in the relevant member state exists, as
mentioned above), consent is still a central ethical standard in
medical research. Of particular interest in the field of medical
research are the ethical principles formulated in the Declaration
of Helsinki (DOH) [17] and Taipei (DOT) [18] of the World
Medical Association. The DOH formulates general ethical
principles for medical research involving human subjects, while
the DOT focuses specifically on principles for databases
containing health data. Both statements emphasize the
importance of explicit consent for the secondary use of health
data. The DOH states that “physicians or other qualified
individuals must obtain free and informed consent from research
participants for the collection, processing, storage, and
foreseeable secondary use of biological material and identifiable
or re-identifiable data” [17]. The DOT sets out further rules,
such as the right to receive information about the use of the data
and the right to change or withdraw consent at any time [18].
Indeed, these principles are in line with the spirit of the GDPR,
which formulates and generally strengthens key data subject
rights centered on purpose limitation, sovereignty, and
transparency, including the right to be informed about processing
and the rights to erasure and restriction of processing (see
Articles 5 and 6) [10,15,19].

In addition to these basic requirements for the secondary use of
research data, it should not be neglected that the secondary use
of medical and research data affects many different interests,
which must be carefully balanced in order to achieve the
acceptance of all stakeholders. Besides the data subject and data
users, these stakeholders crucially include the data-generating
side, which is typically a clinic or practitioner who cannot waive
their care obligations regarding the patient, including the use
of sensitive data. With respect to the data subjects, it has been
shown that patients are generally very willing to allow access
to their health data for public research purposes [20-24].
Nevertheless, many patients are concerned about a lack of
privacy, transparency, and data security [25,26]. To address
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these concerns, a sufficient level of trust is required [27,28]. In
this regard, appropriate patient involvement and communication
appears to be crucial [25,26]. Adequate information about the
secondary use of health data should be provided in an
understandable and, at best, personalized form [26], including
information about specific projects and findings related to data
use [28]. Although there are large interindividual differences
in the level of involvement favored by patients, many studies
show that a large number of patients prefer a high level of
control over their health data [28-32].

As noted above, data users are another important stakeholder
group. There is a widespread view that considers health data to
be the private property of patients. However, this approach falls
short. Concepts of ownership cannot easily be applied to data,
and health data can be considered as coconstructed, involving
both the data subject and the clinicians and researchers with the
generating institution, who contribute their efforts in collecting,
classifying, interpreting, processing, and storing the data [33-35].
Because of this crucial contribution and the care obligations of
the generating institutions noted above, the needs and constraints
of institutions and researchers involved in the generation of
health data must be equally considered. Correspondingly, the
willingness of institutions and researchers to share health data
without appropriate incentives, as well as trust and legal security,
is often low [36,37]. At the same time, data users formulate
their own requirements for the composition of data sets,
utilization options, and acceptable expenditures.

The secondary use of health data, therefore, takes place in a
complex environment: legal norms (relating to, but not limited
to, data protection regulation), ethical standards, and the interests
and needs of different stakeholder groups must be taken into
account and balanced. At the same time, a progressive increase
in the amount of data available can be expected, which
necessitates time- and cost-efficient processes to make use of
this data. While initiatives such as the envisaged European
Health Data Space (EHDS), the centralized Finnish health data
registries, and the German Medizininformatikinitiative (medical
informatics initiative), among others, prove that the secondary
use of health data is on the political and societal agenda, overall,
the development is still in its infancy and the great potential
that lies in the secondary use of data is currently not being
realized. As a possible solution to the problems outlined above,
the possibility of data trust models is being discussed (eg,
[38-41]). In a report for the United Kingdom government by
Hall and Pesenti [41] on the future use of artificial intelligence,
data trusts are defined in an overarching manner as “a set of
relationships underpinned by a repeatable framework, compliant
with parties’ obligations, to share data in a fair, safe and
equitable way” (p. 46). Nevertheless, as comprehensively
summarized by Lauf et al [42], there is currently no universally
accepted definition of a data trust. Instead, based on an analysis
of applications across various domains, four archetypes of data
trusts have been proposed, each with distinct characteristics:
data brokerage trustees, data processing trustees, data
aggregation trustees, and data custody trustees [42]. In view of
the strict data protection requirements associated with the use
of health data, existing studies in the medical domain have
examined technical features designed to mitigate potential risks.

For example, based on a security-by-design approach, the
modular separation of demographic and medical data has been
proposed to improve data protection within a data trust [43]. In
the context of the German medical informatics initiative, the
secondary use of medical data is being facilitated by the
so-called data integration centers at several university hospitals.
Access to the data is controlled by use and access committees,
which manually review and evaluate data requests before
granting access [44,45]. However, beyond these technical and
organizational considerations, the successful implementation
of a data trust model also depends on stakeholder acceptance
and its effective integration into existing clinical workflows.

The aim of the present study was to design a comprehensive
legally and ethically sound data trust model from the early
conceptualization, through the technical implementation of a
prototype system, to its evaluation from the perspectives of
various stakeholders. In this study, a data trust model was
conceptualized as a neutral entity that facilitates data use while
accounting for the interests of all involved stakeholders.
Importantly, the data trust—by our definition—does not make
decisions on behalf of others. At its core, the system includes
a matching service that automatically compares the rules and
requirements specified by each stakeholder. When these align,
access is granted, without the system itself exercising
intentionality. Development prioritized preserving data subjects’
sovereignty while ensuring that system processes remain
scalable.

The evaluation was preregistered in a clinical trials registry
(German Clinical Trials Registry DRKS00031093). A particular
focus was on the use case of sleep research. Sleep research
seemed particularly suitable as it is a highly relevant field that
warrants further intensified research efforts due to the high
prevalence and disease burden of sleep disorders. For example,
up to 10% of the general population experiences an insomnia
disorder [46] and between 9% and 38% (dependent on age group
and methodological approach used) from obstructive sleep apnea
[47]. In addition, the field of sleep research is particularly
suitable for data-based approaches, as investigating sleep
generates a large amount of data, such as sensor data (from the
conventionally used polysomnography to modern lifestyle
devices such as smartwatches) and subjective data [48]. Besides
that, this field is especially sensitive because of its links to
psychiatry and is underrepresented in current data-sharing
initiatives.

Methods

Overview of Study Design
The conceptualization of the data trust model was carried out
in five steps (see Figure 1). First, a participatory approach was
used to identify relevant needs regarding a data trust model
from the perspective of different stakeholders and to define
basic requirements for a data trust (requirement elicitation).
This included a survey of data subjects, patient representatives,
and sleep researchers (data users). An initial conceptual model
was then developed, which included a refinement of the relevant
procedures and first interactive mock-ups of user interfaces
(UI). In a second step, these UIs and procedures were evaluated
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from the perspective of data subjects, data users, and institutional
representatives (including data protection and ethics experts;
first evaluation). The feedback was used to further refine the

system prototype that was developed in parallel. This prototype
was then evaluated again in a second evaluation, which was
similar to the process used in the first round of evaluation.

Figure 1. Overview of the study design. HCTS: Human-Computer Trust Scale; QII: Quality of Interaction and Involvement; uMARS: user version of
the Mobile Application Rating Scale.

Requirements Elicitation
Separate questionnaires were developed for data subjects/patient
representatives and data users. The questions were developed
on the basis of a structured consensus process in the project
group with the participation of IT experts and sleep researchers
and included questions on general attitudes toward data sharing
and preferred consent models as well as technical and
organizational requirements, depending on the target group.
The full questionnaire used for the requirements elicitation is
available upon request.

Evaluation

Overview
The aim of the evaluation study was twofold. First, we wanted
to gain some general insights into attitudes toward data sharing
with a data trust model from the perspective of different
stakeholder groups. These included data subjects from the sleep
laboratory, Department of Psychiatry, Medical
Center–University of Freiburg, as well as data
users/representatives from data-generating institutions. We also
aimed at evaluating our specific data sharing process and data
trust model from both perspectives. To this end, we conducted
a series of anonymous surveys using a semistructured interview
and questionnaires (see below). The relevant constructs for the

development of the questionnaires were identified in internal
project workshops as well as on the basis of a systematic
literature search and the needs analysis.

Semistructured Interviews
Semistructured interviews were conducted with data users and
institutional representatives to gain a more comprehensive
picture of the views on data sharing and the corresponding
needs. This consisted of a total of 10 predefined questions (see
Multimedia Appendix 1).

Questionnaire
In total, the questionnaire for data subjects comprised 51 items,
which included 4 sociodemographic questions, 5 open questions,
33 Likert scale items, and 9 statement items. The questionnaire
for data users/institutional representatives included a total of
30 items, which included 2 sociodemographic questions, 6 open
questions, 16 Likert scale items, and 6 statement items.

Trust was assessed using the human-computer trust scale
(HCTS) [49]. The HCTS is a 12-item questionnaire for assessing
user trust based on the human-computer trust model [50]. The
HCTS includes questions on three dimensions that have been
shown to measure trust. These include benevolence (ie, the
belief that a system acts in the interest of the user and provides
sufficient help if necessary), competence (ie, whether the system
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has all features and functions that are necessary to fulfill the
intended tasks), and perceived risk (individual evaluation
regarding the probability of adverse consequences when using
the system). All questions were answered on a 5-point Likert
scale from 1 (“strongly disagree”) to 5 (“strongly agree”).

Quality of interaction and involvement (QII) was assessed using
7 questions developed by Abdelhamid et al [51]. The questions
were translated into German and adapted to relate specifically
to the SouveMed process (eg, “Have your feelings and emotions
been given the attention they deserve?”). Data subjects had to
answer on a 4-point Likert scale (“yes, always” to “no, never”).

The German version of the Mobile Application Rating Scale
(MARS) [52] was used to assess usability. Three of four sections
that are part of the user version of the MARS (uMARS) [53]
were presented. These include the following sections:
functionality (eg, “How easy is it to learn how to use the
SouveMed app; how clear are the menu labels, icons and
instructions?”), aesthetics (eg, “Visual appeal: How good does
the SouveMed app look?”), and subjective quality (eg, “Would
you recommend the SouveMed app to people who might benefit
from it?”). We decided to use only a subset of the sections to
avoid overlap with other elements of our comprehensive
questionnaire and because some sections were not applicable
to the objectives and content of our specific system. All
questions were answered on a 5-point Likert scale, with
responses reflecting judgments ranging from “inadequate” to
“excellent.” Higher scores, therefore, reflect higher quality
ratings for the respective domain.

Sociodemographic information and understanding were assessed
using 13 items of the questionnaire developed by Richter et al
[21]. This included a self-assessment of understanding,
subjective reasons for possible poor understanding, and
questions to assess the content-related understanding objectively.

Participants
Current patients and participants of other studies in the sleep
laboratory at the Department of Psychiatry, Medical
Center–University of Freiburg, as well as data users, that is,
sleep researchers and representatives of the Medical
Center–University of Freiburg with special expertise in data
protection or ethics, were approached and invited to participate
voluntarily in the study. Participants who were 18 years or older
were included and provided informed consent. We excluded
pregnant participants and patients with severe mental or somatic
disorders that would have made it unreasonable or impracticable
to conduct the survey.

Ethical Considerations
Approval of the ethics committee of the University of Freiburg,
Freiburg, Germany, was obtained (case number 23-1047-S2).
The study was conducted in accordance with applicable German
and EU data protection regulations as well as the DOH.
Participation was voluntary and not compensated. All
participants were informed about the aims, methods, risks, and
potential benefits of the study and provided documented
informed consent. No personally identifying information was
collected, ensuring that all study data were fully anonymized.

Statistical Analysis
The results were averaged, and questionnaire scores are
presented as mean (SD) values where possible. Analyses were
performed using the statistics software R (version 4.5.0). In the
case of missing data, subjects were excluded only from analyses
involving the variables for which data were missing (pairwise
deletion). Independent-samples Welch t tests were used to
compare group means between the first and second evaluation,
and Hedges g was calculated as a measure of effect size. P
values ≤.05 were considered statistically significant.

Results

Requirements Elicitation and the SouveMed Data
Trust

Requirements Elicitation
We received feedback from a total of 14 participants, including
10 data subjects/patient representatives and 4 data users. From
the data subject’s perspective, the survey revealed a clear
preference for the possibility of personal contact as part of the
informed consent process. There was also a preference for a
consent model that allows for further refinement of the
conditions under which data sharing is permitted. However, the
majority of respondents were critical of giving separate consent
for each individual data request. In addition, there was a high
general willingness to provide data, although sufficient
transparency and data security were often formulated as the
most important conditions for this. Furthermore, 5 (50%) of the
data subjects considered it “very important” or “important” to
receive information about study results that were obtained using
their own data. With 6 data subjects (60%), a majority
considered it “very important” or “important” to receive a brief
description of study projects, and 5 (50%) considered it “very
important” or “important” to receive more detailed information
about the status of these studies. A large proportion of the data
subjects surveyed were therefore interested in comprehensive
participation.

From the perspective of data users, there was a clear preference
for the European Data Format for the raw polysomnography
data. The availability of a range of relevant metadata (eg,
number of people, age, diagnosis statistics, etc) was also seen
as essential to the attractiveness of the system.

The SouveMed Data Trust
Based on the needs analysis and workshops by the project group,
we developed the SouveMed concept, a comprehensive
workflow for the secondary use of health data (see Figure 2)
with the following key features from the perspective of different
stakeholder groups. From the perspective of data subjects, the
following functions exist:

• Onboarding: A key element of the SouveMed concept is
the separation of the onboarding process, that is, the
willingness to participate in SouveMed and manage
consents with the SouveMed system, from the act of
consenting to or disallowing the use of data. It is therefore
envisaged that data subjects will only be approached during
their visit to the clinical facility to obtain information about
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SouveMed and to register on the platform. This involves
establishing the data subject’s identity and generating a
SouveMed ID, that is, a number that can be used together
with a password to log in to the platform.

• Providing consent: In order to allow participants the
necessary time for their decision as well as independence
from the clinical setting, decisions are laid down digitally
on the SouveMed platform. Consent is designed as a tiered
consent (see Multimedia Appendix 2): It applies to a
specific visit in the clinical facility and can be further
specified, for example, regarding user groups (public or
commercial research) and type of shared data (individual
or aggregated). The currently valid consent can be viewed

at any time on the digital platform, and consent can be
withdrawn just as easily as given, amounting to a revocation
of data use.

• Participating in data usage: The SouveMed platform
enables participation in the use of data. Data subjects can
obtain information about projects that have accessed their
data (including a clear description of the main objectives
and results of the studies) and have an overview of current
and past consents via a consent archive. Should concerns
about data protection or other questions arise, they can
easily find the relevant contact information on the
SouveMed platform.

Figure 2. The SouveMed concept.

From the perspective of data users, the following functions
exist:

• Feasibility inquiry: Users can submit a feasibility inquiry
for a defined research project (ie, specify the inclusion and
exclusion criteria and receive the number of available
matches with these criteria), as a low-threshold way to
determine whether a research project with SouveMed data
is realizable.

• Usage inquiry: If the result of the feasibility inquiry appears
promising, data users can request data usage directly via
the SouveMed platform. They can also obtain an overview
of their former and current inquiries.

• Data analysis on the platform. Users can submit their own
scripted algorithms and evaluate datasets in a controlled
data trust environment using the curious container technique
(for more details, see [54]). This allows for increased data
protection, as only aggregated data are shared, including
data from participants who only consented to the sharing
of aggregated data.

• Enabling participation of data subjects: Users can use the
SouveMed platform to report incidental findings, as well
as provide study outlines and results to data subjects.

Finally, from the perspective of the data-generating institutions:

• Institutions can define requirements for data use, for
example, embargos.

• Institutions can monitor the data flow decisions of the
platform and ensure conformance with requirements.

• Technical prerequisites were established for this control
functionality for data-generating institutions, but it was not
implemented as a web interface; SouveMed is designed to
be decentralized with a data access component that is under
control of the generating institution.

In the SouveMed project, separate UIs were developed for data
users (see Figure 3) and data subjects (see Figure 4).
Conceptually, it is intended that data users must create their
own user account, whereby a contract between the affiliated
institution and SouveMed is a prerequisite for this. A key
element of the SouveMed system is the data trust component,
which automatically matches the descriptions, preferences, and
requirements of all stakeholders (data subject, researcher, and
institution) using digital contract representations. For details on
the technical implementation of the described functions of the
SouveMed concept, please refer to [54] and [55].
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Figure 3. User interface for data users.
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Figure 4. User interface for data subjects.

Evaluation

Sample Characteristics
A total of 22 participants (14 females and 8 males) were studied
in the first evaluation. These included 11 patients with sleep
disorders and 11 data users/institutional representatives. In the
second evaluation, a total of 16 participants (9 females and 7
males) were examined. These included 10 patients with sleep
disorders and 6 data users. Of the 22 participants in the first
evaluation, 5 (23%) were between 18 and 30 years old, 10 (45%)
between 31 and 45 years old, 4 (18%) between 46 and 60 years
old, and 3 (14%) between 61 and 75 years old. Of the 16
participants in the second evaluation, 2 (13%) fell into the age
range of 18 to 30 years, 7 (44%) into the age range of 31 to 45
years, 5 (31%) into the age range of 46 to 60 years, and 2 (13%)
into the age range of 61 to 75 years.

The general willingness to make data available for secondary
use was assessed in the data subject group with a mean value
of 4.35 (SD 0.58) on a 5-point Likert scale (“very low”=1 point
to “very high”=5 points; for the first and second evaluations
combined). The need for a corresponding system was assessed
in the group of data users/institutional representatives with a

mean value of 4.29 (SD 0.77) on a 5-point Likert scale (“very
low”=1 point to “very high”=5 points; for the first and second
evaluations combined).

Semistructured Interview
Data users and institutional representatives described the system
as clear and equipped with all the functions they required. It
was pointed out that thorough explanations of the secondary
use of research data are also important for this stakeholder
group. Furthermore, it was uniformly emphasized that the need
for a system that facilitates the secondary use of research data
is very high.

Previous contact with the concept of data trust models was
mentioned by only two participants. With regard to the required
functionalities, it was emphasized that access to the system
should be easy and that all legal requirements should be met.
When the representatives of the institutions were asked whether
they would agree to the use of SouveMed in their institution,
all gave positive feedback. One person emphasized the
importance of an integrated model for all areas of health care
in order to avoid isolated solutions for different areas.
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User Version of the MARS
In the first evaluation, 8 data users/institutional representatives
and 10 data subjects provided complete data on the uMARS.
In the second evaluation, 6 data users and 10 data subjects
provided complete data on the uMARS.

Functionality

The mean functionality score of the data user system increased
from 3.56 (SD 0.77) in the first evaluation to 4.58 (SD 0.38) in
the second evaluation. This difference was statistically
significant (t10.69=−3.28, P=.008), with a large effect size
(g=−1.51, 95% CI −2.76 to −0.26). The mean functionality
score of the data subject system increased from 4.30 (SD 0.41)
in the first evaluation to 4.50 (SD 0.74) in the second evaluation.
This difference was not statistically significant (t13.99=−0.75,
P=.46; g=−0.32, 95% CI −1.23 to 0.58).

Aesthetics

The mean aesthetics score of the data user system increased
from 4.08 (SD 0.68) in the first evaluation to 4.17 (SD 0.55) in
the second evaluation. This difference was not statistically
significant (t11.91=−0.25, P=.80; g=−0.12, 95% CI −1.23 to
0.98). The mean aesthetics score of the data subject system
increased from 3.93 (SD 0.44) in the first evaluation to 4.23
(SD 0.94) in the second evaluation. This difference was not
statistically significant (t12.72=−0.91, P=.38; g=−0.39, 95% CI
−1.30 to 0.52).

Subjective Quality

In the first evaluation, the mean score for the recommendation
item (“Would you recommend this app to people who might

benefit from it?”) of the data user system was 4.63 (SD 0.52).
In the second evaluation, the mean score increased to 4.83 (SD
0.41). This difference was not statistically significant
(t11.93=−0.84, P=.42; g=−0.42, 95% CI −1.52 to 0.70.

In the first evaluation, the mean score for the recommendation
item of the data subject system was 3.90 (SD 0.74). In the
second evaluation, the mean score increased to 4.20 (SD 0.79).
This difference was not statistically significant (t17.92=−0.88,
P=.39; g=−0.38, 95% CI −1.28 to 0.53).

In the first evaluation, data users rated the system with an
average of 3.75 out of 5 (SD 0.71) stars and in the second
evaluation with 4.17 (SD 0.41) stars. This difference was not
statistically significant (t11.44=−1.39, P=.44; g=−0.65, 95% CI
−1.78 to 0.48). Data subjects rated the system with an average
of 3.90 (SD 0.57) stars in the first evaluation and 4.10 (SD 0.57)
stars in the second evaluation. This difference was not
statistically significant (t18.00=−0.79, P=.44; g=−0.34, 95% CI
−1.24 to 0.57).

Trust
In the first evaluation, the assessment of data subject trust
resulted in a mean rating of 4.23 (SD 0.46) on the HCTS. One
data subject did not respond to the trust scale and was excluded
from the analysis. In the second evaluation, the mean rating was
4.23 (SD 0.68; see Figure 5 for item-level mean values). This
difference was not statistically significant (t15.78=0.03, P=.97;
g=0.01, 95% CI −0.87 to 0.91).

Figure 5. Data subject trust.
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Quality of Interaction and Involvement
In the first evaluation, the assessment of QII resulted in a mean
rating of 1.10 (SD 0.19), with lower scores indicating higher
perceived quality. In the second evaluation, the mean rating was

1.17 (SD 0.34; see Figure 6 for item-level mean values). This
difference was not statistically significant (t14.12=−0.58, P=.57;
g=−0.26, 95% CI −1.15 to 0.66). In the first evaluation, 1 data
subject did not respond to the QII scale and was excluded from
the analysis.

Figure 6. Quality of interaction and involvement.

Subjective Understanding
When participants were asked whether they thought the
information about their data use was understandable, the mean
rating was 4.40 (SD 0.97) in the first evaluation and 4.30 (SD
0.95) in the second evaluation. This difference was not
statistically significant (t17.99=0.23, P=.82; g=0.10, 95% CI
−0.80 to 1.00). The scope/length of the information was rated
as “just right” by 8 of 11 (73%) data subjects in the first
evaluation, “too long” by 3 of 11 (27%) data subjects, and “too
short” by none. In the second evaluation, it was rated as “just
right” by 8 of 10 (80%), “too long” by 2 of 10 (20%) data
subjects, and “too short” by none. The results on objective
understanding can be found in the supplementary material (see
Multimedia Appendix 3).

Perceived Risk
Data users and institutional representatives were asked to rate
the perceived risk to their institution of using SouveMed. Sixteen
(94%) out of 17 responded that they perceived no risk (for the
first and second evaluation combined), and 1 of 17 (6%)
perceived a risk (for the first and second evaluation combined).
Data protection concerns were mentioned as a potential risk.

Discussion

Principal Findings
Making health data accessible for secondary research use is a
major challenge in the upcoming decades for both health care
institutions and research organizations. In addition to the
increasing opportunities created by digitalization and the high
willingness of data subjects to make health data available, as
the present study and other works show [20-23], the potential
is not being realized for a number of reasons. These include
changing legal norms, inadequate preprocessing of data, and
the existence of a large number of different, sometimes
conflicting interests of the various stakeholders.

The SouveMed Concept
Data trust models are a promising solution to address this
complexity. However, apart from a few small, heterogeneous
initiatives, there are hardly any fully developed approaches in
this regard in the field of medical research. We have therefore
developed an ethically sound framework for the secondary use
of medical data that is applied to the use case of sleep research.
The model includes secure onboarding of data subjects and
digital use of information, consent, and feedback channels; a
digital interface for data users for onboarding, defining research
aims and categorization, querying available data set numbers,
and, finally, either downloading data or having algorithms run
on it; and, crucially, a digital data trust that matches the

JMIR Hum Factors 2025 | vol. 12 | e66513 | p.2013https://humanfactors.jmir.org/2025/1/e66513
(page number not for citation purposes)

Dressle et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


descriptions and preconditions of all stakeholders (data subject,
data user, and institution) using digital contract representations.
Data access is granted in our model only when all requirements
and conditions set forth by the various stakeholders are satisfied.
The explicit focus of our data trust model is on data subject
sovereignty and participation, as data subject involvement and
appropriate communication are critical to build trust [25,26]
and were central to many data subjects in our needs analysis.
Accordingly, a majority of data subjects emphasized the
importance of a personal contact person in the consent process
to be able to ask individual questions. In addition, transparency
about data use was mentioned as an important prerequisite for
the willingness to provide data, and there was a clear preference
for a consent model that allows for further refinement of the
conditions under which data sharing is permitted. Based on
these results, the SouveMed model provides the opportunity for
data subjects to give real informed consent by presenting them
with comprehensible information material and encouraging
them to ask individualized questions in the information process.
By separating information and consent in terms of time and
space, the ethically questionable linking of health care and the
provision of informed consent is avoided. Participants also have
the opportunity to receive information about study projects that
use their data. The combination of information in face-to-face
contact and via a digital platform enables both personalized
information for data subjects and patient sovereignty over the
amount of involvement, both key requirements demanded of a
system for secondary use of health data (eg, [23,26,31]).

SouveMed uses an opt-in solution where data subjects explicitly
decide whether or not they wish to share data. This is in line
with generally recognized ethical standards for medical research
[18,56]. In addition, the present finding regarding the usefulness
of tiered consent provided in an electronic format is in line with
previous studies investigating different consent models and
modes of patient involvement (eg, [30,57-59]). In our approach,
the use of a digital interface for consent management also allows
data subjects to easily withdraw their consent, which fulfills the
requirement in Article 7 of the GDPR that withdrawal of consent
must be as easy as giving consent [15].

Evaluation of the SouveMed Concept
The present evaluation study showed a high degree of trust in
our concept in both the first and second evaluations, as measured
by the HCTS. It also showed a high level of satisfaction with
our communication process, also in the first and second
evaluations. Thus, the SouveMed system has proven to be
effective in meeting data subjects’ main concerns related to the
secondary use of health data. The results of the usability
assessment using the uMARS showed very good usability for
both evaluations, with a slight increase in usability in the second
evaluation. Good usability is key to increasing and maintaining
data subjects’ motivation to actively participate in SouveMed
and is probably also related to trust [60].

From the perspective of data users and institutions, they may
benefit from easy access to raw data and the ability to run
algorithms on data in a secure environment. Both our
requirements analysis and our evaluation study have shown that
there is an urgent need for systems that enable secondary use

of research data. The data on uMARS from our evaluation study
showed excellent usability in all three subscales (functionality,
aesthetics, and subjective quality) from the perspective of data
users and institutions, which improved even further in the second
evaluation. In this evaluation, all data users surveyed stated that
the SouveMed system offers all the functionalities they desire
from such a system. Except for a significant increase in the
perceived functionality of the data user system, no statistically
significant differences were observed between the first and
second evaluations. This result is likely due to the limited sample
size and the already high ratings in the first evaluation, which
constrained the potential for further measurable improvements.

Overall, these results indicate that the SouveMed data trust
effectively realizes the needs and requirements identified during
the needs analysis and literature review.

Future Perspectives
Various legislative initiatives in the European Union (eg, EHDS
[61]) and in Germany (eg, Forschungsdatengesetz [62] and
Gesundheitsdatennutzungsgesetz [63]) are currently aimed at
simplifying the secondary use of health data. This is to be
welcomed in principle, as it contributes to the development of
a viable research landscape and addresses a major challenge in
medical research. Nevertheless, the solutions must be preceded
by an analysis of the underlying problems and address them
precisely. The results of this and numerous other studies indicate
that the secondary use of health data is not hindered by a lack
of willingness on the part of data subjects to provide data. It
therefore does not seem necessary to pass over data subjects by
allowing the use of health data without consent. There is also
no lack of infrastructure for centralized data storage, which
entails far more risks but only minimal benefits [64]. What is
notably absent is a clear workflow for the secondary use of
health data that can be easily integrated into routine clinical
care, that takes data subjects’ needs into account and thereby
gains their long-term acceptance, and that relieves researchers
of complex legal considerations and negotiations.

In the European Union, a standardized legal framework has
been established through the EHDS, which permits an opt-out
mechanism for the secondary use of health data [61]. According
to Article 54, this should be implemented via “…an easily
understandable and accessible user-friendly mechanism to
exercise that right to opt out…” Article 54 further emphasizes
that it is “…imperative to provide natural persons with sufficient
and complete information regarding their right to opt out…”
Nevertheless, how this will be implemented in practice in the
individual member states is still largely unclear. Although an
opt-in solution is preferred in our project, the SouveMed concept
could serve as a blueprint for a system that enables data subjects
to receive information about the secondary use of their health
data and to express their preferences, including a possible
opt-out.

Sleep research was selected as a use case because large volumes
of data are typically generated in this field (eg, through
polysomnography). In this context, it is important to consider
that the likelihood of reidentifying individuals grows with the
amount of data collected, making true anonymization
increasingly difficult. Similar challenges are expected in other
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areas of research due to expanding data volumes. Therefore,
we argue that the active involvement of data subjects and other
stakeholders is becoming ever more critical.

A key advantage of SouveMed is also the algorithmic trust
component. Future data exchange will increasingly have to rely
on algorithmic decisions to manage large amounts of requests
in a time- and cost-efficient manner. Data use and access
committees would oversee the rules of data use rather than each
single application.

Limitations
There are some limitations to this study. First, the sample size
was small and therefore probably not sufficiently representative.
Therefore, surveys of larger patient and other stakeholder groups

that include other diagnostic entities are needed. In addition,
no real implementation of the SouveMed system was carried
out as there were insufficient resources to achieve this in the
current project. Although we tried to keep the framework of the
evaluation as natural as possible, everyone involved was aware
that it was not about real data sharing, which could have
influenced the results.

Many aspects of our model were developed not only
conceptually but also technically (see [54,55]). Nevertheless,
further studies focusing on the technical implementation of
digital contract representations are needed, as this is a key
element of an effectively functioning matching algorithm that
was not fully elaborated technically in the SouveMed project.
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Abstract

Background: Digital health literacy is a key factor in enabling users to navigate in an increasingly digitalized health care system.
Low levels of digital health literacy are associated with higher age, low education, and income, as well as low functional health
literacy. Around 6.2 million adults living in Germany have low reading and writing skills. Due to their low literacy, this group
is often underrepresented in research studies and therefore little is known about their digital health literacy and use of digital
health tools.

Objective: The objectives of this study were to assess digital health literacy in adults with low reading and writing skills and
to explore which digital health tools they use in daily life.

Methods: An interviewer-administered survey and focus groups were conducted with adult residents of Bremen, Germany,
who were aged 18‐64 years and had low reading and writing skills. In addition, a stakeholder workshop was held to derive
recommendations on how digital health literacy could be improved. The survey questionnaire included 21 items addressing the
use of digital health technologies and digital health literacy (eHealth Literacy Scale). Focus group participants completed several
tasks on web-based health information and then discussed their experiences. Survey data were analyzed using descriptive statistics
and linear regression. Qualitative content analysis was applied to analyze the focus group data and the written documentation of
the stakeholder workshop.

Results: Survey participants (n=96) were on average 43 (SD 10.7) years old, 72% (69/96) were female, and 92% (88/96) were
not born in Germany. Participants reported mainly using information-related digital health technologies such as health apps
(40/96, 42%), health websites (30/96, 31%), or activity trackers (27/96, 28%). The mean digital health literacy score was 22 (SD
8) points, with 35% (34/96) of participants classified as having a low digital health literacy (score between 8-19/40 points). Digital
health technology use was associated with higher digital health literacy. For participants in the 5 focus groups (total n=39; mean
age 43, SD 12.6 years; n=34, 87% female), limited technical skills and language problems were the most important challenges.
Furthermore, focus group participants reported that they favor videos when searching for web-based health information and prefer
to seek support from family members or local organizations for health issues. Stakeholders (n=15) recommended that health
websites should be available in multiple languages, contain simple and easy-to-read language, and use images, symbols, and
videos.

Conclusions: While adults with low reading and writing skills use digital health technologies, many find it challenging to search
for health information on the internet due to lacking technical skills and language problems. To ensure that adults with low reading
and writing skills are not further left behind, future research should focus on developing tailored interventions to promote digital
health literacy.

(JMIR Hum Factors 2025;12:e65345)   doi:10.2196/65345

KEYWORDS

digital health literacy; digital health technologies; digital health; digital divide; mobile phone; adults; mixed methods study

Introduction

The digitalization of health care services, such as video
consultations or prescribed digital health applications, is

accompanied by a shift of prevention and health promotion
activities and interventions to the digital environment (eg,
wearables and online sport courses) [1,2]. Health information
from the internet is easily and instantly available [3]. However,
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the large amount of health information on the internet is often
overwhelming for users, and it is particularly difficult to use
the information found to make health decisions [4]. The level
of digital health literacy is a key factor in enabling users to
navigate in an increasingly digitalized health care system.
According to one well-known definition, digital health literacy
describes the ability to seek, find, understand, evaluate, and
apply health information from digital sources to one’s own
health problem [5]. In addition, interaction with health apps (eg,
for tracking physical activity) or interactions on social media
platforms, including creating own content, are also included
under current concepts of digital health literacy [6,7]. Hence,
digital health literacy combines various subskills such as
computer literacy (ie, use of computers and digital devices),
information and media literacy (ie, critical use of information
and media), science literacy (ie, knowledge and understanding
of scientific principles, concepts, and processes), traditional
literacy (ie, reading and writing skills), and health literacy [1].
Studies show that digital health literacy is unevenly distributed
among population groups and influenced by sociodemographic
factors such as age, education, income, and ethnicity. Older
adults and persons with low levels of education and income
have been found to have lower digital health literacy than their
counterparts [6,8,9], whereas ethnicity was not linked with
digital health literacy in the systematic review and meta-analysis
by Estrela and colleagues [6]. One study found that being a
Spanish-speaker in the United States was not associated with
digital health literacy [10]. However, other studies found a lower
level of digital health literacy among Arabic native speakers in
Sweden [11] and non-English versus English-speaking parents
of children with special health care needs in the United States
[12]. The second Health Literacy Survey Germany did not find
an association of digital health literacy with migration
background per se, however, that survey showed an association
of low functional health literacy, used as a proxy for general
literacy (reading and writing skills and numeracy), with low
digital health literacy [7,13]. This is important as an estimated
12% of the adult German population (ie, 6.2 million adults)
have low reading and writing skills, meaning that they can only
read and write simple sentences in German [14]. Around half
of the participants with low reading and writing skills reported
to have another native language than German. In addition, adults
with low reading and writing skills are less likely to write emails
or search for health-related information on the internet compared
with adults with sufficient reading and writing skills [14]. Even
though several studies have already investigated digital health
literacy of the general population living in Germany [4,7,15]
and various subgroups such as students [16], school children
[17], teachers [18], physicians [19], or community inhabitants
[20], very little is known about the digital health literacy of
adults with low reading and writing skills and their use of digital
tools for health purposes. Therefore, the main objectives of this
study were (1) to assess the digital health literacy in adults with
low reading and writing skills and (2) to explore which digital
tools they use in daily life.

Methods

Study Design
This is an exploratory study using a mixed methods design
consisting of a survey, focus group discussions, and a
stakeholder workshop. The study report adheres to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) [21] (Checklist 1) and Consolidated
Criteria for Reporting Qualitative Research (COREQ) [22]
(Checklist 2) guidelines.

Participants
Inclusion criteria for the survey and focus group discussions
were (1) age between 18 and 64 years; (2) living in Bremen,
Germany; and (3) low reading and writing skills in German (ie,
able to read and write simple sentences in German only; alpha
level <4). Eligible participants could be native German speakers,
adults who could read and write in their native language but not
in German, or adults who could not read and write either in their
native language or German.

Procedure
We aimed to conduct 70 survey interviews and 5 focus groups
with 6-8 participants each, striving for a balanced ratio of
participants with different literacy levels (ie, native German
speakers, good literacy in native language but not in German,
and low literacy in either native language and German). Survey
and focus group participants were recruited via a snowball
system. Health mediators employed at the research institution
for the project duration recruited participants via their local
community networks (eg, mothers’ centers and integration
courses). Flyers were displayed in various locations (eg,
mothers’ centers and meeting centers for citizens) and
distributed during events organized by our community office
(ie, Leibniz Living Lab) or cooperating city district initiatives.
In addition, the project was presented in German language
courses and integration courses, and eligible participants were
approached personally via the health mediators and their local
networks. The health mediators had a native language other
than German (eg, Russian or Turkish) but were fluent German
speakers and, due to their main occupation, were well-connected
in the community and with the people who had immigrated to
Germany living there. Participants were also recruited from
German language courses provided by adult education centers.
The language courses aimed to teach reading and writing skills
to native German speakers and people who have immigrated to
Germany and could understand and speak German.

All participants recruited by the health mediators were asked
to complete a 9-item test to determine their literacy level [23].
Participants recruited from adult education centers did not have
to complete this test as their literacy level had already been
assessed for their language course attendance.

Survey Questionnaire
The structured interviewer-administered survey took
approximately 30 minutes to complete and included 21 items
covering three topic areas: (1) use and acceptance of digital
health technologies (5 items), (2) digital health literacy (8 items),
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and (3) sociodemographic characteristics (8 items). The items
were self-developed or adapted from existing surveys or
instruments. The German version of the questionnaire can be
found in Multimedia Appendix 1.

Use and acceptance of digital health technologies were assessed
based on purposes of digital devices, use of digital devices in
health context, use of digital health technologies (ie, list with
12 digital health technologies), perceived advantages, and
disadvantages [24,25].

Digital health literacy was measured using the German version
of the eHealth Literacy Scale (eHEALS) [26]. Each item was
rated on a 5-point Likert scale ranging from strongly disagree
to strongly agree.

Sociodemographic characteristics included age, sex, country of
birth, spoken language at home, self-assessed speaking, reading,
and writing skills in native language, highest educational degree,
and employment status. Items for age, sex, country of birth,
spoken language at home, highest educational degree, and
employment status were adapted from the “German Health
Update” 2019/2020 study [27]. The item for self-assessed
reading and writing skills in native language was self-developed.

The interviewer-administered questionnaire was filled out by
a health mediator or a member of the research team during a
personal interview conducted in our community office (ie,
Leibniz Living Lab), mother centers, or adult education centers.
Based on the participant’s preference, the interview was
conducted in German, English, Russian, Arabic, Turkish,
Macedonian, Twi, or Tamil.

Focus Group Protocol
The approximately 90-minute long focus groups were structured
into four parts: (1) welcome and introduction, (2) task course,
(3) overarching discussion, and (4) summary and farewell.

During the welcome and introduction, participants received the
study information in verbal and written form, gave informed

consent to participate, and filled out a short questionnaire on
sociodemographic information (ie, age, sex, and employment
status). During the focus group, participants were presented
with 4 tasks which were developed on the basis of the Digital
Health Literacy Instrument (DHLI) by van der Vaart and
Drossaert [28]. For each of the 7 DHLI dimensions (ie,
operational skills, navigation skills, information searching,
evaluating reliability, determining relevance, adding content,
and protecting privacy), a performance-based item was
developed that included the application of a particular skill in
a fictional situation [28]. We adapted the proposed items for
our context and target group, focusing on the dimensions of
operational skills, navigation skills, information searching,
evaluating reliability, and determining relevance (Textbox 1).
The tasks were not intended to measure participants’ digital
health literacy. All tasks were formulated in simple language
and were read out to the participants. In addition, pictures and
symbols were used to describe the content of the tasks.
Participants solved tasks individually on their smartphones or
using a laptop provided by the study team. If necessary,
participants were supported by the study team while completing
the tasks. After each task, a group discussion on encountered
difficulties and strategies to overcome difficulties was held (ie,
what experiences did you have while working on the task? What
was difficult for you? What did you do if you did not make any
progress in the search?). In addition, the study team described
a possible solution for each task. In the overarching discussion,
participants discussed which digital devices they use, which
formats (eg, videos) they prefer, and how they use web-based
services for health-related purposes. At the end of the focus
group, the study team provided a summary and gave out a
handout to the participants with solutions to the tasks. Focus
group discussions were conducted in German at our community
office (ie, Leibniz Living Lab), mother centers, or adult
education centers, and were moderated by at least 3 members
of the study team. Focus group discussions were audio-recorded
and transcribed verbatim. The focus group protocol is available
from the authors upon request.

Textbox 1. Tasks for focus group discussion.

• Please open the internet on your laptop or smartphone. Please close the internet. Please open the website www.bremen.de (website with information
and facts about the city of Bremen). Please open a search engine such as Google search (Digital Health Literacy Instrument [DHLI] dimensions:
operational skills, navigation skills).

• Please search the internet for a general physician in your neighborhood. Note the telephone number to make an appointment (DHLI dimensions:
information searching).

• Please open the website www.gesundheitsinformation.de (website for independent and evidence-based health information). When does a child
with fever need to see a physician? (DHLI dimensions: information searching, determining relevance)

• Please search the internet. When do you need to see a physician if you have severe back pain? (DHLI dimensions: information searching, evaluating
reliability, determining relevance)

Stakeholder Workshop
The main project results were presented and discussed with
local stakeholders in a workshop conducted in our community
office (ie, Leibniz Living Lab) using the world café method
[29]. Stakeholders were recruited via a snowball system. Thus,
stakeholders from civil and public services, local public
authorities, and community social service providers or groups

that work with adults with low reading and writing skills and
are located in Bremen were asked to participate in the workshop.
After presenting project results (ie, survey and focus group
discussions), the stakeholders split into three groups
(approximately 5 stakeholders per group) and discussed the
following questions at group tables for 15 minutes each: (1)
which competencies are needed by adults with low reading and
writing skills to use digital health technologies, (2) how should
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digital health technologies be designed for adults with low
reading and writing skills, and (3) which and how stakeholders
should be involved in making digital health technologies for
adults with low reading and writing skills accessible. After 15
minutes, the next group went to the table until all 3 groups had
discussed all the questions. Each group table was moderated by
1 researcher (SM, RW, or TB) and 1‐2 health mediators. The
results of the world café were documented on meta-plan paper.
In addition, discussion notes for each group and photo
documentation were completed. All participants received a copy
of the discussion notes and world café results.

Data Analysis
Filled-out survey questionnaires were entered independently
into the software LimeSurvey by 2 members of the study team
(SM and Finola Goepfert; refer to Acknowledgments). The data
were then imported into IBM-SPSS 24 (IBM Corp), cleaned,
and prepared for statistical analysis. The responses to all survey
items were analyzed descriptively using absolute and relative
frequencies or means and SDs. Linear ordinary least square
regression models were computed to investigate the association
between digital health literacy and participant characteristics
including age, sex, formal education, language skills, and use
of digital health technologies. Based on the distribution of
scores, formal education was categorized into 3 groups (low:
less than 9 years of schooling, no formal degree; medium: 9‐10
years of schooling, lower secondary education; and high: 12‐13
years of schooling, university entrance qualification),
employment status into 5 groups (full-time employed, part-time
employed, care work, language course, and other), and use of
digital health technologies into 2 groups (no use vs use of at
least 1 digital health technology). Participants were grouped
into three categories of language skills based on language spoken
at home and self-assessed reading and writing skills in native
language: (1) native German speakers, (2) good literacy in native
language but not in German, and (3) low literacy in both native
language and German. For digital health literacy, two variables
were computed: (1) total eHEALS score, ranging from 8 (lowest
digital health literacy) to 40 points (highest digital health
literacy) and (2) a 3-category variable based on the study by De
Santis and colleagues [24] (low: 8‐19 points, medium: 20‐29
points, and high: 30‐40 points).

Qualitative content analysis [30] following a deductive-inductive
approach was applied to analyze the focus group data. First,
focus group transcripts were imported into MAXQDA 2020
(VERBI–Software Consult Sozialforschung GmbH) and relevant
text units were coded into overarching categories and
subcategories. Categories and subcategories were derived from
the focus group protocol (deductive coding). New categories
and subcategories were created if text units did not fit into any
of the pre-existing categories or subcategories (inductive
coding). Second, data were grouped and summarized into themes
using Microsoft Excel. Coding, grouping, and summarizing of
the data was performed by one researcher (SM) and checked
by a second researcher (Meret Lakeberg; refer to
Acknowledgments). Any discrepancies in the coding or
reduction process were discussed until a consensus between
researchers was reached. Illustrative quotes were selected from
the existing material as anchor examples and translated into

English. All translations were checked by a native English
speaker.

As this is an exploratory study, no sample size calculation was
conducted.

Ethical Considerations
This study was approved by the Ethics Committee of the
University of Bremen, Germany, on December 6, 2022
(reference 2022‐29), in accordance with the ethical guidelines
for human participant research and the Declaration of Helsinki.
All participants received verbal and written information about
the study and gave informed consent (Multimedia Appendix 2)
for their data to be used. All data were anonymized to ensure
privacy and were securely stored on a password-protected server
at the research institution accessible only to the research team.
Participation in the survey and focus group discussions was
voluntary, could be terminated at any time, and was reimbursed
with €15 (US $17). No identifiable participant information has
been included in the manuscript or supplementary materials.

Results

Survey
A total of 108 interviews were conducted between December
2022 and March 2023. Mean interview duration was 29 (range
6-75) minutes. Of the total, 12 interviews were excluded based
on the following reasons: participants aged 65 years and above
(n=5) or not meeting criteria for low literacy (n=7). The
remaining 96 interviews were included in the analysis. Of these,
around half were conducted in German (n=47, 49%), 13 in
Russian (14%), 12 in Twi (13%), 8 in Arabic (8%), 6 in English
(6%), and 4 in Turkish (4%). None of the interviews was
conducted either in Macedonian or Tamil, respectively. For 6
interviews, no information on the conducted language is
available. Interview participants were on average 43 (SD 10.7)
years old, 72% (69/96) were female, 92% (88/96) were not born
in Germany, 38% (36/96) reported a medium level of formal
education, and 30% (29/96) attended a language course (Table
1). In total, 11 participants (12%) were German native speakers,
32 participants (33%) reported good literacy in their native
language but not in German, and 53 participants (55%) had low
literacy in both German and their native language. Mean digital
health literacy score was 22.2 (SD 8) points ranging from 8 to
40 points. Digital health literacy was classified as low in 35%
(n=34), medium in 44% (n=42), and high in 19% (n=18) of
participants. In addition, 59 participants (62%) were digital
health technology users.

Regression analysis found no associations between age, sex,
and digital health literacy (Table 2). Digital health literacy was
approximately 6 scale points lower among participants with
low language skills in both their native language and German
as compared with native speakers. Participants with a medium
level of formal education reported a higher digital health literacy
compared with those with no formal degree. Furthermore, the
average digital health literacy score was approximately 10 points
higher among digital health technology users compared with
nonusers.
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The 5 most commonly used health-related digital technologies
were health apps (40/96, 42%), health-related websites or forums
(30/96, 31%), fitness trackers (27/96, 28%), web-based
appointment scheduling (24/96, 25%), and email contact with
doctor’s surgery or pharmacy (20/96, 21%) (Figure 1). Health
care–related digital technologies, such as prescribed digital
health applications (3/96, 3%), electronic sick leave notice (3/96,
3%), or electronic prescription (1/96, 1%), were used by very
few participants. None of the participants reported accessing
their electronic health record or using video consultations.
Participants with low digital health literacy used fewer digital
health technologies than those with medium or high digital
health literacy, and specifically none of the health care–related
options (Figure 1). Results stratified by language skills showed
higher usage of digital health technologies by native German

speakers and adults with good native language literacy compared
with participants with both native language and German literacy
(Multimedia Appendix 3).

Most participants (n=74, 77%) used a smartphone or tablet to
access health-related information (Table 3). The most common
reasons for using digital health technologies were time savings
(n=44, 46%), access at anytime from anywhere (n=42, 44%),
motivation to stay healthy (n=39, 41%), and cost-effectiveness
(n=38, 40%). Reasons for not using digital health technologies
included preference for personal advice (n=41, 43%) or
paper-based information (n=33, 34%), concerns about data
security (n=20, 21%), mistrust in health information (n=19,
20%), technical problems (n=9, 9%) and lack of a suitable
device (n=6, 6%).
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Table . Participant characteristics.

Focus groups (n=39)aSurvey (n=96)Characteristic

43.1 (12.6)43.1 (10.7)Age (years), mean (SD)

Sex, n (%)

34 (87)69 (72)Female

5 (13)27 (28)Male

Country of birth, n (%)

—b8 (8)Germany

—88 (92)Other than Germany

Formal educationc, n (%)

—37 (39)Low

—36 (38)Medium

—22 (23)High

—1 (1)Unknown

Employment status, n (%)

3 (8)15 (16)Full-time employed

6 (15)10 (10)Part-time employed

8 (21)23 (24)Care work

18 (46)29 (30)Language course

4 (10)17 (18)Other (eg, job seeking, unable to
work)

0 (0)2 (2)Unknown

Language skills, n (%)

—11 (12)Native German speakers

—32 (33)Good literacy in native language but
not in German

—53 (55)Low literacy in both native language
and German

Digital health literacy

—22.2 (8)Mean score (SD)

—34 (35)Low (8‐19 points), n (%)

—42 (44)Medium (20‐29 points), n (%)

—18 (19)High (30‐40 points), n (%)

—2 (2)Unknown, n (%)

Use of digital health technologies, n (%)

—59 (62)User

—37 (38)Nonuser

aOnly age, sex, and employment status were assessed.
bNot assessed.
cLow: less than 9 years of schooling, no formal degree; medium: 9‐10 years of schooling, lower secondary education; high: 12‐13 years of schooling,
university entrance qualification.
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Table . Bivariate associations between digital health literacy and participant characteristics (linear regression models).

Unstandardized linear regression coefficient
(95% CI)

Participant characteristics

−0.05 (−0.21 to 0.10)Age

Sex

ReferenceMale

−0.48 (−4.12 to 3.14)Female

Language skills

ReferenceNative German speakers

1.59 (−6.69 to 3.51)Good literacy in native language but not in Ger-
man

−6.10 (−11.4 to −0.73)Low literacy in both native language and German

Formal education

ReferenceLow

5.85 (2.30 to 9.40)Medium

1.77 (−2.28 to 5.81)High

Use of digital health technologies

ReferenceNonuser

9.94 (7.24 to 12.66)User
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Figure 1. Percentages of adults who used different digital health technologies for health-related purposes, by level of digital health literacy (multiple
answers allowed).
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Table . Use of digital devices in health context and reasons for use and non-use of digital health technologies.

Value, n (%)Digital device use in health context and reasons

Use of digital devices in health contexta

19 (20)Computer or laptop

74 (77)Smartphone or tablet

19 (20)Activity tracker or smartwatch

7 (7)Gaming console

Reasons for use of digital health technologiesa

44 (46)It saves time

42 (44)I have access at any time and from anywhere

38 (40)It is cost-effective

39 (41)I want to stay healthy

28 (29)I am interested in digital health technologies

25 (26)I trust the information

14 (15)I otherwise have difficulties accessing healthcare
services

5 (5)Other reasons

Reasons for nonuse of digital health technologiesa

33 (34)I prefer information on paper

41 (43)I prefer personal advice

10 (10)I have poor internet access

9 (9)I have technical problems

6 (6)I do not have a suitable device

20 (21)I do not know if my data are secure

19 (20)I do not trust the information

7 (7)I do not have interest in such offers

20 (21)Other reasons

aMultiple responses allowed.

Focus Groups
A total of 5 focus groups (total n=39 participants) were
conducted between April and June 2023. Participants were on
average 43 (SD 12.6) years old, 87% (34/39) participants were
female, and 46% (18/39) attended a language course (Table 1).

Anchor examples for the reported difficulties and strategies to
overcome difficulties can be found in Table 4. Due to technical
difficulties in using digital devices (eg, computer) or the use of
cookies on websites, searching for health information on the
internet was difficult for participants. Most focus group
participants reported language problems in comprehending
technical and foreign words on health information websites and
reading and writing German. The lack of translation options
(eg, calling family members or friends with better German skills
or unstable internet connection for using translation services)
while filling out German-language forms in medical practices
was also reported as a difficulty. In addition, participants
reported difficulty in using search engines to find important and
relevant information on the internet. Some participants

mentioned that they were unsure on how to use or search on the
internet because they were afraid of ordering something.

Most focus group participants stated that they seek advice from
family members, friends, acquaintances, or local organizations
when they encounter difficulties while searching for health
information on the internet. Participants also tried to find a
solution themselves by combining word and image searches or
using translation tools. Some participants relied on their own
experience (eg, if a child has fever) or on previous knowledge
and thus did not consider searching for health-related
information on the internet. In general, most focus group
participants stated that they preferred personal or telephone
contact with health care providers (eg, to arrange doctor’s
appointments or for acute medical concerns).

In the overarching discussion, focus group participants reported
which digital devices, formats, languages, and digital health
technologies they have used so far (Table 4). Participants used
smartphones to search for information on the internet.
Information was sought in German, in the native language, or
in a combination of German and the native language.
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Participants who could not or could barely read and write in
their native language sought information in German, whereas
participants who could read and write well in their native
language sought information in their native language or a

combination of German and their native language. Participants
mainly used videos or a combination of different formats such
as video and text. They also reported searching for images or
using voice assistants.
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Table . Examples of difficulties in using digital health technologies and strategies to overcome difficulties reported in focus group discussions.

Anchor examplesDifficulties and strategies

Difficulties

Use of digital device • If you can [work] with the computer, it’s
not difficult. […] I can with a smartphone.
But with a laptop or computer I can’t.
[ID02, task 1]

Cookies • For me, cookie[s] were always [difficult]
to accept. It was very, very difficult for me.
[ID03, task 3]

Reading, writing and understanding German • For me, sometimes I have problem. Not all
doctor or doctors can speak English, and
my German [is] not so good. So sometimes
when I look on the internet and sometimes
my idea is: This doctor speaks English, or
a little English? Or not? So sometimes is a
bit difficult for me when I take a doctor from
the internet. [ID05, task 2]

• Internet not difficult, but sometimes we
don’t understand German. That’s why [it’s]
a bit difficult for me. [...] [ID04, task 2]

Translation • And one problem is when first visiting, they
give all the papers [to fill out]. And all is
in German. And if someone can’t under-
stand everything, yes, once I [asked] the
nurse, because I can’t understand every-
thing, my German is not good. But I can’t
help you, you have to do it on your own.
And they don’t have internet to translate.
[...] [ID05, task 2]

Technical terms and foreign words • It wasn’t difficult for me, but I don’t under-
stand the words, [for example] physiother-
apy. The words. I don’t know [if they] mean
this or that, and I don’t understand all of
them. There’s a lot of information, that’s
the problem. [ID05, task 4]

Searching and finding health information • It was a bit difficult this time. So you have
to search and read at the same time. I also
got a bit of help. [Interviewer: But what was
more difficult?] So writing down this infor-
mation. And to find it. [...] [ID03, task 3]

Uncertainty • So I can open it, I can see everything. But
I’m afraid to order something. [...] That’s
why I don’t dare to do that. [...] [ID02, task
1]

Strategies used to overcome difficulties
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Anchor examplesDifficulties and strategies

• It’s easy with me, but I’m a bit of a problem.
I ask my colleague or my children, or. But
now it’s not difficult for me. [ID02, task 2]

• [...] We can also enter, we have done a lot,
because now Bremen is full of people from
Ukraine and then you can enter directly into
Google: Ukrainian-speaking doctors. Or
we have another possibility and each of us,
not just people from Ukraine, from Syria,
from Persia, from Iran. We stick together,
we share experiences. It’s an organization
called Bras. And when you go [there], you
get in touch. Give your own details, then at
a doctor’s appointment, you get an inter-
preter. [ID03, task 2]

Seek support from family, friends, acquaintances,
or local organizations

• We’ll try next day [laughs]. If I don’t make
it today, I’ll try next day. [ID02, task 2]

Try again

• In our home country our mother has a pic-
ture of fever, for fever goes down. That is a
warm, a little warm, a little not warm water
[Interviewer: Poultice?] Yes, every parent
from Africa, for example Ghana, knows that
if the child has a fever and you have no
medication then you do that. [ID05, task 3]

Draw on own experiences or previous knowledge

• Some words I don’t understand well. I write
on Google with German and then I see
photos. Because I can’t write in my own
language. I write German and then photo
comes up and I see photo and understand
what it means. [ID02, task 1]

Combine word and image search

• For me [it] is a bit difficult because I know
many words in German - I don’t understand
it. So, I have to copy and then translate in
Google Translator and sometimes the rest
of the words from German it gives me
wrong in English or different idea. [ID05,
task 4]

Use translation function

• When I’m looking for a doctor, I prefer to
call, also because sometimes they want to
have it that way. Then I make an appoint-
ment and at home I have a calendar of when
I can go and then I do it. [ID02, task 2]

Arrange a doctor’s appointment by phone or in-
person

• You just go there and you have back pain
or something. You don’t have to call or
google it first. It’s much easier than going
anywhere else. [ID01, task 4]

Personal contact to medical practice

Overarching discussion
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Anchor examplesDifficulties and strategies

• It’s faster and easier. Computers, some
people don’t know how to use computers,
they can’t cope, so it’s easier with a smart-
phone. [ID03, overarching discussion]

Use of digital device

• I do it in German. Because I speak Arabic
and Kurdish, but I can’t read and write be-
cause I didn’t go to school in my country,
only in Germany. I do everything in Ger-
man. [ID01, overarching discussion]

• And if there’s something I don’t understand,
then I go to the dictionary or translation,
so you can learn. If you always switch to
your own language, you’ll never learn
German. [ID03, overarching discussion]

• For health, I don’t go to German. It’s impor-
tant and you have to understand everything.
That’s why I just go to English. [ID05,
overarching discussion]

Language

• Yes, video, because text is difficult for me
a bit, because I don’t read well and it’s dif-
ficult to understand, but videos are easy and
I always watch and have to understand
(which teachings). [ID04, overarching dis-
cussion]

• It depends on what you need […]. Some-
times text is enough, sometimes video,
sometimes like this. [ID05, overarching
discussion]

• [...] If I don’t feel like writing, I speak into
the microphone. Then I do that, then it
works well, yes. [ID02, task 2]

Format

• I usually go straight away. [Interviewer:
And why directly to the doctor?] Yes, it’s
easier. I call for an appointment and then
I go. [ID03, overarching discussion]

• So I’ll check the Internet first. If that gives
me the right answer. If not, I sometimes call
my mother and ask her. If she has any ideas.
If that doesn’t help, I go to the doctor.
[ID01, overarching discussion]

• So I just search the Internet when I need
offers for health. It’s much easier for me.
[...] If I’m looking for a medicine, for exam-
ple painkillers, ointment for back pain, they
show it straight away and which pharmacies
are close to me. [ID03, overarching discus-
sion]

Use of digital health technologies

Stakeholder Workshop
In total, 15 stakeholders (n=8 from civil and public services,
n=1 from local public authorities, and n=6 from community
social service providers or groups) and 8 members of the study
team (n=3 researchers and n=5 health mediators) took part in
the 150-minute stakeholder workshop at our community office
(ie, Leibniz Living Lab) in October 2023. Discussions
highlighted the following: First, to be able to use digital health
technologies, adults with low reading and writing skills need
to be curious and open to learning and trying out new things.
They also need to be patient, have a high tolerance for
frustration, and be willing to ask for support. Second, basic

(German) language comprehension and interpretation of figures
and symbols are as necessary as the financial resources to
purchase digital devices. Third, health information websites
should contain little, simple, and easy-to-read language, be
available in multiple languages, barrier-free (eg, by integrating
a read-aloud function), and compatible with smartphones. In
addition, they should have easy navigation with few “clicks”
to the searched content, no time limits, and use of images,
symbols, and videos. Fourth, health programs should be named
rather than using nondescriptive project acronyms. Fifth,
web-based health services should refer to local contacts or
organizations (eg, in the city district) and instead of a chat
function, persons with low reading and writing skills may benefit
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from a talking chatbot. Finally, stakeholders who should be
involved are health professionals, health and educational
institutions, physicians, health insurance companies, authorities,
and stakeholders with ongoing health projects. To enable access
to stakeholders not only digitally but also via analog channels,
these should have fixed structures on site (eg, an office in the
city district). Relevant stakeholders should be connected
regularly, for instance, through the establishment of a working
group. In addition, stakeholders should be educated and trained
to pass on knowledge about web-based health services to adults
with low reading and writing skills.

Discussion

Principal Results
This study assessed digital health literacy in adults with low
reading and writing skills, explored which digital tools they use,
and how digital health literacy can be improved from a
stakeholder’s perspective. Most participants had a low to
medium digital health literacy. Digital health literacy was
particularly low among those with low reading and writing skills
both in their native language and in German and among those
without a formal schooling degree. Participants reported using
mainly information-related digital health technologies such as
health apps, health websites, or activity trackers. Use of digital
health technologies was associated with higher digital health
literacy. Language problems and lack of technical skills made
it difficult for participants to search for web-based health
information, so support for health-related questions is mainly
sought from family members, friends, or health care providers
(eg, physicians).

Comparison With Previous Work
Adults with low reading and writing skills use digital health
technologies, but less frequently compared with other population
groups. For instance, compared with an online survey of adults
insured at a statutory health insurance company in Germany
[31], adults with low reading and writing skills reported lower
usage of health websites (30/96, 31% vs 755/1678, 45%) and
online appointment scheduling (24/96, 25% vs 1359/1678, 81%).
In addition, similar to results reported by Schaeffer et al [7],
use of digital health technologies in adults with low reading and
writing skills is associated with higher levels of digital health
literacy.

Compared with 2 cross-sectional telephone surveys of internet
users living in Germany, the digital health literacy level was
much lower in our study (mean eHEALS score of 22 points vs
31 points in survey 1 and 30 points in survey 2) [4,24]. This is
also evident when comparing the eHEALS scores of the included
studies in the systematic review by Estrela and colleagues [6]
with our study. The included studies reported mean eHEALS
scores ranging from 25 to 33 points. However, the authors stated
that higher eHEALS scores were observed in studies targeting
medical staff and that were conducted online or via phone.
Furthermore, 2 more recently published systematic reviews and
meta-analyses support these results [32,33]. In the reviews,
mean eHEALS scores between 26 and 33 points [32] and
between 20 and 29 points [33] were reported. Both reviews
included studies with diverse population groups such as

adolescents, university students, adults (ie, general adult
population, army personnel, healthy adults, and adults with
chronic diseases), or older adults. However, none of the included
studies targeted adults with low reading and writing skills.

As several studies have shown, digital health literacy is unevenly
distributed across populations with vulnerable groups such as
older adults, persons with low levels of education and income
reporting particularly low levels of digital health literacy
[4,6-9,32]. More than one-third of our participants stated that
they had no formal education. Low education and functional
literacy appear to be cumulative resulting in a particularly low
digital health literacy in adults with low reading and writing
skills. Klinger and colleagues [13] come to similar conclusions;
persons with low literacy skills and German proficiency have
greater difficulties processing health information. This
underlines the need for multilingual information in simple
language and multimedia materials such as videos which was
also supported by results from our focus group discussions and
the stakeholder workshop. Best practices for researchers that
should be considered when working with persons with limited
literacy are, for instance, the use of graphics and visualizations,
the consideration of cultural differences in the interpretation of
graphics and phrases, the critical review of the wording of
written materials, and the consideration of the digital (health)
literacy of the target group [34]. However, even if reliable health
information in various formats is available on the internet such
as on the website for reliable and understandable information
about health of the German Federal Ministry of Health [35],
such information may not be accessible for persons with low
and reading and writing skills due to lacking technical skills.
Stakeholders responsible for community health projects and
who are contacted for health purposes can improve (web-based)
health information accessibility for adults with low reading and
writing skills. However, to ensure that stakeholders can provide
reliable information to adults with low reading and writing
skills, they need sufficiently high levels of digital health literacy.

Our results are particularly important in the light of the ongoing
shift of health and social services toward digital information
exchange, contact provisions, and service inquiries. Given the
lower digital competencies of persons with low reading and
writing skills, more focus is needed on the risk of leaving less
literate groups behind or reducing their options for interaction
via their preferred, often nondigital pathways.

Strengths and Limitations
To our knowledge, this is the first study that assessed digital
health literacy and digital technology use of adults with low
reading and writing skills in Germany. The recruitment strategy
via health mediators and adult education centers was successful
and more participants than initially planned took part in the
survey. However, this study has several limitations. First,
selection bias occurred as we were not able to recruit a sufficient
number of German native speakers. In addition, more females
than males participated in the survey and focus group
discussions. Second, some participants had difficulty answering
the survey questions, in particular the eHEALS items. For the
eHEALS items, differences between the individual items were
hardly recognizable for participants, even if the interview was
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conducted in their native language. Cutoff scores for the
eHEALS sum score were built using the cutoffs proposed by
De Santis and colleagues [24]. However, it should be noted that
there are no uniformly used cutoff scores reported in the
literature. Third, even though sufficient knowledge of German
was required for participating in the focus groups, the
discussions sometimes proceeded sluggishly due to language
problems, and some participants may not have spoken as openly
as they would have done if the focus group discussion had been
done in their native language. Fourth, analysis of the qualitative
data (ie, coding, grouping, and summarizing) was conducted
by one researcher and checked by a second researcher. This
ensures objectivity, but the gold standard would be to analyze
the data or a part of the data by 2 researchers independently.
However, this was not possible due to limited resources. Fifth,
there are further methodological weaknesses (eg, no sample
size calculation was conducted) inherent in the exploratory
design of the study. This study aimed to gain first insights into
the digital health technology use and digital health literacy of
adults with low reading and writing skills in Germany. Based
on the results, a methodologically more sophisticated study can
be conducted in which, for instance, an intervention to promote
digital health literacy in adults with low reading and writing
skills is evaluated in a randomized controlled trial.

Future Directions
The results of this study indicate a need for studies that develop
and evaluate interventions to promote digital health literacy for
adults with low reading and writing skills. In total, 1 scoping
review and 1 meta-analysis investigated interventions to enhance
digital health literacy [8,33], but these reviews focused on study
populations of children, adolescents, older adults, or adults with
diabetes, cardiovascular diseases, or other health conditions,
and not adults with low reading and writing skills. Most of the
included interventions focused on educational training to
improve health-related knowledge and skills and were delivered
in-person, via the internet (eg, app, website, and online
platform), or through a combination of in-person and web-based
sessions [8,33]. Our findings also suggest that interventions to
improve digital health literacy in adults with low reading and

writing skills should focus on improving technical skills and
how to search for web-based health information (eg, where and
how to find reliable health information on the internet). In
addition, practical sessions should be included similar to the
tasks used in our focus group discussions. Based on learnings
from our study, interventions to improve digital health literacy
should be delivered using a combination of in-person and
web-based modalities (eg, videos). Furthermore, our research
underscores the importance of considering the low digital health
literacy level of adults with low reading and writing skills. In
addition, 2 previous literature reviews pointed out that digital
technologies so far have not considered digital health literacy
levels of the target group [36,37] and, in particular, persons
with low reading skills who may have different reading and
design requirements and needs [36].

An additional future research direction is to further develop the
tasks used in the focus group discussions to create a more
objective tool for assessing digital health literacy. There are
several instruments for measuring digital health literacy
available [38]. Existing instruments are based on self-reports,
and some instruments, such as the widely used eHEALS scale,
only relate to searching for health information on the internet
(Web 1.0) and do not include interactions on social platforms
(Web 2.0) [28,38]. For the focus group discussions, some of
van der Vaart and Drossaert’s performance-based items [28]
were adapted to gain more in-depth knowledge on the challenges
adults with low reading and writing skills face while searching
for health-related information on the internet. The tasks gave
valuable insights into the digital health literacy of our
participants and can serve as a basis for further developing
existing DHLI.

Conclusions
This mixed methods study showed that while adults with low
reading and writing use digital health technologies, many have
low to medium digital health literacy and find it challenging to
search for health information on the internet due to lack of
technical skills and language problems. Tailored interventions
to promote digital health literacy are needed to ensure that adults
with low reading and writing skills are not further left behind.
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Abstract

Background: Digital health competence is increasingly recognized as a core competence for health care professionals. A
comprehensive evaluation of knowledge, skills, performance, values, and attitudes necessary to adapt to evolving digital health
technologies is essential. DigiHealthCom (Digital Health Competence) is a well-established instrument designed to assess digital
health competence across diverse health care professionals.

Objective: This study aimed to translate and culturally adapt DigiHealthCom into simplified Chinese (Mandarin) and verify
its reliability and validity in assessing digital health competence of Chinese health care professionals.

Methods: DigiHealthCom was translated into Chinese following the guideline proposed by its original developers. The cultural
adaptation involved expert review and cognitive interviewing. Internal consistency, test-retest reliability, content validity,
convergent validity, discriminant validity, and factor structure were examined. Item analysis tested item discrimination, item
correlation, and item homogeneity. Internal consistency was assessed using Cronbach α, and test-retest reliability was measured
using the intraclass correlation coefficient. Content validity was assessed through both item and scale content validity indices.
Convergent validity was measured by the Average Variance Extracted and Composite Reliability, while discriminant validity
was measured by the heterotrait-monotrait ratio. A five-dimension model of DigiHealthCom was confirmed using confirmatory
factor analysis.

Results: The finalized Chinese version of the DigiHealthCom was completed after addressing differences between the
back-translations and the original version. No discrepancies affecting item clarity were reported during cognitive interviewing.
The validation process involved 398 eligible health care professionals from 36 cities across 15 provinces in China, with 43
participants undergoing a retest after a 2-week interval. Critical ratio values (range 16.05‐23.77, P<.001), item-total correlation
coefficients (range 0.69‐0.89), and Cronbach α if the item deleted (range 0.91‐0.96) indicated satisfactory item discrimination,
item correlation, and item homogeneity. Cronbach α for dimensions and the scale ranged from 0.94 to 0.98, indicating good
internal consistency. The intraclass correlation coefficient was 0.90 (95% CI 0.81‐0.95), indicating good test-retest reliability.
Item content validity index ranged from 0.82 to 1.00, and the scale content validity index was 0.97, indicating satisfactory content
validity. Convergent validity (average variance extracted: 0.60‐0.79; composite reliability: 0.94‐0.95) and divergent validity
(heterotrait-monotrait ratio: 0.72‐0.89) were satisfactory. Confirmatory factor analysis confirmed a well-fit five-dimension
model (robust chi-square to df ratio=3.10, comparative fit index=0.91, Tucker-Lewis index=0.90, incremental fit index=0.91,
root-mean-square error of approximation=0.07, standardized root-mean-square residual=0.05), with each item having a factor
loading exceeding 0.40.

Conclusions: The Chinese version of DigiHealthCom has been proved to be reliable and valid. It is now available for assessing
digital health competence among Chinese health care professionals. This assessment can be used to guide health care policy
makers and educators in designing comprehensive and implementable educational programs and interventions.

(JMIR Hum Factors 2025;12:e65373)   doi:10.2196/65373
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Introduction

The World Health Organization (WHO) defines digital health
as the field that involves the development and use of digital
technologies to improve health outcomes [1]. In 2019, the WHO
released the world’s first guidelines for digital health
interventions, outlining 10 ways to use digital health
technologies to enhance health and primary services [2]. This
concept extends beyond eHealth to include a wide array of smart
devices and connected equipment, encompassing digital
technologies such as the Internet of Things, big data, artificial
intelligence, and robotics [2]. The release of these guidelines
was followed by the Global Strategy for Digital Health
(2020‐2025), which emphasizes prioritized digital health
strategies for global health care development [1]. China has
incorporated measures for the development of a digitally healthy
nation in the 14th Five-Year Plan [3]. With the global market
projected to grow from US $211 billion in 2022 to US $809.2
billion by 2030 [4], digital health care is recognized as a rapidly
expanding sector. Digital health has emerged as a significant
trend in the evolution of global health care services. The digital
transformation that the health care sector is currently undergoing
is redefining the roles and responsibilities of health care
professionals [5,6], creating an urgent need for digital health
competence among them.

Given increasing prominence of digital health in global health
care landscape, it is critical for health care professionals to
possess sufficient digital health competence. Digital health
competence is increasingly recognized as one of the core
competencies for health care professionals, which would enable
them to design and evaluate the impact of digital solutions on
patient care and determine the best way to implement digital
solutions in their work [7,8]. Although patients are becoming
more accepting of and motivated to use digital health care
services and tools, health care professionals face a digital skills
shortage that impedes the adoption of digital solutions [9-11].
Inadequate digital health competence may lead to negative
experiences and frustration with technology adoption among
these professionals [12]. There is a strong association between
health care professionals’ digital health competence and their
willingness to use such tools [13,14]. Studies have highlighted
that the acceptance of digital health technologies by health care
professionals significantly influences the adoption of digital
solutions and emphasizes the critical role of digital health
competence in ensuring patient safety [12,14]. Therefore,
assessing digital health competence is essential to effectively
providing digital health care solutions to the public.

Previous studies have attempted to explore digital health
competence among health care professionals but have struggled
to define it comprehensively due to the evolving nature of digital
technologies [15]. Existing assessment tools primarily focus on
informatics competence, digital health literacy, or skills related
to the application of digital technologies. Examples include the
Digital Health Literacy Instrument (DHLI, 2017) [16], the
eHealth literacy questionnaire (eHLQ, 2018) [17], and the
Nursing Digital Application Skill Scale (NDASS, 2024) [3].
The eHLQ is designed for eHealth user, especially individuals
with low digital health literacy and those with chronic conditions

[17]. The NDASS targets nurses’ digital application skills in
clinical settings [3]. Digital health literacy reflects users’
knowledge and skills within their cultural, social, and
institutional context [17]. Competence entails an integrative
understanding of the knowledge, skills, performance, values,
and attitudes essential for the effective execution of a given task
[18]. Therefore, it is crucial to comprehensively evaluate the
knowledge, skills, performance, and attitudes required for
various health care professionals to adapt to the evolving digital
health technologies.

Developed and validated among Finnish health care
professionals in 2022, the DigiHealthCom (Digital Health
Competence) instrument offers a more comprehensive scope
than existing tools and is applicable to a wide range of health
care professionals. In addition to assessing competence in using
digital solutions and information and communication technology
(ICT), it also explores previously unaddressed domains that
reflect future requirements, such as acceptance of digital
solutions, human-centered remote counseling, and ethical
competence concerning digital solutions [19]. Furthermore, the
instrument has been used to explore digital health competence
profiles and associated factors in 817 health care professionals
from 9 organizations in Finland [20]. It has been translated into
15 languages, and a large-scale international cross-sectional
study on the digital health competence of health care
professionals is currently in progress. Our team is part of this
collaborative research effort. This study aimed to culturally
adapt and validate the Chinese version of DigiHealthCom for
Chinese health care professionals.

Methods

Study Design
A cross-sectional study was conducted.

Participants
Participants were recruited between May 2023 and April 2024
via convenience sampling. Recruitment posters with QR codes
were disseminated on social networks specific to health care
professionals. In addition, health care professionals attending
local academic conferences were invited to participate. The
inclusion criteria for participants were (1) employment within
a health care organization and (2) consent to participate. The
exclusion criteria were (1) individuals who were retired or had
less than 1 year of work experience; (2) health care students;
(3) individuals who completed the questionnaire in less than
150 seconds, as this indicated random clicking; or (4) individuals
who displayed erratic response patterns.

According to the thumb rule, the sample size should be 5 to 10
times the number of items. With an anticipated 10% rate of
invalid responses, a minimum of 231 samples was necessary.
Finally, a total of 398 cases were included in the study. To assess
the test-retest reliability of the instrument, 43 participants who
provided contact information completed the questionnaire again
after a 2-week interval.
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Instrument
The DigiHealthCom instrument comprises 5 domains,
comprising a total of 42 items—competence in human-centered
remote counseling (16 items), digital solutions as part of work
(9 items), competence in ICT (5 items), competence in using
and evaluating digital solutions (8 items), and ethical
competence related to digital solutions (4 items). Each item was
rated on a 4-point Likert scale (1=completely disagree,
2=partially disagree, 3=partially agree, and 4=completely agree).
For each domain, a mean value of ≤2.49 indicated low
competence, 2.50‐3.49 indicated intermediate competence,

and ≥3.50 indicated high competence [20]. DigiHealthCom has
been validated among health care professionals across tertiary,
primary, and private health care settings (n=817), demonstrating
satisfactory internal consistency (Cronbach α=0.80‐0.97) and
content validity (item content validity index [I-CVI]:
0.77‐1.00; S-CVI/Ave: 0.94) [19].

Translation and Cross-Cultural Adaptation
To ensure a high-quality Chinese translation of DigiHealthCom,
a rigorous translation and cross-cultural adaptation process was
followed [21]. Figure 1 illustrates the translation and
cross-cultural adaptation process.

Figure 1. The translation and cross-cultural adaptation process of developing the Chinese version of the DigiHealthCom (Digital Health Competence)
instrument.

Forward and Backward Translation
In total, 2 bilingual nursing professionals, who are native
Chinese speakers (a nursing expert and a nursing graduate
student), independently translated the English version of
DigiHealthCom into Chinese, resulting in 2 forward translations
(T1 and T2). A consensus panel reviewed these translations for
conceptual equivalence, clarity, and comprehensibility,
producing a reconciled version (T3). Subsequently, the T3
version was back-translated into English by a professional
translator and a PhD student unfamiliar with the original version,
both knowledgeable about Chinese and English-speaking
cultures. The consensus panel reviewed and resolved
discrepancies between the back-translations and the original
version, finalizing the initial Chinese version. The consensus
panel comprised 2 nursing researchers experienced in scale
development and a linguistic expert.

Expert Review
To assess the content validity of the Chinese version of
DigiHealthCom, 11 experts were invited to evaluate the
relevance of its dimensions and items using a 4-point ordinal

scale (1 [not relevant], 2 [weakly relevant], 3 [strongly relevant],
and 4 [very relevant]). The expert panel consisted of 9 health
care specialists and 2 IT experts. In addition, expert evaluated
the comprehensibility of the items. The consensus panel, initially
involved in the translation process, conducted a detailed
discussion to resolve any potential discrepancies.

Cognitive Interviewing
Cognitive interviewing was used to evaluate the clarity and
cultural suitability of the initial Chinese version. A total of 7
native Chinese speakers, including 2 doctors, 4 nurses, and 1
IT technician, were recruited. Participants were briefed on the
study’s objectives and methods before interviews, and their
consent was obtained.

The first author, trained in qualitative research methods,
conducted the interviews in a meeting room. Participants
completed the Chinese version of DigiHealthCom independently
and engaged in cognitive interviews. Interviewers evaluated
whether participants found the items relevant to their condition
and if they encountered any understanding difficulties. Field
notes were taken. Modifications were deemed necessary if at
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least 1 participant (1) found an item difficult to understand, (2)
demonstrated mostly or completely inaccurate comprehension
of an item, or (3) provided feedback indicating the need for
improvements, especially regarding cultural relevance. The
consensus panel determined whether to retain or alter item
wording following expert review and cognitive interviewing.
Discrepancies affecting item clarity were resolved to create the
pretest version of the Chinese DigiHealthCom version. Specific
item modifications were detailed in Table S1 in Multimedia
Appendix 1.

Pilot Study
A pilot study was conducted with 39 health care professionals
from a general hospital in Guangzhou, China. The pilot study
confirmed that no further modifications were required. The final
Chinese version of DigiHealthCom consists of 5 dimensions
and 42 items.

Data Collection
Data were collected using the Wen Juan Xing (a Chinese web
questionnaire platform) [22]. Respondents accessed the
questionnaire by scanning a QR code or clicking a link, with 1
response allowed per IP address to prevent duplicates. The
questionnaire platform performed completeness checks before
submission. The Chinese version of DigiHealthCom was
presented alongside a sociodemographic questionnaire. The
questionnaire consisted of 2 pages and 73 items. Sex, age,
education, service area, professional license, work experience,
type of organization, and frequency of patient work were
collected. Participants who voluntarily chose to provide contact
information participated in a retest after a 2-week interval. An
introduction outlined the study’s purpose and provided
questionnaire instructions.

Statistical Analysis
Item analysis was used to evaluate item discrimination, item
correlation, and item homogeneity. For item discrimination,
respondents were classified into high-score (top 27%) and
low-score (bottom 27%) groups based on their total scores. An
independent t test determined whether each item could
significantly distinguish between these groups. Items with a
critical ratio (|t|) less than 3.0 were considered for exclusion
[23]. In addition, item homogeneity and item correlation were
tested using Cronbach α if the item was deleted and corrected
item-total correlation coefficient. Items with a corrected
item-total correlation coefficient below 0.40 were considered
for exclusion [23]. Cronbach α and Intraclass correlation
coefficient (ICC) were used to assess the internal consistency
and test-retest reliability of the instrument. A Cronbach α≥0.70
indicated good internal consistency, while ICC>0.70 indicated
good time stability [23]. The I-CVI and the Scale CVI/Average
(S-CVI/Ave) were used to evaluate content validity of the
instrument. I-CVI≥0.78 and S-CVI/Ave≥0.90 indicate
satisfactory content validity [24].

Construct validity was evaluated using confirmatory factor

analysis (CFA) with a robust chi-square to df ratio (χ2/df) less
than 3, Tucker-Lewis Index (TLI), Incremental Fit Index (IFI),
and Comparative Fit Index (CFI) greater than 0.90, and

root-mean-square error of approximation (RMSEA) and
standardized root-mean-square residual (SRMR) less than 0.08,
indicating an acceptable data-model fit [25]. The average
variance extracted (AVE) and composite reliability (CR) were
used to assess convergent validity, with AVE greater than 0.50
and CR greater than 0.70 indicating good convergent validity
[26]. Discriminant validity was performed using the
heterotrait-monotrait ratio (HTMT), with a correlation matrix
value <0.90 considered good [26].

Furthermore, participants were divided into 2 groups based on
geographic location for the sensitivity analysis. The
DigiHealthCom scores were compared to evaluate potential
selection bias. The absence of a significant difference in digital
health competence between the groups indicates that selection
bias is unlikely in the study sample. Statistical analysis was
conducted using IBM SPSS (version 27.0), IBM AMOS (version
29.0), and Smart PLS (Version 4.1.0.0; GmbH Corp). A P value
of less than .05 was considered statistically significant.

Ethical Considerations
Ethical approval was obtained from the Ethical Committee at
Nanfang Hospital, Southern Medical University, China
(NFEC-2023‐165). This research adhered to the principals of
the Declaration of Helsinki. All participants provided informed
consent and voluntarily completed the web questionnaire.
Participants had the option to skip questions, review, and delete
their responses. Participants had the right to withdraw from the
survey at any time. Those who completed it received a random
monetary reward ranging from CNY 2 to 5 (US $0.28 to 0.69).
Participants’ rights and researcher’s contact information were
provided on the first page of the web survey. Minimal
sociodemographic was collected to maintain ethical standards.
Participant information was kept confidential and anonymous.
The CHERRIES (Checklist for Reporting Results of Internet
E-Surveys; Checklist 1) was used to enhance the transparency
of the study [27].

Results

Characteristics of the Participants
Initially, 431 participants were recruited for this study.
Furthermore, 33 participants were subsequently excluded due
to not meeting the inclusion criteria (n=7), having less than 1
year work experience (n=4), completing the questionnaire in
under 150 seconds (n=2), and exhibiting erratic response patterns
(n=20). Finally, 398 eligible health care professionals were
included. Figure 2 illustrates the participant enrollment
flowchart. The participants enrolled from 36 cities across 15
provinces, as identified by IP addresses. Among the participants,
249 (62.6%) were recruited from Guangzhou, a megacity in
Guangdong province that contains 6125 registered medical
facilities. As shown in Table 1, 364 (91.5%) participants were
female, 386 (97%) worked in health care services, and 357
(89.7%) were nurses. The participants had an average of 13.7
(SD 9.4) years of work experience, with 281 (70.6%) working
directly with patients for at least 5 days per week. Participant
characteristics are summarized in Table 1.
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Figure 2. The flowchart for the enrollment process of health care professionals.
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Table . Demographic characteristics of the participants (N=398).

ValueVariables

Sex, n (%)

364 (91.5)Female

34 (8.5)Male

36.1 (8.8)Age (years), mean (SD)

Education, n (%)

58 (14.6)Junior vocational qualification

273 (68.6)Bachelor’s degree

53 (13.3)Master’s degree

14 (3.5)Doctoral degree

Service area, n (%)

386 (97)Health care service

4 (1)Social service

7 (1.8)Rehabilitation service

1 (0.3)Others

Location, n (%)

351 (88.2)Southern China

47 (11.8)Northern and Western China

Type of organization, n (%)

248 (62.3)Tertiary hospital

36 (9)Secondary hospital

76 (19.1)Community health care center

Professional license, n (%)

357 (89.7)Nurse

24 (6)Doctor

10 (2.5)Midwife

7 (1.8)Othersa

13.7 (9.4)Working experience (years), mean (SD)

Patient work, n (%)

281 (70.6)Daily (at least 5 days a week)

62 (15.6)Weekly (1-4 days per week)

17 (4.3)Monthly (a few times a month)

23 (5.8)Rarely (a few times in several months)

15 (3.8)I do not currently work with patient

398 (100)Full-time, n (%)

aIncluding physiotherapist, paramedical technician, and pharmacist.

Results of Item Analysis
Item analysis showed a significant difference between high-score
and low-score groups. The critical ratio values for all items were

above 3.0 (range 16.05‐23.77, P<.001; Table 2), indicating
excellent item discrimination. All corrected item-total correlation
coefficients exceeded 0.4 (Table 2). The Cronbach α if the item
deleted (range 0.91‐0.96) were acceptable (Table 2).
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Table . Item analysis and content validity of the 42 items in the DigiHealthCom (Digital Health Competence; N=398).

I-CVIcCIDbCITCaCritical ratioItem

10.960.6916.05RC1d

10.960.7017.27RC2

10.960.7117.29RC3

10.960.7719.43RC4

10.960.7717.10RC5

10.960.7920.34RC6

10.960.8019.90RC7

0.820.960.7922.99RC8

10.960.7619.33RC9

10.960.8121.91RC10

10.960.7619.26RC11

0.910.960.8020.84RC12

10.960.8019.89RC13

10.960.7420.80RC14

0.910.960.7319.02RC15

0.910.960.7518.71RC16

10.960.7721.53DS1e

10.950.8120.63DS2

10.950.8419.82DS3

10.950.8621.53DS4

0.910.950.8922.19DS5

10.950.8622.00DS6

0.910.950.8722.57DS7

0.910.960.7120.62DS8

0.910.950.8123.77DS9

10.920.8420.62ICT1f

10.910.8818.64ICT2

10.910.8822.03ICT3

10.930.8118.67ICT4

0.820.940.7518.88ICT5

10.950.8220.48UE1g

10.950.8221.89UE2

10.950.8423.04UE3

0.910.950.8722.25UE4

10.950.8321.33UE5

0.910.950.7818.19UE6

0.910.950.8723.55UE7

10.950.8220.52UE8

10.920.8421.40EC1h

0.910.930.8120.79EC2

10.910.8920.48EC3
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I-CVIcCIDbCITCaCritical ratioItem

10.910.8621.44EC4

aCITC: corrected item-total correlation.
bCID: Cronbach α if item deleted.
cI-CVI: item content validity index.
dRC: human-centered remote counseling competence.
eDS: digital solutions as part of work.
fICT: information and communication technology competence.
gUE: competence in using and evaluating digital solutions.
hEC: ethical competence related to digital solution.

Internal Consistency and Test-Retest Reliability
As shown in Table 3, internal consistency (Cronbach
α=0.94‐0.98) and test-retest reliability were good (ICC=0.90;
95% CI 0.81‐0.95).

Table . Internal consistency and test-retest reliability of the Chinese version of the DigiHealthCom (Digital Health Competence).

95% CI of ICCICCa (N=43)Cronbach α (N=398)Dimension

0.63-0.890.800.96RCb

0.81-0.950.900.96DSc

0.62-0.890.790.94ICTd

0.63-0.890.800.96UEe

0.65-0.900.810.94ECf

0.81-0.950.900.98Total

aICC: intraclass correlation coefficient.
bRC: human-centered remote counseling competence.
cDS: digital solutions as part of work.
dICT: information and communication technology competence.
eUE: competence in using and evaluating digital solutions.
fEC: ethical competence related to digital solutions.

Content Validity
To test content validity, 11 experts evaluated the relevance of
the items. The S-CVI/Ave for the instrument was 0.97, and the
I-CVI ranged from 0.82 to 1.00 (Table 2), indicating satisfactory
content validity.

Construct Validity
As illustrated in Figure 3, the results of CFA supported the
5-factors structure (digital solutions as part of work; ethical
competence related to digital solutions; ICT competence;

human-centered remote counselling competence; competence
in using and evaluating digital solutions). The indices, including

χ2/df (3.10), CFI (0.91), TLI (0.90), IFI (0.91), RMSEA (0.07),
and SRMR (0.05), indicated an acceptable model fit. The factor
loadings of items ranged from 0.69 to 0.93 (Figure 3). The AVE
values for each dimension exceeded 0.50 (range: 0.60‐0.79),
with the CR values >0.70 (range: 0.94‐0.95), indicating
excellent convergent validity. The HTMT values within the
matrix were less than 0.90 (range: 0.72‐0.89), indicating good
divergent validity. These results collectively demonstrated
satisfactory construct validity of the instrument.
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Figure 3. The confirmatory factor model of the Chinese version of the DigiHealthCom (Digital Health Competence; N=398). DS: digital solutions as
part of work; EC: ethical competence related to digital solutions; ICT: information and communication technology competence; RC: human-centered
remote counselling competence; UE: competence in using and evaluating digital solutions.

Sensitivity Analysis
Participants were divided into 2 groups based on geographic
location: Southern China and Northern and Western China. The
DigiHealthCom scores were compared to evaluate potential
selection bias. As illustrated in Table S3 in Multimedia
Appendix 2, no significant difference was found in
DigiHealthCom scores between the 2 groups (P>.05), indicating
that selection bias is unlikely in the study sample.

Discussion

Principal Findings
In this study, we translated and culturally adapted the
DigiHealthCom instrument into Chinese and assessed its
reliability and validity among Chinese health care professionals.
The Chinese version of DigiHealthCom demonstrated
satisfactory internal consistency, test-retest reliability, content
validity, and construct validity. To our knowledge, this study
represents the first effort to validate a comprehensive Chinese
tool for measuring digital health competence among health care
professionals.

In this study, each item of the Chinese version of
DigiHealthCom was translated and back-translated strictly
following the dual direct-to-back translation model [21] to
ensure alignment in semantic, conceptual, and content with the

original English version. And then, we conducted expert review
involving 11 experts in nursing and IT to examine content
validity of the Chinese version. High content validity indices
imply that the instrument provides a broad enough range of
content to allow conclusions about the targeted construct. We
also conducted cognitive interviewing and a pilot study to ensure
its clarity and comprehensibility [28]. Issues related to semantic
validation and understanding identified in the initial Chinese
version were addressed after receiving feedback from the expert
review and cognitive interviewing, leading to improvements
such as clarifying complex terms and vague definitions. Item
analysis revealed good differentiation and high correlations
between the items in this study. Furthermore, this instrument
underwent rigorous testing for internal consistency, test-retest
reliability, and construct validity, exhibiting excellent internal
consistency, time stability, and construct validity, resonating
with the original study [19]. The types of reliability and validity
assessed in this study represent essential psychometric properties
for a measurement instrument.

Discrepancies between existing instruments largely stem from
differing conceptual frameworks. The DHLI measures 7
individual skills: operation, navigation, information searching,
evaluating reliability, determining relevance, adding
self-generated content, and protecting privacy [16]. The eHLQ
comprises 7 dimensions, addressing users’ attributes, their
interaction with technologies, and their experience with systems
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[17]. Our CFA findings confirm a 5-factor structure, consistent
with the exploratory factor analysis findings of the initial study
[19]. Beyond competence in using and evaluating digital
solutions and ICTs, the DigiHealthCom instrument addresses
additional essential domains that were previously unaddressed,
that is acceptance of digital solutions, human-centered remote
counseling, digital interaction skills with patients and
interprofessional teams, and ethical competence related to digital
solutions [19]. Notably, acceptance of digital solutions
significantly influences health care professionals’ adoption of
digital solutions [13,14]. Competence in person-centered remote
consultations is crucial for fostering patient engagement and
improving accessibility to equitable digital health services [8].
Furthermore, proficient digital interaction skills facilitate
effective coordination in digital settings, thereby supporting
decision-making and optimizing treatment plans [8]. As digital
solutions become more prevalent, attention to data privacy and
information security has intensified [29,30]. Ethical competence
related to digital solutions ensures appropriate management of
patient information, fostering trust in digital health technologies
and enhancing the safety of digital health services [20,31]. These
domains provide a unified theoretical framework for
comprehensively measuring digital health competencies among
various professionals [8,9,19], which are essential for delivering
high-quality digital health services to meet future demands.

The Finnish health care system is renowned for its universality,
robust public funding, and centralized digital infrastructure [32].
Regional variations exist in Finland; for example, northern
districts have fewer professionals specializing in remote
counseling and the integration of digital solutions compared
with southern areas [20,33]. Strategies have been implemented
to enhance health care professionals’ digital health competence
and improve education related to health care digitalization,
including technology to support client engagement, digital
services integrated into nursing work, and considerations of
safety and ethics in the digital environment [20,34]. In contrast,
China experiences regional disparities in digital health
infrastructure and access to digital health services, especially
in rural areas, despite the rapid growth of digital health services
[35]. In addition, system compatibility across hospitals remains
an unsolved issue [35]. These factors may influence the
development of digital health competence among health care
professionals. A cross-sectional study conducted in a central
Chinese province reported that 49.9% (1690/3386) of clinical
nurses demonstrate low telehealth readiness [36]. Consequently,
evaluating, addressing, and reducing regional disparities in

health care professionals’ digital health competence is vital for
promoting equity in health care service provision. Validating a
comprehensive digital health competence measurement
instrument for health care professionals is imperative to address
challenges posed by diverse health care environments, such as
China’s. The Chinese version of DigiHealthCom is now ready
for application in a wide range of settings and various health
care professionals. Researchers, educators, health care providers,
and policy makers can use it to evaluate digital health
competence among diverse health care professionals, and
develop digital health training curricula and policies based on
the assessment.

Limitations
This study acknowledges several limitations. First, the primary
participants were nurses. Future research should involve a
broader spectrum of health care professionals. Second, although
recruited from diverse health care institutions, the participants
mainly came from southern China, which may introduce
selection bias due to regional disparities in digital health
infrastructure. To address this, participants were divided into 2
groups (Southern China versus Northern and Western China)
for sensitivity analysis, and their DigiHealthCom scores were
compared. We did not find significant differences in digital
health competence between the 2 groups, indicating that
selection bias is unlikely in the study sample. Future studies
could benefit from employing a stratified sampling method.
Third, the absence of a standardized method for assessing digital
health competence among health care professionals hindered
the evaluation of criterion validity. Assessments of digital health
competence predominantly rely on subjective self-reports, which
might be susceptible to response bias. However, relying
exclusively on performance-based assessments or other objective
measures to evaluate competence also presents challenges.
Therefore, using a more holistic combination of methods could
offer a viable solution. Future research should consider larger
sample sizes and multicenter external evaluations to address
these limitations.

Conclusions
In conclusion, we have successfully translated, culturally
adapted, and validated DigiHealthCom for Chinese health care
professionals. Our findings demonstrate that the Chinese version
of DigiHealthCom is a reliable and valid instrument for
assessing digital health competence among these health care
professionals.
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Abstract

Background: The accuracy of the ICD-10-CM (International Classification of Diseases, Tenth Revision, Clinical Modification)
procedure coding system (PCS) is crucial for generating correct Taiwan diagnosis-related groups (DRGs), as coding errors can
lead to financial losses for hospitals.

Objective: The study aimed to determine the consistency between an artificial intelligence (AI)-assisted coding module and
manual coding, as well as to identify clinical specialties suitable for implementing the developed AI-assisted coding module.

Methods: This study examined the AI-assisted coding module from the perspective of health care professionals. The research
period started in February 2023. The study excluded cases outside of Taiwan DRGs, those with incomplete medical records, and
cases with Taiwan DRG disposals ICD-10 (International Statistical Classification of Diseases, Tenth Revision) PCS. Data
collection was conducted through retrospective medical record review. The AI-assisted module was constructed using a hierarchical
attention network. The verification of the Taiwan DRGs results from the AI-assisted coding model focused on the major diagnostic
categories (MDCs). Statistical computations were conducted using SPSS version 19. Research variables consisted of categorical
variables represented by MDC, and continuous variables were represented by the relative weight of Taiwan DRGs.

Results: A total of 2632 discharge records meeting the research criteria were collected from February to April 2023. In terms
of inferential statistics, κ statistics were used for MDC analysis. The infectious and parasitic diseases MDC, as well as the
respiratory diseases MDC had κ values exceeding 0.8. Clinical inpatient specialties were statistically analyzed using the Wilcoxon
signed rank test. There was not a difference in coding results between the 23 clinical departments, such as the Division of
Cardiology, the Division of Nephrology, and the Department of Urology.

Conclusions: For human coders, with the assistance of the ICD-10-CM AI-assisted coding system, work time is reduced.
Additionally, strengthening knowledge in clinical documentation enables human coders to maximize their role. This positions
them to become clinical documentation experts, preparing them for further career development. Future research will apply the
same method to validate the ICD-10 AI-assisted coding module.

(JMIR Hum Factors 2025;12:e59961)   doi:10.2196/59961
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Introduction

The International Statistical Classification of Diseases (ICD)
system was set up by the World Health Organization (WHO)
for the purpose of tracking diseases globally. Over the past
several decades, the WHO has made significant changes to both
content and structure. It accompanies a new scientific
understanding of diseases and new structures for organizing
ICD codes to accommodate enhanced use and extensibility [1].
The WHO introduced the ICD in 1948, and it is a universal
language used to categorize diseases or causes of death. The
use of it is attributed to health care–related units in 194 countries
and is generated by professional coders based on discharge
records, with countries adjusting the ICD to their circumstances.
In 2016, Taiwan adopted the international trend of switching
from ICD-9-CM (International Classification of Diseases, Ninth
Revision, Clinical Modification) to ICD-10-CM (International
Classification of Diseases, Tenth Revision, Clinical
Modification) procedure coding system (PCS) for coding
hospital patient diagnoses, procedures, analysis and
reimbursement. The National Health Insurance Administration
(NHIA) under the Ministry of Health and Welfare has adopted
the 2014 edition of ICD-10-CM PCS, with approximately 71,900
diagnosis codes and 78,500 procedure codes.

The use of the ICD-10-CM PCS involves coding and classifying
morbidity data from health records, reimbursement claims, and
administrative databases. Improving health care quality,
monitoring public health, and conducting research are all
benefits of the ICD-10-CM PCS in Taiwan and involves
converting the physician’s discharge diagnosis into ICD-10-CM
codes by following the primary diagnosis selection principle
announced by the NHIA. The diagnosis-related group (DRG)
provides information such as health insurance reimbursement,
relative weight, presence of comorbidities, and complications
for the current hospitalization.

The accuracy of ICD-10-CM PCS coding is crucial for
generating accurate Taiwan DRGs, as coding errors can lead to
financial losses for hospitals [2,3]. According to the coding
principles set forth by the NHIA and the Taiwan Society of
Medical Records Management, coding is based on the inpatient
and emergency room records of patients. In the past, this task
was undertaken by trained and certified clinical coding
professionals (referred to as coding professionals hereafter), but
with the rapid advances of medical technology, the rules of
disease classification have also evolved, and coding
professionals must regularly accumulate relevant training hours
to update their disease classification skills [4].

In recent years, artificial intelligence (AI) and natural language
processing have shown exciting potential in the field of
automatic clinical coding. In 2021, the disease coding scales in
the United States were worth approximately 18 billion US
dollars. Several technology companies in the United States have
developed AI-assisted coding systems, and scholars believe that

interdisciplinary collaboration and feedback from clinical coding
professionals are essential to further refine the modules [5,6].
Research on AI-assisted coding consistently conclude that it
improves quality and reduces error rates while saving costs
[7,8]. AI-assisted ICD-10-CM PCS coding can be considered
as a text classification task within the field of machine learning
[9]. In recent years, studies in the machine learning text
classification field have predominantly proposed using deep
learning–based neural networks [10]. Many research papers
have focused on AI assistance in ICD-10 (International
Statistical Classification of Diseases, Tenth Revision) coding
[11-14], but few have examined the results of coding
implementation from the perspective of disease classification
personnel. The development and validation process of the
AI-assisted coding model requires the involvement and feedback
of clinical coders to enhance accuracy and correctness, aligning
with user needs [15].

In Taiwan, several hospitals have also ventured into the
development of AI-assisted coding for disease classification.
However, due to variations in physicians’ documentation of
medical records across different hospitals, the AI-assisted coding
systems developed are not universally applicable [11],
necessitating the development and validation of customized
AI-assisted coding systems. Medical coding personnel must
review the discharge records meticulously and then translate
the discharge diagnoses and procedures (interventions) recorded
in the medical records into ICD-10 codes. In the past, the most
significant factor contributing to coding errors was handwritten
medical records by physicians, which were difficult to decipher
or included abbreviations, leading to mistakes [16]. In recent
years, most medical centers in Taiwan have adopted electronic
health records, resulting in a significant reduction in coding
errors caused by handwritten records. Clinical coding personnel
also encounter various pressures, including the need to
accomplish all inpatient coding tasks within specified deadlines,
optimize Taiwan DRGs assignment coding, enhance and
maintain coding reliability and validity, and engage in
discussions with clinical physicians regarding the content of
medical record writing.

Recently, the global trend in AI coding has been on the rise
[11,13,17-19]. In this study, we have developed an exclusive
ICD-10-CM AI-assisted coding module. Coding professionals
took part in the research and offered suggestions to improve the
efficiency of coding operations. Consequently, this study focuses
primarily on the following two research aims: (1) to verify the
consistency between the AI-assistant coding module and a
coding professional in encoding, based on the MDC results in
Taiwan DRGs and (2) to find the clinical departments within
the medical center that can benefit from using the developed
AI-assisted coding module.
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Methods

Data Description
This study used a total of 136,841 unstructured discharge
summaries of patients who were hospitalized, recorded in

Kaohsiung Medical University Chung-Ho Memorial Hospital
from April 1, 2019, to December 31, 2020, as the primary data
source. Textbox 1 displays an example of a discharge summary
from the Kaohsiung Medical University Chung-Ho Memorial
Hospital.

Textbox 1. Example discharge summary.

Chief complaint:

Abdominal pain for 1 day

Impression on admission:

# Sepsis, focus on retroperitoneal abscess

Discharge diagnosis:

# Sepsis, focus on retroperitoneal abscess due to surgical site infection

History on admission:

This time, according to the patient's statement, he suffered from recurrent abdominal dull pain after discharge. The pain was serious by jejunostomy
feeding, and there was no relieving factor. The pain suddenly progressed...

This study verified the AI-assisted coding from the perspective
of coding professionals. Since the AI-assisted coding system
was introduced in the medical center in February 2023, the study
period began in February 2023. The subjects of this study were
selected based on the following exclusion criteria: non–Taiwan
DRGs cases, cases with procedures (ICD-10 PCS) in Taiwan
DRGs, and cases with incomplete medical records. According
to the study conditions, there were approximately 700 to 1000
cases per month. The coding by both the AI-assisted coding
module and coding professionals were based on the electronic
discharge summaries of a certain medical center each month.

Research Design
After each data entry was encoded by the AI-assisted coding
module and verified by a coding professional, it was transmitted
to a certain university’s database. The results of both the
AI-assisted coding and coding professional were compared
using an Excel (Microsoft) file. Following the linkage to the
NHIA’s DRG calculation software, separate datasets for Taiwan
DRGs were obtained for both the AI-assisted coding and coding
personnel, with the consistency of the primary diagnosis coding
between these two groups being examined. In cases of
discrepancies, the medical records were scrutinized again by
the coding professional to determine if the AI-assisted coding
results met the criteria for primary coding as per the coding
professional; the consistency results of the Taiwan DRGs data
for both the AI-assisted coding and coding professional were
adjusted accordingly.

AI-Assisted Coding Construction Process
The AI-assisted ICD-10-CM coding system was developed by
CSL, CHL, and BTS, based on approximately 110,000 discharge
summaries collected from April 1, 2019 to December 31, 2020,
in a medical center. The deidentified summary data were
processed by segmenting sentences and filtering out meaningless
delimiters and prefix symbols (eg, # or "") by using a clinical
natural language processing tool [20]. The data were categorized
into 21 groups based on the first 3 codes of the ICD-10-CM,
and models were built using bidirectional encoder
representations from transformers (BERTs) [21] and hierarchical
attention networks (HANs) [22]. The results favored HANs,
leading to the decision to adopt the HAN module. The precision,
recall, and F1 scores of the developed HAN model were 0.55,
0.82, and 0.66, respectively. For the top 50 most frequent codes,
the F1 score of the developed HAN model was 0.818.

Aside from module modeling, another time-consuming task
was the design of the user interface for the coding professionals,
as it needed to present discharge summaries, laboratory data,
and imaging reports, as well as the ICD-10-CM codes predicted
by the AI-assisted coding module. Coding professionals were
actively involved in providing feedback during the interface
design process. Figure 1 provides an illustration of the designed
user interface, which provided suggestions automatic
ICD-10-CM recommendation and fields for coding professionals
to input the final codes. The developed AI-coding system was
integrated into a medical center’s hospital information systems
in November 2022 and operated in February 2023.
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Figure 1. User interface screenshot.

Ethical Considerations
This study was approved by Kaohsiung Medical University
Ching-Ho Memorial Hospital (institutional review boards
number: KMUHIRB-E(II)-20230214). The institutional review
board approval covered secondary analysis without additional
consent. Data was anonymized or deidentified. There was not
any compensation provided to participants.

Statistical Analysis
The study involved an analysis incorporating descriptive
statistics for exploration, as well as inferential statistics for
investigating MDCs and relative weight. Statistical computations
were conducted using SPSS version 19. Research variables
consisted of categorical variables represented by MDC, and
continuous variables were represented by the relative weight of
Taiwan DRGs.

Results

Distribution of ICD-10 Codes
The distribution of the ICD-10 codes seen in the collected
training dataset is shown in Multimedia Appendix 1. The first
digit of the ICD-10-CM code consisted of English letters, so
the alphabetical characters on the horizontal axis of the log data
were the first digit of the ICD-10-CM code, showing diseases

pertaining to different systems. According to Multimedia
Appendix 1, data starting with codes C, E, and I in ICD-10-CM
had the highest volume, with C representing neoplastic diseases;
E for endocrinal, nutritional, and metabolic diseases; and I for
diseases of the circulatory system. These were the body systems
with the highest learning volumes for the AI-assisted coding
module.

Descriptive Statistics
In the period from February to April 2023, a total of 15,756
discharges were recorded. Excluding cases with interventions,
non–Taiwan DRG cases, and cases with incomplete medical
records, there was a total of 2632 cases. The primary diagnosis
was the key factor in deciding the main disease category, while
secondary diagnoses only affected the distribution of Taiwan
DRGs within the same primary disease category. According to
disease classification rules, the primary diagnosis was based on
the reason for the patient’s admission, but only one disease
could be selected as the primary diagnosis. If multiple diseases
were treated during admission, selecting any one of them as the
primary diagnosis was not considered an error. Therefore, the
coding professional (author ATL) manually examined the
discharged cases’ notes to categorize the output of the
AI-assisted system into one of the following categories. The
results are shown in Table 1.

Table . Frequency distribution and percentage analysis of primary diagnoses.

Month of case, n (%)Variable

April (n=893)March (n=991)February (n=748)

285 (31.9)277 (28)181 (24.2)No primary diagnosis

369 (41.3)477 (48.1)462 (61.8)Incorrect secondary diagnosis with
a primary diagnosis

177 (19.8)181 (18.3)79 (10.6)All correct

62 (7)56 (5.7)26 (3.5)All incorrect

JMIR Hum Factors 2025 | vol. 12 | e59961 | p.2054https://humanfactors.jmir.org/2025/1/e59961
(page number not for citation purposes)

Lu et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Operational definitions were as follows:

• No primary diagnosis: in comparison to the coding
professional, a single hospitalization’s predicted diagnosis
codes did not include a primary diagnosis.

• Incorrect secondary diagnosis with a primary diagnosis: in
comparison to the coding professional, a single
hospitalization’s predicted diagnosis codes included a
primary diagnosis, but there was at least 1 error in the
secondary diagnoses.

• All correct: all predicted diagnosis codes for a single
hospitalization perfectly aligned with those given by the
coding professional.

• All incorrect: in comparison to the disease classification
personnel, none of the predicted diagnosis codes in a single
hospitalization were the same.

In Figure 2, we analyzed the agreement of MDC classification
between the AI-assisted coding module and the coding
professional through a heat map analysis. The vertical and
horizontal axes in Figure 2 represent MDCs coded by the
AI-assisted coding module and MDCs coded by coding
professionals, respectively. The intensity of color in the figure
indicated a higher number of agreed MDCs between the
AI-assisted coding module and professionals. As shown in
Figure 2, MDC 1 (diseases and disorders of the nervous system),
MDC 4 (diseases and disorders of the respiratory system), and
MDC 18 (infectious and parasitic diseases and disorders) had
the highest agreements.

Figure 2. MDC heat map analysis between AI-coding module and professionals.

The κ Coefficient Test
Furthermore, we assessed the MDC agreement between the AI
coding module and coding professionals using the κ coefficient
test. The κ values were broadly categorized into 5 groups based
on various levels of agreement: extremely low agreement
(0.00-0.20), fair agreement (0.21-0.40), moderate agreement
(0.41-0.60), high agreement (0.61-0.80), and almost perfect
agreement (0.81-1.0).

When analyzing the cumulative data for February to April 2023
(Table 2), the MDCs with the highest consistency were MDC

4 (diseases and disorders of the respiratory system) and MDC
18 (infectious and parasitic diseases and disorders), followed
by MDC 1 (diseases and disorders of the nervous system), MDC
3 (diseases and disorders of the ear, nose, mouth and throat),
MDC 6 (diseases and disorders of the digestive system), MDC
7 (diseases and disorders of the hepatobiliary system and
pancreas), MDC 9 (diseases and disorders of the skin,
subcutaneous tissue and breast), MDC 11 (diseases and disorders
of the kidney and urinary tract), MDC 13 (diseases and disorders
of the female reproductive system), MDC 15 (newborn and
other neonates), and MDC 16 (diseases and disorders of the
blood and blood forming organs and immunological disorders).
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Table . Kappa tests for aggregation of major diagnostic category in the total counts for February to April 2023 (κ=0.592).

Kappa valueCases coded by human
coders (n=2362), n (%)

AI-assisted case coding
(n=2362), n (%)

Major diagnostic categoryNo.

0.670a509 (19.3)280 (10.6)Diseases and disorders of
the nervous system

1

0.30038 (1.4)9 (0.3)Diseases and disorders of
the eye

2

0.689a132 (5)113 (4.3)Diseases and disorders of
the ear, nose, mouth, and
throat

3

0.845b302 (11.5)309 (11.7)Diseases and disorders of
the respiratory system

4

0.607184 (7)310 (11.8)Diseases and disorders of
the circulatory system

5

0.775a229 (8.7)217 (8.2)Diseases and disorders of
the digestive system

6

0.710a84 (3.2)90 (3.4)Diseases and disorders of
the hepatobiliary system and
pancreas

7

0.57687 (3.3)66 (2.5)Diseases and disorders of
the musculoskeletal system
and connective tissue

8

0.692a116 (4.4)83 (3.2)Diseases and disorders of
the skin, subcutaneous tis-
sue, and breast

9

0.505132 (5)237 (9)Diseases and disorders of
the endocrine, nutritional,
and metabolic systems

10

0.648a120 (4.6)205 (7.8)Diseases and disorders of
the kidney and urinary tract

11

0.3623 (0.1)7 (0.3)Diseases and disorders of
the male reproductive sys-
tem

12

0.749a8 (0.3)8 (0.3)Diseases and disorders of
the female reproductive sys-
tem

13

0.41941 (1.6)11 (0.4)Pregnancy, childbirth and
puerperium

14

0.635a15 (0.6)9 (0.3)Newborn and other neonates
(perinatal period)

15

0.624a57 (2.2)64 (2.4)Diseases and disorders of
the blood and blood forming

16

organs and immunological
disorders

0.3992 (0.1)3 (0.1)Myeloproliferative diseases
and disorders (poorly differ-
entiated neoplasms)

17

0.870b505 (19.2)465 (17.7)Infectious and parasitic dis-
eases and disorders

18

—c0 (0)23 (0.9)Mental diseases and disor-
ders

19

—0 (0)2 (0.1)Alcohol or drug abuse or in-
duced mental disorder

20

0.40421 (0.8)24 (0.9)Injuries, poison, and toxic
effects of drugs

21

—1 (0)0 (0)Burns22
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Kappa valueCases coded by human
coders (n=2362), n (%)

AI-assisted case coding
(n=2362), n (%)

Major diagnostic categoryNo.

0.36642 (1.6)24 (0.9)Factors influencing health
status and other contacts
with health services

23

0.5994 (0.2)6 (0.2)Multiple significant trauma24

—0 (0)2 (0.1)HIV infection25

—0 (0)65 (2.5)None—

aHigh agreement (0.61-0.80).
bAlmost perfect agreement (0.81-1.00).
cKappa value was not calculated when there were 0 cases in a coding group.

Inferential Statistical Analysis: Wilcoxon Signed Rank
Test
The κ coefficient test was used for a broad-scale analysis of
MDCs. However, under the same MDC, it was possible to
further classify the data into numerous Taiwan DRGs, with each
having its own code and relative weight. Even within the same
MDC, this might result in different Taiwan DRGs. Furthermore,
some diseases could be treated across departments. Therefore,
for the statistical analysis of relative weight, we first conducted
a normality analysis of the relative weights obtained from both
AI-assisted coding and coding professionals. The statistical
results based on the Kolmogorov-Smirnov analysis yielded a
significance level of less than .05, showing a nonnormal
distribution. Given that the research sample consisted of paired
data, the nonparametric Wilcoxon signed rank test was used to
analyze whether there were differences in relative weight

between AI-assisted coding and coder-assigned coding; the null
hypothesis assumed that there was no difference in relative
weight between AI-assisted coding and coder-assigned coding.

The Wilcoxon signed rank test, with clinical departments as the
unit of analysis, identified differences in relative weight in the
following 12 departments: Division of Endocrinology and
Metabolism, Division of Hematology and Oncology, Division
of General Internal Medicine, Division of Geriatrics and
Gerontology, Division of Trauma, Division of Neurosurgery,
Division of Cardiovascular Surgery, Division of General and
Digestive Surgery, Division of Pediatric Neurology, Department
of Otorhinolaryngology, Department of Neurology, and
Department of Rehabilitation Medicine. As shown in Table 3,
the overall statistical result with a P value of <.001 showed that
there were still differences between AI-assisted coding and
coder-assigned coding in this study.
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Table . Wilcoxon signed rank test results across various clinical departments (P<.001).

P valueRelative weight (95%CI)Frequency of cases
(n=2632), n (%)

Clinical department

Human codingAIa coding

.120.70 (0.63‐0.77)0.66 (0.58‐0.74)61 (2.3)Division of Gastroenterolo-
gy

.070.74 (0.69‐0.79)0.69 (0.63‐0.75)81 (3.1)Division of Hepatobiliary
and Pancreatic Medicine

.390.72 (0.68‐0.75)0.69 (0.65‐0.73)177 (6.7)Division of Cardiology

.500.90 (0.87‐0.94)0.90 (0.85‐0.93)181 (6.9)Division of Chest Medicine

.910.71 (0.64‐0.78)0.71 (0.65‐0.78)64 (2.4)Division of Nephrology

.030.68 (0.59‐0.77)0.62 (0.54‐0.71)36 (1.4)Division of Endocrinology
and Metabolism

.0060.87 (0.80‐0.94)0.79 (0.69‐0.88)42 (1.6)Division of Hematology and
Oncology

.330.71 (0.64‐0.79)0.68 (0.58‐0.79)36 (1.4)Division of Rheumatology,
Immunology, and Allergolo-
gy

.390.94 (0.90‐0.99)0.91 (0.85‐0.98)78 (3)Division of Infectious Dis-
eases

.0050.73 (0.69‐0.77)0.69 (0.65‐0.73)205 (7.8)Division of General Internal
Medicine

.0030.99 (0.94‐1.04)0.92 (0.85‐0.99)54 (2.1)Division of Geriatrics and
Gerontology

.040.64 (0.46‐0.83)0.43 (0.21‐0.65)16 (0.6)Division of Trauma

<.0010.68 (0.63‐0.73)0.53 (0.48‐0.58)151 (5.7)Division of Neurosurgery

.0020.94 (0.82‐1.06)0.67 (0.54‐0.80)24 (0.9)Division of Cardiovascular
Surgery

.400.60 (0.45‐0.75)0.56 (0.43‐0.69)14 (0.5)Division of Chest Surgery

.280.48 (0.33‐0.63)0.45 (0.31‐0.59)9 (0.3)Division of Pediatric
Surgery

.890.68 (0.44‐0.92)0.64 (0.38‐0.90)9 (0.3)Division of Plastic Surgery

.160.59 (0.52‐0.66)0.54 (0.45‐0.62)46 (1.7)Division of Colorectal
Surgery

.050.62 (0.48‐0.75)0.47 (0.32‐0.62)16 (0.6)Division of Breast Oncology
and Surgery

.0090.63 (0.57‐0.68)0.56 (0.49‐0.62)56 (2.1)Division of General and Di-
gestive Surgery

.720.46 (0.40‐0.52)0.47 (0.39‐0.55)60 (2.3)Department of Gynecology
Obstetrics

.440.47 (0.40‐0.55)0.45 (0.38‐0.52)42 (1.6)Division of Pediatric Hema-
tology and Oncology

.240.53 (0.43‐0.63)0.52 (0.37‐0.66)86 (3.3)Division of Pediatric Cardi-
ology and Pulmonology

.0080.45 (0.40‐0.50)0.43 (0.34‐0.52)92 (3.5)Division of Pediatric Neurol-
ogy

.690.81 (0.43‐1.18)0.87 (0.28‐1.47)14 (0.5)Division of Neonatology

.560.39 (0.37‐0.41)0.39 (0.36‐0.41)299 (11.4)Division of General Pedi-
atrics

.320.35 (0.25‐0.46)0.31 (0.17‐0.46)8 (0.3)Division of Pediatric Aller-
gy Immunology
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P valueRelative weight (95%CI)Frequency of cases
(n=2632), n (%)

Clinical department

Human codingAIa coding

.020.51 (0.45‐0.58)0.57 (0.50‐0.63)53 (2)Department of Otorhino-
laryngology

.440.44 (0.36‐0.52)0.42 (0.34‐0.50)12 (0.5)Ophthalmology Department

.160.52 (0.39‐0.65)0.40 (0.25‐0.55)13 (0.5)Department of Orthopaedics

.950.62 (0.55‐0.69)0.63 (0.56‐0.70)46 (1.7)Department of Urology

.180.41 (0.35‐0.46)0.42 (0.37‐0.48)87 (3.3)Department of Dermatology

<.0010.72 (0.69‐0.75)0.66 (0.63‐0.69)366 (13.9)Department of Neurology

.171.00 (0.93‐1.07)0.96 (0.87‐1.04)49 (1.9)Division of Family
Medicine

<.0011.21 (1.14‐1.28)0.85 (0.75‐0.94)47 (1.8)Department of Rehabilita-
tion Medicine

———1 (0)Department of Psychiatry

———1 (0)Division of Oral Maxillofa-
cial Surgery

aAI: artificial intelligence.

Discussion

Principal Results
For clinical coders, it is clear from the MDCs that AI-assisted
coding can serve as a reference for disease systems. However,
hospital administrators may require detailed statistical results
from clinical departments to make judgments. In the individual
clinical department analysis based on the Wilcoxon signed rank
test, the Division of General Internal Medicine, the Department
of Neurology, and the Division of Neurosurgery had the highest
number of cases studied, but the statistical results were

inconsistent with coder-assigned coding. However, in the κ
coefficient test, the statistical results for the nervous system
MDC were highly consistent. This is because patients admitted
to the Department of Neurology and Neurosurgery do not
exclusively have neurological conditions. According to further
analysis shown in Table 4, the AI model’s predictions for
neurological system diseases were still highly consistent with
those of the disease classification staff in the neurology
department. However, respiratory and urinary system conditions
have affected the AI model’s coding performance for neurology
and account for the discrepancies seen in both the Wilcoxon
signed rank test and the κ coefficient test.
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Table . Analysis of major diagnostic category for 366 neurology patients admitted from February to April 2023.

P valueKappa valueCases coded by human
coders (n=366), n (%)

AIb-assisted case cod-
ing (n=366), n (%)

MDCaNo.

<.0010.62289 (79)281 (76.8)Diseases and disorders
of the nervous system

1

<.0010.8418 (4.9)17 (4.6)Diseases and disorders
of the eye

2

<.0010.7720 (5.5)21 (5.7)Diseases and disorders
of the ear, nose, mouth,
and throat

3

.96–0.031 (0.3)1 (0.3)Diseases and disorders
of the respiratory sys-
tem

4

<.0010.5412 (3.3)20 (5.5)Diseases and disorders
of the circulatory sys-
tem

5

<.0011.001 (0.3)1 (0.3)Diseases and disorders
of the digestive system

6

<.0010.568 (2.2)6 (1.6)Diseases and disorders
of the musculoskeletal
system, and connective
tissue

8

<.0011.002 (0.6)2 (0.6)Diseases and disorders
of the skin, subcuta-
neous tissue, and breast

9

<.0010.672 (0.6)1 (0.3)Diseases and disorders
of the endocrine, nutri-
tional, and metabolic
systems

10

<.0010.401 (0.3)4 (1.1)Diseases and disorders
of the kidney and uri-
nary tract

11

——c1 (0.3)0 (0)Pregnancy, childbirth,
and puerperium

14

<.0011.001 (0.3)1 (0.3)Diseases and disorders
of the blood and blood
forming organs and
immunological disor-
ders

16

——1 (0.3)0 (0)Myeloproliferative dis-
eases and disorders
(poorly differentiated
neoplasms)

17

——0 (0)4 (1.1)Infectious and parasitic
diseases and disorders

18

——0 (0)3 (0.8)Mental diseases and
disorders

19

.87–0.059 (2.5)1 (0.3)Factors influencing
health status and other
contacts with health
services

23

——0 (0)3 (0.8)None—

aMDC: major diagnostic category.
bAI: artificial intelligence.
cAnalysis was not performed when there were 0 cases in a coding group.
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In the circulatory system, the statistical results for the Division
of Cardiology and Division of Cardiovascular Surgery in the
Wilcoxon signed rank test were also markedly different. Upon
closer examination of the data from the exploratory study, it
was discovered that in the Division of Cardiovascular Surgery,
half of the cases helped by AI-coding modules did not have the
main diagnosis coded, which could be attributed to differences

in how physicians document medical records. For example,
after carefully reviewing the 24 cases of data collected by the
Cardiac Surgery Department, it was found that 12 Taiwan DRGs
were inconsistent. All of these did not follow the disease
classification coding rules and did not include the main diagnosis
(Table 5).

Table . Discussion on writing medical records in the Division of Cardiovascular Surgery.

Cause analysisExcerpt of discharge diagnosisNumber

The examination results were attached to the
discharge diagnosis, leading to coding confusion.

“Chest tightness for a week Acute heart failure
with reduced ejection fraction * 2023/04/24
Thallium 201 (Stress SPECT (single-photon
emission computed tomography) imaging): mild
myocardial ischemia in inferolateral wall of LV
(left ventricle)”

Case 1

The discharge diagnosis showed coding confu-
sion with previously treated conditions.

“Type A aortic dissection - post TEVAR (Tho-
racic endovascular aneurysm repair)+ stenting
grafts in the ascending to descending aorta, left
common carotid and subcalvian arteries on
2023/02/07 # Suspect gastroparesis related to
relative gastric malperfusion”

Case 2

The anatomical location was not clearly docu-
mented, making correct coding impossible.

“Type B dissection, intramural hemorrhage -
2023/03/10 Chest CT (computed tomography)
angiography:1) Suspect intramural hematoma in
the descending aorta.2) Suspect thrombus forma-
tion in the bilateral femoral arteries.3) Suspect a
thrombosed aneurysm in the right internal iliac
artery”

Case 3

Furthermore, in MDC 14 (pregnancy, childbirth, and
puerperium) and MDC 21 (injuries, poisonings, and toxic effects
of drugs), there are specific coding rules. Clinical coders need
to synthesize the entire medical record information and apply
the coding rules, which could result in diagnoses different from
those presented in the discharge summary.

Limitations
The AI-coding module was trained on inpatient data from April
2019 to December 2020. Advancements in medical care might
lead to variations in the diseases of admitted patients. Taken
together, these show situations where the AI-coding assistance
module might not capture the main diagnosis, as observed in
the Dermatology Department.

Conclusions
With the rapid advancements in global medical technology and
the evolving challenges of diseases, the development of
DRG-based hospital payment systems in various countries is
also meeting significant challenges. Key areas for future research
include determining the flexibility of DRG payments, balancing
payment structures, and aligning with disease management goals
[23]. The Taiwan DRGs system, like those in other countries,
aims to prevent medical institutions from delivering excessive
services and causing unnecessary waste, all while safeguarding
patient rights. It looks to strengthen management mechanisms
to improve the quality and efficiency of care and ensure fair
payments among peers.

In this context, AI-assisted coding emerges as a powerful tool
[24]. A recent study used cross-random control methods to

prove that AI-assisted coding reduces the coding workload [25].
The focuses of our research were the practical applications of
AI models, with two main goals. The first was to investigate
the consistency between the AI-assisted coding module and
coding professionals and the second was to find the departments
suitable for using the AI-assisted coding module. The research
results showed that the highest consistency in MDC
classification was seen in diseases of the respiratory system, as
well as infectious and parasitic diseases. In the analysis of
various inpatient specialties, departments such as the Division
of Cardiology, Division of Nephrology, and Department of
Urology showed no significant difference from coder-assigned
coding results; accordingly, consideration could be given to
integrating the AI-assisted coding module into the hospital
information system, allowing physicians to reference Taiwan
DRGs assignments for hospitalized patients, thus effectively
controlling medical expenses.

However, upon analyzing the entire hospital department,
discrepancies were observed in alignment with disease
categorizations and personnel coding, so the research team is
actively working on continuous improvements. Nevertheless,
AI-assisted coding indeed served as a valuable reference by
reducing human errors, as during the research period, it was
found that the error rate detected by human coders (number of
coding errors by human coders/total cases) was 1.9% (50/2632).
Given the regular updates to the tool book by the Department
of Health and the revisions in coding rules, the coding assistance
module undoubtedly proves to be a powerful tool.
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The development of AI-assisted coding for the ICD-10-CM
PCS is just the beginning for intelligent health care in disease
classification. Many operational aspects of hospitals are closely
related to the ICD-10-CM PCS, including inpatient coding
monitoring, discharge preparation services, and infectious
disease surveillance, among others. For hospital administrators,
the goal of AI-assisted coding is to achieve best operational

revenue. For human coders with the assistance of an ICD-10-CM
AI coding system, work time is reduced. Additionally,
strengthening knowledge in clinical documentation improvement
enables human coders to maximize their role, positioning them
to become documentation experts [15] and preparing them for
further career development.
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Abstract

Background: Language acquisition is a critical developmental milestone, with notable variability during the first 4 years of
life. Developmental language disorder (DLD) often overlaps with other neurodevelopmental disorders or simple language delay
(SLD), making early detection challenging, especially for primary caregivers.

Objective: We aimed to evaluate the effectiveness of the Gades platform, an adaptive screening tool that enables preschool
teachers to identify potential language disorders without direct support from nursery school language therapists (NSLTs).

Methods: The study took place in a nursery school and an early childhood educational and psychopedagogical center in Madrid,
Spain, involving 218 children aged 6 to 36 months, 24 preschool teachers, and 2 NSLTs. Initially, NSLTs conducted informational
sessions to familiarize teachers with DLDs and how to identify them. Following this, the teachers used the Gades platform to
conduct language screenings independently, without ongoing support from NSLTs. The Gades platform was enhanced to collect
detailed profiles of each child and implemented an adaptive screening model tailored to account for variability in language
development. This setup allowed preschool teachers, who are not language experts, to observe and assess language development
effectively in natural, unsupervised educational environments. The study assessed the platform’s utility in guiding teachers through
these observations and its effectiveness in such settings.

Results: Gades identified language difficulties in 19.7% (43/218) of the children, with a higher prevalence in boys (29/218,
13.3%) than in girls (14/218, 6.4%). These challenges were most frequently observed in children aged 15 to 27 months. The
platform demonstrated a high accuracy rate of 97.41%, with evaluators largely agreeing with its recommendations. Teachers also
found Gades to be user friendly and a valuable tool for supporting language development observations in everyday educational
settings.

Conclusions: Gades demonstrates potential as a reliable and accessible tool for early detection of language disorders, empowering
educators to identify DLD and SLD in the absence of NSLTs. However, further refinement of the platform is required to effectively
differentiate between DLD and SLD. By integrating Gades into routine preschool assessments, educators can facilitate timely
interventions, bridging gaps in early childhood education and therapy.

Trial Registration: Pan-African Clinical Trial Registry (PACTR) PACTR202210657553944;
https://pactr.samrc.ac.za/TrialDisplay.aspx?TrialID=24051

(JMIR Hum Factors 2025;12:e60424)   doi:10.2196/60424
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Introduction

Screening and Prevalence of Developmental Language
Disorder
Communication plays a fundamental role in children’s cognitive
development. Through communication, children acquire
knowledge, express their thoughts and emotions, develop their
cognitive ability, and establish relationships with others.
Adequate communication development enables them to learn
and participate in various social contexts. Therefore, language
acquisition during childhood is one of the most critical
developmental milestones but with the most substantial
interindividual variability in the first 4 years of life. Children
start consolidating their language learning process from the age
of 4 to 6 years [1-7].

The Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5), published by the American Psychiatric
Association, introduced a new category known as
neurodevelopmental disorders (NDDs) that groups different
conditions that emerge early in child development before starting
elementary school. These conditions eventually persist
throughout adulthood [8-12].

The NDDs include communication disorders related to language,
speech, and communication impairments. Developmental
language disorder (DLD) is classified as a communication
disorder. Children with DLD experience challenges in the
acquisition and use of language. Language proficiency depends
on receptive and expressive abilities. Therefore, children
diagnosed with DLD encounter difficulties in both domains
[12]. Thus, vocabulary is more limited than expected, and
sentences are shorter and less complex with grammatical errors
or with speech alterations in narration and comprehension or
production of sentences. In addition, they may appear shy or
prefer to communicate only with their family members. Children
with DLD not only have symptomatology in communication
skills but also have difficulties in cognitive and sociocultural
processes [5,13-16].

Moreover, a family history of language disorders is often
present, and DLD occurs with other disorders, such as autism
spectrum disorder and attention-deficit/hyperactivity disorder
(ADHD), in 30% of cases [5,17,18]. This makes early detection
of DLD in these children more challenging for primary care
pediatricians due to the significant comorbidity and similar
symptoms with other NDDs [19].

On the other hand, early detection of DLD can be masked by
misidentifying it as simple language delay (SLD). DLD is a
persistent disorder with a slow rate of improvement and
significant variability. This differentiates it from SLD [1,5,20].
However, this indicator does not allow for early detection of
DLD, as we cannot identify whether the child has a one-off
delay or is showing symptoms of DLD. To differentiate among
them, difficulties must be identified in other areas, such as
semantics, pragmatics, morphosyntax, and phonology [3].
Therefore, language difficulties manifest through the
aforementioned skills that are measurably below what is

expected for age, significantly impacting academic achievement,
work performance, communication, and socialization [8-11].

DLD is diagnosed at the age of 4 years and is usually stable
over time, as interindividual differences in language ability are
reduced [1]. However, there may be warning signs that manifest
themselves earlier. A study carried out by Vall d’Hebron
Hospital Universitari in Barcelona, Spain, highlights a
significant portion of children aged 5 to 17 years who exhibit
clear symptoms of NDDs but have not been previously
diagnosed with DLD [21]. Moreover, communication disorders
are one of the significant NDDs with more prevalence in Spanish
schools (1.05%-3.42%), along with ADHD and learning
disorders [21,22]. Other studies estimated that the population
prevalence of language disorders, without any relation to other
intellectual disabilities, is 7.58% for children aged 4 to 5 years
[17] and 6.4% at the age of 10 years [23]. To summarize, within
a preschool setting of 30 children, it can be anticipated that
about 2 children may exhibit DLD manifestations [17]. In total,
10% of preschool children present difficulties in language
acquisition, of whom 5% to 7% end up being diagnosed with
DLD, and the rest are diagnosed with SLD [5].

Before the detection and diagnosis of DLD, there is a prevention
phase. Here, the nursery school plays a key role, as it is within
this environment that the child spends most of their time and is
involved in different interactions [1]. These interactions
contribute to developing their communicative skills
(communicative intention, nonverbal communication, imitation,
waiting, etc) with peers of a similar age and teachers. Research
has demonstrated a correlation between children with DLD and
their academic performance. In fact, 88% of these children fail
to meet the necessary curricular standards during their first year
of school [14,17]. Hence, there is a pressing need to support
education professionals with enough training and knowledge
to identify early indicators of potential language disorders
[1,24-27].

In the detection phase, the aim is to identify early whether a
child is suspected of having some NDDs. To achieve adequate
detection, tools such as screening forms and questionnaires
allow information to be compared with previously defined risk
indicators [20,28-32]. Some regions, such as Madrid (Spain),
have early childhood educational and psychopedagogical
guidance teams supporting nursery schools’ detection phase.
These teams engage in preventive actions and collaborate to
detect developmental issues during the initial years of a child’s
life. If an educational case is identified, it is referred to the early
intervention centers responsible for the assessment and
intervention phase [33].

The assessment and intervention cover different aspects. During
the assessment phase, it is necessary to analyze the family
environment through interviews with relatives. In addition,
hearing tests should be administered to eliminate potential
associated psychological disorders. Evaluation of
communication, playing with peers, comprehension, language
production, and psychomotor skills are also essential. Finally,
this information is correlated with medical history [6,14,15,20].
The intervention phase for DLD should be multidisciplinary,
involving teachers, occupational therapists, speech therapists,
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and psychologists skilled in children’s language development
techniques [7,24,27,34].

Gades: A Screening Tool for DLD
Gades functions as a clinical decision support system designed
to grant expert knowledge regarding language disorders to
preschool teachers. It offers a screening form to assess the
language acquisition process during the early stages of a child’s
development. Gades allows the implementation of screening
systems in natural environments for the child, thereby embracing
the principles of pervasive therapy [35].

Pervasive or ubiquitous therapy is a therapeutic approach
supervised by professionals that aims to promote engagement
in activities focused on improving the individual’s life within
their natural environment through the support of information
and communication technologies. It aims to be person centered
instead of focusing on a specific clinical pathology. It especially
seeks to identify how a problem impacts and manifests across
various contexts [18,36]. This approach has the same phases of
prevention, detection, assessment, and intervention as normative
therapy. Moreover, using information and communication
technologies ensures consistency and continuity of the
therapeutic process within the person’s natural setting
[32,37-39].

For children’s pervasive therapy, its application extends beyond
the clinical center to environments like the child’s school or
home. Nursery schools are included in these settings. Being
places where children spend much of their time, they are crucial
for the early detection of DLD [24]. During this educational
phase, teachers or educators and specialists in therapeutic
pedagogy, such as nursery school language therapists (NSLTs),
are typically involved. However, many nursery schools lack
NSLTs, and even when they are available, fewer than half of
the children suspected of having a language disorder are referred
to or receive support from these specialists [1,7,17,23,27].

Martín Ruiz et al [35] developed and evaluated a previous
version of Gades. The platform’s cornerstone is a knowledge
base (KB) that includes 106 milestones related to children’s
language acquisition based on age, defined and agreed upon by
language experts. The previous version of this KB covered
children aged 1 month to 72 months [35]. Building upon the
findings of the previous experiment, increased instances of
suspected DLD were identified in children aged 0 to 3 years.

Consequently, in the current experiment, we focus on
prioritizing the implementation of Gades during this
developmental period. To extend this goal, Gades has undergone
modifications and enhancements to its functionalities to gather
additional pertinent information concerning language acquisition
in children. These adaptations include integrating inquiries
specific to the bilingual context of the children and their family
backgrounds and evaluating results from the Gades across
different language areas.

When using Gades, the corresponding milestones, tailored to
the child’s condition, are incorporated into a screening form
through questions that education professionals use to assess a
child’s language development level. The milestones are
categorized into 2 main types: “warning milestones,” which
prompt a reevaluation, and “alarm milestones,” indicating the
need for direct referral to health professionals. Gades’ KB
assesses 4 areas of speech and language development: sensory
reception, speech perception, production, and pragmatic.

After the form adapted to the child is completed, Gades
generates an evaluation result, including a suggestion for action
if deviations from typical child development stages are detected.
Therefore, it provides education professionals with expert
knowledge on language acquisition, enhancing the early
detection of DLD. Furthermore, this screening form acts as a
psychopedagogical report for early intervention health
professionals. Gades can aid in identifying the language
development profile of a child suspected of having DLD through
the assessment of processing-oriented and performance-based
tasks.

Figure 1 depicts the graphical user interface of Gades,
showcasing the evaluation results of consultation for a child
aged 7 months. The platform displays the outcomes of the
screening form, including the posed questions and the teacher’s
responses. Response options include “yes” if the child performs
the specified action, “no” if not, and “do not know/no answer”
for unknown answers. This form is completed based on the
preschool teacher’s observations of the child without direct
interaction. After review, the system recommends that the
assessment be repeated in 2 months, a suggestion that the
overseeing teacher has validated. Gades also features additional
tools for child registration, language evaluation, and user profile
management.
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Figure 1. Gades' evaluation result page for a child aged 7 months. In total, 4 questions were asked based on the child’s age, and the system suggested
repeating the evaluation in 2 months. The preschool teacher concurred with the system’s recommendation.

Goal of This Study
For effective early detection and intervention of DLD, it is
essential to offer sufficient services to these children to minimize
the impact on their social, emotional, and educational
development. Thus, language disorders often require a
multidisciplinary approach among professionals from diverse
fields such as education, speech-language therapy, and medicine
to extend their reach into various settings [17,18,24]. Supporting
training programs and systems for health and education
professionals fosters collaboration. This collaboration facilitates
the creation of adequate evaluation and intervention plans that
meet the diverse needs of individuals with language difficulties,
enhancing the quality of care and inclusivity
[22,26,30,31,38,40].

Within this collaboration, the early detection of warning signs,
which are potential indicators of language disorders in children,
should be an integral part of the daily work of those interacting
with children [1,7]. Supporting early childhood education
professionals is crucial to ensure that they possess adequate
knowledge and tools for preventing and detecting early language
development issues in children aged 0 to 3 years because
behaviors and warning signs related to language disorders can
be identified from the age of 2 years onward [1,3,4,24]. It
facilitates appropriate early diagnosis of DLD or SLD through
subsequent assessment at early intervention centers. Moreover,
given the absence of an NSLT in some schools, preschool
teachers must have access to these resources.

Considering the higher incidence of suspected DLD observed
in children aged 0 to 36 months in the previous experiment

[17,23], this paper aims to emphasize the use of Gades during
this period, targeting kindergarteners aged 6 to 36 months in a
nursery school and an early childhood educational and
psychopedagogical center. Gades has been adapted and
expanded to gather more relevant information on language
acquisition, including questions tailored to bilingual contexts
and family backgrounds. Therefore, our primary goal is to
evaluate Gades’ ability to differentiate between typical and
atypical language development for the target ages with these
minor adjustments.

As the previous experiment consisted of a controlled
environment, this paper also presents the relationship between
preschool teachers and the Gades platform. Specifically, how
Gades serves as a valuable tool for guiding nonexperts, such as
preschool teachers, in conducting language observations.
Therefore, it evaluates Gades’effectiveness in a real setting and
its adherence to clinical criteria without direct supervision or
intervention of language experts or technical staff. A potential
challenge is also associated with integrating these technological
tools into unsupervised educational settings to support
therapeutic interventions [41].

Moreover, this screening process aims to identify the patterns
indicative of a child with problems in language development,
including SLD or DLD. Considering the updated DSM-5 criteria,
language development in children occurs within heterogeneous
and dynamic contexts. Hence, it is imperative to use screening
tools to identify significant patterns and milestones in the
language development of a child with DLD, facilitating early
detection and intervention. To accomplish this, the screening
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tools must be intersectional, considering influential parameters,
such as clinical conditions and the sociocultural and linguistic
environment surrounding the child. Consequently, the final goal
is to outline the framework for an adaptive screening model for
language disorders that reflects the child’s current developmental
and social context. This approach ensures a comprehensive and
nuanced understanding of each child’s unique situation,
enhancing the accuracy and effectiveness of early detection
methods. Therefore, this study hypothesizes that the Gades
platform can effectively support preschool teachers in the early
detection of language development difficulties, including DLD
and SLD, within natural educational settings, achieving high
accuracy rates and providing actionable insights without
requiring direct supervision from language disorder specialists.

Methods

Overview
This study used a prospective observational design to evaluate
the updated Gades platform in real-world educational settings.
The design involved monitoring children aged 6 to 36 months
and their evaluators—preschool teachers and early childhood
educators—over a defined period, collecting data as they
naturally occurred during regular classroom activities. This
approach was selected to ensure that the platform’s performance
could be assessed in authentic, uncontrolled conditions,
reflecting its practical application. By focusing on how educators
integrated Gades into their daily routines, the study aimed to
capture unbiased insights into its usability and effectiveness in
identifying early signs of language development difficulties.

Requirement Analysis
Individuals encounter varied communicative situations involving
diverse entities and methods in everyday life. Current diagnoses
and treatments for various disorders frequently overlook key
characteristics, such as diversity, heterogeneity, and the role of
socialization. The DSM-5 and numerous studies highlight the
necessity to consider interindividual differences in language
acquisition early on. These sources suggest that assessments of
language, speech, and communication should consider
sociocultural aspects, linguistic context (including dialects),
and socioeconomic status, as these aspects directly influence
language development [1,12,16,17,19,21,31,32,42-44].

Bosch et al [21] demonstrated that 1.05% of the participants
had communication disorders, with the most significant factors
being foreign origin, genre, socioeconomic status, and age.
Consequently, the diagnosis of language impairment should
consider the individual’s background, bilingual context, direct
clinical observations in settings such as home or school, and
results of standardized tests to assess the severity of the disorder.

The New Gades Platform
Building on the previous experiment with the Gades platform
[35], we updated it with new technologies and features. These
enhancements enable the collection of additional information
from children to conduct more accurate and suitable assessments
of a child’s language development. This includes gathering
details about the child’s family background, linguistic
environment, and medical history, all of which contribute to a
more comprehensive understanding of each child’s unique
developmental context. Therefore, incorporating these minor
adjustments delineates the structure of an adaptable screening
model that considers the variability in language development.
This methodology guarantees a thorough and nuanced
comprehension of each child’s individual circumstances,
enhancing the precision and efficacy of techniques for
identifying potential issues in language development.

Implementing Neo4j (Neo4j Inc), a graph database technology,
is crucial in optimizing our Gades platform, specifically in
enhancing the accuracy of language disorder detection. Neo4j
allows for a more natural and flexible representation of complex
data and interconnected relationships between them, which is
essential for modeling the intricate interactions and dependencies
observed in child language development [45]. In the context of
Gades, Neo4j facilitates the dynamic integration and analysis
of large volumes of data related to language development
milestones, assessment responses, and individual characteristics
of children. For example, the graph structure enables us to
directly link children’s responses to specific questions with
language development patterns and automatically flag
connections that indicate potential delays or deviations from
typical development.

Therefore, the KB has also been migrated to Neo4j graph
databases. As illustrated in Figure 2, each milestone is
represented through a month (dark pink node) with several
questions (pale pink nodes) and a final suggestion (green nodes).
Thus, in the figure, a dark pink node is represented each month,
corresponding to different questions designed to evaluate the
child’s language proficiency, depicted by pale pink nodes.
Notably, some questions are linked to multiple months,
reflecting the dynamic nature of language development
assessment. Different action suggestions can be generated based
on the answers to these questions, such as confirming typical
development, recommending reassessment, or advising referral
to early childhood care services (green nodes represent these).
This graph-based approach facilitates a nuanced analysis of the
child’s language development, allowing for tailored
interventions sensitive to each child’s unique progression.
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Figure 2. Gades' knowledge base in Neo4j: milestone months (dark pink node), questions identifiers (pale pink nodes), and suggestions (green nodes).
Each month has various questions to evaluate language acquisition (for a child aged 14 months or 20 months) with suggestions such as typical development,
repeat evaluation, or advising referral to early childhood care services.

With the updates to Gades, the system has addressed feedback
from educators seeking more information on DLD. Previously,
questions were categorized by language development areas and
were only accessible to the system’s technical staff. However,
with the recent improvements, information about various skills
is now accessible to the evaluation staff. This improvement
means that by using Gades, preschool teachers and other
professionals can gain deeper insights into the specific language
development areas being assessed. Such transparency not only
empowers educators with a better understanding of language
development but also enables them to contribute more
effectively to detecting warning signs.

Table 1 illustrates the classification and number of questions
across different categories. The sensory reception category is
administered in the earliest months of life, primarily to assess
for hearing issues, and gradually transitions into language
perception. This aspect entails the capacity to receive, process,
and comprehend linguistic information through sensory
channels, whether auditory or visual. Pragmatics includes
conversational skills, coherence, cohesion within discourse, and
the functional and social use of the language. Finally, language
production encompasses phonology, morphosyntax, semantics,
and nonverbal communication. This structured approach allows
for a comprehensive assessment of a child’s language
development, targeting specific areas crucial for early detection
and intervention of language disorders.

Table 1. Classification of questions according to language category [35].

Number of questionsLanguage development domains

3Sensory reception

32Language perception

48Production

25Pragmatics

Hypothesis and Experiment
We aimed to validate the reliability and effectiveness of the
new Gades platform in a real setting without the direct
supervision or intervention of language experts or technical
staff. We explored the interaction between preschool teachers
and the Gades platform, highlighting how Gades functions as
a valuable tool for facilitating language observations to detect
warning signs of language difficulties by nonexperts. The Gades
platform is specifically designed to assist in detecting early
language difficulties that may signal potential DLD. By focusing

on these early warning signs, Gades supports the early detection
and monitoring of language development challenges in
real-world educational settings.

The Gades KB was established in a previous study [35] and is
grounded in standardized tests commonly used to assess DLD.
This ensures that Gades relies on validated methodologies to
identify and interpret potential language difficulties.

The study’s population sample consisted of 218 children aged
6 to 36 months from 2 educational centers in the city of Madrid:
a preschool center and an early childhood educational and

JMIR Hum Factors 2025 | vol. 12 | e60424 | p.2070https://humanfactors.jmir.org/2025/1/e60424
(page number not for citation purposes)

Dolón-Poza et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


psychopedagogical center. All children enrolled in the first cycle
of early childhood education, which aligns with this age range,
participated in the study. This selection was based on recent
evidence highlighting the critical importance of identifying
language difficulties during this developmental period [1,3,4,24].
The screening data were collected from March to June 2023,
providing an initial assessment of Gades’ effectiveness in a
real-world educational setting. Notably, access was limited to
Spanish-speaking and some bilingual children.

The screening assessments for DLD involved the active
participation of 24 nursery school educators and preschool
teachers and a clinical professional from the early childhood
center. Throughout this study, we will refer to them as
evaluators. Hence, 2 categories of evaluators were involved in
the experiment. The initial cohort consisted of professionals
from early childhood centers, who, while not specialized in
DLD, possessed adequate knowledge of NDDs. The second
group comprised nursery school educators and preschool
teachers, who may lack specialized language expertise but
possess valuable insights into the children’s competencies under
their care. Before starting the experiment, the evaluators
received training from qualified professionals affiliated with
the Specific Language Disorder Association of Madrid. This
training aimed to deepen their understanding and expertise
regarding DLD and its identification with children aged 6 to 36
months. The training, delivered in a concise 2-hour format, was
designed to ensure efficiency while providing comprehensive

insights. By the session’s conclusion, it was anticipated that the
educators would have developed a more nuanced understanding
of typical language milestones and a heightened capacity to
discern early indications of language difficulties in children
under their care.

During the evaluations, they operated without direct assistance
from the training professionals or the Gades technical support
team. Consequently, the experiment was conducted in an
uncontrolled setting, relying exclusively on the evaluators’
direct observation of the children’s behavior for further
evaluation through Gades. The evaluations were conducted
following the guidelines recommended by Gades, aiming to
ensure that the process was as effective and informative as
possible within the constraints of the study’s design.

Figure 3 outlines the Gades’ framework, starting with an initial
phase where a series of meetings were conducted to review and
validate the KB established in the previous experiment. This
phase involved experts in language disorders and the technical
personnel from Gades to ensure the KB’s relevance and
accuracy. The panel of experts, who were also involved in
constructing the KB as part of a previous study [35],
recommended that including 3 to 6 questions per month would
constitute an adequate measure for detecting language
development issues. In the context of this study, the same
experts conducted a review and confirmed the continued validity
and applicability of the content of the KB. Once the KB was
validated, the second phase, the screening process, began.

Figure 3. Gades’ detailed framework. The process starts with expert validation of the knowledge base, integrated into a screening form with control
and language questions. Evaluators assessed the children, and Gades provided recommendations, such as reassessment or referral, forming the basis of
a psychopedagogical report. DLD: developmental language disorder.

The assessments were carried out by experienced female
educators and professionals proficient in using digital platforms
and information technologies. They used mobile devices and
workplace computers to conduct evaluations, strategically
scheduling them during the children’s nap time around midday
to minimize distractions. This approach involved each evaluator

conducting assessments of the children under her care, which
consisted of 2 parts. The first part included control questions
related to the child’s medical history and linguistic context,
serving as a baseline for understanding each child’s unique
background. The second part consisted of the language
difficulties screening questions. These questions were
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meticulously developed in collaboration with experts to cover
risk parameters for the early detection of DLD.

After the screening form was completed, the Gades system
generated a recommendation to the evaluator, such as suggesting
a repeat assessment in the upcoming months or indicating the
need for a referral to an early intervention center. If a referral
was recommended, nursery schools in Madrid forwarded the
result to the expert through a psychopedagogical report. The
designated expert, a language professional, was responsible for
conducting a standardized evaluation tailored to the child’s
needs. Meanwhile, the educator played a supportive role by
closely observing the child’s progress in class and paying
particular attention to areas of difficulty. Regular communication
between schools and the expert was maintained with biweekly
visits to ensure follow-up and support.

The application of the Gades platform was deliberately
structured to be as nonintrusive as possible, allowing evaluators
to focus on their primary duties while still contributing to the
study. On average, each child underwent 1.24 (SD 0.49)
assessments, indicating a consistent approach to the number of
evaluations. The average duration of an assessment was 70 (SD
41.8) seconds per child, demonstrating the platform’s efficiency
in collecting data within a brief timeframe. To validate the Gades
platform, both quantitative and qualitative analyses were
conducted.

Quantitative validation focused on assessing the platform’s
accuracy and reliability. Descriptive statistics were used to
summarize the duration and frequency of assessments.
Agreement between the system’s recommendations and
evaluators’ decisions was measured using concordance rates,
calculated as the proportion of evaluations where the evaluators
accepted Gades’ recommendations. Statistical significance was
set at P<.05. In addition, the platform’s accuracy rate (97.41%)
was determined by dividing the number of accepted suggestions
(n=263) by the total number of evaluations (N=270). Instances
of disagreement were analyzed qualitatively to identify patterns
or recurring issues.

Qualitative validation focused on the integration of Gades into
educational settings and its usability as perceived by preschool
teachers. Evaluators were asked to provide feedback via a
standardized questionnaire, following a validated system
usability scale [41]. Responses were anonymized and collected
outside the Gades platform to reduce potential bias. Evaluators
also provided open-ended feedback to capture their experiences
and insights, highlighting the platform’s strengths and areas for
improvement. The qualitative data were analyzed thematically
to identify trends and recurring themes.

This combination of statistical and thematic analyses ensured
a comprehensive validation of Gades. By comparing the
platform’s outcomes against educator feedback and established
clinical criteria, the study aimed to validate Gades’ ability to
aid in the early detection of language development issues, such
as SLD or DLD. Furthermore, comparisons between the initial
version of Gades (2014) [35] and the current version highlighted
improvements in adherence to clinical standards and system
usability.

Ethical Considerations
This study, including the validation of the Gades platform and
the experiment conducted through it, received ethics approval
from the Ethics Committee of the Polytechnic University of
M a d r i d  i n  O c t o b e r  2 0 2 3
GYGSDAALTD-MLMR-DATOS-20231010 and
GYGSDAALTD-MLMR-HUMANOS-20231010). This
approval ensures that both the use of the Gades platform and
the specific experimental protocol comply with ethical standards,
including data protection, participant rights, and research
transparency.

For this study, an opt-out consent model was implemented.
Participants were informed in advance about the study’s
objectives, the nature of the data collection, and the measures
taken to ensure anonymity. They were given the opportunity to
decline participation or withdraw their data at any point without
providing a justification. Consent was implied by the
participants’ choice to continue with the evaluations, as no
identifiable personal data were collected. Anonymized data
were securely provided to the research team.

The professionals overseeing the evaluations maintained
confidentiality in accordance with professional secrecy
standards. Only the principal investigator had access to the
evaluation results, which were securely stored in an encrypted
database, accessible solely through authorized credentials.

Results

Sample Summary
The sample size for this study was calculated using a finite
population correction formula to ensure adequate representation
and statistical power. On the basis of demographic data from
Madrid, the estimated population of children aged 6 to 36
months was approximately 150,000 [46]. With an assumed
prevalence of DLD of 7%—a conservative estimate derived
from epidemiological studies [17]—a 95% CI (Z=1.96), and a
margin of error of 5%, the required sample size was calculated.
The formula incorporates the finite population adjustment to
account for the limited size of the target population, yielding a
minimum required sample size of approximately 100
participants. This calculation also considered the variability in
language development within the population.

The study’s population sample comprised 218 Spanish-speaking
children aged 6 to 36 months, more than double the calculated
minimum sample size, ensuring robust statistical power and
enhancing the reliability of the results. It featured a control
group of 134 children from the nursery school (center 1) without
any previous diagnosis or visible language difficulties and an
experimental group of 84 children from the early childhood
educational and psychopedagogical center (center 2), suspected
of NDDs. Both groups were matched by gender to maintain
homogeneity. Each child was assigned a random identifier for
data anonymization and to facilitate subsequent analysis by the
research team.

In Madrid’s nursery schools, for each child, the evaluations
were conducted by 2 assigned preschool teachers, also called
an “educational pair.” The concept of an “educational pair”
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refers to 2 professionals sharing responsibilities and
collaborating for the children’s development and well-being,
enabling the distribution of evaluation tasks between them.
Therefore, in classrooms with children aged <12 months, each
teacher evaluated an average of 4 (SD 0) children. For groups
with children aged from 13 to 24 months, the responsibility
increased to an average of 6.75 (SD 0.577) children per teacher.
For those aged >24 months in the classroom, the average was
5.9 (SD 6.610) children per preschool teacher. Evaluations at
the early childhood educational and psychopedagogical center
were conducted by the teacher specializing in therapeutic
pedagogy (NSLT).

Table 2 presents an overview of the study’s sample, detailing
the distribution of the children by age and gender: 45.4%

(99/218) of the girls and 54.6% (119/218) of the boys
participated. Within this group, 36% (36/99) of the girls and
40.3% (48/119) of the boys came from the early childhood
center, initially identified with potential NDD concerns.
Specifically, for participants aged >3 years, the study included
4 boys and 2 girls, all aged 37 months, except for 1 girl who
was aged 38 months. The second year of the initial preschool
cycle had the highest representation, with the largest number
of children aged between 18 and 28 months, averaging 10 (SD
3.045) children per month. The average age in months per grade
was distributed as follows: up to 12 months, the average age
was 10.020 (SD 1.136) months; from 13 to 24 months, the
average age was 20.331 (SD 1.108) months; and from 25 to 36
months, the average age was 31.578 (SD 1.094) months.

Table 2. Distribution of children by center, gender, and age rangea.

25-36 mo (n=84), n (%)13-24 mo (n=102), n (%)Up to 12 mo (n=26), n (%)Grade

Children from center 1

31 (36.9)22 (21.6)10 (38.4)Female

39 (46.4)24 (23.5)8 (30.7)Male

Children from center 2

9 (10.7)22 (21.6)5 (19.2)Female

11 (13.1)34 (33.3)3 (11.5)Male

aCenter 1 is the nursery school, and center 2 is a psychopedagogical center. The age ranges align with the preschool grades. The second year of the
initial preschool cycle had the highest representation (102 children).

The screening form’s initial section included questions regarding
the child’s medical history and linguistic context. Birth
complication cases were more prevalent in center 1, particularly
among male participants. Results indicated that 8.2% (11/134)
of the children with no previous diagnosis of NDD experienced
birth complications, including prenatal, perinatal, and preterm
risks. 2.9% (4/134) were reported among females while among
males, 5.2% (7/134) were observed. In center 2, only 2% (2/84)
cases were reported in males and no cases in females. Notably,
3 children faced more than 2 of these risks, such as family
history combined with perinatal risk. The mean gestational
weeks remained relatively consistent across both centers and
genders, with slightly more variation among girls. The average
gestational age was 39.518 (SD 5.363) weeks, female children
had an average of 38.984 (SD 2.36) weeks in center 1 and 40
(SD 0) weeks in center 2, while males had 39.563 (SD 1.29)
weeks in center 1 and 39.791 weeks (SD 1.44) in center 2. A
baby is considered premature if born before the 37th week of
pregnancy. According to the study, only 3.7% (8/218) of the
children were born preterm, highlighting specific early life
factors that could influence developmental outcomes. Instances
with a family history or bilingual cases were limited. Among

the 218 cases studied, only 2 reported a family history of other
NDDs such as autism spectrum disorder. Information regarding
the bilingual context was exclusively available for children from
center 1 (N=134). 7 (5.2%) cases were found among females,
and 3 (2.2%) cases were recorded in males. It suggests that the
language development impact of being raised in a bilingual
environment could not be thoroughly assessed across the entire
sample.

Overview of the Obtained Health Results
This section presents the results obtained from the evaluations
that were conducted. A total of 270 assessments were completed,
accounting for instances where children underwent multiple
assessments. Retaining only the latest assessment conducted
for each child (218 evaluations), there were 19.7% (43/218)
children, which resulted in a suggestion to refer them to an early
intervention center for a specific assessment by a professional.
These types of suggestions were classified as alarms. That was
the most severe system decision. Table 3 shows the results of
the final assessments. The system has recommended repeating
the remaining assessments in subsequent months to further
evaluate and discard language issues. Suggestions that indicate
repeat evaluation are classified as warning type.
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Table 3. Distribution of Gades’ final suggestionsa (N=218).

Distribution, n (%)Description

117 (53.7)Typical developmental

43 (19.7)Refer to early childhood care

28 (12.8)Repeat assessment (within 3 mo)

19 (8.7)Repeat assessment (within 2 mo)

11 (5)Repeat assessment (within 1 mo)

aMore than half of the sample (n=117, 53.7%) were identified as typical language development. However, 19.7% (43/218) of assessments identified
language difficulties as indicative of possible simple language delay or developmental language disorder.

Table 4 displays the distribution of assessment types by gender.
It reveals that more alarm cases were identified in boys (29/218,
13.3%) compared to girls (14/218, 6.4%). In addition, both

genders had a similar frequency of warning assessments and
neurotypical results.

Table 4. Distribution of evaluations by suggestion type and gender. More alarm cases were identified in boys (29/218, 13.3%) compared with girls
(14/218, 6.4%). Both genders had a similar rate of warning assessments and neurotypical results (N=218).

Evaluations, n (%)Gender and evaluation

Female

14 (6.4)Alarm

29 (13.3)Warning

56 (25.9)No findings

Male

29 (13.3)Alarm

29 (13.3)Warning

61 (27.9)No findings

Gades identified more cases of alarm and warning in children
already undergoing evaluation by specialists than from the center
(alarm: 29.7%; warning: 32.1%), but we do not know whether
these children had language disorders. Hence, among children
already experiencing some difficulties, it identified that there
may be some indication of language difficulties (ie, DLD or
SLD).

Table 5 shows the distribution of evaluations that were classified
as an alarm because it was detected that the assessed child did

not meet the language acquisition milestones expected for their
age. The incidence of language impairment from center 2 was
comparable between boys and girls (15:10) and 30% (25/84)
of the cases were detected as alarms. Meanwhile, for children
without a suspicion of NDD coming from nursery school (center
1), difficulties in language and communication were detected
in 13.4% (18/134) of the cases. However, a notable discrepancy
was observed between boys and girls (14:4).

Table 5. Distributions of alarm evaluations by gender, month, and centera.

Total373230282726252420191816151411109Month

Children center 1

400000001100000110Female

1411101211004001010Male

1811101212104001120Total

Children center 2

1000011100031020001Female

1500000012224130000Male

2500011112255150001Total

aFor children coming from center 1, language issues were detected in 13.4% (18/134) of the cases. The incidence of language issues from center 2 was
comparable between male and female participants (15:10), with alarms detected in 30% (25/84) of the cases.

Notably, most of the suspected cases were detected in months
15, 18, 19 and 24. All these months correspond to the second

year, encompassing children aged between 1 and 2 years. Upon
thorough analysis of the evaluations during these months,
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difficulties were discerned in the language production category
for month 15. Half (23/40, 50%) of the children resulted in
alarms. When compared to assessments from previous months,
several observations emerged. First, most questions in this
category were not been asked in previous months, as the child’s
age renders them too young to possess these competencies.
Second, only 1 question, “first disyllables (one word in addition
to dada and mama)?” was repeated in months 12 and 14, with
half (8/14, 57%) of the assessed children answering negatively
in both months. For month 15, all respondents answered
negatively.

Month 18 had the highest number of detected suspected cases
(9/11, 82%). During one of the meetings, educators expressed
that they had observed more issues in language production,
citing example, such as the child’s inability to articulate certain
words. In addition, similar questions asked in previous months
also resulted in alarms. For instance, the one with the most error
answers was “first bisyllables (two words in addition to dada
and mama)?” In subsequent months, specifically month 19,
identical pragmatics and language production questions were
asked, and negative responses were received.

In month 24, 40% (4/10) of the evaluations raised alarms. Upon
analyzing the questions, 3 were related to pragmatics and
language comprehension, which were previously asked in earlier
months. Most children satisfactorily answered these questions,
indicating alignment with their current developmental stage.
Therefore, the cases prompting alarms may signify potential
instances of children with SLD or DLD.

Figure 4 depicts the results of questions categorized by language
development areas. The sensory reception category was
evaluated only for children aged up to 12 months to discard
hearing issues. Children aged <12 months encountered more
challenges in the production and pragmatics categories.
Furthermore, there were no cases of hearing problems. The
pragmatics category showed an equal balance between successes
and failures. Conversely, children in the second year
demonstrated notable difficulty in answering questions within
the language production category, with a higher-than-average
rate of incorrect responses. Other categories showed satisfactory
performance.
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Figure 4. Distribution of results based on language-category questions. Each question is categorized according to language category (refer to Table 1
for more information) and can be answered with a yes, no, or do not know/no answer (DK/NA). Children aged from 13 to 24 months demonstrated
notable difficulty in production questions. Children aged >24 months exhibited positive responses across most categories.

Finally, children aged >24 months exhibited predominantly
positive responses across most categories. Hence, it becomes
evident that children aged <24 months exhibit a higher frequency
of errors, attributable to the inherent variability in language
acquisition during this developmental stage. Consequently, there

is a pressing need for greater flexibility in language milestones
and extending their coverage across months.

As illustrated in Figure 5, this distribution reveals that instances
of children with difficulty in language development are prevalent
between months 15 and 27, gradually decreasing in the final
months until 3 years of age.
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Figure 5. Distribution of suggestion type per month. Cases of children with language development issues were prevalent between months 15 and 27
(dark blue). The graphic reveals a gradual decline during the final months, with more typical development cases (pale blue).

In contrast, the evaluations were analyzed considering the
control questions asked and the correlation between language
development and the child’s date of birth. In Madrid’s nursery
school classes, children were grouped based on their birth year.
Consequently, at the beginning of the school year in September,
a significant age gap existed between children born in the first
quarter and those born in the last months. The latter group
comprised the youngest in the class, resulting in a notable
developmental difference between them.

The assessment outcomes for the youngest children in each
class are presented in Figure 6. The youngest children were
defined as those born from October to December 2020 for the
age range of 25 to 36 months and from October to December
2021 for the age range of 13 to 24 months. This categorization
was not applicable for children aged <12 months, as we did not
have children from the last trimester. Hence, upon comparing
the alarm for children born in 2020 and those born in 2021, it
consistently appeared higher for those in the previous quarter.
The youngest children tend to yield poorer results using Gades,
as language development differs.

Figure 6. Assessment results by school quarter and suggestion type. For children born in 2020 (age between 25 and 36 months) alarm cases were more
prevalent among children from quarter 4. However, these results are tempered by many more typical development cases at the same age. By contrast,
for children born in 2021, the youngest children (quarter 4) tended to have alarm suggestions using the Gades platform.

The results of the assessment outcomes in relation to the control
questions can be observed in Table 6. It is noteworthy that the
2 children who disclosed a family history of other NDD in the
control questions were identified as cases with difficulties in
language development (ie, SLD or DLD cases). Among cases
with reported issues during pregnancy (ie, perinatal, prenatal,

or premature), a notable percentage resulted in difficulties in
language development (9/13, 69% including warnings). In the
case of preterm children, only 8 (3.7%) of the 218 cases were
identified as cases with difficulties in language development.
Only one of these preterm cases, a girl, was assessed as an alarm.
The 3 cases of preterm boys without previous NDD
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demonstrated typical development. The remaining alarms in
boys corresponded to cases of prenatal (3/218, 1.4%) and
perinatal (4/218, 1.8%) risks. A similar scenario extended to

bilingual cases, where only 1 child exhibited an alarm of
language development difficulties.

Table 6. The child’s evaluations were distributed by control information, gender, and suggestion typea (N=218).

Bilingual cases, n (%)Family history, n (%)Birth complications, n (%)Gender and evaluation

Center 2Center 1Center 2Center 1Center 2Center 1

Female

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)Alarm

0 (0)3 (1.4)0 (0)0 (0)0 (0)3 (1.4)Warning

0 (0)4 (1.8)0 (0)0 (0)0 (0)1 (0.5)Typical development

Male

0 (0)1 (0.5)1 (0.5)1 (0.5)2 (0.9)4 (1.8)Alarm

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)Warning

0 (0)2 (0.9)0 (0)0 (0)0 (0)3 (1.4)Typical development

aAmong children with birth complications, 69% (9/13) of them showed language development difficulties. Those with a family history of
neurodevelopmental disorder also faced challenges, while only 1 bilingual child showed an alarm.

Gades’ Performance
Gades’ performance is assessed by the extent to which the
system’s decisions align with the perspectives of evaluators
who support its recommendations. If there was disagreement
with a recommendation, evaluators were prompted to justify
dissent. Evaluators based their agreement or disagreement with
the system’s decision on their understanding of the child,
considering factors such as age, family environment, and

communicative intent. According to the results, Gades exhibited
an accuracy rate of 97.4% (263/270). Out of 270 evaluations,
only 7 (2.6%) suggestions were declined by evaluators. Figure
7 shows a higher disagreement rate with the system’s decisions
in children aged <24 months. Specifically, the accuracy rate
was 92.3% up to 12 months, compared to 97.8% in the second
grade (aged between 13 and 24 months) and 98.9% in the third
grade (aged between 25 and 36 months).

Figure 7. Gades acceptance per grade. Out of 270 evaluations, only 7 proposals were declined (ie, 3 for evaluations of the first and second grades and
1 for evaluations in children aged >24 months). Even so, the acceptance of Gades remains above 90% in all courses.

Considering the total of 270 assessments conducted, including
those where children were evaluated twice, the accuracy of
Gades’decisions is depicted in Table 7. Among the suggestions

provided by the Gades system, where evaluators disagreed
(7/270, 2.6%), some suggested referring the child to early
intervention for a specialized assessment (5/270, 1.9%).

Table 7. Gades’ accuracy by the suggestion typea.

Accepted suggestion, n (%)Suggestion description

Yes (n=263)No (n=7)

45 (16.7)5 (1.9)Refer to early childhood care

125 (46.3)0 (0)Typical development

29 (10.7)2 (0.74)Repeat assessment (within 2 mo)

44 (16.3)0 (0)Repeat assessment (within 3 mo)

20 (7.4)0 (0)Repeat assessment (within 1 mo)

aEvaluators did not agree with Gades’ suggestion in 2.6% (7/270) of evaluations. Most of these unaccepted suggestions were for the most severe cases
identified by Gades (“refer to early childhood care”). Gades exhibit an accuracy rate of 97.41%.

JMIR Hum Factors 2025 | vol. 12 | e60424 | p.2078https://humanfactors.jmir.org/2025/1/e60424
(page number not for citation purposes)

Dolón-Poza et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


When the evaluator disagreed with the Gades’ decision, they
were required to provide a comment stating the reason for
nonacceptance. Thus, several reasons explain why the evaluators
did not accept Gades’ decision (Table 8). In 4 instances (ie, for
months 10, 12, 15, and 18), they noted that the questions were
not tailored to the child’s developmental stage. In 2 cases from
18 months, the evaluator rejected the suggestion. Moreover, in
case “The questions do not align with the child’s developmental

stage,” the assessor disagreed with the suggestion and conducted
an immediate reassessment. This subsequent assessment issued
a warning (ie, to repeat the evaluation in the next months). In
addition, in 2 cases involving 2 boys, the evaluators intended
to continue observing the child’s progress as they had identified
other communicative skills. Finally, there was no disagreement
for typical development cases.

Table 8. Evaluator’s reasons for rejecting the final suggestion from Gadesa.

Evaluation monthChildren’s genderReason

Refer to early childhood care

26Male“We will monitor the situation closely. If necessary, we will consult the Early Assessment
Team for guidance.”

18Male“There are alternative forms of communication besides verbal language, and he demon-
strates proficiency in them. We will observe his development and see how it progresses.”

10Female“The questions do not align with the child’s developmental stage.”

10Male“The questions do not align with the child’s developmental stage.”

15Female“The questions do not align with the child’s developmental stage.”

Repeat assessment (within 2 mo)

12Female“The questions do not align with the child’s developmental stage.”

18Male“We consider that it is not necessary at this stage.”

aThe suggestions that were not accepted relate to “refer to early childhood care and repeat assessment (within 2 months)”. Most of the reasons were
that the assessment conducted by Gades was not aligned with the child’s developmental stage.

Overview of the Obtained Functional Results
Numerous interviews were conducted with the evaluation staff,
and they completed a web-based form assessing the usefulness
and practicality of the Gades tool in uncontrolled educational
settings, following the guidelines outlined in the referenced
study [41]. None of the evaluators had previous experience
using this specific platform. It was noted that preschool
educators and professionals in early childhood educational and
psychopedagogical centers found Gades highly acceptable. Most
(18/24, 75%) of the evaluators found the system easy to use,
although it required dedicated time. They experienced occasional
technological issues such as student search processes or time
sessions. A quarter felt previous technological knowledge was
necessary.

The educators used an observational methodology during the
school day to respond to the form’s questions, considering it
noninvasive and conducive to respectful support within an
appropriate environment for the child. They suggested that
implementing the Gades assessment during the first term of the
school year, particularly during the adaptation period, could be
challenging due to their limited familiarity with the child. In
addition, they proposed conducting evaluations every 3 months
for cases initially indicating “typical development” to ensure
ongoing progress.

While control questions were valuable for accurate results from
the Gades system, access to certain information, particularly
related to birth difficulties, was limited for many children.
Regarding the comprehension and appropriateness of the KB
questions, educators encountered comprehension difficulties in

only 2 out of the 108 questions, which they resolved by
consulting the Gades’ technical staff. They noted that some
questions were unsuitable for the child’s developmental stage.
They highlighted the absence of questions about family context,
communication dynamics, and disruptive behaviors in the
second and third years.

Regarding recommendations, 75% (18/24) of the evaluators
reported that they would suggest Gades to other nursery schools,
emphasizing the need for previous DLD training to observe
children effectively. They reported high knowledge acquisition
and insight into their students’ language development. For
instance, they had observed that girls aged <12 months initiated
communication earlier and more fluently.

Discussion

Principal Findings
This study’s core findings underscore the Gades platform’s
effectiveness as a robust tool for screening language disorders
in preschool environments, successfully identifying language
difficulties in 19.7% (43/218) of the children assessed. This
rate, with a notable prevalence in boys (29/218, 13.3%)
compared to girls (14/218, 6.4%), is significantly higher than
the traditional prevalence estimates of 2% to 7% for DLDs
[8,17,21,23,43]. This discrepancy suggests that Gades may be
particularly sensitive to early signs of language difficulties or
may also capture cases of SLD. As a screening tool rather than
a diagnostic system, Gades aims to identify children at higher
risk for DLD or SLD, which might lead to elevated detection
rates compared to studies focused strictly on diagnosis.
Comprehensive assessments by specialists at early intervention
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centers are required for a definitive diagnosis, highlighting the
necessity of further evaluation following initial screening
outcomes.

The study validated Gades’ technical and functional capabilities
in uncontrolled educational settings without direct intervention
by an NSLT. The platform’s utility in guiding nonexpert users,
such as preschool teachers, through the screening process was
particularly noteworthy. Teachers could use Gades effectively
to observe and assess language development, reflecting its
potential to empower educators with limited specialized training
in language disorders.

Moreover, Gades demonstrated a high accuracy rate (97.41%)
in aligning with the educators’ assessments, underscoring its
reliability and the robustness of its underlying algorithms and
KB. The discrepancies between the system’s recommendations
and the educators’ judgments were minimal, indicating a high
level of agreement and trust in the platform’s diagnostic
suggestions.

The findings also illuminated specific age ranges (between 15
and 27 months) where language difficulties are most prevalent,
reinforcing the importance of targeted early intervention during
this critical developmental period. The ability of Gades to adapt
its screening approach based on the child’s age and specific
educational context was a key factor in its effectiveness.

These promising results suggest that integrating Gades into
regular preschool assessments could significantly enhance the
early detection of language disorders, potentially leading to
more timely and effective interventions.

Extending Detection to Natural Environments
This study highlights the importance of checking for
developmental disorders similar to DLD in natural settings,
such as preschools, where children naturally spend much time.
DLD, similar to autism and ADHD, is among the most common
developmental challenges but often goes unrecognized because
its symptoms may resemble simple speech delays or overlap
with other developmental disorders, leading to delayed
diagnoses. Equipping educators, teachers, and school
professionals with the right knowledge and support is crucial
because they can spot early signs of these disorders. Early
detection, significantly enhanced through collaboration with a
multidisciplinary team, is key to improving a child’s prospects
for developing language skills effectively.

Applicability and Scalability
The Gades platform is designed to be versatile and scalable,
making it a valuable tool for educators worldwide, especially
in regions with limited access to specialized language disorder
services. This flexibility is crucial for adapting to diverse
linguistic and cultural environments across global educational
systems. To effectively implement Gades in these diverse
settings, developing training programs sensitive to local
languages and educational standards is essential. These programs
should equip educators with the skills to use the platform
effectively and to recognize early signs of language disorders,
even without specialized training.

Considering the technological limitations in different regions,
Gades should be designed to operate in low-bandwidth
environments and comply with local data protection regulations.
This will make the platform accessible and trustworthy.
Enhancing the platform’s database to support multiple languages
and reflect cultural specifics can make Gades a more inclusive
tool that accurately reflects diverse child development patterns.

Practical implementation strategies include collaborating with
local educational authorities to incorporate Gades into routine
screening processes. This might involve tailoring the platform
to meet local developmental benchmarks and language nuances.
Partnering with local educational institutions can provide
continuous support and feedback, helping to refine the platform.

Gades could offer versions that range from sophisticated,
high-tech applications to more basic, web-accessible formats
to accommodate varying technological capabilities. Establishing
a community of practice among Gades users would encourage
sharing best practices and provide essential peer support,
enhancing the platform’s overall effectiveness and user
experience.

Limitations
One significant limitation of the Gades system is its reliance on
the accuracy of the input provided by educators, who may not
have specialized training in identifying language disorders. This
dependency can introduce biases or inaccuracies in the screening
process, as nonexpert interpretations of language development
may vary widely, affecting the reliability of the outcomes. To
mitigate these potential biases, it is essential to implement
comprehensive training programs for educators using the
platform. These programs should focus on familiarizing them
with common language development milestones and the specific
signs of language disorders. In addition, incorporating automated
prompts and guidelines within the Gades system can help
standardize recorded observations, reducing subjective
interpretation errors.

Further refining the interface and feedback mechanisms of
Gades can also enhance the accuracy of the data collected. For
instance, the platform could include illustrative examples or
short training videos on typical versus atypical language
behaviors to guide educators’ assessments before they input
data. Regular updates and calibrations based on user feedback
and new research in language development could further
improve the system’s precision and adaptability to real-world
educational environments.

The study’s limitations extend beyond the technical aspects of
the Gades platform to include concerns about the sample size
and the uncontrolled implementation settings. The small sample
size may not adequately represent the broader population of
preschool children, limiting the generalizability of the findings.
In addition, while providing real-world insights into the use of
Gades, the uncontrolled setting might introduce variability in
how the platform is used across different environments,
potentially influencing the consistency and applicability of the
results. These factors could lead to higher variability in
outcomes, which might not fully indicate the platform’s efficacy
under different or more controlled conditions.
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Future Directions
Future research should include larger and more diverse
populations to address the limitations mentioned to ensure that
findings are robust and widely applicable. Controlled trials,
where variables can be more tightly managed, would also help
understand the platform’s effectiveness across varied educational
settings and populations. This would allow for more reliable
validation of the platform’s capabilities and identify specific
conditions under which it performs best, guiding more targeted
improvements.

To enhance Gades’ effectiveness and reliability, it is imperative
to refine the tool by expanding the KB to better differentiate
between DLD and SLD at earlier stages. Adapting the system
to align more closely with the actual ages of children rather than
their academic year will provide more accurate assessments.
Implementing educator training modules will equip them to
effectively recognize early signs of language difficulties. Future
versions of Gades should include a nuanced approach for
assessing the youngest children in the class, considering their
specific developmental stages and potential delays without
prematurely recommending specialist evaluations. These
improvements will ensure that Gades supports early detection
and integrates smoothly into regular preschool assessments,
potentially enhancing the effectiveness of interventions for
language disorders.

Conclusions
This study confirms that DLD remains a commonly overlooked
condition with significant variability and potential overlaps with
other developmental disorders. Importantly, our findings
reinforce the critical nature of age-specific screenings, with the
most alarms for language difficulties arising in second-year
grades, supporting the hypothesis that this period is crucial for
detecting DLD risk factors. Despite the conservative and generic
screening process, which identified language difficulties in 19%
of cases—higher than the 7% prevalence typically noted in other
studies—some of these instances may represent SLD. This
suggests a need for refining language milestones within the
Gades system to more effectively distinguish between DLD and
SLD.

The qualitative outcomes from the Gades platform demonstrate
its value in designing tailored educational programs and

therapeutic interventions. By integrating such tools without the
need for direct support from NSLT, Gades facilitates a deeper
understanding of individual language development patterns.
This insight enables educators, particularly those without
specialized training in language disorders, to identify and
address developmental challenges more effectively and earlier.
The platform has been well-received in terms of usability and
practicality, enhancing educators’ ability to actively monitor
and support language development.

Moreover, implementing Gades has provided substantial
learning opportunities for preschool teachers. Educators with
no previous expertise in DLD have gained significant knowledge
and skills in informal screening processes, which has had a
transformative impact on their ability to recognize and respond
to language development issues. This empowerment of teachers
underscores the potential of Gades to serve as a foundational
tool in early education settings, enhancing early detection and
intervention strategies.

To extend the utility of Gades beyond this study context, it is
crucial to provide practical recommendations for its
implementation in various educational settings. Tailoring the
platform to accommodate different regional educational
standards and linguistic backgrounds can maximize its
effectiveness and reach. In addition, the successful deployment
of Gades is contingent upon comprehensive training programs
for educators. These programs should focus on enhancing
understanding of language milestones, screening techniques,
and the specific functionalities of the Gades platform. Effective
training could be implemented through web-based modules,
workshops, and ongoing support systems to ensure educators
can proficiently use the tool.

In conclusion, the Gades platform represents a significant
advancement in the field of educational technology for screening
language disorders. By facilitating detailed observation and
reporting of language development, Gades supports educators
in their daily interactions with children and contributes to a
broader strategy for addressing DLDs in early childhood
education. The adoption of such tools, accompanied by adequate
training and tailored implementation strategies, holds the
promise of significantly improving outcomes for children at
risk of DLD and SLD across diverse educational landscapes.
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Abstract

Background: Young sexual minority men (YSMM) are disproportionately impacted by HIV in the United States. HIV or
sexually transmitted infection (STI) testing rates and pre-exposure prophylaxis (PrEP) uptake are low in this priority population.
Novel strategies are needed to increase access to HIV and STI prevention services among YSMM.

Objective: This study aims to describe the development and assess the feasibility and acceptability of LYNX, a mobile app to
increase HIV testing and PrEP uptake among YSMM.

Methods: Informed by the Information-Motivation-Behavioral Skills model, the LYNX app was refined through 4 iterative
focus groups in 2 US cities among YSMM aged 15 to 24 years. The LYNX app includes SexPro, an innovative tool that provides
a personalized sexual health protection score, a sex diary to track sexual partners, HIV and STI testing information and reminders,
access to home HIV and STI test kits, and geospatial-based testing and PrEP clinic site information. The refined app was then
tested for feasibility and acceptability in a 2-month technical pilot. Baseline and 2-month follow-up assessments and exit interviews
were completed. Self-reported app acceptability and use based on paradata were reported.

Results: In iterative focus groups among 30 participants (age: mean 20, SD 3 years; Black: 12/30, 40%; Hispanic or Latinx:
13/30, 43%), the app’s design was well-received. Participants recommended providing information on how the SexPro score was
calculated and how they could improve their score, changes to the language in the sex diary tailored for YSMM, providing a chat
feature to facilitate communication between staff and app users, and gamification features to increase overall youth engagement
with the app. These recommendations were incorporated into the app. In the technical pilot among 17 participants (age: mean
22.4, SD 1.6 years; Black: 4/17, 24%; Hispanic or Latinx: 8/17, 47%), the mean system usability score was 70 out of 100, falling
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in the “good” range. Use of the app was high over the 2-month pilot (app opened an average of 8.5, SD 8.0 times with an average
duration of 3.8, SD 3.2 min/session), indicating good feasibility. The most commonly used features included the testing feature
(n=15, 100%), activity calendar (n=14, 93%), and diary (n=13, 86%). Overall, 11 (79%) participants were likely to continue using
LYNX, and 10 (71%) participants were likely to recommend it to a friend. In exit interviews, there was a high level of acceptability
of the content, interface, and features of the LYNX app.

Conclusions: Following a user-centered design approach, we tailored the LYNX app to increase HIV and STI testing and PrEP
uptake among YSMM in the United States. Our positive findings support further testing of this mobile health tool in an upcoming
effectiveness trial in broader youth populations.

Trial Registration: ClinicalTrials.gov NCT03177512; https://clinicaltrials.gov/study/NCT03177512

International Registered Report Identifier (IRRID): RR2-10.2196/10659

(JMIR Hum Factors 2025;12:e62830)   doi:10.2196/62830

KEYWORDS

HIV testing; sexually transmitted infection testing; pre-exposure prophylaxis; youth; men who have sex with men; sexual minority
men; mobile health; HIV prevention; STI

Introduction

Background
Young sexual minority men (YSMM) are disproportionately
impacted by HIV in the United States. In 2021, 19% of the
estimated 32,100 new HIV cases in the United States were
among young people aged 13-24 years, with YSMM accounting
for 82% of new HIV diagnoses in this age group [1]. YSMM
of color are particularly impacted by HIV, with Black and Latino
sexual minority men (SMM) accounting for 53% and 28% of
infections among YSMM, respectively, in 2021 [1]. There is
an urgent need to expand access to effective HIV prevention
strategies in this priority population.

HIV Testing and Pre-Exposure Prophylaxis Use
Among YSMM
HIV testing is the gateway to the HIV treatment and prevention
continua, and it affords an important opportunity to offer timely
treatment for YSMM living with HIV and for linkage to
effective preventive strategies for those who test HIV negative.
Although the Centers for Disease Control and Prevention
recommends at least yearly HIV testing for SMM, in a recent
national web-based survey, only 40% of YSMM reported testing
in the past year, and 45% had never tested in their lifetime [2].
Young people are the least likely to be aware of their HIV status,
with only 56% of US youth living with HIV aware of their
diagnosis in 2022 [3]. Despite YSMM having among the highest
annual sexually transmitted infection (STI) rate among any age
group [4], STI testing rates are also low [5], with only a third
of YSMM reporting STI testing in the last year [6]. Low
perceived risk, lack of symptoms, limited knowledge of STIs,
and lower access to health care providers have been identified
as barriers to HIV and STI testing [7-9].

Numerous studies have demonstrated the effectiveness of
pre-exposure prophylaxis (PrEP) for HIV prevention [10-12],
now one of the pillars of the Ending the HIV Epidemic Initiative
in the United States; however, uptake of PrEP has been low
among YSMM. According to national prescription data, youth
aged 15 to 24 years had the greatest unmet need for PrEP among
all age groups, with a PrEP-to-need ratio of 9, indicating that

for every person in this age group diagnosed with HIV, there
were only 9 people using PrEP, compared to a PrEP-to-need
ratio of 17 for people aged 35 to 44 years [13]. Demonstration
projects also highlight challenges with PrEP uptake. In the
Adolescent Medicine Trials Network for HIV Interventions
(ATN), 110 study of YSMM aged 18 to 22 years, PrEP uptake
was only 16%, and PrEP adherence was lower among Black
YSMM and declined overall during follow-up, particularly with
less frequent visits [14]. A number of factors contribute to low
PrEP uptake, including low awareness and knowledge about
PrEP, limited access to PrEP providers and clinics, deficits in
self-perceived risk, HIV- and PrEP-related stigma, and medical
mistrust, especially among YSMM of color, and highlight the
importance of innovative strategies to increase testing and PrEP
uptake tailored for YSMM [15-17].

Potential of Mobile Health Technologies
Mobile technologies have enormous potential to reach and
engage YSMM in HIV prevention [18-22]. Mobile phone use
is nearly ubiquitous among youth, and youth are more likely to
use their mobile devices for more activities, such as
downloading mobile apps, internet access, social media, and
accessing health information, compared to people in older age
groups [23,24]. The expansion of smartphones has increased
the possibilities of dynamic, mobile phone–based HIV
prevention interventions. Particularly, a mobile phone app
designed to increase HIV testing and PrEP uptake could be
highly scalable and has great potential to expand access to and
uptake of prevention services among youth.

Using the Information-Motivation-Behavioral Skills (IMB)
model [25], we previously developed the LYNX app, a highly
interactive mobile app to promote accurate risk perception and
increase HIV and STI testing and linkage to care, which has
been previously described [26]. Components of the app are
shown in Figure 1 and include (1) SexPro (Sexual Health
Promotion), an innovative tool that provides a personalized HIV
risk score displayed on a “speedometer” (1-20), with a higher
score representing higher levels of protection [27]; (2) a sex
diary to help users track their sexual partners and encounters,
which are then displayed in a calendar; (3) HIV and STI testing
information and reminders; and (4) ability to order home HIV
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point-of-care self-test kits (Oraquick) and home STI testing
collection kits (self-collected specimens mailed to a central
laboratory for testing) through the app and access the
geospatial-based testing site and linkage to HIV care
information. To protect participant privacy, the app is accessed

through a secure password-protected log-in, and information
collected through the app is encrypted and stored in a secure
environment that supports Health Insurance Portability and
Accountability Act (HIPAA) compliance.

Figure 1. LYNX app screenshots. PrEP: pre-exposure prophylaxis.

In this study, we describe the results of a 2-phase study to
develop and refine the LYNX app tailored for YSMM through
iterative focus groups and an open technical pilot. This study
was conducted within the National Institutes of Health’s ATN
as part of the University of North Carolina and Emory Center
for innovative technology (iTech), which had the overall goal
to develop technology-focused interventions addressing the
HIV prevention and care continuum for youth [28].

Methods

Study Population
Eligible participants included cisgender men who were aged 15
to 24 years, self-reported being HIV negative or HIV status
unknown at screening (technical pilot only), not currently taking
PrEP (technical pilot, as participants are testing an app, which
assists with PrEP uptake), fluent in English, owned an iOS or
Android mobile phone, and had self-reported evidence of being
at risk for HIV acquisition (detailed risk criteria are described
in the study by Liu et al [26]). Focus group participants were
able to participate in the technical pilot if they remained eligible.

Through the National Institutes of Health’s ATN iTech U19,
participants were recruited across 2 sites—Chicago, Illinois

(study site: CORE Center), and Tampa, Florida (study site:
University of South Florida). Participants for focus groups and
the technical pilot were recruited through a variety of strategies,
including web-based and social media postings (eg, Craigslist,
Grindr, and Facebook advertisements); distributing posters,
flyers, and palm cards about the study; direct outreach at local
venues frequented by YSMM (eg, community-based
organizations, schools, social clubs, health fairs, and balls);
clinic-based recruitment; and participants in prior studies. To
ensure inclusion of youth most impacted by HIV, we
oversampled YSMM of color, with a goal of enrolling two-thirds
of the cohort as YSMM of color and at least one-quarter as
Black YSMM. Oversampling was accomplished by focusing
recruitment efforts on venues more likely to be frequented by
YSMM of color.

Iterative Focus Groups for App Refinement
After an initial prototype of the LYNX app was developed by
the study team, we conducted 2 rounds of formative work
through a series of 4 focus groups and individual interviews
with 30 YSMM across our 2 iTech sites, which informed
iterative development of the LYNX app. YSMM participated
in 1 of the 4 groups, which each met 2 times. Participants unable
to be scheduled for a focus group were offered an individual
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interview, with the same content covered in both focus groups
and interviews. Groups were divided by age strata (15-18 years,
19-24 years, etc), and focus groups were conducted in a private
room at each site by a research staff member trained in
qualitative methods and group facilitation. All participants
completed a written consent or assent process before initiation
of the focus group. During the focus group discussion,
participants were shown how to download and install the app
and were given a demonstration of key features of the LYNX
app. The home HIV and STI testing process was also explained,
and participants were shown a test kit. New app components
were developed to increase PrEP uptake and included a PrEP
Facts page with information about PrEP, a map showing local
PrEP clinics in an area, PrEP video testimonials of youth sharing
their experiences about taking PrEP, and a feature of SexPro
showing how PrEP can improve one’s score. Participants were
asked to give feedback on each component of the app and
suggestions for improvement. At the end of the focus group,
participants completed a brief web-based survey to assess
demographic characteristics and use of technology to help
contextualize the focus group discussion.

Members of the iTech Analytic Core reviewed transcripts and
identified emergent themes. We conducted thematic analysis
using a deductive approach to code data for app acceptability
overall and for each component, with a focus on functionality,
appearance, usability, and privacy and confidentiality. Key
findings are described in the text using representative quotes
and were used to refine the LYNX app before initiation of the
technical pilot.

Changes to the LYNX App
On the basis of feedback from the focus groups and interviews,
we made a list of recommended changes to the app. The study
team then prioritized changes based on the perceived impact of
the changes on the usability and acceptability of LYNX, the
likelihood of increasing HIV and STI testing and PrEP uptake,
and the technical feasibility of the modifications. We then
worked with our app developer to implement these revisions to
the LYNX app.

Technical Pilot to Assess Feasibility and Acceptability
of the LYNX App
After refining the LYNX app based on our formative work, we
conducted a 2-month technical pilot among 17 participants to
assess the feasibility and acceptability of the LYNX app and to
elicit additional feedback for app improvement. Eligible
participants who enrolled in the study completed a web-based
survey on sociodemographics, risk behaviors, and use of
technology. Study staff assisted participants in downloading
the LYNX app and were shown how to use key features of the
app using an onboarding guide. Participants were encouraged
to use all components of the app over the next 2 months,
including ordering and using the HIV and STI test kit.

Upon completion of the technical pilot at month 2, participants
were asked to complete a brief web-based survey to assess
preliminary usability and acceptability of the app using the

System Usability Scale (SUS), a validated tool assessing various
domains of the app with demonstrated high internal consistency
across several studies [29]. The SUS is a 10-item scale that
measures a system’s usability on a scale of 0 to 100. Feasibility
was assessed using app analytics to determine whether the app
was used, how many times it was used, and which components
were used most and least frequently. Feasibility was a priori
defined as having at least 60% of individuals open the LYNX
app at least once after introduction to the app by research staff.

Each participant also completed an exit interview to provide
feedback on functionality, technical performance, errors and
bugs encountered, overall experiences using the app, feasibility
and acceptability of methods to confirm HIV testing results,
and feedback for further refinement. Exit interviews were
conducted remotely with qualitative-trained study staff from
the iTech Analytic Core using a HIPAA-compliant
videoconferencing technology. Debriefing reports capturing the
quality and key findings were completed after each interview.
Interviews were also transcribed and analyzed using the same
approach outlined earlier.

Ethical Considerations
The study procedures were reviewed and approved by the
University of North Carolina Institutional Review Board (IRB)
as a single IRB-of-Record (approval number: 17-0170). IRB
authorization agreements with all participating research entities
were enacted. Written informed consent was obtained before
conducting any study activities. All study data were identified
by a coded number only to maintain participant confidentiality.
The LYNX protocol is registered at ClinicalTrials.gov
(NCT03177512). For iterative focus groups, participants
received US $50-$60 for completing each focus group or
interview, depending on local site standards. For the technical
pilot, participants received US $50-$60 for completing the
baseline visit, US $25-$30 for completing the 2-month survey,
and US $50-$60 for completing the final exit interview.
Additionally, at one site, a $30 gas card for round trip
transportation was provided. Incentive amounts varied by site
and were based on local site standards.

Results

Iterative Focus Groups for App Refinement
Characteristics of the 30 focus group participants, 18 (60%) in
Chicago and 12 (40%) in Tampa, are shown in Table 1. Mean
age was 20 (SD 3.0) years; 13 (43%) self-identified as Hispanic
or Latinx, 18 (60%) completed high school or lower, and 13
(43%) were currently in school. A substantial proportion
reported having health insurance (n=21, 70%), ever tested for
HIV (n=26, 87%), tested for other STIs in the past year (n=22,
73%), and ever taken PrEP (n=16, 53%). Most participants
reported using iOS (n=20, 67%), receiving health information
through a website or an app on a mobile phone (n=23, 77%),
and that they thought receiving health information through a
mobile app would be of interest to YSMM (n=27, 90%).

JMIR Hum Factors 2025 | vol. 12 | e62830 | p.2088https://humanfactors.jmir.org/2025/1/e62830
(page number not for citation purposes)

Liu et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Characteristics of focus group participants for the development of an HIV prevention mobile app from Chicago, Illinois, and Tampa, Florida
(N=30).

ValuesCharacteristics

City, n (%)

18 (60)Chicago

12 (40)Tampa

20 (3.0)Age (y), mean (SD)

Sexual orientation, n (%)

21 (70)Gay

9 (30)Bisexual

Race , n (%)

3 (10)Asian

12 (40)Black

13 (43)Hispanic or Latinx

4 (13)Mixed race

6 (20)White

1 (3)No answer

Schooling, n (%)

7 (23)Lower than high school

11 (37)Completed high school

8 (27)Some college

4 (13)College completed

13 (43)Currently in school

21 (70)Health insurance, n (%)

10 (33)Insurance coverage through parent or guardian, n (%)

10 (33)Primary partner, n (%)

5 (6.0)Number of male partners (past 6 months), mean (SD)

5 (8.0)Number of male sexual partners met through internet (in the past 6 months), mean (SD)

HIV testing, n (%)

4 (13)Never

18 (60)Past 3 months

8 (27)>3 months

22 (73)Tested for other STIsa (in the past year), n (%)

29 (97)PrEPb awareness before the study, n (%)

Ever taken PrEP, n (%)

14 (47)Never

5 (17)Yes, but not currently taking PrEP

11 (37)Yes, I am currently taking PrEP

18 (60)How likely to use PrEP in the future (extremely likely or likely)c, n (%)

21 (70)Previously been in a PrEP research study, n (%)

Operating system, n (%)

20 (67)iOS

10 (33)Android

2 (7)Share phone with someone, n (%)
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ValuesCharacteristics

14 (47)Phone disconnected (past 12 months), n (%)

9 (30)Phone lost or stolen (past 12 months), n (%)

Ever used internet for, n (%)

20 (67)Tracking health behaviors

13 (43)Acquiring information about HIV or other STIs

15 (50)Acquiring other health or medical information

17 (57)Sending reminders

Most common ways for getting health information , n (%)

23 (77)Website or app on mobile phone

15 (50)Website or app on laptop or desktop computer

21 (70)Health care providers

27 (90)Think receiving health information through a mobile app would be of interest to young MSMd, n (%)

aSTI: sexually transmitted infection.
bPrEP: pre-exposure prophylaxis.
cAmong all participants.
dMSM: men who have sex with men.

Overall, the app was well-received by participants, and the
design was thought to be aesthetically pleasing and intuitive.
Participants saw the app’s utility and thought that it would be
a helpful tool for people to engage in their sexual health. A
participant in Tampa stated the following:

I see this as a fitness health app, but for sexual health.
So that does seem useful.

Participants suggested that the goal of the app be made clear as
part of the onboarding process, which was added after the first
round of focus groups.

Regarding SexPro, participants felt the numeric score and the
color coding (red for low score indicating low protection from
HIV, yellow or orange for intermediate score indicating
moderate protection, and green for a high score indicating high
protection) were important to provide a more robust
understanding of what their score meant. One participant in
Chicago described it as follows:

The higher the number the better, even 12 versus 9
just sounds and feels better. Like if I have a 12, I feel
like I’m getting there, I can start to get better. If I see
a 7, I just think “fuck!” I’m screwed. Especially
versus if you just showed me that scale with no
numbers, I would be worried, I would think I’m not
protected. I would think crap, I’m screwed.

Another participant in Chicago stated the following:

Yeah, if it’s orange I wanna do something to get it to
go up (to green). But if it’s red you might think you
are going to have to make drastic lifestyle changes
to get out of the red zone.

Participants thought that seeing the score could help motivate
a change in behavior, as a participant from Tampa stated the
following:

Seeing the score would be good to motivate you to
maybe change your life, or your habits, so you can
increase your score.

Several participants suggested adding a summary to help users
understand what went into their score, as well as suggestions
for how to improve their score. A participant in Tampa said the
following:

I think it would be useful to see, rather than a number,
but like why I got a number. If I compared my score
to a friend’s, and they had a different number—we
could compare, like, this is what I did, this is what
you did, that’s why a summary page would be more
useful.

Participants also liked the sexual diary component of the app.
A participant in Chicago said the following:

I do think that’s kind of useful, so you can keep track
of what you’re doing, or you know, if you need to
“slow your ho down”—I feel like you can be able to
hide it, so people don’t see it, or call your 5-star
person up.

Another participant in Chicago commented the following:

The diary makes it fun, and not just a health app. I
would look forward to looking back at it because of
all the fun comments I made in it. It makes being safe
fun to me.

One participant liked having a separate place to track their
sexual partners without having the information living in their
phone’s contact list, saying the following:

Let’s just say I was raped, or I had lost my phone or
whatever, I could download the app on my new phone
where I had backed it up and I would still have that
person’s information in the app, because I don’t
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usually add people in my phone contact list. It’s good
information to have and keeps it all private.

Participants also liked the notes section of the diary, as it made
the diary seem less like a tool of objectification, with a
participant in Tampa saying the following:

People judge people anyway, but having like the notes
makes it more personal... you can go back and look
at the things you said to remember, or things about
that person you want to recall later, even if it’s like,
you know, their apartment was dirty.

Participants did recommend changing the terminology for
describing partner types in the diary. For example, they found
“no strings attached” to be confusing and suggested changing
this to “one night stand.”

Most participants felt comfortable using the home HIV and STI
self-collection kits and saw value in this service, although
YSMM aged 15 to 18 years expressed some concerns regarding
potential errors with using the STI test kits and felt the shipping
process was cumbersome and may be a deterrent for youth.
Participants remarked that testing services were limited in their
area (particularly Tampa). They reported that the few places
that offered services had limited hours that conflicted with work
and school schedules. A participant in Chicago said the
following:

This option is a lot better especially if you are scared
to go to a doctor. That’s reassuring.

They highlighted the importance of confidentiality. A participant
in Tampa said the following:

As long as the packaging is confidential that came to
my home. I’m totally fine to do a care kit like that.
Especially since it’s free to request and ship.

However, some participants felt that testing at home would
mean they would miss out on the opportunity to build rapport
with their medical provider. In addition, some participants
reported concerns with collecting the specimens and preparing
the kits for shipment, as a participant in Chicago said the
following:

For me it’s easier to go to the doctor’s office, then I
don’t have to worry about messing something up or
anything like that.

If someone were to receive a positive HIV test result,
participants wanted immediate access to a provider who could
offer supportive counseling. They also suggested adding a chat
function to communicate with the clinic.

Participants appreciated the PrEP components of LYNX,
including the ability to find local PrEP clinics in their area;
however, they recommended that the goal of increasing PrEP
uptake be made clearer in the onboarding section of the app.
One focus group participant in Tampa said the following:

As far as like the HIV and like the prep, thing when
I first downloaded it, I didn’t really see it as that being
like the focus. I thought like the focus was more of
tracking your partners.

While some participants liked showing how one’s SexPro score
increases on PrEP, they recommended including information
about other non-PrEP–related factors that could influence their
SexPro score, as described by another participant in Tampa:

Yeah like if swiping right included other things like
let’s see what your score would look like if you used
like more condoms, or you know decreased your
number of partners as well. Like different factors not
always just, well if you were on PrEP this is what
would like... obviously PrEP is not the only thing
that’s going to bring up your level and increase your
protection.

Participants were also interested in gamification and receiving
feedback from the app based on the data they entered into the
app. When shown examples of badges in the focus groups, one
participant said the following:

It’s a pat on the back. It’s cute! You are being
rewarded for being a ho! (followed by laughter)

They liked the golden penis badge and suggested having a “gold
butt” badge as a complement (Figure 1). They also
recommended creating badges to keep track of PrEP pill taking
and having a “desert badge” when they are not having sex. They
also liked the idea of having a trends and insights page, which
would provide additional feedback on their trends in sexual
behaviors.

Changes to the LYNX App
On the basis of the feedback from the focus groups, we made
several revisions and additions to the LYNX app, guided by the
IMB model. Regarding “information,” several welcome screens
were added to the onboarding process to clarify the goals of the
app, including the message “to marry pleasure with prevention,”
which was a theme that emerged from the focus groups, as well
as clarifying the goal of increasing PrEP uptake. To provide
more information about PrEP, a PrEP Facts page was added
that included answers to frequently asked questions about PrEP.
Regarding SexPro, we added information on behaviors
contributing to the calculation of their SexPro score, with an
option to click on “Learn why these matter,” which provides a
more detailed description of how different behaviors change
one’s risk for HIV acquisition. We also added information about
how participants could improve their score and how their score
would be impacted by taking PrEP. To provide additional
feedback to participants on the data they entered into LYNX,
we also created a trends page that summarized different sexual
behaviors and encounters (eg, you were exclusively a bottom
50% of the time) and an insights page that summarized
characteristics of their sexual partners (gender identity, partner
type, partner HIV status, and number of repeat partners).
Regarding “motivation,” we added video testimonials of YSMM
on their experience taking PrEP to help motivate YSMM to
consider taking PrEP. We also added several gamification
features to the app, including the ability to earn different types
of badges (Figure 1), and a “top 5” feature for the 5 most highly
rated partners and 5 most highly rated sexual encounters. In
addition, the language in the sex diary was modified based on
input from the focus groups (eg, changing “no strings attached”
to “one night stand”) and the notes section was included in the
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final design to allow participants to enter free text to capture
anything they would like to remember about the partner.
Regarding Behavioral skills, we added the PrEP locator function
to allow participants to find a local PrEP clinic that served youth.
We also added a chat function to allow participants and study
staff to send and receive in-app messages for additional guidance
and support, as well as a “need us now” button in red at the top
of the chat screen, which would allow participants to call an
on-call provider available at all times. This chat function was
real time and monitored by study staff (including study
clinicians), who responded to participants within 24 business
hours. Finally, we engaged a copywriter who simplified the
language, using fewer words, and made the language in the app
more appealing for youth. There were a few suggestions that
were not incorporated into the app due to feasibility
considerations but noted for future iterations of the app,
including log-in via touch ID or social media log-in (instead of
passcode), adding a group sex option in the sex diary, and adding
dosing reminders for people who started taking PrEP.

Technical Pilot to Assess Feasibility and Acceptability
of the LYNX App
From April to June 2018, a total of 17 participants were enrolled
in the pilot study: 8 (47%) in Chicago and 9 (53%) in Tampa.
Table 2 describes baseline characteristics of participants
included in the technical pilot study. Overall, the mean age was
22.4 (SD 1.6) years; 8 (47%) self-identified as Hispanic or
Latinx, and 5 (29%) completed high school or lower. The
majority were currently employed (15/17, 88%), reported low
income (12/17, 71%), lived with another person (14/17, 82%),
currently had health insurance (10/17, 59%), and did not have
a primary health care provider (12/17, 71%). The mean number
of partners was 3.1 (SD 2.5) in the past 3 months, and 11 (65%)
participants reported condomless sex. A total of 5 (29%)
participants never tested for HIV, and only 1 (6%) tested in the
past 3 months. For other STIs, 9 (53%) participants had never
tested before and 8 (47%) tested >3 months ago. Regarding
prevention technologies, 11 (65%) and 15 (88%) heard about
HIV self-testing and PrEP before the study, respectively. Most
participants (n=10, 59%) reported using the iOS mobile phone
operating system, had a phone contract billed monthly (n=9,
53%), and used apps more than once per week (n=14, 82%).

A total of 15 (N=17, 88%) participants completed the follow-up
visit. The mean SUS score was 70.4 (SD 17.2), corresponding

to a rating in the good range (Table 3) [30]. The highest score
was on item “I thought the system was easy to use” (mean 4.3,
SD 0.9), and the lowest score was on item “I needed to learn a
lot of things before I could get going with LYNX” (mean 2.2,
SD 1.4). Most reported using the LYNX app at least once a
week (8/14, 57%); that they would be somewhat likely, likely,
or very likely to continue using the app (11/14, 79%); and would
definitely recommend it to a friend in need of similar help with
getting tested for HIV and STIs and accessing PrEP (10/14,
71%). A total of 43% (6/14) of participants ordered an HIV test
kit, and 36% (5/14) ordered an STI test kit.

Most participants rated all components of LYNX as not at all
difficult or a little difficult to use (Figure 2). Almost 86%
(12/14) of participants reported the components “Taking SexPro
Quiz” and “Entering information as part of the onboarding
process” as not at all difficult. More than half of the participants
considered all components at least somewhat helpful (Figure
3). “Ordering test kits and safer sex supplies” was considered
extremely helpful for 64% (9/14) of respondents. More than
half of the participants strongly agreed or agreed with statements
related to IMB model impact (Figure 4). More than 90% (13/14)
strongly agreed or agreed that “the LYNX app helped me keep
track of my sexual partners and the types of sex I have” (13/14,
93%). More than 70% (10/14) strongly agreed or agreed that
“The LYNX app helped me understand my risk for getting HIV”
(10/14, 72%) and “The LYNX app helped me understand
whether PrEP would be a good fit for me” (11/14, 79%) and
half strongly agreed or agreed that the app helped them in
starting PrEP (7/14, 50%).

Participants opened the app, on average, 8.5 (SD 8.0, range
1-31) times during the 2-month pilot intervention period, with
an average duration of 3.8 (SD 3.2, range 0.2-11.8) minutes per
session. Across all participants, the cumulative time spent in
the app ranged from 0.6 to 183.7 minutes, with a median of 16.5
(IQR 5.45-40.8) minutes. The mean time between enrollment
and first app log-in was 5.7 (SD 17.2, range 0-67) days. The
mean number of features accessed was 9.5 (SD 4.8, range 0-14)
out of 16 features. The “testing” feature was used by all
participants (15/100, 15%), followed by “Activity Calendar”
(14/15, 93%) and “Diary” (13/15, 87%; Table 4). The most
visited features were “Home Screen” (240 visits), “Diary” (189
visits), and “Testing” (174 visits).
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Table 2. Baseline characteristics of technical pilot participants for an HIV prevention mobile app from Chicago, Illinois, and Tampa, Florida (N=17).

ValuesCharacteristics

City, n (%)

8 (47)Chicago

9 (53)Tampa

22.4 (2)Age (y), mean (SD)

Sexual orientation, n (%)

11 (65)Gay

5 (29)Bisexual

1 (6)Queer

Race, n (%)

1 (6)Asian

4 (24)Black

8 (47)Hispanic or Latinx

10 (63)White

Schooling, n (%)

5 (29)Completed high school or lower

7 (41)Some college

5 (29)Completed college

7 (41)Currently in school

15 (88)Current employed, n (%)

Income (self-defined), n (%)

12 (71)Low

4 (24)Middle

1 (6)Declined to answer

Relationship status, n (%)

4 (24)Single

5 (29)Casually dating

8 (47)Boyfriend, girlfriend, partner, or lover

People living with, n (%)

3 (18)Alone

5 (29)1-2

7 (41)3-5

2 (12)>5

Health insurance, n (%)

7 (41)No

6 (35)I have my own

4 (24)I am covered by my parent or guardian

5 (29)Primary health care provider, n (%)

3.1 (3)Number of male partners (past 3 months), mean (SD)

11 (65)Condomless sex (past 3 months), n (%)

HIV testing, n (%)

5 (29)Never

1 (6)Past 3 months
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ValuesCharacteristics

11 (65)>3 months

Ever tested for other STIsa, n (%)

9 (53)Never

0 (0)Past 3 months

8 (47)>3 months

HIV self-testing, n (%)

6 (35)Never heard about it

9 (53)Heard before, but never used it

2 (12)Used previously

15 (88)PrEPb awareness before the study, n (%)

Interested in using PrEP, n (%)

2 (12)Not at all interested

5 (29)A little interested

4 (24)Somewhat interested

4 (24)Very interested

1 (6)Extremely interested

Operating system, n (%)

10 (59)iOS

7 (41)Android

3 (18)Share phone with someone, n (%)

Service, n (%)

9 (53)Monthly

2 (12)Prepaid

6 (35)Shared plan

3 (18)Phone disconnected (past 12 months), n (%)

How often use apps, n (%)

3 (18)≤1 per week

14 (82)>1 per week

aSTI: sexually transmitted infection.
bPrEP: pre-exposure prophylaxis.
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Table 3. System Usability Scale (SUS) and app use among technical pilot participants in Tampa and Chicago (N=14).

ValuesSUSa

Items, mean (SD)

3.5 (1.3)1: I think that I would like to use LYNX on a regular basis.

2.4 (1.3)2: I found LYNX unnecessarily complex.

4.3 (0.9)3: I thought the system was easy to use.

2.3 (1.4)4: I think that I would need the support of a technical person to be able to use LYNX.

4.0 (1.4)5: I found the various functions in LYNX were well integrated.

2.6 (1.2)6: I thought there was too much inconsistency between different parts of LYNX.

4.2 (1.1)7: I would imagine that most people would learn to use LYNX very quickly.

2.5 (1.2)8: I found LYNX very cumbersome to use.

3.9 (1.1)9: I felt very confident using LYNX.

2.2 (1.4)10: I needed to learn a lot of things before I could get going with LYNX.

70.4 (17.2)SUS total score, standardized (0-100), mean (SD)

In the past 2 months, on average, how often did you use the LYNX app?, n (%)

1 (7)Once a month or less

5 (36)A few times a month

5 (36)Once a week

2 (14)A few times a week

1 (7)Once a day

How likely would you be to continue using the LYNX app if it were available?, n (%)

2 (14)Very unlikely

1 (7)Unlikely

0 (0)Somewhat unlikely

0 (0)Neutral

4 (29)Somewhat likely

4 (29)Likely

3 (21)Very likely

If a friend were in need of similar help with getting tested for HIV or STIsb and accessing PrEPc, would you recommend the LYNX app to
him?, n (%)

0 (0)No, definitely not

0 (0)No, I do not think so

4 (29)Yes, I think so

10 (71)Yes, definitely

aScores range from 1 (strongly disagree) to 5 (strongly agree).
bSTI: sexually transmitted infection.
cPrEP: pre-exposure prophylaxis.
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Figure 2. Ratings of ease of use of the components of the LYNX app among technical pilot participants in Tampa and Chicago. PrEP: pre-exposure
prophylaxis; STI: sexually transmitted infection.

Figure 3. Ratings of helpfulness of the components of the LYNX app among technical pilot participants in Tampa and Chicago. PrEP: pre-exposure
prophylaxis; STI: sexually transmitted infection.
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Figure 4. Impact of the LYNX app on Information-Motivation-Behavioral Skills model constructs among technical pilot participants in Tampa and
Chicago. Responses ranged from strongly agree to strongly disagree. No participants indicated “strongly disagree” to any of the response items. PrEP:
pre-exposure prophylaxis.

Table 4. Frequency of features being viewed or accessed by participants in a pilot evaluation of a mobile HIV prevention app from Tampa and Chicago
(N=15).

Visits, n (%)Unique users, n (%)Feature

175 (17)15 (100)Testing page for logging HIV and STIa testing and ordering a test kit

41 (4)14 (93)Activity Calendar showing partner encounters

189 (18)13 (86)Diary to view and add new partners and encounters

25 (2)12 (80)Insights on partner types and HIV status

72 (7)12 (80)Navigation Chat: click to page to chat with LYNX team

107 (10)12 (80)Navigation PrEPb: click to PrEP information page

31 (3)11 (73)Sex trends, including sexual activities and condom use

23 (2)10 (66)Earned badges based on app use

19 (1)10 (66)Profile, including account details and setting reminders

27 (2)9 (60)SexPro page to view the current score and explanation

19 (1)9 (60)Top 5 partners and encounters

24 (2)6 (40)Encounter: recording a new entry in sex diary

15 (1)4 (26)PrEP Facts, including frequently asked questions about PrEP

12 (1)4 (26)PrEP Videos: testimonials from YSMMc on their PrEP experience

0 (0)0 (0)Testing and PrEP Map to search for testing and PrEP clinics

aSTI: sexually transmitted infection.
bPrEP: pre-exposure prophylaxis.
cYSMM: young sexual minority men.

Among the 15 participants enrolled in the technical pilot, 9
(60%) participants completed an HIV test during the pilot,
including 4 (27%) who tested at home. In addition, 4 (27%)
participants started PrEP during the pilot.

Among 17 pilot study participants, 14 (82%) completed
follow-up exit interviews. Overall, there was a high level of
acceptability of content, interface, and features of the LYNX

app, although some participants reported that they did not use
all the app features (eg, sex diary) due to being in a monogamous
relationship. One participant in Tampa noted the following:

I think that this app is so beneficial for like young gay
men...they are scared and not confident in talking
about this stuff and they don’t have anyone to talk
to...I think that’s one thing that’s really like important
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for this app because it has the answers, it has where
to go, it has everything you need to know when you
don’t have the answers.

Most participants liked the SexPro feature and thought that it
accurately reflected their risk; however, most did not look back
at the score during the pilot and did not believe that the SexPro
score changed their level of interest in PrEP. Most participants
liked the diary, trends, and insights features, as they helped
them keep track of their partners and encounters and reflect on
their sexual behaviors. One participant in Tampa said the
following:

Yeah. I actually really thought the app is great. I lost
tracking, my—like just my encounters and thought
that was really beneficial especially like going back
in time to kind of look at it because I don’t know, it
just keeps your eyes open about what you’re doing.

However, one participant felt that the diary was judgmental and
objectifying of partners and was concerned that it would hurt a
partner’s feelings if they somehow saw it. Participants felt the
diary was more helpful in tracking one-time encounters with
casual partners, and this feature was less helpful for those in
monogamous relationships. One participant suggested being
able to look at data from a specific time frame (rather than
cumulative partners and encounters), and several participants
wanted the ability to edit previously entered entries. While most
participants did not use the chat function, they liked that the
feature was available, especially the “need us now” button.
Many participants did not recall receiving notifications and
reminders for HIV and STI testing, and would have preferred
either weekly or monthly reminders. A few participants reported
technical issues, such as receiving notifications at unscheduled
times, and noted some bugs with the chat feature. Several
participants who used the test kit reported being fearful of
collecting the blood sample, and one participant had trouble
with sending the kit back as they had lost the instruction sheet.
Several participants suggested having video tutorials to help
with the specimen collection and shipping process. One Chicago
participant suggested adding resources for mental health, healthy
relationships, and connections to the community. When asked
whether they would use the app in the future, one participant
in Chicago said the following:

Yes, 100%... It’s really—it’s good. I would–like yeah,
I would advocate for it.

Discussion

Principal Findings
Sexual minority youth face numerous barriers to accessing HIV
and STI prevention services, including stigma and lack of access
to prevention clinics, and have expressed high levels of interest
in mobile health (mHealth) interventions to support HIV and
STI prevention, which may help address some of these barriers
[31,32]. While a growing number of mobile apps are now being
designed and tested to support HIV and STI testing, linkage to
care, and PrEP uptake [33], few have been tailored specifically
for youth. This study describes findings from 2 phases of
formative research to develop and tailor the LYNX app to
increase HIV and STI testing and PrEP uptake among YSMM

in the United States and demonstrated high initial acceptability
and feasibility of the app.

To increase user engagement with mobile apps, it has been
suggested that developers use an iterative data collection process
to obtain input from the target audience about app preferences
[34]. Similar to other studies that used focus groups or theater
testing as part of formative development [35-38], we conducted
iterative focus groups with a cohort of YSMM to efficiently
elicit feedback and inform the development of updated
prototypes of the LYNX app. Overall, the app’s design was
well-received by YSMM, and we received feedback to improve
key components of the LYNX app, including the SexPro score
and sexual diary, as well as recommendations for additional
features to facilitate timely communication between users and
staff and increase overall engagement and use of LYNX. In a
2-month technical pilot of the app, the revised LYNX app
demonstrated feasibility based on use of the app as assessed via
paradata and good acceptability as assessed via self-report.

Sanabria et al [39] used a multimethod, user-centered design
approach, including input from a youth advisory board, a
think-aloud protocol, and use case scenarios, to evaluate the
usability of a mobile app to increase HIV testing among sexual
and gender minority youth. This app, featuring HIV prevention
information and an imaging algorithm for interpreting
home-based HIV tests, demonstrated high user satisfaction and
perceived usability that was independent of education and health
literacy levels [40,41].

Several HIV risk scores have been developed and tested to assist
in identifying individuals who may benefit from PrEP [42-45];
however, these have primarily been designed to be administered
by providers and can be problematic, because clients may not
be comfortable disclosing behaviors that put them at increased
risk for HIV [46], and because identifying people at risk can be
stigmatizing [47]. In this study, we tailored a patient-facing
sexual health score (using a positive frame, with a higher score
indicating higher sexual protection) specifically for use in youth.
YSMM in our focus groups liked having both a color and
numerical representation of protection from HIV; however, they
wanted additional information on how the SexPro score was
calculated and how they could improve their score. On the basis
of these findings, key adaptations included adding information
on the factors contributing to their score and how they could
increase their score by changing behaviors or initiating PrEP.

Prior HIV research studies have also used sex diaries to capture
detailed event-level sexual encounter data and to understand
different profiles of HIV risk [48,49]; however, few have
incorporated diaries into mobile apps as part of an mHealth
intervention. A mobile app designed to collect sexual behavior
in the Amsterdam PrEP Project was frequently used by SMM,
with sexual behavior data collected by the app consistent with
questionnaire data among those who used the app consistently
[50]. In addition, in a study by Glick et al [51], completing
sexual diaries was associated with reduced frequencies of
reported anal sex, acquisition of new partners, and lower incident
HIV and STI diagnoses. In our study, the sexual diary was
included as part of the LYNX app as a strategy to help YSMM
better understand and track their sexual behaviors, as well as
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increase engagement with the use of the app. In focus groups
and the technical pilot, participants liked the diary feature;
however, they made recommendations to tailor the language
used in the sexual diary for YSMM and recommended an
open-text section so the youth could customize their diary
entries. The diary also appeared to be more useful for YSMM
with a greater number of casual sexual partners. It will be
important in future studies to characterize the types of partners
YSMM enter into the app, for whom the diary is most useful,
and whether diary use is sustained over time.

A key finding in our study was the importance of incorporating
gamification features to increase engagement with the LYNX
app by the youth. In a recent systematic review on the impact
of mHealth-based gamification on the HIV prevention and care
continuum in SMM by Luo et al [52], gamification interventions
were shown to reduce condomless anal sex acts and were
associated with an increase in PrEP adherence. Across the 26
studies included in the review, the most frequently used game
components were points, followed by challenge, discussion
forums, and mentorship or character narrative. In the LYNX
app, we incorporated several gamification features based on
feedback from YSMM in focus groups, including the ability to
earn different badges, a “top 5 feature” for the most highly rated
partners and sexual encounters, and a trends and insights page
to synthesize the partner data they entered into the app into
useful summaries. In other studies, the youth have also suggested
that tangible versus virtual rewards (eg, a gift card) may be more
likely to increase engagement [53], which should be explored
in future studies.

Similar to other studies, most LYNX participants expressed
interest in home HIV and STI self-collection kits, which could
help overcome barriers to HIV testing among YSMM [31].
Convenience, privacy, and rapid result delivery have been cited
by YSMM as principal motivators for using HIV self-tests [54].
In our study, YSMM expressed some concerns with collecting
and preparing the specimens for shipment. The youth may
benefit from videos demonstrating the specimen collection
process and check-ins from staff on whether they need assistance
with completing the test kits. On the basis of feedback in focus

groups, we added a chat feature to facilitate communication
between YSMM and staff and a button to call a clinician (eg,
in the event of a positive HIV test), app features which have
also been recommended in other studies of youth [55,56].

Limitations and Strengths
This study had several limitations. First, the technical pilot was
small and not designed to evaluate the efficacy of the
intervention. In addition, due to the short duration of the pilot,
we were unable to evaluate long-term feasibility and
acceptability. Nonetheless, formative work through focus groups
and optimizing usability in a technical pilot are critical steps in
developing and tailoring interventions before testing efficacy
in large randomized controlled trials. Social desirability may
have impacted YSMM responses in the focus groups and
technical pilot; however, we used a self-administered web-based
survey to assess usability and acceptability and paradata metrics
from the LYNX app to objectively assess feasibility. In addition,
participants in focus groups and exit interviews were reminded
that there were no right or wrong answers and were encouraged
to provide honest feedback that would help us best improve the
app. For both phases of this study, participants were enrolled
in Chicago and Tampa, potentially limiting the generalizability
of the findings, although both regions are in high-priority
“ending the HIV epidemic” jurisdictions, and 1 site is located
in the South, the region accounting for over half of new HIV
diagnoses nationally. Despite these limitations, our study had
several strengths, including enrolling a diverse cohort of YSMM
across both sites; the user-centered approach, incorporating
input from our participants into the final design of our
intervention; and the mixed methods approach to evaluate
feasibility and acceptability in our technical pilot.

Conclusions
Using a user-centered design approach via iterative focus groups,
we tailored the LYNX app to support HIV and STI testing and
PrEP uptake among YSMM in the United States. Preliminary
testing in a technical pilot demonstrated high acceptability and
feasibility of the refined version of the LYNX app and supports
further evaluation in an upcoming effectiveness trial.
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Abstract

Background: Digital health interventions (DHIs) are widely used to manage users’ health in everyday life through digital
devices. The use of DHIs generates various data, such as records of intervention use and the status of target symptoms, providing
researchers with data-driven insights for improving these interventions even after deployment. Although DHI researchers have
investigated these data, existing analysis practices have been fragmented, limiting a comprehensive understanding of the data.

Objective: We proposed an analysis task model to help DHI researchers analyze observational data from a holistic perspective.
This model was then used to prototype an interactive visual analytics tool. We aimed to evaluate the suitability of the model for
DHI data analysis and explore task support using a visual analytics tool.

Methods: We constructed a data analysis task model using 3 key components (ie, user grouping criteria) for DHI data analysis:
user characteristics, user engagement with DHIs, and the effectiveness of DHIs on target symptoms based on comparisons before
and after the intervention. On the basis of this model, we designed Maum Health Analytics, a medium-fidelity prototype of an
interactive visual analytics tool. Each feature of the prototype was mapped one-to-one to the analysis task described in the model.
To investigate whether the proposed model adequately reflects real-world DHI analysis needs, we conducted a preliminary user
study with 5 groups of researchers (N=15). Participants explored the tool through scenario-based analysis tasks using in-the-wild
data collected from a mobile DHI service targeting depressive symptoms. Following the session, we conducted interviews to
assess the appropriateness of the defined tasks and the usability and practical utility of the visual analytics tool.

Results: DHI researchers responded positively to both the analysis task model and the visual analytics tool. In the interviews,
participants noted that the tool supported the identification of users who needed additional care, informed content recommendations,
and helped analyze intervention effectiveness in relation to user characteristics and engagement levels. They also appreciated the
tool’s role in simplifying analytic tasks and supporting communication across multidisciplinary teams. Additional suggestions
included improvements for continuity across tasks and more detailed engagement metrics.

Conclusions: We proposed an analysis task model and designed an interactive visual analytics tool to support DHI researchers.
Our user study showed that the model allows a holistic investigation of DHI data by integrating key analysis components and
that the prototype tool simplifies analytic tasks and enhances communication among researchers. As DHIs grow, the proposed
model and tool can effectively meet the data analysis requirements of researchers and improve efficiency.

(JMIR Hum Factors 2025;12:e64967)   doi:10.2196/64967
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Introduction

Background
Digital devices, such as smartphones and wearables, are
extensively used in health care to deliver interventions beyond
traditional medical settings [1]. These interventions, known as
digital health interventions (DHIs), are designed to address
various health issues and promote healthy behaviors, such as
physical activity and smoking cessation, or to manage chronic
conditions, such as depression and diabetes, in daily life [2,3].

DHIs use various intervention strategies, including behavior
change techniques, which have proven to be effective in altering
health behaviors [4-6]. These techniques include monitoring
user behavior, setting goals, providing social support, and
incorporating gamification. Furthermore, DHIs can be classified
into different categories, such as digital health, medicine, and
therapeutics, based on clinical evidence and real-world outcomes
[7]. Previous studies [8-11] have investigated the delivery
procedures of DHIs, identified barriers in their delivery paths,
and determined the opportune moments for providing DHIs.
All these studies share the common objective of effectively
improving user behavior or symptoms targeted by DHIs.

DHIs are commonly designed as mobile apps, such as those in
mobile health, which enable individuals to install and use them
on smart devices. When users engage with the features and
content offered by DHIs, various data are collected. For instance,
several types of log data are passively gathered during user
interactions with DHIs. Most of these log data consist of detailed
records of user activities, including the frequency of DHI app
use; individual DHI content accessed; and user interactions,
such as taps, swipes, and text entries, within particular
intervention content [12]. In addition, some data are actively
provided by users through manual inputs, which are essential
for capturing information that may be challenging to track using
passive log data alone. These data often include basic user
information, such as sociodemographic details, and periodic
self-reports on their physical or mental health status.

Previous studies have performed various analyses to better
understand the data collected from DHIs and assess either user
engagement with the intervention content or the effectiveness
of the interventions in supporting target users. Researchers
studying DHIs have explored user engagement with
interventions, assessing either subjective experiences about how
immersed users are or objective behaviors, such as use frequency
[11]. When quantitatively assessing engagement, researchers
can analyze macroindicators, such as the number of log-ins to
the DHI, frequency of content access, time spent, sequence of
content use, as well as microindicators, such as the number of
clicks and swipes [13-16]. A recent study [17] suggested similar
metrics for measuring engagement, categorizing them into
individual-level metrics, such as launch counts, use durations,
and long-term use patterns, and population-level metrics,

including the ratio of users who open the app at least once and
the number of completers.

In addition, researchers have evaluated the effectiveness of
DHIs on target symptoms by comparing health status before
and after the use of DHIs in natural settings. The evaluation of
DHIs typically progresses from measuring efficacy with a small
group of users in controlled environments (eg, randomized
controlled trials) to assessing effectiveness with a large group
of users in uncontrolled environments [1]. By evaluating
effectiveness without predefined treatment and control groups,
researchers can investigate whether DHIs can yield the intended
health changes or real-world evidence by analyzing real-world
data (RWD), although numerous confounding factors exist
[18,19]. Several metrics, such as user engagement and DHI
effectiveness, can indicate how actively users have used DHIs
and whether they have experienced improved health conditions,
thus providing reasonable criteria for evaluating DHIs. A
relevant example is the SilverCloud platform proposed by
Doherty et al [20], which explores ways to encourage users to
engage more actively in online mental health interventions.
Using this platform, researchers have proposed approaches for
visualizing log data to understand the engagement levels of
individuals or groups of users [21] and predict the clinical
outcomes of interventions using machine learning techniques
[22].

Nevertheless, existing analyses of DHI data have often been
performed separately based on individual researchers’ interests,
which limits their ability to understand data from various
perspectives. Consequently, researchers may miss meaningful
relationships among various indicators that can be extracted
from DHI data. Moreover, the lack of a comprehensive analysis
of DHI use patterns and changes in health status makes it
challenging to determine how to improve DHIs according to
the needs and preferences of specific user groups. Given that
data analyses are repeated throughout the development and
evaluation life cycle of DHIs [23], it is necessary to integrate
the diverse analytical approaches that researchers can use with
DHI data.

Objectives
Therefore, we proposed an analysis task model to help DHI
researchers analyze data from a holistic perspective, enabling
them to uncover interactions and patterns that are not visible
when these factors are analyzed independently. We constructed
this model based on common analysis practices observed in
previous DHI research, particularly those identified in a
meta-analytic review by Moshe et al [24].

To achieve this goal, we developed an analysis task model to
help researchers explore DHI data from multiple perspectives.
This model guided us to implement a prototype for an interactive
visual analytics tool named Maum Health Analytics, which was
designed to support the practical application of the model. The
tool was evaluated using RWD collected from Maum Health,
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a mobile DHI service for individuals experiencing depressive
symptoms.

This study aimed to evaluate whether the proposed analysis task
model is suitable for DHI data analysis and explore how visual
analytics can support such tasks. Our preliminary user study
identified several benefits of the Maum Health Analytics tool
from the human-computer interaction perspective. We found
that the proposed tool helped DHI research teams investigate
user engagement and the effectiveness of the Maum Health DHI
service from various angles, gain insights for recommending
intervention content, and better understand users who may need
additional care. Furthermore, Maum Health Analytics facilitated
communication among various stakeholders, streamlined
repetitive analysis tasks, and exhibited potential for integration
with existing analytic systems.

Overall, our contribution can be summarized as follows:

1. We proposed an analysis task model for DHIs, aimed at
assisting researchers in understanding DHI data from
diverse perspectives.

2. We designed an interactive visual analytics tool based on
the proposed model and explored its feasibility and design
implications to better support researchers in analyzing DHI
data.

Methods

This section describes the development of the analysis task
model, the visual analytics tool, as well as the procedure of the
preliminary user study conducted with the prototype. The
subsequent sections present the quantitative and qualitative
study results and discuss their implications for future research
and the design of DHI analytics.

Analysis Task Model

Overview
As part of our previous work on DHIs [25], we conducted an
in-depth analysis of RWD collected from a mobile DHI service
named Maum Health, which supports individuals with
depression. Through this process, we identified recurring
analytical needs among DHI researchers, motivating us to design
a dedicated visual analytics tool for this study. Within this
service, users could assess their depression symptoms using the
10-item Center of Epidemiologic Studies Depression Scale
(CES-D-10) questionnaire [26] and access intervention content,
such as art therapy (named Mandala), physical activity
promotion (named Geunsimtapa), and cognitive-emotional
games (named Finding Blue) to alleviate symptoms. Following
a 3-month deployment of the DHI, we analyzed depression
states and content use logs stored on the server to extract
data-driven insights to enhance the intervention service.

As a multidisciplinary DHI research team comprising
intervention content designers, clinicians, and system
developers, our analysis addressed several research questions,
including differences in depression changes based on user
characteristics (eg, initial depression level) and the association
between DHI use and changes in depression. During the DHI

data analysis, we made 3 key observations regarding the analysis
tasks.

First, DHI researchers primarily focused on exploring user
engagement with DHIs and the effectiveness of these
interventions when evaluating existing DHI services. They
determined that the DHI service can be considered as well
designed if it is used more actively and if it leads to
improvements in target symptom levels compared with before
its use. In addition, given that the DHI was deployed to assess
whether it supports the achievement of the intended outcome
(ie, improving the depressive state) in the real world, researchers
usually measure the effectiveness of a DHI instead of its
efficacy. Unlike efficacy, which is typically measured in clinical
trials involving random user assignments to control and
treatment groups (controlled research setting), effectiveness is
evaluated using data from observational studies, allowing
researchers to observe how interventions are performed in
natural settings (uncontrolled nonresearch setting) [1]. This
measurement is relevant to RWD in health care and medical
domains [18], where data are collected without randomly
assigning participants to specific treatment conditions, and
researchers conduct observational studies [27,28].

Second, researchers have attempted to investigate whether
certain groups of users would exhibit higher (or lower) levels
of the aforementioned metrics, aiming to examine the
relationships between user groups and the metrics. They
analyzed the engagement and effectiveness of user groups
specified based on certain criteria and compared them across
different groups [8]. Although these analyses are valuable, they
are often conducted separately, limiting a comprehensive
understanding of how different factors, such as user
characteristics, engagement levels, and effectiveness, interact.
This fragmented approach can result in missing critical insights
from a holistic perspective.

To address this gap, we constructed an analysis task model that
aimed to integrate these typical analysis task components and
facilitate a more thorough understanding of DHI data.
Specifically, this model was constructed based on a
meta-analytic review by Moshe et al [24], which assessed
multiple studies on DHIs developed to address depressive
symptoms. The review outlined four factors that previous studies
analyzed regarding their association with the effectiveness of
DHIs: (1) the characteristics of participants, (2) the presence of
guidance in using DHIs, (3) engagement with DHIs, and (4)
study design and quality. Because several existing studies have
performed similar analyses [24], we determined that these
analysis tasks were common and should be integrated into the
proposed model. However, we excluded two factors from the
proposed model: the presence of guidance in using DHIs and
study design and quality. This decision was made because our
DHI service did not involve any human expert support, and we
did not aim to demonstrate the efficacy of DHIs through clinical
trials.

Consequently, we constructed our analysis task model with
three key components: (1) user characteristics, (2) user
engagement with DHIs, and (3) the effectiveness of DHIs on
target symptoms. On the basis of these key components, we
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identified a set of exploratory analysis tasks by referring to the
practices of existing studies, as explained in subsequent sections.
These tasks are intended to examine each component and
explore how they relate to segmented user groups. For instance,
the model supports not only the analysis of overall effectiveness
across all users but also comparisons across user subgroups
segmented by user characteristics or engagement levels. In this
model, effectiveness is treated as an outcome variable to be
examined within specific segments instead of as a factor used

to define those segments. Although the model enables the
exploration of the relationships among components within
specific user segments, it does not assume causal or recursive
dependencies. Instead, it provides a structured framework for
performing an in-depth analysis of specific user segments.

The overall structure of the proposed model is illustrated in
Figure 1, and further details of each component and the
associated analysis tasks are described in the subsequent
subsections and Table 1.

Figure 1. Overview of the proposed analysis task model for digital health intervention (DHI) data.

Table 1. Mapping of model-defined analysis tasks to interface, visualizations, and interactions in the Maum Health Analytics tool.

Visualization and interactionsTask descriptionModel components,
interface, and task IDs

User characteristics (interface: User page)

Line chartTrack the number of users over timeT1.1

Bar chartView user distribution by characteristicsT1.2

Table; filtering (by user characteristics)Explore individual user recordsT1.3

User engagement with DHIsa (interface: Engagement page)

HistogramView engagement level across all usersT2.1

Histogram; filtering (by user characteristics)View engagement level across user subgroupsT2.2

Histogram; group selection (by user characteristics)Compare the engagement level among user subgroupsT2.3

Bar chart; filtering (by user engagement)View user characteristics across engagement subgroupsT2.4

Effectiveness of DHIs (interface: Effectiveness page)

HistogramView effectiveness across all usersT3.1

Histogram; filtering (by user characteristics and engagement)View effectiveness across user and engagement subgroupsT3.2

Histogram; group selection (by user characteristics and engage-
ment)

Compare effectiveness across user and engagement subgroupsT3.3

Bar chart; filtering (by effectiveness)View user or engagement across effectiveness subgroupsT3.4

aDHI: digital health intervention.
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User Characteristics
Understanding the characteristics of DHI users is crucial because
different user groups may lead to differences in DHI use
behaviors and changes in target symptoms. As demonstrated in
a large-scale cross-study evaluation by Pratap et al [29], user
characteristics, such as gender, age, and geographic or racial or
ethnic diversity, may influence the sustained use of DHIs.
Similarly, other studies have shown that these characteristics
could impact dropout rates from DHIs and changes in outcomes
[30,31].

User characteristics for DHI data analysis can vary, including
demographics (eg, age, gender, and ethnicity), physical states
(eg, height and weight), and psychological states (eg, mood,
depression, stress, and motivation) [11]. In addition, factors
such as personality traits, digital health literacy, and the
availability of time and space for using DHIs can be considered
important constructs of user characteristics [9].

Regarding user characteristics, the proposed model comprises
3 analysis tasks, identified based on a review of existing DHI
research and the authors’deployment experiences (as illustrated
in the Methods section). First, researchers track the changes in
the number of DHI users over time (task T1.1). This task is
essential to understanding the overall adoption and sustained
use of DHI services. Researchers can assess whether the DHI
services are effectively used by monitoring the number of
enrolled and active users. Next, researchers examine the
distribution of DHI users based on their characteristics (eg,
gender, age, and baseline symptom levels), as suggested in
previous studies (task T1.2). This task involves sorting and
filtering users based on various characteristics to explore the
composition of the user population. It helps to identify trends
and patterns in user engagement and the demographic reach of
the DHI service. Finally, researchers review the detailed records
of individual DHI users belonging to specific groups determined
by user characteristics (task T1.3). This task allows for a more
granular analysis, providing insights into the behavior and
engagement levels of users within specific segments of the
population. By following these tasks, researchers can gain
comprehensive insights into who uses their DHI services through
diverse visualizations, ranging from a broad overview to detailed
individual records.

User Engagement With DHIs
User engagement is an essential metric in DHI research, as
highlighted in previous studies. This component is crucial not
only for understanding the current activeness of users interacting
with DHIs but also for exploring strategies to maintain and
enhance their sustained use [32,33]. Low engagement levels in
DHIs are analogous to situations in which patients do not
properly take medications. Therefore, this metric should be
closely monitored to assist DHI users in maintaining their use
until desired health outcomes are achieved.

As reviewed by Pham et al [34], previous studies have used
various indicators to measure engagement levels, including the
frequency of log-ins, accessed DHI features and modules, and
duration of DHI use. Among these metrics, we included the
frequency (ie, launch counts) and duration (ie, use time) of DHI

content use in the proposed analysis task model, as they were
commonly used in existing studies [11,35-37]. Furthermore, if
a structured activity exists within each intervention, its
completion level can be measured and evaluated as a detailed
user engagement metric [38].

For user engagement with DHIs, we included 4 analysis tasks
in the model. First, researchers assess the engagement level of
each DHI content item across all users (task T2.1). This task
involves evaluating various engagement metrics for each DHI
content item, such as launch counts, use time, and completion
levels, as highlighted in previous studies [11]. This provides an
overview of how each content item is used.

However, considering that user characteristics may influence
engagement with DHIs, researchers assess the engagement level
of each DHI content item for user groups specified by user
characteristics (task T2.2). This task allows for a segmented
analysis based on attributes, such as age, gender, or baseline
symptom levels, which helps understand how different user
groups interact with DHI content. Furthermore, they compare
the engagement level of each DHI content item across different
user groups (task T2.3). For instance, to determine whether age
affects engagement levels, researchers can compare the
distribution of engagement metrics among DHI users of different
age groups. This comparative analysis helps identify patterns
and variations in engagement across user characteristics.

This group-level analysis can also be performed in reverse;
researchers assess the user characteristics distribution for a user
group where they attain a certain level of engagement (task
T2.4). By performing these analytical tasks, DHI researchers
can evaluate the extent to which DHI content is actively used,
identify differences in engagement levels among various user
groups, and understand the distribution of user characteristics
at certain engagement levels.

Effectiveness of DHIs
As the primary objective of DHIs is to improve target symptoms,
evaluating their effectiveness is necessary. To evaluate the
effectiveness of DHIs in real-world settings, researchers analyze
the changes in depression symptoms by comparing self-reported
symptom levels before and after DHI use. This pre-post
comparison allows us to determine whether the intervention has
led to a statistically significant improvement in target symptoms,
thus estimating the effectiveness of DHIs. As explained in the
previous section, effectiveness is measured in an uncontrolled
setting to observe how the DHI influences the target symptoms
in natural environments. For depression assessment, the
following instruments are widely used [39,40]: the 9-item Patient
Health Questionnaire [41], the CES-D [42], the Beck Depression
Inventory—II [43], and the Patient-Reported Outcomes
Measurement Information System [44]. These assess depressive
symptoms through items targeting self-reported negative
emotions, self-perception, social interaction, and diminished
positive affect.

Similar to the analysis of user engagement with DHIs, the
analysis task model included 4 tasks for evaluating the
effectiveness of the DHIs. The first task is to assess the changes
in depression levels across all users based on their self-reported
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depression states (task T3.1). This task provides an overall
measure of the impact of the DHI on target symptoms.

The next task is to assess the changes in depression levels for
the user groups (task T3.2) and compare these changes across
different user groups (task T3.3). As illustrated previously, user
characteristics and engagement levels can influence the
effectiveness of DHIs. Hence, the user groups in tasks T3.2 and
T3.3 can be specified based on user characteristics or the
engagement level of each DHI content item. For instance,
effectiveness can be evaluated for a user group comprising
women who use a specific DHI content for more than an hour,
or it can be compared among user groups divided by age. This
segmented and comparative analysis helps to identify how the
effectiveness of DHIs varies across user characteristics and
engagement levels.

Group-level analysis can be performed in reverse, such as task
T2.4; researchers assess user characteristics and engagement
level distribution for a user group where they attain a certain
change in depression levels (task T3.4). This task is crucial for
understanding user characteristics and engagement behaviors
associated with significant changes in depression levels. These
tasks assist researchers in exploring the effectiveness of DHIs
from multiple perspectives. They allow for the analysis of
effectiveness while considering moderating factors, thereby
enabling a nuanced understanding of how various user
characteristics and engagement levels influence outcomes.
Moreover, they provide methods to tailor DHIs to different
users based on the observed effectiveness across diverse user
groups.

Interactive Visual Analytics
We designed Maum Health Analytics, a prototype of an
interactive visual analytics tool, to facilitate researchers in
conducting DHI data analysis tasks from multiple perspectives.
This prototype was developed based on the analysis task model
proposed in the previous section, with each feature directly
mapped to a specific analytical task defined in the model.

The primary goal of this prototype was to evaluate whether the
proposed model adequately supported the typical analysis
workflow used by DHI researchers. To achieve this, we
developed a medium-fidelity prototype that implemented the
tasks defined in the model. Rather than building a complete
system, we focused on creating a functional prototype suitable
for the initial evaluation.

The prototype was created using Figma and designed to enable
users to explore DHI data through task-specific features
embedded in predefined analysis scenarios. The development
followed an iterative design process. We created an initial
version that mapped model-defined tasks to concrete interface
features and functionalities. This prototype was thereafter
refined through multiple feedback sessions with 2 domain

experts who were clinicians with experience in developing their
own DHIs and analyzing real-world DHI data. They participated
in expert heuristic evaluations and provided feedback on the
clarity of the task flow, adequacy of the visual representations,
and interpretability of the analytic results. On the basis of their
input, we made several adjustments to the prototype to improve
its usability and relevance. In the final version, we incorporated
the actual analysis results derived from the RWD collected
through our previously deployed DHI, Maum Health. This
addition provided users with a realistic context during the
preliminary user study and allowed us to better evaluate the
usability of the tool.

Each analysis task defined in the model was mapped to a
corresponding interface component and visualized in the
prototype. Table 1 summarizes the mapping, including the key
visual elements and interaction types used to support each task.

Consequently, Maum Health Analytics features 3 main pages.
Each page corresponds to 1 of the 3 key analysis components:
user characteristics, user engagement with DHIs, and the
effectiveness of DHIs. On each page, researchers can select the
specific user group conditions that they wish to investigate, and
the tool displays the analyzed results interactively. These results
are primarily presented through visual elements, such as bar
charts, line charts, tables, and histograms, aiding researchers in
quickly grasping the overall trends or differences. Moreover,
detailed analysis results, such as statistical testing, are provided
together to assist researchers in interpreting these findings.

To enhance usability, we included a tag feature throughout the
visual analytics tool. Tagging allows the development of
researcher-defined groups. For instance, a researcher can create
a tag for a user group characterized by high engagement levels
and severe initial depression. Once saved, these tags enable
quick and easy access to researcher-defined user groups and
function as custom favorite lists. This allows researchers to
efficiently revisit and analyze the same user groups without
having to redefine the conditions, streamlining the data analysis
process with Maum Health Analytics.

In the subsequent section, we provide brief explanations for
each page of the Maum Health Analytics tool.

The User page (Figure 2) supports tasks associated with user
characteristics, presenting visualizations of the number of DHI
users over time (task T1.1) and the distribution of users by
characteristics (task T1.2). Researchers can select specific user
characteristics from the horizontal bar chart in the middle; users
matching these criteria are displayed in the table that appears
under User Characteristics and User List. Furthermore, they can
select a specific user from the table to review detailed records
(task T1.3), including the user’s basic information, engagement
levels with DHIs, changes in depression levels, and individual
DHI content use records.
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Figure 2. The User page of the Maum Health Analytics tool that supports tasks associated with user characteristics.

Line charts were selected to effectively show temporal trends
in user participation (task T1.1), whereas bar charts allowed for
a clear comparison of categorical variables, such as age or
gender (task T1.2). The use of a table enables detailed
record-level exploration for individual users (task T1.3), thereby
supporting granular analysis.

On the Engagement page (Figure 3), researchers can explore
the engagement level of each DHI content item across all users
(task T2.1) or within selected user groups (task T2.2) specified

by user characteristics. As shown in the figure, the histogram
illustrates the distribution of engagement levels within the
selected user group, providing insights into the overall use
behavior for each DHI content item. In addition, researchers
are allowed to compare the engagement level across different
user groups (task T2.3) to identify the users who are more
engaged with each DHI content item. Furthermore, user groups
can be formed based on specific engagement levels to examine
the user characteristic distribution within these groups (task
T2.4).
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Figure 3. The Engagement page of the Maum Health Analytics tool that supports tasks associated with user engagement with digital health interventions
(DHIs).

Histograms were used to visualize engagement distributions
across user groups (tasks T2.1 to T2.3) as they effectively
represented frequency patterns and enabled quick comparisons
among subgroups. Bar charts were selected for task T2.4 to
show how demographic characteristics vary by engagement
level, thereby supporting the group-based analysis.

Finally, researchers can explore the changes in depression levels
on the Effectiveness page (Figure 4) either across all users (task

T3.1) or within selected user groups (task T3.2). When
specifying user groups for investigation, researchers are allowed
to select user characteristics or user engagement with the DHI
content, and the results are shown in a histogram. Similar to the
Engagement page, researchers can compare changes in
depression levels across different user groups (task T3.3). In
addition, they can create user groups based on depression
changes to understand the distribution of user characteristics
and engagement levels within these groups (task T3.4).
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Figure 4. The Effectiveness page of the Maum Health Analytics tool that supports tasks associated with the effectiveness of digital health interventions
(DHIs) on the target symptom.

Histograms were used to visualize changes in depressive
symptoms before and after the intervention (task T3.1) as they
are well suited for showing the distribution of continuous
outcome variables and identifying general patterns of
improvement or decline. For tasks T3.2 and T3.3, histograms
were used to view or compare symptom change distributions
across subgroups according to user characteristics or
engagement, allowing for an intuitive visual comparison of
group-level outcome variations. For task T3.4, bar charts were
selected to summarize user characteristics and engagement
within the effectiveness-based subgroups, thus supporting the
identification of traits associated with greater or lesser
effectiveness.

Further details about the Maum Health Analytics tool are
provided in Multimedia Appendix 1.

Preliminary User Study

Maum Health Dataset
As previously mentioned, we decided to provide the analysis
results derived from the data collected through our DHI service,
Maum Health, when evaluating the interactive visual analytics.
Here, we provide a brief description of Maum Health and the
data it collected.

Maum Health
Maum Health is a DHI service developed to improve depressive
symptoms and is offered as a mobile app. Similar to typical

mental health mobile apps, Maum Health provides various
intervention content beneficial for depressive symptoms,
including art therapy (Mandala), physical activity
(Geunsimtapa), and a cognitive-emotional screening game
(Finding Blue). Each intervention content item consists of
sessions comprising activities that users can perform on their
own. For instance, users can make color drawings, perform
walking and stretching exercises, and play interactive games
when engaging with each content item. Moreover, it assesses
users’ depression levels every 2 weeks using the CES-D-10, a
well-established and validated instrument for assessing
depressive symptoms in mental health research. The results are
converted to a 100-point scale, where a higher score indicates
more severe depression.

Dataset
The Maum Health DHI service was distributed through a public
counseling center located in Seoul, South Korea, which operates
under the Seoul Metropolitan Government. The center is situated
in an urban residential area with high accessibility via public
transportation and provides mental health counseling services
specifically for young adults, supported by licensed psychiatric
professionals. As part of the counseling process, the center
recommended Maum Health as a supplementary digital tool for
managing mental health. Consequently, this DHI was used by
529 people over approximately 3 months, starting in September
2022. During this period, self-reported data entered by the users
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and log data automatically recorded based on the use of the
intervention content were collected.

The self-reported data in Maum Health consisted of one-time
basic user information and periodically recorded levels of
depressive symptoms. When users first registered for Maum
Health, they provided demographic information, such as gender
and age, along with information that might be related to
depressive symptoms (eg, marital status and alcohol or smoking
experience). Moreover, while using Maum Health, users
reported their depressive symptom levels biweekly through the
CES-D-10 survey.

As users engaged with the 3 different types of intervention
content available on Maum Health, log data were recorded
automatically. Whenever a user finished a session with specific
content, the time stamps for the start and end points of the
session were recorded. Furthermore, for each session, the
completion rate was recorded to indicate how well the user
performed the given activity. We used features from both
self-reported and log data in the design of the Maum Health
Analytics tool, as summarized in Table 2.

Table 2. Features of the Maum Health DHI service data used in the design and evaluation of the Maum Health Analytics tool.

FeaturesAnalysis components and categories

User characteristics

Gender, age group, and initial depression levelBasic information

Marital status, cohabitant, occupation, education, economic status, drinking, smoking, army experi-
ences, and handedness

Additional information

Depression history, medication, and physical illnessMedical history

User engagement with DHIsa

Total launch counts, total use time, and average completion rateMandala (art therapy)

Total launch counts, total use time, and average completion rateGeunsimtapa (physical activity promotion)

Total launch counts, total use time, and average completion rateFinding Blue (cognitive-emotional games)

Effectiveness of DHIs

CES-D-10b scoreDepression level

aDHI: digital health intervention.
bCES-D-10: 10-item Center of Epidemiologic Studies Depression Scale.

Considering the potential quality issues with RWD, we
established inclusion and exclusion criteria for the data to be
used when evaluating the Maum Health Analytics tool. We
selected users who had at least 2 depression score records, which
allowed us to observe changes in depression levels. Among
them, we included users with a gap of 2 to 4 weeks between
evaluations, as they were considered to maintain their DHI use
sufficiently well. Consequently, we used data from 173 (32.7%)
of the 529 users. Recognizing that the initial use time of the
Maum Health DHI service could vary among users, we
considered the relative use period starting with each user’s first
day of use. As a result, the final dataset used to evaluate the
Maum Health Analytics tool included 3470 data points,
comprising user-provided demographic information,
preprocessed log records of DHI content use, and periodic
self-reports of depressive symptoms.

Study Procedure

Participants

To evaluate the Maum Health Analytics tool, we recruited 5
groups of experts with experience in analyzing DHI data. Each
group comprised 3 to 5 experts, including clinicians, intervention
content designers, and system developers, who collaborated as
a team. In total, 15 DHI researchers participated in the study
(woman researchers: n=6, 40% and man researchers: n=9, 60%),
who were aged between 26 and 44 years (mean 34.1, SD 6.4
years). All participants had previous experience in developing
DHIs and analyzing real-world DHI data. Although they had
not used the Maum Health DHI service as end users, they
became familiar with its structure and features through their
involvement in related research and evaluation activities. The
details of these expert groups are listed in Table 3, and we will
refer to these experts as “DHI researchers” hereinafter.

Table 3. Composition of participants by digital health intervention research teams.

Expertise of the groupParticipant IDsGroup IDs

Clinicians and intervention content designersA1, A2, and A3A

Clinicians and intervention content designersB1 and B2B

Intervention content designersC1, C2, C3, C4, and C5C

Clinicians, intervention content designers, and system developersD1, D2, and D3D

System developersE1 and E2E
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Evaluation

Textbox 1 provides an overview of the evaluation procedure,
comprising the research introduction, scenario-based use session,
qualitative interviews, and quantitative usability assessment.
During the user study, we first briefly introduced our research

and explained the Maum Health Analytics tool, along with the
dataset used for the evaluation, to the participants. Then, we
asked them to explore the various features of our tool. Given
that our tool was a medium-fidelity prototype, the participants
were only able to navigate predefined functions, interactions,
and corresponding analysis results.

Textbox 1. Overview of the study procedure for evaluating the Maum Health Analytics tool.

Research introduction

• The authors introduced the study and provided an overview of the Maum Health Analytics tool.

Scenario-based use session

• Participants explored the Maum Health Analytics tool for 30 min.

• Realistic data analysis scenarios were provided to support system evaluation during this session.

Qualitative evaluation

• Semistructured interviews were conducted for 60 to 90 min.

• Participants evaluated the analysis tasks and discussed their applicability in real-world settings.

Quantitative evaluation

• The Post-Study System Usability Questionnaire was administered to assess the system’s usability.

In the evaluation session, we presented participants with specific
DHI data analysis scenarios, enabling them to test all the tasks
supported by Maum Health Analytics. For instance, if the
scenario was “The expert investigates the distribution of user
characteristics among those who frequently used Mandala above
average,” the participants would follow several steps within the
tool to analyze the data. Considering the limited functionality
of the prototype, these scenarios were selected based on cases
with sufficient Maum Health data to showcase the results
completely. We visualized the analysis results from real-world
DHI data to make the evaluation realistic, ensuring that the
participants could interact with and assess the prototype in a
meaningful context.

After the participants used the Maum Health Analytics tool, we
conducted an interview session and asked key questions from
the perspective of analyzing the Maum Health DHI service data:
(1) Were the analysis tasks defined in our tool appropriate? (2)
How could the information provided be used in practice? Each
session lasted approximately 60 to 90 minutes, depending on
the participant group’s pace and discussion depth. All interview
sessions were recorded with the participants’ consent and
transcribed to thoroughly examine their responses. Thereafter,
we performed inductive analysis [45] while repeatedly reading
the interview transcripts to identify key phrases, ideas, and
themes. Next, we conducted affinity diagramming to group
similar themes derived from the transcripts and reviewed the
themes iteratively until all researchers agreed on the final
themes.

We also used the Post-Study System Usability Questionnaire
(PSSUQ) [46], which is based on a 7-point Likert scale, to
evaluate the overall usability. The PSSUQ is specifically
designed for scenario-based usability studies and includes a
subscale for information quality, allowing us to quantitatively
assess whether the defined analysis tasks are suitable. According

to Lewis [47], the PSSUQ scores for real-world systems
commonly ranged between 2.5 and 3.0 across subscales, with
lower scores indicating better usability. Although no absolute
benchmark has been proposed, scores within this range have
been interpreted as indicating acceptable usability in practical
settings. We used the Korean-translated version of the PSSUQ
previously developed and validated by Jeon and Park [48]. The
participants in our study did not report any difficulties in
interpreting or responding to the translated version during the
usability evaluation.

We analyzed the responses using descriptive statistics and
computed the mean and SD for each of the 3 PSSUQ subscales:
system usefulness, information quality, and interface quality.
Two items related to error recovery (items 7 and 8) were
excluded because the user scenarios used in this study did not
involve any error-handling tasks.

Ethical Considerations
This study was approved by the Institutional Review Board of
the KAIST university (KH2022-098), and written informed
consent was obtained from all participants.

Results

Overview
The previous section introduced the analysis task model and
visual analytics tool developed for DHI research. On the basis
of them, we conducted a preliminary user study to evaluate the
usability of the system. This section presents the results of this
evaluation, including both quantitative and qualitative findings.

Quantitative Evaluation
The PSSUQ comprises 16 items across 3 subscales (ie, system
usefulness, information quality, and interface quality) rated on

JMIR Hum Factors 2025 | vol. 12 | e64967 | p.2114https://humanfactors.jmir.org/2025/1/e64967
(page number not for citation purposes)

Jung et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


a 7-point Likert scale (1=strongly agree, 4=neutral, 7=strongly
disagree), with lower scores indicating better usability.

For the Maum Health Analytics tool, the mean score of the
PSSUQ was 2.89 (SD 1.02), and that of the overall usability
was 2.80 (SD 1.57). Each subscale had similar mean scores:
system usefulness 2.94 (SD 1.01), information quality 2.87 (SD
1.21), and interface quality 2.84 (SD 1.31). These scores fell
within the range commonly observed in previous usability
studies (2.5-3.0) and are generally interpreted to reflect
acceptable usability levels [47].

Qualitative Evaluation

Analysis Task Model
Our interviews revealed participants’ opinions on the analysis
task model and its components proposed in this study.

User Characteristics
Participants found that tasks related to user characteristics helped
enhance their understanding of user groups, particularly those
sharing specific characteristics. They were interested in
examining individual use records as concrete examples of the
findings identified at the group level. By reviewing
representative users within a group, they can understand broader
trends and verify their interpretations:

When I discovered that females used Mandala more,
I became curious about each female user’s usage
patterns. Reviewing their specific usage logs could
help me identify common characteristics of this user
group. [A1]

The participants further noted that such an in-depth exploration
was challenging in their previous practice, particularly when
user interactions were recorded only on personal devices and
were not easily accessible:

We could analyze DHI usage statistics by group, but
it was challenging to check detailed usage logs since
we had to take their phones for analysis. [A3]

These comments highlighted that visualizing individual-level
use data supported a deeper and more nuanced understanding
of group-level patterns.

In addition, the participants reported that tasks in this category
were useful for identifying DHI users (or user groups) who may
require additional attention. They emphasized the importance
of evaluating whether users met a minimum level of engagement
(in launch counts or use time) within a given period and
examining specific users who fell short of these thresholds:

For instance, if there is a weekly recommended use,
I’d like to see how many users in the group meet that
goal. [B1]

The participants reviewed group-level engagement metrics and
paid particular attention to individuals with low engagement
within those groups. Among the participants, clinicians focused
on improving users’ target symptoms and discussed how such
insights could inform intervention decisions:

I was wondering why this user didn’t use Maum
Health contents that much, and why her status got
worse even while using intervention contents. [A1]

They planned to intervene with users with low engagement to
increase their engagement:

Perhaps I need to decide how to manage the low
engagement users, for instance, send a text message,
make a call, and so on. [B1]

Some participants also mentioned that tagging could help
monitor users who required closer attention:

In our study, there are individuals whom doctors have
to care for more intensively. Previously, we had to
find such users whenever we analyzed them. But here,
I think it would be easier and more convenient
because we can mark them with tags and monitor
them accordingly. [C2]

E1 viewed tags as customizable user characteristics and noted
that using them as favorites made it easier to track certain users.
Together, these findings suggested that being able to review
individual user records within user characteristic tasks helped
to identify users at both the group and individual levels who
might require further intervention to improve their symptoms.

The participants also mentioned that tasks supported by Maum
Health Analytics could help track new incoming users and
monitor the retention of existing ones. They noted that
understanding the characteristics of both groups was essential
for delivering appropriate intervention content:

There is a difference between user groups by their
retention rate. Based on that information, we could
determine the frequency of exposing specific content
for each user group, which might be available here,
too. [D1]

However, participants emphasized the need to distinguish
“active users” from merely registered ones, identifying this as
a potential area for improvement. For intervention content
designers, knowing who actively engaged with the system was
considered more important than simply tracking overall
registrations:

I’d like to see how many users are actively using DHI,
not just registered. For designers, it is important to
see whether they are using DHIs well enough. [C1]

To better determine active use, the participants suggested
including session-level dropout information on individual user
pages:

I think the quitting ratio while using content is also
important. The intervention content may be interesting
at the beginning, but it gets boring as time goes [C3]

These findings implied that supporting both retention tracking
and active user identification contributed to a comprehensive
understanding of DHI users and facilitated effective user
management planning.

User Engagement With DHIs
Participants reported that Maum Health Analytics could help
them identify user groups that exhibited high engagement with
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specific DHI content, serving as useful information for making
more effective content recommendations. Tasks related to user
engagement, such as task T2.4, provided a distribution of user
characteristics among highly engaged users. For instance, when
extracting users who used Mandala above the average level,
participants observed an increased proportion of woman users,
which they found helpful in decision-making:

After examining the characteristics of users who use
a particular content often, we can recommend it to
similar users, such as those in the same age group.
Maybe we can promote the DHI service by targeting
similar groups of people through social media. [A1]

The participants assumed that users with similar characteristics
would demonstrate similar engagement levels. They considered
this assumption valuable for improving recommendation
strategies for specific groups of users, particularly because DHI
content is typically recommended based solely on target
symptom severity (eg, depression scores) without considering
user preferences or engagement patterns:

I think this tool can be used to make feedback more
customized while monitoring the changes in DHI
engagement. [A2]

Conversely, some participants indicated that users with low
engagement should be further examined to design new content
tailored to them. For instance, a participant noted the following:

If the proportion of females in users with high
engagement is significant, we should create another
content targeting men. Otherwise, the male user group
may not be supported well and might leave the Maum
Health app. [A3]

However, B1 noted that recommendations based solely on
engagement should be used cautiously and that the actual
improvement in depressive symptoms should also be considered.
These findings demonstrated that examining engagement
patterns in conjunction with user characteristics can support
more personalized and effective content recommendations while
also highlighting the importance of considering intervention
effectiveness alongside DHI use behavior.

Some participants mentioned that presenting the overall
distribution of engagement with the intervention content was
useful, as it could help establish guidelines for DHI use. They
noted that interventions such as traditional cognitive behavioral
therapy can be easily evaluated in terms of engagement because
the number of sessions is predefined. However, setting
evaluation criteria is challenging when users use the content
independently without specific guidelines.

After exploring the overall engagement levels and those of
specific user groups through the Maum Health Analytics tool,
participants expected to establish engagement guidelines using
this tool as more DHI data accumulated over time:

If the data becomes sufficient, values such as average
or top 25% could be more meaningful. Observing the
overall engagement level with this tool, we can
provide engagement guidelines for each step or set
a recommended use. [B1]

This indicated the potential for establishing optimal use
guidelines by analyzing long-term DHI engagement patterns,
which currently lack established benchmarks.

In addition, the participants mentioned the need to evaluate user
engagement more rigorously. In particular, the system developer
group emphasized the importance of selecting appropriate use
metrics, such as launch counts and use time, when measuring
engagement. Compared with other groups, they primarily
focused on improving usability and maintaining overall
engagement levels rather than evaluating the effectiveness of
DHIs. Consequently, they prioritized analyzing detailed content
use logs and identifying metrics that more accurately reflected
the actual user behavior:

For example, there are cases when users stop using
content when getting a call or eating. In those cases,
they stayed in the content but there was no interaction
recorded in the usage log. [E1]

The participants also highlighted the importance of
distinguishing what constitutes “effective” engagement, thereby
emphasizing the need to focus on use behaviors that indicate
meaningful interactions with content:

It is necessary to analyze how much users actively
participated in the content before investigating its
effectiveness. Then, we have to further examine what
was behind if DHI turned out to be ineffective. [E2]

This implied that measuring engagement in DHIs should go
beyond basic metrics, such as launch counts or use time, and
instead incorporate indicators that more accurately capture users’
actual interaction behaviors.

Effectiveness of DHIs
Participants responded that the Maum Health Analytics tool
was helpful in systematically evaluating the effectiveness of
DHIs by examining changes in target symptoms. Because DHIs
are intended to support users’ mental health, the participants
found it meaningful to analyze symptom improvement in
relation to engagement with each type of intervention content:

Of course, showing individual indicators can be a
meaningful analysis for almost all apps. However,
for DHIs, we should investigate which intervention
features interact with each other and how they
improve symptoms, requiring a relational analysis of
multiple factors. [D1]

For example, for game apps, the longer the usage
time, the better. But in the case of DHIs, we need to
see not only how long it has been used, but also how
effective it is. I think this tool supports this process
well enough. [E1]

The participants compared Google Analytics with our tool,
highlighting a key difference in their purposes. They explained
that the key distinction of the proposed analytics tool was the
inclusion of health-related indicators, making it more suitable
for analyzing DHI services:

Unlike Google Analytics, which mainly focuses on
usage behavior and user retention, we can analyze
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DHI including the users’health indicators in this tool.
This is critical for health-related services. [D1]

This suggested that evaluating the effectiveness of DHIs
required integrating health outcomes with use metrics and that
Maum Health Analytics enabled such multidimensional analysis
more effectively than existing analysis practices.

We observed that evaluating content effectiveness from multiple
perspectives using Maum Health Analytics was considered
beneficial by participants, particularly in the context of designing
or studying the intervention content. They explained that the
tool simplified comparisons that would otherwise require
repeated statistical analyses and manual setup under each
condition:

Previously, it was inconvenient to repeatedly perform
statistical analysis for each condition, so we
sometimes skipped examining some questions in
detail. Perhaps, we lost opportunities to find
something new. [C1]

By supporting comparisons based on user characteristics and
engagement levels, the tool enabled users to explore
effectiveness across different subgroups more efficiently:

Like the analysis in research, I was able to create
control groups and experimental groups based on
several criteria and easily compare the difference in
depression change between the groups. I could see
the relationship between engagement and
effectiveness through this process. [C2]

The participants also highlighted the tag feature as a practical
way to track and compare user-defined groups. This allowed
them to monitor symptom changes in relation to factors such
as the app version or intervention updates:

I like the tag because we can immediately see how
much DHI has improved after updates if we label tags
based on the version of DHI. [C1]

C1 added that using tags to compare groups could help the
research team formulate and evaluate new hypotheses, similar
to A/B testing.

In addition, participants found it useful to evaluate other
indicators based on the change in depression levels. As DHI
services are still in their early stages, no clear evidence exists
that increased use leads to better outcomes. Therefore, B1
suggested that it might be more insightful to investigate other
indicators based on the effectiveness of the DHI. These findings
suggested that enabling flexible group comparisons and
supporting exploratory evaluations of DHI effectiveness can
help researchers uncover new patterns, generate hypotheses,
and refine intervention strategies based on subgroup insights.

Interactive Visual Analytics
We also explored participants’ experiences with the interactive
visual analytics tool during the interview sessions.

Simplifying the Analysis Tasks of DHI
Participants mentioned that using the Maum Health Analytics
tool helped simplify several of the manual and repetitive tasks
they typically faced in DHI data analysis. In particular, they

appreciated not having to download the entire dataset each time,
recognizing this as one of the most practical features:

Our lab is developing a similar DHI app, but we have
to download and analyze the entire dataset since
there’s no analytics tool like this. But here, we can
check what happened to the user right away without
such tasks. [A3]

Because most existing dashboards were built for experiment
management instead of analysis, participants found it helpful
that our tool efficiently supported basic analytical tasks.

Participants also appreciated the ability to view analysis results
in real time:

I have experience in developing chatbot-based
interventions, and I wanted to know in real-time
whether users are using them well or how they
respond. I was satisfied to see that information on
this tool. [A3]

Real-time information may be meaningful to those
who provide counseling services based on analyzed
results, those who manage certain groups of users,
and those who monitor the entire service. [B1]

The participants also appreciated that the tool allowed them to
extract and export user groups for further analysis. In particular,
A2 and A3 highlighted the usefulness of isolating specific
subgroups, such as outliers with unusual engagement or
symptom patterns, and downloading their data to examine them
in more detail using external analytical tools. These findings
highlighted how Maum Health Analytics can reduce the burden
of manual data handling and facilitate a more efficient and
targeted analysis workflow.

Supporting Communication Among Various Experts
The participants assessed that the Maum Health Analytics tool
would facilitate communication among stakeholders during the
DHI improvement process, particularly when experts from
different domains collaborate. They emphasized that the tool
could bridge the gaps between those with differing levels of
expertise in data analysis and interpretation.

Previously, content designers had to create separate documents
to explain analysis results to other domain experts, which they
found to be inefficient:

As a content designer, I always had to prepare
additional materials about the analysis results to
explain it to mental health counselors. However, with
these visual explanations, I think they can understand
the results easily without any further documents. [A3]

They added that even stakeholders unfamiliar with data analysis
could interpret the visual results and answer relevant questions
using Maum Health Analytics:

Since this tool showed the results visually, I thought
it would be suitable for those who are not familiar
with how to analyze data well. With this visual
analytics tool, they would be able to answer various
questions related to DHI usage. [A2]
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Participants also noted that in cases where data analysis and
user recruitment were handled by separate individuals or teams,
the tool could help track and understand the user base:

If someone else is recruiting DHI users, there will be
difficulties in the analysis since we have to examine
the data without understanding the participants. This
tool displays that information right away, making it
easy to track DHI users’ information even if we don’t
recruit the participants by ourselves. [C1]

These findings suggested that Maum Health Analytics could
serve as a shared platform to enhance communication and
understanding among DHI stakeholders with diverse roles and
technical backgrounds.

Providing Statistical Analysis and Interpretation of
Results
The participants reported that the Maum Health Analytics tool
was useful in providing statistical analysis results when
evaluating engagement and effectiveness. They emphasized
that statistical testing added an objective basis for interpreting
and presenting findings:

There must be people who think statistics are
important. For example, in the public domain of
managing these studies, it is important to leave a
numerical rationale. [B1]

If we say that this result is statistically significant, I
think we can clearly communicate it to experts in
other fields. [C3]

The statistical analysis was meaningful, particularly because
most of the results were presented visually in graphs. However,
the participants suggested that these results should be
accompanied by more insightful explanations to better support
DHI improvement. Although descriptive statistics, such as
means and SDs, can be roughly interpreted from visualizations,
some participants noted that providing statistical testing results
along with practical interpretations would be more beneficial:

When considering people who are not familiar with
statistics may see statistical analysis, it would be nice
to provide interpretations related to decision-making,
such as what this result means and how to utilize it
in updating DHIs. [C1]

These findings indicated that providing statistical results together
with clear, practical interpretations could improve the usability
of analytical tools and help stakeholders better understand and
apply insights.

Enhancing Continuity Across Analysis Tasks
Participants commented that the transition between different
analysis tasks could be improved by allowing the currently
selected user groups to be pinned. They expressed the need to
fix a group of interests and view all subsequent analysis results
for that group:

For example, if I went to another page after checking
the engagement distribution of Mandala, I wanted to
view the analysis results of the same user group first.
[B1]

One participant specifically emphasized the need for a feature
that allowed saving filtered user groups:

We first narrowed the user group down by adding
more filters, but we had to find and select the
conditions again if we moved to other pages. As a
result, the analysis tasks seemed somewhat
disconnected. [E1]

They suggested that the ability to save and pin a specified user
group could serve as a bridge between analysis tasks, enabling
a more seamless experience when working with DHI data. They
expected this feature to help researchers maintain continuity
across tasks and pages by preserving their focus on the same
user group. This implies that ensuring continuity between the
analysis steps is a critical design consideration for supporting
exploratory workflows in DHI data analysis.

Discussion

Principal Findings

Overview
We proposed an analysis task model for practitioners to explore
and analyze RWD generated by DHIs. Building on previous
studies related to DHIs, we developed a task model comprising
key components, including user characteristics, user engagement
with DHIs, and the effectiveness of DHIs. The model comprised
data analysis tasks that explored not only each component
individually but also their interrelationships. In addition, we
designed an interactive visual analytics tool based on the
proposed model to investigate how the model and tool could
support diverse DHI data analysis practices. To make the
evaluation more realistic, we visualized the analysis results from
RWD collected from Maum Health, a currently operational DHI
service, via the prototype and examined the DHI researchers’
user experience while using it.

Overall, the participants responded positively to the proposed
model and the visual analytics tool. They noted that this
supported analyses that were previously difficult or time
consuming. Features such as reviewing individual user records,
examining engagement and effectiveness from multiple
perspectives, and comparing user-defined subgroups were
helpful in improving the design and evaluation of DHIs. This
evaluation also revealed several areas for improvement. The
participants suggested including more detailed engagement
metrics that reflected actual user interactions, adding
functionality to retain selected user groups across views, and
providing clearer interpretations of statistical results to support
collaboration among researchers with different levels of data
literacy.

In subsequent sections, we provide several insights into the
analysis task model and the interactive visual analytics tool and
suggest design implications for supporting researchers when
analyzing DHI data.

Analysis Task Model
The analysis task model allowed the DHI research team to
analyze the data holistically, addressing the limitations of
existing studies that analyzed each key component separately.
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The proposed model supported the analysis of the relationships
between key components by specifying user groups based on
certain conditions (eg, gender) and comparing target outcomes
(eg, changes in depression). During this process, the research
team identified meaningful insights for improving DHIs, such
as suggesting content to potential target users, setting criteria
for DHI use, and determining better interventions. This aligns
with recent studies investigating which DHI use behaviors (ie,
engagement with DHIs) affect target outcomes [8,49],
highlighting the importance of further analyses of these
relationships.

In real-world settings, DHIs can be distributed through app
stores to individuals with varying characteristics, contexts of
use, and engagement levels [50]. Therefore, as suggested by
our model, evaluating the DHI use behaviors and changes in
target symptoms for each group of similar users is critical.
Group-level analysis has been widely used in previous studies
on large-scale health data [13,24,51]. These studies explored
the overall trends or patterns at the user group level and derived
insights to address common issues within the group. Given that
DHI data can be collected from several users, DHI researchers
may follow similar analytical practices.

In addition, the records of individual users can be provided as
sample cases to complement the understanding of a specific
user group. Because it is challenging to review all records, the
analysis task model can be improved to suggest the
representative users of that group. For instance, they could be
users showing mean or median engagement levels or those with
the most frequently reported user characteristics. This approach
helps researchers gain a more nuanced understanding of user
behavior and outcomes, allowing for more tailored and effective
interventions.

Considering the researchers’ feedback regarding our prototype
that they would set guidelines after exploring the engagement
levels for each user group, group-level analysis could also be
used to determine the optimal dosage. In practice, determining
the dosage of typical DHIs is difficult because of various
behavioral and contextual factors influencing dose-response
relationships [14,16]. The proposed model could support
researchers in investigating how much DHI use is required to
achieve a certain level of improvement in the target symptoms.
On the basis of this insight, they can further improve existing
DHIs by adjusting the dosage or revising the difficulty of tasks
to be performed in the intervention content while monitoring
how these changes affect the effectiveness of DHIs.

Interactive Visual Analytics
The interactive visual analytics for DHIs proposed in our study
demonstrated the potential of allowing researchers to perform
analysis tasks efficiently. The findings of this study revealed
that researchers often conducted similar DHI data analyses;
however, there is a lack of research on visual analytics tools to
streamline this process. The Maum Health Analytics tool has
enabled researchers to analyze DHI data from diverse
perspectives in real time through simple interactions.

The proposed analytics can be used at various stages of the
development and evaluation life cycle of DHI services, which

typically follow an agile software development process [23].
This process involves several stages of design and testing, with
results from each testing fed back into the previous cycle to
continuously improve DHIs. Therefore, researchers need to
monitor and evaluate DHI data, and our tool can make this
iterative process more efficient.

We also discovered that interactive visual analytics can be useful
for DHI research teams comprising experts from diverse
domains and backgrounds, such as clinicians, intervention
designers, and system developers. As shown in this study, the
purpose of data analysis may vary owing to background
differences. For instance, clinicians value whether target
symptoms have improved, whereas system developers focus
more on the interaction log generated from DHI.

In such situations, the analyses provided by our analytics tool
allow researchers to explore unfamiliar aspects of DHI data and
extend their knowledge of the data. This facilitates
communication among researchers from different fields,
generating diverse approaches to better support users and
improve existing intervention components. Furthermore, the
analytical tool can be used to quickly share results with
stakeholders outside the research team, such as funding bodies
or external project managers, thus aiding the decision-making
process.

Design Implications
Our findings offer further ways to quantify DHI use behaviors
and diversify the metrics used to represent user engagement
with interventions. As reported in this study, some DHI users
may simply run the intervention content without actively
engaging with it. This implies that relying solely on traditional
high-level engagement metrics, such as launch counts or use
time, may not distinguish this type of passive use, which could
negatively affect the analysis quality.

Therefore, we propose incorporating fine-grained engagement
metrics to better understand how active users interact with DHIs.
For instance, rather than simply measuring how often a DHI is
launched or how long it is used, we could track specific actions,
such as touches, swipes, or clicks, within the app to obtain a
clearer picture of user engagement [12]. Moreover, if the DHI
includes activities that users are supposed to perform, the system
could track their adherence to these activities and incorporate
these data into the engagement metrics. By doing so, we can
identify more meaningful (or effective) engagement and analyze
its impact on improving target symptoms. This approach
provides a more nuanced understanding of user behavior and
the effectiveness of interventions.

In addition, we suggest design implications of interactive visual
analytics tools for DHI researchers. Given that multiple user
groups can be formed from data, determining the groups that
should be investigated is challenging. Therefore, this tool can
be designed to proactively identify the important user groups
that should be examined by researchers. For instance, an
analytics tool can recommend user groups with very high
engagement or very low effectiveness, as these may provide
critical insights. Leveraging the data analysis history stored in
the analytics tool can provide analysis results that researchers
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are interested in or guide them to discover other important user
groups.

Furthermore, we can support user group selection using natural
language, making it easier for researchers to locate the groups
they want to explore. This could be a practical alternative,
particularly if numerous metrics are available for analyzing user
engagement with DHIs and their effectiveness. In addition,
enabling researchers to explore various factors based on a
specified user group (ie, the tag function in this study) would
enhance the user experience of visual analytics by allowing for
seamless DHI data analysis.

When designing a visual analytics tool, both the exploratory
and explanatory aspects should be carefully considered.
Members of a multidisciplinary research team may have varying
levels of knowledge and experience in data analysis. Therefore,
interpreting the results is crucial for applying data-driven
insights in practice. For instance, our tool can be further
improved by explaining the statistical results and offering
practical guidelines based on them.

With recent advances in large language models, visual analytics
can generate reports based on data analysis histories thus
enhancing researchers’ understanding of DHI data [52]. As
suggested in a recent study [53], the data presented in visual
elements can also be accompanied by a data-driven narrative
generated by large language models, which effectively aids data
communication. By integrating these features, the visual
analytics tool can become a powerful and user-friendly resource
for multidisciplinary research teams, facilitating deeper insights
and more effective decision-making in the development and
evaluation of DHIs.

Limitations and Future Works
We conducted a preliminary user study on the interactive visual
analytics tool designed based on the findings from our research
experience and previous studies. The analytics tool presented
in this study was a preliminary medium-fidelity prototype, with
limited interaction capabilities intended for exploratory
evaluation. In future studies, it will be necessary to develop a
fully functional system based on this prototype and compare it
with existing analytical tools. During this process, it is important
to include DHI data collected over extended periods to allow
users to evaluate how engagement and effectiveness evolve
over time, as frequently observed in real-world DHI
implementation.

Investigating how this analytics tool and the underlying analysis
task model are applied in real-world settings is another important
direction for future research, particularly for supporting DHI
research teams more effectively. By addressing these aspects,
we aim to create comprehensive and robust analytics that
contribute to the field of DHIs.

In addition, the analytic task model and visual analytics tool
proposed in this study were developed based on data from a
mobile DHI service focused on mental health, specifically
targeting depressive symptoms. Thus, the scope and tasks of
the model may be influenced by characteristics unique to this
domain. When applying the model to DHIs in other health
domains, it is necessary to adapt the analytical components to
reflect domain-specific requirements. For instance, physical
and metabolic health interventions may rely on objective
indicators, such as step count, blood glucose levels, or sleep
duration, which require different approaches for modeling and
evaluation. Similarly, engagement in these domains may involve
different types of intervention activities and their corresponding
completion metrics. In such cases, an analytical framework is
needed to accommodate more nuanced metrics that better reflect
user engagement and health outcomes. Furthermore,
interventions involving real-time tracking or context-aware
features may produce logs that require different forms of
temporal or event-based analyses. Expanding the model to
support such flexible representations and metrics is critical to
enhance its applicability across diverse types of DHIs.

Conclusions
We proposed an analysis task model to support DHI researchers
by incorporating analysis practices from existing DHI research.
On the basis of this model, we designed a prototype of an
interactive visual analytics tool to explore how the proposed
task model and tool can aid in DHI data analysis tasks. A
preliminary user study demonstrated that the proposed model
enabled a holistic investigation of DHI data by integrating the
3 key components and examining their relationships. Moreover,
the analytics tool demonstrated the potential to simplify
repetitive tasks and facilitate communication among researchers
from diverse backgrounds and interests.

As the use of DHIs continues to grow, research on enhancing
data analysis and supporting decision-making for improving
existing DHIs has become increasingly important. In this
context, we expect that the model and tool proposed in our study
will effectively meet the data analysis needs of DHI researchers
and make the process more efficient.
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Abstract

Background: Socially assistive robots (SARs) hold promise for supporting older adults (OAs) in hospital settings by promoting
social engagement, reducing loneliness, and enhancing emotional well-being. They may also assist health care professionals by
delivering information, managing routines, and alleviating workload. However, their acceptability and usability remain major
challenges, particularly in dynamic real-world care environments.

Objective: This study aimed to evaluate the acceptability and usability of a SAR in a geriatric day care hospital (DCH) and to
identify key factors influencing its adoption by OAs and their informal caregivers.

Methods: Over the course of 1 year, 97 participants (n=65, 67%, OA patients and n=32, 33%, informal caregivers) took part
in a mixed methods evaluation of ARI, a socially assistive humanoid robot developed by PAL Robotics. ARI was deployed in
the waiting area of a geriatric day care robot in Paris (France), where it interacted with users through voice-based dialogue. After
each session, participants completed 2 standardized assessments, the Acceptability E-scale (AES) and the System Usability Scale
(SUS), administered orally to ensure accessibility. Open-ended qualitative feedback was also collected to capture subjective
experiences and contextual perceptions.
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Results: Acceptability scores significantly increased across waves (wave 1: mean 15.4/30, SD 5.81; wave 2: mean 20.9/30, SD
5.25; wave 3: mean 22.5/30, SD 4.23; P<.001). Usability scores also improved (wave 1: mean 47.9/100, SD 24.18; wave 2: mean
57.4/100, SD 22.46; wave 3: mean 69.3/100, SD 16.03; P<.001). A strong positive correlation was observed between acceptability
and usability scores (r=0.664, P<.001). Qualitative findings indicated improved ease of use, clarity, and user satisfaction over
time, particularly following the integration of a large language model (LLM) in wave 2, leading to more coherent, natural, and
context-aware interactions.

Conclusions: Successive system enhancements, most notably the integration of an LLM, led to measurable gains in usability
and acceptability among patients and informal caregivers. These findings underscore the importance of iterative, user-centered
design in deploying SARs in geriatric care environments.

Trial Registration: Approved by the French national ethics committee (CPP Ouest II, IRB: 2021/20) as it did not involve
randomization or clinical intervention

(JMIR Hum Factors 2025;12:e76496)   doi:10.2196/76496

KEYWORDS

socially assistive robot; hospital environment; gerontology; older adults; informal caregivers; acceptability; usability; large
language model; human-robot interaction

Introduction

The rapid aging of the population worldwide is one of the major
demographic challenges of the 21st century. According to United
Nations projections, the number of people aged 65 years and
over worldwide is expected to increase from 727 million in
2020 to over 1.5 billion by 2050 [1]. This demographic evolution
is accompanied by a growing need for long-term care and
increased use of specialized services, particularly in geriatric
institutions [2]. Consequently, geriatric institutions will face
significant challenges in managing a rising number of residents,
many of whom present multiple chronic conditions that require
comprehensive and personalized care [3]. In response to this
societal challenge, the adoption of innovative technologies and,
in particular, socially assistive robots (SARs), is increasingly
considered a complementary solution to improve the well-being
and autonomy of older adults (OAs) [4,5]. SARs are robotic
entities designed to interact with humans in socially and
emotionally engaging ways. According to Dautenhahn [6], a
SAR is “a robot that can interact with humans in a social context,
while possessing communication and learning capabilities that
mimic, to some extent, human behaviors.” These robots integrate
artificial intelligence (AI) and natural language processing to a
certain extent, enabling them to interact more naturally with
users, leading to enhanced engagement and adaptation to
different social contexts [7]. Within geriatric institutions, SARs
have the potential to alleviate caregiver workloads, provide
cognitive and social stimulation for patients, and assist with
daily tasks [8]. However, for these innovations to be successfully
implemented and fully beneficial, 2 critical ergonomic
dimensions must be addressed: their acceptability and their
usability in human-robot interaction (HRI).

The effectiveness of SARs in geriatric institutions largely
depends on the quality of HRI [5,9]. Acceptability refers to how
willing users—including patients, their informal caregivers, and
health care professionals—are to adopt these new tools. This
willingness is shaped by their beliefs, needs, and trust in the
system [10,11]. Usability, in this context, refers to the extent to
which a system supports users in accomplishing their tasks
effectively, efficiently, and with satisfaction, within a defined

environment. Beyond the system’s ergonomic characteristics,
such as interface layout, feedback modalities, and physical
interaction, it also encompasses aspects such as learnability,
error tolerance, and cognitive demand, which are particularly
critical when designing for OA populations. [12-14].

Despite their potential, SARs still face significant limitations
regarding the quality of HRI and user engagement with the
technology. Studies highlight that SARs often struggle to convey
emotions effectively, understand the context, and predict users’
behaviors accurately [15-17]. These shortcomings can lead to
rigid and unnatural communication, hindering the robot’s ability
to interpret human intentions and emotions [18]. Additionally,
SARs often lack adaptability to individual preferences, which
can result in a gradual decline in the user’s interest and
engagement [19]. These challenges highlight the importance of
designing HRIs that are intuitive, customizable and aligned with
the expectations of OAs to enhance both acceptability and
successful integration into geriatric institutions. For example,
OAs expect robots to use clear, slow speech; maintain a polite,
emotionally supportive tone; minimize technical vocabulary;
and favor voice-based over touchscreen-based interaction, all
of which have been repeatedly identified as essential for
promoting acceptance and usability among OAs [5,19-23].

To overcome these limitations, recent research has explored the
integration of large language models (LLMs) into SARs to
enhance their communication and interaction capabilities
[24-26]. LLMs allow for greater conversational flexibility,
improved comprehension of complex requests, and enhanced
contextual coherence in responses [27,28]. However, these
advancements also introduce new challenges, including biases
in generated responses, lack of transparency in robot
decision-making, and difficulties in real-time interaction
management [29,30].

Given the cognitive and physical limitations often present in
OAs, SARs must feature intuitive and user-centered HRIs to
maximize their effectiveness [20]. SAR acceptability
encompasses not only perceived ease of use but also alignment
with user needs, including preferences related to the
communication style, autonomy, affective support, and
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interaction dynamics [10,31-35]. Among OAs, factors such as
low digital literacy, distrust of technology, and sensory or
cognitive impairments can influence acceptance [21,36]. Barriers
to adoption may include reluctance regarding the robot’s
appearance, the communication style, or ethical concerns about
reduced human interaction [11].

Simultaneously, usability focuses on how efficiently, effectively,
and satisfactorily a system can be used to perform expected
tasks [13,14]. In geriatric institutions, usability considerations
extend to physical ergonomics (eg, size, weight, tactile
interfaces, voice interaction), user safety, and emotional comfort
[37]. Evaluating SAR usability through standardized methods,
such as the System Usability Scale (SUS), helps obtain insights
into adoption barriers, assess the ease of operation, and guide
iterative technological improvements [12,38]. These aspects
emphasize the necessity of a user-centered approach tailored to
the specific needs of elderly users [20].

Several studies have investigated the acceptability and usability
of SARs by OAs in real-world contexts, including institutional
settings, such as nursing homes and hospitals [19,37,39].
However, many of these evaluations rely on scripted interactions
or exclude contextual constraints found in routine care
environments. Although increasing attention has been paid to
the perceptions of professional caregivers, relatively few studies
have examined the opinions of informal caregivers (family or
friends), despite their role in health care decision-making and
daily care activities [21,36]. These gaps highlight the need for
in situ evaluations that incorporate the perspectives of both
patients and informal caregivers, while considering institutional
realities.

To tackle these challenges, empirical research is essential to
assess the acceptability and usability of SARs in real-world
conditions. This study aimed to evaluate the performance,
acceptability, and usability of a SAR among patients and their
informal caregivers in a geriatric day care hospital (DCH) in
Paris (France). It also aimed to identify the factors that facilitate
or hinder SAR adoption in geriatric institutions. The findings
will provide deeper insights into the expectations and concerns
of OAs and their informal caregivers regarding the use of SAR
in health care, while offering a set of recommendations to guide
future technological and ergonomic advancements in this field.

Methods

Participants
This study involved 2 populations: OA patients attending
consultations at a geriatric DCH and their informal caregivers.

Inclusion criteria for patients were (1) being ≥60 years old, (2)
having a Mini-Mental State Examination (MMSE) score above
10 (indicating the absence of severe cognitive impairment; based
on standard thresholds, scores of 25-30 are considered normal,
21-24 as mild, 10-20 as moderate, and below 10 as severe) [40],
and (3) not exhibiting symptoms of altered reality and
understanding and speaking French fluently. Informal caregivers
were family members or friends (primarily spouses or children)

aged ≥18 years, accompanying the patient and speaking French
fluently.

No exclusion criteria were applied based on gender,
socioprofessional backgrounds, or ethnicity.

Recruitment
Recruitment was carried out using the DCH database, and
participants were prescreened prior to enrollment, contacted
over the phone, and invited to participate in the study the day
of their next consultation. An information letter was sent by
post and informed consent was collected onsite.

Setting
The study was conducted between May 2023 and July 2024 in
the geriatric DCH of the French Memory Clinic of a geriatric
hospital in Paris (France). The DCH provides specialized
outpatient care for OAs with physical or cognitive impairments,
offering a wide range of consultations, including neurology,
oncology, cardiology, psychiatry, and memory assessments.
Three waves of data collection were carried out during this
period, with a different sample of participants included in each
iteration.

Study Design
A mixed methods design was used, combining qualitative and
quantitative methods to provide an in-depth understanding of
the acceptability and usability of a SAR in a geriatric institution.
Mixed methods are particularly suited to exploring complex
phenomena in the health and social sciences, as they enable the
integration of complementary perspectives and strengthen the
validity of results [41,42]. By combining quantitative rating
scales with semistructured interviews, this approach identifies
both general trends and nuances specific to users’ perceptions
[43,44]. Mixed methods also enable data triangulation, essential
for understanding factors that influence SAR adoption in
real-world contexts [45]. This approach, widely recognized in
health service evaluation, guarantees a richer, contextualized
analysis of the dynamics at play [46,47].

Materials

ARI Robot
The SAR used in this study was ARI, developed by PAL
Robotics (Spain) [48]. The robot is 1.65 m (5 ft 5 in) tall and
weighs 50 kg (Figure 1). The robot moves by rolling and is
equipped with articulated arms that are not designed for load
bearing. Its interface includes a touchscreen located on the torso
for dialogue transcription, animated eyes with a gaze-tracking
module, luminous ears, and an emergency stop button on the
back of the robot. ARI supports autonomous operation for 8-12
hours prior to recharging. It is equipped with wired and wireless
connectivity capabilities for flexible integration into a variety
of environments. For visualization, ARI is equipped with 3
wide-angle cameras positioned on the head, chest, and back,
giving it a wide and versatile view of its surroundings. In terms
of audio, the robot features 4 microphones, facilitating voice
recognition and the efficient capture of ambient sounds.
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Figure 1. Photos of the ARI robot: front and side (photo credit: PAL Robotics).

For this study, the ARI robot was programmed with a set of
modules explicitly developed as part of the European H2020
SPRING (Socially Pertinent Robots in Gerontological
Healthcare) project described by Alameda-Pineda et al [49].
Among these modules, the conversational system was initially
developed before recent LLM advances (eg, ChatGPT), relying
on a “traditional” modular architecture that combines
retrieval-based responses, rule-based intent handling, and
open-domain generation (wave 1) [50]. To take advantage of
LLMs’abilities for solving complex language-related tasks, the
conversational system was redeveloped (wave 2) and refined
(wave 3) with an LLM-based architecture, based on the Vicuna
model with 13 billion parameters (Vicuna-13b-v1.5 [51]). For
deployment in hospital settings, it was adapted to function
offline and integrated with a custom prompt targeting health
care–related scenarios in French. This design ensured safe use
without requiring an internet connection, while enabling more
coherent and context-sensitive interactions with patients and
informal caregivers.

At the time of the study, ARI had not yet been commercially
deployed in hospitals or long-term care institutions beyond the
scope of research projects. Its use in this evaluation should
therefore be considered as part of an exploratory, precommercial
experimentation phase within controlled health care settings.

Introduction of ARI’s Capabilities
The SAR was deployed in the waiting area of a geriatric DCH
to welcome and assist patients and their informal caregivers.
Although participants were free to interact spontaneously with
the robot, the researcher introduced 5 illustrative use cases at
the beginning of the session to showcase the robot’s potential
functionalities: (1) greeting and welcoming the user, (2) recalling
hygiene and infection prevention procedures, (3) providing
information about the consultation procedure, (4) offering
orientation and guidance about hospital services, and (5)
providing entertainment activities. These examples were
intended to guide participants’ understanding of the robot’s
capabilities without restricting the content of their interactions.

Ethical Considerations
The study was approved by the French National Ethics
Committee Comité de Protection des Personnes, CPP Ouest II,
Maison de la Recherche Clinique-CHU Angers (Institutional
Review Board [IRB]: 2021/20) and complied with the General
Data Protection Regulation (GDPR; DPO: 20210114153645,
AP-HP register). It did not involve randomization or clinical
intervention. Informed consent was obtained from all
participants onsite. Participants were informed that they could
stop their participation at any time. The original consent covered
the secondary analysis without further consent. Participant data
were anonymized. No compensation was provided to the
participants.
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Assessment Scales
To assess the acceptability and usability of the ARI robot in a
DCH, we used 2 standardized scales:

• The Acceptability E-scale (AES): Acceptability was
assessed using the AES, French version [52]. Acceptability
is defined as the psychological determinants that shape an
individual’s intention to use a technology prior to any direct
experience with the system. The AES scale comprises 6
items rated on a 5-point Likert scale, yielding a total score
ranging from 6 to 30. For marketable products, the AES’s
acceptability threshold is set at 25.81/30.

• The System Usability Scale (SUS): Usability was assessed
using the SUS [53,54]. Usability refers to the degree to
which a system can be used by specified users to achieve
specific goals with effectiveness, efficiency, and satisfaction
in a specified context of use. Ease of use influences user
performance and satisfaction, while acceptability determines
actual usage [55]. The SUS consists of a 10-item scale
designed to assess the overall usability of a system,
generating an overall score out of 100, where a higher score
reflects better usability. For this scale, experimenters are
asked to respond to statements on a 5-point Likert scale,
with ratings ranging from “strongly disagree” to “strongly
agree.” The usability threshold for marketable products is
72/100 for this scale.

The adapted versions of both scales used in this study are
provided in Multimedia Appendix 1. For each scale, participants
were invited to comment on their choices in a discussion with
the researcher.

Assessment Procedure
Each session (~45 minutes) took place in a dedicated room.
After free interaction with the robot, participants completed 2

validated instruments: the AES and the SUS. Both were
administered orally and supported by open-ended discussions
to elicit qualitative data. Finally, participants were accompanied
back to the waiting area.

Data Analysis
To ensure a comprehensive understanding of the research topic,
both qualitative and quantitative data were collected. Each
session was audio-recorded and subsequently transcribed for
analysis.

Descriptive statistics (means, SDs, and percentages) were used
to describe the sample characteristics and the scores obtained
on the AES and SUS.

To assess statistical differences between waves and between
groups, several statistical tests were performed. First,
Kruskal-Wallis tests were used to compare multiple groups,
and Mann-Whitney tests were used to compare 2 scores or 2
groups. Shapiro-Wilk tests were used for normality assumption.
When significant differences were found, Tukey post hoc tests
were conducted to further explore the data. P<.05 was
considered statistically significant in all analyses.

Qualitative data were analyzed using inductive thematic analysis
[56], allowing themes to emerge from the transcripts of the
interviews with the researcher.

System Evolution for Each Experimental Wave
To evaluate the evolution of the ARI robotic system with the
help of feedback from participants, we carried out system
updates. Over the evaluation period, the ARI robot received 2
updates, resulting in 3 waves of experimentation (Figure 2).
Table 1 shows the overall differences in system performance
over the 3 test waves, and the full list is described in SPRING
Deliverable D1.6 [57].
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Figure 2. Illustration of experiments.

Table 1. System evolution based on participants’ feedback.

Wave 3 (March-May 2024)Wave 2 (September-December 2023)Wave 1 (May-July 2023)Aspect

Enhanced general system stability; im-
proved speech recognition robustness

Improved accuracy of diagnostic tools;
reduced memory/computational load for
vision modules; integration of an extend-

ed LLMa

Basic diagnostic tools to prevent
operational failures; first version
of a modular dialogue system

Robustness of the robot’s re-
sponses

Conversation start/end display; operator
speech control; refined LLM prompt
tailored to a hospital context

Optimized display output; improved
display model for transcribed speech

Display of dialogues’ transcription
on the robot’s screen

Feature display and interac-
tive functionalities

Addition of head movements enabling
the robot to follow participants’ gaze;
optimization of gaze estimation; im-
proved audiovisual tracking; enhanced
speaker identification (Ecapa2 model);
improved voice activity detector

Integration of a module for associating
vocal input to individual users (Ecapa
model); optimization of facial recogni-
tion processing time

Depth estimation of the environ-
ment; person tracking; facial iden-
tification modules

Perception and tracking

aLLM: large language model.
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Results

Participants’ Sociodemographic Data

Descriptive Statistics
Over the 3 experimental waves, 110 participants agreed to take
part in the study. Of these, only ninety-seven (88.2%) completed

the experiment. Incomplete robot assessment sessions occurred
when participants were called away for their scheduled medical
appointments. The results presented reflect the feedback from
these 97 participants across the 3 experimental waves (wave 1:
n=14, 14.4%; wave 2: n=43, 44.3%; wave 3: n=40, 41.3%).
Table 2 shows the sociodemographic data for the participants
in each wave. Participants were categorized as patients (P) or
informal caregivers (IC).

Table 2. Sociodemographic data for each experimental wave.

Total (N=97)Wave 3 (n=40)Wave 2 (n=43)Wave 1 (n=14)Profile and characteristics

Pa

65/97 (67.0)24/40 (60.0)30/43 (69.8)11/14 (78.6)Participants, n/N (%)

17/65 (26.2)6/40 (25.0)9/30 (30.0)2/11 (18.2)Males, n/N (%)

48/65 (73.8)18/40 (75.0)21/30 (70.0)9/11 (82%)Females, n/N (%)

79.4 (6.7)81.2 (6.4)78.3 (6.6)78.4 (7.1)Age (years), mean (SD)

12.5 (3.4)11.4 (3.6)12.9 (3.5)13.6 (2.1)Education (years), mean (SD)

25.7 (4.1)25.5 (3.9)25.2 (4.5)27.8 (1.9)MMSEb score, mean (SD)

ICc

32/97 (33.0)16/40 (40.0)13/43 (30.2)3/14 (21.4)Participants, n/N (%)

15/32 (46.9)9/16 (56.3)5/13 (38.5)1/3 (33.3)Males, n/N (%)

17/32 (53.1)7/16 (43.7)8/13 (61.5)2/3 (66.7)Females, n/N (%)

67 (15.7)67.9 (12.9)63.9 (19.4)75.3 (11.6)Age (years), mean (SD)

13.8 (3.2)13.2 (4.1)15.0 (0)12.0 (3.0)Education (years), mean (SD)

N/AN/AN/AN/AdMMSE score, mean (SD)

aP: patients.
bMMSE: Mini-Mental State Examination.
cIC: informal caregivers.
dN/A: not applicable.

Sociodemographic data analysis using nonparametric tests
(justified by significant Shapiro-Wilk tests indicating nonnormal
distributions: P<.001 for socioeducational level, P=.008 for
MMSE score, and P≤.003 for age across waves 2 and 3) revealed
no significant difference in terms of age across the 3 waves
(χ²2=0.388, P=.82) and no significant difference in the
socioeducational level (χ²2=3.330, P=.19), suggesting a
relatively homogeneous distribution of these characteristics
among the groups. Furthermore, no significant difference was
observed regarding the MMSE scores of patients across waves
(χ²2=4.064, P=.13).

A correlation analysis was carried out between AES and SUS
scores in order to explore the consistency of participants’
responses across the 2 scales. The results revealed a strong

positive correlation between the 2 variables (r=0.664, P<.001),
indicating that higher acceptability scores are associated with
higher usability scores.

Acceptability E-Scale
The mean AES scores over the 3 waves of observation showed
a positive progression between waves (Figure 3): 15.4/30 (SD
5.81) for wave 1, 20.9/30 (SD 5.25) for wave 2, and 22.5/30
(SD 4.23) for wave 3; this indicated a steady increase over time.
Using the Kruskal-Wallis test, the mean AES scores showed a
significant increase between waves (χ²2=13.4, P<.001). The
Mann-Whitney test revealed no significant differences in AES
scores between male and female participants (U=960, P=.71)
and between patients and informal caregivers (U=905, P=.57).
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Figure 3. AES scores across the 3 experimental waves. AES: Acceptability E-scale.

Figure 4. SUS scores across the 3 experimental waves. SUS: System Usability Scale.

Analysis of AES scores across the 3 experimental waves showed
a significant difference between waves 1 and 2 (P<.01), as well
as between waves 1 and 3 (P<.001). Additionally, no significant
difference was observed between waves 2 and 3.

Based on these findings, an item-by-item analysis was conducted
to identify specific differences across themes related to system
acceptability. Tukey post hoc tests revealed significant
differences in 4 of the 6 items: robot’s usability, robot’s
perceived usefulness in the hospital setting, robot’s response
time, and overall satisfaction with the robot.

Regarding satisfaction with the robot, a significant mean
difference of –0.956 was observed between waves 1 and 2
(P=.02) and a difference of –1.336 between waves 1 and 3
(P<.001). With respect to the robot’s perceived usefulness in
the hospital, a significant mean difference of –1.289 was found
between waves 1 and 3 (P=.004). The robot’s response time
showed a significant difference of –1.86 between waves 1 and
2 and a significant difference of –2.079 between waves 1 and
3 (P<.001). Finally, on overall robot satisfaction, a mean
difference of –0.815 was observed between waves 1 and 2
(P=.042), as well as a mean difference of –1.246 between waves
1 and 3 (P<.001).

System Usability Scale
The mean SUS scores over the 3 waves of observation showed
a positive progression between waves: 47.9/100 (SD 24.18) for
wave 1, 57.4/100 (SD 22.46) for wave 2, and 69.3/100 (SD
16.03) for wave 3; this indicated a steady increase over time.
Using the Kruskal-Wallis test, the mean SUS scores showed a
significant increase between waves (χ²2=11.4, P<.001). The
Mann-Whitney test revealed no significant differences in SUS
scores between men and women (U=848, P=.14) and between
patients and informal caregivers (U=855, P=.19).

Analysis of SUS scores across the 3 experimental waves
revealed significant differences between waves 1 and 3 (P<.01)
and between waves 2 and 3 (P<.05). No significant difference
was found between waves 1 and 2 (P>.05).

Based on these findings, an item-by-item analysis was conducted
to examine specific differences in responses related to system
usability. Tukey post hoc tests revealed significant differences
in 5 of the 10 items: conversation complexity, assistance,
inconsistency, ease of use, and user confidence.

Regarding the complexity of conversations, a significant
difference of –1.089 was observed between waves 1 and 3
(P=.01). Regarding the assistance required to interact with the
robot, a significant difference of –1.182 was observed between
waves 1 and 3 (P=.02). Regarding the design of the robot’s
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functionality, a significant difference of –1.039 was observed
between waves 1 and 3 (P=.005), as well as a mean difference
of –0.569 between waves 2 and 3 (P=.04). Robot inconsistencies
showed a significant difference of –1.28 between waves 1 and
2 (P=.003) and –1.632 between waves 1 and 3 (P<.001). Finally,
regarding confidence using the robot, a significant difference
–1.050 was observed between waves 1 and 3 (P=.01).

Qualitative Data

Thematic Qualitative Analysis
A thematic qualitative analysis of participants’ feedback was
conducted to explore perceptions of the ARI robot’s
acceptability and usability. Verbatim responses from patients
and informal caregivers were reviewed and categorized into 5
themes representing key aspects of user experience: (1) ease of
use, (2) comprehension of the robot’s responses, (3) perceived
usefulness of the robot in a hospital setting, (4) quality of
interaction, and (5) overall system satisfaction. These themes
correspond to established dimensions of acceptability (eg,
perceived usefulness, satisfaction) and usability (eg, ease of
use, comprehension, efficiency). Each theme is illustrated next
with representative quotes translated from French to English.

Ease of Use
The robot’s ease of use, an essential component of acceptability,
was progressively enhanced throughout the study. Although its
physical ergonomics remained constant, updates to the dialogue
system facilitated more fluid and coherent interactions. These
improvements contributed to participants’ perceptions of the
robot as simpler and more intuitive to operate. Several
participants pointed out that the novelty of the robot could, at
first, generate a certain amount of reluctance, suggesting that
perceived ease of use also depended on experience acquired
through interaction. For example, in wave 1, some found the
voice interface practical:

The voice is helpful because I can’t see well [referring
to the transcript on the robot’s screen]. You just have
to ask it a question. [Informal caregiver, wave 1]

Others found it unintuitive:

Not at all [easy to use]! [Patient, wave 1]

However, some participants pointed out the limit of novelty
when faced with a robot:

I mean, we're not used to it. When you're used to it,
it's easy, but not the first time. It's a bit confusing.
You have to get used to it. [Patient, wave 1]

This need for an adaptation period was most prominent in wave
1, when the system was less refined, but it also emerged in a
few cases in waves 2 and 3. This suggests that although
improved usability facilitated smoother interactions, user
familiarity remained a factor influencing initial comfort in
engaging with the robot.

As waves progressed, more participants acknowledged the
simplicity of interacting with the robot:

It's easy...you just need to ask questions, and if the
question is relevant, it answers. [Patient, wave 2]

However, some participants reported challenges in formulating
their questions appropriately:

I had to force myself to phrase my questions
differently from how I would naturally say them.
[Informal caregiver, wave 3]

Understanding the Robot’s Responses
Although voice synthesis remained consistent, updates to the
dialogue system, particularly the integration of an LLM
facilitated clearer and more coherent exchanges. Participants
generally found the language comprehensible; however, some
reported mismatches between their questions and the robot’s
responses, suggesting that perceived comprehension remained
sensitive to the contextual specificity of the interactions. In
wave 1, participants’ opinions ranged from finding the robot’s
speech fully understandable (“They were completely
understandable and easy” [patient, wave 1]) to reporting
inconsistencies in comprehension. In wave 2, many agreed that
the robot spoke clearly:

It was perfectly understandable. [Patient, wave 2]

However, some responses were found to be off-topic:

Its explanations are clear, but some responses were
off the mark. [Informal caregiver, wave 2]

In wave 3, participants generally found the language clear:

I found it very clear and precise. [Patient, wave 3]

However, some noted occasional mismatches between their
questions and the robot’s responses:

Not entirely understandable, because it made me ask
the same question multiple times. [Patient, wave 3]

Perceived Usefulness of the Robot in a Hospital Setting
Perceptions of the robot’s usefulness evolved over the 3 waves.
Although some participants found it useful for providing basic
information, others expected a more interactive experience.
Over time, the focus shifted to the accuracy of the robot’s
responses, with some seeing it as a “glimpse into the future,”
while others emphasized its current limitations. In wave 1, some
found it practical for basic information:

Just telling me [the location needed] it's next door
was enough for me. [Informal caregiver, wave 1]

However, others expected a more interactive experience:

If it [the robot] had come with me [to show me the
path], it would have been better. [Patient, wave 1]

In wave 2, usefulness was conditional on the accuracy of
responses:

Plenty useful, but only if it understood the question
and answered it correctly. [Informal caregiver, wave
2]

It did the job, but a good signpost could do it too.
[Informal caregiver, wave 2]

By wave 3, opinions remained divided, with some participants
perceiving the robot as indicative of future technological
developments:
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It’s an opening into something futuristic. So, it’s
useful to me. [Informal caregiver, wave 3]

However, for others, opinions remained mixed with respect to
the robot:

Well, it annoyed me quite a bit [...] Every time I ask
it a question, it tells me to go to the reception.
[Informal caregiver, wave 3]

Some participants highlighted its efficiency and consistency
compared to human interactions:

It answered all those questions 100%. [Informal
caregiver, wave 3)

Even if some people might find a human more
pleasant, humans can get tired or irritated—whereas
ARI [the robot] never does. [Informal caregiver, wave
3]

Quality of Interaction
Throughout the study, updates to the robot enhanced the fluidity
of interactions and the quality of user feedback—2 factors
critical to its acceptability. These improvements, particularly
in the response speed, interruption management, and response
richness, were reflected in participants’ feedback. During wave
1, the robot demonstrated inconsistent response patterns, as
reported by participants:

I asked a question, but it [the robot] responded with
something completely unrelated—it was totally
incoherent. [Patient, wave 1]

Some participants also perceived that the robot had a limited
range of programmed responses:

I have the impression that it is programmed only to
answer certain questions. [Patient, wave 1]

Additionally, participants noted that the robot often repeated
suggestions unrelated to their queries:

But it does offer to go to lunch a lot. [Patient, wave
1]

In wave 3, some participants noted that the robot responded
promptly:

You ask the question, and it answers almost
immediately. [Informal caregiver, wave 3]

However, others reported challenges in interrupting the robot
while it was delivering a response:

You can't interrupt it, and that bothered me a bit.
[Informal caregiver, wave 3]

Furthermore, some participants expressed a preference for the
robot’s responses over those provided by human receptionists:

I prefer your robot’s answers to those of the ladies
at the reception. [Patient, wave 3]

There are humans who aren't as direct and precise
[...] I'm surprised. [Patient, wave 3]

General Satisfaction
Overall satisfaction with the experimentation of the robot
reflected growing acceptance in terms of both functional

effectiveness and ease of use, with clear progression observed
from the first to the final wave. In wave 1, some participants
appreciated the robot’s novelty:

I think it is really nice. I think it's fun and funny.
[Informal caregiver, wave 1]

I like it—it’s nice. Really nice. It’s great to see a
robot. But a human is still nicer. [Informal caregiver,
wave 1]

Conversely, some participants expressed dissatisfaction:

I’m sorry if I sound upset, but I didn’t feel any
satisfaction. [Patient, wave 1]

I didn’t get any satisfaction—the robot didn’t help
me at all. It’s actually a bit scary. [Patient, wave 1]

In wave 2, reactions remained mixed; some participants found
the robot engaging and entertaining:

I find it amazing, it’s super. [Patient, wave 2]

It's impressive, it's the first time it's happened to me,
I didn't know robots at all before today, and it's
impressive to see a machine that you ask questions
to, that answers you. [Patient, wave 2]

However, others highlighted its limitations:

I’m sure the robot has potential, but at the moment,
it’s not performing well. [Informal caregiver, wave
2]

In wave 3, participant feedback was generally more favorable.
Participants described the robot as “very interesting, very
instructive because it’s very knowledgeable. It answered me
perfectly well” (patient, wave 3) and declared that “it’s funny
because you don’t expect to find something like this, and it does
have quite a lot of answers” (informal caregiver, wave 3). Others
expressed an overall appreciation:

Oh, I like it a lot. I think it's nice, it has beautiful eyes.
[Patient, wave 3]

I like this thing. [Patient, wave 3]

Discussion

Principal Findings
This study provides one of the first in situ evaluations of a SAR
equipped with an LLM in a geriatric hospital setting.
Quantitative data showed a significant increase in both
acceptability and usability of the ARI robot, corroborating the
qualitative findings. Participants reported improved ease of use,
comprehension, and perceived usefulness across experimental
waves, as reflected in the significant increases in AES and SUS
scores. Acceptability scores increased from 15.4/30 in wave 1
to 22.5/30 in wave 3 (P<.001), while usability scores rose from
47.9/100 to 69.3/100 (P=.003). Verbatim feedback reflected a
growing appreciation for the robot’s functionality and ease of
interaction, aligning with observed improvements in satisfaction
and perceived usefulness. These improvements are largely
attributable to technical upgrades, most notably the integration
of an LLM, which enhanced the naturalness, contextual
relevance, and consistency of interactions. The experimental
conversational system, developed collaboratively within the
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European H2020 SPRING project [58], consists of an
audiovisual perception pipeline that captures speech and
behavioral cues, processed by a dialogue system powered by
an LLM to synthesize responses into sound. Collectively, these
developments contributed to a more fluid, engaging, and
user-centered experience with the robot.

Although the ARI robot is commercially available, the
conversational system developed in this study remains
experimental. The final scores did not meet established
thresholds for acceptability (AES score>25.81) and usability
(SUS score>72), underscoring the need for further refinement
prior to large-scale hospital implementation, such as
transitioning to full-duplex communication, adding multilingual
support, and incorporating nonverbal feedback. Nonetheless,
the upward trajectory of these scores is encouraging, suggesting
strong potential for future clinical deployment as performance
approaches benchmark criteria.

Limitations
This study presents several limitations related to both the
experimental design and the technical capabilities of the robotic
system.

From a methodological perspective, the study was conducted
at a single site within an innovation-friendly clinical
environment. Although this facilitated implementation, it may
limit the generalizability of the findings to institutions with
different organizational structures or cultural contexts.
Moreover, the recruitment strategy relied on voluntary
participation, introducing a potential self-selection bias.

Another limitation concerns the ecological validity of the
experimental conditions. Although the ARI robot was deployed
in a hospital setting, the interactions took place in a quiet,
controlled room rather than in a dynamic waiting area. This
may have minimized external distractions and reduced
communication challenges typically present in real-world
hospital contexts. In addition, the interaction occurred only once
per participant. As a result, the findings largely reflect first
impressions and do not capture how user perceptions evolve
with repeated exposures or long-term use. Longitudinal studies
are needed to assess the durability of engagement and trust over
time.

On a technical dimension, although the integration of an LLM
improved conversational coherence, the system remained prone
to occasional misinterpretations or generic responses, especially
when confronted with vague or ambiguous input. This limitation
is consistent with known issues in LLM-based dialogue systems,
which often struggle with generating contextually appropriate
and nongeneric responses when input is vague or underspecified
[59]. Furthermore, the robot’s speech recognition system showed
sensitivity to user-specific features, such as accent, the speech
rate, and background noise. Finally, the absence of multilingual
support reduced inclusiveness for non–French-speaking users,
an important consideration in multicultural health care
environments.

Comparison With Prior Work
Our findings align with the existing literature showing that
AI-powered SARs can significantly enhance user engagement
when interactions are intuitive and socially appropriate
[5,19,26]. The integration of an LLM between waves 1 and 2
notably improved the ARI robot’s conversational fluency and
contextual relevance, features widely recognized as essential
for effective HRI [1,2]. Although natural language processing
has long been identified as a key component of user engagement,
few studies have directly captured the impact of integrating an
LLM into SARs in a health care context. Most prior evaluations
were either conducted before the emergence of
transformer-based language models (pre-2019) or focused on
single-instance deployments with fixed systems. Moreover,
although most existing studies on SARs have been conducted
in controlled environments, such as laboratories or nursing
homes [3,4], few have examined how real-time system
refinements affect user perceptions over successive
implementation phases. This study addressed this gap by
documenting how progressive improvements to the LLM-based
dialogue system influence usability and acceptability in situ
over 3 successive waves.

Future systems should integrate multimodal strategies (eg,
gesture recognition, facial expression analysis, affective cues)
to support more natural and empathetic communication in health
care environments [16,49].

Our results also align with previous research advocating for
voice-based interaction as particularly suitable for OAs,
especially in contexts where digital literacy may vary [22,23].
Participants consistently favored spoken communication over
touchscreen input. Furthermore, the inclusion of real-time
transcription improved accessibility, confirming prior findings
on the value of combining auditory and visual cues for inclusive
design [60].

Confidence in using the system was closely linked to interaction
quality as although wave 3 participants, who received consistent
and context-aware responses, gained confidence, those in earlier
waves, confronted with erratic outputs, voiced concerns about
the robot’s reliability. Interestingly, some participants also
blamed themselves, reflecting a well-documented phenomenon
in HRI literature, automation bias, where users tend to
overestimate the capabilities of intelligent systems and assume
personal responsibility for communication failures [39,61].
These findings underscore the critical role of transparency and
predictability in AI-driven behaviors as key determinants of
user confidence, reinforcing prior research in HRI [16,62,63].

Finally, our results reaffirm the need for user familiarization
with voice-based robotic interaction in health care contexts. For
the majority of participants, this study marked their first direct
interaction with a SAR, and many indicated the need for a period
of adjustment. Initial hesitation often gave way to positive
engagement, echoing previous research showing that structured
onboarding and repeated exposure are key to long-term
acceptability [11].
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Recommendations
Drawing on the empirical findings of this study, the following
recommendations are intended to inform the design and
implementation of SARs tailored to the specific interactional
needs of OAs in geriatric care settings. These evidence-based
insights aim to guide researchers and industry stakeholders in
developing socially assistive technologies that are both user
centered and contextually appropriate within health care
environments.

Improve Natural Language Processing, Speech
Recognition, and Multilingual Support
To enhance the quality of HRI in geriatric care, it is
recommended that future SARs integrate more advanced natural
language processing capabilities than those available in current
open models to ensure greater coherence and contextual
relevance in responses. Speech recognition systems should be
optimized to account for prosodic variation, regional accents,
and articulation differences (eg, slower speech rate, reduced
vocal intensity, hesitations, or imprecise consonant production)
commonly observed among OAs due to age-related changes in
respiratory and orofacial motor control [64]. In addition, the
incorporation of multilingual functionality is essential to
accommodate the linguistic diversity of users in health care
settings and to promote equitable access to robotic services.

Develop Clear Onboarding Protocols and Autonomous
Robot Self-Presentation
To facilitate user engagement and support initial interaction, it
is recommended that future deployments of SARs include a
structured onboarding protocol. This may involve brief
demonstrations or the distribution of printed materials (eg,
leaflets with example questions) to familiarize users with the
robot’s capabilities. However, recognizing that real-world
hospital settings may not consistently offer human assistance
at the point of interaction, SARs should also be equipped with
a robust self-introduction feature. This feature should
autonomously guide users through the robot’s purpose,
functionalities, and appropriate use cases, clarifying when and
how to engage and what types of questions it can address. Such
improvements are essential for promoting user autonomy,
reducing uncertainty, and improving the perceived usefulness
of SARs in health care environments.

Such improvements are essential for OAs, who often face
reduced digital literacy, cognitive decline or impairments, or
heightened anxiety when interacting with unfamiliar
technologies. Research has shown that guided introductions,
whether verbal or visual, enhance initial confidence, reduce
hesitation, and support sustained engagement [65,66].

Ensure Compliance With Privacy, Ethical, and
Regulatory Standards
It is essential that the development and deployment of SARs in
health care settings align with existing ethical guidelines and

data protection regulations. Particular attention must be given
to the collection, processing, and storage of sensitive
health-related information. Developers and implementers should
establish clear protocols for obtaining informed consent,
ensuring transparency regarding data usage, and enabling users
to understand the scope and limitations of data handling.
Additionally, SARs should be designed to support confidential
interactions, especially when used with vulnerable populations,
such as OAs, by incorporating features that safeguard user
privacy and uphold professional standards of care. Early
integration of ethical and legal considerations will be critical
to building trust and ensuring responsible implementation.

Enhance Interruption Management and Conversational
Fluidity
Participants highlighted the difficulty of interrupting the ARI
robot while it was speaking, a limitation that disrupted the
natural flow of dialogue. To address this issue, future iterations
of SARs should improve turn-taking mechanisms and enable
responsive interruption handling, especially in multiparty or
fast-paced care environments. These refinements are essential
for supporting user-led interaction, minimizing frustration, and
improving conversational naturalness.

Enable Autonomous Navigation and Spatial Guidance
Several participants expressed the desire for the ARI robot to
not only provide verbal instructions but also physically
accompany them to their destination. Incorporating autonomous
navigation capabilities would expand the robot’s role from an
informational assistant to an active guide, offering greater
support to users with mobility or orientation difficulties in
complex care environments, such as hospitals. To ensure safe
and effective guidance, particular attention should be paid to
obstacle detection and navigation in dynamic environments, as
well as to adapting the robot’s speed to the walking pace of
OAs.

Conclusion
This study showed that SARs, when iteratively enhanced and
evaluated in real-world conditions, can reach growing levels of
acceptability and usability among OAs and their informal
caregivers. The integration of an LLM was a turning point in
improving the ARI robot’s ability to engage in meaningful,
coherent interactions. These findings suggest that SARs, when
designed with user needs in mind, hold strong potential for
supporting care delivery in geriatric hospital settings.

Future work should focus on further leveraging the capabilities
of LLMs to enable adaptive, personalized interactions that
respond to individual users’ communication styles, memory,
and emotional cues. Additionally, the integration of multimodal
communication features, such as gaze tracking, gesture and
facial expression recognition, and targeted dialogue strategies,
will be essential to enhancing the ARI robot’s relevance,
trustworthiness, and effectiveness in complex health care
environments.
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Abstract

Background: Mass displacement is a grand public health challenge. Refugees and immigrants experience a disparate hypertension
burden and disparities in self-management. Successful hypertension self-management is key for improving outcomes, but research
on its feasibility in refugee and immigrant health care settings is limited.

Objective: This study aimed to identify clinic staff–perceived barriers to and facilitators of implementing a digital intervention
for hypertension self-management among refugee and immigrant patients and to identify its feasibility and usability.

Methods: Primary care physicians and medical assistants who care for refugees and immigrants in San Diego were interviewed
using human-centered semistructured methods (n=18). Interviews were analyzed using an inductive approach. Usability testing
for the software (Med Pro Care) was conducted with participants (n=15) to test the feasibility of real-time tracking of blood
pressure (BP) home readings for hypertension self-management. Clinical staff rated their satisfaction on the System Usability
Scale and the NASA Task Load Index, which measured mental workload.

Results: For refugee and immigrant patients self-managing hypertension, clinical staff identified barriers and facilitators in the
following areas: (1) social determinants of health increase hypertension burden among refugee and immigrant patients, (2) clinical
staff face challenges to effective hypertension care for refugee and immigrant patients, (3) perceived benefits of potential
intervention for self-management, and (4) perceived barriers to potential intervention for self-management. Primary care physicians
completed 90% of the tasks, and medical assistants completed 83% of the tasks successfully. Most clinic staff found the software
system for monitoring BP to be easy to use with an average score for usability of 4.1 of 5.0 (SD 0.4).

Conclusions: Addressing identified barriers to and facilitators of self-management of hypertension is crucial to designing
effective interventions in real-world refugee and immigrant health care settings. Telemonitoring interventions using software that
transfers BP readings to clinical staff in real time may be feasible from the perspective of clinic staff and can address hypertension
disparities in marginalized populations, such as immigrants and refugees. Addressing identified barriers to and facilitators of
self-management is crucial to designing effective interventions in real-world refugee and immigrant health care settings. Our
findings suggest that clinic staff view digital telemonitoring as both feasible and supportive of patient empowerment, health
literacy, and improved communication—factors essential to addressing hypertension disparities in marginalized populations.

(JMIR Hum Factors 2025;12:e66176)   doi:10.2196/66176

KEYWORDS

hypertension; refugee health; self-management; digital health; digital self-management; feasibility; blood pressure; refugee; mixed
methods; public health; telemonitoring; telehealth; physician; medical assistants; real-time tracking; telemonitoring intervention;
hypertension disparities
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Introduction

Background
Hypertension holds global significance as one of the most
important modifiable risk factors for cardiovascular disease.
Almost one-third of the global population is diagnosed with
hypertension [1], which causes 7.5 million deaths annually, and
its increasing prevalence has led to greater morbidity for the
global population from its sequelae, such as heart disease [2,3].
Notably, forcibly displaced populations, whose numbers are at
all-time highs, including immigrants and refugees, experience
a heightened burden of hypertension [4,5]. The challenges of
fleeing conflict, interrupted health care access, adapting to new
environments, and enduring persecution and trauma amplify
the stress experienced by refugees and contribute to a higher
hypertension risk [6-8]. In addition, in host societies, immigrants
and refugees confront multifaceted barriers to engaging in health
care, encompassing language and cultural barriers, economic
barriers, and acculturation difficulties [9]. These factors
contribute to this minoritized group’s poor control of
hypertension [10-14]. This is reflected in empirical evidence
consistently pointing to elevated hypertension rates and almost
double the cardiovascular disease risk in refugees compared to
other immigrants or the hosting population, irrespective of their
country of origin, compared to host country citizens [5,8].

Self-management of hypertension, including both
self-monitoring of blood pressure (BP) and self-titration of
medication, is an evidence-based, cost-effective method for
improving BP control [15,16]. Patients who self-monitor are
more likely to lower their BP [17,18], have fewer BP-related
office visits [19,20], improve communication with their
providers regarding lifestyle factors [21], and incur significant
health care cost savings compared to usual care groups [22],
regardless of the number of other comorbidities [23]. In addition
to the reported accuracy of self-monitoring, many providers
share positive perspectives on self-titration, emphasizing its
potential benefits, including improved patient-provider
relationships and enhanced self-efficacy [24-26]. Given the
ongoing self-management demanded by chronic conditions such
as hypertension, self-titration could provide crucial support for
clinics in efficiently caring for their patients and decreasing
clinic visits [7,21,27].

Objective
Providers are often responsible for health education,
telemonitoring, and regular follow-up with patients for
hypertension self-management, but acceptability and efficacy
of digital health technologies, integration with existing electronic
health records, usability, and technology support have emerged
as key concerns [15,17,24,28]. Our study examined the
feasibility of using technology for BP monitoring when caring
for refugee and immigrant patients, and the barriers to and
facilitators of this model of care. We also assessed the usability
of a specific software (Med Pro Care; Withings) attached to
connected BP monitors (Withings) that can help clinic staff
implement telemonitoring in their clinics while receiving
real-time BP readings from their patients at home [29].

Methods

Design
This study was part of a larger investigation into refugee and
immigrant patients’ barriers to hypertension care and
opportunities to improve self-management. Patient participants
in that study were provided a free and validated Withings BP
monitor, a Food and Drug Administration–approved,
cellular-connected home BP monitor [29], and were instructed
to maintain a BP diary. The data from the BP monitor were
transmitted to a web-based dashboard called Med Pro Care [29].
Our part of the study examined the clinic staff’s perspective
and experience with the Med Pro Care software using the data
recorded from the patients in the larger study. Clinic staff
participants in our study were previously trained by our staff
on the use of the Med Pro Care dashboard, where they could
view the charts for the patients in the larger study and where to
find their BP readings in the software. The study was designed
to determine the feasibility and usability of the Med Pro Care
software for future research on longitudinal telemonitoring.

Our study used a human-centered design, mixed methods
approach to gathering data concerning the perspectives of clinic
staff on self-management of hypertension for refugee and
immigrant patients and the usability of Med Pro Care for use
in the clinic to help clinical staff telemonitor patients’ home BP
readings. We administered semistructured interviews, a
demonstration of the Med Pro Care software for reviewing
patient charts, and a usability test of Withing’s Med Pro Care
software, all to both medical assistants (MAs) and primary care
providers (PCPs). Qualitative interviews aimed to identify clinic
staff’s experiences with treating refugee and immigrant patients
with hypertension to better understand the social aspect of their
health care (Multimedia Appendix 1), whereas the quantitative
data collected from the usability test demonstrates the
effectiveness of a possible solution addressing identified social
factors (Multimedia Appendices 2-4). This study was conducted
at federally qualified health centers, university clinics, and
private clinics across southern San Diego County, California,
where most refugees and immigrants in the region have resettled
[30].

Participants
Participants included the following clinic staff: (1) MAs and
(2) PCPs in San Diego County who regularly provided care for
refugee and immigrant patients. We chose to ask both the same
questions and combine their responses for data analysis because
of growing evidence showing that multilevel interventions that
involved integrated multidisciplinary care and promotion of
self-management behaviors, which is done by diverse clinic
staff, including providers, nurses, pharmacists, and MAs, were
associated with the largest BP reductions [31,32]. Clinical staff
were included if they self-reported regularly seeing refugee or
immigrant patients in the San Diego region. Individuals were
excluded if they did not care for patients with hypertension or
self-reported not regularly caring for refugee or immigrant
patients. While some participants self-identified as immigrants
themselves, our study did not include a formal inquiry about
previous or current citizenship or legal status.
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Recruitment took place between August 2021 and November
2022 through 4 sites: (1) the Family Health Centers of San
Diego (FHCSD), a federally qualified health center system that
provides care for a large portion of refugees in San Diego
County; (2) University of California San Diego Health System;
and (3) 2 private practices in San Diego County. Study staff
received contact information for potential participants through
hospital directories and contacted clinic staff via email or phone.
MAs were recruited via mass email to all MAs at the federally
qualified health center, to which 13 MAs responded, and 2 were
excluded for not working with patients with hypertension.
Eleven MAs consented and participated, with 1 MA not
completing the usability assessment. PCPs were referred by
senior study staff who were aware of their practice. All 7 PCPs
referred consented and participated, with 2 not completing the
usability assessment.

Data Collection
Study staff created standardized operating procedures to ensure
all interviews were conducted the same, regardless of the study
staff who conducted the interview. In this process, the study
team reviewed available literature about barriers to the
implementation of self-management of hypertension for refugee
and immigrant patients and created questions that could
illuminate the clinic staff’s perspective. The principal
investigator then reviewed and approved these questions
(Multimedia Appendix 1). The study coordinator (CG) then
trained incoming study staff by reviewing the procedures and
having new study staff shadow an interview.

Interviews were conducted in the participant’s clinic (n=15),
except for 1 PCP who participated in an office belonging to
research staff and 2 PCPs who participated in the qualitative
interview portion of the study over Zoom and did not complete
the usability testing. Interviews typically lasted about 60 minutes
in total and were audio recorded and later transcribed for
qualitative analysis. Demographic information was collected
from participants. Interview questions were the same for both
MAs and PCPs and asked about their understanding of barriers
to and facilitators of health care for refugee and immigrant
patients, patient–clinic staff relationships, and the clinic staff’s
opinions of self-management of hypertension, including both
self-monitoring and self-titration of antihypertensive medication.
Although self-titration was not tested in the larger study, thus
data were not available for our usability tests, participants were
asked about their opinions on whether this was something that
could help their refugee and immigrant patients because it has
been previously shown to help self-management efficacy, such
as in the TASMIN (Targets and Self-Management for the
Control of Blood Pressure) trial where self-monitoring BP and
an individualized self-titration algorithm improved systolic BP
for patients in the United Kingdom [15,16]. Interview questions
were the same for both MAs and PCPs because of their similar
exposure to the social factors that were examined by the
questions. While the focus was on refugee patients, question
wording was modified to include immigrants for clinic staff
who expressed more experience with immigrant patients rather
than specifically refugees. Study staff then demonstrated the
Med Pro Care software, which included administrative and
monitoring tasks. Participants were then asked to complete a

usability test of the software, where MAs were tested on more
administrative tasks, such as registering patients and leaving
notes on accounts, and PCPs were tested on more in-depth
review of BP readings. Both MAs and PCPs were asked to
complete 5 tasks. The usability test was screen and audio
recorded using the TURF 4.0 software (McWilliams School of
Biomedical Informatics) [33]. Participants then completed the
System Usability Scale [34] and the NASA Task Load Index
[35] for self-reported satisfaction and usability. Study staff then
asked participants if they had any additional feedback on how
the software could be used in their own clinics.

Data Analysis
Qualitative and quantitative data were analyzed separately. The
semistructured interviews were analyzed using an inductive
thematic approach to capture participants’ experiences as
comprehensively and accurately as possible [36]. To improve
the credibility of the analysis, investigator triangulation was
implemented as follows [37]: (1) 2 study staff (CG and MR)
independently coded a set of transcripts (n=3), (2) then had
multiple meetings to define a codebook and established
intercoder agreements through the subjective assessment method
[36]. The codebook was then reviewed by the principal
investigator, finalized, and distributed to other researchers (NA
and RA) who coded the remaining transcripts. Two study staff
(CG and LB) analyzed the codes for recurrent themes following
Crabtree and Miller’s 5-step interpretive process [38].
Qualitative data were analyzed using Atlas. Using Microsoft
Excel, 1 research team member (CG) performed basic
descriptive statistical analysis on the demographic data, task
completion, total clicks (collected from TURF software), and
satisfaction questionnaires. For task completion, participants
were given 1 point for successfully completing a task and half
a point for partially completing a task. A final score was given
as a percentage of tasks completed. Averages were then taken
of all MAs scores and all PCPs scores separately. For the items
that were negatively worded in the System Usability Scale,
responses were reverse coded so that all items were aligned in
the same direction, with higher scores being more favorable.

Ethical Considerations
The University of California San Diego Human Research
Protection Program (#200063) granted institutional review board
approval. All participants consented before participation and
were compensated with a US $35 Visa gift card for their time.
All participant data were fully deidentified prior to analysis to
protect individual privacy and confidentiality. As part of our
study, participants examined BP measurements from a larger
investigation into refugee and immigrant patients’hypertension
self-management (IRB#200063).

Results

Participant Characteristics
Data on participant demographics are listed in Table 1. MAs
made up 61.1% (n= 11) of the 18 participants. Most participants
were female (n=15, 83.3%). The 3 male participants were all
PCPs. One PCP was a nurse practitioner, whereas all others
were physicians. All MAs were associated with FHCSD,
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whereas 42.9% (3/7) of PCPs were associated with FHCSD.
The average age of participants was 38.9 (SD 11.9) years. Most
participants self-identified as White (n=6, 33.3%), Hispanic

(n=4, 22.2%), or Middle Eastern/North African (n=3, 16.7%).
Besides English, the most commonly spoken languages were
Spanish (n=9, 50%) and Arabic (n=6, 33.3%).
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Table . Demographics of participants (N=18).

Values, n (%)Demographics

Position

7 (38.9)PCPa

11 (61.1)MAb,c

Clinic

14 (77.8)FHCSDd

4 (22.2)Other clinics

Gender

3 (16.7)Male

15 (83.3)Female

Race/ethnicity

6 (33.3)White (non-Hispanic)

2 (11.1)Black (non-Hispanic)

4 (22.2)Hispanic

6 (33.3)Other

3 (16.7)Middle Eastern/North African

1 (5.6)Indian American

2 (11.1)Multiracial

Languages spoken

4 (22.2)English only

9 (50.0)Spanish

6 (33.3)Arabic

2 (11.1)French

1 (5.6)Aramaic

1 (5.6)Chaldean

1 (5.6)German

1 (5.6)Russian

1 (5.6)Turkish

Level of education

1 (5.6)High school graduate or equivalent

6 (33.3)Some college, no degree

2 (11.1)Associate’s degree

2 (1.1)Bachelor’s degree

1 (5.6)Master’s degreee

5 (27.8)Medical Doctor

1 (5.6)Doctor of Osteopathic Medicine

aPCP: primary care physicians.
bAll MAs were associated with FHCSD.
cMA: medical assistant.
dFHCSD: Family Health Centers of San Diego.
eNurse practitioner.
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Barriers and Facilitators Identified From Interviews
The interviews from this study, both MAs and PCPs, yielded 4
themes for barriers and facilitators: (1) social determinants of
health increase hypertension burden among refugee and
immigrant patients, (2) clinical staff face challenges to effective
hypertension care for refugee and immigrant patients, (3)
perceived benefits of potential intervention for self-management,
and (4) perceived barriers of potential intervention for
self-management.

Social Determinants of Health Influence Hypertension
Burden Among Refugee and Immigrant Patients
All participants, including both MAs and PCPs, described
hypertension as a burden among many of their refugee patients
and described various factors unique to these patients
influencing its management. Some described how patients’
attitudes toward the disease limit care, including how patients
may lack self-efficacy or motivation to make necessary changes
to their care regimen. For example, when asked if refugee
patients often followed the advice or directions given by the
physician, an MA stated:

some [patients] are stuck in their ways. And they don’t
feel like changing is gonna help them either way, so
they just continue to do whatever they’re doing. [MA]

Participants also acknowledged how the experience of forced
displacement along with its associated stress and trauma can
exacerbate hypertension:

Especially in a refugee population, we do see stress
causing high blood pressure pretty directly. And so,
to talk about any traumas they may have experienced,
and have a way to treat those, [is important]... just
really create an open conversation about that because
I think it’s not often talked about. [PCP]

They described the health care barriers refugee and immigrant
patients face such as language and cultural barriers:

...oftentimes they come untreated. I feel like it’s
similar to other patient populations, but the difference
is that the language barrier and education has
hindered treatment in the past, or they stop treatment
for periods of time. [PCP]

Participants also noted that poor health literacy and low
socioeconomic status can contribute to difficulty with managing
hypertension:

Patients don’t have the supplies to take a proper
blood pressure or they don’t have the correct
information [to self-manage hypertension]. [PCP]

Clinical Staff Face Challenges to Effective
Hypertension Care for Refugee and Immigrant
Patients
Common barriers faced by clinical staff when treating refugees
and immigrants included effective communication, health
literacy, adherence, and monitoring. Participants noted
physician-patient communication was a critical variable in
delivering effective care. For example, when a PCP was asked

to mention a specific worry regarding their patients and the care
they receive, they noted:

Yeah, the language barrier, them not understanding
the education part of it, taking medication
incorrectly... [PCP]

Furthermore, both MAs and PCPs expressed concern that not
all their refugee and immigrant patients completely understand
the instructions that are given, or clinical staff do not have
enough time to explain everything. This leads to
miscommunication and confusion for patients, which can lead
to uncontrolled and untreated hypertension, worsening patient
health. Even with assistance from interpreters, participants
highlighted that patients would often struggle to understand the
concept and how to conduct BP checks. This miscommunication
was emphasized when an MA stated that:

...even with the interpreters they do struggle to check
the BP. I know some people receive the machine but
they don't know how to use the machine and they don't
let us know they don’t know how to use it so there is
always miscommunication between patient and
provider or medical staff. [MA]

Clinical staff were also concerned that their refugee and
immigrant patients are nonadherent to treatment for a multitude
of reasons, including access to monitoring technology, ability
and willingness to take medication, and willingness to make
lifestyle changes. Indeed, participants discussed how some
patients would veer off the established plan and take medications
in a manner that was not agreed on with the physician. When
discussing the burden of hypertension within refugee patients,
a PCP mentioned:

I actually have a lot of patients that they just go off
the plan on their own because they think like they
know it and they stop medications randomly. They
take extra from others without like running it by me
and they don’t even admit it until I try to get it out of
an individual. [PCP]

Another significant variable that may exacerbate the prevalence
of hypertension among refugee patients was concerns over
patient adherence to treatment. Many refugee patients had fears
regarding the consequences of undergoing medical intervention
from clinic staff and thus were noted as being less compliant.
This was highlighted when an MA was asked about concerns
over medical treatments toward refugees and stated that:

...not wanting to take the medication because they
are scared, or I know some patients get scared of
taking medications and think it might affect the
organs. [MA]

Perceived Benefits of Potential Intervention for
Self-Management
When asked about participation in a hypertension
self-management intervention, participants largely endorsed
potential benefits for their patients, with 15 participants
expressing interest in this type of intervention. Interviewed
participants often expressed the desire to not only educate their
patients but also encourage active participation in treatment
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planning and self-management of their condition. To facilitate
patient adherence and hypertension self-management,
participants would often try to educate refugee and immigrant
patients on the significance of checking BP consistently at home
and the concept of following trends. Physicians would also
explain how hypertension does not always present with
noticeable symptoms and can eventually lead to severe
consequences if not managed on time. When discussing methods
that help patients adhere to their medications, a physician stated
the following:

Explaining to them the rationale behind checking the
blood pressure at home and the trend and also
educating the patient about hypertension being a
silent killer. And that most people with high blood
pressure have no symptoms initially. [PCP]

With regard to the Med Pro Care device, most of the participants
interviewed accepted self-management for hypertension to
include both self-monitoring and self-titration. They believed
that it more actively involves and empowers patients to be more
in control of their health. In addition, self-management would
reduce clinic burden, as patients would not have to come to the
clinic as much because they would be monitored more
consistently. For example, after trying out the Med Pro Care
device, a physician was asked whether the device would be
beneficial in the clinic and the physician responded with:

I think, overall, that is a really beneficial way to
empower patients, and to not have to have them come
back to the clinic as frequently when access is already
pretty hard. And then, just to feel like they are in more
control of their medications. [PCP]

As both self-monitoring and self-titration have been successful
for the management of other diseases, such as diabetes, most
participants believed that with standardized protocols, it can
also be successful for self-management of hypertension.
Furthermore, self-management through Med Pro Care was
overall noted as being a safe method to monitor and manage
hypertension with the possibility of a reduction in adverse
outcomes in the long term. This sentiment was explicitly noted
by a physician when questioned about the potential benefits of
the implementation of the Med Pro Care device:

I think that'll make for quicker, I guess, management
of their high blood pressure. Minimize, you know, the
adverse effects of like, you know, strokes, kidney
damage, other things like that... I think it’s very safe,
this method of blood pressure monitoring by the
patient themselves. It’s safe and natural, and I think
if we can implement more of that make that more
available overall it’s going to improve patient care
and lessen adverse outcomes. [PCP]

Despite acknowledging factors that lead to poor BP control,
participants noted how family support and caregivers of refugee
and immigrant patients play a significant role in their care. For
example, families often attend appointments with patients and
assist with BP monitoring, facilitating self-management and
improved BP control:

I think immigrant patients tend to have a lot of family
support and their kids often just help them and so they
can pretty much take care of like downloading the
app and checking their BP every day. [MA]

Perceived Barriers to Potential Intervention for
Self-Management
Two participants expressed concerns about implementing both
self-monitoring and self-titration, mainly noting lack of success
in patients self-titrating their hypertension medication. In
addition, there was some concern over a possible increased
workload because of monitoring an increased number of
available readings. One participant was specifically concerned
about legal liability if the clinic missed concerning BP readings
and the patient did not reach out to the clinic or go to the
hospital:

My concern is that... Let’s say you did not see that
alert. I mean, I have patients every day. I'm going to
be honest. I don't know if I have time to check this
every day... I don’t want extra liability. [PCP]

There was also a concern that patients would not be motivated
enough to commit to their treatment plans without coming into
the doctor’s office regularly and would not remain adherent to
medication and monitoring enough to maintain control over
their BP. Although these concerns were raised, most participants
remained optimistic that self-management of hypertension was
feasible with protocols and training.

Results of Task Study
MAs were able to complete approximately 69% of the 5 tasks
given to them, which included more administrative tasks such
as how to register patients in the system and filtering through
patients. Technical errors occurred with patient registration
during many of the usability tests, resulting in all but 2 MAs
being unable to complete the registration task, which could have
influenced MA ratings of usability. Excluding this task, MAs
were able to complete approximately 83% of tasks, with the
next lowest score being in finding specific BP readings. PCPs
completed approximately 90% of the 5 tasks, which were more
focused on monitoring patients’ readings over time. MAs
completed all tasks with an average of 90.75 (SD 41.82) clicks,
and PCPs completed all tasks with an average of 129.20 (SD
85.86) clicks. The average time to complete tasks for MAs was
6 minutes and 5 seconds (SD 2 min and 28 s), whereas the
average time for PCPs was 4 minutes and 35 seconds (SD 48
s). With an average usability score of 4.1 of 5.0 (SD 0.4),
participants believed the system was usable, as presented in
Table 2, with the highest ratings in being able to quickly learn
the software and it being easy to use. Results from the Task
Load Index (Table 3) also indicate that participants believed
that the tasks were not burdensome or stressful. MAs and PCPs
had similar ratings of usability and satisfaction, apart from 1
MA who rated the physical demand and how hard they had to
work as higher than others.
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Table . System Usability Scale results.

All participants, mean (SD)PCPc, mean (SD)MAb, mean (SD)System Usability Scalea

4.3 (1.0)4.0 (1.0)4.4 (1.2)I think that I would like to use Med
Pro Care frequently.

3.8 (0.9)3.0 (0.3)4.2 (1.4)I found Med Pro Care unnecessarily

complex.d

4.4 (1.3)4.4 (1.2)4.4 (1.4)I thought Med Pro Care was easy to
use.

4.1 (1.0)3.6 (0.8)4.3 (1.2)I think that I would need the support
of a technical person to be able to

use Med Pro Care.d

4.3 (1.1)4.2 (1.4)4.3 (1.1)I found the various functions in Med
Pro Care were well integrated.

4.2 (1.1)4.2 (1.4)4.2 (1.0)I thought there was too much incon-

sistency in Med Pro Care.d

4.5 (1.2)4.4 (1.2)4.6 (1.3)I would imagine that most people
would learn to use Med Pro Care
very quickly.

3.4 (0.5)4.0 (0.9)3.1 (0.4)I found Med Pro Care very cumber-

some to use.d

4.1 (1.2)3.4 (1.4)4.4 (1.2)I felt very confident using Med Pro
Care.

4.1 (1.0)4.2 (1.3)4.0 (1.0)I needed to learn a lot of things be-
fore I could get going with Med Pro

Care.d

aAll questions on a scale from 1 to 5, 1=strongly disagree, 2=disagree, 3=neither disagree nor agree, 4=agree, and 5=strongly agree.
bMA: medical assistant.
cPCP: primary care provider.
dNegatively worded items were reverse coded so that higher scores indicate more positive responses.

Table . NASA Task Load Index.

All participants, mean (SD)PCPc, mean (SD)MAb, mean (SD)NASA Task Load Indexa

5.4 (7.4)6.8 (7.8)0.0 (0.0)How mentally demanding were the
tasks?

5.5 (7.7)3.5 (4.7)9.5 (13.4)How physically demanding were the
tasks?

4.1 (5.1)5.3 (6.7)2.7 (2.5)How hurried or rushed was the pace
of the tasks?

5.8 (7.4)5.3 (8.5)6.2 (7.4)How successful were you in accom-
plishing what you were

6.0 (7.5)4.8 (6.1)9.0 (12.7)How hard did you have to work to
accomplish your level of perfor-
mance?

1.0 (1.8)1.3 (2.5)0.7 (0.6)How insecure, discouraged, irritat-
ed, stressed, and annoyed were you?

aAll items were measured on a scale from 0 to 20, with 0 being the least amount of demand or effort and 20 being the greatest amount of demand or
effort, except the performance item where perfect is 0 and failure is 20.
bMA: medical assistant.
cPCP: primary care provider.

On the basis of the follow-up questions following the usability
testing, participants were generally satisfied with the software,
especially in areas such as ease of use and being able to learn

the system easily. Participants expressed concern over logistical
issues such as how well this would integrate with currently
existing electronic health records, who was responsible for
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keeping up with the increased number of measurements, and
legal liability.

Discussion

Principal Findings
There was a general understanding by local clinic staff that
refugees and immigrants experience pre- and postmigration
stressors that negatively impact health, including increasing the
risk of uncontrolled hypertension, and complicating treatment.
Our study showed that addressing these unique barriers is
essential for effective hypertension management. The Med Pro
Care software was generally accepted by our sample and can
be used in the clinic to facilitate self-monitoring of BP. Digital
self-monitoring can enhance patient-clinic communication and
support chronic disease self-management. Our study adds to
existing literature by examining the clinic staff’s perspective in
treating refugee and immigrant patients and what can be done
in the clinic to better address their specific needs.

Participants emphasized cultural and linguistic barriers, access,
and patient empowerment as key priorities. Consistent with
prior research, an approach that is sensitive to the cultural
context and acknowledges the unique experiences of refugee
and immigrant patients is pivotal in establishing effective
communication and fostering patient engagement [39]. For
refugees and immigrants, who must navigate unfamiliar health
care systems in new countries, strategies that improve
communication and enhance patient self-efficacy are crucial to
long-term chronic disease self-management [40].

Clinic staff generally believed that self-management of
hypertension can help empower patients by improving
communication, self-efficacy, and health literacy, thereby
potentially enhancing hypertension management. This aligns
with other studies, which show self-management enhances
health awareness and literacy, although few have focused on
refugee and immigrant populations [41,42]. Our results,
therefore, provide a unique perspective because the clinic staff
interviewed have first-hand accounts of the barriers and
facilitators toward health management in refugee and immigrant
populations. Further research should directly examine the
perspective of refugee and immigrant patients to inform clinical
implementation.

Self-management has shown great potential in controlling
hypertension; however, scarce resources and logistical concerns
have slowed its adoption into many clinics [26]. Clinic staff
noted that relying on self-management could reduce clinic
burden by reducing the need for patients to come into the clinic
as frequently. The usability of the Withing’s Med Pro Care
software was overall well received and considered easy to use
and requiring minimal training, which could support efficient
integration into clinical practice.

Perceived challenges of self-management included the clinic’s
ability to handle an increased load of information and safety
concerns over self-titration of medications. Participants noted
that Med Pro Care’s ability to flag concerning readings and
display trends could address some of these concerns. Liability
concerns may be mitigated by patient education and standardized

protocols. In addition, clinical trials have shown self-titration
to be feasible and safe for patients with hypertension [28,40,43].
Med Pro Care can facilitate communication between patients
and clinics through regular BP readings and can increase the
safety of self-titration of antihypertensive medications.

Our study recruited participants from 3 different types of clinics:
a federally qualified health center, a university clinic, and 2
private practices. Despite differences in electronic medical
records and resources, clinic staff across settings shared similar
perspectives, showing shared experience and suggesting broad
applicability of Med Pro Care.

Recent studies from China have supported multimodel digital
interventions for the management of hypertension [44,45]. A
similar intervention in Pakistan based on the Health Belief
Model included reminders, education, and 24/7 individual
support, which improved medication adherence and systolic BP
[46]. These studies share similarities in addressing social factors
by addressing individual needs for care and support but lack a
focus on the unique needs of refugee and immigrant patients.
Our study highlights this gap and supports future testing of
digital hypertension self-management platforms tailored to
refugee and immigrant populations.

Limitations
Despite being among the few in the field who researched refugee
and immigrant population providers, our study had notable
limitations. First, our sample was limited to 1 county and may
not reflect clinics elsewhere. Second, clinic staff with heavier
patient loads may have been underrepresented due to the lengthy
interview process. Nonetheless, San Diego’s large refugee and
immigrant population provides valuable insights, and future
studies should evaluate digital self-management interventions
in broader settings to avoid exacerbating disparities.

Conclusions
While self-management interventions have been shown to be
effective in managing hypertension, it is essential to incorporate
input from clinic staff that care for refugee and immigrant
populations to understand the real-world implications of eHealth
interventions. Clinic staff generally found the Med Pro Care
software easy to use and feasible for integration into care,
supporting the role of digital tools in addressing hypertension
management among refugees and immigrants. Our study
demonstrated that the refugee and immigrant communities have
unique needs in hypertension management related to access,
language, and clinic support. The implementation of
self-management is supported by clinic staff because of its
potential to empower patients by facilitating autonomy and a
more active role in patient engagement in health care.
Hypertension self-management interventions should focus on
increasing health literacy, self-efficacy, improving access to
health care, and leveraging digital health to streamline
workflows for clinics and enhance communication with patients.
Future studies should focus on the development and evaluation
of contextually tailored hypertension self-management
interventions that are responsive to the unique needs of the
heterogeneous US refugee and immigrant population.
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Abstract

Background: The global increase in the Internet of Things (IoT) adoption has sparked interest in its application within the
educational sector, particularly in colleges and universities. Previous studies have often focused on individual attitudes toward
IoT without considering a multiperspective approach and have overlooked the impact of IoT on the technology acceptance model
outside the educational domain.

Objective: This study aims to bridge the research gap by investigating the factors influencing IoT adoption in educational
settings, thereby enhancing the understanding of collaborative learning through technology. It seeks to elucidate how IoT can
facilitate learning processes and technology acceptance among college and university students in the United Arab Emirates.

Methods: A questionnaire was distributed to students across various colleges and universities in the United Arab Emirates,
garnering 463 participants. The data collected were analyzed using a hybrid approach that integrates structural equation modeling
(SEM) and artificial neural network (ANN), along with importance-performance map analysis to evaluate the significance and
performance of each factor affecting IoT adoption.

Results: The study, involving 463 participants, identifies 2 primary levels at which factors influence the intention to adopt IoT
technologies. Initial influences include technology optimism (TOP), innovation, and learning motivation, crucial for application
engagement. Advanced influences stem from technology acceptance model constructs, particularly perceived ease of use (PE)
and perceived usefulness (PU), which directly enhance adoption intentions. Detailed statistical analysis using partial least
squares–SEM reveals significant relationships: TOP and innovativeness impact PE (β=.412, P=.04; β=.608, P=.002, respectively),
and PU significantly influences TOP (β=.381, P=.04), innovativeness (β=.557, P=.003), and learning motivation (β=.752, P<.001).
These results support our hypotheses (H1, H2, H3, H4, and H5). Further, the intention to use IoT is significantly affected by PE
and usefulness (β=.619, P<.001; β=.598, P<.001, respectively). ANN modeling enhances these findings, showing superior

predictive power (R2=89.7%) compared to partial least squares–SEM (R2=86.3%), indicating a more effective identification of
nonlinear associations. Importance-performance map analysis corroborates these results, demonstrating the importance and
performance of PU as most critical, followed by technology innovativeness and optimism, in shaping behavioral intentions to
use IoT.

Conclusions: This research contributes methodologically by leveraging deep ANN architecture to explore nonlinear relationships
among factors influencing IoT adoption in education. The study underscores the importance of both intrinsic motivational factors
and perceived technological attributes in fostering IoT adoption, offering insights for educational institutions considering IoT
integration into their learning environments.

(JMIR Hum Factors 2025;12:e58377)   doi:10.2196/58377
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collaborative learning; student; college; university; education; Internet of Things; IoT; technology acceptance model; technology
optimism; TAM; experience; attitude; opinion; perception; perspective; acceptance; adoption; survey; questionnaire; ANN; deep
learning; structural equation modeling; neural network; intent; use; medical education; artificial neural network; technology
innovation

JMIR Hum Factors 2025 | vol. 12 | e58377 | p.2154https://humanfactors.jmir.org/2025/1/e58377
(page number not for citation purposes)

Alhumaid et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/58377
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
The use of Internet of Things (IoT) applications has been
implemented in medical education projects [1]. IoT has the
ability to completely transform the educational landscape by
offering a more adaptable and quantifiable educational system
that unites teachers and students under a single technological
roof [2]. IoT innovation plays a significant role in transforming
training at all levels, from school and college to university
education [3]. Everyone, including students, instructors, and
college campuses, can benefit from this innovation. Educators
and administrators can leverage the power of IoT to connect
people with devices and data, enabling them to gain valuable
insights that have not been previously used in education. The
traditional human-centered educational system has been
transformed into an IoT-based one [4-6] using IoT. IoT has been
leveraged to change the conventional personalized schooling
system to an IoT-based system [4-6]. Figure 1 illustrates a cohort

of university students actively engaging with IoT technology
within an academic context. These individuals are adorned with
sophisticated wearable devices, including smart glasses and
smartwatches, which project information into their visual field,
indicative of a digital and augmented educational milieu. The
students are depicted with a palpable focus, using a portable
electronic apparatus, likely for the manipulation of or interaction
with the data overlay provided by their IoT devices.

The IoT has the potential to transform institutional practices
and enhance learning capabilities across various levels and
domains. University lecturers, students, and support staff can
leverage large IoT platforms successfully. However, there is
room for improvement in the utilization of IoT technology across
different educational institutions. Researchers, scholars, and
students can collaborate to develop IoT systems, devices,
applications, and services, leading to the evolution of the
educational environment as an increasingly dynamic and
globally relevant subject. Better IoT deployments in colleges
and universities have significantly improved positively to the
creation of efficient and useful educational resources [7,8].

Figure 1. Students using augmented reality and Internet of Things technology (generated by Openart AI).
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This research aims to explore how IoT technology is adopted
and used by educators and students in universities across the
Middle East. By integrating the technology acceptance model
(TAM) and additional external factors, the study seeks to
evaluate the effectiveness of IoT as an educational tool from
the perspectives of both students and educators. Using the TAM
as a metric, along with external variables, the research intends
to identify and analyze the factors that influence the acceptance
and use of IoT in medical education. The analysis uses a hybrid
framework that combines structural equation modeling (SEM)
and artificial neural networks (ANN) to examine how intrinsic
motivational factors and perceived technological attributes affect
IoT adoption. The SEM-ANN approach was specifically chosen
to leverage the strengths of both methodologies [9,10]. SEM is
highly effective in assessing the relationships between observed
and latent variables, providing clarity on both the direct and
indirect effects within the hypothesized model [11]. This method
allows for robust statistical analysis capabilities, making it ideal
for hypothesis testing and understanding the structural
relationships among the theoretical constructs [12]. Conversely,
ANN is used for its superior ability to model complex nonlinear
relationships between variables, which are often not adequately
captured by traditional linear models like SEM. ANN’s
data-driven nature allows it to directly learn and adapt to these
relationships from the data, thereby enhancing the model’s
predictive accuracy and robustness. By integrating SEM with
ANN, the study not only validates the theoretical framework
through SEM’s rigorous statistical analysis but also enhances
the predictive power and generalization capabilities of the model
with ANN’s computational intelligence. This hybrid approach
is particularly effective in exploring deeper, nonlinear
interactions within the data, offering a more comprehensive
understanding of the factors influencing IoT adoption. Given
the complexities of modern datasets, which often exhibit
nonlinear and digital behaviors among variables, this
methodological integration is well-suited to achieving the
research objectives and provides a justified, robust approach
for the study.

The proposed hypotheses are: (1) intrinsic motivational factors
like technology optimism (TOP), innovation, and learning
motivation (LMT) significantly impact students’ intention to
adopt IoT; (2) perceived ease of use (PE) and perceived
usefulness (PU), fundamental components of the TAM, strongly
predict IoT adoption intentions among students in the United
Arab Emirates.

This paper is organized as follows: “Literature Review” section
delves into the existing research related to the adoption of IoT
technologies, highlighting key theories and previous findings
that set the groundwork for this study. Section “Methodology”
details the research design, sampling methods, data collection
procedures, and analytical techniques used to investigate the
hypotheses. Section “Findings” presents the results of the data
analysis, offering quantitative insights into the factors
influencing IoT adoption. Section “Discussion” interprets the
findings in the context of the existing literature, discussing the
implications for theory and practice. Finally, the section
“Conclusions” summarizes the study’s main contributions,
outlines its limitations, and suggests directions for future

research. This structure is designed to provide a clear and logical
progression through the topics covered, facilitating a
comprehensive understanding of the study’s scope and
conclusions.

Related Work
The review of existing literature on the topic of IoT has explored
both practical and theoretical aspects, suggesting a correlation
between IoT and other factors such as self-efficacy, technology
utilization, motivation, security, privacy, training, and more
[13-19], indicating a relationship between the IoT and other
elements including self-reliance, technological use, inspiration,
safety, privacy, schooling, and beyond [13-19]. Likewise,
research has examined the impact of IoT in conjunction with
TAM and other external factors, and IoT with the help of TAM
and external factors [20,21].

As IoT applications become more intricate, they can
significantly impact learning. The difficulty is the IoT
technology’s quick development, which requires diverse skills
ranging from developing IoT applications to incorporating
devices into management systems that analyze device-generated
data [14,22]. Previous research has highlighted the significance
of IoT in addressing challenges students encounter when using
modern IoT apps and gadgets. Potential solutions include
focusing on computational thinking education, assisting students
in solving challenges, and providing clear instructions and
training to facilitate the integration of new students with IoT
devices and encourage training in it.

A different approach was taken in another study, where a
workshop was offered to address the importance of IoT. The
results showed that students found the workshop highly
satisfactory for learning about IoT, improving problem-solving
skills, and enhancing problem-solving capabilities, while also
finding it enjoyable [13-15].

Several outside variables, including drive, contentment, ease
of use, effectiveness, involvement, and interest, have been
investigated to explore the relationship between IoT and
students’ attitudes. The most significant factors are motivation
and enjoyment regarding IoT technology, which are essential
for its acceptance among students. While satisfaction and
performance indirectly affect the application of IoT, greater
contentment levels are not proportional to higher interactions
[18,19]. Recent studies have used qualitative and quantitative
methods to examine the uptake of IoT and have identified
favorable attitudes, ease of use, contentment, affordability, basic
knowledge, security, and privacy as crucial factors that influence
its adoption. Apart from motivation and enjoyment, training
and experience are also crucial in uptaking IoT devices, and
educational training workshops can significantly improve the
learning curve, digital learning, real-life applications, and
problem-solving skills [16,17,23].

Previous research has explored the various benefits of
implementing IoT technologies in educational settings, including
the ability for teachers to gain insight into students’performance
and knowledge levels, as well as the potential for improved
teaching quality. As a result, the use of IoT has the potential to
greatly impact learning environments, leading to a more
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advanced educational landscape. This could also lead to changes
in how we interact and collaborate as a society, as IoT
technology continues to connect us in new ways [24,25]. While
previous studies have investigated students’ attitudes toward
IoT from different angles [14,22,26], there has been limited
research on the importance of IoT technology from the
perspective of teachers’ knowledge of the significance of IoT
innovation from the educational viewpoint of instructors and
how it impacts pedagogy in the classroom. Therefore, this study
aims to address this gap by developing a model that combines
both students’ and teachers’ attitudes to examine the
effectiveness and efficiency of IoT in educational environments.
By creating a framework that incorporates the viewpoints of

learners and educators, this research intends to close this
imbalance by analyzing the usefulness and efficacy of IoT in
classrooms.

Developing Hypotheses and Theoretical Framework
The study paradigm shown in Figure 2 describes how the
inspiration for learning, technological exuberance, and
technological advancements influence learners’ perceptions of
the PU and ease of use (PE) of IoT devices. Such concepts have
not yet been looked into in relation to IoT devices and
applicability. Although earlier research has examined how these
factors may affect IoT adoption plans [27], their individual
effects on students’ attitudes toward this technology have not
been analyzed before.

Figure 2. Research model. IoT: Internet of Things.

LMT is a crucial factor impacting students’ behavior in
conventional and digital educational settings. It is an outside
variable of the suggested approach and can be influenced by
multiple factors, including the learning environment,
expectations, and social values. Research has shown that LMT
significantly impacts students’ academic achievements [28].
Students must therefore be driven to acquire knowledge in order
to achieve the suggested intended goals [29,30]. Highly
motivated learners can achieve their learning goals
spontaneously and willingly. Social cognitivism emphasizes
the significance of requirements, conducts, and ideologies in
education.

Researchers are investigating the influence of TOP and
innovation on students’ adoption of IoT in the education sector.
The study aims to understand students’ attitudes and behavior
toward technology by using 3 theoretical concepts:
inventiveness, technological exuberance, and learning incentive.
The researchers have combined the (TAM) constructs with the
aforementioned variables to accomplish their study’s objectives.
Several researchers have used the TAM model to evaluate the
effectiveness of IoT technology and its applications [31,32].
The model explains why people accept technology based on
their attitudes and beliefs and how these beliefs impact their
behavioral intention toward technology use [33,34]. It is an
established concept that supports embracing technology in
various settings and strongly links it to technological progress

[35-37]. The TAM model can forecast variables like technology
elation and inventiveness that influence how well a certain
technology is received [38,39]. TOP refers to users’ favorable
perception of technology, while technology innovativeness
(TIN) refers to users’willingness to adopt technology early and
lead to its use.

The PE and PU constructs of TAM are closely related to TOP
and TIN. In the academic setting, students’ perceptions of
technology can be influenced by their peers and instructors. If
the student’s immediate academic circle has a positive view of
a particular technology, the student will likely also develop a
favorable opinion. Similarly, tech-savvy students tend to have
a positive self-perception. Early on in the acceptance of
technology, students are usually eager to pioneer using advanced
technologies [40-44].

Furthermore, a student’s optimism about technology is linked
to their level of involvement in guiding its use. Similarly,
technological optimism can significantly impact a student’s
attitude. IoT acceptance is greater for learners who are
enthusiastic about experimenting with novel innovations.
Technological innovators infrequently perceive new innovations
as being challenging or outside their comprehension. Individuals
are more inclined to regret not having the freedom to play
around with novel technologies [45]. As a result, a number of
hypotheses are put forth:
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• H1: TOP affects positively the PE.
• H2: TOP affects positively the PU.
• H3: TIN affects positively the PE.
• H4: TIN affects positively the PU.
• H5: LMT affects positively the PU.
• H6: PE affects positively the intention to use Internet of

Things (INT).
• H7: PU affects positively the INT.

By evaluating the association between TAM and its connected
factors, this research seeks to add to a collection of current work.
It has been said that it is important to measure these variables
and analyze their relationship to TAM to assess the efficiency
of IoT in classrooms. Past research and literature have mostly
focused on preservice teachers, and there is a need to conduct
more studies involving in-service teachers to enhance the
practicality of the TAM model [46,47]. Thus, this study
investigates the correlation between teachers’ levels of TAM
and their attitudes toward IoT acceptance when working with
teachers from different fields.

Methods

Data Collection
The data collection for this study was carried out between
January 20 and March 20, 2023, throughout the academic year
2023‐2024’s winter semester, at educational institutions in
the United Arab Emirates. The research team used web-based
surveys to collect data, with 500 questionnaires randomly
distributed. Of these, 463 surveys were answered, resulting in
a response rate of 93%. Some questionnaires were rejected due
to missing values. Since a few surveys had no responses, they
were discarded, leaving 769 usable questionnaires, which is
considered an appropriate acceptable sample size according to
Krejcie and Morgan [48]. Although the sample size exceeded
the minimum requirements, the research team used SEM

SmartPLS (version 3.2.7; SmartPLS GmbH) and SPSS Statistics
(version 23; IBM Corp) to evaluate the hypotheses and confirm
the relationship between variables. It is important to note that
the hypotheses were based on previous theories related to IoT,
which formed the foundation of this study.

Ethical Considerations
Ethical considerations were meticulously adhered to throughout
the research process. All procedures involving human
participants were approved by the institutional review board of
the host universities in the United Arab Emirates
(#RAREC00065), ensuring compliance with ethical standards.
Informed consent was obtained from all participants before data
collection, and they were informed of their rights to withdraw
from the study at any time. Privacy and confidentiality were
strictly maintained, with all data being anonymized and securely
stored to prevent unauthorized access. Participants were not
compensated for their participation, as the study involved
minimal risk and was conducted as part of educational activities
within the institutions involved.

Student’s Personal Information
The demographic data of the respondents (N=463) are presented
in Table 1. The data showed that 70% (n=325) of participants
were female and 30% (n=138) were male. In terms of age, 42%
(n=193) of participants were between 18 and 29 years, 35%
(n=163) were between 30 and 39 years, 21% (n=99) were
between 40 and 49 years, and 2% (n=8) were between 50 and
59 years. Regarding education, 80% (n=372) of participants
held a bachelor's degree, 14% (n=62) held a master's degree,
and 6% (n=29) held a doctoral degree. To obtain participants'
willingness to participate, the research team used a purposive
sampling approach. The participants came from various
universities, academic levels, and programs relevant to this
research. SPSS Statistics was used to analyze the demographic
data.

Table . Demographic data of the respondents (N=463).

Value, n (%)Category

Sex

325 (70)    Female

138 (30)    Male

Age (years)

193 (42)    Between 18 and 29

163 (35)    Between 30 and 39

99 (21)    Between 40 and 49

8 (2)    Between 50 and 59

Educational qualification

372 (80)    Bachelor’s degree

62 (14)    Master’s degree

29 (6)    Doctorate
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Study Instrument
This research proposed a survey instrument for validating the
hypotheses. To assess the 6 constructs of the questionnaire, an

additional 18 questions were included in the survey. The origins
and histories of these constructs are presented in Table 2. To
make the research more relevant, the researchers modified the
questions from previous studies.
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Table . Measurement items.

SourcesInstrumentDefinitionItemsConstructs

[45]The term “technology inno-
vativeness” describes a us-

TINa •• I accept IoTb technolo-
gy to be used in my

TIN1
• TIN2

er’s perception that they are• TIN3 daily classes.
at the forefront of technolo- • I am the only one.

There is only me pre-gy use. Users who are pio-
neers in adopting new tech- pared to use IoT tech-
nologies typically do not nology among my fel-
view them as complicated low students.
or difficult to comprehend. • I am ready to use. I am

prepared to use and ex-Such users may feel a sense
of regret if they miss the periment with the latest
chance to experiment with
new technologies.

information technolo-
gies.

[2,49]A person’s readiness to use
technology is known as
technological optimism.

TOPc •• I am ready to test. Pre-
pared to take the test
IoT technology.

TOP1
• TOP2
• TOP3

• To complete my assign-
ments to finish my
homework, I will be
using IoT.

• I will learn more with
the help of my pre-
paredness to use IoT.

[50,51]The concept of learning mo-
tivation is used to measure

LMTd •• I can improve my focus
by using IoT for my

LMT1
• LMT2

daily classes.the behavioral intention to• LMT3
use technology. Motivation • Using IoT makes me

feel more confident.learning is composed of 4
key components, which are • Using IoT for study

purposes satisfies me.attention, relevance, confi-
dence, and satisfaction.
These components have
been identified in previous
studies [50,51].

[52]The TAMf was introduced
by Davis [52] as a means of

PEe •• IoT technology being
simple will polish my
skills.

PE1
• PE2
• PE3 assessing the effectiveness

• I can improve my
learning achievements

and acceptance of technolo-
gy. The model includes the

by using IoT technolo-concept of PE, which refers
gy.to the user’s perception of

• IoT is simple and easy
to use.

how effortless it is to use the
technology.

[52]Usefulness refers to PU that
the users of technology may
see.

PUg •• IoT technology will
hugely benefit me.

PU1
• PU2

• IoT will make my abil-
ities and skills better.

• PU3

• Using IoT for my daily
classes is beneficial.

[53]An individual’s view of
what others think about a

INTh •• IoT will be my go-to
for daily tasks.

INT1
• INT2

certain behavior is known as
a behavioral intention to use.

• In the future, I will be
using IoT.

• INT3

• IoT technology will be
my recommendation to
every student.

aTIN: technology innovativeness.
bIoT: Internet of Things.

JMIR Hum Factors 2025 | vol. 12 | e58377 | p.2160https://humanfactors.jmir.org/2025/1/e58377
(page number not for citation purposes)

Alhumaid et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


cTOP: technology optimism.
dLMT: learning motivation.
ePE: perceived ease of use.
fTAM: technology acceptance model.
gPU: perceived usefulness.
hINT: intention to use Internet of Things.

Survey Structure
The questionnaire survey given to the students has 3 sections.
Three components make up the survey that is provided to
learners: (1) personal data is the focus of the first section, (2)
the general question related to the “Intention to Use IoT” is the
second section, and (3) 15 items that deal with TIN, TOP, LMT,
PE, and PU is present in the third section.

A 5-point Likert scale was used to assess the 18 items, with
response options ranging from 1=strongly disagree to
2=disagree, 3=neutral, 4=agree, and 5=strongly agree.

Results

Data Analysis
In this study, the gathered data were analyzed using SmartPLS
(version 3.2.7) software through the partial least
squares–structural equation modeling (PLS-SEM) technique
[54-56]. The evaluation consisted of 2 stages: the measurement
model and the structural model [57,58]. PLS-SEM was selected
for this research after considering several factors.

The selection of PLS-SEM for this study was based on several
reasons. First, PLS-SEM is preferred when the study aims to
build on an existing theory [59]. Second, PLS-SEM is effective
in handling complex models in exploratory research. Third,
PLS-SEM analyzes the entire model as a single entity rather
than dividing it into components [60]. Finally, PLS-SEM allows
for the simultaneous analysis of structural and measurement
models, leading to more accurate results [61].

Convergent Validity
Hair et al [57] suggested that to assess the measurement model,
it is important to examine the construct reliability (including
Cronbach ɑ and composite reliability) and validity (including
convergent and discriminant validity). Table 3 shows that the
Cronbach ɑ readings are greater than the suggested criterion of
0.7, and vary from 0.797 to 0.858 [62], indicating good construct
reliability. Similarly, the proposed criterion is also greater than
the composite reliability numbers, which vary from 0.735 to
0.858 [63]. Factor loading and average-variance extracted (AVE)
analysis are required to evaluate convergent validity [57]. The
factor loading values in Table 3 are higher than the
recommended threshold of 0.7, and the AVE readings are greater
than the suggested limit of 0.5, spanning from 0.556 to 0.712.
These results suggest that there is convergent validity.
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Table . Convergent validity results which assures acceptable values (factor loading, CAa, CRb, Dijkstra-Henseler’s ρ ≥0.70, and AVEc >0.5).

AVECRCAFactor loadingConstructs and items

0.6080.8240.856TINd

0.723    TIN1

0.873    TIN2

0.858    TIN3

0.7010.8580.842TOPe

0.804    TOP1

0.816    TOP2

0.801    TOP3

0.7120.8510.815LMTf

0.765    LMT1

0.844    LMT2

0.758    LMT3

0.6620.7350.797PEg

0.858    PE1

0.825    PE2

0.758    PE3

0.5560.8530.858PUh

0.801    PU1

0.829    PU2

0.732    PU3

0.6120.8430.825INTi

0.812    INT1

0.721    INT2

0.749    INT3

aCA: Cronbach ɑ.
bCR: composite reliability.
cAVE: average-variance extracted.
dTIN: technology innovativeness.
eTOP: technology optimism.
fLMT: learning motivation.
gPE: perceived ease of use.
hPU: perceived usefulness.
iINT: intention to use Internet of Things.

Discriminant Validity
To assess discriminant validity, 2 criteria were recommended:
the Heterotrait-Monotrait ratio and the Fornell-Larcker criterion
[57]. According to Table 4, the Fornell-Larcker criterion is met,
as the AVE and its square root for each construct exceed its
correlation with other constructs [64]. Table 5 displays the

Heterotrait-Monotrait ratio results, which demonstrate that each
construct’s value is below the threshold value of 0.85 [65]. This
suggests that discriminant validity exists, and the measurement
model’s reliability and validity were confirmed without any
issues. As a result, the collected data can be used for analyzing
the structural model.
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Table . Fornell-Larcker scale.

INTfPUePEdLMTcTOPbTINa

—————h0.864gTIN

————0.883g0.675TOP

———0.723g0.2630.182LMT

——0.861g0.2360.2450.664PE

—0.812g0.3130.3730.2830.664PU

0.890g0.2860.4070.2750.5730.540INT

aTIN: technology innovativeness.
bTOP: technology optimism.
cLMT: learning motivation.
dPE: perceived ease of use.
ePU: perceived usefulness.
fINT: intention to use Internet of Things.
gThese values represent the square root of the average variance extracted for each construct, according to the Fornell-Larcker criterion. They are placed
diagonally to demonstrate discriminant validity. A construct should share more variance with its indicators than with other constructs (off-diagonal
correlations).
hNot applicable.

Table . Heterotrait-Monotrait ratio.

INTfPUePEdLMTcTOPbTINa

0.3360.7410.1130.4730.355—gTIN

0.5120.5790.5120.406—0.355TOP

0.0210.5590.702—0.4060.473LMT

0.3630.328—0.7020.5120.113PE

0.486—0.3280.5590.5790.741PU

—0.4860.3630.0210.5120.336INT

aTIN: technology innovativeness.
bTOP: technology optimism.
cLMT: learning motivation.
dPE: perceived ease of use.
ePU: perceived usefulness.
fINT: intention to use Internet of Things.
gNot applicable.

Hypotheses Testing Using PLS-SEM
To assess whether the theoretical constructs of the structural
model are interconnected, the study used Smart PLS with
maximum likelihood estimation to create a structural equation
model [66]. The proposed hypotheses were then analyzed using
this model. The results indicated a high level of predictive power
for the model, with 86.3% of the variance in INT being
accounted for, as shown in Figure 3 and Table 6.

Table 7 provides information on the β values, t values, and P
values of all developed hypotheses based on the findings
produced using the PLS-SEM technique. The researchers have

confirmed each hypothesis. The empirical data supported H1,
H2, H3, H4, H5, H6, and H7 following the data analysis
hypotheses. This study demonstrates that TOP and TIN have a
noteworthy influence on PE with respective regression
coefficients (β=.412, P=.04), and (β=.608, P=.002), supporting
H1 and H3. Moreover, the results indicate that PU is
significantly impacted by TOP (β=.381, P=.04), TIN (β=.557,
P=.003), and LMT (β=.752, P<.001), supporting hypotheses
H2, H4, and H5, respectively. Finally, the study reveals that the
relationship between PE and PU significantly affects INT with
respective regression coefficients (β=.619, P<.001) and (β=.598,
P<.001), supporting H6 and H7.
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Figure 3. The path coefficients of the research model. IoT: Internet of Things. *P<.05; **P<.01; ***P<.001.

Table . The R2 values for the endogenous latent variables.

ResultsR 2Construct

High0.692PEa

High0.731PUb

High0.863INTc

aPE: perceived ease of use.
bPU: perceived usefulness.
cINT: intention to use Internet of Things.

Table . Results of hypotheses testing for the research model at significance levels of .01 and .05.

DecisionDirectionP valuet test (df)PathRelationshipH

SupportedPositive.0485.552 (461)0.412TOPa -> PEbH1

SupportedPositive.044.843 (461)0.381TOP -> PUcH2

SupportedPositive.00210.247 (461)0.608TINd -> PEH3

SupportedPositive.0039.358 (461)0.557TIN -> PUH4

SupportedPositive<.00114.450 (461)0.752LMTe -> PUH5

SupportedPositive<.00116.753 (461)0.619PE -> INTfH6

SupportedPositive<.00114.195 (461)0.598PU -> INTH7

aTOP: technology optimism.
bPE: perceived ease of use.
cPU: perceived usefulness.
dTIN: technology innovativeness.
eLMT: learning motivation.
fINT: intention to use Internet of Things.

ANN Results
The predictors identified during the PLS-SEM analysis are
further investigated through ANN analysis using SPSS software.
The PLS-SEM analysis identified TIN, TOP, LMT, PE, and PU
as critical factors; therefore, ANN analysis also considers these
3 factors only. The structure of the ANN model is based on
behavioral intention as an output neuron and TIN, TOP, LMT,

PE, and PU as input neurons (Figures 4-6). ANN model
supported deep learning in all the output neuron modes through
its 2-hidden layer deep structure [67,68]. The researcher applied
the activation function of the sigmoid function to hidden
neurons, as well as output neurons, keeping the values of input
and output neurons between [0, 1]; this allowed the researcher
to obtain better performance from the research model [69,70].
He also applied the 10-fold cross-validation method to training

JMIR Hum Factors 2025 | vol. 12 | e58377 | p.2164https://humanfactors.jmir.org/2025/1/e58377
(page number not for citation purposes)

Alhumaid et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and testing data in the ratio of 80:20 to ensure that there is no
overfitting in the ANN model [71]. The researcher evaluated
the root mean square of error (RMSE) to test the neural network
model for accuracy. The training data showed an RMSE value
of 0.1388 for the ANN model while the testing data showed an

RMSE value of 0.1439. The training and testing data showed
only slight variance in the RMSE values and SD values (ie,
0.0043 and 0.0096). Hence, we can infer that using the ANN
model enhances the accuracy of the research model.

Figure 4. ANN model for predicting PE. ANN: artificial neural network; PE: perceived ease of use; TIN: technology innovativeness; TOP: technology
optimism.
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Figure 5. ANN model for predicting PU. ANN: artificial neural network; LMT: learning motivation; PU: perceived usefulness; TIN: technology
innovativeness; TOP: technology optimism.
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Figure 6. ANN model for predicting INT. ANN: artificial neural network; PE: perceived ease of use; PU: perceived usefulness; INT: intention to use
Internet of Things.

Sensitivity Analysis
The researcher estimated the value of normalized importance
by comparing each predictor’s average value with the maximum
mean value depicted among all predictors stated in percentage
form. The values of normalized importance and mean
importance computed for the predictors involved in ANN
modeling are recorded in Table 8. This table also depicts the
outcomes of the sensitivity analysis which identifies the
predictor of PU to have the most significant impact on
behavioral intention; the second most significant impact was
imposed by TOP while the least impact was imposed by PE.
ANN application was additionally assessed for its accuracy and

performance by computing the goodness-of-fit for authentication
and validation of the application. The ANN application uses

goodness-of-fit just as PLS-SEM analysis uses R2 [72,73]. The
predictive powers of both the applications are compared where
ANN analysis outperforms the other one with a predictive power

of (R2=89.7%) against the PLS-SEM predictive power of

(R2=86.3%). Hence, ANN analysis can explain endogenous
constructs more effectively than PLS-SEM. Moreover, ANN
analysis is based on deep learning and has the potential to better
identify nonlinear associations among constructs which results
in variances in the predictive powers of the ANN and PLS-SEM
methods.
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Table . Independent variable importance.

Normalized importance (%)Importance

83.10.335TINa

94.80.463TOPb

77.50.361LMTc

19.20.118PEd

1000.539PUe

aTIN: technology innovativeness.
bTOP: technology optimism.
cLMT: learning motivation.
dPE: perceived ease of use.
ePU: perceived usefulness.

Importance-Performance Map Analysis
This study has used importance-performance map analysis
(IPMA) as an advanced approach in PLS-SEM, which used
behavioral intention as the main variable. As suggested by
Ringle and Sarstedt [74], a better interpretation of the results
of PLS-SEM is possible by using IPMA. A substitute way to
only test the path coefficients (ie, importance measure), the
average value of the latent constructs, and their indicators (ie,
performance measure) are also included in the IPMA [74].
According to IPMA, the total effects reflect the predecessor
factors’ importance in developing the target factor (ie, behavioral
intention), while the average of latent constructs’ values is a

reflection of their performance. The IPMA findings are reported
in Figure 7. The estimation of the importance and performance
of the 5 factors (ie, TIN, TOP, LMT, PE, and PU) has been
shown in this table. According to the findings, the PU has been
reported to have the largest values in terms of both importance
and performance measures. Furthermore, it can be clearly seen
that TIN has the second largest values in terms of both
importance and performance measures. The third largest value
was reported in the case of TOP in terms of the importance
measure; however, it has the smallest value on the performance
measure. Relatively, the opposite scenario was reported in the
case of PE, as it had the lowest value on the importance measure.

Figure 7. Importance-performance map analysis results. INT: intention to use Internet of Things; LMT: learning motivation; PE: perceived ease of
use; PU: perceived usefulness; TIN: technology innovativeness; TOP: technology optimism.

Discussion

Principal Findings
The main findings of this study indicate that the intention to
adopt IoT technologies is positively influenced by both intrinsic
motivational factors and TAM constructs. Specifically, TOP,
innovation, and LMT play crucial roles at the initial level of
influencing IoT adoption. At a secondary level, the perceived
ease of use and PU, core elements of the TAM, directly enhance
the INT technologies. Further analysis using ANNs and IPMA
highlighted PU as a particularly significant predictor of IoT use
intentions.

Based on these results, it is evident that technology features are
critical in shaping users’ PE and PU toward IoT applications
and tools. The positive influence of TOP, innovation, and LMT
is reflected across all model variables, suggesting that
well-designed technology features can significantly boost IoT
acceptance. The TAM framework effectively provides a
user-friendly experience that meets users’ value expectations
and fosters positive emotional responses, which in turn,
positively impacts their INT. Additionally, the significant
positive impact of technology features on TOP boosts users’
trust in the system’s quality, further influencing their willingness
to engage with IoT systems. The social aspect of technology
use, where familiarity influences adoption, also plays a pivotal
role in the INT features. Technology innovation contributes
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significantly to perceived ease and usefulness, enhancing trust
and satisfaction during the user experience, thus fostering a
conducive environment for IoT adoption.

The confirmation of hypotheses H1-H5 supports the proposed
conceptual model and the proposed hypotheses [75-77]. Previous
research has also produced results that are consistent with these
findings. However, other studies have shown that the lack of
sufficient security and privacy are major challenges that may
hinder the deployment of IoT in education [63,64], and to reduce
these obstacles, future efforts to implement IoT in education
must consider these factors. Although IoT has not been widely
adopted in resource-limited countries, scholars need to examine
the factors affecting its adoption to enable effective deployment.
Therefore, scholars need to investigate the use and adoption of
these technologies in other domains.

Managerial Implications
The adoption of IoT in educational settings demands that
administrators and educational leaders ensure their faculty is
proficient in using IoT technologies effectively in the classroom.
This includes competencies in handling relevant technology
tools, understanding pedagogical integration, and applying these
technologies within various teaching scenarios. To support this,
institutions should offer targeted professional development that
focuses on both the technical and educational aspects of IoT.
Additionally, management should consider the infrastructure
upgrades necessary to support IoT technologies, such as
improved wireless networks and enhanced security measures
to protect student data [78,79].

Practical Implications
The practical applications of this study highlight the necessity
for educational curricula to evolve alongside technological
advancements. Institutions offering programs in computer
science and engineering should integrate IoT courses to prepare
students for the demands of the workforce, which increasingly
relies on IoT technologies. Moreover, schools should align their
IoT strategies with real-world applications, providing students
with hands-on opportunities to work with IoT in context. This
could include partnerships with IoT companies or practical
projects that allow students to solve real problems using IoT
solutions [80,81].

Theoretical Implications
This study contributes to the academic understanding of
technology adoption by confirming the significant role of

intrinsic motivational factors and TAM constructs in the
adoption of IoT technologies. By highlighting the dual influence
of personal motivation and perceived technological attributes,
this research extends existing models of technology acceptance.
Furthermore, the use of advanced analytical methods such as
ANN and IPMA provides a deeper insight into the nonlinear
relationships among the constructs, offering a nuanced
perspective that can inform future research in technology
adoption theories. This could encourage scholars to explore
how different educational contexts or cultural backgrounds
influence the adoption and effective use of emerging
technologies like IoT [82,83].

Conclusions
IoT technology has fundamentally altered the tech and business
industries, laying the groundwork for the creation of intelligent
societies and advancing social and economic development. The
IoT has advanced quickly and significantly. The research team
developed the PE and PU frameworks for Arab customers using
path estimation and modeling of structural equations depending
on their responses to analyze individuals’ acceptance of IoT. In
addition to additional factors including technology exuberance,
advancements in technology, and academic drive, the research
additionally looked at the effects of TAM components on these
factors. These factors and TAM components were found to be
directly related to the study. According to the research, the
incentive to learn, technological advancement, and technological
positiveness all had a substantial influence on PE and PU. While
earlier research has demonstrated that TAM components affect
the motivation to use IoT, this research has investigated how
other external factors, including social factors like LMT, can
affect these constructs. The study used a conceptual model to
examine users’ attitudes toward IoT adoption, with 2 levels of
analysis. The first level focused on social attitudes, particularly
the impact of the incentive to learn as a standalone factor. The
second stage looked at how personal traits influenced
technological positivism and inventiveness, influencing
customer needs and IoT interactions. Subsequent research could
look at how individual characteristics affect incentives to learn
and look at extra technological aspects that affect IoT uptake.
Subsequent research could improve the assessment and give
more insight into the value of IoT by including mediating factors
between personal characteristics and technological attributes.
The theoretical framework could also be used with cutting-edge
technology like metaverse systems and artificial intelligence.
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Abstract

Background: Electronic health records (EHRs) offer a valuable resource for research and health care improvement. However,
public acceptance of sharing personal health data is critical to the success of such initiatives. In Germany, automatic data sharing
via EHRs will be implemented unless people opt out.

Objective: This study aims to assess the willingness of the German population to share health data via EHRs and to explore
the role of trust in influencing these attitudes.

Methods: A computer-assisted telephone interview study was conducted in December 2023, with 1004 respondents aged 18
years and older, representative of the German population. Descriptive statistics and multivariate linear regression models were
used to analyze the data.

Results: The survey shows that 43.4% (n=432) of respondents would be willing to share their health data via EHR, and a
significant 34% (n=338) remain undecided. While the population is open to adoption of the EHR for personal health issues (n=483,
53% show interest in using it), the opt-out model for data sharing is viewed critically, with 44.7% (n=438) of respondents rejecting
it. Socioeconomic status significantly influences the willingness to share data, with higher income, education, and digital literacy
being associated with greater openness to data sharing. However, trust emerged as the most significant factor. Additionally,
experiences with digital technologies increase the willingness to share personal health data.

Conclusions: The German population shows general openness toward EHRs and data sharing. Trust plays a critical role in
promoting willingness to share health data. The findings highlight challenges in Germany’s transition to an opt-out system.

(JMIR Hum Factors 2025;12:e65718)   doi:10.2196/65718

KEYWORDS

data sharing; health; citizens; electronic health record; trust; digitalization; opt-out

Introduction

Legislative Context and Research Questions
Health data stored in electronic health records (EHRs) are
considered an extremely valuable source for advancing medical
science and health care. EHRs have the potential to provide
high-quality longitudinal data from a broad spectrum of the
population. It is therefore not surprising that many countries
are implementing data-sharing options to make use of these
data. In Germany, the EHR (“elektronische Patientenakte”) was
introduced on January 1, 2021, and is available to all legally
insured persons through their health insurance company. It can
be used to store and manage medical diagnoses and treatment
data. The use of the EHR also allows control over who can view
and access data. However, by 2024, only 1%‐2% of the eligible
population have an EHR. To increase the prevalence and
benefits of the EHR, the German Bundestag passed the Digital

Act (“Digital-Gesetz”) and the Health Data Use Act
(“Gesundheitsdatennutzungsgesetz”) on December 14, 2023.
This means that starting in 2025, for all people with statutory
health insurance in Germany, an EHR will be automatically
created unless they opt out. The Health Data Use Act further
allows for the use of pseudonymized health data for research
purposes by public and private institutions by amending §303e
SGB V. That means data stored in the EHR will be available
for research purposes including commercial purposes unless
people opt out. The data will be made available through the
German Heal th  Research  Data  Center
(“Forschungsdatenzentrum”). The legislative changes mark a
paradigm shift in the way health data are handled: the creation
of electronic patient records and the sharing of health data will
be automatic unless people actively opt out. The German federal
minister of health, Karl Lauterbach, stated that the paradigm
shift will be a “gamechanger” for the development of health
[1]. The new legal framework marks a step toward digitization
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that many experts have been calling for for a long time [2]. At
the same time, the extensive and passive sharing of health data
has been criticized by various stakeholders.

This paradigm shift raises some serious questions about the
social implications. There are a number of challenges to the
“data is gold” perspective [3]. Some social scientists criticize
that digitization in health bears potential for “panoptic
surveillance” [4]. Other critics [5] have highlighted data security
issues that can harm citizens in many ways. Furthermore, the
risks, but also the opportunities to benefit from digital health,
are unevenly distributed across society. There is ample empirical
evidence of a so-called “digital divide,” meaning that people
with lower socioeconomic status have lower chances of using
digital (health) services and face higher risks [4,6,7]. The
digitization of health therefore needs to be critically monitored.
Citizens should be aware of the potential benefits as well as the
potential dangers of sharing personal health data. This becomes
even more urgent with the implementation of an opt-out
mechanism. Opt-out is an instrument of nudging [8]. It aims to
increase the use of EHRs and the acceptance of data sharing by
“choice architecture” [9]. Citizens retain their freedom of choice
but are nudged toward using the EHR. However, an opt-out
mechanism relies on informed citizens to take deliberative
action, especially when data sharing can be harmful. The policy
of choice architecture and the use of EHR data for health
research make clear that health data sharing cannot be reduced
to an individual action but must be analyzed in its social context.
It raises questions of legitimacy, social inequality, and the
diffusion of knowledge among citizens.

This paper focuses on public opinion on EHR data sharing in
Germany. It answers three research questions: (1) Is there
sufficient willingness in society to share health data that justifies
the introduction of an opt-out scheme? (2) Does the willingness
to share data differs with socioeconomic status? (3) How can
individual willingness to share EHR data be explained?

State of the Art
This section summarizes the research on data sharing and
evidence on EHR adoption. International research finds
widespread support for the idea of EHRs among citizens and
institutions in the health care sector [10-12]. However, “evidence
indicates that consumers who have been offered access to
PEHRs have not widely used them and the number of active
users has remained low” [12]. For example, a recent study shows
that in the United States, the number of active users of the EHR
is about 26% (2019), despite its increasing integration in medical
practice [13]. In Germany, until 2024, according to data from
public health insurance, less than 2% of the insured actively
requested an EHR [14]. At the same time, only about half of
the population is even aware of the EHR [15]. Several studies
have shown that interest and use of the EHR show a digital
divide. Younger and more digital literate people show a higher
probability of using EHRs, while older and low-income groups
have less often access [12,16,17]. Regarding socioeconomic
factors, lower educational and employment status, as well as
belonging to an ethnic minority, have a negative impact on
individuals’ desire to access and use EHRs [12,18].

Several studies have examined citizens’ motivations for using
EHRs. The perceived advantages and disadvantages strongly
influence the intention to use and the actual use. Key factors
here are concerns about data protection and the fear of being
discriminated by health insurers or employers on the one hand,
and the benefits of better information and experience with the
portals or providers on the other [12,19,20]. Data protection
concerns are a key factor because health issues are relevant in
many areas of daily life [10,12,19]. This can be seen directly
when respondents report fears of stigmatization as a result of
digitally disseminated health information from the EHR [21,22].
For people with chronic diseases, the balance of advantages and
disadvantages seems to be clearly in favor of the advantages.
Several studies have reported higher levels of interest in
providing data due to the hope of treatment progress [23,24].
For people with chronic diseases, there are already care
programs in place that people can benefit from, such as disease
management programs [25].

While the research literature stresses that EHRs are potentially
an important tool to transform “passive recipients of treatment
to empowered consumers” [12], the empirical findings are rather
disappointing. Several international studies have shown that the
overall use of EHRs by patients remains low [12]. Furthermore,
there is little evidence of empowerment effects [12]. Even
people who have an EHR often do not know which data are
stored in the health record and how to interpret the information
[12,26]. When users experience that they do not understand the
EHR or the information stored in it, their willingness to use it
decreases significantly [23]. Thus, we can expect a significant
gap between interest in EHRs and actual use. This gap is likely
to be even more pronounced in Germany, with its high standards
for data security and complicated routines for accessing the
EHR.

Data sharing is an essential part of EHRs. Many EHR systems
allow anonymized health data to be used for scientific research.
While this can lead to progress in the health system, there is no
clear-cut advantage for an individual sharing its data, since
anonymization makes individual feedback regarding new health
insights hard. That might be the reason, why in public discourse,
data sharing is often labeled as “data donation” [27]. Research
regarding data sharing has shown that a considerable part of the
population (often exceeding 50%) is willing to share its health
data [27-30]. There are considerable differences between
different countries. For example, the Scandinavian countries
show the highest willingness to share health data, while people
in Southern Europe are rather skeptical about it [31]. For
Germany, recent research suggests that 8 of 10 citizens are
willing to share their health data for scientific purposes
[15,32,33]. Notably, this high approval rate also seems to hold
true for the planned opt-out regulation [33]. However, these
high approval rates have to be interpreted with caution, since
limited knowledge about health data sharing is widespread and
some studies have methodological limitations. Like many other
surveys in this area, the high approval rates rely on web-based
surveys that have proven to be of less quality regarding the
research results compared to face-to-face or telephone interviews
[34]. One reason is that they show a higher tendency to produce
biased results [35]. Since there is an empirical correlation

JMIR Hum Factors 2025 | vol. 12 | e65718 | p.2175https://humanfactors.jmir.org/2025/1/e65718
(page number not for citation purposes)

WilkeJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


between digital literacy and the willingness to share health data,
the results are likely to be too optimistic. Furthermore, some
questionnaires tend to highlight the positive impacts of data
sharing and thereby inflating the approval rate (The question
of the survey conducted in Germany was [15,32]: “Assuming
that in the future your personal health data, such as your medical
history, examination results, X-ray images, etc. can be stored
online in a digital health record. Would you agree that your
personal health data is used anonymously and free of charge
for the purpose of medical research so that in the future diseases
can be better recognized and new treatments developed?” And
“At present, the use of patient data for medical research requires
the consent of patients. However, it is often difficult or even
impossible to obtain such consent. Therefore, there are
considerations in Germany to legally allow medical research
without consent on encrypted patient data after an independent
review of the research project. In return, it should be possible
for every citizen to simply object to this so-called ‘data
donation’ How would you find such a legal regulation ... for
publicly funded research?”).

Empirical studies have revealed that the willingness to share
data differs among different groups. The findings are comparable
to the overall use of EHR: among those with higher age,
educational level, and income, a higher willingness to share
data can be observed [30,36-39]. Some studies investigate
potential individual causes for the willingness to share health
data for scientific purposes. These studies find that concerns
about confidentiality breaches and data misuse are important
factors that prevent data sharing [28,29]. Unsurprisingly, privacy
protection, anonymization, and transparency have proven to be
key factors for data sharing [29,40]. Furthermore, people are
motivated by potential benefits, including more altruistic ones,
like advancements in science and public health [29,40]. Another
key factor is the use of health data. While international research
has shown relatively high public support for the secondary use
of health data, this support decreases significantly when shared
data can be used by the private sector [41-43].

Another source of insight comes from studies that focus on the
social contexts in which data are shared. They have identified
2 other relevant aspects: digital literacy and trust. Health data
sharing relies on digital tools. Therefore, people who are more
familiar with digital tools may be less reluctant to share data.
In addition, technology companies such as Google and Apple
have created many services that make use of data sharing in
everyday life. Hence, digitally literate people are more involved
in data sharing in general. In line with this argument, empirical
studies show a higher propensity to share health data among
the more digitally savvy people [36,37,40,44,45]. On a more
abstract level, it can be argued that trust plays an essential role
in health in general [46] and in data sharing in particular. Since
the sharing of data is a socially highly indeterminate
constellation for social action, trust is a crucial resource. The
risks taken by data donors as well as the potential benefits
depend strongly on other actors and can hardly be known in
advance. For example, the question of anonymizing health data
can only be answered in relation to existing knowledge and
techniques. The benefits of data sharing are particularly
uncertain because there is no guarantee of medical progress,

and even if progress does occur, it is unclear whether data
donors themselves benefit. Given these theoretical arguments,
it is not surprising that empirical studies show an important
influence of trust. They can show that trust in the institutions
involved in data sharing is relevant, as is general trust in science
[15,29,36,37,40,44,45].

Methods

Ethical Considerations
Ethics approval was obtained from the ethics department of the
German Aerospace Center (21/23) before the interviews were
conducted. Participants gave verbal informed consent to
participate in the study. Anonymized interview data were
provided to the author by the survey institute. No compensation
was given to the interviewees.

Survey Design and Sample
The analysis is based on a dedicated telephone survey
(computer-assisted telephone interview [CATI]) about health
data conducted between December 7 and 21, 2023. The sampling
was carried out by the survey institute drei.fakt (Erfurt) on behalf
of the Ernst Abbe University of Applied Sciences Jena. For the
study, a representative randomized stratified random sample
was drawn based on randomized landline and cell phone
numbers (30/70) [47]. Random landline numbers were called
based on regional quotas. The mobile phone numbers were
sampled and stratified by telephone provider. A total of 11,451
residential numbers were called. In total, 1004 respondents aged
18 years and older participated in an interview. In contrast to
many web-based surveys in this area, CATI allows people
without internet access to be able to take part in the survey. To
ensure the quality of the sample, it was compared with the
population for age, gender, and region during the field period.
Statistics from the 2019 German microcensus served as a data
basis for comparing the distribution of the sample with the
distribution of the characteristics in the population. Compared
to population statistics, the unweighted sample underrepresents
immigrants and slightly overrepresents people with higher
education. This selection bias of telephone interviews is
well-known from survey research. Therefore, all analyses use
a weighting variable in order to adequately represent the
population in terms of demographic and socioeconomic
characteristics.

Questionnaire
The questionnaire comprised 32 questions regarding various
topics about health data sharing. The questionnaire included
information on digital skills, the willingness to share personal
health data in general, motives for and against data sharing,
questions regarding trust and data protection, as well as attitudes
toward the EHR and socioeconomic characteristics. The CATI
lasted approximately 20 minutes. Most questions were based
on a 5-point Likert scale or binary response options and included
multiple response categories. The final questionnaire included
feedback from 2 separate pretests. In this pretest, the survey
instrument was tested for its practical suitability in the field and
potential misunderstandings. The full questionnaire and survey
data are available in German via the GESIS repository [47].
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Data Analysis
Descriptive statistics and multivariate linear regression models
are used for analysis. The dependent variable in the multivariate
regression models is the attitude toward sharing health data via
EHR. People were asked on a 5-point scale (1=yes, definitely
and 5=no, definitely not): “Would you be willing to share your
health data from your EHR anonymized for medical research
purposes?” To minimize potential misunderstandings about the
EHR, the question was preceded by a brief explanation of EHRs
(“Since January 1, 2021, all people with statutory health
insurance can use the EHR via an app of the insurance provider.
The EHR contains medical findings and information from
previous treatments.”). It is important to note that this question
is hypothetical, as only a small fraction of people actually had
an electronic personal health record at the time of the fieldwork
(see Introduction section). However, in order to measure the
willingness to share personal health information and to take
into account the new legal framework, the question was phrased
in a hypothetical manner. This makes it possible to measure the
willingness to share extensive and potentially sensitive personal
health information rather than actual planned behavior.
Therefore, the question is also analyzed for respondents without
an EHR in order to reflect overall opinions about the new
legislative approach.

Results

The first step is to analyze the approval rates for the use of the
German EHR. In general, the population is very open to the
EHR. In total, 53% (n=483) of the population who claim to
have no EHR yet show interest in using it. At the same time,
8.9% (n=89) of the sample state that they already have an EHR,
in comparison to the 1% reported in official statistics. Therefore,
it has to be assumed that some people lack a proper
understanding of the EHR (see Limitations and Further Research
Questions section). Only a minority of 17.1% (n=156) refuse

to use it. The proportion of people with no clear opinion (partly
partly or do not know) is significantly higher (n=272, 29.9%).

The legislative proposals also introduce the sharing of health
data from the EHR for research purposes, as long as individuals
do not actively object. Figure 1 summarizes whether respondents
would be willing to share their personal health data stored in
an EHR. The figure summarizes the attitudes of respondents
with and without EHR. Respondents are more cautious about
data sharing compared to the interest in using the EHR. In total,
43.4% (n=432) of respondents are willing to share their health
data (yes, definitely or rather yes). Nearly 1 in 4 (n=225, 22.6%)
respondents oppose data sharing. In addition, a large proportion
of respondents are undecided (partly or not at all or do not
know). A high interest in using the EHR corresponds empirically
with a high willingness to share health data via EHR (no figure).
The bivariate correlation is considerably large with 0.56
(Spearman).

The attitude toward health data sharing varies considerably with
the data user respondents have in mind (Figure 2). The survey
included a question regarding health data sharing with different
institutions. It has to be noted that this question did not mention
the EHR directly but addressed the willingness to share health
data more generally. While 28.7% (n=285) and 18.8% (n=186)
do not want to share data with public research institutions or
public health insurances, about 38% (n=377) object to share
their personal health data with private research institutions.

In the next step, the interest to use the EHR and the willingness
to share health data for research purposes are measured for
different socioeconomic groups. Table 1 shows the percentage
of respondents in each group who intend to use the EHR and
how many would agree with data sharing (yes and rather yes).
In addition, respondents were asked for their opinions on
different consent mechanisms. Figure 1 shows the proportion
of people who explicitly reject the opt-out procedure as it will
be introduced by law in 2025—compared to those who agree
or are undecided (do not know).

Figure 1. Opinions about the use of electronic health record (EHR) and data sharing for research purposes (in percentages). Own calculation and
weighted results for the following questions: “Would you like to use the EHR to view and manage your digital health data?” (n=911; nonresponse and
people with EHR excluded) and “Would you be willing to share your health data from your EHR anonymized for medical research purposes?” (n=995;
nonresponse excluded).
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Figure 2. Willingness to share personal health data by data user (in percentages). Own calculation, weighted results for the question, “Would you be
willing to share your health data anonymously for medical research purposes with the following institutions?” (nonresponse excluded; n=993).
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Table . Socioeconomic differences in opinions about electronic health record (EHR)a.

Disagree with opt-out, n (%)Willingness to share data of EHR,
n (%)

Intention to use EHR, n (%)

Region

372 (46.8)350 (43.2)386 (52.1)    West Germany

67 (36)82 (44.3)97 (57)    East Germany

Gender

228 (45)200 (39.1)237 (50.2)    Woman

210 (44.4)232 (47.8)245 (56)    Man

Migrant (not born in Germany)

409 (44.5)430 (46)484 (56.6)    No

25 (48.7)18 (33.5)18 (37.3)    Yes

Income quartile

57 (38.5)50 (33.4)67 (48.6)    First (<1250)

90 (38.8)104 (43.9)120 (54.4)    Second (<1833)

91 (47.3)97 (49.2)103 (56.5)    Third (<2500)

119 (48)142 (57.3)134 (61.4)    Fourth

Age (years)

121 (44)116 (41.2)120 (48.8)    18‐39

163 (49.5)140 (42.1)164 (52.7)    40‐59

154 (41.2)176 (46.5)201 (56.6)    Above 60

Educational level

70 (35.3)79 (38.6)99 (51.8)    Low

148 (40.6)172 (46.8)182 (52.9)    Medium

98 (51.9)68 (35.9)84 (49.4)    High school degree

131 (58.1)116 (50.8)118 (57.7)    University degree

438 (44.7)432 (43.4)483 (53)Total sample

980995911Total respondents, n

aOwn calculations, weighted percentages for columns 1 and 2 (share of a sample with statement yes definitely and rather yes) and column 3 (share of
a sample who disagrees opt-out) in response to the question: “The German government is planning to use data from the electronic health records for
medical research, eg, for research on new diseases and therapeutic approaches. Which of the following consents do you agree with? ... My data will be
shared until I object.” Options to answer: agree or disagree or do not know or nonresponse; nonresponse excluded; do not know is interpreted as no
interest to use EHR, not in favor of data sharing and agree with opt-out.

There are clear socioeconomic differences in interest in using
the EHR and willingness to share health data, which are similar
for both variables. The higher a person’s socioeconomic position
(like income or education), the more open respondents are to
using the EHR and sharing their personal health data for research
purposes. Older people and men also tend to be more open.
There are pronounced differences by migration status. The final
column summarizes attitudes toward the opt-out process. First
of all, it is striking that the procedure implemented by the
legislator is explicitly rejected by a significant part of the
population. In the entire sample, 44.7% (n=438) say that they
are against an opt-out. Additional analyses not presented here
show that the remaining respondents either agree (n=400,
40.8%) or have no opinion (n=142, 14.5%). Interestingly, the
opt-out model is mainly rejected by people in a higher
socioeconomic position. There are hardly any differences with

regard to the other socioeconomic variables, except for a lower
level of rejection in the eastern part of Germany. Overall, the
descriptive statistics suggest that citizens are open to EHR and
data sharing but want a high degree of autonomy in dealing
with their health data. Additional analyses not shown here
indicate that active consent is supported by over 80% (n=788)
of respondents.

In the next step, the willingness to share data via the EHR is
examined in a multivariate linear regression model (Table 2).
The dependent variable is the willingness to share personal
health data expressed on a 5-point scale (Figure 1). To prevent
an excessive reduction in the sample, people who answered “do
not know” were assigned to the “partly partly” category. The
findings presented here remain stable even with a smaller
sample. The determinants identified in the State of the Art
section are added as independent variables to the model. Special
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attention is given to the role of trust. The first model includes
socioeconomic parameters. As shown in Table 1, the
multivariate model confirms socioeconomic differences.
However, some more differentiated statements can be made.
Controlling for other parameters, there is a curvilinear
relationship between age and willingness to share. The positive
squared age term indicates that the willingness to share is highest
among the very young and the very old. The willingness to share
is lowest among people in their 50s. On a 5-point scale, their
willingness is about 0.5 points lower than that of 20-year-old
people. Income has a positive significant influence on
willingness to share, which confirms the descriptive findings.
The level of education also has an influence. However, when
controlling for income, medium levels of education are
associated with the highest willingness to share. Women and
people born abroad show no different opinion regarding health
data sharing after controlling for income and education. The
model also includes a dummy variable indicating the presence
of chronic diseases. On the one hand, people with chronic
diseases may be at a higher risk of data misuse, but on the other
hand, they may be more likely to benefit from digitally
supported medical progress. In fact, interest in sharing data
appears to be 0.2 points higher for people with chronic physical
diseases.

The second model adds comfort with digital technologies. As
in comparable studies from other countries, there are significant
effects. People who find it easy to use digital technology are

more open to sharing their health data. However, the effect
disappears when the trust variables are included (model 3). Trust
turns out to be a very strong influencing factor. Trust in science
has the strongest influence. This is particularly noteworthy
because the trust indicator does not specifically address the
EHR or the institutions behind it but science as a whole.
Controlling for socioeconomic parameters, a person who
mistrusts the scientific system has a willingness to share that is
more than 2 points lower on a scale of 5 than a person who fully
trusts the scientific system. In addition, trust in the big
technology firms also has a highly significant influence on the
hypothesized direction. The strong influence of trust can be
seen directly in the sharp increase in the fit of the model (R²).
The model also includes a proxy for altruistic tendencies in the
form of a general willingness to donate (eg, money). The dummy
for people who donate on a regular basis is significant. In the
last model, motivations and concerns that may be associated
with data sharing were included. However, the last model should
be interpreted with caution. Because the wording of the
questions in the independent variables refers to data sharing,
the coefficients may be biased by self-reference (eg, if you care
about doing good for society by sharing your data, you will
more be willing to share). Nevertheless, the coefficients provide
important clues about the motives that drive data sharing. The
multivariate results show an interplay between altruistic motives
(doing good for society) and cost-benefit considerations
(potential benefits for personal and fear of data breaches that
expose personal health data to the public).
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Table . Willingness to share data of electronic health record for research purposes—linear regression modela.

Model 4 (n=828)Model 3 (n=828)Model 2 (n=828)Model 1 (n=828)

P valueCoefficientP valueCoefficientP valueCoefficientP valueCoefficient

.83−0.0431.92−0.0190.54−0.116.57−0.110Migrant (0/1b)

Gender (reference=woman and 1 nonbinary person)

.070.140.240.0947.190.120.090.153    Man (0/1)

.38−0.0133.11−0.0254.002−0.0543c.002−0.0530cAge (years)

.270.000163.060.000293.0010.000542c.0020.000515cAge² (years)

Educational level (reference=medium)

.13−0.151.08−0.184.07−0.217.05−0.233    Low (0/1)

.03−0.251d.01−0.319c.01−0.326d.02−0.321d    High school
(0/1)

.95−0.00558.83−0.0246.93−0.0100.980.00286    University
(0/1)

.0010.000116f<.0010.000136f.0020.000128c.0020.000130cIncomee

.310.0804.190.118.030.206d.030.201dChronic dis-
ease (0/1)

.96−0.00517.730.0441.540.0855.560.0810Mental illness
(0/1)

.42−0.0940.07−0.235.09−0.229——hRare internet

use (0/1)g

.330.0379.420.0330.020.107d——Digital open-

nessi

Trust in ...j

<.0010.191f<.0010.417f————    Sciences

.020.0948d<.0010.181f————    Big technol-
ogy compa-
nies

.540.0474.0260.183d————Donate regular-

ly (0/1)k

Motives for data sharing

<.0010.206f——————    Doing good

for societyl

<.0010.293f——————    Improve my

healthm

.007−0.206c——————    Afraid of
data breach

(0/1)n

.190.571.0021.448c<.0013.927f<.0014.307fConstant

aOwn calculations, weighted results. Model 1: R2=0.059; model 2: R2=0.072; model 3: R2=0.270; and model 4: R2=0.430.
b0/1 points to dummy variables.
cP<.01.
dP<.05.
eNet household equivalence income, imputed (5 times).
fP<.001.
gOnce a week or less.
hNot applicable; regression model with fewer covariates.
iUsing digital hardware and software feels easy for me (1.5=agree totally).
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jTrust (1.5=trust totally) in technology companies like Google, Facebook, Apple or in sciences.
kDonate for charity on a regular basis (monthly or yearly).
lSubjective importance that with data sharing I am doing good for society (1.5=very important).
mSubjective importance that with data sharing I profit regarding my personal health.
nI am worried that my data will be made public (0=disagree or 1=agree 1).

Discussion

Principal Findings
The results of this study shed light on attitudes toward the use
and sharing of EHRs for research purposes in Germany,
particularly in the context of the new legislation based on the
opt-out mechanism. Overall, the study reveals a nuanced picture
of the German population’s attitudes. The empirical results
show an openness to EHRs (about half of the nonusers express
a desire to use their EHR, signaling significant potential for
increased adoption). At the same time, a significant share of the
population remains skeptical or undecided. The overall openness
is in line with international research regarding interest in EHR
[12]. Given these high levels of interest, the introduction of an
opt-out model does not seem unjustified. However, especially
a large fraction of undecided people need to be properly
informed about the consequences of having their health data
stored electronically. While there is general support for sharing
health data, with 43.4% (n=432) of respondents indicating a
willingness to do so, a significant portion (n=225, 22.6%) remain
opposed, and a large number are undecided. The results indicate
a significantly lower willingness to share health data than has
been measured in comparable studies in Germany [15,33].
Possible explanations for these differences are (1) different
timing: other studies collected their data at a time when there
was no legal framework for health data sharing and therefore
risks, etc, had not yet been widely discussed in public. (2)
Methodological: this study is based upon a telephone survey
rather than web-based and explicitly allows people to have no
specific attitude by including categories like refuse to answer,
do not know, and neither nor. Last but not least, the
comparatively low willingness to share health data in this study
compared to international research [27,28] may be due to the
emphasis on the personal character of the data potentially shared.
The ambivalent results highlight the need for careful
consideration of how the opt-out mechanism is implemented
and communicated. Although there is openness in principle,
“soft paternalism” must be viewed critically precisely because
of the high proportion of undecided citizens. In contrast to the
principle of informed consent, in which the processes and risks
of data sharing have to be explained before citizens allow data
sharing, an opt-out solution presupposes that the population is
sufficiently informed in other ways. This becomes even more
clear after considering attitudes toward the opt-out mechanism,
which 44.7% (n=438) disapprove. Especially people who are
positive about EHRs and the sharing of their health data reject
the opt-out mechanism proposed by the legislator more often.
Presumably, “choice architecture” is seen as too much
interference in their own decisions.

The study also confirms a digital divide, as socioeconomic
factors significantly influence both the willingness to use EHRs
and the willingness to share personal health data. The results

are in line with international research findings [16,30]. Higher
income, education, and digital literacy are associated with
greater openness, while those with lower socioeconomic status
are more reluctant. However, socioeconomic factors are not the
most important in explaining openness to data sharing. Trust
plays a critical role in determining the willingness to share health
information. While other studies have pointed to the role of
trust as a significant factor [15,40,44,45], this study shows that
institutional trust has a decisive influence compared to other
factors. The influence of socioeconomic variables, as well as
other factors such as digital literacy, diminishes when trust
variables are taken into account, highlighting trust as a
fundamental element in the acceptance of digital health
initiatives. The observed socioeconomic disparities reinforce
the need for targeted interventions and information to ensure
equitable access and participation in digital health.

Policy Implications
The paradigm shift to an opt-out system is expected to increase
participation rates because it relies on passive inclusion rather
than active consent. However, this comes at the cost of
potentially creating a population of uninformed and passive
citizens who are enrolled in the system without fully
understanding the implications. This raises critical concerns
about consumer autonomy and challenges the notion of the
autonomous consumer who actively engages with—and consents
to—data-sharing practices. With a large portion of the
population still undecided about EHR adoption and data sharing,
the need for population-wide education becomes even more
apparent. Ideally, all citizens, regardless of their socioeconomic
background, should be able to make informed and autonomous
decisions about their participation. The study also shows the
complex mechanisms of the digital divide, with those in higher
socioeconomic positions being more open to the adoption of
EHRs but also more likely to oppose the opt-out system. This
suggests that the paradigm shift is perceived as a restriction of
autonomy. Those with greater resources and digital literacy
want to make informed choices and therefore resist mechanisms
that limit their freedom of choice. While those with greater
resources are likely to be able to opt out if they perceive the
risks of data sharing to be too high, they could trigger serious
political resistance to the opt-out mechanism. In contrast,
individuals with lower socioeconomic status may be less able
to navigate these systems and therefore are more vulnerable to
passive inclusion.

The transition to an opt-out system for EHRs in Germany marks
a significant policy shift with the potential to transform the
health sector. However, for this shift to be successful, it is
essential to address the underlying concerns of the population,
particularly around data security, autonomy, and the digital
divide. Continuous monitoring of the implementation of the
opt-out system will be crucial to keep and build trust within the
population.
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Limitations and Further Research Questions
In contrast to web-based surveys, which are often used in EHR
research, the CATI method used here avoids many problems of
self-reporting, sample bias, and inference [48,49]. However,
the quality of data collected through telephone interviews also
experiences low response rates. It seems highly plausible that
nonresponse is not random. People with lower levels of trust
and willingness are supposedly less likely to participate in the
survey. Thus, despite the weighting procedure applied, the
sample may be biased toward more trusting people. This
problem is common to other data used in comparable research.

Another limitation concerns the correct understanding of the
EHR in Germany. During the field phase, little more than 1%
of the insured population opted for the EHR. It is possible that
many respondents do not have a proper understanding of the
EHR or have no knowledge at all. The survey provides some
evidence in this direction. A question about knowledge of the
EHR reveals that 13.9% (n=139) have never heard of it. For
this group, the evaluation of data sharing is probably less
substantiated. However, at the same time, a large fraction says
that they have heard of the EHR (n=720, 71.7%) or even use it
(n=89, 8.9%). On the one hand, these results support the
assertion that a large proportion of the sample has a basic
understanding of the EHR. During the field phase, there was
also an extensive media discourse about the EHR, as the
Gesundheitsdatennutzungsgesetz was being discussed in
parliament in December 2023. On the other hand, the

self-reported use of the EHR does not match the official
statistics. Some respondents probably confused the EHR with
other apps provided by their health insurance. This problem of
overreporting has also been observed in other studies [15].

The study focuses on the interest in using the EHR and the
willingness to share health data. At the time of the field phase,
EHR adoption was very low, and a legal framework for health
information exchange was in its formative stages. Research has
already shown that there is a gap between attitudes and actual
behavior [12,42]. So the results have to be interpreted with some
caution. In addition, the high proportion of undecided
respondents indicates that reported attitudes are not very salient
and therefore susceptible to survey effects. However, other
studies share this disadvantage. Moreover, the consequences of
limited interest in EHR do not only affect surveys but also have
far-reaching practical implications, especially when using
opt-out regulations.

Future research should focus on the gap between interest in
using the EHR and actual behavior. With a focus on Germany,
the potential burdens of adoption should be analyzed in more
detail. With regard to trust, the potential ways to build trust
within the health care system without relying too much on
general institutional trust also point to new research directions.
Furthermore, there are interesting research questions regarding
self-responsibility in a system that becomes largely based on
passive consent (opt-out).
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Abstract

Background: The use of individual wearable devices or internet-based applications to collect biometric data from research
participants is popular, but several devices may be needed to replace a full set of research measurements.

Objective: In this study, we assessed the feasibility of a “Virtual Home Clinic” within the context of long-term epidemiologic
studies.

Methods: Participants from 3 study cohorts were recruited. Devices were sent to the home to measure anthropometrics, resting
metabolic rate, blood pressure (BP), heart rate (HR), heart rhythm, oxygen saturation, glucose, total cholesterol, physical activity,
diet, sleep duration or quality, and arterial stiffness over the course of 1 week. Stool and saliva were also self-collected for
microbiome, DNA, and cotinine. Feasibility and acceptability of collecting measurements using home devices were assessed.

Results: A total of 134 participants were enrolled (87% female, 31% Black; mean age 54.2, SD 8.4 years). Furthermore, 91%
(N=122) performed at least one of the home tests. At least two-thirds of participants were able to complete all of the requested
readings for glucose, electrocardiogram, BP, diet record, and resting metabolic rate. The scale that measured weight, body
composition, and pulse wave velocity (PWV) was more difficult to use (113/134, 84% participants recorded at least one weight
and 84/134, 63% recorded a PWV). The device to measure total cholesterol was least successful (32/134, 24% participants
completed all readings, 72/134, 54% provided at least one result). Return of biospecimens was highly successful (115/134, 86%
returned saliva and 113/134, 84% returned stool). Of 95 who responded to the user acceptability survey, 38 (40%) participants
preferred home assessment, 36 (38%) preferred clinic, and 21 (22%) did not have a preference. The mean user acceptability score
across devices for ease of use was 4.3 (SD 1.0), for instructions was 4.5 (SD 0.7), and for time to use was 3.9 (SD 1.1; scale of
1‐5, with higher scores indicating greater acceptability). The study team documented several regulatory or IT, connectivity or
account, data retrieval, and logistical issues encountered during the study.

Conclusions: Despite several complications involved with managing multiple devices and applications, most of the components
of the virtual home clinic were reasonably feasible and acceptable to participants.

(JMIR Hum Factors 2025;12:e71103)   doi:10.2196/71103
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Introduction

Early life factors play an important role in successful aging
[1,2]. However, prospectively collected data is needed to
construct accurate trajectories of health status (eg, BMI, blood
pressure, and cholesterol levels) and lifestyle factors (eg, diet,
physical activity, alcohol, and tobacco use) across the lifespan
to determine their association with cognitive and physical
function later in life. Many barriers exist in collecting
longitudinal data across the lifespan [3]. Importantly, as

adolescents age into adulthood, many move away from their
initial recruitment site which may reduce generalizability of
findings of the remaining cohort from adult follow-up visits.
Mobile health (mHealth) approaches have been proposed as a
means to overcome some of these barriers [4], but the feasibility
of collecting a broad range of measurements using at-home
devices has not been sufficiently evaluated in this setting.
Therefore, we conducted a study to evaluate the feasibility of
a “Virtual Home Clinic” by sending biometric measurement
devices to participants’ homes. We also sought to determine
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the acceptability of the virtual home clinic approach compared
with a research clinic visit. Separately, we will seek to correlate
measures obtained in the virtual home clinic to those in the
research clinic. Our goal is to establish the feasibility and
acceptability of using a suite of wearable technology and online
applications to conduct “remote” study visits in epidemiologic
studies to improve the sustainability of longitudinal studies
whose study population has dispersed over time.

Methods

Population
Three cohorts that are members of the International Childhood
Cardiovascular Cohort Consortium (i3C) [5] participated in this
study: the Bogalusa Heart Study (BHS), the National Heart,
Lung, and Blood Institute (NHLBI) Growth and Health Study
(NGHS), and the Princeton Lipid Research Study (PLRS). The
most recent phone follow-up of these cohorts this project was
completed in 2019 [6].

The BHS which began in 1973 conducted 9 cross-sectional
cardiovascular risk factor screenings of children aged 3 to 18
years between 1973 and 1992 in a community of Black and
White men and women of Bogalusa, LA, with participation
rates of 80% to 93%. In addition, 10 cross-sectional screenings
of young adults aged 19‐52 years who had previously been
examined as children have been conducted to date, with
participation rates of 72% to 93%. Cardiovascular risk factors
(adiposity, BP, and cholesterol levels) and noninvasive measures
of cardiac and vascular health (carotid intima media thickness
and arterial stiffness) [7].

The NGHS was initiated in 1987 as a study of racial
(Black-White) differences in the development of cardiovascular
risk factors in girls in Cincinnati, Ohio [7]. All participants were
between the ages of 9 and 10 years at baseline and followed
annually or biannually to age 28 years. Cardiovascular risk

factors, echocardiography and dual-energy x-ray absorptiometry
(DXA) and abdominal magnetic resonance imaging (MRI) for
adiposity were collected.

The PLRS was initiated in 1973 as part of the NHLBI Lipid
Research Clinics Study [8]. The study enrolled children in first
to 12th grades in the Princeton City School District of
Cincinnati, Ohio, plus a 50% random sample of the students’
parents (by household). Three study visits were conducted
between 1973 and 1978 to collect a variety of cardiovascular
risk factors. Between 1998 and 2003, 911 former school children
participated in another in-person visit at mean age 36.

For the current feasibility study of the virtual home clinic, 50
participants from each cohort living near the study sites, with
access to Wi-Fi at home, and who were willing to attend an
in-person visit at the study sites were invited to participate.
Procedures were explained, and informed consent was obtained
electronically. These 50 per cohort were invited from a subset
of 150 per cohort who had previously enrolled in a pilot study
testing the feasibility of phone administration of neurocognitive
evaluations. Enrollment into this virtual home clinic study thus
represents a convenience sample of contactable and willing
participants. The study protocol was approved by the
institutional review boards of the participating institutions.

Data Collection
Participants were asked to complete the virtual home clinic and
an in-person research clinic visit for the validation portion of
the study. The virtual home clinic study kit was either mailed
to a participant (if they conducted the virtual home clinic C
first) or given to the participant at the end of their in-person
visit. The virtual home clinic kit included detailed instructions,
staff contact information, an iPad (Apple Inc) with device apps
and instructional videos preloaded, a color-coded schedule of
activities, and shipping materials for returning the kit. The
virtual home clinic study protocol included 6 devices, 1 iPad
app and 3 sample collections (Table 1).
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Table . Home devices and online applications included in the virtual home clinic.

Data retrieval methodMobile technology devices and measurement domains and variables

Log into participant’s account in a browser and
request data download. Click link in email to
download a zip folder containing data in three

separate CSVa files.

Withings Body Cardio Scale

Weight

Body composition: %body fat, fat mass, lean
mass

Arterial stiffness: PWVb

Breezing Pro device

Log into participant’s account in app. Select op-
tion to export entire history. Follow link in email
to download CSV file.

Resting metabolic rate: resting energy expendi-
ture (measured and predicted)

AliveCor KardiaMobile 6L

Log into participant’s account in app. Download
PDF of each ECG completed, then export each
PDF via email. Save PDFs and enter results in
study database.

6-lead ECGc: heart rate and rhythm (normal, si-
nus, bradycardia, and atrial fibrillation)

QardioArm Home BPd Monitor

Log into participant’s account in app. Choose
the “Send History” option and enter an email
address. CSV file of results will be emailed to
that address.

Blood pressure; systolic and diastolic blood
pressure and heart rate

AimStrip Tandem

Use buttons on meter to view each test result.
Enter results in study database.

Laboratory assays: glucose and total cholesterol

GB HealthWatch 360

Log into study’s HealthWatch portal in browser.
Generate and download report for relevant dates.
Data exported in two CSV files in a zip folder.

Dietary intake: mean total calories per day, %
calories from fat, total sodium per day, and total
added sugars per day

Garmin Vivosmart 4

Log into participant’s account in browser. Under
“Reports,” generate and download CSV files for
each measure. Date formats may need to be ad-
justed.

Physical activity: number of steps, minutes of
intense movement, and heart rate

In browser, view sleep and oxygen saturation
data and save a screenshot for each night. Enter
results in study database.

Sleep: time in REMe + deep sleep and oxygen
saturation

DNA Genotek OMNIgene GUT OMR-200 stool collection

Sample collection status recorded in spreadsheet.Microbiome (16s): % collected

Abbott Quantisal saliva collection

Samples sent to LabCorp for processing. Retrieve
results from study’s LabCorp portal and enter
results in study database.

Cotinine

DNA Genotek Oragene OG-500 saliva collection

Sample collection status recorded in spreadsheet.DNA: % collected

aCSV: comma separated values.
bPWV: pulse wave velocity.
cECG: electrocardiogram.
dBP: blood pressure.
eREM: rapid eye movement
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Together, the devices were selected to measure key
cardiovascular parameters that would be included in a standard
in-person follow-up visit. Requested measurements included 3
glucose and total cholesterol readings with the AimStrip Tandem
(AimStrip), 3 electrocardiogram tracings with the Alivecor
KardiaMobile 6L (Kardia), 7 weight or body composition and
3 pulse wave velocity (PWV) readings with the Withings Body
Cardio scale (Withings), and 3 resting metabolic rate
measurements with the Breezing Pro device (Breezing;
Cincinnati cohorts only). One week of daily diet tracking was
requested using the GB HealthWatch 360 app (HealthWatch
360), and participants were asked to wear a Garmin Vivosmart
4 fitness tracker watch (Garmin) for the entire week to measure
activity (steps, minutes with elevated heart rate), oxygen
saturation during sleep, and sleep duration and quality. In
addition, 3 sets of 3 BP and HR measurements (total of 9) were
requested using the QardioArm Home BP monitor (Qardio).
Three biologic samples were requested: Abbott Quantisal saliva
collection (Quantisal), DNA Genotek Oragene OG-500 saliva
collection (Oragene) and DNA Genotek OMNIgene GUT
OMR-200 stool collection (OMNIgene). Subjects were asked
to return the kit and samples after 1 week. Once device data
was retrieved, a full reset was performed on all hardware to
ensure privacy between participants. For additional security,
new iPad app accounts were created for each participant using
only their unique study identifier and the demographics required
by the app (eg date of birth, sex, height, and weight). Reset
procedures were rigorously tested to confirm effective deletion
of all data, and were documented in detail in study manuals.
All kit components were thoroughly cleaned using hospital
protocols before and after each virtual home clinic.

A questionnaire to assess acceptability, ease of use, and
functionality of each device was sent to all participants
electronically after completion of the virtual home clinic. User
acceptability was assessed with the questions “Was this device
or app easy to use?” (1=Very difficult to use; 2=Somewhat
difficult; 3=Neither difficult nor easy; 4=Somewhat easy; and
5=Very easy); “Were the instructions easy to follow?” (same
scoring); “How do you feel about the time it took to use the
device or app?” (1=Took much longer than I would have liked;
2=Took somewhat longer; 3=Took about as long as I expected;
4=Took somewhat less time than I expected; and 5=Took very
little time).

Statistical Analyses
Feasibility was assessed as proportion of requested in-home
tests completed, and percent of requested saliva and stool
samples returned. Mean scores by device and overall were
calculated. Due to small sample size, differences by cohort, sex
and race were not assessed.

Ethical Considerations
Each center obtained approval from their local institutional
review board (IRB) and all participants signed an informed
consent. All data was identified with only a participant ID
number (deidentified). Participants were compensated $200 for
completion of all arms of the study.

Results

Population
A total of 134 participants consented to participate (Table 2).
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Table . Description of the study population. Three participants did not have laboratory evaluation.

All (n=134)PLRSc (n=41)NGHSb (n=52)BHSa (n=41)

54.2 (8.4)62.3 (3.4)45.5 (0.6)57.1 (6.7)Age (years), mean (SD)

93 (69.4)34 (82.9)25 (48.1)34 (82.9)Race (White), n (%)

18 (13.4)11 (26.8)0 (0)7 (17.1)Sex (male), n (%)

In-clinic measurements, mean (SD)

31.6 (8.3)30.8 (6.4)32.4 (10.6)31.3 (6.8)BMI (kg/m2)

184.6 (41.0)191.6 (35.8)182.2 (48.4)181.1 (35.4)Total cholesterol (mg/dL)

105.2 (33.5)107.0 (28.0)103.4 (38.8)105.6 (31.8)LDL-Cd (mg/dL)

54.2 (16.2)54.8 (15.2)53.4 (16.7)54.6 (16.9)HDL-Ce (mg/dL)

108.1 (79.6)99.9 (52.9)107.5 (109.3)116.4 (52.5)Triglycerides (mg/dL)

106.5 (34.3)105.6 (21.0)104.5 (32.9)109.9 (45.1)Glucose (mg/dL)

120.8 (16.6)126.2 (16.7)115.0 (13.8)122.7 (17.8)SBPf (mm Hg)

78.4 (10.6)79.5 (8.8)81.2 (11.2)73.8 (10.0)DBPg (mm Hg)

72.3 (12.3)67.7 (10.2)75.3 (11.0)73.0 (14.6)HRh (beats/min)

aBHS: Bogalusa Heart Study.
bNGHS: National Heart, Lung, and Blood Institute Growth and Health Study.
cPLRS: Princeton Lipid Research Study.
dLDL-C:
eHDL-C:high-density lipoprotein cholesterol.
fSBP: systolic blood pressure.
gDBP: diastolic blood pressure.
hHR: heart rate.

The mean age of the participants was 54.2 (SD 8.4) years, which
differed somewhat by cohort. Males (13%) were less likely to
participate than females (87%), partially due to the NGHS cohort
consisting entirely of women. White individuals comprised 69%
(93/134) of the participants and Black individuals were 31%
(41/134). In-clinic measurements showed a mean BMI in the

obese range (31.6, SD 8.3 kg/m2), slightly elevated LDL (105.2,
SD 33.5 mg/dL), glucose (106.5, SD 34.3 mg/dL), and systolic
blood pressure (120.8, SD 16.6 mm Hg), and normal diastolic
blood pressure (78.4, SD 10.6 mm Hg), total cholesterol (184.6,
SD 41.0 mg/dL), and triglycerides (108.1, SD 79.6 mg/dL).

Data Collected
Table S1 in Multimedia Appendix 1 lists issues related to device
or iPad application set up. General issues encountered included

institutional firewalls requiring permission to load apps on an
iPad; apps requiring Wi-Fi or a unique email address;
complicated instructions for participants; different processes
for account setup, data retrieval, cleaning or disinfection by
device; need to delete old data or resetting for each device and
participant; and differing exported data file formats by device
(eg, CSV, PDF requiring data entry, or data entry directly from
the device) requiring extensive programming to import into
statistical software. Issues encountered during execution of the
study (Table S2 in Multimedia Appendix 1) included IRB issues,
changes in devices or apps during the study by the manufacturer,
issues with batteries, and issues with passwords for apps.
Success of completion of the virtual home clinic protocol by
device or app type are displayed in Figure 1.
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Figure 1. Completion success by device (N=134). PWV: pulse wave velocity, SpO2: peripheral capillary oxygen saturation.

Overall, 122 out of 134 participants (91%) performed at least
one of the home tests. Return of biospecimens was highly
successful (115/134, 86% returned saliva and 113/134, 84%
returned stool). At least 91 of the 134 (68%) participants were
able to complete all of the requested readings for glucose,
electrocardiogram, BP, and diet record. All requested resting
metabolic rate measurements were obtained by 61 of the 93
(66%) NGHS and PLRS participants. The Withings scale that
provided weight, body composition, and PWV was more
difficult to use but 113 out of 134 (84%) participants provided
at least one reading of weight, 109 (81%) provided at least one
body composition reading, and 84 (63%) recorded a PWV.
Physical activity (steps) and sleep quality and quantity were
assessed in 113 out of 134 (84%) participants and oxygen
saturation in 106 (79%) participants using the Garmin watch.
The AimStrip device to measure total cholesterol resulted in
the most calls to the research team and only 32 out of 134 (24%)

participants completed all readings. At least one cholesterol
result was provided by 72 out of 134 (54%)participants.

Participants were asked whether they preferred home or in-clinic
assessment. Of the 95 who responded to this question, 38 (40%)
preferred home assessment, 36 (38%) clinic and 21 (22%) did
not have a preference. The mean user acceptability score (Table
3) across devices for ease of use was 4.3 (SD 1.0), for
instructions was 4.5 (SD 0.7) and for time to use was 3.9 (SD
1.1). The Garmin, Qardio, and Kardia had the highest overall
scores (4.7, SD 0.6; 4.6, SD 0.6; and 4.6, SD 0.7) followed by
the Withings (4.2, SD 0.9), Breezing and HealthWatch 360 app
(4.0, SD 0.7, and 3.9, SD 0.9), with the AimStrip achieving the
lowest overall acceptability (3.6, SD 1.2). Greater success with
a device was generally not correlated with higher acceptability
ratings. This analysis was limited by the fact that participants
completing few or no readings were less likely to complete the
acceptability survey.
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Table . Mean user acceptability score stratified by device.

GarminHealthWatch
360

Aim stripQardioKardiaBreezingWithingsResponses
(n=100)

4.7 (0.7)4.0 (1.1)3.6 (1.4)4.7 (0.6)4.6 (0.9)4.1 (0.9)4.1 (1.1)Was this device
or app easy to
use?

4.8 (0.6)4.5 (0.9)4.1 (1.2)4.8 (0.5)4.8 (0.5)4.5 (0.6)4.4 (0.8)Were the instruc-
tions for this de-
vice easy to fol-
low?

4.6 (0.9)3.4 (1.3)3.2 (1.3)4.3 (1.0)4.4 (1.1)3.4 (1.0)3.9 (1.3)How do you feel
about the time it
took to use the
device/app?

4.7 (0.6)3.9 (0.9)3.6 (1.2)4.6 (0.6)4.6 (0.7)4.0 (0.7)4.2 (0.9)Overall Accept-
ability Score
(mean rating for
the 3 factors as-
sessed)

Discussion

Principal Findings
Our study demonstrated that, with careful implementation,
collecting at-home biometric measures is feasible and generally
acceptable to participants in a longitudinal study. Recently,
attention has focused on the use of wearable technology and
internet-based applications to capture data that otherwise could
only be captured in the clinic. Although some technology, such
as accelerometers, have been in use for years [9], there is
increasing opportunity to use commercially-available wearable
technology and other send-out or mail-back methods to collect
epidemiologic data and biospecimens in lieu of clinic visits,
even for measurements that have historically been exclusively
conducted by medical personnel. However, there remains a
considerable gap in knowledge about whether such devices are
simple enough to facilitate the collection of valid
research-quality data at home and whether these devices are
acceptable in terms of ease of use and time commitment for
participants participating in mHealth research studies. If these
commercially available devices are feasible to use and
acceptable to participants, the use of such technologies in
extending the reach of epidemiologic studies to widely dispersed
populations could revolutionize the field, reduce place-based
follow-up bias, and improve the extent of measured data
available in follow-up studies.

Our study found 122 out of our 134 (91%) participants
performed at least one of the home tests thus demonstrating
feasibility. Furthermore, return of biospecimens was highly
successful. Home data collection was also highly acceptable
with a mean user acceptability score across devices for ease of
use of 4.3 out of 5. Interestingly, only 38 out of 95 (40%)
participants assessed preferred a home assessment and 36 (38%)
preferred in-clinic testing.

There were multiple general implementation issues identified,
the majority of which arose because the devices or apps were
developed for a single person’s use, while this study required

devices to be set up for multiple participants serially over the
course of the study. The requirement for a unique email address
for many devices, for example, quickly became an issue in this
context, as individual participant data needed to be kept separate,
but creation of an email address for each participant was not
feasible. Device- or app-specific rules about creation or deletion
of accounts required detailed protocols for study management.
Similarly, data from many of the devices was primarily
developed to be viewed in an app or portal by the individual
using the device, rather than being exported and used in
analyses. Thus, the processes for retrieving the data, and the
formats available for the data exports, differed not only across
but also within devices, creating complicated data management
workflows. While work-arounds were developed to overcome
nearly all of the issues, the burden on the study team was higher
than for standard clinic measurements.

In terms of the specific devices we tested, our study is the first
to date to demonstrate the feasibility and acceptability of the
Withings scale to measure body composition in the home. This
study also evaluated use of the Breezing in the home setting.
All participants repeated the Breezing testing multiple times,
and none reported complaints or issues; however, the sample
size was small (n=20) and many did occasionally forget to
perform the test in the fasting state. The present study did not
ask whether participants were fasting for all tests, which would
be a modification of study protocol in future studies. Another
study evaluated the Breezing in the home in pregnant women
[10]. They found 68% of participants performed all the requested
readings, although 44% had technical issues [10]. User
acceptability was modest with 56% reported they felt the device
was enjoyable or had neutral feelings about it, while 44%
reported it was not enjoyable [10]. We had higher completion
rates and user acceptability but our population was not
experiencing any pregnancy-related issues.

There are many studies validating apps to detect arrythmias
such as the Kardia [11-14]; however, none of these studies
provided user acceptability data. In a study using a different
device to detect atrial fibrillation [15], adherence to the study
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protocol (daily use for a year) was only 44%. Age, severity of
symptoms, and BMI influenced adherence but no user
acceptability data was provided [15].

There has been a rapid increase in commercially available
direct-to-consumer home BP devices of which many, including
the Qardio monitor used in this study, have undergone validation
studies [16]. No data on acceptability has been published
previously. The situation with home oxygen saturation
measurements is similar. The Garmin Vivosmart had excellent
agreement with a pulse oximeter at rest and 30 seconds after a
sit-to-stand and 6-minute walk test [17], but no user acceptability
data was provided and the device was not tested in the home.
For more complicated hemodynamic measures such as PWV,
there are no other commercially available devices for the home
besides the Withings [18], and no user-acceptability data has
been previously collected.

There are also a variety of commercially available products to
measure lifestyle habits such as sleep, physical activity, and
diet. The device we used (Garmin Vivosmart 4) has limited
published validation data [19], but no studies on
user-acceptability data. A study that used a Fitbit for activity
monitoring found that 80% of participants provided at least
some data during the 3-week study [20]. A few studies have
evaluated smartphone apps to track dietary consumption [21],
but none have published user acceptability data.

A few studies have examined general participant acceptability
of mHealth apps in general. Harmon et al [22] summarized
many of the barriers to implementation. For instance, older
participants may not have a smartphone or experience in mobile
apps. Waning participation over time is also noted when much
of the data collection requires active participation from study
subjects. Similar to our study, one group found that more than
one-third of participants did not wear the device during the
study period [23]. Push notifications can assist in reducing this
issue but if the device app does not have this feature, sending
reminders can be labor intensive. Also, reporting abnormal
results requires specific infrastructure and supervision [22]. One

study specifically measured acceptability based on a design
where a single or multiple devices were used [24]. Although
the use of multiple devices gave participants greater interest in
the study and more perceived benefit, they had lower confidence
in completing the measurements [24]. However, that study was
a survey about attitudes toward mHealth studies and did not
actually evaluate any specific devices.

Although our sample size is smaller than most epidemiologic
studies, it is still larger than many of the mHealth papers that
include user acceptability data published to date. We also had
a predominance of females, few minorities and the requirement
for Wi-Fi access for the participant to complete the at home
visit. Although digital literacy was not directly assessed, our
sample likely represents a reasonable cross-section of
technological proficiency. The most willing and engaged
participants likely self-selected themselves for participation as
this was a subset of the full cohort. Participants were given some
familiarity with the Breezing device during their in-clinic visit,
so participants may have felt more comfortable with this device
at home than would be the case in a truly remote visit where
the participants would only have the study materials provided.

Conclusion
Our study demonstrated that a virtual home clinic is reasonably
feasible and acceptable for remote assessments in longitudinal
studies. Challenges for mHealth projects include manufacturer
changes to the user interface or data extraction protocols over
time, research-specific concerns such as maintaining unique
profiles and emails for device apps without requiring the
participant to use their personal information, and IRB and
institutional concerns about device and participant safety. In
addition, over the course of a longer study, the devices
themselves might become obsolete and/or no longer supported
by the manufacturer. Despite encountered challenges, successful
data collection and positive user feedback suggest the potential
for revolutionizing epidemiologic studies, especially for widely
dispersed populations, and reducing geographic follow-up bias.
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Abstract

Background: Patient-reported outcome measures (PROMs) are tools for assessing symptoms and the quality of care. Despite
their growing use, conventional data collection methods limit widespread PROM implementation. In orthopedics, pain is a frequent
patient complaint and a common PROM, especially following total knee arthroplasty (TKA). Although TKA is generally successful,
some patients still report postoperative pain, potentially due to tourniquet use. Using an improved PROM data-gathering technique
may help to address tourniquet use during a TKA procedure and its impact on postoperative pain. The PainPad, an automated
self-logging device, was developed to capture patient pain levels accurately.

Objective: The aim of the study is to assess the feasibility and effectiveness of the PainPad device in quantifying in-hospital
postoperative pain following TKA with or without tourniquet use.

Methods: A retrospective study with 234 patients who underwent TKA from 2018 to 2021 at Milton Keynes University Hospital
was conducted. Patients were categorized as receiving TKA with an intraoperative tourniquet (tourniquet group) or TKA without
a tourniquet (nontourniquet group). Postoperative pain during the first 24 hours was self-reported every 2 hours using the PainPad
device. From both groups, data on hospital length of stay, total tourniquet time, and the presence of postoperative deep vein
thrombosis were also collected.

Results: There were 115 TKAs with tourniquets (72/115, 62.6% female patients; mean age 69.26, SD 9.93 years) and 119 TKAs
without tourniquets (91/119, 76.4% female patients; mean age 70.97, SD 9.01 years). When assessing 24-hour mean postoperative
pain scores, the PainPad device data indicated no significant difference (P=.53; 95% CI −0.76 to 0.39) between the tourniquet
(mean pain score 3.31, SD 2.34) and nontourniquet groups (mean pain score 3.12, SD 2.15). There was no correlation between
tourniquet times and the pain scores retrieved from the PainPad device. A subgroup analysis comparing longer (>90 minutes)
versus shorter (<90 minutes) tourniquet times showed no significant difference in terms of pain and length of stay.

Conclusions: The PainPad device is a feasible and effective method for collecting and evaluating in-hospital postoperative pain
following TKA, allowing for the quantification of individual pain levels. This study aligns with the current health care trend
toward leveraging innovative technologies and personalized data to enhance patient-centered care.

(JMIR Hum Factors 2025;12:e65271)   doi:10.2196/65271

KEYWORDS

electronic patient-reported outcome measure; total knee arthroplasty; tourniquet; PainPad; knee arthroplasty; automated self-logging;
collection device; retrospective cohort study; patient-reported outcome; quality of care; assessment; data collection; postoperative;
feasibility; effectiveness; electronic patient report; patient-centered care; innovative technology
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Introduction

Patient-reported outcome measures (PROMs) are tools that have
become increasingly used to systematically assess symptom
progression, satisfaction, and the overall quality of care provided
from the patient’s perspective [1,2]. Originally designed for
research purposes, incorporating PROMs into clinical care
represents a transition toward a more evidence-based and
patient-centered health care system [3]. Implementing PROMs
enables patients to quantify their subjective experience and
allows physicians to monitor symptoms and make informed
treatment decisions when combined with other objective
measures.

Among surgical specialties, PROMs have been most extensively
administered in orthopedics [4]. Since April 2009, the National
Health Service (NHS) mandated all publicly funded health care
providers of inpatient departments to collect PROMs for certain
elective procedures, including hip and knee arthroplasties [5].
Despite the increasing use and evidence supporting PROMs,
widespread implementation still faces several challenges among
orthopedic practices. The additional time, cost, and
administrative burden along with the risks of low patient
participation, data errors, and incorrect interpretation have been
frequently cited as limitations in integrating PROMs into
surgical practices [3,5,6]. These limitations may be attributed
to the current inefficiencies of conventional paper-based data
collection methods. As initiatives strive to sustain PROM use,
innovative data collection technologies tailored to the
complexities of surgical workflows will be needed to alleviate
these logistic and administrative constraints.

Within orthopedic practices, in-hospital postoperative pain is a
regularly assessed PROM following surgical interventions, as
it is a frequently cited patient complaint [7,8]. While some
PROMs can be objectively measured, pain is inherently
subjective and difficult to accurately capture. Current methods,
such as patient pain diaries, are often prone to inaccuracies due
to illegible handwriting, incomplete data, and recall bias [9-11].
Additionally, distributing, collecting, and processing
paper-based PROM methods require significant administrative
efforts and costs [12]. The manual data handling and entry
further increase the risk of transcription errors, compromising
the reliability of the collected data. The physical forms of
paper-based methods also require substantial storage space,
which can limit the timely retrieval of patient data [12]. The
emergence of electronic devices and platforms presents an
alternative approach to collecting pain-related data. Evidence
suggests that electronic data collection methods may be more
accurate, provide greater compliance, and yield fewer errors
compared to conventional methods [13,14].

Even with total knee arthroplasty (TKA) being one of the most
successful orthopedic procedures, 20% of patients were
unsatisfied due to their postoperative pain levels [15]. A
potential cause for this pain may be due to tourniquet use during
a TKA procedure; however, this topic remains controversial
among orthopedic surgeons. However, by using an improved
PROM data-gathering technique, it may help to address the

conflicting topic of tourniquet use during a TKA procedure and
its impact on postoperative pain.

The PainPad is a handheld automated self-logging device that
was developed to capture patient pain levels [11]. While other
electronic pain collection methods have focused on remote
monitoring in outpatient settings, the PainPad device was
designed for inpatient hospital use to provide instantaneous
postsurgical pain evaluation [11]. Thus, to showcase the clinical
utility and effectiveness of assessing postoperative pain, the
purpose of this study was to use the PainPad device to determine
if tourniquet use during TKA has a detrimental effect on
postoperative pain levels in the context of a modern multimodal
pain pathway and early mobilization.

Methods

Ethical Considerations
This research was approved under Integrated Research
Application System (229503) and the Open University Human
Research Ethics Committee (17/LO/1404). Informed consent
was provided by participants, and data were deidentified.

Study Design and Patients
This retrospective cohort study was conducted at Milton Keynes
University Hospital (MKUH), United Kingdom, and reviewed
234 patients who underwent TKA. Patients undergoing a
primary unilateral TKA between 2018 and 2021 at MKUH were
included in the study. Any patients undergoing revision TKA
were excluded.

Surgical Procedure and Postoperative Care
All cases were performed by 7 arthroplasty consultants at
MKUH, and all patients underwent the multimodal analgesia
program protocol for their inpatient rehabilitation. This modern
multimodal analgesia protocol was specifically designed to
enhance the recovery process, decrease the amount and
frequency of opioid use, and reduce the length of stay (LOS)
[16]. All patients were assessed preoperatively by the
physiotherapy team to collect PROMs and range of movement.

Patients were categorized as receiving TKA with an
intraoperative tourniquet (tourniquet group) or TKA without a
tourniquet (nontourniquet group). For patients receiving the
tourniquet, a conical tourniquet (85 cm long×8.5 cm wide) was
inflated to 300 mm Hg and kept inflated from the beginning of
the operation to the end of the procedure. This duration was
considered the tourniquet time. Aside from tourniquet use, all
TKAs were performed through the same standard surgical
approach, and all patients received the same postoperative
rehabilitation protocol.

The PainPad Device
Patients reported their postoperative pain levels using an
automated self-logging device named “PainPad” (Figure 1). A
previous study has outlined PainPad’s design process and user
testing with patients and hospital staff [11]. The handheld
PainPad device (9.5×6.5×3 cm) consists of a large keypad
allowing patients to rate their pain on a scale of 0‐10 (0=no
pain and 10=worst pain imaginable), mimicking the visual

JMIR Hum Factors 2025 | vol. 12 | e65271 | p.2198https://humanfactors.jmir.org/2025/1/e65271
(page number not for citation purposes)

Ajrawat et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


analog scale (VAS). Patients were shown how to enter their
pain level using the PainPad device. The physical box-like
design of the PainPad allowed for easy and quick disinfectant
and sanitary practices by hospital personnel. The PainPad device
consists of 2 LEDs and a beeper to notify patients to enter their
pain score every 2 hours to ensure compliance with pain logging

[11]. These pain scores were then linked to the patient via their
unique identifier. The combination of PainPad’s pain database
and the nurse’s entered pain scores on the electronic patient
record was combined to gain a maximal number of pain scores
for each inpatient episode for analysis.

Figure 1. The PainPad device (9.5×6.5×3 cm) is a 3D-printed rectilinear box made of acrylonitrile butadiene styrene (ABS) plastic. It features a red
and green surface-mounted LED light on the internal circuit board, which projects through light tubes on the surface, and a 3×4 membrane keypad
recessed into the front face. Beneath the ABS shell is a 70-dB speaker that emits sounds prompting the user to self-report their pain level by pressing a
button (0‐10), which beeps when pressed. The device also plays distinct sounds to signal success or failure when clinicians assign it to a patient.

Outcome Measures
The primary outcome of this study was the self-reported 24-hour
postoperative pain scores (mean, maximum, and minimum) on

the PainPad device in both tourniquet and nontourniquet groups.
Secondary outcomes included measuring hospital LOS, total
tourniquet time, and the presence of postoperative deep vein
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thrombosis (DVT) between both tourniquet and nontourniquet
groups.

Statistical Analysis
Descriptive statistics were used to analyze patient demographics
and general trends in outcome measures. Two-tailed t tests were
used to determine the differences in patient demographics,
24-hour postoperative pain scores from the PainPad device, and
hospital LOS between tourniquet and nontourniquet patients.
Additionally, 2-tailed t tests were used to assess PainPad pain
data and hospital LOS between a subgroup of patients with
longer (>90 minutes) or shorter (<90 minutes) tourniquet times.
The Spearman rank correlation was used to compare the
tourniquet time with PainPad pain scores and hospital LOS. For
our statistical analysis, the 2-tailed t test was suitable in
comparing 2 groups of patients (ie, with and without tourniquet),
with a Spearman rank determining a correlation between
tourniquet use and pain scores. Our data met the criteria for
both the 2-tailed t test (independence of observations,

approaching normal distribution, and homogeneity of variances
assessed through the Levene test) and Spearman rank
(monotonic, paired, and interval data). All statistical testing was
conducted using the SPSS software (version 21; IBM Corp).

Results

A total of 234 consecutive patients who underwent TKA (n=163,
70% female patients) were included (mean age 69.26, SD 9.93
years) and 119 underwent TKA without a tourniquet (91/119,
76.4% female patients; mean age 70.97, SD 9.01 years).
Regarding patient demographics, there was a significant
difference in female sex (P=.02) favoring the nontourniquet
group (Table 1). The median hospital LOS was 2 (IQR 1‐18)
days, and there was no significant difference in hospital LOS
between the 2 groups (P=.22; 95% CI −0.24 to 1.04). From the
cohort, only 1 of 234 patients experienced a DVT event, which
was from the nontourniquet group.

Table . Characteristics of included patients who underwent total knee arthroplasty using the PainPad device in the nontourniquet group and tourniquet
groups.

P valueTourniquet (n=115)Nontourniquet (n=119)Patient characteristics

.02Sex, n (%)

43 (37.3)28 (23.5)    Male

72 (62.6)91 (76.4)    Female

.1769.26 (9.93)70.97 (9.01)Age (years), mean (SD)

The PainPad device was used to assess patient-reported
postoperative pain between the 2 groups. When assessing
24-hour mean postoperative pain scores, the PainPad device
data indicated that there was no significant difference between
the tourniquet (mean pain score 3.31, SD 2.34) and
nontourniquet group (mean pain score 3.12, SD 2.15; P=.53;
95% CI −0.76 to 0.39). The PainPad device data further
suggested no significant difference in the maximum pain score
24 hours postoperatively between the tourniquet (mean
maximum pain score 6.34, SD 2.81) and nontourniquet group
(mean maximum pain score 6.12, SD 2.87; P=.55; 95% CI −0.95
to 0.51). There was also no significant difference in the
minimum pain score 24 hours postoperatively between the
tourniquet (mean minimum pain score 0.66, SD 1.72) and
nontourniquet (mean minimum pain score 1.03, SD 2.22; P=.15;
95% CI −0.89 to 0.13).

Tourniquet time was recorded from 110 of 115 patients with a
median time of 73 (IQR 19‐120) minutes. There was no
correlation between tourniquet time and hospital LOS (Spearman
ρ=−0.09; P=.38). When correlating tourniquet time with 24-hour
postoperative pain scores retrieved from the PainPad device,
there were no correlations for the mean (Spearman ρ=−0.01;
P=.90), maximum (Spearman ρ=−0.18; P=.07), and minimum
pain scores (Spearman ρ=0.12; P=.20). In correlating the VAS
with 24-hour postoperative mean pain scores, there was a very
low correlation (r=0.139) and an extremely low correlation with
maximum pain score 24 hours postoperatively (r=0.078). This
indicates that preoperative and postoperative pain were not
correlated. A subgroup analysis of patients with longer
tourniquet times (>90 minutes) and shorter tourniquet times
(<90 minutes) was also evaluated. From this, there were no
significant differences between longer and shorter tourniquet
times in terms of hospital LOS and self-reported pain data as
collected from the PainPad device (Table 2).

Table . Comparison of recorded PainPad postoperative pain levels and hospital length of stay (LOS) between long duration (>90 minutes) and short
duration (<90 minutes) tourniquet groups.

95% CIP valueShort duration tourniquet

(n=19), mean (SD)

Long duration tourniquet

(n=91), mean (SD)

Outcomes

−2.81 to 0.21.092.16 (3.04)0.86 (2.01)Minimum pain

−1.54 to 1.37.916.37 (2.79)6.29 (2.87)Maximum pain

−2.30 to 0.58.234.00 (2.86)3.14 (2.23)Mean pain

−0.49 to 1.21.672.53 (1.81)2.74 (2.49)Hospital LOS (days)
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Discussion

Principal Findings
PROMs represent a standardized method for monitoring patient
symptoms. The value of monitoring patients’ self-reported pain
levels during the first hours in the postoperative period is
essential to ensure optimal analgesia and patient satisfaction
[17,18]. This study provides evidence that the PainPad, an
automated self-logging PROM device, is feasible in collecting
pain levels after a major orthopedic surgical intervention. Since
our institution uses a modern multimodal analgesia protocol to
enhance the recovery process and limit the use of postoperative
opioids, the PainPad device provided surgeons with real-time
pain analytics within the 24-hour postoperative period to ensure
that appropriate analgesia and prompt intervention were
administered.

PROMs have become increasingly important in the context of
orthopedics, as many surgical interventions aim to improve
subjective patient outcomes such as pain. Incorporating PROMs,
such as pain logging, into routine care can harness critical patient
information to improve clinical decision-making and overall
support patient-centered care. Generally, self-reported pain
logging in an outpatient clinic setting is completed by
paper-based methods in the form of questionnaires, forms, or
patient diaries [10]. In contrast, during an inpatient hospital
stay, nursing staff typically collect pain levels at regular intervals
through monitoring or by having patients complete a numerical
pain rating scale [19-21]. However, these methods are often
time-consuming and impose additional burdens on clinical staff
[11]. In some instances, staffing limitations can sometimes
prevent sufficiently frequent pain log entries [11]. Additionally,
studies have indicated that pain levels recorded by nursing staff
are often incomplete and potentially inaccurate, as patients may
feel reluctant to fully express their pain [20,22]. Orthopedic
surgeons have also expressed various logistical and technical
challenges in collecting pain levels and other PROMs. For
instance, surgeons indicated that the additional administrative
tasks involved in data collection and the prevalence of missing
data along with poor visual display and the complexity of
completing PROMs hindered their ability to administer PROMs
to their patients [6]. Collectively, these limitations of
conventional paper-based methods coupled with the
earlier-mentioned barriers further emphasize the need for
innovative technologies to seamlessly integrate self-logging of
pain and PROMs.

Currently, the NHS PROM program administers paper-based
collection methods, incurring an annual cost of US $1.1 million
[23]. However, as the NHS transitions toward a paperless system
and the PROM program expands, innovative technologies will
be required to reduce costs and streamline data administration
[24]. Studies have shown that electronic patient-reported
outcome measure (ePROM) tools and devices are equivalent to
their original paper-based counterpart [25,26]. With regard to
paper-based methods, poor response rate is a limiting factor in
assessing PROMs [27,28]. Yet, administrating ePROM tools
has been shown to circumvent poor response rates, as
automation permits outcomes to be collected at the scheduled

intervals. Gurland et al [29] showed that administering ePROMs
on a tablet to 103 patients who are undergoing surgery resulted
in a 96% response rate in comparison to 25% with a paper-based
collection method. Furthermore, ePROMs have the potential to
enhance patient-physician communication by offering real-time
pain tracking and avoiding possible recall bias [30]. The
practicality of ePROM modalities, along with their advantages
of automated data capture, lower long-term costs, faster
completion times, and reduced administrative errors [12],
demonstrates the potential role of ePROM tools within the NHS
to ensure widespread data capturing.

Most self-logging pain and ePROM technologies are designed
for remote or at-home monitoring. In contrast, the PainPad was
developed as an automated device to enable patients to provide
their pain ratings during their hospital stay. Previous research
with the PainPad showed that it improved the frequency and
compliance of self-reported pain logging among inpatients
recovering from ambulatory orthopedic surgery compared to
pain scores reported by nursing staff [11]. The PainPad offers
a convenient user experience for both patients and staff. It was
designed with patient feedback, ensuring an easy-to-use
interface. In one study, authors noted that 29% of patients had
difficulties completing the paper-based VAS form due to visual
impairment and physical restriction [31].

The PainPad device has several advantages over other pain
assessment methods in a hospital setting. Paper-based or verbal
pain assessments can be limited by patient fatigue, cognitive
impairment, and verbal communication difficulties and often
require manual transcription that could lead to errors [32,33].
Mobile apps and tablets often require patients to navigate various
user interfaces and provide typed or touched responses on a
touchscreen that may be difficult for older patients, those with
dexterity issues, or those experiencing severe postsurgical pain
[34]. Other mobile apps such as the PainChek app use facial
expressions for pain assessment; however, these tend to be used
in long-term care settings for patients with moderate to severe
dementia. Unlike other ePROM methods, the lightweight
PainPad features larger buttons that make it accessible for those
with mobility or vision issues, and the visual cues it provides
minimize response errors and ensure accurate data capture.
Additionally, the physical device allows patients who are unable
to verbalize their pain to report it accurately. Incorporating
tactile, auditory, and visual senses into the device is believed
to minimize typical patient errors associated with paper-based
or single-dimensional methods, thereby providing a more
standardized assessment of individualized pain levels. This
user-friendly interface minimizes the risk of noncompliance
while ensuring immediate, real-time accurate pain logging,
making it more suitable for hospital settings where rapid pain
assessment is critical. Given the importance of hospital infection
control, the device was designed for easy disinfection within
the hospital environment and to seamlessly integrate into clinical
workflows [11]. However, a drawback of the PainPad is that it
has not been assessed in postsurgical pediatric patients, where
adaptations may be required.

In our study, most were female participants, and research has
shown that pain perception differs between sexes. Female
participants often experience higher pain sensitivity and report
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higher postoperative pain scores compared to male participants
following TKA [35]. Additionally, patient age may also
influence pain perception, as aging reduces pain sensitivity for
lower pain intensities [36]. These sex and age-based differences
in pain perception may influence how patients interact with and
report pain using the PainPad device. Given these differences
in pain perception, it is ideal for patients to self-report their pain
at its most intense moments using accessible and patient-friendly
tools. Prior research suggests that older patients might prefer
alternative methods for self-logging their PROMs or struggle
with handheld technologies [12,37,38]. Research has shown
that younger patients have a greater preference for ePROM
methods [12,38-40]. However, the mean age in our study was
69.2 years, indicating that older patients can effectively use this
device. When comparing the PainPad interface to 2 tablet-based
alternatives, older adults preferred the tangible PainPad interface
for reporting their pain in the hospital setting [11].

In this study, we compared tourniquet use in TKA to showcase
the clinical utility and feasibility of the PainPad device in
collecting pain levels. Using tourniquets in TKA remains a topic
of considerable debate. Some orthopedic surgeons advocate for
their use, citing advantages such as improved surgical field
visualization, enhanced cementation through increased
interdigitation, reduced intraoperative blood loss, and shorter
operative times [41]. On the other hand, studies have indicated
a slightly elevated risk of DVT, quadriceps weakness, nerve
injury, decreased range of movement, higher transfusion rate,
longer LOS, and increased postoperative pain [42-49].

Our results suggest that the use of a tourniquet during TKA
procedures has no impact on the postoperative VAS score in
the context of a modern multimodal pain pathway with early
mobilization. Furthermore, there was no significant difference
between patients with a tourniquet for <90 minutes and those
with a tourniquet for >90 minutes with regard to postoperative
pain and hospital LOS. These findings contrast previous reports
that demonstrated increased pain among patients who underwent
TKA with a tourniquet [50,51]. However, this can be attributed
to the predate use of modern multimodal analgesia protocols
and early mobilization pathways, which aim to reduce
postoperative pain levels and hospital LOS, increase patient
mobility, and limit opioid analgesia use [52]. Moreover, the
absence of precise PROM data collection methods may have
impeded and further exacerbated the true efficacy of this

technique. By providing patients with the self-logging PainPad
device, we were able to gather sufficient data to demonstrate
that tourniquet use is associated with positive patient outcomes,
including effective pain management. By making a digital
self-logging of PROMs more accessible, we suggest that better
evidence will be available to improve other surgical and clinical
procedures.

Limitations
There are limitations to this study that need to be considered.
First, this was a retrospective study in a single academic center
with 234 patients who underwent TKA, which limits the
generalizability of our findings. The retrospective nature of our
study may have also potentially introduced inherent selection,
recall, and ascertainment biases, as the patient inclusion was
based on available data from our institution’s database.
However, since the PainPad device collects pain scores in an
instantaneous manner, this would ideally limit recall bias.
Furthermore, our statistical analysis indicated no significant
differences in major baseline confounding variables between
groups.

Second, patient comorbidities and preoperative pain data were
not collected, which may influence postoperative pain levels.
Third, TKA procedures were completed by 7 orthopedic
consultants, which may contribute to discrepancies in operative
technique. However, all surgeons followed the same
postoperative pain management protocol. Finally, this study
only assessed 24-hour postoperative pain; however, within the
24 hours, there were multiple self-reported pain entries from
patients (ie, completed bihourly) using the PainPad device.
Further, large-scale studies that include various acute and
chronic patient populations with diverse demographics (ie,
pediatric patients) along with appropriate control groups will
help ensure the generalizability of the results. Additionally, it
will be important to directly evaluate the cost-effectiveness of
using the PainPad device in a clinical setting.

Conclusions
The PainPad device is a feasible and effective method for
collecting and evaluating in-hospital postoperative pain
following TKA, allowing for precise quantification of individual
pain levels. This study aligns with the current health care trend
toward leveraging innovative technologies and personalized
data to enhance patient-centered care.

 

Conflicts of Interest
OP and BP hold a patent on the PainPad device used for data collection. Neither OP nor BP have received compensation in any
form for the use of the device in this study or any other setting. DG is an associate editor for JMIR Human Factors at the time
of this publication.

References
1. Chow A, Mayer EK, Darzi AW, Athanasiou T. Patient-reported outcome measures: the importance of patient satisfaction

in surgery. Surgery 2009 Sep;146(3):435-443. [doi: 10.1016/j.surg.2009.03.019] [Medline: 19715800]
2. Kotronoulas G, Kearney N, Maguire R, et al. What is the value of the routine use of patient-reported outcome measures

toward improvement of patient outcomes, processes of care, and health service outcomes in cancer care? A systematic
review of controlled trials. J Clin Oncol 2014 May 10;32(14):1480-1501. [doi: 10.1200/JCO.2013.53.5948] [Medline:
24711559]

JMIR Hum Factors 2025 | vol. 12 | e65271 | p.2202https://humanfactors.jmir.org/2025/1/e65271
(page number not for citation purposes)

Ajrawat et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.surg.2009.03.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19715800&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2013.53.5948
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24711559&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Driscoll B, Leonard LD, Kovar A, et al. Surgeon perceptions of the integration of patient-reported outcome measures into
clinical practice. J Surg Res 2022 Dec;280:486-494. [doi: 10.1016/j.jss.2022.07.038] [Medline: 36067535]

4. Briffa N. The employment of patient-reported outcome measures to communicate the likely benefits of surgery. Patient
Relat Outcome Meas 2018;9(263-6):263-266. [doi: 10.2147/PROM.S132746] [Medline: 30147385]

5. Black N. Patient reported outcome measures could help transform healthcare. BMJ 2013 Jan 28;346:f167. [doi:
10.1136/bmj.f167] [Medline: 23358487]

6. Whitebird RR, Solberg LI, Ziegenfuss JY, et al. What do orthopaedists believe is needed for incorporating patient-reported
outcome measures into clinical care? A qualitative study. Clin Orthop Relat Res 2022 Apr 1;480(4):680-687. [doi:
10.1097/CORR.0000000000002059] [Medline: 34846308]

7. Arefayne NR, Tegegne SS, Gebregzi AH, Mustofa SY. Incidence and associated factors of post-operative pain after
emergency orthopedic surgery: a multi-centered prospective observational cohort study. International Journal of Surgery
Open 2020;27:103-113. [doi: 10.1016/j.ijso.2020.10.003]

8. Edgley C, Hogg M, De Silva A, Braat S, Bucknill A, Leslie K. Severe acute pain and persistent post-surgical pain in
orthopaedic trauma patients: a cohort study. Br J Anaesth 2019 Sep;123(3):350-359. [doi: 10.1016/j.bja.2019.05.030]
[Medline: 31248645]

9. Schneider S, Stone AA, Schwartz JE, Broderick JE. Peak and end effects in patients’ daily recall of pain and fatigue: a
within-subjects analysis. J Pain 2011 Feb;12(2):228-235. [doi: 10.1016/j.jpain.2010.07.001] [Medline: 20817615]

10. Stone AA, Shiffman S, Schwartz JE, Broderick JE, Hufford MR. Patient non-compliance with paper diaries. BMJ 2002
May 18;324(7347):1193-1194. [doi: 10.1136/bmj.324.7347.1193] [Medline: 12016186]

11. Price BA, Kelly R, Mehta V, McCormick C, Ahmed H, Pearce O. Feel my pain: design and evaluation of painpad, a tangible
device for supporting inpatient self-logging of pain. 2018 Presented at: CHI ’18: Proceedings of the 2018 CHI Conference
on Human Factors in Computing Systems; Apr 21-26, 2018; Montreal, Quebec, Canada. [doi: 10.1145/3173574.3173743]

12. Meirte J, Hellemans N, Anthonissen M, et al. Benefits and disadvantages of electronic patient-reported outcome measures:
systematic review. JMIR Perioper Med 2020 Apr 3;3(1):e15588. [doi: 10.2196/15588] [Medline: 33393920]

13. Jamison RN, Raymond SA, Levine JG, Slawsby EA, Nedeljkovic SS, Katz NP. Electronic diaries for monitoring chronic
pain: 1-year validation study. Pain 2001 Apr;91(3):277-285. [doi: 10.1016/S0304-3959(00)00450-4] [Medline: 11275385]

14. Jibb LA, Khan JS, Seth P, et al. Electronic data capture versus conventional data collection methods in clinical pain studies:
systematic review and meta-analysis. J Med Internet Res 2020 Jun 16;22(6):e16480. [doi: 10.2196/16480] [Medline:
32348259]

15. Scott CEH, Howie CR, MacDonald D, Biant LC. Predicting dissatisfaction following total knee replacement: a prospective
study of 1217 patients. J Bone Joint Surg Br 2010 Sep;92(9):1253-1258. [doi: 10.1302/0301-620X.92B9.24394] [Medline:
20798443]

16. Parkes RJ, Ayeko O, Brunton L, Griffiths-Jones W, Ungvari Z, Goss H. Revolutionising rapid recovery: a quality
improvement project in hip and knee replacement. BMJ Open Qual 2021 Apr;10(2):33879494. [doi:
10.1136/bmjoq-2020-001249] [Medline: 33879494]

17. Goel S, Deshpande SV, Jadawala VH, Suneja A, Singh R. A comprehensive review of postoperative analgesics used in
orthopedic practice. Cureus 2023 Nov;15(11):e48750. [doi: 10.7759/cureus.48750] [Medline: 38094554]

18. Gordon DB, de Leon-Casasola OA, Wu CL, Sluka KA, Brennan TJ, Chou R. Research gaps in practice guidelines for acute
postoperative pain management in adults: findings from a review of the evidence for an American Pain Society clinical
practice guideline. J Pain 2016 Feb;17(2):158-166. [doi: 10.1016/j.jpain.2015.10.023] [Medline: 26719073]

19. Choinière M, Melzack R, Girard N, Rondeau J, Paquin MJ. Comparisons between patients’ and nurses’ assessment of pain
and medication efficacy in severe burn injuries. Pain 1990 Feb;40(2):143-152. [doi: 10.1016/0304-3959(90)90065-L]
[Medline: 2308761]

20. de Rond ME, de Wit R, van Dam FS, Muller MJ. A pain monitoring program for nurses: effects on communication,
assessment and documentation of patients’ pain. J Pain Symptom Manage 2000 Dec;20(6):424-439. [doi:
10.1016/s0885-3924(00)00209-8] [Medline: 11131261]

21. Puntillo K, Neighbor M, O’Neil N, Nixon R. Accuracy of emergency nurses in assessment of patients’ pain. Pain Manag
Nurs 2003 Dec;4(4):171-175. [doi: 10.1016/s1524-9042(03)00033-x] [Medline: 14663795]

22. Francke AL, Theeuwen I. Inhibition in expressing pain. A qualitative study among Dutch surgical breast cancer patients.
Cancer Nurs 1994 Jun;17(3):193-199. [Medline: 8055489]

23. National patient reported outcome measures (PROMs) programme consultation. NHS England. 2016. URL: https://www.
engage.england.nhs.uk/consultation/proms-programme [accessed 2025-05-08]

24. Cutting reliance on paper will make patients safer, says NHS england. NHS England. 2015. URL: https://www.england.nhs.uk/
2015/09/cutting-reliance-on-paper [accessed 2025-05-08]

25. Gwaltney CJ, Shields AL, Shiffman S. Equivalence of electronic and paper-and-pencil administration of patient-reported
outcome measures: a meta-analytic review. Value Health 2008;11(2):322-333. [doi: 10.1111/j.1524-4733.2007.00231.x]
[Medline: 18380645]

JMIR Hum Factors 2025 | vol. 12 | e65271 | p.2203https://humanfactors.jmir.org/2025/1/e65271
(page number not for citation purposes)

Ajrawat et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.jss.2022.07.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36067535&dopt=Abstract
http://dx.doi.org/10.2147/PROM.S132746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30147385&dopt=Abstract
http://dx.doi.org/10.1136/bmj.f167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23358487&dopt=Abstract
http://dx.doi.org/10.1097/CORR.0000000000002059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34846308&dopt=Abstract
http://dx.doi.org/10.1016/j.ijso.2020.10.003
http://dx.doi.org/10.1016/j.bja.2019.05.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31248645&dopt=Abstract
http://dx.doi.org/10.1016/j.jpain.2010.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20817615&dopt=Abstract
http://dx.doi.org/10.1136/bmj.324.7347.1193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12016186&dopt=Abstract
http://dx.doi.org/10.1145/3173574.3173743
http://dx.doi.org/10.2196/15588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33393920&dopt=Abstract
http://dx.doi.org/10.1016/S0304-3959(00)00450-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11275385&dopt=Abstract
http://dx.doi.org/10.2196/16480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32348259&dopt=Abstract
http://dx.doi.org/10.1302/0301-620X.92B9.24394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20798443&dopt=Abstract
http://dx.doi.org/10.1136/bmjoq-2020-001249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33879494&dopt=Abstract
http://dx.doi.org/10.7759/cureus.48750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38094554&dopt=Abstract
http://dx.doi.org/10.1016/j.jpain.2015.10.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26719073&dopt=Abstract
http://dx.doi.org/10.1016/0304-3959(90)90065-L
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2308761&dopt=Abstract
http://dx.doi.org/10.1016/s0885-3924(00)00209-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11131261&dopt=Abstract
http://dx.doi.org/10.1016/s1524-9042(03)00033-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14663795&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8055489&dopt=Abstract
https://www.engage.england.nhs.uk/consultation/proms-programme
https://www.engage.england.nhs.uk/consultation/proms-programme
https://www.england.nhs.uk/2015/09/cutting-reliance-on-paper
https://www.england.nhs.uk/2015/09/cutting-reliance-on-paper
http://dx.doi.org/10.1111/j.1524-4733.2007.00231.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18380645&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. VanDenKerkhof EG, Goldstein DH, Blaine WC, Rimmer MJ. A comparison of paper with electronic patient-completed
questionnaires in a preoperative clinic. Anesth Analg 2005 Oct;101(4):1075-1080. [doi:
10.1213/01.ane.0000168449.32159.7b] [Medline: 16192524]

27. Using electronic patient-reported outcome measures (PROMs) to improve patient outcomes. NHS England. 2017. URL:
https://transform.england.nhs.uk/key-tools-and-info/digital-playbooks/rheumatology-digital-playbook/
using-electronic-patient-reported-outcome-measures-proms-to-improve-patient-outcomes [accessed 2025-05-08]

28. Gibbs D, Toop N, Grossbach AJ, et al. Electronic versus paper patient-reported outcome measure compliance rates: a
retrospective analysis. Clin Neurol Neurosurg 2023 Mar;226(107618):107618. [doi: 10.1016/j.clineuro.2023.107618]
[Medline: 36773533]

29. Gurland B, Alves-Ferreira PC, Sobol T, Kiran RP. Using technology to improve data capture and integration of
patient-reported outcomes into clinical care: pilot results in a busy colorectal unit. Dis Colon Rectum 2010
Aug;53(8):1168-1175. [doi: 10.1007/DCR.0b013e3181d87468] [Medline: 20628281]

30. Mowlem FD, Elash CA, Dumais KM, et al. Best practices for the electronic implementation and migration of patient-reported
outcome measures. Value Health 2024 Jan;27(1):79-94. [doi: 10.1016/j.jval.2023.10.007] [Medline: 37879401]

31. Briggs M, Closs JS. A descriptive study of the use of visual analogue scales and verbal rating scales for the assessment of
postoperative pain in orthopedic patients. J Pain Symptom Manage 1999 Dec;18(6):438-446. [doi:
10.1016/s0885-3924(99)00092-5] [Medline: 10641470]

32. Hjermstad MJ, Fayers PM, Haugen DF, et al. Studies comparing Numerical Rating Scales, Verbal Rating Scales, and Visual
Analogue Scales for assessment of pain intensity in adults: a systematic literature review. J Pain Symptom Manage 2011
Jun;41(6):1073-1093. [doi: 10.1016/j.jpainsymman.2010.08.016] [Medline: 21621130]

33. Younger J, McCue R, Mackey S. Pain outcomes: a brief review of instruments and techniques. Curr Pain Headache Rep
2009 Feb;13(1):39-43. [doi: 10.1007/s11916-009-0009-x] [Medline: 19126370]

34. Stinson JN, Jibb LA, Nguyen C, et al. Development and testing of a multidimensional iPhone pain assessment application
for adolescents with cancer. J Med Internet Res 2013 Mar 8;15(3):e51. [doi: 10.2196/jmir.2350] [Medline: 23475457]

35. Sodhi N, Qilleri A, Aprigliano C, Danoff JR. One size does not fit all: women experience more pain than men after total
knee arthroplasty. J Arthroplasty 2025 Apr;40(4):880-886. [doi: 10.1016/j.arth.2024.09.028] [Medline: 39307204]

36. Lautenbacher S, Peters JH, Heesen M, Scheel J, Kunz M. Age changes in pain perception: a systematic-review and
meta-analysis of age effects on pain and tolerance thresholds. Neurosci Biobehav Rev 2017 Apr;75:104-113. [doi:
10.1016/j.neubiorev.2017.01.039] [Medline: 28159611]

37. Wilson J, Heinsch M, Betts D, Booth D, Kay-Lambkin F. Barriers and facilitators to the use of e-health by older adults: a
scoping review. BMC Public Health 2021 Aug 17;21(1):1556. [doi: 10.1186/s12889-021-11623-w] [Medline: 34399716]

38. Keurentjes JC, Fiocco M, So-Osman C, et al. Hip and knee replacement patients prefer pen-and-paper questionnaires:
Implications for future patient-reported outcome measure studies. Bone Joint Res 2013;2(11):238-244. [doi:
10.1302/2046-3758.211.2000219] [Medline: 24203164]

39. Engan HK, Hilmarsen C, Sittlinger S, Sandmæl JA, Skanke F, Oldervoll LM. Are web-based questionnaires accepted in
patients attending rehabilitation? Disabil Rehabil 2016 Dec;38(24):2406-2412. [doi: 10.3109/09638288.2015.1129449]
[Medline: 26800715]

40. Richter JG, Becker A, Koch T, et al. Self-assessments of patients via Tablet PC in routine patient care: comparison with
standardised paper questionnaires. Ann Rheum Dis 2008 Dec;67(12):1739-1741. [doi: 10.1136/ard.2008.090209] [Medline:
18647853]

41. Tai TW, Lin CJ, Jou IM, Chang CW, Lai KA, Yang CY. Tourniquet use in total knee arthroplasty: a meta-analysis. Knee
Surg Sports Traumatol Arthrosc 2011 Jul;19(7):1121-1130. [doi: 10.1007/s00167-010-1342-7] [Medline: 21161177]

42. Zak SG, Yeroushalmi D, Long WJ, Meftah M, Schnaser E, Schwarzkopf R. Does the use of a tourniquet influence outcomes
in total knee arthroplasty: a randomized controlled trial. J Arthroplasty 2021 Jul;36(7):2492-2496. [doi:
10.1016/j.arth.2021.02.068] [Medline: 33795174]

43. Bhalchandra Londhe S, Vinod Shah R, Sanjay Londhe S, Agrawal PO, Antao NA, Churhe S. Comparison of local pain
and tissue reaction between conventional pneumatic tourniquet and disposable silicone ring tourniquet during total knee
arthroplasty. J Clin Orthop Trauma 2021 Apr;15(152-5):152-155. [doi: 10.1016/j.jcot.2020.09.005] [Medline: 33717930]

44. Alexandersson M, Wang EY, Eriksson S. A small difference in recovery between total knee arthroplasty with and without
tourniquet use the first 3 months after surgery: a randomized controlled study. Knee Surg Sports Traumatol Arthrosc 2019
Apr;27(4):1035-1042. [doi: 10.1007/s00167-018-5196-8] [Medline: 30328495]

45. Dennis DA, Kittelson AJ, Yang CC, Miner TM, Kim RH, Stevens-Lapsley JE. Does tourniquet use in TKA affect recovery
of lower extremity strength and function? A randomized trial. Clin Orthop Relat Res 2016 Jan;474(1):69-77. [doi:
10.1007/s11999-015-4393-8] [Medline: 26100254]

46. Kumar N, Yadav C, Singh S, Kumar A, Vaithlingam A, Yadav S. Evaluation of pain in bilateral total knee replacement
with and without tourniquet; a prospective randomized control trial. J Clin Orthop Trauma 2015 Jun;6(2):85-88. [doi:
10.1016/j.jcot.2015.01.095] [Medline: 25983513]

47. Abdel-Salam A, Eyres KS. Effects of tourniquet during total knee arthroplasty. A prospective randomised study. J Bone
Joint Surg Br 1995 Mar;77(2):250-253. [Medline: 7706340]

JMIR Hum Factors 2025 | vol. 12 | e65271 | p.2204https://humanfactors.jmir.org/2025/1/e65271
(page number not for citation purposes)

Ajrawat et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1213/01.ane.0000168449.32159.7b
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16192524&dopt=Abstract
https://transform.england.nhs.uk/key-tools-and-info/digital-playbooks/rheumatology-digital-playbook/using-electronic-patient-reported-outcome-measures-proms-to-improve-patient-outcomes
https://transform.england.nhs.uk/key-tools-and-info/digital-playbooks/rheumatology-digital-playbook/using-electronic-patient-reported-outcome-measures-proms-to-improve-patient-outcomes
http://dx.doi.org/10.1016/j.clineuro.2023.107618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36773533&dopt=Abstract
http://dx.doi.org/10.1007/DCR.0b013e3181d87468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20628281&dopt=Abstract
http://dx.doi.org/10.1016/j.jval.2023.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37879401&dopt=Abstract
http://dx.doi.org/10.1016/s0885-3924(99)00092-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10641470&dopt=Abstract
http://dx.doi.org/10.1016/j.jpainsymman.2010.08.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21621130&dopt=Abstract
http://dx.doi.org/10.1007/s11916-009-0009-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19126370&dopt=Abstract
http://dx.doi.org/10.2196/jmir.2350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23475457&dopt=Abstract
http://dx.doi.org/10.1016/j.arth.2024.09.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39307204&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2017.01.039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28159611&dopt=Abstract
http://dx.doi.org/10.1186/s12889-021-11623-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34399716&dopt=Abstract
http://dx.doi.org/10.1302/2046-3758.211.2000219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24203164&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2015.1129449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26800715&dopt=Abstract
http://dx.doi.org/10.1136/ard.2008.090209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18647853&dopt=Abstract
http://dx.doi.org/10.1007/s00167-010-1342-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21161177&dopt=Abstract
http://dx.doi.org/10.1016/j.arth.2021.02.068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33795174&dopt=Abstract
http://dx.doi.org/10.1016/j.jcot.2020.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33717930&dopt=Abstract
http://dx.doi.org/10.1007/s00167-018-5196-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30328495&dopt=Abstract
http://dx.doi.org/10.1007/s11999-015-4393-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26100254&dopt=Abstract
http://dx.doi.org/10.1016/j.jcot.2015.01.095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25983513&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7706340&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


48. Dreyer HC. Tourniquet use during knee replacement surgery may contribute to muscle atrophy in older adults. Exerc Sport
Sci Rev 2016 Apr;44(2):61-70. [doi: 10.1249/JES.0000000000000076] [Medline: 26829246]

49. Zhao HY, Yeersheng R, Kang XW, Xia YY, Kang PD, Wang WJ. The effect of tourniquet uses on total blood loss, early
function, and pain after primary total knee arthroplasty: a prospective, randomized controlled trial. Bone Joint Res 2020
Jun;9(6):322-332. [doi: 10.1302/2046-3758.96.BJR-2019-0180.R3] [Medline: 32670565]

50. Xu H, Yang J, Xie J, et al. Tourniquet use in routine primary total knee arthroplasty is associated with a higher transfusion
rate and longer postoperative length of stay: a real-world study. BMC Musculoskelet Disord 2020 Sep 18;21(1):620. [doi:
10.1186/s12891-020-03623-5] [Medline: 32948173]

51. Vandenbussche E, Duranthon LD, Couturier M, Pidhorz L, Augereau B. The effect of tourniquet use in total knee arthroplasty.
Int Orthop 2002;26(5):306-309. [doi: 10.1007/s00264-002-0360-6] [Medline: 12378360]

52. Malviya A, Martin K, Harper I, et al. Enhanced recovery program for hip and knee replacement reduces death rate. Acta
Orthop 2011 Oct;82(5):577-581. [doi: 10.3109/17453674.2011.618911] [Medline: 21895500]

Abbreviations
DVT: deep vein thrombosis
ePROM: electronic patient-reported outcome measure
LOS: length of stay
MKUH: Milton Keynes University Hospital
NHS: National Health Service
PROM: patient-reported outcome measure
TKA: total knee arthroplasty
VAS: visual analog scale

Edited by A Kushniruk; submitted 24.08.24; peer-reviewed by A Panahi, M O'Connor; revised version received 21.03.25; accepted
23.03.25; published 10.07.25.

Please cite as:
Ajrawat P, Price B, Gooch D, Serban R, Al-Habsi R, Pearce O
Assessing Postoperative Pain in Patients Who Underwent Total Knee Arthroplasty Using an Automated Self-Logging Patient-Reported
Outcome Measure Collection Device: Retrospective Cohort Study
JMIR Hum Factors 2025;12:e65271
URL: https://humanfactors.jmir.org/2025/1/e65271 
doi:10.2196/65271

© Prabjit Ajrawat, Blaine Price, Daniel Gooch, Rudolf Serban, Ruqaiya Al-Habsi, Oliver Pearce. Originally published in JMIR
Human Factors (https://humanfactors.jmir.org), 10.7.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete
bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license
information must be included.

JMIR Hum Factors 2025 | vol. 12 | e65271 | p.2205https://humanfactors.jmir.org/2025/1/e65271
(page number not for citation purposes)

Ajrawat et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1249/JES.0000000000000076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26829246&dopt=Abstract
http://dx.doi.org/10.1302/2046-3758.96.BJR-2019-0180.R3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32670565&dopt=Abstract
http://dx.doi.org/10.1186/s12891-020-03623-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32948173&dopt=Abstract
http://dx.doi.org/10.1007/s00264-002-0360-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12378360&dopt=Abstract
http://dx.doi.org/10.3109/17453674.2011.618911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21895500&dopt=Abstract
https://humanfactors.jmir.org/2025/1/e65271
http://dx.doi.org/10.2196/65271
http://www.w3.org/Style/XSL
http://www.renderx.com/


Factors Influencing Health Workers’ Acceptance of
Guideline-Based Clinical Decision Support Systems for Preventive
Services in Thailand: Questionnaire-Based Study

Tullaya Sitasuwan1, MD; Prapat Suriyaphol2, PhD; Saranath Lawpoolsri3, MD, PhD; Ngamphol Soonthornworasiri3,

PhD; Wirichada Pan-ngum3,4, PhD
1Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand
2Division of Medical Bioinformatics, Department of Health Research and Development, Faculty of Medicine Siriraj Hospital, Mahidol University,
Bangkok, Thailand
3Department of Tropical Hygiene, Faculty of Tropical Medicine, Mahidol University, 8th floor and 9th floor Tranakchit Harinasuta Building, 420/6
Ratchawithi Road, Bangkok, Thailand
4Mahidol-Oxford Tropical Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand

Corresponding Author:
Wirichada Pan-ngum, PhD
Department of Tropical Hygiene, Faculty of Tropical Medicine, Mahidol University, 8th floor and 9th floor Tranakchit Harinasuta
Building, 420/6 Ratchawithi Road, Bangkok, Thailand

Abstract

Background: A guideline-based clinical decision support system (CDSS) is a knowledge-based system designed to collect
crucial data from electronic medical records to generate decision-making based on system data requirements and inputs from
standard guidelines. Despite the potential to enhance health care delivery, the adoption rate of CDSSs in clinical practice remains
suboptimal.

Objective: This study aimed to evaluate the determinants influencing the intention to use a new CDSS in preventive care within
clinical practice.

Methods: A single-center, questionnaire-based, cross-sectional study was conducted among physicians and medical students
responsible for providing comprehensive preventive services at the Continuity of Care Clinic, Siriraj Hospital, Thailand.

Results: In total, 89 participants were enrolled. Relationships between factors impacting the adoption of CDSSs were analyzed
using correlation and regression analysis. We found that physicians’ intentions to adopt the CDSS for preventive care were high,
with 79% (70/89) of participants expressing their intention to use the system. According to the study’s conceptual framework,
modified from the original unified theory of acceptance and use of technology model, physicians’ positive attitudes toward CDSS
use in preventive services and a high level of effort expectancy emerged as crucial factors influencing the intention to use the
new CDSS. The odds ratios for these factors were 5.44 (95% CI 1.62‐18.34, P=.006) and 7.60 (95% CI 1.55‐31.37, P=.01),
respectively. Similar results were observed for medical students and for physicians who had graduated. The most prevalent barriers
to CDSS implementation were related to physicians’ attitudes, followed by issues such as the accuracy and burden of data input,
time constraints for clinicians, and the risk of workflow disruption.

Conclusions: There was a high intention to adopt the CDSS in preventive care. Positive physician attitudes toward CDSS use
in preventive services and effort expectancy were found to be critical factors influencing the intention to use the new CDSS.

(JMIR Hum Factors 2025;12:e57314)   doi:10.2196/57314

KEYWORDS

clinical decision support systems; preventive health services; medical informatics; technology acceptance; continuity of patient
care

Introduction

Background
In contemporary medical practice, evidence-based guidelines
play a crucial role in integrating the best available evidence
from various studies. These guidelines serve to support and

guide physicians in making informed decisions regarding further
investigation and treatment, ultimately improving the quality
of care. Preventive care, among other areas, has numerous
guidelines from various professional societies, recommending
vaccinations and screening for diseases such as cardiometabolic
diseases, cancer, and dementia. However, previous studies have
revealed that clinical practice guidelines are not made full use
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of in real-world clinical settings [1,2]. Barriers to implementing
these guidelines include a lack of a comprehensible structure
and local applicability, complexity in recommended clinical
actions, a lack of awareness among physicians, insufficient time
for recommended preventive services, a lack of awareness
among patients, and financial constraints [2-5]. To improve the
implementation of standard guidelines, clinicians value a
user-friendly format, clear and valid evidence, details about
competency and training requirements, and guidance on how
to integrate experience with evidence when tailoring
recommendations to individual patients.

The advent of information technology (IT) has had a major
impact on the health care sector, with 1 notable advance in
clinical practice being clinical decision support systems
(CDSSs). CDSSs have been defined as systems “designed to
aid directly in clinical decision making, in which characteristics
of individual patients are used to generate patient-specific
assessments or recommendations that are then presented to
clinicians for consideration” [6]. CDSSs can range in
complexity, from simple alerts and reminders to diagnostic
assistance, therapy planning, and prescription decision support.
A guideline-based CDSS is a knowledge-based system that
collects crucial data from electronic medical records (EMRs),
matches these data with the system’s data requirements, and
generates reasoning and decision-making based on input from
established guidelines. This type of CDSS is considered a
mid-level CDSS. Using a guideline-based CDSS can help to
overcome obstacles associated with using traditional paper-based
guidelines and enhance physicians’ adherence to
recommendations [6-8].

Literature Review
Despite increasing evidence for the benefits of guideline-based
CDSSs, their adoption among outpatient physicians remains
limited [9-11]. The challenges encountered during CDSS
implementation stem from human factors related to system use,
information quality, availability of EMR implementation, system
quality, and system maintenance [11,12]. The main barriers to
the implementation of mid-level CDSSs in low- and
middle-income countries are inefficient CDSS-EMR system
design, perception of use by physicians, and the cost of CDSS
acquisition and maintenance. Additional barriers include
negative beliefs about the impact of CDSSs on the
clinician-patient relationship and physicians’ reluctance to adopt
these systems [13-15]. To investigate the successful adoption

and acceptance of CDSSs, a comprehensive understanding of
the interactions between human, technological, and
organizational factors is crucial. Although numerous models
exist for evaluating IT acceptance and use, in this study, we
used the Unified Theory of Acceptance and Use of Technology
(UTAUT). The UTAUT is formulated based on 4 core
determinants of intentions and usage—performance expectancy
(PE), effort expectancy (EE), social influence (SI), and
facilitating conditions (FC). It also includes 4 moderators of
key relationships with technology—gender, age, experience,
and voluntariness of use. The UTAUT model distills the critical
factors and contingencies related to predicting behavioral
intention to use technology, particularly technology used
primarily in organizational contexts. There are a lot of theories
that underlie the UTAUT model, including the diffusion of
innovation theory, the theory of reasoned action, the theory of
planned behavior, the motivation theory, the technology
acceptance model, the personal computer utilization model, and
the social cognitive theory [16].

A meta-analysis found that the 4 primary constructs of the
UTAUT model exhibit varying degrees of predictive power,
with PE emerging as the strongest predictor of intention to use
a new technology [17]. Previous studies have confirmed the
validity of the UTAUT model in health care settings and for
CDSSs, with 1 study conducted in Thailand [18-21].
Furthermore, weak positive associations have been observed
between the intention to use IT and reported IT use in low- and
middle-income countries, while a negative relationship has been
noted between the perception of a threat to professional
autonomy and the intention to adopt CDSSs [14,15]. In this
study, we developed a conceptual framework based on the
UTAUT model, aiming to provide a comprehensive
understanding of the adoption of guideline-based CDSSs in
preventive care within the health care system of an upper
middle-income country. The conceptual framework
encompassed two key components: (1) physicians’ attitudes
toward CDSS usage, which are positively influenced by the
perceived importance of preventive services, the belief that
CDSSs will enhance the quality of care by improving adherence
to clinical practice guidelines, and physician involvement in
the CDSS development process, but negatively affected by
perceived threats to professional autonomy; and (2) factors
associated with CDSS PE, EE, SI, and FC, that is, the 4 factors
that arise from the UTAUT model. The conceptual framework
is illustrated in Figure 1.
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Figure 1. Conceptual framework used in this study * indicates a significant association at the 95% level of intention to use the CDSS. CDSS: clinical
decision support system.

The objective of this study was to assess user acceptance of
guideline-based CDSSs in preventive care within clinical
practice using the expanded UTAUT model and evaluate the
readiness of medical staff and students to use this system in the
Continuity of Care Clinic at Siriraj Hospital, Thailand.

Methods

Study Design and Participants
This study had a single-center, questionnaire-based,
cross-sectional design. The participants comprised physicians
and medical students who provided comprehensive preventive
services at the Continuity of Care Clinic, Department of
Medicine, Siriraj Hospital, between 2018 and 2021. The clinic
primarily focuses on delivering ongoing care to adult patients
with chronic noncommunicable diseases, aligning with the most
up-to-date guidelines while promoting preventive measures
such as screening for newly developed cardiometabolic diseases,
cancer screening, counseling for individuals who engage in
risky health behaviors, and appropriate vaccinations.

The sample size was determined based on an appropriate
percentage of the finite population. The target population
comprised 16 experts, 200 in-training physicians, and 300
medical students. Our primary aim was to survey a minimum
of 15% of the target population, which would require a total of
75 participants to provide a sufficiently representative sample.
To ensure the inclusion of individuals with valuable expertise,
we planned to recruit all ambulatory medicine experts who
served as permanent physicians at the Continuity of Care Clinic.
This approach was intended to maximize the breadth of
knowledge represented in our study, recognizing the importance
of these experts’ contributions within the broader target
population.

Data Collection
Data collection was conducted using a newly developed online
questionnaire, created in Google Forms, to assess user
acceptance and examine the factors influencing the adoption
into clinical practice of guideline-based CDSSs in preventive
care. The questionnaire was pretested among a small group of

physicians to ensure clarity and technical functionality. Minor
revisions were made based on their feedback.

The first page of the Google Form presented participants with
detailed information about the study, including its purpose,
modes of contact, and data confidentiality, as well as the fact
that participation was voluntary. Participants were recruited via
institutional email, targeted LINE (LY Corporation; messaging
app) groups, and in-person invitations. The inclusion criteria
were medical students and physicians who had experience
working in the Continuity of Care Clinic between 2018 and
2021 and who were currently working at Siriraj Hospital. Each
participant could only respond once, and submission was
allowed only after all mandatory fields had been completed. No
IP addresses, email addresses, or other identifying information
were collected.

Ethical Considerations
The research protocol received approval from the Mahidol
University Multi-faculty Cooperative Institutional Review Board
(protocol TMEC21-052, MU-MOU CoA 608/2021). Informed
consent to participate was obtained electronically by requiring
participants to click “Next” before they proceeded to the
questionnaire. All responses were stored securely in a
password-protected institutional Google Drive account,
accessible only by the research team.

Routine Workflow for Preventive Services in the
Continuity of Care Clinic at Siriraj Hospital
Outpatient services at Siriraj Hospital operate using a hybrid
EMR system, in which medical records and prescriptions are
initially handwritten on paper and subsequently scanned into
an EMR for archival and review purposes. Laboratory results,
radiological study reports, and medication prescription data are
managed through separate electronic systems within the
laboratory, radiology, and pharmacy departments, respectively,
and are made viewable through EMR-integrated plug-ins. This
system includes a basic-level CDSS, which provides pop-up
reminders for drug allergies, renal function, and high-alert
medications such as warfarin. A CDSS that retrieves data
directly from the EMR is not applicable in this system.
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At the Continuity of Care Clinic, the primary focus is on
maintaining continuity of care for patients with chronic
noncommunicable diseases, while simultaneously promoting
preventive services. Due to the limitations of the EMR system,
paper-based guidance for preventive care is incorporated into
clinical workflows. This approach aims to ensure the consistent
delivery of preventive services to each patient, despite the
rotation of different physicians.

Online Questionnaire
The questionnaire consisted of 22 items, including questions
regarding demographic details and items related to physicians’
attitudes, EE, PE, SI, and FC, formulated in accordance with
the structured questions of the UTAUT model [16]. Questions
pertaining to physicians’ attitudes were derived from factors
identified in previous studies as being influential on usage
intentions [14,15,22]. Responses were recorded on a 5-point
Likert scale ranging from “strongly agree” to “strongly
disagree.” Among these constructs, physicians’ attitudes and
EE had 1 item that was negatively worded. The questionnaire
was initially developed in English and subsequently translated
into Thai using the translation-back-translation method. Before
completing the questionnaire, participants were asked to view
a demonstration video outlining the functionality and use of the
proposed CDSS.

Introductory Video for the Proposed CDSS
The study participants were introduced to the proposed CDSS
through an informative online video. The video was expertly
created by an ambulatory medicine specialist who possessed
extensive expertise in integrating preventive care into clinical
practice and was also highly familiar with the EMR system
employed at the study site. This video provided participants
with invaluable insights into the prevailing challenges within
the workflow and offered a firsthand experience of the system’s
performance. The demonstration included a comprehensive

overview of data entry methods, advanced data visualization
capabilities, and personalized recommendations for preventive
services. In addition, the video covered essential information
concerning support services and regular maintenance of the
clinical rules associated with these systems. A summary of the
video narration and selected snapshots from the demonstration
video are provided in Multimedia Appendix 1.

Statistical Analysis
Data were analyzed using the R programming language (R Core
Team). The descriptive statistics are presented as mean, median,
SD, minimum, and maximum. Logistic regression analysis was
used to identify factors associated with the acceptance of
guideline-based CDSSs in preventive care. The final model was
selected through the application of forward and backward
selection methods in multiple logistic regression analysis. The
statistical significance of the final model was evaluated using
the Wald test.

Results

Demographic Data
A total of 89 participants took part in this study. Their baseline
characteristics are presented in Table 1. Among the participants,
45 (51%) were male. The median age of participants was 25
(range 22-64) years. The majority of participants (49/89, 55%)
were medical students, with 28 participants (32%) in their fifth
year and 21 participants (24%) in their sixth year. Furthermore,
40 participants (45%) were medical graduates with varying
levels of experience; 4 (5%) were general practitioners, 11
(12%) had undergone training in an internal medicine residency
program, and 25 (28%) were internal medicine specialists,
including 16 individuals (18%) who specialized in ambulatory
medicine. The medical graduate participants had clinical
experience ranging from 2 to 40 (median 8) years.

Table . Demographic data of study participants.

Statistical value (N=89)Characteristic

25 (22‐64)Age (years), median (range)

45 (51)Sex (male), n (%)

Clinical experience, n (%)

49 (55)Medical student

28 (32)Fifth year

21 (24)Sixth year

40 (45)Graduated physician

4 (5)General practitioner

11 (12)Internal medicine resident

9 (10)Internal medicine specialist

16 (18)Ambulatory medicine expert

8 (2-40)Duration of medical doctors’professional practice (years), median (range)
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User Acceptance Measures
After viewing the demonstration video of the proposed system,
70 participants (79%) expressed a definitive intention to use
the system if it were available. However, 18 participants
expressed reasonable concerns about its usage, while 1
participant refused outright to use the new system. Notably,
there were no differences in the intention to use the proposed
system based on the participants’ baseline characteristics.
Nevertheless, within the medical student group, it was observed

that sixth-year medical students exhibited a higher comfort level
with adopting the new system compared with their fifth-year
counterparts, with acceptance rates of 95% and 68%,
respectively.

The mean (SD) and median (range) scores for each question
are presented in Table 2. The scoring system for each question
had a maximum value of 5. For negative questions, appropriate
score conversions were implemented before calculating the total
score for each construct.
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Table . Scoring of each question assessing user acceptance.

Median (range)Mean (SD)Full scoreaDeterminants of intentions and us-
age

PAb

5 (3-5)4.89 (0.34)5    Perceived importance of disease
prevention

5 (3-5)4.708 (0.53)5    Perceived improved quality of
care by increased adherence to clin-
ical practice guidelines

4 (1-5)4 (1)5    Perceived threat to professional

autonomyc

4 (2-5)4.17 (0.84)5    Involvement in the CDSSd devel-
opment process

18 (12‐20)17.78 (1.74)20    Total PA score

PEe

5 (3-5)4.64 (0.59)5    Perceived usefulness

5 (3-5)4.67 (0.54)5    Job-fit

5 (2-5)4.55 (0.74)5    Outcome expectations

15(9-15)13.87 (1.60)15    Total PE score

EEf

4 (1-5)4.29 (0.84)5    Ease of use

4 (1-5)3.75 (1.20)5    Complexityc

8 (2-10)8.05 (1.78)10    Total EE score

SIg

4 (3-5)4.19 (0.75)5    Subjective norm

4 (1-5)4.11 (0.92)5    Social factors

4 (1-5)3.76 (1.16)5    Image

12 (5‐15)12.07 (2.18)15    Total SI score

FCh

4 (2-5)4.40 (0.75)5    Perceived behavioral control

4 (2-5)4.26 (0.76)5    Facilitating conditions

4 (2-5)4.25 (0.88)5    Compatibility

13 (6‐15)12.91 (1.98)15    Total FC score

65 (42‐75)64.67 (7.25)75Total score

aMeasurement scale: 1=strongly disagree, 2=disagree, 3=neutral, 4=agree, 5=strongly agree.
bPA: physician’s attitude.
cIndicates a negative question; a higher score means less concern about these items.
dCDSS: clinical decision support system.
ePE: performance expectancy.
fEE: effort expectancy.
gSI: social influence.
hFC: facilitating conditions.

The correlation between each construct and the intention to use
the proposed system is presented in Table 3. A significant

positive correlation was found between the physicians’attitudes,
PE, EE, and their intention to use the system.
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Table . The correlation matrix between user acceptance measurement and intention to use the new clinical decision support system.

IUfFCeSIdEEcPEbPAaVariable

PA

0.400.480.430.450.581    Spearman rank

<.001<.001<.001<.001<.001—g    P value

PE

0.290.670.510.6210.58    Spearman rank

0.01<.001<.001<.001—<.001    P value

EE

0.440.400.2510.620.45    Spearman rank

<.001<.0010.02—<.001<.001    P value

SI

–0.040.6810.250.510.43    Spearman rank

0.69<.001—0.02<.001<.001    P value

FC

0.1410.680.400.670.48    Spearman rank

0.20—<.001<.001<.001<.001    P value

IU

10.14–0.040.440.290.40    Spearman rank

—0.200.69<.0010.01<.001    P value

aPA: physician’s attitude.
bPE: performance expectancy.
cEE: effort expectancy.
dSI: social influence.
eFC: facilitating conditions.
fIU: intention to use the clinical decision support system.
gNot applicable.

Factors Associated With Intention to Use the CDSS
The outcome from the logistic regression analysis is presented
in Table 4. Physicians’ positive attitudes toward preventive
medicine and the integration of new technology into clinical
practices were found to be significant factors associated with
the adoption and use of the new CDSS, with adjusted odds ratios
(OR) of 8.41 (95% CI 2.54‐27.82). The EE was also associated

with the intention to adopt the CDSS (adjusted OR 11.71, 95%
CI 2.45‐55.95). However, PE, SI, and FC did not reach
statistical significance in their association with the adoption of
the proposed system. In addition, individual factors, such as
age, sex, clinical experience, and duration of clinical practice,
did not appear to influence the likelihood of adopting the
proposed CDSS.

JMIR Hum Factors 2025 | vol. 12 | e57314 | p.2212https://humanfactors.jmir.org/2025/1/e57314
(page number not for citation purposes)

Sitasuwan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Logistic regression results.

P valueFinal model OR (95%
CI)

Adjusted ORb (95%
CI)

P valueCrude ORa (95% CI)Determinants of inten-
tions and usage

.0065.44 (1.62-18.34)e8.41 (2.54‐27.82)d<.0018.09 (2.55‐25.63)dPhysician’s attitudec

——f2.78 (0.94‐8.26).052.78 (0.98‐7.85)Performance expectan-

cyc

.017.60 (1.55-31.37)e11.71 (2.45-55.95)e.00211.33 (2.43-52.85)eEffort expectancyc

——0.84 (0.29‐2.43).960.97 (0.35‐2.72)Social influencec

——1.63 (0.57‐4.66).301.73 (0.62‐4.82)Facilitating conditionsc

———.120.96 (0.91‐1.01)Age

———.841.11 (0.40‐3.07)Sexg

Clinical experience

————1    Medical student

———.910.93 (0.26-3.39)    IMh resident and in-
ternist

———.300.51 (0.15-1.81)    Ambulatory
medicine expert

Duration of clinical
practice

————1    0‐3 years

———.960.97 (0.27‐3.50)    4‐10 years

———.180.41 (0.11‐1.49)    >10 years

aOR: odds ratio.
bAdjusted by age and clinical experience group because the result from the univariable analysis showed a P value <.20.
cWhere values lower than the mean of the total score were treated as baseline, that is, odds ratio=1.
dP<.001.
eP<.05.
fNot applicable.
gWhere being male was treated as the baseline, that is, odds ratio=1.
hIM: internal medicine.

The final model consensus was established through the
implementation of the forward selection and backward selection
methods, using the Wald test. The integrated final model
encompassed all determinants associated with the intention to
adopt the CDSS, along with the demographic variables indicated
in Table 4. The factors influencing the adoption and use of the
proposed CDSS were identified as the physicians’ attitudes
(odds ratio 5.44, 95% CI 1.62‐18.34, P=.006) and EE (OR
7.60, 95% CI 1.55‐31.37, P=.01), visualized in the study’s
conceptual framework in Figure 1.

Subgroup analysis demonstrated that there were no significant
differences in the logistic regression results between medical

students and graduated physicians, as indicated in Multimedia
Appendix 2. Nevertheless, it is important to highlight the notable
factors associated with the intention to adopt the CDSS, which
were identified as being physicians’ attitudes and EE.

Benefits of and Barriers to CDSS Adoption in Clinical
Practice
All study participants agreed that the proposed CDSS would
bring benefits to their clinical practice. Specifically, 84
participants believed that the proposed system encompassed
multiple components that would prove advantageous in their
clinical practices. A summary of the participants’ preferences
and barriers to their adopting the CDSS is provided in Table 5.
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Table . The benefits and barriers of the proposed clinical decision support system.

Frequency, n (%)Benefits and barriers

Benefits of CDSSa

79 (89)    Data gathering and data visualization

70 (79)    Provides supplementary information for rec-
ommended disease screening

68 (76)    Provides additional information regarding
recommended vaccines

61 (69)    Individualized suggestions for further preven-
tive services

50 (56)    Integration with the doctor’s order sheet

49 (55)    Information to improve clinical decision-
making

37 (42)    Provides flexibility in use, not mandatory for
every patient

Barriers to CDSS adoption

6 (7)    Other physicians usually take care of preven-
tion services

5 (6)    The use of the CDSS would require them to
allocate more time to each patient

4 (5)    Potential disruption of the current workflow
with the implementation of the CDSS

3 (3)    The burden of data input outweighs the benefit
of the CDSS

3 (3)    Leakage of patients’ personal data

2 (2)    The CDSS will not improve my performance

2 (2)    The accuracy of data input

aCDSS: clinical decision support system.

The majority of participants (70/89, 79%) reported having no
concerns about implementing the new system in their clinical
practice, while 19 participants raised concerns regarding the
proposed CDSS. Among them, 4 participants had multiple
concerns, while the rest expressed a single specific concern
about the new system. The most prevalent barrier identified for
the adoption of the new system was the participants’ perception
that they do not play a primary role in preventive services, which
subsequently led to their decision not to use it.

Discussion

Principal Results and Comparison With Previous
Work
This study suggests that a majority of medical professionals,
including students and graduates, have a favorable attitude
toward and intention to use a CDSS in their clinical practice.
Factors, such as physicians’ attitudes toward the use of CDSSs
in preventive services and its perceived ease of use, play an
important role in the adoption and use of the proposed system.
The primary barrier to CDSS adoption arises from
physician-related factors. If physicians are not actively involved
in preventive services or do not prioritize them, they would be
less likely to employ the proposed CDSS.

This study was undertaken to evaluate the acceptance of a new
CDSS in preventive services. It was postulated that physicians
differ from other users of IT due to the impact on their
professional work of implementing an automated system that
influences the comprehensiveness of their clinical management
and adherence to clinical practice guidelines. However,
physicians may perceive this disruption as a threat to their
professionalism [23].

Our model indicates that a physician’s attitude was one of the
most influential factors determining their intention to use the
new system. From the mean scores of each question included
in this construct, we found that the highest score was for
physicians recognizing the importance of disease prevention,
which aligns with the primary function of the CDSS. The
perception that the system can enhance the quality of health
care delivery by promoting adherence to clinical practice
guidelines ranked second. This finding is consistent with
previous research emphasizing that physicians’ decision to use
IT relies on the usefulness and compatibility of any new
technology with their clinical practice [24]. Physicians are more
inclined to accept a system that they think will improve their
performance. However, the perceived threat to professional
autonomy, which has been identified as a significant deterrent
to CDSS adoption among physicians [15,23], received the lowest
mean score and exhibited the widest range of scores in this

JMIR Hum Factors 2025 | vol. 12 | e57314 | p.2214https://humanfactors.jmir.org/2025/1/e57314
(page number not for citation purposes)

Sitasuwan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


construct. This suggests that participants had different concerns
regarding the threat to their professional autonomy posed by
the proposed CDSS. Nonetheless, most participants paid little
attention to this factor, as evidenced by the median score of 4
out of 5. The level of clinical decision support provided by the
CDSS can explain this discrepancy. In our study, the CDSS is
intended to serve as a supportive tool for physicians’
decision-making according to well-established clinical practice
guidelines. The function of the proposed CDSS primarily
involves clinical data gathering from EMR, data visualization,
and recommendations for routine preventive services such as
cancer screening and age-appropriate vaccination. These tasks
do not rely heavily on individual clinical expertise, and the
system allows physicians to make their own choices based on
their experience and doctor-patient discussions. The
low-to-medium level of clinical decision support provided by
the CDSS may account for the limited concern expressed
regarding the threat to professional autonomy in this study.

EE emerged as another influential factor determining the
intention to use the new system. This finding is consistent with
previous studies [15,20,21] and aligns with measures in the
DeLone and McLean [25] information system success model
that suggest ease of use is related to user satisfaction and
adoption. The end user interface arrangement, which should be
simple, user-friendly, and matched with a physician’s thinking
process, also constitutes a crucial factor contributing to system
adoption [26].

The highest positive response on PE (mean score of 13.87 out
of 15; 93%) reflected that participants expressed a strong belief
in the system’s potential usefulness. This is likely influenced
by the demonstration video about the function and use of the
proposed CDSS, which was made by an experienced clinician
involved in preventive services at the study site to highlight
how the system could address existing workflow gaps.
Furthermore, the proposed CDSS has the potential to enhance
physicians’performance, improve their effectiveness, and reduce
the time spent on preventive services during patient encounters.
The observed marginal positive relationship between PE and
the intention to use the system (P=.05) was consistent with the
expectation that perceived usefulness is a key determinant of
adoption intention.

SI was not found to significantly affect the intention to use the
CDSS in our study. This finding is consistent with previous
literature suggesting that physicians differ from other groups
of IT users, as they tend to prioritize a system’s perceived
usefulness over ease of use or peer influence within their
organization [23]. However, this result may be attributable to
the preimplementation context of our study, in which
participants had no previous experience using the system and
limited exposure to peer usage or established institutional norms
surrounding its adoption.

Previous studies have indicated that SI may exert a greater
effect, particularly among medical students, once a system has
been actively implemented and its use becomes more visible
within the learning or clinical environment [27]. Although our
study was conducted during medical students’clinical clerkship
phase, when decisions are likely shaped by clinical supervisors

and perceived task relevance, peer and faculty endorsement
may become increasingly influential as the CDSS becomes
embedded in routine clinical workflows. Further research
following system implementation is warranted to better
understand the evolving role of social dynamics in CDSS
adoption.

Subgroup analysis revealed that the factors influencing the
intention to adopt the new CDSS did not differ significantly
between medical students and physicians who had graduated.
Correlation analysis indicated a significant positive correlation
between physician’s attitude, PE, EE, and intention to use the
CDSS, consistent with several previous studies [15,20,21,28].

The rate of intention to adopt the proposed CDSS in this study
was remarkably high (79%). No statistically significant
differences were observed in the baseline characteristics of
physicians related to the intention to adopt. However, there was
a disparity in intention to adopt rates within the medical student
group. Sixth-year medical students exhibited a higher comfort
level with the new system compared with fifth-year medical
students, with acceptance rates of 95% versus 68% (P=.04).
These findings warrant further discussion. During medical
education in Thailand, fifth-year medical students have had
limited clinical exposure (less than 2 years) and are under the
continuous supervision of medical staff. Consequently, they
may not consider clinical judgment to be an integral part of their
responsibilities. In contrast, sixth-year medical students engage
in clinical clerkship, which distinguishes them from fifth-year
medical students. Their mindset may differ, resulting in
contrasting attitudes toward the benefits and usefulness of
technology in their job, which could in turn influence their
adoption rates. Furthermore, greater clinical exposure enables
sixth-year medical students to recognize the substantial cognitive
burden of being a general practitioner. They may perceive the
system as being more valuable in alleviating their cognitive
load than fifth-year medical students.

Qualitative analysis of free-text comments revealed that
physicians regarded the system’s ability to gather data from
various sources in EMR and present these data in a recognizable
and comprehensible format as the most beneficial aspect of the
proposed CDSS. In addition, the system provides patient
counseling information on preventive services, which was highly
valued. These results align with those of previous studies, in
that physicians perceive the benefit of CDSSs mainly in terms
of accessibility to standardized information and the facilitation
of patient discussion [19,21]. Automatic data gathering and
visualization have also frequently been cited as favorable aspects
of a CDSS [29]. These findings suggest that preventive services
have relatively low priority in current clinical practice, primarily
due to challenges in acquiring individual patient data and
obtaining comprehensive information for patient counseling. A
CDSS can effectively bridge this gap.

Regarding system performance, the results indicated that more
than half of the study participants would prefer a single
integrated system that incorporates a patient’s history, laboratory
results, vaccination records, and a linked appointment system.
However, some physicians favored the use of the CDSS as an
optional tool for each patient visit. This finding should be taken
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into account during system design. An “add-on” system is
perceived as being advantageous as it allows physicians to
exercise their own choice. Nonetheless, this feature should be
considered carefully, as it could pose a threat to system
implementation due to low system usage [30].

Most study participants reported that they would use the
proposed CDSS without any concerns. However, some
participants expressed apprehension about adopting the CDSS.
Regarding physician-related factors, physicians’ attitudes
emerged as the primary barrier. As preventive services are not
obligatory for all physicians, those who are not involved in such
tasks or do not prioritize health promotion may be reluctant to
use the proposed CDSS, as it could increase the time required
for each patient visit and disrupt their routine workflow.

Regarding patient-related factors, the respondents expressed
concerns about the accuracy of data input, as the system allows
manual input of health maintenance data obtained elsewhere.
Consequently, unverified data may lead to incorrect data being
entered, which could subsequently impact the recommendations
made during the use of the CDSS. This concern has been
identified in previous studies with regard to information quality
[31,32].

Finally, system-related factors were also identified as barriers
to adoption. The burden of data input was the primary concern
from this perspective. In addition, time constraints for clinicians
and the potential disruption to workflow were considered
important system design factors. These findings align with
previous qualitative studies suggesting that a failure to balance
the data input burden, the presentation of clinically relevant
information, and integration into the workflow can negatively
impact the adoption of CDSSs [29,30,33].

Study Implications
This study suggests that a carefully designed CDSS, featuring
a simple, user-friendly interface, would be readily adopted by
physicians. A potential application of this study is the
development and implementation of the proposed CDSS
described in the demonstration video. For successful
implementation, several key factors should be considered, such
as ensuring interoperability with existing EMR systems,
developing a user-friendly interface, and integrating standardized
security protocols. Streamlining data input and involving
patients, while allowing physicians to verify and adjust data,
may reduce the documentation burden.

Beyond system design, physician attitudes play a critical role
in the adoption and use of a CDSS in the long term. Therefore,
it is imperative to emphasize the incorporation of preventive
services into the holistic care model during medical education,
particularly in the context of chronic disease follow-up in
ambulatory settings. In addition, long-term use of a CDSS
requires institutional support, including ongoing training and
effective change management strategies to facilitate integration
into clinical practice.

Future Work
While this study demonstrates there would be a high rate of
adoption of the proposed CDSS, some concerns remain among

physicians, particularly regarding potential disruptions to clinical
workflow, increased time spent per patient, and the burden of
data input. Future qualitative studies will be important to guide
the development of an improved system and to inform strategies
for effective organizational implementation. In addition,
addressing concerns regarding autonomy and emphasizing the
role of CDSSs in supporting clinical decision-making may
further encourage adoption. Long-term multicenter studies
evaluating the system’s impact on clinical outcomes, as well as
the perceptions of physicians and patients during clinical visits,
would be valuable. In particular, these studies should explore
how the use of a CDSS to guide clinical decision-making affects
physician attitudes, patient trust, and the overall quality of the
clinical encounter.

Strengths and Limitations
This study had several strengths. It represents the first evaluation
of the intention of physicians to adopt a guideline-based CDSS
in Thailand. A questionnaire was administered, incorporating
determinants from the UTAUT model and factors identified to
be salient in Southeast Asia, including physician attitudes toward
new technology. Furthermore, a unique video was used to
introduce the proposed system, featuring an experienced
clinician demonstrating preventive services and addressing
current workflow challenges. The video showcased the end user
interface, data entry methods, CDSS performance, and
integration with the existing EMR system, providing participants
with an experience to aid their decision-making process.

However, the study also had some limitations. First, it was
conducted at a single center, Thailand’s largest medical school
hospital, potentially limiting the generalizability of our findings
to other types of hospitals with differing EMR systems and
limited IT support. Second, the inclusion of participants familiar
with the continuity of care model incorporating preventive
services resulted in a skewed-left distribution and wide CIs in
the conceptual framework and logistic regression analysis.

Furthermore, this cross-sectional study examined preadopters
of the CDSS, with self-reported constructs based on the
demonstration video, impeding the determination of causal
relationships. It is crucial to acknowledge potential differences
in attitudes between preadopters and postadopters, limiting the
generalizability of the study’s results to the early stages of CDSS
implementation.

Challenges During the Research
This study was conducted during the COVID-19 pandemic,
which posed several challenges. Hospital services for
nonemergency cases were reduced by approximately 50%, and
medical students transitioned to online learning. As a result, it
was difficult to recruit study participants, particularly medical
students, as they were not physically present at the clinic and
were dispersed across various off-campus locations. Similarly,
many graduated physicians were reassigned from the Continuity
of Care Clinic to COVID-19 patient care duties. Furthermore,
the closure of outpatient services greatly limited clinical
exposure for medical students. Consequently, only
approximately half of the fifth-year medical students had the
opportunity to gain experience in providing comprehensive
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preventive services at the Continuity of Care Clinic during the
study period.

Conclusions
The use of CDSS in clinical management has the potential to
enhance the quality of health care delivery. This study reveals
a noteworthy inclination among physicians to embrace a
guideline-based CDSS specifically tailored for preventive care.
Furthermore, there were no significant differences in the
intention to adopt the system based on diverse baseline
characteristics of physicians.

Drawing upon the study’s comprehensive conceptual framework,
it was evident that positive physician attitudes toward
incorporating CDSSs in preventive services, along with their
perceived ease of use, emerged as the most pivotal determinants
influencing the intention to use the novel CDSS. Conversely,
factors such as PE, SI, and FC had minimal influence over the
intention to adopt the proposed system. This study identified a
range of common obstacles to the adoption of a CDSS, including
physicians’ attitudes, data input accuracy and burden,
physicians’ time constraints, and the potential disruption to
existing workflow patterns.
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Abstract

Background: Primary care providers (PCPs) face significant burnout due to increasing administrative and documentation
demands, contributing to job dissatisfaction and impacting care quality. Artificial intelligence (AI) scribes have emerged as
potential solutions to reduce administrative burden by automating clinical documentation of patient encounters. Although AI
scribes are gaining popularity in primary care, there is limited information on their usability, effectiveness, and accuracy.

Objective: This study aimed to develop and apply an evaluation framework to systematically assess the usability, technical
performance, and accuracy of various AI scribes used in primary care settings across Canada and the United States.

Methods: We conducted a systematic comparison of a suite of AI scribes using competitive analysis methods. An evaluation
framework was developed using expert usability approaches and human factors engineering principles and comprises 3 domains:
usability, effectiveness and technical performance, and accuracy and quality. Audio files from 4 standardized patient encounters
were used to generate transcripts and SOAP (Subjective, Objective, Assessment, and Plan)–format medical notes from each AI
scribe. A verbatim transcript, detailed case notes, and physician-written medical notes for each audio file served as a benchmark
for comparison against the AI-generated outputs. Applicable items were rated on a 3-point Likert scale (1=poor, 2=good,
3=excellent). Additional insights were gathered from clinical experts, vendor questionnaires, and public resources to support
usability, effectiveness, and quality findings.

Results: In total, 6 AI scribes were evaluated, with notable performance differences. Most AI scribes could be accessed via
various platforms (n=4) and launched within common electronic medical records, though data exchange capabilities were limited.
Nearly all AI scribes generated SOAP-format notes in approximately 1 minute for a 15-minute standardized encounter (n=5),
though documentation time increased with encounter length and topic complexity. While all AI scribes produced good to excellent
quality medical notes, none were consistently error-free. Common errors included deletion, omission, and SOAP structure errors.
Factors such as extraneous conversations and multiple speakers impacted the accuracy of both the transcript and medical note,
with some AI scribes producing excellent notes despite minor transcript issues and vice versa. Limitations in usability, technical
performance, and accuracy suggest areas for improvement to fully realize AI scribes’ potential in reducing administrative burden
for PCPs.

Conclusions: This study offers one of the first systematic evaluations of the usability, effectiveness, and accuracy of a suite of
AI scribes currently used in primary care, providing benchmark data for further research, policy, and practice. While AI scribes
show promise in reducing documentation burdens, improvements and ongoing evaluations are essential to ensure safe and effective
use. Future studies should assess AI scribe performance in real-world settings across diverse populations to support equitable
and reliable applications.

(JMIR Hum Factors 2025;12:e71434)   doi:10.2196/71434
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Introduction

Overview
The majority of primary care providers (PCPs) in Canada and
the United States report feelings of burnout, largely attributable
to an increase in clinical documentation and administrative tasks
[1,2], changes in practice patterns, and workforce shortages
[3-5]. Since the widespread implementation of electronic
medical records (EMRs) and evolving regulations and policies
on medical documentation, PCPs, including family physicians
and nurse practitioners, spend nearly half of their workday and
an additional 40 hours per month completing administrative
tasks after hours, such as clinical documentation of patient
encounters and inbox management [6-10]. This increase in
administrative burden has decreased provider satisfaction
[2,10,11], impacted access to care as some providers have
reduced clinical hours to manage administrative workload, and
affected the patient-provider relationship [11,12]. Patient
experience and satisfaction have also been impacted as PCPs
have increasingly spent more time working in their EMR than
on direct patient-facing care [12].

Advancements in artificial intelligence (AI) and machine
learning have sparked interest in how automated processes can
streamline and standardize clinical documentation in primary
care. Several perspectives [13,14] and reviews [15,16] have
described the need for AI scribes (also known as ambient scribes
or digital scribes) to reduce administrative burden in primary
care as well as other health care sectors. AI scribes use automatic
speech recognition (ASR) and natural language processing
(NLP) to record, transcribe, and automate clinical
documentation. These tools are generally accessible via web
browsers, mobile apps, or desktop applications, with some being
integrated into EMRs while others function independently. The
workflow typically involves clinicians activating the AI scribe
during a patient encounter, where it listens and transcribes
conversations and then generates a medical note thereafter.
Some AI scribes also have capabilities to fill in billing codes
or extract information to support diagnostic decision-making
[17].

Several companies have developed AI scribes for use in primary
care, promising to streamline workflows and reduce
documentation time. However, there remain several concerns,
including (1) the impact that AI scribes may have on the
workflow of PCPs; (2) the effectiveness of these tools; and (3)
the accuracy and quality of their outputs. To date, there are no
evaluations that systematically compare the effectiveness of
multiple AI scribes currently being used in primary care while
also considering factors related to usability, technical
performance, and accuracy [18-20]. In addition, given the risks
primary care professionals and organizations may assume when
adopting new technologies that potentially access, store, and
retain personal health information (PHI), a thorough
investigation of AI scribes currently being used in primary care
is essential to ensure their safety and effectiveness.

Objective
The study aimed to develop and apply an evaluation framework
to systematically compare the usability, effectiveness, technical
performance, and accuracy and quality of various AI scribes
used in primary care settings in Canada and the United States.

Methods

Study Design
We conducted a systematic comparison of AI scribes using
competitive analysis methods in the Virtual Care Lab at
Women’s College Hospital (WCH) in Toronto, Ontario, Canada
[21]. Competitive analysis methods are used to evaluate and
compare the strengths, weaknesses, opportunities, and threats
of competing products within a specific market to provide
insights into market dynamics, identify gaps, and inform
strategic decisions [22]. The analysis also incorporated expert
usability approaches (eg, heuristic evaluation) and principles
of human factors engineering [23-26]. Expert usability
approaches enable the identification and examination of the
current capabilities across several digital health tools to identify
areas for improvement or features that are beneficial but may
be missing [26]. Human factors engineering examines the
interaction between systems, products, and their environment
to enhance human performance, safety, and well-being [27].
Combining these methods enabled a comprehensive assessment
and comparison of a suite of AI scribes while ensuring that the
unique workflows of PCPs, their scope of work, and how they
may be interacting with AI scribes within their clinical
environments were considered.

The AI scribes included in this study were part of the Clinical
Evaluation of Artificial Intelligence and Automation Technology
to Reduce Administrative Burden in Primary Care project
funded by the Ontario Ministry of Health through a Transfer
Payment Agreement between Ontario Health and OntarioMD
[28]. Only vendors who were compliant with Ontario’s Personal
Health Information Protection Act (PHIPA) and adhered to best
practices in data privacy and security were selected for
participation in the clinical evaluation. These practices included
supporting PCPs in ensuring that PHI was collected, used, and
disclosed for authorized purposes only; supporting PCPs in
securing valid consent for using PHI; implementing stringent
safeguards against unauthorized access of PHI; and managing
PHI retention and disposal appropriately. Vendors were also
required to store and process data within Canada or, if stored
outside, to provide adequate notice to health information
custodians to support regulatory compliance and notification
obligations.

Evaluation Framework

Overview
Although there are instruments to assess physician note quality
[29,30], a valid and reliable instrument that evaluates the
usability, effectiveness, technical performance, and quality of
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the medical notes generated by AI does not exist. We developed
an evaluation framework that adapted existing tools related to
the usability (eg, user control, flexibility and efficiency of use,
aesthetic and design, and help and documentation) [24] and
provider documentation quality (eg, comprehensiveness,
organization, conciseness, and usefulness) [29-31]. The
framework was also informed by medical documentation
policies and guidelines developed by governing and regulatory
bodies in Canada, including the College of Physicians and
Surgeons of Ontario (CPSO) [32] and the Canadian Medical
Protective Association (CMPA) [33].

The evaluation framework has 12 items grouped into 3 domains:
usability, effectiveness and technical performance, and accuracy
and quality (Multimedia Appendix 1). The framework includes
both quantitative and qualitative measures to capture various
features and functions of AI scribes. For applicable items, a
3-point Likert scale (1=poor, 2=good, 3=excellent) was used to
streamline the evaluation process. Definitions for each measure
and level of the Likert scale were predefined to ensure consistent
application of the evaluation framework.

Usability
Usability refers to the efficiency and satisfaction with which
users can complete tasks on a given interface or platform [34].
Key usability factors for health care technologies in health care
literature include user-software interaction, task alignment, and
navigation [35]. Incorporating these factors, the usability domain
in our evaluation framework assessed user interface, EMR
compatibility and integration, and process flow of the AI scribes.
Compatibility and integration measured the level of integration
with common EMR systems in primary care in Ontario, focusing
on efficient data exchange, interoperability, and standardized
format adherence. User interface refers to the accessibility of
each AI scribe across platforms and the graphical and interactive
features users interact with. Process flow measured the steps
(ie, mouse clicks and keystrokes) and time needed to sign in
and launch the AI scribe. All measurements of time were
conducted by team members in the same location with a
consistent internet connection. Timing was averaged over 3
trials for each AI scribe to account for minor variability and
excluded time spent entering credentials or textual information.
Both user interface and EMR compatibility were evaluated
using the 3-point Likert scale (with 1 representing poor usability
or EMR compatibility and 3 representing excellent usability
and EMR compatibility).

Effectiveness and Technical Performance
To assess effectiveness, average documentation time was
measured as the time required to generate a complete medical

note following a standardized 15-minute clinical encounter.
This was calculated as the amount of time elapsed from the
moment the recording stopped to the time in which a finalized
medical note was generated by the AI scribe, excluding any
additional edits or review by a PCP. For each AI scribe,
documentation time was averaged across 12 appointments (4
standardized encounters, each repeated in 3 trials).

Technical performance refers to the ability of an AI scribe to
generate reliable transcripts and medical notes when challenged
with complicating factors, such as interruptions, loud
background noise, or multiple speakers. Secondary audio files
were used to introduce these elements during standardized
patient-PCP interactions. Background noises included nonverbal
sounds such as typing, paper shuffling, and ambient office
sounds, as well as conversational noises from nearby voices.
Interruptions and third-party speakers included brief interjections
or conversations from other voices, mimicking real-world
scenarios where individuals may briefly speak or disrupt the
main patient-PCP interaction or if a caregiver is present. Both
the transcripts and medical notes generated by each of the AI
scribes were evaluated against the 3-point Likert scale (1=poor
performance, 2=good performance, 3=excellent performance).
“Excellent” performance was defined as accurately attributing
statements to the correct speaker, maintaining the logical flow
of conversation, and minimizing omissions or distortions.
“Good” performance allowed for minor attribution errors or
brief lapses that did not meaningfully impact the clinical content.
“Poor” performance was characterized by major attribution
errors, significant omissions, disorganized conversation flow,
or outputs that impaired the clinical utility of the transcript or
note.

Accuracy and Quality in Documentation
The accuracy and quality of the medical notes generated by the
AI scribes were assessed across 7 items: accuracy,
comprehensiveness, care plan, organization, comprehension,
conciseness, and usefulness (Textbox 1). These items were
informed by medical documentation policies and guidelines
developed by the CPSO [32] and the CMPA [33], validated
quality frameworks that assessed the accuracy and quality of
medical notes written by physicians and medical scribes [30,36],
and early evaluations on the accuracy of AI scribes in other
health care settings [31]. Each item was measured against a
3-point Likert scale and scores were averaged to determine a
single performance score (with 1 representing poor accuracy
and quality and 3 representing excellent accuracy and quality).
The transcript was also assessed for overall accuracy and quality.
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Textbox 1. Description of items to evaluate the accuracy and quality of medical notes generated by an artificial intelligence (AI) scribe.

Accuracy

The medical note contains information that is true and free from errors or hallucinations.

Comprehensiveness

The medical note includes complete documentation of all relevant patient information, including medical history, examination findings, diagnostic
results, and treatment plans without omissions.

Care Plan

The medical note provides a holistic understanding of the patient’s health status. The medical note allows health care professionals to readily interpret
the patient’s health status and develop a plan of care.

Organization

The medical note is well-structured, adhering to the SOAP (Subjective, Objective, Assessment, and Plan) format.

Comprehension

The medical note is accessible and devoid of ambiguity or difficult-to-understand terms, phrases, or sections. The medical note allows health care
professionals to readily interpret the patient’s clinical status and make informed decisions.

Conciseness

The medical note succinctly and effectively conveys all essential information, avoiding unnecessary elaboration or redundancy.

Usefulness

The medical note presents pertinent clinical information in a clear, concise, and actionable manner, facilitating effective communication, decision-making,
and continuity of care among health care professionals involved in the patient’s care.

We also conducted an error analysis to identify the types of
mistakes made by the AI scribes when generating transcripts
and medical notes using error classification schemes developed
for ASR systems [37-39]. Error types included deletion or
omission errors and errors in names, proper nouns, numbers,
punctuation, medication names, medical terminology,
homonyms, and the Subjective, Objective, Assessment, and
Plan (SOAP) format.

Applying the Evaluation Framework
To conduct the competitive analysis, 4 research team members
(EH, IC-K-Y, LM, and SL) had an “unlimited” or “premium”
license for each AI scribe. Each team member played the audio
files from 4 different simulated clinical encounters between a
PCP and a standardized patient to generate transcripts and
medical notes in the SOAP format from each AI scribe. The
audio files were obtained from the College of Family Physicians
of Canada Certification Examination in Family Medicine
website and were selected because they portrayed common
clinical encounters and patient populations observed in primary
care. Each audio file also had a verbatim transcript, detailed
case notes, and SOAP-format notes written by PCPs, all of
which served as a rubric for comparing to the AI
scribe-generated outputs. The use of audio files helped minimize
discrepancies and challenges related to variations in clinical
presentations; thus, providing uniform encounters to each AI
scribe and allowing researchers to verify results against the
original source for more accurate assessments. The SOAP format
was selected for documentation as it was a universally available
template across all AI scribe products and is one of the most
recommended and widely used methods for documenting a
patient encounter in primary care [32].

Team members individually evaluated items in the framework,
collaborating weekly to resolve any rating discrepancies through

discussion and consensus. If an agreement could not be reached,
a fifth team member adjudicated. Clinical experts and family
physicians also reviewed each measure, adding insights on
usability, effectiveness, technical performance, and output
accuracy and quality for each AI scribe. Their feedback was
incorporated through a second round of review and consensus
meetings among the core evaluation team. In addition, data from
a questionnaire completed by the AI scribe vendors about their
products’ capabilities was analyzed, and publicly available
resources, including company websites, product documentation,
user manuals, whitepapers, case studies, and user testimonials
were reviewed.

Ethical Considerations
The study was formally reviewed by institutional authorities at
WCH and received research ethics approval from the WCH
Assessment Process for Quality Improvement Projects pathway
(APQIP #2023‐0059). The study was conducted within a
controlled simulation environment using audio recordings of
standardized clinical encounters between a PCP and a
standardized patient. The audio recordings are publicly available
to use for educational and research purposes. Results generated
as part of this study were based solely on these standardized
patient encounters and did not include human participants or
the collection of any PHI. All research data were securely stored
on password-protected internal servers with access restricted to
authorized study personnel.

Results

Overview
A total of 6 AI scribes were selected for evaluation based on
their market availability and compliance with data privacy and
security regulations in Ontario (ie, PHIPA). To highlight the
general capabilities of AI scribes, specific product names are
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not used; however, when referring to a particular AI scribe
product, they are labeled as AI scribes #1 through #6. Table 1
provides an overview of the health care sectors and users for
each of the AI scribes. While 2 AI scribes were exclusively used
in primary care (AI scribes #1 and #4), the remaining 4 were
also deployed in other health care sectors, including acute care,
home care, palliative care, and community services. Of these 4
AI scribes, 3 were used by a broader range of health care
professionals, including nurses, pharmacists, dentists,

veterinarians, and administrative staff, in addition to physicians.
The number of active, paid subscribers for each AI scribe varied
significantly, from 20 for AI scribe #4 to over 21,000 users for
AI scribe #6. Half of the AI scribes supported languages other
than English (AI scribes #2, #3, and #5), while the remaining
3 only supported English but reported that they were developing
additional language options (eg, French and Spanish). The
performance of these AI scribes in non-English languages was
not evaluated in this analysis.

Table . Overview of supported health care settings and users across different artificial intelligence (AI) scribe products.

AI scribesContext

AI scribe #6AI scribe #5AI scribe #4AI scribe #3AI scribe #2AI scribe #1

Primary care and
acute and ambulato-
ry care

Primary care, acute
and ambulatory
care, community
services, and men-
tal health and psy-
chiatry

Primary carePrimary care, acute
and ambulatory
care, palliative
care, and home care

Primary care, acute
and ambulatory
care, social and
community ser-
vices, home care,
palliative care,
mental health and
psychiatry, pedi-
atrics, rehabilitation
services, dental
care, optometry,
surgery, and veteri-
nary medicine

Primary careCare settingsa

PhysiciansPhysicians, nurses,
and other regulated
health care profes-

sionalsc

PhysiciansPhysicians, nurses,
other regulated
health care profes-

sionalsc, and admin-
istrative staff

Physicians, nurses,
other regulated
health care profes-

sionalsc, and admin-
istrative staff

PhysiciansMain usersb

21,00040002036013,000100Number of usersd

EnglishEnglish and FrenchEnglishEnglish, French,
and 20 other lan-
guages

English, French,
and 50 other lan-
guages

EnglishSupported lan-
guages

aAll health care sectors that the AI scribe was used in.
bTypes of clinicians and health care professionals that the AI scribe was marketed to, and who had an active, paid subscription to use the AI scribe (ie,
users).
cRegulated health professionals include pharmacists, dentists, occupational therapists, physiotherapists, social workers, psychologists, and therapists.
dApproximate number of current users with an active, paid subscription for the AI scribe.

Usability
Table 2 presents the results of the usability assessment. Of the
6 AI scribes evaluated, 4 were accessible on multiple platforms
(desktop or laptop and mobile or tablet devices); thus, receiving
an excellent form factor rating. In contrast, AI scribes #4 and
#6 could only be accessed on a single platform, potentially
limiting accessibility in diverse clinical settings. Four of the AI
scribes also demonstrated some level of EMR integration. AI
scribes #1 and #3 exhibited the highest degree of integration as
they were compatible with multiple EMRs used in primary care
in Canada and could exchange metadata (eg, schedules, visit
details, previous notes, and summaries) and patient information

(eg, name, date of birth, and health card number) when launched
from within the EMR. AI scribe #5 could be launched within a
single EMR, but no data exchange was available. AI scribe #6
did not connect directly to common EMRs in primary care but
allowed users to transfer notes through a separate application.
To add the medical note to the EMR, only AI scribe #5 offered
a seamless drag-and-drop note transfer into the EMR with a
single mouse click. For AI scribes #1‐#4, users would have
to toggle between the AI scribe and EMR interfaces to manually
copy-paste notes, adding to the number of mouse clicks or
keystrokes required to use the AI scribe. AI scribe #6 used a
separate program to transfer the transcript and medical note
from the mobile app to the EMR.
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Table . Comparison of usability features across different artificial intelligence (AI) scribe products.

AI scribesUsability measures

AI scribe #6AI scribe #5AI scribe #4AI scribe #3AI scribe #2AI scribe #1

User interface

Mobile appGoogle Chrome ex-
tension but also
available on other
Web browsers, al-
though not formally
supported

Desktop applica-
tion

Supported on
Google Chrome,
Mozilla Firefox,
and Microsoft Edge

Supported on all
web browsers

Supported on
Google Chrome,
Mozilla Firefox,
Apple Safari, and
Microsoft Edge

    Main platforms
used to access the

AI scribea

Native application
available for iOS
and Android de-
vices

Native application
for iOS and An-
droid devices

N/AMobile-friendly via
phone’s web
browser

Mobile-friendly via
phone’s web
browser

Mobile-friendly via
phone’s web
browser

    Supported mo-
bile and tablet de-
vices

PoorExcellentPoorExcellentExcellentExcellent    Form factorb

EMR integration

GoodExcellentPoorExcellentPoorExcellent    EMR integration

PoorExcellentGoodGoodGoodGood    Ability to trans-
fer medical note

Process flow

446675    Steps to sign-in
and launch the AI
scribe

7.21 sec11.63 sec14.59 sec26.36 sec13.58 sec10.01 secd    Average time to
sign-in and launch

the AI scribec

1FA2FA1FA2FAf1FA1FAe    Factor authentica-
tion (FA)

GoodGoodGoodGoodGoodGood    Ease of Restart-
ing

aMedium or technology through which users can access and interact with the AI scribe, considering the various types of interfaces and devices that
enable user access.
bDesign and accessibility of platforms required to use the AI scribe, particularly in relation to its ease of access in primary care settings.
cApproximate amount of time needed to sign in and launch the AI scribe for use during a patient encounter. This measure was averaged across 3 runs
and did not include time spent typing when entering credentials or textual information.
dsec: seconds.
e1FA: single-factor authentication.
f2FA: 2-factor authentication.

Other processes affecting usability, such as sign-in and launch,
varied across products. All AI scribes required user
authentication for sign-in, with 4 AI scribes using single-factor
authentication and 2 implementing 2-factor authentication.
There did not appear to be a link between the number of steps
and the amount of time it took to sign in and launch the AI
scribe. The encounter initiation processes also varied across AI
scribes; some required preloading appointment data (eg, patient
name and appointment time), while others could start recording
immediately. Each AI scribe featured a visible “start encounter”
button, and all except AI scribe #4 provided live transcription.
Transitioning between patient encounters required users to save
the medical note before moving on to the next patient.

Effectiveness and Technical Performance
On average, for a 15-minute clinical encounter between a patient
and PCP, nearly all AI scribes generated a SOAP-format medical
note within 1 minute of pressing the stop recording button, with
AI scribe #4 taking almost twice as long (Table 3).
Documentation time for all AI scribes was affected by the
encounter length and the complexity of the topics discussed.
Encounters involving multiple or complex topics, or extended,
nonlinear conversations—including rapport-building exchanges
not directly related to medical care—generally increased the
documentation time of the AI scribes.
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Table . Effectiveness and technical performance across different artificial intelligence (AI) scribe products.

AI scribesPerformance mea-
sures

AI scribe #6AI scribe #5AI scribe #4AI scribe #3AI scribe #2AI scribe #1

Effectiveness

20.66 sec32.4 sec1:40 minb42.8 sec53.54 sec41.87 seca    Average docu-
mentation time

Technical perfor-
mance

ExcellentExcellentExcellentExcellentExcellentExcellent    Background
noise

PoorGoodGoodExcellentGoodExcellent    Interruptions

GoodPoorGoodGoodPoorGood    Multiple speak-
ers

asec: seconds.
bmin: minutes.

The performance of the AI scribes also varied when faced with
complicating factors. All AI scribes successfully omitted
nonconversational background noises. In contrast, only AI scribe
#1 effectively filtered out interruptions and extraneous
conversations, ensuring only the patient-PCP dialogue appeared
in the transcript and medical note. AI scribes #2‐#5 included
brief phrases from interruptions or extraneous conversations in
the transcript but excluded them from the medical note. AI
scribe #6, however, mistakenly incorporated information from
the interruption into both the transcript and the medical note.

The ability of the AI scribes to manage conversations among 3
or more speakers also varied. AI scribes #1, #3, #4, and #6
received a “good” rating, effectively distinguishing between
speakers and accurately assigning dialogue to speakers in the
transcripts. In contrast, AI scribes #2 and #5 received a “poor”
rating, often failing to differentiate between more than 2

speakers when generating the transcript. These errors led to
inaccuracies in the medical note, where statements made by a
third speaker were incorrectly attributed to the patient.

Accuracy and Quality in Documentation
Table 4 summarizes the evaluation findings on documentation
accuracy and quality. None of the AI scribes consistently
produced fully accurate and error-free transcripts or medical
notes, although the types of errors varied. While most
patient-PCP conversations were transcribed accurately, frequent
grammatical and syntactical errors, such as repeated or omitted
words, were observed, particularly among AI scribes #1 and
#3‐#5. These AI scribes received an overall rating of “good”
for transcript accuracy and quality, as these issues could affect
the transcripts’ usefulness, making it harder for users to
reference them quickly during later reviews, although it did not
affect overall content.
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Table . Evaluation of the accuracy and quality of the transcript and medical note generated by the artificial intelligence (AI) scribe.

AI scribeAccuracy measures

AI scribe #6AI scribe #5AI scribe #4AI scribe #3AI scribe #2AI scribe #1

Accuracy and qual-
ity

ExcellentGoodGoodGoodExcellentGood    Transcript

GoodGoodGoodExcellentExcellentExcellent    Medical note

Error analysisa,b

✓✓✓✓✓✓    Deleted words or

omissionsc

✓✓✓    Generalizationsd

✓✓✓    SOAPe structuref

aCheckmarks indicate that at least one occurrence of the error was observed.
bError types not observed include errors in names, proper nouns, numbers, punctuation, medication names, or homonyms.
cError where essential information is left out or not included, which can lead to incomplete understanding or documentation of the intended content or
context.
dError where specific information is simplified or replaced with a broader, less precise term, potentially leading to a loss of detail or nuance that could
affect the accuracy or clarity of the information.
eSOAP: Subjective, Objective, Assessment, or Plan.
fDocumentation error where information is incorrectly categorized within the SOAP sections of a medical note, potentially leading to confusion or
misinterpretation of the clinical details.

For medical note accuracy and quality, 3 AI scribes (#4‐#6)
produced notes rated as “good” quality, while the remaining 3
(AI scribes #1‐#3) produced “excellent” quality notes. An
“excellent” rating indicated strong relative performance among
the evaluated AI scribes rather than complete accuracy. The
“excellent” notes were comprehensive, well-organized, and free
from hallucinations or contradictory information, providing
sufficient detail to accurately reflect the patient’s clinical status
and support informed decision-making. Interestingly, AI scribes
that generated good-quality transcripts were still capable of
producing excellent-quality medical notes (AI scribes #1 and
#3), and the reverse was also true (AI scribe #6).

In the error analysis, errors involving names, proper nouns,
numbers, punctuation, medication names, or homonyms were
not observed. However, deletion or omission errors were
observed across all AI scribes. The most frequent omissions
involved details about the history of the presenting illness, social
history, or lifestyle factors, with the extent of omissions varying
across AI scribes. For example, in one clinical scenario, AI
scribes #2, #3, and #4 omitted dietary information relevant to
the encounter but still received a good rating, as this information
could have been documented elsewhere in the patient’s chart.
Conversely, AI scribe #6 consistently omitted new social history
details directly relevant to the presenting illness. AI scribes
#4‐#6 also made generalization errors, simplifying medical
terms in ways that lost specificity or nuance, such as reducing
“Colles fracture” to “fracture” or even “dog fracture.” In
addition, AI scribes #2‐#4 displayed SOAP structure errors,
such as misclassifying information in the Objective section
despite the absence of a physical examination.

Discussion

Principal Findings
We conducted one of the first studies, to our knowledge, that
systematically evaluated the usability, effectiveness, technical
performance, and accuracy of 6 AI scribes developed for or
used in primary care settings in Canada, including some tools
that are also used in the United States. By leveraging competitive
analysis methods, expert usability approaches, and human
factors engineering, we developed a comprehensive evaluation
framework that revealed a rapidly evolving AI scribe market
and notable differences in performance across AI scribes.

Of the AI scribes included in this evaluation, most were
accessible across multiple platforms, including desktops, laptops,
mobile devices, and tablets, and could be launched directly
within the EMR for easier access, although data exchange was
minimal. In general, nearly all AI scribes generated a
SOAP-format medical note in approximately 1 minute for a
standardized 15-minute encounter, although documentation
length increased based on the length of the encounter and
complexity of topics discussed. While all AI scribes produced
good to excellent quality medical notes, persistent deletion and
omission errors highlighted the continued need for review and
editing by PCPs. In addition, several factors were found to affect
the quality and accuracy of both transcripts and medical notes,
including extraneous conversations, encounters with multiple
speakers, and the complexity of conditions discussed.
Interestingly, AI scribes that produced good-quality transcripts
could generate excellent-quality medical notes, and conversely,
transcripts of excellent quality did not always result in equally
high-quality medical notes. Despite these promising capabilities,
limitations related to usability, technical performance, and
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accuracy remain that must be addressed to ensure AI scribes
continue to reduce administrative burdens effectively.

Comparison With Other Work
While studies on the usability of AI scribes in primary care
remain limited, our findings are consistent with broader research
on the usability of digital health technologies. For example,
inadequate access, poor usability of platforms, and lack of
workflow integration are known factors that contribute to PCP
burnout, whereas enhanced accessibility and robust EMR
integration are associated with improved PCP well-being and
productivity [40,41]. As demonstrated in this study, flexible
access to AI scribes across multiple platforms—such as mobile
devices, tablets, and desktops—may enhance their usability by
aligning better with PCPs’ varied workflows and preferences.
In addition, as highlighted in several commentaries, AI scribes
remain an unregulated digital health tool [42,43]. While the
current level of EMR integration may be sufficient in the
absence of regulation, data privacy and security laws, like those
in Ontario, Canada, place the responsibility on PCPs and
institutions to understand privacy implications, assess risks, and
ensure that AI scribe software functions as expected [42,43].
These considerations underscore the need for regulatory
guidance and transparency in the development of AI scribe
technology to support usability, enhance EMR integration, and
maintain patient safety in primary care settings.

Studies on the accuracy and quality of transcripts and medical
notes produced by AI scribes are emerging. For instance,
Tierney et al [31] used a modified 9-item Physician
Documentation Quality Instrument (PDQI-9) to evaluate the
quality of notes produced by an AI scribe used in primary care,
pediatric, hospital, mental health, surgical, and emergency care
settings. Their regional pilot demonstrated that while the AI
scribe produced high-quality notes, minor hallucinations and
omission errors were common—similar to the error types
observed in our study. In addition, a study on a commercially
available Dutch AI scribe found that fully automated notes,
without clinician editing, had poorer PDQI-9 scores, higher
word counts, and reduced lexical diversity compared to those
reviewed by clinicians [44]. Our evaluation of 6 AI scribes
expanded upon this work and demonstrated that various AI
scribes can produce good to excellent quality notes, though
none were entirely error-free and likely require some editing
by users. Compared with the PDQI-9 and other tools used to
evaluate note quality, our framework consists of 7 items that
focus on characteristics unique to AI-generated outputs, such
as hallucinations, redundancy, and bias. Our framework also
considers the ability of AI-generated notes to capture relevant
patient information in a concise and actionable manner, with a
particular emphasis on attributes like the Care Plan. It is
designed to be suitable for SOAP-format medical notes, though
it can be adapted to other formats, highlighting both similarities
and differences in focus and scope.

Despite the promise of AI scribes, recent evaluations of large
language models (LLMs), such as GPT-3.5 and Open AI’s
ChatGPT-4, urge caution before integrating AI-powered tools
into clinical documentation workflows. In these studies, LLMs
were fed medical evidence or transcripts of audio-recorded

patient-provider conversations to generate summaries [45,46].
Findings revealed that LLMs frequently produce factually
inconsistent summaries, with error types varying across
replicates of the same case [45]. Performance also differed
significantly across different LLMs [46]. In contrast to general
purpose LLMs, such as ChatGPT, the AI scribes evaluated in
our study primarily relied on conventional pipelines combining
ASR systems and NLP models that were specifically fine-tuned
for clinical documentation tasks. While some AI scribe vendors
may be beginning to integrate LLM-based approaches, most
tools included in this evaluation were optimized separately for
ASR and NLP functions. Notably, the distinct functions of ASR
systems and NLP within AI scribes likely explain why
‘excellent’ transcripts may sometimes accompany ‘good’
medical notes, or vice versa, as observed in our study. ASR
systems are optimized to capture spoken words accurately, while
NLP focuses on summarizing, organizing, and emphasizing
clinically relevant information [14]. Consequently, some AI
scribes may excel in extracting key details for notes despite
minor transcript inaccuracies, while others may produce precise
transcripts but lack effective summarization. A key takeaway
is that the performance of AI scribes is expected to vary
depending on the specific ASR and NLP systems used, and
performance will likely change over time as these models are
retrained on new data. The variability in performance within
and across AI scribes underscores the need for ongoing
evaluation and oversight to ensure that these tools continue to
meet clinical documentation needs reliably [47]. Collectively,
these findings highlight the importance of PCPs reviewing and
editing AI-generated medical notes to ensure documentation
accuracy and quality.

Overall, our study has important implications for research,
policy, and practice. For research, the findings highlight the
need for further large-scale studies to evaluate the usability,
accuracy, and long-term impact of AI scribes, especially in
real-world clinical environments. This research also raises
important equity considerations, as the performance of various
AI scribes may differ across PCP and patient populations or
when used to support languages other than English [46,48]. For
policy and practice, our findings provide benchmark data on
the current performance of 6 AI scribes used in primary care
settings, guiding users, institutions, and other stakeholders on
both the strengths and areas needing improvement. This work
can also set the foundation for broader implementation strategies
that balance innovation with safety, equity, and accountability
in digital health technology. Furthermore, there is a critical need
for the ongoing evaluation of AI scribes and other AI tools in
a manner that is both timely and rigorous. With the rapid
evolution of AI technology, continuous assessment is necessary
to ensure that these tools remain relevant, effective, and safe
for diverse clinical contexts. Evaluations must be
methodologically robust to address potential biases, assess
long-term impacts, and ensure that the tools meet the needs of
all patient and provider populations equitably to build trust,
maintain accountability, and maximize the transformative
potential of AI in health care.
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Limitations
There are limitations to consider when interpreting findings.
First, the evaluation was conducted in a controlled laboratory
setting, which may not fully capture the nuances and
complexities of real-world clinical environments. While we
used standardized audio files representing typical primary care
encounters, these simulations cannot entirely replicate live,
unscripted interactions. It is also possible that some AI scribes
were partially trained or fine-tuned using publicly available
clinical audio datasets, which could introduce overlap with the
types of audio files used in our evaluation. Although we cannot
confirm the specific training sources used by each vendor (as
this information was often proprietary), we acknowledge this
as a limitation and recognize that model performance may differ
when evaluated using de novo, real-world clinical encounter
data. Second, we evaluated 6 AI scribes, although there are a
countless number of AI scribes available globally. While the
selected vendors reflect those used in primary care settings in
Canada and the United States, the results may not capture the
full range of features offered by all AI scribes. In addition, AI
scribes and automation technologies are rapidly evolving.
Although the evaluation framework may be applied to
continuously evaluate AI scribes, as the underlying ASR and
NLP models are retrained, findings represent the relative
performance of each AI scribe at a single point in time and may
not reflect any subsequent versions released since the time of

the study. Finally, we assessed documentation quality using the
SOAP format to ensure consistent evaluation of outputs across
all AI scribes that were evaluated. While this may not represent
the variety of templates or the specialized expertise required to
select the most appropriate template for different clinical
scenarios, the SOAP format remains the most widely
recommended method for documenting clinical encounters in
primary care, and its use in this study provided a consistent
basis for comparison.

Conclusion
In conclusion, our findings demonstrate that developing a
comprehensive framework to evaluate AI scribes is feasible,
and findings from the competitive analysis underscore the value
of AI scribes as a promising tool to alleviate administrative
burden in primary care. However, findings also emphasize the
need for ongoing enhancements to improve the usability,
technical performance, and accuracy of AI scribes. Although
AI scribes can generate good to excellent quality medical notes,
user editing and review remain essential. Greater EMR
integration and personalized customization are also needed to
align with the varied documentation practices of PCPs. Overall,
ongoing evaluation is crucial to ensure these technologies
effectively support PCPs while enhancing safety, accuracy, and
efficiency for both providers and patients. Future research should
also explore AI scribe performance in dynamic, real-world
settings.
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PDQI-9: 9-item Physician Documentation Quality Instrument
PHI: personal health information
PHIPA: Personal Health Information Protection Act
SOAP: Subjective, Objective, Assessment, and Plan
WCH: Women’s College Hospital
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Abstract

Background: Accurate monitoring of tumor progression is crucial for optimizing outcomes in neurofibromatosis type 2–related
schwannomatosis. Standard 2D linear analysis on magnetic resonance imaging is less accurate than 3D volumetric analysis, but
since 3D volumetric analysis is time-consuming, it is not widely used. To shorten the time required for 3D volumetric analysis,
our lab has been developing an automated artificial intelligence–driven 3D volumetric tool.

Objective: The objective of the study was to survey and interview clinicians treating neurofibromatosis type 2–related
schwannomatosis to understand their views on current 2D analysis and to gather insights for the design of an artificial
intelligence–driven 3D volumetric analysis tool.

Methods: Interviews examined for the following themes: (1) shortcomings of the currently used linear analysis, (2) utility of
3D visualizations, (3) features of an interactive 3D modeling software, and (4) lack of a gold standard to assess the accuracy of
3D volumetric analysis. A Likert scale questionnaire was used to survey clinicians’ levels of agreement with 25 statements related
to 2D and 3D tumor analyses.

Results: A total of 14 clinicians completed a survey, and 12 clinicians were interviewed. Specialties ranged across neurosurgery,
neuroradiology, neurology, oncology, and pediatrics. Overall, clinicians expressed concerns with current linear techniques, with
clinicians agreeing that linear measurements can be variable with the possibility of two different clinicians calculating 2 different
tumor sizes (mean 4.64, SD 0.49) and that volumetric measurements would be more helpful for determining clearer thresholds
of tumor growth (mean 4.50, SD 0.52). For statements discussing the capabilities of a 3D volumetric analysis and visualization
software, clinicians expressed strong interest in being able to visualize tumors with respect to critical brain structures (mean 4.36,
SD 0.74) and in forecasting tumor growth (mean 4.77, SD 0.44).

Conclusions: Clinicians were overall in favor of the adoption of 3D volumetric analysis techniques for measuring vestibular
schwannoma tumors but expressed concerns regarding the novelty and inexperience surrounding these techniques. However,
clinicians felt that the ability to visualize tumors with reference to critical structures, to overlay structures, to interact with 3D
models, and to visualize areas of slow versus rapid growth in 3D would be valuable contributions to clinical practice. Overall,
clinicians provided valuable insights for designing a 3D volumetric analysis tool for vestibular schwannoma tumor growth. These
findings may also apply to other central nervous system tumors, offering broader utility in tumor growth assessments.

(JMIR Hum Factors 2025;12:e71728)   doi:10.2196/71728
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Introduction

Neurofibromatosis type 2 (NF2) is an autosomal dominant
disorder caused by mutations in the NF2 gene on chromosome
22q12 [1,2]. This disorder is primarily characterized by the
growth of vestibular schwannomas (VS), noncancerous brain

tumors that arise from Schwann cells along the vestibulocochlear
nerve [3]. Depending on the location of VS tumor growth, NF2
patients may develop a range of symptoms, including hearing
loss, tinnitus [4], loss of balance, and dizziness [5]. As these
tumors progress, they can become life-threatening if they
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impinge on critical brain structures, such as cranial nerves and
the brainstem [6].

Treatment for these tumors typically involves stereotactic
radiosurgery, resection surgery [7], or, more recently, Brigatnib,
an oral drug showing promising outcomes in those with
neurofibromatosis type 2–related schwannomatosis (NF2-SWN)
[8]. The decision to pursue these treatments depends on factors
such as tumor size, growth, location, and mass, underscoring
the importance of accurately monitoring and visualizing tumor
progression over time [9]. T1-weighted cranial magnetic
resonance imaging (MRI) with intravenous gadolinium has
proven effective in visualizing VS tumors in cerebral space
[10]. This imaging technique also helps distinguish VS tumors
from other anomalies, including cysts, meningiomas, aneurysms,
and facial nerve schwannomas, supporting more informed
clinical decision-making [11].

Tumor progression can be monitored using various metrics,
with the change in tumor size being the most common. In current
standard clinical practice, linear analysis involves measuring
the largest tumor diameter in two dimensions, usually in an
axial or coronal view. Although linear measurements are derived
from a patient’s MRI planar slices, the complex geometry of
VS tumors can introduce uncertainty in these measurements
[7,9]. Larger VS tumors develop characteristic features that may
not be fully captured in linear measurements, such as the round
body and tail (the “ice cream cone” geometry) [12].

Approximate volumetric analysis addresses some of the
limitations of linear analysis by incorporating an extra dimension
from 2D to 3D. By approximating the tumor as an ellipsoid in
each MR scan slice, the volume of the tumor can be
approximated by summing the total areas derived from each
slice. While this measure has been shown to be more sensitive
to tumor growth than 2D measurements, it has also been found
to overestimate tumor growth. As VS tumors continue to
develop into the cerebellopontine angle, their shape in each MR
slice begins to deviate from that of an ellipsoid [13].

The 3D volumetric analysis addresses the limitations of 2D
linear and approximate volumetric methods by calculating tumor
volume through the summation of tumor areas from each MR
slice. Unlike approximating the tumor as an ellipsoid in each
slice, this technique involves directly segmenting the tumor
borders, which improves the specificity of the tumor’s
boundaries [14]. Although 3D volumetric analysis yields
accurate tumor size measurements, it requires manual
segmentation, a time-consuming process that can take hours
per tumor, necessitating the use of automated volumetric
analysis tools [15]. Furthermore, for 3D volumetric analysis to
have utility in clinical practice, the 3D visualization resulting
from this analysis, which describes the digital 3D model of the
segmented tumor in 3D space, must be easily interpretable for
clinicians to understand where the tumor exists with reference
to the 3D mapping of the patient’s brain.

The 3D modeling technologies such as OsiriX Lite (version
7.0.3; Pixmeo SARL), ITK-Snap (version 2.4.0; ITK-Snap),
and BrainLab iPlan (version 4.5; BrainLab) have been described
in the literature as performing semiautomated 3D volumetric
analysis of VS tumors [16]. While these technologies show

promising results with low coefficients of variability, they fail
to provide adequate visualization of the segmented tumors in
3D space, limiting their clinical utility. Specifically, these
technologies do not have the capabilities to overlay 2D planes
on the 3D segmented tumor to demonstrate where different
sections of the tumor are located within the patient’s brain scan.
Additionally, these technologies do not have features that allow
for the overlaying of segmented tumors between chronological
scans to investigate areas of tumor growth. We envision that
the incorporation of visualization features like these has the
potential to broaden the clinical utility of 3D volumetric analysis
and visualization software and reduce the need for advanced
3D reconstruction when viewing 3D segmented tumors.

To make 3D volumetric analysis adopted more widely in clinical
settings, a thorough understanding of clinical needs related to
the analysis methodology (volumetric vs linear) and the 3D
visualization must exist. Therefore, the aim of this study was
to gain a deeper understanding of clinicians’ current methods
for measuring tumor growth, their recommendations for key
features in a potential 3D volumetric analysis tool (to be
developed), and their concerns regarding how the tool would
be clinically integrated. To achieve this, we conducted surveys
and interviews with clinicians who treat NF2. We hypothesized
that insights from these experienced clinicians would guide the
development of a US Food and Drug Administration–regulated
auto-segmentation and visualization software to improve the
diagnosis and measurement of VS tumors.

Methods

Study Sample
This study involved surveys and interviews with clinicians
specializing in the treatment and diagnosis of NF2-related
schwannomatosis. To be eligible for inclusion, participants had
to be clinicians directly involved in the care of NF2-SWN
patients and willing to complete a survey or participate in an
interview. NF2-SWN patients were not included, as the software
is intended primarily as a clinical tool rather than a visualization
tool for patients. Clinicians with direct experience in diagnosing
and treating NF2-SWN across various specialties, including
neurology, neuro-oncology, neurosurgery, neuroradiology, and
pediatrics, whose names were found on the Children’s Tumor
Foundation website were recruited for this study. Upon
identifying clinicians’ names and contact information, emails
were subsequently sent to these clinicians, outlining the
proposed 3D segmentation software and inviting them to
participate in a survey and an interview.

Ethical Considerations
Ethics approval was obtained from the Yale University
Institutional Review Board (approval number: 2000034426)
through an exempt review. Verbal informed consent was
obtained from all interviewed and surveyed participants before
the collection of data, and the institutional review board waived
the need for written consent. The clinicians providing the data
were deidentified but were not anonymous. No vulnerable
populations were included in the data collection of this study.
Additional consent was not necessary for any secondary analyses
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of the collected data. No compensation was provided for
participation in this study.

Survey Data Collection and Analysis
Surveys were conducted via Qualtrics and included 25
statements organized into eight categories as follows: (1)
linear/volumetric analysis, (2) markers of VS tumor progression,
(3) surgical planning for 2D MRI scans of VS tumors, (4) 3D
volumetric analysis, (5) 3D visualization of VS tumors, (6)

surgical planning using 3D models of VS tumors, (7)
postintervention monitoring, and (8) general questions (Textbox
1). The survey questions were structured as a Likert scale
questionnaire, where clinicians indicated their level of agreement
with each statement on a scale of 1 to 5, ranging from
“completely disagree” to “completely agree.” Additionally,
clinicians were asked demographic questions about their clinical
specialties, years of experience, and the number of VS cases
they had treated.
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Textbox 1. A total of 25 total statements were addressed in both the interviews and in the questionnaire. In the surveys, all clinicians selected 1 out of
5 choices based on how much they agreed with each statement. In the interviews, clinicians had the opportunity to share open-ended responses to the
statements.

Category 1: 2D linear/volumetric analysis

1. Linear analysis of vestibular schwannoma (VS) tumors reflects tumor size

2. Volumetric analysis of tumors reflects tumor size

3. Linear measurements are sensitive to small changes in tumor diameter

4. Two different clinicians can review the same magnetic resonance imaging (MRI) but calculate two different tumor sizes.

5. The orientations of bi- and uni-dimensional linear measurements can change from one MRI to the next for a single patient.

6. Patient position in MRI machines influences the orientations of MRI scans, affecting linear measurements.

7. It can be difficult to make a decision about tumor growth from a series of linear measurements due to the lack of clear progression thresholds.

Category 2: markers of VS tumor progression

8. Change in tumor size is the most important marker of VS tumor progression

9. Edema and mass effects on surrounding critical structures are good markers of VS tumor progression.

Category 3: surgical planning with 2D MRI scans of VS tumors

10. It is simple to determine the best approach to tumor resection before operation (location or angle of entry, how to best maximize extent of resection
while avoiding functional areas) from 2D MRI scans.

11. The cranial nerves and blood vessels that need to be avoided during intervention can easily be determined through analysis of MRI scans.

Category 4: 3D volumetric analysis

12. 3D volumetric measurements would be more helpful in determining clearer thresholds of tumor growth than linear measurements.

13. 3D volumetric analysis would standardize measurements by reducing variation in measurements of tumor size taken by different clinicians.

14. 3D volumetric analysis would lead to more informed clinical decision-making.

Category 5: 3D visualization of VS tumors

15. 3D volumetric measurements must be combined with 3D visualization of the VS tumor to be clinically meaningful.

16. The ability to interact with 3D models of VS tumors in the cerebral space (rotate, zoom, adding or removing structures from view) would provide
information helpful for surgical planning.

17. Growth in tumor boundaries observed by overlaying 3D models of VS tumors from MRI scans collected over time is easier to interpret than
comparing the same MRI scans in 2D.

18. 3D visualization of VS tumors and their location relative to critical brain structures (cranial nerves, brainstem, etc.) would be helpful in patient
care.

19. Knowing regions of rapid versus slow tumor growth on VS tumors would be helpful in treatment planning.

Category 6: surgical planning with 3D models of VS tumors

20. 3D visualization of VS tumors in the surrounding cerebral space (relative to critical brain structures) would aid in surgical planning.

21. 3D models of VS tumors would lead to more informed decisions of the type of intervention to perform (eg, different approaches of tumor resection
and gamma knife)

Category 7: postintervention monitoring

22. Being able to distinguish between post-op changes and residual tumor progression would significantly improve clinical decision-making (ex. After
gamma knife).

23. Automatic diagnosis of tumor progress, regression/response, or stability according to changes in size over time would aid treatment planning.

Category 8: general

24. Having the ability to forecast tumor growth will significantly improve clinical decision-making.

25. 3D visualizations of VS tumors would significantly improve patient education by allowing patients to see their tumors in 3D space.

In the end, individual survey statement responses were
statistically analyzed and means and SD were reported. Higher
means indicated that clinicians agreed more with the statement.
Following statistical analysis, survey statements relating to
tangible features or capabilities of the software were grouped

together, and the top four features that clinicians favored based
on mean agreement levels were determined.

Interview Data Collection and Analysis
Two members of the research team (AH and DW) with prior
training in conducting semistructured interviews and focus

JMIR Hum Factors 2025 | vol. 12 | e71728 | p.2236https://humanfactors.jmir.org/2025/1/e71728
(page number not for citation purposes)

Desroches et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


groups jointly facilitated each focus group discussion (FGD)
session; the senior author (FB) conducted all the individual
interviews. The topics discussed within these discussions
mirrored the 25 survey statements reframed as open-ended
questions (Textbox 1). The FGD sessions lasted approximately
one hour, and the individual interviews lasted approximately
30 minutes. Audio recordings from the FGDs and individual
interviews were then transcribed verbatim by Zoom’s
transcription feature and returned to the research team for
proofreading and subsequent analysis.

The data analysis team (AH, DW, and FB) met regularly to
develop the codebook and note potential emergent themes.
Interview sessions and data analysis continued simultaneously
and iteratively until the team determined that data saturation
had been reached [17]. Beginning with an initial set of codes
derived from the domains included in the Interview Guide, the
coding team members independently coded each transcript to
identify potential additional codes. The team then discussed the
merits of each existing or new code and created definitions for
each for inclusion in the final version of the codebook. The
codes were inductively developed, grounded in the data,
iteratively reviewed, and revised based on the team’s discussion
of additional independently coded transcripts. The total
interobserver agreement of the reviewers was assessed over the
course of the reviews. The overall total interobserver agreement
was 92% across the study.

The codes assigned to each quote were then reviewed for a final
time by the first author as part of entering the coded transcripts
using Dedoose. Using thematic analysis, the team identified

patterns across the entire data set to arrive at a final,
parsimonious set of themes. The analysis also examined the
data for any “negative” instances where the data did not fit the
domains or themes or where no information on specific topics
queried was obtained. In addition to the qualitative analysis,
descriptive statistics were generated to describe the study
sample.

Results

Study Sample
A total of 14 clinicians were surveyed from the neurosurgery
(n=5), neurology (n=7), oncology (n=1), and general pediatrics
(n=1) departments. Clinicians came from 4 different medical
institutions and had a range of general clinical experience
ranging from 3 to 41 years (mean 21.9, SD 12.1). The average
number of VS cases that clinicians treated each year ranged
from 0 to 100 (mean 24.6, SD 28.9). The clinicians who did not
directly treat VS cases still possessed considerable knowledge
about VS treatment through their experience working with
NF2-SWN patients.

12 additional clinicians from the neurosurgery (4)
neuroradiology (4), neurology (2), and neuro-oncology (2)
departments were interviewed to provide open-ended responses
to the survey statements. This number was determined based
on the amount of interviews needed to reach saturation [17].

Survey Data Collection and Analysis
The results for all survey statements are reported in Table 1.
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Table . From the Likert questionnaire, clinicians voted with how much they agreed with each statement by choosing (1) “Completely disagree”, (2)
“Mostly disagree”, (3) “Neither agree nor disagree”, (4) “Mostly agree”, or (5) “Completely agree”. For the statistical analysis, these metrics of agreement
were given numerical values 1 through 5, with 1 aligning with “Completely disagree” and 5 aligning with “Completely agree.”

Values, mean (SD)Statements

Category 1: 2D linear/volumetric analysis

3.50 (0.94)    Linear analysis of vestibular schwannoma (VS) tumors reflects tumor
size.

4.43 (0.51)    Volumetric analysis of tumors reflects tumor size.

2.43 (1.22)    Linear measurements are sensitive to small changes in tumor diameter.

4.64 (0.49)    Two different clinicians can review the same MRIa but calculate two
different tumor sizes.

4.21 (0.97)    The orientations of bi- and uni-dimensional linear measurements can
change from one MRI to the next for a single patient.

4.71 (0.47)    Patient position in MRI machines influences the orientations of MRI
scans, affecting linear measurements.

3.79 (1.25)    It can be difficult to make a decision about tumor growth from a series
of linear measurements due to the lack of clear progression thresholds.

Category 2: markers of VS tumor progression

3.50 (0.94)    Change in tumor size is the most important marker of VS tumor progres-
sion

4.00 (0.78)    Edema and mass effects on surrounding critical structures are good
markers of VS tumor progression.

Category 3: surgical planning with 2D MRI scans of VS tumors

3.25 (1.16)    It is simple to determine the best approach of tumor resection before
operation (location or angle of entry, how to best maximize extent of re-
section while avoiding functional areas) from 2D MRI scans.

3.13 (0.99)    The cranial nerves and blood vessels that need to be avoided during
intervention can easily be determined through analysis of MRI scans.

Category 4: 3D volumetric analysis

4.50 (0.52)    3D volumetric measurements would be more helpful in determining
clearer thresholds of tumor growth than linear measurements

4.21 (0.58)    3D volumetric analysis would standardize measurements by reducing
variation in measurements of tumor size taken by different clinicians.

4.14 (0.66)    3D volumetric analysis would lead to more informed clinical decision
making

Category 5: 3D visualization of VS tumors

3.07 (0.92)    3D volumetric measurements must be combined with 3D visualization
of the VS tumor to be clinically meaningful.

3.86 (1.17)    The ability to interact with 3D models of VS tumors in cerebral space
(rotate, zoom, adding or removing structures from view) would provide
information helpful for surgical planning.

4.00 (0.68)    Growth in tumor boundaries observed by overlaying 3D models of VS
tumors from MRI scans collected over time is easier to interpret than
comparing the same MRI scans in 2D

4.36 (0.74)    3D visualization of VS tumors and their location relative to critical brain
structures (cranial nerves, brainstem, etc.) would be helpful in patient care.

3.71 (0.91)    Knowing regions of rapid versus slow tumor growth on VS tumors
would be helpful in treatment planning.

Category 6: surgical planning with 3D models of VS tumors

3.20 (1.30)    3D visualization of VS tumors in the surrounding cerebral space (relative
to critical brain structures) would aid in surgical planning.
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Values, mean (SD)Statements

3.00 (1.41)    3D models of VS tumors would lead to more informed decisions of the
type of intervention to perform (ex. Different approaches to tumor resec-
tion, gamma knife)

Category 7: postintervention monitoring

4.29 (0.73)    Being able to distinguish between post-op changes and residual tumor
progression would significantly improve clinical decision-making (eg,
after gamma knife).

3.86 (0.66)    Automatic diagnosis of tumor progress, regression/response, or stability
according to changes in size over time would aid treatment planning

Category 8: general

4.77 (0.44)    Having the ability to forecast tumor growth will significantly improve
clinical decision-making.

3.92 (0.76)    3D visualizations of VS tumors would significantly improve patient
education by allowing patients to see their tumors in 3D space.

aMRI: magnetic resonance imaging.

Category 1: 2D Linear/Volumetric Analysis
Statistical analyses of statement responses revealed that
clinicians felt that 3D volumetric analyses (mean 4.43, SD 0.51)
offered a slightly greater reflection of tumor size than 2D linear
analyses (mean 3.50, SD 0.94). Clinicians’ responses
additionally revealed that 2D analyses were generally not
sensitive to small changes in tumor growth (mean 2.43, SD
1.22). Statements addressing variability in linear measurements
highlighted a consensus around the potential for inconsistency
due to factors like clinician interpretation (mean 4.64, SD 0.49),
MRI orientation (mean 4.21, SD 0.97), and patient orientation
(mean 4.71, SD 0.47), with high agreement that these factors
impact linear measurements. Additionally, there was moderate
agreement (mean 3.79, SD 1.25) surrounding the statement that
linear measurements were difficult to interpret.

Category 2: Markers of VS Tumor Progression
Clinicians generally agreed that secondary effects, such as
edema and impact on surrounding structures, serve as valuable
markers for tracking VS tumor progression (mean 4.0, SD 0.78)
and demonstrated a moderate agreement that tumor size is the
most important marker above these secondary effects (mean
3.5, SD 0.94). This demonstrated the opinion that all metrics,
including tumor size and secondary effects, may hold relatively
equal importance to clinicians.

Category 3: Surgical Planning With 2D MRI Scans of
VS Tumors
Responses indicated skepticism about the utility of 2D MRI
scans in preoperative planning, with clinicians leaning towards
neither disagreeing nor agreeing that these scans alone allow
clear determination of surgical approach (mean 3.25, SD 1.16)
and that critical structures can easily be determined through 2D
MRI analyses (mean 3.13, SD 0.99).

Category 4: 3D Volumetric Analysis
Clinicians supported the use of 3D volumetric analysis over
linear measurements, suggesting it would enhance consistency
across clinicians (mean 4.21, SD 0.58), help establish clearer

growth thresholds (mean 4.50, SD 0.52), and improve clinical
decision-making (mean 4.14, SD 0.66).

Category 5: 3D Visualization of VS Tumors
In terms of features important for a 3D visualization software,
most clinicians somewhat agreed that interactions with 3D
models (rotating, zooming, or hiding structures) (mean 3.86,
SD 1.17) and knowing areas of rapid versus slow growth (mean
3.71, SD 0.91) would be important for treatment planning.
Clinicians were overall in agreement that overlaying
chronological tumors to visualize growth (mean 4.00, SD 0.68)
and viewing tumors relative to critical brain structures (mean
4.36, SD 0.74) were important for understanding tumor growth
and improving patient care. However, clinicians generally
neither agreed nor disagreed that visualizations were necessary
for 3D analyses to be clinically useful (as opposed to volumes
alone) (mean 3.07, SD 0.92).

Category 6: 3D Visualization of VS Tumors
In general, clinicians did not strongly agree or disagree regarding
statements that claimed that 3D visualization would be a helpful
aid for surgical planning (mean 3.20, SD 1.30) and would help
make more informed clinical decisions (mean 3.00, SD 1.41).

Category 7: Postintervention Monitoring
Clinicians somewhat agreed that automatic diagnosis of tumor
changes (regression/response or stability) according to changes
in size would aid in treatment planning (mean 3.86. SD 0.66).

There was a greater agreement that the ability to distinguish
between postoperative changes and residual tumor progression
through chronological tumor overlaying would improve clinical
decision-making (mean 4.29, SD 0.73)

Category 8: General
Clinicians strongly agreed that the ability to forecast tumor
growth would be a significant improvement in clinical
decision-making (mean 4.77, SD 0.44). In addition, clinicians
somewhat agreed that 3D visualizations would be helpful for
patient education (mean 3.92, SD 0.76).
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The top four features that clinicians felt would be most
beneficial in a 3D analysis and visualization software are listed

in Textbox 2. These four features are listed in the order of
priority based on the mean agreement levels in Table 1.

Textbox 2. List of 4 main features, ranked in order of clinician’s priority, for 3D tumor visualization interface.

1. Forecast tumor growth based on previous 3D growth trends

2. Visualization of tumors with reference to other critical brain structures

3. Overlaying chronological 3D tumor models from the same patient to visualize growth

4. Interacting with 3D models, including rotating, zooming, and adding or removing tumors from view.

Interview Data Collection and Analysis
Interview findings were analyzed and sorted into four
corresponding themes as follows: (1) shortcomings of the
currently used linear analysis, (2) utility of 3D visualizations,
(3) features of an interactive 3D modeling software, and (4)
lack of a gold standard to assess the accuracy of 3D volumetric
analysis.

Theme 1: Shortcomings of the Currently Used Linear
Analysis
Clinicians observed that most medical professionals tracking
the size or growth of VS tumors rely on linear analysis, primarily
using uni- or bi-dimensional measurements. As such, linear
analysis is considered the current “gold standard.”

In general, discussions on the limitations of current linear
analysis methods generally focused on the variability in
measurements when conducted at different times or by different
individuals. They highlighted several factors contributing to
variability in these measurements. First, there is a lack of
standardization in the linear analysis procedure, leading to
variability in how clinicians perform measurements.
Additionally, many clinicians will perform linear analysis by
first determining the longest tumor diameter slice, a process
that is subjective. Clinicians also noted that variations in patient
orientation during MRI scans can result in inconsistent tumor
presentations in axial and coronal views across different scans.
Consequently, comparing linear measurements from one scan
to the corresponding slice in another may be inaccurate. Finally,
they emphasized that due to the subjectivity and potential
inaccuracies in these measurements, tumor growth is more easily
detected in scans taken over longer intervals, while frequent
scans make it harder to discern changes.

Theme 2: Utility of 3D Visualizations
The clinicians interviewed agreed that visualizing VS tumors
in relation to critical brain structures would significantly
improve diagnosis and treatment planning. Currently, 2D MRI
images must be mentally reconstructed by clinicians to
understand how tumors interact with these critical structures in
a 3D space. This mental reconstruction requires an abstract and
advanced understanding of 3D cerebral anatomy, which typically
comes with experience.

Clinicians further suggested that creating 3D models of tumors,
along with color gradients to represent tumor growth over time,
could enhance the visualization of tumor progression and help
bridge the knowledge gap between experienced and less
experienced clinicians. They also noted that additional

markers—such as edema, necrotic core growth, and mass effects
like compression on surrounding brain structures—are important
in assessing tumor progression. Several clinicians emphasized
that segmenting and visualizing these markers in 3D, alongside
the tumor itself, could provide critical information for optimizing
tumor management.

Theme 3: Features of an Interactive 3D Modeling
Software
The clinicians agreed that adding interactive features to 3D
modeling software would enable a more comprehensive
understanding of each patient’s case compared with simply
viewing static 3D models on a screen. They suggested several
interactive capabilities, including (1) adjusting the transparency
of tumor models, (2) zooming in and out, and (3) rotating the
models. These interactive functions were seen as providing
significantly more information than traditional static 2D
imaging. Clinicians also proposed incorporating animations of
tumor growth over time, with newer tumors overlaid on older
ones, to improve clinical understanding of disease progression.
Additionally, they recommended incorporating a coordinate
grid within the 3D tumor model to aid in tumor localization
within the cerebral space, which could assist in guiding
stereotactic interventions.

Theme 4: Lack of a Gold Standard to Assess the
Accuracy of 3D Volumetric Analysis
In addition to providing suggestions regarding features that
should be included in 3D visualization software, clinicians
shared concerns regarding the incorporation of this type of
software into clinical practice. These concerns primarily
surrounded the novelty of this approach and the difficulty of
validating measurements.

The clinicians interviewed noted that because linear
measurements are currently the most common metric of tumor
size, most experienced clinicians are adept at interpreting linear
measurements to determine tumor management and treatment.
By combining these linear measurements with the Response
Evaluation Criteria in Solid Tumors (RECIST), clinicians can
evaluate tumor growth. Thus, in the interviews, the clinicians
expressed the concern that due to the novelty of using volume
as a metric of tumor size, they may be unfamiliar with the
clinical implication of these measurements and thus may be
unable to take advantage of the additional information this 3D
tool provides. Furthermore, clinicians expressed concerns
regarding the lack of a gold standard by which to assess the
accuracy of volumetric measurements. While no gold standard
exists to determine the accuracy of linear measurements, the
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novelty of volumetric analysis necessitates an additional metric
of accuracy.

Discussion

Principal Findings
In this study, surveys and clinical interviews were conducted
to evaluate the efficacy of current 2D tumor analysis protocols
and to assess the clinical interest, recommendations, and
concerns regarding the incorporation of 3D volumetric analysis
for the treatment of NF2-related schwannomatosis. In summary,
the consensus among clinicians was that a 3D volumetric
analysis and visualization tool could greatly benefit the treatment
of NF2-related schwannomatosis, but it must be implemented
with caution. We believe that these clinician perspectives are
extremely important as 3D volumetric analyses are increasingly
being discussed within the literature, and for these technologies
to have clinical relevance, the perspectives of clinicians must
be at the forefront.

Clinicians were enthusiastic about the prospect of using 3D
volumetric analysis in lieu of traditionally used linear analysis.
This was largely due to several shortcomings of linear analysis
that were highlighted through both survey results and interviews,
with the two main concerns being varying patient orientations
during MR imaging procedures causing variability in 2D image
presentation and the subjectivity of defining the maximum tumor
diameter in linear assessments. Despite efforts to collect linear
measurements across scans as uniformly as possible by locating
anatomical landmarks for individual patients, it can be
challenging to ensure the measurement is collected in the same
location. These limitations described by the interviewed
clinicians align with those described by the Response Evaluation
in Neurofibromatosis and Schwannomatosis consortium,
something that led to their recommendation of using 3D
volumetric analysis to assess tumor size initially [18].

From the interview and survey findings, there were several
features of 3D analysis and visualization software that were
believed to have the potential to benefit clinical practice. From
interviews, the main consensus was that the ability to visualize
the relationship between critical brain structures and tumors in
3D space would be the largest benefit of a 3D analysis and
visualization tool as it would reduce the need for 3D mental
reconstruction of where the tumor exists within 3D space. This
feature was largely supported by the survey results as well, with
“visualizing tumors with respect to critical brain structures”
being the second highest feature that clinicians believed would
be beneficial (Textbox 2).

Other features highlighted in both surveys and interviews
demonstrated that the software should be interactable by
incorporating zoom and rotation, allow for the adding/removing
of the tumor from view, and have transparency adjustment
features. These features are even more important when paired
with the capability to view multiple chronological tumors at
once, one of the other main features identified by both
interviewed and surveyed clinicians as being important.
Specifically, clinicians expressed enthusiasm for the prospect
that these chronological tumor overlays could eventually lead

to the capability of forecasting tumor growth. In Textbox 2 this
“forecasting feature” ranked as the highest priority feature for
clinicians demonstrating a belief that this could have a major
positive impact on clinical treatment. Overall, the clinical
opinions regarding important features demonstrate that current
3D modeling technologies such as OsiriX Lite, ITK-Snap, and
BrainLab iPlan may not be heavily integrated into clinical
practice due to shortcomings in their visualization capabilities,
specifically their inability to overlay chronological tumors.
Jester et al [19] provide a visualization of this chronological
tumor overlay, demonstrating how it can give clinicians an
interpretable vision of tumor growth over time.

Some statements regarding the benefits or potential use of 3D
volumetric analysis or 3D visualizations were met with
hesitancy, with average agreement levels nearing 3.0 (neither
disagree nor agree). These statements claimed that 3D
volumetric measurements must be combined with visualization
to be clinically meaningful (mean 3.07, SD 0.92), that 3D
models of VS tumors would lead to more informed decisions
about the type of intervention needed (mean 3.00, SD 1.41) and
that 3D visualization of VS tumors in the surrounding cerebral
space would aid in surgical planning (mean 3.20, SD 1.30). This
hesitancy demonstrates that while visualizations are important
to clinicians, more precise volumes to compare between
chronological scans may still be more important. Additionally,
the hesitancy surrounding the use of 3D visualization to better
define treatment approaches could also be attributed to a lack
of understanding of how these visualizations may be used in
this setting, something that could be better demonstrated to
clinicians with a more detailed overview of the software’s
design.

Despite recommendations to move towards volumetric analyses,
the interviewed clinicians also expressed concerns about how
they would determine the clinical implications of volume
measurements. These clinicians felt that they could comfortably
determine the clinical implications of linear measurements by
assessing the trends of uni- and bi-dimensional linear
measurements of tumor size, but they lacked a similar
knowledge of trends for volumetric measurements. As a future
step to increase clinical confidence in the interpretation of tumor
volumes, correlation studies can be conducted to determine the
approximate relationship between linear and volumetric
measurements. Additionally, future development of this
diagnostic software can integrate linear analysis measurements
as well, automating assessments of uni- and bi-dimensional
diameters. Through such studies, clinicians can gain exposure
to using segmentation software to perform volumetric analysis
and interpret volume measurements while collecting familiar
linear measurements. Pairing these correlation studies with
currently used RECIST criteria can encourage the adoption of
3D volumetric analysis in the clinical space.

For full adoption and validation of 3D volumetric analysis in
the clinical space, multi-center validation studies must take
place with clinicians from multiple institutions performing 3D
volumetric analysis on a diverse array of MRIs. DICE scores
can be used as a metric to evaluate the differences in voxel
selection within each scan between clinicians. To generate
RECIST-compatible standards, current RECIST protocols
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should be used as a basis to form corresponding 3D-specific
protocols. This will require collaboration from multi-institutional
research and clinical communities interested in the full adoption
of 3D volumetric analysis.

Limitations
Clinical interviews incorporated in this study were conducted
with a limited group of clinicians from just four institutions.
Incorporating clinical feedback from a larger and broader group
of clinicians experienced in the diagnosis and treatment of NF
may more clearly elucidate the strengths and limitations of a
novel segmentation and visualization software. Specifically,
including perspectives from clinicians from institutions with
varying levels of expertise, resources, and knowledge in treating
NF and understanding how these varied departmental structures
impact perspectives was not done in this study, but could aid
in generating a tool more applicable to all clinicians, not just
those from high-resource medical institutions. Additionally,

though the sole user of this software is intended to be clinicians,
other users, such as researchers, may use this software. However,
within this study, interviews were limited to just clinicians,
potentially limiting the information gathered.

Conclusions
Clinicians were overall in favor of the adoption of 3D volumetric
analysis techniques for measuring VS tumors but expressed
concerns regarding the novelty and inexperience surrounding
these techniques. However, clinicians felt that the ability to
visualize tumors with reference to critical structures, to overlay
structures, to interact with 3D models, and to visualize areas of
slow versus rapid growth in 3D would be valuable contributions
to clinical practice. Overall, clinicians provided valuable insights
for designing a 3D volumetric analysis tool for VS tumor
growth. These findings may also apply to other central nervous
system tumors, offering broader utility in tumor growth
assessments.
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Abstract

Background: Patients with traumatic brain injury are at an increased risk of developing venous thromboembolism. Clinical
decision support systems (CDSSs) may improve the use of venous thromboembolism prophylaxis protocols, yet suffer from poor
compliance among end users due to a lack of user-centered design.

Objective: The objective of this work was to improve the content, design, and workflow integration of a traumatic brain
injury–CDSS based on feedback from experts and end users.

Methods: The CDSS was evaluated leveraging a dual usability approach. A set of usability experts (n=3) and trauma providers
(n=5) performed heuristic evaluations and usability testing by end users. Data was collected through a triangulation of methods
and analyzed using qualitative (thematic) and quantitative (descriptive) analyses.

Results: Among the 145 total issues identified across both methods, 66 issues were found to be unique. Of the 66, a total of 17
issues were found by heuristic evaluations, 43 by usability testing by end users, and 6 were found across both methods. Thematic
analysis was conducted on the 66 unique issues, which were further assigned to themes and subsequent subthemes. We identified
13 unique themes. The 3 most prevalent themes of 66 issues were lack of supporting evidence (n=17, 26%), operational barriers
arising from the test environment (n=11, 17%), formatting inconsistencies, and lack of following standards (n=8, 12%). The
system’s usability scale survey score was 77.5 (SD 16, 95% CI 57.6-97.4), interpreted as an acceptable or good usability range.
The mean response score for Single Ease Questions for all tasks was 5.9 (SD 0.53).

Conclusions: Combining expert and end user–driven usability evaluation methods identified a more comprehensive list of
issues. This can facilitate the optimization of the traumatic brain injury–CDSS, resulting in improved usability and care
management.

(JMIR Hum Factors 2025;12:e60268)   doi:10.2196/60268

KEYWORDS

traumatic brain injury; venous thromboembolism; clinical decision support system (CDSS); heuristic evaluations; end user–based
usability testing; decision support system

Introduction

Traumatic brain injury is one of the leading causes of mortality
and disability worldwide. In the United States alone, over 69,000
traumatic brain injury–related deaths occurred in 2021 [1].
Patients with traumatic brain injury are at an increased risk of

developing complications secondary to venous
thromboembolism [2]. Fifty-four percent of patients with a
traumatic brain injury will develop a venous thromboembolism
in the absence of appropriate anticoagulation intervention [3].
Despite the significance of timely venous thromboembolism
prophylaxis administration, there has been a reluctance to
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implement anticoagulation in such patients, thus resulting in
delays in timely intervention [4-7].

Optimal use of venous thromboembolism prophylaxis protocols
manages the risk of thromboembolism with the competing risk
of progression of intracranial bleeding in patients following
trauma [7]. However, there is variability in venous
thromboembolism prophylaxis protocols across trauma centers
[2,7,8]. In an attempt to optimize thromboembolism prophylaxis
for the patient, institutional implementation of anticoagulation
protocols has been shown to improve clinical outcomes [2,7,8].
To improve prophylactic anticoagulation of patients with
traumatic brain injury without adversely affecting outcomes,
integrating a clinical decision support system (CDSS) has
emerged as an indispensable solution to supplement providers
with evidence-based venous thromboembolism prevention
guidelines [9]. Existing literature cites improved patient
outcomes when evidence-based practices are followed, along
with improved compliance with these practices through the use
of CDSSs [10-12].

CDSSs, whether stand-alone or integrated with an electronic
health records system, are considered a monumental step
forward in health care delivery as they serve as reliable and
readily available aids to decision makers. CDSSs serve as a
platform for clinicians by comparing individual patient data and
integrating evidence-based recommendations into their daily
workflow [13,14]. When adhered to, these tools serve as an
effective means of changing clinician behavior [15-17]. The
use of CDSSs varies by purpose and context. However, the
resultant benefits of CDSSs are found to consistently positively
impact various elements of health care delivery for both patients
and clinicians. For providers, it facilitates overall disease
management by aiding complex decision-making that is
mandated for accurate diagnosis, effective treatment, and
efficient monitoring [18]. For patients, the use of CDSSs leads
to fewer errors, improved patient safety, improved care quality,
and enhanced health outcomes [19].

Despite these benefits, there are some risks and resistance to
using CDSS [19]. This includes but is not limited to cost-related
challenges, alert fatigue, physicians’ autonomy and trust,
liability issues, workflow disruptions, and usability challenges.
The negative consequences of a tool to be developed and
implemented could be mitigated if iterative evaluations are
carried out earlier rather than in the later phase of the system
development life cycle [20]. Often, due to the additional
resources required (both time and money), iterative evaluations
are not prioritized before deployment in clinical practice.
However, predeployment usability evaluation could potentially
save time and money by preventing the need for critical changes

after system implementation [21]. This study highlights the
criticality of early testing and engaging end users during the
system development life cycle. Identifying and addressing users’
concerns around tool optimization and workflow integration
should be considered an integral component when building,
implementing, and maintaining a CDSS.

Lack of user-centered design, interoperability, and
implementation barriers hinder the widespread adoption of a
CDSS [22-24]. There is a need for robust usability studies to
address existing barriers and optimize the functionality of the
CDSS according to users’ needs. The objective of this study
was to evaluate and optimize the usability of a traumatic brain
injury CDSS integrated into a US Midwest American College
of Surgeons–verified trauma center. Usability issues in a
traumatic brain injury-venous thromboembolism-CDSS were
identified by leveraging a dual usability evaluation approach.
We hypothesized that combining expert and end user–driven
methods of usability evaluation would help identify a wide
range of unique issues specific to each method, along with
common findings shared between the 2 methods.

Methods

Overview of Traumatic Brain Injury–Venous
Thromboembolism Prevention Guidelines
The traumatic brain injury–CDSS delivers a patient-centered
outcomes research guideline for venous thromboembolism
prevention in patients with traumatic brain injury [2,25], which
was centered around the modified Berne-Norwood criteria [8].
Patients are categorized as being at low, moderate, or high risk
for spontaneous progression of hemorrhage, with prophylactic
treatment regimens tailored for each group, respectively. The
traumatic brain injury–CDSS is a modification of an original,
natively developed COVID-19 CDSS logic model, which is
currently translated to interoperable standards [16] (Figure 1).
We chose this model for two major reasons: (1) we have
previous experience implementing the traumatic brain injury
venous thromboembolism prevention guideline with success
[2], and (2) many of the data elements and artifacts (~80%)
overlap with minimal additional mappings and technology build.
The final CPG-FHIR (clinical practice guidelines on Fast
Healthcare Interoperability Resources) COVID-19 CDSS
included 108 data elements. The traumatic brain injury clinical
practice guideline added 21 data elements specifically related
to traumatic brain injury (eg, intracranial pressure monitoring,
neurosurgical consultation, craniotomy, head computed
tomography imaging, subdural hematoma, contusion, and
Glasgow Coma Scale).
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Figure 1. Clinical decision support system logic model for venous thromboembolism prevention among patients with traumatic brain injury. *S06:
2024 ICD-10-CM Diagnosis Code S06. CT: computed tomography; D/C: discontinue anticoagulation order; ICD-10-CM: International Statistical
Classification of Diseases, Tenth Revision, Clinical Modification; ICP: intracranial pressure; IVC: inferior vena cava; S/P: status post; TBI: traumatic
brain injury.

Given the logic model, patients will enter the system by
admission under predetermined diagnoses, generally falling
under the traumatic brain injury category. Our target population
is adult patients admitted with an acute traumatic brain injury,
as defined by ICD-10-CM (International Statistical
Classification of Diseases, Tenth Revision, Clinical
Modification): S06.1-S06.9 or S06.A. Patients who died within
24 hours of hospital admission and patients documented as
“comfort cares” during the first 72 hours of hospitalization will

be excluded. Additionally, patients with a pre-existing venous
thromboembolism or inferior vena cava filter at the time of
admission and patients with a mechanical heart valve or
ventricular assist device will be excluded from the final analysis.

The CDSS is provided in the subsequent 72 hours (dependent
on risk stratification) and administered in the form of seven
alerts (Textbox 1). Textbox 1 provides descriptions of the seven
alerts deployed at various points in time, stratified by level of
risk.

Textbox 1. Description of seven alerts in traumatic brain injury–clinical decision support system (CDSS).

• Initial assessment: provides initial risk stratification.

• Follow-up computed tomography (CT) scan alert: Guide proper timing of a follow-up CT head scan based on stratification

• Daily assessments: Track patient course and modify stratification in the event of critical conditions; that is, progression of bleed, placement of
intracranial pressure (ICP) monitor, decompressive craniotomy, etc.

• Anticoagulation alert: Guides the health care provider to prescribe the correct dose of anticoagulation medication at the appropriate time, and
not too soon.

• Discontinue anticoagulation order alert: Any attempt to prescribe anticoagulation before the appropriate clinical decision support system
calculated time triggers an alert to discontinue the medication.

• Laboratory order alert: Prompts order of appropriate laboratories to monitor side effects of the anticoagulation medications, that is, Anti-Xa,
platelets, etc.

• Laboratory level alerts: Additional prompts to monitor laboratory levels for appropriateness.

Study Settings
Our foundational usability evaluation-related research work
was conducted by a team of researchers from the University of
Minnesota (UMN) and associated health systems, such as the

M (Minnesota) Health Fairview and affiliated hospitals, which
consisted of 9 state-verified trauma centers, including the
flagship UMN as an American College of Surgeons–verified
level 2 trauma center. The usability evaluation methodology is
reported in Figure 2.
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Figure 2. A process diagram of the methodology. MHFV: M (Minnesota) Health Fairview; TEST: test environment.

Data Collection

Expert-Based Usability Evaluations
Heuristic evaluations leveraging Nielsen 10 Usability Heuristics
for User Interface Design were used iteratively during the whole
development cycle, where issues identified were addressed
sequentially [26]. The initial round of heuristic evaluations was
conducted on screenshots of the user interface that researchers
independently evaluated.

Three experts with varied backgrounds, that is, a physician
informatics or usability expert (RFR); a hospitalist with content
and CDSS-related expertise (SS); and an undergraduate in
neuroscience (SF) conducted the evaluation independently. We
then had a debriefing session to walk through findings from
individual users, removing any duplicates. Once we had a final,
consolidated, clean list of unique issues, each evaluator did the
severity ranking of each issue. A 0 to 4 rating scale was used
to rate the severity of usability problems (0=I do not agree that
this is a usability problem at all; 1=cosmetic problem only: need
not be fixed unless extra time is available on project; 2=minor
usability problem: fixing this should be given low priority;
3=major usability problem: important to fix, so should be given
high priority; 4=usability catastrophe: imperative to fix this
before product can be released) [27]. While assigning the
severity score to usability problems, 3 factors were considered:
the frequency with which the problem occurs, the impact of the
problem, and the persistence of the problem. The team
reconvened in a severity scoring session where a scoring
consensus was reached for each problem after mutual
deliberations.

End Users’ Based Usability Testing
End users’ based usability testing was conducted with actual
end users, that is, trauma providers from M Health Fairview
and affiliated hospital systems. Purposive sampling was used

for recruitment purposes by sharing information about the
traumatic brain injury–CDSS usability study through emails,
discussions during meetings, word of mouth, etc.
Scenario–based usability testing was done with individual end
users along with our usability team comprised of up to 5 team
members, including a moderator (n=1), facilitators–information
technology (IT) experts both from the MHVF and the vendors
who helped with building (n=2‐3); and a note taker (n=1).
Each session was conducted on Zoom (Zoom Inc.) and lasted
up to 90 minutes.

In the scenario-based guided usability testing, we asked users
to perform certain tasks on 3 unique test patients corresponding
to 3 risk groups: low, medium, and high. Two to four scenarios
were associated with each test patient for a total of 9 scenarios,
which required each user to perform a few predefined, sequential
tasks. Participants were asked to think out loud as they interacted
with the traumatic brain injury–CDSS in the Epic testing
environment (Epic Inc). Once each scenario and relevant task
were completed, participants were asked a few questions to
elaborate on their experience and complete a single ease survey
questionnaire (REDCap [Research Electronic Data Capture]
Consortium; Vanderbilt University). At the end of the session,
participants completed a System Usability Scale survey (SUS)
[28] and Single Ease Question (SEQ) [29] and were asked to
share their overall experience with the tool.

Building Test Patients and Testing in Epic Test
Environment
Our team of experts was comprised of builders or IT specialists
(SB, PM, and MS) and clinicians (SS, RFR, and CJT), who
helped with building the 3 master test patients stratified by risk
level (Textbox 2). Scenarios were generated by a team of
clinicians having diverse sets of experiences (ie, CJT, a trauma
surgeon, and project principal investigator, SS, a hospitalist,
and RFR, a physician informaticist with user acceptance testing
experiences) and builders or IT specialists (SB, PM, and MS)
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after in-depth discussions. The goal was to have scenarios that
are commonly encountered and require trauma providers to

perform certain high-priority tasks. Copies of the master patients
were created to be used by each study participant..

Textbox 2. Patient risk stratification modified the Berne-Norwood criteria.

Test patient # 1: low risk

• Subdural hematoma 2 mm.

• No moderate or high-risk criteria.

Recommendation: initiate pharmacologic prophylaxis if repeat head computed tomography (CT) was stable at 24 hours.

Test patient # 2: moderate risk

• Subdural or epidural hematoma >8 mm.

• Contusion or intraventricular hemorrhage >2 cm.

• Multiple contusions per lobe.

• Subarachnoid hemorrhage with abnormal CT.

• Evidence of progression at 24 hours.

Recommendation: initiate pharmacologic prophylaxis if the head CT was stable at 72 hours.

Test patient # 3: high risk

• Placement of an intracranial pressure monitor, craniotomy, or both.

• Evidence of progression at 72 hours.

Recommendation: consider placement of an inferior vena cava filter.

The purpose of the testing was to receive user feedback
effectively and efficiently, ensuring that the testing context
matches as much as possible with the user interactions in the
real world. Leveraging the Epic test environment to create a
simulated environment came with a few constraints described
under limitations.

Data Analysis

Overview
The respective data was analyzed both qualitatively and
quantitatively as described.

Qualitative-Thematic Analysis
We compiled all the issues identified by each method into 1
consolidated list. This included data collected through heuristic
evaluations and usability testing by end users. First, a subset of
the issue was coded independently by 2 individuals (RFR and
SF) at a more granular level, and a codebook was generated
after mutual agreement between both coders and applied to the
full list of issues. Each analyst coded the rest of the transcripts
for various usability problems, using the codebook generated
earlier. We cataloged the lowest-level codes into higher-level
subthemes and themes to gain a more holistic understanding of
traumatic brain injury–CDSS.

Quantitative Analysis
The primary focus was on data collected from the SEQ survey
and SUS. SEQ is an effective and efficient tool comprised of a
single question asked immediately after task completion. SUS
is the most widely used and accepted standardized tool to
measure subjective usability. We performed descriptive analysis,
reporting means and SDs.

Ethical Considerations
This component of the project is not a clinical trial. This study
protocol (STUDY00017107) was submitted to the UMN
Institutional Review Board and given the determination of
“exempt” as secondary research for which consent is not
required. The mixed methods investigation was determined as
a “not human research” as a quality improvement activity.
Signed and written informed consent was obtained to screen
and audio record the session, with the speech-to-text
transcription feature turned on. Each recording was saved on a
secured and encrypted UMN device. Each participant later
received a US $50 gift card for their participation.

Results

End Users’ Characteristics
Five trauma providers participated in the individual usability
testing session. The detailed characteristics are described in
Table 1.
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Table . Demographics of participants.

Trauma providers (n=5), n (%)Characteristics

Sex

2 (40)Male

3 (60)Female

Role

4 (80)MDa

1 (20)APPb

Specialty

3 (60)Trauma surgery

1 (20)Neurosurgery

1 (20)Neurocritical care

Comfort with technology

4 (80)Expert

1 (20)Intermediate

aMD: medical doctor.
bAPP: advanced practice provider.

Usability-Related Findings From the 2 Methods
We identified a set of both common and unique issues using 2
methods: heuristic evaluation with experts (domain experts, ie,
physicians, usability experts, or both) and usability testing with
end users (the actual users).

Findings From Heuristics Evaluation
Thirty-seven heuristic violations (23 unique and 14 duplicates)
were identified by 3 experts. The results showed that 30% of
possible heuristics were responsible for ~74% of all violations,
the Pareto principle (Figure 3). Three heuristics that represented
the most violations were (1) consistency and standards (n=8,
35%), (2) help and documentation (n=5, 22%), and (3)
recognition rather than recall (n=4, 17%). Of 23 unique, we
found cosmetic (n=6) and minor (n=17) issues only.

Figure 3. The Pareto chart of heuristics principles violation and the severity ranking.
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Findings From Usability Testing
We identified 108 issues (49 unique and 59 duplicates). Of 49
issues, we found cosmetic (n=6), minor (n=20), major (n=10),
and catastrophic (n=2) issues. The remaining 11 were considered

operational and not ranked. The mean responses to SEQ for all
tasks were 5.9 (SD 0.53), ranked from 1 (very difficult) to 7
(very easy). The mean SUS score was 77.5 (SD 16) interpreted
as an acceptable or good usability range (Figure 4). The 95%
CI for the mean SUS score is 77.5 (95% CI 57.6‐97.4).

Figure 4. The mean Systems Usability Scale score is interpreted as being within acceptable or good usability range (adapted from Lewis and Sauro
[30], with permission from Jim Lewis). CDSS: clinical decision support system; NPS: net promoter score; SUS: Systems Usability Scale survey

Between the 2 methods, we identified a total of 145 issues, 66
of which were unique: 17 from heuristic evaluations, 43 from
end users, and 6 common issues shared between both methods.
Thematic analysis was performed on all unique issues,
eliminating those arising from the constraints of thfsuye Epic
test environment (66‐11=55).

Ranking of Usability Issues
We ranked 55 unique usability issues on a severity scale from
0‐4, where 20% (n=11) were marked as cosmetic; 58% (n=32)
were identified as minor; 18% (n=10) as major, and 4% (n=2)
as catastrophic issues. We identified both cosmetic and minor
issues through heuristic evaluations and usability testing with
end users. However, severe and catastrophic issues were solely
identified during the usability sessions with end users.

Thematic Analysis
Thematic analysis was conducted on 66 unique issues identified
through heuristic evaluations and usability testing. Eleven issues
arising from Epic test environment constraints were eliminated.
We identified 13 unique themes, including lack of supporting
evidence, operational barriers arising from the test environment,
formatting inconsistencies and lack of following standards,
suboptimal data retrieval and display, lack of user control,
lacking language clarity, order set-related suboptimal usability,
language inconsistencies, best practice alert lacking
patient-specific details, clinicians missing critical information
or action, unfamiliarity with the full clinical context, infinite
ordering loop leading to error, and having redundant options.
The 3 most identified themes were lack of supporting evidence
(n=17, 26%), operational barriers arising from the test
environment (n=11, 17%), formatting inconsistencies, and lack
of following standards (n=8, 12 %; Table 2).
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Table . Thematic analysis distribution.

Unique issues (n=66)Theme

17Lack of supporting evidence

11Operational barriers arising from the test environment

8Formatting inconsistencies and lack of following standards

6Suboptimal data retrieval and display

5Lack of user control

4Lacking language clarity

4Order-set related suboptimal usability

3Language inconsistencies

2Best Practice Advisory lacking patient-specific details

2Clinicians missing critical information, action, or both

2Unfamiliarity with the full clinical context

1Infinite ordering loop leading to error

1Redundant options

Lack of supporting evidence refers to the end users’ request to
integrate and access evidence-based citations throughout the
CDSS. Of the 17 usability issues about evidence-based
medicine, 14 were identified by end users and 3 were identified
by experts. Examples include users disagreeing with threshold
values and requesting evidence-based medicine citations, and
users requesting the ability of the CDSS tool to be explained.

Formatting consistency and a lack of following standards refer
to the system’s ability to present information clearly and
concisely, with a consistent interface to ensure easy readability
for the user. Of the 8 usability issues about formatting
consistency and standards, 2 were identified by end users, and
6 were identified by experts. Examples include inconsistent and
difficult-to-read text usage, style, color, and sizes.

Suboptimal data retrieval and display refer to the system’s ability
to present information in a manner that reduces user cognitive
burden by increasing smooth and efficient navigation by
auto-populating data (such as laboratory results). Of the 6
usability issues about easy retrieval and optimal display, all
were identified by end users. Examples include users requesting
that laboratory or imaging values and administration time be
incorporated into the CDSS.

Lack of user control refers to the flexible design of the system
to ensure smooth interaction with the user. Of the 5 usability
issues about user control, 2 were identified by end users and 3
were identified by experts. Examples include users requesting
the ability to navigate away from the tool and forgiveness when
using the CDSS.

Lacking language clarity refers to specifying verbiage to omit
any confusion the user may have. Of the 4 usability issues about
language clarity, 3 were identified by end users and 1 was
identified by experts. Examples include specifying verbiage
used throughout the tool and using specific phrases (ie, the use
of “active bleed” vs “new bleed” may imply 2 different ideas).

Order set-related suboptimal usability refers to any suboptimal
interactions the user may encounter when interacting with the

order set. Of the 4 usability issues related to order set-related
suboptimal usability, all were identified by end users. Examples
include users requesting the tool display prompts regarding its
functionality on a case-by-case basis and easy access to the
admission order set.

Language inconsistencies refer to the consistent use of verbiage
throughout the system. Of the 3 usability issues about language
consistency, they were all identified by experts. Examples
include discrepancies between verbiage used in the storyboard
or title and the consistent use of terms implying the same
definition (ie, either “snooze” or “lockout time” should be used,
not both).

Best Practice Advisory (BPA) lacking patient-specific details
refers to information that the system does not include, which
users would prefer to be included. Of the 2 usability issues about
BPA lacking patient-specific details, both were identified by
end users. Examples include adding patient risk stratification
to the BPA (ie, changing the tool to be more diagnostic) and
including crucial patient-specific laboratory values.

Clinicians missing critical information refers to ensuring a
system design that ensures easy readability for the clinician. Of
the 2 usability issues about eliminating the chance of clinicians
missing critical information, 1 was identified by end users and
1 was identified by experts. Examples include bolding
information and making information more accessible to improve
readability.

Unfamiliarity with the context refers to additional guidance
presented to the clinician on the system. Of the 2 usability issues
about unfamiliarity with context, both were identified by end
users. Examples include ensuring proper education and
introduction of the tool to clinicians to ensure it does not
interrupt their workflow.

A redundant option refers to options already included as part
of the system. Of the 1 usability issue about redundant options,
it was identified by end users. Examples include omitting the
“already ordered complete” button.
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An infinite ordering loop leading to error refers to an infinite
loop that occurs when using the system, during the beginning
of its launch. It has since been resolved as of May 16, 2023.
The 1 usability issue about the infinite ordering loop was
identified by end users. Examples include users noting their
warranted frustration with the ordering process.

Clinicians most often identified issues relating to the readily
apparent integration of evidence-based medicine into the CDSS,
recognizing a need for the use of citations and principles.
Clinicians frequently noted how the CDSS might disrupt their
workflow. For practical feasibility, request the integration of

critical laboratory or imaging values and consistency in
formatting throughout the tool to reduce user cognitive burden
and ensure an efficient workflow. A compilation of unique
usability issues categorized by theme is included in Multimedia
Appendix 1.

Examples of Usability Modifications
Figures 5 and 6 present a few examples of modifications made
based on insights from heuristic evaluations and usability testing
by end users. The full list of identified usability issues is
provided as a supplementary table.

Figure 5. Examples of modifications. TBI: traumatic brain injury. Copyright 2024 Epic Systems Corporation. Used with permission.
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Figure 6. Examples of modifications. Images included with approval from Epic. CrCl: creatinine clearance; IP: inpatient; IVC: inferior vena cava; SL:
service line; SCr: serum creatinine; T/PEDS: ADULT/PEDS; TBI: traumatic brain injury; VTE: venous thromboembolism. Copyright 2024 Epic Systems
Corporation. Copyright 2024 Epic Systems Corporation. Used with permission.

Discussion

Summary and Interpretation of Findings
Using a dual usability evaluation approach, namely
expert-driven heuristic evaluation and end user–driven usability
testing, we identified a variety of both similar and unique issues
across the traumatic brain injury venous thromboembolism
CDSS. Of the 66 unique issues identified, the percentage
attributed to each method was as follows: usability testing (43
issues, 65%), heuristic evaluations (17 issues, 26%), and both
methods together (6 issues, 9%). Although the mean severity
scores of the identified problems did not differ significantly
between the 2 methods, issues that were ranked as severe and
catastrophic were exclusively found through usability testing
by the end users. The most common issues identified across
both methods were related to a lack of supporting evidence,
operational barriers, and formatting consistency or lack of
following standards. Heuristic evaluations primarily identified
issues related to formatting consistency or lack of following
standards, user control, suboptimal language clarity, and
consistency. In contrast, usability testing revealed a broader
range of issues, where lack of supporting evidence, operational
barriers, and suboptimal data retrieval and display were found
to be the most common.

Using a combination of these 2 methods can identify a wider
range of usability issues. This aligns with prior evidence
suggesting that combining 2 methods of usability evaluation
can facilitate the development of an optimal CDSS [24]. We
found that the majority of issues identified by usability testing
were only discovered by end users, as compared to the experts.
Although the experts identified fewer issues, they pinpointed

more granular issues related to the layout, formatting, and
consistency. In contrast, end users were more concerned with
larger, more consequential issues, such as the lack of supporting
evidence to increase their trust and confidence and fragmented
workflow (primarily sending form test environment-related
constraints). The findings from this study validate many of the
claims made in previous comparisons of heuristic evaluations
and usability testing [31,32] such as heuristic evaluations being
more cost-effective in terms of time and resources, and the
ability of each method to identify distinct sets of usability issues
with very small convergence rates (9% in our study). Heuristic
evaluation findings were limited to identifying issues, whereas
end users engaged in usability testing provided both strengths
and weaknesses. For example, end users appreciated the clarity
of the premier questionnaire (which covered the critical issue
for risk profiling), as well as the straightforward alert verbiage.
They also appreciated that the creatinine clearance value was
apparent in the laboratory order results, eliminating the need to
navigate to find it.

Limitations
There are some limitations to this study. First, the usability
evaluation was conducted at a single institution (M Health
Fairview) using a single electronic health system (Epic). We
had 5 clinicians participate in the end user testing. Several
usability evaluation resources suggest that testing with 5
individuals is often considered appropriate for identifying
usability issues, especially in qualitative analysis [26]. However,
a larger sample size would have strengthened the generalizability
of the findings for quantitative analysis. Additionally, we did
not examine whether participants’amount of experience in their
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respective fields or their overall familiarity with digital
technology influenced their insights.

Usability testing being conducted in the Epic test environment
introduced some constraints that users had to adjust to, such as
manually shortened refresh time frames to decrease testing time,
which resulted in some unusual system behaviors. To simulate
the passage of time, users had to right-click anywhere and hit
“refresh” after responding to alerts. For the testing session, test
results and imaging reports were simplified and appeared shorter
in length. Consequently, the insights gathered during the
simulation may not completely represent the realities and
challenges faced by clinicians working in high-pressure
environments, caring for their patients who are critically ill.
Finally, the IT team faced challenges due to system constraints,
as the systems were hardwired with limited ability for upgrades.
We were, however, able to incorporate several build-related
upgrades through close collaborations. We are still in the process
of upgrading the tool based on the observations made during
our evaluations and the feedback collected from end users since
the tool went live.

Implications for Future Directions
Concerning further CDSS implementation in different hospital
settings, we plan to scale and assess the effectiveness of the
CDSS for venous thromboembolism prophylaxis guidelines in
patients with traumatic brain injury. This will consist of a
stepped wedge hybrid effectiveness implementation trial to
scale the CDSS across 9 sites within 4 trauma systems.

Conclusions
By using dual usability evaluation methods, leveraging both
expert and end user input during the early phases of system
development in an iterative manner, we were able to identify a
diverse range of usability issues. These issues varied in severity
and were relevant to each evaluator based on their respective
experience and role. Through conducting this study and our
continued efforts to gather feedback from end users, we have
been able to optimize the design and functionality of the
traumatic brain injury–CDSS to align more effectively with
clinicians’ needs and workflow. This comprehensive approach
has provided us with valuable insights in refining CDSS,
ultimately improving its usability and effectiveness in clinical
practice.
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Abstract

Background: In 2016, the National Health Service (NHS) England sought to drive digital transformation within select NHS
trusts through the Global Digital Exemplar (GDE) program. While the program did advance the NHS’s integration with digital
technologies, disparities in digital maturity persisted between GDE-funded and nonfunded NHS trusts. The Department of Health
and Social Care (DHSC) launched a data strategy in 2022 that aimed to develop the appropriate technical infrastructure and data
architecture to enable more effective and efficient use of its data. Given the diversity in digital capabilities, open-source adoption,
and interoperability standards within NHS services, official guidance has continued to struggle to provide effective unification.
Data about capabilities and technologies from application development teams in the NHS trusts, crucial for advancing these areas,
remains insufficient.

Objective: This study aimed to further document the capabilities and technologies used in the NHS to develop digital capacity,
comparing those with standard funding against those with additional GDE funding. This comparative analysis provides a
foundational understanding for evaluating current practices and identifying potential areas for improvement in the NHS digital
transformation efforts.

Methods: This study was conducted using Freedom of Information (FOI) requests and systematic website searches. The Freedom
of Information Act (FOIA) allows individuals to request information held by public authorities. This process supports transparency
and accountability by ensuring public access to government data. Data were compiled from two sources: (1) FOI requests submitted
to NHS trusts between July 2020 and December 2020, and (2) systematic website searches for technology conducted between
August 2020 and July 2021. A series of chi-square tests was conducted to validate and strengthen the robustness of the FOI
questions.

Results: A total of 191 (84.5%) of the then 226 NHS trusts completed the FOI request, and 161 of the 191 (84%) had software
and app development, website, or innovation teams. A total of 112 (69.6%) teams developed front-facing service user websites
and apps. Out of 191, 150 (93.2%) worked with clinical staff to formulate innovative ideas, 55 (34.2%) carried out developments
for other trusts and external entities, 35 (21.7%) had attempted to secure an innovation grant, and 138 (86%) disclosed the
technologies they use. A total of 25 (15.5%) said they always used open-source technology, and 24 (17%) disclosed technologies
associated with interoperability standards in their responses.

Conclusions: The NHS must adopt a cohesive strategy and refine policies to ensure the success of its digital, open-source
technology and interoperability standards initiatives. Five recommendations toward greater organizational interoperability are
made by the authors. Future research should examine digital innovation across NHS trusts, focusing on barriers such as limited
resources, organizational culture, and technical expertise. Identifying these challenges is essential for developing strategies to
reduce disparities and promote equal progress.

(JMIR Hum Factors 2025;12:e66398)   doi:10.2196/66398
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Introduction

Background
In 2022, the Department of Health and Social Care (DHSC)
released its data strategy, “Data Saves Lives: Reshaping Health
and Social Care with Data,” to improve how the National Health
Service (NHS) uses data [1]. A key goal of the strategy was to
develop the appropriate technical infrastructure to ensure that
the data architecture underpinning the NHS works in unison,
enabling more effective and efficient use of data. The data
strategy would be carried out via a commitment to develop and
publish a draft of the standards alongside an interoperability
strategy to ensure that fit-for-purpose standards are widely
adopted across health and adult social care. The anticipated
standards would reuse and build upon international standards
where applicable. However, the NHS’s current ability to fulfill
this strategy across hospitals and other facilities is not well
understood due to a lack of visibility into its digital development
capabilities.

The Global Digital Exemplar (GDE) program was conceived
in 2016 by NHS England to achieve digital transformation in
select NHS trusts. It was hoped that the program would create
a knowledge-sharing ecosystem to spread learning to other NHS
trusts [2]. The program resulted in the creation of 16 GDE acute
trusts [3,4], 3 GDE ambulance trusts [5,6], and 7 GDE mental
health trusts [7].

While the GDE program improved the use of digital within the
NHS, studies carried out since have highlighted that NHS trusts
and social care providers still lack digital maturity [8], and that
a digital divide has emerged between NHS trusts with and
without GDE funding [9,10].

The “Data Saves Lives” strategy uses user stories to describe
various systems that can work together in a secure, safe,
accessible, and interoperable manner. Within this strategy, the
UK Health Security Agency (UKHSA) aims to prioritize FAIR
(findability, accessibility, interoperability, and reusability)
principles [11]. In the context of FAIR, interoperability is
defined as “the data need to interoperate with applications or
workflows for analysis, storage, and processing.” However,
interoperability should not be viewed solely from a data
perspective; it must also encompass system interfaces, the
methods by which data are produced and consumed across the
NHS ecosystem. While a universal approach to the architecture
of NHS systems is impractical, achieving interoperability
requires a commitment to key design considerations across data
and application interfaces. This ensures the secure, safe, and
effective use and reuse of data and information across system
and organizational boundaries.

To complement interoperability, NHS England’s Transformation
Directorate is also in pursuit of making source code within the
NHS freely available and downloadable through the use of

open-source. Both open-source and interoperability can save
NHS services from duplicating effort and help them build better
services faster through shared resources [12]. The NHS
Transformation Directorate presently promotes the open-source
languages Python (Python Software Foundation) and R (R
Foundation for Statistical Computing) through their network
and engagement communities as common standards for
programming [13].

Current Study
The digital capabilities of NHS services in England are diverse,
with ever-evolving services providing differing levels of digital
capability, open-source use, and interoperability standards.
Official recommendations and advice struggle to unify the NHS
effectively. NHS trust application development teams play a
vital role in uptake in these areas, but in the present landscape,
the NHS has limited visibility of these teams and their
capabilities. NHS trust application development teams are
focused on the creation and deployment of digital technologies
designed to improve clinical care, patient outcomes, health
system efficiency, and user engagement. This includes the
development of software applications for clinical workflows or
patient self-management, websites that provide access to health
information or services, and innovative technological solutions
such as artificial intelligence tools, remote monitoring systems,
or digital diagnostics that address existing challenges or create
new capabilities within health care delivery. The key objective
of this paper is to illuminate the current state of NHS trust
application development teams in England by documenting
their capabilities and technologies, while comparing standard
trusts with those that have received extra funding via the GDE
program, thus providing a starting point for the evaluation of
current practice.

Methods

Design
We documented the capabilities and technologies used in the
NHS to develop digital products and services. Our data source
was Freedom of Information (FOI) requests sent to NHS trusts
in England. In our FOIs to NHS trusts, we asked for the
disclosure of all departments and teams handling application
and software development, websites, and technical innovation,
along with the number of team members and roles. Further
information regarding the teams was requested, covering
technologies and software design methodologies used, use of
open source, development of service user websites and apps,
innovative collaboration with clinical staff, tenders for system
development, developments for others, selling systems
commercially, and use of innovation grants. Eleven of the 14
FOI questions were designed to elicit clear binary responses
(1=yes, 0=no), which made them straightforward to answer and
reduced the potential for variability or interpretation bias across
NHS trusts. Respondents could still provide additional detail if
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available, but the core data remained consistent (Table 1). To
ensure the information received was relevant, focused, and
reflective of genuine NHS digital capabilities, all trusts were
appraised against the inclusion criterion of having teams and
departments handling application and software development,
websites, and technical innovation. To meet this criterion, the

NHS trust had to respond “yes” to question 1 (Table 1). The
explicit exclusion criteria were trusts without dedicated teams
handling application and software development, websites, or
technical innovation; trusts that did not respond or declined to
provide information; and those that submitted their FOI response
after December 31, 2020.

Table . Questions asked of National Health Service trusts.

WordingQuestion

Does your trust have teams/departments that handle any of the following:
application/software development, websites, or technical innovation?
(Yes/No). If yes, please name these teams/departments.

1

How many members are in these teams/departments? What roles are the
teams/departments made up of?

2

What technologies do the teams/departments use? For example: HTML5,
C#, SQL, and .NET Core 2.0.

3

Are the developments of the teams/departments open source? (Yes/No).
If yes, please provide any details you may be able to disclose regarding
this.

4

What software methodology do the teams/departments use? (For example,
one or more of the following: PRINCE2, AGILE, or Waterfall).

5

Do the teams/departments develop front-facing service user websites/apps?
(Yes/No). If yes, please give any details you may be able to disclose re-
garding this.

6

Do the teams/departments work with clinical staff to formulate any inno-
vative ideas they may have? (Yes/No). If yes, please give any details you
may be able to disclose regarding this (digital innovation refers to the ap-
plication of digital technology to existing business problems).

7

Have the teams/departments ever gone for external tenders for health care
system developments? (Yes/No). If yes, please give any details you may
be able to disclose regarding this.

8

Have the teams/departments ever done developments for other trusts/ex-
ternal entities? (Yes/No). If yes, please provide any details you may be
able to disclose regarding this.

9

Have the teams/departments ever sold a development they produced
commercially? (Yes/No). If yes, please provide any details you may be
able to disclose regarding this.

10

Have the teams/departments ever attempted to secure an innovation grant?
(Yes/No). If yes, please provide any details you may be able to disclose
regarding this.

11

Were the teams/departments used during the COVID-19 crisis? (Yes/No).
If yes, please provide any details you may be able to disclose regarding
this. If no, please explain why they were not used.

12

Does your service provide mental health services? (Yes/No). If yes, have
the teams/departments been involved in developing these digitally/online?

13

Do the teams/departments feel they have good visibility within the trust
regarding the services they can offer? (Yes/No). Please provide any details
you may be able to disclose regarding this.

14

All technologies were appraised against the inclusion criterion
of being a programming language, framework, library, database,
query language, interoperability standard, application
programming interface, web service, or version control and
collaboration platform. To meet this criterion, it had to be
possible to find the technology via a Google search when the
technology’s name was entered as the search term, and the
returned results identified the technology as matching one of
the inclusion criteria. Examples of matches that were deemed

acceptable included legitimate sources such as developer
websites, corporations, and media outlets.

Procedure
On June 8, 2020, a list of NHS trusts in the United Kingdom
was requested through an FOI email to NHS England, asking
for the contact details of all NHS trusts within the United
Kingdom. This yielded a list of 226 NHS trusts. During July
2020, the FOI email address and FOI contact form for each trust
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were identified, and an FOI email request was sent to the
Freedom of Information Act (FOIA) officer or department of
each of the 226 trusts. The questions asked are reported in Table
1. Each initial question had a further open-ended subquestion
asking for more details when a trust confirmed the existence of
any associated information. Since FOI responses vary in format
and structure across NHS trusts, the data had to be interpreted
on a case-by-case basis rather than through a uniform extraction
template. According to the FOIA, requests must be answered
within 20 working days of receipt [14]. Due to the COVID-19
pandemic, the author allowed until December 31, 2020, for a
response to keep all data within the same year. Retrospective
ethical approval was requested from the Aston University
Department of Business and Social Sciences Ethics Committee.

Content and Data Analysis
A conceptual content analysis methodology was used to conduct
the data analysis. This approach facilitated the extraction of
both quantitative and qualitative insights from the open-ended
responses obtained via FOI requests. Specifically, it enabled
the generation of a high-level statistical overview of digital
capabilities across NHS Trusts, as well as a more granular
examination of the technologies and methodologies reported
by these institutions in relation to the study objectives.

To support systematic analysis, a codebook was developed to
categorize the FOI responses (Textbox 1). Based on this
codebook, the lead author designed and implemented a bespoke
data management system through which the FOI response data
were processed. Following data entry, the coded responses were
exported as a complete dataset for statistical analysis using
SPSS (IBM Corp).
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Textbox 1. Codebook.

Question 1: Does your trust have teams/departments that handle any of the following: application/software development, websites, technical innovation?

Response options:

1. No

2. Yes

3. N/A

Number of teams: if option 1 was coded, calculate the total number of teams based on the response.

Question 2: How many members are in these teams/departments?

Response options:

1. Undisclosed

2. Disclosed

3. Ambiguous

4. Not applicable

5. Unanswered

6. Unheld information

7. Declined under a section of the Freedom of Information Act.

Number of team members: If 1 response 1 was coded, calculate the total number of team members based on the response.

Question 3: What technologies do the teams/departments use? For example: HTML5, C#, SQL, and .NET Core 2.0.

Response options:

1. Undisclosed

2. Disclosed

3. Ambiguous

4. Not applicable

5. Unanswered

6. Unheld information

7. Declined under a section of the Freedom of Information Act.

Technologies and technology categories: if response 1 was coded, list all technologies in the response and code each technology against one of the
following categories:

• Programming language: a language used by a programmer to communicate with computers. They are mainly used to develop desktop, website,
and mobile apps.

• Framework: a structure upon which software can be built. They serve as a foundation, so a programmer does not have to start entirely from
scratch every time they write a new program.

• Library: a collection of prewritten code that programmers can use to optimize tasks.

• Database: an organized collection of structured information, typically stored electronically in a computer system.

• Query language: a language used to make queries in databases and information systems.

• Interoperability standard: a standard that enables the operational processes, underlying exchange, and sharing of information between different
systems.

• API or web service: a technology that enables the transfer of data between separate software applications.

• Version control and collaboration platforms: facilitate coordination, sharing, and collaboration across the entire software development team.
Version control software enables teams to work in distributed and asynchronous environments, manage changes and versions of code and artifacts,
and resolve merge conflicts and related anomalies.

• Other

Question 4: Are the developments of the teams/departments open source? (Yes/No). If yes, please give any details you may be able to disclose
regarding this.

Response options:
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1. No

2. Yes

3. Sometimes

4. Ambiguous

5. Not applicable

6. Unanswered

7. Unheld information

8. Declined under a section of the Freedom of Information Act.

Question 5: What software methodology (eg, PRINCE2, AGILE, or Waterfall) do the teams/departments use?

Response options:

1. Undisclosed

2. Disclosed

3. Ambiguous

4. Not applicable

5. Unanswered

6. Unheld information

7. Declined under a section of the Freedom of Information Act.

Software design methodologies: if response 1 was coded, all methodologies should be appraised and coded against the inclusion criterion of being a
software design methodology.

Question 6: Do the teams/departments develop front-facing service user websites/apps? (Yes/No). If yes, please give any details you may be able to
disclose regarding this.

Response options:

1. No

2. Yes

3. Ambiguous

4. Not applicable

5. Unanswered

6. Unheld information

7. Declined under a section of the Freedom of Information Act.

Question 7: Do the teams/departments work with clinical staff to formulate any innovative ideas they may have? (Yes/No). If yes, please give any
details you may be able to disclose regarding this.

Response options:

1. No

2. Yes

3. Ambiguous

4. Not applicable

5. Unanswered

6. Unheld information

7. Declined under a section of the Freedom of Information Act.

Question 8: Have teams and departments ever done developments for other trusts or external entities?

Response options:

1. No

2. Yes
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Ambiguous3.

4. Not applicable

5. Unanswered

6. Unheld information

7. Declined under a section of the Freedom of Information Act.

Questions 9: Have teams and departments ever attempted to secure an innovation grant?

Response options:

1. No

2. Yes

3. Ambiguous

4. Not applicable

5. Unanswered

6. Unheld information

7. Declined under a section of the Freedom of Information Act.

A detailed classification of the types of data extracted from the
FOI responses is provided in Table 2, as categorized using the

codebook. The dataset predominantly consisted of dichotomous
variables.

Table . Collected data types from content analysis.

Collected data typesQuestion

1 • Yes or no (dichotomous)
• Number of teams (numerical)
• Details (qualitative)

2 • Number of members (numerical)
• Details (qualitative)

3 • Technology names (nominal)
• Technology categories (nominal)
• Technology companies (nominal)
• Uses legacy tech (dichotomous)
• Details (qualitative)

4 • Yes or no (dichotomous)

5 • Methodology names (nominal)
• Details (qualitative)

6 • Yes or no (dichotomous)
• Details (qualitative)

7 • Yes or no (dichotomous)
• Details (qualitative)

8 • Yes or no (dichotomous)
• Details (qualitative)

9 • Yes or no (dichotomous)
• Details (qualitative)

To establish whether the answers to these questions differed as
a function of trust funding (standard or GDE), tests of
association were used. A series of chi-square tests was
conducted as an additional layer of validation to enhance the
robustness of the findings for questions 1, 3, 4, 6, 7, 9, and 11.

For analysis, “No” and “N/A” responses were collapsed into a
single category, and only “Yes” and “No” responses were
included in the final tests. Assumptions were checked, and when
violated, a Fisher extract was used instead. All analyses were
conducted using SPSS for Windows (version 25; IBM Corp).
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Ethical Considerations
The Aston University Department of Business and Social
Sciences Ethics Committee has reviewed and granted approval
for the study. The study used UK FOIA data from NHS trusts,
a process that supports transparency and public access to
government-held information. The ethical considerations
primarily focused on ensuring adherence to FOIA guidelines
and that the requests were legitimate, appropriate, and respectful
of the privacy rights of individuals and NHS trusts involved.

As the study did not involve human participants directly, and
the data requested were publicly available, there were no
concerns regarding private or sensitive data. Ethical issues
related to informed consent and participant confidentiality were
not applicable. However, all data requests were made in
alignment with the principles of transparency, fairness, and
public accountability set out by the FOIA.

In addition, the study adhered to best practices for data handling
and reporting, ensuring that the requested data were used
responsibly and in compliance with data protection laws where
applicable. Any personal or sensitive information was either
excluded or anonymized to protect confidentiality. To ensure
fairness and safeguard the identity of NHS trusts, all reporting
was done in a manner that made it impossible to trace data back
to individual organizations, unless the FOI responses were
requested directly from the NHS Trusts.

Results

Overview
We present the data pertaining to (1) response rates, (2)
capabilities, (3) technologies, (4) open source, and (5)
interoperability standards.

Response Rates
Out of 226 trusts, 191 (84.5%) completed the FOI request, 23
(10.2%) acknowledged receiving the FOI request but never
provided followed up with answers, 7 (3.1%) had merged with
another NHS trust, 2 (0.9%) sent partial information consisting
of an organizational plan, 2 (0.9%) refused the FOI because it
would take too long to complete, and 1 (0.4%) FOI email
address no longer accepted emails. In total, 161 (84.3%) met
the inclusion criteria by having teams or departments handling
application and software development, websites, and technical
innovation. The final sample comprised 83% (134/161) standard
trusts and 17% (27/161) GDE trusts.

Capabilities

Have Software and App Development, Website, and
Innovation Teams
Overall, 161 out of 191 (84%) trusts said they had software and
app development, website, and innovation teams. The chi-square
assumptions were marginally violated, with 25% of the cells (1
out of 5) having an expected count of less than 5; the minimum
expected count was 4.87, so a Fisher exact test was run.
According to the Fisher exact test, there was a nonsignificant
association between trust type and having teams (P=.79). This

suggests no difference in team presence between standard and
GDE trusts.

Developing Front-Facing Service User Websites and
Apps
Overall, 112 out of 161 (69.6%) trust teams developed
front-facing service user websites and apps. A total of 43
(26.7%) trusts said no, 3 (1.9%) said the question was not
applicable, 1 (0.6%) declined to answer the question on grounds
of security, 1 (0.6%) stated the information was uncaptured,
and 1 (0.6%) did not answer the question. There was a
nonsignificant association between trust type and developing

front-facing service user websites and apps (χ2
1=1.47; P=.23).

This suggests no difference between standard and GDE trusts.

Work With Clinical Staff to Formulate Innovative Ideas
Overall, 150 out of 161 (93.2%) of trust teams work with clinical
staff to formulate innovative ideas. A total of 8 (5%) trusts said
no, 2 (1.2%) said the question was not applicable, and 1 (0.6%)
stated the information was uncaptured. The chi-square
assumptions were marginally violated, with 25% of the cells
having expected counts less than 5, and the minimum expected
count was 1.69, so a Fisher exact test was run. According to the
test, there was a nonsignificant association between trust type
and the work with clinical staff to formulate innovative ideas
(P=.21). This suggests no difference between standard and GDE
trusts.

Carried Out Developments for Other Trusts and External
Entities
Overall, 55 out of 161 (34.2%) trust teams carry out
developments for other trusts or external entities. One hundred
(62.1%) of trusts said no, 3 (1.9%) said the question was not
applicable, 1 (0.6%) declined to answer the question on grounds
of security, 1 (0.6%) stated the information was uncaptured,
and 1 (0.6%) did not answer the question. There was a
nonsignificant association between trust type and carrying out

developments for other trusts and external entities (χ2
1=0.031;

P=.86). This suggests no difference between standard and GDE
trusts.

Attempted to Secure an Innovation Grant
Overall, 35 out of 161 (21.7%) trust teams have attempted to
secure an innovation grant. A total of 118 (73.3%) trusts said
no, 3 (1.9%) said the question was not applicable, 4 (2.5%)
stated the information was uncaptured, and 1 (0.6) declined to
answer on the grounds of security. There was a nonsignificant
association between trust type and attempting to secure an

innovation grant (χ2
1=1.57; P=.21). This suggests no difference

in attempts to secure innovation grants between standard and
GDE trusts.

Technologies
Overall, 138 out of 161 (86%) trusts with teams disclosed the
technologies they used. A total of 84 technologies were
identified: 27 programming languages, 19 frameworks, 10
libraries, 11 databases, 1 query language, 7 interoperability
standards, 5 application programming interfaces or web services,
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and 4 version control and collaboration platforms. All technologies are summarized in Table 3.
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Table . All technologies reported to be used by the National Health Service for digital development.

NHSa trusts using (N=138), n (%)Developer or organizationCategory and technology

Query language

88 (63.8%)ISOc    SQLb

Programming languages

81 (58.7%)MicrosoftC#

54 (39.1%)ECMAd InternationalJavaScript

20 (14.5%)PHP GroupPHPe

15 (10.9%)MicrosoftVB.NETf

14 (10.1%)MicrosoftVBg

10 (7.2%)Oracle CorporationJava

7 (5.1%)Python Software FoundationPython

4 (2.9%)MicrosoftVBAh

3 (2.2%)Embarcadero Technologies, IncorporatedDelphi

3 (2.2%)ISO and IECiC++

3 (2.2%)Open StandardRuby

2 (1.4%)AdobeCFMLj

2 (1.4%)W3CkXSLTl

2 (1.4%)R Core TeamR

2 (1.4%)InterSystemsObjectScript

2 (1.4%)MicrosoftPowerShell

2 (1.4%)Oracle CorporationOracle PL/SQLm

1 (0.7%)MicrosoftTypeScript

1 (0.7%)Medical Info Tech, IncorporatedMeditech Magic

1 (0.7%)MicrosoftASP.NETn Razor

1 (0.7%)ANSIoC

1 (0.7%)ECMA InternationalECMAScriptp

1 (0.7%)MicrosoftXAMLq

1 (0.7%)PlataformatecElixir

1 (0.7%)MicrosoftVB 6

1 (0.7%)TecgrafrLua

1 (0.7%)Larry WallPerl

Frameworks

42 (30.4%)Microsoft.NET

40 (29.0%)Microsoft.NET Core

22 (15.9%)MicrosoftASP.NET MVCs

21 (15.2%)MicrosoftASP.NET

8 (5.8%)MicrosoftClassic ASPt

8 (5.8%)GoogleAngular

5 (3.6%)MicrosoftEntity Framework

5 (3.6%)MicrosoftXamarin
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NHSa trusts using (N=138), n (%)Developer or organizationCategory and technology

4 (2.9%)MicrosoftASP.NET WebForms

3 (2.2%)GoogleAngularJS

2 (1.4%)Evan YouVue.js

2 (1.4%)DriftyIonic

2 (1.4%)MicrosoftWPFu

1 (0.7%)MicrosoftBlazor

1 (0.7%)Symfony communitySymfony

1 (0.7%)Red Hat SoftwareHibernate

1 (0.7%)MicrosoftLINQv

1 (0.7%)VMwareSpring

1 (0.7%)Oracle CorporationOracle Forms

Libraries

21 (15.2%)The jQuery TeamjQuery

4 (2.9%)Meta and communityReact

3 (2.2%)Adaptive PathAJAXw

1 (0.7%)KnockoutKnockout.js

1 (0.7%)MicrosoftSignalR

1 (0.7%)Tristan EdwardsSweetAlert

1 (0.7%)Google Brain TeamTensaFlow

1 (0.7%)Chart.js Teamchart.js

1 (0.7%)The jQuery TeamjQuery UIx

1 (0.7%)MicrosoftWinForms

Databases

29 (21.0%)MicrosoftMicrosoft SQLServerr

12 (8.7%)InterSystemsCaché and Ensemble

4 (2.9%)Oracle CorporationMySQLy

4 (2.9%)PostgreSQL Global GroupPostgreSQL

3 (2.2%)Oracle CorporationOracle

1 (0.7%)Apache Software FoundationPouchDB

1 (0.7%)MariaDB FoundationMariaDB

1 (0.7%)MongoDB, IncorporatedMongoDB

1 (0.7%)Apache Software FoundationCouchDB

1 (0.7%)Richard HippSQlite

1 (0.7%)UnidentifiableNoSQL

Interoperability

11 (8.0%)HL7 InternationalHL7z

10 (7.2%)ECMA InternationalJSONaa

7 (5.1%)W3CXMLab

3 (2.2%)HL7 InternationalArden Syntax

3 (2.2%)NextGen HealthcareMirth Connect

3 (2.2%)HL7 InternationalFHIRac
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NHSa trusts using (N=138), n (%)Developer or organizationCategory and technology

1 (0.7%)NextGen HealthcareNextGen Connect

APIsad and web services

3 (2.2%)UnidentifiableWeb Services

3 (2.2%)UnidentifiableRESTful APIs

3 (2.2%)MicrosoftWebAPIae

2 (1.4%)UnidentifiableSOAPaf XML Web services

1 (0.7%)UnidentifiableAPIs

Version control and collaboration platform

5 (3.6%)Junio HamanGit

4 (2.9%)MicrosoftAzure DevOpsag

2 (1.4%)MicrosoftTFSah

1 (0.7%)GitLab IncorporatedGitLab

aNHS: National Health Service.
bSQL: Structured Query Language.
cISO: International Organization for Standardization.
dECMA: European Computer Manufacturers Association.
ePHP: Hypertext Preprocessor.
fVB.NET: Visual Basic .NET.
gVB: Visual Basic.
hVBA: Visual Basic for Applications.
iIEC: International Electrotechnical Commission.
jCFML: ColdFusion Markup Language.
kW3C: World Wide Web Consortium.
lXSLT: Extensible Stylesheet Language Transformations.
mPL/SQL: Procedural Language extensions to the Structured Query Language.
nASP.NET: Active Server Pages .NET.
oANSI: American National Standards Institute.
pECMAScript: European Computer Manufacturers Association Script.
qXAML: Extensible Application Markup Language.
rTecgraf: Computer Graphics Technology Group.
sMVC: model–view–controller.
tASP: Active Server Pages.
uWPF: Windows Presentation Foundation.
vLINQ: Language-Integrated Query.
wAJAX: Asynchronous JavaScript and XML.
xUI: user interface.
yMySQL: My Structured Query Language.
zHL7: Health Level Seven.
aaJSON: JavaScript Object Notation.
abXML: Extensible Markup Language.
acFHIR: Fast Healthcare Interoperability Resources.
adAPI: Application Programming Interface.
aeWebAPI: Web Application Programming Interface.
afSOAP: Simple Object Access Protocol.
agDevOps: Development and Operations.
ahTFS: Team Foundation Server.

Python, the programming language used and promoted by NHS
England and the NHS Transformation Directorate, was disclosed

by 7 out of 138 (5.1%) trusts with teams that disclosed
technologies. R, the programming language used for statistics
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and data science, was disclosed by 2 out of 138 (1.4%) trusts
with teams that disclosed technologies. The most disclosed
query language was Structured Query Language with 88 out of
138 (63.8%) trusts, and the most disclosed programming
language was C# with 81 out of 138 (58.7%) trusts.

Open Source
Overall, 25 out of 138 (15.5%) trust teams said they always
used open-source technology, and 9 out of 138 (5.6%) said they
used open-source sometimes. In total, 119 (73.9%) trusts said
no, 6 (3.7%) said the question was not applicable, and 2 (1.2%)
declined to answer on the grounds of security. There was a
nonsignificant association between team type and open-source

use (χ2
1=0.014; P=.91). This suggests no difference in the use

of open source between standard and GDE teams. Eight out of
138 (5.8%) trusts with teams that disclosed technologies
indicated they used version control and collaboration platforms.
A total of 4 platforms were identified in this review. The most
used was Git, reported by 5 out of 138 (3.6%) trusts with teams
that disclosed technologies.

Interoperability Standards
Overall, 24 out of 138 (17%) trusts with teams that disclosed
technologies referred to interoperability standards in their
responses. A total of 7 interoperability standards were identified.
The most disclosed interoperability technology was HL7,
mentioned by 11 out of 138 (8%) trusts.

Discussion

Principal Findings
This study is the first attempt to document the capabilities and
technologies of NHS trust application development teams at a
particular point in time. While these capabilities and
technologies are changeable, the paper provides future
researchers, commissioners, and policy makers with a baseline
from which to build. The data presented raise several interesting
questions relating to capabilities, open-source use,
interoperability use, and programming languages.

Data Accessibility, Quality, and Limitations
The study was reliant on the provisions of the UK FOIA (2000)
for data collection. Approximately 85% of NHS trusts responded
to the request. Although this represents a large sample of trusts,
it is difficult to ascertain the extent to which they are
representative of all trusts. FOI requests rely on the expertise
of those responsible for handling them in any given NHS trust,
and the author was unable to determine how accurate and
thorough individual responses were. During the data collection
period, trusts were under immense pressure due to the
COVID-19 pandemic, meaning that many may not have had
the capacity to respond accurately. While most trusts addressed
the questions posed, some declined to respond on security
grounds. These data gaps, however, were minimal.

Capabilities
Digital maturity across NHS trusts is presently considered to
be underdeveloped, with previous reports highlighting the need
for the NHS to bridge the digital divide to avoid the creation of

a 2-tier secondary care system [10]. While this may still be true
in some cases, the data presented here highlights that in-house
processes to develop digital capability are well established in
84% of responding trusts. Overall, no statistical differences
were found between trust types and these results. This may
indicate that increasing in-house capability to carry out digital
projects was not a consideration when trusts received GDE
funding. These results also highlight an issue with digital
maturity measures such as HIMSS EMRAM (Healthcare
Information and Management Systems Society: Electronic
Medical Record Adoption Model). The measure exclusively
focuses on technological functionality, such as electronic health
records, and does not consider human and organizational
capabilities [2]. The apps lead to an incomplete picture of a
trust’s digital maturity. While no significant differences were
found between trust types, the overall results for each question
highlight some interesting findings.

A review by Sood and McNeil [15] highlighted that it would
be impossible for the NHS to become a modern, effective, and
efficient health care system without fully embracing the digital
agenda. The results of this survey reveal that trusts are working
toward overcoming Sood and McNeil’s [15] concern, with
69.6% of respondents reporting the creation of websites and
apps to help service users.

A study by Asthana et al [16] investigated how, despite having
a tax-funded NHS and a strong policy toward eHealth
innovations, the English NHS had been limited in the extent to
which it exploited digital potential. The survey results indicate
that 93% (150/161) of respondents help clinical staff formulate
innovative ideas. So, despite the suggestion of limited
exploitation, NHS trusts are actively working to enable their
clinical staff to innovate. However, the data do not reveal why,
if this practice is commonplace, it has not been exploited to its
full potential. Possible reasons may include limited resources
regarding time, staffing, and funding.

The NHS Global Exemplar program was implemented to
establish a knowledge-sharing ecosystem to spread learning
among NHS trusts [2]. The survey results indicate 34% (55/161)
carry out this practice. NHS England needs to do more to
promote digital collaboration between trusts. Encouraging more
digital development between organizations would help
innovation and the leveling up of digital NHS services. Making
trust teams aware of collaboration platforms such as the
FutureNHS, that is used to support the right technology solutions
to health and social care [17], could enable better sharing of
technical innovations between trusts.

Innovation is critical in NHS England achieving the ambitions
set out in the mandate, to increase the pace and scale of change.
The NHS’s Accelerated Access Collaborative (AAC) reported
2708 innovations being developed in 2019/2020 [18]. Survey
data indicate that only 21.7% of respondents had applied for
innovation grants. NHS England needs to do more to promote
the innovation funding available to trusts. Academic Health
Science Networks (AHSNs), now known as the Health
Innovation Network, were established by NHS England in 2013
to spread innovation, improve health outcomes, and generate
economic growth [19]. If the Health Innovation Network were
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made more accessible to trust development teams, the internal
potential of trusts to unlock innovation could help to maximize
their benefit and better fund digital maturity. In addition, trusts
could use the funding streams advised by the Health Innovation
Network to independently create new digital innovations.
Unfortunately, there is a limited amount of investment available,
and not all trusts can benefit from this type of funding, but more
should be done to encourage trusts to apply for these grants.

Open-Source Technology
NHS England has tried to instill open-source technology within
the NHS for nearly a decade through multiple strategic programs
such as the Open-Source Program and Code4Health. The latter
aimed to serve as a vessel for promoting open-source technology
through clinicians [20]. The survey results revealed that 73.9%
of trust development teams do not use open-source approaches,
suggesting that previous initiatives have had limited cultural
influence, with developers still opting for closed-source
methods. Recent publications, such as the report by Goldacre
et al [21], have helped to put forward proposals for using
open-source implementation and draw focus to NHS data
analysts.

GitHub is the NHS’s preferred platform for publishing
open-source code [13]. However, the results of the survey show
that only 5.8% of respondents listed using version control and
collaboration platforms, and none of these gave reference to
GitHub. NHS England needs to better communicate its desire
for the NHS to use GitHub and open source and to work to
promote this across all services. Without a unified approach to
implementation, GitHub and open-source practices will continue
to be used inconsistently across the NHS. The NHS data strategy
has committed to making all new source code that is produced
or commissioned open and reusable by default [1]. For this
commitment to succeed in the NHS, the DHSC needs to go
beyond publication of policy and digital guidance. Training and
tools will be required to enable this at a regional level, meaning
significant investment would be required, as services currently
do not have the funding capacity.

There are presently 3 network and engagement communities
run by NHS England’s Transformation Directorate: Analyst X,
NHS-R, and NHS Python [22]. The NHS Python community
is focused on the promotion of open-source practices. However,
this is done purely in conjunction with the Python programming
language. Survey results showed that only 5.1% of respondents
disclosed using Python. For open-source to be more widely
adopted, a new open-source program of activity is required for
the NHS. This should be aimed at the full spectrum of roles
within the data process cycle and focus on dominant
technologies used by NHS services. This, in turn, will make the
community more inclusive to all NHS services and help to
increase the adoption of open-source technology. The program
should be coordinated at a regional level, with open-source
champions that have both technical knowledge and
understanding of data processing at the helm. The actions
required to carry out this recommendation would be a large
undertaking, and whether NHS England has the time or capacity
to do this in the current climate should be considered; it may

not be feasible. It will also be reliant on trusts being willing to
involve themselves in the program.

Interoperability Standards
The objective to improve interoperability has been included in
several NHS plans, and the end benefits of advanced
interoperability are well recognized [23]. The primary benefit
of interoperability is the ability to offer safe and reliable
information transfer across the care pathway, reducing the
possibility of adverse clinical outcomes [24]. The survey showed
17% listed interoperability standards in the technologies they
disclosed. The DHSC has emphasized that it wants the NHS to
use Fast Healthcare Interoperability Resources (FHIR) to
achieve interoperability (DHSC, 2020). Unfortunately, the most
disclosed standard was HL7, the predecessor to FHIR, disclosed
by 8% of trust teams. Better promotion of the NHS Digital
Interoperability Toolkit would benefit NHS trusts by helping
them to standardize their technology and interoperability
specifications [25]. Uptake, however, would be reliant on trust
and willingness to use the toolkit.

Technologies
Interoperability is reliant on the NHS using technologies that
are capable of communicating with one another. The most used
programming language named in the survey was C# with 58.7%,
a language that differs from NHS England’s preferred
programming language of Python, which was disclosed by 5.1%
of those in the study. The difference in programming language
standards puts the Transformation Directorate’s push for open
source and code sharing at odds with the wider NHS. There is
still a benefit to code sharing, but some of this is lost because
of the overhead involved in migrating between programming
languages. A focus on the most consistently used languages
across the NHS services would help to unify the NHS. There
will be a strong reliance on the languages they have become
accustomed to, and moving away from these is difficult to
implement. Any coding examples NHS England develops should
be written in the programming languages most appropriate for
NHS services. Ensuring the use of modern languages will enable
the NHS to keep a competitive advantage and help to retain
staff looking to work on more relevant and modern languages
over time.

Recommendations
Some of the insights derived from the study and related
discussion suggest that the NHS has a solid foundation in certain
areas. While trusts may not yet be fully aligned in their use of
shared code, source control systems, or in leveraging all
available opportunities, such as relevant grants, there is clear
evidence of technology utilization across the organization. To
build upon these foundations, this paper offers the following
recommendations as steps toward achieving a more
comprehensive digital maturity.

Promoting Digital Collaboration
Enhancing digital development between organizations can foster
innovation and elevate digital NHS services. By making trust
development teams aware of collaborations, such as the
FutureNHS platform, we can enhance the sharing of technical
innovations across trusts.
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Leveraging the Health Innovation Network for
Innovation
Increasing the accessibility of the Health Innovation Network
to trusted development teams could unlock significant internal
innovation potential, aiding in the funding and advancement of
digital maturity. Trusts could independently develop new digital
innovations by using funding streams advised by the Health
Innovation Network.

Promoting Open-Source Usage
NHS England should better communicate its advocacy for using
GitHub and open-source technologies and actively promote this
initiative across all services. The NHS Data Strategy aims to
make all new source code open and reusable by default.
However, to achieve this, in addition to publishing policy and
digital guidance, substantial investment in training and tools is
required at a regional level, as current services lack sufficient
funding capacity.

Increasing Open-Source Adoption
The survey revealed that only 5.1% of respondents use Python,
indicating a need for a comprehensive open-source program
across the NHS. This program should target all roles within the
data process cycle and focus on the prevalent technologies used
in NHS services. By making the community more inclusive,
the adoption of open-source technology can be increased. The
program should be regionally coordinated, with open-source
champions possessing both technical expertise and an
understanding of data processing leading the initiative.

Aligning Programming Language Standards
The variation in programming language standards presents a
challenge to the Transformation Directorate’s push for open
source and code sharing across the NHS. Although there are
benefits to code sharing, the overhead involved in migrating
between different programming languages diminishes some of
these benefits. Focusing on the most widely used languages
across NHS services could unify efforts. It is essential to ensure
that coding examples provided by NHS England are developed
in languages most appropriate for NHS services, thereby

maintaining a competitive advantage and retaining staff
interested in working with modern technologies.

Future Research Needs
Future research should analyze digital innovation across NHS
trusts, focusing on barriers such as limited resources,
organizational culture, and technical expertise. Understanding
these challenges is crucial for creating strategies to reduce
disparities and promote equitable progress. Research should
also explore ways to increase the adoption of open-source
technologies, evaluating programs such as NHS Python and
Analyst X, and expanding their reach. Investigating the
programming languages and digital tools used across NHS
trusts, aligned with NHS England’s standards, can enhance
interoperability and improve code sharing. In addition, assessing
the feasibility and impact of unified programming standards
within the NHS’s digital infrastructure is essential. Research in
these areas could significantly accelerate the NHS’s digital
transformation, ensuring services remain efficient, innovative,
and inclusive, thereby improving health care delivery and
stakeholder satisfaction.

Conclusion
Interoperability principles enable the use of data and information
across system and organizational boundaries. Embracing
interoperability addresses the unrealistic expectation for a
one-size-fits-all system for the NHS, or that heterogeneous
systems will communicate with one another out of the box.
Interoperability reduces the need for greater oversight across
the spectrum and allows the NHS to demonstrate maturity at
crucial sinews and joints between systems and services.

Without interoperability, much-needed digital maturity will not
be gained, and the divide between NHS trusts with and without
GDE funding will continue to grow. As the NHS continues to
advance its plans for the use of digital, open-source technology
and interoperability standards, it is essential that a unified
approach is followed. This study has provided a snapshot of the
digital development technology landscape and the areas of
digital implementation policy that need the most refinement to
improve their success.
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Abstract

Background: Health care professionals and patients frequently use the internet to access medical information. However,
health-related mobile apps have yet to become fully integrated into routine clinical practice. Although the demand for eHealth
apps has grown only modestly, studies suggest that such tools hold significant potential to enhance medical care and improve the
quality of life, particularly for patients with cancer. To successfully implement these technologies in everyday practice, it is
essential to understand the specific needs and preferences of the target population.

Objective: The aim of this study was to assess internet and eHealth use among patients with cancer receiving chemotherapy at
an outpatient ward and to evaluate how the COVID-19 pandemic influenced internet and eHealth app use.

Methods: Between May 2021 and September 2021, a total of 303 patients receiving outpatient care at the hemato-oncology
and gynecology departments of a Comprehensive Cancer Center were surveyed using a 21-item paper-based questionnaire,
adapted from a validated information and communication technology–use survey. The questionnaire provided patient-reported
information related to general internet abilities and use rates including health-related apps and changes during the COVID-19
pandemic. Data analysis was conducted using descriptive statistics, chi-square tests, Mann-Whitney U tests, and Spearman
correlations.

Results: In total, 98.7% (299/303) of participants reported regular internet use, 72.6% (217/299) reported using the internet to
search for health-related information, and 79.1% (235/297) expressed readiness to communicate digitally with health care providers.
Decreasing age and higher internet literacy correlated with a more frequent use of eHealth apps (P<.001). A total of 24.7%
(68/275) reported increased internet use during the pandemic.

Conclusions: The majority of patients were regular internet users and expressed an openness to eHealth apps. Factors such as
internet literacy and average age are important to consider when implementing new eHealth apps in a clinical setting. Despite
the positive influence of the pandemic on internet use, there remains a gap between self-reported readiness and real use of eHealth
apps.

(JMIR Hum Factors 2025;12:e72614)   doi:10.2196/72614

KEYWORDS

eHealth; mobile health; health-related internet use; health literacy; patients with cancer; COVID-19; oncology

Introduction

The internet and its wide scope of application possibilities is
indispensable in our everyday life. In Germany, approximately
92% of the population uses the internet daily, and the number
of nonusers decreases steadily every year [1,2]. While internet
use is more common among the younger age groups, data show

that already over 90% of people younger than 65 years of age
use the internet daily [2]. Internet use among the older
generation is concurrently steadily increasing. According to
recent data, 27.7% of the internet users are ≥60 years of age
[3,4].

At the same time, the importance of digital technologies in
health care is rising. This trend is captured under the term
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“eHealth,” defined as the cost-effective and secure use of
information and communication technologies in support of
health and health-related fields [5,6]. In the medical context,
the internet is used particularly frequently by medical
professionals and patients to search for information [7-9].
However, the adoption of more advanced digital health
tools—particularly mobile health apps—remains limited. These
apps extend beyond mere information retrieval and offer
functionalities such as patient-provider communication,
symptom monitoring, therapy management, and the collection
of patient-reported outcomes [10]. Practical examples of these
apps include the Corona-Tracing-App [11], the digital
COVID-19 European Union–vaccination certificate [12], or
cancer-specific solutions such as CANKADO [13-15]. Despite
their potential, such tools have not yet been widely integrated
into routine clinical care [16]. Nevertheless, van Eenbergen et
al [17] documented that the demand for eHealth apps among
patients has increased to a very small extent in the years between
2005 and 2017 [9,17].

Among patients with cancer, internet use is often driven by the
desire to understand their disease and treatment options and to
connect with other patients or peer support groups [8,18]. While
approximately three-quarters of patients with cancer turn to the
internet for health-related information, only about half of these
users are considered autonomous—able to navigate the internet
independently without external assistance [18]. Despite this
widespread use for informational purposes, only a small fraction
of patients actively engage with more advanced eHealth apps
beyond basic web-based searches [7,18-21].

Nevertheless, emerging evidence indicates that the use of
eHealth apps has the potential to improve medical care and
increase quality of life among patients with cancer. Some studies
even demonstrate a link between eHealth app use and an
improvement in overall and progression-free survival [22,23].
However, before introducing and using such tools in clinical
practice, it is important to understand the target group.
Therefore, the aim of this cross-sectional single-point cohort
study was to determine if patients with cancer receiving
outpatient treatment within our Comprehensive Care Center
have access to, and are open to, the use of digital health apps.

Methods

Recruitment
This single-point cohort study was conducted at the outpatient
hemato-oncology and gynecology departments of the
Comprehensive Cancer Center at LMU Klinikum
(Ludwig-Maximilians-University Hospital) in Munich,
Germany. LMU Klinikum is one of the largest university
hospitals in Europe, serving a diverse patient population from
both urban and rural regions across Bavaria.

Between May 1, 2021, and September 30, 2021, patients
receiving outpatient care in the aforementioned departments
were invited to participate. Study personnel screened patients
daily to assess eligibility. All patients aged 18 years or older
were eligible for inclusion. Individuals with significant language
barriers or functional impairments, as assessed using the Eastern

Cooperative Oncology Group performance status, were
excluded.

Eligible patients were approached in person during their
scheduled visits and received verbal information about the
purpose of the study. The survey was paper-based, completed
on-site, and required approximately 5 to 10 minutes to complete.
Assistance was offered if needed.

Participation was entirely voluntary. Due to the anonymous
nature of the data collection, no personal or demographic
information was recorded for nonparticipants. As a result, no
formal comparison between participants and nonparticipants
could be conducted. However, we acknowledge the potential
for selection bias—particularly a tendency toward participation
among individuals with higher digital literacy or a greater
interest in digital health. This may limit the generalizability of
the findings to populations with lower levels of internet access
or digital affinity.

Questionnaires
The 21-item questionnaire was a modified version of the
extended “use of information and communication technologies
questionnaire (ICT) developed and validated by Seifert et al
[24] for people aged 65 years and older in Switzerland in 2015”
(Multimedia Appendix 1).

The first 3 of the 21 items collected basic demographic data
including gender, year of birth, and diagnosis. The second part,
the core of the questionnaire, consisted of 9 items relating to
aspects of the patient’s internet use. Analogous to Seifert et al
[24], we collected data regarding which internet-enabled devices
they own in the household (ie, computer and mobile), which
one of these devices they most frequently use, and how often
they use the internet. Patients who did not use the internet were
asked for reasons. Furthermore, we gathered information
regarding the age, the operating system, and the software of the
mobile device. The remaining items referred to the patient’s
ability to use the internet and install apps.

The third part of the questionnaire consisted of 6 items related
specifically to eHealth apps. We asked the patients to specify
which eHealth apps they already use and which type of eHealth
apps they would be willing to try to use.

The final 3 items focused on internet use during the COVID-19
pandemic. The first 2 items referred to the use of the
“Corona-Warn-App,” which was developed and released by the
German government in order to simplify and expand contact
tracing [25]. The last item used self-reported data to elicit
information regarding how the pandemic has changed the
frequency of internet use and if they have begun using eHealth
apps during the pandemic. Patients were defined as “completers”
when 90% of the items on the questionnaire were filled out
(ie,≤2 items of 21 items were missing). All data are therefore
presented based on completers only.

In future studies, the inclusion of open-ended questions—such
as patient suggestions for desired features or concerns about
digital health tools—may provide valuable qualitative insights
and complement the quantitative findings.
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Statistical Analysis
All data analysis was conducted with SPSS (version 26; IBM
Corp) for Windows. Demographics and recruitment data were
analyzed using descriptive statistics. Descriptive statistics were
also used for analyzing internet user patterns of patients. The
2-tailed t test and Mann-Whitney U test were used to analyze
group differences for numeric variables (ie, number of used
apps). The chi-square test of independence and contingency
analyses were used to analyze categorical variables. The
Spearman correlation analysis was chosen to explore
associations between ordinal variables (eg, perceived digital
confidence and willingness to use eHealth) and continuous
variables (eg, age), as many of the relevant variables were
nonnormally distributed or measured on an ordinal scale. After
analyzing the complete dataset, the data were then reanalyzed
for differences between the 2 cohorts of patient groups from
the 2 different departments (hemato-oncology and gynecology)
using Mann-Whitney U tests and chi-square tests of
independence. All tests were 2-sided, and the significance level
was set to .05.

Ethical Considerations
The Medical Ethics Committee of the University of Munich
determined that no formal ethics approval was required for this
study, as the data were collected entirely anonymously and no
personal identifiers were retained (project: KB 20/015). This

decision is in accordance with institutional policies for research
involving fully anonymized and nonreversibly deidentified data.
Participation in the study was entirely voluntary. Patients were
informed verbally about the purpose and content of the
questionnaire during their outpatient visit, and the completion
of the anonymous questionnaire was considered as implied
informed consent. All data were collected and processed in a
way that ensured full anonymity; no personally identifying
information was recorded, and responses were nonreversibly
anonymized prior to analysis. No compensation was provided
to participants for their participation in the study.

Results

Overview
Of 403 eligible patients approached, 346 returned the
questionnaire, yielding a response rate of approximately 85.9%.
In total, 303 (87.6%) of them were categorized as complete. A
total of 97.3% (285/293) were oncology patients. As a few
patients with multiple sclerosis were receiving chemotherapy
in the hemato-oncology department, our collective also included
2.7% (8/293) of patients without cancer. In total, 10 patients
did not specify their diagnosis, and due to the anonymous nature
of the questionnaire, it was not possible to obtain this
information. Figure 1 provides an overview of the recruitment
and participation process.

Figure 1. Study implementation. *Questionnaires with 2 or fewer missing variables were defined as “complete.” **For the purpose of this analysis,
10 patients with gynecological cancer who were receiving care at the hemato-oncology were moved into the group derived from the gynecology
department.
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Demographics
The mean age of the respondents was 59 (SD 14.064) years. In
total, 55.8% (169/303) were women, and 44.2% (134/303) were
men. Table 1 shows the distribution of the participants’ primary

diagnoses. The most common primary diagnosis was a
gynecological tumor, followed by gastrointestinal tumors
(defined as a tumor on an organ located in abdominal cavity,
with the exception of kidney).

Table . Participants’ gender and diagnoses.

Values, n (%)

Gender (n=303)

169 (55.8)    Women

134 (44.2)    Men

Diagnosis (n=294)

88 (29.9)    Gastrointestinal tumora

96 (32.7)    Gynecological tumorb

25 (8.5)    Lymphoma

13 (4.4)    Neuroendocrine tumorc (undefined)

9 (3.1)    Sarcoma

17 (5.8)    Urological tumord

6 (2.0)    Bronchial carcinoma

5 (1.7)    Leukemia

4 (1.4)    Oropharyngeal tumor

31 (10.5)    Others

aAll tumors of the following organs were designated as gastrointestinal tumors: liver, gall bladder, bile ducts, stomach, intestine (small and large),
pancreas, esophagus, and any neuroendocrine tumors located in these mentioned organs.
bA total of 60.4% (58/96) of these were mamma carcinoma; all participants with other gynecology-related cancers were counted to “others.”
cOther neuroendocrine tumor not located in abdominal cavity.
dUrological tumors we defined kidney, ureter, bladder, urethra, and prostate. No participants had penile and testicle cancer.

Access to and Use of the Internet
Only 3 patients did not have an internet-enabled device in their
household, while 88.4% (268/303) of the patients reported

having 2 or more internet-enabled devices. The most commonly
used device was the mobile phone (199/288, 69.1%). In contrast,
just over a third of the households had and used a stationary
computer (Table 2).

Table . Ownership of web-enabled devices (n=303).

Values, n (%)Web-enabled device available in the household

279 (92.1)Smartphone

209 (69)Notebook

169 (55.8)Tablet

110 (36.3)PC

Internet Use Patterns and Digital Confidence
Most of the patients reported using the internet several times a
day (244/299, 81.6%), and 91.6% (274/299) reported using the
internet at least once a day (Table 3). In total, 17 (5.6%) patients
(average age 73, SD 9.5 years) reported technical difficulties
and no perceived benefit as their reasons for hardly using the
internet. Additionally, 4 patients declared themselves as
noninternet users and were therefore excluded from the complete
final dataset. In total, 299 of the 303 questionnaires were
included in the final results for this part of the evaluation.

The frequency of internet use was age dependent and increased
with decreasing age (ρ=0.211; P<.001). In total, 40% (119/298)
of the internet users always felt confident navigating the internet.
A total of 18.5% (55/298) reported feeling confident in their
ability to use the internet most of the time, and 33.9% (101/298)
reported feeling confident using simple apps. Only 7.7%
(23/298) reported that they did not feel at all confident using
the internet. In total, 70% (208/297) reported that they have
installed an app, and 9.4% (28/297) estimated their ability for
this purpose as sufficient. A total of 17.5% (52/297) required
help from others when installing apps; yet, only 3% (9/297)
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were of the opinion that they do not have the skills required to
install an app.

Among the internet users, the majority (254/293, 86.7%) could
receive updates and install them and have the current software

version installed (shown in Table 4). These data are also
reflected by the age of the devices owned by most patients.
More than half of the devices (201/299, 67.2%) were at most 3
years old.

Table . Internet use.

Age (years), mean (SD)Values (n=299), n (%)Frequency of internet use

57.77 (14.082)274 (91.6)Minimum 1 time per day

64.39 (11.387)18 (6)Minimum 1 time per week

65.29 (10.242)7 (2.3)Less often

Table . Characteristics of most used devices.

Values, n (%)

Age of device (years) (n=299)

49 (16.4)    <1

152 (50.8)    1‐3

71 (23.7)    3‐5

27 (9)    >5

Operating systema (n=292)

110 (37.7)    Android

98 (33.6)    iOS

89 (30.5)    Windows

19 (6.5)    Other

Current software version (n=293)

254 (86.7)    Updates available

24 (8.2)    Updates available but not installed

15 (5.1)    No updates available

aThe questionnaire items targeted the primary internet-enabled device used by each participant. Nonetheless, some participants gave multiple answers.

Use of the Internet and eHealth Apps
In total, 72.6% (217/299) of the patients reported using the
internet for medical-related queries. These patients most
frequently searched for information regarding their medical
condition (170/299, 56.9%), followed by communication with
the health insurance (112/299, 37.5%). Women tended to use
the internet more frequently compared to men to communicate
with other survivors of cancer (φ=0.184; P=.001). More than a
third of the internet users already used 2 or more of the eHealth
apps (Table 5). Younger participants tended to use eHealth apps
more often than older ones (ρ=0.295; P<.001). A correlation
was also found between the number of used apps and the
increasing perceived competence in navigating the internet
(ρ=0.320; P<.001) and navigating apps (ρ=0.330; P<.001).
Perceived confidence navigating the internet and apps was
significantly associated with a principal readiness to use more
eHealth offers in the future (ρ=0.373 and 0.490, respectively;

P<.001). Table 5 illustrates that patients most frequently
reported readiness to use web-based platforms for
communication with health care professionals and their health
insurance. The least popular apps among this patient group were
eHealth apps for the purpose of prevention. In total, 87.3%
(261/299) of the internet users did at least specify that they are
prepared to use 1 or more of the listed eHealth apps. However,
increasing age correlated negatively with the number of eHealth
apps that the participants were willing to use in the future
(ρ=0.390; P<.001). In fact, significantly younger patients
reported readiness to digitally manage health data for the
following purposes: communicating with health care
professionals, health insurance companies, or platforms certified
by the government (P≤.001). Similar gender-related patterns
could be detected. Between both collectives, our data revealed
that men rather than women prefer to manage their health data
digitally (φ=0.141; P=.02).
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Table . Use of eHealth.

Values, n (%)

Patients reported using the following eHealth apps (n=299)

170 (56.9)    Searching for information

40 (13.4)    Communication with health care providers

112 (37.5)    Communication with health insurance

23 (7.7)    Communication with other survivorsa

22 (7.4)    Keeping a symptom diary

27 (9)    Tracking vital parameters

7 (2.3)    Therapy appsb

Readiness to use the following eHealth apps (n=297)

200 (67.3)    Organization of health data

235 (79.1)    Communication with health care providers

222 (74.5)    Communication with health insurancec

190 (67.4)    Use of a medical app approved by the German governmentd

eHealth apps for the purpose of (n=299)

179 (59.9)    Health caree

193 (64.5)    Administrative processes

110 (36.8)    Prevention

161 (53.8)    Research

137 (45.8)    Therapy programs

aDefinition of cancer survivor: “One who remains alive and continues to function during and after overcoming a serious hardship or life-threatening
disease. In cancer, a person is considered to be a survivor from the time of diagnosis until the end of life” [26].
bFor example, Diabetes- or Tinnitus-Trainer.
cn=298.
dn=282.
eFor example, a videoconference with a clinician.

The type of operating system also seemed to affect patients’
affinity toward eHealth apps. For the following analysis, the 3
most common operating systems were considered: Android,
iOS, and Windows. Patients with iOS on their device more often
reported the use of therapy apps (φ=0.125; P=.03)—including
examples such as Diabetes-Trainer and Tinnitus-Trainer
[27,28]—and, in comparison with Android users, were also
tended to use the internet more often to search for medical
information (φ=0.148; P=.04). Here, no association could be
shown with age or gender.

Digital Medicine and COVID-19
In total, 36% (107/298) of the patients had installed the German
government–issued “Corona-Warn-App” (Corona-Tracing-App)
on their mobile phones at the point of participation in this
investigation. Patients who had installed the app were on average
55 (SD 14.327) years of age and were thereby significantly
younger than those who had not yet installed the app (mean 60,
SD 13.388 years; 2-tailed t test; P=.001). Among the 170
patients who did not yet have the app installed, 51.1% (87/170)
reported that they did not use the “Corona-Warn-App” because
they did not see a benefit. However, 27.6% (47/170) of patients
reported that they did not use the “Corona-Warn-App” due to

technical problems (incompatible operating system and problems
with the installation), and 15.3% (26/170) of patients had not
heard about the app. In total, 10% (17/170) of patients did not
use the “Corona-Warn-App” because they did not want to share
their infection status through a digital means. An additional
2.9% (5/170) of the patients did not want to know about their
own infection status. A total of 24.7% (68/275) of participants
reported that their internet use changed due to the pandemic. In
fact, 5.8% (16/275) began to use eHealth apps during the
pandemic. In total, 62.5% (10/16) of these patients had installed
the government-issued “Corona-Warn-App” as the first eHealth
app on their mobile phone. While decreasing age correlated
with increased eHealth app use during the pandemic (ρ=0.367;
P<.001), women tended to be more likely to increase their use
during the pandemic, while men did not report any
pandemic-related changes (Cramer φ=0.241; P=.001).

Comparison Between the Collective of Gynecology and
Hemato-Oncology
Patients from the gynecology and hemato-oncology departments
were also analyzed separately and compared. Patients from the
gynecology department were significantly younger than those
of the hemato-oncology (56 years compared to 60 years; P=.01).
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When comparing the 2 collectives, patients from the gynecology
department reported feeling more competent using the internet
(P=.02), used the internet more frequently (P=.04), and also
tended to use more eHealth apps (P=.004). Gynecology patients
also reported using web-based forums more often compared to
other patients (φ=0.183; P=.002). Furthermore, they tended to
measure and report vital parameters more frequently within the
apps (φ=0.139; P=.02). Additionally, patients from the
gynecology department communicated with their health
insurance through digital apps more frequently (φ=0.136; P=.02)
and kept digital symptom diaries more often when compared
to the patients from the hemato-oncology department (φ =0.140;
P=.01).

Discussion

Principal Findings
The fact that the overwhelming majority of patients own and
use an internet-enabled device provides the foundation for
widespread use of eHealth apps. In fact, the majority of the
patients reported feeling confident navigating the internet and
apps most of the time. Among those who reported lower levels
of internet literacy, almost all could receive help when required.
It can thus be ascertained that the fundamental conditions, the
technical resources, and the know-how for the implementation
of digital health apps are all given. In fact, in comparison with
other studies, access to and use of the internet is rather high for
our collective [20,21,29]. This allows the assumption that
implementing eHealth may be even simpler among our patients
when compared to other patient settings.

Our patients reported using the internet most frequently to search
for and obtain medical information. While these results are
consistent with existing literature [18,19], our results do not
show quite a high tendency to use the internet to seek
information about their disease as previous literature reports.
This could be due to the fact that patients from both the
gynecology and hemato-oncology departments are routinely
made aware of the problems of misinformation through the
internet and explicitly instructed not to seek information about
their disease through a Google search. Instead, they are provided
with evidence-based websites they can refer to when necessary.
The next most common reasons cited for internet use among
our collective were as follows: communication with health
insurance companies (112/299), communication with physicians
(40/299), and tracking of vital parameters (27/299). The number
of patients who communicate digitally with physicians among
our collective is 6.2% higher than that which Makowsky et al
[30] report among their collective. However, Makowsky et al
[30] investigated internet use among healthy patients, and this
may explain the discrepancy. Furthermore, 1 in 13 patients
reported using web-based forums to interact with other
survivors. These findings align with prior studies, suggesting
that patients with cancer seek digital-based peer communication
and emotional support, which may serve as a coping mechanism
and source of empowerment [8,31,32]. This postulation may
also be supported by the fact that women tended to be more
likely to participate in such forums than men.

In congruence with previous results [9,21], age influences use
as well as openness to eHealth. As expected, the younger the
patient, the more frequent the internet use, and the more
confident the patients are when navigating the internet.
Generally, younger patients are more open to digital health apps.
Nevertheless, studies show that the older generation is also
becoming increasingly familiar with the internet [33], indicating
that the target group for the use of eHealth will continue to
grow. Our data reflect this trend by demonstrating that almost
all of our patients are regular internet users even though the
average age was 59 years.

Whereas a younger age is consistently associated with increased
internet use and competency, data regarding gender differences
are not as consistent. Our results show that women are more
likely than men to use internet forums to communicate with
other survivors, but men report a higher readiness for managing
health data digitally. These results are consistent with Harrison
et al [34], who also demonstrated that, on average, women seek
social support more than men. Harrison et al [34] explained this
difference in reference to the classical gender stereotype that
women are more communicative than men. This may also
explain why women are more likely to search the web for
support or more ready to participate in support groups [31,32].
However, our data did not confirm gender as an overall predictor
of eHealth app use. To explore this further and rule out gender
bias, future studies should apply multivariate analyses that
control for age and internet literacy.

Among the 3 most frequently used operating systems (Android,
iOS, and Windows), our results showed that iOS users tend to
be more open-minded toward eHealth apps in comparison to
patients who use other operating systems. In fact, iOS users
were significantly younger than patients who used other
operating systems. However, we found no relationship between
age or the current operating system with regard to the use of
therapy apps and using the internet to seek information. This
may suggest an existing relationship between the operating
system and the readiness for using digital medicine. For
example, Ubhi et al [35] demonstrated that iOS users more often
installed an app to help them stop smoking.

In line with existing literature, our data show that internet
literacy is a strong predictor of eHealth readiness, often
moderated by sociodemographic factors such as age, gender,
and education [26-28]. Therefore, we recommend that before
the implementation of eHealth apps, it is important to be familiar
with the potential patient’s internet literacy. However, if time
is lacking, our results, as well as results from previous studies,
indicate that studies with patients younger than the age of 65
years may be more successful [2,9,21].

Both internet use in general and the use of eHealth apps
increased during the pandemic. This could be due to the fact
that when faced with social distancing restrictions and fear of
infection, the domain of eHealth and digital health experienced
an upswing [36]. Algumzi [37] confirmed this postulation,
reporting that during the pandemic, the use of eHealth apps such
as telemedicine and digital health increased in acceptance and
use. These authors suggest that the reason could be due to fear
of infection. This is also reflected in the fact that during the
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pandemic, many health care facilities, including our clinical
facilities, reduced in-person consultations and switched to
telehealth or digital options [38,39]

Although studies with similar timelines report that between
46% and 66% of the population use the government-issued
“Corona-Warn-App,” only 36% (107/298) of our collective
installed the Corona-Warn-App. The main reason cited for not
using the “Corona-Warn-App” among all the studies was that
the patients did not perceive any benefit from the app. Whereas
previous studies cite privacy concerns and the perception of
being monitored by the government, our patients named these
reasons only sporadically. Nevertheless, our patients were more
likely to cite technical problems (47/170, 27.6%) as an obstacle
compared to 3.5% reported by Horstmann et al [40]. Our results
did reflect a previously reported relationship between decreasing
age and use of the government-issued Corona-Warn-App
[40,41].

Our data revealed an existing gap between reported readiness
to use eHealth apps and the reality of current use. While 79.1%
(235/297) of our population reported readiness to use digital
apps to communicate with health care professionals, only 13.4%
(40/299) reported that they currently use a digital app to
communicate with health care professionals. Similarly, while
74.5% (222/298) of the patients reported readiness to use
eHealth apps to communicate with health insurance companies,
only half (112/222) were currently using such methods, although
they are widely available.

Comparable studies reflect these results [19]. In fact, consistent
evidence shows that although health care professionals see great
potential for eHealth apps to augment care, the step to real use
is still hindered by various practical factors such as data
protection, time restraints, and resistance to change among
health care professionals [42]. Beyond these structural and
technical barriers, additional challenges must be
considered—particularly concerns about data privacy, trust in
digital tools, and the influence of physician encouragement, all
of which play a critical role in patients’ willingness to engage
with eHealth solutions [43].

To bridge this gap, several practical strategies could be
implemented: physician-mediated introductions to digital tools
during consultations may foster trust and promote engagement;
intuitive, low-threshold app designs can reduce usability barriers
[44,45]; and tailored support—such as one-on-one training or
digital health navigators as introduced in a national study in
Germany [46]—could help patients build both competence and
confidence. System-level integration of eHealth into routine
care processes may further normalize use and promote
sustainable adoption.

As our participant pool was limited to patients receiving
outpatient therapy in hemato-oncology and gynecology, further
studies are needed to explore whether these observations hold
true across other clinical settings.

Practice Implications
The gap between readiness and actual use of eHealth apps
among oncology patients is decreasing. A slow and careful

introduction of eHealth apps into the clinical routine and
understanding of the population increases the likelihood of
success. In general, this population seems open to eHealth tools;
however, dedicated resources for support and assistance may
promote growth in real-time use.

Limitations
This study has several limitations. First, convenience sampling
was used to recruit patients, which may have led to participation
only by those patients who were interested and open to the topic
of digital health. To rule out skewed results, patients who did
not participate were screened to rule out a lack of knowledge
or use of the internet. Furthermore, patients who were not
interested or did not use the internet were not excluded from
completing the questionnaire. However, a small number of
patients (n=4) reported that they did not use the internet. The
significantly younger age of the gynecology patients [47,48]
must be considered as a possible confounding factor when
analyzing our results. However, although there was a mean age
difference between the 2 groups, we did not find a relationship
with age or gender difference in the willingness to use digital
apps to keep symptom diaries in the entire collective. Therefore,
it can be postulated that we accounted for this confounding
factor adequately. Second, due to the cross-sectional design of
this study, no causal inferences can be made regarding the
relationship between age, digital literacy, and actual or intended
eHealth use. Future longitudinal research is needed to better
understand the temporal dynamics and potential causality of
these associations. Finally, more demographic data—such as
education level, socioeconomic status, or digital access
barriers—could have allowed us to account for the influence of
education level on patients’ responses, and this factor could be
considered a limitation when interpreting our results.

Conclusions
Our study demonstrates the existence of the necessary basic
conditions for implementing the use of eHealth apps among our
collective. In fact, the majority of our patients already use the
internet regularly and reported a high readiness to use eHealth.
Nevertheless, as only a small percentage of the population
currently uses a digital app, although they have access to and
are aware of their existence, this study identified a gap between
reported readiness to use eHealth apps and the reality of current
use. More comprehensive research is necessary in order to
identify ways to close this gap. Nevertheless, reported
acceptance of different apps is high in almost all domains of
eHealth. Positive predictors for use of the internet and eHealth
include declining age, higher internet literacy, current use of
the iOS operating system, and the number of currently used
eHealth apps. While men are more likely to use eHealth for
organizational functions, women tended to search for emotional
support. As the pandemic caused a surge in eHealth use and
acceptance, this may be an impulse for further use of eHealth
apps and create an ideal environment for conducting further
studies on this topic.
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Abstract

Background: Providers spend a large percentage of their day using electronic health record (EHR) technology and frequently
report frustration when EHR tasks are time-consuming and effortful. To solve these challenges, artificial intelligence (AI)–based
enhancements to EHR technology are increasingly being deployed. However, AI-based implementations for EHR features often
lack user-centered evaluation.

Objective: This study evaluates, using a user-centered approach, the implementation of an AI-powered search and clinical
discovery tool within an EHR system.

Methods: We conducted a mixed methods study consisting of interviews, observations, and surveys for 5 months.

Results: High adoption rates for the AI-based features (163/176, 93% users after 3 months) and significant increases across key
metrics, including user satisfaction (U=49; P<.001) and perception of time saved (U=49; P<.001), demonstrated that the AI-based
features were not only successfully integrated into various clinical workflows but also improved the user experience for clinicians.

Conclusions: Our results underscore the feasibility and effectiveness of using a user-centered approach for the deployment of
clinical AI tools. High adoption rates and positive user experiences were driven by our user-centered research program, which
emphasized close collaboration with users, rapid incorporation of feedback, and tailored user training. This study program can
be used as a starting framework for the design and integration of human-centered research methods for AI tool deployment in
clinical settings.

(JMIR Hum Factors 2025;12:e76241)   doi:10.2196/76241

KEYWORDS

user-centered research; software design; delivery of healthcare; implementation science; electronic health record

Introduction

Artificial intelligence (AI)–based tools have permeated culture
and industry, generating excitement, hesitation, and visions of
opportunity [1-3]. This is especially true in health care: AI-based
tools have transformative potential, despite known challenges
spanning implementation, security, infrastructure, user
experience, and product performance [4-7]. While electronic
health records (EHRs) have been transformative in moving
health care professionals to a more digital and connected way
of working, challenges of use can lead to increased time spent
using the system, increased feelings of frustration, and general
dissatisfaction among users [8-14]. As EHR systems incorporate
AI-based features into their products, questions remain about
whether these solutions will improve the clinical user
experience.

The incorporation of human-centered research methods,
including the engagement of end users throughout the
development process, is critical to the development of usable
products that meet clinical users’ needs [15,16] and has a long
history within the field of human-computer interaction [17,18].
Previous research has demonstrated the value and feasibility of
user-centered research methods during the development of
AI-based clinical tools [19-21]. In this paper, we build upon
previous research by demonstrating how user-centered
evaluations can extend to the evaluation of clinical AI tools
during the final stages of implementation.

Through this research, we sought to understand if an AI-based
search and summarization tool [22], previously used side by
side with an EHR, could be successfully integrated directly
within the EHR. To test the implementation approach and
measure the experiential impact on users at a health care system,
we developed a multitouchpoint user-centered study program
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that emphasized strong partnerships, close collaboration with
users, and robust evaluations focused on newly unlocked product
capabilities. The research methods draw from long-established
practices in user experience design and research [23-25], as well
as newer guidelines for AI-based research [26], which were
adapted for use within the clinical environment.

This paper makes two primary contributions. First, we introduce
a collection of research activities that form a novel,

user-centered framework for implementing and evaluating
AI-based clinical tools (Figure 1). This framework emphasizes
the importance of conducting both qualitative and quantitative
methods to evaluate the user experience and collecting signals
from users throughout multiple stages of implementation and
deployment. Further, there is flexibility in the specific methods
that can be used in a collection such as this, making it an
adaptable means of conducting human-centered research.

Figure 1. User-centered study program timeline. AI: artificial intelligence.

Second, we apply this framework through a case study of the
delivery of Expanse Navigator (Google and MEDITECH;
Figures 2 and 3; Multimedia Appendix 1), an AI-powered search
and summarization tool accessible within MEDITECH’s

Expanse EHR. Through this case study, we show both the
feasibility of the approach and how it enabled rapid
incorporation of insights into the delivery strategy, including
factors influencing use, potential risks, and user satisfaction.
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Figure 2. Artificial intelligence (AI)–powered search integration within MEDITECH’s Expanse, highlighted. All data shown in this figure are synthetic
(ie, realistic but not real) patient data. Participants in the study interacted with real patient data.
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Figure 3. Search results experience. All data shown in this figure are synthetic (ie, realistic but not real) patient data. Participants in the study interacted
with real patient data.

Methods

Overview
A multistep, mixed methods, user-centered study was developed
and run for 5 months. The goal of this research program was to
measure the qualitative and quantitative experiential effects of
an AI-based search and summarization tool (referred to as
Expanse Navigator) within MEDITECH’s Expanse and to
understand the feasibility of incorporating user-centered methods
during the implementation phases of AI-based clinical tools.

Program Site and Participants
Mile Bluff Medical Center is a 40-bed acute-care hospital and
outpatient care center in Mauston, Wisconsin, United States. A
total of 176 health care professionals were provided access to
a clinical pilot of Expanse Navigator in January 2024; this
includes 53 medical doctors or advanced practice providers, 61
registered nurses, 48 allied health professionals, and 14 health
information management specialists across 24 distinct clinical
and operational departments.

All pilot participants were invited to participate in the
user-centered research program. A sample of 128 out of the 176
(72%) pilot program members opted into the program.

Materials
Expanse Navigator offers advanced search capabilities and an
AI-generated, comprehensive view of a patient’s health history
(Figures 2 and 3; Multimedia Appendix 1). It works together
with and is accessible directly within MEDITECH’s Expanse.
The tool offers new capabilities, unlocks valuable data (eg,
PDFs and faxes), and makes them quickly and easily accessible
to users via a modern search experience. The search capabilities
handle misspellings and abbreviations, provide suggested search
terms, and give results ranked by relevance. The tool is powered
by AI rather than keyword matching.

Naturalistic Observation
The first component of the user-centered program was clinical
observation. Before the deployment of Expanse Navigator, 21
representative users from the hospital, ambulatory care,
outpatient clinics, and the emergency department were observed
in their normal clinical environments (outside of patient care).
Observations provided an understanding of users’existing tools,
workflows, environments, and experiences before the
deployment of Expanse Navigator. Further, this effort helped
to establish collaboration and build rapport with clinical users.
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Survey Program
The second component of the user-centered program focused
on experiential measurement through the use of pre- and
postdeployment surveys. To develop the survey measures,
MEDITECH and Google jointly developed a set of primary
metrics: user satisfaction, product helpfulness across specified
tasks (Multimedia Appendix 2), and perceived time savings.
Survey questions used fully labeled 5-point scales, following
industry best practices [27], and are available in the Multimedia
Appendix 3. Survey questions were optional; respondents were
not required to answer all questions.

Before deploying Expanse Navigator, we measured prelaunch
metrics of MEDITECH’s Expanse via a baseline survey. Four
weeks following deployment, we distributed a postlaunch survey
to collect identical metrics on users’ experiences with Expanse
Navigator.

Surveys were administered to all pilot program participants.
There were 94 out of 176 (73%) responses and 73 out of 176
(57%) responses to the baseline survey and postlaunch survey,
respectively.

Early Integration Product Testing
The third component of the user-centered program involved
early integration of product testing. The purpose of this
assessment was to test the integrated product’s ability to support
key clinical tasks, to collect feedback based on users’ first
exposure to the product, and to ensure that no issues that could
prevent easy and efficient use were present ahead of widespread
launch.

During a single 60-minute session, participants viewed 3 minutes
of prerecorded onboarding content and had 5 minutes of
unstructured exploration with the product. Immediately
thereafter, participants were prompted with 12 structured tasks
to complete using Expanse Navigator features (Multimedia
Appendix 4). Tasks were scored as “completed,” “completed
with difficulty,” or “not completed.” The tasks were informed
by findings from naturalistic observation sessions and designed
to reflect responsibilities fulfilled in the course of daily work.
Sessions were conducted until data confidently showed that
users could complete key tasks. In our case, this research phase
ended after sessions with 3 users showed high levels of success.
This methodology facilitated unique feedback related to

intuitiveness and ease of use and also highlighted areas of focus
for user onboarding and education.

User Interviews
The final component of the user-centered program was
qualitative interviews. Approximately 6 weeks after launching
Expanse Navigator, we conducted 60-minute interviews with
4 users. We sought to capture qualitative data around the impact
of the product, users’ experiences, high-priority use cases, and
self-reported engagement. Participants spanned distinct roles
and specialties and had not previously participated in one-on-one
user-centered research sessions.

Data Analysis
Completed survey responses were analyzed using descriptive
statistics (eg, percentage of users reporting satisfaction,
perceived helpfulness, and time savings). To measure the
experiential impact of the AI tool, a within-subjects
Mann-Whitney U test (1-tailed) was run on each metric, using
data from respondents who completed both baseline and
postlaunch surveys. Qualitative interviews were analyzed by
conducting a thematic analysis of detailed interview notes [28].

Ethical Considerations
This research was reviewed by the Advarra institutional review
board and determined to be exempt from IRB oversight. All
participants provided informed consent before participating.

Results

Early integration testing demonstrated that users completed
tasks with relative ease, having received minimal instructions,
and no major obstacles to efficient and easy use were observed,
clearing the way for further deployment. Results from this
research stage highlighted the need to explicitly onboard users
to the new structure and categories by which information was
organized.

Postdeployment, our 3 primary metrics for Expanse Navigator,
described above in the “Introduction” section and Figures 2 and
3, saw strong ratings from users (Table 1): 62 out of 72 (86%)
respondents reported high satisfaction, 45 out of 60 (75%)
respondents described high helpfulness, and 63 out of 69 (91%)
respondents reported that Expanse Navigator felt faster than the
baseline system.

Table . Experiential ratings of the artificial intelligence (AI)–based experience from participants who completed the postlaunch survey: primary metric
scores as percentages.

Postlaunch survey, n (%)Metric

Satisfaction (N=72)

62 (86)    Users who reported being “somewhat” or “very” satisfied

Helpfulness (N=60)

45 (75)    Average % of users who rated the product as “very” or “extremely”
helpful in accomplishing the 7 specific tasks

Perceived time savings (N=69)

63 (91)    Users who rated the system as “somewhat” or “much” faster than the
previous system
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Notably, when compared to baseline results, users rated the
AI-based experience more favorably across all metrics (Tables
2-4). Qualitative analyses showed that clinicians had use for

the product at all points of care, identified the key value derived,
and provided data to inform potential future features.

Table . Within-subjects comparison of ratings among participants who completed both baseline and postlaunch surveys: primary metric scores as
percentages.

Postlaunch survey, n (%)Baseline survey, n (%)Metric

Satisfaction, N=19

15 (79)2 (11)    Users who reported being “somewhat” or
“very” satisfied

Helpfulness, N=15

8 (53)2 (13)    Users who rated the product as “very” or “ex-
tremely” helpful in accomplishing the 7 specific
tasks averaged across tasks on average

Perception of time savings, N=18

17 (94)9 (50)    Users who rated the system as “somewhat” or
“much” faster than the previous system

Table . Within-subjects comparison of user satisfaction and perceived time savings: 1-tailed Mann-Whitney U test results. Effect size is given by the
rank biserial correlation.

SE of rank-biserial correla-
tion

Rank-biserial correlation (r)P valueUMann-Whitney U test

0.188−0.729<.00149.00Satisfaction score

0.193−0.540.00274.50Time savings score

Table . Within-subjects comparison of helpfulness: 1-tailed Mann-Whitney U test results. Effect size is given by the rank biserial correlation.

SE of rank-biserial correla-
tion

Rank-biserial correlation (r)P valueUHelpfulness scores per task

0.211−0.689<.00135.00Task 1

0.211−0.396.0368.00Task 2

0.211−0.587.00346.50Task 3

0.211−0.716<.00132.00Task 4

0.211−0.218.1588.00Task 5

0.215−0.305.0873.00Task 6

0.215−0.510.00951.50Helpfulness task #7

Results from the program at large demonstrated that the
AI-based experience was highly adaptable across various clinical
and operational settings. In addition, the user-centered approach
provided the clinical and AI teams with rapid data on the tool’s
effectiveness and identified valuable focus areas for user
training. This data-driven approach, paired with positive
word-of-mouth and user experiences, fueled rapid delivery and
adoption. When measured 3 months post rollout, 163 out of 176
(93%) participants had accessed Expanse Navigator, and over
4000 searches had been performed.

Discussion

Principal Findings
The results of this study not only demonstrate that the
AI-powered search and clinical discovery tool led to significant
improvements in user satisfaction, helpfulness, and perception

of time saved, but also demonstrate the feasibility of evaluating
the clinical experience through a mixed method, user-centered
approach.

AI-based tools are becoming increasingly common in clinical
settings. As these technologies continue to advance, so will user
expectations for high-quality product experiences. It will become
increasingly important to measure the user experience of these
tools with robust approaches that can be flexibly applied within
a clinical environment. This research program was intentionally
designed to evaluate product experience, refine understanding
of user mental models, and optimize our onboarding program
for the greatest impact when deploying an AI tool.

Incorporating user-centered research during predeployment
stages allowed for the collection of benchmark measures of user
satisfaction, helpfulness, and speed. It also informed the design
of onboarding experiences and custom training for cohorts with
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specialized workflows. Furthermore, the activities during this
stage led to a strong partnership with hospital leadership, which,
in turn, increased awareness about the upcoming product launch.

The deployment and postdeployment research allowed the team
to measure the impact of the AI tool from a clinical user’s point
of view. The results of our case study demonstrate that the
AI-based search and summarization experience, accessible
directly within an EHR, provides users with new capabilities
and increased levels of satisfaction, helpfulness, and speed.

Both the lift and feasibility of a user-centered approach were
demonstrated through strong user participation, survey
completion rates, and the overall duration of data collection (60
minutes per one-on-one study session).

The design of this study program follows previous work showing
the importance of assessing the user experience during all phases
of the product development life cycle: design, development,
and deployment [29,30], and addresses calls for an increase in
human-centered evaluative research alongside AI clinical
deployments [31]. It extends past research that outlines
approaches to user-centered research during design and
development stages of AI-based clinical tools [19-21], and
provides a framework for assessments that can occur during the
later stages of clinical implementation.

Limitations
There are several limitations to this research. First, while the
research involved a large percentage of users for the AI-based
tool within MEDITECH’s Expanse, across a wide range of

clinical roles and specialities, it did so with users from a single
medical center. Though we demonstrate feasibility for the
user-centered study program presented in this paper, future
research is needed to demonstrate generalizability. Second,
while the findings from the case study show positive
improvements in the user experience for this AI-based EHR
integration, further research would be needed to demonstrate
the impact across additional clinical measures.

Conclusions
By developing and executing a mixed methods, user-centered
program for AI tool deployment, we enabled trust, collaboration,
and frequent communication between clinical end users and AI
practitioners, and a robust collection of key product metrics.
This data-driven and user-centered approach championed end
users’ experiences and surfaced those findings pre- and
postproduct launch, highlighting specific areas for curated user
training and optimizing the opportunity for rapid deployment.
Integrating user-centered research as part of the deployment
process ensures that AI tools are not only technologically
advanced but are also relevant, usable, useful, and safe for use
in any setting; notably, all of these benefits are of critical
importance for tools used in health care and clinical settings.

Prioritizing a human-centered research program for AI-based
tool deployment supports effective product integration and user
satisfaction; further, it supports the thoughtful delivery of
products and services in high-stakes health care environments
where patient safety is the utmost priority.
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Multimedia Appendix 1
Summarization experience. All data shown in this figure are synthetic (ie, realistic but not real) patient data. Participants in the
study interacted with real patient data.
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Multimedia Appendix 2
Survey program: helpfulness tasks.
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Survey measures. Prelaunch surveys assessed baseline experiences with “Search Patient’s Chart,” and postlaunch surveys assessed
experiences with “Search and Summarization.”
[PDF File, 71 KB - humanfactors_v12i1e76241_app3.pdf ]

Multimedia Appendix 4
Early integration testing task set.
[PDF File, 62 KB - humanfactors_v12i1e76241_app4.pdf ]
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Abstract

Background: Cases of the occupational lung disease silicosis have been identified in workers processing artificial stone in the
stone benchtop industry (SBI). In the Australian state of Victoria, the Regulator commissioned a screening program for all workers
in this industry.

Objective: To facilitate systematic data collection, including high-quality exposure assessment, an electronic data capture tool
(EDCT) was developed.

Methods: A multidisciplinary team developed an EDCT using Research Electronic Data Capture (REDCap; Vanderbilt
University). The needs of the EDCT were (1) data entry by multiple clinicians and the workers attending for screening and (2)
systematic collection of data for clinical and research purposes. The comprehensibility and utility of the tool were investigated
with a sample of workers, and the EDCT was subsequently refined.

Results: The EDCT was used in clinical practice, with capacity for data extraction for research. Testing of comprehension and
utility was undertaken with 15 workers, and the refined version of the Occupational Silica Exposure Assessment Tool (OSEAT)
was subsequently developed.

Conclusions: The refined OSEAT has been determined to be comprehensible to workers and capable of collecting exposure
data suitable for assessment of risk of silicosis. It was developed for workers in the SBI in Australia and is adaptable, including
translation into other languages. It can also be modified for SBI workers in other countries and for use by workers from other
industries (mining, construction) at risk of silica exposure, including in lower-income settings.

(JMIR Hum Factors 2025;12:e64111)   doi:10.2196/64111

KEYWORDS

silicosis; occupational history; electronic data capture tool (EDCT); REDCap; occupational respiratory screening; occupational
hazard; exposure; silica; fibrotic lung disease; lung disease; respirable crystalline silica; mining; construction; workers; occupational
lung disease; occupational; Australia; screening

Introduction

Silicosis is an incurable, potentially life-threatening, form of
fibrotic lung disease caused by inhalation of respirable
crystalline silica (RCS) [1]. The disease has been recognized
globally for over 100 years, and lung disease screening is
recommended for high-risk industries, including mining and
construction [2]. Cases of silicosis were identified in 2010

among workers in the stone benchtop (countertop) industry
(SBI) working with artificial stone (AS; Textbox 1) [3-12].
Subsequently, a number of cases of artificial stone-associated
silicosis were diagnosed in Australia [3,13]. AS has a very high
crystalline silica content, often over 90% [14]. Processing AS
by drilling, polishing, cutting, or grinding generates fine particles
of dust containing RCS, which can cause silicosis when inhaled
[15].
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Textbox 1. Timeline of artificial stone (AS) and silicosis in Australia

Early 2000s: AS introduced to Australia

2010: First case of silicosis associated with AS reported in Italy

2015: First case of silicosis associated with AS reported in Australia (conference abstract)

2017: First case of silicosis associated with AS reported in Australia

2019: Screening program of stone benchtop industry workers begins in Victoria, Australia (paper-based data collection)

2021: Screening program first incorporates electronic data capture tool (EDCT)

2021-2023: Refinement of EDCT informed by data cleaning and evaluation study with workers

An investigation of the effects of RCS exposure in the SBI was
commissioned by the Victorian regulator, WorkSafe Victoria
[16], and developed into a screening program by Monash
University. It included (1) exposure assessment from a detailed
occupational history; (2) collection of respiratory symptoms;
(3) recording of investigations including spirometry, chest x-ray,
and high-resolution CT of the chest; (4) screening for
comorbidities associated with silica exposure, including
autoimmune diseases and tuberculosis [4,17]; and (5) a mental
health instrument.

The initial paper-based questionnaire was developed by a
multidisciplinary team, including respiratory physicians, an
occupational hygienist, and occupational physicians [16].
Simplicity was prioritized, as many industry workers were born
outside Australia and spoke English as an additional language
[18].

Up to 6 jobs in the SBI could be recorded in the occupational
history. The proportion of time spent on specified tasks in each
job and the proportion of time spent on dry cutting of stone and
working near someone doing dry cutting were recorded.
Exposure control measures (ventilation and respirator use) were
identified for each job. Other information collected included
the country, start and (if relevant) finish date; days per week
worked; number of people in the organization; and type of stone
predominantly worked with (AS or natural stone). Other
silica-associated occupations (eg, mining, quarrying) and any
non-occupational activities that involved dust exposure
(including hobbies and home repairs, eg, tiling, plastering) were
also recorded.

Data were collected from multiple users, including respiratory
physicians, multidisciplinary team, workers, and administrative
staff, and capture all the elements listed earlier. The data were
cleaned and entered into an electronic data capture tool (EDCT)
held on the secure REDCap platform [19,20]. The data were
used for both clinical and research purposes. In 2021, screening

was centralized and carried out at a single site, which led to a
need for direct data entry to the EDCT by the worker.

Exposure calculations from the occupational data have been
used to identify roles within the SBI with greater RCS exposure,
such as factory machinists and installers, and that exposure
intensity and cumulative exposure were associated with dyspnea
and radiological abnormalities consistent with silicosis [21].
The screening program data has also been used to describe the
numbers of cases of silicosis diagnosed to date [18], the rates
and determinants of psychological distress, and the psychometric
properties of the mental health instrument [22,23].

The aim of this study was to describe the development of the
EDCT, present its refined content, and describe the results of
an audit of its clinical utility undertaken with a sample of
workers.

Methods

Overview
The original team reviewed the exposure questionnaire, which
overall had been well understood, and identified items that
required substantial data cleaning. The team redeveloped the
questions, which included, for example, adding illustrations of
dry and wet cutting examples and the types of respirator and
ventilation options that were sourced from workplace health
and safety organizations [24-26]. Further, additional optional
responses were added from free text replies, for example, water
jet cutting.

In the first draft questionnaire, participants were asked to
apportion their tasks (Figure 1).

The percentages seldom added to 100%, as shown in the
example in Figure 1, so in the revised questionnaire, a sliding
bar was provided that provided visual input of the proportions
(Figure 2). A pop-up trigger was included if the task proportions
were out of range, as shown in Figure 2.
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Figure 1. Original paper questionnaire asking workers to estimate proportions of work time spent doing specific tasks in their workplace. CNC:
Computer Numerical Control____.

Figure 2. EDCT (electronic data capture tool) version of the task estimation section of the occupational history with a total that adds to a proportion
of >100% of the time and the warning message provided to the worker.

Prior to attending for screening, workers were emailed a link
to the EDCT containing the revised questions in order to
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complete their occupational history. The final page completed
by workers included optional electronic consent for sharing data
with Monash University.

Other data collected during screening included medical history,
smoking status, respiratory symptoms, physical examination
findings, diagnosis, return-to-work assessment, and results of
all relevant investigations, including chest x-ray, high-resolution
CT, pathology, and spirometry.

In 2023, an investigation of the comprehensibility, feasibility,
and face validity of the occupational history section of the EDCT
was completed with workers.

A total of 15 workers participated in the investigation, which
was conducted between February and May 2023. Workers were
interviewed about their responses on the EDCT, using a
pre-developed proforma to prompt feedback. They were asked:
“Were there any words you did not know?” “Did you understand
what was meant by ‘dry work’” “Are there any other tasks in
your workplace that expose you to dust?” and “Did the list of
ventilation options include what you use in your workplace?”
For all questions, respondents could reply yes or no and provide

additional comments. If a worker reported no dry cutting in
their current or most recent job but had exposure to dry cutting
from previous jobs, they were asked to respond to questions
referring to their former job.

Ethical Considerations
Workers were eligible to participate if they had completed their
occupational history using the EDCT, did not require an
interpreter for their appointment, and had provided electronic
consent to share data with Monash University. All participants
were provided with a written information sheet and asked to
provide verbal consent for participation. Responses were
deidentified, and workers did not receive compensation for their
participation. Approval was granted by the Alfred Hospital
Research Ethics Committee as a substudy of project 292/21.

Results

The demographics of the workers are presented in Table 1. Most
participants were male, and they covered a range of ages and
years of employment in the SBI. They included machinists,
installers, and office workers.

Table . Demographics of participants.

ValuesCharacteristics

14 (93)Males, n (%)

38.1 (10.9)Age (years), mean (SD)

9.6 (7.85)Years in stone benchtop industry, mean (SD)

5 (33)Born in Australia, n (%)

6 (40)Language other than English spoken at home, n (%)

Most recent SBI job held, n

3Director

4Installer

5Stonemason

2Foreman

1Other

All participants were asked to report about their comprehension
of an introductory statement, and one worker commented that
it took a while to read and understand, and did not feel like he
understood it fully. All workers reported that they comprehended
what was meant by “dry work.” When asked about tasks that
exposed them to dust that were not already listed on the EDCT,
2 workers identified new relevant tasks: emptying bins
containing benchtop fragments and cleaning of the final
benchtop product, onto which the dust-containing water used
in wet cutting had dried. In total, 4 workers reported that their
ventilation option was not included in the list on the EDCT, nor
was it pictured. However, after discussion, the alternative
options they were describing were “air conditioning,” “garage
door,” “no ventilation,” and “ventilation in the wall,” all of
which were listed.

For respirators, 14 workers identified the type they used from
the descriptions and pictures in the EDCT, and the only worker
that did not see their device described use of one similar to that

depicted. Of 8 workers who were asked if they could easily
remember and estimate the percentage of time they spent
wearing a respirator, 7 responded in the affirmative. One worker
had worn his respirator for 6 hours out of an 8-hour shift
(approximately 75%), but had estimated that he wore it for 35%
of the day. One worker commented that he wore his respirator
all day, regardless of the task, whilst another pointed out that
each job was different, with some jobs being “perfect” (ie, not
requiring any adjustments), whereas others required adjustments
onsite, adding to the difficulty of responding to this question
accurately.

If a worker reported dry cutting in their current job, they were
asked whether or not practices around dry cutting had changed
(this was because dry cutting without suitable protection had
been officially banned recently in Australia). Of the 11 workers
who completed this question, 10 understood the question and
were able to complete it accurately, but one worker expressed
some confusion around the wording of the question. Workers
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also described measures other than ventilation and respirators
that their employer had introduced including changing clothes
at work and using water systems for dust suppression when
loading stone.

Subsequently, modifications were made to improve accessibility
for the workers: simplification of the language used in
descriptive statements and instructions, modification of the

color scheme to improve readability, and addition of commonly
reported responses (eg, “home maintenance,” “tiling,” and
“plastering”) as a prompt on the non-occupational (eg, hobby)
dust exposure history section. One of the simplified statements
was an introductory statement that defined “dry work” (Figure
3). An image accompanied the text with examples of dry and
wet cutting [26]:

Figure 3. Refined EDCT for clarification of the definition of dry work.

The current version of the Occupational Silica Exposure
Assessment Tool from the EDCT is presented in Multimedia
Appendix 1.

Discussion

Principal Findings
Since 2019, over 1000 SBI workers have undergone screening
for silicosis in Victoria, Australia, through a protocolized
screening program. In this study, we described the development
of the screening questionnaire into an EDCT, the Occupational
Silica Exposure Assessment Tool, and have described how it
was refined as a result of our experiences and after assessment
of its acceptability and comprehension among this worker
population. The results of the investigation suggested that the
usability and comprehension of the refined EDCT are acceptable
among English-speaking workers.

The benefits of EDCTs for improving patient care [27];
improving accuracy of data collection compared to paper
methods [28]; and facilitating data collection from multiple
users, including patients and health care providers [29], have
been established in many settings. Moreover, EDCTs are able
to capture and retain large volumes of data, maximizing cost-
and time-efficiency in clinical and research settings [29,30]. As
demonstrated, the development of this EDCT has already
provided all of these benefits and enabled us to create a
streamlined and efficient screening program for workers in the
artificial stone benchtop industry.

Benchtops made from AS are a popular kitchen product globally,
and there are concerns that cases of silicosis among workers
who produce them are underreported in the literature [31,32].
Globally, silica deaths were estimated to be more than 12.9
thousand in 2019 [33], and the highest rates were recorded in
low- and middle-income countries [33,34]. Silicosis has been
seen in a range of industries, including construction, jewelry
production, quarrying, tunneling, dental material manufacturing,
denim jean production, and ceramic and pottery manufacturing
[35]. There is therefore an urgent need for occupational
screening for large numbers of workers exposed to RCS, for
which reliable instruments are needed. The Occupational Silica
Exposure Assessment Tool can be deployed in settings in which

workers are exposed to RCS, whether for workers in the SBI
or modified for other occupational settings.

In addition to assessing SBI workers at risk of silicosis, the data
collected from the Occupational Silica Exposure Assessment
Tool (OSEAT) can be used to estimate an individual’s level of
RCS exposure. In previous work, occupational history data
collected using the OSEAT were used to group SBI workers by
extent of silica exposure, using a combination of the proportion
of time working with AS and the proportion of time spent dry
cutting [21]. Both cumulative exposure and exposure intensity
were found to be associated with symptoms of dyspnea and
chest x-ray abnormalities [21]. This illustrates the ready utility
of having added the e-consent function to the EDCT within
REDCap, facilitating extracting data from the OSEAT to use
for research purposes.

One consideration when introducing a REDCap-based EDCT
in a clinical setting is its reliance on workers having adequate
internet connection. This has been a limiting factor for the
utilization of similar instruments, in which open-source software
that was not reliant on internet connection was preferred [28,36].
In some resource-poor settings, REDCap was the preferred
platform [37,38], and REDCap has now developed a mobile
app that can be used offline that may overcome internet
connection limitations [20].

A limitation of this study was the small number of workers
included, none of whom required interpreters. Its
comprehensibility is therefore unknown among those who
require interpreters. Furthermore, these workers were recruited
consecutively and recently from the clinic and consequently are
not necessarily representative of the wider workforce. Another
limitation was that the original instrument was not co-designed
with consumers (workers in the SBI), something that we
addressed in this study. We were unable to investigate floor or
ceiling effects within the scope of this work, which would be a
necessary step if the tool is to be used in translated versions.

A strength of the OSEAT is that it has been used and improved
for close to 3 years with demonstrably good comprehension by
SBI workers.

Future development of the OSEAT will include its translation
into other languages using the REDCap multilanguage module.
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The commonest languages other than English among the
workers attending screening at our center have been Vietnamese,
Persian, Chinese, and Arabic, and are therefore a priority for
translation and inclusion into the module.

Conclusions

This study has presented the development, comprehension,
utility, and refinement of the OSEAT, a purpose-built EDCT
for use among SBI workers undergoing assessment for silicosis
that included input from workers and has the capacity for
modification and use within other silica-exposed occupational
settings.
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Abstract

Background: A smart medication dispenser called “spencer” is a novel generator of longitudinal survey data. The patients
dispensing medication act as a survey panel and respond to questions about quality of life and patient-reported outcomes.

Objectives: Our goal was to evaluate panel persistency, survey response rates, reliability, and validity of surveys administered
via spencer to 4138 polychronic patients residing in the United States and Canada.

Methods: Patients in a Canadian health care provider’s program were included if they were dispensing via spencer in the June
2021 to February 2024 time frame and consented to have their data used for research. Panel persistency was estimated via discrete
survival methods for 2 years and survey response rates were computed for 1 year. Patients were grouped by mean response rates
in the 12th month (<90% vs ≥90%) to observe differential response rate trends. For reliability and validity, we used a spencer
question about recent falls with ternary responses value-coded −1, 0, and 1. For reliability, we computed Pearson correlation
between mean scores over 2 years of survey responses, and transitions between mean score intervals of [0, 0.5), [−0.5, 0.5), and
[0.5, 1]. For validity, we measured the association between the falls question and known factors influencing fall risk: age, biological
sex, quality of life, physical and emotional health, and use of selective serotonin reuptake inhibitors or serotonin-norepinephrine
reuptake inhibitors, using repeated-measures regression for covariates and Kendall τ for concomitant spencer questions.

Results: From 4138 patients, dispenser persistency was 68.3% (95% CI 66.8%‐69.8%) at 1 year and 51% (95% CI 49%‐53%)
at 2 years. Within the cohort observed beyond 1 year, 82.3% (1508/1832) kept surveys enabled through the 12th month with a
mean response rate of 84.1% (SD 26.4%). The large SD was apparent in the subgroup analysis, where a responder versus
nonresponder dichotomy was observed. For 234 patients with ≥5 fall risk responses in each of the first 2 years, the Pearson
correlation estimate between yearly mean scores was 0.723 (95% CI 0.630‐0.798). For mean score intervals [0, 0.5), [−0.5,
0.5), and [0.5, 1], self-transitions were the most common, with 59.8% (140/234) of patients starting and staying in [0.5, 1]. Fall
risk responses were not significantly associated with sex (P=.66) or age (P=.76) but significantly related to selective serotonin
reuptake inhibitor or serotonin-norepinephrine reuptake inhibitor usage, quality of life, depressive symptoms, physical health,
disability, and trips to the emergency room (P<.001).

Conclusions: A smart medication dispenser, spencer, generated years of longitudinal survey data from patients in their homes.
Panel attrition was low, and patients continued to respond at high rates. A fall risk measure derived from the survey data showed
evidence of reliability and validity. An alternative to web-based panels, spencer is a promising tool for generating patient real-world
data.

(JMIR Hum Factors 2025;12:e60438)   doi:10.2196/60438

KEYWORDS

real-world data; real-world evidence; patient-reported outcomes; longitudinal studies; survey methods

Introduction

Background
The use of patient data collected in real-world settings has never
been more impactful. The US Food and Drug Administration’s
Real-World Evidence (RWE) Program has elevated real-world

data (RWD) as a tool to support new indications for already
approved drugs [1-3], the European Medicines Agency has
published their RWE framework [4], and Canada’s Drug and
Health Technology Agency has published their guidance
document [5].
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RWD may take the form of claims records, electronic health
records, registries, or patient-generated data, with
patient-reported outcomes (PROs) as an important subset.
Longitudinal surveys, where patients are surveyed at 2 or more
points in time, generate data that allow for the analysis of
within-unit change as well as aggregations over time [6]. This
results in greater “causal leverage” than cross-sectional surveys
[7] and is ideal for submissions to regulatory bodies.

Web-based panels, or “registered persons who have agreed to
take part in online studies on a regular basis,” rose in
attractiveness with the proliferation of the web [8]. Recently,
however, shortcomings of longitudinal studies based on
web-based panels have undermined their reputation as a
high-quality data source. Panel attrition, where subjects in earlier
waves cease to respond in later waves, has become worse since
the 1990s [7,9-11]. While web-based panel data are also prone
to quality problems (eg, false answers, careless responses, and
multiple panel memberships [12]), these problems have been
exacerbated by innovations in automation and improvements
in large language models, where human reviewers are unable
to consistently detect automated responses [13]. This has become
a corrupting force in web-based survey sampling [14].

Amazon Mechanical Turk (MTurk) was considered a
representative and convenient source of web-based longitudinal
survey data [15] but has seen its reputation deteriorate within
the last decade. For example, a study that used MTurk to build
a diabetes panel failed after only 5.8% (13/224) were deemed
eligible for future survey research [16]. Researchers noted
declines in MTurk data quality starting around summer 2018,
as evidenced by degraded psychometric properties of
well-understood metrics [17]. A warning was issued in the

journal Perspectives on Psychological Science after an exercise
revealed that only 2.6% (14/529) of MTurk samples were valid
[18].

Alternatives to web-based panels exist in populations of patients
using web-connected hardware, also known as “smart” products.
One interesting subset is the population of patients using smart
medication dispensers, as these products sit in the home amidst
a public health need for digital adherence solutions [19]. A 2023
review of smart medication adherence products reviewed the
features of 51 products without mention of survey administration
capabilities [20]. One of these products, a dispenser named
“spencer” [21,22] (manufactured by Spencer Health Solutions,
Inc), has a touch screen display that allows it to administer
survey questions following on-time medication dispenses
(Figure 1).

At the time of writing, in-home spencer devices have generated
more than 3 million longitudinal responses from more than 4000
unique patients to quality of life and PRO measures from a
polychronic population residing in the United States and Canada.
These are patients of Canadian health care provider Custom
Health, Inc, a company offering “a personalized, connected
service that goes beyond medication management and ensures
medications are working as they should” [23]. Patients or
caregivers can express interest directly via a collection of
sign-up forms [24,25] or they may be directed to spencer via
their health plans that have partnered with Custom Health [26].
When a health plan partners with Custom Health, their services
are provided to members “who require a high degree of clinical
oversight, those managing multiple medications or those
experiencing medication adherence challenges” [27].
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Figure 1. Key components of the spencer smart medication dispenser.
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Objectives
The study’s aim was to evaluate the spencer smart medication
dispenser as a longitudinal survey platform for a polychronic
patient population. Panel persistency, survey response rates,
and measurement reliability and validity were assessed.

Methods

Recruitment
Patients of Custom Health were included if they met the criteria
enumerated in Textbox 1.

Textbox 1. Inclusion criteria for patients in the study.

1. The patient entered Custom Health’s intake process either by self-selection or based on the recommendation of a health care provider.

2. Custom Health professionals decided to pair the patient with a spencer smart medication dispenser.

3. The patient agreed to the Custom Health consent form.

4. The patient agreed to the Spencer Health Solutions End User License Agreement, permitting his or her deidentified data to be used for research
purposes. This occurred on the spencer unit’s touch screen.

5. The patient’s first scheduled medication dose was between June 3, 2021, and February 14, 2024.

6. The patient dispensed a medication dose by March 14, 2024. In this paper, dispensing medication refers to dispensing multidose packs containing
oral solids.

After completing Custom Health’s intake process, spencer
devices were shipped to patients’ homes. Once set up, the
devices displayed both current local time and the scheduled
time of the next medication dispense via a touch screen display.
Refills containing medication strips (multidose adherence
packaging) prepared by a pharmacy were shipped to the patients’
homes and were inserted by the patient or care nurse into the
top of the unit via an electronically controlled door. At scheduled
dosing times, the unit alerted the patient through sound, light,
and a message on the touch screen display. After the patient
pressed the dispense button on the touch screen, the unit
dispensed 1 or more medication pouches. After an on-time
dispense, a question was presented to those patients who had
not explicitly opted out of surveys.

Data Generation and Processing
The question and response mechanism is further elaborated
here. If a dose was dispensed on time and the patient had not
opted out of surveys, 1 question was displayed on-screen. To
answer, a single button press was needed to select from a
multiple-choice answer set. This was followed by a review step
(also serving as the completeness check) where the patient could
confirm the selection or go back and change the answer. If a
patient did not make the confirmation in the review step, the
questionnaire would not be submitted to the database and later
analyzed as an instance of nonresponse. If left attended to, a
question would remain on the screen until the next scheduled
dose.

In collaboration with health care professionals at Custom Health,
35 survey items were designed to measure the spencer
experience, quality of life, and PROs. To avoid copyright
infringement, these questions were not taken from any existing
validated scale. Questions were scheduled one-to-one with doses
in a predefined sequence that repeated indefinitely. Response
options were consistently listed from most positive sentiment
(eg, “Excellent”) toward the top of the screen to least positive
sentiment (eg, “Poor”) toward the bottom of the screen.
Questions were manually answered on test devices in a quality
assurance laboratory before being released to patients, and

patients could call into a support line to provide feedback
regarding the questions or to request that they be turned off.

As is typical of web-based panels, the panel formed by the
selection criteria in Textbox 1 constitutes a convenience sample.
The target population best described by the sample is
polychronic patients taking multiple medications daily. Since
the surveys were administered as part of routine patient
monitoring, no institutional review board (IRB) approval was
needed.

Survey responses were sent to the application database through
either cellular connection (the default) or Wi-Fi. In cases where
the spencer lost connectivity, a store and forward mechanism
sent data to the cloud database once connectivity was
reestablished. The database is managed by Spencer Health
Solutions that has received both ISO27001 [28] and Data
Privacy Framework [29] certifications.

Date of birth, biological sex, and residential postal code were
entered into a web-based portal by health care providers when
patients were recruited. These fields were retrieved from the
application database March 4, 2024. Dates of birth that were
within 2 years of the database entry date were replaced with
missing values, and age was computed as the difference between
the first dispense date and date of birth. Within the United States,
5-digit postal codes were converted into US states via the
zipcodeR R package. For Canadian postal codes, a function was
written that maps the first letter of the postal code to the
associated province. Prescription information was created by
the pharmacies at the time of refill creation and sent to the
database.

Statistical Analysis

Panel Attrition
Patients may leave the spencer dispensing platform for multiple
reasons, including life transitions to higher care services or
natural death. Leaving the dispensing platform is the primary
mechanism of spencer panel attrition. To estimate dispenser
persistency, we used the discrete survival analysis framework
described by Allison [30], where the periods start on the first
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day a patient is scheduled, are 30 days in length, and an attrition
event occurs when a patient is not scheduled during an entire
30-day period. There is a resurrection mechanism: when a
patient is scheduled in a later period after previously meeting
the definition for an attrition event, the attrition flag is reset for
all previous periods.

For readability, we will refer to a 30-day period as a month, 12
thirty-day periods as a year, and so on. Furthermore, we will
refer to the time in years between the first scheduled dose via
spencer and the analysis date as tenure. A patient’s tenure
represents the amount of experience a patient has had with the
spencer platform as of an analysis date.

Beyond dispenser attrition, the second source of panel attrition
is when patients request that their questions no longer appear
on-screen following a dispensing event. To study this
phenomenon, we computed rates of requested question
discontinuation for the first 12 months of tenure for patients
who remained dispenser persistent for more than a year.

When pursuing the subset of patients who were dispenser
persistent for more than a year, the subset taken was patients
who remained on the spencer platform through the 14th month.
In addition to our operational month being shorter on average
than a calendar month (by a fraction of a day), the 2 additional
months of persistency provided a buffer against the decreased
interaction with the device that often precedes full platform
discontinuation.

Survey Response Rates
On the survey platform, nonresponse occurs when patients do
not enter a response after a question is displayed and the
question is cleared. We computed rates of nonresponse by month
and plotted the resulting series. We knew from prior analyses
that some patients consistently respond to the questions, and
we wanted to observe this phenomenon. For patients who were
still receiving surveys in the 12th month, we created 2 groups:
those with 12th-month response rates of <90% and those with
12th-month response rates of ≥90%. For both groups, we
computed the frequency of patients, plotted response rates by
month, and provided a qualitative description of the patterns
observed.

Psychometric Analysis

Reliability
A reliability analysis in the context of a platform requires a
narrowing of focus to a specific measure, as both reliable and
unreliable measures may be generated from any platform.
Inspired by the Falls Efficacy Scale-International, a reliable
measure of fear of falling known to be related to both past and
future falls [31,32], we chose an existing question from our
rotation that asks the patient about recent falls. Hereafter referred
to as Q_FALL, the question text read “Have you experienced
a fall in the past month?” The response options were “No,” “Not
Sure,” and “Yes” (a 1-letter variation in capitalization occurring
after September 2022, where “Not sure” was replaced with “Not
Sure”), which were value-coded as 1, 0, and −1, respectively.

One conceptualization of reliability is test-retest reliability and
can be quantified using Pearson correlation between a measure’s

values at 2 time points [33]. For a comparative baseline in the
literature, Falls Efficacy Scale-International measurements taken
by the same patients at different time intervals had Pearson
correlations ranging from 0.66 to 0.83 for measurements taken
up to a year apart [34].

The Pearson correlation coefficient is known to suffer bias when
distributional assumptions are violated, a concern because
Q_FALL has only 3 response levels and there were different
response counts between patients and years. The use of averages
and bootstrap resampling were thus employed to address these
factors. First, we limited attention to a subset of 234 patients
from the persistency analysis who answered Q_FALL at least
5 times in both a full first year and a second year of tenure,
hereafter referred to as year 1 and year 2. Second, we used the
bootstrap to obtain a bias-corrected estimate of the Pearson
correlation along with a nonparametric 95% CI [35]. This
allowed us to perform inference on the coefficient of

determination (R2) for the equivalent regression of the year 2
means regressed on the year 1 means.

Averaging the ternary scores allowed us to work on a continuum
where rare fallers and never fallers appear close together on the
resulting scale, a notion supported by similarities between these
groups in a 1-year cohort study [36]. To circumvent the
limitations of a linear correlation analysis, we performed an
additional discrete state transition analysis. We examined the
frequency of transitions to and from mean Q_FALL scores of
[−1, −0.5), [−0.5, 0.5), and [0.5, 1.0] in year 1 and year 2,
expecting self-transitions to be the most frequent.

Validity
To assess the convergent validity of the recent falls question
administered via spencer, the mean scores for year 1 and year
2 were compared with the following established risk factors of
fall risk: increased age, biological sex, previous fall frequency,
low quality of life, depressive symptoms, physical impairment,
and medication use [31,34,37]. Many patients in this population
were prescribed selective serotonin reuptake inhibitors (SSRIs)
or serotonin-norepinephrine reuptake inhibitors (SNRIs), and
these are associated with falls in the older adults [38,39]. A
meta-analysis found that 95% (70/74) of studies reported gender
or sex differences in fall-related outcomes with females at a
higher risk than males [40]. Canonically, increased age is a risk
factor for falls [41]. The validity analysis was split into 2 parts,
each based on the 234-patient subset from the reliability
analysis.

We first conducted an analysis of the relationship between raw
Q_FALL values and covariates age, sex, and SSRI or SNRI
usage, as these were known before any responses were received
(medication can be discontinued but medication classes tend to
be stable within patient). To accommodate the repeated measures
received from each patient, we used a generalized estimating
equation approach to model the relationship between the coded
value of Q_FALL and an exchangeable working correlation
structure. This was accomplished with the geepack package in
R, which reports SEs that are robust to both the choice of
working correlation structure and nonnormality of the response.
For age and SSRI or SNRI usage, we expected to see negative
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relationships. For biological sex, we expected that female
patients would be associated with lower mean Q_FALL than
male patients.

For evidence of association between Q_FALL and other relevant
variables, including quality of life, depressive symptoms, and
hospital visits, we selected the questions listed in Table 1 as
contemporaneous survey-based measures that had face validity
for concepts of interest. Their responses are integer-coded and

arranged by sentiment, and thus we expected positive
correlations with Q_FALL.

The robust Kendall τ measure was used to test for associations,
as the sample sizes of the questions from Table 1 may be
arbitrarily small within patient. Kendall τ is more appropriate
for ties and has an accompanying 2-sided nonparametric test
for testing the null hypothesis of zero association [35]. For a
nonparametric 95% CI on τ, we used the kendall.ci function
from the R package NSM3 [42], which provides a bootstrap CI.

Table . Standard spencer questions relating to known risk factors of falling.

ConstructaValues codedPossible responsesQuestion text

Quality of life5 | 4 | 3 | 2 | 1Excellent | Very good | Good | Fair
| Poor

Rate your recent quality of life.

Depression5 | 4 | 3 | 2 | 1Excellent | Very good | Good | Fair
| Poor

How is your emotional health to-

day?b

Physical health5 | 4 | 3 | 2 | 1Excellent | Very good | Good | Fair
| Poor

How would you rate your physical
health today?

Ability or disability5 | 4 | 3 | 2 | 1Excellent | Very good | Good | Fair
| Poor

Rate your ability to perform activi-
ties today.

Ability or disability5 | 4 | 3 | 2 | 1Completely | Mostly | Moderately |
A little | Not at all

Are you able to accomplish what
you have planned today?

ER visits from falls1 | 0 | −1No | Not sure | YesHospital, ERc, or urgent care in the
past month?

aConstruct is based on face validity of the spencer standard questions.
bThis question has been in rotation for multiple years, but in September 2022, the number of responses changed from 3 (“Poor,” “Good,” and “Excellent”)
to 5 (“Poor,” “Fair,” “Good,” “Very good,” and “Excellent”). We coded the 3-response set as 1, 3, and 5, and the 5-response set as 1, 2, 3, 4, and 5,
respectively.
cER: emergency room.

Ethical Considerations
This study used operational data collected from a commercial
medication dispensing system used in routine patient care and
was not subject to IRB review requirements, so IRB approval
was not pursued. Users of the spencer device provided consent
for data collection through the End User License Agreement,
which covers the collection of medication adherence data and
responses to quality of life and PRO surveys as part of the
system’s standard operation. No additional compensation was
provided to users beyond the normal terms of their device usage
agreement. All data analyzed in this study were deidentified
prior to analysis. Spencer Health Solutions has achieved both
ISO27001 [28] and Data Privacy Framework [29] certifications,
and the system uses industry-standard encryption and security
measures.

This research analyzed data collected during standard clinical
care and device usage. All results are presented as anonymous
aggregate statistics. The original data collection occurred as
part of routine clinical practice, with patients providing consent
for research use through the device terms of service and care
management agreement. Under Canadian TCPS 2 Article 2.4,
research ethics board review is not required for research that

relies exclusively on secondary use of anonymous information
where the process does not generate identifiable information.
Under US regulation 45 CFR 46.104(d)(4)(ii), IRB review is
not required when information is recorded by the investigator
in such a manner that subjects cannot be identified, directly or
through identifiers linked to the subjects, the investigator does
not contact the subjects, and the investigator will not reidentify
subjects.

Results

Patient Population
The patient population was majority female (2552/4133, 61.7%),
with 0.1% (5/4138) of the biological sex fields missing. The
mean age was 54.4 years (SD 19.9, range 5-104 years). Most
patients (3736/4138, 90.3%) resided in Canada, with 1 address
unmapped at the country level. Patients were scheduled to take
multiple drugs per day (mean 9.6, SD 5.1). Of the 2805 unique
compounds scheduled during the observation window, 70.2%
(1970/2805) were mapped to an Anatomical Therapeutic
Chemical classification system second-level code, with a
modified “Vitamins & Supplements” that included dietary
supplements. Table 2 contains the 20 most frequently observed
subgroups observed during the observation window.
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Table . Patient demographics, geographic distribution, and medication usage among the 4138 patients studied.

Patients (N=4138)Section and variable

Patient demographics, n (%)

    Sex

2552 (61.7)        Female

1581 (38.2)        Male

5 (0.1)        Missing

    Age (years)

4123 (99.6)        Valid records, n (%)

15 (0.4)        Invalid records, n (%)

54.4 (19.9)        Mean (SD)

39‐70        IQR

5‐104        Age range

Geographic distribution, n (%)

    Country

3736 (90.3)        Canada

401 (9.7)        United States

1 (0)        Missing or other

    Canadian provinces

2083 (50.3)        Ontario

1149 (27.8)        British Columbia

485 (11.7)        Saskatchewan

19 (0.5)        Other

    US states

221 (5.3)        Tennessee

117 (2.8)        Missouri

32 (0.8)        California

24 (0.6)        Ohio

7 (0.2)        Other

Medication usage (Anatomic Therapeutic Chemical codes, second level),
n (%)

3040 (73.5)    Psychoanaleptics

1917 (46.3)    Vitamins & supplements

1848 (44.7)    Lipid-modifying agents

1788 (43.2)    Drugs for acid-related disorders

1717 (41.5)    Antiepileptics

1664 (40.2)    Agents acting on the renin-angiotensin system

1503 (36.3)    Psycholeptics

1317 (31.8)    Drugs used in diabetes

1107 (26.8)    Beta-blocking agents

1050 (25.4)    Antithrombotic agents

893 (21.6)    Calcium channel blockers

822 (19.9)    Diuretics

741 (17.9)    Thyroid therapy
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Patients (N=4138)Section and variable

592 (14.3)    Urologicals

543 (13.1)    Analgesics

378 (9.1)    Anti-inflammatory and antirheumatic products

345 (8.3)    Antihypertensives

309 (7.5)    Anti-Parkinson drugs

295 (7.1)    Drugs for constipation

289 (7)    Antihistamines for systemic use

Panel Attrition
From 4138 patients, dispensing persistency was estimated to
be 68.3% (95% CI 66.8%‐69.8%) at year 1 and 51% (95% CI

49%‐53%) at year 2. Among the patients who stayed on the
dispensing platform past year 1, 82.3% (1508/1832) kept surveys
enabled through the 12th month. The rates of question opt-out
slowed during the year, as can be seen in Figure 2.

Figure 2. Dispenser persistency and percentage of patients with surveys enabled by month on platform.

Survey Response Rates
Among the 1508 patients who kept their surveys enabled through
year 1, the mean response rate was 95.6% (SD 11.9%) in the
first month and 84.1% (SD 26.4%) in the 12th month, with the
rate of decline slowing in the second half of the year (Figure

3). For patients with surveys enabled in the 12th month, 67.9%
(1024/1508) had response rates at or above 90% and 32.1%
(484/1508) had response rates below 90%. Figure 4 shows the
trajectories of both groups, where the high-response group
maintained near perfect response rates while the low-response
group experienced a substantial decline by the 12th month.
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Figure 3. Mean survey response rate (%) for patients with enabled surveys by month on platform.
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Figure 4. Mean survey RR by month on platform, grouped by RR in the 12th month. RR: response rate.

Reliability
Among 234 patients, the bootstrap estimate of the Pearson
correlation between the year 1 and year 2 mean Q_FALL was

0.723 (95% CI 0.630‐0.798), and the estimate of R2 for the
equivalent regression on year 2 versus year 1 means was 0.523
(95% CI 0.397‐0.637).

Mean Q_FALL interval transitions from year 1 to year 2 are
shown in Table 3. As hypothesized, self-transitions were the
most common, with 59.8% (140/234) of patients starting and
staying in [0.5, 1]. These rare fallers in the [0.5, 1.0] interval in
year 1 remained in this interval during year 2 in 83.8% (140/167)
of cases. For the frequent fallers in the [−1.0, −0.5) interval
during year 1, 66.7% (12/18) remained during year 2.
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Table . Mean score range transitions from year 1 to year 2a.

Frequency, n (%)Year 1 and year 2 (n=234)

Frequent fallers [−1.0, −0.5) (n=18)

12 (66.7)[−1.0, −0.5)

5 (27.8)[−0.5, 0.5)

1 (5.6)[0.5 to 1.0]

Occasional fallers [−0.5, 0.5) (n=49)

5 (10.2)[−1.0, −0.5)

24 (49)[−0.5, 0.5)

20 (48.8)[0.5 to 1.0]

Rare fallers [0.5, 1.0] (n=167)

1 (0.6)[−1.0, −0.5)

26 (15.6)[−0.5, 0.5)

140 (83.8)[0.5 to 1.0]

aA mean score of +1.0 would be a “perfect score” of no reported falls, a mean score of −1.0 indicates that all responses indicated that a recent fall had
occurred, and scores in between span the interval (−1.0, 1.0). One patient who moved from [−1.0, −0.5) to [0.5, 1.0] had a score of exactly 0.5 (the
boundary), with only 6 measurements in year 2.

Validity

Covariates
For 232 patients, the generalized estimating equation model
results of Q_FALL on these covariates are shown in Table 4.

The coefficients associating biological sex and age to Q_FALL
were not significantly different from zero; this was unexpected.
However, the coefficient indicating the presence of an SSRI or
SNRI medication was negative and highly significant, indicating
more falls in the SSRI or SNRI group adjusted for sex and age.

Table . Generalized estimating equation linear model summary for sex, age, and whether the patient was prescribed a selective serotonin reuptake
inhibitor or serotonin-norepinephrine reuptake inhibitor during the observation window.

P valueWaldSEEstimateCoefficient

<.001a28.8570.1270.684Intercept

.66b0.1950.069−0.030Sex (male)

.76b0.0920.0020.001Patient age

<.001b14.0920.062−0.232SSRIc or SNRId

aThe P value corresponding to the hypothesis of the intercept being zero is included by convention but is not a meaningful statistic.
bThese P values correspond to the 2-sided test of the hypothesis of a zero regression coefficient.
cSSRI: selective serotonin reuptake inhibitor.
dSNRI: serotonin-norepinephrine reuptake inhibitor.

Contemporaneous Outcomes From the Spencer
The analysis of correlations between Q_FALL and other
contemporaneous spencer questions, based on Kendall τ, is
shown in Table 5. Interpretation of correlation coefficients
varies, for example, 0.2 may be characterized as either “weak”
or “poor,” and 0.3 as “weak,” “moderate,” or “fair” [43], and

in the bivariate normal case, a τ value of 0.200 corresponds to
a Pearson correlation of 0.309 [44]. While the strength of
association between mean Q_FALL and the contemporaneous
response outcomes was consistently weak to moderate, P values
were uniformly small, indicating positive relationships of these
questions with the measure of recent falls.
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Table . Contemporaneous association between survey questions administered via spencer.

P valueb95% bootstrap CI for τKendall τAverage responses per
patient, n

Patients, naQuestion

<.0010.058-0.2440.1514233Rate your recent quali-
ty of life.

<.0010.120-0.2930.2154233How is your emotional
health today?

<.0010.071-0.2960.188164How would you rate
your physical health
today?

<.0010.140-0.3160.2335232Rate your ability to
perform activities to-
day.

<.0010.083-0.2760.189197Are you able to accom-
plish what you have
planned today?

<.0010.096-0.2990.209192Hospital, ERc, or ur-
gent care in the past
month?

aNumber of unique patients who responded to each question at least once and also responded at least 5 times to Q_FALL in year 1 and year 2.
bDerived from Kendall τ test, a nonparametric hypothesis test used to measure the ordinal association between 2 variables.
cER: emergency room.

Discussion

Principal Findings
Although its primary function is dispensing medication, the
spencer platform doubled as a web-based longitudinal panel
where polychronic patients answered survey questions at high
rates and exhibited low panel attrition over years of platform
tenure. Measures generated from the responses where stable
through time (ie, evidence of reliability) and were associated
with other theoretically related variables (ie, evidence of
validity). For polychronic patients residing in the US and
Canada, the home medication dispenser is a promising source
of reliable and valid measures of important health constructs.

As with all survey panels, there was attrition and nonresponse.
Panel attrition could be decomposed into attrition from the
dispensing platform and survey opt-outs for patients remaining
on the dispensing platform. These losses were cumulative. Based
on the estimates presented, starting with 100 patients, 68 would
still be dispensing via spencer by the end of the first year, with
56 still receiving questions following their dispenses.

In our literature review, persistency was often a serious issue
in the context of longitudinal patient studies. For 8 remote digital
studies conducted between 2014 and 2019, researchers found
that more than half of all participants discontinued their
participation within the first week of the study [9]. In a
web-based study during the COVID-19 pandemic, of 2734
participants who completed wave 1, only 964 participated in
wave 3 [10]. In a study of smartphone app usage to improve
oral anticoagulation adherence, a retention rate of 27% at 6
months was reported [11]. Considering these results, keeping
more than half of the initial patients actively participating in
surveys at the end of the first year represents favorable retention.

The rate of new survey opt-outs also decreased substantially
through the year, setting up milder losses in year 2.

By the end of first year, the average survey response rate for
patients taking surveys on spencer was 84%. While 80% has
been considered excellent in the context of primary care research
studies [45], multi-item surveys administered at a single point
in time are an imperfect benchmark. Ecological momentary
assessment, a survey methodology that addresses phenomena
as they occur, typically sees compliance rates from 50% to 90%
[46]. By either standard, the response rates observed in spencer
surveys were good.

We can speculate on why some patients responded to fewer
spencer questions over time than others. Survey fatigue is a
well-known phenomenon that occurs when respondents become
weary of repeated survey tasks [47], and although surveys
administered via spencer are brief, they are frequent. In addition
to fatigue, some patients may not have been aware of how the
questions were being used to monitor their well-being.
Developing interventions to improve survey response rates is
a topic for future research.

Noncoverage in web-based surveys, often defined as lack of
access to the web, is thought to be a more serious problem than
nonresponse, which is an unwillingness to participate [48]. Since
every participant has a connection to the web through the device
itself (the spencer units have both cell and Wi-Fi connections),
there is no noncoverage in the sense of lack of web access,
although machines do go offline for varying durations.

With sufficiently high panel persistency and response rates,
attention focuses on the quality of the data that are generated.
We showed that a measure about recent falls generated from a
spencer question exhibited temporal stability, a form of
reliability. The measure showed expected associations with
most theoretically related variables. One exception was the
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demographic factors of age and biological sex, which failed to
achieve significance in a regression where medication use was
significant (P<.001). While additional data may reveal the
expected relationships, we surmise that in a polychronic
population taking many medications, demographic factors may
be weaker predictors of falling than in the general population.

Limitations
First, since the patients studied in this paper were polychronic
patients enrolled in a care management program and residing
in the United States and Canada, inferences to other populations
may not be warranted.

Second, our validity analyses were limited to data collected
entirely within the spencer ecosystem. While correlations
between spencer survey responses suggest meaningful patterns,
these questions, although having face validity, lack validation
against established instruments. The observed correlations might
partly reflect the consistent presentation format on the device,
where responses are always ordered from most to least positive
sentiment. Our validity arguments would be substantially
stronger with independent measurements, particularly
comparisons between spencer responses and validated traditional
instruments measuring the same constructs.

Third, this study did not consider sensitivity to change, which
is important in the context of RWE because it allows researchers
and clinicians to detect change resulting from a minimal
intervention [49]. While we focused on reliability by treating
fall risk as a stable construct, and although fall risk is sufficiently
stable to support our reliability analysis, treating it as static was
a limitation of this research. Future research could explore
methods for estimating changing states from longitudinal survey
data, building on established approaches in the literature [50,51].

Conclusions
Administering longitudinal surveys via spencer, a smart
medication dispenser, effectively generated high-quality RWD
from patients in their homes. Patients persisted on the platform
for years and maintained high response rates. A measure derived
from longitudinal surveys assessing fall risk demonstrated both
reliability and validity. The performance of spencer as a
longitudinal survey platform offers a promising alternative at
a time when web-based survey data quality is deteriorating.

Because medication dispensing is a fundamental component of
the survey-generating mechanism, RWD from the spencer
platform offers an ideal opportunity to study medication
effectiveness and health outcomes, providing evidence to
support new drug indications and demonstrate relationships
between health outcomes and economic factors.
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SNRI: serotonin-norepinephrine reuptake inhibitor
SSRI: selective serotonin reuptake inhibitor
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Abstract

Background: The integration of health care and social welfare services together with the consolidation of health care information
systems (HISs) and client information systems (CISs) has become a timely topic. Despite this development, there is a scarcity of
systematic research on physicians’, registered nurses’ (RNs) and social welfare professionals’ (SWPs) experiences of participating
in the development of HISs and CISs.

Objective: This study aimed to examine how physicians, RNs and SWPs experience collaboration with HIS or CIS vendors,
and what kinds of end users have participated in HIS or CIS development.

Methods: National cross-sectional usability surveys were conducted in Finland among RNs and SWPs in 2020 and physicians
in 2021. Questions concerning participation experiences were analyzed by professional group, working sector, managerial position,
and age.

Results: In total, 4683 physicians, 3610 RNs, and 990 SWPs responded to the surveys. In all 3 professional groups, those
working in nonmanagerial positions and the youngest respondents participated least in HIS or CIS development, and 76% (n=3528)
of physicians, 78% (n=2814) of RNs and 67% (n=664) of SWPs had not participated at all. When comparing the groups, physicians
were least aware of feedback processes and least satisfied with vendors’ interest in end-user feedback and the manner and speed
of HIS development. Those who had dedicated working time for HIS or CIS development were less critical of vendors’ interest
and responsiveness to development ideas than those who had not participated at all. In all 3 professional groups, the youngest
were most dissatisfied with HIS and CIS vendor collaboration.

Conclusions: Experiences of participation in HIS and CIS development were relatively negative across all 3 professional groups,
with physicians being the most critical. Dialogue and collaboration between developers and end users—also the youngest ones
and frontline workers—need improvement; simply increasing allotted working time is unlikely to produce more positive participation
experiences.

(JMIR Hum Factors 2025;12:e51495)   doi:10.2196/51495
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Introduction

Background
The increasing collaboration between health care and social
care and the consequent need for integrated information systems
(ISs) warrants studies on the end-user participation viewpoints
of all major user groups. Physicians [1-5], nurses [1,2], and

social welfare professionals (SWPs) [6] are not satisfied with
the usability or daily work support of health care information
systems (HISs) and client information systems (CISs) [7].
Furthermore, these professionals experience collaboration with
HIS and CIS vendors and developers to be unsatisfactory.
However, the majority would be willing to participate in
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information system development, but suitable means are lacking
[1,2,6,8-11].

End users’participation in IS development is considered to lead
to a better user experience and increased user acceptance
[12,13]. However, the characteristic inherent complexity of
HISs and CISs complicates the implementation of many user
participation methods [14,15]. Although end-user participation
is regarded as essential in HIS and CIS development [16],
without careful management throughout the software
development process, participation alone does not guarantee
system success [17-19]. End-user participation may even cause
more problems than benefits, particularly if the ISs are expected
to solve organizational problems [20]. Users may experience
that their participation does not affect IS functionalities in a
desired manner [1,4,6,16]. In addition, emphasizing
administrative information needs and wishes instead of the
needs of frontline professionals can complicate work processes
by increasing the requirements for data entry and thus impair
the workflows [21]. IS users in leadership positions have
different needs for ISs than frontline professionals [22].

Comprehensive HISs and CISs are complex ISs used by dozens
of user roles in a wide variety of use contexts [23,24]. Many
countries, including Finland, are integrating health and social
welfare services and consequently ISs [25-27]. One of the
rationales behind this development is that those with high
numbers of visits to health care often need social welfare
services and vice versa [28]. From the point of view of patients
and clients, treatment and service packages often include both
health care and social services [29-33], which emphasizes the
need for fluent information exchange between professional
groups to guarantee high-quality and safe care. Consequently,
end users from the major professional groups are needed in the
IS development processes.

Context of the Study: Health Care, Social Welfare and
HISs and CISs in Finland
Until 2023, municipalities (n=309 in 2022) were responsible
for organizing social welfare services and primary health care
(health centers) in Finland. A total of 20 hospital districts, jointly
owned by the municipalities of the region, organized specialized
medical care; 5 university hospitals provided tertiary care.
Although one-third of outpatient visits to physicians are to
private providers (eg occupational health care), the variety of
services provided by the private sector is narrow; for example,
there are no private intensive care units (ICUs) or labor and
delivery units [34]. In social welfare, municipalities or
federations of municipalities often purchase some services from
private service providers and non-governmental organizations
(n=3971 in 2017) [27]. In 2018, there were 19,627 working-age
physicians, 70,198 RNs, and 34,523 SWPs in Finland [35-37].

In Finland, the first HISs and CISs were implemented in the
1970s [27]. While only every tenth US hospital used electronic

health records (EHRs) as late as in 2010 [38], in Finnish public
health care, HIS coverage had already reached 100% by 2007,
and by 2014 CISs covered almost all public social services
[39,40]. By contrast, in 2020, a quarter of nonpublic social
welfare organizations still operated on paper [27,41].

All public hospitals and health centers had joined the Kanta
services (national patient data repository and electronic
prescription system) by 2015 [42,43], but implementation of
the national data repository for social welfare services only
began in 2020 [44]. This has required considerable resources
from both health care and social welfare organizations and IS
vendors over the years [45].

During 2020‐21, in public health care, 2 leading specialized
care and 2 leading primary care EHR brands were in wide use.
In addition, 4 EHR brands covered both primary and specialized
care, of which 1 also covered tertiary care (including
functionalities for eg, operating rooms, ICUs, radiology, and
emergency departments) and 6 out of the 7 nationally defined
social welfare service lines. In addition, 1 EHR brand covered
most private sector health care. In public social welfare, 2 CIS
brands were in use in most municipalities [46]. In addition, EHR
brands were also used in social welfare [41]. In 2018‐21, a
new IS was deployed in Southern Finland with 47,000 end users.

Research Questions
In this study, we examined the experiences of physicians,
registered nurses (RNs) and SWPs of participating in HIS or
CIS development. The data were gathered in 3 large Finnish
national surveys in 2020 and 2021. The research questions were
as follows:

1. What experiences do physicians, RNs and SWPs have of
collaboration with HIS and CIS vendors?

2. Do participation experiences vary by managerial position,
employment sector, or age?

3. What types of physicians, RNs and SWPs have participated
in HIS and CIS development?

Methods

Survey
This study was part of large national cross-sectional HIS and
CIS usability surveys conducted among SWPs and RNs in 2020,
and physicians in 2021 [47]. The survey questionnaires and data
are available online [47]. The surveys were based on the
validated National Usability-Focused HIS Scale [48] and
included a section on end users’ experiences of participation in
HIS or CIS development (Table 1). The statements were
originally created and piloted for the national physician survey
in 2010 [4,5], and the same statements have been used in later
surveys for physicians [1], for RNs [8,49], and SWPs [6]. The
survey method and the questionnaire have been described in
detail previously [4,5,48].
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Table . Questionnaire statements.

Statements and optionsQuestions and statement/option designations

Question (1) What has been your experience of providing feedback on the information systems you use and their development? please assess the
following statements based on your experience. Response options: Fully agree / Somewhat agree / Neither agree nor disagree / Somewhat disagree
/ Fully disagree

I know how and to whom I can send feedback
about the system if I wish to do so.

Statement A

The system vendor is interested in feedback
about the system provided by the end users.

Statement B

The system vendor implements corrections and
change requests according to the suggestions of
the end users.

Statement C

Corrections and change requests are implemented
within a reasonable time frame.

Statement D

Question (2) Have you participated in information systems development work?

Yes, some of my working time has been allocated
for such development work

Option A

Yes, in addition to my workOption B

NoOption C

The link to the survey questionnaire was sent to the members
of the Finnish Medical Association (FMA) (>90%) (email
address available, n=19,142), RN members of the Finnish
Nursing Association, the National Association of Health and
Welfare Professionals, and the National Professional Association
(n=58,276), and SWPs with at least a Bachelor’s degree who
were members of the following trade unions: the Union of
Professional Social Workers, the Trade Union for the Public
and Welfare Sectors, or the Social Science Professionals union
(n=12,471) [9,50,51] .

The section addressing end-user participation experiences in
HIS or CIS development (Table 1) was identical for the
physicians and the SWPs with 5-point Likert scale response
statements (fully agree; somewhat agree; neither agree nor
disagree; somewhat disagree; or fully disagree). However, for

the 2020 RNs’ survey, a sixth option “Prefer not to respond /
Don’t know” was added. Furthermore, unlike in the physicians’
and SWPs’ surveys, it was not possible for RNs to not respond
at all. Up to 25% of RNs chose this sixth option. To make the
surveys more comparable, we formed a sixth category also for
physicians and SWPs of those who had not responded to the
statements. In addition, for the descriptive statistics in Figures
1-4 and Table S1 in Multimedia Appendix 1, we combined the
responses “Fully agree” and “Somewhat agree” to form a new
category “Agree” and included those from the sixth category
in the denominator.

The statement on having allocated time to participate in IS
development was identical in all 3 surveys, and the background
questions included in this study were all optional in all 3
surveys, so nonrespondents were not included in these numbers.
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Figure 1. Participation experiences of Finnish physicians, RNs and SWPs by leadership position (leaders versus others). RN: registered nurse; SWP:
social welfare professional.

Figure 2. Participation experiences of Finnish physicians, RNs and SWPs by working sector. RN: registered nurse; SWP: social welfare professional.
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Figure 3. Participation experiences of Finnish physicians, RNs and SWPs by age group. RN: registered nurse; SWP: social welfare professional.
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Figure 4. Participation experiences of Finnish physicians, RNs and SWPs by working time allotted for participation. RN: registered nurse; SWP: social
welfare professional.

Statistical Analyses
Statistical analyses were carried out with SPSS 28 (IBM Corp).
The χ² test or Fisher exact test was used as appropriate.
Statistical significance was determined as P<.05.

Ethical Considerations
According to the national ethical instructions for research, the
studies did not require ethical approval (Finnish Advisory Board
on Research Integrity 2023) [52].

The autonomy of research subjects was respected, there was
informed consent, no harm was possible to the participants and
confidentiality of the subjects, and research data were protected.
The researchers were not able to identify individual respondents.

However, as the data for the RN and SWP studies were collected
by a national authority (Finnish Insititute for Health and
Welfare), the ethical approval (THL482/6.02.01/2020) was
provided by its institutional review board.

Results

Respondent Characteristics
The demographics of the respondents to all 3 surveys are
provided in Table 2. In 2021, 4683/19,142 physicians (24.5%
of email invitation recipients) participated in the survey, and in
2020, 3610/58,276 RNs (6.2% of email invitation recipients)
and 990/12,471 SWPs (7.9% of the theoretical target group)
participated in the survey [35-37].
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Table . Respondent characteristics.a

Social welfare professionals
(n=990), n (%)

Registered nurses (n=3610), n (%)Physicians (n=4683), n (%)

Working sector

846 (85.5)3076 (85.2)3654 (78)    Public sector

90 (9.1)456 (12.6)775 (16.5)    Private

54 (5.5)78 (2.2)253 (5.4)    Other

Age group (years)

185 (18.7)739 (20.5)949 (20.3)    <35

346 (34.9)833 (23.1)1215 (25.9)    35‐44

260 (26.3)1108 (30.7)1161 (24.8)    45‐54

198 (20)921 (25.5)1315 (28.1)    55‐64

Leadership position

172 (17.4)406 (11.2)1139 (24.3)    Works in a leading or managerial
position

818 (82.6)3204 (88.8)3543 (75.7)    Works in other positions

aThe email invitation was received by 19,142 physicians, 58,276 registered nurses, and 12,471 social welfare professionals. Of these, 4683 (24.5%)
physicians, 3,610 (6.2%) registered nurses, and 990 (7.9%) social welfare professionals responded to the survey.

Participation Experiences of the 3 Professional Groups
Physicians appeared to be least knowledgeable of how and
where to send feedback, with only 41% (1920/4683) agreeing
with statement 1, as compared to 61% (2204/3610) of RNs and
56% (556/990) of SWPs (Figure 5). In terms of vendors’ interest
in end-user feedback and the manner and speed of IS
development, physicians were also least satisfied, with 16%

(776/4683), 14% (672/4683), and 9% (407/4683) of them,
respectively, agreeing with statements 2, 3, and 4, as compared
to 26% (960/3610), 19% (707/3610), and 13% (481/3610),
respectively, of RNs and 25% (225/990), 19% (180/990), and
13% (122/990), respectively, of SWPs (Figure 5). In total, 76%
(3528/4683) of physicians, 78% (2814/3610) of RNs and 67%
(664/990) of SWPs had not participated at all in HIS or CIS
development (Figure 6).
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Figure 5. Experiences of physicians, RNs and SWPs of collaboration with health care information system and client information system developers.
RN: registered nurse; SWP: social welfare professional.

Figure 6. Participation in information system development work by professional group. RN: registered nurse; SWP: social welfare professional.

Factors Associated With Participation Experiences
Leaders, particularly among RNs, were more aware of how and
where to send system feedback (statement 1) than those working
in nonmanagerial positions (Figures 1-4). Leaders in all 3
professional groups were more satisfied with the system vendor
collaboration (statements 2‐4) than the others. The working
sector did not impact end users’ experiences. In all professional
groups, the youngest appeared least aware of how and where
to send feedback and least satisfied with the collaboration. Those
who had participated in HIS or CIS development considered IS
vendors more interested in feedback and were more satisfied

with the manner and speed of system improvements and
corrections.

Factors Associated With Having Participated in HIS
or CIS Development
In all 3 professional groups, leaders had participated more in
IS development than their colleagues in nonleadership positions
(Figure 6).

Among physicians and RNs, but not SWPs, those working in
the private sector had participated less than their public sector
colleagues (Table 3). In all 3 professional groups, the youngest
had participated the least (Table 3).
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Table . Participation in development by allocated working time.

Not at all, n (%)aYes, but no allotted working

time, n (%)a
Yes, allotted working time,

n (%)a
Participated in development

Leadership position

    Physicians

640 (56.7)403 (35.7)85 (7.5)        Leaders

2887 (82.1)514 (14.6)115 (3.3)        Others

    RNsb

221 (54.4)131 (32.3)54 (13.3)        Leaders

2593 (80.9)449 (14)162 (5.1)        Others

    SWPsc

78 (45.3)83 (48.3)11 (6.4)        Leaders

586 (71.8)180 (22.1)50 (6.1)        Others

Working sector

    Physicians

2705 (74.5)764 (21)161 (4.4)        Public

639 (83.1)104 (13.5)26 (3.4)        Private

183 (74.7)49 (20)13 (5.3)        Other

    RNs

2388 (77.6)500 (16.3)188 (6.1)        Public

368 (80.7)65 (14.3)23 (5)        Private

58 (74.4)15 (19.2)5 (6.4)        Other

    SWPs

573 (67.9)218 (25.8)53 (6.3)        Public

60 (66.7)24 (26.7)6 (6.7)        Private

31 (57.4)21 (38.9)2 (3.7)        Other

Age group (years)

    Physicians

827 (88)93 (9.9)20 (2.1)        Age group<35

920 (76.3)227 (18.8)59 (4.9)        Age group 35‐44

787 (68.2)299 (25.9)68 (5.9)        Age group 45‐54

962 (73.8)289 (22.2)52 (4)        Age group 55‐64

    RNs

616 (83.4)89 (12)34 (4.6)        Age group<35

646 (77.6)134 (16.1)53 (6.4)        Age group 35‐44

839 (75.7)186 (16.8)83 (7.5)        Age group 45‐54

710 (77.1)166 (18)45 (4.9)        Age group 55‐64

    SWPs

138 (75.4)32 (17.5)13 (7.1)        Age group<35

226 (65.3)97 (28)23 (6.6)        Age group 35‐44

163 (62.7)84 (32.3)13 (5)        Age group 45‐54

136 (68.7)50 (25.3)12 (6.1)        Age group 55‐64

aDenominators for calculating percentages are the sum of n values for each row
bRN: registered nurse
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cSWP: social welfare professional

Discussion

Overview
To our knowledge, this is the first study to assess how the major
professional groups in the health care and social welfare sector,
that is, physicians, RNs, and SWPs, view HIS and CIS
development participation. The responses were analyzed by
managerial position, employment sector, and age group.
Furthermore, we examined which types of professionals have
participated in HIS and CIS development.

RNs and SWPs Highly Aware of to Whom and How
to Send Development-Related Feedback
The majority of RN (2204/3610, 61%) and SWP (556/990, 56%)
respondents knew how and to whom to send
development-related feedback; the respective proportion for
physicians was 41% (1920/4683). The difference may be
explained by mentoring or superuser and training programs
during and after HIS implementations among RNs [9,53]. On
the other hand, since the response rate among RNs and SWPs
was relatively low, those who responded were probably more
interested in ISs and thus more aware of HIS and CIS
development than those who did not. The findings concur with
our earlier studies, which have shown that physicians tend to
be more critical towards their HIS compared with RNs and
SWPs [2,5].

Leadership and its competence play an important role in the
implementation of ISs and investment of resources in
digitalization [22,54].

In this study, leaders in all professions and those with allotted
working time for HIS or CIS development were more aware of
feedback processes than others. These are usually responsible
for the orientation of personnel, furthermore, they are often the
ones to whom other personnel report development ideas or
problems with HIS or CIS use. In all 3 professional groups the
youngest were least aware of the feedback processes; whereas
the youngest often have mentors who also help with HIS or CIS
related problems, it is also probable that the currently available
means are not suitable for the younger generations.

Leaders Critical About Cooperation
Although leaders had more often dedicated working time and
participated more often in the development of HISs or CISs
than the others, they were critical about cooperation with
vendors. Their information needs, informatics competencies,
and partly also the ISs differ from those working in
nonmanagerial positions [55]. The particularly negative
viewpoints of physician leaders may be impacted by most of
them regularly using HISs for direct patient care, unlike RN or
SWP managers who mainly use HISs or CISs for managerial
purposes [56]. The most recent study shows that RN managers
are able to use HISs for their managerial duties. Due to poor
system integration, they need to gather data from different
systems for management, which wastes resources inefficiently
[22].

Those With Dedicated Working Time Less Dissatisfied
With Vendor Cooperation
Those who had dedicated working time for HIS or CIS
development were less dissatisfied with vendors’ interest and
responsiveness to development ideas than those who had not
participated at all. They are likely to be more aware of the
development processes and timelines of their respective HISs
or CISs. Furthermore, since they have been chosen by their
respective organizations as participants in HIS or CIS
development, their ideas are more likely to become realized.
Earlier studies have also found that user participation increases
acceptance and active use of HISs contributes to the acceptance
and increased active use of HISs [57]. Although not all
development ideas are suitable for execution and not all end
users can be expected to spend considerable working time on
HIS or CIS development, to achieve better engagement in the
use of ISs, users need to experience that they are heard and
understood [57].

The Youngest Least Satisfied With Vendor
Cooperation
Similar to the findings of our previous studies [1,4,6], the
youngest were the most dissatisfied with vendors’ interest in
feedback. This is a particularly important finding as it suggests
that the current ways of engaging professionals will not become
more suitable or even acceptable to future generations. Barchielli
et al [58] also found that younger nurses rely on their colleagues’
opinions of health technology use, while older nurses rely on
their own experiences.

What Kinds of Users Have Participated in HIS or CIS
Development?
Previous studies have shown that impactful participation in IS
development requires dedicated working time [58]. Of those
working in nonmanagerial positions, 72%‐82% responded
that they have not participated at all in HIS or CIS development,
whereas the respective proportion for leaders was 45%‐57%.
Physician and RN leaders were most likely to have allotted
working time for HIS development. Our findings agree with
several studies suggesting that managerial viewpoints are likely
to become overrepresented in IS development [59,60]. Although
the data produced by the ISs is essential for leadership and
management purposes, if the participating leaders are not
engaged in clinical work or practice the solutions may end up
not supporting the needs of frontline workers [61,62].

Health care professionals working in the private sector
participated less than their public sector colleagues, among
SWPs the differences were minimal. As the majority of Finnish
private sector physicians work as private practitioners, their
participation would usually result in decreased earnings. It is
also likely that the lack of most complex patients in private
healthcare reduces the need for HIS development.

In all 3 professional groups, the youngest participated the least.
This may be because they are at the stage of learning the clinical
content of their work and their employers may not want to invest
their time in HIS or CIS development. Khairat et al [62] also
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report underrepresentation of physicians in specialization
training in HIS development groups. Although not possessing
advanced professional skills, the youngest are not burdened
with old, often paper-based workflows, which could assist in
redesigning processes and enhance the use of newer technologies
[62].

How to Improve Satisfaction in HIS and CIS
Development
The development processes of large-scale complex systems
such as HIS and CIS are typically dominated by cooperative
activities involving multiple stakeholders [63-65]. Different
information needs must be identified, prioritized, and
communicated clearly enough to the IS designers and developers
[65].

It remains challenging to increase user input and select
appropriate participants and human-centered design methods
through the different phases of the participatory development
cycle [15,20]. Identifying other factors that influence user
experiences, such as decisions made by regulators,
policymakers, and administrators, may assist in developing
better HISs and CISs [66]. Previous studies have recognized
the importance of clinical informaticists who also use HISs or
CISs in clinical work in communicating end users’ needs and
feedback to designers and developers [6,67-75]. From the
organizational perspective, the benefits can be seen beyond the
IS implementation phase [76]: informatics competent social
and health care professionals have been found to be able to
improve patient safety and patient care outcomes [67]. In social
welfare, however, this role is still being developed [74,75].

Limitations
Our study has some limitations. First, compared with physicians,
the lower response rates among RNs and SWPs are likely to
have resulted in the selection of more involved and interested
participants among these professional groups.

Second, the response rates were highest for physicians. The
FMA, which was responsible for collecting the physician data,
has a long history of conducting surveys among physicians, the
results of which are used in FMA policies. However, the number
of participating professionals from all 3 professional groups in

the national level studies can be considered high compared to
other similar studies [50].

The RNs questionnaire respondents, comprising nurses from
various sectors including hospitals, health centers, private
practice, and social care, were found to align with the target
population according to Statistics Finland’s employment data
for nurses, midwives, and community nurses [9].

During data collection with SWPs questionnaire, incomplete
contact information in membership registries limited survey
outreach. To compensate, survey invitations were distributed
also through sector networks and social media. The study’s final
sample comprised 990 SWP respondents, with an estimated
response rate of 8%. It’s important to note this limitation when
interpreting findings. Nonetheless, the sample size was
considerable and exhibited diversity in age, service backgrounds,
and geographical representation across Finland [51].

Third, our questionnaire did not cover how end users were
involved in HIS or CIS development and whether the means of
participation would impact satisfaction with the process and the
end results. Further research is needed on best practices of user
participation in the development of complex HIS and CIS
systems.

Conclusion
The fluent use of HISs and CISs is a prerequisite for efficient
and safe health care and social welfare, as currently
professionals spend a considerable part of their working time
with ISs and rely on them as their primary source of information.
User participation of all major professional groups—physicians,
RNs and SWPs—and their involvement in development are
essential for the success of complex HIS or CIS. Compared
with RNs and SWPs, physicians appeared to be more critical
towards IS vendors and the success of participatory HIS
development. As even those with allotted working time were
mostly dissatisfied with vendor cooperation, it is evident that
simply allocating more end users’ working time for HIS and
CIS development will not guarantee satisfaction; rather, dialogue
between end users and developers needs improvement. New
means are needed to better engage all end-user groups,
particularly the youngest ones and those working in
nonmanagerial positions.

 

Acknowledgments
This study was part of larger projects supported by the Strategic Research Council of the Academy of Finland (projects 303607
and 327145) and the Ministry of Social Affairs and Health (project 112241). We thank the Finnish Medical Association, the
University of Oulu, University of Eastern Finland, the Union of Health and Social Care Professionals in Finland, the Finnish
Nurses Association, the National Association of Health and Welfare Professionals, the National Professional Association, the
Union of Professional Social Workers, the Trade Union for the Public and Welfare Sectors, and the Social Science Professionals
Union for their collaboration. We would also like to thank the respondents to the questionnaires. According to the local and
national ethical instructions for research (Finnish Advisory Board on Research Integrity) instructions, this study did not require
ethical approval.

Authors' Contributions
SM was responsible for the main supervision, writing and visualization of the research output. TL was mainly responsibile for
the statistical analysis. All authors contributed to the analysis and writing of the research output. In addition, SM, JV, and TL

JMIR Hum Factors 2025 | vol. 12 | e51495 | p.2329https://humanfactors.jmir.org/2025/1/e51495
(page number not for citation purposes)

Martikainen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


contributed to the design of methodology of all 3 studies, SS to the design, data curation and investigation of the SWP study, and
UMK to the design of the registered nurse study.

Conflicts of Interest
SM has been previously employed by 2 of the health care information system (HIS) and client information system (CIS) software
vendors included in the study. SS has been previously employed by a publicly owned in-house HIS and CIS vendor included in
the study. TL has been previously employed by a publicly owned in-house HIS and CIS software vendor included in the study.
The employers did not provide any support, financial or otherwise, to the study. Furthermore, these vendors were not involved
in the design of the study or in the collection, analysis or interpretation of the data.

Multimedia Appendix 1
Experiences of participation in system development.
[DOCX File, 20 KB - humanfactors_v12i1e51495_app1.docx ]

References
1. Martikainen S, Kaipio J, Lääveri T. End-user participation in health information systems (HIS) development: physicians’

and nurses’ experiences. Int J Med Inform 2020 May;137:104117. [doi: 10.1016/j.ijmedinf.2020.104117] [Medline:
32179254]

2. Kaipio J, Kuusisto A, Hyppönen H, Heponiemi T, Lääveri T. Physicians’ and nurses’ experiences on EHR usability:
comparison between the professional groups by employment sector and system brand. Int J Med Inform 2020 Feb;134:104018.
[doi: 10.1016/j.ijmedinf.2019.104018] [Medline: 31835158]

3. Kaipio J, Lääveri T, Hyppönen H, et al. Usability problems do not heal by themselves: national survey on physicians’
experiences with EHRs in Finland. Int J Med Inform 2017 Jan;97:266-281. [doi: 10.1016/j.ijmedinf.2016.10.010] [Medline:
27919385]

4. Martikainen S, Viitanen J, Korpela M, Lääveri T. Physicians’ experiences of participation in healthcare IT development
in Finland: willing but not able. Int J Med Inform 2012 Feb;81(2):98-113. [doi: 10.1016/j.ijmedinf.2011.08.014] [Medline:
21956004]

5. Viitanen J, Hyppönen H, Lääveri T, Vänskä J, Reponen J, Winblad I. National questionnaire study on clinical ICT systems
proofs: physicians suffer from poor usability. Int J Med Inform 2011 Oct;80(10):708-725. [doi:
10.1016/j.ijmedinf.2011.06.010] [Medline: 21784701]

6. Martikainen S, Salovaara S, Ylönen K, et al. Social welfare professionals willing to participate in client information system
development - results from a large cross-sectional survey. Inform Health Soc Care 2022 Oct 2;47(4):389-402. [doi:
10.1080/17538157.2021.2010736] [Medline: 34877899]

7. Khairat S, Coleman C, Ottmar P, Jayachander DI, Bice T, Carson SS. Association of electronic health record use with
physician fatigue and efficiency. JAMA Netw Open 2020 Jun 1;3(6):e207385. [doi: 10.1001/jamanetworkopen.2020.7385]
[Medline: 32515799]

8. Kinnunen UM, Hyppönen H, Liljamo P, Saranto K. Nurses’ experiences of health and social care information systems. In:
Vehko T, Ruotsalainen S, Hyppönen H, editors. E-Health and E-Welfare of Finland: National Institute for Health and
Welfare (THL); 2019:130-147.

9. Kinnunen UM, Heponiemi T, Rajalahti E, Ahonen O, Korhonen T, Hyppönen H. Factors related to health informatics
competencies for nurses-results of a national electronic health record survey. Comput Inform Nurs 2019 Aug;37(8):420-429.
[doi: 10.1097/CIN.0000000000000511] [Medline: 30741730]

10. Topaz M, Ronquillo C, Peltonen LM, et al. Nurse informaticians report low satisfaction and multi-level concerns with
electronic health records: results from an international survey. AMIA Annu Symp Proc 2016;2016:2016-2025. [Medline:
28269961]

11. Melnick ER, West CP, Nath B, et al. The association between perceived electronic health record usability and professional
burnout among US nurses. J Am Med Inform Assoc 2021 Jul 30;28(8):1632-1641. [doi: 10.1093/jamia/ocab059] [Medline:
33871018]

12. Barki H, Hartwick J. Measuring user participation, user involvement, and user attitude. MIS Q 1994 Mar;18(1):59. [doi:
10.2307/249610]

13. Kujala S. User involvement: a review of the benefits and challenges. Behav Inf Technol 2003 Jan;22(1):1-16. [doi:
10.1080/01449290301782]

14. Lin WT, Shao BBM. The relationship between user participation and system success: a simultaneous contingency approach.
Inf & Manag 2000 Sep;37(6):283-295. [doi: 10.1016/S0378-7206(99)00055-5]

15. Kushniruk A, Nøhr C. Participatory design, user involvement and health IT evaluation. Stud Health Technol Inform
2016;222:139-151. [Medline: 27198099]

16. Bano M, Zowghi D. A systematic review on the relationship between user involvement and system success. Inf Softw
Technol 2015 Feb;58:148-169. [doi: 10.1016/j.infsof.2014.06.011]

JMIR Hum Factors 2025 | vol. 12 | e51495 | p.2330https://humanfactors.jmir.org/2025/1/e51495
(page number not for citation purposes)

Martikainen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e51495_app1.docx&filename=e7044ed1-d8ee-11ef-a79c-3f353a72ec58.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e51495_app1.docx&filename=e7044ed1-d8ee-11ef-a79c-3f353a72ec58.docx
http://dx.doi.org/10.1016/j.ijmedinf.2020.104117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32179254&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2019.104018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31835158&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2016.10.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919385&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2011.08.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21956004&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2011.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21784701&dopt=Abstract
http://dx.doi.org/10.1080/17538157.2021.2010736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34877899&dopt=Abstract
http://dx.doi.org/10.1001/jamanetworkopen.2020.7385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32515799&dopt=Abstract
http://dx.doi.org/10.1097/CIN.0000000000000511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30741730&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28269961&dopt=Abstract
http://dx.doi.org/10.1093/jamia/ocab059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33871018&dopt=Abstract
http://dx.doi.org/10.2307/249610
http://dx.doi.org/10.1080/01449290301782
http://dx.doi.org/10.1016/S0378-7206(99)00055-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27198099&dopt=Abstract
http://dx.doi.org/10.1016/j.infsof.2014.06.011
http://www.w3.org/Style/XSL
http://www.renderx.com/


17. Bano M, Zowghi D, da Rimini F. User satisfaction and system success: an empirical exploration of user involvement in
software development. Empir Softw Eng 2017 Oct;22(5):2339-2372. [doi: 10.1007/s10664-016-9465-1]

18. Johnson L. Effective organizational communication for large-scale healthcare information technology initiatives. In:
McCormick KA, Gugerty B, Mattison JE, editors. Healthcare Information Technology Exam Guide for CHTS and CAHIMS
Certification: McGraw Hill Education; 2018.

19. Rahimi B, Karimian S, Ghaznavi A, Heydarlou MJ. Development and evaluation of dental image exchange and management
system: a user-centered perspective. arXiv. Preprint posted online on Jun 4, 2022. [doi: arXiv:2206.01966]

20. Gillingham P. Electronic information systems in human service organisations: the what, who, why and how of information.
Br J Soc Work 2015 Jul;45(5):1598-1613. [doi: 10.1093/bjsw/bcu030] [Medline: 27559213]

21. Gillingham P. Electronic information systems and human services organisations: avoiding the pitfalls of participatory
design. Br J Soc Work 2015 Mar 1;45(2):651-666. [doi: 10.1093/bjsw/bct126] [Medline: 27559213]

22. Saranto K, Koponen S, Vehko T, Kivekäs E. Nurse managers’ opinions of information system support for performance
management: a correlational study. Methods Inf Med 2023 Jun;62(S 01):e63-e72. [doi: 10.1055/a-1978-9727] [Medline:
36379471]

23. Sittig DF, Wright A, Coiera E, et al. Current challenges in health information technology-related patient safety. Health
Informatics J 2020 Mar;26(1):181-189. [doi: 10.1177/1460458218814893] [Medline: 30537881]

24. Gillingham P. Developments in electronic information systems in social welfare agencies: from simple to complex. Br J
Soc Work 2019 Jan 1;49(1):135-146. [doi: 10.1093/bjsw/bcy014]

25. Vilpponen H, Grundström M, Abrahamsson P, University of Jyväskylä, Finland and City of Kerava, Finland. Combining
social service and healthcare as the first country in the world: exploring the impacts on information systems. J Adv Infor
Tech 2018;9(4):84-88. [doi: 10.12720/jait.9.4.84-88]

26. Atherton IM, Lynch E, Williams AJ, Witham MD. Barriers and solutions to linking and using health and social care data
in Scotland. Br J Soc Work 2015 Jul;45(5):1614-1622. [doi: 10.1093/bjsw/bcv047]

27. Vehko T, Ruotsalainen S, Hyppönen H, editors. E-health and e-welfare of Finland. Check point 2018. Julkari.: National
Institute for Health and Welfare (THL); 2019. URL: https://www.julkari.fi/bitstream/handle/10024/138244/
RAP2019_7_e-health_and_e-welfare_web_4.pdf?sequence=4&isAllowed=y [accessed 2025-01-06]

28. Hunt KA, Weber EJ, Showstack JA, Colby DC, Callaham ML. Characteristics of frequent users of emergency departments.
Ann Emerg Med 2006 Jul;48(1):1-8. [doi: 10.1016/j.annemergmed.2005.12.030] [Medline: 16781914]

29. Smits FTM, Mohrs JJ, Beem EE, Bindels PJE, van Weert HCPM. Defining frequent attendance in general practice. BMC
Fam Pract 2008 Apr 15;9(21):21. [doi: 10.1186/1471-2296-9-21] [Medline: 18412954]

30. Vedsted P, Christensen MB. Frequent attenders in general practice care: a literature review with special reference to
methodological considerations. Public Health 2005 Feb;119(2):118-137. [doi: 10.1016/j.puhe.2004.03.007] [Medline:
15694959]

31. Social determinants of health. World Health Organization. 2022. URL: https://www.who.int/health-topics/
social-determinants-of-health#tab=tab_1 [accessed 2025-01-06]

32. Jørgensen JT, Andersen JS, Tjønneland A, Andersen ZJ. Determinants of frequent attendance in Danish general practice:
a cohort-based cross-sectional study. BMC Fam Pract 2016 Jan 28;17(9):9. [doi: 10.1186/s12875-016-0412-4] [Medline:
26821807]

33. Report to Congress; social risk factors and performance under medicare’s value-based purchasing programs. Office of the
Assistant Secretary for Planning and Evaluation. 2016. URL: https://aspe.hhs.gov/reports/
report-congress-social-risk-factors-performance-under-medicares-value-based-purchasing-programs [accessed 2025-01-06]

34. Social welfare and health care system in Finland, responsibilities. Ministry of Social Affairs and Health. 2019. URL: https:/
/stm.fi/en/social-and-health-services/responsible-agencies [accessed 2025-01-06]

35. Lääkärityövoima [Web page in Finnish]. Finnish Medical Association. 2022. URL: https://www.laakariliitto.fi/laakariliitto/
tutkimus/laakarityovoima/ [accessed 2025-01-06]

36. Terveys- ja sosiaalipalvelujen henkilöstö 2021 [Web page in Finnish]. Finnish Institute for Health and Welfare. URL:
https://thl.fi/fi/tilastot-ja-data/tilastot-aiheittain/sosiaali-ja-terveydenhuollon-resurssit/terveys-ja-sosiaalipalvelujen-henkilosto
[accessed 2025-01-06]

37. Terveys- ja sosiaalipalvelujen henkilöstö 2018: tuleva sote-uudistus koskee 7,3 prosenttia työssäkäyvistä [Web page in
Finnish]. Julkari. 2021. URL: https://urn.fi/URN:NBN:fi-fe2021121460373 [accessed 2025-01-06]

38. Non-federal acute care hospital electronic health record adoption. Office of the National Coordinator for Health Information
Technology. 2017. URL: https://www.healthit.gov/data/quickstats/
non-federal-acute-care-hospital-electronic-health-record-adoption [accessed 2025-01-06]

39. Kuusisto-Niemi S, Hyppönen H, Ruotsalainen S. Availability and use of e-welfare in finland. In: Vehko T, Ruotsalainen
S, Hyppönen H, editors. E-Health and E-Welfare of Finland Check Point 2018: National Institute for Health and Welfare
(THL); 2019. URL: https://www.julkari.fi/bitstream/handle/10024/138244/RAP2019_7_e-health_and_e-welfare_web_4.
pdf?sequence=4&isAllowed=y [accessed 2025-01-06]

40. Kärki J, Ryhänen M. Use of Information and Communications Technology in Social Services in 2014: National Institute
for Health and Welfare (THL); 2015.

JMIR Hum Factors 2025 | vol. 12 | e51495 | p.2331https://humanfactors.jmir.org/2025/1/e51495
(page number not for citation purposes)

Martikainen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1007/s10664-016-9465-1
http://dx.doi.org/arXiv:2206.01966
http://dx.doi.org/10.1093/bjsw/bcu030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27559213&dopt=Abstract
http://dx.doi.org/10.1093/bjsw/bct126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27559213&dopt=Abstract
http://dx.doi.org/10.1055/a-1978-9727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36379471&dopt=Abstract
http://dx.doi.org/10.1177/1460458218814893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30537881&dopt=Abstract
http://dx.doi.org/10.1093/bjsw/bcy014
http://dx.doi.org/10.12720/jait.9.4.84-88
http://dx.doi.org/10.1093/bjsw/bcv047
https://www.julkari.fi/bitstream/handle/10024/138244/RAP2019_7_e-health_and_e-welfare_web_4.pdf?sequence=4&isAllowed=y
https://www.julkari.fi/bitstream/handle/10024/138244/RAP2019_7_e-health_and_e-welfare_web_4.pdf?sequence=4&isAllowed=y
http://dx.doi.org/10.1016/j.annemergmed.2005.12.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16781914&dopt=Abstract
http://dx.doi.org/10.1186/1471-2296-9-21
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18412954&dopt=Abstract
http://dx.doi.org/10.1016/j.puhe.2004.03.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15694959&dopt=Abstract
https://www.who.int/health-topics/social-determinants-of-health#tab=tab_1
https://www.who.int/health-topics/social-determinants-of-health#tab=tab_1
http://dx.doi.org/10.1186/s12875-016-0412-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26821807&dopt=Abstract
https://aspe.hhs.gov/reports/report-congress-social-risk-factors-performance-under-medicares-value-based-purchasing-programs
https://aspe.hhs.gov/reports/report-congress-social-risk-factors-performance-under-medicares-value-based-purchasing-programs
https://stm.fi/en/social-and-health-services/responsible-agencies
https://stm.fi/en/social-and-health-services/responsible-agencies
https://www.laakariliitto.fi/laakariliitto/tutkimus/laakarityovoima/
https://www.laakariliitto.fi/laakariliitto/tutkimus/laakarityovoima/
https://thl.fi/fi/tilastot-ja-data/tilastot-aiheittain/sosiaali-ja-terveydenhuollon-resurssit/terveys-ja-sosiaalipalvelujen-henkilosto
https://urn.fi/URN:NBN:fi-fe2021121460373
https://www.healthit.gov/data/quickstats/non-federal-acute-care-hospital-electronic-health-record-adoption
https://www.healthit.gov/data/quickstats/non-federal-acute-care-hospital-electronic-health-record-adoption
https://www.julkari.fi/bitstream/handle/10024/138244/RAP2019_7_e-health_and_e-welfare_web_4.pdf?sequence=4&isAllowed=y
https://www.julkari.fi/bitstream/handle/10024/138244/RAP2019_7_e-health_and_e-welfare_web_4.pdf?sequence=4&isAllowed=y
http://www.w3.org/Style/XSL
http://www.renderx.com/


41. Salovaara S, Silén M, Vehko T, Kyytsönen M, Hautala S. Use of Information and Communication Technology in Social
Welfare Services in 2020: National Institute for Health and Welfare (THL); 2021.

42. Citizens. Kanta. 2022. URL: https://www.kanta.fi/en/citizens [accessed 2025-01-06]
43. Jormanainen V. Large-scale implementation and adoption of the Finnish national Kanta services in 2010–2017: a prospective,

longitudinal, indicator-based study. FinJeHeW 2018;10(4):381-395. [doi: 10.23996/fjhw.74511]
44. Client data repository for social welfare services. Kanta. 2022. URL: https://www.kanta.fi/en/professionals/

client-data-archive-for-social-welfare-services [accessed 2025-01-06]
45. Jormanainen V, Reponen J. CAF and CAMM analyses on the first 10 years of national Kanta services in Finland. FinJeHeW

2020;12(4):302-315. [doi: 10.23996/fjhw.98548]
46. Jormanainen V, Rötsä M, Parhiala K. Social care client information systems in Finnish municipality social services in 2017.

Finn J EHealth E Welfare 2019;11(1-2):125-138. [doi: 10.23996/fjhw.76835]
47. Implementation of the monitoring of information system services in social welfare and healthcare. Finnish Institute for

Health and Welfare. 2023. URL: https://thl.fi/en/topics/information-management-in-social-welfare-and-health-care/
information-management-in-finland/follow-up-of-the-information-system-services-in-social-welfare-and-health-care/
implementation [accessed 2025-01-06]

48. Hyppönen H, Kaipio J, Heponiemi T, et al. Developing the National Usability-Focused Health Information System Scale
for physicians: validation study. J Med Internet Res 2019 May 16;21(5):e12875. [doi: 10.2196/12875] [Medline: 31099336]

49. Kaihlanen AM, Gluschkoff K, Saranto K, Kinnunen UM. The associations of information system’s support and nurses’
documentation competence with the detection of documentation-related errors: Results from a nationwide survey. Health
Informatics J 2021;27(4):14604582211054026. [doi: 10.1177/14604582211054026] [Medline: 34814758]

50. Viitanen J, Reponen J, Lääveri T, et al. Potilastietojärjestelmissä on yhä paljon parannettavaa: lääkärien kokemukset
käytettävyydestä vuosilta 2010-2021. Usability of electronic health record systems needs improvements – physicians’
experiences from 2010-21. Finn Med J 2024(41):79 [FREE Full text]

51. Salovaara S, Hautala S, Silén M. Sosiaalialan ammattilaisten kyvykkyys tietojärjestelmien käyttäjinä ja kokemukset
tietojärjestelmien tuesta työlle [Article in Finnish]. Fin Je He W 2022;14(2):208-225. [doi: 10.23996/fjhw.110119]

52. Finnish Advisory Board on Research Integrity (TENK). URL: https://tenk.fi/en/tenk [accessed 2025-01-13]
53. Rhodes B, Short A, Shaben T. Effectiveness of training strategies that support informatics competency development in

healthcare professionals. In: Shachak A, Borycki EM, Reis SP, editors. Health Professionals’ Education in the Age of
Clinical Information Systems, Mobile Computing and Social Networks: Academic Press; 2017:299-322. [doi:
10.1016/B978-0-12-805362-1.00015-2]

54. Booth RG, Strudwick G, McBride S, O’Connor S, Solano López AL. How the nursing profession should adapt for a digital
future. BMJ 2021;373:1190. [doi: 10.1136/bmj.n1190]

55. Hübner U, Shaw T, Thye J, et al. Technology Informatics Guiding Education Reform – TIGER: an international
recommendation framework of core competencies in health informatics for nurses. Methods Inf Med 2018;57(Suppl
1):e30-e42. [doi: 10.3414/ME17-01-0155] [Medline: 29956297]

56. Backonja U, Langford LH, Mook PJ. How to support the nursing informatics leadership pipeline: recommendations for
nurse leaders and professional organizations. Comput Inform Nurs 2022 Jan 1;40(1):8-20. [doi:
10.1097/CIN.0000000000000827] [Medline: 34996883]

57. Vahteristo A, Jylhä V. Effects of user participation in the development of health information systems on their evaluation
within occupational health services. In: Integrated Citizen Centered Digital Health and Social Care: IOS Press; 2020:207-211.
[doi: 10.3233/SHTI200724]

58. Barchielli C, Marullo C, Bonciani M, Vainieri M. Nurses and the acceptance of innovations in technology-intensive contexts:
the need for tailored management strategies. BMC Health Serv Res 2021 Jul 3;21(1):639. [doi: 10.1186/s12913-021-06628-5]
[Medline: 34215228]

59. Gillingham P. From bureaucracy to technocracy in a social welfare agency: a cautionary tale. Asia Pac J Soc Work Dev
2019 Apr 3;29(2):108-119. [doi: 10.1080/02185385.2018.1523023]

60. Devlieghere J, Roose R. Documenting practices in human service organisations through information systems: when the
quest for visibility ends in darkness. Soc Inclu 2019;7(1):207-217. [doi: 10.17645/si.v7i1.1833]

61. Høstgaard AM, Bertelsen P, Nøhr C. Methods to identify, study and understand end-user participation in HIT development.
BMC Med Inform Decis Mak 2011 Sep 28;11(1):1-11. [doi: 10.1186/1472-6947-11-57] [Medline: 21955493]

62. Khairat S, Burke G, Archambault H, Schwartz T, Larson J, Ratwani RM. Focus section on health IT usability: perceived
burden of EHRs on physicians at different stages of their career. Appl Clin Inform 2018 Apr;09(02):336-347. [doi:
10.1055/s-0038-1648222]

63. Saleem N, Steel D, Gercek G, Chandra A. Significance of user participation in a hospital information system success.
Health Care Manag 2017;36(2):199-205. [doi: 10.1097/HCM.0000000000000156]

64. Sommerville I, Cliff D, Calinescu R, et al. Large-scale complex IT systems. Commun ACM 2012 Jul;55(7):71-77. [doi:
10.1145/2209249.2209268]

65. Dalsgaard P, Frich J, Riisgaard T. Four challenges of designing digital services to support participatory design. Presented
at: Nordic Human-Computer Interaction Conference; Oct 8, 2022; Aarhus Denmark. [doi: 10.1145/3546155.3547273]

JMIR Hum Factors 2025 | vol. 12 | e51495 | p.2332https://humanfactors.jmir.org/2025/1/e51495
(page number not for citation purposes)

Martikainen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.kanta.fi/en/citizens
http://dx.doi.org/10.23996/fjhw.74511
https://www.kanta.fi/en/professionals/client-data-archive-for-social-welfare-services
https://www.kanta.fi/en/professionals/client-data-archive-for-social-welfare-services
http://dx.doi.org/10.23996/fjhw.98548
http://dx.doi.org/10.23996/fjhw.76835
https://thl.fi/en/topics/information-management-in-social-welfare-and-health-care/information-management-in-finland/follow-up-of-the-information-system-services-in-social-welfare-and-health-care/implementation
https://thl.fi/en/topics/information-management-in-social-welfare-and-health-care/information-management-in-finland/follow-up-of-the-information-system-services-in-social-welfare-and-health-care/implementation
https://thl.fi/en/topics/information-management-in-social-welfare-and-health-care/information-management-in-finland/follow-up-of-the-information-system-services-in-social-welfare-and-health-care/implementation
http://dx.doi.org/10.2196/12875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31099336&dopt=Abstract
http://dx.doi.org/10.1177/14604582211054026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34814758&dopt=Abstract
https://www.laakarilehti.fi/tieteessa/alkuperaistutkimukset/potilastietojarjestelmissa-on-yha-paljon-parannettavaa/
http://dx.doi.org/10.23996/fjhw.110119
https://tenk.fi/en/tenk
http://dx.doi.org/10.1016/B978-0-12-805362-1.00015-2
http://dx.doi.org/10.1136/bmj.n1190
http://dx.doi.org/10.3414/ME17-01-0155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29956297&dopt=Abstract
http://dx.doi.org/10.1097/CIN.0000000000000827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34996883&dopt=Abstract
http://dx.doi.org/10.3233/SHTI200724
http://dx.doi.org/10.1186/s12913-021-06628-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34215228&dopt=Abstract
http://dx.doi.org/10.1080/02185385.2018.1523023
http://dx.doi.org/10.17645/si.v7i1.1833
http://dx.doi.org/10.1186/1472-6947-11-57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21955493&dopt=Abstract
http://dx.doi.org/10.1055/s-0038-1648222
http://dx.doi.org/10.1097/HCM.0000000000000156
http://dx.doi.org/10.1145/2209249.2209268
http://dx.doi.org/10.1145/3546155.3547273
http://www.w3.org/Style/XSL
http://www.renderx.com/


66. Tutty MA, Carlasare LE, Lloyd S, Sinsky CA. The complex case of EHRs: examining the factors impacting the EHR user
experience. J Am Med Inform Assoc 2019 Jul 1;26(7):673-677. [doi: 10.1093/jamia/ocz021] [Medline: 30938754]

67. Lagsten J, Andersson A. Use of information systems in social work – challenges and an agenda for future research. Eur J
Soc Work 2018 Nov 2;21(6):850-862. [doi: 10.1080/13691457.2018.1423554]

68. AMIA’s role in CIS and history. American Medical Informatics Association. URL: https://amia.org/careers-certifications/
clinical-informatics-subspecialty/amias-role-cis-and-history [accessed 2025-01-13]

69. Singer JS, Cheng EM, Baldwin K, Pfeffer MA, UCLA Health Physician Informaticist Committee. The UCLA Health
Resident Informaticist Program - a novel clinical informatics training program. J Am Med Inform Assoc 2017 Jul
1;24(4):832-840. [doi: 10.1093/jamia/ocw174] [Medline: 28115427]

70. Sieja A, Markley K, Pell J, et al. Optimization sprints: improving clinician satisfaction and teamwork by rapidly reducing
electronic health record burden. Mayo Clin Proc 2019 May;94(5):793-802. [doi: 10.1016/j.mayocp.2018.08.036] [Medline:
30824281]

71. Lehmann CU, Gundlapalli AV, Williamson JJ, et al. Five years of clinical informatics board certification for physicians in
the United States of America. Yearb Med Inform 2018 Aug;27(1):237-242. [doi: 10.1055/s-0038-1641198] [Medline:
29681038]

72. Cummins MR, Gundlapalli AV, Murray P, Park HA, Lehmann CU. Nursing informatics certification worldwide: history,
pathway, roles, and motivation. Yearb Med Inform 2016 Nov 10;25(1):264-271. [doi: 10.15265/IY-2016-039] [Medline:
27830261]

73. Conrad JB, Magsamen‐Conrad K. Understanding the impact of the coronavirus pandemic on families involved in the
child welfare system: technological capital and pandemic practice. Child Fam Soc Work 2022 Feb;27(1):11-21. [doi:
10.1111/cfs.12876]

74. Parker-Oliver D, Demiris G. Social work informatics: a new specialty. Soc Work (Stell) 2006 Apr 1;51(2):127-134. [doi:
10.1093/sw/51.2.127]

75. Kuusisto-Niemi S, Saranto K, Rissanen S. Informatics in social services: research, developments, and outcomes from the
finnish perspective. In: Tavana M, Ghapanchi AH, Talaei-Khoei A, editors. Healthcare Informatics and Analytics Emerging
Issues and Trends: IGI Global; 2015:1-26. [doi: 10.4018/978-1-4666-6316-9.ch002]

76. HIMSS Nursing Informatics Workforce Survey. HIMSS. 2020. URL: https://www.himss.org/resources/
himss-nursing-informatics-workforce-survey [accessed 2025-01-06]

Abbreviations
CIS: client information system
FMA: Finnish Medical Association
HIS: health care information system
IS: information system
RN: registered nurse
SWP: social welfare professional

Edited by A Kushniruk; submitted 02.08.23; peer-reviewed by A Sieja, W Tesfaye; revised version received 02.05.24; accepted 08.11.24;
published 22.01.25.

Please cite as:
Martikainen S, Viitanen J, Salovaara S, Kinnunen UM, Lääveri T
Comparisons of Physicians’, Nurses’, and Social Welfare Professionals’ Experiences With Participation in Information System
Development: Cross-Sectional Survey Study
JMIR Hum Factors 2025;12:e51495
URL: https://humanfactors.jmir.org/2025/1/e51495 
doi:10.2196/51495

© Susanna Martikainen, Johanna Viitanen, Samuel Salovaara, Ulla-Mari Kinnunen, Tinja Lääveri. Originally published in JMIR
Human Factors (https://humanfactors.jmir.org), 22.1.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete
bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license
information must be included.

JMIR Hum Factors 2025 | vol. 12 | e51495 | p.2333https://humanfactors.jmir.org/2025/1/e51495
(page number not for citation purposes)

Martikainen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1093/jamia/ocz021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30938754&dopt=Abstract
http://dx.doi.org/10.1080/13691457.2018.1423554
https://amia.org/careers-certifications/clinical-informatics-subspecialty/amias-role-cis-and-history
https://amia.org/careers-certifications/clinical-informatics-subspecialty/amias-role-cis-and-history
http://dx.doi.org/10.1093/jamia/ocw174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28115427&dopt=Abstract
http://dx.doi.org/10.1016/j.mayocp.2018.08.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30824281&dopt=Abstract
http://dx.doi.org/10.1055/s-0038-1641198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29681038&dopt=Abstract
http://dx.doi.org/10.15265/IY-2016-039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27830261&dopt=Abstract
http://dx.doi.org/10.1111/cfs.12876
http://dx.doi.org/10.1093/sw/51.2.127
http://dx.doi.org/10.4018/978-1-4666-6316-9.ch002
https://www.himss.org/resources/himss-nursing-informatics-workforce-survey
https://www.himss.org/resources/himss-nursing-informatics-workforce-survey
https://humanfactors.jmir.org/2025/1/e51495
http://dx.doi.org/10.2196/51495
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Patient-Generated Collections for Organizing Electronic Health
Record Data to Elevate Personal Meaning, Improve Actionability,
and Support Patient–Health Care Provider Communication:
Think-Aloud Evaluation Study

Drashko Nakikj1, PhD; David Kreda1, BA; Karan Luthria1, BCS; Nils Gehlenborg1, PhD
Department of Biomedical Informatics, Harvard Medical School, Boston, MA, United States

Corresponding Author:
Nils Gehlenborg, PhD
Department of Biomedical Informatics
Harvard Medical School
10 Shattuck Street
Suite 514
Boston, MA, 02115
United States
Phone: 1 8572725075
Email: nils@hms.harvard.edu

Abstract

Background: Through third party applications, patients in the United States have access to their electronic health record (EHR)
data from multiple health care providers. However, these applications offer only a predefined organization of these records by
type, time stamp, or provider, leaving out meaningful connections between them. This prevents patients from efficiently reviewing,
exploring, and making sense of their EHR data based on current or ongoing health issues. The lack of personalized organization
and important connections can limit patients’ ability to use their data and make informed health decisions.

Objective: To address these challenges, we created Discovery, an experimental app that enables patients to organize their
medical records into collections, analogous to placing pictures in photo albums. These collections are based on the evolving
understanding of the patients’ past and ongoing health issues. The app also allows patients to add text notes to collections and
their constituent records. By observing how patients used features to select records and assemble them into collections, our goal
was to learn about their preferred mechanisms to complete these tasks and the challenges they would face in the wild. We also
intended to become more informed about the various ways in which patients could and would like to use collections.

Methods: We conducted a think-aloud evaluation study with 14 participants on synthetic data. In session 1, we obtained feedback
on the mechanics for creating and assembling collections and adding notes. In session 2, we focused on reviewing collections,
finding data patterns within them, and retaining insights, as well as exploring use cases. We conducted reflexive thematic analysis
on the transcribed feedback.

Results: Collections were useful for personal use (quick access to information, reflection on medical history, tracking health,
journaling, and learning from past experiences) and clinical visits (preparation and raising physicians’ awareness). Assembling
EHR data into reliable collections could be difficult for typical patients due to considerable manual work and lack of medical
knowledge. However, automated collection building could alleviate this issue. Furthermore, having EHR data organized in
collections may have limited use. However, augmenting them with patient-generated data, which are entered with flexible richness
and structure, could add context, elevate meaning, and improve actionability. Finally, collections might produce a misconstrued
health picture, but bringing the physician in the loop for verification could increase their clinical validity.

Conclusions: Collections can be a powerful tool for advancing patients’ proactivity, awareness, and self-advocacy, potentially
facilitating patient-centered care. However, patients need better support for incorporating their own everyday data and adding
meaningful annotations for future reference. Improvements in the comprehensiveness, efficiency, and reliability of the collection
assembly process through automation are also necessary.

(JMIR Hum Factors 2025;12:e50331)   doi:10.2196/50331
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Introduction

Background
Digital technologies play a pivotal role in facilitating
patient-centered care that focuses on understanding patients’
needs and fostering shared decision-making with their health
care providers [1]. However, this approach relies heavily on
well-informed patients and on effective patient-provider
communication [2]. In the United States, a major step toward
meeting these requirements was enabling patients to access their
medical records from multiple providers through third-party
applications [3,4]. While this is a significant achievement,
enabling patients to engage in making sense of these data and
turn the insights they gain from this process into actionable
steps remains a challenge. Consequently, many patients lack a
satisfactory understanding of their health, feel discouraged to
self-advocate, and have mediocre communication with their
providers, which is at odds with the core values of
patient-centered care. Therefore, addressing the challenges
around sensemaking and the usability of health data will be
important to advancing patient-centered care and empowering
patients to take an active role in their health journey.

Making sense of data, or sensemaking, is a cyclic process that
involves cognitive activities for answering complex questions
[5]. These activities involve repeated access to artifacts,
identifying relevant information, finding information
relationships, and presenting the answers in an understandable
format [6]. Patients face a plethora of sensemaking challenges
to manage their health. They need to assemble health
information from different providers and identify outliers,
correlations, and trends to become educated on health topics,
drive decision-making, and formulate discussion points with
health care providers [7]. Unfortunately, robust platforms to
support patients in making sense of their clinical data are
lacking.

Several commercial mobile apps such as Apple Health Records
[8], iBlueButton [9], OneRecord [10], and 1upHealth [11], along
with the academic web application Discovery [12], advance
patient sensemaking by offering data visualizations and
specialized views for data exploration. These views help patients
uncover interesting patterns related to prevalence, periodicity,
co-occurrence, and pre-post analysis of medical events.
Typically, these solutions organize electronic health record
(EHR) data by type, time stamp, or provider. However, such
approaches provide very little support for patients in finding
deeper connections between their medical records that are
required for understanding health issues, reflecting on medical
history, or preparing for clinical encounters.

Moreover, these apps do not allow patients to annotate their
medical records or save their sensemaking progress, forcing
them to remember findings or record them elsewhere. This
necessitates patients to revisit the same data repeatedly to refresh
inferences and recreate mental notes. Such work is typically

tedious and frustrating, leading to anxiety and missing crucial
information. Consequently, patients can form skewed health
impressions, resulting in poor decisions or risky actions. In
clinical visits, the inability to communicate the sensemaking
insights to physicians may hinder optimal treatment, leading to
repeated tests or medical errors.

To address these limitations, we explored an alternative solution
that organizes EHR data into collections based on health issues
and ongoing problems [13]. Inspired by findings that a
problem-based view of EHR data improves clinician awareness,
prioritization, and decision-making in the intensive care unit
[14], we adapted a similar approach for patients anchored in the
data-frame sensemaking theory [15]. Data frames (ie, structured
mental models) or collections of health data, as we refer to them
in our previous work [13], systematically break down problems
and help in answering complex questions. These capabilities of
the collections hold significant potential for managing health
data effectively for all sorts of patients, particularly those with
complex medical histories or multiple comorbidities [13]. By
organizing abundant data around health issues, collections help
patients avoid fragmented health impressions, a common
challenge for those with multiple comorbidities. Patients who
see multiple specialists can use collections to track the
development of specific issues and share insights across
providers, raising awareness and improving care coordination.

More precisely, our proposed concept of collections allows
patients to dynamically organize, adapt, and explore their health
information based on evolving needs and available data. For
example, a patient managing cardiovascular issues might create
a Blood Pressure collection to consolidate related records, which
could later branch into more specific collections such as Extreme
Blood Pressures or Blood Pressure Lab Work. These refined
groupings help uncover patterns and dependencies among factors
such as BMI, diet, cholesterol levels, and blood pressure,
enhancing understanding and facilitating proactive management
of health conditions. Gathering insights from the collections
may also help patients have more productive discussions with
their providers.

In our study, we extended the capacity to transform EHR data
into collections and facilitated reasoning regarding them. As
patients’ sensemaking of health data is driven by finding
outliers, correlations, and trends [7,16], we enabled capabilities
to identify data patterns within the collections. In addition, we
supported the assembly of relevant medical records for the
collections by helping patients visually explore, find temporal
patterns [17-20], and make sense of their EHR data within a
single, context-preserving view [12]. Acknowledging patient
requests for automation [13], we offered manually assembled
and system-assembled collections. We also allowed for personal
data input through free-text notes, fulfilling previously identified
patient needs [13].

A notable advancement in our work is moving from mock-ups
[13] to a fully functional mobile app, Discovery. The app

JMIR Hum Factors 2025 | vol. 12 | e50331 | p.2335https://humanfactors.jmir.org/2025/1/e50331
(page number not for citation purposes)

Nakikj et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


provides patients with a realistic platform to interact with
collections, uncovering deeper insights into preferred
mechanisms for creating, refining, and using these collections.
Moreover, we intended to motivate patients to see collections
as tools for self-advocacy during clinical visits, which was
identified as a key use case in our earlier research [13].

Objectives
In this study, we used the Discovery app to explore patients’
needs, preferences, and desired interactions for organizing EHR
data and delve into potential use cases. More concretely, we
asked the following research questions (RQs):

• What are the needs and feature preferences for organizing
EHR data from multiple providers? (RQ 1)
• What are the patients’ experiences with creating and

building collections?
• How effectively does our app allow patients to organize

their EHR data using the concept of collections?
• How can we better meet patients’needs for meaningful

EHR data organization?

• What purpose would organizing the EHR data in collections
have? (RQ 2)

To answer these RQs, we conducted a qualitative evaluation
study with 14 participants.

Methods

Description of Discovery

General Overview
Discovery is a noncommercial iPhone app designed to help
patients make sense of their EHR data. It introduces a novel
concept that organizes EHR data into personalized,
problem-based collections. In addition, it allows patients to add
their own observations and insights, providing context and
complementing their medical records with patient-generated
data (PGD).

For this study, the app was restricted to accessing synthetic
EHR data through a Fast Healthcare Interoperability Resources
(FHIR) format [21] from the SMART Health IT repository [22].
Discovery accesses only structured EHR data and relies on a
2-level hierarchy. At the highest level, there are the record
categories (“Conditions,” “Immunizations,” and “Vital Signs”).
Each record category has multiple record types (“Vital Signs:
Body Height,” “Body Weight,” and “Blood Pressure”), and
each record type can have multiple instances (“Blood Pressure:
systolic: 125, diastolic: 90,” and “date: 02/01/2022”). Each
instance of data in our app is called a record and corresponds
to an FHIR resource with standardized attributes.

Organizing Records in Collections
The manually created collections are called Builds (creation
shown in Figure 1A and list shown in Figure 1B), whereas the
app-assembled collections are called Updates (Figure 1C).

Figure 1. (A) Creation of a new collection; (B) list of patient-built collections—Builds; (C) list of system-generated collections—Updates.

Patients can manually create a new collection (Figure 1A) by
entering a name and additional metadata. To prioritize and
distinguish the collections, we introduced descriptors: purpose,

tags, and priority. For example, in Figure 1A, the patient created
a High Blood Pressure collection with the purpose Clinical Visit
for an upcoming appointment. They also added tags such as
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hpb, sweating, and shortness of breath for reference. The priority
descriptor indicates that the collection addresses a current and
urgent issue. Patients can modify any of this information as the
collection develops and changes.

As patients repeatedly create collections, their EHR data
transform into a problem-based list, as shown in Figure 1B,
which includes health issues such as back discomfort, hamstring
tightness, and high blood pressure. Collections are displayed
with their name, creation and last modification dates, record
count, number of patient-added notes, and labels for current
(green clock) and urgent (danger sign) issues. An information
button provides a summary with explanations. For example, the
High Blood Pressure collection was created on December 31,
2021, and last modified on January 31, 2022. An information
panel summarizes its contents: 9 records, 6 notes (4 for the
collection and 2 for individual records), and tags for detailed
search (hpb, sweating, and shortness of breath).

Updates automatically familiarize patients with the latest
relevant events without requiring any action on their part (Figure
1C). The app scans all records and matches predefined
templates, such as recent encounters, laboratory test results, and
vital signs. In Figure 1C, 3 Updates are listed—Last Encounters,
Last Lab Results, and Last Vital Signs—based on the last 5
dates when corresponding records were logged by the provider.
The list entry follows the same structure as that of the Builds

without the labels for currency and urgency. Although records
in an Update cannot be changed, patients can add and remove
notes. Patients can also clone an Update into a new Build and
rename it if needed, allowing them to reuse and customize the
assembled records for specific purposes. The reason for having
this distinction between Updates and Builds is to delineate what
the system and the user have produced and which entity is
responsible for the collection that might have led to certain
actions.

Identifying Relevant Records and Patterns for
Collections
Discovery offers an interactive visualization to find patterns
within records. The Timeline depicts record counts in equal
time intervals, showing the prevalence of medical events. A
dotted horizontal line marks the threshold above which the
volume of records is considered abnormal, corresponding to
the mean record count per interval. Gray triangle glyphs indicate
values between the mean and 2 SDs, whereas red triangles
highlight values of >2 SDs. By highlighting individual records
or entire record types, patients can explore patterns that may be
saved in existing collections or trigger the creation of new
collections. For example, Figure 2A shows periodicity of
influenza shots (when and how frequently influenza shots were
administered), Figure 2B shows the co-occurrence of high blood
pressure and high BMI, and Figure 2C shows the absence of
respiratory conditions after an amoxicillin prescription.

Figure 2. Finding medical event patterns: (A) periodicity of influenza shots (showing when and how frequently influenza shots were administered),
(B) co-occurrence of high blood pressure and high BMI, and (C) absence of respiratory conditions after an amoxicillin prescription.

The FHIR resources (ie, medical records) are represented with
Record Cards, which display the clinical information in
human-readable format. Patients can use a Filter and Date Picker
to narrow down record categories and time frames for displayed

records. Selected record categories appear in a Sliding Tabs
control, allowing patients to swipe left or right for immediate
access. Clicking on a record category in the Sliding Tabs
organizes it by record type, represented with Accordions (eg,
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the Accordion for Immunizations category will have 3 sections
for the Flu shot, Tdap, and Zooster record types). Patients can
expand the Accordion sections to scroll through individual
Record Cards. For example, Figure 2A shows 8 Record Cards
for the influenza shot under the Immunization Accordion
section. Accessing and revisiting records involves swiping the
Sliding Tabs and selecting record categories, with Accordions
retaining their expanded or collapsed state and scrolling position.
This method is more context preserving compared to existing
solutions, which require repeated back-and-forth navigation
through different views for each record category and record
type.

Producing Insights for the Collection
Patients can save individual records or entire record types by
tapping the bookmark icon in the corresponding Record Card

or Accordion section. Figure 3A demonstrates adding individual
Blood Pressure records to a collection using a Record Card.
Records can be removed from collections by tapping the selected
bookmark again.

To identify data relationships and produce insights, patients can
inspect a collection in the Collection Review (Figure 3B). Here,
records can be viewed by type, date recorded in the provider’s
EHR system, or time added to the collection. When sequence
matters, records can be ordered chronologically. Patients can
also remove records in the Collection Review by tapping the
selected bookmark. For example, in Figure 3B, the patient views
records grouped by recording dates in descending order, with
yellow bars indicating record counts by date. They observe high
blood pressure and high BMI co-occurring 3 times, suggesting
a pattern that may need further investigation or discussion with
a physician.

Figure 3. (A) Saving a record to a collection and (B) reviewing the collection and inspecting data patterns.

Supporting PGD
Patients can enter notes for a collection (Figure 4A) or individual
records within it (Figure 4B) to add personal insights, progress,
observations, details, or disease journal entries. Notes can be
modified or removed at any time. In Figure 4A, the first note
provides context on past high blood pressure experiences. The

second note serves as a reminder to mention occasional high
blood pressure to the general practitioner. The currently created
note adds context about noticing changes in blood pressure after
stopping regular workouts. In Figure 4B, the patient
contextualizes a high blood pressure measurement taken during
a stressful period at work and notes the recurrence of high
values.
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Figure 4. (A) Adding a note to a collection, (B) adding a note to a record, and (C) searching the collections.

Searching the Collections
Free-text search targets the collection name, purpose, and notes
(Figure 4C), as well as tags and priority. Results dynamically
update as the search query is constructed.

Study Design

Participants
We recruited 14 participants from our email list compiled from
previous recruiting efforts and Craigslist. This number is
sufficient to uncover usability issues and provide rich findings
as per current design research practices [23] and literature on
user feedback quality [24]. We balanced the sample by age,
gender, and medical history (including healthy individuals,
those with acute episodes, and those with chronic illnesses).
Eligibility criteria included adults fluent in English; possessing
an iPhone (iPhone 6 or above) and a laptop or desktop computer
(screen size of 13“ or more) with a stable, fast internet
connection for both devices; and with normal or corrected
vision, no color blindness, and medical records from one or
more providers. Medical history was self-reported.

Table 1 illustrates the detailed participant demographics
collected using the questionnaire from Table S1 in Multimedia
Appendix 1. Our 14 adult study participants included 10 (71%)
women and 4 (29%) men aged 24 to 61 years (mean age 35.6,
SD 12.6; median 30.5 years). All had some college experience:
half (7/14, 50%) held bachelor’s degrees, 14% (2/14) had some
graduate experience, and 14% (2/14) had completed master’s
degrees. Participants had between 2 and 15 health care providers,
with half (7/14, 50%) having ≥6. The 29% (4/14) of the
participants who were healthy saw physicians a few times a
year. Those with chronic illnesses had been managing their
diseases for 1 to 20 years.

All participants were comfortable with daily technology use,
and 21% (3/14) had work experience in data analytics. Most
(11/14, 79%) used third-party apps to track mental health, weight
loss, sleep, and exercise. All but 1 (13/14, 93%) used
provider-patient portals to review test and laboratory results,
refill prescriptions, and schedule appointments. However,
participants found it cumbersome to remember multiple
passwords and difficult to find specific information due to
interface issues. Data sharing among providers was often slow
or impossible, forcing participants to print and assemble records
for clinical visits.
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Table 1. Participant demographics.

Health care providers, NMedical issuesEducational levelSexAge (y)Participant ID

7-8High blood pressure, sleep apnea, fatty
liver (stage 3), and liver transplant

2-year collegeMale61P1

6-7High blood pressure, prediabetes, obesi-
ty, and hypothyroidism

Some collegeFemale45P2

2Hypertension and goutSome graduate school (in-
complete degree)

Male51P3

5Childhood asthma, recent hernia surgery,
and mental health therapy

Bachelor’s degreeMale24P4

2No chronic issuesBachelor’s degreeFemale24P5

3-4No chronic issuesBachelor’s degreeFemale27P6

Approximately 13Physical and mental (20 years)Graduate degreeMale28P7

3-5Thyroid condition (many years)Master’s degreeFemale37P8

≥12Chronic migraines (10 years) and hemi-
plegic migraines (1 year)

3 years (incomplete degree)Female29P9

10-15Yes—5 yearsBachelor’s degreeFemale59P10

3-5No chronic issuesBachelor’s degreeFemale25P11

3Anemia (2 years) and IBSa (10 years)Master’s degreeFemale33P12

>5Asthma (since she was a baby) and

EDDb (10 years)

Some college (incomplete
degree)

Female19P13

3No chronic issuesMaster’s degreeFemale32P14

aIBS: irritable bowel syndrome.
bEDD: eosinophilic digestive disease.

Procedures
Inspired by existing patient portal usability studies, the study
procedures were tailored to our RQs [23,25,26] and are
presented in Figure 5. The study was conducted remotely via
Zoom (Zoom Video Communications) meetings. Participants
downloaded our app on their iPhone using Apple TestFlight for
beta testing [27] and mirrored their iPhone screen on their laptop
using AirServer (App Dynamic ehf.) [28]. The laptop screen
was then shared with the researcher for observation.

Participants attended an initial 60-minute session (session 1)
and a follow-up 45-minute session (session 2). Both sessions
used the concurrent think-aloud protocol to gather rich
qualitative data on user needs, perceptions, and preferences
efficiently [29]. Textbox 1 illustrates 2 example topics and
detailed tasks for creating a toy collection and realistic collection
from sessions 1 and 2, respectively. The full set of 13 topics for
both sessions and their detailed tasks that follow a similar
structure are shown in Tables S2 and S3 in Multimedia
Appendix 1.

In session 1, the researcher first collected demographics and
digital health consumer information from participants (Table
S1 in Multimedia Appendix 1). The session then evaluated the
usability of the app (RQ 1). Participants were introduced to the
app’s key concepts and features and were then given tasks to

learn the interactions for creating and assembling relevant
records in collections. After each task block, participants
provided feedback. Tasks included creating a toy collection,
adding descriptors, exploring scoping mechanisms for record
categories and time ranges, navigating records using the Sliding
Tabs, and inspecting the interactive Timeline visualization.
Participants also completed tasks related to finding periodicity,
co-occurrence, and pretest-posttest analysis of medical events
using the Timeline; saving records to a collection; and reviewing
it. The session concluded with feedback on the intuitiveness,
usability, and usefulness of creating, building, and reviewing
collections, as well as data exploration and pattern detection
features (Textbox 2).

Session 2 focused on the usefulness of collections in real-life
settings (RQ 2). Participants performed tasks involving creating
a collection tied to a specific issue (eg, high blood pressure)
and purpose (eg, clinical visit). After each task block,
participants provided feedback. Tasks included creating a High
Blood Pressure collection, adding descriptors for a clinical visit,
selecting records related to high blood pressure, identifying
patterns in selected records, adding notes to the collection and
specific records for clinical context, and using the search feature
to find other collections. The session concluded with feedback
on the usefulness of collections, brainstorming real-life use case
scenarios, and suggesting potential improvements (Textbox 2).
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Figure 5. Study design—14 participants for 2 one-on-one sessions with a researcher. Session 1 focused on usability, and session 2 examined usefulness.
Feedback was collected on how participants would use collections for their own data and needs.

Textbox 1. Example tasks from sessions 1 and 2.

Session 1: creating a collection (5 min)

• For the purposes of learning the basic mechanics around building a Collection from scratch, first Create a new Collection and name it “Toy
Collection.”

• Now, let’s add some descriptors about the Collection.

• Please add a purpose to the Collection, something related to learning about this app.

• Now, add a couple of tags to further describe, summarize or annotate the Collection for future quick access.

• Finally, specify the priority of this Collection by marking it as urgent.

• What was your experience with creating the new Collection?

• How intuitive was it? Have you seen similar interactions elsewhere?

• How useful do you find the descriptors for the Collection?

• Now, let’s go back to the list of Collections. Let me know how can you see the details about the Collection you just created?

• How intuitive was it?

• What are possible improvements?

Session 2: building a collection (15 min)

• You will now create a Collection that is more realistic and meaningful for use in a real-life scenario. We will assume that you are preparing for
an upcoming visit to your physician’s office related to potential issues with high blood pressure. Create a collection called “High Blood Pressure.”

• Add the purpose for the Collection

• Add a few tags

• Mark its priority

• Add the Records with blood pressure with systolic value over 120 and BMI over 30.

• What was your experience with assembling the Records for the Collection?

• How laborious was it?

• What are some ways in which we can make this assembling process more efficient?

• How do you feel about having the system prepopulate the Collection for you and let you modify it afterwards?
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Textbox 2. Feedback collected at the end of the study sessions.

Session 1 example tasks

• What was your impression of this app?

• What did you like?

• What did you dislike?

• How intuitive was the app?

• How easy or hard was it to explore the data?

• How useful were the features in the app to identify patterns in the data?

• How did you like the mechanism for saving Records in the Collection?

• What are some improvements you would like to see?

Session 2 example tasks

• How useful do you think the Collections can be for you?

• What are some use cases for the Collections that you can think of?

• What are some improvements you would like to see for the Collections?

• Automatic support for building Collections?

• Automatically finding data patterns in the Collections?

• Patient-generated data?

Data Collection
We recorded the Zoom meetings for audio and video capture
of the entire interaction. The first author also took notes during
the meetings.

Data Analysis
Audio recordings were transcribed using Rev (Rev.com, Inc).
We analyzed video recordings for additional context and a
deeper understanding of participant comments during the
think-aloud protocol. Video annotations were added to the
transcripts and session notes [23] for reflexive thematic analysis
[30]. The first author began by open coding the textual data.
Emerging categories were reconciled in meetings with the
second and last authors to identify use cases and detailed
approaches to organizing and annotating EHR data. These
themes were validated in a group meeting with researchers
unfamiliar with the collection concept and with our app.

Ethical Considerations
The Harvard Faculty of Medicine Institutional Review Board
approved this study (protocol IRB20-1757). Participants signed
a consent form, which also allowed them to opt out of the study
at any point. Each participant received a US $40 Amazon gift
card as compensation. The data obtained from the study sessions
did not include any identifiable information about the
participants and were stored on a password-protected computer
with encryption. Only the research team had access to these
data.

Results

Overview
The results from our study are organized and analyzed around
five qualitative themes, two applicable to RQ 2 and three
applicable to RQ 1: (1) using collections for personal benefit
(RQ 2), (2) using collections in a clinical setting (RQ 2), (3)
creating and building collections (RQ 1), (4) enhancing
collections (RQ 1), and (5) accessing collections (RQ 1). In the
remainder of the Results section, we characterize the participants
and report on these themes using 16 quotes from 11 different
participants. The participants are labeled as P1 to P14.

Purposes for Organizing the EHR Data in Collections

Using Collections for Personal Benefit

Quick Access to Information

Participants perceived the Collections feature as a way to index
information at a suitable level of granularity for health issues,
topics of interest, or conditions to monitor. They expected that
this would give them quick access to current or urgent problems
that were being managed:

Personally I would like to monitor my asthma because
I am using medication for that, the typical inhaler,
but I would like to monitor, these days I had certain
attacks or shortness of breath, so collections, having
it back for that specific condition is very useful to me,
because I wouldn’t have to speculate about when my
last attack was or when my last appointment date
was, it’s right here for me to access. [P13]
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Reflection on Medical History

Participants viewed collections as a tool to construct and
understand their medical history. They expected collections to
serve as a repository for the health issues they faced, aiding in
reflecting on the existence, prevalence, and development of
their health conditions:

This will be able to find what happens when I have,
in my case, headaches related to my high blood
pressure and nothing else, or if you’re sick for the
flu, influenza and you have fever, it’s just related to
the influenza, not to the COVID. [P1]

Keeping Track of Health Status

Most participants envisioned using collections to track their
health status proactively. This included monitoring urgent issues
needing immediate attention, unstable conditions requiring
frequent observation, and treatments needing careful monitoring.
Participants also wanted collections to track abnormal laboratory
test results and vital sign values across various health issues:

Well, for me, it’s kind of good [to have medical
records organized in collections], especially, for
example, blood samples, especially those with high
triglycerides or something. Maybe I can collect them
and see whether there’s a trend for this month, or for
January, I’m high in this one. Then second month,
I’m also high, so maybe I can lower it down...For
collections, just categorize those. Which are high,
which are low. [P5]

Journaling Daily Events

Most of the participants envisioned using collections as a
personal diary for coping with diseases and logging
measurements and their effects on lifestyle. They wanted to
track challenges, successes, and progress toward finding
solutions and monitor disease developments:

What I’ve done is I’ve taken all of my videos and stuff
since February. Like I said, I’ve been to eight different
doctors and I’ve shown them, this is the progress of
what’s happened from...I’ve had two surgeries before
this surgery where they lanced it, cut it, drained it.
Nothing happened. The cyst came back and then it
went into my bone. So I’m able to bring these photos,
I’m able to bring this timeline, I’m able to bring my
frustrations and show this doctor within 30 seconds
[using a collection], look, this is what it looked like.
And this is my own diary, my own history. It’s very
important because they’re a doctor. They don’t know
me, they don’t know what it looked like on day one.
[P10]

Learning From Past Experiences

Nearly all participants wanted to use collections to identify
trends and patterns in their ongoing health experiences, including
co-occurring symptoms and treatment effects. They also
intended to log food intake, sleep, activity, or stress factors to
find triggers for symptoms:

I think I could definitely use them there. It’s a lot
easier now because I could highlight the certain event,

and put like my triggers down with it, like migraine
on the third was this, you could even put what you
took with it. So for me, I would look back and be like,
“Oh, I can tell my doctor that, I’ve had 10 migraines.
I took a medication with these three. What’s my
options.” So I think that would be great, it’s a great
tool that I can actually do that with this app. [P9]

Using Collections in a Clinical Setting

Preparation for the Clinical Visit

Most participants would use collections to prepare talking points
for clinical visits combining personal measurements and notes
with medical records from other providers (eg, laboratory and
test results). This was crucial because their physicians often did
not have access to external data:

For collections, I would say that if I’m meeting with
multiple providers about one health issue, I could see
myself combining all my records there so that multiple
providers can see each other’s records...I would
probably [use the notes], if I needed to jot down a
certain time that I took a measurement, or if my
doctor told me keep track of what you ate that day,
or kind of anything that I would want to have the
details for the next time that I go and see the provider.
[P6]

Relying on Collections During Clinical Visits

All participants wanted to share collections with their physicians
during clinical visits to establish ground truths, raise awareness
of other providers’ information, and provide transparent talking
points. They believed that adding PGD to collections could
describe what happened between visits and raise their
physicians’ awareness:

If you have a condition, you need to check on your
blood pressure. You need to communicate that with
your doctor, so you can add a note [in the collection]
saying like, “Latest, highest blood pressure from this
week,” from a date. [P14]

In addition, most participants felt that taking in-visit notes and
saving them in a collection could help them understand care
plans and take appropriate actions afterward:

Maybe [taking notes in the collection for the clinical
visit] just for your own personal reference or if you
wanted to bring it up later on in another appointment
or something, or just maybe, I guess, just general
recording of something that happened during that
visit. [P11]

All participants saw physicians as essential partners in reviewing
collections and deciding on actions based on their contents. This
was primarily because most participants doubted their expertise
in determining what should go into collections or which
collections to create. While they were very open to include their
physicians in the collection curation, some feared that they
might overburden physicians with verification inquiries:

I guess I would definitely do that [look for patterns
in the data and store them in a collection] just
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because I can actually consult the doctor. Is this
actually correlated or will I have to change my diet
because it affects this? At least you can ask the doctor,
or confirm whether that is true or not. [P5]

Needs and Feature Preferences for Organizing EHR
Data in Collections

Creating and Building Collections

Manual Workflow for Creating and Building Collections

Overall, all participants expressed satisfaction with the clarity
and simplicity of the mechanics to create collections and save
records in them. However, those with less medical knowledge
and disease experience (relatively healthy and recently
diagnosed individuals) thought that initiating and building
collections was challenging. For them, it was not always clear
what issues deserved separate collections, what records to
include in a collection due to delicate dependencies, and why
they should invest substantial time and effort in assembling
collections. In contrast, the more experienced (chronic) patients
were relatively confident in their ability to carve a personalized
view of their EHR data. However, some did acknowledge that
they might not be as exhaustive and reliable in their data
organization.

Participants quickly mastered using the Sliding Tabs with
Accordions and appreciated the context-preserving record
exploration. However, most of the participants found it
challenging to assess the relevance of individual records due to
unexplained clinical language and attribute values. Participants
requested explanations, prominent visual cues for abnormal
values to attract their attention, and time-series visualizations
for additional context and noticing trends. They also wanted to
be able to sort by date or attribute value, with filtering
capabilities that also included adding the filtered records in bulk
to a collection.

Some participants desired collections with richer internal
structures, recognizing the need to identify subsets of records
and their importance within a collection. They suggested linking
groups or individual records using specific annotations for easy
identification during visual inspection or search:

...maybe if certain records are related to each other.
So I would want to mark that. And then maybe just
have a way of sorting down based on certain labels.
[P8]

Automatic Support for Building Collections

Participants were highly receptive to discussing ideas that could
automate building collections. They were interested in seeing
their records automatically put into collections based on
provenance (provider, physician, hospital, location, and date)
and clinical meaning (condition, disease, organ, organ system,
and abnormality of the values across records). Some also
suggested grouping records into collections based on personal
annotations. For all these groupings, they wished to be able to
edit the collection manually:

If I had neurological problems, neurology collection.
If I had urological problems, urology collection. I

think that for me at least would seem a more
straightforward way to categorize them. But from the
categories I’ve already seen, I find those useful. [P4]

Several participants suggested using a “seed” to automate
collection building, such as naming a collection, adding
keywords, or including a few records:

And I think a lot of patients don’t know where to start,
what data to begin with. So if it’s something that’s
already preset, they say, “Okay, I’m suffering from
depression or I have diabetes.” And the system pulls
the different data points that they would need to look
at for someone who’s diabetic or someone who’s
dealing with depression, I think that’s helpful.
Because sometimes, the problem is you don’t know
where to start and you don’t know what to look for.
[P11]

Finally, most of the participants wanted to receive automated
help to add or remove records for a collection that had already
been created. Few described wanting to choose from a list of
suggested records based on the existing content of a collection,
revealing records and record patterns otherwise invisible to
them. Others saw this automated record offering more as an
idea generation approach—needing some follow-up validation,
including taking it up with their physicians:

When I work, I want to listen to some music and then
I’m like, okay. I just don’t know what’s next. I need
something similar to this, the same vibe, but I just
can’t think about that. And then there is suggestions.
And yes, some of it’s weird. But maybe like the doctor
can also have some help here, and when you review
the collections together, they might say, “Hey, listen,
this is what the system gave you and that’s great.
Let’s remove a few things. I would suggest you add
a couple others. And whatever you put there, it’s also
fine. And let’s keep it that way.” [P6]

Enhancing Collections Through Personally Provided
Data

Making Collections Complete

Participants strongly expressed the need to complement their
EHR data with daily entries from sensors; self-monitoring
devices; and manual measurements of symptoms, treatments,
and outcomes in various formats (text, photos, videos, and
scanned documents):

Actually, I think you can sort of restructure the whole
core of the collections on top of two main pillars. The
first one would be all of the doctor’s data, which is
basically hard data, which allows you to diagnose,
allows you to run statistical analysis...That could be
part of the core data, but all of the context, maybe
I’m getting this shortness of breath in my home,
watching my TV, might be added by the notes. You
have these two types of data. By adding the user data,
would allow me to get context, give context, which is
important and will allow me to, on a daily basis, keep
a record, which in case of data like shortness of
breath, I’m having, I’m not having. Would allow the
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doctor to have a really unbiased input on symptoms
I’m having. [P7]

Participants wanted to log detailed observations and
measurements, pairing treatments with outcomes and symptoms
with triggers. They suggested dedicating a special PGD record
category for these data, with some preferring complex structures
and others favoring simple data entry options:

I would probably use the notes quite often just to
maybe outline the symptoms I was experiencing and
the steps I took to alleviate those symptoms or which
doctors I contacted. [P13]

Making Collections Distinguishable

Participants liked the existing collection descriptors and
suggested additional ones. They wanted labels for clarity (clear,
unclear, or potential issue), stability (stable or unstable), progress
toward resolution, development stages (nonthreatening or
threatening), and a list of involved providers and physicians.
When collections were related to clinical visits, participants
wanted to specify the targeted physicians.

Making Collections Actionable

Participants believed that organizing medical records by health
issues in collections was a good start but thought that
actionability could be improved with specific insight notes and
annotations applied to entire collections:

And then as far as the purpose of adding a note to the
whole category, I would say that, like you said, if you
happen to notice any patterns when you’re looking
at the data, or basically I would use it for any general
or bigger-picture takeaway that I wanted to tell my
doctor, “Hey, I noticed this” or something and I
wanted to bring it to their attention. [P6]

Participants envisioned using collection-wide notes to
summarize contents or purpose, track progress, describe issue
development, and highlight special events. They also wanted
notes representing care plans and actions prioritized in a to-do
list. Participants intended to use collections to prepare for
clinical visits with questions, reminders, and critical
measurements. They also saw value in adding collection notes
about visit outcomes, key takeaways, and next steps.

Some participants wanted to annotate and highlight keywords
or add tags to free-text notes for organized review and pattern
identification.

Accessing the Collections
All participants emphasized the importance of fast, reliable
access to collections and their contents. They primarily relied
on collection descriptors but also desired a deep search feature
that would scan through individual records, notes, and
annotations within collections.

Discussion

Principal Findings
We identified 3 principal findings of our study. First, participants
embraced the collection concept. Unrestrictedly organizing EHR
data into collections that map medical records to health issues

and track ongoing concerns gave participants a sense of
ownership. They felt empowered by developing personalized
health narratives that could aid in self-management and
communication with their physicians, enhancing their
self-advocacy. Second, while participants easily mastered the
interface for initiating and adding records to collections, they
found the process laborious. They lacked confidence in selecting
appropriate records due to limited medical knowledge and
requested additional visual cues, explanations, and automatic
collection features. There was concern about potential
self-misguidance without physician verification. Third,
collections would need richer PGD capabilities for adding
contextual information not found in participants’ EHR data,
logging observations, and labeling data. This would enhance
the comprehensiveness and accuracy of their health narratives
and support foraging, sensemaking, and action taking.

Interpretation of the Findings and Contributions

Overview
On a broader scale, this work contributes to patient-centered
care. This is achieved by demonstrating potential to enhance
patients’ grasp of their health, encourage self-advocacy, and
improve patient-provider communication. More accurately,
there are several concrete contributions of our work that can be
considered as proxies toward achieving the aforementioned
objectives: (1) encouraging patient ownership of their EHR data
by organizing them into personalized, health issue–based
collections; (2) understanding patients’ perceptions and
preferences for creating, building, and using these collections;
and (3) offering design insights for automating collections,
integrating rich PGD, enhancing access to collection contents,
and using collections to facilitate patient-provider
communication.

Going forward, we will situate our findings within a
sensemaking framework and discuss contributions related to 3
key patient needs: increasing awareness through independent
health sensemaking, proactivity through efficient action taking,
and self-advocacy through incorporating evidence-supported
patient perspectives into patient-provider communication. We
will elaborate on how collections can meet these needs and offer
design implications to enhance their capabilities.

The Role of the Collections in Supporting Sensemaking
To explain the collections’ role in sensemaking, we used the
model by Pirolli and Card [6], which divides the sensemaking
process into 2 subcycles: the foraging loop and the sensemaking
loop. On the basis of this model, collections can be described
as a space for assembling relevant data about a topic, finding
relationships between them, and storing outcomes from the
sensemaking. In the foraging loop, patients gather relevant
records to answer questions such as the following—“Is there a
relationship between my weight and blood pressure?”—and
save them in a collection, such as Weight vs. Blood Pressure.
In the sensemaking loop, patients identify information
relationships within the collection that they capture in notes,
such as instances where there was co-occurrence of high blood
pressure and high body mass. These notes help argue hypotheses
such as the following: “My blood pressure is high when I’m
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overweight.” The outcome of this sensemaking process could
be a comprehensive note for a clinical visit.

While, in their current form, collections respond to the needs
of the sensemaking model by Pirolli and Card [6], improvements
can be made to make this more efficient. This study revealed
that medical records alone are not enough for reliable
sensemaking. Adding PGD such as symptoms, measurements,
outcomes, and everyday events is essential for creating
comprehensive collections. The foraging loop can be made less
laborious and time-consuming if there are additional visual cues,
medical explanations, filtering capabilities, and automatic
support to improve the relevance and reduce the effort of
assembling collections. The sensemaking loop could be
improved by adding more schematization capabilities such as
annotating medical records and PGD to identify patterns later
(eg, symptom triggers, medication effects, and correlations) and
grouping records within collections, labeling those groups, and
establishing group relationships with explanations (eg, linking
“cholesterol lab results” with “food intake” as “food effects on
cholesterol” in a High Blood Pressure collection).

Reliability of Collections
According to our study, there are 4 main factors that can
influence the reliability of the collections: robust coverage of
health issues, provision of PGD, grouping and linking of medical
records and PGD within a collection, and verifying the contents
of the collections. This reliability is related to collections’
capability to aid in creating personalized but realistic health
issue narratives, support self-management, and stimulate
awareness and proactivity.

Robust Coverage of Health Issues: Relevance Assessment

Collections should ensure that patients can create collections
for their most important health issues to support awareness and
proactivity. Participants desired visual cues, explanations, and
automatic support to determine which collections to create and
what records to include.

While participants found the context-capturing data exploration
using Sliding Tabs and Timeline convenient, they needed more
to identify relevant records quickly. Future tools could
incorporate Accordions that summarize record types, graph
values over time, and highlight abnormal or extreme values. In
addition, patients should be able to expand individual records
to see explanations of clinical terms and clinical meaning
interpretations. While there is existing work related to
visualizing time series of EHR data [17-20] and automatic
provision of short explanations [31], this study shows the need
for combining them in a new way to support relevance
assessment for a novel purpose—constructing collections.
Finally, patients should be able to order and filter records by
attribute for quicker browsing and bulk addition to a collection.

Automatic support should also be provided for creating and
building collections to save time and ensure robust, reliable
coverage of health issues. Our previous work highlighted the
need for automating collections [13], and this study highlights
a clear preference for automatically grouping medical records
by clinical meaning—whether thematically or guided by patient
input. Thematic collections would be those that tie records

together based on conditions (bronchitis or diabetes) and
procedures (stent placement or appendix removal) or with
respect to organs (heart or kidneys) or organ systems
(cardiovascular or renal). Alternatively, patients could specify
a seed by setting parameters such as the collection’s name, tags,
or initial records. The system can offer candidate records to
include or delete with confidence scores and explanations.
Patients could then refine these system-generated collections
by adding or removing records, PGD, and tags.

Addressing automatic support for collections may be challenging
due to subtle relationships between medical records [32-34].
However, starting with easier constructs such as time stamps
(eg, medical records from the same day, week, or month), FHIR
links (eg, medical records from the same encounter or
physician), abnormal values based on well-established clinical
guidelines (eg, high or low blood pressure or cholesterol), test
findings (eg, positive and negative), and patient tags (eg, triggers
or pivotal events) is a feasible approach.

Provision of PGD: Sensemaking Data Completeness

Collections should include PGD to improve data completeness
for sensemaking. Previous research has suggested that
maintaining consistent PGD logging over time is difficult [35].
However, this should not be considered a barrier or a
prerequisite for the collections’ success. Patients’ motivation
and preferences for PGD logging intensity vary based on their
disease self-management state [36]. When setting goals and
learning strategies, patients prefer meticulous data collection.
Once goals and strategies are in place, logging intensity
decreases. In addition, if physicians require PGD logging for
treatment planning, patients are motivated to engage in it
[36,37].

Thus, collections should enable flexible and efficient PGD
logging. Disease-specific contexts such as irritable bowel
syndrome [38], diabetes [7], and migraine [39] have explored
health sensemaking without focusing on diverse data types.
This contrasts with patients’ desire to log PGD for various
medical issues within a single application [40,41] using a
universal logging model for different observations [42,43]. To
address this issue, we propose a straightforward workflow where
patients initiate free-text entries and use tags to specify the type,
quality, or other details. This mechanism allows for quick data
capture and embellishment at convenient times.

Tags can classify PGD as clinical observations, everyday life
events, or notes. Further specification can be added using tags
such as symptom, measurement, treatment, and outcome for
observations; meal, exercise, meeting, and deadline for life
events; and context, personal note, and visit note for notes.
Additional tags such as absent, normal, high, low, extreme,
improvement, deterioration, pivotal event, trigger, or relaxer
can be used for further detail that captures the quality and
importance of the logged data. In addition to these
system-offered tags, patients can also create their own custom
tags for better personalization.
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Grouping and Linking Within Collections: Schematization
Capabilities

Patients need to connect medical records and PGD within
collections for easier sensemaking. Future tools should add
structure by enabling record grouping and linking of groups or
individual records. This helps highlight important subsets of
records and trace major conclusions as collections grow.

We recommend using a simple yet powerful tagging concept.
Records sharing the same tag can form a group, whereas links
between groups can be specified using related tags. The same
mechanism can link individual records with other records or
groups, providing nuanced sensemaking. This approach aligns
well with the proposed PGD tagging model that can be applied
to medical records as well.

Collection Verification

Collections represent the patient’s personalized perception of
their health and issues. As such, they should undergo occasional
verification by the patient’s physician for safe decision-making
and action taking. While collection verification may add to the
physician’s workload, it can inspire and enable patients to
manage health issues more independently. That said, patients
should consider the physician’s workload before requesting
verification [44].

Future tools could allow for the conversion of a collection into
a well–laid-out PDF document capturing all its contents. This
document can be printed for review during a clinical visit or
shared as a PDF attachment in the patient portal for verification
at the physician’s convenience.

Taking Actions Based on Collections
While annotating PGD is known to aid learning and disease
self-management [7,45], our findings reveal that annotations
can also enhance EHR data, creating synergy with PGD.
Participants expressed a desire to annotate their data for various
purposes: identifying triggers to avoid or encourage certain
behaviors, marking pivotal events to remind them of shifts in
health attitudes and management, and labeling outcomes as
desired or undesired to evaluate treatments and strategies. These
capabilities can be easily implemented using the previously
elaborated tag-based design for linking records.

To increase the awareness and prioritization of collections, we
previously proposed collection descriptors such as topic,
urgency, currency, and sentiment [13]. Participants found value
in these descriptors but expressed a need for additional ones
that can be classified as patient specified and data driven. Future
tools may include patient-specified descriptors for clarity (eg,
is the diagnosis clear?), stability (eg, is the treatment working
consistently?), severity (eg, is there a significant medical risk?),
and progress markers (eg, is the issue substantially resolved?).
Data-driven descriptors could be derived from the collection
data, indicating the time span (from the oldest to the latest
record) or listing the physicians involved (the providers and
physicians the records came from). Both types of descriptors
should be optional for patients to use as needed.

Providing an inner structure, enabling annotations, and
describing collections can improve information access and

expedite decision-making. Powerful search engines can use
these metadata to allow patients direct and easy access not only
to individual collections but also to their specific contents.

While these features can enhance collections’ actionability, it
is important to note that collections are not meant for making
independent clinical decisions by patients. Collections should
be verified by a physician to serve as reliable tools for
sensemaking and health self-management. However, collections
can always be invaluable tools for patients to understand their
health; organize thoughts, hypotheses, and insights; and
communicate effectively with their physicians.

Collection Use for Patient-Provider Communication
As observed in our findings, patients can use collections to
prepare for a clinical visit by devising checklists and organizing
thoughts supported by evidence. During the visit, collections
can be used for note taking and, afterward, for recording
reminders and follow-up actions. These uses indicate how
collections can start addressing known challenges during clinical
visits, such as problem presentation [46], information retention
[47], setting common ground, aligning goals, and understanding
instructions [48]. To effectively tackle such challenges, the
Collections feature should support richer note capturing and
collaborative data analysis in a collocated setting [49,50].

Future improvements in capturing PGD could make collections
more appealing to physicians. For physicians, PGD play a
crucial role in understanding the boundaries and context for
accurate diagnosis and optimal treatment [51]. However,
physicians often face problems with PGD, such as incomplete
data, inconsistent data structures, and insufficient time for
reviewing due to poor organization [52]. These issues arise
because patients use disjointed platforms to log their data,
lacking consistent models for logging different types of data
[52,53], and face challenges in efficiently using these platforms
[42,52]. Collections can help overcome these issues by providing
a single platform for logging PGD for various health issues in
a simple, universal way that allows for flexibility, organization,
and standardization.

An alternative approach to enhancing collections as a
communication tool and fostering physician collaboration in
their creation and verification is to introduce them as a shared
resource similar to Google Docs [54,55]. While this may seem
unconventional, it builds on the principles of OpenNotes [56].
OpenNotes provides access to and transparency regarding
clinical notes, enabling patients to improve their treatment and
EHR data quality by taking an active role in detecting errors,
raising concerns, asking questions, or seeking clarifications
[56,57].

Similar to OpenNotes, shared collections would follow the
principle of asynchronous communication and transparency.
However, shared collections could eliminate the expressiveness
constraints and lack of efficient ways to provide granular and
tailored context observed in existing messaging systems [58,59].
In addition, shared collections would enable direct editing of
underlying data in collaborative ways, minimizing
communication overhead.
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Moreover, shared collections would introduce a new
communication channel between patients and providers outside
the traditional patient portal. Synchronizing the digital traces
of care in collections with the provider’s EHR system to avoid
discrepancies and legal issues should be a top consideration in
future design iterations of the shared collection concept.

A Glimpse Into the Future: Collections and Generative
Artificial Intelligence
In the future, we should explore the potential of generative
artificial intelligence (GenAI) models to support patient
sensemaking through collections. Tools such as ChatGPT [60]
and Med-PaLM [61], which have demonstrated substantial
medical knowledge [62-64], can replace the need for
custom-made machine learning algorithms for
knowledge-intensive tasks.

In particular, GenAI tools can aid in automatic and iterative
collection construction with explanations and guidance. They
can analyze the data within collections for insights, including
medical records, PGD, notes, and tags. In addition, GenAI can
assist in composing case narratives and talking points for clinical
encounters. By offering this level of automation, GenAI can
help tackle the significant knowledge challenges while lowering
the labor barrier for patients’ sensemaking activities.

Using GenAI models, collection construction could rely on
natural language instructions such as the following: “Group my
EHR data by condition,” “Find all records related to my
bronchitis,” or “Identify records that don’t belong to this
collection and those that are missing.” GenAI models could
also deliver context, explaining why certain records are included
or excluded and providing educational material such as term
definitions and clinical implications.

In addition, patients can issue commands for identifying
relationships within their annotated data, such as “List all
triggers for my headaches over the last year.” Finally, they can
ask for help in constructing case presentations for clinical visits
(eg, “Based on my ‘High Blood Pressure’collection notes, write
a 100-word summary”).

To be useful for sensemaking, GenAI tools do not need to
achieve complete accuracy. While still striving for maximum
reliability, their main value should come from providing an
environment that enables and encourages patients to refine
artificial intelligence–generated outputs. As such, the
contribution of GenAI toward sensemaking would be evaluated
on its ability to help the patient efficiently produce a satisfactory
solution with minimal physician input.

Finally, existing approaches for supporting sensemaking through
search and interactive visualizations should not be disregarded.
Exploring the integration of GenAI, search, and visualization
is a prudent strategy as different sensemaking tasks related to
collection assembly, editing, and analysis may require diverse
approaches based on complexity, patient skills, and artificial
intelligence reliability.

Limitations
This study has several limitations. First, the cohort skewed
younger, likely due to recruitment via Craigslist (less popular

with older adults) and the complexity of the remote setup.
Second, participants used data from a fictitious patient, which
may have reduced their motivation to learn the app and their
ability to suggest real-life use cases. Third, participants had
limited time to learn how to interact with collections, possibly
affecting their perceptions of usability and utility. Future studies
should have participants use their own data with automatic
interaction logging. Despite these limitations, this study provided
valuable insights into designing patient-facing sensemaking
tools for organizing and augmenting EHR data.

Conclusions
Collections can potentially improve patient-centered care by
involving patients more in decision-making and encouraging
self-advocacy. Current assumptions often expect patients to
have the necessary skills, tools, and motivation. We believe that
collections can lower these barriers, encouraging patients to
increase engagement with their health data, better educate
themselves, and communicate more effectively with their care
providers.

Our study suggests that EHR data can be better used and more
useful for patients through improved organization and
annotation. This approach can incentivize patients to engage
more deeply with their EHR data, develop insights, and reflect
on their experiences. Patients felt that this empowered their
awareness, resourcefulness, and proactivity regarding health
issues, making them more prepared and better informed for
clinician interactions.

These findings support our premise that collections are a crucial
step toward patient empowerment and self-advocacy. With
appropriate improvements, collections can enhance patients’
expertise by facilitating sensemaking activities and enabling
insightful discussions with their physicians. First, collections
motivate patients to construct health models based on their
issues and ongoing problems. Second, patients gain medical
education by actively participating in the evolution of collections
through independent or system-assisted assembly and editing.
Finally, patients acquire additional medical knowledge by
engaging in meaningful discussions with their physicians and
considering their feedback on collection verification.

Our study highlighted the importance of integrating PGD with
EHR data. We envision a synergy in which patients use clinical
data as a foundation, augmenting them with their observations,
notes, and annotations to create personalized health narratives
that support better health management and provider
communication.

In the future, we should explore GenAI models to support patient
sensemaking through collections. These models could help
patients build collections, analyze the data within them, and
produce health narratives more efficiently. Such enhancements
may also reduce physicians’ workload for verifying collection
contents, leading to more focused, evidence-driven discussions
during visits.

Promising ideas from this work should be advanced carefully,
with gradual design improvements tested in real-life settings.
Respecting existing clinical practices and workflows can
facilitate quicker adoption and more significant changes in the
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future. We believe that collections can revolutionize how
patients interact with their medical records and communicate

with their providers.
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Abstract

Background: In response to the COVID-19 pandemic, the United States extended regulatory flexibilities to make telemedicine
more accessible to providers and patients. Some of these flexibilities allowed providers to intake patients over telemedicine and
prescribe certain scheduled medications without an in-person visit.

Objective: We aim to understand providers’parameters for their comfort in prescribing over telemedicine and report on solutions
providers have adopted in response to potential barriers and challenges in prescribing via telemedicine.

Methods: As part of a larger mixed methods study between February and April 2024, we conducted 16 semistructured interviews
with mental health providers who prescribe via telemedicine within the United States. We used the results of a web-based,
cross-sectional survey to develop a codebook and support recruitment. We analyzed a subsection of the 16 interviews using
content analysis to capture comfort, barriers, and workarounds in telemedicine prescribing. We reported codes by frequency and
by provider.

Results: Participants were typically male (11/16, 69%), provided care mostly or completely over telemedicine (11/16, 69%),
and were psychiatrists (8/16, 50%) or other physician (3/16, 19%). Providers’ primary states (10/16, 62%) of practice included
Oregon, Texas, New York, and California. The content analysis yielded a total of 234 codes, with three main codes—comfort
(98/234, 41.9%), barriers or challenges (85/234, 36.3%), and workarounds or solutions (27/234, 11.5%)—and two
subcodes—uncomfortable prescribing (30/98, 31%) and comfortable prescribing (68/98, 69%) over telemedicine. Participants
reported being comfortable prescribing over telemedicine as long as they could meet their main parameters of working within
their expertise, having access to needed patient health information, and being compliant with rules and regulations. Participants
reported frustrations with e-prescription workflows and miscommunications with pharmacies. Solutions to ease frustrations and
alleviate discomforts in prescribing over telemedicine included developing workflows to help patients complete laboratory tests
and physical examinations and directly communicating with pharmacies.

Conclusions: By applying content analysis to the semistructured provider interviews, we found that physicians are comfortable
prescribing via telemedicine when they feel they are practicing within their personal parameters for safety. While many providers
experience frustrations such as miscommunication with pharmacies, these barriers appear to not prevent them from telemedicine
prescribing. With expected changes in 2024 and 2025 to the US laws and regulations for telemedicine prescribing, we may see
changes in provider comfort in prescribing.
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Introduction

During the height of the COVID-19 pandemic, health care visits
moved to telemedicine when possible to help stem the spread
of infection [1]. In the United States, the public health
emergency (PHE) and regulatory flexibilities were instrumental
in streamlining this effort by waiving specific requirements,
such as the providers’ ability to see patients outside the states
where they are licensed and to prescribe over telemedicine with
fewer restrictions [2,3]. Due to these temporary changes,
providers could prescribe via telemedicine less restrictively and
determine what level of care they felt comfortable providing
over telemedicine.

The US Drug Enforcement Administration extended prescribing
flexibilities past the May 11, 2023, PHE deadline and is in the
process of finalizing a rule regarding telemedicine prescribing
[4,5]. There has been concern that waiving elements of the Ryan
Haight Act, which previously required providers to meet with
patients in person before prescribing certain controlled
substances, would adversely impact patient outcomes [6,7]. The
concurrent opioid epidemic has also provided a new level of
scrutiny in the space of telemedicine and prescribing scheduled
medication for the treatment of substance use disorder (SUD)
[8-10]. As US providers await the promulgation of this final
rule, evidence continues to grow regarding positive patient
outcomes via mental health prescribing over telemedicine [11].
One Medicaid data study following over 90,000 patients showed
remarkable positive outcomes from telemedicine initiation of
buprenorphine treatment, including better odds of 90-day
treatment retention than if initiation occurred in person [12]. In
a scoping review from 2008 to March 18, 2021, reviewers found
that telehealth technology in SUD treatment increased access
and adherence to buprenorphine and generally showed higher
patient satisfaction and comparability to in-person retention
rates [11]. Especially within the space of buprenorphine
prescription, evidence supports that telemedicine offers
comparable treatment to in-person care and can be an effective
method for increasing patient access to mental health treatments
[8,11].

With the flexibilities, providers can now choose the extent to
which they use telemedicine. One study reported psychiatrists
felt telemedicine use in a hybrid scenario allowed for treatment
adaptation based on client needs and access [13]. The study’s
participants emphasized their need to consider each patient’s
unique case in determining whether they could successfully
leverage telemedicine to initiate care or ensure continued visits
over time [13]. For example, one psychiatrist in the study noted
the following:

When you have these patients who are at risk for
falling out of care, if you don’t offer them

telemedicine, but [they] are also at risk for getting
slightly suboptimal care when you do offer them
telemedicine, it is a very case-by-case judgment call
in terms of the risks and benefits of enabling the
telemedicine.

Such sentiments support the call for greater provider autonomy
and options, as well as the focus on including telemedicine as
part of the holistic health care model [13-15].

Though there is evidence supporting the safety of prescribing
certain scheduled substances over telemedicine (even without
an initial in-person visit) [8,11,12], there is a need for greater
insight into mental health providers’ experiences in prescribing
scheduled medications during and after the PHE. A better
understanding of providers’ perspectives, experiences, and
comfort in prescribing for their patients over telemedicine would
build a more accurate understanding of what providers view as
actual challenges and limitations. This knowledge would add
to the discourse regarding updates in policy and guidelines,
especially necessary for policy makers as they deliberate over
proposed rules and regulations [16]. To the best of our
knowledge, no previous studies have focused on mental health
providers’experiences regarding general prescribing—including
scheduled medications—over telemedicine. In early 2024, we
conducted a mixed methods study that included a web-based,
cross-sectional survey and semistructured interviews of mental
health providers who prescribe via telemedicine. The survey
aimed to assess provider perceptions, experiences, comfort, and
perceived patient safety in prescribing medications over
telemedicine [17]. The interviews aimed to get a better
understanding of providers’general telemedicine use, challenges
and solutions specific to prescribing over telemedicine, and
providers’ knowledge and experiences regarding compliance
with prescribing over telemedicine. In this study, our objectives
were (1) to understand better providers’ parameters for safe
prescribing over telemedicine and (2) to report practices or
workflows providers have adopted to accomplish safe
prescribing via telemedicine. The results of the study will help
stakeholders reassess long-standing policies—made at the
beginning of these technological advances—that may now be
causing unintended harm as the technology has improved and
become more accessible to laypeople.

Methods

Study Design
We performed exploratory content analysis of semistructured
interviews with tele–mental health care providers as part of a
larger, mixed methods study. We used an explanatory sequential
design, building upon a previously reported, web-based,
cross-sectional survey [17].
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Interview Development
After an initial literature review, we developed the
semistructured interview guide with consultation and pretesting
from 5 providers. We estimated that interviews would take 60
minutes. The interview attempts to capture context regarding
what factors affect providers’ views and comfort in prescribing
medications via different scenarios and combinations of
in-person and telemedicine visits. The interview guide covers
the topics of (1) the provider’s practice, such as specialty,
telemedicine use, patients, and general difficulties with
telemedicine; (2) challenges and solutions concerning
prescribing over telemedicine; and (3) knowledge pertaining to
laws and regulations of prescribing to telemedicine (see
Multimedia Appendix 1 for the interview guide). This study
focuses specifically on answers to the challenges and solutions
concerning prescribing over telemedicine (Multimedia Appendix
1).

Participants and Recruitment
We recruited participants for the semistructured interviews from
among participants in a research survey. The survey sampling,
recruitment, and results are reported elsewhere [17]. In brief,
we recruited a sample of US tele–mental health care providers
from a telemedicine research panel, TelehealthEngage [18]. A
total of 115 participants fully completed the survey. Participants
were predominantly White (83/115, 72.2%), non-Hispanic or
Latino (97/115, 84.3%), female (66/115, 57.4%) providers who

were physicians (69/115, 60%) seeing their clients most to all
of the time (50%-100% of visits) over telemedicine (82/115,
71.3%) [17].

Participants who agreed to be contacted at the end of the survey
were invited to participate in follow-up interviews. Of the 115
completed surveys, 59 (51.3%) participants showed interest in
being interviewed. Research team member JI (a White,
immigrant female individual with a background in medical
anthropology, psychology, and biomedical informatics) sent
out interview invitations and completed interviews between
February and April 2024. We aimed to complete 20 interviews
or until we reached content saturation [19].

Data Analysis
One author (JI) performed an exploratory content analysis of 6
interviews. The codebook for content analysis, consisting of
three main codes and two subcodes, was specified on the basis
of prior survey findings (Table 1) [17]. The codebook was
developed to test our expectations that providers will feel
comfortable when their personal parameters for patient safety
have been met and when the telemedicine visit is within the
scope of provider practice and expertise. We used content
analysis of the interviews to identify codes related to personal
parameters for comfort in prescribing over telemedicine, named
barriers and challenges of telemedicine prescribing, and the
types of workarounds providers have found useful within those
situations [19].

Table 1. Demographics as reported by providers during the interviewa.

Value, n (%)Demographics for content analysis

Sex (n=16)

11 (69)Male

5 (31)Female

How often telemedicine is used (n=16)

1 (6)None to seldom

4 (25)Fairly often (about half the time)

11 (69)Mostly or completely

Provider type (n=16)

8 (50)Psychiatry

3 (19)Family medicine or general practice physician

3 (19)Nurse practitioner

2 (13)Physician assistant

Type of practice (n=21)

12 (57)Private practice

4 (19)Statewide health system

2 (10)Community health center

1 (5)Solo practice

1 (5)City-run program

1 (5)Outpatient rehabilitation center

aSome demographic values sum to more than 16 as some providers worked in multiple practices.
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We transcribed and deidentified completed interviews using
Dovetail software (Dovetail). We confirmed transcripts for
accuracy prior to deleting video data of interviews and uploaded
transcripts to MAXQDA 2024 software (MAXQDA) for
analysis. A single author (JI) coded the interviews over three
iterations using the previously developed codebook, and
coauthor HS (an Asian, immigrant female individual with a
background in biomedical informatics and human factors
research in behavioral health) reviewed the codes and codebook
for validity and accuracy. We resolved discrepancies through
consensus to ensure consistency and accuracy in the qualitative
method [20,21]. The unit of analysis was meaningful phrases.
Although we calculated the total frequency of code instances,
we primarily focused on the frequency of codes by individual
participants [19]. Additionally, contextual subtopics within the
main reported codes were often double coded—as participants
provided multiple examples, explanations, and
reasoning—resulting in percentages over 100. We reported
participant characteristics in the aggregate to ensure participants’
confidentiality. For context, we included participants’ numbers
(1 through 16) after each quote.

Ethical Considerations
This study was reviewed and approved by the BRANY
Institutional Review Board (IRB00010793). We attained verbal
informed consent for the interviews in addition to the written
informed consent from the survey protocol. Participants had
the opportunity to opt out of our research. Participants were
compensated with a US $75 e-gift card for their time. While
there is always a risk of selection and other compensation-related
biases, the amount was deemed appropriate for US mental health
professionals who were the focus of recruitment. We use
deidentified data for the purposes of this research.

Results

Demographics
We completed 16 semistructured interviews between February
22 and April 26, 2024. There were 11 (69%) male and 5 (31%)
female participants (see Table 1 for demographics). Participants

primarily practiced in the following states: Oregon (n=3, 19%),
Texas (n=3, 19%), New York (n=2, 12%), Illinois (n=2, 12%),
California (n=1, 6%), Florida (n=1, 6%), Michigan (n=1, 6%),
Washington (n=1, 6%), Indiana (n=1, 6%), and Tennessee (n=1,
6%). The majority (n=11, 69%) provided care mostly or
completely over telemedicine (75%-100% of visits), 4 (25%)
providers reported an even mix (40%-60% of telemedicine and
in-person visits) in their hybrid practice often depending on the
weather, and 1 (6%) provider reported almost complete
in-person care except for emergencies. Providers included
psychiatrists (n=8, 50%), family medicine or general practice
physicians (n=3, 19%), nurse practitioners (n=3, 19%), or
physician assistants (n=2, 12%). Providers reported working in
private practice (n=12, 75%), statewide health systems or clinics
(n=4, 25%), community health centers (n=2, 12%), a solo
practice (n=1, 6%), a city-run program (n=1, 6%), and an
outpatient rehabilitation center (n=1, 6%). Some providers
worked in multiple positions or practice types.

Content Analysis
A total of 234 code instances were identified, corresponding to
three main codes and two subcodes. Table 2 shows the frequency
of code instances corresponding to each main code and subcode.
Frequencies of instances of generally uncomfortable and
generally comfortable subcodes add up to the total frequencies
of the comfort main code instances.

Of the 98 (41.9%) out of 234 total code instances under comfort
in prescribing medications over telemedicine, 69% (68/98 code
instances) were related to describing positive comfort in
prescribing from all 16 providers. However, the majority of
providers (10/16, 62%) also reported varying discomfort (30/98,
31% code instances) in prescribing over telemedicine even
though it was less frequently mentioned.

Providers reported (85/234, 36.3%) varied barriers and
challenges (85 code instances, 14 providers), providing
information regarding problems that both providers and their
patients face when prescribing medications over telemedicine.
Providers reported fewer (27/234, 11.5%) workarounds and
solutions (27 code instances, 11 providers).
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Table 2. Content analysis results with the frequency of instances by main codes and subcodesa.

ExampleDefinitionFrequency of
code in-
stances, n

Name

“I just don’t wanna like, yeah, miss something. And like, actually probably
more so with the Benzos than with, than with stimulants because I feel like
the stimulants you can: see if people are kind of like … when people are
on Benzos they might be more drowsy, that you’re just not picking up with,
on the, the, the, the virtual…” [Participant 1]

Any direct discussion regarding
feelings of comfort or ease in
prescribing over telemedicine

98Comfort (main code)

“I feel less comfortable with over telemedicine because sometimes just like
the cadence of a conversation is hard. Sometimes if there’s a lag in telehealth
or like whatever it may be. As for prescriptions, I would say, like your level
twos and level threes are ones that I would not consider prescribing unless
I’d at least seen them once in person…” [Participant 3]

Any direct discussion regarding
feelings of discomfort or un-
ease in prescribing over
telemedicine

30Generally uncomfort-
able (subcode)

“And I would say that it’s really about the same, the actual prescribing is
pretty darn smooth. So, I feel like the mechanics of the prescribing are the
same. I do not prescribe differently because I, I’ve got a sense, I don’t know
this person as well because I’m not me. No, I feel like I know my patients
really well. Certainly, before I’m gonna be prescribing, I know what the
story is in my mind. I may be wrong, but I’ve got that level of certainty.
So, I don’t think the telehealth platform impacts my decision-making or the
mechanics around prescribing significantly.” [Participant 6]

Any direct discussion regarding
positive feelings of comfort or
ease in prescribing over
telemedicine

68Generally comfortable
(subcode)

“But I would say, yes, it’s difficult to feel comfortable, directing someone
in another state to something that they may need without really knowing
where that resource, who that resource is.” [Participant 7]

Any direct discussion where a
provider mentions a problemat-
ic situation that affects their
decision-making to prescribe
over telemedicine or affects a
patient’s ability to receive
treatment

85Barriers and chal-
lenges (main code)

“So, a lot of times I give them information on how to find a particular how
to vet another practitioner, but that’s about the best [I can do].” [Participant
7]

Any direct discussion where the
provider describes a way they
adapt their process or decision-
making due to a barrier or
challenge

27Workarounds and so-
lutions (main code)

aMain code and subcode definitions were developed based on survey analysis.

Parameters for Comfort in Prescribing Over
Telemedicine

Overview
Providers brought up three main parameters as they
contextualized their comfort or discomfort with prescribing
medications over telemedicine: (1) limits of telemedicine and
personal expertise, (2) knowledge of patients and access to their
relevant health information, and (3) liability concerns.

Limits of Telemedicine and Personal Expertise
Five (31%) of the 16 providers established that they felt
comfortable when the interaction stayed within their perceived
limits of telemedicine and occurred within their realm of
expertise. One provider pointed out that these parameters
essentially establish criteria for a successful telemedicine visit:

So the direct answer to the question is I feel very
comfortable [prescribing over telemedicine]. But I
think the reason that I feel very comfortable has to
do with the patients: who I see and who I won’t see
on telemedicine. So again, doing this is like a
philosophical thing. I’m a big believer in getting
people to the right place. And a lot of times that’s me
and a lot of times that’s not me when it comes to

mental health and telehealth, I try to, there are things
that I, I don’t personally feel comfortable or think
would be appropriate to, to treat. So in general, if
someone is like in a manic state, if they’re psychotic,
if they’re actively suicidal, like suicidal with a plan
intending to act on it, that sort of stuff, I won’t see
them through telehealth or if I have a patient who
starts to experience those things, I will refer them for
a higher level of care and we’ll be pretty insistent on
it. Not that I’m not gonna see them anymore, but it’s
just I want to get you to the best place. [Participant
13]

Regarding the parameter of experience and expertise, 3 (19%)
providers reported feeling uncomfortable prescribing over
telemedicine when they thought they did not have the expertise
to treat a particular diagnosis. One provider described feeling
nervous about such a scenario:

I don’t have anybody that I’m treating for narcotic
abuse or opiate stuff. So I, not that I wouldn’t, but I
don’t have anybody and I don’t have a lot of
experience with that. So that would make me nervous,
especially over telemed. I just because I don’t do it
much in person either. [Participant 9]
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In this case, the provider notes they would feel uncomfortable
treating such a patient in person and that seeing such a case over
telemedicine would increase that feeling.

Knowledge of Patients and Access to Their Relevant
Health Information
This parameter encompassed several topics including working
with established patients and accessing needed patient health
information such as labs or physical exams. A total of 4 (25%)
providers identified knowledge of a patient’s history—especially
in regard to them being an established patient—as a crucial
element of feeling comfortable prescribing for them.

So, certain medication that requires good monitoring
for that level that may make me not want to prescribe
medications on this platform. But I don’t think it has
anything to do with virtual platforms, any providers
or psychiatrists would do so in, in person also. So
I’m not, I’m trying to think if, unless the only time I
don’t prescribe is if someone makes the first
appointment and say I’m on this medicine and I need
refill, I don’t do that because that’s not a good
practice. It’s like, OK, unless I have some data or
previous records or not a very strong medication,
then you can continue. But if someone comes with a
specific request for medicines that are not
appropriate, then I wouldn’t consider that as an OK
to do it as a virtual practice. [Participant 10]

This provider noted that in the scenario provided, they would
need more information about the patient before prescribing,
regardless of whether the visit is in person or via telemedicine.
Meanwhile, one of these providers mentioned the importance
of generally knowing their patients and their health status as
they determine whether telemedicine visits are sufficient for
care:

...If you have somebody who’s a fragile diabetic, you
need to have a different level of observation for that
person. But if you have a stable diabetic, then you
can just continue to prescribe that whatever it might
be… [Participant 15]

Inherent in this explanation is that the provider felt they have
sufficient knowledge regarding a patient’s current and past
health status and feeling personally able to diagnose and treat
in the presenting situation.

A total of 4 (25%) providers commented on the importance of
having established patients in a scenario to make providers feel
more comfortable prescribing over telemedicine. One of these
providers underlined the importance of having such a
relationship, especially when seeing patients for SUD treatment,
as they may be able to pick up on potential concerns requiring
more oversight via telemedicine or in person:

I mean, people with substance use problems. Now
that brings a whole host of challenges itself because
of confidence in, in history, you know, and confidence
of just general reporting ... So I have a special, I have
a different kind of relationship with [specific patient
with SUD]. I can tell when somebody’s bullshitting.
And I can call them pretty well on it. I rarely get

blindsided because I’ve been doing this for a long
time. So I come with enough experience, I think also
that allows that to happen. But suffice to say that if I
have an issue with someone there, I’ll put more
controls over it, and we’ll go to task if needed. If they
need to come in, I need to see them in person...
[Participant 15]

In this case, the provider leveraged not only their years of
experience in the specific field (expertise parameter) and having
known the patient for a long time but also their hybrid practice,
as they can have the patient come for an in-person visit.

A total of 3 (19%) providers mentioned they feel comfortable
prescribing over telemedicine because they have such an option.
In addition to this, 4 (25%) providers also pointed out that
having a way to check on their patient’s safety, whether it be
having local resources for the patient or being able to view a
Prescription Drug Monitoring Program, influences their comfort
positively. One of these 4 providers described that knowing
they can get patient health information quickly and seamlessly
made them comfortable prescribing for an individual:

If they have established care, either someone who
can update me on their vitals or regular monthly visits
and have some kind of formal evaluation for me to
backtrack the diagnosis. And then there is a way to
order urine drug screens to make sure they’re not
abusing any other drugs on the top of. So, if that
makes it an easy flow for us, then, yeah. Yeah. I think
that’s not a big problem. It’s just how to coordinate
that care sometimes makes it harder... [Participant
10]

Additionally, 4 (25%) providers stated the importance of
developing and adhering to a protocol with their patients.
Providers discussed this concept within the patient information
parameter in everything from the formal quality of care
processes to simply expecting to see a patient in person for all
intakes. Adhering to protocols appears to be driven by the need
for patient health status and history, as providers often discussed
continuity of care and procurement of labs and exams.

So, I think patients who are, really complex, I feel
less comfortable with prescribing over telemedicine
because sometimes just, like, the cadence of a
conversation is hard. Sometimes if there’s a lag in
telehealth or whatever it may be. As for prescriptions,
I would say, your level two’s and level three’s are
ones that I would not consider prescribing unless I’d
at least seen them once in person. I know personally,
our clinic does random drug tests on our patients...
[Participant 3]

Liability Concerns
A total of 5 (31%) providers noted that they maintain their
comfort in prescribing over telemedicine by simply refusing to
prescribe certain controlled substances or not accepting specific
diagnoses in their practice, especially due to their wariness of
laws and regulations. One of these providers explained that
while they treat SUDs, they do not prescribe certain medications
and are aware of prescribing barriers:

JMIR Hum Factors 2025 | vol. 12 | e65419 | p.2358https://humanfactors.jmir.org/2025/1/e65419
(page number not for citation purposes)

Ivanova et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


...I do see a lot of patients with substance use
disorder...just the fact that it’s [buprenorphine] more
accessible now is amazing for these patients. I’ve
heard there are still some barriers with methadone
in particular...it hasn’t been an issue for me because
I don’t prescribe that medication in particular.
[Participant 16]

Indeed, 2 (12%) providers indicated they avoid prescribing over
telemedicine unless they feel they have to for the patient.

I generally refrain from prescribing anything
scheduled over telemedicine ... just because of the,
the insane liability with it ... the unbalanced liability,
I would say that physicians shoulder in this industry.
[Participant 7]

Here, the provider also touched on the issue of compliance and
liability inherent in this situation.

Barriers and Workarounds in Prescribing Over
Telemedicine
Of the 85 (36.3%) out of the 234 total code instances that
describe barriers (14 providers), 37 (44%) of the 85 instances
specifically mentioned that the e-prescription platform and the
pharmacies caused challenges in prescribing medicines or
picking up medicines (13 providers). There were 17 (20%)
instances of providers describing difficulties with the actual
e-prescription platform they use.

But Epic, they started putting in all these like hard
blocks like you need to click this before you can do
what you’re trying to...I think the way that they went
about it sometimes, it was really like a hassle for the
workflow when you add it all together. [Participant
2]

Providers also often noted their patients’prescription order was
not received or not fulfilled by the pharmacy due to shortages
in medicines or misunderstandings in prescribing over
telemedicine (20/85, 24%). One provider noted how such a
situation acted as a barrier for patients receiving their necessary
prescriptions:

But I had a pharmacy once, call me that said
that...they weren’t going to allow my patient to fill a
pack of the prescription because I hadn’t provided
an estimated glomerular filtration rate or creatinine
clearance with my prescription. But like that’s
because they now have the ability to prescribe that
on their own. But I sent the prescription. I’m assuming
the responsibility. I already checked that all you’re
doing is throwing up another barrier to this patient,
getting their medication when you do that, which I
get. You don’t want to be audited or whatever, but
you’re not the one prescribing it. I am, you know what
I mean? I just like the pendulum has swung so far the
other way since the opioid epidemic that they’re really
trying to tighten the noose and on all this stuff, and I
just think it’s going to end up harming patients who
are calling for their beta blockers or, you know,
whatever. [Participant 2]

Providers reported shortages of certain medicines, usually
stimulants, in pharmacies, requiring patients to find pharmacies
with stock and providers to resend prescriptions. Providers’
complaints regarding the e-prescription platforms and
pharmacies’ inability to provide the medications ranged from
workflow nuisances to concerns that their patients could not
receive necessary medications promptly.

Other mentioned barriers (49/85, 58%) were related to general
telemedicine concerns and issues such as patient health concerns
(17/85, 20% codes; 11/16, 69% providers), rules and regulations
(16/85, 19% codes; 7/16, 44% providers), and reimbursement
concerns (9/85, 11% codes; 2/16, 13% providers). Patient safety
concerns mainly touched on worries that patients are not having
their follow-up appointments, exams, and labs in a timely
manner, which can affect patient health outcomes, as well as
the ability of providers to prescribe medications for them.

I will put a child on a medication and I’ll say I need
to have you call me in two or three days because this
medicine doesn’t take a long time to start working.
And I need to know so we can make adjustments. And
invariably 99% of the time they wait till the next
month, scheduled appointment and we could have
made some, you know, needed changes. And that was
difficult even when we were in the office... [Participant
11]

Concerns regarding rules and regulations more closely align
with providers seeing patients across state borders. Some
providers felt such regulations hindered their ability to treat
patients but also created unnecessary frustrations.

So, yeah, it’s interesting navigating all of that
because, and honestly, I think it’s just so stupid having
state-dependent licensing system when they all use
the same criteria. [Participant 7]

While providers recognized the need for laws and regulations,
their current struggles often placed them in positions having to
choose between seeing their (often established) patients or
complying with regulations.

It reminds me of another patient, he’s in college in
North Carolina and, he had really good, he had a
psychiatrist through his school but then the school
had canceled the contract with that [psychiatrist] and
he’s like, what now am I supposed to do? And like,
he wasn’t exactly, he wasn’t unstable but he wasn’t
stable. Like, you know, in that gray zone and he’s
like, can’t you see me?...And I would love to see you.
I feel my heart goes out to you, but like, you’re in
North Carolina, like, I...I, I will see you all through
Christmas break, summer break. But like, I don’t
know what to do. Like, if you’re having a crisis,
definitely call me like, and I will, you know, I will just
override it. But like, if you’re going there and, you
know, like you need the help, like you gotta, I don’t
know, I don’t know what to tell you. Like, I feel
terrible if you. [Participant 1]
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Providers often reported that mobile patients such as college
students are the ones most strongly affected by these types of
laws and regulations.

Providers reported far fewer workarounds or solutions (27/234,
11.5% codes; 11/16, 69% providers) to mentioned barriers
relating to prescribing over telemedicine. Direct responses to
barriers and challenges included—as subtopics—streamlining
how they receive patient health data (8/27, 30%), finding new
pharmacies for patients to use (5/27, 19%), using reminders and
new ways to connect with patients quickly (5/27, 19%),
responding to regulatory pressures (3/27, 11%), and making
individual adaptations in their practice (6/27, 22%; due to double
coding of subtopics, percentages add up over 100) The most
common solution providers reported was finding an easier way
to receive laboratory tests, examinations, and vitals from their
patients (8/27, 30% codes; 5/16, 31% providers). While
providers were able to direct their patients to local laboratories
or request that their patients invest in a blood pressure cuff, one
provider noted their practice found certain tests to be beneficial
for telemedicine visits:

Hm, we do drug screens online. So, we do saliva
testing online and drug screens. And so that’s if we
don’t always have to have people go pee somewhere
or go to the lab, they can do those at home. So, I guess
that’s something that we found just as a, not really a
workaround, well, kind of a workaround, and I guess
to allow them to stay at home, but just to incorporate
it as something that’s a little bit more convenient.
[Participant 5]

Providers further noted the emphasis on streamlining patient
processes by using novel ways to communicate with them
regarding simple questions or requests. For example, one
provider noted the following:

[Patients] can just text me a question...A few patients
of mine have learned that they come and sit in the
waiting room if they have a question. And so, I see
them sitting in my waiting room, and sometimes I’m
done. I’m like, “What's up?” And they say, “Yes, you
know, hey, I need a refill.” [Participant 12]

In this case, the provider sought to have secure, simple
messaging with a patient. Other solutions related to streamlining
processes with patients included actively talking with
pharmacies in the patients’ area (5/27, 19%), moving to a new
e-prescription platform (1/27, 4%), and creating a protocol for
helping their out-of-state patients find health resources (1/27,
4%).

Providers mentioned two differing approaches to handling the
barriers created by laws and regulations in prescribing over
telemedicine. Some (2/16, 13%) providers chose to
unequivocally adopt the strictest state and federal regulations
within their practice, and another explained that they would
continue with a process that works for their patients but was
admittedly in the gray zone legally.

Content analysis of barriers affecting provider comfort in
prescribing over telemedicine identified 85 code instances over
16 interviews. With 27 code instances of workarounds and

solutions directly relating to these noted barriers, the qualitative
analysis identifies areas in telemedicine where progress still
needs to be made.

Discussion

Principal Findings
By leveraging the results of our more extensive mixed methods
study [17], we framed our content analysis to provide needed
context for understanding mental health providers’ comfort in
prescribing over telemedicine. This qualitative study identified
vital parameters that constitute comfort for mental health
providers who prescribe via telemedicine. Our results show that
providers feel most comfortable prescribing over telemedicine
when they are practicing within its inherent limitations and their
own professional expertise, with access to patients’ relevant
health information, and within clearly defined legal and
regulatory confines. In addition, we identified related barriers
that affect these parameters and the potential solutions that
providers have used to alleviate these challenges. Content
analysis revealed providers found the e-prescription platforms
and the miscommunications with pharmacies receiving
prescriptions as substantial sources of frustration and concern
in the prescribing process. Ultimately, providers prescribe
medications over telemedicine within the bounds of their
perceived comfort parameters but would like to see changes in
streamlining the prescribing workflow, assurance of timely
patient examinations and laboratory tests, and clarity in the laws
and regulations surrounding prescribing over telemedicine.

Overall, even while providers reported feeling comfortable
prescribing over telemedicine, they were aware their comfort
was due to practicing within their established personal
parameters. Providers noted their comfort in prescribing over
telemedicine was attributable to their specialty and providing
care to patients who require specific types of medications that
providers may be generally hesitant to prescribe. Research using
claims data between 2020 and 2023 shows that certain
specialties (ie, psychiatry) were seen to initiate treatment for
alcohol use disorder over telemedicine more than others (ie,
primary care physicians) [22]. Within the same study,
researchers observed a different rate of telemedicine initiations
dependent on the types of medications being prescribed (eg,
naltrexone at 14.6% vs topiramate at 11.8%). Our results support
these findings as psychiatrists are better versed in treating mental
health disorders and have tacit knowledge regarding certain
medications and patient symptoms. Unsurprisingly, in this study,
some providers emphasized that their comfort in prescribing
decreased when faced with diagnoses they have little experience
treating. From a 2023 review of pandemic-era research on
telemedicine use in SUD treatment in the United States, authors
noted providers would vary the number of days (supply) of
prescribed medication based on their judgment of each patient
interaction and context [23-26]. These findings are supported
by our results as providers work within their personal parameters
and determine how to proceed with prescribing based on their
interaction with each patient.

Additionally, providers’personal parameters likely echo current
guidelines regarding telemedicine use and limitations [27,28].
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Such guidelines proffered protocols and practices based on
earlier telemedicine research and stricter rules and regulations
[29]. Considering that guidelines emphasize compliance with
state and federal laws and regulations, we may be seeing
providers’ personal parameters reflecting these policies even
when they feel comfortable and capable of prescribing over
telemedicine [30]. Updates of such guidelines would help
reframe providers’ understandings of telemedicine prescribing
limitations and liabilities; however, lagging legal progress limits
the ability for such revisions [31,32]. With the loosening of
laws and regulations regarding telemedicine prescribing, new
evidence has shown that providers can care for their patients
effectively while maintaining positive patient outcomes [29].

Providers also emphasized the importance of access to patient’s
health information, especially timely updates of exams and labs
needed to prescribe certain medications such as stimulants.
Certainly, the content analysis showed multiple workarounds
focused on streamlining the process of accessing patient health
information. Understandably, providers also noted that they feel
more comfortable working with established patients, where
patient health history and a personal repertoire with the patient
can provide context to a telemedicine visit. Interview results
suggest that an established patient—via telemedicine or
in-person visit—is a central factor in how providers view their
needs for timely patient health updates. This parameter is
relevant for in-person and telemedicine visits. Nevertheless,
with the inflated fear of liability when using telemedicine,
providers show increased concern when operating outside their
parameters for comfort in telemedicine prescribing [33]. Similar
findings show providers may feel that additional assessment,
such as physical examination, reinforces their decision-making
and allays liability fears [34].

Our content analysis shows that the ultimate tipping point in
whether providers prescribe via telemedicine is whether the
clinical situation falls within the provider’s personal parameters
for comfort in prescribing. The obstacles we identified in the
study, such as the e-prescription platform errors, were
predominantly situations that caused frustrations in the
prescribing process but were insufficient reasons for providers
to discontinue prescribing medications. Of course, particular
barriers, such as miscommunications with pharmacies and not
receiving patient examinations or laboratory tests promptly,
directly impact patient safety and outcomes. Our results support
prior research showing that providers and patients faced
challenges with e-prescriptions where pharmacies faced a dearth
of certain medications such as buprenorphine [23,35,36].
Providers emphasized the importance of patient safety with
their noted solutions: the most frequently mentioned solutions
revolved around streamlining the receipt of patient health
information and ensuring patient access to needed medications.
Given the current, typical support infrastructure in the United
States, telemedicine is not as effective for treating disorders
that require laboratory examinations [37]. However,
telemedicine is becoming a permanent mode of health care
delivery, and successful solutions for assessment, such as
diagnostic testing and information access, will be a priority for
providers and other stakeholders. As a result, there is a growing
support infrastructure including at-home laboratory options

ranging from technicians coming to your home to home tests
that can be done during a telemedicine visit [38,39]. While large
health institutions such as Yale School of Medicine may have
such resources available for their patients [38], small clinics or
solo providers face difficulties in connecting their patients to
these resources, especially in relation to an individual patient’s
insurance coverage [39].

Our results show that providers prescribe within the scope of
their personal parameters determined by perceived limitations
of telemedicine and professional expertise, provider access to
relevant patient health information, and liability concerns. Once
providers met their individual parameters, they expressed higher
comfort in prescribing over telemedicine. With an increase in
legal clarity and simplification of prescribing over telemedicine,
providers may feel more capable and comfortable with the
process, as guidelines would reflect the loosening of restrictions
[30]. These personal parameters exist in the context of current
legal and regulatory considerations; therefore, making PHE
telemedicine-related policy flexibilities permanent may help
expand the situations in which providers feel comfortable
prescribing. Such progress may also improve patient access to
mental health care services—providers may feel more
comfortable expanding their patient base for telemedicine, thus
alleviating access and inequity issues for mental health care
treatment [40].

Limitations
This study used interviews from providers recruited through
nonprobability convenience sampling via the TelehealthEngage
research panel. Our findings are not generalizable to all US
mental health providers. It reflects the view of interview
participants, including providers from solo, small private
practices; statewide health systems and clinics; and other types
of mental health care settings. Additionally, as we included all
prescribing mental health providers, the prescribing challenges,
workarounds, and level of comfort we captured in the study
may differ for other providers based on their practice focus.
Future research should include a larger sample of participants
including those practicing in larger health systems and academic
health sciences centers, who were underrepresented in our
sample.

Conclusions
Through content analysis of semistructured provider interviews,
we determined that the participating providers feel comfortable
prescribing over telemedicine when they practice within
perceived limits of telemedicine and their own expertise, with
sufficient access to patient health information, and when they
do not have liability concerns. Providers mentioned multiple
hindrances to prescribing over telemedicine. However, the
ultimate reason they refer patients to other providers or convert
encounters from telemedicine to in-person visits is that their
comfort parameters are not met, and thus, patient safety is at
risk. Future research, including inductive-deductive qualitative
analysis of the interviews, will help create a more robust
understanding of provider perspectives on telemedicine
prescribing and inform future implementation and policy of
prescribing over telemedicine.
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Abstract

Background: The rising demand for advanced home care services, driven by an aging population and the preference for aging
in place, presents both challenges and opportunities. While advanced home care can improve cost-effectiveness and patient
outcomes, gaps remain in understanding how eHealth technologies can optimize these services. eHealth tools have the potential
to offer personalized, coordinated care that increases patient engagement. However, research exploring health care professionals’
(HCPs) perspectives on the use of eHealth tools in advanced home care and their impact on the HCP-patient relationship is
limited.

Objective: This study aims to explore HCPs’ perspectives on using eHealth tools in advanced home care and these tools’ impact
on HCP-patient relationships.

Methods: In total, 20 HCPs from 9 clinics specializing in advanced home care were interviewed using semistructured interviews.
The discussions focused on their experiences with 2 eHealth tools: a mobile documentation tool and a mobile preconsultation
form. The data were analyzed using content analysis to identify recurring themes.

Results: The data analysis identified one main theme: optimizing health care with eHealth; that is, enhancing care delivery and
overcoming challenges for future health care. Two subthemes emerged: (1) enhancing care delivery, collaboration, and overcoming
adoption barriers and (2) streamlining implementation and advancing eHealth tools for future health care delivery. Five categories
were also identified: (1) positive experiences and benefits, (2) interactions between HCPs and patients, (3) challenges and
difficulties with eHealth tools, (4) integration into the daily workflow, and (5) future directions. Most HCPs expressed positive
experiences with the mobile documentation tool, highlighting improved efficiency, documentation quality, and patient safety.
While all found the mobile preconsultation form beneficial, patient-related factors limited its utility. Regarding HCP-patient
relationships, interactions with patients remained unchanged with the implementation of both tools. HCPs successfully maintained
their interpersonal skills and patient-centered approach while integrating eHealth tools into their practice. The tools allowed more
focused, in-depth discussions, enhancing patient engagement without affecting relationships. Difficulties with the tools originated
from tool-related issues, organizational challenges, or patient-related complexities, occasionally affecting the time available for
direct patient interaction.

Conclusions: The study underscores the importance of eHealth tools in enhancing advanced home care while maintaining the
HCP-patient relationship. While eHealth tools modify care delivery techniques, they do not impact the core dynamics of the
relationships between HCPs and patients. While most of the HCPs in the study had a positive attitude toward using the eHealth
tools, understanding the challenges they encounter is crucial for improving user acceptance and success in implementation. Future
development should focus on features that not only improve efficiency but also actively enhance HCP-patient relationships, such
as facilitating more meaningful interactions and supporting personalized care in the advanced home care setting.
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Introduction

Advanced Home Care
Advanced home care, also known as advanced health care in
the home, involves providing medical care or treatment directly
at a patient’s home, serving as an alternative care to inpatient
care. The World Health Organization defines home care as “an
array of health and social support services provided to clients
in their residence. Such coordinated services may prevent, delay,
or be a substitute for temporary or long-term institutional care”
[1]. According to a study by Barakat et al [2], the components
of home care include preventive actions and assessments,
postdischarge actions, and evaluations, with objectives focused
on enhancing or maintaining the quality of life, optimizing
functional health status, and promoting independence. The
composition of health care professionals (HCPs) providing
home care varies depending on the patient’s needs and the extent
of services they require. This team may involve various HCPs,
such as physicians, nurses, assistant nurses, physical therapists,
occupational therapists, speech-language pathologists, home
health aides, home infusion nurses (specialized nurses who
administer intravenous medications in patients’homes), hospice
caregivers, and medical social workers [3]. Patients receiving
home care may have a wide range of health conditions and
diseases, including chronic conditions, such as diabetes,
hypertension, and heart disease; neurological conditions, such
as Parkinson disease, dementia, and stroke; respiratory
conditions, such as chronic obstructive pulmonary disease,
asthma, and sleep apnea; cancer; individuals requiring wound
care; and those in need of palliative care [3].

The increasing demand for home care services is driven not
only by an aging population but also by the growing preference
among many individuals to age in place, remaining in their own
homes. The primary goal of advanced home care is to enhance
patients’ quality of life and clinical outcomes while
simultaneously reducing health care costs and hospital
readmissions [4].

Use of Electronic Health in Advanced Home Care
Organizational suppliers of health care are increasingly
delivering medical care directly to patients’ homes, which has
created a growing reliance on medical technologies and eHealth
tools [1] to support health care staff in managing not only older
people care but also palliative and end-of-life care and patients
with multiple comorbidities or complex diseases. The increased
presence of eHealth tools also highlights the importance of
considering the competencies and requirements of HCPs for
using eHealth tools in older people care [2].

eHealth’s vital role in advanced home care includes using
telehealth, remote patient monitoring, and mobile health apps
to deliver health care services to patients with complex medical
needs in their homes [5]. eHealth tools facilitate communication
between patients and HCPs, support medication management,

monitor vital signs and symptoms, and offer educational
resources to patients and caregivers. Furthermore, integrating
eHealth into advanced home care can also enable organizational
suppliers of health to deliver personalized and coordinated care,
increase patient engagement and self-management, and improve
overall patient satisfaction [2].

In Sweden, the national policy emphasizes home assistance and
home care over institutionalized care, with various programs
supporting long-term care for older people, assistance for people
with disabilities, end-of-life care, palliative care in hospitals or
hospices, and advanced palliative home care administered by
municipalities. In 2017, home care met 72% of long-term care
needs, while institutions served the remaining 28% [6]. Given
the substantial reliance on home care for health care delivery,
there is a significant need for resources, making eHealth
services, such as those mentioned earlier, highly beneficial [7].

A study by Rydenfält et al [8] outlined the implementation of
eHealth services in Swedish home care nursing, listing national
patient summaries, mobile documentation, digital locks, digital
medical lists, digital security alarms, and camera supervision
as the most commonly used services. Organizational suppliers
of health care had implemented mobile documentation most
widely among these services at the time of the study, with plans
for its continued use in the future for home care nursing.

Traditional Documentation
Health care staff have long used traditional methods, such as
pen-and-paper notes, to document patient encounters, including
observations, assessments, signs, symptoms, and
communications during clinic consultations and home care
visits. While some remnants of this traditional documentation
method may persist in current practices, health care
organizations have adopted information and communication
technology solutions [9] and notable mobile communications
[10] to address the inherent challenges of traditional
documentation. Traditional documentation methods occasionally
lead HCPs to omit crucial information inadvertently, record
data inaccurately, produce illegible handwriting, and
misunderstand patients’ accounts, while requiring significant
time for documentation [11].

Patient Experiences With eHealth
Researchers have extensively explored patient experiences with
eHealth, particularly in home and palliative care settings, and
have revealed a range of benefits and challenges. Steindal et al
[3] found that telehealth applications in palliative home care
enhance access to HCPs, helping patients feel more secure and
safe. Similarly, Widberg et al [4] highlighted that eHealth
applications facilitate better communication between patients
and HCPs in palliative care. Karlsen et al [12] focused on older
adults’ use of telecare in home care services and emphasized
their desire to age in place. These studies show that patients
view technology as a valuable tool to achieve this goal, although
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some resist adopting new technologies, struggle with digital
proficiency, and worry about privacy and security [5].

Older patients face notable challenges when using eHealth tools.
These include their preference for direct contact with HCPs,
age-related cognitive decline, the stigmatization of
telemonitoring devices, and the potential loss of social
interactions, which are essential for well-being [5,13]. Experts
emphasize the importance of balancing in-person care with
eHealth use for certain populations, such as older patients with
chronic conditions. Despite these obstacles, studies highlight
that eHealth improves care accessibility and patient autonomy
[3,5,12].

Specific eHealth applications directly benefit patients. For
instance, an eHealth app tested in home care settings allowed
patients to report health concerns and increased their sense of
security [10] by reducing the frequency of phone calls to nurses,
enabling them to prioritize care based on the app’s alerts.
However, frequent reporting through the app led HCPs to
perceive minor health issues as significant, which increased
their workload [10]. These findings illustrate the nuanced impact
of eHealth on patient experiences and underline the need to
carefully address patients’ needs and contexts.

The Acceptance and Perspectives of HCPs on eHealth
HCPs play a pivotal role in adopting and successfully
implementing eHealth solutions, as their acceptance and
perspectives directly influence outcomes. Li et al [14] identified
key factors that affect HCPs’ acceptance of eHealth. These
factors include HCP characteristics, voluntariness of use,
performance and effort expectancy, and how organizational
conditions either support or hinder eHealth adoption. HCPs
emphasize patient autonomy, personalization, and continuity
of professional support as facilitators of eHealth adoption, while
they note advanced patient age as a primary barrier [15].

Qualitative studies offer additional insights into HCPs’attitudes
toward eHealth. In an interview study, general practitioners
expressed positive attitudes toward eHealth as a means to
promote healthy lifestyles for patients and themselves [16].
They showed confidence in transitioning from traditional
paper-based approaches to digital solutions, particularly those
incorporating patient-reported outcome measures. Similarly,
Das et al [17] examined the impact of an eHealth portal on
HCP-patient interactions and reported that HCPs value the portal
for its ability to provide comprehensive patient information,
foster accountability, and serve as a clinical tool. However, they
also identified organizational challenges, such as a lack of
incentives and time constraints, which hinder eHealth
integration.

Understanding HCPs’ experiences and perceptions is essential
for optimizing eHealth tools. While eHealth enhances health
care quality, efficiency, and accessibility, its success depends
on addressing the barriers that HCPs face. Targeted training
and strategies to overcome organizational constraints can
improve HCP satisfaction and ensure seamless integration of
eHealth into clinical practice [18].

Aim of the Study
Despite extensive research in eHealth, there remains a limited
understanding of how eHealth tools affect the relationship
between HCPs and patients in advanced home care settings.
While some studies have explored patient perspectives, fewer
researchers have focused on HCPs’experiences and perceptions.

The aim of this study is to explore HCPs’ perspectives on using
eHealth tools in advanced home care and their impact on
HCP-patient relationships. This research is particularly relevant
in the context of Sweden’s robust home care system.

Methods

Methodology Overview
This study used qualitative research methods, collecting data
through semistructured interviews with HCPs working in
advanced home care at Aleris in Sweden. Aleris is one of the
major private organizational suppliers of health care in Sweden,
offering a range of medical services, including advanced home
care and other specialist medical treatments [19]. This approach
suited the study’s objective, which aimed to gain a deep
understanding of HCPs’ perspectives on using eHealth tools in
advanced home care and their impact on relationships with
patients. The flexibility of qualitative research allowed nuanced
meanings to emerge from participants, captured through direct
quotations from interview transcripts. The study adopted an
exploratory design to further explain the role of eHealth tools
in advanced home care as perceived by HCPs and examined
how these tools influence their interactions with patients. This
design proved beneficial in uncovering connections between
ideas that were either underrepresented or not previously
demonstrated in the literature [20]. An inductive approach [21]
analyzed the data, aligning with the study’s objectives.

The eHealth Tools
The eHealth tools used in the study are part of the SwipeCare
health care process management system, which partially
integrates into TakeCare, the electronic health record (EHR)
system used by HCPs in their daily practice. TakeCare serves
as the main repository for patient information and is used for
routine clinical documentation. SwipeCare functions as an
overlay on TakeCare, enhancing the existing EHR system by
adding functionalities, such as iPad (Apple Inc)-based
questionnaires, calculations, creating and sending questionnaires
to patients, and patient reminders [22]. SwipeCare controls and
coordinates the patient care process from diagnosis and
treatment to aftercare and follow-up. It allows the organizational
suppliers of health to define and manage the entire health care
process, initiating actions within that process, some performed
by SwipeCare itself (like sending out questionnaires) and others
by HCPs or other units. SwipeCare interacts with TakeCare
only when it needs to read from or write to the patient’s record,
thus complementing rather than replacing the EHR.

The 2 tools chosen for the evaluation were a mobile
documentation tool and a mobile preconsultation form. The
tools were chosen for their complementary nature and potential
to capture a wide range of HCP-patient interactions. While the
mobile documentation tool was used by the HCP, or
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collaboratively by HCP and patients, during in-person visits,
the mobile preconsultation form was completed independently
by patients at home. This diversity in tool use allowed a
comprehensive exploration of eHealth’s impact on HCP-patient
relationships across different contexts.

The iPad-based mobile documentation tool consists of different
predefined standardized forms, which HCPs, either themselves
or together with the patient, fill in. Such a form could, for
example, cover the required information related to the admission
of the patient to a ward or a checklist for evaluating the patient’s
physical status after an adjustment in the treatment. The
questions in the form consist of predefined categories designed
to guide HCPs in documenting patient information. Caregivers
have the discretion to determine which answers are available
for HCPs to fill in. In some cases, there is a designated
“comments” section where HCPs can provide additional
explanations or insights. However, in other instances, caregivers
may choose to limit responses to predefined alternatives. This
limitation mirrored traditional documentation methods, such as
pen-and-paper systems, where options were similarly restricted.
In addition, certain calculations, such as the Mini Nutritional
Assessment (MNA) [23] or the National Early Warning Score
2 (NEWS2) [24], necessitate numerical input and cannot
accommodate text responses. This further underscored the
importance of predefined answer alternatives within the tool.
In addition, the forms ensure no relevant aspects are missed, as
questions can be made mandatory to answer.

The second tool, the mobile preconsultation form, is part of the
patient portal in the system, which enables the patient to access
their own portal, or web page, on their mobile or equivalent
digital device. The patient first receives an SMS text message
with a link to their patient portal. The patient logs in using a
secure method and can then access the preconsultation form.
The patient answers the questions at their own pace and time
and finally sends the answers back to the caregiver. This enables
HCPs to review the status of the patient before traveling to the
patient’s home, avoiding the time spent on questioning and
filling in answers. Instead, it allows that time to be spent caring
for the patient where the patient has its needs, for example, pain
in the foot or problems with digestion. The intention is to free
HCPs from administration to devote time to the care of the
patient and encourage patients to take a more active role in their
own care.

Data Collection and Participant Selection
The recruitment process involved contacting selected
participants via email, facilitated by managers from each of the
9 participating clinics in Stockholm, Sweden. Clinics were
selected to ensure geographic diversity across the Stockholm
region, including clinics from the north, south, and other areas.
Clinic heads collaborated in identifying suitable participants
with experience using the eHealth tools. This selection strategy

aimed to capture a comprehensive range of perspectives,
strengthening the validity of the findings. Inclusion criteria for
participants comprised individuals aged ≥18 years, officially
employed at these clinics, and experienced in using the eHealth
tools in their professional roles. The diversity in HCPs’ roles
and experience levels allowed for capturing a broad view of
eHealth tool use in advanced home care.

Interviews took place between March and May 2023.
Participants received the informed consent form via email before
the interviews, which they reviewed and signed in person at the
beginning of the interview session. Audio recordings and notes
documented each 30- to 45-minute interview. A structured
interview guide provided consistency while allowing the
interviewer flexibility to explore topics relevant to HCPs’
perspectives further. For example, one question from the
interview guide asked participants to describe how they adapted
their use of eHealth tools based on individual patient needs,
providing deeper insights into their experiences and perceptions
regarding the patient-HCP relationship.

The characteristics of the 20 HCPs who participated in the
interviews varied across the 9 clinics. Each clinic contributed
between 1 and 4 HCPs, with a median of 2, ensuring a good
spread of perspectives across the clinics involved. Participants
were aged between 24 to 59 years, with a mean of 45 (SD 9.3;
IQR 41-52) years.

Table 1 presents participants’ characteristics, categorized by
profession, years of practice, duration of using mobile
documentation tools, and duration of using mobile
preconsultation forms. All (20/20, 100%) participants used the
mobile documentation tool, while only 60% (12/20) of them
used the mobile preconsultation form. This difference in tool
use reflects the phased implementation approach common in
health care settings, allowing for the gradual adoption and
refinement of new technologies. The relatively short duration
of eHealth tool use for many participants (0-2 years) illustrates
the dynamic nature of health care staffing, characterized by a
high turnover rate [25]. HCPs joining from other organizational
suppliers of health care or units typically lacked previous
experience with these specific eHealth tools. This limited
experience duration accurately represents the reality found in
many health care units and provides valuable insights into the
initial adoption phase of eHealth tools in advanced home care.

These factors—the selection process, varied tool familiarity,
and relatively short use duration—shaped the findings by
offering a realistic snapshot of eHealth tool adoption in health
care units where staff turnover is common. While this scenario
limits observations on long-term impacts, the study offers a
pragmatic view of eHealth tool implementation, helping
stakeholders set realistic expectations and develop strategies
that account for the realities of staff turnover and varying levels
of tool familiarity in health care settings.
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Table 1. Participant characteristics.

Duration of the use of mobile
preconsultation form (y)

Duration of the use of mobile
documentation tools (y)

Duration of clinical practicea (y)Participant

—b0-26-10Nurse 1

—0-216-20Nurse 2

0-20-26-10Nurse 3

0-20-26-10Nurse 4

0-20-26-10Nurse 5

0-20-20-5Nurse 6

3-53-56-10Nurse 7

0-20-20-5Nurse 8

3-53-50-5Nurse 9

0-20-20-5Nurse 10

0-2>56-10Nurse 11

—0-211-15Nurse 12

0-20-20-5Nurse 13

0-20-26-10Nurse 14

0-20-20-5Nurse 15

—0-26-10Assistant nurse 1

—0-26-10Assistant nurse 2

—0-20-5Assistant nurse 3

—3-50-5Assistant nurse 4

—0-2>20Operational therapist 1

aClinical practice: total time spent as health care professionals across all settings, including advanced home care clinics.
bNot applicable.

Data Analysis
The interview, recorded in audio format, underwent verbatim
transcription and subsequent review for accuracy and
completeness. Following the transcription of the data,
participants’ responses were systematically organized and
categorized. The analysis was conducted using a content analysis
approach grounded in the methodology described by Graneheim
and Lundman [26]. The process began with a thorough data
familiarization. To gain a deep understanding of its content, we
immersed ourselves in the material, reading it carefully multiple
times. Once a comprehensive understanding of the data was
achieved, we identified meaning units—specific segments of
text that conveyed key information relevant to the study’s
objectives. These meaning units were then condensed to retain
their core meaning while eliminating unnecessary details. Each
condensed meaning unit was assigned a code, which served as
a concise label capturing its essential message. The codes were
reviewed and grouped into subcategories based on shared
patterns and similarities, providing a more detailed and refined
understanding of the data. These subcategories were
subsequently combined into broader categories that represented
the distinct dimensions of our study. We then merged related
categories and identified key subthemes. Ultimately, we
consolidated these findings into an overarching theme. This

theme captured the core insights from the data, highlighting
both the benefits and challenges of eHealth tool use in advanced
home care from HCPs’ perspectives.

Ethical Considerations
This research was conducted in Sweden. According to the
Swedish Ethical Review Act (SFS 2003:460) [27,28], this study
does not require ethics approval as it does not involve the
handling of sensitive personal information, as defined by the
European General Data Protection Regulation (GDPR),
Regulation (EU) 2016/679 [29]. However, we acknowledge
that ethical principles still apply and have been followed in
accordance with relevant regulations and research guidelines.

Prospective study participants received an invitation email
outlining the study’s purpose. Those who agreed to participate
were contacted via email, SMS text messages, or phone calls
to schedule interviews according to their preferences. Before
beginning the interviews, participants were provided with a
comprehensive explanation of the study objectives, interview
procedures, and their rights. Both verbal and written consent
were obtained from each participant, with informed consent
signed by the participant and the researcher. The consent form
included information regarding the aim of the study, potential
risks and discomforts, potential benefits, how confidentiality
would be handled, the right to withdraw, and consent
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procedures. It also assured participants of their confidentiality.
All participants were informed of their right to withdraw from
the study at any stage. Furthermore, no monetary or
nonmonetary compensation was provided to any participants.
Finally, they were assured that all raw data, comprising audio
recordings and interview notes, would be stored on a secured
laptop with biometrics log-in (fingerprint) for enhanced data
security.

Results

Overview of Data Analysis
The data analysis identified one main theme—optimizing health
care with eHealth: enhancing care delivery and overcoming
challenges for future health care. Two subthemes emerged: (1)

enhancing care delivery, collaboration, and overcoming adoption
barriers and (2) streamlining implementation and advancing
eHealth tools for future health care delivery. Five categories
were also identified: (1) positive experiences and benefits, (2)
interactions between HCPs and patients, (3) challenges and
difficulties with eHealth tools, (4) integration into the daily
workflow, and (5) future directions. Table 2 shows the
subcategories, categories, subthemes, and themes that emerged
after coding.

The overarching theme highlighted the study’s central focus on
the HCPs’ perspectives on the use and integration of eHealth
tools in their daily practice. It emphasized how these tools
impact the dynamics of health care delivery, including their
influence on the relationships between HCPs and patients, and
how they shape the overall patient care experience.

Table 2. Overview of the optimizing health care with electronic health: enhancing care delivery and overcoming challenges for future health care
theme, subthemes, categories, and subcategories.

SubcategoriesSubtheme and categories

Enhancing care delivery, collaboration, and overcoming adoption barriers

Positive experiences and benefits • Efficiency
• Better documentation and enhanced patient safety

Interactions between HCPsa and patients • Unaffected HCP-patient relationships
• Enhanced patient engagement
• Communication barrier

Challenges and difficulties with eHealth tools • Technical and resource challenges
• Patient-related factors

Streamlining implementation and advancing eHealth tools for future health care delivery

Integration into the daily workflow • Ease of use
• System integration and application

Future directions • Staff recommendations
• Continuity of use

aHCP: health care professional.

Enhancing Care Delivery, Collaboration, and
Overcoming Adoption Barriers

Positive Experiences and Benefits
The participants highlighted several benefits of using the mobile
documentation tool. One significant advantage was the
decreased documentation time during patient consultations. The
mobile tool allows HCPs to document directly during patient
encounters, which increase efficiency by eliminating the need
for double documentation [30] and reducing the time spent on
paperwork. Approximately two-thirds (13/20, 65%) of the HCPs
indicated that the mobile documentation tool helped them save
time on documentation:

I think it [the mobile documentation tool] decreases
my work time [taking clinical notes during
consultation]. [Nurse 6]

It saves me time because I document while I am at
the patient’s house. [Nurse 9]

Another benefit mentioned was the standardization of content
for clinical note-taking. The use of standardized templates within
the mobile tool ensured that all relevant information was
captured consistently, which is crucial for effective patient care.
Participants also expressed an enhanced sense of safety and
security for patients when using the mobile documentation tool.
This improvement was attributed to more accurate and timely
documentation of health status, which contributed to better
patient outcomes. The time saved through efficient
documentation potentially translated to improved patient care
quality. With reduced administrative burden, HCPs could devote
more time to meaningful patient interactions, allowing more
in-depth discussions about health concerns and treatment plans.

While most (13/20, 65%) participants perceived the mobile
documentation tool as beneficial, some noted challenges. A few
(7/20, 35%) participants reported that it disrupted their routine
workflow by prolonging consultation times. They found that
carrying the iPad during home care visits added to their
equipment load, making it inconvenient:
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I think it [the mobile documentation tool] increases
my work time. My usual consultation is about 20-30
minutes, with it [the mobile documentation tool], it
can take 45-50 minutes. We carry a lot of equipment
during home care visits, including a laptop, and it
can be heavy. The iPad is an additional weight.
[Nurse 1]

Because we cannot do everything we need in the
[mobile documentation] tool, it kind of doubles the
work for us. [Nurse 4]

Among users of the mobile preconsultation form, participants
highlighted several advantages, including knowing the patient’s
medical concerns in advance and saving time on preparations.
This previsit work done by patients reduced the administrative
workload on HCPs, allowing for a more efficient use of
consultation time.

Standardizing documentation through the mobile documentation
tool and preconsultation form may lead to more consistent and
thorough patient assessments across different HCPs. This
standardization ensures that all relevant information is captured
systematically, potentially improving the continuity of care and
reducing the risk of overlooking critical patient data.

The use of eHealth tools in advanced home care led to better
documentation practices while enhancing patient safety. The
majority (13/20, 65%) of the participants found the standardized
content of the mobile documentation tool beneficial, noting that
it ensured they would not overlook critical information:

It is kind of nice that the [mobile documentation] tool
has a lot of information that can help with taking
notes. Also, the setup is the same for everyone, so I
think the note-taking is sort of standardized. [Nurse
1]

This standardized approach to documentation not only improved
consistency across different HCPs but also potentially enhanced
the quality of patient care. By ensuring comprehensive data
collection, the tool might lead to more informed clinical
decision-making and improved continuity of care. The structured
format guided HCPs through specific assessment points, helping
to ensure that all relevant aspects of patient care were addressed
during consultations. Improved documentation through eHealth
tools contributed to patient safety and security. Participants
noted that accurate information recorded in EHRs reassures
patients, helping them feel more secure in their care:

When we use [the mobile documentation tool], we
can check the necessary things we have to ask the
patient. We will not forget anything because we have
a guide, I think that is good for the patient...it can
increase patient security. [Nurse 13]

I think they [patients] feel safer when I can write
everything in the [mobile documentation] tool while
I am with them, and they can check what I write.
[Nurse 8]

The ability for patients to review clinical notes during
consultations further enhanced their confidence, fostering a
sense of transparency in the health care process and further
strengthening the relationship. This aligned with the principle

of “equal care” in Sweden, which emphasizes the importance
of providing consistent quality care to all patients, regardless
of their location or the HCPs they encounter [31].

By standardizing documentation practices, eHealth tools
contributed to this principle by ensuring that all relevant patient
information is consistently captured and accessible to different
HCPs. This standardization not only improved continuity of
care but also enhanced trust between patients and HCPs. The
structured format of the mobile documentation tool facilitated
comprehensive data collection, allowing HCPs to focus on
critical issues during consultations. This approach optimized
patient interactions and strengthened the overall quality of care
provided, aligning with Sweden’s commitment to equitable
health care access.

Interactions Between HCPs and Patients
All (20/20, 100%) participants indicated that their relationship
with patients remained unaffected by the implementation of
both the mobile documentation tool and the mobile
preconsultation form. This finding suggested that HCPs were
able to maintain their interpersonal skills and patient-centered
approach while integrating eHealth tools into their practice:

I think nothing has changed in how I interact with
patients when using it [the mobile documentation
tool]. [Nurse 5]

The consistency in relationships despite introducing new
technology highlighted the adaptability of HCPs in maintaining
effective communication with patients. While the eHealth tools
introduced new elements to patient interactions, such as the
physical presence of devices, HCPs appeared to successfully
navigate these changes without compromising the quality of
their patient relationships. Furthermore, the mobile
preconsultation form may have enhanced patient engagement
by allowing patients to provide more comprehensive information
before consultations. This previsit work could potentially lead
to more focused and in-depth discussions during face-to-face
interactions, without negatively impacting the HCP-patient
relationship.

The mobile preconsultation form emerged as a tool that
potentially enhances patient engagement in their care. Some
(3/12, 25%) participants noted that certain patients provided
more comprehensive information through written responses on
the mobile preconsultation form than during face-to-face
interactions with the HCPs. This suggested that the tool may
lead to more informed and collaborative interactions during
consultations:

If you send out the form, I think you can get more
information from the patients because they [patients]
have more time to think about it rather than when we
ask them in person. [Nurse 7]

The previsit work done by patients allowed them to elaborate
on both current problems and positive aspects of their health
status. This more comprehensive written information might
shift the dynamics of face-to-face interactions, potentially
allowing more focused and in-depth discussions during
consultations. Furthermore, the mobile preconsultation form’s
ability to highlight patients’ medical concerns in advance
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enabled HCPs to prepare more effectively for consultations.
This preparation may contribute to more efficient and
patient-centered interactions, as evidenced by one participant’s
comment:

We send out the form once every four weeks for when
we do the team rounds, it can help us in doing the
team rounds, making it faster and more efficient, in
my experience. [Nurse 5]

By facilitating more comprehensive information gathering and
allowing HCPs to focus on critical issues, the mobile
preconsultation form may enhance patient engagement and
potentially improve the quality of HCP-patient interactions in
advanced home care settings.

Participants mentioned communication barrier as a challenge.
While the eHealth tools offered numerous benefits, 20% (4/20)
of the participants observed noted challenges in their use during
patient interactions. These HCPs noted that the iPad (mobile
documentation tool) could sometimes be a barrier to effective
communication:

When I am holding the iPad in front of the patient, it
kind of becomes a barrier between us. [Nurse 6]

When using the iPad, you tend to look down instead
of looking at the patient directly. [Nurse 9]

Maybe some patients find it rude [using an iPad
during consultation], but most of them understand
that we do it to get everything right. Also, I think
sometimes I have a less open conversation with
patients. [Nurse 10]

Most (16/20, 80%) participants did not report communication
issues, suggesting that the majority of HCPs were able to
integrate the eHealth tools without significant impact on patient
interactions. Compared to traditional pen-and-paper methods,
the eHealth tool presented both advantages and challenges for
patient-HCP communication. While pen-and-paper notes may
feel less intrusive during patient interactions, the eHealth tool
offers improved legibility, standardization, and ease of data
retrieval, potentially enhancing the quality of information shared
with patients. However, the physical presence of the device
could create a perceived barrier for some HCPs and patients.
The eHealth tool’s structured format ensures comprehensive
documentation, potentially reducing the risk of omitting crucial
information compared to freeform paper notes. This
standardization may lead to more consistent and thorough patient
assessments across different HCPs, indirectly benefiting patient
care and communication. However, this structure might
sometimes limit the flexibility in capturing nuanced patient
narratives.

Regarding focus on issues and medical decision-making, the
eHealth tool’s ability to provide instant access to patient history
and standardized assessments can potentially enhance HCP’s
ability to focus on critical issues during patient interactions.
However, as noted by some participants, the tool might
occasionally divert attention from direct patient interaction.
These observations highlighted the need for balanced use of
eHealth tools, combining their benefits with maintaining
effective patient communication. HCPs may need to develop

strategies to integrate these tools seamlessly into their patient
interactions, ensuring that technology enhances rather than
hinders the HCP-patient relationship.

Challenges and Difficulties With the eHealth Tools
While most (14/20, 70%) participants reported no technical
issues, some HCPs encountered technical and resource
challenges when using eHealth tools in advanced home care.
Specifically, 30% (6/20) of the participants faced technical
problems with the mobile documentation tool, including log-in
difficulties, frequent software updates, and issues importing
clinical notes to the patient’s EHR:

First, when you come in to work, you have to log in
to the [mobile documentation tool]. Sometimes, it’s
a problem. Now, with the frequent updates—they do
updates like every week—there is often something
wrong after each update... [Nurse 3]

Notably, 100% (12/12) of the participants who used the mobile
preconsultation form reported no technical issues at all. Resource
limitations were a more widespread concern. All (20/20, 100%)
participants noted the need to share iPads among staff members,
potentially limiting access and flexibility in documentation:

The staff has to share iPads [with the mobile
documentation tool] within the team. [Nurse 9]

These challenges highlighted the importance of robust IT
infrastructure and adequate resource allocation in eHealth
implementation. While technical issues affected only a minority
(6/20, 30%) of users, device sharing impacted all (20/20, 100%)
participants, potentially influencing HCP efficiency and,
consequently, patient care quality.

Patient-related factors, such as patient characteristics,
influenced the adoption and use of eHealth tools in advanced
home care. Approximately 55% (11/20) of the participants noted
that the patient’s age and health conditions affected
receptiveness to eHealth tools, particularly the mobile
preconsultation form:

Not all patients are open to using the [mobile
preconsultation] form. Usually, older patients or those
with difficult diseases are not open to it. [Nurse 12]

HCPs demonstrated adaptability by adjusting their approach
based on patient characteristics. This flexibility was crucial for
maintaining quality care across diverse patient populations.
However, it also raised concerns about potential disparities in
care delivery between technologically proficient patients and
those less comfortable with eHealth tools. Some patients
expressed skepticism about using the mobile preconsultation
form, particularly due to privacy concerns:

There are patients who are skeptical about using it
[the mobile preconsultation form], as it involves using
their [personal information] BankID [a Swedish
electronic identification system]. [Nurse 11]

On the other hand, a subset of patients, predominantly younger
individuals, demonstrated an openness to using eHealth tools,
according to 55% (11/20) of the participants. This varying
receptiveness highlighted the need for a personalized approach
in implementing eHealth tools in advanced home care settings,

JMIR Hum Factors 2025 | vol. 12 | e60582 | p.2372https://humanfactors.jmir.org/2025/1/e60582
(page number not for citation purposes)

Rivas et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


ensuring that all patients receive appropriate care regardless of
their technological proficiency.

Streamlining Implementation and Advancing eHealth
Tools for Future Health Care Delivery

Integration Into the Daily Workflow
Regarding ease of use, 75% (15/20) of the participants found
the mobile documentation tool easy to use. The initial
introduction and demonstration of these eHealth tools to HCPs
lasted an hour and was perceived as sufficient by all the 12
(12/12, 100%) participants who received it. Some (4/20, 20%)
participants had the opportunity to familiarize themselves with
the tool beforehand as part of the implementation team, while
12 (12/20, 60%) participants received information during
introductory seminars at their clinics. Some (4/20, 20%)
participants only underwent introductory training after using
the mobile documentation tool:

I have tried it [the mobile documentation tool],
honestly, without any training... I tried to use it... I
think it is easy. [Assistant Nurse 2]

My colleague taught me how to use it [the mobile
documentation tool]. [Nurse 8]

In addition, 25% (5/20) of the participants reported that the
log-in process and navigating through all the components of
the mobile documentation tool required some time to become
familiar with, but they gradually improved with more use:

As I continue to use it [the mobile documentation
tool], I learn more about it, which makes me better
at using it. [Nurse 2]

Regarding system integration and adaption all (20/20, 100%)
participants highlighted challenges in integrating eHealth tools
into existing systems and their practical application in advanced
home care. A key limitation was the incomplete integration of
the mobile documentation tool with the existing EHR system,
TakeCare. While clinical notes could be uploaded to the
patient’s journal, other crucial data remained inaccessible
through the mobile tool, requiring staff to rely on computers
for a complete view of patient information:

It [the mobile documentation tool] doesn’t have all
the functions that you have in the EHR. [Nurse 7]

[B]ecause with the computer, I can do and see
everything on the patient’s EHR, but not with the
iPad. [Nurse 4]

The lack of full system integration disrupted seamless workflows
and raised concerns about potential inconsistencies in
documentation and delays in accessing critical information
during consultations. Participants expressed a strong desire for
improved interoperability to ensure that all necessary data are
accessible on the mobile device.

Regarding practical application, HCPs generally found the
mobile preconsultation form useful for integrating into their
existing workflows. However, its applicability was perceived
as limited for certain patient groups and care scenarios. For
example, HCPs noted that sending the form before every
consultation was unnecessary for patients with chronic

conditions requiring long-term care as their primary clinical
concerns often remained consistent:

For example, I have had this patient for a very long
time, and the patient has a chronic condition. I don’t
need to send the form [before] every visit because the
status is still the same. [Nurse 11]

Despite these limitations, participants acknowledged the value
of the preconsultation form for new patients or those with
changing health conditions. It allowed HCPs to gather detailed
information in advance, facilitating more focused consultations.
These findings underscored the importance of improving system
integration to enhance workflow efficiency while adapting
eHealth tools to meet diverse patient needs in advanced home
care settings.

Future Directions
HCPs shared recommendations on enhancing the effectiveness
of the eHealth tools in their daily workflow in advanced home
care. Most (16/20, 80%) participants expressed that completely
integrating the mobile documentation tool with the patient’s
EHR system would improve efficiency. They suggested that
accessing the same information as in the patient’s EHR directly
on the mobile device would eliminate the need to switch
between the iPad and the computer for clinical documentation,
improving their workflow:

Lab results and checking off the to-do list, that is what
is still missing, I think...and an easier login. [Nurse
9]

All (12/12, 100%) HCPs who used the mobile preconsultation
form found it adequate. However, 17% (2/12) of the participants
suggested further enhancements to the interface, including
languages other than Swedish:

The [mobile preconsultation] form does not look very
good, in my opinion. It can be better. [Nurse 11]

Regarding equipment use, half (10/20, 50%) of the participants
expressed that having sufficient iPads for all staff members
would be advantageous, reducing the need for frequent logging
in and out.

Approximately two-thirds (14/20, 70%) of participants
anticipated continuity of use of the 2 eHealth tools in advanced
home care, acknowledging the emergence of the new
technologies. In addition, 45% (9/20) of the HCPs expressed
optimism regarding the increased patient acceptance of
technology in health care:

I think they [patients] will use them [eHealth tools]
more and more in the future. [Nurse 7]

Discussion

Principal Findings
The aim of this study was to explore HCPs’ perspectives on
using eHealth tools in advanced home care and their impact on
HCP-patient relationships. In total, 20 HCPs from 9 different
advanced home care clinics participated in the interviews,
leading to the identification of five categories: (1) positive
experiences and benefits, (2) interactions between HCPs and
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patients, (3) challenges and difficulties with the eHealth tool,
(4) integration into the daily workflow, and (5) future directions.

Overall, most (13/20, 65%) HCPs expressed a positive
perspective regarding the 2 eHealth tools used in the study: the
mobile documentation tool and the mobile preconsultation form.
The results showed that HCPs identified several benefits for
themselves and their patients. Notably, 65% (13/20) of the
participants reported that the mobile documentation tool allowed
them to document directly during patient encounters, eliminating
double documentation and saving time. Standardized templates
within the tool ensured consistency in clinical note-taking, which
participants believed enhanced patient safety by reducing errors
and omissions.

While most (13/20, 65%) HCPs reported increased efficiency,
35% (7/20) experienced the opposite, suggesting that user
acceptance of eHealth is multifaceted. These participants
reported that the mobile documentation tool disrupted their
routine workflow by prolonging consultation times and adding
to their equipment load during home care visits. This highlights
the importance of considering individual user experiences in
eHealth implementation. The ease of use of the eHealth tools
was a significant factor in their integration into daily workflows.
Most (15/20, 75%) of the participants found the mobile
documentation tool easy to use, indicating successful integration.
This high level of usability likely contributed to the overall
positive reception of the tools and suggested that well-designed
eHealth solutions can be effectively adopted in advanced home
care settings.

However, HCPs noted challenges, both tool-related and
patient-related. Some (6/20, 30%) of the participants faced
technical problems with the mobile documentation tool,
including log-in difficulties and issues importing clinical notes
to the EHR. These technical challenges highlight the need for
robust IT infrastructure and ongoing technical support in eHealth
implementation. Resource limitations were a widespread
concern, with all participants noting the need to share iPads
among staff members. This sharing potentially limits access
and flexibility in documentation, impacting workflow efficiency.
Future eHealth implementations should consider resource
allocation to ensure adequate device availability for all HCPs.

Patient characteristics influenced the adoption of eHealth tools,
particularly the mobile preconsultation form. Approximately
55% (11/20) of the participants noted that patient age and health
conditions affected receptiveness to these tools. This finding
underscores the importance of tailoring eHealth implementations
to diverse patient populations and considering alternative
approaches for patients less comfortable with technology. The
mobile preconsultation form emerged as a tool that potentially
enhances patient engagement. Some (3/12, 25%) of the
participants using this tool noted that certain patients provide
more comprehensive information through written responses
than face-to-face interactions with HCPs. This previsit work
allows for more focused and efficient consultations, potentially
improving the quality of HCP-patient interactions.

Regarding the HCP-patient relationship, all (20/20, 100%)
participants reported that the use of eHealth tools had no
significant impact on the relationship with patients. This

suggests that HCPs successfully maintained their interpersonal
skills and patient-centered approach despite introducing new
technology. However, 20% (4/20) of the participants noted that
using devices such as iPads could occasionally act as a
communication barrier during consultations, highlighting the
need for strategies to seamlessly integrate technology into
patient interactions.

Looking to the future, 70% (14/20) of the participants
anticipated continued use of the eHealth tools in advanced home
care, reflecting their perceived long-term value despite existing
challenges. In addition, 45% (9/20) of the HCPs expressed
optimism about increased patient acceptance of technology in
health care. While participants did not report changes in
HCP-patient interactions, they emphasized that current eHealth
tools successfully maintain existing relationships without
negatively impacting communication or rapport.

Comparison With Prior Work
Mathijssen et al [32] highlighted a similar finding of positive
perception of eHealth by HCPs in home care. Despite recognized
challenges such as inadequate training and support, data privacy
concerns, and the necessity for more user-friendly technology,
eHealth in home care is seen as a promise to enhance care
quality. A study focusing on a specific eHealth tool, electronic
medication administration records, emphasized the importance
of cautious implementation due to potential unintended
consequences [33]. Participants noted that the electronic
medication administration records introduced new tasks
alongside existing nursing tasks. In contrast, our study found
no perceived changes in the workflow or work situation due to
eHealth tools, potentially contributing to their overall positive
reception.

Carlqvist et al [34] conducted a qualitative interview study
examining how an eHealth application can serve as a
value-creating resource from the perspective of HCPs. Their
findings indicated that while such applications can enhance
proactive communication and support patient engagement in
self-care, challenges remain. Notably, patients’ difficulties in
using the application or performing measurements sometimes
led to value destruction, requiring time-consuming recovery
efforts by professionals. This contrasts with our study, where
HCPs reported no significant workflow disruptions due to
eHealth tools, potentially contributing to their positive
acceptance.

Nakrem et al [35] explored the introduction of digital medicine
dispensers in home health care services and their influence on
patient-caregiver relationships. They found that while such
technologies can improve efficiency and enhance patient
independence, they may also strain patient-caregiver
relationships if not aligned with patients’ needs and safety
concerns. However, in our study, HCPs did not perceive eHealth
tools as affecting their relationships with patients, suggesting
that the specific type of technology and its implementation
context play crucial roles in acceptance and impact.

Furthermore, Ramachandran et al [36] conducted a review
examining the impact of eHealth on patient-HCP and HCP-HCP
relationships in primary care. They found that eHealth can have
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both positive and negative effects on relationships and trust,
influenced by factors, such as technology design, patient
demographics, and organizational implementation strategies.
This aligns with our findings, where the successful integration
of eHealth tools without perceived workflow disruptions may
be attributed to effective implementation strategies and
user-centered design.

Future Research
Future studies could explore strategies for seamlessly integrating
eHealth tools into patient interactions without compromising
communication quality. In addition, research into personalized
eHealth solutions that accommodate diverse patient needs and
preferences could address challenges related to patient
characteristics. Investigating the long-term impacts of eHealth
tools on care quality, patient outcomes, HCP-patient
relationships, and HCP job satisfaction would provide valuable
insights for future implementations.

Another important area for investigation is the development
and implementation of features that actively enhance
HCP-patient relationships in advanced home care environments.
For instance, improving patient education modules or creating
shared decision-making tools tailored to home care settings
could address some of the gaps identified in this study, such as
maintaining meaningful interactions while using eHealth tools.

Furthermore, exploring the role of relatives in supporting
patients with eHealth tools could offer new avenues for
enhancing patient engagement and care delivery [37]. Relatives
could assist with completing preconsultation forms or managing
digital tools for patients who face challenges due to age or health
conditions. Recognizing relatives as key stakeholders alongside
HCPs may improve overall patient support in advanced home
care settings [38].

Limitations
This study focused specifically on advanced home care settings
in Sweden, which may limit the applicability of findings to other
health care contexts. The unique characteristics of advanced
home care, such as the need for mobile documentation and
remote patient monitoring, shaped the experiences reported by
HCPs. In addition, the exclusive focus on HCPs’ interviews
represents another limitation. Incorporating patients’
perspectives could offer valuable insights and contribute to a
more comprehensive understanding of the implementation of
eHealth tools in advanced home care.

Conclusions
HCPs in advanced home care recognize the value of eHealth
tools in their daily work while maintaining the quality of their
relationships with patients. The study provides insights into
both the experiences of HCPs using eHealth tools and how these
tools influence their interactions with patients in advanced home
care settings. Positive experiences related to eHealth use and
the level of integration of eHealth tools into daily work motivate
staff to use these tools, potentially allowing for more time and
focus on patient interactions. By contrast, negative experiences
with the eHealth tools limit their use and acceptance.

Notably, HCPs reported no perceived changes in their
relationships with patients when using the mobile documentation
tool and the preconsultation form tool. This suggests that
eHealth tools can be integrated into care delivery without
compromising the personal aspect of HCP-patient interactions.
Although most of the staff in the study had a positive view of
their use of the eHealth tools, understanding the challenges they
encounter is essential to increase acceptance and success in
implementation further. Future development should focus on
features that not only improve efficiency but also actively
enhance HCP-patient relationships in the advanced home care
setting.
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Abstract

Background: The rapid advancement of next-generation sequencing has significantly expanded the landscape of precision
medicine. However, health care professionals face increasing challenges in keeping pace with the growing body of oncological
knowledge and integrating it effectively into clinical workflows. Precision oncology decision support (PODS) tools aim to assist
clinicians in navigating this complexity, yet their current functionalities only partially address clinical needs. A lack of
comprehensive needs assessment may result in unaddressed requirements, limiting the effectiveness of these tools in real-world
practice.

Objective: This study aimed to explore clinicians’ needs and expectations regarding the functionalities of integrated PODS
tools, providing insights into essential features that could enhance their usability and impact.

Methods: We conducted a qualitative investigation at Peking University Cancer Hospital to explore clinicians’ needs and
expectations for the functions of integrated PODS tools. Data were collected through 143 structured participant observations
during multidisciplinary team meetings and 17 in-depth semistructured interviews with a diverse group of oncology specialists,
including physicians, surgeons, molecular biologists, radiotherapists, radiologists, and pathologists. Thematic analysis was applied
to identify key functional requirements, and a requirements framework was formed.

Results: Three overarching functional needs emerged: (1) better access to oncological knowledge, including support for therapy
selection (guidelines, conferences, and consensuses), clinical trials, drug and treatment information, and complex case knowledge,
as well as improved diagnostic and prognostic insights; (2) clinical contextualization and resource navigation, referring to the
process of contextualizing scientific knowledge within real-world clinical settings, including access to clinical trials and drugs,
along with predictive models for treatment response; and (3) support abilities in the decision-making process, highlighting the
need for integration of flexible biological knowledge and phenotypic data; automated patient information synthesis; improved
data visualization; and optimized retrieval, recommendation, and question-answering functionalities. A functional framework
for integrated PODS tools was proposed based on these findings.
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Conclusions: The study conducted a qualitative descriptive observation and interview in the use, needs of integrated PODS
tools. PODS tools serve as complex, multilevel decision support systems. A clear understanding of clinicians’ actual needs is
crucial for their refinement and practical adoption. By capturing perspectives directly from oncology professionals, this study
provides actionable insights into the functional enhancements required for PODS tools, ultimately aiming to bridge the gap
between genomic advancements and clinical decision-making in precision oncology.

(JMIR Hum Factors 2025;12:e67476)   doi:10.2196/67476

KEYWORDS

precision oncology decision support; needs analysis; structured observation; semistructured in-depth interview; functional
framework; artificial intelligence

Introduction

Background
Advancements in next-generation sequencing have paralleled
the rise of precision oncology, leading to the discovery of
numerous diagnostic biomarkers for cancer and the approval of
many targeted drugs by regulatory authorities, such as the US
Food and Drug Administration, European Medicines Agency,
and National Medical Products Administration, as well as
recommendations by prestigious organizations such as the
National Comprehensive Cancer Network), European Society
for Medical Oncology, and Chinese Society of Clinical
Oncology (eg, tepotinib [1] and sunvozertinib [2]). Despite this
progress, health care professionals face challenges in keeping
pace with these advancements and determining the most
effective treatment strategies, as well as handling complex
genomic information, such as regularly updating information
and understanding the clinical significance of genomic
alterations [3].

Currently, clinicians mainly rely on genetic testing reports to
acquire the genomic profile of patients with cancer and to
understand the clinical significance of certain genetic variants
[4]. With rapidly growing knowledge of precision oncology,
the content of genetic testing reports has greatly expanded,
which also brings the problem of inconvenience in reading and
searching [5]. Moreover, the heavy clinical workload
significantly limits the time available to review the full contents
of genetic testing reports [6]. A fast and effective way to display
comprehensive genomic information may help clinicians locate
the needed information easily [7].

Under these circumstances, computer-based interactive precision
oncology decision support (PODS) tools have emerged. In
oncology, tools with high interactivity and interoperability, such
as knowledge and clinical trial (CT) databases [8-10], therapy
recommendation engines [11], literature search tools [12], and
predictive algorithm–based models [13], have been developed
and are anticipated as valuable resources for facilitating the
timely update and informed interpretation of genomic data from
bioinformatics research to clinical statistical analysis [14-17].
The literature has described the properties, opportunities, and
future effects of these tools [18,19].

However, it should be noted that although these tools may bring
broad prospects in oncology research, they may not fully meet
the needs of practical clinical application [20]. There are already
systems integrating some of these functions of PODS tools for

clinicians [21,22], but 2 key issues of current clinician-oriented
PODS tools remain unclear.

The first issue is that clinician-oriented PODS functions are
scattered across different tools. When somatic mutations and
germline variants were detected in patients with cancer, to make
a more appropriate and individualized treatment plan based on
the patients’ genomic profile, some functions, such as (1)
whether these variants are pathogenic or oncogenic [23], (2)
how they are involved in tumorigenesis and cancer progression
[24,25], (3) what their biological functions and clinical
significance are [26,27], (4) to what extent they potentially
affect the patients’diagnosis and treatment [28], and (5) whether
they will influence the choice of certain therapeutic strategy or
clinical management, may be clinicians’ interests [29-32].
However, currently, a single available knowledge base could
only meet 1 or 2 aspects of the abovementioned clinical
requirements. To answer all these questions, clinicians must
search in multiple knowledge bases using various search engines
to achieve 1 goal, as different evidence may be scattered across
diverse databases [33]. Such a process of switching tools
normally costs a large amount of time with limited achievement.

The second issue is that some clinician needs regarding PODS
tools remain unclear. Clinicians from different specialties may
require different PODS functions, and while some
commonalities could be found through needs analysis, the
current lack of need analysis results in current PODS tools not
yet meeting all practical requirements from clinicians. This fact
restrains the clinical implementation of PODS tools and
underestimates the clinical value of genomic data from patients
with cancer [7]. Moreover, the lack of need analysis exposes
the problem that there is currently no appropriate evaluation
metric for the measurement of the quality of developing such
metrics for PODS tools [34].

Objectives
This study aimed to explore clinicians’perceptions of functional
needs in PODS tools. It also seeks to identify the existing urgent
needs not met by current tools and outline a functional need
framework for PODS tools.

Methods

Study Design and Theoretical Framework
This qualitative descriptive study, informed by a naturalistic
perspective and grounded theory [35,36], investigates how
clinicians use PODS tools in multidisciplinary teams (MDTs)
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and routine clinical practice. Comprising experts such as
molecular biologists, physicians, surgeons, radiotherapists,
radiologists, pathologists, and specialists from other departments
(Table 1), MDT plays a crucial role in integrating clinical data
and molecular profiling to tailor targeted therapies [37-39]. In
routine clinical practice, such as in outpatient services, clinicians
see many patients with simple to complex medical conditions.
When the course of disease and treatments has either no clinical
guideline to be followed or lacks evidence to support standard
treatments, the case is raised for discussion in an MDT.

Therefore, structured observation of MDT discussion was
selected to investigate the need for PODS tools for clinicians
and to propose elements for a framework of PODS tools. These
elements were then validated and further verified by in-depth
semistructured interviews, which might not only reflect the
perspective of clinicians and quickly capture their views as a
complement to objective observation but also constantly explore
the deep reasons behind the ideas for unclear clinical
requirements.

Table 1. Characteristics of MDTa records.

Gastrointestinal Oncology CenterThoracic Oncology CenterSite

2026Observations, n

5786Records, n

10-2015-40Participants, n

12 (21)39 (45)Patients with genetic testing, n (%)

Once a weekOnce a weekFrequency

20-4010-120Duration (min)

10-1510-20Discussion duration per patient (min)

3-64-10Speakers per discussion, n

Participating specialties

✓✓Surgeon

✓✓Physician

✓✓Radiotherapist

✓✓Radiologist

✓✓Pathologist

✓d✓MDCb staffc

—e✓Nursing

—✓TCMf

aMDT: multidisciplinary team.
bMDC: Molecular Diagnostic Center.
cMolecular biologists and geneticists from the Molecular Diagnostic Center.
dThe molecular biologists and geneticists are present, but because of the genetic test information from the patients, they seldom speak in multidisciplinary
teams and the Traditional Chinese Medicine Department.
eNot applicable.
fTCM: traditional Chinese medicine.

The study adhered to the COREQ (Consolidated Criteria for
Reporting Qualitative Research) checklist [40]. Conducted from
June 2023 to June 2024, the study used a multiple qualitative
approach, combining structured participant observation and
in-depth semistructured interviews to comprehensively assess
the use and integration requirements of PODS tools [41].

Setting and Data Collection
Structured participant observations and in-depth semistructured
interviews were conducted at Peking University Cancer Hospital
(PUCH). Participant observation data were collected during
MDT meetings held by the Thoracic Oncology Center and
Gastrointestinal Oncology Center; these meetings occurred

weekly and involved large discussion groups, with an average
of 19.92 (SD 5.51) participants per session.

The process of the research could be divided into 3 parts:
qualitative observation, in-depth semistructured interview, and
data analysis (Figure 1). MDT principals and interviewees all
signed informed consent. Interviewees were selected using
sampling theory and snowball sampling [42], based on the
following criteria: (1) holding a medical certificate, (2) working
in tumor-related clinical practice, (3) participating in MDTs,
and (4) having experience using PODS tools or having heard
of or observed the operation of PODS tools. Data saturation
was defined as the point at which <5% of the total codes were
new across 3 consecutive MDT observations. Snowball sampling

JMIR Hum Factors 2025 | vol. 12 | e67476 | p.2381https://humanfactors.jmir.org/2025/1/e67476
(page number not for citation purposes)

Zheng et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


was terminated when no new codes or ideas emerged from the
2 most recent interviews. Each interview took place at the

clinicians’ lounge.

Figure 1. The process of the research. MB: molecular biologist; MDT: multidisciplinary team; TCM: traditional Chinese medicine.

Qualitative Structured Participant Observation
From May to December 2023, 2 team members, SZ and YF,
observed MDTs at the Thoracic Oncology Center and
Gastrointestinal Oncology Center. YF participated fully in MDT
discussions as a member of the Molecular Diagnostic Center
(MDC) and a participant-as-observer, while SZ, a doctoral
candidate in medical informatics trained in qualitative research,
took part as an observer-as-participant. The combination of the
2 observers balanced the perspectives of both clinical practice
and informatics. SZ made preliminary records of the
observations (Multimedia Appendix 1 [43-45]), and these
records were subsequently refined in collaboration with YF.
The MDT at PUCH can be divided into three parts: (1) patient
information preparation before the MDT (preparation), (2)
patient information briefing during the MDT (briefing), and (3)
multidisciplinary discussion (discussion). The observation of
this research mainly focused on the discussion part, which was
recorded in detail to identify PODS needs related to genomic
interpretation, diagnosis, therapeutic recommendation, and
possible functional requirements of PODS tools that emerged
during the discussion (a description of the phenomena, the
process of MDTs, and detailed observation of the other 2 parts
are provided in Multimedia Appendix 1). To ensure
methodological rigor, we implemented a data saturation
verification protocol. For proactive monitoring, we tracked
emerging codes through real-time coding logs during
observations and conducted weekly codebook audits using
NVivo’s (Lumivero) code frequency matrices to ensure that it
achieved semantic saturation [46]. The slides presented during
MDTs were obtained after the meeting to refine the records.
The team observed 26 Thoracic Oncology Center MDTs (86
records) and 20 Gastrointestinal Oncology Center MDTs (57
records), with each session lasting approximately 35 minutes
on average.

In-Depth Semistructured Interview
Semistructured, in-depth qualitative interviews were conducted
from December 2023 to July 2024 by SZ and YF, with SZ
serving as the main interviewer and having no prior interaction
with the participants. YF, a colleague of the interviewees,
assisted SZ in refining and complementing questions. The
semistructured interview questions were developed based on
the potential themes that emerged from the initially coded
observation record data. Before the formal interview, 2
interviewees were invited to the preinterview session, during
which the draft interview guide was compiled based on the
initial coding of the qualitative observation records. Both
interviewers maintained reflexive journals to document emergent
assumptions and field observations. The formal interview guide
was later standardized to focus on clinicians’ use of genetic test
reports and their needs and expectations for PODS tools
(Multimedia Appendix 1). Clinicians were encouraged to
provide additional perspectives on PODS and to share their
experiences using PODS tools through open-ended questions
during the interview. After each interview, potential themes
were extracted. If data saturation had not been reached,
additional interviewees were recruited. The demographic details
are summarized subsequently. The interviews were conducted
in Chinese, audiotaped with a digital recorder, transcribed
verbatim, and edited by SZ. A total of 12 hours of individual
interviews were transcribed, resulting in approximately 48,000
words. The interviews lasted approximately 40 (range 26-70)
minutes.

Data Analysis
The observation and interview data were thematically analyzed
following the reflexive thematic analysis by Braun and Clark
[47], which includes familiarization with the data, generating
initial codes, exploring potential themes, reviewing themes,
defining and refining themes, and finalizing findings. The data
analysis was divided into 2 steps. Between the observation and
interview phases, the observation record data were initially
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coded, and the potential themes that emerged formed the basis
of the interview. After each interview, the themes explored in
the interview were compared with the initial potential themes
as a form of constant comparison and validation [38]. This was
considered part of the review process. Subsequently, the 2
classes of themes were combined and refined. The functional
framework of PODS tools was extracted through the themes
and concluded through a team discussion. The interviewees
were invited to confirm whether their perspectives were fully
represented during the construction of the framework. NVivo
14 software was used for the analysis, with coding performed
by SZ and reviewed by YF. Cohen κ was calculated to confirm
strong coding consistency. Discrepancies were resolved through
team discussions.

Ethical Considerations
The study received ethics approval from the ethics committee
of PUCH (2023KT35). Informed consent was obtained from
all interview participants for both the interviews and the
secondary analysis of the interview data. All observation and
interview data were recorded anonymously. The interviewees
received a small thank-you gift of approximately CNY ¥50 (US
$7.00) after the interview.

Results

Qualitative Observation and Interviewee
Characteristics
A total of 46 MDT discussions were qualitatively observed,
involving treatment decisions for 143 patients (Table 1). For
the 46 MDT observations, saturation was reached by the 41st
MDT, and no new codes emerged in the 45th and 46th MDT
(Figure S1 in Multimedia Appendix 1). After 6 months of
observation, the research team began the first round of exploring
potential themes. Potential needs for PODS tools emerged from
our observations (Tables S2-S6 in Multimedia Appendix 1),
which were refined and validated by the in-depth semistructured
interviews and further constructed into the themes of functional
needs in PODS (Figure 2). The MDT in the Thoracic Oncology
Center had significantly more detailed information and longer
discussion times for genetic testing and personalized targeted
therapy compared to the MDT in the Gastrointestinal Oncology
Center. In addition, the use of PODS tools was more prevalent
in the Thoracic Oncology Center.

Figure 2. The 3 key themes emerging from the qualitative observation and interviews: (1) better access to oncological knowledge: clinicians emphasized
the importance of precision oncology decision support (PODS) tools in facilitating access to high-level precision medicine evidence, including guidelines,
treatment information (eg, use, dosage, and side effects), clinical trials, multidisciplinary guidelines, and case reports; (2) clinical contextualization and
resource navigation: PODS tools aim to integrate fragmented clinical information, such as trial eligibility, drug accessibility, and evaluation models,
enabling clinical contextualization and resource navigation for practical application; (3) support abilities in the decision-making process: clinicians
anticipated that the PODS design would enhance decision-making efficiency. They also highlighted advancements in information systems, including
user-friendly interfaces, enhanced search functions, chatbots, and large language model applications, as key features to improve workflow and clinical
decision-making. AI: artificial intelligence; LLM: large language model; QA: question answering.

On the basis of these findings, we focused our interviews with
clinicians in the Thoracic Oncology Center on their use of PODS
tools. We also conducted interviews with clinicians from the
Radiotherapy Department and the MDC.

A total of 17 clinicians participated in in-depth semistructured
interviews (Table 2). For the 17 interviews, saturation was

achieved by interview 15, with no new codes appearing in
interviews 16 and 17 (Figure S2 in Multimedia Appendix 1).
All 17 clinicians had experience using genetic testing reports,
while 59% (n=10) had personal experience using at least 1
interactive PODS tool. However, all 17 clinicians had heard of
or observed the use of PODS tools. The potential needs were
screened and confirmed during the interview. After data
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analysis, 3 themes emerged from our observations and
interviews (Figure 2; Figures S3 and S4 in Multimedia Appendix
1; and Tables S2-S6 in Multimedia Appendix 1). Themes that
emerged from the interview data and were organized by

knowledge, feasibility, and support ability levels are described
subsequently and presented in Table 3. From these 3 themes,
the functional framework of integrated PODS tools is described
in detail in the subsequent sections.

Table 2. Characteristics of the interviewees (N=17)a.

Interviewees, n (%)Characteristics

Sex

10 (59)Male

7 (41)Female

Years of working

6 (35)<10

8 (47)10-20

3 (18)>20

Clinical duty

9 (53)Physician

5 (29)Surgeon

2 (12)Molecular biologist

1 (6)Radiotherapist

Professional title

2 (12)Chief

7 (41)Associate chief (deputy chief)

5 (29)Attending chief (supervising)

3 (18)Attending

6 (41)Preparer

10 (59)Had used at least 1 PODSb tool

aThe characteristic “preparer” refers to a role in the multidisciplinary team, responsible for collecting patient information, preparing multidisciplinary
team briefing slides, and presenting the information during the meeting. Further description of the preparer is provided in Multimedia Appendix 1.
bPODS: precision oncology decision support.
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Table 3. Sources of themes from key informants, translated into English.

Illustrative quote and quote numberTheme and subtheme

Better access to oncological knowledge

Knowledge support in therapies

Guidelines, conferences, and
consensuses

• “Before the MDT, Dr. [name] would like to share recent progress of [progress in treatment of specific
disease]...” [Observation 008, 028, and 079] (Quote 1)

• “The way I get access to the oncological knowledge are usually from WeChat official accounts, going to
conferences, and newly updated information shared by peer expertise. Sometimes I also search for litera-
tures or reviews in my spare time...What I’m most interested in is the change of the latest version update
guideline, from which I could learn a lot...would be great if there is a notification of the changes...” [005,
associate chief physician] (Quote 2)

• “We usually discuss the latest progress of conferences before the MDT starts. If PODS tools could notify
us this information in our spare time, it would help a lot in summarizing this information for discussion...”
[006, associate chief physician] (Quote 3)

Clinical trials • “About 25-50% of patients in our hospital would require enrollment in CTs...develop a real-time updating
CT recommendation tool is the best...” [004, attending physician] (Quote 4)

• “...The information in the website of CTs updates frequently...requires us to retrieve and summarize the
latest eligibility criteria and enrollment every half month to one month...so time-consuming...” [009, as-
sociate chief surgeon] (Quote 5)

• “...Latest progresses are often discussed in MDT...not so convenient to check...we want future PODS
tools could capture these in real time...” [005, associate chief physician] (Quote 6)

• “Before the MDT, Dr. [name] would like to share the midterm result of [progress of specific CT] for
us...” [Observation 033 and 082] (Quote 7)

Drugs and treatment options • “Genetic test reports that vormetinib is effective in LUAD patients with EGFR exon 20 insertion muta-
tion...the descriptions are not particularly clear...we sometimes want to understand the mechanism of
drugs...” [003, chief surgeon] (Quote 8)

• “Osimertinib, vormetinib and almonertinib are commonly used among the third generation of EGFR-
TKIs...there are differences in their use, which requires years of clinical experience...We hope PODS tool
will support us in this regard...” [010, attending physician] (Quote 9)

• “...Some drugs are needed for four cycles, but some patients’ health condition is poor...We want to know
whether can I reduce the dosage...sometimes drug suppliers would tell us some information, but that’s
not enough...” [005, associate chief physician] (Quote 10)

• “...The two most common and risky side effects are vomiting and leukopenia...need prompt intervention...if
PODS tools could have an alert or reminder function of these side effects, it would help us reduce unnec-
essary prescriptions to alleviate these side effects...” [001, associate chief physician] (Quote 11)

Knowledge for complex
cases

• “...when the patient has other cancers...we would invite colleagues from the corresponding departments
for MDT discussion, but it is brief...If we can learn easily from other disciplines, we can make treatment
decisions more quickly...” [006, associate chief physician] (Quote 12)

• “Today’s discussion is about the patient with malignant pleural mesothelioma for whom conventional
chemotherapy drugs did not respond...if any doctors have seen relevant case reports?” [Observation 046]
(Quote 13)

Knowledge support in diagnosis
and prognosis

• “...some colleagues asked me the differences between germline variants and somatic mutations...PODS
tools could be a useful way to help my colleagues understand the biological knowledge like this...” [014,
supervising molecular biologist] (Quote 14)

• “...we sometimes want to know the biological function of molecular alterations, understanding why the
alteration happens could better guide us to understand the mechanism of the disease...” [013, associate
chief surgeon] (Quote 15)

• “...previously encountered a LUAD patient with co-mutations in TP53, RB1, and EGFR...no appropriate
standard treatment or diagnosis options but continued observation at the time...an article said that the
concurrence of three variants may be induced to small cell cancer transformation, which is an important
reference basis to do puncture for diagnosis...hope to have a better mechanism to search evidences...”

[011, attending physician] (Quote 16a)
• “...we often evaluate the prognosis between different therapies, like radiotherapies and targeted thera-

pies...the knowledge of which could help us make decision better...” [017, attending chief radiotherapist]
(Quote 17)

Clinical contextualization and resource navigation
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Illustrative quote and quote numberTheme and subtheme

• “When there is a patient needs to be enrolled, we will look at the inclusion and exclusion criteria in the
CTs we have printed (take out some hard copy of CTs) and compare the patient’s medical status with the
criteria item by item...it is very time consuming...Our CT screening usually follow this sequence: ‘First,
CTs held in our ward; Second, CTs held in our hospital; Third, CTs held in Beijing’s Hospital; Fourth,
different places other than Beijing in China; Lastly, we consider overseas’...CT enrollment is usually
based on the screening order of inside the department, hospital, Beijing, China and foreign countries...We
need to manually screen it ourselves...want an automatically sort...” [002, attending surgeon] (Quote 18)

• “Sometimes we know there is an enrollment of CT, but we don’t know the up-to-date recruitment status.
Future PODS tools or CT website should update the status more frequently.” [006, associate chief
physician] (Quote 19)

Accessibility of CTsb

• “...Osimertinib is covered in Drug Catalog, but vormetinib and almonertinib need to be paid at patients’
own expense...” [001, associate chief physician] (Quote 20)

• “Clear mark of drug catalog and price information of drugs can make us discuss the most suitable treatment
option for with patient him/herself.” [012, associate chief physician] (Quote 21)

Accessibility of drugs

• “...some genetic tests are expensive...I have known that there are some radiology technologies to auxiliary
identify whether there is a certain risk of mutations...” [012, associate chief physician] (Quote 22)

• “...examinations like puncture examinations are invasive...we want to use PODS tools to help estimate
the necessity of such invasive examinations...” [013, associate chief surgeon] (Quote 23)

• “...common mutations like TP53 have a poor prognosis...We want to combine the molecular alteration
with prognostic prediction...” [002, attending surgeon] (Quote 24)

Prediction models: the necessity
of ordering diagnostic tests and
prediction of prognosis

Support abilities in the decision-making process

• “...we once had a patient with MEK mutation and ERK wild type...there were not many drugs targeting
MEK...wanted to find some CTs targeting ERK...had to reset the search criteria which was inconve-
nient...would like to have a flexible retrieval mechanism...” [008, associate chief physician] (Quote 25)

• “...would be great if PODS tools could automatically match the inclusion criteria with patient’s information
and tell us directly whether this patient is a qualified candidate...helps us reduce a lot of comparison
work...” [007, chief physician] (Quote 26)

Using more flexible biological
knowledge and phenotypes as
search criteria

• “...would be great if we just input the ID of patient and click a button...all the information scattered in
HIS, PACS...is organized...” [011, attending physician] (Quote 27)

• “Acquiring the radiology information is inconvenient currently. We have patients all over the country,
and they have a variety of formats and types of image information. We hope that the future of PODS
tools could help us to reduce the burden of identification and input of these data.” [010, attending physician]
(Quote 28)

• “Suppose there is a timeline of patient in MDT, and all the events of this patient are on the line. Click
one button and the details of the event will be shown. That’s amazing...” [002, attending physician] (Quote
29)

• “Some patients will be discussed for several times. We want the PODS tools to record our discussion
every time.” [004, attending physician] (Quote 30)

• “This patient was discussed [time] ago. Last time we decided to use [treatment option], but the disease
progressed now...” [Observation 033] (Quote 31)

Automatic integration of patient
information

• “...Switching slides back and forth to watch the texts is inconvenient...hard to sort out the therapeutic re-
lationships...” [010, attending physician] (Quote 32)

• “...automatically generated timeline of history is more logical and visualizable...” [002, attending surgeon]
(Quote 33)

• “...when there is a patient with rare mutation...may want to find previous patients who have the same or
similar mutation...may be helpful for diagnosis and treatment...some simple automated generated statistical
distribution plots are intuitive to see and discuss...” [014, supervising molecular biologist] (Quote 34)

Better visualization of informa-
tion

• “...would be great if PODS tools could automatically match the inclusion criteria with the patient infor-
mation...” [005, associate chief physician] (Quote 35)

• “...don’t have enough time to read and search the evidences...we may just input some key search information
to AI, and ask what latest information it finds...” [015, associate chief physician] (Quote 36)

• “I wonder if there’s a day if AI could be a real assistant for me. Nowadays there is chatGPT, I believe in
future there will be a chatbot in oncology area, knows everything, tells us what is the best treatment op-
tion...future PODS tools may be like this...” [002, attending surgeon] (Quote 37)

Optimization in retrieval, recom-
mendation, and question answer-
ing

aThe interviewee referenced the study by Lai et al [43].
bCT: clinical trial.
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The percentages in brackets in the sections below represent the
percentage of interviewees who reported the corresponding
functional requirements. The percentages reflect only the
proportion of participants who mentioned a specific need during
the interviews and do not indicate the relative importance of
the needs.

Theme 1: Better Access to Oncological Knowledge
Oncological knowledge plays an important role in PODS, and
the most frequently mentioned need for PODS was faster and
better access to the latest oncological information. Precisely,
comprehensively, and timely integrating the knowledge of
diagnosis, treatment, and prognosis from various sources, such
as knowledge bases, academic conferences, and guidelines, is
the most valuable function of PODS tools.

Knowledge Support in Therapies (17/17, 100%)
All interviewees emphasized the importance of the function of
knowledge acquisition for therapies in support of clinical
practice in oncology.

Guidelines, Conferences, and Consensuses (12/17, 71%)

Clinicians paid much attention to the latest progress in oncology
and updates released in guidelines, conferences, and
consensuses. However, the current access to this information
was mainly through manual search and information shared by
colleagues (quote 1). To meet these requirements, a news update
session is held before the MDT discussions in the Thoracic
Oncology Center to review and interpret the latest updates
released at academic conferences or by professional associations.
However, once-a-week knowledge updates provided by the
attending MDT may not meet the urgent needs during daily
clinical practice. Clinicians hoped that this latest information
could be updated in PODS tools in a timely manner (quotes 2
and 3).

CT Need (14/17, 82%)

All physicians referred to this need. Physicians had a greater
need in this aspect, as most patients in the Thoracic Oncology
Department present with advanced-stage conditions and require
systemic treatment. After the failure of guideline-recommended
therapies, appropriate CTs had to be considered. Approximately
25% to 50% of patients would require enrollment in CTs (quote
4), necessitating that physicians have a comprehensive
understanding of the available options. The 2 major channels
to access up-to-date CT information were manual searches of
CT registration websites and information shared by physicians
responsible for CT recruitment and data collection. However,
frequent retrieval of this information imposed a burden on their
workload. Timely and automatic updates of CT information
could help alleviate this burden (quotes 4 and 5). Midterm
outcomes of CTs were also given more attention (quotes 6 and
7).

Drugs and Treatments (8/17, 47%)

Surgeons and radiotherapists hoped to access the latest
knowledge on targeted therapy, immunotherapy, and
chemotherapy drugs through PODS tools (quote 8). Physicians
had greater demands for drug information, including their use
and dosage (quotes 9 and 10). Moreover, clinicians paid close

attention to the side effects of the treatment regimens. It was
important to be aware of and informed about the potential side
effects of certain treatment options for every patient. At present,
the prediction of side effects for certain therapeutic strategies
still relies on clinicians’ experience, while current PODS tools
provide limited support (quote 11).

Knowledge for Complex Cases (4/17, 24%)

In some complex cases, physicians expressed a need to acquire
more evidence, such as multidisciplinary guidelines and case
reports. When encountering patients with a history of multiple
primary cancers, convenient access to multidisciplinary
guidelines was identified as an important need (quote 12). For
example, a patient undergoing targeted therapy for lung cancer
was found to have a mass during colonoscopy, but it remained
unclear whether the lesion was a primary colorectal tumor or a
metastasis from the lung cancer. Furthermore, clinicians hoped
to find similar case reports when managing patients with rare
tumor types (quote 13).

Knowledge Support in Diagnosis and Prognosis (6/17,
35%)
In addition, interviewees sometimes mentioned diagnostic and
prognostic evidence as important for the selection of treatment
options. Especially in the area of diagnosis, experts from MDC
and the Pathology Department were often asked to explain the
functions, oncogenicity, and pathogenicity of specific
biomarkers and molecular alterations to interpret their potential
clinical significance (quote 14). PODS tools could help collect
and filter related evidence from various knowledge bases and
assist in a more comprehensive explanation and interpretation
(quote 15). Moreover, current PODS tools lack reliable search
functions for these purposes (quotes 16 and 17).

Theme 2: Clinical Contextualization and Resource
Navigation
When a treatment option was acknowledged or proposed,
evaluating its real-world applicability, including insurance
coverage criteria, availability of CTs and drugs, and relevant
prognostic models, was necessary. Much of this work was
repetitive and could be automated by the PODS tools, thereby
accelerating decision-making and improving care coordination.

The Accessibility of CTs (9/17, 53%)
Whether patients had the channel to access appropriate CTs was
as important as meeting the inclusion and exclusion criteria
(quote 18). Geographic barrier seemed to be an important
influencing factor that might directly affect CTs’ accessibility
(quote 18). Furthermore, the up-to-date recruitment status was
another essential factor that could help clinicians filter the
available CTs and improve the effectiveness of patients’
enrollment (quote 19).

The Accessibility of Drugs (5/17, 29%)
The patient’s affordability was 1 of the biggest factors, after
medical condition, when considering treatment options
(mentioned by all interview participants). The drugs mentioned
in knowledge bases or clinical guidelines might not be
practically accessible because of cost. In such cases, clinicians
wanted to know whether the cost of certain therapeutic drugs
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could be covered by the Chinese medical insurance policy or
by commercial insurance, and they considered patient
affordability when making decisions about a reasonable
therapeutic regime (quotes 20 and 21).

Prediction Models: Necessity of Ordering Diagnostic
Tests and Prediction of Prognosis (4/17, 24%)
Currently, genomic information can be acquired through genetic
testing of a peripheral blood sample. However, tissue samples
are sometimes needed to obtain more precise test results. The
methods for obtaining tissue are usually invasive, such as
puncture, bronchoscopy, or surgery, which often cause pain to
patients. Clinicians were cautious about ordering invasive and
unaffordable tests and preferred a less expensive way to assess
the need for these tests (quotes 22 and 23). In addition, some
surgeons reported using prognostic prediction models to help
estimate the risk of surgery (quote 24).

Theme 3: Support Abilities in the Decision-Making
Process
During MDTs, there was also a clear need for support in the
decision-making process.

Using More Flexible Biological Knowledge and
Phenotypes as Search Criteria (10/17, 59%)
Clinicians expressed a demand to incorporate biological
knowledge, such as the function of variants or signaling
pathways, into their searches for information (quote 25). They
also wanted to combine phenotypes in the process of identifying
better treatment options. The most frequently mentioned
phenotypes were stage, number of treatment lines (ie, the
treatment course), location of lesion, presence of multiple
primary cancers, and physical conditions such as Eastern
Cooperative Oncology Group score and complications.
Automatic matching of patients based on phenotype and
inclusion and exclusion criteria was also a frequently mentioned
need (quote 26).

Automatic Integration of Information (8/17, 47%)
Summarizing information during the preparation phase was
described as repetitive and time-consuming. All preparers
mentioned that it would be beneficial to have an automatic
patient information integration function (quotes 27-29). The
ability to record the discussions in MDT was also considered a
valuable function, as some patients were discussed several times.
Tracking not only the patient’s diagnostic and treatment history
but also the previous MDT discussion conclusion was seen as
extremely helpful (quotes 30 and 31).

Better Visualization of Information (3/17, 18%)
Some clinicians noted the inconvenience of slide-based
presentations, especially when a patient’s medical history was
long and had to be spread across several pages. In such cases,
it was not uncommon for gaps in the patient’s diagnostic and

treatment information to occur. They preferred a better
visualization of patient information (quotes 32 and 33). Some
clinicians were willing to see an automatic chart display function
added to PODS tools to show statistical results from previous
real-world genomic data more clearly. This improved data
display function could potentially assist clinicians in viewing
cancer mutation profile and understanding their relationship
with clinical phenotype, therapeutic effectiveness, and prognosis
more directly. Furthermore, such a function could not only help
clinicians optimize clinical decisions based on previous in-house
clinical evidence but also support scientists in designing clinical
studies based on objective analysis (quote 34).

Optimization in Retrieval, Recommendation, and
Question Answering (5/17, 29%)
In addition to search optimization (mentioned in Better Access
to Oncological Knowledge section), clinicians wanted PODS
tools to rank treatment options and CTs intelligently and to
adjust recommendations as search conditions change (quote
35).

The popularity of language models has led clinicians to hope
that artificial intelligence (AI) could help interpret clinical
evidence in the literature through question answering (quotes
36 and 37).

The Categorization of the 3 Main Thematic Needs
During the thematic analysis, we maintained a central objective:
to leverage rapidly advancing information systems technology
to support decision-making in precision oncology. This objective
naturally extends to 2 fundamental scenarios: 1 focused on
assisting clinicians in understanding precision oncology
knowledge, which is more aligned with the medical field, and
the other focused on directly using advancements in IT to help
clinicians improve diagnostic and treatment efficiency, which
leans more toward informatics. During the data analysis process,
we found that clinicians may seek data unrelated to clinical
knowledge but still critically important or infer implicit clinical
decisions from the data. These 2 scenarios may lie at the
intersection of medicine and informatics. On the basis of this,
we categorized the 3 main thematic needs according to the
“direction of flow” from the field of informatics to the field of
precision oncology (Figure 3). These themes are hierarchically
layered and functionally independent. The theme, better access
to oncology knowledge, forms the foundational theme, supplying
the raw, up-to-date evidence base. Another theme, clinical
contextualization and resource navigation, builds on that
knowledge by translating it into locally relevant, feasible
options—evaluating insurance coverage, resource availability,
and the patient’s socioeconomic context. The third theme,
decision support abilities in increasing efficiency, leverages
both themes to deliver actionable recommendations,
visualizations, and workflow-integrated tools that streamline
the clinician decision-making process.
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Figure 3. Precision oncology decision support–related needs following the “direction of flow” from the informatics domain to the precision oncology
domain, highlighting the interdependence among the themes.

Variety of Needs Among Specialties, Professional
Titles, and Roles in MDT
We found that clinicians from different specialties exhibit
varying preferences in their needs (Table S3 in Multimedia
Appendix 1), which are likely influenced by the nature of their
departments and the types of patients they encounter. Physicians
are more likely to treat patients with advanced or
progressive-stage conditions, and therefore, their needs for
oncological knowledge are most pronounced, particularly in
areas such as CTs and the management of complex cases. In
contrast, surgeons tend to prioritize PODS-related knowledge
related to the perioperative period, such as surgical risks and
postoperative complication assessments.

There are also varying needs based on different professional
titles. For senior physicians, such as department heads, their
extensive clinical experience allows them to make rapid
diagnostic and treatment decisions. Thus, they expect PODS to
provide more up-to-date knowledge, particularly regarding

cross-disciplinary insights and the latest drug research. In
contrast, younger physicians tend to seek more support in
oncology pharmacology and case reports.

As for the roles in MDT, preparers (Multimedia Appendix 1)
seek PODS to support the data preparation and interface
presentation phases of MDT. They have a more extensive need
for visualized data and convenient retrieval functionalities.

The Functional Framework of Needs for Integrated
PODS Tools
After the themes were extracted and confirmed, a functional
framework of needs for integrated PODS tools was proposed.
In the framework, the needs for PODS tools were basically
divided into three dimensions: (1) to provide clinicians with
up-to-date and straightforward oncology knowledge; (2) to
enable clinical contextualization and resource navigation,
offering suggestions for applicable and feasible clinical
management; and (3) to offer comprehensive and efficient
support for the decision-making process (Table 4).
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Table 4. The functional framework of needs for integrated PODSa tools.

RecommendationFunctions of needsDimension and subcomponents

Up-to-date and straightforward oncology knowledge

High-level evidence (eg, guidelines, conferences, and
consensuses) is always a priority for clinicians when

High-level evidence • Access to high-level clinical evidence (eg,
guidelines, conferences, and consensuses)

making decisions about any patient. Clear labeling of• Concise overview of evidence, containing a gen-
eral idea of medical information (eg, drug, thera- the evidence level is also helpful for clinicians in de-

termining the credibility of the evidence [44].py, and test results)
• Labeling of credibility or describing the clinical

significance or referability
• Source of literature

After the failure of guideline-recommended therapies,
appropriate CTs should be considered.

CTsb • Information on inclusion and exclusion criteria
(related to the accessibility of the CT function)

• Provide midterm results, if available, for CTs that
are ongoing and not recruiting

• Provide enrollment information for recruiting
CTs

• Comprehensive description of medication infor-
mation as outlined in the CT protocol

A better explanation of biological knowledge will help
clinicians understand the pathological mechanism. The

Biological knowledge in diagno-
sis, treatment, and prognosis

• Description of basic biological information of
biomarkers, such as nomenclature (eg, alias and
transcript numbering), type (eg, point mutation, integration will also improve the interpretation of the

clinical significance of genomic testing results [45].fusion, and copy number variation), structural
information (eg, mutation site and location in
chromosome), and basic biological function

• Description of the medical function of biomarkers
related to oncology, such as the role in tumor
development (eg, oncogenic or tumor suppressor
and driver or passenger), mechanism of involve-
ment in tumor development (eg, kinase activation
and DNA damage repair), and frequency of ex-
pression and mutation in different cancers

• Description of the medical function of biomarkers
directly related to patient information, such as
clinical significance (eg, diagnosis, treatment,
and prognosis) and pathogenicity

• Description of inclusion in public evidence
repositories of biomarkers

• Source of evidence

The use, dosage, and side effects information of drugs
and therapy options help clinicians implement treat-
ment accurately.

Drug and therapy information • Information on the use, dosage, and side effects
of drugs and therapy options from prior medica-
tion and literature

Case reports and preclinical evidence are important
references for complex or rare cases.

Case reports and preclinical evi-
dence

• Source of the case reports related to the patient
• Phase 1 to 2 CTs and animal experiments of drugs

Although the proportion of patients with multiple pri-
mary cancers is small, the number of discussions about

Multidisciplinary guidelines • Clinical guidelines for different cancer areas

these patients is gradually increasing. These guidelines
can be used to keep physicians updated on other cancer
types outside of MDTs.

Clinical contextualization and resource feasibility support

For patients, the enrollment criteria of CT are as im-
portant as the therapy itself. Letting the clinician know
whether a certain CT could be accessed also matters.

Accessibility of CTs • Automatically match patient information with
inclusion and exclusion criteria (refer to the infor-
mation on the inclusion and exclusion criteria
function)

• Automatically estimate recruitment status
• Provide an automatic geographic accessibility for

eligible CTs
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RecommendationFunctions of needsDimension and subcomponents

This function helps clinicians know about drug acces-
sibility and could save time in screening available CTs
and communicating with patients.

• Information on the insurance coverage status of
drugs

• Cost of drugs and treatment options
• Approval information of drugs and treatment

options

Accessibility of drugs and treat-
ment options

There are many prediction models in the oncology
domain, such as operative risk assessment and risk of
recurrence. However, the current PODS tools have not
integrated these models yet. Integrating and applying
these models could be helpful in decision-making.

• Convenient interface to access prediction modelsApplication of prediction models

Comprehensive and efficient support abilities in the decision-making process

Optimization in search criteria, such as biological
knowledge and phenotypes, could help clinicians
search for treatment options more precisely.

• Incorporate biological knowledge (eg, the func-
tion of variants or signaling pathways)

• Incorporate phenotypic features (eg, stage, num-
ber of treatment lines [ie, the treatment course],
and the location of the lesion) into search criteria

Individualized search criteria

The automatic summarization of patient information
could help reduce the preparation time.

• Automatically summarize the patient’s diagnosis
and treatment history

• Automatically integrate the patient’s health infor-
mation from different systems in the hospital,

such as the HISc, PACSd, and LISe.

Automatic integration of patient
information

A timely recording of the MDT discussion function
could help clinicians trace back, summarize, and ana-
lyze previous data easily.

• An interface for recording MDTf discussion,
preferably automatically

Recordability and traceability

Automatically generated timelines help clinicians read
patients with a long history and complex treatment
course straightforwardly, whereas graphs and tables
can help them understand data better and interpret
clinical significance more easily.

• Chronological patient history
• Logical display
• Organization of information by priority
• Clear hierarchy of information

Better visualization

A treatment recommendation function with evidence
classification, data matching, and a sorting algorithm
could provide extra comprehensive support to clini-
cians during decision-making.

• Personalized ranking of drugs and treatments
based on their advantages and disadvantages

• Provide automated treatment recommendations

Treatment option recommenda-
tion

The development of artificial intelligence and large
language models may implement the function of mul-
titurn question answering and dialogue, as well as
provide precise information.

• Automatic dialogue and question answering
• Large language model agents that automatically

retrieve information or tools to support decision-
making

Question answering and dialogue

aPODS: precision oncology decision support.
bCT: clinical trial.
cHIS: hospital information system.
dPACS: picture archiving and communication system.
eLIS: laboratory information system.
fMDT: multidisciplinary team.

Discussion

This qualitative descriptive study aimed to gain a more in-depth
understanding of clinician-oriented integrated PODS tools. The
data were collected with structured observations and
semistructured in-depth interviews.

Principal Findings

Needs in PODS
Three main themes of needs in PODS were extracted: (1) the
oncology knowledge theme underscores the necessity of a

continuously updated, structured knowledge resource that
synthesizes genomic, therapeutic, and guideline data into
clinically digestible formats; (2) the clinical contextualization
and resource navigation theme highlights the importance of
situating this knowledge within real-world practice to ensure
that treatment recommendations are feasible and equitable; and
(3) the support abilities in the decision-making process theme
streamlines clinician decision-making and improve care
efficiency.
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Prospects for PODS Tools Based on the Proposed
Framework
A functional framework for the needs of integrated PODS tools
was proposed. Providing timely and updated oncology
information was the most frequently mentioned need by
clinicians. Currently, most clinicians still obtain the latest cancer
knowledge through literature reviews; data released and
presented at academic activities and conferences; or information
shared by, for example, fellow experts and drug suppliers. An
integrative PODS tool that properly meets the clinical
requirements for up-to-date knowledge summarization and
presentation is not yet available. However, clinicians are not
satisfied with the tools that are currently available. The main
issues include delayed updates, poor retrieval conditions, and
insufficient integration with molecular biological evidence.
PODS tools are supposed to incorporate the interpretation of
available molecular testing results to meet the requirements of
the precision medicine concept and to aid the molecular tumor
board [21,22].

The framework suggests that integrated PODS tools related to
oncology knowledge should include a timely updated and
comprehensive knowledge base [48], incorporating drug
approval information from official administrative authorities;
clinical guidelines; and consensus from well-recognized
organizations, released CTs’ results from academic conferences,
preclinical evidences from literature reviews, and open CTs’
updates through official channels. This knowledge base should
be highly structured and user-friendly to meet the advanced
retrieval needs of clinicians, focusing on information regarding
genetic variant data, molecular functional significance, evidence
on therapies and prognosis, multidisciplinary guidelines, and
case reports. The genomic profiles of patients with cancer are
typically presented in genetic testing reports, which contain
information on potential actionable targets with variant
classification based on well-recognized guidelines and
recommendations. However, clinicians were generally
unfamiliar with the variant classification criteria, such as the
4-class systems for somatic mutations [49] and the five-class
system for germline variants [44], and their clinical significance.
Therefore, using a straightforward and clinically oriented way
to display genetic results may help improve the effectiveness
of the decision-making process. Furthermore, each clinical
evidence for a given genomic variant is often presented
separately in genetic testing reports, whereas clinicians often
prefer a more integrated and comprehensive summary that
synthesizes multiple related pieces of evidence, even when
discrepancies exist.

In addition, most clinicians express a need for support with
feasibility considerations in the diagnosis and treatment process.
Although current drug insurance and CT information query
systems are well developed, their integration with patient
information is insufficient. Future feasibility-support PODS
tools should integrate patient information from local or in-house
hospital information system data with medication use, making
it easier for clinicians to access relevant data. In addition,
diagnostic and prognostic algorithms or models have broad
potential applications in clinical practice, supporting clinicians

in optimizing the decision-making process in various situations
[45,50].

Support in the decision-making process is a less developed yet
widely demanded aspect of existing PODS tools. Clinicians are
interested in improvements in integrating patient information,
optimizing information visualization, and enhancing search and
recommendation methods [51] for a more efficient
decision-making process. In particular, oncology
knowledge–related PODS tools should feature an optimized
recommendation function [52] and a matching algorithm based
on the level of evidence and CTs to enhance clinicians’
confidence in using these tools [53]. With the development of
language models, knowledge acquisition through question
answering or dialogue is also expected to become a future
direction for knowledge-related PODS tools [54]. Currently,
the integration of patient information in PODS tools is limited
and often requires manual input [55]. Automatic integration of
patient information and improved visualization would offer
significant assistance in MDT meetings and routine clinical
practice [10,56].

When adapting the framework to hospitals of different sizes,
resource levels, and IT infrastructures, some previous
experiences and frameworks may bring value to the development
and deployment of a system in a real environment. The
Nonadoption, Abandonment, Scale-Up, Spread, and
Sustainability (NASSS) framework for complex health
technologies will assist in predicting and evaluating the success
of a PODS deployment [57]. The Exploration, Preparation,
Implementation, and Sustainment framework will be a guideline
in PODS implementation [58].

Comparison With Prior Work
PODS can be understood as a specialized form of a clinical
decision support system (CDSS). Our work directly builds upon
a substantial body of former research. The model by Hendriks
et al [59] identified critical barriers, including guideline
maintenance and electronic health record interoperability,
aligning with our findings on the necessity of dynamic
knowledge updating. However, our work extends this paradigm
by systematically addressing 3 dimensions in PODS.

Walsh et al [17] examined existing oncology-focused CDSS
platforms, identifying critical dimensions, such as data
integration, AI capabilities, and stakeholder concerns, and
highlighting how technical sophistication alone is insufficient
without addressing clinicians’ real-world concerns about data
quality, user burden, and trust in AI-driven recommendations.
Liao et al [60] documented the rapidly growing intersection of
AI with clinical oncology workflows, suggesting that advanced
natural language interfaces could improve information retrieval
and decision support in tumor boards.

Since Kurnit et al [7] proposed the vision of PODS for
harnessing genomic and molecular testing, alongside targeted
therapy and immunotherapy insights to enable precision
oncology at the point of care in 2018, a variety of PODS tools
have emerged, driven by advances in next-generation
sequencing, biomarker-driven therapeutics, and data-sharing
initiatives [23,24,28,61,62]. However, despite these
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technological strides, there is no comprehensive synthesis of
what characteristics and functions PODS should offer or a clear
mapping of clinicians’ practical needs for such systems.

In contrast to prior studies that have predominantly focused on
theoretical frameworks or technical prototypes, our study adopts
a descriptive and user-centered approach. Through intensive
qualitative observations of MDT discussions and in-depth
interviews with clinicians of varied specialties and experience
levels, we systematically identified and categorized the
functional requirements of PODS.

Strengths and Limitations
Our contribution complements existing CDSS and PODS
literature by moving beyond prototype descriptions and generic
recommendations, instead offering a pragmatic, empirically
derived framework for future PODS development that aligns
tightly with the lived experiences of oncology practitioners.

However, the needs analysis should be considered in light of
certain study limitations. First, the rapid development of
precision oncology means that additional needs may arise in
the future. Convening a multidisciplinary advisory group from
different specialties from time to time to evaluate emerging
technologies, therapies, and policy changes as stakeholder
review cycles occur and using structured Delphi rounds to reach
consensus on necessary revisions may help maintain a living
functional needs framework for PODS, which could be applied
to integrate perspectives from different departments to validate
the prioritization outcomes. Moreover, the MoSCoW (must
have, should have, could have, won’t have) method is effective
in distinguishing critical needs from optional ones during the
PODS implementation phase. Second, this study was conducted
in only 1 hospital in China, highlighting the need for broader
investigations across more regions and clinical units. In addition,
a follow-up survey across a larger sample and additional
quantitative validations may help validate the identified needs
and their relative importance. In practice, institutions can
conduct a rapid workshop with local stakeholders to map
existing workflows, data systems, and patient populations
against the 3 framework dimensions proposed before PODS
implementation. Prioritizing the needs when implementing
PODS tools is also needed for further study. Third, the
observation and interview processes were based on the
subjective perspectives of researchers and interviewees, which
may introduce some bias. While the study focuses on clinicians,

the needs framework may change when considering other
stakeholders (eg, hospital administrators and IT developers). A
bigger study integrating their perspectives will be needed in the
future. Future quantitative studies—such as developing
questionnaires focused on areas of likely interest to nonclinical
stakeholders, including cost management, data interoperability,
IT infrastructure readiness, and organizational feasibility—can
help identify key domains and contribute to broader integration,
potentially leading to new thematic categories within the
framework. Fourth, clinicians may express various needs for
specific content, such as CTs, which might be dispersed across
these 3 themes. We acknowledge that this is unavoidable.
Nonetheless, we anticipate that this classification will provide
a new perspective for PODS system developers, offering a way
to consolidate the diverse needs of clinicians.

Future Directions
Although the development of PODS tools is rapid, the traditional
genetic testing report will likely remain an irreplaceable support
for genomic interpretation well into the future. The combination
of the genetic testing reports and PODS tools may offer
complementary advantages, providing new paradigms in
oncology decision-making, which could be explored in further
research. Advancements in AI, such as generalist models or
large language model agents, may provide improved
optimization and interaction capabilities for clinicians and PODS
tool developers.

Conclusions
The rapid advancement of precision oncology has created an
increasing demand for decision support tools to assist clinicians
in navigating complex treatment choices. This study provides
valuable insights into the current landscape of PODS tools,
identifying and categorizing the needs and challenges that
clinicians face in using these tools effectively. Our findings
highlight key areas for improvement, including better access to
oncological knowledge, clinical contextualization and resource
navigation, as well as support abilities in the decision-making
process. In addition, we propose a functional framework that
outlines the essential features of an integrated PODS tool, which
could enhance clinical decision-making in precision oncology.
The results offer a foundation for future research and
development, emphasizing the need for tools that are not only
technologically advanced but also aligned with the practical
needs of clinicians in diverse health care settings.
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Abstract

Background: Personal health record (PHR) software has the potential of aiding with patient engagement and data collection
in longitudinal research to better understand the long-term impact of treatments on patients with rare medical conditions.
Neuroendocrine tumors (NETs) represent a rare condition with unique challenges related to symptom management, treatment
tracking, and patient-provider communication.

Objective: This study aimed to design, develop, and evaluate PHR software tailored for patients with NETs as part of a
longitudinal research study. Our goal was to create a patient-centered PHR that supports both self-management and research data
collection.

Methods: This included activities spanning the entire development lifecycle from identifying user requirements through focus
groups and surveys, iterative prototype refinement via cognitive walkthroughs, and usability testing of the functional PHR system.
Feedback from patient advocacy organizations and clinical experts further informed PHR development.

Results: The resulting PHR allows patients with NETs to access condition-specific information, track symptoms, monitor
treatment regimens, and share data with health care providers. Patients valued the ability to visualize personal health trends and
patterns over time, enhancing both self-management and communication with medical teams. Usability testing indicated high
levels of patient satisfaction with the system’s functionality and design.

Conclusions: The development of this PHR demonstrates the value of engaging patients in the design process to ensure that
health technologies address real-world needs. Our approach provides a model for designing PHR systems for other rare conditions,
highlighting the importance of patient-centered design in supporting both clinical care and longitudinal research.

(JMIR Hum Factors 2025;12:e68788)   doi:10.2196/68788
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Introduction

The past 20 years have seen a revolution in the digitization of
health records [1-3]. There are 2 aspects to this digitization that
have been occurring in parallel. One is the advent of electronic
health records in hospitals and doctor’s offices [1,3], which are
often accompanied by health portals providing patients with

access to their health records [4,5]. The data in these systems
almost exclusively originate from hospitals, laboratories, and
doctor’s offices. The other is patients using technology to
capture or record personal health data. This latter aspect has
involved automated capture of information (eg, steps taken from
smartwatches or smartphones) [6], the use of smart health
devices (eg, blood pressure monitors that connect with
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smartphones or computers) [7], and the use of personal health
record (PHR) software that enables patients to record
information that may otherwise not be tracked (eg, symptoms)
[8,9].

PHR software has also been proposed as a tool to facilitate
medical research [10]. Many medical studies require long-term
follow-up of patients with self-reported measures. The data
collection necessary for such studies has traditionally involved
mailing paper questionnaires to patients using the postal system
or calling them on the phone. Using PHR software for the same
purpose has the potential of lowering costs by avoiding mailings,
transcriptions, or time spent on phone calls, while increasing
data quality by avoiding errors in transcription and enabling
patients to contribute data at a time and location and on a device
that is most convenient for them [11,12]. In order for PHR
software to successfully play a data gathering role for research
studies it needs to provide a valuable service to patients,
otherwise patients are less likely to use it [9,13]. Ideally, PHR
software used for research studies would follow a model similar
to that followed by free online services: users get a valuable
service in exchange for their personal data. The difference in
this case is that patients would explicitly consent to provide
their data for a specific purpose ie, medical research.

One specific area of medical research that we believe could
benefit from the use of PHR software for gathering data from
patients is research on rare medical conditions. Knowledge gaps
remain prevalent for most rare medical conditions due to
systemic and structural challenges in health care and research.
These include small, geographically dispersed patient
populations, limited funding for research, and frequent
diagnostic delays. The latter arise from the complexity of these
diseases, limited practitioner training when compared to more
common conditions [14], and the evolving understanding of
disease characteristics [15]. There is also often a need for
longitudinal research to better understand the long-term impact
of treatments on patients with rare medical conditions [16] and
PHR software could play a role in repeated data collection for
such research. The challenge is that because these conditions
are rare, it is unlikely that there are commercial PHR systems
that are a good match for patient needs, unlike the case for more
common conditions, such as asthma, diabetes, glaucoma, HIV,
hyperlipidemia, and hypertension [14,17]. The sole example
we found of a PHR designed for patients with a rare condition
(idiopathic thrombocytopenic purpura) resulted from an
adaptation of a generic PHR system based on advice from expert
physicians [18]. We recommend, in addition to consulting with
experts, engaging with patients in user-centered design activities,
positioning patients as research partners.

In this article, we present our experience engaging with patients
with neuroendocrine tumors (NETs) [19,20], a rare medical

condition, throughout the design process of PHR software
currently being used as part of a prospective cohort study of
people with NETs [19-21]. NETs include a broad variety of
tumors that can appear throughout the body, but are most
common in the small intestine, pancreas, and lung [19,20].

Methods

Participant Recruitment
For all phases of the project, we recruited patients with NETs
through 4 partnering NET advocacy groups in the United States
(The Neuroendocrine Tumor Research Foundation, The
Neuroendocrine Cancer Awareness Network, The Healing NET
Foundation and Northern California CarciNET Community).
Inclusion and exclusion criteria for volunteers in this study
included adults (≥18 years old, any gender) with a confirmed
diagnosis of any NET, able to read, speak, and understand
English to participate in focus groups, surveys, and usability
testing, a willingness to share personal experiences regarding
symptom tracking, treatment management, and interactions with
health care providers related to their NET, and access to a
computer, tablet, or smartphone with internet connectivity to
interact with the PHR system and participate in online activities.
There were no other demographic or other requirements for
volunteer participants including previous PHR experience.
Overall, 89 patients with NETs participated in at least 1 activity
(60 female, 18 male, 11 unknown gender; 75 White or
Caucasian, 1 Black or African American, 1 Asian or Asian
American, 12 unknown race; 2 Hispanic or Latino, 80 not
Hispanic or Latino, 7 unknown; 32 with postgraduate degrees,
27 with college degrees, 16 with some college, 2 with a high
school degree or GED, 1 without a high school degree or GED,
11 unknown educational level; 7 aged 18‐40, 30 aged 41‐60,
49 aged 61‐80, and 3 aged >80 years). Participants who
provided their home address (n=75) joined activities from 34
different states and one location outside of the United States.

Outline of Research Activities
Research activities involved a comprehensive, multiphase
process designed to engage patients with NETs at every stage
of the PHR development including: (1) 9 online design sessions
with patients with NETs to develop requirements and a survey
to validate these requirements with a broader set of patients, (2)
another 9 online sessions to iteratively improve a low-fidelity
interactive prototype, and (3) three sets of online usability testing
sessions to refine the implemented PHR software (refer to Table
1 for details). The patient activities described in this report were
reviewed and approved by the University of Iowa Institutional
Review Board.
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Table . Session activities organized by phase, strategy, format, and number of participants.

ActivitiesParticipants, nFormatStrategy

Phase 1: identifying requirements

16Online focus groups (3
groups of people, first of 3
sessions)

Brainstorming • Imagine a superhero
that can help with their
condition – what would
the superhero do? (Su-
perhero construct frees
patients from perceived
constraints)

• Research team com-
piles a list of potential
features from partici-
pant discussions

16Online focus groups (same
3 groups of people, second
session)

Organizing • Participants rank desir-
able or undesirable
features

• Prioritize features and
provide more details on
what they want

• Research team reviews
results and identifies
what categories to im-

plement in the NETa

PHRb in two areas: (1)
providing information
on NETs; (2) tracking
condition-related data

16Survey of focus group atten-
dees

Organizing • Further prioritization
of features and details
on requirements

16Online focus groups (same
3 groups of people, third
session)

Confirmation • Discuss survey results
with each group to bet-
ter understand the rea-
sons behind survey an-
swers

• Probe what patients
would expect from a
PHR that implemented
these requirements

52Validation surveyRanking and attitudes • Prioritize categories of
information or advice
(high, intermediate,
and low)

• Preference of cate-
gories to track

Phase 2: prototype refinement

27 (3 groups of 9)Cognitive walkthrough with
users

Rapid prototyping • Rapid prototyping with
wireframe software
(Balsamiq) by research
team

• Patients provide feed-
back on prototype
based on specific tasks

• Iteratively improve be-
tween group activities
until optimal design
reached (3 rounds with
each group of 9 pa-
tients)
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ActivitiesParticipants, nFormatStrategy

Phase 3: usability testing

• Use functional proto-
type on Zoom with
team

• Patients complete pre-
pared tasks using a test
version of the tool,
thinking aloud

• Provide feedback via
survey—NASA task
load index adminis-
tered after each task

• Discussion at end on
what worked well,
what did not, and what
they would change

• Iteratively improve
based on feedback (3
rounds of usability
testing)

10Usability testing (tasks, sur-
vey)

Functional prototype

aNET: neuroendocrine tumors.
bPHR: personal health record.

Ethical Considerations
We obtained ethics approval from the University of Iowa’s
Institutional Review Board (202110283). All participants
received an information and consent letter before enrollment
and participation. Participants were compensated US $50 for
Phase 1 and Phase 2 Zoom sessions, US $10 for the Phase 1
survey, and US $20 for Phase 3 usability Zoom sessions. To
preserve participants’privacy and confidentiality, we took notes
rather than record sessions and these notes are not associated
with specific participants. In addition, the Phase 1 surveys were
designed to ensure anonymity of participants by not collecting
personally identifiable information.

Phase 1: Identifying Requirements (Online Focus
Groups, 9 Sessions)
To identify requirements, we recruited 16 patients with NETs,
divided them into 3 groups, and conducted 3 1-hour online
sessions with each group using Zoom, for a total of 9 sessions.

For the first session, our goal was to obtain ideas for PHR
software for patients with NETs without any constraints. After
introducing the project and our overall goal, our instructions to
patients during the first session were to imagine that there was
a superhero that could help them with their medical condition,
who could do anything except give them a cure. The idea behind
the superhero discussion was to remove any constraints patients
could think of with respect to what would be possible with
technologies. When we met with subsequent groups, we started
by getting ideas from them and then introducing ideas by
previous groups if they had not mentioned them to obtain further
feedback. We had previously used the superhero activity, albeit
face-to-face, while developing a PHR focused on elder
medication safety [13] and others later used it face-to-face with
older adults as well [22].

During each superhero session, at least 3 researchers took notes
on participants’ ideas. To analyze these notes, we used an
inductive coding process, similar to the one proposed by Gioia
et al [23]. First, 2 of the researchers (JPH and KP) went through
the notes and created 1 physical sticky note per unique concept,
for a total of 51. Using these sticky notes, they then organized
patient ideas, developing an affinity diagram, from which they
produced a hierarchically organized list of requirements. The
high-level themes in this hierarchy of requirements were
information on NETs (eg, support groups, advocacy, education,
and ideas for relief), tracking condition-related personal
information, and managing logistics. These requirements were
the basis for the second session with each group. We used this
second session to validate the set of requirements, begin to
prioritize them, and obtain more details on the requirements.
We had pursued a similar approach in previous research, in
particular with respect to information tracking, to understand
the difference between information patients would like to track
and information they would be willing to enter [13].

The research team met after the second set of sessions to
consider the priorities identified by patients and the practical
realities of what we could accomplish within the constraints of
the project. One important area in which patients were interested
that we were unable to pursue was managing logistics, from
better integration of electronic health records across providers
to managing prescriptions and appointments. Based on these
considerations, we identified a set of requirements on which to
focus. We then developed a web-based Qualtrics survey sent
to the 16 participating patients with NETs to obtain more details
on requirements and further prioritize them. We used the third
set of sessions to discuss the results of the survey with each of
the groups to better understand the reasons behind survey
answers and get a sense for what patients would expect from
PHR software that implemented these requirements.
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After the third set of sessions, we created an electronic survey
to be distributed to a broader set of patients with NETs to
validate the requirements we developed with 16 patients. We
believe it is important to validate requirements from
participatory sessions with a larger group of patients due to
potential biases related to who can be available and feel
comfortable participating in such activities. Others have
followed similar approaches to balance the depth of discussion
in participatory sessions with the greater representativeness
afforded by a survey [24]. Questions focused on preferred data
tracking features, information needs, and feedback or output
options (eg, personal trends and data visualizations). The 52
patients with NETs who answered the survey helped us validate
and further prioritize the set of requirements we had developed.
The result of Phase 1 was a list of specifications that would
guide prototype development.

Phase 2: Prototype Refinement (Cognitive
Walkthroughs, 3 Rounds, and 27 Participants)
Our next step was to design an interactive wireframe prototype
using Balsamiq [25]. Balsamiq enables screen designs that look
as if they were sketched with pen and paper and includes
commonly used user interface elements (eg, buttons and
images). The sketches are created so feedback on them can
focus on those elements and navigation through the system, as
opposed to aesthetic aspects. Screen sketches can be linked to
each other, so the prototype is navigated by clicking on user
interface elements (eg, menus and links) like a normal website.

We then sought to iteratively improve the prototype through 3
rounds of feedback from patients with NETs over Zoom using
cognitive walkthrough with users techniques [26], which have
previously been applied to wireframe prototypes [27]. We
obtained feedback from 3 different groups of 9 patients with
NETs, for a total of 27 subjects. Patient participation varied per
round. For the first round, we had 24 patients participate, 20
for the second, and 17 for the third. During each session, a
research team member would work with 2‐3 patients at a time
(ie, small group sessions), asking them how they would navigate
the system for a given set of tasks. Participants verbalized their
thought process (“think-aloud” protocol), highlighting usability
issues and areas of confusion. Feedback from each round
informed changes to the prototype (ie, iterative refinement),
which were then reevaluated in subsequent rounds.

Phase 3: Usability Testing (3 Rounds, 10 Participants)
The following step was to develop a working web application
based on the design of the Balsamiq prototype. This design
incorporated more detailed functionality that could not be tested
in Balsamiq and aesthetic aspects, such as fonts and colors. To
implement the design, we used an existing system we previously
developed, the Iowa PHR, and customized it based on the
outcomes of Phases 1 and 2. The Iowa PHR is a Java 8 [28]
Spring application [29] with a Microsoft SQL Server database
[30]. It is hosted with Jetty [31] and fronted with Apache [32].

To iteratively improve this working system, we conducted 3
rounds of usability testing [33] with a total of 10 patients with
NETs, 4 participated in the first session, 3 in the second, and 3
in the third. There were about 3 weeks between the first and

second round of sessions, and about 6 months between the
second and third rounds (in part due to competing commitments
for the software developers), enabling our developers to make
changes to the system.

At each session we asked participants to complete tasks
involving the system’s most important features, including
finding specific types of information about NETs and tracking
a variety of data. After a group of tasks pertaining to similar
features, we asked patients to fill out a NASA Task Load Index
survey [34] to assess the ease or difficulty of those tasks. At the
end of each session, patients provided qualitative feedback on
what worked well, what did not work well, and what they would
like to change about the system. From this feedback, after each
round of usability sessions, we developed a list of changes for
the PHR, which the development team completed before the
following round of usability sessions.

Our patient advocacy organizations provided “test-drive”
feedback through credentialed access to the PHR, followed by
structured surveys (via Research Electronic Data Capture
[REDCap]) [35] to capture their insights. In a similar way, useful
feedback was also obtained from our NET specialists (ie,
working oncologists and endocrinologists) who reviewed the
PHR to suggest improvements related to medical terminology,
treatments, information accuracy, and ordering or presentation
of data.

After we incorporated all feedback into the PHR, we made it
available to patients with NETs enrolled in an ongoing research
study in March 2024. Subjects enrolled at the time were sent
an email notification introducing the availability of those
features. Further outreach is planned to promote awareness and
gather more comprehensive feedback on long-term utility.

Results

Phase 1: Identifying Requirements

Identified Requirements
The requirements we identified fell into 2 categories:
information on NETs and tracking condition-related personal
information. The types of information in which patients were
interested were related to the fact that NETs are rare, there are
different subtypes of NETs, and research is still ongoing
regarding optimum therapeutic management and treatment
sequencing [19,20].

In terms of tracking personal information, most patients had a
strong interest in tracking symptoms because some (eg, diarrhea)
have a significant impact on quality of life [20]. Together with
symptoms, they expressed interest in tracking factors possibly
triggering symptoms including consumption of certain foods,
medications, episodes of stress, and quality of sleep. They
sought to share this information with their medical team but
also visualize patterns and potential interactions over time.

Validated Requirements
In total, 52 patients with NETs completed the requirements
validation survey. The survey focused on the 2 key aspects that
emerged from our participatory sessions: providing information
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on NETs and tracking condition-related data. Through the
survey, we were able to both validate and prioritize the
requirements obtained during Zoom sessions. Multimedia
Appendix 1 shows preferred types of data to track and Table 2

lists preferred features related to tracking data. Multimedia
Appendix 2 shows preferred types of information, education,
or advice about NETs.

Table . How useful are certain feedback and output options for patients with neuroendocrine tumors.

Least useful, nMost useful, nFeedback or output option

139Personal trends over time

329Patterns

1913Comparisons of data from other users

1114Ability for other users to enter data

526Simple graphs or charts

1411Two or multi axis graphs or charts between items

625Printable data, graphs, or charts

2111Download raw data

625Detailed reports and summaries

326Allow users to select type of output

817Snapshots or focused summaries

1215Option to save editable preferences

1312Flexibility in timeframe of outputs

1813Generic notifications or nudges

Phase 2: Prototype Refinement
The most difficult challenges we addressed through these
sessions involved information architecture for the broad range
of information patients thought should be provided about NETs.
Due to the wealth of information available, challenges included
decisions on the most reliable or updated data sources, and how
to organize and categorize the information. In addition, we also
obtained feedback on basic tracking capabilities during the first
prototyping round, and on custom tracking features (enabling
users to add their own custom tracking categories) during the
second and third rounds.

Iteratively improving these interactive wireframe prototypes in
Balsamiq enabled us to improve the design of the system at a
low cost, since it is quick and easy to modify Balsamiq
prototypes when compared to modifying a web application.

Phase 3: Usability Testing
Patients were provided with a set of 10 predetermined tasks,
presented in an order of increasing complexity, concerning
information seeking, data entry, and editing and deleting entries.
At the end of each set of related tasks, patients were instructed
to complete the NASA Task Load Index survey [34] which
evaluated patients’ responses across 6 dimensions including
mental, physical and temporal demand as well as ease of
performance, effort involved and frustration with the set tasks.
Overall, the findings indicated a generally manageable task
load, with the majority of patients scoring mental, physical and
temporal demands across tasks negatively (ie, low demand). As
expected, higher order tasks were associated with an increase
in demands of effort, but most patients reported minimal
frustration with the assigned tasks.

Together with the feedback obtained from our patient advocacy
organization partners and NET clinician groups, usability testing
feedback helped us identify minor bugs, make some information
easier to find, make it easier for users to start tracking data,
simplify some tracking options, and otherwise confirm that the
system was ready for use.

The final version of the PHR app includes options for tracking
data related to the condition. We identified 18 categories of data
from our interactions with stakeholders (eg, skin flushing, food
intake, pain, and medication intake), which are ready to be used
with a design that aims to minimize the steps required to enter
data. In addition, users can create their own custom category to
track, which addresses the broad range of needs within NETs.
An instructional video is available to patients explaining the
PHR app’s tracking capabilities and how to use them. The
system also enables users to track the medications they are
currently taking or have previously taken, with a user interface
developed during previous research [10,13]. In addition, the
PHR app also provides access to various types of information
relevant to patients with NETs organized into tabs: about NETs,
treatments for NETs, tips for managing care (many of these
came from stakeholders and patients), and NET resources (eg,
patient support groups and clinical trials).

A video walkthrough of the final PHR is available in the
Multimedia Appendix 3.

Utility Assessment
Our PHR can now be accessed by patients with NETs enrolled
in a research study where the emphasis is on completing
study-related surveys. Patients enrolled in the study received
one email announcing the newly designed features of the PHR.
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These 1070 patients had access to the PHR, mostly as they
waited completion of a subsequent study survey, with 110
logging in just to use the PHR. These 110 patients were the
most active in using it. We are planning to further advertise the
PHR to promote greater awareness for eligible patients.

Discussion

Principal Findings
As a result of extensive focus group-based participatory design
and usability testing, we learned that patients with NETs were
interested in keeping track of their symptoms and accessing
many types of information about their disease, as well as the
means to identify personal patterns, interactions and trends in
these factors over time. Having the capacity to share these
observations more efficiently with their health care providers
was of high importance to them. They frequently expressed that
they had to become advocates for their own disease management
and that these features would help them communicate better
with their providers. These findings were different from our
previous study designing a PHR with older adults [10,13].
Participants often voiced their appreciation for being treated as
partners in the design process, their feedback helped identify
navigation issues, data visualization preferences, and feature
requests. Their input and improvements based on real-time
feedback were crucial to optimizing the PHR.

Rare diseases present a unique set of challenges for patients,
health care providers, researchers, and society [36,37]. Rare
diseases are often difficult to diagnose because many medical
professionals are unfamiliar with them. Patients frequently go
through a “diagnostic odyssey” that can take years, seeing
multiple specialists before receiving an accurate diagnosis [38].
Moreover, symptoms of rare diseases often overlap with more
common conditions, leading to misdiagnosis and inappropriate
treatment. Since rare diseases affect a small percentage of the
population, there is often less financial incentive for
pharmaceutical companies to develop treatments, a phenomenon
known as the “orphan drug” problem [39]. Many rare diseases
have no approved treatments or cures, leaving patients with
limited options for management and quality of life improvement.
Specialists for rare diseases are often concentrated in a few
medical centers worldwide (ie, centers of excellence), meaning
patients may need to travel extensively to receive appropriate
care or consultation. In particular, rural areas may lack access
to these experts, further isolating patients and delaying necessary
care. Furthermore, the rarity of these diseases can mean less
public and governmental awareness, leading to fewer resources
and funding opportunities for research, support services, and
patient care. This has promoted the evolution and development
of many patient advocacy organizations, often championed and
spearheaded by patients with rare disease and their families in
response to their own patient experiences. These groups are
essential for raising awareness, driving research and elevating
health-care standards, but often have limited resources
themselves [40]. Unfortunately, this forces many patients with
rare disease to advocate for their own disease, and their
particular needs, whether they be informational, expertise or
treatment related, physical or emotional. Due to the small patient

populations, and often limited data available on them, protecting
patient privacy while sharing valuable information for research
also presents unique challenges in rare disease studies, and
highlights the importance and potential of a coordinated effort
between health care organizations, researchers, patient advocacy
groups and industry to address these challenges.

NETs in particular are an excellent case-study among rare
conditions for the development of a PHR. They are typically
slow growing in nature with an unusually prolonged survival
and significant symptom burden [41]. Their vague antecedent
signs and symptoms cause significant delay and difficulty in
their diagnosis and detection [19]. Metastatic disease is observed
in up to 40% of NETs at initial diagnosis [42], and many patients
with liver or other distant metastases experience carcinoid
syndrome, a direct result of serotonin hypersecretion [43]
manifesting clinical symptoms ranging from watery diarrhea
and flushing to bronchospasm, hypotension and right-sided
cardiac deficits (carcinoid heart disease). Thus, patients with
NETs typically experience prolonged survival with active
disease, and many have significant symptom burdens that may
vary daily [44]. Treatment strategies for NETs depend on tumor
grade, stage, location, and functional status. Usual treatment
for low to intermediate grade gastroenteropancreatic
(GEP-NETs, the most common NET subtype) remains surgery,
but the requirement for adjuvant therapy is questionable [45-47].
Therapy with somatostatin analogues are established first-line
agents for low-grade GEP-NETs, with demonstrated
improvements in overall survival [48,49]. However, there are
no clear consensus guidelines as to the optimum sequencing of
other therapeutic options [50-52], leading many patients to read
widely, and become advocates for their own disease and its
appropriate management.

To our knowledge, only one previous study has been published
evaluating the expansion of a web-based PHR in another rare
disease setting. This was a 6-month prospective pilot study
involving 43 patients diagnosed with chronic idiopathic
thrombocytopenic purpura (ITP) in Marseille, France [18]. The
primary objective of the study was to evaluate the usability of
the Sanoia tool (a freely accessible web-based PHR) that was
expanded with ITP-specific tools including links to validated
ITP-related web resources, an emergency protocol based on
updated national recommendations, and a section for personal
notes, allowing patients to record symptoms, medications, and
other relevant events. Health evaluations undertaken and
assessed with the Sanoia Interface included quality of life (via
an ITP Patient Assessment Questionnaire) and usability of the
tool (measured by the frequency of tool usage and patient
engagement with the personal notes section). The pilot study
demonstrated good usability of the customized Sanoia interface
for patients with ITP. While no significant impact on quality of
life was observed, the tool facilitated patient engagement and
information sharing with health care providers [18].

In comparison, our adaptation of the Iowa PHR was more
extensive – whilst we similarly linked out to resources for
patients with NETs, we spent more effort in development of
new user interfaces to physically capture, visualize and
document disease symptoms, track and compare these features
over time, and record past and present medication use. An
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advantage of the Sanoia interface is that patients could create
their PHR, receive a unique personal identifier, and share this
identifier with health care providers to facilitate access to their
medical information in multiple languages.

When compared to generic PHRs, ours shares functionalities
including medication management, education, and self-health
monitoring [53]. Unlike some generic PHRs, it is not integrated
with a hospital’s or health system’s records and therefore does
not enable patients to access their health records, communicate
directly with health care providers, or make appointments [53].
The patients with whom we interacted, all based in the United
States, typically had to interact with multiple providers who
often used different electronic health records systems. Hence,
a PHR that could integrate with all these systems would require
significant resources to implement and maintain, making these
features beyond the scope of our project. Our PHR, however,
addresses an aspect that is missing from most PHRs:
personalization [53]. Our PHR is personalized not only to the
specific needs of patients with NETs but also gives them the
opportunity to further customize what information to track.
Addressing patients with NETs needs not only makes the PHR
more relevant to patients with NETs, but also more usable by
reducing the number of steps necessary to access relevant
information and functionality, when compared to a generic PHR.

Anticipated long-term impacts of the PHR could include future
updates to extend the current tracking capabilities including
refining symptom tracking, medication logs, and data
visualization tools, making them more customizable and
user-friendly. Adaptive user interfaces may also be possible,
offering personalized dashboards and automated data entry
suggestions. Similar to the Sanoia interface, a major future
development would be integrating with hospital and clinic-based
EHRs, allowing seamless data sharing between patients and
providers. The PHR’s ability to collect patient-reported data
over time could contribute significantly to other research studies
on rare diseases (ie, future cross-disease adaptations).
Establishing ongoing engagement through user feedback
surveys, focus groups, and iterative testing to refine features in
response to user experiences would close the feedback loop and
augment on-going user support and engagement. It may also
be beneficial to consider further data privacy and security
enhancements (ie, strengthening encryption, access control, and
data-sharing policies to ensure continued regulatory
compliance).

Overall, developing PHR software tailored to rare disease
patients can offer numerous benefits, improving health care
experiences, treatment outcomes, and providing research
opportunities. Patients with rare disease and their caregivers
often play an active role in managing their care. A PHR could
provide them direct access to their medical data making it easier
to monitor changes, track symptoms, and communicate with
health care providers. Importantly, a PHR has the potential to
consolidate all relevant health data—such as diagnoses, test
results, medications, and treatment plans—into a single, easily
accessible platform (ie, centralized medical information). This
empowers patients with access to their own health information,
promotes self-advocacy and informed decision-making.

Strengths
Through patient-centered design approaches, this project
prioritized patient involvement throughout, ensuring that the
final PHR addressed real patient needs effectively. Multiple
phases of testing and refinement (focus groups, surveys, and
usability testing) lead to a well-validated and user-friendly PHR
system adapted for a NET population. The final PHR includes
symptom tracking, custom tracking options, and access to
relevant information and resources for patients with NETs,
addressing both immediate and long-term patient information
needs. Use of Balsamiq for wireframe development allowed for
efficient and cost-effective testing of ideas before full
implementation. Our emphasis on NETs addresses a critical
gap in health care for rare medical conditions, which are often
underserved. As a result, patients in the study have gained a
tool that improves their understanding and management of their
condition, empowering self-advocacy. The final adapted PHR
facilitates longitudinal data collection, benefiting both medical
research and patient care, a platform that could easily be tailored
to other rare disease applications in similar research settings.

Limitations
A limitation is that the study PHR does not have interoperability
with patient medical records or smart health devices. Features
that integrate patient reported information with systems-derived
clinical records should be developed. Incidentally, patients who
participated in Phase 1 often had multiple providers and medical
record systems. They reported significant challenges with lack
of interoperability across their medical records from different
providers.

NETs are not necessarily representative of other rare medical
conditions. Simpler or more complex patient needs could result
in a need to adjust the methods we presented. Despite the
features, only 110 out of 1070 patients logged in specifically
to use the PHR, suggesting a need for greater awareness and
engagement efforts which we plan to promote. Although
valuable, the insights may be skewed by the demographics and
availability of the participants involved, potentially overlooking
the perspectives of less active or digitally less literate patients.

Conclusions
PHR software can be a useful tool to collect data from patients
with their permission as part of research studies while providing
them with a valuable service. This strategy could be particularly
useful for studies of rare medical conditions, where commercial
PHR software may not be available and there is often a need to
identify the most effective treatments and optimal therapy
sequencing. We presented our experience designing and
developing PHR software designed for patients with NETs, a
rare medical condition. Our online, patient-centered approach
altogether involved 89 patients with NETs in identifying
requirements through participatory activities, validating them
through a survey, providing feedback on an interactive
wireframe prototype, and usability testing a fully implemented
system. Not only was patient input valuable in helping us design
a useful, usable system, but many of the participating patients
enjoyed the activities, having their opinions valued, and in many
cases meeting other patients with NETs for the first time. We
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expect that the methods we used would work well for similar projects.
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Abstract

Background: Current health care education methods in Pakistan use traditional media (eg, television and radio), community
health workers, and printed materials, which often fall short of reach and engagement among most of the population. The health
care sector in Pakistan has not yet used social media effectively to raise awareness and provide education about diseases. Research
on the impact social media can have on health care education in Pakistan may expand current efforts, engage a wider audience,
and reduce the disease burden on health care facilities.

Objective: This study aims to evaluate the perceptions of health care professionals and paramedic staff regarding social media
use to raise awareness and educate people about diseases as a potential means of reducing the disease burden in Pakistan.

Methods: The study used two-stage structural equation modeling (SEM). Data analysis used AMOS 26.0 software, adopting
scales from previous literature. Four-item scales for each social media usefulness and health awareness construct and 8-item
scales for health care education constructs were adopted on the basis of their higher loading in alignment with psychometric
literature. A 7-point Likert scale was used to measure each item. Data collection used convenience sampling, with questionnaires
distributed to more than 450 health care professionals and paramedic staff from 2 private hospitals in Lahore, Pakistan. There
were 389 useful responses received. However, 340 completed questionnaires were included in the data analysis.

Results: The study found that all the squared multiple correlation (SMC) values were greater than 0.30. Furthermore, convergent
validity was measured using (1) standardized factor loading (found greater than 0.5), (2) average variance explained (found greater
than 0.5), and (3) composite reliability (found greater than 0.7). The confirmatory factor analysis (CFA) of the measurement
model indicated the fitness of the constructs (Chi-square minimum [CMIN]=357.62; CMIN/degrees of freedom [DF]=1.80;
Goodness of Fit [GFI]=0.90; Adjusted Goodness of Fit Index [AGFI]=0.89; Buntler-Bonett Normed Fit Index [NFI]=0:915;
Comparative Fit Index [CFI]=0:93; Root Mean Square Residual [RMR]=0:075; Root Mean Square Error of Approximation
[RMSEA]=0:055). Moreover, the structural model fitness was also confirmed (CMIN=488.6; CMIN/DF=1.85; GFI=0.861;
AGFI=0.893; NFI=0.987; CFI=0.945; RMR=0:079; RMSEA=0.053). Hence, the results indicated that social media usefulness
has a positive and significant effect on health awareness (hypothesis 1: β=.669, P<.001), and health awareness has a positive and
significant effect on health care education in Pakistan (hypothesis 2: β=.557, P<.001).

Conclusions: This study concludes that health care professionals and paramedic staff in private hospitals support the use of
social media to raise awareness and provide health care education. It is considered an effective tool for reducing the disease
burden in Pakistan. The study results also revealed that young health care professionals are more inclined toward social media
usage and express the need for legislation to support it and establish a monitoring process to avoid misinformation.

(JMIR Hum Factors 2025;12:e65745)   doi:10.2196/65745

KEYWORDS

social media; health awareness; health education; innovation diffusion theory; structural equation modeling; disease burden;
healthcare facilities; health professionals; misinformation; cost effective

Introduction

Background
In Pakistan, the health care system is resource-strapped, leading
to challenges in preventing infectious diseases. The country has

a high maternal mortality rate (186 deaths per 100,000 live
births) and a high infant mortality rate (56 deaths per 1000 live
births) [1]. Many complications arise from a lack of awareness
and education about prenatal care, safe delivery practices, and
postnatal care [2]. Moreover, poor understanding of nutrition
has led to widespread malnutrition among children and pregnant
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women in Pakistan [1,2]. Malnutrition in children leads to
stunted growth, weakened immunity, and impaired cognitive
development [2]. The prevalence of stunting in Pakistan is
among the highest in the world, affecting approximately 38%
of children under 5 years of age [3].

In this context, health awareness and education campaigns
potentially lead to behavioral changes and alleviate the burden
on health facilities [4]. Public health campaigns, particularly
those focused on preventive measures like vaccination, hygiene,
and lifestyle changes, have substantially reduced the incidence
of various diseases [3,5]. For example, handwashing campaigns
alone have reduced respiratory infections by up to 23% [6].
Awareness campaigns aimed at managing chronic conditions,
such as diabetes and hypertension, through education on
medication adherence and lifestyle modifications have reduced
complications and hospital visits [7]. These interventions have
been shown to improve health outcomes and reduce health care
costs by up to 25% [8].

Among various tools and health interventions, social media has
attained the most global attention to enhance health awareness
and education to a wider population and discovered its
significant impact in addressing health care issues [9,10].
According to social media statistics, social media users
worldwide reached 5.04 billion in January 2024, representing
63% of the world’s population, with users growing 6% annually
[11]. On average, social media users spend 2 hours and 23
minutes daily on social media platforms and see various content
[11,12]. Social media tools, such as Facebook (Meta), TikTok
(ByteDance), Twitter (subsequently rebranded as X), Instagram
(Meta), and YouTube (Google), facilitate health care
professionals in educating and influencing perceptions, including
networking, sharing ideas, disseminating information,
demonstrating, coaching, consulting, and advertising [12,13].
Existing literature in the health care sector has exhibited the
transformative potential of social media and its usefulness in
spreading health awareness and education [9,10,12,13].

However, the existing literature lacks comprehensive insights
into the role of social media in fostering health awareness and
education within developing countries, particularly Pakistan.
This study addresses this gap by applying Innovation Diffusion
Theory to examine the mediating effect of health awareness and
empirically testing the impact of social media on health care
education among health care professionals.

Therefore, the primary objective of this study is to investigate
the role of social media in enhancing health awareness and its
subsequent impact on health care education in Pakistan. By
addressing the gap in the literature concerning the adoption of
social media for health care communication in developing
countries, this research aims to provide empirical evidence and
practical insights for leveraging digital platforms to improve
health outcomes.

This section comprehensively reviews existing literature on
social media usefulness, health awareness, health care education,
and health care sector challenges in Pakistan.

Social Media Usefulness
The global adoption of social media platforms has led to scalable
public health interventions, increased precision and
effectiveness, and improved resource mobilization [14]. Social
media has encouraged healthy behaviors and enabled informed
choices through sharing tips, challenges, and success stories
[9]. Health care professionals can provide accurate,
evidence-based information as trusted sources [11]. Their
involvement is vital due to their expertise, credibility, and ability
to reach a wide audience. Campaigns through social media on
vaccination, hygiene practices, mental health awareness, and
other preventive measures have been helpful in countries like
Germany and France [9,10].

Moreover, social media has been effectively used to combat the
pandemic and other diseases during the COVID-19 pandemic
[15]. The social media data were instrumental in tracking the
spread of the COVID-19 virus and disseminating accurate
information [16]. Campaigns on platforms such as Facebook
and Twitter have been used to promote vaccination, leading to
increased uptake in various regions [12]. Tailored messaging
on HIV prevention for at-risk populations has shown to be more
effective than generalized campaigns [13]. Moreover, existing
literature has shown examples of successful public health
campaigns, such as:

1. #SmearForSmear Campaign: this social media campaign
aimed to raise awareness about cervical cancer screening
and successfully increase screening rates by leveraging the
reach of platforms such as Twitter and Instagram [17].

2. Truth Initiative: an antismoking campaign that effectively
used social media to reduce teen smoking rates through
engaging content and interactive platforms [18].

Health Awareness
Health awareness is termed as “Enhancing the ability of
individuals to understand and use health information to make
informed decisions about their health” [13]. Efforts for health
awareness are varied and multifaceted, encompassing a wide
range of activities aimed at educating the public about health
issues, promoting healthy behaviors, and preventing diseases
[16]. Health awareness campaigns lead to early detection and
timely intervention, which benefits individuals by lowering
their health care expenses and reducing the financial burden on
the health care system [18]. Health awareness is generally
performed using mass media, social media, posters, billboards,
workshops, seminars, local outreach programs, influencers, and
public figures [12]. However, social media is most useful in the
current era due to its cost-effectiveness and wider audience
engagement [17]. Social media allows targeted messaging based
on demographics, interests, and online behavior [19]. This
ensures that health messages reach the people most likely to
benefit from them. Moreover, the effectiveness of health
awareness through social media can be measured in a few easy
ways, such as the number of impressions, likes, shares,
comments, hashtag usage, and so on [18,19]. Hence, medical
professionals can analyze the efficacy of their awareness
messages. There have been several successful health awareness
campaigns conducted through social media that have achieved
significant outcomes (Textbox 1).
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Textbox 1. Health care awareness campaigns.

• ThisGirlCan (2015)

• Objective: Encourage women of all ages and backgrounds to be more physically active, regardless of their shape, size, or fitness level [20].

• Execution: The campaign featured real women participating in various physical activities, promoting the message that women should feel
confident about being active regardless of societal pressures or body image concerns.

• Platforms used: Instagram, Twitter, Facebook, and YouTube.

• Outcomes:

• Widespread engagement: The hashtag #ThisGirlCan was used millions of times, with significant engagement from women sharing
their own stories and photos.

• Behavioral change: The campaign was credited with encouraging over 2.8 million women in the United Kingdom to become more
active.

• Long-term impact: The campaign continued beyond its initial phase, evolving into a broader movement that still influences public
attitudes towards women and fitness.

• #BellLetsTalk (Ongoing)

• Objective: Raise awareness about mental health issues and reduce stigma around mental illness in Canada [21].

• Execution: For every tweet using the hashtag #BellLetsTalk, every text message sent by Bell customers, and every Facebook video view,
Bell Canada donates 5 cents to mental health initiatives.

• Platforms used: Twitter, Facebook, Instagram, and Snapchat.

• Outcomes:

• Record participation: The 2021 campaign saw 159 million interactions, raising nearly CAD $8 million (equivalent US $5.56 million)
in a single day.

• Sustained impact: Since its inception, the campaign has raised more than CAD $121 million (equivalent US $84.5 million) for mental
health initiatives.

• Increased conversations: The campaign has significantly increased public dialogue about mental health in Canada, contributing to
reducing stigma and promoting mental wellness.

Health Care Education
Health care education refers to a deeper understanding of
specific health topics, including the causes, symptoms,
prevention, and treatment of diseases and how to maintain or
improve health [20]. It involves having factual information and
comprehension of health-related subjects [17]. Health care
education encourages regular check-ups, screenings, and
vaccinations, leading to early detection of diseases and more
effective prevention strategies [19]. For those with chronic
conditions such as diabetes, hypertension, or asthma, health
care education is essential for managing symptoms, adhering
to treatment plans, and avoiding complications [13].

In resource-limited economies, insufficient health care education
has been reported among the population, which impedes
individuals’ ability to understand, access, and apply health
information effectively [21]. Moreover, low-income individuals
may have less access to health resources, education, and
information, which hinders their ability to acquire and apply
health education [22]. Addressing these barriers in
resource-limited countries requires targeted strategies such as
improving health literacy, offering culturally sensitive health

care education, increasing access to technology, and combating
misinformation [21].

Among these targeted strategies, social media has gained the
most attention in the high-income world [20]. Health care
education through social media has become an increasingly
effective method for reaching diverse audiences with health
information. Studies suggest that health care education
campaigns on social media can achieve behavioral change
success rates ranging from 20% to 40% [16,17]. For instance,
social media campaigns promoting COVID-19 vaccination have
seen varying success, with some countries reporting a 15% to
25% increase in vaccine uptake attributable to social media
efforts [15]. Moreover, some campaigns that promote health
services (eg, vaccination drives or mental health counseling)
report conversion rates (actual service uptake) of 5% to 20%,
depending on the call to action and the ease of access to the
service [18]. The existing literature has discussed a few notable
health care education campaigns executed through social media
and validated their impact. One such campaign for spreading
health care education is The Amyotropic Lateral sclerosis (ALS)
Ice Bucket Challenge (Textbox 2).

JMIR Hum Factors 2025 | vol. 12 | e65745 | p.2411https://humanfactors.jmir.org/2025/1/e65745
(page number not for citation purposes)

Munir & AhmedJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Textbox 2. Health care education campaigns through social media.

1. The ALS Ice Bucket Challenge (2014)

• Overview: Participants dumped buckets of ice water over their heads, shared videos on social media, and nominated others to do the same, all
to raise awareness and funds for Amyotrophic Lateral Sclerosis (ALS) research [23].

• Impact:

• Financial: Raised over US $115 million for the ALS Association in just a few months.

• Awareness: Dramatically increased global awareness of ALS, with millions participating worldwide.

• Research Advancement: Funds contributed to significant research advancements, including the discovery of new ALS genes.

Pakistan Context
In Pakistan, the Federal and provincial governments jointly
administer 60% of the health care system, with the private sector
contributing 30%. Autonomous bodies support the remaining
10 percent [24]. The diverse structure and the country’s
economic challenges pose unique obstacles to effective health
care delivery. The country’s health care spending is at 2.95%
of its Gross Domestic Product, and the Pakistani government
always disregarded the economic survey data and faced criticism
from the apex medical organization as it necessitated health
allocations in line with global guidelines [25]. To provide quality
health care, the Pakistan Medical Association (PMA) expressed
the need for 6% of the country’s Gross Domestic Product
allocation, as recommended by the World Health Organization
[17], which the country is unable to meet due to economic
challenges [26].

Due to these financial limitations, there are reported disparities
in health awareness, with urban areas generally having better
access than rural regions [2]. Thus, communicable diseases,
such as waterborne diseases and vector-borne diseases, remain
a more significant concern in rural regions [1,3]. Moreover,
with limited access to maternal health care and family planning
services, Pakistan witnesses high maternal and child mortality
rates [2]. Diseases such as malaria, tuberculosis, and hepatitis
are prevalent, which exacerbates the situation [24]. Moreover,
stigma about sexually transmitted infections results in inadequate
prevention and treatment efforts that result in a psychological
attack on patients [25]. Poor sanitation and hygiene contribute
to outbreaks of diseases like cholera and dysentery in Pakistan
and many preventable diseases, such as polio and measles,
persist due to low vaccination rates [23].

Amid financial crises, health care awareness and education are
known to be effective in reducing the disease burden rate [8].
There are several traditional efforts made by the Government
of Pakistan Ministry of Health in the past to improve disease
awareness and reduce the patient burden [24]. These include
the following:

1. Engaging community health workers in disseminating health
information, especially in rural areas. However, the number
of community health workers to cover the target population
is very limited and requires substantial spending [24].

2. Use of radio and television for health awareness programs,
public service announcements, and talk shows but requires
financial resources [27].

3. Newspapers, magazines, and pamphlets are also used to
spread health information, but considering the low literacy
rate and cost of print media, these are not found to be much
effective for the target population [27].

However, among the modern techniques, social media has
gained much attention from health care communities globally
[7,10]. Pakistan has also witnessed the widespread of social
media but in academics, e-commerce, entertainment, media,
politics, sports, and religious sectors. In Pakistan, 29.5% of the
population is on social media, whereas 77.8% has active mobile
connections, meaning these users also have access to social
media platforms [28].

The health care sector is structured to depend on government
approval for any initiative [29]. The government has not devised
any legislation to promote the use of social media for awareness
[24,27]. This mainly restricts the government’s health
departments and health care professionals from using this tool
to publicize health messages. Some efforts have been made to
digitalize the health care sector using the eHealth concept and
implement a few apps to initiate telehealth and telemedicine
[30]. Also, mobile messaging and caller voice tunes are found
to be significant in health care services awareness [30].
However, the interpretation and usage of social media tools are
still scarce [31]. For this reason, it is imperative to investigate
the social media usefulness among health care professionals in
Pakistan and to identify whether these health care professionals
support the use of social media for health awareness and
education.

Theoretical Foundation
A few theories explain the behaviors toward acceptance of any
new digitalized tool and address their attitude [32], including
the innovation diffusion theory proposed by Rogers in 1962,
the Theory of Reasoned Action proposed by Fishbein and Ajzen
in 1967, the Self-Efficacy Theory proposed by Bandura in 1977,
the Theory of Planned Behavior proposed by Ajzen in 1985,
the Social Cognitive Theory proposed by Bandura in 1986, and
the Technology Acceptance Model proposed by Davis in 1986
[32]. Among these various behavioral theories, the Innovation
Diffusion Theory (IDT) offers a framework for understanding
how new ideas, behaviors, or innovations spread within a
population [33].

In public health, innovation diffusion theory helps explain how
new health interventions, practices, or policies are adopted and
disseminated within communities [33]. The theory identifies 5
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stages individuals and communities pass when adopting an
innovation: knowledge, persuasion, decision, implementation,
and confirmation [34]. Figure 1 explains these five stages of
the innovation-decision process.

To understand social media acceptance for health awareness
and education, the theory has categorized individuals within a

population into subgroups based on their readiness to adopt
innovations. Innovators and early adopters are likely to adopt
innovations early, while most of the population follows suit
over time. Laggards are the last to adopt [33]. Figure 2 explains
these subgroups of individuals.

Figure 1. Innovation diffusion process.

Figure 2. Adopter categories.

In health care education and awareness, the diffusion of
innovation is used to fast-track the acceptance of crucial public
health digitalized interventions that ordinarily intend to influence
the behavior of a social system [34]. Thus, this theory provides
the foundation for understanding social media usage and its
adoption attitude in a particular community.

In Pakistan, the ineffective innovation management approaches
and deprived diffusion of innovation strategies are hurdles to
realizing the importance of social media and its usage for health
care education [24,25]. The deprived diffusion of innovation is
a significant factor in the inability to attain the desired output.

Even for digitalized hospital tools other than social media, the
country needs more innovative and user-friendly equipment in
the hospital sector [25]. The notion of consistent health care
challenges and inadequate health resources in Pakistan is also
evident from the recent Joint External Evaluation report [24].

For this reason, it is imperative to investigate the impact of
social media’s effective use on health awareness and health care
education in Pakistan using IDT. This may result in highlighting
and understanding the effectiveness of social media tools in
reducing the disease burden in the country.

Figure 3 explains the theoretical framework of the current study.
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Figure 3. Conceptual framework of the study.

Hence, the current study hypotheses are:

1. Hypothesis 1 (H1): social media usefulness positively and
significantly impacts health awareness in Pakistan.

2. Hypothesis 2 (H2): health awareness has a significant
positive impact on health care education in Pakistan.

Methods

Instrument Development
A quantitative technique was applied to test the study hypothesis
and validate the proposed model using the structural equation
modeling (SEM) technique [35]. SEM is deemed the most
suitable due to its ability to simultaneously test complex
relationships among multiple variables and validate the proposed
conceptual model. Data analysis was carried out using AMOS
26.0 software (IBM Corp) [36]. Since the study aims to identify
social media’s impact on health awareness leading to health
care education and uses the IDT as a theoretical foundation,
scales from previous literature have been adopted. The main
advantage of adopting these scales is that they have already
been validated in the health industry’s acceptance behavior of
new technological tools. For instance, the measurement scale
for Innovative Technology (social media) usefulness was
adopted from a previous study [37], and measurement scales
for health awareness have been adopted from another study
[38]. Aligning with the psychometric literature, 4-item scales
for each construct based on their higher loadings have been
adopted [37]. The modified 8-item scale for measuring health
care education was adopted based on the questionnaire of Ho
et al [39]. For the measurement of each item, a 7-point Likert
scale ranging from 1 (strongly disagree) to 7 (strongly agree)
was used [38].

Data Collection
A questionnaire was designed based on the variables of the
present study, utilizing the aforementioned scales, which are
provided in Multimedia Appendix 1. A personally administered
questionnaire was used for data collection [32]. For data
collection, the current research to eliminate targeted health care
professionals and paramedic staff of 2 private hospitals in

Lahore, Pakistan. The questionnaire was distributed to more
than 450 health care professionals and paramedic staff using
convenience sampling and requested their valuable feedback.
However, only 389 useful responses were received.

Ethical Considerations
As a matter of ethical concerns, prior permission from the
hospital management was obtained, and the purpose of the study
was explained to all respondents through “informed consent.”
It was assured that respondents’ privacy would be ensured
through confidentiality. Ethical approval was not required for
this study as it did not involve identifiable personal data, or
interventions falling under the scope of institutional or national
ethics review requirements. In accordance with the Declaration
of Helsinki (World Medical Association, 2013) research ethics
policy, studies that do not involve sensitive data are exempt
from formal ethics board approval.

Results

Primary Data Screening
Initial screening was carried out among 389 useful responses
to eliminate unusual responses, mainly incomplete
questionnaires and respondents who marked similar scores on
all items. Furthermore, questionnaires with more than 4 missing
values were also excluded. The remaining missing values were
replaced with the series mean/average for the rest of the
responses. Therefore, the final useful sample was reduced to
340.

Table 1 provides the demographics of the study respondents.
Among 340 respondents, 58% (197/340) were male, and the
rest were female (143/340, 42%). A total of 91% (309/340) of
the respondents were between 25 and 35 years of age, which
may lead to the fact that most health care professionals and
paramedic staff in private hospitals in Lahore are young.
However, we may be unable to neglect the 6% of the population
under 25 years old and more eager to start their career in the
health care sector. The remaining 3% were more than 35 years
of age and had extensive health industry work experience.
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Table . Sociodemographic characteristics of study respondents (N=340).

Values, n (%)Characteristics

Sex

197 (58)    Male

143 (42)    Female

Age (years)

21 (6)    <25

309 (91)    25-35

10 (3)    >35

Social media experience (years)

34 (10)    <1

207 (61)    2-5

99 (29)    >5

Monthly incomea

101 (30)    Less than PKRb 40,000 (US $142.98)

197 (58)    PKR 40,000-80,000 (US $142.98-US $285.97)

42 (12)    More than 80,000 (US $285.97)

Education

63 (18)    Less than secondary school

259 (76)    Secondary school to graduation

18 (6)    Medical (MBBSc/BDS)d or Masters degree

Health services experience (years)

21 (6)    <3

225 (66)    3-6

94 (28)    >6

aA currency exchange rate of US $1=280 PKR is applicable.
bPKR: Pakistani rupees.
cMBBS: Bachelor of Medicine, Bachelor of Surgery.
dBDS: Bachelor of Dental Surgery.

Data Analysis
An exploratory factor analysis was initially performed on the
16 measurement items to confirm the underlying relationships
[36]. For sample adequacy, the KMO value (0.850) was greater
than the recommended value (0.60), and the significance value
of P0.001 confirmed the Bartlett test of sphericity, as shown in
Table S1 in Multimedia Appendix 2. All those factors were
retained for data analysis, with factor loading greater than 0.50
and Eigenvalue greater than 1.0. Hence, this technique provided
3 factors that explained 72.2% of the variance after varimax
rotation. Furthermore, scale reliability coefficients were greater
than the acceptable value (0.70) [40], and Shapiro-Wilk tests
were conducted to check the data normality [40], as shown in
Table S2 in Multimedia Appendix 2 . The results of both tests
were significant, meaning there was no normality issue in the
data.

For further data analysis, a two-stage structural equation
modeling (SEM) technique was used [36-38]. This approach

allows researchers to evaluate the measurement and structural
models separately using two dissimilar subsamples. For this
reason, a sample of 340 participants was divided into two parts:
a sample of 170 individuals was used for the measurement
model, and a similar sample size was used for the structural
model assessment to attain impartial results.

Reliability and Validity Measures
According to Hair et al [35], finding the reliability of each item
and construct in the research study is essential. Therefore,
squared multiple correlation (SMC) was used to find the
reliability of each reliability item of each measurement item.
SMC represents “the amount of variance explained by an
individual indicator/construct of its respective factor and
measured by the square of its (indicator’s) standardized factor
loading” [40].

Hair [35] indicated that the cutoff value of SMC is 0.30. Hence,
it is evident from Table 2 that all the SMC values are greater
than 0.30. For measuring the reliability of each variable, the
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Cronbach alpha value was used. As suggested in the literature,
the cutoff value of Cronbach alpha is 0.70 [36,37]; it is evident
from Table 2 that all variables’ Cronbach alpha values are more
than 0.70. Furthermore, Hair et al [35] also highlighted that for

measuring the convergent validity, there are three common
approaches: (1) standardized factor loading (0.5 or greater), (2)
average variance explained (0.5 or higher), and (3) composite
reliability (0.7 or above).

Table . Measurement of reliability and validity.

Average vari-
ance explained

Cronbach al-
pha

Composite reli-
ability

Squared multi-
ple correlation

Standardized
factor loading

Values, mean (SD)Constructs and item

Social media usefulness (SMU)

0.5890.7740.7880.6070.7815.19 (1.65)    SMU1

0.6870.7805.33 (1.71)    SMU2

0.6710.7775.01 (1.12)    SMU3

0.6460.7875.05 (1.32)    SMU4

Health awareness (HA)

0.5920.7730.7690.6770.8595.45 (1.56)    HA1

0.6810.8745.98 (1.45)    HA2

0.6750.8815.39 (1.43)    HA3

0.6540.8675.51 (1.39)    HA4

Health care education (HED)

0.6780.7890.7830.6510.7195.23 (1.77)    HED1

0.6290.7755.22 (1.74)    HED2

0.6220.7215.60 (1.64)    HED3

0.6370.7395.41 (1.49)    HED4

0.6630.7875.22 (1.15)    HED5

0.6540.7725.11 (1.23)    HED6

0.6910.7595.09 (1.43)    HED7

0.6090.7685.32 (1.59)    HED8

Hence, each standardized factor loading was statistically
significant (P<.001), and values ranged from 0.719 to 0.881,
thus validating adequate convergent validity as shown in Table
2. In addition, the average value explained (AVE) values and
construct reliability were also more than their cut-off level of
0.5 and 0.7, respectively, and were statistically significant.
Therefore, these measures confirm sufficient convergent
validity.

A comparison of shared variance between factors with the
average variance explained by individual factors was ensured
for measuring the discriminant validity. The diagonal value
should be greater than the non-diagonal value to confirm
adequate discriminant validity [40]. Hence, results given in
Table S3 in Multimedia Appendix 2indicates the correlation
matrix of constructs, where non-diagonal elements are correlated
among constructs and diagonal elements are the square root of
average variance explained (AVE) by that construct and clearly
explain that all three constructs differ.

Measurement Model
Using statistical software AMOS 26.0, the measurement model’s
confirmatory factor analysis (CFA) was performed [40,41]. This
provided a passable model fit for the primary measurement
model (CMIN=1220.23; CMIN/DF=1.98; GFI=0.72;

AGFI=0.80; NFI=0.81; CFI=0.826; RMR=0.089;
RMSEA=0.082); however, the number of indicators per item
was large; for instance, the number of indicators for health care
education were 8. Consequently, 2 items were deleted for further
refinement to obtain an adequate model fit through the CFA of
the measurement model. This refinement was conducted by
deleting items one by one, based on their standardized residual;
that is, that item was first deleted, which had a larger error
variance than their measurement items. Each item was carefully
reviewed before deleting it to ensure that, from a theoretical
viewpoint, its error variance also seemed rational. The
refinement and assessment process for every construct was first
evident by Churchill [41]. Churchill defined this process as;
“Though this application may be satisfactory during the early
stages of research on a construct, the use of factor analysis in a
confirmatory fashion would seem better at later stages.”
Furthermore, Gerbing and Anderson’s [42] study also provided
support to Churchill’s argument and stated that; “to demonstrate
that an explicit evaluation of Unidimensionality is accomplished
with a confirmatory factor analysis of the individual measures
as specified by a multiple-indicator measurement model.
Coefficient alpha is important in assessing reliability but does
not assess dimensionality. Although item-total correlations and
exploratory factor analysis can provide useful preliminary
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analyses, particularly in the absence of a sufficiently detailed
theory, they do not directly assess unidimensionality. The reason
is that a confirmatory factor analysis assesses the internal
consistency and external consistency criteria of
unidimensionality implied by the multiple-indicator
measurement model.

Hence, this refinement process provided an adequate model fit

(CMIN=357.62; the ratio of χ2 to degree of freedom value (1.80)
is remarkably less than its recommended value (5.0).
CMIN/DF=1.80; GFI=0.90; AGFI=0.89; NFI=0:915; CFI=0:93;
RMR=0:075; RMSEA=0:055) as shown in Table 3.

Table . Structural equation modeling fit indices for the confirmatory factor analysis model.

Results obtainedCut-off criteriaFit indices

Absolute fit indices

357.62 (170)N/Aa    Chi-square (df)

1.800<5.00    χ2/df (CMIN/DF)

0.055<0.06    Root Mean Square Error of Approximation

0.900>0.85    Goodness of Fit Index

0.890>0.85    Adjusted Goodness of Fit Index

Incremental fit indices

0.915>0.90    Buntler-Bonett Normed Fit Index

0.930>0.93    Comparative Fit Index

0.941>0.90    Tucker Lewis Index

0.932>0.90    Incremental Fit Index

Parsimonious fit indices

0.798>0.50    Parsimony Goodness-Fit Index

0.848>0.50    Parsimony Normed Fit Index

aN/A: not applicable.

Structural Model
The research hypotheses were tested through structural model
estimation [40]. Therefore, a second subsample (n=170) was

used and provided the adequate structural model fit
(CMIN=488.6; CMIN/DF=1.85; GFI=0.861; AGFI=0.893;
NFI=0.987; CFI=0.945; RMR=0:079; RMSEA=0.053) as shown
in Table 4.

Table . Hypothesized structural model fit indices.

Results obtainedCut-off criteriaFit index

Absolute fit indices

488.6 (170)N/Aa    Chi-square (df)

1.850<5.00    χ2/df (CMIN/DF)

0.053<0.06    Root Mean Square Error of Approximation

0.861>0.85    Goodness of Fit Index

0.893>0.85    Adjusted Goodness of Fit Index

Incremental fit indices

0.987>0.90    Buntler-Bonett Normed Fit Index

0.945>0.93    Comparative Fit Index

0.976>0.90    Tucker Lewis Index

0.943>0.90    Incremental Fit Index

Parsimonious fit indices

0.680>0.50    Parsimony Goodness-Fit Index

0.609>0.50    Parsimony Normed Fit Index

aN/A: not applicable.
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Moreover, the significance of the hypothesis is shown in Table
5. Testing of H1 revealed that social media usefulness has a
significant effect on health awareness (H1: β=.669, P<.001),
supporting the IDT proposed by Rogers. Testing of H2 also

supplied similar significant outcomes to the current research
model (H2: β=.557, P<.001), confirming the findins of prior
work.

Table . Hypothesis testing results.

OutcomeP valuePath coefficientHypothesisImpact onImpact ofS.no.

Significant impact.0010.669dH1cHAbSMUa1

Significant impact.0010.557dH2fHEDeHA2

aSMU: social media usefulness.
bHA: health awareness.
cH1: hypothesis 1.
dP<.001.
eHED: health care education.
fH2: hypothesis 2.

Discussion

Principal Findings
This study examined the impact of social media on health
awareness and its role in health care education, using IDT as
the theoretical framework in Pakistan. A conceptual model was
developed to assess the mediating effect of health awareness
on the relationship between social media usage and health care
education. The hypothesis testing results demonstrated
significant relationships, with social media positively influencing
health awareness (H1: path coefficient=0.669, P<.001) and
health awareness positively impacting health care education
(H2: path coefficient=0.557, P<.001). These findings highlight
the potential of social media as an effective tool for promoting
health care education when strategically leveraged by health
care stakeholders.

The study also revealed that younger and more educated health
staff are more inclined to use social media, while older groups,
though recognizing its usefulness, engage less actively. This
demographic insight underlines the need for tailored engagement
strategies to maximize participation. Limited research in
developing countries, including Pakistan, has tested the
application of IDT to health care professionals’ adoption of
social media for health care education. The standardized direct
effects from hypothesis testing affirm the significant relationship
between social media usefulness, health awareness, and health
care education in the Pakistani context.

Given that developing countries are often classified as late
adopters of technology, according to IDT, the findings
emphasize the importance of region-specific social media
content on platforms, such as Facebook, WhatsApp, or locally
developed alternatives, for health care interventions. IDT further
suggests that simplifying innovations can facilitate broader
adoption, making it easier for health care professionals and the
general population to engage with digital health initiatives.
These insights highlight the need for cost-effective, user-centric
solutions to enhance healthcare outcomes in Pakistan.

The government of Pakistan can also play a significant role in
spreading health awareness. They can use social media to run

campaigns on maternal health, child nutrition, and disease
prevention. The health care professionals in private hospitals
also indicated that live sessions and webinars on platforms like
Facebook Live and Instagram Live to educate the patients and
hospital staff on various health issues and answer their real-time
questions have been very useful.

Using social media for health care education in Pakistan could
be a game-changer, surpassing the expectations of spreading
awareness regarding health needs in a particular community.
This potential is not just theoretical; it has been proven in
developed countries, such as the US, Jordan, the United
Kingdom, and Europe, where social media was used during the
COVID-19 pandemic to combat the pandemic and other notable
diseases [15]. Moreover, social media platforms have been used
to promote telemedicine services, enabling health care
professionals to connect with patients remotely for consultations,
follow-ups, and monitoring of chronic conditions [16,30].

Overall, this study validates the use of social media to improve
public health care education through public awareness.
Therefore, the study concludes that health care professionals
should use social media tools to inform the wider public and
address healthcare issues in Pakistan.

Conclusion
The findings of this study underscore the significant role that
social media plays in enhancing health care awareness and
education among various populations in developing countries
like Pakistan. With their wide reach and interactive features,
social media platforms have proven to be effective tools for
disseminating health-related information and engaging
individuals in meaningful health conversations. Social media
breaks down geographical barriers, allowing health information
to reach a global audience instantly. This broadens the scope
of health care awareness campaigns and makes information
accessible to a diverse demographic, including those in remote
or underserved areas. The interactive nature of social media
facilitates active engagement between health care providers and
the public. This interaction fosters a sense of community,
encourages the sharing of personal health experiences, and
allows for immediate feedback and clarification of health
information. Also, social media platforms enable the
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dissemination of personalized health information tailored to
specific audiences’ needs. Moreover, the real-time nature of
these platforms ensures that information is up to date, which is
crucial during health emergencies or outbreaks.

Health care education through social media can help understand
how to prevent common diseases such as malaria, tuberculosis,
hepatitis, and polio through vaccination, sanitation, and hygiene
in Pakistan. Awareness campaigns can encourage healthier
lifestyles, reducing the incidence of chronic diseases such as
diabetes, hypertension, and heart disease. Educating women
about prenatal and postnatal care, safe delivery practices, and
child nutrition can significantly lower maternal and infant
mortality rates. Awareness through social media about proper
nutrition, immunization, and hygiene practices helps improve
children’s health and development in the rural outskirts of
Pakistan. Also, awareness about communicable diseases and
their transmission can help in preventing outbreaks of diseases
like HIV/AIDS, tuberculosis, and waterborne illnesses.

Governmental policies provide a framework for regulating the
content shared on social media, ensuring that the information
disseminated is accurate, reliable, and in line with public health
guidelines. Information shared by government-endorsed social
media accounts is more likely to be trusted by the public.
Official policies lend credibility and legitimacy to health
messages, increasing the likelihood of public acceptance and
compliance. All active organizations (govt and private) working
in the health industry of Pakistan seek prior permission or ethical
clearance to initiate any new work. Without government support,
the organizations lack the confidence to spread and advertise
any health-related content due to fear that they may be subject
to local resistance.

Despite its benefits, the use of social media in health care
awareness also presents challenges, such as the spread of

misinformation and the need for privacy and data protection.
Health care organizations must implement strategies to verify
information and ensure the credibility of the content shared.
Hence, the study suggests that Pakistan’s health care
organizations should continue leveraging social media to
enhance health communication strategies and education.
Ongoing research is also needed to explore new ways to
maximize social media’s benefits while mitigating its risks.

In conclusion, social media is a powerful tool for health care
awareness, offering unprecedented opportunities to reach and
engage with a wide audience. By harnessing its potential in
developing economies, health care organizations can improve
public health literacy, promote healthy behaviors, and ultimately
contribute to better health outcomes. Collaborative efforts
between health care professionals, social media platforms, and
policymakers will be crucial in leveraging social media’s full
potential for public health advancement.

Future Research
Future research should move beyond compliance with existing
social media policies to explore strategies and variables that
demonstrate tangible improvements in the health care sector.
This could include investigating how social media can influence
enhanced patient outcomes through better communication and
engagement, broaden health awareness campaigns by targeting
diverse and underserved populations, and improve access to
health care services through innovative digital solutions.
Additionally, longitudinal studies examining the long-term
impact of social media interventions on public health indicators
would provide valuable insights. Identifying and analyzing these
variables will contribute to a more comprehensive understanding
of social media’s transformative potential in health care beyond
mere policy adherence.
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Abstract

Background: Telemedicine represents an essential tool with the potential to reduce health costs, thus avoiding patient displacement
and improving patient care outcomes, positioning it as a significant social technology.

Objective: This study aims to analyze the implementation of a telehealth cabin at BP Hospital (A Beneficência Portuguesa de
São Paulo), focusing on the evaluation of the experiences of both patients and health care professionals, as well as the acceptability
of this tool.

Methods: A mixed methods study was conducted with 229 participants, divided into 2 phases. The first phase involved 40
apparently healthy individuals to assess the usability, experience, and satisfaction of this group for the later safe application in
the group with clinical complaints. The second phase included 189 participants, with complaints to assess the usability, experience,
and satisfaction of patients and doctors. In both phases, participants completed screening questionnaires (to assess the eligibility
criteria), a socioeconomic demographic questionnaire before using the cabin, and a questionnaire including the System Usability
Scale and the Net Promoter Score (NPS) after using the cabin.

Results: The data analysis of the first phase showed high acceptance of the telehealth cabin, which supported the progression
to the second phase. In the second phase, a high usability score was observed among participants with clinical complaints (mean
System Usability Scale score of 85.97, SD 15.50) and a high favorability rating (NPS score of 9.4). Health care professionals
also reported favorable results, with a usability score of 67.8 and an NPS of 8.0.

Conclusions: The results of this study reinforce the potential for scaling up this practice based on usability outcomes, and
highlight its relevance for the development of public policies aimed at expanding access to quality health care in Brazil. This
approach improves the interaction of patients with the health care system, while providing professionals with an extended view
of clinical conditions through integrated devices, particularly in areas with limited access to medical care.

(JMIR Hum Factors 2025;12:e55430)   doi:10.2196/55430
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telemedicine cabin; telehealth; teleservice; e-health; connected offices

Introduction

Health is a fundamental right of the population and must be
guaranteed to everyone. It is even included in the Universal
Declaration of Human Rights of 1948, in Article 25, which
defines that everyone has the right to a standard of living that
ensures health, well-being, and health care [1]. Although access
to health is often presented as a goal in the health policy, there
are several challenges to ensure that right into the Brazilian
reality, such as inequalities related to the access and use of
health services, discontinuities in the geographical distribution

of services, especially of medium and high complexity, in
addition to the articulation between health systems of several
care levels [2,3].

Among the various proposals developed to improve health care
at the national level, the use of technological and
telecommunication resources for the exchange of information
across different levels of health care, between health
professionals, and between doctors and patients, has gained
prominence.
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According to the Ministry of Health, telehealth uses information
and communication technologies to promote the expansion and
improvement of medical services. Telemedicine is included in
telehealth, related only to remote care through technology.
According to the World Health Organization, telemedicine is
defined as the “delivery of health services where distance to
health professionals is a critical factor, through the use of
information and communication technologies to the exchange
of valid information for the diagnosis, treatment, and prevention
of disease and injuries, research and assessment, and to the
continuing education of the providers of healthcare and
patients.”

Telehealth has been used in Brazil since the 1990s, emerging
in a decentralized and fragmented way in the health sites [4].
Telemedicine has the potential to reduce health costs, avoid
patient displacement, and even improve patient care outcomes
[5-7]. Although many studies are being published, especially
as a consequence of the COVID-19 pandemic, the
implementation of telemedicine can still be challenging, mainly
due to technological barriers and poor computer knowledge,
and even due to resisting change and the patient’s education
level [8]. Despite the increasing interest in telehealth, a
significant part of the research focuses on the technological
aspects rather than on the tool’s adoption and acceptance.

One of the limitations of telemedicine is the lack of possibility
to monitor the patient throughout medical care, and some
telemedicine platform initiatives have been developed for this
purpose. However, today, they provide more complete solutions
through a digital health ecosystem, which offers medical
instruments to be used by the patient, such as a temperature
sensor, stethoscope, dermatoscope, oximeter, otoscope,
sphygmomanometer, scale, and height sensor. These new
functionalities aim to create resources that can improve even
more access and affect the quality of life by bringing doctors
and patients closer together.

This research aimed to assess the human aspects of the
experience and usability when using telehealth cabins with
built-in medical devices, thus expanding the diagnostic and
interventional capacity of health professionals in clinical,
diagnostic, and interventional capacity practice in its remote
format.

To this end, the socioeconomic and demographic profile of the
population, the experience and usability of the population in
the cabin, the doctor’s experience in providing care through
telehealth cabins, and compliance in handling the equipment
available in the self-examination cabin were evaluated.

Methods

Recruitment
This is a mixed methods study using (1) the System Usability
Scale (SUS), (2) the Net Promoter Score (NPS), and (3) a
thematic analysis based on participant’ perceptions. The aim
was to assess the usability and favorability of health care
provided in a connected cabin for symptomatic and
asymptomatic employees of the BP Hospital (Beneficência
Portuguesa de São Paulo).

Ethical Considerations
Ethics approval (CAAE: 58070622.9.0000.5483) for this study
was provided by the institutional review board of the BP
Hospital (Beneficência Portuguesa de São Paulo) on January
31, 2023. All eligible patients signed an informed consent form
for this research protocol.

The data was collected on the RedCap platform, which has
access control to ensure the security of the data collected in the
research. In addition, all data was anonymized to ensure the
privacy of the participants.

Sample Size
The Binomial test was used to calculate the sample size for both
parts of the study. For the sampling of asymptomatic individuals
(phase 1), an 80% test power was stipulated, a 70% acceptance
rate of the cabin under the null hypothesis, and a 90% expected
in the sampling rate were specified, resulting in 41 asymptomatic
patients.

For the sampling of symptomatic individuals (phase 2), we
opted for a conservative scenario. Thus, we set a power of 90%,
an acceptance rate of 80% under a null hypothesis, and a 90%
expected proportion in the sampling, resulting in 169 patients.
Anticipating the possibility of a 12% sample loss, the researchers
decided to increase the sampling to 190 symptomatic patients.

Inclusion and Exclusion Criteria

Phase 1: Asymptomatic Patients
The study’s first phase involved 40 apparently healthy
individuals with no clinical complaints or decompensated
chronic diseases (exclusion criteria for the first phase) to assess
the safety and usability of the cabin.

During this phase, all hospital staff received an email with
information about the study, inviting asymptomatic individuals
to participate. Interested individuals could schedule an
appointment by phone to use the cabin.

Phase 2: Symptomatic Patients
The second phase included 189 individuals who could be with
clinical complaints but did not meet the exclusion criteria, which
were: inability to understand and answer the screening
questionnaire; patients with signs and clinical symptoms
indicating the need for urgent medical care, such as cardiac
arrest, shock of any origin, reduced level of consciousness, focal
neurological signs, epileptic seizure, chest pain, deep wound,
and heavy bleeding.

During this phase, individuals who sought medical care at the
institution’s employee health center and who met the inclusion
criteria were invited to participate. Those who agreed to
participate were enrolled in the study.

Telemedicine Cabin
The telemedicine cabin Diagnostica, manufactured in Argentina,
was used. It is made of plastic and fiberglass and measures
250×150×230cm dimensions. It has a forced air ventilation and
filtering system, environmental lighting with intensity and color
control, and an audio and video system for videoconferences
(Figure 1).
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Figure 1. Telemedicine cabin at the location of the research project.

The participant used his cell phone or the device available in
the cabin to receive care and to interact with the person through
the app developed for Android and IOS. The patient was
accommodated in the cabin and selected the self-examination
devices according to their needs.

The following devices were available in the cabin: an otoscope,
a digital dermatoscope, and a high-definition camera, all
manufactured by Firefly Global in 2021; a stethoscope Riester
manufactured in 2021; and an oxyhemoglobin saturation monitor
(oximeter), an electrocardiography, a heart rate and temperature
monitor, and a sphygmomanometer, models PM6100, all
manufactured by Berry, 2021. The patient was instructed to use
the app on his cell phone, and the light signals in the cabin were
added to a video display to operate the devices for the
self-examination.

The cabin recorded the measurements taken by the available
devices. The patient had the option, at their discretion, to join
the medical consultation at any time during the use of the cabin,
even if he did not use the devices. During the synchronous
service, the doctor could request that the patient use any of the
medical devices to obtain additional clinical information.

Doctors were recruited through direct invitations sent to
professionals associated with the hospital. Selection criteria
included previous experience with similar technologies and
availability to participate in all stages of the study.

Data between the patient and the doctor was transmitted via the
Doc24 telehealth platform, implanted in the data processing
centers, and connected to the internal service network.
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Study Procedure
Before starting the service, a nursing technician applied the
informed consent form. After the participant’s agreement, a
screening questionnaire focusing on the inclusion and exclusion
criteria and a questionnaire to collect demographic and
socioeconomic data before using the cabin were administered.
Individuals who met the exclusion criteria or had acute
alterations requiring face-to-face assessment were sent to the
Employee Health Center for immediate medical care.

The cabin was equipped with a Wi-Fi network and the patient
should download an app to access the cabin and the interface
(application) which was customized for the project.

During the appointment, the patient, seated in the cabin, can
choose between selecting devices for self-examination or opting
for a consultation with a doctor. At the patient’s discretion, they
have the option to join the medical consultation at any time
during the use of the cabin, even without having used the
devices.

If the participant chooses to attend a medical consultation during
the service, the doctor may ask the patient to use some of the
equipment to collect clinical information, or to reuse some of
the equipment due to observing poor quality results initially
measured by the patient.

Equipment-assisted measurements were available for medical
assessment, if required, or later, in the outpatient treatment.

At the end of the service, the research participant was invited
to answer the usability questionnaires translated and validated
including the SUS, which is a method to measure the usability
of several products and services through 10 questions answered
on a scale of 1 to 5, where 1 is total disagreement and 5 is total
agreement [9], and the NPS, which aims to analyze the patient’s
experience and satisfaction [10].

After assigning the NPS score, participants were asked to
explain their ratings. Inductive thematic analysis was used to
identify a rating [11]. Two authors carefully read each response
individually and grouped the responses. Any disagreement was
discussed with the first author, and then the response was labeled
into 6 categories: “service,” “usability,” “difficulty of use,”
“innovation,” “technology resistance,” and “unspecific.” The
final step was to group the responses into potential themes.

In order to check the usability of health professionals, the
participating doctors also completed the same questionnaires
at the end of the daily sessions.

Statistical Analysis
Study data were collected and managed by an electronic data
capture tool, REDCap (Research Electronic Data Capture), and
hosted on the BP server [12,13]. REDCap is a secure software
web-based platform designed to support data collection for
research studies, providing (1) an intuitive interface for the

validated data collection, (2) audit trails to track data
manipulation and export procedures, (3) automated export
procedures for further data downloads to standard statistical
packages, and (4) procedures for data integration and
interoperability with external sources. Once collected, data were
described considering the mean and SD for the numerical
variables and the absolute and relative frequencies to the
categorical variables. SUS scores were interpreted using the
Sauro and Lewis Curved Grading Scale [14].

Patients were classified into 2 groups according to the SUS
scale score “Acceptable usability” (SUS ≥68) and “Usability
issues” (SUS <68), and the percentage of patients was compared
with 70% (for the Symptomatic sample), and 80% (for the
Symptomatic sample) by the Binomial test. The cut-off point
of 68 was selected because, despite variability in acceptability,
this is the threshold at which the technology is considered to
have acceptable usability.

The chi-square test or Fisher exact test was used to compare the
groups’ qualitative characteristics, and the Mann-Whitney Test
was used for the numeric characteristics. The significance level
of 0.05 was used throughout the study, and the analyses were
performed using SPSS software (version 25; IBM corporation).
Graphs were generated using R (version 4.3.2; R studio Team)
software and the ggplot2 package.

Results

Overview
The study was divided into 2 phases: the first occurred from
March 6, 2023, to March 16, 2023, and 40 asymptomatic
patients were included. The second occurred from March 17,
2023, to June 1, 2023, and 189 symptomatic patients were
included.

Assessment of Asymptomatic Patients
The demographic distribution of the asymptomatic patients is
shown in Table 1. Most were female, White, married,
university-educated, and of higher socioeconomic status.

Concerning the use of the cabin, most of the patients requested
support to use the cabin at some point during use. Only 3
patients described the reasons for requesting assistance as
difficulties in using the equipment. The appointment had a
duration between 10 and 52 minutes.

Upon assessing the satisfaction (Figure 2), we observed that the
SUS had a mean value corresponding to Grading A+ (Table 2).
When defining the cut-off point for SUS, we identified that only
5 (12.5%) patients had a score of <68 points, whereas 35
(87.5%) had a score of ≥68 points. Thus, the acceptability of
87.5% was statistically different from 70% (P=.009) and had a
95% CI 75.5%-100%, justifying the acceptability of the
asymptomatic sample and allowing the study to proceed with
the sampling of symptomatic patients.
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Table . Distribution of demographic variables for the sampling of asymptomatic patients.

Values (N=40)

Sex, n (%)

15 (38)    Male

25 (63)    Female

Ethnicity and race, n (%)

2 (5)    Asian

24 (60)    White

8 (20)    Mixed

6 (15)    Black

Education, n (%)

6 (15)    High school

34 (85)    College

Marital status, n (%)

15 (38)    Single

24 (60)    Married, common-law marriage, or partnered

1 (3)    Judicially separated or divorced

Monthly household income, n (%)

8 (20)    Up to 3 minimum wages

6 (15)    4‐6 minimum wages

13 (33)    7‐11 minimum wages

13 (33)    Above 11 minimum wages

Care function, n (%)

36 (90)    No

4 (10)    Yes

Has the patient requested support to use the cabin
outside the previously set times?, n (%)

31 (78)    No

9 (23)    Yes

At what point did the patient request medical
advice?, n (%)

24 (60)    Medical advice requested after the tests

7 (18)    Medical advice requested at the beginning;
tests performed upon medical orientation

9 (23)    Did not request medical orientation

37.9 (10.9)Age (years), mean (SD)

27.0 (10.5)Appointment duration (minutes), mean (SD)

9.6 (0.7)NPSa, mean (SD)

84.9 (13.0)SUSb, mean (SD)

aNPS: Net Promoter Score.
bSUS: System Usability Scale.
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Figure 2. Distribution for asymptomatic patients for the variables: (A) “How likely is it that you would recommend it to a friend or colleague.” (B)
Final SUS Score upon graduation using the Curved Grading Scale. NPS: Net Promoter Score; SUS: System Usability Scale.
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Table . Distribution of patients by Curved Grading Scale grades of asymptomatic and symptomatic groups.

Symptomatic (n=189), n (%)Asymptomatic (n=40), n (%)GradingSUS score range

128 (68.1)26 (65)A+84.1‐100

8 (4.3)3 (7.5)A80.8‐84.0

3 (1.6)1 (2.5)A−78.9‐80.7

11 (5.9)1 (2.5)B+77.2‐78.8

8 (4.3)2 (5)B74.1‐77.1

0 (0)0 (0)B−72.6‐74.0

2 (1.1)1 (2.5)C+71.1‐72.5

11 (5.9)3 (7.5)C65.0‐71.0

0 (0)0 (0)C−62.7‐64.9

6 (3.2)2 (5)D51.7‐62.6

11 (5.9)1 (2.5)F0.0‐51.6

Assessment of Symptomatic Patients
The demographic distribution of the symptomatic patients is
shown in Table 2. Most were female, white, single, had a college
degree, had a household income up to 3 minimum wages, did
not perform care functions, and had a mean age was 35.1 years.

Only 5 (2.7%) patients requested support to use the cabin outside
the previously established times. The 3 reasons described for
requesting support were inconsistencies in performing the cabin
and difficulties in using the instruments (otoscope and oximeter)
available in the cabin.

The most of participants requested medical orientation and
performed the measurement under medical orientation. The
duration of the appointment ranged from 2 to 58 minutes.
Regarding satisfaction (Figure 3), the variable SUS mean
corresponds to Grading A+ (Table 2). When assessing the
participants’ score in relation to the cut-off point of the SUS
scale, we found that only 21 (11.1%) patients had scored <68
points, while 167 (88.8%) had scored ≥68 points. Thus, 88.8%
acceptability was statistically different from 80% (P=.001) and
had a 95% CI 84.3%-100%.

The 21 patients with a score of 68 or less on the SUS were
considered in the group “Usability issues” at the cabin. Eleven
(52.4%) were female, 13 (61.9%) self-declared White, 11
(52.4%) had a college degree, 13 (61.9%) were single, 5 (45.5%)
were married, 7 (63.6%) earned up to 3 minimum wages, 8
(72.7%) did not carry out welfare activities, and had a mean
age of 32.64 years (SD 8.43).

Regarding the use of the cabin by these participants, none of
them required assistance from the nursing technician, 8 (38.1%)
participants requested medical instruction to perform the tests,
7 (33.3%) participants requested medical orientation and made
the tests under medical orientation, while 6 (28.6%) participants
did not request medical orientation.

The mean appointment duration was 20.38 (SD 10.29) minutes,
ranging from 6 to 40 minutes. When comparing the
characteristics of patients with SUS ≥68 related to SUS <68,
all of them were not statistically significant (attaining a value
equal to or higher than P=.05) (Table 3), meaning that we did
not identify characteristics that could have influenced the
difference in the SUS score.
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Figure 3. Distribution for asymptomatic patients for the variables: (A) “How likely is it that you would recommend it to a friend or colleague.” (B)
Final SUS Score upon graduation using the Curved Grading Scale. NPS: Net Promoter Score; SUS: System Usability Scale.
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Table . Distribution of the variables for sampling symptomatic patients and comparison System Usability Scale (SUS) <68 versus ≥68.

P valueSUSaPatient’s number

≥68<68

.05bSex, n (%)

45 (26.9)10 (47.6)55 (29.1)Male

122 (73.1)11 (52.4)134 (70.9)Female

.99cEthnicity and race, n (%)

3 (1.8)0 (0)3 (1.6)Asian

100 (59.9)13 (61.9)113 (59.8)White

38 (22.8)5 (23.8)44 (23.3)Mixed

26 (15.6)3 (14.3)29 (15.3)Black

.62cEducation, n (%)

5 (3)1 (4.8)6 (3.2)Elementary school

81 (48.5)9 (42.9)91 (48.1)High school

81 (48.5)11 (52.4)92 (48.7)College

.32cMarital status, n (%)

80 (47.9)13 (61.9)93 (49.2)Single

77 (46.1)6 (28.6)84 (44.4)Married, common-law
marriage, or partnered

2 (1.2)0 (0)2 (1.1)Widowed

8 (4.8)2 (9.5)10 (5.3)Judicially separated or
divorced

.88cMonthly household income, n (%)

82 (49.1)12 (57.1)95 (50.3)Up to 3 minimum
wages

54 (32.3)5 (23.8)59 (31.2)4‐6 minimum wages

20 (12)3 (14.3)23 (12.2)7‐11 minimum wages

11 (6.6)1 (4.8)12 (6.3)Above 11 minimum
wages

.59cCare function, n (%)

129 (77.2)15 (71.4)145 (76.7)No

38 (22.8)6 (28.6)44 (23.3)Yes

.99cHas the patient requested support to use the cabin outside the previously set timesa?, n (%)

161 (97)21 (100)184 (97.3)No

5 (3)0 (0)5 (2.7)Yes

.39bAt what point did the patient request medical advice?, n (%)

59 (35.3)8 (38.1)68 (36)Medical advice request-
ed after the tests

78 (46.7)7 (33.3)85 (45)Medical advice request-
ed at the beginning;
tests performed upon
medical orientation

30 (18)6 (28.6)36 (19)Did not request medi-
cal orientation

.9335.2 (11.0)35.0 (10.2)35.1 (10.9)Age (years), mean (SD)

.5822.0 (12.0)20.4 (10.3)21.8 (11.8)Appointment duration (minutes), mean (SD)
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P valueSUSaPatient’s number

≥68<68

<.019.6 (0.8)7.7 (2.5)9.4 (1.3)NPSd, mean (SD)

<.0190.3 (9.1)51.2 (11.5)86.0 (15.5)SUS, mean (SD)

aThere was 1 missing value for the variable “SUS” and 1 missing value for the variable “Has the patient requested support to use the cabin outside the
previously set times?”.
bChi-square test.
cFisher exact test.
dNPS: Net Promoter Score.

Regarding the reasons for their ratings, only 3 participants chose
not to answer this question. After careful reading of each
response by 2 researchers, the answers were grouped according
to the following categories:

• Service: assessment of the interaction between the cabin’s
professionals and the patient, considering the attention to
the needs, clarification of doubts, and resolution of
problems. Examples: (1) “Doctor’s attention and
understanding of my problem”; (2) “The speed and attention
of the professionals who cared for me”; and (3) “Spectacular
service. All my questions were answered. I thought it was
excellent.”

• Usability: an assessment of the ease of use of both the
interface and the equipment. Examples: (1) “The experience
was excellent; I enjoyed doing the tests myself and talking
to the doctor about them”; (2) “Super practical, efficient,
easy to use the equipment to diagnose, and talk to the doctor
afterwards. Loved it!”; and (3) “I found it practical,
accessible, and easy to use.”

• Difficulty of use: difficulty in using equipment and tools
to locate and understand the functions. Examples: (1)
“Difficulty in accurately showing images and pain sites to
the professional and the client’s lack of affinity with the
equipment can make it difficult to reach a diagnosis”; (2)

“Some people may have difficulty with technology”; and
(3) “Conflicting instructions between the cell phone and
the screen at the self-diagnosis.”

• Innovation: considerations about new products and
technologies that can be aggregated to a business or project
to bring about improvements. Examples: (1) “Great
technology”; (2) “Very advanced technology”; and (3) “For
being an innovative, versatile, and practical project.”

• Technology Resistance: resistance to technological change.
Example: “In no way does it replace the personal contact
with the doctor, as there is no way of knowing for sure what
you are feeling.”

• Nonspecific: answers that were not intended or that did not
belong to a predetermined group or situation, in this case,
to classes of sentences mentioned above. Examples: (1)
“Ok”; (2) “I loved it”; and (3) “Top.”

The distributions of the classifications are shown in Table 4.

Most opinions are classified as related to “Usability.” When
comparing the classes of sentences of those who scored SUS
equal or less than 68 (usability issues) with the remaining
(acceptable usability), we found statistical differences in the
class “Difficult Usability.” In the group “Usability issues,” 5
(27.8%) scored in this class, while 8 (4.8%) scored in the group
“Acceptable usability.”
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Table . Distribution of the classes of sentences.

P valueSystem Usability Scale (SUS), n (%)Patient’s number, n (%)

≥68<68

.06aService

92 (55.1)14 (77.8)106 (57)    No

75 (44.9)4 (22.2)80 (43)    Yes

.23aUsability

77 (46.1)11 (61.1)89 (47.8)    No

90 (53.9)7 (38.9)97 (52.2)    Yes

<.01bDifficulty of use

159 (95.2)13 (72.2)173 (93)    No

8 (4.8)5 (27.8)13 (7)    Yes

.99bInnovation

157 (94)17 (94.4)175 (94.1)    No

10 (6)1 (5.6)11 (5.9)    Yes

.10bTechnological resistance

167 (100)17 (94.4)185 (99.5)    No

0 (0)1 (5.6)1 (0.5)    Yes

.17bNonspecific

143 (85.6)13 (72.2)157 (84.4)    No

24 (14.4)5 (27.8)29 (15.6)    Yes

aChi-square test.
bFisher exact test.

Medical Assessment
At the end of the day’s work, the doctor performing the
appointments was oriented to answer the NPS and SUS,
evaluating his or her day’s work. The assessment was performed
by 2 doctors, reducing the variability of the influence of the
medical service on usability; 89% of the services were
performed by one of the doctors, and 11% were performed by
the other. The distribution of the NPS and SUS is shown in
Table 5.

The main difficulties were related to technical difficulties, such
as software updates and network connection problems, besides
difficulties in adjusting the cabin’s technology (problems with
the sensors for measuring the weight and height; problems with
the image or screen in the cabin).

Figures 4 and 5 show the evolution of the allocation of medical
grades over time.

Table . Distribution of the Net Promoter Score (NPS) and System Usability Scale (SUS) values answered by the doctor at the end of each day of service.

Maxd3oQcMedium1oQbMina95% CIMean (SD)Patient’s
number (N)

10.09.08.07.05.07.6-8.48.0 (1.4)41NPS

95.072.565.057.545.063.5-72.167.8 (13.6)41SUS

aMin: minimum.
b1oQ: first quartile.
c3oQ: third quartile.
dMax: maximum.
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Figure 4. Evolution of the NPS answered by the doctor at the end of each day of service. NPS: Net Promoter Score.

Figure 5. Evolution of the SUS score answered by the doctor at the end of each day of service. SUS: System Usability Scale.

Discussion

Principal Findings
The assessment of the implementation of the telehealth cabin
in this study aimed to observe the level of favorability and
usability of users (doctors and patients) to the cabin and the
self-examination devices available, added to their experience
of remote service through the technologies available.

The analysis of the results showed that the participants of the
first phase of the research (asymptomatic patients) had a
different socioeconomic profile than those of the second phase
(symptomatic patients), with higher education and monthly
income, probably due to the new technology, which attracted
leaders and directors of the institution to the research. Although
this group was only used to assess the acceptability of both the

cabin and the self-examination devices in order to continue the
study with symptomatic patients, the outcomes of the
favorability and usability were similar between the groups.

Therefore, despite the disparity in access to technology among
populations of different economic levels, such a result suggests
that the telehealth cabin may have broad applicability for several
publics due to the increasing availability and use of mobile
devices among the whole population, thus promoting health the
equity and reducing social inequalities.

A study with similar equipment performed with French students
also concluded that the personal relationship with the technology
did not influence the intended use of the telemedicine cabin
[15].
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A significant portion of the participants did not work in the
hospital care sector and therefore did not routinely use the
self-examination devices, suggesting that lack of familiarity
with the use of the self-examination devices may not impact
the use of the cabin. However, this study was performed with
professionals working in a hospital, which may bring a certain
level of familiarity with those devices, even for those not directly
working in the care sector.

Still, we observed that more than half of the patients requested
an interview with the doctor, either before or after
self-examination, indicating the relevant role of the doctor in
such a kind of service.

High favorability and usability were observed for both patient
groups (symptomatic and asymptomatic). No statistically
significant differences were found when comparing the
socioeconomic and cultural profile of those patients with the
group of symptomatic who considered the cabin to have
acceptable usability, which shows that the usability and
favorability of the cabin are unrelated to socioeconomic and
cultural factors. However, concerning comments from this group
show that some aspects were considered positive even in this
group. Furthermore, only one patient described a comment that
could be classified in the category “Resistance to Technology,”
suggesting that most of the population tested is interested in
learning and adopting technologies that improve their routines
and experiences.

The findings of this study support the work by Scott Kruse et
al [8], asserting that the principal barriers to telemedicine are
technology specific. They can be overcome by continuous
improvement of these technologies, adequate training of
technology users, and personal interaction between the patient
and the care provider [8].

Concerning the favorability and usability of doctors who
performed the cabin services cabin, we found that the answer
was also positive, but with a slightly lower level of usability
than that of the patients. This fact seems to agree with other
studies that assert that some health professionals may be
reluctant. However, this resistance may be related to the
difficulty of the technology. Therefore, both the favorability
and usability can improve with the advancement of technology
and the due training of doctors in web-based physical tests
[16,17]. This phenomenon highlights the importance of training
programs as a strategy to improve user experience and expedite
the adoption of this technology.

A limitation of this study is the participation of only individuals
without respiratory symptoms (a consequence of the COVID

pandemic) or without symptoms that could indicate a medical
emergency. Another limiting factor is the poor accessibility of
the cabin for people with disabilities. Furthermore, because the
total sampling included people employed at the hospital, and
so, in the productive age group and predominantly female [18],
along with workers in the day shift, this study may have
introduced a bias in the perception of favorability and usability
of the participants (for instance, older men are less prone to
participate in several telehealth activities [19]).

Finally, we emphasize that the results obtained from health
professionals should also be interpreted with caution due to the
limited number of professionals who provided care for the study.

It should also be noted that no studies using this type of
technology were identified in South America to compare the
results obtained. In addition, the fact that this study was
conducted after the pandemic may have influenced the results
given the impact of the COVID-19 pandemic on people’s lives,
which may have affected perceptions.

Based on the favorable assessment of the technology by the
participants in this study (patients and doctors) new studies that
extend its use to different populations, without any link to the
hospital and from different sectors of activity, different work
shifts, sex, and different age groups, may bring new inputs to
the application of such technology, expanding the service types
and favoring the inclusion of the service in remote locations
and for diverse populations.

Conclusions
The authors conclude that the telehealth cabin had good usability
and favorability by patients, regardless of the socioeconomic
and cultural profile of the population. Doctors who performed
the cabin services attested to the cabin’s good usability cabin
but with a usability index slightly lower than patients. Most
patients used the devices for self-examination, with little need
for technical assistance. However, a SUS score greater than 68
does not necessarily mean that there are no usability issues to
be addressed.

The outcomes of this research allow us to assess as feasible the
expansion of this kind of practice from the point of view of
usability and that this study can contribute as a subsidy to the
construction of public policies to expand the access of the
Brazilian population to qualified medical care, promoting the
engagement of patients in their health, providing health
professionals with an extended view of the clinical conditions
through embedded devices even in areas with a shortage of this
type of assistance.
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Abstract

Background: Transgender and nonbinary (TGNB) individuals are increasingly intentionally becoming pregnant to raise children,
and hospital websites should reflect these trends. For prospective TGNB parents, a hospital website is the only way they can
assess their safety from discrimination while receiving perinatal care. Cisnormativity enforced by communication gaps between
medical institutions and TGNB patients can and has caused delays in receiving urgent care during their pregnancy.

Objective: The aim of this study was to evaluate the current prevalence of gender-inclusive terminology among labor and
delivery services in the New York tristate area.

Methods: The labor and delivery web pages of 189 hospitals from New York, New Jersey, and Connecticut were examined for
gender-inclusive language. “Fully inclusive” websites explicitly acknowledged lesbian, gay, bisexual, transgender, queer, intersex,
and asexual plus other gender- and sexual-oriented (LGBTQIA+) parents, “inclusive” websites did not use gendered terminology
for parents, and “noninclusive” websites used gendered terms at least once in the text reviewed. The hospitals’ web pages were
further stratified by Healthcare Equality Index scores and population classifications defined by the 2013 National Center for
Health Statistics Urban-Rural classification given to the county that each hospital was located in.

Results: Of the 300 hospital websites reviewed, only 189 websites met the criteria for inclusion. Overall, only 6.3% (n=12) of
labor and delivery web pages were “inclusive” or “fully inclusive.” No geographic areas (P=.61) or Healthcare Equality Index
scores (P=.81) were associated with inclusive or fully inclusive language.

Conclusions: Hospitals need to use inclusive language to help TGNB people identify hospitals where their existence and needs
are acknowledged and thus feel more comfortable in their transition to parenthood.

(JMIR Hum Factors 2025;12:e53057)   doi:10.2196/53057

KEYWORDS

OBGYN; transgender; nonbinary; pregnancy; maternity; transmasculine; observational study; gestational; perinatal care;
communication; labor; USA; United States; New York City; sexual orientation; inclusion; parents; obstetrician gynecologist;
delivery

Introduction

Within the last 2 decades, as transgender and nonbinary (TGNB)
people have gained greater legal and social recognition, those
in the TGNB community who want to become pregnant have
become increasingly more common, as have the number of
families with same-sex, transgender, or nonbinary parents [1].
Despite this trend, the field of medicine has mostly maintained
the heteronormative model of a “mother” and “father” as
opposed to a more fluid, freeform reality that accompanies the
rise of lesbian, gay, bisexual, transgender, queer, intersex, and

asexual plus other gender- and sexual-oriented (LGBTQIA+)
couples who raise children.

As pregnant TGNB people attend numerous prenatal visits, they
make repeated contact with heterosexist health care systems
without the ability to hide their transgender status. Pharr [2]
explains that heterosexism is not an active form of
discrimination but rather “a belief that the world is and must be
heterosexual.” According to the heterosexist worldview, every
couple contains—or should contain—only 2 gender-conforming
people of the opposite sex [3].

Heterosexism works with homophobia to make health care
inaccessible for LGBTQIA+ populations. Current literature has
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found that these parents and couples are often invalidated and
marginalized throughout the health care process through
obstacles like registration forms, comments from ancillary staff,
and physicians who are unprepared to deal with LGBTQIA+
couples [4-6]. These experiences can take a deep mental and
emotional toll—doubly so during the sensitive transition to
parenthood [7].

Beyond these mental health impacts, the invisibility of TGNB
parents can negatively affect pregnancy outcomes. LGBTQIA+
patients were less likely to trust providers and divulge important
medical information when they received heteronormative
medical treatment [8,9]. Patients may also experience delays
receiving urgent pregnancy care due to the systematic
heterosexism built into the health care system.

For example, Parker et al [6] discuss the experiences of a
transmasculine patient who was delayed in seeing the doctor
because the receptionist argued that he was not the intended
person. These patterns are not limited to individual heterosexist
health care workers but also integrated into hospital software.
Berger et al [10] describe another scenario where a
transmasculine patient’s care was delayed, this time because
the hospital’s electronic medical record required that he
reregister as female to document the pregnancy, regardless of
his actual gender identity. A delay in care to circumvent
cisnormative systems can be dangerous for all pregnant TGNB
people. Ultimately, discrimination has often necessitated that
prospective TGNB parents discern a “safe” hospital before
seeking care.

Historically, LGBTQIA+ people have relied on word of mouth
from their personal social circles to find safer health care [11].
However, younger LGBTQIA+ people, especially ones without
LGBTQIA+ support networks, also rely on the internet to search
for health information and providers that are inclusive of
LGBTQIA+ people [12,13]. This vetting of hospitals, along
with the increase of patient choice and consumerism for perinatal
care in general, has prompted hospitals to advertise their unique
benefits, such as low cesarean rates, “baby-friendly”
designations, and private rooms [14-19]. Hospitals have tailored
their advertisements for other demographics around them, but
there is a dearth of literature showing how hospitals advertise
their services for LGBTQIA+ populations, who rely on publicly
available information to find inclusive care and preserve their
health and safety [20].

Purdie-Vaughns et al [21] point to purposeful word choice as
one safety cue that, when recognized, signals protection from
identity-based discrimination. Hospitals might therefore attract
pregnant LGBTQIA+ parents by crafting more inclusive
obstetrical web pages. These pages could signal inclusivity by
explicitly referencing LGBTQIA+ care or by avoiding
gender-exclusive language like “mother and baby,” “mom,” or
presumptive she/her pronouns for parents. Through the words
chosen on these public-facing web pages, hospitals thus enable
parents to choose to give birth in places where their existence
is actively supported during the physically dangerous and
psychologically difficult transition to parenthood.

The states surrounding New York City—New York, New Jersey,
and Connecticut—boast an exceptionally high population

density of LGBTQIA+ individuals, who make up between 3%
to 5% of the total adult population [22]. This geographical region
is viewed as more inclusive towards LGBTQIA+ people than
average, so hospitals may have more incentive to provide
inclusive care [23,24]. This study aims to evaluate the current
prevalence of LGBTQIA+ inclusion and gender-inclusive
terminology among labor and delivery (L&D) service web pages
in the New York tristate area.

Methods

Study Design
The targeted words used to assess gender-inclusiveness for this
study were largely adapted from the Jennings et al [25] study
of gender-inclusive language on National Health Service
websites.

The official public-facing obstetric web pages of nonfederal,
short-term, acute-care hospitals from Connecticut, New Jersey,
and New York were analyzed (n=300). Hospitals without L&D
services or web content describing these services were excluded
(n=189). Websites were reviewed from late November 2022 to
January 2023.

Hospitals were categorized by state, 2013 National Center for
Health Statistics Rural-Urban classification, and Healthcare
Equality Index (HEI) score. The National Center for Health
Statistics Rural-Urban classification is a tool used to identify
urban and rural areas of the United States. It was used to analyze
any association between urbanization and hospital-based
inclusiveness of LGBTQIA+ people. The HEI score is the
national LGBTQIA+ benchmarking criterion that assesses health
care facilities’ policies and practices regarding equity and
inclusion of LGBTQIA+ patients, visitors, and employees. It
was also used to identify if there was any association between
a hospital’s publicly perceived LGBTQIA+ inclusivity and word
choice on the web pages.

For each hospital, at least 1 web page was examined alongside
up to 2 additional pages as supplementation for language
analysis. The gendered language used was recorded and
analyzed by a single reviewer. The complete L&D-related text
was analyzed and the types of gendered language used were
recorded. (Explicit discussion of related services, such as
chestfeeding, within the same site was excluded.) Any
non–gender-inclusive descriptors for the name of the building
or third-party services were also excluded from analysis, as
these are often not controlled by hospital administration.

Language Analysis
Each web page was reviewed independently by the chief
reviewer to minimize any discrepancies. Each hospital’s L&D
web page was rated as “fully inclusive,” “inclusive,” or
“noninclusive.” “Fully inclusive” websites explicitly
acknowledged LGBTQIA+ or TGNB parents. “Inclusive”
websites did not use gendered terminology or pronouns for
prospective parents. “Noninclusive” websites used the terms
“woman” or “women”; “mom” or “mother”; other terms for
women; “father” or “dad”; or she/her pronouns at least once in
the text reviewed.
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Statistical Analysis

Categories were analyzed using χ2 tests presented as frequencies
with percentages. P values <.05 were considered statistically
significant, and all tests were 2-sided.

Ethical Considerations
Ethics and insitutional review board approval were not required
since the study did not include human or animal subjects and
all data were collected from publicly available websites.

Results

Of the 300 hospital websites reviewed, 111 hospital websites
did not have a L&D web page or did not have content describing
their L&D services (Multimedia Appendix 1). Of the remaining
189 websites analyzed, 12 (6.3%) of them used fully inclusive
or inclusive language (Table 1). Only 1 hospital (0.5%) was
considered fully inclusive because it acknowledged “same-sex”
couples in its L&D content. The most common noninclusive
terms used were “mom” or “mother” (n=166, 87.8%) and
“woman” or “women” (n=94, 49.7%). No geographic areas
(P=.61) or HEI scores (P=.81) were associated with inclusive
or fully inclusive language (Tables 2-4).

Table . Labor and delivery web pages that used each type of language (N=189).

Total, n (%)Noninclusive, n (%)Inclusive, n (%)Fully inclusive, n (%)

189 (100)177 (93.7)11 (5.8)1 (0.5)Websites

Language used

94 (49.7)93 (49.2)0 (0)1 (1.1)    woman or women

166 (87.8)166 (87.8)0 (0)0 (0)    mother or mom

42 (22.2)42 (22.2)0 (0)0 (0)    she/her (parent)

9 (4.8)9 (4.8)0 (0)0 (0)    she/her (staff)

1 (0.5)1 (0.5)0 (0)0 (0)    synonyms for women
(ladies, etc)

33 (17.5)33 (17.5)0 (0)0 (0)    father or dad

Table . Summary of HEIa scores and gender-inclusive language used on L&Db web pages .

Total (N=189), n (%)Noninclusive (n=177), n (%)Inclusive (n=11), n (%)Fully inclusive (n=1), n (%)

65 (34.8)60 (33.9)5 (45.5)0 (0)HEI score=100%

26 (13.9)25 (14.1)1 (9.1)0 (0)HEI score <100%

98 (52.4)92 (52)5 (45.5)1 (100)HEI score not applicable

aHEI: Healthcare Equality Index.
bL&D: labor and delivery.

Table . Summary of gender-inclusive language used on labor and delivery web pages and population data.

Total (N=189), n (%)Noninclusive (n=177), n (%)Inclusive (n=11), n (%)Fully inclusive (n=1), n (%)

59 (31.2)53 (30.6)6 (54.5)0 (0)Large central metro

68 (36)65 (37.6)3 (27.3)0 (0)Large fringe metro

33 (17.5)31 (17.9)1 (9.1)1 (100)Medium metro

7 (3.7)7 (4)0 (0)0 (0)Small metro

18 (9.5)17 (9.8)1 (9.1)0 (0)Micropolitan

4 (2.1)4 (3.9)0 (0)0 (0)Noncore

Table . Examples of suggested gender-inclusive language [19,25].

Gender-inclusive languageNon–gender-inclusive language

“Birthing parents” OR “women and birthing parents”“Mothers”

“Pregnant patient” OR “pregnant person”“Pregnant woman”

“Maternity unit” OR “birthing unit”“Mother and baby unit”
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Discussion

Principal Findings
These results demonstrate that there is a large barrier for TGNB
parents to search for and identify potentially inclusive pregnancy
care. Out of the 12 inclusive and fully inclusive L&D web pages,
92% were inclusive not because they included gender-additive
language or LGBTQIA+ topics but rather because they omitted
the pregnant person’s gender altogether by addressing the reader
in the second person. The websites may have been inclusive
not by intention but by coincidence. In stark contrast, there are
multiple private reproductive endocrinology and infertility
clinics that specifically target LGBTQIA+ couples using specific
gender-inclusive language on their websites [26]. TGNB parents
who are accustomed to a purposefully inclusive experience
during their fertility journey and early pregnancy may be caught
off guard by the sudden invisibility of their identities as they
progress further through their pregnancy.

Interestingly, none of the hospitals that are acknowledged for
their excellence in LGBTQIA+ care in other specialties
discussed serving prospective TGNB parents for L&D care on
their websites. This likely reflects a wider societal trend of
“repronormativity,” by which society at large does not recognize
reproductive sex between TGNB parents as possible or
legitimate [27].

The accessibility of websites and web-based platforms is
important for TGNB people to find services and connect to
similar parents. Our above findings suggest less than 10% of
hospitals use gender-inclusive language when representing their
services. Thus, TGNB parents who are not connected to a wider
LGBTQIA+ community may struggle to find inclusive prenatal
care and delivery services due to the lack of representation.

Limitations
The use of multiple surrogate end points may limit this study.
The analyzed web pages, while used as a proxy for the culture

in L&D departments, may not fully represent institutional
attitudes and practices once parents start using their providers.
This is exacerbated by delays between institutional attitude
changes and hospital website updates. HEI scores were
ineffective in predicting the LGBTQIA+ inclusivity of hospitals’
web pages because HEI scores are determined purely through
institutional measures like nondiscrimination policies; they do
not directly address subtler, underlying heterosexism that
hopeful TGNB parents try to avoid in their health care. Finally,
the methodology used in this study makes it impossible to
establish a causal link between gendered terminology and the
quality of LGBTQIA+ inclusive care.

Additionally, it is important to note that individual TGNB people
may feel varying levels of dysphoria around maternal terms;
some TGNB parents may not consider the words “mom” or
“mother” to be exclusively for women. However, using
gender-inclusive language and terminology is an important step
towards providing a more welcoming and inclusive environment
for TGNB parents, regardless of those individuals’ personal
dysphoria triggers.

Conclusions
Using gender-inclusive language and terminology is the first
step towards providing a more welcoming and inclusive
environment for pregnant TGNB parents. Hospitals that want
to be recognized as more inclusive towards LGBTQIA+ people
can integrate gender-additive language into their L&D web
pages (eg, “mothers and birthing parents”) rather than omit
mentions of gender entirely [28]. US hospitals should consider
expanding this language to meet the needs of a growing group
of people who are having children. Future research should be
done including LGBTQIA+ patient advocate groups on the use
of inclusive language within health care providers’ obstetrical
and gynecology departments, specifically in L&D units and on
how this language impacts TGNB parents’health outcomes and
rapport with physicians.
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Abstract

Background: Telemedicine has been utilized in the care of patients with COVID-19, allowing real-time remote monitoring of
vital signs. This technology reduces the risk of transmission while providing high-quality care to both self-quarantined patients
with mild symptoms and critically ill patients in hospitals.

Objective: This study aims to investigate the application of telemedicine technology in the care of patients with COVID-19,
specifically focusing on usability, effectiveness, and patient outcomes in both home isolation and hospital ward settings.

Methods: The study was conducted between January 2022 and December 2022. More than 800 cases were monitored using
the QOCA remote home care system, a telemedicine platform that enables remote monitoring of physiological data—including
heart rate, blood pressure, temperature, and oxygen levels—through Internet of Things devices and a 4G-connected tablet. Of
these, 27 patients participated in thie study: the QOCA remote home care system was deployed 36 times in the isolation ward
and 21 times to those in home isolation. The QOCA remote care system monitored isolated cases through remote care packages
and a 4G tablet. Case managers and physicians provided telemedicine appointments and medications. Innovative methods were
developed to enhance usage, including online health education, remote care equipment instructions via QR core links, and video
consultations for patients without smartphones.

Results: A clinical nurse satisfaction survey revealed that most respondents found the content of the remote care package
comprehensive and the interface easy to learn. They expressed a desire to continue using the system. The majority also agreed
that using the remote care system and package would reduce their workload and that patients and caregivers could easily learn
to use the package. While some respondents expressed concerns about network and Bluetooth connectivity, the majority (24/27,
89%) agreed to include the remote device as part of their routine equipment, with an average score of 84.8 points.

Conclusions: The integration of telemedicine technology improves the quality of care while reducing the workload and exposure
of health care workers to viruses.

(JMIR Hum Factors 2025;12:e53456)   doi:10.2196/53456

KEYWORDS

COVID-19; telemedicine; smart home care; intelligent medical care; nursing care; medical care; remote monitoring; vital signs;
quarantine; home-care; hospital-care; screening; treatment; mHealth; mobile health; digital health; health education; remote
equipment; smartphone; video consultation; remote care; caregiver; patient; quality of care; medical staff

Introduction

COVID-19, a global pandemic, has posed significant challenges
to health care systems worldwide [1,2]. While Taiwan has

achieved success in epidemic prevention, the reopening of
borders raises concerns about potential gaps in prevention
measures and strains on health care resources. Addressing these
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challenges, this study identifies critical needs in the context of
COVID-19 care.

The need for home quarantine and home medical care is vital.
National Taiwan University Hospital Yunlin Branch has
pioneered a telecommunication-based remote consultation model
[3], providing video consultations for individuals under home
quarantine. This initiative has not only met their basic health
care needs but also minimized the risk of infection by reducing
hospital visits. However, with the majority of cases being mild
or asymptomatic, and a higher proportion of symptomatic cases
among middle-aged and older individuals [4], it is crucial to
develop a comprehensive telemedicine model for continuous
medical care during home quarantine or isolation and for patients
with mild COVID-19 undergoing home treatment [5-7].

During the COVID-19 pandemic, home monitoring of patients
has gained popularity. There are two main research designs: (1)
assessing patients before hospital admission to reduce virus
exposure and identify deterioration and (2) postdischarge
monitoring to provide continued care [8]. Monitoring methods
include online platforms, paper-based operations with telephone
interviews, or wearable devices [9-11]. Paper-based operations
with telephone interviews are more inclusive due to limited
digital literacy among the target population [12,13]. Most studies
focus on vital signs rather than psychological issues. Wearing
a pulse oximeter is important for monitoring, but it may cause
anxiety and has limitations for certain patients [14-16]. Home
monitoring during COVID-19 has benefits and can reduce health
care costs [17]. Improving accessibility and convenience is key
for future adoption.

Due to the pandemic, health care providers are unable to provide
patients with the usual standard of care during hospitalization,
leading to various challenges and impacts. Health care workers
face psychological stress and staffing shortages, while patients
experience isolation and mental health issues. Family members
are unable to visit their loved ones in critical condition [18,19].
Technology can offer some assistance in addressing these issues,
such as self-monitoring of blood oxygen levels and the
integration of vital sign monitoring [20]. Collaboration between
technology companies and health care providers is crucial,
especially as the pandemic becomes normalized in the
community. The development of information-assisted solutions
is urgent in order to improve health care delivery [21].

There is a need for low-contact health care for hospitalized,
isolated patients. To mitigate the risk of infection among patients
with confirmed COVID-19 infection or those at high risk of
being infected in dedicated isolation wards, the integration of
smart ward solutions and telemedicine is proposed. Real-time
remote physiological monitoring can minimize exposure risks
and reduce the workload of health care staff, optimize
management processes, and preserve valuable isolation rooms
and personal protective equipment. Furthermore, obtaining
real-time patient information enables early intervention and
improves work efficiency, thereby enhancing the safety of
patients with confirmed COVID-19 infection.

The study was conducted as a collaboration between National
Taiwan University Hospital Yunlin Branch and Quanta
Computer, utilizing their expertise in big data analysis and

telecommunication telemedicine technology. The project focuses
on the COVID-19 response hospitals, with the National Taiwan
University Hospital Yunlin Branch serving as the testing ground.
Specifically, it aims to provide assistance to patients with
confirmed COVID-19 infection or those at high risk of being
infected in the dedicated isolation ward, using advanced
telemedicine equipment for clinical care. By implementing
real-time remote physiological monitoring, the project aims to
reduce the exposure risk and workload of health care personnel,
simplify management processes, and optimize the utilization
of valuable isolation rooms and personal protective equipment.
Furthermore, by promptly assessing patient conditions and
intervening as needed, the project seeks to enhance work
efficiency and ensure the safety of patients with confirmed
COVID-19 infection.

Methods

Ethical Considerations
The Institutional Review Board (IRB) of National Taiwan
University Hospital approved this study (202009106RIPA).
Questionnaires were collected after obtaining informed consent.

All participant data were anonymized or deidentified to ensure
privacy. Participants voluntarily provided informed consent,
and no personal identifiers were included in the analysis or
dissemination. Additionally, anonymous surveys were used to
ensure there were no risks of information leakage.

Participants in the study were not compensated monetarily or
otherwise. Their involvement was voluntary, and all necessary
support for participation, such as the provision of remote care
packages and telemedicine tools, was offered free of charge.
This ensured equitable participation without financial coercion.

Study Design, Data Sources, and Population
The study was conducted at the National Taiwan University
Hospital Yunlin Branch. The inclusion criteria comprised
individuals diagnosed with COVID-19, while exclusion criteria
included moderate to severe COVID-19 cases, patients unwilling
to participate in telemedicine monitoring, and individuals
deemed unsuitable for telemedicine evaluation by physicians.
Participants were required to be 20 years of age or older and
provide informed consent approved by the IRB. The study
enrollment period spanned from January to December 2022.

Home Quarantine and Home Medical Care
This study included individuals who have tested positive for
COVID-19 and were classified as mild cases or have been
determined by the Center for Disease Control, Taiwan, to not
require immediate hospitalization due to severe conditions.
These individuals can undergo self-isolation monitoring and
were either required to quarantine or be monitored at home or
quarantine hotels.

The QOCA home system, developed by Quanta Computer, is
the core of the remote health care platform. It utilizes a
4G-connected tablet computer for patients, offering features
like remote video communication, physiological signal
measurement transmission, and remote physical examination
(Figure 1). Home monitoring occurs at the patient’s residence
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or quarantine hotel, providing audiovisual communication and
simple consciousness assessment. Vital signs, such as heart rate,
blood pressure, temperature, and oxygen level, are measured
and transmitted using Internet of Things (IoT) devices. A remote
physical examination system, including electronic stethoscope
devices, captures and uploads important findings like lung and
heart sounds. An interactive care app records visual aspects and
clinical conditions, which can be uploaded for health care
providers. An online questionnaire system tracks COVID-19
symptoms, comorbidity control, and psychological well-being.
Medication assessment and personalized care planning are
provided. The hospital-side system manages home isolation

quarantine and home-based COVID-19 care. Case managers
track patient conditions through a dashboard, maintain daily
health logs, and determine if hospital treatment is needed.
Information and communication technology–based remote
health care ensures continuous medical care and psychological
support for individuals in home quarantine or isolation and
home-based patients with COVID-19. Remote care packages
enable self-isolated individuals to monitor and report symptoms
and vital signs, with data transmitted back to the hospital.
Dedicated care managers communicate with patients, report to
physicians, and provide necessary support in case of discomfort
or abnormalities.

Figure 1. The QOCA home system by Quanta Computer is central to the remote health care platform. Utilizing a 4G tablet, it enables remote
communication, physiological data transmission, and virtual exams. Monitoring occurs at homes or quarantine locations, allowing audiovisual contact
and basic assessment. IoT devices measure and send vital signs, while an electronic stethoscope captures and uploads lung and heart sounds. An
interactive app records visual and clinical data for health care providers. An online questionnaire tracks COVID-19 symptoms, comorbidity control,
and psychological well-being and includes medication assessment and personalized care planning. IoT: Internet of Things.

Smart Hospital Ward
Patients with COVID-19 admitted to negative pressure isolation
wards or intensive care units at National Taiwan University
Hospital Yunlin Branch were monitored using the QOCA home
system developed by Quanta Computer. Tablet computers, IoT
physiological monitoring devices, and video cameras were
installed in patient rooms for remote monitoring. Patient
physiological data, including heart rate, respiration, body
temperature, blood pressure, and blood oxygen levels, were
automatically recorded and uploaded to the cloud. The care
team accessed these data without entering the rooms. The smart
ward included an electronic stethoscope device for recording
heart and lung sounds. A central monitoring module and a
patient dynamic dashboard were established at the nursing
station, providing alerts for abnormal conditions. Patient
laboratory reports and images were integrated, enabling health
care providers to interact with patients through the video system.

The study aimed to utilize information and communication
technology, including 4G-connected tablets and IoT monitoring
platforms, to facilitate remote health care for patients with
COVID-19 in isolation units. This system enabled continuous
medical care, psychological support, and remote consultations
with physicians; nursing care; psychological counseling; and
rehabilitation therapy. It allowed for monitoring of vital signs
and COVID-19 symptoms, promoting patient well-being without
direct contact.

Satisfaction Survey for the QOCA Smart Ward
Remote Care System: Clinical Nursing Staff and
General Population
This questionnaire aimed to understand the relevant settings of
the remote care system and its clinical application in dedicated
wards for COVID-19. The information gathered will be used
for future improvements and optimization. This survey was
anonymous, and there were no concerns about personal
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information leakage. The questionnaire included aspects of
communication quality, user-friendliness, overall satisfaction,
and suggestions. Each option consisted of strongly agree, agree,
neutral, disagree, and strongly disagree (Multimedia Appendix
1).

Results

Overview
Before officially enrolling patients in the monitoring care
package, thorough explanations and assistance were provided
to each individual in the isolation ward to ensure their
understanding and obtain their consent to participate in the
research study. Following this, every isolated patient was
equipped with a set of remote care packages. This became
standard practice in the ward, significantly reducing the
frequency of health care personnel entering patient rooms to
don and remove isolation garments. Patients were empowered
to self-measure their vital signs whenever they felt unwell,
providing immediate access to physiological data that could
alert health care professionals to any discomfort or changes in
their condition. This approach not only alleviated patients’
psychological anxiety about their disease progression but also
allowed health care staff to spend less time in isolation garments
while maintaining a real-time understanding of the patients’
current status, ultimately improving the quality of clinical care.

Enhancing Hardware Infrastructure for Remote Care
System in Isolation Ward
To enhance the hardware aspect of the remote care system
implemented in the isolation ward, the original 7-bed negative
pressure ward was expanded to accommodate the installation
of 32 sets of care packages, with one set allocated to each bed.
Additionally, the nursing treatment cart and the nursing station
computer were equipped with the QOCA remote care system
platform and individual nursing staff accounts. This setup
empowered the nursing personnel to monitor the patients’ vital
sign data in real time, which were automatically uploaded by
the system after patient measurements. Continuous monitoring
of vital signs was made possible throughout the patients’ entire
hospitalization and isolation period. Moreover, the QOCA
system facilitated real-time video communication when
necessary, enabling consultations with psychiatric physicians
to address any illness-related anxieties that the patients may
have. By extending the focus of care beyond the patients’
physiological needs, the hospitalization and treatment process
also addressed their psychological well-being.

Remote Home Care Package for Individual Who Are
COVID-19 Positive Under Self-Isolation
For individuals who have tested positive for COVID-19 and
can self-isolate at home without requiring hospitalization, a
comprehensive remote home care package was provided. This
package enabled individuals to independently monitor their
health, even without monitoring devices at home. It included
daily self-observation of symptoms and measurement of vital
signs, with the numerical data automatically transmitted to the
hospital through a tablet computer connected to 4G.

To ensure prompt attention to any discomfort or adverse
conditions, a dedicated care manager was assigned to each
patient. The care manager promptly reported any concerns to
the responsible physician and maintained regular contact to
inquire about the patient’s condition throughout the home
isolation period. If individuals experience symptoms, they could
also schedule telemedicine appointments to closely monitor
changes in their condition.

In cases where symptom management was necessary, the
responsible physician could prescribe appropriate medications
to help alleviate symptoms. This comprehensive remote home
care package aimed to provide effective care and support to
individuals with COVID-19, ensuring their well-being while
minimizing the risk of further transmission.

Advancing Care Through QOCA Telecare System for
COVID-19 Monitoring and Isolation
The number of cases monitored using the QOCA remote home
care system exceeded 800. Among them, 29 individuals
voluntarily participated in this research study and provided their
consent by signing the IRB consent form. The QOCA remote
home care system was deployed 36 times in the isolation ward
and 21 times to those in home isolation, as indicated in Table
1. In the ward, patients primarily monitor themselves or receive
assistance from family members for monitoring, while a small
number of individuals without family support or hired caregivers
receive help from nursing staff for measurements.

The participants in this study represented a diverse range of age
groups, with the majority being aged 41-60 years (13/29, 45%),
followed by the 61-80 years age group (9/29, 31%), and the
fewest participants in the 21-40 years (3/29, 10%) and 80+ years
age groups (4/29, 14%). The sample was predominantly male,
with 27 (93%) male participants and only 2 (7%) female
participants. Regarding the need for assistance, 11 (38%)
participants required help during the study, while 18 (62%)
managed independently. The participants’ education levels
varied, with most having elementary or junior high education
(20/29, 69%), while a smaller number had completed high
school or higher education (9/29, 31%). In terms of technology
usage, 21 (72%) participants used digital devices daily, while
8 (28%) reported no prior experience. Health engagement levels
were mixed, with the majority (20/29, 69%) not actively seeking
information about their conditions, while some participants
regularly consumed health-related content. Additionally, 17
(59%) participants had prior experience with health monitoring
devices, further illustrating the range of familiarity with telecare
technology among the group.

In contrast to traditional inpatient monitoring methods, the ward
implemented a specialized remote home care system designed
specifically for the isolation care required during the COVID-19
pandemic. This system enables patients to independently
measure their vital signs and automatically transmit the data to
the nursing staff. To ensure effective utilization of the remote
home care system by patients and their accompanying family
members, innovative care methods have been developed,
including the following:
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1. Online health education materials: With the widespread use
of smartphones due to technological advancements,
disease-specific health education materials are provided
through QR codes during hospitalization. This allows
patients to access relevant information whenever needed.

2. Guidelines for operating remote care devices: Some
individuals may be unfamiliar with monitoring devices.
Even after receiving instructions from health care
professionals, patients may require repeated practice. To
facilitate practice sessions without overwhelming the
nursing staff, instructional videos demonstrating device
operation can be accessed through QR codes. Patients can
practice as many times as necessary to ensure accurate
measurements.

3. Tablet-based video consultations for remote care: Patients
without smartphones can still access important information
through tablet-based video consultations offered by the
remote care system.

The ward continues to fully utilize the remote home care system
for clinical monitoring, and the number of users continues to
grow. Health care professionals not only provide personalized
care to patients but also make adjustments to the care process
based on the implementation of the remote home care system.
This approach reduces the risk of viral exposure and eases the
workload for health care staff, streamlines management
procedures, and ultimately enhances the quality of care provided.

Table . Results of case enrollment.

Value

QOCA remote home care system, n

36    Isolation ward

21    Home isolation

57    Total

50    Goal

>800Total utilization (cases), n

100%Execution rate

Clinical Nursing Staff Satisfaction Survey
This survey aimed to assess the satisfaction and experiences of
the clinical nursing staff in using the telecare system in the
dedicated COVID-19 isolation wards. The questionnaire was
divided into 3 main categories: communication quality,
user-friendliness, and overall experience. The objective was to
identify and analyze the challenges and difficulties faced by
users in relation to equipment, signals, and interface operations.

A total of 27 questionnaires were collected exclusively from
nursing staff working in the dedicated COVID-19 wards,
specifically Ward 7A and Ward 7B. Regarding the transmission
signals of the equipment, 44% (n=12) of the respondents
believed that the internet connection of the telecare system was
stable, while 37% (n=10) found the Bluetooth connection
between the tablet and the devices in the package to be stable.
When using the telecare system for video calls, 56% (n=15)
stated that the image quality was clear, and 56% (n=15) stated
that the sound quality was clear (Table 2).

In terms of usability, following training on the telecare system’s
interface, 89% (n=24) of the respondents found it easy to learn,
and an equal percentage (n=24, 89%) expressed their willingness
to continue using the telecare system to assist in clinical care.
Furthermore, 67% (n=18) believed that patients or caregivers
could quickly grasp the usage of the telecare package. Moreover,
81% (n=22) of the respondents indicated that the telecare
package contained all the necessary components and fulfilled
the requirements for clinical monitoring. Additionally, 89%
(n=24) agreed that the use of the telecare system and package
could help alleviate the burden of clinical care (Table 3).

Overall, 89% (n=24) of the respondents agreed to incorporate
the telecare device as a regular piece of equipment in isolation
wards, with an average satisfaction score of 84.8. The majority
(24/27, 89%) of the responses highlighted the short monitoring
time of the device and the instability of signal transmission.
They expressed a desire for improved stability in wireless
internet and Bluetooth signals, as it would lead to a smoother
user experience (Table 4).
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Table . Communication quality survey responses regarding the telemedicine system.

Scorea (n=27), n (%)Question

54321

0 (0)3 (11)12 (44)11 (41)1 (4)I think the network
connection of this tele-
care system is stable

0 (0)5 (19)12 (44)8 (30)2 (7)The Bluetooth connec-
tion between the tablet
in the care bag and the
instrument is stable

1 (4)5 (19)6 (22)12 (44)3 (11)When using the nurs-
ing system, the image
is very clear.

1 (4)3 (11)8 (30)13 (48)2 (7)When using the nurs-
ing system, the sound
is very clear.

aScore: 1=strongly agree, 2=agree, 3=neutral, 4=disagree, and 5=strongly disagree.

Table . User-friendliness survey responses regarding the telemedicine system.

Scorea (n=27), n (%)Question

54321

1 (4)1 (4)1 (4)9 (33)15 (56)The interface of this
telecare system is easy
for me to use after be-
ing taught.

16 (59)6 (22)1 (4)3 (11)1 (4)I find the equipment in
this telecare package
difficult to use.

2 (7)3 (11)4 (15)11 (41)7 (26)I think most patients or
caregivers can quickly
learn to use the telecare
package.

1 (4)1 (4)3 (11)10 (37)12 (44)I think the contents of
this telecare package
are complete and meet
the needs of clinical
monitoring

aScore: 1=strongly agree, 2=agree, 3=neutral, 4=disagree, and 5=strongly disagree.
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Table . Overall satisfaction with the QOCA remote care system in smart wards.

Value (n=27), n (%)Question and score

I think the use of telecare systems and care packages can help reduce the load of clinical care.a

15 (56)    1

9 (33)    2

2 (7)    3

0 (0)    4

1 (4)    5

I would like to continue to use this telecare system to assist clinical care.a

15 (56)    1

9 (33)    2

2 (7)    3

0 (0)    4

1 (4)    5

I think the remote care system and care package can become one of the routine equipment used by the unit.a

15 (56)    1

6 (22)    2

4 (14)    3

1 (4)    4

1 (4)    5

If a full score is 100, how much would you like to rate the telecare system and care package?

1 (4)    60

2 (7)    70

1 (4)    75

6 (22)    80

3 (11)    85

11 (41)    90

2 (7)    95

1 (4)    99

aScore: 1=strongly agree, 2=agree, 3=neutral, 4=disagree, and 5=strongly disagree.

Discussion

Principal Findings
The enhancement of the hardware infrastructure for the remote
care system in the isolation ward has significantly improved
the quality of care and patient outcomes [22,23]. By expanding
to accommodate more care packages, each patient receives
continuous monitoring and support. The integration of the
QOCA remote care system into nursing carts and computers
allows real-time access to vital sign data, enabling prompt
interventions and ensuring patient well-being. The system also
facilitates video consultations with psychiatric physicians,
addressing patients’anxieties and holistic needs. This approach
benefits both patients and nursing staff, who can efficiently
monitor multiple patients, respond promptly to changes, and
access patient data remotely, thus saving time and reducing
errors.

The implementation of a remote home care package for
individuals who are COVID-19 positive in self-isolation offers
effective care and support while reducing transmission risk [24].
Patients can independently monitor their health by observing
symptoms and measuring vital signs, actively participating in
their care. A tablet connected to 4G enables real-time
transmission of data to health care providers, facilitating
informed decisions. Dedicated care managers provide
personalized support, regularly checking in on patients and
promptly reporting concerns. Telemedicine appointments allow
close monitoring, adjustment of treatment plans, and direct
access to medical professionals, thus reducing anxiety. Remote
prescription of medications ensures symptom management
without visiting a health care facility. However, challenges
include subjective self-reporting and disparities in internet access
and technological skills [23,25]. Education and efforts to address
disparities are essential for equitable care.
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The implementation of the QOCA remote home care system
for COVID-19 monitoring and isolation has been successful in
advancing care and improving patient outcomes. With over 800
cases monitored, the system allows patients to independently
measure vital signs and transmit data to nursing staff, reducing
the need for frequent in-person monitoring. Innovative methods,
such as online health education materials and instructional
videos, ensure optimal utilization of the system. Tablet-based
video consultations cater to patients without smartphones. By
fully utilizing the remote home care system, the ward provides
personalized care, streamlines management procedures, reduces
viral exposure, and eases the workload for staff, ultimately
enhancing care quality [26]. Ongoing monitoring and evaluation
are crucial for system refinement, and its success in COVID-19
care opens doors for its application in other health care settings,
showcasing the transformative potential of technological
advancements in patient care.

During the COVID-19 pandemic, nursing professionals have
made substantial achievements in delivering adequate patient
care by utilizing telehealth [8,12,24]. The results of the clinical
nursing staff satisfaction survey regarding the telecare system
in COVID-19 isolation wards provide valuable insights into
their experiences and challenges [27]. The majority of
respondents found the telecare package to be usable and to have
met the requirements for clinical monitoring. After training, the
respondents stated that the interface was easy to learn, and they
expressed their willingness to continue using the system. A
substantial percentage believed that patients and caregivers
could quickly grasp its usage, and that the use of the telecare
system helped alleviate the burden of clinical care [12].
Regarding transmission signals, opinions were mixed. While a
portion of respondents found the internet connection stable,
others highlighted issues with Bluetooth connectivity. In terms
of video calls, a majority found the image and sound quality to
be clear. Overall, the survey indicates high satisfaction with the
telecare system, with a majority of respondents expressing their
support for incorporating it as a regular equipment in isolation
wards. The average satisfaction score was positive [13].
However, feedback emphasized the need for improvements in
signal stability, particularly in wireless internet and Bluetooth
connections [24]. The short monitoring time of the device was
also a concern.

The difficulties and obstacles in telemedicine for COVID-19
care include insufficient hardware environment and the short
monitoring time of equipment [28]. The negative pressure
isolation environment in the ward, with multiple walls and

controlled doors, leads to weak signals. Installing signal
amplifiers, as suggested by the hospital’s IT department, can
improve signal stability. The monitoring time of the equipment
is too short, but through discussions with engineers and the
manufacturer, it is believed that adjusting the monitoring time
according to individual patient needs can align it with clinical
requirements, enabling more accurate monitoring of values.
Addressing these challenges will enhance the effectiveness and
reliability of telemedicine in COVID-19 care.

One potential limitation of this study is the relatively small
sample size, which may affect the generalizability of the
findings. With only 36 deployments in the isolation ward and
21 deployments in home isolation, the results may not fully
represent the broader population of patients with COVID-19 or
other health care contexts. Additionally, the voluntary nature
of participation could introduce selection bias, as those who
agreed to participate may differ from those who declined in
terms of health status or access to technology. Another limitation
is that the study was conducted within a single hospital,
potentially limiting the applicability of the results to other
settings with different resources or patient demographics. Lastly,
the short-term focus of the study may not capture the long-term
effectiveness or sustainability of telemedicine interventions,
warranting further research in this area.

Conclusion
The implementation of the QOCA telemedicine system
demonstrated significant benefits in managing patients with
COVID-19 who have mild symptoms, both in isolation wards
and home quarantine settings. By enabling continuous remote
monitoring of vital signs and offering real-time communication
between patients and health care providers, the system not only
improved the quality of care but also reduced the workload and
exposure risk for medical staff.

However, the study had some limitations, including a relatively
small sample size and the potential for selection bias, which
may affect the generalizability of the findings. Additionally,
the short-term nature of the study may not fully capture the
long-term impacts of telemedicine in patient care.

Despite these limitations, our findings suggest that telemedicine
systems like QOCA can play a crucial role in pandemic response
and future health care delivery. Further research with larger,
more diverse populations and extended follow-up periods is
recommended to fully explore the potential of telemedicine in
improving patient outcomes and health care efficiency.
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Abstract

Background: Telehealth is an increasingly important component of health care services. Telehealth services may present an
opportunity to increase the equity, accessibility, and effectiveness of health care. As such, it is critical that telehealth design
focuses on reducing the barriers to access and usability that may impair some telehealth users.

Objective: Our goal was to identify different demographic characteristics, behaviors, or opinions that may predict groups who
are likely to face a barrier to using telehealth services.

Methods: We used data from the National Health Interview Survey and multiple logit regression models focused on different
aspects of telehealth to examine three different avenues of telehealth service: looking up health information using the internet,
scheduling an appointment using the internet, and communicating with a care provider through email using the internet in order
to consider the ways in which different telehealth services may face different barriers.

Results: Our results suggest that middle-aged (36-55 years old) and older adult (56-85 years old) respondents were significantly
less likely to look up health information using the internet or schedule an appointment using the internet versus younger individuals
(18-35 years old). Specifically, our analysis found that middle-aged adults were found to have a higher odds ratio than older
adults (0.83 vs 0.65) for looking up health information using the internet. We also found that there were differences in age groups
for using technology to perform health care–related tasks. In terms of searching for health information using the internet and
scheduling appointments using the internet, we found differences between men and women, with women being significantly more
likely than men to look up health information using the internet, schedule an appointment using the internet, and communicate
with a care provider through email using the internet. Across all the investigated variables, we found that the rates of using the
internet for looking up health information, scheduling an appointment, and communicating with a care provider over email
increased substantially across the study period. The impact of costs was inconsistent across the different models in our analysis.
We also found that there is a strong correlation between respondents’ collaboration in their personal health and the likelihood
that they would use telehealth services to meet these needs.

Conclusions: This analysis provides an exploratory look at the data to highlight barriers that may impact a user’s ability to
access telehealth services in the context of other potential predictor variables to account for the real-world variability that these
may present. Future work should examine the complex relationships of those variables and understand how these interactions
are correlated with the respondents’ use of telehealth.

(JMIR Hum Factors 2025;12:e58362)   doi:10.2196/58362
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internet; web search; internet search; internet use; searching behavior; access to health information; telemedicine; telehealth;
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Introduction

Background
With the advancement of digital technologies, the use of
technology in health care has grown [1,2]. While there have
been several attempts to better understand the use of digital
technologies in health care, much of the work has been done in
silos and is sometimes limited in scope [2,3]. Generally,
telehealth refers to health care communication through
technology, often used in conjunction with telemedicine and
eHealth [3-5]. Mobile health is an additional term that describes
telehealth services in the context of mobile devices [6].
Telehealth is increasingly being used in growing populations,
offering distinct advantages and potential barriers for different
patient populations and their care.

Benefits Associated With Telehealth
The increased adoption of telehealth services has allowed for
its impacts to be examined on actual patients receiving telehealth
care [7]. It has been shown that when telehealth is implemented
with current best practices, it may help to balance the health
care supply and demand disparity [8], improve patient access
to care [8,9], and reduce the cost of care [8,9]. Due to increasing
demand with changes in population sizes and demographics, as
well as decreasing supply as care providers retire or change
careers [8], telehealth services and telehealth programs have
helped bridge this gap [10,11]. Telehealth also has been shown
to improve patients’ability to access care, thus enabling patients
to receive efficient and cost-effective care [8,10] by reducing
the impacts of geographical barriers [12] and cost barriers to
care [13]. Telehealth may also improve the cost-effectiveness
of care, with [14] finding that the “all-cause” cost of providing
care to older patients (older than 65 years) decreased from US
$937.25 to US $491.52 with the inclusion of telehealth services.
Telehealth can also offer support for individuals seeking mental
health care where mental health specialties are distant or when
there may be patient privacy issues in obtaining mental health
care [15].

Barriers to the Use of Telehealth Services
There are several potential barriers that have been identified
related to the use and effective implementation of telehealth
services [7]. A notable barrier to telehealth services is patients’
health literacy [16-18]. Individuals with lower levels of health
literacy have shown lower comfort levels with using telehealth
technologies [17,19]. Older people are using as well as providing
telehealth services [20]. Yet, it has been suggested that older
patients (older than 60 years) might have greater difficulty using
telehealth services [21]. Additionally, technological
infrastructure issues (low-quality, limited internet access) may
reduce the ability of individuals to access telehealth services
[22]. Individuals’ access to electronic devices (ie, smartphones,
computers, and tablets) may also be a barrier to engaging in
telehealth services [22]. In addition to the access issues, the
time and costs required to engage in the services (both for the
patients as well as clinicians) may be a barrier to rolling out
large programs or integrating them into the workflow processes
for clinical staff [23].

Changes in Health Care Populations Over Time
There are several factors that have been shown to impact the
use of web-based resources for health care and other telehealth
services [24]. A 2018 study suggests that demographic factors,
such as living in rural areas, age, and insurance types, impact
telehealth implementation and use in health care facilities [24].
There have also been racial and ethnic discrepancies reported
in the literature, with Black and Hispanic patients preferring
emergency departments to telemedicine compared to White
patients [25]. Age is also an important factor as the use of
telehealth differs among different age groups [14,25]. In
addition, health insurance access, and having internet access
also influence the use of telehealth [14].

It is important to consider how user needs with telehealth change
over time [26]. Changing population demographics, such as
age, have major impacts on the use and function of health care
[27]. Other additional factors, such as socioeconomic factors
and changes in the prevalence of different health conditions,
also impact the function of the health care system [27]. Over
time, population demographics, access, and technology can
change significantly, leading to incorrect conclusions or missed
critical trends due to observing only one moment. It is important
to consider all these elements when examining which predictors
may indicate barriers to telehealth access. The objective of this
research is to examine how individuals used the internet to
support their health care over 7 years (2012-2018) using the
National Health Interview Survey (NHIS) data. Specifically,
we examined how different demographic variables and
respondents’ perspectives influenced how individuals looked
up health information using the internet, scheduled appointments
using the internet, and emailed to communicate with a care
provider using the internet.

Methods

Ethical Considerations
An ethics board review was not required for this analysis as this
study used publicly available data.

Overview
Each year the Centers for Disease Control and Prevention
(CDC), a government agency assigned to monitor the general
public’s behavior and health status conducts the NHIS, which
is an annual cross-sectional survey designed to gather data on
a variety of health-related topics throughout the United States
with oversampling of certain demographic groups in a way that
is nationally representative [28]. The survey weighting variable
is poststratified based on the US Census data to represent
national population characteristics [28]. These survey weights
are identified for all combinations of persons within the variable
WTFA_SA in the NHIS data. Due to the complex survey
sampling strategy, the survey person weights must be used in
analyzing the data to avoid substantial bias in the results [28].

For this analysis, the NHIS sample adult files for each year from
2012 to 2018 were used. For the files from 2012 to 2014, the
American Standard Code for Information Interchange data file
was combined using the stringr, stringi, foreign, and RCurl
packages in R (R Foundation for Statistical Computing) to run
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the associated Statistical Analysis System statements to produce
a .csv version of the sample adult file. For the years 2015-2018,
a csv file was provided for the sample adult survey data. We
created a single file by combining responses for each year using
the R functions rbindlist from the data.table package to match
each survey year on the corresponding variable columns. Only
identical questions related to our research objectives were
included in the combined data set.

All responses recorded as the option “not ascertained” were
recoded as NA for all variables. All the variables were recoded
by assigning binary values or group responses to facilitate the
data analysis. The variables used as outcome variables were
recoded to become binary variables: health information seeking
using the internet (HIT1A), scheduling health care appointments
using the internet (HIT3A), and communication with health
care providers through email using the internet (HIT4A).
Demographic variables were also recoded, including the
respondent’s race (RACERPI2), Hispanic ethnicity
(HISPANI_I), sex (SEX), region (REGION), marital status
(R_MARITL), internet use (AWEBUSE) and the frequency of
using the internet (AWEBOFNO and AWEBOFTP), email use
(AWEBEML) and the frequency of using email (AWEBMTP),
whether a respondent would go to a clinic or doctor’s office
(AUSUALPL and APLKIND), and where a respondent goes to
seek preventative care (AHCPLKND). Additionally, whether
a respondent skipped medication doses to save money
(ARX12_1), whether a respondent took less medication to save
money (ARX12_2), if a respondent had delayed filling a
prescription (ARX12_3), preferred low-cost medication
(ARX12_4), reported buying prescription drugs from another
country to save money (ARX12_5), used alternative therapies
to save money (ARX12_6), affordability of prescribed
medication (AHCAFYR1), affordability of mental health care
or counseling (AHCAFYR2), affordability of dental care
(AHCAFYR3), affordability of eyeglasses (AHCAFYR4), and
worries about paying medical bills (AWORPAY).

All responses where the data were coded as “not ascertained”
or “missing” were recoded as “NAs” for all of the variables and
were dropped from the analysis. Whether or not a survey
respondent had looked up health information using the internet
in the last 12 months was recoded to a binary response of 1 to
indicate if the respondent had looked up health information on
the internet or 0 if they did not indicate looking up health
information on the internet (all other responses). Similarly, all
binary variables were recoded in the same manner. A survey
respondent’s race was identified within the data by the
RACERPI2 variable from the NHIS data. The variable was
recoded to indicate if the survey respondent reported their race
as being White, Black or African American, American Indian
or Alaska Native, Asian, or multiple races. A survey
respondent’s Hispanic ethnicity was recoded to indicate if the
survey respondent reported being Hispanic, multiple Hispanic,
Puerto Rican, Mexican, Mexican-American, Cuban or Cuban
American, Dominican (Republic), Central or South American,
other Latin American (type not specified), other Spanish,
Hispanic or Latino or Spanish (nonspecific type), Hispanic or
Latino or Spanish (type refused), or were not Hispanic (a
response of 12, not Hispanic or Spanish origin). A survey

respondent’s region was identified within the data using the
variable REGION from the NHIS data. The variable was
recoded to indicate if the survey respondent reported residing
in the Northeastern, Midwestern, Southern, or Western United
States. A survey respondent’s marital status was recoded to
indicate if the survey respondent reported living with a spouse
or partner or not living with a spouse or partner (all other
responses). A survey respondent’s internet use was identified
in the data using the AWEBUSE variable from the NHIS data.
The variable was recoded to indicate if the survey respondent
reported using the internet, or not. Additionally, a survey
respondent’s internet use frequency was identified in the data
using the AWEBOFNO and AWEBOFTP variables. The
variables were recoded to indicate frequently using the internet
(responses of once per day or more frequently) or not using the
internet frequently (all other response combinations). The
variable APLKIND was recoded to indicate if a respondent goes
to a clinic or doctor’s office (a response of clinic or health
center, or doctor’s office or health maintenance organization)
or somewhere other than a clinic or doctor’s office (all other
responses). These variables were combined to indicate if a
respondent goes to a clinic or doctor’s office when sick, goes
somewhere other than a clinic or a doctor’s office when sick,
or does not indicate going anywhere when sick. Where a
respondent goes to seek preventative care was identified using
the variable AHCPLKND in the NHIS data. The variable was
recoded to indicate if a respondent goes to a clinic or doctor’s
office for preventative care (a response of clinic or health center,
or doctor’s office or health maintenance organization) or does
not go to a clinic or doctor’s office for preventative care (all
other responses).

We used logit regression models to examine the relationship
between our predictor variables and each of our 3 separate
questions about the survey participants’ use of telehealth:
looking up health information using the internet, scheduling an
appointment with a health care provider using the internet, and
communicating with a provider over email using the internet.
In the field of machine learning and statistics, a wide range of
computer models can be used for predicting clinical outcomes
such as logit regression, decision trees, artificial neural networks,
and Bayesian networks. We have selected Logit regression
because it is a well-known statistical fitting model that is
frequently used for modeling medical problems where it is
needed to identify the relation between a binary response
variable and a set of independent predictor variables [29]. The
models were built using the svyglm function within the survey
package in R version 4.2.1 (R Foundation for Statistical
Computing) in R Studio 2023.03.0+386 (Posit PBC). The
svyglm function includes the ability to account for a weighting
variable in the data to facilitate population estimates. The
stepAIC function within the MASS package was used to identify
the best-fit model for this data.

Results

Overview
Young adults (18-35 years old) made up between 32.1%
(n=10,140, unweighted) and 31.26% (n=6902, unweighted) of
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weighted survey respondents in 2012 and 2017, respectively,
as shown in Table 1, while older adults (56-85 years old)
accounted for 32.37% (n=12,662, unweighted) in 2012 and
35.63% (n=11,483, unweighted) in 2018. Women made up

between 51.72% (n=13,867, unweighted) and 51.87%
(n=19,252, unweighted) of the weighted survey respondents
over the years.

Table 1. Demographic information broken down by year; given as count of response and percentage of weighted totalsa.

2018201720162015201420132012Parameter

Age, n (%)

6177 (31.34)6902 (31.26)8662 (31.68)9230 (31.73)10,431 (31.85)10,183 (31.92)10,140 (32.10)Younger adult

7757 (33.02)8176 (33.27)10,094 (33.60)10,894 (34.23)12,065 (34.64)11,521 (35.31)11,723 (35.53)Middle-aged

11,483 (35.63)11,664 (35.47)14,272 (34.72)13,548 (34.05)14,201 (33.51)12,853 (32.77)12,662 (32.37)Older adult

Sex, n (%)

11,550 (48.28)12,096 (48.24)14,991 (48.23)15,071 (48.20)16,398 (48.20)15,440 (48.16)15,273 (48.13)Male

13,867 (51.72)14,646 (51.76)18,037 (51.77)18,601 (51.80)20,299 (51.80)19,117 (51.84)19,252 (51.87)Female

Race, n (%)

295 (1.13)307 (1.20)357 (1.01)392 (0.95)377 (0.81)360 (0.83)349 (0.82)AIANb

1350 (6.41)1402 (6.37)1670 (6.07)1983 (5.94)2129 (5.74)2153 (5.59)2183 (5.35)Asian

2974 (12.38)2980 (12.42)3685 (12.31)4673 (12.32)5173 (12.26)5361 (12.03)5319 (11.91)Black or
African Amer-
ican

563 (2.32)529 (1.99)687 (1.93)699 (1.74)734 (1.61)662 (1.57)659 (1.67)Multiple races

20,173 (77.75)21,472 (78.93)26,524 (78.68)25,831 (79.05)28,209 (79.57)25,935 (79.98)25,939 (80.25)White

Region, n (%)

4143 (17.34)4348 (18.31)5590 (18.30)5580 (17.45)5919 (17.31)5645 (17.52)5774 (18.20)Northeast

5949 (21.98)6350 (21.81)7345 (22.17)7102 (22.42)7809 (22.99)7070 (22.68)7193 (22.72)Midwest

9312 (36.90)9860 (36.21)11,487 (35.65)11,646 (37.12)12,896 (37.24)12,813 (36.93)12,536 (36.43)South

6013 (23.78)6184 (23.67)8606 (23.88)9344 (23.01)10073 (22.46)9029 (22.88)9022 (22.65)West

11,031 (48.89)11,400 (48.66)14,160 (48.07)14,213 (48.11)15,424 (48.08)14,199 (48.27)14,371 (48.15)Living with spouse
or partner, n (%)

25,41726,74233,02833,67236,69734,55734,525Unweighted sam-
ple size

249,455,533246,657,271245,142,225242,500,657239,688,457237,394,354234,920,670Weighted sample
size

aThe table shows the unweighted sample size for each variable and the related percentage once the weights are applied to the data.
bAIAN: American Indian or Alaska Native.

The percentage of frequent internet users increased from 58.77%
(n=18,016, unweighted) in 2012 to 73.15% (n=17,153,
unweighted) in 2018. The percentage of email users increased
from 64.46% (n=20,038, unweighted) in 2012 to 74.37%
(n=17,635, unweighted) in 2018. The number of individuals
who reported living with their spouse or partner ranged from
48.07% (n=14,160, unweighted) of weighted survey respondents
in 2016 to 48.89% (n=11,031, unweighted) in 2018.

As shown in Figure 1A, older adult respondents tend to look
up health information less than the middle-aged or younger
adult groups over the years, while the percentage of the
respondents looking up health information using the internet
grew at similar rates for all groups. As shown in Figure 1B,

men tend to look up health information using the internet less
than women across all years of the study. Older adult
respondents tended to report scheduling an appointment using
less than younger adults or middle-aged respondents (Figure
2A). Across the years included in this study, the proportion of
younger and middle-aged respondents tended to grow at similar
rates. As shown in Figure 2B, men tended to report scheduling
an appointment using the internet less often than women. As
shown in Figure 3A, a higher percentage of middle-aged adults
tended to report communicating with their care provider through
email than older adults; a higher percentage of older adults
tended to report it than younger adults. As shown in Figure 3B,
men tended to report communicating with their care provider
through email less often than women.
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Figure 1. Percentage of respondents that looked up health information using the internet (A) for each age group and (B) by sex.

Figure 2. Percentage of respondents that scheduled an appointment using the internet (A) for each age group and (B) by sex.

Figure 3. Percentage of respondents that emailed their care provider using the internet (A) for each age group and (B) by sex.

The number of respondents who accessed health information
by using the internet increased from 42.76% (n=13,621,
unweighted) in 2012 to 55.22% (n=13,677, unweighted) in 2018
(Table 2). In 2018, the percentage of respondents who scheduled
an appointment using the internet rose from 4.68% (n=1463,
unweighted) in 2012 to 16.86% (n=3962, unweighted). The
number of respondents emailing their provider using the internet
increased from 5.84% (n=1800, unweighted) in 2012 to 16.65%
(n=4176, unweighted) in 2018. The number of respondents
seeking medical care who visited a clinic or doctor’s office

increased from 79.95% (n=27,085, unweighted) in 2012 to
82.03% (n=21,092, unweighted) in 2018. The number of
respondents seeking preventive care who visited a clinic or
doctor’s office increased from 35.96% (n=2706, unweighted)
in 2012 to 45.16% (n=2133, unweighted) in 2018. The number
of respondents concerned about paying medical bills decreased
from 50.24% (n=17,267, unweighted) in 2012 to 43.54%
(n=10,637, unweighted) in 2018. The use of alternative therapies
to save money increased from 4.07% (n=1454, unweighted) in
2012 to 5.14% (n=1294, unweighted) in 2018.
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Table 2. Response variables broken down by year; given as the count of responses and percentage of weighted totalsa.

201820120162015201420132012Parameter

17,153 (73.15)17,596 (71.05)21,013 (69.45)19,380 (67.12)21,463 (65.04)19,699 (63.28)18,016 (58.77)Uses internet frequent-
ly (>daily), n (%)

17,635 (74.37)18,198 (72.51)21,873 (71.44)20,008 (68.84)22,697 (68.24)21,255 (67.51)20,038 (64.46)Uses email, n (%)

13,677 (55.22)14,097 (54.25)16,543 (52.04)15,917 (50.55)14,783 (43.21)15,241 (47.86)13,621 (42.76)Search health informa-
tion using the internet,
n (%)

3962 (16.86)3543 (14.42)3542 (11.89)2974 (10.28)2099 (6.73)1973 (6.29)1463 (4.68)Schedule appointment
using the internet, n
(%)

4176 (16.65)3822 (14.76)3994 (12.86)3295 (11.17)2550 (7.77)2252 (7.21)1800 (5.84)Email care providers,
n (%)

1003 (5.71)1071 (5.96)1340 (5.78)1400 (6.07)1654 (6.93)1745 (7.72)2293 (6.31)Skip medication to
save money, n (%)

1074 (5.95)1118 (6.08)1390 (6.01)1519 (6.46)1733 (7.21)1875 (8.21)2418 (6.67)Take less medication
to save money, n (%)

3436 (19.20)3456 (18.74)4460 (19.65)4259 (19.45)4918 (21.35)5186 (24.39)6320 (18.72)Request lower-cost
medication, n (%)

388 (1.58)397 (1.51)477 (1.62)483 (1.31)554 (1.45)588 (1.57)663 (1.90)Uses international
medications to save
money, n (%)

1294 (5.14)1161 (4.20)1411 (4.26)1358 (3.78)1587 (4.04)1559 (4.20)1454 (4.07)Alternate therapies to
save money, n (%)

1689 (6.30)1661 (6.07)2151 (6.19)2243 (6.35)2623 (6.89)2838 (7.81)3040 (8.29)Cannot afford medica-
tions, n (%)

665 (2.65)582 (2.11)686 (1.95)682 (1.87)766 (1.92)798 (2.10)944 (2.51)Cannot afford mental
care, n (%)

2922 (11.26)2891 (10.77)3498 (10.24)3913 (10.90)4490 (11.60)4748 (12.85)4776 (13.23)Cannot afford dental
care, n (%)

1676 (6.33)1607 (5.81)1971 (5.64)2398 (6.40)2574 (6.47)2734 (7.33)2860 (7.80)Cannot afford vision
care, n (%)

10,637 (43.54)11,296 (44.44)13,816 (43.72)15,136 (45.55)16,912 (46.87)17,106 (49.76)17,237 (50.24)Worried about paying
medical bills, n (%)

Goes to a clinic when sick, n (%)

3137 (13.69)3167 (12.98)3941 (13.07)4518 (13.80)5033 (13.69)5325 (15.27)5660 (16.17)No where

1047 (4.29)947 (3.48)1108 (3.27)1304 (3.59)1543 (3.97)1551 (3.90)1442 (3.88)Somewhere else

21,092 (82.03)22,452 (83.54)27,757 (83.66)27,587 (82.60)29,841 (82.34)27,486 (80.83)27,085 (79.95)Goes to clinic

2133 (45.16)2191 (46.10)2640 (44.76)2495 (39.04)2607 (35.74)2478 (33.78)2706 (35.96)Visits clinic for pre-
ventive care

25,41726,74233,02833,67236,69734,55734,525Unweighted sample
size

249,455,533246,657,271245,142,225242,500,657239,688,457237,394,354234,920,670Weighted sample size

aThe table shows the unweighted sample size for each variable and the related percentage once the weights are applied to the data.

Looking Up Health Information Using the Internet
We constructed a model to examine the relationship between
the predictor variables and whether or not the survey respondent
accessed health information using the internet (Table 3). With
each successive year, respondents were more likely to look up
health information using the internet (odds ratio [OR] 1.12, 95%
CI 1.10-1.15). Middle-aged adults (OR 0.83, 95% CI 0.75-0.93)
and older adults (OR 0.65, 95% CI 0.57-0.73) were less likely

in comparison to younger adults to look up health information
using the internet. Women were more likely to look up health
information using the internet in comparison to men (OR 1.69,
95% CI 1.54-1.85). Black or African American respondents
were less likely to look up health information in comparison to
White respondents (OR 0.77, 95% CI 0.67-0.89). The survey
respondents in the South region were less likely to look up
health information using the internet compared to those in the
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North region (OR 0.73, 95% CI 0.63-0.85). A frequent internet
user was more likely to look up health information (OR 3.40,
95% CI 3.00-3.85). Similarly, respondents who used email
regularly were more likely to look up health information using
the internet than those who reported not using email frequently
(OR 3.88, 95% CI 3.41-4.42). Respondents who reported asking
their clinicians for lower-cost medications in order to save
money were more likely across all years to look up health
information (OR 1.55, 95% CI 1.38-1.75). Respondents using
alternative therapies in order to save money were almost twice

as likely to look up health information using the internet (OR
1.92, 95% CI 1.57-2.36). Respondents who reported going to
a clinic or doctor’s office when they were sick were more likely
to look up health information using the internet than those who
did not report going there (OR 1.21, 95% CI 1.08-1.36).
Respondents who reported going to a clinic or doctor’s office
as part of preventative care were also more likely to look up
health information using the internet than those who did not
seek out preventative care at a clinic or doctor’s office (OR
1.18, 95% CI 1.07-1.31).

Table 3. The best-fit model predicting the likelihood that an individual look up health information using the internet.

ORa (95% CI)P valuet testParameter estimate (SE)Parameter

N/Ab<.001–10.86–238.10 (21.92)Intercept

1.12 (1.10-1.15)<.00110.770.12 (0.01)Year

0.83 (0.75-0.93)<.001–3.35–0.18 (0.05)Middle-aged

0.65 (0.57-0.73)<.001–6.81–0.44 (0.06)Older adult

1.69 (1.54-1.85)<.00111.250.52 (0.05)Female

0.77 (0.67-0.89)<.001–3.62–0.26 (0.07)Black or African American

NSd.18–1.33–0.32 (0.24)AIANc

NS.008–2.64–0.28 (0.11)Asian

NS.980.030.00 (0.14)Multiple race

NS.10–1.65–0.14 (0.08)Midwest

0.73 (0.63-0.85)<.001–4.16–0.31 (0.076)South

NS.19–1.31–0.11 (0.08)West

NS.002–3.10–0.15 (0.049)Not living with spouse

3.40 (3.00-3.85)<.00119.291.23 (0.06)Uses internet frequently

3.88 (3.41-4.42)<.00120.601.36 (0.07)Uses email

1.55 (1.38-1.75)<.0017.190.44 (0.06)Used lower-cost medication
to save money

NS.05–1.95–0.30 (0.15)Used drugs from other
countries to save money

1.92 (1.57-2.36)<.0016.280.65 (0.10)Used alternate therapies to
save money

NS.012.460.26 (0.11)Cannot afford mental care

NS.0042.880.20 (0.07)Cannot afford dental care

NS.151.440.12 (0.08)Cannot afford eye care

NS.091.700.08 (0.05)Worried about paying for
medical bills

NS.071.820.13 (0.07)Goes somewhere other than
a clinic or doctor’s office
when sick

1.21 (1.08-1.36)<.0013.360.19 (0.05)Goes to a clinic or doctor’s
office when sick

1.18 (1.07-1.31)<.0013.390.17 (0.05)Goes to a clinic or doctor’s
office for preventative care

aOR: odds ratio.
bN/A: not applicable.
cAIAN: American Indian or Alaska Native.
dNS: parameter was not significant at α=.001.
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Scheduling an Appointment Using the Internet
We constructed a model to examine the relationship between
the predictor variables and whether or not the survey respondent
scheduled an appointment using the internet (Table 4). With
each successive year, respondents were more likely to schedule
an appointment using the internet (OR 1.30, 95% CI 1.26-1.34).
Older adults were less likely in comparison to younger adults
to schedule an appointment using the internet (OR 0.63, 95%
CI 0.51-0.78). Women were more likely than men to schedule
an appointment using the internet (OR 1.61, 95% CI 1.40-1.85).
Respondents who use the internet frequently were more likely
to schedule an appointment than those not using the internet
frequently (OR 2.75, 95% CI 2.02-3.74). Survey respondents
using email were more likely than respondents not using email

to schedule an appointment using the internet (OR 3.92, 95%
CI 2.78-5.53). Respondents who used alternative therapies in
order to save money were more likely to schedule an
appointment using the internet than those who did not report
using alternative therapies to save money (OR 1.70, 95% CI
1.34-2.16). Respondents who were worried about paying
medical bills in the last 12 months were less likely than those
who did not report being worried about paying medical bills to
schedule an appointment using the internet (OR 0.77, 95% CI
0.66-0.89). Respondents going to a clinic or doctor’s office for
preventative care were more likely to schedule an appointment
using the internet than those who did not report going to a clinic
or doctor’s office for preventative care (OR 1.55, 95% CI
1.33-1.82).

Table 4. The best-fit model predicting the likelihood that an individual schedules a health care appointment using the internet.

ORa (95% CI)P valuet testParameter estimate (SE)Parameter

N/Ab<.001–16.63–537.38 (32.31)Intercept

1.30 (1.26-1.34)<.00116.490.26 (0.02)Year

NSc.02–2.37–0.19 (0.08)Middle-aged

0.63 (0.51-0.78)<.001–4.22–0.46 (0.11)Older adult

1.61 (1.40-1.85)<.0016.630.48 (0.07)Female

NS.51–0.66–0.08 (0.11)Black or African American

NS.18–1.34–0.71 (0.53)AIANd

NS.0042.880.40 (0.14)Asian

NS.37–0.890.20 (0.23)Multiple race

NS.003–3.01–0.37(0.12)Midwest

NS.36–0.92–0.10 (0.11)South

NS.790.260.03 (0.11)West

NS.28–1.10–0.08 (0.07)Not living with spouse or partner

2.75 (2.02-3.74)<.0016.461.01 (0.16)Uses internet frequently (>1 per day)

3.92 (2.78-5.53)<.0017.801.37 (0.18)Uses email

NS.0032.960.26 (0.09)Used lower-cost medication to save money

1.70 (1.34-2.16)<.0014.390.53 (0.12)Used alternate therapies to save money

NS.09–1.67–0.23 (0.14)Cannot afford prescription medicine

NS.032.210.37 (0.17)Cannot afford mental care

NS.02–2.40–0.28 (0.11)Cannot afford dental care

0.77 (0.66-0.89)<.001–3.46–0.26 (0.08)Worried about paying for medical bills

NS.58–0.55–0.07 (0.12)Goes somewhere other than a clinic or
doctor’s office when sick

NS.032.160.18 (0.08)Goes to a clinic or doctor’s office when
sick

1.55 (1.33-1.82)<.0015.500.44 (0.08)Goes to a clinic or doctor’s office for pre-
ventative care

aOR: odds ratio.
bN/A: not applicable.
cNS: parameter was not significant at α=.001.
dAIAN: American Indian or Alaska Native.
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Communicating With a Care Provider Through Email
Using the Internet
We constructed a model to examine the relationship between
the predictor variables and whether or not the survey respondent
communicated with a care provider through email using the
internet (Table 5). With each successive year, respondents were
more likely to communicate with a care provider through email
using the internet (OR 1.24, 95% CI 1.20-1.28). Women were
more likely than men to communicate with a care provider
through email using the internet (OR 1.48, 95% CI 1.28-1.71).
Respondents who use the internet frequently were more likely
to communicate with a care provider through email than those
not using the internet frequently (OR 2.08, 95% CI 1.56-2.76).
Survey respondents using email were more likely than

respondents not using email to communicate with a care provider
through email (OR 5.56, 95% CI 3.84-8.05). Respondents who
could not afford mental care in the last 12 months were more
likely to communicate with a care provider through email using
the internet than those who could afford mental care in the last
12 months (OR 1.92, 95% CI 1.39-2.66). Respondents who
reported going to a clinic or doctor’s office when they were sick
were more likely to communicate with a care provider through
email using the internet than those who did not report going
there when sick (OR 1.32, 95% CI 1.12-1.55). Respondents
who reported going to a clinic or doctor’s office as part of
preventative care were also more likely to communicate with a
care provider through email using the internet than those who
did not seek out preventative care at a clinic or doctor’s office
(OR 1.57, 95% CI 1.34-1.85).
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Table 5. The best-fit model predicting the likelihood that an individual communicated with a care provider through email using the internet.

ORa (95% CI)P valuet testParameter estimate (SE)Parameter

N/Ab<.001–13.45–442.69 (32.92)Intercept

1.24 (1.20-1.28)<.00113.290.22 (0.02)Year

NSc.061.880.16 (0.08)Middle-aged

NS.091.710.18 (0.11)Older adult

1.48 (1.28-1.71)<.0015.340.39 (0.07)Female

NS.890.140.02 (0.13)Black or African American

NS.37–0.90–0.37 (0.42)AIANd

NS.012.500.37 (0.15)Asian

NS.07–1.80–0.44 (0.24)Multiple race

NS.47–0.72–0.09 (0.13)Midwest

NS.43–0.79–0.09 (0.12)South

NS.0072.710.32 (0.12)West

NS.01–2.55–0.19 (0.07)Not living with spouse or partner

2.08 (1.56-2.76)<.0015.040.73 (0.14)Uses internet frequently (>1 per day)

5.56 (3.84-8.05)<.0019.101.72 (0.19)Uses email

NS.121.550.31 (0.20)Skipped medication to save money

NS.15–1.43–0.30 (0.21)Took less medication to save money

NS.0023.180.30 (0.09)Used lower-cost medication

NS.0023.110.41 (0.13)Used alternate therapies

NS.13–1.50–0.24 (0.16)Cannot afford medication

1.92 (1.39-2.66)<.0013.980.65 (0.16)Cannot afford mental care

0.74 (0.57-0.96).02–2.26–0.30 (0.13)Cannot afford dental care

NS.26–1.14–0.19 (0.17)Cannot afford eye care

NS.02–2.35–0.18 (0.08)Worried about a medical bill

NS.390.850.10 (0.12)Goes somewhere other than a clinic or doctor’s office
when sick

1.32 (1.12-1.55)<.0013.320.28 (0.08)Goes to a clinic or doctor’s office when sick

1.57 (1.34-1.85)<.0015.500.45 (0.08)Goes to a clinic or doctor’s office for preventative
care

aOR: odds ratio.
bN/A: not applicable.
cNS: parameter was not significant at α=.001.
dAIAN: American Indian or Alaska Native.

Discussion

Principal Findings
This study used NHIS data, which is weighted to represent
national characteristics, to examine the use of technology for
performing some health care–related tasks over time: looking
up health information using the internet, scheduling an
appointment using the internet, and communicating with a care
provider over email using the internet. Across all our models,
we found that middle-aged and older adult respondents were
significantly less likely to use technology to look up health

information using the internet or schedule an appointment using
the internet versus younger individuals. It has been shown that
some older adults may need additional special usability
requirements due to their inexperience in the use of technology
[21], yet this population is a growing user of technology [30].
This also reaffirmed the results found in the existing literature
[26]. Across all of the variables we investigated, we found that
the rates of looking up health information using the internet,
scheduling an appointment using the internet, and
communicating with a care provider over email using the
internet increased substantially across the study period. This
demonstrates that there is an increasing use and need for these
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services to support larger populations of users including devices
and abilities to engage with technology.

Specifically, our analysis found that middle-aged adults were
found to have a higher OR than older adults (0.83 vs 0.65) for
looking up health information using the internet. We also found
that there were differences in age groups for using technology
to perform health care–related tasks. In terms of searching health
information and scheduling appointments using the internet,
we found differences between men and women, with women
being significantly more likely than men to look up health
information using the internet, schedule an appointment using
the internet, and communicate with a care provider through
email using the internet. There are conflicting results in the
literature related to sex differences in the use of the internet and
technology associated with health-related tasks. Newhouse et
al [31] found that men were more likely to use email
communication for health care than women; however, Baumann
et al [32] found that women were more likely to use the internet
and technology for health-related tasks such as scientific
literature review, communicating with their physician or medical
team, and interpreting the diagnostic test results and medications
used in treatment. These sex differences may be related to the
social construction and perceptions of technology [33]. Future
research needs to explore why these trends are occurring and
what factors are associated with the differences between men
and women especially since there are conflicting results in the
literature about use but also about the factors associated with
the differences in use.

The impact of costs was inconsistent across the different models
in our analysis. With respect to looking up health information
using the internet, there was a significant association with using
lower-cost medications and alternative therapies to save money.
For individuals scheduling a health care appointment using the
internet, respondents who indicated using alternative therapies
to save money were more likely to schedule appointments using
the internet, and surprisingly those who indicated being worried
about paying for medical bills were less likely to schedule
appointments using the internet. Individuals using email to
communicate with a care provider had two different cost-related
variables that were significant. Respondents who reported not
being able to afford mental care were more likely to email, while
those who indicated not being able to afford dental care were
less likely to email. In some ways, the included cost-related
variables did not seem to indicate a consistent response around
cost. This reinforces the notion that determining the extent to
which the cost of care is a barrier is challenging and unclear
[34]. By examining the results across several
cost-of-care–related variables and different elements of health
care, it appears that there may be other barriers whose interaction
with cost impacts the effect of cost as a barrier. As suggested
by Clarke et al [34], and supported by our results, telehealth
research should continue to investigate the ways in which
different types of costs are intertwined with the use of telehealth;
especially as it relates to different avenues of care.

Going to a clinic or doctor’s office for preventative care was
associated with a greater likelihood of looking up health
information using the internet, schedule a health care
appointment using the internet, and communicate with a care

provider through email using the internet. Going to a clinic or
doctor’s office when sick was associated with using technology
to look up health information and communicating with a care
provider through email. This suggests that there is a strong
correlation between respondents’collaboration in their personal
health and the likelihood that they would use telehealth services
to meet these needs. In fact, Sawesi et al [35] found that
information technology platforms can enhance patient
engagement and improve health outcomes. It is crucial that
telehealth research investigate ways in which telehealth can be
used to either support individuals in developing an engagement
in their own health or identify ways to encourage users to
develop an engagement in their own health.

Limitations and Future Work
There are several factors that limit the generalizability of our
analyses. One notable limitation of this research is that it relies
on self-reported survey data and may not fully capture specific
perspectives and opinions about the “why” for some of the
activities reported in the NHIS. Yet, the NHIS data collected
and maintained by the US CDC is widely used [36-38] and the
data, the data design, and the imputation for national
representation are widely documented [39,40]. Future research
should expand on these results to try to identify if these trends
continue or what factors may be driving the differences
identified over time.

This research uses responses from specific questions from 2012
to 2018, as those were the only consecutive years where these
questions were consistent. As a result, being able to project
current and future use of technology for telehealth is limited.
Additionally, the COVID-19 pandemic had a major impact on
health care as it presented a unique situation that resulted in
overcoming many of the traditional barriers to telehealth
adoption [41]. COVID-19 also emphasized the use cases of a
variety of different technological tools that can be used in
telehealth such as chatbots [42]. As our data was limited to data
collected before the COVID-19 pandemic, it is important that
future work examine the impact that the pandemic has had on
the use of telehealth services and if these effects have been
sustained in the following years. Future research should also
investigate the ways in which the pandemic might have impacted
or altered the trends and barriers examined in this research. For
example, it may be interesting to evaluate if the exposure and
use of these tools during the pandemic have had lasting impacts
on the use of the internet tools. To do this, we need similar data
from 2020-2023 or later from the NHIS on the use of telehealth
services to be able to apply time series modeling techniques to
evaluate specific trends in how using telehealth services have
changed over time. Interestingly, some initial work has
suggested that there is a decline in the use of telemedicine
between 2021 and 2022 in the United States, [43] and future
work should evaluate if that trend continues or if the trend prior
to the COVID-19 pandemic continues.

In order to develop a fundamental understanding of the
important barriers, this research did not examine the complex
relationships between demographic and response variables.
Future research should focus on understanding how these
interactions (eg, older women vs middle-aged women vs
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younger women) might be correlated with the respondents’ use
of telehealth. Our models also did not investigate telehealth use
for specific socioeconomic levels. Instead, it includes questions
regarding a respondent’s ability to afford different health care
services, which is different from financial security or
socioeconomic conditions [44].

Conclusions
As telehealth is increasingly becoming an important component
of health care services, it is important to focus on different
aspects of telehealth to determine the demographic
characteristics, behaviors, or opinions that may predict or
influence groups that are likely to face a barrier to using
telehealth services. This study used NHIS data to examine the

use of technology for performing some health care–related tasks
over time: looking up health information using the internet,
scheduling an appointment using the internet, and
communicating with a care provider over email using the
internet. From this analysis, we have found some potential
barriers that may impact a user’s ability to access telehealth
services, as well as differences in the use of these tools for
different groups. Understanding those who are using the internet
for health care–related activities and the barriers that they may
face is important for the design and implementation of these
systems to be as effective as possible. Systems and technology
designers, as well as health care providers, should be aware of
these differences and the impacts they may have on engaging
individuals in their health care.
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Abstract

Background: Cardiac pain has been widely considered to be the primary indicator of coronary artery disease. The presentation
of cardiac pain and associated symptoms vary in women, making it challenging to interpret as cardiac, possibly cardiac, or
noncardiac. Women prefer to consult with family and friends instead of seeking immediate medical care.

Objective: This study aimed to assess the user performance (ie, ease of use, efficiency, and errors) and user satisfaction (System
Usability Scale; SUS) of a progressive web application for women with cardiac pain.

Methods: Following ethics approval, a purposive sample of women aged >18 years with cardiac pain or associated symptoms
lasting >3 months and able to speak and read English was recruited to participate in 2 iterative usability testing cycles. The first
cycle assessed the performance of and satisfaction with at heart using a web application, and the second cycle assessed the
performance of and satisfaction with at heart across various Android and iOS devices. In total, 2 investigators recorded user
comments and documented problems. At the end of the testing session, the participants completed the SUS and 4 semistructured
interview questions.

Results: In total, 10 eligible women participated in usability testing from March 31, 2020, to April 17, 2020 (cycle 1), and from
November 17, 2020, to November 30, 2020 (cycle 2). Women across usability testing cycles had a mean age of 55.6 (SD 7.3)
years, and most (9/10, 90%) were well educated. In total, 50% (5/10) were employed full or part time, and 60% (6/10) earned
>CAD $70,000 (US $48,881.80) annually. Participants across 2 testing cycles reported the overall usability of the at heart
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progressive web application as highly acceptable (mean SUS score 81.75, SD 10.41). In total, 90% (9/10) of participants rated
the user-friendliness of at heart as good or excellent. All participants (10/10, 100%) thought at heart was easy to use and efficient.
Only 2 testing errors were noted as high priority; these were low contrast or small font and clarification that the chatbot was not
a real person. User satisfaction was assessed using themes that emerged from the debrief and 4 semistructured interview questions;
at heart was engaging, comprehensive, understandable, credible, relevant, affirming, personalized, and innovative.

Conclusions: This study provides initial support for the at heart progressive web application for women living with cardiac
pain and symptoms. Ongoing evaluations in phases 3 and 4 should aim to examine the feasibility and acceptability of and the
extent of engagement with the at heart core feature set: Heart Check, Wellness Check, and the library. In addition to assessing
effectiveness in the phase-4 effectiveness-implementation hybrid trial (type I), describing and better understanding the context
for implementation (eg, race and ethnicity and geography) will be necessary.

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2019-033092

(JMIR Hum Factors 2025;12:e57583)   doi:10.2196/57583

KEYWORDS

digital health; chatbot; women; cardiac pain; usability testing; self-management; artificial intelligence; AI

Introduction

Background
Cardiovascular diseases constitute the leading cause of mortality
worldwide, exerting a substantial economic burden on the health
care system [1-4]. As the most prevalent form of cardiovascular
disease, coronary artery disease (CAD) is estimated to be
associated with 8.93 million deaths annually worldwide across
all ages [1]. CAD is a complex condition that varies in clinical
presentation across sexes, with both obstructive (macrovascular)
and nonobstructive (microvascular) CAD being associated with
cardiac pain and other symptoms [5]. Although cardiac pain
has been widely considered to be the primary indicator of CAD
[6], cardiac pain and associated symptoms reported by women
with CAD differ markedly from those reported by men [7,8].
The presentation of cardiac pain and associated symptoms may
vary in frequency, pattern, and distribution in women [8],
making it challenging to interpret as cardiac specific [9].
Similarly, women that undergo a percutaneous coronary
intervention or cardiac surgery report higher prevalence of
persistent pain of moderate to severe intensity after treatment
as compared to men [10-12]. This cardiac pain is often described
by women as sharp and burning and may present with varying
extent of dyspnea, fatigue, anxiety, and discomfort that may
radiate to the jaws, shoulders, back, and arms [6,8,13]. The
manifestations of cardiac pain and associated symptoms
contribute to substantial morbidity and impairments in
health-related quality of life (HRQoL) in women [14,15].

The complex presentation of CAD in women poses a challenge
for timely recognition and management of symptoms. Recent
data have shown that women often delay seeking medical care
when experiencing acute cardiac pain or associated symptoms,
with time between symptom onset and emergency department
arrival being 85 to 320 minutes [16]. Women report
experiencing difficulties in interpreting, understanding, and
attributing their cardiac pain or symptoms to CAD, preferring
to consult with family and friends instead of seeking immediate
medical care [17]. Moreover, women often hesitate to seek
medical care for cardiac pain or associated symptoms as a result
of their gendered roles as caregivers [17,18]. Women describe
having gendered roles that they are unable to delegate, such as

providing care for dependent family members [17,18]. The
cumulative effect of symptom underrecognition and hesitancy
in women leads to delayed care-seeking behaviors and an
increased risk of major adverse cardiac events or mortality as
compared to men [6]. As such, it is imperative to promote proper
recognition, assessment, and management of symptoms in
women to improve health outcomes and HRQoL.

Self-management programs are designed to engage users as
active participants in the management of their conditions; they
are key predictors of successful behavior change [19,20]. These
interventions generally use educational strategies designed to
assist users in achieving optimal knowledge, understanding
beliefs, and skills, as well as providing meaningful social
supports [21]. Digital health–based self-management programs
have been developed and effectively used to help women
manage weight [22-25], increase physical activity [26], monitor
for perinatal depression, and assist with postpartum smoking
cessation [27]. Many women describe digital health
interventions as being novel and supportive [22] and effective
in motivating healthy behaviors, reducing symptoms [28], and
improving HRQoL [23]. However, there is a lack of
evidence-informed digital health self-management programs
specifically for women with CAD living with cardiac pain and
associated symptoms [7], demonstrating a clear need for a digital
self-management program.

At heart (formerly HEARTPA♀N) [29], a self-management
progressive web application, was developed for women with
CAD using a sequential phased approach recommended by the
Medical Research Council (MRC) [30-32]. In phase 1, an
integrated mixed methods systematic review was conducted to
evaluate the current evidence related to the self-management
of cardiac pain and associated symptoms (eg, dyspnea and
fatigue) in women [7,29]. The results of the review suggested
that self-management interventions could reduce cardiac pain
and associated symptoms if they targeted a greater proportion
of women (standardized mean difference [SMD]=−0.01; SE
0.003; P=.02), goal setting (SMD=−0.26, 95% CI −0.49 to
−0.03), and collaboration or support from a health care provider
(SMD=−0.57, 95% CI −1.00 to −0.14) [33]. The review also
identified a lack of self-management interventions targeted
specifically for cardiac pain and associated symptoms in women

JMIR Hum Factors 2025 | vol. 12 | e57583 | p.2469https://humanfactors.jmir.org/2025/1/e57583
(page number not for citation purposes)

Parry et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/57583
http://www.w3.org/Style/XSL
http://www.renderx.com/


[33]. In phase 2A, the content and core feature set, chatbot, and
symptom triage algorithms were co-designed with health care
professionals and women with CAD [29]. In phase 2B, the
usability of at heart was evaluated to ensure that the platform
was intuitive and acceptable for women with cardiac pain, and
it is the focus of this paper. In phase 3, a process and preliminary
efficacy evaluation using a 2-group parallel pilot randomized
controlled trial (RCT) will be undertaken, and then a phase-4
effectiveness-implementation hybrid trial is planned (Figure 1).

Usability testing is an important phase in the development of
digital health interventions [34,35]. End users test a prototype
in iterative cycles; they provide feedback about what works,
what does not work, and where gaps might exist in the
information and functionality [34,35]. These factors contribute
to the frequency of use, understanding, and acceptability and
enhance the likelihood that users will use the end product
[35,36]. Testing the usability of the intervention also serves to
assess the suitability of the platform interface and content [37].

Figure 1. Phases of the at heart progressive web application development.

Objectives
The objectives of this study were to assess the user performance
(ie, ease of use, efficiency, and errors) and user satisfaction
(interviews and System Usability Scale [SUS]) of a progressive
web application for women with cardiac pain.

Methods

Participant Selection
Following ethics approval, a purposive sample of women was
recruited from (1) an ambulatory care hospital focused on
women’s health, (2) an adult tertiary care transitional pain clinic;
(3) the Alberta Provincial Project for Outcome Assessment in
Coronary Heart Disease registry; (4) the CorHealth Ontario
Cardiac Registry; (5) established strategies through the Canadian
Pain Coalition; (6) the Ontario Women’s Health Network’s
listserve, which reaches >1900 women and community
organizations in Ontario, Canada; and (7) social media. The
Ontario Women’s Health Network regularly brought women
who lived in rural and remote areas together, including women
who were disabled, women of color, women with a low income,
and Indigenous and older women. Women were eligible to
participate in the usability testing if they (1) were aged >18
years, (2) had been diagnosed with obstructive or nonobstructive
CAD pain or pain after a percutaneous coronary intervention
or cardiac surgery lasting >3 months, (3) were able to speak
and read English, and (4) had not previously used or tested the
at heart progressive web application. Women were excluded
from the study if they had (1) severe cognitive impairment,
assessed using the Six-Item Screener administered via telephone;
or (2) a major comorbid medical or psychiatric condition that
would preclude their ability to participate in the usability testing.
The Six-Item Screener is a brief instrument for identifying
individuals with cognitive impairment, and its diagnostic
properties are similar to those of the Mini-Mental State
Examination [38,39].

Ethical Considerations
The phase-2B usability testing was approved by the Health
Sciences Research Ethics Board (REB; 36415) at the University
of Toronto on November 26, 2018, and the Health Sciences and
Affiliated Teaching Hospitals REB (6026830) at Queen’s
University on June 20, 2019. An amendment was granted by
the Health Sciences REB (36415) at the University of Toronto
on March 26, 2020, to use secure video- or web conferencing
(Zoom; Zoom Video Communications) for the usability testing
sessions due to COVID-19 pandemic restrictions, which
prohibited in-person participant contact. Informed consent and
a demographic and clinical information form (Multimedia
Appendix 1) were obtained from participants before each
iterative cycle. Participants were identified using a study ID,
and data were stored on a secure OneDrive folder (Microsoft
Corp) accessible only to the principal investigator and research
officer. All participants were compensated with a user-identified
CAD $25 (US $17.52) gift card.

Study Design and Procedures
The usability of the at heart progressive web application focused
on a think-aloud scenario-based approach to assess user
performance (ie, ease of use, efficiency, and errors) and user
satisfaction with at heart's content and functionality assessed
qualitatively through the short scenario debrief questions and
the interviews and quantitatively using the SUS [40]. This
multi-method approach to usability testing is supported by a
recent scoping review [41]. A sample of 10 eligible women was
recruited to participate in the iterative usability testing cycles
(n=5, 50% of the women participated in each of 2 testing cycles).
This sample size was based on the experience of others [42-44],
as well as recommendations that usability testing by 3 to 5 users
can find approximately 85% of interface usability problems
[45,46]. The first cycle tested user performance and satisfaction
on a desktop computer, and the second cycle assessed user
performance and satisfaction across various Android and iOS
devices (ie, smartphones and tablets). Participants were provided
with a brief explanation of the study and the at heart progressive
web application before undergoing a 60- to 90-minute
one-on-one observation period conducted and recorded through
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the Zoom videoconferencing platform. Participants were
introduced to a case of a woman aged 54 years with symptoms
that were “possibly cardiac” [47] and asked to sign in, complete
an event profile (scenario 1), and then progress through a set of
standardized scenarios that incorporated each core feature of at
heart: Heart Check, Wellness Check, and the library (scenarios
2-5; Figure 2).

The “think-aloud” approach was used to capture users’ thought
process and problem-solving as they progressed through at
heart's core features in a systematic manner. After each scenario,
the participants answered two short debrief questions: (1) “What
did you like about the content and functionality of this specific
scenario?” (2) “What did you dislike about the content and
functionality of this specific scenario?”

Figure 2. Usability testing workflow.

In total, 2 investigators also recorded user comments and
documented any problems encountered during each scenario
using the usability testing error and efficiency documentation
form (Multimedia Appendix 2). Three error types were captured
on this form: (1) navigation errors (ie, failure to locate a function
or follow the recommended screen flow), (2) presentation errors
(ie, selection errors due to labeling ambiguities), and (3) control
use errors (ie, improper entry field errors). Four semistructured
interview questions were posed following the think-aloud
scenarios to assess the overall satisfaction with at heart's content
and functionality: (1) “What was your overall impression of the
at heart progressive web application?” (2) “What did you like
or dislike about the at heart progressive web application?” 3)
“Is there anything that could be improved or changed?” (4) “Is
there anything missing from the at heart progressive web
application?” Participants then completed the SUS on the web

using REDCap (Research Electronic Data Capture; Vanderbilt
University), a secure web application. The SUS is a widely used
scale that quantifies the usability of digital health applications.
It consists of 10 questions with Likert scales that range from
strongly agree to strongly disagree, and it has been validated
across a range of interfaces, including web pages and web
applications [40,48,49]. Scores range from 0 to 100, with an
accepted benchmark mean SUS score of 68 (SD 12.5) [40]. One
7-point adjective-anchored Likert scale was added to the bottom
of the SUS so that participants could rate the overall
user-friendliness of at heart as worst imaginable, awful, poor,
ok, good, excellent, or best imaginable. This adjective rating
scale helps inform the absolute usability of a product [50-52],
such as the at heart progressive web application. Numerical
equivalents of 1 (worst imaginable) to 7 (best imaginable) were
assigned to the adjectives for scoring. After the first cycle,
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revisions were made to the prototype, and the revised prototype
was tested in a second usability testing cycle.

At Heart Progressive Web Application
At heart is a novel progressive web application that consists of
3 core features: Heart Check, Wellness Check, and a library.
Users are guided through the core feature set by a rule-based
chatbot that manages content and conversations. An Event
Profile is created on the initial log-in to the progressive web

application (Figure 3). The Event Profile contains individualized
or personalized data that include the quality and location of
cardiac pain or associated symptoms experienced at the time of
the participant’s last heart event (ie, treated in the emergency
department). Female front and back full-body maps were
specifically developed for at heart using the chest pain or
associated symptom locations most commonly described in the
literature [6,8,13,47,53].

Figure 3. Screenshots of the at heart feature Event Profile prototype.

Chatbot Holly asks women the same series of cardiac pain and
symptom assessment questions in the Heart Check, which is
programmed into the at heart progressive web application to
occur every 3 days (Figure 2). The Heart Check can occur more
frequently simply by asking chatbot Holly for a Heart Check.
Rule-based symptom triage algorithms compare each Heart
Check to the individually stored Event Profile to make
recommendations on an appropriate level of care. Level of care
recommendations are based on the similarity and timing of
current cardiac pain or discomfort to that stored Event Profile,
noting similarities between the current and previous descriptions
of the quality (ie, heavy, tight, or pressure), location, radiation,
and associated symptoms. Recommendations are assigned to
one of three categories: (1) red or high risk (ie, similar or
high-risk symptoms that have occurred within 24 hours), (2)
yellow or moderate risk (ie, similar or high-risk symptoms that
have occurred beyond 24 hours but within 7 days), and (3) green
or low risk (ie, no similar or high-risk symptoms). Women who
are categorized as red are encouraged to notify a family member
of their current symptoms and call 911 (ie, to seek appropriate
and urgent assessment of their symptoms). Women who are
categorized as yellow are encouraged to see their primary care
provider within 48 hours, and women who are categorized as
green are permitted access to the at heart progressive web
application. High-risk symptoms are defined as ≥3 new typical
symptom features (ie, dull, heavy, or tight chest pain) [53] or

any new associated symptoms, including shortness of breath;
palpitations; a racing heart rate; or feeling lightheaded, faint,
or dizzy [47].

Women complete the Wellness Check, informed using features
of the Brief Pain Inventory–Interference Subscale [54], to
indicate the degree to which cardiac pain or associated
symptoms interfere with 7 domains of life, which include
general activities, paid and unpaid work, walking, mood,
relations with others, sleep, and overall enjoyment of life (Figure
4). Wellness Checks are programmed to occur every 7 days at
a minimum, and if the score in any domain is below a threshold,
the chatbot uses rule-based algorithms to deliver educational
content from the library.

The library contains scientific papers, each with a lay summary,
covering educational content about CAD in women, with
self-management advice to promote good health and well-being
[29]. The library also contains videos and podcasts from women
with lived experiences of CAD. At heart was evaluated by
Health Canada and deemed not to be a medical device as defined
in the Guidance Document: Software as a Medical Device
(SaMD): Classification Examples [55]. At heart provides
self-management support to women who have CAD and, through
a chatbot, guides women to the most appropriate form of
assessment (ie, primary care and emergent care) based on their
medical symptoms.
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Figure 4. Screenshots of the Heart Check and Wellness Check features of the at heart prototype.

Data Analysis
Quantitative descriptive data from the demographic and clinical
information form and the SUS were analyzed using SPSS
Statistics (version 29; IBM Corp). Debrief feedback from each
of the 5 scenarios with data from the usability testing error and
efficiency documentation form was reviewed after each of the
2 iterative usability testing cycles. Conventional content analysis
as outlined by Sandelowski [56] was used to analyze qualitative
data obtained from the interview questions. In total, 2
researchers independently assigned codes to label key actions,
thoughts, and ideas. Related codes were grouped into categories,
and any disagreements were discussed between the 2
researchers. A list of prototype issues was generated and
prioritized based on risk to patients and ease of improvement
[57]. Modifications were communicated to the website design
and development team. Prototype changes made after the first
cycle were evaluated in the second cycle, and prototype changes
following the second cycle were completed before the phase-3
RCT.

Results

Participant Characteristics
A total of 10 women meeting the eligibility criteria were invited
to participate in the usability testing from March 31, 2020, to
April 17, 2020 (cycle 1), and from November 17, 2020, to
November 30, 2020 (cycle 2). Women across the usability

testing cycles had a mean age of 55.6 (SD 7.3) years, and most
had a diploma (5/10, 50%), an undergraduate degree (2/10,
20%), or a graduate degree (2/10, 20%). Most of the women
were employed full (3/10, 30%) or part time (2/10, 20%) and
earned >CAD $70,000 (US $48,881.80) annually (6/10, 60%);
50% (5/10) lived with a disability, 50% (5/10) were the primary
household earners, and 80% (8/10) were the primary persons
responsible for housework in the home. The women reported
cardiac pain or associated symptoms for 1 to 2 years (3/10,
30%), 2 to 5 years (3/10, 30%), or >5 years (3/10, 30%). The
most common comorbid conditions included depression (4/10,
40%) and anxiety (4/10, 40%), and 40% (4/10) of the women
had had a previous myocardial infarction. Participant
demographics by usability testing cycle are reported in Table
1.

All women (10/10, 100%) had a computer at home and were
comfortable (3/10, 30%) or very comfortable (7/10, 70%) using
a computer, comfortable (1/10, 10%) or very comfortable (9/10,
90%) using the internet, and comfortable (3/10, 30%) or very
comfortable (7/10, 70%) using smartphone or tablet apps.
Participants’ comfort levels and use of the computer, the
internet, and smartphone or tablet apps are reported in Table 2.
All women selected their own devices for usability testing.
Women in the first cycle used only the Google Chrome browser
(5/5, 100%), and women in the second cycle used an iPad mini
version 9.3.5 (1/5, 20%), Samsung Galaxy S10e (1/5, 20%),
iPhone 8 (2/5, 40%), and iPhone 11 (1/5, 20%).
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Table 1. Participant characteristics.

Cycle 2 (n=5)Cycle 1 (n=5)Characteristic

52.8 (8.872)58.4 (4.827)Age (y), mean (SD)

5 (100)5 (100)Gender identity (woman), n (%)

0 (0)0 (0)Indigenous, n (%)

1 (20)1 (20)Identifying as a visible minority, n (%)

3 (60)2 (40)Living with a disability, n (%)

10.2 (8.0)6.6 (5.1)Gendered roles (housework hours), mean (SD)

4 (80)4 (80)Primary person responsible for housework, n (%)

Educational level, n (%)

1 (20)0 (0)High school

3 (60)2 (40)Diploma

0 (0)2 (40)Bachelor’s degree

1 (20)1 (20)Master’s degree

Employment status, n (%)

2 (40)1 (20)Full time

1 (20)1 (20)Part time

2 (40)3 (60)Unemployed

Income, n (%)

1 (20)0 (0)<CAD $15,000 (US $10,474.70)

0 (0)0 (0)CAD $15,000-$29,900 (US $10,474.70-$20,879.50)

1 (20)0 (0)CAD $30,000-$49,900 (US $20,949.40-$34,845.80)

0 (0)1 (20)CAD $50,000-$69,900 (US $34,915.60-$48,812)

1 (20)3 (60)CAD $70,000-$99,900 (US $48,881.80-$69,761.40)

1 (20)1 (20)>CAD $100,000 (US $69,831.20)

1 (20)0 (0)Not reported

4 (80)1 (20)Primary earner, n (%)
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Table 2. Use of the computer, the internet, and smartphone or tablet apps.

Cycle 2 (n=5)Cycle 1 (n=5)Characteristic

5 (100)5 (100)Computer use—home, n (%)

3 (60)2 (40)Computer use—work, n (%)

8 (0.000)6.4 (2.302)Computer hours per week, mean (SD)

Comfortable using computers, n (%)

2 (40)1 (20)Comfortable

3 (60)4 (80)Very comfortable

5 (100)5 (100)Internet use, n (%)

8 (0.000)6.8 (2.168)Internet hours per week, mean (SD)

Comfortable using the internet, n (%)

0 (0)1 (20)Comfortable

5 (100)4 (80)Very comfortable

5 (100)5 (100)Smartphone or tablet app use, n (%)

7 (1.414)6.4 (2.302)Smartphone or tablet app hours per week, mean (SD)

Comfortable using smartphone or tablet apps, n (%)

2 (40)1 (20)Comfortable

3 (60)4 (80)Very comfortable

User Performance
User performance was assessed through ease of use, efficiency,
and observation of testing errors (ie, navigation, presentation,
and control use errors) through each scenario and cycle of
usability testing. Testing errors included those related to
navigation (difficulties moving through or locating content),
presentation (selection errors due to labeling), or control use
(improper entry field errors) across the 5 scenarios in 2 usability
testing cycles (Figure 2). In scenario 1 of cycle 1 (sign-in,
chatbot, and Event Profile), participants reported a low contrast
between the text and the background and small font at sign-in.
Participants also wanted clarification that the chatbot was not
a real person. These were flagged as high priority, and
subsequent revisions included larger font and chatbot and user
text boxes identified using different colors, and a page was
added to the at heart progressive web application to describe
the chatbot, including its development and function. Specific
text included the following: “let me tell you a little more about
myself. I’m an educated chatbot, thoughtfully designed by a
group of women’s heart health experts. I’ll be here to help you
understand more about your heart pain/discomfort through
regular check-ins, and I’ll send you tips and tricks for managing
that pain. If you want to learn more about my makers, the same
ones who named me Holly, go to the menu above...” A summary
of suggestions and subsequent changes made to the progressive
web application during usability testing cycle 1 is shown in
Table 3.

The scenarios were repeated in the second cycle to assess user
performance and user satisfaction across various Android and

iOS devices (ie, smartphones and tablets). In scenario 1 of cycle
2 (sign-in, chatbot, and Event Profile), participants requested
clarification on the terminology used in some of the questions
at sign-in, so descriptors and more answers were added to these
questions. Participants also had difficulty choosing specific
areas on the body map, so the body maps were subsequently
amended. In scenario 2 of cycle 2 (chatbot-guided workflow
for the Heart Check), participants appeared confused with the
order and speed of the questions delivered by the chatbot. The
chat time stamp was subsequently increased for desktop,
Android, and iOS devices. This allowed women ample time to
read and respond appropriately to the Heart Check questions,
especially those with longer messages and prompts. Finally, the
Heart Check button was reported to be too small and gray, so
the size and contrast were adjusted. The chatbot-guided
workflow for the Wellness Check (scenario 3, cycle 2) required
minor adjustments to ensure that the chatbot selected appropriate
resources from the Wellness Library based on wellness scores
of ≤4. One participant suggested that “anaphylaxis” be added
to the Share My Data section and related articles be added to
the library. As a result, lay summaries were generated, and
scientific papers were added to the library for Kounis syndrome
(n=3) and mast cell activation syndrome (n=2). Kounis
syndrome is a complex multisystem arterial condition caused
by mast cell activation and T-lymphocyte and macrophage
interactions [58]. The resulting allergic, hypersensitivity, and
anaphylactic reactions cause coronary symptoms (ie, cardiac
pain), and this is referred to as Kounis syndrome [59]. A
summary of suggestions and subsequent changes made to the
progressive web application during usability testing cycle 2 is
also shown in Table 3.
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Table 3. Summary of suggestions and subsequent changes during usability testing.

ChangesSuggestions

Cycle 1 (n=5)

Scenario 1—sign-in, chatbot, and Event Profile

Larger font and chatbot and user text boxes identified using dif-
ferent colors were implemented.

There was a low contrast between the text and the background and small
font at sign-in.

A page was added to the at heart progressive web application to
describe the chatbot, including its development and function.

Clarification that the chatbot is not a real person was requested.

Directions for completing the body map were enhanced.Participants selected only 1 descriptor on the body map and reported lack
of clarity that more than one descriptor could be selected.

Scenario 2—Heart Check

NoneNone

Scenario 3—Wellness Check

NoneNone

Scenario 4—library

The Favorites section was moved to the top of the screen and
identified with a larger icon that represented a heart.

Participants had difficulty locating the Favorites section of the library.

Scenario 5—library retrieval and notes

NoneNone

Other

NoneNone

Cycle 2 (n=5)

Scenario 1—sign-in, chatbot, and Event Profile

Descriptors and more answers were added to the questions for
clarity.

Participants requested clarification on the terminology used in some of
the questions at sign-in.

The body maps were subsequently amended to include axillae
and body map descriptors.

Participants had difficulty choosing specific areas on the body map to
describe their symptoms.

Scenario 2—Heart Check

The chat speed was reduced for desktop, Android, and iOS de-
vices.

Participants appeared confused with the order and speed of the questions
delivered by the chatbot.

The size and contrast of the “Heart Check” button were adjusted.The Heart Check button was reported to be too small and gray.

Scenario 3—Wellness Check

Minor adjustments were made to the rules to ensure that the
chatbot selected appropriate resources from the wellness library
based on wellness scores of ≤4.

The chatbot says the following: “based on what you’ve told me, here are
some topics...” However, the chatbot presented all topics even for wellness
scores that were excellent (ie, the readings from the library did not appear
tailored to the needs of each participant).

Scenario 4—library

NoneNone

Scenario 5—library retrieval and notes

NoneNone

Other

This was added.Add anaphylaxis to the Share My Data section.

Lay summaries were generated and scientific papers were added
to the library for Kounis syndrome (n=3) and mast cell activation
syndrome (n=2).

Add anaphylaxis articles to the library as they related to women and heart
disease.

The introduction and the content of the Share My Data section
were enhanced.

Participants requested to have a more robust Share My Data section, with
opportunity to record medications and other comorbid conditions.
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User Satisfaction

Overview
User satisfaction was assessed using the SUS and the 4
semistructured interview questions. Overall, 10 participants
across 2 cycles of testing reported the overall usability of the
at heart progressive web application as highly acceptable (mean
SUS score 81.75, SD 10.41). There was no difference in SUS
scores between cycle 1 (mean SUS score 81.5, SD 8.59) and
cycle 2 (mean SUS score 82.0, SD 13.04; t8=−0.72, 95% CI
−16.6 to 15.6). A total of 90% (9/10) of the participants rated
the user-friendliness of at heart as good or excellent. All
participants (10/10, 100%) thought that at heart was easy to
use (SUS question 3; ie, most women could learn to use at heart
very quickly):

I think everything was pretty straightforward. It was
overall really, really good. [Cycle 2; participant 3]

None of the participants indicated that they would need the
support of a technical person to be able to use at heart (SUS
question 4), and 80% (8/10) of the participants found the various
functions in at heart well integrated (SUS question 5) with
minimal inconsistencies (SUS question 6):

Well...I was a bit worried it might be confusing, but
it’s not confusing at all. It’s very intuitive, it, you’ve
built it so it’s similar to a lot of other apps out there,
right? So, clicking here, you know, submitting the
button. So, it seems to be pretty normal as far, it looks,
the same look and feel as other apps that are out there
which are good. It seems to be easy. I’m not a tech
person, so I wanted to make sure that—I was nervous
that I wasn’t going to be able to manage it because
I, I’m not great with technology, but it was easy. So,
yeah. I mean, I think it’s a great tool. [Cycle 2;
participant 5]

A total of 8 themes emerged from the interview data (ie,
engaging, comprehensive, understandable, credible, relevant,
affirming, personalized, and innovative) and can be found in
Multimedia Appendix 3.

Engaging
Participants commented on the layout, visual appeal, language,
and name and logo of the progressive web application. They
found the content easy to read and maneuver. Important content
was highlighted, and participants reported this to be helpful.
Article summaries were presented in larger font and used lay
language. At the outset of this study, the progressive web
application was named HEARTPA♀N [29]. Participants
recommended a name change to one that was less focused on
pain as many women describe their cardiac pain as discomfort
and have other associated symptoms (eg, dyspnea and fatigue).
They felt that the name at heart was more personally welcoming
and less focused on pain. The heart logo was simple yet
distinctive and recognizable.

Comprehensive
Participants indicated that the progressive web application
provided necessary information for helping them make decisions
about their cardiac symptoms. They liked that it was specific

to women and that they could search through the library to
improve their knowledge about wellness and women’s heart
health. Participants also commented that the chatbot assisted
them in making decisions:

...the bot kind of identifies for me what the big blind
spots are that I am perhaps not noticing.

Understandable
Participants indicated that at heart was intuitive, the content
made sense, and it flowed well. The tone and the language were
suitable and clear. Participants commented on the
appropriateness of the associated symptom descriptors included
in the Event Profile and Heart Check.

Credible
Participants liked that at heart was developed as a living
progressive web application. They particularly liked the breadth
and depth of scientific articles and lay summaries included in
the at heart library. Participants valued having an
evidence-informed digital health self-management program
specifically designed for women with CAD living with cardiac
pain and associated symptoms.

Relevant
Participants commented on the relevance and accessibility of
content in the at heart library. The chatbot asked relevant
questions and was able to use rule-based algorithms to provide
advice to women about timely assessment in the emergency
department. They particularly noted the relevance of having
their Event Profile and Heart Check information stored so that
they could refer to it when visiting their health care providers.
The content was applicable to their everyday lives.

Affirming
Participants looked for affirmation from at heart's chatbot when
they were having cardiac symptoms. They indicated that they
would have otherwise consulted with family members or
Facebook group members for guidance. Affirmation of
symptoms was important to women, and they appreciated the
high-alert messages to seek urgent care immediately.

Personalized
Participants liked the chatbot. They found it to be personal,
immediately interactive, accessible, calming, and friendly. They
commented that the chatbot may help make them feel less alone
if they went to the emergency room because it checked in with
them to see how they were doing. The chatbot provided comfort
at times when participants felt scared. Participants also valued
the videos and podcasts as they also helped them feel that they
were not alone in their experience with heart disease.

Innovative
Participants felt that at heart provided an opportunity for further
research focused on women’s heart health. They were willing
to share anonymized data on socioeconomics, risk factors,
gynecological or obstetrics history, lifestyle, medications, and
other conditions (eg, arthritis or depression) to improve
outcomes for women at risk of or with heart disease. Participants
also valued the ability to journal and take notes in the
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progressive web application. They valued the opportunities that
at heart could provide to women who live in more isolated areas
or those who live alone. The at heart progressive web
application was described as all-encompassing, covering
necessary content to improve knowledge and decision-making,
with a chatbot to ask questions and deliver information in a
comforting manner.

Discussion

Principal Findings
There is growing support for the importance of usability testing
for mobile health and eHealth innovations [60-62]. Usability
testing incorporates an iterative process of testing and refining
to meet end-user needs [63]. The objectives of this study were
to assess the user performance (ie, ease of use, efficiency, and
errors) and user satisfaction (SUS) of a progressive web
application for women with cardiac pain. User performance was
assessed through ease of use, efficiency, and observation of
testing errors (ie, navigation, presentation, and control use
errors) through 5 brief scenarios and 2 cycles of usability testing.

The overall usability of the at heart progressive web application
was rated highly by 10 participants who completed the usability
testing cycles; the progressive web application was easy to use
and efficient. However, 2 high-priority testing errors were
identified during the usability testing cycles. The first involved
small font at sign-in and low contrast between the text and
background, and these were corrected by enlarging the font and
making alterations to the text and background colors. The second
was to clarify that the chatbot was not a real person. A
significant amount of time was committed to addressing
potential language challenges during the development of the
chatbot, and there were no technical, design, or language
challenges identified during the usability testing cycles. In fact,
the design and language or conversation of the chatbot appeared
to mimic human-to-human interaction so closely that participants
requested confirmation that the chatbot was actually nonhuman.

The at heart chatbot is a simple rule-based conversational agent
designed to mimic human-to-human interaction at sign-in and
creation of an Event Profile and during completion of the Heart
Check and Wellness Check. Our previous systematic review
and meta-analysis indicated that self-management programs
were more effective in reducing cardiac pain and associated
symptoms (eg, dyspnea and fatigue) in women if they included
collaboration and support from health care providers [33].
Chatbots are conversational agents able to promote health and
provide education and support [64]. Their use in health care is
still in a developmental stage; they could improve access to care
and health care provider–patient communication, but more
evidence is needed. Technical, design (ie, lack of empathy), and
language challenges [65] can impede the integration of chatbot
technologies into health care [64]. Adopting user-centered and
theory-based designs, optimizing user experiences, and
addressing patient concerns can improve chatbot uptake and
use [64]. Our chatbot relies on scripted computational
algorithms, with specific rules for its text-based conversations
[66]. More advanced human-machine conversation is now based
on natural language processing and large language models that

use artificial intelligence methods to learn, understand, and
produce structured language content [66,67]. Health care
delivery is rapidly changing and is driven by social, scientific,
and technological change; our future chatbot may need to
emulate person-to-person conversation through dialogue and
body movements, with appropriate expressions of empathy and
compassion [68]. We are really at a cusp in health care; growth
in chatbot use will be driven by a desire for health and wellness
and 24-hour access to care, with a growing number of platforms
from which to build an intelligent and emotive chatbot in the
future [69].

At heart is the first of its kind; no smartphone- or web-based
self-management program has been co-designed and
systematically developed with women who have lived
experience (phase 2A) and then tested with women who have
cardiac pain (phase 2B). We used the individual and family
self-management theory [70,71], mobile device functionality,
and the pervasive information architecture of mobile health
interventions [72] and followed the MRC’s guidance for
developing complex interventions [30-32]. At heart was
designed as a progressive web application aimed at delivering
nativelike user experiences regardless of the browser or the
mobile device [73]. This study identified that the
comprehensiveness and credibility of the information was
important to women. The information helped them understand
more about CAD and wellness and provided them with guidance
in decision-making. At inception, women clearly articulated
the need for a web application that was accessible across
Android and iOS operating systems, including computers,
smartphones, and tablets. In phase 1, women identified the need
to access the library anytime and anywhere (eg, while waiting
for dental appointments). As women were involved at the outset
in co-design, no other significant user performance or
satisfaction–related issues were identified. Female front and
back full-body maps were specifically developed for at heart
using the chest pain or associated symptom locations most
commonly described in the literature [6,8,13,47,53]. These
required only minor refinements during usability testing (ie,
more precise identification of the axillae). Importantly,
participants also viewed at heart as a way to contribute to the
future of women’s heart health. Women feel “stopped at the
gate,” and they want to take charge and advocate for better
awareness, education, diagnosis, and management [74].

Limitations and Strengths
First, usability testing was conducted on a predominantly
affluent sample of participants, which limits the generalizability
of our results. A total of 60% (6/10) of the participants who
took part in usability testing earned >CAD $70,000 (US
$48,881.80) annually. They were also well educated, and most
(8/10, 80%) were White. Canada is known for its diversity in
race and ethnicities— over 450 ethnic or cultural origins were
reported in the 2021 census [75]. A total of 1 out of 5 people
in Canada is born elsewhere; the 3 largest visible ethnic groups
are South Asian, Chinese, and Black individuals, representing
60% of the Canadian racial and ethnic populations [76].
Although this was a limitation in the sample for the usability
testing, this is not a limitation specific to the at heart progressive
web application. In fact, the at heart library contains heart
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disease and heart wellness scientific papers and lay summaries
related to South Asian and Indigenous people. These include
risk and traditional practices such as drumming and healing and
talking circles. However, it will be necessary to include a more
diverse sample of women that encompasses those in less
populous areas where age-standardized cardiovascular-related
deaths in women are highest [77]. It will also be important to
target recruitment of women from South Asian and
Afro-Caribbean races and ethnicities, those with disabilities,
those of a lower socioeconomic status, and those across age and
gender identities who also experience greater risk of
cardiovascular disease [77-79].

In addition, heterogeneous use of platforms and devices may
also be a limitation to the usability testing. Progressive web
applications are designed to work across platforms, eliminating
the cost, fragmentation, and need to develop the same
application several times for multiple platforms. They are
designed to behave like mobile apps, working seamlessly across
Android and iOS devices. However, past research indicates that
progressive web applications may not be as smooth as mobile
apps on Android devices [80]. Our sample size was limited, and
only 10% (1/10) of the participants used an Android device for
testing. Further research is needed to evaluate the usability of
the at heart progressive web application across various platforms
and devices. The phase-3 pilot RCT will determine the
feasibility of implementing the at heart intervention, including
the feasibility of randomization, recruitment, and retention;
acceptability and barriers to implementing the intervention; and
the extent of engagement with the intervention. The phase-4
effectiveness-implementation hybrid trial (type I) will
investigate the effectiveness and implementation of at heart
among women living in Canada using the practical, robust
implementation and sustainability model [81]. The MRC [30-32]
discusses 4 phases of complex intervention research (eg,
development, feasibility, evaluation, and implementation) and
the importance of refinements with each phase transition
depending on the context [70,71] in which the intervention is
evaluated and implemented. The practical, robust
implementation and sustainability model [81] aligns contextual
needs with intervention design using an inequity, systems
thinking, and cocreation engagement approach. Context will be
addressed by considering the individual perspectives on the

intervention, external environment, characteristics of those
receiving the intervention, and supports and resources needed
to deliver the intervention [81]. Recruiting representative
populations can be improved through strengthened community
partnerships in governance and decision-making [82-84], and
this will be a focus in subsequent phases of this research.

Second, remote usability testing methods were used during the
COVID-19 pandemic. Testing a technology’s usability remotely
has inherent advantages as well as limitations. While participants
can prefer remote testing to in-person testing, it can take longer
for participants to complete tasks during remote testing, more
errors can be made compared to in-person testing sessions, and
context and indirect cues can be missed during remote testing
sessions [85]. However, the approach taken to usability testing
in this study was iterative, comprehensive, and aligned with
methods used by others recently reported in a scoping review
[41]. Of 133 articles included in this scoping review, 105 used
questionnaires, 45 used a think-aloud approach, and 37 used
interviews in their usability testing methods [41]. Moreover,
many studies used a combination of 2 (n=46) or 3 (n=30)
methods of testing, and the SUS was the most reported and
validated questionnaire used to assess satisfaction and usability
[41]. Finally, the at heart chatbot is rule based and designed for
specific functions within the progressive web application. It is
not led by artificial intelligence technologies (ie, natural
language processing or large language models) and, therefore,
may have inherent limitations that were not identified during
the 2 cycles of usability testing (ie, personality, flexibility,
dialogue structure, and conversation complexity or flow) [65].

Conclusions
This study does provide initial support for the at heart
progressive web application for women with cardiac pain.
Participants rated the performance of and satisfaction with this
progressive web application as high. Ongoing evaluations in
phases 3 and 4 should aim to examine the feasibility and
acceptability and the extent of engagement with the at heart
core feature set: Heart Check, Wellness Check, and the library.
In addition to assessing effectiveness in an
effectiveness-implementation hybrid trial (type I), describing
and better understanding the context for implementation (eg,
race and ethnicity and geography) will be necessary.
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Abstract

Background: Globally, mental health (MH) problems increasingly affect young people, contributing significantly to disability
and disease. In low- and middle-income countries, such as Colombia, barriers to accessing care exacerbate the treatment gap. In
addition, the lack of widespread digital interventions further deepens the digital health divide between the Global North and
Global South, limiting equitable access to innovative MH solutions.

Objective: This study aims to co-design and develop an MH platform using participatory design methodologies and conduct a
15-month naturalistic observational trial to assess its feasibility among Colombian youth.

Methods: This study used a mixed methods approach within a structured research and development cycle. To ensure a
user-centered design, we began with a series of co-design workshops, where stakeholders collaboratively identified key user
needs. Following this, usability testing was conducted in 2 stages, alpha and beta, using the System Usability Scale (SUS) to
assess functionality and user experience. To capture real-world interactions, a naturalistic observational trial ran from July 2022
to October 2023, collecting data on user engagement and system performance. This study integrated quantitative and qualitative
analyses.

Results: A total of 146 individuals participated in the co-design process, with 110 (75.3%) contributing to the development of
platform components and 36 (24.7%) participating in usability testing. The co-designed platform integrated several key features,
including social media and advertising, an MH screening tool, registration, targeted psychoeducational resources, automated
tailored recommendations, and a “track-as-you-go” feature for continuous MH monitoring. Additional elements included
user-friendly follow-up graphs, telecounseling integration, customizable well-being nudges, an emergency button, and gamification
components to enhance engagement. During usability testing, the beta prototype received a median SUS score of 85.0 (IQR
80-92.5), indicating high usability. In the subsequent observational trial, which ran from July 2022 to October 2023, a total of
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435 users interacted with the platform—314 (72.2%) as registered users and 121 (27.8%) anonymously. Emotional distress was
prevalent, with 63.7% (200/314) of the registered users and 61.2% (74/121) of the anonymous users reporting distress, as measured
by the 6-item Kessler Psychological Distress Scale. Despite 102 users requesting telecounseling, only 26.5% (27/102) completed
a session. While usability scores remained high, engagement challenges emerged, with only 18.8% (59/314) of the users continuing
platform use beyond the first day.

Conclusions: This study explored the development and user experience of a youth MH platform in Colombia, demonstrating
that a cocreation approach is both feasible and effective. By actively involving users throughout the design process, the platform
achieved high usability and incorporated features that resonated with its target audience. However, sustaining long-term engagement
remains a challenge, as does addressing privacy concerns, particularly for younger users. These findings highlight the importance
of continuous user-centered refinement to enhance both accessibility and retention in digital MH interventions.

(JMIR Hum Factors 2025;12:e66558)   doi:10.2196/66558
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Introduction

Background
Globally, 1 in 7 young people aged 10 to 19 years are estimated
to experience a mental illness [1]. Depression, anxiety, and
behavioral disorders are considered some of the main
contributors to the burden of disability and disease in young
populations [2,3]. Likewise, suicide has been found to be one
of the main causes of death in this population [1,4].
Unsurprisingly, the economic and human costs of mental
ill-health represent a public health concern where urgent actions
are required to improve health outcomes, reduce years of life
lost due to preventable mortality and disability, and save
millions in health care spending [4]. The impacts of mental
ill-health are particularly challenging for low- and
middle-income countries, which are home to 90% of the world’s
youth [5].

Evidence suggests that there can be up to a decade-long delay
between the first symptoms of a mental health (MH) disorder
and initial contact with services, especially among young people
[6]; consequently, the use of digital health tools (DHTs) has
gained attention as a potential solution, as young people often
seek information online about their MH before discussing it
with family members or engaging with MH services [7]. Young
people have a preference to find a middle ground between
formal and informal sources of information, which opens the
opportunity to engage them with MH services or with sources
of care [8]. Notwithstanding the value of DHTs, challenges to
their adoption exist. First, the internet and digital technologies
might not be equally accessible across and within countries
[9,10]. Second, even in countries where DHTs are readily
available, retention of users and usability are still their main
challenges, as it is reported that their use decreases throughout
the trials, and most evaluations are limited to short periods
[11-13]. To promote the adoption of DHTs [14], participatory
design approaches [15,16] offer a promising solution by
centering users’ needs. This user-driven methodology not only
enhances usability but also fosters long-term engagement,
ensuring that the technology remains relevant and effectively
integrated into everyday practice [17].

Colombia is an upper–middle-income country [18] that faces
many societal and economic challenges, further exacerbated by
the COVID-19 pandemic [18]. The latest MH survey indicates
that 26.5% of adolescents and 26.2% of adults aged 18 to 44
years are likely to experience >2 MH problems [19]. Despite
this high prevalence, service use remains low, with only 12.4%
of the individuals in urban areas with MH disorders having
accessed any health services, according to the World Health
Organization [20]. The substantial treatment gap in MH care
underscores the critical need for enhanced access to services,
particularly given the high prevalence of multiple MH issues
among adolescents and young adults. This gap is intrinsically
linked to the help-seeking process, as barriers, such as stigma,
lack of awareness, and limited availability of resources, prevent
individuals from seeking and receiving necessary support [21].

This Study
To the best of our knowledge, there are no comprehensive DHTs
available in Bogotá, the capital city, or elsewhere in Colombia
that assist young people with their MH. Using participatory
design methodologies with end users, this research study
explored the ideal design of an MH platform for young people
in Colombia, with a focus on essential functionalities and visual
appearance to effectively address their MH needs and
preferences. We aimed to describe the co-design process and
outcomes, outline the development process, and conduct
preliminary testing of the minimum viable product (MVP) of
this youth MH platform.

Methods

Overview
In line with the World Health Organization framework for
developing digital interventions [22], through a well-tested
research and development (R&D) cycle [15,23,24], a youth MH
platform was co-designed, developed, and tested.

Recruitment involved convenience and snowball sampling,
using peer groups and advisory representatives. Participants
represented end users of the platform (young people, people
with lived experience, their supportive others [eg, carers, family,
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friends, and educators], and health professionals [eg, MH
professionals and allied health professionals]).

Ethical Considerations
The study was approved by the human research ethics committee
of Pontificia Universidad Javeriana and Hospital Universitario
San Ignacio (protocol number FM-CIE-0103-21). Using
REDCap (Research Electronic Data Capture; Vanderbilt
University), informed consent was obtained from adult
participants and legal representatives of minors, who also
provided their informed assent, as per national regulations. Data
were deidentified and safely stored in institutional cloud servers
(OneDrive), only accessible to the principal investigator and
research officers. Participants in the study received a grocery
store voucher in recognition for their time and expertise. For
codesign workshops, nonmedical staff and community
participants (including young people, people with lived
experience, and their supportive others) received a COP $50,000
voucher, while health professionals who participated outside
of regular working hours received a COP $100,000 voucher.
For user testing sessions, the same groups received COP $40,000
and COP $60,000 Colombian, respectively. These differences
in voucher amounts reflected the varying levels of time and
effort required for each activity (COP $1000=US $0.26, on
average, during project activities).

Co-Design
Co-design workshops (CDWs) aimed to determine the needs
and wants of end users as well as understand the functionalities
and interface ideas they had for an MH platform. The
information collected in these workshops was used to shape the
actual development of the platform. What was developed and
what it could look like was first determined in a knowledge
translation session held after the workshops. The meeting
included a multidisciplinary team composed of researchers,
psychologists, psychiatrists, legal team members, engineers,
and young people and representatives of people with lived
experience. Mock-ups were then iteratively refined across each
workshop. Furthermore, in between these meetings, several
sessions with the reference group were held to always have the
end users engaged in the decision-making process.

The CDWs were run using the Google Meet platform [25] in a
2-hour period with around 6 to 8 participants. Information
collection was undertaken via surveys, word clouds, Cartesian
planes, sketching pads, and scribble sheets [25].

Qualitative data were analyzed using NVivo (Lumivero) and a
thematic analysis framework with deductive and inductive
coding. An iterative approach guided each phase, and consensus
methods were applied at the end of each phase (eg, counts and
frequencies). Coding frequencies (CFs) were calculated for all
subcategories within the main themes. Interrater reliability was
measured using NVivo’s coding comparison feature, with 2
researchers independently coding CDW transcriptions until
achieving at least a fair agreement based on Cohen κ statistic
[26]. Once reliability was reached, the remaining material was
individually coded.

Development
Guided by young people’s wants and needs and considerations
from the multidisciplinary team, several software prototypes
were developed as responsive web applications for mobile and
desktop devices. Considerations included the assessment of
technical feasibility, resource availability, complexity,
prioritization, and compliance requirements, among others.

Usability testing was divided into 2 stages. The alpha prototype
testing involved 90-minute, one-on-one sessions using a
think-aloud protocol, with task difficulty measured by the Single
Ease Question scale [27]. Following this, feedback on
corrections and reasonable adjustments was provided to the
engineering team for the beta prototype. As this version offered
a more refined MVP, beta testing followed the same procedures
as the alpha sessions but included a more detailed usability
evaluation using the System Usability Scale [28].

For data analysis of user testing, sets of notes were generated
for each session according to the interviewer’s guide. Each
section of all sets of notes was read for the first time to identify
common themes or recommendations made by participants.
Once themes were identified, sections were examined a second
time to calculate frequencies (ie, to identify how many
participants gave the same recommendation or expressed a
similar opinion). Careful attention was given to negative or
divergent opinions, for which the number of occurrences was
also calculated. This process was carried out for each section
of the notes until all sections were completed. Notes from alpha
tests were examined first, followed by notes from beta tests.
Microsoft Excel was used for frequency calculation.

Testing
To test the MVP, a naturalistic trial was run from July 2022 to
October 2023, collecting data on use in real-world settings,
including feature use, survey responses, and sociodemographic
information.

The quantitative analysis used descriptive statistics to summarize
the data. For skewed distributions, the median was used as the
preferred measure of central tendency. Variability was assessed
through SDs and IQRs, while frequencies and percentages were
used to summarize categorical variables. The relationships
between categorical variables were analyzed using the chi-square
test with a 95% CI. The analysis was conducted using SPSS
(version 23; IBM Corp) and Microsoft Excel.

Results

Overview
A total of 146 participants were part of the co-design (n=110,
75.3%) and development (n=36, 24.7%) of the platform’s MVP.
Most participants were female (n=103, 70.5%), with a median
age of 18 (IQR 16-29) years. Middle (tiers 3 and 4) and low
(tiers 1 and 2) socioeconomic tiers were the most represented
in the sample, with 130 (89%) individuals. Vulnerable
populations, such as survivors of armed conflict (n=6, 4.1%),
ethnic minority individuals (n=5, 3.4%), and people with
disabilities (n=1, 0.7%), were also part of the study.
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Co-Design

Overview
A total of 19 CDWs were run, 125 source documents were
collected, and 1309 annotations were coded. The deductive
coding included 3 themes based on the framework by
Ospina-Pinillos et al [15,23]: functionality (actions that can be
performed within the platform; annotations: n=504, 38.5%,
including all subcategories), user interface (annotations: n=420,
32.09%), and privacy and data management (annotations: n=86,
6.57%). In total, 2 themes emerged, namely technology use for
health (annotations: n=111, 8.48%) and youth MH problems
(annotations: n=188, 14.36%). Interrater reliability demonstrated
a moderate agreement (Cohen κ=0.490).

Results on the use of technology for health and youth MH
problems, presented subsequently, highlighted the potential of
a technological platform for young people and provided key
insights for the development stage. Specific wants and needs
regarding functionality, user interface, privacy, and data
management are also described subsequently.

Technology Use for Health
Most participants said they used the internet for information
seeking (eg, symptoms, tips for managing health concerns,
information about healthy lifestyles, and reviews about health
professionals), teleconsultation (both from the health care
provider and patient perspectives), education, and low intensity
treatments (yoga, meditation, and breathing exercises).
Information was obtained both from formal sources (eg,
e-books) and informal sources, including peer-generated
information, influencers, and social media. Acknowledging the
amount of misinformation on the internet, participants
mentioned developing diverse techniques to triangulate the
veracity of the information.

Youth MH Problems
During workshops, each participant contributed to word clouds
of youth MH problems, which were used to identify 123
concerns and guide platform development. The most frequently
mentioned difficulties, shown in Table 1, involved social
relations (n=39, 31.7% mentions), followed by MH disorders
(n=28, 22.8% mentions) and problems with self-esteem and
self-concept (n=23, 18.7% mentions).
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Table 1. Most frequently mentioned youth mental health problems in Bogotá, as reported by co-design workshop participants (N=123).

Mentions, n (%)Category

39 (31.7)Problems with social relationships

10 (8.1)Family problems

8 (6.5)Peer problems

3 (2.4)Bullying (including cyberbullying)

2 (1.6)Couple problems

16 (13)Others

28 (22.8)MHa disorders

9 (7.3)Substance use

9 (7.3)Depression

6 (4.9)Anxiety

2 (1.6)Eating disorders

2 (1.6)Attention deficit

23 (18.7)Problems with self-esteem and self-concept

10 (8.1)Self-esteem

7 (5.7)Self-concept

6 (4.9)Life project

16 (13)Emotional difficulties

4 (3.3)Emotion regulation

4 (3.3)Loneliness

3 (2.4)Stress

1 (0.8)Resilience

1 (0.8)Recklessness

1 (0.8)Hope

1 (0.8)Boredom

1 (0.8)Sadness

5 (4.1)Sexual health

5 (4.1)Economic difficulties

3 (2.4)Self-harm and suicide

3 (2.4)Academic difficulties

1 (0.8)Pandemic

aMH: mental health.

Functionality
This theme included 12 subcategories, for which we calculated
the CF.

Reliable Information

Participants wanted to receive reliable, targeted, customizable,
and periodically updated information (annotations: 52/504,
CF=10.3%) delivered in multimedia format. They suggested
adapting the platform to users’needs by including an initial test
to personalize content and featuring an animated character to
guide users and deliver information.

In terms of topics, participants believed the platform should
provide general information about MH (eg, warning signs);

specific recommendations for healthy lifestyles (eg, nutrition);
instructions or tutorials for mental hygiene activities (eg,
breathing exercises); and infographics, worksheets, and
information on leisure activities (eg, hiking groups). Where
relevant, the platform should also redirect users to other, more
specialized resources (eg, fitness apps). Information about
helplines, spirituality, alcohol and drugs, as well as sexual health
was also mentioned. For informative pieces on high-risk topics,
such as sexual abuse or suicidal ideation, allied health and MH
professionals stated that clear information should be provided
about the formal service routes available in Colombia.
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Registration

Participants highlighted the value of choosing to explore the
platform anonymously or creating an account (annotations:
36/504, CF=7.1%). They proposed to have different user profiles
(eg, young people, health professionals, and caretakers), which
would receive targeted content.

They proposed the inclusion of different user profiles (eg, young
people, health professionals, and caretakers), acknowledging
that a young person’s MH care benefits from a collaborative
support system involving both school and family. By
incorporating multiple profiles, the platform would facilitate
better interaction and coordination among these key
stakeholders, ensuring more comprehensive support for young
people:

I would create the account so that, let’s say, you
would have more options, right? Because if you say,
“Well, I’m a woman, a teenager, a girl,” it would
give you more tailored options, right? [Adolescent
from a CDW]

Virtual Care

Participants emphasized the importance of being heard,
suggesting the platform should offer options for discussing MH
with professionals via videoconference, call, or chat while also
highlighting the need for both crisis support and follow-up care
(annotations: 33/504, CF=6.5%).

Participants expressed a desire for counseling, guidance, and
practical advice tailored to their concerns, with some suggesting
virtual care should include professional-led activities such as
meditation or life project discussions:

I liked the idea of the calls because something similar
was done in another project. Two young psychology
students would call us monthly or weekly, depending
on our schedule, to check in on how we were doing.
They even had a project to help us create a life plan,
guiding us on what we wanted and providing
orientation. [Adolescent from a CDW]

Others preferred simpler interventions, such as having
professionals available to answer specific questions. A blended
approach, combining virtual care with face-to-face interactions
for initial meetings or home visits, was recommended by some
to build rapport and foster empathy.

Screening Tests and Continuous Monitoring of MH Areas

Participants prioritized the ability to evaluate their well-being
through tests (annotations: 153/504, CF=30.4%) with immediate
results to track progress and express their feelings:

It works well because it might help the person express
how they’re feeling at that moment. Maybe they don’t
have someone to talk to and share those feelings, like
saying, “I haven’t been sleeping well” or “I’m feeling
sad” or “This happened to me yesterday.” It’s a way
to express yourself while also getting help to feel
better and reflect, asking yourself, “What can I do to
sleep better?” I’d say it’s a good thing. [Adolescent
from CDW]

They wanted diverse response formats (eg, text, video, and
audio), customizable survey reminders, and coverage of various
topics, such as loneliness, physical health, and emotions. MH
professionals suggested tracking coping strategies and
integrating the platform into therapy. They emphasized that test
results should include actionable feedback or resource links to
support improvement or maintain progress.

Gamification

Participants emphasized the value of gamification (annotation:
42/504, CF=8.3%) to engage and motivate young people,
suggesting elements, such as video games, avatars, digital
medals, and incentives, such as vouchers, or proposing
combinations, such as avatars, integrated into games or tied to
rewards.

Social Media and Advertising

Participants suggested integrating the platform with social media
(annotations: 68/504, CF=13.5%) through visually appealing
and relatable advertisements on platforms, such as Facebook,
Instagram, TikTok, and Twitter (subsequently rebranded X),
focusing on common concerns, such as sleep and mood. They
proposed using hashtags for awareness campaigns, adding a
share button for easy promotion, and collaborating with
influencers or YouTubers to donate content to engage young
people and normalize MH concerns.

Well-Being Nudges

Participants acknowledged the diversity of MH concerns and
coping strategies among young people. Suggestions included a
calendar to track results, a virtual trainer to encourage
engagement in activities, and notifications with motivational
messages and activity reminders (annotations: 36/504,
CF=7.1%).

Emergencies

Participants expressed a desire to either talk to someone
immediately or receive guidance from the platform, but they
also wanted the option to act independently or support a friend
in need. In emergency situations, they emphasized the
importance of quickly accessing help (annotations: 3/504,
CF=0.6%). In addition, they suggested the ability to notify the
platform if another user appeared to require urgent care.

Community Participation

Participants suggested adding blogs and forums (annotations:
60/504, CF=11.9%) moderated by health professionals for
safety. They wanted to discuss MH and shared interests, such
as soccer or movies, emphasizing that interaction with others
could foster support, bonding, and mood improvement.

Chatbot

Participants suggested including artificial intelligence
(annotations: 6/504, CF=1.2%) in the platform to provide care
during after-hours or weekends, offering general advice, or
linking users to specialized resources. They noted that chatbots
could also benefit introverted users who may find it difficult to
share their concerns.
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Interoperability With Local Services

Participants recommended integrating the platform with local
services (annotations: 12/504, CF=2.4%) either by referring
users to specialized city services or incorporating it into existing
programs offered by private and public organizations.

Research and Public Health Surveillance

Participants, particularly MH and allied health professionals,
highlighted the research and public health value of an MH
platform (annotations: 3/504, CF=0.6%). They suggested using
data from continuous monitoring for epidemiological purposes
to improve care for young people and integrating it into health
surveillance systems.

User Interface
User interface refers to the visual presentation of content and
functionalities. Participants stated that the platform should be
visually appealing, engaging, and responsive, using inclusive
language. Lay terms were preferred over clinical jargon.
Customization and interactivity were essential characteristics
to be considered across all platform functionalities.

The most important aspect for end users was an eye-catching,
aesthetically pleasing appearance. Participants consistently
mentioned using images, cartoons, and icons but emphasized
that the platform should not appear childish.

Privacy and Data Management
Regarding data management, participants preferred clear,
concise information about how their data would be used,
favoring simple language over lengthy, jargon-filled documents
while still adhering to privacy standards. Concerns were raised
about obtaining consent for children aged <14 years, who could
not legally provide consent in Colombia. While some younger
participants were open to involving their legal guardians, most
preferred to engage independently without parental
authorization. In addition, most parents expressed a desire to
access their children’s data:

If she were to use the platform, I would want to know
absolutely everything—the good, the risky, the
threatening, the happy—everything. [Parent from a
CDW]

They acknowledged that children may be hesitant to share their
concerns if parents had access to the data, and although most
would allow them to use the platform, for some, it could be a
sign of poor or declining MH. Some parents indicated they
would like to use the platform too, which showcased the multiple
ways in which they wished to be involved:

Each child is a different world, everyone has their
own way of thinking, and not everything in life is
complete. I believe that both children and us as
parents have our flaws or gaps. When looking at the
platform, I think it would be great to use it to explore
those gaps or the things we sometimes don’t
understand about them or wish we could know.
[Parent from a CDW]

Development

Functionality

Reliable Information

To expand access to Spanish-language psychoeducation
resources, we integrated our platform with Mental Punto de
Apoyo [29], the largest repository of MH materials in the region.
This integration allows users to explore a wide range of
resources, including videos, pamphlets, and podcasts on MH
topics, along with practical techniques to enhance well-being
(eg, meditation).

On our platform, these resources are presented with their title
and images. When users click on an image, they are redirected
to the Mental Punto de Apoyo website for full access. The
repository is regularly updated, ensuring users have access to
the latest information.

In addition, registered users benefit from tailored
recommendations based on periodic survey results and can track
a chronological record of all suggested resources, strengthening
the connection between both platforms and enhancing the user
experience.

Registration

We developed a registration feature that allows users to either
create an account or continue anonymously. Anonymous users
can access general MH resources but must provide basic
demographic details and accept the terms of use. However,
registered users gain access to additional features on their home
page, including an SOS button, a customizable well-being plan,
and avatar selection.

During development, parents and caregivers expressed interest
in having their own profiles to better support their children.
However, this feature was not included in the MVP.

Virtual Care

To provide access to virtual care, we integrated the platform
with Mentes Colectivas, a free web-based program providing
counseling and support for individuals aged ≥14 years. The
program, accessible on a website [30], offers a safe space where
users can seek guidance on emotional well-being, sexuality,
and family planning. Users can connect with a team of students,
professionals, and volunteers through their preferred digital
contact method—telephone call, web-based chat, or web-based
call. Appointments can be scheduled within 72 hours, with up
to 5 follow-up sessions available as needed. For emotional
well-being counseling, support is provided directly through the
platform, including follow-up sessions. Users requiring urgent
assistance outside of service hours are redirected to emergency
services. For sexuality and family planning counseling, users
are seamlessly transferred to a designated website using their
platform credentials, with unlimited follow-up sessions available
if needed [31].

Screening Tests and Continuous Monitoring of MH Areas

An MH screening and continuous monitoring feature
(“track-as-you-go” functionality) was developed based on key
concerns identified by CDW participants (Table 1). First-time
users, whether anonymous or registered, complete an initial

JMIR Hum Factors 2025 | vol. 12 | e66558 | p.2491https://humanfactors.jmir.org/2025/1/e66558
(page number not for citation purposes)

Ospina-Pinillos et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


screener using the survey by Kessler et al [32] to assess concerns
and distress levels, receiving tailored feedback and
psychoeducation through automated algorithms. Registered
users can access the continuous monitoring function, selecting
from 13 areas (stress, loneliness, well-being, emotions, physical
activity, sleep, subjective health status, self-esteem,
relationships, eating, alcohol and substance use, bullying, and
sexual and reproductive health) to track their progress. Surveys
can be scheduled daily, weekly, or biweekly, with a maximum
of 2 available at a time to encourage mindful participation.
Registered users also gain access to visual progress charts,
including line graphs, gauges, and calendars, with options to
filter results by date, view them alongside resource histories,
and export them as PDFs.

Gamification

During knowledge translation sessions, we recognized the
importance of gamification in enhancing user engagement.

However, due to the complexity of developing video games and
incentive systems, we focused on implementing avatars as the
first step. Users can choose from a set of predefined avatars and
update them at any time, allowing a degree of personalization.
While this feature laid the foundation for a more interactive
experience, future iterations may explore additional gamification
elements to further enhance user motivation and engagement.

Social Media and Advertising

Recognizing the importance of outreach, we developed a social
media campaign featuring advertisements with cartoons to
promote the platform and attract users (Figure 1). While
awareness campaigns and influencer collaborations could further
enhance visibility, they were not included at this stage. This
initial approach allowed us to gauge user engagement and refine
strategies for future promotional efforts.

Figure 1. User journey of the platform. Platform screenshots were translated from Spanish to English for clarity. The app version of the platform is
currently under development. MH: mental health.

From Well-Being Nudges to Well-Being Plan

To encourage young people to engage in MH-promoting
activities, we aimed to incorporate well-being nudges throughout
the platform. Some of these nudges were successfully integrated
into the monitoring graphs, providing gentle prompts to
encourage reflection and engagement. However, expanding
nudges across the entire platform proved challenging.

As an alternative, we developed the well-being plan, a structured
tool inspired by safety plans. It helps users identify uplifting

activities, supportive people, and emotional warning signs.
Users can personalize their plan with open-text responses and
are encouraged to practice beneficial activities when facing
challenges. The platform also provides examples of warning
signs, such as weight loss or insomnia, ensuring accessibility
at all times.

Given development constraints, we prioritized the Wellbeing
Plan as the core feature for the MVP, with the potential for
further integration of nudges and additional tools in future
iterations.
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Emergencies

To respond to this need, we designed the telecounseling feature
to allow participants to speak with someone immediately from
Monday to Friday, 7 AM to 7 PM. During off-hours, the button
provided continuous access to emergency local services
information (eg, gender-based violence and suicide-related
Colombian helplines), ensuring support was always available.
Given that the platform is web based, automatic dialing could
not be integrated.

Deferred Functionalities

The remaining functionalities were not developed for this MVP
due to resource constraints and implementation complexities.
Community participation was deprioritized to ensure platform
sustainability and focus on essential features such as virtual
care, as moderation and content creation required dedicated
budgets and personnel. Artificial intelligence functionalities
were also not included due to technical challenges and safety
concerns, as current large language models in Spanish required
significant refinements to ensure reliability and user safety.
Interoperability with local services was set aside due to the
complexity of institutional agreements, data management, and
privacy concerns. Finally, while research and public health
surveillance were recognized as valuable, they fell outside the
MVP’s scope, as they required advanced data management,
administrative agreements, and rigorous validation for public
health use. Future developments may reassess the feasibility of
these features to enhance user experience and support services.

User Journey
The user journey (Figure 1) begins by attracting potential users
through targeted advertisements on social media. When users
click on an advertisement, they are redirected to the platform’s
landing page, where they find general information about the
platform, MH, and well-being. From there, they can choose to
log in and create an account for full access or continue
anonymously with limited functionality. If they opt to register,
they are guided through a straightforward sign-up process where
they provide informed consent, accept the platform’s terms and
conditions, and acknowledge the habeas data regulations for
data protection.

After completing registration, users take a screening test
designed to assess their MH concerns. Once they finish the test,
they immediately receive feedback on their results and are
invited to explore targeted and specialized resources based on
their responses. They can also start monitoring their MH through

the track-as-you-go feature, which allows them to select areas
of interest and continuously track them over time. On the basis
of their tracking results, further specialized algorithms provide
tailored recommendations and psychoeducational resources.
Users can also request a web-based counseling session if needed.

Registered users can access additional features on their home
page, including the SOS button, a customizable well-being plan,
and avatar selection. As users continue engaging with the
platform, they receive increasingly personalized information,
whether by tracking additional areas or adjusting their
preferences over time. This ensures that the platform evolves
with their needs, offering continuous and adaptive support for
their mental well-being.

Usability Results
A total of 36 individuals participated in usability sessions for
the alpha prototype (n=16, 44%) and the beta prototype (n=20,
56%).

Task Completion Results

In alpha tests, the median task completion time was 43 (IQR
23.5-66.5) seconds, with a median score of 1.00 (IQR 1-1) on
the Single Ease Question scale, showing minimal difficulty in
performing tasks. The beta tests showed similar results, with a
median completion time of 28 (IQR 16-48) seconds and a score
of 1.00 (IQR 1-2; Table 2). The track-as-you-go surveys
generally showed favorable results with short completion times,
except for the physical activity test, which had the longest time
and highest difficulty. Accessing resources, returning to profiles,
and requesting telecounseling increased completion time without
impacting the experience (Table 3).

The beta prototype had a System Usability Scale median score
of 85.0 (IQR 80-92.5), indicating acceptable usability. Nearly
all participants (18/20, 90%) found the monitoring surveys easy
to use. Most (14/20, 70%) found the avatar functionality visually
appealing, though some (7/20, 35%) suggested more
customization options. The SOS feature was considered useful
by all (14/20, 70%), with participants suggesting it should be
made more visible.

Improvements between the alpha and beta builds mostly
included corrections to the back end of the platform to solve
bugs and reduce malfunctioning. Front-end improvements were
limited to changes in the wording of instructions, feedback from
test results, headings, or descriptions.
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Table 2. Completion times and Single Ease Question (SEQ) scores for tasks conducted in alpha and beta user testing sessions. The number of participants
who performed the task or responded to the SEQ is presented for each task, as time restrictions or platform malfunctioning impeded all participants

from completing all activitiesa.

Beta testAlpha testTask

SEQ score, median
(IQR)

Completion time (s), me-
dian (IQR)

SEQ score, median
(IQR)

Completion time (s), median
(IQR)

1.00 (1-1)c61.50 (53.25-91.75)c1.00 (1-1)b67.50 (47-89.75)bCreating an account

2.00 (3-1)c34.00 (30.5-44.5)c1.00 (2-1)d43.00 (34.25-50.75)bFilling the screener of concerns

1.00 (1-1)c59.50 (35-83)c1.00 (1-1.25)f21.00 (15.25-70)bAccessing MHe resources

1.50 (1-3)i6.00 (5-13)h1.00 (1-1)g5.00 (2.75-13)fGoing to my profile

1.00 (1-1)i76.00 (64-101)h1.00 (1-1.5)j44.00 (39-72.5)jRequesting a web-based counseling session

aMedian values were used, considering the small samples, to provide a more accurate representation of central tendency.
bn=16.
cn=20.
dn=15.
eMH: mental health.
fn=14.
gn=11.
hn=19.
in=18.
jn=13.
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Table 3. Completion times and Single Ease Question (SEQ) scores for tasks conducted only in beta user testing sessionsa.

SEQ score, median (IQR)Completion time (s), median (IQR)Task

1.00 (1-1)c11.00 (10-14.75)bFilling out the sociodemographic survey

MHd monitoringe

1.00 (1–1)c23.00 (17–29)cStress

1.00 (1.75–1)c16.00 (13.75–24)cLoneliness

1.00 (2–1)f37.50 (29–49.75)cWell-being

1.00 (2–1)c47.00 (32–63)cEmotions

3.00 (1.25–5)c51.50 (37.25–68)cPhysical activity

1.00 (2–1)c18.50 (15–24.25)cSleep

1.00 (1–1)g16.00 (11.5–17.25)gSubjective health status

1.00 (3–1)c26.50 (16.25–33.5)cSelf-esteem

1.00 (2–1)c30.00 (26.25–44.75)cRelationships

1.00 (1–1)c27.00 (20.25–34.75)cEating

1.00 (1–1)c35.00 (29.25–41.5)cAlcohol and substance use

1.00 (1–1)c10.50 (9–15)cBullying

2.00 (1-2)h102.00 (149-86.5)hFilling the well-being plan

1.00 (1-1)i15.50 (26.5-10)iUsing the SOS button

aMedian values were used, considering the small samples, to provide a more accurate representation of central tendency.
bn=20.
cn=20.
dMH: mental health.
eDuring beta sessions, all MH monitoring surveys that the platform offered were tested. An additional test (sexual and reproductive health) was developed
after beta sessions had concluded and thus is not included in this table.
fn=19.
gn=18.
hn=13.
in=14.

Reliable Information

Participants (13/16, 81%) from alpha user testing sessions found
the topics of the tips useful and relevant. Furthermore, they
(12/16, 75%) liked the images and tips design and described
them as striking and pleasant. In total, 12% (2/16) of the
participants believed the tips were generic or random, and 6%
(1/16) of them found the design boring. In the beta sessions,
participants (16/20, 80%) expressed their satisfaction with the
tips and their content. However, most of them (16/20, 80%)
suggested design changes, including color and image updates,
and adding more information to the tips by providing links to
additional resources. Tips were not accepted by 15% (3/20) of
the participants who did not find them useful and suggested
changes to the text and more detailed explanations.

Registration

Most (14/16, 88%) of the participants from the alpha testing
sessions found the account creation process easy. Only 1
participant was confused by the registration process. In terms

of registration options, 31% (5/16) of the participants favored
the web version, 31% (5/16) preferred the app version, 12%
(2/16) opted for the anonymous route, while the rest (4/16, 25%)
did not express any preferences. Most participants (14/16, 88%)
understood the sociodemographic questions, and more than half
(11/16, 69%) found the images and questions design
aesthetically pleasing. The others suggested making changes,
especially regarding the gender question and the text description
of the platform. Moreover, 19% (3/16) of the participants
thought that the survey should collect information about their
motive for consultation. The platform’s description was changed
based on feedback; however, the motive for consultation was
not included due to the platform’s focus on promotion and
prevention, and no changes were made to the gender questions
due to limitations in illustration availability.

In the beta sessions, 9 (45%) of the 20 participants preferred
logging in to the platform through the web, and 6 (30%) of the
20 participants chose to access the platform anonymously. All
participants (20/20, 100%) found the survey easy and clear and
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considered the gender question to be acceptable, inclusive, and
noninvasive. They made some recommendations related to
including more questions or additional answer options.

Virtual Care

In alpha user testing sessions, all participants (13/13, 100%)
were able to easily access the feature. They valued its shortness
and simplicity but suggested adding more MH topics in the
request form. A participant stated that requesting a session
involved too many steps. Due to parameterization issues, no
topics were added to the request form. In beta user testing
sessions, almost all interviewees (18/19, 95%) liked the
web-based counseling functionality for its usefulness and
flexibility.

Screening Tests and Continuous Monitoring of MH Areas

In alpha user testing, 62% (10/16) of the participants found the
screener test easy but suggested adding instructions and more
intermediate options. Most (11/16, 69%) participants understood
the recommended functionalities, though 25% (4/16) of the
participants had trouble with the monitoring feature. Most
(12/16, 75%) participants had no issues completing surveys or
sharing information but suggested improving the design, adding
options to the emotions survey, and making the survey list more
prominent. For the beta build, instructions were revised, but
intermediate options were excluded to preserve consistency
with the original scales. The appearance of the feature on the
main profile was also revised, changing the wording of the title
to increase clarity.

In beta sessions, nearly all participants (18/20, 90%) liked the
screener of concerns, finding it easy, useful, and interactive.
They suggested changes to the visibility of the scale, such as
making the slider larger, making the answer options visible, or
adding instructions (13/20, 65%). More than half of the
interviewees (12/20, 60%) understood the 3 recommendations
given after the test, with the monitoring feature recommendation
being the least understood (7/20, 35%). Nearly all of the
participants (18/20, 90%) found most surveys easy to use, and
the feedback was positive overall. The most difficult survey
was physical activity (6/20, 30%), where participants had trouble
making estimates in minutes. They suggested changing the
survey to ask about hours; however, due to parameterization
restrictions, it was not possible to accommodate this request.
Participants also recommended including more targeted
resources and additional answer options for the emotions,
bullying, and self-esteem surveys, among others. To comply
with these recommendations, changes would have to be made
to algorithms, which require investments in time and resources.
Thus, this recommendation will be considered for further
developments. Graphs were also tested in beta sessions, where
the calendar type with icons was the most accepted. Participants
suggested changes to the icons for most of the graphs, especially
the well-being graph (12/20, 60%), followed by the loneliness
graph (10/20, 50%).

Gamification

To prioritize other functionalities, the avatar selection feature
was only tested in beta sessions. Most of the participants (14/18,
78%) found it visually appealing. Some of them (7/18, 39%)

suggested more options, such as color customization and adding
more avatar types. In total, 1 participant did not like the anime
style.

Integration With Social Media and Advertising

Alpha user testing participants (9/16, 56%) suggested changes
in the image and colors to make the advertising more striking
and more related to the MH topic. Among the options, the most
liked one used cartoons (12/20, 60%) instead of pictures. This
advertisement was used in beta sessions where slightly more
than half of the participants (13/20, 65%) found it appealing.

Well-Being Nudges

The well-being plan was tested in beta sessions. Participants
liked the tool and found it useful and easy to manage. They
suggested adding examples of signs of distress or default options
to choose from.

Emergencies

The SOS feature was only tested in beta sessions, where all
participants (14/14, 100%) found it useful. They valued the
variety of helplines and contact options and suggested making
it more visible in the main profile.

Testing
Although the platform was designed for young people, feedback
from CDWs indicated interest from support individuals, such
as parents, caregivers, or health professionals, who expressed
a desire to explore the platform before their children or patients
used it. In response, we decided to collect demographic
information from all users, specifying their role or profile.
During the naturalistic trial, no age restrictions were imposed,
allowing us to analyze data from all users, including adults, as
part of the platform evaluation.

A total of 452 individuals entered the platform. Due to technical
difficulties (and hence incomplete information), 17 (3.8%)
records were excluded from the analysis. There were 3
registration peaks: the first in November 2022, the second in
March 2023, and the third in June 2023. The platform reached
26 of the country’s 32 departments; most of the users were from
Bogotá (139/314, 44.3%), Cundinamarca (25/314, 8%), Boyacá
(23/314, 7.3%), and Antioquia (15/314, 4.8%). During the
observed period, 435 individuals used the platform, with 314
(72.2%) users registering and 121 (27.8%) using it anonymously.
Most anonymous users were female (89/121, 73.6%) as well as
identified to be a young person (31/121, 25.6%). Importantly,
more than half (74/121, 61.2%) of the users presented some
degree of emotional distress according to the 6-item Kessler
Psychological Distress scale (mild distress: 29/121, 24%;
moderate distress: 33/121, 27.3%; and severe distress: 12/121,
9.9%) [32].

In relation to those who registered, the median age was 34 (IQR
23-46) years, and most of them (232/314, 73.9%) were female.
About the role in the platform, 21% (66/314) of those who
registered were young individuals, 26.8% (84/314) were carers,
22% (69/314) were educators, and 20.7% (65/314) were health
professionals. Most users (200/314, 63.7%) presented some
degree of emotional distress (mild distress: 68/314, 21.7%;
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moderate distress: 70/314, 22.3%; and severe distress: 62/314,
19.7%).

To evaluate the relationship between the level of distress and
the selected role, a chi-square test of independence was
executed. In the registered group, the relationship was
statistically significant (χ²9=37.9; P<.001), and observed
frequencies revealed that young individuals had more severe,
moderate, and mild levels of distress, while health professionals
appeared more frequently with low levels of distress. In addition,
an effect size was calculated using Cramér V, which was found
to be 0.20. While this effect size is statistically significant, it is
small in magnitude. In the group of anonymous users, the
relationship was statistically significant (χ²9=17.0; P=.048), and
the Cramér V test showed a weak effect (0.22). The observed
frequencies showed that young people had more severe levels
of distress, carers and young people had more moderate levels
of distress, carers and educators had more mild levels of distress,
and health professionals had lower levels of distress more
frequently.

Regarding user engagement, 81.2% (255/314) of the individuals
used the platform for just 1 day, 8.9% (28/314) used it for 15
days, 2.5% (8/314) used it for 1 month, and 7.3% (23/314) used
it for over a month up to 1 year. Among the functionalities, the
screening test (314/314, 100%) was the most used as it was
mandatory, followed by track-as-you-go (118/314, 37.6%),
telecounseling request (102/314, 32.5%), well-being plan
(32/314, 10.2%), SOS button (15/314, 4.8%), and finally avatar
(14/314, 4.5%). A chi-square test of independence was executed
between the level of distress and the platform’s use. The
relationship was statistically significant (χ²12=24.5; P=.02), and
the effect size was calculated using Cramér V, which was found
to be 0.16, which meant a weak effect size. The observed
frequencies indicated that people who only used the platform
on the day of registration were more likely to report no
discomfort in the emotional distress screening. In addition,
severe discomfort was the most common outcome for people
who used the platform during their first month of registration.
People who used the platform for 2 months or between 3 and
6 months most often experienced moderate discomfort. By
contrast, those who used the platform for >6 months had higher
scores in severe and mild discomfort.

Among the individuals who used the tracking component, the
most frequently used survey was the emotion tracker (32/118,
27.1%), followed by sleep (25/118, 21.2%), stress (21/118,
17.8%), and physical activity (10/118, 8.5%). The rest of the
surveys (loneliness feeling: 6/118, 5.1%; well-being levels:
6/118, 5.1%; self-esteem evaluation: 5/118, 4.2%; risk of eating
disorders: 4/118, 3.4%; health perception: 3/118, 2.5%; sexual
health: 3/118, 2.5%; relationships: 2/118, 1.7%; and bullying:
1/118, 0.8%) represented less than 5% use. In addition, only a
small number of participants opted to continuously monitor any
of these areas, with 47% (15/32) tracking their emotions, 44%
(11/25) tracking sleep, 24% (5/21) tracking stress, and 20%
(2/10) tracking physical activity beyond the initial use.

Concerning the baseline (first time) responses, neutral emotion
was the most reported with 41% (13/32), followed by sadness
22% (7/32), fear 19% (6/32), anger 12% (4/32), and joy 6%

(2/32). In terms of sleep quality, 96% (24/25) of the users who
answered the sleep survey reported sleep problems. With respect
to the perceived stress, 71% (15/21) of the participants
experienced high levels of stress, 24% (5/21) had some degree
of stress, and 5% (1/21) had low stress. In relation to physical
activity, participants reported spending a median of 10 (IQR
0-37.5) minutes doing moderate activity per day, with just 10%
(2/10) of the users doing it for >60 minutes daily. Median sitting
time was 210 (IQR 47.5-345) minutes.

Of the 102 participants who requested telecounseling, only 27
(26.5%) had a complete counseling session. Regarding the
reasons for consulting, the most frequent problem was anxiety,
reported by 67% (18/27) of the participants, followed by sadness
at 11% (3/27), and everyday problems at 11% (3/27). In terms
of the form of communication, the platform offered 5 types:
immediate chat, chat later, immediate internet call, internet call
later, and video call and traditional phone call. Chat later and
immediate call options were the main forms chosen by users,
with 48% (13/27) and 33% (9/27), respectively. Moreover, the
immediate chat option and internet call me later option were
less popular among participants, with only 19% (5/27) and 15%
(4/27). Finally, video call (1/27, 4%) was the least used option.
During the counseling session, only 4% (1/27) of the individuals
reported self-harm and suicide plans, which required referral to
emergency services.

Discussion

Principal Findings
This study aimed to co-design, develop, and test an MH platform
tailored for youth in Bogotá, Colombia. Using a rigorous R&D
cycle, we actively engaged a diverse sample, ensuring
representation across different ages, socioeconomic
backgrounds, and marginalized or hard-to-reach populations.
Findings revealed a strong interest in a youth-focused MH
platform that prioritized a visually appealing and user-friendly
interface, clear privacy protections, and a range of essential
features. These included registration, access to reliable
information, virtual care options, MH screening and continuous
monitoring, gamification, social media integration, personalized
well-being plans, emergency support, connections to local
services, chatbot interaction, and support for research and public
health surveillance. Through knowledge translation sessions,
we refined these insights into a platform with 11 key features,
including social media integration, registration, MH screening
tools, psychoeducational resources, automated
recommendations, real-time MH tracking across 13 areas,
follow-up graphs, telecounseling integration, customizable
well-being nudges, an emergency button, and gamification
components. Usability testing confirmed high functionality and
acceptance, and a naturalistic trial further evaluated real-world
engagement and use patterns. This extensive participatory
approach not only ensured that the platform was contextually
relevant and user driven but also demonstrated its acceptability,
usability, and potential impact in supporting youth MH.

A notable aspect of our research is the extensive engagement
of end users throughout the co-design process, with a sample
size of 146 participants. Existing literature indicates that most
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studies using participatory methodologies in the development
of MH DHTs are conducted in high-income countries and often
involve relatively small sample sizes (<50 participants). In Latin
America, a unique instance of co-design was conducted in
Colombia, featuring culturally adapted approaches [24]. Despite
the inclusive methodology, men and other genders represented
<30% of the sample. This level of participation aligns with
research showing that men tend to seek less MH support [33]
and engage less in research [34]. This disparity highlights a
research gap in understanding the engagement of men and
gender-diverse individuals in MH initiatives, which may also
impact their adoption and use of DHTs [16]. Future work is
needed to address this gap and ensure these technologies are
truly inclusive and accessible to all [16,35].

Moreover, the ample sample size of this study allowed for the
inclusion of individuals who may act as gatekeepers in young
people’s MH help-seeking journeys, offering valuable insights
into how their involvement can support youth. In addition, the
study captured a broad spectrum of perspectives, including
diverse and sometimes conflicting opinions, not only regarding
design preferences but also in the roles and expectations of
caregivers versus young people. These conflicting perspectives
highlight a fundamental tension in designing DHTs, that is,
balancing the autonomy and preferences of young users with
the concerns and involvement of caregivers. However, this
diversity of opinions enriches the research process by prompting
critical discussions and leading to more adaptable, inclusive,
and responsive solutions. Future work should further explore
these tensions and develop strategies to ensure that DHTs
effectively support both young users and their caregivers while
respecting youth autonomy and privacy [36].

This paper provides a comprehensive description of the
participatory processes, thereby enriching the literature, as many
studies do not provide comprehensive details, thus limiting the
reader’s understanding of the methodologies used and the extent
of user involvement [37]. Our study sought to provide detailed
information on the participation of end users at every stage of
the development process, including design, feedback provision,
knowledge translation, decision-making, and testing. These
results highlight the need for end users to be at the center of the
design and implementation process rather than just being mere
consultants [22,23]. In the same line, the process involved young
people and people with lived experience in a meaningful way,
avoiding tokenism and promoting genuine participation [38].

In terms of use, engagement is a significant challenge in the
eHealth field, with research consistently showing high attrition
and low engagement rates [11]. For example, studies indicate
that retention rates for mental well-being apps are as low as
3.9% after 15 days and 3.3% after 30 days [39]. In our study,
we observed a particularly striking trend on the first day of use,
with only 18.8% (59/314) of the users continuing to engage
with the platform after the first day. Understanding and
improving the first-day experience is crucial for enhancing
overall retention and ensuring users continue to benefit from
the platform. In our study, participants with higher levels of
distress demonstrated a tendency to use the platform for
extended periods, aligning with existing evidence [40]. This
suggests that the platform may be particularly well-suited for

individuals already engaged in the MH care process.
Engagement remains a key area for future R&D to address the
substantial drop-off after initial use. While our user engagement
rates were better (longer periods of engagement) than those
reported in previous research, possibly due to our thorough
co-design process tailored to users’ needs and preferences,
achieving long-term engagement requires sustained efforts and
innovative strategies to keep users motivated and invested over
time. Some alternatives were highlighted by our participants,
which referred to integration with local services (in person or
virtual), which are already available in Colombia and are known
to communities. This synergistic approach could provide more
customized follow-ups for service users while expanding the
platform’s reach to communities outside of social media,
creating a blended approach to engagement. However,
integration represents a challenge as it requires coordinated
responses as well as administrative and data protection
agreements.

Our study aimed to contribute to reducing the significant delay
in seeking help for MH problems, which averages >10 years
[6] from the first symptom to professional contact. By
implementing our platform, we provide a potential tool to
facilitate earlier access to support, addressing the urgent need
for more accessible and timely MH interventions. Internet-based
interventions have shown promise in this regard, offering a
cost-effective alternative to traditional care [16]. A meta-analysis
indicated that these interventions are marginally more effective
than usual care in terms of quality-adjusted life years gained,
have similar prices, and have a net benefit of US $255 (95% CI
US $91-US $419; P=.002) [41]. Furthermore, research has
shown that targeted prevention efforts are generally more
cost-effective than universal approaches in the youth population
[42]. Specifically, interventions that are deployed in community
settings (eg, schools or workplaces) and coupled with specific
interventions (eg, psychotherapy) have proven highly
cost-effective for preventing MH disorders in children and
adolescents [42].

Our findings support the need for rethinking services and care
pathways, as two-thirds of the users (both anonymous and
registered) showed some level of emotional distress. Young
users exhibited higher distress levels, with a notable relationship
between distress levels and user roles (χ²9=37.9; P<.001) as
demonstrated in the Results section. These insights emphasize
the potential of our platform to identify individuals in need of
immediate support. By integrating such technologies with
traditional MH services, we can enhance early detection and
intervention, ultimately improving MH outcomes. Our findings
advocate for the continued innovation, development, and
implementation of DHT to detect early signs of distress and
integrate these tools with conventional care systems to better
support young people and those at risk early in the course of
illness.

Limitations
In academia, it is difficult to compete with commercial DHTs
that offer highly intuitive and engaging user experiences, even
though their content often lacks solid evidence-based support
[43,44]. A significant limitation of our study is the absence of
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collaboration with industry partners, which could provide
valuable resources and expertise in user-centered design and
technology development at commercial standards. Partnerships
that leverage industry expertise could result in more usable and
high-fidelity technologies [44] while also facilitating improved
data collection methods, such as the use of phone sensors or
wearable devices, to enhance data accuracy and enable more
timely notifications, advancing to precision medicine [45].
Furthermore, partnerships with industry could help address the
critical challenges of innovation, sustainability, and scalability.
Moving forward, it is essential to combine rigorous
evidence-based methods with the engaging design features
typical of commercial products, along with the advantages
provided by industry collaboration, to develop effective,
sustainable, and scalable digital health interventions.

Implementation in the Colombian Context
Although participants reported good acceptability of the
platform, there are several barriers to its implementation in the
Colombian context. A key issue is the discrepancy between
young people’s needs and legal requirements. Colombian
regulations mandate parental consent for access to most health
services [46]. While some young people were willing to involve
their guardians, most preferred using the platform independently.
Parents, while desiring access to their children’s information,
recognized this might deter openness. To address this, an
anonymous browsing option was created, requiring registration
only for specialized functions, such as receiving targeted
information or telecounseling.

The co-design process was conducted in Bogotá, which, though
diverse, may not represent all populations. Further adaptations
are needed to tailor the platform to the MH needs of different
Colombian communities, including minority groups.

Conclusions
In conclusion, this study successfully co-designed and tested
an MH platform tailored for youth in Bogotá, Colombia, to
promote help-seeking behaviors for MH issues. Engaging a
diverse sample of 146 participants from various backgrounds,
the platform addressed the preferences of users across different
ages and socioeconomic statuses, demonstrating high
acceptability and usability. Unlike many studies with smaller
sample sizes, our inclusive methodology underscored the
importance of involving end users throughout the development
process. However, engagement remains a challenge, with only
18.8% (59/314) of the users continuing to engage with the
platform after the first day. Future work must enhance the initial
user experience and consider differences in age, sex, region,
and socioeconomic background to improve long-term
engagement.

Despite the promising results, a significant limitation was the
lack of collaboration with industry partners, which could provide
valuable resources and expertise in user-centered design and
technology development. Partnerships could improve data
collection methods, address challenges of sustainability and
scalability, and integrate rigorous evidence-based methods with
engaging design features. While the platform was well received,
implementing it in the Colombian context presents challenges,
such as legal requirements for parental consent, which can deter
young people from seeking help. Further research and
adaptations are needed to tailor the platform to the unique
characteristics and MH needs of diverse Colombian
communities, ensuring it effectively supports early detection
and intervention.
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Abstract

Background: Anxiety and depression symptoms have been rising among college students, with many increasingly meeting the
criteria for 1 or more mental health problems. Due to a rise in internet access and lockdown restrictions associated with the
COVID-19 pandemic, online mediums, such as teletherapy, repositories for mental health information, discussion forums, self-help
programs, and online screening tools, have become more popular and used by college students to support their mental health.
However, there is limited information about individual-level factors that lead college students to use these online tools to support
their mental health.

Objective: This mixed methods study aimed to examine the associations between demographics, symptom severity, mental
health literacy, stigma, attitudes, and self-efficacy and the use of online tools to seek psychological information and services
among racially and ethnically diverse college students. This study also aimed to qualitatively characterize types of online tools
used, reasons for using tools or lack thereof, and perceived helpfulness of tools.

Methods: Undergraduate students (N=123) completed validated measures and provided open-ended descriptions of the types
of online tools they used to seek psychological information and services and their reasons for using those tools. Logistic regression
analyses were used to test associations of online tool use to seek mental health information and hypothesized predictors. Descriptive
statistics were conducted to examine online tool types, reasons for using online tools, and helpfulness explanations.

Results: In total, 49.6% (61/123) of the participants used online tools (eg, search engines) to seek mental health information,
while 30.1% (37/123) used online tools (eg, medical websites) to seek mental health services. Mental health literacy (P=.002;
odds ratio 1.14, 95% CI 1.05-1.24) was associated with greater use of online tools to seek mental health information. None of
the hypothesized variables predicted online tool use to seek mental health services. In total, 82% (50/61) of participants who
sought information found online tools somewhat helpful, while 49% (18/37) of participants who sought services found online
tools very helpful. Of the students who did not use online tools to seek information, 19% (12/62) reported it was because they
did not know which online tools to use and 31% (19/62) stated they would be encouraged to use online tools if it was recommended
by professionals, therapists, family, or friends. Of the students who did not use online tools to seek services, 33% (28/86) reported
it was because they did not think mental health help was necessary.

Conclusions: These findings highlight the use of online tools to provide mental health information and connect to professional
services, suggesting that online tools are widely used to access mental health support.

(JMIR Hum Factors 2025;12:e60628)   doi:10.2196/60628

KEYWORDS

mental health; online information; online tool; college students; help-seeking behavior; survey; qualitative; literacy; experience;
attitude; perspective; self-efficacy; diverse
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Introduction

Mental Health Prevalence and Service Use
Due to an increase in the prevalence of mental disorders among
college students over the past decade, exploring and addressing
mental health concerns has become highly necessary. In 2024,
approximately 70% of college students reported mild to severe
depression or anxiety, which is a substantial increase in
depression and anxiety symptoms since 2013 [1,2]. College
students have reported that mental health problems affected
their academic success, with depression symptoms predicting
their grade point average and likelihood of dropping out, further
highlighting the need to increase access to and use of effective
mental health treatments among this population [3,4]. While
past-treatment use for mental health problems has increased
among college students, young people (aged 18-25 years) have
the lowest rates of mental care use among the adult population
[1,2,5]. Furthermore, racial or ethnic minority (eg, Black,
multiracial, and Arab American) college students have lower
rates of mental health care use, including psychological and
pharmacological treatment, compared to non-Hispanic White
college students, resulting in a need to examine novel tools that
can increase mental health service use rates and potentially
offset barriers to care for racial or ethnic minority college
students [2].

Digital Help-Seeking Behaviors
One way to increase mental health service use rates is to improve
help-seeking behaviors, which refers to the act of seeking out
and using formal sources (eg, clinical psychologist), semiformal
sources (eg, teachers and clergy), informal sources (eg, friends
and family), and self-help (eg, unguided website use) sources
to address mental health problems [6]. Due to a rise in internet
access and lockdown restrictions associated with the COVID-19
pandemic worldwide, online mediums such as virtual counseling
and therapy services, repositories for mental health information
and resources, discussion forums, self-help programs, and online
screening tools have become more popular among college
students to support their mental health [7,8]. Global initiatives
(eg, World Mental Health International College Student
initiative) have prioritized focusing on research that leverages
digital mental health interventions to support young peoples’
mental health, further demonstrating the potential of digital
technologies and online resources to increase service use among
college students and potentially address inequities in care access
[9,10]. Despite the increased use and research prioritization of
online resources to support college students’ mental health,
there is limited information about individual-level factors that
lead college students to use online tools for mental health
support. In addition, there is little research examining why
college students might opt out of using online tools for mental
health support.

Predictors of Digital Tool Use

Past Therapy and Symptom Severity
Research shows that young adults who had previously used
formal counseling services started to use those services digitally
during the COVID-19 pandemic to support their mental health

as they transitioned to online spaces [8]. Positive past
experiences with mental health services were associated with
greater engagement in digital mental health interventions [11].
Furthermore, a systematic review found that globally, students
who had received a mental health diagnosis in the past and
wanted to monitor their mental status were more likely to use
online mediums compared to those without a diagnosis [7].
Even among students without a mental health diagnosis, being
curious about their symptoms or having severe symptoms
increased students’ likelihood of using online tools, such as
educational materials, self-help interventions, screening tools,
and online therapies delivered by professionals, for their mental
health [7,12,13].

Stigma and Attitudes
Worldwide, stigma is a well-documented barrier to traditional
mental health help seeking, often deterring individuals from
pursuing care due to concerns about disclosure and social
judgment [14]. However, the anonymity, immediacy, and
confidentiality of online platforms may reduce concerns about
disclosure and social stigma, possibly making them a more
accessible option for help seeking [14]. Unlike traditional help
seeking, research suggests that stigma does not significantly
impact the use of online self-help resources [15]. Similarly,
negative attitudes toward mental health or external influences
from others do not appear to deter online help-seeking intentions
among young people [16,17]. Nevertheless, more research is
needed to understand why these factors may not have a strong
influence on online help-seeking behaviors.

Mental Health Literacy and Self-Efficacy
Despite the accessibility and anonymity of online tools, barriers
such as low mental health literacy continue to limit their use
among college students [7,14]. Students with limited mental
health literacy may lack the knowledge needed to recognize
their symptoms and identify available services. Without this
essential knowledge, students may struggle to initiate the online
search process, including identifying relevant keywords or
finding evidence-based mental health resources and tools online.
Another barrier to using online tools may be due to students’
self-efficacy [18]. While studies worldwide have explored
self-efficacy as a predictor of traditional help-seeking behaviors
within this population, research examining the role of
self-efficacy in online tool use remains limited [19]. Further
investigation is needed to better understand this relationship.

Race or Ethnicity, Gender, Age, and Non–US Born
Status
It is possible that there are disparities in the use of online tools
based on college students’ demographics. One study found that
racial and ethnic minority students expressed more interest in
teletherapy and online self-help guided mental health support
when they were free compared to non-Hispanic White students,
but their interest declined when a cost was involved [16].
However, another study found that racial and ethnic minority
students were just as likely as their non-Hispanic White
counterparts to enroll in and initiate teletherapy [20]. There are
also mixed results on the association between gender and use
of online tools for mental health, with some studies reporting
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no gender differences and others reporting that women are more
likely to use online tools than men [7,20,21]. In terms of age,
younger adults are more likely to use smartphone apps for their
mental health or well-being compared to older adults [22].
Finally, while non–US born immigrants are more reluctant to
partake in traditional mental health help-seeking behaviors due
to stigma and language barriers, research exploring the
relationship between non–US born status and digital
help-seeking behavior is limited [23]. For immigrants and
refugees, digital tools may still impose barriers to help seeking
due to limited language services and the cultural appropriateness
of content [24]. These mixed and limited findings highlight the
need to explore disparities in the use of digital mental health
tools among students from diverse racial and ethnic, gender,
and non–US backgrounds.

Objectives of the Study
The relationship between individual-level factors such as
symptom severity, stigma, mental health literacy, and online
tool use among university students still needs to be further
explored to better understand how digital tools can be leveraged
to promote mental health equity among college students [21,24].
Consequently, we first examined the association between race
and ethnicity, non–US born status, gender, symptom severity,
mental health literacy, stigma, self-efficacy, and attitudes toward
mental health treatment and the use of online tools for mental
health. Then, we identified themes related to factors influencing
online tool use and perceptions of the helpfulness of online tools
by exploring the types of online tools used, reasons for using
or not using online tools, helpfulness of online tools, and
motivators for using online tools in the future.

Hypotheses of the Study
This study had four primary hypotheses: (1) we hypothesized
that racial and ethnic minority and non–US born students would
be more likely to use online tools to seek help due to digital
tools addressing stigma-related barriers hindering traditional
help seeking among these students [14,25,26]; (2) we also
hypothesized that younger students and women would be more
likely to use online tools due to existing research showcasing
that they are more likely to use online mental health tools, such
as smartphone apps, discussion forums, and internet searches
[21,22]; (3) we hypothesized that more severe symptoms of
depression, anxiety, and trauma would each be independently
associated with a greater likelihood of using online tools to seek
help as well because symptom severity predicts students’ use
of different online mental health resources [7,12]; (4) finally,
we hypothesized that lower mental health stigma, higher mental
health literacy, greater self-efficacy, and more positive attitudes
toward help seeking would each be independently associated
with a greater likelihood of using online tools for mental health
support, as these factors predict traditional help-seeking
behaviors [14,18,19,25].

Methods

Study Design and Sample
This study is a cross-sectional mixed methods analysis derived
from a larger study examining the use of direct-to-consumer

strategies to increase initial engagement in mental health
services. Participants (N=123) were recruited through the
University of California, Los Angeles (UCLA) Psychology
Subject Pool, a university system that allows researchers to
recruit participants for research studies, from May 2021 to
December 2021. Data collection occurred during the COVID-19
pandemic, during which there were lockdown restrictions in
the United States, such as school and nonessential business
closures, large gathering bans, and stay-at-home orders [27].
The study was designed to be completed entirely online. The
UCLA Psychology Subject Pool system was used to post study
advertisements with the inclusion criteria and allow participants
to sign up for the study on a secure online platform. The
inclusion criteria included undergraduate students at UCLA
who were interested in seeking mental health services, were
aged at least 18 years, and had corrected to normal vision. The
participants represent UCLA’s student body, which is racially
and ethnically diverse, with approximately 75% of the
undergraduate population reporting a racial or ethnic minority
identity [28]. In addition, around 15% of the student population
at UCLA has indicated the need to use mental health services
in the past [29].

Ethics Approval
All study procedures were approved by the UCLA Institutional
Review Board (IRB#20-002082). After signing up for the study
on the UCLA Psychology Subject Pool system, participants met
with an undergraduate-level research assistant through Health
Insurance Portability and Accountability Act–compliant Zoom
(Zoom Communications, Inc) video call to discuss consent
procedures. Only after consenting to participate in the study
were participants allowed to complete a series of surveys.
Students received 1 course credit for their participation in
completing the surveys. Collected data were deidentified and
securely stored. Only authorized personnel had access to the
data.

Measures

Demographic Form
Participants completed a 14-item self-reported demographic
form. Demographic variables included age, gender, assigned
sex at birth, race, ethnicity, place of birth, total household
income during childhood, and past experiences with medication
and the use of therapy or counseling for mental health treatment.
Race or ethnicity were categorized as racial and ethnic minorities
and White for our sample. Middle Eastern was categorized as
a racial or ethnic minority, alongside Asian, Latinx, Black or
African American, and multiracial. This categorization aligns
with research findings indicating that the designation of “White”
does not correspond to Middle Easterners’ lived experiences or
others’ perceptions of them [30]. One participant did not report
their race or ethnicity, resulting in 1 missing value for the race
or ethnicity demographic variable.

Patient Health Questionnaire-9
The Patient Health Questionnaire-9 comprises 9 questions
designed to detect the 9 diagnostic criteria for major depressive
disorder according to the Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition [31]. Responses to these questions
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were measured on a 4-point scale from 0 to 3, where 0 indicated
“never” and 3 represented “nearly every day.” To comply with
the institutional review board requirements, item 9, which
assesses suicidality, was removed. The total score was calculated
by combining reported values from all 8 questions. In this
sample, reliability was fairly high (α=.88) [32]. There were no
missing data for this variable.

General Anxiety Disorder-7
The General Anxiety Disorder-7 questionnaire consists of 7
questions used to measure each 1 of the 7 core symptoms of
generalized anxiety disorder [33]. Responses to these questions
were measured using a 4-point scale from 0 to 3, where 0
indicated “never” and 3 represented “nearly every day.” The
total score was calculated by combining reported values from
all 7 questions. In this sample, reliability was fairly high (α=.90)
[32]. There were no missing data for this variable.

PTSD Checklist for DSM-5
The PTSD Checklist for the DSM-5 comprises 20 questions,
each designed to measure 1 of the 20 corresponding
posttraumatic stress disorder (PTSD) symptom criteria outlined
in the DSM-5 [34]. Responses for these questions were
measured using a 4-point scale from 0 to 3, with 0 indicating
“not at all” and 4 referring to “extremely” in terms of how
bothered the individual feels by the given PTSD symptom over
the past month. The total score was calculated, combining
reported values from all 20 questions. In this sample, reliability
was deemed fairly high (α=.95) [32]. There were no missing
data for this variable.

Mental Health Literacy Scale
The mental health literacy scale consists of 31 questions used
to measure the mental health literacy of individuals [35]. The
first 15 items were measured using a 4-point scale from 0 to 3,
with 0 indicating “very unlikely” or “very unhelpful” and 3
referring to “very likely” or “very helpful.” The rest of the
questions were scored on a 5-point scale from 0 to 4, with 0
indicating “strongly disagree” and 4 indicating “strongly agree.”
The total score was calculated by combining reported values
from all 31 questions. Our sample indicated fairly high reliability
(α=.82) [32]. This scale was incorporated into the original study
at a later stage, resulting in missing data for 29% (36/123) of
the participants who did not receive this measure.

Internalized Stigma of Mental Illness Scale-10
The Internalized Stigma of Mental Illness-10 scale comprises
10 questions designed to measure the extent of internalized
stigma among individuals with psychiatric disorders; responses
are rated on a 4-point Likert scale, ranging from 1 (strongly
disagree) to 4 (strongly agree) [36]. The total score was
calculated by combining reported values for the 10 questions.
Our sample had high reliability (α=.74) [32]. There were no
missing data for this variable.

Attitudes Toward Mental Health Treatment Scale
The Attitudes Toward Mental Health Treatment Scale consists
of 20 questions and is used to assess internalized stigma and
attitudes and behaviors related to seeking mental health
treatment [37]. Responses to these questions were measured

using a 4-point Likert scale, where participants ranked their
level of agreement with statements about mental health
treatment, with 1 indicating “strongly disagree” and 4
representing “strongly agree”. The total score was calculated
by combining reported values from all 20 questions. Our sample
also indicated fairly high reliability (α=.78) [32]. There were
no missing data for this variable.

Self-Efficacy in Seeking Mental Health Care Scale
The Self-Efficacy in Seeking Mental Health Care Scale consists
of 9 questions used to measure self-efficacy for mental health
care by assessing 2 subscales: confidence in knowledge and
confidence in coping [38]. Responses to these questions were
measured using a Likert response scale ranging from 1 to 10,
where 1 represents no confidence and 10 indicates complete
confidence in the individual’s ability to conduct a given
behavior. For this study, only the total score was calculated by
combining reported values from all 9 questions. Finally, our
sample had fairly high reliability (α=.89) [32]. There were no
missing data for this variable.

Online Tool Use
Questions from the California Health Interview Survey were
used to assess online tool use [39]. Participants were asked 2
dichotomous (ie, yes or no) questions: “Have you used an online
tool (eg, mobile apps, texting services, webpages, or forums)
to learn about problems with your mental health, emotions,
nerves, or your use of alcohol/drugs?” and “Have you used
online tools (eg, mobile apps, texting services, or webpages) to
find, be referred to, contact, or connect with a mental health
professional/service?” In addition, participants were asked to
rate the helpfulness of the online tools, with response options
being very helpful, somewhat helpful, or not at all helpful. There
were no missing data for these variables.

To obtain more detailed information about online tool use,
participants who responded “yes” were asked to provide
open-ended descriptions of the type of online tools used, reasons
for their use, and why they were helpful. Those who responded
“no” were asked to share open-ended descriptions of reasons
for not using online tools and the motivators that would
encourage them to use such tools for learning about mental
health problems or connecting with mental health services.
Open-ended responses varied in length, with some participants
providing brief 3- to 4-word answers, while others offered more
detailed responses consisting of a few sentences.

Statistical Analyses

Mixed Methods Design
A Qual+QUAN mixed methods design was used to analyze the
data [40]. This design incorporated simultaneous collection and
analysis of both quantitative and qualitative data for
confirmation and hypothesis testing. Quantitative data analysis
was the primary method, examining a priori constructs that
could impact online tool use. The qualitative data expanded
upon the quantitative findings, such that it provided a deeper
understanding of the relationship between a priori constructs
and online tool use. Specifically, the qualitative analysis aimed
to identify themes related to factors influencing online tool use
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and perceptions of their helpfulness by exploring the types of
online tools participants used and the reasons behind their use.

Quantitative Analysis
To analyze sample characteristics, descriptive analysis was
conducted using jamovi (version 2.3; the jamovi project [41]).
In addition, associations between student-level factors and the
use of online tools for mental health were examined using
multiple logistic regressions. These regressions assessed the
relationship between demographics, symptom severity, mental
health literacy, stigma, attitudes toward mental health treatment,
self-efficacy, and engagement with online tools for seeking
mental health information and professional services. Finally,
due to previous research showcasing past therapy use as one of
the few consistent predictors of online tool use for mental health,
we controlled for past therapy use for the regression analyses
[7,8,11].

Qualitative Analysis
Qualitative data underwent an inductive (“bottom-up”) approach,
creating codes based directly on the participants’ open-ended
text responses without applying a preexisting theoretical
framework or a priori codes [42]. The first author familiarized
themselves with the data, taking notes and highlighting
important points. Using 20% of the data, initial codes were
generated based on emerging concepts, such as reasons for using
or not using online tools. These codes were categorized based
on how responses were related (eg, “gave me helpful techniques
to calm myself down” and “it taught me how to breathe in
stressful situations” were combined into the code “coping
mechanisms”) and refined iteratively by the first and second
authors in weekly coding meetings throughout March 2023.
Definitions were developed for each code and category, which
were then grouped into themes to create a final codebook. The
final codebook consisted of a label, definitions, and exemplar
statements derived from the data. The first author then coded
the open-ended responses based on the final codebook. Coding
decisions were reviewed during consensus meetings held with
the second author, which is an approach commonly used to
address coding biases and ensure coding reliability [43].
Open-ended responses that were not consistent with the
codebook definitions were also discussed during consensus

meetings. When responses were too vague (eg, “online resource”
and “I don’t know”), it was decided to categorize those
statements as “vague” rather than forcing them into previously
established categories in the final codebook. After coding all
the responses, the codes and categories were interpreted at the
theme level. Thematic analysis allowed us to identify
overarching patterns within the data to better understand factors
influencing online tool use and perceptions of the helpfulness
of online tools.

Results

Sample Characteristics
A total of 123 participants completed the survey and were aged
on average 21 (SD 3.39) years. The majority self-identified as
women (104/123, 84.6%) and belonged to racial or ethnic
minority groups (98/123, 79.7%). Racial or ethnic minority
participants were primarily Asian (47/123, 38.2%) followed by
Middle Eastern (19/123, 15.4%), Latinx (16/123, 13%),
multiracial (11/123, 9%), and Black or African American (5/123,
4.1%). Furthermore, a substantial proportion of participants
were born outside the United States (32/123, 26%) and spoke
non-English languages at home (55/123, 44.7%). Finally, more
than half (65/123, 52.8%) of the participants had received
therapy or counseling for a mental health condition in the past,
but a majority (90/123, 73.2%) had not taken medication for a
mental health condition in the past. Refer to Table 1 for more
demographic information.

Using the symptom checklist cutoffs for the Patient Health
Questionnaire-9, General Anxiety Disorder-7, and PTSD
Checklist for the DSM-5, participants on average reported mild
depression (mean 8.16, SD 5.74) and mild anxiety (mean 7.06,
SD 5.60) and did not meet criteria for a probable PTSD
diagnosis (mean 20.6, SD 18.0). The mean mental health literacy
score was 117 (SD 9.14), indicating high mental health literacy.
The mean score for internalized mental illness stigma was 13.2
(SD 7.33), suggesting low stigma. The mean score for attitudes
toward mental health treatment was 57.4 (SD 6.48), indicating
more positive attitudes toward mental health. The mean score
for self-efficacy in seeking mental health care was 64.2 (SD
15.1), suggesting high self-efficacy.
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Table 1. Sociodemographic characteristics of participants grouped by online tool use.

Online tool use to connect to profession-
al service

Online tool use to seek mental health
information

Full sample (N=123), n (%)

No (n=86), n (%)Yes (n=37), n (%)No (n=62), n (%)Yes (n=61), n (%)

Gender

12 (67)6 (33)10 (56)8 (44)18 (15)Man

74 (71)30 (29)52 (50)52 (50)104 (85)Woman

0 (0)1 (100)0 (0)1 (100)1 (0.8)Agender

Racea

70 (71)28 (29)53 (54)45 (46)98 (80)Racial/ethnic minority

15 (63)9 (37)9 (37)15 (63)24 (20)White

Ethnicityb

35 (74)12 (26)27 (57)20 (43)47 (39)Asian

4 (80)1 (20)4 (80)1 (20)5 (4)Black or African American

12 (75)4 (25)7 (44)9 (56)16 (13)Latinx

14 (74)5 (26)10 (53)9 (47)19 (16)Middle Eastern

5 (45)6 (55)5 (45)6 (55)11 (9)Multiracial

Non–US born status

60 (66)31 (34)44 (48)47 (52)91 (74)No

26 (81)6 (19)18 (56)14 (44)32 (26)Yes

Language spoken at home

45 (66)23 (34)33 (49)35 (51)68 (55)English

41 (75)14 (25)29 (53)26 (47)55 (45)Non-English

Previous therapy use

38 (58)27 (42)27 (42)38 (58)65 (53)Yes

48 (83)10 (17)10 (17)23 (40)58 (47)No

Previous medication use

17 (52)16 (48)16 (48)24 (73)33 (27)Yes

69 (77)21 (23)21 (23)37 (41)90 (73)No

aMissing value for 1 participant (n=122).
bBreakdown of ethnicities for the category racial and ethnic minority (n=98).

Quantitative Results
In total, 49.6% (61/123) of the participants used online tools to
seek mental health information, while 30.1% (37/123) used
online tools to find, be referred to, contact, or connect with a
mental health professional or service.

Predictors of Online Tool Use to Seek Mental Health
Information
The multiple logistic regression model was not statistically

significant for online information seeking (N=86, χ2
12=19.2;

P=.08). Age, gender, race and ethnicity, non–US born status,
past therapy use, symptom severity, stigma, self-efficacy, and
attitudes toward mental health treatment did not predict online

information seeking. However, mental health literacy was
associated with an increase in the likelihood of online
information seeking, such that odds of online tool use to seek
mental health information increased by 14% for every additional
increase in mental health literacy (odds ratio 1.14, 95% CI
1.05-1.24).

Predictors of Online Tool Use to Seek Mental Health
Services
The multiple logistic regression model was not statistically
significant for seeking mental health services online (N=86,

χ2
12=20.4; P=.06). None of the hypothesized predictors were

associated with online help-seeking behaviors (Table 2).
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Table 2. Regression analyses of predictors of online tool use.

Odds ratio (eβ; 95% CI)P valueWald χ2 (df)β (SE)

Predictors of online tool use to seek mental health information

0.93 (0.81-1.1).301.1 (12)−.07 (.07)Age

1.98 (0.44-8.9).370.8 (12).68 (.77)Gender

0.80 (0.21-3.0).740.1 (12)−.22 (.68)Race or ethnicity

0.90 (0.27-3.1).870.03 (12)−.10 (.62)Non–US born

1.8 (0.52-6.3).350.9 (12).59 (.64)Previous therapy

1.0 (0.87-1.2).850.04 (12).02 (.08)Depression

0.89 (0.73-1.1).221.6 (12)−.12 (.10)Anxiety

1.0 (0.97-1.1).341.0 (12).03 (.03)PTSDa

1.14 (1.1-1.2).00212.4 (12).13 (.04)Mental health literacy

1.02 (0.92-1.1).740.1 (12).01 (.05)Internalized stigma

0.97 (0.87-1.1).590.3 (12)−.03 (.06)Attitudes toward mental health treatment

0.99 (0.94-1.0).690.2 (12)−.01 (.02)Self-efficacy

Predictors of online tool use to connect with professional mental health services

1.14 (0.95-1.4).152.7 (12).13 (.09)Age

1.54 (0.30-8.0).610.3 (12).43 (.84)Gender

2.18 (0.46-10.3).331.0 (12).78 (.79)Race or ethnicity

2.26 (0.51-10.1).281.2 (12).82 (.76)Non–US born

0.73 (0.17-3.1).670.2 (12)−.31 (.74)Previous therapy

0.83 (0.68-1.0).054.5 (12)−.19 (.10)Depression

1.04 (0.84-1.3).740.1 (12).04 (.11)Anxiety

1.07 (0.99-1.2).073.9 (12).06 (.03)PTSD

0.98 (0.91-1.1).610.3 (12)−.02 (.04)Mental health literacy

1.04 (0.93-1.2).470.5 (12).04 (.06)Internalized stigma

1.09 (0.95-1.2).221.6 (12).08 (.07)Attitudes toward mental health treatment

1.01 (0.96-1.1).630.2 (12).01 (.03)Self-efficacy

aPTSD: posttraumatic stress disorder.

Qualitative Results

Types of Online Tools Used
Qualitative results indicated that participants used search
engines, medical websites (eg, BetterHelp and Psychology

Today), informational websites, apps (eg, MindDoc, LiveHealth,
and Calm), and university-affiliated tools to seek mental health
information and connect to services. Refer to Table 3 for a
summary of qualitative responses.
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Table 3. Summary of qualitative responses on types of online tools used for seeking mental health information and connecting with professional services
(N=123).

Connect
with profes-
sional ser-

vicesb (n
=37), n (%)

Seek mental
health infor-

mationa (n
=61), n (%)

DefinitionTool type codes

3 (8)20 (48)Tools that carry out web searches to identify websites that correspond to given keywordsSearch engines

11 (30)12 (20)Websites with information related to mental health diagnosis, symptoms, or professional
services

Medical websites

2 (5)6 (10)Websites that provide general background information and research on mental health
disorders and coping mechanisms or exercises

Informational websites

4 (11)5 (8)Downloadable apps that can be used for mental health information, services, or resourcesApps

—c4 (7)Internet forums or message boards where an individual can post about issues or reply
to other individual’s posts that they may find relatable

Discussion forums

—1 (2)Apps that can be used to share contentSocial media

9 (24)1 (2)Tools created by universities to provide mental health services or information to studentsUniversity-affiliated tools

4 (11)—Platforms that can be used to connect with family, friends, or professionals through
voice, video, or messages

Call, video, and SMS text
messaging

3 (8)—Tools created by insurance companies to be used for insurance-covered services and
information

Insurance

1 (3)3 (5)Statements that are too vague to code under a given categoryVague statements

aCodes endorsed for seeking mental health information online.
bCodes endorsed for connecting with professional mental health services online.
cNot applicable.

Reasons for Using Online Tools
Qualitative findings yielded 3 themes related to the reasons why
participants used online tools. Participants used online tools
because they (1) sought psychoeducation; (2) recognized a
mental health need; and (3) perceived online tools as beneficial
due to increased accessibility, usability, and availability of
support.

A primary reason participants used online tools was to increase
their knowledge and to access psychoeducation about mental
health. Online tools, such as discussion forums and social media,
were frequently used for seeking mental health information,
including gaining a better understanding of their own mental
illness (eg, understanding PTSD and anxiety symptoms) and
due to having a general interest in mental health topics. For
example, participants stated that they wanted to “better
understand PTSD and ways to cope with anxiety” and to learn
more about their “symptoms at the time and to see if they can
explain any other bodily functions (ie, pain or aches, inconsistent
menstruation cycles, and headaches).” Participants also used
online tools to learn about coping skills that they could use to
manage their mental health concerns. Participants reported
wanting to learn about a variety of coping skills, such as
exercise, sleep, nutrition (eg, “vitamin intake”), and “emotion
regulation and meditation skills.”

Another reason participants used online tools to seek mental
health information and connect with a mental health service
was due to perceived need concerns, such as recognizing a
mental health need and noticing that their symptoms were

becoming more severe. For example, a participant reported, “I
had been having anxiety that led to a panic attack and decided
I needed to seek help in managing my anxiety,” while another
mentioned that “I was having depersonalization panic attacks
and did not understand what was happening to me.” Participants
also used online tools, such as voice, video, and messaging
tools, along with tools created by insurance companies, to
connect with mental health services. Participants reported
actively seeking help, expressing their intent to “find a therapist”
and choosing online platforms because they “knew this is where”
they “could find a mental health professional.” Participants
stated that these online tools were often “recommended by
someone trusted,” such as friends or family, who were aware
of the participants’ mental health needs.

Participants also used online tools to find mental health
information and connect with services because they found them
beneficial. Many participants cited accessibility as a key factor,
noting that they often could not find other traditional support
and resources in a timely manner and instead turned to online
tools because “it was fast, easy, and free.” Other participants
highlighted usability as a key factor, describing online tools as
convenient and intuitive, with a participant stating, “It’s
convenient and I don’t need to ask someone else” and another
expressing, “It’s quick and easy, and I can look for any
information and get different input.” In addition, some
participants used online tools to connect with others who shared
similar mental health experiences, seeking a sense of community
and emotional support “to feel less alone.” Refer to Table 4 for
summary of themes and codes related to reasons for using online
tools.
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Table 4. Summary of qualitative themes and codes related to reasons for using online tools and perceived helpfulness (N=123).

Connect
with profes-
sional ser-

vicesb (n
=37), n (%)

Seek mental
health infor-

mationa (n
=61), n (%)

DefinitionTheme and code

Reasons for using online tools

Sought psychoeducation

—c19 (31)Wanting to learn more about mental health disorders and their symptomsKnowledge about personal
symptoms

—10 (16)Had a generalized interest in learning more about mental healthGeneralized interest

—9 (15)Searching for techniques, strategies, or exercises to help cope with mental
health issues or boost self-efficacy

Coping skills

Perceived benefits: accessibility, usability, and availability of support

9 (24)8 (13)Increased access to mental health services, information, or resources and us-
ability

Accessibility

1 (3)1 (2)Other resources being unavailableLack of availability

—4 (7)Wanting to connect with others with similar mental health issues, wanting
to not feel alone, or searching for a sense of community

Connecting with community

Perceived need

6 (16)6 (10)Feeling a heightened personal struggle with mental health, elevated symptoms,
or using tools as a last resort

Symptom severity

2 (5)1 (2)Receiving a recommendation to use an online tool from another individualTestimonial

17 (46)1 (2)Vague statements wanting to generally seek help from professionals or ser-
vices

Help-seeking behaviors

2 (5)2 (3)Statements were too vague to code under a given categoryVague statements

Helpfulness of online tools

Provided valuable psychoeducation

3 (9)18 (31)Provided broad information about mental healthGeneral information

—16 (27)Provided information about mental health disorders and their symptoms, so
the individual was able to better understand

Knowledge from personal expe-
rience

—11 (19)Provided techniques, strategies, or exercises to help cope with mental health
issues

Coping mechanisms

—3 (5)Normalized mental health disorders, symptoms, and treatments and boosted
the individual’s confidence in their ability to improve mental health

Normalizing mental health

—1 (2)Provided information that confirmed what they already knew about mental
health issues

Confirmed previous knowledge

15 (44)1 (2)Provided resources to seek help through a professional or serviceHelp-seeking behaviors

Attainable and convenient support

8 (24)1 (2)Provided resources or services in an easily accessible mannerAccessibility

2 (6)—Provided a tool to filter through website content to cater it to individuals’
needs

Specialty filter

3 (9)—Eventually provided connection to care but had some challenges and barriersDelayed care

—5 (9)Provided a connection to others with similar mental health issues or made
the individual feel less alone

Connections with community

3 (9)3 (5)Statements that are too vague to code under a given categoryVague statements

aCodes endorsed for seeking mental health information online.
bCodes endorsed for connecting with professional mental health services online.
cNot applicable.
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Helpfulness of Online Tools
Most participants reported that the online tools they used to
seek mental health information were somewhat (50/61, 82%)
and very (9/61, 15%) helpful. Online tools used to connect to
services were also reported to be somewhat (16/37, 43%) and
very (18/37, 49%) helpful.

Qualitative findings yielded 2 themes related to the reasons why
participants found online tools helpful. Online tools were
perceived as helpful because they (1) provided valuable
psychoeducation and (2) made obtaining support more attainable
and convenient.

Students found online tools to be helpful because they provided
information about symptoms of mental health disorders (eg,
anxiety, depression, and panic attacks), coping mechanisms (eg,
techniques to calm down), general mental health facts (eg,
“Provided me with more information than I originally had”),
and ways to seek help (eg, resources on using university
counseling and psychological services). For example, a
participant reported that online tools “allowed me to have more
understanding of myself before seeking treatment” and “they
helped me realize that these feelings were symptoms of anxiety
and depression.” Given that psychoeducation was the primary
reason for both using online tools and finding them helpful, this
indicates that most participants who used online tools were able
to find the information they were initially searching for. Some
participants expressed that online tools were also helpful because
the psychoeducation normalized mental health (eg, “They helped
normalize my behavior and gave me the confidence to make
progress with my CBT”) and confirmed previous knowledge
they had about mental health (eg, “Didn’t tell me new
information, just confirmed what I already had expected”).

Participants expressed that online tools were helpful because
they made obtaining support more attainable and convenient,
with a participant mentioning, “It was a lot easier to schedule
a time,” and other participants stating, “it gave me support when
I needed it.” Participants also expressed that online tools were
easy to use, with a participant explaining, “The site was
extraordinarily simple to use.” Certain features, such as specialty
filters, made support more attainable, with a participant stating,
“I was able to specify my search via provider specialty and
modality.” However, a couple of participants experienced delays
in accessing care, as a participant mentioned, “It took so long
to go through the list, but I eventually found someone.” In
addition, online tools made it easier to connect to others who
were dealing with similar feelings or symptoms, resulting in
participants feeling less alone. For example, a participant shared,

“It is nice to know that others feel the same way that you do
and that you can feel more normal because of it.” On the basis
of these responses, participants who had aimed to connect to
community and mental health services using the online tools
found that they were able to effectively do so. Refer Table 4
for themes and codes related to online tool helpfulness.

Reasons for Not Using Online Tools
In total, 50.4% (62/123) of the participants reported that they
did not use online tools to seek mental health information, and
69.9% (86/123) of the participants reported that they did not
use online tools to connect with professional mental health
services.

Qualitative findings yielded 3 themes related to why students
did not use online tools. Participants did not use online tools
due to (1) a lack of awareness about existing online tools, (2)
negative attitudes toward online tools, and (3) a lack of
perceived need.

Many participants refrained from using online tools to seek
mental health information or connect with services because they
did not know they existed. Participants reported a lack of
awareness about suitable platforms, with some explaining they
“have not seen them” or “didn’t know of any” online tools for
mental health information or connecting to services.

For participants who were aware of online tools, they expressed
not using online tools because they did not “trust them” and
because they believed that online tools were “not personalized
or accurate.” Along with finding online tools unreliable or
unhelpful, some participants disclosed a preference for
traditional help, such as already having a “personal therapist”
or receiving in-person referrals from trusted individuals (eg,
primary care providers, family, and friends).

Another commonly reported reason for not using online tools
to find mental health information or connect to services was
due to a lack of perceived need, as participants reported that
mental health help was unnecessary or that they were not dealing
with severe symptoms. For example, participants stated, “I don’t
believe that I have needed to connect with a
professional/service” and “I don’t think it has reached a point
for me where I need to seek professional help.” Others expressed
avoidance and self-reliance tendencies, explaining that they did
not “put much thought into learning about mental health” or
“how to feel better,” and that “I tend to deal with any problems
I have by myself.” Refer to Table 5 for a summary of themes
and codes explaining why online tools were not used.
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Table 5. Summary of themes and codes explaining why online tools were not used to seek mental health information and connect with professional
services, as well as factors motivating increased use (N=123).

Connect with professional
services (n = 86), n (%)

Seek mental health
information (n =62),
n (%)

DefinitionTheme and code

Reasons for the lack of use

Lack of awareness

10 (12)12 (19)Reasoning related to not knowing tools existed or which tools
to use

Lack of awareness

Attitudes toward online tools

2 (2)8 (13)Reasoning related to not finding tools to be reliable or trust-
worthy

Unreliable

4 (5)5 (8)Reasoning related to ease of tool use or believing the tools
would not be helpful

Inaccessible and unhelp-
ful

19 (23)10 (16)Reasoning related to preferring to talk to a professional or
trusting a professional more

Traditional help prefer-
ence

Lack of perceived need

28 (34)11 (18)Reasoning related to broadly believing mental health help or
services to be unneeded, so no online tool was used

Mental health help is un-
necessary

10 (12)10 (16)Reasoning related to not experiencing mental illness or any
problems with mental health

Low symptom severity

—a2 (3)Reasoning related to not wanting to resurface negative feelings
or deal with problems

Avoidance

1 (1)1 (2)Reasoning related to dealing with mental issues by themselves
or on their own

Self-reliance

9 (11)3 (5)Statements that are too vague to code under a given categoryVague statements

Motivating factors

Reliability

19 (22)19 (31)Suggestions related to referral from friends, family, or profes-
sionals; support and encouragement; and positive reviews and
testimonials

Recommendation

4 (5)4 (7)Suggestions related to reliability and confidentialityTrustworthiness

Accessibility, availability, and usability of support

7 (8)10 (16)Suggestions related to specific website and app features,
technological services, personalization, and usability

Specific features

10 (12)6 (10)Suggestions related to finances, time, and other aspects of in-
creased accessibility

Accessibility

8 (9)4 (7)Suggestions related to advertising or promoting awarenessAwareness

Perceived need

13 (15)6 (10)Suggestions related to an increase in negative symptoms or
behaviors or an increase in negative impact on everyday life

Symptom severity

3 (4)2 (3)Suggestions related to broadly wanting to seek helpHelp seeking

Personal preferences

8 (9)4 (7)Includes reasoning related to individuals currently in therapy
or services

No motivators

14 (16)6 (10)Statements that are too vague to be coded under a given cate-
gory

Vague statements

aNot applicable.
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Motivators for Using Online Tools in the Future
Of participants who reported not using online tools, a majority
expressed motivation to use online tools to seek mental health
information (58/62, 94%) or connect with services (78/86, 91%).

Among those who did not use online tools, 3 key factors
emerged as potential motivators for future use. Participants
expressed they would be motivated to use online tools for their
mental health in the future if (1) they perceived a mental health
need, (2) they trusted that the tools were reliable, and (3) the
tools were accessible and easy to use.

Participants expressed that they would be motivated to use
online tools if they found their symptoms to be severe or if their
symptoms started to impact their functioning. For example,
students stated that they would use online tools “If
stress/depressed state impacted my other responsibilities and
friends/family” and “if my anxiety keeps getting worse after
the school year ends.”

Participants expressed that recommendations from trusted
individuals, such as “a professional,” “family or friends,” or a
“therapist,” would motivate them to use online tools, as
recommendations would indicate that the online tool was reliable
and trustworthy. One participant stated they would use an online
tool “if I heard a good review from people I know,” while
another added, “if a professional gave me some to use.” Other
participants noted encouragement from others would also
increase the likelihood of using online tools to seek help, such
as “knowing that it’s encouraged to reach out for help may make
me feel more inclined to reach out if I found myself in the
position.”

Regarding accessibility, participants reported that they would
be open to using online tools if they were “free” or “not
expensive” and if the online tools used “easy to understand
language” and provided “easily accessible information.” Many
participants also emphasized that raising awareness of the online
tools would improve their accessibility, stating “awareness of
their existence and that they have proven to be effective” and
“more advertisement” as key motivators. Finally, students
suggested that specific features improving the usability of the
online tool, such as “video chats, scheduled appointments,
surveys,” or “a comprehensive search filter on the app so you
can find the best therapist for your needs” would make them
more willing to use the online tool in the future. They also
emphasized that the online tool should have “no association to
emails, names, or locations” to improve usability. Refer to Table
5 for additional motivating factors that would encourage the
use of online tools for mental health.

Discussion

Principal Findings and Comparison to Previous Work
Due to the high prevalence of mental health problems, low use
of mental health services among university students, and the
rise of the internet, there has been an increase in online tools
available for mental health, including online tools to reach and
connect youth to mental health services [2,5]. However, the
availability of digital tools for mental health has not translated
to widespread use [44]. Our study found that about half of the

participants (61/123, 49.6%) used online tools to seek mental
health information, and only a third (37/123, 30.1%) used online
tools to connect with mental health professionals or services.
Regarding the types of online tools used, our findings are
consistent with previous reports stating that a high proportion
of young people use search engines to locate mental health
resources, with smaller percentages using platforms such as
discussion forums and mental health apps [8]. Our study also
found much lower rates of using these online tools to actively
seek professional mental health help, in comparison to mental
health information [8].

We found that students who had higher mental health literacy
were more likely to use online tools to seek information but not
professional help. This might suggest that students with more
knowledge on mental illness, such as the ability to recognize
and label their symptoms or attribute them to mental health
rather than other causes, may be better equipped to seek help
online. For example, students with higher mental health literacy
may know what specific key terms to use to search for relevant
information. In addition, those knowledgeable about coping
skills (eg, relaxation skills for anxiety) may be more likely to
use online tools to find more information on how to practice
these skills. Although higher mental health literacy is associated
with increased intentions to seek help, it might not translate to
actual service use [45]. Considering the cross-sectional nature
of our study, it is also possible that greater use of online tools
may improve the mental health literacy of students by increasing
exposure to online information. The lack of association between
mental health literacy and the use of online tools to connect
with professional services may be due to individuals interpreting
online psychoeducational resources and coping strategies as
sufficient, leading them to conclude that their symptoms did
not require professional care [44,46]. This may also reflect
students’ perception of digital mental health tools as either a
more accessible alternative to traditional services or as a
complement to conventional care [7].

Our study found that mental health symptoms, including
depression, anxiety, and trauma symptoms, did not predict online
tool use. Past research has found mixed findings on this
association, with 1 study finding anxiety symptoms to predict
app use, while depression did not [12]. It is possible that we did
not find this association because participants were asked about
overall online tool use and not specific online tools, such as
apps. Moreover, students may be using different types of online
tools available (eg, websites, apps, and smart devices) depending
on different symptom-related concerns. For example, some
individuals may prefer using websites rather than an app for
information seeking and psychoeducation on symptoms, while
others may prefer self-help apps that provide tips to regulate
symptoms and promote relaxation [12]. Although mental health
symptoms were not statistically significant predictors of online
tool use, given that some associations trended toward
significance (depression: P=.05, PTSD: P=.07), it may be
possible that the study was too underpowered to detect a
statistically significant relationship between mental health
symptoms and online tool use.

Furthermore, our sample reported mild depression and anxiety
on average, with very few PTSD symptoms. On the basis of the
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qualitative findings, a common reason for not using online tools
was a lack of perceived need. Therefore, it is possible that the
absence of an association between mental health symptoms and
online tool reflects students’ belief that their symptoms did not
warrant significant attention. Other evidence indicates that
young people with more severe symptoms, especially those
with higher depression severity, may avoid traditional care,
preferring to use anonymous electronic sources (ie, internet
forums, support groups, and chat rooms) and digital tools to
better understand and cope with their symptoms on their own
[47]. Considering students who have more severe symptoms of
depression may not seek care compared to those with more
moderate symptoms due to coping with specific depression
symptomology (ie, lack of motivation, low energy, increased
fatigue, and reduced problem-solving abilities), such
self-reliance may further reduce their perceived need for
professional mental health services [48,49]. Future research
should examine what factors may play a role in students’
perceived need of mental health care.

Participants in our study reported that online tools to seek
information were accessible, easily providing fast information
and answers to questions quickly, which is consistent with past
research [21,50,51]. While previous research had mixed results
about existing disparities in online tool use based on race or
ethnicity, non–US born status, and gender, our study found no
differences in online tool use based on these factors [7,16,23].
However, it is important to note that our sample was highly
educated, had lower stigma, and had more positive views and
knowledge about mental health than the general population.
These factors likely facilitated the use of online tools for mental
health among our participants. Although we did not find
associations between stigma, attitudes toward mental health
treatment, or self-efficacy and online tool use among our sample,
this may be a result of the privacy provided by the digital nature
of these tools. While support from family and friends may be
incorporated in digital tools to promote the management and
treatment of mental health disorders, for those dealing with
more social or family-based stigma, the anonymity and privacy
of online tools may provide more autonomy to decide who they
would like to involve in this process, if any [7,52,53]. For those
who do not feel comfortable using online tools, it may be due
to harboring certain attitudes and beliefs about digital tools,
such as finding them untrustworthy or unreliable, that resulted
in their unwillingness to use them. As for self-efficacy, digital
self-efficacy, such as students’ confidence in navigating digital
spaces, may have a greater impact on their willingness to use
online tools rather than their confidence in seeking mental health
support itself [18]. Therefore, stigma that exists around the
confidentiality of online data, negative attitudes toward the use
of digital platforms, and students’ confidence in their ability to
navigate them effectively may play a role in online help seeking.
This highlights the importance of research examining the
different types of attitudes and beliefs that exist about digital
mental health tools, specifically.

Recommendations to Improve the Implementation of
Online Tools
Due to possible differences in barriers faced by students across
a variety of school settings, we recommend that researchers

consider the needs and priorities of their target population to
increase the relevance and fit of the digital tools. It is important
to recognize that students from other educational settings, aside
from 4-year institutions, may experience barriers to using online
tools for mental health. For example, research has found that
community college students face many barriers to using digital
tools (eg, mental health apps), including financial challenges,
privacy concerns, self-reliance, skepticism about the seriousness
of symptoms, and concerns about others’ perceptions of them
[51]. This suggests that accessibility and stigma barriers may
exert a more pronounced impact on community college students
than on their university counterparts [51]. Thus, it is important
to consider the target population and setting when implementing
digital tools. To develop digital tools that are acceptable to
college students from a variety of educational backgrounds, we
recommend that formative research be conducted with the
population of interest, such as identifying primary mental health
concerns and including user content and interface suggestions
(ie, crisis text line, telehealth, websites for connecting to
services, SMS text messaging with counselors, personalization,
anonymity, privacy, security, and peer engagement) that may
promote service use before the implementation and
dissemination of a digital tool [8,54,55].

Our qualitative results demonstrated that many students are
unaware of how digital tools could be used to connect with care.
There is a need to improve the digital tool’s user interface
because many online tools do not have the ability to connect
users directly to a coach or therapist [44,56]. Given that students
view the ability to connect to care as important, we recommend
that online tools help users assess symptoms and include a direct
connection to professional services, as it may increase use of
mental health services among college students with unmet
mental health needs [12]. For example, rather than having
students navigate help seeking on large search engines, which
may be a dissatisfying process, digital tools that could triage
help should be promoted and researched, as highlighted by our
participants’ requests for features that personalize the
help-seeking process. Young people have reported higher
satisfaction when online tools such as Link, a navigation website
that connects youth to treatment based on reported mental health
symptom type and severity, were tailored specifically to their
needs (ie, immediate return of personalized options for help
seeking, stories from individuals dealing with similar symptoms,
and self-care tips) [57]. Digital interventions, such as the
Screening and Treatment for Anxiety and Depression program
that screens college students for mental health symptoms and
reliably connects students to evidence-based care (eg,
self-guided wellness program, sessions with peer coaches, or
individual therapy) based on the severity of depressive
symptoms, might act as a gateway to connect students to care
[49]. This type of online tool could circumvent barriers such as
misjudging perceived need and self-reliance, facilitating a more
efficient pathway for students to access the necessary mental
health support [49].

Qualitative findings also indicated that students used online
tools for psychoeducation and general information about mental
health and found them helpful. Although there are websites that
provide general psychoeducation, such online tools may lack
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detailed information about evidence-based treatments and
guidance on connecting with professionals [8,12,58]. Without
adequate psychoeducation on available treatments and how to
access them, students may struggle to take the next step in
pursuing professional services, ultimately leaving their mental
health needs unmet. College students have reported that online
platforms, such as clinic websites, should provide more
comprehensive information, including clear explanations on
how to get started with services, detailed descriptions of services
available for specific mental health disorders, and mental health
professionals’ background information, which in turn can
increase a students’ willingness to seek mental health care [59].
Thus, we recommend that digital tools provide explicit
psychoeducation on how to receive evidence-based treatments,
as that may increase students’ likelihood of using online tools
to connect to mental health services. Another recommendation
for content creators who design mental health websites is to
include resources for crisis lines, which was suggested by
participants who did not use online tools to connect to care as
a possible motivating factor for future use. Crisis lines have
been shown to connect people with immediate help and promote
engagement with long-term mental health services (ie, referrals
to mental health professionals) [60,61].

Recommendations to Increase the Dissemination of
Online Tools
Our qualitative results demonstrated that a major reason why
college students did not use online tools to support their mental
health was because they were unaware of what digital tools
were available. Indeed, previous studies have found that many
participants are unaware of formal online resources (ie, charities
and health services) available to support them [8]. Considering
we found mental health literacy to predict online tool use, video
interventions and digital media campaigns targeting young
people with low mental health literacy should also include
information on available online tools for mental health support.
These interventions can enhance mental health literacy, reduce
stigma, and promote help seeking by increasing awareness of
various online tools for accessing care [62].

Referrals from friends, family, or health care professionals could
help raise awareness about available online tools. As support
from loved ones often encourages help seeking,
recommendations from these sources signal to participants that
the tools are more reliable and trustworthy [7,44,55]. Although
numerous digital tools have become more readily available,
proper evaluation and validation of these tools and their
implementation is limited, resulting in students needing to
deduce whether a tool is trustworthy or not [63]. While young
people may be motivated to search the internet for mental health
help, their ability to deduce the quality and reliability of the
mental health information may prove to be more challenging
with limited mental health literacy, further hindering their
willingness to use online tools. It is recommended that mental
health professionals receive training on available digital tools
so they can confidently recommend them to patients, who may
then share these tools with friends and family [43,63,64].
Therefore, referrals and recommendations by trusted individuals
can spread awareness of credible digital tools, and in turn, reach
underserved populations who may have negative perceptions

of the internet and digital mediums or find the digital tools
unreliable due to privacy concerns [13,14,45,55,65].

Limitations and Future Directions
As data for this study were collected in 2021, findings should
be interpreted within the unique context of the COVID-19
pandemic. Although our study found that a third of participants
(37/123, 30.1%) used online tools to connect with mental health
professionals or services, which was consistent with online
help-seeking rates before the COVID-19 pandemic [21], general
use of online tools to seek mental health information likely
increased during the pandemic [8,25,27]. At that time,
lockdowns and social distancing measures significantly limited
in-person mental health services, which may have influenced
students’ decisions to seek information and support through
online tools. These conditions may have contributed to both
increased exposure to and reliance on online mental health
resources. Consequently, patterns of online help seeking
captured in this study may reflect a period of heightened
necessity rather than sustained preference. Future research is
needed to examine how students’attitudes and behaviors toward
online mental health tools have evolved after the pandemic,
when the use of digital resources is increasingly optional rather
than mandated.

We used standardized procedures to code the qualitative
responses; however, some open-ended responses were too vague
to be coded (eg, “it was something” was provided as a response
to “Why was this online tool helpful?”). In addition, our small
sample size limited our ability to quantitatively examine patterns
in types of online tools used, perceived helpfulness, and
motivating factors across different demographic groups. To
better tailor these tools to populations considered marginalized,
we believe that future research should aim to identify if there
are differences in these outcomes based on demographic
characteristics. Related to our sample size, post hoc power
analyses suggest the study may have been underpowered to
detect small to moderate associations between various key
predictors and outcomes. For example, analyses examining the
relationship between mental health symptoms (depression,
anxiety, and trauma symptoms) and online tool use were
underpowered (eg, depression: power=0.69, anxiety:
power=0.10, and trauma: power=0.63), potentially limiting our
ability to detect significant effects. Our study sample also had
a positively skewed distribution of mental health symptoms,
with most participants reporting mild symptoms, as well as a
negatively skewed distribution for self-efficacy and attitudes,
where most participants expressed high self-efficacy and more
positive attitudes toward mental health. Future research with
larger, more diverse samples and greater variability in responses
is needed to clarify whether these null findings reflect a true
absence of association or limitations in statistical power. Due
to the cross-sectional design of our study, the directionality of
associations between our key predictor variables and online tool
use also could not be established. Future longitudinal or
experimental research is needed to clarify causal pathways and
better understand the temporal sequencing of these relationships.

Furthermore, this study did not measure the following factors
that are associated with the use of online tools for mental health:
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access to reliable technology, digital literacy (ie, ability to locate,
evaluate, and communicate information using digital mediums),
internet self-efficacy (ie, confidence in one’s ability to master
new technology), attitudes toward digital mental health (ie,
positive and negative views relating to trustworthiness,
credibility, and efficacy), and preferences for in-person help
seeking [11,12,15,65,66]. Future research should examine how
these factors play a role in the use of online tools for mental
health purposes, as highlighted by our qualitative responses. In
addition, participants in our sample were recruited from students
enrolled in psychology courses and may be more knowledgeable
about mental health and have less stigma than students with
other majors [67,68]. These findings are limited to the study
sample, which included university students attending a 4-year
institution, and may not be applicable to students from other
educational backgrounds.

Conclusions
There is a need to bridge the gap between effective online tools
for mental health and users. Research exploring digital mental
health tool design, acceptability, and feasibility can promote
access to psychological information and professional services
among college students [10]. Our study shows that university
students find online tools to be an acceptable and feasible
method to seek mental health information; however, more
research is needed on how to optimize online tools to help
students connect to mental health care. To optimize the utility
of online tools, it is crucial to conduct research that will yield
rich user insight to identify and implement user-suggested
components, such as psychoeducation about disorders,
treatments, and services; personalized content; interactive
features; and connections to professional care [9,69-71].
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Abstract

Background: Trust in artificial intelligence (AI) remains a critical barrier to the adoption of AI in mental health care. This study
explores the formation of trust in an AI mental health model and its human-computer interface among clinicians at a web-based
mental health clinic in the Region of Southern Denmark with national coverage.

Objective: This study aims to explore clinicians’ perspectives on how trust is built in the context of an AI-supported mental
health screening model and to identify the factors that influence this process.

Methods: This was a qualitative case study using semistructured interviews with clinicians involved in the pilot of a mental
health AI model. Thematic analysis was used to identify key factors contributing to trust formation.

Results: Clinicians’ initial attitudes toward AI were shaped by prior positive experiences with AI and their perception of AI’s
potential to reduce cognitive load in routine screening. Trust development followed a sequential pattern resembling a “trust
journey”: (1) sense-making, (2) risk appraisal, and (3) conditional decision to rely. Trust formation was supported by the
explainability of the model, particularly through (1) visualization of confidence and uncertainty through violin plots, aligning
with the clinicians’ expectations of decision ambiguity; (2) feature attribution for and against predictions, which mirrored clinical
reasoning; and (3) use of pseudo-sumscores in the AI model, which increased interpretability by presenting explanations in
familiar clinical formats. Trust was contextually bounded to low-risk clinical scenarios, such as preinterview patient screening,
and contingent on safety protocols (eg, suicide risk flagging). The use of both structured and unstructured patient data was seen
as key to expanding trust into more complex clinical contexts. Participants also expressed a need for ongoing evaluation data to
reinforce and maintain trust.

Conclusions: Clinicians’ trust in AI tools is contextually and sequentially constructed, influenced by both model performance
and alignment with clinical reasoning. Interpretability features were essential in establishing intrinsic trust, particularly when
presented in ways that resonate with clinical norms. For broader acceptance and responsible deployment, trust must be supported
by rigorous evaluation data and the inclusion of clinically relevant data types in model design.

(JMIR Hum Factors 2025;12:e79658)   doi:10.2196/79658

KEYWORDS

artificial intelligence; AI; explainable AI; XAI; trust; machine learning; ML; mental health; decision support system; intrinsic
trust

Introduction

Background
Effective and accessible mental health treatment is crucial in
addressing the growing global burden of mental health disorders.

Untreated mental health disorders not only impact individual
well-being but also result in substantial economic and societal
strain through lost productivity, increased health care costs, and
reduced quality of life. With the economic burden estimated to
be US $5 trillion in 2019 [1], the need for timely and appropriate
intervention has never been more urgent.
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Like many aspects of society, the treatment of mental health
disorders stands to be transformed by artificial intelligence (AI).
By recognizing complex patterns and analyzing vast amounts
of data, AI has the potential to enhance early detection,
personalize treatment, and deliver digital therapy at scale [2,3].

AI adoption depends on factors related to trust, such as system
reliability, robust performance, and perceived competence,
which is especially important in medical [4] and psychological
decision making. In mental health, lack of trust is seen as a key
barrier to adoption of AI-based decision support systems [5,6].
Explainability is an important factor in fostering trust in AI
systems. When users understand why an AI makes certain
decisions (explainability) and can clearly comprehend the
reasoning behind those explanations (interpretability), they are
more likely to adopt AI.

Trust has also been identified as one of the most critical elements
of AI adoption in clinical settings. In a scoping review, Hassan,
Kushniruk, and Boryck [7] highlight that a lack of trust remains
a major barrier to implementation in health care. Transparency,
system reliability, and alignment with clinical reasoning are
identified as key facilitators. This reinforces the idea that
explainability needs to be considered from the perspective of
those expected to use the model in practice. Other stakeholders,
such as regulators, also play a role in ensuring that digital mental
health tools are safe, effective, and trusted through robust
regulation and evaluation, which builds public trust [8].

When an AI model predicts a classification with near 100%
probability, this implies that the model is near 100% confident
that its prediction is correct. As such, the prediction probability
is known as the confidence of the prediction [9]. Uncertainty
occurs when an AI model is unsure about its confidence
prediction, ie, predictive uncertainty [10]. This may occur due
to aleatoric uncertainty (uncertainty in the data), or epistemic
uncertainty (uncertainty in the model or a shift in the statistical
distribution of the data) [11]. The quantification of predictive
uncertainty depends on the type of model being evaluated. In
neural network models, a single prediction vector is typically
output for each data point. The uncertainty is quantified as the
deviation of the true-class probability from 100% confidence,
measured as the negative log likelihood, or the deviation of all
probabilities in the prediction vector, from the true-class
probability, measured as the static calibration error or the Brier
score. When predictive uncertainty distributions are available,
as in Bayesian, Ensemble, or Monte Carlo dropout models,
uncertainty manifests itself as the shape of the probability
distribution associated with the prediction, with a narrow,
peaked distribution indicating certainty, and a wide, flat
distribution indicating uncertainty.

Although confidence and uncertainty estimation are considered
essential for safe clinical deployment of AI [12], most machine
learning methods in the recent medical literature are said to
neglect the important issue of model uncertainty [10]. This is
an issue, as it is well known that machine learning models can
be confidently wrong [13]. In the absence of an uncertainty
estimate, such confidently wrong model predictions may
undermine end user trust in the model.

Accordingly, there is a need to understand how trust in AI
manifests in the interaction between clinical users and an AI
system that predicts both treatment probability and uncertainty,
in the context of mental health decision support. This includes
understanding how such trust affects decisions to use the system,
and in which contexts. This qualitative study explores aspects
of trust in clinicians’ use of an AI model as a part of a decision
support system for treatment prediction.

Clinician Trust in AI and the Role of Explainability
Although trust is a prerequisite for adoption, it must be
appropriate. The review by Asan et al [14] emphasizes
reliability, transparency, and alignment with clinical reasoning
as central determinants of clinicians’ trust in AI and argues that
trust should be appropriate rather than maximized, in order to
avoid unwarranted trust. In mental health specifically, the
sensitivity of decisions and the potential for harm heighten the
need for trustworthy behavior under distribution shift and within
workflow constraints.

Explainability is often proposed as the main lever for calibrating
trust; however, its effects are context-dependent. The systematic
review by Rosenbacke et al [15] reports mixed effects of
explainable artificial intelligence (XAI) on clinicians’ trust.
Explanations can increase trust when they are clear, concise,
and clinically relevant, but they can also have no effect or reduce
trust when they are confusing, cognitively heavy, or poorly
matched to the task.

Evidence from applied settings shows similar patterns. The
empirical study by Wysocki et al [16] examines explainability,
utility, and trust in clinical decision making and describes a
mixed role for explanations. Benefits include help with
sense-making in ambiguous cases and support for less
experienced staff, while drawbacks include added interaction
effort and the risk of confirmation bias or over-reliance if
limitations are not clear. These findings underline the relevance
of the design and presentation of explanations in context.

Accordingly, explanation content should be clinically aligned
and should be paired with uncertainty communication, such as
calibrated confidence or abstention, in order to discourage
unwarranted trust [14,15]. Altogether, trust improves when
explanations are concise, fit the clinical task, acknowledge
limitations, and respect clinicians’ expertise; conversely, trust
erodes when explanations are opaque, verbose, or misaligned
with workflow [14-16].

Explainable AI and Trust
XAI refers to the ability of AI systems to provide explanations
of their predictions in a way that is understandable and clear
[17]. XAI techniques help bridge the gap between AI algorithms
and user comprehension. In their transparency and
interpretability for understandability framework, Joyce et al
[18] describe how XAI relates to the application of AI in mental
health. They argue that trust is built when clinicians and patients
feel confident that an AI system’s reasoning is transparent and
is seen to align with clinical understanding—a concept similar
to face validity. Jacovi et al [19] suggest that users tend to trust
an AI if its decision-making process aligns with their
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expectations of rational behavior. Transparency and
interpretability are central to the evaluation of such a rationale.

However, the terms surrounding the explainability,
interpretability, and transparency of AI models and their
operation lack consensus definitions [20,21]. Explainability
refers to the ability to understand why a model has made a
specific prediction. Interpretability may be thought of as
empowering explainability: providing the ability to understand
how a prediction was made. Being able to convey the meaning
of an AI model’s operation to a human in understandable terms
operationalizes the “how” and is therefore an important aspect
of interpretability [21]. Interactivity with the AI model and
visualization of its operations also play a role in interpretability
[22]. Li et al [23] point out that the user interface is a key factor
influencing user experience, acting as the main medium through
which an AI system communicates its internal reasoning and
decision-making process. The way explanations are presented,
therefore, plays an important role in how users form trust in the
AI.

Transparency, which is related to interpretability, emphasizes
a shared, user-centered understanding of the meaning of model
features and their operation [19,21]. Transparency implies that
the whole model can be understood [20], or in a less strict sense,
that the model features and parameters are understandable [17].
In clinical models, transparency implies that the meaning of
features has a direct clinical interpretation [18].

Lacking a consensus and in consideration of the various aspects
of explainability, involving trust, understanding, confidence,
etc, Barredo Arrieta et al [21] suggest that explainability depends
on who is required to understand the model, suggesting the
following definition: “Given an audience, an explainable
Artificial Intelligence is one that produces details or reasons to
make its functioning clear or easy to understand.” In a clinical
sense, this may be thought of as AI coformulation.

Understandability is used as a proxy for explainability in the
transparency and interpretability for understandability
framework of XAI [18]. In this framework, transparency and
interpretability are the constituent components of
understandability (and therefore, explainability). Consistent
with the description of those terms above, interpretability is
seen as being determined by the model architecture, structure,
and how the prediction is presented (similar to the concept of
algorithmic transparency); transparency is determined by the
features and data used by the model. Taking logistic regression
as an example, interpretability comes from the linear model
structure and probabilistic presentation of model predictions
inherent in logistic regression. The data and features of such a
model can be designed so that the meaning of features has a
direct clinical interpretation, fulfilling the requirement for
transparency.

Jacovi et al [19] frame trust as an explicit contract between the
AI and users in a context in which there is a risk to the user if
the AI breaks the contract. The contract lays out what the model
is being trusted to provide: transparency, predictability, and
fairness (for example). Predictability in this context means that
model performance is known to the user and accepted. This
may involve an overall performance metric, but it may also

involve contextual conditionality, implying that the user knows
in which context to trust the model performance and in which
contexts the model should not be trusted (eg, on certain data
subgroups or out-of-domain data). The mechanisms by which
an AI model gains a user’s trust can be understood through a
differentiation into intrinsic and extrinsic factors. Intrinsic trust
is based on the AI’s reasoning process aligning with human
expectations (eg, interpretable models, logical decision-making).
Therefore, intrinsic trust depends on the user, for example, a
clinician, being capable of interpreting the meaning of the
features of a transparent clinical model. Extrinsic trust is based
on external behavior or evaluations of the model, such as
observing consistent past performance or validation of
performance reliability. Extrinsic trust is therefore a trust in the
model’s evaluation quality. In this way, trust is seen as having
both human and quantitative factors, upon which the user judges
whether to trust the model or not.

Trust in AI systems often involves a degree of control
relinquishment, yet this trust is highly contextual. As Lipton
[20] points out, interpretability is not a one-size-fits-all goal,
and trust arises not just from transparency but from the
alignment of model behavior with user expectations in specific
settings. In many cases, users are willing to trust AI when its
judgments match their own, whether or not those judgments are
objectively correct. That is, both humans and AI may classify
a case as a “mistake” or “non-mistake” depending on the
category and context, reinforcing or undermining trust.

This context-sensitive nature of trust highlights the importance
of aligning AI outputs with human reasoning, not just through
outcomes but through explanations. AI models typically
associate data features with predictions based on correlations,
whereas humans tend to understand scientific models through
cause-and-effect relationships. To bridge this conceptual gap,
Holzinger et al [24] introduced the concept of causability,
defined as the extent to which AI explanations support users in
forming causal understanding from inherently correlational
outputs.

In the context of AI recommender systems, Shin [25] found that
users’ trust increased when they were able to comprehend
explanations in causal terms. Rather than offering purely
statistical associations (“feature X correlates with outcome Y”),
causability emphasizes understanding why such correlations
arise. As such, it is considered a prerequisite for effective
explainability. A comparable shift can be observed in
high-stakes fields such as suicide prevention, where
decision-making must be both evidence-informed and
explainable to clinicians. In suicide research, for example, there
has been a call to move from risk factors to predictive algorithms
[26], and clinical guidelines now advocate a shift away from
categorical risk classification toward individualized,
formulation-based approaches [27,28].

According to Shin [25], trust in AI systems develops through
a dual process: a heuristic route, where users form quick
judgments based on prior knowledge or biases, and a systematic
route, where trust emerges from deeper evaluation, particularly
when explanations are clear, meaningful, and causally
informative.
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Since explainability depends on humans seeking the explanation,
the views of users in the clinical context are central. The purpose
of this qualitative study is to explore what affects the trust as
perceived by clinical users of an AI model aimed at a mental
health decision support system. Using thematic analysis, this
study explores how users understand the operation of the model,
how they interpret its outputs, and what influences their trust.
By focusing on user perspectives, it aims to develop a
context-sensitive understanding of explainability that is
grounded in clinical reasoning and practice.

Methods

Study Design and Procedure
The clinical setting for this study was the Internet Psychiatry
Clinic, an internet-based cognitive behavioral therapy (iCBT)
service operated by the Centre for Digital Psychiatry within the
Mental Health Services of the Region of Southern Denmark
[29]. This publicly funded, free-of-charge service is integrated
into routine mental health care in Denmark. Individuals self-refer
and are screened in 2 stages: an initial request form is followed
by a clinical assessment conducted by trained psychologists.
The screening referred to in this study is the first part of the
clinical assessment, with the second part being a clinical
interview. Eligibility criteria include being aged 18 years or
older and meeting diagnostic criteria for one of the following
conditions: mild to moderate depressive disorder, single phobia,
social phobia, or panic disorder with or without agoraphobia
[30]. The center delivers its iCBT treatment with a nationwide
coverage of approximately 4.8 million adults. The AI model
and human-computer interface (HCI) used in the moderated
cognitive walkthrough is the Probabilistic Integrated Scoring
Model (PrISM) originally reported by Kelly et al [31] (further
described below), that predicts the probabilities of the 4
available treatment options—depression, panic disorder, social
phobia, and specific phobia; based on patient questionnaires in
step 1 of the clinical assessment.

In this study, following informed consent, semistructured
interviews were conducted with the clinical psychologist
participants, guided by the frameworks of perceived trust in AI
discussed earlier. The interviews took place in the clinic in
Odense, Denmark, over a period of 2 days. Interviews were
conducted one-on-one with one participant and one researcher
present in the room.

A trust framework-driven interview guide (Multimedia
Appendix 1) was used to ensure that key dimensions of trust
were systematically explored across all participants, while also
allowing space for participants to raise personal or contextual
factors that may have influenced their perception of AI [32].
Questions focused on concepts such as explainability,
interpretability, confidence, uncertainty, and perceived trust.
The flexible nature of the semistructured format made it possible
to follow up on unexpected or participant-driven topics that
emerged during the discussion.

To support the interviews, a moderated cognitive walkthrough
was carried out. During this process, participants interacted with
the AI system while responding to questions. The interaction

involved navigating synthetic patient records, using the AI to
generate treatment predictions, and reviewing both the prediction
and its explanation through the user interface. This method
allowed for the observation of trust-related responses during
actual system use, aiming to minimize the influence of the
interview structure on participant behavior, and helped to
identify usability issues that may influence trust [33]. The
cognitive walkthrough is particularly useful in assessing the
user experience and understanding how people cognitively
process the interface [34]. In this study, it also served to situate
participants’ reflections in a realistic decision-support context,
linking system outputs to users’ thought processes in real time.

Individual interviews provided insight into the cognitive,
emotional, and experiential factors shaping trust in AI [32],
while the cognitive walkthrough allowed for an examination of
how perceptions evolved during live interaction with the system
so that the interview structure affected behavior as little as
possible [34]. Together, these methods enable a deeper
exploration of the factors influencing trust, providing both
subjective self-reports and objective behavioral data.

This qualitative study used reflexive thematic analysis (RTA)
[35,36] as an individual case study [37] to explore participants’
experiences of using an AI-enabled decision support tool in a
Danish web-based mental health service. The aim was to
investigate how clinicians perceived trust and explainability in
the AI model during real-time interaction. Data were generated
using think-aloud protocols embedded within the semistructured
interviews, allowing participants to verbalize their thoughts and
responses as they navigated the AI interface. This approach
made it possible to capture both spontaneous reactions and more
reflective evaluations of the model’s performance and
trustworthiness.

Individual interviews were selected to provide participants with
a private and uninterrupted setting to share their views. This
was considered particularly important given the sensitivity of
topics such as trust and clinical judgment, where participants
might feel more comfortable expressing concerns or critiques
in a one-on-one context [32]. The interviews were audio
recorded consensually, for transcription purposes. The
semistructured interview format allowed for flexibility in
exploring participants’ responses while ensuring a consistent
set of topics related to perceived trust and explainability in AI
[38].

The RTA was conducted by 2 researchers independently, with
complementary lenses. Reflexively, one of these (AK) brought
an AI trust perspective to the analysis. The other (TTHSM)
brought a clinical perspective. Our aim was interpretive,
focusing on meaning-making rather than reliability metrics.
Consistent with RTA, we did not seek intercoder agreement,
did not hold intercoder dialogue aimed at consensus, and did
not conduct member-checking. The analysis followed Braun
and Clarke’s [35] six-phase process: (1) familiarization with
the data, (2) initial coding, (3) generating initial themes, (4)
reviewing themes, (5) defining and naming themes, and (6)
producing the report. The analysis was conducted as an iterative,
reflexive, and nonlinear process, in line with Braun and Clarke’s
[36] guidance for RTA [39]. This involved the formulation of
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semantic codes of surface meaning, but also where an underlying
meaning emerged, latent codes were formulated, involving a
more subjective interpretation.

AI Model
The PrISM AI model [31] (Figure 1), used in the moderated
cognitive walkthrough, is a 2-level feed-forward neural network
that emulates the traditional “sum-score” logic of mental-health
screening instruments while retaining full differentiability and
probabilistic predictions. Item-level responses from 6 validated
questionnaires—Patient Health Questionnaire-9 (PHQ-9) [40],
the Generalized Anxiety Disorder Questionnaire-7 [41], the

Social Interaction Anxiety Scale (SIAS) [42], the Panic Disorder
Severity Scale [43], and the Fear Questionnaire [44], and
selected MANSA items—together with 8 sociodemographic
variables constitute the input vector. In the pseudosum layer,
each questionnaire’s items are combined by nonnegative,
L1-regularized weights and passed through a rectified-linear
activation, yielding learned questionnaire scores that remain
directly interpretable to clinicians. These scores, augmented by
the raw demographic features via a skip connection, are then
supplied to a softmax output layer that performs multiclass
logistic regression across 4 treatment categories (depression,
panic disorder, social phobia, and specific phobia).

Figure 1. Structure of the Probabilistic Integrated Scoring Model (PrISM). GAD-7: Generalized Anxiety Disorder Questionnaire-7; PHQ-9: Patient
Health Questionnaire-9.

Uncertainty was quantified at inference time through Monte
Carlo dropout: a 5% dropout mask is retained during every
forward pass, and the network is sampled 100 times, producing
an empirical posterior distribution over class probabilities. This
procedure approximates a fully Bayesian logistic model while
incurring negligible computational overhead and enables
case-level reporting of both confidence and epistemic
uncertainty.

The user interface to the PrISM model, presented to the
participants, is shown in Figure 2. The top panel shows violin

plots of the posterior distribution over class probabilities for
the treatment prediction for a specific patient example, indicating
a prediction of depression. The explanation of the prediction is
shown in the middle panel. This shows graphs of ranked feature
importance; the features that explain the class prediction selected
(left) and the features that counter that prediction (right). The
“explain prediction” dropdown above the panel allows the user
to select which of the 4 class predictions (depression, panic
disorder, social phobia, and specific phobia) to explain. The
bottom plot shows individual questionnaire answers that relate
to a selected questionnaire.
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Figure 2. Illustration of the artificial intelligence human-computer interface. The top plot shows the prediction of the 4 classes (y-axis), with the
probability distribution of the predictions on the x-axis, illustrated as violin plots. The middle plots show the features that explain the class prediction
selected (left) and the features that counter that prediction (right). The bottom plot shows individual questionnaire answers that relate to a selected
questionnaire.

The detail of the prediction explanation for a specific patient is
shown in further detail in Figure 3. The chart indicates that the
PHQ-9 score (phq), the demographic feature “doesn’t know
what treatment to apply for” (APP_4.0), and the fear
questionnaire anxiety-depression subscale (fq_anx_dep) have

the most influence on the prediction of the depression class
(class 1) in this specific patient example. When interacting with
the AI HCI, hover-overs provided text explaining the meaning
of the features and score totals where relevant, for improved
usability.
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Figure 3. Details of the features that explain the class prediction selected (left middle panel of the artificial intelligence human-computer interface).

The reference implementation (TensorFlow 2.19, Python 3.11)
was trained on retrospectively collected data from 1068 adults
referred to the Danish national internet-psychiatry service.
Records were stratified by diagnosis and partitioned 75%/25%
into development and held-out test sets. Optimization used the
Adam algorithm (batch=32, learning rate=0.001) for 2000
epochs, with L1-regularization (λ=0.001) promoting sparsity
and retaining only clinically salient inputs.

On the unseen test cohort, the model achieved a balanced
accuracy of 0.79 and per-class AUC ranging from 0.91 to 0.98.
This architecture, therefore, provides two properties considered
essential for the safe deployment of machine-learning systems
in frontline mental health care: (1) transparent, score-level
explanations that align with routine clinical reasoning and (2)
probability distributions that facilitate the identification of
low-confidence or uncertain cases.

Data
A dataset comprising patient questionnaire answers and
demographics was used to train the PrISM AI model used in
the cognitive walkthrough semistructured interviews. The data
were gathered between November 14, 2019, and December 31,
2022, from patients of the “Internetpsykiatrien” web-based
treatment services delivered by the Centre for Digital Psychiatry,
Denmark. The center delivers routine care and internet-delivered
cognitive behavioral therapy with nationwide coverage [29].
The data consisted of answers to the PHQ-9, the Generalized
Anxiety Disorder Questionnaire-7, the SIAS, the Panic Disorder
Severity Scale, and the Fear Questionnaire. Additional features
included demographic information and a brief medical history,
such as previously diagnosed conditions. The ground truth of
the dataset was the choice of treatment selected by the

psychologists in the clinic for each patient. Further details can
be found in [31].

Ethical Considerations
Data for the AI model were extracted from Internetpsykiatrien
after approval from the Regional Council in Southern Denmark.
Since this was a secondary data analysis, separate informed
consent was not required. The Regional Committees on Health
Research Ethics for Southern Denmark were informed about
the study and were provided with the case number
S-20232000‐65. In accordance with Danish national ethical
guidelines, no additional ethics approval was needed.

Ethical review and approval were not required for the study on
human participants in accordance with the local legislation. The
patients/participants provided their written informed consent to
participate in this study. The study was reported to the Danish
Data Protection Agency. Data were anonymized before being
provided to the researchers. No compensation was provided.

Participants
The participants were clinical psychologists working in the
Region of Southern Denmark. The group comprised 5
participants (N=5; 2 female and 3 male), with a mean age of
35.8 years. All participants were members of the screening team
at an iCBT clinic within the service. Their role involves
screening patients for interview prior to possible treatment, as
well as conducting clinical interviews as part of the treatment
assessment process.

Participants were recruited based on their clinical role in the
service, with a range of experience levels represented, from
junior to senior staff. The study included 55% (5/9) of the entire
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screening team, meaning that the majority of clinicians
responsible for initial patient triage were included. This provides
a strong representation of the perspectives within the clinical
setting and enhances the validity of the findings. To preserve
anonymity within this small team, specific age and experience
ranges are not disclosed.

In a review of sample size requirements for usability studies,
Lewis [45] concluded that 5 participants are typically sufficient
to reveal around 80% of usability issues. This implies a sample
size of 5 is considered appropriate for a qualitative study focused
on human-AI interaction. Thematic saturation appeared to be
reached, and the inclusion of most of the staff involved in the
relevant clinical task provides additional justification for the
adequacy of the sample.

Structured Interview Guide
A structured interview guide was developed to explore
participants’ experiences with the AI model and interface. The

interview’s semistructured format guided the participants
through a process of (1) enquiring about attitudes to AI in mental
health care and in their role; (2) a cognitive walkthrough of
using the AI system with various patient scenarios; and (3) an
in-depth discussion on trust and explainability (Table 1). The
guide consisted of open-ended questions designed to elicit
detailed responses about usability and trust. Once introduced
to the system (Table 1), the Cognitive Walkthrough and
Interface Interaction section allowed for an open use of the AI
system with the synthetic patient profiles, allowing an
observation of natural behavior with the system, in order to
minimize the influence of the interview structure on participant
behavior. Since the interviews were limited to 1 hour, further
follow-up questions were answered in written form. These
included the topics: (1) usability and workflow integration, and
(2) feedback and improvement.
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Table . Description of the structured interview.

Explanation/example questionTopic and subtopic

Opening and background

—a    Reconfirm the informed consent

If not collected ahead of time    Participant demographics

When you hear “AI” in the context of patient care, what comes to mind?    Initial attitudes toward AIb in health care

Based on your experience, do you think AI could be useful in patient care
or treatment decision-making?

    Perceived usefulness of AI in health care

A brief explanation of the system’s function as a treatment recommendation
system for mental health and set expectations for the cognitive walk-
through.

Introduction to the AI system

    Introduction to AI definitions

    Overview of the AI model

    Instructions for cognitive walkthrough

Cognitive walkthrough and interface interaction

Take a look at the interface. What are your initial impressions?    First impressions

Looking at the patient record, what would your assessment of the treatment
recommendation be for this patient?

    Clinical assessment

Please use the AI tool to make a prediction for the patient.    Locating and understanding the recommendation

Do you feel you understand whether the model is “very sure” or “not very
sure” about its recommendation?

    Interpreting confidence and uncertainty

Can you find or access the explanation for why the AI made this recom-
mendation?

    Accessing and reviewing the explanation

Does the system provide enough detail about how it arrived at its decision?    Explanation depth and satisfaction

So far, do you feel comfortable trusting the system’s recommendations?
Why or why not?

    Trust and ease of use

In-depth discussion on trust and explainability

Would it help your trust if you saw data on how often the AI’s predictions
were correct in previous cases of this type?

    Reliability and past evidence

How important is it for you to see exactly how the AI weighs different
questionnaire scores?

    Transparency

Would it help to understand how this model generally works, beyond just
one case?

    Interpretability

Do you feel the interface is interactive enough for you to explore the patient
record and model explanations?

    Interactivity

Do you have concerns about the AI being biased or missing certain patient
subtleties?

    Fairness

Closing

What would be your key takeaway from this experience with the AI sys-
tem?

    Summarize final thoughts and close

aNot applicable.
bAI: artificial intelligence.

To clarify the definitions of the terms used in the interviews,
the definitions in Table 2 were provided to participants.
Although confidence and uncertainty are somewhat ambiguous,

we took confidence to be aligned with aleatoric uncertainty and
uncertainty to be aligned with epistemic uncertainty.
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Table . Definitions of terms provided to participants.

DescriptionTerm

Relates to understanding “why” AI models make their decisions.Explainable (AIa)

Understanding “how” an AI model makes its prediction.Interpretable (AI)

How the prediction is made is clear from the model and features.Transparent (AI)

The “probability” of the prediction.Confidence

How “wide” the probability distribution is.Uncertainty

aAI: artificial intelligence.

Patient Profiles
Four patient profiles were developed to support the moderated
cognitive walkthrough and provide a basis for exploration during
the interviews. These profiles were designed to represent a
diversity of treatment predictions and comorbidities that are
typical of treatment decisions routinely seen in the clinic (Table

3). The patient profiles were accompanied by corresponding
data suitable for presentation to the AI model. The data involves
the answers to patient questionnaires and demographic data for
the various patient scenarios [31]. The data was presented to
the participants via a patient record view in the AI interface.
The written description, provided in Table 3 for context, was
not presented until the postinterview debrief.
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Table . Patient profile scenarios.

Clinical rationalePatient profileScenarios

Scenario 1 • Ambivalent case where either depression
or social anxiety could be primary.

• Jane presents with persistent low mood, a
significant decrease in energy levels, and
an overwhelming sense of hopelessness. • Would tend to treat depression as a priority.
She reports difficulty concentrating at work
and has recently been reprimanded for
missing deadlines, which has exacerbated
feelings of inadequacy. She also experiences
intense anxiety in social and professional
settings, including meetings and casual so-
cial gatherings, which has led her to with-
draw from colleagues and friends. Jane’s
symptoms began approximately 8 months
ago, following a critical performance review
at work. Her lack of energy and motivation
caused her low work performance, she be-
lieves. Initially, she noticed an increased
reluctance to speak up in meetings due to
fear of judgment. Over time, this fear extend-
ed to informal social settings, making her
avoid after-work social events and even ca-
sual conversations. Concurrently, she began
experiencing a pervasive sense of sadness,
feeling “empty” most days, with episodes
of crying without a clear trigger.

• She reports difficulty sleeping, often lying
awake ruminating over interactions where
she feels she may have been perceived as
inadequate. She has lost interest in hobbies
she once enjoyed, such as painting and at-
tending book club meetings, citing both a
lack of motivation and a fear of being
judged by others. Previous episodes: Jane
recalls experiencing a similar period of low
mood and social avoidance during her late
teens but did not seek treatment. Family
history: A history of depression in her fa-
ther. No significant medical conditions or
history of substance abuse.
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Clinical rationalePatient profileScenarios

• Primary depression with features of gener-
alized anxiety.

• Susan M, a 34-year-old administrative assis-
tant, presents with a 6-month history of
persistent low mood, chronic worry, and
reduced functioning. She describes feeling
“stuck” and unable to engage fully in her
personal and professional life. Her symp-
toms began following a period of prolonged
work-related stress, which has since re-
solved, but her distress has persisted and
gradually intensified.

• Susan reports a constant sense of unease
that permeates most of her day, particularly
in the mornings. She wakes up feeling rest-
less and on edge, with racing thoughts about
her responsibilities and potential shortcom-
ings. These worries often spiral into feelings
of inadequacy, leaving her preoccupied with
the fear of disappointing others. Despite
recognizing that many of her concerns are
unlikely to materialize, she struggles to
control or dismiss them. She also reports
difficulty concentrating, which she attributes
to her mental preoccupation and lack of
energy. There is some anxiety and depres-
sion history in her family, with her brother
having had severe depression at some point
and her mother being an anxious and over-
bearing person.

Scenario 2

• Panic disorder.Scenario 3
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Clinical rationalePatient profileScenarios

• John D is a 42-year-old accountant who is
currently unemployed. He describes experi-
encing sudden episodes of intense fear, ac-
companied by physical symptoms such as
chest tightness, shortness of breath, sweat-
ing, and dizziness. He reports catastrophic
thoughts about having a heart attack. These
episodes, which John recognizes as panic
attacks, occur unpredictably, often when he
is driving or in crowded spaces like grocery
stores. The fear of these episodes has led
him to limit his outings and rely increasing-
ly on his wife to run errands, though he
continues to apply for jobs where he can
work from home. John admits that he has
started avoiding situations where he feels
escape might be difficult, such as long car
rides, crowded events, or unfamiliar envi-
ronments. While he can still attend essential
outings, such as dropping his kids off at
school, he often feels on edge and hypervig-
ilant for signs of an impending attack. These
restrictions have caused strain in his family
life, as he worries about burdening his wife
and missing family outings. To cope with
his anxiety, John has started drinking small
amounts of alcohol in the evenings, which
he finds calms his nerves and helps him
unwind. He is careful not to exceed the
recommended daily intake, consuming 1 to
2 drinks a night, and denies any history of
problematic drinking. However, he acknowl-
edges that he relies on this habit to manage
his discomfort and worries about its long-
term implications. John has experienced a
general sense of fatigue and low mood.
While he denies feeling hopeless or experi-
encing anhedonia, he describes difficulty
finding joy in his usual hobbies, such as
woodworking and jogging, because he feels
“too keyed up” or “too drained” to engage.
His sleep is often restless, disrupted by
worry about his health and family, though
he sleeps sufficiently most nights. He also
reports a pervasive sense of guilt, believing
that his anxiety is a weakness and that he is
failing to be a strong role model for his
children. When John went to the gymnasi-
um, he received a diagnosis of anxiety, but
he doesn’t remember much about that, and
he did not receive treatment other than an-
tianxiety medication.

• Single phobiaScenario 4
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Clinical rationalePatient profileScenarios

• Mark, a 37-year-old software developer,
presents with a persistent fear of bridges
and heights that has mildly impacted his
daily life for the past several years. His fear
began in his late twenties after a stressful
experience driving across a high suspension
bridge during a storm, which left him feel-
ing uneasy and lightheaded. While he did
not experience a full-blown panic attack,
the incident caused him to develop a wari-
ness of high bridges. Over time, this fear
generalized to other situations involving
heights, such as tall balconies or observation
decks. Mark avoids bridges when conve-
nient but does not let his fear entirely dictate
his life. He reports experiencing mild
physical symptoms, such as increased heart
rate and sweating, but these subside once
he is off the bridge. Mark also feels discom-
fort in high places where there is an open
or exposed view, such as glass elevators or
balconies with low railings. He avoids these
situations when possible but can manage if
necessary, often relying on grounding tech-
niques like focusing on a fixed point or
staying close to a wall. Mark is seeking
therapy now because he wants to feel more
confident in situations involving heights,
particularly as his daughter has expressed
interest in visiting landmarks like bridges
and observation towers. He is motivated to
address his fear so that he can fully partici-
pate in family activities without hesitation
or discomfort.

Results

Thematic Analysis
Consistent with Braun and Clarke’s [36] reflexive approach,
we aimed for reflexive interpretive richness, rather than
intercoder reliability, with each coder’s distinct point of view
contributing to a wider perspective interpreting the data.
Therefore, 2 analysts with complementary skills (AK and
TTHSM) undertook the RTA, each bringing a distinct epistemic
lens.

Coder A, with a nonclinical background in AI trust and HCI,
designs and evaluates decision-support tools, holding a
pragmatic stance that emphasizes usability, explainability, and
uncertainty communication. They adopted a predominantly
inductive, bottom-up stance. First, descriptive codes were
generated and clustered into provisional subthemes. Since a
“trust journey” emerged in the subthemes, a top-down, deductive
pass interrogated the data through trust frameworks to articulate
the journey in terms of established models. Any latent emerging
themes were also preserved.

Coder B, who practices in psychology, prioritizes patient safety,
workflow fit, and risk management. They worked with a
context-led, primarily semantic focus, ensuring that emergent
themes remained grounded in front-line priorities such as areas

of clinical hesitancy and reassurance, and how AI intersects
with their duty of care.

Braun and Clarke [36] identify this analytic-storytelling mode
within reflexive TA when the aim is to surface latent,
practice-based logics that a purely code-centric read might miss.

The RTA generated 4 sequential themes. Together they outline
a notional “trust journey” that begins with a first encounter and
culminates in an informed decision to adopt the tool in
real-world screening.

1. “Why engage with AI?”: participants articulate the
anticipated utility that motivates engagement.

2. “Making sense of the model”: they attempt to follow and
investigate the system’s reasoning, building intrinsic trust
and causability.

3. “Should I rely on it?”: they appraised the AI by interpreting
probabilistic outputs and explanations in the light of their
clinical judgment of the patient record and current work
practices.

4. “Deciding to use the model in practice”: they elaborated
on when, where, and under what safeguards they would
rely on the AI in clinical screening.

In Figure 4, the themes are illustrated as a process of cognitive
steps in the process of establishing trust:

1. Anticipated utility: “Why engage with AI?”
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2. Sense making: “Making sense of the model.”
3. Appraisal: “Should I rely on it?”

4. Deciding to rely: “Deciding to use the model in practice”

Figure 4. Stages of artificial intelligence–mediated trust.

In the themes that follow, quotations are referenced by
participant ID (P1-P5); square brackets denote clarifications.

Theme 1: “Why Engage With AI?”—Anticipated
Utility
Although none of the clinicians had deployed AI tools in routine
practice, four of the five were already experimenting with
generative AI in their personal lives. This prior exposure
produced a sense of guarded optimism about AI: as one
participant put it, in relation to generative AI:

I don’t necessarily trust the idea it provides; I trust
my own interpretation of the idea. [P5]

The perceived value of an AI-enabled screening tool is centered
around three expectations:

1. Improved efficiency and reduced bureaucracy: Highlighting
that AI could examine “Multiple variables at a quick
pace—perhaps faster than an experienced clinician could
do” (P1); and that screening “Needs to go fast” (P4).

2. Greater consistency and mitigation of human bias: “I think
a model like this could maybe also fight...prejudice or bias
to some degree” (P2); “I would hope it would be more sure
than a person” (P3).

3. Reallocation of clinician time to higher-value tasks: “If it
frees me to do more clinical work, that’s very nice” (P2);
“Less time looking at numbers” (P5).

Overall, participants framed AI as a complementary aid rather
than a replacement for clinical judgment. They were willing to
engage with the technology because they believed it could
accelerate mundane evaluation tasks, apply rules impartially,
and create time for deeper patient engagement. This motivational
backdrop set the tone for the subsequent trust-building process
described in the following themes.

Theme 2: “Making Sense of the
Model”—Sense-Making Through Intrinsic Trust and
Causability
Theme 2 reflects the initial stage of trust-formation where
participants inspected violin plots, feature-level importance,
and question-level explanations to decide whether the AI’s logic
aligned with their mental model of clinical reasoning. Since
explanations are only effective if they are understandable to the
user [25], this theme captures how participants build intrinsic
trust in the AI by attempting to follow and investigate the
system’s reasoning.

This theme comprises four subthemes that relate to
sense-making and trust-building: (1) orientation and navigation,
capturing how participants initially find their way around the

interface and data; (2) explainability-by-design, capturing
aspects of the model or UI design that improve understanding,
currently or in the future; (3) AI-driven insight, capturing
clinical or data insights revealed by the model that the user had
not initially noticed; (4) UI improvement/usability, capturing
improvements that may make the interface easier to use.

During “Orientation and Navigation,” participants navigated
the interface easily, spending time on the patient record tab to
make their own assessment of the treatment required (as directed
in the structured interview). The questionnaire total scores on
this tab (eg, PHQ-9, SIAS) were familiar and therefore aided
sense-making, often in the form of a patient story:

And then there’s a graph...And it tells me that
there’s...both social phobia and Depression score.
There’s symptoms of generalised anxiety and...could
be...multiple diagnosis, but it could also be...an image
of someone who's depressed and...feels very
self-conscious about...dealing with depression. They
might be very worried about the future... [P2]

However, in the “Explainability-by-Design” subtheme, the
y-axis scaling of the bar chart of the questionnaire total scores
caused some confusion:

The bar graph on the scores page may mislead people
because that scale has a larger range, it looks like,
statistically, it may be much higher, but the range for
the depression scale is much smaller. [P1]

Other common understandability improvements involved the
provision of hover-overs giving more information on the violin
plots:

I wish there was some hover over’s here [points at
the violin plots]. [P1]

The graphical explainability, which was enabled by the model
transparency, was seen as a major bonus of the AI:

the graphics impressed me the most, but I think it’s
very nice that you can go down and see how the model
works [P2]

While using the AI model for prediction and subsequently
exploring the explanations of the predictions in the interface,
some novel insights were revealed, as captured by the
“AI-Driven Insight” subtheme. For example, participants found
scenario 4 (Table 3) challenging to assess because the
questionnaire total scores, which they typically relied on, were
uniformly low in this case. The recommended scenario treatment
was Specific Phobia, which was explained mainly by the
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demographic question “Has Phobia.” When the AI prediction
explanation revealed this, many participants expressed surprise:

So, they answered yes. Oh, didn’t see that [P3]

So looking at this...What I'm thinking is I should
probably have checked the fear questionnaire for
specific phobias, OK, because that's nice. [P2]

So, I will try to explain...to see what it says.[gets
explanation from UI] They have actually said that
they have a phobia...I think again, it makes sense, if
it is...some kind of phobia. [P4]

In one case, the prediction in the form of the violin plots, rather
than the model explanation, revealed the insight:

So this one, this definitely helped me this graph [violin
plot]...More so than the other ones, because well,
because I didn't see the fear...the specific phobia. [P1]

As well as highlighting unseen aspects of the patient record,
the violin plots also revealed insights about uncertainty, which
is typified by this comment from participant 1:

The probability level wouldn't really matter. It’s just
the uncertainty. If they are overlapping too
much...definitely it would need to be reviewed by the
team. [P1]

In the subtheme of “UI Improvement/Usability”, participant 2
saw the Violin plots as the main aspect of sense-making:

As a Screener I would probably...just look at the photo
[violin plots] and then I would...If it wasn’t as clear
cut as this. I would click around. But you know it
needs to just needs to be easy to work with. [P2]

Theme 3: “Should I Rely on It”—Risk and Uncertainty
Appraisal
Since AI adoption depends on user trust [25], theme 3 captured
the bridge between making sense of the AI model and deciding
to rely on it.

The guided interviews started by defining confidence and
uncertainty to set the foundation for the concepts to be discussed.
However, the terminology was hard to remember, and the terms
were often confused with each other. Nevertheless, participants
demonstrated understanding of the concepts from the violin
plots, often articulated using their own terms. For example,
when referring to confidence, participant 1 says, “Maybe even
70, I think would be sufficient for probability if we don’t have
a lot of uncertainty either.” (P1); when referring to uncertainty,
participant 3 correctly identifies it as relating to the dispersion
of the violin plot, articulating it as being “unsure” “And then
social phobia is somewhere between 20% and 40%, but it seems
a lot more unsure about what this is actually about” (P3). This
shows us that the terminology may be confusing, but the
concepts were clear. For example, participants intuitively
interpret the violin plots (Figure 5) to reveal the confidence
(probability) and uncertainty (dispersion). Participant 4
articulates this well:

I think I would do it a little bit primitively, just look
at where is this big round shape and where is it on
the probability percent and yeah, that’s probably how
I would do it...And then...about how certain it is?
Yeah. OK, so I don’t know if this is very wide or not
because I think that this fat bit is quite
concentrated...But I think that to me, intuitively I
would look at the round bit. [P4]

Figure 5. Treatment prediction violin plot for hypothetical patient 1: treatment-depression.

All participants saw the absence of free-text input as a
significant limitation of the AI model. In their normal workflow,
free text provides significant information:

looking at what did the person actually write? I think
that that’s actually where we get the most information.
[P2]

Participant 1 stressed that the free text provides important
clarifying information over and above the questionnaire scores:

This...number three here [patient example 3] I think
would need to be reviewed because there could be

information in the free text that would either clarify
this or make us think there’s...it’s too complicated or
something else is going on that’s not picked up by
our screening measures or the AI prediction. [P1]

Although free text was seen as complementary to certain
questionnaire items—for example, the Fear questionnaire
specific phobia question where the free text describes the
specific phobia (P1)—the lack of free-text input was also seen
as a limitation to adoption:

I wouldn’t be comfortable not having the patient’s
own words...because it can mean something else. [P4]
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Sometimes it can be a very clear-cut depression on
the scores alone, but then we read the text, and this
is a clear rejection because what they’re applying for
is not correct. So, I think if the AI sort of interpret the
qualitative text as well and that be even better...I’d
be even more in favour of it [P5]

Theme 4: “Deciding to Use the Model”—Extrinsic
Trust/Reliance
Theme 4 captures how participants moved from appraising risk
to deciding to use the model in practice. In this decision phase,
participants looked for external confirmation in the form of
agreement with their own judgment, evidence of validation, and
consistent performance, before deciding if the AI model could
be relied upon, and in what circumstances. Therefore, this theme
captured how the AI model fits in the process of patient
screening, and the limits of perceived competence of the AI and
the data it is trained on.

As patient scenarios were examined, participants demonstrated
skill in the use of the AI system: making predictions, drilling
down into explanations, then jumping back to the record for
demographics. Participant 4 illustrates this fluidity as they gain
practice assessing patient scenarios, as though they are
conversing with the AI as they think-aloud:

We start with just panic and say ‘why did you choose
this’and they say that the PDSS score is a significant,
which makes sense I think, and also generalised
anxiety. [P4]

The AI aligning with clinical judgment was an important factor
in deciding to trust the AI. Participant 1 provided commentary
commensurate with having adopted a trusting attitude whilst
staying alert to clinical incongruence:

I haven’t seen anything to suggest that I would not
trust it. Everything fits with my own clinical judgment
from what I’ve seen. [P1]

Participant 2 highlighted the role of data in trust, implying that
an AI system should come to the same conclusions as a person,
given the same data:

[I would trust the AI] To the same degree that I would
trust the system we have now because it’s, you know,
it’s the same data. [P2]

Participant 2 decided to adopt the AI prediction as their own
fairly early in the process, when they were somewhat undecided
(scenario 1), showing early willingness to put faith in the system.
However, in general, trust was seen to be conditional on
confidence, certainty, and context. The model could be trusted
in screening clear cases to go to an interview, especially for
certain cases, but not for making a diagnosis. Participants
expressed this as follows:

If it only comes to screening, then I would probably
trust it, especially if it’s certain. And then if it’s not
certain, I would maybe spend a little longer to look
at it [P4]

For the clear yeses that we don’t have to use our time
for that, but they can just go straight to our screening
interviews. [P3]

I think the model thinks the same way as a Screener
does. But it doesn't think like a clinician does. So as
a screening tool, something that might work
automatically, I can see how something like this could
probably be implemented like soon. As clinical tool,
I wouldn’t...with what I see now, trust it to the degree
that it could make a diagnosis. [P2]

Contextually, participants wanted reassurance that the AI would
take into account patient risk factors before they would
recommend the AI as a screening tool.

We cannot have someone with a high suicidal risk.
So, but if I knew this prediction took that into account,
then that would be OK. [P3]

And then only to allow a patient to proceed to the interview,
never to exclude a patient:

I think that’s long as it confirms and does not reject,
I think ethically I’m less hesitant...I think as soon as
we start rejecting people or limiting people’s access
to treatment based on automatic AI responses. That
would be problematic. [P5]

Screeners routinely assess the severity of presentation (eg, severe
depression), and so any decision to put patients through to
interview should take account of severity, as well as prediction
confidence and uncertainty: “It doesn’t say the degree of the
illness or treatment or disorder.” (P3). In addition, some patients
(eg, suicidal or severe cases) should be rejected at the interview
stage, and an AI putting patients through to an unnecessary
interview could be unethical. This re-emphasizes the need to
include free text in the prediction, so any prediction is as
complete as possible:

It’s a waste of patient time if they specifically write
about something that in their application that I, after
an hour’s interview with them, says we can’t help you
because of this. But they already informed me about
it, so they wouldn’t have to sit there and open up, and
get a rejection if I had just...read that before. [P4]

The issue of causability was evident when participants
questioned the reasons why certain demographics were
associated with prediction explanations. Even though the
participants all expressed trust in the AI generally, there was a
sense that trust was suspended or withheld when explanations
were associative but did not lend themselves easily to a causal
explanation:

Yeah, and I understand that it can’t necessarily
explain why the data says it, but the more it can
explain why, at least guess why the data says, the
better. And that would definitely increase my
confidence as well...So, it’s not random, but it doesn’t
tell the story why the item is important. [P5]

Increased use of the AI tended to build trust further:

Yeah, but I think I trust it more because I agree with
it, or it agrees with me. Yeah, I think because I first
looked at it and made my mind up from very limited
data, actually...But who knows if I’m wrong and this
is wrong as well. But I think I definitely trust it more
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than now that I’ve interacted a bit more with it, yeah.
[P4]

Once participants had decided to trust the AI, not agreeing with
the AI’s prediction, after some experience with it, evoked a
suspension but not a revocation of trust:

With the specific phobias, there was the factors
against, so I might not agree, but that doesn’t make
me trust the model less. [P2]

The violin plots were seen as effective in communicating
predictions, but the AI outputting notifications of when to
trust/when not to trust, based on the model’s own uncertainty,
was thought to be required for deployment.

There was a view that the AI could be more trustworthy than
humans because of its systematic reasoning:

It concerns me when individual clinicians look at an
elevation on that score and interpret it, giving it too
much weight, but I don’t have a fear that the
algorithm is doing that. [P1]

However, since the participants were not given data on the
verifiable validity of the model as part of the guided interview
process, and although trust was evident intrinsically, future use
was conditional on the validity being evidenced extrinsically:

I don’t know how reliable or valid the model is. I think
it would be an improvement of the current system.
[P2]

Perhaps we will have the data to support this in the
future when the appropriate studies have been
completed. [P1]

Discussion

Thematic Analysis
The cautiously positive initial attitudes toward AI set a positive
tone and likely eased movement toward reliance. If the baseline
attitude had been skeptical, it is possible that the same interface
features might have been interpreted more critically. Concerns
about algorithmic bias were muted because the model was
trained on the same data the screeners themselves used, and it
was viewed as representative of the patient population and
therefore acceptable.

As participants worked through the interface, a 4-stage “trust
journey” (Figure 4) became apparent, providing a useful support
to the literature on AI trust that conceptualizes trust as a staged,
context-sensitive process [19,25]. First, participants oriented
themselves to the user interface layout and information; next,
they made sense of the model’s operation; then they appraised
risk and uncertainty. Finally, they decided whether to rely on
the output, under what safeguards, and in which contexts.
Progress along this trust journey was shaped by 2 elements:
how specific visualizations supported sense-making and risk
appraisal, and how duty-of-care requirements set boundaries
for reliance. It is notable that this journey appeared to emerge
in the context of using the AI in a free manner to explore various
patient scenarios, rather than being enforced by the interview
structure.

Understanding confidence and uncertainty in the predictions
was central to trust building, with the violin plots
communicating both concepts intuitively. Even though the
terminology surrounding these concepts was sometimes
confused, the understanding was clearly demonstrated and
articulated. In use, violin plots were the main aspect that
participants referred to and said they would refer to in the future,
given the limited time given to screening. In moving back and
forth between record, prediction, and explanation, clinicians
repeatedly tested the AI’s reasoning against their own judgment
and, in doing so, built intrinsic trust.

The dataset available from the clinic did not include the patients’
free-text inputs. From the clinical safety perspective emphasized
by Coder B, trust depended on narrative completeness and
safeguarding. The absence of free text limited the assessment
of suicidality, comorbidity, and context, which in turn
constrained willingness to rely on the tool. Integrating patient
free text and providing risk-related cues in summary form would
extend the contexts in which reliance is acceptable. Relatedly,
questions of causability surfaced when demographic variables
appeared in explanation panels: correlations were accepted as
“in the data,” but clinicians still sought a story that linked those
variables to clinical reasoning. Adopting a
pedagogical/causability approach, adding ceteris paribus
(“what-if”) sensitivity plots to the interface (eg, partial
dependence and individual conditional expectation), could be
beneficial. These displays let clinicians vary a single input while
holding others constant and observe the corresponding change
in the model score, supporting understanding.

Once clinicians felt that the system “thought like a screener,”
occasional disagreement with a prediction did not revoke trust
outright; rather, it triggered a momentary suspension while they
compared the model’s output and explanations with their own
assessment. An implication is that early alignment between user
judgment and model output may accelerate reliance, but it may
also seed confirmation bias. A more skeptical starting stance
may have led to alignment being scrutinized more stringently.

Willingness to rely on the AI remained conditional. It was strong
when the model expressed high confidence with straightforward
cases but tempered in the presence of uncertainty or missing
contextual information. Participants indicated that the AI may
expedite low-risk referrals, but they resisted allowing it to
exclude patients or establish diagnoses without human oversight.

Intrinsic trust accrued through interaction with visualizations
and explanations; extrinsic trust depended on evidence of
validity and calibration. The reliability analysis presented earlier
addresses this requirement and should sit alongside uncertainty
displays and clear guardrails as deployment criteria.

The clinical perspective (coder B) clarifies 3 conditions for
acceptable use: practice-legible explanations, inclusion of
narrative data for risk detection, and strict boundaries where
stakes or uncertainty are high.

First, explainability must map to everyday reasoning. Violin
plots conveyed the prediction confidence effectively, but
transparency had to translate into explanations that clinicians
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could understand in relation to their practice. The graphical
explanations (Figure 3) were also effective in this regard.

Second, trust was built on the belief that the AI model and the
clinician relied on the same data and had the same
“understanding” of it. Repeatedly, participants returned to the
absence of free-text in the patient data, believing that short-form
questionnaires alone were insufficient for capturing detail,
suicidality, or the subtleties of comorbidity. This concern
underlined a priority for clinical safeguarding so that the AI
builds trust, rather than eroding it by ignoring critical
information.

Third, automation boundaries should reflect accountability. The
model should be used to confirm low-risk referrals and escalate
ambiguity, not to exclude patients or assign diagnoses without
human oversight.

Taken together, the clinical perspective aligns with the main
themes that depict a pragmatic balancing of promised efficiency
against the need for interpretability, contextual trust, and
ethically defensible deployment. Only when these conditions
are met can the AI become dependable in the screening process.
In settings where clinicians are skeptical about AI, explanations
may need to be deeper and more informative, uncertainty cues
may need to be more explicit, and evidence of external
validation may need to be available up front, to avoid premature
dismissal or resistance.

Overall, the findings portray trust as contextual and conditional.
Clinicians recognize the efficiency and consistency that AI can
bring to mental health screening, but require interpretability,
narrative completeness, and contextual safeguards before
embracing the tool fully. Trust, in this setting, is a negotiated,
context-sensitive stance that evolves as users see the model’s
reasoning align, or fail to align, with their own.

Principal Findings
This qualitative study offers several insights into how clinicians
in a web-based mental health clinic in Southern Denmark, with
national coverage, formed trust in an AI-mental health model
and HCI.

The participants’ initial attitude to AI in mental health was
framed by their positive interactions in the past with AI (eg,
generative AI), and their view of the possibilities for AI to
improve productivity or reduce the burden of low-expertise
tasks.

Framed by the anticipated utility of AI, trust developed across
a further 3 sequential themes that outlined a notional “trust
journey”: sense-making, risk appraisal, and a conditional
decision to rely. This reflects the literature on AI trust: moving
between (1) building intrinsic trust by understanding the model
contextually in relation to potential use cases and user
experience; (2) deciding the model can fulfill the trust contract;
(3) extrinsic trust based on the functional performance. This
“trust journey” provides a useful support to the literature on AI
trust that conceptualizes trust as a staged, context-sensitive
process.

The explainability of the AI was of particular importance in
trust building. This involved several elements. First, displaying

prediction confidence and uncertainty in violin plots effectively
conveyed the ambiguity inherent in differential clinical
decision-making. This was found to be of critical importance
in building intrinsic trust, underscoring the role of
interpretability in building trust in relation to the expert users’
expectations. Second, the presentation of key features
influencing the predicted class—including those supporting and
opposing the outcome—allowed users to see that the model
reasoned in a manner similar to a clinical screener. This
underscores the role of interpretability in allowing an
understanding to form, that the model “thought” like a clinical
screener. Third, the PriSM model’s feature structure,
incorporating pseudo-sumscores, improved interpretability by
presenting explanations in familiar terms.

Trust was contextually confined to low-risk areas of clinical
practice, such as screening patients prior to interview, and with
a guarantee that safety protocols would be incorporated (eg,
suicidality indicator checks). Incorporating free-text patient
data, which clinicians typically rely on in screening, in addition
to tabular data, would increase the contextual area of trust
because the model would then have exactly the same data
available as the screener.

Limitations
This study offers a focused and detailed, but necessarily bounded
view of clinician trust in an AI model and HCI for mental health
treatment prediction. Several constraints should be
acknowledged.

The participant pool was deliberately small and clinic-specific:
5 screeners from a single web-based mental health clinic in
Southern Denmark, providing national coverage. While this
concentration allowed for deep, reflexive engagement with the
clinic context—and included the majority of its screeners—it
also limits transferability, as attitudes, workflows, and
organizational norms may differ in other clinical settings or
professional cultures.

The encounters took place with a high-fidelity prototype, not a
fully deployed system. Although the interface replicated key
functions, it operated on prepared case scenarios under interview
conditions. Real-world contingencies—time scarcity, partial
records, competing clinical duties—were only indirectly
represented. The trust trajectory observed here may evolve when
the tool is embedded in day-to-day use.

The think-aloud, semistructured protocol channeled attention
toward predefined topics. While this ensured coverage, it may
have shaped the sequence of concerns, potentially different from
those that would surface in naturalistic use. In particular, this
may have influenced the notion of a trust journey that surfaced
in the analysis. However, it is believed that the protocol reflected
a natural workflow wherein clinicians examine the patient record
and assess the treatment required. The inclusion of the AI in
this workflow seemed to flow naturally during the interviews,
and this gives confidence that the semistructured protocol did
not overly influence the results.

The available dataset and prototype excluded free-text input, a
feature that clinicians regarded as important for detecting
suicidality, subtle comorbidity, and patient voice. As a result,
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participants evaluated a system that they acknowledged as
limited; their conditional trust therefore reflects both the
strengths of transparent visualizations and explainability and
the recognized absence of narrative data.

No quantitative performance metrics, such as accuracy,
calibration, or validation results, were provided during the
sessions. Participants formed judgments on the basis of
interactive experience alone. The trust documented here thus
stands without the extrinsic evidence being available to the
participants.

Finally, the thematic account is explicitly reflexive. This
approach, building on the expertise of 2 complementary
perspectives, prioritizes interpretive richness but also means
that alternative analytic lenses might organize the material
differently. Because the 2 analysts conducted separate reflexive
analyses, some interpretive tensions may remain; we view these
as theoretically informative.

Future Work
Future work should address the concerns of participants in
evaluating the AI model’s conditional domain of trust. In the
contractual view of trust [19], an AI model should “know what
it doesn’t know” and communicate this distinction to the user.
The importance of known model uncertainty can be appreciated
when the data distribution shifts from the statistical distributions
of the training data. During these data distribution shifts, the
model’s predictions should be more uncertain. Thus, evaluating
confidence-based metrics (eg, negative log likelihood, Brier
score, static calibration error) in this scenario is an important
next step in answering whether the model’s uncertainty estimates
are responsive to a shift even when its class predictions are
unaffected, which is a desirable property in high-stakes or
safety-critical applications where knowing when not to trust a
prediction is as important as the prediction itself.

Once trust has been built, participants expressed a desire that
less interaction with the AI would be required, so it could fulfill
the participants’ hopes for AI to save time. To fulfill this, we
require a method of expressing confidence and uncertainty that
does not rely upon inspecting violin plots. To this end,
approaches such as conformal prediction should be explored as
a principled method to express these factors, which are important
for the context of trust. In conformal prediction, conformal sets
contain the predicted class labels with a mathematical guarantee
such that sets that contain more than one label, for
example,{depression, panic}, can be interpreted as being
uncertain [46]. Accordingly, the size of the prediction set can

drive a traffic-light trust indicator: singleton (green), multilabel
(amber), and abstention/empty (red).

The integration of free text in the dataset and as a model feature
will be another important next step. Architecting a hybrid model
that associates the text with the existing model’s tabular and
demographic data would bring closure to the issue of detecting
suicidality, subtle comorbidity, and patient voice in the patient
record. In addition, the severity of conditions expressed in text
may be taken into account. We plan to address this limitation
by seeking to add the free-text data to the dataset and building
a hybrid model, bridging the text and tabular data into a common
feature space for model processing.

Conclusions
This study supports the literature on AI trust by providing
insights into how clinicians form trust in AI tools within the
context of web-based mental health care. Trust was not given
unconditionally but developed over time through a process of
understanding, risk evaluation, and conditional reliance. This
journey mirrors the AI trust literature in which AI users
approach AI through trust heuristics [25] based on the alignment
between the perceived explanations and their mental models
[24]; ie, causability. Graphical explanations, especially
violin-plot probability distributions, were readily interpreted
and became the primary vehicle for intrinsic trust.

The explainability of the AI system played a critical role in this
trust journey, particularly when interpretability features matched
clinicians’ cognitive models and expectations. Trust was seen
as contextual [20]; strongest in low-risk, well-defined contexts,
and was contingent on safeguards and transparency.

As such, trust was constrained by three factors with varying
emphasis: (1) narrative data completeness (the absence of
free-text limited perceived safety), (2) causability (clinicians
would like an explanatory story, not correlations alone, but were
willing to trust the data); (3) external evidence (formal validation
metrics were still expected before full explicit trust would be
realized). However, once the contextual risk was appraised,
using the AI in the areas of trust was evident, leading to explicit
trust building in the screening domain.

For AI systems to gain broader acceptance in mental health
practice, they must not only be accurate but also interpretable,
context-aware, and subject to ongoing evaluation. Expanding
the types of patient data the AI can process—especially free-text
notes—could extend the boundaries of trust and enhance clinical
adoption.
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Abstract

Background: The growing prevalence of allergic diseases alongside a shortage of trained allergists creates significant challenges
in delivering timely care, especially for underserved populations. Telemedicine presents a promising solution, offering remote
care through digital tools. While telemedicine has been widely adopted in other fields, its use in allergy care remains underexplored.

Objective: This study aimed to assess the potential of telemedicine in managing allergic diseases by examining patient preferences
and experiences.

Methods: A survey of 27 questions was distributed to adult patients (>18 y) with allergic diseases attending the outpatient
allergy clinic at the Division of Allergy, University Hospital Basel, Basel, Switzerland, between May and August 2024. The
survey covered demographic information, prior use of telemedicine, and preferences for teleconsultation modalities. It also
assessed patients' willingness to share various types of clinical data, including images and written reports, and explored which
allergic diseases were considered appropriate for telemedicine.

Results: A total of 102 patients participated in the survey, with a mean age of 44.4 years (SD 16.7 y). For further analysis, the
patients were stratified into four age groups: 18‐34 years (36/102), 35‐49 years (26/102), 50‐64 years (31/102), and ≥65
years (9/102). Among them, 44% (41/94; P=.22) had previously used telemedicine services, with 34% (32/94; P=.04) specifically
using it for allergic diseases. When asked about consultation formats, 49% (49/100) of patients preferred in-person visits, while
41% (41/100) favored a hybrid model combining telemedicine and in-person care. Regarding telemedicine tools, 57% (51/89)
preferred telephone consultations with a doctor. Patients would use telemedicine preferentially for mild compared to severe
allergic diseases as well as for chronic compared to acute conditions. The spectrum of diseases for which patients would use
telemedicine comprised a wide range of allergic conditions, with allergic rhinoconjunctivitis (16%; 14/85), Hymenoptera venom
allergy (13%; 11/85), and food allergy/intolerance (13%; 11/85) cited most frequently. Only 7% (6/85) of patients indicated they
would not use telemedicine for any allergic disease.

Conclusions: This study emphasizes the growing adoption and importance of telemedicine in allergy care, with a significant
proportion of patients already having experience using it for managing allergic diseases. Patients’ inclination toward multiple
communication formats underscores the growing need for individualized management of allergic diseases.

(JMIR Hum Factors 2025;12:e75483)   doi:10.2196/75483

KEYWORDS

teleallergy; telemedicine; healthcare access; allergy management; teledermatology; synchronous communication; asynchronous
communication; digital health; allergy diagnosis; teleconsultation; healthcare technology; patient-centered care

Introduction

Challenges in Allergy Care
The increasing prevalence of allergic diseases, combined with
a persistent shortage of trained allergists, presents significant
challenges in delivering timely and accessible allergy care. This

issue is especially pronounced in underserved rural areas and
among vulnerable populations, such as older adults and those
with mobility impairments [1,2].

Allergic diseases encompass a wide spectrum of conditions,
from common diseases such as allergic rhinitis, eczema, and
food allergy, to rare and frequently severe disorders such as
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mastocytosis and hereditary angioedema. Despite their varying
severity, these diseases share the need for specialized expertise
and ongoing, long-term management [1,2].

Potential of Telemedicine
Telemedicine, particularly during the COVID-19 pandemic,
has emerged as a promising and cost-effective solution to
address these challenges, utilizing digital technologies to connect
patients with health care providers. It offers two primary modes
of communication: synchronous, where patients and providers
interact in real-time (such as video consultations) and
asynchronous, which allows communication at different times.
A widely used asynchronous method is store-and-forward
technology, where clinical data, such as images or medical
records, are uploaded in a digital patient folder for later review.
This approach has been particularly effective in teledermatology,
where visual assessments are crucial [3-5].

In addition to communication tools, various digital applications
and technologies are available to support health care
management, such as e-diaries (“digital companion”) that track
symptoms and therapy adherence, as well as electronic
prescriptions and appointment scheduling systems that
streamline health care processes [6].

While telemedicine is well-established in many medical
specialties, there is limited data on its application for patients
with allergies. In this study, we employed a patient-centered
questionnaire to evaluate the current use of telemedicine in
allergy care, to identify patients’preferred communication tools
and the specific allergic conditions for which they would be
open to using telemedicine.

Objective
This study aimed to assess telemedicine’s role in allergy care
by evaluating patient preferences, usage patterns, and conditions
considered suitable for remote management.

Methods

Study Design and Participants
To evaluate patient experiences and preferences with
telemedicine, we conducted a survey of 27 questions targeting
adult patients (over 18 y) with various allergic diseases prior to
their consultations at our outpatient allergy clinic. Exclusion
criteria included language barriers, cognitive impairment, and
lack of informed consent.

Inclusion and Exclusion Criteria
The questionnaire, developed in German, French, Italian, and
English, collected demographic data, educational background,
travel time to the nearest allergist, prior use of telemedicine
services, the extent of health insurance coverage for
telemedicine, and patients’ preferences regarding
teleconsultation modalities. It also explored which digital
communication tools and clinical data types (eg, images or
medical reports) patients were open to sharing. Furthermore,
the survey assessed which allergic diseases (categorized as mild

or severe and acute or chronic based on patients’ subjective
evaluation of their symptoms) patients considered appropriate
for telemedicine. Questions were formatted as binary responses,
multiple-choice items, visual analog scales (0‐10), and
open-ended text fields to capture comprehensive insights.

Statistical Analysis
To analyze the data collected through the questionnaire across
different demographic categories, the 102 patients were
categorized into four age groups: 18‐34 years, 35‐49 years,
50‐64 years, and over 65 years. For continuous variables such
as age, the mean and standard deviation were calculated, while
categorical variables are presented as absolute frequencies (n)
and percentages (%). Group differences in telemedicine usage

and preferences were evaluated using χ2 tests, with Bonferroni
correction applied to adjust the family-wise error rate in multiple
pairwise comparisons. Statistical significance was defined as a
two-sided P value <.05. All analyses were conducted using R
software (version 4.2.0; R Foundation for Statistical
Computing).

Ethical Considerations
The study was reviewed by the Ethics Committee of Northwest
and Central Switzerland (EKNZ). According to their assessment
(Ref: Req-2024‐00650), the project does not fall under the
Swiss Human Research Act, as only anonymized data were
processed, and therefore no formal approval was required.

Results

Demographics
Between May 29, 2024, and August 8, 2024, a total of 102
patients completed the questionnaire (mean age 44.4, SD 16.7
y). Age distribution was as follows: 35% participants (36/102)
were 18‐34 years old, 25% (26/102) were 35‐49 years, 30%
(31/102) were 50‐64 years, and 9% (9/102) were ≥65 years.
61% were women (62/102). Most of the respondents lived in
suburban areas with populations between 10,000 and 1,00,000
(37/101; 36%) or in rural areas with fewer than 10,000
inhabitants (36/101; 35%). Approximately, 57% participants
(58/101) reported a travel time of 10 to 29 minutes to reach an
allergist, and 49% (50/102) held a university or college degree
(Table S1 in Multimedia Appendix 1).

Experience With Telemedicine
44% of the respondents (41/94; P=.22) reported previous use
of telemedicine services. Prior telemedicine use was
significantly associated with age group (P<.001), as was prior
use of tele-allergy services (P<.001). The highest rate of
telemedicine use was observed in the 35‐49 age group (16/26;
62%), significantly higher than in the 50‐64 group (P<.001)
and the ≥65 group (P=.04) (Figure 1A). 39% patients (37/94;
P=.04) had used telemedicine specifically for allergy-related
care (Figure 1B). Prior tele-allergy use was significantly
associated with age group (P<.001), and was most frequent in
the 50‐64 age group (14/30; 47%), significantly more than in
the 18‐34 group and the ≥65 group (both P<.001).
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Figure 1. Patients’ experience and preferences in telemedicine. (A) Patients (%) with previous experience in telemedicine. (B) Patients (%) with
previous experience in telemedicine consultations for allergic conditions. (C) Patients (%) with insurance coverage for telemedicine. (D) Patients (%)
by preferred consultation method. Levels of statistical significance are indicated as follows: * P< .05; ** P< .01; *** P< .001.
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Awareness of Insurance Coverage
Uncertainty regarding insurance coverage for telemedicine was
high, with 71% (73/102) unsure about reimbursement. This
proportion was significantly greater than among those who
responded with “yes” or “no” (P<.001). Awareness differed by
age group (P<.001), with only 12% (3/26) of the 35‐49 age
group reporting uncertainty compared to all other age groups
(P<.001) (Figure 1C).

Preferences for Consultation Formats
49% respondents (49/100) preferred exclusively in-person
consultations (P=.04), whereas 41% (41/100) favored a hybrid
model (P=.07) compared to telemedicine. Age-related
differences in preference were significant (P<.001), with the
≥65 group being significantly less inclined to use telemedicine
than all younger groups (P<.001) (Figure 1D).

Preferred Telemedicine Communication Tools and
Consultation Formats
A significantly greater number of patients (70/92; 76%; P<.001)
expressed interest in sharing photos and images with health care
providers, whereas 61% patients (56/92; P=.01) preferred
sharing brief written reports (<5 pages) (Table S2 in Multimedia
Appendix 1).

A statistically significant association was observed between age
and the preference for sharing photos or brief written reports
(P<.001). All younger age groups showed a significantly higher
preference for these communication methods (P<.001) compared
to participants aged ≥ 65 years (data not shown).

The most favored telemedicine communication formats included
phone calls with doctors (51/89; 57%; P=.02). Asynchronous

modes such as email/chat with trained staff (27/89; 30%;
P=.002) or physicians (24/89; 27%; P=.0014), video
consultations with trained staff (33/89; 37%, P=.03), and digital
patient information like instruction videos (27/89; 30%; P=.002)
and symptom diaries (24/89; 27%; P=.0014) were significantly
less preferred. Of these, preferences for phone calls with doctors
differed significantly by age (P<.001). Only 4% (2/89) of
participants aged ≥65 endorsed phone calls this consultation
format, compared to those aged 18‐34 (P<.001) (data not
shown).

Allergic Conditions in Telemedicine
Telemedicine was considered especially helpful for managing
mild allergic conditions (70/100; 70%; P=.007) and chronic
conditions (48/100; 48%; P=.84), while considerably fewer
participants supported its use for severe (11/100; 11%; P<.001)
or acute conditions (27/100; 27%; P<.001).

Participants aged ≥65 were significantly less likely to consider
telemedicine appropriate for mild allergic conditions compared
to all younger age groups (Figure 2A).

For severe allergies, individuals aged 35‐49 reported a
significantly higher willingness to use telemedicine compared
to all other age groups (all P<.001) (Figure 2B).

For acute conditions, adults aged ≥65 again reported a
significantly lower willingness to use telemedicine compared
to all other age groups (all P<.001) (Figure 2C).

Regarding chronic diseases, patients aged between 18‐34
years, reported a significantly higher willingness to use
telemedicine compared to individuals aged 50‐64 and ≥65
(both P<.001) (Figure 2D).
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Figure 2. Patients’ willingness to use telemedicine based on the type of allergic disease. (A) Patients (%) willing to use telemedicine for mild allergic
diseases. (B) Patients (%) willing to use telemedicine for severe allergic diseases. (C) Patients (%) willing to use telemedicine for acute allergic diseases.
(D) Patients (%) willing to use telemedicine for chronic allergic diseases. Levels of statistical significance are indicated as follows: *P< .05; **P< .01;
***P< .001.
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The spectrum of allergic diseases for which patients would use
telemedicine encompassed allergic rhinoconjunctivitis (16.47%;
14/85), Hymenoptera venom allergy (12.94%; 11/85), and food
allergy/intolerances (12.94%; 11/85) as most frequent diseases,
followed by various less frequent allergic conditions
(Multimedia Appendix 2).

Only a minority of patients (7.06%; 6/85) indicated they would
not use telemedicine for any allergic disease (data not shown).

Discussion

Principal Findings
Our study demonstrates the increasing role of telemedicine in
allergy care. We found high adoption rates of telemedicine,
especially among younger patients, and a preference for hybrid
models that combine telemedicine with in-person consultations.
Telemedicine in allergy care is seen by patients as especially
useful for managing mild conditions.

Demographics
Demographic data on age and gender in allergy patient surveys
are limited, but our findings align with previous telemedicine
studies, showing a mean age of 44.4 years and a higher
participation rate among women [3]. The proportion of urban
residents in our cohort was slightly lower compared to data
from the Swiss Federal Statistical Office [7], likely due to the
lower density of allergists in rural areas, requiring travel to
urban centers for consultations [8].

Experience With Telemedicine
A high percentage of respondents reported using telemedicine
services (Figure 1), consistent with findings from other medical
fields [3,9]. This increased adoption of telemedicine in our
cohort may partly be explained by the higher educational
attainment often associated with higher usage rates [9]. Patients
aged 35‐49 years were the most frequent users of telemedicine
(Figure 1), aligning with previous research. Interestingly, those
aged 65 and older used telemedicine services more than those
aged 50‐65 years, suggesting an unmet need for digital health
services among older, potentially less mobile patients—a trend
also observed in other studies [10]. However, given the small
sample of patients aged 65 and older (9 patients), this finding
should be interpreted cautiously.

Although we could not determine the specific share of allergy
services within telemedicine offerings, allergy services were
not typically emphasized in studies assessing usage rates across
specialties [11]. The high utilization rates in our study may also
be influenced by selection bias, as participants were surveyed
in the waiting area of the outpatient allergy clinic.

Awareness of Insurance Coverage
Despite 29 of the 37 Swiss health insurance providers offering
telemedicine policies and basic insurance (OKP) covering
telemedicine services when proven effective, 71% (73/102) of
patients in our cohort were unaware of their coverage [12]. This
suggests an unmet need for allergy services, as many patients
may be paying out-of-pocket for telemedicine. On the other
hand, younger patients, who often opt for insurance plans with

higher deductibles, may find telemedicine more cost-effective
than in-person visits. This trend is likely influenced by the Swiss
health care system, which allows for flexible deductible options.

Older patients tend to prefer in-person consultations, likely due
to concerns about remote care quality, limited familiarity with
technology, and reliance on face-to-face interactions for building
trust [13,14]. In contrast, 41% (41/100) of all patients preferred
a hybrid model that combines telemedicine with in-person visits,
while only 8% (8/100) favored telemedicine exclusively. This
suggests that digital services are seen as complementary to,
rather than a replacement for, traditional in-person care,
enhancing access and alleviating pressure on health care systems
[4,9]. Younger patients (18‐34 y) preferred telephone
consultations, particularly when integrated with video or
in-person visits for comprehensive assessment. In contrast,
patients over 50 years favored video consultations by a doctor
(44%), likely due to their preference for face-to-face interactions
[5,15].

Digital health tools, including online appointment scheduling
and e-prescriptions, were widely embraced by patients aged
18‐49, indicating higher comfort with technology in these age
groups. However, adoption was lower among patients over 65,
likely due to barriers such as unfamiliarity with digital platforms
and concerns about data security [15-17].

The field of allergy care lacks substantial evidence on the most
useful communication types for telemedicine consultations [5].
In our study, most patients expressed interest in uploading
photos, a preference similar to findings from dermatology, where
visual information is crucial for remote consultations [4]. Over
half of the patients in our study preferred sharing detailed written
reports, reflecting the complex and heterogeneous nature of
allergic diseases, which may require more individualized data
exchanges.

Allergic Conditions in Telemedicine
Patients in our survey expressed a preference for telemedicine
in managing mild and chronic allergic diseases (Figure 2),
aligning with broader trends in telemedicine across specialties
[18]. While a small proportion of patients expressed concerns
about using telemedicine for severe allergic diseases, some
studies suggest that telemedicine can positively impact outcomes
for diseases like anaphylaxis by providing specific management
instructions [19]. However, telemedicine should not be
considered a substitute for emergency care. It can play an
important role in managing allergies, but cannot replace
emergency responses or in-person care. Given that many allergic
diseases are chronic and benefit from ongoing monitoring,
telemedicine represents an effective approach for long-term
management, a view that was supported by most participants
in our study.

Limitations
While our study offers valuable preliminary insights into
telemedicine use in allergy care, several limitations should be
considered when interpreting the findings.

First, the sample size of 102 participants, though sufficient for
initial exploration, limits the statistical power, particularly for
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subgroup analyses by diagnosis and age groups. The small
number of respondents aged 65 and older further restricts
conclusions for this demographic, which is particularly relevant
given their lower engagement with telemedicine.

Second, recruitment was conducted at a single center and
participation was voluntary, which may have introduced
self-selection bias. Individuals with a greater interest or
familiarity with digital health tools may have been more likely
to participate, potentially skewing the findings and limiting
generalizability to broader patient populations.

Third, the study population included both new and follow-up
patients. While this reflects real-world clinical diversity,
differences in experience and expectations between these groups

may have influenced their responses, particularly regarding
telemedicine preferences and awareness of insurance coverage.
To address these limitations, future studies should include larger
and more diverse samples across multiple sites.

Conclusion
In conclusion, our study highlights the growing role of
telemedicine in allergy care. High adoption rates, especially
among younger patients, suggest that telemedicine can
complement in-person care. Future retrospective research is
needed to refine teleconsultation strategies, enhancing diagnostic
accuracy, therapeutic effectiveness, and patient satisfaction,
thereby maximizing patients’ benefits from telemedicine in
allergy care.
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Abstract

Background: Artificial intelligence (AI)–driven mobile health (mHealth) apps are emerging as a promising tool for health
management, yet little is known about users’ psychological perceptions and attitudes toward these technologies. Understanding
these aspects is crucial for both the appropriate design and the effective use of these technologies, ensuring the psychological
and physical well-being of potential end users.

Objective: This study aimed to investigate the attitudes and perceptions of young adults toward a possible use of AI-driven
mHealth apps, focusing on the perceived benefits and potential concerns related to their future adoption.

Methods: A qualitative focus group methodology was used. Fifteen participants (12 men, 3 women; mean age 27 years, range:
25‐34 years) were recruited. Data were analyzed using thematic analysis to identify key themes influencing engagement with
these technologies.

Results: Four main themes emerged: “Usability,” which emphasized the importance of user-friendly, personalized experiences;
“Innovation and Reliability,” where participants expressed both enthusiasm and skepticism towards AI’s potential; “Affectivity
and Interaction with AI,” highlighting mixed opinions on the emotional impact of AI interactions; and “Perceived Risks,” which
focused on concerns regarding data privacy and the need for human supervision. These factors contributed to ambivalent attitudes
toward AI-driven mHealth apps, with some participants being open to adoption, while others remained cautious.

Conclusions: To foster greater engagement with AI-driven mHealth apps, developers should prioritize usability, trust, emotional
support, and privacy issues, considering users’ psychological needs and expectations. The findings offer valuable insights for
designing more user-oriented mHealth solutions. Further research should explore how perceptions evolve with direct experience
and long-term use.

(JMIR Hum Factors 2025;12:e76075)   doi:10.2196/76075

KEYWORDS

AI-driven mHealth apps; user attitudes; thematic analysis; perceived risks; usability; innovation and reliability; emotional
interaction; privacy concerns; mobile health; artificial intelligence

Introduction

In recent years, the rapid advancement of artificial intelligence
(AI) has had a profound impact on various sectors of society,
shaping industries, decision-making processes, and everyday
experiences [1-3]. One of the most significant developments
has been the rise of generative AI models, such as ChatGPT,
Midjourney, and Gemini, which have gained widespread
attention for their ability to generate human-like text, images,
and other creative outputs. This rapid proliferation of AI-driven
tools has sparked discussions about their integration into
multiple aspects of daily life, from education and entertainment
to professional services and health care [4].

Among these domains, health care has emerged as a particularly
critical area for AI innovation, with growing interest in
leveraging AI technologies to improve medical diagnostics,

treatment recommendations, and patient support systems [5-7].
A specific and increasingly relevant subset of AI applications
within health care is mobile health (mHealth) [8]—digital
platforms designed to support health-related services and patient
engagement via smartphones and other mobile devices. mHealth
apps have gained popularity due to their accessibility and
convenience, enabling users to track their health metrics, receive
medical advice, and engage with health care providers remotely
[9].

The integration of AI into mHealth apps is gaining momentum
as developers seek to enhance functionalities through
AI-powered tools, such as chatbots for patient interaction,
symptom checkers, and personalized health recommendations
[10,11]. In this context, AI-driven mHealth apps—defined as
mHealth platforms that integrate AI-based tools to process health
data, provide interactive support, and deliver tailored
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recommendations [8]— are emerging as a new frontier in digital
health care. However, given the current state of development,
only a small number of users have had a direct experience with
these beta versions that incorporate AI-driven features. This
limited exposure reflects the early stages of these apps and the
challenges in widespread implementation. Despite this
momentum, the introduction of AI in such a sensitive domain
as personal health management raises several concerns and
uncertainties [12,13]. Unlike traditional health care solutions,
AI-driven mHealth apps rely on machine learning algorithms,
raising concerns about privacy, security, transparency, and
potential biases. While these technologies offer promising
advancements, current discussions in the literature and public
discourse reveal a landscape marked by both enthusiasm for
innovation and apprehension regarding ethical, technical, and
social implications [14,15].

One of the key gaps in the literature concerns the public
perception toward the integration of AI within mHealth apps.
While previous studies have explored the technical feasibility
and the general acceptance of AI in health care settings,
including hospitals and clinical diagnostics, there is limited
research focusing specifically on mHealth apps incorporating
AI-powered tools—such as interactive chatbots handling
personal data and health-related information—and the way
everyday users perceive their benefits and risks [16-18]. Given
that these apps are designed to operate in highly personal and
private contexts—potentially serving as a first point of contact
for health-related inquiries—it is crucial to explore what
expectations, concerns, and attitudes individuals hold toward
them, even in the absence of direct experience or exposure to
these tools, and what factors influence their acceptance or
skepticism [19]. Unlike AI adoption in traditional medical
environments, where health care professionals act as
intermediaries, mHealth AI tools are envisioned to function
autonomously, making user trust and acceptance even more
critical key factors to investigate [20].

Existing research on AI acceptance has examined factors like
trust, perceived usefulness, and data privacy concerns
[12,14,21], but studies specifically addressing these aspects
within mHealth apps remain limited. Given the relatively early
stage of AI implementation in mHealth, understanding public
attitudes is crucial for shaping ethical, effective, and
user-centered AI applications in health care. Issues related to
data privacy, trust in AI-generated recommendations [12],
potential biases in AI algorithms [19], and the perceived
reliability of AI-driven health tools remain underexplored in
relation to users’ willingness to adopt such innovations [6].

Given the novelty of AI integration in mHealth, this study
specifically examines young adults (25‐35 years old) as a
strategically relevant demographic. This cohort represents both
the primary users of digital health technologies [22-24] and
digital natives who are more likely to engage with emerging AI
interfaces compared with older aged groups [25,26]. Focusing
on this population helps minimize age-related technology
adoption biases that might confound perceptions in older groups,
while providing insights from individuals most likely to shape
early adoption patterns.

Against this backdrop, this study aims to explore the key factors
shaping individuals’ attitudes toward the integration of AI tools
within mHealth. Specifically, it investigates perceived risks,
doubts, and concerns, as well as potential benefits and
innovations that users associate with AI-powered health
technologies.

The remainder of this article is structured as follows: the next
section outlines the materials and methods used in this study,
detailing the research design, data collection process, and
analytical framework. This is followed by a comprehensive
presentation of the results, highlighting key findings related to
public perception, concerns, and expectations. The discussion
section then interprets these findings in the context of existing
literature, drawing comparisons with previous studies and
identifying potential implications for developers, health care
professionals, and policymakers. Finally, the conclusion
summarizes the primary insights derived from this research and
outlines possible directions for future studies in this rapidly
evolving field.

Methods

Study Design
The study used a qualitative research approach based on focus
group discussions. Two focus groups were conducted in January
2025 to explore participants’ perspectives, experiences, and
opinions on the topic. Focus groups were chosen as they foster
discussion, allowing for the emergence of insights that might
not surface in individual interviews [27]. This format enables
participants to engage with one another, facilitating a more
comprehensive understanding of shared and divergent
viewpoints [28,29].

Ethical Considerations
The study design, procedures, and informed consent form were
evaluated and approved by the local commission for
minimal-risk studies of the Psychology Department of the
University of Milan-Bicocca (protocol number RM-2024‐854).
Participants did not receive any compensation for their
involvement.

Study Participants
The study involved 15 participants (12 males and 3 females)
aged 25 to 34 years old. The first focus group included 7
participants (6 males and 1 female) aged 25 to 28 years old,
while the second group consisted of 8 participants (6 males and
2 females) aged 25 to 34 years old. Participants were selected
through a snowball sampling method via messaging apps (eg,
WhatsApp [Meta]) to ensure diversity while maintaining
relevance to the research topic. Each session lasted
approximately 120 minutes.

Eligibility criteria required participants to: (1) be young adults
or digital natives (18-35 years old), (2) have varying levels of
familiarity with mobile health (mHealth) apps and AI, assessed
through a preliminary question during recruitment, and (3) be
over the legal age. The participants were evenly distributed
between the 2 groups based on their levels of familiarity with
and usage of mHealth apps and AI, in order to create as
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homogeneous groups as possible and encourage a more
productive discussion.

While recruitment efforts sought a balanced sample, the final
composition resulted in a gender imbalance (12 men vs 3
women), primarily due to participant availability and recruitment
challenges. This limitation is further addressed in the discussion
section, where its potential impact on the findings is considered,
along with other constraints of this study.

Procedure
Each focus group followed a structured discussion guide to
ensure consistency while allowing for open-ended exploration
of key themes. The sessions were moderated by a researcher
and lasted approximately 120 minutes. The focus groups were
conducted remotely via WebEx, ensuring accessibility for all
participants.

At the beginning of each session, participants were welcomed
and thanked for their participation. The moderator briefly
introduced himself and provided an overview of the study’s
objectives. A general definition of mHealth apps was presented,
outlining their main types and uses. The concept of a focus
group was explained, including its purpose and ground rules,
such as mutual respect, open expression of opinions, and the
absence of right or wrong answers. Participants were reassured
that their insights were valuable and encouraged to share their
perspectives freely.

To create a comfortable and engaging atmosphere, the discussion
began with an icebreaker activity, where participants introduced
themselves by sharing their names, age, and professional
background. This step aimed to foster interaction and establish
a collaborative dynamic. The discussion proceeded with a series
of structured interactive exercises. First, a free association
exercise (mHealth apps), in which participants were asked to
list 3 words that came to mind when thinking about mHealth
apps. Their responses were visualized in a word cloud using
Mentimeter. Each participant then explained their choices, and
an open discussion followed to explore shared and contrasting
views. Second, anchored association exercise (mHealth apps
and AI); the previous exercise was repeated, this time focusing
on AI-driven mHealth apps. Participants provided 3 words,
which were compiled into another word cloud. The discussion
centered on emerging themes and differences in perception
between traditional and AI-enhanced mHealth apps. Third, a
role-playing scenario (using an AI-integrated mHealth app),
where participants were asked to imagine using an AI-integrated
mHealth app and to identify one advantage and one disadvantage
of such technology. Their responses were collected, and a group
discussion was conducted to explore the potential benefits and
challenges of AI in health care apps. Fourth, preferred
communication style for AI chatbots; participants described
their ideal AI chatbot communication style by selecting three
descriptive words, which were visualized in a word cloud. They
then explained their choices, leading to a broader discussion on
expectations and preferences regarding AI-driven health
communication. Fifth, ranking exercise (AI chatbot
communication features), in which participants were asked to
rank the words from the previous exercise in order of
importance, reflecting their priorities for chatbot interaction.

The final group ranking was analyzed collectively, and
participants shared their reflections on the results. The focus
groups concluded with a summary of key discussion points,
followed by a debriefing on the study’s objectives and the
intended use of the collected data. Participants were invited to
ask any final questions or provide additional comments before
the session ended.

Data Analysis
The 2 focus group sessions were audio-recorded and
subsequently transcribed. The transcripts were analyzed
qualitatively using inductive thematic analysis, following the
6-phase approach outlined by Braun and Clarke [29]: (1)
familiarizing with the data, (2) generating of initial codes, (3)
searching for themes, (4) reviewing themes, (5) defining and
naming themes and, (6) producing the report. This analytical
approach is inherently recursive rather than strictly linear,
allowing for flexibility in revisiting and refining earlier phases
as new insights emerge. Thematic analysis was chosen as it
enables an in-depth exploration of participants’ perspectives,
capturing both shared viewpoints and individual divergences,
thereby facilitating a nuanced understanding of the topic under
investigation.

To ensure a rigorous and unbiased analytical process, 2
researchers independently reviewed the transcripts multiple
times, noting initial impressions and generating preliminary
codes. This parallel approach was intended to minimize
researcher bias and provide a broader interpretative perspective.
The degree of agreement between the 2 researchers was
calculated directly, resulting in an agreement rate of
approximately 82.76%, indicating a very high level of
consistency. After calculating the agreement, the researchers
presented their identified codes, explaining the rationale behind
their choices and highlighting areas of consensus and
divergence. Through discussion, they worked toward a shared
interpretation, reconciling differences where necessary. This
collaborative process enabled the researchers to refine the
thematic structure, identifying the main themes for the thematic
analysis.

Once the themes were clearly defined and named, representative
verbatim excerpts were selected and organized in a table,
alongside their corresponding codes and main themes. Data
were analyzed in their original language to preserve participants’
intended meanings, while coding and theme development were
conducted in English. The selected transcript examples were
translated into English for reporting purposes.

Results

Overview of the Findings
The participants were divided into the 2 groups considering
their levels of familiarity with and usage of mHealth apps and
AI. Specifically, 8 out of 15 (mean 53.3%, SD 12.9%) reported
frequent use or a positive attitude toward mHealth apps, while
7 out of 15 (mean 46.7%, SD 12.9%) used them less often or
not at all. Similarly, all participants had used AI at least once,
with 9 out of 15 (mean 60.0%, SD 12.6%) being frequent users,
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while the remaining 6 (mean 40.0%, SD 12.6%) used AI
sporadically or were opposed to it.

Four themes were identified in relation to the research question:
“Usability,” “Innovation and Reliability,” “Affectivity and
Interaction with AI,” and “Perceived risks.” The “Usability”
theme included 3 subthemes: personalization, accessibility and
cost, and AI communication style. The “Innovation and
Reliability” theme encompassed subthemes related to reliability
and understanding, perceived innovation and trust in technology,

and use as a monitoring tool. The “Affectivity and Interaction
with AI” theme explored the emotional and interactive dynamics
with AI, with subthemes of psychological impact and human-AI
interaction. Finally, the “Perceived Risks” theme addressed
concerns about data privacy and management, the need for
human supervision, and uncertainties surrounding the use of AI
in mHealth apps, with subthemes including privacy and data
security, human oversight and control, and uncertainty and
knowledge gaps (refer to Table 1 for a brief description of the
themes and subthemes).

Table . Summary of the themes and subthemes that emerged from the thematic analysis.

DescriptionThemes and subthemes

This theme addresses how participants perceive the features of mHealtha

apps with AIb, focusing on aspects like personalization, accessibility, and
AI communication style.

Usability

The extent to which AI adapts to individual needs, progress, and personal
data, offering tailored support and interactions.

    Personalization

Reflections on how easy it is to access and use these apps, along with
considerations of their affordability.

    Accessibility and cost

Preferences regarding the tone, manner, and ideal interaction style of the
AI when addressing users.

    AI communication style

This theme explores the level of trust participants have in mHealth apps
with AI, their perception of innovation, and how these technologies are
used.

Innovation and Reliability

How reliable participants perceive AI to be in providing accurate and
useful responses.

    Reliability and understanding

How participants perceive AI as either a necessary advancement or a
technology to be approached with skepticism.

    Perceived innovation and trust in technology

Reflections on the role of mHealth apps with AI primarily as tools for
tracking personal health data.

    Use as monitoring tool

This theme examines the emotional dynamics, uncertainties, and interac-
tions between users and AI in mHealth apps.

Affectivity and Interaction with AI

Emotions evoked by interacting with an AI chatbot in a health context,
including motivation, anxiety, trust, and skepticism.

    Psychological impact

Reflections on the comparison between AI chatbots and human operators,
highlighting the advantages of personalization and constant availability,
but also the need for human interaction for trust and understanding.

    Human-AI interaction

This theme addresses concerns related to data privacy, the need for human
oversight, and uncertainties regarding the use of AI in mHealth apps.

Perceived Risks

Concerns about who manages the collected data, the level of access AI
has to personal information, and the differences between traditional health
apps and those with AI.

    Privacy and data security

The need for human oversight to ensure safety, particularly in managing
sensitive health data and situations.

    Human supervision and control

Difficulties in understanding how AI-powered apps work, concerns about
the technology, and broader issues such as environmental impact.

    Uncertainty and knowledge gaps

amHealth: mobile health.
bAI: artificial intelligence

Usability

Overview
Participants emphasized the practical advantages of AI-driven
mHealth apps, particularly their precision, ease of use, and
ability to deliver personalized, real-time support that enhances

user experience. In addition, affordability was identified as an
important factor that might influence the adoption of such
technologies. However, opinions diverged regarding the
preferred communication style, with some imagining a
preference for a formal and direct approach, while others
anticipated a more friendly and engaging interaction.
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Like, just thinking about AI doing an initial screening
for acceptance—it could speed things up. Or you ask
it something, and it gives you an answer in 30 seconds
instead of having to book an appointment six months
later. But that’s only if it’s really accurate. I don’t
know, maybe for very basic things. I’m not sure where
the line is between what you can actually ask a
chatbot in an app and what really needs a doctor in
a proper visit. [Female #1]

So, it turns out to be more precise and easier to use
compared to a regular app—more targeted and more
user-friendly. I think this would make people more
likely to use it. [Male #8]

Artificial intelligence offers more engaging
suggestions compared to a regular application that
lacks this feature. [Male #10]

Subtheme 1: Personalization
A major perceived advantage of AI-driven mHealth apps was
thought to be their ability to provide a highly personalized
experience. Participants highlighted the value of dynamic
personalization, imagining apps that refine recommendations
based on progress and align with individual needs and goals to
enhance engagement. This dynamic personalization was
considered a key differentiator from traditional mHealth apps.

Personalization is the key because, imagining this
app, I see a section where I can specify my interests,
what I enjoy doing, and my goals. […] In my view,
the main advantage of artificial intelligence in this
context is a better match between user interests and
objectives […] For example, I imagine an app that
suggests hiking trails—places I wasn’t aware of but
that, thanks to artificial intelligence, it can
recommend based on my activity level and the
preferences I’ve set. [Male #7]

The ability to customize a tool definitely adds
value—it can do the work for us, access more data,
process it, and provide what I’d consider a better
answer. [Female #2]

Subtheme 2: Accessibility and Cost
Participants valued the immediacy of AI-powered responses,
considering them a key advantage for health and fitness
management. However, some raised concerns that the speed of
response might compromise the depth and accuracy of the
provided insights. Given these potential limitations, participants
agreed that these services should ideally be financially
accessible, ensuring that they could remain a cost-effective
alternative to professional consultations.

The cost is a concern—it shouldn’t be more expensive
than consulting a nutritionist, that’s for sure. [Male
#9]

The ability to receive immediate information is always
a strong point. [Male #2]

Speed is crucial—the fact that I don’t have to wait
for a human response would be a fundamental
advantage. [Male #7]

Subtheme 3: AI Communication Style
There was no consensus on the preferred communication style
for AI-powered chatbots, which are considered a key tool for
the envisioned AI-driven mHealth apps in this study. Some
participants favored a pragmatic, direct approach—emphasizing
clarity and efficiency in responses—could be more effective.
Others preferred a friendlier, more conversational tone, which
might be preferable, especially when discussing sensitive
health-related topics, where the ideal tone might depend on
context. While a professional, detached tone could enhance
credibility in medical discussions, a warmer and more engaging
approach could be better suited for fitness or lifestyle guidance.

It should be pragmatic—it needs to provide concise
and direct answers to the issues I bring up. [Male
#10]

(it should be) Formal and straightforward, because
I’m not looking for casual chat or small talk. If I use
an app or chatbot, I don’t need friendliness—I just
want something fast, efficient, and simple, without
being overly technical. [Female #1]

I don’t think I’d want a friendly interaction. In fact,
that kind of interaction bothers me. [Male #12]

I’d like the chatbot to address me in a friendly
manner, but not as if it were a doctor or an ultimate
expert trying to teach me how to live. [Male #4]

Whatever role this bot is designed to take on, I believe
each role requires a different communication style.
If it is meant to provide medical advice, it should, like
human doctors, maintain a professional and detached
approach to preserve its credibility. [Male #1]

Innovation and Reliability

Overview
Participants expressed mixed opinions regarding the reliability
of AI-driven mHealth apps, particularly in terms of the accuracy
of the information these apps might provide. While some
recognized their potential, others emphasized the need to verify
AI-generated insights before relying on them. Trust in AI
technologies varied among participants, with some seeing it as
an intriguing and potentially valuable tool for health
management, while others remained skeptical about their
consistency and applicability across different health-related
contexts.

I don’t mind if the app has a deeper understanding
of me—this doesn’t scare me; on the contrary, it
intrigues me. In a way, it even adds a bit of creativity
to using the app. [Male #11]

How reliable is the information provided by artificial
intelligence? It might be useful in certain areas, but
I’m not sure it’s equally reliable across all
applications. [Male #3]

Subtheme 1: Reliability and Understanding
A recurring concern among participants was the degree of trust
they might place in AI-generated responses. While some
recognized advancements in AI technology, they remained
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cautious about the possibility of errors or misleading
recommendations. Several participants highlighted that the
reliability of these apps could depend on the sophistication of
the AI model used, acknowledging the significant progress made
in 2025. Despite these improvements, many participants
indicated that they would still prefer consulting a human expert,
particularly when dealing with complex or highly personalized
health concerns—a topic that will be further explored in relation
to theme 4: perceived risks, subtheme 2: human supervision
and control.

A chatbot can make serious mistakes. Trusting a bot
instead of a human is risky—of course, humans can
also make errors, but a person can look you in the
eye and read between the lines, whereas a bot
operates in a more uncontrolled manner. [Female #2]

The risk is that it might promote certain behaviors
that are not suitable for everyone. [Male #12]

The chatbot’s level is important. If we’re talking about
something as advanced as ChatGPT or Gemini, I
think we’ve reached a very high standard by 2025.
[Male #9]

Subtheme 2: Perceived Innovation and Trust in
Technology
Participants expressed divergent views on the role of AI in
health care, oscillating between enthusiasm for its potential and
skepticism about its long-term impact. Some perceived AI as a
temporary trend, doubting that its applications would
revolutionize health management in a meaningful way. Others,
however, regarded AI as an evolving tool with growing
significance, predicting that it would become increasingly
integrated into daily life and professional settings.

I wrote down “innovation” and “trend” … But to be
honest, I have some doubts about calling it
“innovation”—I see it as more of a trend, in my
opinion. [Male #5]

I don’t agree with calling it a trend. Even though AI
is experiencing a huge boom right now, it’s being
used everywhere, and I don’t think it’s just a passing
fad. I believe AI is here to stay, to improve further,
and, in a way, to increasingly permeate our lives.
[Male #4]

Subtheme 3: Use as Monitoring Tool
One of the most frequently mentioned applications of AI-driven
mHealth apps was their role in health monitoring, with
participants seeing AI tools as a way to enhance traditional
mHealth apps they were already familiar with. These apps were
envisioned as valuable for tracking health parameters like
medical health, sleep patterns, nutrition, and physical activity,
offering the ability to record, manage, analyze, and visualize
personal data, especially when combined with AI-driven
personalization and real-time feedback.

What I like most about these apps [traditional
mHeatlh apps] is their ability to track progress. It’s
not so much about receiving notifications to remind
me to move […] I would appreciate If they provided

me an overview of how things have been going over
time—whether there have been improvements or
declines. [Male #11]

I used an mHealth app for running, mainly for
tracking my progress. […] If the app included also
an AI chatbot that guides my training and suggests
specific workouts it would be even easier. [Male #5]

The fact that an app can monitor my physical
condition, diet, and habits is really convenient. I can
see changes over time and adjust my habits
immediately. [Male #4]

Affectivity and Interaction With AI

Overview
The focus groups highlighted various concerns and reflections
regarding the psychological implications of interacting with
AI-driven mHealth apps, especially if chatbot-based
consultations were to replace human specialists. Participants
expressed mixed feelings about this potential shift, recognizing
both potential benefits and drawbacks.

Anxiety and motivation go hand in hand. I haven’t
used these apps [mHealth traditional apps] much,
but when I did, they always started with motivation
but ended up making me anxious. [Male #2]

If it’s about something sport-related—like asking the
chatbot how many kilometers I should run to train
for something—that’s fine. But if it’s a deeper
health-related conversation about symptoms or
medical issues, it would feel strange to discuss it with
a chatbot. I would find it a bit distant. [Female #1]

Subtheme 1: Psychological Impact
From an emotional perspective, participants described a range
of potential psychological effects associated with these apps.
Some raised concerns about increased stress levels, particularly
due to frequent health-related notifications, which could
inadvertently heighten anxiety rather than alleviate it.
Participants also raised concerns about how AI-generated
recommendations might affect motivation and emotional
well-being, suggesting that the absence of human interaction
could reduce accountability or increase stress in some users.
Conversely, several participants viewed AI-driven support as
an opportunity for greater personal empowerment. In this regard,
they suggested that receiving recommendations from an
app—without the perceived pressure of a direct human
interaction—might foster a sense of autonomy and reduce stress.

I already don’t sleep much. If I had an app telling me
“It’s 8 PM, time to go to bed,” I’d get even more
anxious, and, in the end, I’d probably stay up until 3
AM. [Female #3]

My fear is that if this AI provides recommendations,
support, and guidance, I might lose
autonomy—especially regarding diet and exercise.
Since the chatbot is always available, it’s different
from dealing with a professional. [Male #11]
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Thinking of something that is a pro and con at the
same time... For example, besides sports, another
thing mentioned earlier is the area of diets, meal
plans, etc. Maybe you don’t feel the anxiety of saying,
“Oh no, I didn’t stick to this,” if you just report it to
an app. Indicating that you didn’t meet a certain goal
doesn’t come with the fear of judgment or reactions.
[...] But the downside is that you might lack some
motivation, because you think, “Who cares if I write
on my phone that I binged on sweets?”—compared
to having to admit it to a real person, like a
professional you’re seeing. [Female #1]

Subtheme 2: Human AI Interaction
The nature of the interaction between humans and AI was
another key theme that emerged. Some participants reported
that chatbot-based consultations could potentially lack warmth,
emotional support, and the relational aspects that characterize
human interactions, particularly in health care settings. This
perceived absence of a human element was viewed as a
limitation, potentially reducing the effectiveness of AI-driven
consultations. However, others saw the use of AI as an
advantage, as it might provide a neutral and judgment-free
environment for discussing personal or sensitive health concerns.
In this sense, rather than creating a sense of detachment,
AI-driven apps could offer a new and alternative way of
engaging with health-related issues.

The real loss would be the human element—the fact
that we would be handing over this work to something
that isn’t human. [Male #5]

If I imagine consulting a human—a doctor or a
nutritionist—they can provide reassurance and
emotional support. I’m not sure a chatbot could offer
the same kind of relational interaction. [Male #11]

There are now online platforms offering certified
psychotherapy sessions. On one hand, these services
involve professionals, but on the other, the screen can
be both a barrier and a tool that helps people open
up. [Female #2]

Perceived Risks

Overview
The adoption of AI-driven mHealth apps could bring various
uncertainties that would need to be addressed before these
technologies can become widely implemented with minimal
risks to users. Among the most prominent concerns raised during
the focus group discussions were issues related to data privacy,
the potential need for human oversight, and broader knowledge
gaps regarding AI’s role in health care.

The risk is that the app might promote behaviors that
are not suitable for all individuals or body types and
fail to acknowledge differences. [Male #12]

The issue of privacy is significant. How much data
do I have to provide to get a personalized AI-powered
service? That’s something I worry about. [Female
#2]

Subtheme 1: Privacy and Data Security
A significant portion of participants voiced concerns regarding
the collection and management of sensitive personal data,
particularly health-related information. They questioned the
extent of the data being requested, the entities responsible for
processing it, and the specific purposes for which it might be
used. Some participants advocated for state or governmental
oversight of data management, believing that public regulation
would provide greater protection than private organizations.
However, a shared expectation across the discussions was the
need for transparency in data handling. Participants emphasized
that sensitive health data should not be exploited for commercial
purposes, such as market profiling.

Speaking of privacy, I remember an incident—last
year, I think—in the United States. In some states
where abortion had been made illegal, women using
period-tracking apps found out that their sensitive
data had been sold. That’s definitely worrying.
[Female #3]

In my opinion, the data shouldn’t be, let’s say,
managed by private companies, but by the national
healthcare system. So, basically, the management
should be as state-run as possible. [Female #2]

Privacy is a big concern. You hear people talking
about it—what happens to our data when we use these
apps?. [Female #1]

Subtheme 2: Human Supervision and Control
Many participants agreed that AI-driven mHealth apps should
be envisioned not as standalone tools but rather as
supplementary aids under the guidance of health care
professionals. These apps were viewed as potentially useful in
assisting specialists but not as substitutes for expert judgment.
The presence of a medical professional was regarded as crucial
to ensure the accuracy of recommendations, assist users in
interpreting AI-generated advice, and safeguard sensitive data.

Losing the human element is dangerous, especially
in healthcare. I would feel more comfortable talking
to a doctor who can guide me through my health
journey. [Male #5]

As long as there is human oversight, AI in these apps
is fine. [Female #3]

Subtheme 3: Uncertainty and Knowledge Gaps
The discussions also highlighted various uncertainties and
knowledge gaps surrounding AI technology and its integration
into health care applications. Participants expressed uncertainty
about how well AI could handle the complexity of health-related
issues, particularly when distinguishing between everyday
concerns and more serious conditions. They also raised
unexpected but resonant concerns about the long-term
implications of widespread AI adoption, such as its
environmental footprint.

For very basic issues, AI might work. But where is
the boundary between what a chatbot can handle and
what requires a real doctor’s visit? [Female #1]
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I think the risk of errors decreases over time, but
another concern that hasn’t been mentioned is the
environmental impact. AI consumes a huge amount
of energy, and if we start using it for everything,
including these apps, we might face sustainability
issues. [Male #7]

Discussion

This section presents the principal findings regarding
individuals’attitudes toward AI-driven mHealth apps, followed
by a discussion contextualizing these results within existing
literature. Both consistencies with previous work and novel
insights from the study are highlighted, followed by an
examination of the limitations and suggestions for future
research directions.

Key Findings
This study explored how potential users perceive and anticipate
AI-powered mHealth applications, identifying key factors that
could influence usability, reliability, emotional interaction, and
perceived risks. The findings suggest that participants associated
personalization, accessibility, and data monitoring with
significant advantages, whereas primary concerns centered
around privacy, data security, and the reliability of AI-generated
information. In addition, aspects such as communication style
and the role of human interaction elicited mixed opinions,
highlighting an ambivalent attitude toward adopting these
technologies. These attitudes seemed closely linked to past
experiences, with factors like monitoring and cost being
evaluated through familiarity with traditional mHealth apps,
while aspects like speed and automation were framed within
broader AI-related expectations.

Participants appreciated the potential accuracy and adaptability
of AI-driven mHealth apps, recognizing their ability to enhance
user experience through tailored recommendations and real-time
updates. However, preferences regarding AI’s communication
style varied: while some users favored a clear and professional
tone, others found a more friendly and engaging approach to
be more effective. To accommodate this diversity, app
developers could consider integrating customizable tone settings
or adaptive algorithms that adjust communication style based
on user preferences or behavior [30,31]. Furthermore, despite
acknowledging the accessibility and cost-effectiveness of these
technologies, some participants expressed concerns about the
quality and depth of AI-provided responses compared to
professional consultations. This highlights communication style
as a key design consideration and suggests that tone flexibility
may improve user comfort and engagement.

Reliability emerged as another critical issue. While some
participants viewed technological advancements as a positive
factor, many emphasized the need to verify AI-generated
information before fully relying on it. This concern reflects
broader uncertainties about AI’s role in health management,
balancing its potential as a supportive tool with skepticism about
its ability to replace human judgment, particularly in complex
or sensitive situations.

Given the novelty of AI-driven mHealth apps and the limited
direct experience with these tools, participants’ attitudes were
largely shaped by past interactions with traditional mHealth
apps for certain factors (eg, monitoring and cost) and by their
broader knowledge or experiences with AI for others (eg, speed
and automation). This suggests that their perceptions stem from
an attempt to integrate these 2 reference points. Future research
could further investigate how these general attitudes develop,
whether certain factors weigh more heavily in shaping
acceptance or rejection, and what individual differences
contribute to the ambivalence observed in responses to these
emerging technologies.

Relation to Existing Literature
While very few studies have directly examined users’
perceptions of the risks and benefits of AI-driven mHealth apps
[8,32], existing research has explored related aspects by focusing
either on AI in health care more broadly or on the characteristics
and user expectations of traditional mHealth apps. Some findings
from these studies are consistent with those of this study,
whereas others reveal key differences that emerge when AI is
integrated into mHealth solutions.

Usability emerges as a key factor influencing attitudes toward
AI-driven mHealth apps, with personalization playing a
particularly strong role in fostering positive perceptions.
Participants anticipated AI’s ability to offer tailored
recommendations, real-time feedback, and enhanced
accessibility—features that, when combined with the
affordability of mHealth solutions (eg, diet planning or
personalized fitness programs), were imagined to make AI
integration particularly appealing. These findings align with
existing literature on user engagement in mHealth, which
emphasizes customization as a critical driver of adoption
[9,27,28]. However, this study also reveals a degree of
ambivalence: while many users envisioned AI as efficient and
convenient, others expressed uncertainty about its
communication style and interaction patterns. This variability
in perception suggests that attitudes are shaped not by direct
experience with these technologies but by an attempt to
extrapolate from existing knowledge of AI and mHealth.

The theme of innovation and reliability elicited mixed reactions,
with attitudes varying significantly based on users’ previous
knowledge of AI and mHealth apps rather than the actual use.
Some participants imagined AI as a natural progression in digital
health care, viewing it as a promising tool for health
management—an attitude that may reflect a form of
pro-innovation bias [33], where technological advancements
are perceived as inherently beneficial. Conversely, others remain
skeptical, particularly regarding the accuracy and reliability of
AI-generated recommendations. This skepticism appeared more
connected to general concerns about AI technology rather than
direct experience with AI-driven mHealth apps [12,21],
suggesting that participants’ attitudes reflected pre-existing
beliefs about AI’s trustworthiness rather than firsthand
interactions [10,34,35].

Reliability concerns also intersected with how users perceive
mHealth apps as a monitoring tool. While some individuals
expected AI-driven mHealth apps to enhance traditional tracking
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features through advanced data analysis and personalization,
others remained cautious about their role in delivering medical
advice. The qualitative data suggests that trust in AI-driven
recommendations depended more on participants’ general
exposure to AI-based tools rather than direct usage of AI-driven
mHealth apps. Participants familiar with AI-powered
technologies appeared more open to their guidance, whereas
those with limited knowledge expressed greater hesitation—a
dynamic consistent with patterns observed in AI adoption
literature [19,21,36]. These findings reinforce the notion that
trust in technology is not only shaped by technical performance
but also by users’broader conceptualizations, expectations, and
personal experiences of AI in different contexts.

The psychological and emotional impact of AI-driven mHealth
apps presents a particularly nuanced dynamic, as the same
features were imagined to elicit contrasting reactions among
different users. One central factor in this divergence was
human-AI interaction, particularly in hypothetical scenarios
where AI replaced direct human engagement. Some users
expected AI-based coaching to reduce social pressure, finding
it less intimidating than interactions with human professionals.
For them, AI was envisioned as a judgment-free space for
self-improvement, enhancing feelings of control and
autonomy—a benefit highlighted in studies examining
patient-clinician dynamics [37]. However, others express
discomfort with the absence of human empathy, speculating
that AI may fail to provide the emotional support and nuanced
understanding required in sensitive health-related contexts, as
noted in research on AI’s limitations in therapeutic settings [38].

This tension is closely connected to the broader discussion on
human supervision and control. Participants who are skeptical
of AI’s role in health care emphasize the need for human
oversight, particularly in situations where AI-generated advice
could have serious implications. This perspective aligns with
frameworks proposing hybrid human-AI systems [39], and is
supported by findings showing concerns about fully automated
health solutions in the absence of clear human intervention
mechanisms [40]. These observations collectively reinforce the
perspective that AI-driven medical solutions were imagined as
more readily accepted as assistive tools rather than autonomous
decision-makers [6,12].

Privacy concerns and data governance emerged as dominant
themes, revealing participants’ surface-level awareness of legal
risks surrounding sensitive health data management. While
users expressed concrete anxieties about data access controls
[18], storage security protocols, and risk-benefit tradeoffs of AI
convenience versus potential breaches, their understanding of
specific regulatory frameworks remained limited. This highlights
the need for clearer communication around data governance.
Developers could help bridge these knowledge gaps through
evidence-based user education strategies, such as (1) interactive
onboarding tutorials with just-in-time explanations, (2) “privacy
nutrition labels” for transparent policy summaries, and (3)
participatory consent processes that visualize data flows—all
proven to enhance comprehension and trust in health AI contexts
[41,42]. Critically, these approaches move beyond static
disclosures to dynamic, user-centered designs that align with
real-world decision-making needs [42]. These findings mirror

broader literature identifying privacy paradoxes in digital health
adoption [14], where expressed concerns often outweigh
practical protective behaviors. Notably, these apprehensions
coexisted with broader skepticism about AI’s reliability in health
care contexts, leading some users to stress the perceived
necessity of human supervision, framing it as both a quality
control mechanism and an ethical safeguard. This concern
permeated multiple discussion topics in the findings, suggesting
it represents a core barrier to trust in AI-driven health care tools.

This landscape of uncertainty spanned multiple
dimensions—both technical and conceptual. Participants
questioned not only how AI-driven systems function
algorithmically but also how they comply with existing
regulations, what monitoring systems are in place, and who
holds accountability for decision-making. Notably, these
knowledge gaps extended beyond core functionality to include
unexpected concerns, such as the potential environmental impact
of AI infrastructure. Although mentioned only once in focus
groups, this issue quickly resonated with other participants,
suggesting that ecological considerations (eg, energy
consumption of AI models [43]) may subconsciously influence
perceptions of mHealth solutions, even among users without
direct technical knowledge. Such broad uncertainty,
encompassing both technical and nontechnical factors,
frequently characterizes public reception of emerging health
technologies [18], particularly when transparency about
decision-making processes appears insufficient. These concerns
frequently translated into demands for clearer accountability
frameworks [44] and verifiable regulatory compliance [45], as
fundamental requirements for trust-building.

The analysis reveals that attitudes toward AI-driven mHealth
apps stem from multiple interconnected factors. These include:
(1) theoretical expectations about technical app characteristics
(eg, usability and personalization features), (2) individual
tendencies to trust or distrust technology, and (3) broader
ethical-legal concerns. Crucially, these factors do not operate
in isolation but interact dynamically, creating unique perceptual
configurations for different users. This complex interplay
ultimately determined the spectrum of observed
responses—from enthusiastic anticipation to cautious skepticism
or outright rejection.

Limitations
While this study provides valuable exploratory insights, several
limitations should be acknowledged. First, the gender imbalance
within the sample (12 men vs 3 women) may have influenced
the findings. Although existing evidence refers separately to
mHealth apps and to AI apps in health care, studies suggest that
gender can affect attitudes toward these technologies, and similar
dynamics may also apply to AI-driven mHealth apps. For
example, women tend to report higher health literacy and greater
concerns about privacy, while men may place more emphasis
on response efficacy and perceive these technologies as easier
to use [46,47]. This imbalance may have shaped the salience of
certain themes—such as emotional interaction, communication
style, and privacy concerns—highlighting the importance of
considering gendered perspectives when interpreting qualitative
findings [48]. Future research should therefore aim to achieve
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more balanced gender representation and could more rigorously
explore gendered dimensions by incorporating stratified
sampling strategies, gender-sensitive interview protocols, or
comparative analysis frameworks designed to detect
gender-specific themes [49].

Regarding the age distribution, the study focused on young
adults (mean age: 27 years; range: 25‐34 years), a demographic
that represents a particularly relevant target group for
AI-mHealth given their high engagement with digital health
tools and greater trust in AI technologies [22-24]. However,
this choice necessarily limits the generalizability of findings to
other age groups, whose needs, digital literacy, and expectations
may differ [50,51]. Future research could explore these
age-related differences through targeted sampling and
quantitative approaches. Finally, as an exploratory qualitative
study, the methodological approach is inherently limited by
potential group dynamics, such as dominant voices or social
desirability [52]. Future research could benefit from robust
mixed methods designs to address some of the limitations
mentioned earlier.

Conclusions and Future Directions
This study offers valuable insights into users’ attitudes toward
the potential integration of AI in mHealth apps, focusing on
key advantages such as personalization, accessibility,
cost-effectiveness, and their potential as monitoring tools that
leverage AI for tailored recommendations. The immediacy and
affordability of such apps were seen as notable benefits,
suggesting that they could make health management more
accessible compared with traditional professional consultations.
However, concerns about data management, transparency, and
users’ understanding of these technologies emerged as
significant barriers. Given the novelty of AI-driven mHealth
apps, many participants formed opinions based on general
perceptions of AI or traditional mHealth apps rather than direct
experience, highlighting a broader uncertainty about their
functionality and reliability.

Ambivalent attitudes were particularly evident regarding the
perceived reliability of AI-generated recommendations, the need
for human supervision, and the psychological impact of AI
interactions. These factors elicited mixed reactions, with
responses largely influenced by previous knowledge,

pre-existing opinions about AI, and attitudes toward digital
health tools. In addition, certain themes, although not central
to the main discussion, warrant further exploration. For instance,
a pro-innovation bias was observed in some users, indicating a
tendency to view technological advancements as inherently
beneficial. Furthermore, concerns about the environmental
impact of AI systems—though mentioned only
briefly—resonated with a broader segment of participants,
highlighting a potential influence on consumer attitudes.

Developers could focus on highlighting the positive aspects that
emerged in this study, such as the increased personalization
options offered by AI-driven mHealth apps, their
cost-effectiveness, and their strong monitoring capabilities for
health data. At the same time, they should address potential
risks or concerns, such as enhancing the clarity and transparency
of data management practices, particularly around privacy, and
ensuring systems of periodic human supervision. Furthermore,
developers could provide greater customization for those
ambivalent factors by allowing users to select the type of
interaction with the AI, adapting the intensity of interactions to
suit personal preferences—for example, adjusting the tone to
be more formal or informal, scientific or motivational, and so
on.

Future research should address the limitations of this study and
explore these underlying factors in greater depth. Using
quantitative or mixed-methods approaches could provide deeper
insight into the psychological and behavioral drivers that
influence attitudes toward the integration of AI in mHealth apps.
This would ultimately guide the development of more
user-centered and ethically responsible strategies for these
technologies, ensuring a vision that not only protects and
supports end users in the most comprehensive way possible,
but also addresses the delicate nature of health-related matters.
Furthermore, as AI-driven mHealth apps become more widely
available, longitudinal studies tracking user perceptions before
and after direct experience with such technologies could offer
valuable insights into the evolution of attitudes toward these
technologies over time [27,28]. Given the novelty of these
technologies, such contributions can make a real difference,
both in the academic landscape and in practical terms, by helping
design safer, more effective, and widely accepted AI-driven
mHealth apps that truly meet the needs of end users.
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Abstract

Background: Immune-mediated inflammatory diseases, such as rheumatoid arthritis and spondyloarthritis, pose challenges
due to recurrent flares and gaps in patient monitoring. Traditional health care models often fail to capture disease progression
effectively.

Objective: This study aimed to describes the structured cocreation of the IMIDoc platform, an interdisciplinary initiative aimed
at improving patient monitoring, education, and health care provider decision-making.

Methods: IMIDoc was cocreated through an interdisciplinary team involving clinical experts, biomedical engineers, and technical
developers, using user-centered design principles. The development process included the identification of unmet clinical needs,
user-centered app design, implementation of medication management features, patient data recording capabilities, and educational
content. A 3-month feasibility and functionality testing was performed to evaluate the usability and technical performance of the
apption.

Results: During the feasibility testing, 111 entries were logged for the patient mobile app, comprising 76 errors identified and
corrected, 16 improvements addressing functionality, usability, and performance, and 10 evolutionary suggestions. The professional
interface received 45 entries, identifying 40 errors and 5 evolutionary suggestions. Ten iterative updates significantly enhanced
the user interface intuitiveness and medication reminder functionality, aligning the solution closely with clinical workflows and
user needs.

Conclusions: The IMIDoc platform, developed by a multidisciplinary cocreation methodology, shows potential to improve the
management of immune-mediated inflammatory diseases ithrough enhanced communication and monitoring. A multicenter
clinical study with 360 patients across 5 Spanish hospitals will further evaluate its impact.

Trial Registration: ClinicalTrials.gov NCT06273306; https://tinyurl.com/4t6ubcsf
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Introduction

Immune‐mediated inflammatory diseases such as rheumatoid
arthritis (RA) or spondyloarthritis(SpA) are chronic diseases
characterized by joint or spinal inflammation with sporadic
flares, leading to significant functional impairment in affected
individuals [1,2]. Managing these diseases often involves
complex therapeutic regimens, necessitating close monitoring
and effective communication between patients and health care
providers to promptly identify changes in disease progression
or treatment-related concerns. Traditional care models, which
rely heavily on scheduled clinical consultations, may fail to
provide a comprehensive and continuous view of disease
activity, resulting in gaps in patient care [3].

Advancements in digital health technologies present promising
opportunities to enhance the management of immune‐mediated
inflammatory diseases. Telemonitoring, in particular, offers the
potential to bridge the gaps between face-to-face consultations
by enabling real-time disease activity tracking and facilitating
timely interventions during periods of disease instability [4].
Smartphone data collection offers enhanced research and clinical
care capabilities, notably with electronic patient-reported
Outcomes (ePROs) [5]. Such integration aims to optimize the
quality of patient care and facilitate effective communication
between health care professionals and their patients.

In this context, our research group designed the mixed care
model (MAM, from the Spanish Modelo Atencion Mixta), which
incorporates the use of information and communication
technologies, and also designed a previous pilot study called
Digireuma, with the goal of developing a digital health tool for
monitoring ePROs in patients with RA and SpA[6]. The
Digireuma study demonstrated that while remote monitoring
via digital tools could reduce the need for physical consultations,
challenges such as declining patient adherence, with around
half of the patients dropping out during the follow-up of 6
months, and usability issues (primarily related to the login
process), remained persistent. A targeted survey administered
at the study’s conclusion, gathering insights from both patients
and professionals, highlighted these challenges and helped
identify critical areas for improvement.

Based on previous results, the medical team decided to develop
a digital health solution specifically tailored to the needs of both
health care professionals and patients. Feedback indicated a
demand for reliable educational resources, leading to the
development of tailored modules incorporating interactive texts,
infographics, and videos created in collaboration with health
care professionals. To enhance adherence, the app integrates
personalized medication management tools with automated
reminders and scheduled messages for patients demonstrating
positive clinical evolution, thereby reinforcing a sense of
continuous clinical follow‐up. In addition, bidirectional

communication between patients and providers facilitates
real‐time feedback, ensuring that the solution effectively
bridges the gaps observed in previous digital health interventions
for RA and SpA.

In the current manuscript, we delineate the collaborative effort
among a clinical team, a group of biomedical engineering
experts, and a dedicated team of developers, in cocreating an
application tailored to the unique needs of patients with
immune‐mediated inflammatory diseases. Drawing upon
interdisciplinary expertise, their efforts culminated in the
IMIDoc app, an innovative digital health solution, which has
also led to invaluable insights and lessons for future
collaborative health-tech initiatives.

Methods

Development of IMIDoc
In the development of our digital health app, we adopted a
structured cocreation process encompassing 2 distinct phases.
The initial “planning phase” involved the clinical team
meticulously reviewing their previous experiences and
identifying prevalent unmet needs in disease management.
Concurrently, the clinical team engaged in a comprehensive
assessment of potential funding strategies. Then, preliminary
discussions with the engineers to outline the envisioned features
and functionalities were initiated. This process culminated in
the articulation of a clear statement of purpose. The subsequent
“development phase” involved the technical and development
teams, who adhered to Agile methodologies, fostering a dynamic
collaboration between clinicians and engineers [7]. Central to
this phase was a rigorous evaluation of pivotal factors
influencing technology selection, the formulation of user
profiles, as well as the definition and development of the
functionalities to be incorporated into the digital solution. In
addition, paramount attention was devoted to assessing the
correct functioning of the digital solution by end users through
pilot testing.

Planning Phase

Overview With the Developers and Statement of Purpose
Upon successfully securing a sustainable funding source, we
initiated consultations with several development teams,
leveraging our collaboration with the biomedical engineering
team from the Universidad Politécnica de Madrid. Following
a public tender process, the project was awarded to Kairos DS
[8]. During several collaborative sessions with Kairos DS, we
meticulously crafted a statement of purpose for our digital health
solution, including a description of its main functionalities and
features.
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Funding
To secure funding for a new medical app, efforts were
diversified across private funding contests, collaboration with
pharmaceutical companies [9,10], and exploration of public
grants focused on health care innovation [11], tapping into
multiple sources to maximize potential financial support.

Analysis of Previous Experience
An analysis of the previous remote monitoring experience, the
Digireuma study [6], was conducted. For this, semistructured
telephone interviews were conducted by an external expert with
a randomly selected subset of patients, in order to gain a
comprehensive understanding of user experiences, capturing
both the strengths and potential areas for improvement of the
application and implementation methodology. Clinicians who
participated in the previous project completed a questionnaire
to evaluate the usability of the medical interface, the usefulness
of the solution and its utility in medical practice. Further
information on these questionnaires can be found in Text S1
inMultimedia Appendix 1.

Development Phase
Throughout the development phase, interdisciplinary work was
shared among the clinicians, the technical software and
biomedical engineering team. This also involved intensive
dialogue among engineers and end-users, including both patients
and clinicians.

Due to the nature of the project, Scrum was adopted by the
development team and the product development stakeholders
[12]. This framework is based on small, iterative cycles or
sprints with each iteration adding value to the product, so that
corrective measures can be taken without compromising the
entire project [13].

An initial kick-off meeting between clinicians and the technical
team aimed at establishing shared objectives and product
expectations was held. The development schedule included 15
sprints, with each sprint ending with a review.

Definition of User Profiles and Functionalities
We used a user-centered design approach [14], for which by
definition must consider the needs and experiences of end users
via a continuous series of evaluations [15,16]. Initial user
profiles were established based on interviews with clinicians
and patients [6], categorizing users into health care providers
and patients. For health care providers, functionalities such as
patient data monitoring, alert resolution, and telematic contact
were developed. For patients, features included ePROs
registration, medication management, reminders, and access to
educational content covering disease information, management
strategies, and relevant hospital information.

Technical Requirements
As a starting point for designing the architecture of the system,
the MAM protocol and the agents that comprise the proposed
clinical intervention were considered, combining face-to-face
and telematic follow-up protocols [12]. The profiles, needs and
functionalities previously defined were then considered. With
all of this in mind, the system and components to be developed

were then defined: a mobile app for patients, an application for
health professionals, and services for communication, data
processing and storage.

Throughout the design and development process, it was
necessary to evaluate possible technologies and their deployment
(Text S2 in Multimedia Appendix 1). The system architecture
was designed using cloud-based technologies, specifically
Amazon Web Services (AWS), to optimize resource usage and
ensure data security [17-19]. To ensure cost-effectiveness,
scalability, and ease of maintenance, we selected hybrid and
cross-platform technologies [20], allowing IMIDoc to be
deployed on both Android and iOS platforms efficiently.

In addition, to carry out the clinical evaluation study, a series
of requirements had to be met and specific documentation had
to be submitted to the Information Systems Security Office of
the Madrid Health Service.

Preclinical Testing Phase of IMIDoc
During the first sprints of the project execution and once the
main components and specifications of the user applications
were identified, those activities associated with the interface
design were carried out—that is, generating wireframes,
sketches, and mock-ups. This process is key in user
centered-design (UCD) and allowed us to preliminarily evaluate
the structure of the applications, the composition of the scenarios
and the interactions before the development phase [17].

An initial phase of testing was conducted by a multidisciplinary
team of clinicians, engineers and patients, generating discussions
in 3 online meetings. A subsequent digital solution testing phase
with active users was planned for 4 weeks. Both patients and
health care professionals were actively involved. A
comprehensive guide detailing functionality, data input methods,
and troubleshooting steps was provided to all participants before
the testing period. The guide aimed to standardize the usage of
the application for all users, thereby minimizing variation and
enhancing the validity of the pilot results. During the 4-week
period, feedback was collected through forms and informal
interviews, focusing on usability, feature relevance, and overall
experience.

Ethical Considerations
The protocol of the study was approved by the local ethics
committee, CEIm Hospital La Paz (PI-4519) and has been
registered as a clinical trial (ClinicalTrials.gov Identifier:
NCT06273306).

Results

Planning Phase

Scope and Main Objective of IMIDoc
In a dedicated meeting with the multidisciplinary development
team, the scope of the digital solution was outlined by
conducting a scoping analysis to delineate its potential
capabilities and limitations. The name IMIDoc was selected for
the digital health solution proposed in this project. The primary
purpose of IMIDoc was defined as addressing an unmet need
in the care of patients with RA and SpA, which is the providing
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of continuous monitoring. Conventional clinical practices often
allow for discrete, scheduled medical consultations, leaving
gaps in patient care when immediate attention is most needed.
The IMIDoc app was designed to bridge this gap, ensuring
timely medical oversight of patients.

Primary Source of Financing
This project was financially supported by a grant from the Fondo
de Investigaciones Sanitarias (FIS) of the Instituto de Salud
Carlos III (PI22/00777). The grant specifically facilitated the
technical development of our digital solution and will allow us
to carry out the clinical-technical evaluation in a clinical study.

Analysis of Previous Experience and Unmet Needs
In the platform ideation phase, relevant aspects and features
that the digital solution should incorporate were identified.
During this phase we considered the opinion of 41 patients and
4 clinicians about their experience with the previous digital
solution (Table S1 in Multimedia Appendix 1). Regarding the
patients, usability ranged from 85.3%‐97.5%; most found the
digital solution easy to use, and well adapted. Over 90% (38/41)
of participants found the application was well adapted to its
objective, with an adequate level of detail. Most patients
reported considered that it allowed them to record their current
health situation and would recommend it. The areas patients
most frequently cited as needing improvement were the
application’s design and the amount and detail of informational
content related to the disease. On the other hand, clinicians rated
the overall usability and design (0‐10, from worse to best) of
the application with a mean (SD) of 8.50 (1.22), the app utility
with 8.50 (1.16), and the feasibility with 7.56 (2.41). They
primarily expressed concerns regarding the feasibility of the
implementation in clinical practice, particularly in terms of time
and logistics, followed by the performance of the solution.

Development Phase
The iterative development process was carried out over 15
sprints from January to August 2023, each punctuated by a
bi-weekly update meeting and culminating in a final review

meeting (Supplementary Figure 1 in Multimedia Appendix 1).
The initial meetings laid the groundwork by focusing on service
architecture and basic functionalities like login and user
registration. Subsequent meetings were geared toward enhancing
the user interface, developing workflows in the digital solution,
and integrating questionnaire designs. In these bi-weekly review
meetings, the development team assessed progress and
recalibrated, when necessary, thereby allowing them to respond
to changing requirements and deliver a high-quality product
efficiently. During each sprint, different tasks were assumed by
the development team with the aim of achieving the sprint goal,
which was previously set in an online meeting by the clinical
team. The middle phase emphasized refining communication
features, resource and medication development, and incident
management. Data visualization tools like historical graphs and
evolution screens were also integrated. The concluding meetings
targeted system debugging, specifically in messaging and error
management, before a comprehensive final review was
conducted.

The collaborative and interdisciplinary process made it possible
not only to define the instruments to be implemented for the
collection of data of interest, but also to design and develop the
applications for the users; that was , mobile apps for patients
with RA or SpA, and a Web application for clinicians.

Set of Variables and Instruments
In accordance with the objectives of the clinical study, in which
the implementation of the MAM model in clinical practice
through IMIDoc will be evaluated, Textbox 1 specifies the
clinical and ePROS variables that the solution was designed to
capture and that comprise the monitoring and follow-up of
patients with RA and SpA.

In addition to the capture of clinical variables, instruments have
been implemented to evaluate the usability of the applications,
satisfaction, and user experience: System Usability Scale (SUS)
and the Net-Promoter Score (NPS) indicator [18,19]. These
were evaluated at 10 weeks and 34 weeks, respectively.
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Textbox 1. Clinical variables and electronic patient-reported outcomes collected by the IMIDoc app.

1) General characteristics

• Sociodemographics and treatment information including age, sex, toxic habits, date of diagnosis, date of initiation of treatment, medication, etc.

• Electronic patient-reported outcomes (ePROs)

a) Patient Global Health (PGH)

b) Visual Analogue Scale (VAS)

c) Tender Joint Count (TJC) and Swollen Joint Count (SJC)

• Events or incidents

a) Flare

b) Infection

c) Medication problem

d) Other reasons

• Adherence

a) Compliance Questionnaire on Rheumatology, CQR

2) Rheumatoid arthritis (ePROs)

• Disease Activity Score 28 (DAS28)

• Health Assessment Questionnaire (HAQ)

3) Spondyloarthritis (ePROs)

• Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)

• Axial Spondyloarthritis Disease Activity Score (ASDAS)

• Assessment of SpondyloArthritis International Society Health Index

• Painful enthesis count

System Architecture
The analysis and design phase of the project made it possible
to identify the user profiles and the functionalities and
characteristics of the applications included in the IMIDoc digital
health solution. Figure 1 shows a schematic of the main agents,

components, and services of the system architecture using the
MAM applied to RA and SpA. The figure shows the users
(patients and health care professionals) accessing their respective
applications and communicating with the service infrastructure
deployed in the cloud.

Figure 1. Diagram of the architecture of the IMIDoc solution. RA: rheumatoid arthritis; SpA: Spondyloarthritis; AWS: amazon web services; DB:
database; API: Application Programming Interface.

JMIR Hum Factors 2025 | vol. 12 | e58095 | p.2570https://humanfactors.jmir.org/2025/1/e58095
(page number not for citation purposes)

Benavent et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


IMIDoc Applications
The first steps in the development of the IMIDoc applications
(the mobile app for patients and the web interface for
professionals) were focused on addressing the interface design.

For this purpose, we used the Figma platform, which is a cloud
prototyping platform that facilitates collaborative work.

The IMIDoc mobile app (Figure 2) was designed to incorporate
functionalities for recording disease activity, as well as some
other domains potentially affected by RA or SpA.

Figure 2. Screenshots of the Spanish version of IMIDoc app designed for patients with rheumatoid arthritis (RA) and spondyloarthritis. (a) Home
screen displaying pending tasks, including daily questionnaires, and options to report incidents, access medication details, educational resources, disease
progression, and a calendar. (b) Interface for marking swollen joints by patient's perception. (c) Example of a Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) score questionnaire item for disease assessment. (d) List of informational and educational resources available within the app.

In addition, the IMIDoc app included scenarios for medication
management. To achieve this, the professional team carefully
consulted the latest clinical practice guidelines for RA and SpA.
This comprehensive review of current guidelines informed the
creation of tools for monitoring disease activity and managing
medication within the app.

A section with educational and informative content to help
patients understand their disease and treatment options was also
included; specifically, 26 educational articles were generated
by clinicians with multimedia components, images and 12
educational videos. Specialists in various fields, including
immunology and obstetrics, were engaged to contribute to the
development of educational resources. The material produced
included illustrated resources designed to improve patient
understanding of their condition and the treatment options
available. In addition, a diverse range of formats was used to
adapt to different preferences. This included the creation of
infographics, interactive texts, and videos. Each format was
carefully selected to best suit the content being presented, with
the aim of enhancing user engagement and understanding.

Another feature of the app involves task and medical
appointment reminders in a personalized questionnaire that is
complemented by push notifications.

The IMIDoc clinician web platform is a web-based application
for health care professionals, primarily clinical rheumatologists

[21]. The IMIDoc clinician web platform includes scenarios for
monitoring ePROs in a prespecified time frame and generates
events or alerts. These features will enable clinicians to respond
in near real-time to significant changes in disease activity. Figure
3 shows an image of the screen displaying the data recorded by
a patient.

The top section displays basic patient information, including
patient code, sex, and last application access. Below, the left
panel shows recent incidents (flares, infections, medication
issues, or others), the number of swollen joints (NAT, Spanish
acronym for “Número de Articulaciones Tumefactas”), the
number of tender joints (NAD, Spanish acronym for “Número
de Articulaciones Dolorosas”), enthesitis, and access to a
homunculus visualization, along with options to view patient
messages. The right panel below features bar graphs tracking
patient progress, including pain scale (EVA, Spanish acronym
for “Escala Visual Analógica”), patient global assessment (VGP,
Spanish acronym for “Valoración Global del Paciente”),
erythrocyte sedimentation rate (VSG, Spanish acronym for
“Velocidad de Sedimentación Globular”), C-reactive protein
level (PCR, Spanish acronym for “Proteína C Reactiva”), Bath
Ankylosing Spondylitis Disease Activity Index score (BASDAI),
and Axial Spondyloarthritis Disease Activity Score (ASDAS).

Through IMIDoc, clinicians could quickly identify the health
status of patients and their level of adherence based on the
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automatic processing of data. The IMIDoc classification
algorithm assigns 6 different levels to patients as shown in

Figure 4.

Figure 3. Screenshot of the Spanish version of IMIDoc web-based tool for monitoring patients with rheumatoid arthritis and spondyloarthritis.
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Figure 4. Classification of the health status and clinical adherence of patients with rheumatoid arthritis and spondyloarthritis. PGA: patient global
assessment, TJC: tender joint count, SJC: swollen joint count, BASDAI: bath ankylosing spondylitis disease activity index.

IMIDoc Backend
As mentioned above, there are several platforms available from
technology providers such as Amazon Web Services (Amazon),
Azure (Microsoft), Google Cloud (Google) and IBM Cloud
Computing (IBM), among others. For the implementation of
IMIDoc, we selected Amazon Web Services (AWS) to deploy
the backend components. In addition, AWS offered a number
of features of interest for our implementation [15,16]. We used
AWS Fargate which is a serverless computing engine for
containers, in which a Node.js-based application has been
deployed that features a RESTful API to respond to requests
using GET, POST, PUT, DELETE methods via HTTPS. For
the storage of ePROs data and clinical actions, a relational
database PostgreSQL with Amazon RDS was implemented and
deployed in the European region (Spain). An important aspect
to consider was security, for which the Security Hub service
was enabled. This integrates functionalities to detect and manage
security events, in addition to other components such as a
Firewall and distributed denial of serviceprotection. Moreover,
AWS complies with various certifications, accreditations,
European laws and regulations such as ENS (high category),

DESC CSP, CISPE and the General Data Protection Regulation
(GDPR). It should be noted that these characteristics, in terms
of security and data processing, are requirements mandated by
the Information Systems Security Office for the approved use
of the application in health care. Finally, AWS allows us to use
a continuous integration and delivery service and, in this way,
allows us to maintain and prepare system updates for subsequent
release in production.

The system has modules that run automatically, monitoring the
data, establishing the patient’s health status, and generating
notifications that are sent to the patients’app through the Google
Firebase service. Table 1 specifies the types of notifications
included in IMIDoc.

Google Analytics was used to track and process dimensions
and metrics related to the use of both applications: country,
device, operating system, app version and user interactions with
the app (number of sessions, duration of sessions, screen views,
and interaction times). Google Analytics service and
mechanisms were integrated to record the usage metrics of both
applications.
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Table . IMIDoc mobile app notifications.

BodyTitleTriggerDimension

“You have a new message”.IMIDoca notificationResponse from a health care profes-
sional to an incident.

Messages

“You have medication pending
confirmation”.

IMIDoc medicationTime of medication intakeMedication

“You have new educational re-
sources available”.

IMIDoc multimedia contentNew reading resource availableResources

“You have new questionnaire(s) to
fill in”.

IMIDoc questionnairesNew questionnaire(s) to fill outQuestionnaire(s)

“Remember that you have a doc-
tor’s appointment tomorrow, please
check that you have provided all the
necessary information”.

IMIDoc medical appointmentOne day before the medical appoint-
ment

Medical appointment

"We have noticed that you have not
been using the application for a
while, we encourage you to give us
another chance”.

IMIDoc misses youOne week without logging into the
app

Adherence support

aIMIDoc: Immune-mediated inflammatory diseases

Preclinical Testing Phase of IMIDoc
The involvement of the multidisciplinary team in the initial
testing phase led to several modifications to the digital solution,
primarily to the mobile solution. These mainly focused on the
user interface, the wording used within the application, and its
distribution mechanisms, aiming to ensure that the application
was intuitive for both patients and health care professionals.

During the subsequent 12-week digital solution testing phase
with 10 active users (7 professionals and 3 patients), several
functional issues and areas for potential improvement were
identified. Detailed functionality reports for the mobile app
recorded 111 entries—76 errors, 16 improvements, and 10
evolutionary suggestions—while the professional tool generated
45 entries, with 40 errors and 5 evolutionary suggestions. Based
on this feedback, users’ reported difficulties with navigation
and data entry prompted a redesign of the interface to reduce
logging steps and incorporate clearer prompts. In addition, the
need for customizable alerts led to refinements in medication
and appointment reminders and improvements in the messaging
system to enable prompt clinician responses. These iterative
enhancements, delivered over 10 update cycles, set the stage
for a multicenter clinical study involving 360 patients from 5
Spanish hospitals.

Discussion

This study underscores the efficacy of using a structured
cocreative approach to crafting the IMIDoc digital health
application tailored for rheumatology practice. Over the years,
the rheumatology community has voiced the demand for refined
apps and tools to yield meaningful clinical outcomes [20,22].
Despite advancements in mobile health technology (mHealth)
and treatment in rheumatology, there persists a notable gap in
continuous patient monitoring [23,24]. Recognizing this unmet
need in rheumatology care, particularly during intervals between
scheduled consultations, informed the conceptualization of the
digital health solution presented here.

Our initial needs assessment drew from past experiences,
incorporating feedback from clinicians and patients to identify
key features and functionalities of IMIDoc [6]. This information
informed requirements and specifications, supporting a
participatory design approach complemented by UCD principles
to enhance usability, acceptability, and user experience [17].
Embracing such techniques is crucial for crafting more effective
health interventions as it incorporates diverse perspectives [25].
A recent systematic review underscores the increasing adoption
of cocreated technology solutions in health care [26]. This
aligned with our own approach in developing IMIDoc, in which
the representation of both patients and clinicians ensured that
real needs were met. The involvement of all relevant
stakeholders, including biomedical engineers and technicians,
throughout design and development fostered communication,
transparency, and a design that aligned with users’ priorities.

Furthermore, the application of agile methodologies during the
development phase, with iterative cycles, proved invaluable.
This approach facilitated continuous adjustments and input,
minimizing risks and adapting to emerging changes, and proved
particularly valuable in a rheumatology clinical setting [27].
While previous literature has acknowledged the benefits of
Agile methodologies [28], our study empirically substantiates
its efficacy in this specific context. The pilot testing phase
provided valuable insights and led to necessary adjustments,
highlighting the dynamic and responsive nature of a
development cycle based on agile methodologies. As an
example, participants frequently reported difficulties in
navigating the app and entering data. In response, the interface
was redesigned to minimize the number of steps needed to log
information and incorporate clearer prompts to guide users.
Additional feedback highlighted the need for customizable
alerts, leading us to refine medication and appointment
reminders, and to improve the messaging system so clinicians
could rapidly respond to patient messages.

Challenges in managing the project scope and addressing various
complexities led to a shift toward a more strategic and modular
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approach, prioritizing essential features and refining
functionalities based on end-user needs. To ensure a rigorous
assessment of usability and patient satisfaction, instruments
such as the SUS and NPS have been implemented and will be
applied in the upcoming multicenter clinical study involving
360 patients from 5 Spanish hospitals.

To ensure the long-term sustainability and continuous
improvement of IMIDoc, the project team is actively pursuing
additional funding avenues beyond the initial grant. This
includes applying for public research grants, seeking private
partnerships with health care technology companies, and
exploring collaborations with pharmaceutical firms interested
in supporting digital health initiatives. In addition, we are
developing a strategic plan that outlines regular updates and
maintenance schedules for the IMIDoc platform to keep pace
with technological advancements and evolving clinical needs.
By diversifying our funding sources and establishing a robust
maintenance framework, we aim to maintain the app’s
functionality, incorporate user feedback, and expand its features
to better serve patients and health care providers in the future.

Previous literature has provided insights into patient perspectives
on digital health interventions and has revealed diverse opinions
among patients. Moreover, it has highlighted both advantages
and concerns regarding telemedicine in rheumatology. A
mixed-methods approach study that explored the acceptability
and safety of telemedicine in rheumatology during the
COVID-19 pandemic highlighted the need for careful patient
selection and further consultation with clinicians to improve
telemedicine’s acceptability and safety [29]. A prospective study
including patients referred to a Veterans Affairs rheumatology
clinic found that telerheumatology was well-received by
patients, and accurately identified all inflammatory rheumatic
conditions at the telerheumatology visits. This suggests that
remote monitoring may be suitable for screening and prioritizing
patients for in-person rheumatology clinics [30]. Recent research
has demonstrated the potential for digital tools to yield positive
outcomes in health care. Two randomized trials have been
conducted in RA. Pers et al [31] compared a smartphone
application connected to a physician’s interface for monitoring
RA with conventional monitoring. The connected monitoring
group had significantly fewer physical visits while maintaining
tight control of disease activity and improving quality of life
[31]. Salaffi et al [32] investigated the effectiveness of a

telemonitoring strategy in early RA, showing higher rates of
remission by CDAI within a 1 year compared with the
conventional group (38.1% vs 25%) [32].

Our approach has certain limitations. At present, the focus is
restricted to RA and SpA, which may limit the generalizability
of IMIDoc to other rheumatologic disorders. The small number
of participants in the pilot, without extensive demographic
characterization, constrains broad interpretations of feasibility
and usability. Continued funding is crucial for further feature
enhancements and to maintain robust data protection measures,
ensuring compliance with evolving regulations. Future
large-scale evaluations are planned to validate the efficacy of
IMIDoc, broaden its applicability to wider patient populations,
and strengthen its long-term sustainability.

While patient opinions on telemedicine may vary, these studies
have shown the potential for digital tools to improve clinical
outcomes, such as achieving disease remission and reducing
clinical visits. Therefore, it is essential to embrace these
technological advancements by implementing digital health
solutions in real-world rheumatology practice. To this end, it
is essential to carefully select patients, and work closely with
clinicians to ensure that digital health interventions are
effectively integrated into clinical practice, ultimately enhancing
the care and well-being of rheumatology patients.

Conclusions
The development of IMIDoc underscores the significance of a
cocreative design approach in health care, on that can lead to a
product that not only excels in functionally, but that is also
contextually relevant to rheumatology practice. Addressing
unmet needs such as the integration of ePRO collection, tailored
alerts, and a robust messaging system into a single platform,
IMIDoc provides a digital health platform for comprehensive
disease activity tracking, medication management, patient
education, and empowerment in self-health management. This
innovation is pivotal to navigating the complexities of managing
patients with immune‐mediated inflammatory diseases,
offering personalized and effective management strategies while
reducing the gap between clinic visits. This work strives to be
a breakthrough in rheumatology care, and the proposed
multicenter study aims to further validate and support these
findings.

 

Acknowledgments
The authors would like to thank all of the health professionals, researchers, and technicians who collaborated in the development
of IMIDoc and the patients who participated in the technical validation tests; specifically, We acknowledge IMIDOC Research
group and the members: Leticia Lojo-Oliveira, Verónica García, Claudia María Gómez, Carlos Cañado, Jaime Arroyo, Helena
Borrell, Mariana Díaz for their dedicated involvement and support throughout the research process and thanks to Laura Miguel
Berenguel, Ricardo Cuesta Martín de la Cámara, Ana Martínez Feito, Gabriela Torres, and Mariela Uyaguari for their invaluable
contribution to the development of educational materials. The authors would like to acknowledge the PI22/00777 “Hacia la
Telemonitorización en Enfermedades Inflamatorias Inmunomediadas: Implementación de un Modelo Asistencial Mixto (MAM)
en una Unidad de Terapias Complejas” Project, financed by the Fondo de Investigaciones Sanitarias (FIS) of the Instituto de
Salud Carlos III (ISCIII) and cofinanced with EU Structural Funds. We extend our gratitude to the Rheumatology Society of the
COmmunity of Madrid (SORCOM), the Catalan Society of Rheumatology (SCR), and the patient associations that contributed
to our survey, including CEADE and ConArtritis. Furthermore, we wish to express our appreciation to the dedicated individuals

JMIR Hum Factors 2025 | vol. 12 | e58095 | p.2575https://humanfactors.jmir.org/2025/1/e58095
(page number not for citation purposes)

Benavent et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


who participated in the pilot phase of this study, sharing invaluable insights into their experiences with RA and spondyloarthritis.
The authors thank the Spanish Foundation of Rheumatology for providing editorial assistance during the preparation of the
manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Patient questionnaire.
[DOCX File, 282 KB - humanfactors_v12i1e58095_app1.docx ]

References
1. Cross M, Smith E, Hoy D, et al. The global burden of rheumatoid arthritis: estimates from the global burden of disease

2010 study. Ann Rheum Dis 2014 Jul;73(7):1316-1322. [doi: 10.1136/annrheumdis-2013-204627] [Medline: 24550173]
2. Taurog JD, Chhabra A, Colbert RA. Ankylosing spondylitis and axial spondyloarthritis. N Engl J Med 2016 Jun

30;374(26):2563-2574. [doi: 10.1056/NEJMra1406182] [Medline: 27355535]
3. Stenzel R, Hadaschik K, May S, et al. Digitally-supported patient-centered asynchronous outpatient follow-up in rheumatoid

arthritis - an explorative qualitative study. BMC Health Serv Res 2022 Oct 28;22(1):1297. [doi: 10.1186/s12913-022-08619-6]
[Medline: 36307779]

4. Seppen BF, Wiegel J, Nurmohamed MT, Bos WH, Ter Wee MM. Facilitators and barriers to adhere to monitoring disease
activity with ePROs: a focus group study in patients with inflammatory arthritis. Rheumatol Int 2023 Apr;43(4):677-685.
[doi: 10.1007/s00296-022-05263-5] [Medline: 36627396]

5. Austin L, Sharp CA, van der Veer SN, et al. Providing “the bigger picture”: benefits and feasibility of integrating remote
monitoring from smartphones into the electronic health record. Rheumatology (Oxford) 2020 Feb 1;59(2):367-378. [doi:
10.1093/rheumatology/kez207] [Medline: 31335942]

6. Benavent D, Fernández-Luque L, Núñez-Benjumea FJ, et al. Monitoring chronic inflammatory musculoskeletal diseases
mixing virtual and face-to-face assessments-Results of the digireuma study. PLOS Digit Health 2022 Dec;1(12):e0000157.
[doi: 10.1371/journal.pdig.0000157] [Medline: 36812651]

7. Manifesto for agile software development. URL: https://agilemanifesto.org/ [accessed 2023-09-11]
8. Kairós DS. Business agility | new technologies. URL: https://www.kairosds.com/ [accessed 2023-01-03]
9. Becas leonardo a investigadoresy creadores culturales 2022- red leonardo. URL: https://www.redleonardo.es/becas/

becas-leonardo-investigadores-creadores-culturales-2022/ [accessed 2023-09-11]
10. Advancing science through pfizer investigator research exchange research awards. URL: https://www.aspireresearch.org/

[accessed 2023-09-11]
11. Páginas - solicitudes. URL: https://www.isciii.es/QueHacemos/Financiacion/solicitudes/Paginas/default.aspx [accessed

2023-09-11]
12. Home | scrum.org. URL: https://www.scrum.org/ [accessed 2023-01-03]
13. Kokol P. Agile software development in healthcare: a synthetic scoping review. Appl Sci (Basel) ;12(19):9462. [doi:

10.3390/app12199462]
14. ISO 9241-210:2019 - Ergonomics of human-system interaction — Part 210: Human-centred design for interactive systems.

URL: https://www.iso.org/standard/77520.html [accessed 2024-03-30]
15. Koumpouros Y. User-centric design methodology for mHealth apps: the painApp paradigm for chronic pain. Technologies

(Basel) 2022;10(1):25. [doi: 10.3390/technologies10010025]
16. Farao J, Malila B, Conrad N, Mutsvangwa T, Rangaka MX, Douglas TS. A user-centred design framework for mHealth.

PLoS ONE 2020;15(8):e0237910. [doi: 10.1371/journal.pone.0237910] [Medline: 32813711]
17. Saparamadu A, Fernando P, Zeng P, et al. User-centered design process of an mHealth app for health professionals: case

study. JMIR Mhealth Uhealth 2021 Mar 26;9(3):e18079. [doi: 10.2196/18079] [Medline: 33769297]
18. Adams C, Walpola R, Schembri AM, Harrison R. The ultimate question? Evaluating the use of net promoter score in

healthcare: a systematic review. Health Expect 2022 Oct;25(5):2328-2339. [doi: 10.1111/hex.13577] [Medline: 35985676]
19. System usability scale (SUS). Agency for Healthcare Research and Quality. 2013 Sep 6. URL: https://digital.ahrq.gov/sites/

default/files/docs/survey/systemusabilityscale%2528sus%2529_comp%255B1%255D.pdf [accessed 2025-04-17]
20. Lalloo C, Jibb LA, Rivera J, Agarwal A, Stinson JN. “There’s a Pain App for That”: review of patient-targeted smartphone

applications for pain management. Clin J Pain 2015 Jun;31(6):557-563. [doi: 10.1097/AJP.0000000000000171] [Medline:
25370138]

21. IMIDoc. IMIDoc: Home. URL: https://imidoc.com/landing [accessed 2025-04-01]
22. Gossec L, Guyard F, Leroy D, et al. Detection of flares by decrease in physical activity, collected using wearable activity

trackers in rheumatoid arthritis or axial spondyloarthritis: an application of machine learning analyses in rheumatology.
Arthritis Care Res (Hoboken) 2019 Oct;71(10):1336-1343. [doi: 10.1002/acr.23768] [Medline: 30242992]

JMIR Hum Factors 2025 | vol. 12 | e58095 | p.2576https://humanfactors.jmir.org/2025/1/e58095
(page number not for citation purposes)

Benavent et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e58095_app1.docx&filename=08364b61-1ee7-11f0-9229-b744b5e7b68d.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e58095_app1.docx&filename=08364b61-1ee7-11f0-9229-b744b5e7b68d.docx
http://dx.doi.org/10.1136/annrheumdis-2013-204627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24550173&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra1406182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27355535&dopt=Abstract
http://dx.doi.org/10.1186/s12913-022-08619-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36307779&dopt=Abstract
http://dx.doi.org/10.1007/s00296-022-05263-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36627396&dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/kez207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31335942&dopt=Abstract
http://dx.doi.org/10.1371/journal.pdig.0000157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36812651&dopt=Abstract
https://agilemanifesto.org/
https://www.kairosds.com/
https://www.redleonardo.es/becas/becas-leonardo-investigadores-creadores-culturales-2022/
https://www.redleonardo.es/becas/becas-leonardo-investigadores-creadores-culturales-2022/
https://www.aspireresearch.org/
https://www.isciii.es/QueHacemos/Financiacion/solicitudes/Paginas/default.aspx
https://www.scrum.org/
http://dx.doi.org/10.3390/app12199462
https://www.iso.org/standard/77520.html
http://dx.doi.org/10.3390/technologies10010025
http://dx.doi.org/10.1371/journal.pone.0237910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32813711&dopt=Abstract
http://dx.doi.org/10.2196/18079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33769297&dopt=Abstract
http://dx.doi.org/10.1111/hex.13577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35985676&dopt=Abstract
https://digital.ahrq.gov/sites/default/files/docs/survey/systemusabilityscale%2528sus%2529_comp%255B1%255D.pdf
https://digital.ahrq.gov/sites/default/files/docs/survey/systemusabilityscale%2528sus%2529_comp%255B1%255D.pdf
http://dx.doi.org/10.1097/AJP.0000000000000171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25370138&dopt=Abstract
https://imidoc.com/landing
http://dx.doi.org/10.1002/acr.23768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30242992&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Seppen BF, den Boer P, Wiegel J, et al. Asynchronous mHealth interventions in rheumatoid arthritis: systematic scoping
review. JMIR Mhealth Uhealth 2020 Nov 5;8(11):e19260. [doi: 10.2196/19260] [Medline: 33151161]

24. Mollard E, Michaud K. A mobile app with optical imaging for the self-management of hand rheumatoid arthritis: pilot
study. JMIR Mhealth Uhealth 2018 Oct 29;6(10):e12221. [doi: 10.2196/12221] [Medline: 30373732]

25. Stock C, Dias S, Dietrich T, Frahsa A, Keygnaert I. Editorial: how can we co-create solutions in health promotion with
users and stakeholders? Front Public Health 2021;9:773907. [doi: 10.3389/fpubh.2021.773907] [Medline: 34957026]

26. Merchán-Baeza JA, Borralleras Andreu C, Minobes-Molina E, Grau Carrión S, Romero-Mas M, Ramon-Aribau A. Co-created
technological solutions for caregivers in health care: systematic review. J Med Internet Res 2023 May 1;25:e41260. [doi:
10.2196/41260] [Medline: 37126384]

27. Khambari M, Rofie FSM. Augmented reality mobile application co-design experience: delineating the nuances from the
lens of a system developer. ASS 2021;17(11):198. [doi: 10.5539/ass.v17n11p198]

28. Tsangaris E, Edelen M, Means J, et al. User-centered design and agile development of a novel mobile health application
and clinician dashboard to support the collection and reporting of patient-reported outcomes for breast cancer care. BMJ
Surg Interv Health Technol 2022;4(1):e000119. [doi: 10.1136/bmjsit-2021-000119] [Medline: 35464815]

29. Sloan M, Lever E, Harwood R, et al. Telemedicine in rheumatology: a mixed methods study exploring acceptability,
preferences and experiences among patients and clinicians. Rheumatology (Oxford) 2022 May 30;61(6):2262-2274. [doi:
10.1093/rheumatology/keab796] [Medline: 34698822]

30. Nguyen-Oghalai TU, Hunter K, Lyon M. Telerheumatology: the VA experience. South Med J 2018 Jun;111(6):359-362.
[doi: 10.14423/SMJ.0000000000000811] [Medline: 29863228]

31. Pers YM, Valsecchi V, Mura T, et al. A randomized prospective open-label controlled trial comparing the performance of
A connected monitoring interface versus physical routine monitoring in patients with rheumatoid arthritis. Rheumatology
(Oxford) 2021 Apr 6;60(4):1659-1668. [doi: 10.1093/rheumatology/keaa462] [Medline: 33020846]

32. Salaffi F, Carotti M, Ciapetti A, et al. Effectiveness of a telemonitoring intensive strategy in early rheumatoid arthritis:
comparison with the conventional management approach. BMC Musculoskelet Disord 2016 Apr 2;17(1):146. [doi:
10.1186/s12891-016-1002-2] [Medline: 27038788]

Abbreviations
AWS: Amazon Web Services
ePROs: electronic Patient-Reported Outcomes
GDPR: General Data Protection Regulation
MAM: Mixed Care Model
mHealth: mobile health
NPS: Net-Promoter Score
RA: rheumatoid arthritis
SUS: System Usability Scale

Edited by A Kushniruk; submitted 08.03.24; peer-reviewed by A Saraux, J Zhao, M Gasmi, T Orlemann; revised version received
17.02.25; accepted 04.03.25; published 21.04.25.

Please cite as:
Benavent D, Iniesta-Chamorro JM, Novella-Navarro M, Pérez-Martínez M, Martínez-Sánchez N, Kaffati M, Juárez-García M,
Molinari-Pérez M, González-Torbay A, Gutiérrez M, López-Juanes N, Navarro-Compán V, Monjo-Henry I, Rodríguez-Rosales G,
Bachiller J, Calvo-Aranda E, Michelena X, Berbel-Arcobé L, Balsa A, IMIDOC Research Team, Gómez EJ, Plasencia-Rodríguez C
Digital Health Intervention for Patient Monitoring in Immune-Mediated Inflammatory Diseases: Cocreation and Feasibility Study of
the IMIDoc Platform
JMIR Hum Factors 2025;12:e58095
URL: https://humanfactors.jmir.org/2025/1/e58095 
doi:10.2196/58095

© Diego Benavent, Jose M Iniesta-Chamorro, Marta Novella-Navarro, Miguel Pérez-Martínez, Nuria Martínez-Sánchez, Mónica
Kaffati, Manuel Juárez-García, Marina Molinari-Pérez, Andrea González-Torbay, Mariana Gutiérrez, Natalia López-Juanes,
Victoria Navarro-Compán, Irene Monjo-Henry, Germán Rodríguez-Rosales, Javier Bachiller, Enrique Calvo-Aranda, Xabier
Michelena, Laura Berbel-Arcobé, Alejandro Balsa, IMIDOC Research Team, Enrique J Gómez, Chamaida Plasencia-Rodríguez.
Originally published in JMIR Human Factors (https://humanfactors.jmir.org), 21.4.2025. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Human Factors,

JMIR Hum Factors 2025 | vol. 12 | e58095 | p.2577https://humanfactors.jmir.org/2025/1/e58095
(page number not for citation purposes)

Benavent et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/19260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33151161&dopt=Abstract
http://dx.doi.org/10.2196/12221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30373732&dopt=Abstract
http://dx.doi.org/10.3389/fpubh.2021.773907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34957026&dopt=Abstract
http://dx.doi.org/10.2196/41260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37126384&dopt=Abstract
http://dx.doi.org/10.5539/ass.v17n11p198
http://dx.doi.org/10.1136/bmjsit-2021-000119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35464815&dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/keab796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34698822&dopt=Abstract
http://dx.doi.org/10.14423/SMJ.0000000000000811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29863228&dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/keaa462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33020846&dopt=Abstract
http://dx.doi.org/10.1186/s12891-016-1002-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27038788&dopt=Abstract
https://humanfactors.jmir.org/2025/1/e58095
http://dx.doi.org/10.2196/58095
http://www.w3.org/Style/XSL
http://www.renderx.com/


is properly cited. The complete bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as
well as this copyright and license information must be included.

JMIR Hum Factors 2025 | vol. 12 | e58095 | p.2578https://humanfactors.jmir.org/2025/1/e58095
(page number not for citation purposes)

Benavent et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Understanding Dermatologists’ Acceptance of Digital Health
Interventions: Cross-Sectional Survey and Cluster Analysis

Patrick Reinders, MSc; Matthias Augustin, Prof Dr Med; Marina Otten, PhD
Institute for Health Services Research in Dermatology and Nursing (IVDP), University Medical Center Hamburg-Eppendorf (UKE), Martinistraße 52,
Hamburg, Germany

Corresponding Author:
Marina Otten, PhD
Institute for Health Services Research in Dermatology and Nursing (IVDP), University Medical Center Hamburg-Eppendorf
(UKE), Martinistraße 52, Hamburg, Germany

Abstract

Background: Digital health interventions (DHIs) have the potential to enhance dermatological care by improving quality,
patient empowerment, and efficiency. However, adoption remains limited, particularly in Germany.

Objective: This study explores German dermatologists’ attitudes toward DHIs, clustering them by acceptance levels and
analyzing differences in sociodemographics and current and future DHI use.

Methods: We conducted a cross-sectional survey, randomly inviting 1000 dermatologists in Germany to participate. The
questionnaire consisted of Likert scale items rating the acceptability of DHIs from 1 to 5. Items on the current and future use of
DHIs were also included. Exploratory factor analysis was used to identify factors and reduce data as input for a 2-step clustering
algorithm.

Results: The survey with 170 dermatologists (mean age 50.8, SD 10.3 y; 74/167, 55.7% female) identified four factors through
the exploratory factor analysis: (1) “Positive Expectancies and Acceptability of DHIs,” (2) “Dermatologists’Digital Competencies,”
(3) “Negative Expectancies and Barriers,” and (4) “Dermatologists’ Perspectives on Patients’ Acceptability and Competencies.”
The analysis identified three distinct clusters: (1) Indecisives (n=69)—moderate intentions to use DHIs and moderate negative
expectations toward them; (2) Adopters (n=60)—high intentions to use DHIs and high digital competencies; and (3) Rejectors
(n=26)—low intentions to use DHIs and low digital competencies. Adopters were significantly younger, more often based in
urban centers, and exhibited the highest adoption rates of DHIs compared to the other clusters. Across all clusters, inadequate
reimbursement and perceived structural barriers were cited as significant challenges to DHI adoption. Still, only one-third of the
Adopters used DHIs including teledermatology or artificial intelligence.

Conclusions: Dermatologists in Germany exhibited varied levels of acceptance and readiness for DHIs, with demographic and
structural factors influencing adoption. Addressing barriers such as reimbursement and investing in digital literacy could promote
wider use, potentially reducing health inequalities by improving access to digital health care.

(JMIR Hum Factors 2025;12:e59757)   doi:10.2196/59757

KEYWORDS

dermatology; cross-sectional survey; cluster analysis; acceptability; eHealth; Germany; attitude; dermatologist; digital health
intervention; teledermatology

Introduction

Dermatology is marked by the presence of prevalent chronic
conditions, including acne, psoriasis, atopic dermatitis, and skin
cancer [1,2]. In Germany, approximately 27% of adults have at
least one dermatological condition requiring specialized care
each year, resulting in long waiting times for patients [3,4].
Additionally, limited capacity also impacts comprehensive
patient consultations, and the demographic shift could
exacerbate these challenges [5-7].

Digital health interventions (DHIs) are proposed as one
mitigating solution to sustain health care by enhancing the

quality of care, efficiency, and empowering patients [8,9]. In
this study, DHIs are defined as health services that use
information and communication technologies for patients,
consumers, or health care professionals [9,10]. In dermatology,
numerous promising DHIs have already been developed [11],
including artificial intelligence (AI) [12], teledermatology,
diagnoses or monitoring tools [13-16], and patient-targeted apps
for medication adherence [17]. The 2020 consensus guideline
for teledermatology recommends its use for certain indications
but also stresses the necessity for stronger evidence to evaluate
benefits and risks [18]. Currently, no guidance exists for other
apps.

JMIR Hum Factors 2025 | vol. 12 | e59757 | p.2579https://humanfactors.jmir.org/2025/1/e59757
(page number not for citation purposes)

Reinders et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/59757
http://www.w3.org/Style/XSL
http://www.renderx.com/


Digitalization of health care in Germany lags behind that of
other European nations [19]. Teledermatology, for example, is
less frequently adopted in Germany [20]. The complexity of
the situation is grounded in the intricacies of the German health
care system, encompassing aspects such as missing
interoperability, missing incentives for physicians, and high
standards of data protection [21,22].

Apart from the system perspective, the reluctance of medical
professionals to embrace digital health may be another potential
barrier for the implementation [21,22], but can also function as
a facilitator. Their acceptability can compensate for low patient
demand or financial resource limitations and can additionally
improve patient adherence to these interventions [23-26].
Dermatologists’ overall acceptability of DHIs appears to be
lower than that of patients with a dermatological condition [27].
Nevertheless, it is noteworthy that dermatologists differ in their
perspectives and adoption of DHIs, shaped by various factors
including younger age, practicing in urban settings, positive
prior experiences with DHIs, or the social influence of
colleagues [28-30].

The objective of this study was to explore the acceptability and
current and future use of DHIs among dermatologists. Additional
objectives included identifying and describing clusters of
dermatologists based on their acceptability and examining
differences between these clusters and sociodemographic
variables, as well as the current and future use of DHIs.

Decision makers or developers of DHIs can use these results to
tailor strategies for a successful implementation.

Methods

The consensus-based Checklist for Reporting of Survey Studies
and the Checklist for Reporting Results of Internet E-Surveys
were applied [31,32]. The full checklist is displayed in Checklist
1.

Study Design and Questionnaire
An anonymous cross-sectional survey among German
dermatologists was conducted in June 2022. The questionnaire
was based on existing questionnaires from the literature, and in
particular, on preconducted focus groups among dermatologists,
patients, and nurses (not yet published). The focus groups dealt
with the acceptability, barriers, and facilitators of DHIs in
dermatology using the Unified Theory of Acceptance and Use
of Technology [33,34]. The questionnaire development resulted
in 27 items related to the acceptability of DHIs in general (eg,
“I could imagine using more digital applications for the care of
my patients”). Five items on the potential future use of specific
DHIs (eg, “medication reminder application”) and four items
on the benefits and costs of the nationwide eHealth Strategy
(eg, “The eHealth Strategy has strengthened patient care”) were
added to the survey. All items were answered on a 5-point Likert
scale (5=strongly agree; 1=strongly disagree). The survey also
included 10 items about dermatologists’ current use (>1 per
wk) of available DHIs (eg, live-interactive teledermatology or
electronic doctor letters) with a simple “check all that apply”
option.

In addition, sociodemographic information covering age, sex,
type of employment (eg, working in an outpatient clinic or
medical practice), and postcode of the clinic or practice were
collected. The postcode was used to assign additional regional
data to participants (eg, urban or rural areas). The questionnaire
was tested with 5 dermatologists of the Institute for Health
Services Research in Dermatology and Nursing (German:
Institut für Versorgungsforschung in der Dermatologie und bei
Pflegeberufen). The final questionnaire is provided in
Multimedia Appendix 1.

The offline version of this survey was designed to fit two
DIN-A4 pages, while the web-based version was adapted to six
screens or pages.

Study Population, Recruitment, and Data Entry
In order to conduct an exploratory factor analysis (EFA;
statistical analysis), we aimed for a minimum sample size of
150 dermatologists [35]. To reach the required sample size, the
questionnaire was randomly distributed to 1000 members of
the German Dermatological Academy (German: Deutsche
Dermatologische Akademie [DDA] with ~3500 active
dermatologists) in June 2022. The DDA comprises members
of the Federal Association of German Dermatologists (German:
Berufsverband der Deutschen Dermatologen), representing
dermatologists from medical practices, and of the German
Dermatological Society (German: Deutsche Dermatologische
Gesellschaft), representing dermatologists from both outpatient
clinics and medical practices. Dermatologists were asked to
participate via email (Unipark), receiving one reminder or offline
via mail on paper. The web-based survey was an open survey
(no password protection). Additionally, participants could
review their responses before submission. The survey was
voluntary, and no incentives were offered. The survey was
terminated after 8 weeks. The paper-based data were digitized,
double-checked, corrected, and combined with the data of the
web-based version. To prevent multiple entries by a single
dermatologist in the web-based survey, participation was tracked
using Unipark’s cookie system. To identify and eliminate further
duplicate entries from the web-based and offline survey,
demographic information and postcodes were cross-referenced
and thoroughly checked. No duplicate entries were identified.

Ethical Considerations
The study was submitted to the local ethics committee and was
waived due to its noninvasive and anonymous nature. The study
was reviewed and approved by the Lokale Psychologische
Ethikkommission am Zentrum für Psychosoziale Medizin
(LPEK), under the reference LPEK-0407. The study was
conducted in accordance with Good Scientific Practice and the
Declaration of Helsinki [36,37]. Due to the anonymous nature
of the study, informed consent was not collected. Participants
received no compensation for their participation and had the
option to opt out of the survey at any time.

Statistical Analysis
After conducting a descriptive analysis of all sociodemographic
and geographic parameters, an EFA including all 27 items
related to acceptability was performed for two reasons: (1) for
data reduction by identifying underlying factors, also commonly
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used and recommended prior to running a cluster analysis; and
(2) to use the underlying factors to closer describe and explore
dermatologists’ acceptability toward DHIs [38,39].

Adequacy of the EFA for factor analysis was assumed with a
Kaiser-Meyer-Olkin criterion (KMO) ≥0.8 and Bartlett’s test
of sphericity <0.05. All factors with an eigenvalue ≥1.0 were
considered. Criteria for retaining an item were a substantial
factor loading (>|0.4|) on one factor and no strong cross-loading
onto other factors. Cross-loading was defined as loadings (>|0.3|)
on another factor and a difference of at least 0.2 between the
loading on the main factor and the strongest loading on any
other factor [40]. Internal consistencies of the factors were
measured by Cronbach ɑ, where values >0.7 are acceptable,
>0.8 are good, and >0.9 are considered excellent.

To identify distinct clusters of dermatologists that differ in their
acceptability, a combination of hierarchical and K-means cluster
analysis was applied. The mean scores (using Likert scale
ratings: 1–5) of the factors were used as input variables for the
2 approaches. The hierarchical cluster approach was used to
identify the optimal number of clusters. Subsequently, a
K-means cluster analysis was conducted with this optimal
number. To test on differences between the identified clusters
based on mean scores, a one-way ANOVA was performed. In
order to create a profile of the identified clusters, first, each item
of the EFA (acceptability items) was binary coded (1=strongly

agree or agree; 0=neither, disagree, strongly disagree). Then, a
descriptive analysis was conducted, analyzing each item for
each cluster. Next, chi-square tests were applied for categorical
variables to identify differences in sociodemographic
parameters, as well as current and potential future use of DHIs
between clusters. In case more than 20% of cells had a count
below five, Fisher’s exact tests were used. For continuous
variables, one-way ANOVAs were used. A significance level
of .05 was applied. Missing rates were reported for all variables.
No imputation methods or weighting methods were applied.

Results

Participant Characteristics
In the survey, 170 dermatologists participated, resulting in a
response rate of 17% (170/1000 invited dermatologists). In 131
(77.1%) cases, participation took place online. The online
participation rate was 75.7%, calculated as the ratio of unique
visitors who agreed to participate (131) to the total number of
unique visitors who viewed the first survey page (173).
Participants had a mean age of 50.8 (SD 10.3) years, 55.7%
(74/167) were female, and for 84.2% (117/139) of participants,
the practice or clinic was located in an urban county or city
(Table 1). Missing data on all items were below 5% (9/170),
except for regional variation (31/170, 18.2%) and outpatient
clinic or medical practice (17/170, 10%).
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Table . Sociodemographic characteristics of the total population and identified clusters.

P valueAdopters (Cluster 3;
n=60)

Indecisives (Cluster 2;
n=69)

Rejectors (Cluster 1;
n=26)

Total populationa

(n=170)

<.001Age group (years), n (%)

17 (29.3)5 (7.8)0 (0)24 (14.9)    25‐39

13 (22.4)14 (21.9)2 (8.3)33 (20.5)    40‐49

18 (31)39 (60.9)9 (37.5)71 (44.1)    50‐59

10 (17.2)6 (9.4)13 (54.2)33 (20.5)    60 and older

2 (3.3)5 (7.2)2 (7.7)9 (5.3)    Missing

<.00146.9 (11.7)b,d51.4 (7.9)b,d58.8 (6.7)b,c50.8 (10.3)Age, mean (SD)

.33Sex, n (%)

32 (53.3)25 (37.9)12 (46.2)74 (44.3)Female

28 (46.7)41 (62.1)14 (53.8)93 (55.7)Male

0 (0)3 (4.3)0 (0)3 (1.8)Missing

.01Regional variation, n (%)

51 (91.1)46 (82.1)11 (61.1)117 (84.2)    Urban county or city

5 (8.9)10 (17.9)7 (38.9)22 (15.8)    Rural county

4 (6.7)13 (18.8)8 (30.8)31 (18.2)    Missing

<.001Outpatient clinic or medical practice, n (%)

28 (46.7)54 (80.6)26 (100)108 (70.6)    Medical practice

32 (53.3)13 (19.4)0 (0)45 (29.4)    Outpatient clinic

0 (0)2 (2.9)0 (0)17 (10.0)    Missing

a15 participants could not be used in the cluster analysis, due to missing values of the used subscores.
bDifferent from Cluster 2 (Adopters); P<.05.
cDifferent from Cluster 1 (Indecisives); P<.05.
dDifferent from Cluster 3 (Rejectors); P<.05.

Factors of Acceptability
The KMO criterion (0.92) and Bartlett’s test of sphericity

(χ2
210=2264; P<.001) revealed that the data were appropriate

to conduct an EFA. Four factors with an eigenvalue >1 were
identified (Table S1 in Multimedia Appendix 2). Cronbach ɑ
values (0.93, 0.90, 0.73, and 0.80) indicated at least an
acceptable internal consistency for all factors. The explained
total variance of the EFA was 67.6%. A total of 6 items were
excluded with a factor loading below 0.4. We named the factors
as follows:

• Factor 1: “Positive Expectancies and Acceptability of DHIs”
comprised of 10 items.

• Factor 2: “Dermatologists’ Digital Competencies”
comprised of 5 items.

• Factor 3: “Negative Expectancies and Barriers of DHIs”
comprised of 4 items.

• Factor 4: “Dermatologists’ Perspectives on Patients’
Acceptability and Competencies” comprised of 2 items.

The four mean scores of the factors ranged between 2.9 (SD
0.8) for Factor 4 and 3.5 (SD 0.8) for Factor 2 (Table 2).
Ranging from 1 to 5, higher scores indicate a higher agreement
with the items of a factor, except for Factor 3, where it is the
other way around.
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Table . Differences in identified mean scores on acceptability between the clusters.

P value

(ANOVA)

Adopters (Cluster3;
n=60), mean (SD)

Indecisives (Cluster 2;
n=69), mean (SD)

Rejectors (Cluster 1;
n=26), mean (SD)

Total population

(n=170), mean (SD)a

<.0014.1 (0.3)c,e3.2 (0.6)c,e2.0 (0.6)c,d3.4 (0.9)Factor 1: Positive ex-
pectancies and accept-

ability of DHIsb

<.0014.3 (0.4)c,e3.4 (0.6)c,e1.9 (0.7)c,d3.5 (0.8)Factor 2: Dermatolo-
gists’digital competen-
cies

<.0013.0 (0.5)c,e3.5 (0.4)c,e3.8 (0.3)c,d3.4 (0.5)Factor 3: Negative ex-
pectancies and barriers

<.0013.5 (0.6)c,e2.7 (0.6)c,e2.2 (0.7)c,d2.9 (0.8)Factor 4: Dermatolo-
gists’ perspectives on
patients’ acceptability
and competencies

a15 participants could not be used in the cluster analysis, due to missing values of the used subscores.
bDHI: digital health intervention.
cDifferent from Cluster 2 (Adopters); P<.05.
dDifferent from Cluster 1 (Indecisives); P<.05.
eDifferent from Cluster 3 (Rejectors); P<.05.

Clusters of Dermatologists According to Acceptability
Levels
After exploring 2-, 3-, and 4-cluster solutions, the hierarchical
cluster analysis recommended the 3-cluster solution as it
provides the best fit based on the K-means evaluation. The
performed ANOVA and subsequent post hoc tests revealed that
all differences between the four mean scores of the three clusters
were significant.

Cluster 1 (n=26, 16.7%) exhibited the lowest willingness (Factor
2: mean 1.9, SD 0.7) and digital competencies (Factor 2: mean
1.9, SD 0.7). Correspondingly, this cluster demonstrated the
highest negative expectancies of DHIs (Factor 3: mean 3.8, SD
0.3) and low expectations regarding patients’ adequate
competencies and willingness to use DHIs (Factor 4: mean 2.2,
SD 0.7).

Cluster 2 (n=69, 44.5%) showed moderate positive expectancies
toward DHIs (Factor 1: mean 3.2, SD 0.6), along with moderate
digital competencies (Factor 2: mean 3.4, SD 0.6) and also
moderate negative expectancies (Factor 3: mean 3.5, SD 0.4).
Cluster 2’s expectations of patients’ intention to use DHIs and
of patients’ digital competencies were low (Factor 4: mean 2.7,
SD 0.6).

Cluster 3 (n=60, 38.7%) had higher intentions (Factor 1: mean
4.1, SD 0.3), greater competencies (Factor 2: mean 4.3, SD 0.4),
and lower, though still moderate, negative expectancies (Factor
3: mean 3.0, SD 0.5) compared to Clusters 1 and 2. The cluster’s
opinion about patients’ intention and competencies was higher,
though still moderate (Factor 4: mean 3.5, SD 0.6).

Based on these differences, we will henceforth refer to Cluster
1 as Rejectors, Cluster 2 as Indecisives, and Cluster 3 as
Adopters in the subsequent sections.

Differences in Sociodemographic Information Between
Clusters
The Adopters (mean age 46.9, SD 11.7 y) were significantly
younger compared to both the Indecisives (mean age 51.4, SD
7.9 y; P=.03) and Rejectors (mean age 58.8, SD 6.7 y; P<.001).
No significant differences in sex were observed among the
clusters (P=.33). Notably, an association between regional
variation (urban or rural) and the three clusters was identified
(P=.01): the Rejectors had the highest proportion of participants
from rural counties (7/18, 38.9%), while the Adopters had the
highest percentage of participants from urban counties or cities
(51/56, 91.1%). In addition, Indecisives (54/67, 80.6%) and
Rejectors (26/26, 100%) performed their services primarily in
medical practices, whereas Adopters (32/60, 53.3%) performed
theirs in outpatient clinics (P<.001).

Acceptability Profiles of the Clusters
The analysis of individual items revealed distinct profiles of
the three clusters on their attitude toward DHIs. The following
paragraphs describe selected items for each factor and cluster.
A comprehensive overview of all item ratings is presented in
Figure 1.

Nearly all Adopters expressed openness to using (Item 2: 59/60,
98.3%) and recommending DHIs (Item 3: 58/60, 96.7%) in the
future (Figure 1; Factor 1). However, a lower proportion was
willing to pay for DHIs (Item 10: 41/60, 68.3%). They rated
themselves highly in digital media skills (Item 12: 55/60, 91.7%)
and expressed confidence in the easy integration of DHIs into
daily routines (Item 14: 53/60, 88.3%; Factor 2). About 45%
(27/60; Item 17) feared an increase in the time required for
patient care due to DHIs, but only a minority saw the effort for
IT as a burden (Item 19: 10/60, 16.7%; Factor 3). A majority
agreed that patients would accept DHIs (Item 20: 36/60, 60.1%),
while a minority agreed that patients would find using DHIs
easy (Item 21: 19/60, 31.7%; Factor 4).
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About two-thirds of Indecisives were willing to use DHIs in the
future (Item 2: 45/69, 65.2%), but a minority would recommend
(Item 3: 17/69, 24.6%) or invest in DHIs (Item 10: 20/69, 29%;
Factor 1). Although the majority would find it easy to use a
DHI (Item 11: 46/69, 66.7%), few considered themselves
knowledgeable in digital medicine (Item 15: 20/69, 29%; Factor
2). The majority perceived IT effort as a burden (Item 19: 49/69,
71%), expressed concerns about DHIs increasing consultation
time (Item 17: 52/69, 75.4%), and causing information overload
(Item 18: 39/69, 56.5%; Factor 3). Only 21.7% (15/69) believed
patients would welcome DHIs (Item 20), and 8.7% (6/69; Item
21) thought patients would find them easy to use (Factor 4).

Rejectors scored low in Factor 1, with the highest agreement
rates in trust toward recommendations of other physicians (Item
9: 8/26, 30.8%) and professional associations (Item 7: 7/26,

26.9%; Figure 1; Factor 1). Only 11.5% (3/26; Item 12) agreed
to have high competencies in digital medicine (Factor 2). Almost
all Rejectors worried about increased time requirements for
patients (Item 17: 25/26, 96.2%) and information overload (Item
18: 25/26, 96.2%). They perceived high IT effort as a barrier
to DHIs (Item 19: 26/26, 100%; Factor 3). Only 11.5% (3/26;
Item 20) believed patients would welcome DHIs, and none
(Item 21: 0%) thought patients would find them easy to use
(Factor 4).

Overall, ratings on items in Factors 1, 2, and 3 were distinctly
different among the three clusters, with the exception that the
majority within all clusters agreed that DHIs are inadequately
reimbursed (Figure 1; Factor 3). For Factor 4, Indecisives and
Rejectors showed similar low agreement rates on a per-item
level (Figure 1).
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Figure 1. Cluster profile analyses on an item-by-item level. DHI: digital health intervention.
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Assessment of the Nationwide eHealth Strategy
In the assessment of the nationwide eHealth Strategy, most
dermatologists across all clusters did not perceive the strategy
as successful (Figure 2). A majority within each cluster
concluded that the eHealth Strategy did not enhance patient care
(Indecisives: 52/69, 75%; Adopters: 35/60, 58.3%; and
Rejectors: 26/26, 100%).

However, significant variations could still be observed among
the three clusters. All Rejectors disagreed on the strategy being
effective in fostering connections between patients and providers
(26/26, 100%). The Indecisives shared similar doubts (50/69,

72.4%). This behaved similarly with regard to the strategy being
cost-effective (49/69, 71% disagreement for Indecisives; 26/26,
100% for Rejectors) and providing added value to
dermatologists (48/69, 69.1% disagreement for Indecisives;
25/26, 96.2% for Rejectors). In contrast, the “Adopters” were
more divided in their assessment: one-third of the cluster agreed
with the statements, another third disagreed, and the remaining
third was inconclusive. For example, 37.1% (22/59) agreed,
32.3% (19/59) disagreed, and 30.6% (18/59) were inconclusive
on the statement regarding whether the strategy has connected
patients and physicians.

Figure 2. Assessment of the nationwide eHealth strategy by cluster. P values indicate the outcome of a chi-square test or Fisher exact tests.
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Current Use of DHIs Within Identified Clusters
The use of common DHIs varied significantly between the three
clusters, except for AI tools for diagnostic purposes (range:
Rejectors 12%-Adopters 28.3%; P=.15), electronic patient data
(range: Rejectors 0%-Adopters 16.7%; P=.05), and telemedical
supported monitoring (range: Rejectors 0%-Adopters 5%; P=.09;
Figure 3). The Adopters demonstrated the highest and the
Rejectors the lowest utilization rates across all presented DHIs.
A total of 95% (57/60) of the Adopters reported to communicate
via email or instant messaging with colleagues, and 86.7%

(52/60) used email to communicate with patients. In contrast,
only 44% (11/25) and 50% (13/26) of the Rejectors engaged in
these communication methods. Apart from email
communication, less than half of the Adopters and one-third of
the Indecisives used other DHIs. For example, “Appointment
Reminders” were used by 50% (30/60) of the Adopters and
26.1% (18/69) of the Indecisives. The Rejectors did not use
many of the DHIs at all, such as store-and-forward (0%) and
live-interactive teledermatology (0%). Additionally, their
utilization of AI for diagnostic purposes was very low (3/25,
12%).

Figure 3. Use of digital technology in the last 12 months by clusters. P values indicate the outcome of a chi-square test or Fischer exact tests. AI:
artificial intelligence; S&F: store-and-forward.
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Future Intention to Use DHIs Within Identified
Clusters
When considering the potential use of DHIs for their patients
in the future, significant differences were identified among the
three clusters (Figure 4). Between 80% (48/60; patient diaries)
and 97% (58/60; medication reminder) of Adopters were willing
to use 4 out of 5 described interventions. In contrast, only 55%
(38/69: medication reminders) to 66% (45/68; education portals)

of Indecisives can imagine using or recommend specific DHIs
more often than currently. Rejectors had low potential use rates
ranging from 19% (5/26; for digital anamnesis) to 35% (9/26;
for education portals). While a slight majority of Adopters
(32/60, 53%) could envision using digital triage, 33% (20/60)
were undecided. However, 20% (14/69) of the Indecisives could
imagine using digital triage, while 41% (28/69) were undecided.
In contrast, 85% (22/26) of the Rejectors disagreed on using
digital triage in the future.

Figure 4. Potential future use of digital health interventions by clusters. P values indicate the outcome of a chi-square test.
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Discussion

Principal Findings
This study aimed to explore dermatologists’ acceptability of
DHIs, as well as their current and potential future use. Further,
clusters were identified according to their level of acceptability,
and differences were examined between the clusters and
sociodemographics, as well as DHI current and future use. The
current use barely exceeded 30% for interventions like
teledermatology, AI for diagnostic purposes, and electronic
patient data, even among willing dermatologists.

Overall, acceptability was moderate but varied significantly
among the identified clusters. We recognized a cluster of
dermatologists with high acceptability (Adopters), another
similar-sized cluster with moderate acceptability (Indecisives),
and a third minority with low acceptability (Rejectors).
Indecisives and Rejectors perceived negative expectancies
following the introduction of DHIs (eg, workload increase) and
mostly questioned patients’ willingness and competence to use
them. Adopters were younger, and more commonly practicing
in urban settings and outpatient clinics compared to Rejectors.
Satisfaction with the nationwide eHealth strategy was generally
low, although perspectives among Adopters were more divided.
Current and future use of DHIs depended on the type of DHI
and cluster, with Adopters showing higher rates.

Significant inequalities in DHI adoption between clusters
indicate the presence of a second-order digital divide (disparities
in digital competencies and acceptability toward DHIs) [41,42].
The more common adoption of DHIs among younger and urban
dermatologists has already been identified [30]. This difference
can contribute to existing health inequities by impacting access
to health care and potentially even health outcomes [43]. It is
crucial to closely monitor the impact of further DHI adoption
in dermatology and address any potential health disparities.

In general, inadequate knowledge, as perceived in the survey,
is a recognized barrier to the adoption of DHIs [22,44].
Integrating education on digital medicine into medical curricula
and continuing medical education programs is, therefore, a
potential approach to increase use and mitigate the digital divide
[45]. As the health care system undergoes digital transformation,
investing in digital health education is crucial [46].

The survey identified structural barriers to the widespread
adoption of DHIs, including inadequate reimbursement and
incentives, workload concerns, and IT infrastructure challenges.
In addition, the inadequate nationwide eHealth infrastructure
[47], as also noted by dermatologists in our survey, hinders the
seamless integration of DHIs, for example, in teledermatology
due to problems with electronic prescriptions and lack of access
to patient records [21,48]. These factors may help explain why
the adoption rate of innovative technologies, including
teledermatology, remained below 30% even among willing
adopters. To address these challenges, developers and decision
makers must prioritize aligning the eHealth infrastructure with
practitioners’ needs, as seen in other European countries [19].
Incentivizing physicians, alongside involving them in the

development process more frequently to reduce concerns, can
be a focus to increase DHI uptake [21].

The limited availability of DHIs may also contribute to the
relatively low adoption rates, even among those categorized as
Adopters. In Germany, for instance, store-and-forward
teledermatology platforms primarily focus on diagnosis
[15,16,49], with limited emphasis on triage or referrals [14] and
follow-up of patients with chronic conditions [13]. This
limitation restricts the broader use of the technology for different
patient groups. Additionally, patient electronic health records
remain incompletely implemented [19], and there is a shortage
of patient apps capable of either generating (eg, heart rate) or
supporting patients in generating (eg, patient-reported outcomes)
health data. Conversely, the swift uptake of AI apps, even among
those categorized as Rejectors, underscores the benefits of this
technology for dermatologists [50]. Our research suggests that
most Adopters and the majority of Indecisives express a desire
to use and recommend specific DHIs more frequently,
highlighting the need for increased availability of
evidence-based DHIs.

The perspective that patients would not welcome or find DHIs
easy to use aligns with evidence that over 70% of the German
population lacks adequate digital health competencies [51].
Patients also demonstrate low to moderate acceptability toward
DHIs [34,52-54]. Other research contradicts those findings,
suggesting that patients with dermatological conditions even
have a higher acceptability toward DHIs in comparison to
dermatologists [27]. Nevertheless, physicians and nurses can
provide vital guidance, given their significant influence on
patients [23,25,26]. Notably, Adopters recognized this role,
expressing a willingness to recommend DHIs despite
acknowledging patients’ overall lack of digital competencies.
This proactive stance should be complemented by health
insurers, who also have a responsibility to promote DHIs and
enhance digital literacy to ensure their appropriate utilization
[55]. Such efforts are aligned with insurers’ interests in
supporting cost-effective health care services [55, 56].

One key distinction we found is that Adopters are more
commonly affiliated with a hospital-connected outpatient clinic,
while the majority of the other clusters involve self-employed
dermatologists in medical practices. This may explain the
differences in opinions on costs, reimbursements, or
investments. Physicians in outpatient clinics may be less
concerned with IT costs and IT investments than physicians in
private practices, as they do not have to organize or pay
themselves [57].

Similar to other studies on acceptability toward digitalization,
it is important to consider the Intention-Behavior gap when
interpreting the survey results. Here, intending to adopt DHIs
in the future may not guarantee increased actual adoption in the
future [58]. Additionally, while an association has been observed
between a group exhibiting high acceptability (Adopters) and
their current adoption of DHIs, the cross-sectional nature of the
study means that the direction of this association remains
ambiguous and cannot be extrapolated into the future.
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Limitations
The survey has further limitations. Only 170 dermatologists
participated out of over 6000 practicing dermatologists, of which
3500 were organized in the DDA and 1000 were invited [59].
Additionally, while dermatologists were randomly invited, our
survey exhibited an overrepresentation of dermatologists in the
medium age group (50–59 years), with younger dermatologists
(40–49 years) and older dermatologists (60+) being
underrepresented [59]. This observation is particularly
significant considering the age differences identified between
the clusters, where younger participants are more commonly
affiliated with the Adopters cluster and older participants with
the Rejectors cluster. The survey is also prone to voluntary
participation, which might have attracted dermatologists with
more extreme views on health care digitalization. Hence, the
sizes of the clusters and other findings may not be fully
generalizable to the real world. We also did not account for the
potential integration of certain DHIs, such as the use of AI to
preanalyze images submitted through store-and-forward
teledermatology. Future research should therefore explore the
impact of AI on perceptions and attitudes toward DHIs [54].

A factor analysis was conducted, as recommended, to reduce
data dimensionality before performing the cluster analysis [39].
EFA was chosen instead of confirmatory factor analysis, as no
theoretical assumptions about item interactions were made. The
approach limits the comparability with other research on
acceptability [33,34]. In addition, it is often recommended to
conduct a confirmatory factor analysis following an EFA [60].
However, our sample size was not large enough to split the
dataset to allow for a subsequent analysis. Despite this
limitation, EFA calculations were deemed appropriate based
on the KMO criterion and Bartlett’s test of sphericity, resulting
in factors with acceptable internal consistency [40]. To validate
the findings of our research, the results could be further explored

by conducting qualitative interviews with dermatologists and
using a mixed methods approach [61].

Conclusions
The survey results indicate that dermatologists’ overall
acceptability toward DHIs is moderate. However, a sizable
cluster expresses a high willingness to incorporate these
interventions and recommend them to patients. Two other
distinct clusters exist: one indecisive about health care
digitalization and another rejecting DHIs.

The observed variation in actual adoption rates among clusters
suggests a nuanced relationship between willingness and the
implementation of DHIs. Dermatologists who express
willingness are more inclined to adopt DHIs more frequently.
However, despite this willingness, overall use rates remain
moderate. This may be attributed, in part, to several structural
barriers, including inadequate reimbursement, insufficient IT
infrastructure, limitations of the nationwide eHealth
infrastructure, and the limited availability of DHIs.

A notable perception among dermatologists, especially those
with low acceptability, is the perceived low patient willingness
and competency regarding digital health. This points to efforts
needed to enhance digital literacy among patients. It is
imperative for all stakeholders in the health care system,
including health insurers, to invest in initiatives to improve
patient education and empowerment in digital health.

Additionally, prioritizing education for health care providers
on digital health and involving them early in the development
of DHIs could mitigate potential disparities in digital health.

Addressing all the mentioned barriers could improve the
acceptability and use of DHIs among dermatologists, particularly
among those who are indecisive, thereby enhancing the
integration of DHIs to support patient care.
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Abstract

Background: A substantial number of newborns face postdelivery respiratory issues annually. Current ventilation devices in
immediate newborn care lack integrated sensors and supporting mechanisms for medical professionals. This is a potential field
of improvement, as safe ventilation relies on accurate pressure administration in current t-piece resuscitators. As the needed
support during the process is currently limited, it highlights the demand for innovations in neonatal ventilation technology to
improve efficacy and reduce potential errors.

Objective: The objective of the study was to facilitate collaboration between medical and engineering experts to evaluate the
critical factors for the successful implementation of an innovative ventilation technology in clinical immediate newborn care.
Incorporating the views of medical professionals into the survey is expected to offer valuable insights to engineers for subsequent
technological refinement.

Methods: An international multicenter online survey was conducted among 51 neonatal health care professionals in the DACH
region (Germany, Austria, and Switzerland) in order to (1) assess the specific functionalities required in a neonatal ventilation
assistant in immediate newborn care from a medical technology viewpoint, (2) characterize the acceptance of such a device as
support tool using the extended technology acceptance model, and (3) identify further steps toward integration of such technologies.

Results: According to the results, a visual representation of the current mask leakage and tidal volume is an essential feature.
Integrating alarms in visual rather than audible form when limit values are exceeded is preferable. In contrast, medical professionals
ranked an external control using a foot pedal as the least necessary feature. Based on the findings, acceptance constructs of the
neonatal ventilation technology were moderately scored. Perceived usefulness (β=.76, P<.001) was the main predictor of the
behavioral intention to use such a supportive instrument.

Conclusions: There is an evident willingness to integrate sophisticated support techniques into a neonatal ventilation device
for immediate newborn care.

(JMIR Hum Factors 2025;12:e64701)   doi:10.2196/64701

KEYWORDS

infant; neonatology; medical device; respiration disorders; pulmonary ventilation; medical engineering; technology acceptance
model; technology acceptability; resuscitation; critical care

Introduction

The probability of survival of newborns depends on the extent
to which they can adapt to the new environment and living
conditions after delivery. Nevertheless, 3% of premature or
newborn infants required respiratory support in the form of

mask ventilation in the first few minutes of life [1], with
approximately 1% of infants requiring postnatal resuscitation
[2]. The lungs and associated tissue need to develop in the first
few minutes of life before they are fully functional [3]. This
period is highly critical, as excessive positive pressure
ventilation can lead to damage to the lung tissue [3].
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This issue is further compounded by the stress [4] experienced
by medical personnel during a resuscitation scenario or
ventilation procedure, which disrupts their typical level of
physical performance and further exacerbates the situation. This
can lead to inaccurate assessment of color [5] and heart rate [6].
One study [7] showed that despite a constant level of peak
inspiratory pressure (PIP), maximum pressure on the lungs
during inhalation, there was a range in the tidal volume
administered, with the rationale that chest movement may not
be accurately detected [8]. In such instances, the utilization of
medical devices becomes paramount, as they have the potential
to alleviate the psychological burden on health care providers.

The choice of ventilator used by medical personnel makes a
difference in the actual quality of neonatal ventilation [9,10].
One study [11] has determined that the currently used
technology (t-piece) may result in excessive ventilation pressures
for newborns. Encounter emerging criticism regarding the
inaccurate administration of ventilation pressures through t-piece
devices [12], it is fundamental to design upgraded products in
medical care to enhance safety in newborn life support.

This study aimed to assess essential device features for neonatal
ventilation during immediate newborn care, as existing research
addresses this aspect only in a limited way. The goal is not to
replace the clinician but to enhance support through predefined
functions that minimize potential errors and improve patient
outcomes. The primary objective was to identify neonatologists’
acceptance and need for technology that aids neonatal ventilation
in the delivery room. The study sought to establish a
collaborative interface between engineers and neonatologists,
thereby aligning their perspectives and guiding the development
of technology in this domain. A central objective was to address
potential misunderstandings between medicine and technology
proactively.

Methods

Recruitment
This survey was conducted online using the platform
LimeSurvey (LimeSurvey Cloud Version 6.3.0, LimeSurvey
GmbH). The first page of the survey stated the objective; the
inclusion criteria, which were limited to individuals with (1)
completed medical degrees and (2) a valid license to practice
in neonatology; and the imperative need for their participation.
The second page was dedicated to the information leaflet and
the electronic consent form. Sociodemographic data and
experiences with neonatal ventilation (ie, inquired about how
participants would assess their personal experience in neonatal
ventilation, the frequency of their exposure to this practice, and
their familiarity with specific ventilation equipment used in the
delivery room) were then asked, followed by the evaluation of
particular requirements and assessment of the acceptance of a
possible prototype of a medical device in the area of newborn
ventilation in immediate newborn care.

Individual responder contacts were not available, therefore,
cluster sampling was used to target the responders by their
neonatology departments. The survey link was sent to a total
of 351 neonatology departments in the DACH region (Germany,

Austria, Switzerland), which provided contact information to
the Department of Neonatology of the University Hospital
Salzburg. Neonatology departments were asked to distribute
the link to the survey to their medical experts using a prepared
email. Departments were contacted 3 times to improve the
response rate. Respondents were given the option to answer the
questionnaire in either German or English. Data collection took
place in September and October 2023.

Measurement
The survey consisted of two parts: (1) evaluation of specific
requirements, suggested by a consensus of experts in
neonatology of the University Hospital Salzburg, for a medical
device in the area of newborn ventilation in immediate newborn
care; and (2) evaluation of the acceptance of a possible prototype
of this technology based on the extended technology acceptance
model (TAM) [13].

To assess the acceptance of the ventilation device for premature
and newborn patients, we used the TAM constructs [13],
extended with the constructs of trust and risk [14], and the
construct of social influence [15], which were adapted for this
specific technology. In this adaptation, we substituted
“information technology” [16] with “Neonatal Ventilation
Device in Immediate Newborn Care.” Data were gathered
through an adapted TAM questionnaire containing 29 items
distributed across 6 dimensions—perceived usefulness (6 items)
[17], perceived ease of use (6 items) [18], behavioral intention
to use (4 items) [16], social influence (5 items) [17], trust (3
items) [14], and perceived risk (5 items) [16]. The German
version was translated based on existing versions [19] and
adapted for the technology studies.

A pretesting phase preceding the study was conducted to ensure
the comprehensibility of the included questionnaire items.
Participants rated questions on a scale of 1 to 7, where “1”
represented “not understandable” and “7” denoted “completely
understandable.” All items were above a cutoff of 4 at the end
of the iterative phase, with an average rating of 5.4/7 (SD 1.3),
indicating a good understanding of the individual items when
applied to the response scale. Respondents (n=19), both
academic and medical professionals, carried out this assessment.

The survey used a 7-point Likert scale for evaluation, where
“1” indicated “strongly disagree” and “7” represented “strongly
agree.” The original survey version is attached in the Multimedia
Appendix 1. In our sample, TAM dimensions showed high
internal consistency (Cronbach α ranged from 0.73 to 0.94)
[20]. Overall, the survey was structured according to that
suggested by Burns et al [21] in their work with clinicians, with
a cluster sampling design, a mixture of free-text and structured
questions (mainly based on validated questionnaires), as well
as a pretesting phase to ensure comprehensibility of the survey.

Statistical Analysis
The statistical analysis was undertaken using Excel (Microsoft
Excel 2016, Microsoft Corp) and SPSS (IBM SPSS Statistics
29.0.0, IBM Corp). Means, medians, and SDs were used to
present continuous measurements, and results from categorical
measurements are shown as numbers and proportions.
Multivariate ANOVAs were performed to examine differences
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in the perceptions of the technology requirements as a function
of the participants’characteristics (gender, age, and experience).
Furthermore, 2 authors (ASK and DS) were involved in the
analysis of the qualitative data by deductive analysis using the
software MAXGDA (MAXGDA 24, VERBI – Software.
Consult. Sozialforschung. GmbH).

Ethical Considerations
The study was conducted in accordance with local ethical
guidelines as stipulated by the seventh revision of the
Declaration of Helsinki. Ethical clearance was obtained from
the Ethics Committee Salzburg (415-EALL/4/207/6‐2024).
Informed consent was obtained from all participants at the start
of the study, and their data were analyzed anonymously. No
forms of financial compensation were provided to the
participants in this study.

Results

Sample Characteristics
A total count of 131 clicks was captured, 82 were identified as
eligible attempts to respond by providing consent to participate,
resulting in 51 valid responses. The survey was undertaken in
German only. Physicians of pediatrics and adolescent medicine
specializing in neonatology contributed to all responses. No
anesthesiologists engaged in the field of neonatology
participated, despite meeting the inclusion criteria. Participants
reported their personal experience with neonatal ventilation
with a mean of 6.0/7 (SD 1.2, median 6.0, IQR 5.00-7.00) and
indicated the frequency of exposure with a mean of 5.8/7 (SD
1.4, median 6.0, IQR 5.00-7.00). Refer to Table 1 for detailed
participant characteristics.
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Table . Sample characteristics (n=51).

Count and proportion, n (%)Variable and level

Sex

27 (52)Male

24 (47)Female

Age (years)

1 (1)18‐29

9 (17)30-39

19 (37)40-49

16 (31)50-59

6 (11)60-69

0 (0)70-79

Educational level

8 (15)Ongoing residency

3 (5)Completed residency

4 (7)CRa with ongoing specialization

35 (68)CR with completed specialization

Employment status

38 (74)Full-time employment

12 (23)Part-time employment

1 (1)Retired

Ventilation experience (1=basic knowledge, 7=high expertise)

0 (0)1

0 (0)2

2 (3)3

5 (9)4

8 (15)5

13 (25)6

23 (45)7

Ventilation frequency (1=never, 7=very often)

0 (0)1

1 (1)2

3 (5)3

6 (11)4

9 (17)5

8 (15)6

24 (47)7

aCR: completed residency in pediatrics and adolescent medicine.

The ventilator from Paykel Healthcare, which operates under
the name Perivent in German-speaking countries, but is also
called Neopuff, was named the most frequently used device
(n=44). The participants had the opportunity to select multiple
devices simultaneously, depending on which ones they were
currently using and with which they had previous experience.
Furthermore, 2 of the devices mentioned were originally not

designed by the manufacturers for ventilation of newborns in
the delivery room, but for continuous ventilation in an intensive
care setting. One of the devices cited is not intended for use in
the immediate newborn care setting by the manufacturer, as it
is specifically designed as a monitoring system for the neonatal
ventilation process. Further details on the devices used for

JMIR Hum Factors 2025 | vol. 12 | e64701 | p.2598https://humanfactors.jmir.org/2025/1/e64701
(page number not for citation purposes)

Käferböck et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


ventilation in the delivery room setting are illustrated in Table 2.

Table . Currently used ventilation devices in immediate newborn care.

Count, nCountryManufacturerDevice designation

44New ZealandFisher & Paykel HealthcarePerivent or Neopuff

15CanadaGE HealthCareGiraffe Stand-alone Infant Resusci-
tation System

14CanadaGE HealthCareGiraffe Warmer

14GermanyMedCare Visions GmbHNeo-Tee

13GermanyDrägerwerk AG & Co. KGaAResuscitaire

8EnglandInspiration HealthcarerPAP

4GermanyFritz Stephan GmbHStephan F120

4CanadaGE HealthCarePanda Warmer ResusView

3GermanyDrägerwerk AG & Co. KGaABabyroo TN300

3SwedenMonivent ABNeo100a

3SwitzerlandLöwenstein Medical SE & Co. KGLeonie Plusb

2SwitzerlandHamilton Medical AGHamilton-C1b

1JapanAtom Medical CorpResusci Flow with Blender Unit 104
E Type

1United StatesSmiths Medical, IncPNEUPAC BabyPAC100

aMonitoring device for ventilation in immediate newborn care.
bNot designed for neonatal ventilation in immediate newborn care.

Device Functionalities
The participants rated the listed device features in terms of their
future needs for implementation. Figure 1 illustrates the
percentages of each rating score in a bar chart for each
requirement. In addition to these predefined ratings, the
participants were asked to what extent automation of workflows
of neonatal ventilation at the push of a button might make sense:
“1” represented a manual system, where the whole responsibility
lies with the individual, whereas “7” indicated a fully automated
system where the person is solely responsible for monitoring
the device. The results show an average score of 4.2/7 (SD 1.7,
median 4.0, IQR 3.00-5.00).

In addition to the predefined device requirements that
participants were asked to rate, respondents were also provided
with the opportunity to express their opinion on various
requirements through a free-text field (n=18). Accordingly, a

neonatal ventilation device used in the delivery room should
include a “display of fraction of inspired oxygen” (n=3), along
with the output of the “measurement of End-tidal carbon
dioxide” (n=2) and the display of a “pressure-volume curve”
(n=1). Another potential integration into such technology would
be the capability for “humidification” (n=2) and “warming”
(n=1) of breathing gases. Furthermore, features such as “time
measurement” (n=1), “tidal volume per body weight” (n=1),
and “alarms in the event of technical defects” (n=1) should be
incorporated into this device. Another suggested feature could
be an “automated start procedure with first ventilation” (n=1).
A “memory function” (n=1) of the entire process would be
beneficial for postintervention analyses. Finally, some
participants expressed the preference “not to rely exclusively
on the device with integrated technology” (n=2), emphasized
the importance of considering “users’ experience” (n=1), and
suggested that, in case of uncertainty, preset parameters can be
“manually overwritten” (n=4).
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Figure 1. Assessment of requirements for a ventilation device in immediate newborn care (n=51; no significant gender [F18,32=1.40; P=.20], age
[F72,128=0.95; P=.60], or experience [F72,128=1.01; P=.47] differences were shown based on multivariate ANOVAs).

Technology Acceptability
The participants expressed moderate levels of acceptance for
the ventilation device in immediate newborn care based on the
extended TAM (mean perceived usefulness 5.2, SD 1.1; mean
perceived ease of use 4.8, SD 0.7; mean social influence 4.6,
SD 1.1; mean trust 4.3, SD 1.2; mean risk 3.0, SD 0.9; mean
behavioral intention 5.1, SD 1.2). Perceived usefulness,
perceived ease of use, social influence, trust, and behavioral
intention were all rated positively, while risk was rated as
negligible.

Difficulties in Usage

Overview
In addition to the possible functions of such a device in the
delivery room, participants were free to comment on any
difficulties that might arise when using it. The ratings were
divided into difficulties with first use (n=47), repeated use
(n=25), and routine use (n=31).

First Use
Possible difficulties when using this type of technology for the
first time can be divided into 6 categories based on the
responses. Potential problems could lead to “incorrect operation”
(n=10) during the process due to “personal uncertainties” (n=13)
with the new technology. In addition, the “complexity of the
system would require training” (n=9). There is also a risk of
“relying on device support” (n=3) without additional follow-up
checks of essential parameters. In addition, there is still the
possibility of “technical malfunctions” (n=1) when using the
system for the first time. In the “other” category (n=6), the
following comments were made: on the one hand, that “curiosity
to try something new” (n=1) arises personally when using the
device for the first time, which allows “sensible setting of
parameters” (n=1) and is “easy to use” (n=2). On the other hand,
participants could imagine that the “individual assessment of
the newborn” (n=1) plays a role in first-time use and that
“focusing on the technology could lead to a reduction in
observation of the child” (n=1).

Repeated Use
With repeated use of a new type of neonatal ventilation
technology in the delivery room setting, the participants
mentioned the difficulty that “clinical knowledge could be lost”
(n=7) if a particular “reliance on the device” (n=3) was
established. What would exist would be an “incorrect use” (n=2)
with an “increased training effort” (n=4) in order to achieve a
specific “safety in use” (n=4). However, after repeated use, the
participants could already imagine having “fewer problems with
increasing routine” (n=3). The “robustness of the device” (n=1)
should, therefore, not be underestimated, as should “overly
liberal use” (n=1) during this process.

Routine Use
In the course of routine use of such an assistance tool, the
participants stated, among other things, the difficulty that users
could “lose their clinical judgment” (n=11) due to increasing
“familiarization with the technology” (n=5). However, “easy
handling” (n=3) with little to “no” (n=5) issues in handling
should arise in the course of routine. This technology could
provide more “time for decisions relevant to care” (n=1), but
there would still be the option of “no significant improvements”
(n=1) in the overall process, for example, by “ignoring alarms”
(n=2) because personal “expectations” (n=1) are different. In
addition, “additional costs” (n=2) could be incurred for materials
or upgrading an existing device.

Life-Threatening Malfunctions
In addition to the information on possible issues and difficulties
in using such a respiratory assistant, the participants could also
give their thoughts on life-threatening malfunctions (n=39).
Comments were primarily related to “malfunctions in the area
of ventilation pressure” (n=15), with incorrect outputs, both too
high and too low, in the area of PIP and positive end-expiratory
pressure (PEEP), as well as possible difficulties adjusting to the
patient’s conditions. A “total failure” (n=9) of the entire system
for no foreseeable reason and without a workaround (eg,
switching to manual mode) was the second most common
unacceptable malfunction. “Personal confusion” (n=8) when
using such a tool can also lead to life-threatening situations,
which must be considered during development. Incorrect
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“measurements of the system” (n=5), starting with incorrect
detection of the child’s weight and the associated miscalculation
of ventilation pressures, must be prevented at all costs. In
addition, a “too long activation time” (n=1) before ventilation
can take place, and “complicated handling” (n=1) can pose a
life-threatening risk.

Additional Comments
In the final part of the questionnaire, there was also the option
to provide general comments on medical technology in neonatal
ventilation that the participants wished to contribute in the
course of the survey. A total of 29 comments were received,
with one response stating that “no” further issues were brought
forward. In this section, the participants were concerned that
“manual mode” (n=8) could be used to override any automated
default settings or, if in doubt, switch them off. Such a system
should be “easy to use” (n=6) in order to support both
newcomers to the profession and neonatologists with many
years of experience in their work. In addition, users should
receive good and regular “training” (n=4) on the assistance tool
in order to ensure that the familiarization phase and the
assessment of therapy needs are of high quality. In the area of
technical functionalities, functions such as “warming and
humidification” (n=3) of the respiratory gas, “coupling with
vital parameters” (n=1) and a “display of the ventilation strokes
applied” (n=1) as well as a “sufficient battery” (n=1) and “alarm
management” (n=1) should be considered. Depending on the
different hospitals and clinics, there is also a difference as to
which “group of people would use such technology” (n=1). The
option to switch to a “mobile and portable version” (n=1) would
avoid possible structural difficulties.

Discussion

Principal Results
This paper describes the results of a questionnaire survey in the
field of ventilation technology for neonates in immediate
newborn care. The responses highlighted the need for support
mechanisms during the neonatal ventilation process, as
participants rated the desired level of automation of such a
technology as 4.1 out of 7, representing a medium to high degree
of automation. The guidelines for neonatal care [22] further
indicate that while situations requiring neonatal resuscitation
are rare, the routine expertise to provide optimal quality is often
lacking. Our findings should therefore serve as a starting point
to support neonatologists in their practice in the best possible
way, in terms of making high efforts in development in pressure
administration, intuitive device design for easy handling, and
display of critical vital parameters.

The current state-of-the-art neonatal ventilation in the delivery
room uses a tube system containing a t-piece with a mask or
tube plugged in. This system connects to an air-powered
ventilator, where a specific oxygen saturation is set. A valve on
the t-piece allows control of PEEP to manage lung pressure at
the end of expiration. However, it lacks integrated monitoring
of parameters such as tidal volume, ventilation pressure, in
particular the PIP, and the determination of pressure loss due
to mask leakage.

Our results are consistent and confirm a previous study [23]
examining the influence of human factors during this process
and improving the situation with assistive tools, such as
integrating a display of current (mask) leakage, rated as the
leading requirement. Free-text comments from individuals in
our research support this trend. On the other hand, it is essential
to highlight that one particular study [24] demonstrated that
individuals with greater expertise in this domain exhibit an
elevated mental workload and encounter higher cognitive
demands throughout the process compared with inexperienced
individuals using an assistive tool. In order to enhance personal
performance during neonatal ventilation or resuscitation, the
equipment to be used should be kept to a minimum in order to
avoid fixation errors [25].

A topic addressed in the free-text comments pertained to the
potential for “manual overwriting” of the device and the
“incorrect usage during initial operation.” According to the
established standards, specifically the norm titled “Medical
Devices -- Part 1: Application of Usability Engineering to
Medical Devices” (IEC 62366-1:2015), such concerns should
be anticipated during the manufacturing process and are
fundamental prerequisites for any medical device. The operation
of a medical device is intended to be seamless for the user and
should minimize the awareness of the underlying technical
interactions. It is recommended to carry out so-called usability
tests to obtain such device properties. These tests are based on
a specific scheme which, in addition to other considerations,
should bring to light the problems mentioned earlier and provide
opportunities to improve them [26].

It is important to note that this study focused on neonatologists,
as they are the specialists in the ventilation of newborns.
However, it is also worth considering that other medical staff,
such as midwives, nurses, and anesthesiologists, could use the
designed device. It is equally essential to acknowledge that
some of the aforementioned devices for neonatal ventilation are
not intended for immediate newborn care but rather for
continuous ventilation in an intensive care setting or monitoring
purposes only. This reinforces the importance of this work in
providing an in-depth understanding of the needs of physicians
for the development of assistive technologies specifically
dedicated to neonatal ventilation in immediate newborn care.

Limitations
This work has some limitations, one of which is that the link to
the survey was solely shared with neonatology facilities in
German-speaking countries (DACH region). Therefore, only
German-speaking neonatologists participated in the survey. No
physicians with a background in anesthesia specialized in
neonatology took part in this study. It could be speculated that
they do not feel enough concerned by the survey. Second, to
ensure a clear understanding of the questionnaire study, a
pretesting phase was carried out on a small scale to assess the
comprehensibility of the questions within the target group.
Although considerable efforts were made to obtain a sufficient
number of replies by broadly diffusing the survey, it ultimately
resulted in a limited number of valid responses. It may be that
not every center contacted and disseminated the survey due to
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the high volume of inquiries that doctors receive. It is advisable
to consider this potential limitation when interpreting the results.

Third, there was a huge difference in group sizes of the sample
in relation to the educational level, where the group of fully
qualified physicians of pediatrics and adolescent medicine with
completed specialization in neonatology were overrepresented.
Fourth, the method of free text response used to examine
complementary user requirements could have been better
examined through qualitative interviews. Based on these
findings, future research could include qualitative interviews
for a first prototype.

Comparison With Previous Work
Simulation training using a respiratory function monitor is
already being conducted to further assist health care
professionals by providing real-time information on the
ventilation process [27]. However, certain studies [28-30]
indicate a tendency for individuals to shift their focus from the
infant to the monitor. This underlines the importance of a broad
analysis of technologies in the delivery room. Our findings are
in line with the idea that additional information, such as the
display of current mask leakage and tidal volume, during the
neonatal ventilation process may be beneficial, as well as with
the experience of resuscitators using a respiratory function
monitor [23]. However, additional information should not
distract from the child nor overwhelm the caregiver.

Considerations for individual functions should prioritize visual
alarm functions over auditory ones to minimize potential
distractions as well as to regain focus on the child.

Conclusions
The integration of supportive mechanisms into neonatal
ventilation within the context of immediate newborn care is
essential for the assistance of medical personnel. The acceptance
of neonatologists of a device with additional functionalities and
integrated sensors indicates a promising outlook. The objectives
are clearly defined—to enhance the safety, efficacy, and quality
of neonatal ventilation by minimizing human error and
optimizing the overall care provided. The priorities encompass
the improvement of device functionality, the assurance of
user-friendliness, and the reduction of ventilatory complications.
The analysis of technology acceptance reveals significant
potential for future incorporation into existing systems.

The participation of physicians in the development process is
of utmost importance. Their clinical expertise guarantees that
the technology is aligned with real-world needs, remains
intuitive, and integrates seamlessly into established protocols.
Engaging with clinicians from the initial stages establishes a
connection between medical and technological necessities,
thereby ensuring that the technology improves patient care and
aids clinicians in the delivery room.
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Abstract

Background: The health care sector’s digital transformation has accelerated, yet adverse drug events continue to rise, posing
significant clinical and economic challenges. Clinical decision support systems (CDSSs), particularly those related to medication,
are crucial for improving patient care, identifying drug-related problems, and reducing adverse drug events. Hospital pharmacists
play a key role in using CDSSs for patient management and safety. Human factors and ergonomics (HFE) methods are essential
for designing effective, human-centered CDSSs. HFE involves 3 phases—exploration, design, and evaluation—with exploration
being critical yet often overlooked in the literature. For medication-related CDSSs, understanding hospital pharmacists’ tasks
and challenges is vital for creating user-centered solutions.

Objective: This study aimed to explore the actual practices and identify the needs of hospital pharmacists analyzing electronic
prescriptions. This study focused on the preliminary stage of the user-centered design of a pharmacist-centered CDSS.

Methods: The study involved observing 16 pharmacists across 5 hospitals in mainland France (a university hospital, 2 large
general hospitals, a smaller general hospital, and a specialized clinic). Pharmacists were selected regardless of expertise. The
observation method—systematic in situ observation with shadowing posture—involved following pharmacists as they analyzed
prescriptions. Researchers recorded activities, tools used, verbalizations, behaviors, and interruptions, using an observation grid.
Data analysis focused on modeling pharmacists’ cognitive work, categorizing activities by action type, specificity, and information
source. Sequential time data analysis and distance matrices were used to generate hierarchical clustering and identify similarity
groups among the pharmacists’ analyses. Each group was described using its typical sequences of analysis and related covariates.

Results: In total, 16 pharmacists analyzed and validated electronic prescriptions for 140 patients, averaging 5.48 minutes per
patient. They spend 91% of their time searching for information rather than transmitting it. Most information comes from the list
of prescriptions, but it is the time spent in electronic medical records (EMRs) that dominates at the heart of the analysis.
Pharmaceutical interventions are most frequently transmitted in the last third of the sequence. The pharmaceutical analyses were
grouped into 4 clusters: (cluster A, 22%) interventionist clinical analysis with extensive crossing of various sources of information
and almost systematic pharmaceutical interventions; (cluster B, 52%) most common clinical analysis focusing on EMRs and
biology results; (cluster C, 13%) logistical analysis, focusing on the pharmacy workflow and the medication circuit; and (cluster
D, 13%) quick, trivial analyses based exclusively on the list of prescriptions.

Conclusions: The pharmaceutical analysis process is complex and multifaceted. Pharmacists are detectives, accessing a wealth
of information to discriminate drug-related problems and respond accordingly. They also carry out different types of analysis,
which lead to different needs and require different solutions from CDSSs. This exploratory study is an essential prerequisite for
meeting the challenge of designing tools to support pharmaceutical analysis and pharmacists.

(JMIR Hum Factors 2025;12:e65959)   doi:10.2196/65959
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Introduction

Background
The digital transformation of the health care sector has
accelerated over the past decade [1]. This digitization has
reduced some risks associated with the use of health care
products, such as handwriting-induced confusion [2]. However,
adverse drug events continue to represent a significant clinical
and economic burden for populations [3]. This paradox is due
to the very diverse origins of adverse drug events and to the fact
that the computerization of health care organizations corrects
some drug-related problems but introduces many others, such
as lack of ergonomics and alert fatigue [4,5]. Nowadays, health
care providers must make more complex decisions [6], with an
exponential increase in clinical and pharmaceutical information.
Knowing that certain patient data are available, knowing how
to access the data, having the time to search for information,
and keeping up to date with the latest treatment
recommendations are all challenges faced by professionals in
their daily practices [7,8]. Out of this chaos came the interest
in clinical decision support systems (CDSSs) to help clinicians
make informed decisions and to derive full benefit from hospital
information systems [9]. In particular, medication-related CDSSs
have the greatest potential to benefit patient care and reduce
drug-induced iatrogeny [10-12].

Hospital pharmacists are key users of CDSSs. The pharmacy
department is responsible for the entire hospital’s health care
product circuit, and the pharmacist’s activity is essential to
patient safety and the reduction of health care expenditure [13].
Several studies have demonstrated the value of
pharmacist-oriented CDSSs for patient management [10-12].
Of course, in health care, the patient’s well-being is the main
concern. Nevertheless, it is also necessary to consider the
well-being of health care providers because they are responsible
for the majority of medication-related errors [14]. This is why
human factors and ergonomics (HFE) methods are fundamental
in promoting the human-centered design of systems that support
individuals and teams. As defined by Holden et al [15], “HFE
is a scientific and practical human-centered discipline that
studies and improves human performance in sociotechnical
systems.” It is also a standard of practice [16], with applications
in many fields: aviation, surface transportation, military, and
energy. In this respect, HFE methods are equally applicable to
pharmacy challenges and medication-related CDSSs [15,17,18].

Using HFE to design digital products involves three phases
[19]. (1) Exploration (or analysis) aimed at examining users in
their natural environment, determining their tasks, activities,
goals, constraints, and needs. Here, the real user problems are
identified. (2) Design takes advantage of exploration data to
provide solutions to identified problems. This ranges from
simple wireframes to more complete prototypes. (3) Evaluation
helps to assess ideas and the proposed design in order to
optimize and correct it. It involves testing and scoring the user
experience, ergonomics, and messages in both form and content.

The first stage is fundamental to the success of the other two.
However, HFE studies in the pharmacy sector tend to focus on
the design or evaluation phase [20,21]. The same is true of
studies on CDSSs [22-24]. Exploring the practices of hospital
pharmacists would appear to be a crucial step, particularly for
the development of medication-related CDSSs. Software editors
need to study the complexity of the task of analyzing and
validating electronic prescriptions in order to design products
in accordance with the principles of human-centered design
[16].

Prior Work
HFE methodologies are now well established in the health care
sector, with a growing number of publications [25]. They all
deal with exploration, design, and evaluation, but some phases
of human-centered design are better represented than others.
Evaluations are clearly the most represented [20,21,23], often
involving products already designed or at the end of
development, on which usability studies are carried out [26,27].
Unfortunately, these studies give little indication of the earlier
stages, unless they also deal with design or co-design [19,22].

In fact, it is rare to find publications that focus solely on the
analysis phase, especially in relation to health care providers
and pharmacists. Studies focus on the patient [19,28,29] or on
the patient’s involvement in the health care system [30]. There
are also studies on physicians [31-33], but these tend to focus
on the usability of already implemented digital systems [34,35].
Finally, a few studies focus on the importance of the
physician-pharmacist relationship for patient safety [12,36].
These studies use questionnaires, interviews, and focus groups,
which are HFE methods that have the disadvantage of
transcribing user subjectivity rather than actual behavior [37].
More objective methods, such as systematic observations, are
better suited to identifying problems and needs for pharmacy
research and clinical practice [15].

Several studies use observations as part of their methodology
[38-46]. However, they tend to complement other methods in
order to diversify data sources and reduce the risk of systematic
bias based exclusively on reported behaviors and experiences
[38]. Observations are treated here from a qualitative point of
view, rather than as quantifying the activity of professionals.
Moreover, as with all exploratory publications, the study
participants are patients [38,39], physicians [40,41], nurses [42],
and health care professionals as a whole [43-45], not just
hospital pharmacists. Finally, they are not always user-centered
[42], but rather focused on products [45,46] and their usability
[39].

Ultimately, some studies have examined pharmacists’ practices
using quantitative field observations [47-51]. They do not
necessarily focus on HFE methods but rather on the study of
professional practice to improve the quality and safety of care
[52]. One focuses on community pharmacists and the other 3
on hospital pharmacists. However, they do not deal specifically
with the pharmaceutical analysis of prescriptions, but with the
work pattern as a whole, and the impact of the medication
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management system on this work pattern. In the context of
developing a CDSS, the information provided by these studies
is interesting but does not provide the exploratory data needed
to design a prescription analysis support module. Moreover, it
is difficult to retrieve exploratory data from the design and
evaluation phases, as they only give access to the tip of the
iceberg of product design: that is, “What was done?” and not
“Why was it done?” To the best of our knowledge, there are no
HFE or professional practice publications on prescription
analysis by hospital pharmacists. There are only
recommendations from professional associations, with useful
elements for analyzing and improving practice [53,54].

Goal of This Study
This exploratory study focuses on the first stage of user-centered
design: the phase of in-depth understanding of the user, his or
her activity, and the context in which this activity takes place
[15]. The aim is to explore hospital pharmacists’practices when
analyzing and validating electronic prescriptions. It also aims
to find their specific needs for the design of user-centered
CDSSs.

We make several exploratory hypotheses: (1) there are different
types of pharmaceutical analysis, (2) pharmacy logistics play
a significant role in analysis, and (3) some information is
difficult to access for pharmaceutical analysis.

Methods

Ethical Considerations
Ethics approval was not sought, as no identifiable health data
were collected, and the pharmacists who were observed signed
a free and informed consent form after they were informed of
their personal data rights, in line with the General Data
Protection Regulation (EU 2016/679). The observed pharmacists
were not compensated for their participation in this study.

Recruitment
We visited 5 hospitals in mainland France for a total of 16
pharmacists observed: a university hospital with more than 2000
beds (3 pharmacists), 2 general hospitals with between 1000
and 2000 beds (4 pharmacists), 1 hospital with fewer than 1000
beds (5 pharmacists), and a specialized clinic with fewer than
200 beds (4 pharmacists).

Pharmacists are selected regardless of their expertise or status.
This includes pharmacy residents, as they perform much of the
validation of hospitalized patients. The only exclusion point is
that the pharmacist’s usual task is not to analyze and validate
prescriptions (the activity must be performed at least once a
week).

The number of participants observed depends on the discrepancy
between pharmacists’practices: the greater the discrepancy, the
more observations are needed to describe the different
pharmaceutical analysis groups.

Observations

Protocol
Our exploration approach is based on systematic observations
in an in situ context [37]. This method enables us to characterize
the current state, analyze the environment, and identify the needs
of hospital pharmacists. It will also describe how hospital
pharmacists access, process, and return information over time
in order to analyze and validate patients’electronic prescriptions.

Each observation consists of following a pharmacist analyzing
and validating electronic prescriptions for about an hour.
Pharmacists are informed of the objectives of the study before
participating. They also receive some instructions, but the full
methodological details are not given until the end of the
observation to avoid influencing their behavior. Participants are
instructed to act as they normally would. They are allowed to
verbalize as much as they wish. They can move from one patient
to another and can return to a patient who has already been
validated. Task interruptions are natural in the professional
practice of pharmacists [55], so the participant can interrupt his
or her activity at any time.

At the start of each observation, the researcher notes generic
information about the environment (date, time, site, and location)
and the pharmacist being observed (area of expertise and status).
At the end, he or she enters the time and comments, debriefing
the participant. In 1 hour of observation, the pharmacist will
analyze and validate several electronic prescriptions
corresponding to different patients. For each patient, the
researcher uses an observation grid to structure data collection.

Grid and Posture
An observation grid is completed for each patient (Multimedia
Appendix 1). It is organized in the form of a successive list of
activities, with each activity necessarily associated with the
time required to perform it. Depending on the situation, other
information may also be entered: (1) tools used, (2)
verbalizations relevant to understanding the activity, (3)
behaviors and reactions, and (4) the occurrence of a task
interruption and its origin. The researcher records all the
pharmacist’s activities, taking care to provide sufficient detail
for understanding, but without going too far, at the risk of losing
the thread of the process.

The observation method requires the researcher to adopt a
posture clearly defined by the study protocol. This is the
shadowing technique [56,57]. It consists of following the user’s
activities as closely as possible, without intervening directly in
the observed situation. However, the researcher may ask the
participant questions in order to better understand the reasons
for certain behaviors. Here, the researchers are hospital
pharmacists familiar with user experience methods. This choice
enhances the discernment of very specific professional activities
and limits the questions asked of the participant.

Data Analysis

Observation Processing
In order to model pharmacists’ cognitive work from raw
observation data, each activity is assigned (1) a type of action
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(search or transmit), (2) a level of specificity (generic or
specific), and (3) a source of information (list of prescriptions,
electronic medical records [EMRs], biology results,
pharmaceutical interventions, pharmacy logistics, drug
information, other information, or alert from prescriptions).
Analysis times are represented in relative terms (percentage of
total time) rather than absolute values to facilitate the
comparison of activity sequences with wide time disparities.

The processing of temporal successions of activities is inspired
by the processing of sociological data where populations change
state as a function of time (eg, professional status: student →
employee → unemployed → employee → retired). In particular,
we drew on the work on exploratory analysis in a social context
by Mariette et al [58]. To this end, we use the R package
TraMineR [59] and multidomain case studies (in our case,
activities are combinations of 3 domains) [60]. These methods
are used to split up activities and generate comprehensible
representations.

Clustering
Another advantage of these sequential data analysis methods is
their ability to generate distance matrices between
pharmaceutical analysis sequences [59,60]. This is followed by
hierarchical clustering using the R package cluster [61] to
distribute observations into different similarity groups. Finally,
we describe the clusters by matching the graphs of typical
sequences for each group (TraMineR package), with the
description of covariates provided by the R package FactoMineR
[62] and its class-based modality description function
(contingency table, V test, and chi-square test).

Results

Observations and Sequences of Activities

Overview of Observations
The 16 pharmacists analyzed and validated the electronic
prescriptions of 140 patients. The distribution of the time data
for the 140 observations (mean 5.5; range 0.5-15; median 5,
IQR 3.5-7.5 min) was nonnormal (Multimedia Appendix 2).

Pharmacists take an average of 5 minutes and 29 seconds to
analyze one patient. The fastest analyses take 30 seconds, and
the longest 15 minutes. The time spent on task interruptions is
deducted from the total analysis time.

The observations show 17 different types of activity, formed
by combining the 3 domains of action, specificity, and source
(combinations are available in Multimedia Appendix 3). The
representations of the activities (Table 1) separate the action,
finesse, and source domains to better compare proportions.

The action domain is mostly represented by the search category,
accounting for 90.7% of the total analysis time (Table 1).
Pharmacists thus spend almost 91% of their time looking for
information, and 9% transmitting it. In terms of specificity,
information is more often generic (66%) than specific (34%).
As for the source of information, the list of prescriptions is the
most common (37.5%), along with the EMRs (28.2%); next in
order of frequency are biology results (13.1%), pharmaceutical
interventions (7.7%), pharmacy logistics (4.7%), drug
information (4%), other information (3%), and alert from
prescriptions (1.8%).

Table . Time distribution of categories in each area (action, specificity, and source). Results are expressed as a percentage of total analysis time.

Time distribution, %Area and categories

Action

90.7Search

9.3Transmit

Specificity

66.0Generic

34.0Specific

Source

37.5List of prescriptions

28.2Electronic medical records

13.1Biology results

7.7Pharmaceutical interventions

4.7Pharmacy logistics

4.0Drug information

3.0Other information

1.8Alert from prescriptions

Time Sequences
Time trends in activity categories are shown in the graphs of
relative activity frequencies (Figure 1). They are based on graphs

of the individual activity sequences of the 140 patients
(Multimedia Appendix 4).
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For the action domain, information search predominates over
information transmission throughout the analysis. The transmit
category rises slowly from the start of the analysis, peaking at
the end, with a frequency of 20% (82% analysis time), before
falling back to zero.

For the specificity domain, the beginning of the analysis mainly
concerns generic information, with a gradual increase in the
proportion of specific information as the analysis progresses.
After 30% of the analysis time, the share of specific information
stabilizes at around 40% of the total information consulted or
transmitted. At the end of the analysis, pharmacists return to a
large majority of generic information.

For the source domain, the list of prescriptions is consulted
frequently throughout the analysis (basal frequency 20%), with
2 peaks at the beginning and end. Between 28% and 64% of
the analysis time, the EMR is in the majority, representing
around 40% of all activities performed during this period. The
proportion of “biology results” remains fairly constant, as do
“pharmacy logistics,” “other information,” and “alerts from
prescriptions.” Pharmaceutical interventions and drug
information are poorly represented at the outset but increase to
reach a peak of around 82% of analysis time. Details of the
relative frequencies of the source domain for each observation
are available in Multimedia Appendix 5.
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Figure 1. Graphs showing the relative frequency of each type of activity in relation to the percentage of time spent analyzing the prescription.
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Types of Pharmaceutical Analysis
The distance matrix between analysis sequences is generated
by assigning greater weight to the source domain than to the
action and specificity domains (ratio of 2:1). The reason behind
this ratio is that the source domain is more objective than the
specificity domain (less bias) and more discriminating than the
action domain (improving the strength of the classification
structure). The agglomeration coefficient of the hierarchical
clustering is 0.88 (see dendrogram in Multimedia Appendix 6).

In order to facilitate interpretation and maximize class
coherence, the clustering is divided into 4 groups (A, B, C, and
D).

The characterization of pharmaceutical analysis typologies is
done using graphs of the reference sequences for each sequence
cluster (Figure 2). The results in this figure can be read using
the tables describing the clusters according to covariates (Tables
2 and 3).

Figure 2. Reference activity sequences for each cluster and domain. Dist.: statistical distance (used to assess the dissimilarity or difference between
two statistical objects).
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Table . Description of each cluster by qualitative variables. Chi-square test P value: ***P<.001; **P<.01; *P<.05.

V testGlobal (%)Modality/cluster (%)Cluster/modality (%)Qualitative variables=Modal-
ity

Cluster A (31 patients)

+4.4***39.374.241.8Validation=With reserva-
tions

+3.5***40.067.737.5Status=Associate practition-
er

+2.2*6.416.155.6Pharmacist=OBS08

+2.1*72.187.126.7Environment=Shared office

+2.0*11.422.643.8Patient=PAT002

−2.0*8.60.00.0Observation=OBS04

−2.6**50.029.012.9Status=Senior

−2.7**43.622.611.5Department=Medical

−2.9**25.76.55.6Center=CEN04

−4.1***55.022.69.1Validation=Yes

Cluster B (73 patients)

+4.8***25.742.586.1Center=CEN04

+4.7***55.074.070.1Validation=Yes

+3.7***20.732.982.8Environment=Individual of-
fice

+3.3**10.017.892.9Status=Junior

+3.3**10.017.892.9Pharmacist=OBS09

+3.1**43.656.267.2Department=Medical

+2.0*7.912.381.8Pharmacist=OBS11

−2.3*11.45.525.0Patient=PAT002

−2.5*8.62.716.7Center=CEN02

−2.5*8.62.716.7Observation=OBS05

−3.3***27.115.128.9Department=Surgery

−3.7***72.158.942.6Environment=Shared office

−3.9***8.60.00.0Pharmacist=OBS04

−5.5***39.317.823.6Validation=With reserva-
tions

Cluster C (18 patients)

+5.9***8.655.683.3Pharmacist=OBS04

+4.9***50.010025.7Status=Senior

+4.5***39.388.929.1Validation=With reserva-
tions

+3.3**26.461.129.7Center=CEN01

+3.1**72.110017.8Environment=Shared office

+2.7**27.155.626.3Department=Surgery

−2.2*25.75.62.8Center=CEN04

−2.5*20.70.00.0Environment=Individual of-
fice

−4.0***55.011.12.6Validation=Yes

−4.1***40.00.00.0Status=Associate practition-
er
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V testGlobal (%)Modality/cluster (%)Cluster/modality (%)Qualitative variables=Modal-
ity

Cluster D (18 patients)

+2.2*7.122.240.0Environment=Open space

+2.2*7.122.240.0Pharmacist=OBS06

+2.1*55.077.818.2Validation=Yes

−2.1*39.316.75.5Validation=With reserva-
tions

Table . Description of each cluster by quantitative variables. Chi-square test P value: **P<.001; *P<.01.

V testOverall SDSD in clusterOverall meanMean in clusterQuantitative variables

Cluster A (31 patients)

+3.2*32.75.57Analysis time (min-
utes)

Cluster B (73 patients)

N/AN/AN/AN/AN/AaNull

Cluster C (18 patients)

N/AN/AN/AN/AN/ANull

Cluster D (18 patients)

−4.1**325.52.8Analysis time (min-
utes)

aN/A: not applicable.

Cluster A comprises 31 (22.1%) sequences of the 140 patients
analyzed. The typical group A sequence includes a wide variety
of information sources, with many alternating between them.
The level of specificity is balanced between generic and specific
information. The action of transmitting occurs mainly at the
end of the analysis, in correlation with the “pharmaceutical
interventions” source. Cluster A analyses took significantly
longer for pharmacists. They are mostly carried out by assistant
pharmacists, and their validations are mostly made with
reservations (pharmaceutical interventions).

Cluster B involves the most patients, with 73 (52.1%) sequences
of the 140 patients analyzed. The typical cluster B sequence is
characterized by the action of searching for information (no
transmission), and the specificity of the information is more
generic than specific. The diversity of information sources is
lower than in cluster A: pharmacists alternate between the list
of prescriptions and the EMRs, with a few passages in biology
results and drug information. Cluster B sequences contain almost
all the sequences produced by junior pharmacists and give rise
to unreserved validations (no pharmaceutical interventions).
Cluster B patients are more likely to be hospitalized in medical
departments than in surgical ones.

Cluster C contains 18 (12.9%) sequences of the 140 patients
analyzed. The typical cluster C sequence devotes most of its
analysis time to the action of transmitting. Most of the
information is specific, with generic information used mainly
at the beginning and end of the analysis. Activity sources are
few when compared to cluster A, and alternate between list of
prescriptions, pharmacy logistics, and pharmaceutical

interventions. The sequences in cluster C relate more to the
analysis practices of senior hospital practitioners who validate
surgical services. Validation is generally carried out with
reservations (pharmaceutical interventions).

Cluster D also comprises 18 (12.9%) sequences of the 140
patients analyzed. The typical cluster D sequence is the simplest
of the 4 groups. It consists solely of search actions, with generic
specificity and the list of prescriptions as its source. Cluster D
analyses take significantly less time for pharmacists and result
in unreserved validation (no pharmaceutical interventions). This
type of analysis is more common among pharmacists working
in open spaces.

Discussion

An Investigative Posture
The goal of this study is to understand how pharmacists analyze
prescriptions, and in particular, whether analysis profiles exist.
The 16 pharmacists who participated in the observations took
an average of 5 minutes and 29 seconds to analyze and validate
a patient. Although this value is close to the median (5 minutes),
it should be noted that the total range of validation times is
rather wide (between 30 seconds and 15 minutes) and that the
distribution of values does not follow a normal distribution
(Multimedia Appendix 2). We can therefore expect major
disparities in analysis typologies, but we will come back to this
point later.

From an overall point of view, the pharmacists’ posture is
overwhelmingly focused on seeking information from

JMIR Hum Factors 2025 | vol. 12 | e65959 | p.2613https://humanfactors.jmir.org/2025/1/e65959
(page number not for citation purposes)

Butruille et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


prescriptions (Table 1). Whether they are identifying a
drug-related problem, or justifying the absence of a problem,
the professionals are constantly questioning the list of
prescriptions (Figure 1). A new question leads to a new search,
which in turn may lead to further questions. The pharmacists
keep in mind (or physically note) the questions that come to
mind when reading the list of prescriptions and then access the
appropriate source of information. At the end of the analysis,
as they return to the prescriptions for final validation, they make
a final review in order to “not miss anything important.” Overall,
pharmacists are naturally at ease when interacting with the drug
list, and it is during these periods that participants exchange the
most with the researchers.

In terms of specificity, the results are less clear-cut than for the
“action” domain. Specificity depends more on the nature of the
information researched or transmitted by pharmacists.
Information is more often generic in the list of prescriptions
and EMR sources, and predominantly specific in the biology
results, pharmaceutical interventions, and pharmacy logistics
(Figure 2). The need for specific data tends to come at a more
advanced stage in the pharmacist’s cognitive process. In general,
a specific activity follows generic research of information and
is more likely to take place in a structured data source such as
biology results. In the case of generic activities, we find
structured information sources (prescription lists) and
unstructured sources (EMRs). So, it is not the structure of the
information that counts here but rather the fact of having a global
view of a situation. Generic searches are therefore a way for
pharmacists to retrieve as much information as possible about
the drug and clinical context, and then focus on more specific
activities.

Importance of Clinical Contextualization
Searching for information in a patient’s medical record is by
far the most cognitively demanding activity for professionals.
As soon as participants immerse themselves in the clinical data,
their verbalizations diminish, and their posture shifts toward
reading and concentration. While the total time allocated to
clinical contextualization is the second highest of all analyses
(Table 1), it dominates between 20% and 70% of analysis time
(Figure 1). Moreover, this activity is expressed as the most
time-consuming by the participants and is probably the most
critical point of the analysis. Pharmacists find themselves highly
dependent on information provided by other medical
professionals. The search for clinical data is made all the more
difficult by the wide disparities in information architecture from
one department to another and from one facility to another.
Typically, pharmacists find less relevant information on
treatments in surgical departments than in medical specialty
departments. As for establishments, the way in which they
search for clinical data depends on the software that is used for
“electronic medical records” and its affinity with pharmacy

practice. Finally, if we compare clinical record activities with
biology activities, it is clear that the biology laboratory provides
much more structured information, enabling pharmacists to
target specific data and waste less time searching for it (Table
1). In short, the lack of structure in clinical data requires hospital
pharmacists to make a more intense cognitive effort at the core
of their analysis. This validates the hypothesis that access to
relevant information is often difficult.

The use of other information sources is more sporadic but no
less interesting. The search for drug information is correlated
with the transmission of pharmaceutical interventions.
Pharmacists have a strong need to verify and justify their
transmission actions: Acting as drug experts who inspect
prescribers’ actions, they do not want to leave any room for
uncertainty. In addition, they have a preventive posture toward
their medical colleagues, and many participants double their
written intervention with a call to ensure that it is properly
transmitted. Curiously, iatrogenic alerts prompted by EMRs are
rarely consulted, even though they are presented by vendors as
aids to analysis and decision-making. When questioned on this
subject, all the pharmacists answered that “these alerts are not
appropriate,” as they are “too general” and “irrelevant to the
context.” Finally, it is the activities related to pharmacy logistics
that are the most difficult to describe from raw observations. A
review by typology would be necessary to better understand
the place of pharmacy logistics, as well as the disparities
between the other analyses.

Several Types of Analysis
The classification of analysis sequences into 4 clusters highlights
very different analysis typologies (Figure 2). This confirms the
first hypothesis of the study. Groups A and B are referred to as
“clinical,” as they comprise sequences containing more
information from the clinical and biological file than the other
clusters. In total, these “clinical” sequences account for almost
75% of the analyses carried out. The remaining 25% is divided
equally between clusters C and D. Although cluster D provides
fewer elements for understanding professional processes (very
rapid analysis, based only on prescriptions), it nonetheless
illustrates situations that do not require in-depth expertise and
the intervention of a pharmacist. Cluster D is ultimately a group
of “trivial” analyses for drug experts. On the other hand, cluster
C involves sequences that call on the logistical skills of hospital
pharmacists, including their ability to intervene finely in the
medication circuit. In the following, cluster C is referred to as
the “logistical” group. The terms “clinical,” “logistical,” and
“trivial” are introduced to qualify clusters more effectively and
to give them a distinctive color. Analysis groups cannot be
reduced to their names, as a clinical typology may include a
logistical component, and vice versa. The following diagram
provides a visual representation of the 4 analysis clusters (Figure
3).
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Figure 3. Representation of the 4 pharmaceutical analysis clusters, according to their clinical or logistical trend, and their composition in pharmaceutical
interventions. The size of the circles is proportional to the number of analyses concerned.

The 2 “clinical” clusters differ mainly in the overall dynamics
of their analysis sequences. Cluster A is richer in sources of
information, the data sought are more specific, and the sequence
of activities is long and complex. Furthermore, these sequences
regularly identify drug-related problems and generally lead to
validations with reservations (pharmaceutical interventions at
the end of the analysis). The value of pharmaceutical analysis
of cluster A prescriptions is therefore indisputable, particularly
in the fight against iatrogenesis.

Cluster A can be described as “clinical and interventionist,” as
opposed to cluster B, which is more “clinical and consultative.”
Cluster B’s analysis sequences focus primarily on consulting
the patient’s medical file, with the addition of a few biological
elements or information on treatments. It is hard to say whether
consultative sequences require more cognitive effort from
pharmacists than interventionist sequences. In any case, cluster
B analyses concern more than 7 out of 10 “clinical” sequences
and generally result in full validation (74% of cases). The impact
of the clinical advisory analysis is consequently more limited.
Finally, it should be noted that cluster B is devoid of logistical
aspects, unlike cluster A. This is certainly because cluster A
comprises a majority of associate practitioners, who are often

more involved in logistics than juniors. In addition, type A
analyses are generally more complex, both clinically and
logistically, with an important alternation in the specificity and
source of information.

The “logistics” cluster includes sequences produced exclusively
by hospital practitioners (senior pharmacists). It reflects the
increasing specialization of these professionals in the analysis
and validation of prescriptions. In fact, their intention is to focus
on the medication circuit rather than on iatrogenicity. Their
interactions are therefore less with prescribers than with nurses,
pharmacy assistants, and automated dispensing systems
(dispensing robots and secure cabinets). The clinical aspect,
while not completely omitted, tends to be secondary in this type
of sequence. As expected, pharmacy logistics therefore play an
integral role in prescription analysis.

Finally, “trivial” analyses are not linked to a particular category
of pharmacist or hospital. Rather, they appear in relation to
clinical situations that do not require the intervention of a
pharmacist. This might be a straightforward surgical protocol,
a prescription with a limited number of drugs, or standardized
palliative care management. In all these situations, pharmacists
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quickly realize that there are no drug-related problems.
However, before opening the prescription list, pharmacists have
no way of knowing whether these are “trivial” prescriptions.
Given that it represents 13% of analyzed prescriptions, this
raises the question of the place of this kind of analysis in the
pharmacists’ workflow.

Identifying Pharmacists' Needs
The diversity of pharmaceutical analysis typologies adds a
further challenge to the design of pharmacist-centered decision
support systems. Between “clinical,” “logistical,” and “trivial”
validation intentions, the needs seem very different, and perhaps
these intentions should be treated separately.

For “clinical” analysis, contextualization is a key concern.
Pharmaceutical professionals need rapid access to relevant
information, that is, without having to search through all the
documents and unstructured data. Further, in the case of
interventionist analyses, additional elements need to be included
to facilitate the drafting and justification of pharmaceutical
interventions.

For “logistics” validations, the need lies in the integration of
stock management software and the import of highly specialized
information (stock-outs, equivalences, and traceability). Since
the act of validating a prescription means that it has been
approved by the pharmacist, whatever the type of analysis
performed, it is important that “logistical” analyses include
some support for “clinical” analysis. This is to ensure that
iatrogenic risk is minimized.

For “trivial” validations, the need for a decision-support system
is more for prioritization. In fact, the time pharmacists devote
to analysis is precious and should be used in priority for other
types of validation.

Limitations
One of the first limitations of observation methods is their
representativity [52]. In fact, this method requires a great deal
of resources to collect field data and then to process and analyze
the activities. This limits the number of observations made and
calls into question the generalizability of the results. This is
why the study of pharmaceutical analysis typologies is based
on the analysis sequences of each patient (140 in all) rather than
on each pharmacist (16 in all), and why the link between the
analysis clusters and the pharmacists observed is not discussed.
This also has to do with intraindividual variability: in the study,
there was no indication of whether pharmacists changed their
testing intention according to the time of day, the day of the
week, or the month of the year. It is simply a 1-hour observation
of their pharmacy practice at a given point in time.

Although our study includes 5 different hospitals, it would be
necessary to generalize the results to other French hospitals and
regions. Based on our data, it is not possible to assess the extent
of variability attributable to different hospital workflows or
pharmacist profiles. Indeed, it would be valuable to analyze the
impact of hospital regions, facilities with varying workflows,
or pharmacists with differing levels of experience on hospital
pharmacy practices.

The aim of the study was to create a general model of
pharmaceutical analysis and to form analysis groups.
Unfortunately, by generalizing, it is not possible to detail every
action performed by professionals. Moreover, in the health care
environment, actions are rarely complete and linear [52], making
it impractical to group very precise tasks into 140 different
sequences. It is also for this reason that task interruption data
were not exploited, as there were too many hazards and their
use was not relevant to the study’s objective.

Comparison With Prior Work
Few publications deal with the analysis of hospital pharmacists’
practices and needs with regard to the pharmaceutical analysis
of prescriptions. And most of these are usability tests rather
than exploratory studies. Nevertheless, 4 studies have similar
methodologies and subjects of observation [47-50]. They all
use a pay-for computerized data collection tool, the validated
Work Observation Method By Activity Timing (WOMBAT,
Macquarie University) software [52]. This tool is very useful
for observing complex situations, enabling the collection of
multiple dimensions of work (who, what, when, why, and how).
However, our situation is specific to a given practice, that is,
analyzing prescriptions. In the publications cited above, the
perception of tasks is more global, more general, and more
exhaustive of the daily work of pharmacists. By combining the
action, specificity, and source domains, we are able to better
characterize tasks relating specifically to pharmaceutical
analysis. On the other hand, we lose information on social
interactions and other tasks such as dispensing and medication
reconciliation. This difference in objectives explains why it is
difficult to compare the times obtained in our study with those
of other publications: the tasks studied are not homogeneous.

Three of the studies use observations to make comparisons.
These are either before-and-after comparisons of the
computerization of the prescription management system [50],
sometimes adding a comparison between different countries
[48], or comparing the activities of pharmacists with those of
pharmacy technicians [47]. None of these studies attempt to
group together or identify specific typologies of professional
practice; the methodologies are based solely on descriptive
statistics. Further, the observations are carried out in just 1 or
2 hospitals, with observed pharmacists working in the same
ecosystem. This makes it more difficult to eliminate the bias
associated with environmental conditions and to distinguish the
needs associated with each type of pharmaceutical practice [49].
These studies are therefore not really to be considered as first
steps in user-centered design.

Finally, there are some very interesting points of agreement
between prior research and our results. Hospital pharmacists
spend the majority of their time reviewing prescriptions,
affirming the importance of the analysis activity in professional
practice. We can also see from the publication by Lo et al [50]
that the task of reading the patient’s medical record ranks second
in frequency, just after reviewing the prescription list, regardless
of the presence or absence of an electronic medication
management system. Prior works thus confirm the importance
of clinical contextualization in making medicines safer. Even
if it is difficult to compare our study to prior work, the problems
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observed seem to be common. We have every reason to believe
that pharmaceutical analysis is an activity whose workings do
not differ fundamentally from one organization to another, and
whose same needs persist over time. It should also be noted that
we do not know if these needs are well addressed by CDSSs.
It would be interesting to make this assessment in a future study,
comparing it with the needs identified in our exploratory study.

Conclusions
This exploratory study focuses on pharmaceutical analysis and
validation practices for intrahospital prescriptions. We can
confirm that the process of analyzing is multifaceted and
complex. It depends on the clinical or biological situation, the
treatments involved, and the profile of the validating pharmacist.
Given that all patients must benefit from the same quality of

care, software product teams need to ensure that user needs
coincide with the regulatory and ethical constraints of the health
care sector. They must also take into account the diversity of
pharmaceutical analyses and their specific needs. User-centered
design solutions can emerge from this type of exploratory study,
leaving designers free to define the right challenges to address
and draw innovative ideas from them.

Beyond the interest of this study for the development of useful,
usable, and acceptable digital solutions, the work presented here
proposes a singular methodology for evaluating the activity of
hospital pharmacists. We hope that this methodological
contribution will provide a better understanding of the
complexity of this medicotechnical profession and make it easier
to measure professional practice evolutions, especially after the
introduction of a pharmacist-oriented CDSS.
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Abstract

Background: Women with limited English proficiency continue experiencing an unequal cancer burden. Non-White immigrant
women present with more advanced breast and cervical cancer than non-Hispanic Whites, attributed to significant cultural barriers
as well as low health literacy in attempting to navigate the United States health care system for cancer screening. Community-based
Health litEracy-focused intervention for breast and cervical Cancer Control (CHECC-uP) was an in-person, community health
worker-led intervention, addressing both cultural and health literacy barriers through health literacy education and follow-up
counseling with navigation assistance. The in-person program was tested in a large cluster-randomized trial and yielded high
efficacy in promoting mammogram and Papanicolaou test screening in Korean-speaking women. With over 90% of Americans
now having online access, the in-person program was adapted to web-based delivery.

Objective: This study aimed to evaluate the feasibility, acceptability, and preliminary efficacy of the web version of the
intervention—e-CHECC-uP.

Methods: A randomized pilot trial was conducted. A total of 40 women were enrolled and randomized (20 per arm). The study
intervention consisted of web-based health literacy education followed by phone counseling with navigation assistance. Study
assessments were done at baseline, 3 months, and 6 months. The study’s primary outcomes were cancer screening behaviors
verified by medical record review. Upon completion of final study assessments, intervention participants were invited to join
postintervention interviews.

Results: In total, 34 women (intervention: n=15; control: n=19) completed the assessment at 6 months, yielding a retention rate
of 85%. The intervention participants were highly satisfied with e-CHECC-uP with a median rating of 8 on a 10-point scale.
Between-group differences in screening rates were 34.6%, 47.9%, and 37.5%, respectively, for completion of the mammogram,
Papanicolaou test, and both at 6 months.

Conclusions: We achieved a high retention rate and high participant satisfaction. Although the study was not powered for
significance testing, the e-CHECC-uP intervention resulted in large group differences across all cancer screening outcomes in
the pilot sample. Online technology can help address multiple logistical barriers associated with in-person intervention delivery.
Our findings suggest that web-based delivery of CHECC-uP may be used to promote cancer screening among immigrant women
with limited English proficiency, as a promising avenue to ultimately reduce health disparities in underserved communities.

Trial Registration: ClinicalTrials.gov NCT03726619; https://clinicaltrials.gov/study/NCT03726619

(JMIR Hum Factors 2025;12:e66092)   doi:10.2196/66092
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Introduction

Despite significant progress in the early detection of breast and
cervical cancer in the United States, certain racial and ethnic
minoritized groups—particularly those with limited English
proficiency (LEP)—continue to experience an unequal cancer
burden, which is strongly associated with underusage of cancer
screening. Non-White immigrant women present with more
advanced disease than do non-Hispanic Whites [1,2], which is
attributed to significant cultural barriers [1-3] as well as low
health literacy [2-6] in attempting to navigate the health care
system in the United States. Korean Americans are the fifth
largest Asian population in the United States [7] and represent
one of the most vulnerable groups for late cancer diagnosis due
to significant language barriers and limited health literacy [6,8].

Community health worker (CHW)–led interventions have grown
rapidly in health care as possible solutions to alleviating health
inequalities. CHW-led interventions have demonstrated to be
efficacious and are a commonly used approach in promoting
health outcomes among vulnerable populations at risk for health
disparities [9-11]. A systematic review revealed that CHW-led
interventions promoting cancer screening resulted in 6%‐33%
between-group differences for mammography and 7%‐29%
for Papanicolaou screening [11]. Likewise, a randomized clinical
trial involving Asian immigrant women showed that a CHW-led
health literacy-focused intervention was highly efficacious in
promoting breast and cervical cancer screening with a group
difference of 46% for mammography and 45% for Papanicolaou
screening [12].

eHealth—“the use of information and communication
technologies for health” [13]—is an effective health
communication and educational approach for preventive and
self-care practices [14,15]. Today, it is estimated that over 90%
of Americans have online access [16]. According to a recent
community survey [17], 66% of Korean immigrant women have
access to the Internet and use the internet as the main method
to obtain health information; 98% of them have access to a
mobile phone. In light of high digital accessibility, the potential
of eHealth as an effective health communication and education
tool has been demonstrated [15]. Although CHW-led
interventions have shown efficacy in promoting cancer screening
among underserved populations, there remains a critical gap in
scalable, accessible delivery models—particularly digital
formats—that can extend the reach and impact of these
interventions for immigrant women with LEP. This study
directly addresses this gap by adapting a previously successful
CHW-led, health literacy-focused cancer screening intervention
(CHECC-uP: Community-based Health litEracy-focused
intervention for breast and cervical Cancer Control [12]) into a
web-based format (e-CHECC-uP), leveraging the high rate of
digital access among Korean American immigrant women. The
purpose of this study was to evaluate the acceptability and
feasibility of e-CHECC-uP. The study also aimed to address
preliminary efficacy of the e-CHECC-uP intervention in
addressing cancer screening and psychosocial outcomes.

Methods

Design and Sample
A pilot randomized trial was conducted to test the feasibility,
acceptability, and preliminary efficacy of e-CHECC-uP in 40
Korean American women. Eligibility criteria included: (1)
women self-identifying as Korean living in the
Baltimore-Washington Metropolitan area, (2) aged 21 to 65
years, and (3) overdue for mammogram (>2 y since last
mammogram for women 40 y and older) [18] or Papanicolaou
smear screening (>3 y since last Papanicolaou test for women
21 y and older) [19]. Study participants were recruited from
Korean churches in the Baltimore-Washington Metropolitan
area. Using computer-generated random numbers, enrolled study
participants who completed the baseline study survey were
randomized into either the intervention or the control arms (n=20
each). This study was conducted in line with CONSORT
(Consolidated Standards of Reporting Trials) guidelines
(Checklist 1).

E-CHECC-uP Intervention
The study intervention consisted of web-based health literacy
education and monthly phone counseling with navigation
assistance over 6 months. The prototype intervention
CHECC-uP consisted of health literacy education and follow-up
phone counseling, both delivered by trained CHWs, and was
successfully tested in Korean immigrant women from ethnic
churches [12]. The health literacy education, which was
delivered in-person, was designed to help Korean American
women to better understand essential medical terminology used
in mammogram and Papanicolaou test screening with relevant
medical instructions, while increasing familiarity with the
navigational processes to get these screenings done. In order to
scale up, we transformed the print materials used for in-person
health literacy education into a web-based platform. Details of
the online module development will be described elsewhere.
Briefly, we worked with a community advisory board to develop
the web-based platform of the health literacy education
component of CHECC-uP. The community advisory board
consisted of 7 Korean American women aged 40‐65 years
residing in California or Maryland. Over 2 months, the advisory
board members assessed module contents for its organization,
relevance, and comprehension. Also, they reviewed both audio
and visual quality of the modules and consistency and overall
design of them. The final version consisted of 9 educational
modules with an estimated completion time of approximately
30 to 60 minutes.

Procedures
After the online modules were finalized, a trained bilingual
research team worked with 5 ethnic churches to identify
potential study participants. Upon verbal verification of study
eligibility, potential participants were given detailed information
about the study and an informed consent form. As the
participants signed the form and completed the baseline
questionnaire, each participant was assigned to one of 2 groups.
For the intervention group, trained study staff handed the
participants a tablet along with a log-in instruction sheet with
individualized ID and password. Once successfully logged in,
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the participants were guided to touch the “Start” button on the
screen when they were ready to begin and stated that the narrator
would walk them through the modules. The staff stood by to
answer any questions while the intervention participants
completed the modules. Upon module completion, intervention
participants received a hard copy version of the educational
contents covered in the modules, along with detailed instructions
to enable them to log in and view the modules at their
convenience. Within 2‐3 weeks after completing the modules,
intervention women received monthly phone counseling for
about 6 months. The purpose of phone counseling was for
CHWs to address participant questions or concerns about
mammogram and Papanicolaou test screening as well as monitor
participant progress toward screening completion, while
providing necessary navigation assistance. For both the
intervention and control groups, a bilingual research assistant
provided an informational brochure in Korean about breast and
cervical cancer and mammogram and Papanicolaou smear
screening.

Trained bilingual staff who were masked to the group
assignment collected data at baseline, 3 months, and 6 months.
During the follow-up phase of the study, our team developed
Qualtrics surveys for participants who were not available to
come to our scheduled in-person data collection visit at each
community site. In addition, at 6 months, intervention
participants were asked to join postintervention in-person or
phone interviews to share their experiences with e-CHECC-uP.
The main goal of these interviews was to better understand
intervention participants’ experiences so that the study team
could identify areas for improvement and enhance future
implementations. Example questions included: “Please share
what you gained from participating in the e-CHECC-uP
program. What was the most valuable part or lesson of the
program? What made it more valuable than others?” or “What
did you like least about the program? What changes would you
suggest to help improve the e-CHECC-uP program?” All
interviews were recorded and transcribed verbatim.

Measurement
A study questionnaire was developed to collect
sociodemographic and medical characteristics of participants.
Primary outcomes were age-appropriate mammogram and
Papanicolaou test screening uptake [18,19], which were verified
by medical record review. Secondary outcomes included health
literacy, social support, cancer screening-related self-efficacy,
and quality of life. The questionnaire was translated into Korean
and available to participants. All study instruments were used
at baseline, 3 months, and 6 months except for social support
and quality of life, which were administered at baseline and 6
months. In addition, the 6-month survey included items
addressing satisfaction with the e-CHECC-uP intervention
(intervention group only).

Health literacy was measured with the Assessment of Health
Literacy in Cancer Screening (AHL-C). The AHL-C includes
a total of 52 items addressing five dimensions of health literacy
in the context of breast and cervical cancer screening:
familiarity, comprehension, reading ability, navigation, and
numeracy [20]. Based on previous research [21], we chose 3

subscales addressing familiarity, comprehension, and reading
ability. Example items are “Please read out loud the listed words
below” and “Please find the correct meaning of each word listed
below” [20]. The AHL-C has been validated among Korean
women in the United States [20] and in Korea [22], and Black
women living with HIV in the United States [23] with α
coefficients ranging from 0.70 to 0.96.

We used the 8-item Medical Outcomes Study Social Support
Survey (MOS-SS) to measure social support. This shorter
version was modified from the original 19-item MOS-SS and
includes the emotional and instrumental domains of social
support on a 5-point Likert-type scale (1=none of the time to
5=all of the time), with higher scores indicating greater
perceived social support [24]. An example item is “How often
is someone available to take you to the doctor if you need it?”
The shorter version had excellent reliability coefficients ranging
from 0.88 to 0.92 [24].

Cancer screening-related self-efficacy was measured by the
Korean translated Breast and Cervical Cancer Self-Efficacy
scale which measures how confident a woman is in carrying
out each of the 4 tasks in relation to mammogram and
Papanicolaou tests, respectively. Each scale uses a 4-point Likert
type item (1=not at all confident to 4=very confident) with
higher scores indicating higher confidence in getting cancer
screening [25]. The reliability of the Korean version had an α
coefficient of 0.92.

We assessed quality of life using the Korean version of the
EQ-5D [26]. The EQ-5D is a widely used validated instrument
measuring quality of life [27]. It defines health in 5D: mobility,
self-care, usual activities, pain or discomfort, and anxiety or
depression. Each dimension has 3 response levels (no problems,
some problems, and extreme problems) [27]. In the validation
study, the Korean version of the EQ-5D had good reliability
and validity through various methods including test-retest
reliability using intra-class correlations and Kappa statistics
along with a priori hypothesis testing [26].

Analysis
Final analysis included data from 34 women who completed 6
months assessments and whose cancer screening status was
confirmed objectively by medical records. We performed
descriptive statistics using means, SD, and frequencies to
summarize sample characteristics and study variables and to
compare the primary outcomes of the completion of a
mammogram, a Papanicolaou test, or both at 6 months. We also
used chi-square tests and independent samples t tests to compare
intervention and control groups at baseline. Statistical
significance was determined at P=.05. For secondary outcomes,
effect sizes were calculated by dividing the difference in mean
changes (from baseline to 3 mo and from baseline to 6 mo) by
the pooled SD at baseline [28]. Finally, for postintervention
interview data, we used a thematic analysis [29] to identify
common themes related to participants’ experiences with the
e-CHECC-uP program. In total, 2 trained research assistants
independently coded the interview data to identify themes,
which were then reviewed to determine those that were most
common and relevant. Any discrepancies in coding were
resolved through team consensus.
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Ethical Considerations
This study was approved by the Johns Hopkins Medicine
institutional review board (IRB00180383). Every participant
provided written informed consent before their participation,
at which time they were informed of the study’s aims,
procedures, and the benefits and potential risks. The voluntary
nature of their participation was underscored, and participants
could withdraw from the study at any given time without any
negative consequences. Participants were compensated US $20
in cash, each at baseline survey and 3-month follow-up, and
US $40 in cash at 6-month follow-up. Those who participated
in the postintervention interview were compensated an additional
US $30 in cash at the end of the interview.

Results

Sample Characteristics
A total of 52 of the 72 women who were screened for this study
were identified as eligible for enrollment. In total, 8 of those
eligible declined to participate in our study. In addition, we
were unable to reach 4 eligible women after initial contact,
yielding a total of 40 women enrolled in the study (77% response

rate). A total of 34 participants (intervention: n=15; control:
n=19) completed the final study assessment at 6 months
(retention rate=85%; refer to Figure 1 for details on recruitment
and attrition). Table 1 summarizes participant characteristics at
baseline. The final sample was mostly middle-aged (mean 46.3,
SD 11.4 years), married (27/34, 79.4%), employed (29/34,
85.3%), and highly educated (years of education: mean 15.6,
SD 3.0 years). While more than two-thirds (25/34, 73.5%)
reported just okay, difficult, or very difficult to manage with
current income, 76.5% (26/34) had limited English proficiency
despite living in the United States for an average of 17.3 (SD
10.5) years. The majority of the sample had health insurance
(27/34, 79.4%); nevertheless, less than one-third (11/34, 32.4%)
indicated that they had a primary care provider at the time of
the study. Nearly all (32/34, 94.1%) had access to the internet
with 100% (34/34) of the sample reporting mobile phone access.
Table 1 also compares the sample characteristics by group. The
intervention and control groups were generally compatible at
baseline except English proficiency: the intervention group had
a significantly higher proportion of women with limited English
proficiency (ie, speaking English less than proficient) than the
control group (93.3%, 14/15 vs 63.2%, 12/19).
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. The asterisk (*) here indicates that the participants missed the
3-month follow-up but completed the 6-month final survey (n=8).
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Table . Sample characteristics at baseline.

P value (chi-square or t test)Control

(n=19)

Intervention (n=15)Total

(N=34)

Variable

.2444.3 (12.2)48.9 (10.1)46.3 (11.4)Age (years; range 22‐62
years), mean (SD)

.3573.786.779.4Married, %

.4489.580.085.3Employed full- or part-time,
%

.8415.3 (4.2)16.0 (0.0)15.6 (3.0)Education (years; range
12‐20 years), mean (SD)

.4568.480.073.5Just okay, difficult, or very
difficult to

manage with current in-
come, %

.0463.293.376.5Speaking English: none, lit-
tle, or good, %

.4318.6 (9.2)15.7 (11.9)17.3 (10.5)Years in the United States
(years; range 0‐38 years),
mean (SD)

.3573.786.779.4Have health insurance, %

.4026.340.032.4Have a primary care
provider, %

.8694.793.394.1Have internet access, %

—100100100Have mobile phone access,
%

Outcome Changes
Table 2 compares the study’s primary outcomes of cancer
screening behaviors between intervention and control groups
at 6 months. Of 34 women included in the analysis sample, 26,
22, and 14 were overdue for a mammogram, Papanicolaou test,

or both tests, respectively, at the time of study enrollment. There
were noticeable differences in screening rates between
intervention and control groups for completion of mammogram,
Papanicolaou test, and both tests at 6 months (34.6%, 47.9%,
and 37.5%, respectively).

Table . Comparison of behavioral outcomes between groups at 6 months (N=34).

Difference between groups, %Control group, n/n (%)Intervention group, n/n (%)Screening test

34.61/14 (7.1)5/12 (41.7)Mammogram (n=26)

47.91/13 (7.7)5/9 (55.6)Papanicolaou test (n=22)

37.51/8 (12.5)3/6 (50.0)Both tests (n=14)

Table 3 presents mean scores of psychosocial outcomes at
baseline, 3 months, and 6 months for the intervention and control
groups, along with mean change scores and effect sizes.
e-CHECC-uP resulted in small to large effect sizes across
various psychosocial outcomes measured. Specifically,
e-CHECC-uP yielded small effect sizes for reading ability and
for both self-efficacy measures related to breast and cervical
cancer screening (effect sizes=0.10, 0.06, and 0.06,

respectively). One of the dimensions of health
literacy—comprehension—resulted in an effect size of 0.27 at
3 months, but the effect was attenuated and in a negative
direction at 6 months. Social support was another variable with
a medium-size effect of 0.37. Finally, e-CHECC-uP was
associated with medium to large effect sizes for a health literacy
domain—familiarity—and quality of life with values for each
being 0.58 and 0.65 at 6 months.
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Table . Changes in psychosocial outcomes over 6 months (N=34).

Effect
size at
6

monthsd

Effect
size at
3

monthsc

Mean change (SD)

at 6 monthsb

Mean change
(SD)

at 3 monthsa

Values, mean (SD)Out-
come

6 months3 monthsBaseline

Con-
trol

InterventionCon-
trol

Inter-
ven-
tion

ControlInter-
ven-
tion

ControlInter-
ven-
tion

ControlInter-
ven-
tion

0.580.111.6
(7.1)

9.1 (9.6)1.7
(8.2)

3.1
(7.1)

31.1 (14.6)31.1
(11.7)

33.2 (16.5)26.4
(13.5)

28.9 (13.1)22.0
(12.3)

Famil-
iarity

−0.220.272.9
(4.0)

2.1 (4.5)1.2
(3.7)

2.2
(3.5)

7.3 (3.8)7.7
(4.0)

5.6 (4.4)7.6
(3.6)

4.4 (3.7)5.7
(3.6)

Com-
pre-
hen-
sion

0.102.4
(3.8)

2.8 (2.4)0.7
(4.6)

0.7
(2.9)

9.0 (3.1)9.4
(2.1)

9.2 (3.1)7.7
(2.4)

6.1 (4.2)6.6
(3.2)

Read-
ing
ability

0.37—−0.2
(3.7)

2.3 (8.0)——30.2 (6.5)29.8
(7.3)

——g30.4 (7.1)27.5
(6.0)

MOS-

SSe,f

0.06−0.06−0.1
(1.6)

0.0 (1.8)0.0
(1.3)

−0.1
(1.8)

11.0 (1.8)10.7
(1.7)

11.1 (2.1)10.5
(1.7)

11.1 (1.9)10.7
(1.4)

Self-
Effica-

cy-Bh

0.0600.2
(2.1)

0.3 (1.5)0.1
(1.8)

0.1
(2.2)

11.3 (1.8)10.7
(1.4)

11.3 (2.1)10.4
(1.9)

11.2 (1.6)10.5
(1.5)

Self-
Effica-

cy-Ci

0.65—−1.7
(2.3)

−0.8 (2.0)——8.1 (2.2)7.9
(2.0)

——9.7 (0.7)8.7
(1.8)

EQ-

5De

aMean change from baseline to 3 months.
bMean change from baseline to 6 months.
cDifference in mean change from baseline to 3 months divided by the pooled SD at baseline.
dDifference in mean change from baseline to 6 months divided by the pooled SD at baseline.
eAssessment performed at baseline and 6 months only.
fMOS-SS: Medical Outcomes Survey-Social Support.
gNot applicable.
hSelf-Efficacy-B: Self-Efficacy-Breast Cancer.
iSelf-Efficacy-C: Self-Efficacy-Cervical Cancer.

Acceptability and Feasibility
e-CHECC-uP was well received by the intervention participants.
When asked about how satisfied they were with the
e-CHECC-uP overall, 11 of 15 (73.3%) rated 7 or higher on a
10-point scale (range 5‐10, median 8, mean 7.6, SD 1.8). In
total, 13 (86.7%) women were somewhat satisfied or satisfied
with the information they learned about mammogram and
Papanicolaou test screening, as well as with the way they learned
about the screening; 2 women were not satisfied with either.
Similarly, 13 (86.7%) women were somewhat satisfied or
satisfied with phone counseling, while 2 women were not
satisfied. When given an opportunity to comment further, the
2 participants who were not satisfied said the program was either
“too tiresome” or “too difficult for a person who is not familiar
or comfortable with English.”

Using postintervention interview data, we identified a few
themes addressing the experiences of intervention participants:
Recognizing the importance of cancer screening, improved

health literacy and self-confidence, and improved knowledge
about screening procedures. In terms of recognizing the
importance of cancer screening, one participant noted:

Personally, I knew that screening for breast and
cervical cancer is important, but I would always skip
it because I was too busy. Through this program, I
was convinced and learned that I should actively get
the screenings.

Similarly, another intervention participant shared how
e-CHECC-uP helped improve health literacy which led to
boosting her self-confidence:

I am always hesitant to go to the hospital because of
the language barrier like the words I am not familiar
with, but I gained some confidence through this
program.

Finally, intervention participants talked about how their
knowledge about cancer screening procedures improved as a
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result of their participation in the intervention program. One
woman said:

It was great that I learned about the [cancer]
screening procedures and processes through the
listening components [of the web modules].

The trial was feasible in terms of recruitment, retention, and
intervention delivery. Specifically, we were able to meet the
recruitment goal of 40 women with a response rate of 77%, after
accounting for 12 women out of 52 eligible women who either
declined (n=8) or were unreachable (n=4). We achieved a
retention rate of 85% at 6 months, after accounting for 6 women
who were lost to follow-up due to time restraints, participation
burden, or loss of contact (Figure 1). Finally, all of our
intervention components, including online modules and phone
follow-up, were delivered as planned.

Discussion

Principal Findings
e-CHECC-uP was highly acceptable and feasible with promising
outcome changes. We were able to achieve 85% retention at 6
months with overall high satisfaction ratings in this pilot sample.
Given the target population being underserved with limited
English proficiency, low health literacy, and limited access to
care [6,8], high feasibility and acceptability observed in the
pilot sample is encouraging and suggests possible avenues for
promising intervention programs to promote breast and cervical
cancer screening in Korean immigrant women who often suffer
from late diagnoses [1].

Our successful recruitment, retention, and intervention delivery
are a result of multiple factors such as authentic care, community
partnership, self-directed web-based intervention with human
support, and diverse yet standardized modes of communication
with study participants [30]. We recruited participants and
collected baseline data mainly through face-to-face interactions.
As noted by Felsen et al [31], adopting in-person methods may
likely have led to successful recruitment as it helps recruiters
build rapport with potential study participants. Throughout the
study period, we provided various but streamlined approaches
for communication. At the earlier stage of the study, phone calls
were used as the main method of contact and communication
with participants. However, we quickly learned that adding text
messaging and email yielded higher rates of response from study
participants. Indeed, nearly every woman in the study sample
had internet and mobile phone access (Table 1). Additionally,
in this sample, 85% participants used texting daily [30], which
made it easier to adopt text messaging as one of the main
methods of communication. The high rate of internet and mobile
phone use among Korean immigrant women with LEP
demonstrates strong digital readiness and supports the feasibility
of scaling e-CHECC-uP to broader immigrant populations with
similar technology access profiles. Taking into account the
patterns of technology access and use among the target sample
would also facilitate the process of recruitment, retention, and
data collection.

e-CHECC-uP pilot resulted in promising group differences
across all cancer screening outcomes (range 34.6%-47.9%).

While traditional face-to-face CHW interventions designed to
promote same cancer screening outcomes have resulted in about
6%‐33% differences [11], the in-person version of this health
literacy-focused CHW-led intervention achieved a larger group
difference of 46% for mammography and 45% for Papanicolaou
test screening [12]. The results indicate that the health
literacy-focused approach is effective and perhaps better than
the traditional cancer knowledge education. e-CHECC-uP
produced comparable preliminary cancer screening outcome
changes relative to the original in-person version [12]. This
suggests digital CHW-led interventions may serve as scalable
alternatives to in-person programs. Additionally, our finding
highlights the importance of multilingual digital platforms for
delivering health education. Health agencies and payers should
invest in scalable, culturally competent eHealth infrastructure
to reduce screening disparities. A sufficiently powered, full-scale
clinical trial is warranted to rigorously investigate the efficacy
of e-CHECC-uP in addressing breast and cancer screening
outcomes.

We observed medium to large effect sizes for some of the key
psychosocial outcomes including familiarity, social support,
and quality of life, whereas self-efficacy showed smaller effects.
Additionally, the effect size for comprehension attenuated
between the 3- and 6-month follow-up assessments. The reasons
for the smaller effect size in self-efficacy and the attenuation
in comprehension over time are not entirely clear. One possible
explanation may be an artifact of the pilot sample, which
included a higher proportion of women with LEP in the
intervention arm compared to the control arm (Table 1). The
comprehension domain of health literacy required participants
to associate each term on the list with a corresponding word or
picture, assessing their understanding of the meaning [20]. The
reduction in effect size over time may also reflect memory
decline related to the learned terms, suggesting a need for
reinforcement of health literacy education and an opportunity
for scalability through various strategies such as digital
refreshers or SMS nudges to sustain health literacy gains during
the follow-up period. Existing research documents that people
with low health literacy have poorer health outcomes due to its
impact on self-efficacy, disease knowledge, or usage of health
services [32,33]. For example, diabetic patients with higher
health literacy had better understanding of their conditions and
self-care behaviors [34,35]. Similarly, other studies support the
positive relationship between health literacy and cancer
screening, in that people with better health literacy are likely
to have a better understanding of cancer screening and improve
care-seeking behavior, thereby increasing the use of cancer
screening services [36-38]. Postintervention qualitative
interviews revealed that e-CHECC-uP helped intervention
participants recognize the importance of cancer screening,
improved health literacy and self-confidence, and enhanced
their knowledge about screening procedures. Future research
should investigate the mechanism of e-CHECC-uP for its impact
on behavioral outcomes through mediation analyses.

Limitations
Our study has a few limitations to note. First, due to the nature
of a pilot study, there is a small sample size and insufficient
power. Additionally, the limited number of intervention
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participants constrained our ability to systematically integrate
qualitative themes with corresponding quantitative findings. A
fully powered trial is warranted to test the efficacy of the
e-CHECC-uP intervention program and to enable a more robust
integration of quantitative outcomes with participants’
qualitative feedback. In addition, the study sample was recruited
from ethnic churches in the east coast region of the United
States; hence, the study findings may not be generalizable to
women who live elsewhere or who do not attend church. We
also note that intervention participants were provided tablet
devices on-site with technological assistance from the study
team as a part of the web-based health literacy education. Such
aspects of the study may also prevent findings from being

generalizable to those who may face barriers related to use of
and access to technology and the internet [17].

Conclusions
Online technology allows and engages experiences for learners
at relatively low cost, given that facilities and instructors are
not required. While prior studies have consistently documented
inadequate cancer screening in women with LEP [1,2], few have
focused on methods to actually address far-reaching, modifiable
barriers such as low health literacy and to improve screening
participation. Our use of eHealth to deliver health literacy
education may represent a promising strategy for promoting
engagement and integrating health literacy skills training aimed
at educating and empowering women with LEP to improve their
mammogram and Papanicolaou test screening.

 

Acknowledgments
This study was supported by a Johns Hopkins Provost Discovery award.

Data Availability
All data that support this study’s findings will be made available from the corresponding author upon reasonable request.

Conflicts of Interest
None declared.

Checklist 1
CONSORT-EHEALTH checklist (V 1.6.1).
[PDF File, 7799 KB - humanfactors_v12i1e66092_app1.pdf ]

References
1. Cancer Facts & Figures 2024. American Cancer Society.: American Cancer Society; 2024. URL: https://www.cancer.org/

content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2024/
2024-cancer-facts-and-figures-acs.pdf [accessed 2024-08-13]

2. Cancer Facts & Figures for Hispanic/Latino People 2021-2023. American Cancer Society.: American Cancer Society; 2021.
URL: https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/
cancer-facts-and-figures-for-hispanics-and-latinos/hispanic-latino-2021-2023-cancer-facts-and-figures.pdf [accessed
2024-08-13]

3. Heintzman J, Hatch B, Coronado G, et al. Role of race/ethnicity, language, and insurance in use of cervical cancer prevention
services among low-income Hispanic women, 2009-2013. Prev Chronic Dis 2018 Feb 22;15:E25. [doi:
10.5888/pcd15.170267] [Medline: 29470167]

4. Lee RJ, Madan RA, Kim J, Posadas EM, Yu EY. Disparities in cancer care and the Asian American population. Oncologist
2021 Jun;26(6):453-460. [doi: 10.1002/onco.13748] [Medline: 33683795]

5. Heberer MA, Komenaka IK, Nodora JN, et al. Factors associated with cervical cancer screening in a safety net population.
World J Clin Oncol 2016 Oct 10;7(5):406-413. [doi: 10.5306/wjco.v7.i5.406] [Medline: 27777883]

6. Kim K, Xue QL, Walton-Moss B, Nolan MT, Han HR. Decisional balance and self-efficacy mediate the association among
provider advice, health literacy and cervical cancer screening. Eur J Oncol Nurs 2018 Feb;32:55-62. [doi:
10.1016/j.ejon.2017.12.001] [Medline: 29353633]

7. American Community Survey 5-Year Data. US Census Bureau. 2023 Dec 7. URL: https://www.census.gov/data/developers/
data-sets/acs-5year.html [accessed 2024-08-13]

8. Esterline C, Batalova J. Korean immigrants in the United States. Migration Policy Institute. 2022. URL: https://www.
migrationpolicy.org/article/korean-immigrants-united-states#english [accessed 2024-08-13]

9. Blanchard AK, Prost A, Houweling TAJ. Effects of community health worker interventions on socioeconomic inequities
in maternal and newborn health in low-income and middle-income countries: a mixed-methods systematic review. BMJ
Glob Health 2019;4(3):e001308. [doi: 10.1136/bmjgh-2018-001308] [Medline: 31275619]

JMIR Hum Factors 2025 | vol. 12 | e66092 | p.2630https://humanfactors.jmir.org/2025/1/e66092
(page number not for citation purposes)

Han et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e66092_app1.pdf&filename=18713333-8203-11f0-9953-8b484b5c0a17.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e66092_app1.pdf&filename=18713333-8203-11f0-9953-8b484b5c0a17.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2024/2024-cancer-facts-and-figures-acs.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2024/2024-cancer-facts-and-figures-acs.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2024/2024-cancer-facts-and-figures-acs.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-facts-and-figures-for-hispanics-and-latinos/hispanic-latino-2021-2023-cancer-facts-and-figures.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-facts-and-figures-for-hispanics-and-latinos/hispanic-latino-2021-2023-cancer-facts-and-figures.pdf
http://dx.doi.org/10.5888/pcd15.170267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29470167&dopt=Abstract
http://dx.doi.org/10.1002/onco.13748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33683795&dopt=Abstract
http://dx.doi.org/10.5306/wjco.v7.i5.406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27777883&dopt=Abstract
http://dx.doi.org/10.1016/j.ejon.2017.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29353633&dopt=Abstract
https://www.census.gov/data/developers/data-sets/acs-5year.html
https://www.census.gov/data/developers/data-sets/acs-5year.html
https://www.migrationpolicy.org/article/korean-immigrants-united-states#english
https://www.migrationpolicy.org/article/korean-immigrants-united-states#english
http://dx.doi.org/10.1136/bmjgh-2018-001308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31275619&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. Vasan A, Morgan JW, Mitra N, et al. Effects of a standardized community health worker intervention on hospitalization
among disadvantaged patients with multiple chronic conditions: A pooled analysis of three clinical trials. Health Serv Res
2020 Oct;55 Suppl 2(Suppl 2):894-901. [doi: 10.1111/1475-6773.13321] [Medline: 32643163]

11. Kim K, Choi JS, Choi E, et al. Effects of community-based health worker interventions to improve chronic disease
management and care among vulnerable populations: A systematic review. Am J Public Health 2016 Apr;106(4):e3-e28.
[doi: 10.2105/AJPH.2015.302987] [Medline: 26890177]

12. Han HR, Song Y, Kim M, et al. Breast and cervical cancer screening literacy among Korean American women: A community
health worker-led intervention. Am J Public Health 2017 Jan;107(1):159-165. [doi: 10.2105/AJPH.2016.303522] [Medline:
27854539]

13. Global observatory for eHealth. World Health Organization. 2024. URL: https://www.who.int/observatories/
global-observatory-for-ehealth [accessed 2024-08-13]

14. Miller DP Jr, Weaver KE, Case LD, et al. Usability of a novel mobile health iPad App by vulnerable populations. JMIR
Mhealth Uhealth 2017 Apr 11;5(4):e43. [doi: 10.2196/mhealth.7268] [Medline: 28400354]

15. Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: a systematic review. J Med Internet Res 2015 Feb 24;17(2):e52. [doi: 10.2196/jmir.3951]
[Medline: 25803266]

16. Internet, broadband fact sheet. Pew Research Center. 2024 Jan 31. URL: https://www.pewresearch.org/internet/fact-sheet/
internet-broadband [accessed 2025-08-20]

17. Chae S, Lee YJ, Han HR. Sources of health information, technology access, and use among non-English-speaking immigrant
women: Descriptive correlational study. J Med Internet Res 2021 Oct 29;23(10):e29155. [doi: 10.2196/29155] [Medline:
34714249]

18. Breast cancer: Screening. US Preventive Services Task Force. 2024 Apr 30. URL: https://www.
uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening#bcei-recommendation-title-area [accessed
2024-08-13]

19. Cervical cancer: Screening. US Preventive Services Task Force. 2018 Aug 21. URL: https://www.
uspreventiveservicestaskforce.org/uspstf/recommendation/cervical-cancer-screening [accessed 2024-08-13]

20. Han HR, Huh B, Kim MT, Kim J, Nguyen T. Development and validation of the assessment of health literacy in breast
and cervical cancer screening. J Health Commun 2014;19 Suppl 2(0 2):267-284. [doi: 10.1080/10810730.2014.936569]
[Medline: 25315598]

21. Han HR, Kim K, Cudjoe J, Kim MT. familiarity, navigation, and comprehension: key dimensions of health literacy in Pap
test use among Korean American women. J Health Commun 2019;24(6):585-591. [doi: 10.1080/10810730.2019.1607955]
[Medline: 31046641]

22. Shin HS, Chi E, Han HR. Validity and Reliability of the Korean Version of Assessment of Health Literacy in Breast and
Cervical Cancer Screening. J Korean Acad Nurs 2021 Dec;51(6):769-781. [doi: 10.4040/jkan.21108] [Medline: 35023864]

23. Sun CA, Chepkorir J, Jennifer Waligora Mendez K, Cudjoe J, Han HR. A descriptive analysis of cancer screening health
literacy among Black women living with HIV in Baltimore, Maryland. Health Lit Res Pract 2022 Jul;6(3):e175-e181. [doi:
10.3928/24748307-20220616-01] [Medline: 35858186]

24. Moser A, Stuck AE, Silliman RA, Ganz PA, Clough-Gorr KM. The eight-item modified Medical Outcomes Study Social
Support Survey: psychometric evaluation showed excellent performance. J Clin Epidemiol 2012 Oct;65(10):1107-1116.
[doi: 10.1016/j.jclinepi.2012.04.007] [Medline: 22818947]

25. Hogenmiller JR, Atwood JR, Lindsey AM, Johnson DR, Hertzog M, Scott JC. Self-Efficacy Scale for Pap smear screening
participation in sheltered women. Nurs Res 2007;56(6):369-377. [doi: 10.1097/01.NNR.0000299848.21935.8d]

26. Kim MH, Cho YS, Uhm WS, Kim S, Bae SC. Cross-cultural adaptation and validation of the Korean version of the EQ-5D
in patients with rheumatic diseases. Qual Life Res 2005 Jun;14(5):1401-1406. [doi: 10.1007/s11136-004-5681-z] [Medline:
16047514]

27. Kai JY, Xu Y, Li DL, Zhou M, Wang P, Pan CW. Impact of major age-related eye disorders on health-related quality of
life assessed by EQ-5D: a systematic review and meta-analysis. Graefes Arch Clin Exp Ophthalmol 2023
Sep;261(9):2455-2463. [doi: 10.1007/s00417-023-06034-z] [Medline: 36917317]

28. Lichstein KL, Riedel BW, Grieve R. Fair tests of clinical trials: A treatment implementation model. Adv Behav Res Therapy
1994 Jan;16(1):1-29. [doi: 10.1016/0146-6402(94)90001-9]

29. Braun V, Clarke V. Is thematic analysis used well in health psychology? A critical review of published research, with
recommendations for quality practice and reporting. Health Psychol Rev 2023 Dec;17(4):695-718. [doi:
10.1080/17437199.2022.2161594] [Medline: 36656762]

30. Hwang DA, Lee A, Song JM, Han HR. Recruitment and retention strategies among racial and ethnic minorities in web-based
intervention trials: Retrospective qualitative analysis. J Med Internet Res 2021 Jul 12;23(7):e23959. [doi: 10.2196/23959]
[Medline: 34255658]

31. Felsen CB, Shaw EK, Ferrante JM, Lacroix LJ, Crabtree BF. Strategies for in-person recruitment: lessons learned from a
New Jersey primary care research network (NJPCRN) study. J Am Board Fam Med 2010;23(4):523-533. [doi:
10.3122/jabfm.2010.04.090096] [Medline: 20616295]

JMIR Hum Factors 2025 | vol. 12 | e66092 | p.2631https://humanfactors.jmir.org/2025/1/e66092
(page number not for citation purposes)

Han et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1111/1475-6773.13321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32643163&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2015.302987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26890177&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2016.303522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27854539&dopt=Abstract
https://www.who.int/observatories/global-observatory-for-ehealth
https://www.who.int/observatories/global-observatory-for-ehealth
http://dx.doi.org/10.2196/mhealth.7268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28400354&dopt=Abstract
http://dx.doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803266&dopt=Abstract
https://www.pewresearch.org/internet/fact-sheet/internet-broadband
https://www.pewresearch.org/internet/fact-sheet/internet-broadband
http://dx.doi.org/10.2196/29155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34714249&dopt=Abstract
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening#bcei-recommendation-title-area
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/cervical-cancer-screening
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/cervical-cancer-screening
http://dx.doi.org/10.1080/10810730.2014.936569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25315598&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2019.1607955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31046641&dopt=Abstract
http://dx.doi.org/10.4040/jkan.21108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35023864&dopt=Abstract
http://dx.doi.org/10.3928/24748307-20220616-01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35858186&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2012.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22818947&dopt=Abstract
http://dx.doi.org/10.1097/01.NNR.0000299848.21935.8d
http://dx.doi.org/10.1007/s11136-004-5681-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16047514&dopt=Abstract
http://dx.doi.org/10.1007/s00417-023-06034-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36917317&dopt=Abstract
http://dx.doi.org/10.1016/0146-6402(94)90001-9
http://dx.doi.org/10.1080/17437199.2022.2161594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36656762&dopt=Abstract
http://dx.doi.org/10.2196/23959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34255658&dopt=Abstract
http://dx.doi.org/10.3122/jabfm.2010.04.090096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20616295&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Dewalt DA, Berkman ND, Sheridan S, Lohr KN, Pignone MP. Literacy and health outcomes: a systematic review of the
literature. J Gen Intern Med 2004 Dec;19(12):1228-1239. [doi: 10.1111/j.1525-1497.2004.40153.x] [Medline: 15610334]

33. Wayment A, Wong C, Byers S, Eley R, Boyde M, Ostini R. Beyond access block: Understanding the role of health literacy
and self-efficacy in low-acuity emergency department patients. Ochsner J 2020;20(2):161-169. [doi: 10.31486/toj.19.0047]
[Medline: 32612470]

34. Lee YJ, Shin SJ, Wang RH, Lin KD, Lee YL, Wang YH. Pathways of empowerment perceptions, health literacy, self-efficacy,
and self-care behaviors to glycemic control in patients with type 2 diabetes mellitus. Patient Educ Couns 2016
Feb;99(2):287-294. [doi: 10.1016/j.pec.2015.08.021] [Medline: 26341940]

35. Bohanny W, Wu SFV, Liu CY, Yeh SH, Tsay SL, Wang TJ. Health literacy, self-efficacy, and self-care behaviors in patients
with type 2 diabetes mellitus. J Am Assoc Nurse Pract 2013 Sep;25(9):495-502. [doi: 10.1111/1745-7599.12017] [Medline:
24170654]

36. Lindau ST, Tomori C, Lyons T, Langseth L, Bennett CL, Garcia P. The association of health literacy with cervical cancer
prevention knowledge and health behaviors in a multiethnic cohort of women. Am J Obstet Gynecol 2002
May;186(5):938-943. [doi: 10.1067/mob.2002.122091] [Medline: 12015518]

37. Duong TV, Aringazina A, Baisunova G, et al. Measuring health literacy in Asia: Validation of the HLS-EU-Q47 survey
tool in six Asian countries. J Epidemiol 2017 Feb;27(2):80-86. [doi: 10.1016/j.je.2016.09.005] [Medline: 28142016]

38. Mazor KM, Williams AE, Roblin DW, et al. Health literacy and pap testing in insured women. J Cancer Educ 2014
Dec;29(4):698-701. [doi: 10.1007/s13187-014-0629-7] [Medline: 24633725]

Abbreviations
AHL-C: Assessment of Health Literacy in Cancer Screening
CHECC-uP: Community-based Health litEracy-focused intervention for breast and cervical Cancer Control
CHW: community health worker
CONSORT: Consolidated Standards of Reporting Trials
e-CHECC-uP: web-version of Community-based Health litEracy-focused intervention for breast and cervical
Cancer Control
LEP: limited English proficiency
MOS-SS: Medical Outcomes Study Social Support Survey

Edited by P Santana-Mancilla; submitted 03.09.24; peer-reviewed by L Raymond Guo, V Soto; revised version received 26.06.25;
accepted 27.06.25; published 25.08.25.

Please cite as:
Han HR, Lee YJ, Min D, Chepkorir J, Hwang DA, Chae S
Web-Based Delivery of an Effective Church-Based Intervention Program to Promote Cancer Screening (Community-based Health
litEracy-focused intervention for breast and cervical Cancer Control) Among Korean Immigrant Women in the United States:
Randomized Controlled Trial
JMIR Hum Factors 2025;12:e66092
URL: https://humanfactors.jmir.org/2025/1/e66092 
doi:10.2196/66092

© Hae-Ra Han, Yoon-Jae Lee, Deborah Min, Joyline Chepkorir, DaSol Amy Hwang, Steve Chae. Originally published in JMIR
Human Factors (https://humanfactors.jmir.org), 25.8.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete
bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license
information must be included.

JMIR Hum Factors 2025 | vol. 12 | e66092 | p.2632https://humanfactors.jmir.org/2025/1/e66092
(page number not for citation purposes)

Han et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1525-1497.2004.40153.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15610334&dopt=Abstract
http://dx.doi.org/10.31486/toj.19.0047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32612470&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2015.08.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26341940&dopt=Abstract
http://dx.doi.org/10.1111/1745-7599.12017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24170654&dopt=Abstract
http://dx.doi.org/10.1067/mob.2002.122091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12015518&dopt=Abstract
http://dx.doi.org/10.1016/j.je.2016.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28142016&dopt=Abstract
http://dx.doi.org/10.1007/s13187-014-0629-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24633725&dopt=Abstract
https://humanfactors.jmir.org/2025/1/e66092
http://dx.doi.org/10.2196/66092
http://www.w3.org/Style/XSL
http://www.renderx.com/


Following Up Patients With Chronic Pain Using a Mobile App With
a Support Center: Unicenter Prospective Study

Marta Antonia Gómez-González1*, MD; Nicolas Cordero Tous1*, MD, PhD; Javier De la Cruz Sabido1*, MD; Carlos

Sánchez Corral1*, MD; Beatriz Lechuga Carrasco1*, RNC; Marta López-Vicente1*, MD; Gonzalo Olivares Granados1,2*,
MD, PhD
1Department of Neurosurgery, Hospital Universitario Virgen de las Nieves, Av. Juan Pablo II s/n, Granada, Spain
2Department of Human Anatomy, University of Granada, Granada, Spain
*all authors contributed equally

Corresponding Author:
Nicolas Cordero Tous, MD, PhD
Department of Neurosurgery, Hospital Universitario Virgen de las Nieves, Av. Juan Pablo II s/n, Granada, Spain

Abstract

Background: Chronic pain is among the most common conditions worldwide and requires a multidisciplinary treatment
approach. Spinal cord stimulation is a possible treatment option for pain management; however, patients undergoing this intervention
require close follow-up, which is not always feasible. eHealth apps offer opportunities for improved patient follow-up, although
adherence to these apps tends to decrease over time, with rates dropping to approximately 60%. To improve adherence to remote
follow-up, we developed a remote follow-up system consisting of a mobile app for patients, a website for health care professionals,
and a remote support center.

Objective: Our objective was to evaluate patient adherence to remote follow-up using a system that includes a mobile app and
a remote support center.

Methods: After review of the literature and approval of the design of the follow-up system by a multidisciplinary committee,
a team of experts developed a system based on a mobile app, a website for health care professionals, and a remote support center.
The system was developed in collaboration with health care professionals and uses validated scales to capture patients’ clinical
data at each stage of treatment (ie, pretreatment phase, trial phase, and implantation phase). Data were collected prospectively
between January 2020 to August 2023, including the number of total surveys sent, surveys completed, SMS text message reminders
sent, and reminder calls made.

Results: A total of 64 patients were included (n=40 women, 62.5%) in the study. By the end of the study, 19 (29.7%) patients
remained in the pretreatment phase, 8 (12.5%) patients had completed the trial phase, and 37 (57.8%) reached the implantation
phase. The mean follow-up period was 15.30 (SD 9.43) months. A total of 1574 surveys were sent, along with 488 SMS text
message reminders and 53 reminder calls. The mean adherence rate decreased from 94.53% (SD 20.63%) during the pretreatment
phase to 65.68% (SD 23.49%) in the implantation phase, with an overall mean adherence rate of 87.37% (SD 15.37%) for the
app. ANOVA showed that adherence was significantly higher in the earlier phases of treatment (P<.001).

Conclusions: Our remote follow-up system, supported by a remote support center improves adherence to follow-up in later
phases of treatment, although adherence decreased over time. Further studies are needed to investigate the relationship between
adherence to the app and pain management.

(JMIR Hum Factors 2025;12:e60160)   doi:10.2196/60160

KEYWORDS

pain management; mobile health; mHealth; eHealth; chronic pain; support center; mobile phone app; survey; follow-up; pain
control; prospective study

Introduction

Chronic pain is one of the most common conditions globally
and is associated with reduced quality of life, increased medical
expenses, and significant economic costs [1]. Its prevalence
ranges between 2%‐40% [1-3], and annual health care costs

due to pain amount to US $300 billion in the United States [1]
and €12 billion ( US $12.3 billion) in Norway [2].

The treatment of chronic pain requires a multidisciplinary
approach, with spinal cord stimulation being a potential
treatment option. This technique is safe and effective [4] and
has also shown benefits in management of other chronic pain
conditions, such as complex regional pain syndromes, low back

JMIR Hum Factors 2025 | vol. 12 | e60160 | p.2633https://humanfactors.jmir.org/2025/1/e60160
(page number not for citation purposes)

Gómez-González et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/60160
http://www.w3.org/Style/XSL
http://www.renderx.com/


pain, and other forms of pain. However, ensuring consistent
follow-up for these patients is challenging, as they require close
monitoring, which is not always feasible.

New technologies have opened up a lot of possibilities to address
this challenge. The World Health Organization defines eHealth
as the cost-effective and secure use of information and
communication technologies to support health and health-related
areas, including health services, health monitoring, health
literature, health education, and knowledge and research [5].

There are numerous tools designed to facilitate medical care,
including mobile apps, websites, and other platforms. While
there is limited evidence to support their use, preliminary results
are promising. For example, mobile apps used alongside
conventional treatments have shown better results in the
management of chronic pain than conventional interventions
alone [6,7].

eHealth apps also offer an opportunity for closer patient
follow-up, although adherence to treatment tends to decline
over time, dropping to approximately 60%, as previous studies
have shown [8,9]. To address this challenge, we have developed
a system that includes a mobile app for patients, a website for
health care professionals, and a remote support center.

The aim of this study is to assess patient adherence to follow-up
care using a mobile app supported by a remote support center.

Methods

Overview
In 2019, researchers at the Department of Pain Surgery at
Hospital Virgen de las Nieves in Granada, Spain, initiated
approaches to improve the remote monitoring of patients
implanted with epidural spinal cord stimulators for chronic pain
management. The aim was to reduce the number of face-to-face
consultations or hospital visits while providing additional
support to these patients. Therefore, we decided to develop an
app complemented by a support center to improve patient
monitoring as much as possible. After reviewing the relevant
literature, we adapted the tool kit published by Marvel et al [10]
to suit our needs, following the four key steps outlined in Table
1. As we already had a multidisciplinary group, we sought the
agreement of existing team members and assembled a group of
experts. Instead of accelerating the project, we adapted our
current workflows and protocols to the new working framework.
We also developed the follow-up system after adapting the
protocols already in place and enrolled patients only after the
system was finalized.

Table . Project phases.

Project workflow (current study)Johns Hopkins tool stepsa

Define the problem and the digital toolDefine the problem and the digital tool

Creation of an expert team, approval by a multidisciplinary groupCreation of a multidisciplinary group

Adaptation of the existing clinical and educational protocol into the
framework of the remote follow-up system

Seeking opportunities to accelerate the project

Designing the follow-up system, considering the needs of the involved
professionals, and subsequent enrollment of patients

Involving professionals

Performing quality assessmentConsulting different partners

Conducting a clinical validationConducting a clinical validation

aMarvel et al [10].

The concept of a remote follow-up system was presented to a
multidisciplinary committee composed of anesthesiologists,
neurologists, neurosurgeons, neurophysiologists, and
rehabilitation specialists. This committee meets monthly to
assess patients with chronic pain who may benefit from
interventional therapies such as spinal cord stimulation when
conservative treatments have failed. The target population was

identified as patients who could benefit from spinal cord
stimulation and had not yet started the trial phase, to enable data
collection before and after implantation.

The inclusion criteria for patients eligible for spinal cord
stimulation system implantation at our center are shown in
Textbox 1.

Textbox 1. Inclusion criteria.

• Chronic pain in a specific area of the body (patients experiencing diffuse pain were not accepted)

• Failure of conservative treatments, including rehabilitation and local infiltration

• A favorable psychological evaluation confirming that the patient can wear a spinal cord stimulation system

• No contraindications to surgery or allergies to system components

• No history or current substance use, especially opioids

Once the committee had approved the implantation of a spinal
cord stimulator, the procedure was performed in 2 phases, as
shown in Figure 1. In the trial phase, one or more electrodes

were implanted in the epidural space and connected to an
external stimulator. The efficacy of the system was then assessed
over a 4-week period using the verbal numerical rating score
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(VNRS). The intervention was considered effective if the
patient’s reported subjective perception of pain relief was at
least 50%. If the trial phase was successful, it was followed by
the implantation phase, in which a permanent stimulator was

implanted in the adipose tissue of the abdomen or lower back.
If the 50% threshold was not reached, the system was removed
completely.

Figure 1. Algorithm used to evaluate the implantation of the spinal cord stimulation system.

Ethical Considerations
Ethics approval was obtained from the Comité de Investigación
Provincial de Granada (study: NC-D-01; ethics committee
reference: SICEIA-2020‐000438), and informed consent for
the procedure and follow-up system was obtained from all
included patients. To maintain privacy, each patient was
assigned a code with a number so that only health care
professionals could access the personal data. The platform meets
all the standards of Regulation (EU) 2016/679 of the European
Parliament and of the Council of April 27, 2016, and has been
approved by local and state authorities. This ensures that only
health care professionals can access all the data collected and
that data security is contractually guaranteed. The study
participants have not been compensated in any way.

Design of the Follow-Up System
The remote follow-up system consists of 3 main components:
a mobile app for patients, a website for health care professionals,
and a remote follow-up center. The mobile app was designed
to ensure close monitoring during all phases of treatment, using
feedback from all health care professionals involved. The app
was developed in collaboration with Clinical Care Connect
(Persei) and customized by our team to meet our specific needs.
It offers various features including educational content such as
brochures and videos, questionnaires with validated scales,
pop-up notifications, and a form to contact the remote support
center. The validated scales used include Doleur Neuropathique
4 (DN4) to assess neuropathic pain, Oswestry Disability
Index/Neck Disability Index (ODI/NDI) to assess back pain,
VNRS to assess pain, and 36-item Short Form Survey (SF-36)
to assess quality of life. In addition, patient-reported experience

measures were used to assess experience and satisfaction with
the app. Since pain is a subjective perception, the use of
validated scales can help to measure it and compare it between
patients.

The website designed by Persei (Vivarium S.L., Spain) can be
accessed from anywhere with the necessary authorizations. It
also provides alerts using different colors depending on the
urgency of the detected problem: red for infection, yellow for
insufficient pain relief, and blue for low battery. These alerts
are monitored by the remote support center, which contacts the
specialist by making a telephone call if necessary, such as, in
the event of an infection. For nonemergency issues, such as
insufficient pain relief, the support center contacts the patient
to analyze the cause, and a priority appointment for treatment
is scheduled. This remote support center was set up to increase
the efficiency of treatment and improve pain management. The
aim was to maximize treatment adherence and ensure the
sustainability of the remote follow-up system. Previously,
follow-up was carried out 1 month after implantation, 1 year
after implantation, and subsequently, as required.

Data Collection and Analysis
We collected data from all patients who were approved for
spinal cord stimulation between January 2020 and August 2023
and enrolled in the remote monitoring program. If the committee
approved the patient for spinal cord stimulation, informed
consent for the remote follow-up system was obtained in
addition to consent for implantation. Data were collected
automatically and prospectively through surveys completed via
the app. The questionnaires were distributed according to the
protocol shown in Textbox 2.
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Textbox 2. Protocol used to send validated scales.

Validated scales used in the protocol used by the Virgen de las Nieves Hospital

• Pretreatment phase: Doleur Neuropathique 4 (DN4), verbal numerical rating score (VNRS), Oswestry Disability Index/Neck Disability Index
(ODI/NDI), 36-item Short Form Survey (SF-36)

• Trial phase: Daily VNRS and patient-reported experience measures (PREMs) at the end of the trial phase

• Implantation phase: DN4, VNRS, ODI, and SF-36 after 1 and every 3 months; the PREMs survey was also distributed after 12 months

The support center sends a notification each time a survey needs
to be completed, for a maximum of 3 times. If the questionnaires
were not completed, a notification was sent to the hospital so
that a specialized caregiver can contact the patient. One of the
biggest challenges was ensuring privacy. To achieve this, each
patient was coded with a number so that only health care
professionals had access to the personal data and that data
security was contractually guaranteed.

The data were collected automatically when a survey was
answered via the app and stored in a private cloud. This allowed
us to minimize potential errors. In addition, the support center
guaranteed that the data collected via the app belonged to our
hospital’s patients and was only accessed and analyzed when a
specialist at our center requested it. Demographic information
was collected for data analysis. Adherence was measured by
calculating the percentage of completed surveys relative to the
total number of surveys sent. We analyzed adherence rate during
each treatment phase and for the overall study, and compared
adherence by demographic variables using ANOVA, adjusting

for gender, age, diagnosis, and phase. Age was categorized into
2 groups, with 40 years as the cutoff point, since previous studies
have found significant differences in prevalence rates for chronic
pain and quality of life [11]. Regarding completeness, we only
considered a survey as answered if it was completed. If data
were missing, a notification was sent to the patient to complete
the survey.

Results

Between January 2020 and August 2023, a total of 64 patients
were enrolled in the study, comprising 24 (37.5%) men and 40
(62.5%) women. While identifying the cause of pain, 32 (50%)
patients had complex regional pain syndromes, 18 (28%) had
failed back syndrome, and 14 (22%) had other diagnoses such
as phantom limb syndrome, adhesive arachnoiditis, coccydynia,
and axonotmesis. Before the onset of pain, 19 (28%) patients
had no fixed occupation, while 10 (18%) were involved in
nonphysical and 35 (55%) in physical occupations such as
farming or construction (Table 2).

Table . Summary of epidemiological data.

Patients (N=64), n (%)Variables

Gender

24 (38)    Men

40 (63)    Women

Age interval

9 (14)    <40 years

55 (86)    ≥40 years

Diagnoses

32 (50)    CRPSa

18 (22)    FBSb

14 (18)    Others

Occupation

35 (55)    Physical occupation

19 (18)    Nonphysical occupation

10 (28)    No fixed occupation

Phase

19 (30)    Pretreatment

8 (13)    Trial

37 (58)    Implantation

aCRPS: chronic regional pain syndrome.
bFBS: failed back syndrome.
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At the end of the study, 19 (30%) patients were in the
pretreatment group, awaiting the start of the trial phase. A total
of 8 (13%) patients reached the trial phase but were not
transferred to the implantation phase due to insufficient
improvement in pain management. Further, a total of 37 (58%)
patients advanced to the implantation phase (Table 2).

A total of 1586 surveys were distributed during the study. SMS
text message notifications had to be sent to the patients 488

times, which corresponded to a mean of 7.62 (SD 7.57) SMS
text messages per patient. However, 8 (13%) patients did not
require SMS text messages notifications, while the remaining
(n=56, 88%) patients required at least one notification (Figure
2). It was observed that several patients required more than 30
notifications. In addition, a total of 53 phone calls were made
to remind patients to complete the surveys; however, 43 (67%)
patients did not require any reminder calls.

Figure 2. Histogram with a normality curve showing the number of patients in groups (frequency) based on the number of required notifications
(notifications).

The mean follow-up time was 15.38 (SD 9.43) months. A total
of 12 (19%) patients were lost to follow-up, and 3 (4%) patients
discontinued using the app (ie, 1 during the pretreatment phase
and 2 patients during the implantation phase). For patients who
discontinued using the app, any surveys not answered by them
were considered failures.

Adherence was analyzed for each phase and overall, as shown
in Figure 3, which represents the total number of surveys sent
and answered in each phase, as well as the adherence rate in
each phase. During the pretreatment phase, 256 surveys were
sent, of which 242 were completed, corresponding to a mean

adherence rate of 94.53% (SD 20.63%). During the trial phase,
645 surveys were sent, of which 499 were answered,
corresponding to a mean adherence rate of 77.36% (SD 37.01%).
During the implantation phase, 624 surveys were sent, of which
422 were answered, corresponding to a mean adherence of
65.68% (SD 23.49%). A total of 61 satisfaction surveys were
sent (excluding 3 patients who discontinued using the app), of
which 55 were answered, corresponding to a mean adherence
rate of 92.11% (SD 18.47%). The overall mean adherence rate
for using the app was 87.37% (SD 15.37%) across all phases
(Table 3).
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Figure 3. Surveys and adherence rate.

Table . Summary of surveys sent and answered and adherence in each phase.

Adherence rateb (%), mean (SDc)Surveys answered, naSurveys sent, naPhase

94.53 (20.63)242256Pretreatment phase

77.36 (37.01)499645Trial phase

65.68 (23.49)422624Implantation phase

92.11 (18.47)5561Satisfaction survey

87.37 (15.37)12181586Total adherence

aNumber of surveys during each phase.
bAdherence rate was defined as the total surveys answered x 100/total surveys sent.
cThe SD represents the variability of adherence rates among individual patients.

ANOVA revealed that adherence rates were significantly higher
in the earlier phases of treatment (P<.001). There was also a
trend indicating that women were more likely to complete
satisfaction surveys (P=.17) and surveys in general (P=.64).
However, women also required more SMS text message

reminders (P=.70) and phone calls (P=.71). No significant
differences in treatment adherence were found when comparing
younger patients versus patients older than 40 years or when
comparing adherence to treatment based on the cause of pain
or type of occupation (Table 4).
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Table . Summary of the ANOVA results.

P valueGlobal ad-
herence
(%), mean
(SD)

P valueSatisfaction
survey ad-
herence
(%; n=38),
mean (SD)

P valueImplanta-
tion phase
adherence
(%; n=38),
mean (SD)

P valueTrial phase
adherence
(%; n=43),
mean (SD)

P valuePretreat-
ment phase
adherence
(%; n=64),
mean (SD)

Variables

.80.40.18.49.81Gender

87.4 (15.4)92.1 (18.5)65.7 (23.5)66.7 (23.5)94.5 (20.6)    Total

86.8 (19.1)95.8 (14.4)58.2 (31.3)58.2 (31.3)93.7 (22.4)    Men

87.7 (12.9)90.4 (20.1)69.1 (18.6)69.1 (18.6)95.0 (19.8)    Women

.30.90.74.29.38Age (years)

83.4 (15.4)92.1 (18.5)65.7 (23.5)77.36
(37.0)

94.5 (20.6)    Total

82.5 (14.9)92.9 (18.9)68.4 (19.9)62.9 (42.2)88.9 (33.3)    ≤40

88.2 (15.4)91.3 (18.7)65.1 (25.6)80.2 (34.6)95.5 (18.1)    >40

.35.83.57.63.42Diagnoses

87.4 (15.6)92.1 (18.5)65.7 (23.5)77.4 (37.0)94.5 (10.6)    Total

85.7 (16.9)92.8 (17.9)63.1 (29.9)72.8 (42.2)100 (0)    CRPSa

92.7 (9.7)93.8 (17.7)73.5 (12.8)81.7 (30.2)94.5 (21.8)    FBSb

86.2 (15.9)88.9 (22.0)64.8 (9.7)85.3 (28.3)90.3 (25.9)    Others

.001.67.60.51.61Phase

87.4 (15.4)———c94.5 (20.6)Total

96.1 (12.5)100 (0)77.8 (0)77.8 (21.1)96.1 (12.5)    Pretreat-
ment

94.3 (9.2)91.9 (18.7)65.4 (23.8)65.4 (4)100 (0)    Trial

81.4 (15.2)92.1 (18.5)65.7 (23.5)77.4 (37.0)92.6 (25.6)    Implanta-
tion

aCRPS: complex regional pain syndromes.
bFBS: fail back syndrome.
cNot applicable.

Discussion

Comparison With Previous Research
In recent years, there has been increasing interest in the use of
pain control apps for various purposes, such as postsurgical
follow-up, pain self-management, and chronic pain management
[6-10,12-14]. However, many of these tools have not been as
effective as expected, often due to inadequate planning and a
lack of preliminary studies to anticipate necessary roles [15].
However, some studies have demonstrated that these apps can
outperform traditional follow-up methods [6,14]. Our study
introduces a remote support center, a feature that we believe is
not yet widely adopted internationally. The aim of this study is
to determine whether the inclusion of a support center improves
adherence compared to other systems.

An analysis of the medical apps across various app stores shows
that approximately 86% of these apps were developed without
the involvement of medical professionals [16]. Lalloo et al [17]
examined 1019 apps developed for postoperative pain
management or education and found that only 10 apps met the

established criteria. When evaluating apps developed with the
involvement of health care professionals, only 5 (0.49%) of
them were deemed suitable. Similarly, Bhattarai et al [16]
examined 373 apps focused on arthritis pain self-management
with only 4 apps meeting the Stanford criteria for pain
self-management. Portelli and Eldred [18] evaluated 195 apps
for pain management against the guidelines for cognitive
behavioral therapy. Of these, only 6 (3%) of these apps met the
standards, leading to the conclusion that neither health care
professionals nor patients were involved in their development.
Despite these limitations, a recent meta-analysis of 4767 patients
in 22 randomized trials found that these apps offer a small but
significant improvement in long-term pain management [19].

For patients undergoing spinal cord stimulation, close follow-up
is required to adjust the type and parameters of stimulation,
which usually necessitates face-to-face visits. This increases
the time and cost burdens for patients and caregivers, especially
for those who live far from specialized centers [20]. Our remote
follow-up system was developed to overcome these challenges
and ensure optimal patient monitoring. The mobile app in
combination with the remote support center reduces the need
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for in-person examinations while ensuring a high standard of
care. The app’s alert system helps to detect problems at an early
stage, such as infections or low battery levels so that immediate
action can be taken.

In addition, the use of validated scales during an in-person
consultation is challenging due to the limited time available.
Consequently, this system has allowed a better understanding
of the patient’s condition. Furthermore, some patients have
found that expressing themselves via the app helps them [20]
in experiencing privacy and without any time pressure.

Adherence to medical app use is crucial as studies show that
75% of users stop using an app within 48 hours of downloading,
and 15% delete it after initial use [21]. A review by Wikström
et al [9] found that none of the studies focused on improving
adherence or motivating users to continue using medical apps.
The easiest way to increase motivation is through notifications,
which is why our study focused on the role of the remote support
center. We consider this as a key factor in the success of our
study. However, numerous motivational elements in medical
apps have been analyzed in previous studies, as summarized in
Table 5.

Table . Motivational elements in eHealth apps.

Motivational elementsStudies

AlertsNotifications
and re-
minders

Sharing me-
dia elements

Personalized
follow-up

Follow-up of
auto evalua-
tion and
graphic re-
sults

Educational
texts, pic-
tures, and/or
videos

Involvement
of relatives

ChatTablet lent
to the patient

✓✓✓aAlam et al
[20]

✓✓✓✓Pecorelli et
al [22]

✓✓Perdoncini et
al [23]

✓✓Shah et al
[24]

✓✓✓Davidovitch
et al [25]

✓✓✓✓Felbaum et
al [26]

✓✓✓✓✓Glauser et al
[27]

✓✓✓✓✓Gustavell et
al [28]

✓✓✓✓✓Hou et al
[29]

✓✓✓✓Pickens et al
[30]

✓✓✓✓Timmers et
al [31]

✓✓van der Meij
et al [32]

✓✓Mundi et al
[33]

✓✓✓✓✓✓✓✓This study

aElement analyzed in the corresponding study.

Our remote follow-up system was developed based on relevant
literature to maximize adherence and achieved an overall mean
adherence rate of 87.37% (SD 15.37%). Comparison of this rate
with previous studies is difficult, as most of these focused on
adherence to a treatment or intervention rather than the use of
an app. For example, Gomis-Pastor et al [34] showed that the
use of an app significantly improved adherence to treatment
and medication regimen, which led to significantly better

symptom control, as found in a 2022 review [35]. However,
Wikström et al [9] have shown that adherence to app use
decreases over time, potentially due to improvement in health
status or loss of interest [29], among other factors [26,29,32].
Our study aligns with these findings and shows a decrease in
adherence from 94.53% in the pretreatment phase to 77.36% in
the testing phase and 65.58% in the implantation phase [36-38].
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Limitations
The main limitation of our study is the specificity of the target
population, as spinal cord stimulation is a specialized treatment
for patients experiencing chronic pain. These patients often
display a significant emotional component that can influence
the outcomes of the interventions, posing challenges during
designing this study and its remote follow-up system. In
addition, these systems rely on new technologies that can be
challenging for older patients, potentially limiting their ability
to fully benefit from them. By using self-reported data, we also
acknowledged that omissions or misunderstandings in the
surveys may be introduced, which we attempted to minimize
using validated scales. Finally, setting up a system similar to
this study requires a significant financial investment.

Conclusions
Digital systems are a part of medical care, and it is important
that health care professionals are involved in the development
of tools to ensure the achievement of desired standards. We
have developed a remote monitoring system for patients
undergoing spinal cord stimulation, based on scientific evidence
and supported by a remote support center that improves
treatment adherence. This system also provides us with detailed
information about each patient. However, there is a tendency
for patients to abandon the app usage over time, which could
be related to long-term pain control. Further studies are needed
to investigate the relationship between adherence and pain
control.
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Abstract

Background: Aging brings physical and life changes that could benefit from eHealth services. eHealth holistically combines
technology, tasks, individuals, and contexts, and all these intertwined elements should be considered in eHealth development.
As users’ needs change with life situations, including aging and retirement, it is important to identify these needs at different life
stages to develop eHealth services for well-being and active, healthy lives.

Objective: This study aimed to (1) understand older adults’ everyday lives in terms of well-being and health, (2) investigate
older adults’ needs for eHealth services, and (3) create design recommendations based on the findings.

Methods: A total of 20 older adults from 2 age groups (55 to 74 years: n=12, 60%; >75 years: n=8, 40%) participated in this
qualitative interview study. The data were collected remotely using a cultural probes package that included diary-based tasks,
sentence completion tasks, and 4 background questionnaires; we also performed remote, semistructured interviews. The data
were gathered between the fall of 2020 and the spring of 2021 in Finland as a part of the Toward a Socially Inclusive Digital
Society: Transforming Service Culture (DigiIN) project (2019 to 2025).

Results: In the daily lives of older adults, home-based activities, such as exercising (72/622, 11.6% of mentions), sleeping
(51/622, 8.2% of mentions), and dining and cooking (96/622, 15.4% of mentions), promoted well-being and health. When
discussing their needs for eHealth services, participants highlighted a preference for a chat function. However, they frequently
mentioned barriers and concerns such as the lack of human contact, inefficiency, and difficulties using eHealth systems. Older
adults value flexibility; testing possibilities (eg, trial versions); support for digital services; and relevant, empathetically offered
content with eHealth services on short-term and long-term bases in their changing life situations.

Conclusions: Many older adults value healthy routines and time spent at home. The diversity of older adults’ needs should be
considered by making it possible for them to manage their health safely and flexibly on different devices and channels. eHealth
services should adapt to older adults’ life changes through motivation, personalized content, and appropriate functions. Importantly,
older adults should still have the option to not use eHealth services.

(JMIR Hum Factors 2025;12:e50329)   doi:10.2196/50329
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Introduction

Background
Aging involves physical and life changes [1-4], where eHealth
services have the potential to provide support and benefits [4-7].
The prevalence of many diseases increases with age [8,9], and
multimorbidity is common among people aged ≥65 years
[10,11]. Conversely, healthy behaviors can extend people’s
lives [12-14].

eHealth can help people nurture their health and well-being,
potentially extending their lives. eHealth can also make
treatment more accessible, promote treatment continuity,
enhance communication, help shared decision-making, and
enable patient self-management [10]. Older adults seem to be
generally positive toward eHealth in a health management
context [15]. They can benefit from eHealth services, as they
often have complex health issues and engage in many
self-management tasks supporting their health and well-being
[1,5,16].

However, older adults sometimes face challenges with eHealth
services [5,16,17], including a lack of skills and interest
[3,16,18]. Hirvonen et al [19] reported that some older adults
find the content or functionalities of eHealth services irrelevant
(eg, [20,21]). Sometimes, older adults might even feel that
digital services are not “meant for them” (eg, [20,22]). Thus,
older adults might have a risk of exclusion from digital services
[16,18,23,24] and society [16,23].

Older adults have not always been involved in technological
development, especially in mainstream technology [25-27]. At
the same time, the older population is growing [28], and health
care costs are rising [29]. Stephanidis et al [30] encourage
understanding emerging new technology possibilities and
context-based user needs when designing digital solutions for
the health and well-being (hereafter, eHealth services or
eHealth) of older adults and a better understanding of the role
of technology in older adults’ lives [30]. Ideally, the technology
should be harmonized with these adults’ lives [15].

European older adults regularly engage in work, household
chores, exercise, cultural activities, and tourism [31]. On the
basis of the literature, many older adults in Europe live in rural
areas, where they have easy access to nature and can engage in
refreshing activities [31]. On the other hand, older adults with
urban lifestyles access a variety of services [31]. For example,
in Finland and Sweden, rural areas are in the north and distant
from health care services, and eHealth services offer a promising
option for taking care of one’s health [32]. Physical activities
might support older adults’ health situation during aging. In
2017, in total 43.2% of Europeans aged 50 to 64 years and
44.5% of those aged 65 to 74 years old spent >3 hours per week
engaging in physical activity [31]. On the other hand, older
adults’ daily routines differ. Older adults are a heterogeneous
group of people, and aging is a process, not a static state [33].
Therefore, it is important to obtain qualitative insights into older
adults’ activities. These could help inform the idea and role of
eHealth services and harmonize it with older adults’ routines
[15,30]. We know that older adults use eHealth services, for

example, depending on their digital devices, capabilities,
interests, or education [31,34]. Statistically, 100% of Europeans
have, at least in theory, access to eHealth services or health
information [35].

The best approach to eHealth service development means
selecting the optimal approach case by case [36]. In eHealth,
technology, tasks, individuals, and contexts are holistically
combined, which should all be considered in developments
[36-39]. eHealth services should genuinely support people
pursuing healthier lifestyles and be accessible to all [10],
although older adults may perceive the technology differently
from other generations [1,40]. Humanity is needed alongside
IT. Therefore, design decisions should also help ensure that as
a part of eHealth services development, the human touch of
personal care will not be removed [30,41].

Mapping user needs is important because without understanding
needs, designing high-quality solutions is challenging [42]. User
needs can be defined as the problems that prevent users from
reaching their goals or possibilities to support them in reaching
these goals [43]. User needs can be personal or more social in
nature, and they can be related, for example, to available
information or technology functions [44]. Poor understanding
of users, user needs, and use contexts increases the risk of failure
in eHealth service development [39]. On the other hand, user
needs are not a stable phenomenon; they might change with age
or the use of technology [45]. However, not much is known
about what kind of user needs for eHealth services arise in older
adults’ lives, which is unfortunate because understanding user
needs is a great innovation source [46]. In addition, Hirvonen
et al [19] recommend further investigation into older adults’
eHealth service use as a part of their daily lives.

Goal of This Study
We aimed to understand older adults’ everyday lives in terms
of well-being and health and their needs for eHealth services.
We investigated 2 life stages: working at an older age and life
after retirement, possibly with a chronic disease. We were
interested in the health and well-being practices of 2 age groups
to understand older adults’ needs for eHealth services.
Investigating these aspects allows developers and designers to
better understand how eHealth services can meet older adults’
needs and support their healthy living.

Users’ needs change with life situations, including aging [47].
Therefore, if we want to harmonize eHealth services with older
adults’ everyday use, as is recommended by Cabrita et al [15],
and to support technology development for well-being and an
active, healthy lifestyle, it is important to identify user needs at
different stages of life and daily routines in different life
situations. The research questions were as follows:

1. What is everyday life like for older adults?
2. What kind of needs do older adults have for eHealth

services?

Prior Work

Qualitative Methods for Investigation of Needs
User needs can be explored in many ways. In the
human-computer interaction field [48,49], designers and
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researchers have several methods for investigating user needs.
Soraghan et al [50] and Dickinson et al [51] encourage
researchers and designers to step into older adults’ homes to
assess technology use and empathize with respondents’ lives,
for example, through in-home interviews and observations.
Understanding of older adults can be collected through remote,
semistructured interviews [52]. Projective techniques, such as
cultural probes [53-57] or sentence completion tasks [58], in
which the participants provide information about themselves
(instead of the researcher asking them direct questions), can be
fruitful methods for gaining a deeper understanding of end users
when the topic is challenging to verbalize or includes sensitive
aspects [42]. For example, the sentence completion technique
can be used to gather both an understanding of end users’values
and needs as well as inspirational data for design and discussion
activation [42,59,60].

Cultural probes are designed to trigger older adults to provide
inspirational information about their lives to designers [53].
Following development, they have been widely used for various
purposes, including collecting information about caregivers
[56], investigating patient experiences with an eHealth service
[54], and in other health care contexts [55,57]. Cultural probes
are packages or toolkits of various tasks that end users complete
and document [53]. While cultural probes show potential as a
projective technique for gathering user needs [42], they appear
to be underused in identifying older adults’ needs for eHealth
services.

Older Adults’ Needs and Attitudes Toward Technology
Older adults’ needs and attitudes toward technology vary. For
example, some older adults do not trust computers and find the
terminology and content of computers and digital services
confusing [17,18,61]. They might even fear computers [61].
Their self-confidence with computers is sometimes fragile, and

usability issues can be disastrous for their self-confidence [61].
In addition, older adults as a user group are much more diverse
than many traditional user groups; they may have problems
such as sensory loss, challenges with language, and attitudes to
technology [61].

Many older adults appreciate easy access to eHealth services
and their medical records, which should be offered in an easy,
understandable, and secure way [5,52]. When medical
information has compact and clearly labeled contents in
well-organized menus [62], clear interface language, and linear
navigation [20], this can assist older adults. Backonja et al [47]
recommend eHealth services that adjust functionality and
content based on the user’s needs. Similarly, Cabrita et al [15]
recommend personalization of design and functionality, thus
lowering older end users’ fears toward technology by allowing
it to support its users and even offer empathy and sympathy to
them.

Methods

Overview
This empirical qualitative study consisted of cultural probes
[53,63], which included 4 background information
questionnaires (background questionnaires), sentence
completion tasks [42,58,59], and a diary-based exercise [64-66],
and remote interviews [52]. Data collection included 6 phases,
which all played an important role (Figure 1). Data collection
started with filling out a consent form. After that, background
information was collected, and a short remote interview was
conducted. Then, the participant had time to respond to the
cultural probe package (ie, sentence completion tasks and
diary-based exercise). Participation ended with a long remote
interview and the return of the probes package to the researcher.
Finally, the data were analyzed.

Figure 1. Research procedure.

Sampling and Recruitment
The research was conducted in Finland between the fall of 2020
and the spring of 2021 (ie, during the COVID-19 pandemic) as
part of the DigiIN project (2019 to 2025).

Defining an older adult purely by age is somewhat complex
[67]. Generally, they are people in late adulthood. In line with
the study by Ware et al [5], this study focused on older age
groups associated with a higher risk of chronic disease, with
participants from 2 age groups (those aged between 55 and 74
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years and employed and those aged >75 years and retired).
Group 1 participants (ie, those who were still working) were
relevant because aging includes preparing for retirement [68].

The participants were selected through purposive sampling
(digital survey) and snowball sampling [69]. Group 1
participants (12/20, 60%) were recruited via a digital survey
[70]. Group 2 participants (8/20, 40%) were recruited in 2 ways:
via the digital survey and snowball sampling. To ensure a
diverse and engaged sample for this long-term study,
participants’ interest in digital services was assessed in advance.
The groups were formed according to the life situation: group
1 participants were still working, and group 2 participants were
retired. The age category of group 1 was between 55 and 74
years (later, 55-74 years). The age category of group 2 was
between 75 and >90 years (later, >75 years). Participants in
group 1 had different professions, such as yoga teacher, director,
project manager, or entrepreneur. The participants were from
different parts of Finland but did not fully cover the whole
country.

After participants expressed potential interest in participating
in the study, the researcher explained the study in a telephone
call. This call lasted for 15 to 30 minutes, depending on the
participant’s questions. If the participant was still interested,
the researcher mailed or emailed the information letter that
described this study in detail and a consent form to the
participants for their signature.

Ethical Considerations
The empirical study was conducted as part of the DigiIN project
(2019 to 2025). The study protocol was reviewed and approved
by the Ethical Review Board of Aalto University
(95_03.04_2019_DigiIN). All participants provided their
voluntary, informed, and written consent. Patients’ ability and
willingness to participate in the study were confirmed through
a phone conversation before they signed the consent form.
During the call, the study process was explained, and it was
emphasized that participation was voluntary, with the option to
withdraw at any time. This was also mentioned in the written
consent form.

Research Procedure
The study comprised six phases (Figure 1):

1. First, the study purpose and research procedure were
introduced.

2. Second, the cultural probe packages, including 4
background questionnaires, were delivered. The study
procedure and contents of the package were explained again
in detail by phone or Teams (version 1.6.00.11166;
Microsoft Corporation).

3. Third, the participants filled out the cultural probes for 2
weeks, during which the researcher made 2 short phone
calls to the participants, being present for possible questions
and collecting specific day-based information about the
participants’ routines and activities related to health and
well-being.

4. At the end of the study, the participants were interviewed
remotely.

5. Then, they returned the probes package to the researcher
in a prepaid envelope. The data collection took a maximum
of 5 weeks. When the researcher received the probes
package, the participants were sent a small thank-you gift.

6. Data were analyzed.

Cultural Probes

Overview
In this study, cultural probes made data collection of older
adults’everyday lives possible in research environments, where
remote data collection was important for safety reasons [52]. It
helped in collecting data indirectly, as the participants
themselves completed the cultural probes at their own pace as
part of their everyday lives [42,52,53]. It also helped the
participants prepare for the interview [52].

The cultural probe package, recruitment questionnaire, and
recruitment letter were tested with 2 nonparticipating members
of the target group. The probes, questionnaires, and letter were
revised based on the feedback. The research materials were then
tested again with another target group member. Finally, the
entire study setup with semistructured interviews was tested
with 2 target group members.

Background Questionnaires
Among other tasks, the cultural probe package included 4
questionnaires: a background information questionnaire, the
Health Confidence Score (HCS) [71], the eHealth Literacy Scale
(eHEALS) [72], and the European Health Literacy Survey
Questionnaire (HLS-EU-Q16) translated into Finnish by Eronen
et al [73]. The other questionnaires were translated into Finnish
by the authors. Questions 3 to 10 in the eHEALS questionnaire
were used in this study with the added option of “I don’t know”
[72].

In addition to demographic questions, the background
information questionnaire asked about the participant’s internet
and device use, the eHealth services they had used, and how
useful they found them. The purpose of the HCS, eHEALS, and
HLS-EU-Q16 questionnaires was to obtain an overview of the
participants’ capabilities (or perceived skills) to understand
health information and use eHealth services.

Diary-Based and Sentence Completion Tasks
The cultural probe package (1) motivated participants to notice
and document their actions related to health and well-being as
a part of their everyday lives and (2) worked as a triggering
element for remote, semistructured interviews. In this remotely
conducted study, cultural probes and their exercises helped
make the researcher appear more relatable to the participant.
This was especially important given the sensitive and personal
topics, such as everyday life around health and well-being,
discussed in the study, both from the researcher’s perspective,
and more importantly, from the participant’s perspective [74].
The cultural probe tasks included sentence completion tasks
[59] and a diary-based task [64-66]. In the diary-based task,
participants were asked to make notes regarding their health
routines, decisions, and actions for 5 days. In addition, 13
incomplete sentences were formulated following the best
practices explained by Nurkka et al [42] and included in the
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pretesting phase. In the sentence completion task, participants
were asked to complete sentences (Multimedia Appendices 1

and 2) with 4 themes (Table 1).

Table 1. Themes of the sentence completion tasks.

Included in group 2Included in group 1Theme

YesYeseHealth services now

YesYeseHealth services in the future

YesNoConcerns and fears for eHealth services

YesYesInformal caregiver’s eHealth services (excluded from the data)

The cultural probe packages had differences regarding
incomplete sentence themes between the group 1 and group 2
participants. The study started with the younger participant
group. As data began to accumulate, additional questions
addressing concerns and fears were incorporated into the
sentence completion tasks, as shown in Table 1. This could
support the participants in preparing for the interview as well
[52]. However, the interview covered the theme with both
participant groups.

Remote, Semistructured Interviews
The themes of the cultural probes were investigated in more
detail in remote, semistructured interviews [52], which took 1.5
hours maximum to complete with group 1 participants and 1
hour maximum with group 2 participants. If an interview took
longer, the participants were offered the opportunity to continue
the interview the next day. The researcher made phone calls
using either the Teams call function or a mobile phone, making
it easier for participants to take part. Two researchers conducted
the interviews, but only 1 conducted each interview for
trust-building purposes. The interviews were audio recorded
and documented with field notes.

The interviews comprised different perspectives regarding the
participants’ everyday lives and activities concerning health
and well-being. The interview structure (Multimedia Appendix
3) was created based on the themes of the cultural probes. The
participants were asked to describe the contents of their cultural
probes. The idea was to empower the participants and let them
decide how much or in how much detail they were willing to
express their thoughts on their well-being and everyday lives.
In the interview design, the interview checklist by Tong et al
[75] was followed.

Analysis

Overview
After the data were transcribed and pseudonymized, the
background questionnaire was analyzed using descriptive
statistics, and the qualitative data were analyzed following the
inductive content analysis process [69,76,77]. User needs were
formulated based on the content analysis of the interviews and
the analysis of the cultural probe data. The cultural probe data
included the participants’ diary notes of their daily well-being
activities and completed sentences. The data were analyzed
according to data type. The different analysis phases are
explained in the subsequent sections.

Preliminary Material Walk-Through
During the interviews, a researcher (PV) identified the
preliminary content-based categories and, after each interview,
categorized each participant’s direct quotes in Excel (version
2208 Build 16.0.15601.20644; Microsoft Corporation). Due to
the richness of the data, an additional preliminary review was
necessary. The researcher (PV) manually reviewed the entire
dataset through after receiving the cultural probes package,
using traditional pen-and-paper data analysis methods [78].

After this preliminary data analysis phase, the analysis needs
for the next phases were recognized. The analysis needs were
identified, keeping in mind that the purpose was to understand
user needs. Similar to the data analysis process proposed by
Nielsen et al [79], the preliminary material walk-through process
needed both systematic and circular practices.

Content Analysis for Interview Data
Afterward, 2 researchers (PV and KS) read the pseudonymized
interview transcripts and coded the data in ATLAS.ti 9 (version
9.1.5.0; Scientific Software Development GmbH; Multimedia
Appendix 4) to understand the data as a whole and to support
the analysis of the cultural probes data later. The process
proposed by Mayring [76] was followed in the analysis. When
approximately 30% (11/40) of the transcripts were coded, the
researchers (PV and KS) revised and compared their categories
and agreed on common ones. Finally, the results were discussed
again by 2 researchers (PV and KS), and the findings were
reported.

Analysis for Background Information Questionnaire
Data
The background information questionnaires were analyzed to
understand the participants’ characteristics and their internet
and IT use habits. These questionnaires provided preliminary
information about the sample. The questionnaire analysis was
done in collaboration between 2 researchers (PV and SK). The
means were calculated for the data from each of the 3
questionnaires (PV), and the results were discussed (PV and
SK). Owing to the qualitative nature of the study and the small
sample size, detailed quantitative analysis was not performed.

Content Analysis for Cultural Probe Data
The data from the cultural probe package were analyzed in
collaboration between 3 researchers. Each sentence’s main
content was analyzed by a researcher (PV), and the results were
discussed with 2 other researchers (KS and SK) to ensure the
quality of the analysis. The diary analysis focused on the
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participants’descriptions of their well-being activities. Activities
were written on sticky notes, 1 per note, with the participant
code and time of day. After 2 researchers (PV and KS) created
the notes for 1 participant, their consistency was checked: a
researcher (KS or PV) read the findings and another one (KS
or PV) wrote the findings down. The analysis included 644
grouped sticky notes. The sticky notes were grouped by 2
researchers. The notes were taken during the analysis process.

Results

Overview
The results are discussed in three parts: (1) participant
information; (2) description of older adults’ everyday lives; and
(3) user needs, which were expressed based on the findings
from the sentence completion and remote, semistructured
interview data.

The data comprised 19 cultural probe packages and 329 pages
of transcripts of 20 interviews (in Verdana font, 11-point font
size, single spaced). One participant did not return the cultural
probe package.

Participants
The study included 20 participants (Table 2). The participants
were divided into two groups: group 1, those who were still
employed, and group 2, those who were retired. Both groups
included active computer users with many different devices,
but compared to group 1, group 2 included more participants
who did not routinely use the internet and IT. However, the
variation in device types was greater in group 2 compared to
group 1. The results suggest that perhaps retired people use
health and well-being services less frequently in general than
those who are working.

Table 2. Participant background information (N=20).

Group 2 (n=8)Group 1 (n=12)

>7555 to 74Age (y)

Gender, n (%)

6 (75)9 (75)Women

2 (25)3 (25)Men

Internet activity, n (%)

6 (75)11 (92)Internet use daily or many times in a day

1 (12)1 (8)Internet use on a weekly basis

1 (12)0 (0)Do not know to use or do not use the internet

Internet habits, n (%)

Most popular devices for internet use

5 (63)12 (100)Computer

4 (50)12 (100)Cell phone

4 (50)9 (75)Tablet

Place of internet use

7 (88)12 (100)At home

3 (38)10 (83)Outside home

The most popular reasons to use the internet

7 (88)12 (100)Searching information

6 (75)12 (100)Banking

4 (50)12 (100)Health and well-being services

eHealth use, n (%)

Most popular digital public health care services used

4 (50)12 (100)Patient portal: checking health information and receipt renewal

4 (50)11 (92)Appointment booking

—a8 (67)Chat, email, or SMS text message to health care professionals

2 (25)—Visiting a health center’s web pages

aData not available.
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All group 1 participants (12/12, 100%) and half (4/8, 50%) of
the group 2 participants checked their health information and
renewed their prescriptions via eHealth services. Internet users
used it for banking and information searches, and 80% (16/20)
of them also used it for health services.

Multimedia Appendix 5 presents the background questionnaire
results. The eHEALS results (20/20, 100%) show the
participants’ familiarity with using digitally offered health
information, with differences between the participant groups.
The results of the HLS-EU-Q16 (19/20, 95%) on health literacy
indicate that the participants seemed to have at least basic health
literacy skills. One participant did not send the questionnaire
back to the researchers. The HCS results (20/20, 100%) on
patients’ confidence in taking care of their own health show
that the participants had at least a basic understanding of their
health situation and how to operate in case of health challenges
[63].

Everyday Life of Older Adults
The analysis of the data from the diary-based task and the
interviews resulted in 15 themes in the participants’ everyday
activities. The themes were spending time at home, dining and
cooking, routines, hobbies or exercising, sleep, mundane
activities, work-related activities, medical treatment, cottage or
nature, friends, pets, pampering and rest, communication with
a relative, planning and controlling everyday life, and weather.

The most common activity was spending time at home, often
watching television (102/622, 16.4%); spending time at home
and dining and cooking (96/622, 15.4%) were the most popular
regular activities of the participants. The importance of food
for well-being was often mentioned in the data. Exercising was
also popular (72/622, 11.6%), with walking and jogging being
commonly practiced, including Nordic walking and climbing
stairs. Walking could also be a social activity with a partner or
a dedicated group. Sleep was mentioned in the data 51 out of
622 times (8.2%), as were mundane activities, such as going to
the post office or having lunch or a coffee (51/622, 8.2%). The
repetitive nature of routines, including spending time at home,
the importance of food, and the variety of exercises, is reflected
in the following quotes (the quotes are translated from Finnish):

From Monday to Friday, I wake up 5.50 am on two
mornings, and on other mornings 6.50 am. And that
5.50 am means, that I go swimming. And on other
mornings I eat my breakfast normally at home and
go to work. I drink my morning coffee at the office.
[Group 1, participant U2]

There have been such beautiful days lately. Today it
seems it is not so beautiful, or at least the sun is not
shining yet. I feel I’m privileged that I’m able to live
in my hometown, because this is such a beautiful city.
I started with 30 min walking exercises, and now I
do my walking exercise two times in week. Each
walking exercise takes one and half hours nowadays.
I explore those different terrains, and we have here
a lot of a lot of stairs and a lot of small hills, which
I use to improve my fitness. [Group 1, participant U12]

I start my work at 9 am, then I eat breakfast, and walk
with my dogs. I normally work at my computer until
6–8 pm. I eat, and drink coffee during short work
breaks. At 4 pm I give food to my dogs. In the evening,
I don’t meet anybody else than other dog owners. I
also meet new employees during my workday. [Group
1, participant U6]

I eat breakfast in the morning, and at the same time,
I read news from my iPad. My husband and I have
not ordered any paper newspapers. [Group 2,
participant HX4]

I might visit quite often to meet my neighbor, but not
on an everyday basis. But it is a part of my everyday
life. ...And then, I go quite often after 6 pm a short
walk, and at the same time, visit at my friend, who
has two cats. ...Then I make some dinner and watch
TV News. I do not usually follow any TV series, but
I might sometimes watch something from TV. I go to
sleep at around 12 am. [Group 2, participant HX5]

I don’t have so many meetings anymore, but my week
starts with English lessons every Monday at 10 am.
At 4 pm I go to an hour’s outdoor exercise. In the
evening, I often go to German language speaking
exercise group. Next day, I go to aqua jogging, and
after that we take a cup of coffee with the members
of that group. Next day I participate in outdoor
walking exercise group, with which we normally walk
an hour together. And at the end of the week, I often
do some housework, a little bit cleaning home or
something. [Group 2, participant U7]

Watching television was emphasized in both groups, and
activities related to cleaning and housekeeping were popular.
Overall, participants in both groups seemed to like routines.
The everyday life activity themes are detailed in Multimedia
Appendix 6.

The Needs of Older Adults for eHealth Services

Overview
The older adults’ needs for eHealth services were collected
based on the main findings from remote, semistructured
interviews and sentence completion tasks. The themes
discovered from the interviews, the main findings under each
theme, and the participants’ needs based on those findings are
provided in Multimedia Appendix 7. In addition, sentence
completion revealed the participants’ wishes and needs for
eHealth services in the future (Multimedia Appendices 1 and
2). The needs described in the following sections were expressed
based on the data.

The Need for a Carefree Mind
Older adults need a carefree mind when taking care of their
health and regarding their current health and well-being
situation, which can be supported with eHealth services. They
need to understand the safety of eHealth service use and be able
to manage health-related matters well regardless of the channel
(eg, mobile phone, chat, or remote appointment). Users’
technical skills vary, and some use technical devices versatilely.
Support and training possibilities help with this need. Feedback
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on one’s current health and well-being situation via eHealth
services is appreciated. The safety needs are evident in the
following quotes:

I avoid using all parts [of the user interface] that have
even a little bit of a foreign language to me. Because
it might happen there that I don’t understand
something and make a wrong choice somehow [in the
user interface]. [Group 1, participant U2]

I think managing my health-related affairs should be
safe. [Group 1, participant U6]

The need to obtain health care service regardless of the service
channel is reflected, for example, in the following comments:

I would like to be able to use eHealth services in
parallel with other service channels in the future.
[Group 1, participant U1]

I look for information on the internet every day. I use
all possible medical and health services that are
available digitally. And the same thing with public
services: everything that is possible, I do them in
digital channels. [Group 2, participant H3]

On the basis of the data, people’s diversity is emphasized: being
able to use the eHealth service can be a big challenge for one
person, but for another, it brings benefits and ease. Owing to
older adults’ varying technology skills and device availability,
health self-management was desired in varying ways and
different channels, either face-to-face or digitally. In addition,
group 1 participants seemed to be experienced or very
experienced with technology and felt very comfortable using
eHealth services. The clear variations between the participant
groups should be considered in all design decisions regarding
eHealth service development.

Varying skills and comfort levels with using eHealth services
are demonstrated, for example, in the following quotes:

For me, using eHealth services is natural and easy.
[Group 1, participant U6]

For me, using eHealth services is easy and
self-evident. [Group 2, participant HX4]

eHealth services do not help me because I have
neither the equipment nor the skills. [Group 2,
participant S8]

Learning something new [about digital services] is
difficult because of the tricky terminology. I’ve never
studied English at school, and systems use a special
system language. ...Then these jungles of safety
encryptions and passwords: remembering them is
almost the most difficult part of it. [Group 2,
participant S9]

The Need for eHealth Service Adaptation Based on
Current Life Situation, Use Contexts, and Everyday Life
Regarding different life situations, the participants needed
support via eHealth with their health and well-being in changing
situations, such as when retiring, regardless of their current
technology skills or devices. eHealth could help them, for
example, with mental well-being or keeping physical activity

levels high enough. The changing situations are evident in the
following quotes:

My working years are in the final phase. It’s sure that
I have a couple of years left until I retire officially.
After that, my children are already adults as well. But
currently, my life is quite work-oriented, long
workdays, and I’m all the time busy. [Group 1,
participant U1]

I have done more or less work [in my life]. And now
I’m retiring. That’s a pretty big change. [Group 1,
participant U4]

I’d like to use eHealth services in the future even after
I retire. [Group 1, participant U12]

I have a little bit tricky stage of life. My son went to
heaven two weeks ago, and I am currently going
through grief. Five years ago, my husband died. So,
that kind of stage of life I have now. [Group 2,
participant H2]

Yes, it was easier when I was healthy. After all, then
I could do what I wanted and run if I liked and, in
every way. ...That life was completely different then.
I can’t say, however, that none of these moments in
this life have been completely unpleasant. ...When I
think about this end of life, yes, I have had a good life
the whole time, no matter what era it was. They have
all been part of life that was then, and it was good at
that moment. [Group 2, participant S7]

Older adults desired eHealth services that could adapt to their
current and evolving life situations, such as retirement or
changes in health. These services should be tailored to their
lives in terms of both content and functionality, including the
user interface, and should be flexible enough to adjust according
to the season, regardless of their location. Older adults want to
take care of their health and well-being regardless of location
(from places other than home or a clinic, such as a summer
cottage). Service adaptation to everyday life makes eHealth
services relevant.

However, the ease of use of an eHealth service becomes relevant
only after it has been ensured that it can be accessed at all. One’s
health state affects everyday life and the ability and willingness
to use eHealth services. For example, when a health situation
improves due to following healthy daily routines, the content
of the eHealth service should follow this new health situation
and its user’s new needs for the eHealth service. eHealth services
should be adaptable to changes in life and health situations as
well as fluctuations in motivation to use eHealth, both in the
short and long term. eHealth service’s role and value as a part
of changing life situations and user needs regarding eHealth
service’s adaptability are reflected in the following quotes:

eHealth services help me very well in my health
situation. [Group 1, participant U12]

eHealth services help me plan schedules flexibly.
[Group 1, participant U7]

For me, the most important thing with eHealth
services is that I don’t have to commit to a specific
time. [Group 1, participant U10]

JMIR Hum Factors 2025 | vol. 12 | e50329 | p.2651https://humanfactors.jmir.org/2025/1/e50329
(page number not for citation purposes)

Valkonen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


For me, the most important thing in eHealth services
is the right information at the right time. [Group 2,
participant S9]

For me, the most important thing with eHealth
services is that I get information immediately without
waiting. [Group 2, participant HX4]

Using them [eHealth services] saves time. [Group 1,
participant U8]

The Need for a Holistic Perspective
Older adults need content that supports their health and
well-being holistically. eHealth services should, for example,
include perspectives on their current everyday lives and health
situations. Group 1 members often wished that eHealth services
would be one service among others, smoothly integrated into
everyday life. For group 2 members, more research is needed
to investigate their perspectives on a suitable package of service
channels and content so that they receive the same holistic
support as group 1 members. The example quotes behind the
need for holistically offered health and well-being support as a
part of older adults’ everyday lives are as follows:

I fill in crosswords, and I read when I like to. I cook,
but not every day now. Things like that I get pleasure
from. After all, all in all, the fact that there are not
so many financial worries is a part of that balance.
Everything you need is here and now. Everyone can
ask themselves the question whether they are happy.
[Group 1, participant U11]

For me, the most important thing in eHealth services
are the right health goals considering the right
information; based on researched and measured
information. [Group 1, participant U7]

eHealth services help me to plan flexible schedules.
[Group 1, participant U7]

eHealth services help me take care of things related
to my health at once. They save time. I get e.g., lab
results through a digital service. [Group 1, participant
U13]

eHealth services help me get an overall picture of my
health. [Group 1, participant U1]

I read a lot. Now that I’ve been here sick and the
moments, I’ve been awake, I’m reading something
all the time. [Group 2, participant HX6]

And then jogging with the dog. It keeps me in balance.
All my social interaction now takes place there,
walking the dog, because there are many dogs here,
and we have lived here 45 years, so there are so many
people who know dogs. [Group 2, participant S8]

The Need to be Able to Avoid Using eHealth Services
But to Use Specific eHealth Functions
Older adults, especially group 2 members, need to be able to
select the service channel: eHealth services or face-to-face. On
the other hand, there was a need for eHealth functions. For
example, group 2 members often appreciated the opportunity
to look at laboratory results without having to go anywhere.
The COVID-19 pandemic era might have affected this result.

The following example quotes bring insights into the older
adults’ needs for specific functions and the possibility of
obtaining health care services via service channels other than
eHealth services:

In principle, they [service providers] accept to do
business [face-to-face], but if you ask for some advice
there, they recommend that you “go to do it online
or look it up online.” They don’t understand that not
everything works perfectly on the internet for them
either. I think it’s pointless for them to guide you to
do business online when it can’t be done there online.
[Group 1, participant U8]

Or you can use a video connection to contact the
nurse! They are certainly good additions to the
healthcare service. [Group 1, participant U1]

It’s embarrassing that I don’t know how to book
appointments [digitally]. I don’t know how to book
a time for our laboratory or X-ray. I don’t know how
to make an appointment. And you should know that,
but when there was no need, you didn’t learn. [Group
2, participant HX6]

When I imagine myself retired, and when I no longer
have a work computer, and if it is difficult to get from
one place to another, then of course, they [eHealth
services] will be useful. And then the chat service,
where you can easily ask for help or advice!

I think managing my health-related affairs should be
possible in person. [Group 2, participant S8]

This means that eHealth services should be accessible: (1)
devices should be available and (2) the network connection
should be stable enough, and the service must be available
regardless of time. The service should be offered in a
multichannel manner, including personal contact, phone service,
or in writing (eg, chat).

Operations related to health and well-being, such as appointment
booking through eHealth services, must be clear and easy to
use for all user groups. The operations and the eHealth service
should support long-term and short-term health and well-being
planning in terms of the content and functions available to both
end users and health care professionals. It should work reliably
in all situations and support older adults’ empowerment in
managing and controlling their current and future health
situations. This is evident, for example, in the following quotes:

I think operations related to my health and well-being
should be easy. [Group 2, participant HX5]

eHealth services do not help me at all. [Group 2,
participant HX6]

User Needs Regarding User Experiences
The completed sentences revealed that the older adults’
experiences with eHealth services varied, with some finding
them easy to use and others finding them challenging. The use
of eHealth services was felt to be part of everyday life and
routines, and it did not produce many “peak experiences,” which
are the most memorable experiences producing positive
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emotions [70,80]. The variation in user experiences from
eHealth use is apparent in the following example quotes:

For me, using eHealth services is easy, and a routine.
[Group 1, participant U13]

Using them [eHealth services] makes me a little
irritated. [Group 1, participant U1]

I think managing my health-related affairs should be
confidential, and the response quick and empathetic.
[Group 1, participant U11]

Using them [eHealth services] puts me in a bad mood.
[Group 2, participant HX6]

Two (25%) out of 8 participants in group 2 had worrying
experiences, such as a loss of self-confidence in the use of
eHealth services and an increase in concern about the use of
eHealth services. These worries are reflected in the following
example quotes:

Using them [eHealth services] makes me feel
insecure. [Group 2, participant S7]

The thing that worries or scares me the most about
eHealth services is that soon you won’t be able to see
a doctor anymore when everything will be done
digitally. [Group 2, participant S8]

However, eHealth services especially brought peace of mind to
group 1 participants, seeming to improve their well-being. For
both groups, eHealth services produced important information
about their current health situation. eHealth services seemed to
be used in both age groups, not only out of necessity but also
to obtain information and improve the flexibility of taking care
of their health. eHealth services provided longer-term insights
into their own health status, and information obtained through
eHealth services was highlighted at different points. Finding
out about their own health status seemed important. With the
help of eHealth services, the level of concern about their own
health condition improved. Group 2 members had more negative
views of eHealth services, and they also mentioned a lack of
equipment as a barrier to eHealth service use. eHealth service’s
role in offering information, flexibility in taking care of one’s
health, or role as a calming factor is reflected in the following
example quotes:

I use eHealth services if I book an appointment with
my doctor, or check my health information [Group 1,
participant U12]

I use eHealth services whenever possible. [Group 1,
participant U6]

Using them gives me peace of mind when I can book
appointments and find out about health-related issues
at a time that suits me. [Group 1, participant U13]

Other barriers to eHealth services were lack of human contact,
inefficiency, and challenges with its use. eHealth services
divided participant opinions regarding its benefits: group 1
participants did not have as many helpful experiences with
eHealth services as group 2 participants. Both groups included
individuals who felt that eHealth services did not provide holistic
support during life changes. At the same time, group 2
participants felt that eHealth helped them acquire information

about health-related issues, supported them in planning
health-related issues, and helped them commit to lifestyle
changes. On the other hand, they lacked competence and felt
that eHealth services (use processes and user interfaces) was
too complicated. The negative experiences and use barriers are
evident in the following quotes:

With eHealth services, I am saddened by the lack of
consistency and aimlessness, as well as the lack of
genuine and cheerful support. [Group 1, participant
U7]

With eHealth services, I am frustrated by delays and
waiting. [Group 1, participant U6]

With eHealth services, I am saddened by my laziness
and lack of time available to study the use of eHealth
services. [Group 2, participant H3]

With eHealth services, it saddens me that I don’t know
how to use them. [Group 2, participant HX6]

The most important things in eHealth services use were
efficiency, ease and smoothness of transactions, access to
information, planning (where group 1 members had diverse
answers), and support for well-being. Participants in group 2
had the same eHealth needs as those in group 1 but they were
more skeptical (Multimedia Appendix 8).

The efficiency, ease, and support for well-being via eHealth
services are apparent in the following quotes:

Using them [eHealth services] saves my time. [Group
1, participant U6]

Using them [eHealth services] makes me think about
my health based on researched information. [Group
1, participant U10]

For me, the most important thing about eHealth
services is that I don’t have to commit to a specific
time or date. [Group 1, participant U10]

eHealth services help me renewing my medicine
prescriptions. [Group 2, participant S7]

Discussion

This qualitative exploratory study aimed to gain a more in-depth
understanding of older adults’needs for eHealth services as part
of their everyday lives in different life stages. The data were
collected with interviews and a cultural probe package, including
4 background information questionnaires, sentence completion
tasks, and a diary-based exercise.

Principal Findings

Everyday Life of Older Adults
Both participant groups valued time spent at home and
home-based activities as part of their everyday lives. Healthy
eating habits were an especially important aspect of the
participants’well-being from their own perspective. These older
adults enjoyed different activities, such as jogging and Nordic
walking, which is in line with other literature [31].

Older adults generally appreciated bringing health and
well-being into everyday life. They had weekly or daily
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activities or hobbies that supported them to reach their long-term
health targets. These routines varied greatly, including exercise,
good night sleep, personal hygiene, repetitive food, pet care,
and housework-related morning routines. Group 1 participants
reported routines and activities that partly differed from those
of group 2 participants. For example, all the routines related to
the gym or exercising while commuting were reported by group
1 participants. Interestingly, the only mention of reading
newspapers with a tablet was reported by a participant from
group 2. Furthermore, a mention of doing morning exercise
with television was reported by a group 2 participant. Cleaning
routines were mainly mentioned by participants from group 2.

The eHealth service can both support health self-management
on a long-term basis and activate and support older adults in ad
hoc type of activities and operations related to health and
well-being, for example, by offering information based on the
current health situation or reminding them of a (daily or weekly)
hobby.

The Needs of Older Adults for eHealth Services
On the basis of the interviews and sentence completion tasks,
four needs for eHealth services were identified: (1) the need for
a carefree mind; (2) the need for eHealth service adaptation
based on the current life situation, use contexts, and everyday
life; (3) the need for a holistic perspective; and (4) the need to
avoid using eHealth services but to use specific eHealth service
functions. These needs should be considered when designing
eHealth services that support older adults’ healthy living. In
addition, they generally apply to both user groups but may be
emphasized differently depending on the group.

On the basis of our findings, the older adults seemed to have
generally positive attitudes toward eHealth, aligning with those
identified by Cabrita et al [15] and Mielonen et al [28]. The
infrastructure behind eHealth services must be stable; then,
eHealth services can be offered in an accessible way and without
limitations for everyone, assuming that end devices are
available. Owing to varying end devices among older adults,
eHealth services should be scalable regardless of the service
channel or devices. Therefore, the design should support the
reliability of eHealth services so that they work in all situations,
supporting older adults’ health self-management [15,70]. Our
study adds the perspective of changing time spans: the service
must function smoothly for both short-term and long-term use,
accommodating variations in use duration.

Well-being, sickness, health, and illness seem to be subjective
personal experiences. The need for eHealth services changes
due to the user’s current health and well-being situation: eHealth
services become unnecessary when health and well-being
increase. Therefore, it must be possible for older adults to easily
try out whether eHealth services will benefit them. An eHealth
service may also be used less frequently at times.

eHealth services can support older adults’health and well-being,
particularly when the content of the service aligns with their
everyday lives and interests. Therefore, we recommend that the
eHealth service work as part of an older adult’s healthy routines,
which might include, for example, encouraging attitudes and
functions for housework and other activities.

Comparison With Prior Work
Our results show that understanding the user’s life stage and
the key interests at that stage is important, as found in other
literature [47]. Owing to older adults’ changing health and life
situations [1-3,10,11,47], an individual eHealth service should
function as part of a wider service offering so that the service
supports and adapts to changing life situations and health
statuses. For example, in this study, it was recognized that both
those who are still working and those who are retired use IT
and eHealth services. IT use at work might support learning
new skills and sometimes even updating them [70]. In addition,
eHealth service flexibility is valued [4]. The need for eHealth
services to adapt to the older adult’s current life and health
situation is in line with the study by Reiners et al [81].

Earlier research recognized a large variation in activities that
support older adults’ well-being, in line with our findings:
exercising; cooking; and hobbies, such as language courses
[82]. Even with poor health, older adults achieve well-being
and positive effects from daily activities [82,83]. In addition to
physical activities, daily activities, such as reading books or
watching television, can also offer relaxation [81]. Owing to
the differing routines and daily activities, the need for eHealth
adaptation based on the current life situation, use contexts, and
everyday life was recognized in this study, and we recommend
that eHealth services work as a part of older adults’ daily living
smoothly. Previous research supports our results behind this
user need: older adults are a heterogeneous group whose activity
possibilities vary regarding their living conditions or current
health situation [31]. However, the importance of studying the
use of eHealth service as part of everyday life has been
recognized [19].

The devices with which the eHealth services are used should
be considered when designing these services. Given the possible
effect of the small sample size, it can be seen from the data that
group 2 participants seemed to use eHealth services somewhat
less than group 1 participants. One reason for that could be that
older adults who are still employed might use eHealth services
for work reasons, as well [70]. On the other hand, it can probably
be expected that, nowadays, older adults who are retired have
used at least some IT at work.

Understanding the safety of eHealth services use was important
to older adults, as in earlier research [4,5,10,18]. In line with
previous literature [18,70], they needed available support and
training for eHealth service use. In particular, the older
participants in this study also needed not to be forced to use the
eHealth service. However, this varied considerably between
participants, which supports earlier research results [18].

In line with an earlier study [15], one of the most important
design functions is to ensure that the eHealth service conveys
empathy to older adults. This can be offered via an empathic
tone of voice in the services and by offering them through
service channels that are especially suitable to each older adult’s
current situation. The whole life span, including transitions to
different life phases, such as retirement, should be considered
in design decisions [2,47,70]. This can be done, for example,
by offering relevant content related to health and well-being to
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different older adult groups and by making sure that the content
is relevant to each end user’s unique life and health situation.

On the basis of our findings, both those still working and those
who have already retired have suitable devices and sufficient
technical skills, as also reported by Mielonen et al [28].
However, eHealth services were used only by half (4/8, 50%)
of the older participant group. Our findings support the
observations of Kruse et al [3] regarding common barriers to
eHealth use among older adults: a lack of self-confidence, a
fear of making irreversible mistakes, and content that does not
meet their needs. Fear can be dispelled with a clearer service
concept, implementation support, user support, and instructions,
as well as reassurance, such as by highlighting safety both in
the service content and in the presentation of the service. In
addition to minimizing fear, strengthening the self-confidence
of the end user of the service plays an important role. Another
phenomenon that emerged from the data was that well-being,
health, and illness seem to be subjective, personal experiences.

The need for eHealth services changes due to the user’s current
health and well-being situation; eHealth services become
unnecessary when health and well-being improve. Therefore,
it should be possible for older adults to easily try out whether
the eHealth service will benefit them. This can be done, for
example, by offering trial versions of services, which other
research [15,18,84] recommends. Being able to safely try out
an eHealth service could help reduce fears, build
self-confidence, and better identify the current need for the
service. Another helpful option would be to group service
functions into easier basic functions and possibly other more
complex functions that are recommended to be familiarized
with time, as is recognized in the literature [15,47]. However,
based on the study findings, the end user’s age or life situation
does not appear to be a decisive factor in determining the need
for user interface content. That said, older adults who are retired
may face slightly more challenges in using eHealth services
compared to those who are still working.

As also found in other literature [18,70], individual eHealth
service should function as part of a wider, multichannel service
package so that it adapts to changing life situations and changes
in health status. It should work as a channel for end users to
receive empathy in challenging health situations. This could be
done with effective but sensitive communication possibilities
and with empathic content. Because eHealth services should
support older adults’ health and well-being, it is important to
look at and connect their well-being in the IT context [84]. This
can be done according to content and with easy and logically
functioning user interfaces. In addition, this study’s participants
wished for an option to not use eHealth services or specific
eHealth functions. This need is in line with other research
findings [85].

Limitations
This qualitative exploratory study aimed to gain a more in-depth
understanding of older adults’ needs. The sample was small;
the participants were from 1 country, and they were likely to
be more interested than average in eHealth services. Older adults
are a diverse group from the perspective of, for example,
cognitive, motor, or technology use abilities [61]. Therefore,

completely covering the population with a representative sample
was not possible. This has potentially biased the results. In
addition, the COVID-19 pandemic era could have influenced
the results, but this was not especially followed as a part of this
study.

Regarding the adaptation of eHealth services to different life
and health situations, we do not know whether the service should
always be the same or differ depending, for example, on whether
the health situation has changed, in which case the role and
meaning of the service changes from supporting well-being to
treating illness. We recommend this as a future research area,
especially in long-term studies. More research is needed on the
best service channel combinations for older adults to obtain
sufficient holistic health and well-being support. In the future,
it would be worthwhile to test the design recommendations with
representatives of the designer community and older adults, for
example, in co-design workshops. In this study, the older adults’
needs in different life situations were not compared to those of
other age groups. However, this would be valuable to study in
the future.

From a methodological perspective, the cultural probe package,
including diary-based and sentence completion tasks, combined
with remotely conducted semistructured interviews seemed to
be effective in collecting information about participants’
everyday lives and in mapping user needs for eHealth services.
This is interesting because, as far as we know, not many cultural
probes studies on this topic are available. The working
participants completed more handwriting-based sentences.
Therefore, cultural probes including many handwriting exercises
might fit better for them. On the other hand, the data were
collected using several methods, which confirmed the findings
of the study and helped identify user needs. The methods seemed
to work well in remote conditions during the COVID-19
pandemic era.

Conclusions
In this qualitative study, we collected information about the
everyday lives of older adults in different life situations and
identified their related needs for eHealth services. The results
helped us understand how older adults see and experience health
care with the help of eHealth services as part of everyday life.
The older adults in this study often preferred a consistent routine
in their daily practices including healthy eating and exercise.
eHealth services could offer time saving and flexibility within
these routines. A lack of devices or skills was often mentioned
as a use barrier. On the basis of the results, four main needs of
the older adults for eHealth services were identified: (1) the
need for a carefree mind, in which older adults could receive
status information on their current health and well-being
situation via eHealth services; (2) the need for eHealth service
adaptation based on the current life situation, use contexts, and
everyday life; (3) the need for a holistic perspective, in which
older adults wished to receive support for health issues from
many perspectives and through several different service
channels; and (4) the need to avoid using eHealth services but
to use specific eHealth service functions, in which face-to-face
support for their health was especially appreciated. On the basis
of the results, eHealth services should be designed such that
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they fit well in older adults’ everyday lives and adapt to users’
everyday practices and health statuses according to content.

eHealth services should be accessible and reliable.
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Abstract

Background: The World Health Organization estimates that 1 in 4 people worldwide will experience a mental disorder in their
lifetime, highlighting the need for accessible support.

Objective: This study evaluates the integration of digital peer support (DPS) into an employee assistance program (EAP), testing
3 hypotheses: (1) DPS may be associated with changes in EAP counseling utilization within a 5-session model; (2) DPS users
experience reduced sadness, loneliness, and stress; and (3) DPS integration generates a positive social return on investment
(SROI).

Methods: The study analyzed EAP utilization within a 5-session model using pre-post analysis, sentiment changes during DPS
chats via natural language processing models, and SROI outcomes.

Results: Among 587 DPS chats, 432 (73.6%) occurred after business hours, emphasizing the importance of 24/7 availability.
A matched cohort analysis (n=72) showed that DPS reduced therapy sessions by 2.07 per participant (P<.001; Cohen d=1.77).
Users’ messages were evaluated for sentiments of sadness, loneliness, and stress on a 1-10 scale. Significant reductions were
observed: loneliness decreased by 55.04% (6.91 to 3.11), sadness by 57.5% (6.84 to 2.91), and stress by 56.57% (6.78 to 2.95).
SROI analysis demonstrated value-to-investment ratios of US $1.66 (loneliness), US $2.50 (stress), and US $2.58 (sadness) per
dollar invested.

Conclusions: Integrating DPS into EAPs provides significant benefits, including increased access, improved emotional outcomes,
and a high SROI, reinforcing its value within emotional health support ecosystems.

(JMIR Hum Factors 2025;12:e68221)   doi:10.2196/68221

KEYWORDS

digital peer support; peer support; EAPs; cost-effectiveness; SROI

Introduction

Background
The World Health Organization estimates that 1 in 4 people
globally will experience mental disorders in their lifetime [1],
stressing the need for a readily available treatment ecosystem.
Relatedly, the increasing popularity of remote work
post–COVID-19, along with work- and workplace-related
stress—stemming from long hours, high workloads, an inability

to disconnect, and, in particular, isolation—has contributed to
a rise in mental health problems such as anxiety and depression,
musculoskeletal pain, sleep deprivation, and stress [2]. These
stressors impact not only employees’ well-being but also
presenteeism, absenteeism, and work-life balance [2-4]. Burnout,
in particular, arises from chronic stress characterized by
emotional, physical, and mental exhaustion, leading to reduced
productivity, increased absenteeism, and higher turnover rates
[3].
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While the Centers for Disease Control and Prevention’s National
Center for Health Statistics reports a notable increase in
treatment-seeking behaviors between 2019 (19.2%) and 2021
(21.6%), a significant majority of working adults may still suffer
alone [5]. The proportion of working adults aged 18-44 years
receiving mental health treatment grew significantly from 18.5%
in 2019 to 23.2% in 2021 [5], with women (23.8% to 28.6%,
respectively) continuing to outpace men (13.1% to 17.8%,
respectively) [5]. By 2021, adults aged 45-64 years (21.2%)
and those aged 65 years and over (18.9%) ranked second and
third, respectively, in seeking treatment [5].

Employee Assistance Programs
Mental and emotional health–focused employee assistance
programs (EAPs), which are confidential, voluntary,
organization-sponsored, and low-cost services for employees,
offer personal or work-related counseling and support. The
purpose of EAPs is to help employees manage stress, enhance
problem-solving abilities, and, in turn, improve work
productivity, reduce absenteeism, and promote overall
well-being [6]. Counseling-based EAPs provide
psychoeducation, teach coping strategies, and assist users in
setting achievable personal goals that build confidence and
self-efficacy [7-12]. Additionally, EAPs offer training in
communication skills, such as assertiveness, to improve
relationships and help users navigate challenges effectively.
Patient activation, which refers to an individual’s knowledge,
skills, confidence, and willingness to manage their health and
well-being [7,8], is further supported by connecting users to
resources and support networks, including health care providers
and peer support groups. Finally, EAPs empower users with
self-management tools, such as digital apps and resource
libraries, that allow them to track their progress and
independently manage their well-being [12]. Together, these
strategies foster self-reliance, enhancing users’ability to manage
their mental health and overall well-being [7]. Depending on
the EAP, a significant return on investment (ROI) may be
observed, with some organizations seeing US $3-US $10 for
every dollar spent [13], largely due to positive impacts on
absenteeism, productivity, and employee turnover and retention
[6,13]. EAPs are well-established assets to organizations,
delivering emotional benefits to employees and productivity
and financial benefits to employers [6,13].

Digital Peer Support
While counseling-based EAPs are known for their advantageous
returns, not every emotional concern requires counseling
support. A tiered support system for individuals who are
mentally well but experiencing lower-acuity emotional distress
may be necessary. Simultaneously, the US health care system
currently faces a shortage of mental health professionals,
limiting access to adequate support [14,15]. In 2021, 5930 areas
were designated as health professional shortage areas, leaving
129.6 million people without access to affordable and accessible
care [15]. President Biden’s 2022 White House brief highlighted
this issue and called for efforts to “strengthen system capacity,”
including the increased use of peer support specialists and
paraprofessionals [16].

Peer support interventions involve individuals with similar lived
experiences offering mutual support [17]. While expert-based
professional support may evoke feelings of shame, failure, and
mental health stigma, peer support can normalize emotional
struggles and foster connection, validation, and empathy through
shared experiences [18]. This “mutual empowerment” from
peer-driven interventions grants individuals greater autonomy
and competency [18]. However, some Americans may not have
access to digital peer services due to a lack of universal internet
access and low health literacy. Approximately 24 million people
in the United States lack reliable broadband service or
high-speed internet [19]. Historically, lower rates of high-speed
internet use have been observed in households where the owner
is 65 years or older, Hispanic, African American, American
Indian, or Alaska Native [19]. Furthermore, in 2021, only about
5 in 10 households with incomes below US $25K used
high-speed internet [19]. Additionally, approximately 90 million
American adults struggle to understand and navigate complex
health- and text-based tasks accurately and consistently,
exhibiting low health literacy [20]. By addressing these
disparities, digital peer support (DPS) services could become
even more inclusive by expanding support to those currently
excluded from traditional services.

Self-determination theory, as articulated by Ryan and Deci [21],
offers insight into key features that make peer support impactful.
The theory states that self-determination and emotional growth
are driven by 3 core elements—autonomy, competence, and
relatedness [21,22]. Autonomy refers to the ability to self-direct
and control one’s actions, competence involves mastering new
skills, and relatedness is about forming meaningful connections
with others [21,22]. Peer support provides a nonjudgmental,
nonstigmatizing space that fosters autonomy, as there is no
professional expert directing treatment. Competence is
strengthened through the normalization of mistakes shared via
lived experiences, as well as the application and practice of
coping strategies. Relatedness is reinforced through the verbal
and emotional connections formed with similar peers [18].
Research has consistently shown that relatedness in supportive
relationships contributes significantly to emotional regulation,
motivation, and the overall success of interventions. By
reinforcing relatedness through peer-to-peer interactions, peer
support programs address a fundamental psychological need
that complements autonomy and competence, further validating
their essential role in the model [17,18]. The interrelatedness
of these dynamic factors is believed to enhance mental health
and well-being [17-22]. The introduction of DPS platforms
extends these benefits by offering accessible, mutually
supportive communities to help alleviate feelings of loneliness
and isolation [23]. Numerous studies have demonstrated the
effectiveness of these digital interventions in addressing mental
health needs [23-30].

Confirmed benefits of peer support interventions are evident
through self-determination theory and digital platforms [23-30];
however, a significant gap remains in understanding the ROI,
particularly when integrated into counseling-based EAPs.
Studies suggest that peer support may lead to direct health care
savings by equipping individuals with coping mechanisms and
providing emotional support, which, in turn, reduces the risk
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of crises and costly subsequent interventions (eg, inpatient
hospitalization, emergency room use) [31-33]. Specifically,
current research does not adequately address how incorporating
24/7 DPS into EAPs translates into measurable
cost-effectiveness for organizations. Traditionally,
cost-effectiveness and cost-benefit analyses are used to assess
the value for money of health and social interventions, but the
value derived from participating in 24/7 DPS can be subtle and
difficult to measure [34]. As a result, there is a paucity of
research on the broader social, economic, and environmental
value. This gap underscores the need for a focused study to
evaluate the social return on investment (SROI) of integrating
24/7 DPS into a counseling-based EAP, assessing both the
economic impact and the efficiency of these interventions.

Social Return On Investment
SROI has become a recognized method for measuring the
impact, outcomes, and value created by
social-emotional–focused organizations [35,36]. Broadly, SROI
uses a mixed-method design to assess the value of an
intervention relative to the cost of enabling it. Beyond financial
metrics, which may assign limited value to a program, SROI
captures social, environmental, and economic elements to
generate a comprehensive “social value.”

Study Aim and Hypotheses
For this study, a 24/7 US-based DPS service was integrated
with a US-based counseling-based EAP firm to explore potential
changes in utilization, sentiment, and the SROI of the 24/7 DPS
for the EAP’s clientele. The following study hypotheses were
examined: (1) The introduction of the 24/7 DPS service may
lead to changes in the utilization of EAP counseling services
within a 5-session model; (2) participants who utilize the DPS
service will experience significant changes in sentiment (eg,
reduced sadness, loneliness, and stress) over the course of their
engagement with the service; and (3) the integration of DPS
into the EAP will produce a positive SROI, reflecting the added
value of peer support services for EAP clientele. Through these
key objectives, the study aims to assess the effects of DPS on
EAP utilization, emotional well-being, and the social and
economic value added to the EAP.

Methods

Pre- and Post-DPS Integration: EAP Services and
Implementation
Using aggregated participant data, pre- and postanalyses of
adding DPS to EAP services were conducted. Pre-DPS was
defined as the routine care provided within the EAP, including
an initial intake, screening for clinical concerns, and offering
service options such as counseling, legal resources,
psychoeducation, and coaching. Before the introduction of DPS,
participants either accessed the EAP provider’s website using
a company code to explore available services or completed an
initial online or phone intake. They were screened for clinical
concerns, including substance use and suicidal or homicidal
ideation, by licensed clinicians or clinically supervised
paraprofessionals. The EAP offers a comprehensive suite of
behavioral health and wellness services designed to support

mental health, work-life balance, and overall well-being. These
offerings include free and confidential counseling, legal and
financial benefits (including Medicare and Social Security
consultation), wellness coaching, work-life referral services,
and an online resource library. Additional services include
virtual reality programs, as well as parenting, life, career, and
work performance coaching. The EAP provides managed care
24/7, with crisis support delivered by licensed mental health
professionals.

An anonymous US-based DPS service that provided 24/7/365
moderated, synchronous peer group chats was integrated into
the US-based EAP’s client support ecosystem. The DPS service
utilized artificial intelligence (AI)–driven natural language
processing to match users with peers facing similar issues in
small groups, each facilitated by a trained human moderator
who ensured a safe environment and directed users to
professional services in crises. The DPS model allows for
unlimited sessions, in both duration and frequency, while the
EAP’s 5-session model was selected for further analysis due to
the prevalence of 5-session models over other session formats.

Participants

DPS: Peer Support Users
Nonidentifying participant data from the DPS provider, collected
between June 2023 and May 2024, were used to evaluate the
research objectives. DPS service participants had access to
unlimited peer support chats and were included in the data
analysis if they utilized the chat service at least once.

EAP: Counseling Service Participants

Inclusion Criteria

Pre-DPS (June 2022 to May 2023) and post-DPS (June 2023
to May 2024) participants were selected based on having active
access to the 5-session EAP model. For the analysis of total
utilization, no demographic factors were matched between the
pre- and post-DPS groups. However, for the utilization analysis
of the 5-session EAP model and to ensure comparable groups,
participants in both the pre-DPS and post-DPS cohorts were
matched based on demographic and emotional concern variables.
Matching was conducted using propensity score matching,
adjusting for potential confounders such as age, gender, and
emotional concerns (eg, anxiety or depression). Participants
who had utilized the full 5-session model in both groups were
selected, with efforts made to capture diverse client trajectories
by including multiple participants matched on these same
variables. EAP participants were employed across a wide range
of sectors, including health care, education, professional
services, manufacturing, construction, building trades,
nonprofits, technology, service industries (eg, restaurants),
unions, mining, government, and others.

Cohort Exclusion Criteria

Participants were excluded from the analysis if they had missing
demographic data (age or gender) or if they exceeded the
authorized number of counseling sessions (eg, >5 sessions in
the pre-DPS group). These exclusions were necessary to control
for confounding variables, as participants requiring more
intensive mental health support (beyond 5 sessions) may have
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had significantly different needs compared with those who
adhered to the 5-session model. This approach ensured that the
study focused on participants whose engagement with EAP
services reflected typical utilization patterns.

Peer Support Moderators
Peer support moderators (PSMs) are human moderators trained
in digital safety monitoring who provide real-time, text-based
support. PSMs receive up to 164 hours of training within the
first 90 days of hire, focusing on engaging in digital
conversations, facilitating synchronous group chats, and
managing the psychological safety of chat users by monitoring
for and removing trolls, as well as enacting safety protocols,
such as referring users who may be in active crisis to appropriate
services. Additionally, PSMs receive 36 hours of ongoing
asynchronous and synchronous clinical supervision and
consultation per quarter.

Procedures

Overview
This retrospective study evaluated the differences in the EAP’s
services before and after DPS to assess the programmatic impact
and added social value.

Data Variables
The primary data sources for this study were aggregated
engagement variables, such as chat time, number of chats, age,
gender, user struggles or presenting concerns, and national-level
cost-of-service value data.

Data Extraction and Management
The data extraction process involved retrieving DPS chat data,
which included digital chat records, user interactions with the
platform, and usage patterns. All collected data were deidentified
and anonymized to ensure participant privacy and
confidentiality. Data management procedures adhered to
institutional and regulatory guidelines, ensuring data security
and integrity, with access restricted to authorized personnel.
Measures were in place to maintain data security, integrity, and
confidentiality throughout the analysis process.

Statistical Analysis

Analysis and Group Comparability
Descriptive statistics were used to summarize participant
characteristics and their engagement with DPS and EAP
services. To assess differences in service utilization and
sentiment scores between pre-DPS and post-DPS groups, paired
t tests (2-tailed) were conducted for continuous data (eg, session
frequency), and chi-square tests were used for categorical data
(eg, gender, emotional concern). As DPS is anonymous, it was
not possible to directly track which EAP participants used the
service. Using volunteered age and gender data from DPS

participants as a starting point, propensity score matching was
applied to control for potential confounders such as age, gender,
and emotional concern, ensuring group comparability before
DPS integration.

Mood Categorization
Clinical counseling experts reviewed the emotional concerns
reported by DPS participants, categorizing them into mood
categories such as depression, anxiety, adjustment, and relational
concerns to align DPS participants with the presenting emotional
concerns of EAP participants. The counseling experts were 2
licensed psychologists with doctoral degrees in counseling
psychology and a combined 50 years of experience in the field.
The clinical interpretation process, guided by the
Biopsychosocial Model [37], involved categorizing participants’
emotional struggles into mood categories. This model integrates
biological, psychological, and social dimensions to provide a
comprehensive understanding of mental health. For example,
participants’ reports of feeling “trapped” or “isolated” were
examined through a psychological lens to identify depressive
thought patterns, while work-related stress (eg, “I hate my boss”)
was contextualized within the social environment to classify
relational concerns [38]. By incorporating these factors, the
model enabled clinical experts to holistically interpret
participants’struggles, ensuring that the categorizations captured
the complexity of their emotional experiences. The
categorization process involved initially reviewing the raw data
from participants’ reported “struggles” and presenting concerns
in therapy individually, followed by cross-validation between
the 2 experts to ensure consistency. This collaborative step
helped reconcile differences in categorization and address
overlapping cases. It is important to note that neither the
text-based struggle data from DPS nor the presenting concerns
from EAP represented formal diagnoses; rather, they reflected
participants’ personal interpretations of their symptoms.
Keywords such as helpless or sadness were flagged for
depression-related presenting concerns, while terms related to
fear, excessive worry, or panic were matched with
anxiety-focused concerns. In cases where symptoms overlapped
(eg, depression and anxiety), the experts aligned their
categorizations based on the primary presenting concern
reflected in the participant’s statement. For example, if a
participant’s statement indicated feelings of hopelessness and
despair alongside anxious thoughts, the struggle was categorized
as depression. Alternatively, if worry or nervousness
predominated, it was categorized as anxiety. In scenarios where
a specific relationship was mentioned alongside anxious or
depressive feelings, the struggle was categorized primarily as
a relational concern. Symptom overlap was resolved by
categorizing the statement according to the dominant theme
present in the participant’s experience. Table 1 provides
examples of these interpretations.
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Table 1. Clinical interpretation of comparable emotional concerns shared on digital peer support service with employee assistance program service.

Presenting concernaParticipant’s struggle

Depression“I am feeling pretty suicidal and trapped. I am new to my work from home job and I need help, resources, a plan
something or this will only get worse. I am trapped with no transportation, no friends or any meaningful relationships
in life. Just a work schedule and I’m isolated.”

Relational concern“I hate my job and my boss”

Anxiety/stress“I’ve been feeling a lot of anxiety around work and my personal life”

Substance use“Alcohol addiction”

aThese are not diagnoses, they are layperson understandings.

Sentiment Analysis
Peer-to-peer conversations were analyzed to produce a
quantitative measure of emotional change. Each participant’s
chat session, referred to as a “user-chat-session” or simply
“user-chat,” was treated as an independent unit of analysis,
regardless of whether the same participant took part in multiple
sessions. As the DPS service is anonymous, each user and their
experience in a given chat session were considered separately,
without combining data from different sessions for the same
user. This approach ensures that each user’s experience is
analyzed in isolation, providing a more accurate, user-centric
view of emotional changes.

Each user’s message was analyzed in the context of preceding
messages from other users to capture their emotional journey
throughout the chat session. Context was defined as the
concatenation of all preceding messages from other users in the
same chat, starting from the latest message of the user of interest.
A user’s initial struggle and first message had no prior context
and were evaluated with an empty context. For example, in the
following conversation:

userA: message1

userB: message2

moderator: message3

userA: message4

userB: message5

This example assumes that message1 and message2 are the first
messages of user A and user B, respectively, in the chat session.

User A’s emotional journey was quantified by evaluating
message1 with an empty context and message4 in the context
of message2 + message3. Similarly, for user B, message2 was
evaluated without context, and message5 was evaluated in the
context of message3 + message4.

Each user’s message, along with its corresponding context, was
evaluated for sentiments of sadness, loneliness, and stress using
a scale of 1-10, where 1 indicates low intensity, 5 indicates
moderate intensity, and 10 indicates high intensity of the
sentiment. The analysis focused on chat sessions where
participants exhibited at least moderate sentiment intensity
(score≥5) from the beginning.

A third-party, public natural language processing model from
OpenAI, called GPT-4, was used to assign sentiment scores to
each user message and its preceding context [39]. A few-shot
learning approach was applied, where the model was provided
with 10 examples representing different sentiment intensities
to calibrate its interpretations [40]. GPT-4 demonstrates an
advanced capacity to interpret emotion, surpassing benchmarks
from the general population and offering highly congruent
performance in emotion interpretation [41]. See Table 2 for
examples provided to GPT-4 to predict loneliness levels.

Sentiment analysis evaluated each user’s chat messages in
temporal order. The quantified emotions were then interpolated
and extrapolated to generate a collective sentiment trend across
peer-to-peer chats of varying lengths. A one-sided
Mann-Whitney U test was used to compare emotion scores at
the start and end of the conversations.

Table 2. Examples provided to GPT-4 to interpret loneliness intensities in a few-shot manner.

LonelinessIntensities

“Take care everyone. Thanks for the great talk”1=low

“I went on Monday and today. After today's class is when I felt worse as I chatted with a lady in class who told me that
she got really depressed when she retired.”

5=moderate

“I just always feel totally alone. Like no one understands what is going on in my head”10=high

SROI Methodology
Historically, the SROI methodology has relied on qualitative
methods to identify outcome themes most relevant to
participants, followed by quantitative approaches to determine
monetary proxies for the identified outcomes and related values
[41].

With the advent of natural language processing models,
significantly larger volumes of text-based data can now be
analyzed, allowing qualitative data to be graphically represented.
This study utilized text-based data from peer group
participants—including open-ended questions, affirmations,
reflective questions, and summaries—to examine changes in
sentiments such as sadness, loneliness, and stress within
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peer-support chats [42]. The SROI methodology was applied
to assess the social value created by integrating DPS into the
EAP. Qualitative data from peer-to-peer conversations, including
open-ended questions, affirmations, and summaries, were
analyzed to understand sentiment changes and emotional shifts
within the peer group chats. Quantitative methods were used to
calculate a monetary proxy for the emotional outcomes. The
Sopact SROI calculator, available on the Sopact website [41],
was utilized to determine the social value generated by the DPS
service, incorporating factors such as enhanced emotional
well-being and cost savings from reduced therapy usage. Given
the novelty of DPS and its integration into the EAP, a small
sample size was anticipated. This limitation was addressed
through rigorous matching techniques and statistical analyses
to ensure the findings remained valid and robust despite the
smaller sample size. Moreover, it is acknowledged that some
participants may have preferred individual counseling services
over DPS, potentially introducing selection bias among those
who opted for the DPS model.

Ethical Considerations
Informed consent was obtained from all participants before their
involvement in the study. The consent process included clear
explanations of the research’s purpose, data collection methods,
and the measures implemented to ensure participant privacy
and confidentiality. All data collected were deidentified to
safeguard participants’ anonymity. The study complied with all
institutional and regulatory guidelines related to data protection
and participant privacy. To ensure participant safety within the
DPS, real-time moderation was provided by trained human

moderators specializing in digital safety monitoring.
Furthermore, the Pearl Institutional Review Board reviewed
and approved the study (approval ID 2024-0442).

Results

Total DPS Utilization
• Study hypothesis 1: The introduction of the 24/7 DPS

service may be associated with utilization changes of EAP
counseling services within a 5-session model, specifically
among participants who engage with DPS.

Out of 587 total chats, 432 took place between 5 PM and 8 AM,
hours when most therapy offices are typically closed. Chats
lasting less than 5 minutes were excluded from the analysis, as
the initial 5 minutes are generally used for introductions and
setting expectations [30]. Consequently, 107 chats were omitted.
A summary of the data is provided in Table 3.

When categorized by duration, the data revealed that 103 chats
lasted between 0 and 9 minutes 59 seconds, 138 chats between
10 and 19 minutes and 59 seconds, and 59 chats between 20
and 29 minutes and 59 seconds. Additionally, 44 chats lasted
between 30 and 39 minutes and 59 seconds, 34 chats between
40 and 49 minutes and 59 seconds, and 31 chats between 50
and 59 minutes and 59 seconds. While longer chats were less
common, they occurred consistently: 36 chats lasted between
60 and 89 minutes and 59 seconds, 25 chats between 90 and
119 minutes and 59 seconds, and 9 chats exceeded 120 minutes.
Refer to Figure 1 for further details.

Table 3. Peer support program utilization data.

ValueMetric

480Total chats, n

7219Total messages, n

254:17:57Total duration, hours:minutes:seconds

0:31:51Average duration, hours:minutes:seconds

0:05:02Shortest duration, hours:minutes:seconds

3:19:11Longest duration, hours:minutes:seconds
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Figure 1. Chat duration distribution.

Pre-Post Analysis

Matched Cohort Analysis
To evaluate the utilization impact of DPS on the EAP’s
5-session model, semimatched cohorts were created for the
periods before (June 2022 to May 2023) and after DPS
implementation (June 2023 to May 2024). Because of the
anonymous nature of the DPS service, only participants who
voluntarily provided their age and gender were included in the
matching process for analysis in the EAP’s pre- and post-DPS
cohorts. The matching variables comprised age, gender, and
presenting emotional concerns.

Sample
Data on presenting emotional concerns were readily available
based on participants’ responses to the question, “What’s your
struggle?”—the sole query asked before matching them with
the DPS service. A total of 45 unique users provided both their
age and gender information voluntarily. These users ranged in
age from 18 to 51 years, with a mean age of 34.97 (SD 9.71)
years. Gender distribution was as follows: 18 (40%) males, 26
(58%) females, and 1 (2%) nonbinary individual.

The availability of participant age, gender, and emotional
concern data from the DPS service enabled the creation of a
matched pre-DPS EAP cohort. The frequency of emotional
concerns in the peer support program sample is presented in
Table 4.

Table 4. Emotional concern frequency in the digital peer support sample (n=45).

Value, n (%)Emotional concern type

1 (2)Adjustment

18 (40)Depression

8 (18)Anxiety

2 (4)Posttraumatic stress disorder

14 (31)Relational concern

2 (4)Substance use

Statistical Analysis
Using age and gender data from the DPS service participant
pool, a total sample of 72 EAP participants—36 pre-DPS and
36 post-DPS—was analyzed for differences. The ages of EAP
participants ranged from 18 to 51 years, with a mean age of

33.86 (SD 8.18) years. Females comprised the majority of
participants (n=68, 94%), while males accounted for a smaller
proportion (n=4, 6%) in both the pre- and post-DPS cohorts.

To assess the impact of the DPS addition, a paired samples t
test (2-tailed) was performed, comparing the number of therapy
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sessions utilized by participants pre- and post-DPS within the
matched cohort. The analysis revealed a mean difference of
–2.07 (SD 1.77) sessions (t71=9.92; P<.001), indicating a
significant reduction in the number of therapy sessions used
after the intervention. These findings suggest that the
intervention may have been associated with a decrease in therapy
session utilization among the sampled participants.

Effect Size
In addition to the t test, Cohen d was calculated to determine
the effect size of the intervention. Based on Cohen guidelines,
effect sizes are classified as small (0.2), medium (0.5), and large
(0.8). The effect size in this study was 1.77, which is considered
large. This suggests that the DPS service had a substantial
impact on reducing the number of therapy sessions utilized by
participants.

The CI for the mean difference in therapy session utilization
was calculated to be between –1.47 and –0.87 at the 95% CI

level. This range further supports the reliability of the observed
reduction in session utilization, providing evidence that the DPS
service may have effectively decreased the number of therapy
sessions used by participants in the small sample group.

• Study hypothesis 2: Participants who utilize the DPS service
will experience significant changes in sentiment (eg,
reduced sadness, loneliness, and stress) throughout their
engagement with the service.

Sentiment Change
From the DPS service’s sampled cohort (n=45), sentiment
changes for sadness, loneliness, and stress were investigated
for each user chat. The results are presented in Figures 2-4,
showing the changes in sentiment for these 3 emotions. All 3
emotions demonstrated statistically significant reductions
(sadness, loneliness, and stress: P<.001) in sentiment intensity
during the chat sessions. The sentiment intensity levels are
categorized as follows: 1-4 as “low,” 4-7 as “moderate,” and
7-10 as “high.”

Figure 2. Significant (P<.001) changes in sadness sentiment during chats.
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Figure 3. Significant (P<.001) changes in loneliness sentiment during chats.

Figure 4. Significant (P<.001) changes in stress sentiment during chats.
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Social Return on Investment Analysis
SROI assigns financial proxies to quantify the value of each
identified sentiment change, enabling the attribution of a market
price when no direct market value exists [41]. The proxies were
carefully selected based on their relevance and supported by
cited research studies to ensure the credibility of the assigned

market prices. Table 5 presents the financial proxies used for
each sentiment.

• Study hypothesis 3: The integration of DPS into the EAP
will generate a positive SROI, reflecting the added value
of peer support services for EAP clientele.

Table 5. Financial proxies for each sentiment.

CostFinancial proxyFactors in which digital peer
support users experience a reduc-
tion

Average unit cost of treating someone with depression
(National Institutes of Health)

Sadness • PPPYa: US $10,074 (SD $25,694)
• PPPMb,c: US $839.50

Average unit cost of treating someone with objective isola-
tion and loneliness (National Institutes of Health)

Loneliness and isolation • PPPY: US $1643 in Medicare spending (objective
isolation)

• PPPM: US $136.92

Average unit cost of treating someone with stressStress (eg, generalized anxiety) • PPPY: US $6475
• PPPM: US $539.58

aPPPY: per person per year.
bPPPM: per person per month.
cPPPM calculations were made by dividing the PPPY value by 12 months.

SROI Analysis
The primary objective of this SROI analysis is to calculate and
present a ratio that compares the cost of investment (US $) in
an intervention with the total social, environmental, and
economic value (US $) it generates. To prevent overestimation,
the SROI methodology recommends certain considerations (see
Table 6) [41].

The SROI analysis demonstrated that the DPS program
generates positive social value, complementing overall
treatment. The SROI values ranged from US $1.66 (loneliness)
to US $2.50 (stress) to US $2.58 (sadness) for every dollar
invested. Detailed calculations for the impact ratio are available
in Multimedia Appendix 1.

Table 6. Factors considered for calculating the social return on investment impact ratio.

DescriptionFactor

A measure to describe the amount of an outcome that would have happened anyway, even if the DPSa service had
not been offered. For example, the participants experiencing reductions in momentary loneliness may have a deadweight
value of 10% from simply joining the DPS chat, but without further intervention from the peer support moderator or
other peers.

Deadweight

An assessment of what activities or services are displaced by the presence of the digital peer group. There was no
evidence of displacement as, before the digital support option was added, there were no after-hours DPS chat services
for employee assistance program members to access.

Displacement

A measure to consider how much of an identified theme is a result of the group studied or is influenced by external
factors, for example, if participants also attend another service, such as counseling, which reduces their sense of
chronic sadness, a conservative estimate of 20% of the identified momentary sentiment change may be attributed to
the group studied.

Attribution

The percentage of the outcome that decreases after the intervention is complete. For example, a conservative percentage
of 10% re-emergence of stress may be expected after the user ends their DPS chat due to a return to their stressful
environment.

Dropoff

aDPS: digital peer support.

Discussion

Principal Findings
The study examined the impact of integrating a DPS service
within an EAP on utilization rates, sentiment change, and
therapy session use over 1 year. Additionally, it assessed the
social, environmental, and economic impact of the DPS service

by estimating an SROI value. Results indicated that DPS service
utilization primarily occurred after hours. In the matched sample,
participants used fewer therapy sessions post-DPS integration.
The SROI ranged from US $1.66 to US $2.50 to US $2.58 for
every dollar invested for loneliness, stress, and sadness
sentiments, respectively. These findings suggest that combining
DPS with traditional EAP services may provide noncrisis
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emotional support after hours, potentially reducing EAP therapy
session use for lower-acuity emotional concerns. This, in turn,
could allow EAPs to allocate funds toward additional ancillary
support services and enable employers to benefit from a positive
SROI.

The study’s findings—that participants experience significant
improvements in sentiment, such as reduced sadness, loneliness,
and stress—align with existing literature on patient activation
[7,8]. Research indicates that when individuals are
activated—meaning they gain confidence and skills in managing
their health—they tend to experience improvements in emotional
well-being [8]. By providing peer support that fosters autonomy
and self-efficacy, participants can develop coping strategies that
reduce distress and promote mental health [43]. This aligns with
findings that patient activation leads to better emotional
outcomes through the development of personal coping
mechanisms and self-management [8]. The positive SROI from
integrating DPS into EAP services is also consistent with the
literature on patient activation. Activated patients, who feel
more in control of their health, contribute to more efficient
resource utilization and improved outcomes [44]. The integration
of peer support services such as DPS has been shown to enhance
engagement with formal mental health services, creating value
not only for individuals but also for the broader service system
[44]. This supports the idea that empowering individuals through
peer support can yield both personal and systemic benefits,
ultimately leading to a positive SROI.

The study may also contribute to the quality of life literature,
which is commonly used in cost-effectiveness studies.
Health-related quality of life (HRQoL) refers to a person’s
physical, emotional, and social well-being as influenced by a
health intervention [45]. While this study did not include
standardized HRQoL assessments (eg, 36-item Short Form
[SF-36] or EQ-5D) due to real-world data collection constraints
and the anonymous nature of the DPS service, sentiment changes
and therapy utilization could serve as HRQoL proxies [46].
Significant reductions in sadness, loneliness, and stress during
DPS chats suggest improvements in emotional well-being, a
core component of HRQoL. The reduction in momentary
negative sentiments may indicate that participants used DPS as
a coping mechanism for emotional stability. Additionally, the
suggested decrease in therapy sessions implies that participants
may have achieved better emotional regulation or relief through
DPS, ultimately impacting their overall quality of life. Relatedly,
the high utilization of DPS after hours addresses a gap in
traditional mental health services and may contribute to
participants’perceived control over their emotional health. Such
improvements in HRQoL proxies could translate into better job
performance [47] and employee satisfaction [48], while also
serving as a valuable complement to therapy. This approach
allows mental health providers to focus on higher-acuity cases
while DPS services address lower-acuity concerns—key
objectives for most EAP organizations [48]. Finally, the
calculated SROI highlights tangible benefits for emotional health
(eg, sadness, loneliness, stress), further demonstrating the
intervention’s effectiveness in enhancing HRQoL’s
socioemotional components.

The study’s findings further align with existing literature in
several key areas. The use of AI for matching participants with
peers who have shared lived experiences, as well as for
sentiment analysis, supports growing evidence that AI can
enhance the personalization and efficiency of life struggle and
nonmental health services [49-52] This study offers several
novel contributions to the literature on mental health
interventions and EAPs. It is among the first to demonstrate
that integrating a DPS service with EAPs may enhance
after-hours support, reduce the utilization of EAP therapy
sessions—allowing EAPs to allocate resources more effectively
for higher-acuity emotional concerns—and provide
supplementary SROI. DPS services are unique within the EAP
environment and may be particularly valuable for EAP
participants who are not yet ready to confront the stigma or
commitment often associated with therapy [53] but still benefit
from peer support. By leveraging AI-driven natural language
processing to match users based on their struggles and
conducting sentiment analysis on chat narratives, this study
highlights an innovative use of technology to enhance support
for stress and life challenges. Conducted in a naturalistic setting
with a diverse sample, the study’s design strengthens ecological
validity, demonstrating the practical feasibility and effectiveness
of DPS in real-world organizational environments.

Study Limitations
This study faced several potential threats to both internal and
external validity and implemented strategies to mitigate these
issues. One threat to internal validity was the influence of
external events (history) during the study period (June 2023 to
May 2024) [54,55]. To address this, a comparison group from
the previous year (June 2022 to May 2023) was used, and
quarterly data monitoring helped identify and adjust for
significant external changes [55]. Matched samples based on
additional demographics were not possible due to the anonymity
of DPS users. Future research using alternative study designs
with nonanonymized data may be necessary.

Maturation effects, referring to the natural changes in
participants’ mental health over time, were addressed using a
cohort design with propensity score matching. This approach
ensured that participants in both the intervention and control
groups were similar in age, gender, and presenting concerns
[56]. By balancing the groups, it minimized the impact of
maturation on the results [56]. Additionally, selection bias was
mitigated through propensity score matching, which created
comparable groups by matching participants in the pre-DPS
and post-DPS periods based on key demographics and
presenting concerns [57].

Experimental mortality, or dropout, was another concern. To
address this, the study included multiple participants matched
on the same variables, ensuring that the analysis could proceed
even if some participants dropped out [57]. A diverse sample
across age and gender was included to reduce the impact of
selection biases on generalizability. Additionally, conducting
the study in a naturalistic setting, where participants used the
DPS and EAP services as they would in real life, helped
minimize the reactive effects of experimental arrangements,
enhancing ecological validity [55]. Furthermore, the availability
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and normalization of the EAP program may have influenced
participant engagement. EAP programs are voluntary for
companies in the United States, Australia, Canada, and England,
whereas Nordic countries have legal mandates requiring
mandatory EAPs [58]. This distinction is relevant from the
perspective of patient activation. Voluntary EAPs may require
high awareness and active promotion to engage participants and
may primarily attract individuals with higher activation or those
who are more self-directed. As a result, individuals with lower
activation or those in the early stages of their mental health
concerns may remain underserved [58]. Additionally, factors
such as program promotion and mental health stigma could
contribute to uneven access across the workforce. By contrast,
mandatory EAPs may help normalize access to mental health
support, encourage early and preventive engagement, and
promote continuity of care by integrating with public health
systems, unlike the segmentation often seen with voluntary
EAPs [59]. Limitations of the SROI process include the
complexity of assigning financial proxies to sentiment change
and the availability of data required for robust calculations, such
as displacement and attribution values. A key risk in SROI
analysis is an overemphasis on the ratio itself, without
considering the underlying content, which provides deeper
insight into the value created by different groups [58]. By
acknowledging and addressing these challenges through design
and analysis strategies, the study generated meaningful insights
into the impact of integrating DPS services within an EAP.

Future Research
The study opens several avenues for future research. Long-term
impact assessments are needed to evaluate how integrating DPS
with EAP services influences therapy utilization and outcomes
over extended periods. A broader demographic analysis could
provide insights into how factors such as age, socioeconomic
status, and cultural background affect engagement with these
services. Additionally, incorporating qualitative insights may
help illuminate user experiences and satisfaction, offering a
deeper understanding of which aspects of the service are most
effective or subjectively valued by clients.

Future research could also compare DPS with other digital
mental health interventions to identify which models offer the

greatest benefits in different contexts. Investigating how DPS
integrates with other mental health services, such as primary
care or community programs, could provide a more
comprehensive understanding of its role within the broader
health care system. While comparisons of single- versus
multilayered support ecosystems fall beyond the scope of this
study, they represent a valuable avenue for future exploration
(eg, digital mental health vs in-person services or EAP vs DPS).
Additionally, examining DPS’s impact on different mental
health conditions and conducting a detailed economic analysis
of cost savings could further strengthen the case for its adoption.
Moreover, this study did not calculate quality-adjusted life years;
however, the observed improvements and associated cost
reductions provide strong support for the intervention’s
economic value. Future research could explore additional
methods to further quantify these benefits. These efforts would
deepen our understanding of DPS’effectiveness and its potential
applications across diverse settings.

Conclusions
This study demonstrates that integrating DPS services within
an EAP may influence therapy utilization, allowing EAPs to
serve higher-acuity clients while lower-acuity clients access
supplementary support, such as DPS, for everyday emotional
needs. Additionally, the research highlights the potential social,
environmental, and broader economic benefits of incorporating
DPS services into the emotional support ecosystem, with
positive estimated SROI outcomes. By leveraging AI-driven
natural language processing for user matching and sentiment
analysis, the study underscores the potential of technology to
enhance stress management, address life challenges, support
mental health, and optimize resource allocation. The findings
emphasize the need for further research into DPS effectiveness,
particularly regarding long-term impacts, demographic
variations, and comparative effectiveness with other
interventions. Overall, this study provides valuable insights into
the evolving landscape of digital mental health services,
reinforcing their role in enhancing organizational wellness
programs and identifying key areas for future exploration to
maximize their potential.
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Multimedia Appendix 1
Breakdown of SROI calculations as calculated using the SROI calculator available on the Sopact website. SROI: social return
on investment.
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Abstract

Background: The social media platform YouTube is a recognized educational resource for health information, but few studies
have explored its value for conveying the lived experience of individuals managing chronic health conditions and end users’
interactions with medical device technology. Our study explores self-care strategies and end user needs of people living with a
stoma because patient education and engagement in ostomy self-care are essential for avoiding ostomy-related complications.
Ostomy surgery creates a stoma (an opening) in the abdomen to alter the route of excreta from digestive and urinary organs into
a detachable external pouching system. After hospital discharge, people who have undergone ostomies perform critical self-care
tasks including frequent ostomy appliance changes and stomal and peristomal skin maintenance.

Objective: The purpose of this study was to systematically assess YouTube videos narrated by people who have undergone
ostomies about their ostomy self-care in home (nonhospital) settings with a focus on identifying end user needs and different
strategies used by people who have undergone ostomies during critical self-care tasks.

Methods: Using predefined search terms and clear inclusion and exclusion criteria, we identified YouTube videos depicting
narrators who have undergone ostomies and their ostomy self-care in home settings. Using a consensus coding approach among
3 independent reviewers, all videos were analyzed to collect metadata, data of narrators who have undergone ostomies, and
specific content data.

Results: There were 65 user-generated YouTube videos that met the inclusion and exclusion criteria. These videos were posted
by 28 unique content creators representing a broad range of ages who used a variety of supplies. The common challenges discussed
were peristomal skin complications, inadequate appliance adhesion and subsequent leakage, and supplies-related challenges.
Narrators who have undergone ostomies discussed various expert tricks and tips to successfully combat these challenges.

Conclusions: This study used a novel approach to gain insights about end user interactions with medical devices while performing
ostomy self-care, which are difficult to gain using traditional behavioral techniques. The analysis revealed that people who have
undergone ostomies are willing to share their personal experience with ostomy self-care on the web and that these videos are
viewed by the public. User-generated videos demonstrated a variety of supplies used, end user needs, and different strategies for
performing ostomy self-care. Future research should examine how these findings connect to YouTube ostomy self-care content
generated by health care professionals and organizations and to guidelines for ostomy self-care.

(JMIR Hum Factors 2025;12:e66634)   doi:10.2196/66634
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Introduction

YouTube as Health Information Resource
Individuals are increasingly seeking health-related information
on the web, and in some cases, patients rely on the internet as
much or more than their physicians [1,2]. Patients have also
reported using web-based resources to make health-related
decisions and to manage chronic conditions [2,3].

YouTube, the largest on the web video-sharing platform
worldwide for streaming a variety of user-generated content
with 2.5 billion users worldwide [4] is a recognized educational
resource for sharing and disseminating health-related
information and influencing individuals’ viewpoints related to
health care topics such as disease prevention, treatment therapy,
or immunizations [2,3]. Several studies highlight the
informational flaws and biases in a wide variety of YouTube
health information videos related to clinical decision-making,
diagnosing, treatment recommendation, and health promotion.
The analysis in these studies generally focuses on the health
information provided rather than the individual user experience
with the health issue [2,5-9].

Studies involving so-called “e-patients” who are motivated to
share health-related personal experiences on the web reveal that
sharing their lived experience and knowledge of their disease
can empower and engage others while also providing (and
gaining) social support [10,11]. While many health-related
government organizations such as the World Health
Organization, the National Institute of Health, the Center for
Disease Control and Prevention, and the American Red Cross
use YouTube to disseminate health information [1],
user-generated videos are also used as an educational resource.

This suggests that user-generated content decreases the gap
between health information delivered by health care
professionals and the lived experience of dealing with a disease.

Medical Device Usability in the Home Setting
Usability studies examining the interaction between medical
device technology and end users are essential for developing
medical devices that are safe and effective [12]. These studies
allow for actively including end users in the design process
while considering end user competencies and environment, thus,
continuously improving medical device design to fit user needs
[13]. Capturing the real world, end user experience of people
with chronic conditions and their interaction with complex
medical device technology in home (nonhospital) settings is
challenging [12], such as having a stoma and routinely using
an ostomy appliance, and to our knowledge, these studies are
limited [14].

Ostomy Surgery
There are about one million people living with ostomy in the
United States and more than 150,000 Americans undergo ostomy
surgery each year [15,16]. Ostomy surgery alters the route of
excreta from internal digestive and urinary organs through a
stoma in the abdomen and into a detachable external pouching
system (Figure 1) that fits snugly around the stoma [16]. People
who have undergone ostomies perform critical self-care tasks
that include frequent changing of the pouching system (3-10
changes per week) and maintaining healthy stoma and
peristomal skin [17]. Therefore, there is a need to understand
the usability of medical device technology used by people who
have undergone ostomies in ostomy appliance change
procedures and self-care.

Figure 1. An ostomy appliance consists of an external pouching system that is attached to the abdomen of people who have undergone an ostomy using
adhesive. There are various design features, including a (A) 2-piece pouch with clip closure, (B) 2-piece pouch with Velcro closure, (C) precut (top)
and moldable (bottom) baseplate that is subsequently attached to the 2-piece pouch [in (A) or (B)] at the ring, and (D) 1-piece appliance with clip closure
(pouch and baseplate being 1 part).
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Ostomy Care Patient Education and Self-Management
It is widely recognized that patient education and engagement
in ostomy self-care are essential for avoiding ostomy-related
complications [18-20]. However, the education of new people
who have undergone ostomies to gain the knowledge and skills
needed for managing chronic conditions and performing
self-care tasks is not well defined [18]. Ideally, according to the
Wound, Ostomy, and Continence Nurses Society Clinical
Guidelines and recommendations [21], new people who have
undergone ostomies should obtain education from ostomy nurse
specialists. Nevertheless, there is evidence of insufficient pre-
and postoperative education provided to new people who have
undergone ostomies related to stoma and peristomal skin care
and complications [22-25]. Due to the short hospitalization
trends and the limited availability of ostomy nurse specialists,
there is limited teaching time and formal follow-up with the
specialists [22-25]. Further, new people who have undergone
ostomies may not be mentally and physically prepared for
self-management of their ostomy, which requires gaining new
knowledge, skills, and attitudes [26,27]. Most people who have
undergone ostomies experience some long-term challenges
concerning the management of daily self-care of their stoma
that broadly impact their health-related quality of life and
outcomes [28,29]. Peristomal skin complications are a common
problem following ostomy surgery affecting over one-third of
patients with ostomies within 90 days post surgery and up to
80% within 2 years [30-33]. While it is known that skin
problems interfere with pouch adhesion, causing challenges
with pouch leakage, and thus odor, and the necessity for frequent
and unscheduled appliance changes [29], it is very difficult to
study real-world responses to such challenges.

Study Objective
Given the complexity of ostomy appliance change procedure
medical technology and self-care, there is a need to assess the

usability of this technology and how self-management skills
are developed by people who have undergone ostomies over
time. We completed a systematic analysis of user-generated
videos related to ostomy self-care published on YouTube and
created by individuals with expertise in managing chronic
conditions about ostomy self-care in home (eg, nonhospital)
settings. Our objective was to identify end user experiences
with ostomy medical device technology and the different
strategies and procedures used by these experts to change their
ostomy appliance and perform stomal and peristomal skin care.

Methods

Ethical Considerations
This study was excluded from an institutional ethics board
review because it assessed only copyrighted, public source
information and no individual user data was included in the
manuscript.

Search Terms and Search Strategy
Search terms related to ostomy self-care were defined by the
research team (Table 1) for identifying videos using the search
tools within YouTube. During December 2023, YouTube was
searched for relevant videos using search terms and Boolean
operators under the search category “videos only” tab or “video”
filter. All searches were conducted using an incognito or private
browser that did not retain cookies to prevent suggested related
videos from appearing on search results and to ensure that the
search for each term could be replicated. The first 20 videos for
each search term were reviewed and documented in a
spreadsheet. No videos were included in the analysis if they
appeared in the YouTube search result under the “people also
watched,” “shorts,” or “sponsored websites” section as these
videos may or may not have met the search term criteria. The
initial search resulted in 960 videos.

Table 1. Search terms used to search for relevant user-generated videos published on YouTube.

Search termsSearch term category

a + (pouch OR bag) + (care OR change OR procedure)Ostomy pouch change procedure

a + (pouch OR bag) + (pros and cons OR tips OR tips and tricks OR empty OR cleaning OR care OR
leakage OR leakage prevention)

Ostomy tips and tricks

a + (pouch change OR bag change) + (home OR self-care OR care)Ostomy self-care and home management

a + (skin OR peristomal skin) + (care OR treatment OR irritation OR dermatitis)Ostomy skincare

aIs ostomy OR urostomy OR colostomy OR ileostomy OR stoma OR colorectal cancer OR Crohn disease OR inflammatory bowel disease OR IBD
OR diverticulitis OR bladder cancer OR cystectomy.

Inclusion and Exclusion Criteria

Overview
From the initial set of 960 videos, a final set of 65 videos (Figure
2) was identified for review after the removal of duplicates and
the application of inclusion and exclusion criteria (Textbox 1).
Duplicate videos (n=609) were identified and removed by
channel grouping and comparing URLs and video titles. The
inclusion and exclusion criteria were applied to eliminate

educational videos (n=252), videos recorded in a clinical
environment (n=179), animated videos (n=59), supply or
manufacturer demonstration videos (n=22), videos in languages
other than English (n=4) and those videos that were outside the
scope of this study (n=13) such as broad discussions of clinical
issues or ostomy support. Educational videos were defined as
videos not discussing personal experiences related to ostomy
self-care, for example, videos providing information related to
ostomy belts.
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Figure 2. Video search inclusion and exclusion process. *Some videos were excluded for multiple criteria.

Textbox 1. Specific inclusion and exclusion criteria.

Included videos

• Were found using search terms

• Included a user narrative

• Involved any channel, age, gender, race, ethnicity, year, or length

• Depicted ostomy appliance change procedures in a nonhospital setting

• Discussed ostomy self-care, tips, tricks, or challenges

• Involved a person living with a stoma as a narrator

• Were published in the English language

Excluded videos

• Were recorded in a clinical environment or were narrated by a medical professional (not having a stoma)

• Included experiences of users who have not undergone ostomies

• Were educational videos

• Were supply or manufacturer demonstration videos

• Were animated

• Duplicated videos from other search terms

• Were published in the non-English language

• Categorized as video “shorts”

• Were outside the scope of this study
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Data Coding
In total, 3 categories of video-specific variables were recorded,
including video metadata, narrator data, and specific content
data (Table 2). The researchers used consensus coding of the
included videos, which is a well-accepted method to enhance
credibility and reliability in qualitative research [34]. Before
video reviews, 3 general categories and 15 variables were named

and defined (Table 2). Each video was then coded individually
by 2 reviewers using the defined categories and any
discrepancies between reviewers were discussed. If consensus
was not reached, a third reviewer reviewed the video and data
coding to address bias and reach consensus and to ensure
accuracy in data coding. The category definitions were then
revised as needed before a final consensus coding of all the
included videos by 2 reviewers.

Table 2. Data coding for 3 categories of videos including specific variables, and their definition and type.

DefinitionCategory and variable

Video metadata

The title of the video by the content creatorTitle

The web address of the videoURL

The name of the page where videos are posted for viewingChannel

The year that video was publicly posted to the YouTube platformPosted year

The time duration of the videoVideo length

The number of times the video was viewed as of January 4, 2024View counts

The number of likes or dislikes as of January 4, 2024Public ratings

Data of narrators who have undergone ostomies

The assumed gender of the content creator based on gender markers such as physical build, voice,
clothes, and hair

Presenting assumed gender

The assumed age group of the content creator mainly based on physical appearance and hair colorationPresenting assumed age group

Specific video content data

Any item, product, equipment, or accessory used or discussed as used by a narrator who has under-
gone an ostomy during the ostomy appliance change procedure

Supplies used

How frequently the narrator who has undergone an ostomy completed an appliance change processAppliance change frequencya

The type of ostomy disclosed by the narrator who has undergone an ostomyType of ostomya,b

The medical condition experienced by the narrator who has undergone an ostomy and contributing
to the ostomy surgery

Underlying condition for ostomya,b

Description of the problems related to ostomy, ostomy appliance change procedures, and ostomy
self-care

Common challengesa

Advice or recommendation given by a narrator who has undergone an ostomy to the audience to
address common challenges, aid in expediting or easing the appliance change process, or provide
additional information to improve the overall user experience

Expert tips and tricks

aVariable was not communicated in every video.
bIf not communicated in the video, the intro page and the about me page for the creator were reviewed.

Results

Video Metadata
After removing duplicate videos and applying the inclusion and
exclusion criteria, there were 65 videos that explored different

topics related to ostomy, ostomy appliance change procedures,
and the self-care of people who have undergone ostomies.
Included videos were posted between 2011 and 2023 and
averaged about 9.5 minutes in length, over a quarter-million
views, and more than 3000 likes (Table 3).

Table 3. The video metadata descriptive statistics for the videos included in the analysis.

DataVideo metadata

Between 2011 and 2023 (11/65, 17% and 12/65, 18% videos in 2020 and
2023, respectively)

Posted year, n/N (%)

9:36 min (SD 6:30 s; 1:00-31:40 min)Video length, mean (SD; range)

269,076 (SD 922,352; 1900-5,493,702) viewsView counts, mean (SD; range)

3015 (SD 8761; 0-58,000) likesPublic ratings, mean (SD; range)
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Data of Narrators Who Have Undergone Ostomies
There were 28 unique content creators with several individual
creators posting multiple videos. Further, 2 high volume
narrators who have undergone ostomies uploaded almost half
(31/65) of all the videos (24 and 7 videos from the 2 most
frequent content creators). Most videos included a female
narrator and a narrator in the 20-30 years age range followed

by a middle-aged narrator, an older narrator, and a teenage
narrator (Table 4). None of the narrators who have undergone
ostomies communicated their gender or age in the videos.
Therefore, the presenting assumed gender was determined by
the reviewers based on the gender markers such as physical
build, voice, clothes, and hair and the presenting assumed age
based on the physical appearance and hair coloration.

Table 4. Data of narrators who have undergone ostomies for videos included in the final review.

Data, n/N (%)Unique narrators who have undergone ostomies (n=28)

Presenting assumed gender

20/28 (71% narrators who have undergone ostomies)Female

8/28 (29% narrators who have undergone ostomies)Male

Presenting assumed age group

1/65 (2% videos)Infanta

4/65 (6% videos)Teenager

42/65 (65% videos)Aged 20-30 years

13/65 (20% videos)Middle age

5/65 (8% videos)Older

aOne video was presented about an infant with an ostomy that was narrated by the parent caregiver.

Specific Video Content Data

Ostomy Video Content
From the final set of 65 videos, 26/65 (40%) videos discussed
ostomy self-care tips and tricks that focused most frequently
on maintaining peristomal skin health, preventing leaks,

pancaking, supply use, and general tips; 21/65 (32%) videos
captured a full ostomy appliance change procedure and 14/65
(22%) videos included part of an ostomy appliance change
procedure such as emptying, specific supply use, and skin
preparation and appliance application, among others; and 4/65
(6%) videos were about the personal experience of a person
living with a stoma (Table 5).
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Table 5. Types of ostomy-related video content, its frequency, and topics discussed.

Video frequency, n/N (%)Video count, nVideo content and topic discussed

26/65 (40%)Tips and tricks

6Peristomal skin health

5Leaks

3Pancaking

3Emptying or not emptying

2Specific supply use

2General

1Odor

1Intimacy

1Adhesion

1Pouch decoration

Full ostomy appliance change

21/65 (32%)21Ostomy appliance change procedure

14/65 (22%)Part of ostomy appliance change

5Empty an appliance

3Specific supply use

2Skin preparation and appliance application

1Change appliance after shower

1Remove appliance and clean peristomal skin

1Cut or fit ostomy baseplate

1Appliance change omitting details

4/65 (6%)Experience

2Living with stoma

1Living in London

1Stories of people who have undergone ostomies

Supplies Used
The narrators who have undergone ostomies did not all use
identical supplies and there was a variety of types, numbers,
and frequencies of supplies used during the ostomy appliance
change procedures (Table 6). Among the 35 videos that captured
a full or partial ostomy appliance change procedure, 25/35 (71%)
included a 2-piece pouching system, and 9/35 (26%) included
a 1-piece pouching system (Table 6). In 1/35 (3%) videos, the
type of ostomy appliance could not be determined. Furthermore,
the baseplate was cut to fit or precut by the supplier in 25/35
(71%) videos and molded by hand in 3/35 (9%) videos. In 7/35
(20%) videos, the method for sizing the baseplate by cutting or
molding could not be determined.

Further, supplies used to clean the peristomal skin and remove
any remaining adhesive or output included paper towel or toilet
paper in 19/35 (54%) videos, adhesive remover wipes in 17/35
(49%) videos, adhesive remover spray in 14/35 (40%) videos,

dry wipes in 11/35 (31%) videos, towel or washcloth in 9/35
(26%) videos, water in 7/35 (20%) videos, and wet wipes in
4/35 (11%) videos. Supplies used to protect the skin included
a barrier ring in 17/35 (49%) videos, skin barrier in the form of
wipe, spray, or cream in 15/35 (43%) videos, and ostomy paste
in 6/35 (17%) videos. Supplies used to treat peristomal skin
disorders included stoma powder in 12/35 (34%) videos and
skin treatments (eg, corticosteroids, and antifungal or other
anti-inflammatory medications) in 8/35 (23%) videos. Supplies
used to aid adhesion between the pouch and peristomal skin
included extenders in 5/35 (14%) videos and belts in 4/35 (11%)
videos. Supplies used to prevent or minimize odor issues were
odor eliminators in 9/35 (26%) videos and lubricating deodorant
in 5/35 (14%) videos. Other general ostomy supplies that were
used included plastic bags in 19/35 (54%) to discard the ostomy
appliance before disposal, scissors in 16/35 (46%) videos to cut
a baseplate to match the size of the stoma, some kind of bag in
4/35 (11%) videos to carry ostomy supplies, and some type of
container in 4/35 (11%) videos to rinse the pouch with water.
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Table 6. Supplies used or discussed in the 35 videos depicting full or partial ostomy appliance change procedures organized by supply category.

Videosa, n (%)Supply category and supply

Pouching system

25 (71)2-piece appliance

9 (26)1-piece appliance

1 (3)Not reported

Stoma or peristomal skin cleaning

19 (54)Paper towel or toilet paper

17 (49)Adhesive remover wipes

14 (40)Adhesive remover spray

11 (31)Dry wipes

9 (26)Towel or washcloth

7 (20)Water

4 (11)Wet wipes

2 (6)Gauze

2 (6)Skin cleanser

2 (6)Soap

1 (3)Saline

Peristomal skin protection

17 (49)Barrier ring

15 (43)Skin barrier (wipe, spray, or cream)

6 (17)Ostomy paste

2 (6)Flow assist device

Peristomal skin treatment

12 (34)Stoma powder

8 (23)Skin treatments

Pouch adhesion support

5 (14)Extenders

4 (11)Belt

3 (9)Skin adhesive

2 (6)Equalizer

2 (6)Heating pad

Odor elimination

9 (26)Odor eliminator (deodorant or air freshener)

5 (14)Lubricating deodorant

2 (6)Lubricant

General

19 (54)Plastic bags

16 (46)Scissors

4 (11)Supply bag or bag or ziplock

4 (11)Plastic container or water bottle or cup

3 (9)Marker

3 (9)Size template

1 (3)Disposable pad
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Videosa, n (%)Supply category and supply

1 (3)Q-tip

1 (3)Shower stopper

1 (3)Syringe

aCalculated as x/35×100%.

Underlying Condition and Type of Ostomy
One-third of the narrators who have undergone ostomies (9/28,
32%) did not disclose their underlying condition. Crohn disease
was the most frequently reported underlying condition for 10/28
(36%) narrators who have undergone ostomies followed by
ulcerative colitis (3/28, 11%), cancer (3/28, 11%), and
unspecified inflammatory bowel disease (1/28). Further, 2 (7%)
narrators who have undergone ostomies reported other
underlying conditions for their ostomy surgery. Per the type of
ostomy, ileostomies accounted for 79% (22/28) and colostomies
accounted for 14% (4/28). Furthermore, 2 narrators who have
undergone ostomies did not report their type of ostomy and no
urostomy videos met inclusion and exclusion criteria for final
review.

Appliance Change Frequency
More than half of narrators who have undergone ostomies
(16/28, 57%) did not discuss appliance change frequency. For
the remaining narrators who have undergone ostomies (12/28,
43%), there was considerable variability in ostomy appliance
change frequency. In general, a majority of narrators who have
undergone ostomies (n=10) reported changing their appliance
within a 2-5-day interval, 2 every 7 and 15 days, and 1 when
the pouch is full. Further, 1 narrator reported various changing
frequencies across 4 videos (2-3 days, 3-4 days, every 4 days,
and 4-5 days). Additionally, 2 narrators who have undergone
ostomies commented on changing the appliance more frequently
when having peristomal skin issues (every day or every other
day) and emptying the ostomy appliance 5 to 8 times a day.

Common Challenges
About one-third of the content creators noted specific issues
with supplies or processes that required workarounds or
techniques to be implemented. Major challenges included
peristomal skin complications (21/65 videos, 32%), leaks around
the adhesive area (20/65 videos, 31%), inadequate appliance
adhesion (13/65 videos, 20%), and no control over stoma
effluent discharge making it difficult to keep the stoma and
peristomal skin clean while changing the ostomy appliance
(13/65 videos, 20%). Within the videos, the narrators who have
undergone ostomies reported peristomal skin complications
related to skin irritation and redness due to the output leakage,
peristomal skin disorders such as granulomas, or allergic
reactions toward specific ostomy supplies and these
complications subsequently compromised appliance adhesion,
caused pain, and led to further leaks.

Narrators who have undergone ostomies also expressed
difficulties related to supplies in 17/65 (26%) videos. For
example, supplies leaving residues on the skin compromising
appliance adhesion, supplies containing alcohol causing a

burning sensation on the wounded skin, variability in supplies’
names causing confusion, and supplies not delivered on time
or not working properly for a given individual. Challenges with
the design of the ostomy appliance were noted, including the
clip of the pouch being uncomfortable, difficulty with cleaning
the end of the pouch after emptying, moisture absorption by the
barrier ring leading to inadequate adhesion, or a 2-piece
appliance being more difficult to apply. Finally, pouch
pancaking with the output being trapped at the top of the pouch,
pouch ballooning due to the gas accumulating in the ostomy
appliance, cutting the baseplate to fit the stoma size, emptying
an ostomy appliance and its cleaning, lifestyle adjustments
(clothing, diet, relationships, intimacy, travelling, etc), and odor
were additional challenges discussed in the videos.

Expert Tips and Tricks
The narrators who have undergone ostomies identified various
strategies to address the challenges encountered. To overcome
peristomal skin complications, narrators who have undergone
ostomies (1) emphasized the importance of cleaning peristomal
skin (eg, shower without an appliance and using adhesive
remover to remove any output residue which could further
irritate the skin); (2) avoided supplies containing alcohol to
minimize burning sensations on the skin; (3) used a crusting
technique which involves the application of stoma powder over
sore skin followed by moistening the powder with skin barrier
(wipe or spray), letting the powder dry, and repeating the process
multiple times [16]; (4) used ostomy paste, or barrier ring to
protect and allow healing of the wounded skin by creating a
protective barrier between the wounded skin and appliance, or
implemented more aggressive skin treatment products such as
steroids or silver nitrate based on the consultation with ostomy
care nurse specialists; and (5) recommended balance between
changing an appliance too frequently or too rarely.

The tips of narrators who have undergone ostomies to avoid
leakage included (1) properly fitting the appliance baseplate
with the sizing of the opening for the stoma not to be too tight
or too big; (2) using a barrier ring or ostomy paste to fill any
abdominal gaps and divots; (3) using an ostomy belt, extenders,
or medical tape to support the weight of the pouch; (4) trying
different supplies (eg, convex pouches for retracted stomas) and
different suppliers to identify supplies working properly for a
given individual, while also emphasizing not using too many
supplies; and (5) emptying an appliance regularly.

Narrators who have undergone ostomies believed that appliance
adhesion was improved by (1) cleaning the skin properly using
an adhesive remover followed by cleaning with water or some
type of wipe to avoid leaving any residues that could
compromise adhesion, (2) ensuring the peristomal skin is dry
before applying an appliance, (3) wearing an ostomy belt, (4)
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using an equalizer ring that applies an equal pressure around
the stoma or ostomy paste that fills any divots or gaps between
appliance and abdomen, (5) applying an appliance on a flat
abdominal surface (eg, leaning backward or standing), (6)
massaging the baseplate and running a finger around the stoma,
and (7) using heat to stimulate baseplate adhesion to the
abdomen (eg, hairdryer on low setting, heating pad, or holding
hand over pouch). Narrators who have undergone ostomies also
acknowledged there is not only one proper way of performing
ostomy self-care and that what works for them may not work
for someone else. Thus, they recommended trying different
supplies and self-care strategies and consulting with ostomy
nursing care specialists about supplies selection and their use
for skin care.

Concerning managing a frequent and uncontrollable stoma
output, some narrators who have undergone ostomies found it
effective to eat marshmallows or to fast before changing an
appliance to slow down the output, covering the stoma with
some type of wipe, paper towel, or gauze while changing the
appliance to protect the skin and make it easier to clean, and
organizing or preparing all supplies and emptying the pouch
before starting to change the appliance.

Narrators who have undergone ostomies conveyed strategies to
prevent “pancaking” such as using a lubricant or some type of
oil inside the pouch, emptying and rinsing the pouch with water,
disabling an appliance filter, and blowing air into the pouch.
Further, they used deodorants and “burped” (let the air out of
the pouch) their appliance to prevent ballooning. They used an
ostomy cover and deodorizing drops along with eating naturally
deodorizing food such as kefir, yoghurt, or parsley to deal with
the odor. To overcome the challenge of cutting a baseplate to
the proper size, narrators who have undergone ostomies traced
the stoma size with a marker on the template and saved the
template with a marking for repeated use, or ordered the
appliance precut from suppliers once their stoma size remained
constant. Strategies used to adjust to the postostomy lifestyle
included (1) finding and joining a support group, (2) talking to
people who “get it,” (3) learning about their stomas (eg, diversity
of supplies, proper diet and hydration, or clothing tips), (4)
exercising to reduce anxiety, and (5) developing an ability to
perform ostomy self-care while also having someone else who
can change their appliance.

Discussion

Principal Findings
This study uses a novel approach for gaining insight into ostomy
care end user (person who has undergone an ostomy) experience
and usability with medical device (ostomy appliance change)
technology through the identification of strategies and supplies
used, and common challenges and needs experienced by people
who have undergone ostomies while changing the ostomy
appliance and performing self-care. The needs, supply choices,
and self-care strategies that people who have undergone
ostomies used and discussed reflected the need to address a
common challenge of peristomal skin complications following
an ostomy surgery [21-23] and demonstrated characteristics of
an expert understanding [24-27].

YouTube as Ostomy Self-Care Resource
This study examined YouTube videos related to the interaction
of people who have undergone ostomies with medical device
technology and self-care that were provided by and for the
public, and the need for additional information related to
long-term ostomy self-care in home (nonhospital) settings. In
our study, we initially identified 960 ostomy-related videos and
analyzed 65 videos with a narrator who has undergone an
ostomy that met our inclusion criteria. Each of these videos was
viewed 269,000 times on average, liked 3000 times on average,
and posted by 28 unique content creators representing a broad
range of ages and both, female and male genders. Our study
supports current research suggesting that individuals are
increasingly seeking health-related information on the web and
patients use web-based resources to make health-related
decisions and to manage chronic conditions [1-3,35,36]. Patient
education and engagement in ostomy self-care are essential for
performing self-care tasks and successful management of their
chronic condition [18-20,35]. Nevertheless, research evidence
shows the pre- and postoperative education provided to people
who have undergone ostomies is insufficient [22-25] and new
people who have undergone ostomies may not be prepared to
gain new knowledge, skills, and attitudes necessary for self-care
management of their ostomy immediately post surgery [26,27].
Therefore, our study suggests patients are looking for additional
support and resources for ostomy self-care.

The video metadata and data of narrators who have undergone
ostomies show that people who have undergone ostomies of
various ages and genders are willing to share their personal
experiences with ostomy self-care and appliance change
procedures on the web and that these videos are viewed by
others. Through YouTube, people who have undergone ostomies
can share their stories, empower and help other people who
have undergone ostomies, and develop a sense of community
with other people who have undergone ostomies [10,11], which
goes beyond the ability of health care providers not living with
a stoma. In our study, narrators who have undergone ostomies
created videos depicting ostomy self-care not to substitute health
care professional guidelines and recommended practices, but
rather to share a lived experience with a chronic illness, and
their challenges and wins. They also commented on being able
to develop a sense of community, learn from the lived
experiences of other people who have undergone ostomies, and
adjust to postostomy surgery lifestyle changes such as by finding
and joining a support group or talking to people who “get it.”
Many of the narrators who have undergone ostomies made
disclosures that they were not giving medical advice and
commented on positive experiences with and encouraged
interaction with ostomy care nurse specialists. The ostomy
self-care-related videos depicted what it is like living life with
a stoma, and what self-care strategies were found to be effective
and what were not. This type of data would be difficult to gain
using traditional observational techniques and surveys.

End User Experience With Ostomy Medical Device
Technology
The narrators who have undergone ostomies used a variety of
supplies at different frequencies to change their ostomy
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appliance and discussed challenges related to supplies,
challenges with peristomal skin health, appliance adhesion,
leakage, and not having control over the stoma output which
reflects their user needs. For example, peristomal skin
complications were identified by narrators who have undergone
ostomies in approximately one-third of analyzed ostomy
self-care YouTube videos, and stoma powder (used to treat skin
complications) and skin treatments were included and discussed
in 12 (34%) and 8 (23%) of the videos depicting an ostomy
appliance change procedures, respectively. This finding aligns
with extensive research on peristomal skin complications
following an ostomy surgery representing a common challenge
[30,37,38] and negatively impacting the quality of life of people
who have undergone ostomies [39]. The use of peristomal skin
protection supplies such as barrier rings, skin barriers, and
ostomy paste in 17 (49%), 15 (43%), and 6 (17%) of videos,
respectively, and adhesion supplies such as extenders, ostomy
belts, and skin adhesives in 5 (14%), 4 (11%), and 3 (9%) of
the videos, respectively, manifests the need for properly fitting
and adhering external pouching system [17,40]. Thus, the
selection of supplies may have been associated with attempts
to address appliance adhesion and leakage issues and thus
peristomal skin complications.

Narrators who have undergone ostomies reported usability issues
with supplies, such as the difficulty with out-of-package
baseplate not adhering to “warm” body temperature skin,
supplies that are effective in cleaning but compromise peristomal
skin health and ostomy appliance adhesion and cause pain (eg,
alcohol-based ostomy paste), which call for design
improvements of ostomy supplies or redesign related to their
properties (eg, baseplate adhesion to peristomal skin, or
alcohol-free supplies).

Moldable technology is believed to improve peristomal skin
health, reduce the incidence of irritant dermatitis, and be
well-perceived by people who have undergone ostomies for its
ease of use, ease of learning, and comfort [41,42]. However, in
our study, only 3 (9%) of videos depicting the full or part of the
ostomy appliance change procedure included a moldable
baseplate compared to 25 (71%) of videos where the baseplate
was cut to fit or precut and people who have undergone ostomies
reported challenges with cutting the baseplate to size. If the
stoma hole is too small, the stoma can be damaged, if the stoma
hole is too big, the output is more likely to leak on the peristomal
skin which in turn will lead to peristomal skin complications.
Generally, there are 3 designs of baseplate, precut (cut by
supplier), cut-to-size (cut by a person who has undergone an
ostomy), and moldable. Moldable baseplate technology does
not require cutting the baseplate with scissors but rather using
fingers to roll flexible material to size and around (“turtle
necking”) the stoma and allows for adjusting the stoma hole to
fit snuggly around the stoma while also creating a protective
barrier and preventing output from reaching peristomal skin
[41]. The narrators who have undergone ostomies did not
elaborate on the reason for cutting versus molding baseplate to
size, except for 1 video where the narrator who has undergone
an ostomy had her husband change the appliance and
commented on the molding being “easier to use at first.”
Therefore, further studies should be conducted to explain this

trend and to more specifically identify user needs. Additionally,
future work should determine if people who have undergone
ostomies are aware of and educated on the benefits of using
moldable baseplate technology versus using cut-to-fit or precut
appliances and if moldable appliances are widely available to
people who have undergone ostomies.

Experts’User-Generated Ostomy Self-Care Strategies
The tips and tricks discussed by the narrators who have
undergone ostomies in the videos we examined provide evidence
of problem-solving strategies useful for decision-making and
ostomy self-management. Ostomy self-care requires complex
daily decision-making to solve ostomy-related challenges such
as compromised appliance adhesion, leaks, or peristomal skin
complications discussed above. People who have undergone
ostomies have to monitor their daily output, diet, and stomal or
peristomal skin health; perform ostomy appliance changes; and
plan future self-management. In previous studies of professional
expertise, experts stood out in their ability to identify problems
[43], understand functional relationships [44], and use
problem-solving strategies [45].

Lippa et al [46] suggest that in the self-management of chronic
conditions, such as diabetes, professional expertise may be
useful for aiding decision-making and supporting patient’s
strategies. Lippa et al [46] also found that diabetic patients who
used functional knowledge and problem-solving strategies
reported higher levels of adherence to treatment and glycemic
control and that descriptive knowledge about diabetes may not
necessarily correlate with effective self-management [46]. In
our study, narrators who have undergone ostomies demonstrated
their expert understanding while elaborating and showing their
self-care strategies and adaptation to ostomy-related challenges.
These strategies relate to supplies use and organization, ostomy
appliance adhesion, baseplate sizing, maintenance of healthy
peristomal skin, pouch pancaking and ballooning, and
adjustments to lifestyle changes.

Finally, our study of ostomy self-care and end user experiences
with ostomy appliance change technology complements the
“Ostomy Life Study,” [47] a global effort to gain knowledge
about what is it like to live with a stoma and the user experience
with ostomy-related supplies. Our study identifies an efficient
alternative to traditional observational and survey methods for
obtaining end user data that have implications for addressing
patient safety and quality of care issues.

Limitations
Several limitations should be considered when interpreting the
results of this study and guiding the direction of future research.
In our sample of videos, there were more ileostomies than
colostomies, and there were no urostomies, therefore, our
findings did not compare different types of ostomies. Further,
the narrators who have undergone ostomies were essentially
“performing” and demonstrating for the video, therefore, these
videos may not capture the routine procedures people who have
undergone ostomies use for self-care. In our data analysis, half
of the narrators who have undergone ostomies were within an
assumed age of 20-30 years and approximately one-third of
narrators who have undergone ostomies were in their middle
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age. This is likely due to most YouTube users falling between
the ages of 18 and 44 years [48].

There were also limitations related to demographics in this
study. All videos analyzed were narrated in English, but the
global representation is unknown. This may limit the global
generalizability of this study. Additionally, we did not examine
any race, gender, or ethnicity differences in the experiences of
people who have undergone ostomies.

Future Work
Further, it should examine differences in ostomy appliance
change procedure and self-care strategies across all the types
of ostomies, more specifically, whether ileostomies are more
prone to peristomal skin complications considering ileostomies’
output is frequent, more liquid, and high in digestive enzymes
[32]; and the prevalence and decision-making of using a
moldable versus cut-to-fit appliance technology among people
who have undergone ostomies. Future research should also
specifically study younger and older people who have undergone
ostomies and their experiences, complement this work in other
languages and for individuals with experiences in other health
care systems, and examine if there are differences among various
populations of people who have undergone ostomies.

We identified 28 individual narrators who have undergone
ostomies, and their videos were widely viewed. In addition to
counting likes, future research should examine who is viewing
these videos, what they are learning from them, and the content
of viewer comments and discussions related to the video content.
The comments analysis could provide a rich discussion around
the strategies and ostomy self-care provided in the ostomy
self-care videos.

In our study, we purposely did not include any video content
from medical professionals or health care professional
organizations because it can contain different information about
ostomy self-care strategies than what is practiced by people
who have undergone ostomies in home settings [35]. We
intended to evaluate end user experiences with ostomy self-care
rather than how people engage with YouTube videos created
by health care professionals. However, we recognize there is
value in comparing user-generated information to what clinicians

and health-related government organizations may communicate
about ostomy self-care as they use YouTube to disseminate
health information [1] that is considered to be the most reliable
and accurate information [6]. Future research should examine
the content in the ostomy self-care videos created by health care
professionals and professional organizations and evaluate how
they compare to the user-generated ostomy self-care YouTube
videos examined in this study.

Conclusions
This study used a novel approach for ostomy care (YouTube
videos) to gain insights into ostomy self-care in home settings
and end user interactions with medical devices while performing
self-care, which are difficult to gather using traditional
behavioral techniques. Using YouTube or other publicly
available content created by individuals dealing with a chronic
condition is a low-cost means to identify successful strategies,
potential design problems, and potential workaround for issues
that would be difficult to obtain in other study designs and
approaches. The analysis of 65 videos showed that people who
have undergone ostomies are willing to share their personal
experience with ostomy self-care on the web and that these
videos are viewed by the public. The findings also identify user
needs related to medical device technology and indicate that
narrators who have undergone ostomies were able to use
problem-solving strategies for decision-making and successful
ostomy self-management. This study demonstrates the potential
value of these videos for filling the gap between health
information delivered by health care professionals and the lived
experience of individuals dealing with a chronic condition.

Additional information related to long-term ostomy self-care
in a home (nonhospital) setting and the differences between
what is clinically recommended and how the procedures and
supplies are actually used by individuals living with ostomies
needs to be more clearly understood for the design and testing
of future ostomy supplies as well as for patient education from
clinicians. Future research could use these approaches to address
other types of clinical information that other clinical populations
need to learn or be able to access when at home as well as
strategies to design better medical devices for home health care
in the future.
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Abstract

Background: Effective symptom identification, a key responsibility for community pharmacists, requires patients to describe
their symptoms accurately and comprehensively. However, current practices in pharmacies may be insufficient in capturing
patient-reported symptoms comprehensively, potentially affecting the quality of pharmaceutical care and patient safety.

Objective: This study aimed to construct a new, hierarchical symptom list derived from the Patient-Friendly Term List of the
Medical Dictionary for Regulatory Activities (MedDRA) and to develop and evaluate a mobile app incorporating this list for
facilitating symptom reporting by patients in pharmacy settings. The study also aimed to assess the usability and acceptance of
this app among potential users.

Methods: Subjective symptom-related terms were extracted from the Patient-Friendly Term List version 23.0 of the MedDRA.
These terms were systematically consolidated and organized into a hierarchical, user-friendly symptom list. A mobile app
incorporating this list was developed for pharmacy settings, featuring a symptom selection interface and a free-text input field
for additional symptoms. The app included an instructional video explaining the importance of symptom reporting and guidance
on navigation. Usability tests and semistructured interviews were conducted with participants aged >20 years. Interview transcripts
were analyzed using the Unified Theory of Acceptance and Use of Technology (UTAUT) model to evaluate factors influencing
the acceptance of technology.

Results: From the initial 1440 terms in the Patient-Friendly Term List, 795 relevant terms were selected and organized into 40
site-specific subcategories, which were then grouped into broader site categories (mental, head, trunk, upper limb, lower limb,
physical condition, and others). These terms were further consolidated into 211 patient-friendly symptom terms, forming a
hierarchical symptom list. The app’s interface design limited options to 10 items per screen to assist with decision-making. A
total of 5 adults participated in the usability test. Participants found the interface intuitive and easy to use, requiring minimal
effort, and provided positive feedback regarding the potential utility of the app in pharmacy settings. The UTAUT analysis
identified several facilitating factors, including ease of use and the potential for enhanced pharmacist-patient communication.
However, concerns were raised about usability for older adults and the need for simplified technical terminology.

Conclusions: The user-friendly app with a hierarchically structured symptom list and complementary free-text entry has potential
benefits for improving the accuracy and efficiency of symptom reporting in pharmacy settings. The positive user acceptance and
identified areas for improvement provide a foundation for further development and implementation of this technology to enhance
communication between patients and pharmacists. Future improvements should focus on addressing usability for older adults
and simplifying technical terminology.

(JMIR Hum Factors 2025;12:e71439)   doi:10.2196/71439
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Introduction

Patient-reported symptoms are critical indicators in health care,
essential for maintaining patient safety and improving
therapeutic outcomes in clinical settings [1,2]. In Japan, the
Ministry of Health, Labour and Welfare launched “Pharmacy
Visions for Patients” in 2015, clearly outlining the role of
community pharmacies, including comprehensive monitoring
of medications, as well as providing tailored drug management
and guidance [3]. A key responsibility for community
pharmacies in this context is to gather and monitor
patient-reported symptoms, essential for identifying potential
health issues and ensuring timely intervention.

For pharmacists, collecting patient-reported symptoms plays
multiple critical roles in medication therapy management. First,
it facilitates the early detection and monitoring of potential
adverse drug reactions, enabling timely interventions to prevent
serious complications. Second, comprehensive symptom
information helps pharmacists assess therapeutic effectiveness
and adjust medication regimens accordingly. Third, systematic
symptom monitoring supports pharmacists in providing targeted
patient education and improving medication adherence through
a better understanding of patient experiences. These activities
are fundamental to the pharmacist’s role in ensuring medication
safety and optimizing therapeutic outcomes.

While health care providers traditionally collect symptom
information through direct questioning, a patient-centered
approach that enables patients to report symptoms at their own
pace using familiar terminology may improve the accuracy and
comprehensiveness of symptom reporting. Such an approach
acknowledges patients as active participants in their health care,
potentially leading to better identification of health-related issues
and more effective interventions. A cross-sectional study
demonstrated that structured symptom reporting tools can help
identify numerous patient-reported symptoms and their potential
associations with medications, providing valuable information
for medication reviews [4]. However, another previous study
showed that patients often underreported symptoms to health
care providers, either because they do not attribute symptoms
to the medication or do not recognize the significance of the
symptoms [5].

To facilitate patient reporting, various symptom questionnaires
have been developed, enabling patients to describe their
experiences [6]. However, many of these tools lack thorough
validation. In Japan, Nojo et al [7] introduced the “Adverse
Drug Reaction Signal Check Sheet,” which lists subjective
symptoms of side effects for patients taking high-risk drugs.
Although limited to specific drugs, the sheet proved effective
in prompting patients to communicate their symptoms during
consultations with pharmacists. This approach suggests that
selecting symptoms from a structured list can support patient
reporting.

The Medical Dictionary for Regulatory Activities (MedDRA),
a globally recognized dictionary of medical terminology,
includes a Patient-Friendly Term List that reflects a wide range
of symptoms reported by patients in safety databases [8].
MedDRA has a hierarchical structure with organ categories at

the top, and its Patient-Friendly Term List is a supplementary
list made up of the lowest-level terms of the MedDRA. This
structured approach allows patients to progressively identify
and report their symptoms. However, international research has
indicated that patients do not fully use this list when reporting
adverse drug reactions [9], suggesting challenges in the direct
adoption of a symptom-reporting system.

This study aimed to construct a new hierarchical list of
symptoms derived from the Patient-Friendly Term List of the
MedDRA to simplify and facilitate incremental symptom
selection by patients. Moreover, we aimed to develop an app
incorporating this list to enhance communications between
patients and pharmacists by facilitating more accurate symptom
reporting.

Methods

Creation of the New Hierarchical, Patient-Friendly
List of Symptoms
A hierarchical list of subjective symptoms was created using
the Patient-Friendly Term List version 23.0 from the MedDRA.
MedDRA, developed by the International Council for
Harmonisation of Technical Requirements for Pharmaceuticals
for Human Use, is a standardized medical terminology used in
pharmaceutical regulation. The MedDRA Patient-Friendly Term
List was selected for this study due to its standardized structure
and global adoption in pharmacovigilance. This list consists of
patient-friendly terms derived from MedDRA, ensuring that the
terminology is both medically accurate and comprehensible to
nonexpert users. The structured format of this list was expected
to facilitate consistent symptom categorization while remaining
accessible to patients, supporting pharmacists in identifying
potential adverse drug reactions (ADRs) and optimizing
medication therapy management.

Terms associated with subjective symptoms were extracted
from the Patient-Friendly Term List and categorized by body
part. Similar terms were consolidated into “symptoms,” forming
the lowest level of a 3-tier hierarchical structure, with “broader
site categories” and “site-specific subcategories” as the upper
levels. This new hierarchical list was reviewed and refined
through multiple rounds of consensus by three researchers (WS,
KH, and HS). WS was an undergraduate student in the Faculty
of Pharmaceutical Sciences, and KH and HS were researchers
in the Faculty of Pharmaceutical Sciences.

Development of a Patient Symptom-Reporting
Application
An app was developed to incorporate the newly created
hierarchical list of symptoms. The app featured a symptom
selection interface, an instructional video explaining the
importance of symptom reporting, and guidance on how to
navigate the app. To assist with decision-making, no more than
10 options were displayed on the screen at a time. In addition
to the structured symptom list, the app included a
complementary free-text entry, allowing users to input
symptoms that may not be represented on the list or when the
listed symptoms did not fit their condition. The app is intended
for use in a pharmacy setting and was designed to capture a
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wide range of symptoms, beyond those related to side effects
of specific drugs. Apache Cordova, an open-source mobile app
development framework, was used for the development. The
operating system used was Android, and the app was run on a
HUAWEI MediaPad T3. The content of the app was written in
Japanese.

Usability Study and Interviews
A usability study was conducted from September to October
2020 with adults aged >20 years, recruited through research
flyers. Participants first completed a questionnaire on their
demographics, medication use, history of ADRs, and familiarity
with digital devices. They were then briefed on the purpose of
the app in a pharmacy setting and the interview format.
Participants tested the app on a HUAWEI MediaPad T3,
entering personal and symptom data on 5 hypothetical patient
scenarios (Table S1 in Multimedia Appendix 1). Following the
app trial, a semistructured interview was conducted, based on
the interview guide (Table S2 in Multimedia Appendix 1), to
gather feedback on the app. Interviews were conducted in
Japanese, focusing on impressions of the app from participants
and their awareness of reporting side effects. All interviews
were recorded with the consent of participants and conducted
by a single researcher (WS).

Analysis of the Interview
Thematic analysis was applied to the recorded interview
transcripts using a deductive and theoretical approach. The
Unified Theory of Acceptance and Use of Technology (UTAUT)
model was used for this analysis. Initially proposed by
Venkatesh et al [10] in 2003, the UTAUT model has been
widely adopted in the medical field in recent years [11]. This
model is particularly useful for understanding factors influencing
the adoption of new technologies. It posits that performance
expectancy (expected benefits of using new technology), effort
expectancy (expectations of the ease of use and understanding
of new technology), and social influence (how much the user’s
decisions about technology are influenced by others) determine
behavioral intention to adopt the technology. Behavioral
intention, along with facilitating conditions, influence actual
technology use. In addition, gender, age, experience with similar
technologies, and spontaneity of use serve as general adjustment
variables (moderators). The translation of these constructs was

based on the work of Ono [12]. In total, 3 researchers conducted
analyses to ensure objectivity.

Ethical Considerations
On the day of the usability study and interview, the survey
content, privacy protection, and plans for publishing the research
results were comprehensively explained to the participants, and
written informed consent to participate in the survey was
obtained. The preinterview questionnaire was self-administered
anonymously. Participants received compensation in the form
of a gift card (Quo Card) valued at 1000 JPY for their
participation in the study. This survey was conducted after being
approved by the Ethics Committee for Research Involving
Human Subjects, Keio University Faculty of pharmacy,
following the Ethical Guidelines for Medical Research Involving
Human Subjects (200213-3).

Results

Creation of the New Patient-Friendly Symptom List
From the 1440 terms in the Patient-Friendly Term List version
23.0, duplicates with the same Japanese translations were
removed, resulting in 1288 terms. Subsequently, 12
product-related terms such as “suspected counterfeit products”
were excluded. In addition, 450 terms that were difficult for
patients to self-identify, including those requiring a medical
diagnosis or those specific to certain conditions, were removed.
Another 31 terms unrelated to medications were deleted, leaving
a total of 795 terms. The 795 terms were systematically sorted
into 40 site-specific subcategories based on information related
to the locus of impact of each word. These site-specific
subcategories were grouped into 7 broad site categories: mental,
head, trunk, upper limb, lower limb, physical condition, and
others (Figure 1). Within each site-specific subcategory, similar
terms were consolidated by grouping related symptoms (eg,
various types of arm discomfort such as “arm paralysis” and
“arm discomfort”) and creating standardized descriptive names
(eg, “tingling and discomfort in the arm”) that accurately
represent the consolidated symptoms. This consolidation process
aimed to simplify symptom selection while maintaining clinical
relevance, yielding 211 subjective symptoms (Figure 1). Finally,
a hierarchical list of patient-friendly symptoms was created
using the hierarchical structure of site categories, subcategories,
and symptoms.
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Figure 1. The broader site categories and site-specific categories for body parts, as well as the word counts before and after consolidation. The 795
terms were systematically sorted into 40 site-specific subcategories based on information related to the locus of impact of each word. These site-specific
subcategories were grouped into 7 broad site categories: mental, head, trunk, upper limb, lower limb, physical condition, and others. Within each
site-specific subcategory, similar terms were consolidated by grouping related symptoms (eg, various types of arm discomfort such as “arm paralysis”
and “arm discomfort”) and creating standardized descriptive names (eg, “tingling and discomfort in the arm”) that accurately represent the consolidated
symptoms. This consolidation process aimed to simplify symptom selection while maintaining clinical relevance. In this figure, the number on the left
side of each arrow represents the count of terms before consolidation and the number on the right indicates the count following this unification process.

To integrate this list into the app, we designed a question flow
that allowed for easy symptom selection. Broader and
site-specific subcategories were modified and recombined into
major site categories and site subcategories for an intuitive
question flow (Figure S1 in Multimedia Appendix 1). As an
example, the hierarchy under the major site category “upper

limbs” and its subcategories is detailed in Table 1. The app
included a free-text entry field labeled as “other” at each
categorical level to capture symptoms that users could not find
in the structured list. This feature was implemented to ensure
comprehensive symptom reporting and to collect data for future
improvements of the symptom list.
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Table 1. Details of selection items (excerpt for upper limbs only). The major site categories, site subcategories, lower-level terms, and symptoms after
consolidation were described in Japanese. The table presented here has been translated into English for this publication.

Symptoms after consolidationLLT codeMajor site categories and subcategories of body parts (LLTa)

Upper limb

Shoulder

Shoulder pain10040610Scapular pain

Shoulder pain10040617Shoulder pain

Arm

Arm pain10033421Upper limb pain

Elbow pain10033424Elbow pain

Arm rash10037875Arm rash

Tingling and discomfort in the arm10003098Arm paralysis

Tingling and discomfort in the arm10049877Arm discomfort

Arm swelling and edema10042680Arm swelling

Weakness in the arm10050379Arm weakness

Hand

Abnormal nails10006373Brittle nails

Abnormal nails10028691Nail discoloration

Swelling and edema in fingers10042694Finger swelling

Swelling and edema in fingers10042695Hand swelling

Hand rash10019117Hand rash

Cold sensation in hands10009860Cold hands

Hand pain10033428Finger pain

Hand pain10033430Hand pain

Itchy hands10023087Itching of both hands

Wrist pain10048692Wrist pain

Tingling, trembling, and discomfort in fingers10009696Clumsiness

Tingling, trembling, and discomfort in fingers10011287Hand cramp

Tingling, trembling, and discomfort in fingers10061156Finger deformity

Tingling, trembling, and discomfort in fingers10016695Stiffness of fingers

Tingling, trembling, and discomfort in fingers10029837Tingling in fingers

Tingling, trembling, and discomfort in fingers10049681Tingling in hands

Tingling, trembling, and discomfort in fingers10067727Reduced dexterity

Tingling, trembling, and discomfort in fingers10040530Hand tremor

aLLT: lowest-level term.

Development of a Symptom-Reporting App
The screen transition diagram and display screens for the app
are shown in Figure 2. Figure 2A shows the screen transition
diagram of the app. The starting screen featured an instructional
video explaining the purpose of the app and the importance of
comprehensive symptom reporting (Figure 2B), followed by a
series of intuitive selections for symptom identification (Figure
2E-J). The closed screen signaled the end of the session,
prompting the user to pass the device on to the pharmacist
(Figure 2K). To minimize cognitive overload, no more than 10

options were displayed per screen, making symptom selection
easier and more manageable. An instructional video was
included to explain the importance of symptom reporting,
providing users with essential background knowledge before
using the app. In addition, a free-text entry field was
implemented to allow patients to describe symptoms not covered
by the structured list, ensuring flexibility while maintaining
structured reporting as the primary method. These features were
designed to enhance the accuracy and completeness of symptom
reporting, thereby improving communication between patients
and pharmacists.
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Figure 2. Screen transition diagram and display screen of the app. (A) Screen transition. (B) Start and video viewing section. (C) Input of personal
information, (D) Confirmation of personal information. (E) Selection of the presence or absence of symptoms. (F) The large category of body parts.
(G) The small category of body parts. (H) The selection of symptoms. (I) Selection of presence of other symptoms. (J) Confirmation of the selected
symptoms. (K) End. The app screen in Japanese is shown since the actual app is in Japanese. English translations of the screen elements are provided
in parentheses within the figure.

Usability of the Symptom-Reporting App
In total, 5 adults participated in the usability study and
interviews. Table 2 presents the demographic characteristics of
the interviewees. Overall, 4 of the 5 interviewees regularly used

smartphones, and 4 of the 5 interviewees had previously
experienced side effects. The interviews elicited valuable
opinions on the usability of the app, as summarized in Table 3,
with an analysis aligned with the UTAUT model presented in
Figure S2 in Multimedia Appendix 1.
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Table 2. Basic information of interviewees.

Smartphone or tabletExperience of side
effects

Types of medicines
taken, n

OccupationSexAge (years)No.

FrequencyPossession

Do not useNoYes9UnemployedFemale791

FrequentlyYesYes3StudentMale242

FrequentlyYesNoNoneOffice workerMale233

FrequentlyYesYes3Sole proprietorshipMale504

FrequentlyYesYes1Medical office workerFemale545
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Table 3. Opinions on app usability based on the Unified Theory of Acceptance and Use of Technology (UTAUT) model.

DetailsUTAUT category

Performance expectancy

Ease of consultation • Easier to answer than to be asked
• Easier to tell something than in person
• Gives a chance to talk
• Unclear what the app is used for

Contribution for medication • May contribute to the treatment of others

Feedback from health care professionals • Good to have an opinion from a pharmacist
• Good to have continuous monitoring
• Good to have topics related to daily life
• Good to have a comfortable relationship with the pharmacist

Other functions • Good to provide information about medication
• Good to enter one’s medication status
• Good to be able to discuss other issues besides symptoms
• Good to be linked to other systems
• Good to be used outside the pharmacy
• Concerns about adding too many functions

Effort expectancy

Ease of use • Usable without problems
• Easy to use selective forms
• Easy to be guided by selective forms
• Negative feelings though none of the options apply to me
• Difficult to enter free-text fields
• Difficult to check, change, or add information
• Difficult to use for older people who are not used to using smartphones or tablets

Expression of question items • Usable without problems
• Very detailed items
• Many specialized words and phrases
• Difficult to understand the words of the site classification
• Difficult to understand the way the questions are asked

Social influence

Influence from health care professionals • Easy to answer if a health care provider asks about symptoms
• App that can be used by pharmacists in medication instruction

Information collection and management • Resistance to data being stored

Facilitating conditions

Appearance • Easy-to-read layout
• Easy-to-read colors
• Easy-to-read font size
• Difficult reading text for older people

Device • Difficult to use keyboard
• No problems with the size of device
• Easy to use the device with horizontal screen display
• Probably being too small for older people

Behavioral intention

Use of app • Want to use the app
• Should be used also outside of pharmacies
• Probably not being able to be used for older people alone
• Sometimes difficult to tell something even with app

In terms of “performance expectancy,” participants expressed
a preference for using the app to consult with pharmacists

because “it is easier to answer than when being asked by a
person,” “it is easier to communicate than doing it face-to-face,”
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and “it gives me a chance to talk to someone.” Some participants
suggested that “it would be beneficial to receive expert opinions
as feedback from a pharmacist.” In terms of “effort expectancy”
(expectations about the ease of use and understanding of new
technology), usability and expressions were both deemed
“usable without problems,” while issues such as “too many
technical terms” and “I feel bad when there are no applicable
choices” were identified. Regarding “social influence” (the
extent to which the user’s technology decisions are influenced
by others), opinions included “it is easy to answer when a
medical professional asks about symptoms” and “pharmacists
can use it in medication guidance,” indicating that the influence
of medical professionals contributes to the behavioral intention
to use the technology. Regarding the “facilitating conditions,”
it was suggested that there should be no problems with the
design and terminal. Based on the above, all participants were
positive about their behavioral intention to use the app, and
some suggested that the app should be used outside pharmacies.
Concerns were raised regarding the use of the app by older
adults.

Several factors that did not align with the UTAUT model but
significantly affected how ADRs reported to health care
providers were identified. These factors included “I recognize
pharmacist as a person to consult, but do not want to consult,”
“I will not consult if not sure of side effect,” “I will not consult
if the side effect is minor or not necessary to discuss by myself,”
and “I will not consult if I think it is a side effect.” In addition,
factors specifically affecting the reporting of ADRs to health
care providers comprised “I recognize that it is an ADR but do
not want to discuss it with a pharmacist,” “I do not discuss it
unless I am sure it is an adverse drug reaction,” “I do not discuss
it unless I am sure it is an adverse drug reaction,” and “I feel
uncomfortable reporting an adverse drug reaction.”

Discussion

Principal Findings
In this study, we developed a hierarchical list of symptoms
based on the MedDRA Patient-Friendly Term List and created
an app that enables patients to easily select symptoms. The
potential use of the app in pharmacies was well received,
indicating that it could significantly aid patients in
communicating their symptoms more effectively.

Our newly created list comprised 211 symptoms, and to improve
user-friendliness, we implemented a “questionnaire flow” within
the app, based on the hierarchical structure. This approach
allows users to systematically select symptoms by navigating
through major site categories, site subcategories, and detailed
symptoms. Participants using the app in 5 hypothetical patient
scenarios praised its ease of use, confirming the feasibility of
using the hierarchical list of symptoms and the app for effective
symptom selection. Previous research revealed that
approximately 20% of reports on side effects used
patient-friendly terms, with the majority opting for free-text
entries [5]. By limiting displayed options to 10 or fewer, while
providing a free-text input field for unlisted symptoms, our app
may improve the ease of symptom identification. This design
feature was further supported by the overall positive feedback

from the participants. Future updates to the symptom list,
informed by the analysis of real-world, free-text entries, could
further streamline symptom reporting.

Participants in our study expressed their opinions about reporting
usual self-aware symptoms such as “I do not discuss subjective
symptoms unless I am sure they are side effects” and “I do not
mention side effects if they seem minor or unnecessary to
report,” which aligns with reasons reported in previous research
for underreporting symptoms to health care providers [5]. These
responses highlight common barriers to symptom reporting in
health care settings, including patients’ uncertainty about
whether symptoms are drug-related and their hesitation to
mention symptoms they perceive as minor. To address these
universal challenges, our app was designed with a structured
interface and a hierarchical organization of symptoms, guiding
patients through a systematic symptom-reporting process. The
hierarchical structure of the app enables patients to progressively
identify and select symptoms, potentially increasing the
comprehensiveness of reported symptoms while reducing
psychological barriers to reporting even minor or uncertain
symptoms. Positive feedback from participants, such as “easier
to answer than being asked by someone,” “easier to
communicate than doing it face-to-face,” and “becomes a trigger
to talk,” suggests that this structured approach could effectively
address these reporting barriers. In addition, participants’
feedback indicating the app’s effortlessness (“can use without
a problem”) and willingness to use (“I want to use it”) suggests
its potential for successful implementation in pharmacy practice.

From the perspective of health care providers, pharmacists can
review these structured patient reports before medicine
consultation, enabling more focused and efficient discussions.
These features, combined with the ability of the app to document
patient-reported outcomes systematically, provide a foundation
for continuous monitoring of therapy effectiveness and early
detection of drug-related problems.

While our usability study received positive feedback regarding
the potential of the app, we also identified several usability
issues, particularly among older users. A participant aged 79
years expressed concerns, stating “I might not be able to use it
on my own,” and other feedback pointed to specific issues such
as “The size may be too small for elderly users” and “The text
might be difficult to read.” Given that many customers of
pharmacies are older adults, future usability assessments should
focus on this population.

Implementing our app in pharmacy settings strategically aligns
with the evolving health care landscape in Japan, particularly
in aging societies where pharmacies are expanding beyond
traditional medication dispensing [3,13]. Pharmacies offer
several unique advantages as ideal implementation sites,
including their high accessibility, regular patient visits, and
prescription preparation waiting time, which offers a natural
opportunity for symptom reporting without disrupting workflow.
While the app could be valuable in various health care settings,
including clinics and hospitals, pharmacies offer unique
advantages. Pharmacists’ expertise in medication, combined
with their frequent patient interactions, makes them ideal
providers for continuous symptom monitoring and self-care
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support. Their role has evolved from traditional medication
dispensing and adverse effect monitoring to more comprehensive
patient care support. Integrating the app into pharmacy practice
could particularly support patient engagement in their own
health care by enabling systematic symptom reporting in a
familiar, low-pressure environment. This approach not only
supports pharmacists’ evolving role in comprehensive patient
care but also promotes active patient participation in medication
management.

Future research should systematically evaluate the effectiveness
of the app in achieving its intended outcomes. Key areas of
investigation include the impact of the app on the number and
types of symptoms reported. Quantitative measurements will
be valuable in assessing the impact on pharmaceutical
interventions, including the identification of drug-related
problems and subsequent care recommendations. Further
research opportunities lie in evaluating improvements in the
quality of patient-pharmacist communication and the effect of
the app on the efficiency of pharmacy workflow. These
investigations would benefit from including a larger, more

diverse patient population in real-world pharmacy settings, with
particular attention to older adults who represent a significant
portion of pharmacy patients.

Although our sample size of 5 participants is consistent with
recommendations for initial usability testing suggesting that 5
users can identify approximately 80% of major usability issues
[14], this small sample size limits the generalizability of our
findings. This limitation highlights the need for additional testing
with a larger and more diverse user group to ensure the app
meets the needs of all potential users in pharmacy settings.

Conclusions
We successfully developed a new hierarchical list of symptoms
and an accompanying app. The app, designed to enable users
to select symptoms from a structured list, was positively
accepted and showed strong potential for improving patient
behavior in symptom reporting. Future improvements to the
design of the app design, particularly for older users, will further
enhance its utility in both pharmacy settings and broader health
care environments.
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Abstract

Background: Chronic kidney disease (CKD) is a common condition worldwide and home dialysis (HD) provides economic,
quality of life, and clinical advantages compared to other dialysis modalities. Human-centered design aims to support the
development of eHealth solutions with high usability and user experience. However, research on the eHealth needs of patients
using HD is scarce.

Objective: This study aimed to support the design of eHealth for patients with CKD, particularly for patients using HD, by
developing a kidney disease experience map that illustrates user needs, concerns, and barriers. The research questions were (1)
what experiences do patients, particularly older adults, have in their everyday lives with CKD? (2) what user needs do patients
with CKD have for HD eHealth? (3) how can these needs be illustrated using the experience map technique? The study focused
on patients aged >60 years, as they are at a higher risk of chronic conditions. The study was conducted as part of the eHealth in
HD project, coordinated by Hospital District of Helsinki and Uusimaa, Finland.

Methods: In total, 18 patients in different care modalities participated in retrospective interviews conducted between October
2020 and April 2021. The interviews included a preliminary task with patient journey illustrations and questions about their
experiences and everyday lives with CKD. The data analysis was conducted using a thematic analysis approach and the process
included several phases.

Results: On the basis of the thematic analysis, 5 categories were identified: healthy habits, concerns about and barriers to eHealth
use, digital communication, patients’ emotions, and everyday life with CKD. These were illustrated in the first version of the
kidney disease experience map. The patients had different healthy habits regarding social life, sports, and other activities. They
had challenges with poorly functioning eHealth software and experienced other factors, such as a lack of interest and lack of
skills for eHealth use. Technical devices do not always meet the emotional or physical needs of their users. This caused feelings
of frustration, worry, and fear in patients, yet also fostered situational awareness and hope.

Conclusions: The experience map is a promising method for illustrating user needs and communicating the patient’s voice for
eHealth development. eHealth offers possibilities to support patient’s everyday life with chronic disease. The patient’s situation
and capacity to use eHealth solutions vary with their everyday challenges, opportunities, and their current stage of treatment. The
kidney disease experience map will be used and further developed in the ongoing research project “Better Health at
Home—Optimized Human-Centered Care of Predialysis and Home Dialysis Patients” (2022 to 2026).

(JMIR Hum Factors 2025;12:e48221)   doi:10.2196/48221
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Introduction

Background
Chronic kidney disease (CKD) is a common condition
worldwide. It has been estimated that 11% to 13% of the
population in high-income countries have CKD. The number
of patients with advanced kidney disease is growing 5% to 7%
per year [1,2]. The prevalence of CKD is highest among older
adults, ranging from 38% to 44% in patients aged >65 years
[3,4]. In total 2.05 million people were treated with dialysis
worldwide in 2010 [2]. In 2017, 1.2 million people died globally
because of CKD [5].

Patients with end-stage CKD need kidney transplants or dialysis
to survive. Dialysis can be performed in a dialysis unit in a
hospital (ie, in-center dialysis), in a satellite dialysis unit, or at
home using peritoneal dialysis or hemodialysis. The dialysis
modality may vary depending on the patient’s current health
and life situation. Both in-center and satellite dialysis can be
laborious for patients [6] and impose a heavy financial burden
on medical care [7]. Therefore, home dialysis (HD) provides
better quality of life and clinical advantages and empowers
patients by providing them with more flexibility in their
everyday lives [6,8].

Even though bringing dialysis treatment to a patient’s home
might be burdensome and complicated for both the patient and
the health care unit [8,9], there is a common understanding that
HD prevalence needs to increase [1]. HD creates opportunities
to improve the patient’s safety and quality of life, as well as to

support self-management of health [6,10]. HD has also proven
to be feasible for older adults, even though challenges such as
fear of needles or doubts about handling them, or other physical
limitations have been recognized [8,11,12].

Research advises a holistic eHealth design that integrates
technologies, end users, and use contexts [13-15]. Using
human-centered design (HCD) approach [16], our study aimed
to support the design of eHealth for patients with CKD,
especially those on HD care, by investigating user needs,
concerns, and digital service barriers, and illustrating those in
the format of a kidney disease experience map. Due to the high
prevalence of CKD among older adults [8], both in Finland and
worldwide [17], the focus of the study was set on the perspective
of older adults. The research questions were as follows:

1. What experiences do patients, particularly older adults,
have in their everyday lives with CKD?

2. What user needs do patients with CKD have for HD
eHealth?

3. How can these needs be illustrated using the experience
map technique?

The study was part of the eHealth in HD project (“device
research”) [18] coordinated by the Hospital District of Helsinki
and Uusimaa in Finland from 2020 to 2022. The project aimed
to create a novel eHealth solution for patients with CKD
undergoing HD (named “Home dialysis eHealth solution”) and
research devices that support patients both before and throughout
dialysis therapy by gathering monitoring data, managing HD
supply orders, and facilitating communication between the
patient and the health care team (Figure 1).

Figure 1. eHealth solution and research devices for home dialysis. BP: blood pressure; HUS: Helsinki University Hospital; IoT: Internet of Things;
PROM: patient-reported outcome measure; UI: user interface.
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HCD of eHealth Solutions
HCD is an approach to interactive system development that
aims to develop solutions with high usability and user experience
[16]. The principles of HCD highlight the importance of
involving end users in an iterative design process [16,19] and
understanding their needs at the beginning of the development
process [16,19].

When exploring user needs, researchers collect information, for
example, about what features digital services should contain
and how they should function from the perspectives of end
users. The user needs exploration is important as it helps service
designers to understand the role and meaning of the solutions
for end users, in our case, patients using HD. eHealth is used
to refer to digital health services, and health information offered
through the internet or other technology solutions improving
health care [20,21]. By designing in a human-centric way and
involving end users in the development, eHealth can offer more
value and new ways to provide health care and well-being
services for patients and all citizens [13,21]. For patients with
chronic illnesses, eHealth solutions can offer new
communication possibilities between the patient and the health
care team, as well as support empowerment and improve quality
of life [21,22].

Patient Journey Maps and Experience Maps as
Illustrations of User Needs
A patient journey map and an experience map are tools for 2
different purposes. In this study, patient journey maps were
used as a part of patient interviews [23], and an experience map
was used to communicate the results of the study holistically.

Patient journey maps as tools for visualizing patient journeys
can be used to support the design of eHealth in several ways.
The maps can help researchers and designers to identify how
health care processes can be improved, for example, identify
gaps and improve the processes by integrating eHealth solutions
as part of those processes [24]. The patient journey maps sum
up patients’ experiences and care activities in a single,
chronological, timeline-type visualization [24]. As the maps
can help to explain what patients go through with their disease
[23,24], they can help designers promote empathy, which is
important in HCD [25-27]. Furthermore, they can help the
sharing of knowledge between stakeholders as well as activate
creative thinking [28].

Patient journey maps can be applied in various specialties
regardless of the medical condition. For example, patient journey
maps have been used to illustrate home isolation experiences
of people with mild COVID-19 [29], hypertensive disorders in
pregnancy [30], cancer [24], cervical dystonia [31], and kidney
diseases [32]. In literature, the focus of patient journey maps
varies from communicating patients’ emotions and identifying
process gaps to the importance of shared decision-making [33].

Experience maps are tools to combine situations, functions,
emotions, and contacts in the same visualization [34].
Experience maps are valuable in the development of various

eHealth, mobile health, and other apps, helping to communicate,
for example, how cancer affects a patient’s life and capturing
patients’ voices [35]. However, similar to patient journey maps,
there is no standardized way to visualize and use them in an
eHealth development context [33]. To our knowledge, no
experience maps have been produced to represent the everyday
life of patients with CKD using HD. Even though working with
experience maps helps to identify users’ needs [34], based on
our literature review, few patient journey maps or experience
maps focus on illustrating and communicating the needs as a
basis for eHealth design and requirements specification.

Older Adults as eHealth Users
The European population is aging [36]. In Finland, >2 million
citizens (ie, 36% of the population) are ≥55 years old [37].
Finnish older adults have good self-confidence in using digital
services. In the 55 to 64 age group, >80% of Finns felt that their
digital skills were at least on par with those of other Finns, and
in the 65 to 74 age group, >60% of Finns felt the same [38]. At
the same time, the number of patients in Finland who undergo
dialysis, is expected to increase by >36% before 2040 [39].
Therefore, Finnish older adults seem to have both a need for
and self-confidence in using CKD eHealth.

Older adults, due to an increase in diseases and complex health
issues, could benefit substantially from eHealth [40]. Still, they
experience several barriers to using eHealth, such as privacy
concerns, lack of motivation to use digital solutions [41,42],
and challenges to finding, accessing and understanding
health-related information [40,43]. In addition, they have
concerns about eHealth reducing the time with the physicians
during appointments [42]. Although they can benefit from
eHealth, they still face several challenges that could be solved
with careful design.

The health situation also affects the use of the eHealth and user
needs. Many eHealth tools are intended for the treatment of a
specific disease. One or more chronic health conditions can lead
to several regular self-management tasks [40], which can
potentially affect a patient’s everyday life and the use context
of eHealth. Therefore, eHealth should be adapted to each user’s
special situation [44].

Methods

Overview
Combining different context-specific strategies is important
when developing services in a complex environment, such as
health care [15]. Our study on user needs of patients with CKD
for eHealth used a qualitative research approach and
semistructured interviews [23,45] as the primary method for
data gathering. The interviews were supported with preliminary
tasks, which included visualizing patient’s journey in the form
of a timeline drawing [23]. The procedure of the study included
several phases starting from the recruitment and ending with
the creation of the kidney disease experience map illustration
(Figure 2).
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Figure 2. Procedure of the study.

Ethical Considerations
The empirical study was conducted as part of the eHealth in
HD project, which received permission from the ethical
committee of the Hospital District of Helsinki and Uusimaa
(HUS/1649/2020, Jarkko Ihalainen). All participants gave their
voluntary, informed, and written consent. The patients’
capabilities to participate in the study were ensured. While
analyzing the data, the information of the patients participating
in the study was pseudonymized and coded with the
identification numbers. Only the researchers assigned to the
study had access to the data. No compensation was paid to the
participants for their participation.

Participants
In total, 18 patients aged ≥60 years participated in the study: 5
patients in predialysis phase, 4 patients in satellite dialysis, 5
patients in home peritoneal dialysis care, and 4 patients in home
hemodialysis care (Table 1). Most of the participants were
retired. The sample excluded in-center patients with dialysis,
but included patients with dialysis in satellite units. The
participants were recruited from the group of patients who were
participating in the larger research project of HD eHealth
solution development.

Table 1. Demographics of study participants (N=18).

Frequency, n (%)Demographics

Dialysis

5 (28)Predialysis

4 (22)Satellite dialysis

5 (28)Home peritoneal dialysis

4 (22)Home hemodialysis

Gender

4 (22)Woman

14 (78)Man

Education

4 (22)Basic education

4 (22)Upper secondary level

5 (28)Bachelor’s degree

3 (17)Master’s degree

2 (11)Other

Technology skills (self-assessed)

6 (33)Good

11 (61)Basic

1 (6)Weak

The health care team recruited the patients by distributing
materials about the study and asking about their interest in
participation. Participation was voluntary and they did not get
any compensation. The study participants were already familiar
with the novel HD eHealth solution under development and had
tested the first version of the solution. The research nurse
contacted the potential participants first and informed them
about the study. If the participants wanted to participate in the
study, they signed the consent form, and the research nurse
provided their contact information to the researchers. Then, the

research material package, prepared by the researchers,
consisting of a cover letter, a preliminary interview task,
background information forms, and the responsible researcher’s
contact details were sent to the participants. After sending the
package to the participants, the researcher called them to provide
more detailed instructions, answer any questions, and schedule
a time for the remote interview.
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Preliminary Tasks and Retrospective Interviews
Interviews are useful in the phases of any development process
related to eHealth [15]. In our study, retrospective interviews
included questions about the patient’s journey, treatments
experiences, cooperation with the health care team, technology
experiences, and visions for the future. The themes broadly
covered patients’everyday experiences with the illness, practical
questions, and the comprehensive timeline with CKD.

The idea of the visual timeline drawing as the preliminary task
for the interview was to (1) help the interviewee to process and
structure their multistage patient path even before the interview,
and (2) help with communication between the interviewee and
researcher during the remote interview [23]. The preliminary
task was sent to the interviewees 2 weeks before each interview.
In this task, patients were asked to identify and illustrate
significant milestones, events, and experiences with their illness
to a timeline. The patients returned the task to the researchers
before the remote interview.

The interviews were conducted between October 2020 and April
2021 when the second wave of COVID-19 was underway in
Finland. For safety reasons, the interviews were arranged
remotely via Microsoft Teams. Two researchers were present
in the interview session with the participating patient: one

researcher being the interviewer and the other note-taker.
Interviews were audio-recorded using recording functionality
of Microsoft Teams. Data gathering was conducted in
collaboration with 5 researchers (SL, NK, JV, SH, and PV): 2
doctoral researchers, 2 students, and a professor from the
human-computer interaction field.

Data and Analysis

Overview
The data included recordings and notes from the interviews, as
well as illustrations of patient journeys. The interview notes
were finalized according to audio recordings and the
transcriptions were pseudonymized. In total, the data consisted
of 155 pages (ie, 58,429 words) of written notes and 18
paper-based patient journey visualizations (ie, visual timeline
drawings). A total of 5 researchers (SL, NK, JV, SH, and PV)
participated in the data analysis.

The data were analyzed in 4 phases (Figure 3): (1) grounded
theory analysis, (2) thematic analysis, (3) user needs exploration
and thematic categorization, and (4) comprehensive affinity
diagram creation. The data included many different perspectives
to understand the different nuances and ensure reliability, and
the analysis was done in collaboration with several researchers
in many phases.

Figure 3. Four phases of data analysis.

Phase 1: Grounded Theory Analysis
In the first phase [46], the pseudonymized interview transcripts
were analyzed following the main structure of grounded theory
[47,48] using ATLAS.ti software version 9.1.5.0 (ATLAS.ti
Scientific Software Development GmbH, “ATLAS.ti”) [46].
During the analysis, the interview data was coded using
researcher-denoted concepts and open coding influenced by the
grounded theory [46,47]. The first round of interview data
analysis following grounded theory was conducted by SL.

Phase 2: Thematic Analysis
In the second phase, the principles of the thematic analysis
method [48,49] were followed to analyze the interview data
from 18 participants from an existentialist perspective, including
references to death, well-being, and atmosphere in life (eg,
emotions) [50-52]. In addition, the analysis used the holistic

framework [13-15] of exploring the context of use, technology,
and people.

On the basis of the analysis, 3 thematic categories were
identified: healthy habits, concerns and barriers for eHealth use,
and everyday life with CKD. Observations based on interview
transcripts were written on post-it notes and thematically
categorized following the phases of the affinity diagram method
[48,49]. The data gathered using preliminary task of patient
journeys were mapped in line with the interview transcripts. In
addition to the initial 3 themes, 2 categories were formed based
on thematic analysis: digital communication and patients’
emotions. Concerns and use barriers for eHealth were
investigated from the data by two researchers (PV and SH). The
digital communication affinity diagram was done by three
researchers (PV, SH, and JV).

The thematic analysis categories include several aspects as
presented in Textbox 1.
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Textbox 1. Categories of thematic analysis.

• Healthy habits: health-promoting activities and hobbies that were mentioned by interviewees, including the whole scale of activities from sports
to eating habits.

• Concerns and use barriers for eHealth: observations related to everyday life challenges with the disease, use challenges and barriers of digital
services, negative emotions, such as worries or dissatisfactions, and patient path challenges.

• Digital communication: observations concerning health care-related digital communication habits, channels, and experiences.

• Patients’ emotions: observations of emotions and experiences interviewees mentioned in the interviews and patient journey visualizations. The
emotions included the whole scale of emotions, from fear and confusion to happiness.

• Everyday life with chronic kidney disease: observations related to interviewees’ thoughts, stories, and experiences of their everyday lives,
including references to death. Death made the participants reflect from different perspectives: their own (forthcoming) death was compared to
other deaths, the actions to avoid death were listed, and the inevitable nature of death was considered.

Finally, the frequency of observations per theme was calculated
(Multimedia Appendix 1). Most of the observations were related
to concerns and barriers to technology use. Emotions and healthy
habits were also common topics in all the interviews.

Phase 3: The User Needs Exploration and Thematic
Categorization
The third phase focused on analyzing user needs. All the
gathered data were explored from the viewpoint of user needs
from 2 perspectives: exploring digital communication needs
and exploring overall user needs for interactive solution
development. In the analysis, 2 researchers (PV and SH)
explored the data labeled “digital communication,” “user needs,”
and “to eHealth solution concept” in ATLAS.ti and formulated
the observations as user needs. The second round resulted in
165 needs.

After this, the digital communication affinity diagram was
created in collaboration with 3 researchers (SH, JV, and PV).
The user needs were written on post-it-notes by PV, and
analyzed, and regrouped to the affinity diagram in collaboration
with SH, JV, and PV. In the affinity diagram, the identified
needs (n=165, 100%) were thematically grouped under 5
categories: overall interaction and communication (n=77, 47%
of all identified needs), patients’ digital activities (n=28, 17%),
instruments (n=27, 16%), inventory and ordering dialysis
supplies (n=19, 12%), and digital communication with the health
care team (n=14, 8%). While creating the affinity diagram of
digital communication needs, doubles were removed.

When exploring overall user needs, the data transcriptions of
18 interviews were analyzed using ATLAS.ti. During this
analysis, the data labeled with the following codes—“user
needs,” “healthy habits and hobbies,” “suggestion,”
“communication,” “digital services,” “tasks,” “care team,”
“communication,” “social relationships,” “equipment,”
“challenges,” “positive experiences,” and “device

research”—were explored and formulated as user needs. In
total, 287 user needs were identified and written on post-it notes
as preparation for the comprehensive affinity diagram work.

Phase 4: Comprehensive Affinity Diagram
In the fourth phase, the affinity diagrams created in the previous
analysis phase were merged to form a comprehensive affinity
diagram. Three researchers recategorized the post-it notes to
create a comprehensive affinity diagram of user needs. The
main themes of the diagram were “eHealth user interfaces,”
“Inventory and ordering dialysis supplies,” “Overall interaction
and communication,” “Process,” “HD eHealth solution,”
“Family/peer-support,” “Patients’digital activities,” and “Needs
for improving the quality of life” (Multimedia Appendix 2).
These 5 were used as the leading themes to guide the design of
the first version of the kidney disease experience map. Data
analysis results were discussed between PV, SH, VR, and JV.

Creation of the First Version of the Kidney Disease
Experience Map
An experience map is a tool that strings the perspectives of the
context of use, people, and technology, together in a holistic
manner [13-15]. The maps can be used to support the
communication between stakeholders and to capture a patient’s
voice in eHealth design [35]. The first version of the kidney
disease patient experience map (Figure 4) was made by
combining remarks from existing example models particularly
the cancer experience map [35]. In the first paper-based template
of our map, the preliminary phases from the preliminary tasks
(ie, patient journey maps) were illustrated: “before diagnosis,”
“diagnosis and passive treatment,” “treatment method selection,”
“beginning of treatment/training,” and “home dialysis.” Post-it
notes from the comprehensive affinity diagram were added
under those phases. The first draft of the patient experience map
was created in collaboration with 3 researchers.
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Figure 4. Overview of the data analysis process leading to the creation of the first version of the kidney disease experience map.

Next, the structure of the experience map was refined based on
the number of post-it notes in each phase. The duplicate post-it
notes were removed and the content of the map was reorganized
(PV, SH, and JV). To validate the contents of the draft map
further, 2 researchers (PV and SH) reexamined the post-it notes
after which 4 other researchers (JV, NK, SL, and VR) gave
feedback on the next version of the map. After all, in total of 6
researchers (PV, SH, JV, NK, SL, and VR) participated at least
somehow in the experience map visualization process. The
published version of the first version of the kidney disease
experience map was finalized by PV. An overview of the
multiphase analysis process which led to the creation of this
first version of the kidney disease experience map is illustrated
in Figure 4.

Results

Overview
As the outcome of the study, the first version of the kidney
disease experience map, which illustrates the user needs,
concerns, and barriers of patients with CKD for eHealth, was
created. This section explores the patients (ie, people),
technology, and context of use perspectives [13-15]. First,
patients’ healthy habits are investigated and their concerns and
barriers to technology are addressed. Then, the technology is
examined, concentrating on digital communication. Finally, the
context of use from the perspective of patients’ everyday lives
is explored. Due to sensitive personal issues, research results
and citations are presented without identification information
to ensure complete anonymity of the participants.

Exploring the People: Healthy Habits
The patients had different needs for healthy habits regarding
social life, sports, and other activities (Multimedia Appendix
3). Patients mentioned that social life and taking care of close
relatives, such as grandchildren, were important to them.
Incidental exercises, including gardening or shoveling snow,

were popular. Being in nature, picking mushrooms or berries,
fishing, and hiking, along with other everyday life activities,
such as club and society activities or studying, brought
well-being to the participants. Animals, for example, dogs, cats,
and summer chickens, also supported the participants’
well-being. Handcrafting, art, and culture were also seen as
important, but COVID-19 restricted those activities. The
importance of many remote social contacts was mentioned in
the data, and patients had to learn new eating habits, such as
losing weight or cutting down on alcohol consumption.

Exploring the People: Concerns and Barriers for
eHealth Use
Patients were challenged with poorly functioning available
eHealth solutions and also experienced other negative factors,
such as lack of interest or lack of skills (Multimedia Appendix
4). Technical devices did not always meet the emotional or
physical needs of their users. This caused emotions like
frustration, worry, and fear from patients. The patients’
responses covered their available eHealth solutions, not focusing
especially on the HD eHealth solution.

The solution or software used by patients for their CKD care
was found to function poorly in many ways. For example, the
devices as a part of the HD eHealth solution did not work as
expected, or they worked differently than they expected:

I have no control over the information. If I measure
my blood pressure, I press the BT button and then it
should be delivered, but I don’t know if it did. The
same goes for the scale, *beep*, and maybe it
synchronized. [P18]

Alongside poorly functioning devices, in some cases, the HD
eHealth app also did not work well. The software content (eg,
one’s results or visualizations of one’s health situations) was
challenging to understand or find. The HD eHealth app was
challenging to use with small mobile phone screens and its user
interface terminology caused problems for patients:
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There have been a few problems with the phone. There
will be updates and then it will freeze somehow. I
don’t understand much; the basic things are in
Finnish, but then they are English words so... This
was at least the third time that the nurse had visited
us. [P17]

Others have also worked well. Even the mobile phone.
You can monitor your health from it, even though it
has those [health status] curves that you don’t
understand much about. [P13]

The participants doubted the functionality of the HD eHealth
solution, both devices and the app. With the dialysis monitor,
they were worried that something would go wrong:

I haven’t used (ie, the devices and instruments) much,
I’ve just tried. I’m a bit lazy. I doubt whether the
instrument is still in good condition. There was an
error message about a month ago. There was a
notification that there was still something wrong. I
thought I’d let it be and fix the instrument before I
started. [P24]

When the first treatments started, it was so exciting.
But after a month had passed, it had become routine
and was no longer exciting. Then, when I moved home
from hospital, I started to get excited again. [P22]

Exploring the Technology: Digital Communication

Overview
Patients commented on digital devices and the app from many
different aspects in terms of the technical functionality and the
emotion they cause. The contents of the solution’s user interface
(Figure 1), as well as other user interfaces, were also commented
on. Patients linked and communicated with the health care team
through digital channels and used technology independently as
a part of their HD treatment during the research.

Many Groups Communicate With the Patient
Communication within the health care team is important, but
also nurses, physicians, and patients share information
(Multimedia Appendix 2). To get the supplies and instruments
needed for HD care, the patient also needs to be in regular
contact with the pharmacy or the health care team. Relatives
must not be forgotten either, as patients may want to share
information with them:

To be able to get in touch with the on-call
nephrologist or the other way around, perhaps you
could organize a little more frequent meeting. I think
that many patients could have questions for the doctor
that the nurses cannot or are not allowed to answer.
Nephrologist on-call from the computer. [P24]

Examples of Current Communication Channels
Depending on the patients’ devices and patients’ capabilities to
use them, HD patients use different communication channels
for following their health records and CKD-specific operations.
They order HD supplies once per month. Some patients have
created their digital tools (eg, Excel sheets), which calculate the
number of needed supplies automatically. After that, the order

will be sent via email to the nurse. Still, Excel sheets or other
tools for ordering dialysis supplies are not an option for
everybody. Therefore, an easy-to-use solution for ordering
supplies and managing inventory is needed for HD patients:

Orders must be sent once a month. I have an Excel
sheet that automatically keeps the balances. Then,
there is a page where you can automatically see what
needs to be ordered. I have made Excel sheets myself.
It’s quite a job when there are more than 30 different
supplies. Syringes... you must know their numbers.
Sometimes, I also check some information. If one item
is true, then so are all the others. It’s automatic. I
then make a .pdf list from the Excel sheet, one A4,
and then it goes [by e-mail to the nurse]. [P30]

In Finland, patients follow their health records via national or
local patient portals (eg, “My Kanta Pages” [53] or “MyChart”
[54]). Patients with chronic illness have many laboratory tests
taken. They appreciate that all their health records are found in
one place, but each record is shown in detail separately, too.
Therefore, easy-to-read visualizations of test results and current
health situations are needed:

MyChart is as hopeless as My Kanta, both of which
break down the lab results separately, even if they
want to see them as a whole. Applying for your results
is difficult. [P37]

I look at the results on ‘My Kanta,’ all diagnoses
come there, as well as laboratory test results. From
there, I can see them all. The information is readable
and remains stored. I think ‘My Kanta’is really good.
There you can also see laboratory visits from a
certain period if you want to follow a limited period.
[P21]

Positive Attitude Toward Digital Communication
All patients participating in the study seemed to have a positive
attitude toward digital communication tools. For example,
paper-based dialysis supply orderings may be forgotten and
instead, digital tools can step in and help patients with their
everyday lives. Patients felt that digital solutions enabled
information-seeking and offered more flexibility in meetings
with the health care team and other contacts:

Their version is that they hand out an A4 paper. You
should fill it in; it’s difficult manually. The risk is that
you forget. [P30]

We have internet and e-mail. My wife uses them more;
I just read. The wife handles banking and other things
remotely. I kind of stopped using the computer when
I don’t need to. You could probably handle things
digitally. I haven’t come across anything like that. I
have had to deal with a lot of paper. I have not been
approached digitally. Yes, it would be even easier.
You could reach the staff at any time. [P24]
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Exploring the Context of Use: Everyday Life and
Emotions

Overview
The main themes related to everyday life were thinking of death,
the importance of care, changes in well-being after treatment
started, and emotions (Multimedia Appendix 5).

The Presence of Death
With kidney disease, death is present in life. It is known that
without dialysis or receiving a transplant, one dies. The logic
of the disease is unequivocal: when dialysis no longer helps,
the person knows they are going to die:

I think that the disease is deadly and must be treated.
[P21]

Everyone knows that life ends eventually, but I’m not
afraid of it in any way. [P1]

The General Well-Being of the Participants Varied
The patients understood the essentiality of treatment and often
felt better after the treatment started. They wished to be able to
continue life as normally as possible. One patient (P9) described
experiencing leg cramps at night, which had caused them to
sleep poorly. After the dialysis treatment started, the cramps
stopped. They managed better than before and could even go
for walks:

I hope I don’t end up on dialysis. Of course, it is
ahead, but hopefully as far as possible. It is a wish.
[P20]

It’s just that now I feel like I’m getting older. I
recently turned 70, so all kinds of unnecessary aches
and pains will increase. [P25]

Everyday Life Is Characterized by Waiting
The health situation of a patient can be improved either with
dialysis or a transplant. Having to wait for transplant can have
major setbacks; one patient (P24) had to be removed from the
transplantation waiting list due to amputation and sepsis, which
is why they now focus on keeping themselves in the best
possible physical condition through physical activities. Patients
were waiting to travel.

A Wide Range of Emotions in Everyday Life
A wide range of emotions appeared in the interview data about
the patient’s everyday life. Despite the challenges of the disease,
most of the patients described their lives with the disease in
somewhat positive terms. Everyday life with the disease seemed
to go somewhat smoothly.

In addition to positive feelings, patients also expressed negative
emotions, such as confusion, fear, irritation, anger, and
frustration. Feelings of confusion were caused by changes in
health status and events in the patient’s journey, uncertainty of
the future steps in the journey, or technology that worked
unexpectedly. After receiving the diagnosis, one patient was
confused because they did not fully understand what kind of
disease the diagnosis was about. Several patients brought up
fear in the interviews. Things related to the treatments were
especially scary. Most of the patients also described irritation

or anger at least sometimes during the patient journey. In
addition, half of the patients reported frustration. Health
challenges, the difficulty or even failure of a treatment, and the
commitment to dialysis treatment were irritating. The most
frustrating thing was when HD treatment did not go as well as
planned. Another source of frustration was digital systems,
equipment, and devices:

And a little fear. I am quite hopeful that I will get
there on the transplantation waiting list and that it
will be successful at some point. I hope that I can
make it there (ie, from a health perspective), and if
this continues, then there is nothing to worry about.
[P11]

Actigraphy, a part of HD eHealth solution, is
inconvenient, but there is nothing wrong with the
other devices, everything is fine. I have a strong belief
that information will go forward. It’s enough for me
to see on the scale and blood pressure monitor that
my weight and blood pressure are okay. [P18]

This home dialysis takes up a lot of space. Do you
see these boxes? A huge package comes once a month.
The dialysis monitor also takes up quite a lot of space.
And then the cabinets, where you put all the treatment
consumables. And there is a bottle like this: hand
sanitizer comes once a month. Quite a lot of supplies
come from the hospital once a month. This room is
completely reserved for dialysis. [P30]

HD taking up too much space or other resources was both
irritating and frustrating. HD requires much space at home, so
some patients had to renovate their homes. However, almost
half of the patients felt that their living conditions did not require
changes due to HD. The patients felt it was important that the
dialysis treatment could also be done at the summer cottage.

Positive emotions included joy, optimism, hope, and satisfaction.
A third of the patients mentioned joy in the interviews and most
patients expressed hope and optimism. They were satisfied with
the professional staff and the stability of the current situation.
The supportive and successful dialysis made them happy.
Keeping their health situation stable was their biggest wish.
Patients also mentioned their willingness to continue their
hobbies.

The patients were satisfied with both their health condition and
the information related to it. Half of them were satisfied with
the treatment. The patients were pleased with the eHealth
solution in use during the study and the HD treatment was
experienced as proceeding smoothly. The nursing staff was
considered friendly and knowledgeable:

I have been very satisfied. They, the care team, have
guided me, and when I have challenged them, they
have accepted challenges and promised to sort things
out. [P37]

Home dialysis has gone surprisingly well—no major
problems. [P34]

At least now, this present moment looks bright. [P13]
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The First Version of the Kidney Disease Experience
Map
The first version of the kidney disease experience map (Figure
5 [1-3,35]) was developed from the perspective of user needs
of eHealth. It includes their needs for everyday life with CKD
(ie, “Common needs”), needs relating to 4 phases of the journey
of patients with CKD, and needs in all journey phases of patient

with CKD from diagnosis to kidney transplant or death. The
patient journey phases, which are inspired by the experience
timeline of cancer experience map [35], are “Diagnosis and
passive treatment,” “Predialysis,” “HD,” and “Preparing for
kidney transplant or death.” In the top corner of our map kidney
disease statistics and patients’ everyday life experiences with
CKD are illustrated.

Figure 5. The first version of the kidney disease experience map from a user needs perspective. A higher resolution image is available in Multimedia
Appendix 6. CKD: chronic kidney disease. KD: kidney disease.

The first version of the kidney disease experience map (Figure
5) includes aspects from all three perspectives [13-15]:

1. Context of use: the context of use perspective can be found
especially in the patient journey phases and the “everyday
life with CKD” part of the map.

2. People: information about people is available in the
“statistics and everyday life with CKD” parts of the map.

3. Technology: technology aspects are mainly covered in the
form of user needs.

Discussion

Principal Findings
On the basis of our study, eHealth as a part of the daily lives of
the patients with CKD was perceived as being useful, but the
patients also had challenges with devices and apps.

Acknowledging that CKD is a long-lasting journey, it is essential
to consider long-term user experiences. Finally, several user
needs in different phases of the journey of patients with CKD
were identified and illustrated with the first version of the kidney
disease experience map.

Answers to Research Questions

Overview
This study had three research questions: (1) what experiences
do patients, particularly older adults, have in their everyday
lives with CKD; (2) what user needs do patients with CKD have
for HD eHealth; and (3) how can these needs be illustrated using
the experience map technique?
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What Experiences Do Patients, Particularly Older
Adults, Have in Their Lives With CKD?

Three key experiences related to daily life of patients with CKD
were identified as depicted in Textbox 2

Textbox 2. Key experiences related to daily life of patients with chronic kidney disease (CKD).

• Patients’ healthy habits: patients with CKD must adapt to the changes in their everyday lives resulting from dialysis care. For example, patients
must learn new routines for their treatment at home. Patients felt that CKD limited their lives, but they dealt with it in different ways: some were
frustrated and others continued to live as normally as possible. However, they understood the necessity of the treatment and continued the treatment
as usual. Similar findings were reported from a study involving cancer patients [35], who expressed concerns with unknown, life-threatening,
and life-changing experiences.

• Patients’ concerns and barriers to use for eHealth: patients had challenges with user interface and technical devices, including dialysis monitors
and research devices of HD eHealth solution (Figure 1), that did not always meet the users’ needs.

• Digital communication: digital communication opportunities via the eHealth solution play an important role for patients. Digital solutions made
information-seeking possible and offered more flexibility when meeting the health care team and other contacts. Information gaps did not
accumulate as easily as for cancer [24].

What User Needs Do Patients With CKD Have for HD
eHealth?
In our study, both general needs and needs related to different
patient journey phases were identified and illustrated in the first
version of the kidney disease experience map (Figure 5). We
found that CKD was different from day to day, and thus the use
context of eHealth varied. Poor usability burdens the everyday
life of a person with disease even more. Similar observations
were reported in the case of digital independent living supporting
systems of older adults [34]: designers were important to
understand the treatment stage, the transition from health to
illness, and statuses between them. Furthermore, the needs and
experiences of patients with cancer were found to vary during
the care process [35].

The HD eHealth solution is targeted to all patients with CKD,
as well as individuals with disabilities, such as low vision or
even amputated limbs. The solution is to be used during the
entire patient journey, which may last for years. Considering
this, the HD eHealth solution is observed to play a remarkable
role in the patient’s life and highlights the need for research on
long-term user experience.

How Can the User Needs Be Illustrated Using the
Experience Map Technique?
Typically, user needs are illustrated with use cases or user needs
tables, and they can be processed further to requirements format
[55]. Findings from user research can also be presented as user
profile illustrations, such as personas [15,34], stakeholder maps
[15], experience maps [34], and visualizations of stakeholders
[34].

In our study, we used the experience map method to illustrate
user needs. As with the cancer experience map [35], we
identified the phases of care and relevant themes for grouping
the findings. We considered the experience map technique
applicable for illustrating not only the phases but also the
eHealth related needs of the patients. We found a group of
general needs, which are common for all phases of care, but
also needs that arise from specific phases of care. Understanding
the care process and how user needs evolve is important for the
designers and also for the health care team, who are responsible
for introducing the services to patients and training them.

Experience maps help to ensure the care continuum in service
development [34].

In this study, the created experience map represents a common
higher-level experience map, which can illustrate a specific
persona, or the timeline could be narrower (ie, 1 month or 1
day). In the first version of the kidney disease experience map,
the HD eHealth solution covers different wearable solutions
and the software (ie, including the wearable solutions and
software connected to the dialysis monitors); however, different
physical dimensions (ie, dialysis monitors, packing materials
of supplies ordered) are not covered.

Experience mapping can be seen as a promising but laborious
method for illustrating user needs and communicating a patient’s
voice holistically to eHealth development, especially in a case
where the experience map is based on extensive qualitative data.
Following the example of cancer experience map [35], we
captured patient’s voices with their quotes. Similarly, we also
focused on reporting patient quotes in the paper instead of the
experience map. Therefore, the first version of the kidney
disease experience map can be used both separately and with
the paper. Our interpretation is that similar to the integrated
patient journey map for hypertensive disorders in pregnancy
[30] and the cancer experience map [35], the kidney disease
experience map can help developers build effective eHealth
solutions and promote empathy and shared understanding
between the developing team members. It can also help
empower patients and help with shared decision-making [33].
Like the patient journey map [24], the first version of the kidney
disease experience map has the potential to help simplify and
optimize processes for better health outcomes. In addition to
that, similar to the cervical dystonia patient journey map [31],
it can help to communicate the different phases of the care to
the patients and help them to understand their needs at each
phase.

Relevance of the Research
In the study, the experience map describing the patient’s
experience was formed based on the qualitative data from
retrospective interviews and preliminary tasks. This first version
of the kidney disease experience map can be used as a basis for
other experience maps related to kidney diseases in the future.
In addition, it can also bring perspective to the experience maps
of other chronic diseases.
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The presented results can be used to support the further
development of HD eHealth. The results have already been used
in HD eHealth solution development project in Finland (eg, to
inform the redesign of the solution user interfaces).

Experience maps, such as the map created in the study, can help
researchers, designers, and developers to empathize with the
patients with chronic illnesses, and to understand their needs
and use contexts for future eHealth innovations. We see our
kidney disease experience map and other similar maps having
the potential to help design the solutions from a more holistic
perspective compared to currently prevailing practices [13,21],
as well as to create a base for the new ecosystems and new ways
to offer health care in the future [21]. We continue the work in
the ongoing research project “Better Health at
Home—Optimized Human-Centered Care of Predialysis and
Home Dialysis Patients” (2022 to 2026).

Evaluation of the Study
Our study had some limitations. First, exploring the context of
use was not allowed at patients’ homes due to COVID-19
restrictions. Therefore, we needed to collect data remotely. This
was partly problematic because the patient’s home is the main
context of using HD eHealth. In contrast, due to the patient
journey preliminary task and participants’open-minded attitude
during the interviews, we were able to gather rich data about
user needs and the context of eHealth use. In our study, the
possible impact of the COVID-19 period was considered.

Our sample size is quite small, however, typical for a qualitative
interview study. The representativeness of our sample can be
questioned as it is divided from a larger patient group based on
age and treatment methods. To find as comprehensive a sample
as possible, while ensuring the safety of the participants with
their ongoing treatment, the health care team helped researchers
in recruiting participants for the research study.

Due to the personal nature of health information and privacy,
we could not release the participants’ background information,
such as specific ages or treatments in this paper. In addition,
the indirect identifiers have been removed from the paper. The
relative satisfaction of the patients in their lives despite CKD
could have been influenced by various factors, besides the HD
eHealth solution. First, the target group in this study included
only active patients with relatively good physical conditions
for research ethics reasons. Second, many of them were waiting
for a kidney transplant, which brought them hope with the
disease. Overall, there was a lot of variation in emotions, but
deep gloom appeared in the data only rarely.

The first version of the kidney disease experience map was
created based on a reasonable amount of qualitative data of the
everyday lives on patients aged ≥60 years in Finland. Before
participating in this study, the patients already knew that the
study covered new eHealth solution testing. Therefore,
perspectives from patients whose condition is very weak and
those whose attitude is not open to new technology are missing
in this study. In contrast, research shows that HD is optimal for
those who live in areas with long distances to travel to an
in-center dialysis unit [6,7]. In part, this can also be seen in the
first version of the kidney disease experience map: the study

did not include patient experiences during the kidney transplant
phase—meaning that the user needs related to this essential
phase of the patient journey are missing from our map. In future,
the introduced version of the kidney disease experience map
can be updated by including motivational issues for HD.

The study was conducted as an integrated part of the patient’s
normal CKD treatment, so the research setup was organized in
line with the patients’ typical daily conditions and treatments.
The study included participants who started using the HD
eHealth solution shortly before the interviews but also those
who had already been using the solution for several months.
Thus, the study covered both novice users and more experienced
users. Patients’ reported technology skills varied from weak to
good.

Further Research
This study provided initial experiences of creating an experience
map to illustrate patients’ needs for eHealth. In addition, the
patients’experiences from the HD eHealth solution development
can offer important perspectives to other development projects
regarding patients with CKD. Further research is needed to
gather more experience about the applicability of the method.
We aim to continue the research with patients with CKD and
HD eHealth designs. We will use the illustrated first version of
the kidney disease experience map and the listed user needs in
further analysis, which will aim to describe design principles
and guidelines for HCD of eHealth for patients using HD and
other patients with chronic illnesses.

The outcome of the first version of the kidney disease experience
map offers insights to the different phases of the patient journey
for patients with kidney disease at the HD care. Due to the
diverse experiences of patients in different phases of the care
process, different types of kidney diseases could also be studied
and visualized with experience maps. In addition, the next
versions of the kidney disease experience maps could focus on
specific days and months. The next versions of the kidney
disease experience maps could also be created from the health
care team’s perspective.

The content of the first version of the kidney disease experience
map was collected with qualitative research methods, which
made the consideration of the many different nuances possible.
Due to the qualitative nature of the data collection for the first
version of the kidney disease experience map, we did not
prioritize the available content, for example, based on the
amount of the post-it notes. However, without careful
prioritization, there is always a risk that the map is too
challenging to use as a part of the practical software
development work. Therefore, we will involve the patients, as
well as the health care team, designers, and software developers,
in prioritizing the content of the map in the future.

The perspectives of patients using in-center dialysis are missing
from that data, which was the base of the first version of the
kidney disease experience map. However, we believe the
creation of experience maps for the eHealth needs of patients
using in-center dialysis is important for the future as the dialysis
modalities might change depending on the patient’s health and
life situation.
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Our study pointed out the need for further research on the
existentialism perspectives of the patients with chronic illnesses
using eHealth. Deeper understanding is required on user needs
and the role of eHealth as a part of patients’ everyday lives,
even when life is nearing its end [50-52].

Conclusions
eHealth offers possibilities to support the key needs of patients
with chronic diseases, such as CKD; however, digital services
need to adapt to a wide variety of situations and user needs
because kidney diseases are unique to each patient. Patient
experiences vary both between and within the stages of
treatment. In addition, the patient’s situation, needs, and capacity
to use eHealth vary with everyday challenges and opportunities.
Furthermore, with older adult patients, the problems that come

with age increase the spectrum of barriers to use eHealth and
associated challenges.

eHealth should enable proactive communication between the
patient and the health care team. Furthermore, awareness of the
status should be formed for both parties in real time, as much
as possible. In this way, the patients feel safe, are more
motivated in their treatment, and take responsibility for
themselves.

The experience map is a promising method for illustrating user
needs for eHealth, communicating a patient’s voice and
describing the longitudinal patient journey to support eHealth
development. Our first version of the kidney disease experience
map combines people, context of use, and technology
perspectives holistically and illustrates the eHealth needs of
patients with CKD for the future.
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Multimedia Appendix 6
The first version of the kidney disease experience map from a user needs perspective. KD: kidney disease. CKD: chronic kidney
disease.
[PNG File , 479 KB - humanfactors_v12i1e48221_app6.png ]

References
1. Mendu ML, Divino-Filho JC, Vanholder R, Mitra S, Davies SJ, Jha V, International Home Dialysis Roundtable Steering

Committee. Expanding utilization of home dialysis: an action agenda from the first international home dialysis roundtable.
Kidney Med 2021;3(4):635-643 [FREE Full text] [doi: 10.1016/j.xkme.2021.04.004] [Medline: 34401729]

2. Liyanage T, Ninomiya T, Jha V, Neal B, Patrice HM, Okpechi I, et al. Worldwide access to treatment for end-stage kidney
disease: a systematic review. Lancet 2015 May 16;385(9981):1975-1982. [doi: 10.1016/S0140-6736(14)61601-9] [Medline:
25777665]

3. Vanholder R, Annemans L, Bello AK, Bikbov B, Gallego D, Gansevoort RT, et al. Fighting the unbearable lightness of
neglecting kidney health: the decade of the kidney. Clin Kidney J 2021 Jul;14(7):1719-1730 [FREE Full text] [doi:
10.1093/ckj/sfab070] [Medline: 34221379]

4. Brück K, Stel VS, Gambaro G, Hallan S, Völzke H, Ärnlöv J, European CKD Burden Consortium. CKD prevalence varies
across the European general population. J Am Soc Nephrol 2016 Jul;27(7):2135-2147 [FREE Full text] [doi:
10.1681/ASN.2015050542] [Medline: 26701975]

5. GBD Chronic Kidney Disease Collaboration. Global, regional, and national burden of chronic kidney disease, 1990-2017:
a systematic analysis for the Global Burden of Disease Study 2017. Lancet 2020 Feb 29;395(10225):709-733 [FREE Full
text] [doi: 10.1016/S0140-6736(20)30045-3] [Medline: 32061315]

6. Rygh E, Arild E, Johnsen E, Rumpsfeld M. Choosing to live with home dialysis-patients' experiences and potential for
telemedicine support: a qualitative study. BMC Nephrol 2012 Mar 19;13:13 [FREE Full text] [doi: 10.1186/1471-2369-13-13]
[Medline: 22429705]

7. Malmström RK, Roine RP, Heikkilä A, Räsänen P, Sintonen H, Muroma-Karttunen R, et al. Cost analysis and health-related
quality of life of home and self-care satellite haemodialysis. Nephrol Dial Transplant 2008 Jun;23(6):1990-1996. [doi:
10.1093/ndt/gfm910] [Medline: 18223263]

8. Wu HH, Dhaygude AP, Mitra S, Tennankore KK. Home dialysis in older adults: challenges and solutions. Clin Kidney J
2023 Mar;16(3):422-431 [FREE Full text] [doi: 10.1093/ckj/sfac220] [Medline: 36865019]

9. Wang C, Ku E. eHealth in kidney care. Nat Rev Nephrol 2020 Jul;16(7):368-370 [FREE Full text] [doi:
10.1038/s41581-020-0271-z] [Medline: 32238923]

10. Hölsä S, Valkonen P, Viitanen J, Rauta V. Kohti käyttäjälähtöisiä kotidialyysin sähköisiä terveyspalveluita: Potilaskokemus
ja ammattilaisten tarpeet suunnittelun lähtökohtana. FinJeHeW 2022 May 09;14(2):55. [doi: 10.23996/fjhw.114929]

11. Cornelis T, Tennankore KK, Goffin E, Rauta V, Honkanen E, Őzyilmaz A, et al. An international feasibility study of home
haemodialysis in older patients. Nephrol Dial Transplant 2014 Dec;29(12):2327-2333. [doi: 10.1093/ndt/gfu260] [Medline:
25085237]

12. Muroma-Karttunen R. Almost anyone can have home therapy but can we overcome the barriers? J Ren Care 2013 Jan;39
Suppl 1:22-27. [doi: 10.1111/j.1755-6686.2013.00331.x] [Medline: 23464910]

13. Kip H, van Gemert-Pijnen L. Holistic development of eHealth technology. In: Kip H, Beerlage-de Jong N, van Gemert-Pijnen
L, Sanderman R, Kelders SM, editors. eHealth Research, Theory and Development: A Multi-Disciplinary Approach.
London, UK: Routledge; 2018:131-166.

14. van Gemert-Pijnen JE, Nijland N, van Limburg M, Ossebaard HC, Kelders SM, Eysenbach G, et al. A holistic framework
to improve the uptake and impact of eHealth technologies. J Med Internet Res 2011 Dec 05;13(4):e111 [FREE Full text]
[doi: 10.2196/jmir.1672] [Medline: 22155738]

15. Kip H, Keizer J, da Silva MC, Beerlage-de Jong N, Köhle N, Kelders SM. Methods for human-centered eHealth development:
narrative scoping review. J Med Internet Res 2022 Jan 27;24(1):e31858 [FREE Full text] [doi: 10.2196/31858] [Medline:
35084359]

16. ISO 9241-210:2019 Ergonomics of human-system interaction - part 210: Human-centred design for interactive systems.
International Organization for Standardization (ISO). URL: https://www.iso.org/standard/77520.html [accessed 2024-04-29]

17. Webster AC, Nagler EV, Morton RL, Masson P. Chronic kidney disease. Lancet 2017 Mar 25;389(10075):1238-1252.
[doi: 10.1016/S0140-6736(16)32064-5] [Medline: 27887750]

18. Development of home dialysis. CleverHealth Network. URL: https://www.cleverhealth.fi/en/development-of-home-dialysis/
[accessed 2023-01-13]

19. Gould JD, Lewis C. Designing for usability: key principles and what designers think. Commun ACM 1985 Mar;28(3):300-311
[FREE Full text] [doi: 10.1145/3166.3170]

JMIR Hum Factors 2025 | vol. 12 | e48221 | p.2716https://humanfactors.jmir.org/2025/1/e48221
(page number not for citation purposes)

Valkonen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e48221_app5.pdf&filename=3a23097b7f988a6f1879883d1e188b5d.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e48221_app5.pdf&filename=3a23097b7f988a6f1879883d1e188b5d.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e48221_app6.png&filename=a87fed31d3e1df5d7d6598fa64f9e226.png
https://jmir.org/api/download?alt_name=humanfactors_v12i1e48221_app6.png&filename=a87fed31d3e1df5d7d6598fa64f9e226.png
https://linkinghub.elsevier.com/retrieve/pii/S2590-0595(21)00100-X
http://dx.doi.org/10.1016/j.xkme.2021.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34401729&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)61601-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25777665&dopt=Abstract
https://europepmc.org/abstract/MED/34221379
http://dx.doi.org/10.1093/ckj/sfab070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34221379&dopt=Abstract
https://europepmc.org/abstract/MED/26701975
http://dx.doi.org/10.1681/ASN.2015050542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26701975&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30045-3
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30045-3
http://dx.doi.org/10.1016/S0140-6736(20)30045-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32061315&dopt=Abstract
https://bmcnephrol.biomedcentral.com/articles/10.1186/1471-2369-13-13
http://dx.doi.org/10.1186/1471-2369-13-13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22429705&dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfm910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18223263&dopt=Abstract
https://europepmc.org/abstract/MED/36865019
http://dx.doi.org/10.1093/ckj/sfac220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36865019&dopt=Abstract
https://europepmc.org/abstract/MED/32238923
http://dx.doi.org/10.1038/s41581-020-0271-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32238923&dopt=Abstract
http://dx.doi.org/10.23996/fjhw.114929
http://dx.doi.org/10.1093/ndt/gfu260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25085237&dopt=Abstract
http://dx.doi.org/10.1111/j.1755-6686.2013.00331.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23464910&dopt=Abstract
https://www.jmir.org/2011/4/e111/
http://dx.doi.org/10.2196/jmir.1672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22155738&dopt=Abstract
https://www.jmir.org/2022/1/e31858/
http://dx.doi.org/10.2196/31858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35084359&dopt=Abstract
https://www.iso.org/standard/77520.html
http://dx.doi.org/10.1016/S0140-6736(16)32064-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27887750&dopt=Abstract
https://www.cleverhealth.fi/en/development-of-home-dialysis/
https://dl.acm.org/doi/pdf/10.1145/3166.3170
http://dx.doi.org/10.1145/3166.3170
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Eysenbach G. What is e-health? J Med Internet Res 2001;3(2):E20 [FREE Full text] [doi: 10.2196/jmir.3.2.e20] [Medline:
11720962]

21. van Gemert-Pijnen LJ, Kip H, Kelders SM, Sanderman R. Introducing eHealth. In: Kip H, Jong NB, van Gemert-Pijnen
L, Sanderman R, Kelders SM, editors. eHealth Research, Theory and Development: A Multi-Disciplinary Approach. New
York, NY: Routledge; 2018:3-26.

22. Brands MR, Gouw SC, Beestrum M, Cronin RM, Fijnvandraat K, Badawy SM. Patient-centered digital health records and
their effects on health outcomes: systematic review. J Med Internet Res 2022 Dec 22;24(12):e43086 [FREE Full text] [doi:
10.2196/43086] [Medline: 36548034]

23. Valkonen P, Karisalmi N, Kaipio J, Kujala S. Remote interviews and visual timelines with patients: lessons learned. Stud
Health Technol Inform 2021 May 27;281:845-849. [doi: 10.3233/SHTI210298] [Medline: 34042793]

24. Kushniruk AW, Borycki EM, Parush A. A case study of patient journey mapping to identify gaps in healthcare: learning
from experience with cancer diagnosis and treatment. Knowl Manag E-Learn 2020;12(4):405-418 [FREE Full text] [doi:
10.34105/j.kmel.2020.12.022]

25. Ilen E, Groth C, Ahola M, Niinimäki K. Empathy in a technology-driven design process: designing for users without a
voice of their own. Nordes 2019 May 10;8:1-11 [FREE Full text] [doi: 10.21606/nordes.2019.021]

26. Ector GI, Westerweel PE, Hermens RP, Braspenning KA, Heeren BC, Vinck OM, et al. The development of a web-based,
patient-centered intervention for patients with chronic myeloid leukemia (CMyLife): design thinking development approach.
J Med Internet Res 2020 May 15;22(5):e15895 [FREE Full text] [doi: 10.2196/15895] [Medline: 32412424]

27. Leary M, Cacchione PZ, Demiris G, Carthon JM, Bauermeister JA. An integrative review of human-centered design and
design thinking for the creation of health interventions. Nurs Forum 2022 Nov;57(6):1137-1152. [doi: 10.1111/nuf.12805]
[Medline: 36255150]

28. McCarthy S, O’Raghallaigh P, Woodworth S, Lim YL, Kenny LC, Adam F. An integrated patient journey mapping tool
for embedding quality in healthcare service reform. J Decis Syst 2016 Jun 16;25(sup1):354-368. [doi:
10.1080/12460125.2016.1187394]

29. He Q, Du F, Simonse LW. A Patient journey map to improve the home isolation experience of persons with mild COVID-19:
design research for service touchpoints of artificial intelligence in eHealth. JMIR Med Inform 2021 Apr 12;9(4):e23238
[FREE Full text] [doi: 10.2196/23238] [Medline: 33444156]

30. McCarthy S, O'Raghallaigh P, Woodworth S, Lim YY, Kenny LC, Adam F. Embedding the pillars of quality in health
information technology solutions using "integrated patient journey mapping" (IPJM): case study. JMIR Hum Factors 2020
Sep 17;7(3):e17416 [FREE Full text] [doi: 10.2196/17416] [Medline: 32940610]

31. Benson M, Albanese A, Bhatia KP, Cavillon P, Cuffe L, König K, et al. Development of a patient journey map for people
living with cervical dystonia. Orphanet J Rare Dis 2022 Mar 21;17(1):130 [FREE Full text] [doi:
10.1186/s13023-022-02270-4] [Medline: 35313909]

32. Kelly J, Wilden C, Herman K, Martin G, Russell C, Brown S. Botling knowledge and sharing it - using patient journey
mapping to build evidence and improve aboriginal renal patent care. Ren Soc Australas J 2016;12(2):48-55 [FREE Full
text] [doi: 10.3316/informit.182564296613440]

33. Joseph AL, Kushniruk AW, Borycki EM. Patient journey mapping: current practices, challenges and future opportunities
in healthcare. Knowl Manag E-Learn 2020;12(4):387-404 [FREE Full text] [doi: 10.34105/j.kmel.2020.12.021]

34. Schäpers B, Krewer C, Yasuoka M, Becker D, Heller S, Kaiser M, et al. Determining design requirements for active aging:
personas, experience maps, and stakeholders. Gerontechnology 2017 Oct 31;16(3):139-150 [FREE Full text] [doi:
10.4017/gt.2017.16.3.003.00]

35. Hall LK, Kunz BF, Davis EV, Dawson RI, Powers RS. The cancer experience map: an approach to including the patient
voice in supportive care solutions. J Med Internet Res 2015 May 28;17(5):e132 [FREE Full text] [doi: 10.2196/jmir.3652]
[Medline: 26022846]

36. Ageing Europe — looking at the lives of older people in the EU — 2020 edition. Eurostat. 2020. URL: https://ec.europa.eu/
eurostat/documents/3217494/11478057/KS-02-20-655-EN-N.pdf/
9b09606c-d4e8-4c33-63d2-3b20d5c19c91?t=1604055531000 [accessed 2023-01-13]

37. 11rc population according to age (5-year) and sex, 1865-2022. Statistics Finland. URL: https://pxdata.stat.fi/PxWeb/pxweb/
en/StatFin/StatFin__vaerak/statfin_vaerak_pxt_11rc.px/ [accessed 2023-12-20]

38. Digital Skills Report 2023. Digital and Population Data Services Agency. URL: https://dvv.fi/documents/16079645/0/
Digitaitoraportti_2023_saavutettava.pdf/4d2f74b1-0baf-a06a-f28e-954bb8df491d/Digitaitoraportti_2023_saavutettava.
pdf?t=1702556379736 [accessed 2023-12-20]

39. Finnish registry for kidney diseases 2017. Munuais- ja maksaliitto. URL: https://muma.fi/wp-content/uploads/2024/02/
Suomen-munuaistautirekisteri-vuosiraportti-2017.pdf [accessed 2023-12-20]

40. Ware P, Bartlett SJ, Paré G, Symeonidis I, Tannenbaum C, Bartlett G, et al. Using eHealth technologies: interests, preferences,
and concerns of older adults. Interact J Med Res 2017 Mar 23;6(1):e3 [FREE Full text] [doi: 10.2196/ijmr.4447] [Medline:
28336506]

JMIR Hum Factors 2025 | vol. 12 | e48221 | p.2717https://humanfactors.jmir.org/2025/1/e48221
(page number not for citation purposes)

Valkonen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.jmir.org/2001/2/e20/
http://dx.doi.org/10.2196/jmir.3.2.e20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11720962&dopt=Abstract
https://www.jmir.org/2022/12/e43086/
http://dx.doi.org/10.2196/43086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36548034&dopt=Abstract
http://dx.doi.org/10.3233/SHTI210298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34042793&dopt=Abstract
https://doi.org/10.34105/j.kmel.2020.12.022
http://dx.doi.org/10.34105/j.kmel.2020.12.022
https://dl.designresearchsociety.org/cgi/viewcontent.cgi?article=1526&context=nordes
http://dx.doi.org/10.21606/nordes.2019.021
https://www.jmir.org/2020/5/e15895/
http://dx.doi.org/10.2196/15895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32412424&dopt=Abstract
http://dx.doi.org/10.1111/nuf.12805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36255150&dopt=Abstract
http://dx.doi.org/10.1080/12460125.2016.1187394
https://medinform.jmir.org/2021/4/e23238/
http://dx.doi.org/10.2196/23238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33444156&dopt=Abstract
https://humanfactors.jmir.org/2020/3/e17416/
http://dx.doi.org/10.2196/17416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32940610&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-022-02270-4
http://dx.doi.org/10.1186/s13023-022-02270-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35313909&dopt=Abstract
https://search.informit.org/doi/10.3316/informit.182564296613440
https://search.informit.org/doi/10.3316/informit.182564296613440
http://dx.doi.org/10.3316/informit.182564296613440
https://doi.org/10.34105/j.kmel.2020.12.021
http://dx.doi.org/10.34105/j.kmel.2020.12.021
https://www.researchgate.net/publication/320897079_Determining_design_requirements_for_active_aging_Personas_experience_maps_and_stakeholders
http://dx.doi.org/10.4017/gt.2017.16.3.003.00
https://www.jmir.org/2015/5/e132/
http://dx.doi.org/10.2196/jmir.3652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26022846&dopt=Abstract
https://ec.europa.eu/eurostat/documents/3217494/11478057/KS-02-20-655-EN-N.pdf/9b09606c-d4e8-4c33-63d2-3b20d5c19c91?t=1604055531000
https://ec.europa.eu/eurostat/documents/3217494/11478057/KS-02-20-655-EN-N.pdf/9b09606c-d4e8-4c33-63d2-3b20d5c19c91?t=1604055531000
https://ec.europa.eu/eurostat/documents/3217494/11478057/KS-02-20-655-EN-N.pdf/9b09606c-d4e8-4c33-63d2-3b20d5c19c91?t=1604055531000
https://pxdata.stat.fi/PxWeb/pxweb/en/StatFin/StatFin__vaerak/statfin_vaerak_pxt_11rc.px/
https://pxdata.stat.fi/PxWeb/pxweb/en/StatFin/StatFin__vaerak/statfin_vaerak_pxt_11rc.px/
https://dvv.fi/documents/16079645/0/Digitaitoraportti_2023_saavutettava.pdf/4d2f74b1-0baf-a06a-f28e-954bb8df491d/Digitaitoraportti_2023_saavutettava.pdf?t=1702556379736
https://dvv.fi/documents/16079645/0/Digitaitoraportti_2023_saavutettava.pdf/4d2f74b1-0baf-a06a-f28e-954bb8df491d/Digitaitoraportti_2023_saavutettava.pdf?t=1702556379736
https://dvv.fi/documents/16079645/0/Digitaitoraportti_2023_saavutettava.pdf/4d2f74b1-0baf-a06a-f28e-954bb8df491d/Digitaitoraportti_2023_saavutettava.pdf?t=1702556379736
https://muma.fi/wp-content/uploads/2024/02/Suomen-munuaistautirekisteri-vuosiraportti-2017.pdf
https://muma.fi/wp-content/uploads/2024/02/Suomen-munuaistautirekisteri-vuosiraportti-2017.pdf
https://www.i-jmr.org/2017/1/e3/
http://dx.doi.org/10.2196/ijmr.4447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28336506&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


41. Backonja U, Hall AK, Thielke S. Older adults' current and potential uses of information technologies in a changing world:
a theoretical perspective. Int J Aging Hum Dev 2014 Dec;80(1):41-63 [FREE Full text] [doi: 10.1177/0091415015591109]
[Medline: 26215298]

42. Latulipe C, Gatto A, Nguyen HT, Miller DP, Quandt SA, Bertoni AG, et al. Design considerations for patient portal adoption
by low-income, older adults. Proc SIGCHI Conf Hum Factor Comput Syst 2015 Apr;2015:3859-3868 [FREE Full text]
[doi: 10.1145/2702123.2702392] [Medline: 27077140]

43. Reiners F, Sturm J, Bouw LJ, Wouters EJ. Sociodemographic factors influencing the use of eHealth in people with chronic
diseases. Int J Environ Res Public Health 2019 Feb 21;16(4):645 [FREE Full text] [doi: 10.3390/ijerph16040645] [Medline:
30795623]

44. Scheibe M, Reichelt J, Bellmann M, Kirch W. Acceptance factors of mobile apps for diabetes by patients aged 50 or older:
a qualitative study. Med 2 0 2015 Mar 02;4(1):e1 [FREE Full text] [doi: 10.2196/med20.3912] [Medline: 25733033]

45. Blandford A, Furniss D, Makri S. Qualitative HCI Research: Going Behind the Scenes. Cham, Switzerland: Springer; 2016.
46. Leinonen S. Design principles of eHealth services for chronically ill patients. Master of Science Thesis, Tampere University.

2021. URL: https://trepo.tuni.fi/handle/10024/130761 [accessed 2023-01-16]
47. Corbin J, Strauss A. Basics of Qualitative Research: Techniques and Procedures for Developing Grounded Theory. Thousand

Oaks, CA: Sage Publications; 2014.
48. Boyatzis RE. Transforming Qualitative Information: Thematic Analysis and Code Development. Thousand Oaks, CA:

Sage Publications; 1998.
49. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:

10.1191/1478088706qp063oa]
50. Kaptelinin V. Making the case for an existential perspective in HCI research on mortality and death. In: Proceedings of the

2016 CHI Conference Extended Abstracts on Human Factors in Computing Systems. 2016 Presented at: CHI EA '16; May
7-12, 2016; San Jose, CA p. 352-364 URL: https://dl.acm.org/doi/10.1145/2851581.
2892585#:~:text=The%20paper%20discusses%20some%20of,and%20evaluation%20%2D%2D%20is%20not [doi:
10.1145/2851581.2892585]

51. Kaptelinin V. Technology and the givens of existence: toward an existential inquiry framework in HCI research. In:
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems. 2018 Presented at: CHI '18; April
21-26, 2018; Montreal, QC p. 1-14 URL: https://dl.acm.org/doi/10.1145/3173574.3173844 [doi: 10.1145/3173574.3173844]

52. Albers R, Sadeghian S, Laschke M, Hassenzahl M. Dying, death, and the afterlife in human-computer interaction. a scoping
review. In: Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems. 2023 Presented at: CHI
'23; April 23-28, 2023; Hamburg, Germany p. 1-16 URL: https://dl.acm.org/doi/10.1145/3544548.3581199 [doi:
10.1145/3544548.3581199]

53. My Kanta pages - citizens. Kanta Services. URL: https://www.kanta.fi/en/my-kanta-pages [accessed 2023-01-16]
54. Maisa makes life easier. Client Portal Maisa.: Apotti URL: https://www.apotti.fi/en/client-portal-maisa/ [accessed 2023-01-13]
55. Kujala S, Kauppinen M, Rekola S. Bridging the gap between user needs and user requirements. In: Proceedings of the 2021

Panhellenic Conference with International Participation in Human-Computer Interaction. 2021 Presented at: PC-HCI '21;
July 24-29, 2021; Virtual Event p. 45-50 URL: https://citeseerx.ist.psu.edu/
document?repid=rep1&type=pdf&doi=62823e8ccba3c33fa89ddb74b45c1d4c49ac878d

Abbreviations
CKD: chronic kidney disease
HCD: human-centered design
HD: home dialysis

Edited by A Kushniruk; submitted 16.04.23; peer-reviewed by N Koizumi, J Eriksen; comments to author 18.09.23; revised version
received 21.12.23; accepted 15.01.25; published 18.03.25.

Please cite as:
Valkonen P, Hölsä S, Viitanen J, Leinonen S, Karisalmi N, Rauta V
Illustrating User Needs for eHealth With Experience Map: Interview Study With Chronic Kidney Disease Patients
JMIR Hum Factors 2025;12:e48221
URL: https://humanfactors.jmir.org/2025/1/e48221 
doi:10.2196/48221
PMID:

JMIR Hum Factors 2025 | vol. 12 | e48221 | p.2718https://humanfactors.jmir.org/2025/1/e48221
(page number not for citation purposes)

Valkonen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/26215298
http://dx.doi.org/10.1177/0091415015591109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26215298&dopt=Abstract
https://europepmc.org/abstract/MED/27077140
http://dx.doi.org/10.1145/2702123.2702392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27077140&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph16040645
http://dx.doi.org/10.3390/ijerph16040645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30795623&dopt=Abstract
https://www.medicine20.com/2015/1/e1/
http://dx.doi.org/10.2196/med20.3912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25733033&dopt=Abstract
https://trepo.tuni.fi/handle/10024/130761
http://dx.doi.org/10.1191/1478088706qp063oa
https://dl.acm.org/doi/10.1145/2851581.2892585#:~:text=The%20paper%20discusses%20some%20of,and%20evaluation%20%2D%2D%20is%20not
https://dl.acm.org/doi/10.1145/2851581.2892585#:~:text=The%20paper%20discusses%20some%20of,and%20evaluation%20%2D%2D%20is%20not
http://dx.doi.org/10.1145/2851581.2892585
https://dl.acm.org/doi/10.1145/3173574.3173844
http://dx.doi.org/10.1145/3173574.3173844
https://dl.acm.org/doi/10.1145/3544548.3581199
http://dx.doi.org/10.1145/3544548.3581199
https://www.kanta.fi/en/my-kanta-pages
https://www.apotti.fi/en/client-portal-maisa/
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=62823e8ccba3c33fa89ddb74b45c1d4c49ac878d
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=62823e8ccba3c33fa89ddb74b45c1d4c49ac878d
https://humanfactors.jmir.org/2025/1/e48221
http://dx.doi.org/10.2196/48221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Paula Valkonen, Sini Hölsä, Johanna Viitanen, Sini Leinonen, Nina Karisalmi, Virpi Rauta. Originally published in JMIR
Human Factors (https://humanfactors.jmir.org), 18.03.2025. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The
complete bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright
and license information must be included.

JMIR Hum Factors 2025 | vol. 12 | e48221 | p.2719https://humanfactors.jmir.org/2025/1/e48221
(page number not for citation purposes)

Valkonen et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Best Practice Guide for Reducing Barriers to Video Call–Based
Telehealth: Modified Delphi Study Among Health Care
Professionals

Lena Rettinger1,2, BSc, MSc; Lea Aichinger1, BSc, MSc; Veronika Ertelt-Bach3, MAS; Andreas Huber4, MSc; Susanne

Maria Javorszky5, BSc, MSc; Lukas Maul1, BSc, MSc; Peter Putz6, Dr rer nat; Sevan Sargis7, BSc, MSc; Franz

Werner1, Dr. techn; Klaus Widhalm8, MSc; Sebastian Kuhn2, Prof Dr, MME
1Research Center Digital Health and Care, FH Campus Wien, University of Applied Sciences Vienna, Vienna, Austria
2Institute of Digital Medicine, Philipps-University & University Hospital of Giessen and Marburg, Marburg, Germany
3Occupational Therapy, FH Campus Wien, University of Applied Sciences Vienna, Vienna, Austria
4Orthoptics, FH Campus Wien, University of Applied Sciences Vienna, Vienna, Austria
5Logopedics – Phoniatrics – Audiology, FH Campus Wien, University of Applied Sciences Vienna, Vienna, Austria
6Research Center Health Sciences, FH Campus Wien, University of Applied Sciences Vienna, Vienna, Austria
7Midwifery, FH Campus Wien, University of Applied Sciences Vienna, Vienna, Austria
8Physiotherapy, FH Campus Wien, University of Applied Sciences Vienna, Vienna, Austria

Corresponding Author:
Lena Rettinger, BSc, MSc
Research Center Digital Health and Care
FH Campus Wien, University of Applied Sciences Vienna
Favoritenstrasse 226
Vienna, 1100
Austria
Phone: 43 6066977 ext 4382
Email: lena.rettinger@fh-campuswien.ac.at

Abstract

Background: Telehealth has grown, especially during the COVID-19 pandemic, improving access for those in remote or
underserved areas. However, its implementation faces technological, practical, and interpersonal barriers.

Objective: The aim of this study was to identify and consolidate best practices for telehealth delivery, specifically for video
call sessions, by synthesizing the insights of health care professionals across various disciplines.

Methods: We first identified 15 common telehealth barriers from a preceding scoping review. Subsequently, a modified Delphi
method was used, involving 9 health care professionals (physiotherapists, speech and language therapists, dietitians, and midwife)
with telehealth experience in qualitative interviews and 2 iterative rounds of web-based surveys to form consensus.

Results: This study addressed 15 telehealth barriers and identified 105 best practices. Among these, 20 are technology-related
and 85 concern health care practices. Emphasis was placed on setting up telehealth environments, ensuring safety, building
relationships and trust, using nonmanual methods, and enhancing observation and assessment skills. Best practice recommendations
for dealing with patients or caregiver skepticism or lack of telehealth-specific knowledge were developed. Further, approaches
for unstable networks and privacy and IT security issues were identified. Areas with fewer best practices were the lack of technology
skills or technology access, unreliability of hardware and software, increased workload, and a lack of caregiver support.

Conclusions: This guide of best practices serves as an actionable resource for health care providers to navigate the complexities
of telehealth. Despite a small participant sample and the potential for profession-specific biases, the findings provide a foundation
for improving telehealth services and inform future research for its application and education.

(JMIR Hum Factors 2025;12:e64079)   doi:10.2196/64079
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Introduction

Video call–based telehealth refers to the use of information and
communication technologies to deliver health care services
remotely and synchronously, bridging the gap between patients
and health care providers [1]. Over the past few years, telehealth
has seen an increase in adoption due to its potential to improve
access to health care services, particularly for individuals living
in rural or remote areas [2]. The COVID-19 pandemic has
further accelerated this trend, as the need for remote health care
solutions to reduce the risk of infection transmission has become
more urgent [3]. As a result, telehealth has emerged as an
essential part of modern health care delivery, offering new
opportunities and challenges for both patients and health care
providers.

Telehealth has the potential to offer numerous advantages and
benefits for patients, health care providers, and the overall health
care system. Benefits summarized in previous reviews include,
for example, increased access and convenience, cost savings,
improved family involvement, and better management [4].
Increased access refers particularly to individuals living in
remote or underserved areas [2], as well as to those with
mobility limitations or chronic conditions that require frequent
monitoring [5]. Furthermore, telehealth enables patients to
receive care from the comfort of their own homes, reducing the
need for travel and waiting times associated with in-person
appointments and providing a more convenient way of service
provision [6]. By reducing travel costs, decreasing hospital
readmissions, and minimizing the need for in-person
consultations, telehealth might also have the potential to reduce
health care costs for both patients and providers [7,8].

Despite its numerous advantages, telehealth also faces several
challenges and barriers that can hinder its successful
implementation. Recent studies and reviews have highlighted
various obstacles to delivering care via real-time video
consultations. These include technical issues such as unstable
internet connectivity [4,9,10], lack of technology skills among
both patients and providers [4,9,11], and concerns over privacy
and data security [9,12]. Moreover, health care professionals
have reported challenges in establishing rapport and trust with
patients via video call [9,11], and there exists skepticism about
the effectiveness of remote care compared to in-person sessions
[9]. Addressing these barriers is especially critical when
considering the rapid shift to telehealth prompted by the
COVID-19 pandemic, which has underscored the potential
benefits of video consultations but also exposed the need for
clearer guidelines to ensure quality of care [9,13]. Despite
growing evidence on these challenges, the literature lacks a
comprehensive set of actionable best practices to mitigate
barriers associated with video consultations. This study therefore
aims to fill that gap by drawing on multiple health care
disciplines and using a modified Delphi process to achieve
expert consensus on best practices to maximize the potential

benefits of video call–based telehealth for patients, health care
providers, and the overall health care system [14].

Methods

Overview
In this study, we used a modified Delphi method [15] to identify
best practices to overcome common barriers in video call–based
telehealth. The reporting follows the proposed Delphi reporting
guideline by Spranger et al [16].

Research Paradigm
The epistemological positioning of this study is based on a
pragmatic paradigm that recognizes the value of diverse
viewpoints and the importance of practical solutions to
real-world problems. Pragmatism has been identified as relevant
and useful for qualitative research on organizational processes
[17], as well as in patient-oriented research [18]. This approach
also aligns with the goals of the modified Delphi method, which
aims to synthesize expert knowledge into actionable best
practices. It acknowledges the dynamic and iterative nature of
knowledge creation and embraces subjective experiences to
address the complex challenges of telehealth implementation.

Study Design
Our modified Delphi method was characterized by 2 main
adaptations to the traditional Delphi process. First, we used
preliminary expert interviews to gather an initial pool of best
practices. These interviews guided the development of a list of
131 practice statements and 15 barriers, which were then
presented to the expert panel for rating. Second, our survey
structure diverged from a classic Delphi by using (1) a 4-point
Likert scale and (2) an additional response option “This practice
is not relevant for my profession.” This allowed professionals
from various health care disciplines to opt out of rating
statements they found inapplicable. We also set specific
thresholds for acceptance (≥80% agreement after round 1; ≥75%
agreement after round 2) to ensure each item reached a robust
consensus without necessitating a third round. These
modifications provided a more streamlined approach and helped
account for the diverse professional backgrounds of the
participants and time and resource limitations.

Recruitment
We recruited participants via a combination of email invitations,
professional social media groups, and a snowball sampling
strategy. Known telehealth practitioners were first contacted
directly by the research team and then invited to share the
invitation within their professional networks. To ensure broad
representation across allied health professions, we distributed
the study invitation to professional associations and specialized
digital communities. To be eligible, participants had to (1) have
at least 2 years of professional experience in a non-physician
health care field (eg, nursing, dietetics, occupational therapy,
speech-language therapy, physiotherapy, orthoptics, or
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midwifery), (2) have delivered a minimum of 10 video
call–based telehealth sessions in the preceding quarter, and (3)
have excellent German language proficiency. All participants
were given detailed information about the study objectives,
procedures, and time commitments.

Participants
A total of 9 health care professionals (4 physiotherapists (PTs),
3 speech and language therapists (SLTs), 1 dietitian, and 1
midwife) were purposively recruited based on their experience
with telehealth. All participants were licensed and currently
practicing health care professionals with at least 2 years of
experience in their field. They each had conducted a minimum
of 10 video-based telehealth sessions in the preceding quarter
and practiced in an area where telehealth is applicable. Their
professional experience ranged from 2 to 32 years, and
encompassed diverse health care settings such as
neurorehabilitation, musculoskeletal care, adults, and pediatric
care, bariatric medicine, mixed practice settings, respiratory
therapy, independent midwifery, and pelvic health. In total, 4
panelists were female and 5 were male.

Interviews
The expert interviews were conducted using Zoom
videoconferencing software (Zoom Video Communications) in
September 2022. Specifically, 4 interview sessions took place:
3 small-group focus groups and 1 individual interview. Focus
group 1 included 2 PTs and lasted 1 hour 34 minutes; focus
group 2 included 2 SLTs and lasted 1 hour 3 minutes; and focus
group 3 included 2 PTs, 1 SLT, and 1 dietitian, lasting 1 hour
and 32 minutes. The one-on-one interview was conducted with
a midwife and lasted 29 minutes. We used a semistructured
interview guide to help focus the discussions, which was based
on commonly reported barriers with video call–based telehealth,
found in the existing research for these health care fields
(Multimedia Appendix 1). All interviews were conducted by
the lead author (LR), who is experienced in qualitative research
methods and trained in facilitating interviews and focus groups.

The barriers discussed during the expert interviews were
identified through a preceding scoping review [9]: Lack of
technology access, unstable internet connections, lack of privacy
& IT security, lack of technology skills, unreliability of hardware
and software, reluctance of patients or caregivers to use
telehealth, decreased establishment of relationships and trust,
decreased validity of observations and assessments, lack of
hands-on methods, decreased quality and effectiveness, lack of
telehealth training, increased workload, lack of support for
patients from caregivers, increased safety risks for patients, and
unsuitability of setting for telehealth. Experts were asked to
provide insights and best practices for addressing these barriers,
based on their experience.

Each interview was transcribed verbatim by the lead author
(LR) with support from an automated transcription software.
After automated transcription, LR reviewed the transcripts to
ensure accuracy and fidelity to the original recordings. The final
transcripts were analyzed using qualitative content analysis,
following the framework proposed by Kuckartz and Rädiker
[19]. The first author (LR) conducted the initial deductive coding

by extracting passages that contained strategies for overcoming
telehealth barriers. These excerpts were then assigned to the
corresponding barriers. For each identified strategy, the main
characteristics and essential elements were extracted to form a
clear and actionable statement. To enhance the reliability of the
coding, the research team engaged in multiple team rounds to
discuss the initial findings. During these sessions, the team
identified similarities across different strategies, combined
overlapping or related strategies to reduce redundancy, and
formulated precise statements that accurately captured the
essence of each strategy. Through iterative discussions, codes
were refined and adjusted to better represent the data, thereby
enhancing the credibility of the findings.

Ethical Considerations
Prior to participation, all individuals provided informed consent,
thereby ensuring ethical compliance and voluntary engagement
in the study. The ethics committee confirmed the adherence to
ethical principles, and an ethical approval was not required as
the study involved only expert consultations without collecting
or processing sensitive patient data. All participants gave
informed consent, and data collection did not involve patient
data. The Ethics Committee for Research Activities of FH
Campus Wien, University of Applied Sciences, confirmed that
no formal approval was needed for this study (EK 243/2025).
The participants did not receive any financial compensation.

Delphi Rounds
Following the qualitative interviews, we conducted Delphi
rounds to achieve expert consensus on best practices for video
call–based telehealth. The Delphi process was carried out in 2
rounds. Round 1 was initiated at the beginning of November
2022 and remained open for 2 weeks. During this round,
panelists received a web-based survey containing a demographic
data section, including name and profession, and 15 sections
on barriers and corresponding strategies. Round 2 was conducted
at the end of November and beginning of December 2022, also
open for 2 weeks. In this round, panelists were presented with
a survey of 11 sections with the remaining best practices that
were lacking consensus.

Barriers
Barriers were rated for their perceived magnitude (1=very small
barrier, 2=rather small barrier, 3=rather big barrier, 4=very big
barrier) in round 1. Frequency distributions were calculated to
determine the perceived magnitude of each barrier among
panelists. These results serve to contextualize the forthcoming
best practice recommendations.

Analysis of Best Practices
Best practices, on the other hand, were rated for their perceived
helpfulness (1=not helpful, 2=rather not helpful, 3=rather
helpful, 4=very helpful). In recognition of the diverse
professional backgrounds of the panelists, the survey items
included an additional response option: “This practice is not
relevant for my profession.” Additionally, the survey invited
the panelists to contribute further comments and propose new
best practices not previously covered, thereby contributing to
a more comprehensive dataset.
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Response percentages were calculated, and the perceived
helpfulness of each practice was quantified using frequency
distributions for each response category. Following the first
survey round, any practice that received a “helpful” or “very
helpful” rating from ≥80% of participants and elicited no
comments was automatically included in the final guide.
Practices with ratings between 50% and 79% or those that
received substantive comments moved on to the second round
for reevaluation. Regarding practices rated “helpful” or “very
helpful” by <50% of participants, we weighed the risk of
prematurely discarding potentially relevant items against the
need to maintain focus on practices demonstrating at least a
minimal level of acceptance by the panel. After careful
consideration, the study team decided to exclude these practices
immediately following round 1, rather than carrying them
forward. However, participants were given opportunities to
propose modifications or new practices at the end of each round,
ensuring that any critical practice could be reintroduced or
reframed if panelists believed it had merit. The research team
discussed all received comments and considered if any
rephrasing based on the comments should be made. In case the
comments led to a rephrasing of a best practice, both the original
and revised versions were presented in the second round for
further evaluation. During this round, panelists were provided
with the remaining best practices along with the percentage of
previous agreement and anonymized comments for each best
practice in December 2022. Participants were offered 2 response
options: “This practice should be included in the best practice
guide” or “This practice should not be included in the best
practice guide.” When 2 variations of a practice were presented,
panelists could select their preferred version or “none of both.”
Practices that carried over from round 1 required at least 75%

agreement among participants to be included in the final best
practice guide [20]. This slightly lower threshold accounted for
the fact that these practices already showed moderate support
or warranted further discussion due to comments. In case 2
versions of a best practice existed, the version receiving the
higher preference was selected.

Results

Barriers and Best Practices
The qualitative content analysis on the expert interviews yielded
a total of 422 coded text segments. From this process, an initial
set of 131 practices was developed. The association of the
practices with the discussed barriers can be found in Table 1,
and the perceived importance of the 15 presented barriers is
shown in Figure 1.

In the first Delphi round, 108 practices exceeded the 80%
approval threshold for perceived helpfulness; 83 of these
practices had no comments and were therefore included directly.
In total, 48 practices met the criteria to proceed to the second
round: 23 practices rated as “very helpful” or “helpful” by
50%-79% of the experts; 18 without changes but with comments
from the first round; and 7 practices with alternative revision
based on comments. One entirely new strategy was introduced
(Figure 2). Upon completion of the second round, the final best
practice guide emerged with 105 practices, covering practices
addressing 5 technology barriers and 10 practical barriers (Table
2 and Textbox 1).

In total, we identified 105 best practices addressing 15 telehealth
barriers, with 20 aimed at technology challenges and 85 focused
on practice issues.

Table 1. Demographic characteristics of the panelists.

Professional experienceYears of professional experienceProfessionGenderPanelist number

Orthopedics, traumatology, neurolrehabilitation15PhysiotherapistMale1

Orthopedics, musculoskeletal, training3PhysiotherapistMale2

Swallowing disorders, functional voice disorders20Speech and language therapistFemale3

Childhood speech development disorders2Speech and language therapistFemale4

Orthopedics, respiratory therapy32PhysiotherapistMale5

Bariatrics4DietitianFemale6

General speech therapy, respiratory therapy2.5Speech therapistMale7

Pelvic floor therapy20PhysiotherapistFemale8

Birth preparation, support, and aftercare28MidwifeFemale9
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Figure 1. Panelists’ (n=9) perceived magnitude of the 15 barriers presented (bars represent absolute frequencies).
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Figure 2. Flowchart of the Delphi process.
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Table 2. Number of best practices for each presented barrier.

Final number of
practices

Number of practices includ-
ed after round 2

Number of practices, in-
cluded after round 1

Number of practices after
expert interviews

Barrier

Technology barriers

6339Unstable network connections

2114Unreliability of hardware and software

4226Lack of technology skills

5327Lack of privacy and IT security

3303Lack of technology access

Health care practice barriers

6068Lack of professional’s telehealth knowl-
edge and training

102813Decreased validity of observations and
assessments

1013Lack of support from caregivers

103711Lack of hands-on

7258Reluctance of patients or caregivers to
use telehealth

101911Decreased establishment of relationship
and trust

101910Decreased quality and effectiveness

1111013Increased safety risks for patients

1801821Unsuitability of setting for telehealth

2024Increased workload

1052283131Sum total
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Textbox 1. Best practice guide for barriers to telehealth via video call.

Best practices to address technology barriers

A. Unstable network connections

1. Every participant should choose a location with a stable network connection for video call sessions. This should be communicated to the clients
in advance.

2. Other devices, persons, or activities should not use the same network connection during the video call session.

3. In case of an unstable network connection, the device may be exchanged.

4. In case of an unstable network connection, switching off the camera for a short time could help.

5. In case of network disconnection, the client should be informed about further steps by telephone (full agreement from all participants).

6. In case of audio transmission problems, an additional phone connection can be used.

B. Unreliability of hardware and software

1. The video call software used should be installed and tested in a timely manner by all participants before the start of the session.

2. If clients experience technical issues, possible solutions can be discussed and solved directly during the video call session or via telephone (full
agreement from all participants).

C. Lack of technology skills

1. Health care professionals should gain digital literacy skills in using different devices and video call software, as this can help in solving common
technical problems encountered by patients (full agreement from all participants).

2. For technically non-proficient individuals, user-friendly video call software should be selected. Getting started via a direct link without prior
installation should be favored (full agreement from all participants).

3. Telephone support can help inexperienced individuals get started with video call software (full agreement from all participants).

4. As required, the operation of the video call software can be supported at the beginning or ongoing by relatives or other persons on site.

D. Lack of privacy & IT security

1. Software used should ensure encrypted data transmission (full agreement from all participants).

2. One's own decisions regarding the handling of client data should be made and communicated in accordance with current data protection laws.

3. Written consent from clients should be obtained in advance.

4. When using video call software, access should only be possible for invited individuals (full agreement from all participants).

5. If software has not been recommended by a certification body for use in health care, it should be reviewed concerning its data processing.

E. Lack of technology access

1. Providing a checklist of minimum technical requirements for video call sessions can optimize conditions in advance.

2. Availability of equipment should be confirmed prior to the beginning of the session.

3. For sessions that focus on visual demonstration or perception, it is recommended to use a device with a large, high image quality screen.

F. Lack of telehealth knowledge and training

1. Watching video call software tutorials can provide information on available functions and give confidence in handling.

2. Learning by doing can help to gain confidence in conducting video call sessions.

3. A test run with individuals from the private environment can provide confidence in using the technology (full agreement from all participants).

4. Materials for use in video call sessions can be researched on the internet (full agreement from all participants).

5. Reading current articles on the topic of telehealth can increase knowledge (full agreement from all participants).

6. Exchanging experiences with colleagues about the use of video units can expand one's own repertoire (full agreement from all participants).

G. Decreased validity of observations and assessments

1. Important assessments should be conducted in a supplementary face-to-face unit if specific information cannot be gathered via a video call
session.

2. Clients should be informed that their clothing of choice should allow detailed observations of the body (full agreement from all participants).

3. Cameras should be positioned in a way that enables a stable image (full agreement from all participants).
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Detailed and guided instructions on how to position the body or involved body parts in front of the camera should be given to ensure high-quality
observations (full agreement from all participants).

4.

5. The background should provide visual reference points for guiding and observing movements.

6. The observation quality of details can be improved by moving the corresponding body section closer to the camera (full agreement from all
participants).

7. The observation quality of details can be improved with targeted lighting (full agreement from all participants).

8. Assessments can be adapted with the help of using objects in the client´s room during video call sessions (full agreement from all participants).

9. Increased attention should be given to small nonverbal signals of the clients.

10. Involving self-observation and self-perception of clients can supplement limited on-screen observation possibilities (full agreement from all
participants).

H. Lack of support from caregivers

1. Ensuring that a support person is within reach can help to run a video call session smoothly (full agreement from all participants).

I. Lack of hands-on

1. Education about functional deficits and how to deal with them in everyday life should be emphasized in video call sessions.

2. Training self-awareness and empowering clients in their self-efficacy can be part of video call sessions to achieve lasting effects (full agreement
from all participants).

3. Proven effectiveness of therapy interventions aiming at lifestyle modifications should be explained to clients (full agreement from all participants).

4. Exercises that can be performed by the clients independently should be selected (full agreement from all participants).

5. Exercises should be guided verbally in such a manner that they can be understood even if visual guidance is limited (full agreement from all
participants).

6. In advance, material needed for the video call session should be communicated to the clients or relatives, and it should be prepared in a timely
manner (full agreement from all participants).

7. Selected self-treatments can be taught to clients during the video call session (full agreement from all participants).

8. Clients should be given specific advice for performing self-control of guided exercises (full agreement from all participants).

9. Clients' self-awareness can be promoted by feeling movements or structures with their own hands, wherein possible misinterpretations should
be considered.

10. Material required for a video call session should be communicated in advance with clear information, for example, on size, quantity, and weight.

J. Patients or caregivers scepsis or reluctance

1. Clients can be offered a combination of presence and video call sessions (full agreement from all participants).

2. It can be explained to skeptical clients that some therapy content is suitable for video call sessions, others not (full agreement from all participants).

3. Demonstrating video call software and discussing a possible video call session can reduce insecurities and help with decision-making.

4. A single video call session for familiarization can be offered to skeptical clients, followed by a discussion about the experience and further
procedure.

5. After a few face-to-face sessions, video call sessions can be suggested again.

6. Involving relatives or the social environment can be facilitated with video call sessions.

7. The reduction of travel and increase in time flexibility can be used as an argument for using video call sessions.

K. Decreased establishment of relationship and trust

1. Authenticity and professionalism can be conveyed through conscious design choices and insight into the premises in the background (full
agreement from all participants).

2. Optimally adjusted lighting of one's face can create a friendly atmosphere and convey mimic information well (full agreement from all participants).

3. A well-adjusted camera angle and optimal positioning in front of the screen support communication on an equal footing (full agreement from all
participants).

4. Facial expressions and gestures during a video call session should be used consciously (full agreement from all participants).

5. Since real eye contact is not possible via the screen, this can be imitated by consciously looking into the camera.

6. Maintaining one's own appearance can promote authenticity in front of the camera (full agreement from all participants).

7. Conscious choice of clothing supports the professional appearance.
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Seeing one's own camera image can be used as feedback about one’s own appearance (full agreement from all participants).8.

9. Framing a video call session with introductory words and a deliberate end can provide orientation (full agreement from all participants).

10. Spontaneous playful elements and humor can loosen up video call sessions and promote the relationship (full agreement from all participants).

L. Decreased quality and effectiveness

1. Clients who can benefit from video call sessions should be selected purposefully (full agreement from all participants).

2. The limitations of video call sessions for certain medical conditions should be clearly communicated to clients (full agreement from all participants).

3. The use of video call sessions should be evaluated regularly and adjusted if necessary.

4. Strategies to ensure whether elements learned in the session can be implemented independently should be used.

5. Video call sessions can be used to maintain a regular appointment frequency (full agreement from all participants).

6. By collecting relevant health parameters at the beginning and the end of the session, the effectiveness of treatment interventions can be evaluated.

7. At the beginning of a video call session, expectations should be gathered. At the end they should be compared with the session's content and
success.

8. The role of relatives in the treatment process can be strengthened through targeted counseling during video call sessions.

9. By setting a clear focus and sequence for the video call session and individualizing the duration, one’s ability to focus can be considered (full
agreement from all participants).

10. The video call session should take place during a time of the day when clients have a good ability to focus (full agreement from all participants).

M. Increased safety risks for patients

1. Clear exclusion and termination criteria for video call sessions for clients with safety-critical characteristics should be established and adhered
to (full agreement from all participants).

2. Competent relatives can increase clients’ safety.

3. For video call sessions with children, a legal guardian should be present at the child's side (full agreement from all participants).

4. Clients or family members should be educated about making the environment as safe as possible to reduce potential hazards such as tripping,
falling, or slipping (full agreement from all participants).

5. Client’s pets that may interfere with free movement in the room should be kept out of the client's room during video call sessions.

6. Exercises instructed via video call sessions should be chosen according to clients' abilities (full agreement from all participants).

7. Video call sessions should not include unfamiliar exercises that may jeopardize client safety.

8. Exercise difficulty should be increased only step by step, adapted to the client (full agreement from all participants).

9. In case of uncertainties regarding perceived health parameters, referral to specialists should be made (full agreement from all participants).

10. In psychologically tense situations, one’s own voice can serve as an instrument for calming down (full agreement from all participants).

11. The daytime of the video call session, and therefore a potentially limited suitability of certain measures, should be taken into consideration.

N. Unsuitability of setting for telehealth

1. A quiet room without distractions should be chosen for video call sessions (full agreement from all participants).

2. Background noise from people, pets, or household equipment should be reduced (full agreement from all participants).

3. For video call sessions, a room with good sound quality and reduced hall should be chosen (full agreement from all participants).

4. The speaker used should be tuned sufficiently loud (full agreement from all participants).

5. Balanced lighting conditions allowing good contrasts should be selected (full agreement from all participants).

6. Devices should be positioned stable to not produce blurry images (full agreement from all participants).

7. If a tablet or smartphone is used, it should be positioned at a 90-degree angle to the surface with a suitable mount (full agreement from all
participants).

8. Clients should be guided in the optimal camera setup and positioning in front of it (full agreement from all participants).

9. The camera section should be chosen so that only things that one is willing to share are visible in the background (full agreement from all
participants).

10. Other people in the household or work premises should be informed that a video call session is taking place to ensure privacy (full agreement
from all participants).

11.
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It should be discussed with the clients in which area of their premises the video session will take place in order to avoid the concern of giving
insight into things they want to keep private (full agreement from all participants).

12. Windows and doors should be closed.

13. High-quality microphones and headphones can improve acoustic transmission.

14. Advice should be given on how to use built-in or external microphones to ensure good transmission and avoid noise interference.

15. Doors in the camera's field of view should be avoided to prevent unwanted privacy intrusion.

16. A dedicated therapy location—for example, at a table—can promote attention and concentration.

17. Marking one or more places where the camera is well positioned facilitates a sustainably working set-up.

18. If the video call session involves movement across the room, a flexible camera setup for rapid changes should be facilitated.

O. Increased workload

1. Using quick-to-use treatment or exercise methods that require little pre-planning and explanation can reduce preparation time.

2. By combining preparation time for several video units, one's own working time can be used efficiently.

Best Practices to Address Technology Barriers
In total, 20 best practices were selected by the participants to
address the barriers of unstable network connections,
unreliability of hardware and software, lack of technology skills,
lack of privacy and IT security, and lack of technology access
(A-E in Textbox 1). For optimal video call sessions, each
participant should ensure a stable network connection, free from
other devices and activities that might compete for bandwidth.
When issues such as an unstable connection arise, switching
devices, temporarily turning off the camera, or making a phone
call can provide continuity and effective communication.
Participants should install and test the video call software well
before the session, with technical issues being addressed directly
during the call or via telephone if necessary. Health care
professionals should develop digital literacy for various devices
and software to assist patients with technical issues. For less
tech-savvy individuals, user-friendly software with direct links,
telephone support, as well as on-site help from relatives, can
facilitate the use of video call applications. To ensure data
privacy and security, video call software must encrypt data
transmission and comply with data protection laws. Informed
consent should be obtained from users, and access should be
restricted to invited participants. If software has not been
recommended by a certification body for use in health care, it
should be reviewed concerning its data processing. To optimize
video call sessions, a checklist of technical requirements should
be provided, and equipment availability should be confirmed
beforehand. For visually intensive sessions, a high-quality large
screen is recommended.

Best Practices to Address Health Care Practice
Barriers
Overall, 85 best practices addressed practice issues such as lack
of telehealth knowledge and training, decreased validity of
observations and assessments, lack of support from caregivers,
lack of hands-on, patients or caregivers scepsis or reluctance,
decreased establishment of relationship and trust, decreased
quality and effectiveness, increased safety risks for patients,
unsuitability of setting for telehealth, and increased workload
(F-O in Textbox 1).

Reviewing current telehealth publications and internet resources
to search for material to use in telehealth sessions, as well as
watching software tutorials, can enhance proficiency and
confidence in conducting video call sessions, complemented
by practical experience and sharing knowledge with colleagues.

For comprehensive assessments in telehealth, certain procedures
may need to be supplemented with in-person visits. Clients
should be guided on how to prepare for video sessions with
appropriate clothing, camera positioning, lighting, and
background setup to enhance the quality of observations.
Additionally, using objects for adapted assessments, paying
attention to subtle nonverbal cues, and involving clients in
self-observation can maximize the efficacy of remote
evaluations. Having a support person readily available can
facilitate a smooth video call session.

In video call sessions, educating clients on functional deficits
and self-management in daily life is crucial, with a focus on
training self-awareness and self-efficacy for sustainable
outcomes. For effective video call sessions, exercises that clients
can perform independently should be chosen, and clear verbal
guidance for exercises with limited visual cues should be given.
This can be added with the training of self-treatments, advice
for self-control during exercises, and the promotion of clients'
self-awareness through tactile experiences while addressing
potential misinterpretations. Clear communication and
preparation of materials is necessary.

To address skepticism, clients can be offered a blend of
in-person and video call sessions, emphasizing the suitability
of certain therapy contents for remote delivery, with
demonstrations and trial sessions helping to alleviate skepticism
and showcasing the convenience and flexibility that video calls
offer. To convey professionalism and authenticity in video calls,
one should make deliberate design and setting choices, ensure
optimal lighting for a friendly atmosphere, and use a camera
angle that supports equitable communication. Conscious use of
facial expressions, gestures, and clothing, along with looking
into the camera to simulate eye contact, enhances authenticity.
Additionally, framing the session with a clear beginning and
end, along with the use of humor, can improve the interaction.
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Purposeful selection of clients for video call sessions is essential,
with transparent communication regarding their limitations for
certain conditions. Regular evaluations should be conducted to
assess effectiveness and determine if expectations are being
met. Strategies to ensure whether elements learned in the session
can be implemented independently should be used. Sessions
should be structured in a way that they have a clear focus and
sequence, an appropriate duration, and are scheduled for when
the client's focus can optimize the session. Incorporating
relatives into the treatment process via video call sessions can
provide targeted counseling. Establishing clear criteria for
excluding or terminating video call sessions is vital for clients
with safety-critical concerns. Competent relatives can enhance
safety. Guardian presence for children, safety education, and
gradual exercise progression can ensure the clients’ well-being
during remote sessions.

For effective video call sessions, it is essential to choose a quiet
room with as little background noise as possible, ensuring good
sound quality and balanced lighting. Proper camera setup,
privacy considerations, and guidance on microphone use
enhance the session quality. Additionally, creating a dedicated
therapy location and facilitating flexible camera setups can
improve the overall experience and engagement during sessions.
Efficient use of time in video sessions can be achieved by opting
for quick and easy treatment methods and combining
preparations for multiple video units.

Discussion

Principal Findings
The findings from this study, which encompassed expert
interviews and a modified Delphi process, provide a best
practice guideline for telehealth in health care. The key results
underscore the importance of addressing the challenges of
technology accessibility, enhancing observations and
assessments, creating a professional setup, building relationships
and trust, and ensuring privacy and IT security. Although the
majority of the panelists were PTs and SLTs, their combined
professional experiences—spanning areas such as
neurorehabilitation and pediatric care—have facilitated a
comprehensive exploration of these practices across various
health care settings, thereby complementing the aims and
findings of previous studies and guidelines [21-25].

The best practice guideline offers a starting point towards a
unified guide to improve telehealth across various health care
settings. Prior publications have established telehealth
frameworks in disciplines such as occupational therapy,
physiotherapy, and speech and language therapy [21-24], which
partially align with our findings. A high level of agreement is
seen in these existing frameworks, particularly regarding
fundamental principles of telehealth delivery. However, there
remain clear gaps in the current literature on how to manage
these barriers through concise best practice statements [24].
Grogan-Johnson [25] discusses the challenges of maintaining
engagement in virtual settings but provides limited guidance
on how to address this. Our best practice guide suggests
trust-building strategies, such as non-verbal communication
enhancements, environmental adjustments, and interactive

session structuring. Davies et al [13] outline the importance of
technological proficiency for PTs but do not provide detailed
practices for managing unstable networks or unreliable
hardware, where our study adds explicit recommendations for
overcoming technological challenges, including strategies for
low-bandwidth settings, selecting robust hardware, and
providing patient education on basic troubleshooting. Other
studies limit their focus to specific populations or pathologies
[22,25]. Cottrell and Russell [22], for instance, provide an
in-depth analysis of pre-implementation considerations and
practical steps specifically within the domain of musculoskeletal
physiotherapy. Their work examines technological and
operational challenges, offering targeted strategies to enhance
the successful deployment of telehealth services. Other
guidelines have delineated key technical principles health care
professionals are expected to follow to ensure a smooth and
secure telehealth experience [26,27], focusing on adherence to
laws and regulations and the implementation of privacy and
security measures. Our study extends these principles by
proposing practical, applicable strategies and emphasizes
dual-focused education, targeting both health care providers
and patients. It includes specific methods to address skepticism
and enhance digital literacy, particularly for populations
unfamiliar with telehealth.

Notably, our research revealed a strong consensus on the
effectiveness of specific strategies across health care settings,
such as providing detailed technical guidelines, enhancing visual
and audio components of telehealth sessions, and incorporating
elements that foster a sense of connection and trust between
health care providers and clients. These findings offer new
insights into the practical implementation and adaptation of
telehealth services in diverse health care contexts.

In examining the distribution of best practices identified to
address various barriers, we found notable differences.
“Unsuitability of setting for telehealth” yielded the largest set
of best practices despite being rated as a relatively small barrier.
This contrast likely arose because many aspects of the setting
(eg, lighting, device positioning, noise reduction) are easily
modified by health care professionals. These direct,
practitioner-driven solutions help frame the barrier as “small,”
in that it can be quickly addressed through practical steps. In
other words, the perception of a barrier’s magnitude may reflect
how empowered providers feel to remedy it: settings are simpler
to adjust, whereas more systemic issues (eg, workload, limited
technology access) require external interventions and may thus
seem more significant.

Additionally, a significant collection of best practices has been
identified to address practical implementation barriers such as
“increased safety risks for patients,” “decreased validity of
observations and assessments,” “lack of hands-on,” “decreased
establishment of relationship and trust,” and “decreased quality
and effectiveness.” These best practices provide pragmatic
strategies to navigate the range of challenges presented by
telehealth, ensuring a higher standard of patient care and
treatment integrity. On the other side, there were barriers that
received fewer best practices to address them, such as “lack of
support from caregivers” and “increased workload,” both at the
lower end, with 1 and 2 identified best practices. These issues
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likely require organizational or systemic changes that are beyond
the immediate control of the individual practitioner. Similarly,
“lack of technology access” and “unreliability of hardware and
software” are countered by only 3 best practices each, possibly
indicating a gap between the technological requirements of
telehealth and the ability of health professionals to influence
these parameters.

Reflections on the Delphi Method
Our modified Delphi approach relied on 2 rounds, underpinned
by preliminary interviews that generated a well-defined set of
barriers and best practices. This groundwork contributed to a
high level of initial consensus—83 of 108 items achieved ≥80%
agreement in round 1. While we acknowledge that time
constraints and difficulty finding sufficient participants limited
the scope of our panel (n=9), each participant brought substantial
experience: all met strict inclusion criteria (eg, minimum 2
years’ professional practice, at least 10 video-based telehealth
sessions in the previous quarter), ensuring specialized and recent
expertise.

We employed a 2-threshold system: items achieving ≥80%
agreement in round 1 were immediately included, while items
carried forward required ≥75% agreement in round 2. This tiered
approach balanced efficiency and adaptability by refining
practices with moderate support without burdening participants
with repeated rounds. Items garnering <50% agreement were
excluded after round 1, given their limited traction; however,
participants could introduce revisions or propose new items if
they felt critical information was overlooked. Although this
may appear stringent, it enabled us to produce a focused,
consensus-driven guide for reducing barriers to video call–based
telehealth within the time and resource constraints of our project.

While our study does not claim to capture every possible facet
of telehealth across all health care contexts, the methodology
employed aligned with recommended standards.

Limitations
This study still has several limitations that need to be
acknowledged. First, the sample size was small, consisting of
only 9 eligible experts in specific health professions. Our
participant sample was relatively small, yet it was purposefully
recruited to encompass diverse professional backgrounds and
extensive telehealth experience. This approach generated a
robust consensus on best practices for video call–based
telehealth. Future studies with larger or more varied panels
could further enhance and validate the findings, but our current
methods provide a strong foundation for ongoing research and
practical implementation. Second, the heterogeneity of the
participants' professions may be both an advantage and a
disadvantage. On the one hand, it allowed for a broader range
of perspectives and strategies to be considered than if we would
have focused on only one profession. On the other hand, it could
also have resulted in the exclusion of profession-specific
strategies that may be essential for a successful telehealth
implementation, which could be studied in the future. Each
profession uses telehealth differently based on their specific
clinical needs and methods. For instance, PTs may focus more
on movement assessments and exercise guidance, whereas SLTs

might emphasize communication techniques and auditory
assessments. This variation means that certain best practices
identified may be more applicable to some professions than
others, potentially limiting the universal applicability of the
recommendations. The small number of distinct professions
included in the study may have resulted in the exclusion of
specialized best practices pertinent to each field. Essential
strategies unique to specific clinical scenarios or patient
interactions within each profession might not have been fully
captured or emphasized, thereby affecting the
comprehensiveness of the best practice guide for individual
disciplines.

Moreover, the findings reflect the current state and must be
interpreted as such. They likely are subject to change due to the
continuous evolution of professional expertise in health care
and ongoing technological advancements that are likely to shape
the future landscape of telehealth. Furthermore, this study relied
on self-reported data from the experts. While this method is
commonly used in qualitative research, it is important to
acknowledge that the data collected may be subject to bias or
limitations in recall. Another important consideration is the
length of the final best practice list. Although it represents a
comprehensive set of potential solutions, its sheer number may
pose challenges for day-to-day clinical application.

Implication of Findings
The study’s findings offer valuable insights for various
stakeholders within the telehealth ecosystem, promoting
enhanced effectiveness, accessibility, and sustainability of video
call–based telehealth services. The best practices serve as a
practical guide for clinicians to optimize telehealth delivery.
Implementing these strategies can improve care quality,
strengthen patient-provider relationships, and increase patient
satisfaction while reducing operational burdens through
streamlined session management and technical troubleshooting.
Using enhanced privacy measures and user-friendly technologies
ensures a secure and confident telehealth experience for patients,
particularly those in remote or underserved areas. Insights from
this study can also inform the development of regulations and
standards that promote equitable telehealth access. By
addressing practical barriers and supporting measures such as
technology funding and training programs, policy makers can
facilitate the broader adoption and integration of telehealth into
standard health care practices. Finally, incorporating these best
practices into health care curricula ensures that future
practitioners are equipped with the necessary digital literacy
and remote communication skills. Training programs can
emphasize technical competencies and patient engagement
strategies specific to telehealth, preparing health care workers
for modern care delivery.

Further Research
While this Delphi study provided insights into potential
solutions, it would be beneficial to evaluate the impact of these
strategies on the successful implementation of telehealth in
different real-world settings by exploratory and confirmatory
studies. For example, while this study focused on barriers and
solutions in the selected health care professions, other health
care specialties and settings may face different challenges and
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would come up with different best practices when implementing
telehealth. Evaluating these barriers and solutions in different
contexts would provide a more comprehensive understanding
of telehealth implementation. Moving forward, further research
could investigate strategies to streamline or prioritize these
recommendations, identifying which are most beneficial for
specific professional groups or patient populations. Further, it
would be interesting to create educational programs to see how
teaching these strategies to students would increase their
telehealth proficiency.

Conclusions
This publication presents a modified Delphi study that compiles
best practices for overcoming barriers in video call–based
telehealth. It includes insights from various health care
professionals and focuses on enhancing telehealth's quality and
effectiveness. The study emphasizes technology accessibility,
professional setups, and patient-centered care. Limitations
include a small sample size and self-reported data, suggesting
future research should assess these strategies' real-world
effectiveness, explore barriers in different health care specialties,
and develop educational programs to increase telehealth
proficiency.
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Abstract

Background: Social determinants of health (SDOH) are the conditions in which people are born, grow, live, work, and age,
encompassing social and economic factors that shape health outcomes. There is an increasing call to leverage digital health
technology (DHT) to address SDOH and health-related social needs and establish connections to resources and services.

Objective: This study aimed to (1) identify the DHT-related characteristics of DHT users with low socioeconomic status (SES),
(2) determine the needs and preferences of DHT users with low SES, and (3) explore how current SDOH-DHT addresses these
needs and preferences in addressing their health-related social needs.

Methods: We used a multiphase, mixed method, user-centered design approach. In phase 1, we developed a user profile based
on a literature review, aggregate data, interviews with 26 low-SES individuals, and focus groups with 28 professionals. In phase
2, we conducted a landscape analysis of 17 existing SDOH-DHTs.

Results: DHT users of low SES had diverse social and technology characteristics. Five key themes emerged regarding user
needs and preferences: (1) user-centered design, including multilingual support, visual guidance, and customization; (2) efficient,
solution-based assessment of social risks, assets, and needs; (3) e-caring support features; (4) user education and feedback
mechanisms; and (5) trust, privacy, and security. The landscape analysis revealed that current SDOH-DHT features do not
adequately meet these needs.

Conclusions: Discrepancies between target user needs and current DHT features represent missed opportunities in developing
user-centered tools for individuals of low SES. Findings underscore the importance of inclusive, empowering, and responsive
design in SDOH-DHT to bridge health disparities and advance public health.

(JMIR Hum Factors 2025;12:e69545)   doi:10.2196/69545
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Introduction

Background
Social determinants of health (SDOH) are “the conditions in
which people are born, grow, live, work, and age,”
encompassing social and economic factors that shape health
outcomes [1]. These determinants can function as assets or risk
factors, with individual-level adverse social conditions being
defined as social risk factors [2]. “Health-related social needs”
(HRSN) differ from social risk factors by reflecting both the
presence of risks and individuals’ preferences for addressing
them [2]. These immediate needs, such as food insecurity and
social isolation, stem from upstream SDOH, including economic
stability, education, health care access, and the physical
environment [3]. The resulting social gradient creates a
corresponding health gradient with particular impact on lower
socioeconomic status (SES) populations [4-6].

Studies have highlighted the impact of SES on both health
outcomes and technology use, underscoring the importance of
considering SES in health technology research [4,7,8]. A broad
definition of “low SES” includes a lack of resources (eg,
education and income) or measures of poverty (eg, food
insecurity and income-to-needs ratio) [9]. Individuals of low
SES often lack the knowledge or resources to respond to social
needs and maintain health [6]. Bourdieu’s theory of
capital—economic, social, and cultural—provides a useful
framework for understanding how these determinants operate
[10]. Economic capital refers to financial resources, social
capital to networks and relationships, and cultural capital to
knowledge and dispositions that confer social value. Each form
of capital can impact health outcomes and access to health care
[11]. Unmet social needs are closely associated with disparities
in health outcomes, quality of life, and life expectancy,
disproportionately affecting marginalized communities [12].
While SES, typically measured by income, education, and
occupation, is a key social determinant of health, SDOH
encompasses a broader range of social and environmental
conditions beyond individual-level SES [9]. SES and related
SDOH significantly impact health outcomes, with studies
estimating that they contribute to around half of health outcome
variation, while health behaviors account for about a third, and
clinical care accounts for about a fifth of variation in health
outcomes [13-15].

There is an increasing call to leverage technology, specifically
digital health technology (DHT), to support social needs and
establish connections to resources and services. DHTs such as
mobile health (mHealth) apps, telemedicine and telehealth
services, health information technology (HIT) systems, and
virtual reality (VR) and augmented reality (AR) technologies
play increasing roles in the modern health care system. mHealth
apps provide accessible platforms for health monitoring and
management [16], telemedicine and telehealth offer remote
health care access [17], HIT systems facilitate the integration
of social needs data with medical care [18], and VR/AR
technologies enhance training and patient engagement [19].
These technologies can systematically identify and tailor
resources to individual needs, promoting personal health care
management and reducing health disparities among low-SES
populations [20]. Ideally, DHT should focus on increasing
factors that promote health-related behaviors (eg, education)
and decreasing factors discouraging health-related behaviors
(eg, resource access barriers).

A compelling case exists for targeting individuals of lower SES
as SDOH-DHT primary users. This study focuses on
SDOH-DHT among low-SES populations to capture the
complex interplay of social, economic, and environmental
factors influencing their health and health-related technology
use. Although individuals of low SES have traditionally had
limited access to digital technology [21], recent studies show a
growing use of technology, particularly mobile phones, and
mHealth apps among this population [8,22]. While the
development of DHT apps has substantially increased, many
do not meet the needs of people of low SES [8]. For example,
engagement with digital health systems generally requires a
basic level of digital health literacy, which is still in its early
stages for many individuals of low SES [23]. Digital health
literacy is “the ability to seek, find, understand, and appraise
health information from electronic sources and apply the
knowledge gained to addressing or solving a health problem
[24].” Moreover, there is not currently a universal framework
for assessing the effectiveness and usability of DHT in this
population [8]. Furthermore, many SDOH-DHT apps are
designed to address a single domain on SDOH, mostly
commonly food and housing, but individuals of low SES must
often address multiple SDOH domains that fluctuate throughout
their lives [25] (Figure 1).
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Figure 1. The 12 domains of social determinants of health (SDOH) used in this study.

Objectives
The manuscript aims to identify the characteristics, needs, and
preferences of individuals with low SES using DHT to address
HRSN. For digital SDOH management tools to best serve
individuals of lower SES, we must use a user-centered design
(UCD) approach that incorporates characteristics specific to the
target user population, including contextual situations,
preferences, and capabilities, to develop system requirements,
goals, and design features [26,27]. In technology development,
developers may be unfamiliar with the target user group,
especially when specific user groups have historically been
excluded from the design process [27,28]. UCD aims to shift
developers’ focus from their own mental models to those of the
targeted users [28]. This allows for a more user-empathetic,
inclusive, and flexible approach to DHT development so that
the functions, features, and aesthetics of SDOH-DHT meet the
target user group’s needs [28].

Few studies have leveraged UCD to inform DHT addressing
social needs among low-SES populations. In response to this
gap, the first phase of this study uses UCD methods (eg,
interview and focus group) and tools (eg, user profile) to address
the following questions:

1. What are the DHT characteristics of SDOH-DHT users of
low SES?

2. What are the needs and preferences of SDOH-DHT users of
low SES?

The application of insights gained from exploring the
characteristics, needs, and preferences of SDOH-DHT-targeted
users raises the question of whether the current SDOH-DHT
tools meet users “where they are.” Thus, we explore the
following research question in the second phase of the study:

3. What identified needs and preferences do current SDOH-DHT
address?
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We then discuss how our findings can be applied to developing
SDOH apps, particularly referencing the Florida International
University (FIU) Thrive app currently being developed.

Overall, this study promotes an enhanced understanding of the
target user population, desirable SDOH-DHT features and
functions, and the status of existing SDOH-DHT in addressing
those features and functions, and a discussion, with illustration,
of how to collectively address desirable features with some
focus on addressing differences between identified and current
features and functions. As a result, findings and insights pave

a pathway to advance SDOH-DHT design science and DHT
product design.

Methods

Study Design
We used a multiphase, mixed method UCD approach following
the consolidated criteria for reporting qualitative research
(COREQ) [29] to address our research questions (Figure 2
depicts an illustration of the methods). UCD seeks to incorporate
all relevant stakeholders in developing system requirements,
goals, and design features [26].

Figure 2. Mixed method approach including objective, data source, and analysis for each phase. DHT: digital health technology; SDOH: social
determinants of health; SES: socioeconomic status.

Ethical Considerations
As this research involved human participants, ethics approval
was obtained from the Institutional Review Board at FIU
(IRB-22-0206). After the screening process for the interviews
and focus groups, participants received an information sheet
detailing the study procedures, risks, and benefits. At the
beginning of each interview, the interviewer explained the study
procedures, reaffirmed verbal consent for participation, and
invited questions from participants. Participants were informed
that they were free to withdraw from the study at any time. The
data obtained from participants have been anonymized and are
not identifiable. Following their participation, interview
participants received compensation of US $25 in the form of a
gift card.

Phase 1: Understanding Users and Their Needs
Phase 1 occurred in the context of FIU Thrive, a
trans-disciplinary design science research (DSR) study to use
mHealth to address social risks and resulting disparities in
vulnerable populations. DSR is a problem-solving approach
that creates novel technologies and associated knowledge

[30-32]. In this study, we report on our UCD efforts, which are
integral to the more extensive FIU Thrive DSR study.

Phase 1 addressed our first 2 research questions on the
characteristics, preferences, and needs among individuals of
low SES for SDOH-DHT. Leveraging the expertise of UCD
experts on our team and digital health literacy models (eg,
Digital Literacies Domains and Relationships [33], ICT Digital
Framework [34], and A Review of Digital Literacy Assessment
Instruments [35]), we developed user profiles describing our
target users based on their characteristics, prior experiences,
and anticipated behavior to guide design choices [36]. The user
profile was organized based on demographics,
health/SDOH-related characteristics, and DHT-related
characteristics of interest for this study and the overall FIU
Thrive project (Multimedia Appendix 1 [8,35,37-77] shows
categorized characteristics).

As a first step to completing the user profile framework, we
conducted a focused narrative literature review to obtain
generalized insight into the characteristics of interest for our
target user population. Using multiple interdisciplinary databases
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(eg, Web of Science and PubMed), our search parameters
combined low-SES terms with targeted characteristics or
characteristic types aligning with our SDOH domains (eg,
technology, wellness, health care, and health education; Figure
1) or SDOH terms (eg, social risk and social need). We
performed a full-text review of each study to ensure relevance
to our profile characteristics of interest.

To add detail to our user profile, we used aggregated data (eg,
demographics and some social and health characteristics) from
the records of The Green Family Foundation Neighborhood
Health Education Learning Program (NeighborhoodHELP), a
university-led community program providing interprofessional
household-centered care for individuals who face challenges
addressing social needs and are open to assistance [78,79]. These
program members were targeted as the initial FIU Thrive pilot
users. Our study population closely aligned with the literature’s
definition of low SES: individuals or groups with limited
income, education, and occupational prestige, often resulting
in reduced access to resources and opportunities.
NeighborhoodHELP aims to address social needs and maintain
community connections, allowing us to address current and past
priority needs with our participants. We aimed to leverage the
firsthand experiences, needs, and preferences of individuals
enrolled in the program to develop SDOH-DHT that effectively
addresses their needs.

Guided by findings from our literature review and aggregate
data, we tailored the development of target user interview and
outreach worker focus group protocols to areas needing deeper
exploration and gaps to be explored.

We constructed a semistructured interview protocol to explore
SDOH-DHT user needs and preferences, adding depth and
breadth to the user profile. We recognized three key aspects in
developing a phenomenological interview guide: (1)
contextualization, asking general questions related to
participants’ general SDOH/social needs experiences and their
management of these concerns; (2) apprehending the
phenomenon, asking questions focused on participants’
experiences with using DHT to manage health and wellness
concerns; and (3) clarifying the phenomenon, exploring areas
for improvement in DHT for social concern management.

We developed a parallel structure for focus groups with targeted
co-users, primarily NeighborhoodHELP outreach staff. The
focus group protocols emphasized the attributes and deficits of
currently used tools, the information needed to perform their
jobs effectively, and their perception of the digital health
capabilities of those they served.

The resulting interview and focus group protocols were reviewed
and refined by a multidisciplined team involved with the Thrive
project. This team included a researcher with substantial
qualitative methods expertise (focused on information systems
and health informatics) and familiarity with the study constructs,
a primary care medical provider engaged in community
outreach, a sociotechnical community health researcher
experienced in developing technological platforms, and several
team members with experience focused on UCD. A consensus
was reached on the final protocols.

Participants (n=26, ages 20-71 years, mean age 50 years) were
selected through purposive sampling to ensure representation
across age decades within the lower SES demographic. The
decision to include a diverse age range was guided by the
recognition that age can significantly impact one’s perspective
on socioeconomic challenges and resilience strategies [80,81].
By incorporating voices from younger and older individuals,
we aimed to capture a broader spectrum of experiences and
insights related to lower SES. NeighborhoodHELP outreach
staff were trained in the purposes of the study and recruited
program members to participate in the interview process,
verifying that age (between 18 and 75 years) and capability
(basic technical skills and English comprehension) inclusion
criteria were met. For those who had difficulty with technology,
the outreach specialist provided support to access Zoom.
Participants whose primary language was Spanish or Haitian
Creole were included if they could speak enough English to
complete the pre-enrollment questions in English. Before each
interview, recruiters obtained information from qualified and
consented participants via telephone to characterize the nature
of participant information technology (IT) use questions. This
preliminary information provided insight and helped set the
appropriate starting point for interview inquiries regarding
technology.

We conducted 26 one-hour semistructured interviews with
individuals of low SES via Zoom to obtain the end user
perspective. Sample size guidelines for qualitative research
suggest that having at least 20 participants is sufficient for data
saturation, where incremental learning is minimal [82,83].
Interviews were conducted by 2 trained team members, one
serving as lead and the other as scribe. The scribe could interject
clarifying questions periodically during the interview to facilitate
a comprehensive understanding. The scribe also provided a
summary of interview highlights at the end of each interview,
inviting participant comments regarding accuracy, omissions,
and further explanation (ie, member check) [84].

For the focus groups, we recruited NeighborhoodHELP care
providers aged 18 to 75, including clinical, outreach,
administrative, faculty, and student divisions. These individuals
have experience using a variety of electronic medical records
(EMRs) and IT systems, including the university’s homegrown
outreach health risk profile and outreach portal. Their familiarity
with the challenges of collecting, maintaining, and reporting
social risks, needs, goals, and patient-reported outcomes
provided valuable insight into developing technological
solutions. As with the focus groups, 2 research team members
conducted the interviews as lead and scribe, performing a
collective member check.

We conducted 6 confidential focus groups with a total of 28
participants. Typically, 3 to 5 focus groups per project are
sufficient for achieving saturation [85]. We reached saturation
by the fifth focus group, but conducted a sixth to ensure data
saturation. Participants included physicians, outreach specialists,
program coordinators, and social workers with an average of
3.8 years of experience working in the program. Most
participants had prior experience working with underserved
populations through other programs.
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Data Analysis
To enhance the reliability of the results, we performed member
checks at the end of each interview and focus group by sharing
interview summaries and highlights [84]. During these checks,
we presented participants with highlights of our initial data
analysis for feedback on accuracy and resonance with their
experiences [86]. Deidentified interview and focus group
transcripts were uploaded to Dedoose (Sociocultural Research
Consultants) qualitative analysis software.

We used a hybrid thematic analysis approach using inductive
and deductive coding [87]. Following guidance from King [88],
we developed an a priori coding schema consisting of high-level
concepts (ie, categories of the user profile and functional
categories of the planned FIU Thrive app) for deductive coding
(eg, member characteristics, areas of need -risk factors; SDOH
data intake survey; app mock-up reactions; promoting app
awareness, and implementation of app). These high-level
concepts were applied to conceptually meaningful sections of
the transcripts (aka slips) [89]. For instance, if participants
discussed their perception of the Thrive DHT mock-up screen,
we used app mock-up reactions.

Next, we further analyzed the selected slips of transcript texts
coded at the deductive level using an inductive, open-coding
approach to provide a more detailed and specific understanding
of each high-level concept [90] (eg, details of technology use
and reactions to screen mock-up). Specifically, we re-examined

relevant portions of the text previously coded deductively under
each high-level concept to create more discreet, detailed
subcodes needed to provide a depth of insight into our first 2
research questions through an open coding approach.

Finally, we used axial coding to organize the discrete codes
related to our first 2 research questions (user characteristics and
SDOH-DHT needs and preferences) into broader, generalizable
categories of the core themes presented in our results section
[91].

We aimed to capture the rich, diverse narratives of participants
and ideas as a collective set of data without subordinating or
elevating the importance of any particular narrative or group of
narratives (narratives belonging to a particular demographic
group), providing valuable insights that can inform policy and
practice aimed at addressing the challenges faced by this
subpopulation. Therefore, while we may have had more
individuals in a certain age group than others (or other
demographic bin), data from each individual transcript was
considered towards building an aggregated data set.

To ensure the trustworthiness of thematic analysis (ie, internal
validity and reliability), we used Guba’s [84] strategies and
Weber’s [92] recommendations for conducting a rigorous
qualitative research study. These include peer debriefing (ie,
code review), the code-recode procedure, and researcher
triangulation. Table 1 summarizes these procedures.

Table 1. Summary of validity and reliability procedures.

DescriptionTrustworthiness criteria and procedures

Internal validity

A health communication expert reviewed high-level codes, their contextualized definitions, alignment
between high-level codes and subcodes, the conceptual integrity of the coding schema, and 20% of data.

Peer debriefing (code review)

Reliability

A graduate assistant (not involved in data collection/analysis) coded 15% of the excerpts using high-
level coding schema. Cohen κ value was 0.99, indicating a high level of agreement.

Reproducibility

The lead researcher recoded 15% of data from the first 3 interviews approximately a month after coding.
Cohen κ was 0.99, indicating a high level of coding stability.

Stability

Phase 2: Landscape Analysis
Phase 2 involved a landscape analysis that included a structured
review of available SDOH management technologies to identify
whether their features aligned with the needs and preferences
of health consumers, as identified in phase 1. This analysis did
not involve direct usability testing, but rather examined publicly
available information (eg, product descriptions and user
documentation) to infer alignment with the needs and
preferences identified by our target population. This approach
is consistent with UCD methodologies that emphasize
understanding the current design landscape from the mental

model of users to inform new solution development [93]. For
example, a recent study on diabetes self-management tools used
a similar strategy to map available features against user needs
as part of a UCD process [94]. Notably, as part of UCD,
landscape analyses are critical to understanding the existing
market of DHTs and identifying missing features and design
elements that should be incorporated into new DHT designs
[93-95].

To understand the current environment for SDOH apps and
tools, we searched for website tools and web apps, as well as
the Google Play and Apple App Stores using the search criteria
presented in Table 2.
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Table 2. Social determinants of health digital health technology (SDOH-DHT) search strategy.

AppWeb-based tools

One or more of these SDOH term permutations:One or more of these SDOH term permutations:Search Terms

•• Social determinants of healthSocial determinants of health
• •Social services Social services

•• Social services referral systemSocial services referral system
• •SDOH SDOH

•• Social RisksSocial Risks
• •Social factors Social factors

•• Social risk factorsSocial risk factors
• •Social determinants Social determinants

•• Health‐related social needsHealth‐related social needs
• •Health‐related social problems Health‐related social problems

•• Social needsSocial needs
• •Social needs-informed care Social needs-informed care

•• Social needs-targeted careSocial needs-targeted care

AND

One or more of these digital term permutations:

• Digital health intervention
• Digital health technology
• Client communication system
• Community-based information system
• Digital health tools
• Interactive tools
• Tool
• Technology interventions
• E-health
• Website
• App
• Mobile health/mhealth
• Platform
• Connect

Inclusion criteria •• Tool addresses more than one SDOH domain.Tool addresses more than one SDOH domain.
• •Primary target user includes those experiencing a so-

cial needs consumer directed
Primary target user includes those experiencing a so-
cial needs consumer directed

•• Interactive-(HCI) features included to assess needs,
obtain services, or manage needs.

Interactive human-computer interaction (HCI) features
included to provide SDOH education and awareness,
assess social needs, obtain services, or manage social
needs.

Exclusion criteria •• Tools that limit scope to one SDOH domain (eg, just
health care needs).

Tools that limit scope to one SDOH domain (eg, just
health care needs).

•• Tools that target primarily policy makers, community
leaders, and health care providers or administrators
(eg, tools that provide data sets and strategies for
community health improvement)

Tools that target primarily policy makers, community
leaders, and health care providers or administrators
(eg, tools that provide data sets and strategies for
community health improvement)

We followed several steps to identify the available SDOH
technology tools targeting people with social needs. For website
tools and resources, we performed an internet search using
permutations of “SDOH technology tools” as a search term
(Textbox 1 contains a complete listing). Search terms were
identified through team discussion and literature search of
relevant terms (eg, SDOH lexicon work by Alderwick and
Gottlieb [2]). We included websites that included an interactive
SDOH feature or specific training or guidance on implementing
or evaluating SDOH-based programs. Websites that only
provided general education about SDOH without targeted tools
were excluded.

Next, we searched for smartphone tools and resources on the
Google Play Store and the App Store using permutations of
SDOH search terms (Table 2 contains a complete listing). We
also reviewed apps suggested on the pages of other apps.
Additionally, if we found an app on one platform (eg, Google
Play Store), we searched for the same app on the alternative
store (eg, App Store). We included any app that assisted
professionals and community organizations in providing
education, raising awareness, or alleviating more than one
domain for people facing social challenges.
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Textbox 1. Summary of social determinants of health digital health technology (SDOH-DHT) included in landscape analysis.

Mobile app (Apple):

• Providers: EBT, debit, & more (Propel, Inc)

• What I Need (WIN) (OurCommunityLA)

Mobile app (Apple and Android):

• myCOMPASS PA (Pennsylvania State Government)

Website and mobile app (Apple and Android):

• FindHelp.org (FindHelo)

• HelpSteps (Boston Children’s Hospital)

• Your Texas Benefits (TX Health and Human Services Commission)

• ebtEDGE (Fidelity National Information Services, Inc)

Website:

• ACCESS Florida (Florida Department of Children and Families)

• Washington Connection - Your link to services (Washington Connection)

• Washington Healthplanfinder (Washington Healthplanfinder)

• 211.org (United Way Worldwide)

• Benefit Finder (US Government)

• HHS.gov Social Services (US Department of Health and Human Services)

Web app:

• ACT.md (Activate Care)

• NowPow (As of July 2024, the NowPow website states that the platform is no longer supported and available.) (Unite Us)

• Pieces (Pieces Technologies)

• WellSky Social Care Coordination

Three rounds of the search process were performed during the
study to account for the inclusion of recently released tools in
the final results. Two authors (CL and PD) conducted the final
searches and data extraction during October 2024. It is of note
that many tools were excluded as they only covered one domain.
Indeed, we discovered that most existing apps and websites
designed for at-risk individuals connect users to social services
that address only a narrow range of social issues, leading those
with more than one social need to choose to use technology
tools to rely on multiple DHTs to meet their needs. The search
process resulted in analyzing 17 DHTs (Textbox 1). Further
details of these tools can be found in Multimedia Appendix 2.

We assessed each app based on the inclusion of clearly
identifiable features from phase 1. In some cases, we were not
able to gain full accessibility to some tools reviewed for
inclusion due to privacy features (required a health provider
registration and identification). In these instances, we consulted
reference material on the tool features to help assure that we
were not missing key features in our analysis.

Results

Overview
Our results provide insights into the characteristics of
SDOH-DHT users and how currently available SDOH-DHT
addresses their needs and preferences. First, we highlight
insights regarding target user SDOH-DHT characteristics in
detail in our user profile (Multimedia Appendix 1 [8,35,37-77]).
Next, we review our findings regarding the needs and
preferences of SDOH-DHT users and the associated landscape
analysis results. This analysis is organized according to 5
themes: UCD; efficient solution-based assessment of SDOH
risk/need; trust, privacy, and security; e-caring and support; and
user feedback and education. To support the general themes
and findings from the interviews and focus groups, we provide
a detailed evidence trace table in Multimedia Appendix 3,
moving from theme to associated open codes to representative
quotes.

Target User Characteristics
We defined our targeted profile based on the literature, focusing
on individuals who experience a lack of resources such as food,
education, income, and transportation, resulting in social risks
and challenges. Phase 1 results revealed the DHT characteristics
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and needs of DHT users with low SES, particularly early
adopters, allowing us to complete the comprehensive user profile
in Multimedia Appendix 1 [8,35,37-77]. We augment this
artifact with the highlights and extended descriptions provided
below.

Demographics
Our interview participants include individuals enrolled in
NeighborhoodHELP to help address unmet social needs and
risks. Table 3 contains the demographic information of our
participants collected during screening.

Table 3. Interview participant demographic information.

ValuesDemographics

50 (20-71)Age (years), mean (range)

US $18,519Household income, mean

4Number of household members, mean

Sex, n (%)

8 (31)Male

18 (69)Female

Ethnicity, n (%)

5 (19)Hispanic or Latino

21 (81)Non-Hispanic or Latino

Race, n (%)

18 (69)African American

5 (19)White

2 (8)Mixed race

1 (4)Asian

The age range of participants for our study was between 20 and
71 years, including representatives from each age decade to
ensure a comprehensive understanding of how age influences
the experiences of individuals within the low-SES population.
The mean household income was US $18,519, and the average
household size was 4 members. While English-speaking was
required for interview participation, linguistic diversity is present
within the overall NeighborhoodHELP population. Among the
NeighborhoodHELP population, 40% of members primarily
speak Spanish and 14% speak Haitian Creole. Educational
attainment varied, with 77% having completed at least high
school.

The Social Needs Landscape: Insights From
Participants and Professionals
Participants reported a wide array of social needs, reflecting the
complex challenges low-SES populations face. These needs
spanned financial instability, food insecurity, housing concerns,
transportation difficulties, unemployment, educational barriers,
limited health care access, and inadequate social support.
Interviewees provided examples of how issues in the social
domains, such as education, finances, and food insecurity,
negatively impacted their physical and emotional health.

Participants indicated that they attempted to address their social
needs through various resources, such as governmental
programs, churches, and local nonprofits. When trying to address
these needs, participants encountered several obstacles,
including fragmented services, burdensome application
processes, financial constraints, and competing life demands
that made it challenging to navigate support systems effectively.

Participating professionals indicated that successful care plans
addressing social needs must include a triad of individual patient
priorities, the feasibility of meeting specific needs, and
evidence-based guidelines. They also noted that identifying the
target user’s strengths alongside risk areas is beneficial as these
strengths can serve as leverage points and motivators.

DHT Use
Studies show that individuals with low SES often struggle with
IT literacy, making it difficult to adapt to new tools. However,
our research reveals that during the COVID-19 pandemic, many
reported improved digital health use. Focus group participants
highlighted various programs that promoted the use of
technology, particularly for completing applications and
checking statuses. Despite low SES, participants demonstrated
significant engagement with digital technologies. Most (81%,
n=21) reported daily internet use, and 81% (n=21) regularly
used smartphone apps. However, self-assessed digital skills
varied widely among participants, indicating a range of comfort
levels with technology. Still, about half of the study participants
used DHT for various health-related social activities, including
scheduling health care appointments, completing social need
applications, reading health care reviews, monitoring symptoms,
accessing EMRs, retrieving medical records, completing health
surveys, and using health-related apps (Multimedia Appendix
4).

User Needs, Preferences, and Current Technology
Solutions
Our user profile work and detailed qualitative analysis resulted
in 5 key themes related to user needs and preferences: UCD,
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solution-based assessment of social needs, trust, privacy and
security, e-caring and support, and education and user feedback.
The following sections explore these themes identified through
qualitative analysis of target user needs and preference data and
share the presence of features associated with these themes in
current DHT offerings. Table 4 highlights key comparisons
from our landscape analysis, showing how current DHT aligns

with or diverges from the identified needs and preferences. This
comparative narrative addresses our research question on how
the current landscape meets—or fails to meet—these needs.
Multimedia Appendix 2 includes detailed descriptions of each
SDOH-DHT we explored for a cohesive depiction of the
landscape.

Table 4. Overview of themes from literature review, interviews, focus groups, and landscape analysis.

Current DHTa identifiedUser needs and preferences

User-centered design

Few offer language translation beyond Spanish (eg, Creole)Multilingual

Limited use of images and videos; most DHTs are text-based with few il-
lustrations

Use of images, icons, and videos over text to help address literacy
and add to aesthetics

No DHTs found that allow easy assessment and prioritization of needs
and goals; users often cannot choose notification timing

Customized needs prioritization, goal setting, messaging (eg, re-
minders and progress tracking with incentivization/encouraging
messages)

DHTs break questions into sections but do not allow users to save progress;
few offer prefilled responses to streamline processes

Self-paced, streamlined survey completion process that meets users
where they are and their schedules

Efficient, solution-based assessment of social risk/need

No DHTs surveyed include guidance to assess and navigate all health-re-
lated social domains with direct access by users; users need multiple DHTs,
specific ideas about what services they need, or a case manager to assess
needs and address barriers

One-stop access to resources addressing multiple social domains;
cross-domain referencing

Resources are searchable by keyword or domain area; some offer zip code
filtering

Multiple referrals filtered by goals, geography, open hours, eligibility,
etc.

Program-focused DHTs track eligibility, application progress, and benefits
status but are limited to those receiving formal assistance

Track progress over time with outreach workers/administrators

Patient SDOH status integration into other systems (eg, EMRs) is generally
unavailable for patient use

Easy sharing of data with health care providers/social service profes-
sionals

E-caring and support

Few DHTs show evidence of an empathetic tone or motivational messagingUse of empathetic and cooperative tone and language; motivational
messaging

Several DHTs are designed for health care providers, not the general
public; some offer training/resources for addressing social needs, while
others only provide search functionality for services

Option for continued contact with outreach workers; surrogate users
(household, friends, outreach workers)

User education and feedback

Few DHTs offer education on taking action to address social needs or
risks; existing training is often limited to basic use of DHT or provider
training

DHT skill training (eg, swipe function) and health information
searching; education on taking action on social needs

Most SDOH-DHT apps have user reviews in app stores; few include
feedback from users and outreach workers on past service experiences

Review existing feedback (reviews and ratings) and add personal
feedback

Trust, privacy, and security

Few current SDOH-DHTs prominently display privacy and data security
policies or trust language

Trustworthy DHT platform and sponsor; evidence of safeguards
against hackers, scams, and spam

Many DHTs do not allow users to skip sensitive questionsInformation is optional, particularly for sensitive topics, unless re-
quired for app processes

aDHT: digital health technology.

User-Centered Design
The UCD process tailors app design and development to the
needs and capabilities of the target user population. Our data
highlighted 3 key areas of UCD needs and preferences:
inclusiveness, customization, and human-computer interaction

efficiency. Although some existing apps addressed 1 or 2 of
these areas, most apps in our landscape analysis lacked
comprehensive attention to all aspects of UCD.
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Inclusiveness
Participants strongly emphasized the need for inclusive design
in SDOH-DHT. They expressed a desire for multilingual
options, particularly highlighting the importance of Spanish and
Haitian Creole translations alongside English. This linguistic
inclusivity was seen as crucial for ensuring that diverse user
groups could effectively engage with the technology. Our
participants preferred apps in English, Spanish, and Creole.
While several DHTs offer Spanish translations (eg, Your Texas
Benefit, ebtEDGE, myCOMPASS PA), very few include Creole
(eg, ACCESS Florida).

Additionally, participants stressed the importance of using
simple, accessible language to accommodate varying literacy
levels within the target population. Participants also noted that
simpler terminology could reduce on-screen text and suggested
that icons, graphics, and videos could further enhance usability.
Some participants used sites like WebMD for their illustrative
content, but few SDOH-DHTs include such features. For
instance, ACCESS Florida (Florida Department of Children
and Families) offers limited visuals, and while ACT.md
(Activate Care) and WellSky Social Care Coordination
(Wellsky) provide videos, these are general overviews rather
than guides for accessing specific services. Most DHTs in our
analysis were text-heavy, offering questionnaires or service lists
with minimal visual aids (eg, Benefit Finder).

Customization
Customization emerged as another critical aspect of UCD.
Participants wanted the ability to prioritize their needs within
the app, set personalized goals, and receive customized
messaging. Current SDOH-DHTs for individual use often fail
to account for personal factors and prioritized needs.

Participants envisioned features such as reminders and progress
tracking accompanied by encouraging messages, which they
felt would enhance their engagement and motivation to address
their social needs. While many existing SDOH-DHTs, especially
mobile apps, offer notifications, they often lack options for users
to choose when notifications should appear. For example, the
“Providers: EBT, debit, & more” app (Propel, Inc) allows users
to receive notifications for benefits, offers, tax filing, and
promotions, but does not let them customize the frequency of
these alerts.

Efficiency
Efficiency in interactions was also a key concern. Participants
expressed a preference for a self-paced, streamlined survey
completion process. They indicated that ideally, survey sessions
should be limited to 10-30 questions and last no more than 20
minutes. This preference reflects the time constraints and
competing priorities many individuals of low SES face.
However, some SDOH-DHTs, like the Benefit Finder (US
government), require up to 30 minutes to complete a
questionnaire, which does not align with these preferences.
While about one-third of current SDOH-DHTs avoid repetitive
and lengthy data collection, some still take up to 30 minutes to
complete.

Furthermore, participants stressed the importance of completing
surveys at their own pace, starting with the most critical sections
and saving their progress to continue later. The ability to save
progress helps avoid repeating processes, which participants
found essential. However, most web-based DHTs do not allow
users to save their progress. For example, ACCESS Florida
(Florida Department of Children and Families), Benefit Finder
(US Government), and Washington Connection require users
to fill out entire questionnaires without the option to save and
return later. While some DHTs, like ACCESS Florida (Florida
Department of Children and Families), break down questions
by sections (eg, household, income, expenses), they still do not
allow users to save partially completed questionnaires.

Efficient Solution-Based Assessment of Health-Related
Social Risks, Needs, and Goals
Users articulated a strong desire for comprehensive tools
integrated with practical solutions. They envisioned a “one-stop”
platform that could address multiple social domains
simultaneously, recognizing the interconnected nature of many
social needs. For example, one participant faced food insecurity
but could not access a food pantry due to a lack of transportation.
Others were ineligible for services because of their immigration
status. Participants expressed frustration with fragmented
services and saw great value in cross-domain referencing within
a single platform. Tools with a broader scope of social needs
typically cover housing, food, employment, health care,
transportation, and childcare services. For example, FindHelp
(FindHelp) spans domains including food, housing,
transportation, health, money, education, work, and legal
services.

Social needs navigation professionals also emphasized the
importance of tracking progress in addressing specific social
needs. However, current DHTs typically do not integrate social
needs assessments with service referrals or track progress over
time. Some platforms, like Pieces (Pieces Technologies), use
artificial intelligence and advanced analytics to automate
screening and address SDOH issues through predictive modeling
of at-risk patients in EMR systems. Unfortunately, these
advanced algorithms and processes are inaccessible to the
general low-SES population.

Another key preference was the ability to receive filtered
referrals based on specific criteria. Users wanted to be able to
narrow down service options based on their personal goals,
geographic location, service hours, and eligibility criteria. This
level of customization was seen as essential for making the
platform truly useful in addressing individual needs. Most
SDOH-DHTs provide lists of service referrals for specific needs
and guide users to access a single service, but do not
automatically filter resources based on user eligibility and
practical considerations like access. More comprehensive tools,
such as HelpSteps (Boston Children’s Hospital) in
Massachusetts and FindHelp (FindHelp) nationally, serve as
central resources for individuals but are primarily designed for
resource searching rather than automatically filtering resources
based on eligibility. These tools allow users to search for help
by directly finding and connecting with services like food,
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housing, health care, and other types of support available nearby,
usually by entering a zip code.

Participants also emphasized the importance of easy data sharing
with health care providers and social service professionals. They
recognized the potential for improved care coordination if their
social needs data could be seamlessly integrated with their
medical care. Administrators and outreach workers suggested
that integrating this functionality with EMR systems could be
an effective solution. While some DHT platforms are already
integrated with EMRs, these are typically designed to assist
providers rather than directly support low-SES patients. Certain
platforms, such as NowPow (Unite Us) and WellSky Social
Care Coordination (WellSky), focus on building networks
among community care providers.

E-Caring and Support
The concept of “e-caring” also emerged as a significant theme
in our discussions. Participants valued an empathetic and
cooperative tone in all interactions within the app. They
expressed a desire for motivational messaging, particularly
when completing tasks or reaching milestones, as a way to
maintain engagement and boost morale. However, our landscape
analysis revealed that few existing DHTs offer motivational
messaging when users complete questionnaires or select
different services.

Many participants also highlighted the importance of having
options for continued contact with outreach workers or support
from surrogate users, such as household members or friends.
This human element was seen as a crucial complement to the
digital platform, providing personalized support and guidance
when needed. During our landscape analysis, we identified
ACT.md (Activate Care), an app that integrates with EMRs.
The ACT.md platform enables health care providers to manage
patient needs and coordinate care with community partners by
sharing tasks, messages, and data across organizations. Care
teams can view patients’ unmet social needs and collaborate
with community organizations to address those needs. However,
these platforms are only accessible to providers and patients
within health care systems that have purchased them.
Additionally, they are primarily designed for health care
providers rather than individual users.

User Education and Feedback
Participants showed interest in educational content within the
SDOH-DHT, but with a specific focus on actionable
information. Rather than basic facts about SDOH, they wanted
practical guidance on how to address their specific social needs.
Practical guidance references included a desire for DHT skill
training (such as instruction on navigation functions) and advice
on how to search for health information effectively. Existing
digital health technologies tend to focus on offering general
information across various social domains (eg, Your Texas
Benefits, HHS.gov Social Services) or screening users for
eligibility for certain benefits (eg, Benefit Finder, Washington
Connection - Your Link to Services) without providing
step-by-step guidance on how to address the identified needs
and risks effectively.

The ability to engage with feedback was another important
aspect for users. Participants wanted to be able to review existing
feedback, including ratings and reviews of services, as well as
contribute their feedback based on their experiences. This 2-way
flow of information was seen as valuable for making informed
decisions about services and contributing to community
knowledge. While most SDOH-DHT apps feature user reviews
on the technology itself in the app store, only 2 apps included
feedback from both users and outreach workers on past service
experiences. For instance, ACT.md, a platform that enables
health care providers to manage patient needs and coordinate
care with community partners, includes a page dedicated to
client experiences. This page details how the platform has
assisted its clients and features quotes from clients about their
experiences with the programs.

Trust, Privacy, and Security
Trust, privacy, and security emerged as foundational concerns
for potential SDOH-DHT users. Participants emphasized the
need for clear evidence of safeguards against possible threats
such as hackers, scams, and spam. They were particularly
sensitive to the possibility of personal information misuse
leading to unwanted solicitations. Our landscape analysis
showed that only a few current SDOH-DHTs prominently
feature clear privacy and data security policies. One exception
is the Pieces DHT, which offers users a dedicated page outlining
its data privacy policy and contact information for any questions
or concerns.

Regarding data sharing, participants strongly preferred granular
control over their information. They wanted the option to
selectively disclose sensitive information, with mandatory fields
limited to only what was absolutely necessary for specific
processes. Existing DHTs, especially those using questionnaires,
often do not allow users to skip these sensitive questions. For
example, the Benefit Finder (US government) requires users to
disclose citizenship status, annual income, and employment
status before allowing them to proceed with selecting services.
This mandatory disclosure can deter some users from using the
platform. Transparent privacy policies were seen as essential
for building trust in the platform.

Discussion

Principal Findings
Our study reveals the characteristics, needs, and preferences of
individuals of low SES using SDOH-DHT and how current
DHTs align with or diverge from these needs and preferences.
Our results, identified across the key themes such as UCD,
solution-based features, e-caring support, education and
feedback, and trust and security, have important implications
for the effectiveness, adoption, and equity of digital health
interventions targeting SDOH. The pervasive message users
have communicated is the need for continuity across all themes.

The insights gained from this study are crucial for informing
the iterative design process of the FIU Thrive mHealth tool.
FIU Thrive aims to maintain continuity in addressing social
needs by creating the user journey. This mHealth tool uniquely
emphasizes identifying and addressing users’health risks, needs,
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priorities, and goals. It integrates these elements into actionable
insights, creating individualized care plans that enhance
self-knowledge and empower individuals. Users can connect
with recommended services based on their specified social risks,
goals, and geographic area. FIU Thrive aims to address risks

and needs across multiple SDOH domains. Overall, the FIU
Thrive user will embark on a journey to understand their social
needs and risks better and find evidence-based and personalized
solutions to address them. The FIU Thrive User Journey is
presented in Figure 3.

Figure 3. Thrive user journey. FIU: Florida International University.

FIU Thrive also seeks to address the needs and preferences of
users of low SES within the different themes. Based on this
UCD study, features designed into FIU Thrive to address the
needs and preferences of our target users are presented in
Textbox 2 and further described below.

The gaps in current SDOH-DHT may perpetuate barriers to
access and engagement for individuals of low SES, who often
face language, literacy, and cultural challenges [8,23,24,26-28].
Features for improving aspects of UCD to tailor app design and
development to the needs and capabilities of the intended user
population include multilingual support, use of graphics for
visual guidance, customization, and self-paced and streamlined
data collection. By interviewing participants aged 20-71 years,
we captured a broad spectrum of experiences and insights related
to lower SES. Decreased DHT adoption can be attributed to
biopsychosocial factors that can be generalized to many age
groups, including cognitive and physical impairments, lack of
familiarity with technology, or lack of device access [96,97].
Based on current literature and our results, strategies to
accommodate these needs include technology features such as
larger font size and instructional videos, voice-to-text functions,
and increased support from family, caregivers, or health care
providers [96,97].

The fragmented nature of current SDOH-DHT resources,
coupled with limited integration of referral and tracking features,
may impose additional burdens on individuals of low SES who
often navigate complex and disconnected social service systems
[5,98]. The absence of comprehensive, coordinated support can
lead to unmet social needs, delays in accessing care, and poorer
health outcomes [3,27,99]. Improving solution-based assessment
of HRSN by offering integrated, one-stop access to a wide range
of social services, personalized referrals, eligibility screening
for social services, and progress monitoring (for managing social
risks) could help streamline connecting users to appropriate
resources and support [6,20,100].

The lack of empathetic support and action-oriented education
in existing tools may also undermine user engagement and
motivation, particularly among individuals facing multiple
stressors, competing priorities, and limited social support
[27-29,99]. While using DHT platforms, our users emphasized
the importance of conveying sensitivity, empathy, and
motivation, as positive in-person interactions with health care
providers do. Participants reported that features conveying
e-caring included using empathetic and cooperative language,
motivational messaging, and web-based chat or support group
features.
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Textbox 2. Florida International University (FIU) Thrive app features.

The FIU Thrive mHealth app is designed to address the specific needs and preferences of low socioeconomic status users identified in this study. The
app is designed to incorporate the following features:

1. Multilingual support (user-centered design [UCD])

• In-app language selection option (eg, English, Spanish, and Haitian Creole)

• Automatic language detection based on the user’s device settings

2. Simple and intuitive user interface (UCD)

• Clean, uncluttered design with minimal text

• Use of icons and visual cues to guide navigation

3. Customized user experience (UCD)

• Customizable user profile

• Ability to set personal goals and priorities

• Tailored content and recommendations based on user’s social risks/needs assessment results

4. Solution-based assessment of social risk/need

• Brief, user-friendly questionnaires for each social domain

• Progress tracking and visualization using color-coded SDOH wheel

• Option to complete assessments in multiple sessions

5. Integrated referral system

• Personalized referrals to local resources and services based on social needs assessment results

• Detailed information about each referral, including eligibility criteria, contact information, and user ratings

• Ability to save and track referrals within the app

6. E-caring support features

• In-app messaging with outreach workers and peer support groups

• Encouraging notifications and reminders to support goal progress

• Web-based coaching and educational content tailored to user’s needs

7. User education and feedback mechanisms

• User feedback on referral services

• In-app feedback form to report issues or suggest improvements

• Regular prompts to share progress and successes with outreach workers

8. Robust privacy and security measures

• Secure user authentication and data encryption

• Granular privacy settings to control data sharing

• Clear, concise privacy policy and terms of service

Regarding references of e-caring to their current technology,
commonly used apps manifesting some aspect of e-caring that
impacted our participants’ health and wellness were spiritual
and fitness apps. Participants reported continual use of spiritual
and fitness apps because of the encouragement and motivation
they received through notifications and messages, ensuring the
user that they are moving in the right direction and imparting
a sense of accomplishment. Participants reported that these
messages helped them feel cared for and as if they received
individualized attention to their actions, reducing the monotony

of the DHT interaction. Ultimately, our participants appreciated
that these messages allowed them to obtain reassurance and
affirmation without physical interactions from a provider. Some
participants commented that these elements of e-caring were
an essential component of the long-term use of DHT. Our study
supports that designing for e-caring and support (eg,
“individualized attention”), which combines technology’s
efficiency with human interaction’s empathy, may be
particularly valuable in building trusting relationships and
promoting sustained engagement [101].
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Incorporating increased user education and feedback enhances
engagement and impact of SDOH-DHT for this population
[8,102,103]. For example, participants indicated that they desired
the apps to enhance their knowledge and skills and provide
useful feedback in the following areas: IT skill training,
education on taking action to address HRSN, and a feedback/
rating mechanism for social services consulted.

Privacy and security concerns emerge as a critical barrier to
trust and adoption of SDOH-DHT among users of low SES who
may have heightened sensitivities around the protection of their
personal information, given experiences of discrimination,
stigma, or exploitation [104,105]. The absence of clear privacy
policies, granular data-sharing controls, and secure
communication channels in many current tools may exacerbate
these concerns and deter engagement [106]. Developing
SDOH-DHT with robust privacy safeguards, transparent data
practices, and user control over information sharing is essential
to fostering trust, buy-in, and long-term use among low-SES
populations [107,108].

Our findings highlight the importance of addressing HRSN
among low-SES populations through various DHTs. mHealth
apps provide accessible health monitoring and management
platforms, crucial for low-SES populations facing barriers to
traditional health care [16]. Telemedicine and telehealth services
offer remote health care access, addressing transportation
barriers and improving care for underserved communities [17].
HIT systems facilitate the integration of social needs data with
medical care, enabling providers to better address the social
determinants affecting patients’ health [18]. EHR
interoperability is crucial in achieving seamless communication
and coordination of care. While VR and AR technologies are
increasingly used in surgery [109] and occupational health to
enhance training and patient engagement [19], their direct
application to addressing HRSN among low-SES populations
may be less clear. VR has been used in education related to
SDOH to help providers recognize situations and increase
empathy in management [110]. However, incorporating e-caring
support features and personalized feedback mechanisms can
improve the user experience and effectiveness of VR and AR
applications for low SES populations [111].

In low and middle-income countries, barriers to DHT
implementation include infrastructure limitations (unreliable
electricity, limited internet), insufficient resources, and poor
digital literacy among patients and providers [112,113]. Key
facilitators include continuous on-the-job training, strong
stakeholder commitment, and technologies designed with
user-friendly interfaces [113]. Simpler DHTs such as
telemedicine, mHealth, and EMR (including patient portal access
or printouts) may be best initial DHT options in low and
middle-income countries as they are easiest to implement due
to lower infrastructure requirements, and easier integration into
workflows [112]. Current literature has shown that efforts to
bring DHT to such countries have been successful in improving
the standard of health care service delivery, data management
for decision-making, and boosting attendance at health facilities
and use of services [112,113]. Therefore, we see promise in
adapting our results in many settings, including low and
middle-income countries, with adaptation as needed.

Overall, future work should focus on developing and evaluating
SDOH-DHT that incorporates the user needs and preferences
identified in this study. This could involve the creation of new
tools (eg, FIU Thrive) or adapting existing platforms to better
align with the requirements of those with low SES. Importantly,
these development efforts require a solid commitment to UCD
principles and the meaningful engagement of diverse individuals
as co-designers and cocreators throughout the process to
facilitate usability and acceptance. By involving target users as
active partners in the conception, design, and iteration of
SDOH-DHT, we can ensure that these tools are aligned with
their unique needs, values, and lived experiences [37]. This
participatory approach can help to identify and address potential
barriers to adoption and use, enhance the cultural responsiveness
and contextual relevance of the tools, and ultimately, improve
their acceptance, usability, and impact among populations with
low SES [114-116].

Furthermore, the development and implementation of
SDOH-DHT must be situated within a broader ecosystem of
supportive policies, programs, and partnerships that address the
root causes of health disparities [3]. Digital tools alone cannot
solve the complex, systemic issues that contribute to health
disparities. Still, they can play a valuable role in connecting
individuals to resources and facilitating communication and
coordination among service providers [117].

Limitations
The purposive sampling method, while effective for ensuring
representation, may limit the generalizability of our findings to
the broader population of lower SES individuals. Additionally,
the qualitative nature of the study means that the findings are
inherently subjective and may not reflect the experiences of all
individuals within this demographic. Limitations of our study
also include the focus on participants speaking at a threshold
level of English (speaking enough English as a primary or
secondary language to complete the pre-enrollment questions
in English) and the potential for incomplete identification of
relevant SDOH-DHT given sample limitations. While we aimed
to include a diverse sample of target users, the lack of
non-English speaking participants may limit the generalizability
of our findings to populations with limited English proficiency.
Future research should use a cross-sectional design study with
a larger and more representative sample of North American
populations, including First Nations individuals and African
immigrants, to capture the unique needs and preferences of a
diverse patient population.

Additionally, despite our systematic search strategy, it is
possible that some relevant SDOH-DHT were not identified or
included in our landscape analysis. Moreover, due to the
proprietary nature of some of the systems, we were unable to
access some parts of some systems and include functionality of
these parts (beyond what was described and referenced in
information materials) in our landscape analysis. As the field
of digital health is rapidly evolving, new tools and platforms
may have emerged since our data collection in May 2024.
Ongoing research should continue to monitor and evaluate the
SDOH-DHT landscape to ensure that the most current and
relevant tools are considered.
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Conclusions
This study identifies characteristics, needs, and preferences
related to SDOH-DHT among individuals of low SES compared
with the current DHT landscape. Five themes emerged from
our analysis: UCD, solution-based assessment of social risks
and needs, e-caring and support, education and feedback, and
trust, privacy, and security. This study also identified gaps
between the needs and preferences of individuals of low SES
for comprehensive social needs support and the features of
current SDOH-DHT. Discrepancies between target user needs
and current DHT features represent missed opportunities in
developing user-centered tools to assist individuals with
self-management of social needs. These findings underscore

the need to design SDOH digital health interventions that are
inclusive, empowering, and responsive to the unique challenges
faced by these populations.

By creating digital health interventions that strive to truly meet
the needs and preferences of users with low SES, we can harness
the power of technology to bridge health disparities and promote
public health. However, the development of user-centered
SDOH-DHT is just one piece of the puzzle. We can only create
the enabling environment needed for SDOH-DHT to achieve
its full potential in advancing health and reducing health
disparities by working together across disciplines, sectors, and
communities.
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Abstract

Background: Digital health tools such as smartphone apps have the potential to improve supportive cancer care. Although
numerous smartphone apps for supportive care are available, few are designed using a user-centered approach. Such an approach
is crucial for successful implementation, as it may improve user engagement, usability, and adoption in clinical settings.

Objective: This study aimed to co-design and develop a digital health app for supportive cancer care in collaboration with
patients with cancer and health care professionals and to explore factors influencing its future acceptance.

Methods: We conducted a participatory study with the major stakeholders at the University Hospital Zurich. Workshops,
individual qualitative interviews, and focus groups were held with health care professionals, survivors of cancer, and patients
with cancer. The co-design process was divided into 3 phases: predesign, generative phase, and prototyping. User-centered design
methods included scoring cards and think-aloud protocols to co-create design ideas, identify important functionalities, and test
usability. Qualitative data were analyzed using thematic analysis.

Results: Patients and health care professionals emphasized the need for a digital health app to improve patient–healthcare
professional communication, digitalize supportive care screening and processes, and enhance self-efficacy. The resulting app,
OncoSupport+, was co-designed and integrated into the clinical workflow for supportive cancer care. It consists of (1) a patient
dashboard to record patient-reported outcome measures and to provide access to personalized supportive care information and
contact details, and (2) a nurse dashboard to visualize patient data, which can be used during nursing consultations. Potential
facilitators for adoption included ease of use, workflow integration, introduction by health care professionals, and technical
support, whereas internet anxiety may be a potential barrier.

Conclusions: Collaborative development with patients and health care professionals is crucial for creating digital health tools
that can be implemented successfully. Future research should evaluate the feasibility of long-term implementation and the
real-world usability and effectiveness of OncoSupport+ for improving communication, self-efficacy, and quality of life.

(JMIR Hum Factors 2025;12:e73829)   doi:10.2196/73829
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Introduction

Cancer is a highly prevalent condition with increasing incidence
rates and is the leading cause of death worldwide [1]. As
improvements in diagnosis, treatment, and surveillance have
led to better survival rates, patients with cancer are living longer
[2], though a considerable portion of patients experience
significant morbidity and symptoms related to both the cancer
and its treatment. Patients with cancer often exhibit physical,
emotional, social, spiritual, and informational needs, also known
as supportive care needs, and the aggregated impact may
ultimately contribute to exacerbated health outcomes and
diminished quality of life [3]. Supportive care, which focuses
on the prevention and management of cancer symptoms and
cancer treatment–related symptoms, has been widely
acknowledged as an essential component of comprehensive
cancer care [4]. It includes the management of physical and
psychological symptoms and side effects across the cancer care
trajectory from diagnosis through treatment to posttreatment
care. Examples of supportive care include management of
symptoms such as nausea, nutritional and exercise support,
psychological support, and practical assistance for concerns
such as transportation [4].

Several cancer centers have established specialized supportive
care services, employing the expertise of a multidisciplinary
team with diverse medical specializations such as nutritionists,
physiotherapists, and psychologists. Supportive care has been
shown to improve quality of life [5], tolerability of cancer
treatments, survival, and systemic health economic benefits [6].
However, studies continue to report unmet supportive care
needs, such as physical and informational needs, indicating that
significant efforts are still required to ensure the effective
implementation of evidence-based supportive care in clinical
practice [7]. Specifically, the Multinational Association of
Supportive Care in Cancer has emphasized the routine collection
of patient-reported outcome measures (PROMs) to facilitate
timely, individualized supportive care and empower patients
through evidence-based education [7]. Commonly used PROMs
include the European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire Core 30 (EORTC
QLQ-C30) [8] and the National Comprehensive Cancer Network
(NCCN) Distress Thermometer [9]. In this context, digital health
tools, particularly mobile health (mHealth) apps, have emerged
as promising solutions for delivering patient-centered supportive
care interventions [10].

A growing number of digital health applications offer mental
health support, symptom self-management, and educational
resources. Among these, digital symptom monitoring and
electronic patient-reported outcome measures (ePROMs) are
commonly integrated interventions for supportive cancer care
[11,12] and provide advantages over traditional paper-based
PROMs or retrospective questionnaires, which are often limited
by recall bias and low completion rates [13,14] . As digital
health apps enable the remote collection of symptoms and
supportive care needs in daily living environments, these tools

allow for a more timely and accurate assessment of patient
well-being. Research has shown that such applications can
improve communication with health care professionals, facilitate
connections with other patients, and enhance self-efficacy,
thereby complementing clinical care [15]. Systematic reviews
and meta-analyses have further suggested that digital health
interventions may improve symptoms and quality of life [11,15].
Despite these findings, their implementation and adoption
remain limited, particularly in cancer care [16]. A key reason
is the limited involvement of key stakeholders, including patients
and health care professionals, during development, leading to
suboptimal adoption and effectiveness [10,11,17].

Co-design has been identified as a promising approach to ensure
that digital health interventions are patient-centered, clinically
relevant, and technically feasible [18]. By incorporating
participatory and iterative stakeholder engagement, co-design
can help tailor digital health interventions to meet the needs and
preferences of both patients and health care providers while
facilitating the early identification of implementation barriers
and factors influencing adoption and long-term engagement.
However, despite its potential, co-design is not always
rigorously applied in digital health research, as studies often
lack structured methodologies, fail to systematically integrate
diverse stakeholder input, and do not adequately assess
long-term feasibility [19]. Addressing these gaps is crucial for
developing user-centered and sustainable digital health
interventions in supportive cancer care.

The overall aim of this study was to collaboratively design and
develop a digital health app for supportive cancer care together
with the relevant stakeholders (patients with cancer, survivors
of cancer, and health care professionals). Specifically, the first
objective was to map the context of supportive cancer care at
the University Hospital Zurich, including challenges and needs.
The second objective was to identify specific functionalities
and features of the app and gather the patients’ and nurses’
perspectives; as part of this objective, we also explored factors
that can potentially influence the uptake and implementation
of the digital health app for supportive cancer care. Finally, the
third objective was to design and develop the prototype and
user interface of the digital health app to be technically
implemented.

Methods

Ethical Considerations
This study was reviewed by the Ethics Committee of the Canton
of Zurich, which determined that it did not fall within the scope
of the Swiss Human Research Act and therefore did not require
formal approval (Req-2023-01095). According to the Swiss
Human Research Act (SR 810.30), ethical approval is required
for studies involving health-related personal data, biological
material, or clinical interventions. This study involved collecting
opinions and experiences from patients, advocates, and nurses
to inform app development; no health-related personal data were
analyzed. Patients, patient advocates, and nurses received written
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and oral information about the study objectives and procedures,
and written informed consent was obtained before participation.
Data were collected in a pseudonymized manner. Transcripts
and digital records were deidentified before analysis, and all
personal identifiers were removed. Access to study data was
restricted to the research team. As patient advocates were part
of Swiss Group for Clinical Cancer Research (SAKK), they
received financial compensation for their contribution. No
quotes or materials that could identify individual participants
are included in the manuscript or supplementary materials.

Study Design
This participatory study was conducted between May 2023 and
October 2024 as part of the Digital Health Zurich initiative
[20]—a collaboration between the University of Zurich, the
University Hospital of Zurich, and the Zurich University of
Applied Sciences. The overarching goal of Digital Health Zurich
is to create a sustainable, data-driven, and cross-institutional
digital ecosystem by fostering collaboration between patients,
health care professionals, technology developers, and researchers
in Zurich and beyond. The initiative aims to translate research
into real-world digital health solutions, with a strong focus on
patient and provider needs, participatory development,
cross-institutional cooperation, and innovation within the health
care system. As a use case, this study was conducted at the

University Hospital Zurich in collaboration with the Department
of Oncology and Hematology and the Comprehensive Cancer
Center Zurich.

The stakeholders included in the study were patients with cancer
and patient advocates, cancer nurses, supportive care specialists,
oncologists, and the research team; more details are listed in
the Study Participants and Stakeholders section. Figure 1 shows
an overview of the study design, using iterative stakeholder
engagement, user-centered approaches, and design thinking
techniques. The study can be divided into different phases,
similar to the framework suggested by Noorbergen et al [18]
for co-designing mHealth systems, which is a novel extension
of the work by Sanders and Stappers [21]. The predesign phase
aimed to understand the context of supportive cancer care at
the University Hospital of Zurich, including the challenges faced
by cancer nurses and patients in accessing supportive cancer
care. The generative phase focused on brainstorming digital
health app functionalities, as well as identifying potential factors
that may impact future uptake of the technology. The
prototyping phase, taking into account the findings from the
previous phases, aimed to iteratively develop a prototype of the
digital health app by gathering feedback from the intended users.
Between June 2023 and October 2024, the research team held
collaborative workshops, focus groups with cancer nurses, and
qualitative interviews with patients and patient advocates.

Figure 1. Participatory study design using iterative stakeholder engagement, divided into 3 phases: predesign, generative, and prototyping.

Study Participants and Stakeholders

Patients With Cancer and Patient Advocates
Patients with cancer and patient advocates were recruited for
the study. Inclusion criteria for patients with cancer were: (1)
current treatment for cancer at the oncologic day clinic of the
Department of Oncology and Hematology, (2) age ≥18 years,
and (3) ability to speak German, Italian, or English. As patients

with cancer often experience fatigue and may face challenges
in participating in research activities, patient advocates from
the SAKK (today Swiss Cancer Institute) were also included.
These advocates were survivors of cancer in remission, enabling
them to contribute insights from both patient and survivor
perspectives. Their ability to engage more actively made them
valuable contributors to the research. Inclusion criteria for
patient advocates were (1) history of cancer, (2) age ≥18 years,
and (3) ability to speak German, Italian, or English.
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Cancer Nurses
Cancer nurses were included in the study. Inclusion criteria
were employment at the Department of Oncology and
Hematology of the University Hospital Zurich.

Supportive Care Specialists
Supportive care professionals, including a supportive care nurse,
a nutritionist, 2 physiotherapists, and medical doctors with
specializations in oncology, palliative care, and complementary
medicine, were engaged in the participatory study to share their
expertise and ensure that the app aligned with clinical practices
in supportive cancer care.

Research Team
The research team consisted of one cancer nurse and one
oncology doctor, researchers in digital health, computer science,
computational health, and medical informatics, as well as a user
experience designer. Two of the computer science researchers
also contributed as software developers for the digital health
app. Digital health researchers were responsible for organizing,
moderating, and conducting the research activities. One of the
computer science researchers supported data collection.

Recruitment of Patients With Cancer, Patient
Advocates, and Cancer Nurses
Patients with cancer were recruited by cancer nurses from the
Department of Oncology and Hematology at the University
Hospital Zurich. Potential participants were introduced to the
study through an informational flyer describing the study
procedures and offering the option to participate in interviews
while receiving systemic antineoplastic therapy at the oncologic
day clinic. Interested patients could provide their contact details
and suggest a convenient date and time for an interview with a
researcher. Of the 8 patients who provided their contact details,
a total of 6 agreed to participate in the study. Patient advocates
were identified by the coordinator of patient advocates at SAKK,
and 4 agreed to participate. A total of 5 nurses were recruited
by a project team member who also works as an oncology nurse
at the day clinic.

Study Procedure
Between June 2023 and October 2024, data were collected
through collaborative workshops, focus groups with oncology
nurses, and qualitative interviews with patients with cancer and
patient advocates. Interviews and focus groups were conducted
in German, English, or Italian, while workshops were held in
English, the working language of the project team. Focus groups
and interviews were audio-recorded, whereas workshops were
documented by 2 researchers who took notes, cross-checked
them, and shared the notes with the wider team.

Phase 1: Predesign
The predesign phase consisted of a collaborative workshop with
the research team, one focus group with cancer nurses, and
individual qualitative interviews with patients and patient
advocates. The initial workshop aimed to map the context of
supportive cancer care at the hospital and define the study
problem statement. The subsequent 1.5-hour focus group with
cancer nurses was guided by questions on their experiences with

supportive care, challenges in daily practice, and opportunities
for digital health to enhance supportive care. In parallel,
interviews with patients with cancer and patient advocates
explored their experiences with supportive care services and
their views on how digital health tools could support their needs.

Phase 2: Generative
The generative phase included a second collaborative workshop
with the research team, qualitative interviews with patients with
cancer and patient advocates, and a workshop with supportive
care specialists. Informed by the predesign phase, the research
team specified potential functionalities for integration into the
app. During the interviews, patients and patient advocates were
asked to reflect on potential app functionalities, suggest
additional features, and discuss factors that might influence the
uptake of digital health interventions. To prioritize
functionalities, a scoring exercise was included in which
participants rated each feature on a scale from 1 to 10, with 10
indicating a “must-have” functionality. The collaborative
workshop with the research team focused on brainstorming
digital health solutions and proposing an initial structure for the
app. As the preceding step highlighted the need to personalize
supportive care for patients with cancer, a 2-hour workshop was
conducted with supportive care specialists and digital health
researchers, during which participants co-designed a rule-based
algorithm to tailor supportive care.

Phase 3: Prototyping
From July to October 2024, the prototyping phase was
conducted. Based on insights from the previous phases, a digital
health researcher iteratively developed user requirements and
specifications documented in Confluence [22], which were then
translated into user interface designs with Figma [23] by the
user experience designer. A user flow was created to outline
app navigation, and this flow was tested by 2 cancer nurses and
4 patient advocates. The prototype of the user interface was
subsequently developed and iteratively reviewed by the same
group. Participants were encouraged to verbalize their
impressions, identify challenges in navigation, and comment
on the clarity and usefulness of the proposed functionalities.
Finally, a workshop involving health care professionals and the
research team was held to evaluate and further refine the
prototype.

A meeting between the software developers and the IT
department of the hospital was also held to assess different
digital solutions and explore how these could potentially be
integrated into the IT system of the hospital.

Data Analysis
The qualitative data from interviews and focus groups were
transcribed, translated, and analyzed using thematic analysis,
following Braun and Clarke [24] methodology.

All audio recordings were transcribed orthographically using
OpenAI Whisper [25], performed locally to ensure data security.
Transcripts were translated to English, initially using Whisper
and then manually checked and corrected by bilingual
researchers who conducted the interviews, ensuring high-quality
transcription and translation. The corrected transcripts were
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used for analysis. Thematic analysis was conducted following
the six-step process [24]: (1) familiarization with the data, (2)
generating codes, (3) searching for themes, (4) reviewing
themes, (5) defining and naming themes, and (6) producing a
report. To reduce bias, analyses were conducted by the first 2
coauthors of this study. During familiarization, the first 2
coauthors read transcripts multiple times and highlighted text
segments relevant to 5 aspects: app and dashboard
functionalities, barriers and facilitators to use, challenges with
the health care system and supportive care, and experiences
with digital devices. Initial codes were generated using an open
coding approach, capturing meaningful segments without
predefined categories. Codes were then grouped based on
similarity to identify patterns and inform preliminary theme
development.

Themes were iteratively reviewed, refined, and organized into
coherent subthemes, with disagreements resolved through
discussion between the first 2 coauthors. Theme names were
defined to accurately reflect core concepts, and data extracts
were used to support each theme. Results were summarized
with mind maps, journey maps, and frequencies of reported
themes. Median and ranges were reported to summarize
scorecards on functionalities.

Unified Theory of Acceptance and Uptake of
Technologies
As it is important to identify factors influencing acceptance
early in the design phase to guide design choices and improve
engagement, the Unified Theory of Acceptance and Use of
Technology (UTAUT) framework was used to guide reporting
of the results [26]. Originally developed to predict technology
acceptance in organizational settings, the framework has been
validated in health care contexts [27] and adapted for mHealth
adoption in cancer care [28]. The validated framework by
Philippi et al [28] identifies 3 key predictors of acceptance:
performance expectancy, effort expectancy, and social influence.
Internet anxiety moderates their effects.

Performance expectancy refers to the extent to which an
individual believes the technology will be beneficial and is
considered the strongest predictor of acceptance. Effort
expectancy describes the perceived ease of use of the system,
with higher effort expectancy (ie, lower ease of use) negatively
impacting acceptance. Social influence refers to the degree to

which users perceive that significant others encourage system
usage, positively influencing adoption. Internet anxiety
moderates the relationship between effort expectancy and social
influence, potentially hindering adoption. Specifically, the
UTAUT was used to report the identified themes related to
barriers and facilitators to uptake.

Sample Size and the Principle of Saturation
Although the study initially aimed to enroll approximately 30
participants for qualitative interviews and focus groups, the
principle of thematic and design saturation was applied [29].
Recruitment was stopped once no new themes emerged, ensuring
that data collection was both rigorous and meaningful without
overburdening participants. For instance, when 2 or more
consecutive interviews or focus groups did not reveal new
themes or suggest new design features, the recruitment was
stopped. This approach is consistent with co-design studies in
digital health, where sample sizes are often small and vary
widely; a recent umbrella review reported that as few as 2
participants have been included in some co-design projects [30].
In addition, as mentioned by Arcia at al [31] what matters most
is not the absolute number of participants, but the iterative
design process and achievement of thematic and design
saturation, both of which were ensured in this study.

Results

Demographics, Experience With Digital Tools, and
Other Characteristics of Patients With Cancer, Patient
Advocates, and Cancer Nurses
A total of 6 patients with cancer and 4 patient advocates
participated in the study (Table 1). Their ages ranged from 29
to 75 years, with a mean of 50.3 years. Four participants were
female. Most held advanced university degrees, with 6 out of
10 having completed a bachelor’s degree or higher (ie, master’s
or PhD). None were employed full-time at the time of the study;
4 worked part-time, and 2 were retired. All participants owned
both a smartphone and a computer. While all reported daily
smartphone use, 7 also used a computer daily, and 6 owned a
tablet. Half of the participants rarely needed assistance when
using digital devices, 4 required help occasionally, and 1 needed
assistance daily. All nurses who participated in the study were
female, aged between 37 and 53 years, with at least 10 years of
experience in oncology nursing.
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Table 1. Sociodemographic characteristics, device ownership, daily use, and need for assistance with digital devices among patients with cancer and
patient advocates (N=10).

Patients with cancer (n=6)Patient advocates (n=4)Total sample (N=10)Characteristic

47.5 (29-67)51 (47-75)50.3 (29-75)Age (years), mean (range)

Sex, n (%)

3 (50)1 (25)4 (40)Female

3 (50)3 (75)6 (60)Male

Education level, n (%)

0 (0)0 (0)0 (0)Primary education

3 (50)1 (25)4 (40)Secondary education

3 (50)3 (75)6 (60)Tertiary education

Working status, n (%)

0 (0)0 (0)0 (0)Full time

2 (33.3)2 (50)4 (40)Part time

3 (50)1 (25)4 (40)Unable to work for health reasons

1 (16.7)1 (25)2 (20)Retired

0 (0)0 (0)0 (0)Unemployed

Ownership of digital devices, n (%)

6 (100)4 (100)10 (100)Computer or laptop

6 (100)4 (100)10 (100)Smartphone

2 (33.3)3 (75)5 (50)Tablet

Daily use of digital devices, n (%)

3 (50)4 (100)7 (70)Computer or laptop

6 (100)4 (100)10 (100)Smartphone

1 (16.7)2 (50)3 (30)Tablet

Need for assistance when using digital devices, n (%)

3 (50)2 (50)5 (50)Rarely

2 (33.3)2 (50)4 (40)Sometimes

1 (16.7)0 (0)1 (10)Daily

Phase 1 (Predesign): Supportive Care Pathway,
Challenges, and Opportunities for Digital Health
Figure 2 shows the supportive care pathways at the University
Hospital Zurich. Patients may access supportive care services
through oncology nursing consultations, physician consultations,
or direct contact. At the initial nursing consultation, supportive
care needs are assessed using standardized paper-based PROMs,
specifically the EORTC QLQ-C30 [8] and the NCCN Distress
Thermometer [9]. Based on these assessments, nurses provide
referrals to one or more of the 12 supportive care services
offered, and patients additionally receive a supportive care
brochure.

The predesign phase revealed 4 major themes regarding
challenges and opportunities for digitalization in supportive
cancer care at the University Hospital Zurich (Figure 3). Nurses,
patients, and patient advocates highlighted the need for
digitalization and standardization of supportive care, suggesting
that digital platforms could replace paper-based PROMs,

improve screening rates, and allow consultations to focus on
discussing patient responses. As one cancer nurse explained:

At the moment, we give patients a paper-and-pencil
version of the screening when they come to the
hospital. […] So, the digital screening should actually
improve this by allowing patients to answer in
advance […]. This way, patients can complete it at
home, and we can spend more time discussing their
responses during the consultation. [Cancer Nurse 2,
focus group]

Communication challenges were also emphasized, including
difficulties in reaching doctors, treatment-related fatigue, and
language barriers. One patient advocate noted:

It's difficult [the communication with healthcare
professionals] ... most of the time, my oncologist
answers quite quickly. But sometimes he has too many
things to do. [Patient Advocate 3]
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Patients reported information overload, describing the volume
of paper-based brochures and consultations as overwhelming,
and expressed a preference for simplified, trustworthy, and
personalized digital resources.

I have read a few things but, in the end, I was so
overwhelmed with the conversations. Before each
surgery, you have a conversation with the surgeon
or the radiologist and then with the anesthetist and
then again, a conversation and then you get a few
more documents […] [Cancer Patient 6]

Finally, the importance of connection and social support was
highlighted. Patients valued peer support and digital
opportunities to connect, but also emphasized that face-to-face
consultations remain indispensable.

If I had an app for my illness, it would be good, but
it would make everything so virtual, and you still need
to connect with people in real life. [Cancer Patient 4]

These themes and their relationships are summarized visually
in Figure 3. More illustrative quotes can be found in Multimedia
Appendix 1.

Figure 2. Mapping of supportive care pathways at the University Hospital Zurich.
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Figure 3. Challenges and opportunities for digitalization in supportive cancer care at the University Hospital Zurich. Themes were derived from
interviews and focus groups with patients with cancer, patient advocates, and oncology nurses, and informed subsequent app functionalities.

Phase 2 (Generative): Functionalities and Integration
in the Supportive Care Pathway
Table 2 summarizes the functionalities of the digital health app,
named OncoSupport+, that were either proposed by the research
team or suggested by patients, mapped to the related themes
identified in phase 1 (Figure 3). Functionalities developed by
the research team were rated by patients on a scale from 1 to
10, where higher scores indicated greater perceived importance.
Personalized information on supportive care (median 9.5) and
digital PROMs screening (median 9.0) were rated as the most
relevant features. Other functionalities, including self-help group
information, a diary for consultations, and PROMs visualization,
also received favorable ratings (all medians ≥7). Patients

suggested several additional functionalities, including
patient–health care professional chat (proposed by 6
participants), patient–patient chat (5 participants),
self-management advice and symptom checking (5 participants),
proactive contact from health care professionals (4 participants),
reminders (4 participants), sharing data with family and friends
(3 participants), information about cancer types (3 participants),
patient stories (3 participants), and supportive care information
for relatives (2 participants). Several of these patient-suggested
features were integrated into the app (eg, reminders, patient
stories, cancer type information, and peer support links), while
others were not implemented due to scope limitations or
regulatory considerations.
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Table 2. Proposed functionalities for OncoSupport+, by source (research team vs patients), with brief descriptions, related themes identified in the
predesign phase (Figure 3), ratings by patients and patient advocates.

Included
(yes/no)

Frequency of
suggestions,n

Median
(range)

Related theme (phase 1)DescriptionFunctionality

Yes—f9.0

(6-10)

Digitalization and standard-
ization; communication

Scheduled digital assessment of supportive
care needs using standardized instruments:

EORTC QLQ-C30c and NCCNd Distress

thermometer (ePROMse).

Digital PROMsa screeningb

Yes—9.5

(7-10)

Information overload and
self-efficacy

Personalized list of relevant supportive-care
services and contact details generated from
the patient profile and ePROMs results.

Personalized information on

supportive careb

Yes—7.5

(2-10)

Information; connection,
and peer support

Link to verified cancer self-help and peer-
support groups.

Self-help group informa-

tionb

Yes—7.5

(3-10)

CommunicationFree-text notes to record symptoms not
captured by ePROMs and questions for
nursing consultations.

Diary for consultationsb

Yes—7.0

(2-10)

Communication; self-effica-
cy

Dashboards for patients and cancer nurses
displaying ePROMs and trends over time,
with integration of diary notes.

PROMs visualizationb

No6—CommunicationMessaging between patients and cancer
nurses.

Patient–Health Care

Provider chatg

Yes5—Connection and peer supportLink to a peer-support platform provided
by the cancer association.

Patient–patient chatg

No5—Self-efficacyPersonalized symptom management advice
based on reported symptoms and ePROMs
results.

Symptom checker and self-

management adviceg

No4—CommunicationNurse-initiated outreach (phone or email)
triggered by digital PROMs screening.

Proactive contact from
health care provided (phone

or email)g

Yes4—Self-efficacyAutomated reminders for clinic appoint-
ments and ePROMs completion by email,
SMS, or mailed letter.

Appointment and PROMs

remindersg

No3—Social supportPatient-controlled sharing of selected
PROMs summaries with family members
and friends.

Sharing data with family and

friendsg

Yes3—Information overload; self-
efficacy

Evidence-based educational content on
cancer diagnoses, treatments, and common
side effects.

Information about cancer

typesg

Yes3—Emotional support and con-
nection

Positive stories and experiences from pa-
tients and survivors to support coping with
cancer.

Patient stories and experi-

encesg

No2—Social supportResources for relatives on available services
and practical guidance.

Supportive care information

for relativesg

aPROMs: patient-reported outcome measures.
bResearch team suggestions.
cEORTC QLQ-C30: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30.
dNCCN: National Comprehensive Cancer Network.
eePROMs: electronic patient-reported outcome measures.
fNot available.
gPatient suggestions.

Figure 4 summarizes how OncoSupport+ and the included
functionalities are integrated into the supportive care pathway.
Patients complete digital PROMs screenings (Multimedia
Appendix 2 lists the entire digital screening questionnaires,
including the EORTC QLQ-C30 and the NCCN Distress

Thermometer tool) in the week before their consultation, after
which the app provides personalized supportive care information
and other more general information, such as self-help groups
and the peer-support platform. During the consultation, nurses
access a dashboard displaying PROMs, diary notes, and
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personalized information for supportive care and can recommend
supportive care services. During the cancer treatment journey,
patients use the app at least 3 times: at the beginning, halfway
through treatment, and at the end.

To provide personalized supportive care information based on
digital PROMs screening and the patient profile, a rule-based
algorithm was developed in collaboration with supportive care
specialists at the hospital. This algorithm prioritizes supportive

care services and provides personalized information based on
the symptoms and needs reported by patients and is based on
medical knowledge and published scientific literature. For
example, psycho-oncology is prioritized if a patient reports a
distress score ≥5 on the NCCN Distress Thermometer and rates
at least one emotional or social functioning item as “very much.”
A detailed description of the algorithm and its rules is provided
in Multimedia Appendix 3.

Figure 4. Integration of OncoSupport+ into the supportive care pathway.

Factors Potentially Impacting the Uptake of the Digital
Health App OncoSupport+
Factors influencing the potential uptake of OncoSupport+ were
mapped to the UTAUT framework (Figure 5; Multimedia
Appendix 1 shows supporting quotes). Improved communication
with health care professionals was the strongest driver of
performance expectancy. Social influence was also important,

as patients indicated they would be more likely to use the app
if recommended during consultations. Effort expectancy was
reflected in the preference for a simple, intuitive interface,
particularly among older users or those with lower digital
literacy. Facilitating conditions included integration into routine
nursing consultations and the availability of technical support.
Conversely, privacy concerns and internet anxiety emerged as
barriers that may limit adoption.

Figure 5. Unified Theory of Acceptance and Use of Technology model illustrating factors affecting acceptance of OncoSupport+. Performance
expectancy, social influence, and expected efforts positively correlate behavioral intention (black lines), whereas internet anxiety negatively correlates
with behavioral intention (gray line) and moderates the relationships between social influence and expected effort (gray dotted line).
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Prototyping
In the prototyping phase, the requirements identified in earlier
stages were translated into user interface designs and iteratively
refined with patient advocates and cancer nurses. A user flow
was first created to map the patient and health care professional
(ie, cancer nurses) journey through the app. Patients can
self-register, whereas cancer nurse accounts, which allow access
to multiple patient records, can only be created by the

OncoSupport+ development team to ensure proper verification
and compliance with data security protocols.

The first low-fidelity prototype (Figure 6) underwent usability
testing, where some patient advocates expressed discomfort
with frequently viewing symptom trajectories. This led to
relocating the symptom overview to a dedicated section, while
the digital screening and personalized information sections were
emphasized.

Figure 6. First version of the low-fidelity prototype displaying the main functionalities: digital screening, personalized information on supportive care
services, and patient-reported outcome measures (PROMs) visualization.

A second low-fidelity prototype (Figure 7) underwent further
feedback from patients and one cancer nurse. The cancer nurse
recommended replacing red and green color schemes with
neutral tones and adding bar charts to facilitate intuitive
interpretation of symptom trends. Patient advocates suggested
replacing clinical images with neutral, calming visuals and
simplifying terminology.

Based on this feedback, a high-fidelity prototype (Figure 8)
with responsive design was developed, compatible with both
smartphones and laptops. A landing page was introduced to
increase transparency about data storage and use and to highlight
the key benefits of the app, particularly its potential to enhance
communication between patients and health care professionals.
Calming images were also integrated to improve the user
experience. More details about the IT infrastructure can be found
in Multimedia Appendix 4.
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Figure 7. Second version of the low fidelity prototype displaying the main functionalities: digital screening, personalized information on supportive
care services, and patient-reported outcome measures (PROMs) visualization.
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Figure 8. High-fidelity prototype showing the digital screening functionality and the personalized information on supportive care functionality.

Discussion

Principal Results
This study reports the end-to-end co-design of OncoSupport+,
a supportive cancer care app developed with patients with cancer
and cancer nurses. The co-design approach identified challenges
in supportive care and opportunities for digital health
technology, generated a set of functionalities to address these

challenges, and iteratively produced a prototype. As improving
patient–health care professional communication and
standardization and digitalization of supportive care were
primary challenges, the OncoSupport+ app was designed to
integrate a digital PROMs screening for supportive care using
standardized oncology questionnaires (ie, EORTC QLQ-C30
and the NCCN Distress Thermometer) into the supportive care
pathway. In addition, as enhancing self-efficacy, managing
information overload, and receiving support from peers and
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health care professionals appeared to be very important,
OncoSupport+ prepares patients for in-person nursing
consultations by providing personalized information, access to
supportive care services, and links to self-help groups,
patient-to-patient chats, and stories from other patients with
cancer. These features may prepare patients effectively for
consultations, thereby improving the overall quality of the
interaction between patients and health care professionals and
their sense of empowerment. While meeting the performance
expectations of patients and health care professionals is a
primary driver for the uptake of the technology [28], the
development of an easy-to-use app, its introduction by health
care professionals, and the provision of technical support may
be critical for improving overall adoption. However, concerns
related to interacting with a digital environment (eg, internet
anxiety) may hinder this adoption. Future usability and
feasibility studies will further evaluate the implementation
feasibility, real-world usability, and acceptance of
OncoSupport+ in clinical practice.

Comparison With Previous Work
The challenges identified in this study highlight the critical role
of communication between patients and health care
professionals, a domain where digital health technologies may
play an important role. These technologies are not intended to
replace health care professionals but rather to enhance and
facilitate interactions with patients [32]. Consistent with
previous research and systematic reviews [3], effective
communication has been recognized as a key supportive care
need. Not surprisingly, effective communication in cancer care
has long been associated with improved medical and
psychosocial outcomes, including reduced distress and increased
satisfaction for both patients and clinicians [33]. Moreover, the
European Society for Medical Oncology supports the integration
of digital symptom monitoring, including the assessment of
PROMs, as a vital element of cancer supportive care [34].
Evidence suggests that the use and digitalization of PROMs
significantly enhance communication between patients and
health care professionals [35]. For instance, a systematic review
by Yang et al [35] suggests several mechanisms through which
PROMs influence communication. These include increasing
symptom awareness for both patients and health care
professionals, prompting discussions (eg, addressing patient
fears or uncertainty about disclosing symptoms), streamlining
consultations (eg, using PROMs as a guide to direct health care
professionals toward key patient-reported symptoms), and
facilitating interprofessional communication between health
care professionals (eg, enabling standardized patient tracking
and optimizing the transfer of information). These mechanisms
illustrate how PROMs may be a valuable tool for improving
the quality of communication and, thereby, potentially enhancing
clinical outcomes.

The findings of this study suggest that improving empowerment
and self-efficacy in patients with cancer may be an important
aspect of digital interventions in supportive care, consistent
with previous research in this field. Recent systematic reviews
[36,37] have indicated that digital health interventions, such as
mobile apps and web-based platforms incorporating educational
resources, interactive tools, medication reminders, and

self-management features, may encourage patients to actively
engage in their health care by enhancing empowerment and
increasing self-efficacy. This enhanced sense of empowerment
has been associated with better adherence to treatment regimens
and more proactive health behaviors [37]. However, while
digital health interventions that incorporate educational
resources and self-management tools have been more
consistently associated with increased self-efficacy, their direct
impact on clinical outcomes, such as symptom reduction and
improvements in quality of life, remains inconsistent across
studies [38]. Although OncoSupport+ includes features related
to informational and educational resources, appointment
reminders, and tools to facilitate patient interaction, future
research may explore the integration of self-management advice
for symptom management to further enhance patient
empowerment [39]. Additionally, while chat functions and
telemedicine tools could further improve communication and
self-efficacy, these features were not feasible for implementation
in OncoSupport+. As patients value such tools, future research
may focus on exploring the role of telemedicine solutions or
artificial-intelligence–based chatbots in enhancing patient
outcomes.

The digitalization of supportive care screenings and processes
presents both significant opportunities and considerable
challenges for hospitals. Digital transformation is reshaping
health care by enhancing clinical workflows and promoting
patient-centered care [40]. Implementing digital tools can
improve efficiency and the quality of care, thereby reducing
waste in health care costs. For instance, as reported by health
care professionals interviewed in our participatory study, a
separate study has shown that digital questionnaires significantly
reduce the administrative burden on nurses compared to
traditional paper-based questionnaires, allowing them to dedicate
more time to patient care and resulting in substantial reductions
in paper consumption [41]. Similarly, the adoption of electronic
health record systems has been shown to facilitate better patient
data management and streamline workflows. However, the
transition to digital systems is not without challenges. Hospitals
often face issues such as interoperability, strict data security
regulations, the need for comprehensive staff training, and
potential resistance to change among both health care
professionals and patients [40]. This has been shown for cancer
care as well [42]. Additionally, the lack of standardization across
different IT systems at the hospital can hinder the seamless
integration of digital tools. For example, the unsuccessful
implementation of a nationwide digital patient dossier in
Switzerland highlights the difficulties associated with a
fragmented health care infrastructure and the absence of
standardized frameworks [43]. Therefore, while digitalization
offers promising benefits, careful consideration and strategic
planning are essential to effectively navigate the associated
challenges.

This study explored factors influencing the future acceptance
of digital health apps like OncoSupport+, aligning with the
UTAUT framework, which has been validated using quantitative
data from digital health interventions [28]. An interesting finding
concerns internet anxiety and the observation that age does not
appear to be a barrier to technology acceptance. Internet anxiety,

JMIR Hum Factors 2025 | vol. 12 | e73829 | p.2771https://humanfactors.jmir.org/2025/1/e73829
(page number not for citation purposes)

Difrancesco et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


defined as the fear or discomfort individuals experience when
using online technologies, can hinder the adoption of digital
health solutions [28]. Previous research indicates that while age
is not a significant predictor of health technology acceptance
[44], it correlates with internet anxiety—an important factor in
adoption. Moreover, individuals with lower digital literacy [45]
tend to exhibit higher levels of internet anxiety. Although these
results appear to be in line with previous literature, a larger and
more representative sample may confirm the role of internet
anxiety in relation to digital health technology acceptance in
patients with cancer. However, providing adequate training and
support can help alleviate these concerns, thereby enhancing
the adoption of digital health technologies.

Strengths and Limitations
This study has both strengths and limitations that should be
considered when interpreting the results. The relatively small
sample size (N=10 patients with cancer and patient advocates)
may limit generalizability. However, the principle of thematic
saturation was applied to ensure that no new themes emerged,
supporting the adequacy of the sample. In addition, the inclusion
of a significant number of female participants may account for
gender-related biases in digital health acceptance. The patient
group may not fully represent the broader population of patients
with cancer, as most participants were aged below the average
age of people with cancer and had a tertiary education level,
higher than the Swiss national average. As education level
correlates with digital literacy and some participants were highly
experienced with digital health tools, acceptance of
OncoSupport+ may differ in populations with lower digital
experience. While individual interviews provided valuable
insights, future research may benefit from workshops involving
different user groups (eg, patients, nurses, family members, and

caregivers) to foster mutual understanding and refine the
co-design process. Although this study primarily examined user
acceptance using the UTAUT framework, future implementation
studies may apply frameworks such as Nonadoption,
Abandonment, Scale-up, Spread, and Sustainability framework
[46] or the Consolidated Framework for Implementation
Research [47] to explore technology, organizational, and
system-level factors affecting implementation and adoption. A
key strength of this study is the direct integration of perspectives
of patients, ensuring that OncoSupport+ is aligned with user
needs and expectations, and the use of a structured co-design
framework to guide development.

Conclusion
This study highlights the feasibility and importance of
collaborative design in developing digital health applications
and interventions, emphasizing the need for direct involvement
of patients and health care professionals in the development
process. The findings suggest that digital interventions such as
OncoSupport+ may include features and functionalities to
enhance patient–health care professional communication,
facilitate the digitalization of supportive care screenings, and
support patient empowerment and self-efficacy by providing
personalized information on supportive care services, promoting
connection with other patients, and offering self-management
advice. However, while OncoSupport+ appears to meet the
performance expectations of both patients and health care
professionals, future research is needed to evaluate its
implementation feasibility and determine whether it can
effectively improve communication, enhance self-efficacy, and
ultimately lead to better health outcomes, such as improved
quality of life.
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Abstract

Background: The utilization of the Internet of Things (IoT) can significantly enhance health care. However, successful
implementation of IoT requires a holistic approach including factors beyond technology alone.

Objective: This paper seeks to advance understanding of the factors influencing the successful implementation of IoT solutions
in the health care sector, expanding beyond a purely technological focus.

Methods: Using data from 22 semistructured interviews with a diverse group of stakeholders—including health care professionals,
researchers, municipal and regional officials, and private companies—this study examines 5 leading IoT projects in Sweden.

Results: Grounded in sociotechnical systems theory, the research identifies five critical subsystems impacting IoT implementation:
(1) laws and regulations, which present challenges due to their complexity and misalignment with rapid technological advances;
(2) organizational support, highlighting the essential commitment and resources from management to drive innovation; (3) user
focus, emphasizing the importance of engaging end-users—such as patients and health care providers—in the design and
implementation of IoT solutions; (4) resources, encompassing both financial investments and human capital needed for effective
deployment; and (5) infrastructure, which addresses the technological foundations required to support IoT systems reliably.

Conclusions: By shifting attention from adoption to the complexities of implementation, this study fills a critical gap in the
literature, which has largely emphasized adoption and technical aspects over practical implementation challenges. The findings
provide a nuanced understanding of the primary factors influencing IoT implementation in health care, illuminating both the
challenges and potential avenues for successful integration. Ultimately, this research advances the sociotechnical systems theory
and also offers valuable insights for managers and policymakers tasked with driving digital transformation in health care systems.
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Introduction

Background
The Internet of Things (IoT) and technologies, such as artificial
intelligence, big data, and cloud computing [1], can significantly
enhance the quality of health care [2]. IoT is a network of
intelligent sensing devices and physical objects that are digitally
connected for the collection, monitoring, and control of health
care data [3]. It enables tracking, identification, authentication,
data collection, and sensing [4]. These features can lead to
improved patient outcomes, increased efficiency, remote
monitoring, and enhanced collaboration between health care
providers [5]. They are essential to addressing rising demands,
such as an aging population, an increase in long-term conditions,

limited resources, and growing expectations for personalized
health care [6].

However, in exploring IoT’s potential in health care, it is
essential to distinguish between adoption and implementation.
Adoption refers to the decision to use an innovation, while
implementation involves the actual use of that innovation [7].
This distinction is often overlooked, as the 2 terms frequently
used interchangeably or without clear differentiation [2,8-11].
IoT adoption and its influencing factors have been widely
researched, typically focusing on technology [12-14], but also
covering aspects related to individuals and the surrounding
environment [15]. Adoption studies typically draw on
frameworks such as the technology acceptance model (TAM)
[16,17] and the Unified Theory of Acceptance and Use of
Technology (UTAUT) [18,19].
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A recent sociotechnical analysis of factors influencing IoT
adoption in health care, based on a literature review and carried
out by the Swedish researchers; Kronlid et al [20] identified a
broad array of factors, 94 in total, that impact IoT adoption in
health care. The comprehensive literature review by Kronlid et
al serves as a starting point for this article, as it responds to
previous calls for a deeper sociotechnical understanding of IoT
adoption within health care and proposes a specialized
sociotechnical systems framework tailored specifically to IoT
adoption in health care settings. The review found no studies
on the actual implementation of IoT in health care and only a
few focusing on IoT adoption. Kronlid et al call for more
rigorous empirical research on IoT adoption and implementation,
grounded in frameworks that reflect sociotechnical realities.

Other previous research has shown that successful
implementation requires consideration of factors beyond
technology [21]. As early as 1951, Trist and Bamforth [22]
emphasized the importance of social factors in realizing the full
potential of technological innovations. Earlier research on
implementing medical innovations shows that influencing
factors extend beyond technical considerations to include
managerial, clinical, financial, legal, and individual elements
[23,24]. However, research exploring IoT implementation in
health care through a sociotechnology lens remains scarce [20].

Rogers [7] defines adoption as “a decision to make full use of
an innovation as the best course of action available,”
emphasizing the importance of the decision-making process.
Research on IoT adoption in health care began to gain traction
around 2013, with a predominant focus on technological aspects
[25]. Dantu et al [25] identified 5 main topic clusters for
adoption: security and privacy, cloud and smart health, wireless
network technologies, data, and applications. IoT solutions in
health care rely heavily on the transfer of large volumes of data
(ie, big data) and device-to-device communication, making
high-speed internet a crucial requirement [26]. A review of
studies on IoT in elderly care also highlighted bandwidth and
network connectivity (eg, WiFi) as essential preconditions for
IoT adoption [27]. In addition, cloud services play a significant
role in IoT adoption, providing big data storage and access,
often described as the “backbone” of IoT solutions [12]. Several
studies have explored the benefits and risks associated with
cloud services [13,14,28-31].

The literature addressing nontechnical aspects of IoT adoption
in health care is relatively limited, and the lack of focus on the
social dimensions of IoT adoption has been noted by several
researchers (eg, [8,25]. In a review of IoT adoption in health
care [15], categorizing the factors influencing IoT adoption into
5 groups: individual factors (eg, social influence), technological
factors (eg, perceived ease of use), security factors (eg, trust),
health factors (eg, perceived health risk), and environmental
factors (eg, financial cost). Many of the included studies applied
the TAM or the UTAUT1 and UTAUT2 [15].

An interesting finding is that Alraja [32] found that gender
influences the intention to use IoT technology among Generation
Y, but not among Generation X. Furthermore, concerns about
privacy risks did not impact the decision to use IoT technology.
Additionally, Huarng et al [33] developed a model for the

adoption of health care wearable devices, identifying data
privacy, perceived ease of use, and perceived usefulness as key
influencing factors. The review by Kronlid et al [20], which
found 94 factors influencing IoT adoption, was grouped into
eight subthemes: (1) financial circumstances (eg,
reimbursement), (2) infrastructure (eg, data management), (3)
people (eg, attitudes and feelings), (4) procedures (eg, capability
development), (5) regulatory frameworks (eg, security and
privacy), (6) stakeholders (eg, commercialization challenges),
(7) technology (eg, complexity), and (8) other factors (eg,
conflicts of interest). Of these, 34 factors were related to
technology and infrastructure, accounting for approximately
42% of the total. The categories people and regulatory
frameworks each counted for around 20%. Thus, this highlights
technology, infrastructure, people, and regulatory frameworks
as the most important areas. Notably, many of these factors
were identified from research in low- and middle-income
countries [20], raising questions about their relevance in
high-income settings.

IoT Implementation in Health Care
Implementation occurs when an individual or organization
actively begins using an innovation [7] and can be understood
as “a deliberately initiated process, in which agents aim to bring
into operation new or modified practices that are institutionally
sanctioned and performed by themselves and other agents” [34].
A recent review did not find any studies specifically addressing
IoT device implementation [20]. Moreover, distinctions between
adoption and implementation are often blurred or unclear in the
existing literature [20]. To gain insights into the range of
nontechnical factors influencing IoT implementation, it is useful
to consider findings from related fields, such as telemedicine,
where technology integration in health care shares similarities
with IoT [3]. In telemedicine research, the difference between
adoption and implementation is more distinctly delineated; see,
for example, Broens et al [35].

Telemedicine implementation is a well-established research
area, with several reviews summarizing key findings. Broens
et al [35] identified 5 primary factors influencing telemedicine
implementation: technology (eg, quality), user acceptance (eg,
attitudes), financial considerations (eg, reimbursement structure),
organizational aspects (eg, work practices), and policy and
legislation (eg, standardization). Scott Kruse et al [23] identified
5 common barriers to telemedicine implementation globally:
technically challenged staff, resistance to change, cost,
reimbursement issues, and demographic factors such as patient
age and education. Recent studies validate these findings; for
example, Khodadad-Saryazdi [24] emphasized that successful
implementation requires adaptability in technology, strategy,
and culture. Similarly, Cannavacciuolo et al [36] affirmed the
5 factors initially outlined by Broens et al [35]. Overall,
successful implementation is a mix of technical and nontechnical
factors.

Most previous empirical research on IoT implementation in
health care is quantitative, using surveys to collect data
[2,8,9,15] combined with adoption theories such as TAM or
UTAUT. While useful, there are drawbacks that we have
identified in previous research. The combination of quantitative
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methodologies and adoption theories limits the research, as it
lacks the capacity to include unexpected aspects of IoT
implementation. We thus see the need to broaden the literature
both in terms of methodology and theory: methodologically,
with more qualitative studies that have more flexibility to let
the data guide the research, and, theoretically, to identify and
make sense of, for example, organizational and contextual
factors that can play a major role in the implementation of IoT.

In summary, research demonstrates the importance of
considering many factors when implementing new health care
technologies. This highlights the need for more empirical studies
on IoT implementation that draw on a sociotechnical systems
framework to account for the complex interplay of these factors.

The Sociotechnical Systems Model
This study builds upon the sociotechnical systems framework
proposed by Kronlid et al [20], which categorized key factors
influencing IoT adoption in health care settings (see Figure 1).
The framework is informed by and aligns with implementation
research in related fields, such as telemedicine [23,35], thus
providing a solid foundation for analyzing the multifaceted
challenges and enablers associated with IoT implementation in
health care.

The sociotechnical systems model, grounded in the work of
Leavitt [37], highlights that any system is composed of multiple,
interdependent subsystems. Changes in one subsystem, such as
technology, will invariably impact others, including
organizational culture, infrastructure, or processes. A more
modern version of this approach, developed by Davis et al [38],
outlines 6 key subsystems within an organizational system:
goals, technology, culture, people, infrastructure, and processes.
These subsystems interact with an external environment that
includes regulatory contexts, financial factors, and other
stakeholders. While this model has proven useful in many areas,
Kronlid et al [20] propose that specific modifications might be
needed in health care. Their review showed that the “culture”

and “goals” subsystems of the model have not been well studied
in health care research.

This study investigates the key factors influencing IoT
implementation in health care, based on empirical evidence
from 5 state-of-the-art IoT projects in Sweden. These projects
were pilot projects; the focus of the study was on the early stages
of the implementation process.

We explored how various factors, particularly organizational
and societal, contributed to successful implementation of IoT.
Using a comparative case study approach, we analyzed the key
mechanisms driving the integration of IoT in health care.
Through this analysis, we also aimed to refine sociotechnical
systems theory as it pertains to IoT implementation in
healthcare.

We moved beyond traditional adoption studies that often rely
on frameworks like UTAUT, which, while useful, do not capture
the complexity of implementing new technology in practice.
Instead, we applied the 7 subsystems proposed by Kronlid et al
[20], tailored for health care but flexible in terms of specific
influencing factors within each subsystem. Since their
framework was developed from a limited number of
adoption-focused studies, we did not predefine factors within
each subsystem. Instead, we remained open to identifying new
factors, allowing a more comprehensive understanding of IoT
implementation in health care.

In this article, we aimed to deepen theoretical insights into the
critical factors affecting the early phase of implementation. We
identified factors influencing the first phases of IoT
implementation in health care through the lens of sociotechnical
systems theory. Accordingly, our research questions were: (1)
What are the most important factors that influence the early
phase of implementation of IoT in health care? (2) How can
sociotechnical systems theory contribute to understanding IoT
implementation in health care?
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Figure 1. Sociotechnical systems model (adapted from Kronlid et al [20], which is published under Creative Commons Attribution 4.0 International
License [39]).

Methods

Study Design
The study uses a qualitative multiple-case approach [40],
suitable for generating new insights and contributing to theory
development. This approach is particularly useful for studying
emerging areas such as IoT implementation in health care when
an in-depth understanding of the phenomenon is needed [40,41].
Using multiple cases allows for replication logic where cases
are compared with each other to create robust and reliable
insights [41,42].

Case Selection
To identify appropriate sources of information, we reviewed 72
state-of-the-art IoT development initiatives funded by a Swedish
agency specializing in IoT solutions. By analyzing the
applications and mid-term reports, we identified 20 initiatives
directly related to IoT applications within health care. Among
these, 5 initiatives were selected as relevant for studying
implementation.

These 5 cases represent small-scale IoT pilots, each testing
practical applicability in health care. The pilot nature of these
projects, with varying numbers of end users (patients), provided
insights into implementation factors under controlled conditions
before any larger-scale deployment. We initially aimed to
include full implementation cases; our review showed that none
had reached that stage. Instead, these pilots served as the closest
point to practical implementation available for study.

Notably, none of the used IoT technologies had undergone the
public procurement process required for broader implementation
within Sweden’s health and social care systems. Multimedia
Appendix 1 provides an overview of these 5 cases.

Data Collection
We started the data collection by first reviewing the existing
documentation (eg, grant applications and follow-up reports)
concerning each of the projects to map all partner organizations
in each of the projects and identify the key players and the
project managers leading the initiative. Then, we conducted
semistructured interviews with the project managers in each
project and regarded them as key informants [43]. We also asked
the project managers to identify other relevant partner
organizations that we should interview to obtain a broad picture
[41]. We conducted 22 interviews altogether, which lasted
between 22 and 57 minutes. We followed an interview guide
that covered background questions, questions concerning the
initiative, and possible factors influencing implementation. The
interviews were recorded and transcribed. Table S2 in
Multimedia Appendix 2 provides an overview of interviews.

Data Analysis
The analysis of the transcribed interviews was conducted using
an abductive method [44]. We started with an inductive
systematic thematic analysis [45] to identify patterns grounded
in the participants’ perspectives. These identified themes were
then organized according to the 7 subsystems proposed by
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Kronlid et al [20], allowing us to relate the empirical findings
to the theoretical framework.

The process involved the following 7 stages. First, following
Braun and Clarke [45], we familiarized ourselves with the data
by thoroughly reading and rereading the transcripts. This stage
aimed to gain a comprehensive understanding of the content
and context of the participants’ responses, noting initial ideas
and recurring topics that emerged throughout the interviews.
Second, we identified and generated initial codes from the
transcribed interviews. This involved systematically coding
segments of text that reflected factors influencing the
implementation of IoT solutions in health care. Each segment
was labelled with a code that encapsulated its essence. The
coding process was flexible and data-driven, ensuring that the
codes emerged directly from the participants’ responses rather
than from preconceived notions. Two researchers coded the
transcripts independently to capture diverse interpretations and
perspectives, which were then discussed to reach consensus.

Third, we grouped the initial codes into broader themes. This
involved examining the codes for patterns and relationships and
identifying clusters that represented similar ideas or concepts.
The entire research team collaborated to discuss and refine these
potential themes, ensuring they accurately reflected the data
and contributed to addressing the research questions. Fourth,
once the initial themes were established, we engaged in a
thorough review process to refine and validate them. This
involved checking whether the themes accurately represented
the coded data and aligned with the overall dataset. The
researchers revisited the interview transcripts to ensure the
themes were robust and reflective of the diversity of participant
experiences. Any inconsistencies or gaps were addressed
through discussions and iterative adjustments. Fifth, after
finalizing the themes, we aligned them with the sociotechnical
subsystems by Kronlid et al [20] to the extent possible.
However, we used inductive labeling, which provided a more
accurate reflection of the data. As a result, the findings are
structured around five adapted subsystems drawn from Kronlid
et al [20] framework: (1) regulatory framework, (2)
organizational support, (3) user focus, (4) financial and
economic circumstances, and (5) infrastructure. The remaining
2 subsystems in the original framework, “technology” and
“stakeholders” [20], did not emerge from the data and are
therefore not included in the findings.

Sixth, to identify the specific factors influencing implementation
of IoT in health care, we revisited the data within each of the 5
subsystems. This allowed us to break down the data into distinct
factors linked to each subsystem. For details, see Table S3 in
Multimedia Appendix 2.

Seventh, we compared the subsystems and factors across cases,
identifying similarities and differences [41]. Finally, we
compiled the data into a coherent findings section, aiming to
convey the rich insights derived from the analysis and
highlighting how various factors influence the implementation
of IoT solutions in health care.

Ethical Considerations
The Swedish Ethics Review Authority made a rejection of the
request for ethical review as they considered that ethical review
was not necessary, which means that a favorable ethical decision
was obtained (exemption number: Dnr 2022-01259-01). The
data were collected through interviews, and the participants
chose to agree to the interviews. The original consent covered
secondary analysis without additional consent. Data were
anonymized. No compensation was provided to participants.

Results

Our findings show that factors within 5 subsystems influence
implementation of IoT in health care.

Regulatory Framework
Respondents from all but one of the cases we studied identified
laws and regulations as major factors influencing the
implementation process. In the IoT Older Adults Home Care
project, challenges related to laws and regulations were
identified early on, and the project was designed for
straightforward implementation. The primary issue concerned
informed consent from the older adults. The project targeted
older adults, including individuals with neurocognitive disorders
such as dementia; the implementation faced difficulties due to
the inability of older adults to provide informed consent. In one
participating municipality (Municipality A), this was taken into
account when selecting participants, and no major issues arose.
However, in another municipality (Municipality B), the decision
was made to include older adults who could not provide
informed consent, which led to a failed implementation in that
municipality.

But you could say that [Municipality B] actually failed
due to issues with consent and so on. So, we made
installations in [Municipality B], but it didn’t work
out. Because they wanted to include a user group that
couldn’t give their consent. Legally, it fell through
because they couldn’t study the individuals they
wanted to include in the project. [Respondent 11, IoT
Older Adults Home Care & IoT Older Adults Care
Home projects]

This issue, where those who might benefit the most from IoT
technology are unable to provide informed consent, may stem
from laws and regulations that have not kept pace with recent
technological advancements. One respondent specifically
mentioned that the laws and regulations are “outdated,”
emphasizing how this discrepancy creates challenges from a
user perspective.

If you look at how laws are written and changed, the
time we’ve had digital tools is very short compared
to how long we’ve had the Patient Data Act. We have
several... quite... or very strict laws that we work
under when working in healthcare, and they are
outdated when it comes to... […] Patient safety and
user-friendliness don’t really go hand in hand. So
that’s one of the major obstacles when talking about
[IoT] implementation. [Respondent 16, IoT CF
project]
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Some strategies were used to navigate existing laws and
regulations. This was particularly evident in the IoT CF (cystic
fibrosis) project, where creative approaches were used to deliver
IoT services to patients and collaborate with companies. One
approach involved “hiding behind studies,” using ongoing
research studies as a way to test and implement IoT technology.
Research studies have less demanding regulatory requirements,
so hospitals could not object to the activities conducted within
them. In addition, the involved companies were not permitted
to integrate with specific health care systems. As a workaround,
they used the diabetes registry, which operates under different
rules.

And we hid behind studies. Studies have much lighter
requirements, and you can test all the technology. So,
it turned out that we started new studies, and we have
several ongoing studies because the hospital couldn’t
say anything. That way, we could hide behind them
with the technology. […] My actual research is in
something else. This is not my research area, even
though I conduct studies, but it’s just to hide behind
them. As we said, it makes it easier to get around
these technical... [Respondent 15, IoT CF project]

In the IoT LTC (long-term condition) project, respondents
emphasized the challenges of handling and securing data in
compliance with relevant regulations. Ensuring that data was
collected, stored, and used according to legal standards was
crucial for maintaining both trust and legality. Meeting
certification standards was necessary for the project’s legitimacy
and acceptance, but obtaining these certifications was a complex
process that required careful attention to detail. In the IoT Older
Adults Care Home project, there was uncertainty about how the
technology should be classified and, consequently, which laws
and regulations would apply. The technology captured a clear
image of the older adult, which was later blurred on a server.
Since a clear image was initially captured, the municipality
determined that the camera surveillance law was applicable,
leading to the shutdown of the technology testing and a change
in the project’s direction. After extensive discussions with the
municipality’s legal team, it was concluded that they should
have used a camera instead of a sensor. Had the camera blurred
the image immediately, or if the server had been located within
the same facility, a different decision might have been reached.

So, we use motion sensors and... yes, employ a
different interpretation pattern around it or under the
radar, you could say that the data you collect about
the person is essentially the same. But in our case,
it’s the camera law that applies. [Respondent 14, IoT
Older Adults Care Home project]

In the IoT CF, IoT Bedwetting, and IoT LTC projects, the public
procurement process was identified as a significant challenge.
The difficulty lay in ensuring that procurement was conducted
legally while still allowing for an innovative approach, which
was critical to the success of these projects. The IoT CF project
described the procurement process as very slow, with the risk
that the product would become outdated during the procurement
process. In the IoT LTC project, respondents highlighted how
procurement remains a challenging issue, with the belief that
the continued implementation of IoT solutions almost always

stalls once it reaches the procurement stage. Several respondents
suggested that this issue is linked to lawyers’ reluctance to test
new procurement techniques, driven by a fear of potential legal
risks.

Then you get into the procurement issues concerning
regions and municipalities, and it becomes very, very
challenging in many ways. Not least, there is a fear
from the actors in, for example, this project. Are they
allowed to participate in a procurement, or do they
know too much now about the customers in different
ways, making them disqualified from the
procurement? That risk always exists. So, this
procurement step is very, very difficult in the next
stage. [Respondent 21, IoT LTC project]

Organizational Support
Respondents from all the cases we studied emphasized the
importance of organizational support in creating an enabling
environment for IoT implementation. In the 2 projects, IoT
Older Adults Home Care and IoT Older Adults Care Home,
both initiated by the same municipality, it was clear that the
municipal management had made a firm decision to support
digitalization initiatives. This decision, coupled with its effective
communication, was considered highly beneficial to the success
of these 2 projects. The IoT project manager received strong
backing from various levels of organizational leadership. The
municipality itself was “very focused on introducing various
types of technology within the care services” (Respondent 13,
IoT Older Adults Home Care & IoT Older Adults Care Home
projects). In the Older Adults Care Home project, managers and
staff at the facility where the technology was being tested were
particularly enthusiastic and supportive.

The housing manager, department manager, and
many within the organization are truly passionate
about this and are very driven, visionaries, and
willing to take risks to make it as good as possible
for the individuals. So, we really see that as a success
factor in the project. [Respondent 12, IoT Older
Adults Home Care & IoT Older Adults Care Home
projects]

Both the IoT CF and IoT LTC projects also highlighted the
importance of support functions, such as IT services,
administrative assistance, and training, in ensuring successful
implementation. The IoT CF project further illustrated the
challenges of advancing IoT implementation when facing
resistance from organizational stakeholders and a lack of support
and resources necessary to establish a more permanent solution.
In this case, the IoT project manager encountered significant
pushback from colleagues, management, and support functions
like the IT department.

There are many parts of the IT structure, and we had
everyone against us, I must say. Everyone thought it
was good, but many thought it was wrong [some
technical aspects were deemed illegal by the IT
department]. Many didn’t think we should do what
we did, but then [if we did it] be held accountable for
it. [Respondent 15, IoT CF project]

JMIR Hum Factors 2025 | vol. 12 | e71546 | p.2782https://humanfactors.jmir.org/2025/1/e71546
(page number not for citation purposes)

Palm et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Several respondents across all cases noted that the level of
prioritization within the organization directly impacted a
project’s progress and success. A common observation was that
organizational priorities and decisions outside the project’s
scope often had a negative influence. For example, in the IoT
Older Adults Home Care project, one respondent raised the
influence of the political planning: “There’s a political agenda
that usually follows a 4-year cycle, a planning horizon for
operations. So, there are many other factors that govern what
actually happens [in projects like this]” (Respondent 7, IoT
Older Adults Home Care project). Several respondents also
highlighted the difficulty that lower-priority projects had in
gaining momentum.

The third is getting priority in the regions to obtain
staff and resources to assist in the projects is almost
impossible, so even if the staff wants to, it is very
difficult for them to, well, take care of these projects.
[Respondent 18, IoT LTC project]

Additionally, one project raised an aspect crucial to its success
but not mentioned by any other project: organizational readiness
for implementation. Respondents from the IoT Older Adults
Home Care project emphasized that the level of knowledge
regarding implementation varied significantly among managers
at different organizational levels, influencing the feasibility of
implementing the IoT solution.

There is a large variation in maturity levels
[knowledge of implementation] among our
operational managers. And when I say operational
managers, I mean everyone from those at individual
care facilities, group homes, to the highest leadership.
They don’t have a unified understanding [of what to
do and how to do it]; it’s quite diverse. [Respondent
6, IoT Older Adults Home Care project]

User Focus
Another major success factor identified in all the cases we
studied was having a strong user focus, which encompassed
both patients and health care staff.

It originates from the staff and patients from the start,
and they have been involved throughout and have
had a say in how it should look [like], how the tool
should look [like], what functionality we should have,
and what the priorities should be. [Respondent 21,
IoT LTC project]

In the IoT LTC project, it became clear that involving users (ie,
health care staff) not only helped the service developer improve
the usability of their service but also increased the likelihood
of successful implementation. Respondents noted that while the
service developer initially had a vision for how the service
should function, there was often a disconnect between the
engineers’ perspective and how patients, relatives, and health
care staff perceived the service. In the IoT CF project, the team
had initial ideas about the effects and benefits the technology
would bring to patients, but additional benefits were identified
by both patients and their relatives.

So, we made the technology available to everyone,
instead of making decisions like “you think,” “we

need,” or similar. And we saw quite clearly that it’s
very difficult to guess who will benefit from the
technology. [...] I think that [involving patients] was
a success factor because we said, “This doesn’t mean
it should replace one or the other,” but we let our
patients choose instead of healthcare professionals
making the choice. [Respondent 15, IoT CF project]

In addition to involving immediate users (ie, caregivers and
patients), it is also essential to include a broader range of users,
as demonstrated in the IoT CF project. This project engaged
health care staff both directly and indirectly connected to patient
care, such as medical secretaries, nurses, dietitians,
psychologists, physiotherapists, and counsellors. This extensive
involvement was highlighted as a key success factor. However,
some respondents also pointed out the complexities that IoT
technology introduces to caregiving, noting that health care
staff may feel that the more technology is introduced, the further
they move away from their core role as caregivers. This creates
a paradox, as many choose to work in health care precisely to
be close to the patient.

We have gained a lot of insight into the technology
frustration that exists [i.e, the complex role of
technology in caregiving] and that, as it is today, they
[the health care staff] feel they are moving further
away from their caregiver role than they would like
[to]. [Respondent 12, IoT Older Adults Home Care
project]

A match between user instructions and user capabilities is also
crucial in IoT implementation projects. Both the IoT CF and
IoT Older Adults Home Care projects emphasize the importance
of clear communication with users and adjusting the complexity
of instructions to suit their abilities. Additionally, one project
(IoT Bedwetting) highlighted the role of national
guidelines—care guidelines from authorities that outline best
practices in different clinical areas—in the success of IoT
implementation. Respondents from the IoT Bedwetting project
suggested that if national guidelines recommend IoT solutions,
this could become a critical factor in achieving successful
outcomes.

Financial and Economic Circumstances
Securing sufficient resources for implementing IoT solutions
was highlighted as a challenge in several interviews across the
IoT LTC, IoT CF, and IoT Older Adults Home Care projects.
These resources primarily include financial support. Shorter
projects are often insufficient to drive meaningful change, as it
takes considerable time—and therefore money—to alter
established practices. There is often ambiguity around who
should bear the costs for the necessary time, resources, and
ongoing maintenance of the services.

No one wants to pay. Everyone thinks someone else
should pay. But now I have no... But now I’m a little...
Now we’re shutting down if the hospital doesn’t step
in and pay. So I’ve set some demands. And everyone
thinks this group is good and should continue, but
it’s... everyone thinks someone else should pay.
[Respondent 15, IoT CF project]

JMIR Hum Factors 2025 | vol. 12 | e71546 | p.2783https://humanfactors.jmir.org/2025/1/e71546
(page number not for citation purposes)

Palm et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Infrastructure
Respondents from 3 cases emphasized that infrastructure is
crucial for successful IoT implementation. They noted that the
process was often hindered by either insufficient or unstable
WIFI connections, as well as concerns over the use of cloud
services. In the IoT Older Adults Care Home project, for
example, the IoT solution had already been procured by the
region for other applications. However, when installation began,
it became clear that WIFI coverage was inadequate to get the
technology fully operational.

Exactly, it’s another project that is implementing the
equipment we intend to use in this project. In that
project, I perceive that the staff has some resistance
because there have been infrastructure issues that
have prevented it from working as expected. For
example, the WIFI hasn’t had the coverage they
thought it would, and when the equipment lost
network connectivity, it resulted in false alarms, in
reality. [Respondent 12, IoT Older Adults Home Care
& IoT Older Adults Care Home projects]

In the IoT Older Adults Home Care project, WIFI access was
also a significant issue. Here, older clients were responsible for
their own WIFI, complicating the service provider’s efforts to
install the necessary infrastructure. In the IoT Bedwetting
project, concerns about the security of cloud services also
created challenges.

...I have been in contact with [the region], and there
the IT department flatly said no, that “we cannot
agree to this because we do not consider cloud
services to be secure.” So, that... those are the things
I think are the problem, that there are many smart
technical solutions, but in many cases, the healthcare
system is not quite ready to embrace them.
[Respondent 4, IoT Bedwetting project]

In the IoT Older Adults Home Care project, stakeholders such
as the IT department seemed unaware of local cloud solutions
and declined to consider them without further investigation. In
contrast, the IoT Older Adults Care Home project successfully

addressed potential security concerns by contracting with a local
cloud provider.

In addition, communication tools play a critical role in
supporting implementation. Our findings suggest that when
communication tools are not properly aligned with the IoT
solution, they can obstruct the implementation process.

Then there are these contextual factors. For example,
the staff currently use fairly old phones to receive
their alarms, and this means that it takes quite a
while... Every time an alarm comes in, it takes quite
a long time for them to access their phones. They need
to enter their code every time, open an app, and then
turn off the alarm. And it takes quite a long time.
[Respondent 12, IoT Older Adults Home Care & IoT
Older Adults Care Home projects]

Another important aspect of communication tools is the use of
web-based meetings. Our findings indicate that well-functioning
web-based meetings can greatly facilitate implementation. In
the IoT CF project, secure web-based meetings were essential
for delivering the service. These meetings were facilitated
centrally through a national service called “1177,” the primary
digital platform for health care services in Sweden.

Discussion

Principal Findings
This study investigates the key factors influencing IoT
implementation in health care by examining 5 state-of-the-art
IoT projects in Sweden. It addresses the pressing need for more
empirical studies on IoT implementation [20], as well as the
need for an approach that goes beyond purely technical factors,
focusing instead on a broader range of influences within
organizational and social contexts [8,25].

Figure 2 illustrates our theoretical contributions and proposes
a sociotechnical systems model tailored to IoT implementation
in health care. It is difficult to determine the exact causality
between the different factors, but based on the interviews, Figure
2 illustrates our interpretation of the main relationships between
the factors.
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Figure 2. The most important factors that influence the implementation process of Internet of Things (IoT) in health care. The broader arrows represent
a direct impact on the IoT implementation process in health care, while the narrower arrows represent an indirect impact—from one factor to another
factor that in turn affects the ability to implement IoT in health care.

Our research contributes to the growing discourse on IoT in
health care, which has predominantly focused on the adoption
phase [5,15,25]. While prior studies emphasize technical factors
as primary considerations during adoption [25,26], our findings
underscore the importance of organizational and societal factors
in the implementation phase. Through our study, we advance
sociotechnical systems theory by demonstrating how its
components interact in real-world health care settings,
particularly in the context of IoT. Our findings reveal complex
dynamics between technological potential and social structures,
identifying key gaps, tensions, and interdependencies that impact
implementation. Below, we discuss 5 primary ways in which
our study contributes to applying sociotechnical systems theory
to health care IoT implementation.

First, by applying the Kronlid et al [20] model, we identify
specific refinements to the sociotechnical systems model
necessary for the health care sector. Of the 4 core
factors—people, infrastructure, technology, and processes or
procedures [20]—our findings support 3. We relabel “people”
as “user focus” and “processes or procedures” as “organizational
support” to better reflect its relevance in health care.
Infrastructure remains unchanged. The subsystem, “technology,”
was not observed in the 5 cases we studied.

Second, our study confirms 2 of the 3 external factors in the
sociotechnical systems model, financial circumstances and
regulatory frameworks [20], but did not observe evidence for
the third factor, stakeholders. More importantly, we suggest
that financial circumstances and regulatory frameworks should
be viewed as internal organizational factors because of their
interconnectedness with other internal elements, particularly
organizational support. For example, financial resources
significantly influence organizational support: when funding is
adequate, organizations can prioritize IoT projects, allocate

resources, and provide leadership backing. Conversely, limited
funding can restrict support and hinder even promising projects.
Regulatory frameworks similarly shape user engagement by
setting boundaries around privacy and consent, which are critical
in health care. Regulations that protect vulnerable users can
inadvertently restrict participation in IoT projects [46]. Thus,
we propose that the sociotechnical systems model should
reposition these factors as internal dynamics within health care
IoT implementations.

Further research could examine whether the remaining
subsystems from Kronlid et al [20], technology and stakeholders,
are relevant to IoT implementation in health care beyond
Sweden. Regarding the technology subsystem, the affordability
and technical challenges of IoT solutions may vary across
countries. In low-resource settings, such as parts of Africa, the
high costs of IoT devices, infrastructure, and maintenance can
hinder adoption. In contrast, high-income countries like the
United States and Germany may face greater challenges in
integrating IoT into existing health care systems, requiring
significant investment in interoperability and cybersecurity.

As for the stakeholders’ subsystem, the commercialization of
IoT solutions is shaped by regulations, market demand, and
funding availability. In countries with strict health care
regulations (eg, the European Union [EU] under General Data
Protection Regulation), compliance costs can make it difficult
for startups to scale their solutions. Meanwhile, in developing
markets, a lack of investor confidence and infrastructure
limitations may slow commercialization, even when there is
strong health care demand.

Third, our findings highlight the essential role of health care
workers’attitudes and patient involvement in harmonizing social
and technical elements of IoT adoption. The observed frustration
among health care staff with certain technologies supports the
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sociotechnical systems theory assertion that social environments
such as attitudes, values, and identities strongly influence
technology use [47]. This insight suggests that future adaptations
of sociotechnical systems theory could benefit from explicitly
addressing the emotional and identity-related impacts of
technology, particularly in health care, where professional
identity often ties closely to user autonomy and caregiving roles.

Fourth, our study reveals that regulations often lag behind
technological advances, creating obstacles to IoT
implementation. Rather than facilitating adoption, regulatory
complexity can become a barrier, consistent with previous
findings on medical device regulations [48]. Health care’s
rule-driven culture fosters a cautious approach, limiting the
adoption of emerging technologies [49]. Our findings further
indicate that existing procurement structures can impede
innovation, as traditional processes stifle creative thinking
necessary for IoT implementation. Although innovation-based
procurement strategies are promoted in the EU [50], none of
the cases we examined identified these as practical solutions.
To enable effective IoT adoption, managers must understand
legal and regulatory constraints while collaborating with legal
teams, a rarely studied area in management research [51].
Without this collaboration, legal departments may adopt overly
cautious stances, leading to project rejections, while support
departments may resist due to anticipated increases in workload.
In one case, the organization strategically managed data by
using local servers to avoid EU data-sharing restrictions [52,53],
demonstrating that creative solutions can help navigate
regulatory challenges. The respondents mentioned that they
were hiding behind academic studies, ie, using ongoing research
studies as a way to both test and implement IoT technology. It
indicates a certain level of frustration regarding the lack of
flexibility in the organizational structures.

Finally, the technical complexity of IoT systems, coupled with
the need for simplicity in user interfaces, underscores the
principle that technology and human systems must evolve
together [54,55]. While IoT technologies provide advanced
capabilities, their complexity can alienate users, particularly in
health care, where ease of use is critical. This observation
suggests a vital revision for sociotechnical systems theory:
usability should be prioritized as a co-evolutionary requirement
within sociotechnical design, not as an afterthought. This aligns
with theories of sociomateriality, supporting the idea that
intuitive, user-friendly design is essential in fields with high
cognitive and emotional demands [54]. Thus, even if our study
did not specifically address user engagement strategies tailored
to vulnerable groups, such as individuals with cognitive
impairments or mobility limitations, we recognize this as critical
for future research. Practical methods such as participatory
design and co-creation techniques should be used to ensure that
IoT solutions are inclusive and accessible [56]. A stronger focus
on user experience design will enhance the relevance, equity,
and effectiveness of implementation efforts in health care.

Practical Implications
This study reveals several practical implications for managers
involved in health care IoT implementation, highlighting the
importance of collaboration, financial strategy, training, and

regulatory awareness. First, close engagement with legal
departments is crucial. Developing a collaborative relationship
with legal teams allows managers to address complex regulatory
concerns upfront, avoiding overly conservative stances that
could stifle innovation. To facilitate smoother project approvals,
it may also be beneficial to provide legal teams with training
specific to IoT technologies, helping them understand the unique
aspects of these projects. Second, demonstrating the economic
benefits of IoT initiatives is equally essential. Managers can
strengthen organizational support by conducting detailed
cost-benefit analyses that clearly illustrate potential financial
gains. This approach not only helps in securing initial funding
but also promotes a culture that values and supports innovative
solutions. Third, investing in comprehensive training programs
is also vital for successful implementation. By providing targeted
training across all staff levels, including frontline workers,
support departments, and management, managers can build the
technical competencies necessary for IoT integration. Moreover,
fostering cross-functional collaboration by forming
interdisciplinary teams encourages the sharing of expertise,
which can lead to more effective problem-solving and
innovation.

Fourth, ensuring that patients, health care providers, and other
stakeholders are involved in the implementation process can
significantly enhance the relevance and acceptance of IoT
solutions. Addressing the needs and concerns of these users
from the outset ensures that solutions are practical and
user-centered. Developing clear protocols for managing
informed consent is particularly important when technologies
involve sensitive components like sensors or cameras. Special
attention to accessibility, especially for patients with cognitive
disabilities, further reinforces the inclusivity of the
implementation. Finally, engaging with policymakers to
advocate for flexible and supportive regulatory frameworks is
crucial. By working together, managers and policymakers can
create a balanced approach that safeguards patient safety and
privacy while fostering a regulatory environment that encourages
digital innovation in health care. This proactive stance helps to
create a foundation for sustainable IoT implementation, aligning
technological advancement with patient care priorities and
organizational objectives.

Limitations and Further Research
Our study has 2 main limitations. First, it examines only 5 IoT
pilot implementation cases, which, while allowing for a deep
exploration of IoT implementation factors, limits the
generalizability of our findings. The small sample size may
mean that our conclusions are less applicable to other health
care settings, particularly those outside Sweden. However, we
believe that the results may very well be relevant for countries
with similar demographics and systems for social and health
care. Expanding future research to include a broader and more
varied set of cases across different regions or countries would
help to enhance generalizability. However, as shown by our
sampling process, identifying numerous relevant IoT cases can
be challenging. Second, each case we studied was in the pilot
implementation stage, with none yet reaching full-scale public
procurement or integration into Sweden’s health care system.
This limitation restricts our insights into the long-term
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challenges and sustainability of IoT implementation in health
care. Consequently, our findings do not fully capture the issues
and opportunities associated with later stages of implementation,
such as public procurement, scaling, and long-term use.

Building on these limitations, several avenues for further
research emerge. One area needing exploration is the adaptation
of health care laws and regulations to better support IoT
implementation. Future studies might investigate how regulatory
frameworks and procurement models, such as innovation-based
procurement, could be refined to foster IoT implementation.
Research could also focus on best practices for aligning health
care regulations with the rapid advancements in IoT technology.
Future research could also aim to identify actionable solutions
to the challenges that have been identified.

Since this study is based on pilot projects, there is also a need
for longitudinal research that extends beyond the pilot phase.
Examining the full-scale implementation of IoT solutions would
provide insights into additional challenges and opportunities,
including public procurement, solution scalability, and sustained
use over time. Further, expanding the scope to different regions
or countries would enable comparative studies to assess whether
factors influencing IoT implementation are universally relevant
or specific to certain national or health care system contexts.

Another critical research direction involves deepening our
understanding of effective user involvement in IoT design and
implementation. Future studies could explore best practices for
managing informed consent, especially for vulnerable
populations, like individuals with cognitive disabilities. These
studies could help shape policies that ensure the full benefits

of IoT technologies reach all user groups, reinforcing the
patient-centered approach essential to health care innovation.

Conclusions
In conclusion, this study explored 5 IoT pilot implementation
projects in Sweden, shedding light on key factors that influence
the deployment of IoT solutions in health care. By responding
to the demand for empirical research on IoT implementation,
our findings contribute to an understanding of the practical
challenges and organizational dynamics involved, expanding
beyond the adoption-focused literature. While IoT has the
potential to significantly enhance health care delivery, several
barriers remain, especially concerning regulatory complexity
and rigid legal frameworks. These findings underscore the
importance of ongoing collaboration between managers and
legal teams to prevent regulatory constraints from hindering
innovation. Our study also highlights the necessity of strong
leadership in championing IoT projects within health care
organizations. Managers play a pivotal role in clearly
communicating the economic value of IoT through cost-benefit
analyses and fostering a collaborative, cross-functional culture
to tackle implementation hurdles. Adopting a user-centered
approach—one that involves health care providers, patients,
and families throughout the process—emerges as essential for
achieving broad acceptance and success of IoT solutions.
Additionally, managing informed consent, particularly for
vulnerable populations such as individuals with cognitive
disabilities, is crucial for the ethical deployment of these
technologies. Overall, our study underscores the need for
thoughtful strategies that prioritize regulatory alignment,
economic rationale, and user involvement to realize the full
potential of IoT in health care.
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Abstract

Background: Co-design is recognized for its potential to enhance the usability of products through active user participation.
However, participation alone does not guarantee the effectiveness of the resulting product. Understanding participants’engagement
during co-design activities can provide valuable insights into their motivations, concerns, and contributions, which are critical to
achieving successful outcomes.

Objective: This study aims to analyze participant engagement in a digital health co-design parent project focusing on developing
a tool to facilitate support-seeking for elderly caregivers.

Methods: The parent project included 74 participants from 3 categories: caregivers, health care and social service professionals,
and community workers. Testimonies for this study were collected from 20 participants using the self-confrontation interview
methodology. Engagement was analyzed qualitatively using the course-of-action framework. The engagements were organized
into emergent themes. The analysis focused on variations in engagement patterns across participant categories and sessions.

Results: A total of 3 themes of engagement were identified: tool design, participant needs, and contextual situations. Engagement
was distributed similarly across themes, except for community workers, who were more focused on needs (52/94, 42%) than tool
design (25/62, 20%). There was significant variation in engagement over sessions, with tool design being more prominent during
specific sessions (co-design sessions CoD5, CoD7, and CoD8) and less important during others (CoD4, AC2 [advisory committee
session], CoD6, and AC3). Activities directly tied to design tasks significantly enhanced engagement with tool design. These
results underscore the influence of activity types in shaping participants’ focus and involvement.

Conclusions: This study highlights the role of affordances in co-design activities to balance engagement across design,
collaboration, and participation dimensions. By strategically leveraging affordances, future co-design projects can optimize
engagement and ensure more effective outcomes.

(JMIR Hum Factors 2025;12:e70772)   doi:10.2196/70772

KEYWORDS

engagement; co-design; caregivers; activity analysis; course-of-action framework; affordances

Introduction

Background
Digital health can improve access to and quality of health care,
lower costs, and provide a personalized experience for patients,
but it also raises ethical challenges [1], usability problems [2],
and, as seen, few successful implementations [3]. Involving end
users in the creation of digital health solutions can minimize
usability and accessibility problems [4]. Although co-design
has several theoretical virtues, it does not guarantee positive
outcomes. A total of 2 systematic literature reviews identified

mixed and even negative outcomes, including communication
problems, misunderstandings between users and the
development team leading to conflicts, higher user expectations,
and a negative influence on data quality [5-7]. What factors lead
to better results?

For example, there is a great diversity of activities conducted
during co-design sessions: interviews, advisory council
meetings, focus groups, surveys, deliberative methods [8], and
plenary sessions [9]. Gray literature also offers a wide range of
techniques for collaborative sessions, problem-solving, and
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ideation that can be used in co-design [10-12]. How does the
type of activity affect outcomes?

Extra time is needed when involving patients in health research
[13]. To date, research on co-design in digital health is still
seldom described, evaluated, or empirically tested, raising
questions about the cost-effectiveness of user contributions
compared to the investments required in time, effort, and money
[8]. This paper contributes to the body of work on co-design
initiatives with a focus on what drives participants—namely,
their engagement—in a co-design project, based on a strong
theoretical lens on human activity and empirical results provided
by the participants themselves.

Positioning Engagement and Co-Design Through a
Theoretical Lens
Co-design in this study aligns with the perspective of Sanders
and Stappers [14], which involves users (or potential users) in
the development of knowledge, concepts, and idea generation.
For us, co-design lies at the intersection of 3 dimensions: design,
collaboration, and participation. First, participants engage in
“design as a reflective practice,” following Schön [15], to reflect

on their situation and contemplate potential solutions to improve
it. The second dimension is collaboration, where actors engage
in mutual learning [16-20], leveraging each other’s knowledge
and experience to better understand the situation and co-create
the solution. The third dimension is participation, which involves
how actors act, speak, and think [21], and how they may
ultimately benefit from their participation beyond the co-design
project’s objectives [22]. We perceive participation and
collaboration as interrelated dimensions rather than levels on a
ladder [23].

Engagements of participants can help understand participation
in co-design by providing insights into what motivates or
concerns a person to participate (act, speak, or think; see
Textbox 1 ). For example, an actor might have concerns about
the capability of users with low digital literacy. These
engagements affect their participation and their willingness to
engage in design as a reflective practice and in mutual learning
about the situation. They can influence the potential for
collaboration, creativity, and ultimately the innovative, useful,
and usable potential of the proposed solution.

Textbox 1. Plain language summary.

• Affordances: perceptual cues in the environment that suggest specific interactions.

• Course-of-action framework: theoretical and analytical framework for activity analysis that focuses on understanding an individual’s lived
experience by examining their actions in context, including their intentions, concerns, perceptions, and adaptations over time.

• Engagement: what motivates or concerns a person to participate (act, speak, and think).

• Pragmatism paradigm: a paradigm that is not committed to any sort of philosophical stance and oriented toward what works.

• Self-confrontation interviewing: one-on-one discussion in which participants are shown excerpts of recordings from a recent activity to stimulate
reflection and verbalization about their actions and experiences.

Participant engagements in co-design initiatives, particularly
in the digital health domain, are crucial but come with inherent
challenges. These challenges include the multifaceted nature of
digital health implementations, the lack of empirical evaluations
[8], and the need for a precise understanding of engagement
based on participants’perspectives and theoretical frameworks.

Previous Work
The concept of engagement is often blurred with involvement
[8,24-26] or remains unclear [7,27,28]. In both cases,
engagement seems to be defined by how actors were involved
in the projects. A total of 3 studies provide concise definitions,
positioning engagement as involvement: “actively collaborate”
[29]; “partnership, collaboration or consultation” [13]; and
engagement type: co-production, co-design, and co-creation
[30]. These are extrinsic considerations, not necessarily focusing
on the motivations or concerns from the actors’ perspectives.

Jolliff et al [31] used an existing framework proposed by the
Patient-Centered Outcomes Research Institute [32], including
extrinsic but also intrinsic considerations, such as engagement
quality (perceptions of actors) and partners’ outcomes (effects
for actors). Peters et al [33] also associated quality of
engagement with emotional and cognitive factors.

Some studies report on engagement without referencing
co-design or participative design, instead focusing on patient

partners [27] or patient and community involvement in research
[7,13,29]. While actors were involved in these projects, they
were not engaged in the co-creation of the solution, which does
not align with our perspective on co-design. Empirical studies
focusing on engagement [7,25,27], along with literature reviews
on engagement [8,13,26,29], provide insights into factors
affecting engagement and offer recommendations based on the
results.

Among the problems affecting engagement, power distribution
or tokenism (symbolic participation) was reported in all papers
except in O’Connor et al [26], whose literature review included
only 4 papers discussing co-design. Papers also mentioned:

• Levels of expertise, lack of skills, or limited knowledge
[7,13]

• Unclear contribution to the project [13]
• Expectation of the degree and level of involvement not

clearly articulated, leading to a lack of motivation [7]
• Communication issues [7,13]
• Personal life, values, and the engagement and recruitment

approach [26]
• Limited availability of actors, lack of awareness and

understanding of guiding frameworks and validated
methods, and resource constraints (time and money) for
adequate planning [29]

JMIR Hum Factors 2025 | vol. 12 | e70772 | p.2792https://humanfactors.jmir.org/2025/1/e70772
(page number not for citation purposes)

Tremblay et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Papers mentioned positive emotional outcomes for actors
(targeted end users), such as increased confidence in their daily
lives [8], a sense of pride and accomplishment, feeling
empowered, an increased knowledge and skills [8,13]. Most
papers conclude with recommendations for future research,
including:

• Clear communication [7,8,27]
• Clear end-user expectations and clearly defined roles for

all parties involved in co-design [8,29]
• Engaging actors as early as possible and continuing

engagement throughout the process [7,28-31,33]
• Allocating sufficient time to achieve objectives [8,27]
• Fostering a positive environment and mutual respect [29]
• Providing orientation, support, education, and training to

help actors participate [8,27,29,31]
• Authentic design participation focused on “designing with”

rather than “designing for” [25]
• Evaluation of engagement [29,31,33]

There was still a lack of empirical results or insufficient
reporting of methodology across all the papers. Most papers
did not provide detailed information about the co-design
activities, except for reviews of wireframe workshops [7] and
a design charrette [25]. Slattery et al [8] noted that the most
frequent activities in their review were interviews or advisory
councils, which do not explain how actors contributed to the
co-creation process.

Objective of This Study
Despite the critical role of participant engagement in co-design
for achieving fruitful outcomes, discussions on engagement
remain predominantly focused on extrinsic factors, blurred with
involvement, and are poorly empirically described. While the
insights are useful for optimizing the co-design process,
connecting them to participants’ motivations or concerns from
their perspective remains challenging.

In this study, engagement is considered differently, based on
what participants found significant from their own perspective,
aligned with the course-of-action framework [21]. This article
aims to address this gap by providing an intrinsic description
of participant engagements in a co-design situation.

Methods

Study Design

Overview
We used a mixed-methods approach [34], within the pragmatism
paradigm [35]. In our study, the pragmatism paradigm provided
various perspectives on participants’engagements, each building
upon the other [36]. Most of the methodology was guided by
the course-of-action framework [21].

Engagement in the Course-of-Action Framework
The course-of-action provides a strong theoretical and analytical
framework for documenting participant experiences in digital
health co-design initiatives [37]. Within the course-of-action
framework, engagement represents the actor’s significant
concerns or motivations related to the elements considered in
the situation [38]. Engagements are shaped by participants’
histories and what is meaningful or significant to them at that
moment [39]. Engagement is also directly linked to expectations,
as expectations modulate engagement. Concerns and motivations
lead actors to expect that something will happen in relation to
them. Engagement is also influenced by the referential
(knowledge and experience) of the actors. In a co-design
situation, we examine how the participants’engagements evolve,
what motivates them to think, speak, or act (participate).
Expectations related to engagements can hinder the actor’s
participation if they are engaged by other elements in the
situation, diverting them from the task [40,41].

Study Setting: The Co-Design Parent Project
This engagement study is embedded in a larger multisite
co-design parent project (from May 2017 to June 2018), whose
objective was to develop a tool to facilitate the search of
resources for caregivers of seniors experiencing loss of
autonomy. A complete description of the co-design study
protocol is available in Latulippe et al [42], and the results of
the approach are presented in 3 articles [43-45].

Data collection was conducted as part of a co-design project
aimed at designing a tool to facilitate resource searches for
caregivers of seniors experiencing loss of autonomy. A total of
8 co-design sessions (CoDs) were held from May 2017 to June
2018. These sessions were interspersed with 3 advisory
committee sessions (ACs) (see Figure 1).

Figure 1. Co-design sessions (CoD) and advisory committee sessions (AC) of the parent project.
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The following describes the CoD workshops and the AC
meetings:

• Regional CoD workshops (n=8): Conducted in 11
administrative regions of Québec, each workshop gathered
local caregivers, health and social service professionals
(HSSPs), and community-organization staff to surface
region-specific needs and generate design ideas. As
attendance was location-based, membership naturally
differed from one CoD workshop to the next.

• AC meetings (n=3): Convened in Québec City, the AC also
gathered local caregivers, HSSPs, and the
community-organization staff. Its mandate was to ensure
alignment between the progress of the tool’s design and the
data collected during the co-design sessions, resolve
outstanding design questions, and steer iterative prototype
development. The participants in the AC sessions were
generally the same individuals, as all these sessions took
place in the Quebec region.

The co-design process culminated in the creation of a prototype
website with 2 main sections: one for caregivers to search for
resources and another for service providers to offer resources.
The prototype was the subject of a study based on the
triangulation of 3 frameworks in usability and user experience
[46].

Ethical Considerations
The parent co-design project received institutional review board
approval before the first workshop began (Université Laval
#2017‐103, issued April 20, 2017). The initial certificate
covered the core workshop activities and brief contextual

questionnaires completed by HSSPs and
community-organization staff; these questionnaires informed
the broader design effort but are not analyzed in this engagement
study.

An amendment adding video-recorded participatory observation
and postsession self-confrontation interviews was submitted in
June 2017 and was approved on July 17, 2017, after CoD1 (May
2017) and CoD2 (early July 2017) had already taken place.
Consequently, no postsession interviews were conducted for
those 2 early workshops; full data collection commenced with
AC1 and CoD3 and continued through AC3 and CoD8. All
participants involved in the amended protocol provided written
informed consent specific to these additional procedures and
received a nominal compensation of CAD $20 (US $16.45).
Data were anonymized for this study.

Recruitment for This Study
Participants for this study were recruited during the sessions.
A caregiver serving on the AC was interviewed
twice—immediately after AC1 and again after AC3—to capture
how his engagement trajectory evolved over the life of the
project. Retaining both interviews enabled a longitudinal
within-person analysis consistent with the course-of-action
framework; discarding the second interview would have
forfeited this analytic leverage.

Data Collection
This co-design project served as the research setting for our
study, which aimed to describe the engagements of participants
in a cyberhealth co-design project. Data collection occurred in
5 steps (see Textbox 2).

Textbox 2. The 5 steps of the data collection.

Ethnographic data collection: internet-based questionnaires for HSSPs and community organizations, along with semistructured interviews with
caregivers. Conducted under the parent codesign project; not analyzed in this study.

• Participatory observation of the sessions: video and audio recordings (3 h) of the sessions to capture data on participants’ activities during the
session.

• Partial chronicles (extrinsic description): the day following the session, a synthesized transcription of the complete session was made using the
recordings to reconstruct the sequence of events with the help of time markers. Significant moments for participants (interpreted by the researcher)
were selected.

• Self-confrontation interviews: interviews of approximately 1 hour conducted mostly within 2 days after the activity. Participants were presented
with portions of recordings representing key moments of the session, aiming to obtain verbalizations about their activities during the session.
The partial chronicle was used to structure the interview with the temporal sequence of the session, allowing the researcher to question the
participant and identify significant moments expressed by the participant. Video and audio recordings were made during the interviews.

• Complete chronicles: transcriptions of the self-confrontation interviews were used to complement the partial chronicle of the session with
participants’ verbalizations (intrinsic description).

Data Analysis
The analysis was conducted in 2 stages by the primary author.
The first stage (deductive) involved reconstructing the
participants’ course-of-action in the complete chronicle.
Engagements and expectations were mostly identified by
paraphrasing participants’ statements to clarify the researchers’
understanding, while in some cases, verbatim excerpts were
used to stay as close as possible to participants’ experiences.

These documents were then used in the second stage (inductive),
conducted using the qualitative and mixed methods analysis

software MAXQDA 2020 (VERBI Software). Engagements
were organized into emergent themes [47], describing the nature
of the engagements.

We subsequently cross-referenced the themes with variables,
including participant categories (caregivers, HSSPs, and
organizations) and sessions. This step allowed us to generate
tables presenting the frequency with each theme. This
quantitative analysis was useful for selecting data based on what
appeared significant to a larger number of participants, from
their perspective, and for maintaining analytic validity by
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guarding against potential biases when selecting data to present
[47].

Results

Participants
The co-design project included 74 participants. We collected
testimonies from 20 participants, including caregivers (n=9),

HSSPs (n=4), and community workers (n=7; see Table 1). We
conducted 21 interviews (1 AC participant was interviewed
twice).

Table . Session’s location and participants.

ParticipantsLocationSession

Centre-du-QuébecACa1 • Caregiver (n=1)
• HSSPb (n=1)

SaguenayCoDc3 • Community worker (n=1)

Bas-Saint-LaurentCoD4 • HSSP (n=1)
• Community worker (n=1)

OutaouaisCoD5 • Caregiver (n=2)
• Community worker (n=2)
• HSSP (n=1)

Centre-du-QuébecAC2 • Community worker (n=1)
• Caregiver (n=1)

Montréal-LavalCoD6 • HSSP (n=1)
• Caregiver (n=1)

MauricieCoD7 • Caregiver (n=2)

MontérégieCoD8 • Caregiver (n=1)
• Community worker (n=1)

Centre-du-QuébecAC3 • Community worker (n=2)

aAC: advisory committee meeting.
bHSSP: health and social service professionals.
cCoD: co-design session.

The AC sessions were conducted entirely in plenary, where
participants were invited to express their positions on specific
issues where consensus had not been reached during the CoD
sessions. All CoD sessions began with a plenary presentation
outlining the project, the objectives of the session, and other
relevant information. Subsequently, participants were divided
into small workshops of 3 to 4 people, each facilitated by a
member of the research team and typically focused on a different
subcomponent or angle of the session’s main objective, allowing
for complementary contributions to the overall session goal.

A distinctive feature of CoD5 was that all small groups worked
collaboratively on the same specific task: creating a paper
prototype. In contrast, other sessions (CoD1 to CoD4 and CoD6
to CoD8) explored the session’s objective through more diverse
or exploratory angles within subgroups. Participants had the

freedom to choose their workshops, resulting in subgroups that
were sometimes homogeneous and sometimes heterogeneous
in terms of participant categories. Activities varied based on
the session objectives, the progress of the tool design, and the
specific goals of the subgroup workshops. The analysis revealed
3 main themes of participants’ engagements: engagements
related to their needs (personal and professional), engagements
related to the situation, and engagements related to the design
of the tool.

Nature of Engagements Per Participant Category
The distribution of engagement was quite similar among
caregivers and HSSPs across themes (see Figure 2). However,
the engagement of organizations (community workers) was
significantly less focused on tool design.
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Figure 2. Distribution of engagement by participant category. HSSP: health and social services professional.

Nature of Engagements Per Session
Figure 3 shows that the nature of engagements also varied
greatly throughout the project. For instance, engagements related
to the design of the tool were more significant during specific
sessions (CoD5, CoD7, and CoD8), while they were noticeably
less important during other sessions (CoD4, AC2, CoD6, and

AC3). A significant majority of the engagements related to the
situation involved interaction with others, which is inherent to
co-design, as interaction with others is a fundamental
characteristic of the process. Figures 2 and 3 suggest that the
nature of engagement varied depending on participants’
categories and sessions.

Figure 3. Evolution of the nature of engagement by session. AC: advisory committee meeting; CoD: co-design session.

Example of Data Per Session
Below are examples of empirical data from each session (see
Table 2), including session objectives and the methods and

materials. The verbatim excerpts are enclosed in quotation
marks.
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Table . Session’s location and participants.

Data examplesMethods and materialsObjectiveSession

Situation:Plenary discussion with a Microsoft
PowerPoint presentation reporting

Validate the design decisions made
during the first 2 co-design sessions

ACa1
• Understand the process previ-

ously used to compile the listthe results of previous co-designregarding user needs and address
conflicting results. sessions and addressing questions

about conflicting results.
of needs (HSSPb 11‐5).

Design of the tool:
• Determine what will work

from the start and understand
what caregivers are likely to
use. (HSSP 11‐5).

Professional needs:Comparison of existing cyberhealth
tools for caregivers (2 websites, 1

Identify user needs already ad-
dressed by other tools and determine

CoD3c

• Discover tools that can be sug-

gested to the clientele (CWdapp, and 1 video) conducted through
small group workshops using a
speed dating approach.

the functionalities and content re-
quirements related to those needs. 3‐3).

Design of the tool:
• Avoid “losing” the caregiver

through a complex and chal-
lenging resource search pro-
cess (CW 3‐3).

Professional needs:Plenary brainstorming session (1.5
h) followed by small group work-
shops (1 h) using paper and pens.

Identify functional and content re-
quirements for needs not addressed
by existing tools.

CoD4
• Ensure that everyone under-

stands that for CW, the client
is not the caregiver but the
person receiving assistance
(CW 4‐2).

• Ensure that the health services
network can meet the demands
of caregivers generated by the
tool. “There are two problems.
ONE, sometimes you’re enti-
tled to it, but you refuse the
service, and TWO, there is a
lack of time and resources to
provide everything. If people
become aware of the services,
they will request them, and it
will cost too much.” (CW 4‐
2).

Situation:
• Redirect the discussion to the

intended topic, as participants
only had 3 hours, and the con-
versation had deviated from
addressing the primary ques-
tion (CW 4‐2).
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Data examplesMethods and materialsObjectiveSession

Design of the tool:
• Avoid information overload by

preventing it from becoming a
“monster” and ensuring it re-
mains “simple but understand-
able.” (Caregiver 5‐8).

Situation:
• Assist the caregiver in respond-

ing to the facilitating re-
searcher who asked about a
filter that could limit search
results for resources in their
region. He knows that older
adults often do not understand
computer logic; to them, a fil-
ter is akin to a coffee filter
(CW 5‐1).

Paper prototyping conducted in
small group workshops using card-
board, pens, and small pieces of pa-
per to represent options for function-
alities and content requirements.

Design the information architecture.CoD5

Personal needs:
• Understand the research

project and provide relevant
interventions, as she lacked
sufficient information before
the meeting to fully grasp the
project (Caregiver 11‐11).

Situation:
• Have a positive experience of

participation. "I didn’t fully
understand my discomfort
during the meeting, but I
thought about it, and I realized
I had become so anxious be-
cause I didn’t want to mess
anything up. I reflected a lot
on whether I wanted to contin-
ue participating in the research
because, for sure, with the way
I had experienced it, I didn’t
want to anymore..." (Caregiver
11‐11).

Plenary discussion (3 h) involving
both in-person and remote partici-
pants, using 2 documents: a 13-page
table of results from all previous
sessions and a 16-page summary
table of requirements to meet the
needs (results from the previous
session).

Decisions on conflicting require-
ments.

AC2

Personal needs:
• Be prepared to achieve the ob-

jectives. She needed to make a
choice but was unable to pre-
pare because she had not re-
ceived any information about
the planned activities (HSSP
6‐6).

Situation:
• Have sufficient time to achieve

the objective. "At that moment,
I knew we wouldn’t finish our
mandate. Instead of pushing
forward and trying to say... at
that point, I decided to disen-
gage” (HSSP 6‐6).

Plenary presentation and discussion
(1 h), followed by small group
brainstorming workshops (1 h and
45 min) using activity sheets for
each group.

Information design.CoD6

Small group brainstorming work-
shops using activity sheets for each
group and an interactive low-fidelity
prototype (version 1).

Validation of the information archi-
tecture and interaction design.

CoD7
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Data examplesMethods and materialsObjectiveSession

Situation:
• Ensure that a common goal is

pursued. "I felt that she [a CW]
was attacking your project...
[...] Meaning to say: 'You don’t
need to do that, we’re already
doing it!'" (Caregiver 7‐7).

Design of the tool:
• Feel welcomed and guided by

the homepage, “But caregivers
need this... They’re tired, they
don’t know where to go, they
don’t know what to do” (Care-
giver 7‐7).

Design of the tool:
• Ensure that visually, it immedi-

ately captures attention (Care-
giver 8‐9).

• Avoid returning search results
with no findings (Caregiver
8‐9).

Small group brainstorming work-
shops followed by a usability discus-
sion using an interactive low-fidelity
prototype (version 2).

Comparison of homepage proposals,
examination of the search results
page, and validation of questions
designed to help identify needs.

CoD8

Professional needs:
• Ensure that the language and

terms used are appropriate. “I
always have a concern about
the language and terms that we
use.” (CW 11‐6).

Situation:
• Take a stance without fear of

judgment. "We’re taking a
stance on this, and that’s okay.
We don’t have to be judged for
it. [...] Can we have our ap-
proaches without getting
jumped on?” (CW 11‐6)

Presentation of a medium-fidelity
prototype (version 3) in small
groups (30 min), followed by a ple-
nary discussion (2 h).

Decisions on conflicting results.
Obtain feedback on the latest ver-
sion of the prototype before website
programming.

AC3

aAC: advisory committee meeting.
bHSSP: health and social service professionals.
cCoD: co-design session.
dCW: community worker.

Discussion

Principal Findings
Our objective was to obtain an intrinsic description of
engagement, encompassing what motivates and concerns actors
in a co-design situation, from their perspective. The chosen
methodology, grounded in a pragmatic paradigm and informed
by the course-of-action framework, allowed us to foreground
participants’ lived experiences and situated knowledge. This
approach privileged perspectives that are often underrepresented
in more top-down design processes. By adopting a co-design
approach supported by self-confrontation interviews, we were
able to access not only what participants said during the sessions
but also how they made sense of their own engagement. These
perspectives influenced both the iterative refinement of the
design and our interpretation of the engagement dynamics.

The results might not appear surprising, yet it seems we are still
encountering the same challenges in co-design projects. The
contribution of this paper is to emphasize these results with a
detailed description of the methodology and empirical data
evaluating participant engagement, as recommended by Manafo
et al [29] and Slattery et al [8]. This includes describing what
was significant in participants’ overall experience, from their
perspective. Our analysis highlights that the nature of
participants’ engagement during the sessions went far beyond
the design of the digital health tool for caregivers, even though
that was the reason they were invited to participate. This aspect
has not been discussed in other studies.

Comparison With Previous Work
Among the commonly discussed findings, our study revealed
that actors need preparation (personal need) to understand their
role, which enhances their sense of relevance and their ability
to contribute meaningfully [7,8,27,29,31]. Service providers
were also engaged in increasing their knowledge (professional
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needs) [8,13]. A unique finding was the engagement of
community workers, who sought to ensure their distinct
concerns—differing from those of HSSPs—were understood.
This is particularly relevant in Quebec, where community
organizations operate under a model of entrepreneurial
governance, with private foundations influencing their mission
and work [48]. These engagements related to professional needs
eventually led to engagements related to the situation
(interaction with others).

Several engagements related to the situation mirrored those
identified by Zowghi et al [7]. Unlike common issues of power
distribution reported in other studies, our research did not
encounter such conflicts between researchers and participants.
However, we observed tensions between HSSPs and community
workers, particularly during the final session (AC3), highlighting
the need for a positive environment, mutual respect [29], and a
shared vision [8]. Participants emphasized the importance of
having sufficient time to achieve objectives [8,27].

The Nature of Activity as an Affordance of Action and
Engagement
The concept of affordance [49] highlights perceptual cues in
the environment that suggest specific interactions. From this
perspective, we propose that the activities offered to participants
shaped the nature of their engagement in this project. Plenary
discussions generally fostered engagements related to personal
and professional needs, as well as situational aspects. In contrast,
design-centric activities primarily directed engagements toward
the tool’s design.

Participants in our study who were more engaged in the tool’s
design participated in typical design activities, such as paper
prototyping (see Figure 4), mockups, clickable prototypes, and
usability testing. These activities, which enhance creativity and
direct involvement, acted as affordances by guiding appropriate
actions, driving engagement, and directing participation (acting,
thinking, or speaking) toward the tool’s design. Effective
facilitation of co-design sessions should emphasize design
practices [50,51], aligning with best practices in this field, as
reviewed by Mosely et al [52]. This approach supports the
“designing with” philosophy rather than “designing for,” as
suggested by Howard and Somerville [25].

Figure 4. Paper prototyping activity.

Establishing an Engagement-Focused Approach
Grasping the essence of engagement is key to understanding
participation in co-design, a core element of participatory
research. However, the question arises: participation in what,
exactly? From a researcher’s viewpoint, participation implies
committed involvement in co-designing a product or service.
Yet, our findings suggest that participants perceive participation
differently, emphasizing the diversity of engagement. This
includes concerns, situational considerations, and the
mobilization of their participation. In terms of research ethics

and co-design, we should consider engagements that prioritize
participants’needs and the situation. Adopting a compassionate
stance to meet their expectations allows them to derive benefits
from engagements that appear more significant to them. Based
on our results, we recommend that researchers and designers
using a co-design approach establish conditions that respect the
diverse nature of participant engagements. To meet expectations
tied to participants’ personal needs and enable them to benefit
from their involvement [22], we propose exploring the following
avenues (see Textbox 3).
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As mentioned earlier, co-design, for us, lies at the intersection
of 3 dimensions: design, collaboration, and participation. These
dimensions are closely related, resembling a Venn diagram.

The tensions between these dimensions will impact the center
(co-design). The suggested affordances (A, B, and C) could
help balance these tensions (see Figure 5).

Textbox 3. Affordances that enable participants to benefit from their participation.

1. Consider participants’ personal and professional engagements:

• Recognize that participants pursue personal and professional goals that may extend beyond the intended design objectives for which they
were invited to contribute.

• Allow participants to express their personal and professional engagements (or expectations) by dedicating a specific period during sessions.

• Endeavor to address expectations related to personal and professional engagements to honor the goals they pursue through their participation.

2. Address expectations related to the situation:

• Ensure a shared objective from the outset by identifying and including all interest holders from the beginning.

• Embrace a flexible approach to achieve objectives by allocating sufficient time and offering a satisfactory experience to participants.

• Enable participants to comprehend the discussed elements by ensuring they have the necessary knowledge, such as by sending them a
preparatory sheet before the session, for example, as the flipped classroom approach in education.

• Ensure the maintenance of a positive environment characterized by mutual respect during all sessions.

3. Configure activities as affordances that suggest appropriate actions:

• Prioritize design activities that guide participants’ actions toward tool design.

• Prompt participants to engage in action quickly during sessions (active mode) and avoid prolonged presentations (passive mode).

• Adopt best practices in design facilitation.
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Figure 5. Balancing the tensions between the dimensions of co-design.

Limitations
Participants varied in each co-design session. Analyzing the
engagement of individuals who participated throughout the
entire process using the course-of-action framework might yield
different results. Comparing our findings with those of
continuous participation could enrich the discussion on
engagement by exploring the similarities and differences arising
from the methodological choice of isolated versus continuous
or multiple participation.

Conclusions
In this study, we explored the concept of engagement among 3
categories of potential users—caregivers, HSSPs, and
organizations—who participated in a cyberhealth co-design
process. We used a robust methodological approach based on
the course-of-action framework to document participant

engagements, addressing a gap in the scientific literature [8].
Our findings reveal that engagement extends beyond the
immediate goals of tool design, encompassing broader concerns
and motivations shaped by individual needs and the dynamics
of interaction. In my professional co-design practice, I have
integrated these recommendations by adopting a compassionate
stance that prioritizes participants’ perspectives and by
configuring activities as affordances to support meaningful
engagement. This approach has consistently led to more
inclusive and impactful co-design processes, as evidenced by
the quality of participation and the relevance of the outcomes
generated. Our analysis highlights the importance of balancing
design, collaboration, and participation to address the inherent
tensions in co-design projects. Ultimately, this study underscores
the value of tailoring co-design practices to respect and leverage
the unique contributions of all participants, thereby advancing
both the process and outcomes of collaborative innovation.
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Abstract

Background: We co-designed the novel multicomponent CAPS (Care Assistant and support Program for people after Stroke
or transient ischemic attack) to augment the secondary prevention of stroke.

Objective: Following completion of a feasibility study, we sought feedback from Australian clinicians and service provider
representatives (the potential deliverers of CAPS) regarding their perceptions of CAPS for secondary prevention and the pathways
to real-world adoption.

Methods: This was a qualitative descriptive study of clinicians and service provider representatives involved in the delivery of
stroke care around Australia. A pragmatic convenience sample was obtained by contacting previous CAPS co-design study
participants; leveraging professional networks (eg, LinkedIn); and distributing study flyers and newsletters via primary health
care networks, general practitioner (GP) networks, and social media posts (Commonwealth Scientific and Industrial Research
Organization’s LinkedIn pages). Semistructured interviews and focus groups were conducted virtually with clinicians and
representatives of the Stroke Foundation (Australia). Qualitative content analysis was undertaken.

Results: Overall, 18 clinicians and 3 Stroke Foundation representatives participated from 5 Australian states, including medical
specialists, GPs, nurses, and allied health professionals. We collected their perceptions of CAPS, categorized as potential benefits
of the program for secondary prevention, and the considerations for facilitators and challenges to real-world program
implementation. The perceived benefits of supporting self-management for patients and facilitating informed decision-making
for clinicians were identified. Discussions regarding program implementation included program initiation and duration, patient
support considerations, and workflow alignment, which involved consideration of the barriers and enablers to uptake within
primary care practice and Stroke Foundation outreach support programs.

Conclusions: There was support from participants for the potential of CAPS to improve the secondary prevention of stroke.
However, approaches for addressing the challenges raised by participants, including further implementation and integration
considerations, such as sustainability of the model of care, are likely required for CAPS to be successfully embedded within
clinical settings.

(JMIR Hum Factors 2025;12:e72873)   doi:10.2196/72873
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Introduction

Globally, stroke is a leading cause of death and disability [1].
In Australia, a stroke occurs every 11 minutes, with over
400,000 people with a history of stroke now living in the
community [2]. Those who survive their stroke are at high risk
of a recurrent vascular event (13%‐40% cumulative risk at 10
years) [3,4], as are those who experience a transient ischemic
attack (TIA) [5]. This risk can be reduced through the use of
secondary prevention strategies [6]. It has been estimated that
up to 80% of recurrent events could be prevented through uptake
of healthy lifestyle behaviors (eg, exercise) in conjunction with
the use of medication (eg, antihypertensives) [7]. However, the
uptake and adherence to these prevention strategies remain
suboptimal. Barriers cited by survivors include issues of access
to services, lack of awareness or education following stroke,
and psychosocial difficulties [8,9]. Further exacerbating the
issue is the limited support provided to people following their
stroke and discharge into the community [10].

Using digital health as a modality to deliver secondary
prevention programs may be a method to improve long-term
support and patient outcomes. Certain technologies (eg,
smartphone apps) have been associated with improved
management of chronic health conditions, including diabetes
mellitus [11] and hypertension [12]. However, evidence for the
use of digital health to improve the secondary prevention of
stroke remains limited [13]. To ensure digital health programs
are fit-for-purpose, end-user involvement in their design and
development is crucial [14]. Engaging clinicians in this process
ensures the resultant program is relevant to their work, aligns
with their workflows, and may lead to better uptake in practice
[15].

Consequently, we developed the novel CAPS (Care Assistant
and support Program for people after Stroke or transient
ischemic attack). The program was co-designed with people
living with stroke or TIA and clinicians from different
disciplines involved in delivering stroke care [16]. This iterative
process included assessment of user needs from both patient
and clinician perspectives, and user experience workshops. The
resultant multicomponent program combines clinician-led,
person-centered goal setting with the person living with stroke
and facilitates risk factor monitoring through a remotely
accessible clinician portal. Behavior change is supported through
SMS text messages aligned to goals. Patient end users also
access a purpose-built smartphone CAPS app and a commercial
wearable device for tracking health-related measures.

The feasibility of CAPS was evaluated in a 12-week,
single-group, open-label, pretest-posttest pilot study among 33
people after stroke or TIA [17]. The program was highly
acceptable and satisfactory to people living with stroke or TIA,
with evidence of potential improvements in cardiovascular and
psychosocial health [17]. Participant feedback was generally
focused on program modifications to improve usability.

In addition to seeking input from people living with stroke or
TIA [17], it was important to collect feedback from clinicians
and health service provider representatives as the potential
deliverers of CAPS, if found to be effective. While patient

experiences and perspectives regarding digital health are
frequently explored, further work is required to understand
clinicians’ perspectives and experiences [18]. Therefore, we
sought to understand the perceptions of clinicians and service
provider representatives regarding the overall program for the
secondary prevention of stroke, as well as the potential pathways
to the future adoption of CAPS into real-world use as a health
promotion program. In this preimplementation study, we present
the synthesis of the participants’ feedback to guide future
development of CAPS and explore potential future models of
care.

Methods

Study Design
A qualitative descriptive design was adopted, using
semistructured interviews and focus groups. Methods and results
are reported against the Consolidated Criteria for Reporting
Qualitative Research (COREQ) (Checklist 1) [19]. This study
was conducted following the feasibility study in which the
digital health program was evaluated among people living with
stroke or TIA (September 2022 to May 2023) [17]. A snowball
recruitment process was used, where feedback from the first
group of participants informed the selection of the appropriate
cohort for the second group.

Ethical Considerations
The interviews and focus groups conducted as part of this study
were approved by the Monash University Human Research
Ethics Committee (30521) and the Commonwealth Scientific
and Industrial Research Organization (CSIRO) Health and
Medical Human Research Ethics Committee (2021_118_RR).
Consent was collected electronically prior to commencement.
All data were stored securely according to institutional
guidelines. Participants were provided a gift card to
acknowledge their contribution; amounts were recommended
by our institution and stakeholder advisory groups. To maintain
privacy, participants were given pseudonyms for data analysis
and reporting.

CAPS Components
The CAPS components are described in detail in previous
publications [16,17]. In brief, participants used a standardized
process to set 1-2 secondary prevention and person-centered
goals using the SMART (specific, measurable, achievable,
realistic, and timebound) format [20]. The template and
procedures for this process were adapted from a phase III
randomized controlled trial (RCT), which involved using SMS
text messages to support goal attainment across the domains of
secondary prevention, activities of daily living,
self-management, psychosocial health, and accessing health
care [21,22]. The clinician-facing technology consisted of a
remotely accessible web-based portal (Figure 1). Patient profiles
were created and tailored using personalized health
measurements and alert thresholds, upload of SMART goals,
activation of SMS text messages aligned to goals adapted from
the above study, and education links. Alert messages within
patient profiles were activated for measures outside thresholds
sourced from clinical guidelines (eg, systolic blood pressure
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>140 mmHg). This process also included an automated email
to the monitoring coordinator and SMS text messages to the
participant. Patient-facing technology consisted of 3
components. The first was motivational goal-aligned SMS text
messages, sent at a rate of 2 messages per goal per week, with
some containing educational hyperlinks. The second was the
purpose-built smartphone CAPStroke app, where patients

entered health data daily (with different measures selected
through the portal) and could review their health data, enter
journal notes (audio, text, and images), activate medication
reminders, and access education resources. The third was a
Bluetooth-synchronized smartwatch or fitness tracker that
passively collected patient data with automatic upload to the
portal and app.

Figure 1. Components of CAPS (Care Assistant and support Program for people after Stroke or transient ischemic attack). TIA: transient ischemic
attack.

Participants
A pragmatic convenience sample of different clinicians involved
in the delivery of stroke care from various parts of Australia
was invited to participate in this qualitative study. Several
recruitment strategies were used. For the first group, we sent
invitations to participants who were involved in the co-design
of CAPS and had expressed a willingness to contribute further
to this research, and also reached out to our existing professional
networks (eg, LinkedIn) between May and June 2023. For the
second group, various methods were used to recruit stakeholders
who were identified by participants in the first group as
important in providing or responding to features of CAPS. These
included general practitioners (GPs) and representatives of the
Stroke Foundation (Australia), who provided in-reach support
services to people living with stroke, including advice on
secondary prevention. The recruitment strategies for the second
group included distributing study flyers, internal organization

newsletters, and personal invitations over a 4-month period
(January to April 2024) via primary health care networks (PHNs)
(Tasmania & Gippsland), Monash Health GP Liaison Unit,
Monash University Practice-based Research and Education
Network (MonREN), and GoldNet Research. A marketing post
was also made on CSIRO’s LinkedIn pages targeting GPs, and
individual GP clinics were contacted via email or directly
through their website.

Data Collection
Online semistructured interviews and focus groups were
conducted separately with clinicians and service provider
representatives based on their availability and preference to
meet. During semistructured interviews and focus group
sessions, participants were provided with a background of the
purpose of the study and then an overview of the program,
including video demonstrations of the CAPStroke smartphone
app and clinical portal. Following this, participants were asked
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a series of open-ended questions regarding their perceptions of
using CAPS for the secondary prevention of stroke and the
potential adoption of CAPS into real-world use. The questions
posed within the semistructured interview guide were adapted
from previous work and subsequently refined with input from
the research team. This was to ensure that all important concepts,
specific to the project objective, were captured (Multimedia
Appendix 1) [23,24].

For the first group, sessions were conducted remotely via the
Cisco Webex video conferencing system (May and June 2023).
Four researchers were involved in facilitating the sessions, with
2 researchers present in each (JC: female, PhD, clinician
researcher; DS-T: male, PhD, digital health researcher; JL:
female, PhD, digital health researcher; LPA: male, BSc, PhD
candidate). For the second group, the sessions were conducted
remotely via Microsoft Teams video conferencing (March and
June 2024). Two researchers were involved in facilitating the
sessions, one of whom was involved with the first group (TP:
female, PhD, clinician researcher; JL). Some researchers were
known to some participants from the co-design process or from
professional relationships.

Sessions lasted approximately 60 minutes and were audio-video
recorded with consent, using Webex or Microsoft Teams. Notes
were taken by the researchers during each session. Audio
recordings were professionally transcribed verbatim.

Rather than basing the sample size on data saturation, in this
study, we focused on achieving adequate information power by
using purposive sampling, having clear objectives, and obtaining
rich, detailed interview data [25]. According to this framework,
the more relevant the cohort is to the study aim and the more
specific the analysis, the fewer participants are needed.

Data Analysis
To minimize potential bias, a semistructured interview guide
was used, and coding was completed by 2 researchers (JL and
LPA) who did not have prior relationships with the participants.
Qualitative content analysis was undertaken by 2 researchers
(JL and LPA), using NVivo software (QSR International) [26].
As this was a preimplementation study in which potential

modifications to the program and future models of care were
explored, this approach was used to systematically organize the
data and generate practical insights [26]. Analysis of the first
group occurred prior to recruitment of the second group, with
all data combined. Preliminary initial codes were established
based on the interview questions and feedback received during
sessions using an integrated approach, which involved applying
deductively derived codes based on the interview questions with
inductively derived codes from session transcripts [27]. Coding
was cross-checked and discussed between the 2 researchers
prior to the second round of the coding process and writing of
the results. For the second group, additional steps included
discussing and reviewing initial notes taken during the
interviews and focus groups among 3 researchers (TP, JL, and
LPA). The categories and subcategories generated in the second
group were reviewed by a third researcher (TP) and visualized
using Miro software (RealtimeBoard, Inc). Coding was
cross-checked and discussed among the 3 researchers prior to
the second round of the coding process and writing of the results.
Final coding for both groups was discussed with 2 additional
authors (JC and DS-T), following the writing of the results.
Disagreements were resolved through consensus.

Results

Participant Characteristics
Eighteen clinicians and 3 Stroke Foundation representatives
participated (Table 1). Eleven participants attended one of the
focus groups, ranging from 2 to 3 participants per session. Ten
participants had one-on-one interviews. The participant
flowchart is provided in Figure 2. Clinicians had various clinical
backgrounds, including specialists, GPs, nurses, and allied health
professionals. Clinician experience spanned the stroke
continuum of care. They were working in various settings,
including acute care (n=4), rehabilitation (n=3), and primary
practice (n=9). One clinician also worked in community-based
care as an adjunct to their acute role. Stroke Foundation
representatives worked across various primary and secondary
prevention services offered by the provider. All 3 representatives
also had clinical backgrounds (nursing and allied health).

JMIR Hum Factors 2025 | vol. 12 | e72873 | p.2809https://humanfactors.jmir.org/2025/1/e72873
(page number not for citation purposes)

Allan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Participant characteristics.

Value (N=21), n (%)Characteristic

11 (52)Female sex

Australian state of residence

5 (24)    New South Wales

4 (22)    Queensland

2 (10)    South Australia

1 (5)    Tasmania

9 (43)    Victoria

Profession

9 (43)    General practitioner

    Medical specialist

2 (10)        Neurologist

1 (5)        Stroke consultant

    Nurse

2 (10)        Registered nurse

1 (5)        Nurse practitioner

    Allied health professional

1 (5)        Occupational therapist

1 (5)        Physiotherapist

1 (5)        Speech pathologist

3 (14)    Stroke Foundation representativea

aNurse, physiotherapist, and exercise physiologist.
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Figure 2. Flow of participant recruitment for the first and second groups of the study.

Categories and Subcategories
We present the results and subcategories related to the categories
of “perceived benefits” of CAPS for secondary prevention and

considerations for real-world “program implementation,”
including facilitators and barriers to future program uptake
(Table 2).

Table . Summary of categories and subcategories.

SubcategoriesMajor category

Perceived benefits • Overall perceptions of the program and technology
• Benefits to the patient

- Supporting patient self-management and accountability
- Appropriateness of the program technology

• Benefits to the clinician
- Facilitating informed decision-making

Program implementation • Program initiation and duration
• Patient support considerations

- Encouraging patient ownership and accountability
- Barriers to patient engagement

• Workflow alignment within existing programs and models of care
- Alignment with Stroke Foundation services
- Alignment with primary practice

• Practical factors affecting program delivery
- Barriers to uptake in primary practice
- Reimbursement and funding considerations

• An independent model of care
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Perceived Benefits
In this section, we describe the perceptions regarding the overall
program and the potential benefits to the patient and the
clinician.

Overall Perceptions of the Program and Technology

The majority of clinicians saw the value of CAPS as a
“comprehensive” program that “integrates” multiple functions
for health monitoring and tracking. They also praised the
program as a novel product “a few steps above what is currently
available in the market” for people living with stroke or TIA in
the community. Many clinicians indicated that the technological
components appeared to be “very user-friendly” and
“well-designed,” making them easy to navigate.

I’m part of a clinical entrepreneur program at the
moment and […] there’s so much happening in this
space. I certainly haven’t seen anything similar to
this around secondary prevention of stroke and TIA.
[Participant #6, GP]

Some GPs also raised the wider applicability and potential use
of CAPS in the primary prevention of stroke and across different
chronic conditions, given that the risk factors for stroke
prevention are relevant to many other disease states and health
conditions.

It’s almost like it could just be a generic patient thing,
not even condition specific. And if you had enough
individualized goals, I mean I think it could be nearly
for everyone. [Participant #18, GP]

Benefits to the Patient

Supporting Patient Self-Management and Accountability

The potential benefits of CAPS as an option for improving
self-management and “optimizing” the secondary prevention
of stroke through its emphasis on self-management were raised.
Clinicians indicated that the program could be used to enhance
postdischarge care, providing clear instructions, support, and
information to patients in a “straightforward” way. This was
seen as preferable to overwhelming them at a time when they
are often feeling “lost” or vulnerable after discharge from an
acute hospital. Participants saw CAPS as useful for encouraging
patient self-management, with the data collection serving as a
motivational tool to support accountability to themselves and
to their health care provider. A GP suggested the program could
provide a safety net, particularly for patients who might be
deterred from presenting to their GP, and could help “pick up”
patients with worsening health.

[CAPS could help] in one or two ways, [for the
patient that has] kind of completely changed their
ways and are highly motivated […] this type of
program no doubt would facilitate that
[self-management] for them. And then some patients
obviously spiral the other way and get quite depressed
and, you know, fall into a bit of a hole so, but this,
you know, this might be useful to give them something
tangible to hold on to. [Participant #12, GP]

[…] to have this recommended, just so [patients]
don’t feel like they’ve just literally been kicked out

the door and that their stroke didn’t matter, I think it
will help them to accept some of that and process
some of those changes and actually set up good life
skills going forward. I think it’s - it just literally would
be a safety blanket for them, but a positive safety
blanket. [Participant #1, registered nurse]

Appropriateness of the Program Technology

Feedback regarding the patient-facing components of the
program indicated that the measures collected through the app
from the daily check-in were “all valid” for patient management.
However, a few of the specialists (a neurologist and stroke
consultant) noted that including subjective measures, such as
mood or distress, was less important for the secondary
prevention of stroke and that objective physiological
measurements, such as blood pressure, should be the main focus
of the program, suggesting the daily check-in to be “pared back.”
Conversely, GPs stated that while those physiological
parameters were very important, subjective psychosocial
measures were also important in long-term patient management
and well-being.

I think a lot of patients don’t realize once you’ve had
a stroke, there’s a higher chance you’ll be depressed,
so I think it’s good for them to be thinking about it,
so maybe they can be more proactive about it as well.
[Participant #18, GP]

Clinicians also recommended tailoring the frequency of each
measure for patients (rather than being exclusively daily) and
taking advantage of the electrocardiogram features of some of
the wearable devices for monitoring atrial fibrillation.

[smartwatches having] the capacity to do an ECG
[…] that’s going to completely transform diagnosis
of AF into the future. [Participant #6, GP]

Benefits to the Clinician
The benefits of using CAPS for the clinician were discussed
less often, with a few of the clinicians stating that the program
would have more benefits for the patient than it would for the
clinician.

Facilitating Informed Decision-Making
Most of the GPs mentioned that they could leverage the rich
data provided by CAPS to improve patient care and better target
the risk factors of concern. This included enhanced monitoring
of psychosocial well-being, highlighted as an important factor
in improving patient treatment “outcomes and compliance.”
Clinicians emphasized the value of accessing longitudinal data
that can offer greater clinical insights than the limited data that
might be collected in a single consultation (eg, blood pressure
readings). One GP also indicated that the potential of improved
patient outcomes would be motivating for clinicians to use the
program for patient management.

I guess the things that I would find beneficial is just
having more data […] having more blood pressure
readings, having more information […] if they come
in and they’ve got all this information just available
for us, we can make much more informed decisions
much quicker. [Participant #18, GP]
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The importance of presenting the data in an accessible way in
the clinical portal was raised, for example, using a traffic light
or matrix system to easily identify data outside of clinically
recommended parameters (eg, hypertension and
hypercholesterolemia). By doing so, the clinician could “very
quickly” get an idea of the current health needs of the patient
and use the “tangible” data to target areas of improvement (eg,
blood pressure).

[…] I’d love to just be able to type in total LDL
[low-density lipoprotein], HDL [high-density
lipoprotein] ratio, triglycerides and then they can just
sort of see […] how well are [they] in the green?
[Participant #10, nurse practitioner]

I don’t want a data kind of avalanche coming our
way, it would be more tangible bits of information
that we can move the needle with. [Participant #12,
GP]

Program Implementation
A major focus of the focus groups and interviews was to
understand the potential adoption of CAPS into real-world use.
In this section, we present themes related to the optimal time
for delivering such a program, patient-level considerations, and
the identification of potential models of care. We also explore
the facilitators and perceived barriers to program uptake at the
clinician level.

Program Initiation and Duration
Clinician sentiments for a suitable program initiation time after
stroke were varied, ranging from immediately upon discharge
to slightly longer follow-up periods (ie, a few weeks to a few
months after discharge). However, the general consensus was
that patients would receive the most benefit from the program
if delivered within 3 months of discharge from the hospital.
This aligned with feedback provided by patient participants
[17].

When queried, nearly half the clinicians noted that the program
should be delivered upon or soon after discharge, particularly
after having been seen by specialists such as neurologists and
cardiologists. They felt this was an appropriate time given that
patients and their family members are “quite motivated” to
implement changes and are more “susceptible to behavior
change” and to learning healthy “habits.” This could be done
by introducing CAPS as part of the Stroke Foundation’s
MyStrokeJourney, a resource provided to patients to support
the “transition from hospital to home” [28].

CAPS really has value [delivered] very acutely after
an incident, when patients are more likely to engage.
[Participant #14, GP]

However, the other half of the clinicians felt it would be more
appropriate to introduce CAPS a few weeks to within 3 months
after discharge, with 3 elaborating that waiting a period of time
after discharge was ideal. This is because patients are often
overwhelmed and need further information and support at this
time.

[…] we do a three-month follow-up in all the strokes
[…] that to me that would be the sweetest spot to

introduce this […] they are overwhelmed, there are
multiple competing demands, multiple things to still
get their head around. Three months the patient
already comes with a list of questions, and I see that
as a nice time. [Participant #4, neurologist]

A more flexible model of care was also suggested by a few of
the clinicians, with the possibility of introducing the program
at any time to patients who were discharged directly from
hospitals and who have been unable to access other support
services. They also felt it would be appropriate to offer the
program to patients who were not given enough education about
the secondary prevention of stroke at the time of their event, as
identified by their GP.

It really depends doesn’t it, if it’s a TIA, they’ve had
a fright and they’re very motivated to stop that from
ever happening again or stop them from ever having
a stroke. If they’ve had a major stroke then […]
they’ve got a whole grief process and a rehab process,
so I think it needs to be individualized […].
[Participant #6, GP]

Patient Support Considerations

Encouraging Patient Ownership and Accountability

Clinicians expressed clearly that the onus should fall on the
patient to self-manage for secondary prevention, rather than
assuming and relying on the oversight of clinicians, who are
likely to be monitoring the data sporadically. This entails
patients being “empowered” to take “ownership” of their health
and being “confident” in knowing when to seek help from their
primary carer. However, several GPs raised concerns about
patients interpreting their clinical information without the
support of a clinician, feeling it “opened up a can of worms.”

[…] there has to be an expectation put on the patients
around how much responsibility they take for their
health; you know they can’t completely load that back
on the clinicians. [Participant #12, GP]

I think […] most people are trying to take more
responsibility for their health and something like this
could definitely help them along the way. And I think
allows them to […] take that ownership. I would think
they would enjoy it. [Participant #5, occupational
therapist]

Barriers to Patient Engagement

Clinicians raised some challenges patients could experience
with accessing and using the program. There were concerns that
some people with stroke would be unable to access the program
due to not owning the right technology and that some elderly
patients may lack the technological literacy for the program.
Additionally, the potential difficulties in providing equitable
access to the program were emphasized, particularly in culturally
and linguistically diverse communities, including Aboriginal
and Torres Strait Islander people. However, it was raised by 3
clinicians that patients could be supported and trained to use
the technology relatively easily.

Of course, there is going to be a proportion of patients
who can’t manage a smart phone, don’t speak
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English, don’t know their Apple ID [identification]
or password. Those sorts of things are a challenge
and those people are already the least well served of
our population, particularly people who don’t speak
English. [Participant #10, nurse practitioner]

I think some people might be a little IT [information
technology] illiterate, but […] I wouldn’t say that
you couldn’t teach someone how to do that pretty
easily. [Participant #18, GP]

Some of the clinicians noted that CAPS would predominantly
benefit motivated patients, who would find the program
“exceptionally helpful,” but that less-motivated patients may
struggle to engage. Similarly, there were discussions about the
difficulty of patients to adhere to programs, with barriers to
engagement, such as fatigue or depression, as well as previous
challenges with requesting patients to complete data input for
extended time periods.

[…] those people who are motivated will probably
engage in this and those who probably need it are
maybe less inclined to engage for reasons. That’s
always a battle. [Participant #16, GP]

Workflow Alignment Within Existing Programs and
Models of Care
Clinician opinions regarding who could best deliver the program
varied. In the first group, most clinicians recommended a
GP-shared model of care, feeling the program aligned with the
purpose of primary practice. Most clinicians highlighted the
benefits of including multidisciplinary care professionals (nurses
and allied health professionals) for supporting secondary
prevention. Given the current service provision by the Stroke
Foundation, the alignment of CAPS with their existing programs
was considered. In the second group, perceptions of the GPs
regarding the potential model of care and workflow alignment
varied, and several challenges to the program being GP-led were
raised. This concept was explored with GPs, and further
information about their perceptions is provided below.

Alignment With Stroke Foundation Services
Some of the services provided by the Stroke Foundation,
relevant to CAPS, include the Living Well After Stroke program
and the Stroke Navigator service. The first is a secondary
prevention program delivered via telehealth to improve
self-management and education for people after stroke. The
Stroke Foundation representatives indicated that no objective
measures (eg, blood pressure) are taken by the Living Well
After Stroke program, with more focus on supporting
participants to achieve their program goals and equipping them
with a toolkit for self-management. In the second service, the
Stroke Navigator, patients are contacted by staff following
discharge from the hospital to support the access of various
services for managing recovery and secondary prevention. Given
this, the representatives were asked if they felt the Stroke
Foundation could and would include CAPS as a service in their
current model. The Stroke Foundation representatives indicated
that while CAPS aligned with Living Well After Stroke and the
purpose of foundation activities, there was currently no
bandwidth for it to be incorporated as a Stroke Foundation–led

service. However, 2 representatives felt that the Stroke
Navigator service could be used as a referral or registration
pathway for people living with stroke returning to life in the
community. When queried regarding the placement of the
program, 2 of the 3 representatives indicated the importance of
partnering with GPs to deliver CAPS.

[…] that’s their key, that’s where their medical care,
their recovery is mainly managed […] in general
practice. [Participant, Stroke Foundation
representative]

Alignment With Primary Practice
Most GPs pointed out that CAPS aligned well with GP
Management Plans currently used to facilitate chronic disease
management (CDM) in primary practice [29]. These plans are
described in further detail in the subsection Reimbursement and
Funding Considerations. It was raised by 1 GP that frequent
touchpoints with clinicians, as required in CAPS, which could
be facilitated by aligning with these care plans, are highly
beneficial for patients in programs such as these and can support
continued “motivation” and “achieving goals.”

[...] a lot of this is based on personalized goals... and
this is how this could be integrated into...I could see
how this could make those plans just amazing...and
this program sort of goes for 12 weeks, and I was just
thinking that would fit with those GP management
plans so much better. And the goals that are in the
app are almost exactly the goals that I write for my
patients now […] adding more work is often not
encouraged by GPs, but I think how this could
integrate into general practice, that would be really
useful. [Participant #18, GP]

There was variability reported in the perceptions of who would
potentially be involved in the various tasks of onboarding and
delivering CAPS. Some GPs felt that practice nurses were best
equipped to onboard participants into the program, including
familiarizing them with the various technologies. It was also
mentioned that nurses could support patients to set secondary
prevention goals. One GP stated a preference for their practice
nurse onboarding patients but they themselves [the GP] setting
goals with the patient. Another GP noted that either the GP or
a nurse could onboard patients, depending on the practice (eg,
GPs in small practices without a nurse). One GP also raised the
possibility of referring patients to an external service for
registration and onboarding, and then having an “agreed shared
care” model with the external entity.

I could see how a practice nurse involved in this could
be really helpful, because they have a little bit more
flexibility on time […] getting the nurses to set up this
with the patient would […] take that pressure off the
GP doing it. [Participant #18, GP]

GP opinions regarding who was best equipped to monitor the
data were split between GPs and practice nurses. Some indicated
that both were potentially viable options in the interviews. Those
of the opinion that it should rest with GPs felt that it should be
their responsibility as they are the primary point of “medical
care” and are managers of “recovery” for patients after stroke.
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They’d [GPs] definitely be able to do the monitoring
side of things. [Participant #18, GP]

Others noted that the practice nurses had the “skill set” and
more availability to monitor patients and would be able to
“spend more time” than the doctors supporting patients. It was
also mentioned that the nurses could then act as a “filter” or
could triage patients and “flag” particular concerns with the GP
when patients attended appointments.

[…] we do health assessments, data gathering,
practice nurses are fully trained to do that in our
clinic. We do care plans, […] falls assessments and
so forth, things that take time and I don’t have that.
My practice nurses do it on my behalf. [Participant
#13, GP]

Practical Factors Affecting Program Delivery

Barriers to Uptake in Primary Practice
A number of challenges to embedding CAPS in primary practice
were raised.

The majority of GPs highlighted the lack of time they currently
have available with an “insurmountable” workload, without the
addition of a “high touch” monitoring program. They expressed
concerns about the increased workload, potential for missed
alerts, and legal implications of managing the additional
information, especially outside regular hours. Additionally, 1
clinician raised the lack of support for GPs, particularly those
in rural locations.

[…] there’s a whole other workload attached to GP
workload with no more remuneration or care because
if the public system is suffering, then it’s, we have this
finite plate of things we have to do and people just
keep adding, adding, adding, there’s CAPS, there’s
obstetrics, there’s psych, there’s – but the job is still,
you know 40 hours a week, so unfortunately some
things are going to fall off the plate if you keep adding
without creating a new job or adding more capacity
or hiring new GP’s or nurses. [Participant #17, GP]

Some of the GPs raised issues with timeliness in responding to
alerts activated within the portal when patient measurements
are outside guideline-based thresholds. This included
consideration of alerts being activated during periods where
GPs are away, “out of hours,” or not accessing the information
until an extended time afterwards. One GP shared a method for
addressing this current issue in their practice, where out-of-hour
patient telephone calls are forwarded to after-hours medical
clinics, allowing patients to still be treated. However, this comes
with the caveat that the after-hours clinics cannot access clinical
information from the GP and vice versa.

[…] they sort of just get redirected to after-hours […]
if they need to see a doctor then as well. There’s pretty
much no access to our notes, like those afterhours
doctors can’t see our file at all. [Participant #18, GP]

Most of the GPs interviewed and one other clinician (registered
nurse) had concerns regarding the duty of care and medico-legal
responsibility associated with the expectation from patients that
there is a clinician responding to alerts in a timely and

appropriate manner. An example situation provided was an alert
being activated while a GP is on leave or “out of hours,” which
does not get actioned and leads to a medical emergency, and
the liability of the GP in that situation. Several GPs felt that
adopting the program could lead to increased insurance
premiums. These legal and cost implications were highlighted
as deterrents to the uptake of the program.

I think in terms of, from the medical legal point of
view, it opens up conditions to being liable for clinical
information that comes across your desk, because if
you see something that’s abnormal and you’re on
leave or you’re away and it doesn’t get actioned and
then the patient subsequently has a stroke or
something like that then who is at fault? [Participant
#17, GP]

Interoperability with the current medical software was raised
as critical in the adoption of CAPS by most of the GPs
interviewed and another clinician (nurse practitioner). Two GPs
raised the challenge of using an additional interface in the
time-poor environment. To access and use the information
collected in CAPS, the GPs stated that the data would need to
be automatically “integrated” into the patient’s medical file in
the practice software. According to them, this could include
“populating” the patient file in the practice management
software or providing “downloadable data.” One GP felt that
being able to integrate with the practice software would be
“game-changing.” Another suggestion was to include a link to
the CAPS clinician portal within the patient profile in the
practice software for seamless access.

[…] as a GP I want it all in the one thing, I want it
all in best practice, I want it all in medical director.
[Participant #18, GP]

I think as soon as you’re asking GPs to go outside
their medical software and log on to another web
page, they’re not going. [Participant #12, GP]

Another concern raised by a few of the GPs was the management
and storage of patient data on an external platform. Citing
“privacy issues,” they flagged that GPs often worry about
sending data to third parties and desire clear “labeling” of how
their patient data are being stored and used. One GP indicated
that backing from a trusted organization, for example, data being
hosted and protected by the CSIRO (a federal government
research organization) or elsewhere by the government, would
help allay those concerns.

Some GPs highlighted cost and reimbursement as major barriers
to implementing the program in primary practice. This is
explored further below.

Reimbursement and Funding Considerations
Aligning consultation and management of patients under the
Medicare Benefits Scheme (Medicare), Australia’s universal
health care insurance program, was suggested by most GPs.
This could be done by aligning the program delivery (including
onboarding) and associated consultations under the CDM
services provided by the GP. CDM services were introduced to
provide further Medicare subsidized support to patients with
chronic medical conditions [29]. By doing so, the nurses
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involved in supporting the delivery of CAPS could be
reimbursed via existing Medicare rebates within the management
plan codes for their time and consultations, which was
highlighted as vital with the “razor-thin” margins of a GP
practice.

[…] you can probably fall within the same consult as
the GP management plan, like a chronic disease
management plan, because that also requires goal
setting to do it correctly. [Participant #14, GP]

Similarly, some GPs indicated they would privately bill the
patients, referencing the “undercurrent” in the general practice
of continued reductions in bulk billing (where Medicare benefits
fully subsidize health services).

[…] if we created a job and we paid someone to be
monitoring it possibly, but there would be, it would
be a paid service and the patient would have to foot
the bill for it. [Participant #17, GP]

Another GP raised the possibility of using private health
insurance to cover the sessions, given that the insurers are
“incentivized” to reduce members using health services and
having recurrent events. This could be used to then incorporate
health coaches into the program to support and guide the patients
and take the burden of monitoring from GPs. However, they
acknowledged that this could exclude patients who do not have
private health insurance.

[…] the private health insurers can pay the health
coaches to actually help patients through this journey
and […] the app can actually be part of the private
health insurer hospital prevention program to say, a
tool that health coaches can use […] set goals for
[the patient] and the alerts will streamline where the
alerts go, or will help [the patient] with when is it
relevant to see a GP. [Participant #14, GP]

An Independent Model of Care
An alternative proposal by several GPs was that the program
could be run independently as a standalone private service,
providing a solution to the current barriers GPs face. One GP
mentioned that this could lead to more “feasible,” “efficient,”
and cost-effective care by training independent clinical staff to
solely onboard, monitor, and respond to data. These staff could
then link in with GP services to share the information collected.
Another GP highlighted how previous programs supported by
a PHN have worked, for example, having independent clinical
staff travel to different clinics, provide heart health checks, and
then feed that information back to the GP.

Discussion

Principal Findings
We have described the perceptions of Australian clinicians and
Stroke Foundation representatives regarding CAPS. This
included their opinions regarding the potential perceived
benefits, and the facilitators and challenges to the future
adoption of this novel digital program as a health promotion
program delivered in the community. We report that clinicians
from different disciplines and the continuum of stroke care saw

the value of a digitally delivered multicomponent secondary
prevention program, which was discussed as a potential model
of care. We present their insights into the challenges of
integrating these types of programs into primary practice.

Both the clinicians interviewed in this study and the end-user
participants living with stroke or TIA in the feasibility study
felt the program could provide essential support if delivered
shortly after discharge [17]. While secondary prevention begins
in the hospital with medications, care plans, and risk factor
education, not all patients receive these. In 2023, 30% of patients
discharged from Australian hospitals did not receive a care plan,
and 28% were not educated regarding risk factor management
[30]. The transition from hospital to home is often poorly
supported, leading to unmet needs, particularly in healthy
lifestyles and uptake of secondary prevention [31]. The lack of
support provided may contribute to many people living with
stroke reporting long-term unmet needs, particularly in the areas
of healthy lifestyles and secondary prevention [32,33]. CAPS
could be used to provide essential information for
self-management and ensure patients feel better supported after
discharge [34].

Clinicians identified issues of accessibility, particularly “digital
exclusion”, as a potential barrier to patient uptake of the
program. Digital access is now a key social determinant of
health [35], which can be affected by factors such as digital
literacy, age, education, and cultural diversity [36,37]. People
with lower digital literacy, including those from culturally
diverse backgrounds, are less likely to access and use digital
technologies for their care [38]. To bridge the digital divide,
interventions should be made accessible through various
methods, such as using simple language, offering alternative
formats (eg, audio or icons rather than text) [38,39], providing
devices [13], co-designing interventions to ensure they are
fit-for-purpose [13,38], and offering individual training in the
use of technology [40]. In the CAPS feasibility study, training
was provided via an image-based step-by-step manual, a tutorial
video, and a telephone call. This may have contributed to the
high level of participant satisfaction with the usability of the
smartphone app and wearable device [17].

An additional barrier identified was the challenge of engaging
patients who lack motivation to improve their health. While we
observed sustained technology usage in the feasibility study
[17], that finding was among people who chose to participate
in digital health research. The broader stroke population may
be less incentivized to engage with a digital health program and
less motivated to improve their health. However, previous
studies have found that particular features, such as the ability
to review the data and active participation in health management,
can improve motivation and engagement [41-43].
Person-centered goal-setting also increases motivation among
people living with stroke [44]. While these features are part of
CAPS, the program needs further evaluation in a larger, more
representative population to assess motivation and adherence.

Several barriers to the adoption of a digital health program into
clinical practice were identified. Stroke Foundation
representatives noted limited availability for integration with
existing services in their stroke-specific models. In particular,
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barriers of adoption into primary practice were discussed.
Scarcity of resources was a major concern of the clinicians
interviewed, with limited time and personnel to regularly
monitor and respond to patient data. Previous studies have also
shown that mobile health technology (eg, smartphone apps),
telemonitoring, and self-management tools can increase clinician
workload [45], hindering the implementation of evidence-based
stroke care guidelines [46]. Digital health programs should
support, not disrupt, workflows, and clinicians must be involved
in their development to ensure they are effective and
fit-for-purpose for both patients and clinicians [47].

The first group of clinicians noted that GPs were the best placed
health care providers to deliver a program such as CAPS.
However, the GPs cited a number of barriers, as explored above,
that raise challenges in delivering CAPS in the current primary
practice setting. As such, a GP-led model of care may not be
feasible at scale. Involving nurses (for example, the specialist
nurses in the New South Wales Chronic Disease Management
Program) [48] to support a shared model of care may be more
plausible. Previous research has indicated that nurse-led remote
patient monitoring is feasible and has positive clinical outcomes
[49].

With training, a nurse could develop patient-centered goals,
monitor and respond to data, and provide action points or feed
important information back to primary care. This also leverages
an existing workforce that is trained in health promotion, CDM,
and patient monitoring. As suggested, delivering CAPS as an
independent nurse-led service, where clinical summaries are
securely fed back to primary practice, could alleviate some
challenges of integration with the various practice management
software. Given the fragmentation of management software
used across Australia, integrating CAPS into each would be
technically and financially challenging. Data sharing through
secure formats (eg, HL7 or encrypted PDF reports) to primary
practice could be a more practical approach.

Consideration of the sustainable implementation and delivery
costs of CAPS is vital, given that they are key barriers to the
uptake of digital health programs [50]. While aligning the
program under the Australian Medicare–subsidized CDM plan
as a potential reimbursement model was discussed, this funding
is predominantly used for allied health services, such as podiatry
[29]. Furthermore, there is no current funding mechanism for
remote patient monitoring or the delivery of a digital health
program through Medicare [51]. As such, alternative forms of
funding are likely to be required. Funding through PHN
initiatives or private health insurance may provide pathways
for sustainable reimbursement. State-level funding may also be
viable, with precedent from the South Australian government
supporting the sustained delivery of a virtual clinical care model
[52]. Sustainable delivery of CAPS will require investment in
training, technical infrastructure (eg, servers, product updates,
and cybersecurity), and secure integration with primary
practices. Scalability of the program will also require addressing
interoperability barriers across diverse practice management
systems, ensuring workforce availability and readiness, and
improving digital health literacy among both clinicians and
patients [53]. Demonstration of downstream cost benefits from

program delivery (eg, reduced hospitalization) will also be
essential to attract continued funding.

Identifying successful digital programs, which have been
uplifted into a health service, can highlight factors that facilitate
implementation. However, there is limited reporting on this
process, and many programs face large implementation
challenges [54]. A successful Australian example is Cardihab
(Cardihab Pty Ltd) [55], a cardiac rehabilitation program offered
via a smartphone app and clinician-facing portal. The program
was evaluated in an RCT for effectiveness before
implementation [56], and it is now offered to patients in multiple
Australian states through private health insurance and certain
private and public health services [55]. Medly, delivered in
Canada, is another example of a mobile phone–based
telemonitoring program for heart failure. Developed through a
user-centered design process, the program was evaluated for
effectiveness in an RCT [57,58]. Medly is currently offered
through 9 health services throughout Toronto, supported by the
University Health Network and Boehringer Ingelheim Canada
[59]. The successful implementation of these digital programs
indicates the importance of conducting an RCT in order to
progress through the implementation pipeline. Data from this
study will inform the future design of an RCT, including
modification of CAPS technology and the model of care to be
evaluated.

The strengths of our study included the diverse range of
clinicians and wider service providers with expertise across the
continuum of care, including those involved in acute,
rehabilitation, and primary care. Given their mention by GPs
during the interviews, practice nurses and practice managers
could have been interviewed to understand their perceptions of
adopting CAPS into primary care. However, we feel that our
pragmatic convenience sample of content experts provided
sufficient information power related to the richness and
relevance of the data [25]. We used standardized procedures to
demonstrate the program components and capabilities, with
clinicians asked a similar set of questions to enhance
dependability and consistency while still permitting flexibility
to explore their views and experiences. Analysis of the data was
undertaken by researchers independently with collaborative
cross-checking and oversight of a third researcher in the second
group. We demonstrated the capabilities of the program for
patient end users, including self-monitoring and tailored support
for goal attainment. However, we did not have the opportunity
to involve clinicians in using and delivering CAPS to
demonstrate enhanced management of actual patients. This
means their perceptions and interpretations were purely
conceptual, based on the demonstration provided during the
focus groups or interviews. As such, a number of clinicians
made assumptions and provided comments about a program
they were not fully familiar with. The current lack of
interoperability with practice management software or electronic
health records makes integration of CAPS challenging. The
current program design, which relies on regular review and
response to patient-entered data, may impact clinical workflows
and workload. Furthermore, the use of CAPS requires some
level of digital literacy and the ownership of compatible devices
among patients, as well as digital competence among clinicians,
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which may limit equitable use and adoption. Interviews for the
first and second groups were conducted by different researchers;
however, a consistent semistructured interview guide was used
across all interviews, and the facilitators were experienced. Data
analysis was also conducted by the same 2 researchers, and all
the other researchers were involved in the discussion of the
results.

The data collected regarding clinician perceptions will be
integrated with the prior patient feedback collected [17]. This
will be used to guide amendments to the program components
(both patient and clinician facing; eg, patient traffic-light
summaries) and updates of the technology. Their feedback will
also guide the future model of care to be evaluated in a

mixed-methods RCT, where patient participants will be recruited
earlier in their recovery as recommended, and clinicians will
be involved in the delivery of the program. We will also collect
information to facilitate an economic evaluation of the program,
a critical component of future implementation.

Conclusion
Clinician perspectives regarding the use of CAPS for improving
the secondary prevention of stroke indicate the potential of the
program to address gaps in care. Participant feedback indicated
a need to consider a viable and sustainable model of care that
includes primary care without detrimentally impacting
associated workloads. Further evaluations of the program
regarding effectiveness in phase II and III RCTs are warranted.

 

Acknowledgments
This research was funded by a STOPstroke Pilot Project grant and the Commonwealth Scientific and Industrial Research
Organisation Precision Health Future Science Platform. LPA acknowledges scholarship support from Monash University and
the Australian e-Health Research Centre, CSIRO. NAL acknowledges fellowship support from the Heart Foundation of Australia
(#106762). DAC acknowledges fellowship support from the National Health Medical Research Council of Australia (#1154273).

The authors would like to acknowledge support in participant recruitment from A/Prof Seana Gall, Primary Health Tasmania,
Gippsland Primary Health Network, MonREN (Monash University Practice Based Research Network), GoldNet (the Gold
Standard in Primary Care Research), the Department of General Practice at Monash University, and the University of Queensland
General Practitioner Network.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Outline of semistructured stimulus questions.
[PDF File, 56 KB - humanfactors_v12i1e72873_app1.pdf ]

Checklist 1
COREQ checklist.
[PDF File, 433 KB - humanfactors_v12i1e72873_app2.pdf ]

References
1. Feigin VL, Stark BA, Johnson CO, et al. Global, regional, and national burden of stroke and its risk factors, 1990–2019: a

systematic analysis for the Global Burden of Disease Study 2019. Lancet Neurol 2021 Oct;20(10):795-820. [doi:
10.1016/S1474-4422(21)00252-0]

2. Kim J, Neville E, Dalli L, et al. Economic impact of stroke report 2024. : Stroke Foundation; 2024 URL: https:/
/strokefoundation.org.au/media/g2rh1imp/2024-economic-impact-of-stroke-report-final.pdf [accessed 2025-09-15]

3. Lin B, Zhang Z, Mei Y, et al. Cumulative risk of stroke recurrence over the last 10 years: a systematic review and
meta-analysis. Neurol Sci 2021 Jan;42(1):61-71. [doi: 10.1007/s10072-020-04797-5] [Medline: 33040195]

4. Mohan KM, Wolfe CDA, Rudd AG, Heuschmann PU, Kolominsky-Rabas PL, Grieve AP. Risk and cumulative risk of
stroke recurrence: a systematic review and meta-analysis. Stroke 2011 May;42(5):1489-1494. [doi:
10.1161/STROKEAHA.110.602615] [Medline: 21454819]

5. Lisabeth LD, Ireland JK, Risser JMH, et al. Stroke risk after transient ischemic attack in a population-based setting. Stroke
2004 Aug;35(8):1842-1846. [doi: 10.1161/01.STR.0000134416.89389.9d] [Medline: 15192239]

6. Kleindorfer DO, Towfighi A, Chaturvedi S, et al. 2021 guideline for the prevention of stroke in patients with stroke and
transient ischemic attack: a guideline from the American Heart Association/American Stroke Association. Stroke 2021
Jul;52(7):e364-e467. [doi: 10.1161/STR.0000000000000375] [Medline: 34024117]

7. Hackam DG, Spence JD. Combining multiple approaches for the secondary prevention of vascular events after stroke: a
quantitative modeling study. Stroke 2007 Jun;38(6):1881-1885. [doi: 10.1161/STROKEAHA.106.475525] [Medline:
17431209]

JMIR Hum Factors 2025 | vol. 12 | e72873 | p.2818https://humanfactors.jmir.org/2025/1/e72873
(page number not for citation purposes)

Allan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e72873_app1.pdf&filename=ffc6eba3-a53d-11f0-8e46-33470de28b2f.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e72873_app1.pdf&filename=ffc6eba3-a53d-11f0-8e46-33470de28b2f.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e72873_app2.pdf&filename=ffd91411-a53d-11f0-8e46-33470de28b2f.pdf
https://jmir.org/api/download?alt_name=humanfactors_v12i1e72873_app2.pdf&filename=ffd91411-a53d-11f0-8e46-33470de28b2f.pdf
http://dx.doi.org/10.1016/S1474-4422(21)00252-0
https://strokefoundation.org.au/media/g2rh1imp/2024-economic-impact-of-stroke-report-final.pdf
https://strokefoundation.org.au/media/g2rh1imp/2024-economic-impact-of-stroke-report-final.pdf
http://dx.doi.org/10.1007/s10072-020-04797-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33040195&dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.110.602615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21454819&dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000134416.89389.9d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15192239&dopt=Abstract
http://dx.doi.org/10.1161/STR.0000000000000375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34024117&dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.106.475525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17431209&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Nicholson S, Sniehotta FF, van Wijck F, et al. A systematic review of perceived barriers and motivators to physical activity
after stroke. Int J Stroke 2013 Jul;8(5):357-364. [doi: 10.1111/j.1747-4949.2012.00880.x] [Medline: 22974010]

9. Govori V, Budinčević H, Morović S, Đerke F, Demarin V. Updated perspectives on lifestyle interventions as secondary
stroke prevention measures: a narrative review. Medicina (Kaunas) 2024 Mar 19;60(3):3. [doi: 10.3390/medicina60030504]
[Medline: 38541229]

10. Zawawi NSM, Aziz NA, Fisher R, Ahmad K, Walker MF. The unmet needs of stroke survivors and stroke caregivers: a
systematic narrative review. J Stroke Cerebrovasc Dis 2020 Aug;29(8):104875. [doi:
10.1016/j.jstrokecerebrovasdis.2020.104875] [Medline: 32689648]

11. Moschonis G, Siopis G, Jung J, et al. Effectiveness, reach, uptake, and feasibility of digital health interventions for adults
with type 2 diabetes: a systematic review and meta-analysis of randomised controlled trials. Lancet Digit Health 2023
Mar;5(3):e125-e143. [doi: 10.1016/S2589-7500(22)00233-3] [Medline: 36828606]

12. Katz ME, Mszar R, Grimshaw AA, et al. Digital health interventions for hypertension management in US populations
experiencing health disparities: a systematic review and meta-analysis. JAMA Netw Open 2024 Feb 5;7(2):e2356070. [doi:
10.1001/jamanetworkopen.2023.56070] [Medline: 38353950]

13. Allan LP, Beilei L, Cameron J, et al. A scoping review of mHealth interventions for secondary prevention of stroke:
implications for policy and practice. Stroke 2023 Nov;54(11):2935-2945. [doi: 10.1161/STROKEAHA.123.043794]
[Medline: 37800373]

14. Kilfoy A, Hsu TCC, Stockton-Powdrell C, Whelan P, Chu CH, Jibb L. An umbrella review on how digital health intervention
co-design is conducted and described. NPJ Digit Med 2024 Dec 23;7(1):374. [doi: 10.1038/s41746-024-01385-1] [Medline:
39715947]

15. Noorbergen TJ, Adam MTP, Teubner T, Collins CE. Using co-design in mobile health system development: a qualitative
study with experts in co-design and mobile health system development. JMIR Mhealth Uhealth 2021 Nov 10;9(11):e27896.
[doi: 10.2196/27896] [Medline: 34757323]

16. Silvera-Tawil D, Cameron J, Li J, et al. Multicomponent support program for secondary prevention of stroke using digital
health technology: co-design study with people living with stroke or transient ischemic attack. J Med Internet Res 2024
Aug 22;26:e54604. [doi: 10.2196/54604] [Medline: 39172512]

17. Allan LP, Silvera-Tawil D, Cameron J, et al. Novel multicomponent digital care assistant and support program for people
after stroke or transient ischaemic attack: a pilot feasibility study. Sensors (Basel) 2024 Nov 13;24(22):7253. [doi:
10.3390/s24227253] [Medline: 39599030]

18. Wosny M, Strasser LM, Hastings J. Experience of health care professionals using digital tools in the hospital: qualitative
systematic review. JMIR Hum Factors 2023 Oct 17;10:e50357. [doi: 10.2196/50357] [Medline: 37847535]

19. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist for
interviews and focus groups. Int J Qual Health Care 2007 Dec;19(6):349-357. [doi: 10.1093/intqhc/mzm042] [Medline:
17872937]

20. Bowman J, Mogensen L, Marsland E, Lannin N. The development, content validity and inter-rater reliability of the
SMART-Goal Evaluation Method: a standardised method for evaluating clinical goals. Aust Occup Ther J 2015
Dec;62(6):420-427. [doi: 10.1111/1440-1630.12218] [Medline: 26286379]

21. Cadilhac DA, Cameron J, Kilkenny MF, et al. Protocol of a randomized controlled trial investigating the effectiveness of
Recovery-focused Community support to Avoid readmissions and improve Participation after Stroke (ReCAPS). Int J
Stroke 2022 Feb;17(2):236-241. [doi: 10.1177/17474930211022678] [Medline: 34037468]

22. Barnden R, Cadilhac DA, Lannin NA, et al. Development and field testing of a standardised goal setting package for
person-centred discharge care planning in stroke. PEC Innov 2022 Dec;1:100008. [doi: 10.1016/j.pecinn.2021.100008]
[Medline: 37364011]

23. Li J, Silvera-Tawil D, Varnfield M, Hussain MS, Math V. Users’ perceptions toward mHealth technologies for health and
well-being monitoring in pregnancy care: qualitative interview study. JMIR Form Res 2021 Dec 2;5(12):e28628. [doi:
10.2196/28628] [Medline: 34860665]

24. Li J, Varnfield M, Jayasena R, Celler B. Home telemonitoring for chronic disease management: perceptions of users and
factors influencing adoption. Health Informatics J 2021;27(1):1460458221997893. [doi: 10.1177/1460458221997893]
[Medline: 33685279]

25. Malterud K, Siersma VD, Guassora AD. Sample size in qualitative interview studies: guided by information power. Qual
Health Res 2016 Nov;26(13):1753-1760. [doi: 10.1177/1049732315617444] [Medline: 26613970]

26. Elo S, Kyngäs H. The qualitative content analysis process. J Adv Nurs 2008 Apr;62(1):107-115. [doi:
10.1111/j.1365-2648.2007.04569.x] [Medline: 18352969]

27. Bradley EH, Curry LA, Devers KJ. Qualitative data analysis for health services research: developing taxonomy, themes,
and theory. Health Serv Res 2007 Aug;42(4):1758-1772. [doi: 10.1111/j.1475-6773.2006.00684.x] [Medline: 17286625]

28. My stroke journey. : Stroke Foundation; 2024 URL: https://strokefoundation.org.au/what-we-do/for-survivors-and-carers/
stroke-journey-resources [accessed 2025-09-15]

JMIR Hum Factors 2025 | vol. 12 | e72873 | p.2819https://humanfactors.jmir.org/2025/1/e72873
(page number not for citation purposes)

Allan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1747-4949.2012.00880.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22974010&dopt=Abstract
http://dx.doi.org/10.3390/medicina60030504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38541229&dopt=Abstract
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.104875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32689648&dopt=Abstract
http://dx.doi.org/10.1016/S2589-7500(22)00233-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36828606&dopt=Abstract
http://dx.doi.org/10.1001/jamanetworkopen.2023.56070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38353950&dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.123.043794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37800373&dopt=Abstract
http://dx.doi.org/10.1038/s41746-024-01385-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39715947&dopt=Abstract
http://dx.doi.org/10.2196/27896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34757323&dopt=Abstract
http://dx.doi.org/10.2196/54604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39172512&dopt=Abstract
http://dx.doi.org/10.3390/s24227253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39599030&dopt=Abstract
http://dx.doi.org/10.2196/50357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37847535&dopt=Abstract
http://dx.doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17872937&dopt=Abstract
http://dx.doi.org/10.1111/1440-1630.12218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26286379&dopt=Abstract
http://dx.doi.org/10.1177/17474930211022678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34037468&dopt=Abstract
http://dx.doi.org/10.1016/j.pecinn.2021.100008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37364011&dopt=Abstract
http://dx.doi.org/10.2196/28628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34860665&dopt=Abstract
http://dx.doi.org/10.1177/1460458221997893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33685279&dopt=Abstract
http://dx.doi.org/10.1177/1049732315617444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26613970&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18352969&dopt=Abstract
http://dx.doi.org/10.1111/j.1475-6773.2006.00684.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17286625&dopt=Abstract
https://strokefoundation.org.au/what-we-do/for-survivors-and-carers/stroke-journey-resources
https://strokefoundation.org.au/what-we-do/for-survivors-and-carers/stroke-journey-resources
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Use of Medicare chronic disease management items by patients with long-term health conditions. : Australian Institute of
Health and Welfare; 2022 URL: https://www.aihw.gov.au/reports/chronic-disease/
use-of-medicare-chronic-disease-management [accessed 2025-09-15]

30. National stroke audit: acute services report 2023. : Stroke Foundation; 2023 URL: https://informme.org.au/media/uppnqukx/
2023-national-acute-services-national-report.pdf [accessed 2025-09-15]

31. Chen L, Xiao LD, Chamberlain D, Newman P. Enablers and barriers in hospital-to-home transitional care for stroke survivors
and caregivers: a systematic review. J Clin Nurs 2021 Oct;30(19-20):2786-2807. [doi: 10.1111/jocn.15807] [Medline:
33872424]

32. Chen T, Zhang B, Deng Y, Fan JC, Zhang L, Song F. Long-term unmet needs after stroke: systematic review of evidence
from survey studies. BMJ Open 2019 May 19;9(5):e028137. [doi: 10.1136/bmjopen-2018-028137] [Medline: 31110106]

33. Olaiya MT, Cadilhac DA, Kim J, et al. Long-term unmet needs and associated factors in stroke or TIA survivors: an
observational study. Neurology (ECronicon) 2017 Jul 4;89(1):68-75. [doi: 10.1212/WNL.0000000000004063] [Medline:
28566545]

34. Pindus DM, Mullis R, Lim L, et al. Stroke survivors’ and informal caregivers’ experiences of primary care and community
healthcare services - a systematic review and meta-ethnography. PLOS ONE 2018;13(2):e0192533. [doi:
10.1371/journal.pone.0192533] [Medline: 29466383]

35. Shaw RJ. Access to technology and digital literacy as determinants of health and health care. Creat Nurs 2023
Aug;29(3):258-263. [doi: 10.1177/10784535231211682] [Medline: 37909069]

36. Arias López MDP, Ong BA, Borrat Frigola X, et al. Digital literacy as a new determinant of health: a scoping review. PLOS
Digit Health 2023 Oct;2(10):e0000279. [doi: 10.1371/journal.pdig.0000279] [Medline: 37556425]

37. Vercruyssen A, Schirmer W, Geerts N, Mortelmans D. How “basic” is basic digital literacy for older adults? Insights from
digital skills instructors. Front Educ 2023;8. [doi: 10.3389/feduc.2023.1231701]

38. Whitehead L, Talevski J, Fatehi F, Beauchamp A. Barriers to and facilitators of digital health among culturally and
linguistically diverse populations: qualitative systematic review. J Med Internet Res 2023 Feb 28;25:e42719. [doi:
10.2196/42719] [Medline: 36853742]

39. O’Connor S, Hanlon P, O’Donnell CA, Garcia S, Glanville J, Mair FS. Understanding factors affecting patient and public
engagement and recruitment to digital health interventions: a systematic review of qualitative studies. BMC Med Inform
Decis Mak 2016 Sep 15;16(1):120. [doi: 10.1186/s12911-016-0359-3] [Medline: 27630020]

40. Daniels K, Bonnechère B. Harnessing digital health interventions to bridge the gap in prevention for older adults. Front
Public Health 2023;11:1281923. [doi: 10.3389/fpubh.2023.1281923] [Medline: 38259780]

41. Morrissey EC, Casey M, Glynn LG, Walsh JC, Molloy GJ. Smartphone apps for improving medication adherence in
hypertension: patients’ perspectives. Patient Prefer Adherence 2018;12:813-822. [doi: 10.2147/PPA.S145647] [Medline:
29785096]

42. Rief JJ, Hamm ME, Zickmund SL, et al. Using health information technology to foster engagement: patients’ experiences
with an active patient health record. Health Commun 2017 Mar;32(3):310-319. [doi: 10.1080/10410236.2016.1138378]
[Medline: 27223684]

43. Austin L, Sharp CA, van der Veer SN, et al. Providing “the bigger picture”: benefits and feasibility of integrating remote
monitoring from smartphones into the electronic health record. Rheumatology (Oxford) 2020 Feb 1;59(2):367-378. [doi:
10.1093/rheumatology/kez207] [Medline: 31335942]

44. Sugavanam T, Mead G, Bulley C, Donaghy M, van Wijck F. The effects and experiences of goal setting in stroke rehabilitation
- a systematic review. Disabil Rehabil 2013 Feb;35(3):177-190. [doi: 10.3109/09638288.2012.690501] [Medline: 22671934]

45. Keuper J, van Tuyl LHD, de Geit E, et al. The impact of eHealth use on general practice workload in the pre-COVID-19
era: a systematic review. BMC Health Serv Res 2024 Sep 19;24(1):1099. [doi: 10.1186/s12913-024-11524-9] [Medline:
39300456]

46. McCluskey A, Vratsistas-Curto A, Schurr K. Barriers and enablers to implementing multiple stroke guideline
recommendations: a qualitative study. BMC Health Serv Res 2013 Aug 19;13(1):323. [doi: 10.1186/1472-6963-13-323]
[Medline: 23958136]

47. Borges do Nascimento IJ, Abdulazeem H, Vasanthan LT, et al. Barriers and facilitators to utilizing digital health technologies
by healthcare professionals. NPJ Digit Med 2023 Sep 18;6(1):161. [doi: 10.1038/s41746-023-00899-4] [Medline: 37723240]

48. Chronic disease management. Northern NSW Local Health District. URL: https://nnswlhd.health.nsw.gov.au/
community-health/ballina-community-health/chronic-disease-management [accessed 2025-09-15]

49. Coffey JD, Christopherson LA, Williams RD, et al. Development and implementation of a nurse-based remote patient
monitoring program for ambulatory disease management. Front Digit Health 2022;4:1052408. [doi:
10.3389/fdgth.2022.1052408] [Medline: 36588748]

50. Weik L, Fehring L, Mortsiefer A, Meister S. Understanding inherent influencing factors to digital health adoption in general
practices through a mixed-methods analysis. NPJ Digit Med 2024 Feb 27;7(1):47. [doi: 10.1038/s41746-024-01049-0]
[Medline: 38413767]

51. Leveraging digital technology in healthcare - research paper. : Australian Government - Productivity Commission; 2024
URL: https://www.pc.gov.au/research/completed/digital-healthcare/digital-healthcare.pdf [accessed 2025-09-15]

JMIR Hum Factors 2025 | vol. 12 | e72873 | p.2820https://humanfactors.jmir.org/2025/1/e72873
(page number not for citation purposes)

Allan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.aihw.gov.au/reports/chronic-disease/use-of-medicare-chronic-disease-management
https://www.aihw.gov.au/reports/chronic-disease/use-of-medicare-chronic-disease-management
https://informme.org.au/media/uppnqukx/2023-national-acute-services-national-report.pdf
https://informme.org.au/media/uppnqukx/2023-national-acute-services-national-report.pdf
http://dx.doi.org/10.1111/jocn.15807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33872424&dopt=Abstract
http://dx.doi.org/10.1136/bmjopen-2018-028137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31110106&dopt=Abstract
http://dx.doi.org/10.1212/WNL.0000000000004063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28566545&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0192533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29466383&dopt=Abstract
http://dx.doi.org/10.1177/10784535231211682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37909069&dopt=Abstract
http://dx.doi.org/10.1371/journal.pdig.0000279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37556425&dopt=Abstract
http://dx.doi.org/10.3389/feduc.2023.1231701
http://dx.doi.org/10.2196/42719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36853742&dopt=Abstract
http://dx.doi.org/10.1186/s12911-016-0359-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27630020&dopt=Abstract
http://dx.doi.org/10.3389/fpubh.2023.1281923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38259780&dopt=Abstract
http://dx.doi.org/10.2147/PPA.S145647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29785096&dopt=Abstract
http://dx.doi.org/10.1080/10410236.2016.1138378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27223684&dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/kez207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31335942&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2012.690501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22671934&dopt=Abstract
http://dx.doi.org/10.1186/s12913-024-11524-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39300456&dopt=Abstract
http://dx.doi.org/10.1186/1472-6963-13-323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23958136&dopt=Abstract
http://dx.doi.org/10.1038/s41746-023-00899-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37723240&dopt=Abstract
https://nnswlhd.health.nsw.gov.au/community-health/ballina-community-health/chronic-disease-management
https://nnswlhd.health.nsw.gov.au/community-health/ballina-community-health/chronic-disease-management
http://dx.doi.org/10.3389/fdgth.2022.1052408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36588748&dopt=Abstract
http://dx.doi.org/10.1038/s41746-024-01049-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38413767&dopt=Abstract
https://www.pc.gov.au/research/completed/digital-healthcare/digital-healthcare.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


52. Home tele-monitoring service - virtual clinical care (VCC). Government of South Australia - South Australia Health. URL:
https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/services/regional+health+services/
virtual+clinical+care/home+tele+monitoring+service+-+virtual+clinical+care+vcc [accessed 2025-09-15]

53. Schlieter H, Marsch LA, Whitehouse D, et al. Scale-up of digital innovations in health care: expert commentary on enablers
and barriers. J Med Internet Res 2022 Mar 11;24(3):e24582. [doi: 10.2196/24582] [Medline: 35275065]

54. Dendere R, Janda M, Sullivan C. Are we doing it right? We need to evaluate the current approaches for implementation of
digital health systems. Aust Health Rev 2021 Dec;45(6):778-781. [doi: 10.1071/AH20289] [Medline: 34488938]

55. Cardihab. URL: https://cardihab.com/ [accessed 2024-03-24]
56. Varnfield M, Karunanithi M, Lee CK, et al. Smartphone-based home care model improved use of cardiac rehabilitation in

postmyocardial infarction patients: results from a randomised controlled trial. Heart 2014 Nov;100(22):1770-1779. [doi:
10.1136/heartjnl-2014-305783] [Medline: 24973083]

57. Medly. URL: https://medly.ca/ [accessed 2024-11-24]
58. Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Mobile phone-based telemonitoring for heart failure

management: a randomized controlled trial. J Med Internet Res 2012 Feb 16;14(1):e31. [doi: 10.2196/jmir.1909] [Medline:
22356799]

59. Successful virtual care model grows thanks to collaboration. Boehringer Ingelheim. URL: https://www.
boehringer-ingelheim.com/ca/partnering/human-health-partnering/partnering-interests/ontario/medly-program [accessed
2024-12-24]

Abbreviations
CAPS: Care Assistant and support Program for people after Stroke or transient ischemic attack
CDM: chronic disease management
CSIRO: Commonwealth Scientific and Industrial Research Organization
GP: general practitioner
PHN: primary health care network
RCT: randomized controlled trial
TIA: transient ischemic attack

Edited by A Malik; submitted 19.02.25; peer-reviewed by E Linedale, KP Sze; revised version received 22.06.25; accepted 26.08.25;
published 09.10.25.

Please cite as:
Allan LP, Li J, Purvis T, Silvera-Tawil D, Cameron J, Varnfield M, Smallbon V, Bomke J, Lannin NA, Cadilhac DA
Clinician Perceptions of a Novel Multicomponent Digital Care Assistant and Support Program for People After Stroke or Transient
Ischemic Attack (CAPS) for the Secondary Prevention of Stroke: Qualitative Study
JMIR Hum Factors 2025;12:e72873
URL: https://humanfactors.jmir.org/2025/1/e72873 
doi:10.2196/72873

© Liam Pearce Allan, Jane Li, Tara Purvis, David Silvera-Tawil, Jan Cameron, Marlien Varnfield, Vanessa Smallbon, Julia
Bomke, Natasha A Lannin, Dominique A Cadilhac. Originally published in JMIR Human Factors (https://humanfactors.jmir.org),
9.10.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information must be
included.

JMIR Hum Factors 2025 | vol. 12 | e72873 | p.2821https://humanfactors.jmir.org/2025/1/e72873
(page number not for citation purposes)

Allan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/services/regional+health+services/virtual+clinical+care/home+tele+monitoring+service+-+virtual+clinical+care+vcc
https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/services/regional+health+services/virtual+clinical+care/home+tele+monitoring+service+-+virtual+clinical+care+vcc
http://dx.doi.org/10.2196/24582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35275065&dopt=Abstract
http://dx.doi.org/10.1071/AH20289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34488938&dopt=Abstract
https://cardihab.com/
http://dx.doi.org/10.1136/heartjnl-2014-305783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24973083&dopt=Abstract
https://medly.ca/
http://dx.doi.org/10.2196/jmir.1909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22356799&dopt=Abstract
https://www.boehringer-ingelheim.com/ca/partnering/human-health-partnering/partnering-interests/ontario/medly-program
https://www.boehringer-ingelheim.com/ca/partnering/human-health-partnering/partnering-interests/ontario/medly-program
https://humanfactors.jmir.org/2025/1/e72873
http://dx.doi.org/10.2196/72873
http://www.w3.org/Style/XSL
http://www.renderx.com/


Designing for Patient-Centered Care and Equity in Virtual
Hospital-at-Home Models: Quality Improvement Initiative Using
Experience-Based Co-Design

Mahabhir Kandola1; Emma Wong1; Robert Paquin2; Kamal Arora1; Harroop Sharda3; Roman Deol1; Mary Jung4;

Maria Montenegro1; Megan MacPherson1,5

1Department of Virtual Health and Department of EDI and Language Services, Fraser Health, 13450 102 Ave, Surrey, Canada
2King's College London, 5-11 Lavington Street, London, United Kingdom
3British Columbia Institute of Technology, Burnaby, BC, Canada
4University of British Columbia, Kelowna, BC, Canada
5University of British Columbia, Vancouver, BC, Canada

Corresponding Author:
Megan MacPherson
Department of Virtual Health and Department of EDI and Language Services, Fraser Health, 13450 102 Ave, Surrey, Canada

Abstract

Background: The rapid expansion of virtual care during COVID-19 accelerated the development of virtual hospital-at-home
models, which deliver hospital-level care in patients’ homes through remote monitoring, virtual communication, and in-person
support when required. While the virtual hospital-at-home model offers the potential to improve patient-centered care and health
equity, rapid implementation often overlooks culturally diverse and underserved populations, including South Asian communities
who experience disproportionate chronic disease burden and barriers to accessing culturally relevant services. Strategies are
needed to ensure equitable design and adoption of virtual hospital-at-home models.

Objective: This study used an experience-based co-design (EBCD) approach to engage patients, caregivers, clinicians, and
community organizations in shaping a regional virtual hospital-at-home strategy within the Fraser Health Authority, British
Columbia, Canada. The aim was to identify barriers, facilitators, and equity-focused solutions to inform future implementation.

Methods: We conducted a five-stage EBCD quality improvement process in the Fraser Health Authority, British Columbia,
including (1) forming a multidisciplinary steering committee, (2) reviewing health care provider experiences, (3) interviewing
South Asian patients and caregivers, (4) hosting a co-design workshop to develop solutions, and (5) sharing back findings.

Results: Participants identified barriers, including digital literacy, language, and trust in virtual care. The co-designed solutions
focused on culturally tailored education, hybrid digital training, caregiver inclusion, and community-driven engagement strategies.

Conclusions: EBCD enabled the development of inclusive and actionable strategies to improve virtual hospital-at-home services.
The findings highlight the importance of ongoing community collaboration to ensure equity in virtual care innovation.

(JMIR Hum Factors 2025;12:e79679)   doi:10.2196/79679
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community-based participatory research; telemedicine; health equity; South Asian people; artificial intelligence; AI

Introduction

Background
The rapid expansion of virtual care delivery in response to
COVID-19 has paved the way for the development of virtual
hospital-at-home models, which are models of care that mirror
the structure and functions of traditional inpatient wards, but
enable eligible patients to receive hospital-level care in their
own homes through a combination of remote monitoring, virtual
communication, and in-person support when needed [1]. Unlike
general telemedicine or outpatient virtual visits, which typically
provide episodic or consultative care, the virtual

hospital-at-home model aims to deliver a continuous and
integrated alternative to acute hospital care.

Virtual hospital-at-home services hold promise in improving
patient-centered care and enhancing health equity within
communities [2]; however, the rapid implementation of virtual
care during COVID-19 lacks comprehensive patient-centered
development and evaluation, potentially marginalizing already
underserved populations (eg, older adults, people with
disabilities, and culturally diverse communities) [3]. Without
effective strategies for continuous improvement, virtual care
risks perpetuating inequitable and low-quality care, undermining
the very goals they aim to achieve [4]. In Canada, South Asian
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communities represent a significant proportion of residents who
have historically been underserved and experience substantial
barriers related to language, cultural relevance, and access to
health services [5]. South Asians in Canada have higher rates
of chronic diseases compared to other racialized groups,
including cardiovascular disease, diabetes, and hypertension
[6,7]—partly due to social determinants of health (eg, access
to education, employment opportunities, food security,
experiences of discrimination, and access to culturally
appropriate care) [8-10]. Given the inequities and disparities
faced by South Asian community members within Canada,
innovative care strategies are needed to enhance access to
culturally relevant care and improve health outcomes.

Challenges
Key virtual care challenges include the following: (1) the digital
divide: disparities in technology access and digital literacy
disproportionately exclude vulnerable populations, such as older
adults and culturally diverse communities, from the benefits of
virtual care [11,12]; (2) workforce strain: clinicians face
challenges navigating new technologies and workflows and
often lack the time to learn new systems and technologies
contributing to burnout and hindering virtual care adoption [13];
(3) rapid technological evolution: virtual health requires
continuous innovation and adaptability to ensure sustainability,
interoperability, and alignment with patient needs [14,15]. In
this paper, we specifically address challenges related to equitable
access and patient-centered engagement in virtual
hospital-at-home services.

Fraser Health Setting
These challenges are particularly salient within the Fraser Health
Authority, the largest regional health authority in British
Columbia, Canada, which provides care to more than 2 million
residents across 20 diverse communities [16]. Fraser Health
serves 75% of the South Asian residents in the province, and 1
in 5 Fraser Health residents identifies as South Asian [17].
Considering Fraser Health’s diverse population and geographical
spread, the virtual hospital-at-home model has the potential to
improve care quality and access while alleviating pressure on
hospital resources. Fraser Health is designing a regional program
and strategic implementation guidelines for a virtual
hospital-at-home service with five primary objectives: (1)
increase overall system capacity, (2) improve patient flow and
efficiency, (3) reduce hospital-acquired harm, (4) enhance
patient and essential care partner experience, and (5) enhance
clinician experience.

At the time of this study, the only active unit was the virtual
psychiatric unit (VPU), launched in fall 2022 [18]. The VPU
virtually provides hospital-level psychiatric care, but the
long-term vision for Fraser Health’s virtual hospital-at-home

strategy is to expand to other clinical areas (not yet specified).
This project did not evaluate the VPU directly, but instead
sought to engage community members in shaping the design of
future virtual hospital-at-home models across a range of clinical
areas.

This Project
This study uses a design thinking approach, experience-based
co-design (EBCD) [19], to help inform the development of the
Fraser Health virtual hospital-at-home service. EBCD is a
participatory, user-centered approach to quality improvement
that engages those closest to the area for improvement. In this
project, patients, caregivers, clinicians, and decision-makers
were included to explore areas for improvement and to co-design
service improvements based on lived experiences. EBCD is
based on the premise that co-design can lead to
experience-focused health care services, which can result in
improved outcomes in clinical effectiveness and safety [20].
This multistage service improvement approach captures the
experiences and emotions of service users by understanding
key events or “touchpoints” during their service journey [20].

Importantly, EBCD has been recognized as a vehicle for patient
empowerment and equity, shifting traditional power structures
by positioning patients as co-producers in health care
improvement [21]. In public health, more broadly, co-creation
models such as EBCD have been intentionally used to address
health inequities by involving marginalized communities across
all phases of intervention development, from agenda-setting to
evaluation [22]. In addition, EBCD has been shown to help
flatten epistemic inequities by equally valuing all users’
experiences and dismantling entrenched power imbalances in
co-design processes [23]. By centering on the lived experiences
of patients and caregivers, particularly from underserved
communities, EBCD ensures that service improvements
prioritize equity alongside quality and safety.

Methods

Overview
EBCD is a quality improvement methodology that is typically
structured into 6 stages [19]. This study adapted the traditional
6-stage EBCD framework into 5 stages, as the final celebratory
event was integrated into steering committee debrief sessions
rather than conducted as a stand-alone event. A core component
of EBCD is the creation of a short film based on interviews with
participants, which is used to spark discussions between those
providing and receiving care at a co-design event. This study
consisted of 5 stages, and this paper describes the process of
using EBCD to help inform the Fraser Health virtual
hospital-at-home service (Table 1).
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Table . Stages of the experience-based co-design approach.

Key outputsParticipantsKey activitiesStage

Guidance on study approach and
culturally relevant methods

PICSa society, SAHIb, Virtual

Health, EDIc team, and researchers

Established steering committee and
monthly meetings

Stage 1: setting up and steering
committee

Insights on barriers and opportuni-
ties for virtual hospital-at-home
models

7 staff (n=5, 71% physicians and
n=2, 29% nurses)

Interviews with health care
providers

Stage 2: observing service delivery
and staff experiences

Short touchpoint film highlighting
key experiences

20 patients and caregivers (9 in
film)

Interviews with South Asian commu-
nity members and film creation

Stage 3: gathering patient experi-
ences and touchpoint film

Solutions for 5 key themes: patient-
centered care, technology, training,
community engagement, and pro-
cess improvement

Patients, caregivers, clinicians, and
steering committee

Workshop using film to guide
problem-solving

Stage 4: co-design event

Recommendations shared, imple-
mentation planning, and reflections

Steering committee and the virtual
hospital development team

Thematic analysis and follow-up
meetings

Stage 5: post–co-design analysis and
uptake

aPICS: Progressive Intercultural Community Services.
bSAHI: South Asian Health Institute.
cEDI: Equity, Diversity, and Inclusion.

Stage 1: Setting Up and Establishing a Steering
Committee
Members from the Progressive Intercultural Community
Services (PICS) society, Fraser Health’s Virtual Health
department, Fraser Health’s South Asian Health Institute, Fraser
Health’s Equity, Diversity, and Inclusion team, and researchers
were invited to join the steering committee. These groups were
chosen for their understanding of the underserved communities
(particularly South Asian communities), their roles in the health
care system, and their experience with virtual care services and
community-based research methods, ensuring a comprehensive
perspective for the project. The committee met monthly to
discuss project updates, provide feedback on the research
approach, and assist in refining the study’s methods.

Stage 2: Observing Service Delivery and Gathering
Staff Experiences
To contextualize the development of virtual hospital-at-home
services within Fraser Health, we incorporated findings from a
previous qualitative study with 7 health care providers (n=5,
71% physicians and n=2, 29% registered nurses) regarding their
experiences with existing remote patient monitoring services.
We conducted approximately 30-minute, semistructured
one-on-one interviews with health care providers across Fraser
Health. The semistructured interview guide was developed in
consultation with the Virtual Health department to ensure that
the questions were relevant, actionable, and aligned with the
information needs of the remote patient monitoring program.
Interviews explored health care providers’experiences referring
patients to remote patient monitoring programs, barriers
encountered, perceived advantages and disadvantages of referral,
and suggestions for program improvements. These interviews
were included to inform this study, as remote patient monitoring
is an integral aspect of virtual hospital-at-home models. Remote
patient monitoring allows clinicians to track patient status in
real time and supports proactive care delivery. For full details

on the methods used, refer to the study by N Moghaddam, M
Montenegro, and M MacPherson (unpublished data, 2025).

Stage 3: Gathering Patient Experiences and Creating
Touchpoint Film

Overview
Qualitative interviews were conducted with 20 South Asian
community members in multiple languages to better understand
the attitudes, experiences, and perceptions of patients and
caregivers toward virtual hospital-at-home models. South Asian
communities are among the largest racialized groups within the
Fraser Health region. These interviews identified perceived
barriers and preferences regarding virtual hospital-at-home
models. Moreover, 30- to 60-minute, one-on-one semistructured
interviews were conducted virtually via Microsoft Teams.
Technical support was available through the PICS society to
ensure participant access. The topic guide was adapted from
previous Fraser Health Virtual Health workshops, revised with
feedback from South Asian community members, and reviewed
by the plain language team for clarity. The guide covered
perceptions of and attitudes toward the virtual hospital-at-home
model, including perceived benefits, concerns, and strategies
for community engagement. During the consent process,
participants were asked if they agreed to have their interviews
audio and video recorded and if they would like to be contacted
for potential participation in the co-design event. For full details
on the methods used, refer to the study by MacPherson [24].

Creating the Short Film
Following the interviews, a short film was created featuring
interview clips to highlight key “touchpoints” or themes and
outline experiences within the patient journey. Only participants
who consented to their video being used were included in the
study. Following thematic analysis, salient quotes were
identified, and the corresponding video clips were spliced into
a 10-minute film created by Fraser Health’s Virtual Health
department. The film is an essential element of the EBCD
approach, which captures patient experiences to help facilitate
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conversation in stage 4, and is an effective tool to communicate
patient experiences to health care providers.

Stage 4: Co-Design Event
Interview participants who consented to be contacted, steering
committee members, and clinicians were invited to an in-person
co-design workshop where the touchpoint film from stage 3
was presented to stimulate discussion on improving virtual care.
The film highlighted key experiences and themes identified in
the interviews, providing a foundation for the co-design
discussions. Community members were introduced to the
principles of co-design and engaged in collaborative
problem-solving activities to address 6 key challenges: language
barriers, digital literacy, comfort and convenience, suitability,
quality of care, and awareness of available services.

These 6 challenges were derived from thematic analysis of
participant interviews conducted in stages 2 and 3, representing
the most salient and recurrent themes reported by participants.
The steering committee reviewed and confirmed these
challenges before the workshop to ensure that they accurately
reflected participant priorities. Discussion prompts and
structured design thinking exercises were specifically aligned
with these areas, ensuring that participant contributions
addressed the most relevant issues for improving the virtual
hospital-at-home service.

Participants contributed ideas through structured design thinking
exercises, including the “5 Whys” technique and “Crazy 8’s”
brainstorming method. The “5 Whys” is a root cause analysis
method that involves asking “why” iteratively (typically 5 times)
to drill down to the underlying cause of a problem [25]. “Crazy
8’s” is a rapid ideation exercise in which participants sketch 8
distinct ideas in 8 minutes, promoting creative thinking and
diverse solution generation [26,27]. Both methods facilitated
active engagement and helped structure participant feedback.
The proposed solutions were analyzed and subsequently shared
with the virtual hospital-at-home development team for further
consideration.

Stage 5: Co-Design Analysis, Follow-Up, and Internal
Uptake
Although a formal celebration event (stage 6 in the traditional
EBCD model) was not conducted, several postworkshop
activities were carried out to ensure continuity and uptake of
insights. Ideas generated during the co-design event were
thematically analyzed by the research team to identify
crosscutting recommendations. These recommendations were
then shared with the virtual hospital-at-home development team,
who reviewed and discussed the feasibility of incorporating
them into ongoing service planning.

In addition, follow-up debrief sessions were held with the
steering committee to reflect on the process, discuss next steps,
and disseminate knowledge products (eg, the touchpoint film
and a summary of co-design insights). Informal celebrations
occurred during these meetings, where the steering committee
members acknowledged the value of the process and its
outcomes.

Ethical Considerations
This project received ethical approval from the Fraser Health
Research Ethics Board (FHREB; approval IDs H23-03144 and
H23-00463). All participants provided written informed consent
prior to participation, including separate consent for video
recording, for inclusion of video footage in a short film shared
at the co-design event, and for potential follow-up contact
regarding subsequent co-design activities. Participants were
informed of the purpose and procedures for each stage of the
project, as well as their right to withdraw at any time without
consequence.

All data were treated confidentially and stored on secure,
password-protected servers accessible only to the research team.
Identifying information was removed or anonymized in
transcripts and reports to protect participant privacy. Video
recordings were used solely for analysis and, where consent
was provided, for inclusion in the co-design film. The film was
shown only to event participants and was not distributed beyond
that setting.

No financial or other forms of compensation were provided for
participation in the co-design event.

Results

Stage 1: Establishing a Steering Committee
A total of 13 individuals participated in the steering committee,
representing a range of end-user groups, including
representatives from the PICS society; Fraser Health’s South
Asian Health Institute; Fraser Health Virtual Health; Fraser
Health’s Equity, Diversity, and Inclusion team; and academic
researchers from across Canada. Over the course of 12 months,
the committee held 8 meetings, with an average attendance rate
of 8 members (61% of the committee).

Early discussions focused on refining the research approach,
with members advocating for culturally relevant interview
questions within stage 3 and the inclusion of language support
services to improve accessibility. As data collection progressed,
committee members played a critical role in interpreting the
findings, offering insights that contextualized patient experiences
within the broader health care system.

Stage 2: Observing Service Delivery and Gathering
Staff Experiences
As reported in the study by N Moghaddam, M Montenegro, and
M MacPherson (unpublished data, 2025), 7 staff interviews
(n=5, 71% physicians and n=2, 29% registered nurses and n=5,
71% women and n=2, 29% men) highlighted both opportunities
(extended assessment time and stronger therapeutic
relationships) and barriers (limited involvement in early
development stages) in remote monitoring. These findings
reinforced the importance of engaging clinicians in program
design and informed subsequent co-design discussions in this
project.
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Stage 3: Gathering Patient Experiences and Creating
a Short Film
As reported in the study by MacPherson [24], 20 interviews
with South Asian community members identified as patients or
caregivers explored attitudes, barriers and facilitators, and
suggestions for enhancing awareness and improving virtual care
services. While participants were generally open to virtual
hospital-at-home models, they identified barriers related to trust,
limited awareness, and challenges in access.

From these interviews, a 10-minute touchpoint film was created
to highlight the key experiences and themes identified by
participants. Of the 20 participants, 9 (45%) consented to
inclusion (n=6, 67% women and n=3, 33% men; aged between
19 and 69 y), with 3 (15%) opting for audio-only contributions.
Participants included patients (n=3, 33%), caregivers (n=2,
22%), and those who identified as both patients and caregivers
(n=4, 44%). Video and audio clips were selected to represent
the most salient themes identified in the interviews, such as
building trust in virtual care, addressing language barriers, and
ensuring equitable access. The film, produced by Fraser Health’s
Virtual Health department, served as a central EBCD tool to
ground the subsequent co-design event in authentic patient and
caregiver voices.

Stage 4: Co-Design Event

Overview
A total of 46 individuals were invited to participate in the
co-design workshop, including interview participants from stage
3 who consented to be contacted, steering committee members,
and clinicians. Participants with divergent views, including
those who were initially skeptical of virtual care, were
purposefully included in the co-design session to ensure a broad
range of perspectives and stimulate rich discussion. Ultimately,
11 participants from stage 3 attended, alongside 6 steering
committee members, a physician, 2 clinical nurse specialists, a
learning consultant for Virtual Health, the manager for clinical
operations for the VPU, and a coordinator for the South Asian
Health Institute.

This workshop aimed to generate solutions to the problem areas
identified during the interviews in stages 2 and 3, addressing
the five key themes described here: (1) patient-centered and
equitable care; (2) technology, innovation, and digital literacy;
(3) training and education; (4) community engagement and
outreach; and (5) process improvement and data use.

Patient-Centered and Equitable Care
While many participants appreciated the structure and direct
interactions of hospital-based care, they emphasized the
importance of ensuring that virtual hospital-at-home models
provide the same level of time, reassurance, and guidance.
However, ensuring equitable access to care requires addressing
cultural and linguistic barriers, which go beyond interpretation
and using plain language to include cultural nuance and
understanding. For example, some South Asian families may
not trust virtual care as “real” care, especially in serious
conditions. They may believe that the patient is being dismissed
too early or not taken seriously. Therefore, health care providers

may need to explain the concept in culturally resonant
terms—perhaps likening it to home visits from trusted family
physicians in culturally familiar contexts. Community
consultations and continuous feedback mechanisms were
highlighted as essential to ensuring that health care services
align with patient needs.

Participants suggested that health care models should incorporate
family caregivers, including younger family members who may
play a significant role in patient support. Furthermore,
addressing technical concerns and ensuring that digital health
care solutions are user-friendly with 2-way communication
channels can alleviate patient anxiety, fostering a seamless
integration of innovative care models.

Technology, Innovation, and Digital Literacy
Digital literacy emerged as a critical factor influencing virtual
health care access and engagement. Participants acknowledged
that while artificial intelligence and other digital technologies
could enhance health care services, discomfort or unfamiliarity
with new technology remained a significant barrier. Many
patients expressed the need for hybrid digital literacy training
that incorporates both online and in-person instruction, ensuring
that those unfamiliar with technology can develop confidence
in using digital health tools.

The use of body mapping tools with glossaries of translations,
accessible via tablets or other digital devices, was suggested as
a way to improve communication for patients experiencing
language barriers. Participants also emphasized the need for a
24/7 patient support line to assist with technological issues,
ensuring continuous access to health care services, particularly
in case of an emergency while at home. Transparency in wait
times and care escalation pathways, particularly through online
queue systems or digital “call bells” (ie, digital notification
systems for patients to request timely assistance remotely,
similar to a call bell used in hospital), was seen as a potential
strategy for improving patient trust and engagement in digital
health care solutions.

Training and Education
Participants highlighted the need for enhanced training and
education for both health care providers and patients. Digital
resources, such as instructional videos, were identified as
effective tools for increasing accessibility to health care
information. Simulation-based learning was widely
recommended, with participants advocating for hands-on
training before patient discharge to ensure they understand their
care plans and expectations. Training for health care providers
should also emphasize virtual health competencies, equipping
them with the skills necessary to navigate virtual care and digital
platforms effectively, ultimately improving patient care.

Cultural competency training was another key recommendation,
ensuring that health care providers can communicate effectively
with diverse patient populations. To address health literacy
challenges, participants suggested the use of multilingual
training manuals with visual aids and simplified language to
enhance patient comprehension. Participants also recommended
updating patient training modules continuously based on current
questions and concerns. Addition, structured patient education
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that clarifies health care processes was seen as essential for
helping patients navigate the complexities of the health care
system, with a need for clear, step-by-step education, especially
regarding the “entry points” of the health care system.

Community Engagement and Outreach
Participants underscored the importance of community-driven
approaches to health care engagement and education. Meeting
patients where they are, through initiatives such as community
pop-ups, outreach in long-term care facilities, and targeted
engagement in hospice settings, was identified as a key strategy
for increasing health care accessibility. To build motivation to
try virtual hospital-at-home models, participants recommended
engaging in transparent discussions with patients as to why the
virtual hospital-at-home model would be most suitable to their
individual circumstances.

Peer learning was also seen as an effective method for
knowledge transfer, particularly among older adults who may
feel more comfortable learning from their peers. Social media
and online communities were highlighted as valuable platforms
for sharing health care experiences, testimonials, and educational
content. Addition, participants suggested leveraging community
champions and patient testimonials to promote new health care
models and build trust in virtual health solutions. Media and
promotional campaigns, particularly in South Asian media
networks, were also recommended to increase public awareness
and encourage informed decision-making about health care
options.

Process Improvement and Data Use
Participants emphasized the role of research, data collection,
and continuous feedback in improving health care processes.
Both qualitative and quantitative data collection were seen as
essential for refining care models and ensuring that they meet
patient needs. Global information sharing was recommended
as a way to integrate best practices from different health care
systems. Participants also stressed the importance of
transparency in care escalation processes, ensuring that patients
understand when and how to seek additional support.
Determining the appropriate fit between hospital-based and
virtual care was seen as crucial for optimizing resource
allocation and patient outcomes. Additionally, surveys and
patient reviews were suggested as mechanisms for evaluating
health care experiences and identifying areas for improvement.
By bridging the gap between traditional and digital health care
models, participants believed that the health care system could
become more efficient, accessible, and responsive to patient
concerns.

Stage 5: Post–Co-Design Analysis, Follow-Up, and
Internal Uptake
Thematic analysis of workshop data resulted in a set of
actionable recommendations, which were shared with the virtual
hospital-at-home development team. Internal team discussions
helped prioritize feasible ideas for implementation. While a
formal evaluation was not conducted, follow-up meetings with
the steering committee provided an opportunity to reflect on
the success of the project and explore future applications of
co-design. Members expressed appreciation for the participatory

nature of the process, and the knowledge products were
circulated for a broader impact. One participant shared that the
co-design event was the first time they felt truly heard by the
health care system, and it motivated them to explore a career
in health care—a powerful testament to the impact of the
process.

Discussion

Principal Findings
This study demonstrates the value of using an EBCD approach
to inform the development of a patient-centered and equitable
virtual hospital-at-home model within a large, culturally diverse
regional health authority. By meaningfully engaging patients,
caregivers, health care providers, and community organizations
across 5 structured stages, the project not only surfaced critical
insights into patient experiences but also helped shift traditional
power dynamics by positioning patients and caregivers as
partners in the design process. This participatory approach
generated equity-focused recommendations that highlight how
virtual hospital-at-home services can be more responsive to the
needs of underserved communities.

Consistent with previous evidence showing that virtual
hospital-at-home models improve outcomes and reduce hospital
use [2], our findings confirm the promise of this care model.
However, we also extend previous research by showing that
successful and equitable implementation requires more than
technology alone. Participants emphasized that access is
contingent on culturally safe, linguistically appropriate, and
caregiver-inclusive approaches. For example, as described in
the stage 3 interviews, some South Asian families perceived
virtual care as less legitimate than hospital-based services,
underscoring the importance of culturally resonant
communication strategies.

Digital literacy, caregiver inclusion, and culturally competent
communication emerged as pivotal enablers of trust and
adoption. Participants in the stage 4 co-design event proposed
innovative solutions, such as hybrid training that combines
online and in-person instruction, the use of body mapping with
multilingual glossaries, and caregiver-centered education
modules.

Similarly, digital literacy and caregiver involvement emerged
as critical enablers of trust and engagement, reflecting themes
raised in the stage 4 co-design workshop. Participants’
proposals, such as hybrid digital literacy training, multilingual
educational tools, and caregiver-centered education, illustrate
how community-driven insights can translate into practical
solutions. These grassroots innovations, surfaced through
authentic engagement, demonstrate how EBCD operates not
only as a design thinking framework but also as a platform for
empowerment, amplifying voices that are often marginalized
in top-down service planning.

At the same time, perspectives from clinicians and health system
staff revealed important implementation challenges. As seen in
stage 2 interviews, while health care providers valued the
potential of virtual care (eg, extended assessment time and
earlier intervention), many reported feeling excluded from initial
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design processes, which limited their confidence in making
referrals. This disconnect reflects a broader challenge in virtual
health: aligning patient-centered priorities with operational
realities. Previous research highlights that clinician engagement
early in design processes is critical to ensuring that virtual care
integrates seamlessly into workflows [28]. Our findings
reinforce this point, suggesting that virtual hospital-at-home
models cannot succeed without parallel attention to patient and
health care provider perspectives.

Implications for Practice and Policy
This study highlights 5 practice and policy implications to
support equitable virtual hospital-at-home implementation,
grounded in our findings and supported by the existing literature.

Culturally Responsive Design
Virtual models must be co-developed with, not simply for,
cultural communities. Tailored communication, education, and
engagement strategies are necessary to build trust and
legitimacy. This aligns with previous work emphasizing that
digital health interventions must be culturally adapted to reduce
health inequalities [29] and that co-design uncovers culturally
resonant strategies that improve uptake [22].

Hybrid Digital Literacy Support
Bridging digital divides requires blended approaches that
combine in-person training, peer-led instruction, and
multilingual resources. As recommended by stage 4 participants,
hybrid digital literacy models ensure that those unfamiliar with
technology are supported while maintaining flexibility for more
experienced users. Evidence suggests that such models enhance
confidence and adoption among populations with limited
previous exposure to digital tools [30,31].

Ongoing Feedback Loops
Embedding continuous feedback mechanisms (eg, community
consultations, patient surveys, and user analytics) ensures that
services remain responsive to evolving needs. This is consistent
with evidence that iterative engagement strengthens program
equity and sustainability [32].

System Integration and Escalation Clarity
Clear care pathways and escalation protocols are essential for
patient safety and trust. In our study, participants requested
transparent communication about when and how to escalate
concerns, echoing previous research demonstrating that virtual
hospital models can be sustainably embedded into broader care
systems through shared “digital front doors,” referral pathways,
and record sharing that support continuity of care [33].

Caregiver Inclusion
Caregivers were consistently identified as central to the success
of virtual hospital-at-home models. Equipping caregivers with
tools, training, and access to participate directly in care planning
not only supports patients but also reduces barriers related to
language and technology. Previous studies confirm that
caregiver involvement, including proxy access to digital
platforms, enhances access and equity for underserved groups
[34-36].

Broader Policy Recommendations
Beyond these practice implications, broader policy action is
needed. Standardizing culturally competent practices, investing
in multilingual digital tools, and establishing mechanisms for
community governance in digital health initiatives are critical
next steps. As frameworks for patient-centered telemedicine
suggest, community involvement and cultural adaptation must
be embedded as core policy principles rather than optional
add-ons [37].

Limitations
This study has several limitations. First, the interviews focused
exclusively on South Asian communities. Although intentional,
given the demographic composition of the Fraser Health region,
future work should include additional cultural and linguistic
groups to ensure broader applicability. Second, the co-design
process produced recommendations but did not include a formal
evaluation of their implementation or impact. Assessing the
outcomes of these interventions will be essential for determining
their sustainability and effectiveness. Finally, at the time of data
collection, Fraser Health had only launched a single virtual
hospital-at-home service, the VPU, and had not yet determined
which other clinical populations would be prioritized for future
expansion. Consequently, our findings do not speak of the
implementation of a specific model beyond psychiatry.
However, this early engagement with patients and caregivers
was intentional; by eliciting perspectives before clinical
parameters were finalized, the co-design process generated
insights that can shape a more patient-centered and equitable
foundation for service development across diverse populations.

Reflections and Challenges of Implementing EBCD in
a Health System Context
Implementing EBCD in a large and complex health system
context such as Fraser Health presented unique challenges and
valuable learning opportunities. While the process effectively
centered on patient voices and stimulated rich discussions, it
also disrupted the status quo. Recruiting physician participants
proved difficult, despite outreach efforts; only one physician
(an acting Medical Information Officer) attended the co-design
session. This highlights the tension between clinical demands
and the time investment required for meaningful engagement
in participatory design.

In addition, this project was not embedded within the core design
cycle of the virtual hospital-at-home program, which limited
the extent to which recommendations could be immediately
integrated. Some suggestions generated during the workshop
also fell outside the direct influence of the Fraser Health team,
highlighting the need for stronger system-wide support for
patient-driven ideas and cross-organizational collaboration.

Nevertheless, the project demonstrated the value of partnership
with community organizations and the importance of cultural
and linguistic accessibility in participatory research. Language
accommodations during interviews improved accessibility, and
the use of a video touchpoint film was particularly effective in
centering patient stories and perspectives during the workshop.
Divergent views, such as a participant strongly opposing virtual
care, proved essential in challenging assumptions and
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underscoring the diversity of opinions within the patient
population. These perspectives enriched the discussion and
ultimately strengthened the relevance of the proposed solutions.

A final lesson learned was that for many health system users,
engaging in a process without a guaranteed “end product” (such
as a finalized service design) was a leap of faith. Although the
impact of the workshop was palpable, participants expressed
feeling heard, empowered, and connected. For some, it was a
transformative experience, reinforcing the need for participatory
approaches in health service design that go beyond consultation
to foster real collaboration.

Future Directions
Building on this foundational work, future efforts should
prioritize piloting and evaluating co-designed interventions
across diverse populations and clinical settings. There is also a
need to explore how EBCD can be embedded as a routine part
of virtual service development rather than used episodically.
As technology continues to evolve, virtual care systems must
be supported by ongoing, rather than one-time, engagement

processes to remain equitable, culturally relevant, and trusted
by the communities that they aim to serve.

Conclusions
This project illustrates how EBCD can serve as an empowering
approach to guide the development of equitable and
patient-centered virtual hospital-at-home services. By engaging
patients, caregivers, health care providers, and community
leaders throughout the co-design process, the project identified
both barriers and actionable strategies for improving virtual
care delivery. These findings underscore the importance of
integrating cultural competence, digital literacy, caregiver
inclusion, and systems-level coordination into virtual care
models, particularly when serving diverse populations. As virtual
hospital-at-home programs continue to expand, intentional and
participatory approaches such as EBCD will be essential to
ensuring that these innovations are not only effective but also
inclusive, sustainable, and trusted by those they are designed
to serve. To ensure that virtual care achieves its full promise,
future initiatives must embed equity and patient partnership as
core, not optional, design principles.
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Abstract

Background: The rapid advancement of telehealth has led to the emergence of avatar-based psychotherapy (ABP), which
combines the benefits of anonymity with nonverbal communication. With the adoption of remote mental health services,
understanding the efficacy and user experience of ABP has become increasingly important.

Objective: This study aimed to explore the user experience and therapeutic relationship formation in short-term ABP environments,
focusing on psychological effects, user satisfaction, and critical factors for implementation.

Methods: This qualitative study involved 18 adult participants (8 women and 10 men). Participants engaged in two short-term
ABP sessions (approximately 50 minutes per session) over 2 weeks, using an ABP metaverse system prototype. Semistructured
in-depth interviews were conducted with both the participants and therapists before and after the ABP sessions. The interviews
were conducted via an online platform, with each interview lasting approximately 30 minutes. The key topics included the sense
of intimacy, communication effectiveness of avatar expressions, emotions toward one’s avatar, concentration during sessions,
and perceived important aspects of the ABP. Data were analyzed using thematic analysis.

Results: The analysis revealed 3 main themes with 8 subthemes: (1) reduction of psychological barriers through avatar use
(subthemes: anonymity, ease of access, self-objectification, and potential for self-disclosure); (2) importance of the
avatar–self-connection in therapeutic relationship formation (subthemes: avatar self-relevance and avatar–self-connection fostering
intimacy and trust); and (3) importance of nonverbal communication (subthemes: significance of nonverbal expressions and
formation of empathy and trust through nonverbal expressions). Participants reported enhanced comfort and self-disclosure owing
to the anonymity provided by avatars, while emphasizing the importance of avatar customization and the role of nonverbal cues
in facilitating communication and building rapport.

Conclusions: This pilot study provides valuable insights into the short-term ABP user experience and therapeutic relationship
formation. Our findings suggest that ABP has the potential to reduce barriers to therapy through anonymity, ease of access, and
potential for self-disclosure, while allowing for meaningful nonverbal communication. The avatar–self-connection emerged as
a crucial factor in the effectiveness of ABP, highlighting the importance of avatar customization in enhancing user engagement
and therapeutic outcomes. Future research and development in ABP should focus on improving avatar customization options,
enhancing the fidelity of nonverbal cues, and investigating the long-term effectiveness of ABP compared with traditional
face-to-face therapy.

Trial Registration: CRIS KCT0009695; https://tinyurl.com/2a48s7dh

(JMIR Hum Factors 2025;12:e66158)   doi:10.2196/66158

KEYWORDS

avatar-based psychotherapy; telehealth; therapeutic relationship; user experience; anonymity; nonverbal communication; mental
health; mobile phone
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Introduction

Rapid advancements in information technology have led to
significant developments in telehealth, particularly in addressing
mental health issues, such as anxiety, depression, and
stress-related disorders [1]. The COVID-19 pandemic has
accelerated the transition from traditional face-to-face clinical
services to telehealth solutions [2]. This shift has created new
opportunities for individuals with difficulty accessing in-person
psychotherapy owing to geographical constraints or personal
reservations [3]. Avatar-based psychotherapy (ABP) has gained
attention because of its unique ability to combine the benefits
of anonymity and nonverbal communication. Recent research
has demonstrated the potential effectiveness of metaverse-based
counseling approaches compared to traditional in-person settings
[4].

The therapeutic relationship between the client and
psychotherapist is crucial for successful therapeutic outcomes.
However, the dynamics of this relationship in ABP environments
require further investigation [5]. Self-disclosure, a key element
in relationship building, may be facilitated differently in ABP
settings than in traditional face-to-face or video-based online
therapy [6]. The concept of avatar–self-connection, which refers
to the psychological link between users and their digital
representations, may play a significant role in the effectiveness
of ABP [7].

This study aimed to explore the user experience and therapeutic
relationship formation in short-term ABP environments.
Specifically, we sought to understand the psychological effects
and satisfaction levels of users engaging in ABP and to identify
critical factors to consider when implementing ABP systems.

Methods

Ethical Considerations
This study was conducted in accordance with the principles of
the Declaration of Helsinki and approved by the Institutional
Review Board of Korea University Anam Hospital (IRB No:
2023AN0504). All participants provided written informed
consent before participation. Participants were informed that

their participation was voluntary and that they could withdraw
at any time without consequences. All interviews were
audio-recorded with prior consent and subsequently transcribed
for analysis. The data collected in this study were anonymized
to ensure the privacy and confidentiality of all participants. This
manuscript and its supplementary materials do not include any
images or identifiable features of research participants.

Study Design and Data Collection
This study was designed as a short-term intervention pilot study
to explore initial user experiences with ABP. The two-session
format was chosen to capture immediate reactions and early
therapeutic relationship formation in the ABP environment. We
conducted a qualitative study to gain an in-depth understanding
of user experiences in ABP sessions. Eligible participants were
adults aged 19‐70 years who self-reported their need for
psychological health management and had no previous
experience with avatar-based counseling. We excluded
individuals with intellectual disabilities, organic brain damage,
or those currently receiving psychiatric treatment for major
mental disorders (including major mood disorders, anxiety
disorders, and schizophrenia spectrum disorders). Additionally,
participants were required to have access to and the ability to
use smartphones or computers.

An avatar that reflected facial movements in real time was
established using a metaverse system prototype (Figure 1). This
system allowed participants to engage in psychotherapy sessions
through avatars, enabling verbal and nonverbal communication.
Eighteen adult participants (8 women) were initially recruited
in Seoul, South Korea. The participants engaged in two ABP
sessions (approximately 50 minutes per session) over 2 weeks.

Semistructured in-depth interviews were conducted with both
the participants and psychotherapists before and after the ABP
sessions. These interviews, each lasting 30 minutes, were
conducted using the Zoom platform (Zoom Video
Communications, Inc.). The key topics included the sense of
intimacy and communication effectiveness of avatar expressions,
emotions and feelings toward one’s avatar, concentration during
the session, and perceived important aspects of the ABP
sessions.
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Figure 1. The avatar-based psychotherapy metaverse system prototype. Top avatar: participant; bottom avatar: psychotherapist. The real face box at
the top can be turned off; in a real psychotherapy session, the real face is turned off and is conducted with only the avatar.

Data Analysis
We employed thematic analysis to analyze the data, using
ATLAS.ti software (Version 23; ATLAS.ti Scientific Software
Development GmbH, Berlin, Germany) [8]. The analysis was
conducted in 6 phases: familiarization with the data, generating
initial codes, searching for themes, reviewing themes, defining
and naming themes, and producing reports. Four researchers
(JB, HL, JH, and CHC) participated in the initial familiarization
phase and carefully reviewed the transcripts before individual
coding. The 174 initial codes were systematically categorized
through iterative analysis. Through team discussions, these
codes were refined and consolidated into 3 main themes of
psychological barriers (41 codes), avatar–self-connection (29

codes), and nonverbal communication (38 codes). The remaining
codes were excluded as they did not directly address the research
questions.

Results

The thematic analysis revealed 3 main themes with 8 subthemes,
as shown in Table 1. The 174 initial codes were systematically
categorized through iterative analysis. Through team
discussions, these codes were refined and consolidated into 3
main themes of psychological barriers (41 codes),
avatar–self-connection (29 codes), and nonverbal
communication (38 codes). The remaining codes were excluded
as they did not directly address the research questions.
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Table . Thematic framework of user experiences and therapeutic relationship formation in avatar-based psychotherapy: main themes, subthemes, code
counts, and representative codes.

Representative codesCode countsSubthemesMain themes

121.1 AnonymityReduction of psychological barriers
through avatar use

• Anonymity reduces social
anxiety.

• Sense of security through
anonymity.

• Honest communication en-
abled.

• Anonymity prevents judgment.
• Reduced fear of personal

recognition.

101.2 Ease of access • Flexible scheduling.
• No travel required.
• Accessible from anywhere.
• Easier therapy initiation.
• Reduced logistical challenges.

81.3 Self-objectification • Detached view encourages
self-reflection.

• Avatar mirrors emotional state.
• Enhances self-awareness.
• Observing oneself via the

avatar.
• Identifies overlooked emo-

tions.

111.4 Potential for self-disclosure • Easier to discuss sensitive top-
ics.

• Safe space for expression.
• Encourages honest sharing.
• Enables communication with-

out barriers.
• Reduces hesitation in disclo-

sure.

152.1 Avatar self-relevanceImportance of avatar–self-connec-
tion

• Personalized avatars foster
comfort.

• Realism enhances connection.
• Reflects personal identity.
• Improves immersion.
• Mirrors user’s traits effective-

ly.

142.2 Fostering intimacy and trust • Facilitates faster rapport.
• Acts as a conversational

bridge.
• Builds therapeutic trust.
• Supports meaningful dialogue.
• Encourages emotional open-

ness.
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Representative codesCode countsSubthemesMain themes

• Gestures enhance communica-
tion.

• Nonverbal cues reduce misun-
derstandings.

• Expressive avatars improve
immersion.

• Adds emotional depth.
• Reinforces communication ef-

fectiveness.

203.1 Significance of nonverbal expres-
sions

Importance of nonverbal communi-
cation

• Mirrors emotions effectively.
• Conveys empathy through

gestures.
• Builds trust via nonverbal cues.
• Enhances emotional under-

standing.
• Reduces virtual communica-

tion gaps.

183.2 Empathy and trust formation

Theme 1: Reduction of Psychological Barriers Through
Avatar Use
Theme 1, the reduction of psychological barriers through avatar
use, emerged as the most prominent theme with 41 codes. These
codes were distributed across 4 subthemes: anonymity (12
codes), ease of access (10 codes), self-objectification (8 codes),
and potential for self-disclosure (11 codes). Participants reported
that the use of avatars in psychotherapy sessions helped lower
psychological barriers primarily through 3 mechanisms.

Subtheme 1.1: Anonymity
The anonymity provided by avatars was frequently mentioned
as a key factor in facilitating open and honest communication.
One participant noted, “Knowing that the therapist does not
know my real face gives me a sense of security. Even if we met
in real life, they would not recognize me, which is reassuring
in a way.”

Subtheme 1.2: Ease of Access
The convenience of accessing ABP services through a metaverse
platform was highlighted as a significant advantage. One
participant stated, “The fact that psychotherapy sessions can be
done from anywhere makes it more accessible and easier to
form a rapport. I think anonymous ABP is more effective in
this regard.”

Subtheme 1.3: Self-Objectification
Avatars facilitated self-objectification, allowing participants to
view themselves from a detached perspective. One participant
observed, “When I occasionally looked at my avatar, I noticed
that I was not smiling much. It made me think, ‘I look a bit
pitiful.’ This showed me how I appeared.”

Subtheme 1.4: Potential for Self-Disclosure
Avatars facilitated self-disclosure. One participant noted, “For
people who want psychotherapy without revealing themselves
too much, expressing themselves through an avatar in the
metaverse can make it easier to talk honestly with the therapist.”

Theme 2: Importance of Avatar–Self-Connection in
Therapeutic Relationship Formation
The importance of avatar–self-connection in therapeutic
relationship formation emerged as the second major theme,
comprising 29 codes. These were distributed between 2 key
subthemes: avatar self-relevance (15 codes) and
avatar–self-connection fostering intimacy and trust (14 codes).
The results showed that the degree of connection between users
and their avatar played a crucial role in the therapeutic
relationship formation within the ABP environment.

Subtheme 2.1: Avatar Self-Relevance
Participants expressed a desire for their avatars to reflect aspects
of their real selves. One participant noted, “If I could customize
the avatar more to my liking and feel that it truly represents me,
I think I would feel more completely connected to it.”

Subtheme 2.2: Avatar–Self-Connection Fostering
Intimacy and Trust
A strong avatar–self-connection enhanced the sense of intimacy
and trust in the therapeutic relationship. One participant shared,
“When I felt that this avatar was really me, I could immerse
myself more deeply in the session and form a stronger
therapeutic relationship with the therapist.”

Theme 3: Importance of Nonverbal Communication
The importance of nonverbal communication emerged as a
significant theme with 38 codes, distributed across 2 subthemes:
significance of nonverbal expressions (20 codes) and formation
of empathy and trust through nonverbal expressions (18 codes).
The thematic analysis highlighted the significant role of
nonverbal communication in ABP, emphasizing its impact on
self-expression, empathy, and trust-building.

Subtheme 3.1: Significance of Nonverbal Expressions
The participants emphasized the importance of nonverbal cues
in enhancing communication. One participant stated, “If the
avatar could show hand gestures or body language, I think it
would be even better. These physical movements can have
psychological significance.”
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Subtheme 3.2: Formation of Empathy and Trust
Through Nonverbal Expressions
Nonverbal communication through avatars enhanced empathy
and trust in the therapeutic relationship. One participant shared,
“I think the avatar helped by expressing my gestures and
expressions to some extent. This somewhat overcomes
communication errors that can occur when we are not
face-to-face.”

Discussion

Study Findings and Comparison With Previous
Findings
This study provides critical insights into ABP, highlighting 3
interconnected dimensions: psychological barrier reduction,
avatar–self-connection, and the role of nonverbal communication
in metaverse therapeutic systems.

The anonymity, accessibility, and potential for self-disclosure
provided by avatars create a unique therapeutic environment
that lowers the resistance to mental health engagement,
consistent with previous research on online self-disclosure [5].
A novel finding of this study was the self-objectification through
avatar use, suggesting a potential mechanism for enhanced
self-awareness that resonates with self-distancing theories in
psychology [9]. This indicates that ABP may offer a natural
pathway for adaptive self-reflection, a key component in many
therapeutic approaches.

The self-objectification observed in this study demonstrates an
interesting contrast with findings from video conferencing
research, which found that viewing one’s actual image during
video conferences can lead to greater cognitive burden and
negative psychological effects, particularly for individuals with
high public self-consciousness [10]. However, our findings
suggest that avatar-mediated self-observation may offer distinct
advantages. Unlike video conferencing where users see their
actual image, avatar representation creates a beneficial
psychological distance that facilitates more objective
self-reflection while maintaining emotional engagement. This
unique characteristic of avatar-mediated interaction may explain
why participants in our study reported enhanced self-awareness
without the negative psychological impacts often associated
with direct self-viewing in video conferences. The
avatar-mediated environment provides a unique balance between
self-awareness and psychological comfort, potentially making
it particularly suitable for therapeutic contexts where
self-reflection is crucial but emotional safety needs to be
maintained.

Furthermore, the avatar–self-connection played a crucial role
in the therapeutic relationship formation, extending previous
work on avatar realism [7]. Our findings directly linked this
connection to the quality of the therapeutic relationship,
underscoring the potential significance of avatar customization
in fostering engagement and improving outcomes. The avatar
may serve as a bridge between the client’s inner world and the
therapeutic space, facilitating deeper exploration of personal
narratives.

Our observations of nonverbal communication in ABP expand
on previous research, highlighting how even limited nonverbal
cues can significantly impact the therapeutic process [11]. This
adaptability suggests that ABP taps into fundamental aspects
of human communication, offering a rich alternative to
traditional face-to-face therapy.

The interplay among these elements in ABP creates a unique
therapeutic ecosystem that balances self-disclosure and
self-protection. As we continue to explore the potential of ABP,
it is crucial to consider its place within the broader context of
mental health care. ABP can be viewed as a complementary
tool that can lead to more comprehensive and accessible care,
potentially reaching individuals who might otherwise not receive
treatment [12,13].

Strengths and Limitations
The findings of this study have several implications for clinical
practice. First, ABP may be particularly beneficial for clients
hesitant to engage in traditional face-to-face therapy because
of social anxiety, stigma, or geographical limitations [14]. The
anonymity and ease of access provided by ABP could serve as
a stepping stone for these individuals to transition to other forms
of therapy, if needed. Second, clinicians using ABP should be
aware of the importance of the avatar–self-connection and
consider ways to enhance this connection during therapy
sessions. This might involve discussing the client’s choice of
avatar and exploring how it relates to their self-perception or
therapeutic goals. However, although ABP offers many
advantages, clinicians must be aware of its limitations. The
reduced nonverbal cues in ABP compared with face-to-face
therapy require clinicians to develop new skills in reading and
interpreting client expressions and emotions through avatars.

Conclusion
These findings not only contribute to the growing body of
knowledge on telehealth interventions, but also prompt us to
reconsider the nature of the therapeutic relationship in the digital
age. As technology continues to reshape our modes of
interaction, ABP stands at the forefront of a new paradigm in
mental health care that harnesses the power of the virtual world
to foster real-world healing and growth.
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Abstract

Background: Digital health innovations provide an opportunity to improve access to care, information, and quality of care
during the perinatal period, a critical period of health for mothers and infants. However, research to develop perinatal digital
health solutions needs to be informed by actual patient and health system needs in order to optimize implementation, adoption,
and sustainability.

Objective: Our aim was to co-design a research agenda with defined research priorities that reflected health system realities
and patient needs.

Methods: Co-design of the research agenda involved a series of activities: (1) review of the provincial Digital Health Strategy
and Maternity Services Strategy to identify relevant health system priorities, (2) anonymous survey targeting perinatal care
providers to ascertain their current use and perceived need for digital tools, (3) engagement meetings using human-centered design
methods with multilingual patients who are currently or recently pregnant to understand their health experiences and needs, and
(4) a workshop that brought together patients and other project partners to prioritize identified challenges and opportunities for
perinatal digital health in a set of research questions. These questions were grouped into themes using a deductive analysis
approach starting with current BC Digital Health Strategy guiding principles.

Results: Between September 15, 2022, and August 31, 2023, we engaged with more than 150 perinatal health care providers,
researchers, and health system stakeholders and a patient advisory group of women who were recently pregnant to understand
the perceived needs and priorities for digital innovation in perinatal care in British Columbia, Canada. As a combined group,
partners were able to define 12 priority research questions in 3 themes. The themes prioritized are digital innovation for (1) patient
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autonomy and support, (2) standardized educational resources for patients and providers, and (3) improved access to health
information.

Conclusions: Our research agenda highlights the needs for perinatal digital health research to support improvements in the
quality of care in British Columbia. By using a human-centered design approach, we were able to co-design research priorities
that are meaningful to patients and health system stakeholders. The identified priority research questions are merely a stepping
stone in the research process and now need to be actioned by research teams and health systems partners.

(JMIR Hum Factors 2025;12:e60825)   doi:10.2196/60825

KEYWORDS

digital health; co-design; digital strategy; human-centered design; eHealth; cocreation; codevelopment; perinatal intervention;
quality of care; digital tools; pregnancy; patient autonomy; patient support; mobile phone

Introduction

The digital health sector continues to expand after being an
integral part of health care delivery during the COVID-19
pandemic, resulting in a growing interest in digital health
research and innovation. Digital health provides an opportunity
to reduce health disparities by addressing barriers and facilitators
to health care access and improving the health and lifestyle of
those who use it [1]. Digital innovation is also essential to
offering value-based health care, which involves changes in
health systems that are measured by improvement in patient
outcomes per unit health care expenditure [2]. Core to achieving
improvements in value-based care is establishing an
understanding of what value is based on identifying outcomes
that matter to patients themselves.

Human-centered design (HCD) is an approach to
problem-solving that can be used to increase value in health
care by focusing on problems and outcomes of interest to
patients. HCD also has a role in improving health equity [3,4].
Core characteristics of an HCD approach include an iterative
process of empathy and discovery to identify the core problem
and then systematic brainstorming of solutions where the human
experiencing the problem plays a central role [5]. The HCD
approach goes beyond simply working with the end user to
focus on their interaction with the technology and considers the
broader social context in which the technology is used and other
partners who may indirectly be impacted by the use of the
technology [4,5]. The result of working in partnership with
people under these assumptions using the HCD approach is
meant to be a product or service that meets real human needs
and reflects their values. This approach has been used to solve
complex health care challenges, such as improving pediatric
patient experience in acute care [6] and increasing adherence
to self-care practices for chronic conditions [7,8]. In a perinatal
health setting, these methods have been used to develop digital
interventions for gestational diabetes [9].

The perinatal period encompasses a person’s experiences from
conception to the first year after delivery including pregnancies
that end in miscarriage or stillbirths. The majority of patients
receiving perinatal care in British Columbia has access to a
mobile device and the internet and are increasingly looking to
digital technologies to inform and support their care [10,11].
Using digital technology in health care can improve the quality
of care and health outcomes for patients and infants during this
early stage of life. The use of digital health tools in perinatal

care has already been shown to result in lower and healthier
gestational weight, lower smoking rates, increased physical
activity, and lower rates of maternal and infant morbidity (eg,
fewer preterm births, gestational diabetes, and pre-eclampsia),
leading to fewer planned and unplanned visits to health care
facilities [1,12-14]. Digital health has also been demonstrated
to reduce the practitioners’ workload as well as relieve some of
the resource strains on an overburdened system [15]. Due to the
vast potentiality of digital health and opportunities for further
innovation, it is important to engage with patients who have
received perinatal care and care providers as end users to
identify emerging priorities for future innovations and research
that are informed by actual needs [16]. By identifying and
responding to real patient and care provider needs, we can
optimize the implementation, adoption, and sustainability of
perinatal digital health solutions, create value, and ensure
existing health inequities are not exacerbated [16,17].

In this paper, we report on the Research Agenda for Perinatal
Innovation and Digital Health (RAPID) project [18], which was
led by the BC Children’s Hospital Research Institute and
Women’s Health Research Institute in partnership with the
Provincial Health Services Authority (PHSA) and Perinatal
Services BC (PSBC) with the aim of codeveloping research
priorities with patients and care providers.

Methods

Ethical Considerations
This project was run as a knowledge translation initiative, and
no research ethics board approval was required. The engagement
activities conducted with partners were classified as quality
improvement activities rather than systematic investigations to
advance knowledge. Based on these distinctions, our institutional
research ethics board determined that the project falls outside
of the scope of research subject to ethics review, and a waiver
was granted. All workshop and survey participants consented
to the anonymous collection of their opinions. Members of our
patient advisory committee were compensated hourly according
to local standards to reflect their equal standing to research team
members within the project.

Project Design and Setting
The patient and health system partners with whom we worked
were partners in the research priority setting through co-design
and were compensated for their time. All final workshop
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participants provided consent to the collection of their opinions
and views during the workshop and through the follow-up
survey.

The objectives of the RAPID project were to facilitate activities
that bring key partners and existing knowledge together to (1)
identify gaps in the perinatal continuum of care that can be
addressed with digital innovation to improve patient and family
health and (2) define current barriers to optimal adoption of
digital health interventions for perinatal health care from the
patient and health system perspectives. This knowledge was
then used to define research priorities and codevelop research
questions to motivate digital innovation informed by care needs
and addressing barriers.

Recruitment of Partners and Governance
Following guidance outlined by Concannon et al [19], we
developed an engagement plan for our activities that describes
an analysis of which partner groups should be involved, their
roles and modes of participation, and sampling strategies (ie,
snowball sampling). Partners to include in engagement activities
were grouped as (1) people with lived experience of perinatal
care who were pregnant or recently delivered a baby; (2)
perinatal health care providers including nurses, midwives,
physicians, and other allied health; and (3) health care decision
makers who are involved with the design or delivery of perinatal
health care in British Columbia.

This project was governed by two primary groups: (1) a steering
committee and (2) a patient advisory committee (PAC). Using
snowball sampling, starting with a core group of experts at BC
Children Hospital Research Institute and Women’s Health
Research Institute, we identified key partners with expertise in
research, innovation, and implementation processes related to
perinatal, maternal, or digital health services to form the steering
committee. The core group was involved from the initiation of
the project including during the development of the funding
proposal. This core group included 4 health system decision
makers as research users and 4 researchers. Additional partners
identified for the steering committee included 2 clinical care
providers and 2 additional researchers. The final steering
committee included 5 researchers, 3 health care providers, and
4 health system decision makers. The purpose of the steering
committee was to oversee project objectives and align efforts
to each of their organizations’ known digital health priorities
and ongoing work.

Patient partners for the advisory committee were recruited
through social media and the local hospital patient engagement
office. The criteria for participation were (1) multilingual and
(2) pregnant or a caregiver of a child younger than 2 years of
age. There were 15 respondents to the recruitment
advertisements, 9 of whom responded to our invitation to
complete a 15-minute informal interview so we could learn
more about their background, and they could also learn more
about our project. After the interviews, the steering committee
was able to select 4 participants who were willing and able to
commit the time required by the project and who had diverse
perinatal experiences (based on type of care provider and mode
of delivery), geographic location in British Columbia, and
backgrounds (language spoken and profession). The PAC met

separately with only 4 members of the study team and steering
committee during the initial activities of the project. This was
done to create a safe space that would limit the impact of known
health system hierarchies and preserve the authentic patient
voice in the identification of perinatal health system pain points
and the development of initial insights related to these pain
points [20]. Once initial insights were defined with the patient
advisors, all partners were brought together in a final workshop
to collaborate and build consensus on research priorities as
described in more detail below.

Engagement Activities
A series of engagement activities with each distinct group of
partners was completed before a final workshop that brought
all partners and results together to reach a consensus on final
research priorities.

Perinatal Care providers
Perinatal care providers across British Columbia including
physicians, midwives, nurses, and allied health were invited to
share, rate, and explore their thoughts on digital perinatal health
using a ThoughtExchange (version 6.4; Fulcrum Management
Solutions Ltd). ThoughtExchange is a web-based survey tool
that allows participants to share their thoughts in response to a
prompt, which can be anonymously viewed and ranked by other
participants. The platform then creates weighted rankings of
the thoughts on the prompted topic to show participant priorities.
The care providers were asked to respond to the following
prompt: “What digital health tools are most valuable to your
delivery of perinatal health care currently, and what do you
think are the greatest areas of opportunity for digital innovation
going forward?” The survey was promoted through all British
Columbia health authority internal staff newsletters and through
member email lists at Doctors of BC; Family Doctors of BC;
and University of British Columbia Faculty of Medicine alumni,
School of Midwifery, Departments of Obstetrics and
Gynaecology, Pediatrics and Family Medicine. Three rounds
of promotion were completed. Once the advertised deadline
passed, the highest-ranked thoughts were reviewed by 2 research
members of the steering committee (BAP and SXC), and key
messages were developed through an inductive approach. Basic
descriptive statistics were used to analyze the ranking of
thoughts.

Health System Partners
Steering committee members from the British Columbia
Ministry of Health (MoH), the PHSA, and the PSBC were each
asked to review their organizations’ recently published reports
outlining their strategies for addressing current gaps in health.
The reports reviewed were the BC Digital Health Strategy
(BCDHS) [21] and the PSBC Maternity Services Strategy
(MSS). Access to the MSS was provided through confidential
personal communication with PSBC Director Robert Finch.
These reports were presented at a steering committee meeting
within the first 3 months of the project to identify priorities and
alignments specific to perinatal digital health within these
documents. The steering committee members from each
organization outlined ongoing digital innovation projects in
perinatal care and priorities specific to digital health solutions
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for improving perinatal care. Each report, postpresentation, was
summarized in lay terms to highlight priorities. These summaries
were reviewed and edited by the health system partners to ensure
that summaries were comprehensive, not leaving out key
information.

Patients
A series of four 90-minute PAC meetings were held and
recorded over Zoom (Zoom Video Communications). They
served to ascertain current digital health use and perceived need
for new innovation as well as to inform workshop development
from a patient perspective. The meetings included a series of
HCD and user-experience research activities, participatory
discussions, and postmeeting homework that typically took an
hour to complete. The first meeting served as an introduction
to all members; the following 2 meetings were developed to

allow patients to share their experiences and understand how
they interact with the health care system in order to identify
gaps, common touchpoints with health care systems and
services, and needs (Table 1). For the final meeting, the PAC
was provided the lay summaries from the engagement with
other partners prior to the meeting. They were asked to review
these and share their reflections during the meeting. In addition,
they were asked to develop insight statements that identify a
need or gap. All meetings were facilitated by the core research
team consisting of BAP, SXC, HA, and MV, who were also
steering committee members. Activities were carried out on
Miro (version 2.0; Miro), a web-based collaborative workspace.
Meeting notes were collected and circulated to all participants
for review and input. After each meeting, study team members
also recorded reflective notes.

Table 1. Patient engagement meeting plan.

ActivitiesPresession activityObjectiveSession
number

Establish an environment where patients feel
safe and comfortable sharing their experi-
ences

1 •• Ice breakerN/Aa

• Introduction to digital health
• Empathy mapping activity

Gather patients’perspectives and experiences
in the health system during pregnancy and
after birth

2 •• Share empathy map and experiencesComplete an empathy map [22] and a
30-minute reflection on their experi-
ences in perinatal care

• Introduce user journey activity

Identify health system touchpoints and poten-
tial areas with opportunities for improvement

3 •• Open discussion regarding user journey
and experiences

Complete a user journey [23]
• Reflect on fellow participants’ empathy

maps and reflections • Introduce insightful statements

Prepare for workshops with patients4 •• Comment on summary resultsReview summary of ThoughtExchange
and health systems’ report summaries • Go over insightful statements

• Insightful statements worksheet [24] • Plan workshop

aN/A: not applicable.

Final Consensus Workshop and Analysis
A final 90-minute workshop was held to bring together all the
partners and interested parties to share and align on challenges
and priorities collected from earlier engagement sessions. This
workshop was composed of both existing members of each
partner group: patients, clinical care providers, researchers and
health system decision makers as well as additional participants
recruited through snowball sampling.

In preparation for the workshop, the core study team (BAP,
SXC, HA, and MV) reviewed insight statements from the
patients, and using a combination of deductive (using the
guiding principles of the BCDHS as a starting point) and
inductive analysis, placed these into overarching and emerging
themes and then further grouped statements based on relevance
to a stage of the perinatal period as described in Figure 1. This
grouping was done to make the review and brainstorming
session more feasible to complete within our limited 90-minute
time frame. Research representatives from the steering
committee, BAP and MV, developed 2 example research

questions for each thematic area to prime the workshop
discussion. These questions were developed to prompt
discussion during the workshop, considering many participants
do not have a background in research.

Attendees were divided into the 3 perinatal stage–based groups
based on their expertise. For example, an attendee who is a
neonatologist was assigned to the delivery+postpartum group.
Each group contained at least 1 member from each of the partner
types in order to facilitate collaboration across groups and
consensus building. Each group was asked to reflect on and
revise the provided insight statements and example research
questions as well as develop their own research questions in
order to identify research priorities based on their knowledge
and experience. At the end of the session, each group was asked
to identify 3-5 priority research questions from their
brainstorming exercise. Each group then presented their priority
research questions to the full workshop, and collectively, all
attendees further discussed and ranked the research questions
in order of priority.
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Figure 1. Workshop groups and themes.

After the workshop, the research team reviewed meeting
recordings, notes, and research question rankings to finalize a
list of priority research questions that reflected workshop
consensus. These research questions were then reviewed a final
time by the PAC to ensure patient needs were at the forefront.
This final list of research questions was converted and deployed
as a REDCap (Research Electronic Data Capture; Vanderbilt
University) survey to all workshop attendees. Respondents were
asked to select 3 research questions they believed to be of the
highest priority for perinatal care. Survey rankings were
summarized descriptively to identify priorities from within the
defined research questions.

Results

Engagement activities occurred between September 15, 2022,
and August 31, 2023. The steering committee met monthly
during this time to review progress and plan adjustments to the
strategy, as new knowledge was developed.

Thought Exchange With Clinical Care Providers
A total of 125 perinatal health care provider participants
responded, 102 of whom shared what provincial health authority
they were affiliated with. British Columbia is split by geographic
regions into 5 regional health authorities with an additional
province-wide authority focused on Indigenous health and the
PHSA that provides oversight for all regions. Most participants
came from PHSA (n=25, 24.5%), Fraser Health (n=19, 18.6%),
Vancouver Coastal Health (n=16, 15.7%), or Island Health
(n=16, 15.7%). There were no participants from the First Nations
Health Authority, and 7 participants did not affiliate with any
of British Columbia’s 7 health authorities.

Of the 125 participants, 55 responded with 80 different thoughts;
51 participants rated the thoughts of their colleagues, resulting
in a total of 1108 ratings. Analysis of the thoughts based on the
built-in functions of the ThoughtExchange platform identified
the highest-ranked themes, which were grouped and
summarized. Five key takeaways were identified under the

themes of health education and connected systems from the
ThoughtExchange:

1. There is an urgent need to create more inclusive, responsive,
and accessible digital health tools. The end user (patient or
health care provider) must be involved in the design of these
tools to make sure that they are useful and can solve the
right problems.

2. Among all current digital health tools shared, “Zoom,”
which is a tool that allows videos and remote health visits,
and the “Hyperbilirubinemia risk assessment tool,” which
is a way for doctors to check if a baby is at risk of
developing a condition where their skin and eyes turn
yellow, are the highest ranked. “Up to Date,” a web-based
platform that keeps clinicians up-to-date with the latest
medical research and guidelines (the United States only),
was mentioned but ranked lower. A tool like “Up to Date”
that provides the latest guidelines specific to Canada was
identified as a current need to support high-quality care.

3. Important clinical areas that were identified as being priority
topics for digital innovation were postpartum lactation
support and mental health services. There is a demand for
innovation in these areas to be accessible to individuals
residing in rural regions.

4. A 2-way communication system is needed to support
sharing health information across the province and between
patients and providers; this means patients should have
equal access to their electronic medical records as their
health care providers. Patients should also be able to freely
share their information between various levels of health
care units at their own discretion.

5. Provincially standardized, free, evidence-based, and
user-friendly prenatal patient education was identified as a
need that could be solved with digital innovation. Accessible
prenatal education would support high-quality perinatal
care for all patients in British Columbia.
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Health System Partner Engagement
A review of the MoH and PSBC digital health reports and
strategies with health system partners in the steering committee
meetings identified opportunities where perinatal innovation
could be used to improve the quality of the health care system
in British Columbia.

The MoH report, BCDHS, identified the following gaps in care
across British Columbia: lack of coordination between health
care services, poor communication systems, and inadequate
follow-up. Therefore, their digital health priorities include (1)
empowering patients through participation in their health journey
(eg, inclusive, trusted, and equitable health content provided
digitally), (2) increasing the capacity for providers to deliver
high-quality care (eg, improving digital literacy and promoting
the use of digital tools), (3) establishing a connected health
system that allows for the sharing of data (eg, interoperability
across health authorities and provider level and collaborating
on clinical solutions), and (4) infrastructure and business
processes streamlined for efficiency (eg, modernizing British
Columbia’s health supply chain, data flow, asset tracking, and
analytics). To accommodate these strategies and goals, PSBC
is working on developing a digital platform that acts as a central
place for patient information. Based on the identified gaps,
strategies, and needed tools, three potential areas for research
were identified: (1) What is the best way to use
telecommunication and information technologies to provide
health care services during pregnancy and childbirth remotely?
(2) What is the best design and implementation strategy to
enable a shared electronic antenatal health record that can be
accessed by any health care provider and patient during
pregnancy? (3) Can we validate the use of wearable devices
that can track and monitor health data during pregnancy and
childbirth (ie, remote blood pressure for hypertension in
pregnancy and blood glucose monitoring for gestational
diabetes)?

PSBC’s MSS report focuses particularly on addressing
modifiable factors such as maternal weight and nutrition,
substance use, mental health, diabetes, infant sleep, and
breastfeeding. They currently have a series of projects in
progress, and those specific to digital health solutions include
a personalizable information and tool resource hub for providers
and patients, a single source of data that can be shared across
multiple systems, leveraging access to clinical data for quality
improvement, allowing for enhanced digital training
opportunities, increasing access to telemedicine care, and
updated screening protocols and quality control. Based on these
approaches five areas for future research were identified: (1)
With the implementation of new technologies, what gaps and
biases arise that impact their inclusivity and equity? (2)
Although we can assess the immediate and short-term benefits
of these technologies, how do we assess their long-term impact
on maternal and child health? (3) How do we improve
interoperability between different digital platforms to enable
seamless data sharing and communication? (4) What policies
would need to be put in place to ensure that patient data and

privacy are protected? How would this integrate patient consent?
(5) How do we understand the needs of the user (patients and
health care service providers) and design resources that are
user-centered? How do we ensure that users will engage with
these resources?

Patient Engagement Sessions
The 4 members of the PAC varied in languages spoken (1
Mandarin, 1 Cantonese, 1 Spanish, and 1 Arabic), age of their
children (1 still pregnant at the start of the project, 1 younger
than 6 months, and 2 between 6 months and 1 year), mode of
delivery (2 vaginal birth and 2 cesarean section), and location
of their birth experience (2 Vancouver Coastal Health, 1 Fraser
Health, and 1 Interior Health). Over the course of our 4 group
meetings, we completed empathy maps, user journeys
(Multimedia Appendix 1), and insight statements and collected
reflective notes and recordings of live discussions. Common
challenges were experienced among all patient partners
navigating the perinatal period. For example, all patient partners
described difficulties in understanding the different types of
perinatal care providers and how to find an available midwife
or doctor in their region. They all also spoke of challenges in
navigating the transition from pregnancy to early newborn care,
particularly when they had nonurgent concerns about their new
baby because many available health care resources focus on
urgent and emergency conditions.

In the final PAC meeting, we reflected on the summaries of the
ThoughtExchange, MSS report, and BCDHS to identify
recurring themes, priorities, and gaps that were also expressed
by patients, which were then presented in a master list of insight
statements (Textbox 1). These insights were divided into 6
themes: education or health information, navigating health
systems, decision support, community or peer support,
connected systems, and patient empowerment. Overall, over
the 4 meetings, patients clearly expressed that they wanted
digital innovation that would support their confidence and ability
to navigate the health system in all regions of the province of
British Columbia where health care is currently distributed and
often fragmented. This should come in the form of free and
accessible educational resources and tools to navigate the
perinatal health journey. All patient partners discussed how
stressful it is to navigate the current system and the frustration
of having to communicate their health information to different
care providers repeatedly. Almost all of our patient partners
moved during the course of their pregnancy and experienced
challenges finding maternity care providers both initially and
after they moved. Another universal experience was the
challenge presented by our current system, which does not allow
for the pairing of the mother’s and infant’s health records. This
often resulted in logistical challenges in navigating postpartum
and postnatal follow-up that were borne entirely by the new
parents. As a result of the success of these sessions, the research
team worked with the PAC to develop a toolkit for patient
engagement that was made available for use by other research
teams (Multimedia Appendix 2).
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Textbox 1. Final list of insight statements.

Reliable health information is needed

• Patients who are accessing perinatal care are overwhelmed by navigating an abundance of resources, and they are not sure which ones are accurate
to follow.

• When seeking health-related information on the internet, information is often conflicting or misleading.

• When seeking health information on the internet, information is only in English and can be difficult to understand or communicate to multilingual
family members.

• Health information provided is in technical terms that patients are unfamiliar with leaving patients confused.

• Patients often rely on informal peer support, which adds to the conflicting information they receive, leaving them more confused and unsure of
what information to trust.

• Due to the abundance of information available on the internet, patients feel like they are wasting or spending too much of their time filtering
through the information.

• Patients indicated that it is challenging to understand the difference between an obstetrician and a midwife especially for newcomers or immigrants
from a different health care system; they do not know how to choose the right professional for them.

Lack of supports

• Due to the duration between pregnancy and a patient’s first obstetrician gynecologist appointment being too long, patients are left with the
responsibility of seeking information independently.

• There are limited perinatal classes that are poorly advertised and are not free; therefore, not all patients have the means to access them.

• Patients are navigating aspects of the health care system during their perinatal journey that they have never had to use before; this often comes
with little guidance and doubts about what steps need to be taken.

• Patients who are pregnant for the first time do not know where and what services to seek, leaving them feeling helpless and guilty if complications
occur.

Need for continuum of care

• Patients’ care is interrupted by the transfer of care to a different care provider especially after delivery. These periods of interruption leave patients
uncertain and lost.

• After being discharged after delivery or from midwives, patients feel like their only support is the emergency room, especially if they do not
have a family doctor.

Mental health challenges

• Complications during the perinatal period leave patients feeling incompetent and highly anxious about their own situations.

• Patients wanting to seek mental health support are discouraged because they are unaware of how to access them or told they are not in need of
them.

Emergency screening

• Due to the long wait times in the emergency room and lack of knowledge of problems arising either during prepartum or postpartum, patients
indicated a need to have an emergency screening process tailored to pregnant and newborn mothers by using the digital platform before they
head to the hospitals to save or rule out unnecessary visits.

Uncoordinated transitions of care

• It was challenging for patients to find an appropriate obstetrician or midwife in a timely manner; they had to call a list of clinics on their own or
find one through word of mouth in order to be accepted.

• When patients find out they are pregnant, they are frustrated by a lack of information on available care providers in their region.

• Patients are confused about when to choose a midwife or other type of doctor and why they may need to switch providers during pregnancy.

• Mom and baby’s care is not coordinated in the health system after the birth of the baby because they are treated as 2 distinct patients.

• There is no standardized system to share health records between perinatal care providers, which leaves patients with the responsibility to
communicate their health information when multiple types of caregivers are needed to support their pregnancy.

• When accessing care, services, or resources across different health authorities, health authorities do not follow standardized structures or guidelines
acting as an additional barrier for patients as they learn to navigate a new health authority.

• There is a lack of communication and awareness among health authorities, therefore, interrupting patients’ care.

Poor patient-centered care
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• Care providers are dismissive of patient concerns and thoughts, resulting in patients advocating for themselves and leaving them stressed and
isolated.

• Patients feel uninvolved in their health because they are often told what to do without direct and clear explanations or guidelines from their
providers.

• Patients have to manage multiple appointments with different providers instead of an integrated care team, meaning that they often wait long
periods of time before their needs are addressed.

• Patients would appreciate more visits and opportunities to meet with their care providers or a trusted source in order to discuss their concerns
and ask questions.

• Patients want to hear follow-up from their care provider after every test, even if it is normal.

Final Workshop
The workshop had a total of 20 attendees: 4 core project team
members, 4 patient partners, 2 researchers, 5 clinicians, and 5
health system partners. The workshop was held over Zoom.
During the workshop, 3 research themes were chosen as
priorities through the discussion process including patient
autonomy and support, educational resources for patients and
providers, and access to health information (Figure 2). Attendees
chose to frame the final research questions around broad
transformative goals rather than specific clinical care concepts
or processes to make the final agenda broadly applicable across
health settings in the British Columbia public health system.
For example, although patients and clinicians identified a need

for lactation support earlier in the engagement process, a
decision was made not to name this clinical concern specifically,
as it was felt to narrow the scope of the recommendations.
Similarly, patients and care providers identified a need for more
accessible support for nonurgent health concerns. Suggestions
were made to create more digital resources, but in discussion,
the group agreed that more foundational knowledge on the type
of digital technology that would be found most usable and
effective for providing health information is needed. This
resulted in final research questions such as 1.3 and 2.3. A total
of 12 final research questions to be included in the research
agenda were developed to reflect the identified priorities and
patient perspectives (Figure 3).

Figure 2. Three priority themes for perinatal digital health research.
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Figure 3. Final list of priority research questions. RPM: remote patient monitoring.

A follow-up REDCap survey was sent to a total of 35
individuals, including all workshop participants, steering
committee members, and patient partners, and we received 20
responses. Respondents included 5 researchers, 5 health system
decision makers, and 6 perinatal health care providers with 4
patient advisors. When asked to select the top 3 priority research
questions, respondents prioritized questions 1.4, 1.2, and 3.3
(Textbox 2). All of these questions focus on supporting patients’

decision-making with better information and fall within the
themes of improving patient autonomy and access to
information. When comparing the priority of the overarching
themes, overall questions from theme 1: patient autonomy and
support were the most selected; however, if we adjust for the
number of questions per category, questions from theme 3:
access to health information were the most selected.
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Textbox 2. Prioritization of research questions.

Number of times prioritized: 9

• Question 1.4: What aspects of perinatal care can be monitored, administered, or assessed using mobile devices (ie, remote patient monitoring,
digital health visits, and peer support) to support empowered self-care? How do we implement these without widening the access to care gap
experienced by already disadvantaged populations?

Number of times prioritized: 7

• Question 1.2: What digital tools and information can support patients’ decisions in identifying and connecting with the right maternity care
provider? What information do patients need to identify the right maternity care provider? How do we support this decision with digital tools?

• Question 3.3: How can the integration of patient-reported outcomes in a patient’s record contribute to quality improvement and shared
decision-making?

Number of times prioritized: 5

• Question 1.5: How do we monitor the mental health patients receiving perinatal care in order to provide timely support when needed and improve
health outcomes and perinatal recovery?

• Question 2.1: What resources can be compiled into a starter kit to guide patients through their pregnancy? What resources can be compiled into
a starter kit to guide patients who have just delivered their child? How do these resources impact patient and child health outcomes?

• Question 2.3: How do patients prefer to view and access health information and educational resources (eg, type of format such as audio vs video
vs website)? How can we engage patients and providers in developing and designing these resources? Are there existing resources we can expand
in function to meet patient needs (eg, 811 response, peer support, chatbots, or SmartMom)?

• Question 3.1: What is the effect of more transparent access to provincial dashboards such as HealthGateway (for both parent and child and linked
together) on care quality, and access to care in both urban and rural or remote settings?

Number of times prioritized: 4

• Question 3.2: Can improved data access for patients and care providers lead to an increase in British Columbia’s status against global benchmarks
for health care quality?

Number of times prioritized: 3

• Question 2.2: What are the individual, organizational, and policy barriers and facilitators to providing standardized multilingual prenatal and
postnatal education in British Columbia?

Number of times prioritized: 2

• Question 1.1: How do we best measure patient autonomy in the perinatal period?

• Question 1.3: What services and resources exist within British Columbia that support patient mental health, self-care, and patient autonomy in
decision-making? How do we ensure providers are aware of them? How do we emphasize connecting patients to them?

Number of times prioritized: 1

• Question 2.4 What implementation strategies will work to make educational resources accessible across regions in British Columbia? How do
we measure impact?

Discussion

Research Priorities and Implications for Practice
The RAPID project resulted in the co-design of a comprehensive
research agenda for perinatal digital innovation that reflects
provincial strategies and patient experience in British Columbia.
During the project, a series of engagement activities allowed
us to ascertain the current gaps and needs for digital health
interventions for perinatal care and develop a research agenda
that will address these needs. Our research agenda provides a
foundation for identifying, developing, and implementing digital
solutions that are responsive and feasible within the current
British Columbia health care system landscape. The RAPID
research agenda identified a core set of research priorities under
3 interdependent thematic areas that, if addressed, could lead
to meaningful improvements in patient and clinician experience

and health outcomes in the perinatal period. The priority themes
identified are patient autonomy and support when navigating
the health system, patient and provider access to education
resources, and patients’ ability to access health information.
These themes align with the BCDHS and have broad support
from health system leaders.

The research themes identified and research questions prioritized
in this project suggest that further innovation is needed to
properly leverage digital health tools to support perinatal care
in British Columbia. Priority research questions and a major
area of discussion with our patient partners focused on a need
for better digital tools to support self-care and decision-making
across the entire perinatal period, from pregnancy to the end of
the first year of the infant’s life. The ThoughtExchange also
highlighted that, within the British Columbian health system,
there is a limited number of tools in use that clinicians view as
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valuable to care. This results in patients accessing numerous
external digital resources that are not always of quality and
relevance to their care. This agenda can be used to advocate for
change at the provincial level and support the incorporation of
digital health into the health system. Addressing research
priorities identified by RAPID would improve the patient
experience by providing needed solutions that allow patients to
safely interact with their health care professionals through
web-based platforms or through their mobile devices, access
self-care tools and applications, use smartphones or other
devices to manage and monitor their health, and adopt
technology in their health plans.

Digital health innovation as suggested by our research agenda
is appealing because it is not restricted by time or place [13]
allowing for patient empowerment as well as patient
participation in the decision-making of their own health.
Addressing the RAPID research priorities can also improve the
continuity of care and delivery of essential services, something
that all partners in the RAPID project would clearly value. There
is already evidence that digital innovation in perinatal care can
lead to improved health outcomes for both the woman or
pregnant person and their infant [1,12-14]. This agenda
highlights that the perceived value of digital innovations for
patients receiving perinatal care and their families cannot only
be determined by traditional health outcomes. Digital
innovations should also be measured against their ability to
improve confidence and autonomy in decision-making, self-care,
information sharing, and patient and clinical experience.

The digital health sector receives enormous investment, making
available a vast number of solutions varying in quality and
capabilities [17]. The existing literature has provided a broad
understanding of the feasibility, acceptability, and effectiveness
of digital tools outlining advantages and disadvantages [1,12].
However, this continued growth in digital solutions does not
guarantee or equate to an increase in solutions that can be
implemented to meet the actual existing needs of patients,
providers, and health systems [17]. In this project, we used HCD
methods to identify patient needs and priorities for digital
innovation that are aligned with clinical care providers and
health system priorities, but our identified priorities cannot exist
in isolation from the current knowledge of socioecological
factors. Although the RAPID priority research questions are
defined based on need, these must be explored with
consideration for the facilitators and barriers that contribute to
engagement with digital health solutions. Previous research on
digital health use has identified barriers and facilitators to
implementation such as infrastructure, equipment, network
access, motivation, and usability [25,26].

The effort was made to integrate the knowledge of barriers and
facilitators to engagement and uptake of digital health
innovations throughout the research agenda, such as geographic
settings, data-security concerns, and diversity in health concerns.
However, considerations for these barriers and facilitators should
continue beyond what the questions have defined, as we work
to action the agenda. Issues such as connectivity, user
motivation, social support, digital literacy, user-friendly design,
and credibility should continue to be examined throughout
subsequent digital health research.

Strengths and Limitations
This project’s use of a human-centered approach prioritized
patient voices and provided the space for collaborative co-design
of the final research questions. Limiting the number of patient
partners and restricting the number of researchers in the patient
advisory meetings allowed for better quality engagement through
intimate and extensive discussions. The diversity of partners
from across British Columbia allows for more generalizable
results. However, a significant limitation was our lack of
engagement with Indigenous clinical care providers or patients.
There is a need to engage with Indigenous people’s voices
within all of the partner groups before moving research forward
from this strategy. Related to this, although we were able to
collect a diverse group of partners’ opinions and bring these
together to design a comprehensive research agenda, running
the project under a knowledge translation initiative restricted
the amount of data we could collect on engaged participants.
As a result, it may be more difficult for others to apply this
knowledge outside of the British Columbia health system. We
also cannot explore if participant characteristics such as age or
experience level (for health care providers) had any impact on
their opinions of digital health priorities. An additional strength
is our engagement with health system partners throughout the
project, aligning in strategy and garnering early support from
decision makers. As a result, outcomes of research informed by
this agenda are more likely to be implemented and achieve
long-term impact. There was strong collaboration throughout
the project between researchers and knowledge users, allowing
us to lead this work within the health system, leveraging
developed partnerships, and articulating alignment with
organizational goals and patient research priorities.

This HCD approach prioritized patient voices in developing
research priorities; yet, our multipartner codevelopment
approach recognizes that the ownness should not be on patients
alone to identify a solution to the complex issues of perinatal
health care delivery. The emphasis on people solving their own
problems that is core to the HCD approach cannot be directly
assumed in a health care context due to the complexity of the
system and the multitude of interested parties that will be
impacted by any system changes. In positioning our work to
address patient needs while still aligning with health system
priorities, we have aimed to support value-based care efforts in
the British Columbia health system. Focusing further research
and innovation efforts to address the RAPID research priorities
can support improvements in value-based care, as they would
improve outcomes and processes that matter to patients without
an unreasonable increase in health care expenditure.

Conclusions
This project identified clear support and enthusiasm across
partners for digital innovation to improve the quality of perinatal
care in the province of British Columbia. Our research agenda
highlights the need for better patient education and health
information systems that are more accessible to patients and
care providers with the overarching need for digital resources
that can increase patient autonomy in decision-making
throughout pregnancy and the transition to newborn care.
Co-design of this research agenda is a first step in the research
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process. Our priority now is to take action on identified research
priorities. Action can occur through traditional research funding
pathways but also by advocating to our health system partners

to directly address needs identified by the RAPID research
agenda within the health system.
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Abstract

Background: Patient-derived biospecimens are invaluable tools in biomedical research. Currently, there are no mechanisms
for patients to follow along and learn about the uses of their donated samples. Incorporating patients as stakeholders and
meaningfully engaging them in biomedical research first requires transparency of research activities.

Objective: In this paper, we describe the use of participatory design methods to build a decentralized biobanking “de-bi” mobile
app where patients could learn about biobanking, track their specimens, and engage with ongoing research via patient-friendly
interfaces overlaying institutional biobank databases, initially developed for a breast cancer use case.

Methods: This research occurred in 2 phases. In phase 1, we designed app screens from which patients could learn about ongoing
research involving their samples. We embedded these screens in a survey (n=94) to gauge patients’ interests regarding types of
feedback and engagement opportunities; survey responses were probed during 6 comprehensive follow-up interviews. We then
held an immersive participatory design workshop where participants (approximately 50) provided general feedback about our
approach, with an embedded codesign workshop where a subset (n=15) provided targeted feedback on screen designs. For phase
2, we refined user interfaces and developed a functional app prototype in consultation with institutional stakeholders to ensure
regulatory compliance, workflow compatibility, and composability with local data architectures. We presented the app at a second
workshop, where participants (n=25, across 9 groups) shared thoughts on the app’s usability and design. In this phase, we conducted
cognitive walkthroughs (n=13) to gain in-depth feedback on in-app task navigation.

Results: Most of the survey participants (61/81, 75%) were interested in learning the outcomes of research on their specimens,
and 49% (41/83) were interested in connecting with others with the same diagnosis. Participants (47/60, 78%) expressed strong
interest in receiving patient-friendly summaries of scientific information from scientists using their biospecimens. The first design
workshop identified confusion in terminology and data presentation (eg, 9/15, 60% of co-designers were unclear on the biospecimens
“in use”), though many appreciated the ability to view their personal biospecimens (7/15, 47%), and most were excited about
connecting with others (12/15, 80%). In the second workshop, all groups found the app’s information valuable. Moreover, 44%
(5/9) noted they did not like the onboarding process, which was echoed in cognitive walkthroughs. Walkthroughs further confirmed
interest in biospecimen tracking, and 23% (3/13) had confusion about not finding any of their biospecimens in the app. These
findings guided refinements in onboarding, design, and user experience.

Conclusions: Designing a patient-facing app that displays information about biobanked specimens can facilitate greater
transparency and engagement in biomedical research. Co-designing the app with patient stakeholders confirmed interest in learning
about biospecimens and related research, improved presentation of data, and ensured usability of the app in preparation for a pilot
study.

(JMIR Hum Factors 2025;12:e59485)   doi:10.2196/59485
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Introduction

Background
Samples of blood, tissue, urine, and other biological products,
collected from patients during a medical procedure, are
invaluable tools in biomedical research. Reviews estimate that
>600 research biobanks exist in the United States, housing tens
of millions of samples from tens of millions of patients [1,2].
Biospecimens are used in a vast array of foundational,
translational, and clinical research [3-6]. Research on
biospecimens shows exceptional promise in studying cancer
and developing new cancer treatments [4,7,8]. Cutting-edge
specimen preservation methods offer high-fidelity disease
models for genomic analysis, high-throughput drug testing,
advanced imaging, and more.

Typically, leftover surgical samples are collected after a 1-time
informed consent process per the federal Common Rule in the
United States, where patients receive information about the
proposed research [9]. The terms of this consent include no
expectation to follow up with pertinent research results after
the form is signed and samples are collected [10]. In the
transition from clinical by-product to banked research sample,
patient identifiers are removed from biospecimen data [11].
Deidentification is meant to protect patient privacy by removing
identifiable information; however, its conditions preclude
scientists from sharing follow-up information about if, when,
and how they use biospecimens for research [12]. Scientists
receive deidentified biospecimens from the biobank and have
no mechanism to directly communicate personally relevant
insights or engage with the people whose samples they have
received (Figure 1) [10]. Thus, while clinical results from
pathology reports are communicated to patients, information
on how their biospecimens are used and associated research
findings are never shared.

Incorporating patients as stakeholders and meaningfully
engaging them in biomedical research is increasingly recognized
as critical to more ethical and effective scientific advancement

[13]. Patients’ lived experiences can help guide research
questions, priorities, and methodologies, ensuring that the
resulting knowledge aligns with their and their community’s
priorities. Various innovative technologies and techniques have
enhanced patient engagement in research [14,15]; for instance,
the James Lind Alliance method facilitates collaboration among
clinicians, the public, and additional stakeholders, enabling their
opinions to converge and inform the establishment of research
priorities [16,17]. Digital platforms that assemble citizens from
different backgrounds to share experiences and actively
codevelop innovative health strategies have been proposed [18].
However, improving transparency surrounding the nature and
extent of research activities is a prerequisite to achieving true
patient engagement.

Decentralizing biobank information and empowering
biospecimen donors with knowledge about how their samples
are used lays the foundation for fostering trust and transparency
in biospecimen research [19]. This is particularly vital in
rebuilding trust with communities considered marginalized,
which have historically been subject to exploitation and
unethical research practices [20]. Building trust lays the
foundation for further participation by diverse communities and
ensures that research endeavors are accountable to those whose
biospecimens make the research possible [21].

In previous work, we have demonstrated that there is unmet
patient demand for increased transparency surrounding
biospecimen research use [22]. We surveyed patients with breast
cancer (n=109) about their interest in learning about biobank
research and their individual biospecimens [22]. This survey
measured patient interest in a broad range of information that
they could theoretically learn about research on their samples.
Notably, survey respondents were interested in learning
information that is readily available within in local biobank and
research databases, such as whether their samples had been used
in research (66%), details about research conducted on their
samples (53%), and the ability to see images of their
biospecimens if available (68%).
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Figure 1. Biobanking ecosystem: biospecimen supply chain from clinical by-products to institutionalized assets. In the current biobanking paradigm,
personally relevant insights and extra tissue are often wasted, representing lost opportunity to advance patient care and maximize value from donated
biospecimens. CRO: contract research organization.

Objectives
To address the unmet need for greater transparency and
engagement between biobanks and patients, we sought to build
an initial decentralized biobanking app—“de-bi”—to serve as
a patient’s “window” into an established biobank database. We
aimed to build a composable platform that would be accessible
and valuable to patients while being compliant with existing
regulations, composable with data architectures and compatible
with established workflows [23]. By viewing biobank data,
patients can be empowered to “track” what happens to their
biospecimens [24]. A patient-facing mobile app could overlay
and display existing data, serving as a technological tool for
increasing the transparency of research activities and as a
mechanism for directly engaging with patients who have
contributed to research, all within the current frameworks of
consent and deidentification. Composability with institutional
databases would also serve as a source of efficiency, easing the
burden of the initial manual data transfer to an app interface
and setting up easier future automation and scalability. This
tool could then be piloted to measure its impact on patient
participation, understanding, and attitudes about biobanking
and biospecimen research and begin to answer outstanding
empirical questions about effectively fulfilling obligations of
transparency and engagement.

Including patients in the design phase was imperative to the
future pilot’s success. Before the tool was deployed, we sought

to ensure that it was interesting, accessible, understandable,
valuable, and easy and ideally pleasant to use. Here, we describe
the process and results of using participatory design methods
to define, design, and deliver a mobile app that enables patients
to learn about their biospecimens collected for research, the
status of the biospecimens’use in research protocols, and overall
biobank collections, as demonstrated in a breast cancer biobank
setting.

Methods

Overview
This multiphase participatory design study was conducted
among patients of a breast cancer clinic at a large US academic
institution. It consisted of surveys of patients (n=94), six
semistructured in-depth follow-up interviews with five survey
respondents (5/94, 5%), immersive design workshops with
patients (workshop 1: approximately 50 participants, focusing
on a subset of 15 codesign participants), workshop 2: n=25),
and cognitive walkthroughs with individual patients (n=13)
[25]. The data being presented represent a subset of broader
participant engagement, including additional workshops and
encounters with the local community of patients with breast
cancer.

This research occurred in 2 phases (Figure 2). In phase 1, we
designed smartphone screens containing different information
that patients could learn about biobank and research activities
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involving their samples. Embedding these screen designs in a
survey, we sought to gauge patients’ interest in receiving
information about research or their biospecimens. We engaged
a subset of survey respondents in short web-based interviews
to discern their views on the importance of having this
information and their opinions on its presentation and design.
We held a design workshop at which participants gave feedback
on the screens and suggested improvements.

For phase 2, we refined the user interfaces and developed a
functional app prototype. As we developed the app, we consulted
institutional stakeholders to enhance compatibility with
regulations and composability of core app features, with one
another and with local data architectures. We then distributed
the app at a second design workshop, where participants shared
thoughts on the usability and design of the app. In this phase,
we conducted cognitive walkthroughs with individual
participants to observe their success in using the app and to gain
in-depth feedback on its functionality [26].

Figure 2. Overview of study methods.

Phase 1

App Screen Design
We used Whimsical and Figma for the initial wireframes and
Flutter and Adalo for prototyping to develop the initial screen
designs [27,28]. The content of these designs was informed by
previous engagement with this patient population and limited
by the content available within institutional biobank or research
databases and publicly accessible research content. Previous
survey results identified important data points to include in our
patient-facing display and informed its design [22]. Working
with investigators on the biobanking research protocol, their
data managers, and the University of Pittsburgh Institutional
Review Board, we selected data points that would be feasible
and acceptable to return to patients in a future, functional
solution. We then created a sample screenshot presenting a
model set of samples and the corresponding hypothetical data
points.

We designed 3 initial app screens presenting information about
a hypothetical user’s collection of biospecimens in the biobank
(Figure 3). These screens were meant to be viewed sequentially,
with increasing specificity of information presented about

individual biospecimens in the biobank. The interface was
inspired by the term “biobanking” and designed to resemble
many banking apps where users first view a summary of their
accounts and can click through to increase specificity about
each one. Our first screen contained a summary list of a
hypothetical individual’s inventory of donated samples,
including pictures of each. The second screen displayed
high-level demographic information about each individual
biospecimen: an image, its location, and the date it was
collected. The third and final screen showed more details about
each individual sample, such as its ID number, the medical
procedure from which it was collected, the number of the freezer
where it was stored, and more.

A fourth screen was created for potential users to learn about
the biobank collection as a whole (Figure 4). This screen, called
“connect,” showed a list of subcommunities of biobank donors
sorted into groups by their diagnosis code, including summary
statistics indicating how many donors to the biobank shared a
diagnosis (eg, invasive ductal carcinoma). The design suggests
that users might be members of ≥1 of these groups (called
“labs”) and might use their membership to “connect” with other
users, patients, or scientists.
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Figure 3. The 3 “biowallet” screens, as developed in Adalo and featured in the survey, presenting different categories of specimens using accordion
unfolding and individual sample–level details.

Figure 4. Biobank, research, and community screens. These screens, developed with Adalo, illustrate features explored in surveys, interviews, and
workshops, including opportunities to learn about biobanking and specific specimens, follow scientists and learn about individual research programs,
and connect with fellow donors and scientists.
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Surveys and Semistructured Interviews
After developing the initial app screens, we embedded them
into a survey to gather further evaluation and feedback from
patients [29]. We conducted the survey in 2023 with a
convenience sample, recruiting patients via flyers posted in
breast care clinics across the health system. Participants took
the survey on their own devices. IP addresses were used to
identify duplicate entries from the same users. At the end of the
survey, participants were invited to participate in an optional
follow-up semistructured interview to discuss their survey
answers. Survey content was iterated and rotated as app screens
were finalized and in response to saturation of data from
responses and follow-up interviews. Thus, survey data are
presented with the denominator reflecting the number of
participants who received each specific question and chose to
reply. In total, 94 participants completed the survey, of whom
5 (5%) participated in the follow-up interviews (one participant
was interviewed twice; once before and once after her cancer
diagnosis). Demographics of the survey respondents, including
age, race, and cancer stage, are presented in Table 1. The
“Unknown” category represents participants who chose not to
answer that question.

The survey asked participants their level of interest in the
information presented on the app screens. After viewing the
“biowallet” screens, participants were asked which of the
presented data points were of interest to them. After viewing
the “connect” screen, patients were asked whether identifying
and belonging to a subcommunity of donors to the biobank

would be of interest to them and, if so, how they might want to
use the app to connect with others; for example, they were asked
whether they were interested in connecting with researchers
who used their samples from the biobank and, if so, what
information they would like to exchange with them. They were
also asked about their interest in connecting with other, similar
patients who might be members of the same subcommunity (eg,
have the same diagnosis code) and, if so, how.

In the follow-up semistructured interviews, participants and
members of the research team viewed the participants’ survey
responses via screen sharing on an audio-recorded web-based
call. The participant’s survey responses were walked through
one at a time, and the participant was asked to go into further
detail about their reasoning for their answers. These interviews
were meant to validate the survey questions by identifying any
confusing language or images and to gain a deeper
understanding of the motivations, preferences, interests, and
concerns of participants. Each interview lasted 35 to 45 minutes.
Interview participants were selected to represent key
subsegments of the survey population, for example, age,
education, and time from diagnosis.

Survey responses were analyzed, and summary statistics are
presented. Transcripts of the follow-up interviews were coded
for emergent themes in response to each set of screens. The
results from both analyses informed changes to the presentation
of biobank data and adjustments to the design of the screens to
meet participant preferences and clarify content.
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Table 1. Socioeconomic and clinical characteristics of survey respondents (n=94).

Participants, n (%)aDemographics

Socioeconomic characteristics

Age (y)

12 (13)<40

32 (34)40-49

22 (23)50-59

14 (15)60-69

11 (12)≥70

3 (3)Unknown

Race

64 (68)White

10 (11)Other (including multiracial)

20 (21)Unknown

Household income (US $)

12 (13)<35,000

16 (17)35,000-69,999

17 (18)70,000-99,999

27 (29)≥100,000

2 (2)Prefer not to say

20 (21)Unknown

Highest education

1 (1)Did not graduate high school

6 (6)High school

9 (10)Some college

10 (11)Associate degree

21 (22)Bachelor’s degree

17 (18)Master’s degree

9 (10)Doctoral or professional degree

21 (22)Unknown

Clinical characteristics

Breast cancer diagnosis

56 (60)Yes

35 (37)No

3 (3)Unknown

Cancer stage

5 (5)Unsure

4 (4)0 or precancer

22 (23)I

23 (24)II or III

2 (2)IV

38 (40)Unknown

Time from diagnosis

11 (12)≥5 y ago

JMIR Hum Factors 2025 | vol. 12 | e59485 | p.2860https://humanfactors.jmir.org/2025/1/e59485
(page number not for citation purposes)

Dewan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Participants, n (%)aDemographics

31 (33)>1 and <5 y ago

14 (15)≤1 y ago

38 (40)Unknown

aDue to rounding, not all percentages sum to 100%.

Design Workshop 1
We sought feedback on the “biowallet” screens, the “connect”
screen, and 2 additional screens: “explore” and “profile.” The
“connect” feature was expanded to include 3 screens showing
a list of all “lab” groups and subcommunities, a description and
membership details of 1 specific “lab,” and an action button to
“add my samples” to a “lab.” The screen called “explore”
contained additional biobank-level data about the collection of
biospecimens. The last addition, “profile,” contained a
hypothetical user-chosen avatar to represent themselves, as well
as a collection of hypothetical achievement badges representing
activities that users might be able to complete both in the app
(“claimed my biowallet”) and in research participation (“signed
a consent form”). It also contained a progress bar indicating the
users’ completion of in-app tasks and achievements. We
presented the second iteration of the screens to approximately
50 members of a local support group for patients with breast
cancer in an embedded participatory design workshop. Members
of the research team presented the screens, gave a short overview
of their contents, and explained the overall intent of
decentralized biobanking as well as the purpose of the dedicated
app codesign workshop.

Participants provided feedback about the overall approach during
a three-day participatory engagement event where the research
team presented to and engaged with the local breast cancer
patient and previvor population in an immersive setting. In this
paper, we focus on describing results for 15 group
representatives who attended a professionally facilitated
in-person codesign workshop where they provided detailed
feedback on individual app screen designs. Participants were
given printed images of the screens, along with stickers—thumbs
up or a heart to signify something they liked, a question mark
to signify something they were confused by, and an exclamation
point or a frowning face to signify something they did not like.
Participants were asked to discuss the screens as a group and
to place stickers on the printed images, either to signal their
reaction to the entire screen or specific parts of the image. Some
groups wrote on the images or in the margins to elaborate on
their responses. As not all participants responded to all app
screens, workshop data for all subsequently described workshops
and cognitive walkthroughs are presented with the denominator
reflecting the number of participants who provided written
feedback on a given screen, page or design element.

The printouts were collected after the workshop, and the
research team performed a content analysis of the sticker
placements and notes left by participants. The identified themes
were considered along with design research synthesis from
expert consultants, as well as analysis of survey responses,
semistructured interviews, and immersive engagement. Taken

together, these themes informed further design changes that
were then incorporated into a functioning mobile app prototype.

Phase 2

App Prototype Development
We developed a functional mobile app using Flutter [30]. The
front-end patient-facing interfaces contained 4 sections:
“biowallet,” “explore,” “connect,” and “profile.” We also
developed a backend data architecture in which real biobank
data could be imported into the app so that users could see
personalized, real-time information about their biospecimens
contained in the biobank collection. During the app’s
development, we consulted with institutional stakeholders to
ensure regulatory compliance and compatibility with existing
data resources to minimize burdens on researchers and data
managers. Elsewhere, we describe a “digital honest broker”
approach that enabled pilot participants to be connected directly
to their own deidentified biospecimens [31].

Design Workshop 2
We held a second design workshop with a second local advocacy
and support group for patients with any cancer type. A total of
25 participants attended. Members of the research team
presented the app screens, gave an overview of their contents,
and explained the intent of the workshop. Participants were then
instructed to access the app on their personal devices and given
a sample log-in leading to a deidentified demonstration account
with biobank-level data and individual biospecimen data
populated. Participants were given a sheet of paper with three
columns—“Things I Liked,” “Things I Didn’t Like,” and
“Didn’t Meet Expectations”—and were asked to write
corresponding reactions as they explored the app freely by
themselves or with one or two other participants. The papers
were collected from nine small groups. Content analysis was
performed to identify common areas of interest, enjoyment,
displeasure, and dissatisfaction.

Cognitive Walkthroughs
During the second design workshop, members of the research
team invited individuals at random to participate in a cognitive
walkthrough to evaluate the usability of the application. Of the
25 workshop participants, 6 (24%) completed the walkthrough
exercise. Participants were asked to perform several in-app tasks
and seek specific information presented in the app while
narrating out loud what they were doing. Members of the
research team observed them using the app and took notes about
their narration, evaluating their success in completing the
assigned tasks.

We held seven additional cognitive walkthroughs with users
recruited from participants in the phase 1 survey who agreed to
be contacted about future research. These participants were
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patients at the collaborating health system and were guided
through the onboarding process that connected them to their
own biospecimen information, if any existed. All users were
able to see the “explore” and “profile” screens. Users who had
also consented to the biobanking protocol (which was manually
verified by the research team) were able to see the “connect”
screen. If the user had samples in the biobank, they could see
the “biowallet” screen populated with real data about their
samples. Participants were led through the same cognitive
walkthrough and asked to complete tasks and seek out specific
information while they narrated their process as researchers
observed and took notes.

Cognitive walkthroughs measure usability by collecting
qualitative, experiential data from users directly. Researchers
can infer usability by noting whether the users understand the
task and are trying to achieve the right outcome, whether they
take the appropriate action to achieve their intended outcome,
and whether they correctly identify their success or the
information sought from them. By having a mix of participants
viewing uniform, hypothetical data and those viewing
personalized data, we were able to gain generalized insights
into usability, as well as insights into the personal value and
added joy or frustration when engaging with one’s own data.
Both sets of participants were asked to create an account;
perform the necessary authentications to populate their
biospecimen data; identify how many of their samples had been
used in research and how many were available; and to find a
protocol that had used their samples, or, if their samples were
unused, to find a protocol that studied their particular diagnosis.

Ethical Considerations
This study was approved by the University of Pittsburgh
Institutional Review Board and quality improvement committees
(IRB22010118, IRB22020035, and QRC3958). Participants
provided informed consent before engaging with the study. The
voluntary nature of the study was emphasized, including that
their decision to participate in the study would have no impact
on their care. Participants were able to skip questions or
withdraw at any time. To safeguard privacy, data were stored
on a secure institutional server, with survey responses
deidentified and stored separately from personal information.
Survey participants were paid US $10 for their participation
upon completion. A subset of survey participants who agreed
to participate in the follow-up interview were paid an additional
US $20.

Results

Phase 1

Surveys
In reaction to the “biowallet” screen, participants were asked
about their interest in using such an app to track their

biospecimens donated to research. Of the 89 respondents, 20
(22%) were extremely interested, 22 (25%) were moderately
interested, 24 (27%) were neutral or not sure, and 23 (26%)
were not interested. Survey questions presented potential app
features related to sample tracking, research feedback, and
community engagement (Table 2), and follow up questions
drilled down on preferences regarding specific design elements
and user priorities.

We next assessed participants’ interest in receiving updates
regarding how, and by which researchers, their samples were
used (Table 2). Participants (61/81, 75%) were most interested
in learning “the outcomes of studies that use my tissues, like
publications or new discoveries.” Of these 61 participants, 14
(23%) provided qualitative details in optional open-ended
follow-up questions, describing how or why they were interested
in learning about research on their samples. For example, one
respondent noted “I believe research participants should have
full access to the data that is collected from them...The idea that
my genetic data is setting in a lab for a variety of research
studies, but I have no access to any of that data or the related
information generated by that data is not fair or in my best
interest.”

The second highest area of interest concerned learning the status
of their biospecimens regarding whether they had been used in
research (45/81, 56%). Only 23% (19/81) of the participants
were interested in seeing how many samples they had compared
to other patients with the same diagnosis. Other data points of
interest were the medical procedure from which their sample
was collected (12/27, 44%), the current location of their sample
(11/27, 41%), and collection details (when, volume, etc; 10/27,
37%).

Subsequently, we asked participants about their broader
preferences for updates from researchers using their
biospecimens with respect to scientific findings, new
developments, and modes of communication (Table 2).
Participants (47/60, 78%) expressed the greatest interest in
receiving patient-friendly summaries of scientific information.
Updates on new drugs or tests that become commercially
available (39/60, 65%) and findings that may inform care (38/60,
63%) were also highly valued. Fewer patients were interested
in updates on new publications (28/60, 47%), patient-friendly
videos (22/60, 37%), study enrollment numbers (19/60, 32%),
and new research grants (15/60, 25%).

In reaction to the “connect” screen, respondents expressed
interest in connecting with other patients. Participants were
most interested in connecting with patients with a similar type
of breast cancer to theirs (41/83, 49%) and patients in their age
group (36/83, 43%). Of the 83 respondents, 24 (29%) were not
interested in connecting with any others. Table 2 details
additional areas of interest.
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Table 2. Interest in potential app features: biospecimen tracking, research updates, and community engagementa.

Survey responses, n (%)App feature interest

Sample tracking (“biowallet”) features (n=81)

61 (75)Outcomes of the studies that use my tissues, like publications or new discoveries

45 (56)Learning if/when my biospecimens are shared with researchers

35 (43)Seeing how my own samples look under the microscope

27 (33)Learning about the individual researchers who are studying my biospecimens

19 (23)Seeing how many samples I have compared to patients with the same diagnosis as me

12 (15)None

3 (4)Other

Research updates (“scientist labs”) (n=60)

47 (78)A patient-friendly summary of the scientific information

39 (65)If there are new drugs or tests discovered that become commercially available products

38 (63)If there are findings that might help my doctor and I make decisions about my care

28 (47)When new publications come out (with access to that publication)

24 (40)Short patient-friendly videos describing the research

19 (32)How many patients are included

15 (25)If there are new grants awarded to that research

Community engagement (“donor labs”) (n=83)

41 (49)Similar type of breast cancer

36 (43)Patients in my age group

30 (36)Patients in the same research study

25 (30)Similar stage of breast cancer

24 (29)None

18 (22)Similar genetic risk of cancer

12 (14)Patient advocates

aThese are not the only survey questions posed, but represent three key areas that were included in the survey. Where appropriate, questions were iterated
to include screenshots of the app designs or concepts as they were refined.

Semistructured Interviews
While learning the outcomes of research on their biospecimens
was identified as a high priority, concerns arose in the follow-up
interviews. Of the 5 participants, 3 (60%) expressed concern
about imposing additional burdens on busy scientists. They had
expressed interest in learning about research on their specimens
but clarified in interviews: “only if it doesn’t take away from
the work” and “I don’t want to bother researchers, who are very
busy” (Table 3). However, participants valued the opportunity
to learn more about their samples; participant 3 expressed how
specimen tracking can provide transparency about “what it’s
[biospecimen] being used for,” implying how transparency may
build trust.

In the follow-up interviews, 3 (60%) of the 5 participants
expressed an interest in and need for communities that connect
patients to research in general, stating that existing patient
organizations were focused on emotional support, living with
cancer, and survivorship rather than on biomedical research or
the latest advances in treatments. Participant 2 expressed
frustration with the lack of medical and scientific expertise in

many patient support groups (Table 3): "...It’s frustrating
sometimes to get the kind of information you’re looking for as
a patient...with metastasis."

One participant undergoing diagnostic workup for cancer
expressed interest in an additional support group, but without
the granularity of connecting with other patients involved in
the same studies. In contrast, one interview participant with a
longer duration of cancer survivorship expressed that they did
not have a need for additional patient connections. Multiple
participants (3/5, 60%) expressed an interest in contributing
additional information to scientists to provide additional context
to their biospecimens. This included integrating data from
genetic tests (eg, 23andMe), wearable devices (eg, Fitbit), and
personal medical histories to support scientists. The motivation
for doing so seemed to stem from the opportunity to “help...the
scientific community, the research for cancer” (Participant 1)
and elucidate “genetic links to breast cancer” (Participant 5).
Participant 3 expressed interest in being informed about “a list
of studies” they might qualify for, indicating a proactive
approach to supporting biomedical research.
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Table 3. Qualitative interview insights. The interview quotes are organized around feature categories of biobanking education, specimen tracking,
connecting with others, and dynamic data sharing. Key standout phrases are italicized,

Emerging themesProposed features (“naming convention”) and interview quotes

Learn biobanking (“biobank”)

Valuing scientific knowledge and approaches• “I totally geek out on this stuff, so as much as you guys are willing to share and whatever
level detail, I’m all about it.” (Participant 1, Interview 2)

• “I would want to know outcomes of the studies. I am kind of a science geek, like that’s
my interest, it’s not the field that I’m in whatsoever, and I was not educated in that, but
I’m very interested. I’ve read a lot about science and especially like bioscience, so I
would say, I would also like to know outcomes, with the studies that use my tissues.”
(Participant 3)

Recognized unfamiliarity with biobanking, limited
expectations and agency of donors within in cur-
rent model

• “Whatever you guys are willing to share is perfectly fine...I just don’t expect that detailed
level of personal information about the researchers, but if they’re willing to share...it’s
fascinating...it’s just not one of the absolutely necessary things, I feel.” (Participant 1,
Interview 2)

• “I don’t expect to have the ability, or even the need to identify specific researchers who
I can go to. It’s like as many people can use that tiny little tumor that you guys got out
of me as possible it’s fine, so what, for whatever purpose and whoever needs it, for
whatever reason, is fine.” (Participant 1, Interview 1)

• “It was my pre-op...my surgeon, and a nurse, she just had a whole pile of papers. It [the
biobanking consent form] was just one more paper she needed to get signed.” (Participant
3)

Specimen tracking (“biowallet”)

Balancing gaining personalized insights versus
resource constraints for scientists 

• “I don’t need to know about all the researchers and everyone who’s touching it. Just in
general, like what you’re looking at and...what you’re doing with it.” (Participant 1, In-
terview 2)

• “I don’t feel the need to have control over any of that stuff—You guys can do with it
what you see fit.” (Participant 1, Interview 1)

• “I don’t want to bother researchers, who are very busy.” (Participant 2)
• “It would be interesting to see my samples, and my tissue, but not necessary, I guess.

So, sort of like an added bonus.” (Participant 5)

Recognition for personalized contributions as a
source of purpose and meaning 

• “I mean, worst case scenario, like these are my few... last few minutes on earth... It would
bring meaning...I’m suffering but I’m suffering for a reason.” (Participant 4)

• “...People are fearful of having their information being used in nefarious ways; I think
this is a way of being super transparent and also involving the candidate...like it’s per-
sonal, it’s something [very] personal, especially for women with breast tissue, very per-
sonal.” (Participant 4)

Community engagement (“labs”)

Some felt existing support groups were adequate,
while others sought camaraderie and citizen sci-
ence

• “Probably in the lines of a support group kind of thing, it would be kind of neat to
see...what other people were experiencing and going through, but not necessarily with
regards to the study itself.” (Participant 1, Interview 1)

• “You have questions in there, ‘Do you want to be connected with other donors?’ and [in
the survey] I said no, ‘I don't use social media,’ but I would use this, and perhaps if I do
have to get surgery or I...perhaps [have cancer]... it’s like people who have dogs from
the same litter, you know it’s like, ‘How’s your pup doing?’” (Participant 3)

• “You know, now that I am talking this through, I would also...need...the type, the stage,
the genetic risk of patients in my age group. I might want any one of those options. I am
thinking futuristically now that it’s become an actual reality or possibility...I would be
more open to connecting to others...beyond the same research.” (Participant 3)

Unmet need for direct connection with scientists,
as opposed to other patients

• “One of the limitations with the patient advocacy groups that I’ve been in so far is that
there is limited expertise in the groups...so it’s frustrating sometimes to get information
you’re looking for as a patient...for example, drugs for preventing metastasis...what are
the researchers recommending at this point [for people like me].” (Participant 2)

• “I think the research is important and I’m just interested in knowing what research is
going on, just because I think it’s interesting, but I wouldn’t necessarily need to know
what’s happening with other patients and their stuff.”(Participant 5)

• “I want to help, do whatever is possible to help research continue, but I don’t feel the
need to use something like this to connect with other people [i.e., patients].” (Participant
5)
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Emerging themesProposed features (“naming convention”) and interview quotes

Data sharing (“profile”)

Eager to contribute more specimens and data• “I have the ancestry/23andMe, I do Fitbit stuff, so yeah, that’d be very cool to be able
to incorporate all that...Anything that would help in any way... the scientific community,
the research for cancer, anything, advanced in any way, for whatever reason, whatever
purpose.” (Participant 5)

• “There’s so much that’s not known in terms of...genetic links to breast cancer...I would
share more information if it would help.” (Participant 5)

• “I would like to see a list of studies that I might qualify for, I would provide details about
my medical history or treatment.” (Participant 3)

• “[If] you guys need additional information or stats or blood or anything from me, I’m
more than happy to help.” (Participant 1, Interview 1)

Demand for greater reciprocity and accountability
for data exchange

• “I keep throwing out those ads for...‘All of us’ because they won’t give you any-
thing...that’s my reason for not participating...[since] you have all my genetic information,
you have no idea where it’s going to be five years from now...But you won’t let me have
any access to it.” (Participant 2)

• “I think it’s brilliant and I also think that more people would participate if this were
available...Because I’ve had opportunities in the past, and...the biggest question that I
have, and other people have, even when we’re asked, ‘Would you donate organs’...is the
lack of knowledge about what it’s being used for...that’s what makes people suspicious
and, especially, in an era where we both have like open source, you can find out informa-
tion about everyone.” (Participant 3)

Design Workshop 1
Participants of the first design workshop (n=69) confirmed their
interest in the concept of the app as well as the content of the
app screens and provided valuable feedback on its presentation.
A subset of 15 participants who participated in a dedicated
codesign session documented their reactions to individual app
screens. The “biobank” screens were appreciated by participants
who liked the ability to view the entire collection of one’s
personal samples (7/15, 47%), as well as the sample-level details
under the individual “biowallet” (4/15, 27%), with several
emphasizing the linkage between samples and other medical or
genetic data. Some were confused or upset by the technical
details presented about each individual sample and about some
of the terminology related to their biospecimens (eg, questioning
what it means for a sample to be depicted as “in use”; 9/15,
60%). Of 15 co-designers, 4 (27%) noted that they would have
preferred their samples to be organized chronologically,
corresponding to their lived experience of appointments and
procedures as specimen collection events, rather than initially
stratified by sample type (tissue, blood, urine, organoids, etc.).
For example, one co-designer emphasized: “Everything is
timeline for us [patients with cancer].”

Moreover, 80% (12/15) of co-designers provided positive
reactions to the “connect” screens, where they hearted the
framing of virtual “lab” groups as ‘patient-led’ (5/12, 42%) and
appreciated that there seemed to be actions that a user could
take, such as joining a virtual “lab” and adding their samples
to the group (6/12, 50%). Of the 12, 4 (33%) expressed
confusion about the “lab” groups, including who is supposed
to join them and for what purpose, while 3 (25%) expressed
concerns about the legitimacy of patient-led “labs” because they
might relate to actual future research on their samples, and they
worried about the potential for unmoderated, off-topic, and

illegitimate activity, with 1 participant stating “It should not
feel like social media. To me it should feel more like science.”

The “explore” screen, showing high-level information about
the entire biobank collection of samples, prompted the most
confusion. Of the 14 co-designers who were able to review this
screen, 12 (86%) were confused by ≥1 terms on this page (eg,
“consent” and “protocols”), and 2 (14%) suggested the addition
of a glossary to help users understand. Other co-designers (3/14,
21%) incorrectly assumed that the “explore” page contained
information about an individual’s samples instead of the entire
collection.

Participants also generally misunderstood the intended features
of the “profile” page. Of the 11 co-designers who reviewed this
page, 7 (64%) expressed confusion or dislike of the badges
feature, with concerns that they were “useless,” “not important,”
or excessively similar to features on social media sites, which
they did not like. Finally, 18% (2/11) of the co-designers
expressed concerns about the visibility of individual profile
data, similarly worried about the parallels to existing social
media, where all users can see individual profile pages.

Phase 2

App Prototype Development
Taking participant feedback from phase 1 activities, we
developed a functional app prototype with 4 sections
corresponding to the screen designs. The “biowallet” screens
had been well received, and minimal changes in content were
made. We removed the diagnosis code from the “biowallet”
page to avoid triggering negative memories and emotions in
users. We maintained sample organization by type (tissue, blood,
urine, etc) to more closely resemble the structure of biobank
data, where the type of sample and medium of preservation are
more valuable than the collection date. However, to address
participants’ desire for a chronological arrangement, we listed
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samples from the most recently collected to oldest within the
sample type category. The “biowallet” page also showed a
record of the users’ informed consent to join the biobanking
protocol. Users could click on individual samples to find
information such as size, location, date collected, freezer
number, and more. A generic picture of the corresponding
sample type (eg, a picture of urine crystals under a microscope)
accompanied each sample. Users could see whether each sample
had been used in a research protocol or whether it was still
available in the biobank.

The “connect” feature included patient-led “labs” organized by
diagnosis, as in the original designs. We added a second class
of “researcher-led labs” based on individual researchers who
had used the patients’ samples. Due to the structure of
deidentification of the initial biobank data, the names of the
researchers and details about their work were blinded, with just
a numerical code representing individuals (eg, principal
investigator 4); summary statistics of their work (eg, 6 protocols
using 75 samples); and similar blinded, summary information
about specific research protocols using patient samples (eg,
“Your samples were used in protocol #4, which used 25
samples”). Importantly, displaying this information did not
impose any additional workload or data input responsibilities
on researchers. The patient-led and researcher-led “labs”
featured some cross-referencing. A patient-led group with a
shared diagnosis was linked to researcher “labs” studying this
diagnosis and to protocols using samples with this diagnosis.
Using existing databases, we sorted individual users into the
appropriate patient-led and researcher-led “labs,” adding a third
section, “My Labs,” where users could view just the groups of
which they were members. These 2 new groups of “labs” were
developed to satisfy phase 1 participants’ enthusiasm for
learning about research both in general and specifically about
their samples, while maintaining maximum interoperability
with existing biobank databases and protocols.

We updated terminology on the “explore” page in response to
widespread confusion expressed by participants at the design
workshop. Rather than relying on institutional terms such as
“informed consent,” we framed participation in the biobanking
protocol as being a “member.” For each sample category, we
clarified how many patients were represented and how many
samples there were in response to participants’ confusion about
whether they were looking at 1 person’s samples on the
“explore” page or the entire biobank’s samples. The “explore”
page contained expandable information about the entire biobank
collection, organized by sample type (eg, breast tissue, blood,
and urine).

On the “profile” page, users could view the deidentified code
that links their account on the app to the biobank database,
populating their sample information. Rather than showing a
hypothetical set of badges that users might be incentivized to
collect, which were not well received, we showed just 1
indicator of whether users had successfully been connected to
their sample collection. On the “profile” page, we also developed
short questionnaires about potential future research topics of
interest. This feature served as proof of concept for how the app
might be used to engage participants in research design or be
used as a data collection tool.

Design Workshop 2
The second participatory design workshop aimed to further
validate the clarity and value of the information presented in
the app. In addition, we received feedback on the user
experience of navigating the live app.

All 9 groups of patients participating in this workshop
(consisting of 25 patients total) liked learning the information
presented to them on the app. Of the 9 groups, 3 (33%)
specifically mentioned the “real-time” nature of the information,
with one-third (n=1, 33%) stating that they liked being able to
“follow along” with research. Of the 9 groups, 5 (56%) noted
that they would prefer or require more information before using
the app, such as background materials or guided onboarding,
to better understand the information presented; 7 (78%) wished
for more information (eg, details about research protocols); and
4 (44%) wished for more capabilities (eg, a search bar or the
ability to make their biospecimen data more or less visible to
others).

Of the 9 groups, 7 (78%) noted that the app was easy to use.
However, 7 (78%) of the 9 groups also noted usability and
navigation as something they disliked. Of the 9 groups, 4 (44%)
noted that the onboarding process—downloading the app,
creating an account, logging in, and verifying the user’s
identity—did not meet their expectations or was not liked; 6
(67%) did not like a design feature of the app (eg, the choice of
icon and the order in which the screens appeared); and 3 (33%)
listed unmet accessibility expectations, including the desire for
use on a larger screen or the preference for a web platform rather
than a mobile app.

Echoing concerns from the first workshop, of the 9 groups, 3
(33%) were dissatisfied with the lack of explicit security
assurances or data use terms, while 1 (11%) liked the fact that
users’ identities were not featured on the app and were instead
represented by a unique deidentified code.

Cognitive Walkthroughs
Cognitive walkthroughs with 13 patients also gauged the
usability of the app. The walkthroughs illuminated an onerous
and confusing onboarding process, where participants had to
create an account and submit information to link their biobank
data, after which they received a notification and request for
more information once their biospecimen data were populated
in the app. For users who were participants in the biobank, the
interim waiting period for biospecimen data was as long as 1
week, and users often mistakenly thought they had done
something incorrectly. Nearly all walkthrough participants
expressed confusion and uncertainty about the onboarding and
biospecimen data verification process, even when completed
successfully.

Once they successfully logged in and were able to view
biospecimen data, most of the participants successfully described
their biospecimen data, including how many of their samples
were available for research. Those participants who were
members of the biobank, viewing their own biospecimen data,
were curious as to why their samples had not been used and
expressed a willingness to take action to ensure that their
samples were used in research (eg, by offering to donate more
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samples or to pool samples with other participants). Overall,
the success rates of completing this task indicated the usability
of the app. Lower usability, namely the inability to identify
successful completion of the task, arose in specific contexts
applicable only to those participants who were attempting to
view their own biobank data. Of the 13 participants, 3 (23%)
had consented to participate in biobanking, but none of their
clinical biospecimens made it to the biobank. Thus, their
“biowallet” page showed no samples, although their
“membership” was verified. This was a source of confusion,
and participants incorrectly assumed that they had made a
mistake in the onboarding process.

Participants were able to correctly identify a protocol that had
used their samples or that had studied their disease. These
participants successfully navigated from the “biowallet” screen
to the “connect” screen and correctly understood the information
presented about the protocol they identified. Some of the
participants (7/13, 54%) expressed disappointment in the limited
amount of information presented about the protocol or the
associated researcher. Consistent with the initial survey findings,
participants were most interested in learning the details and
outcomes of the research conducted on their samples or their
disease. In sum, the cognitive walkthroughs showed the usability
of and interest in the app and revealed the need to improve the
onboarding process and to better explain less intuitive scenarios,
such as having no banked samples as a consented biobanking
participant. The walkthroughs also confirmed participant interest
in learning what happened to their biospecimens and about
research on banked biospecimens.

Discussion

Key Findings
Throughout the design process, participants indicated a strong
interest in and demand for learning about biobanking. They
found intuitive value in the ability to track their own
biospecimens. Indeed, participants positively received almost
all of the information presented and commonly expressed a
desire for more. In all phases, participants were most interested
in learning about the research being conducted on their disease
or specifically using their biospecimens, including the results
of this research. They noted that they were not able to find this
information on their own and were not able to satisfy general
curiosity about research by participating in existing patient
advocacy and support groups. These findings add to existing
literature confirming public interest in greater transparency and
engagement in biomedical research [32-36].

Mixed responses about the usability of the app demand further
research and attention. Overall, participants in all stages were
interested in using the app, although the content and presentation
of information needed improvement. Some of the participants
sought language and design similar to that of their medical
records. Presenting research information in this way may make
it more intuitively understandable but may also contribute to
therapeutic misconception by misleading participants into
believing that the research information and participation are of
a similar clinically actionable quality. Thus, careful onboarding

and framing of research information must ensure participant
understanding and offer opportunities to overcome confusion.

Participants expressed a demand for a “legitimate” platform
that did not suffer from what they saw as the risks and ills of
social media: data misuse, a lack of privacy, and the potential
for negativity or misinformation. While mobile phones and apps
are widely used [37], concerns about mobile apps may make
them an unacceptable platform for some. An additional facet
of building trust with participants can be achieved through
transparency surrounding how their biospecimens are being
used. An interview participant expressed the following:

The biggest question that I have and other people
have even when we’re asked you know, would you
donate organs...is...the lack of knowledge about what
it’s being used for.

This approach to rebuilding trust reflects ongoing movements
in biomedical research aimed at improving transparency and
accountability, such as interactive and accessible “data walks”
designed to engage communities and stimulate dialogue [38].

However, the de-identification of biospecimens presents
challenges for direct transparency and engagement. Other
challenges exist as well—meaningful transparency and
engagement with patients is time and labor intensive [39,40].
Even when community engagement is required or encouraged,
there are few tools or guidelines for success, and interactions
may be transient and transactional [40]. Biobanking and
scientific research are deeply technical disciplines that
historically have minimally interfaced with the public, and
require extensive time, skill, and technology to translate into
accessible, meaningful plain language [39]. Finding relevant
patient communities and sustaining meaningful, collaborative
relationships with them might prove beneficial to biobanks, or
scientists themselves, but this is not required, supported, or
incentivized by traditional academic reward systems or many
institutions [41-43]. Engaging patients in biobanking might
fulfill obligations of respect; however, evidence of its long-term
impact on research participation, understanding, and attitudes
is the subject of ongoing work [40].

Our experience confirms the need for specialized skills and
dedicated time and resources to deliver transparency and
engagement effectively and safely. New technologies, eg
blockchain and generative artificial intelligence, are essential
for these endeavors to be more efficient and scalable, but their
development remains time and labor intensive. Participants
were largely unfamiliar with biobanking, research processes or
related jargon. Thoughtful, readily digestible and personalized
education about each unique research context may be a critical
aspect of the app onboarding process. Participants were confused
about less intuitive but common scenarios, such as having
consented to biobanking but having no samples in the bank.
While this confusion may stem from a lack of recall or
understanding of the initial informed consent for biobanking,
delivering follow-up information about actual participation (or
lack thereof) presents new risks of misunderstanding that must
be managed.
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While our study focused on patients with breast cancer, the
demand for transparency and engagement may extend to other
medical fields. We found that the survey participants (61/68,
90%) were most interested in learning the outcomes of research
using their tissue samples. Thus, conditions with active research
and strong patient interest in new treatment paradigms, such as
additional cancer types and sickle cell disease, are potential
areas where this platform may be effective. Further research is
needed to assess the feasibility, acceptability, and effectiveness
of this platform across diverse medical contexts and patient
demographics.

Finally, in light of the strong reception and demand by
participants, it must be acknowledged that returning deidentified,
individual-level research information to participants is
uncommon and unaccommodated by existing paradigms.
Existing data architectures are built for a research enterprise
from which participants are intentionally excluded. Working to
disrupt the paradigm by allowing participants to view research
data and activities presented both technological and regulatory
implications. While participants were unaccustomed to receiving
this type of information and, as a result, sometimes struggled
to understand it, biobanks were also unaccustomed to sharing
this type of information and, as a result, were sometimes hesitant
to do so. Any technological tool aiming to enable transparency
and engagement in research must be acceptable to all
stakeholders. Careful and inclusive co-design is imperative.

Limitations and Next Steps
The patient population we engaged in this work consisted of
only women due to the nature of breast disease. Our participants
were mostly White (64/94, 68%) and were more educated and
had higher incomes than the national average, although they
more closely resembled local demographics. Our participant
population may also reflect self-selection bias—those interested
in learning about research on their biospecimens or in general
may have been more likely to participate in any research,
including ours. Our technology was intended for piloting among
this group and was therefore tailored to their preferences. For
these reasons, further research will be necessary to validate

interest in and usability of the technology in other patient
populations (eg, men and healthy individuals).

Moreover, most of the patients we engaged with throughout all
stages of design and development were unfamiliar with the term
“biobank.” This underscores a key challenge associated with
delivering an accessible and patient-friendly biobanking app.
This variation in patient knowledge regarding biobanking, even
among those who already consented to biospecimen donation,
limits the ability to fully capture and address diverse patient
preferences.

Across the surveys and workshops, questions and app content
were iterated upon as app screens were finalized, new topics
were raised by participants, and data saturation was reached
through survey responses and follow-up interviews. As a result,
the sample size of participants exposed to specific materials
varied, leading to disproportionately lower sample sizes for
certain areas of inquiry. Additional work is needed to investigate
a larger sampling of patients’ design preferences. New
technologies can facilitate meaningful transparency in
biomedical research to patients in a personalized yet efficient
way. This research showed that patients desire transparency and
revealed the specific information they were interested in learning
about their biospecimens. By deeply engaging patients and other
stakeholders in participatory methods, siloed and specialized
research data can be translated into meaningful patient
engagement. We worked to design a mobile app that allows
patients with breast cancer to track and learn about their donated
biospecimens. Surveys, interviews, design workshops, and
cognitive walkthroughs helped to make the app maximally
valuable and usable for patients while maintaining efficient
integration with existing data assets.

By creating this decentralized biobanking app, we built a
platform upon which methods of transparency and engagement
can be tested in subsequent pilots; for example, further research
can measure the app’s impact on patients’willingness to consent
to biobank research, to remain enrolled and engaged
longitudinally, and to actively participate in community-engaged
research.
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Abstract

Background: In health care, the use of nursing technological innovations, particularly technological products, is rapidly
increasing; however, these innovations do not always align with nursing practice. An explanation for this issue could be that
nursing technological innovations are developed and implemented with a top-down approach, which could subsequently limit
the positive impact on practice. Cocreation with stakeholders such as nurses can help address this issue. Nowadays, health care
centers increasingly encourage stakeholder participation, which is known as a bottom-up cocreation approach. However, little is
known about the experience of nurses and their managers with this approach and the innovations it results in within the field of
nursing care.

Objective: This study aims to explore nurses’ and their managers’ experiences with a bottom-up cocreation approach in order
to assess the impact of this way of working and the resulting nursing technological innovations in an academic hospital. This
insight can also inform decisions on whether the bottom-up cocreation approach should be more widely disseminated.

Methods: A qualitative study using semistructured interviews was conducted with 15 participants, including cocreator nurses,
end-user nurses, and their managers. First, the data were thematically analyzed. In addition, a strengths, weaknesses, opportunities,
and threats analysis was conducted.

Results: The various experiences of the participants were described in 3 main themes: enhanced attractiveness of the nursing
profession, feeling involved due to a cocreation environment, and experienced benefits and challenges in using cocreated products.
In addition, numerous strengths and opportunities perceived by the participants were identified as associated with the bottom-up
cocreation approach and resulting useful products within nursing care; for example, cocreation contributed to job satisfaction and
substantially contributed to the ease of use of the innovations that were developed.

Conclusions: The findings underscore that cocreation with nurses enhances the appeal of the nursing profession and aligns
nursing technological innovations with practical nursing challenges. Embracing a culture of cocreation has the potential to foster
a culture of continuous improvement and innovation in nursing care.

(JMIR Hum Factors 2025;12:e60543)   doi:10.2196/60543
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Introduction

Background
Nowadays, technological products and other innovations are
being used more frequently in the health care sector [1-3] to
minimize physical strain, such as lifting patients or transporting
beds, and encourage ergonomic approaches during nursing tasks.
Nurses need to use these innovations during patient care to
manage various health care challenges, such as the increasing
demand and complexity of health care [4,5]. An example of a
technological product, which will be referred to as a “nursing
technological innovation” in this paper, is the TrulyEasy clamp,
designed for convenient 1-handed adjustment of the arterial line
to the correct height [3]. Another example of a technological
product is LineConnector, a product designed to efficiently
organize infusion lines and prevent tangling [3].

Unfortunately, technological solutions aimed at solving nursing
issues do not always align with daily nursing practice [2,6]. A
potential explanation for this lies in the top-down approach used
during the development and implementation of many
innovations. Policy makers may prioritize regulatory and
payment interests, while technicians focus on the functionality
of innovations, without fully understanding the user perspectives
and the nursing context [6-8]. Consequently, some solutions
may inadequately align with the needs of the nursing profession,
leading to limited impact on nursing practice [2,6]. Improving
the adoption of innovations in nursing practice can be addressed
in the development and implementation phase of these
innovations through stakeholder participation [1,5,9-12].

A growing number of health care centers are facilitating an
environment that allows stakeholders to participate in the
development and implementation of nursing technological
innovations [1,6,9,10,12]. This involvement, also called
cocreation [13], with a bottom-up approach [8], involves an
interaction in which various stakeholders work together to
produce an outcome that is valued by all stakeholders involved
[13]. The bottom-up approach allows stakeholders to share their
knowledge or opinions about issues presented in daily activities
and suggest potential solutions [8,14]. This approach can support
the development of nursing technological innovations that may
have an impact on nursing care [1,5,9-12]. FlushEgg is an
example of a cocreated nursing technological innovation. Nurses
reported experiencing challenges and discomfort while flushing
the narrow central lines in neonates. Therefore, a syringe
attachment was designed to enhance comfort in the palm during
the application of pressure [3]. Another example of a cocreated
nursing technological innovation is KoosGuard, which includes
a holder that can be placed in the bed through which the cables
and infusion lines are guided without becoming tangled or
pinched [3].

However, the bottom-up approach requires nurses to invest
time, which is challenging considering many nurses face time
constraints [15,16]. If these nursing technological innovations

lack the required quality, this could result in decreased
application in nursing practice [2,6]. Furthermore, a poorly
developed nursing technological innovation could lead to
resistance from nurses, resulting in a negative attitude toward
these innovations [9,17]. To fully use the potential of
innovations in nursing practice, the innovations need to be
adequately designed, which requires the involvement of nurses
[9,18]. Despite the increasing involvement of nurses in the
cocreation of nursing technological innovations, little is known
about how this approach and its resulting innovations are
experienced by nurses. Therefore, this study seeks to explore
the experience resulting from the bottom-up approach of
cocreation with nurses and the resulting nursing technological
innovations developed through this approach. The perspectives
of nurses, both as cocreators and end users, and their managers
are key to understanding the impact of this collaborative process.
These results could offer a deeper insight into how nurses, both
as cocreators and end users, along with their managers, perceive
the bottom-up cocreation approach and its resulting nursing
technological innovations. A comprehensive understanding of
their experiences, both positive and negative, can significantly
contribute to the overarching goal of enhancing patient care and
nursing practice, making it safer and more effective.

Aim
This study explores nurses’ and their managers’ experiences
with a bottom-up cocreation approach in order to assess the
impact of this way of working and the resulting nursing
technological innovations in an academic hospital. This insight
can also inform decisions on whether the bottom-up cocreation
approach should be more widely disseminated.

Methods

Study Design
This study used an exploratory, descriptive, qualitative research
design using individual interviews conducted at an academic
hospital in the Netherlands between February and April 2023.
This design facilitated the exploration of participants’
experiences, which were further analyzed through a thematic
analysis and subsequently through a strengths, weaknesses,
opportunities, and threats (SWOT) analysis [19]. The methods
and subsequent results were reported according to the
Consolidated Criteria for Reporting Qualitative Research
(COREQ) checklist [20].

Population and Setting
The study population consisted of three subgroups: (1) nurses
with experience in cocreation, (2) nurses with experience as
end users, and (3) health care managers from the nursing
departments at an academic hospital where the innovations were
implemented. In addition, all eligible nurses and managers were
required to have at least 1 year of experience within the nursing
department where the innovations were implemented. The 1-year
experience criterion ensured that nurses and managers were
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sufficiently familiar with the innovations and context. The
setting comprised an innovation department established within
the academic hospital.

Sampling Strategy and Recruitment
To gain more understanding and in-depth information from a
broader perspective, a heterogeneous group of nurses and their
health care managers were included through purposive sampling
[19,21,22]. Potential nurse cocreators and managers for this
study were recruited and informed via an email by OH about
participating in the interviews. Interested individuals were
required to actively contact SvS by email. Upon receiving an
email, SvS responded with a participant information letter and
an informed consent form. Once participants agreed to
participate in the study, interviews were scheduled at a mutually
convenient time. For the nurse end users, SvS visited the nursing
departments where nursing technological innovations were
integrated into nursing practice. Interested nurse end users were
able to participate in an interview during their shifts at a time
convenient for them. The nurse end users were informed via a
participant information letter. After informed consent was given,
the interviews started. The face-to-face interviews were
conducted at the academic hospital.

Sample Size
A total of 14 to 20 participants were required to obtain saturation
of knowledge with a heterogeneous sample group [19].
Therefore, the aim of this study was to include at least 14
participants [19]. The study involved 15 participants, including
10 (67%) women and 5 (33%) men.

Data Collection
Data were collected through semistructured interviews using
an interview guide based on literature and expert opinions [19].

The interview guide covered various topics (Table 1), including
the participants’attitude [23] toward technology, the bottom-up
cocreation approach, and the nursing technological innovations
developed through this approach. It also explored the acceptance
[9,10,23], usability [12,23], and adoption [10,23] of these
innovations in nursing care as well as their impact on patient
care and nursing practice [1,11,12,24]. Demographic
characteristics (age, gender, and specialization), along with the
adoption rate, provided an overview and background information
of the participants in this study. The adoption rate proposed by
Rogers [25] allowed the measurement of individuals’ attitudes
toward innovations, providing valuable insights into how the
participants generally perceive and approach innovations. The
adoption rate according to Rogers [25] was measured by asking
the participants which category they identified with. They could
choose one of the following five categories: (1) driven by change
and introduction of innovations, (2) leading in adopting
innovations, (3) deliberately adopting innovations, (4) adoption
is an economic necessity and a response to social peer pressure,
and (5) have a traditional view and are more skeptical about
innovations [25]. A pilot test was conducted to refine the
interview guide and involved expert assessment and field testing
with one participant. After the interviews, the first author created
memos recording thoughts that arose due to the interviews [19].
The interviews were audio recorded and conducted by SvS, a
nurse with no prior experience at the hospital where the research
took place. SvS was trained in conducting interviews.
Throughout the data collection process, discussions were held
with the research team, including investigators SvS, TvH, and
OH, to refine the interview questions and ensure that they
effectively addressed the research question.
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Table 1. Interview guide topics and prompt questions.

Prompt questions for managersPrompt questions for cocreator nursesPrompt questions for nurses (end users)Topics

Attitude ••• What are your thoughts on the fact
that a nurse from the nursing depart-
ment has made a substantial contribu-
tion to this nursing technological in-
novation?

Can you elaborate on how the co-
creation process began and how it
evolved?

What are your impressions regarding
the fact that a coworker from your
department contributed to this nurs-
ing technological innovation? • What is your opinion on dedicating

time to enable nurses to create and
execute nursing technological innova-
tions for nursing care?

• What is your opinion on dedicating
time to enable nurses to create and
execute nursing technological innova-
tions for nursing care?

• What is your opinion on dedicating
time to enable nurses to create and
execute nursing technological innova-
tions for nursing care?

Acceptance ••• What responses did you observe from
nurses when they were introduced to
the nursing technological innovation
for the first time?

What were your initial impressions
of the nursing technological innova-
tion when you first began working
with it?

What were your initial impressions
of the nursing technological innova-
tion when you first began working
with it?

Adoption ••• What are the viewpoints within the
department regarding the utilization
of the nursing technological innova-
tion?

In what ways do you integrate the
nursing technological innovation into
your daily nursing tasks and respon-
sibilities?

In what ways do you integrate the
nursing technological innovation into
your daily nursing tasks and respon-
sibilities?

Usability ••• What are the experiences of the
nurses regarding the use of the nurs-
ing technological innovation?

What is your experience with the
nursing technological innovation at
work?

What is your experience with the
nursing technological innovation at
work?

Nursing practice ••• What transformations do you observe
in nursing practice as a result of the
application of the nursing technolog-
ical innovation?

What transformations do you observe
in nursing practice as a result of the
application of the nursing technolog-
ical innovation?

What transformations do you observe
in nursing practice as a result of the
application of the nursing technolog-
ical innovation?

Patient care ••• What changes do you perceive in
patient outcomes as a result of the
application of the nursing technolog-
ical innovation?

What changes do you perceive in
patient outcomes as a result of the
application of the nursing technolog-
ical innovation?

What changes do you perceive in
patient outcomes as a result of the
application of the nursing technolog-
ical innovation?

Data Analysis
The semistructured interviews were transcribed verbatim [19].
A 6-step thematic analysis approach (Table 2) was applied using
ATLAS.ti software (version 23; Lumivero) [26]. Open coding
and constant comparison techniques were used during the
analysis [19]. An iterative process was used between data
collection and data analysis. Refining the interview questions
made the collection of the data more focused and specific as
the process developed [19]. Audio recordings were transcribed,

read, and reread by SvS in order to become familiar with the
data. Data were initially coded using open coding by SvS. The
1st, 3rd, 6th, and 10th transcripts were coded separately, both
by SvS and TvH. The initial codes of SvS and TvH were
compared and discussed until consensus was reached. Main
themes were generated through an iterative process, including
constant comparison, and further elaborated and finalized by
SvS, TvH, and OH. A codebook was used for insights into
coding and code development [19].
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Table 2. Thematic analysis.

ExplanationPhase

SvS conducted interviews with the participants and transcribed them. Transcripts were read and reread by SvS
to familiarize herself with the data and obtain an overall impression.

Phase 1: familiarization with the
data

Data were extracted from the transcripts and initially coded using open coding by SvS. The 1st, 3rd, 6th, and
10th transcripts were coded separately, both by SvS and TvH. The initial codes of SvS and TvH were compared
and discussed until consensus was reached. The memos were processed systematically. Codes remained linked
to the transcriptions (quotes) and the data extracts, using ATLAS.ti (Lumivero).

Phase 2: generation of initial codes

SvS developed broad potential main themes by comparing the initial codes. During meetings with SvS, TvH,
and OH, consensus was reached, resulting in potential main themes derived from the data. During follow-up
meetings with SvS, TvH, and OH, a description of the potential main themes was created and deliberated upon.

Phase 3: broader levels of themes

SvS compared the potential main themes with the coded data extracts and the raw data (transcriptions), discussing
inconsistencies with TvH and OH. This process led to the identification of the main themes, which were visualized
with a thematic map. The themes were refined by SvS and peer reviewed by TvH and OH.

Phase 4: reviewing and refining the
candidate themes

SvS revisited the data extracts to define the content of each main theme. In meetings, SvS, TvH, and OH discussed
the essence of each theme and developed the overall story line, resulting in the final naming of the main themes.

Phase 5: defining and naming
themes

SvS drafted the report and included detailed examples and quotes supporting the main themes. TvH and OH
provided feedback, and adjustments were made accordingly. Final recommendations were implemented in the
report.

Phase 6: producing the report

In addition to the thematic analysis, we performed a secondary
analysis using the SWOT matrix. This secondary analysis was
carried out to make the data more accessible for the readers and
support strategic changes within an organization. The SWOT
analysis has been shown to be a valid method in previous studies
for facilitating data interpretation for readers and informing
strategic planning and decision-making in practice [27,28]. In
several meetings, detailed examples of the results, with related
quotes of the main themes, were discussed and analyzed and
subsequently linked to a component of the SWOT matrix.

Rigor and Reflexivity
Different techniques were used to enhance trustworthiness [19].
The credibility of this study was established by the investigators
by creating a nonjudgmental ambiance during the semistructured
interviews to obtain the participants’ perspective. The chance
for bias was reduced by transcribing the content of the
interviews verbatim. Member checking was used to ensure the
accuracy of the transcripts, with participants reviewing the
transcripts to validate their thoughts and ideas [19]. The
performed member check resulted in minimal textual changes
to the data.

Memos were reported during data collection and analysis to
support the investigation process and the thoughts that had
occurred to the investigator. The conformability of the
interpretation and credibility of the data were both enhanced by
investigator triangulation during the data analysis and peer
feedback during researcher meetings, including the investigators
SvS, TvH, OH, and HSMK. Due to peer feedback, potential
meanings and a wider range of perspectives were revealed.
Reflexivity, ensured by the investigator’s critical view of the
interview process and comments from other investigators,
increased depth and improved accuracy.

A thick description was pursued to ensure the transferability of
this study through the diversity of the population base, the
number of participants, and the length of the interviews for

imitability. To enhance the reflexivity and transparency of the
investigators, a logbook was kept, detailing all changes and
decisions made throughout the process of this study [19].

Ethical Considerations
Throughout this study, the principles of the Declaration of
Helsinki and the code of conduct for health research were
followed [29,30]. The study was examined and approved by
the medical ethics review committee of the Erasmus Medical
Center for a nonmedical scientific research application
(MEC-2023-0021). Participants were informed and invited to
the study by OH. They received the investigator’s email and
had 1 week to express interest. Nonresponders received a
reminder. The investigator sent a participant information letter
and informed consent upon contact. Participants could ask
further questions via email. Interviews were scheduled after
participants confirmed their approval. Before the interview,
they provided written informed consent. The participants did
not receive any compensation for their participation in the study.
During the study, data collection was conducted with
confidentiality, and data were processed anonymously according
to the European Union General Data Protection Regulation [29].
Only the investigators SvS, TvH, OH, and HSMK had access
to the source data.

Results

Characteristics of the Participants
The duration of the interviews ranged from 26 to 62 minutes,
with an average duration of 44 (SD 10.8) minutes. Participants’
ages ranged from 20 to 67 years. Various departments, including
the intensive care unit, children’s ward, and the recovery
department, were represented in the study. Table 3 presents
detailed demographic information, including gender, age range,
department, adoption rate, number of nurses participating as
cocreators and end users, and the number of health care
managers.
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Table 3. Demographic data of the participants (N=15).

Participants, n (%)Characteristics

Gender

10 (67)Women

5 (33)Men

Age range (y)

1 (7)20-29

5 (33)30-39

3 (20)40-49

3 (20)50-59

3 (20)60-67

Department

7 (47)ICUa (adults)

2 (13)ICU (thoracic surgery and cardiac monitoring)

2 (13)Center for home ventilator and respiratory disorders in children

1 (7)ICU (children)

1 (7)Recovery

2 (13)Day treatment (children)

Adoption rateb

10 (67)Innovatorc

3 (20)Early adoptersd

2 (13)Early majoritye

0 (0)Late majorityf

0 (0)Laggardsg

Profession

6 (40)Nurse (cocreator)

5 (33)Nurse (end user)

4 (27)Health care manager

aICU: intensive care unit.
bAdoption rate was measured by asking the participants which category they identified with.
cDriven by change and introduction of innovations.
dLeading in adopting innovations.
eDeliberately adopting innovations.
fAdoption is an economic necessity and a response to social peer pressure.
gLaggards have a traditional view and are more skeptical about innovations [26].

Bottom-Up Cocreation With Nurses

Overview
The thematic analysis uncovered the following three main
themes concerning the participants’ experiences with the

bottom-up cocreation approach and resulting nursing
technological innovations: (1) enhanced attractiveness of the
nursing profession, (2) feeling involved due to a cocreation
environment, and (3) experienced benefits and challenges in
using cocreated products. Figure 1 provides a visual
representation of the main themes.
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Figure 1. Thematic map with the 3 main themes.

Enhanced Attractiveness of the Nursing Profession
All participants experienced that the bottom-up cocreation
approach with nurses contributed to the overall attractiveness
of the nursing profession. The nursing profession’s attractiveness
was enhanced as participants were enthusiastic about
participating in cocreation, finding it enjoyable and engaging.
Moreover, some participants felt that they were taken more
seriously as nurses as they were the ones who actually
experienced the problems in practice and were given an
opportunity to use their expertise to address these challenges
and drive improvements in nursing practice:

It makes work more enjoyable. You feel taken
seriously as a nurse. You can share your ideas. You
can use your expertise to improve something. So I
think that’s a lot of fun and very inspiring, and it also
leads to something useful in the end. [P11, cocreator]

Some participants emphasized the importance of having affinity
with cocreation. Most participants felt a sense of pride in having
a cocreation department within the organization and being a
part of a cocreation process. A few participants expressed
modesty about contributing to the cocreation product:

Well, I think we were genuinely proud to be able to
offer the product to the patient. It was a joint effort
and of course it was also very important for us that
our name was set out on the product. So another team
could not say, “Look at this!” It really makes you feel
good if you, if you can make something that you really
like to use, then that is actually really nice. [P8, end
user]

In addition, nurses were more attracted to the profession because
they assumed multiple roles during cocreation. They acted as
developers among designers, students, and the nursing
department, actively contributing ideas and promoting products
within the departments. Some participants expressed that the
opportunity to become involved in cocreation made their work
more interesting, and, due to this, they did not look for
employment elsewhere. Cocreation with nurses was also
inspiring for some participants. It motivated other nurses to
address practical problems encountered during their work and
explore possibilities for solving them:

But you’re then involved in care in just a slightly
different way than in standard care. And that also

gives new energy and new ideas. And maybe other
colleagues could also get new ideas and think, well,
I have seen it a few times now, so what if I can come
up with some ideas like this. Then they might think,
oh well, perhaps this is something that we can also
work on. This could also inspire others. [P13,
cocreator]

Feeling Involved Due to a Cocreation Environment
All participants reported enhanced collaboration through
bottom-up cocreation involving various stakeholders.
Collaboration included clear communication and teamwork
among nurses, designers, and technically oriented students.
Most participants mentioned that collaboration within the
organization increased their willingness to adopt certain products
that were aligned with nursing practice. One participant
preferred internal product development but acknowledged that
external innovations could still benefit end users:

If you get everyone involved, then you will have much
more support and that is also the case with new
things. I have experienced a few times in my life that
we were getting an email on Sunday night. “From
Monday we will do it like this.” Well, then nurses will
be digging in their heels. Whereas if you say, we’re
working on this, and who wants to contribute their
views? Then you create support; much more people
will then be willing to take it from there. [P9,
cocreator]

I like it when the product comes from us, I like that,
but it does not necessarily have to come from us. [P8,
end user]

Some participants highlighted that collaboration among nursing
departments, other hospitals, and organizations contributed to
knowledge exchange, product distribution, and external
production. However, one participant mentioned poor
communication among nursing departments concerning new
developments within the organization:

But we, we do note things, and we share them. It’s
important that you know this. We’re not all working
in separate groups.... On the contrary, a lot of
information is shared among the four of us. Because
we have to intervene and know what the other thinks.
[P10, manager]
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No, that is also very poorly communicated. And the
same applies to these products. [P9, cocreator]

Some participants mentioned encountering practical problems
but found it challenging to address these problems without the
support of an innovation department with a cocreation group.
The presence of such a department allowed the active
participation of nurses and patients in creating specific products.
Furthermore, a subgroup of participants engaged in cocreation
with both patients and their parents, resulting in products tailored
to their specific desires and needs. Patients were enthusiastic
and felt heard, leading to the active use of end-user products:

Yes, parents have been involved in the co-creation
process. That is, in the entire process of designing,
they were not just allowed to give input, but were also
able make direct choices, about what benefits them
the most. [P12, manager]

An aspect experienced by most participants was the need for
support during the cocreation process. Several participants
emphasized the importance of a supportive manager in
facilitating and allocating dedicated time for the cocreation
process. They noted that cocreation was unlikely to occur
without managerial backing. Participants reported that
supportive managers who recognized the value of cocreation
and its potential to save time in nursing care were more proactive
in addressing and resolving practical problems:

Managers can stimulate it. I think that people working
in healthcare can be very creative, but often think,
what shall I say, in boxes, because it’s not possible,
because we’re too busy. But actually that is such a
shame, because we just have a lot to offer and we
have the knowledge and experience to be able to
create something beautiful. And I think if a manager
who (A) stimulates and (B) gives the space that is
required, this will ensure that people are more
motivated to contribute. Because they’re aware that
improvement is possible. [P11, cocreator]

Experienced Benefits and Challenges in Using Cocreated
Products

Benefits

Participants found the products resulting from the bottom-up
approach to be highly practical and user-friendly when used
during their nursing tasks. All participants expressed immediate
positivity toward the product due to its straightforward design.
They could use the product without needing special training.
Nurses also immediately experienced positive outcomes during
their tasks. For instance, one participant mentioned that a newly
created clamp for placing pressure transducers at the correct
height on infusion poles improved nursing efficiency. They also
reported that this clamp alleviated wrist complaints:

It is faster, yes, you press it and put it on the pole,
loosen it and put it back on the transport cart. [P6
end user]

Some participants found that the products improved their ability
to organize and manage nursing tasks. For example, a product
named KoosGuard contributed to an improved organization of

patient monitoring wires, providing enhanced structure during
nursing care. Another product, the cannula emergency bag,
ensured that nurses, patients, and parents had all the materials
neatly arranged in case of an emergency, enhancing
preparedness and efficiency:

Overview yes, you immediately have a clear overview.
Because it’s easy to open it, everything is in place
and it’s compact. And because it was developed
together with the parents and the nurses, of course,
they really like that. It fits their needs. [P12, manager]

Several participants emphasized the importance of the products’
quality and safety. Participants highlighted that the professional
appearance of the product and its suitability for nursing practice
served as indicators of quality. Participants reported that these
well-suited products reduced the need for makeshift solutions,
resulting in fewer inconvenient situations during their work:

Yes, the well-known example is that we often use
band-aids and things, but that is to help you out for
the time being. But practice has already shown that
there are much more convenient solutions. [P11,
cocreator]

Certain participants emphasized the role of the products in
enhancing patient safety. Participants noted that a specific
product effectively prevented infusion line entanglement and
tension, thus reducing the risk of accidental removal. In addition,
participants mentioned a product designed to decrease the risk
of postsurgery wound contamination, promoting improved
healing outcomes:

You really want those lines to be properly arranged.
To make sure that not one of them is hidden from your
view, because if one of those lines is pulled, the
infusion may accidentally get disconnected or the
patient can accidentally end up lying on top of that
line because you can’t see it. [P14, manager]

Challenges

In addition to the benefits of the products, participants also
experienced some challenges in their use. Some participants
mentioned that some product designs had flaws, which hindered
their effectiveness. For example, a participant heard from some
patients that they still thought that the cannula emergency bag
was too large to be used conveniently, and, due to this, it was
no longer used. In addition, it was indicated that some products
looked disposable, so nurses threw them away:

The only negative feedback came from a patient. She
just thought the bag was too big. [P8, end user]

A few participants pointed out that some products were prone
to getting lost or becoming untraceable. It was emphasized that
these products should be readily available to nurses at designated
and standardized locations. Otherwise, the product will be used
less or not used at all. Furthermore, some participants shared
their struggle with making changes, leading to a heightened risk
of reverting to old routines:

Then it takes a lot of time anyway. And you think:
well, I’ll just do it in the old-fashioned way, using a
gauze. [P3, end user]
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SWOT Analysis Findings
Detailed examples of the main themes were divided into the 4
components of the SWOT matrix. Multimedia Appendix 1
presents an overview of all the main themes, along with detailed
examples, illustrative quotations, and the corresponding SWOT
categorization. The “strengths” and “weaknesses” encompass
the experienced advantages and disadvantages associated with
the bottom-up cocreation approach and the products developed
through this approach. The “opportunities” and “threats” are
examples that could be associated with potential future
opportunities and challenges of the bottom-up cocreation
approach and developed products. Most of the examples were
connected to the components “strengths” and “opportunities.”

Discussion

Principal Findings
In this study, we sought to explore hospital nurses’ experience
with a bottom-up cocreation approach and the resulting nursing
technological innovations developed through this approach.
Notably, through a SWOT matrix, we mainly revealed positive
experiences of participants cocreating nursing technological
innovations, with several strengths and opportunities.
Participants’experiences can be described in 3 themes: enhanced
attractiveness of the nursing profession, feeling involved due
to a cocreation environment, and experienced benefits and
challenges in using cocreated products. The findings indicate
that participants found the nursing technological innovations
easily applicable in nursing practice due to their user-friendly
design, the ability to enhance nursing efficiency, patient safety,
and time-saving potential during nursing work. A collaborative
culture may lead to higher work satisfaction among nurses,
inspire cocreation, and promote nursing pride.

Comparison With Prior Work
This study shows how cocreating nursing technological
innovations positively impacts the attractiveness of the nursing
profession. The attractiveness of the nursing profession was
enhanced by nurses finding joy in their roles, feeling a sense of
pride, and being taken seriously in their work. This aligns with
findings from a cross-sectional study, which emphasizes the
significance of decision-making involvement in health care
services, such as equipment, technologies, and processes for
employment preferences of nursing students [31]. In addition,
it aligns with a systematic review indicating that an increase in
career opportunities and challenges positively impacts nurse
retention. It reduces nurses’ desire to leave a particular
workplace [32].

Furthermore, this study emphasizes several collaboration
advances due to a cocreation environment within the
organization, such as clear communication and teamwork among
nurses, designers, and technically oriented students. Moreover,
a cocreation environment within the organization contributed
to knowledge exchange, product distribution, and external
production. An in-depth case study [14] reinforced the
importance of an innovative environment within the
organization. It could increase the diffusion of nurse-led
innovations within and outside the organization. Particularly,

managers seem to have an important role in collaborating and
communicating with each other about innovations and
supporting working methods in nursing departments. Existing
literature [33,34] reinforces the notion that supportive leadership
is crucial for fostering a culture of innovation and enhancing
the sustainability and impact of health care innovation settings.

In addition, this study shows that innovations cocreated with
nurses led to multiple benefits for nursing practice. Cocreated
nursing technological innovations were described as
user-friendly, highly practical, and easy to integrate into nursing
tasks, consistent with findings from a quasi-experimental study
[35]. In this quasi-experimental study, trained innovative nurses
were able to identify issues in nursing practice and apply
creative thinking strategies to create innovative products that
matched their nursing work routines. Furthermore, the cocreated
nursing technological innovations met nursing quality
requirements and reduced the need for improvised solutions,
thereby minimizing inconvenient situations in nursing practice.
Patient safety was also enhanced by the cocreated products,
which prevented issues such as infusion line entanglement and
reduced the risk of wound contamination. The incubator traffic
light is an example from the literature of a cocreated nursing
technological innovation that meets quality standards and
enhances patient safety. The incubator traffic light features a
visual feedback system for neonatal incubators designed to
enhance hand hygiene compliance [1,2]. Incubators with the
incubator traffic light visual feedback system demonstrated
significantly higher compliance with the correct drying times
compared to those without this feature. This could potentially
enhance patient safety by reducing infection rates in neonatal
intensive care units [1]. Although the cocreated nursing
technological innovations offered several advantages, the study
also encountered certain challenges in their use, for example,
flaws in the design of the innovations, which hindered their
effectiveness or ability to make changes in the nursing routines.
This study shows that changes in nursing processes may increase
the risk of reverting to old routines, which aligns with findings
from a cross-sectional survey that indicated how changes in
nursing work processes could influence established work habits
[36].

While this study did not include patients or parents directly, the
participants acknowledged the significance of their perspective
during the innovation process. It was mentioned that some of
the cocreated innovations were developed in collaboration with
patients and parents, resulting in innovations aligning with their
expectations and needs. This is consistent with existing
literature, where patients, family caregivers, and clinicians
cocreated a mobile health app for heart failure self-management
tailored to the specific health care context [37]. Furthermore, it
matches with a qualitative co-design article including family,
physicians, researchers, patients, and industry partners. The
study revealed important differences between the participants’
preference for functional requirements of a mobile health app
[38].

Limitations
Limitations of the study include its single-site focus on a specific
academic hospital and limited transferability to other health
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care settings [19]. Furthermore, there may be a sampling bias,
as interested individuals were required to actively contact the
investigator via email to participate in this study. These
individuals might have been more likely than other professionals
to embrace the innovations and encourage their adoption within
their teams. In addition, all the participants scored themselves
above average on the adoption rate scale (Table 3), and 10 (67%)
of the 15 participants considered themselves to be “innovators”
[25]. Literature shows that only 2.5% of the population belongs
to the group of innovators [25]. This suggests a potential bias
in the participant group. Including nurses as cocreators may
have introduced selection bias, as their enthusiasm and
assertiveness toward innovations may have influenced the results
in a more positive manner [39]. Finally, the sample size
consisted of 6 (40%) nurses as cocreators, 5 (33%) nurses as
end users, and 4 (27%) managers. The limited insights from the
managers’perspective may affect the comprehensiveness of the
findings in the study [19].

Implications and Further Research
The findings of this study suggest several implications. Health
care organizations could consider adopting the bottom-up
cocreation approach with nurses as it has the potential to
enhance nurses’ work satisfaction, a sense of pride among
nurses, and adoptable nursing technological innovations in
nursing care. Furthermore, cocreation can contribute to
accessible collaborations between stakeholders inside and

outside the organization. In addition, cocreation with nurses has
the potential to facilitate the development of innovations that
enhance the efficiency of nursing work. Simple, professional,
and time-saving innovations created through this approach could
improve nursing practices.

Further research is recommended to explore the impact of the
bottom-up cocreation approach and the resulting nursing
technological innovations in other health care centers, aiming
to improve the transferability of this way of working. Moreover,
to better address patients’ expectations and needs during the
cocreation process and resulting innovations, further research
is recommended to investigate their experiences throughout the
cocreation process and its outcomes.

Conclusions
This study highlights substantial positive experiences of
cocreating nursing technological innovations in nursing care.
The findings underscore that cocreation with nurses enhances
the appeal of the nursing profession. Participants perceived
cocreation as enjoyable, leading to heightened work satisfaction
and a sense of pride in their nursing role. Moreover, cocreation
with nurses fosters the development of nursing technological
innovations that align with nursing practice challenges, thereby
facilitating their adoption within nursing care. Ultimately,
embracing a culture of cocreation has the potential to foster
ongoing improvements and innovations in nursing care, further
contributing to the professionalization of the field.
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Abstract

Background: Subjective report of pain remains the gold standard for assessing symptoms in patients with chronic pain and
their response to analgesics. This subjectivity underscores the importance of understanding patients’ personal narratives, as they
offer an accurate representation of the illness experience.

Objective: In this pilot study involving 20 patients with chronic low back pain (CLBP), we applied emerging tools from natural
language processing (NLP) to derive quantitative measures that captured patients’ pain narratives.

Methods: Patients’ narratives were collected during recorded semistructured interviews in which they spoke about their lives
in general and their experiences with CLBP. Given that NLP is a novel approach in this field, our goal was to demonstrate its
ability to extract measures that relate to commonly used tools, such as validated pain questionnaires and rating scales, including
the numerical rating scale and visual analog scale.

Results: First, we showed that patients’ utterances were significantly closer in semantic space to anchor sentences derived from
validated pain questionnaires than to their antithetical counterparts. Furthermore, we found that the semantic distances between
patients’ utterances and anchor sentences related to quality of life were strongly correlated with reported CLBP intensity on the
numerical rating and visual analog scales. Consistently, we observed significant differences between individuals with low and
high pain levels.

Conclusions: Although our small sample size limits the generalizability of these findings, the results provide preliminary
evidence that NLP can be used to quantify the subjective experience of chronic pain and may hold promise for clinical applications.

(JMIR Hum Factors 2025;12:e80269)   doi:10.2196/80269

KEYWORDS

chronic pain; pain narratives; natural language processing; semantic distance; digital phenotyping

Introduction

The most recent 2020 International Association for the Study
of Pain definition of pain emphasizes that pain is “always a
personal experience” and is distinct from nociception, involving

learning “through life experiences.” In line with this definition,
the biopsychosocial model of pain [1] also stresses that pain is
“a personal experience emerging from the dynamic interplay
between biological, psychological, and social factors.” Despite
this modern understanding, the everyday clinical approach to
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pain still predominantly focuses on its location or injury-related
causes, while monitoring pain primarily through subjective
reports [2]. The “injury model” approach is incomplete, as it
overlooks the affective and personal dimensions of the pain
experience, which can have a significant negative impact on
treatment response and long-term outcomes [3-5].

Chronic low back pain (CLBP), the most common chronic pain
condition, is a typical example of the inadequacy of the “injury
model” in explaining the origin of pain, the long-term outcomes,
or response to treatment [5-7]. In fact, considerable variability
exists among patients with low back pain, yet the most common
subdivision still relies on peripheral symptom assessment, such
as back pain with and back pain without radiculopathy [8,9].
The lack of understanding of this variability makes generalizing
results from clinical trials to clinical practice very challenging
because the observed effects in a heterogeneous population of
patients do not necessarily translate to individual patients with
specific phenotypes [10]. Clinical approaches that are able to
capture different aspects of the “personal experience” of back
pain, without relying solely on the traditional medical
examination, are therefore needed to improve precision in
characterizing and, consequently, treating subgroups of patients
[11,12]. Experts agree that the absence of such approaches may
be one of the reasons for the disappointingly poor outcomes of
clinical trials for chronic pain conditions [13,14]. In addition,
if these markers are affordable and easily implemented in a
clinical setting, they could help generalize research results to
clinical practice [13].

To date, there are no automated, quantitative tools that can both
reliably assess patients with chronic pain [15] and provide
clinicians with timely, clinically useful information about their
pain experience. Rather, patients rely on verbal and nonverbal
communication to convey their complaints. In everyday clinical
practice, tools such as the numerical rating scale (NRS, 0-10),
or self-administered pain questionnaires, including the McGill
Pain Questionnaire (MPQ) [16] or the Patient-Reported
Outcomes Measurement Information System (PROMIS)
instruments, may be used. However, their utility is limited by
the time constraints of busy clinical settings and by the restricted
scope of information they provide. For example, an NRS rating
of 4/10 does not capture the differences in the pain experience
between a patient with low back pain and one with knee
osteoarthritis. Therefore, patients rely on language to convey
these differences to clinicians.

The language patients use can provide a valuable window into
their personal experience of pain and the emotions associated
with living with it. The recent advent of large language models
(LLMs), which can analyze human-generated texts, offers a
unique opportunity to probe the different dimensions of the
chronic pain experience. Quantitative approaches of this kind
are now beginning to emerge. LLMs have been applied to the
analysis of clinical notes [17,18] and patients’ pain narratives
[19-21]. For example, one study on patients with CLBP [20]
investigated the language features that distinguished between
responders and nonresponders to placebo treatment using a
posttreatment interview. Another study analyzed written
narratives obtained from patients with fibromyalgia and found
significant agreement between LLM-based assessments and

those of expert clinicians, supporting the use of LLM in the
clinical evaluation of patients with pain.

Here, we used patients’ personal “pain stories” obtained during
recorded interviews, along with natural language processing
(NLP) tools, to derive quantitative measures of their pain
experiences. We aimed to provide evidence that NLP can be
used to analyze patients subjective accounts of their personal
pain experiences and that the derived linguistic features are
directly related to core phenotyping domains assessed using
measures recommended by the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) and the National Institutes of Health minimal
dataset for CLBP [13,22].

The interviews can be conducted in both clinical and nonclinical
settings, and they are relatively inexpensive to obtain, thereby
increasing accessibility for a broader patient population. The
“pain story” is elicited through open-ended questions by a
laboratory member without formal clinical training. It aims to
capture not only a description of the physical symptoms but
also how pain affects the patient’s functionality, interactions
with others, and overall life trajectory and meaning. This rich
dataset expands upon the information typically collected during
clinical encounters, which are often constrained by time.

NLP is a novel approach for identifying or distinguishing
patients with various psychiatric disorders, such as major
depression or psychosis, where standard diagnosis relies on
subjective reports of symptoms and the impression of clinical
experts [23]. It involves a set of tools built using an extensive
corpus of language available on the World Wide Web and
machine learning methods to determine the various aspects (eg,
meaning and emotion expressed) of words and sentences used
in a text by situating them in the multidimensional linguistic
space. NLP has been successfully used to distinguish patients
with various mental health and neurological conditions [24-27].

Methods

Participants
This study was not registered before data collection. Data were
collected between December 15, 2022, and June 8, 2023. A
total of 514 individuals responded to advertisements posted on
social media and flyers distributed within the Rochester
community. Of these individuals, 21 patients with CLBP were
recruited for this study between February and June of 2023;
however, 1 patient did not show up for the testing session.

Patients were first screened over the phone. To be included,
they had to be aged ≥40 years; this cutoff was chosen because
the prevalence of low back pain is highest in individuals aged
40 to 80 years [28]. Patients had experienced low back pain for
more than 1 year below the thoracic T10 vertebra [12], with an
average pain intensity greater than 4/10 on the NRS. CLBP
must be the primary pain condition. At screening, patients
completed the Telephone Interview for Cognitive Status (TICS)
[29] and were excluded if their TICS score was less than 33.
We used TICS as a screening tool to avoid bringing patients to
the laboratory who might have cognitive impairments that were
not detected during the screening phone call. Patients were also
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excluded if they had a history of other significant pain
conditions, such as fibromyalgia or migraine headaches; chronic
unstable medical conditions affecting any bodily organ system;
a history of traumatic brain injury; substance misuse; or mental
illness. All patients, except 1, reported less than mild depression
symptoms on the Montgomery-Asberg Depression Rating Scale

(score <19) [30]. Patients were either opioid-naive or had not
taken opioids for more than 2 weeks in the previous year. Table
1 presents the clinical and demographic characteristics of the
CLBP sample; additional demographic and clinical
characteristics are provided in Table S1 in Multimedia Appendix
1.

Table 1. Demographic and clinical characteristics (N=20, 10 males and 10 females).

Values, mean (SEM)Measure

58.3 (2.4)Age at screening (y)

29.9 (2.1)BMI (kg/m2)

14.9 (0.6)Years of education

4.0 (0.7)NRSa pain

35.1 (6.1)VASb pain

13.2 (2.8)MPQc total score

11.1 (2.1)MPQ sensory score

2.2 (0.8)MPQ affective score

11.6 (4.1)PCSd

4.2 (2.1)PDQe

33.9 (5.3)CSIf

16.1 (5.8)VAS depression

7.9 (1.9)MADRS-Sg

4.4 (1.4)HADSh-depression

6.2 (1.2)HADS-anxiety

8.9 (1.5)RMDQi

39.0 (1.0)TICSj

200.1 (7.1)NEOk personality inventory

aNRS: numerical rating scale.
bVAS: visual analog scale.
cMPQ: McGill Pain Questionnaire.
dPCS: Pain Catastrophizing Scale.
ePDQ: PainDETECT Questionnaire.
fCSI: central sensitization inventory.
gMADRS-S: Montgomery-Asberg Depression Rating Scale–Self-Report.
hHADS: Hospital Anxiety and Depression Scale.
iRMDQ: Roland-Morris Disability Questionnaire.
jTICS: telephone interview cognitive status.
kNEO: neuroticism, extraversion, and openness.

Ethical Considerations
All participants provided written informed consent, and the
study was approved by the University of Rochester Medical
Center Institutional Review Board (00007633). Data protection
was ensured using several layers of security in accordance with
the Health Insurance Portability and Accountability Act and
under the oversight of the University of Rochester Institutional
Review Board . Participants were instructed not to mention their
names during the interview, and their data were deidentified.

All computer-based materials and data, including voice and
video recordings, were stored in a password-protected server
managed by the University of Rochester IT Department and
protected by the university firewall. All clinical and
demographic data were entered directly by the participants into
the REDCap (Research Electronic Data Capture; Vanderbilt
University), where the code numbers were associated with the
data records. REDCap is a free, Health Insurance Portability
and Accountability Act–compliant web-based application used
for the electronic management of research data.
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Data Collection

Interview
On the day of the interview, after obtaining consent, participants
provided a urine sample to screen for drugs of abuse using a
NexScreen LLC drug screen cup. Drug screening was performed
because drugs of abuse are known to alter pain perception
[31,32] and language output [33,34], and misuse was one of
our exclusion criteria. Next, the research coordinator reviewed
the inclusion and exclusion criteria with the participants and
explained the study procedures. Interviews were conducted via
Zoom (Zoom Video Communications, Inc) to capture voice
recordings on separate channels for the patient and the
interviewer. Patients were seated in front of an iPad in a quiet
room, while the coordinator was in an adjacent room. All
patients were interviewed in the same room by the same female
coordinator (AT), with a male laboratory member present in
the coordinator’s room during the interviews. We included both
male and female examiners during the interview to minimize
bias in the patients’ responses related to sex. Although this bias
has not yet been examined in the context of language-based
studies, in other pain-testing contexts, the sex of the examiner
has been shown to influence pain-related outcomes [35-37].

The interview questions, provided in Table S2 in Multimedia
Appendix 1, served as a guide for the interviewer. The questions
were piloted by AT, JG, and PG during the mock interviews.
PG is a trained psychiatrist with extensive experience in
interviewing patients in clinical settings. However, the
interviewer did not have to adhere strictly to the interview
questions and asked patients open-ended questions to elicit a
subjective, patient-centered narrative of pain. As shown in Table
S2 in Multimedia Appendix 1, the questions were inspired by
previous NLP work in chronic pain [20] and by the general
biopsychosocial model of chronic pain [1].

Questionnaires Collected
The patients completed the TICS and Montgomery-Asberg
Depression Rating Scale over the phone as described earlier.
All remaining pain ratings and questionnaires were completed
after the interview to avoid any influence from these tools on
the content of the interview. When in the laboratory, the patients
rated their low back pain intensity on a visual analog scale
(VAS) using a cursor on a line projected on the computer screen
in front of them and completed the National Institutes of Health
minimal dataset for CLBP [22]. They also completed
questionnaires and measures recommended by IMMPACT [13],
including the short form of the MPQ, the PainDETECT
Questionnaire, the Pain Catastrophizing Scale, the Hospital
Anxiety and Depression Scale, and the Roland-Morris Disability
Questionnaire. The core domains recommended by IMMPACT
overlap extensively with those identified in a more recent
consensus report on core outcome sets [14]. In addition, the
patients with CLBP completed the central sensitization
inventory, as well as the neuroticism, extraversion, and openness
personality inventory, and reported their list of prescribed
medications.

Preprocessing of Interview Text
Voice data were recorded in 2 channels, one for the interviewer
and one for the participant. Automatic audio transcription of
the entire participants’ interview was performed using the
Whisper base model [38]. We used the transcriptions verbatim
for further analysis and performed the analysis sentence by
sentence. Sentences were obtained using the sentence tokenizer
from the Natural Language Toolkit [39], which is an
open-source Python library designed for working with human
language data.

Data Analysis

Construction of Anchor Sentences
Our aim was to understand how the patients’ personal accounts
of their “pain stories” were situated in a multidimensional
linguistic space relative to the core domains and validated
measures recommended by experts’ consensus [13,22]. These
measures are often used in chronic pain research but are less
commonly applied to monitor patients in everyday clinical
settings. To achieve this, we constructed anchor sentences based
on validated questionnaires that covered topics related to the
sensory, affective, functional, and quality-of-life aspects of
patients with CLBP. We present all the anchor sentences that
we used in Table S3 in Multimedia Appendix 1, along with the
source questionnaire from which they were derived. The
questionnaires included the MPQ [16], the Pain Catastrophizing
Scale [40,41], PROMIS [42,43], and the World Health
Organization Quality of Life Questionnaire [44], which are
measures tested for content validity and involved patients’
population during their conception. Because LLMs can
misunderstand negation [45,46], some of the anchor sentences
were rephrased from the original questionnaires. Although the
list of anchor sentences may not be exhaustive, we ensured that
they addressed the biological, psychological, and social domains
of patients’ lives.

Feature Extraction
We used semantic embedding [47], a fundamental NLP and
machine learning concept, for semantic feature extraction from
the interview text. Figure 1 illustrates the overall approach. This
method consists of projecting entire sentences into a semantic
space and converting them to vectors with 1024 coordinates
[48]. It enables computers to understand and process human
language by mapping words, phrases, or entire documents to
vectors of real numbers. These vectors can then be analyzed
with a rich set of mathematical tools to extract valuable
information from the text, facilitating tasks such as sentiment
analysis, topic modeling, and semantic similarity measurement,
which we used in this work [49-52]. We generated semantic
embeddings using the RoBERTa (a robustly optimized
bidirectional encoder representations from transformers
pretraining approach) large model [48], which was trained on
160 GB of text.
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Figure 1. Schematic representation of the data collection and analysis workflow. Transcribed interview text and anchor sentences were semantically
embedded to calculate the semantic similarity between the anchor sentences and the interview text. The embedding space represented here is a projection
to a 2D graph and is therefore a simplification of the actual space, which comprises 1024 dimensions. As depicted, sentence S1, uttered by the patient
about daily life, is closer to anchor A3 than to anchor A1 (ie, θ<α). HADS: Hospital Anxiety and Depression Scale; IMMPACT: Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials; MPQ: McGill Pain Questionnaire; PCS: Pain Catastrophizing Scale; QoL: quality of life.

Analysis Using Anchor Sentences and Their Antithetical
Pair
We wanted to evaluate whether the anchor set, derived as
described in the previous section, adequately covered the
interview topics by comparing the semantic distance between
the interview sentences and both the anchor and its antithesis.
More specifically, we calculated the semantic embeddings
(Figure 1) of each sentence uttered by the patient—using the
entire interview—the anchor sentence, and its antithetical pair.
Next, semantic similarity was quantified by calculating the
cosine similarity between the vectors of the anchor sentences
and interview sentences, on the one hand, and the antithetical
anchor sentences and the interview sentences on the other hand,
providing a quantitative measure of their semantic resemblance.
This calculation resulted in 2 distributions of semantic
similarities for each anchor pair. We used the 95th percentile
point (Figure S2 in Multimedia Appendix 1) of each distribution
to represent the semantic distance of the interview sentences to
the anchor and to its antithetical pair, respectively. This value,
the 95th percentile of the similarity scores, represents a robust
maximum after omitting outliers. The robust maximum is more
resistant to outliers than the absolute maximum and is inherently
invariant to the length of the interview. To further illustrate our
approach, we plotted the distribution of semantic similarities
from 2 participants representing the extreme ends of the number
of sentences uttered during the interview to demonstrate the
robustness of the 95th percentile, which falls within the 0.4 to
0.6 range of semantic similarity (Figure S1 in Multimedia
Appendix 1).

Relating Semantic Similarities to Reported Back Pain
Intensity
Ratings of chronic pain intensity are often used in clinical
settings and are a mainstay of clinical pain research. Therefore,
we tested the relationship of semantic similarities to the anchor
sentences, showing significant differences in the previous
analysis and the pain intensity reported on the NRS and the
VAS. We calculated the correlation between semantic
similarities to the anchor sentences, showing significant
differences between the previous analysis and the reported pain

back pain ratings. We also assessed whether the anchor
sentences were sensitive enough to detect differences between
interviews from the high- and low-pain subgroups.

Statistical Analysis
The Kolmogorov-Smirnov (KS) test was used to assess the
differences between the distributions of semantic similarities.
Specifically, we compared the distribution of the 95th percentile
robust maximum for each anchor sentence with that of its
corresponding antithetical sentence across patients. Because we
analyzed 33 pairs of sentences, we corrected for multiple
comparisons using the false discovery rate (FDR) method.
Additionally, we compared the distributions of semantic
similarities to the anchor sentences between the high-pain and
low-pain groups using the KS test. Finally, we used Spearman’s
ρ correlation coefficient to examine the relationship between
semantic similarities and reported pain intensity ratings.

Results

Demographic and Clinical Characteristics
Table 1 shows the demographic and clinical characteristics of
the sample of 20 patients with CLBP. In total, 50% of the
participants were female. By design, the patients did not have
any evidence of cognitive impairment (TICS>33). Complete
details of the patients’ characteristics are reported in Table S1
in Multimedia Appendix 1.

Analysis of the Interviews

Interview Duration
The duration of the interviews ranged from less than 10 minutes
to more than half an hour, with a total of 376.4 minutes of
speech. The interviews across all participants included a total
of 43,641 words of naturalistic language data with a unique
vocabulary of 3158, making the total sample a substantial
linguistic corpus. The vocabulary richness ratio was 0.072, and
the natural speech rate was 115.9 words per minute,
demonstrating genuine and varied linguistic expression rather
than constrained responses [53,54]. The patients spoke between
69% and 91% of the interview time (Figure 2). There was no
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statistically significant correlation between pain scores and
interview duration (NRS and VAS: P=.94) or between pain
scores and the percentage of time spoken by the participant
(NRS: P=.42; VAS: P=.72). Because years of education may
affect speech generation or the richness of the text generated,
we examined the correlation between years of education and
the interview features, such as duration, time spoken by the
participants, and time spoken by the interviewers, as well as
between years of education and the semantic embeddings of the
anchor sentences (Table S4 in Multimedia Appendix 1). Years

of education were negatively correlated with the time spoken
by the interviewer, indicating that the latter prompted
participants with fewer years of education more frequently than
those with more years of education. Years of education were
not correlated with the overall interview duration, the time
spoken by the participant, the word content, or the pain scores.
In addition, years of education were not significantly related to
the semantic embeddings of the anchor sentences, except for “I
rate my quality of life as poor” and “My physical environment
is unhealthy.”

Figure 2. Interview duration and percentage of time spoken by the interviewer and the patient. The left axis depicts the duration (in minutes) spoken
by each patient (blue) and the interviewer (dark orange); the right axis depicts the percentage of interview time spoken by the patient (red dots). The
x-axis depicts all patients (N=20), arranged by interview duration from shortest to longest.

Semantic Distance of Interview Texts to Anchor
Sentences and Their Antithetical Sentences
Figure S2 in Multimedia Appendix 1 illustrates the distributions
of semantic similarities for 1 anchor sentence—“I have no
pain”—and its antithesis—“I am in pain.” Table S5 in
Multimedia Appendix 1 shows example semantic embeddings
for 2 anchor sentences. The semantic embeddings of 7 pairs of

anchor sentences and their antithesis showed statistically
significant differences (P<.05; FDR corrected) in their
similarities to interview sentences (Table 2). In total, 5 pairs of
sentences were derived from the MPQ, 1 from the measure of
pain variability, and 1 from the PROMIS-Pain Interference
questionnaire. Table S6 in Multimedia Appendix 1 presents the
results for all the anchor-antithesis sentence pairs tested.
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Table 2. Anchors and their antithetical sentences showing significant differences in their semantic similarities to the interview text.

q valuebP valueKSa testQuestionnaireAntithesisAnchor

1.92×10  5.80×10 ¹ 0.95MPQcMy pain is relaxingMy pain is cramping

1.46×10  1.33×10  0.8MPQMy pain is light and dullMy pain is splitting

2.23×10 ³2.70×10 ⁴0.65MPQMy pain is steadyMy pain is throbbing

2.23×10 ³2.70×10 ⁴0.65MPQMy pain is dull and achingMy pain is stabbing

2.18×10 ²3.97×10 ³0.55MPQMy pain is bearableMy pain is tiring-exhausting

2.37×10  1.43×10  0.85Pain variabilityI have no painI am in pain

2.18×10 ²3.97×10 ³0.55PROMISd-pain interferenceI am able to focusI am unable to focus

aKS: Kolmogorov-Smirnov.
bq value refers to the false discovery rate–adjusted P value. Each anchor sentence has its opposite (eg, I have no pain and I am in pain). We computed
the semantic similarity between each sentence from the interview and the anchor. From that distribution of values (1 value per sentence), we retained

the robust maximum (the 95th percentile, which is more resistant to outliers than the maximum value). We then repeated the same calculation for the
antithesis of the anchor, also retaining the robust maximum semantic similarity. We repeated this for each participant, resulting in 1 distribution of
values extracted from the anchors and 1 from their antitheses. We then compared these two distributions using the 2-sample Kolmogorov-Smirnov test
to determine whether significant differences existed between the anchor and its antithesis used to query the data in this cohort. This nonparametric test
is designed to determine if 2 samples originate from the same distribution.
cMPQ: McGill Pain Questionnaire.
dPROMIS: Patient-Reported Outcomes Measurement Information System.

Relationship Between Semantic Distance of Interview
Texts to Anchor Sentences and Back Pain Intensity
NRS and VAS are commonly used tools in clinical and research
settings. Therefore, we tested whether the semantic distance of
the patients’ interviews to the anchor sentences scaled with the
patients’ reported pain intensity. Figure 3 shows 3 examples in
which the correlations were statistically significant (P<.05; FDR
corrected). The semantic similarity to the anchor sentence “I
am satisfied with my capacity for work” was inversely related
to both NRS and VAS scores. Similarly, the semantic similarity
to “I am satisfied with my ability to perform my daily living
activities” was inversely related to the NRS pain score. In the
same figure, we illustrate the differences in the distributions of
semantic similarity between the interview and the antithesis “I
am satisfied with my capacity for work” for 2 participants: 1
with high pain (patient-1) and 1 with low pain (patient-2). Table

S7 in Multimedia Appendix 1 presents all calculations
performed between the anchor NRS and VAS, on the one hand,
and the semantic embeddings of the anchor sentences, on the
other hand. Notably, the NRS and VAS were most strongly
correlated with the semantic embeddings of anchor sentences
describing the quality of life. Another way of examining the
relationship between the interview text and pain intensity was
to compare the high- and low-pain subgroups. Patients who
reported a VAS pain score ≤30 or an NRS score ≤3 were
classified into the low-pain group; otherwise, they were
classified into the high-pain group. Figure 4 shows the
differences between the subgroups with high and low pain in
the semantic similarity to “I am satisfied with my capacity for
work” and to “I am satisfied with my ability to perform my
daily activities.” Not surprisingly, participants with high pain
reported less satisfaction with their quality of life (Figure 4).
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Figure 3. Relationship (Spearman ρ, P<.01) between the semantic similarity of patients’ texts and anchor sentences and the rated back pain intensity.
Significant correlations between back pain intensity and semantic similarity for “I am satisfied with my capacity for work” (A and C) and “I am satisfied
with my ability to perform my daily living activities” (B). (D) Examples of 2 cumulative distributions of semantic similarity between the interview text
and “I am satisfied with my capacity for work” obtained from 2 patients on both sides of the pain intensity spectrum, as shown in panel A. Patient 1
(dark orange) experienced relatively higher low back pain intensity and therefore showed smaller similarity to the anchor sentence, whereas patient 2
(green) showed the opposite pattern. Dashed lines represent the 95th percentile (the robust maximum used in our statistical analyses). The blue shading
represents the CIs for the regression line. CDF: cumulative distribution function; NRS: numerical rating scale; VAS: visual analog scale.
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Figure 4. Comparison of the distribution of semantic similarities to anchor sentences between high (visual analog scale [VAS]>30; red) and low pain
(VAS≤30, blue) groups. The cumulative distributions of semantic similarity between the interview text and “I am satisfied with my ability to perform
my daily living activities” (A), and “I am satisfied with my capacity for work” (B), differed significantly and were shifted to the left in the high-pain
group compared with the low-pain group (Kolmogorov-Smirnov [KS] test, P<.01). CDF: cumulative distribution function.

Discussion

Principal Findings
In this study, we present evidence that subjective narratives of
patients with CLBP, elicited through open-ended questions
about their lives posed by an interviewer with no formal clinical
training, can provide semantic features directly related to
well-validated tools currently used to assess patients with pain
[13]. Semantic embeddings, which assess the semantic similarity
between anchor sentences—derived from validated pain and
quality of life questionnaires—and sentences from the
interviews, demonstrated statistically significant differences
between negative and positive assertions about pain. In other
words, the interview texts from patients showed asymmetric
semantic similarities when queried with pain-related anchor
sentences, providing evidence that NLP can detect clinically
meaningful signals from the content of the interviews.

Additionally, the semantic embeddings differed significantly
when their distributions were compared between subgroups
with low and high pain levels. Notably, our analysis revealed
a strong connection between the language used by patients with
CLBP and their self-reported satisfaction with work capacity
and other quality of life measures. Specifically, the semantic
similarities of interview texts to anchors probing patient
satisfaction with their life, such as “I am satisfied with my
capacity for work” or “I am satisfied with my ability to perform
my daily activities” were strongly inversely correlated with pain
intensity, indicating that these aspects of patients’ lives are
deeply intertwined with their experience of pain. The statement
“I am satisfied with my capacity for work,” derived from the
World Health Organization Quality of Life Questionnaire [44],
reflects patients’ perception of how pain impacts their ability
to perform work-related tasks, maintain employment, and engage
in productive activities. Satisfaction with work capacity may
indicate a degree of pain management and coping strategies that
enable individuals to continue participating in meaningful and
fulfilling roles despite their condition [55]. Both anchors

underscore the importance of addressing not only the physical
symptoms of pain but also its broader psychological and
existential impacts. This also suggests that patients’ perception
of their ability to work can serve as an indicator of their overall
well-being and a potential target in chronic treatment. This
finding aligns with the results of the INTEGRATE-pain Delphi
process [14], which identified activities of daily living and
quality of life as core outcome measures for chronic pain
treatment. Furthermore, it highlights how applying NLP to
patient interviews can extract patient-centered, quantitative
measures that are not readily available from current
state-of-the-art assessments in busy clinical settings, where the
focus tends to be more on the sensory aspects of pain.

Not all anchor-antithesis pairs derived from validated
questionnaires showed a statistically significant difference in
their semantic distance to patients’ narratives. In total, 21 of the
33 anchor pairs yielded a KS value ≥0.3, indicating a
moderate-to-large separation between the distributions of
semantic distances [56]. We predict that all these pairs will
reach statistical significance with larger samples. The remaining
12 pairs had a KS value <0.30, indicating only a small
separation. Several factors may account for these findings. These
pairs may not adequately capture the nuances of the interview
texts, or the way we constructed the pairs may have been limited.
Another possibility is that the RoBERTa large model [48] used
for semantic embeddings has intrinsic limitations. As these
models continue to evolve, their embeddings are refined,
potentially enhancing their ability to capture the relationships
between questionnaire-based anchors and patients’ narratives.

To date, there are no validated and widely accepted automated
tools that can reliably assess patients with chronic pain;
therefore, these patients must rely on verbal and nonverbal
communication to convey their distress to others, including
clinicians. Having such tools is critical for guiding clinical
decision-making and for conducting valid, quantitative research
on the mechanisms and therapeutics of chronic pain. Until
recently, research on pain language has remained qualitative
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[57] or was mostly limited to single-word descriptors embedded
in questionnaires such as the well-known MPQ [16].
Nevertheless, studies using quantitative linguistic analysis of
narratives from patients with chronic pain to measure pain or
response to interventions have begun to emerge rapidly
[20,21,58]. We have previously shown, for example, that by
using LLMs to extract linguistic features from patients’
interviews, we could distinguish between those with
fibromyalgia and those with neuropathic pain, with an area
under the receiver operating characteristic curve of 0.83 despite
limited sample sizes [59]. Furthermore, we have demonstrated
that NLP applied to patients’narratives can retrospectively [21]
and prospectively predict response to treatment [20,58]. Nunes
et al [60] analyzed short interviews recorded in response to 7
questions about patients’pain from 65 participants with various
chronic pain conditions who reported mild, moderate, or severe
pain. An NLP-based support vector machine model with early
fusion of linguistic features was able to distinguish among the
3 groups of patients, thereby demonstrating, in a proof of
concept, that NLP can be used to estimate chronic pain intensity.
This emerging field, combined with the ease of obtaining voice
recordings through the widespread use of smart devices, has
the potential to provide novel, automated, and quantitative
measures of patients’ experiences of pain. These measures can
be assessed frequently and can complement existing tools to
enhance both patient care and research.

A review of the recent literature [61] studying pain language
analysis using computational methods found that most studies
relied on electronic health records and social media posts, with
only a minority relying on patients’ interviews. The most
common objective was to classify patients with chronic pain.
Our aim in this study was to demonstrate that a relatively brief
interview (<30 min), inspired by the biopsychosocial assessment
of pain and designed to elicit a subjective narrative of the
patient’s daily life and pain experience, can be analyzed using

NLP tools to capture quantitative and clinically significant
measures of the pain experience. These measures can then be
used in future studies using the same approach to differentiate
among patient groups, monitor progress, or evaluate treatment
response. In addition to being patient-centered, substantial
advantages of this approach include the ability to obtain data
remotely and the absence of the need for a medical professional
during data collection, both of which significantly reduce the
cost of data collection.

Study Limitations
This study included a small sample of patients aged ≥40 years,
which may limit the generalizability and linguistic
representativeness of the findings. In addition, the small sample
may have included subgroups of patients with CLBP—such as
those with or without a neuropathic component—which could
introduce heterogeneity into both the pain experience and the
language used by the patients. Furthermore, the semantic
distance calculations do not fully capture the complete meaning,
with all its nuances, expressed by the patients. Thus, NLP cannot
replace expert judgment but should rather be used alongside
expert clinician assessments. Additionally, the process of
constructing anchor sentences—particularly given the inability
of LLMs to handle negations—may have affected the content
validity of the anchors used, despite their derivation from
content-valid questionnaires. Nevertheless, the language features
related to validated pain questionnaires were strongly correlated
with reported pain intensity and significantly distinguished
between the high- and low-pain groups. Future research should
explore larger and more diverse cohorts of patients with CLBP,
including more representative age groups and groups with
varying levels of common CLBP comorbidities such as
depression, anxiety, or cognitive changes, to confirm these
findings and investigate other aspects of the condition, such as
its progression or response to treatment.
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Abstract

Background: Adolescents need comprehensive education and resources to promote their sexual and reproductive health (SRH)
and make informed decisions about their SRH. However, many adolescents fail to secure an opportunity to learn accurate and
reliable SRH information, as they face sociocultural barriers, fear of prejudice, and societal stigma. Information available on
digital platforms may not always be evidence-based and can further spread misinformation. Digital knowledge translation
interventions that provide evidence-based SRH information in North America are limited.

Objective: This study aimed to co-design a digital knowledge translation intervention, reflective of adolescents’ voices, to
provide evidence-based, accessible, and accurate SRH resources.

Methods: We conducted a large multisite project across 3 cities in Canada. Using a community-based participatory approach
and principles of human-centered design, we established adolescent advisory groups (AAGs) to actively engage them in the
design, development, and implementation of the intervention.

Results: A total of 26 participants were recruited from Edmonton, Vancouver, and Toronto to be part of the advisory groups.
AAG members participated in design-thinking sessions to brainstorm ideas for website design, identify informational needs for
content development, provide iterative feedback on the design of the intervention, and suggest strategies to improve engagement
and interaction. With their input, 6 priority areas were identified to develop SRH resources (ie, puberty, menstruation, sexually
transmitted infections, healthy relationships, sexual assault, and contraception). Their feedback informed the design’s language,
visual appeal, and engagement factors. To promote meaningful engagement of AAGs at each step, we used strategies such as
gamification activities, group discussions, and flexible scheduling, resulting in high retention and ownership of the process among
AAG members.

Conclusions: Co-designing with adolescents strengthened the intervention’s cultural relevance, youth-friendliness, and credibility.
Our process emphasizes the significance of involving adolescents in co-designing SRH interventions, which results in more
meaningful, long-term, and youth-friendly solutions.

(JMIR Hum Factors 2025;12:e71148)   doi:10.2196/71148
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Introduction

Adolescence is an essential stage of growth and development
that sets the foundation for all the consecutive stages of life [1].
For adolescents to grow healthy and develop successfully, they
require access to information about their health and well-being,
including comprehensive sexual and reproductive health (SRH)
education [2]. As adolescents begin to explore their identities
and experience significant changes (eg, puberty), SRH education
becomes fundamental to protect them from negative SRH
consequences, such as unintended pregnancy and sexually
transmitted infections (STIs), and equip them to improve their
sexual health and well-being (eg, healthy relationships) [3,4].
However, adolescents do not always have the opportunity to
access reliable and accurate SRH information and often face
barriers, such as stigmatization, discrimination, provider
prejudice, and embarrassment while seeking help or accessing
SRH resources [5,6]. These barriers are deeply rooted in
sociocultural norms that stigmatize healthy sexuality and SRH,
particularly among females; lesbian, gay, bisexual, transgender,
queer or questioning, and plus (others; LGBTQ+) youth; and
those from immigrant communities [7,8].

A significant challenge that these adolescents encounter is the
lack of reliable and trustworthy sexual health information and
services, which can be attributed to restrictive policies,
caregiver’s or provider’s unwillingness to openly discuss sexual
health issues, parental control, and lack of confidentiality [5,6,9].
Such challenges are intensified for adolescents from migrant
backgrounds as they struggle with balancing cultural, religious,
and familial expectations pertaining to their SRH, systemic
issues (eg, language barriers and lack of culturally safe
resources), and navigating access to SRH services dedicated to
immigrant and marginalized populations [7,10]. Previous
research with immigrant adolescents in Canada has documented
how they often encounter structural barriers within health and
education systems, which limit their access to SRH services
and lead them to rely on informal digital sources (eg, Google
and YouTube [Google]), which may not be evidence-based and
can promote misinformation [4,8].

Digital knowledge translation (KT) interventions have the
potential to offer promising and equitable venues for influencing
various health practices while addressing barriers, including
stigma, confidentiality concerns, and difficulties in receiving
support [5,9,11,12]. KT interventions facilitate the dissemination
of research-based information to health care consumers in a
user-friendly format to meet information needs, including but
not limited to mobile apps, websites, multimedia content (videos,
infographics, etc), and social media platforms [13]. Particularly,
in the realm of SRH, digital KT interventions have the potential
to reach vulnerable and marginalized populations while
providing anonymity and privacy on sensitive SRH matters
[5,6,14]. A systematic review on the effectiveness of digital
sexual health interventions reported that a higher proportion of
website-based interventions were found to improve sexual health
outcomes in adolescents, which was demonstrated by an increase
in knowledge and access to sexual health services, improvement
in STI prevention practices, and reduction in unhealthy sexual
behaviors [15]. We conducted an environmental scan to

understand the range of mobile health apps dedicated to
adolescent SRH in Canada and found that very few apps offered
comprehensive, reliable, and evidence-based information [16].
Furthermore, the findings combined with other literature in the
field also highlighted gaps in cultural adaptations within such
interventions and the need for youth-centered design in SRH
digital intervention development [7,16,17].

Co-design is a participatory action research approach that brings
together community members, stakeholders, and researchers to
collaboratively develop, design, and implement interventions
to address issues within the community [17,18]. This approach
aims to actively and meaningfully engage individuals in the
research process to understand their needs and integrate their
experiences to design innovative solutions and improve
outcomes [19,20]. This is particularly significant when working
with adolescents, as it allows researchers to gain insights into
their unique and creative perspectives and determine what would
work best for them. Engaging adolescents as equal partners in
the design process empowers them to take ownership and
responsibility for the process, promoting the success of an
intervention. The World Health Organization’s framework for
planning, developing, and implementing youth-centered digital
solutions recommends that for digital interventions to succeed
and be sustainable, adolescents should be meaningfully engaged
at each step of the planning, design, and implementation process
[2]. This ensures that the intervention is adolescent-friendly and
accessible, acceptable, equitable, appropriate, and effective
among youth [2]. The co-design approach is uniquely positioned
to bridge gaps for immigrant adolescents by incorporating
cultural perspectives and SRH information needs, addressing
issues of trust and accessibility, and ensuring that the style and
content of information delivery resonate with their lived realities
[17].

Co-designed health initiatives are gaining traction for
influencing health behaviors and improving health outcomes
[12,17,21]. Several studies have documented the benefits of
digital KT interventions in promoting health and well-being
among adolescents, particularly with SRH outcomes [5,7,22,23].
Regardless, digital interventions that provide comprehensive,
evidence-based, and reliable SRH education for adolescents,
especially from migrant backgrounds, are somewhat limited in
North America [16]. Also, a few studies have explored co-design
in the context of immigrant adolescents’SRH, especially within
Canada. Therefore, our aim was to co-design adolescent-friendly
digital SRH KT interventions with and for immigrant
adolescents in Canada to provide easy access to resources and
services at their convenience with anonymity. In this study, we
outline the process of engaging immigrant adolescents in the
co-design of an evidence-based website as a KT intervention
aimed at promoting SRH information.

Methods

Study Design
We conducted a larger multisite project (2023-2024), intending
to co-design digital SRH interventions for immigrant adolescents
in Canada. Conducting a multisite project helped to ensure that
the intervention would reach immigrant adolescents across
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Canada. We integrated the principles of community-based
participatory action research and human-centered design (HCD)
to maximize end user engagement at each step of the co-design
process, which guaranteed that the outcome would be effective
and sustainable [17,24]. HCD, which is also referred to as design
thinking, is a creative and systematic problem-solving approach
that prioritizes the needs, desires, and experiences of individuals
at the core [24]. It not only focuses on the functionality of a

certain solution but also considers the user’s motivation,
behavior, and challenges, ensuring that it is culturally relevant
[24]. Building on these principles, we divided our project into
4 stages (Figure 1). This process helped us to keep adolescents’
perspectives and needs at the center of the co-design process
and maximize collaboration, participation, and engagement
[18].

Figure 1. Stages of the project. AAG: adolescent advisory group.

Stage 1: Establishment of Adolescent Advisory Groups
We first developed and convened adolescent advisory groups
(AAGs) in Edmonton, Toronto, and Vancouver regions. These
cities have one of the highest percentages of immigrant
populations in Canada [25]. Our purpose was to develop a
mutual partnership with immigrant adolescents to actively
involve them in various research activities, such as data
collection, data analysis, resource development, concurrent
feedback, and knowledge mobilization.

Research Team Composition
The research team, associated with recruitment and training of
AAGs and coordinating co-designing activities, included the
principal investigator (PI; SM), the project coordinator (MA),
and a research assistant (AIR). The PI who conceived this
project has extensive experience with community-based research
methodologies and adolescent SRH initiatives with a desire to
promote equitable access to SRH resources and services,
especially among marginalized populations. We partnered with
the Department of Computing Science at the University of
Alberta to seek professional support and expertise in
co-designing digital resources. The Vice Dean, along with
graduate research assistants, dedicated their skills and
knowledge to develop the website prototype, incorporate user
feedback and preferences, and provide technical guidance at
each step of the project. The research assistant (AIR) and project
coordinator (MA) were responsible for developing content,
connecting with SRH experts for content validation, organizing
AAG meetings and activities, coordinating with the team in the
Department of Computing Science to track progress, and
completing research coordination tasks. With this mutual
collaboration, we were able to design our digital intervention
effectively and consult on technological-related issues.

Setting and Participants
Through multifaceted strategies, we recruited adolescents aged
12-19 years from various cultural and ethnic backgrounds, ages,
and genders, and invited them to participate in our AAG
meetings. We included adolescents who were either born outside
of Canada and immigrated to Canada (first-generation
immigrants) or who were born in Canada but had at least 1
foreign-born parent (second-generation immigrants). Our
inclusion criteria required that participants reside in Canada at
the time of the study, be able to communicate in English, and
have access to a device with internet access to connect with the
research team online. Research assistants, in collaboration with
various youth organizations, community networks, and
adolescent-friendly clinics, recruited adolescents to be part of
the AAGs. We also promoted recruitment posters through social
media advertising (eg, Facebook [Meta] and Instagram [Meta])
to target our population. We made efforts to develop recruitment
materials and strategies to be inclusive of LGBTQ+ youth and
those living with disabilities. After screening and recruitment
of potential participants, the included AAG members were given
a comprehensive explanation of the study objectives, its intended
outcomes, risks and benefits, and implications. They were
provided with a detailed information sheet, highlighting the
particulars about the study and their participation expectations.

The AAGs were established based on practical considerations
(eg, the number of adolescents interested in participating) and
as per the recommendations of research team members, who
had extensive experience working with AAGs. We decided that
each advisory group at each site should consist of a reasonable
target size of 8-12 adolescents to result in meaningful
engagement (expected total AAG participants: 24-30). This
sample size enabled us to exercise deeper relationship-building,
promoted active participation, and gave opportunity to each
member to express their voice. Literature on participatory

JMIR Hum Factors 2025 | vol. 12 | e71148 | p.2900https://humanfactors.jmir.org/2025/1/e71148
(page number not for citation purposes)

Meherali et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


research design encourages smaller group sizes to maximize
closer collaboration, equitable participation, and maintain a
balance between diverse perspectives and group dynamics
[17,24]. AAG members in each city were expected to meet
online on Zoom (Zoom Communications) throughout the project
and share their insights through design-think sessions on the
development of the website and SRH resources through a
systematic process.

Procedures (Co-Design Process)
To foster meaningful engagement, AAG members were provided
with initial training on SRH concepts, qualitative and
quantitative research methods (types of research methods, data
collection, and interview methods), social determinants of
health, and the process of adolescent engagement. An important
component of the training sessions was to evaluate the
effectiveness of the training, which we assessed through various
strategies. For example, we asked AAG members to develop
some sample open-ended interview questions to demonstrate
their understanding of ethical research practices and their
comprehension of research concepts. Each site AAG meeting
or session was held separately and was scheduled based on
members’ availabilities. The sessions started in February 2023.
After their training and familiarization with the project, the
AAG members met regularly once every month, starting in July
2023 until January 2024 for approximately 60-90 minutes to
discuss project updates, recruitment activities, and planning of
further activities. As we developed the prototype and started an
iterative cycle of feedback and integrating changes, the meetings
were organized every other month until August 2024. All the
meetings were conducted online over Zoom and were
audio-recorded and transcribed verbatim after identifying
information was removed. Furthermore, the research assistant
and project coordinator maintained detailed notes and meeting
summaries to document the co-design process and AAG
feedback to capture their input in real time and ensure that their
feedback was accurately reflected at each step.

The meetings were moderated by the PI (SM), project
coordinator (MA), and research assistant (AIR). The moderators
prompted active participation from all members through various
techniques (eg, blackboard activities, quizzes, and feedback
forms), to ensure that each participant was able to share their
thoughts, feelings, and experiences in a safe space. Given the
sensitive nature of SRH topics, we ensured to apply a
trauma-informed and youth-centered facilitation approach. All
team members were trained to identify any signs of discomfort
and distress, and a distress protocol was developed to guide
facilitators in responding to signs, including pausing the
discussion and offering follow-up support. Participants were
encouraged to join from private spaces and were reminded of
their right to skip any questions, take breaks, or keep their
cameras off. Recognizing the potential for power imbalances
between researchers and AAG members, we implemented
measures to enhance equitable participation, such as using
youth-friendly language, giving options for providing feedback,
ensuring all feedback was equally valued, and regularly
consulting members on meeting structure, preference, and
decision-making.

All members tried to attend all meetings, considering their
academic commitments and other scheduling conflicts, but all
members remained part of the advisory group throughout the
project. Despite the occasional absences, the members were
proactive in following up with the research team and identified
ways to contribute their insights either during sessions or
through asynchronous feedback. Throughout the AAG meetings,
we facilitated healthy discussions about the learning and
informational needs of adolescents, the cultural or social
influences on SRH education, and the quality of the SRH
education curriculum offered in schools.

Data Analysis
We used a descriptive qualitative approach to synthesize
feedback and identify recurrent ideas related to SRH information
needs, engagement strategies, and co-design experiences.
Meeting transcripts, facilitator logs, and session summaries
were reviewed by our research team to identify recurring topics,
key insights, and decisions made collaboratively with youth.
Two researchers (AIR, MA) independently reviewed the session
notes to ensure consistency in interpretation and enhance
analytic trustworthiness through iterative discussion and
consensus. We kept a detailed log of all AAG interactions and
systematically organized the information into categories to
support the decision-making process. After evaluating the
findings from these sessions, as well as the qualitative interviews
conducted in stage 2 (findings are published elsewhere), we
finalized priority areas to develop SRH educational content.

Ethical Considerations
We received ethics approval for this project from the University
of Alberta Research Ethics Board (August 26, 2021;
Pro00113664), the Toronto Metropolitan University Research
Ethics Board (April 27, 2022; REB 2022-069), and the
University of British Columbia (May 31, 2022; #H22-00395).
We followed the Tri-Council Policy Ethical Conduct for
Research Involving Humans [26] principles for seeking consent,
which does not specify an age of consent for children. Following
these guidelines, we determined whether adolescents had the
capacity to understand the objectives, significance, implications,
risks, and benefits of the study by explaining these topics and
asking them to reiterate based on their understanding. The ethics
committee from all 3 boards approved and stipulated that if
participants were capable enough to understand the procedures
and study details, they could provide consent for themselves.
After addressing any questions, participants were asked to sign
a consent form to confirm their voluntary participation as AAG
members, along with a confidentiality agreement to protect the
identities of fellow members and the experiences shared within
sessions. All participants were deemed capable of providing
informed consent for themselves. Participants were given an
honorarium of CAD $20 (approximately US $14) per hour for
participating in various activities.

Results

Participant Characteristics
We recruited a total of 26 participants for this stage of the study,
with 88.4% (n=23) of participants identifying as female and
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11.5% (n=3) as male. Out of the 26 participants, 53.8% (n=14)
of participants were first-generation immigrants and 46.1%
(n=12) were second-generation immigrants. Almost half of the
participants were 19 years of age, whereas only 1 participant

was 15 years old. None of the participants formally withdrew
or disengaged from the project. The demographic information
of participants is presented in Table 1.
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Table 1. Demographic characteristics of adolescent advisory group (n=26).

Participants, n (%)Characteristics

Sex

23 (88.4)Female

3 (11.5)Male

Age (y)

1 (3.8)15

2 (7.6)16

3 (11.5)17

7 (26.9)18

13 (50)19

Place of birth

12 (46.1)Northern America

5 (19.2)Sub-Saharan Africa

7 (26.9)Asia

1 (3.8)Europe

1 (3.8)South America and Caribbean

Languages spoken at home (multiple responses)

25 (96.1)English

4 (15.3)Urdu

3 (11.5)Hindi

1 (3.8)Cantonese

1 (3.8)Farsi

1 (3.8)Vietnamese

6 (23)Others (Tamil, Dari, Bengali, Gujarati, Somalian, and Tagalog)

Number of years in Canada

2 (7.6)1-3

6 (23)4-9

6 (23)10 or more

12 (46.1)Lived in Canada all or most of life

Current level of education

1 (3.8)Grade 7-10

2 (7.6)Grade 11

3 (11.5)Grade 12

20 (76.9)Postsecondary school

Place of birth of parents

Mother

1 (3.8)Northern America

10 (38.4)Sub-Saharan Africa

13 (50)Asia

1 (3.8)Europe

1 (3.8)South America and Caribbean

Father

10 (38.4)Sub-Saharan Africa
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Participants, n (%)Characteristics

14 (53.8)Asia

1 (3.8)Europe

1 (3.8)South America and Caribbean

Design Process
To initiate the development of SRH digital resources offered
through our website, we consulted AAG members, stakeholders,
and the interdisciplinary research team iteratively to co-develop
the best course of action for planning, designing, and
implementation. We started with brainstorming potential names
for our resource website and its initial layout and design. After
discussing many acronyms, we collectively decided to name
our website PEER, which stands for Partnership to Empower
adolescent Engagement in Research. This not only emphasizes
the role that adolescents play in promoting research initiatives
but also signifies our work to empower adolescents to drive
changes by forming partnerships. We also reflected on various
themes for our website and which color would be the most
appealing to adolescents. Although some participants shared
that bright colors (eg, dark blue and yellow) would be
captivating, others commented that these colors might only
complement some text and graphics. Therefore, we collectively
decided on a neutral color tone (ie, light purple) with a white
background. Our development team designed some sample
logos and design patterns for the website, which were shared
with AAG members.

Development and Delivery of Content
We finalized 6 priority areas to focus our SRH content on:
puberty, menstruation, STIs, sexual assault, contraception, and
healthy relationships. Our team developed evidence-based
resources for every topic. We ensured all topics were covered
at length and that common misconceptions regarding these
topics were addressed. We identified the information to be
delivered within each topic with the help of AAG members.

We wanted the content to be informative and engaging at the
same time. Hence, we did not rely solely on text-based
information but also developed infographics, animations, and
videos along with textual information to keep users engaged.
We collaborated with 6 stakeholders and experts in the field
(SRH researchers, clinicians, sexual health consultants, and
SRH or public health nurses) to validate the content and ensure
that it is factual, evidence-based, and unbiased. With their
feedback, we were able to improve the language and delivery
of the content as well as rectify any errors. For instance,
validators suggested using language that does not blame an
individual and is inclusive and gender-neutral (eg, menstruating
people instead of menstruating girls).

Following content validation, we shared the SRH resources
with our AAG members (sample content in Figure 2). They
appreciated the simple language used to explain complex issues
and the different formats that we used to deliver information.
They also provided valuable feedback to improve our resources.
We initially developed our content videos with audio voice-over
using computer software, but members found the voice to be
unnatural and robotic. They suggested that the research team
record the voice-over instead to give it a more human touch.
We welcomed their feedback, and a member of our team did
the voiceover. In addition, members re-emphasized that the text
under each category should be concise, in bullet form, and have
graphics throughout. We considered their suggestions and tried
to keep the information concise and bite-sized. Regarding the
display of content on the website, we initially organized the
subtopics (headings) through horizontal widgets. However,
many AAG members did not find this format appealing and
suggested that the widgets be organized vertically instead.
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Figure 2. Examples of youth-centered sexual and reproductive health content developed for the Partnership to Empower Adolescent Engagement in
Research platform.

Integrating all the feedback from the AAG and stakeholders,
we finalized the first prototype of our website. We agreed to
display a video instead of a still image on the landing page as
it seemed more attractive and engaging to the users (Figure 3).
Also, we made the edits suggested by the AAG members within

the SRH resources and rearranged some tabs on the website.
As per their suggestions, we finalized the display and
organization of the content. A sample of these resources is
presented in Figure 2.
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Figure 3. Landing page of the Partnership to Empower Adolescent Engagement in Research digital platform.

We implemented various strategies to collect comprehensive
feedback from AAGs on the prototype of the website and SRH
resources. Some participants shared detailed feedback through
Zoom sessions, whereas others also agreed to provide written
feedback through Google Forms. We organized the feedback
received from the members and collectively decided whether

to implement the change or not. Some features were specifically
difficult to implement at this stage as they required advanced
technological adaptations (eg, helper chat). Table 2 illustrates
some examples of feedback from our members and what steps
were taken to address the suggestions.

Table 2. Feedback and response.

Team decisionPrototype feedback

All the icons at the bottom of the page were
aligned on the same line and adjusted to provide
a better interface.

“I would like for the bottom tab to be cleaner with the Land Acknowledgement and the Social
links. YouTube is the only icon on a new level and the Land Acknowledgement left aligned text
with the title on the left is a bit of putting. Maybe adding this acknowledgement on the About Us
page makes more sense.”

Headings were bolded and graphics centered on
the page.

Fonts kept consistent across topics.

“I think the infographics should follow a color theme and be cohesive in one section. The headings
could be bolded to make them stand out. All the infographics can be centered in the middle of the
webpage.”

Feature cannot be added at this point.“Maybe a helper chat or who could answer any questions.”

Topic of menstruation expanded to include content
on common menstrual disorders (eg, PCOS).

“I think adding some basic information about some common reproductive issues/disorders such
as PCOS or endometriosis would also help adolescents because some girls get irregular periods,
which becomes scary.”

Search bar added to the top right corner as well.“To make the website better, I would maybe move the search bar upwards to somewhere easier
for the viewer to see, instead of having to scroll down. That way in every section of the site you
can search what you’re looking for.”

All the text font change to black color.“Change the color of the font. The font of the subtext on the website is very light gray and doesn’t
stand out as much. It is a little hard on the eyes to read.” 

“Discretely exit website” button added to redirect
user to a different web page.

“Include an option to quickly exit the website if learning SRH content and need to close the tab
immediately (exist fast button).”

More colors added with brighter graphics and
fonts; each individual tab with a different brighter
color.

“Make it more ‘adolescent friendly’ by adding brighter color schemes, more stimulating buttons,
and more enticing for teens to want to be interested in.”

Discussion

Principal Findings
Our project aimed to co-design adolescent-friendly digital SRH
resources by actively engaging AAG. This process provided

valuable insights into best practices for adolescent participation
in digital health intervention development. The formation of
our AAGs follows best practices for meaningful youth
engagement, as recommended in the literature [17-20,27]. We
ensured that meaningful youth engagement was not only
fundamental but deeply ingrained in our methodology. By
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empowering adolescents to actively participate in the design
and execution of our intervention, we pushed beyond tokenism
and manipulation, which can hinder genuine engagement
[17,27]. Instead, adolescents were involved as co-creators, with
their ideas, input, and leadership influencing every stage of
creation.

We recruited a diverse group of adolescents aged 12-19 years
from various cultural and ethnic backgrounds through schools,
community organizations, and social media platforms. This
approach represented different perspectives across age groups,
cultures, and gender identities [28,29]. To prepare AAG
members for effective contributions, we conducted workshops
introducing key research concepts and SRH topics. This training
addressed a gap in previous studies where adolescent advisory
members often lack formal preparation [30,31]. Armed with
this foundational knowledge, AAG members were then engaged
in the co-design process using various participatory techniques.
Throughout the AAG meetings, we used engagement methods
tailored to different age groups, including gamified activities
for younger adolescents and in-depth discussions for older teens.
We also used structured feedback forms and open discussions.
This diverse approach is supported by research showing that
creative engagement methods can enhance youth involvement
and input [24]. The iterative nature of our process, with regular
meetings and opportunities for feedback, allowed for continuous
refinement of the intervention based on adolescent input, a
fundamental principle of co-design [32].

Our approach incorporated several effective strategies from
previous studies in website development. We involved
adolescents in naming the intervention, choosing color schemes,
and determining content formats, aligning with
recommendations for youth-centered design in digital health
interventions [33]. Prototypes and iterative feedback cycles
mirrored successful co-design processes described in other
digital health projects targeting youth [12,20,21,34]. For
example, the study by Wright et al [23] highlights how youth
advisors in their study broadened the scope of their proposed
digital intervention through an iterative co-design approach and
helped to bring forward an innovative strategy to improve
information-seeking behaviors. Our experience highlighted the
importance of flexibility when working with adolescents.
Offering online participation options and accommodating
schedules enhanced engagement, consistent with findings from
other youth advisory group studies [35]. In addition, providing
compensation for AAG members’ time and contributions
promoted long-term engagement and valued their input.

AAG members played a crucial role in evaluating content
readability and suggesting more adolescent-friendly language,
addressing the need for accessible digital health resources. Their
involvement in discussions about privacy features and discreet
access options aligned with research emphasizing the importance
of confidentiality in adolescent-oriented sexual health
interventions [36]. For instance, AAG members suggested
implementing a “quick exit” feature and disguising the website
icon, which was incorporated into the final design to enhance
user privacy. During pilot testing, users highly praised these
features, with many expressing that these privacy measures
made them feel more comfortable using these resources. The

AAG members also expressed satisfaction with how their
suggestions were implemented, reinforcing the value of their
input in the design process.

In addition to the significance of the co-design process in our
study, the content topics that were identified and co-developed
offer unique insights into the SRH informational needs of
immigrant adolescents in Canada. Participants emphasized that
although puberty, menstruation, and bodily changes were basic
SRH topics, they would appreciate culturally grounded
discussions and insights into these topics (eg, tampons and
myths). They also highlighted that immigrant adolescents do
not always get the opportunity to learn about topics such as
contraception or intimate relationships, and navigating access
to confidential care, which is also supported by our previous
studies and other literature [10,37]. Although platforms in
Canada are increasingly adapting their approach to include
culturally sensitive information, not many are designed
specifically with immigrant adolescents in mind [13,16,17].
This further indicates the significance of this digital intervention.

While our process yielded valuable insights, it also presented
challenges. Balancing adolescent preferences with
evidence-based practices sometimes requires careful negotiation,
which aligns with challenges noted in other co-design studies
[20]. For example, when adolescents suggested including
popular but scientifically unsupported remedies, we had to find
ways to address these interests while maintaining medical
accuracy. We navigated these situations by explaining the
importance of scientific evidence, acknowledging the popularity
of these remedies, and collaboratively finding ways to address
the underlying concerns that made these remedies appealing.
This approach ensured that adolescents felt heard and valued,
even when their initial suggestions were not feasible.
Unexpectedly, these negotiations led to innovative ways of
communicating complex medical information in
adolescent-friendly language, enhancing the overall accessibility
of the content. Furthermore, to ensure the sustainability of
adolescent involvement, we have established a rotating
membership system for the AAG and are developing a
mentorship program where experienced members can guide
newcomers. This mentorship program will include training
sessions for mentors, regular check-ins, and a 6-month
mentorship cycle to balance continuity with fresh perspectives.

Future Implications
Preliminary feedback on the intervention has been positive,
with pilot users reporting high levels of engagement and
improved SRH knowledge. Specifically, users praised the
website’s discreet design, easy-to-understand language, and
engaging features. However, long-term effectiveness studies
are still ongoing, and findings from the usability testing are
published elsewhere. These studies will track key metrics,
including SRH knowledge retention, user satisfaction, frequency
of website usage, and self-reported behavior change related to
SRH practices. By monitoring these outcomes, we aim to
comprehensively evaluate the intervention’s impact and identify
areas for future improvement.
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Limitations
Through collaborative efforts in our co-design process, we
actively and meaningfully engaged immigrant adolescents as
active partners in developing the PEER digital SRH platform.
However, our process also had its limitations. First, while our
recruitment efforts aimed to include individuals from diverse
gender identities and backgrounds, including LGBTQ+ youth
and adolescents with disabilities, our advisory group lacked
sufficient representation from these groups. Although this raises
the question of the generalizability of our content to diverse
groups, we ensured that our content was inclusive and included
gender-neutral language. This was strongly emphasized by our
AAG members and SRH experts working with adolescents.
Second, our advisory group was predominantly female (n=23,
88%), and more than half of the participants were aged 18-19
years old. This demographic skew may limit the generalizability
of our findings and could influence the content developed for
the platform. The predominance of female voices may have
emphasized certain gendered experiences and needs (eg, content
on menstruation and pubertal changes), while perspectives of
male and nonbinary youth may be underrepresented. To address
this limitation, we intentionally explored the SRH information
needs of male and gender-diverse adolescents by encouraging
participants to discuss challenges faced by their peers across
different gender identities. However, it can also be considered
as a strength as participants were able to offer greater reflection
based on their capacity to reflect on their previous experiences
with SRH education. Our future research will aim to engage
and seek a more gender-diverse group to evaluate the

effectiveness of the intervention design and incorporate
recommendations to reflect the full spectrum of adolescent SRH
experiences and needs. Finally, maintaining consistent
engagement over time and managing diverse opinions within
the group required significant resources and facilitation skills
from the research team. Future projects could benefit from
establishing clear guidelines for resolving conflicts between
adolescent preferences and evidence-based practices and
developing long-term strategies for long-term engagement.

Conclusion
Adolescents need access to accurate and reliable SRH
information for positive sexual health outcomes and to prevent
unintended consequences, such as STIs, unintended pregnancies,
and so on. However, they do not always have the necessary
means to secure such information. Digital interventions have
the potential to influence health behaviors and promote positive
outcomes by reaching a wide range of audiences, especially
those who are at risk of being distanced from mainstream
services. We used the principles of community-based
participatory action research and HCD to co-design digital SRH
interventions with adolescents by keeping their needs at the
center of the process. By giving them a voice in the process and
the ability to influence decision-making, we were able to
co-develop a resource that has the potential to be user-friendly,
accessible, effective, and sustainable among immigrant
adolescents. This process allows the cocreation of culturally
relevant interventions that have the potential to reach vulnerable
populations, particularly in conservative societies where stigma
and misinformation are pertinent.
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Abstract

Background: Although research has found online peer support forums to be helpful for those with mental health conditions,
no studies have explored the experiences of those who use forums for support with postpartum psychosis (PP) specifically.

Objective: This study aimed to understand the lived experiences of using online forums for PP, and how this form of support
differs from professional and other informal support.

Methods: This study used a qualitative approach, including semistructured interviews with 8 participants. Recruitment took
place via an online forum run by a charity called Action on Postpartum Psychosis. Transcripts were analyzed using interpretative
phenomenological analysis.

Results: Four themes were developed in line with participants’ experiences (1) from isolation to connection: validation, growth,
and hope from shared experiences; (2) complementing not replacing: filling the gaps in support; (3) impacts of privacy,
representation, and readiness to share on engagement; and (4) relational experiences within peer support: altruism, boundaries,
and comparison. All participants believed forums were helpful to their well-being and recovery; however, some also reported
difficulties with engagement, comparison, and regulating their own use. Findings suggest that forums may benefit from being
designed in a way that protects users and their identities, for example, via trigger warnings and setting boundaries.

Conclusions: Peer online forums offer a unique and potentially effective addition to existing support provided by professionals
and personal connections. Professionals should signpost people experiencing PP to forums, but should also understand the support
that may be needed in terms of monitoring use and ensuring that appropriate boundaries are put into place.

(JMIR Hum Factors 2025;12:e80717)   doi:10.2196/80717

KEYWORDS

postpartum psychosis; puerperal psychosis; postnatal psychosis; online peer support forums; online forums; peer-to-peer support;
peer support

Introduction

Postpartum psychosis (PP) is a rare perinatal mental health
condition, affecting between 1 and 2 in 1000 individuals [1,2].
It is a psychiatric emergency that can occur suddenly [3], usually
between 0 to 185 days following childbirth [4]. Symptoms

characterizing PP include mood changes, hallucinations, and
delusions [5,6]. The risk of onset of psychosis is thought to be
approximately 23 times higher in the 4 weeks following
childbirth than at any other stage of life [7]. PP is less common
and less understood than more common perinatal mental health
conditions, such as postnatal depression, and may therefore be
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less readily recognized [8]. Current understanding of what is
helpful for PP is limited [9], and therefore it is important to
consider support for people with lived experience of PP
throughout and following this period.

Despite recent introductions of specialist perinatal support within
the United Kingdom [10,11], and the time spans for which these
services can support individuals being extended [12], gaps
remain in both understanding and treating PP [4,13]. People
with lived experience of PP have reported a lack of awareness
from both the public and professionals [14], leading to delayed
recognition and treatment [15]. PP is not formally recognized
as a diagnosis by the National Institute for Health and Care
Excellence [16] or the DSM-5 (Diagnostic and Statistical
Manual of Mental Disorders [Fifth Edition]) [17]. The most
common treatment options for PP include medication [18],
psychological interventions [19], and, occasionally,
electroconvulsive therapy [20]. Recovery from PP is thought
to take between 6 and 12 months [21], with the most severe
symptoms often resolving within 12 weeks when intervention
is received [22]. However, there are many challenges that people
with lived experience of PP encounter that these traditional
interventions may not address. People with lived experience of
PP report feeling isolated [14], overwhelmed [5], and
stigmatized [19,23], indicating that psychosocial challenges for
people with lived experience of PP are difficult to navigate
throughout the recovery process.

An increasingly popular means of support for health-related
challenges is through online mediums, and the use of this for
mental health has become a fast-growing area [24]. It is thought
that online support could be particularly helpful for mental
health for reasons including the opportunity to remain
anonymous when seeking support [25] to help decrease felt
stigma [26], and the social isolation that is also commonly
experienced [27].

Peer forums are a form of online support, characterized by the
ability to anonymously provide and receive support among those
in similar situations [28]. Previous research has found that peer
support forums can reduce isolation [29,30], promote
information sharing [30,31], and provide emotional support and
hope [32]. In a recent realist synthesis to identify the impacts
of online peer support forums for mental health [29], findings
included improving self-efficacy and psychological safety, and
connection. However, users of online support have also reported
that they can sometimes feel triggered by others [30], receive
misleading, defensive, or unempathetic responses [31], and
struggle with their own boundaries [30], suggesting this may
be a nuanced area.

When considering online support for those with PP, it is
important to consider the unique experiences that could impact
its use. Declines in mental well-being within the perinatal period
can be distressing and overwhelming [33]. In addition, there is
the challenge of navigating parenthood and the changes in
identity that this and PP bring [19], alongside the impacts of
symptoms on daily life, with those who experience relapse of
PP being found to have more ongoing functional difficulties
[34]. Online forums for support with parenting are commonly
used for voicing feelings around parenting that might feel

difficult to speak about openly in other contexts; however,
research has found that forums tolerate these expressed emotions
only to a certain level before it is implied the person may not
be in the “norm” [35]. This limits the support available to people
with lived experience of PP in these nonspecialist forums and
suggests they might need to speak with others who understand
to feel safe.

Despite there being no existing research that specifically
examines the impact of peer online support for people with lived
experience of PP, studies on wider topics have reported related
findings. For instance, perceived social stigma is correlated with
increased use of online support [36], and those experiencing
perinatal mental health conditions tend to have higher levels of
internal stigma [33]. Furthermore, findings have reported that
increased use of forums could result in users being more likely
to disclose their symptoms to professionals [33]. Research has
demonstrated that those who conversed with others who have
also experienced PP found this support helpful and normalizing
[19]; however, with PP being rare, shared experiences may
likely be more easily accessible through online mediums.
Stawarz et al [37] suggested that technology and online support
should not be a replacement for more formal support but instead
should complement it and form part of a wider, holistic system.
This may be particularly true for PP, which requires fast
intervention and support [38], indicating the need for
professional involvement alongside personal and social support.

NHS guidance directs people with lived experience of PP to
peer support forums [2]; however, there have been no studies
that have explored the impacts and safety of this type of support.
Therefore, this study aims to explore the experiences of those
who have used online peer forums for support with PP, to
increase the evidence base and aid professionals in signposting
decisions. For this research, support with PP was defined as
when an individual had used the forum specifically in relation
to any symptoms or difficulties related to their PP. The research
questions posed were: (1) How do individuals with lived
experience of PP use and make sense of online peer forums?
and (2) In what way does online support differ from support
from health care professionals and other informal support?

Methods

Study Design
In this study, Interpretative Phenomenological Analysis (IPA
[39]) was used to explore the lived experiences of using online
forums for PP, and how this form of support differs from that
of professional and other informal support.

This included any support received within a forum environment
that was related to symptoms or difficulties associated with PP.
This broad definition of support meant that participants were
able to speak about their own individual support needs related
to their experiences of PP, which can vary between participants.
In this study, “support” was operationalized as any form of
emotional, informational, or experiential connection participants
received through engagement with an online peer forum.

The method used for this study was IPA. This method most
appropriately met the research aim to generate a rich and
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detailed understanding of participants’ experiences, rather than
a broader and more varied focus, as is seen in other qualitative
methodologies such as thematic analysis [40]. In addition, within
IPA, there is a focus on lived experience, which helps to capture
nuance between participants [41] and to explore the meaning
behind experiences [42].

Patient and Public Involvement
Patient and public involvement (PPI) has been found to add
insight from lived experience, achieve meaningful outcomes
[43], make research more accessible, and ensure sensitivity to
the topic [44]. The lead researcher held consultation meetings
with a member of the public who had lived experience of using

forums for support with PP. Consultations included input on
the topic guide, completing a mock interview, and developing
research materials. In addition, the researcher liaised with
employees of Action on Postpartum Psychosis (APP) with lived
experience of PP regarding research materials, the topic guide,
and terminology used. In response to PPI feedback, wording in
the research materials was changed, alongside edits to the
research flyer to ensure language was accessible.

Inclusion and Exclusion Criteria
Inclusion and exclusion criteria were considered to ensure that
the sample was relevant and focused on the research aims (Table
1).

Table 1. Inclusion and exclusion criteria.

RationaleCriteriaInclusion or

exclusion

Inclusion •• Able to give informed consentAged 18 or older
• •Having the capacity to consent Ensuring consent is ethically given
• Having used peer support forums within the past 2

years • Forums are evolving quickly [45]; those who used forums
longer ago may have had experiences less relevant to current
experiences

• Symptoms of postpartum psychosis (PP) experienced
at any time

• Due to recognition that people with PP can need support for
several years after onset, and recognizing that support has
changed in recent years [11,12], and wanting to capture infor-
mation from those who used the forums when support might
not have been as available

Exclusion •• No formal mental health diagnosis required as PP is not rec-
ognized as a distinct diagnosis [17], and potentially issues of
stigma [46] and lack of formal screening measures leading
to PP going unrecognized [20]

None beyond self-reported experiences of PP symp-
toms

Sampling
A purposive sampling approach was used between February
and July 2024 to recruit people with lived experience of PP who
had used forums for support. This method aligned with the aims
of IPA, which prioritizes depth of experience over breadth of
participants to gain a detailed understanding of the phenomenon
of interest. A sample size of between 8 and 10 participants was
sought, in line with recommendations for both qualitative
research [47] and research conducted at a doctoral level [36].
It was anticipated that this would provide sufficient data to build
an understanding of experiences of support, particularly due to
the rarity of PP and therefore the likely small cohort of available
potential participants who had both experienced PP and used
forums for support with this. Furthermore, this sample size was
considered sufficient to answer the research questions posed.

Recruitment
Participants were recruited through an international forum run
by APP. This forum is hosted by HealthUnlocked, a worldwide
community providing support for over 250 health conditions,

with the APP forum accommodating 3793 users (figure correct
on February 19, 2025). Participants could have accessed other
forums for support with PP and still participated, as the research
was not specific to the APP forum. Meetings were held with
moderators of the APP forum, who posted a recruitment flyer
on the forum to advertise the study. Forum users interested in
taking part were invited to contact the lead researcher via email
and then offered a screening call to check eligibility and to
address any queries.

Study Procedure
Following the initial screening call, eligible participants were
provided with an information sheet (Multimedia Appendix 1)
and a consent form via email (Multimedia Appendix 2).
Participants were then asked to return the consent form to the
lead researcher if they wished to take part. Once the form was
returned, an interview time and date were booked that were
mutually convenient for both parties. Sociodemographic
information (Table 2) was collected verbally at the start of each
interview, and participants were given the choice to decline to
answer any questions if they wished.
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Table 2. Participant demographic information.

Time since onsetCountry of residenceEthnicityAge (years)PseudonymParticipant

2 yearsScotlandWhite Scottish31Jane1

13 monthsEnglandWhite British39Florence2

22 yearsUnited StatesWhite American57Emmeline3

2 years and 3 monthsEnglandWhite British34Frida4

4 yearsEnglandWhite, Mixed Asian35Ada5

19 yearsEnglandBlack African51Rosalind8

1 year and 7 monthsUnited StatesAfrican American35Marie9

8 yearsEnglandWhite British43Eleanor10

A topic guide (Multimedia Appendix 3) was used during the
interviews to remain close to the research aims. The definition
of support with PP was used to develop this topic guide, and
the questions were reviewed and refined within research
supervision and PPI meetings. A mock interview was conducted
with a PPI representative, which led to some changes in the
terminology and style of the questions within the topic guide,
for example, reducing jargon in the questions.

Data Collection
Interviews took place at an agreed time over Microsoft Teams,
Zoom (Zoom Communications), or a telephone call, depending
on the participant’s preference, and were recorded onto an
encrypted audio device. Before commencing the interview,
consent was checked. A topic guide was used as a prompt;
however, in line with IPA [39] methodology, the interviews
were guided by participants and their experiences [48]. This
was done by allowing participants to speak about the phenomena
they felt were pertinent to their experiences of using forums for
support with PP. Participants were able to interpret questions
in their own way, and further questions followed from responses
given, meaning that a more thorough exploration of experiences
could be undertaken. This helped to gain further context and
understanding around the topics discussed by each participant,
as well as a way to relate any responses given back to the
research questions. Following the interview, participants were
debriefed, and their safety was checked.

Data Analysis
To analyze the data, the first 3 interviews were transcribed by
the lead researcher soon after completion to review the
questioning style. The remaining 5 interviews were transcribed
by a contracted transcriber, who had undergone screening and
signed a confidentiality agreement. The reason for this was that
the lead researcher was not feeling immersed in the data by
transcribing, but instead by reading the transcript back while
listening to the recording. As a transcriber was available, this
was used to spend more time engaging with each interview.
Reading the transcripts while listening to the interviews helped
to understand context and emotive language and to become
more familiar with the data, while also checking the accuracy
of the transcripts. Analysis was performed in line with
recommended processes from Murray and Wilde [48], which
were developed for postgraduate IPA projects undertaken by
those who are novices to IPA. This approach follows a stage

process: first, initial coding, which involves notations for any
elements directly relevant to the research aims. This process
was completed by hand using Post-it notes. The second stage
is grouping the codes into subthemes, with each subtheme given
an interpretative summary and title. The following stage is
producing interpretative summaries and titling themes for each
participant. Following this, the stage of merging analyses across
transcripts was completed, where the subthemes from each
participant were merged into collective themes across
participants, with narratives and titles created for each.

Reflexivity
IPA is a methodology underpinned by a critical realist
epistemology [41]. This aligned with the lead researcher’s
critical realist view that, while the material world exists, our
own perceptions and language shape the way in which we see
and experience it [49]. This means that experiences of the world
are all individual, such that although all participants had
experience of using online forums, the meanings made from
this would all differ.

The nature of IPA involves a process of double hermeneutics,
with the participants interpreting their own experiences and the
lead researcher further interpreting this themselves [49].
Therefore, the data output from this study is a secondhand
account of the data collected, which may have been influenced
by the demographics of the researchers (Multimedia Appendix
4). The lead researcher was a White, UK-based female trainee
Clinical Psychologist with a professional background in social
work. These personal and professional identities shaped the lens
of focus when approaching the research, potentially influencing
the analysis by orienting attention toward psychosocial,
relational, and systemic elements of the data. In addition, the
analysis was conducted from within a Western sociocultural
context, with UK-specific mental health systems and norms
likely influencing interpretation. While the researcher had no
personal experience of PP, previous clinical work with
individuals experiencing PP may have led to certain
preconceptions or expectations.

To try to minimize the impact of these factors and enhance the
trustworthiness of the analysis, several measures were taken.
First, regular supervision was sought throughout the research
process. Two supervisors supported the project; both were
qualified clinical psychologists who were White, female, and
living within the United Kingdom. One supervisor had expertise
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in qualitative research methods, while the other had experience
working within perinatal mental health services. Within
supervision, they both reviewed developing codes and themes
and offered critical feedback to help challenge assumptions and
ensure that interpretations were grounded in participants'
accounts rather than shaped by the researcher’s preexisting
frameworks.

The lead researcher also engaged in reflexivity through the use
of a reflective diary, in which decision-making, emotional
responses, and interpretations of the data were documented.
This process helped identify where professional training or
clinical experience might be influencing the interpretative
process. Reflexivity was particularly prioritized after
emotionally resonant interviews or when strong thematic
impressions emerged.

In addition, moments of purposeful reflection were built into
the analytic process—for example, pausing after the first
interview and again after the first full transcript analysis,
supported by supervision. This helped to preserve the integrity
and transparency of the analysis and to ensure that findings
remained grounded in participants’ lived experiences.

Ethical Considerations
Ethical approval was granted by the Lancaster University Ethics
Committee (FHM-2024-3722-RECR-3). An information sheet
was provided to participants, and informed consent was obtained
through a signed form. Participants were given the option to
opt out at any point before data analysis was completed. Due
to the potential for distress associated with the interview process,
debrief materials were sent to all participants following the
interview, with details of services they could contact for support
if necessary. Contact details for a named professional involved
in each participant’s care were collected before the interview
in case any risk issues were disclosed during the interview
process. Data were deidentified and securely stored on the
university’s cloud storage. Participants were compensated with
a £30 ($39.95) payment for giving their time to the research.

Results

Participant Characteristics
Initially, 15 people expressed interest in the study. Of these, 2
did not attend the initial screening call, and 3 were ineligible to
participate due to not using forums for PP (n=2) or not using
forums within the past 2 years (n=1). Two participants consented
to be interviewed; however, they did not take part due to
disengagement (n=1) and withdrawal (n=1). This resulted in a
final number of 8 participants. Recruitment was a relatively
easy process, with enough people showing interest through the
APP without the research having to be advertised elsewhere.
Participants were happy to discuss their experiences openly,
with the average length of interview being 41 minutes.
Participants were given pseudonyms, and demographic
information was collected (refer to Table 2).

Analysis
Following the analysis, 6 interrelated themes were constructed
to illustrate experiences of using a peer support forum.

Multimedia Appendix 5 demonstrates which participants
contributed to each theme.

Theme 1: From Isolation to Connection: Validation,
Growth, and Hope From Shared Experiences
All participants are represented within this theme, which
captured the evolving relationship participants had due to PP;
beginning with feelings of isolation and stigma, progressing
through validation and understanding when finding the forum,
and resulting in a sense of growth, knowledge, and purpose.
Validation of these experiences from peers who had shared
similar challenges was identified as an important part of
recovery.

“Reading the experiences of women who’d recovered
gave me hope that I would too” [Florence]

“I think it’s given me a real validation that what I
went through was real… and not just something they
couldn’t figure out” [Emmeline]

This demonstrates the lasting impact of feeling misunderstood
during the initial phases of PP, and how finding the forum, even
many years after experiencing PP, helped to provide affirmation.
For participants who experienced PP longer ago, the impact of
having many years of no connection to other people with lived
experience of PP was loneliness that was turned around by
finding the forum.

The accessibility and anonymity of the forum made it
particularly valuable. It allowed participants to engage when it
felt emotionally safe and to return to the space whenever needed
without pressure or stigma.

“I think the other thing is the accessibility day or
night, in that if… maybe I couldn’t sleep or I was up
with the baby, you can access it at any time.”
[Florence]

While many participants used the forum from the early days of
diagnosis, Marie did not use the forum initially due to feeling
in denial. She described how the forum helped her to accept her
diagnosis, leading to her eventually being able to post herself.

“You’re assisting people… whilst still receiving
treatment for yourself, so yeah, I felt so strong again
in the community” [Marie]

The rarity of PP also impacted experiences, with participants
feeling as if there was no one they could speak to before the
forum who understood what they had been through.

“That’s a long time to go without ever having talked
to somebody about something that was so pivotal in
your life, and so that was just amazing to me when I
first got on and started talking to people. The feeling
of validation, the feeling of connection, the feeling of
wanting to help was overwhelming.” [Emmeline]

The use of the word “pivotal” here demonstrates the profound
impact that forums can have for those who use them.

Two participants commented on how they had felt increased
isolation due to others cutting them off following their
experiences of PP:
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“I’ve been shunned by people who I thought were
friends” [Rosalind]

“I felt isolated from everything, from the community,
from my family” [Marie]

Rosalind and Marie were also the only participants in the study
with African heritage, which suggests it is worth considering
the specific cultural impacts that PP can have and how PP might
be viewed differently within different communities. For these
participants, the isolation was felt on an additional level due to
personal support feeling unavailable, highlighting how important
the connection on the forum was.

Theme 2: Complementing, Not Replacing: Filling the
Gaps in Support
All participants, except one, are represented in this theme, which
recognizes the way in which forums supplement existing
services and personal support. Peer support was experienced
differently from any other support that had been offered, much
of which had led to people with lived experience of PP feeling
misunderstood and judged.

“[Peer support] is almost like a superpower
because… you’ve got that empathy” [Frida]

Even for participants who felt there had been a good support
system around them throughout, it felt safer to speak to peers,
with the benefit of feeling less like a burden:

“You don’t want to burden your family either, so
talking to your people on an online forum… is, I think,
personally the better way.” [Eleanor]

There was a sense of safety felt within the PP community when
speaking about these distressing thoughts, which may not be
present elsewhere.

Personal support was felt to be lacking in the understanding
that peer support can provide:

“I’ve always been so lucky to have friends and close
family and support… but for this experience, it’s not
been good enough.” [Jane]

This demonstrates how there is a unique nature to PP that means
personal support might not have the same impact when
experiencing severe mental health difficulties. Jane describing
how “everyone close to me has had a different kind of experience
of the same situation” shows how PP adds a layer to the changes
felt post partum.

When referring to professional support offered, most participants
found this helpful and felt that such services should be
complemented by the forums rather than replaced. There were
concerns raised about people who might use the forums instead
of speaking to professionals.

“Some of the women sounded like they just really
needed to go and see their doctor, and that this forum
wasn’t necessarily quite the right place for them.”
[Jane]

This highlights how PP is multifaceted and that one type of
support may not be helpful in isolation. There is recognition of
the limitations that the forum can have, particularly around
medication and interventions. The acknowledgment of health

care professionals being central to the start of recovery
demonstrates how forums may become more useful at a later
stage.

However, not all participants felt supported by professional
services. Rosalind described how she felt let down by services,
stating that she felt misunderstood. Rosalind believed that
services are so overstretched that they cannot provide the support
needed:

“It’s ridiculous that we’re having to use peer support
in order to provide services that really the NHS
should be providing. It’s the walking wounded trying
to help each other.” [Rosalind]

Rosalind’s experiences may be different from those of other
participants due to witnessing changes in services without
having access to more specialist services that have recently been
created (eg, being ineligible for MBU support or perinatal
services support due to experiencing PP 19 years ago). As
someone still experiencing the impacts of PP, Rosalind
demonstrates a need for longer-term support than statutory
services can provide. This was reinforced by Jane describing
discharge from professional services as being a “carpet from
underneath you.” It was felt that forums could help to fill this
gap, as they can be accessed for as long as needed:

“Then once I get discharged from that, I’m like,
‘right, I’ve still got my platform, I’ve still got the
online stuff that I can still reach out to should I need
it’… it’s like you feel safe… you’re not left to it.”
[Ada]

This shows a potential disconnect between what specialist
services provide (up to 24 months post partum) and what people
with lived experience of PP believe would be helpful.

Theme 3: Impacts of Privacy, Representation, and
Readiness to Share on Engagement
Two participants are not represented in this theme, which
recognizes that although forums were valued by all participants,
state of mind, age, and identity all played a role in how able
people felt to share their experiences openly. Reflections were
provided on the stages at which participants first started to use
the forums, with Ada referring to how, initially, she felt paranoid
and embarrassed and therefore did not want to use them. Eleanor
echoed this point, stating that she did not feel able to speak
about PP until 3 months following the onset. There were
physical elements of PP that were thought to be involved in
engagement, alongside being able to check in on emotional
state.

“Then at the time when I was so acutely unwell, my
brain was just firing off left and right, I could barely
even use my phone at one point, and I couldn’t
organize my thoughts.” [Eleanor]

This adds weight to the importance of the type of support at
different stages, acknowledging that symptoms of PP can make
using forums more difficult and therefore other support may be
imperative at this time. Privacy within forums was also a
challenge, with the anonymity often provided not removing this
concern:
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“[Forum] is an international forum, and I do worry
a little bit about privacy issues.” [Emmeline]

Florence referred to younger generations potentially finding
forums easier to use, but in older generations, it is more common
to keep one’s feelings to oneself. As the interview progressed,
Florence reflected on this and provided insights into how she
can often still feel shame around PP, wondering if it could be
helpful for her to open up more. This demonstrates the
complexities of deciding what to share within forums and how
this might continually shift as participants move through their
recovery.

A nuance that came through within this theme was around
ethnicity, with Rosalind feeling that there are impacts of being
a Black woman on her use of forums. Rosalind described how
Black women are more likely to experience birth trauma and
be within the mental health system, and how this could translate
to being more likely to use forums for support. However, this
was not reflected in Rosalind’s experience, with feelings of
being underrepresented within the forums, which resulted in
further isolation.

“If [forum] could have someone who is black, that
would really help me as well, because I think in the
black community, mental health isn’t talked about or
understood.” [Rosalind]

This demonstrates how identity can further lead to feelings of
isolation and how this can replicate difficult experiences from
other areas of life. In feeling unable to relate to others on the
forum, there could be an impact on engagement and freedom
to share, causing those from a global majority background to
be at a disadvantage when engaging in peer support.

Theme 4: Relational Experiences Within Peer Support:
Altruism, Boundaries, and Comparisons
One participant is not represented within this theme, which
acknowledges the complexities that navigating a community
can bring. On one hand, users could access information and
support, and were given opportunities to use their experiences
to help others. However, sometimes these opportunities brought
pressure to respond and a sense of responsibility or comparison
to others.

The forum was described by Marie as a “happy place” that
allows participants to get their own support as well as give it:

“I just want to reach out… and tell them that they
can get through it, there is an end, and I am proof
there is an end.” [Emmeline]

This acknowledges the tie people with lived experience of PP
tend to feel to the community, wanting to give back and “do
my bit for the community” [Frida]. However, it also felt at times
that this desire to give back became burdensome:

“The compulsion to post or to reply to people… that
did cause me quite a bit of stress. Those feelings of
like guilt.” [Frida]

The use of the words “compulsion” [Frida] and “obsession”
[Florence] were used when speaking about using the forums
when in a more vulnerable place. This shows how forums can
have emotive impacts on those using them, who may already

be experiencing their own distress and challenges. There was
mention of moderation at these times being helpful:

“He’d [partner] realized what had been going on
with me, going down a rabbit hole on the internet,
obsessively looking for answers… so there was
external moderation.” [Eleanor]

Boundaries were also described to help safeguard against
feelings of responsibility. However, they were also
acknowledged to be difficult to establish while mood is
fluctuating, emphasizing the impact that symptoms of PP can
have on engagement.

A further challenge of the forums arose from the tendency to
compare. Upwards comparison was the most prominent in
interviews, characterized by feelings of being patronized or not
being good enough when speaking to those who had an “easy”
[Jane] recovery.

“You think have I made a mistake? It’s like am I doing
it wrong? Like am I doing recovery wrong? [Jane]

Ethnicity also played a role in upward comparison,
demonstrating the impact that diversity within spaces such as
forums can have.

“I just think in white women the care is generally a
lot better, and I’m seeing women recover so much
better, whereas with me now I’m disabled and it’s
ruined my full life.” [Rosalind]

This shows how forums can highlight discrepancies in care
offered for PP and recognizes the impact that this could have
on users.

Downwards comparison was also mentioned during interviews
and seemed to be associated with feelings of being ungrateful
for their experiences, feeling sad for others, and wondering
“what if.”

“I feel fortunate with the care that I got… but
sometimes it makes me feel… ungrateful.” [Jane]

Questions arose about how representative forum posts are of
the wider population of people with lived experience of PP. For
example, Jane wondered if those who are struggling more tend
to use forums more, interpreting this as feeling that those who
recover well move on.

“It’s just scary to see so much content and relapses
and stuff, but that might be the people who might need
support. I wonder if there’s like a hoard of people
who have not had like relapses or other diagnoses
that don’t need the support and are fine and not on
the forum.” [Jane]

This poses an interesting point about the types of users that
forums might attract, and whether this is reflective of different
experiences of PP, or whether this tends to reflect certain
narratives instead, such as people struggling to recover.
However, a differing opinion was put forward by Rosalind, who
felt as if there were not many people posting who were reporting
difficulties, which left her feeling as if she was struggling more
than others:
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“At least online it feels like they have recovered more
than I have… that’s why I wish people would talk
because I can’t be the only one who’s had an adverse
reaction to their meds.” [Rosalind]

Discussion

Principal Findings
This research aimed to explore the lived experiences of using
online forums for PP and how this form of support differs from
that of professional and other informal support.

The findings demonstrate that this is a complex and nuanced
area, and that people with lived experience of PP tend to use
forums when reaching stability rather than in the initial acute
phases of PP. It is also acknowledged that the use of forums
can be helpful, supportive, and aid recovery. However, forums
can also have challenges such as feeling responsible for other
people with lived experience of PP, comparing to others, and
needing to implement boundaries to maintain well-being.
Individual experiences are impacted by many factors, including
identity, other available support, and recovery. The research
was novel in that it was the first investigation into the use of
peer online forums for PP, adding to the limited research base
on PP. The use of IPA allowed an in-depth, idiographic insight
into the lived experiences, which did not just focus on forum
use at a single point in time, but instead over the recovery
trajectory of the participants. This created an understanding of
how the use of forums changes, increasing knowledge of how
these mediums can provide longer-term support for people with
lived experience of PP.

An important element of this research was related to the rarity
of PP [6], which was felt to increase the isolation that can be
felt within perinatal mental health conditions [50]. Online
forums give the opportunity for connection between people with
lived experience of PP that otherwise may not occur, especially
if situated in a more remote area. Connection found within
forums was discussed by all participants, which demonstrates
the extent to which online relationships can be felt as true
connections despite potentially never meeting face-to-face. A
recent systematic review has found PP to be a relational
experience, both in recovery and management [51], and although
this was regarding the couple relationship, considerations should
be given to how the relational elements of PP might also be
helped by connection on forums and with peers. The ability to
engage on forums was found to be helped by accessibility and
anonymity; this mirrors existing findings regarding forums that
these factors remove barriers to support and reduce stigma [30].
This is particularly important within the PP community due to
increased levels of stigma [52] and fears around social services
involvement following disclosures [53].

Connection was felt to be an imperative part of forum use,
linking to the CHIME recovery framework [54]. Forums played
a clear role in promoting connectedness, instilling hope, shaping
identity, and offering a platform for meaning-making and
empowerment. However, it is important to note that this was
related to personal recovery and that there are differences
between this and clinical recovery [55], with both being
important within psychosis presentations [56]. This

contextualizes theme 2 and the importance of both professional
supports to promote clinical recovery, while peer support can
help achieve personal recovery.

However, connection can come with challenges, such as
potentially feeling responsible for the well-being of other users.
A key finding within this study was that participants felt they
wanted to give back to the PP community, which was
highlighted by several participants as being important for both
their recovery and well-being. Although previous research has
referenced helping others as potentially being related to
reciprocity, and therefore expecting mutual benefit from this
[57], within this study, participants suggested different reasons
for this altruism. Particularly, this stemmed from an
understanding of “dark” times and wanting to provide hope
when approaching recovery. For participants who still felt in
the midst of PP, helping others originated from a place of not
wanting anyone else to feel the isolation and loneliness they
experienced. Despite feeling that helping others was important
to them, it is crucial to recognize the impact that this
responsibility could have on forum users.

The results reflected how participants felt it was important to
have boundaries when using online forums, and how this had
to be learnt. This was found to be crucial during acute stages
[30], which is particularly relevant as participants often engage
on forums shortly after the onset of PP. Within the data
collected, participants acknowledged how boundaries were more
difficult to implement when experiencing more severe symptoms
of PP. This poses a question of how forum users set boundaries
during the time they potentially need them the most. Participants
described feeling unable to step back, which resulted in
obsessively scrolling for hours. This is similar to current
understandings of social media addiction [58], with peer online
forums being alike in characteristics; involving connection,
community, and gaining information [29]. Understandably, this
sensation akin to addiction could be felt more severely by people
with lived experience of PP, who are potentially experiencing
a lack of connection due to sleep deprivation [59] and symptoms
of mania [7].

Conversations regarding professional support took place across
countries and cultures, where participants explained how forums
were helpful to them because they could access them for as long
as was required; in turn, this helped ease the anxiety of being
discharged from professional care. Research has found that
levels of anxiety are often high at discharge from both hospital
and community care [60,61], which could be particularly
relevant within the United Kingdom, where specialist perinatal
support is only provided for the first 2 years following birth
[12], despite symptoms and impacts of PP sometimes continuing
well past this point [62]. This links to Jane’s feelings that the
forum has an overrepresentation of people with lived experience
of PP who have found recovery more challenging, as these users
may have required more support and have therefore continued
to use the forum. However, a related study recently reported
that they did not find engagement with online peer support
forums to be correlated with symptoms or disability [63], which
makes it important to consider why people with lived experience
of PP might continue to use forums.
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The findings of the study showed that many of the participants
felt they engaged in comparisons with other users on the forum.
This can be understood within the context of social comparison
theory [64], which has been found to have a strong presence in
the use of online communities, such as social media [65]. While
upwards comparison has been previously linked with promoting
hope and downwards comparison has been thought to put things
into perspective [66], this study found comparison to also have
potentially detrimental effects. Upwards comparison resulted
in the perception of insufficient recovery, while downwards
comparison resulted in feelings of guilt about being ungrateful,
as their situation could have been worse. It is important to
understand the impact that both types of comparison may have
on users, particularly if using the forum at a more vulnerable
point.

Strengths and Limitations
The use of IPA as a methodology was found to be of value
within this study, allowing the understanding of not only the
commonalities between participants’ lived experiences, but also
divergences from these and an exploration of why these might
occur. In addition, even with a small sample size, there was
diversity in the ethnicity of participants, which contributed to
understanding how culture may impact experiences. Using PPI
within the research was also felt to be a strength, as this added
the perspective and input of people with lived experience of PP,
which allowed adjustments to the research when needed. The
study added to the lack of existing research around PP to help
increase awareness, understanding, and intervention options for
people with lived experience of PP.

This research had some limitations in terms of its design.
Participants in the study were recruited via one peer support
forum for PP, which, although international, was based in the
United Kingdom. Due to the recruitment methods, likely, the
people who saw the flyer were still using forums, which
indicates that they are more likely to have found the forum
helpful or that they still needed support. Therefore, there may
be a demographic of people who are not represented in this
research. Although recruitment was only through one forum,
participants were able to speak about experiences from any
forums they had used for support with PP; however, this was
not recorded. This meant that it is difficult to ascertain whether
particular forums are more helpful than others or what
characteristics of forums are more useful. In addition, all
participants were aged between 31 and 53 years old, and an
additional point made by Florence—that younger generations
tend to find it easier to share online—poses questions around
whether there are age differences related to how people use
forums for support.

Despite recruitment taking place on an international forum,
participants all resided in Western societies. Perinatal support
within these countries can differ greatly from what is offered
elsewhere [52]; therefore, it is important to acknowledge that
these findings may not be generalizable beyond this population.
In addition, it has been recognized and evidenced that those
from the global majority can experience worse outcomes
regarding mental health care [67], maternal support [68,69],
and birthing experiences [70]. Within this research, there are

views offered by 2 participants from a global majority
background and one from a mixed ethnic background; however,
this is a small proportion of the sample, and a more culturally
balanced sample could have been beneficial to ensure a more
comprehensive understanding of experiences.

Finally, the lead researcher of this study had not personally
experienced PP. Within interviews, some participants described
the value of shared experience, in that anyone who has not
experienced PP cannot understand it. This highlights the impact
of the researcher’s understanding and interpretation of the
interviews as someone who has not shared these experiences.
Consequently, the findings of this study may have looked
different had they been analyzed by someone with lived
experience.

Clinical Implications
Following completion of the analysis, several recommendations
were made related to the data.

For forums, trigger warnings and clear titles should be displayed
on posts to ensure that readers are making an informed decision
about what they are about to read. This links to theme 4, which
acknowledged how safeguards against feelings of responsibility
are important, as they help users to maintain appropriate
boundaries and assess their own well-being before accessing
content they might find upsetting.

A key consideration for forums is around representation and
how this is managed within an online environment, as discussed
within theme 4. Experiences related to diversity were central
for the participants from the global majority in this research,
with comments on how those within their families and
communities did not understand, and how they felt shunned.
There was also a reference to how, within the black community,
mental health is not spoken about. This highlights a lack of
spaces that people with lived experience of PP with black
heritage can speak about their experiences. Given this, it might
be helpful for forums to consider specific areas for the global
majority to share their stories and experiences. This is supported
by a recent study that found those from the global majority
believed a space for peer support would help have open
discussions and create a sense of belonging [71].

When considering implications for professionals, it would be
helpful if professionals could signpost to forums where it would
be beneficial for people with lived experience of PP. As noted
in theme 2, forums have the potential to complement
professional support; however, for people with lived experience
of PP to use forums, they need to be aware of their existence.
Signposting has the potential to reduce load on services, which
was described by participants within theme 2 as an extra medium
of support. However, it is also important that professionals
recognize the potential for distress when using forums and help
those they are working with to set boundaries and monitor usage.
This is particularly important for people with lived experience
of PP, who may be in the initial stages or who might be at risk
of relapse.

Within future policies regarding perinatal mental health, it could
be helpful to consider the expansion of peer support roles,
helping people with lived experience of PP to guide while

JMIR Hum Factors 2025 | vol. 12 | e80717 | p.2920https://humanfactors.jmir.org/2025/1/e80717
(page number not for citation purposes)

Williams et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


having services involved that help to safeguard their own
well-being. Theme 1 recognized how people with lived
experience of PP could go many years without connection with
anyone who had also experienced PP and the impact this had
on their feelings of isolation. Although PP peer support roles
do exist, involvement of people with lived experience of PP is
limited; increasing this support could help increase accessibility
and extend it to those who may be less likely to use forums. In
addition, this research has highlighted existing knowledge
around perinatal services often being western-centric in their
approach [72]. It would be helpful for future policy to consider
how to increase cultural competence, to tailor support, and
improve access for communities that may otherwise be
underrepresented within services.

Future Research
In the future, it would be helpful for research to more closely
examine the longer-term impacts of PP. Participants within this
study highlighted how specialist support was withdrawn at a
time when help was still needed. Understanding the continued
needs of people with lived experience of PP post recovery could
help to improve service provision and increase appropriate
signposting. In addition, future research related to the
longer-term impacts of using peer online support forums could
also be beneficial. As forums are a relatively new medium for
support, the lasting impacts of their usage are unknown. As
previously stated, the 2 participants within this study who had

found the forum long after the onset of PP still found it
beneficial. It could be helpful to understand why this might be,
and how long people with lived experience of PP continues to
engage with the forum, to understand what variables are
involved in continued use.

Finally, with a limitation of this research being related to
generalizability across cultures, future research should consider
cultural differences when it comes to peer support for PP. It
would be particularly useful to explore potential barriers to
accessing peer support, representation issues, and how cultural
perspectives of mental health play a role in disclosure and
help-seeking.

Conclusion
This research study demonstrates the impact that online peer
forums can have for people with lived experience of PP ,
recognizing that they help to increase connection, provide unique
support, and play a role in recovery. There are challenges
associated with the use of forums, such as issues with
representation, comparison with others, and a sense of
responsibility for other users. Helpful considerations include
forums introducing spaces for global majority users and
including trigger warnings to help users maintain boundaries.
In addition, it was suggested that increasing professionals’
awareness of forums as a channel of support and assisting people
with lived experience of PP to access these would be beneficial
to both services and service users.
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(JMIR Hum Factors 2025;12:e75812)   doi:10.2196/75812

In “Patient Experiences With a Mobile Self-Care Solution for
Low-Complex Orthopedic Injuries: Mixed Methods Study”
(JMIR Hum Factors 2025;12:e53074) the authors noted one
error.

The ninth author’s name previously appeared as:

Carel Goslings

This has been changed to

J Carel Goslings

The correction will appear in the online version of the paper on
the JMIR Publications website, together with the publication
of this correction notice. Because this was made after submission
to PubMed, PubMed Central, and other full-text repositories,
the corrected article has also been resubmitted to those
repositories.
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In “Requirement Analysis for Data-Driven
Electroencephalography Seizure Monitoring Software to
Enhance Quality and Decision Making in Digital Care Pathways
for Epilepsy: A Feasibility Study from the Perspectives of Health
Care Professionals” [1], the authors made four changes to the
authorship list.

First, Johanna Annunen and Jonna Komulainen-Ebrahim
contributed equally, and have been credited as such with
asterisks in the authorship list.

In addition, the second last and last authors, Minna Isomursu
and Johanna Uusimaa, contributed equally as well. This has

been added to the Acknowledgements section of the paper as
follows:

MI and JU contributed equally to this work.

The affiliation of author JA has been changed from:

3. Oulu University Hospital, University of Oulu, Oulu,
Finland

Author JA is now linked to the following affiliations:

3. University of Oulu, Oulu, Finland

4. Oulu University Hospital, Medical Research
Center, Neurocenter (Member of ERN EpiCARE),
Oulu, Finland
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This has resulted in the renumeration of subsequent affiliations.

The affiliations of authors JA, JKE, MK, and PV have been
changed from:

3. Oulu University Hospital, University of Oulu, Oulu,
Finland

These authors are now linked to the following affiliations:

3. University of Oulu, Oulu, Finland

5. Oulu University Hospital, Oulu, Finland

This has also resulted in the renumeration of subsequent
affiliations.

The correction will appear in the online version of the paper on
the JMIR Publications website, together with the publication
of this correction notice. Because this was made after submission
to PubMed, PubMed Central, and other full-text repositories,
the corrected article has also been resubmitted to those
repositories.
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Abstract

Background: Physiotherapists lack training opportunities for repeated practice of pelvic examinations for the identification of
pelvic floor disorders (PFDs), leading to low confidence in the clinical setting. Pelvic simulators exist and are a valuable supplement
to the medical curriculum, yet none demonstrate pelvic floor muscle (PFM) function or dysfunction. To design effective simulators,
an assessment of end-user requirements is essential.

Objective: This study aimed to elicit physiotherapists’ needs and requirements for a high-fidelity PFM simulator and the
associated use cases.

Methods: This study followed a mixed methods design by collecting qualitative and quantitative data from a web-based survey.
Quantitative data were analyzed using descriptive statistics and differences between demographic groups were calculated using
2-sample Kolmogorov-Smirnov 2-sided tests. Qualitative data were analyzed using thematic analysis.

Results: In total, 66 physiotherapists completed the survey. The most common suggested use cases of the simulator were for
training and professional development (56/66, 84.9%), and patient education (48/66, 72.7%). Pelvic organ prolapse and muscle
tone function and dysfunction were identified as the most useful PFDs for the simulator to demonstrate. Positional tracking and
force sensing were considered important features and there was a preference for a generic over a pathology-specific or
patient-specific simulator. A total of 3 themes emerged through the qualitative analysis: prioritizing patient care; representing
the variability in anatomy and PFDs for simulator realism; and consideration of the implementation, cost, and accessibility of
simulators.

Conclusions: There is value in PFM simulators for physiotherapists for multiple use cases. Design recommendations include
using realistic materials, demonstrating PFM dynamics, modularity to vary the complexity for different end-users, offering a
range of feedback modalities for position and pressure sensing, and ensuring affordability and curriculum integration.

(JMIR Hum Factors 2025;12:e72119)   doi:10.2196/72119

KEYWORDS

pelvic examination; high-fidelity simulation; simulation-based learning; medical education; medical devices; physiotherapy

Introduction

Background
Over 60% of people with female-at-birth anatomy experience
symptoms of pelvic floor disorders (PFDs) [1] such as
incontinence, pelvic organ prolapse (POP) and pelvic pain. In
the first course of treatment for PFD symptoms, it is
recommended to contact a physiotherapist who will perform a
pelvic examination to assess the pelvic floor musculature [2].
Most physiotherapists learn examination skills through peer
practice which provides a way to teach ethical consent and
allows students to practice their skills on each other’s bodies
before a patient [3]. However, peers may not present with any
PFDs and the idea of being examined by a peer can be

uncomfortable for some who if they choose to opt out, miss this
opportunity to develop their clinical skills. As a result, it is
difficult to gain experience diagnosing and assessing the
numerous PFDs.

Physical simulators play a valuable role in supporting obstetrics
and gynecology education and training, from offering
visualization of anatomy to refining examination skills through
repeated practice [4]. While a range of pelvic simulators are on
the market, none represent the dynamics of the pelvic floor
muscles (PFMs) to the degree of fidelity required to transfer
knowledge and skills from the classroom to the clinic.

In a systematic review of simulation training for pelvic
examination, simulation-enhanced education was found to
improve students’ technical skills, comfort and communication
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with the patient. However, where offered, the most effective
training method is by Gynecological Teaching Associates
(GTAs) or standardized patients, volunteers with whom students
can practice hands-on examination techniques [5]. As
supplements to the medical curriculum, simulation-based
teaching has proven effective in improving technical and
communication skills for physiotherapists specifically [6].
Simulators can uniquely offer the opportunity for repeated
practice and incorporate necessary proprioceptive, visual and
tactile feedback to enhance the practitioner’s motor control
without risk of harm to patients, GTAs or standardized patients
[7].

In simulation, (engineering) fidelity is defined as the extent to
which the appearance and behavior of a simulator resembles
reality, whereas realism, or psychological fidelity, refers to the
authenticity of the scenario in which the simulator is used [7,8].
More recently, fidelity in simulation-based education has been
subdivided into the following four elements [8]: (1)
environmental element - the training facility and equipment
used. (2) Patient element - the virtual reality, full body or
part-task trainer used to represent the patient. (3) Semantical
element - the scenario in which the simulator is used and the
associated intention for the user. And (4) phenomenal element
- the engagement of the user through their emotional and
cognitive experiences while involved in the simulation activity.

It is commonly agreed that the levels of fidelity and realism of
a simulator are dependent on the skills it is being used to teach,
and for whom it is intended [4,7-9]. Accordingly, the first stage
to developing simulators is identifying the skill or procedure
that must be learned or demonstrated [7,9,10]. Engaging with
end-users is the only reliable way to ascertain these skills and
subsequently, the relevant design requirements needed to teach
them [9,11].

Most commercial pelvic simulators focus on childbirth, pelvic
examination and surgical skills [12]. To the authors’knowledge
and at the time of writing, no commercial simulator
demonstrates any PFD or even the difference between increased,
normal and reduced muscle tone. Decreased or reduced tone
and incorrect functioning of the PFMs are some of the main
causes of PFDs [13].

Previous Work
Although simulators for certain PFDs have been explored in
the research literature, their fidelity and validity vary. In
addition, it is rare to describe the design requirements or user
needs which would support the future of simulation-based
education in pelvic health care. In one of the few simulators
designed to mimic the PFM activity for practicing digital
examination, Saleme et al [14] modelled the levator ani by 5
springs attached at the relevant points on a resin bony pelvis
model. The modified Oxford scale was simulated by varying
the spring tension and a physiotherapist identified most
differences between the scale points by digitally palpating a
specified site between the springs [14]. While this simulator
was shown to be a complementary tool to the curriculum, its
fidelity was limited by the use of nonrealistic materials. These
examples show that both high- and low-fidelity simulation can
be effective in medical education, especially for visualizing the

3-dimensionality and dynamics of PFM function and for
building confidence before examining patients.

A dynamic and high-fidelity POP simulator was shown to
significantly improve the understanding and confidence in
performing the pelvic organ prolapse quantification (POP-Q)
examination [15]. This simulator was designed such that a user
can manually invert a silicone vaginal canal to different extents
and angles to simulate anterior, posterior, and apical prolapse.
Although medical students and residents at all levels of training
were included in this study, responses from all participants’
pre- and post-tests were averaged. In another study it was shown
that medical students preferred a low-fidelity sock and tube
model in their first and second years of residency compared to
third and fourth-year residents who had neutral attitudes toward
the utility of the model and preferred conventional learning
modalities [16]. In an attempt to make what can often be an
awkward part of medical training more lighthearted, a Santa
Claus hat was used in another study to visualize and simulate
POP-Q but the model itself was not evaluated with any
meaningful metrics [17]. Through a robust Delphi study, Meyer
et al [18] developed a list of criteria for a 3D pelvic model for
anatomy and physiology education. While a range of experts
from different disciplines were consulted and the methodology
was validated rigorously, no physiotherapists were included in
the study, the model in question was computer-based and was
neither intended for clinical examination nor to have dynamic
features. Physical 3D pelvic models and simulators described
in the literature tend to be co-designed by medical professionals
working in pelvic health [19-22] which may indicate why no
user requirements have been published previously. In the
evaluation of the 3D-printed model by Kiesel et al [23], medical
students reported that the option to remove parts of the anatomy
and parts being printed in different colors was helpful for their
understanding of the anatomy. Students also found it useful to
be able to angle the model in upright and tilted positions and
would approve of models that simulate certain medical
conditions and operations.

Although the aforementioned examples show positive efforts
toward the use of simulation for teaching pelvic examination
skills, they highlight the need for more advanced methods,
incorporating higher levels of fidelity for more effective training
as seen in numerous soft robotic organ models in the literature
[24]. This need is even more pronounced considering that
veterinary students practice palpation and even the assessment
of pain symptoms in the pelvic region of cows and horses using
simulators enhanced with haptic feedback [25,26] whereas
pelvic physiotherapy training for humans with female-at-birth
anatomy continues to rely on peer examination.

The research in this area shows an appetite for high-fidelity
simulation training in the gynecological curriculum with a lack
of investigation into the specific needs of physiotherapists who
are one of the main treatment providers for people with PFDs.

Aims of This Study
In this study, we aimed to explore physiotherapists’perceptions
of the value, requirements and potential use cases of a
high-fidelity PFM simulator for female-at-birth anatomy.
Through a mixed methods survey, we sought to elicit the design
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recommendations for such a simulator and gain a deeper
understanding of the motives behind these preferences.

Methods

Survey Development
We took a mixed methods approach by collecting qualitative
and quantitative data through an internet-based survey. The
quantitative component, which comprised the majority of the
survey, informed the preferences of certain features and
functionalities of the simulator. The qualitative component was
intended to gather a deeper understanding of how a simulator
can be integrated into pelvic health education and research,
along with the associated challenges.

The survey consisted of 10 closed-ended (quantitative) and 3
open-ended (qualitative) questions. The complete questionnaire
is shown in Multimedia Appendix 1. Up to 3 additional
open-ended questions were asked to respondents who selected
certain choices from three of the closed ended questions to better
understand their choices. Respondents had the opportunity to
add any further comments at the end of the questionnaire and
provide a contact email if they wished to be contacted for an
informal follow-up interview. Questions on professional
experience and demographics were asked at the beginning and
end of the survey, respectively.

Closed-ended questions formed the quantitative component of
the survey and concerned the features of the simulator. These
questions were formulated after exploring state-of-the-art
commercial (Clinical Female Pelvic Trainer; Limbs and Things,
Bristol, and United Kingdom) and research-based [15,20,27]
simulators. We compiled potential use cases, target anatomy,
and any additional features into multichoice, ranking and rating
scale questions.

The rating scale questions varied from 3- to 5-point scales to
reduce the chance of respondents becoming fatigued which can
discourage survey completion and result in satisfyingbehavior
[28]. The number of scale points was chosen depending on the
most appropriate level of granularity for each item that would
provide a meaningful understanding of the respondents’opinions
[28]. Where relevant, closed-ended questions included optional
free text if respondents felt that their attitude or opinion was
not offered in the choice options.

Open-ended questions were designed to understand the reasons
behind some selected choices of closed-ended questions and to
prompt respondents to reflect on their training and development
as well as the challenges they face in diagnosing and treating
patients’ conditions.

As this study aimed to understand the values and preferences
of potential users of a pelvic simulator rather than their views
of a specific simulator, no proposed solution was provided to
avoid influencing respondents’answers. Respondents were only
informed that the simulator could be used for medical training,
patient education and medical device testing.

The survey was pretested before dissemination by 1
urogynecologist, 1 pelvic medical device engineer, 1 junior
doctor, and 2 researcher engineers. The pretesters were asked

to provide feedback on the usability of the survey and its
presentation, the clarity of the questions, and how long it took
to complete. No suggestions were made on the content of the
questions. The resulting feedback regarding the usability and
readability of the survey was implemented accordingly. The
responses from the pretest were not included in the study results.

Ethical Considerations
Ethics approval was granted by the University of Bristol’s
Faculty of Engineering Research Ethics Committee (reference
number 13989). Respondents were required to complete the
inbuilt consent form to take part in the survey. Respondents
could withdraw their data from the study within 4 weeks of
taking part, but none chose to do so. There was no financial
compensation offered for taking part in the survey. Any
identifyable data were stored separately from the analyzed data
on an encrypted hard drive which only the main researcher had
access to.

Recruitment and Data Collection
The survey was originally designed for and advertised to
professionals working in different areas of pelvic health. As a
result, recruitment emails were sent to 2 professional networks
of pelvic health practitioners for distribution among their
members: the British Society of Urogynaecology [29] and Pelvic
Obstetric and Gynaecological Physiotherapy [30]. Individual
recruitment emails were sent to pelvic health practitioners with
experience in medical education who were identified through
their affiliated university profiles and organizations such as
Lead Midwives for Education [31]. Pelvic floor medical device
engineers and designers were recruited through their companies.
Although the recruitment emails were targeted at United
Kingdom—based professionals, those working abroad whether
they had relocated or been forwarded the email by a colleague
in the United Kingdom, were also encouraged to participate in
the survey.

The recruitment email briefly explained the purpose of the study,
signposted recipients to an attached 2-page document for further
information and encouraged them to ask any questions relating
to the study. Recipients were invited to complete the
internet-based survey by following a URL link and were
encouraged to forward the email to colleagues working in pelvic
health.

The survey was hosted on Qualtrics (Qualtrics International
Inc) and was available for completion for 3 months between
May and August 2023 and for an additional month between
March and April 2024. Respondents were advised that the
survey should take roughly 10 minutes to complete and were
notified that once the survey was begun, they would be able to
return to it to complete at a later time if convenient.

Data Analysis
Identifiable information such as email addresses, if provided,
was removed before analyzing the data. Data from respondents
who did not fully complete the survey were not included in the
analysis and responses were excluded where there were fewer
than 10 respondents from a given profession to ensure
statistically meaningful results. Quantitative data were analyzed
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in Python (Python Software Foundation) using descriptive
statistics such as the mean and SD. For rating scale data, the
scales were mapped to a numerical scale: for example, not
important=1, moderately important=2, and very important=3
to calculate the variables. Differences in results based on
demographic groups were identified using 2 sample
Kolmogorov-Smirnov 2-sided tests. Qualitative analysis was
conducted in NVivo software (Lumivero) using thematic
analysis [32]. Using this method, the principal researcher (YZ)
identified themes after familiarization and initial coding of the
responses to the open-ended questions. The themes were then
refined by 2 researchers (YZ and AT) and codes were grouped
into concepts relating to the themes.

Results

Demographic Data
In total, 146 people initiated the survey, and 85 surveys were
fully completed, 66 of which were by physiotherapists. There

were less than 10 respondents from other pelvic health
professions which were excluded to focus on one core group’s
needs and requirements. At the time of survey dissemination,
there were 1219 active members of the Pelvic Obstetric and
Gynaecological Physiotherapy who would have received the
recruitment email which indicates a 5% response rate. With a
90% CI and 10% margin of error, an ideal sample size for a
population of 1219 is 65 people [33].

Table 1 presents the demographic composition of the
respondents included in the analysis. Most respondents were
female (61/66, 92%), between 45 and 54 years of age (21/66,
32%), with more than 10 years of professional experience
(44/66, 67%) working in the United Kingdom (62/66, 94%).
Although an additional open ended demographic question on
ethnicity was asked, we have not included the responses as the
types of answers were too varied (eg, some answered based on
ethnicity and others on ethnic category).

Table . Respondent demographics (n=66).

Values, n (%)Demographics

Professional experience (years)

8 (12.1)Less than 5

14 (21.2)5‐10

44 (66.7)More than 10

Country of practice

62 (93.9)United Kingdom

1 (1.5)Hong Kong

1 (1.5)Australia

1 (1.5)Prefer not to say

Sex

61 (92.4)Female

1 (1.5)Male

4 (6.1)Prefer not to say

Age range (years)

5 (7.6)25‐34

20 (30.3)35‐44

21 (31.8)45‐54

17 (25.8)55‐64

2 (3)65‐74

Quantitative Results

Use Cases
Respondents were asked how they see themselves using a pelvic
floor simulator in their practice. The most common use case is
for training and professional development (n=56), followed by
educating patients (n=48) and practicing examinations (n=44).
Less common use cases of the simulator include as a research
tool (n=16) and for medical device testing (n=11). Although 1
respondent said that they would not use a simulator, due to not

seeing it as useful at the current stage of their career (specialist
pelvic health physiotherapist), they added that it could be helpful
for patient education. There was no significant difference
between the respondents’ choices of use case and their
professional experience (P>.49).

Simulator Features
Respondents considered the PFMs, bony pelvis, pelvic organs
(excluding the ovaries and fallopian tubes), nerves, and
ligaments to be the most important anatomical structures to
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include in a simulator. Figure 1 illustrates the mean Likert rating
of each structure alongside the raw data.

Out of the 6 presented options for functions and dysfunctions
for the simulator to demonstrate, all were considered to be very
or moderately useful. Table 2 presents the overall mean and SD
between all respondents. Prolapse and muscle tone had the
highest mean scores of 3 and 2.95, respectively. There was no
significant difference between the respondents’ considered
utility of the functions and their professional experience (P>.34).

Respondents were asked whether it would be useful for a
simulator to be compatible with imaging modalities such as
ultrasound. This feature could enable users to practice probe
positioning and diagnostic skills. Table 3 shows that
compatibility of the simulator with medical imaging is not of
strong importance. On average, all modalities scored between
1: not at all useful and 2: moderately useful.

Figure 2 illustrates the preference for a generic over a
case-specific (pathology) or patient-specific simulator: a generic
simulator was the most preferred (39/66, 59%) and a

patient-specific simulator was the least preferred (35/66, 53%).
Where respondents ranked the options equally, their preferences
were counted for each option.

The preference between auditory, tactile or visual feedback
modalities varied, as seen in Figure 3. Overall, visual feedback
was most preferred (mean score 4.2, SD 3.8) and acoustic
feedback was the least preferred (mean score 2.95, SD 2.8).
There was no significant difference between respondents’
feedback preferences and their years of professional experience
(P>.27) nor their age (P>.35).

Table 4 summarizes respondents’ preferences toward the
modularity and sensing capabilities in a pelvic floor simulator
as well as the term used to describe it. 54 respondents (54/66,
82%) agreed that there was some value in the simulator being
modular, that is, for parts to be removable. In total, 82% (55/66)
of respondents considered both the position and the pressure of
a user’s interaction to be useful feedback through sensors
embedded in a simulator. Overall, respondents preferred the
term ‘simulator’ (43/66, 64.2%) over model, phantom or
manikin.

Figure 1. Rated level of importance of anatomical structures to be included in the simulator. PFM: pelvic floor muscle.

Table . Utility of functions and dysfunctions to be demonstrated.a

Values, mean (SD)Function or Dysfunction

3 (0)Prolapse

2.95 (0.21)Muscle tonicity

2.94 (0.24)Intraabdominal pressure

2.9 (0.48)Breath

2.82 (0.39)Stiffness

2.75 (0.43)Posture or gait

aResponses were on a 3-point Likert scale (1=not useful at all; 2=moderately useful; and 3=very useful).
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Table . Importance of imaging compatibility.a

Mean (SD)Imaging modality

1.3 (0.58)Magnetic resonance imaging

1.27 (0.54)Computed tomography

1.24 (0.55)Fluoroscopy

1.89 (0.76)Ultrasound

aResponses were on a 3-point Likert scale (1=not useful at all; 2=moderately useful; and 3=very useful).

Figure 2. Stated preference for the specificity of the simulator.
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Figure 3. Preference for feedback modalities of the simulator’s sensors.

Table . Respondents’ attitudes toward modularity, sensing, and terminology preferences for PFM simulators.

Values, n (%)Questions and answers

How important is it for the pelvic floor simulator to be modular?

12 (18.2)Not at all important

29 (43.9)Moderately important

25 (37.9)Very important

What information from sensors would be useful to provide?

1 (1.5)Unsure

2 (3)Positional tracking

8 (11.9)Pressure applied

55 (82.1)Position and Pressure

Which term do you prefer to describe a pelvic floor simulator?

43 (64.2)Simulator

22 (32.8)Model

0 (0)Phantom

Qualitative Results

Overview
The most common areas where better training needs were
identified were the assessment of muscle tone (normal
contractions, hypertonicity, and tone variation) (n=27) and POP
(n=22). The need for better vaginal (n=11) and rectal (n=10)
examination training was also identified, as was the need for
anatomical mapping skills (n=4), that is, feedback on which
muscle is palpated internally. Other areas include levator ani
avulsion (n=6), vulvodynia (n=4), dyssynergy (n=3), pessary
fitting (n=3), vaginismus (n=3), and nerve dysfunction (n=3).
In total, 7 respondents felt that there were no areas where better
training was needed.

Table 5 presents the most common training needs with respect
to the respondents’ years of professional experience. For
example, 62.5% (5/8) of physiotherapists with less than 5 years
of experience reported a need for better training in identifying
and assessing POP. This was almost triple that of
physiotherapists with over 10 years of experience (10/44,
22.7%). Although only 8 respondents had less than 5 years of
experience, better training for pelvic examination (rectal and
vaginal) and anatomy mapping skills were not mentioned by
them.

Three main themes emerged from the thematic analysis of the
open-ended questions, summarized in the following sections.
The themes, subthemes and a subset of the respondents’ quotes
are shown in Table 6. In the optional further comments, 9
respondents expressed positive sentiments and excitement
regarding a dynamic pelvic floor simulator as a potential
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outcome of this research. A total of 13 respondents expressed
concern over a potential simulator, however these were mainly

to do with the cost and implementation and are included in the
analysis in Section 3.3.4.

Table . The most common areas where needs for better training were identified per physiotherapists’’ years of professional experience.

>10 years, n (%)5‐10 years, n (%)<5 years, n (%)Training needs

6 (14)—a1 (13)None

15 (34)9 (64)3 (38)Tone variation

10 (23)7 (50)5 (63)Prolapse

9 (21)2 (14)—Vaginal examination

8 (18)2 (14)—Rectal examination

4 (9)1 (13)1 (13)Levator Ani avulsion

2 (5)2 (14)—Anatomy mapping

aNot available
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Table . Emergent themes with a subset of the respondents’ quotes from thematic analysis of the open-ended questions.

QuotesThemes and subthemes

Prioritizing patient care

Simulators can reduce the burden on patients of learning ‘on-the-job’ • “There could be better ways [than peer practice], as colleagues might
not have dysfunctions, so one ultimately needs to learn often about
those ‘on the job’”

• “[We need better training for] More simulated examples of what
might be a cause for concern. I found it difficult in the beginning to
identify prolapse.”

• “[We need better training for] Correct pelvic floor contraction (have
to feel a lot before you work out what is normal).”

Simulators have value in medical training and for patient education • “I think this is a wonderful development for pelvic health training
and development”

• “I am excited at the prospect of having access to a pelvic floor simu-
lator”

Patient communication is as important as practical examination skills • “I learn as much from listening to my patients as the physical exam-
ination but I don’t think this aspect [of] treating someone is very well
explored in many pelvic health education courses.”

• “[We need better training for treating] Neurodiverse people with po-
tential differing requirements regarding treatment. This could be re-
lated to communication style, or environmental or anatomical sensi-
tivities, which can (should) impact how treatment is performed.”

• “[We need better training for] Supporting people with learning diffi-
culties or physical disabilities in fulfilling the potential for safe
physical relationships.”

• “[We need better training for] Transgender people and how physio-
therapists and other health care professionals can support their journey
better.”

Simulators as supplements, not replacements to human models • “Pelvic floor muscle function assessment techniques need human
volunteers for learning and practice”

• “Other online courses are available but in my experience are not as
beneficial as practicing on a live model.”

Representing the variability in anatomy and PFDsa characterizes simulator realism

Need for simulators that are representative of anatomical variation and
properties

• “[We need better training for] Variations on ‘normal’”
• “[We need] More examples of anatomical differences”
• “[We need] More lifelike pelvic floor models. That show that tension

in pelvic floor”
• “[We need] A dynamic pelvic floor muscle assessment model for

both Vaginal and Anorectal assessment of the pelvic floor muscle
function - ideally includes superficial and deep muscle activity”

Requirements of the simulator depend on the use case and user • “I don’t really need to know about the vasculature for my examina-
tions”

• “A simple model would be better for teaching professionals new to
the area of pelvic health. A more detailed model for more advanced
practice or teaching.”

• “Patients wouldn’t be likely to need to see arteries/ venous vessels
or lymph nodes”

Importance of implementation, cost and accessibility in the design of simulators

Doubt in technological capability • “[I’m] unsure if any model could do this, for example, exam for
prolapses”

• “There are no simulators or models that can mimic the dynamic pa-
rameters that are tested by physiotherapist via vaginal or anorectal
examination.”

Practical importance of integration with health services • “cleaning accessibility [should be considered].”
• “As I work in the NHSb I am just mindful of getting the simulator to

work alongside current IT systems”
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QuotesThemes and subthemes

• “It sounds ideal for teaching! However cost will be a big factor for
NHS staff or departments”

• “Important it is not too complex and expensive so that it isn’t out of
reach for physios to purchase. Yet sounds amazing if it can fulfill the
previous suggestions”

• “It’s likely to be far too expensive for an NHS physiotherapy depart-
ment to buy’'

Simulator features depend on affordability

aPFDs: pelvic floor disorders.
bNHS: National Health Service.

Prioritizing Patient Care
Value was found in high-fidelity PFM simulators both for
medical students’practice and for communicating with patients.
Respondents reported that peer practice was the most common
modality for practical training. However, as fellow colleagues
may not present any of the variety of PFDs, respondents reported
that diagnosing PFDs is learned “on-the-job” at the start of their
careers. Although several respondents considered peer practice
or using human volunteers as the best way to learn, respondents
also indicated that an alternative option such as a simulator
would be favorable.

The importance of communication skills was highlighted as
much as the examination skills in treating a patient. Respondents
mentioned difficulty communicating with patients or adapting
to potentially differing needs of neurodivergent patients. While
a simulator may not always be the answer in the context of
improving patient communication, it may be useful as a tangible
tool for some of the areas where respondents reported difficulties
in their practice. For example, challenges in supporting
differently abled patients in fulfilling safe physical relationships
and considering sensitivities in examining survivors of sexual
abuse or trauma. A simulator may assist a practitioner as a
demonstrative tool in communicating with such patients.

Representing the Variability in Anatomy and PFDs for
Simulator Realism
The use of simulators was the second most common practical
training modality reported. However, respondents recognized
that existing simulators lack realism. Specifically, pelvic models
with no tension in the pelvic floor.

The anatomical structures to be included in a simulator were
reported to vary depending on user and use case. This agrees
with the aforementioned commonly shared opinion that the
appropriate level fidelity is contingent on the type of task it is
used for and the expertise of the user [4,7,8]. For example, if
used to demonstrate the symptoms of a condition to patients, it
would not need the lymph nodes, whereas these are important
anatomical structures for oncologists. However, the same
requirements were not shared by all respondents. Some
considered vasculature to be important for patients, and others
did not consider it to be relevant. Overall, respondents suggested
that there should be less detail if the simulator is used to educate
patients than if it is used for health care professionals. Some
respondents thought no changes would be needed, while some
considered this to be on a case-by-case basis.

Consideration of Implementation, Cost, and Accessibility
of Simulators
The affordability of a simulator that could offer some of the
features included in the survey was a shared concern amongst
respondents, specifically for the United Kingdom’s National
Health Service (NHS) departments. The challenge of logistical
integration within the NHS computer systems was also noted.
For example, if the simulator needed to be plugged in to a
computer to provide visual feedback on a screen. Although no
specific simulator was proposed in his study, 2 respondents had
low faith that any simulator or model could offer some of the
features mentioned.

Design Requirements
In total, 6 recommendations for the design of future pelvic floor
simulators have been formulated as a result of the survey
findings and are displayed in Table 7.
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Table . Design recommendations elicited from survey responses.

ExplanationDesign recommendation

Materials with similar properties to human muscle and skin, such as sili-
cone should be used to provide a high level of fidelity.

Realistic materials

A simulator should at least demonstrate increased, normal and reduced

PFMa tone for example, with a material that has stiffness-changing prop-
erties which users can apply resistance as if assessing actual muscle tone.
This would also allow medical devices such as PFM trainers to be evalu-
ated for their ability to differentiate between increased, normal or reduced
tone.

Demonstrates prolapse and muscle tone

A simulator should comprise adaptable anatomical complexity for patients
and professionals with different experience levels

Modular in design

The palpation location should be tracked, and forces applied should be
measured, both to be displayed and fed back to the user

Position and pressure sensing

Feedback modalities should be customizable according to preference.
Feedback would be useful for supervisors or teachers and observers to
better understand (ie, see and hear) the interactions between the simulator
and the user, who would be the only one receiving tactile feedback.

Range of feedback modalities

A simulator should be affordable and be designed in line with the relevant
curriculum to maximize the number of people able to access it.

Affordable and accessible

aPFM: pelvic floor muscle.

Discussion

Principal Findings
The results from our survey agreed with and built on previous
research on the design and use of 3D pelvic simulators and
models. All but one of the respondents reported that they would
use a pelvic floor simulator for at least one use case. In addition,
respondents held strong value in the simulator as a tool for
demonstrating pelvic floor function and dysfunction which
supports the existing literature [15,21,23].

The anatomical structures rated of high importance, illustrated
in Figure 1, confirm those found by Meyer et al [18], namely,
the bones, muscles, organs, and nerves. However, the experts
consulted in their Delphi study considered some ligaments to
be unimportant to include, and ovaries and veins as important,
with the opposite being the case in our results. This discrepancy
may be explained by the difference in health care professionals
consulted in their study (basic scientist, obstetrics and
gynecology clinician, and urologist). For example, ovaries are
not always easy to palpate in a pelvic examination if a patient
is overweight or unless there is a cyst or dysfunction [34]. As
a result, the inclusion of ovaries may be of less importance to
physiotherapists in the context of skill-based training than would
be the case for gynecologists who would need to refer to these
structures in surgical training [35]. Commercial pelvic
simulators demonstrate this distinction, for example, the surgical
[36] simulator from limbs and things includes the ovaries
whereas the clinical simulator [37] does not.

As aforementioned, the level of fidelity depends on the skills
being taught and the intended users [4,7,8]. High-fidelity
simulation is often associated with high cognitive load and may
be better suited for more experienced trainees or continuing
professional development. This was echoed in our results
whereby respondents suggested the simulator would need

different levels of complexity depending on the user and
considered modularity as a useful feature, which lead to
including modularity as a design recommendation. Removing
certain anatomical structures through a modular function has
also been suggested in the evaluation of a virtual PFM anatomy
simulator [38].

Learning from GTAs or through peer practice is considered the
best form of training for learning and practicing the pelvic
examination [39,40]. Training with GTAs has been shown to
improve confidence and decrease anxiety for performing
examinations in clinical settings [41], as has training with
simulators [42]. Respondents mirrored this whereby it was
reported that although peer-practice provides the most realism,
an alternative would be beneficial. Pelvic simulators can be
integrated into the curriculum alongside GTAs or peer practice,
providing a supplementary tool that can offer repeated practice
while reducing both the risk of causing harm to a peer or GTA
and medical students’ fear of causing it [43,44]. This evidence
supports the design recommendation of using realistic materials
and materials with smart properties to provide higher fidelity.

Feedback in medical simulators has been identified as one of
their most valuable features [45,46]. Similar to the feedback
that would be received through GTA or peer practice, feedback
from sensors embedded in simulators can provide the
information required to conduct the examination effectively.
Figure 3 shows that the preferred modes of feedback from
sensors were foremost through a visual display and second, by
a tactile vibration or applied pressure which have been
previously reported as the 2 commonly preferred modalities of
urologists [47]. In physical examinations, physiotherapists rely
on a combination of tactile, visual, and acoustic information.
For internal examinations, tactile feedback would be the most
realistic to integrate into a simulator as visual and acoustic cues
would be more indicative of a patient’s facial and uttered
expressions to signal discomfort [48]. While the use of feedback
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is included as a design recommendation, it would be important
to consult with end-users during the design process to optimize
how this feature is integrated. Without mentioning the price of
a potential simulator in the survey itself, several respondents
expressed concern over the cost and resulting lack of
accessibility or included functionalities. Given that most
respondents were working in the United Kingdom at the time
of participating in the survey, there was specific mention of
NHS departments being unable to afford a simulator that offered
such features. It may be that some of the questions were
answered with this consideration in mind. However, a study of
over 400 final year medical students in the United Kingdom
found that simulator-based teaching is less expensive per student
for pelvic examination training than GTA-led teaching [49].

Certain features, such as sensors which were of interest to users,
may increase the cost of a simulator beyond budget constraints
despite being included as a design recommendation. Through
careful design and consultation with end-users, a balance can
be struck between cost and fidelity, ensuring the simulator
provides high-quality, curriculum-relevant training while
remaining affordable and accessible.

As a tool for patient education, the use of 3D models has proven
efficacy in enhancing communication with patients [50],
ensuring young patients’ parents understand their conditions
[51,52], and improving the attitudes toward pelvic examination
by teaching nonmedical professionals how to perform the
examination [53]. The survey results indicated that patient
education was the second most popular use case of a pelvic
floor simulator, with respondents highlighting several ways in
which it could be used to assist in specific conditions. At later

design stages, it would be beneficial to include patients in the
design process as potential end-users themselves.

Limitations and Further Work
Further work should explore other pelvic health experts’
opinions in equal detail and widen the participation to other
countries as well as to patients with PFDs, who could also be
users of such a simulator. For simplicity, anatomical structures
were grouped to reduce the length of the survey. In the design
stages of a given simulator, the importance of including some
individual anatomical structures should be considered. For
example, the pudendal and sciatic nerves are important structures
that can cause pelvic pain when damaged whereas smaller, less
significant nerves may be less relevant for a given use-case.

Conclusions
Our study highlighted the value of dynamic and high-fidelity
pelvic floor simulators for pelvic health physiotherapists in their
own education and as a tool to aid communication with their
patients. The primary outcome was 6 recommendations for the
design of future dynamic pelvic floor simulators, specifically
for physiotherapists needs. Our findings revealed that while
there is a strong need for educational tools to supplement the
pelvic health curriculum, the cost of such innovations is an
important factor that needs to be considered to ensure they are
accessible to those who can benefit from them.

This contribution provides pelvic simulator designers with the
knowledge of the needs and concerns of a crucial target user
group which can better inform their product development. The
importance of end-user involvement at each stage of the design
process is paramount to ensuring such tools will serve the
community of pelvic physiotherapists and their patients.

 

Acknowledgments
The authors would like to thank the respondents for their time and contributions to the study. This research was funded by the
EPSRC Centre for Doctoral Training in Future Autonomous and Robotic Systems - FARSCOPE (grant number EP/L015293/1).

Conflicts of Interest
None declared.

Multimedia Appendix 1
Questionnaire questions and answer formats.
[DOCX File, 262 KB - humanfactors_v12i1e72119_app1.docx ]

References
1. RCOG calling for action to reduce number of women living with poor pelvic floor health. 2023. URL: https://www.

rcog.org.uk/news/rcog-calling-for-action-to-reduce-number-of-women-living-with-poor-pelvic-floor-health [accessed
2025-05-09]

2. National Institute for Health and Care Excellence. Urinary incontinence and pelvic organ prolapse in women: management
[NICE guideline no. 123]. 2019. URL: https://www.nice.org.uk/guidance/ng123 [accessed 2025-05-07]

3. Delany C, Frawley H. A process of informed consent for student learning through peer physical examination in pelvic floor
physiotherapy practice. Physiotherapy 2012 Mar;98(1):33-39. [doi: 10.1016/j.physio.2011.04.347] [Medline: 22265383]

4. Gardner R. Simulation and simulator technology in obstetrics: past, present and future. Expert Rev Obstet Gynecol 2007
Nov;2(6):775-790. [doi: 10.1586/17474108.2.6.775]

5. Le Lous M, Dion L, Le Ray C. Simulation training for pelvic examination: a systematic review. J Gynecol Obstet Hum
Reprod 2023 Dec;52(10):102666. [doi: 10.1016/j.jogoh.2023.102666] [Medline: 37739264]

JMIR Hum Factors 2025 | vol. 12 | e72119 | p.2940https://humanfactors.jmir.org/2025/1/e72119
(page number not for citation purposes)

Zekaria et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e72119_app1.docx&filename=10a402e1-31ae-11f0-964f-f9816baf06ca.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e72119_app1.docx&filename=10a402e1-31ae-11f0-964f-f9816baf06ca.docx
https://www.rcog.org.uk/news/rcog-calling-for-action-to-reduce-number-of-women-living-with-poor-pelvic-floor-health
https://www.rcog.org.uk/news/rcog-calling-for-action-to-reduce-number-of-women-living-with-poor-pelvic-floor-health
https://www.nice.org.uk/guidance/ng123
http://dx.doi.org/10.1016/j.physio.2011.04.347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22265383&dopt=Abstract
http://dx.doi.org/10.1586/17474108.2.6.775
http://dx.doi.org/10.1016/j.jogoh.2023.102666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37739264&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Blackstock FC, Jull GA. High-fidelity patient simulation in physiotherapy education. Aust J Physiother 2007;53(1):3-5.
[doi: 10.1016/s0004-9514(07)70056-9] [Medline: 17326733]

7. Maran NJ, Glavin RJ. Low- to high-fidelity simulation - a continuum of medical education? Med Educ 2003 Nov;37 Suppl
1:22-28. [doi: 10.1046/j.1365-2923.37.s1.9.x] [Medline: 14641635]

8. Alinier G, Oriot D. Simulation-based education: deceiving learners with good intent. Adv Simul (Lond) 2022 Mar 18;7(1):8.
[doi: 10.1186/s41077-022-00206-3] [Medline: 35303963]

9. Scerbo MW, Murray WB, Alinier G, et al. A path to better healthcare simulation systems: leveraging the integrated systems
design approach. Simul Healthc 2011 Aug;6 Suppl(7):S20-S23. [doi: 10.1097/SIH.0b013e318227cf41] [Medline: 21817859]

10. Gent D, Kainth R. Simulation-based procedure training (SBPT) in rarely performed procedures: a blueprint for
theory-informed design considerations. Adv Simul (Lond) 2022 May 8;7(1):13. [doi: 10.1186/s41077-022-00205-4]
[Medline: 35527267]

11. Groeneveld B, Dekkers T, Boon B, D’Olivo P. Challenges for design researchers in healthcare. Design Health 2018 Jul
3;2(2):305-326. [doi: 10.1080/24735132.2018.1541699]

12. Gardner R, Raemer DB. Simulation in obstetrics and gynecology. Obstet Gynecol Clin North Am 2008 Mar;35(1):97-127.
[doi: 10.1016/j.ogc.2007.12.008] [Medline: 18319131]

13. Salvador JC, Coutinho MP, Venâncio JM, Viamonte B. Dynamic magnetic resonance imaging of the female pelvic floor-a
pictorial review. Insights Imaging 2019 Jan 28;10(1):4. [doi: 10.1186/s13244-019-0687-9] [Medline: 30689115]

14. Saleme CS, Rocha DN, Vecchio SD, Barbosa MP. Simulador mecânico para o levantador do ânus [Article in Spanish].
RBEB 2009;25(2):83-87. [doi: 10.4322/rbeb.2012.068]

15. Goodwin AI, Trahan SC, Neuwirth AE, et al. Dynamic, high-fidelity, 3-dimensional pelvic model improves education on
pelvic organ prolapse and the pelvic organ prolapse quantification system and interest in urogynecology. Urogynecology
(Phila) 2023 Feb 1;29(2):218-224. [doi: 10.1097/SPV.0000000000001329] [Medline: 36735437]

16. Parnell BA, Dunivan GC, Geller EJ, Connolly A. A novel approach to teaching the pelvic organ prolapse quantification
(POP-Q) exam. Int Urogynecol J 2011 Mar;22(3):367-370. [doi: 10.1007/s00192-010-1299-6] [Medline: 20960151]

17. Geiss IM, Riss PA, Hanzal E, Dungl A. A simple teaching tool for training the pelvic organ prolapse quantification system.
Int Urogynecol J 2007 Jul 26;18(9):1003-1005. [doi: 10.1007/s00192-006-0276-6]

18. Meyer ER, James AM, Cui D. Hips don’t lie: expert opinions guide the validation of a virtual 3D pelvis model for use in
anatomy education and medical training. HAPS ED 2018;22(2):105-118. [doi: 10.21692/haps.2018.023]

19. Pugh CM, Youngblood P. Development and validation of assessment measures for a newly developed physical examination
simulator. J Am Med Inform Assoc 2002;9(5):448-460. [doi: 10.1197/jamia.m1107] [Medline: 12223497]

20. Kiesel M, Beyers I, Kalisz A, et al. A 3D printed model of the female pelvis for practical education of gynecological pelvic
examination. 3D Print Med 2022 Dec;8(1):13. [doi: 10.1186/s41205-022-00139-7]

21. Pereda-Nuñez A, Manresa M, Webb SS, et al. Pelvic + anatomy: a new interactive pelvic anatomy model. Prospective
randomized control trial with first-year midwife residents. Anat Sci Educ 2023;16(5):843-857. [doi: 10.1002/ase.2304]
[Medline: 37312278]

22. Advolodkina P, Chahine EB. Interactive pelvic anatomy model: a tool for teaching basic pelvic anatomy. Obstet Gynecol
2017 Oct;130(4):873-877. [doi: 10.1097/AOG.0000000000002241] [Medline: 28885415]

23. Kiesel M, Beyers I, Kalisz A, et al. Evaluating the value of a 3D printed model for hands-on training of gynecological
pelvic examination. 3D Print Med 2022 Dec;8(1):20. [doi: 10.1186/s41205-022-00149-5]

24. Maglio S, Park C, Tognarelli S, Menciassi A, Roche ET. High-fidelity physical organ simulators: from artificial to bio-hybrid
solutions. IEEE Trans Med Robot Bionics 2021;3(2):349-361. [doi: 10.1109/TMRB.2021.3063808]

25. Baillie S, Mellor DJ, Brewster SA, Reid SWJ. Integrating a bovine rectal palpation simulator into an undergraduate veterinary
curriculum. J Vet Med Educ 2005;32(1):79-85. [doi: 10.3138/jvme.32.1.79] [Medline: 15834825]

26. Veterinary Simulators. Virtalis. URL: https://www.virtalis.com/systems/veterinary-simulators [accessed 2025-03-28]
27. Singer AP, Winklehner T, Betschart C. Interactive three-dimensional female pelvis model for teaching purposes. Am J

Obstet Gynecol 2021 May;224(5):533-535. [doi: 10.1016/j.ajog.2020.10.015] [Medline: 33068523]
28. Robinson SB, Leonard KF. Chapter 5: constructing response options. In: Designing Quality Survey Questions: Sage; 2018.
29. British Society of Urogynaecology. URL: https://bsug.org.uk [accessed 2024-03-06]
30. Pelvic, Obstetric and Gynaecological Physiotherapy. URL: https://thepogp.co.uk [accessed 2024-03-06]
31. Lead midwives for education (LMEs) across the UK. URL: https://www.nmc.org.uk/education/leadmidwifery-educators

[accessed 2024-03-06]
32. Kiger ME, Varpio L. Thematic analysis of qualitative data: AMEE Guide No. 131. Med Teach 2020 Aug;42(8):846-854.

[doi: 10.1080/0142159X.2020.1755030] [Medline: 32356468]
33. Ahmed SK. How to choose a sampling technique and determine sample size for research: a simplified guide for researchers.

Oral Oncology Reports 2024 Dec;12:100662. [doi: 10.1016/j.oor.2024.100662]
34. Padilla LA, Radosevich DM, Milad MP. Limitations of the pelvic examination for evaluation of the female pelvic organs.

Intl J Gynecology & Obste 2005 Jan;88(1):84-88. [doi: 10.1016/j.ijgo.2004.09.015]
35. Miyazaki D, Matthews CA, Kia MV, El Haraki AS, Miyazaki N, Chen CCG. Validation of an educational simulation model

for vaginal hysterectomy training: a pilot study. Int Urogynecol J 2019;30:1329-1336. [doi: 10.1007/s00192-0183761-9]

JMIR Hum Factors 2025 | vol. 12 | e72119 | p.2941https://humanfactors.jmir.org/2025/1/e72119
(page number not for citation purposes)

Zekaria et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1016/s0004-9514(07)70056-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17326733&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2923.37.s1.9.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14641635&dopt=Abstract
http://dx.doi.org/10.1186/s41077-022-00206-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35303963&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0b013e318227cf41
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21817859&dopt=Abstract
http://dx.doi.org/10.1186/s41077-022-00205-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35527267&dopt=Abstract
http://dx.doi.org/10.1080/24735132.2018.1541699
http://dx.doi.org/10.1016/j.ogc.2007.12.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18319131&dopt=Abstract
http://dx.doi.org/10.1186/s13244-019-0687-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30689115&dopt=Abstract
http://dx.doi.org/10.4322/rbeb.2012.068
http://dx.doi.org/10.1097/SPV.0000000000001329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36735437&dopt=Abstract
http://dx.doi.org/10.1007/s00192-010-1299-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20960151&dopt=Abstract
http://dx.doi.org/10.1007/s00192-006-0276-6
http://dx.doi.org/10.21692/haps.2018.023
http://dx.doi.org/10.1197/jamia.m1107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12223497&dopt=Abstract
http://dx.doi.org/10.1186/s41205-022-00139-7
http://dx.doi.org/10.1002/ase.2304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37312278&dopt=Abstract
http://dx.doi.org/10.1097/AOG.0000000000002241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28885415&dopt=Abstract
http://dx.doi.org/10.1186/s41205-022-00149-5
http://dx.doi.org/10.1109/TMRB.2021.3063808
http://dx.doi.org/10.3138/jvme.32.1.79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15834825&dopt=Abstract
https://www.virtalis.com/systems/veterinary-simulators
http://dx.doi.org/10.1016/j.ajog.2020.10.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33068523&dopt=Abstract
https://bsug.org.uk
https://thepogp.co.uk
https://www.nmc.org.uk/education/leadmidwifery-educators
http://dx.doi.org/10.1080/0142159X.2020.1755030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32356468&dopt=Abstract
http://dx.doi.org/10.1016/j.oor.2024.100662
http://dx.doi.org/10.1016/j.ijgo.2004.09.015
http://dx.doi.org/10.1007/s00192-0183761-9
http://www.w3.org/Style/XSL
http://www.renderx.com/


36. Limbs, Things. Surgical Female Pelvic Trainer. URL: https://limbsandthings.com/uk/products/60251/
60251-surgical-female-pelvic-trainer-sfpt-mk-2-lightskin-tone [accessed 2024-06-06]

37. Limbs, Things. Clinical Female Pelvic Trainer. URL: https://limbsandthings.com/us/products/60935/
60935-clinical-female-pelvic-trainer-mk-3-cfpt-advanceddark-skin-tone [accessed 2024-06-06]

38. Hassinger JP, Dozois EJ, Holubar SD, et al. Virtual pelvic anatomy simulator: a pilot study of usability and perceived
effectiveness. J Surg Res 2010 Jun 1;161(1):23-27. [doi: 10.1016/j.jss.2009.06.016] [Medline: 19959192]

39. Janjua A, Smith P, Chu J, et al. The effectiveness of gynaecology teaching associates in teaching pelvic examination to
medical students: a randomised controlled trial. Eur J Obstet Gynecol Reprod Biol 2017 Mar;210:58-63. [doi:
10.1016/j.ejogrb.2016.10.006]

40. Kirubarajan A, Li X, Got T, Yau M, Sobel M. Improving medical student comfort and competence in performing
gynecological exams: a systematic review. Acad Med 2021 Sep 1;96(9):1353-1365. [doi: 10.1097/ACM.0000000000004128]
[Medline: 33883396]

41. Kelly K, Wilder L, Bastin J, Lane-Cordova A, Cai B, Cook J. Utility of gynecological teaching associates. Cureus 2023
Jun;15(6):e40601. [doi: 10.7759/cureus.40601] [Medline: 37469809]

42. Orsi TD, Valadares ALR, Orsi PME, Orsi IME, Moura AS. Simulation-based training for pelvic and breast physical
examination: effect on the anxiety and self-confidence of medical students. Rev Bras Ginecol Obstet 2020
Nov;42(11):739-745. [doi: 10.1055/s-0040-1718433] [Medline: 33254269]

43. Pugh CM, Obadina ET, Aidoo KA. Fear of causing harm: use of mannequin-based simulation to decrease student anxiety
prior to interacting with female teaching associates. Teach Learn Med 2009;21(2):116-120. [doi:
10.1080/10401330902791099] [Medline: 19330689]

44. Jain S, Fox K, Van den Berg P, et al. Simulation Training Impacts Student Confidence and Knowledge for Breast and
Pelvic Examination. MedSciEduc 2014 Mar;24(1):59-64. [doi: 10.1007/s40670-014-0023-4]

45. Issenberg SB, McGaghie WC, Petrusa ER, Lee Gordon D, Scalese RJ. Features and uses of high-fidelity medical simulations
that lead to effective learning: a BEME systematic review. Med Teach 2005 Jan;27(1):10-28. [doi:
10.1080/01421590500046924] [Medline: 16147767]

46. Dodge LE, Hacker MR, Averbach SH, Voit SF, Paul ME. Assessment of a high-fidelity mobile simulator for intrauterine
contraception training in ambulatory reproductive health centres. J Eur CME 2016;5(1):30416. [doi: 10.3402/jecme.v5.30416]
[Medline: 29644120]

47. Nakawala H, De Momi E, Tzemanaki A, et al. Requirements elicitation for robotic and computer-assisted minimally invasive
surgery. Int J Adv Robot Syst 2019 Jul;16(4):172988141986580. [doi: 10.1177/1729881419865805]

48. He L, Herzig N, Lusignan SD. An abdominal phantom with tunable stiffness nodules and force sensing capability for
palpation training. IEEE Trans Robot 2021;37(4):1051-1064. [doi: 10.1109/TRO.2020.3043717]

49. Janjua A, Roberts T, Okeahialam N, Clark TJ. Cost-effective analysis of teaching pelvic examination skills using Gynaecology
Teaching Associates (GTAs) compared with manikin models (The CEAT Study). BMJ Open 2018 Jun 22;8(6):e015823.
[doi: 10.1136/bmjopen-2017-015823] [Medline: 29934378]

50. Traynor G, Shearn AI, Milano EG, et al. The use of 3D-printed models in patient communication: a scoping review. J 3D
Print Med 2022 Mar;6(1):13-23. [doi: 10.2217/3dp-2021-0021] [Medline: 35211330]

51. Entezami P, Spurgas MP, O’Brien MW, Newman LC, Adamo MA. Utility of 3-dimensionally printed models for parent
education in pediatric plagiocephaly. PEC Innov 2022 Dec;1:100077. [doi: 10.1016/j.pecinn.2022.100077] [Medline:
37213734]

52. Yang T, Tan T, Yang J, et al. The impact of using three-dimensional printed liver models for patient education. J Int Med
Res 2018 Apr;46(4):1570-1578. [doi: 10.1177/0300060518755267] [Medline: 29436243]

53. Siwe K, Berterö C, Pugh CM, Wijma B. Medicine meets virtual reality 17. In: Use of Clinical Simulations for Patient
Education: Targeting an Untapped Audience: IOS Press; 2009:325-330. [doi: 10.3233/978-1-58603-964-6-325]

Abbreviations
GTAs: Gynecological Teaching Associates
NHS: National Health Service
PFD: pelvic floor disorder
PFM: pelvic floor muscle
POP: pelvic organ prolapse
POP-Q: pelvic organ prolapse quantification

JMIR Hum Factors 2025 | vol. 12 | e72119 | p.2942https://humanfactors.jmir.org/2025/1/e72119
(page number not for citation purposes)

Zekaria et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://limbsandthings.com/uk/products/60251/60251-surgical-female-pelvic-trainer-sfpt-mk-2-lightskin-tone
https://limbsandthings.com/uk/products/60251/60251-surgical-female-pelvic-trainer-sfpt-mk-2-lightskin-tone
https://limbsandthings.com/us/products/60935/60935-clinical-female-pelvic-trainer-mk-3-cfpt-advanceddark-skin-tone
https://limbsandthings.com/us/products/60935/60935-clinical-female-pelvic-trainer-mk-3-cfpt-advanceddark-skin-tone
http://dx.doi.org/10.1016/j.jss.2009.06.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19959192&dopt=Abstract
http://dx.doi.org/10.1016/j.ejogrb.2016.10.006
http://dx.doi.org/10.1097/ACM.0000000000004128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33883396&dopt=Abstract
http://dx.doi.org/10.7759/cureus.40601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37469809&dopt=Abstract
http://dx.doi.org/10.1055/s-0040-1718433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33254269&dopt=Abstract
http://dx.doi.org/10.1080/10401330902791099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19330689&dopt=Abstract
http://dx.doi.org/10.1007/s40670-014-0023-4
http://dx.doi.org/10.1080/01421590500046924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16147767&dopt=Abstract
http://dx.doi.org/10.3402/jecme.v5.30416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29644120&dopt=Abstract
http://dx.doi.org/10.1177/1729881419865805
http://dx.doi.org/10.1109/TRO.2020.3043717
http://dx.doi.org/10.1136/bmjopen-2017-015823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29934378&dopt=Abstract
http://dx.doi.org/10.2217/3dp-2021-0021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35211330&dopt=Abstract
http://dx.doi.org/10.1016/j.pecinn.2022.100077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37213734&dopt=Abstract
http://dx.doi.org/10.1177/0300060518755267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29436243&dopt=Abstract
http://dx.doi.org/10.3233/978-1-58603-964-6-325
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by D Gooch; submitted 07.02.25; peer-reviewed by G Alinier, MA Hefny; revised version received 28.03.25; accepted 29.03.25;
published 15.05.25.

Please cite as:
Zekaria Y, Tzemanaki A, Rossiter J
Requirements and Value Elicitation for a High-Fidelity Pelvic Floor Simulator for Physiotherapists: Mixed Methods Study
JMIR Hum Factors 2025;12:e72119
URL: https://humanfactors.jmir.org/2025/1/e72119 
doi:10.2196/72119

© Yael Zekaria, Antonia Tzemanaki, Jonathan Rossiter. Originally published in JMIR Human Factors
(https://humanfactors.jmir.org), 15.5.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic
information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

JMIR Hum Factors 2025 | vol. 12 | e72119 | p.2943https://humanfactors.jmir.org/2025/1/e72119
(page number not for citation purposes)

Zekaria et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2025/1/e72119
http://dx.doi.org/10.2196/72119
http://www.w3.org/Style/XSL
http://www.renderx.com/


Identifying Design Requirements for an Interactive Physiotherapy
Dashboard With Decision Support for Clinical Movement Analysis
of Musicians With Musculoskeletal Problems: Qualitative User
Research Study

Eduard Wolf1,2,3, MSc; Karsten Morisse3, Dr, Prof; Sven Meister1,2, Dr, Prof
1Health Informatics, Faculty of Health, School of Medicine, Witten/Herdecke University, Witten, Germany
2Healthcare Department, Fraunhofer Institute for Software and Systems Engineering, Speicherstraße 6, Dortmund, Germany
3Department of Electrical Engineering and Computer Science, Faculty of Engineering and Computer Science, Osnabrück University of Applied Sciences,
Osnabrück, Germany

Corresponding Author:
Eduard Wolf, MSc
Health Informatics, Faculty of Health, School of Medicine, Witten/Herdecke University, Witten, Germany

Abstract

Background: Performance-related musculoskeletal disorders are common among musicians, requiring precise diagnostic and
therapeutic approaches. Physiotherapists face unique challenges due to the complex relationship between musculoskeletal health
and the demands of musical performance. Traditional methods often lack the necessary precision for this specialized field.
Integrating clinical movement analysis (CMA) with clinical decision support (CDS) could improve diagnostic accuracy and
therapeutic outcomes by offering detailed biomechanical insights and facilitating data-driven decision-making.

Objective: This study aimed to identify design requirements for an interactive dashboard that aids clinical decision-making by
incorporating CMA to assist physiotherapists in managing musculoskeletal disorders in musicians.

Methods: A qualitative user research study was conducted, using human factors engineering methods from problem-driven
research, user-centered design, and decision-centered design. Data collection included a domain-specific literature review,
workflow observations, and focus group discussions with domain experts, including 4 physiotherapist experts and an expert for
clinical reasoning and applied biomechanics. This qualitative data was triangulated to characterize the domain, identify the CMA
workflow, user needs, key cognitive tasks, and decision requirements. These insights were translated into concrete design
requirements.

Results: A workflow for integrating musician-specific CMA into physiotherapy was established. In total, 21 user requirements,
7 key cognitive tasks, and 5 key decision requirements were defined, along with 49 design seeds. Key features identified include
(1) efficient integration of musician-specific biomechanical findings into therapy, (2) combining heterogeneous data types for
holistic assessment, (3) providing an adaptive overview of patient-related information, (4) using adequate visual representations
and interaction techniques, (5) facilitating efficient visual-interactive analysis of findings and treatment results, and (6) enabling
preparation and export of therapy findings and analysis results. Additionally, 14 CDS recommendations and 11 technical
prerequisites were identified. These requirements guide the design of an interactive tool featuring advanced visualization, interactive
data exploration capabilities, and contextual integration of clinical and biomechanical data.

Conclusions: An interactive physiotherapy dashboard with CDS incorporating CMA data holds significant potential to enhance
decision-making in physiotherapy for musicians with performance-related musculoskeletal disorders. By addressing cognitive
demands and integrating advanced visualization techniques, the tool can support physiotherapists in making more accurate
assessments, potentially improving patient outcomes, reducing injury recurrence, and supporting musicians’ career longevity.
Ongoing research is essential to refine such a tool and validate its usability, decision support, and clinical effectiveness. Future
work should explore advanced analytics, adapt to various CMA systems, and expand applications across musicians and therapeutic
domains to enhance its impact.

(JMIR Hum Factors 2025;12:e65029)   doi:10.2196/65029

KEYWORDS

physical therapy; clinical movement analysis; clinical decision support; performance-related musculoskeletal disorders; requirements
engineering; human factors engineering; design study methodology; problem-driven research; user-centered design;
decision-centered design
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Introduction

Background
Musculoskeletal disorders are common among musicians due
to repetitive movements, muscle strain, poor posture, and
intensive practice, affecting their ability to perform and sustain
careers [1-3]. At least 50% of musicians experience
performance-related musculoskeletal disorders (PRMDs), which
cause pain and other symptoms that hinder performance [4-6].
However, targeted therapy is underused, and specialized
assessment and treatment strategies are needed [7,8].

Musician-specific physiotherapy is beneficial for identifying
and treating these issues, focusing on aspects of posture,
movement behavior, and musical expression that affect health
[8-10]. Effective treatment requires a thorough understanding
of musician-specific characteristics and identification of
functional disorders in the musculoskeletal system through
clinical neuro-orthopedic examinations and analyses of the
musician’s movement while performing [11].

In physiotherapy, clinical reasoning is essential for
decision-making, often using a hypothetical-deductive method
[12]. Accurate diagnostics are crucial to prevent misjudgments
[13], and comprehensive information gathering is vital for
effective therapy planning [14,15]. Technology-driven
assessments can enhance diagnostic accuracy, moving beyond
subjective methods and trial-and-error approaches [16].

Clinical movement analysis (CMA) provides objective,
quantifiable data on functional disorders, supporting
personalized medicine [11,17] and offering physiotherapy
applications that conventional assessments cannot achieve
[18,19]. As an apparatus-based biomechanical analysis for
individualized functional diagnostics, CMA uses techniques
such as motion capture and electromyography [20,21]. It helps
evaluate complex movements during performance, allowing for
the identification of aberrant postures and movements
contributing to PRMDs in musicians [22-24]. Thus, CMA aids
in diagnosing functional disorders, planning individualized
therapy, and monitoring therapeutic measures [17,19,25],
minimizing the risk of false results [26,27].

The RefLabPerform project [28] aims to develop a reference
laboratory for PRMD assessment in musicians, integrating CMA
with physiotherapeutic assessments, which will be implemented
at the Institute for Applied Physiotherapy Osnabrück (INAPO).
Advanced instruments will be used by specialists for
musician-specific CMAs, with results provided to
physiotherapists for further clinical evaluation.

However, interpreting CMA data requires expertise and time,
presenting challenges for clinical practice, highlighting the need
for efficient, intuitive presentation for analysis and
decision-making [11,29,30]. Current tools for biomechanical
analysis lack guidance for musicians’ physiotherapy, leading
to concerns about accuracy and usability [30,31].

A tailored health technology for musicians’ physiotherapy is
essential to efficiently record, process, provide, analyze, and
interpret musician-specific CMA data for routine use. Hereby,

an interactive dashboard with clinical decision support (CDS)
can improve diagnostics by integrating CMA findings,
facilitating comprehensive decision-making and effective
therapies [32]. Adapting research approaches from health while
considering physiotherapy-specific conditions will ensure the
tool aligns with the clinical workflow, balancing perceived
benefit, effort, and costs [16,33].

Human Factors and CDS Design
Human factors engineering (HFE) is crucial for designing
interactive health technologies and CDS tools, focusing on
usability and workflow integration for decision support [34-36].
Effective CDS requires speed, efficiency, meaningful alerts,
consistency, and logical grouping with intuitive interface design
[37-40]. Hence, designing such a technology must address user
needs, working environments, cognitive demands,
decision-making requirements, and advanced interactive
visualizations for data analysis.

In total, 3 HFE approaches—design study methodology (DSM),
user-centered design (UCD), and decision-centered design
(DCD)—provide guidance for this. DSM is a problem-driven
research paradigm focused on creating innovative visualization
solutions through iterative collaboration with domain experts
to address real-world problems [41]. UCD emphasizes
understanding user tasks, goals, and needs by involving users
from the beginning, which informs the specification of user
requirements and guides the design process [42]. DCD aims to
improve decision-making in critical scenarios, such as medical
diagnosis, by enhancing human decision-making [43,44].
Cognitive task analysis identifies key cognitive demands and
translates them into decision requirements, guiding the design
process to improve clinical performance [45]. These approaches
share a human-centered, iterative, and multistage methodology,
leveraging in-depth analysis and expert contributions, while
each addresses distinct aspects of the design process.

Objectives
The study aimed to identify design requirements for an
interactive tool, specifically a physiotherapist dashboard, that
aids clinical decision-making for musculoskeletal problems in
musicians within the RefLabPerform project. This involved
considering the working environment, clinical procedures, and
user needs from the beginning and gathering detailed
information on how decision-making in musicians’
physiotherapy can be supported technically, especially with the
integration of CMAs.

To achieve this, requirements elicitation methods from DSM,
UCD, and DCD were followed to comprehensively describe
the domain and the underlying problem, resulting in
well-informed requirements and recommendations. This
approach is expected to enhance usability and acceptance,
improve user efficiency and accuracy, and reduce the cognitive
workload of the future tool.
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Methods

Research Approach
This qualitative user research study followed a problem-driven
research paradigm and formed part of the initial domain
characterization and analysis phase within a larger design study
[46]. It systematically integrated elements from DSM, UCD,
and DCD to elicit and structure design requirements for an
interactive dashboard with CDS functionality in physiotherapy
(see Figure 1). The requirements elicitation process drew on
the first 4 steps of DSM (learn, winnow, cast, and discover)
[41], the initial 2 phases of UCD (understanding context of use
and specifying user requirements) [42], and the first 3 stages of

DCD (preparation, knowledge elicitation, and analysis and
representation) [44]. These approaches were merged and
operationalized into three stages: (1) precondition and
preparation, (2) knowledge acquisition and characterization,
and (3) analysis and representation, with subsequent design and
evaluation phases planned for future work. DSM ensured
methodological rigor and problem characterization through
iterative domain expert engagement; UCD emphasized
contextual inquiry and stakeholder needs; and DCD supported
the analysis of complex cognitive processes in physiotherapy
decision-making. Together, they provided a robust foundation
for deriving clinically relevant, user-informed, and cognitively
aligned design requirements. A detailed mapping of their
contributions is presented in Table 1.

Figure 1. The domain characterization and analysis process comprised 3 stages with multiple steps and outputs, ultimately defining design requirements
for an interactive physiotherapy dashboard.
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Table . Detailed mapping of each method’s contributions to domain characterization and analysis.

Decision-centered design

(DCD)

User-centered design

(UCD)

Design study methodology

(DSM)

Research

stage

Precondition and preparation ••• Identification of cognitively
challenging activities from
previous task descriptions

Understanding user group
characteristics and context of
use

Domain understanding
• Relevant terms and jargon
• Identification of collaborators

Knowledge acquisition and charac-
terization

••• Identification of cognitive de-
mands, critical cues, and infor-
mation needs

Participatory engagement
through workflow observations
and focus groups

Focus on real-world domain
problem characterization

• Domain expert engagement
• Elicitation of user needs
• Focus on user goals and task

alignment

Analysis and representation ••• Specifying decision require-
ments

Specifying user requirementsIterative synthesis of findings
into design seeds • Integration of usability con-

cerns •• Integration of cognitive sup-
port needs in clinical workflow

Structured representation of
design implications • Clarity and traceability of user

needs to system design • Translation of decision-making
needs into design recommenda-
tions

The main author (EW) conducted the workflow observations
and moderated the focus groups in German in March and April
2021. His researcher characteristics are the following: “gender:
male,” “experience: 6 years research experience in health
informatics, main focus in physiotherapy and movement analysis
projects,” “degree: M.Sc. in Computer Science,” and
“occupation: Research assistant.”

Ethical Considerations
The study was conducted in accordance with the Declaration
of Helsinki and approved by the institutional review board (or
Ethics Committee) of Osnabrueck University of Applied
Sciences (protocol code HSOS/2021/1/1, date of approval March
17, 2021). Signed informed consent for publication was obtained
from all participants after providing them with a written
information sheet and verbal explanation of the study context,
the intended procedure, and data usage. All participants were
given a copy of the signed informed consent as well as
confirmation of anonymization of study data. The study data
were anonymized, so participants cannot be identified.
Participants did not receive any financial compensation for their
participation.

Precondition and Preparation

Domain-Specific Literature Review
Domain-specific literature from physiotherapy, clinical
biomechanics, and movement analysis of musicians was
reviewed to gather background information about the domain
and user group characteristics and to become familiar with
r e l e v a n t  t e r m s  a n d  j a r g o n
[6,8-11,13-15,17,19,21,23,29,31,47-58]. Previously articulated
task descriptions, such as clinical reasoning and functional
diagnostics, were examined to gain domain understanding and
to initially identify cognitively complex components.

Identify Collaborators
The INAPO, a specialized facility for treating
neuromusculoskeletal disorders, served as a cooperation partner.

INAPO has specialized in the treatment of musicians in close
cooperation with the “Institute for Music” at Osnabrück
University of Applied Sciences. Admitted patients receive
tailored treatment and exercise programs. INAPO emphasizes
staying updated with scientific progress in musicians’ health
and movement sciences, using modern therapy methods. As
part of the RefLabPerform project, a CMA lab was established
at INAPO, equipped with optoelectronic motion capture, surface
electromyography sensors, and force plates. Requirements were
gathered based on the CMA lab and INAPO’s clinical practice
needs.

In total, 4 physiotherapists (1 male, 3 female) from INAPO and
an expert in clinical reasoning and applied biomechanics from
the University of Applied Sciences Osnabruck were selected
face-to-face as domain experts for systematic collaboration
during requirements elicitation. Purposive sampling ensured
the inclusion of a representative sample of practicing
physiotherapists with extensive experience in managing
musicians with musculoskeletal problems.

Knowledge Acquisition and Characterization

Workflow Observations
We used contextual inquiry to observe the workflow of
physiotherapists managing musicians with musculoskeletal
problems at INAPO prior to the focus group discussion.
Contextual inquiry, a qualitative user research method, involves
observing and interviewing potential users in their work
environment as they perform actual tasks [59], ie, watching
them perform tasks while asking questions about their actions
and thought processes. This method uncovers tacit knowledge,
reveals detailed work practices, and provides reliable, relevant
information about user needs and behaviors. The goal was to
identify and gather domain experts' needs and preferences for
a physiotherapist dashboard and CDS concerning their
(cognitively challenging) tasks and daily data encounters.
Additionally, we asked the experts about their thoughts on the
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integration of musician-specific CMAs into the diagnostic
process and the application in clinical decision-making.

EW observed 3 physiotherapists experienced in managing
musicians with musculoskeletal problems, previously selected
for collaboration, during their daily work routines over 1 week.
Each session lasted about 2 hours, allowing for detailed
observation and discussion. Observations continued until
thematic saturation was reached. Workflow diagrams were
created from observation notes and presented at the focus group
meeting to facilitate discussion on workflow processes.

Focus Group
We conducted a web-based focus group [60] lasting
approximately 270 minutes (4.5 hours), comprising 7
participants: the 4 collaborating domain experts, 2 computer
scientists, and 1 user experience designer. Video and audio
recordings were made using Zoom (Zoom Video
Communications, Inc). The focus group aimed to gain a deeper
understanding of the domain, exploring the working
environment, clinical procedures, user needs and
decision-making processes in musicians’ physiotherapy,
providing essential information for the tool’s design. The
primary goal was to establish a common understanding of the
domain and address the following key discussion topics for the
specific setting: goals, skills, and barriers in musicians’
physiotherapy; required collaborations, tools, and equipment;
workflow structure and objectives of each step; information,
tools, and activities per work step; and motion analysis lab
workflow and physiotherapist interaction.

Given the lack of standardized procedures for focus group data
collection and analysis, which depend on the research question
and time frame, we opted to organize the results into a mind
map during the discussion to facilitate consensus-building.
Following the focus group session, the research team held a
debriefing session to review the discussions and identify key
points.

Analysis and Representation

Triangulation and Evaluation
The qualitative data was triangulated and evaluated to determine
how the tool can address the domain problem and user needs,
and support decision-making. First, the insights from workflow
observations and the focus group were organized and
contextualized with domain-specific literature to understand
and describe the domain characteristics. Further evaluation of
the findings revealed key user needs, as well as cognitively
challenging tasks, strategies, difficulties, and critical aspects in
musicians’ physiotherapy.

Specification and Representation
Based on the prior findings, the solution’s characteristics were
specified. First, a workflow for integrating musician-specific
CMA was established and visualized. Key user requirements,
cognitive tasks, decision requirements, and associated
information needs were then derived and formulated.
Subsequently, design seeds to support decision-making were
created. These findings were organized in tabular form.

In a second web-based focus group discussion, which lasted
approximately 180 minutes (3 hours), the identified domain
characteristics, specified user and decision requirements, and
design ideas were revisited with the same group of experts and
researchers. During this session, these elements were discussed
in detail and refined based on their feedback.

Finally, incorporating knowledge and conditions from the
theoretical background and domain, concrete design
requirements were specified, including key features, technical
prerequisites, and decision support recommendations.

Results

Characteristics of the Domain
To describe the domain, the characteristics were categorized
under the following themes: domain problem; goals, skills, and
competences, work equipment, and barriers; and tasks, routines,
and challenges.

Domain Problem
The unresolved domain problem is integrating musician-specific
CMA into musicians’ physiotherapy and offering
visual-interactive access to aggregated findings and treatment
data for decision support.

Musicians’physiotherapy, an integral component of “musicians’
medicine,” specializes in the assessment and treatment of
neuromusculoskeletal disorders prevalent among musicians.
This specialty uses standard physiotherapeutic tools along with
musician-specific questionnaires and CMAs to enhance
diagnostic precision and facilitate data-driven therapeutic
decisions. Post intervention, the collection of relevant patient
questionnaires and repeated CMAs is crucial for effective
therapy evaluation. However, an efficient technical solution for
the comprehensive integration and analysis of clinical and
biomechanical data tailored to musicians’physiotherapy remains
absent. The primary beneficiaries of such a solution would be
physiotherapists, with musicians gaining from improved,
targeted therapies. Additionally, specialized physiotherapists
or movement scientists trained in musician-specific CMAs
would benefit from enhanced integration of CMA into the
therapeutic process.

Documentation, typically on paper, should be electronic for
comprehensive evaluation. Integrating CMAs adds complexity,
requiring standardized data processing and effective
communication between physiotherapists and movement labs.
Current software for biomechanical analysis is not user-friendly
for physiotherapists, lacking advanced visualization, interactive
data exploration, and contextualization of clinical and
biomechanical data. A new solution is needed to simplify data
analysis and visualization for therapists, with requirements
evolving during implementation.

Goals, Skills, Competences, Equipment, and Barriers
Textbox 1 summarizes the goals, skills, competences, work
equipment, and (potential) barriers cited by domain experts.
The primary goal of physiotherapists is to provide high-quality
patient care to enhance or maintain sensorimotor
self-determination. This requires addressing the patient’s main
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problems and goals efficiently to implement effective, targeted
therapies. It is crucial to assess the effectiveness of therapeutic
measures continuously, aligning interventions with the patient’s

condition and goals. Achieving these outcomes demands
extensive skills and competencies, particularly in CR, which is
central to effective therapy [58].

Textbox 1. Domain-specific goals, skills and competencies, work equipment, and barriers.

Goals:

• Enhancing or maintaining sensorimotor self-determination

• Improving the main problem

• Addressing patient goals

Skills and competencies:

Background knowledge:

• Patho-anatomy and physiology (clinical patterns, clinical picture, and musician-specific traits)

• Reference values (standard, individual, and musician-specific)

• Scientific evidence for assessments, tests, interventions

Clinical experience:

• Communication skills

• Manual skills

• Recognizing clinical patterns

• Techniques

• Test interpretation

Equipment:

• Patient questionnaires

• Diagnostic questionnaires

• Body tables

• Numerical rating scale

• Measuring instruments (eg, goniometer, algometer)

Barriers:

Physiotherapist:

• Lack of background knowledge

• Lack of clinical experience

• Shift in knowledge and beliefs, eg, through further education and training

• Premature judgments

Patient:

• Compliance

• Background (cognitive, social, and educational)

• Negative experiences

• Unreasonable expectations

General conditions:

• Legal: Limited time, lack of resources (eg, financial)

• Institutional: Limited time, lack of resources (eg, premises, measuring instruments), availability of qualified therapists

Domain experts highlight the importance of a solid background
in (patho-)anatomy, physiology, normative and comparative

values, and evidence-based assessments, tests, and interventions.
Clinical experience is also vital for developing communication
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and manual skills, refining techniques, interpreting tests, and
recognizing clinical patterns. Further general requirements for
physiotherapists are outlined in the literature [58]. Domain
experts identified several tools used in therapy, including
musician-specific patient questionnaires, body tables, numerical
rating scales, goniometers, and algometers.

Physiotherapists face several barriers that can impede therapeutic
objectives, including insufficient background knowledge, limited
clinical experience, and shifts in knowledge due to ongoing
education. Patient-related barriers include compliance issues

and unrealistic expectations. Additionally, legal or institutional
barriers, such as limited examination and treatment time, and
insufficient financial, technical, or spatial resources, also pose
significant challenges.

Tasks, Routines, and Challenges
The cyclical CR process consists of 8 main phases: looking,
collecting, processing, deciding, planning, acting, evaluating,
and reflecting [12]. These phases are interrelated and often
overlap. The technical solution should explicitly assist the
therapist in 5 of these steps (Textbox 2):

Textbox 2. Five steps that a technical solution should assist the therapist.

• Collecting: recording all subjective and objective findings

• Processing: analyzing and interpreting the findings

• Deciding: assessing the findings for diagnosis and planning

• Evaluating: assessing the interventions based on the repeat findings

• Reflecting: assessment of therapy effectiveness

The diagnostic process in physiotherapy involves examination,
evaluation, and reassessment of findings and therapy measures
under significant time pressure. Therapists must extract relevant
information to make accurate treatment decisions, recognizing
anomalies and changes in data [61].

Workflow observations and focus group discussions provided
a deeper understanding of the therapeutic and diagnostic
processes in musicians’ physiotherapy. Before the first
consultation, patients’complete musician- and problem-specific
questionnaires, and the results guide the subjective examination,
including background information and symptoms. This
information helps generate diagnostic hypotheses tested during
a physical examination, often using tools like goniometers. The
results confirm or reject these hypotheses, leading to a
physiotherapeutic diagnosis and a customized treatment plan.
Treatment effectiveness is evaluated regularly, with
reassessments before each follow-up to adjust or stop treatment
as needed.

Specification and Representation
The findings from the prior domain characterization were further
examined and discussed with the domain experts. This process
aimed to address the integration of musician-specific CMA into
physiotherapy, identify user requirements, and determine key
cognitive tasks and decision requirements.

Integrating Musician-Specific CMA Into Physiotherapy
Based on the domain experts’ input, the integration of
musician-specific CMA into physiotherapy was designed. It is
crucial to incorporate CMA efficiently, providing valuable
information on a musician’s dysfunction. The timing, execution,
and result delivery are critical for high clinical benefit and rapid
transfer from the movement analysis lab to the therapist. The
CMA aims to test diagnostic hypotheses and evaluate therapeutic
measures’effectiveness. Biomechanical data should be classified
and interpreted within the clinical context, structured as
additional findings, and made available to therapists.

Figure 2 proposes integrating CMA into the assessment process
alongside the physical examination. Clinical reasoning underpins
CMA use, starting with a clear question based on a working
hypothesis, guiding the selection of muscles, starting positions,
testing types, and biomechanical characteristics. This procedure
is referred to as a movement analysis protocol based on Kontaxis
et al [62].

In addition to using CMA for functional diagnostics during the
initial assessment, a subsequent CMA is conducted post
treatment, as depicted in Figure 3. This allows for a pre-post
comparison to evaluate the effectiveness of the treatment
interventions.

Figure 2. The revised diagnostic process integrates clinical movement analysis (CMA) as a complementary tool alongside physical examination (own
illustration). It begins with musician and problem-specific questionnaires and anamnesis, followed by the generation of diagnostic hypotheses. A physical
examination is then conducted to test these hypotheses. Simultaneously, a musician-specific CMA, guided by the hypotheses and a predefined movement
analysis protocol, provides objective validation. If hypotheses require refinement or new ones emerge, additional physical exams and CMA assessments
are performed until the final hypotheses are confirmed.
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Figure 3. The modified clinical procedure integrates clinical movement analysis (CMA) for pre-, intra-, and posttreatment assessment (own illustration).
Following the initial contact, an assessment is conducted, leading to findings evaluation, final diagnosis, goal setting, and therapy planning. After
intervention, a reassessment is performed, and patient homework exercises are provided. If treatment continues, further interventions and reassessments
follow; if completed, a final assessment, therapy evaluation, and report are conducted before concluding therapy.

User Requirements
Contextual analysis, informed by the domain-specific literature,
workflow observations, and focus groups, revealed user needs
concerning the solution’s characteristics. In total, 21 user stories
were defined based on these needs, reflecting the users’
expectations of the physiotherapist dashboard’s functionality
[63]. These user stories pertain to clinical findings and treatment
documentation, CMA, analysis and evaluation, and reporting.
The full list of user requirements is available in Multimedia
Appendix 1.

Cognitive Tasks and Decision Requirements
Cognitively challenging activities were identified, such as
diagnostics, treatment planning, and therapy evaluation,
informed by task descriptions from literature and the findings
from knowledge acquisition and characterization. For each
activity, we identified critical cues used by experts, potential
errors, and procedures to meet cognitive demands.
Physiotherapists generate and test hypotheses by interviewing
patients and conducting or commissioning examinations,
continuously integrating, and interpreting the information. Each
activity is a cognitively challenging demand, requiring decisions
on what information to gather and when to stop, as well as
determining the next steps in treatment.

Finally, seven key cognitive tasks were identified: (1) querying
specific patient questionnaires, (2) subjective examination of
the patient, (3) testing diagnostic hypotheses, (4) consolidating
and evaluating the information relevant to therapy, (5) planning

the adapted therapy, (6) treating a patient’s specific problem in
an iterative approach, and (7) evaluating the therapy results.
The final list of key cognitive tasks and the associated strategies,
(potential) errors or difficulties, and critical hints of the domain
experts can be found in Multimedia Appendix 2.

In coordination with the domain experts, key decision
requirements were extracted from these activities, focusing on
planning and assessing examinations and treatments while
considering musician-specific CMA. Information needs for each
decision were defined, specifying the clinical information
needed. This approach led to design recommendations for
decision support, offering early human-computer interaction
concepts for organizing and visualizing information.

In total, five key decision requirements were identified
incorporating musician-specific CMA in the context of
physiotherapeutic diagnostics: (1) plan a functional diagnostic
examination; (2) assess CMA findings; (3) prepare overall
findings, and, if necessary, a report of findings; (4) compare
results of reassessments and evaluate treatment effectiveness;
and (5) evaluate therapy results and success. Based on the key
decision requirements and associated information needs, a total
of 49 design seeds were identified. The final list can be found
in Multimedia Appendix 3.

Physiotherapists must decide if, when, and how to perform a
CMA for a patient, considering basic patient information,
contributing factors, symptoms, previous CMA parameters, and
time and number of previous treatments. They must quickly
evaluate findings to plan next steps, gaining an overview of the
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patient’s problem, identifying patterns, and confirming
diagnostic hypotheses to formulate a physiotherapy diagnosis.
They must determine which data are therapy-relevant to create
an overall finding or report.

Throughout treatment, physiotherapists continuously assess
findings and treatment effectiveness, deciding if measures
positively impact the patient’s problem or need adjustment.
They review therapy-relevant information before and after
treatments to identify trends and changes. They reflect on
therapy outcomes and their actions, assessing whether therapy
was successful and identifying key factors. They monitor
achievement of therapy and patient goals using data from
baseline and follow-up findings, treatment results, and relevant
questionnaires, including post-intervention CMA results.

Design Requirements
The domain characterization and analysis informed concrete
design requirements for a physiotherapist dashboard, specifying
key features and CDS recommendations based on user needs
for decision support. The use case defined technical prerequisites
for implementation.

Key Features
Based on the insights gained, we identified 6 key features (KF)
that form the basic pillars of the tool and must be fulfilled during
design and implementation:

• KF1. Provision of biomechanical findings:
Musician-specific CMAs should be efficiently integrated
into therapy to give physiotherapists valuable insights into
a patient’s dysfunction. Biomechanical data must be
processed, modeled, and stored to produce a report with
relevant characteristics for further analysis.

• KF2. Integration of heterogeneous data types and sources:
For a holistic inspection and assessment of all available
information from the subjective and objective examinations
of a patient’s problem, it is necessary to combine different
types of data from different data sources. This includes
clinical findings and treatment data from physiotherapy
documentation, results from web-based questionnaires, and
biomechanical findings data from movement analysis.

• KF3. Adaptive overview: A simplified aggregated overview
is essential for quick and clear inspection and monitoring
of patient-related information. This should include basic
therapy data, recent findings, and treatments, as well as
relevant individual patient details. Information should be
adaptive and patient-specific, allowing physiotherapists to
manually add or remove data. Detailed views should be
accessible via a drill-down function.

• KF4. Adequate visual representations and interaction
techniques: Efficient visualizations, such as lists, tables,
diagrams, and illustrations, should be chosen to aid
physiotherapists in effective decision-making. Therapists

should be able to manually arrange and configure these
elements and use familiar interaction techniques like
drag-and-drop, sorting, searching, and filtering.

• KF5. Efficient visual-interactive analysis of findings and
treatment results: Physiotherapists need an efficient solution
for interactive visual analysis of findings and treatment
results to identify abnormalities, trends, and patterns in
clinical and biomechanical data. Established visual analytics
methods will be used to explore and compare multivariate
and time-oriented data.

• KF6. Preparation and export of findings and analysis
results: Physiotherapists should be able to summarize and
export therapy findings as a report for discussion with
colleagues and patients, or for continued treatment
elsewhere. The report should be presented in a clear,
customizable format.

CDS Design Recommendations
The user needs and design seeds addressing decision
requirements formed the basis for specifying concrete CDS
design recommendations (DR; see Textbox 3).

For planning musician-based diagnostics, it is helpful to have
a note indicating if such an examination is possible for the
patient (DR1). CDS should remind the physiotherapist to conduct
pre- and post-interventional exams if possible (DR2).
Additionally, suggested configuration parameters should be
provided when creating an examination order to save time
(DR3).

To efficiently query and inspect findings and treatment results,
essential data should be preselected for the overview (DR4).
Information should be summarized in aggregated elements and
presented in suitable display formats (DR5). Relevant therapy
events should be shown on a timeline (DR6). Additionally, visual
cues should highlight significant data changes to reduce
cognitive load and speed up decision-making (DR7).

For interpreting findings, integrating normative and comparative
values is desirable (DR8). Therapists should be able to create
interactive annotations (DR9), marking specific data values or
time intervals. To support diagnosis, findings and annotations
should be linked to diagnostic hypotheses, showing which data
support or refute them (DR10). Additionally, marking applicable
or inapplicable hypotheses interactively should be possible
(DR11).

For therapy evaluation, directly comparing baseline and final
findings is essential (DR12). An interactive review of patient
and therapy goals helps determine therapy success, requiring
target parameters for goal achievement (DR13). Preselecting
relevant entries and suitable presentation forms aids in report
preparation (D14).
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Textbox 3. Overview of the clinical decision support design recommendations (DR).

Planning musician-specific examinations for functional diagnostics

DR1: Indicate if musician-specific examinations are possible for the patient.

DR2: Remind physiotherapists to conduct pre- and postinterventional examinations.

DR3: Provide suggested configuration parameters for examination orders to save time.

Query and inspection of diagnostic findings and treatment results

DR4: Preselect essential data for efficient querying and inspection.

DR5: Summarize information in aggregated elements and suitable display formats.

DR6: Map relevant events on a timeline.

DR7: Use visual cues to highlight abnormal data or significant changes.

Analysis and interpretation of the findings data

DR8: Integrate normative and comparative values for interpreting findings.

DR9: Allow interactive annotations for specific data values or time intervals.

DR10: Link findings and annotations to working hypotheses.

DR11: Mark working hypotheses as applicable or not with appropriate presentation.

Therapy evaluation and reporting

DR12: Enable direct comparison of baseline and final findings for therapy evaluation.

DR13: Facilitate an interactive review of patient and therapy goals, with target parameters for goal achievement.

DR14: Preselect relevant entries and use appropriate presentation formats for report preparation.

Technical Prerequisites
Technical prerequisites (TP) must be established to enable the
physiotherapist dashboard (see Textbox 4). The tool should
allow physiotherapists to access patient data and case history
(TP1), including anamnesis, physical exams, and treatment
records (TP2). Patients must complete validated musician- and
problem-related questionnaires web-based, with results
integrated into the findings overview (TP3). Biomechanical data
from musician-specific CMAs should be available as findings
(TP4).

Functional diagnostics occur in a CMA lab within a
physiotherapy practice, staffed by specialists. Physiotherapists
must submit electronic exam orders with relevant CMA details
(eg, patient ID, instrument group, and symptoms; TP5). The lab
requires an order management system to track requests and
update CMA status (TP6) and a data management system for
recorded measurements (TP7). Standardized, musician-specific
CMA protocols should be implemented (TP8), integrating
existing measurement tools and software (TP9). Data processing
and calculations should be largely automated (TP10), with results
provided as biomechanical findings (TP11).
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Textbox 4. Overview of the technical prerequisites (TP) to enable the physiotherapist dashboard.

Technical prerequisites (TP)

Integration of therapy-related patient data

TP1: Integration of patient and case data

TP2: Integration of clinical findings and progress data

TP3: Integration of the web-based questionnaire results

TP4: Integration of the biomechanical findings data

Laboratory system

TP5: Electronic order entry

TP6: Laboratory order management

TP7: Laboratory data management

TP8: Standardized motion analysis protocols

TP9: Integration of existing biomechanical measuring instruments or systems and analysis software

TP10: (Largely) automated processing and calculation of relevant features

TP11: Providing data from CMA as biomechanical findings

Discussion

Principal Findings
We proposed and applied a novel HFE process model to inform
the design of a physiotherapist dashboard with CDS for CMA
of musicians with musculoskeletal problems, using methods,
and addressing aspects from DSM, UCD, and DCD. Following
this model, we first identified and thoroughly described the
characteristics of the domain and problem area. We explored
user needs, cognitively challenging tasks, information needs,
and decision-making challenges faced by physiotherapists
managing musicians with musculoskeletal conditions. We then
proposed design seeds for CDS, translating user and decision
requirements into concrete design requirements, including key
features, technical prerequisites, and recommendations for
decision support.

Key features include efficient integration of biomechanical data,
combining heterogeneous data types, and providing adaptive
overviews for quick data inspection. The tool should present
patient data in a suitable form and facilitate interactive visual
analyses using familiar techniques like filtering, highlighting,
and annotating. Summarizing and exporting findings for
communication are also essential. User and decision
requirements led to specific decision-support recommendations:
CDS should indicate if musician-specific diagnostics are
possible, remind physiotherapists of physical exams, suggest
efficient configuration parameters, preselect essential data,
highlight significant changes, integrate normative values,
support interactive annotations, compare baseline and final
findings, and provide tools for reviewing patient goals and
preparing reports. To enable the tool, technical prerequisites
must be met, including access to patient data (anamnesis,
physical exams, treatments, and problem- or musician-related
questionnaires), biomechanical data from musician-specific
CMAs, support for electronic diagnostic orders, and

management of these orders and CMA statuses. The tool should
use standardized protocols, integrate with existing tools, and
automate data processing to present biomechanical findings.

Additionally, our study contributes to the existing literature by
detailing a methodology for requirements elicitation,
comprehensively describing the domain of musicians’
physiotherapy, and identifying requirements for the successful
use of the tool. Our findings support previous research indicating
that HFE is crucial for designing CDS technologies [34,35],
emphasizing aspects such as speed, efficiency, user needs
anticipation, workflow integration, meaningful alerts,
consistency, logical grouping, interface design, and design
simplicity [37-40].

Limitations
This study is in the early stages of design, focusing on
establishing a structured foundation for the tool’s design and
domain-specific clinical workflows, relying primarily on
qualitative methods like workflow observations and focus group
discussions. While the findings provided in-depth qualitative
insights from a small group of domain experts, generalizability
is limited, and broader validation is needed. To address this, we
plan to conduct a Delphi study involving a larger and more
diverse panel of physiotherapists, movement scientists, and
other relevant stakeholders [64]. This structured, iterative
process will facilitate expert consensus on the tool’s design
requirements, ensuring their robustness and applicability across
various physiotherapy contexts. The Delphi study will also help
refine the identified requirements based on collective expert
feedback, enhancing the tool’s validity before further
prototyping, usability testing, and implementation in clinical
practice.

At this stage, no functional prototype exists, and technical
features or implementation details, such as specific
visualizations, interaction methods, and decision logic, were
not addressed. These aspects will be defined and iteratively
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refined during future stages of prototyping and evaluation.
Furthermore, quantitative evaluation of metrics such as
diagnostic accuracy, efficiency, or patient outcomes is not yet
feasible. Future work will involve the development of a
prototype, followed by iterative usability testing and structured
evaluations. These evaluations will incorporate quantitative
measures—such as time-to-decision, task completion rates,
diagnostic decision support effectiveness, efficiency gains, and
user satisfaction scores—to assess the tool’s impact and clinical
utility in real-world physiotherapy settings.

In addition, artificial intelligence (AI)–based CDS features were
overlooked. Integrating machine learning and predictive
analytics could significantly enhance precision and relevance
[65]. In future development stages, machine learning algorithms
can be incorporated to support early diagnosis, pattern
recognition, as well as personalized treatment planning and
outcome prediction considering individual patient
characteristics. For example, supervised learning models could
be trained on annotated CMA data to automatically identify
movement anomalies or classify injury risks [65]. Predictive
analytics could also be used to forecast recovery progression
based on patient-specific parameters such as movement patterns,
therapy progress, and contextual factors (eg, instrument type or
workload) [66]. These enhancements would augment the
therapist’s decision-making with advanced data-driven insights
while maintaining transparency and clinician control. Overall,
this highlights the tool’s extensibility and long-term innovation
potential.

Moreover, while the proposed CDS approach focuses on
integrating CMA with gold-standard methods, AI-driven
approaches like computer vision-based pose estimation (eg,
OpenPose [67]) should be explored. Sensorless systems could
provide nonintrusive, real-time movement tracking, making
assessments more accessible, especially in nonlaboratory
settings. AI pattern recognition could automate impairment
classification and suggest diagnostic hypotheses, aiding
physiotherapists and improving decision-making. It could also
enable remote physiotherapy, allowing musicians to exercise
at home with real-time feedback. However, challenges in
accuracy, occlusion, and clinical validation must be addressed
before full integration into physiotherapy workflows.

Opportunities and Challenges
The integration of CMA into physiotherapy and incorporating
clinical and biomechanical data with CDS within an interactive
dashboard present both opportunities and challenges. Our study
emphasizes the need to tailor CDS to real clinical environments
and therapists’ workflows. Ensuring these technologies are
perceived as useful is crucial, as the balance between perceived
benefits and implementation effort significantly affects adoption.
Developing an interactive tool for supporting diagnosis and
treatment of musculoskeletal disorders in musicians requires a
multidisciplinary approach, combining health informatics,
biomechanics, and clinical practice. Collaboration with domain
experts ensures the tool meets practical needs. Requirements
were elicited through problem-driven research, ensuring that
real-world problems were addressed, as well as UCD and DCD
approaches, considering user needs, cognitive demands, and

decision requirements, aiming to enhance the usability and
usefulness of the solution.

Most existing tools in physiotherapy focus on general clinical
documentation [68] or basic measurement instruments like
goniometers and numeric rating scales [18], with limited
quantitative and objective significance. Advanced biomechanical
analysis systems (eg, Qualisys [69]) remain primarily research
tools—technically complex and disconnected from everyday
clinical decision-making, lacking user-friendliness, tailored
visualizations, and integration with clinical reasoning. CDS
tools in physiotherapy are still emerging, with AI-based
approaches showing promise for personalizing treatment and
predicting patient-specific outcomes [70-72]. However, they
lack integration of CMA into clinical workflows and provide
limited support for context-specific decision-making,
particularly for niche populations like musicians with PRMDs.
Existing visualization tools support rehabilitation or monitoring
but do not incorporate CMA data [73,74], and those that do
focus on clinical gait analysis or specific disorders [75,76].
Currently, no tool integrates CMA data into the decision-making
process for physiotherapists managing musicians with PRMDs.

An interactive tool based on the identified design requirements
would fill this gap by directly integrating CMA into clinical
workflows, aligning with physiotherapists’ reasoning. It would
enable interactive visualizations tailored to the needs of
diagnosing and treating musicians with PRMDs, offering
flexibility for different instruments and playing styles. Unlike
existing tools, it bridges the gap between biomechanical analysis
and clinical practice, providing musician-focused support and
a platform for integrating advanced analytics to enhance
diagnostic precision and longitudinal tracking. Such a system
aims to integrate CMA into real-world physiotherapy workflows,
providing context-aware support and decision facilitation across
all therapy stages, particularly for underserved populations like
performing artists.

The successful deployment of a future CDS tool will require
addressing key technical and ethical challenges. Integration into
existing health care IT systems involves overcoming data
heterogeneity, ensuring interoperability, safeguarding data
privacy, and achieving clinician adoption. Many institutions
rely on proprietary electronic health records [77], complicating
seamless data exchange. Standardized protocols such as HL7
(Health Level Seven) and FHIR (Fast Healthcare Interoperability
Resources) can help address interoperability [78], while
compliance with regulations like GDPR (General Data
Protection Regulation) will require robust encryption,
anonymization when applicable, and role-based access controls.
Diverse IT environments further necessitate system
compatibility; a modular, cloud-based architecture could offer
the flexibility and scalability needed for broad adoption [79].
Clinician adoption will depend on smooth integration into
existing workflows, user-friendly interfaces, and comprehensive
training [80].

Future work must standardize and integrate diverse data
sources—such as motion capture outputs, clinical notes, and
patient records—into a unified platform compatible with
physiotherapy workflows. Ethical considerations are equally
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critical. The envisioned tool is designed to assist, not replace,
physiotherapists by providing objective biomechanical data to
enhance—not automate—clinical decision-making. The system
will maintain clinician autonomy, ensure transparency and
interpretability, and be developed in adherence to data protection
regulations. Although risks related to automation or bias are
minimal at this stage, they will remain important considerations
in later development phases, particularly as data handling, user
control, and AI components evolve. Finally, the evolving nature
of clinical practices and data types presents ongoing challenges
for maintaining a CDS tool’s relevance. Continuous updates
are needed to keep pace with advancements in clinical
knowledge and technology, which can be resource-intensive.
Addressing these challenges in future research will enhance
such a tool’s usability, adaptability, and impact on clinical
decision-making.

In conclusion, successful implementation of the physiotherapist
dashboard with CDS based on musician-specific CMA depends
on alignment with clinical workflows, ease of use, successful
integration in existing IT infrastructure, maintaining data
protection and clinician autonomy, and demonstrable benefits
in diagnostic accuracy and treatment efficiency. Insights from
this study provide a solid foundation for designing an interactive
tool for physiotherapists, incorporating CMA for musicians
with musculoskeletal demands, aiming to improve patient
outcomes and support clinical decision-making. Iterative
feedback from domain experts during design and development
should ensure the tool addresses real-world problems, is
validated through practical application, and is continuously
refined based on user insights. The involvement of
physiotherapists and movement scientists from initial design to
validation is pivotal.

While this study focuses on the niche context of musicians with
PRMDs, the identified design requirements, domain-specific
decision-making insights, and integration of CMA hold potential
for broader application. The underlying framework and
methodology can be adapted to other physiotherapy contexts
that involve complex, movement-related diagnostic and
therapeutic challenges—such as in athletes, dancers, or
individuals with work-related repetitive strain or posture-related
injuries. These populations similarly require tailored functional

assessments and context-specific CDS [81-84]. Modular,
task-oriented design supports adaptation across these groups
by enabling customization of movement analysis protocols,
clinical decision parameters, and visualization formats to meet
domain-specific needs. This enhances both the generalizability
and scalability of the proposed framework. Future work may
explore how the proposed process model and design
requirements can be transferred and tailored to other
physiotherapy contexts, extending the broader relevance and
impact of this research beyond musicians.

Conclusion and Future Work
This work contributes to HFE, physiotherapy, CMA, and CDS
for musicians with PRMDs by combining rigorous research
methods with expert insights. The proposed process model helps
stakeholders identify user needs and decision-making
requirements at the point of care, while the design requirements
lay the groundwork for developing a specialized interactive
physiotherapist dashboard integrating CMA with CDS. This
tool can enhance diagnostic accuracy and therapy effectiveness
through interactive, visual data presentation, streamline
workflows, and maintain clinical relevance. Ultimately, it aims
to improve patient outcomes, reduce injury recurrence, and
support musicians’ long-term careers.

In the next phase, we plan to translate the design requirements
into a functional prototype as part of a physiotherapy-integrated
diagnostic system [85]. To ensure practicality and effectiveness,
we will conduct rigorous usability testing and evaluations with
physiotherapists. This will involve iterative feedback loops
through think-aloud protocols and task-based evaluations,
ensuring that the tool aligns with clinical workflows and
cognitive demands. Structured feedback will be used to refine
interface features, data presentation, and interaction flows,
providing empirical evidence of feasibility, usability, and
alignment with the identified requirements.

Future research should validate usability, decision support, and
clinical effectiveness; explore advanced analytics; adapt to
various CMA systems (eg, sensorless tracking); and expand
applications across diverse musicians, instruments, and
therapeutic domains to enhance its impact.
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Abstract

Background: Increasing use of computational methods in health care provides opportunities to address previously unsolvable
problems. Machine learning techniques applied to routinely collected data can enhance clinical tools and improve patient outcomes,
but their effective deployment comes with significant challenges. While some tasks can be addressed by training machine learning
models directly on the collected data, more complex problems require additional input in the form of data annotations. Data
annotation is a complex and time-consuming problem that requires domain expertise and frequently, technical proficiency. With
clinicians’ time being an extremely limited resource, existing tools fail to provide an effective workflow for deployment in health
care.

Objective: This paper investigates the approach of intensive care unit staff to the task of data annotation. Specifically, it aims
to (1) understand how clinicians approach data annotation and (2) capture the requirements for a digital annotation tool for the
health care setting.

Methods: We conducted an experimental activity involving annotation of the printed excerpts of real time-series admission
data with 7 intensive care unit clinicians. Each participant annotated an identical set of admissions with the periods of weaning
from mechanical ventilation during a single 45-minute workshop. Participants were observed during task completion and their
actions were analyzed within Norman’s Interaction Cycle model to identify the software requirements.

Results: Clinicians followed a cyclic process of investigation, annotation, data reevaluation, and label refinement. Variety of
techniques were used to investigate data and create annotations. We identified 11 requirements for the digital tool across 4
domains: annotation of individual admissions (n=5), semiautomated annotation (n=3), operational constraints (n=2), and use of
labels in machine learning (n=1).

Conclusions: Effective data annotation in a clinical setting relies on flexibility in analysis and label creation and workflow
continuity across multiple admissions. There is a need to ensure a seamless transition between data investigation, annotation, and
refinement of the labels.

(JMIR Hum Factors 2025;12:e56880)   doi:10.2196/56880
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Introduction

Background
Artificial intelligence (AI) is a field concerned with leveraging
computers to mimic human cognitive functions, such as
problem-solving and decision-making [1,2]. Depending on the
task, this process can use a variety of methods and take many
forms ranging from relatively simple rule-based expert systems
(following if-then pathways) through regression (modeling the
relation between different variables to predict their values) and
clustering (grouping objects with similar properties together)
to more complex systems such as artificial neural networks
(computing systems imitating the anatomy of human brains
capable of modeling nonlinear processes) [1,3,4]. Particularly
complex problems may require solutions that cannot be achieved
by traditional approaches, such as preprograming the desired
behavior. Instead, techniques such as machine learning (ML)
form a subset of AI in which the algorithms are used to analyze
large amounts of data to derive a method for computing a
solution [5]. In ML, the practice of arriving at a solution is called
“learning” (or training), and the produced output is known as
the ML model. The heavy reliance on data in ML highlights the
importance of ensuring the appropriate quantity and quality of
data and signifies its impact on the effectiveness of the created
model [6]. The continuously increasing popularity of ML and
its rapid adoption rate in life sciences suggest that AI is at the
forefront of bringing innovation to health care [7,8].

Intensive care units (ICUs) are busy and complex health care
environments where critically ill patients frequently require
continuous monitoring and multiple-organ support. To provide
care for those patients, clinicians working in the ICUs use a
broad range of medical devices, such as ventilators, monitoring
devices, and intravenous pumps and lines among many others.
The information captured by those devices, as well as that
entered by the ICU staff, is collected and collated in a clinical
information system, which enables health practitioners to access
large quantities of data routinely required as part of their job.
This data-rich nature and the direct influence of data on the
provision of care provide a tremendous opportunity for the
deployment of ML models in health care and in particular ICUs
[9].

While the data gathered in the ICUs can often be used directly,
for example, to present the correlation between different vital
signs and the patient prognosis, complex tasks that rely heavily
on clinical experience and expertise may require human
involvement to provide further guidance [10]. This guidance,
most frequently referred to as labels or annotations [11], can
deliver additional information or context to the existing data.
An example of such a label could be a “yes” or “no” indicator
of whether a patient is ready for discharge, or the type and size
of tumor present on a radiograph. With this further knowledge,
ML models can take advantage of the human experience to
tackle complex problems and deliver solutions that could not
be inferred from raw data alone [12] (Figure 1).

Figure 1. Annotating data can provide additional information and context necessary to train machine learning models.

While the large volumes of data available in intensive care offer
significant opportunities, working with these data also presents
a unique set of challenges, as the effort required to annotate the
dataset increases proportionally to its size [13]. Furthermore,
the complex nature of the health care data and the fact that
applying a single label can require clinicians to look at multiple
parameters, patient history, and laboratory results make the
annotation task highly labor-intensive. With the clinician’s time
being a remarkably valuable resource, ensuring the effectiveness
of the data annotation workflow is paramount. The lack of an
annotation system tailored to the unique nature of the health
care data (eg, accessing a subset of relevant variables from a
list of potentially hundreds of parameters [14]) further
complicates this problem.

In addition to the difficulties associated with working within
clinical settings, it is equally important to consider the inherent
challenges of data annotation in their own right. These include
the need to account for multiple different types of bias that could
be introduced throughout the process [15]. For example, the
annotators themselves may have their own preferences and
preconceptions that will guide the approach they assume when
annotating data. This could stem from the amount and diversity

of their clinical experience in a context specific to the annotation
task, such as the familiarity with the clinical problem, the
specific population within which they have treated it, or even
the specific tools and methods they have used in the past.
Similarly, by annotating historical data that span the entire
duration of the admissions, annotators may create labels with
an inherent temporal or selection bias. Alternatively, annotators
tasked with creating specific annotations may focus on a subset
of the admission where they would expect to create the
annotation, such as reliance on medication, which may decrease
toward the end of the admission but could equally change
throughout its overall course.

Current literature on the applications of computational methods
within health care highlights data annotation as a primary
bottleneck in the ML pipeline [16]. This effect is attributed to
the need for domain-specific knowledge and therefore access
the expert population, as well as the considerable investment
of their time [16-18]. Because of this, existing methods aim to
reduce the number of required annotations required for positive
results by using a variety of techniques including active learning
[17], machine-assisted annotation [19], or synthetic data
generation [20]. Nevertheless, the majority of studies continue
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to rely on human annotations in the cases where labels cannot
be easily derived, or are inadequately documented in structured
data [16]. Designing a tool for the annotation of large clinical
datasets is therefore a problem that needs to be approached
carefully. The expert nature of the annotators means that both
their numbers and time are limited and are therefore resources
that need to be used efficiently [16]. Furthermore, clinical
datasets frequently aggregate data spanning several years,
resulting in a volume of data that is infeasible for manual
annotation, suggesting a need for a semiautomated approach
that could scale up to an entire dataset with limited input from
the domain experts.

Involving end users in the design process of new tools prior to
their development is an important aspect of designing effective
software [21]. It minimizes the risk of creating a system that is
inefficient and helps ensure that the developed solution meets
users’ expectations and requirements [22,23]. In the context of
the data annotation software used by experts in intensive care,
this participatory design is especially critical, as each of the
variety of roles (eg, junior doctors, doctors, nurses, and
consultants) can generate a unique set of requirements.
Furthermore, while the staff working in the ICUs are experts
in the medical domain trained to treat patients, extracting their
knowledge through data annotation is an entirely different
process. For this reason, it is crucial to deploy a strategy that
will ensure that the design of the tool follows a structured and
systematic approach that can capture a wide variety of
perspectives from its end users while also accounting for the
needs and priorities of the data science experts who will use the
created annotations.

Objectives
The primary objective of the research is to establish a set of
criteria for the design of a data annotation tool that can be used
effectively by clinicians to annotate time-series datasets from
intensive care. To achieve this goal under the limitations of
working within the health care setting, the system needs to
account for limited access to the annotators and large volumes
of data. Finally, to ensure the efficiency of the process, the
subtleties of how clinicians approach the problem of data
annotation need to be understood and accounted for in the
design. The overarching goal is, therefore, to gather
requirements for a data annotation platform that is purpose-built
for the intensive care data and clinicians and, as such, one that
facilitates an efficient annotation workflow in that domain.

Methods

Study Design
To understand how clinicians approach and reason about the
data annotation process, we conducted an experimental study
that involved members of the clinical staff from the ICU
manually annotating excerpts of time-series data printed on
paper. Observations taken during task completion served as a
basis for analysis and were used to derive the requirements for
the data annotation software. This choice of methodology was
influenced by constraints associated with working within the
clinical setting, such as the high demand and short supply of
participants’ time, and the direct relationship between the task

completion and the requirements for the digital tool, which
allowed for a natural and unobstructed data collection.

Participant Recruitment
Our participant recruitment followed a mixture of convenience
and snowball sampling comprising an invitation email sent to
the staff working in the ICU who had prior experience with
mechanical ventilation treatment and signposting through the
internal network at our research site—University Hospitals
Bristol and Weston NHS Foundation Trust. This recruitment
process yielded a sample size of 7 participants across 2 distinct
job roles (6 junior doctors and 1 doctor), which provided limited
feasibility for suitable analysis of the interrole differences in
approach to annotation but was sufficiently rich for establishing
the software requirements for the tool we set out to design.
Comparative sample sizes can be observed in similar research
in the field [24-26]. Before data collection, the annotation task
was piloted with a clinical member of our team experienced in
mechanical ventilation treatment, as well as 2 other members
of our team from the ML background. The insights collected
from the pilot activity allowed us to refine the set of clinical
parameters used throughout the activity, devise the inclusion
criteria for the underlying admissions, and diversify the data
extracts to form a sample representative of a typical dataset.
Our research site had a preestablished research partnership with
the University of Bristol and a technologically enhanced ICU
with widespread adoption of digital systems.

Theoretical Framework
To analyze the participants’ actions performed during the
simulated activity, we used a framework that served as a basis
for characterizing the data annotation process and identifying
the challenges and opportunities associated with performing
the task. Our framework followed the Norman’s Interaction
Cycle (NIC) model which assumes that the interaction is a
process of evaluation and execution between the user and the
technology [27]. It outlines a 7-step process that begins at the
goal and, through evaluation of available means and strategies,
as well as the execution of these strategies, leads to achieving
that goal in practice. The framework emphasizes the breakdown
of the preproduction stage into planning (formulating the
problem that needs to be solved), specification (outlining the
strategies that can be used to tackle the problem), and
performance (specifying actions that need to be taken to deploy
the strategy). Furthermore, it highlights the importance of
presenting the user with feedback over 3 separate stages
including perception (tracking the outcome of performed
actions), interpretation (analyzing the effect of the outcome),
and comparison (evaluating whether their actions resulted in
achieving the goal) [27]. Finally, the model captures the
disparities between user intentions and actions permitted by the
technology (gulf of execution) and the effort required to
correctly interpret the results of their actions with regard to the
desired outcome (gulf of evaluation) [27,28].

Data Collection
To facilitate data collection, we simulated a data annotation
activity involving manual annotation of real intensive care
patient data using pens and highlighter pens on excerpts of data
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printed on paper sheets. The data were formatted to resemble
the clinical information system present at the research site and
displayed patient demographics in addition to a table with
time-series data. Each column of the table corresponded to an
hour of the day and each row corresponded to a specific
parameter; the table’s cells contained the readings of a parameter
for a given hour (Figure 2). The outline brief for the activity
prompted participants to create annotations, allowing them to
create multiple annotations for a single admission. Crucially,
no additional instructions were provided regarding the
annotation format. Before the data collection, the activity was
piloted internally with an experienced intensive care consultant
(CB) and 2 ML experts (RSR and CMW), which helped us
establish inclusion criteria for the selected admissions, broaden
the characteristics of our admission sample, and refine the

included parameters. The activity took place as a single
in-person workshop, lasting approximately 45 minutes, during
which each of the 7 participants annotated the same set of 5
unique admissions (Figure 3).

Participants were observed for the duration of task completion
by a single observer who took field notes throughout the entire
activity. These field notes captured the interactions of the
participants with the annotation tasks and described the actions
taken when annotating specific admissions, how multiple
admissions were annotated, and questions asked by the
participants during the task. The collected notes were then
aggregated across the different stages of NIC and the annotated
printouts were collected and used to supplement the analysis of
the methods used by the participants to label the data.

Figure 2. The provided excerpts of time series data were formatted to resemble the interfaces of the clinical information system present at the research
site (the depicted table contains data for illustrative purposes only and is trimmed for conciseness). FiO2: fraction of inspired oxygen; ICU: intensive
care unit; PCWP: pulmonary capillary wedge pressure; PEEP: positive end-expiratory pressure.

Figure 3. Participants annotated data in a variety of ways using pen and paper during the workshop held in the intensive care unit.

JMIR Hum Factors 2025 | vol. 12 | e56880 | p.2965https://humanfactors.jmir.org/2025/1/e56880
(page number not for citation purposes)

Wac et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Task Selection
Capturing data labels in a manner representative of the general
annotation process relied on selecting an appropriate task. On
the one hand, the desired label could not be trivial and needed
to pose a significant challenge, complex enough to prompt an
in-depth analysis of the data. On the other hand, this task also
needed to fall within the subset of domain knowledge that
participants were familiar with and could therefore solve with
a relative degree of confidence. Annotating weaning from
mechanical ventilation satisfies both of these criteria due to its
challenging nature and the relative bias of the person who
performs it. The process of weaning can be characterized by
great variability in practice [29], in which both the timing of
when the weaning begins and the method in which it is delivered
largely depend on the clinician in charge of the treatment
[29,30]. Together with the lack of personalized guidelines [31]
and a wide variety of ways in which patients can be weaned,
mechanical ventilation weaning constitutes a label that is
difficult to derive from data and requires domain expertise,
which makes it suitable for this task. While in the context of
mechanical ventilation the term “weaning” comes with an
inherent ambiguity due to a number of conflicting definitions
[32-36], for the purpose of this activity it was explicitly defined
as “the reduction of support delivered by the mechanical
ventilator with an end goal of extubation.” Consequently, the
activity brief prompted participants to annotate periods during
which mechanical ventilation weaning takes place and allowed
multiple annotations for any individual admission.

Admission Data
The data used in the activity came from a deidentified intensive
care dataset called “Medical Information Mart for Intensive
Care IV version 2.0” [37]. The eligibility criteria required that
subjects were at least 18 years of age at the time of admission,
had undergone an invasive mechanical ventilation treatment
that lasted for a minimum of 24 hours, their stay in the ICU
lasted for a minimum of 4 days, and that their stay did not end
with death, including up to 48 hours after discharge. The
time-series parameters used in the data extract were limited to
those relevant to mechanical ventilation weaning and were
selected by 2 independent clinicians working in the ICU. The
data were extracted using a structured query language script run
on the PostgreSQL installation of Medical Information Mart
for Intensive Care IV version 2.0 with the concept tables
computed [38]. The script aggregated the selected parameters
on an hourly basis for each eligible admission and limited it to
the range surrounding the period of mechanical ventilation
treatment.

Ethical Considerations
This work was approved by the Faculty of Engineering Research
ethics committee at the University of Bristol (case 2022-150,
research ethics committee reference 22/HRA/2166). Information
regarding the study was circulated with the invited participants
electronically alongside the recruitment email. Informed consent
was captured electronically using digitally signed consent forms
prior to enrollment in the study. Data obtained from this study
were deidentified and stored securely in an encrypted database.
The access to the database was password-protected and only

the research team had access to these data. All participants were
able to quit without any explanation at any point during the
study. Participation in the study was voluntary, and no financial
or other form of compensation was provided to the participants.

Results

Data Annotation Analysis
During the simulated data annotation activity, we observed
participants following a series of discrete steps when annotating
data. To understand how these actions fit into the annotation
process, we analyzed the observations in the context of NIC
and aggregated them into the distinct phases of the model.

Planning
Following the distribution of the printout sheets containing the
admission data, participants began the process of familiarizing
themselves with the data. This stage involved selecting a single
excerpt from the available admissions, analyzing the patient
demographics, and browsing through the time-series data.
During the process, participants frequently cycled through the
entire length of the time-series data from the initial admission
until discharge and back.

Specifying
Upon familiarization with the specific admission, participants
began searching for individual points in time suggestive of the
weaning taking place. Some participants preferred to start with
the end of treatment, where weaning led to extubation, while
others analyzed the data to find the points in time when weaning
began. This involved focusing on specific parameters (as
suggested by following the specific rows with the pen tip) while
browsing through the time-series data across different columns.

Performing
Upon finding the thresholds for the start or end of weaning, the
participants annotated the printed sheets directly. To create the
labels, a variety of techniques were used, which differed both
between the individual annotators and the distinct admissions.
These included circling the start and end dates in the header
row of corresponding columns, drawing vertical lines on the
edges of the columns to mark the start and end periods, and
drawing a box around the portion of the dataset spanning the
duration of the label. Similarly to the analysis process, some
participants preferred to first annotate the end of the weaning
process, rather than its start. In some cases, participants also
provided additional information in the form of written comments
that justified the created label (eg, “mode of ventilation changed
from A to B” or “delivered oxygen reduced—indicative of
weaning”) and underlined values within cells of parameters that
prompted annotation.

Perceiving
Following the act of annotating the data, participants frequently
verified their labels. This was expressed by browsing through
the time-series data again and ensuring that the start and end
dates corresponded to the parameter readings that suggested the
annotation in the first place.
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Interpreting
In some cases, participants derived additional insights from the
data when investigating them with their labels already present.
These insights frequently manifested in the form of retracing
the admission data over the span of the created label, which
resulted in a reevaluation of the created label and its underlying
data.

Comparing
Finally, participants who identified the need for amendments
returned to the planning stage to repeat the annotation process,

whereas those satisfied with their annotations frequently sought
feedback from the activity facilitator on the desired annotation
count and the next steps involved in the process.

Crucially, by contextualizing the annotation process within the
NIC model we identified that the overall approach to annotation
followed a cyclic process of investigation of the data, creation
of the labels, reevaluation of the data with the labels applied,
and refinement of previously created labels (Figure 4).

Figure 4. Data annotation followed a cyclic process involving investigation of data, label creation, reevaluation of data with labels applied, and
refinement of created annotations.

User Requirements
Observations from the workshops captured key characteristics
of participant interactions with the task, forming a basis for
establishing the functional requirements of the digital tool.
Coupled with the operational constraints of data annotation in
clinical settings and the specific needs for future label use in
the ML context, these characteristics informed the user
requirements for the digital annotation tool.

Annotation of Individual Admissions
Familiarization with admission data during the planning and
specification stages suggested that the primary goal of

participants at the early stage of the process was to obtain a
high-level overview of the patient’s characteristics and their
stay in the ICU. This was supported by the frequent cycling
through different parts of the admission, allowing participants
to establish a broad timeline of events and the overall treatment
trajectory without focusing on the minutia of its delivery. The
interface of the tool should allow end users to conduct a similar
analysis digitally, incorporating both the patient demographics
and the time-series data.

Once familiarized with the admission data, participants shifted
their focus to a more task-oriented analysis by narrowing the
list of parameters to a subset significant for the task, suggesting
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different relevance of specific parameters to the target label.
Furthermore, the fact that in certain cases participants found it
easier to first search for the end of weaning, rather than its start,
suggests that their confidence in the accuracy of the created
label, its precise start or end, might be different across
annotations. Similarly, each of the participants displayed
different preferences for creating annotations favoring first
marking either the start of the weaning process or its end.
Despite this, they all shared a common set of actions of marking
the beginning and end of the label, even when the order of these
operations was not the same. To make the annotation process
as unobtrusive as possible, the digital data annotation tool should
therefore allow flexibility in not only how the data are viewed
and analyzed but also how the annotations are being created.
As such, the interface needs to display a continuous dataset
without constraining it to a subset of time or parameters and
allow the end users to freely mark the boundaries of the label
in the order of their preference.

Following the creation of a label, participants frequently
continued to investigate the underlying data and further adjusted
the labels, indicating the need to reflect on their immediate
performance and refine the annotations. Adjusting labels upon
their reevaluation indicates that when the data are viewed with
the annotations applied, the annotator’s perception of these data
changes allowing for additional insights to be derived. As such,
the digital tool should allow for the display of the created
annotations on top of the data and facilitate a similar ability to
adjust and modify them once they are created.

Participants also frequently provided additional information to
support their labels, such as comments or specific parameters
that led them to create the annotation. This contextual
information could be used as a surrogate for the thought process
of the annotators and further inform the importance of specific
parameters on the target label. The digital tool should therefore
incorporate the ability to provide additional data, such as
parameters of interest, confidence in the accuracy of created
labels, and free-form text that provides further context.

Finally, the feedback sought upon completing the annotation
indicated the need for both a progress indicator and the
importance of preservation of the continuity of the annotation
process on retaining participants’ focus. A digital tool could
account for this by displaying the count and information about
the already created labels and making it easy and efficient for
participants to annotate consecutive admissions. As such, the
functional requirements for the digital data annotation tool can
be specified as follows:

• R1: Data analysis in which participants are free to navigate
through the entire span of the admission data, as well as
underlying patient demographics.

• R2: Label creation functionality which is flexible enough
to allow end users to select the start and end of annotation
independently and in any order.

• R3: Label adjustment capability that facilitates an easy and
convenient way to amend the created label, particularly
with that label presented on top of data.

• R4: Label supplementation feature that allows participants
to provide additional context for the created annotation,

including confidence in the label accuracy and relevance
of different parameters.

• R5: Workflow continuity that ensures a cohesive process
of annotation and keeps the end users engaged and focused
on the task.

Semiautomated Annotation
Facilitating a semiautomated approach to annotation that allows
for creating labels for an entire dataset is a separate but closely
related task. As such, it can benefit from the analysis of the
manual annotation process and use it to further inform the
requirements for the digital tool. The annotation of a single
admission could be described as a bottom-up approach, in which
end users are presented with data specific to a single admission
and asked to annotate them directly (optimally until the entire
dataset is annotated). Conversely, adopting an approach that
automates the process would likely involve the annotation of
an entire dataset based on a single user input, constituting a
top-down approach. A semiautomated approach would therefore
focus on creating labels for the whole dataset without focusing
on individual admissions during their creation but potentially
using them to evaluate the annotations and refine them upon
further analysis. To that extent, the digital tool needs to allow
its end users to establish annotation strategies that are
independent of individual admissions during their formulation.

The process in which participants interacted with the individual
admissions suggested several key requirements that needed to
be adapted for the semiautomated approach. To close the loop
of investigating, annotating, evaluating, and refining that the
participants exhibited during the simulated activity, the
semiautomated annotation approach facilitated by the platform
should also allow for analysis of the effectiveness of the
annotation in the context of both the entire dataset and individual
admissions. In particular, the interface should allow the end
users to view individual admissions with the created annotations
applied, providing additional explanations for why the label
was created, and in turn, allowing them to refine their annotation
strategies. Consequently, the requirements for the digital tool
facilitating a semiautomated annotation are defined as follows:

• R6: Annotation and evaluation loop captured as one
continuous process that preserves the focus of the end users
and facilitates effective annotation.

• R7: Label analysis of individual admissions with the overlay
of created annotations on the time-series data and
justification for their presence.

• R8: Dataset-wide performance metrics that capture the
effectiveness of the annotation in the form of aggregate
statistics computed across the entire dataset.

Operational Constraints
In addition to the requirements identified through the analysis
of participants’approach to the annotation task, there are further
operational constraints that need to be reconciled to deliver an
effective annotation workflow. To accommodate the busy
schedules of the ICU staff, the tool should allow its end users
to access it in a way that suits their needs and does not impose
strict time commitments. As such, end users should be able to
perform the annotation asynchronously and access the platform
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remotely. Furthermore, to preserve the focus and ensure that
the end users’ time is used efficiently, the system should provide
a responsive and time-efficient workflow that enables them to
create and evaluate annotations in a short span of time. This is
particularly important for the semiautomated approach in which
the timely annotation of a large volume of data is critical to
preserve the continuity of the annotation and evaluation loop.
The operational requirements for the annotation tool are
therefore defined as follows:

• R9: Asynchronous and remote annotation that allows the
end users to perform the task at their convenience without
further complicating their busy schedules.

• R10: Responsiveness of the system that provides feedback
on the created annotations in a timely manner, particularly
in the case of the semiautomated annotation.

Labels for ML
Finally, having identified the functional and operational
requirements, we analyzed the platform in the wider context of
using the created labels in ML workflows. To that extent, the
discussion between data science experts within our research
team surfaced several key factors that the tool should account
for to ensure that the captured data can seamlessly integrate into
ML pipelines.

The most important one to consider is the need to achieve a
careful balance between the number of annotated admissions
and the confidence in the created annotations. On one hand,
increasing the total number of annotated admissions and their
diversity would result in a larger training dataset and,
consequently, improve the performance of the resulting ML
model. On the other hand, to account for the biases of individual
annotators, there needs to be some overlap of admissions
annotated by distinct annotators that would allow for a
comparison of their approaches and biases. Furthermore, for
this to happen, additional metadata surrounding the confidence
in the specific annotations and relating the created annotations
to their authors also needs to be collected. Only then, will the

data scientists be able to evaluate each of the annotators
individually, compute their biases, and adjust their annotations
accordingly to improve the robustness of the training dataset.

Depending on the volume of the data that needs to be annotated,
the nature of the annotation task, and the number and experience
of the annotators, this balance might be substantially different.
Because of this, the system needs to facilitate a dynamic and
adjustable configuration for how specific data are assigned to
the annotators. This suggests that in addition to the previously
established requirements, the tool should also aim to satisfy the
following ML-specific requirement:

• R11: Flexible data-splitting solution that allows for
adjustment of the data assigned to each participant and
keeps track of the label authorship.

Discussion

Principal Results
This study aimed to explore how intensive care experts approach
data annotation to establish requirements for a digital tool
designed for annotating large datasets in intensive care. We
conducted a manual data annotation activity, observing
participants as they completed the task and analyzing their
actions to gain insights into their annotation strategies. This
analysis informed the development of software requirements
for a digital data annotation platform.

Our findings revealed that the time-series annotation process
follows a cyclical annotation-evaluation loop, which includes
data investigation, label creation, reevaluation of data with the
labels applied, and refinement of the created labels. From this
analysis, we constructed 11 key requirements: 5 directly related
to facilitating the annotation of individual patient admissions,
3 adapted for implementing a semiautomated annotation feature,
2 operational requirements focused on the effectiveness of the
annotation workflow, and 1 requirement addressing the future
use of labels in the ML context (Table 1).
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Table 1. Requirements generated from analysis of observations made during simulated annotation activity.

Requirement descriptionCategory

Annotation of individual admissions

Data analysis in which participants are free to navigate through the entire span of the admission
data, as well as underlying patient demographics.

R1

Label creation functionality which is flexible enough to allow end users to select the start and end
of annotation independently and in any order.

R2

Label adjustment capability that facilitates an easy and convenient way to amend the created label,
particularly with that label presented on top of data.

R3

Label supplementation feature that allows participants to provide additional context for the created
annotation, including confidence in the label accuracy and relevance of different parameters.

R4

Workflow continuity that ensures a cohesive process of annotation and keeps the end users engaged
and focused on the task.

R5

Semiautomated annotation

Annotation and evaluation loop captured as one continuous process that preserves the focus of the
end users and facilitates effective annotation.

R6

Label analysis of individual admissions with the overlay of created annotations on the time-series
data and justification for their presence.

R7

Dataset-wide performance metrics that capture the effectiveness of the annotation in the form of
aggregate statistics computed across the entire dataset.

R8

Operational constraints

Asynchronous and remote annotation that allows the end users to perform the task at their convenience
without further complicating their busy schedules.

R9

Responsiveness of the system that provides feedback on the created annotations in a timely manner,
particularly in the case of the semiautomated annotation.

R10

Use in machine learning

Flexible data-splitting solution that allows for adjustment of the data assigned to each participant
and keeps track of the label authorship.

R11

Approach to Annotation
The observations made during the manual annotation activity
highlighted important characteristics of how experts from a
clinical background approach the annotation task. While the
sample of our study produced no discernable differences in how
participants from different roles approached the task of data
annotation, we observed a variety of strategies used to complete
the task. These included several techniques for initial
familiarization with the data, prioritization of different
parameters during the investigation process, and different order
of operations when creating the label. Crucially, we observed
that irrespective of the specific strategies, annotators followed
a cyclic process of investigation, annotation, reevaluation, and
refinement when annotating data. By modeling the process using
NIC, we were able to analyze the observations made during the
task completion stage and formulate the requirements for the
software interface of a digital data annotation platform.

In our analysis, we found that the nature of how annotators
choose to analyze the data is largely preferential and, therefore,
requires a degree of flexibility in how the software presents the
data and allows its users to navigate through it. The cyclic nature
of the process suggested that to ensure effective annotation, it
must facilitate a continuous and intuitive loop of annotation,
allow users to perform actions in varying order, and seamlessly
adapt to different stages of the process. Since these requirements

were derived from the simulated annotation of individual
admissions but captured the characteristics of the overall
problem of data annotation, the requirements for the
semiautomated approach were adapted to ensure the continuity
of the annotation-evaluation loop and flexibility in analysis.

Finally, the fact that annotators frequently sought feedback after
creating labels further emphasized the importance of ensuring
a seamless and uninterrupted annotation workflow and suggested
the need to integrate progress indicators within the digital
platform. Together with individual preferences for focusing on
different parameters during the analysis and supplying additional
information as part of the created labels, this also highlighted
the need to capture contextual information alongside labels,
which could be beneficial for their later use in the ML pipelines.

Design Implications
This literature on involving clinical staff in the collaborative
design of software interventions shows that it can have profound
effects on user acceptance and uptake upon release [23,39].
However, it is important to highlight that effectively engaging
in such collaboration can be a challenging task, particularly
when research activities require substantial time commitment
[40]. Collaborating with intensive care clinicians, whose time
is in high demand and short supply, may therefore require
additional accommodations to be effective. In the context of
annotating data, these accommodations translate into additional
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requirements that adapt the process to the busy schedules of the
clinical staff by allowing them to annotate data both
asynchronously and remotely. This further reinforces the need
to ensure that the software delivers an intuitive and time-efficient
annotation workflow and places additional constraints on its
design. Specifically, to facilitate the responsiveness of the
annotation-evaluation loop in the semiautomated approach,
where users can frequently simultaneously annotate the entire
dataset, the software should incorporate a solution that
dynamically adapts to both the number of active users and the
volume of data that needs to be processed.

Limitations and Future Work
The activity focused on capturing the approach to data
annotation was conducted with a limited number of participants,
which resulted in a limited diversity of clinical roles and,
potentially, perspectives from the ICU. This suggests that some
of the requirements established in this research could be
particularly applicable to annotators in junior doctor positions
and therefore not necessarily generalizable across entire staff
working in ICUs. The selection of the task for the manual
annotation activity was made to provide an annotation
experience that could be extrapolated beyond the specifics of
the task. Despite this, we acknowledge that the results it
produced could be biased specifically toward the annotation of
weaning from mechanical ventilation.

Furthermore, our approach to capturing the annotation process
during the simulated activity with only a single observer had a
significant impact on the quantity and quality of observations
that were collected. Due to the imbalance in the number of
annotators and observers, some of the actions undertaken by
the participants during the annotation could have gone
unnoticed. Furthermore, the presence of a single observer
created an inherent bias in the collected observations, as the
observed actions could have been perceived differently by
observers with different backgrounds or characteristics. These
limitations suggest that the observations collected during the
activity come with a degree of incompleteness and inaccuracy,
which may have impacted the elicited requirements.

We acknowledge that further work in establishing the
requirements for the digital tool could strengthen the

understanding of how clinicians approach the data annotation
task. To that extent, we suggest that further research in this area
focuses on capturing the requirements that expand beyond the
confines of a single annotation task and within a broader and
more diverse population from the ICUs. Capturing a wider range
of perspectives could inform the applicability of the elicited
requirements and, in consequence, strengthen the resulting
design of the digital tool.

The nature of the activity itself was focused strictly on the direct
annotation of individual admissions rather than the use of any
assistive or automated technologies. Although several
requirements elicited in this context applied to the overall
annotation process, including a semiautomated approach,
additional requirements not captured in this study may also
exist. Further research should therefore focus on the evaluation
of the proposed requirements and their use and limitations in
real-world applications. Therefore, these requirements should
be used to design and implement a digital data annotation
platform that should be trialed within a clinical setting.
Conducting a study that investigates the feasibility of a
semiautomated approach to the data annotation, particularly in
comparison with the direct annotation of individual admissions,
could further inform the requirements for data annotation tools.

Conclusions
In this study, we investigated how clinical staff from ICUs
approach the task of data annotation and established 11 key
requirements for a digital data annotation tool that could be
deployed within the health care setting. Our findings revealed
that data annotation is a cyclic process that demands flexibility
in how annotators investigate and annotate the data. Preservation
of the workflow continuity across different admissions and fluid
transition between analysis, annotation, and refinement of the
label are essential to facilitating effective data annotation in the
clinical domain. Adaptations for the semiautomated annotation
need to consider these factors by providing a responsive
interface that dynamically adapts to the volume of data and
allows for analysis on both an individual and a dataset-wide
basis. The significance of these findings is evident in their
potential to guide the development of a data annotation tool that
capitalizes on the considerable data generated in the ICUs and
the expanding use of computational methods in health care.
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Abstract

Background: Internet-based cognitive behavioral therapy (CBT) provides psychological interventions to individuals with mild
depressive symptoms.

Objective: This study aimed to examine the potential cost-effectiveness of internet-based guided-CBT in university students
with mild depressive symptoms from the perspective of service providers in Hong Kong.

Methods: The outcomes of low-intensity guided internet-based CBT and in-person CBT in a hypothetical cohort of university
students with mild depressive symptoms were examined using a 5-year decision-analytic model. Model inputs were obtained
from published literature and local data. Model outcomes included direct medical cost, school dropouts, and quality-adjusted life
years (QALYs). Sensitivity analyses were conducted on all model parameters.

Results: Compared to the in-person group, the internet group gained higher QALYs by 0.0211 QALYs, lowered school dropouts
by 0.052%, and saved US $249 in the base-case analysis. In one-way sensitivity analysis, the internet group gained higher QALYs
at a lower cost than the in-person group throughout the variation of all model inputs. Probabilistic sensitivity analysis showed
that the internet group was cost-effective (at willingness-to-pay threshold was US $48,119/QALY) in 99.7% of the 10,000 Monte
Carlo simulations.

Conclusions: Internet-based CBT appears to be the cost-effective option when compared to in-person CBT for university
students with mild depressive symptoms from the perspective of service providers in Hong Kong.

(JMIR Hum Factors 2025;12:e68167)   doi:10.2196/68167

KEYWORDS

internet; cognitive behavioral therapy; telehealth; depression; university students; health economic analysis

Introduction

Depression is a leading cause of disability worldwide. The
World Health Organization (WHO) reported that approximately
33% first-year college students in 8 countries were screened
positive for a common DSM-IV (Diagnostic and Statistical
Manual of Mental Disorders IV) mental disorders [1]. The
pooled depression prevalence in university students from 81
studies (near 1.5 million subjects) was estimated to be 34% [2].

Cognitive behavioral therapy (CBT) is a widely used
psychological therapy for symptoms of depressive disorders
and has been traditionally administered as in-person
interventions. Young adults with mild symptoms of depression
typically delay face-to-face intervention with a therapist,

plausibly associated to several possible reasons. Perceived
stigma and embarrassment at face-to-face intervention is one
potential barrier [3]. Also, the accessibility of face-to-face
psychological interventions may also be limited by monetary
or time requirements, as well as by the service delivery barriers,
such as insufficient psychological services and inadequate
workforce numbers [3]. Internet-based CBT interventions
provide alternative options that are self-paced and highly
accessible, and computerized low-intensity CBT is
recommended by the National Institute for Health and Care
Excellence (NICE) as an option for mild depression [4].
Low-intensity CBT is a structured self-help program, including
6‐8 brief sessions (20‐30 min per session) over 9‐12 weeks
[4]. Meta-analyses reported superior efficacy of internet-based
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CBT when compared to the waitlist or usual care [5,6]. Offering
guided internet-based low-intensity CBT could enhance the
treatment and health economic outcomes of mental health
management for university students with mild symptoms of
depression. In addition to clinical evidence, health economic
findings are important evidence to facilitate the informed
decision-making process for policy makers on the uptake of a
health technology. This study aimed to examine the potential
cost-effectiveness of internet-based guided CBT in university
students with mild depressive symptoms from the perspective
of service provider in Hong Kong.

Methods

Ethical Considerations
The protocol of retrospective review had been approved by the
Joint Chinese University of Hong Kong–New Territories East
Cluster Clinical Research Ethics Committee. The need for

informed consent was waived by the Joint Chinese University
of Hong Kong–New Territories east Cluster Clinical Research
Ethics Committee. Data deidentification was performed in the
retrospective data review process, and no compensation was
provided.

Model Overview
A decision-analytic model (Figure 1A–B), including a short-term
decision tree model followed by a 5-year Markov model, was
designed to evaluate the potential health economic outcomes
of a hypothetical cohort of university students with mild
depressive symptoms managed by two strategies: (1)
therapist-guided, internet-based low-intensity CBT (internet
group) or (2) conventional in-person low-intensity CBT
(in-person group). Depression symptom classifications adopted
the Patient Health Questionnaire-9 (PHQ-9) [7]: mild (PHQ-9
score 5‐9), moderate (PHQ-9 score 10‐14), or severe (PHQ-9
score ≥15).

Figure 1. (A-B) Simplified decision-analytical model. Depressive symptoms/relapse status included cases of mild, moderate, or severe depressive
symptoms. CBT: cognitive behavioral therapy.

Low-intensity CBT (delivered in-person or via the internet
guided by a therapist) recommended by NICE for mild
depressive symptoms is a structured self-help program that
includes 6‐8 sessions over 9‐12 weeks. In the in-person
group, the participants work through the CBT-based self-help
workbooks with brief support from the therapist in face-to-face
sessions (20‐30 min per session). In the internet-based CBT,
the low-intensity CBT program was offered via the internet
platform. The participants work through the CBT-based self-help
materials (resembling the structure of face-to-face CBT)
delivered by online modules, and the therapist provided written
feedback to the participant’s self-help work by emails or texting
[4].

All hypothetical students with mild depressive symptoms entered
a short-term model mirroring the duration of the low-intensity
CBT program (Figure 1A). The hypothetical student (in both
groups) might accept the CBT program, and those who accepted
the therapy might adhere with the course of CBT. Upon the
completion of low-intensity CBT, the student might recover
well or deteriorate (showing moderate or severe depressive
symptoms), and all were advanced to a 5-year Markov model
(Figure 1B).

In the Markov model (Figure 1B), the hypothetical subjects
proceeded through health states (Markov states) in each model
cycle according to transition probabilities [8]. The present
Markov model consisted of three key Markov states
(well/remission, depressive symptoms/relapse, and all-cause
death). Within the depressive symptoms/relapse status, cases
are further differentiated (by proportion) into depressive
symptoms of mild, moderate, or severe. The students who
deteriorated or did not achieve remission with the low-intensity
CBT program were stepped up to high-intensity CBT and
outpatient psychiatric care for pharmacotherapy [4]. Students
with severe depressive symptoms might be admitted to hospital
for inpatient psychiatric care. In each model cycle, all
hypothetical students (those in remission and those with
depressive symptoms) might (or might not) permanently dropout
from the university study. The model outcomes included direct
medical cost, dropout, and quality-adjusted life years (QALYs).
The model time horizon was 5 years, and the cycle length was
1 month. With the non-responding and recurring nature of
depressive symptoms, a timeframe of 5 years was adequate to
capture the outcomes of internet-based and conventional
in-person low-intensity CBT, and the downstream costs and
QALYs associated with deteriorated and non-responsive
depressive symptoms.
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Clinical Inputs
The clinical model inputs (Table 1) were retrieved from
published clinical studies. A MEDLINE search (2000‐2023)
was performed using keywords such as “depressive disorders,”
“internet,” “telehealth,” “telemedicine,” “cognitive behavioral
therapy,”“cognitive behavioral therapy,” “pharmacotherapy,”
“uptake,” “compliance,” “remission,” and “deterioration.”
Selection criteria of published studies included: (1) Reports

published in English language, (2) adults with symptoms of
depressive symptoms, (3) event rates of remission and/or
deterioration, and (4) individuals’ uptake of the delivery
platform and (5) compliance of delivery platform (online and
in-person) for CBT were reported. Meta-analyses and
randomized controlled trials were the preferred types of studies.
When multiple clinical randomized trials were available for the
same model input, the base-case value was derived by the
weighted average of the reported findings.
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Table . Model input parameters.

Source of InformationDistributionRange of sensitivity analysisBase-case valueParameters

Clinical inputs

    Low-intensity CBTa for
mild depressive symptoms,
event rate (%)

[9]Betab51.1‐76.763.9Recovery to well

[9]Beta4.2‐6.45.3Deterioration to moderate-
severe symptoms

[10]Triangular0.95‐1.051.00Relative difference in effec-
tiveness with internet-based
versus in-person CBT, n

    No intervention for mild
symptoms, event rate (%)

[11]Beta20.0‐30.025.0Recovery to well

[12]Beta7.3‐10.99.1Deterioration to moderate-
severe symptoms

    Acceptance of CBT, event
rate (%)

[13]Beta60.1‐66.563.30In-person

[13]Beta71.5‐79.175.3Internet-based

    Compliance to CBT,
event rate (%)

[14]Beta75.7‐92.183.9In-person

[14]Beta73.0‐88.780.8Internet-based

Monthly probabilities for
Markov modeling

[15,16]Beta0.0020‐0.00300.0025Age-specific all-cause mor-
tality, event rate (%)

[17]Triangular1.58‐2.071.81Relative risk of mortality
with depressive symptoms,
n

[18]Beta0.43‐0.650.54Remission, event rate (%)

[18]Beta1.95‐2.932.44Relapse, event rate (%)

[19]Beta19.2‐28.824.3Proportion of mild symp-
toms among relapse (mild-
moderate-severe), event rate
(%)

[19]Beta40‐6050Proportion of moderate
symptoms among moderate-
severe cases, event rate (%)

[20]Beta1.42‐2.141.78Psychiatric hospitalization
among severe cases, event
rate (%)

[21]Dropout from university by
mental health status, event
rate (%)

Beta0.099‐0.1490.124Well/remission

Beta0.154‐0.2320.193Depressive symptoms

Utility inputs

Cohort of local university
students

Triangular20‐2221    Age, years
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Source of InformationDistributionRange of sensitivity analysisBase-case valueParameters

[22]--0.92    Age-specific utility, n

[23]Triangular0.72‐0.880.80    Remission, n

[23]Triangular0.56‐0.680.62    Mild depressive symp-
toms, n

[23]Triangular0.43‐0.530.48    Moderate depressive
symptoms, n

[23,24]Triangular0.30‐0.360.33    Severe depressive symp-
toms, n

Cost inputs

[4]    Low-intensity CBT for
depressive symptoms

Triangular6‐87Number of sessions

--30Duration of each session
(min)

    High-intensity CBT for
depressive symptoms

[4]Triangular16‐2018Number of sessions

--60Duration of each session
(minutes)

Cohort of local university
students

Triangular43‐6254Psychotherapist service per
hour (US $)

[25]Triangular20‐2924Platform overhead for inter-
net-based CBT (US $)

[26]Beta7.38‐11.19.23Percentage of time spent by
psychotherapist in guided
interned-based CBT (com-
pared to in-person CBT)

Cohort of local university
students

Gamma160‐335231Psychiatric outpatient (US $
per patient-month)

[27,28]Gamma900‐21001500Psychiatric hospitalization
(US $ per episode)

aCBT: cognitive behavioral therapy.
bParameter-specific distribution used in probabilistic sensitivity analysis.

The effectiveness of low-intensity CBT for mild depressive
symptoms was retrieved from the findings of a prospective, pre-
and post-treatment study of low-intensity CBT; they reported
the recovery (63.9%) and deterioration (5.3%) rates for
individual with mild common mental disorders (depressive
disorders and anxiety disorders) in Hong Kong [9]. A systematic
review (including 17 studies) reported that electronically
delivered CBT was more effective than face-to-face CBT at
lowering severity of depression symptoms and concluded that
electronically delivered CBT was at least as effective as
in-person CBT [10]. The relative difference in the effectiveness
of CBT delivered via internet versus in-person was therefore
assumed to be 1.00 in the present model. A recent Canada health
technology assessment study on the cost-effectiveness of
internet-delivered CBT for major depression had applied a
spontaneous recovery rate of 25% for individuals who did not
receive any treatment [11], and the present model adopted the
spontaneous recovery rate for individuals with no intervention
(who did not accept or were non-adherent to the CBT) in both
study arms. The occurrence rate of deterioration in the

individuals with no interventions was obtained from an
individual participant data meta-analysis on internet-delivered
CBT (including 16 trials with total 3805 participants), reporting
that clinically significant deterioration had occurred in 9.1%
participants in the control groups [12]. The preference of
university students for digital technology versus in-person
interventions when encountered mental health needs was
examined in a survey study (n=572), and the likelihood of
seeking help through online and in-person methods was 75.4%%
and 63.3%, respectively [13]. The compliance to CBT was
retrieved from the findings of a meta-analysis on adherence to
internet-based (80.8%) and face-to-face (83.9%) CBT for
depression (including 24 trials) [14].

The monthly probability of mortality in the subjects with
depressive symptoms was approximated by all-cause mortality
from age-specific mortality [15,16] and relative risk of mortality
in individuals with depression (1.18) reported by a meta-analysis
(including 25 studies and n=106,628) on excess mortality
associated with depression [17]. The monthly probabilities of
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relapse from well (2.44%) and remission from depressive
symptoms (0.54%) after the completion of low-intensity CBT
in both study arms were estimated from the findings of a
long-term follow-up study of depression in primary care setting
over 3‐5 years (n=248; median 46 months, IQR 43-51 months)
[18]. Of the relapsed cases from those who recovered well, the
proportion of relapsed cases with mild symptoms (24.3%) and
the proportion of relapsed cases with moderate symptoms (50%)
among the relapsed cases with moderate-to-severe symptoms
were retrieved from a retrospective cohort study (n=687) of the
recurrence among patients with a history of major depressive
disorder [19]. The monthly probability of psychiatric
hospitalization (1.78%) among those with severe depressive
symptoms was estimated from the 12-month psychiatric
hospitalization rate reported by a retrospective database analysis
(n=248) on hospital utilization in patients with major depressive
disorder [20]. The monthly probabilities of school dropout
among students with remission (0.124%) and those with
depressive symptoms (0.193%) were approximated from the
findings of a long-term follow-up study (for 4.8 years) on mental
health and school dropout in over 3000 individuals aged 16‐29
years [21].

Utility Inputs
The QALYs gained by each hypothetical student was calculated
by the time spent in various health states, adjusting by the health
state-specific utility (Table 1). The QALYs gained were
discounted to the current year using a 3% annual discounting
rate. A study reported the age-specific scores for quality of life
from a US population-based survey [22], and we adopted the
US age-specific score as the utility value in the present model.
The utility values of remission and mild-to-severe symptoms
of depression were adopted the corresponding values applied
in cost-effectiveness analyses on the management of depression
[23,24].

Cost Inputs
The cost analysis was conducted from the perspective of service
providers in Hong Kong. The direct cost items (Table 1) were
costs for in-person low-intensity CBT, internet-supported guided
low-intensity CBT, in-person high-intensity CBT, and costs of
psychiatric outpatient and inpatient treatment for depressive
symptoms. The cost of in-person CBTs were estimated by the
number of sessions (per intensity level) [4] and the local hourly
wages of the psychotherapist. The overhead for
internet-supported CBT in our model adopted the overhead cost
of an online-guided CBT program for depression examined in
a randomized controlled study [25]. The percentage of the
psychotherapist’s time (9.23%) for guided CBT versus in-person
CBT was retrieved from the report of randomized controlled
trials of internet-delivered versus in-person CBT for depression
[26]. The cost per psychiatric hospitalization was approximated
by the length of hospital stay for depression and cost per day
of psychiatric hospitalization [27,28]. We conducted a

retrospective review of psychiatric resource utilization in a
cohort of local university students who received ambulatory
psychiatric care for depressive symptoms. A cohort of students
of the Chinese University of Hong Kong who had been referred
by the University Health Services in 2017‐2020 to outpatient
psychiatry care for depression symptoms (n=100; 32% men,
median age 21 [IQR 20‐22] years) were reviewed on the
psychiatric care reimbursement claims. The investigators had
no access to information that could identify individual students
during or after data collection. The median cost per patient
month (US $231; 25th and 75th percentile US $160 and US
$335) were applied as psychiatric outpatient costs (per patient
month) for depressive symptoms. The costs were adjusted to
the current year by an annual discounting rate of 3%.

Data Analysis
The expected cost and QALY of both study arms were generated
in the base-case analysis. A CBT strategy was the dominant
strategy if it gained higher QALYs at a lower cost than the
comparator. When a strategy gained higher QALYs at a higher
cost than the comparator, incremental cost per additional QALY
gained (ICER) was calculated as follows: Δcost/ΔQALYs. The
WHO recommended that ICER less than 1×gross domestic
product (GDP) per capita to be highly cost-effective [29]. The
2023 GDP per capita of Hong Kong (US $48,119) was adopted
as the willingness-to-pay (WTP) threshold (cost per additional
QALY gained) in the present analysis [30]. A CBT strategy
was accepted as cost-effective if (1) it was the dominant option
(the strategy was less costly and more effective), or (2) the
strategy was more costly and more effective, and its ICER versus
the comparator was less than the WTP threshold.

The robustness of the base-case results was examined by
sensitivity analysis. One-way sensitivity analysis was conducted
for all model inputs. The range for sensitivity analysis of each
model input was either the 95% CI range, high/low values of
the variable, interquartile range, standard deviation, or (if above
were not reported) varied by 20% of the base-case value.
Probabilistic sensitivity analysis examined the impact of
simultaneous variation of all model inputs. The cost and QALYs
were generated for 10,000 times using the Monte Carlo
simulation by randomly drawing each model input from the
parameter-specific distribution (Table 1). The incremental cost
and incremental QALYs of the internet group were presented
in a scatter plot. All analyses were performed using TreeAge
Pro 2023 (TreeAge Software Inc) and Excel 2016 (Microsoft
Corporation).

Results

The internet group gained higher QALYs (by 0.0211 QALYs)
and lowered dropout rate (by 0.0528%) at a reduced cost (US
$249 saved) versus the in-person group in the base-case analysis
(Table 2), and therefore was the (dominant) cost-effective option
at ICER −11,801 US $/QALY.
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Table . Base-case analysis results.

Incremental
QALYs

QALYsaIncremental

Dropout

School dropoutIncremental cost
(US $)

Costs (US $)

0.02112.5627−0.0528%9.8645%−2498498Internet group

-2.54169.9174%-8747In-person group

aQALYs: quality-adjusted life-years.

In one-way sensitivity analysis, the internet-based group
remained to gain higher QALYs at lower costs than the
in-person group throughout the variation of all model inputs,
and no threshold value was identified. The compliance rates to
internet-based CBT and in-person CBT were the most influential
factors on the ICER of internet-based CBT. When the
compliance rate to internet-based CBT varied over the range of
sensitivity analysis (from 73.0% to 88.7%), the ICER reduced
from −10,116 USD/QALY to −23,892 USD/QALY. When the
compliance rate to in-person CBT changed from 75.7% to 92.1%
(range for sensitivity analysis), the ICER of internet-based CBT

increased from −20,254 USD/QALY to −10,117 USD/QALY.
To further explore the interacting impact of the compliance to
the two delivery forms of CBT, a two-way sensitivity analysis
was performed on extended range (50‐100%) for both
parameters. The findings of the two-way sensitivity analysis
are shown in Figure 2. The gray area indicated the combination
of compliance rates of internet-based and in-person CBT to
prefer the internet-based CBT as the cost-effective option. The
white area indicated the combinations of compliance rates
leading to the in-person CBT as the cost-effective strategy.

Figure 2. Two-way sensitivity analysis of compliance to internet-based and in-person CBT. Gray zone: Combinations of parameters led to the internet
group as the cost-effective option. White zone: Combinations of parameters led to the in-person group as the cost-effective option. CBT: cognitive
behavioral therapy.

The internet platform cost and percentage of psychotherapist’s
time were previously reported to be major cost drivers of
internet-based CBT [31,32]. The impact of these two parameters
on the present base-case results were further evaluated by an
extended sensitivity analysis, conducted by increasing the upper
limit of internet platform cost from US $29 to US $2000, and

the upper limit of psychotherapist’s time from 11.1% to 50%.
The extended sensitivity analysis found a threshold value for
the internet platform cost at US $1745, and no threshold was
identified for psychotherapist’s time contribution.
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The probabilistic sensitivity analysis recalculated the cost and
QALYs for each study group 10,000 times using the Monte
Carlo simulation. The incremental cost and additional QALYs
gained by the internet group versus the in-person group in all
Monte Carlo simulations are shown in Figure 3. The internet
group was cost-saving in 100% of the 10,000 simulations, and
gained higher QALYs 99.7% of the times (and therefore

accepted as cost-effective in 99.7% of all simulations). The
mean cost saved and additional QALY gained by the internet
group were US $244 (95% CI US $242-246) and 0.0211 QALYs
(95% CI 0.0209‐0.0213), respectively. The internet group
remained the cost-effective option when the WTP was lowered
from US $48,119/QALY to 0.

Figure 3. Scatter plot of increment cost and QALY saved by internet-based CBT group versus in-person CBT group. CBT: cognitive behavioral therapy;
QALY: quality-adjusted life-year; WTP: willingness-to-pay.

Discussion

Principal Results
This is the first study to report the cost-effectiveness of guided
internet-based low-intensity CBT versus in-person CBT for
mild depressive symptoms in university students. The present
findings showed that the strategy of offering guided
internet-based CBT gained higher QALYs and reduced school
dropouts at a lower cost than the strategy of offering in-person
CBT. The sensitivity analyses supported the robustness of these
findings that the probability of the internet group to be accepted
as cost-effective was 99.7% at the WTP threshold of US
$48,119/QALY.

Limitations
This study was limited by the nature of model-based analysis
that the model structure only included the key clinical treatment
outcomes of depressive symptoms. The model inputs were
retrieved from multiple clinical studies with heterogeneity in
the study subjects. The findings from studies of CBT for
depressive symptoms in Hong Kong or Chinese population do
not fully meet the needs of the present model, and some of the
clinical model inputs were therefore obtained from findings
published in Western populations [10-14,17-21]. The sources
of model inputs might weaken the generalizability of the study

results to the university students in Hong Kong. Also, the
compliance to internet-based CBT was retrieved from a
meta-analysis of studies on CBT among depressed adults,
including students and older participants [14]. University
students are likely to have a higher affinity (vs older) for
internet-based therapy due to higher digital literacy [33], and
the compliance estimate (including both student and older
samples) might therefore have underestimated the compliance
in students, thus the cost-effectiveness benefits of internet-based
CBT in students. Sensitivity analysis was therefore conducted
on all model inputs to examine the impact of model parameter
variation on the model findings. The cost-effectiveness findings
generated by the present model were found to be highly robust
to the variation of all model inputs. The psychiatric outpatient
cost estimation from a local cohort of university students did
not differentiate the severity of depressive symptoms and might
underestimate the total direct cost related to severe depression.
Indirect cost (loss of productivity) and the quality-of-life change
associated with depression-related university drop-out were not
considered in the present model, and might therefore undervalue
health economic benefits generated by the guided internet-based
low-intensity CBT.

Comparison With Prior Work
The individual compliance rates to the two CBT delivery modes
were identified to be the most influential parameters in the
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one-way sensitivity analysis. The base-case values of CBT
compliance were adopted from a meta-analysis on 24 studies
comparing the adherence to guided internet-based CBT with
the adherence to face-to-face CBT. Even though the average
adherence of face-to-face CBT (83.9%) was higher than that of
internet-based CBT (80.8%), the difference between adherence
rates did not achieve statistical significance (P=.59) [14]. The
impact of uncertainty in the difference between the compliance
rates on the cost-effectiveness of the two CBT delivery modes
was further elaborated by a two-way sensitivity analysis on the
compliance rates of internet-based and in-person CBT. The
findings of two-way sensitivity analysis provided information
on the combinations of compliance rates required for
internet-based and in-person CBT to be cost-effective. In cohort
with low compliance to in-person CBT (<60%), the
internet-based CBT was a cost-effective option if the compliance
to internet-based CBT was at least 50%. In individuals with
high compliance to in-person CBT (>90%), the internet-based
CBT needed to achieve a compliance rate of >75% in order to
be accepted as the cost-effective alternative. The CBT delivered
by the internet-based technology was previously reported by a
6-month decision model in Australia to be less costly and more
effective than “treatment as usual” (using antidepressant
medication) for an acute depressive episode. Similar to the
present findings, the compliance rate of internet-supported CBT
was also identified as the most influential factor on the
cost-effectiveness of the technology-based CBT [34].

A life-long model-based health economic analysis demonstrated
that an internet-based CBT was more effective in gaining higher
QALYs at higher cost than “treatment as usual” for depression
in Spain, and the high cost (approximately US $500) of
technology platform and recurring cost (approximately US
$3000 per individual) were the major cost drivers of
internet-based CBT [32]. A 3-year model-based health economic
analysis in Germany reported that the internet-based CBT gained
higher QALYs at a lower cost than in-person CBT for unipolar
depression. The Germany study included a low-cost (US $53)
technology platform and low staff cost (psychotherapist-time
approximately 40% of in-person CBT) [31]. Similarly, the
internet group in the present model adopted a low cost for the
internet platform to deliver the low-intensity CBT materials
(US $24) [25] and approximately 10% psychotherapist’s time
of in-person CBT [26]. The cost-effectiveness of internet-based
CBT was robust to high percentage (50%) of psychotherapist’s
time, and it remained cost-effective if the internet platform cost
was less than US $1745, as indicated by the findings of extended
sensitivity analysis in the present study.

University students belong to a vulnerable group of depressive
symptoms. The latest report of WHO showed the statistics of
World Mental Health Surveys International College Student
Project (n=13,984) that the prevalence of depressive episode

was the highest of all common mental disorders. The lifetime
prevalence of major depressive episode was 21.2% and the
12-month prevalence was 18.5% among the surveyed students
[1]. CBT is the recommended intervention for mild depressive
symptoms, yet the acceptance rate of professional treatment
among young adults had been low (<30%) due to embarrassment
and preferring to handle the issue alone [3,35]. The
internet-based CBT, as a NICE recommended intervention, has
been showed to enhance acceptance by university students for
emotional needs [13] and therefore could meet the needs of
university students with mild depressive symptoms. Our prior
study on the cost-effectiveness of internet-supported CBT for
mild symptoms of anxiety for university students reported that
the internet-supported CBT gained higher QALYs with
cost-saving from the societal perspective of Hong Kong [36].
The findings of the present study further indicated that offering
internet-based CBT (versus in-person CBT) for mild depressive
symptoms was effective in gaining higher QALYs and lowering
dropout rate with cost-saving. The improvement in QALYs
achieved statistical significance (as indicated in 10,000 Monte
Carlo simulations), yet the improvement (by 0.0211 QALYs)
was modest. The health economic benefits of guided
internet-based low-intensity CBT were mainly generated by the
cost-saving and similar effectiveness to in-person CBT. The
internet-based low-intensity CBT therefore is an alternative for
university students with mild depressive symptoms for the policy
makers to consider, especially when manpower resources are
limited and penetration of internet-based programs is adequate.
To transfer the internet-based CBT cost-effectiveness
demonstrated in the present study to university students in Hong
Kong, cultural adaptation of the internet-based CBT is essential
to address differences (that may influence the effectiveness and
acceptability) in communication styles, stigma, and social values
in the context of locality [37]. The effectiveness of culturally
adapted internet-based CBT for Hong Kong adults (18‐70
years) with mild-to-moderate depressive symptoms has been
recently demonstrated in a randomized clinical trial (n=402).
The findings demonstrated a satisfactory recovery rate and
supported that culturally and linguistically adapted
internet-based CBT is an effective and feasible treatment for
Hong Kong Chinese adults [38]. To further inform the
decision-making process of resource allocation, future research
to evaluate the culturally adapted internet-based CBT for
university students with mild depressive symptoms together
with feasibility study are highly warranted.

Conclusions
The guided internet-based low-intensity CBT was found to gain
higher QALYs and reduce dropout rate at a lower cost, when
compared to in-person CBT, for mild depressive symptoms in
university students from the perspective of service providers in
Hong Kong.
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Abstract

Background: Although various apps have been developed to support health behaviors, they are mostly commercial, possibly
limiting the number of users. The ME-BYO index was developed by Kanagawa Prefecture in 2019 to comprehensively and
numerically measure and visualize an individual’s current health status and future disease risk by quantifying data. The ME-BYO
index is free of charge, so it can be made available to as many prefectural residents as possible for health promotion. Effective
online strength training programs are being developed that, when combined with ME-BYO index measurements, will help with
both exercise habits and health management.

Objective: In this study, we aimed to validate the fidelity, feasibility, and acceptability of self-measurement using the ME-BYO
index during the implementation of an online strength training program.

Methods: Participants were 23 adults aged 40 years or older who did not regularly perform muscle strengthening exercises.
The strength training program was performed twice a week for 8 weeks (16 sessions in total), and the ME-BYO index was
explained to the participants so that they could self-measure the ME-BYO index with a smartphone on the day of the strength
training program, before its implementation. The ME-BYO index during the study period was continuously collected from the
app, and the ME-BYO index adherence rate was calculated. Questionnaires were used to assess the feasibility (difficulty of
measurement and motivation to improve lifestyle) and acceptability (intention to maintain measurement and appropriate frequency
of measurement) of implementing and continuing the ME-BYO index measurements. Changes in the ME-BYO index between
the first and second halves of the program period, examination of items strongly related to changes in the ME-BYO index, and
a comparison of physical fitness and health outcomes before and after the program period were conducted.

Results: The mean ME-BYO index adherence rate during the strength training program was 89.4% (SD 17%). Regarding
acceptability, the participants were highly motivated to continue measuring the ME-BYO index (77%), and the appropriate
frequency of measurement was once a week and twice a week (31% and 31%, respectively). Panel data analysis of the self-measured
ME-BYO index showed no significant change in the ME-BYO index score; however, it increased to a higher score. Examination
of the items that increased the overall score indicated that systolic blood pressure, mental resilience, and Mini-Cog scores were
the relevant factors. The pre- and postprogram measurements showed no significant changes in items other than physical fitness.

Conclusions: The fidelity, feasibility, and acceptability of measuring the ME-BYO index during a regular online strength
training program were high, suggesting that self-measurement of the ME-BYO index could be used to implement and maintain
healthy behaviors. These findings suggest that the ME-BYO index can be recommended as a basic health app.

(JMIR Hum Factors 2025;12:e63123)   doi:10.2196/63123

KEYWORDS

digital health; resistance training; physical fitness; health outcomes; intrinsic capacity; self-measurement; smartphone; surveys
and questionnaires; feasibility studies; implementation; Japan
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Introduction

Appropriate health behaviors are important for maintaining and
improving health. In recent years, there have been remarkable
developments in mobile health to support healthy behaviors,
with various apps being developed [1]. Reviews on the
effectiveness of these apps have examined healthy behaviors
such as changes in physical activity [2,3], dietary management
[4], smoking cessation [5], weight management [6], diabetes
management [7], hypertension management [8-10], and
medication adherence [11,12], as well as their combined effects
with other interventions. However, most of these apps have
been commercially developed. Users of smartphone health apps
have high health literacy and financial affordability [13,14],
and these factors may limit the available population. A review
of apps for mental health among underserved young people
found that, while acceptance was high among economically
disadvantaged residents (with positive evaluations and high
satisfaction), they did not intend to continue using the apps.
This population was also reluctant to pay for the apps [15].

Furthermore, while commercially available apps have high
download numbers and receive positive evaluations regarding
ease of use and engagement, significant variations in quality
have been reported. Many of these apps are not evidence-based,
are inconsistent with public health guidelines, lack empirical
evidence of effectiveness or validation of measurement tools,
lack theoretical grounding, lack expert and user involvement,
and fail to provide assurances around privacy, security, or health
risks [16]. Therefore, it is valuable for local governments to
develop apps that address these challenges and that all residents
can use with confidence.

Kanagawa Prefecture, one of Japan’s largest local governments,
defines “ME-BYO” as a state of continuous change between
health and disease, rather than a clear distinction between health
and disease, and promotes efforts to improve presymptomatic
conditions based on three pillars: diet, exercise, and social
participation. In March 2020, the prefecture’s health
management ME-BYO index, which allows individuals to
measure their state of ME-BYO, was released on the smartphone
app “My ME-BYO record” [17]. The ME-BYO index is a simple
and comprehensive index that can be calculated by entering and
measuring 15 items across the areas of metabolic function,
locomotor function, cognitive function, and mental resilience.
It is expected to promote behavioral changes in individual health
and the construction of new systems in society through the
concrete quantification of health status [18].

It is unique in that it includes risk factors for dementia (BMI,
blood pressure, and mental health) and the Mini-Cog for
screening cognitive function. To date, a new longitudinal study
based on the Kanagawa Prospective ME-BYO Cohort Study
has been initiated to verify the validity and reliability of the
measurement method [19,20] and incorporate a future prediction
function. However, the real-world feasibility of the ME-BYO
index has not yet been validated.

The ME-BYO index was developed for health promotion among
residents. This app is provided free of charge to enable

widespread use. Therefore, disseminating the app and verifying
its feasibility are crucial for addressing health disparities.

Epidemiological studies on physical activity have recently
focused on strength training, low-intensity physical activity,
and sedentary behaviors. Among these, meta-analyses have
shown that strength training reduces the risk of all-cause
mortality and development of cardiovascular diseases, cancer,
and diabetes [21]. The COVID-19 pandemic has led to the
development of various online exercise programs. In particular,
online strength training programs, which are convenient and
can be completed relatively quickly, are as effective as in-person
training and a promising approach for busy working populations
[22]. Therefore, combining the measurement of the ME-BYO
index with online strength training programs may contribute to
motivation to practice exercise and health management.

Therefore, in this study, we aimed to examine the fidelity,
feasibility, and acceptability of the ME-BYO index during the
implementation of an online strength training program, which
is a promising approach for exercise continuity in the
working-age population.

Methods

Study Design and Participants
This was a prospective single-arm study. The participants were
23 adults aged 40 years or older (41‐68 y) who did not
regularly perform muscle strengthening exercises at least twice
per week. Information on muscle strengthening exercise habits
was collected through self-report.

Ethical Considerations
This study was approved by the Ethics Committee of the Nippon
Sports Science University (023-H043) and by the Ethics
Committee of Kanagawa Cancer Center (2023KEN-10). The
purpose and content of the study were explained to the
participants, and written informed consent was obtained before
the study was conducted. Data were collected in a face-to-face
setting, and all user data were deidentified before analysis.

Strength Training Programs
The strength training program was performed twice weekly for
8 weeks (16 sessions in total). Strength training consisted of six
exercises (squats, rear raises, dips, lunges, single-leg Romanian
deadlifts, and push-ups; Multimedia Appendix 1) and lasted
approximately 60 minutes per session. The load was applied
with body weight or Therabands, and the number of repetitions
per set was 10 to 20, with 1 to 3 sets (low intensity) titrated
during the training period. The rest period between sets was 2
minutes. A video call app (ZOOM) was used, and the
instructor-to-subject ratio was set at 1 to 5‐7. The strength
training program was delivered by well-trained staff [22,23].
The staff members measured the following before and after the
strength training program: the ME-BYO index, cognitive
function, well-being, psychological distress, physical fitness,
body composition, and physical activity.
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Measurement Items

The ME-BYO Index
The ME-BYO index was measured by the staff before and after
the implementation of the strength training program. During
the study period, self-measured ME-BYO index was
continuously obtained through the My ME-BYO record app,
which was created by Kanagawa Prefecture. The ME-BYO
index was measured after a thorough explanation was provided
during the preprogram assessments. Instructions for
self-measurement were distributed and explained. For this study,
data were anonymized, and only information from the study
participants was collected.

The ME-BYO index is scored based on a 15-item measure
across the following four domains: metabolic function,
locomotor function, cognitive function, and mental resilience
[18,24]. The World Health Organization categorizes intrinsic
capacity into five categories: physical mobility, vitality,
psychosocial, sensory, and cognitive [25]. The ME-BYO index
was designed using this approach and calculated by summing
the weighted partial scores that assessed the status of the four
domains. The overall score ranges from 0 to 100 points, with
higher scores indicating better health. Various scientific
indicators were collected using a survey to construct a scoring
formula for domain-specific assessments. The following
measurement indices were used to calculate the ME-BYO index:
sex, age, BMI, and systolic blood pressure to evaluate metabolic
function; the 5-question Geriatric Locomotive Function Scale
questionnaire [26] and walking speed measured by a smartphone
[19] to assess locomotor function; the 3-question version of the
Mini-Cog [20,27,28] to evaluate cognitive function; and
individual voice information to evaluate mental resilience. A
mind monitoring system (MIMOSYS; PST Inc) was recently
developed [29-31] and implemented to evaluate mental
resilience using smartphone apps [18].

My ME-BYO record can be installed and used free of charge
in the App Store and Google Play. My ME-BYO record and
ME-BYO index Terms of Use, Privacy Policy, and Security
Policy are available within the app and on the Kanagawa
Prefectural Government website [32-34].

Fidelity, Feasibility, and Acceptability of the ME-BYO
Index Measurement
This study was conducted based on Proctor et al.’s [35]
implementation outcome framework (IOF). We examined the
individual-level implementation outcomes outlined in the IOF:
fidelity, feasibility, and acceptability.

The ME-BYO index self-measurement frequency and adherence
rate were calculated as fidelity. The adherence rate was
calculated individually as the percentage of the
self-measurement to the participation sessions throughout the
intervention period, and the average adherence rate was
obtained.

In feasibility, they were evaluated using a questionnaire
regarding the difficulty of measuring the ME-BYO index twice
a week (quite difficult, somewhat difficult, not very difficult,
or not at all difficult) and their motivation to improve their

lifestyle through regular ME-BYO index measurements (not at
all motivated, not very motivated, somewhat motivated, or quite
motivated).

The acceptability of the ME-BYO index was evaluated using
a questionnaire with the following two items: (1) intention to
maintain regular ME-BYO index measurements after the end
of the study (not at all, not very much, somewhat agree, or
strongly agree); and (2) frequency of ME-BYO index
measurement appropriate for the participant (once a year, once
every few months, once a month, twice a month, once a week,
or at least twice a week). The questionnaire on feasibility and
acceptability is detailed in Multimedia Appendix 2.

Fidelity and Acceptability of Strength Training Programs
Fidelity was assessed regarding the time required for
participation and the adherence rate in the strength training
program. Acceptability was evaluated using the following
questionnaire on technical difficulty and time allocation of the
strength training program: For technical difficulty, participants
were asked to choose from the following options: quite difficult,
somewhat difficult, not very difficult, or not at all difficult.
Time allocation was selected from the following options: not
at all appropriate, not very appropriate, somewhat appropriate,
and quite appropriate.

Cognitive Function
We used the Japanese version of the mild cognitive impairment
(MCI) screen, a simple cognitive function scale developed by
the Medical Care Corporation, Inc., in the United States, to
detect MCI early [36]. The assessment was based on the
Memory Performance Index (MPI) score. The MPI score is a
unique index that objectively expresses the health status of the
brain and is evaluated and calculated using the statistical analysis
algorithm of the MCI screen. The higher the MPI score, the
higher the patient’s cognitive health status, expressed
quantitatively as a number from 0 to 100 [37].

Well-Being and Psychological Distress
The World Health Organization-5 Well-Being Index was used
to measure the subjective psychological well-being [38]. The
respondents answered five statements regarding their feelings
over the past 2 weeks. The total score ranged from 0 to 25, with
higher scores indicating higher psychological well-being. Scores
<13 indicate poor well-being and suggest depression according
to the International Statistical Classification criteria [39]. To
assess the quality of life, we multiplied the raw score and
calculated the percentage ranging from 0 to 100 (low to high
quality of life).

The Psychological Distress Scale (K6) score, a robust
nonspecific psychological distress measurement tool [40,41],
was calculated from six items using a 5-point Likert scale, with
the total score ranging from 0 to 24, with higher scores
indicating more severe distress. We used the Japanese version
of the scale [41], translated and validated from the original scale
developed in English [40].

Physical Fitness and Body Composition
Grip strength was assessed using a hand grip dynamometer
(Takei Scientific Instruments). Participants were allowed two
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attempts to attain the highest possible rating. They took a
standing position and squeezed the dynamometer as hard as
possible with one hand, and then repeated the test with the other
hand.

A push-up test was performed to evaluate upper extremity
muscle function. Participants were required to touch a 10 cm
foam pad placed on the floor with their knees on top. The
participants were then asked to alternately perform push-ups
repeatedly for 30 s, and the number of times they could come
to the start position was counted and recorded.

The 5-times chair-standing test required the participants to stand
up from a chair without using arms and sit down as quickly as
possible. The time required for participants to perform this
action was measured 5 times using a stopwatch [42].

Squat and countermovement jumps were measured using a
MULTI JUMP TESTER instrument (DKH Co., Ltd). All the
participants were instructed to jump as high as possible and
were not allowed to use their arms. The highest score of the two
trials was accepted as the jump score (cm).

The sit-and-reach flexibility test is widely used as a general test
of trunk flexibility and is performed using a digital measuring
device (Takei Scientific Instruments). The participants were
instructed to sit on the floor and stretch their torso and arms out
in front of them with their knees straight. The participants were
allowed 2 to 3 attempts to attain the highest possible rating.

Body composition was measured in terms of muscle thickness
and body fat content. The muscle thickness (cm) of the triceps
brachii (ie, 60% distal between the lateral epicondyle of the
humerus and the acromial process of the scapula) was measured
using B-mode ultrasound (FAMUBO-D; SEIKOSHA). Body
fat (%) was measured using a body composition measuring
device (Inbody270; InBody Japan Inc). Height (seca 213; seca
Nihon) and weight (HD-665; TANITA corporation) were

measured, and BMI (kg/m2) was calculated. Systolic blood
pressure and diastolic blood pressure (mmHg) were measured
using a sphygmomanometer (HEM-7120; OMRON Healthcare
Co. Ltd). Participants rested for at least 5 minutes in a seated
position before the measurement was taken. They took two
readings themselves. If there were no issues, the second reading
was used.

Physical Activity
Physical activity was measured using a validated accelerometer
(Active Style Pro HJA-750C; OMRON Healthcare) [43-45].
Participants were instructed to wear the accelerometer on their
waist for 7 consecutive days from when they walked up to when
they went to bed, except when bathing, swimming, or other
water exposure. The time the accelerometer was worn was
calculated by subtracting the time the accelerometer was not
worn from 24 h per day. Those with at least 4 days of at least

10 hours of wear per day were included. The outcome measures
were average moderate-to-vigorous physical activity time
(minutes per day, ≥3.0 METs) and average sedentary time
(minutes per day, ≤1.5 METs). A macro program (version
190829), developed and distributed by the Japan Physical
Activity Research Platform [46], was used to process the
accelerometer data.

Statistical Analysis
For the panel data analysis of the ME-BYO index self-measured,
the means of the first 4 weeks of the program and the second 4
weeks of the program were compared for the overall score,
metabolic function score, locomotor function score, cognitive
function score, and mental resilience score using an appropriate
t test. A multilevel analysis was also performed, with the
ME-BYO index overall score as the dependent variable; BMI,
systolic blood pressure, mental resilience score, Mini-Cog score,
5-question geriatric locomotive function scale, and walking
speed as the independent variables; and sex and age as the
adjusted variables. Paired t tests were used to compare the means
of each item in the pre- and postprogram measurements.
Statistical analyses were performed using SPSS version 27
software (IBM Corp). The significance level was set at 5%.

Results

Of the 23 participants, 19 participated in the premeasurement
period. Therefore, the 19 participants for whom pre- and
postassessments were available were included in the analysis.
The baseline characteristics of the study participants are shown
in Table 1. The mean age was 57.6 (SD 7.8) years.

The results of the fidelity, feasibility, and acceptability of the
ME-BYO index measurement and strength training program
are shown in Table 2. Regarding the number of
self-measurements and the adherence rate of the ME-BYO
index, 13 participants were included in the evaluation because
8 participants had not yet taken the measurement owing to
inadequate smartphones or measurement environments. The
mean number of measurements was 14.1 (SD 3.1), and the
ME-BYO index adherence rate was 89.4% (17%). Regarding
self-measurement of the ME-BYO index twice a week during
the study period, a few participants had difficulty measuring it
(n=5, 39%), and many participants were motivated to improve
their lifestyle (n=8, 61%). The intention to maintain the
ME-BYO index twice a week was high (n=10, 77%), and the
most common appropriate frequency for measuring the
ME-BYO index was once or twice a week (n=8, 62%). The
adherence rate in the strength training program was 94% (8.5%).
The technical difficulty was somewhat difficult (n=9, 47%) but
not very difficult (n=7, 37%). Time allocation was appropriate
(n=16, 84%).
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Table . Characteristics of the study participants (n=19).

Value, n (%)Characteristics

Age (y)

3 (15.8)    41‐49

7 (36.8)    50‐59

9 (47.4)    60‐68

Sex

8 (42.1)    Male

11 (57.9)    Female

Education (y)

3 (15.8)    12‐14

8 (42.1)    16

8 (42.1)    18+
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Table . Fidelity, feasibility, and acceptability of the self-measured ME-BYO index and the strength training program.

ValueItem

Fidelity

    Self-measurement of ME-BYO index, mean (SD)

14.1 (3.1)        Number of measurements (times)

89.4 (17.0)        Adherence rate (%)

    Strength training program, mean (SD)

15.1 (1.4)        Participation (times)

94.0 (8.5)        Adherence rate (%)

Feasibility

    Difficulty of implementing twice-weekly ME-BYO index measurements, n (%)

1 (8)        Quite difficult

4 (31)        Somewhat difficult

2 (15)        Not very difficult

6 (46)        Not at all difficult

    Motivation to improve lifestyle by ME-BYO index measurement, n (%)

1 (8)        Not at all motivated

4 (31)        Not very motivated

5 (38)        Somewhat motivated

3 (23)        Quite motivated

Acceptability

    Intention to maintain ME-BYO index measurement, n (%)

2 (15)        Not at all

1 (8)        Not very much

8 (62)        Somewhat agree

2 (15)        Strongly agree

    Appropriate frequency of ME-BYO index measurement, n (%)

0        Once a year

2 (15)        Once every few months

1 (8)        Once a month

2 (15)        Twice a month

4 (31)        Once a week

4 (31)        At least twice a week

    Technical difficulty of the strength training program, n (%)

0        Quite difficult

9 (47)        Somewhat difficult

7 (37)        Not very difficult

3 (16)        Not at all difficult

    Time allocation fo ther strength training program, n (%)

0        Not at all appropriate

0        Not very appropriate

3 (16)        Somewhat appropriate

16 (84)        Quite appropriate
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When comparing the mean scores of the ME-BYO index
self-measurement between the first and second 4 weeks, there
was no significant difference, but there was a change to a higher
value (Table 3).

A multilevel analysis using panel data in the self-measured
ME-BYO index to examine the measures that increased the
overall score revealed that systolic blood pressure, mental
resilience, and the Mini-Cog score were significantly associated
factors. An increase of 1 mmHg in systolic blood pressure

tended to decrease the overall score by 0.15 points. A 1-point
increase in mental resilience tended to increase the overall score
by 0.10 points. A 1-point increase in Mini-Cog score tended to
increase the overall score by 3.57 points (Table 4).

Significant improvements in physical fitness were observed in
the postprogram measurements compared with the preprogram
measurements, including push-ups, 5-time chair standing test,
squat jump, and countermovement jump. No significant changes
were observed in the other items (Table 5).

Table . Changes in the ME-BYO index self-measurement scoresa.

P valueSecond half of the program, mean
(SD)

First half of the program, mean (SD)Item

.1592.9 (4.1)91.6 (4.2)Overall score (points)

.9990.2 (8.2)90.2 (8.1)Metabolic function score (points)

.9197.2 (6.6)97.3 (7.9)Locomotor function score (points)

.2298.7 (2.2)96.5 (8.0)Cognitive function score (points)

.0878.2 (11.2)70.3 (19.7)Mental resilience score (points)

aPaired t-test: panel data on ME-BYO index self-measurement to compare mean scores for the first 4 weeks and second 4 weeks of the program.

Table . Measures associated with an increase in the overall score of the ME-BYO indexa.

95% CIP valueSEEstimated value

−0.95 to 0.44.430.31−0.25BMI (kg/m2)

−0.19 to −0.12<.0010.02−0.15Systolic blood pressure
(mmHg)

0.08 to 0.12<.0010.010.10Mental resilience score
(points)

2.15 to 5.00<.0010.713.57Mini-Cog score
(points)

−3.91 to 0.83.201.18−1.54Five-question geriatric
locomotive function
scale (points)

−0.16 to 0.14.870.07−0.01Walking speed (m/s)

−9.24 to 5.88.623.23−1.68Sex: women (refer-
ence: men)

−0.54 to 0.46.850.21−0.04Age (years)

66.99 to 123.91<.00112.6095.45Intercept

aMultilevel analysis: Using panel data in the self-measurement of the ME-BYO index, the overall score was the dependent variable; BMI, systolic blood
pressure, mental resilience score, Mini-Cog score, 5-question geriatric locomotive function scale, and walking speed were the independent variables;
and sex and age were the adjusted variables.
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Table . Changes in each evaluation item before and after the online strength training programc.

P valueAfter, mean (SD)Before, mean (SD)

.5484.3 (6.2)85.4 (7.7)ME-BYO index (score)

.4423.5 (4.2)23.6 (4.3)BMI (kg/m2)

.99124.4 (17.9)124.4 (21.9)Systolic blood pressure
(mmHg)

.2081.0 (11.1)77.5 (10.5)Diastolic blood pres-
sure (mmHg)

.6569.6 (8.1)69.1 (8.2)MPIa (points)

.8118.7 (3.9)18.9 (3.9)WHO-5d (points)

.197.6 (2.3)7.2 (1.9)K6 (points)

Grip strength

.0531.6 (10.4)32.3 (10.4)    Right (kg)

.6930.6 (10.9)30.3 (11.1)    Left (kg)

<.00119.2 (6.1)15.2 (6.4)Push-up (times/30 s)

.015.7 (0.6)6.4 (1.4)5 times chair standing
test (sec)

.0221.1 (5.6)19.8 (5.3)Squat jump (cm)

.04523.9 (6.1)22.8 (5.9)Countermovement
jump (cm)

.9438.1 (8.6)38.1 (7.9)Sit-and-reach test (cm)

.773.3 (0.9)3.3 (0.5)Muscle thickness (cm)

.0726.0 (7.7)27.1 (6.6)Body fat (%)

.2975.7 (39)83.0 (41)MVPAb (min/d)

.33526.3 (125.1)542.3 (132.1)Sedentary time (min/d)

aMPI: Memory Performance Index.
bMVPA: moderate-to-vigorous-intensity physical activity.
cPaired t-test.
dWHO-5: The World Health Organization-5 Well-Being Index.

Discussion

Principal Findings
In this study, we evaluated the fidelity, feasibility, and
acceptability of self-measuring the ME-BYO Index during an
online strength training program. The mean number of
measurements was 14.1 (SD 3.1), and the adherence rate was
89.4% (17%), suggesting high fidelity in an 8-week (16
sessions), twice-weekly training program. Although 5 (39%)
participants had difficulty measuring the ME-BYO index, 8
(61%) participants were motivated to improve their lifestyle.
The importance of daily physical condition and health
management was described in the individual questionnaire
(Multimedia Appendix 3), suggesting that these factors led to
a high number of ME-BYO index measurements. A study on
the fidelity of a smartphone nutrition app (MyNutriCart) for
making smart and healthy choices when purchasing food in
grocery stores found that the average use of the app was 75%
for each purchase, with a 69% likelihood of use [47]. This was
an 8-week intervention in which participants were instructed to

use the app every time they went grocery shopping or at least
once a week [48]. Reviews of self-monitoring mental health
apps also report adherence rates of 85% to 100%, suggesting
high engagement with these apps [49]. Despite differences in
input items and duration, this study demonstrated fidelity similar
to that of other studies.

Eight participants were unable to self-measure, not due to a lack
of interest or motivation but primarily because their smartphones
were incompatible. Furthermore, all their baseline characteristics
were comparable (Multimedia Appendix 4). Therefore, it is
unlikely that this resulted in a biased sample. However, it should
be noted that the ME-BYO index measurement was requested
on the day of program participation, which may have motivated
participants to continue the measurement. Additionally,
smartphone literacy may have influenced the results. Concerns
remain, particularly among older adults, that limited familiarity
with technology may affect outcomes. This highlights the need
for further research.

High fidelity was also confirmed for the strength training
program (94%), suggesting that the program may be an effective
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gateway to exercise habits in the working population. Pre- and
postprogram measurements revealed an increase in physical
fitness. However, no changes were observed in the mental or
psychological factors assessed besides the ME-BYO index.
These results suggest that, although the evaluation of the
ME-BYO index measures not linked to the program is
problematic, combining the program with a regular and highly
feasible program is effective for regular ME-BYO index
measurements. The intention to continue measuring the
ME-BYO index twice a week was high (n=10, 77%), and the
appropriate frequency of the ME-BYO index measurement was
once or twice a week (n=8, 62%), suggesting that continuous
ME-BYO index measurement at short intervals could be used
as an indicator of the effectiveness of regular exercise and other
programs. A prior study using real-world data from the My
ME-BYO Record app reported low engagement among repeat
users [50]. In contrast, the present study observed high
adherence rates when the app was integrated within a structured
online strength training program. These findings suggest that
combining the app with guided health interventions may be an
effective strategy to enhance user engagement and address the
low adherence typically observed in free-living settings
compared to structured programs.

When comparing the mean ME-BYO index self-measured scores
between the first and second 4 weeks, there was a general
change to higher scores, although there were no significant
differences. Notably, the mental resilience score showed an
upward trend, while the scores of the other indicators remained
high. The multilevel analysis showed that the measures that
increased overall scores were systolic blood pressure, mental
resilience, and Mini-Cog scores. The ME-BYO index app has
an immediate feedback and advice function for measurement
results, and the ability to self-monitor is thought to be a factor
that increases its fidelity, feasibility, and acceptability.
Self-monitoring is one of the most commonly used behavioral
change techniques in health apps [51]. A meta-analysis by
Michie et al [52] on behavior change techniques (BCTs) that
contributed to improved physical activity and dietary habits
found that the most effective BCT among 122 intervention
studies was immediate self-monitoring of behavior, indicating
the importance of implementing BCTs. This study demonstrated
the importance of implementing BCTs.

In a study evaluating the quality of physical activity apps, only
1 out of 65 randomly selected apps that met the criteria had a
noncommercial affiliation (government agency). Privacy and
security assessments revealed that 29.2% of the apps had no
privacy policy. Most apps collect personally identifiable
information and share user data with third parties, and more
than half do not specify how to ensure data security [53].
Furthermore, only 12 of the 65 apps had a peer-reviewed study
associated with them, and only one app was evaluated for
efficacy in a trial. This suggests that the quality of commercially
developed apps is inadequate. Importantly, this study confirmed
the feasibility of a reliable app provided free of charge by the
local government, which can be recommended for use as a basic
health app.

Limitations
This study had several limitations. First, it used a
before-and-after comparative design, and the influence of
psychological bias (the Hawthorne effect) and selection bias
cannot be excluded. Second, the sample size was small, which
may have resulted in insufficient statistical power. Future studies
involving control groups are required. Third, although the
evaluation was based on the IOF, the feasibility and acceptability
indicators were not validated scales, which may have introduced
interpretation bias. Fourth, the study was conducted over a short
period. The ME-BYO index includes indices (cognitive and
locomotor functions) that do not change easily over a short
period. Therefore, it may be difficult to detect the effects of
short-term measurements at short intervals, and long-term
validation needs to be addressed. The impact on long-term
fidelity should also be considered.

Conclusion
We investigated the fidelity, feasibility, and acceptability of
self-measurement of the ME-BYO index during the
implementation of an online strength training program in adults
with no exercise habits. The fidelity, feasibility, and
acceptability of measuring the ME-BYO index during
implementation were high, suggesting that self-measurement
of the ME-BYO index could be used as a tool for implementing
and maintaining healthy behaviors. The fact that these findings
were confirmed in an app provided free of charge by the public
sector is significant and suggests that it can be recommended
as a basic health app.
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Abstract

Background: Dementia increases the risk of individuals getting lost due to cognitive decline, impacting daily functioning and
heightening caregiver worry. Traditional search methods are often time-consuming and stressful, whereas GPS-based technologies
face limitations such as battery dependency. A crowdsourcing Internet of Things (IoT) technology using energy-efficient Bluetooth
Low Energy (BLE) offers a potential solution to locate missing individuals with dementia more effectively by harnessing the
power of the crowd and fostering a caring and inclusive community.

Objective: This study aimed to evaluate the effectiveness of a BLE-based privacy-preserving crowdsourcing IoT system
consisting of a BLE tag and an Android and iOS app in improving lost-related behavior and psychological well-being by facilitating
searches, after-care arrangements, and reducing caregiver worry, as well as to assess its usability among caregivers of individuals
with dementia in Hong Kong.

Methods: A single-arm, prospective observational study was conducted from November 2020 to October 2023. Caregivers
(N=1034) of individuals with dementia used a staff-assisted crowdsourcing IoT technology comprising a BLE tag, mobile app
sensor, and location cloud server. Outcomes included search strategies, post–getting lost care arrangements, caregiver worry and
distress (10-point scale), and usability (modified Quebec User Evaluation of Satisfaction with Assistive Technology 2.0 survey).
Data were collected at 6- and 12-month follow-ups and analyzed using generalized estimating equations and linear mixed models.

Results: Of the 1034 participants, 143 (13.82%) reported lost episodes, with 51 (35.7%) using BLE tags for searches. Worry
about future lost episodes decreased significantly over time (P=.008), especially among BLE tag users (P=.04). There was an
association between BLE tag use and adoption of proactive search strategies (eg, going out to search: adjusted odds ratio 2.78,
95% CI 1.33-5.82; P=.007) and preventative measures (eg, IoT devices or CCTV: adjusted odds ratio 2.92, 95% CI 1.61-5.29;
P<.001). Usability satisfaction was high for design and data security, whereas approximately half of the participants (309/707,
43.7%) were satisfied with accuracy.

Conclusions: The BLE crowdsourcing system may reduce caregiver worry and encourage proactive search behaviors, although
accuracy depends on broader community adoption. Integration into dementia care plans could enhance safety and autonomy.
Further research with a randomized controlled trial design is needed to confirm these findings.

(JMIR Hum Factors 2025;12:e73670)   doi:10.2196/73670

KEYWORDS

dementia; getting lost; IoT; Internet of Things; crowdsourcing IoT technology; caregiving worry; caregiving distress

Introduction

Dementia is a neurodegenerative syndrome characterized by
progressive impairments in cognitive domains, including
memory, judgment, and orientation, significantly impacting
daily functioning [1]. Individuals with dementia are at an

increased risk of becoming lost due to compromised
perceptual-motor and visuospatial abilities [2-5], as well as
difficulties in acquiring and retaining new information [6].
Cognitive deterioration, particularly in orientation and executive
function [7,8], along with psychological factors, such as
depression, agitation, and stress-related coping mechanisms, is
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a key contributor to this risk [9-11]. The consequences of getting
lost can be severe, leading to psychological distress, heightened
fear [12,13], and increased risk of serious injury or mortality,
especially if the individual remains missing for an extended
period [14,15]. Moreover, such incidents often result in
premature admission to nursing homes [5], negatively affecting
the overall quality of life for individuals with dementia.

The impact of these episodes extends beyond the individuals
themselves, as caregivers frequently experience heightened
stress, worry, exhaustion, and fatigue due to prolonged
surveillance [13,16]. The fear of getting lost often prompts
caregivers to adopt restrictive measures, such as limiting outdoor
activities, which can compromise the autonomy and quality of
life of individuals with dementia [17,18]. Traditional methods
for locating lost individuals, such as neighborhood searches and
contacting authorities, are time-consuming and often yield
limited success. Recent technological advancements, including
GPS tracking using mobile phones or dedicated wearable
devices such as watches, offer more efficient solutions but are
not without challenges, such as the need for regular battery
charging for the wearable devices, which individuals with
dementia who live alone may forget.

In response to these challenges, a search technology was
developed that harnesses the power of the crowd and uses more
energy-efficient Bluetooth devices. This technology aims to
provide a more reliable and community-driven solution for
locating individuals with dementia who become lost. This study
sought to evaluate the effectiveness of this technology in

facilitating searches and reducing caregiver worry during
dementia-related lost episodes. Additionally, it aimed to explore
the potential benefits and limitations of this technology in
real-world scenarios, contributing to the development of more
effective support systems for individuals with dementia and
their caregivers.

Methods

The Crowdsourcing Internet of Things (IoT)
Technology
This study used a crowdsourcing IoT technology developed by
the co-authors at the Hong Kong University of Science and
Technology [19]. The primary objective of this system was to
locate individuals using a software-based crowdsourcing. The
technology’s development began in 2019, with deployment
starting in 2020, predating the launch of Apple’s AirTag [20].
The technology comprises 3 main components: a Bluetooth
Low Energy (BLE) tag, a mobile app for both Android and iOS
platforms, and a location cloud server. The BLE tag, designed
and customized as a walking stick holder, keychain, or smart
card, emits a signal detectable by the sensor within a range of
30 to 100 meters (Figure 1). While AirTag’s “Find My” network
relies on the iOS ecosystem [21], our technology engages both
Android and iOS communities, broadening the search network
and supporting our aim of the project to foster a
dementia-friendly community through the active participation
of caregivers and volunteers (referred to as “Dementia Angels”)
in the search.
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Figure 1. The Bluetooth Low Energy tag in different designs. (A) Overview, (B) walking stick holder design, (C) keychain design, and (D) smart card
design.

The Dementia Angels download the sensor app, which uses
GPS for positioning. The graphical user interface of the app is
shown in Figures 2–3. The app consists of 2 primary interfaces:
“report lost” interface for caregivers (Figure 2) and the “missing
person report” interface for Dementia Angels (Figure 3). The
“report lost” interface provides the location where and when
the BLE tag was last tracked. When the caregiver reports a lost
episode and activates a search, they input the lost

episode–related information to aid Dementia Angels’ searching.
The “missing person report” interface displays recent missing
reports and successful recoveries. The app incorporates large,
touch-friendly buttons and icons and uses different color
schemes to distinguish the 2 interfaces. The app is in Chinese,
and Figures 2–3 show a translated version for illustration
purposes.
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Figure 2. “Report lost” interface for caregivers.

Figure 4 illustrates the mechanism of the technology. When a
care recipient goes missing, the caregiver can activate a search
notification. This prompts caregivers and Dementia Angels to
enable Bluetooth and GPS on their devices to detect the BLE
tag signal. Upon detecting the signal, the mobile devices
anonymously relay their location to a location cloud server,
where a localization engine determines the location of the BLE
tag. This information is then communicated to caregivers to aid
in the search. The accuracy of the positioning, therefore, depends
on the number of scans from Dementia Angels.

This technology adopts the privacy by design approach. The
key advantages of the technology include real-time and

on-demand positioning capabilities, which protect the care
recipients’ rights when the positioning is only performed when
they are in a safety threat. The BLE tag is water-resistant, with
a battery life of up to 1 year and low battery notification on the
caregiver interface to ensure timely replacement by caregivers,
in contrast to GPS-based trackers commonly used during the
technology’s development, which typically require more
frequent recharging due to higher power consumption.
Furthermore, the search function is only activated when
necessary, minimizing inconvenience for caregivers and
Dementia Angels. All location data are anonymized to protect
the privacy of the searchers.
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Figure 3. “Missing person report” interface for Dementia Angels.

Figure 4. The mechanism of the lost-and-found process of the crowdsourcing Internet of Things technology.
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Study Design and Hypotheses
This study adopted a single-arm, prospective, observational
study design. The research hypotheses were that participants
would (1) adopt more proactive search strategies and
post–getting lost care arrangements when using the IoT
technology, (2) have less lost episode–related distress and worry
when using the IoT technology, and (3) be satisfied with the
usability of the IoT technology.

Participants
The participants in this study were caregivers of individuals
with dementia. The inclusion criteria were (1) citizens residing
in Hong Kong, (2) aged ≥18 years, (3) providing care to
individuals diagnosed with dementia, (4) smartphone users, and
(5) willing to participate in the study by giving informed
consent. The exclusion criteria were (1) inability to participate
in research due to visual, hearing, physical, or psychological
issues; and (2) refusal to provide informed consent. The
participants were recruited through self-enrollment in the
program, networking, and referral from other organizations; as
this was a usability test, we adopted a maximum recruitment
rationale and included all participants who were willing to
contribute to this study.

Outcomes
The primary outcome of the study was the difference in search
strategies and post–getting lost care arrangements with the use
of the IoT technology, measured by a survey containing a set
of predesigned strategies and arrangements with binary “yes or
no” responses and an open-ended “others” option.

The secondary outcomes were (1) caregiving worry toward
future lost episodes after a getting lost episode, measured by
the question “How worried are you about future lost episodes?,”
with a 10-point rating scale in which a higher score indicated
higher worry; (2) caregiving distress toward the getting lost
episode, measured by the question “How distressed are you
about this getting lost episode?,” with a 10-point rating scale
in which a higher score indicated higher distress; (3) factors
associated with getting lost in the dementia context by analysis
based on the demographic data; and (4) usability of the IoT
technology, measured by a survey modified from the Quebec
User Evaluation of Satisfaction with Assistive Technology 2.0
[22]. The original scale has 12 items, including dimensions,
weight, adjustments, safety, durability, simplicity of use,
comfort, effectiveness of service, delivery, repairs and servicing,
professional services, and follow-up. A 5-point Likert scale,
ranging from “very satisfied” to “not satisfied at all,” was used.
The survey used in this study was modified to suit the
technology trialed in this study, and the items evaluated included
size, weight, willingness of the care recipient to carry the BLE
tag during and after the trial, durability, design, ease of app
operation, accuracy of the technology, and data security. In
addition, the number of caregivers who installed the sensor app
for use and whether the paid helpers of the care recipients
installed the sensor app were recorded to evaluate the caregiver
engagement with the technology.

To complement the structured survey-based outcomes, real-life
data on the usage of the IoT technology were collected during

the study period. These data, primarily consisting of scan counts
by Dementia Angels, served as an indicator of the technology’s
deployment in a naturalistic setting.

Study Procedures
The social worker, project staff (interveners), or researchers of
2 nongovernmental organizations explained the study details
to potential participants and obtained their consent for research
participation. The participants were then distributed 1 to 2 BLE
tags and a note about how to install the sensor mobile app and
how to pair the BLE tag with their sensor accounts. They then
tested the BLE tag in daily lives, whereas the interveners
provided technical support, such as installation, pairing, and
use, as well as support during lost episodes if needed by the
caregivers. The participants were notified by the mobile app at
6-month and 12-month time points from baseline to
self-administer a survey to provide information about use and
getting the lost episodes, if any. The participants who did not
respond were contacted by the researchers 3 times at different
time slots on different days before they were regarded as “did
not complete posttest.” The data collected from the latest
interview were included in this study.

Statistical Analysis
The baseline characteristics of participants were presented using
descriptive statistics, whereas between-group differences were
analyzed using the chi-square test. The outcome of factors
associated with getting lost was analyzed by generalized
estimating equations with a binary logistic model and time as
a within-subject effect; demographic variables were the
predictors. The outcomes of search strategies and post–getting
lost care arrangement were analyzed by generalized estimating
equation with a binary logistic model and time as within-subject
effect, with BLE tag use as the predictor. Paired comparison of
changes in these 2 outcomes was conducted using the 2-sided
McNemar test. The outcome for caregiver worry and caregiver
distress was analyzed using a linear mixed model, with time
effect, group effect, and group×time interaction effect using
first-order autoregressive covariance structures because it had
the smallest Akaike Information Criterion. All analyses were
adjusted for caregiver age, caregiver sex, care recipient age,
and care recipient sex. The usability outcomes were presented
descriptively, with “very satisfied” and “satisfied” grouped as
the “satisfaction.” Missing data were left missing. All statistical
analyses were performed using the statistical package SPSS
version 26 (IBM Corp). Significance was set at P of .05.

Ethical Considerations
This study was approved by the Survey and Behavioral Research
Ethics Committee of the Chinese University of Hong Kong
(reference 175‐19) [23]. The study was conducted according
to the Declaration of Helsinki—ethical principles for medical
research involving human participants. Informed consent for
participation in this study was obtained from the participants,
covering the use of demographic data and their reports of lost
episode–related experiences. In addition, both participants and
their care recipients provided written program-level informed
consent before program participation. The program consent
form introduced the program objectives, explained the use of
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the tracking device, and specified that data collected through
the program would be used for evaluation purposes. All
participants and their care recipients were informed of the
program details verbally and in writing before signing the
program consent. Participants did not receive any financial or
nonfinancial compensation for participating in this study, and
there was no cost to the participants for any study procedure.
The confidentiality of personal data was maintained in
accordance with the Personal Data (Privacy) Ordinance of Hong
Kong. Data security was ensured through encryption protocols
and secure storage practices, and care recipients’ data were
contributed in deidentified form through the program’s tracking
record.

Results

Overview
Data were collected from November 2020 to October 2023. As
shown in Figure 5, 1252 caregivers joined the trial for 6 to 12
months, 1034 (82.58%) of them completed the 6- or 12-month
posttest and were included in this study. Among the 1034
participants, 143 (13.82%) reported a lost episode of care
recipients during the trial, and 51 of the 143 (35.7%) participants
used a BLE tag to help with the search during the lost episode.

Figure 5. Participant flowchart. BLE: Bluetooth Low Energy.

Table 1 presents the baseline participant characteristics.
Approximately 20% (189/1034) of the caregiver participants
were aged ≥65 years, and a quarter of the participants (256/1034,
24.75%) were male participants. They were mainly the children
of the care recipients with dementia, and half of them (512/1034,
49.51%) lived with the care recipients. Of the 1034 participants,
59.86% (n=619) of care recipients were aged ≥80 years, and

nearly half of them (n=480, 46.42%) had moderate or late-stage
dementia, while 370 (35.78%) of them had experienced lost
episodes before the trial. There was no significant difference in
baseline characteristics between those who experienced lost
episodes during the trial versus those who did not, except
baseline worry about future lost episodes (mean 8.7, SD 1.6 vs
mean 8.0, SD 2.1; P=.03).
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Table . Baseline characteristics of participants, breakdown by getting lost or not during trial (N=1034).

P valueChi-square (df) or t test
(df)

Did not get lost during
trial (n=891)

Got lost during trial
(n=143)

TotalCharacteristics

Caregiver demograph-
ics, n (%)

.181.8 (1)a157 (17.6)32 (22.4)189 (18.27)    Age (≥65 y)

.910.01 (1)a220 (24.7)36 (25.2)256 (24.75)    Sex (male)

.660.2 (1)a150 (16.9)22 (15.4)172 (16.63)    Spouse

.850.03 (1)a690 (77.5)110 (76.9)800 (77.36)    Child

.470.5 (1)a445 (50.0)67 (46.9)512 (49.51)    Lives with CRb

CR demographics, n
(%)

.950.003 (1)a533 (59.9)86 (60.1)619 (59.86)    Age (≥80 y)

.620.2 (1)a348 (39.1)59 (41.3)407 (39.36)    Sex (male)

.440.6 (1)a410 (46.1)70 (49.0)480 (46.42)    Moderate or late-
stage dementia

.251.3 (1)a111 (12.5)13 (9.1)124 (11.99)    Lives alone

.830.04 (1)a58 (6.5)10 (7.0)68 (6.57)    Lives with domestic
helper only

.910.01 (1)a259 (29.1)41 (28.7)300 (29.01)    Lives with spouse
only

.430.6 (1)a650 (73.0)109 (76.2)759 (73.40)    Lives with family
without domestic
helper

.940.01 (1)a70 (7.9)11 (7.7)81 (7.83)    Lives with family
and domestic helper

Baseline lost-related
characteristics, n (%)

.880.02 (1)a318 (35.7)52 (36.4)370 (35.78)    Lost episode before
trial (yes)

Clinical characteristics, mean (SD)

.20−1.4 (363)d7.7 (2.2)8.2 (2.0)7.8 (2.2)    Baseline distress

about lostc

.03f−2.2 (362)d8.0 (2.1)8.7 (1.6)8.1 (2.0)    Baseline worry

about future loste

a Chi-square test.
bCR: care recipient.
cTotal n=365; 52 got lost during trial; and 313 did not get lost during trial.
dt test.
eTotal n=364; 52 got lost during trial; and 312 did not get lost during trial.
fP<.05.

Factors Associated With Getting Lost
After adjusting for covariates, care recipients in moderate or
late-stage dementia were more likely to get lost (adjusted odds

ratio [AOR] 1.84, 95% CI 1.49-2.27; P<.001). Care recipients
who lived alone were less likely to get lost before adjustment
(Table 2).
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Table . Factors associated with getting lost (N=1034).

MultivariateUnivariatebOutcome: getting lost during

triala

P valueAORd (95% CI)P valueORc (95% CI)

.481.10 (0.84-1.43).141.21 (0.94-1.56)Caregiver is ≥65 years

.131.19 (0.95-1.48).101.19 (0.97-1.47)CRe is male

<.001f1.84 (1.49-2.27)<.001f1.84 (1.49-2.27)CR has moderate or late-
stage dementia

.440.85 (0.55-1.29).050.73 (0.53-1.00)CR lives alone

.541.11 (0.79-1.56).121.21 (0.95-1.55)CR lives with family with-
out domestic helper

aGeneralized estimating equations.
bVariables with P<.20 in univariate regression were included in the multivariate regression.
cOR: odds ratio.
dAOR: adjusted odds ratio; adjusted for caregiver age, caregiver sex, care recipient age, and care recipient sex.
eCR: care recipient.
fP<.05.

Intervention Effects on Search Strategies and
Post–Getting Lost Care Arrangement
A total of 143 caregivers had experienced episodes of lost care
recipients during the trial. Among them, 31 (21.7%) reported
that the getting lost episodes happened in the morning (6 AM
to 12 PM), 80 (55.9%) in the daytime (12 PM to 6 PM), and 32
(22.4%) in the nighttime (6 PM to 6 AM). Of 143 caregivers,
52 (36.4%) reported that the getting lost episode happened on
the street; 51 (35.7%) at home; and 21 (14.7%) at shopping
malls, markets, or retail shops.

Of 143 caregiver participants, 51 (35.7%) used the BLE tag to
aid searching. There was no significant baseline difference
between the BLE tag users and nonusers. Of 51 lost care
recipients using the BLE tag, 17 (33%) were found within 1
hour, whereas 36 (39%) of 92 lost care recipients without using
BLE tag were found within 1 hour (P=.49). Of 51 BLE tag user
cases, 49 (96%) and 90 (98%) of 92 nonuser cases were found
within 24 hours (P=.62).

Table 3 presents the comparison of the search strategies and
post–getting lost care arrangement between BLE tag users and
nonusers. The results revealed that BLE tag users had higher
adjusted odds of going out to search for lost care recipients
(AOR 2.78, 95% CI 1.33-5.82; P=.007), contacting police (AOR
2.59, 95% CI 1.26-5.35; P=.01), and using media or social media
to aid search (AOR 22.45, 95% CI 2.62-192.38; P=.005); paired
comparisons on search strategies pretrial and during trial
(Multimedia Appendix 1) showed an insignificant, directional
increase among BLE users for using these strategies, whereas
nonusers had an insignificant, directional decrease in using these
measures except for an insignificant increase in police calls.

After the lost episode, BLE tag users had higher odds of using
an IoT device or installing CCTV to prevent future lost episodes
(AOR 2.92, 95% CI 1.61-5.29; P<.001); paired comparison
(Multimedia Appendix 1) showed an increase among BLE tag
users and a decrease among nonusers in using this measure from
pretrial to posttrial, but neither change reached statistical
significance.
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Table . Adjusted odds ratios (AOR) of search strategies and post–getting lost care arrangement of Bluetooth Low Energy tag users compared with
nonusers (n=143).

P valueGetting lost during trial, AOR (95% CI)Outcomesa

Strategies of searching after lost episodes

.007b2.78 (1.33-5.82)    Go out to search

.861.05 (0.59-1.86)    Seek help from relatives, neighbors, or passers-by

.01b2.59 (1.26-5.35)    Call police

.005b22.45 (2.62-192.38)c    Seek help from media or social media

.791.12 (0.49-2.55)    Locate via IoTd device

Care arrangement after recent lost episode

.101.00 (0.53-1.87)    Forbid CRe to go out alone or lock main door

.571.22 (0.62-2.39)    Provide CR cell phone

.931.03 (0.47-2.29)    Provide information tag

<.001b2.92 (1.61-5.29)    Use IoT device or install CCTV

.990.99 (0.48-2.08)    Inform security guard

.610.84 (0.42-1.67)    Arrange extra manpower on care or hire paid helper

.510.72 (0.27-1.90)    Arrange daycare or residential service

aGeneralized estimating equations. Predictor: use BLE tag during trial.
bP<.05. Adjusted for caregiver age, caregiver sex, care recipient age, and care recipient sex.
cThe event count was <10.
dIoT: Internet of Things.
eCR: care recipient.

Intervention Effects on Caregiver’s Worry and Anxiety
A total of 52 caregivers had experienced episodes of lost care
recipient both before (baseline) and during the trial (posttest).
BLE tag users had significantly higher worry about future lost
episodes (P=.04) and distress toward recent lost episodes
(P<.001) than nonusers, regardless of time. Analysis of baseline
and posttest scores revealed that worry toward future lost

episodes decreased significantly over time, regardless of groups
(P=.01). There was no group×time interaction effect on the 2
outcomes, although BLE tag users reported a significant
reduction in worry about future lost episodes (P=.04); in
contrast, the decrease in worry in nonusers was not statistically
significant. No significant result was observed in the reduction
in distress (Table 4).
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Table . Comparison of caregiver worry and anxiety between Bluetooth Low Energy (BLE) tag users and nonusers (n=52).

Group×time effectTime effectGroup effectNonusers
(n=32)

BLE tag
users (n=20)

Outcomesa

P valueF test (df)P valueF test (df)P valueF test (df)EMM (SE)EMMb (SE)

.610.27 (1, 50).01c7.72 (1, 50).04c4.63 (1, 46)Caregiver’s worry about future getting lost

8.32 (0.30)9.28 (0.38)    Baseline

7.60 (0.30)8.23 (0.38)    Posttest

−0.72 (0.39)−1.05 (0.50)    Within-group change

0.070.04c    Within-group change P
value

.81.06 (1, 50).142.28 (1, 50)<.001c16.45 (1, 46)Caregiver’s distress about getting lost episode

7.50 (0.32)9.20 (0.41)    Baseline

7.06 (0.32)8.60 (0.41)    Posttest

−0.44 (0.43)−0.60 (0.54)    Within-group change

.31.27    Within-group change P
value

aLinear mixed model.
bEMM: estimated marginal means.
cP<.05. Adjusted for caregiver age, caregiver sex, care recipient age, and care recipient sex.

Usability Outcomes
A total of 1034 participants who completed the posttest were
included for usability analysis. More than 80% of the care
recipients were observed to be willing to carry the BLE tags

during (780/952, 81.9%) and after the trial (521/631, 82.6%).
More than 70% (691/954) of participants trusted the data
security, but less than half of the participants (309/707) were
satisfied with the accuracy of the technology (Table 5).
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Table . Usability outcomes (N=1034).

Satisfactiona, n (%)Valid a, n (%)Usability outcomes

652 (68.1)957 (92.55)Satisfaction of care recipients toward the size of

BLEb tag

668 (69.9)956 (92.45)Satisfaction of care recipients toward the weight
of BLE tag

780 (81.9)952 (92.06)Care recipients were willing to carry BLE tag
during the trial

521 (82.6)631 (61.02)Care recipients will be willing to carry BLE tag
after the trial

763 (79.8)956 (92.45)Satisfaction of participants toward the durability
of BLE tag

814 (85.3)954 (92.26)Satisfaction of participants toward the design of
BLE tag (convenient for care recipients to carry)

671 (70.6)951 (91.97)Satisfaction of participants toward the easiness
of app operation

309 (43.7)707 (68.37)Satisfaction of participants toward the accuracy
of the technology

691 (72.4)954 (92.26)Satisfaction of participants toward the data secu-
rity

39 (14.6)268 (25.91)Paid helpers install the app to use the technology
during the trial

1.71 (1.13)c805 (77.9)Number of caregivers who installed the app to
use the technology during the trial

aMissing and “not applicable” are excluded from the analysis; therefore, the percentage is based on valid responses.
bBLE: Bluetooth Low Energy.
cThis data point is a mean (SD) value.

Real-Life Use
The program delivered 4836 BLE tags to 3259 individuals with
dementia (including those who did not consent to participate in
the study), averaging 1.5 BLE tags per person. There were
47,012 Dementia Angels who downloaded our app to detect
signals from the BLE tags (20,269 iOS, 43.1%; and 26,743
Android, 56.9%). Additionally, more than 900 Dementia Angel
sensors (physical boxes and mobile app) were installed across
shopping malls, public transport hubs, and retail shops, reflecting
significant community engagement.

Among the 1252 study participants, caregivers initiated 111
lost episodes, whereas 51 (45.9%) self-reported using the BLE
tag during searches for missing care recipients. This discrepancy

might be attributed to factors such as multiple searches by some
caregivers and variation in reporting. Despite these differences,
the real-life data provide valuable insights into use patterns,
which are presented in this section.

Table 6 presents the characteristics of the 111 lost episodes
initiated by caregiver participants in the mobile app. The
majority of caregivers who initiated searches were women aged
<65 years, predominantly children of the care recipients.
Approximately half of the care recipients (62/111, 56%) were
aged ≥80 years. More than 60% (69/111) of them were in the
moderate or late stage of dementia, and more than 70% (82/111)
maintained good mobility. On average, each search involved
18.59 (SD 52.56) scans by the Dementia Angels.
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Table . Characteristics of the getting lost episodes logged from real-life data (n=111).

TotalCharacteristics

Caregiver demographics, n (%)

20 (18)    Age (≥65 y)

25 (22.5)    Sex (male)

28 (25.2)    Spouse

78 (70.3)    Child

64 (57.7)    Lives with CR

CRa demographics, n (%)

62 (55.9)    Age (≥80 y)

47 (42.3)    Sex (male)

69 (62.2)    CR is moderate- or late-stage dementia

82 (73.9)    Mobility—no aid needed

29 (26.1)    Mobility—stick

Search data, mean (SD)

18.59 (52.56)    Count of Dementia Angels scans

aCR: care recipient.

Discussion

Principal Findings
This observational study indicates that crowdsourcing
technology has mixed effects on caregivers of individuals with
dementia at risk of getting lost. The technology was associated
with a modest reduction in caregiver worry, a higher adjusted
odds of proactive search efforts, and a higher adjusted odds of
adoption of an IoT device or CCTV as a preventative strategy;
however, paired comparison among BLE tag users showed only
directional but nonsignificant increase in use of these measures.
In addition, approximately 50% of real-world missing cases
reported to have used the BLE tag to aid search, and the
technology did not demonstrably reduce the time required to
locate missing individuals. In terms of risk factor analysis, the
progression of dementia emerged as a significant risk factor for
getting lost.

Risk Factor for Getting Lost
Our findings align with existing research, revealing that
approximately 35% of community-dwelling individuals with
dementia have experienced getting lost [24,25]. The finding
that individuals in the moderate or late stage of dementia are at
higher risk of getting lost in the community, compared with
individuals in the mild stage of dementia, is consistent with
other studies [12,26,27]. This increased risk is likely due to the
progressive impairment of insight [28] and the exacerbation of
behavioral and psychological symptoms, such as agitation,
apathy, and irritability, commonly observed in major types of
dementia [29,30]. These symptoms are known as risk factors
for wandering [31], emphasizing the need for tailored support
and preventative strategies for caregivers throughout their
caregiving journey.

Intervention Effects on Behavioral and Psychological
Changes
The crowdsourcing technology trialed in this study was
associated with a reduction in caregiver worry and higher
adjusted odds of promoting proactive engagement in search and
prevention. Consistent with previous systematic reviews, our
study suggests that IoT technology provides a sense of
reassurance, mitigating caregiver anxiety by offering a means
to locate care recipients who become lost [32].

The observed group effect, wherein BLE tag users exhibited
higher levels of worry and distress related to getting lost,
underscores their propensity to use the technology during such
episodes and highlights the need for targeted support for these
caregivers. The subsequent decline in worry and distress over
time, particularly the significant time effect in the worry
outcome, regardless of BLE tag use, may be attributed to the
availability of study interveners who provided practical,
solution-focused support during missing episodes. This
underscores the potential benefits of a facilitator-aided approach
in managing getting lost events.

Notably, while worry significantly decreased over time for BLE
tag users, the reduction in distress was not significant. This
disparity may reflect the distinct nature of these constructs:
distress being an immediate affective response, while worry is
a more cognitive construct linked to problem-solving and control
[33]. The technology may not immediately alleviate distress,
but it empowers caregivers to access resources, thereby reducing
worry. This is supported by the finding that BLE tag users had
a higher adjusted odds of adopting proactive search measures,
such as going out to search, calling police, or using media or
social media, potentially enhancing their sense of control over
the situation and reducing anticipatory worry. Paired comparison
among BLE tag users also showed a directional increase in
using these measures, but the increase did not reach statistical
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significance, possibly because of the small subsample size. The
higher adjusted odds of seeking help from media or social media
among BLE tag users may be because they are more likely to
normalize tracking technology through exchange with other
dementia caregivers on these platforms [34]. Social media is
also a primary and rapid channel used by police to mobilize the
public during missing-person incidents [35]; therefore, it
naturally complements BLE-enabled search routines. However,
this association should be interpreted cautiously because the
low event count (<10) may result in imprecise and unstable
odds ratio, suggested by the wide CI.

Moreover, BLE tag users had a higher adjusted odds of adopting
person-centered preventative strategies over time. Caregivers
often prioritize safety over liberty [36,37], sometimes resorting
to restrictive measures, such as forbidding the care recipients
to go outdoors [13], that negatively impact the quality of life
of individuals with dementia. The technology developed in this
trial aims to address this by providing a positioning solution
that is acceptable to individuals with dementia, thereby
encouraging caregivers to shift toward less restrictive strategies,
such as using CCTV or IoT devices rather than preventing
outdoor activities altogether. Paired comparison showed an
insignificant, directional increase in the use of IoT device or
CCTV among BLE tag users. However, the proportion of BLE
tag users who continued to use the prevention of outdoor
activities as a preventive measure remained unchanged, which
may reflect the higher worry and distress observed in this group.
While the results of paired comparison should be interpreted
cautiously because of small subsample size, these results suggest
that technology adoption alone may be insufficient to reduce
restrictive practices, and additional caregiver support may be
needed to fully promote greater autonomy and quality of life
for people living with dementia. In terms of privacy concerns,
the crowdsourcing technology balances safety concerns with
privacy by activating positioning only during a missing episode,
initiated by the caregiver. This design respects the autonomy
of individuals with dementia while providing a safety net
[38,39].

The majority of both BLE tag users and nonusers located their
missing care recipients within 24 hours, with 30% to 40% of
missing care recipients found within 1 hour. However, there
was an insignificantly higher portion of missing care recipients
who did not use the BLE tag that were found within 1 hour.
This may be due to the effectiveness of overall search strategies
and the study being conducted in a densely populated area,
which inherently shortens the time of searching. The significant
difference in time taken to find the missing care recipients may
be related to the underlying risk profiles of those using or not
using the BLE tag, as suggested by the higher caregiver worry
observed in the BLE tag group.

Usability and Acceptance
Findings on usability and acceptance indicated a high
willingness among individuals with dementia to carry the BLE
tag and a high level of caregiver trust in data security. The
design of the BLE tag as a keychain, pass, or attachment to
mobility aids likely contributed to its acceptance. This aligns
with literature suggesting that small, unobtrusive designs

enhance user acceptance [39,40]. Our BLE tag design adheres
to this principle, ensuring that individuals with dementia only
need to carry the device naturally, with caregivers initiating the
search if a missing episode occurs. Additionally, the reassurance
provided by the technology may alleviate distress associated
with outdoor activities. A systematic review revealed that
individuals with dementia feel distressed when confined indoors
but also fear getting lost [41], leading them to restrict their
outdoor activities [42,43]. Technology offering reassurance can
reduce this fear and distress, encouraging more frequent and
extensive outdoor activities [37,44], thus promoting autonomy,
a key element of quality of life. Indeed, some individuals with
dementia expressed a discrepancy between their perception of
their outdoor capabilities and the restrictive measures imposed
by caregivers due to safety concerns [45]. IoT technology can
mitigate this potential conflict by providing reassurance to both
caregivers and care recipients.

However, caregivers expressed lower satisfaction with
positioning accuracy, a key determinant of use satisfaction and
adherence [46]. This limitation arises from the technology’s
reliance on wide coverage of sensors to detect the BLE tag and
relay location information. Greater sensor coverage would result
in more accurate positioning. This project aimed to promote
dementia-friendliness and invited citizens to install the mobile
app, turning them into mobile sensors. Despite more than 47,000
downloads, coverage was insufficient, and technology usage
was mainly by caregivers themselves during lost episodes. Given
that individuals with dementia who get lost in the community
are often found by people other than caregivers [15,24], our
findings suggest the vital importance of public education on
dementia-friendliness to build wider sensor coverage and
increase the accuracy of this technology.

A key postprogram initiative to enhance coverage and improve
positioning accuracy involved collaborating with corporate
partners to deploy sensors across public spaces frequently visited
by people with cognitive impairment, such as shopping malls,
transport hubs, and retail shops [47]. Beyond installing sensors
to support search efforts, we also implemented tailored training
programs for staff in the transport, banking, and property sectors.
These trainings aim to improve their ability to respond to
missing-person incidents, fostering a more dementia-friendly
community.

Real-Life Use
The real-life data revealed that approximately 50% of lost
episodes used the technology to aid the search, and these
searches were predominantly conducted by caregivers aged <65
years, mostly women and often children of the care recipients,
suggesting that this crowdsourcing technology is concentrated
among younger, tech-savvy family members with direct
caregiving responsibilities. The predominance of female
caregivers and adult children further suggests that this
demographic, often balancing multiple responsibilities, may
derive particular benefit from such technology.

The care recipients are typically older adults who are often in
the moderate or late stage of dementia but maintain good
mobility. These traits highlight a target group prone to
wandering and physically capable of straying significant
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distances, amplifying the need for an effective positioning
solution. Beyond this cohort, the system’s reliance on a
battery-saving tag, a mobile sensor interface, and a community
endeavor for searching suggests its potential for scalability
across broader dementia care apps, such as in residential
facilities or community settings where the risk of getting lost
persists.

Clinical Implications
The findings of this study underscore the importance of
implementing IoT technology as part of comprehensive
dementia-friendliness plans for individuals with dementia who
are at risk of getting lost. Health care providers should consider
recommending such technology as part of a care plan for
community-dwelling individuals with dementia. It is crucial to
educate and encourage caregivers about the potential benefits
and limitations of positioning technology, such as the BLE tag,
so that they can effectively use these tools to aid in the search
for lost care recipients, potentially reducing the duration of lost
episodes. The real-life data show that caregivers aged >65 years,
who may be less tech-savvy, could underuse the system. As the
population ages and the number of older adult caregivers, who
have higher worry about their literacy in using assistive
technology, increases [48,49], training and support programs
should be available to help caregivers navigate and effectively
use assistive technology, mitigating initial worry and improving
overall outcomes [39,50].

Several risk factors for getting lost in the context of dementia
were identified in this study. Health care providers could identify
at-risk individuals with dementia and tailor interventions or
support accordingly. Additionally, as caregivers may not always
be aware of the preceding signs of getting lost [11], health care
providers should facilitate caregiver awareness through
education and case management. Getting lost is often an adverse
outcome for individuals with dementia who may seek to fulfill
unmet physical or psychological needs [10]; rather than
restricting mobility, a more person-centered care approach
should address these needs in an unobtrusive way that facilitates
autonomy while ensuring safety. This approach should include
education and assessment of ethical issues, ensuring that the
privacy and liberty of individuals with dementia are respected
[51].

The study found that individuals with dementia were willing to
use assistive technology, likely because they were aware of the
risks and sought to manage these risks independently without
burdening their caregivers, and this attempt should be respected
and supported [52]. Additionally, research exploring the daily
mobility patterns of individuals with dementia suggests that

they tend to navigate predictably based on their daily routines
[53], implying that caregivers who are knowledgeable about
the daily whereabouts of their care recipients are more likely
to find their missing care recipients. Furthermore, the benefit
of assistive IoT technology during lost episodes can be
multiplied when the search area is more confined.

Strengths and Limitations
This study has several strengths. First, it was conducted in a
real-world setting, which enhances the generalizability of the
findings. Second, the large sample size provides robust results
on the usability outcomes and factors associated with getting
lost. Third, it included the usability and acceptance outcomes,
such as device comfort and ease of use of the app [54], which
added evidence to the daily life usability testing in prior studies
[55]. However, the study also has limitations. First, the
single-arm study design, as opposed to a randomized controlled
trial design, limits the ability to draw causal inferences and
account for potential confounders into consideration. We
adopted the observational study design because we would like
to observe the use of this technology in a naturalistic and
exploratory manner; the findings of this study support further
examination using a more robust study design. Second, the
participants in this study were caregivers of individuals with
dementia. Their responses regarding the satisfaction of care
recipients may be subject to bias, as they are informants rather
than the direct recipients of the intervention. Third, this study
only captured data on the most recent episode of getting lost;
outcomes related to after-care arrangements, caregiver distress,
and worry may be time dependent. Therefore, future studies
should consider a longitudinal design to examine the trajectories
of these outcomes over time.

Conclusions
This study suggests that BLE-based crowdsourcing technology
may support caregivers of individuals with dementia by reducing
worry about future getting lost episodes over time and
encouraging proactive search strategies. Caregivers reported
high satisfaction with usability and data security, although
concerns about positioning accuracy highlight the need for
broader community adoption to enhance effectiveness. While
the technology did not significantly shorten the duration to find
the missing care recipients, its integration into dementia care
plans could complement existing strategies, balancing safety
with autonomy. Limitations, including the observational design
and reliance on caregiver reports, underscore the need for
randomized controlled trials and perspectives from individuals
with dementia to confirm these findings and evaluate long-term
benefits.
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Abstract

Background: Diagnostics, treatment, and research of persisting postconcussion symptoms are challenging. Assessing symptoms
is essential, but currently implemented methods only allow for retrospective reporting of symptoms. A mobile health (mHealth)
symptom mapping app for adults with persisting postconcussion symptoms may be an accessible and cost-efficient alternative.

Objective: This study aimed to develop a research-based mobile app for symptom mapping for adults with persisting
postconcussion symptoms and investigate its usability, feasibility, and safety.

Methods: This was a mixed method development and usability study consisting of three iterative cycles, each including (1) app
design and programming, (2) app usability evaluation by the user group, and (3) app review by the clinician group. The outcomes
were the mHealth App Usability Questionnaire and Mobile App Rating Scale scores, the number of days with logged symptom
data during a home-testing period, and descriptions of adverse events throughout the study period. Semistructured interviews
were conducted to explore the user group’s experiences further.

Results: Twenty-three adults with persisting postconcussion symptoms (median age 52, IQR 34-59 years; 70% female) were
included in the user group. Six clinicians (median age 53, IQR 35-60 years), including 3 (50%) females, with a mean of 13 (SD
7) years of experience working with individuals with persisting postconcussion symptoms, were included in the clinician group.
The app received a mean score of 5 (SD 1.1) on the mHealth App Usability Questionnaire (7-point Likert scale) from the user
group and 4.1 (SD 0.4) on the Mobile App Rating Scale (5-point Likert Scale) from the clinician group. During the 28-day
home-testing period, the adherence rate among the participants in the user group was 89% (IQR 78‐96), and two adverse events
related to increased symptom awareness were registered. Three themes were created through reflexive thematic analysis of the
qualitative data: (1) Visualizing the invisible—Enabling reflection and insight; (2) Personalized yet simple—Balancing relevance
and usefulness; and (3) More than just a number—The complexity behind the symptom scores.

Conclusions: We developed a research-based symptom mapping app for people with persisting postconcussion symptoms. The
app received high usability ratings from both the user and clinician groups. The app is a feasible alternative to traditional symptom
mapping methods, and it is safe to use for its intended purpose.

Trial Registration: ClinicalTrials.gov NCT05635656; https://clinicaltrials.gov/study/NCT05635656

(JMIR Hum Factors 2025;12:e75323)   doi:10.2196/75323

KEYWORDS

mTBI; mild traumatic brain injury; concussion; postconcussion syndrome; postconcussive syndrome; postconcussive symptoms;
persistent postconcussion symptoms; mobile health; symptom tracking; symptom monitoring; persisting symptoms after concussion;
PSaC
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Introduction

Mild traumatic brain injury (mTBI) can be defined as a trauma
to the head accompanied by acute signs of reduced cerebral
functioning, such as brief loss of consciousness, confusion, or
amnesia for the event, but often with no neuroradiological
findings [1]. Common causes of civilian mTBI are falls, bicycle
accidents, sports, motor vehicle accidents, being struck by
objects, and violence [2]. People with mTBI can experience
symptoms such as headaches, dizziness, nausea, fatigue, light
sensitivity, sound sensitivity, trouble concentrating, attention
problems, sadness, irritability, anxiety, depression, and sleep
problems [3,4]. Most people recover within a few weeks after
the injury, but a considerable proportion develop persisting
postconcussion symptoms (PPCS) where symptoms persist for
more than 3 months [5]. The reported prevalence of PPCS differs
between contexts and study procedures, and a recent review
found an estimated prevalence between 18.3% and 31.3%,
depending on the applied definition of PPCS [6,7].

Despite the high prevalence, the etiology of PPCS is largely
unknown and is an ongoing topic of debate among experts in
the field [4,8]. Several factors, including pre, peri, and postinjury
factors, are believed to influence or contribute to PPCS [9], and
a biopsychosocial framework is often applied to understand
these intricate processes [10,11]. PPCS is associated with
reduced health-related quality of life [12], reduced
return-to-work rate [13-15], and reduced participation in social
life [16]. Regardless of the pathophysiological mechanisms
involved, PPCS is a substantial health problem affecting the
lives of many people.

Despite the high burden, we lack consensus on the diagnosis
and classification of PPCS [4,17]. No single test can confirm
PPCS; the diagnosis is established after careful evaluation of
the medical history and self-reported symptoms [18,19].
Differential diagnosis can be particularly challenging, as similar
symptoms to PPCS have also been reported in the general
population [20].

Self-reporting of symptoms is essential in diagnosing and
treating PPCS and is an important data source in research aiming
to expand our understanding of the condition and evaluate
treatment effects. Existing validated and widely used instruments
for assessment of postconcussion symptoms, such as the
Rivermead Postconcussion Symptom Questionnaire (RPQ) and
the British Columbia Postconcussion Symptom Inventory, only
allow for retrospective reporting, using a timescale of days or
weeks [7,21,22]. While retrospective symptom assessment has
pragmatic advantages, it may introduce recall bias, where the
person reporting their symptoms fails to accurately recall the
symptoms’ occurrence or intensity [23]. This can potentially
lead to an incomplete representation of the person’s experienced
symptoms, complicating the diagnosis and treatment of PPCS,
as well as impeding research developments. Prospective
symptom assessment, by comparison, has the benefit of the
person reporting closer in time to symptom occurrence and may
provide a more nuanced representation of symptom fluctuation
and reduce the risk of recall bias [24].

An mHealth app for mapping PPCS is a highly warranted tool.
It allows symptom registration in real time, capturing day-to-day
fluctuations, and has the potential to support people with PPCS
to take ownership of and manage their condition [25], support
the clinician in diagnosing and evaluating treatment effects, and
provide prospectively collected data for clinical trials.
Furthermore, a mobile app is easily distributed, making it an
accessible and cost-efficient alternative to traditional methods
[26]. Therefore, we aimed to develop a mobile app for symptom
mapping for people with PPCS and investigate its usability,
feasibility, and safety.

Methods

Study Design and Participants
This was a mixed method iterative development and usability
study carried out at St. Olavs University Hospital from
December 25, 2022, to March 5, 2024. The mobile app was
developed throughout the study based on feedback from people
with PPCS (user group) and clinicians with expertise in PPCS
(clinician group) at 3 different time points. The primary
objective was to assess the app’s usability, and the secondary
objectives were to assess feasibility and safety.

The study participants in the user group were recruited from an
outpatient rehabilitation clinic, through announcements on the
hospital’s official website, the Norwegian Center for Headache
Research website, and user organizations and their social media.
Inclusion criteria were: (1) age 18 years or older, (2) mTBI as
defined by having sustained a head injury with observed or
self-reported alteration of consciousness, amnesia, or other
relevant acute symptoms, such as drowsiness, (3) PPCS
according to the International Classification of Diseases
research criteria operationalized as reporting 3 or more
symptoms (including headache) on a moderate or greater
intensity level on the RPQ, (4) posttraumatic headache according
to the International Classification of Headache Disorders 3rd
edition, (5) proficiency in the Norwegian language, and (6)
signed written informed consent. Exclusion criteria were (1)
severe psychiatric or somatic disease or other patient-related
factors that would provide obvious challenges for adhering to
the study protocol, including using the app, (2) having no access
to an iOS (Apple Inc) or Android smartphone (Google LLC),
or (3) having less than 3 months of smartphone experience. An
experienced research nurse screened participants for eligibility
by collecting relevant medical information and symptom history
directly from the participants.

The study participants in the clinician group were identified
based on their expertise in the field of PPCS and were recruited
through convenience sampling using professional networks of
the authors at Norwegian universities, hospitals, and clinics,
aiming to include clinicians from diverse multidisciplinary
backgrounds.

Study Measures
The primary outcome was app usability, which was measured
using the mHealth App Usability Questionnaire (MAUQ) and
Mobile App Rating Scale (MARS). The MAUQ consists of 21
statements divided into 3 subsections: Ease of use and
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satisfaction, Interface and satisfaction, and Usefulness. The
questionnaire has a 7-point Likert scale from 1 (strongly
disagree) to 7 (strongly agree). The MARS is an app quality
rating tool that assesses app quality on 4 dimensions:
Engagement, Functionality, Aesthetics, and Information quality.
The questionnaire uses a 5-point Likert scale, ranging from 1
(Inadequate) to 5 (Excellent). The total mean score describes
the app’s overall quality, while mean subscale scores within the
dimensions can be used to describe specific strengths and
weaknesses. Professional translators translated the MAUQ and
the MARS into Norwegian using a forward-backward translation
method. Experts in the field of mTBI performed the
harmonization of the translations.

The RPQ was completed as part of the screening and inclusion
of study participants in the user group, as well as before and
after the home testing period. The RPQ contains 16 items
representing different symptoms and operates on a 5-point Likert
scale from 0 (no experience at all) to 4 (severe problem). When
summing up the scores, responses of 1 (no more of a problem
than before) were recoded to 0, with a total score range of
0‐64. The Norwegian version of the RPQ has been translated
from the original English version by the Collaborative European
NeuroTrauma Effectiveness Research in Traumatic Brain Injury
(CENTER-TBI) Consortium [27] and has been validated [28].

The secondary outcomes were feasibility and safety. To assess
feasibility, we recorded the percentage of days with logged
symptom data in the user group during the home-testing period
of 28 days, referred to as adherence. For participants
experiencing technical issues in the app hindering them from

using it, the percentage was calculated as days with logged
symptom data divided by the number of days it was possible to
use the app. The app safety was assessed with the frequency of
adverse events (AE), serious adverse events, and unexpected
serious adverse events throughout the whole study period.

To further explore the app’s usability, feasibility, and safety,
semistructured interviews were conducted with all participants
in the user group as part of each iteration.

Study Procedure
The study consisted of 3 iterative cycles. Each iteration included
(1) app design and programming, (2) usability evaluation by
the user group, and (3) review by the clinician group. During
usability evaluation (2), the user group completed the MAUQ
and conducted a semistructured interview, while the clinician
group filled out the MARS during the app quality review (3).
Before filling out the questionnaires, both the user and clinician
groups had the opportunity to explore the app independently.
Thereafter, they were instructed to perform specific tasks,
typically describing an overarching goal, that is, “perform a
registration of the symptoms you are experiencing today.”

The study participants’ immediate reactions and issues that
emerged during the usability testing were also documented. The
feedback from the user and clinician groups during usability
testing was used to develop the next app version for the
following iteration. In the first 2 iterations, the participants in
the user group attended 2-hour individual sessions in a hospital
setting to evaluate the app’s usability. While in the third
iteration, they used the app for 28 days at home (Figure 1).

Figure 1. Illustration of the study procedure. The study participants evaluated the different versions of the app (v1, v2, and v3) as part of every iteration.
In the first two iterations, the user group evaluated v1 and v2 during 2-hour sessions at the hospital, completing the mHealth App Usability Questionnaire,
an interview, and a safety assessment. In the third iteration, they used v3 at home for 28 days, completed the Rivermead postconcussion symptom
questionnaire on the first and last day, and completed the mHealth App Usability Questionnaire, an interview, and a safety assessment within 2 weeks
after the last day. The clinician group evaluated v1, v2, and v3 in 1-hour sessions at their workplace, completing the Mobile App Rating Scale during
all iterations. MARS: Mobile App Rating Scale; MAUQ: mHealth App Usability Questionnaire; RPQ: Rivermead Postconcussion Symptom Questionnaire.

During the home testing, the user group was asked to use the
app to register their symptoms daily. The app was preconfigured
to send a notification every evening at 8 PM with the message
“Did you experience symptoms today?” The study participants
could adjust the notification time or disable it in the settings.
They were able to register symptoms experienced within the
last 48 hours but were not able to edit or add symptoms beyond
that timeframe. Study personnel made 3 planned phone calls

(approximately once a week) to assess any technical issues with
the app. Additional phone calls were scheduled for further
troubleshooting if technical issues were not solved immediately.

The clinician group evaluated the app’s usability in 1-hour
sessions in their work environments in every iteration.

Parallel to investigating the usability, feasibility, and safety of
the symptom mapping app, the study participants also evaluated
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a digital solution for biofeedback, as described in the
preregistration of the research study Digital Solutions for
Concussion [29]. The findings related to the biofeedback device
will be reported elsewhere.

Data Analysis
The outcome measures for each cycle were summarized
statistically. Continuous variables were summarized as mean
(SD) or median (IQR) according to distribution. Categorical
variables were summarized as frequencies (percentages). No
statistical hypothesis testing was conducted.

The qualitative interviews were analyzed using reflexive
thematic analysis, as described by Braun and Clarke [30],
underpinned by a critical realism approach. The first author and
fourth author conducted the qualitative interviews, which were
later transcribed verbatim by the first author, fourth author, and
2 research assistants. The transcribed interviews were proofread
by a research team member other than the transcriber. The first
author kept a reflexive journal throughout this process, as well
as in the later phases of the analytic process. The first author
systematically coded the transcribed data semantically, applying
code labels close to the expressed meanings. Next, initial themes
were developed by exploring clusters of meaning across the
dataset. Through reviewing and further developing the initial
themes, the final themes were defined.

The quantitative analyses were performed in SPSS (SPSS Inc)
and R (R Development Core Team), and the qualitative analyses
were performed in NVivo (Lumivero).

App Development and Deployment
The app was programmed using React Native and made
available for beta testing on both iOS and Android devices. St.
Olavs Hospital and Norwegian University of Science and
Technology (NTNU) contracted Nordic Brain Tech AS and
Fominykh Consulting for consultant services on app
programming. During usability testing, the study participants
used the app on dedicated study phones provided by St. Olavs
and NTNU. During the 28-day home-testing period, the user
group used the app on their personal smartphones. They received
written instructions and a QR code to download the app, and
study staff assisted them by phone. Data collected with the app
was transferred as deidentified data to Microsoft through the
cloud service Microsoft Azure. The data were encrypted in
transit and at rest. The identity and credentials were stored with
the identity management service Microsoft Azure AD B2C. St.

Olavs Hospital and NTNU have full ownership of the app, all
data, images, and results created in the study.

Ethical Considerations
The study was approved by the Norwegian Medicinal Products
Agency (NoMa 22/16250‐7) and the Norwegian Ethics
Committees for Clinical Trials on Medicinal Products and
Medical Devices (REC-KULMU 422538) and preregistered in
ClinicalTrials (NCT05635656). The participants in the clinician
group were identified based on their expertise in PPCS and
recruited through convenience sampling using professional
networks of the authors at Norwegian universities, hospitals,
and clinics, aiming to include clinicians of diverse
multidisciplinary backgrounds. Recruitment material for the
user group was distributed through the hospital, patient
organizations, and the Norwegian Centre for Headache Research
(NorHead). Interested individuals made contact by email. All
participants received oral and written information about the
study, and informed written consent was obtained prior to the
first study visit. Consent was collected electronically using
eFORSK, a web-based application developed and maintained
by Central Norway Regional Health Authority’s IT department,
Hemit HF. Participants were not compensated for their
participation.

Results

Overview
A total of 23 adults (median age 52, IQR 34-59 years; 70%
females) with PPCS were included in the user group, and 6
clinicians (median age 53, IQR 35-60 years; 50% females) were
included in the clinician group. Table 1 displays demographic
and injury-related characteristics of the user group. The most
common injury mechanism was being struck by or on an object,
whereas 5 cases were sport-related. Two participants in the user
group dropped out during the study period. Both dropped out
before commencing the home-testing period and stated personal
reasons not related to the study as the reason for their
withdrawals.

The participants in the clinician group (n=6) had a median age
of 53 (IQR 35-60), and 50% (3/6) were women. They were
medical doctors, specialists in physical medicine and
rehabilitation, or clinical neuropsychologists with a mean of 13
(SD 7) years of experience in the field of PPCS.
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Table . Demographic and injury-related variables for study participants in the user group (n=23).

ValuesCharacteristics

52 (59‐34)Age at inclusion (years), median (IQR)

Sex, n (%)

16 (70)    Female

Highest level of completed education, n (%)

5 (22)    Upper secondary, vocational

4 (17)    Upper secondary, general

14 (61)    Tertiary education

Injury mechanism, n (%)

5 (22)    Fall

12 (52)    Struck by or on an object

5 (17)    Traffic accident

1 (4)    Violence

5 (4)Time since injury (years), mean (SD)

8 (35)History of previous concussions, yes, n (%)

Scores, mean (SD)

35.9 (7.0)    Total score RPQa

19.4 (3.3)    Subscore RPQ somatic

8 (4.0)    Subscore RPQ emotional

8.4 (2.4)    Subscore RPQ cognitive

aRPQ: Rivermead Postconcussion Symptom Questionnaire.

App Development
Three versions of the symptom diary app were developed in the
course of the study based on feedback from the study

participants during usability testing. The third version of the
app was used in the 28-day home-testing by the user group
(Figure 2).
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Figure 2. Screenshots from v3 of the app. Screenshot 1 shows the initial screen users see when opening the app for the first time. Screenshot 2 shows
the first screen of a diary entry. The drop-down menu for each symptom contains 3 different parameters: intensity of symptoms, negative impact on
functioning, and negative impact on well-being. Screenshot 3 shows an overview of the current day. Screenshot 4 shows statistics from the diary entries
over the past 3 months in a line graph, with customization options to select which symptoms and activities to display. The study participants used a
Norwegian version of the app, but for the purpose of this article, the screenshots have been translated into English.

Usability
The user group rated the third version of the app’s usability 5
(SD 1.1) out of 7 on the MAUQ, with the highest scoring for
Interface and satisfaction, followed by Ease of use and
Usefulness (Figure 3).

The clinician group’s mean rating of the app on the MARS was
4.1 (SD 0.4) out of 5, with Aesthetics scoring the highest,
followed by Functionality, Engagement, and Information (Figure
4).
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Figure 3. mHealth App Usability Questionnaire scores for the symptom mapping app, completed by the user group. MAUQ: mHealth App Usability
Questionnaire.

Figure 4. Mobile App Rating Scale scores for the symptom mapping app, completed by the clinician group. MARS: Mobile App Rating Scale.

Feasibility
A total of 21 participants in the user group completed the
home-testing period, of whom 16 experienced technical issues
of different severities during this time. There were 14
participants who experienced mild technical issues, such as
being logged out of the app or the app “freezing,” while 2
participants experienced severe technical problems where
symptom entries were not saved due to a synchronization issue
with the server. Despite the 2 participants’efforts using the app,
significant amounts (possibly >85%) were not stored, and it
was therefore not possible to accurately calculate their adherence
rate. These were therefore excluded from the adherence analysis.
The 2 excluded study participants with severe technical
problems successfully completed all other study measures and
were not excluded from other analyses. The adherence rate for
the user group during the home-testing period was 89% (IQR
78-96), n=19. The adherence rate for all analyzed participants,
independent of whether they experienced severe technical issues
or not, was 81% (IQR 75-96; n=21).

Safety
Two AEs were logged during the home testing period. No severe
AEs or unexpected severe events were logged. In both incidents,
the study participants reported increased awareness of symptoms
as an unwanted effect of using the symptom mapping app.

Qualitative Analysis and Results
Using reflexive thematic analysis through a 6-phase process as
described by Braun and Clarke [30], 3 themes were constructed:
(1) Visualizing the invisible—Enabling reflection and insight;
(2) Personalized yet simple—Balancing relevance and
usefulness; and (3) More than just a number—The complexity
behind symptom scores.

Visualizing the Invisible—Enabling Reflection and
Insight
The first theme surrounds the participants’ need for a concrete
visualization of their experiences with PPCS. They expressed
a need to document their symptoms to confirm for themselves
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that this is actually what it is like over time and not something
they are exaggerating or understating. The app also gives the
opportunity to engage in self-reflection and identify possible
adjustments to improve functioning and well-being. One
participant stated:

It’s about getting an overview of your own life and
knowing that, okay, I can see the patterns, on the
weeks where I sleep less, it gets worse. And then it’s
a bit reassuring to know, okay, I know this will be a
hectic period, so maybe I need to take it a bit easier
on other things. It’s not necessarily about building
your life around this, but it gives you the opportunity
to make smarter choices and set yourself up with
better conditions. [Zara, 64, v3]

The participants described how they can use the visual
representations of their reality to take ownership of their
condition and proactively manage their own lives. They want
to make informed decisions and set priorities that align with
their values.

Many also see the potential of sharing such a visual
representation of their PPCS experience with health
professionals to facilitate communication and create a shared
understanding of their symptom burden. One participant
explained:

When you are at the general practitioner’s office, you
have very limited time to communicate everything
that has been going on for the past two or three
months; it is hopeless, actually. The doctor could
rather just go in [the app] by themselves, watch the
log, and then see how you have been. [Omar, 53, v3]

Another participant said:

When you are in treatment and you get the question
‘how have you been lately?’ it’s not so easy to
remember because you are standing so close to it. So,
to be able to show your registrations to get it
more…in writing, that is usually very helpful [Tamara,
56, v1]

They explained that it can be helpful to zoom out and show
gradual and nonlinear recovery. Tracking their journey to
recovery was thus another potential of the symptom diary
pointed out by the participants.

Notably, several participants had already tried to create a
visualization of their PPCS experience, using, for instance,
Microsoft Excel or Post-It notes. Several participants also
mentioned they have searched the internet for an app to keep
track of their symptoms. Many had experience with headache
diary apps, and some had tried symptom-tracking apps for
various chronic illnesses. They had not yet experienced finding
an app that took “the whole picture” into consideration, allowing
them to track the symptoms and activities perceived as relevant
to them. As 1 participant pointed out when talking about the
headache diaries:

I feel like it is not enough to just log the headache. I
have several types of headaches, but that is not the
biggest challenge in my life. The fatigue, the sleep

problems, the periods with bad memory have been
far more challenging [...] There is so much more to
it (than the headache). [Valerie, 47, v1]

Personalized Yet Simple—Balancing Relevance and
Usefulness
This theme represents the fine line between a useful and a
cumbersome tool. A useful tool is perceived by the study
participants as an app containing the necessary elements to log
the aspects relevant to their functioning and well-being, while
still being as simple as possible, making it low-threshold to use
daily.

Many participants found the app relevant and easy to use, though
some found it cumbersome and time-consuming. They expressed
a need to minimize the available options and the clicks necessary
to complete a symptom registration. They also highlighted the
importance of always being able to edit their preselected
symptoms.

The symptoms that users wanted to log seemed to be connected
not only to symptom intensity, but also to their impact on their
functioning, well-being, and symptom fluctuation.

It can be something that doesn’t occur very often, but
it is very intense when it does, or the opposite,
something that is present most of the time without
being extremely critical, but it’s always there,
simmering in the background in a way. So as long as
you can choose [...] because people are different
[Sophie, 25, v2]

The activities perceived as relevant seemed to be connected to
their perception of what influences symptom burden, but also
activities enhancing their overall well-being without necessarily
actively decreasing symptom intensity. For instance, 1
participant said:

Working in the garden is something that gives me
peace of mind, and you need that on a bad day. Yeah,
working in the garden would be nice to have as a
distinctive activity to register [Omar, 53, v3]

Several participants expressed how different contexts could
generate different perceptions of what is relevant to track, for
instance, starting a new treatment, returning to work after sick
leave, or when experiencing a particularly stressful period in
their personal lives. The feeling of purpose seemed to be
essential for the perception of relevance.

Thus, there was great variation in which symptoms and activities
were perceived as relevant. This underlies the importance of a
flexible layout allowing for personalization, where the user of
the app defines what is relevant in their unique case, enhancing
the user’s perception of the app’s usefulness.

More Than Just a Number—the Complexity Behind
Symptom Scores
The third theme reflects the complexity of PPCS and how the
mapped symptoms in the app will always remain a simplification
of reality. One participant put it this way:
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To me, there is more behind that number than to you,
and you can’t include every person’s life story, you
need a number, so I get that [Pedro, 58, v1]

Many participants found it challenging to sum up their
experiences in a score. They acknowledge that there is no correct
answer to “what a score of 5 means,” and that they operate the
scale based on their perception of what the scores represent,
which is not static. One participant explained how they found
their scoring became more consistent over time and that they
needed about 14 days of “calibration” during the home testing.
Another participant highlighted how their perception is, in fact,
dynamic:

If it’s been a long time since you had a 9‐10, and
you are in more pain than usual, you might put down
a score of 8. But during a bad period, that score of 8
would’ve actually been a 5. So, that is something to
keep in mind: a 5 is not always a 5. [Eve, 40, v2]

The participants reflected on several aspects complicating their
action of scoring, including the frequent fluctuations of
symptoms, the intertangled relationship between symptoms,
and other factors influencing the experienced symptom burden.
Some pointed out internal factors influencing their perception
of today’s score, (eg, how they slept), as well as external factors
(eg, if they went outside and were exposed to a lot of noise or
stayed home that day). One person said they generally hesitated
to score a 10 as they felt others probably had it worse.

Some also reflected on what they compared themselves to when
scoring, for instance, life before the injury or to their peers.

While recognizing the challenging act of scoring and
acknowledging that it inevitably always will be a simplification
of their experiences, several participants still eyed the potential
benefits of scoring their symptoms:

It is difficult to register [symptoms] based on a
number, but at the same time, it makes it much more
measurable and easier to spot patterns [Sophie, 25,
v1]

Discussion

Overview
We developed a research-based mHealth app for symptom
mapping for people with PPCS. The app was created by
combining rigorous research methods with iterative usability
testing, together with people with PPCS and experienced
clinicians in the field. We investigated the app’s usability,
feasibility, and safety. The app received high usability ratings
from both the user and clinician groups and achieved a high
adherence rate during home testing. Two AEs related to
increased symptom awareness were logged during the study
period.

Usability
The app received generally favorable usability scores and app
quality scores from both the user and clinician groups. After 28
days of home testing, the final version received a mean score
of 5 (SD 1.1) on the 7-point Likert scale in MAUQ by the user
group and 4.1 (SD 0.4) on the 5-point Likert scale in MARS by

the clinician group. Previous studies have evaluated apps for
tracking symptoms in various conditions, including concussion
and chronic pain, using the same questionnaires, with mean
MAUQ scores ranging from 4.7‐6.1 [31,32] and mean MARS
scores ranging from 1.42‐4.1 [33,34], implying that the app
is considered acceptable in regards to usability and app quality
by both people with PPCS and clinicians working in the field
of PPCS. Notably, the user group rated the first 2 versions of
the app higher than the third and final version (Figure 3). The
differences in the study setting may partly explain this, as the
user group tried the first 2 versions of the app in 2-hour sessions
at the hospital, while using the third version at home for 28
days. The participants may have encountered challenges with
the app when using it more extensively at home than during the
limited time they had at the hospital. Furthermore, many of the
participants experienced technical issues in the app during the
home-testing period, possibly also affecting their experience of
usability. Notably, the completion of the MAUQ did transpire
in identical settings at all times, always situated in the hospital.

Feasibility
The adherence during the 28-day home-testing period was 89%
(IQR 78‐96). A meta-analysis of 99 mHealth apps for
preventing or managing noncommunicable diseases revealed
an average adherence rate of 56% [35]. A study similar to this
study developed an app for people in the acute phase of
concussions and observed an adherence rate of 28% during a
5-week period [31]. They recruited participants within 14 days
of their concussion and thus aimed at a slightly different patient
population than in this study, which may partly explain the
difference in adherence rate. The high adherence rate in this
study implies that the symptom diary app is a feasible approach
for logging PPCS despite the relatively high frequency of
technical issues for many of the study participants. In this study,
we programmed the app to send a daily notification to register
symptoms, based on feedback from the user and clinician
groups, in order to ensure sufficient data density while also
minimizing the experienced burden on the user. Given the high
observed adherence rate, future studies can consider exploring
multiple registrations per day to enhance data density. However,
this should be done while carefully evaluating the user’s
experienced burden.

Safety
Regarding the app’s safety, 2 AEs were registered concerning
increased awareness of symptoms during home testing. Both
participants completed the home testing but stated during their
last encounter with the study personnel that they became more
aware of their symptoms, which had a negative impact on their
well-being. They both emphasized the value of keeping track
of their symptoms but acknowledged that it can also function
as a negative reminder. One participant emphasized the
importance of receiving guidance from a health care provider
in interpreting their symptom logs. This is an important finding,
as the effects of symptom tracking in PPCS are understudied.
This is, however, not unique to the field of PPCS; the effects
of symptom mapping are, in general, understudied. In a small
study with healthy individuals, it was shown that subjects
tracking their symptoms daily for 2 weeks had increased recall
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of symptoms and perception of symptom severity compared to
the control group [21]. Still, we should not discard the reported
experiences of the app’s usefulness despite these incidents. It
is plausible that a subgroup of the study population is prone to
experiencing unwanted side effects related to increased
awareness of symptoms. Future studies should focus on
identifying such subgroups and determining which clinical
implications symptom tracking apps should have. Developers
of mHealth apps or wearable devices measuring symptoms
should be aware of their ethical responsibilities, and clinicians
recommending such tools and individuals using them should
be made aware of the potential side effects [36-38].

Qualitative Analysis and Results
In the qualitative analysis, 3 overarching themes were created,
which together informed the quantitative findings on the apps’
usability, feasibility, and safety. The first theme, Visualizing
the invisible—Enabling reflection and insight, actualizes a need
for visual representations of PPCS experiences. It is essential
for the usefulness of a mHealth app that its purpose is rooted
in users’ needs, as a good fit between a mHealth app’s purpose
and the user’s needs increases the likelihood of continuous use
[39].

The research field of personal visualization offers perspectives
on the expressed need for visual representations of PPCS
experiences. Visual representations of personal data can
empower people with improved access and comprehension of
their own data [40]. A systematic review of information
visualization found visual tools essential in helping people
understand and make sense of their personal health information,
which is necessary to improve self-management of their health
condition. For chronic illnesses, the “management” is oftentimes
not focused on curing the condition but rather on coping and
maintaining everyday life [41]. Coping and maintaining
everyday life as an overarching goal is in line with the study
participants’ reflections on the purpose of the symptom diary
app. They describe a need for a tool to visualize their PPCS
experiences, create insight, engage in self-reflection, and make
informed decisions aligned with their personal values and goals,
as well as to facilitate communication with health care providers.

The second theme, Personalized yet simple—Balancing
relevance and usefulness, touches upon both aspects of usability
and feasibility of the symptom diary app. Experience of
relevance seems to be vital to the perception of the app being
useful, which again is essential for the probability of a mHealth
app actually being used [39,42]. What is perceived as relevant
is highly individual, as reflected in this second theme. The
diverse views on relevance highlight the importance of a
personalized layout in the app, allowing the user to define which
symptoms and other variables are relevant to log and visualize
in graphics. However, there appears to be a fine line between
including many options to ensure perceived relevance and
including too many options, making the app overly cumbersome.
Thus, this requires careful navigation when developing mHealth
apps for people with PPCS.

Finally, the third theme, More than just a number—The
complexity behind symptom scores, addresses a more
overarching concept, informing all 3 study objectives: usability,

feasibility, and safety. Even though most study participants
appreciated a visual representation of their PPCS experience
and leveraged it to create overview and insight, many
acknowledged the challenge of quantifying their experiences.
They elaborated on how their interpretation of the scale is
dynamic, depending on both internal and external factors. It is
an important reminder that the visual representation of a person’s
PPCS experience in the app, or any other symptom-tracking
instrument, will always remain a simplification of reality. A
person’s experience will always be richer and more complex
than what can be expressed in numbers and summarized in
graphics [43]. However, this does not diminish the usefulness
of a visual representation for coping and managing everyday
life, as described in the first theme.

Still, an important aspect to consider is how simplifying and
quantifying someone’s experience with PPCS may contribute
to how they perceive their own experiences. From a critical
realist perspective, PPCS exists as a real phenomenon
independent of our descriptions of it. However, the conceptual
framework embedded in the app, ie, the words we use, the
categorization of symptoms, and the operationalization of
numerical scales, will to some extent shape how the users of
the app perceive, understand, and communicate their
experiences. Creating a simplified visual representation can be
useful for people with PPCS in gaining an overview and insight
into a complex condition, as well as in communicating their
PPCS experiences to others. It can support the user of the app
in understanding and making sense of their condition, which
again is crucial to health management and improving quality
of life [41]. Still, this highlights the ethical responsibility of
mHealth app developers to create research-based layouts and
content [44]. Our findings regarding the symptom diary’s safety
illustrate the importance of not taking this ethical responsibility
lightly. An mHealth app can have unwanted side effects for
some individuals, just as any other health intervention, and
requires a research-based approach.

Limitations
The questionnaires we applied to investigate app usability
(MAUQ) and app quality (MARS) have been used extensively
and validated in many languages [45,46]. For the purpose of
this study, professional translators translated both the MAUQ
and the MARS questionnaires into Norwegian using
forward-backward translation, followed by harmonization of
the translation by experts in the field of PPCS. However, no
formal validation of the psychometric properties in a Norwegian
context has been done, so direct comparisons of scores in this
study with studies using the original English version should be
interpreted with caution.

The number of technical issues encountered in the app during
the home testing may represent a limitation regarding the
feasibility assessment. Yet, adherence was not drastically
affected when including the 2 participants who experienced
severe technical issues (adherence 89% vs 81%), indicating
good adherence despite the technical obstacles. Still, another
fourteen participants experienced less severe technical problems,
where no data were lost, but it may have affected their daily
adherence to the app. Thus, the adherence to the app may be
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underestimated, but it is, despite this, considered high compared
to similar studies investigating the feasibility of mHealth apps
in similar study populations [31,35]. The ongoing app
development and refinement will further examine technical
issues and how to mitigate them in the future.

Finally, in our study sample, 70% were female. Since this study
focused on development and usability within a small sample,
it was not designed to generalize to the whole PPCS population.
Furthermore, women are overrepresented in the PPCS

population, with female gender identified as a known risk factor
for PPCS [47-49]. Future research should investigate how
applicable the findings of this study are to a broader PPCS
population.

Conclusions
The symptom diary app for people with PPCS is considered
usable, feasible, and safe for its intended use and is ready for
testing in larger-scale clinical trials.
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Abstract

Background: Digital health applications (DiGA) have been integrated into Germany’s health care system since 2019, offering
certified medical devices for various health conditions. This study focuses on deprexis and Selfapy, the first 2 permanently
approved DiGA for depressive disorders in Germany, to evaluate their usability for people ≥60 years. The study’s significance
is underscored by the underrepresentation of older people in previous DiGA studies, accompanied by an emergent risk of
inequalities in distribution for this vulnerable population.

Objective: This study assessed the usability of DiGA deprexis and Selfapy for adults aged ≥60 years with mild to moderate
depression. The more user-friendly option will be chosen for the DiGA4Aged project’s upcoming randomized controlled trial.

Methods: The prospective observational study uses the People at the Centre of Mobile Application Development (PACMAD)
usability model in a mixed methods design. The study’s multistage data collection encompasses sociodemographic data and
quantitative questionnaires about health literacy (European Health Literacy Survey Questionnaire [HLS-EU-Q16]), electronic
health literacy (revised German eHealth Literacy Scale [GR-eHEALS]), media affinity, depressive symptoms (9-item Patient
Health Questionnaire [PHQ-9]), and perceived usability (System Usability Scale [SUS]), as well as a qualitative think-aloud and
semistructured interview. Participants were equally allocated to use either deprexis or Selfapy. Recruitment of 18 participants
was conducted at 3 hospital departments (ie, psychiatry, psychosomatics, and geriatrics) in spring 2024. Participants were eligible
if they were aged ≥60 years, were diagnosed with mild or moderate depressive disorder, owned a digital device, and gave written
consent to participate.

Results: Quantitative analysis revealed age, gender, depressive severity, and health literacy parity between both groups. Selfapy
users displayed marginally lower technical proficiency and lower usability scores. Qualitative data showed lower usability among
participants in the Selfapy group due to design-related errors and higher cognitive load. Despite visual, psychomotor, and cognitive
challenges, participants endorsed both DiGA for older users, stressing the importance of assistance and practicing the usage.

Conclusions: Reported difficulties in usability may help to improve future DiGA development for older people, especially as
the willingness to use DiGA exists.

(JMIR Hum Factors 2025;12:e66271)   doi:10.2196/66271

KEYWORDS

depression; depressive; usability; digital health; eHEALS; health literacy; mHealth; mobile health; mental health; app; applications;
gerontology; geriatric; old; older; elder; elderly; aging; aged
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Introduction

Depressive disorders represent an increasingly urgent public
health issue, having already been identified by the World Health
Organization as the condition most likely to rank second in the
disability-adjusted life years index by 2030 [1]. Depressive
disorders are associated with a significant reduction in quality
of life and performance, along with major economic
consequences [2].

Between 2001 and 2020, the point prevalence of self-reported
depressive symptoms stood at 34% worldwide [3]. A survey
was conducted across Europe to determine the prevalence of
depressive symptoms within the past 2 weeks (assessed via
self-report using the 8-item Patient Health Questionnaire
[PHQ-8]). The result was a prevalence of 6.6% for the European
Union as a whole (men 5.2% and women 7.9%), whereas in
terms of age-standardized prevalence, people aged ≥65 years
and above (9%) were most affected in the European Union. In
Germany, a comparatively higher prevalence of 9.2% was
recorded (women 10.8% and men 7.6%). People in the 15 to
29 years age group in Germany were particularly affected (11%),
whereas approximately 7% of individuals aged ≥65 years
showed signs of depressive symptoms [4].

There are already considerable shortcomings in treatment in
Germany [5]. In particular, the demand for psychotherapy is
still insufficiently met, leading to long waiting times before
treatment begins [6].

Internet-based interventions may be one way of providing
low-threshold access to treatment. While more than 10,000
smartphone apps are available for mental or behavioral health,
evaluating these apps to ensure privacy protection, usability,
and interoperability is a major challenge [7].

In Germany, efforts are underway to precisely ensure this
evaluation through a standardization process, thereby giving
patients direct access to quality-assured applications. Therefore,
digital health applications (DiGA or Digitale
Gesundheitsanwendungen) have been integrated into Germany’s
health care system since the German Digital Healthcare Act
came into effect in 2019. DiGA, offered as apps and web-based
applications, are certified as low-risk medical devices that can
be prescribed by physicians and psychotherapists or dispensed
after approval by health insurance companies [8]. A prescription
is possible after successfully passing an assessment procedure
of the Federal Institute for Drugs and Medical Devices. This is
accompanied by the entry in the DiGA directory either as
temporarily approved DiGA for 1 year pending reassessment
or as permanently approved [9]. The approval by the Federal
Institute for Drugs and Medical Devices requires evidence of
the so-called positive care effect, meaning that the DiGA has
been proven to contribute either to an improved management
of the disease or to enhanced patient health [10].

Currently, 26 of the overall 56 listed DiGA address indications
in mental health, making this category the largest of 12. To this
date (July 5, 2024), 4 DiGA (ie, deprexis, edupression.com,
Novego, and Selfapy) are permanently listed for use in
depressive disorders, and another 3 DiGA are temporarily

approved for 1 year (elona therapy Depression, MindDoc auf
Rezept, and My7steps App) [11].

The first 2 permanently approved DiGA for treating depressive
disorders were deprexis and Selfapy [11]. While these DiGA
offered patients an opportunity to take advantage of treatment
options for depressive symptoms, not all patients could be
reached through this channel. The usage behaviors of certain
age groups differ according to a report on the implementation
and development of DiGA between 2020 and 2022. During the
period under review, deprexis was prescribed approximately
10,000 times, with the frequency of use decreasing steadily
among those aged ≥65 years. During the same period, Selfapy
was prescribed about 9000 times in total, with almost no users
in the age group >60 years [12]. Moreover, the approval studies
of both deprexis [13,14] and Selfapy [15] did not include
participants aged >65 years.

These findings illustrate the necessity of incorporating
accessibility and participation considerations for the older
population because depressive disorders are among the most
common mental illnesses in older people [16]. Approximately
4% to 5% of individuals aged 65 to 79 years in Germany are
affected by depressive symptoms [17]. Owing to the global
trend of an aging population [18], the prevalence in this
population group will steadily increase. Although, as mentioned
earlier, other age groups in Germany are more severely affected
by depressive symptoms, it is crucial to ensure that DiGA, as
a state-supported concept, are beneficial and accessible to all
individuals and that no one is excluded from this growing path
of digital health care.

While expanding digital health care services such as DiGA
could address these deficits, at the same time, inequalities in
distribution might be reinforced, especially for vulnerable groups
such as older people [19]. To ensure they can also benefit from
such offers, the usability of DiGA should meet the needs of this
user group. Various studies (eg, [20,21]) have shown that older
people face specific challenges when using mobile apps: visual,
psychomotor, and cognitive limitations due to aging and disease
can impair usability. For instance, font size, visual contrast,
small screens, and complex menu navigation pose considerable
obstacles to use [20,21].

This study aimed to evaluate the usability of the DiGA deprexis
and Selfapy for people aged ≥60 years with mild or moderate
depressive disorders. The evaluation is based on the People at
the Centre of Mobile Application Development (PACMAD)
usability model [22]. The more user-friendly DiGA will be
selected for the following randomized controlled trial (RCT) in
the overall project DiGA4Aged.

Methods

Study Design and Participants
This prospective observational study adopted a convergent
mixed methods design, involving the combination of both
quantitative and qualitative data to obtain a more comprehensive
understanding of the research topic. The design was stated as
concurrent, with greater emphasis placed on qualitative data
and triangulation of data occurring on the level of interpretation.

JMIR Hum Factors 2025 | vol. 12 | e66271 | p.3033https://humanfactors.jmir.org/2025/1/e66271
(page number not for citation purposes)

Chatsatrian et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Both quantitative and qualitative data were collected at a single
time point (single phase) [23].

Owing to the recent integration of DiGA into Germany’s health
care system since 2019, hardly any evidence was available
before this study’s conception in 2022. We searched the database
of the Federal Institute for Drugs and Medical Devices for
approval studies of the DiGA manufacturers and reports about
the prescription and usage of DiGA. Furthermore, we searched
PubMed for articles published from database inception to
October 1, 2022, using the keywords (“depression” OR
“depressive disorder” OR “mental health”) AND (“DiGA” OR
“health app” OR “eHealth” OR “mobile app” OR “smartphone
app”) without language restrictions. We identified systematic
reviews on mobile apps with regard to mental health; however,

none of them specifically included DiGA. Even now, the body
of evidence on DiGA is only growing slowly.

The recruitment and assessment periods took place from
February to April 2024 in 3 hospital departments: psychiatry,
psychosomatics (both from Landwirtschaftsverband
Westfalen-Lippe–University Hospital Bochum), and geriatrics
(Marien Hospital Herne). In an endeavor to recruit a
heterogeneous sample, the purposive selection by physicians
and researchers at these departments was based on
sociodemographic characteristics, health, and perceived
electronic literacy, as well as perceived media affinity, alongside
the eligibility criteria (Textbox 1). No distinction was made in
terms of gender. In each department, the first 3 participants
included in the study used Selfapy, followed by the next 3 using
deprexis.

Textbox 1. Eligibility criteria for participation.

Inclusion criteria

• Aged ≥60 years

• Diagnosis of mild or moderate depressive disorder

• Ownership of a digital device suitable for digital health applications (DiGA) use

• Written consent to participate

Exclusion criteria

• Acute psychotic symptoms

• Acute suicidal tendencies or self-endangerment that results in an immediate need for treatment

• Severe intellectual impairment

• Motor and sensory impairments that prevent the use of a digital device

• Insufficient knowledge of the German language

• Advanced and incurable disease

• Diagnosis of bipolar disorder or schizophrenia

• Current participation in another intervention study

• Current use of a DiGA for the treatment of depressive disorder

Ethical Considerations
The study received ethical approval from the Ethics Committee
of the Ruhr University Bochum (23‐7901). The reporting
adhered to the GRAMMS (Good Reporting of a Mixed Methods
Study) guideline for mixed methods studies in health services
research [24] and to the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) statement [25].
Participants were compensated with an expense allowance of
€25 (US $29.24) per hour for their participation in the study.
All participants were informed about the objectives of the study
and the possible risks. They gave their written consent and were

able to ask questions on site. Participation was voluntary, and
they could withdraw at any time without suffering any
disadvantages. None of the participants took advantage of this
option. After the survey, the data were pseudonymized. All data
was anonymized for the manuscript.

Procedures
The evaluation of the DiGA is based on the PACMAD usability
model (Figure 1 [22]), which combines usability models
developed by the International Organization for Standardization
[26] and Nielsen [27] with an additional focus on mobile
applications [22].
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Figure 1. PACMAD usability model (own representation, based on a study by Harrison et al). ISO: International Organization for Standardization;
PACMAD: People at the Centre of Mobile Application Development.

The PACMAD usability model addresses 7 usability attributes
in total: effectiveness, efficiency, satisfaction, learnability,
memorability, errors, and cognitive load [22]. The latter
attribute, as an additional component to existing usability
models, is considered the main contribution of the PACMAD
model. Within the scope of those attributes, 3 further factors
can influence the overall usability: user (eg, previous
experiences interfering with overall usability), task (eg, goals
of users), and context of use (eg, environment of use) [22].

The data collection incorporated quantitative instruments in the
first and third stages and qualitative instruments in the second
stage (Figure 2) [28-32].

The revised German eHealth Literacy Scale (GR-eHEALS),
the European Health Literacy Survey Questionnaire
(HLS-EU-Q16), and the System Usability Scale (SUS) were
used. During the third stage, a validated questionnaire was used
for the self-assessment of the severity of depressive symptoms.
The PHQ-9 is a widely used screening instrument for assessing
depressive symptoms, based on Diagnostic and Statistical
Manual of Mental Disorders (DSM) criteria. Its brevity,
diagnostic utility, and ease of administration make it especially
suitable for use in population-based studies, including those
involving older adults. The German version of the PHQ-9 was
developed through a rigorous process of translation and

back-translation, ensuring cultural and linguistic equivalence.
Validation studies conducted in Germany have confirmed the
semantic and conceptual appropriateness of the questionnaire
for older German speakers [31]. In the German older adult
population, the PHQ-9 has shown good criterion validity, with
sensitivity and specificity levels that are consistent with its
performance in younger populations. For instance, Kocalevent
et al [33] reported a sensitivity of 81% and specificity of 89%
at the standard cutoff score (≥10) when compared with
structured clinical interviews. On the basis of these findings,
the PHQ-9 can be considered a valid and reliable instrument
for assessing depressive symptoms in older adults in Germany.

The concurrent think-aloud method [34] is a common procedure
in the field of digital health care for testing technologies in terms
of usability, content, and accuracy of fit [27]. It enables
researchers to trace the user’s course of action and reveals
emerging usability issues [35] while offering insight into the
users’ cognitive and emotional reactions and processes [36].
The tasks were based on typical activities during initial use.
Furthermore, semistructured interviews were conducted to gather
participants’ individual experiences and impressions after using
the DiGA, enabling comparability while accommodating
participants’ personal perspectives [37]. The second stage
included audio recording as well as video capturing of the
participant’s screen activity during DiGA use.
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Figure 2. Data collection and instruments (own representation). DiGA: digital health applications; GR-eHEALS: revised German eHealth Literacy
Scale; HLS-EU-Q16: European Health Literacy Survey Questionnaire; ICD-10: International Statistical Classification of Diseases, Tenth Revision;
PHQ-9: 9-item Patient Health Questionnaire; SUS: System Usability Scale.

JMIR Hum Factors 2025 | vol. 12 | e66271 | p.3036https://humanfactors.jmir.org/2025/1/e66271
(page number not for citation purposes)

Chatsatrian et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Data Analysis
Quantitative data were analyzed by descriptive statistics using
the statistical software package SPSS Statistics 27.0 (IBM Corp).
Measures of central tendency were calculated for the comparison
of individual items or sum scores between individual participants
or between the groups. Reporting includes both the mean with
SD and the median with IQR. To prevent case exclusion due to
missing values, median imputation was applied to 2 individual
responses within the eHEALS and SUS instruments.

The extraction and synthesis of qualitative data were carried
out according to Rädiker and Kuckartz [38] using the software
MAXQDA 2022 (VERBI Software GmbH). The predefined
attributes of the PACMAD model were used as the main
category system, supplemented by an additional category on
methodology.

Initially, 2 researchers (MC and TSB) independently coded 1
Selfapy assessment and discussed the resulting variations and
discrepancies to set a standard. The remaining 17 assessments
were coded (MC), and uncertainties across all videos were
discussed (MC and TSB).

To ensure interrater reliability, 4 assessments were reevaluated
by 2 researchers (ICO and TSB), with each researcher rating 1
Selfapy and 1 deprexis assessment from 2 distinct hospital
departments. In total, 5 of 18 assessments were viewed twice.

The triangulation of both quantitative and qualitative datasets
(Figure 3) [22,28-32] ensured a comprehensive interpretation
of the PACMAD usability model. The factors user, task, and
context of use are interconnected and compared across DiGA
groups.

Figure 3. Triangulation matrix (own representation). GR-eHEALS: revised German eHealth Literacy Scale; HLS-EU-Q16: European Health Literacy
Survey Questionnaire; PACMAD: People at the Centre of Mobile Application Development; PHQ-9: 9-item Patient Health Questionnaire; SUS: System
Usability Scale.

Results

Overview
A total of 18 evaluable assessments were conducted; 1 additional
assessment could not be evaluated due to a technical malfunction
of the recording equipment. Thus, each DiGA is represented by
9 assessments, equally covered by 3 per hospital department.
All assessments were carried out with a study tablet, using the
web-based application of both DiGA.

Quantitative Findings
Quantitative data were analyzed for 18 participants aged 61 to
88 years, with an almost equal distribution in both groups. The
participants’ average age was 68.3 (SD 9.6) years, and the
majority (n=14, 78%) were women. Each group consisted of 7
women and 2 men. All but 3 participants were no longer
employed (n=15, 83%).

On average, participants scored 12.4 (SD 5.2) on the PHQ-9,
indicating moderate depression. Eight (44%) participants, 3
from the deprexis and 5 from the Selfapy group, were
undergoing outpatient depression treatment at the time of data
collection.

Similar results were observed in both groups for the
HLS-EU-Q16, indicating moderate to good health literacy (scale
16‐64) and for the GR-eHEALS, which represents moderate
electronic health literacy (scale 16‐80; Table 1). A total of 17
(94.4%) participants reported using a smartphone daily or almost
daily. Although purposeful sampling was applied, participants
in the Selfapy group showed lower media affinity overall, both
in terms of usage frequency and self-assessed technology skills.
The findings on media affinity are based on the assessment of
individual items, as the questionnaires are not validated for a
score.
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Table . Patient-reported parameters.

Total (N=18)Selfapy (n=9)Deprexis (n=9)

Median (IQR)Mean (SD)Median (IQR)Mean (SD)Median (IQR)Mean (SD)

63.00 (62.00-74.25)68.28 (9.58)63.00 (62.00-76.50)68.22 (9.64)63.00 (62.00-77.00)68.33 (10.11)Age (years)

13.00 (8.00-15.50)12.35 (5.23)12.50 (6.50-16.50)12.63 (6.19)13.00 (8.50-15.50)12.11 (4.59)Depressive severity

(PHQ-9a) [31]b

47.00 (41.25-50.00)46.06 (7.17)46.00 (38.00-54.50)46.33 (8.79)48.00 (42.00-50.00)45.78 (5.65)Health literacy

(HLS-EU-Q16c)
[29]

49.00 (46.50-56.00)50.41 (10.60)47.00 (41.00-57.00)48.75 (14.48)52.00 (47.00-57.50)51.89 (6.03)Electronic health
literacy (GR-

eHEALSd) [28]

62.50 (43.125-
75.00)

60.14 (19.13)60.00 (41.25-68.75)55.83 (18.29)67.50 (48.75-82.50)64.44 (20.03)System Usability
Scale [32]

aPHQ: 9-item Patient Health Questionnaire.
bFor PHQ-9, the sample size was 17 (n=8 for Selfapy) due to missing data from 1 participant.
cHLS-EU-Q16: European Health Literacy Survey Questionnaire.
dGR-eHEALS: revised German eHealth Literacy Scale.

The usability assessment by SUS showed a higher level of
user-friendliness for deprexis with an average score of 64.4 (SD
20.0) compared to Selfapy with 55.8 (SD 18.3). It is important
to consider the SUS scores alongside participants’ individual
skills, as they affect the DiGA’s perceived usability. Table 1

provides an overview of the self-reported patient parameters,
and Figure 4 shows the SUS score distribution using a boxplot
to visualize and compare the scatter, central tendency, and
outliers across both groups.

Figure 4. SUS score. SUS: System Usability Scale.

Qualitative Findings

Overview
Qualitative findings are presented using the main categories,
combining the results for Selfapy and deprexis. The evaluation
dimension of the categories differs: while effectiveness,
efficiency, and errors were solely evaluated externally by the

researcher, satisfaction represents a category that only the
participant could self-assess. Learnability, memorability,
cognitive load, and the handling of the think-aloud method could
be assessed by the participant’s comments and through the
researcher’s observation.
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Methodology
Responses to the think-aloud method varied: Selfapy participants
rated it either as not disturbing at all or as stressful. Positive
comments in the deprexis group outweighed, although some
users struggled with verbalizing their thoughts. A few
participants requested that the texts be read aloud, finding it
challenging to manage both the printed instructions and the
digital device.

Learnability
The category learnability describes the ease with which
proficiency can be achieved [22]. Participants in both groups
were eager to enhance their proficiency and expressed a desire
to gain more confidence. They acknowledged that while learning
requires repetition, it was generally manageable. A few
participants lacked basic technical understanding and asked, for
instance, what a PDF file is or how to adjust the volume. Despite
initial challenges, some skills were learned even during first-time
use, such as scrolling, identifying the menu icon, opening the
keyboard, and zooming. Navigation was found to be learnable,
and repetition of certain tasks led to faster performance.
Participants recommended more guidance for using DiGA,
noting the study conductor’s help was valuable. They noted
that, especially for older people without technical experience,
the first use could be difficult.

Effectiveness, Efficiency, and Errors
The category effectiveness describes whether a task is completed
by the user. Efficiency considers the speed and accuracy of
completion, reflecting the user’s productivity. Furthermore, the
PACMAD model proposes an evaluation of the errors made
while using an application [22].

Most tasks were completed successfully, although often with
the assistance of the study conductor. Both groups faced
touchscreen issues, causing frustration (eg, having to tap
multiple times). Both DiGA presented navigation challenges,
including orienting within chapters, finding PDF files, returning
to the main page or the previous section, and the logout process.
Reading and comprehension issues stemmed from small font
size or unclear instructions and questions within both DiGA.

In Selfapy, the chapter overview layout led to confusion, with
participants expecting immediate access to the chapter upon
clicking. Other challenges included scrolling, selecting between
answer options, and entering text via the touchscreen keyboard.
Owing to Selfapy’s user interface design, participants often
missed the next button after completing 1 specific task and were
confused about how to proceed. The required choice between
2 video formats (web based or app based) caused uncertainty
about which video to watch. Selecting the wrong format resulted
in limited visibility. Two participants in the Selfapy group
terminated the assessment before completing all the tasks.

Deprexis users encountered similar but fewer issues.
Specifically, some users failed to open a PDF file, as they
clicked on the adjacent nonresponsive description instead of
the PDF icon. They additionally faced difficulties locating the
menu, as they were not familiar with the menu symbol. In some

cases, the audio file was either overlooked or not played, despite
having been noticed.

Satisfaction
The user’s attitudes toward the DiGA provided insight into their
satisfaction with using it [22]. Difficulties with navigation and
the handling of the DiGA were recognized by the participants.
One-third of the Selfapy users found the menu navigation and
overall user interface pleasant, well structured, and intuitive,
whereas the majority criticized the navigation as unintuitive
and difficult to understand, requiring assistance in the beginning.
Some participants suggested that repeated use could lead to
improvement. One participant showed clear signs of frustration
due to navigation difficulties.

In contrast, two-thirds of deprexis users perceived the DiGA as
well structured and easy to navigate, whereas the remaining
third found the navigation to be difficult and unintuitive. The
main page and the beginning of the assessment were perceived
as positive and accessible. Suggestions included clearer menu
labels and a single-column layout of the menu to improve
navigation.

Regarding design and layout, participants liked Selfapy’s
appearance, although some found the font size too small and
the color contrast insufficient, restricting visibility. Deprexis
was well received for its simple, clear interface, although
opinions varied on visual elements and color use. The
presentation of information was praised as well arranged, but
participants recommended increasing the PDF font size. With
regard to the general font size, while no negative feedback was
given, 2 participants noted it was sufficiently large.

Content and the functions of both DiGA were generally
perceived positively. The information was found to be presented
in accessible language, with adequate depth and structure. The
content was described as interesting, informative, and helpful;
however, participants criticized the text in both DiGA as overly
lengthy. They suggested an audio playback feature to resolve
this concern. Some participants found the answer options
limiting, whereas others praised the possibility of individual
choice. Besides Selfapy’s diary function and support options,
the video was praised for its content, graphics, and brevity,
although participants suggested moderating the voice-over pitch
and reducing the pace.

Deprexis users appreciated the mood check, despite some
criticism of its retrospective nature, and expressed a desire for
additional support during completion. The overall guidance and
motivation provided by deprexis, along with the relaxation
exercises and the required responses, were well received. The
audio element was praised for being engaging, clear, and
memorable, with a pleasant voice quality and appropriate length.

The adoption of Selfapy for long-term use was met with mixed
reactions. Some users were deterred by technical constraints
and uncertainty about the effectiveness of managing illness.
Others showed readiness to use DiGA, encouraged by its
interactive nature and constructive suggestions. However,
reluctance persisted due to general skepticism or insufficient
technical equipment. Overall, the sentiment toward Selfapy was
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cautious yet open to possibilities, with a clear need for support
and reliable information.

In contrast, deprexis users approved of the DiGA, finding it a
reliable aid. Many participants were open to using it regularly,
particularly during critical health periods, and valued its
potential at the onset of the disease to bridge therapy waiting
times. Participants saw deprexis as a valuable addition to therapy
but were unsure about its usefulness for individuals with severe
depression. Some preferred personal interaction over the digital
interface, whereas others liked the independence it offers.
Concerns were raised regarding the data security of the diary
feature, despite its perceived benefits. Doubts persisted regarding
DiGA’s capacity to meet individual needs and its potential to
replace consultations with a therapist. A common concern was
that using the DiGA alone could be overwhelming, prompting
suggestions for an introductory course.

Cognitive Load
Cognitive load addresses the extent of cognitive processing
while using an application [22]. Difficulties were prominent in
this study: participants struggled with text comprehension and
production, felt overwhelmed and insecure, and had memory
and concentration lapses. These difficulties impacted their
self-assessment. Both DiGA user groups faced these issues, but
Selfapy was perceived as particularly challenging.

Selfapy users often struggled to grasp certain terms and
instructions within the DiGA, frequently asking additional
questions for clarity. They felt overwhelmed by the complexity
and amount of content, struggled to articulate their thoughts in
written form, were concerned about grammatical or spelling
errors, and noted a decline in ability associated with age. Some
Selfapy users stated that they had reached their individual limit
at times and voiced uncertainty about their ability to concentrate
and retain information after a single reading. Selfapy users
experienced a powerful sense of self-doubt and insecurity.
Despite their efforts, they harshly attributed mistakes to their
own reduced intelligence and technical skills, rather than
considering external factors or task complexity.

Deprexis users preferred shorter texts than those provided,
despite understanding the content, and encountered minor
comprehension difficulties with some tasks and instructions
within the study. No serious confusion during the usage of
deprexis was observed. Challenges included reduced focus due
to illness, racing thoughts, and a reliance on routines to manage
depression. Participants also expressed concern about
self-esteem and mood assessment, which both influence
cognitive processing.

Memorability
Memorability is defined as the user’s ability to retain how an
application is used effectively [22]. A second assessment is
typically needed to evaluate memorability, but initial difficulties
were evident during first-time use. From the participants’
perspective, the video in Selfapy contained an excessive amount
of information, with participants unable to remember important
instructions, such as how to log off. Some did not recall
watching a video at all when asked. Deprexis users also showed
a few signs of limited memorability: 1 participant filled out the

mood check twice without realizing it, and 2 participants forgot
about the audio element when asked about it. A reminder feature
was proposed for consistent DiGA use.

Discussion

Principal Findings
This prospective observational study gives new insights into
the usability of DiGA for older adults with regard to depression,
particularly focusing on deprexis and Selfapy, which were the
first 2 permanently approved DiGA for depressive disorders.
By focusing on participants aged ≥60 years, this research
addresses the disparity in usage among older individuals, who
have not been adequately represented in previous research. The
study advocates for a user-centered approach in DiGA
development on the basis of the PACMAD model. The study
used a mixed methods approach. While the user groups were
comparable in age, gender, severity of depressive symptoms,
and health literacy, Selfapy users reported slightly lower
technical proficiency and usability scores. Design flaws and
increased cognitive load were reported by the participants of
the Selfapy group. Despite visual, motor, and cognitive
challenges, participants in both groups emphasized the need for
support and practice in the use of DiGA for older adults.

A study by Wildenbos et al [39] on barriers to digital health
among older adults identified 4 main categories of age-related
barriers that can affect the usability of mobile health: physical
abilities, perception, cognition, and motivation. Similar findings
emerged from the present qualitative study results, corroborating
the slightly lower SUS score for Selfapy compared to deprexis.

Barriers to Physical Abilities
Visual and psychomotor limitations were observed universally
in both groups and were also evident in the participants’
criticism regarding difficulties in using the touchscreen and
navigation. Wildenbos et al [39] also reported that other studies
had found slowed movements, reflexes, and tremors to be a
challenge. It is assumed that these physical limitations may also
affect learning duration, speed of performance, error rate, time
retention, and subjective satisfaction.

Barriers to Perception
Barriers of perception were reflected in the early termination
of 2 Selfapy assessments, increased error rates due to design
limitations, and more moments of confusion and uncertainty
with navigation, indicating usability constraints. In addition,
small font size and poor color contrast were criticized.
Wildenbos et al. [39] highlight the need for enhanced lighting
to support visual clarity, as well as implications for video content
and alerts due to the age-related decline in hearing ability.
Hearing difficulties may also result in lower use of desktop
computers and internet services compared to older adults without
hearing impairments [40].

Barriers to Cognition
Selfapy users also experienced pronounced cognitive load. Some
participants showed reduced concentration and struggled with
text comprehension. This area may be less prominent in the
present study compared to the study by Wildenbos et al. [39],
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identifying potential challenges because this study did not
include individuals with cognitive impairments. However, the
participants’ illnesses must be considered as a contributing
factor.

Barriers to Motivation
Motivation is one of the key factors influencing the acceptance
of technology [41]. Acceptance theories can provide exciting
insights in this regard. Although the present study initially
focused on usability, tentative conclusions can be drawn
regarding this barrier: Selfapy users were more self-critical
when faced with challenges. A reason for this could be the lower
level of proficiency with modern technology reported by Selfapy
users. Here, the mixed methods approach proved to be helpful
in capturing specific impressions during use, in addition to the
SUS.

Help with increasing motivation can be found in the literature:
a systematic review examined the extent to which characteristics
of the design and implementation of digital interventions can
increase adherence among vulnerable population groups (older
people, people with low socioeconomic status, single parents,
social minorities, and people with a migration background).
The authors state that multimodal content and direct
opportunities for interaction and support between users and
intervention providers can increase usage [42].

Interventions for Successful Implementation
Although participants encountered difficulties, they were mostly
satisfied with both DiGA and expressed encouragement for
long-term use. Successful long-term use depends particularly
on actual use in everyday life. It is important to note that digital
psychological treatment may have higher dropout rates
compared to analog options [43]. A key factor in this area is
adherence. A systematic review of adherence to digital
interventions for mental health conditions found that female
gender, positive treatment expectations, and the availability of
personal support can increase adherence. Negative factors
include limited time for engagement, personal dissatisfaction
with the intervention content, or content perceived as impersonal
[44]. The positive assessment of personal support was also
evident in this study because both user groups rated their
assigned DiGA as suitable for older people, emphasizing the
necessity to practice the usage.

Although most of the tasks were successfully completed,
participants received light support from the study conductors
during use to reduce psychological strain. In traditional
postprescription use, such support would not be available. The
authors, therefore, expect participants to have more difficulty
coping with the application, despite its approval through the
DiGA authorization procedure. Structured support could
potentially be helpful in this context. For example, it became
apparent that a structured support system using weekly brief
semistandardized emails achieved a high level of effectiveness
for a digital mental health application [45]. Other studies on the
use of mobile apps for mental health among older users also
support the value of this approach [46-48].

Moreover, explicit guidelines and recommendations for
developers could be beneficial in mitigating usability-related

challenges. While such recommendations should not be derived
solely from pilot studies focusing on usability, such as this study,
there is a substantial body of design research that provides
well-founded guidance in this area. For instance,
Gomez-Hernandez et al [49] conducted a systematic review and
thematic analysis on design guidelines for mobile applications
targeted at older adults. Their study identified a total of 27 key
recommendations, including 2 “golden rules” and 25 design
principles, which were organized into 5 thematic categories:
support and training, navigation, visual design, cognitive load,
and interaction.

Strengths and Limitations
The distributions must be interpreted with caution due to the
small sample size: it increases the variability of the data and
limits the statistical validity of the results. In particular, outliers
can distort the overall picture and thus impair the reliability of
the conclusions derived.

This study gives new insights into the usability of DiGA for
older adults with regard to depression, particularly focusing on
deprexis and Selfapy, which were the first 2 permanently
approved DiGA for depressive disorders. By focusing on
participants aged ≥60 years, this research addresses the disparity
in usage among older individuals, who have not been adequately
represented in previous research. The study advocates for a
user-centered approach in DiGA development on the basis of
the People at the Centre of Mobile Application Development
usability model. The distributions must be interpreted with
caution due to the small sample size: it increases the variability
of the data and limits the statistical validity of the results. In
particular, outliers can distort the overall picture and thus impair
the reliability of the conclusions derived.

On the basis of the information assessed by the GR-eHEALS
and the 2 questionnaires on media affinity, the participants in
the Selfapy group showed slightly lower proficiency in using
modern technology than those in the deprexis group, which
could have influenced the usability assessment.

Although the process of actively verbalizing one’s thoughts is
assumed to be unfamiliar, the participants were largely
unaffected by the methodology. However, it must be taken into
consideration that 3 different study conductors (1 per hospital
department) were involved in data collection. Although the
study settings through uniform training of the involved study
members, minor procedural differences were nonetheless
observed.

Another limitation arises from the target group of the study.
Depressive disorder is characterized by symptoms such as
attention deficits and lack of motivation. This may have
impacted the perceived ease of use, although this effect cannot
be conclusively demonstrated. However, we considered it crucial
to focus on this target group to better understand the challenges
faced by this underrepresented group. It is also important to
note that participants were recruited directly from clinical
practice. This approach was criticized in a meta-study on the
effectiveness of deprexis, as the participants in those studies
were recruited outside the clinical context, potentially
compromising the transferability of the results [50].
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Further Research
Larger controlled studies will be needed to replicate the findings
and explore further moderators of usage outcomes. While the
PACMAD usability model was designed specifically for
assessing the usability of mobile applications and takes cognitive
load into account, other factors influencing general technology
acceptance are not considered.

The subsequent study of the DiGA4Aged project, which is the
pilot study, will also examine technology acceptance and the
success of support provided to participants by a digital nurse
within an RCT. In the future, studies incorporating an acceptance
model such as the Unified Theory of Acceptance and Use of
Technology [51], which focuses more on general technology
acceptance and less on mobile-specific use, will provide valuable
insights. Furthermore, research on the implementation of DiGA
for this specific patient group could be undertaken, possibly
considering the Consolidated Framework for Implementation
Research [52].

Conclusions
The findings of this study highlight the need to enhance the
accessibility and usability of DiGA for older adults with
depressive disorders, who face unique challenges due to
age-related sensory, motor, and cognitive changes. In addition,
the results show that usability was perceived as lower in the
Selfapy group, primarily due to design-related factors of the
application. Users in this group reported experiencing greater
cognitive load. Participants in both groups emphasized the
importance of receiving support when using the DiGA and
expressed their desire to continue using it. However, further
research is required to identify potential support measures for
the use of DiGA by older adults, as well as factors influencing
adherence. This way, DiGA can become more accessible and
beneficial, ultimately reducing health care disparities and
enhancing the quality of life for this vulnerable group. There is
a necessity to take into account the needs of the target groups
of DiGA in the authorization process and increase efforts to
offer older adults support to bridge the digital divide.
Considering the study’s results and limitations, the decision of
the DiGA to be used in the upcoming RCT was made in favor
of deprexis.

 

Acknowledgments
The authors would like to thank the manufacturers for providing test accounts of Selfapy and deprexis free of charge for the
duration of the study as well as the participants for their time. There was no further support, especially no financial support from
the manufacturers. The authors would also like to acknowledge all members of the DiGA4Aged research group, in particular
Hannes Bergmann and Tanja Roth from the hospital departments, for conducting the study.

This work was funded by the Innovations-FoRUM of the Medical Faculty at Ruhr University Bochum (funding code IF-025-22).

Data Availability
Data can be provided upon reasonable request to the first and last two authors.

Authors' Contributions
AM, GJ, HCV, JDH, NT, RW, and TSB conceived the study. ICO, JB, MC, MP, and TSB designed the study. BU, CG, JDH,
and MP contributed to the collection of data. MC did the data analyses, with assistance from KK, who analyzed the quantitative
data. ICO and TSB verified the data. MC prepared the first draft of the manuscript. All authors critically reviewed the manuscript
before seeing and approving the final version.

Conflicts of Interest
None declared.

References
1. Mathers CD, Loncar D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med 2006

Nov;3(11):e442. [doi: 10.1371/journal.pmed.0030442] [Medline: 17132052]
2. Herrman H, Patel V, Kieling C, et al. Time for united action on depression: a Lancet-World Psychiatric Association

Commission. Lancet 2022 Mar 5;399(10328):957-1022. [doi: 10.1016/S0140-6736(21)02141-3] [Medline: 35180424]
3. Shorey S, Ng ED, Wong CHJ. Global prevalence of depression and elevated depressive symptoms among adolescents: a

systematic review and meta-analysis. Br J Clin Psychol 2022 Jun;61(2):287-305. [doi: 10.1111/bjc.12333] [Medline:
34569066]

4. Hapke U, Cohrdes C, Nübel J. Depressive symptoms in a European comparison - results from the European Health Interview
Survey (EHIS) 2. J Health Monit 2019 Dec;4(4):57-65. [doi: 10.25646/6227] [Medline: 35146259]

5. Stahmeyer JT, Märtens C, Eidt-Koch D, Kahl KG, Zeidler J, Eberhard S. The state of care for persons with a diagnosis of
depression. Dtsch Arztebl Int 2022 Jul 1;119(26):458-465. [doi: 10.3238/arztebl.m2022.0204] [Medline: 35506291]

JMIR Hum Factors 2025 | vol. 12 | e66271 | p.3042https://humanfactors.jmir.org/2025/1/e66271
(page number not for citation purposes)

Chatsatrian et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1371/journal.pmed.0030442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17132052&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(21)02141-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35180424&dopt=Abstract
http://dx.doi.org/10.1111/bjc.12333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34569066&dopt=Abstract
http://dx.doi.org/10.25646/6227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35146259&dopt=Abstract
http://dx.doi.org/10.3238/arztebl.m2022.0204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35506291&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Wartezeiten auf eine psychotherapie: studien und umfragen. Deutscher Bundestag. 2022. URL: https://www.bundestag.de/
resource/blob/916578/53724d526490deea69f736b1fda83e76/WD-9-059-22-pdf-data.pdf [accessed 2025-10-16]

7. Torous J, Firth J, Huckvale K, et al. The emerging imperative for a consensus approach toward the rating and clinical
recommendation of mental health apps. J Nerv Ment Dis 2018 Aug;206(8):662-666. [doi: 10.1097/NMD.0000000000000864]
[Medline: 30020203]

8. Digitale Gesundheitsanwendungen (DiGA). Bundesministerium für Gesundheit. URL: https://www.
bundesgesundheitsministerium.de/themen/krankenversicherung/online-ratgeber-krankenversicherung/
arznei-heil-und-hilfsmittel/digitale-gesundheitsanwendungen [accessed 2024-02-19]

9. Für DiGA-Hersteller. Bundesministerium Für Arzneimittel und Medizinprodukte. URL: https://diga.bfarm.de/de/
diga-hersteller [accessed 2025-06-09]

10. Für DiGA-Nutzende. Bundesministerium Für Arzneimittel und Medizinprodukte. URL: https://diga.bfarm.de/de/diga-nutzende
[accessed 2024-02-19]

11. DiGA-Verzeichnis. Bundesministerium für Arzneimittel und Medizinprodukte. URL: https://diga.bfarm.de/de/verzeichnis
[accessed 2024-02-19]

12. Bericht des GKV Spitzenverbandes über die Inanspruchnahme und Entwicklung der Versorgung mit digitalen
Gesundheitsanwendungen (DiGA-Bericht): gemäß § 33a absatz 6 SGB v. GKV-Spitzenverband. 2023. URL: https://www.
gkv-spitzenverband.de/media/dokumente/krankenversicherung_1/telematik/digitales/2024_DiGA-Bericht_final.pdf [accessed
2025-10-16]

13. Klein JP, Berger T, Schröder J, et al. Effects of a psychological internet intervention in the treatment of mild to moderate
depressive symptoms: results of the EVIDENT study, a randomized controlled trial. Psychother Psychosom
2016;85(4):218-228. [doi: 10.1159/000445355] [Medline: 27230863]

14. Meyer B, Bierbrodt J, Schröder J, et al. Effects of an internet intervention (Deprexis) on severe depression symptoms:
randomized controlled trial. Internet Interv 2015 Mar;2(1):48-59. [doi: 10.1016/j.invent.2014.12.003]

15. Krämer R, Köhne-Volland L, Schumacher A, Köhler S. Efficacy of a web-based intervention for depressive disorders:
three-arm randomized controlled trial comparing guided and unguided self-help with waitlist control. JMIR Form Res 2022
Apr 4;6(4):e34330. [doi: 10.2196/34330] [Medline: 35105536]

16. Mental health of older adults. World Health Organization. 2023. URL: https://www.who.int/news-room/fact-sheets/detail/
mental-health-of-older-adults [accessed 2024-03-07]

17. Heidemann C, Scheidt-Nave C, Beyer AK, et al. Gesundheitliche Lage von Erwachsenen in Deutschland – Ergebnisse zu
ausgewählten Indikatoren der Studie GEDA 2019/2020-EHIS. J Health Monit 2021;6:3-27. [doi: 10.25646/8456]

18. Habekuß F. Die wachsende Welt. Bundeszentrale für Politische Bildung. 2021. URL: https://www.bpb.de/themen/soziale-lage/
demografischer-wandel/196903/die-wachsende-welt/ [accessed 2025-10-08]

19. Bol N, Helberger N, Weert JCM. Differences in mobile health app use: a source of new digital inequalities? Inf Soc 2018
May 27;34(3):183-193. [doi: 10.1080/01972243.2018.1438550]

20. Awan M, Ali S, Ali M, Abrar MF, Ullah H, Khan D. Usability barriers for elderly users in smartphone app usage: an
analytical hierarchical process-based prioritization. Sci Program 2021 Dec 26;2021:1-14. [doi: 10.1155/2021/2780257]

21. Elguera Paez L, Del Zapata Río C. Elderly users and their main challenges usability with mobile applications: a systematic
review. In: Marcus A, Wang W, editors. Design, User Experience, and Usability: Design Philosophy and Theory: Springer;
2019:423-438. [doi: 10.1007/978-3-030-23570-3_31]

22. Harrison R, Flood D, Duce D. Usability of mobile applications: literature review and rationale for a new usability model.
J Interact Sci 2013;1(1):1. [doi: 10.1186/2194-0827-1-1]

23. Creswell JW, Plano Clark VL. Designing and Conducting Mixed Methods Research, 3rd edition: SAGE; 2018.
24. O’Cathain A, Murphy E, Nicholl J. The quality of mixed methods studies in health services research. J Health Serv Res

Policy 2008 Apr;13(2):92-98. [doi: 10.1258/jhsrp.2007.007074] [Medline: 18416914]
25. STROBE. 2024. URL: https://www.strobe-statement.org [accessed 2024-06-05]
26. ISO 9241-11:2018: ergonomics of human-system interaction: part 11: usability: definitions and concepts. International

Organization of Standardization. 2018. URL: https://www.iso.org/standard/63500.html [accessed 2025-10-16]
27. Nielsen J. Usability Engineering: Morgan Kaufmann Publishers Inc; 1994.
28. Marsall M, Engelmann G, Skoda EM, Teufel M, Bäuerle A. Measuring electronic health literacy: development, validation,

and test of measurement invariance of a revised German version of the eHealth literacy scale. J Med Internet Res 2022 Feb
2;24(2):e28252. [doi: 10.2196/28252] [Medline: 35107437]

29. Jordan S, Hoebel J. Gesundheitskompetenz von Erwachsenen in Deutschland: Ergebnisse der Studie “Gesundheit in
Deutschland aktuell” (GEDA) (Health literacy of adults in Germany: Findings from the German Health Update (GEDA)
study). Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 2015;58:942-950. [doi: 10.1007/s00103-015-2200-z]

30. Schlomann A, Memmer N, Wahl HW. Awareness of age-related change is associated with attitudes toward technology and
technology skills among older adults. Front Psychol 2022;13:905043. [doi: 10.3389/fpsyg.2022.905043] [Medline: 36160527]

31. Gräfe K, Zipfel S, Herzog W, Löwe B. Screening psychischer Störungen mit dem “Gesundheitsfragebogen für Patienten
(PHQ-D)”. Diagnostica 2004 Oct;50(4):171-181. [doi: 10.1026/0012-1924.50.4.171]

JMIR Hum Factors 2025 | vol. 12 | e66271 | p.3043https://humanfactors.jmir.org/2025/1/e66271
(page number not for citation purposes)

Chatsatrian et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.bundestag.de/resource/blob/916578/53724d526490deea69f736b1fda83e76/WD-9-059-22-pdf-data.pdf
https://www.bundestag.de/resource/blob/916578/53724d526490deea69f736b1fda83e76/WD-9-059-22-pdf-data.pdf
http://dx.doi.org/10.1097/NMD.0000000000000864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30020203&dopt=Abstract
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/online-ratgeber-krankenversicherung/arznei-heil-und-hilfsmittel/digitale-gesundheitsanwendungen
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/online-ratgeber-krankenversicherung/arznei-heil-und-hilfsmittel/digitale-gesundheitsanwendungen
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/online-ratgeber-krankenversicherung/arznei-heil-und-hilfsmittel/digitale-gesundheitsanwendungen
https://diga.bfarm.de/de/diga-hersteller
https://diga.bfarm.de/de/diga-hersteller
https://diga.bfarm.de/de/diga-nutzende
https://diga.bfarm.de/de/verzeichnis
https://www.gkv-spitzenverband.de/media/dokumente/krankenversicherung_1/telematik/digitales/2024_DiGA-Bericht_final.pdf
https://www.gkv-spitzenverband.de/media/dokumente/krankenversicherung_1/telematik/digitales/2024_DiGA-Bericht_final.pdf
http://dx.doi.org/10.1159/000445355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27230863&dopt=Abstract
http://dx.doi.org/10.1016/j.invent.2014.12.003
http://dx.doi.org/10.2196/34330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35105536&dopt=Abstract
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults
http://dx.doi.org/10.25646/8456
https://www.bpb.de/themen/soziale-lage/demografischer-wandel/196903/die-wachsende-welt/
https://www.bpb.de/themen/soziale-lage/demografischer-wandel/196903/die-wachsende-welt/
http://dx.doi.org/10.1080/01972243.2018.1438550
http://dx.doi.org/10.1155/2021/2780257
http://dx.doi.org/10.1007/978-3-030-23570-3_31
http://dx.doi.org/10.1186/2194-0827-1-1
http://dx.doi.org/10.1258/jhsrp.2007.007074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18416914&dopt=Abstract
https://www.strobe-statement.org
https://www.iso.org/standard/63500.html
http://dx.doi.org/10.2196/28252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35107437&dopt=Abstract
http://dx.doi.org/10.1007/s00103-015-2200-z
http://dx.doi.org/10.3389/fpsyg.2022.905043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36160527&dopt=Abstract
http://dx.doi.org/10.1026/0012-1924.50.4.171
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Bangor A, Kortum PT, Miller JT. An empirical evaluation of the system usability scale. Int J Hum Comput Interact 2008
Jul 29;24(6):574-594. [doi: 10.1080/10447310802205776]

33. Kocalevent RD, Hinz A, Brähler E. Standardization of the depression screener patient health questionnaire (PHQ-9) in the
general population. Gen Hosp Psychiatry 2013;35(5):551-555. [doi: 10.1016/j.genhosppsych.2013.04.006] [Medline:
23664569]

34. Fan M, Lin J, Chung C, Truong KN. Concurrent think-aloud verbalizations and usability problems. ACM Trans Comput-Hum
Interact 2019 Oct 31;26(5):1-35. [doi: 10.1145/3325281]

35. Jaspers MWM. A comparison of usability methods for testing interactive health technologies: methodological aspects and
empirical evidence. Int J Med Inform 2009 May;78(5):340-353. [doi: 10.1016/j.ijmedinf.2008.10.002] [Medline: 19046928]

36. Breuning M, Schäfer-Fauth L, Lucius-Hoene G, Holmberg C. Connecting one’s own illness story to the illness experiences
of others on a website-an evaluation study using the think aloud method. Patient Educ Couns 2020 Jan;103(1):199-207.
[doi: 10.1016/j.pec.2019.08.014] [Medline: 31466883]

37. Helfferich C. Die Qualität Qualitativer Daten: Manual Für Die Durchführung Qualitativer Interviews: VS Verlag für
Sozialwissenschaften; 2011. [doi: 10.1007/978-3-531-92076-4]

38. Rädiker S, Kuckartz U. Analyse Qualitativer Daten Mit MAXQDA: Text, Audio Und Video: Springer VS Wiesbaden;
2019. [doi: 10.1007/978-3-658-22095-2]

39. Wildenbos GA, Peute L, Jaspers M. Aging barriers influencing mobile health usability for older adults: a literature based
framework (MOLD-US). Int J Med Inform 2018 Jun;114:66-75. [doi: 10.1016/j.ijmedinf.2018.03.012] [Medline: 29673606]

40. Henshaw H, Clark DPA, Kang S, Ferguson MA. Computer skills and internet use in adults aged 50-74 years: influence of
hearing difficulties. J Med Internet Res 2012 Aug 24;14(4):e113. [doi: 10.2196/jmir.2036] [Medline: 22954484]

41. Rahimi B, Nadri H, Lotfnezhad Afshar H, Timpka T. A systematic review of the technology acceptance model in health
informatics. Appl Clin Inform 2018 Jul;9(3):604-634. [doi: 10.1055/s-0038-1668091] [Medline: 30112741]

42. Kelders SM, Kok RN, Ossebaard HC, Van Gemert-Pijnen J. Persuasive system design does matter: a systematic review of
adherence to web-based interventions. J Med Internet Res 2012 Nov 14;14(6):e152. [doi: 10.2196/jmir.2104] [Medline:
23151820]

43. Richards D, Richardson T. Computer-based psychological treatments for depression: a systematic review and meta-analysis.
Clin Psychol Rev 2012 Jun;32(4):329-342. [doi: 10.1016/j.cpr.2012.02.004] [Medline: 22466510]

44. Beatty L, Binnion C. A systematic review of predictors of, and reasons for, adherence to online psychological interventions.
Int J Behav Med 2016 Dec;23(6):776-794. [doi: 10.1007/s12529-016-9556-9] [Medline: 26957109]

45. Berger T, Hämmerli K, Gubser N, Andersson G, Caspar F. Internet-based treatment of depression: a randomized controlled
trial comparing guided with unguided self-help. Cogn Behav Ther 2011;40(4):251-266. [doi: 10.1080/16506073.2011.616531]
[Medline: 22060248]

46. Fortuna KL, DiMilia PR, Lohman MC, et al. Feasibility, acceptability, and preliminary effectiveness of a peer-delivered
and technology supported self-management intervention for older adults with serious mental illness. Psychiatr Q 2018
Jun;89(2):293-305. [doi: 10.1007/s11126-017-9534-7] [Medline: 28948424]

47. Similä H, Immonen M, Toska-Tervola J, et al. Feasibility of mobile mental wellness training for older adults. Geriatr Nurs
2018;39(5):499-505. [doi: 10.1016/j.gerinurse.2018.02.001] [Medline: 29530292]

48. Gould CE, Carlson C, Ma F, Forman-Hoffman V, Ranta K, Kuhn E. Effects of mobile app-based intervention for depression
in middle-aged and older adults: mixed methods feasibility study. JMIR Form Res 2021 Jun 29;5(6):e25808. [doi:
10.2196/25808] [Medline: 34185000]

49. Gomez-Hernandez M, Ferre X, Moral C, Villalba-Mora E. Design guidelines of mobile apps for older adults: systematic
review and thematic analysis. JMIR Mhealth Uhealth 2023 Sep 21;11:e43186. [doi: 10.2196/43186] [Medline: 37733401]

50. Twomey C, O’Reilly G, Meyer B. Effectiveness of an individually-tailored computerised CBT programme (Deprexis) for
depression: a meta-analysis. Psychiatry Res 2017 Oct;256:371-377. [doi: 10.1016/j.psychres.2017.06.081] [Medline:
28686935]

51. User acceptance of information technology: toward a unified view. MIS Q 2003;27(3):425. [doi: 10.2307/30036540]
52. Damschroder LJ, Reardon CM, Widerquist MAO, Lowery J. The updated Consolidated Framework for Implementation

Research based on user feedback. Implement Sci 2022 Oct 29;17(1):75. [doi: 10.1186/s13012-022-01245-0] [Medline:
36309746]

Abbreviations
DiGA: digital health applications
DSM: Diagnostic and Statistical Manual of Mental Disorders
GR-eHEALS: revised German eHealth Literacy Scale
GRAMMS: Good Reporting of a Mixed Methods Study
HLS-EU-Q16: European Health Literacy Survey Questionnaire
PACMAD: People at the Centre of Mobile Application Development
PHQ-9: 9-item Patient Health Questionnaire

JMIR Hum Factors 2025 | vol. 12 | e66271 | p.3044https://humanfactors.jmir.org/2025/1/e66271
(page number not for citation purposes)

Chatsatrian et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1080/10447310802205776
http://dx.doi.org/10.1016/j.genhosppsych.2013.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23664569&dopt=Abstract
http://dx.doi.org/10.1145/3325281
http://dx.doi.org/10.1016/j.ijmedinf.2008.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19046928&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2019.08.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31466883&dopt=Abstract
http://dx.doi.org/10.1007/978-3-531-92076-4
http://dx.doi.org/10.1007/978-3-658-22095-2
http://dx.doi.org/10.1016/j.ijmedinf.2018.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29673606&dopt=Abstract
http://dx.doi.org/10.2196/jmir.2036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22954484&dopt=Abstract
http://dx.doi.org/10.1055/s-0038-1668091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30112741&dopt=Abstract
http://dx.doi.org/10.2196/jmir.2104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23151820&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2012.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22466510&dopt=Abstract
http://dx.doi.org/10.1007/s12529-016-9556-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26957109&dopt=Abstract
http://dx.doi.org/10.1080/16506073.2011.616531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22060248&dopt=Abstract
http://dx.doi.org/10.1007/s11126-017-9534-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28948424&dopt=Abstract
http://dx.doi.org/10.1016/j.gerinurse.2018.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29530292&dopt=Abstract
http://dx.doi.org/10.2196/25808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34185000&dopt=Abstract
http://dx.doi.org/10.2196/43186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37733401&dopt=Abstract
http://dx.doi.org/10.1016/j.psychres.2017.06.081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28686935&dopt=Abstract
http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.1186/s13012-022-01245-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36309746&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


RCT: randomized controlled trial
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology
SUS: System Usability Scale

Edited by K Adapa; submitted 09.09.24; peer-reviewed by C Jacob, V Rashedi; revised version received 07.08.25; accepted 15.08.25;
published 28.11.25.

Please cite as:
Chatsatrian M, Kunde K, Bosompem J, Dieris-Hirche J, Timmesfeld N, Wirth R, Juckel G, Pape M, Mai A, Giehl C, Ueberberg B,
Vollmar HC, Otte IC, Busse TS
Usability Evaluation of Digital Health Applications for Older People With Depressive Disorders: Prospective Observational Study
in a Mixed Methods Design
JMIR Hum Factors 2025;12:e66271
URL: https://humanfactors.jmir.org/2025/1/e66271 
doi:10.2196/66271

© Magdalini Chatsatrian, Katharina Kunde, Jennifer Bosompem, Jan Dieris-Hirche, Nina Timmesfeld, Rainer Wirth, Georg
Juckel, Magdalena Pape, Anna Mai, Chantal Giehl, Bianca Ueberberg, Horst Christian Vollmar, Ina Carola Otte, Theresa Sophie
Busse. Originally published in JMIR Human Factors (https://humanfactors.jmir.org), 28.11.2025. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Human
Factors, is properly cited. The complete bibliographic information, a link to the original publication on https://humanfactors.jmir.org,
as well as this copyright and license information must be included.

JMIR Hum Factors 2025 | vol. 12 | e66271 | p.3045https://humanfactors.jmir.org/2025/1/e66271
(page number not for citation purposes)

Chatsatrian et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://humanfactors.jmir.org/2025/1/e66271
http://dx.doi.org/10.2196/66271
http://www.w3.org/Style/XSL
http://www.renderx.com/


Mobile Health Adoption in High-Risk Pregnancies Using Cluster
Analysis of Biopsychosocial Outcomes: Observational Longitudinal
Cohort Study

Fernanda Schier de Fraga1*, MD, MSci; Mayara Marenda Narita1*, MSc; Monique Schreiner1, MSc; Flavio Belli1*;

Jaqueline Leonel Celestino1*; Karolayne Braz Pereira1*, MD; Gabriella Soecki1*, MD; Vitória Bevervanso1*, MD;

Rogério de Fraga2*, MD, MSci, PhD
1Department of Obstetrics and Gynecology of the Federal University of Paraná, Rua General Carneiro, 181, Curitiba, Brazil
2Department of Surgical Clinics at the Federal University of Paraná, Curitiba, Brazil
*these authors contributed equally

Corresponding Author:
Fernanda Schier de Fraga, MD, MSci
Department of Obstetrics and Gynecology of the Federal University of Paraná, Rua General Carneiro, 181, Curitiba, Brazil

Abstract

Background: The use of mobile technologies during high-risk pregnancy, placing patients at the center of care, affords them
self-management and easier access to health information.

Objective: This study aims to understand the health perception of pregnant women at the beginning of high-risk antenatal care,
the usability of a mobile health app—the Health Assistant—and to compare maternal-fetal outcomes between users and nonusers
of the app.

Methods: This is an observational longitudinal cohort study that looked into clusters of high-risk pregnant women admitted to
antenatal care at the maternity unit of a public university hospital in southern Brazil between April 2022 and November 2023.
Pregnant women who did not have a compatible smartphone to download the app or who did not have internet access were
excluded from the study. According to systematic randomization, one patient was allocated to the app group and the other to the
control group. They all answered an inclusion questionnaire (Q1), and those in the app group were instructed to use the Health
Assistant app to prepare for their first antenatal appointment, which would take place in a few weeks’ time, when they would
answer the Brazilian version of the Mobile App Usability Questionnaire. After childbirth, maternal-fetal outcomes were assessed.
Student 2-tailed t test, Mann-Whitney test, Fisher exact test, and the chi-square test were used for statistical analysis. A hierarchical
cluster analysis was performed using the Ward method and the Euclidean squared distance measure.

Results: The sample contained 111 pregnant women, of whom 55 (49.5%) were allocated to the app group and 56 (50.5%) to
the control group. Of the 55 pregnant women who used the app, 21 (38.2%) demonstrated adherence, with an average Mobile
App Usability Questionnaire score of 6.2 (SD 1.0). Clustering included 110 pregnant women, and the dendrogram resulted in
three clusters, which show several significant differences in terms of family income, medical history, medication adherence, and
lifestyle habits. Cluster 2 had the lowest adherence to the app (P=.08) and attended significantly fewer antenatal appointments
(6.9 appointments) as compared with Clusters 1 (10.3) and 3 (9.1; P=.006). Cesarean section was more frequent in Cluster 3
(n=41, 95.3%) as compared with Clusters 1 (n=12, 27.9%) and 2 (n=5, 20.8%), P<.001.

Conclusions: Cluster analysis, revealing different profiles of pregnant women, allowed us to identify groups that would benefit
from personalized approaches and digital interventions to improve self-awareness and gestational outcomes. The Health Assistant
app showed good usability in this context.

(JMIR Hum Factors 2025;12:e67680)   doi:10.2196/67680

KEYWORDS

antenatal care; cluster analysis; mHealth; mobile health; high risk; pregnancy; biopsychosocial; mobile technology; high-risk
pregnancy; self-management; pregnant; antenatal; mobile health app; health perception; app; observational longitudinal cohort
study; Brazil; smartphone; mobile phone
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Introduction

Mobile health (mHealth) is defined as medical and public health
practice aided by mobile devices such as cellphones, patient
monitoring tools, personal digital assistants, and other wireless
equipment [1,2]. In Brazil, smartphone price reduction and
improved connectivity facilitating access to device
functionalities have had a major impact on health care with
useful tools for professionals and patients alike [3,4]. As part
of patient care, mHealth apps aim to promote well-being,
emotional, psychological, and physical growth, to increase
accessibility to health services in remote areas, and to make
processes faster and more precise [2,4-6]. The use of mHealth
technologies during pregnancy and the postpartum period has
become more common with the advance of information and
communication technologies [7,8].

Despite the great educational potential and the increasing
popularity of health apps, rigorous scientific evaluation of their
effectiveness is still limited, and there is an insufficient number
of studies using standardized methods to guarantee their
performance and safety [8,9]. DeNicola et al [8] conclude that
these apps should be developed with the cooperation of health
professionals. An ideal app, resting on scientific evidence,
respecting the law, and protecting privacy, should also be
user-friendly, attractive, simple, and functional, deploying
device sensors and resources for the good of the patient [10].
The use of this technology can thus prove a valuable strategy
for health self-management, transforming patient experience
by affording greater autonomy and ease of access to care [11].

High-risk pregnancy—when medical conditions or specific
pregnancy factors can compromise the health of the mother or
the fetus—has an approximate prevalence of 22% [12,13]. This
condition can intensify stress and impact the psychological
health of pregnant women, worried about possible interventions,
hospitalizations, and treatments [14]. The very label “high-risk
pregnancy” can contribute to additional stress, as concerns may
focus rather on treatments and tests than on the woman’s overall
well-being, but it should also lead to greater medical vigilance,
which can be perceived either positively or negatively by the
patient [12].

In these cases, patient-centered communication yields positive
results, since a more humanized and integrative approach can
significantly improve the quality of care [15]. Several studies
show that a person-centered approach improves satisfaction,
reduces costs, and increases the effectiveness of treatments,
especially in patients with chronic conditions [15]. In this
context, the use of mobile technologies places the patient at the
center of care, offering a new experience that enables health
self-management and easier access to information and services
[11]. A systematic review identified that in 74.3% of the studies,
mHealth intervention was cost-effective, but indicated that more
research is needed in low- and lower-middle-income countries
for the impact of different types of mHealth to be better
understood [16].

Furthermore, cluster analysis, considered a relevant method of
classifying women in early pregnancy, is another way of
drawing attention to the follow-up of high-risk pregnant patients

[17]. By identifying homogeneous groups, it allows risk factors
to be detected, as well as patterns and trends in pregnancy
outcomes to be understood [18,19].

Since longitudinal follow-up with no information gaps is
essential for proper antenatal care, an mHealth app produced
by health professionals could help prepare high-risk pregnant
women for their first antenatal appointment at a maternity unit
of a public university hospital in southern Brazil. An easy-to-use
app called Health Assistant was expected to have positive effects
on both the pregnant woman and the child.

The aim of this study was to evaluate the health perception of
pregnant women starting high-risk antenatal care in a
low-income country, the usability of the Health Assistant, and
maternal-fetal outcomes among app users and nonusers so that
we could identify those groups of patients who benefit most
from the app and thus provide focused assistance in order to
optimize care and obstetric outcomes.

Methods

Recruitment
Pregnant women were included upon admission to high-risk
antenatal care at the maternity unit of a public university hospital
in southern Brazil between April 2022 and November 2023.
High-risk pregnancies were characterized by chronic conditions
or those diagnosed during pregnancy, such as hypertension,
gestational diabetes, and mood disorders. Primary care referral
was the gateway to this care.

Pregnant women who did not have a compatible smartphone to
download the app or who did not have internet access, even
when the researchers provided a router, were excluded from the
study. After accepting and signing the informed consent form,
participants were included in the study and allocated, according
to systematic randomization with random start, to one of the
groups: app or control. The first patient was drawn at random
and allocated to the app group, and the others were then assigned
in an interleaved manner: the second to the control group, the
third to the app group, the fourth to the control group, and so
on. Thus, we created two balanced groups—one invited to use
the app and the other not invited—without supervision or
imposition of use. Although the allocation was random, the
study maintained an observational design, as the actual use of
the app was at the discretion of the participants and there was
no controlled intervention beyond the invitation.

Every patient answered the inclusion questionnaire (Q1),
consisting of 32 questions about their social, economic, and
health profile. Those allocated to the app group were instructed
to use the Health Assistant app to prepare for their first antenatal
appointment, which would take place in a few weeks’ time. The
digital tool was used without supervision or direct control by
the researchers and allowed patients to answer detailed questions
about their current pregnancy and their gynecologic-obstetric
history. Our objective was to evaluate, in the context of routine
clinical practice, the associations between digital engagement
and maternal-fetal outcomes, and not to test a controlled
intervention protocol.
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At the first antenatal appointment, researchers met with
participants from the app group and had adherents to the app
answer the Brazilian version of the Mobile App Usability
Questionnaire (MAUQ).

Ethical Considerations
This is an observational longitudinal cohort study approved by
the Institutional Ethics Committee of the Hospital de Clínicas
Complex (47084021.5.0000.0096). All participants provided
written informed consent before enrollment in the study.
Participants’ personal data were anonymized to preserve
confidentiality and privacy. No financial or other compensation
was offered for participation.

MAUQ
MAUQ was chosen because it is a widely recognized tool in
the literature for evaluating the usability of mHealth apps.
Developed and validated in English by Zhou et al [20], the
MAUQ is highly reliable with a Cronbach α of 0.914. The
questionnaire was translated into Portuguese by Machado et al
in accordance with the guidelines for translation and
cross-cultural adaptation of nontechnical skills assessment
instruments, ensuring similarity between the original and the
translation. Permission to use the translation was kindly granted
to the researchers (personal communication by Machado, 2022).
For this study, we used the version of the MAUQ for stand-alone
digital health apps intended for patients to control, manage, and
improve their health care. The questionnaire assessed the
following parameters: ease of use, interface, satisfaction, and
usefulness. Participants rated each item using a 7-point Likert
Scale, ranging from 1=strongly disagree to 7=strongly agree.
The usability of the app was determined by the total score and
the averages of all the questionnaires answered, where a higher
score indicates greater usability [20]. In our study, the MAUQ
was administered to patients who were considered adherent,
that is, who reported having used the app.

Outcome Analysis
After the expected date of delivery, researchers retrieved their
medical records to analyze maternal-fetal outcomes, including
the number of antenatal appointments, the number of emergency
room visits during antenatal care, intercurrent events, date of
delivery, route of delivery, complications, and length of stay
for mother and baby, among others. The information collected
was organized and filed in spreadsheets for statistical analysis.

Cluster Analysis
Clustering is a technique for organizing a large amount of
information into smaller groups so that hidden patterns and
relationships between the data are identified and personalized
interventions are developed [21,22]. This method was chosen
because of its effectiveness in identifying the hierarchical
structure of binary data without the need to specify the number
of desired clusters beforehand. It also promotes greater
homogeneity within clusters and is easy to replicate, making it

applicable to various types of data [21,23,24]. Based on the
characteristics and outcomes of each cluster, it is possible to
develop antenatal care strategies that optimize patient-centered
care.

Sample Size Calculation
As an exploratory technique that does not require statistical
hypotheses, hierarchical cluster analysis generally dispenses
with sample calculation, since there are no standardized methods
for it [25]. Dalmaijer et al [26] suggest that a sample of 20‐30
individuals per expected subgroup is sufficient for cluster
analysis, provided that there is a clear separation between the
subgroups. Defining the sample in this study aimed to ensure
that there was enough data for significant patterns to emerge.
Estimating the formation of two or three clusters, depending on
the dendrogram, a minimum of 100 patients was therefore
proposed, 50 for the control group and 50 for the app group.

Statistical Analysis
Data were organized in an Excel (Microsoft Corp) spreadsheet
and analyzed using SPSS Statistics (version 29.0.0; IBM Corp).
Descriptive analysis of quantitative variables included the mean,
SD, median, and IQR. Categorical variables were expressed in
frequency and percentage. Student 2-tailed t test for independent
samples or the Mann-Whitney nonparametric test was used to
compare control and app groups in terms of quantitative
variables. The normality of continuous variables was assessed
using the Kolmogorov-Smirnov test. Categorical variables were
analyzed using Fisher exact test or the chi-square test. An
exploratory analysis of the variables in the inclusion
questionnaire (Q1) resulted in the exclusion of questions with
well-correlated answers or questions that had five or more
missing data (blank answers). To determine the clustering of
pregnant women, a hierarchical cluster analysis was carried out
using the Ward method and the squared Euclidean distance
measure. The number of clusters was determined according to
the dendrogram. Values of P<.05 indicated statistical
significance.

Results

Overview
The inclusion questionnaire (Q1) was answered by 131 patients.
The team had no access to the outcomes of 20 patients due to
abortion or delivery out of the study hospital. Only patients who
had answered Q1 and whose outcomes were available were
included in the analysis, resulting in a total of 111 pregnant
women, as shown in Figure 1.

The MAUQ, restricted to the group that was adherent to the
app, was answered by 21 patients and had an average score of
6.2 (SD 1.0) points, with a median of 6.6 (IQR 2.3-7). The
internal consistency of the instrument was high, with a Cronbach
α estimated at 0.94.
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Figure 1. Patient inclusion flowchart. MAUQ: Mobile App Usability Questionnaire; Q1: inclusion questionnaire.

Patient Characteristics
The average age in the control group was 30.5 (SD 5.7) years
and the app group was 28.8 (SD 6.2) years, with no significant

difference (P=.13). The median number of pregnancies for the
control group was 3 (IQR 1-10) and 2 (IQR 0‐6) for the app
group (P=.18). Table 1 shows the categorical variables of Q1
with the characteristics of patients for each group.
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Table . The inclusion questionnaire (Q1) categorical variables.

P valueaGroup, n (%)Variable and classification

AppControl

—bMarital status (n=111)

19 (34.5)10 (17.9)    Cohabiting

19 (34.5)32 (57.1)    Married

17 (30.9)13 (23.2)    Single

0 (0)1 (1.8)Separated

.81What is your average family income (in minimum wages; n=111)

11 (20)10 (17.9)    Less than 1 or 1

44 (80)46 (82.1)    2 or more

.23Parity (n=111)

22 (40)16 (28.6)    Nulliparous

33 (60)40 (71.4)    Multiparous

≥.99Have you ever had a vaginal birth? (n=111)

23 (41.8)24 (42.9)    No

32 (58.2)32 (57.1)    Yes

.75How many vaginal births? (if applicable; n=64)

27 (84.4)25 (78.1)    1 or 2

5 (15.6)7 (21.9)    3 to 7

.57Have you ever had a C-section? (n=111)

26 (47.3)23 (41.1)    No

29 (52.7)33 (58.9)    Yes

.09How many C-sections? (if applicable; n=62)

25 (86.2)22 (66.7)    1 or 2

4 (13.8)11 (33.3)    3, 4, or 5

.18Do you have any deceased child? (n=111)

45 (81.8)51 (91.1)    No

10 (18.2)5 (8.9)    Yes

.62Do you understand why you have been referred to high-risk antenatal care? (n=111)

1 (1.8)3 (5.4)    No

54 (98.2)53 (94.6)    Yes

.70Comorbidities (n=111)

31 (56.4)34 (60.7)    Only 1

24 (43.6)22 (39.3)    More than 1

≥.99Are you on any sort of medication? (n=111)

11 (20)11 (19.6)    No

44 (80)45 (80.4)    Yes

.49Do you know what each medication is used for? (n=95)

3 (6.5)6 (12.2)    No

43 (93.5)43 (87.8)    Yes

.48Do you often forget to take your medication? (n=95)

32 (69.6)38 (77.6)    No
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P valueaGroup, n (%)Variable and classification

AppControl

14 (30.4)11 (22.4)    Yes

.56Have you brought the tests carried out so far in your pregnancy? (n=111)

5 (9.1)8 (14.3)    No

50 (90.9)48 (85.7)    Yes

.12Do you understand why you had these tests? (n=111)

3 (5.5)9 (16.1)    No

52 (94.5)47 (83.9)    Yes

.56Do you smoke? (n=111)

50 (90.9)48 (85.7)    No

5 (9.1)8 (14.3)    Yes

.68Do you drink alcohol? (n=111)

53 (96.4)52 (92.9)    No

2 (3.6)4 (7.1)    Yes

.15How do you rate the quality of your sleep? (n=111)

7 (12.7)14 (25)    Bad (0)

48 (87.3)42 (75)    Regular or good

.49How do you rate the quality of your food? (n=110)

3 (5.5)6 (10.9)    Bad (0)

52 (94.5)49 (89.1)    It can be better or it is good

≥.99Do you consider yourself anxious? (n=111)

5 (9.1)5 (8.9)    No

50 (90.9)51 (91.1)    Yes

.79Do you consider yourself to be self-aware about your health (ie, do you understand your health and what it takes
to stay healthy)? (n=111)

8 (14.5)7 (12.5)    No

47 (85.5)49 (87.5)    Yes

.26Do you consider yourself happy with your health? (n=111)

33 (60)27 (48.2)    No or moderately

22 (40)29 (51.8)    Yes or very much

.49Do you consider preventive care an important aspect of health? (n=111)

0 (0)2 (3.6)    No

55 (100)54 (96.4)    Yes

aFisher exact test or chi-square test; significance set at P<.05.
bNot applicable.

Cluster Analysis
Once it was determined which questions from Q1 would be
included in the cluster analysis, one patient who did not
adequately answer two or more of them ended up being
excluded, which resulted in the analysis of data from 110
pregnant women. According to the dendrogram, the greatest
leap in the Ward algorithm was from 86% to 93%, resulting in
three groups of pregnant women (Figure 2).

Cluster 1 included 39.1% (n=43) of the participants, Cluster 2
had 21.8% (n=24), and Cluster 3 also included 39.1% (n=43).
Pregnant women in Cluster 1 attended an average of 10.3
antenatal appointments, with a median of 11 (IQR 1-23).
Participants in Cluster 2 had an average of 6.9 appointments,
with a median of 6.5 (IQR 1-12). Finally, Cluster 3 showed an
average of 9.1 antenatal appointments, with a median of 9 (IQR
1-24).

Figure 3 shows how significant variables are distributed among
clusters, based on the positively significant answers to Q1. A
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visual representation of the groups in nodes and their
connections was created to show the associations between the
different variables within clusters (Figure 4).

Acceptance and use of the app varied between the different
clusters, with Cluster 1 showing the highest adherence and
Cluster 2 the lowest (P=.08). Table 2 shows the differences in
adherence to the app among clusters, including participants in
the control group.

The outcomes that stood out among clusters were the number
of antenatal appointments and the route of delivery. In Cluster
1, 72.1% (n=31) of births were vaginal and 27.9% (n=12) were
cesarean. Similarly, Cluster 2 had 79.2% (n=19) vaginal births
and 20.8% (n=5) cesarean. In contrast, Cluster 3 showed a
markedly different pattern, with only 4.6% (n=2) vaginal births
and 95.4% (n=41) cesarean sections.

The average number of emergency consultations in Cluster 2
was the lowest (3.5) compared to Cluster 1 (5) and Cluster 3
(5; P=.62).

Figure 2. Dendrogram using Ward linkage—rescaled distance cluster combination.
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Figure 3. Variables per cluster.
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Figure 4. Nodes and connections per cluster.

Table . Comparison of patient clusters according to adherence to the appa,b.

Adherent, n (%)Nonadherent, n (%)Control, n (%)Cluster

13 (61.9)12 (35.3)18 (32.7)1

1 (4.8)8 (23.5)15 (27.3)2

7 (33.3)14 (41.2)22 (40)3

21 (100)34 (100)55 (100)Total

aChi-square test; significance set at P<.05.
bP=.12 for the overall comparison across the entire table.

Clustering
In this study, clustering into three groups revealed significant
differences in biopsychosocial aspects, which were named by
the researchers according to the most striking characteristics of
each group (Graph 2). Cluster 1—“experienced, disciplined
mothers”—is characterized by multiparous women with lower
incomes who had vaginal births, most of whom had more than
one comorbidity, a longer history of deceased children, and
good lifestyle habits, but who forget to take their medication
and consider themselves less happy with their health. Cluster
2—“inexperienced pregnant women with limited involvement
in care”—has the highest family income of the three clusters,
with a predominance of women in their first pregnancy
(nulliparous), with only one comorbidity and no deceased

children; despite being the happiest with their health and
considering the quality of their diet to be good, most of the
patients here ignored what each medication was for, forgot to
use their medication, and had the worst lifestyle habits, with
higher alcohol consumption during pregnancy and worse quality
of sleep. Cluster 3—“conscious multiparous”—is characterized
by patients with more than one child, with high rates of cesarean
sections, and mostly with only one comorbidity; these are the
patients who best understand about the use of their medications
and the ones who most remember to take them; although they
sleep better than others, their diet is the worst of all clusters.
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Discussion

Health Awareness
An app specifically designed for antenatal preparation in
high-risk pregnancies has shown significant potential for
enhancing health awareness and improving perinatal outcomes.
Sakamoto et al [7] regard mHealth as an effective perinatal tool
due to its cost-effectiveness and broad availability, as well as
its capacity to empower pregnant women to manage their own
health, promote healthy lifestyles, and access information
anytime, anywhere. In our study, most patients brought their
pregnancy-related test results to their antenatal appointments,
although approximately 14.3% (n=8) of the control group and
9.1% (n=5) of the app group did not, suggesting gaps in patient
education or communication at primary health units.
Additionally, a portion of patients was unaware of the purpose
of these tests, indicating potential shortcomings in the
information provided to them during routine prenatal care.

The question “Do you consider yourself self-aware about your
health?” highlighted that a minority of participants (n=7, 12.5%)
in the control group and 14.5% (n=8) in the app group lacked
a clear understanding of their health conditions. However, most
patients consider preventive care to be an important aspect of
health (n=54, 96.4% of the control group and n=55, 100% of
the app group). DesJarlais [27] showed that, according to the
Health Belief Model, women are more likely to seek preventive
care if they believe that they are at risk and that the measures
will bring more benefits than disadvantages. Many women are
unaware of the benefits of antenatal care or have negative
attitudes toward it, which may discourage them from seeking
it even when it is available. Thus, instructing women on the
importance of antenatal care is an important step to reduce health
disparities [27], and mHealth proves to be a useful tool to
increase women’s confidence and ability to make informed
decisions about their care [28].

Health Apps
Studies indicate that women’s health awareness, particularly
during pregnancy, can significantly impact the overall health
and well-being of both mother and baby, and that mHealth apps
play a vital role in this period [29]. Women who have faced a
clinical issue during pregnancy tend to increase their focus on
health. Rossiter et al [30] observed that pregnant women’s
motivation to adopt healthier behaviors was driven by the desire
to avoid future health problems and improve overall well-being.
The use of mHealth interventions, such as a health app for
appointment preparation, consistently improves patients’
self-efficacy, providing tools for self-monitoring and self-care
and improving health outcomes [7,29,31,32].

Adherence to an app depends on factors such as perceived
usefulness, ease of use, performance, social influence,
motivation, trust, privacy and security concerns, technology
anxiety, personalization, and support [33-35]. Tailored content,
a user-friendly interface, and technical stability improve
experience and adherence [36], while demonstrated health
benefits further drive adoption [37]. Conversely, technical
issues, privacy worries, waning interest, and time constraints

are primary barriers to continued engagement [34,36,38].
Addressing these can markedly enhance effectiveness [34].

Health professionals also play an important role by fostering
awareness and motivation, providing credibility when endorsing
apps [38], and reinforcing perceived usefulness and intent to
use [39]. Through open dialogue, physical, and psychosocial
support, especially in high-risk pregnancies, they help prevent
distorted risk perceptions and ensure patients accept guidance
and feedback during antenatal care [40-42]. Ultimately, adopting
a person-centered approach through digital health apps such as
the Health Assistant app offers promising opportunities to
actively involve patients and families in antenatal care, leading
to improved health care experiences and outcomes [6].

App Usability: MAUQ
In this study, the Health Assistant app demonstrated good
usability among high-risk pregnant women, as indicated by an
average MAUQ score of 6.2 from the 23 users who engaged
with the app. This result highlights the app’s ease of use and its
perceived usefulness for antenatal preparation. Few studies have
used the MAUQ for mHealth in pregnant women, and none of
them in Brazil. A study conducted in Indonesia with 88 pregnant
women to evaluate an app during pregnancy obtained an average
MAUQ score of 6.26 in areas with a mobile signal, while in
areas without a signal, the average was 6.29, which is similar
to our finding [43].

Given that usability significantly impacts the adoption and
sustained use of mHealth apps, particularly among populations
with varying levels of health literacy, the positive usability
scores from our participants suggest that the Health Assistant
app effectively meets users’expectations. Ensuring user-friendly
interfaces and intuitive navigation remains essential in
maximizing the potential benefits of digital health interventions
in antenatal care. According to the study of the development
and validation study of the original MAUQ, the higher the score,
the greater the usability of the app [20]. Therefore, the average
score of 6.2 obtained in this study is consistent with good
usability.

Clustering
The cluster analysis conducted in this study identified three
distinct groups of high-risk pregnant women, each with specific
biopsychosocial characteristics. This classification provided
insights into behavioral and clinical patterns that may influence
pregnancy outcomes and engagement with digital health
interventions, detailed in the following sections.

Cluster 1, referred to as “experienced, disciplined mothers,”
included mostly multiparous women with lower income and a
history of multiple comorbidities. Although they reported
healthier lifestyle habits and demonstrated the highest adherence
to the Health Assistant app, they also showed a tendency to
forget medication and reported lower satisfaction with their
health. These findings align with previous research, suggesting
multiparous women are more proactive in managing their
complex health needs due to accumulated experiences [7,30].

Cluster 2, “inexperienced pregnant women with limited
involvement in care,” was composed primarily of first-time
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mothers with higher incomes and fewer comorbidities. Despite
reporting high satisfaction with their health and good dietary
habits, this group had the poorest adherence to the app, the most
frequent forgetfulness in medication use, and the highest rates
of alcohol consumption and sleep dissatisfaction. This
discrepancy between perceived and actual health behaviors
aligns with the Health Belief Model, suggesting lower perceived
susceptibility due to lack of previous negative health
experiences, leading to reduced engagement in preventive
behaviors [27,42,44]. Contrary to findings by Lee et al [45],
this study observed lower app adherence among first-time
mothers, highlighting a need for targeted education and
personalized digital health interventions to enhance awareness
of risks and benefits [46].

Cluster 3, identified as “conscious multiparous women,”
exhibited moderate app adherence, better medication
management, and high rates of cesarean deliveries. These
women demonstrated a pragmatic and consistent adherence to
medical recommendations, reflecting heightened awareness
from previous pregnancy experiences [2,47]. Despite their good
medication adherence and understanding of treatments, they
reported poorer dietary habits, suggesting opportunities for
targeted nutritional interventions.

Recognizing these distinct cluster profiles enables the
development of tailored interventions to address the unique
needs and challenges of each group, ultimately improving
maternal-fetal outcomes and optimizing the use of mHealth
tools in antenatal care. The main differences among the clusters
are related to sociodemographic factors, obstetric history, and
patient behavior. A detailed analysis of these aspects is essential
for designing personalized strategies in education, adherence,
and psychosocial support.

Family Income
During the study period, the minimum wage in Brazil
corresponded to approximately 260 dollars [48,49]. Patients
with higher incomes and a better understanding of antenatal
care may require less intensive interventions. In contrast, those
from groups characterized by lower incomes and higher
prevalence of comorbidities often need closer monitoring and
additional support.

Cluster 2 stood out as all participants reported an income equal
to or greater than two minimum wages. Conversely, Cluster 1
showed a significantly higher proportion of patients with lower
income (n=14, 32.6% had incomes below two minimum wages).
Interestingly, despite previous evidence suggesting that pregnant
women from remote areas or lower socioeconomic backgrounds
might experience difficulties accessing or effectively using
mHealth technologies, our findings indicated the opposite [50].
We observed greater engagement with the app, precisely among
participants with lower incomes (Cluster 1). This unexpected
finding could be explained by the higher prevalence of
comorbidities among these patients, motivating them to seek
more active participation in their antenatal care. Additionally,
the high proportion of multiparous women in this group (n=37,
86%) might indicate greater health awareness resulting from
prior pregnancy experiences, further explaining their increased
adherence [51].

Medical History and Medication Adherence
In this study, multiparous women predominated in Clusters 1
and 3, while nulliparous women were the majority in Cluster
2. First-time pregnant women usually experience heightened
awareness of bodily changes, possibly due to the novelty and
uncertainty associated with pregnancy [52]. In this context,
mHealth apps can serve as important tools, offering ongoing
support and reassurance regardless of parity. Multiparous
women, in contrast, often have better psychosocial adaptation
during pregnancy and a greater appreciation for organization
and planning based on previous experiences. This previous
knowledge might explain their higher engagement with mHealth
interventions observed in our results. Specifically, multiparous
participants demonstrated greater adherence to the app, likely
due to their familiarity with pregnancy-related risks and a
proactive approach shaped by prior pregnancies. Thus, in our
high-risk pregnancy context, previous experiences seem to
strongly influence patients’ adherence, highlighting the
importance of addressing both the informational needs of
first-time mothers and reinforcing engagement strategies tailored
for women with prior pregnancies [51].

Previous Losses and Medication Adherence
The group consisting predominantly of first-time mothers with
limited involvement in care (Cluster 2) stood out because none
of these patients reported previous child losses. These women
were characterized by fewer comorbidities (n=20, 83.3%) with
only one comorbidity, possibly reflecting better overall health
conditions. This may explain their lower adherence to the app,
since fewer negative health experiences could lead to a reduced
perceived need for additional monitoring and intervention [44].
Conversely, experienced mothers with disciplined engagement
(Cluster 1) reported a higher incidence of having lost a child
(n=10, 23.3%). This group’s socioeconomic profile—with lower
income, a higher number of children, and more frequent
comorbidities—likely contributed to these experiences. Such
adverse life events might have fostered greater health awareness,
thus motivating higher adherence to the mHealth intervention
observed in this group.

Medication adherence is notably challenging among patients
with chronic conditions, particularly in high-risk pregnancies
[53]. Our findings demonstrated strong adherence among
patients from Cluster 3, who all clearly understood the purpose
of each medication prescribed. The fact that these patients were
multiparous and had previously undergone cesarean sections
further indicates heightened health awareness. This awareness
translated into practical adherence behaviors, with the majority
of these patients (n=32, 86.5%; P=.03) consistently taking their
medications without forgetting. Understanding their medical
conditions and the intended benefits of treatments clearly
improved medication adherence in this group [6,54].

Self-Awareness and Medication Management
Cluster 2 exhibited the lowest level of awareness regarding
medication use, with 20% (n=4) of patients reporting uncertainty
about the purpose of each medication. This was unexpected,
given that this group was composed mostly of first-time pregnant
women with higher income and fewer comorbidities—typically
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factors associated with greater engagement in health
management. Conversely, Cluster 1 had the highest percentage
(n=15, 40.5%) of patients forgetting to take medications. This
vulnerability can be explained by the combination of lower
income, higher number of children, and increased comorbidities
observed in this group, resulting in more complex daily health
demands and possibly less family or social support [55,56].

Although the app used in this study did not provide medication
reminders, patients who actively used the app generally showed
greater health engagement [28]. Apps have been recognized for
their potential to facilitate medication adherence by increasing
patient awareness and organization [28]. In this study, Cluster
1 patients were most engaged with the app; however, longer
follow-up would be needed to determine whether app use
directly influenced improved medication adherence over time.
Given these observations, both Clusters 1 and 2 might benefit
significantly from incorporating targeted medication adherence
features into mHealth interventions [57,58].

Lifestyle Habits
Adopting healthy lifestyle habits, such as regular physical
activity, balanced nutrition, and adequate sleep, is highly
recommended, particularly in high-risk pregnancies [59,60]. In
this study, we identified differences in alcohol consumption
between clusters. Cluster 2 (inexperienced pregnant women
with limited involvement in care) presented the highest
prevalence of alcohol use during pregnancy (n=4, 16.7%). This
finding was unexpected since women with higher socioeconomic
status generally demonstrate fewer risk behaviors during
pregnancy [44]. Digital interventions, such as mHealth apps,
have been shown to effectively reduce alcohol consumption in
pregnant populations [44]. Therefore, this cluster could benefit
significantly from increased engagement with such interventions.

Another notable aspect was sleep quality. Half of the patients
in Cluster 2 reported inadequate sleep (P<.001). Enhanced app
engagement might benefit these women, as mHealth-based
interventions have previously demonstrated the ability to
improve sleep quality and duration during pregnancy, positively
influencing maternal health outcomes [61]. Diet quality
perceptions varied among clusters. Interestingly, all patients in
Cluster 2 rated their diet quality positively, whereas Cluster 3
was more critical (n=35, 81.4% considered it good; P=.006). It
is possible that patients in Cluster 3, who displayed greater
awareness and realistic views about medication use, similarly
had more accurate self-assessments regarding their dietary
habits.

We also observed significant differences between clusters in
self-perceived happiness regarding health. Cluster 2 showed
the highest proportion of women feeling happy with their health
(n=18, 75%), whereas Cluster 1 had the lowest (n=16, 37.2%).
This difference may be explained by the higher proportion of
multiparous women in Cluster 1, whose additional life stressors
and caregiving demands could negatively impact perceived
happiness [62]. Additionally, the inherent challenges of high-risk
pregnancies might further influence women’s emotional state
and perceptions of happiness. Despite such challenges, previous
research indicates that positive emotional states, such as
happiness, can persist during high-risk pregnancies, particularly

when reinforced by strong family support and personal
resilience.

Clusters, Outcomes, and Health Strategies
Identifying patient clusters allows targeted strategies to prevent
adverse outcomes. Our findings revealed notable differences
between groups regarding antenatal appointment attendance,
route of delivery, and health behaviors.

The number of antenatal appointments varied significantly
across clusters. Cluster 2 (“inexperienced pregnant women with
limited involvement in care”) attended fewer appointments (6.9)
compared to Clusters 1 (10.3) and 3 (9.1). This frequency falls
short of World Health Organization (WHO) recommendations
(minimum 8 visits), highlighting the need for intensified early
follow-up and educational interventions, particularly considering
their low adherence to the app [56,63]. Conversely, Cluster 1
attended the most appointments, likely due to greater medical
complexity and higher app engagement [64]. Although the app
did not send reminders, evidence from previous studies supports
that increased mHealth use correlates with higher antenatal
attendance, suggesting these groups could benefit from enhanced
digital interventions [65]. It is noteworthy that, although
statistically insignificant, Cluster 2 had fewer emergency
department visits (3.5 visits). This can be related to the higher
satisfaction with health in Cluster 2, but it can also have to do
with higher income, which suggests that these patients, while
receiving some care in the private sector, are perhaps keeping
less frequent appointments only to retain a link with the public
health system for childbirth.

Regarding delivery mode, Cluster 3 had significantly more
cesarean sections (n=41, 95.3%) compared to Clusters 1 (n=12,
27.9%) and 2 (n=5, 20.8%; P<.001). This was likely due to the
medical complexity of these multiparous patients and previous
cesarean histories rather than mere personal preference [66,67].
Reducing unnecessary C-sections remains essential; thus,
targeted education through the app could encourage safer
delivery alternatives.

Pregnancy itself is a stimulus for lifestyle changes and positive
health interventions [60], but cluster-based management
strategies implemented by health teams could substantially
improve pregnancy outcomes. Cluster 1, characterized by
multiparity, low income, and high comorbidity, would benefit
from interventions focusing on medication adherence, dietary
optimization, and family planning guidance. Financial pressures
in this group highlight the potential of mHealth tools to support
self-management and health education [11]. It would also be
interesting to enter information about these needs in the Health
Assistant, as this was the group that adhered most to the app
[68]. This would be in line with the findings of Wang et al [69],
according to which patients expressed the need for apps
containing evidence-based, personalized information to support
them during pregnancy.

Cluster 2, despite higher socioeconomic status and fewer
comorbidities, exhibited poor health behaviors such as alcohol
use, inadequate sleep, and limited health awareness. Strategies
to enhance app adherence, including personalized information
and notifications, could significantly improve self-care and
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antenatal attendance. Integrating psychological support and
mental health assessments into antenatal care can also address
emotional well-being, increase self-awareness and self-care,
and reduce risky behaviors [29].

Cluster 3, multiparous health-conscious women, demonstrated
moderate app adherence (n=7, 33.3%) but lower self-rated diet
quality. Targeted educational campaigns on nutrition, lifestyle,
and informed choices regarding delivery methods could enhance
patient engagement, improve maternal-fetal outcomes, and
reduce unnecessary interventions [59]. Strategies for this group
with moderate adherence to the app (n=7, 33.3%) could include
educational campaigns to raise awareness about the benefits of
the app, provide additional support to encourage its use, and
increase attendance at antenatal appointments [70,71].

The cluster analysis presented in this study offers prenatal care
teams a practical framework for stratifying pregnant patients
according to their biopsychosocial risk profiles. By
distinguishing groups with low engagement in antenatal care
(Cluster 2) or difficulties in medication adherence (Cluster 1),
health care professionals can more effectively identify
individuals at heightened risk for disengagement or adverse
pregnancy outcomes. Early recognition of these specific risk
profiles enables teams to implement targeted, evidence-based
interventions—such as personalized education, adherence
support, and psychosocial assistance—before complications
arise. This cluster-based approach facilitates efficient allocation
of resources and proactive management, supporting improved
maternal-fetal outcomes [6]. Furthermore, integrating mHealth
solutions tailored to each cluster’s unique needs can enhance
patient engagement and self-management, ultimately
strengthening the quality and continuity of antenatal care.

Implications for Future Research: “Clusters in
Practice: A Proposal for a Risk Assessment
Questionnaire for the First Antenatal Visit”
Based on the questions that most clearly differentiated our
clusters, we propose developing a brief screening questionnaire
to be administered at the first antenatal visit. This questionnaire
would automatically indicate the most likely cluster for each
patient, enabling rapid and specific interventions at the outset
of prenatal care, thus preventing risks before undesirable
behaviors or complications occur. Subsequent steps would
involve drafting pilot items covering income, parity,
comorbidities, and mHealth use profiles, submitting them to
expert review and cognitive interviews with pregnant women
for clarity and relevance, conducting a pilot study to assess
construct validity (via factor analysis), internal consistency
(Cronbach α), and test-retest reliability, and performing a
prospective multicenter validation across diverse clinical settings
to compare predicted risk scores with actual app engagement,
appointment frequency, and maternal-fetal outcomes for
sensitivity, specificity, and likelihood ratio estimation. Once

validated, an algorithm could be embedded in eHealth records
to assign each patient to a cluster and automatically trigger
tailored interventions (eg, telemonitoring, reinforced health
education, and SMS text message reminders), culminating in a
randomized controlled trial contrasting “cluster‐guided” care
with usual care using primary end points such as antenatal
adherence rates, complication incidence, and health care
resource utilization—an approach that, while consistent with
established predictive‐health models, will require rigorous
clinical validation and user‐acceptance testing to ensure
accuracy, usability, and effectiveness before widespread
implementation.

Limitations
Though this study has provided us with several insights, it does
have some limitations. Many patients were lost during data
collection, which is often expected in observational longitudinal
studies, but this loss, especially among prospective app users,
can make it difficult to assess accurately the effectiveness of
the intervention, since part of the target group was not
thoroughly followed up. Since the transition from physical to
digital records is still in progress, it is not uncommon for patients
to resist mHealth adherence at first, and sample reduction in
the adherent group in this study seems to have been due to such
barriers as low literacy, limited connectivity, low smartphone
memory, cultural beliefs, and lack of interest.

The fact that this study was carried out in a public university
hospital in southern Brazil may render some generalizations
invalid for other regions of the country or for private institutions.
The adoption of three clusters yielded less variability in answers
and more generalized results. Some sociodemographic factors
overlapped among clusters, making it difficult for groups to be
clearly distinguished and confusing for outcomes to be analyzed.
In addition, the duration of the study, restricted to the period
between the first antenatal visit and delivery, may not be
sufficient to assess the long-term impacts of app use on
maternal-fetal health and the well-being of pregnant women,
thus indicating the need for further studies with larger samples
and in different socioeconomic contexts.

Conclusions
The use of mobile apps has significant potential to optimize
antenatal care and self-awareness for high-risk pregnant women.
The usability of the Health Assistant app is in line with the
standards expected and observed in other studies. Cluster
analysis revealed different profiles of pregnant women, making
it possible to identify specific groups that could benefit most
from digital interventions and from a personalized approach to
organizing their journey and improving pregnancy outcomes.
This pioneering study stresses the role of mHealth in high-risk
antenatal care and highlights the importance of further
exploration of its impact in different settings and populations.
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Abstract

Background: Depression is a severe and prevalent mental disorder among youth that requires professional care; however,
various barriers hinder access to effective treatments. Chatbots, one of the latest innovations in the research on digital mental
health interventions, have shown potential in addressing these barriers. However, most studies on how to design chatbots to treat
depression have focused on adult populations or prevention in the general population.

Objective: This study aimed to investigate the problems faced by youth with depression and their adaptive coping strategies,
as well as attitudes, expectations, and design preferences for chatbots designed to treat depression.

Methods: We conducted a qualitative study, consisting of a semistructured interview and a concurrent think-aloud session, in
which participants interacted with a chatbot prototype with 14 youth with a current or remitted depressive episode.

Results: The participants reported a wide range of problems beyond core depressive symptoms, such as interpersonal challenges,
concerns about school and the future, and problems with human therapists. Adaptive coping strategies varied, with most seeking
social support or engaging in pleasant activities. Attitudes toward chatbots for depression treatment were predominantly positive,
with participants expressing less anxiety about using a chatbot than about seeing a human therapist. Participants showed diverse
and partially contradictory design preferences, which included diverse dialogue topics, such as discussing daily life, acute problems,
and therapeutic exercises, as well as various preferences for personality, language use, and personalization of the chatbot.

Conclusions: Our study provides a comprehensive foundation for designing chatbots that meet the unique needs and design
preferences of youth with depression. These findings can inform the design of engaging and effective chatbots tailored to this
vulnerable population.

(JMIR Hum Factors 2025;12:e66632)   doi:10.2196/66632

KEYWORDS

human-centered design; depression; mental disorder; mental health; emotional health; youth; teenager; depressive; digital mental
health intervention; questionnaire; semi-structured interview; think-aloud; chatbot prototype; remitted depressive; mixed-method;
mobile phone

Introduction

Depression is a prevalent mental disorder in youth with
significant personal and socioeconomic consequences that
requires professional care [1,2]. Despite the availability of
effective treatments, such as cognitive behavioral therapy (CBT)
[3], accessing them remains challenging. Even when
professional services are free and accessible [4], many youth
avoid seeking professional support due to perceived stigma, a
preference to solve problems by themselves, and fear of

psychotherapeutic settings [5-8]. Interestingly, such attitudinal
barriers may be more important reasons for not seeking help
than structural barriers, such as limited treatment resources and
long waiting periods [8]. Digital mental health interventions
(DMHIs) are a promising and effective way to overcome these
barriers because they provide anonymous and self-empowered
access to effective professional care [9]. However, to leverage
the full potential of DMHIs in the treatment of depressive
symptoms in youth, 2 major limitations need to be overcome,that
is, low adherence [10] and difficulty in establishing a therapeutic
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alliance, which is viewed as a crucial factor for effective
psychotherapy [11].

Chatbots, software systems that interact with users using natural
language [12], have shown the potential to address these
limitations. They are well accepted, feasible, and have shown
promising effectiveness in strengthening mental health [13-16].
In addition, incorporating chatbots into DMHIs improves user
engagement [17] and mental health outcomes [18]. Notably,
users seem to develop a therapeutic alliance with chatbots
[19-21] partly because of social cues such as empathetic
messages and humor [15,22]. Despite these encouraging results,
most studies on mental health chatbots, including those targeting
depression symptoms, have focused on adult populations
[13-16,23]. This is a key shortcoming because the results from
adult populations cannot be generalized to youth. Youth face
significant developmental changes in their biological,
psychological, and social systems [24], and depression
symptoms differ from those in adulthood, especially at the onset
of puberty [25]. Furthermore, youth interact with smartphones
and chatbots differently than adults [26,27], and have expressed
that existing DMHIs often fail to address their specific concerns
adequately [28].

To address this research gap, recent studies have explored the
design of chatbots for youth mental health. Høiland et al [29]
involved youth in designing a chatbot for high-school health
services aimed at preventing mental disorders. Through focus
groups, they identified four key support needs: (1) receiving
information about mental health, (2) relating to someone beyond
their immediate network, (3) receiving support for self-help,
and (4) being referred to mental health services. Similarly, Grové
[30] developed a preventive mental health chatbot with
high-school students. Participants suggested topics such as
school, family, friends, sexuality, and identity as well as
resources for adaptive coping strategies, mindfulness, and
distractions. They expressed a preference for chatbots with
inspiring, charismatic, and fun personalities using emojis,
humor, and GIFs. While these 2 studies provide valuable
insights, they focused on the prevention rather than the treatment
of mental disorders and addressed a broad spectrum of mental
health issues rather than specifically targeting depression. Thus,
there is a critical need for research on how to design chatbots
that focus on specific problems of youth with depressive
symptoms to achieve sufficient engagement and optimal
treatment outcomes.

Our study aims to address this research gap by investigating the
following research questions: (1) What problems do youth with
depressive symptoms face? (2) What adaptive coping strategies
do they apply? (3) What attitudes and expectations do they have
for chatbots designed to treat depression among youth? (4) What
are their design preferences?

By addressing these questions, we aim to provide a
comprehensive foundation for developing chatbot-based DMHIs
tailored to the unique needs and preferences of youth with
depression. This foundation will facilitate the development of
engaging and effective DMHIs for this vulnerable population.

Methods

Study Design
We conducted a qualitative study to examine how to design a
chatbot to treat depression in youth. The study included a
questionnaire, a semistructured interview, and a concurrent
think-aloud session with a chatbot prototype. We chose
interviews because they allowed us to gather rich, detailed data
on participants’ problems, coping strategies, attitudes and
expectations, and chatbot design preferences.

Participants
Participants were eligible if they were between 14 and 17 years
of age, owned a smartphone, and met diagnostic criteria for a
current or remitted depressive episode. Participants with suicidal
ideation or psychotic symptoms were excluded. Participants
were recruited through a resident child and adolescent
psychiatrist and the University’s newsletter between June and
August 2021.

The target sample size was calculated based on the goal of data
saturation [31], considering age group (14‐15 and 16‐17 y),
depression status (remitted and acutely depressed), and gender
(women and men), assuming homogeneity within each subgroup.
Given that data saturation can be achieved at 6 cases per
homogeneous group [31], the study aimed to recruit 48
participants. The sample was recruited through convenience
sampling but the sampling was constrained by the predetermined
recruitment period and available recruitment channels. The final
sample consisted of 14 participants (12 women and 2
nonbinary).

Procedure
After participants and caregivers provided informed consent,
we assessed their eligibility to participate in the study. Next,
enrolled participants answered a questionnaire on
sociodemographic information and mental health on a laptop.
We conducted semistructured interviews to explore participants’
experiences with depression, their adaptive coping strategies,
attitudes and expectations toward chatbots for depression, and
their design preferences. Finally, the participants interacted with
a prototype chatbot using the concurrent think-aloud method.

Material

Eligibility Interview
We conducted a semistructured interview to evaluate
participants’ eligibility to participate in the study. The interview
guide included questions regarding age, smartphone ownership,
suicidal ideation, and symptoms of depression, and psychotic
disorders. The questions on suicidal ideation and symptoms of
depression and psychotic disorders were based on the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) criteria [32] and Kiddie-Schedule for Affective
Disorders and Schizophrenia Present and Lifetime [33]. The
complete eligibility interview is presented in Multimedia
Appendix 1 .
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Questionnaire
Participants completed a questionnaire on demographic
characteristics (age, gender, and level of education), history of
mental disorders, and previous experience with psychotherapy.
We assessed the prevalence of current symptoms of depression
using the 8-item Patient Health Questionnaire (PHQ-8) [34] as
well as current symptoms of anxiety using the Screen for Child
Anxiety Related Disorders (SCARED) [35]. To complement
the insights from the semistructured interview on the design

preferences, participants answered a questionnaire on potential
chatbot capabilities. This questionnaire is based on CBT manuals
and literature on the content of DMHIs for depression [36-38]
and comprises 13 capabilities that a chatbot to treat depression
in youth could implement. For each capability, we asked
participants to indicate the extent to which the chatbot should
support them on a scale from 1 (“strongly disagree”) to 5
(“strongly agree”). The capabilities are presented in Textbox 1.
The participants completed all questionnaires on a laptop using
SoSci Survey (SoSci Survey GmbH).

Textbox 1. Items listed in the questionnaire on chatbot capabilities.

The chatbot should support me with…

• how I can become more physically active or do sports.

• how to sleep better.

• how I can change negative or self-critical thinking.

• how I can do more activities that are important to me or that I have enjoyed in the past.

• tracking my mood.

• learning more about my depression.

• improving my social skills.

• reminding me to take my medication.

• connecting with an expert (eg, psychotherapist) if I feel very bad.

• connecting with other people who have similar problems.

• how I can use my breath to make me feel better.

• writing a journal with things that concern me or for which I am grateful for.

• writing about events from my life.

Study Interview
We conducted semistructured interviews to investigate the
problems participants faced due to depression, their adaptive
coping strategies, their attitudes and expectations toward

chatbots for depression, and their chatbot design preferences.
Table 1 provides an excerpt of the interview guide. We asked
several questions about each topic and prepared subquestions
to follow up on specific details or offer suggestions based on
the participants’ initial responses.

Table . Excerpt from the interview guide (translated from German).

QuestionTopic

Problems • Think of a period where you felt down. How did it look like?

Adaptive coping strategies • What have you tried in the past to feel better?

Attitudes and expectations towards therapy chatbots • Do you know what a chatbot is?
• What do you think it would be like for you to use a chatbot that is

there to help you with one of the problems you have mentioned? For
example, what could be the advantages and disadvantages?

Design preferences for therapy chatbots • Imagine you are thinking about using one of these chatbots. How
should it need to be designed, so that you would download and use
it?

• How do you imagine an ideal conversation with the chatbot? For
example, what topics would you like to discuss or what its personal-
ity should be like?

• If it was accessible as a mobile app, what should the app look like?
• (What) Would you like to personalize?
• How often would you like to use such a chatbot (per week)?
• How long should every session last?
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Chatbot Prototype: Cady
Cady is the prototype of a chatbot for the treatment of depressive
symptoms in youth that we developed for this and subsequent
studies. Cady guides participants through a behavioral activation
exercise, which is a core component of CBT to treat depression
in youth [3]. Behavioral activation aims to encourage patients
to engage in pleasant activities to overcome positive
reinforcement deficits [39]. The conversation comprised the
following sections: (1) introduction; (2) mood check on a scale
from 1 (lowest) to 5 (highest) with adaptive empathetic
responses; (3) psychoeducation on the relationship between
behavior, thoughts, and feelings; (4) finding pleasant activities;
(5) planning pleasant activities; (6) advice on how to overcome
barriers when performing activities; and (7) feedback and
goodbye. The conversation was designed by licensed
psychologists based on established CBT manuals for youth
[40,41] with a focus on positive, activating, and age-adequate

language style. Cady also used emojis in its messages and sent
GIFs. Figure 1 represents a screenshot of an example
conversation between Cady and a participant. We named the
chatbot Cady in accordance with the title of our research project
and did not specify its age, gender, or other demographic
characteristics to prevent specific demographic characteristics
from influencing the results. We developed Cady using the
prototyping software, Botsociety [42]. The chatbot was built
with a rule-based architecture, where each user input triggers a
predetermined response pathway following a decision tree
structure. To ensure appropriate responses and maintain
therapeutic quality, users primarily interacted with the chatbot
by selecting from predefined options presented as buttons. We
allowed free-text input in specific situations, for example, to
identify and schedule pleasant activities. However, these
free-text responses did not alter the chatbot’s conversation
pathway.
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Figure 1. Screenshot of an example conversation between Cady and a participant.

Think-Aloud
We applied the concurrent think-aloud method [43], in which
participants are asked to express their thoughts and feelings
loudly while interacting with an app. At the beginning of the
think-aloud session, the interviewer introduced the chatbot
prototype Cady to the participants and explained the think-aloud
method. Subsequently, participants interacted with Cady using
a laptop. While the participants interacted with the prototype,

we recorded the laptop screen and their comments. The
interviewer stayed in the room because all participants felt it
was easier to share their thoughts and feelings when the
interviewer was in the room. The interviewer asked for further
explanation if the statements were unclear or nonspecific.

Data Analysis
The interview and think-aloud session were recorded using an
audio recorder (Zoom Q2n [Zoom Corporation]) and were
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transcribed verbatim. Furthermore, 2 coders analyzed the
semistructured interviews and concurrent think-aloud sessions
using qualitative content analyses by Mayring and Fenzl [44]
and Mayring [45] with the QCAmap software (Fenzl and
Mayring) [46]. Similar to Zehetmair et al [47], we chose an
inductive coding approach to achieve the most unbiased and
thorough description of the data, which we deemed important
for the exploratory nature of our study [44,45]. Both coders
(Lilli Feline Metelmann and LB) coded the material
independently, discussed their coding results, and jointly
developed a category system. When disagreements between the
coders could not be resolved, a third coder (FOK) was consulted.
We chose this process because intercoder comparison is not
feasible with inductive category development [44,45]. In an
inductive approach, categories are created bottom-up from the
material rather than selected before data analysis, as in deductive
approaches [44,45]. We report the frequencies of the categories
and codes to increase transparency and demonstrate the saliency
of the codes in the data. The category system is provided in
Multimedia Appendix 2. The questionnaires were analyzed
using R (version 4.1.3; R Core Team). For PHQ-8, SCARED,
and the potential capabilities questionnaire, we calculated
descriptive statistics (mean and SD). For the potential
capabilities, we also generated frequency distributions to
visualize the response patterns.

Ethical Considerations
The Institutional Review Board of the Medical Faculty of the
University of Tübingen approved the study (project ID

595/2021B01). The participants and caregivers provided written
informed consent (Multimedia Appendix 3) before screening
for eligibility and enrollment. All participant data were
deidentified before analysis by removing personal identifiers
such as names, addresses, and contact information, and replacing
them with unique study codes to ensure participant
confidentiality. After the study, participants received a
reimbursement of 30€ (equivalent to US $33) for taking part in
the study. The study lasted between 1 and 2 hours.

Results

Participant Characteristics
In total, 14 youth between 14 and 17 years old (mean 16.1, SD
1.14 years) participated in the study. Furthermore, 12
participants identified as women and 2 as nonbinary. All
participants reported a current or remitted depressive disorder.
In addition, 10 participants had a PHQ-8 score of 10 or higher,
indicating acute depressive symptoms [48]. Of the total, 12
participants had a SCARED score of 25 or higher, indicating
current symptoms of anxiety [49]. Furthermore, 9 participants
showed symptoms of both depression and anxiety. Out of 14,
9 (64%) participants were currently receiving psychotherapy,
whereas 8 (57%) had received psychotherapy in the past. A
comprehensive overview of the participant characteristics is
illustrated in Table 2.
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Table . Participant characteristics.

Statistical valuesCharacteristic

16.1 (1.14)Age (y), mean (SD)

Gender, n (%)

12 (86)    Women

2 (14)Nonbinary

PHQ-8a (sum score)

13.57 (5.58)    Mean (SD)

10 (71)    ≥Cut-off (10), n (%)

SCAREDb (sum score)

40.86 (17.55)    Mean (SD)

12 (86)    ≥Cut-off (25), n (%)

Psychotherapy experience, n (%)

2 (14)    No experience

9 (64)    Current (≤6 mo)

8 (57)    Remitted (>6 mo)

6 (43)    Both current and past

Diagnosis of depression, n (%)

8 (57)    Current (≤6 mo)

10 (71)    Remitted (>6 mo)

5 (36)    Recurrent (minimum 2 episodes)

aPHQ-8: 8-item Patient Health Questionnaire.
bSCARED: Screen for Child Anxiety Related Disorders.

Research Question 1: Problems With Depression
All participants (N=14, 100%) experienced problems categorized
as depressive symptoms, including lack of motivation and
energy, depressed mood, and self-doubt. Furthermore, 2
participants explained their main problems:

I just don’t have the strength to do anything” and
“I’m just tired of everyday life, or of all these
everyday activities like brushing my teeth.

Some participants (9/14, 64%) reported comorbidities, such as
panic attacks, anxiety, and excessive alcohol consumption, while
4 participants (28%) reported physical problems, such as tension,
headaches, or stomach pain. All 14 participants (100%) also
reported interpersonal problems, particularly withdrawal from
social relationships, stress caused by parents, and problems with
friends. Furthermore, 11 participants (78%) expressed concerns
about school or their future. They shared negative experiences
at school and experienced pressure to plan their future, which
were reflected by statements like:

When it comes to school, I have a very, very big fear
of the future.

Success is a big topic right now, because of the end
of school year grades.

In total, 6 participants (42%) reported experiencing stigma
associated with depression. They mentioned that adults
stigmatized or trivialized their problems or feared negative

reactions when sharing their problems. One participant was
concerned that disclosing that they are seeing a psychotherapist
would lead to others perceiving them as “sick in the head.” Most
participants reported encountering difficulties with mental health
care. Furthermore, 12 individuals (85%) reported experiencing
treatment barriers, including attitudinal and structural barriers.
Attitudinal barriers included fear of being judged,
self-assessment that problems are not severe enough to deserve
support, and negative experiences during psychotherapy (n=9,
64%). Participants reported ineffective techniques, difficulty
with disclosing personal information, pressure to perform, trust
violations, and condescending treatment from therapists.
Structural barriers reported are long waiting lists or being
deemed not sufficiently severe by healthcare providers or parents
to qualify for professional support.

Research Question 2: Adaptive Coping Strategies
All 14 participants (100%) identified social support as an
adaptive coping strategy. The majority received social support
from friends, family members, partners, teachers, or people they
interacted with online. In total, 13 participants (93%) engaged
in activities to distract themselves or to have a positive
experience such as spending time outdoors or consuming media.
A total of 9 participants (64%) reported receiving professional
treatment and 9 (64%) used cognitive strategies, including
positive self-talk, self-reflection, and reducing rumination.
Furthermore, 6 participants (42%) implemented a daily structure
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including forming habits, getting up early, scheduling positive
activities, and setting goals. In addition, 7 (50%) prioritized
their needs as a coping mechanism, such as intentionally
allocating time to self-care or avoiding stressful social situations.
Of the total, 3 individuals (21%) engaged in mindfulness
practice, such as breathing techniques and meditation, and 2
individuals (14%) sought online information regarding their
depressive symptoms, interrelated problems and further
information.

Research Question 3: Attitudes and Expectations
Toward Chatbots to Treat Depression
Most participants had positive attitudes toward and expectations
of chatbots to treat depression. In total, 12 participants (85%)
stated that they would be less anxious about using a chatbot
than seeing a human therapist. They pointed out that using a
chatbot would be a suitable option for discussing sensitive topics
that they would not share with others, primarily because they
would not fear negative reactions. In addition, texting was
considered less intimidating than speaking with a therapist.
Furthermore, 11 participants (79%) pointed out the unlimited
capacity and flexibility of chatbots:

I think it’s also an advantage that you can really chat
with it at any time, because in therapy you just have
one appointment per week. If you feel bad in the
evening or at night or something, then you can still
text the chatbot.

In addition, participants indicated that a chatbot is more
accessible and requires less effort than seeing a human therapist.
A total of 8 participants (57%) expressed confidence in the
effectiveness of chatbots for the treatment of depression. They
indicated that such a chatbot would be capable of addressing a
wide range of issues, and welcomed the idea of having a helpful
everyday chatbot. All participants demonstrated keen interest
in using a chatbot to treat depression either because they
expected it to be effective or because they were curious about
using it. One participant stated that a daily usable chatbot could
alleviate feelings of loneliness. Several others noted that a
chatbot’s personal and human-like nature would increase the
motivation to use it, particularly compared with other less
interactive DMHIs.

However, participants also reported several concerns regarding
the use of chatbots to treat depression. Some participants (n=9,
64%) were skeptical about the chatbot’s intelligence and natural
language capabilities. They expressed concern that the chatbot
would not be able to address individual, diverse, or unusual
problems effectively, and feared being disappointed if the
chatbot was unable to do so. Participants were particularly
worried about inappropriate answers to emotional and intimate
topics or inappropriate advice for their problems. Some
participants (n=9, 64%) were concerned that a conversation
with the chatbot would not feel like a conversation with a human
therapist, due to a potential lack of emotional intelligence or
overly robotic or analytical responses. However, chatbots that

appeared too human were believed to be uncanny. In total, 2
participants (14%) were skeptical about sufficient data security
and privacy. Finally, 2 participants (14%) worried that their
symptoms of depression, such as little motivation or
forgetfulness, would result in low engagement with the chatbot,
thereby preventing them from effectively using it. They also
pointed out that the lack of social pressure when using a chatbot,
compared to seeing a human therapist, could contribute to low
engagement, which might not be solvable by the chatbot.

Research Question 4: Chatbot Design Preferences

Category 1: Dialogue Topics and Therapeutic Content
All participants (n=14, 100%) shared preferences regarding
dialogue topics that the chatbot should be able to cover. These
suggestions include comprehensive assessments of depressive
symptoms and interrelated problems, psychoeducation,
therapeutic exercises that address specific issues, reminders to
address basic needs, support for regulating emotions, tackling
intrusive thoughts, and being distracted when needed.
Furthermore, they emphasized the importance of discussing
their daily lives and, more specifically, sharing current problems
and receiving suggestions on how to resolve them. One
participant highlighted the importance of the chatbot explicitly
asking the user what type of support they require, such as
emotional support (ie, listening and validation) or
solution-oriented support:

Getting advice on how to solve a problem isn’t always
helpful, even if it’s well-intentioned. […] It would be
important for the chatbot to ask or understand if you
want advice or if you only want to share your feelings.

Others elaborated on how they imagined talking about daily
life and receiving advice:

I would just talk about the things that depress me at
the time, to which I don’t know the answer.

I would probably just chat about everyday situations
that were unpleasant to me or something like that.

These preferences were complemented by responses to a
questionnaire regarding the chatbot’s desired capabilities. Figure
2 presents the full results. The responses indicate the
significance of three key components of CBT: (1) cognitive
restructuring (“changing negative thinking;” mean 4.9, SD 0.4),
(2) behavioral activation (“pursuing activities that are important
to me or have brought me joy in the past;” mean 4.5, SD 0.7),
and (3) psychoeducation (“learning about depression;” mean
4.5, SD 1). In addition, participants expressed a preference for
“improving social skills” (mean 4.4, SD 0.9). On the other hand,
therapeutic writing, represented by “writing about events in my
life” (mean 4, SD 1.3) and “writing a diary about things that
bother me or that I’m grateful for” (mean 3.7, SD 1.5), was
rated lower than most items. Finally, “connecting with other
people who face similar problems” was ranked the lowest (mean
3.2, SD 1.2).
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Figure 2. Results for how much support participants would like for several proposed chatbot capabilities.

Category 2: Personality, Interaction Style, and Social
Role
Participants made various suggestions for the chatbot’s
personality (n=14, 100%), such as understanding, caring,
friendly, emphatic, encouraging, humorous, interested, neutral,
and nonjudgmental. During the think-aloud sessions, most
participants characterized Cady’s personality as one of its main
strengths. One participant said:

I like that you communicate in a friendly way, like an
internet friend.

Furthermore, 2 participants were pleased that Cady was
interested and asked them personal questions. For example, 1
participant approved that Cady had asked if she had experienced
becoming less active herself:

I just think it’s good that she is asking if I know
something like that or haven’t experienced it yet.

In terms of the interaction style and language used by the
chatbot, participants suggested that it should be appropriate for
the user’s age without complicated terms. This issue was also
raised during think-aloud sessions. One participant asked for
more age-specific language, such as short sentences:

So, this was a therapeutic chat, but if it is supposed
to be like a friend, I think it is better if it is writes like
people my age, eg using short sentences.

Another participant perceived the language as too therapeutic:

It was relatively authentic, but you also notice that it
is not written for my age.

The human-likeness of the chatbot was also a significant factor,
as participants found it important to react to feelings and to
understand irony and humor. However, participants also
expressed concerns about the chatbot being too human-like,

which could lead to irritation or fear. During the think-aloud
sessions, 1 participant appreciated that Cady disclosed personal
information such as enjoying chats with nice people, which
resembled a human-like trait.

Regarding the social role, the participants (n=14, 100%) held
divergent views: some desired the chatbot to resemble a friend,
whereas others preferred it to assume the role of a therapist or
a combination of both. One participant explained their
preference for a therapist-like role:

I actually think it’s better if it were like a therapist
[...], because with friends you don’t necessarily want
talk about everything.

One participant proposed using situation-specific roles:

A therapist if you’re doing therapeutic exercises and
a friend if you just want to talk.

Category 3: Personalization
Personalization frequently discussed the importance of
personalization (n=13, 92%). Participants reported various
aspects that should be personalized, including the chatbot’s
personality, gender, avatar, message style, dialogue topics,
therapeutic content, the mobile app’s color theme, notifications,
and user profile picture and username. However, the participants
had divergent opinions on who should control the
personalization of the chatbot. While some suggested that the
user should be in control, others believed that the chatbot itself
should control personalization. Others, in turn, proposed a mixed
approach in which both the user and the chatbot share control.
Some participants preferred personalization to occur only once
at the beginning, whereas others preferred dynamic
personalization, where personalization occurs continuously. In
addition to these explicit preferences, personalization also
emerged from diverging design preferences. All participants
expressed a preference for an appealing user interface, but they
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had differing opinions on the specific design elements, with
some suggesting a bright and colorful design, whereas others
preferred a plain and minimalistic design with black and white
colors. Most participants preferred the chatbot as a standalone
app, but some preferred integration into a popular instant
messaging app such as WhatsApp (Meta). Regarding the
interaction modalities, most participants preferred a chatbot
over a voice agent. In terms of text input, the participants
believed that a mix of predefined answers and free-text input
was optimal, as it combines the minimal effort of clicking

predefined answers with the flexibility of unrestricted text input.
In total, 2 participants (14%) expressed concerns about
personalization, stating that personalized content could lead to
avoidance behavior, in which users avoid topics that they find
difficult or uncomfortable. They also believed that
personalization of the chatbot’s appearance, such as its gender
or avatar, could reduce its seriousness as a tool for treating
depression.

Table 3 summarizes key chatbot design recommendations
derived from results across all 4 research questions.

Table . Key design recommendations.

Design recommendationTopic

Assessment • Incorporate repeated multidimensional assessment, covering depres-
sive symptoms and related problems, to monitor and understand the
key issues a user faces.

• Ensure assessments are comprehensive yet concise to minimize the
effort for users.

Scope and Limitations • Communicate the chatbot’s scope and limitations clearly, for instance,
when it cannot properly handle a topic. Redirect users to external
resources (eg, helplines and professional interventions) in such cases
to ensure users receive appropriate support.

Dialogue content • Curate a diverse content database covering a wide range of topics
that are relevant to youth with depression.

• Integrate evidence-based therapeutic techniques alongside user-pre-
ferred coping strategies (eg, behavioral activation, cognitive restruc-
turing, and social support).

• Enable the chatbot to engage in conversations about users’ daily life,
including discussions on urgent problems.

• Support follow-up discussions on user-reported problems, track
progress, and encourage reflection on how successful they carried
out the learned techniques.

Personality, social role and language style • Design a chatbot with an understanding, caring, friendly, empathic,
encouraging, humorous, interested, and nonjudgmental personality.

• Ensure the chatbot uses age-appropriate language without complicated
terminology.

• Balance human-likeness (eg, recognizing feelings, irony, humor)
with clear boundaries to avoid unrealistic or overly human-like inter-
actions.

Personalization • Personalize the content selection and presentation.
• Personalize the chatbot’s persona (eg, personality, social role, gender,

avatar, message style).
• Explore the impact of persona personalization (eg, switching between

formal and casual depending on user feedback, interaction style
preferences and situation).

• Explore the impact of who controls personalization (the user, the
chatbot or both) and when or how often personalization is performed
(initial vs ongoing).

• Ensure personalization enhances user experience while maintaining
the chatbot’s therapeutic credibility and seriousness.

Discussion

Primary Findings
This study explored the problems youth face with depression,
their adaptive coping strategies, and their attitudes and design
preferences for chatbots to treat depression. Our findings
indicate that youth experience diverse problems beyond core

depressive symptoms, employ a range of coping strategies, hold
predominantly positive attitudes toward chatbots for depression,
and express diverse, sometimes contradictory, design
preferences. In the following section, we discuss the results
according to the four research questions guiding this study: (1)
the problems youth with depression face, (2) their adaptive
coping strategies, (3) their attitudes and expectations toward
chatbots to treat depression, and (4) their design preferences for
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chatbots to treat depression. As presented in Table 3, our
findings across all research questions offer specific guidance
for designing chatbots tailored specifically to youth experiencing
depression.

Problems of Youth With Depression
First, participants reported various problems with depression
beyond the symptoms described in the DSM-5 [50], including
mental health and somatic comorbidities, interpersonal issues,
and concerns about school and the future. These findings align
with previous research showing that youth with depression face
an increased risk for anxiety disorders, substance abuse, and
physical health issues [51], as well as social withdrawal, lack
of friendship [52], diminished academic achievement, school
dislike, and pessimism [52]. To address these problems,
engaging and effective chatbots should (1) assess both core
depressive symptoms and related problems repeatedly to inform
therapeutic decisions and strengthen the therapeutic relationship
by understanding the users’ individual challenges, and (2) curate
a diverse content database to address the wide range of
problems, aligning with Li et al [53]. Second, participants
reported significant barriers to receiving professional treatment,
including poor mental health literacy (eg, awareness of symptom
severity), attitudinal (eg, perceived stigma), and structural
barriers (eg, waiting times). These findings align with research
showing that youth struggle to recognize symptoms [54], hesitate
to disclose personal information to professionals due to fear of
judgement or not being taken seriously [7], and question the
effectiveness of professional treatment [7], a concern supported
by evidence that 60% of youth with depression do not benefit
from psychological treatments [55]. To address these barriers,
chatbots should (1) encourage emotional disclosure by providing
a nonjudgmental conversational environment, something DMHIs
cannot fully achieve due to their static, nonconversational
design, and (2) clearly communicate their scope and limitations
to set realistic user expectations and direct to external support
when needed.

Adaptive Coping Strategies
Participants reported various adaptive coping strategies,
including seeking social support, establishing positive activities,
using cognitive strategies, and receiving professional treatment.
Many also emphasized the importance of focusing on their needs
and establishing a daily structure. Most of these strategies fall
into the CBT strategies behavioral activation, cognitive
restructuring, and problem solving [56], which are effective and
first line treatments for depression in youth [57].

The prevalence of CBT-based coping strategies may be due to
the previous psychotherapy experience of most participants.
Similarly, among youth with nonsuicidal self-injury, those with
experience in dialectical behavioral therapy have suggested
incorporating it into a DMHI designed for them [58], showing
how previous therapy experience influences preferences for
DMHIs. The use of CBT-aligned adaptive coping strategies is
important, as research shows that youth with depression use
adaptive cognitive strategies less frequently than healthy controls
[59] and that applying these strategies is associated with fewer
depressive symptoms [60]. Chatbots for youth with depression
should incorporate these strategies to create engaging and

effective content that aligns with users’ existing coping
strategies and effective therapeutic techniques. For example,
the chatbot could facilitate social support by helping users
identify supportive individuals and suggesting personalized
ways to reach out, such as a video call with a friend who is good
at cheering them up or a message to a family member who
provides good advice. Chatbots can even draft customizable
messages to support users who struggle to reach out.

Attitudes and Expectations Toward Chatbots to Treat
Depression
Participants predominantly held positive attitudes toward
chatbots to treat depression. Many participants reported feeling
less anxious about using a chatbot than seeing a human
psychotherapist, especially when discussing sensitive topics.
This finding extends research on post-traumatic stress disorder,
showing that digital agents lead to greater disclosure of sensitive
or stigmatized information [61,62], and supports evidence that
youth value the privacy and anonymity offered by DMHIs [63].
Given these findings, chatbots could help users become
comfortable with sharing sensitive information and practicing
therapeutic conversations, with potential benefits for subsequent
sessions with psychotherapists. However, some participants
were skeptical about the chatbots’ ability to address individual
problems and provide appropriate advice on sensitive topics,
which is supported by evidence that commercial chatbots for
adults with depression often fail to match user inputs, understand
messages, or respond appropriately [64]. Although privacy and
data security are frequently cited as primary risks of DMHIs
for young people [65], few participants raised these concerns.
Instead, they viewed chatbots as privacy-enhancing compared
with human therapists. Nevertheless, robust privacy and data
security remain essential, and it is unclear whether participants
were genuinely unconcerned or simply assumed chatbots would
have strong protections in place.

Design Preferences
Our study revealed important insights into design preferences
for chatbots for youth with depression. First, participants
expressed diverse preferences for dialogue topics, with three
areas standing out: (1) chatting about daily life, (2) discussing
urgent problems and receiving advice, and (3) working through
therapy exercises that address specific problems. Interestingly,
while youth with nonsuicidal self-injury [58], emotional
problems [66], and from the general population [63] included
being connected to others facing similar challenges as a key
feature of their DMHI, our participants ranked such social
connection as their lowest priority, highlighting how design
preferences may vary across mental health conditions. In
summary, a chatbot to treat depression in youth should reflect
these preferences. However, available applications have not
implemented chats about daily life, and relied on rule-based
approaches for problem-solving [14,15], likely due to
insufficient conversational capabilities. Structured therapy
techniques, such as behavioral activation or cognitive
restructuring, are standard components of DMHIs [38] and
chatbots [67]. However, their current implementation remains
predominantly static [68], without personalized advice or
feedback during therapeutic exercises. Large language models
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(LLMs) such as OpenAI’s GPT or Anthropic’s Claude promise
to overcome current limitations of DMHIs and chatbots. LLMs
enable chatbots to better address our participants’ design
preferences, such as natural conversations about daily life and
advice on urgent problems. In addition, LLMs can enhance
static implementations of therapeutic exercises by offering
personalized guidance and feedback. In behavioral activation,
LLMs can personalize the explanation of the relationship
between behavior and feelings and evaluate the proposed activity
plan for feasibility and therapeutic appropriateness. In cognitive
restructuring, Sharma et al [69] demonstrated that LLMs can
assist users in identifying thinking traps and generating reframed
thoughts. Although these enhanced capabilities have the
potential to improve understanding and skill development, key
challenges remain. LLMs can generate false or harmful
messages [70], posing risks to vulnerable users. Future research
needs to explore how capitalize on their advanced conversational
abilities while ensuring therapeutic quality and safety [71].

Second, our findings show that engaging and effective chatbots
for youth with depression need personalization beyond the
conversational capabilities of LLMs. Drawing on the framework
by Cohen et al [72] for psychotherapy personalization, effective
chatbots require personalization in content selection and
interaction style. Content selection ensures that chatbots address
the diverse problems and dialogue topics our participants
reported, aligning with findings from Li et al [53] and Ludlow
et al [66]. A personalized interaction style accommodates the
preferences for different social roles and language use. While
the benefits of personalizing the chatbot persona have been
shown [73,74]. LLMs enable the personalization of interaction
styles via prompt instructions, reducing the need to craft
different responses for each style manually [75]. Despite the
clear need for personalization, participants disagreed on who
should control it [76], preventing a clear design
recommendation. While some preferred user-led personalization,
aligning with Kenny et al [63], others favored chatbot-led
personalization or a hybrid approach. Given this ambiguity and
the lack of empirical evidence [77], future research is needed
to guide chatbot personalization.

Limitations
Our study has 2 main limitations. First, our sample size was
limited, and the participants were predominantly women.
Although depression is more prevalent in women [78-80], the
absence of men limits the generalizability of our findings across
genders. The gender imbalance resulted from convenience
sampling through a single youth psychiatrist. One man was
informed about the study but declined to participate. While our
study included 2 nonbinary participants, an underrepresented
demographic in research, recruiting men would have required
targeted efforts beyond our study’s constraints. In addition, our
sample consisted entirely of participants who had actively sought
mental health support, most of whom had previous
psychotherapy experience. As a result, perspectives from those
who avoid professional help or resist treatment may be

underrepresented. Due to these sampling limitations, we likely
did not achieve full data saturation. Although qualitative
research can reach saturation with as few as twelve interviews
[31], our sample composition suggests that some perspectives
may have been missed. However, our findings on youth
depression and related problems replicated findings from studies
with much larger sample sizes [81], indicating that our results
are comprehensive. Future studies should recruit a more diverse
sample, specifically including men, individuals reluctant to seek
professional treatment, and those without previous
psychotherapy experience, to validate and extend our findings.

Second, our study captured attitudes, preferences, and
hypothetical usage scenarios rather than actual usage behavior.
While participants interacted with a prototype during the
think-aloud sessions, this brief, controlled interaction may not
reflect real-world interactions. The gap between stated
preferences and actual behavior is well-documented [82], and
our study design does not allow us to determine whether the
design preferences of the participants would translate into
long-term engagement or effective use. Future research should
follow the next steps of an iterative human-centered design
process [83,84] with functional prototypes to assess whether
the identified design preferences lead to actual user engagement
and therapeutic benefits. Despite these limitations, our study
provides in-depth findings on the design of chatbots to treat
depression in youth, highlighting the value of qualitative
research in the iterative development of DMHIs [83,84].

Conclusions and Future Work
Our study provides valuable insights into the problems and
coping strategies of youth with depression, and their attitudes,
expectations, and design preferences for a chatbot to treat
depression in youth. We found complex user needs,
predominantly positive attitudes toward chatbots, and various
design preferences, including the need for diverse dialogue
topics and personalization. Our findings led to concrete design
recommendations that lay a crucial foundation for developing
engaging and effective chatbots to treat depression in youth.

Despite these contributions, several research directions remain.
First, future studies should validate and extend these findings
with larger, more diverse samples to ensure broader
representation of youth with depression. Second, examining
actual usage patterns and long-term engagement with functional
chatbot prototypes will help assess the effectiveness of our
design recommendations. Third, investigating the responsible
integration of LLMs is important, including the development
of robust safeguards and evaluating dialogue quality and
therapeutic outcomes. Finally, researchers must design and
evaluate effective personalization features, particularly regarding
whether users, the chatbot or both should control
personalization, while balancing implementation efforts and
impact. By addressing these research directions, we can further
improve chatbots to treat depression in youth and ultimately
contribute to more accessible, engaging, and effective mental
health support for this vulnerable population.
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Abstract

Background: Falls are the leading cause of injury-related death among adults aged 65 and older. The fear of falling can further
limit older adults’ independence by contributing to activity restriction, social isolation, and physical decline—ironically increasing
the risk of mechanical falls. Although home safety assessments have been shown to reduce fall risk by up to 36% and decrease
serious injuries such as hip fractures, their adoption remains low. Understanding the barriers to implementing these assessments
is critical to improving their uptake and effectiveness.

Objective: This study aimed to (1) identify specific barriers perceived by older adults in implementing home safety assessments
and modifications to reduce the risk of mechanical falls, (2) explore the attitudes of health care professionals and other stakeholders
toward these assessments, and (3) identify novel design opportunities to guide the development and implementation of more
effective home safety assessment techniques and practices to reduce mechanical fall risk.

Methods: This explanatory qualitative study drew on the “inspiration” phase of the human-centered design (HCD) research
process. We conducted 35 interviews (28 initial and 7 follow-up) with 28 purposefully sampled participants in the San Francisco
Bay Area between February and June 2021. Participants included community-dwelling older adults (n=3), geriatricians (n=4),
therapists (n=6), product developers (n=2), older health researchers (n=8), and community program leaders (n=5). Interview notes
were analyzed inductively by the research team to extract themes and generate insight statements and design opportunities.

Results: Analysis yielded three key insights: (1) older adults often experience a conflict between maintaining independence
and implementing safety modifications. One participant described living with a “repeating mantra in my head throughout the day
saying ‘above all, don’t fall.’” (2) aesthetic and privacy concerns frequently override safety benefits. Participants rejected
modifications that made their homes feel “institutional.” (3) access to occupational therapy services—already limited in rural
areas—was further constrained by the COVID-19 pandemic, with some providers reporting that travel time “took up the majority
of their day just assessing one home.” These barriers help explain the low adoption of home safety assessments despite strong
supporting evidence. The study identified design opportunities to address these challenges, including customizable, user-friendly
safety solutions, dignity-preserving approaches to assessment, and technology-enabled remote alternatives.

Conclusions: This study identified specific emotional, aesthetic, logistical, and access-related barriers to the adoption of home
safety assessments among older adults. The proposed design solutions offer promising directions to increase uptake, improve
user experience, and enhance safety. However, further validation through co-design with a larger and more diverse group of older
adults is needed. Future research should pilot test these ideas across varied contexts and evaluate their implementation and impact.

(JMIR Hum Factors 2025;12:e66854)   doi:10.2196/66854

KEYWORDS

human-centered design; fall prevention; home safety assessments; occupational therapy; aging in place; elderly; older adult;
design; fall; home safety; safety; therapist; aging; perspectives; community-dwelling; development; qualitative research; qualitative
data; semi-structured interviews; interview; occupational therapists; geriatricians; surgeons
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Introduction

A total of 1 out of 3 people aged 65 years and older falls
annually, and falls are subsequently the leading cause of
injury-related death in this age group [1,2]. Falls result in 2.8
million emergency department visits every year, with 25% of
admissions being associated with serious injuries, such as
fractures or traumatic brain injury, which can permanently
decrease quality of life [3]. Fatal and nonfatal falls cost an
estimated US $50 billion in the United States in 2015, which
increased up to US $80 billion in 2020, with the bulk of the cost
attributed to nonfatal falls and paid for by Medicare [4,5].

Falls and fear of falling in turn threaten older adults’ ability to
live independently and often lead to self-imposed activity
restriction, social isolation, decreased cognitive and physical
function, and, paradoxically, an increased risk of serious falls
[6,7]. The emotional impact of falling is grave, with studies
finding that 80% of older women would prefer death to a bad
hip fracture that would lead to nursing home admission [8].
Alternative solutions to receiving 24-hour monitoring and
high-level medical care in a nursing home, such as moving into
an assisted living community where support is available for
activities of daily living, are a last resort for many. The vast
majority (90%) of older adults aged 50 years or older prefer to
age in place in their current home [9]. However, 85% of these
same individuals who desire to remain living at home have not
adequately prepared their homes for aging in place through
efforts such as removing trip hazards and installing assistive
devices (eg, bathroom grab bars) [9]. Finding a wide range of
ways to reduce falls can potentially both increase the quality of
life for older adults choosing to age independently and also lead
to large savings in direct medical costs [10].

The risk of falling and resulting serious injury are associated
with many modifiable and nonmodifiable risk factors.
Nonmodifiable risk factors include age, cognitive impairment,
female sex, and a history of falling [11]. Modifiable risk factors
include balance impairment, gait impairment, muscle weakness,
medication use, and home environment [11]. Unfortunately,
there is no one single risk factor for falls upon which to
intervene. Fall risk is multifactorial, and falls tend to occur when
impairments exist in multiple domains of an individual’s health
[12].

There has been extensive research on interventions that can
reduce the risk of fall-related injury and mortality in the older
adults. For example, home safety assessments performed by an
occupational therapist for community-dwelling older adults
have been shown to significantly decrease the rate and risk of
falling by up to 36%, along with reducing serious fall-related
complications, including hip fractures and death [13,14]. Keall
et al [15] randomized 842 senior households to an intervention
involving a standardized set of home safety modifications
including staircase handrails, bathroom grab bars, improved
lighting, nonslip mats and rugs, and an educational brochure
on home safety, which demonstrated a 26% decrease in fall
injuries in the intervention group compared with the control
group.

Despite the clear, data-driven benefits of home safety
assessments and related home environmental improvements,
adoption of these services remains low for a variety of reasons.
Some insurance companies that previously covered home safety
assessments as a benefit for their members have discontinued
this benefit due to low use by older adult policyholders [14,16].
One key reason for the underuse of home safety assessments is
that many older adults perceive a visit from a health care
provider as a reminder of their inevitable aging and an invasion
of their privacy, with some reacting to suggested changes as an
encroachment on their personal independence, dignity, and
sense of control [17-19] Personalized care approaches that
prioritize individual preferences can significantly improve
intervention acceptance and perceived autonomy [20].
Furthermore, concerns about loss of independence often
outweighs the fear of injury, leading older adults to underuse
fall prevention interventions [21].

Older adults’ resistance to addressing the physical, social, and
emotional changes associated with aging may be exacerbated
by their minimal inclusion in decision-making processes,
particularly those related to their living spaces [18,22]. Multiple
studies suggest that this exclusion increases resistance to home
modifications and other aging-related changes, as older adults
often feel a loss of control when they are not actively involved
in decisions affecting their environment [19,20]. By involving
older adults in these decisions, their sense of autonomy and
dignity can be maintained, which in turn reduces emotional
distress and increases acceptance of necessary changes [21].

Understanding the barriers older adults face in using home safety
assessments is critical to addressing modifiable fall risk factors
and reducing falls. This study aimed to (1) identify specific
barriers perceived by community-dwelling older adults in
accessing and implementing home safety assessments and
modifications, (2) explore attitudes of health care professionals
and additional stakeholders toward home safety assessments,
and (3) identify novel design opportunities to guide the
development and implementation of more effective home safety
assessment techniques and practices.

Methods

Study Design and Setting
This explanatory qualitative research study used human-centered
design (HCD) methodology to understand the barriers to home
safety assessments and develop opportunities to support fall
prevention for community-dwelling older adults [23,24]. The
study was performed as a collaboration between Stanford
University’s Design for Extreme Affordability course within
the Hasso Plattner Institute of Design (d.school) and The Better
Lab, an academic research laboratory focused on HCD in health
care, based in the Department of Surgery at the University of
California, San Francisco. Study activities took place between
February and June 2021, with interviews conducted both
virtually and in person at Stanford Hospital and Clinics.

Research Team Characteristics
The research team consisted of 3 designers from Stanford’s
d.school, 2 clinical researchers from the University of California,
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San Francisco (both practicing geriatricians), and 2 HCD
researchers from “The Better Lab.” Team members had expertise
in geriatric medicine, occupational therapy, design research,
and public health. A total of 4 members had prior experience
conducting qualitative research with older adults, and all
researchers received training in qualitative interviewing
techniques to ensure consistency. We acknowledge that our
clinical and design backgrounds may have influenced our focus
on intervention development. To mitigate bias, our team engaged
in regular discussions to examine assumptions and incorporate
peer debriefing throughout the study. None of the researchers
had prior relationships with study participants.

Participant Selection
We used purposeful sampling to ensure heterogeneity and
diverse representation of stakeholder perspectives [25]. Our
sampling strategy aimed to include individuals with varied
relationships to home safety assessment implementation,
including (1) community-dwelling older adults who might
benefit from assessments, (2) health care providers who conduct
or refer for assessments, (3) family members who support older
adults in making home modifications, (4) program
administrators who oversee assessment services, (5) product
developers working on related technologies such as assistive
technology, smart home solutions, or fall prevention tools.

Our selection criteria included age (65+ years for older adults),
direct involvement in home safety assessments, and willingness
to discuss their experiences. We specifically sought older adults
with varying experiences with falls and home modifications,
ranging from those who had never had an assessment to those
who had implemented modifications. Health care providers
were selected to represent different specialties and practice
settings.

HCD Process
Over the past decade, the use of HCD in health care has grown
substantially. Case studies and qualitative analyses suggest that
using HCD approaches may enhance patient engagement and
improve service delivery, potentially leading to better health
care access and outcomes [26-28]. HCD is problem-solving
methodology rooted in engineering, psychology, anthropology,
business, and design that brings together designers and
stakeholders of an issue to identify challenges and use an
iterative process to cocreate solutions [29]. HCD uses
ethnographic research methods to identify unmet needs and
contextualizes the study challenge within the greater ecosystem
to identify impactful and sustainable solutions [24,26-28].

The HCD process consists of three phases: inspiration, ideation,
and implementation [30]. The inspiration phase involves
identifying unmet needs through interviews and observations
with key users and related stakeholders [31]. Qualitative data
from these interviews and observations are synthesized to
identify themes and inform the creation of insight statements
and design opportunities. The ideation phase involves convening

users, stakeholders, and designers for group workshops aimed
at brainstorming potential solutions and co-designing prototypes
of the most desirable, feasible, and viable potential solutions
[30,32]. Finally, the implementation phase consists of iterative
testing, incorporating user and stakeholder feedback to refine
prototypes for pilot testing [30]. This paper describes the
inspiration phase of our study in which we explored barriers to
home safety assessments and modifications by interviewing
older adults, health care professionals, and other key
stakeholders.

Inspiration Phase Qualitative Data Collection and
Analysis
We recruited all participants using purposeful sampling to ensure
heterogeneity and a diverse representation of perspectives in
the study cohort, consistent with the HCD methodology [33].
Recruitment criteria involved individuals directly involved with
home safety assessments or fall prevention. We obtained
qualitative data through interviews with older adult users and
other key stakeholders, including clinicians (physical therapists,
occupational therapists, geriatricians, and surgeons), family
members of older adults, engineers, senior living community
administrators, interior designers, and payers. We created a
semistructured interview guide to understand factors that
contribute to falls, experiences within the health care system
following a fall, and the psychological impact of falls.

We interviewed a total of 28 participants for 30‐60 minute
interviews conducted virtually over Zoom (Zoom
Communications, Inc) or in person at Stanford Hospitals and
Clinics between February and June 2021. In light of COVID-19
restrictions, we conducted interviews both virtually and
in-person, and in both settings we ensured participant comfort
and openness to create a flexible environment for discussion.
Two to three researchers per session conducted the interviews,
with 1 lead researcher leading the interview while the other
researchers transcribed detailed notes.

Figure 1 illustrates this study’s multistep HCD qualitative
analysis process, which we followed up to the step of developing
design opportunities. We followed a 3-step approach using
reflexive thematic analysis [34]. First, 3 team members, who
were students with a background in design and working in
partnership with a HCD expert, independently conducted an
inductive thematic analysis of the interview notes to identify
emerging themes and refined them through discussions until
consensus was reached [35,36]. Second, the entire research team
collaboratively developed and reached consensus on multiple
insight statements, capturing relational themes such as tensions,
synergies, barriers, and facilitators to health behavior described
by participants. Third, all research team members collaborated
to translate each insight statement into 1 or more design
opportunities through structured discussions, with each
opportunity representing actionable concepts or intervention
elements that directly address the challenges identified in
participant responses [37],[38-39].
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Figure 1. Human-centered design qualitative data analysis process diagram.

Ethical Considerations
This study was determined to be exempt from review by
Stanford University’s Institutional Review Board (60770). All
participants provided verbal informed consent after reviewing
study information. Given the sensitive nature of discussions
about falls and home modifications, we took particular care to
allow participants to skip any uncomfortable topics, provide
support resources when appropriate, and to protect
confidentiality in our data management. Participation was
voluntary, and interviewees received US $20 gift cards as
compensation. Interviews were anonymized to protect patient
confidentiality. No interviews were audio or video recorded due
to the sensitive and confidential nature of these conversations.

Results

Overview
A total of 35 interviews (28 initial and 7 follow-up) were
conducted between February and June 2021. Our participant
group comprised 28 diverse stakeholders: 3 community-dwelling
older adults, 4 geriatricians, 6 therapists (including physical,
occupational, and mental health–focused practitioners), 2
product managers, 8 researchers specializing in older health,
and 5 leaders of older care programs and communities. Of these,
18 (64%) participants identified as women. Interview lasted
between 30 and 60 minutes.
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Through inductive analysis of interview data, we identified 3
key insights regarding the interconnected and sometimes
opposing perspectives of older adult users, occupational
therapists, community living organizations, and geriatricians
on fall prevention and home assessments. Below, we present
these insights along with proposed design opportunities that
emerged from our analysis.

Insight 1
Older adults have a strong desire to maintain active, independent
lifestyles that align with a sense of youthfulness, yet alterations
to their environments and lifestyles that could enhance their
well-being and safety are perceived as undermining
independence, vitality, and creating fear around being active.

Older adults may be overwhelmed and disoriented by an
increasing loss of control over their health, lifestyle, and
relationships. For example, one older adult interviewee described
an all-consuming fear of falling following her first fall, such
that she hears a repeating mantra in her head throughout the day
saying, “above all, don’t fall.” Much like an initial fall, a visit
from a health care provider can remind older adults about their
inevitable aging, which may contribute to resistance against
home assessments. One geriatrician interviewee observed that
“patients are reminded of their mortality when an occupational
therapist comes to the home to visit.” In addition, multiple
stakeholders shared the perspective that during home
assessments there is often an extensive list of home
modifications that are suggested to make older adults’ homes
safer without much consideration of how older adults feel about
these changes. For example, one older adult user who had grab
bars placed throughout her home reflected that “the way they
looked around her home” was a key reason she did not want
them installed. The gray color and material of the standard grab
bar reminded her of the hospital room, she stayed in for
treatment of a former injury, which she wanted to avoid
recreating in her home. This suggests that to increase adoption
of an effective fall-prevention or safety assessment service,
users need to feel motivated and not fearful to make changes to
their lifestyle and that engaging users in customizing adaptations
to their aesthetic preferences may be a method to improve users’
perception of control.

Much like baby-proofing a home is a sign of natural change in
a family unit to protect their well-being, “age-proofing” serves
a similar purpose for older adults. As one gerontology expert
interviewee noted, “Homes age over time as well, and there’s
this idea that a home ages and changes with you.” However,
choosing not to “age-proof” their home may be an older adult’s
way of rejecting the notion that their lifespan is limited. For
example, older adults in our interviews have expressed
sentiments such as, “We don’t want to go into a nursing home
or senior housing because that’s where old people live.” This
fear of aging may lead to a maladaptive way of dealing with
the aging process in some individuals, similar to how a fear of
falling can paradoxically increase the risk of falls.

Design Opportunity 1
Return a sense of control and autonomy to older adults in the
home redesign or adaptation process. A home safety assessment

tool can be designed to prioritize customizability and facilitate
direct feedback from users. The essential features of this product
include:

Active Participation

Engaging older adults as active participants and decision-makers
in any home redesign or change so that they can shape their
own personal aging experience, which is currently often
overlooked.

Customizable Solutions

Providing a customizable system of home modifications that
older adults can use to experiment with different materials or
patterns (eg, mahogany wood for safety devices such as grab
bars) to discern their aesthetic and functional preferences.

Positive Framing

Generating enthusiasm from older adults for home modifications
by framing them as enhancing rather than diminishing
independence, helping them feel more aligned in their goals of
care with occupational therapists and geriatricians.

Growth Mindset Toward Aging

Encouraging a growth mindset to aging that emphasizes
openness to adapting in a healthy, safe, and dignified manner
while maximizing the opportunities available to older adults
for engaging in daily life activities and aging in place.

Insight 2
Older adults are willing to risk their safety, even their lives and
health, to protect the familiarity of their homes from the change
and invasion of privacy associated with home safety
assessments.

Older adults know the layout of their homes intimately; one
older adult interviewee described this as follows: “We know
our home just as well as you know the layout of your childhood
home… and know how to avoid the tiny things even when
waking up in the middle of the night.” An academic public
health specialist in California who focuses on issues affecting
the geriatric population, expressed in an interview that “[Older
adults] are reluctant to let a stranger into their homes to change
things.” Multiple older adult interviewees expressed that they
had already heard from their children and relatives that they
need to make their home safer through modifications but had
rejected that advice. One older interviewee cited aesthetics as
the reason for rejecting suggested changes saying, “My kids
have been telling me for months now to clean up my clutter and
install a grab bar in my shower, but I just don’t like the way it
looks in my home.” However, according to a geriatrician
interviewee, when considering accepting support to adapt their
homes to support aging in place, “the elderly struggle with
dignity.” Home was described by multiple older adult
interviewees as representing a personal haven, or area of refuge
and constancy away from the influences and preferences of
others. Maintaining control over their home may be considered
an aspect of living with dignity for the community-dwelling
older adults in the current sample.

Both older adult users and clinicians shared in interviews that
resistance to changing the home persists even after an older
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adult’s first fall, suggesting that users’ disinterest in making
home modifications is not rooted in concern for their health,
but rather in the emotions associated with aging, change, and
privacy. This idea is supported by the perspective of a fall
prevention center leader who stated in their interview that “They
[older adults] don’t want to change, and this term [home
modifications] isn’t enough to conquer their fear of change.”
The design opportunities that we framed from the insights
gleaned from interview data, therefore emphasized
understanding and addressing older adults’ powerful emotions
and feelings of fear of change and loss of independence in any
solution.

Design Opportunity 2
Reframe how home safety assessments are perceived by users
so that older adults can become fully engaged in the broader
process of safely aging in place while protecting themselves
and preserving their dignity and independence. The home safety
modification process can become an engaging opportunity for
an older adult to design their personalized “forever” home while
also enhancing their safety. The essential features include:

Inspiring a Positive Outlook

Encouraging older adults to embrace the next stage of their life
using home safety assessments and modifications.

Connecting With Trusted Professionals

Linking users with local contractors who can install both the
necessary fall prevention devices as well as any additional
renovations that the older adult would like to enhance their
safety while maintaining the comfort of home.

Providing Educational Resources

Offering supplemental educational resources about changes that
occur during aging to help users conquer their fear of losing
dignity and independence.

Insight 3
Access to home safety assessments would improve older adults’
safety yet they are perceived as unsafe or inaccessible, especially
during the COVID-19 pandemic. The COVID-19 pandemic
illuminated and exacerbated the existing misalignment in supply
and demand for occupational therapists and home safety
assessments. It also opened opportunities to assess technological
approaches to work on the problems of accessibility and
acceptability of home safety assessments for older adults. Many
community and aging organizations such as Ashby Village in
California, have turned to trained volunteers to perform home
safety assessments for individuals within their network given
the high demand for occupational therapists. During the
COVID-19 pandemic, when quarantines and social distancing
were established, in-person home safety assessments within
these communities were halted. During our interview in 2022,
Ashby Village organizers mentioned to us that “we haven’t
done any home assessments since March 2020 and do not plan
on doing any for the foreseeable future.” Though they resumed
this service postpandemic, in the interim many users who might
benefit from a low-cost fall prevention service were left without
access. Even though larger health care networks continued to
perform in-person visits during the pandemic, we heard from

older adult users about their resistance to having a stranger come
into their home. “If I can’t even feel safe inviting family into
my home, why would I invite a complete stranger in?”

Finally, even large health care networks have struggled to reach
older adults who live in rural areas. As one interviewee noted,
a home safety assessment process for such an individual would
consist of “sending an occupational therapist on a 2-hour
commute each way to see this person which can take up the
majority of their day just assessing one home.” This suggests
a current unmet need in the home safety assessment space, which
likely disproportionately affects rural and underserved
populations and will continue to grow as the population ages.

Design Opportunity 3
Increase access to home safety assessment tools using alternative
and innovative technologies. Online home safety assessment
tools would allow users to benefit from a home safety
assessment and a reduced fall risk, even with fewer volunteers
and limited in-person visits due to the pandemic. The essential
features of such a tool could include:

Online Home Assessments

Developing an online assessment tool which allows users to
submit photos of various rooms in their home for review by
licensed occupational therapists, which can produce a risk score
for each room and identify areas that should be addressed.

Future Adaptability

Implementing computer vision and machine learning, which
can examine visual data representations and automate the home
safety assessment process over time.

Personalized Recommendations

Combining visual data with user surveys that contain their
demographic information and design preferences to generate
personalized home modification suggestions, ensuring
adaptations accommodate mobility aids (eg, walkers), while
remaining functional and aesthetically pleasing to the user.

Further possibilities using a wide range of technological tools
and equipments, including smartphone and tablet apps, video
games, wearable devices, and future robotic efforts to improve
home safety assessments. Their potential impacts on fall
prevention efforts are discussed in the “Discussion” section.

Discussion

Principal Findings
This study provides insights into the complex factors affecting
the adoption of home safety assessments among older adults
and suggests potential directions for improving implementation.
Our findings highlight 3 key areas of tension existing between
stakeholders in aging in place process, including older adults,
clinicians, home assessors, and others: maintaining
independence while ensuring safety, preserving home sanctuary
while accepting modifications, and balancing assessment access
with implementation constraints. Since older adults in the current
sample desired to preserve their independence and dignity, they
were resistant to implementing recommended changes,
especially those related to their home safety, as they wanted to
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avoid the negative emotions associated with considering how
aging impacts physical and other abilities. The strong emotional
responses to home modifications revealed in our study align
with previous research showing that older adults often perceive
environmental changes as threats to independence [40].
However, our findings extend this understanding by highlighting
how aesthetic and personal meaning considerations may override
known safety benefits. This suggests that purely educational or
risk-focused approaches may be insufficient to drive behavior
change.

The COVID-19 pandemic’s impact on assessment delivery
highlighted both challenges and opportunities in service
provision. While disrupting traditional in-person assessments,
it accelerated exploration of remote alternatives. However,
technological solutions must carefully consider older adults’
preferences and potential barriers to adoption.

Technology has become increasingly integrated into the fall
prevention research and health care field, especially following
the 2008 decision by the Centers for Medicare and Medicaid
Services to stop reimbursing costs related to in-hospital falls
[41,42]. For example, smartphone and tablet apps have been
developed to encourage greater levels of exercise in older adults,
which in turn can reduce falls [43]. Similarly, video games such
as the Wii Fit have been successfully used to perform
mobility-based fall risk assessments in older adults [44].
Wearable sensors have also been increasingly studied, with a
systematic review identifying 40 studies and 130 distinct
variables examining sensor use in geriatric falls with promising
results [45]. Technologically supported interventions may reduce
fall risk either by directly minimizing an older adult’s physical
risk of falling or by improving their confidence to reduce their
fear of falling, which is an important predictor of falls. Older
adults’ adoption of wearable sensors such as fitness trackers
could lead to the accumulation of ”big data”—a large-scale
dataset automatically collected from the sensors themselves,
potentially enabling analysis and detection of patterns in fall
risk and incidence to be identified more easily—though, this
would depend on greater uptake of digital technologies in this
population than has yet occurred.

Only a limited number of studies have used technology specific
to the home safety assessment process. For example, Du et al
[46] used a robotic system operated remotely by occupational
therapists to conduct home safety assessments. In addition to
providing a video livestream of the home, the system was able
to measure distances between objects, detect lighting situations,
and communicate with the older adult. Furthermore, ambient
camera-based sensors have also been tested for automatic fall
detection [47]. However, both solutions face challenges in
uptake, given the cost associated with the technological systems
and the time needed for installation and for the user to learn the
system. Another study collated a protocol to be used for remote
home safety assessments through extensive secondary research
and interviews with occupational therapists and caregivers [48].
Taken together, these previous studies and our current one
highlight the increasing recognition of home safety assessments
as a potential area of improvement in fall prevention, and
evidence of the value of future investments in user-friendly

technological interventions for fall prevention and awareness
among older adults.

Limitations
This study has several important limitations. First, while we
sought to understand older adults’ perspectives, only 3 of our
28 participants were older adults themselves. This occurred
primarily due to recruitment challenges related to COVID-19.
This limited representation may not capture the full range of
older adult views and experiences. Future work should more
deeply engage older adults both as study participants and as
co-designers of proposed solutions. Second, our proposed design
opportunities emerged from researcher analysis rather than
cocreation with stakeholders. While grounded in participant
insights, these proposals require validation through future
participatory design work with end users and stakeholders.
Third, all participants were recruited from the San Francisco
Bay Area, potentially limiting generalizability to other
geographic and cultural contexts. Health care access, technology
adoption, and attitudes toward aging may differ substantially
in other regions. Finally, our use of interview notes rather than
full transcripts may have missed subtle themes or nuances in
participant responses. This approach was selected to maintain
the confidentiality of participants experiencing a sensitive issue.
Future studies would benefit from recorded and transcribed
interviews to enable more detailed analysis.

Conclusions
This exploratory study reveals important considerations for
improving home safety assessment implementation. Successful
interventions likely require careful attention to older adults’
emotional needs, aesthetic preferences, and desire for autonomy.
While technology-enabled approaches show promise for
expanding access, they must be developed in partnership with
older adults to ensure acceptability and adoption. Our findings
suggest that addressing these factors could potentially lead to
more effective interventions and increased adherence to home
modifications.

Future research should involve larger, more diverse samples of
older adults to validate and refine proposed design opportunities
using co-design methods. Prototypes of promising approaches
should be pilot tested in varied geographic and cultural contexts.
It will be important to then evaluate both implementation
outcomes and impacts of pilot-tested interventions on fall
prevention.

In addition to research advancements, our findings have practical
implications for clinical practice. Training programs for
occupational therapists should incorporate strategies to address
older adults’ emotional and psychological barriers to home
modifications. Furthermore, the development of educational
materials tailored to older adults’concerns—such as maintaining
dignity and control while making safety modifications—could
facilitate better engagement with home safety interventions.

Rather than prescribing specific solutions, this work provides
a foundation for human-centered approaches to fall prevention
that honor older adults’ dignity while promoting their safety.
By integrating these insights into practice, health care
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professionals and designers can create more effective, personalized, and widely adopted fall prevention strategies.
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Abstract

Background: The rapid increase in the number of health apps and their volatility in Austrian pp stores for Android and Apple
are signs of a flourishing business sector in the wellness industry.

Objective: In this report, a questionnaire for informed decision-making by users was developed and evaluated using health apps
in the categories “Nutrition”, “Exercise”, “Mental Health” and “Symptom Checker”.

Methods: Evaluation criteria were derived from multiple reference documents and weighted in a survey, as well as a focus
group meeting. Further, the selected evaluation criteria were tested against selected apps, which were most popular in the
above-mentioned categories in fall 2023.

Results: The short questionnaire is to be made publicly available to citizens and covers the categories of the quality of the app
provider (regulatory compliance, safety, and quality assurance), the content quality of the app (functionality and evidence-based
content), and the user-friendliness of the app. It consists of 6 question items, which appeared to be problematic in the evaluation
most often. For ease of use, a short questionnaire with the most critical questions and helpful tips from the evaluation was expanded
by the question of importance and with meaningful advice on how to find the right information in an app.

Conclusions: The evaluation based on the comprehensive questionnaire using selected apps confirmed the importance of such
a questionnaire since most of the apps lacked basic properties in terms of safety and security.

(JMIR Hum Factors 2025;12:e63739)   doi:10.2196/63739

KEYWORDS

health apps; app quality; DiGA; nutrition; sports; Mental Health; Symptom Checker; health applications; diet; symptom;
questionnaire; evaluation; development; physical exercise; exercise; survey; quality assurance; user-friendliness

Introduction

Background
The global as well as national supply of health apps is
overwhelming, and more and more people are using health apps.
This raises the basic questions of which apps can be considered
health apps, and how can the credibility of these apps be better
assessed.

Fundamentally, a distinction is made between [1] health and
mobile apps. Health apps are applications targeting consumers.
They are intended to be used for preventive purposes and help
promote or change lifestyle in a health-promoting manner.

On the other hand, medical apps are applications used to support
“self-empowerment” (self-determination) and, for example, are
supportive in coping with chronic diseases or in rehabilitation

[2], which are subject to regulations like the medical device
regulations.

The use of evaluation criteria for health apps is important for
several reasons, as described below.

Functionality
Evaluation criteria can assess the functionality of health apps
to ensure that the intended tasks are effectively fulfilled. This
could include monitoring health parameters, reminding users
to take medication or providing personalized health
recommendations.

Quality assurance
Evaluation criteria help assess the quality of health apps. This
is particularly important because the information and functions
provided by health apps can have a direct impact on the health
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of users. Criteria enable ensuring that the apps provide accurate,
reliable, and evidence-based information.

Evidence-based content
Health apps should be based on scientific knowledge to provide
accurate and reliable information. Evaluation criteria can verify
whether the content presented in the apps is based on current
scientific evidence.

Usability and user experience
The usability of health apps is crucial for their effectiveness.
Evaluation criteria can assess usability and accessibility to
ensure that the apps are easily understandable and accessible.
Furthermore, accessibility criteria may be important for allowing
the apps to be used by impaired users.

Privacy
Apps may process personal health data, so it is crucial to ensure
that only the minimal set of data is acquired (“data
minimization”) and that data are secured and protected in transit
and at rest. Evaluation criteria can consider aspects such as data
privacy, encryption, and compliance with regulatory
requirements.

Regulatory compliance
Apps, especially health apps may need to comply with certain
legal and regulatory requirements. Evaluation criteria can assess
whether the apps comply with applicable regulations and
standards.

Study Objectives
By applying evaluation criteria, users, health care providers,
and regulatory authorities can make more- or better-informed
decisions about the selection and use of health apps to ensure
that they make a positive contribution to the health and
well-being of users. Payors also need clear and transparent
criteria to decide on reimbursement aspects.

The objective of this study was to establish evaluation criteria
for users to make well-informed decisions in regard to health
apps. Health app evaluation frameworks, such as the Mobile
App Rating Scale (MARS) [3] and the ENLIGHT Tool [4],
provide structured criteria for assessing functionality, usability,
and information quality, typically for professional or research
use; however, this work focuses on evaluation by laypersons
rather than professional organizations, emphasizing user-friendly
criteria for informed decision-making.

Methods

Ethical Considerations
Formal ethics approval was not required for this study because
no patients or other vulnerable populations were involved. The
user survey was completed anonymously by registered
participants who volunteered to take part. No identifying
information was collected at any stage, and all respondents
provided informed consent before proceeding.

Literature Search and Selection of Relevant Documents
The selection of evaluation criteria was conducted as part of a
literature search based on the keywords “Bewertungskriterien
Apps Gesundheit” (evaluation criteria health apps) and
“evaluation criteria health Apps” in English. The search was
carried out on the portals Google Scholar and PubMed, and
additional literature references from publications were followed
up based on the results.

The World Health Organization (WHO) includes “health apps”
in the “Classification of Digital Health Interventions v1.0 (DHI)”
[5,6]. This primarily categorizes apps according to target groups
(eg, for clients or citizens or health care providers) and health
system challenges, which then result in system categories for
digital health applications.

According to the health system challenges level of health apps,
“Lost client data” entails the interventions “1.1.3. Provision of
individualized reminder services for clients” and “2.2.1
Longitudinal recording of health status and services of clients”,
corresponding on a system level to the functions “Client
Information System” and “Electronic Health Record”. The
taxonomy used was based on [7] and the “Guidelines for
reporting of health interventions using mobile phones: mobile
health evidence reporting and assessment (mERA) checklist”
[8].

These two documents generally refer to comprehensive mobile
health (mHealth) applications with a strong focus on already
manifested diseases.

Partially, reliance was placed on systematic reviews already
conducted, such as health technology assessment frameworks
for eHealth: a systematic review [9] or framework for supporting
reimbursement decisions for digital health applications
(mHealth) and its (retrospective) application to selected
examples [1].

However, all of these encompass digital health applications,
not just health apps. The existing assessment frameworks use
different formats (checklists, questionnaires, and tables) and
show differences in terms of the spectrum of evaluation
domains, additional technology-specific aspects, and target
groups. None of the frameworks are fully established or
field-tested.

At the European level, there is also the initiative Label2Enable
[10]. Label2Enable is an EU-funded project. Its task is to
introduce CEN-ISO/TS 82304‐2 and its quality seal for health
and wellness apps. The goal is to create a digital single market
where high-quality health apps can be extensively used in
prevention, health care, and self-care.

The ISO/TS 82304-2:2021(en) “Health software — Part 2 [11]:
Health and wellness Apps—Quality and reliability” served as
the basis for developing the evaluation criteria.

The following publications also served as the basis for the
evaluation criteria:

1. Health apps. Basic paper with special consideration of the
aspect of health literacy [12],
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2. Opportunities and risks of health apps (CHARISMHA);
German: chances and risks of mobile health apps
(CHARISMHA) [13],

3. Deutsches Netzwerk Versorgungsforschung e. V.
Memorandum - health and medical apps [2],

4. Health apps: How can certification look concretely:
Learning from experiences here and elsewhere [14],

5. Digitization and patient safety - HE 2) Checklist for the use
of health apps [15],

6. Evaluating, but how? - Criteria for the evaluation and
reporting of studies on health and medical apps [16],

7. How good are health apps? What determines quality &
risk? What guidance is available? [17],

8. Mobile app rating scale: a new tool for assessing the quality
of health mobile apps [18],

9. Methods box health literacy [19],
10. Health apps: significant lever for patient empowerment -

potentials, but hardly used so far [20],
11. Professional checklist good health information [21].

Development of Evaluation Criteria
From the above publications, the evaluation criteria mentioned
therein were entered into an Microsoft Excel file and assigned
to overarching categories. In the next step, the discovered
evaluation criteria were harmonized and evaluated. The
evaluation criteria with the most matches were included in the
list of evaluation criteria and categorized again. The preliminary
evaluation criteria were presented and discussed in a focus
group, consisting of the project team, health information experts,
and public health experts. The evaluation criteria agreed upon
in the focus group were prioritized within the focus group
meeting and further refined in a quantitative survey of a total
of 54 experts with different professions to filter out criteria

considered less relevant and to make a final selection. Based
on the results of the focus group and the survey, the evaluation
criteria were revised and finalized and ended up in a long
questionnaire, which is described in the results section.

Evaluation of theQuestionnaire With Selected Apps
The developed questionnaire was evaluated with apps from the
following categories: (1) Nutrition, (2) Exercise, (3) Mental
Health, and (4) Symptom Checker. These categories were
chosen because they cover the main fields of healthy lifestyle.
The selection of apps aimed to evaluate the most used apps in
Austria in these categories. An attempt to select apps based on
existing databases was unsuccessful because the data were at
least one year old (eg, Statista [22]) or the databases used a
distribution model that was not applicable in this context (eg,
data.ai [23]).

For these reasons, an exploratory approach was chosen where
11 individuals from the project team, selected to ensure as much
diversity as possible in terms of mobile phones, operating
systems, and histories of installed apps, participated. This group
consisted of 6 males and 5 females, with 6 participants using
the Google Play Store and 5 using the Apple App Store. Each
individual searched for the respective keywords in their personal
app stores, ensuring a broad variety of search habits and
preferences, and recorded the results—15 apps per category—in
an Excel spreadsheet. The results were weighted using a pivot
table after data cleaning (typos, adding app manufacturers).
Then, it was ensured that the top 10 apps in each category were
available in both app stores and could be used for evaluation.

The following inclusion and exclusion criteria were additionally
considered in the app selection, as listed in Textbox 1:

Textbox 1. Inclusion and exclusion criteria for app selection

Inclusion criteria

• The app must target humans as its audience (excluding apps for pets or similar).

• The app must be available in English or German.

• The app must be available in Austria in the Apple App Store and Google Play Store.

Exclusion criteria

• The app must not require additional hardware (eg, fitness watches, blood glucose meters, etc).

• The app must not be explicitly used for product sales.

• The purpose of the apps must not be to assist with insurance processes (ie, claim management).

• The apps must not require a diagnosis, prescription code, etc.

Each app was assessed by 3 persons [AR, KE, SW] using the
long questionnaire (see section results), whereby the persons
cross-checked their results within each category of Apps.

Results

Overview
From the comprehensive evaluation criteria, we derived 2
questionnaires (short and long) to enable an informed and
self-determined decision regarding the assessment of these apps.

All questions in the following tables are to be answered with
(yes/no) along with a detailed description. The responses serve
as a guidance for the individual decision-making process
regarding the app’s utility and quality.

Short Questionnaire
The short questionnaire summarizes the questions, which were
most often answered with “no” in the evaluation of the long
questionnaire and were rated as very important in the focus
group and survey mentioned above. Table 1 shows the 6-items
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short questionnaire with an explanation of the reason for the
importance as well as meaningful advice on how to self-assess

the questions quickly.
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Table . Short questionnaire with the most relevant questions for informed decision-making for health apps.

Meaningful adviceWhy is this important?AnswerCategory

yes or noImprint:

Does the App have an imprint indi-
cating the App’s manufacturer?

• Often you can find the imprint
in the settings or in the Terms
and Conditions (Terms and
conditions) of the app.

• In Austria, there are legal re-
quirements regarding the “Im-
print” that must be complied
with.

yes or noImprint:

Is the contact information in the
imprint complete?

• WARNING: Many apps do not
have an imprint. This could be
an indication that the app is not
trustworthy.

• An imprint must contain the
following information:

• Name or company according
to the commercial register,

• Address,
• Contact information (eg, email

address or phone number).

yes or no

Attention: Both can have advantages
and disadvantages!

User account: Do I need to create
an account to use the App

• If you need to create a user ac-
count, the manufacturer can
store your data and uniquely
identify you.

• If you have to log in to an app,
the provider can more easily
associate the data directly with
you. This is especially true if
you need to provide additional • If you need to log in with a

password, no one else can usepersonal information (name,
address, phone number, etc.) the app under your name.
during registration. • Hint: Always use a secure

password for health apps.• If you don’t need to create a
user account, that can also be

yes or noUser account: Can you easily delete
this account again?

an advantage. You can use the
app anonymously.

• The function to delete the ac-
count is often difficult to find.
TIP: Check the app’s settings.• Warning: If you delete an app

without a user account or use • Additional steps may be re-
quired to delete the user ac-another device, your data may

be lost. count, such as entering the
password.

yes or noData Privacy:

Is it specified which specific data
the App collects? (for example:
Name, Location, etc.)

• You usually find information
about data privacy in the priva-
cy policy and/or the Terms and
Conditions (AGB).

• There are legal requirements
for data protection in Austria.
These requirements must also
be complied with in apps.

• Sometimes you may not find
this information directly in the
app but during the registration
process.

• The privacy policy must speci-
fy the categories of data pro-
cessed (eg, health data).

• WARNING: Often, data not
related to the app’s purpose is
processed (eg, GPS data in a
flashlight app).
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Meaningful adviceWhy is this important?AnswerCategory

Sharing of Data with Third Parties:
• App providers often take the

liberty of sharing data with
third parties if it is convenient
for them.

• Tip: Searching for the word
“Third parties” will direct you
to the relevant section.

• If data are shared with third
parties, it must be stated to
whom the data is transmitted.

• Data are often stored outside
the EU and are therefore sub-
ject to different data protection
laws.

• If you search for the word
“USA,” you can find out if
your data isarestored in the
United States. Different data
protection laws Apply there.

• It is best if an app does not
share your data with third par-
ties. If data is shared, it must
be indicated.

yes or noData Privacy:

Is it indicated whether this data is
shared with third parties?

To access all contents of the app, a
paid subscription may be necessary.
• Paid subscriptions in apps are

often not labeled as advertise-
ments.

• Subscription offers can be an-
noying and are often difficult
to dismiss.

• Paid subscriptions are often
automatically renewed. Warn-
ing: Renewal is often agreed
upon when subscribing. Al-
ways read carefully.

• When comparing the costs of
different apps, always consider
the total annual costs without
initial discounts.

• Tip: Pay attention to any can-
cellation deadlines and mini-
mum terms.

• Subscriptions can be canceled
either directly in the app or on
the providers’ websites.

• Advertising must be labeled
and clearly recognizable as
such.

yes or noLabeling of Advertising:

Are paid offers in the App labeled
as “Advertisement” or “Ad”?

• You can usually read the app’s
description before download-
ing.

• Warning: Goals and target
groups of the app are often not
specified.

• Pay attention to advertising
promises in the description.
Promises are often not fully
realized.

• Tip: Check if the app’s func-
tion is usable in the country
where you reside. For example,
apps in the “Nutrition” catego-
ry may use databases from the
USA, which may not be usable
in Austria.

• Often, a supposedly German-
language app also displays
content in English.

• The function of an app is often
the decisive reason for using
it. Therefore, the app’s func-
tion should align with your
personal goal.

yes or noApp Function:

Is the App’s function adequately
described?

yes or noApp Function:

Does the description match reality?

yes or no
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Meaningful adviceWhy is this important?AnswerCategory

Information:

Is the information contained in the
App scientifically supported?

• Pay attention to source refer-
ences for information in the
app.

• Warning: Often, no sources are
provided for health informa-
tion, recommendations, or
claims. This means the informa-
tion could be fabricated.

• Pay attention to the timeliness
of health information in apps.
Information is often outdated
and no longer in line with the
state of science (eg, in nutrition
apps).

• Often sources are provided that
don‘t directly match the app‘s
function.

• Health information should
meet certain quality criteria. In
any case, scientific evidence
(sources) should be provided
for claims.

App Selection
The selected apps to be tested against the long questionnaire is
shown in Table 2. Detailed evaluation is not to be published
due to possible violation of commercial law.
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Table . Health apps that were selected for evaluating the questionnaire.

ManufacturerCategory and name of the app

Nutrition

Virtuagym    Kalorien, Fett & Eiweißzähler

Lifesum    Lifesum: Gesunde Ernährung

feastr    feastr Ernährungsplan Abnehmen

MyFitnessPal Inc.    MyFitnessPal: Kalorien Tracker

Yazio    Yazio: Kalorien Zähler & Diät

FatSecret    Kalorienzähler von FatSecret

Bundesanstalt für Landwirtschaft und Ernährung    Was ich esse

BA für Lebensmittelsicherheit und Veterinärwesen    MySwissFoodPyramid

Habitics    Nutrilio: Gesunde Ernährung

Foodiary    Foodiary: Rezepte und Diät

Movement

Leap Fitness Group    Dehnung und Flexibilität

Stepp-App    StepsApp Schrittzähler

Perigee    7-minute workout

Nike, Inc.    Nike Run Club: Laufcoach

Leap Fitness Group    Schrittzähler - Health, iStep

Google LLC    Google Fit: Aktivitätstracker

Nike, Inc.    Nike Training Club: Übungen

Adidas Runtastic    Adidas Running: Lauf-App

Spar Österreich    SPAR Health Coach

Bits & Coffee    Activity Tracker Schrittzähler

Mental health

Basenji Apps    Breeze: Mental Health

Voidpet    Voidpet Garden: Mental Health

VOS.health    VOS: Wellbeing Plan & Tagebuch

Finch Care Public Benefit Corporation    Finch: Self Care Pet

Mindshine (Greator GmbH)    Mindshine: Mental Health Coach

Monkey Taps LLC    I am - affirmaties

Amaha Health    Amaha: anxiety self-care

Touchkin    Wysa: Anxiety, therapy chatbot

BetterMe Limited    BetterMe: Seelische Gesundheit

Headspace for Meditation, Mindfulness and Sleep    Headspace: Medidation & Schlaf

Symptom tracker

Ada Health    Ada - Check Deine Gesundheit

Flo Health Inc    Flo Perioden- & Zyklus-Kalender

MyTherapy    MyTherapy Tabletten Erinnerung

Chronic Insights Ltd.    Chronic Insights

CareClinic Tracker & Reminder    Symptom Tracker

FriendsApp Listing    Symptom Checker & Medication - FriendsApp Listing

SkyGazer Labs Ltd    mySymptoms Food Diary

Healint    Migraine Buddy
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ManufacturerCategory and name of the app

Infermedica    Symptomate

Bearable Ltd    Bearable Symptom & Mood Tracker

Evaluation Results
This chapter summarizes the evaluation results of the long
questionnaire against the selected apps (Table 3).

Table . Evaluation results summarized.

Symptom checkerMental healthExerciseNutritionQuestion items

Legally required imprint
available

•••• 5 out of 10 apps1 out of 10 apps4 out of 10 apps4 out of 10 apps

Privacy policies that allow
for the disclosure of health
data to third parties [24]

•••• User consent is mostly
requested via checkbox-
es.

All international operat-
ing apps

All international operat-
ing apps

All international operat-
ing apps

•• Consent to the terms of
use is implicitly ob-
tained for most apps by
using the app.

Privacy policies are
sometimes unclear and
contradict the informa-
tion provided in the
app stores by the manu-
facturers

Addressing the sensitivity of
health data

•••• It is recommended that
the app does not substi-
tute the doctor

is not explicitly ad-
dressed

is not explicitly ad-
dressed

is not explicitly ad-
dressed

App tracking •••• not availableAll appsAll appsAll apps

Target group definitions •••• One app only mentions
in the disclaimer that it
is intended for users in
the United States.

Not availableUsually not availableUsually not available

Other •••• Some apps allow for
the export of data,
which can be presented
to the doctor as a report
in PDF or CSV format
or, in very few cases,
directly provided to the
doctor via a link to the
health data.

Two out of 10 apps re-
fer to scientific back-
grounds for their imple-
mentation

All apps reserve the
right to collect at least
pseudonymized user
data

German apps have
good privacy policies
and refer to scientific
sources

••• Many of the apps aim
to subscribe to a sub-
scription after or dur-
ing the registration
process, which usually
ends in a costly annual
subscription of 20‐
130 Euros per year
(~20$-130 US$ per
year) after a certain
free trial period.

Making unsubstantiat-
ed claims (“Yoga for
Weight Loss”, “Correc-
tion of Bow Legs”,
“Relieving Menstrual
Cramps through
Breathing”, ...)

For many apps, a
newsletter was simulta-
neously subscribed to
without explicit con-
sent

• Many apps are free.
Subscriptions usually
cost between 7 and 40
EUR per month.

• When entering symp-
toms, some apps pro-
vide a wide range of
possible causes. This
could lead to overdiag-
nosis and unnecessary
interventions.

• Since most apps are fi-
nanced through sub-
scriptions, many do not
use advertising place-
ments.

User Survey
A quantitative survey with 414 participants was conducted to
evaluate the value of health app features for achieving different
goals from users’ perspectives, aiming for a balanced gender
identity, age, and prior experience with health apps. The analysis
focused on the relevance of goals such as support for physical
activity (fitness), weight management, nutrition, mental health,

and the monitoring of physical and mental symptoms. The
findings showed that health apps in the “fitness/activity” and
“symptom checker” categories were considered most important,
while mental health apps were rated as less important. The
ratings were influenced by gender, age, and the presence of
chronic conditions, and prior experience with health apps also
played a role. Women rated health app functions as more
important than men, with a focus on supporting physical health
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and achieving weight management goals. Men prioritized
physical activity support, while younger participants rated the
importance of health app features higher than older ones,
particularly for fitness-related goals. Individuals with chronic
conditions placed more emphasis on functions promoting
physical health and were more likely to pay for health apps.

Discussion

Principal Findings
Despite efforts in initiatives like Label2Enable [10], “So far,
no unified concept has emerged to provide users with orientation
regarding the quality of health apps. Different approaches with
varying underlying criteria, often pursued by commercial
entities, are being followed (eg, evaluation instruments for users,
certifications, quality seals, test reports)” [12]

Our aim with this work has been to provide users with a unified
concept for orientation regarding the quality of health apps,
knowing well that the comprehensive instruments offered by
Health technology assessments are not usable for users. The
goal of this work was to create a questionnaire that could be
used to evaluate 10 apps each in the areas of nutrition, exercise,
mental health, and symptom checkers. The key points were
summarized in the short questionnaire and supplemented with
helpful tips and a “Meaningful advice” column, enabling users
to assess the quality of an app in a short amount of time.

The user survey revealed that data privacy and security
considerations played a minor role for most respondents,
contrary to the questions outlined in the ”Short Questionnaire
.” This could be due, on one hand, to the general perception of
loss of control over one’s data, and on the other hand, the
impacts of data privacy and security are not directly and
immediately discernible to users. Data leaks with potentially
negative consequences for individuals may only become known
after a considerable period of time, and their effects may unfold
gradually.

Additional education and information on “digital
self-determination or self-defense” could help address this issue,
enabling users to make clear and informed decisions about
whether they prefer data-minimizing apps over those whose
primary goal is to collect and market metadata. Simple
questionnaires, as presented in this work, can raise awareness
regarding data privacy and privacy, especially concerning
sensitive health data, which may be perceived as critical in
connection with initiatives like Elektronische Gesundheitsakte
(ELGA) [25] but less so in the context of apps.

Digital health literacy already plays a role in selecting a suitable
digital health applications, not only for users but also for
therapists and medical professionals. Choosing a suitable, safe,
and effective application from the multitude of digital health
apps is a significant challenge. Currently, many users (35% in
the user survey) select digital health applications based solely
on star ratings in app stores, which have limited reliability [26].
In this context, the use of a questionnaire makes sense,
especially regarding expected features and their evidence-based
justification.

Apps are often downloaded based on advertising on social
media, app stores, and recommendations from family and
friends. This indicates that a quality-assured app recommended
by a doctor could have significant potential for user adoption.
Therefore, it is essential that reviews of these apps are
quality-assured and reliable. This applies to both health apps
and medical apps, which may target vulnerable groups such as
people with chronic illnesses. Considerations regarding the
German DiGAs [27] were taken into account throughout the
project. Still, the outcome of this work is more geared towards
private users rather than representatives of the health system.
Nonetheless, we are pleased to note that Digitale
Gesundheitsanwendungen (DiGAs - in English: digital health
applications) have found a place in the preliminary version of
the Austrian eHealth Strategy “M1.7 Creation of a unified
process for the evaluation of Digital Health Applications and
subsequently their introduction into standard care when
demonstrably beneficial” [28]. This also applies to statements
from the professional assessment of health apps. “The
information offered is too extensive for laypeople”—here, too,
a standardized evaluation and recommendation by authorities
and health care providers would be advantageous.

In general, it can be noted that Austrian app developers adhere
more frequently to regulatory requirements than international
developers, since they most often met the evaluation criteria,
especially in terms of data privacy and imprint. In this context,
we would like to appeal to the responsibility of app providers
to make a positive contribution to societal challenges A white
paper in line with “Good App Development Practice” or regional
requirements from pp stores could introduce even
quality-assurance restrictions, particularly regarding regulatory
frameworks (eg, explicitly demanding a legally compliant
imprint) as collected in the results of this work.

Limitations
The selection of apps to be evaluated based on the established
and prioritized criteria proved to be more challenging than
initially anticipated. This was partly due to the lack of qualified
sources for the previously desired criterion of “most commonly
used apps in Austria,” requiring us to resort to an exploratory
approach. Furthermore, the apps found as a result could not be
fully tested and evaluated by all participants, as even during the
implementation period, some apps were no longer available in
the app stores for specific operating system versions.
Nevertheless, a common denominator for joint evaluation had
to be found.

In general, we want to emphasize that a framework for
evaluating apps was established and applied, aiming to empower
users to independently assess and evaluate both current and new
apps.

We deliberately refrained from presenting individual apps or
manufacturers in a positive or negative light.

Furthermore, we want to emphasize that our study has not been
aimed at replacing the traditional instruments of Health
Technology Assessment, as the evaluation criteria were created
for the purpose mentioned above. However, this evaluation did
not involve searching for clinical studies to demonstrate the
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effectiveness of the apps, and the apps were not assigned to risk
classes according to Medical Device Regulation [29]. As such,
for a comprehensive assessment of a health app, fulfilling the
requirements of evidence-based medicine, further important
domains such as clinical effectiveness, clinical safety, costs,
organizational and ethical aspects need to be assessed.

Conclusions
In a rapidly changing landscape such as the app market, it is
therefore even more important to have a solid, easy-to-use tool
for evaluating health and medical apps at hand. We are aware
that this tool may not be sufficient for evaluation by authorities;
however, we would like to note that it can provide a good basis
for it. We would like to support further research and projects
in this direction.
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Abstract

Background: Technology can be an effective tool for providing health services and disease self-management, especially in
diabetes care. Technology tools for disease self-management include health-related applications for computers and smartphones
as well as the use of robots. To provide a more effective continuity of care and to better understand and facilitate disease management
in middle-aged and older adult patients with diabetes, robots can be used to improve the quality of care and supplement community
health resources, such as community pharmacies.

Objective: The aim of this study was to develop a health care robot prototype that can be integrated into current community
pharmacies.

Methods: Three user-centered approaches were used: (1) review of the literature on technology use among older adults, 2)
reference to the seven key diabetes self-care behaviors by the American Association of Diabetes Educators (AADE), and (3)
meeting with health care providers in the community. Field investigations and interviews were conducted at community pharmacies
and diabetes health education centers to determine the appearance, interface, content, and function of the robot.

Results: The results show that diabetes health care prototype robots can be established through user-centered design. The
following important features were revealed: (1) perceived ease of use is considered a friendly operating interface; therefore, we
used less than 3 buttons in an interface; (2) minimization of the interface between blue and yellow, which is unfriendly to older
adults; (3) the health education mode was the most preferred mode with sound, image, and video presentation; (4) the most
predilected functions are health education resources and health records, and that patient data can be easily collected through health
education games and dialogue with robots; and (5) touching the screen is the most preferred operation mode.

Conclusions: An evidence-based health care robot can be developed through user-centered design, an approach in which a
model that connects medical needs to people with health conditions can be built, thereby facilitating the sustainable development
of technology in the diabetes care field.

(JMIR Hum Factors 2025;12:e48226)   doi:10.2196/48226
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Introduction

Diabetes is a significant global health issue, with the number
of people affected by the disease continually rising [1].
According to the International Diabetes Federation Diabetes
Atlas, the global number of people with diabetes reached 537
million in 2021 and is expected to continue rising, reaching an
estimated 783 million by 2045 [2]. The most prevalent form of
diabetes is type 2 diabetes, which affects more than 90% of all
individuals with diabetes [2]. Uncontrolled diabetes over time
can lead to severe complications, including cardiovascular

diseases, lower-limb amputation, kidney damage (nephropathy),
nerve damage (neuropathy), and blindness (retinopathy) [2,3].
Age is one of the risk factors for type 2 diabetes, with its
prevalence and mortality rates rising as individuals get older
[4,5]. According to statistics from Taiwan’s Ministry of Health
and Welfare, the prevalence of diabetes increases significantly
from the age of 45 years for both men and women [6]. As the
duration of diabetes and patient age increase, patients with
diabetes face not only a higher incidence of complications but
also challenges related to multiple medications and
comorbidities [7]. This underscores the importance of focused
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health care management for middle-aged and older adult patients
with diabetes.

In recent years, technology has emerged as a crucial tool for
disease management, including diabetes [8,9]. The demand for
digital health care has surged, evidenced by the introduction of
more than 90,000 new health-related apps on platforms like the
Apple Store and Google Play in 2020 alone, contributing to a
total of over 350,000 health care applications available globally
[10]. Among these technological advancements in health
applications, health care robots are one of the future trends in
health technology [11], driven by the ongoing digitization of
health care services.

Community pharmacies play a vital role in providing health
care services, offering convenient access to medications and
health services that support local health care needs. There are
currently more than 7400 health insurance pharmacies across
Taiwan [12], and a 2016 survey indicated that over 80% of these
pharmacies are open for at least 12 hours, with around 40%
operating almost year-round [13]. Compared to hospitals,
community pharmacies face less pressure from time constraints
and space limitations, positioning them as key players in
bridging the gap between individuals and larger medical
institutions.

Despite the availability of professional medical information in
clinical settings, there remains a challenge in ensuring that
patients effectively absorb and apply health education and
professional advice once they return to their communities. This
gap highlights the need for technological tools that support
continuous care, especially for middle-aged and older adults
managing diabetes. Integrating robots into community health
resources, such as community pharmacies, could enhance the
quality of care, improve health management, and advance health
promotion within the community. The expertise of pharmacists,
coupled with the high accessibility of community pharmacies,
makes them an ideal setting for such interventions.

However, current technology development for disease
management often excludes medical professionals from the
design process and lacks real-world testing [14]. Additionally,
there is no clear evidence that technology can effectively
integrate with community medical resources or bridge the gap
between medical institutions and personal care. Therefore, the
aim of this study was to design and develop a prototype of a

diabetes care robot that meets the needs of middle-aged and
older adult patients with diabetes, aligns with the perspective
of community pharmacist care, and can be integrated into the
current community pharmacy setting.

Methods

Participants
The design and development of the prototype robot in this study
were primarily conducted through literature-based theories and
expert team meetings [15]. The development of the prototype
robot involved the researcher synthesizing the literature and
conducting field visits to pharmacies and health education units.
The development goals and direction were then jointly decided
during team meetings. The development of the prototype robot
began in March 2018. The team included 1 expert in technology,
1 expert in gerontology, 2 physicians, 12 to 15 engineers and
research assistants, and 1 researcher. To maintain progress and
continuously refine the prototype robot, the team held regular
meetings 1‐2 times per month until a more complete interactive
functionality was established to enhance the user experience.
Furthermore, to gain a more realistic understanding of the
feasibility and initial results of the robot’s application in
community health care, 30 middle-aged and older adult patients
with diabetes, along with 10 community pharmacists, were also
included to provide user feedback.

Ethical Considerations
This study was performed in accordance with the relevant
guidelines and regulations, including the Declaration of Helsinki
and was approved by the Institution Review Board (IRB) of
National Cheng Kung University Hospital in Taiwan (No.
A-ER-105‐509). All the participants provided signed informed
consent, and all study data were deidentified to protect the
identity of participants. Participants did not receive any financial
or material compensation for their participation in this study.

Procedures
The research design framework for the prototype robot
comprised three steps: using an evidence-based literature review
and team meeting to design and develop the robot prototype,
evaluating feasibility through collecting pre- and postassessment
questionnaires, and exploring needs and acceptance through
interviews with the target population, as illustrated in Figure 1.
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Figure 1. The research design framework for the prototype robot used in community-based diabetes care.

Although robotics is an emerging technology, there is a lack of
understanding about the applications of robotics. To gain a
better understanding of user needs, a high-fidelity prototype
can be used to provide users with real-world experience and
stimulate their needs, thus enabling them to provide more

in-depth insights for future development and design [16].
Therefore, the first part of the study was to design and build a
prototype community-based diabetes care robot to facilitate
user experience, as illustrated in the detailed flowchart shown
in Figure 2.

Figure 2. Process showing how to build a prototype community-based diabetes care robot.

The second and third parts were dedicated to testing and
evaluating the prototype robot. In the second part, it took 15‐20
min for the patients with diabetes to interact with the robot.
Before and after the interaction, questionnaires including a
diabetes knowledge test, self-efficacy for diabetes, and
feasibility of use of the robot were administered. In the third
section, semistructured qualitative interviews were conducted
with middle-aged and older adult patients with diabetes and
community pharmacists about their experiences and visions for

using the robots. The detailed methods and results of the pre-
and postassessment questionnaires, including a diabetes
knowledge test, self-efficacy for diabetes, and the feasibility of
using the robot in patients with diabetes, as well as the in-depth
interviews with both pharmacists and patients with diabetes,
were addressed in our previously published study [17]. This
prior study demonstrated that robot interaction significantly
improved patients’ diabetes knowledge and the perceived
feasibility of its use in pharmacies. Both patients and
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pharmacists gave positive feedback, with patients valuing
self-directed learning, comfortable interaction, and vivid
engagement, while pharmacists highlighted real-world
applicability and new service potential. These findings offer
foundational insights that inform the design and objectives of
our current research.

Design and Construction of a Prototype
Community-Based Diabetes Care Robot
As the goal of this research is to develop a prototype for a
community-based diabetes care robot and to gather and

understand the perspectives and needs of patients with diabetes
and community health care providers, the initial team meetings
decided to use an existing robot with foundational functions.
This robot was optimized and gradually modified to develop
interactive features relevant to diabetes care, aiming for
efficiency and smooth user operation. The robot developed in
this study uses Zenbo (ASUS), a smart home product from
ASUS. The appearance and specifications are shown in Figure
3 and Textbox 1, respectively.
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Figure 3. Appearance of the Zenbo robot.
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Textbox 1. Zenbo robot specifications and functions; source: ASUS.

Specifications:

• External dimensions: 37 × 37 × 62 cm (length × width × height)

• Weight: 10 kg

• Operating system: Android

• Display screen: 10.1" LCD screen

• Language skills: Chinese

• Functions: Listening, speaking, seeing, emotional expression, playing music and videos, movement, internet connection, and learning

LCD: liquid crystal display

The concept for the prototype robot is primarily derived from
research and theory, which must align with the needs of the
target population, namely middle-aged and older adult patients
with diabetes. Therefore, this study focused on theories and care
indicators related to diabetes care [18], collected and organized
the design and limitations of technology applications for
middle-aged individuals [19,20], and examined the development
and application of current technology or robots in health care,
as well as the connection between the use of technology and
health in middle-aged people and the mode for delivering health
services [21], to establish the development objectives [22,23].
Three user-centered approaches were used in the design and
construction of a prototype community-based diabetes care
robot: (1) a review of the literature on technology use among
older adults, (2) reference to the seven key diabetes self-care
behaviors by the American Association of Diabetes Educators
(AADE), and (3) meetings with health care providers in the
community. The literature review search strategy of this study
involved collecting studies related to the application of robots
in the elderly population [24-27]. Field investigations and
interviews were conducted at community pharmacies and
diabetes health education centers to determine the design of the
robot. Because patients with diabetes go to community
pharmacies to take their medications, and in addition to
providing pharmaceutical services, community pharmacies can
also offer related information on disease care. Therefore, in
addition to collecting service experiences from the community
pharmacists, the choice of a community pharmacy as the testing
site for the prototype is driven by the fact that these pharmacies

provide a secure, private, and professionally consultative
environment.

The design framework of the community-based diabetes care
robot was devised to collect and compile data in four main areas:
appearance, interface, content, and function. For appearance,
we collected data about the appearance and size of the robot.
For interface, data were collected about the color, text size,
arrangement, and other screen design. For content, the system
was responsible for building the information that needed to be
conveyed, with the user’s needs as the primary consideration.
For function, we collected data about the presentation of the
interactive process and information transfer.

Once the direction of development has been established, a
prototype robot is initially built that can be used in practice.
The development of technology does not only rely on past and
proven experience, but also must be tailored to the needs of real
users. Therefore, the prototypes need to interact with the users
in real life and give them a real experience in accordance with
the proposed development directions. It is only after this that
users can give practical advice.

Results

Using a literature search and practical experience, this study
focused on data collection in four main areas: appearance,
interface, content, and function of robot design. The
development directions and options for prototype robots are
listed in Table 1.
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Table . Development directions and options for prototype robots.

Results and design directionsInterviews and team discussionsLiterature and theory

Appearance ••• It must be confirmed that this
model is not complicated and
is expected to be well-accepted
because it is a non-humanoid
model. However, it may be
seen as a toy because of the
cute non-humanoid appear-
ance. The model does not have
hands and feet to operate and
therefore operates mainly in a
conversational manner. It must
be confirmed that the angle and
height of the interaction mode
(eg, the height of the table or
chair on which the robot can
be placed) can be adjusted.

Size: The prototype robot must
fit into the space of the pharma-
cy.

Type: The humanoid type is
less well accepted. The doll
type, on the other hand, is seen
as a toy for children [22]. Pro-
totype robots should avoid be-
ing too complex or trendy.
However, if the prototype lacks
a humanoid feel, it will not be
favored by senior citizens [23].

• Height: It should be at a height
at which middle-aged to older
adults can sit and see it horizon-
tally.

• Application mode: The focus
of the robot varies between
different appearances. Appear-
ance will affect whether it is
presented in a functional or in-
teractive way [28,29].

Interface ••• The color scheme of the inter-
face is highly contrasting to
avoid confusion over similar
color schemes. The use of blue
and yellow colors is reduced
and the number of buttons on
the interface is 2‐3. The con-
tent is centered, and apart from
the main screen, the content is
mostly presented as a single
theme. The font size ranges
from a minimum of 30sp to a
maximum of 50sp (sp being
the text unit in the Android
system).

The interface should be simple.
A single screen does not need
much emphasis. Text should
be enlarged.

Colors: Blue and yellow are
less recognizable [19]. Yellow
and green combinations, and
red and purple combinations,
are prone to recognition errors
[20].

• Operation: Per the Technology
and Acceptance Model [30],
the interface and operation
must be simple because it is
used by older adults. The font
should be large and clear. The
interface should have a maxi-
mum of four buttons. All other
interfaces have two buttons for
simple selection [31].

Content ••• The content of the system is
based on the seven diabetes
self-care behaviors, with games
and interactive dialogues to
present a variety of health edu-
cation methods. To make the
content more relevant to the
public, common disease symp-
toms and complications of dia-
betes are presented.

Applications addressing vari-
ous everyday challenges and
health education videos on
common diseases in communi-
ty pharmacies.

Seven key diabetes self-care
behaviors by the American
Association of Diabetes Educa-
tors [18]

Function ••• The health education mode is
presented with sound, images,
and video, avoiding a focus on
the use of a single sense. The
functionality of the current
model will be considered and
the information on functionali-
ty available in the literature
will be further researched.

There are games, friendly
greetings, and flexible interac-
tion times.

Operation: Technology and
Acceptance Model [30].

• Health education: Multisensory
perception stimulates learning
[21], with a core health educa-
tion focus each time.

• Technology applications: The
applications of robots in health
management can include dis-
ease management, monitoring
of physiological data, and inter-
active health education
[26,32,33]. The use of technol-
ogy in diabetes health manage-
ment focuses on recording and
reminding, as well as providing
information and entertainment
[34-36].
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Appearance
Although the robot’s appearance was determined based on the
available resources, the chosen model features a cute,
non-humanoid design to better align with the preferences of
older adults and enhance user acceptance. Although the robot’s
height is a limiting factor, placing the robot on elevated surfaces,
such as tables or chairs, can correct height-related issues, making
it easier for users to operate.

Interface
As the interface is critical to the overall smoothness of the robot,
the presentation of the interactive interface must meet the needs
of middle-aged and older adults in terms of the ease of use of
technology products and text reading as much as possible. In
addition, according to the Technology and Acceptance Model
[30], the perceived ease of use should be considered as a whole
and should take into account the user-friendliness of the interface
so that the user can experience the clearest and easiest process.

In the interface development, to make it easiest for older adults
to operate, each screen will display a maximum of two main
options, with options clearly framed to reduce the likelihood of
users being unsure of their choices. Information and selection
buttons will be centrally placed and maximized on the screen
to help users quickly focus on key points. The main screen will
feature simple text and image displays. To avoid causing
difficulties in recognition for older users, the background will
be a single color, and the overall interface will use no more than

two main color tones. The main screen and option areas will
predominantly use a black-on-white color scheme, with high
contrast to make text easier to read.

Content
The main content of the development includes the seven key
diabetes self-care behaviors according to the AADE standards.
The overall main content and functions presented by the
prototype robot are detailed in Table 2 and aligned with the
seven AADE diabetes care indicators.

The main functions of the system are health education resources
and health records. Health education resources are presented
through health education quizzes, pamphlets, and videos. The
health records section includes health values, discomfort, and
nutrition. The concept of this record is to help patients with
diabetes manage their records, including basic physiological
data such as blood pressure, blood glucose, and blood lipids.
The relevant data are entered and the corresponding standard
values are provided. The focus of the “Discomfort” program is
to understand and record the various conditions in the patients
with diabetes and to compare the complications associated with
diabetes with the common problems of the family. By reminding
and advising patients to be more alert to their health conditions,
they can gain a better understanding of their health conditions.
The results are recorded for follow-up. All interactions can be
fed back to the user in the form of paper or communication
software messages.

Table . Functional development and presentation of prototype robots.

Presented at the American Associa-
tion of Diabetes Educators

Theme contentSubthemeTheme

Healthy eating, regular exercise,
blood glucose monitoring, proper
medication use, problem solving,
health adaptation, and risk reduction

Questions focus on the seven major
areas of diabetes care and common
diabetes health problems

Health education testHealth education resources

Healthy eating, regular exercise,
blood glucose monitoring, proper
medication use, problem solving,
health adaptation, and risk reduction

Share and recommend links to help
filter relevant content

Health education leaflet

Healthy eating, regular exercise,
blood glucose monitoring, proper
medication use, problem solving,
health adaptation, and risk reduction

Share and recommend links to help
filter relevant content

Health education videos

Blood glucose monitoringAlert and record blood pressure,
blood glucose and lipids, and pro-
vide standard values

Health valuesHealth records

Problem solving, health adaptations,
and risk reduction

Presented in a lifestyle format to re-
mind patients of complications and
other problems they may encounter
and link them to their disease condi-
tions

Discomfort

Healthy eatingAsk each other about their dietary
status in a simple conversation to
help them develop a balanced diet

Nutrition

Function
To establish the overall function, we should first understand the
current mode of application of technology in disease and health

management, including the application of health technology for
older adults, diabetes management technology tools, and the
application of robots in health management, and consider the
current operation fluency and feasibility of using robots.
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According to the current functional status of the robot, the main
functions are primarily simple question-and-answer interactions
with pictures and images, so the main functions are presented
in a health education manner. A game was used to transfer
knowledge on diabetes-related care content, and a thematic
health education video was shown as feedback to the patients
according to their wrong answers.

The main objective of the development of this prototype robot
is to enable patients with diabetes to experience actual
interaction with the robot and to understand the possible
interaction patterns, in order to understand the experience and
perspective of the user. During the development process, the
prototype robot is adapted to meet the needs of the community
and medical personnel based on the health education needs of
the Diabetes Health Centre and the feasible applications of the
community pharmacy. In view of the time and cost of
development as well as the operation of the technology, the
functions were not expanded extensively and were mainly
presented in the form of a basic framework. After the patient
with diabetes or community health care worker has confirmed
the suitability of the directions and content, the functions will
be expanded and built. To allow each participant to experience
the same features, the most stable and fully developed part (ie,
the health education test, a game with the robot, that focuses
on diabetes-related knowledge) is used as the main axis for
participant interaction. The rest of the developed functions are
presented as introductions and simple demonstrations.

Discussion

Principal Findings
This study demonstrated that an evidence-based health care
robot can be developed through user-centered design, facilitating
the sustainable advancement of technology in the field of
diabetes care. The use of technology in patient management can
be beneficial to patients. However, the applications of
technology that are readily available on the market are not
always effective. While the current technology interventions
are mostly aimed at behavioral change, they are rarely supported
by therapeutic guidelines and theories [35,37], making the
development process too subjective or deviating from reality.
The core elements of technology development must therefore
be user-centered. Thus, based on the technology being developed
and designed for diabetes disease self-management, Goyal et
al proposed four stages of user-centered development [38]. The
first is the so-called development process, which must be
evidence-based and analyze possible barriers and problems and
must be culturally and environmentally appropriate. In the
second stage, the feasibility of the system must be understood.
The third stage involves further evaluation of effectiveness. The
fourth stage requires more long-term monitoring. At the same
time, as the four stages are in a continuous cycle and interact
with each other, it is necessary to revise and review them
repeatedly to build a technology tool that meets the needs of
users [38]. Furthermore, personal health information must also
be protected. While this prototype requires login, ongoing efforts
should be made to enhance and ensure information security.

Comparison With Prior Work
In previous studies of diabetes care robots, the main focus has
been on younger age groups of patients with type 1 diabetes
[32,33,39], and less on middle-aged patients with type 2
diabetes. Even in the case of older adult care, the functional
applications of robots are mainly companionship-based or focus
on social functions for older adults. There should be less
involvement in behavioral change, but this is also an important
part of health messaging. Therefore, this study uses the seven
key diabetes self-care behaviors by the AADE to consider the
basics of healthy eating, regular exercise, blood glucose
monitoring, and proper medication use as core health-enhancing
skills, and to help patients with diabetes better understand their
disease and their health. These seven self-care behaviors are
interlinked with diabetes disease self-management and not only
directly contribute to disease management (eg, reminders and
records), but also enhance the overall quality of care for the
disease by building up the correct concepts of patients with
diabetes. This content is presented as a basic health education
leaflet and a health education video to convey information. The
health education resources are sourced from relevant health
education websites and reference links from major hospitals
and institutes, and can be categorized to help patients quickly
search and link to relevant functions. In terms of the functions,
we should first understand the current mode of application of
technology in disease and health management, including the
application of health technology for older adults, diabetes
management technology tools, and the application of robots in
health management, and consider the current operation fluency
and feasibility of using robots. The robot itself has basic
functions such as playing videos and documents. Based on the
current functionality of the robot, the main focus of further
development is on the simple interaction with pictures and
images. The main function is therefore presented in the form
of health education. To make the health education interaction
more efficient and interesting, a health education game was
used to transfer knowledge about diabetes-related care content,
and at the end of one stage of the game, a health education video
on the relevant topic was selected and shown as feedback based
on the questions that the patient answered incorrectly, to deepen
the patient’s understanding of the concept.

Past studies have also supported the idea that a multimedia
approach to health education can help patients understand the
content of health education [40,41]. The health education model
is more stimulating, as it delivers information to patients in a
variety of ways, such as videos and animations, which in turn
produces better health education results. This is one of the main
advantages of robots for the implementation of health education
[40]. The robot’s rich expressions and gestures, as well as its
voice-to-voice interactions, are an advantage in teaching [41].
The prototype utilized in this study is a nonhumanoid robot.
While humanoid robot interactions are more human-like, their
realistic appearance can often induce fear, leading to lower
acceptance. In contrast, nonhumanoid robots, though cute, might
be perceived more like toys, resembling a game. The advantage
lies in a more engaging interaction, but the downside is that
they may be seen merely as playthings, potentially
overshadowing the educational information they convey.
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In the delivery of health services by robots, there is a need for
a thorough consideration of the technological side, the
professional side, and the patient side. Therefore, in addition to
the professional development in the field of technology, the
initial development should also identify and create a suitable
development direction from the perspective of medical
professionals, and build a prototype robot. Later on, the
prototype robot can be used to enable patients with diabetes to
experience the interaction with the robot, and through this
interaction, to gather more in-depth information on patients’
thoughts and experiences on the application of technology. In
the context of the rapid expansion of technology, it is important
to have more detailed information on the user experience so
that subsequent developers can have a clearer direction, and at
the same time, have the most relevant technological tools for
the core users (ie, older adult patients).

Strengths
The main advantage of the robot developed in this study is that
the prototype was developed using data from professional team
meetings, literature, real-world data, and experience interviews,
as well as the participation of people from the relevant
professional fields. This comprehensive approach ensured the
prototype is robust. In addition, the development of the prototype
robot was not a one-off exercise. The aim was to create a
prototype that would enable actual interaction with patients with
diabetes, not just from the developer’s perspective. Each time
further progress is made, it will be compared and revised with
clinical practitioners to create a more realistic diabetes care
robot that can actually interact with patients with diabetes in
the real world.

Limitations
The literature reviewed in this study primarily comes from
Western countries, which may not fully correspond to the
disease characteristics of East Asian populations. Differences
in illness, age, and cultural backgrounds may affect users’
perspectives. To mitigate this limitation, future studies could
be conducted in Western countries to validate the findings and
evaluate their applicability in different contexts. In addition,
the testing site for this study was a community pharmacy in an
urban area, so it does not provide insights into how elderly
individuals with different lifestyles or from different regions
perceive and use the robot. Consequently, the findings may not
be fully applicable to all health care settings. Future research
could extend to rural community pharmacies or other community
health care settings, including community hospitals, clinics, and
chain pharmacies, to test the application of health care robots.
Moreover, the size and functionality of the robots used in this
study, along with the critical role of the internet in their
operation, may limit their capabilities. For example,
uninterrupted and smooth conversations rely on a stable network
connection. Interruptions or network issues can hinder the
robot’s performance. Efforts were made to ensure a stable
network environment during testing, but future studies should
consider testing in various network conditions to better
understand the impact of connectivity on robot functionality.

Conclusion
The prototype diabetes care robot was developed using data
from the literature, professional team meetings, and practical
interviews, with the aim of creating a more evidence-based
health care robot that can actually give patients with diabetes a
realistic experience for their disease care and enable them to
give clearer and more specific feedback for the subsequent
development and application of technology in disease care.
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Abstract

Background: Cardiovascular risk factors such as hypertension often remain undetected and untreated. This was particularly
problematic during the COVID-19 pandemic when there were fewer in-person medical consultations.

Objective: This study aimed to determine whether health screening using a telemedicine booth would have an impact on people’s
medical care during the COVID-19 pandemic.

Methods: Health screening was run using a telemedicine booth (the consult station) that was placed in three different vaccination
centers in northern France between July 2021 and September 2021. Participants followed a series of instructions to obtain various
measures, including their blood pressure, BMI, and heart rate. If any measures were found to be outside of the normal range,
participants were advised to consult a doctor. After 3 months, the participants with abnormal readings were contacted by telephone
and were asked a series of standardized questions. The primary outcome was the percentage of respondents who reported that
they had consulted a doctor since the health check.

Results: Approximately 6000 people attended the 3 vaccination centers over the study period. Of these, around 2500 used the
consult station. A total of 1333 participants (53.3%) were found to have abnormal readings, which mostly concerned their blood
pressure, heart rate, or BMI. There were 638 participants who responded to the follow-up call, and 234 of these (37%) reported
that they had consulted a doctor since the health check. However, 158 of the 638 respondents (24.8%) reported that they would
have consulted a doctor even without the screening.

Conclusions: We succeeded in screening large numbers of people for cardiovascular risk factors during the COVID-19 pandemic
by using a telemedicine booth. Although relatively few follow-up call respondents reported that they went on to consult a physician,
the screening would nevertheless have raised people’s awareness of their cardiovascular risk factors.

(JMIR Hum Factors 2025;12:e57032)   doi:10.2196/57032

KEYWORDS

cardiovascular disease risk factors; cardiovascular disease; CVD; cardiology; cardiac; cardiologists; health check; hypertension;
HTN; hypertensive; high blood pressure; blood pressure; obesity; screening; health screening; telemedicine; telehealth; virtual
care; virtual health; virtual medicine; COVID-19; SARS-CoV-2; Coronavirus; respiratory; infectious; pulmonary; pandemic

Introduction

Cardiovascular disease (CVD) is the leading cause of death
worldwide [1]. In France, the disease affects around 7.9% of
the population and causes around 140,000 deaths each year,
which is only exceeded by deaths caused by cancer [2,3]. The
health care costs are substantial, representing around 10% of
the country’s health care reimbursements [4]. The burden of
CVD is likely to increase over the coming years due to an aging
population and is thus a major cause for concern [4].

There are several well-known modifiable risk factors for CVD,
including obesity, high blood pressure, and physical inactivity
[5]. The most significant of these is hypertension because it
accounts for the largest number of CVD deaths [5,6]. In France,

this affects around 22% of the population, but over a third are
unaware that they have the condition because there are usually
no symptoms [4,7]. As a result, many people do not benefit
from interventions, such as antihypertensive medication, that
can effectively lower their blood pressure, thus reducing the
risk of CVD [8]. Obesity is another important modifiable risk
factor for CVD, which affects 21.6% of the adult population in
France [4]. Although effective treatment options are available,
such as lifestyle modifications, antiobesity medication, and
bariatric surgery, people with obesity typically believe that it
is their responsibility to lose weight and so often wait many
years before seeking medical help [9-11].

Screening for CVD risk factors is of much importance for public
health, as it enables risk factors such as hypertension to be
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detected and treated, which can prevent CVD. Most screening
takes place during medical consultations with a general
practitioner (GP), where blood pressure and weight are regularly
monitored. However, some people rarely consult a medical
professional. For instance, a study of over 8000 adults in
England found that 22.8% (1846/8086) had not consulted a GP
over the last year [12]. This means that CVD risk factors may
remain undetected and untreated. In addition, the lack of GPs
in certain regions is likely to further limit the number of people
who are screened [13,14].

Various screening programs have been set up over the years to
target people who rarely consult a GP. These programs have
often focused on detecting hypertension, also known as the
“silent killer,” and they have been run in a variety of different
settings [15-17]. Some screening programs have involved health
checks carried out by nurses, pharmacists, or medical students
in settings such as pharmacies, dental surgeries, and community
centers [18]. However, these programs may not always be
feasible, such as during pandemics when strict social distancing
requirements are in place. In addition, they are likely to be
limited by funding and staffing resources. As an alternative
solution, self-screening facilities have been developed, which
have the advantage of lower running costs as well as the
potential to be used during pandemics [19]. For instance, health
kiosks that assess blood pressure and weight are now available
in pharmacies and shopping centers throughout the United
States, including more than 6000 health stations developed by
the company Higi (Chicago, United States). There is evidence
that these have a positive impact. For instance, a study showed
that 27.4% (17/62) of users with hypertension achieved blood
pressure control within 6 to 12 months [20]. These rates could
potentially be improved through patient education and by
referring people on to treatment programs, such as the Kaiser
Permanente treatment protocol [20,21]. However, health kiosks
are not widely available in many countries, including France.
Other possibilities for screening include the use of personal
digital devices, such as smartphones; however, not all people
have these and there are concerns about their accuracy [22].

Recently, a telemedicine booth was developed in France (the
consult station, H4D, Paris) that can run a series of health checks
in the privacy of a stand-alone booth [23]. The tests can be run
by users without any input from a medical professional; there
is also the option of using the device for teleconsultations with
a physician. The booth can be used to assess blood pressure,
BMI, and heart rate, which have all been linked to CVD [5,24].
In addition, other measures can also be obtained that can signal
other health conditions, such as oxygen saturation, where low
levels could point to anemia or pulmonary diseases, and rapid
visual tests, where abnormalities could be a sign of macular
degeneration or epiretinal membrane.

In this study, we assessed the feasibility and interest of using
the consult station telemedicine booth for self-screening during
the COVID-19 pandemic, when there was a particular need for
remote medical services. The booths were placed in several
vaccination centers throughout northern France at a time when
large numbers of people were coming to be vaccinated. Our
primary aim was to determine whether screening using the
telemedicine booth would have an impact on the medical care

of people with CVD risk factors. We also aimed to determine
whether people who were not registered with a GP (11% of
people in France) [13] had more CVD risk factors and whether
they would be more likely to consult a medical professional
following the screening.

Methods

Study Design
This study was a prospective, single-arm, multicenter study.
All participants provided informed consent before taking part
in the study; this concerned all those who had a health check
using the consult station. Participants were also sent an
information sheet by post or email before the follow-up
telephone interview, which included a form to complete and
return if they did not agree to their data being used for the study.

Setting
This study was carried out in 3 different vaccination centers
between July 1, 2021, and July 1, 2022. The centers were all
located in hospitals in northern France.

Participants
Participants were included in the study if they were aged 18
years or older and were affiliated to a social security scheme.
Participants were excluded if they could not follow the
instructions in the consult station or if they were under
guardianship. There was no sample size calculation for this
study.

Screening
During the waiting periods at the vaccination centers (before
or after vaccination, or at any time for accompanying adults),
people were offered a free health check using the consult station,
a telemedicine booth developed by H4D (Paris, France). This
is a class IIa medical device that can measure people’s blood
pressure, heart rate, oxygen saturation, BMI, and vision (acuity
and central visual field using the Amsler grid) in less than 15
minutes. The health check is run by following a series of
instructions on a screen, and it does not require the involvement
of medical staff. However, a nurse was present to interpret the
results, which were provided on a printed sheet of paper, and
participants were advised to see a doctor if there were any
readings outside of the normal range. For the purposes of this
study, the following readings were considered to be outside the

normal range: BMI >30 kg/m2 (obese: 31‐40 kg/m2; severely

obese >40 kg/m2), heart rate >80 beats per minute (bpm) or <50
bpm (high heart rate: 81‐100 bpm; tachycardia: >100bpm),
oxygen saturation <94% (mild: 90‐93%; hypoxia: <90%),
systolic blood pressure <100mmHg or >140mmHg (high:
141‐180mmHg; very high: >180mmHg), and diastolic blood
pressure <70 mmHg or >90 mmHg (high: 91‐100mmHg; very
high: >100mmHg). The Amsler grid results were marked as
abnormal if the participants saw the grid to be distorted (eg,
wavy lines) when focusing on the central dot. We took the
contact details (eg, telephone and email) of the participants who
had screening results outside the normal range, with their
permission. These participants were then contacted 3 months
later to evaluate the impact of the screening.
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Follow-Up
Three months after the health check, the participants were
contacted by telephone and were asked to respond to a series
of questions. These covered their demographic details (sex and
history of smoking), their medical history before the health
check (hypertension, cardiac arrhythmia, pulmonary disease,
diabetes, or sleep apnea; whether they took medication), their
reason for coming to the vaccination center (to be vaccinated,
accompanying someone, or member of staff), whether they were
registered with a GP, and how often they saw a medical
professional. Participants were also asked whether they had
consulted a doctor since the health check, and if so, whether
this was with their GP. They were also asked whether the doctor
had confirmed the cardiovascular risk factors and initiated
regular follow-up appointments to monitor these. They were
also asked whether they would have consulted a doctor without
the health check (yes or no). Additional questions covered
whether they had seen or planned to see a medical specialist,
or whether they had been told that this was not necessary.
Participants were also asked whether they had been to see a
dietician. If they were smokers, they were also asked whether
they had stopped smoking or taken steps to do so. Participants
were also asked whether their health check had been before or
after vaccination (or during vaccination for those accompanying
others).

Outcome Measures
The primary outcome was the percentage of participants with
abnormal screening results who then consulted a doctor (GP or
specialist). The secondary outcome was the percentage of
participants not registered with a GP who then consulted a
doctor (GP or specialist) following abnormal screening results.
An additional secondary outcome was the difference in
cardiovascular risk factors between participants who were

registered with a GP and those who were not registered with a
GP.

Data Analysis
The program R (R Foundation for Statistical Computing) was
used for the statistical analyses. The qualitative variables were
summarized using frequencies and percentages; quantitative
variables were summarized using the means and standard
deviations, or medians, inter-quartile ranges (IQR), and ranges.
Statistical analyses were run according to the type of data (eg,

χ2 or Fisher exact tests for categorical data) using a significance
level of 0.05. We also ran univariate and multivariate analyses
to identify factors that could predict whether the participants
would consult a doctor following screening.

Ethical Considerations
The study was approved by the ELSAN Institutional Review
Board (#2022-03-Dr DECAMBRON-01; approved on March
21, 2022) and is registered on the Health Data Hub (number:
F20220309155706. All participants provided informed consent.

Results

Participants
Approximately 6000 people attended the three vaccination
centers between July 2021 and September 2021 and were given
the opportunity to take part in the study. There were around
2500 people who had a health check using the consult station
(2500/6000; 41.7%). In total, 1333 participants (53.3%;
1333/2500) were found to have readings outside the normal
range and so were advised to consult a doctor (center 1: N=486;
center 2: N=437; center 3: N=410). These participants (N=1333)
all provided their contact details, but 7 withdrew their consent
and only 638 (47.9%) responded to the follow-up telephone call
(center 1: N=253; center 2: N=201; center 3: N=184; see Figure
1).
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Figure 1. Flow chart of the study participants.

Screening Results
Results sheets were available for just 1087 of the participants
who used the consult station (1087/2500; 43.5%; all at center

1 and center 2). These data were analyzed, and it was found that
over a quarter had heart rate, BMI, and blood pressure outside
of the normal range (Table 1). The overlap between these
abnormal readings is shown as a Venn diagram (Figure 2).
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Table . Consult station screening results based on the available results sheets (total: 1087).

Number of readings outside normal range, n/N

(%)a
Statistical valuesVariable

305/1025 (29.8)26 (23‐30) 14‐53Body mass index (kg/m2), median (IQR) range

368/985 (37.4)75 (67-84) 21-132Heart rate (beats per minute), median (IQR)
range

13/986 (1.3)97.5 (1.6) 75‐99Oxygen saturation (%), mean (SD) range

283/1016 (27.9)126 (114‐138) 84‐225Systolic blood pressure (mmHg), median (IQR)
range

416/1016 (40.9)80 (73‐89) 42‐136Diastolic blood pressure (mmHg), median (IQR)
range

105/1016 (10.3)—bAmsler grid (central visual field)

aThe total number of available readings is lower than the actual number of participants who completed each measure. This is because results sheets
were not available for all study participants (eg, none were available from center 3); in addition, certain measures were not obtained for all participants.
b—: not applicable.

Figure 2. Venn diagram showing the overlap between abnormal readings for body mass index, blood pressure, and heart rate. Note that the abnormal
readings for blood pressure include both abnormal diastolic blood pressure and abnormal systolic blood pressure. Participants who had abnormal readings
for both of these were counted once.
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Primary Outcome Measure
Of the 638 participants who responded to the follow-up
telephone call, 234 (36.7%) reported that they had consulted a
doctor (GP or specialist) since the health check (center 1:

70/253, 27.7% participants; center 2: 53/201, 26.4% participants;
center 3: 111/184, 60.3% participants). However, 24.8% of the
participants (158/638) reported that they would have consulted
a doctor anyway even without the health check (Table 2).
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Table . Responses to the follow-up call questions (n=638).

Responses, n/N (%)Question

Sex

394/638 (61.8)    Female

234/638 (36.7)    Male

10/638 (1.6)    Missing

Reason for coming to vaccination center

447/638 (70.1)    Vaccination

189/638 (29.6)    Other reason

2/638 (3.1)    Missing

Smoker

183/638 (28.7)    Yes

455/638 (71.3)    No

Registered with GPa

620/638 (97.2)    Yes

18/638 (2.8)    No

Frequency of GP appointments

212/638 (33.2)    <1 per year

302/638 (47.3)    At least 1 per month

104/638 (16.3)    Around 4 per year

20/638 (3.1)    Missing

Medical history

122/638 (19.1)    Hypertension

59/638 (9.2)    Cardiac arrhythmia

49/638 (7.7)    Pulmonary disease

50/638 (7.8)    Diabetes

42/638 (6.6)    Sleep apnea

Concomitant diseasesb

253/638 (39.7)    Yes

118/638 (18.5)    Cardiovascular system

65/638 (10.2)    Nervous system

56/638 (8.8)    Metabolic disorders

45/638 (7.1)    Respiratory system

129c    Other

GP appointment since health check

178/638 (27.9)    Yes

457/638 (71.6)    No

3/638 (0.5)    Missing

141/178 (79.2)d    Saw own GP

36/178 (20.2)d    Saw another GP

1/178 (0.6)d    Missing

59/178 (33.1)d    GP confirmed cardiovascular risk factors
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Responses, n/N (%)Question

116/178 (65.2)d    GP did not confirm risk factors

3/178 (1.7)d    Missing

56/59 (94.9)e    GP initiated regular follow up

2/59 (3.4)e    GP did not initiate regular follow up

1/59 (1.7)e    Missing

Seen specialist since health check

151/638 (23.7)    Yes

483/638 (75.7)    No

4/638 (0.6)    Missing

Seen dietitian since health check

92/638 (14.4)    Yes

537/638 (84.2)    No

9/638 (1.4)    Missing

Would have seen doctor without health check

158/638 (24.8)    Yes

474/638 (74.3)    No

6/638 (0.9)    Missing

aGP: general practitioner.
bNote that some patients may have had more than one concomitant disease.
cThe percentage is not shown as the number includes participants who are counted more than once because they take more than one drug.
dThe percentage only includes participants who saw a GP.
eThe percentage only includes participants who saw a GP and had the risk factors confirmed.

Chi-square tests were run to identify potential factors that might
predict whether participants consulted a doctor following the
health check. The factors that had a P value above .2 were the
participants’ sex (P=.16), their reason for coming to the
vaccination center (P<.0001), whether they smoked (P=.03),
whether they were registered with a GP (P=.19), and whether
they had a history of certain diseases (hypertension, cardiac
arrhythmia, pulmonary disease, diabetes, and sleep apnea;
P<.0001). A multivariate analysis was then run, which included
these factors. The results showed that the reason for coming to
the vaccination center and a history of certain diseases were
statistically significant at the P<.05 level (P<.001 for both
factors). The pattern of results indicated that participants were
more likely to see a doctor following the health check if they
had come to the center to be vaccinated or if they had a history
of certain diseases.

Secondary Outcome Measures: Differences Between
Participants Registered With a General Practitioner
and Those Not Registered With a General Practitioner
There were 18 participants (18/638; 2.8%) who reported that
they were not registered with a GP. Five of these (27.8%)
consulted a doctor following the health check. Due to the lack
of data, we did not carry out further analyses.

Additional Analyses
Additional analyses were run to determine whether there were
significant differences between the 3 vaccination centers in
terms of the follow-up call results (Table 3). We found that
there was a significant difference between the centers in terms
of the proportion of participants who were registered with a GP
(P=.04). Specifically, fewer were registered with a GP at center
2 (94.5%) than at center 3 (98.4%) and center 1 (98.4%). This
can be attributed to the relative lack of GPs in this region (101
per 100,000 individuals compared with 129 and 159 per 100,000
population for the other 2 regions) [25]. We also found a
significant difference concerning the proportion of participants
who consulted a GP following the health check (P<.001). This
was higher at center 2 (45%) than at the 2 other centers (20.9%
and 19.2%). Similarly, a higher proportion of participants at
center 2 (34.3%) consulted a medical specialist than at the 2
other centers (17.7% and 20.7%; P<.0001). These results
indicate that the screening led more participants at center 2 to
consult a doctor. However, a higher proportion of participants
at this center reported that they would have seen a doctor
anyway (50.3% vs 14.5% and 12.0%; P<.0001). Of note, the
participants at the different centers did not differ significantly
in terms of how often they usually saw a doctor (P=.82).
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Table . Differences between the vaccination centers.

P value (test)Center 3, n/N (%)Center 2, n/N (%)Center 1, n/N (%)Question

.43aSex

122/184 (66.3)120/201 (59.7)152/253 (60.1)    Female

61/184 (33.2)76/201 (37.8)97/253 (38.3)    Male

1/184 (0.5)5/201 (2.5)4/253 (1.6)    Missing

.02aSmoker

40/184 (21.7)56/201 (27.9)87/253 (34.4)    Yes

144/184 (78.3)145/201 (72.1)166/253 (65.6)    No

0/184 (0)0/201 (0)0/253 (0)    Missing

.04cRegistered with GPb

181/184 (98.4)190/201 (94.5)249/253 (98.4)    Yes

3/184 (1.6)11/201 (5.5)4/253 (1.6)    No

0/184 (0)0/201 (0)0/253 (0)    Missing

.82eSee GP

66/181d (36.5)56/188d (29.8)90/249d (36.1)    <1 per year

30/181d (16.6)25/188d (13.3)49/249d (19.7)    ~4 per year

85/181d (47)107/188d (56.9)110/249d (44.2)    1 per month+

0/181d (0)2/188d (1.1)0/249d (0)    Missing

<.0001aSeen GP since health check

35/184 (19.0)90/201 (44.8)53/253 (20.9)    Yes

147/184 (79.9)110/201 (54.7)200/253 (79.1)    No

2/184 (1.1)1/201 (0.5)0/253 (0)    (Missing)

.001a21/35f (60)81/90f (90)39/53f (73.6)    Saw own GP

14/35f (40)9/90f (10)13/53f (24.5)    Saw different GP

0/35f (0)0/90f (0)1/53f (1.9)    (Missing)

<.0001a16/35f (45.7)15/90f (16.7)28/53f (52.8)    GP confirmed cardiovas-
cular risk factors

18/35f (51.4)75/90f (83.3)23/53f (43.4)    GP did not confirm risk
factors

1/35f (2.9)0/90f (0)2/53f (3.8)    (Missing)

.06c16/16g (100)13/15g (86.7)27/28g (96.4)    GP initiated regular fol-
low up

0/16g (0)2/15g (13.3)0/28g (0)    GP did not initiate follow
up

0/16g (0)0/15g (0)1/28g (3.6)    (Missing)

<.0001aSeen specialist since health
check

38/184 (20.7)69/201 (34.3)44/253 (17.4)    Yes

146/184 (79.3)132/201 (65.7)205/253 (81)    No

0/184 (0)0/201 (0)4/253 (1.6)    Missing

<.0001aWould have consulted
physician without health
check
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P value (test)Center 3, n/N (%)Center 2, n/N (%)Center 1, n/N (%)Question

22/184 (12.0)100/201 (49.8)36/253 (14.2)    Yes

162/184 (88)99/201 (49.3)213/253 (84.2)    No

0/184 (0)2/201 (1.0)4/253 (1.6)    Missing

aChi-square test.
bGP: general practitioner.
cFisher exact test.
dThe total only includes participants who were registered with a GP.
eKuskal-Wallis test.
fThe total only includes participants who saw a GP since the health check.
gThe total only includes participants who saw a GP and had the cardiovascular risk factors confirmed.

Discussion

Principal Findings
In this study, large numbers of people were screened for CVD
risk factors during the COVID-19 pandemic using the consult
station telemedicine booth. According to the available results
sheets, over half had readings outside the normal range, which
were mostly for blood pressure (diastolic: 41%; systolic: 28%),
heart rate (37%), and BMI (30%). Even though relatively few
people reported that they consulted a doctor because of their
results (around 12% of the follow-up call respondents), the
screening would nevertheless have raised people’s awareness
of their risk factors and may have led to beneficial lifestyle
changes.

Our study showed that the telemedicine booth was generally
well-accepted by the French public, with around 42% of visitors
to the vaccination centers choosing to use the device. Although
the booth’s enclosed environment may have led to fears of
infection during the pandemic, we found that this did not prevent
almost half of the visitors from using the consult station and
benefiting from the free health check. We speculate that even
more people would use the device at other times when there is
less fear of infection. Indeed, the privacy provided by the booth
is likely to encourage more people to use the device as this could
improve user experience.

This high level of acceptance supports the use of telemedicine
booths for CVD screening not only during pandemics but also
at other times. They could potentially be used to screen large
numbers of people, and they have the advantage of low running
costs. They would be of particular benefit to regions that lack
medical professionals, the so-called “medical deserts” of France,
to improve screening services in these regions [13]; the booths
could also potentially be used to provide teleconsultations with
medical professionals in these regions. The telemedicine booths
should ideally be placed in carefully selected locations to target
groups of people who are known to have a higher risk of CVD,
such as older adults. This has already been done in the United
States, where blood pressure checks have been run in
Black-owned barbershops to target Black American men who
have a high prevalence of hypertension [26].

One of the strengths of our study is that we evaluated the impact
of the screening by examining whether people with abnormal
results went on to consult a physician. This is an important

consideration, as it has been pointed out that people with
hypertension may not always seek medical treatment [27]. In
our study, only around 12% of the respondents reported that
they consulted a doctor because of the screening. This raises
the question as to why this was the case, especially as the
participants had been explicitly advised to see a doctor. One
possibility relates to the fact that the study took place during
the COVID-19 pandemic, and so participants may have avoided
medical consultations when there was a risk of infection as well
as an overwhelmed health system. Another possibility is that
some participants may already have been aware of their
condition and so they may already have consulted a doctor about
it. It is also possible that some participants did not fully
understand the dangers of their abnormal readings or the fact
that effective treatment options are available from their GP; this
consideration is important, as it could potentially be remedied
by providing educational material.

Although relatively few participants with abnormal readings
consulted a doctor, improvements may nevertheless have
occurred. Specifically, it is possible that the participants may
have adopted lifestyle changes to improve their health. For
instance, they may have searched the internet for advice on how
to lose weight or lower their blood pressure. In support of this,
a previous study found that many people with obesity prefer to
find out about weight management from the internet, friends,
and smartphone apps rather than from their health care provider
[28].

Our statistical analyses revealed 2 factors that could predict
whether participants with abnormal readings would consult a
doctor. The first was having a history of certain diseases, such
as diabetes. This could be attributed to the fact that patients with
these diseases often have regular follow-up appointments with
a GP. In addition, they may also be more aware of their need
for medical care. The second factor was coming to the center
to be vaccinated (as opposed to accompanying someone or for
work); this may be because these participants were generally
inclined to seek medical care (eg, vaccination) and so they would
be more likely to consult a doctor following the screening.

One of the aims of our study was to examine differences
between participants who were registered with a GP and those
who were not. In France, it has been reported that a substantial
proportion of the population (11%) does not have a GP [13].
However, we only identified 18 participants (2.8%) who were
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not registered with a GP, and so we did not carry out statistical
analyses. This low number may be because the people who
came to the vaccination centers were generally inclined to seek
medical care, including vaccination, and so would also be more
likely to register with a GP. We noted that most of the
participants who were not registered with a GP were at center
2, which can be attributed to the relative lack of GPs in this
region (101 per 100,000 population for the center 2 as opposed
to 129 and 159 per 100,000 population for the 2 other centers)
[25]. However, this did not appear to affect the postscreening
medical consultations, as the participants at this center were
also more likely to see a physician following the health check.
This latter finding may relate to the fact that over half of the
participants at center 2 reported seeing a GP at least once a
month, unlike at the other 2 centers; these participants may
therefore have been more likely to consult a physician following
the health check simply because they were already frequent
health care users.

The limitations of this study include the lack of a control group
and missing data (no screening results for over half of the
participants). In addition, we were unable to link the follow-up
results to the initial screening data (except for 55 participants).
In addition, it is possible that certain screening measures (eg,
blood pressure) may have been affected by the vaccination (eg,
prevaccination anxiety or postvaccination side effects) [29].
The results might also have been affected by bias in terms of
the study participants, as those who took part were at a
vaccination center and so were presumably inclined to seek
medical care. Finally, we did not assess whether the screening
had an impact on risk factor control over the long term.

In the future, it would be helpful to run further studies to identify
the most effective locations for screening, with the aim of

targeting people who rarely consult a GP. In addition, it would
be helpful to develop educational pamphlets or videos that
explain CVD risk factors and the treatment options that are
available, as this could potentially increase the number of people
who seek medical care. Additional screening measures could
also be introduced to detect other diseases, such as the
ankle-brachial index, which can indicate whether someone has
peripheral artery disease, a prevalent but currently
under-diagnosed condition [30]. It would also be beneficial to
introduce mHealth systems, such as mobile phone-based lifestyle
interventions, for patients who are found to have CVD risk
factors. These has previously been shown to effectively lower
the risk of atherosclerotic CVD and increase peak oxygen
consumption and so could potentially greatly increase the health
benefits following screening [31,32].

As a final note, there are current plans for the consult station to
be used for screening in regions of France where there is a high
prevalence of hypertension and a lack of medical services. Our
medical group has also started sending mobile health buses to
medically underserved towns in the Hauts de France region,
which aim to promote healthy lifestyles and prevent disease
through patient education.

Conclusions
By placing the consult station in vaccination centers during the
COVID-19 pandemic, it was possible to screen large numbers
of people for CVD risk factors. Our results support the use of
telemedicine booths for health screening, particularly in regions
that lack medical professionals. In the future, it would be helpful
to develop educational material to ensure that users understand
the significance of any abnormal results and the treatment
options that are available.
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Abstract

Background: The widespread prevalence of cancer across the globe demands cutting-edge solutions for its treatment. Current
cancer therapies, notably chemotherapy, pose challenges due to their side effects. The early detection and management of the
side effects are vital but complex. This study introduces a mobile health app designed to bridge the communication gaps between
patients with cancer and health care providers. Hence, it allows patients to report symptoms immediately and also enables proactive
symptom management by health care providers.

Objective: This study has 2 objectives: first, to design a cancer-focused mobile health app that integrates educational content
and real-time symptom reporting for chemotherapy patients. Second, to validate and evaluate the app quality using the Mobile
App Rating Scale (MARS). The app seeks to foster health care communication, reduce hospital readmissions, and optimize
symptom management, contributing to a more impactful patient experience.

Methods: This mixed-methods study details the development and validation of mobile health applications. The app was designed
by a multidisciplinary team, including nurses, medical professionals, pharmaceutical chemists, computer engineers, and software
developers, using agile methodologies. For validation, the app was assessed by 13 evaluators, including clinical professionals
(nurses and physicians) and engineers. The evaluation included technical performance analysis using Google tools and quality
assessment using the MARS, which measures engagement, functionality, aesthetics, and information quality.

Results: Performance metrics highlighted areas for improvement, with loading times showing delays in displaying content.
Meanwhile, the response time of the app was moderate, and visual stability remained excellent. The app achieved an overall
MARS score of 3.75 (SD 0.42), indicating consistent quality, with functionality scoring the highest (4.35; SD 0.52) and engagement
the lowest (3.31; SD 0.61). The reliability of the MARS was confirmed (interclass correlation coefficient: 0.84; 95% CI: 0.72‐0.92).
Evaluators unanimously praised the app’s potential benefits for patients and clinical professionals while identifying areas for
improvement such as customization, onboarding guidance, and navigation.

Conclusions: The CONTIGO app showed strengths in functionality, usability, and information quality, supported by robust
security measures. However, areas such as user interactivity and engagement require improvement. Future refinements will
integrate insights from patients with cancer to address user-specific needs and enhance the oncology care experience.

(JMIR Hum Factors 2025;12:e60169)   doi:10.2196/60169
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Introduction

According to the World Health Organization (WHO), cancer is
one of the leading causes of mortality worldwide. In 2020,
approximately 19 million people were diagnosed, and 9.3
million people die each year [1,2]. In the particular context of
Chile, a comparable pattern was noted; in the same year, 54,000
cases of cancer were diagnosed, with 28,000 fatalities attributed
to the disease annually. Additionally, cancer is the leading cause
of disease burden and is responsible for 13% of
disability-adjusted life years (DALYs) [3-6].

Continuing medical advances and the current therapeutic
approach to cancer are multimodal and incorporate various
strategies to maximize treatment efficacy. This comprehensive
approach encompasses modalities such as radiotherapy, surgery,
immunotherapy, and chemotherapy, the latter considered the
gold standard [7-11]. Additionally, the application of an
interdisciplinary approach includes palliative care to reduce
suffering and improve the overall quality of life of patients and
their families. This multidimensional strategy seeks to address
the disease and provide comprehensive support, considering
the patient’s physical, spiritual, and psychosocial dimensions
throughout the disease [12-14].

In this sense, it is essential for health care professionals to
monitor and accompany patients and continues to be a challenge
for health care professionals, requiring collaborative efforts
between clinical staff, patients, and their families. The WHO
promotes ensuring quality in care processes and incorporating
patient-reported outcome measures (PROMs) and
patient-reported experience measures (PREMs) [15] with tools
that allow for the timely identification of these symptoms to
contribute positively to patient well-being and service delivery
by clinical staff [16].

Significant growth in health care technologies may favor this
process. According to projections by the Center for Technology
and Communication, approximately 7.49 billion people
worldwide will be using mobile devices by 2025 [17] and
Android users currently have access to 3.55 million apps [18],
of which 1 million are aimed at influencing people’s health,
fitness, nutrition, and well-being [19].

Mobile applications in health, known as mHealth apps, have
proven helpful and significant benefits for patients and health
care professionals. These apps assist patients in adopting
healthier lifestyles, enhancing self-care, and improving the
quality of services, with a substantial focus on educational
services and sensibilization programs [20-22]. This information
is crucial for promptly notifying health professionals so that
they can make informed decisions and effectively manage
patients’ adverse effects [23-27].

In line with these advancements, Wasserman et al [28]
conducted a study to evaluate the quality and usefulness of 17

digital mHealth applications designed for adults with cancer.
The study focused on assessing apps with tailored digital
features and measured their performance using standardized
tools, including the Mobile App Rating Scale (MARS) and a
checklist of user-desired features derived from the literature.
These features included functionalities such as symptom
tracking, treatment management, and communication tools,
highlighting the potential role of mHealth apps in supporting
comprehensive cancer care and addressing unmet needs in
symptom management and patient engagement.

We developed the CONTIGO app, designed specifically for the
Chilean context and to operate within the UC-Christus network
[29]. Its primary aim is to help patients adopt healthier lifestyles,
improve their self-care, and positively impact their quality of
life and that of their families. In addition, the app aims to
facilitate communication between health care professionals and
patients to reduce hospital readmissions and unnecessary
emergency room visits while optimizing symptom management.

This study presents the results of designing a mHealth
application for patients with cancer that integrates educational
content with the functionality of immediate notification of
unpleasant symptoms associated with chemotherapy
administration to the treating physician and nurse. Additionally,
it shows the results of validation and quality assessment of the
mobile application “CONTIGO” by using the MARS, which
allows mHealth developers to maximize the application’s
benefits to significantly impact the patient [22,30-36].

Methods

Study Type
This study employed a mixed methods approach. This
methodology is presented in two sections: (1) design a mobile
application, and (2) validation and quality assessment.

Ethical Considerations
The research protocol for designing a health mobile application
for patients with cancer was reviewed and approved by the
Scientific Ethics Committee CEC Med-UC (09/2023) ID
230808005. All participants provided informed consent before
submitting their responses. Participation was voluntary, and
participants were informed of their right to withdraw at any
time without consequence. The study did not include any
vulnerable populations and was conducted in accordance with
established ethical standards for human subjects research. Data
were collected anonymously through a Google Form, and no
personally identifiable information was recorded. As a result,
all data are fully anonymized and cannot be linked to individual
participants. Researchers did not have access to responses while
participants completed the evaluation, ensuring both privacy
and impartiality. No financial or material compensation was
offered for participation. Anonymized data may be made
available upon request
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mHealth App Design
To develop “CONTIGO,” a multidisciplinary team consisting
of nurses, pharmaceutical chemists, medics, computer engineers,
and developers was formed. Previous research was considered,
and principles of agile methodologies were adopted, such as
software development, responsiveness to change, an iterative
process with the client, and the assessment of individuals and
interactions in the process. As a result, 5 stages for the
development of the application were established.

Phase 1: Information Analysis
To construct the educational content, we conducted focus groups
involving 1 PhD student in health science, a nurse with a
master’s degree, 3 nurses with oncology experience, and 2
oncologists. These professionals identified a critical gap in
patient education: newly diagnosed oncology patients often
forget or lack access to the educational information provided
during consultations. This application was developed as a
response to this need, ensuring that patients have a reliable and
accessible source of information to revisit at their convenience.
The research team adhered to the recommendations outlined in
the Guide of Elaboration and Application of Focus Groups
(G-DEP-005) [37] and followed an iterative process to obtain
a theoretical framework for each section of the application. The
framework was presented using text, images, and personalized
videos. The application’s initial focus prioritized the needs and
preferences of health care professionals because the tool was
designed to support their educational role with patients. The
requirements were collected through a detailed request form
completed by a trained clinical team member, who classified
them by priority. This approach ensured the application’s
alignment with clinical standards while laying the groundwork
for future integration of patient-specific preferences.

Phase 2: Design
We considered a previously created interface [38], which had
been evaluated in earlier studies using patient focus groups.
Feedback from these studies informed the decision to adopt and
optimize this interface for the current application. Adjustments
were made to the graphical interface, focusing on scenario
optimization and comprehensive software restructuring. These
modifications aimed to ensure an attractive, user-friendly, and
efficient interface for the application’s target users.

Architectural development prioritized asynchronous services
to enhance system flexibility and scalability, ensuring the
application could adapt to future updates and user demands.

Phase 3: Development
In this phase, decisions were made regarding implementation
and coding, scenario adjustment, and software restructuring.

Docker containers were used to simplify deployment and
optimize application management and distribution. Security
measures, such as management through Cloudflare, were
integrated to prevent potential distributed denial-of-service
(DDoS) attacks. Data encryption techniques were also applied
to ensure information security. An open-source,
high-performance PostgreSQL relational database management
system was defined. A backup program was established every
3 hours using incremental backup copies to ensure data integrity
and availability.

Phase 4: Functional Testing
This phase focused on verifying the system’s robustness through
emulation and simulation tests, followed by the implementation
of the application on real devices. The teams were divided into
2 groups: one consisting of engineers and developers and the
other consisting of a clinical team. This division aimed to
enhance mobile device applications’ quality, stability, and user
experience.

Phase 5: Deployment
The engineering team officially delivered the “CONTIGO”
mobile application to proceed with the final validation process
and quality evaluation. Figure 1 presents the final version of
the application and its sections, which include a variety of
features designed to support patients and clinical professionals.

The application allows patients to record chemotherapy-related
symptoms, enabling clinical teams to make data-driven decisions
and manage side effects more effectively. Furthermore, the app
offers features such as patient profile management, appointment
scheduling, and access to educational materials presented
through text, images, and videos.

The educational videos included in the app cover a variety of
topics designed to improve patients’ understanding of their
treatment and care. These topics include laboratory tests,
imaging tests, oncology committee decisions, treatment options,
chemotherapy, radiotherapy, immunotherapy, palliative care,
what is cancer, what is chemotherapy, what is a catheter with
a reservoir, what is a continuous infusion pump, what are side
effects, and what are the warning signs. The videos aim to
provide patients with clear and concise explanations of medical
procedures and key concepts to empower them in managing
their care.

Additionally, the app includes digital questionnaires for
reporting physical and psychological symptoms, as well as
assessing quality of life. To enhance patient-clinician
communication, the app integrates an instant messaging system,
facilitating real-time interaction with the clinical team.
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Figure 1. “CONTIGO” mHealth app Interface: (A) login screen, (B) home screen, (C) patient profile, (D) the journey section, (E) quality of life
questionnaire, (F) PRO-CTCAE toxicity detection questionnaire, (G) symptom reporting module, (H) educational content (text and images), (I)
educational content (videos), and (J) notes section.

Validation and Quality Assessment
In this study, the validation strategy reported in TGUM-GISSIC
groups was applied and adapted to the current Chilean context
in Chile. Technical attributes that determine the quality of an
application, such as performance, graphical interface structure,
usability, robustness, and information security, were identified
[39]. Recommendations followed from the assessment and
accreditation of health-related mobile applications [20]. The
literature search began by identifying a validated questionnaire,
and among the identified instruments, the MARS scale was
selected.

The performance and robustness of the application were
evaluated using Lighthouse [40,41], a widely used, open-source
Google-developed tool for assessing web and mobile app
quality. Lighthouse provides metrics across several categories,
such as performance, accessibility, best practices, and search
engine optimization (SEO), which are essential for
understanding the application’s functionality and user
experience.

Lighthouse simulates a page load in a controlled environment,
emulating device and network conditions to capture performance
data and generate metrics for performance. These insights
highlight areas needing improvement, ultimately helping
developers enhance the user experience.

Its metrics include:

• First contentful paint (FCP): Measures the time it takes for
the first visible content, such as text or images, to appear
on the screen after the page starts loading. It provides an
early indication to users that the page is loading and
responsive, enhancing perceived performance. Optimal
values are under 1.8 seconds, moderate values range
between 1.8 and 3.0 seconds, and values above 3.0 seconds
indicate a need for improvement.

• Largest contentful paint (LCP): Represents the time taken
for the largest visible content, like a banner image or block
of text, to fully render in the viewport. It reflects how
quickly the main content becomes available, which is
critical for user engagement. Optimal values are under 2.5
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seconds, moderate values range between 2.5 and 4.0
seconds, and values above 4.0 seconds require
improvement.

• Speed index: It evaluates how quickly content is visually
displayed during the loading process by calculating the
average time for visible portions of the page to appear. This
metric gives a holistic view of the loading experience,
beyond individual milestones. Optimal values are under
3.4 seconds, moderate values range between 3.4 and 5.8
seconds, and values above 5.8 seconds indicate poor
performance.

• Total blocking time (TBT): Measures the total duration
when long tasks (exceeding 50 ms) block the main thread,
preventing the app or website from responding to user
inputs. This metric directly impacts the perceived
interactivity of the app during its loading phase. A lower
TBT score indicates smoother transitions and better
responsiveness. TBT scores were categorized based on
established benchmarks: scores under 200 milliseconds
were considered optimal, scores between 200 and 600
milliseconds as moderate, and scores above 600
milliseconds as requiring improvement.

• Cumulative layout shift (CLS): Assesses the visual stability
of a page by measuring unexpected layout shifts caused by
late-loading elements like images or ads. A low CLS score
ensures a smooth and stable user experience, avoiding
accidental clicks or frustrating movements of content.
Optimal CLS values are under 0.1, while scores between
0.1 and 0.25 indicate moderate stability. Values above 0.25
reflect significant layout instability, which can negatively
impact user experience.

The MARS scale was adapted and validated in Spanish to
evaluate other attributes of “CONTIGO” critically and
systematically [30-32]. This scale consists of 23 items, offering
a reliable, flexible, multidimensional, Likert-type tool, with
scores ranging from 1 (worst) to 5 (best). It comprises 3 sections.
The first one evaluates unbiased quality, consisting of 4
dimensions (engagement, functionality, aesthetics, and quality
of information). The second one assesses subjective quality,
and the last one evaluates with 6 questions designed the
perceived impact of the application on the users and their
behavior change.

Application Evaluation
For the evaluation process of the “CONTIGO” mobile
application, eligibility criteria were established for potential
evaluators. This aims to ensure that evaluators possess the
necessary expertise to provide meaningful feedback on the
application’s functionalities and effectiveness in supporting
patients. The evaluators were selected from convenience samples
that included nurses with master’s degrees or specialization in
oncology, computer engineers with prior experience in mobile
application development, and professionals working in various
oncology settings who have at least 3 years of practical
experience. The sample included professionals from institutions
directly involved in the app’s development as well as external
institutions. This approach ensured a diversity of perspectives
during the evaluation process.

Evaluators who were directly involved in the development of
the “CONTIGO” mobile application were excluded.

The unit of analysis for this research comprises the responses
collected through the application of the MARS, provided by
clinical oncology experts and computer engineers who evaluated
the quality of the mobile application designed for patients with
cancer.

The guidelines from the CHERRIE Checklist were followed
for the survey application in Google Form [42].

Procedure for MARS Questionnaire Evaluation
Professionals meeting the criteria were invited to participate in
the evaluation. During the evaluation period, which spanned
approximately 1 month, each evaluator had independent access
to the application to explore its features and functionalities at
their convenience.

To ensure consistent understanding of the evaluation criteria,
each evaluator received an initial training session with a
researcher. During this session, researchers explained the
elements of the MARS tool using official explanatory slides
from the tool’s authors. After this, evaluators independently
used the app and completed the MARS rating questionnaire
anonymously through a Google Form in Spanish. Informed
consent was obtained before submission.

To further support the evaluators, researchers were available to
answer questions or clarify doubts during the evaluation period.
However, researchers could not access the responses while
evaluators completed the questionnaire, ensuring the anonymity
and impartiality of the process.

Data Analysis
The free-text comments provided by evaluators were analyzed
using thematic analysis, following Braun and Clarke’s [43]
approach. This method allowed us to systematically identify
recurring patterns and key themes from the qualitative feedback.

To enhance the reliability of the analysis, 2 independent
researchers reviewed the comments and performed an open
coding process. The initial codes were then discussed and
refined through a consensus-based approach to consolidate the
final themes. The analysis focused on 3 main areas: design and
usability, content and features, and user onboarding.

No qualitative analysis software was used; instead, a manual
coding process was conducted to ensure a direct focus on the
key user experience concerns highlighted by the evaluators.

Results

App Development
During the early stages of app development, focus groups with
health care professionals identified a key challenge: newly
diagnosed oncology patients often forget or lack access to the
educational information provided during consultations. This
finding reinforced the need for a digital tool that allows patients
to revisit educational materials at their convenience. As a result,
the app was designed to integrate structured educational content
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through text, images, and videos, ensuring accessibility and
continuous support for patients.

Performance and Robustness
The performance evaluation highlights areas requiring
improvement, with an FCP of 6.3 seconds and an LCP of 8.9
seconds, indicating significant delays in rendering the initial
and largest visible content. The Speed Index (SI) of 9.8 seconds
reflects slow visual load times, impacting the perceived user
experience. Despite these results, the TBT of 224 milliseconds
falls within the moderate range, suggesting acceptable
interactivity during loading. Visual stability, measured by CLS,
scored 0, ensuring a smooth and stable interface (Figure 2).

In addition to these detailed performance metrics, the app was
evaluated more broadly across categories such as Accessibility,

Best Practices, and SEO (Figure 3). Accessibility scored 86,
reflecting good compliance with accessibility standards. Best
Practices achieved a perfect score of 100, indicating full
adherence to technical and security guidelines, while SEO scored
83, highlighting solid SEO with some room for improvement.
Figure 3 provides a general overview of the app’s technical
quality, complementing the specific performance insights
presented in Figure 2.

It is important to note that the data presented in Figures 2 and
3 were obtained using automated testing tools, specifically the
Lighthouse tool (Chrome Web Store). These evaluations were
conducted to simulate realistic usage conditions and assess the
app’s technical performance, including speed, visual stability,
and compliance with industry standards.

Figure 2. Performance (Source: Chrome Web Store. Lighthouse).
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Figure 3. Performance and robustness CONTIGO mobile application.

Security
The security certificate was issued by a trusted entity, “R3.”
This certificate indicates the validity of both server and client
authentication in secure communication. A series of hexadecimal
characters evidence the certificate’s integrity, its fingerprint.
With this certificate, the server identity can be identified when
the user uses the mobile application, thereby thwarting phishing
attempts and guaranteeing those users connect to the correct
server.

Mobile App Rating Scale (MARS)
The MARS, which consists of 3 sections and 4 dimensions, was
used to evaluate other technical aspects of quality, including
content, usability, functionality, operability, accessibility, and
reliability.

In total, 13 experts assessed the CONTIGO app: 6 were clinical
staff, including nurses and doctors, and 7 were informatics
engineers. In terms of educational level, 23.1% held a PhD,

15.4% were specialists, 30.85% had a master’s degree, and
30.8% only had an undergraduate degree. The mean age of the
experts was 41 years, providing a balanced representation of
professionals across different stages of their careers.

The overall quality of the app, evaluated as the mean MARS
score, was 3.75 out of 5 (SD 0.42) (Table 1). Next, we proceeded
to assess each of the 4 dimensions of the MARS. The mean
score for objective quality was 3.82 (SD 0.42), whereas
subjective quality was lower at 3.38 (SD 0.72), with a higher
variation as expected. The objective quality comprises 4
dimensions. Functionality had the highest score at 4.35 (SD
0.52), followed by information at 3.87 (SD 0.45), aesthetics at
3.85 (SD 0.59), and engagement with an average score of 3.31
(SD 0.61). Lastly, the app’s impact on habits of life received a
score of 3.96 (SD 0.55).

To see if engineers and clinicians had different opinions about
the app, we analyzed the statistics for each group individually.
We did not find significant differences in the scores given by
these 2 groups of evaluators (Figure 4).
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Table . Mobile application rating scale of CONTIGO.

IQRSDMean

0.480.423.82Objective quality

0.600.613.31    Engagement

1.000.833.08     Entertainment

1.001.083.46     Interest

1.001.232.85     Customization

0.000.703.23     Interactivity

0.000.473.92     Target group

0.750.524.35    Functionality

0.000.614.69     Performance

1.000.584.23     Ease of use

1.000.924.08     Navigation

1.000.624.38     Gestural design

0.670.593.85    Aesthetics

1.000.893.77     Layout

1.000.703.77     Graphics

0.000.684.00     Visual appeal: How good does
the app look?

0.570.453.87    Information

1.001.273.38     Accuracy of the app description

1.501.233.36     Goals

0.000.474.08     Quality of information

0.000.554.00     Quantity of information

1.000.734.08     Visual information

2.000.834.08     Credibility

0.000.004.00     Evidence base

1.000.723.38Subjective quality

2.001.173.85Would you recommend this app?

1.000.753.54How many times do you think you
would use this app?

2.001.212.38Would you pay for this app?

1.000.803.77What is your overall star rating of
the app?

0.330.553.96Habits of life

1.000.774.15Awareness

1.000.744.38Knowledge

1.000.723.69Attitudes

0.000.833.92Intention to change

0.000.703.77Seek of help

0.000.533.85Behavior change
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Figure 4. Boxplot comparing clinicians versus engineers.

Consequently, with the above, the MARS demonstrated good
reliability among evaluators with an interclass correlation
coefficient (0.84; 95% CI 0.72‐0.92)). The total score
demonstrated high internal consistency (Cronbach α=.86).
Although the MARS has been previously validated, reporting
these metrics ensures that the evaluators in this study
demonstrated consistent scoring. The Pearson correlation
revealed a moderate but significant correlation between the
MARS star rating item (#23), r(13)=0.657, P<.01.

Upon completing each questionnaire, experts were allowed to
voluntarily provide comments about the app. Unanimously,
they agreed that the application’s design would be highly
beneficial for both patients and clinical professionals,
particularly in aiding in the early detection of symptoms.

The free-text comments were formally recorded and analyzed
using thematic analysis to identify key areas for improvement.
A total of 12 comments were collected, and 3 main themes
emerged:

• Design and usability: Suggestions included enhancing font
readability, improving navigation, and ensuring consistency
in icon usage across different sections. For instance, one
evaluator noted: "The font size is too small in some sections,
making it difficult to read. Consistent font sizes for text
would improve usability.”

• Content and features: Evaluators recommended adding
more detailed symptom tracking options and tailoring
educational content to different user needs. A clinical
evaluator suggested: “The app could include fields for
tracking specific chemotherapy cycles and whether the
treatment is curative or palliative.”

• User onboarding: Some participants highlighted the need
for better guidance for first-time users, such as an
introductory tutorial. One comment stated: “Adding a quick
tutorial for new users would help them navigate the app
more effectively.”

Discussion

Principal Findings and Comparison With Previous
Works
This article describes the development and initial evaluation of
a mobile application designed to support oncology patients
undergoing chemotherapy and assesses its quality. The findings
emphasize the importance of interdisciplinary collaboration and
iterative design processes in health care app development. These
processes ensure that the app’s content is robust, its usability
is optimized, and it aligns with clinical and educational standards
[37].

Therefore, the results provide a detailed insight into the
performance and overall quality of the application. While the
app demonstrated strengths in areas such as accessibility (86)
and adherence to best practices (100), it also highlighted areas
for improvement in performance metrics, including FCP (6.3
s) and LCP (8.9 s), which exceeded optimal thresholds. The
TBT scored within the moderate range (224 ms), reflecting
acceptable interactivity, and the CLS scored 0, ensuring
excellent visual stability. Overall, the application adheres to
crucial quality standards [20,39,40] but underscores the need
for further optimizations to enhance perceived user performance
and loading times. These findings emphasize the importance of
iterative testing and refinement during app development.
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One important usage of MARS is to evaluate which areas of
the app require more work to provide the final user with a better
experience. In that line, we reviewed the score of each item and
looked for the reasons behind that score, taking into account
comments given about the app.

Of the app’s 4 subjective dimensions, engagement received the
lowest overall score, indicating significant room for
improvement. This was largely due to limited customizability
(2.85), as the app lacks options for important capabilities such
as color and font size customization, which are particularly
useful for users with reduced vision or color blindness, as well
as direct access to functionality through favorite shortcuts.

Additionally, the entertainment subdimension scored 3.08,
reflecting the app’s reliance on informative videos as its main
source of entertainment and the absence of gamification
elements or other engaging digital features. However, the
interest subdimension scored slightly higher at 3.46, suggesting
that the app maintained a moderate level of engagement among
evaluators despite these shortcomings. Concerning the
functionality, the app showed the highest score. Evaluators
appreciated its good performance (4.69), gestural design (4.38),
ease of use (4.23), and ease of navigation (4.08). The aesthetics
of the app (3.85) were evaluated moderately high; some users
noticed that there were some inconsistencies in the layout,
graphics, and fonts.

The app performed well in the Information dimension (3.87),
especially in items such as the quality of information (4.08),
visual information (4.08), credibility (4.08), quantity of
information (4.00), and evidence base (4.00). Its performance
in terms of the accuracy of the app description (3.38) and its
goals (3.36), on the other hand, was much lower. The app was
not available on the app store; the description provided in the
Google form questionnaire given to the evaluators was taken
into account for the assessment. While some users were highly
positive, stating they would recommend the app to everyone
and rating it as one of the best they have used, others were more
reserved or critical.

The subjective quality of the application varied among users
based on their recommendations. Even though the app received
a good score in terms of how likely evaluators would
recommend the app (3.38), at the same time it received a much
lower score in terms of how likely evaluators would pay for the
app (2.38).

The results also showed that the evaluators consider that app
would likely have a good impact on the habits of life (3.96).
The evaluators provide a critical foundation for understanding
the app’s strengths and areas for improvement [20,30,31]. This
study highlights the value of involving health care professionals
in the early stages of app evaluation, as their expertise ensures
alignment with clinical standards and educational goals.
Additionally, it is crucial to involve patients to capture the
unique needs and preferences of the app’s end-users.

To address this limitation, 2 ongoing clinical trials will directly
involve patients with cancer [44,45]. These trials will evaluate
the app using the uMARS tool, which focuses on
patient-centered aspects such as usability, engagement, and

impact on quality of life. By integrating patient feedback, these
trials aim to refine the app further, ensuring it meets the specific
needs of its target population.

Despite this limitation, the study contributes to the field of health
apps by demonstrating the importance of phased evaluation
approaches. These ensure that health apps are rigorously tested
for technical and clinical standards before involving end-users,
creating a strong foundation for iterative improvement.

Conclusions
This study provides an initial evaluation of the CONTIGO app,
a tool designed to support oncology patients undergoing
chemotherapy by addressing key aspects of symptom tracking,
education, and patient-clinician communication.

The findings demonstrate that the app meets critical standards
for functionality, usability, and information quality, supported
by robust security measures and exceptional visual stability.
However, performance evaluations revealed areas requiring
improvement, particularly in loading times and user interactivity,
emphasizing the need for further technical optimizations to
enhance the user experience.

The evaluation also highlighted opportunities to improve user
engagement and aesthetic consistency through features like
gamification and personalization, which could significantly
enhance the app’s adoption and impact.

A significant limitation of this study was the lack of patient
involvement in the evaluation phase. This decision prioritized
input from health care professionals to ensure alignment with
clinical and educational standards. Ongoing clinical trials
involving patients with cancer are addressing this limitation by
capturing patient-specific feedback on usability and impact
using the uMARS tool.

This study contributes to the growing field of mHealth by
underscoring the importance of phased evaluations that integrate
iterative testing and stakeholder feedback. Future work will
focus on refining the app based on patient insights, ensuring it
effectively meets its target population’s needs and improves the
oncology care experience.

Limitations and Future Directions
The primary limitation of this study was the exclusion of patients
with cancer during the initial evaluation phase. This decision
was based on the need to ensure the app met clinical and
educational standards before involving end-users. Health care
professionals were selected as evaluators due to their expertise
in oncology care and their ability to provide detailed feedback
on the app’s content and usability.

Efforts were made to recruit patients for this phase through
oncology clinics and patient support groups. However,
challenges such as scheduling conflicts, the burden of ongoing
treatments, and limited interest in participating in a non-clinical
evaluation restricted patient involvement. Additionally, it was
not possible to recruit patients who were not already
participating in other clinical trials, as this could have introduced
confounding variables to this study.

JMIR Hum Factors 2025 | vol. 12 | e60169 | p.3136https://humanfactors.jmir.org/2025/1/e60169
(page number not for citation purposes)

Muñoz Olivar et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


To address this limitation, 2 clinical trials are currently
underway, incorporating the uMARS tool to assess the app’s
usability and quality from the patient perspective. These trials
will provide a comprehensive understanding of the app’s impact
and inform future refinements.

By prioritizing health care professionals in the early phases, we
ensured a solid foundation for the application’s content and
usability, which will now be validated and refined based on
direct input from patients.
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Abstract

Background: Treatment-resistant schizophrenia (TRS) is a severe form of schizophrenia associated with low adherence to
treatment and poor outcomes. Mobile health (mHealth) interventions may be effective in preventing relapses, increasing treatment
adherence, and managing some of the symptoms of schizophrenia. Mobile therapeutic attention for treatment-resistant schizophrenia
(m-RESIST) is an innovative mHealth developed specifically for TRS.

Objective: We aim to evaluate the effects of m-RESIST on the clinical and functional outcomes and on the perceived quality
of life in people with TRS.

Methods: A feasibility study without a control group was performed to test the m-RESIST solution on patients with TRS.
Participants were recruited from Spain, Israel, and Hungary. This study’s population (N=31) followed 3 months of intervention.
The m-RESIST was configured by an app, a wearable, and a web-based platform. The severity of symptoms was evaluated by
using the Positive and Negative Syndrome Scale (PANSS) and the Clinical Global Impression-Schizophrenia (CGI-SCH) scale.
Functionality was assessed by the Global Assessment of Functioning and perceived quality of life was evaluated by the EuroQol
visual analogue scale (EQ-VAS).
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Results: Significant reductions were found in symptoms from pretrial to posttrial on the PANSS total (mean difference −7.2,
95% CI −11.1 to −3.4; P=.001), the PANSS positive (mean difference −1.36, 95% CI −2.6 to −0.1; P=.04), the PANSS negative
(mean difference −2.1, 95% CI −3.1 to −1.1; P<.001), and the PANSS general symptoms (mean difference −3.8, 95% CI −6.8
to −0.8; P=.02). In almost one-fifth of the participants (6/31), the overall score for the PANSS decreased by more than 20%,
which may be considered a clinically significant change. On the CGI-SCH scale, the sum of total severity of illness decreased
significantly (P=.03). A decrease in the sum of positive and negative symptoms of the CGI-SCH score was also found (P=.04
and P=.03, respectively). The sum of depressive or cognitive symptoms did not change. The functionality of participants increased
significantly on the Global Assessment of Functioning (P≤.001). The perceived quality of life on the EQ-VAS also improved
(mean difference 6.7, 95% CI 0.5 to 12.9; P=.04).

Conclusions: To our best knowledge, this was the first study to address the efficacy of the mHealth app m-RESIST on the
symptoms and functional capacity and on the quality of life for people with TRS. Our preliminary findings showed that
implementing the m-RESIST solution decreased the symptoms and severity of disease, and improved the functionality and
perceived quality of life among those with TRS. The change of symptoms on the PANSS total may be clinically significant.
Modern technologies such as mHealth interventions may be useful in treating symptoms and functionality even in TRS, which
is a major clinical challenge, with usually poor outcomes. These results should be corroborated by performing a controlled trial.

Trial Registration: ClinicalTrials.gov NCT03064776; https://clinicaltrials.gov/study/NCT03064776

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2017-021346

(JMIR Hum Factors 2025;12:e67659)   doi:10.2196/67659
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digital health; mHealth; m-RESIST; application; treatment-resistant schizophrenia; psychosis; feasibility study; mobile phone;
mobile health; mobile therapeutic attention for treatment-resistant schizophrenia

Introduction

Background
Schizophrenia is a severe mental disorder and has a prevalence
of 1% of the population worldwide [1]. A meta-analysis showed
that only 13.5% of the patients were in recovery, which included
clinical remission and good social functioning outcome [2].
Despite the common use of antipsychotic drugs, 30%‐50% of
patients with schizophrenia still obtained a low benefit from
conventional treatments [3,4]. This inadequate response to
pharmacological treatment is known as treatment-resistant
schizophrenia (TRS). TRS implicates an important burden at
three levels, as follows: (1) clinical (negative attitude to
medication, drug abuse, and nutritional or physical health
problems); (2) economic (hospitalizations and polytherapy);
and (3) humanistic (depression and social isolation) [5]. As a
result, dealing with TRS involves a high emotional burden for
patients and their caregivers, affecting their quality of life. The
current health care and social support systems are unable to
provide adequate and effective solutions to these patients.

Results from earlier studies on psychosis [6-8] supported that
information and communication technology (ICT) tools in the
treatment of patients with TRS would be useful. Smartphone
ownership among people with schizophrenia is also relatively
high and increasing [9-11]. Patients seemed capable of using
mobile phones to monitor their symptoms, participate in
therapeutic interventions, and increase physical exercise [12].
Previous feasibility studies have shown that interventions based
on mobile health (mHealth) could promote the empowerment
of patients with schizophrenia [9,13]. Some mHealth
interventions may also be effective for increasing treatment
adherence and decreasing relapses [13,14].

Several digital solutions also specifically for schizophrenia exist
[15,16]. Apps such as FOCUS [6,17-19], SMARTapp [20],
MACS [21], weCope [22], My Journey 3 [23,24], and
App4Independence [25] offer disease management strategies
in general. Others are more focused on symptom monitoring,
namely Crosscheck [26], Actissist [27], ClinTouch [28],
ExPRESS [29], Ginger.io [30], ReMindCare [31], and
MindFrame [32]. Other mobile apps are supported in cognitive
behavioral therapy (SlowMo) [33]; TechCareApp [34];
movisensXS [35]; PRIME [36], or work as an agenda (MONEO)
[37], or target specific domains such as social skills (MASS)
[38], sleep (ExpiWell) [39], medication adherence (MedActive)
[40], or delivers positive psychology content (+ Connect) [41].
Digitally delivered psychological therapies, the use of social
media, virtual reality, and chatbots are also digital solutions that
may have a role in the treatment of those with schizophrenia
[42,43]. Digital phenotyping and machine learning, virtual
reality interventions, and language models, with ChatGPT, as
a well-known example, have developed in recent years [42,43].

A systematic review and meta-analysis by Vitger et al [44]
examined digital shared decision-making interventions in mental
health care, analyzing 16 randomized controlled trials (RCTs),
of which only 3 evaluated apps. The findings suggest that digital
shared decision-making tools may positively impact patient
activation, decisional conflict, working alliance, and symptom
severity. Specific digital interventions include a tablet app for
patients with schizophrenia, designed to assess and record
satisfaction with life and treatment domains, facilitating
discussions between patients and nurses [45]. Another tablet
app addresses concerns raised by patients with psychosis,
providing methods for clinicians and patients to collaboratively
explore and manage issues [46]. Additionally, the smartphone
app “Power Up” aims to promote patient activation among
children and adolescents facing mental health challenges [47].
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Patient-reported outcomes collect data directly from patients.
These data are used in clinical practice, helping
decision-making. A systematic mapping review analyzed the
characteristics and outcomes of mHealth interventions in
psychosis based on 29 publications reporting on 23 studies [48].
Objective measures included data passively obtained from phone
usage or embedded sensors. Subjective measurement instruments
include either observer-rated or self-report questionnaires that
can be written or administered digitally, whether regarding their
health status or experience using the mHealth intervention [48].
Outcomes were grouped into 8 categories, namely severity of
psychosis-related symptoms, functioning, well-being, medication
adherence, adverse events, user experience, technical, and all
other outcomes reported [48].

Real-time and in-context patient-generated symptom data,
obtained through remote-monitoring platform technology, have
the potential to timely warn clinicians about the need for
intervention, improve treatment decisions by providing a clearer
picture of changing patterns of symptoms, and support
scheduling of health care contacts based on need [42].

Systematic comparison of apps with other digital interventions
may help us to better understand their roles in mental health
care. The main use of smartphone data (active and passive) is
tracking mood and lifestyle in people with major depression,
bipolar disorder, and psychosis. They also have future potential
in machine learning toward individualized risk prediction and
delivery of targeted “just in time” intervention. Key issues are
a lack of validation across studies and establishing trust around
data usage. Priority actions include data standards for
interoperability and validation, and industry-academic
partnerships around access [42].

Digitally delivered psychological therapies are used in the
self-management of symptoms of depression and anxiety. They
have the potential for precision interventions and preventive
treatments. Lack of engagement, saturated consumer
marketplace, and claims outpacing clinical evidence are major
issues. Establishing an evidence base for use in people with
diagnosed mental disorders is warranted [42].

Population level monitoring of mood and anxiety is possible
with the help of social media. The future potential of social
media lies on its potential for real time monitoring of mental
health state and for access to peer support. Key issues are
sampling bias, access to data from social media companies, and
also privacy. Priority actions are industry-academic partnerships
and privacy standards [42].

The main use of virtual reality is exposure therapies, and it may
have higher engagement and potentially higher efficacy than
apps. Increased accessibility, low-cost headsets, and expanded
clinical targets are important [42]. Chatbots have future potential
to increase access to care but they have limited range of
appropriate response. Establishing evidence base for use in
people with diagnosed mental disorders is needed [42].

The 5 principles of the Collaborative Care Model are
evidence-based care, measurement-based treatment to target,
population health management, accountable care, and
team-based care [49]. Practices with integrated mental health

clinicians can maximize the impact of digital mental health tools
by integrating digital information and interventions into the
course of clinical care. This allows for the practice of hybrid
care, a combination of synchronous and asynchronous health
care, which can enable increased access to care. Hybrid care
can address the known challenge of low retention in digital
health tools, given that a digital navigator or clinician can
promote engagement, guide the patient to relevant content, and,
depending on the tool, use data from the patient’s use in further
guiding face-to-face care [49].

The findings from the pilot study suggest that smartphone apps
may become a useful tool for psychiatric rehabilitation,
addressing both psychiatric and co-occurring medical problems.
Individualizing functions to each patient and facilitating
connection with a certified peer specialist may be an important
feature of useful apps [50].

Apps can be successfully integrated into real-world care [43].
These models of care involve both synchronous (eg, a therapy
visit) and asynchronous telehealth (ie, app use between visits)
and can provide therapeutic synergy between in-person and
remote care [51]. The ReMindCare app for early psychosis has
been integrated into clinics since 2018, and implementation
models for integrating apps in youth services for schizophrenia,
and coordinated specialty, have already been developed
[31,52-54]. While the actual dissemination of these models is
impossible to ascertain, they can already support the use of apps
to improve vocational training, educational opportunities,
medication adherence, cognitive training, symptom tracking,
psychoeducation, and more. Apps for schizophrenia have also
led to the development of human support roles as part of mental
health services to facilitate their implementation in clinical
practice, such as the FOCUS mHealth support specialist [55]
and the mindLAMP digital navigator [53].

A renewed focus on privacy and data protection is essential for
the success of mental health apps, as users must trust these apps
for widespread adoption. Many health-related apps collect
sensitive data, including demographic, medical, and lifestyle
information, sometimes even unrelated to the app’s intended
purpose [42,43,56,57]. Despite the importance of privacy, a
significant portion of mental health apps (31%‐49%) lack a
privacy policy, and collected data can be shared with third
parties or used for advertising [42,43,56,57]. Vulnerable
populations, such as individuals with schizophrenia, require
additional research protections to ensure their privacy and
security [43].

A cross-cultural psychological assessment focuses on
understanding how a client’s cultural background influences
their behavior, emotional state, and psychological needs. A
recent review of 2248 studies found that only 57 specifically
targeted migrants, refugees, or cultural minorities [58]. Of these,
half used digital health technologies developed for the general
population without cultural adaptations, while the other half
tailored the interventions to meet the specific needs of these
populations [58]. However, only a small number of studies
involved a high level of participation from these groups in the
development and testing of the digital tools [58].
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Despite rapid progress, there is room for improvement.
Presently, there are fewer than 10 apps whose design was
specifically tailored to people with schizophrenia and that are
accessible for immediate public download on the Apple or
Android (Open Handset Alliance [led by Google]) marketplaces.
Moreover, many of these 10 apps appear neglected by
developers after their launch, with an average time since the
last update of 1121 days [43,59]. The number of studies on the
efficacy of mHealth apps on the symptoms and functional
capacity, and on the quality of life in schizophrenia and related
psychotic disorders is limited according to recent systematic
reviews [15,56,60,61].

The systematic review by Miralles et al [56] found 3 studies
evaluating efficacy of mHealth solutions in schizophrenia
spectrum and in other psychotic disorders. Two of the three
papers found decrease in symptoms measured by the Positive
and Negative Syndrome Scale (PANSS) [6,27]. The third one
reported no significant change in the symptoms on the PANSS,
or no positive changes in functioning and in quality of life [36].
.

Additionally, a cross-sectional study on WeChat use and
endorsement of WeChat-based mHealth among people living
with schizophrenia (N=400) in China was carried out. Compared
to nonusers, WeChat use was associated with improved health
outcomes, including lower psychiatric symptoms, lower
depression, higher functioning, better recovery, and higher
quality of life [62].

A recent study of patients with a diagnosis of schizophrenia,
randomized to receive either SlowMo, a blended digital therapy
targeting reasoning, or usual care, found no significant
difference between groups on the primary outcomes related to
paranoia at 24 weeks (the primary end‐point) [33].

The Mobile Therapeutic Attention for
Treatment-Resistant Schizophrenia Project
The project of mobile therapeutic attention for
treatment-resistant schizophrenia (m-RESIST), funded by the
Horizon 2020 Programme of the European Union, designed and
developed a mobile therapeutic attention for TRS. This digital
solution consisted of a new and innovative mHealth solution
based on novel technology and offering highly modular and
flexible functioning. This solution was developed specifically
for patients with TRS and their caregivers based on their needs
[63-65].

The positive acceptance of the m-RESIST solution was related
to its usefulness in meeting user needs, its capacity to empower
them, and its possibility of maintaining human contact [63].

The only mHealth study performed in those with TRS indicated
that the m-RESIST solution is feasible and is an acceptable,
satisfactory, and potentially useful tool for a population with
TRS [65].

Aims
In this study, our aim was to evaluate the effects of the
m-RESIST solution on the clinical and functional outcomes and
the perceived quality of life for those with TRS. To our best

knowledge, there are no previous studies which have addressed
these issues.

Methods

Study Design and Setting
This was a prospective, 3-month long, multicenter follow-up
study without a control group that was carried out with patients
with a diagnosis of TRS between March and November 2017.
Blinding was not considered due to the absence of a comparator
group. No sample size calculation was done.

In this study, the intervention involved patients and their
caregivers, and the main actors involved in the deployment of
the m-RESIST solution were psychiatrists, psychologists, and
case managers. The key aim of the m-RESIST solution was to
engage patients with TRS, together with their caregivers, in
therapeutic processes, and empower them to enable their
self-management.

Participants were recruited from 3 clinical sites: Sant Pau
Hospital, Semmelweis University, Sheba Medical Center, and
Gertner Institute of Epidemiology and Health Policy Research.
These sites provided full-spectrum mental health services to
adult people from their catchment area and have extensive
experience in participating in large-scale clinical trials in patients
with schizophrenia.

Patients underwent a 3-month long modular intervention
designed for patients with TRS. The intervention was based on
the recognition of early warning signs of psychosis to improve
positive symptoms, treatment adherence, and a healthy lifestyle.

The m-RESIST Solution
The intervention was supported by 3 mHealth tools: a wearable
(smartwatch), a mobile app, and a web-based platform, which
are presented in the figure of the protocol article. Data for usage
was captured automatically by the m-RESIST software [64].

The functionality of the smartphone was based on the m-RESIST
app. Through this app, patients had access to educational content
about TRS condition and related issues; could track their early
warning signs symptoms and biological variables (eg, sleep and
steps counter); could ask for help with questionnaires or the
“alarm button”; receive and practice helpful CBT-based coping
strategies and exchange messages with their caregiver or health
care provider [64].

The wearable was a smartwatch that collected data from patients
and sent it wirelessly to the smartphone. Sensor data was
recorded through automatic passive upload. The variables
collected were the level of activity, heart rate, sleeping pattern,
and steps counter [64].

The web-based platform was the tool that the health care
providers (case manager, psychiatrist, and psychologist) used
to collect assessment data, to monitor patients’ state and review
data collected by sensors, to communicate by texting with
patients, caregivers, and other professionals, and to consult
recommendations (based on guidelines and experts’ opinion)
[64]. Mental health care professionals helped patients with TRS
in using the intervention [64]. The m-RESIST intervention was
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provided in 5 languages: Spanish, Catalan, Hungarian, Hebrew,
and English.

The trial was registered in Clinical Trials (NCT03064776), and
the study protocol was published earlier [64].

Staff or Participant Training Protocols
Three user guides were prepared to ensure that all m-RESIST
users (patients, caregivers, and clinicians) will be able to
understand and follow the instructions of the devices or system
used in home or health care facilities. The dashboard user guide
explained quickly and simply the applications and functionalities
that clinicians can perform when logging in. The mobile
application installation guide was addressed to clinicians in case
they need to install the m-RESIST solution in patients’ devices.
This guide details the steps to download the m-RESIST
application and install it on the smartphone and the smartwatch.
The mobile application user guide was addressed to patients,
caregivers, and clinicians and described the functionalities of
the m-RESIST app working together with the smartwatch, once
the app was installed on the Android smartphone provided. This
user guide also specifies briefly the operations and the use of
the smartwatch given to the patient at the beginning of this
study. Finally, a short instruction sheet was designed. This sheet
contained the main steps to charge smartphone and smartwatch
devices and the main considerations to take into account to
ensure devices were connected and worked properly.

In case of the PANSS, raters at each site had to perform a
training to ensure liability between sites.

Language Adaptation Process
To ensure the language adaptation process, the clinical research
team from each site was responsible for adapting the m-RESIST
solution from English to Spanish, Catalan, Hungarian, and
Hebrew.

Technical Support Procedures
To solve and improve the issues of the m-RESIST solution
during the pilots, incidences were collected by the clinicians
and communicated by email to the technical team. Thus, they
could fix them.

Ethical Considerations
This study protocol received approval from the ethics
committees of the 3 participating institutions: Hospital Santa
Creu i Sant Committee (IIBSP-RES-2016‐51), Egészségügyi
Tudományos Tanács Tukeb, Semmelweis Ethical Committee
(54920-4/2016/EKU), and Sheba Medical Center Ethical
Committee (3472‐16 SMC). Participants were fully informed
of the purpose and procedures of this study, and signed informed
consent forms were obtained before any study-related activities
were performed. The database generated by this study did not
contain any identification of the participants but kept only a
numerical code in a separate list; thus, the patients’ identities
were protected. The information collected in this study was
always treated as grouped data and never as individual or
personal data, thereby maintaining anonymity and
confidentiality. No compensation was provided to the
participants.

Study Participants
Patients with TRS were recruited for this study. The eligibility
criteria were (1) patients aged 18‐45 years with a diagnosis
of schizophrenia according to Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition criteria; (2) duration of
disease less than 15 years to meet the criteria for TRS [66,67];
(3) familiarity with ICT tools; and (4) physical capability to use
them; and presence of a caregiver. Exclusion criteria were (1)
remission according to the Remission of Schizophrenia Working
Group [68]; (2) presence of delusions mainly related to their
therapists or with new technologies; (3) presence of vision,
hearing, or motor impairment, interfering with operating a
smartphone; (4) presence of a caregiver or informal carer who
is not used to ICT tools or has physical incapability to use them;
and (5) presence of intellectual developmental disability. The
caregivers were also recruited as part of the m-RESIST project.

A total of 81 patients with TRS, with their caregivers, were
selected for invitation to participate by researchers. Almost half
of them (n=39) were willing to enroll, and nearly 80% (n=31)
of those started this study and followed the whole 3 months of
intervention. The dropout rate was 18% (n=8).

Measures in This Study
All the outcomes of this study’s protocol are shown in Table 1.
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Table . Schedule of study protocol periods and assessments.

Follow-upInterventionPreinterven-
tion

Recruitment

V7V6V5V4V3V2V1V0Activity or
assessment

✓Eligibility
screen

✓Informed
consent

✓Delivery and
training of
devices

✓Sociodemo-
graphic data

✓Clinical
characteris-
tics

✓Relapse sig-
nature and
treatment
plan

✓Willingness
to enroll

✓✓PANSSa

✓✓✓✓✓✓✓✓CGI-SCHb

✓✓GAFc

✓✓EQ-VASd

aPANSS: Positive and Negative Syndrome Scale.
bCGI-SCH: Clinical Global Impression Schizophrenia.
cGAF: Global Assessment of Functioning.
dEQ-VAS: EuroQol visual analogue scale.

In this study, the severity of symptoms was assessed using the
PANSS and the Clinical Global Impression-Schizophrenia
(CGI-SCH) scale [69,70].

• The PANSS was used to assess positive and negative
symptoms of schizophrenia. This scale consists of 30 items
rated from 1 to 7 according to increasing levels of
psychopathology, where: 1=absent, 7=extreme. Four scores
are obtained: positive, negative, general symptoms, and
total. The PANSS was completed on 2 occasions, at the
start (VO) and the end (V7) of the intervention.

• The CGI-SCH scale measures global clinical impression
and consists of 5 different ratings (positive, negative,
depressive, cognitive, and global) that are rated from 1 to
7, where: 1=normal, 7=among the most extremely ill
patients. the CGI-SCH scale was evaluated in all protocol
visits (V0-V7).

Functional and Perceived Quality of Life Outcomes
Functionality was assessed by using the Global Assessment of
Functioning (GAF) scale [71] and perceived quality of life by
the EuroQol visual analogue scale (EQ-VAS) [72].

• The GAF scale ranges from 1 (maximum level of disease)
to 100 (the healthiest). It was performed on 2 occasions, at
VO and at V7.

• The EQ-VAS is scored on a 20 cm visual analogue scale
with end points labeled “the best health you can imagine”
and “the worst health you can imagine.” It was administered
on 2 occasions, at V0 and V7.

Adverse Events
Clinician asked for adverse events at each pilot visit, and they
were reported. Safety measures were collected throughout this
study. The presence of serious and nonserious adverse events,
defined as any clinical change or illness reported during this
study, was monitored in every clinical visit. The adverse events
observed when carrying out this study, either by the clinician
or by the patient themselves and regardless of the causality
relationship ascribed, were recorded in the clinical records and
on the patient`s dashboard.

Statistical Analysis
The sociodemographic characteristics of the participants with
TRS were presented using frequency distributions for categorical
variables and mean with SD for age. The outcomes in baseline
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and follow-up were presented using mean with SD for PANSS
scores and EQ-5D, and medians with IQR for CGI-SCH and
GAF scores. The change from the baseline to the follow-up was
analyzed using the paired t test (PANSS scores and EQ-5D) or
the Wilcoxon test (CGI-SCH and GAF scores). Statistical
analyses were performed using the SPSS Statistics (version
29.0; IBM Corp).

Results

The study participation flowchart based on the CONSORT
(Consolidated Standards of Reporting Trials) 2010 statement
recommendations [73] is presented in Figure 1.

Figure 1. m-RESIST study participation flowchart. m-RESIST: mobile therapeutic attention for treatment-resistant schizophrenia.

Background Variables
The sociodemographic characteristics of this study’s population
(n=31) are presented in Table 2. No statistically significant
differences in sociodemographic characteristics were found at
baseline between the participants in the 3 sites. The percentage
of men and women was almost equal (n=16, 51.6% and n=15,
48.4%, respectively). Most participants were singles (n=25,
80.6%) and lived with parents or relatives (n=23, 74.2%).
Almost half of the study population had a full-time or a half-time

job (n=15, 48.4%). The most common education level was
primary studies (n=15, 48.4%). Almost two of the third lives
with parents or relatives (n=20, 64.5%). Nearly all study
participants had a caregiver (n=28, 90.3%; Table 2). Those
patients without a caregiver had support in their immediate
environment.

Nearly all participants were currently on 1 or 2 antipsychotics
(30/31, 96%), and clozapine was the most used drug (11/31,
35.5%). Olanzapine, clozapine, and risperidone were previously
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the 3 most frequently taken antipsychotics (13/31, 41.9%; 9/31, 29%; and 9/31, 29%, respectively).

Table . The sociodemographic variables of this study’s population.

Values

33.9 (7.6)Age, mean (SD)

Gender, n (%)

16 (51.6)Male

15 (48.4)Female

Marital status, n (%)

25 (80.6)Single

4 (12.9)Married or with a stable partner

2 (6.5)Divorced or separated

Cohabitation, n (%)

4 (12.9)Lives alone

23 (74.2)Lives with parents or relatives

3 (9.7)Lives with a stable partner

1 (3.2)Lives with roommates

Occupation, n (%)

7 (22.6)Full-time job

8 (25.8)Part-time job

9 (29)Unemployed

6 (19.4)Pension

1 (3.2)Protected job

Educational level, n (%)

15 (48.4)Primary studies

10 (32.3)Secondary studies

6 (19.4)University

Lives with parents or relativesa, n (%)

8 (25.8)No

20 (64.5)Yes

Caregiver availabilitya, n (%)

2 (6.5)No

28 (90.3)Yes

aMissing n=1.

Clinical Outcomes
Significant reductions were found in symptoms from pretrial
to posttrial on the PANSS total (mean 73.7, SD 14.8 versus
mean 66.5, SD 12.8; mean difference −7.2, 95% CI −11.1 to
−3.4; P=.001), PANSS positive (mean 15.2, SD 2.8 versus 13.8,
SD 3.2; mean difference −1.36, 95% CI −2.6 to −0.1; P=.04),
PANSS negative (mean 21.2, SD 4.9 versus 19.1, SD 4.3; mean
difference −2.1, 95% CI −3.1 to −1.1; P<.001), and PANSS
general symptoms (mean 37.3, SD 9.3 versus 33.6, SD 8.4;
mean difference 3.8, 95% CI −6.8 to −0.8; P=.02) (Table 3).

In almost one-fifth of the participants (6/31), the overall score
for the PANSS decreased by more than 20%.

The sum of global severity of illness also decreased significantly
on the CGI-SCH scale (median 4, IQR 3-4 vs median 3, IQR
3-4; median difference 0, IQR −1 to 0; P=.03). A decrease in
the sum of positive (median 3, IQR 2.75-4 vs median 3, IQR
2-3.25; median difference 0, IQR −1 to 0; P=.04) and negative
(median 4, IQR 3-4 vs median 3, IQR 3-4; median difference
0, IQR −1 to 0; P=.03) symptoms was also found. The sum of
depressive or cognitive symptoms did not change (Table 3).
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Table . Change of symptoms between baseline and follow-up.

P valueDifferenceFollow-upBaseline

PANSSa,b

.001−7.2 (−11.1 to −3.4)66.5 (12.8)73.7 (14.8)Total score

.04−1.36 (−2.6 to −0.1)13.8 (3.2)15.2 (2.8)Positive symptoms
score

<.001−2.1 (−3.1 to −1.1)19.1 (4.3)21.2 (4.9)Negative symptoms
score

.02−3.8 (−6.8 to −0.8)33.6 (8.4)37.3 (9.3)Generalized symptoms
score

CGI-SCHc,d

.030 (−1 to 0)3 (2 to 3.25)3 (2.75 to 4)Sum of positive symp-
toms

.030 (−1 to 0)3 (3 to 4)4 (3 to 4)Sum of negative symp-
toms

.220 (−1 to 0.5)3 (2 to 3)3 (2 to 3.25)Sum of depressive
symptoms

.230 (−1 to 0)3 (2 to 3)3 (2.75 to 4)Sum of cognitive
symptoms

.030 (−1 to 0)3 (3 to 4)4 (3 to 4)Sum of global severity

<.0015 (0 to 10)60 (50 to 65)55 (45 to 55)GAFd,e

.046.7 (0.5 to 12.9)72.8 (16.5)66.1 (18)EQ-VASb,f

aPANSS: Positive and Negative Syndrome Scale.
bMean (SD) for the baseline and follow-up, and mean (95% CI) with paired samples t-test for the difference.
cCGI-SCH: Clinical Global Impression-Schizophrenia.
dMedian (IQR) for the baseline and follow-up, and median (IQR) with Wilcoxon test for the difference.
eGAF: Global Assessment of Functioning.
fEQ-VAS: EuroQol visual analogue scale.

Functional and Perceived Quality of Life Outcomes
The functionality of participants increased significantly from
pretrial to posttrial on the GAF scale (median 55, IQR 45-55
vs median 60, IQR 50-65; median difference 5, IQR 0-10;
P<.001), but it was not considered clinically significant due to
participants remaining in the same interval (moderate
symptoms).

The perceived quality of life evaluated by the EQ-VAS also
improved (mean 66.1, SD 18 vs mean 72.8, SD 16.5; difference
6.7, 95% CI 0.5-12.9; P=.04) (Table 3).

Adverse Events
The symptoms of TRS got worse in 1 participant before the
intervention and in 2 participants during it, which was
considered not to be related to the m-RESIST solution.

Discussion

Principal Results
To our best knowledge, this was the first study collecting data
on the symptoms, psychosocial functioning, and quality of life
for people with TRS by using the mHealth platform (m-RESIST
solution). Our novel preliminary findings showed that the total,

positive, negative, and general symptoms according to the
PANSS were significantly decreased after intervention compared
with the starting point. In almost one-fifth of the participants
(6/31), the overall score for the PANSS decreased by more than
20%, which may be considered a clinically significant change
[74].

According to Suzuki et al [75], the partial response of clinical
trials in schizophrenia could be defined ≥10% to <20% decrease
on the PANSS. In our study, the change in positive score was
8.9%. Interestingly, the change in the negative score was 10.2%,
which may mean a partial response according to Suzuki`s
definition. The decrease in the generalized symptoms scores
and the total score was 10.2% versus 9.8%. Therefore, the mean
differences of 1‐2 points on the positive and negative subscale
scores may be indicatively clinically meaningful to a small
extent at the most. Nevertheless, one should be careful in
interpretations regarding the significance of the results. The
clinical implications of PANSS scores may not always be clear
[76].

The sum of global severity, and the sum of positive and negative
symptoms on the CGI-SCH scale were lower at the end of the
study compared to the starting point, but the sum of depressive
or cognitive symptoms did not change. The functionality
measured by the GAF scale was also significantly better at the
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end of this study as compared to its level at the beginning. The
perceived quality of life also increased during this study.

Comparisons With Prior Work
The finding of a significant decrease in all PANSS scores and
global severity, positive and negative symptoms on the
CGI-SCH scale at the study end compared to the starting point
is partly in line with former data, as previous studies have shown
efficacy of mobile interventions for schizophrenia
[6,15,27,36,43,56,61,62]. To the best of our knowledge, this is
the first study to show the efficacy of an mHealth platform
(m-RESIST solution) in TRS.

A study by Ben-Zeev et al [6] demonstrated the feasibility,
acceptability, and efficacy of a smartphone intervention for
schizophrenia, followed by those with schizophrenia or
schizoaffective disorder (N=33) for 1 month without a control
group. Its results showed a significant decrease in the total,
positive, and general scores but not in the negative score in the
PANSS. A noncontrolled study by Kidd et al [25] with patients
with primary psychosis (N=38) reported a decrease in certain
items of the Brief Symptom Inventory (eg, psychotism, paranoid
ideation, and depression) when followed for 1 month.

Bucci et al [27] carried out an RCT among those with early
psychosis (N=36). The results showed a decrease in the total,
negative, and general scores of the PANSS after a follow-up of
12 weeks.

WeChat is the most widely and extensively used mobile social
networking app in China. A cross-sectional study on WeChat
use and endorsement of WeChat-based mHealth among people
living with schizophrenia (n=400) in China was carried out.
Compared to nonusers in this study’s population, WeChat use
was associated with improved health outcomes, including lower
psychiatric symptoms (the Brief Psychiatric Rating Scale), lower
depression (the Patient Health Questionnaire-9), higher
functioning (GAF), better recovery (the Recovery Assessment
Scale), and higher quality of life (the first 2 general questions
from the World Health Organization Quality of Life Brief Scale)
[62].

However, another RCT with participants with recent-onset
schizophrenia spectrum disorders (N=43) showed no changes
in their positive or negative score of the PANSS or their
functioning measured by the Role Functioning Scale. The quality
of life measured by the interview-based Quality of Life Scale
Abbreviated did not improve [36]. A recent study with patients
with a diagnosis of schizophrenia (N=361), randomized to
receive either SlowMo, a blended digital therapy targeting
reasoning, or usual care, found also no significant difference
between groups on the primary outcomes related to paranoia
(the Green et al [77] Paranoid Thoughts Scale) at the primary
end point at 24 weeks [33].

Decrease in Symptoms
It should be taken into account that the decrease in symptoms
in patients with TRS, characterized by the persistent presence
of symptoms, would not be expected in such a short term.
Following the considerations of this study by Ben-Zeev et al
[6], the improvement in the PANSS scores obtained in this study

of the m-RESIST solution should be evaluated prudently. In
the case of patients with schizophrenia, in the framework of a
study, a placebo effect of the offered intervention has been
observed. One factor that would influence the improvement of
symptoms would be all the care received for participating in a
study. It could be considered that participation in a structured
intervention program would promote a state of security, such
that it would improve aspects such as the symptoms of the
disorder itself [78,79].

However, the overall score for the PANSS decreased by more
than 20% in almost one-fifth of the participants which may be
considered a clinically significant change [74]. Furthermore,
the negative symptoms on the PANSS decreased during a rather
short period of 3 months. It may imply that somehow the
m-RESIST solution may manage to activate patients.

Perceived Quality of Life and Functioning
The perceived quality of life and functioning improved in our
study, which is partly in line with the earlier studies, as a study
by Schlosser et al [36] did not find positive effects on
functioning and quality of life. Instead, the findings of Yu et al
[62] showed improvement both in functioning and quality of
life. Our findings on the improvement of quality of life may
need to be treated with caution as the findings of the EQ-5D-5L
scale have shown weak correlations with the objective measures
among patients with schizophrenia [80].

Study Timeline
The data collection period was in 2017. Although progress has
been made, there is still room for improvement in mHealth apps
for people with schizophrenia, with fewer than 10 apps
specifically designed for this population available for public
download [43,59]. The m-RESIST solution is a new, innovative
mHealth tool developed for patients with TRS and their
caregivers, offering modular and flexible functions. This study
aimed to evaluate the effects of m-RESIST on clinical outcomes,
functional outcomes, and perceived quality of life in individuals
with TRS. To the best of our knowledge no previous studies
have addressed these specific issues.

For the above reasons, our research results provide significant
new information on the use of mobile applications in the
treatment of TRS.

Strengths
This study has several strengths. To our best knowledge, this
was the first study collecting data on the symptoms, functioning,
and perceived quality of life among patients with TRS by an
mHealth intervention. This was also a multicenter study covering
different cultural environments. The m-RESIST solution is an
innovative mHealth solution based on novel technology, offering
highly modular and flexible functioning and planned
intervention. It has been developed specifically for patients with
TRS [63-65]. The outcomes of this study will also help to
perform a cost-effectiveness RCT in the future.

Limitations
Some limitations of this study need to be discussed. First, there
was no control group, so it is not possible to determine whether
the clinical improvements were related to the use of the
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m-RESIST solution. Second, this study’s design is a limitation,
as, due to the small sample size and the short length of the
intervention and follow-up period, the differences found in
outcomes should be treated with caution. Therefore, the
generalization and maintenance of the results are uncertain.
Third, the so-called Hawthorne effect may also have
implications for the generalizability of results because the
behavior of research participants is influenced by observation
and measurement. In general, results in experimental settings
may be more positive compared to routine clinical applications
[78,79].

The moderately high mean baseline score for the PANSS (73.7)
demonstrates that our patients with TRS have quite severe
psychotic symptoms. Even so, they responded to intervention
markedly.

Potential Selection Bias Regarding Digital Literacy
Digital literacy can be defined as the varying ability of both
children and adults to use digital technologies and understand
their risks. Patients who do not know how to use digital health
tools, do not see the importance of those tools, or cannot access
them in their preferred language, ultimately will not use them
[81]. This may cause potential selection bias because, for the
reasons above, those people may not participate in the studies
[81].

Technical Implementation Challenges
The digital divide remains a barrier, with people with
schizophrenia eager and able to obtain smartphones and learn
new skills, but resources and training are often not provided.
Expanding train-the-trainer and literacy programs such as the
Digital Health Navigator initiative, which was specially designed
to support people with psychosis, offers 1 tangible next step
[42,43,53] However, a lagging infrastructure and skill base have
limited the application of digital solutions in mental health care
[82]. Additionally, evidence is needed on the effectiveness and
appropriateness of digital health tools for patients who are
marginalized and may lack access to digital health interventions
[83].

The digital divide remains a barrier, with people with
schizophrenia eager and able to obtain smartphones and learn

new skills, but resources and training are often not provided
[51]. Expanding train-the-trainer and literacy programs such as
the Digital Health Navigator initiative, which was specially
designed to support people with psychosis, offers 1 tangible
next step [53,84].

Cost Implications for Real-World Implementation
Despite modest effect sizes, the relatively low cost and high
scalability of most of the interventions tested support their public
health relevance [85]. A recent review on this topic found only
37 relevant studies published in middle- and lower-income
countries between 2016 and 2020, with the majority reporting
feasibility and accessibility outcomes instead of efficacy,
cost-effectiveness, or implementation [86]. However, the costs
of implications for real-world implementation may be a concern,
and that is why it has been asked if mHealth tools can decrease
hospital stays and encourage patients to use mobile apps in favor
of reducing costs [61]. Digital health tools still hold a unique
potential to extend access to care in middle- and lower-income
countries, where there is less investment or infrastructure around
mental health [86]. Smartphone use is common and rapidly
expanding in those countries, and thus represents a promising
tool to reduce the mental health gap [42].

Conclusions
Our preliminary findings showed that implementing the
m-RESIST solution may decrease the symptoms and severity
of illness and improve the functionality and perceived quality
of life among people with TRS. The change of symptoms on
the PANSS scores may be indicatively clinically meaningful to
a small extent at the most. Nevertheless, one should be careful
in interpretations regarding the significance of the results.

Implementing the m-RESIST solution may be a promising tool
to improve the treatment even in TRS, and to offer a new tool
for its present treatment options, already in the near future. If
successful, this would be a very important step forward as TRS
is a major clinical challenge, with usually poor outcomes. Before
being implemented in daily practice, these results should be
corroborated by performing controlled clinical trials with people
with TRS, comparing treatment as usual with the m-RESIST
solution.
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Abstract

Background: A neck-specific exercise program has shown sustained clinically important changes in pain and disability for
approximately 50% of individuals with chronic whiplash-associated disorders (WAD). However, there is limited information
about factors related to treatment response.

Objective: The aim of this study is to identify factors related to changes in disability, neck pain, and physical function after a
neck-specific exercise program delivered in 2 different ways for individuals with persistent WAD grade II or III, and to investigate
whether any factors could predict those with clinically improved versus not improved disability, pain, and physical function.

Methods: This was a planned secondary analysis of a multicenter prospective randomized controlled trial. Participants (n=140)
with persistent (between 6 mo and 5 y from injury) WAD grade II or III were randomized into a 12-week, internet-based
neck-specific exercise program (NSEIT) with 4 physiotherapy visits or the same exercise program supervised by a physiotherapist
(NSE) twice per week for 12 weeks. Multivariate data analyses and orthogonal partial least squares (OPLS) models were used
to investigate change in psychological and physiological factors (independent factors) related to change in the dependent factors:
neck-related disability measured with the Neck Disability Index (NDI), neck pain intensity measured with a visual analogue scale,
and physical function measured with the Patient-Specific Functional Scale (PSFS). Outcomes were measured at baseline and at
3-month and 15-month follow-up. OPLS discriminant analysis was used to investigate differences between the two groups (NSEIT
and NSE) by studying the change scores of the dependent and independent factors. OPLS discriminant analysis was also used to
investigate whether background variables and baseline measurements of the independent factors could predict clinically significant
improvement in the dependent factors NDI, neck pain, and PSFS.

Results: There were no significant differences between the groups. In both NSEIT and NSE, improvements in the following
independent factors were related to improvements in NDI, pain, and PSFS at 3-month and 15-month follow-up: anxiety, depression,
cognitive failures, pain catastrophizing, self-efficacy, fear avoidance beliefs, cervical range of motion, headache, and symptom

satisfaction (R2=0.31‐0.37; Q2=0.25‐0.30; cross-validated ANOVA P<.001). No significant OPLS models could be built to
distinguish clinically improved versus nonimproved patients as assessed by NDI, neck pain, or PSFS.

Conclusions: Improvements in both psychological and physiological factors were related to improvements in disability, neck
pain, and physical function after 12 weeks of NSEIT or NSE. The results indicate that these factors are interrelated and can be
improved both with NSEIT and NSE. Known risk factors for poor outcomes of neck disability in WAD, such as low self-efficacy,
fear avoidance beliefs, depressive symptoms, and catastrophizing, were improved, and we need to examine other factors not
included in this study that can identify those who are not improved after NSEIT or NSE.

Trial Registration: ClinicalTrials.gov NCT03022812; https://clinicaltrials.gov/ct2/show/NCT03022812

(JMIR Hum Factors 2025;12:e67991)   doi:10.2196/67991
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Introduction

Whiplash-associated disorders (WAD) are indirect trauma to
the neck, commonly related to a car crash [1], and approximately
half of those injured develop chronic disability and pain [1,2].
Chronic WAD will have extensive consequences for the
individual living with persistent pain, leading to a burden for
the individual and high costs for society [3,4]. Depression, low
levels of life satisfaction, and posttraumatic stress have been
observed 5 years after whiplash injury [5]. Costs increase as
many individuals with chronic WAD are consumers of multiple
health services and experience reduced work ability [4,6].
Although the evidence is moderate at best, exercise and patient
education are recommended treatments in chronic WAD [7].

Approximately 50% of the included participants in a
neck-specific exercise program, conducted by 2 of the authors
in this study (GP and AP), with chronic WAD grades II (neck
pain and musculoskeletal findings during a physical
examination) and III (as grade II but with additional neurological
findings) had a sustained clinically important change in pain
and disability [8,9]. Despite these promising results, about half
of the participants were not clinically improved, demonstrating
that chronic moderate-to-severe WAD is difficult to treat
successfully. Consequently, there is a need to identify factors
related to improvement in disability and pain in order to
optimize treatment, discriminating them from factors that may
contribute to sustained problems.

An earlier study found that depression, low self-efficacy, and
higher disability were associated with a larger pain area in
women with chronic WAD [10]. In another study, self-efficacy
mediated the association between pain intensity and pain-related
disability, and kinesiophobia mediated the association between
self-efficacy and pain catastrophizing in acute and subacute
WAD [11], which can lead to chronic disability. However, that
study did not investigate factors related to improvements after
rehabilitation. In studies where interventions included
acceptance and commitment therapy or cognitive behavioral
therapy, psychological factors had a mediating or predictive
effect on pain and/or disability outcome for individuals with
chronic WAD [12,13]. Another study found that participation
in a neck-specific exercise program was the only significant
factor associated with neck pain reduction at 12-month
follow-up [14], and neck muscle endurance and perceived work
ability were mediators for a reduction in pain [15] in chronic
WAD. The treatment of chronic nonmalignant pain is influenced
by biological, psychological, and sociological factors [16].

Numerous studies have found factors such as anxiety,
catastrophizing, and severe pain to be related to poor treatment
outcomes after acute whiplash injury [17].

However, to our knowledge, there is very limited information
about factors related to treatment response in chronic WAD, or
about the optimization of a neck-specific exercises program
delivered via the internet. Internet-based exercise interventions
with fewer visits to physiotherapists can increase availability,
shorten waiting times, and reduce costs. Internet-based treatment
may also strengthen the patient’s own resources for greater
autonomy and their ability to conduct long-term self-care [18].
Factors associated with improvements in an internet-based
neck-specific exercise program (NSEIT) may differ compared
to a neck-specific exercise program supervised by a
physiotherapist (NSE) and need to be investigated. Moreover,
the ability to predict those who will not recover after NSEIT
and NSE is highly relevant to improving treatment in chronic
WAD.

The aims of the study were (1) to investigate factors related to
change in neck pain and disability after NSEIT or the same
exercise program supervised by a physiotherapist (NSE) for
individuals with chronic WAD grade II or III and (2) to
investigate whether other factors could predict those with
clinically improved versus not improved pain and disability
after 3 months of NSEIT or NSE.

Methods

Overview
The recruitment of participants and the exercise interventions
were reported earlier [9] and are briefly described below. This
was a planned secondary analysis, based on a multicenter,
prospective randomized controlled study [9]. Data were
collected from April 6, 2017, until September 15, 2020, and the
main outcome data have been published [9]. The participants
were recruited from 10 county councils in Sweden.

Participants
Individuals with chronic (between 6 mo and 5 y from injury)
WAD grades II–III [19] with neck symptoms within the first
week after a whiplash injury in a 4-wheeled motor vehicle crash
were eligible for inclusion. Symptoms emanating from the neck
were verified through the participant’s medical history and a
physical clinical examination. For additional inclusion and
exclusion criteria, see Textbox 1.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion

• Average neck pain last week ≥20 mm on a 0-100 mm visual analogue scale

• Neck disability ≥20%

• Age 18‐63 years

• Daily access to a computer, tablet, or smartphone and the internet

• Sufficient time and motivation to follow the treatment program

Exclusion

• Signs of head injury

• Serious physical pathology

• Surgery on the cervical column

• Generalized or more dominant pain elsewhere in the body

• Previous fractures or dislocation of the cervical column

• Other illness or injury that may prevent full participation in the study and/or for which exercises are contraindicated

• Previous severe neck problems that resulted in sick leave for more than 1 month in the year before the current whiplash injury

• Lack of knowledge of the Swedish language

• Diagnosed severe mental illness

• Current alcohol and/or drug abuse

Reasons for the exclusion criteria were as follows: (1) the programs could lead to increased illness or potentially negatively influence other important
treatments, (2) another illness or disease made it impossible to perform the programs and/or follow them for three months, (3) the exercises were
contraindicated, and (4) participants were unable to understand the information and/or the exercises.

Ethical Considerations
The study was approved by the regional ethical review board
(approval numbers 2016/135‐31, 2016/526‐32, and
2017/45‐32). The study was registered in ClinicalTrials.gov
(NCT03022812, initial release 12/20/2016) and the study
protocol was published prior to data collection [19]. The original
written and informed consent allowed for this secondary analysis
without requiring additional consent, and no new data were
collected for this study. Deidentification was used to prevent
the identification of individuals. The key code is securely stored
according to the regulations of the ethics committee and the
Swedish Authority for Privacy Protection. The results are
presented at the group level, ensuring no connection to
individual participants. Participants were not compensated for
their involvement in the study, except for traveling cost
compensation in accordance with national ethical regulations.

Recruitment
Information about the study was provided via health care
personnel and advertising. Interested participants completed a
short survey on the Linköping University website. The patient’s
medical history was compiled and a physical examination was
carried out before inclusion. Once the study criteria had been
met, the participants were included after giving written and oral
informed consent. The test leaders were blinded to group
allocation. The participants were blinded to group allocation
when baseline data were collected [19].

Randomization
Participants (n=140) were randomized into 2 groups (n=70 in
each group) using a computerized block randomization list
stratified by sex. After randomization, the treating
physiotherapist was contacted by the research team and called
the patient to the first appointment.

Before the start of the study, all treating physiotherapists
received oral and written information and a day of practical
training from the project leaders. A detailed description of the
NSEIT and NSE exercise program has been published [9].

NSEIT Group
In the NSEIT group, the participants underwent a 12-week
exercise program with 4 visits to the physiotherapist (at weeks
1, 2, 3, and 7) to be introduced to the exercises, to progress the
exercises, and for follow-up to ensure correct performance. The
patient had access to the internet-based program on a website.
The program included photos and videos of the exercises,
information about the musculoskeletal anatomy of the neck and
about neurophysiological and neurobiological pain, and
strategies for dealing with neck pain relapse. The exercises were
initially targeted to activate the deep neck muscles and increase
postural control, continuing with an individually tailored
progression of neck muscle endurance exercises [9,19]. At the
end of the treatment period, the participants were encouraged
to continue doing the exercises 2-3 times per week and to
include neck-specific exercises (for additional details, see [9]).
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NSE Group
In the NSE group, participants received the same information
and exercises as the NSEIT group, but in visits to the
physiotherapy clinic twice per week (a maximum of 24 sessions)
[9,19].

Patient and Public Involvement
Patients were involved in developing the questionnaires before
recruitment to the study started. The questionnaires were tested
by 3 patients to ensure the inclusion of relevant questions and
readability. Patient satisfaction with the exercises, information,
tests, and intervention (NSEIT or NSE) were measured
postintervention.

Adverse events could be reported to the project leaders directly
by participants, the test leaders, or the treating physiotherapists
(for details, see [9]).

Predictor Variables and Outcome Measures Used in
Multivariate Modeling
Measurements were collected via questionnaires at baseline and
at 3-month and 15-month follow-ups. The following variables
were used in the multivariate modeling.

Background Variables
The following variables were only collected at baseline: age
(years), sex (male/female), smoking (yes/no), level of education,
pain duration (months since injury), WAD grade II and III
according to the Quebec Task Force classification [20], and
expectations of the intervention on a 0 to 10 scale (with higher
scores indicating stronger belief that the treatment would help)
[21].

Dependent Factors
The Neck Disability Index (NDI) measures self-perceived
disability in everyday life because of neck pain, including 10
items of neck-related disability, which are summed and
transformed into a percentage (0%=no disability; 100%=highest
score for disability) [22].

Current neck pain was measured on a visual analogue scale
(VAS) from 0‐100 mm, where 0=no pain and 100=worst
imaginable pain intensity [23].

The Patient-Specific Functional Scale (PSFS) measured level
of physical function, graded from 0 (unable to do the activity)
to 10 (functional level equal to preinjury status), regarding
self-perceived physical activity, leisure time, and work [24].

Independent Factors
Measures of factors considered as potentially related to change
in pain and disability were selected based on a review of the
literature and the clinical experience of 2 specialist
physiotherapists with over 15 years of experience managing
patients following a whiplash injury:

• Self-reported pain medication use (“Do you take pain
medication?” Yes/no).

• Symptom satisfaction was measured on a 7-point scale from
1=happy about symptoms to 7=unhappy about symptoms
[25].

• Exercise level rating of daily activities and sports (from
1=inactivity to 4=high activity level) [26].

• Dizziness at rest and while in motion and unsteadiness and
headache intensity were measured on VAS scales from 0
mm=no dizziness/unsteadiness or headache to 100
mm=extreme dizziness/unsteadiness or headache [23,27].

• The Post-Traumatic Stress Disorder Checklist (the specific
trauma version, PCL-S) measures posttraumatic stress
reactions and consists of 4 subscales (re-experience,
avoidance, negative alterations in cognition and mood, and
hyperarousal), with a total score ranging from 0=no stress
reaction to 80=extreme stress [28].

• Fear Avoidance Beliefs Questionnaire measures the
individual’s fear of pain and consequent avoidance of
physical activity because of their fear. It consists of 2
subscales (Physical Activity subscale [4 items] and Work
subscale [7 items]), with a total score ranging from 0 to 66,
where higher scores indicate higher fear avoidance beliefs
[29].

• The Hospital Anxiety and Depression Scale gives an anxiety
score (from 0=no anxiety to 21=maximal anxiety) and a
depression score (from 0=absent depression to 21=maximal
depression) [30].

• The Pain Catastrophizing Scale measures the extent of
catastrophizing according to the 3 subscales (rumination,
magnification, and helplessness), with a total score range
of 0‐52, with higher scores indicating higher pain
catastrophizing [31].

• The Self-Efficacy Scale measures self-perceived
performance of 20 everyday functional tasks in spite of
pain, with total scores ranging from 0 to 200, where higher
scores indicate higher perceived self-efficacy [32].

• The Cognitive Failures Questionnaire measures behavioral
problems associated with attentiveness and memory in
everyday life, with the total score ranging from 0 to 100,
where a higher score indicates a greater frequency of
cognitive failures [33].

• The EuroQol quality-of-life instrument version with 5
dimensions and 3 response levels (EQ-5D-3L) and EuroQol
health-related quality of life measure using a VAS
(EQ-VAS) measure health-related quality of life. EQ-5D-3L
scores range from −0.624 to 1 and EQ-VAS scores range
from 0 to 100 mm, with higher values indicating better
health-related quality of life [34].

The following physiological measures were collected by the
test leader at baseline and 3-month and 15-month follow-up:

• Dynamic hand strength was measured in kilograms using
the Jamar dynamometer [35].

• Ventral and dorsal neck muscle endurance (NME) was
registered in seconds [36].

• Active range of cervical motion in sagittal, lateral, and
frontal planes was recorded in degrees using the cervical
range-of-motion device [37].

• The Cranio-Cervical Flexion test was used to measure the
action of the deep cervical flexor muscles, registered in mm
Hg [38].

• Balance test: standing on one leg with eyes closed was
measured in seconds [27].
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Statistical and Multivariate Data Analysis
Multivariate data analysis was used to investigate the
relationships between the variables using SIMCA software
(v.18.0.0.372; Sartorius Stedim Data Analytics AB). For this,
orthogonal partial least squares (OPLS) and OPLS discriminant
analysis (OPLS-DA) were used. In general terms, these methods
are linear regression methods that model the association between
predictors (X) and response (Y) variables. They do this by
summarizing the information in the original variables into a few
virtual variables (components) that are selected to maximize
the covariance between the X and Y variables. This allows the
identification of the association between many X and Y variables
simultaneously. The methods also separate variation in
predictors that are either predictive for the response variables
or not (orthogonal). This minimizes the issue of collinearity
seen with classical regression models.

First, the differences between patients randomized to either
NSEIT or the same exercises and information at a physiotherapy
clinic (NSE) [9] were investigated by studying the changes
(change scores) of variables between the 3 time points (baseline
to 3 mo, baseline to 15 mo, and 3 mo to 15 mo) using OPLS-DA.
Both the dependent factors disability (NDI), neck pain (VAS),
and physical function (PSFS) and the independent factors
(defined above) were included as X variables to investigate
which of the variables may explain differences between NSE
and NSEIT.

Second, OPLS models were used to investigate the relationship
between changes for the dependent and independent factors at
the 3 time points (baseline to 3 mo, baseline to 15 mo, and 3
mo to 15 mo). Y variables were set to the change scores for the
dependent factors NDI, neck pain, and PSFS (using the average
of the 3 PSFS components physical activity, leisure time, and
work). X variables included all independent factors and all
background variables detailed previously. A positive change
score indicates improvement (eg, a higher change score in neck
pain indicates less pain) and a negative change score indicates
deterioration. To identify which of the X variables (independent
factors) were most important for the changes in the Y variables
(dependent factors; NDI, neck pain, and PSFS), those
independent factors in a first model that had a variable influence
on projection value of at least 1.0 and a variable influence on

projection value greater than the standard error were included
in a second OPLS model with one predictive and one orthogonal
component.

Third, multivariate models using OPLS-DA were used to
investigate whether background variables and baseline
measurements of any of the independent factors could predict
clinically significant improvement in the dependent factors NDI,
neck pain, and PSFS. Individuals with clinically improved NDI,
neck pain, and PSFS (value change NDI ≥7, neck pain ≥50%
improvement, PSFS ≥2-point improvement) [22,23,39] were
compared to individuals with no improvement or deteriorated
values on these outcome measures.

All multivariate models were assessed using the fit of the data

to the model (R2) and the predictability of the model fit on new

data (Q2); the significance of group separation was assessed
using cross-validated analysis of variance (CV-ANOVA) [40].

The maximum value for each (R2 and Q2) is 1.0 and symbolizes
a perfect model. The loadings (weights representing the
variables) were used for interpretation of the association between
the X (independent factors) and Y (dependent factors) variables.

Sample size and power calculations were calculated based on
the primary outcome measure (NDI) in the previous randomized
controlled study [8]. To detect a between-group noninferiority
margin of 7% with 1-sided α=.025 and β=.8, a total of 47
participants were needed in each group. To account for dropouts,
70 participants were included in each of the 2 groups (140 in
total) [9]. Compliance with the exercise program (NSEIT, NSE)
was defined as at least 50% self-reported completion of the
exercises.

Results

Overview
Baseline characteristics of the participants are shown in Table
1. In the NSEIT group, of the initial 70 participants, 63 (90%)
and 56 (80%) participants completed the 3-month and 15-month
questionnaires, respectively. In the NSE group, of the initial 70
participants, 64 (91%) and 58 (83%) completed the 3-month
and 15-month questionnaires, respectively (Figure 1).
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Table . Baseline characteristics of participants with whiplash-associated disorders grade II and III, by treatment group.

NSEb (n=70)NSEITa (n=70)

40.5 (11.4)40.4 (11.6)Age (years), mean (SD)

55 (79)55 (79)Sex, female, n (%)

25.2 (15.5)27.4 (21.0)Months since injury, mean (SD)

Whiplash-associated disorders, n (%)

43 (61)46 (66)    Grade IIc

27 (39)24 (34)    Grade IIId

Educational level, n (%)

0 (0)1 (1)Elementary school

39 (57)30 (43)Upper secondary school

27 (39)35 (50)University

3 (4)4 (6)Other

53 (76)52 (74)Marital status, married or cohabiting, n (%)

66 (94)62 (89)Previous treatment, yes, n (%)

Use of analgesic drugs, n (%)

60 (86)57 (81)Yes

10 (14)12 (17)No

Sick leave, n (%)

62 (89)61 (87)No

5 (7)6 (9)Sick leave, part-time

3 (4)3 (4)Sick leave, full-time

36.6 (10.8)39.4 (12.2)Disability (Neck Disability Index, 0%‐100%)

Neck pain intensity, mean (SD)

39.7 (22.4)34.6 (21.4)Neck pain now, VASe (0‐100 mm)

47.6 (21.7)44.9 (20.6)Neck pain average previous week, VAS (0‐100
mm)

Patient-Specific Functional Scale, mean (SD)

3.6 (2.3)3.9 (2.1)Work (0‐10)

3.6 (2.3)3.7 (2.1)Leisure time (0‐10)

3.5 (2.8)3.2 (2.5)Activity (0‐10)

aNSEIT: internet-based neck-specific exercise program.
bNSE: neck-specific exercise program supervised by a physiotherapist.
cWhiplash-associated disorders grade II: neck pain and musculoskeletal findings during a physical examination.
dGrade III: like grade II but with additional neurological findings.
eVAS: visual analogue scale.
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Figure 1. Flowchart of participants in this study. WAD: whiplash-associated disorder.
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During the 12-week intervention period, the participants’
self-reported compliance with the exercise program was higher
in the NSE group (59/64, 92%) than in the NSEIT group (46/63,
73%; P=.006). No adverse events were reported.

Between-Group Differences
No significant OPLS-DA models could be built to separate
patients receiving NSEIT from those receiving NSE (baseline

to 3 mo: R2=0.22, Q2=–0.12; baseline to 15 mo: R2=0.22,

Q2=0.01; 3 mo to 15 mo: R2=0.17, Q2=–0.10; all models
CV-ANOVA P>.99). There were also no differences between
the NSEIT and NSE groups regarding independent factors
associated with improvements in the dependent factors NDI,

neck pain, and PSFS (Figures S1-S3 in Multimedia Appendix
1).

Factors Related to Improvements in Disability, Neck
Pain, and Physical Function
No background factors were found to be associated with
improvements in NDI, neck pain, or PSFS in any of the
multivariate models.

Improvement From Baseline to 3-Month Follow-Up
At 3 months compared to baseline, 20 independent factors were
identified as associated with improvements in NDI, neck pain,

or PSFS (R2=0.31, Q2=0.25, CV-ANOVA P<.001; Figure 2).
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Figure 2. OPLS model depicting changes in independent factors from baseline to 3 months. (A) Score plot of the participating patients. The color
corresponds to grouping in either NSE (blue squares) or NSEIT (green circles). There were no differences between the NSEIT and NSE groups. (B)
Loading plot of analyzed variables, showing the contribution of each independent factor to the OPLS component underlying the participant separation
in the score plot (A). The x-axis depicts the most important predictive component for separating participants based on improvements in NDI, neck pain,

and PSFS (blue circles) in both the NSEIT and NSE groups (R2=0.31, Q2=0.25, cross-validated ANOVA P<.001). CROM: cervical range of motion;
EQ5D: EuroQol health-related quality-of-life scale; EQ-VAS: EuroQol visual analogue scale; FABQ: Fear Avoidance Beliefs Questionnaire; NDI:
Neck Disability Index; NSE: neck-specific exercise program supervised by a physiotherapist; NSEIT: internet-based neck-specific exercise program;
OPLS: orthogonal partial least squares; PCS: Pain Catastrophizing Scale; PSFS_Avg: Patient-Specific Functional Scale average (the average of the 3
PSFS components physical activity, leisure time, and work).

Improvement From Baseline to 15-Month Follow-Up
At 15 months compared to baseline, 16 independent factors
were identified as associated with improvements in NDI, neck

pain, and PSFS (R2=0.37, Q2=0.30, CV-ANOVA P<.001 for
NDI and neck pain and P<.01 for PSFS; Figure 3).
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Figure 3. OPLS model depicting changes in independent factors from baseline to 15 months. (A) Score plot of the participating patients. The color
corresponds to grouping in either NSE (blue squares) or NSEIT (green circles). There were no differences between the NSEIT and NSE groups. (B)
Loading plot of analyzed variables, showing the contribution of each independent factor to the OPLS component underlying the participant separation
in the score plot (A). The x-axis depicts the most important predictive component for separating participants based on improvements in the primary

outcomes NDI, neck pain, and PSFS (blue circles; R2=0.37, Q2=0.30, cross-validated ANOVA P<.001 for NDI and neck pain and P<.01 for PSFS).
CROM: cervical range of motion; EQ5D: EuroQol health-related quality-of-life scale; EQ-VAS: EuroQol visual analogue scale; FABQ: Fear Avoidance
Beliefs Questionnaire; NDI: Neck Disability Index; NSE: neck-specific exercise program supervised by a physiotherapist; NSEIT: internet-based
neck-specific exercise program; OPLS: orthogonal partial least squares; PCS: Pain Catastrophizing Scale; PSFS_Avg: Patient-Specific Functional Scale
average (the average of the 3 PSFS components physical activity, leisure time, and work).

Improvement From 3-Month to 15-Month Follow-Up
At 15 months compared to 3 months, 18 independent factors
were identified to be associated with improvements in NDI,

neck pain, and PSFS (R2=0.34, Q2=0.28, CV-ANOVA P<.001;
Figure 4).
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Figure 4. OPLS model depicting changes in independent factors from 3 months to 15 months. (A) Score plot of participating patients. The color
corresponds to grouping in either NSE (blue squares) or NSEIT (green circles). There were no differences between the NSEIT and NSE groups. (B)
Loading plot of analyzed variables, showing the contribution of each independent factor to the OPLS component underlying the participant separation
in the score plot (A). The x-axis depicts the most important predictive component for separating participants based on improvements in the primary

outcomes NDI, neck pain, and PSFS (blue circles; R2=0.34, Q2=0.28, cross-validated ANOVA P<.001). CROM: cervical range of motion; EQ5D:
EuroQol health-related quality-of-life scale; EQ-VAS: EuroQol visual analogue scale; FABQ: Fear Avoidance Beliefs Questionnaire; NDI: Neck
Disability Index; NSE: neck-specific exercise program supervised by a physiotherapist; NSEIT: internet-based neck-specific exercise program; OPLS:
orthogonal partial least squares; PCS: Pain Catastrophizing Scale; PSFS_Avg: Patient-Specific Functional Scale average (the average of the 3 PSFS
components physical activity, leisure time, and work).

Variable Loadings for the 3 Models
The contribution of each variable (loadings) to the predictive
component (x-axis) for the 3 models (Figures 1-3) is visualized
in Figure 5. Thirteen of the 23 identified independent factors
were common for all 3 models and included both psychological
and physiological factors. The most important factors, as
determined by a higher loading, that were related to
improvements in NDI, neck pain, and PSFS were as follows:

anxiety and depression, cognitive failure, pain catastrophizing,
self-efficacy, fear avoidance beliefs, cervical range of motion,
headache last week, current headache, and symptom satisfaction.
Factors only found in 1 or 2 models were fear avoidance beliefs
subscale work, balance (standing on one leg), cervical motion
(lateral flexion and rotation), neck muscle endurance (extension),
taking no pain medication, dizziness at rest and at movement,
and health-related quality of life (Figure 5).
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Figure 5. Loadings (contribution of each independent factor) obtained through OPLS after selecting outcome measures with variable influence on
projection greater than 1.0. The three models (A-C) show the association between independent factors for improvements in NDI, neck pain, and PSFS
at different time points. (A) Improvements between baseline and 3-month follow-up. (B) Improvements between baseline and 15-month follow-up. (C)
Improvements between 3-month and 15-month follow-up. A higher value for the loadings indicates it is more important in the models. CROM: cervical
range of motion; EQ5D: EuroQol health-related quality-of-life scale; EQ-VAS: EuroQol visual analogue scale; FABQ: Fear Avoidance Beliefs
Questionnaire; NDI: Neck Disability Index; NSE: neck-specific exercise program supervised by a physiotherapist; NSEIT: internet-based neck-specific
exercise program; OPLS: orthogonal partial least squares; PCS: Pain Catastrophizing Scale; PSFS_Avg: Patient-Specific Functional Scale average (the
average of the 3 PSFS components physical activity, leisure time, and work).

The 5 most important independent factors related to changes in
NDI, neck pain, and PSFS between baseline and 3-month
follow-up were improvement in cervical range of motion
(flexion/extension), symptom satisfaction, depression, cognitive
failure, and self-efficacy (Figure 5A).

The 5 most important independent factors related to changes in
NDI, neck pain, and PSFS between baseline and 15-month
follow-up were improvement in pain catastrophizing
(helplessness), self-efficacy, taking no pain medication,
symptom satisfaction, and pain catastrophizing (total score;
Figure 5B).

The 5 most important independent factors related to changes in
NDI, neck pain, and PSFS between 3-month and 15-month
follow-up were improvement in symptom satisfaction, cervical
range of motion (lateral flexion), NME (extension), balance,
and self-efficacy (Figure 5C).

Baseline Factors Determining Clinically Improved
Versus Nonimproved Patients in Disability, Neck Pain,
and Physical Function
Using OPLS-DA modeling, no significant models could be built
to separate those patients whose NDI, neck pain, or PSFS was
clinically improved from those with no improvement or showing
deterioration based on background variables and baseline
measurements of any of the independent factors (Figures S4-S9
in Multimedia Appendix 1).

Discussion

Principal Findings
This secondary analysis of a prospective randomized study
investigated factors related to change in neck pain and disability
(including functional ability) after a NSEIT or NSE exercise
program for individuals with chronic WAD grade II or III.

The multivariate OPLS-DA models showed no significant
differences between NSEIT and NSE. Thus, factors related to
changes in pain and disability were the same in both groups,
independent of how the exercise program was delivered. On
the other hand, the multivariate OPLS models of improvements
in neck pain and disability between the 3 time points (baseline
to 3 mo, baseline to 15 mo, and 3 mo to 15 mo) indicated a
number of related factors in both NSEIT and NSE. In total, 23
factors were identified and 13 of them featured in all 3 time
points. However, neither the baseline factors nor changes in the
independent factors could predict which patients were improved
versus nonimproved in pain and disability.

Improvements in psychological and physiological factors were
associated with an improvement in disability, pain, and physical
function in both groups (NSEIT and NSE). It seems reasonable
to assume that the effect may be related to the neck-specific
exercise intervention itself, regardless of whether it was
internet-based or physiotherapist-supervised, because the
neck-specific exercise and information program were identical
in NSEIT and NSE. The 4 face-to-face visits in NSEIT included
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examination, an introduction to performing the exercises,
progression of exercises, and follow-up. A possible explanation
is that 4 visits to the physiotherapist combined with the
internet-based program enabled these patients to feel confident
and skilled enough to perform the exercises to the same extent
as participants in the NSE group, who had many more visits to
the physiotherapist.

In our study, participants in both groups described having
increased knowledge regarding WAD, a stronger neck, and
fewer symptoms [41]. Moreover, no significant differences were
seen between NSEIT and NSE for primary or secondary
outcomes [9,42].

The interpretation of the multivariate OPLS models was based
on the weights (loadings) reflecting the relationship between
dependent factors (NDI, neck pain, PSFS) and independent
factors. Thus, independent factors with higher loadings were
more closely related to improvements in NDI, neck pain, and
PSFS compared to outcomes with lower loadings in the same
model (Figure 5). Improvements in self-efficacy and symptom
satisfaction were prominent in all 3 models (baseline to 3 mo,
baseline to 15 mo, and 3 mo to 15 mo). Neck-specific exercises
have been shown to improve neck-related function [42] and, in
combination with the patient education in our NSEIT/NSE
program, the exercises may lead to an enhanced ability to
perform everyday functional activities, as the improvements in
NDI and PSFS indicate [9].

Comparison to Prior Work
Psychological factors such as low self-efficacy, fear avoidance
beliefs, depressive symptoms, and catastrophizing have earlier
been shown to be predictors of a poor outcome of neck disability
in chronic WAD [43-47], but they are also shown to be
improved after 3 months of neck-specific exercise [48]. One of
the most important factors to improve self-efficacy is personal
mastery experiences, that is, the ability to successfully perform
a task [49]. When individuals in the NSEIT and NSE groups
could perform activities with less pain, their self-efficacy and
symptom satisfaction increased. A painful stimulus, such as
neck pain, can trigger catastrophic thinking, fear-avoidance
beliefs, and avoidance behaviors, resulting in more pain and
depression and leading to chronic disability as described by
Vlaeyen and Linton [50] in their fear-avoidance model. Our
neck-specific exercise program included information on
whiplash injury, outlining why pain can persist even after
potential injuries to muscles or ligaments have healed, and
highlighting the importance of exercising the neck muscles.
The exercises should not exacerbate neck pain but should be
progressed over time, leading to the activity level recommended
by the World Health Organization, as described in detail
previously [9].

Physical activities and exercises are highly effective for
improving symptoms of depression [51]. This may explain the
association between improvements in NDI and PSFS (physical
function) and depressive symptoms in this study. A speculative
explanation is that the effect of our neck-specific exercise
program is related to mutually positive associations. Physical
function and self-efficacy increased—while pain, fear avoidance,
and depression decreased—as a result of the exercise program.

Anxiety and pain catastrophizing were included in the 3 models
but had a lower influence on the dependent factors (neck pain
and disability). Improvement in cognitive failures was also
related to an improvement in pain and disability in all 3 models.
Previous studies have shown that cognitive failures and attention
problems are common and disabling when living with pain [52],
a finding that is not limited to subjective reports, as these
patients also fail in standardized cognitive tests [53]. However,
another study found the relationship between chronic pain and
cognitive tests in whiplash inconclusive [54]. Coexisting brain
injury due to the whiplash trauma may be another reason for
cognitive failures independent of pain [53], although individuals
with brain injury were excluded in this study. Our results
indicate that improvement in pain and disability after NSEIT
or NSE was to some extent related to improvement in anxiety,
pain catastrophizing, and cognitive failures. A causal
relationship cannot be established in this study, but the findings
may be of importance for improved rehabilitation in chronic
WAD.

Background variables and baseline values of the independent
factors in our study could not separate individuals with clinical
improvement versus nonimprovement in disability, neck pain,
and physical function. Moreover, no background variables were
found to be associated with improvements in NDI, neck pain,
or PSFS. A possible reason is that we failed to include the most
relevant factors in the analyses despite the inclusion of many
variables in the OPLS and OPLS-DA models. However, we
included background variables and independent factors that
were previously reported in the literature to be important in
predicting and relating to disability and pain in WAD and
chronic pain [10,11,14,43,44,46,47,55-57]. Nonetheless, there
are conflicting results in earlier studies regarding the importance
of some of the background variables and baseline values of the
independent factors to pain intensity in chronic pain [55]. In
chronic WAD, female gender, older age, and WAD grade III
were related to nonrecovery in one study [56], while another
study found that pain-related catastrophizing explained the
variance in disability in patients with chronic WAD [44]. In
contrast, we have previously found that no background variables
were predictive of pain reduction in chronic WAD at 1-year
follow-up [14]. However, higher baseline NDI score, absence
of dizziness, and higher patient expectations, but not
psychological factors, were associated with disability reduction
[14]. We have also previously found that neck muscle endurance
and perceived work ability were mediators for reduction in pain
[15] in chronic WAD, and we identified a lack of improvement
in ventral NME as a factor for ongoing dizziness in WAD after
an exercise intervention [57]. The participants in this study had
higher neck muscle endurance at baseline [42] compared to
earlier results [58] and they improved more at the 3-month
follow-up [42,58]. Higher neck muscle endurance may reduce
disability and pain, which in turn can influence other factors
and may explain the discrepancy between our results and other
studies [12,44,56].

We recently reported that between 47% and 74% of participants
with chronic WAD grade II and III demonstrated sustained
improvement in disability, pain, and physical function after 3
months of NSEIT or NSE [9], but we failed to identify factors
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associated with responders and nonresponders. Differences in
analysis methods may explain the discrepancy between the
present results and other studies [12,44,56]. An interesting result
in this study was that neither psychological factors such as low
self-efficacy, depression, and fear avoidance, nor background
characteristics such as older age, low disability level, or WAD
grade III, could predict nonresponders. Further studies should
include factors related to possible tissue damage or altered
function in chronic WAD, but one problem is that there is still
a lack of reliable and effective diagnostic tools.

The results indicate that we need to go further to be able to
improve our understanding of chronic WAD and to optimize
treatment. Biomedical and/or psychosocial factors not
investigated in this study are likely to be important for
identifying nonresponders to NSEIT and NSE in chronic WAD.

Strengths and Limitations
This is the first study investigating factors related to pain and
disability after an internet-based exercise program for chronic
WAD grade II and III patients and, to our knowledge, factors
related to the outcome of PSFS have not previously been
reported for chronic WAD.

The strengths of multivariate OPLS analysis are the ability to
include many variables and observations and the fact that several
response variables (dependent factors) can be modeled together.
OPLS can also cope with multicollinearity and missing values,
which is a major advantage compared with traditional regression
models. OPLS models use latent variables to model the data;
these latent variables, which are linear combinations of the
original variables, reduce the dimensions and minimize the issue
of multicollinearity. Furthermore, OPLS separates the predictive
variation (related to the response variable) from the orthogonal
variation (unrelated to the response variable), thus focusing on
the most relevant information, which simplifies the model and
improves interpretability [59-61]. Moreover, the benefits of
using multivariate statistics in this analysis are that variables
can be scaled and centered on the mean, implying that each
variable will have the same potential to affect the model, and

that a patient or cluster of patients can be related to a variable
profile rather than a single variable.

There are several limitations in this study. First, in the OPLS
analyses, all 3 models (baseline to 3 mo, baseline to 15 mo, and
3 mo to 15 mo) showed relatively low explained variance, with
the highest explanation level for the baseline to 15-month

follow-up (R2=0.37, Q2=0.30). The goodness of fit of a model
varies depending on the type of data and the specific application.
For example, spectroscopic calibration models require values
close to 1.0. However, while high R² and Q² values are desirable,
they must be interpreted in the context of the specific application
and data type [62]. Lower values indicate a less robust fit and
predictive ability but might be acceptable, for example, in OPLS
models that include self-reported psychological symptoms.
Second, the results of this study are only generalizable to those
individuals who fulfill the study criteria and are motivated to
participate in exercise, but not to all individuals with WAD.
Moreover, long-term effects can be influenced by various
factors. For example, consistently measuring outcomes over
time can introduce bias and affect the reliability of the results
due to changes in the patient’s life situation. Additionally,
dropouts commonly increase over time. Third, only individuals
who understood the Swedish language were included, and the
age range was limited to 18‐63 years. Thus, this study excluded
minorities from a different background who did not understand
Swedish and the results cannot be generalized to those aged
under 18 or over 63 years.

Conclusions
After 3 months of NSEIT or NSE, improvements in neck pain
and disability were related to improvements in 23 other physical
and psychological factors. However, the findings should be
interpreted with caution, as the results showed relatively low
explained variance. No recommendations can be given for which
individuals will benefit from NSEIT or NSE, due to the study’s
inability to distinguish between clinically improved and
nonimproved participants regarding neck pain and disability.
Further research is warranted to improve our understanding of
those who are improved or not improved after 3 months of NSE
or NSEIT.
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Abbreviations
CV-ANOVA: cross-validated analysis of variance
EQ-5D-3L: EuroQol quality-of-life instrument version with 5 dimensions and 3 response levels
EQ-VAS: EuroQol health-related quality of life measure using a visual analogue scale
NDI: Neck Disability Index
NME: neck muscle endurance
NSE: neck-specific exercise program supervised by a physiotherapist
NSEIT: internet-based neck-specific exercise program
OPLS: orthogonal partial least squares
OPLS-DA: orthogonal partial least squares discriminant analysis
PSFS: Patient-Specific Functional Scale
VAS: visual analogue scale
WAD: whiplash-associated disorders
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Abstract

Background: Dementia is a widespread syndrome that currently affects more than 55 million people worldwide. Digital screening
instruments are one way to increase diagnosis rates. Developing an app for older adults presents several challenges, both technical
and social. In order to make the app user-friendly, feedback from potential future end users is crucial during this development
process.

Objective: This study aimed to establish a user-centered design process for the development of digiDEM-SCREEN, a user-friendly
app to support early identification of persons with slight symptoms of dementia.

Methods: This research used qualitative and quantitative methods and involved 3 key stakeholder groups: the digiDEM research
team, the software development team, and the target user group (older adults ≥65 years with and without cognitive impairments).
The development of the screening app was based on an already existing and scientifically analyzed screening test (Self-Administered
Tasks Uncovering Risk of Neurodegeneration; SATURN). An initial prototype was developed based on the recommendations
for mobile health apps and the teams’ experiences. The prototype was tested in several iterations by various end users and
continuously improved. The app’s usability was evaluated using the System Usability Scale (SUS), and verbal feedback by the
end users was obtained using the think-aloud method.

Results: The translation process during test development took linguistic and cultural aspects into account. The texts were also
adapted to the German-speaking context. Additional instructions were developed and supplemented. The test was administered
using different randomization options to minimize learning effects. digiDEM-SCREEN was developed as a tablet and smartphone
app. In the first focus group discussion, the developers identified and corrected the most significant criticism in the next version.
Based on the iterative improvement process, only minor issues needed to be addressed after the final focus group discussion. The
SUS score increased with each version (score of 72.5 for V1 vs 82.4 for V2), while the verbal feedback from end users also
improved.

Conclusions: The development of digiDEM-SCREEN serves as an excellent example of the importance of involving experts
and potential end users in the design and development process of health apps. Close collaboration with end users leads to products
that not only meet current standards but also address the actual needs and expectations of users. This is also a crucial step toward
promoting broader adoption of such digital tools. This research highlights the significance of a user-centered design approach,
allowing content, text, and design to be optimally tailored to the needs of the target audience. From these findings, it can be
concluded that future projects in the field of health apps would also benefit from a similar approach.

(JMIR Hum Factors 2025;12:e65022)   doi:10.2196/65022
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Introduction

Dementia is a widespread syndrome that currently affects over
55 million people worldwide, with annually almost 10 million
new cases. The diagnosis of and treatment for people with
dementia are going to be among the biggest challenges for health
care systems worldwide [1]. A study by Eichler et al [2] found
that 60% of people living with dementia in Germany had no
formal diagnosis. Another problem lies in the long diagnostic
periods. In the Bavarian Dementia Survey (BayDem) study,
Wolff et al [3] found that the median time between the first
perceived symptoms and diagnosis in Bavaria was 16 months.
As Barth et al [4] were able to show, rural areas are also
particularly affected here due to a high difficulty in accessing
the facilities needed to diagnose and treat patients with dementia.

Screening instruments are one way of improving the diagnosis
rate. A study with 146 participants has shown that diagnoses
could be increased by almost 50% through upstream cognitive
screening [2]. Internet-based screening tools offer the additional
advantage that they can be used at a low threshold, regardless
of time and place [5]. Digital technologies and the internet are
already playing an increasingly central role in the everyday lives
of older people. The proportion of people with internet access
is growing across all age groups. In recent years, the number
of German senior citizens (79‐84 years) who regularly use the
internet has more than doubled (18.8% in 2011 vs 39.4% in
2017). There is also an increased interest in health websites
among older people [6]. In the 2021 report published by the
German Federal Office for Information Security, it was stated
that around 163,000 different health apps existed [7]. However,
there is a lack of high-quality dementia apps. As analyzed in
an earlier study, for only 6 of 20 identified dementia apps,
scientific evaluation studies have been published. In none of
those studies, the effectiveness of the respective screening app
could be proven. Among the published app evaluations,
screening apps received the worst overall quality rating. In
summary, the analysis showed that the existing apps at this time
did not provide reliable information and results [8].

Thus, in the digiDEM Bayern project (Digital Dementia Registry
Bavaria), we have not only focused on the establishment of a
digital registry for persons with mild cognitive impairment and
mild to moderate dementia [9,10], but also on the development,
scientific evaluation, and sustained provisioning of innovative
eHealth tools and digital apps [11,12]. The goal of our current
project, in this context, was to establish a user-centered design
process for the development of digiDEM-SCREEN, a
user-friendly app to support the early identification of persons
with slight symptoms of dementia. The objective of this
publication is to illustrate the iterative and agile user-centered
development process consisting of 8 phases to move from a
conceptual idea to an early prototype and a final prototypical
implementation with continual involvement and feedback
process from stakeholders and intended future users.

Methods

Overview
In order to achieve the goal of a user-friendly screening app for
people with slight dementia symptoms, a user-centered iterative
development approach comprising the following steps was
chosen:

1. A systematic literature research of scientifically evaluated
digital and nondigital dementia screening tests.

2. An early prototype (V1) development based on the
guidelines for graphic design and textual formulation criteria
for people with cognitive impairments. Graphical
requirements include an easy-to-understand layout,
standardized navigation elements, and a clear division of
instructions into several steps [13]. In addition, textual
guidelines such as short and concise sentences, logically
structured sections with headings and an active approach
to the user should be observed [14]. Furthermore, the
expertise of 3 clinicians from different disciplines with
long-term experience in dementia research and 2 professors
of medical informatics with expertise in developing mobile
health apps, supported by their teams was incorporated into
the development.

3. Conduction of an initial evaluation of the early prototype
(V1) based on a focus group discussion (FGD) with
potential end users (older adults ≥65 years with and without
subjective cognitive impairments) [15]. The group
discussion was recorded and transcribed afterward. The
results were then categorized and analyzed based on a
previously published qualitative content analysis [16]. The
following categories were extracted: general linguistic
adaptations, task-related linguistic adaptations, menu
navigation, general navigation, and specific design changes
to individual components.

1. Incorporating the FGD feedback and results into the
specification for the prototypical implementation of
digiDEM-SCREEN (V2).

2. The second evaluation with a new group of potential users
(older adults ≥65 years with and without subjective
cognitive impairments) was based on the think-aloud
method, where participants speak their thoughts and wishes
aloud during the test and are observed by a researcher who
also takes notes [17].

3. Incorporating the user feedback and think-aloud evaluation
results into the enhanced specification for the subsequent
digiDEM-SCREEN development step (V3).

4. Conduction of an additional focus group evaluation of the
improved beta version of the app (V3) with people with
migration background (nonnative German speakers).

5. Development and deployment of the first ready-to-use
digiDEM-SCREEN version (V4).

Recruitment of the facilities for participation (steps 4, 5, and 7)
was based upon the network of research partners in the project
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digiDEM. The older adults from the facilities were informed
about participation options in former group meetings (informed
consent). After consenting, participants were invited to take
part in the respective focus groups.

In steps 3 and 5, the System Usability Scale (SUS) has been
calculated for the respective prototype versions by applying the
German version of the standardized SUS questionnaire [18].
The scale can take values between 0 and 100; the higher the
value, the higher the user-friendliness is categorized [19]. In
addition, also in step 7, a self-assessment was used to determine
technology use, interest, and expertise, each on a 5-point Likert
scale (1 - ‘Does not apply at all’; 5 - ‘Applies completely’). The
participants gave their subjective assessment and considered if
they could use the app on their own (on a scale of 1 to 10) of
the app and the specific components [20]. Furthermore, the
participants were asked to name the most considerable problems
associated with the app and if they wanted to change something.

Thus, our user-centered software design and development
process included qualitative and quantitative evaluation methods
at 3 different stages of the development process.

Ethical Considerations
This study was approved by the Ethics Committee of the
Medical Faculty of the Friedrich-Alexander Universität
Erlangen-Nürnberg (application number: 20-253_1-B; August
14, 2023). Written consent was obtained prior to the user testing
and focus group discussion. All participants data were
pseudonymized. The list of reidentifying data was stored
separately from the analyzed data, and only authorized
individuals have access to them. No one was paid to test the
app.

Results

Steps 1 and 2: Development of the First Prototype (V1)
Prior to developing the screening test, we conducted systematic
literature research. The search terms are shown in Multimedia
Appendix 1. Criteria for the decision on a suitable screening
tool were the scientifically examined psychometric properties
(sensitivity and specificity), the availability of being a free to
use app (not paid), and the technical feasibility of a
tablet/smartphone. The main source of information was the
systematic reviews of Chan et al [21] as well as the specific
studies of the screening tools [22,23]. The decision on the
Self-Administered Tasks Uncovering Risk of Neurodegeneration
(SATURN) was based upon a group discussion about the
aforementioned criteria as well as the (methodological) quality
of the screening tools and the underlying scientific studies in
general.

The SATURN [24] proved to be a test with particular promising
diagnostic values (sensitivity: 0.92; specificity: 0.88 in dementia
cases vs controls) [21]. The test is usable via a tablet.
Administration time is about 10 minutes, which can be
especially beneficial for older adults as shorter tests might
induce less fatigue and therefore be more suitable for repeat
administration compared with lengthier instruments [25]. Thus,
the SATURN provides the foundation for the development and
validation of a German adaption of the test usable as an app via
smartphone and tablet.

To date, there is no German version of the SATURN test. The
translation of the English version of the SATURN into German
was carried out independently by 2 research assistants from the
digiDEM Bayern project (MZ and ND) using the
translate-retranslate method. Apart from some general
adaptations, such as the correct assignment of the users’
residence, linguistic aspects were also taken into account, and
the texts were adapted to the German-speaking context. In some
translations, the number of letters in the word increased
noticeably (eg, farm - Bauernhof). A shorter related word (field
- Feld) was then used in these places. Additional instructions
were developed. The test adaptations aimed to ensure that both
the implementation and the evaluation could be carried out
entirely by the user or the system alone. At the start of the
original SATURN test, the participant was asked to read aloud
the task (close your eyes) and perform it [24]. Without a handler
to check the action, there could be no subsequent evaluation
(What phrase did you first read from this tablet?). Therefore,
the researcher chose an alternative task (tap on the yellow circle)
that also involved reading and performing an action.

The final screening test consists of tasks from 6 different
cognitive domains: Comprehension, Visuospatial, Orientation,
Memory, Calculation, and Executive Function. Points are
awarded for each task, which adds up to a maximum score of
30. The tasks must be completed without the help of other
people. Participants may use their visual aids to complete the
tasks; all other aids (eg, paper and pencil) are not permitted. A
detailed description and illustrations of the individual test tasks
can be found in Multimedia Appendix 1.

Another innovation is that the authors are developing the app
as a tablet and a smartphone version. Due to the smaller display
sizes, new components like the word selection task shown in
Figure 1 had to be created. The researcher also developed some
new logic to prevent larger adjustments, for example, that the
user is only allowed to undo the last connection at the last task
(tap on the circle with a blue background; Figure 2).

The following table (Table 1) shows the baseline characteristics
of the participants in the usability analysis. This is followed by
a description of the details of the individual events.
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Figure 1. Word selection task as visible on a smartphone.
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Figure 2. Trail Making Test as visible on a tablet.
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Table . Baseline characteristics.

FGD 2 (Prototype V3)Usability test (Prototype V2)FGDa 1 (Prototype V1)Study sample char-
acteristics

72113Study population

60.8 (53-69)70.2 (65-80)75.8 (66-84)Age (years), mean
(range)

Sex, n (%)

0 (0.0)8 (38.1)1 (7.7)Male

7 (100.0)13 (61.9)12 (92.3)Female

Education, n (%)

1 (14.3)0 (0.0)4 (30.8)Low

1 (14.3)10 (47.6)5 (38.4)Medium

5 (71.4)11 (52.4)4 (30.8)High

0 (0.0)5 (23.8)5 (38.4)Self-perceived cog-
nitive impairment,
n (%)

7 (100.0)2 (9.5)0 (0.0)Nonnative German
speaker, n (%)

—c82.4 (16.1)72.5 (1.6)SUSb (0‐100),
mean (SD)

8.7 (1.2)8.7 (1.5)7.3 (2.1)App rating (1-10),
mean (SD)

8.5 (1.0)8.95 (1.3)7.5 (2.9)Independent app
use (1-10), mean
(SD)

aFGD: focus group discussion.
bSUS: System Usability Scale.
cNot applicable.

In both the first 2 focus groups, the SUS score was slightly
lower in people with subjective cognitive impairment (FGD1:
healthy older adults=74.4; people with subjective cognitive
impairment=69.5; FGD2: healthy older adults=83.5; people
with subjective cognitive impairment=82).

The SUS score decreased with advanced age (FDG1: ≥80 years
old=63.8, 79‐70 years old=73.9, ≤70 years old=85.0;
FDG2:≥80 years old=75.0, 79‐70 years old=77.5, ≤70 years
old=85.0). People with a medium-level education had the best
scores on the SUS (FDG1=85.0; FDG2=83.3), followed by
people with a high-level education (FDG1=73.8; FDG2=83.0)
and people with a low-level education (FDG1=55.6).

Steps 3 and 4: Focus Group Discussion V1
The first FGD took place as part of a memory training group.
A memory training group is a frequent meeting of older adults,
in which those adults perform different memory training
exercises under the supervision of a group leader. Frequent
excursions are also part of this service. The service is offered
by a nonprofit organization (German: Wohlfahrtsverband) and
is led by a research associate in the project digiDEM. The group
consisted of a total of 13 participants. Their baseline
characteristics are shown in Table 1. On average, they used

modern technologies frequently (3.39) and showed an average
interest in technological innovations (3.00). Their
self-assessment of their competence in using modern technology
was moderate (2.39), but the fear of failure played only a
moderately important role (2.69).

Due to the large number of participants, 3 small groups were
formed for the test. Participants were able to extensively test
the app prototype and contact a research assistant with any
questions. The individual components of the prototype achieved
a subjective app rating of 7.3 (out of 10) points and an SUS
score of 72.5. Participants also generally felt able (7.5 out of
10) to use the app independently without outside help.
Subsequent group discussion of the results took place again in
a large group.

The 2 most significant areas of improvement were observed in
all the 3 small groups. Many participants recognized the letter
I as T due to the inverted commas (‘I’) and had problems
answering this task correctly. Participants also did not always
recognize the selected word, as only the radio button on the
right-hand side of the prototype showed their selection. The app
prototype (V1) is shown in Figure 3. Participants therefore
specifically requested that the entire line be colored when a
selection was made. The 2 adjustments are shown in Figure 4.
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Figure 3. Illustration of the prototype (V1).
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Figure 4. Final visualization (V4).

In addition, minor inconsistencies were noticed in this test, such
as the fact that sometimes “Next” and sometimes “Done” were
used to move on to the next task. The participants also wanted
the selected images to be marked more clearly and the contrast
and color intensity to be adjusted so that the colors could be
recognized more clearly. One participant commented that she
liked the “simple design” and that it did not distract from the
actual content. Another participant mentioned that the
instructions were too complex (“They were good instructions

that you could actually understand. But I really had to read very
carefully”). Therefore, the descriptive text has been simplified.
Feedback on the user-friendliness of the FGD was
predominantly positive. One participant particularly liked the
fact that she could use the app without having much prior
knowledge. The general consensus was that the app was easier
to use on a tablet than on a smartphone due to the larger screen
size. However, the smartphone version was also rated as usable
by participants. These points mentioned were discussed with
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the developers and incorporated into the second prototype
accordingly.

Steps 5 and 6: Think-Aloud Usability Evaluation (V2)
A total of 21 older adults, who were randomly selected from
participants in a dementia prevention event for older adults (≥65
years), participated in this usability test. Their baseline
characteristics are shown in Table 1. They most frequently use
modern technology (4) and are interested in technical
innovations (3.62). They rated their competence in modern
technology as average (3.33), while the fear of failure did not
play a significant role (2.48).

The quantitative key figures collected increased compared with
the first version. This prototype achieved a subjective app rating
of 8.7 (out of 10) points and an SUS score of 82.4. The
participants’assessment of using the app independently, without
external help, also increased significantly (8.95 out of 10).

Based on the researchers’ observations and the participants’
statements minor adjustments and precisions, such as allowing
€67 and €67.00 as the correct answer in the calculating task,
were made. Some users also commented negatively about the
last task’s descriptive text. Due to the length and complexity of
the content, the question was often not solved or only solved
with a hint from the research assistant. Based on this feedback,
the language of the text was revised again.

Step 7: Focus Group Discussion With Nonnative
Speaker (V3)
The last user test took place under the aspect of accessible
language and comprehensibility. To this end, an FGD was
conducted with people with a migration background. Seven
older adults took part in this FGD. Their baseline characteristics
are shown in Table 1. They came from 4 different countries
(Iraq, Kuwait, Sri Lanka, and Syria) and were all nonnative
German speakers. They most frequently use modern technology
(3.86) and are interested in technical innovations (3.57). They
rated their competence in modern technology as average (3.14),
while fear of failure played a minor role (2.58).

The quantitative indicators collected were similar to those of
the German-speaking users. This prototype achieved a subjective
app rating of 8.7 (out of 10) points. These participants also rated
the success of using the app independently, without external
help, at 8.5 (out of 10). Unfortunately, no SUS score could be
obtained from this group due to the language barrier.

Two relevant changes emerged from the group discussion. First,
a note on scrolling (Figure 4) was added in the appropriate
places, and second, the language was adapted. A total of 5 of
the 7 participants answered one of the initial questions (Select
the fruit from the list.) incorrectly. The participants confused 2
words “Kirsche (cherry)” and “Kirche (church),” which are very
similar in German. As this error does not indicate a possible
cognitive decline, the word “Kirche (church)” was changed to
“Kapelle (chapel).”

Step 8: Development and Deployment of the First
Ready-to-Use digiDEM-SCREEN Version (V4)
In this step, the digiDEM-SCREEN test was finalized as a
screening app for recording the current cognitive status of users.
A validation study is currently underway. The test will be
administered to patients in outpatient memory clinics and its
sensitivity and specificity will be evaluated in the context of
existing diagnoses and other nondigital cognitive tests. As part
of the validation, cut-off values for categorizing current
cognitive ability will also be determined as part of the validation.
Depending on the test result, the user is given a short
recommendation and options for action. If the result is above
the threshold value calculated in the validation study, the
screening does not indicate memory impairment. It is
recommended that the test be repeated at regular intervals to
monitor changes in memory performance. If the final result is
below the threshold, further neuropsychological assessment in
a memory outpatient clinic is recommended.

A study is currently underway to determine the sensitivity and
specificity of the developed screening test (V4) and its
correlation with the Montreal Cognitive Assessment [26]. For
increased transparency, the research group has registered the
project in the German Clinical Trials Register (DRKS)
(registration number: DRKS00033764). After validation, the
test will be available free of charge to anyone interested.
Different randomization options have been used to minimize
the learning effect. There are 5 versions of the test, which differ
in the order of the numbers to be memorized. In addition, the
position of each answer option is randomized for each test
session. There are also plans to offer the screening test in
different languages in the future. The possibility of
multilingualism has already been taken into account in the
programming of the app. This will be easy to implement once
further translations have been validated.

Discussion

Principal Findings
There is a lack of evidence in the field of freely accessible apps
for people with dementia, especially screening apps. A study
published in 2023 showed that there are not any scientific studies
to prove the effectiveness of any of the German-speaking
screening apps [8].

A user-friendly app should have 3 main characteristics:
typography appropriate for the target group (eg, recognizable
icons), intuitive operation, such as fewer clicks to the desired
action, and simplicity (eg, simple navigation) [27]. Three key
stakeholder groups were involved in developing the
digiDEM-SCREEN app: the digiDEM research team, the
software development team, and the target user group (older
adults ≥65 years with and without subjective cognitive
impairments). Developing an app for older adults presents
several challenges, both technical and social. Older adults may
have less technology experience and difficulty understanding
complex user interfaces [28]. Many older adults also have
age-related limitations, such as visual or hearing impairments
[29]. Cognitive abilities can decline with age, making complex
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apps more difficult to use. The app should be tailored to the
cognitive needs of older users, for example, by providing clear
instructions and simple interactions. Considering these
challenges when developing an app for older adults can help to
create a user-friendly and accessible application that improves
the lives of older people and promotes their independence [27].
In order to make the app as user-friendly as possible, feedback
from potential future end users is essential. A critical
examination of the study population shows that the participant
structure is dominated by women in terms of gender. This could
lead to a distortion of the results, as the findings may not be
transferable to the entire target group. However, an empirical
comparison of the usability of a mail app between male and
female users showed that there are no statistically significant
differences in the performance criteria of efficiency,
effectiveness, and satisfaction between the 2 groups [30].
Another study examined whether there were systematic
differences between women and men in the evaluation of the
user experience of 3 websites and showed that there were no
significant differences between the genders. Personal attitudes
and preferences have a greater influence on the results [31].

The activities summarized under the term “patient and public
involvement” enable patients to be actively involved in the
planning and development of new products. International
associations such as Alzheimer Europe as well as scientists are
very interested in encouraging the active involvement of people
with dementia in research for brainstorming and counseling
[32].

Digital health apps often struggle with low adherence. One
possible reason for this is users’ personal frustration with the
content of the intervention, the way it is presented, and the
nonintuitive handling [33]. The selected user-centered design
could sustainably increase adherence. Users have unique
knowledge, perspectives, and experiences that can influence a
product’s quality, appropriateness, and user-friendliness. User
testing is an essential part of the iterative development process
and contributes to increasing the quality and success of the app
[34]. Prototypes make it possible to recognize potential problems
or weaknesses in user interaction or design at an early stage.
By discovering these problems at an early stage, expensive
changes or new developments in later phases of development
can be avoided [35]. Thus, using the prototype design in the
first workshop provided the team with a cost-effective way to
get feedback and evaluate the idea. In the user tests, the tablet
prototype of the app performed better than the smartphone
version. The participants mainly criticized the smaller font and
display size, which made it somewhat difficult to enter answers
in some places. Despite these criticisms, the smartphone version
was still rated as user-friendly. Smartphones are the most
common mobile devices. A study by Weber et al [36] from 2020
found that an average of 41.4% of 71.6-year-old participants
used their own smartphone. Due to the high availability of
smartphones among seniors, the research team decided to stick
with both versions. The mobile app also works offline, so no
internet connection is necessary. Those decisions made it
possible to reach a larger number of potential users. During the
test phases, the participants did not use their devices, which
they were familiar with in everyday life, but devices provided

by the research team. For example, the display size, operating
system (or at least the version), and individual settings may
differ from their device. It is expected that user-friendliness will
be even higher when users utilize their own smartphone or tablet.

The workshop participants were positive about the experience
and gave constructive comments on the app. In addition, the
SUS score also increased with each iteration of the app version.
Bangor et al [37] described that products with a SUS score of
90 points and above were rated as exceptional, products with a
SUS score of 80 points were rated as good, and products with
a SUS score of 70 points were rated as acceptable. Anything
below 70 points had usability issues that were a cause for
concern. That means all SUS assessments are above the average
and at least rated as acceptable. The prototype V1 gained a SUS
score of 72.5 from the participants of the FGD. The rating of
the second app version was notably better (SUS score: 82.4)
and, therefore, rated as good. Due to some comprehension
difficulties, unfortunately, no SUS score could be raised in the
second FGD. Whenever questionnaires are used directly with
people with dementia, the questions should be short and
understandable (no technical terms), and double negatives
should be avoided [27].

The results of the user evaluations showed that a user-friendly
screening test for people with subjective cognitive impairments
could be developed for the German-speaking population.

The main focus of the focus groups was on minimizing potential
sources of error. Nevertheless, there is still a residual risk that
the test cannot be carried out properly. If the first 3 simple test
tasks are not answered correctly, an end screen appears with
the message that the test cannot be carried out due to technical
or language barriers. In this case, the user is advised to visit a
specialized clinician. In the general instructions before the start
of the test, participants are also informed that for example visual
aids should be used.

Strengths
Different potential end users were included in the development
process of the digital screening test as an app in order to improve
usability and avoid technical or linguistic barriers. Moreover,
additional languages and other extensions like a dementia
prevention module can be added to the app.

Limitations
There was no random sampling of participants. Furthermore,
although the SUS scale is the most frequently used scale to
assess the user-friendliness of IT applications, it also has its
weaknesses. The results of a systematic review show that some
studies found that the double-negative questions from the SUS
are challenging to understand for people with dementia [27].
With this knowledge in mind, we used simple language and no
double negatives for the remaining questions we phrased. In
the first FGD, the researchers had to explain individual questions
to the group, and no SUS score could be collected in the last
FGD. Most of the participants needed help understanding the
questions. They were, therefore, unable to give reliable answers.
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Conclusions
The development of digiDEM-SCREEN serves as an excellent
example of the importance of involving experts and potential
end users in the design and development process of health apps.
From the initial stages of the project, experts were engaged in
the content and design realization, providing a solid foundation
for further development. The intensive testing phase, in which
various end users tried out the app prototype in several iterations,
clearly demonstrated the value of early and continuous feedback
for improving the final product. This research highlights the
significance of a user-centered design approach, allowing
content, text, and design to be optimally tailored to the needs
of the target audience. From these findings, it can be concluded

that future projects in the field of health apps would also benefit
from a similar approach. Research teams and app developers
should integrate user-centered design practices into their
development processes to ensure that the applications they create
are not only functional but also user-friendly and appealing to
the target audience. Such an approach could significantly
enhance the acceptance and effectiveness of health apps, thereby
making a valuable contribution to digital health care. A close
collaboration with end users leads to products that not only meet
current standards but also address the actual needs and
expectations of users. This is a crucial step toward improving
health technology and promoting broader adoption of such
digital tools.
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Abstract

Background: Muscle fatigue, characterized by reduced force generation during repetitive contractions, impacts older adults
doing daily activities and athletes during sports activities. While various sensors detect muscle fatigue via muscle activity,
biochemical markers, and kinematic parameters, a real-time wearable solution with high usability remains limited. Plantar pressure
monitoring detects muscle fatigue through foot loading changes, seamlessly integrating into footwear to improve the usability
and compliance for home-based monitoring.

Objective: This study aimed to investigate the effects of muscle fatigue on plantar pressure measurements using a self-developed
wearable plantar pressure system.

Methods: Twelve healthy participants completed a 5-minute calf muscle fatigue protocol. The plantar pressures and surface
electromyography (sEMG) activity of the gastrocnemius muscles were recorded before and after exercise. The plantar pressures
at 6 regions and the median frequency (MDF) of sEMG were analyzed to quantify fatigue.

Results: The self-developed foot pressure system showed a significant decrease in plantar pressure peak values at the heel of
the left (P=.003) and right feet (P=.001) and at the lateral toe of the left (P=.001) and right feet (P=.026). A significant increase
was observed at the metatarsal head of both the left foot (P=.001) and the right foot (P=.017). The MDF of sEMG signals
significantly decreased in the left (P=.001) and right gastrocnemius (P<.001).

Conclusions: Plantar pressure changes and sEMG signals effectively detect gastrocnemius muscle fatigue using the proposed
wearable system, supporting the development of a wearable solution for detecting muscle fatigue suitable for home-use.

(JMIR Hum Factors 2025;12:e65578)   doi:10.2196/65578

KEYWORDS

muscle fatigue; plantar pressure sensors; wearable devices; home-based monitoring

Introduction

Muscle fatigue, characterized by the reduced ability to generate
adequate force during repetitive contractions [1], affects
performance across different groups and activities including
daily activities of older adults as well as athletes during sports.
Muscle fatigue disrupts the neuromuscular system and affects
different aspects such as muscle strength, force production, and
movement patterns, resulting in stiffness of the muscles and
joints, impaired motor control, and poor balance [2], thereby
increasing the risk of injuries. For instance, in badminton
players, muscle fatigue impairs neuromuscular coordination,
by reducing input from the foot sole receptors, and muscle force
production, leading to weaker responses and decreased reaching
distance performance [3]. Running-induced fatigue reduces
lower limb muscle activity, decreases shock absorption capacity,
and alters plantar pressure distribution [4], thus increasing the

risk of running-related injuries such as stress fractures in the
foot [5]. Mello et al highlighted how fatigue delays the
gastrocnemius muscle’s activation by 1 second relative to the
center of pressure, thus impairing balance [6]. Furthermore,
Morrison et al found that muscle fatigue in older adults (aged
60‐79 years) significantly increased reaction times, postural
sway, and fall risk compared to younger individuals (aged
30‐59 years) [7].

Muscle fatigue can be detected through various methods,
including blood lactate concentration [8], electromyography
(EMG) [9], mechanomyography (MMG) [10], near-infrared
spectroscopy (NIRS) [11], and kinematic parameters using
inertial measurement units (IMUs) [12]. While the lactate
concentration provides an estimation of global fatigue, it cannot
monitor fatigue in real-time [8]. MMG, NIRS, and IMUs can
be used in wearable forms; however, the use of NIRS and MMG
has challenges owing to issues such as time lags, the use of
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MMG has susceptibility to motion artifacts [13], and the use of
IMUs needs further research regarding the relationship between
kinematic parameters and muscle fatigue [14]. Surface
electromyography (sEMG) is a widely used wearable method
for real-time monitoring of local muscle fatigue by measuring
myoelectric activity [15]. Fatigue reduces muscle fiber
conduction velocity, shifting the sEMG power spectrum to lower
frequencies (eg, decreased median frequency) and increasing
signal amplitude. sEMG captures these changes and quantifies
muscle fatigue using time-domain or spectral parameters [8].
However, the use of sEMG in a home setting is difficult, owing
to the challenges of correctly attaching the electrodes and
regularly wearing the device without assistance [16].

Adherence is a critical factor for effective daily monitoring, as
meaningful and continuous data are required for accurate
analysis [17]. Wearable devices integrated with mobile apps
present promising healthcare solutions for home-based
monitoring. The integration of hardware sensors and software
mobile apps enables continuous and unobtrusive monitoring,
thereby providing real-time data analysis that can support timely
interventions [18]. A suitable alternative wearable approach for
muscle fatigue monitoring is the use of plantar pressure sensors,
which can be seamlessly integrated into a shoe’s insole for daily
comfortable wear. Wearable plantar pressure sensors in the foot
insole are widely used for the detection of diabetic foot ulcers
[19], gait analysis, and the measurement of the ground reaction
force [20] and the center of pressure [6]. Muscle fatigue impacts
body mechanics and alters foot loading patterns, measurable
through plantar pressure at different foot regions. Considerable
research has explored changes in plantar pressure following
various physical activities linked to lower limb muscle fatigue,
such as badminton [21], walking [22], and long-distance walking
[23].

Despite the aforementioned advancements, wearable foot plantar
systems for detecting muscle fatigue in everyday physical
activities have yet to be designed. In this study, the effect of
calf muscle fatigue in healthy participants was investigated
using a self-developed wearable plantar pressure system that
was suitable for daily use. The results can provide a muscle
fatigue detection method for developing a wearable plantar
pressure monitoring system

Methods

The Digital Foot Pressure System
A self-developed digital foot pressure system was utilized in
this study. Figure 1 shows the wearable plantar devices for both
the left and right feet as well as the measurements of the devices.
Each device, designed to be worn comfortably with shoes, is
equipped with 6 pressure sensors (A301 Flexiforce, Tekscan
Inc.). The system also has a nRF52840 microprocessor (Nordic
Semiconductor) used for the analog-to-digital converter
measurement of foot plantar pressure, a wireless Bluetooth 5.0
module for data transmission, and a lithium-ion battery for
power supply. The system operates with a sampling rate of 100
Hz, ensuring high-resolution data capture. The data from the 6
pressure sensors in both the left and right devices can be
transmitted wirelessly in real time via Bluetooth to a
custom-developed Android mobile app. This app facilitates
real-time data display, analysis, and cloud storage, as shown in
Figure 2. The pressure sensors are strategically arranged on the
foot insole to cover 4 main plantar anatomical areas: the toes,
metatarsals, arch, and heel. This general layout enables accurate
measurement of natural gait; the layouts of the toes and
metatarsals are further divided into 2 parts to capture plantar
pressures along the mediolateral axis during walking [24].

Figure 1. Wearable plantar pressure device in an insole format. (A) Foot insole with 6 regions of pressure measurements: hallux (HA), lesser toe (LT),
first metatarsal (M1), fifth metatarsal (M5), arch, and medial heel (MH); (B) Coordinates of the 6 pressure sensors on the insole.
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Figure 2. Overview of the digital mobile app for the wearable plantar pressure device. (A) Bluetooth connection page for the devices on the right and
left feet; (B) Bluetooth connectable device page; (C) real-time streaming graph showing plantar pressure data; and (D) Cloud storage for historical data.

Ethical Considerations
The research was approved by the Ethics Review Board of the
Chung Yuan Christian University for Human Subjects Research
(No. 8800-4-07-002). The participants were informed of the
requirements and procedures of the entire experiment, and
written consent was obtained before testing.

Subjects
A briefing session was conducted to familiarize the participants
with the fatigue protocol and the walking test to be used in the
research. Twelve healthy participants from the Chung Yuan
Christian University, Taiwan, were recruited for the research.
The mean (SD) age of the participants was 23.7 (2.6) years, and
their mean (SD) weight was 62.4 (6.3) kg. The dominant limb
of each participant was determined by identifying which foot
would step out first once they started walking. The exclusion
criteria included participants with plantar fasciitis or flatfoot
and those who could not run independently for 5 minutes. Given
that these foot disorders were excluded, experiments for
minimizing variability could be performed. Then, suitable foot
insole sizes were given to the participants.

Experimental Procedures
The experimental procedures were divided into 4 main steps.
First, baseline tests were performed to measure the EMG of
muscle activity and foot plantar pressure in both the legs. During
the baseline test, the sEMG activities of the participants’
gastrocnemius and rectus femoris muscles in the right and left
legs were recorded using sEMG electrodes (T709, Comepa,
France) and a data acquisition instrument (MP36, Biopac Inc.,
USA). The skin of each participant was cleaned with alcohol
before the electrodes were attached. The sEMG muscle activities
were recorded at a sampling rate of 2000 Hz. The plantar
pressures at 6 locations in the left and right legs were measured
simultaneously with sEMG. The plantar pressures were recorded
using the wearable foot plantar device that was developed

specifically for this study. Then, timed up-and-go and 10-meter
walk tests were conducted; the participants were asked to rise
from a standard chair, walk for 10 meters at their most
comfortable speed, turn around, walk back. and sit down again
[25].

After the baseline test, each participant was instructed to perform
a fatigue exercise. All the participants were asked to place a
weight-bearing apparatus on each leg and perform forefoot
running for 5 minutes. The weight-bearing apparatus was 1/20th
of a participant’s weight [26]. sEMG data were collected from
the gastrocnemius and rectus femoris muscles to capture the
electrical activity associated with muscle contractions, and the
wearable foot plantar pressure device was used to monitor
changes in pressure distribution under the feet. This dual
approach allowed the fatigue levels in both the muscles to be
evaluated and quantified. After the exercise, the rating of
perceived exertion (RPE) scale was used to assess and document
each participant’s perceived level of fatigue. Postfatigue
measurements were recorded immediately after the fatigue
protocol, while the participants performed timed up-and-go and
10-meter walk tests, and sEMG and foot plantar pressure
measurements for both legs were collected.

EMG Muscle Fatigue Analysis
Three consecutive sEMG signals from the gastrocnemius and
rectus femoris muscles were averaged for prefatigue and
postfatigue analyses. The sEMG envelope was calculated from
the raw sEMG signal through a 20‐500–Hz finite impulse
response bandpass filter. The signal was then processed via fast
Fourier transformation to calculate the power spectrum median
frequency (MDF) of the sEMG. A shift in the MDF to a lower
frequency during exercise is considered localized muscle fatigue
[27]. This method allowed researchers to determine whether
muscle fatigue was induced in the gastrocnemius muscles,
thereby increasing confidence in these data’s correlation with
foot plantar pressure data. The MDF is the frequency at which
the EMG power spectrum is transmitted, and it is given by
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(1)∑j=1MDF Pj=∑j=MDFM Pj=12∑j=1M pj,

where Pj is the power spectrum of the EMG at frequency bin j.
The MDF splits the power spectrum of the EMG into two
equal-amplitude regions.

The RPE Scale Analysis
The RPE scale was utilized to assess each participant’s
self-reported fatigue level. This subjective measurement tool is
widely employed in the fields of physical activity, exercise, and
sports to evaluate an individual’s perceived effort and fatigue
during physical tasks [28]. Participants rate their exertion based
on sensations such as increased heart rate, breathing rate, muscle
fatigue, and overall physical strain. The Borg RPE Scale,
ranging from 6 to 20, is one of the most commonly used
versions, with higher scores indicating greater levels of exertion
[29].

Foot Plantar Pressure Analysis
Foot plantar pressure data, obtained using the developed digital
foot plantar system and the commercial system, were
simultaneously collected with the EMG data. The 6 plantar
pressures in the left and right feet obtained in this research
represent 6 anatomical areas of the foot: hallux (HA), lesser toe
(LT), first metatarsal (M1), fifth metatarsal (M5), arch, and
medial heel (MH). The peak pressures (Pa) in these 6 anatomical
areas were analyzed and calculated from the raw plantar pressure
data via MATLAB version R2022a (Mathworks Inc.). The
measurements for the three consecutive prefatigue and
postfatigue tests were averaged and compared. On the basis of
the preliminary results, changes in the mean peak pressure of

the 6 anatomical areas before and after the fatigue protocol were
determined.

Statistical Analysis
In this study, the MDFs of the sEMG signals and the mean peak
plantar pressures in each anatomical area for each participant
before and after the fatigue protocol are presented as the means
(standard errors). A paired t test with repeated measures was
used to compare the MDFs of sEMG signals from the
gastrocnemius and rectus femoris muscles before and after
fatigue exercise. Then, a paired t test with repeated measures
was used to detect significant differences in the 6 anatomical
areas (ie, HA, LT, M1, M5, arch, and MH) before and after
muscle fatigue exercise for the wearable plantar pressure system.
All the statistical tests were performed with the significance
level of P<.05.

Results

The data for muscle fatigue, RPE, and mean plantar pressure
were collected and analyzed using a paired t test.

MDFs of sEMG in Detecting Muscle Fatigue
The MDFs of the sEMG data of the gastrocnemius and rectus
femoris muscles are presented in Figure 3. The MDFs (SD) of
the sEMG data of the left and right gastrocnemius muscles
significantly decreased from 93.6 (22.8) Hz to 86.1 (24.6) Hz
in the left foot and from 81.3 (15.5) Hz to 72.1 (16.6) Hz in the
right foot after exercise for muscle fatigue (P=.001 and P<.001,
respectively). However, the MDF of the sEMG before and after
muscle fatigue exercise did not significantly differ between the
left and right rectus femoris muscles.
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Figure 3. Medium frequency of the sEMG for the gastrocnemius (GA) and rectus femoris (RF) muscles in the left and right legs before the fatigue
exercise (prefatigue) and after the fatigue exercise (postfatigue). sEMG data of the left and right gastrocnemius muscles significantly decreased after
the exercise for muscle fatigue (P=.001 and P<.001, respectively).

The RPE Scale in the Muscle Fatigue Protocol
The RPE scale was used in the experiment to assess the muscle
fatigue levels of the 12 participants. All the participants reported
that the level of fatigue in the gastrocnemius muscle was greater
than that in the rectus femoris. The analysis of the average RPE
scores revealed that the mean fatigue level for the gastrocnemius
muscle was 14.3 (SD 1.3), whereas the mean fatigue level for
the rectus femoris was 7.0 (SD 1.3). The significant difference
in fatigue levels (P <.001) between the two muscles aligns with
the analysis of MDF in the sEMG data. These findings

confirmed that the gastrocnemius muscle experienced greater
fatigue than the rectus femoris did during the experiment.

Foot Plantar Pressure in Detecting Muscle Fatigue
The data for the left and right feet (Figure 4A and B,
respectively) were obtained using a developed digital plantar
pressure measurement system. Figure 4 shows the changes in
plantar pressure before and after fatigue. The changes were
noticeable in terms of the plantar pressure at the HA, LT, and
MH on both feet after gastrocnemius muscle fatigue. The
pressure values at other locations also changed, but they were
not statistically significant.
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Figure 4. Mean peak plantar pressure before the fatigue exercise (prefatigue) and after the fatigue exercise (postfatigue) by sensor positions: hallux
(HA), lesser toe (LT), first metatarsal (M1), fifth metatarsal (M5), arch, and medial heel (MH) in the (A) left foot: a statistically significant decrease in
the mean plantar pressure peak values was observed in the HA (P=.003) and LT (P=.001), while the MH showed a statistically significant increase
(P=.001) after the fatigue exercise; and (B) right foot: a statistically significant decrease in the mean plantar pressure peak values was observed in the
HA (P=.001) and LT (P=.026). A significant increase was noted in the MH position after fatigue (P=.017).

The mean plantar pressure values were measured using the
self-developed foot pressure system. A significant decrease was
observed in the mean plantar pressure peak values in the HA
of the left foot (P=.003) and right foot (P=.001) and in the LT
of the left foot (P=.001) and right foot (P=.026). A significant
increase was observed in the mean plantar pressure peak value
in the MH position after fatigue in both the left and right feet
(P=.001 and P=.017, respectively). The mean plantar pressure
peak value in the right HA decreased by 32.6%, from 883.2
(366.8) gf to 595.1 (349.2) gf, and that in the left HA decreased
by 31.9%, from 900.7 (396.2) gf to 612.8 (284.0) gf. The mean
plantar pressure peak value in the right LT decreased by 31.1%,
from 325.8 (210.6) gf to 223.7 (141.4) gf, and that in the left
LT decreased by 33.9%, from 435.6 (162.0) gf to 287.8 (115.8)
gf. The mean plantar pressure peak value in the right MH
increased by 7.2%, from 1343.4 (385.7) gf to 1440.3 (406.8)
gf, and that in the left MH increased by 11.0%, from 1265.5
(313.0) gf to 1404.9 (304.4) gf. The changes in the mean peak
pressure in the M1, M5, and arch positions were not significant.
However, the M1 and arch positions showed a change in the
mean peak pressure in both the left and right feet. In contrast,
we observed an increase in the mean peak pressure in the M5
position in the left and right feet of 12.5 (24.5) gf and 52.0 (79)
gf, respectively. The details of the changes in the mean peak
plantar pressures before and after fatigue exercise by sensor
position via the wearable plantar pressure system are shown in
Multimedia Appendix 1.

Discussion

Principal Findings and Comparison With Previous
Works
The results of this study demonstrated that muscle fatigue in
the gastrocnemius significantly affects the plantar pressure in
the HA, LT, and MH regions in both the legs. In particular, the
mean peak plantar pressure in the HA and LT regions
significantly decreased and that in the MH regions significantly

increased after 5 minutes of muscle fatigue exercise in the
gastrocnemius compared with the value before the fatigue
exercise. This finding was determined using the self-developed
wearable foot plantar pressure system proposed in this research.
Muscle fatigue exercise in this study induced muscle fatigue
solely in the calf area, which corresponded with a significant
decrease in the MDF of the sEMG of the gastrocnemius muscle
but not in the MDF of the sEMG of the rectus femoris. As
presented, sEMG is highly muscle-specific and effective for
detecting localized muscle fatigue; it is not useful to detect
muscle fatigue in deeper muscles like the tibialis posterior in
the calf area [5]. Pressure sensors offer an alternative by
measuring the fatigue in muscles through shifts in loading
patterns, providing a broader and more accessible assessment.

The findings of this study align with existing literature, showing
that muscle fatigue in the lower limb induces a significant
decrease in the mean pressure in the HA area and a shift in
plantar pressure from the forefoot to the hindfoot [21,23,30,31].
This could be due to individuals starting to adapt their plantar
pressure pattern from the forefoot to the hindfoot to avoid
overuse of the forefoot [23]. The literature also revealed a
significant decrease in the first metatarsal region. Similar
findings were observed in this study, but the results in the first
and fifth metatarsals and arch regions were not statistically
significant. This discrepancy could stem from differences in
fatigue protocols, as more intensive activities, such as 30-minute
runs, lead to greater pronation and increased medial midfoot
loading, whereas walking shows no such midfoot differences
[32-35]. Additionally, subject variability, including anatomical
factors such as arch height and leg-length differences, may
contribute to variance in medial midfoot pressure [30,36]. For
instance, flat feet increase loading on the medial longitudinal
arch, while high arches shift the load to the lateral edge [37].

In this study, a shift in loading from the forefoot region
including the HA and LT to the hindfoot including the MH after
5 minutes of fatigue exercise results in gastrocnemius muscle
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fatigue. This finding could serve as an indicator for real-time
monitoring of lower limb muscle fatigue, aiding in the
prevention of injuries or falls in older adults and athletes. When
a healthy person participates in sports such as badminton or
running, muscle fatigue of the lower limb may be expected.
These fatigued muscles can result in compromised reaction
times, joint stability, and dynamic balance, thereby reducing
impact absorption, which heightens the risk of injuries [21,38].
Athletes and coaches should monitor for fatigue alerts and
ensure timely rest to recover muscle strength, preventing
performance issues and injuries [39]. For older populations,
particularly those at high risk of falls, such as patients with
sarcopenia [40] or stroke [41], this system enables continuous
home-based monitoring of plantar pressure patterns. A shift in
plantar loading from the forefoot to the hindfoot could trigger
alerts for rest to individuals or caretakers, minimizing fall risks
associated with muscle fatigue.

Usability is a key factor in the adoption of digital health
technologies such as the proposed wearable plantar pressure
system [42]. Compared to sEMG, MMG, NIRS, or IMU
wearable devices, its shoe-based form offers a user-centered
design for daily wear, eliminating the need for users to
remember and attach it correctly, thereby enhancing acceptance
and compliance in home settings. A previous study highlighted
the importance of face-to-face interactions with physicians in
increasing their trust in digital health technologies [43]. Clinical
or expert recommendations play a critical role in encouraging
patients to adopt the device. The system’s ability to support
effective remote patient management allows both users and
experts to review and monitor past performance or clinical
conditions, thus fostering engagement [44]. These features,
combined with its user-friendly design and portability, enhance
the system’s feasibility and scalability for home-based
applications, promoting widespread adoption.

Limitations
This study has some limitations. First, direct evidence for the
development of muscle fatigue in the gastrocnemius could not

be provided by this study, given that muscle force was not
directly measured. Instead, the MDF of the sEMG signal, which
shifted to a low frequency, was used as an indicator of muscle
fatigue; this approach is a common research method for
measuring muscle fatigue [45-47]. The decrease in MDF was
likely caused by changes in the properties of the muscle fibers,
such as decreased conduction velocity and increased muscle
fiber recruitment [48]. The MDF of the sEMG measurement
might also be affected by factors other than fatigue, such as the
muscle fiber type [49] and motor unit firing rate [50]. However,
this limitation was compensated by the RPE scale questionnaire.
Second, the effects of fatigue were measured only in the rectus
femoris and calf gastrocnemius muscles; the effect of upper leg
fatigue on plantar pressure was ruled out. sEMG measurements
of other calf muscles, such as the tibialis anterior, can provide
insights into a particular calf muscle’s interaction with plantar
pressure. The short test duration and limited wearing time
(10‐20 min) in this study may not accurately represent real-life
scenarios, necessitating extended testing to better simulate
prolonged activities. In addition, wearable devices must adapt
to various environments and wearing conditions, as factors such
as daily wear and tear, temperature, humidity, flooring, and
uneven terrain can impact sensor performance.

Conclusions
The results of this study demonstrated a significant decrease in
the mean plantar peak pressure in the HA and LT and an
increase in the mean plantar peak pressure in the MH as an
indicator of the onset of muscle fatigue in the gastrocnemius.
This work is an exciting proof-of-concept outcome showing
that muscle fatigue in the gastrocnemius can be detected via a
wearable plantar pressure system. These findings can be used
to further develop a wearable lower limb muscle fatigue
monitoring system for minimizing injury risk in sports or during
the daily activities of older adults.
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Abbreviations
EMG: electromyography
HA: hallux
IMU: inertial measurement unit
LT: lesser toe
M1: first metatarsal
M5: fifth metatarsal
MDF: median frequency
MH: medial heel
MMG: mechanomyography
NIRS: near-infrared spectroscopy
RPE: rating of perceived exertion
sEMG: surface electromyography
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Abstract

Background: Targets of bullying are at high risk of negative socioemotional outcomes. Bullying programming in rural schools
is important as bullying is more prevalent in those schools compared to urban schools. Comprehensive, school-wide bullying
programs require resources that create significant barriers to implementation for rural schools. Because technology-based programs
can reduce implementation barriers, the development of a technology-based program increases access to bullying prevention in
rural settings.

Objective: We aimed to conduct usability testing of a bystander bullying intervention (STAC-T). We assessed usability and
acceptability of the STAC-T application and differences in usability between school personnel and students. We were also
interested in qualitative feedback about usability, program features, and feasibility.

Methods: A sample of 21 participants (n=10, 48% school personnel; n=11, 52% students) recruited from 2 rural middle schools
in 2 states completed usability testing and a qualitative interview. We used descriptive statistics and 2-tailed independent-sample
t tests to assess usability and program satisfaction. We used consensual qualitative research as a framework to extract themes
about usefulness, relevance, needs, barriers, and feedback for intervention development.

Results: Usability testing indicated that the application was easy to use, acceptable, and feasible. School personnel (mean score
96.0, SD 3.9) and students (mean score 88.6, SD 9.5) rated the application well above the standard cutoff score for above-average
usability (68.0). School personnel (mean score 6.10, SD 0.32) and students (mean score 6.09, SD 0.30) gave the application high
user-friendliness ratings (0-7 scale; 7 indicates highest user-friendliness). All 10 school personnel stated they would recommend
the program to others, and 90% (9/10) rated the program with 4 or 5 stars. Among students, 91% (10/11) stated they would
recommend the program to others, and 100% (11/11) rated the program with 4 or 5 stars. There were no statistically significant
differences in ratings between school personnel and students. Qualitative data revealed school personnel and students found the
application useful, relevant, and appropriate while providing feedback about the importance of text narration and the need for
teacher and parent training to accompany the student program. The data showed that school personnel and students found a tracker
to report different types of bullying witnessed and strategies used to intervene by students a useful addition to STAC-T. School
personnel reported perceiving the program to be practical and very likely to be adopted by schools, with time, cost, and accessibility
being potential barriers. Overall, findings suggest that the STAC-T application has the potential to increase access to bullying
prevention for students in rural communities.

Conclusions: The results demonstrate high usability and acceptability of STAC-T and provide support for implementing a
full-scale randomized controlled trial to test the efficacy of the application.
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Introduction

Background
National statistics indicate that bullying is a national public
health issue in the United States, with 19.2% of students aged
12 to 18 years reporting being bullied at school in the past year
[1]. Bullying peaks in middle school, with 26.5% of sixth-grade
students reporting being a target of school bullying, followed
by 26.3% of seventh graders and 25.1% of eighth graders.
Among students who report being bullied, 21.6% report being
bullied online. Findings from a meta-analysis examining
consequences of bullying have indicated that students who are
targets of bullying report a wide range of negative mental health
outcomes, including symptoms of anxiety, posttraumatic stress,
depressive symptoms, nonsuicidal self-injury, suicidal ideation,
and suicide attempts [2]. Similarly, being a target of
cyberbullying is associated with internalizing symptoms, suicidal
ideation [3-5], and alexithymia and psychotic experiences [6].
Thus, it is imperative to develop effective interventions for
middle school students that are accessible and easy to implement
to reduce bullying and the associated negative consequences.

Youth in Rural Schools
Students attending school in rural communities are at high risk
of experiencing both school bullying and cyberbullying [7-9].
According to US national statistics, the highest rates of bullying
among rural youth in the past decade were reported in 2019,
with 27.7% or rural students reporting being bullied compared
to 22.4% of students in urban areas [10]. Although rates of
bullying peaked in 2019 for both rural and urban students, the
most recent US national statistics indicate that the prevalence
of school bullying victimization continues to be higher among
students in rural areas (23.8%) than among students in urban
areas (19%) [1]. Furthermore, among targets of bullying,
students attending rural schools are also more likely to report
being bullied online (23%) compared to students attending urban
schools (19.5%). Rural students also report a higher rate of
being bullied with repetition (18.8%) compared to urban students
(14.4%). Among middle school students attending schools in
rural communities, bullying victimization is associated with
poor school relationships, negative school experiences [11],
and depression and anxiety [11,12]. These data suggest the
importance of developing school-based bullying prevention
programs specifically for students in rural communities.

School-Based Bullying Interventions
Comprehensive, school-wide interventions are effective in
reducing bullying and the associated negative mental health
outcomes [13]. Furthermore, bystander training (eg, teaching
students who witness bullying to intervene in bullying situations)
is an important intervention component [13]. Although up to
80% of students report witnessing bullying [14], only 20%
intervene [15]. Because students report that they do not know
how to intervene when they witness bullying [16], bystander

training is a promising approach to bullying prevention.
However, few comprehensive school-based programs
incorporate bystander training. In addition, comprehensive,
school-wide bullying prevention programs are expensive,
complex, and time intensive and require extensive training [17].
Because these interventions require substantial resources, many
schools face implementation barriers. Schools in rural
communities may also face economic disparities, creating further
implementation challenges [18], including a lower tax base,
increased training costs due to bringing in expert trainers,
frequent staff turnover, school closures, staff overload, and lack
of program advocates in bullying prevention [19]. Challenges
related to logistical problems, training requirements, and limited
funding can negatively impact program adoption and
sustainability [19].

Shifting to a Technology-Based Bullying Intervention
Technology-based interventions have the potential to improve
access to programming and decrease implementation barriers
experienced in rural communities [19]. Although some rural
areas have higher rates of poor internet connectivity, eligible
schools in rural communities can receive discounts for internet
and broadband services [20]. Federal grants to build broadband
infrastructure in rural areas are also available [21]. In addition,
research conducted with key middle school personnel (ie,
administrators, teachers, and school counselors) in rural
communities indicates both a strong interest in technology-based
bullying prevention programs and positive implementation
conditions (eg, administrative support and technology readiness)
[22]. Thus, most students in rural communities have access to
the necessary infrastructure to support technology-based
programs, and key personnel in rural middle schools indicate
that schools are interested and ready for technology-based
bullying interventions.

Although there is strong interest and need for online bullying
prevention programming, very few US bullying prevention
programs include a technology component. Programs that do
offer it as an adjunct to in-person delivery [13]; often rely on
simple texting, not multimedia interfaces; and they do not train
student bystanders to intervene. For example, the Build Respect,
Stop Bullying program for middle schools uses an online
platform [23] but is part of a large program with staff or family
components without bystander training. Other available
technology programs include (1) an SMS text messaging
program pairing youth with a “text buddy” [24]; (2) apps that
encourage students to report cyberbullying, block websites
attracting cyberbullying, and notify parents and school personnel
of cyberbullying; and (3) online social media campaigns and
educational resources (eg, videos, testimonies, and quizzes)
[18,25,26]. Although there are programs that incorporate
technology into bullying prevention and intervention, none
appear to offer a route to a technology-based, interactive
bystander training for middle school students.
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The STAC Intervention
STAC [27] is a brief, stand-alone bystander intervention that
includes didactic and experiential training followed by 2 booster
sessions. The 75-minute didactic training includes education
about bullying and cyberbullying, the consequences of bullying,
and bystander roles and a description of the four STAC
strategies: (1) “Stealing the show”—using humor or distraction
to interrupt the bullying situation removing the attention away
from the target, (2) “Turning it over”—informing an adult about
the bullying and asking for help, (3) “Accompanying
others”—befriending or providing support to the targeted
student, and (4) “Coaching compassion”—gently confronting
the perpetrator to increase empathy for the target. The
experiential training comprises a series of role-plays during
which students practice using the STAC strategies through
bullying scenarios. The STAC training is followed by two
15-minute booster sessions to reinforce learning. The STAC
intervention is effective in reducing bullying [28,29] as well as
mental health risks for bystanders [30-34]. STAC has also been
adapted to be culturally appropriate for middle school students
in rural communities [35-37]. Research on the adapted STAC
intervention demonstrates both bullying reduction [35,38] and
improved mental health [35,39] among students trained in the
program.

The Technology-Based STAC Intervention
The technology-based STAC intervention (STAC-T) is an online
application developed to shift intervention delivery from
in-person implementation to a technology-based format, thereby
increasing accessibility and reducing barriers to intervention
implementation. STAC-T is designed to be easily disseminated
to large groups of students, who can access the intervention
from a computer, tablet, or smartphone. In addition, the
40-minute STAC-T application is designed to be modular,
increasing implementation flexibility. The initial training is
followed by one 15-minute booster session designed to reinforce
skill acquisition through virtual role-plays. The program is
interactive, including knowledge checks, personalized feedback,
and the selection of avatars to respond to bullying scenarios.
Initial development included the design and testing of a STAC-T
prototype. The design of STAC-T was developed based on the
content of the in-person STAC intervention for rural middle
schools as well as feedback from an expert advisory board and
key middle school personnel in rural communities. In addition,
students attending rural middle schools participated in 3 iterative
focus groups, providing feedback on program usefulness,
content, and functionality [40]. Once developed, the STAC-T
prototype was evaluated through usability testing, which
provided feedback from end users on program functioning [41].
The results from usability testing with key personnel and
students from 2 rural middle schools indicated that the STAC-T
prototype was easy to use, acceptable, and feasible, supporting
the full-scale development of the STAC-T application [40].

This Study
Bullying is a significant public health concern for students
attending rural schools [7-9]. Comprehensive bullying
intervention programs that incorporate bystander interventions
are the standard for practice [13]; however, they place a high

demand on schools for implementation [17] and can contribute
to disparities in rural schools [19-22]. STAC-T has the potential
to reduce barriers and increase access to bullying prevention
for middle school students in rural settings [40]. Therefore, the
purpose of this study was to evaluate the usability and
acceptability of the full-scale STAC-T application to determine
readiness for a large, multisite randomized controlled trial to
evaluate the efficacy of the STAC-T application for middle
school students in rural communities. Usability testing is an
important step in the process of intervention development as it
predicts the likelihood of program adoption [42]. To achieve
this aim, we implemented usability testing with key stakeholders
(ie, school personnel and students) at 2 middle schools in rural
communities in 2 states (N=21) using a mixed methods design.
This study had the following objectives: (1) to assess usability
and acceptability of the STAC-T application and (2) to assess
differences in usability between school personnel and students.

Methods

Participants
Participants were key school personnel (ie, administrators,
teachers, and school counselors; 10/21, 48%) and students
(11/21, 52%) recruited from 2 middle schools in rural,
low-income communities in the Northwestern and Southern
regions of the United States. Between 5 and 10 usability testers
are needed to identify most usability issues [43]. The schools
were selected based on previous and ongoing research
partnerships. The 2 schools were Title 1 schools, with 95% and
99% of the student population at the 2 schools eligible for
reduced or free lunch. Among school personnel, the ages ranged
from 26 to 55 years (mean 43.4, SD 9.8 years), and most (9/10,
90%) were female. School personnel self-reported ethnicity or
racial background as White (5/10, 50%), Hispanic or Latino
(3/10, 30%), and Black or African American (2/10, 20%).
Among students, ages ranged from 11 to 15 years (mean 12.8,
SD 1.3 years), with 36% (4/11) in grade 6, a total of 18% (2/11)
in grade 7, and 45% (5/11) in grade 8. Students self-reported
gender as female (6/11, 55%) and male (5/11, 45%). Students
self-reported ethnicity or racial background as White (4/11,
36%), Black or African American (4/11, 36%), and Hispanic
or Latino (3/11, 27%).

Development of the STAC-T Application
The translation from the STAC in-person intervention to
STAC-T was guided by persuasive system design, a theoretical
guide for translating clinical aims to health-related technology
frameworks [44-46]. The STAC-T application was developed
using Agile programming, a collaborative and incremental
programming methodology [44-46]. The application was
functional on all web browsers that support HTML5 and was
built on a full-stack web application using HTML and JavaScript
as the main interface. React.js was used as the front-end
framework. The look and feel of the program were designed
using Adobe Illustrator and Photoshop and developed using
HTML elements plus SVG, PNG, JPG, WAV, MP4, and GIF
images, audio, and video graphics. The system is accessible on
desktop computers and iOS and Android tablets and
smartphones. All design and programming elements were
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aligned, and stakeholders’ inputs were incorporated throughout
the multistage development. Programmers produced the STAC-T
application; alpha and beta tested it in-house for stability and
code errors; tested it for usability; and revised it following an
iterative, Agile production process.

In previous studies, as well as the in the iterative interviews and
focus group conducted in this study, participants indicated that
increasing program interactivity, adding more color, and
including more realistic images such as avatars were important
to increase engagement [40] and promote behavior change [47].
Therefore, design elements such as space (bright colors and
visual space), components (realistic characters and familiar
objects), and mechanics (actions reported by students that occur
in rural middle schools) were established for the program
features. In addition, STAC strategy practice was designed to
require students to select an avatar, view bullying scenarios and
select actions to operationalize the STAC strategy, view the
avatar enacting the selected action, and receive feedback on its
effectiveness. An artist hand illustrated and styled 6 avatars.
The avatars had light-, medium-, and dark-colored hair in
different styles as well as light, medium, and dark skin tones
for students to choose from to best represent themselves and
stimulate engagement. To reward learning and bolster adherence,
“badges” (visual reward icons; eg, “Show Stealing Badge”)
were included as intermittent awards to encourage user
engagement (Figure 1).

The STAC-T application content comprises three modules: (1)
What is Bullying?—users are presented with background
information on bullying, including bullying definitions (ie,
physical, verbal, and relationship bullying as well as
cyberbullying), bullying facts and statistics, characteristics of
students who bully, and negative consequences of bullying; (2)
What are Bystanders?—users are taught what a bystander is
and how bystanders affect bullying outcomes (this module
explains the 4 bystander roles: assistants, those who
intentionally help the bully; reinforcers, those who are not
directly involved in hurting another student but encourage the
bully by standing around, laughing, or watching quietly;
outsiders, those who do not take sides while witnessing bullying;
and defenders, those who do something to stop the bullying
situation or help the target in some way); and (3) STAC
Strategies—users are introduced to the 4 STAC strategies, which
are “Stealing the show,” “Turning it over,” “Accompanying
others,” and “Coaching compassion” (this module also includes
STAC strategy practice using avatars selected by the user). The

booster session includes additional practice with bullying
scenarios and STAC strategy use.

Iterative interviews (15/21, 71% of the participants; 7/15, 47%
female and 8/15, 53% male; 6/15, 40% White; 6/15, 40% Black
or African American; 3/15, 20% Hispanic or Latino) and 2
rounds of iterative focus groups (20/21, 95%; 11/20, 55% female
and 9/20, 45% male; 6/20, 30% White; 9/20, 45% Black or
African American; 3/20, 15% Hispanic or Latino; 2/20, 10%
other) conducted with middle school students attending schools
in rural communities in 2 states informed program development
before usability testing. Students participating in the interviews
provided feedback on design aspects of the program, including
color scheme, narration, and cartoons. Students were given a
sample slide in 5 color schemes, 3 narrator voice samples, and
3 cartoon-style character depictions. Students were asked to
rank a series of questions about each program aspect and then
rank their preferences. Feedback and ranked choices were used
to select color schemes, the narrator, and the program artist.
Iterative focus groups were then conducted to gather feedback
from students related to content and stylistic aspects of the
program. Overall, the program was well received; students
reported that the content was helpful and they liked the look
and feel of the teacher who appears throughout the training.
Students in the first round of focus groups provided specific
feedback to incorporate more cyberbullying scenarios (eg,
having bullies use their phones to record their peers without
their knowledge), make the appearance of the characters more
realistic (eg, changing clothing, adding eyes to all the characters,
and changing hairstyles), and improve the function of the
program to make navigation more user-friendly. Students also
expressed disliking a particular activity, which was removed
from the program. Students’ feedback was incorporated into
the program before conducting the second round of focus
groups. The students in the second round of focus groups
provided additional feedback about how to make the appearance
of the characters more realistic (eg, adding emotion to the
characters), as well as adding background images to make the
scenarios look more like what they are used to seeing at school
and school-related activities, such as sporting events (eg, adding
teachers, lockers, wall hangings, and bulletin boards). They also
provided specific feedback about how to make student behaviors
more realistic (eg, having the target look sad instead of crying
and changing the type of bullying from physical to verbal in
front of adults). Input from the focus groups informed the
development of the final STAC-T application used in this study.
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Figure 1. Samples from the technology-based STAC application.

Procedures
Participant recruitment and usability testing occurred in 2024.
The researchers provided the liaisons (eg, school counselor and
principal) from each school with an email script describing the
purpose and procedures of the study. Inclusion criteria for school
personnel consisted of being employed as a principal, teacher,
or school counselor at the partnering school; speaking English
or Spanish; consenting to participate; and having a desire to
make a positive difference in the school climate. For students,
inclusion criteria consisted of being enrolled in the partnering
school, speaking English or Spanish, having parental consent
and student assent, and having a desire to make a positive
difference in the school climate. To assess desire to make a
positive difference, school liaisons were provided with rubrics
developed by the research team to identify key school personnel
and students who exhibited the following characteristics assessed
by the rubric: caring for students; having a desire to be a positive
influence on the school climate; being approachable to students;
caring about addressing the problem of bullying; and having
leadership qualities in the case of school personnel or leadership,
maturity, responsibility, caring toward others, influence, and a
desire to be a positive influence on their peers in the case of
students. For each item, school personnel and students were
assessed on a 3-point scale, which included the ratings of yes,
somewhat, or no for each item described previously. School
personnel and students who scored yes or somewhat on all
inclusion criteria were eligible to participate. Exclusion criteria
for the study for both school personnel and students included
having participated in a previous STAC study, speaking a
language other than English or Spanish, and not providing
consent or assent to participate.

The school liaison used the inclusion and exclusion criteria and
the rubric to identify and contact key school personnel and

students and then used the script to invite them to participate
in the study.

Similarly to our previous usability research [40], we conducted
the usability testing and interviews remotely. Research supports
remote usability testing as a viable approach to gather
high-quality user experience feedback [48,49]. To mitigate
technology-related problems, before the testing session, a team
member worked with the school liaison to ensure that they could
open and operate the program using the school’s computers and
firewall. When problems occurred during the testing session,
participants switched to a different device or, in one case,
rescheduled the testing session.

During the usability testing, participants were asked to review
the entire STAC-T application, including the booster session.
Participants were asked to talk aloud while completing the tasks,
identifying problems and the solutions attempted. The
researchers and users were on videoconference and shared their
screens. The researchers could see what the participants were
doing, and they were able to communicate with each other in
real time. The researchers observed the users as they worked
through the tasks and asked questions to gather more data. After
completing the STAC-T application, participants were asked
to complete a brief usability survey followed by a semistructured
interview and then a demographic questionnaire. All participants
were asked to provide information about their perceptions of
(1) program utility, (2) relevance and appropriateness of program
content, (3) ways in which they would improve the program,
and (4) using a bullying and strategy use tracker after the
training. School personnel were also asked about (1) their
thoughts on implementation feasibility, (2) the likelihood of
school program adoption, (3) their thoughts on companion
trainings for teachers and parents, and (4) barriers to program
use. All individual interviews lasted 1 hour and were video
recorded.
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Measures

Demographics
Participants self-reported their age, ethnicity or race, and gender.
Students also reported their grade level.

Program Usability
Usability was assessed using the System Usability Scale (SUS)
[50]. The SUS is a widely used 10-item validated tool that
measures the usability and acceptability of technology-based
programs. Responses are measured on a 5-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree). To
calculate the SUS score, responses are converted as follows:
(1) for odd-numbered items, 1 is subtracted from the response;
(2) for even-numbered items, 5 is subtracted from the response;
(3) the converted responses are added; and (4) the total is
multiplied by 2.5. The final SUS score ranges from 0 to 100.
An SUS score of ≥68 is considered above average [51].

Program User-Friendliness
One item selected from previous usability research [40] was
used to assess the user-friendliness of the program. Participants
were asked to rate the user-friendliness through the following
question—“Overall, I would rate the user-friendliness of this
program as:”—using a 7-point scale ranging from 0 (worst
imaginable) to 7 (best imaginable).

Program Satisfaction
In total, 2 items selected from previous usability research [40]
were used to assess program satisfaction. Participants were
asked the following question—“Would you tell your
friends/colleagues to use the program?”—with yes, no, and
don’t know as response choices. Participants were also asked
how many stars they would give the program (1 star being the
lowest and 5 stars being the highest).

Interview Questions
Following usability testing sessions, participants were asked a
series of open-ended questions about the utility and relevance
of the application prototype, as well as ways to improve the
application, likelihood of program use, and potential
implementation barriers. School personnel and students were
asked the following: (1) “Please talk about your perception of
how useful this program could be to helping to address the
problem of bullying at school,” (2) “Please share your thoughts
on whether you think the content of this program is relevant
and appropriate for students at your school and your
community,” and (3) “Can you talk about ways that you would
improve the program?” Students were also asked the following:
“If your school asked you to continue using the tracker, would
it be useful?” School personnel were also asked the following:
(1) “What are your thoughts on how practical or workable you
think it would be to use this program at your school?” (2) “What
do you believe is the likelihood that your school would use this
intervention?” (3) “Do you think an online, brief teacher training
and parent training module would be a helpful addition to this
program?” (4) “What, if anything, would keep you from using
this program?” (5) “How would you envision using the tracker,
if at all, after completing the training modules and the two
boosters?”

Data Analysis

Quantitative Analysis
Quantitative data from the questionnaires were analyzed using
SPSS (version 29.0; IBM Corp). Before conducting statistical
analyses, we examined the data for missing data points. We
found no missing data. The data were also examined for outliers,
defined as >3.3 SDs above the mean [52]. We found no outliers.
To ensure that continuous data met statistical assumptions for
parametric statistical tests, we assessed acceptable normality
by using established guidelines for examining skew and kurtosis
[53]. All continuous variables were within the acceptable range
for skew and kurtosis. Descriptive statistics were used and are
presented separately for school personnel and students. We
examined differences between school personnel and students
using 2-tailed independent-sample t tests for continuous
variables and chi-square analyses for categorical variables. All
statistical assumptions were met for the t tests and chi-square
analyses. We controlled for type I error using the Bonferroni
correction. On the basis of the calculated Bonferroni correction,
all analyses were considered significant at P<.004.

Qualitative Analysis
Qualitative data from open-ended questions were analyzed
separately for school personnel and students. In total, 3 team
members, 2 of whom conducted the usability tests, transcribed
the data verbatim. We used consensual qualitative research as
a framework for data analysis. We used thematic analysis
[54,55] to identify, analyze, organize, describe, and report
themes found within the qualitative data. A faculty member
with expertise in qualitative data analysis, along with 2 graduate
students, 1 PhD student and 1 masters of art in counseling
student, with previous experience in qualitative data analysis,
analyzed the data. The faculty member led the data analysis
team. The team met 2 times via Zoom (Zoom Video
Communications). During their first meeting, the faculty
member discussed the analysis protocol with the 2 students, as
well as expectations and biases that they needed to be aware of
as they analyzed the data. Each team member analyzed the
transcripts for the school personnel and students separately to
arrive at initial themes for each open-ended question from the
interview protocol. Next, the team met one more time via Zoom
and conducted additional email communication over a 4-week
period to arrive at a consensus on themes and frequency
categories supported by participant quotations. During their
meetings, the team members shared their themes for each
question and discussed agreement or disagreement about themes.
The analysts relied on participant quotes to resolve
disagreements. Once the team members reached a consensus,
an external auditor reviewed the interview transcripts and themes
for the school personnel and students. The auditor agreed with
the team’s findings. Interview data were deidentified to ensure
anonymity, and quotes were identified by participant type (ie,
school personnel or students).

Ethical Considerations
This study was registered with ClinicalTrials.gov
(NCT05572398). All research procedures were approved
(101-SB21-205) by Boise State University’s institutional review
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board. Researchers obtained informed consent from school
personnel and parental consent and student assent in the case
of students. For students, school liaisons met briefly with
potential participants identified through the inclusion criteria
to explain the project, and interested students were sent home
with a letter describing the project as well as an informed
consent form for the parent or guardian to sign. English and
Spanish translations were provided in schools with a large
Hispanic student population. Parents were also emailed the
information and consent form. Parents could choose to sign the
consent form via pen and paper or electronically. If they did not
provide consent electronically, students were asked to return
the signed consent form to the school liaison. Parents were
provided with the study principal investigator’s contact
information and were encouraged to contact her if they had any
questions or concerns. Students who returned the signed consent
form were then provided with an opportunity to assent
immediately before the interview, focus group, or usability
testing session. In addition, several steps were taken to protect
confidentiality: participants were informed that they were free

to refrain from answering any questions, all data were identified
only by a personal identifier number, and all research team
members completed required training in protection of human
research participants. School personnel received a US $50
Amazon gift card as an incentive for participation in the usability
testing and individual interview. There were no incentives for
student participants.

Results

Quantitative Analysis

Program Usability
Usability scores on the SUS are presented in Table 1. Overall,
scores for both school personnel and students suggested a very
high level of usability, functionality, and acceptability. As shown
in Table 1, there were no differences in the scores on any of the
individual items or the SUS total score between school personnel
and students, with both participant groups scoring the STAC-T
application at a very high level of usability.

Table 1. Means and SDs of the System Usability Scale scores from school personnel and studentsa.

P valuet test (df)Students (n=11), mean
(SD)

School personnel (n=10),
mean (SD)

.11–1.70 (19)4.18 (0.60)4.60 (0.52)“I think that I would like to use the program frequently.”

.191.37 (19)1.64 (0.92)1.20 (0.42)“I found the program to be more complex than it needed to be.”

.950.07 (19)4.91 (0.30)4.90 (0.32)“I thought the program was easy to use.”

.271.13 (19)1.36 (0.67)1.10 (0.32)“I think that I would need the support of a technical person to be
able to use this program.”

.740.33 (19)4.55 (0.69)4.40 (1.27)“I found the various functions in the program were well put to-
gether with each other.”

.111.66 (19)1.55 (1.04)1.00 (0.00)“I thought there was too much inconsistency in this program.”

.22–1.28 (19)4.55 (0.82)4.90 (0.32)“I imagine that most people would learn to use this program very
quickly.”

.171.42 (19)1.18 (0.40)1.00 (0.00)“I found the program very awkward to use.”

.15–1.49 (19)4.55 (0.69)4.90 (0.32)“I felt very sure that I could use the program correctly.”

.081.84 (19)1.55 (0.93)1.00 (0.00)“I needed to learn a lot of things before I could get going with
this program.”

.04–2.27 (19)88.64 (9.51)96.00 (3.94)System Usability Scale total score

aResponses were scored on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).

Program User Friendliness
School personnel and students rated the program highly on
user-friendliness. Among school personnel, scores on
user-friendliness ranged from 6.00 to 7.00 (mean 6.10, SD 0.32).
Among students, scores on user-friendliness ranged from 6.00
to 7.00 (mean 6.09, SD 0.30). There were no differences in
scores between school personnel and students on
user-friendliness (t19=–0.07; P=.95).

Program Satisfaction
Program satisfaction ratings are presented in Table 2. Overall
ratings suggested that school personnel and students were
satisfied with the program. There were no differences in scores
between school personnel and students on program

recommendation (χ2
1=1.0; P=.33) or star ratings (χ2

1=2.8;
P=.25).
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Table 2. Program satisfaction results for school personnel and students.

Students (n=11), n (%)School personnel (n=10), n (%)

Would recommend the program

10 (91)10 (100)Yes

0 (0)0 (0)No

1 (9)0 (0)Unsure

Star rating

0 (0)0 (0)1 star

0 (0)0 (0)2 stars

0 (0)1 (10)3 stars

3 (27)5 (50)4 stars

8 (73)4 (40)5 stars

Qualitative Analysis

Overview
Qualitative feedback for the STAC-T application supported the
quantitative findings and was very positive overall, with both
school personnel and students sharing the perception that the
STAC-T application is useful, relevant, and appropriate, as well
as providing feedback on ways to improve the program. In
addition, school personnel shared positive thoughts about
program practicality and adoption, including interest in a teacher
and parent training, and discussed barriers to program adoption.
Both school personnel and students talked about the benefits of
tracking students’ reports of different types of bullying and
strategies they used to intervene both as part of the program
and as a stand-alone feature to be used after the training. The
results are presented in the following sections organized by the
following themes: (1) usefulness, (2) relevance and
appropriateness, (3) program improvement, (4) program tracker,
(5) practicality and adoption, (6) teacher and parent training,
and (7) barriers.

Usefulness
All school personnel (10/10, 100%) and students (11/11, 100%)
indicated that the program was useful and increased students’
knowledge to intervene in bullying situations. For example, a
school personnel member shared the following:

...the program that you guys are creating, will
definitely inform the students what they need to look
for, how they can become an active positive person.

A student also stated the following:

I think it’ll be helpful by telling other kids that it’s
not right to bully other kids because you don’t know
how they feel, and you don’t know what they go
through.

In terms of increasing knowledge, a school personnel member
indicated the following:

I like how it has all the different ways for the students
to see how you can step in you know...that there’s
things they can do.

Another one added the following:

...it gives students the tools that they might feel like
they lack in general when bullying happens.

A student stated the following:

It can teach ways on how to and when bullying is
happening, how do we handle it, and make it stop
quicker.

Another student added the following:

...if people are making fun of a person about how they
look or the way they eat, and they post a video on
social media, I can like easily screenshot, show it to
the principal, my teachers, to get these people to stop
and like get them to stop the bullying.

Relevance and Appropriateness
All school personnel (10/10, 100%) and students (11/11, 100%)
reported that the program content was relevant and relatable
and taught students empathy and prosocial attitudes. For
example, one school personnel member shared the following:

I think the content was really relevant. It’s things that
you actually see at school or that you hear about or
that we, that get actually reported.

Another school personnel member added the following:

Oh yeah, absolutely. I think that they [students] can
relate to cafeteria situations, getting on the bus and
you know posting things especially you know on social
media or on Instagram or TikTok or whatever.

A student shared the following:

I think that is really, really relevant and I think that
a lot of the situations that were used in this app as
examples can be used. They can be real life situations.

In terms of empathy and prosocial attitudes, a school personnel
member said the following:

I think this program would help...teach more empathy
cause when students have more empathy, they’re less
likely to exhibit those bullying behaviors.

A student indicated the following:
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It basically says that bullying is not okay and if you
do see it here are a few ways on how to stop it.

Program Improvement
Both school personnel (9/10, 90%) and students (6/11, 55%)
offered feedback on how to improve the program and talked
about the importance of having the program be fully narrated.
School personnel talked about ways to improve student
engagement and user experience. For example, a school
personnel member stated the following:

...making it so that all of the pop-ups and scenes are
narrated.

A student also said the following:

Once you add that narrative it is going to be good
because most middle schoolers they aren’t going to
want to read it.

In terms of improving engagement and user experience, a school
personnel member said the following:

Just there was one [activity] where you had to click
the arrows to move on and I feel like just making it a
little bit more simple.

Another school personnel member added the following:

Slowing down the captions on the cartoons because
to allow kids to see the picture to get a frame of mind
of what’s going on and then read the words.

Program Tracker
All the school personnel (10/10, 100%) and students (11/11,
100%) indicated that they would find using a bullying and
strategy use tracker useful if their school asked them to continue
to use it. When asked about how they would envision using the
tracker, school personnel indicated that they would use it for
data collection for programmatic feedback and prevention as
well as ongoing teaching and student support. For example,
when asked about the usefulness of the tracker, a school
personnel member stated the following:

Yeah, you know, I think that would be good.

Another one added the following:

You can bring that data up and say, you know, you
know, we’re, we’re seeing this type of bullying going
on.

A student said the following:

Oh, yeah. Because it would let more people know that
bullying has been going on and stuff.

Practicality and Adoption
All the school personnel (10/10, 100%) agreed that the program
would be practical and workable, and almost all school
personnel (9/10, 90%) stated that they would be likely to use
the program at their school. For example, one school personnel
member said the following:

...our students would definitely get on and be able to,
you know, go through that program without any
problems at all.

Another school personnel member stated the following:

Practical. I think that it addresses the needs of our
students in their day-to-day interactions.

In terms of likelihood of use, one school personnel member
stated the following:

I think it would be highly likely.

Another school personnel member added the following:

This will be helpful and they [schools] will use it
because it wouldn’t take too much time away from
the academics, academic goals that we have.

Teacher and Parent Training Modules
All school personnel (10/10, 100%) reported that a brief online
teacher and parent training would be useful, and almost all (9/10,
90%) stated that it would provide a common language and a
means for future collaboration. For example, one school
personnel member shared the following:

It’s teaching the parents and the teachers what that
looks like, you know, conversation or tools to help
our kids.

Another school personnel member added the following:

Yes. Yes, so that you have this so that we’re all
working together as a team. And using that common
language.

Barriers
When asked about barriers to using the program, most school
personnel members (7/10, 70%) reiterated that they would use
the program, but many of them (8/10, 80%) discussed barriers.
For example, one school personnel member stated the following:

I can’t think of one negative reason or one reason I
wouldn’t want to use it.

However, other school personnel identified potential barriers,
with one member stating the following:

Not being accessible on the devices that the kids have
available.

Another school personnel member said the following:

Time. But I don’t see that as a factor for us because
we could fit it into our advisory class.

A third school personnel member added the following:

Only thing I can think of is funding.

Discussion

Principal Findings
The purpose of this study was to examine the usability of the
STAC-T application, a technology-based bystander bullying
intervention designed specifically for middle schools in rural
communities. We were interested in feedback from middle
school personnel as they are in the position of making decisions
related to adopting and implementing bullying interventions
and from students as end users. The primary aim of this study
was to test the usability of the STAC-T application and assess
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program utility, user-friendliness, and relevance as well as
feasibility and ways to improve the program. Overall, both the
quantitative survey results and qualitative interview findings
indicate that participants perceived the STAC-T application to
be useful, user-friendly, and appropriate for students at their
schools and reported high levels of satisfaction with the
program. The findings of this study indicate that the STAC-T
application is relevant and feasible for implementation in middle
schools in rural communities. The quantitative and qualitative
findings are consistent with our previous usability testing
research [40].

The findings of this study provide support for the usability of
the STAC-T application. Both school personnel (mean 96.0,
SD 3.9) and student (mean 88.6, SD 9.5) scores on the SUS
demonstrated a very high level of usability, exceeding the
standard cutoff score of 68 [51]. Both school personnel and
students also rated the user-friendliness of the STAC-T
application as very high, with all participants rating the program
at ≥6 on a scale ranging from 0 to 7. We found no differences
between school personnel and students on SUS scores or
user-friendliness ratings, suggesting that both groups of users
found the STAC-T application to be highly usable. The
qualitative data supported these results, with both school
personnel and students indicating that they perceived the
program to be useful as well as relevant and appropriate for
middle school students in rural communities. Furthermore, both
school personnel and students reported high levels of satisfaction
with the program, with 100% (10/10) of school personnel and
91% (10/11) of students indicating that they would recommend
the program to others. Furthermore, most participants (20/21,
95%) gave the program 4 or 5 stars on a scale ranging from 1
to 5 stars. These findings are particularly important as usability
and acceptability are associated with both program adoption
and implementation [42].

In terms of practicality and adoption of the intervention, school
personnel believed that their school would be likely to use the
STAC-T application and identified cost, time, and access as
potential barriers. Our results are aligned with those of previous
studies that indicate that school administrators in rural
communities feel favorably about adopting and implementing
online programs to address the problem of bullying [20]. In
addition, our findings are similar to those of previous studies
that identify cost [7,20], time [56], and access to technology
[57] as notable barriers to online programming implementation
in schools located in rural areas.

School personnel and students reported positive perceptions of
the STAC-T program, as well as feedback for program
improvement. The results of the qualitative analyses showed
that both school personnel and students thought that the STAC-T
content was relevant and relatable and increased students’
knowledge of how to intervene in bullying situations. School
personnel also stated that the program taught students empathy
and prosocial attitudes. Furthermore, school personnel stated
that the program was practical and workable and would be used
at their school and that teacher and parent trainings would be
useful additions to STAC-T to provide a common language
among stakeholders. These findings suggest a need for bystander
bullying intervention programs in rural schools that teach

students how to intervene when they witness bullying behaviors
through conducting role-plays to practice strategies across
different bullying scenarios. In terms of program improvement,
both school personnel and students highlighted the importance
of having the entire program narrated to students. School
personnel also talked about ways to improve user engagement
by simplifying and slowing down a few program activities. Both
students and school personnel also saw value in the posttraining
tracker. Including these program modifications is likely to
increase user engagement [40], which, in turn, can influence
positive behavior change [47], potentially increasing the efficacy
of STAC-T.

Limitations
This study supports the usability, relevance, and feasibility of
the STAC-T prototype. However, certain limitations must be
noted. Participants were recruited from 2 schools in rural,
low-income areas from 2 states, one in the Northwestern region
and one in the Southern region of the United States. Although
participants were recruited from 2 different states to increase
generalizability, school personnel and students from different
regions of the country may have a different perspective. Future
research including a broader geographic sample would increase
generalizability. Furthermore, most of the school personnel
participants in this study were female, further limiting the
generalizability of the study. In addition, because of the small
sample size, we were unable to explore differences in
demographic factors, limiting information that could guide
improvements to the STAC-T application. Finally, it is also
possible that social desirability influenced participants as they
were aware that the goal of the study was to translate the
in-person STAC intervention to a technology-based format.

Implications
This study has important implications for the development and
implementation of STAC-T in middle schools in rural
communities. First, participants provided very high usability
ratings for the STAC-T application, with qualitative data
supporting the usability, utility, and relevance of the program.
The findings also provided valuable information about the
program itself, including the need for program narration and
the utility of a type of bullying and strategy tracker that could
be used after the training. School personnel also provided
feedback about the importance of both teacher and parent
modules to foster collaboration. These modules could be
developed and offered to schools as companion modules for
STAC-T. School personnel could provide teachers with the
STAC-T teacher training during professional development time
at school and provide parents with a link to the parent training
via email. Training teachers, parents, and students could provide
a common language and increase buy-in from all stakeholders
[58,59]. In addition, participants indicated that program
implementation is feasible as long as the program is
cost-effective, brief, and students can access it on their school
devices. Translating STAC from an in-person modality to an
online platform can help decrease barriers to implementation,
increasing implementation feasibility for rural schools by
decreasing program costs and reducing the demand on schools
by decreasing the need for staff training, in-class time, and
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expert support. Overall, the findings of this study provide
valuable feedback and a strong scientific premise for moving
forward with a large, multisite randomized controlled trial to
examine the efficacy of the STAC-T application.

Conclusions
Bullying is a significant public health concern for students in
rural middle schools. Training students to intervene and
developing programming that increases access are important
factors in addressing this problem. The findings of this study

demonstrate the usability, relevance, and feasibility of the
STAC-T application. The preliminary data from this study
support conducting a large, multisite randomized controlled
trial to assess the efficacy of the STAC-T application for middle
school students in rural communities. Technology-based
bullying interventions, and STAC-T in particular, could be an
instrumental approach to decreasing educational and mental
health disparities in rural schools and helping address the
problem of bullying.
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Abstract

Background: Telemedicine has emerged rapidly as a novel and secure tool to deliver medical information and prescriptions.
A secure, connected health care app (WiStim) has been developed in order to facilitate dialogue between patients and the medical
team during an ovarian stimulation cycle for medically assisted reproduction (MAR).

Objective: This study aimed to evaluate the patients’ and midwives’ levels of satisfaction with the connected mobile app.

Methods: We conducted a prospective, observational, single-center study at Lille University Hospital, France. From May 1 to
July 31, 2021, all women undergoing ovarian stimulation started to receive their treatment advice through the mobile app. A total
of 184 women were included and they filled out the 30-item Usefulness Satisfaction and Ease-of-Use (USE) questionnaire, which
examines the users’opinions in 4 dimensions: usefulness, ease of use, ease of learning, and satisfaction. The women also answered
a series of closed and open questions. The 5 midwives in our assisted reproductive technology center filled out the French version
of the 10-item System Usability Scale (SUS) when the app was implemented and then after 3 and 6 months of use. We also
performed semistructured interviews with the midwives.

Results: Overall, 183 women using the app completed the questionnaire. None refused to use the app, and 1 withdrew from the
study. The mean scores for the four USE dimensions were all significantly greater than 4, that is, the middle of the response scale.
The women liked the app’s ease of use, the access to tutorial videos, and the reminders about appointments and treatments. In
particular, the women liked to be able to (re)read the information; this reassured them, might have reduced the number of missed
appointments and treatments, and made them more independent during the day, especially when they were working. Some of the
women regretted the loss of direct contact with the midwife. The mean SUS score was 76 (SD 13.54) at the start of the study, 75
(SD 17.16) after 3 months, and 84 (11.21) after 6 months. According to the adjective rating scale, these scores corresponded to
good usability for the app. After the requisite training and a familiarization period, the midwives reported that using the app saved
them 2 hours a day. The mobile app enabled better transmission of information and thus probably helped to decrease treatment
errors.

Conclusions: The WiStim connected mobile app is one of the first reliable, secure apps in the field of MAR. The app reassured
the patients during the ovarian stimulation. Women and the medical team considered that the app was easy and intuitive to use.
Given the growth in demand for MAR programs and the medical team’s workload, the time savings provided by the app constitute
a nonnegligible advantage.

(JMIR Hum Factors 2025;12:e63570)   doi:10.2196/63570
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Introduction

In 2018, the European Society of Human Reproduction and
Embryology’s 22nd report on medically assisted reproduction
(MAR) in Europe highlighted a continuous increase in the
number of treatment cycles and the broad range of techniques
used [1].

Every day, around the world, thousands of women undergo
hormone assays and ultrasound scans of the pelvis as part of
their MAR program. These burdensome, complex procedures
can generate stress and anxiety for the women and their partners
[2-4]. The women consulting in MAR departments are young,
active, and, in many cases, occupied by work and family
activities. Furthermore, health care professionals have to deal
with a growing administrative burden and increasing demand
for MAR while still providing high-quality patient care and
support.

A large number of “eHealth” smartphone apps are being
developed [5-8]. WiStim is a secure mobile app created in 2016
to facilitate communication between MAR patients and medical
teams. The app provides access to a variety of documents and
media (eg, test results and tutorials on self-injection) and gives
daily advice on treatment during the ovarian stimulation phase.
The objectives are (1) secure communication with patients, (2)
better traceability, (3) a lower frequency of treatment errors
caused by poor understanding, and (4) time savings for the care
team. At present, the patient has to pay a subscription fee;
however, some hospitals are considering whether to subsidize
or cover this fee.

During each in vitro fertilization, frozen embryo transfer, or
intrauterine insemination cycle, the midwife calls the women
daily in order to adjust the treatment, check on adherence, and
answer any questions. These calls are time-consuming and can
be replaced with a connected app.

The primary objective of the current study was to evaluate levels
of satisfaction with the connected app, according to both the
patients and health care professionals. The secondary objectives
were to identify potential difficulties in the use of the app and
to study any app-associated changes in the health care
professionals’ practices and work organization.

Methods

Overview
We conducted a prospective, observational, single-center study
in the MAR department at Lille University Hospital (Lille,
France) from May 1 to July 31, 2021.

Ethical Considerations
In line with the French legislation on human and social science
surveys of routine clinical practice using anonymized personal
data [9], approval by an independent ethics committee was
neither required nor sought.

Connected Mobile App
The WiStim platform includes a mobile app for the patient
(Figure 1) and a web-based management module for the medical
team. The mobile app gives the patient access to advice on
treatment, including the dose, the administration route, and any
changes in the regimen. Tutorials on self-injections are also
available. Every evening, the patient receives a reminder about
her treatment and the date of her next appointment. The medical
team sends information about the treatment and the next
appointment through a secure web server (accredited by the
French Ministry of Health) and is informed in real time about
the woman’s treatment.

The app requires a monthly subscription. However, Lille
University Hospital has chosen to pay this cost on the patient’s
behalf during an initial test year.
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Figure 1. The mobile app for the patient.

Patients
During a consultation, the gynecologist explained the app’s
principles to the patient and gave the latter an information sheet
explaining how to download, install, and use the app. The patient
then installed the app on her mobile phone and created an
account. Once the stimulation phase had started, the patient
received treatment advice through the app.

At the end of the MAR procedure, the women filled out a
questionnaire (Multimedia Appendix 1). The questionnaire’s
closed questions concerned the type of MAR and the impact of
using the app. The patient was able to write a comment for each
closed question. Several open questions probed the woman’s
opinion of the app and the app’s strengths and weaknesses.
Next, the woman filled out the 30-item Usefulness Satisfaction
and Ease-of-Use (USE) questionnaire, which measures the user’s
feelings in four dimensions: usefulness, ease of use, ease of
learning, and satisfaction (Multimedia Appendix 2) [10,11].
The participants were not paid for their participation in the
study.

Midwives
The five midwives in our MAR center filled out the French
version of the System Usability Scale (SUS) when the app was
implemented and then after 3 and 6 months of use [12]. The
SUS (Multimedia Appendix 3) is a standardized, 10-item
questionnaire for assessing the level of satisfaction with a
technology’s usability. For each of the 10 items, the midwives
were invited to rate their level of agreement on a 5-point Likert
scale ranging from “strongly disagree” to “strongly agree.” We
also performed semistructured interviews with the midwives 6
months after the implementation of the app in order to evaluate
their opinion of the connected app, identify any changes in their

work organization, and assess the app’s acceptability (as defined
in the unified theory of acceptance and use of technology
[UTAUT]) [13]. The interviews were audio-recorded and
transcribed.

Statistical Analyses
Statistical analyses were performed using Jamovi software
(Jonathon Love, Damian Dropmann, and Ravi Selker, version
2.2.5, 2021), and thematic analyses of qualitative data were
performed using QualCoder 3.0 (C Curtain). Data on the
women’s characteristics were used to describe the sample and
perform subgroup analyses. The women’s answers to the closed
questions were analyzed using descriptive statistics, and the
comments were analyzed qualitatively in order to highlight
recurrent themes. Emerging themes in the qualitative analyses
were not quantified; the goal was to understand the variety of
the user’s points of view. The data on the USE items and
dimensions were analyzed with descriptive and inferential
statistics. The threshold for statistical significance was set to
P<.05. The results of the various questionnaires were compared
in order to identify similarities and differences between the
answers.

The SUS satisfaction score ranges from 1 to 100. Perceived
satisfaction and usability are considered to be good when a score
of 75 or more is obtained. To qualify the level of satisfaction,
the mean SUS score was assessed against Aaron et al [14] grade
scale and adjective rating scale. Semantic units (ie, sets of words
representing the same idea) were extracted from the interviews
with the midwives. An ergonomist attributed each semantic unit
to one of the following themes: the opinion of the app, changes
in practice, and dimensions of UTAUT acceptability (facilitating
conditions, effort expectancy, social influence, and performance
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expectancy). Within each theme, several subthemes were
developed to represent the semantic units’ diversity.

Results

Patients

Overview
During the recruitment period, 250 paper questionnaires were
randomly distributed, and 184 patients responded (intrauterine
insemination: 12%, in vitro fertilization: 73%, egg donation:
2%, frozen-thawed embryo transfer: 9%, fertility preservation:
4%). A total of 91 respondents had already been followed up
by phone before the implementation of the app, 90 were
monitored with the connected app alone, and 3 did not answer
this item in the questionnaire. One woman discontinued use of
the app prematurely, preferring direct contact with a midwife,
and 2 women failed to complete the USE questionnaire.

The mean scores for the four USE dimensions were all
significantly greater than 4, that is, the middle of the response
scale (usefulness, n=5.66, t180=13.4, P<.001; ease of learning,
n=6.25, t178=18, P<.001; ease of use, n=5.96, t180=16, P<.001;
satisfaction, n=5.90, t177=15.4, P<.001). The scores did not
appear to be influenced by whether or not the women had been
followed up by phone before the use of the app.

This good level of perceived usability was corroborated by our
analysis of the women’s comments and answers to the open

questions. In all, 172 women described what they liked about
the app. The app was seen as being easy to use in a guided,
stepwise manner (“simple to use,” “intuitive,” and “clear”).
Another reason for liking the app was its match with the
women’s needs and activities. The women mentioned the gain
in efficiency linked to the app’s centralization of information
on treatment, follow-up, and appointments.

A total of 178 (97.8%) of the 182 respondents considered that
the ability to access advice through the app was reassuring
(Figure 2). The participants, having initially been followed up
by phone, stated that they felt surer about the advice with the
app because the instructions had to be rapidly written down
during the phone call; with the app, the advice was available
round the clock. The women also liked the additional
information (eg, how to perform an injection) and the automatic
reminders about appointments and treatments. A total of 166
(91.7%) of the 181 respondents considered that with the app,
they were less stressed about making a treatment mistake. The
participants liked the independence that the app provided; they
no longer had to wait for the phone call from the midwife;
previously, the call could come at any time in the afternoon.

Overall, 34 women did not reply to the question about wanting
to continue to use the connected mobile app or not. 97.3% of
the respondents said that they would be annoyed if they had to
stop using the app (Figure 2). The 4 participants, who said they
would feel relieved if they had to stop using the app, had all
initially been followed up by phone and preferred direct
communication with the medical team.

Figure 2. Answers to the following closed questions: “Does access to advice in the mobile app reassure you?” “Have you felt less stressed since you
starting using the mobile app?” “Would you like to continue using the mobile app?”.

Some weaknesses were mentioned: appointment errors, the lack
of tutorials about some older models of self-injector pens, and
late treatment reminders (ie, given after the scheduled time).
Certain women expressed the need for direct interaction with
the team of midwives via a chat function; the MAR department
had decided not to offer this function because the women had
already been given an email address for any questions.

A total of 53 (58.2%) of the 91 women who had initially been
followed up by phone did not perceive any change in how they
managed their treatment since the implementation of the app.
In contrast, 38 (41.7%) women stated that the app modified the
management of their treatment; they highlighted the lower
mental burden, the easy, permanent access to information, the
reassuring nature of the treatment reminders and app reminders,
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and the fact their day no longer had to be organized around the
call from the midwife.

Midwives
The five midwives working in the MAR department at the time
of the study filled out the SUS and were interviewed. The mean
age was 43.6, and the midwives had been working in the
department for an average of 6 years. The mean SUS score was
76 at the start of the study (n=4 respondents), 75 after 3 months
(n=5), and 84 after 6 months (n=4; Figure 3). According to
Aaron et al [14] adjective rating scale, these scores corresponded
to good usability for the app.

A total of 207 semantic units were extracted from the
semistructured interviews and analyzed. Even though the
midwives stated that they needed some time to learn how to use
the app and that the use of the app reduced the level of human
contact with the women, they were generally very satisfied. The
midwives found the interface pleasant to use and considered
that the app was useful for the women and for the nurses who
visited the women at home on a routine basis; the app
modernized the midwives’ practices.

During the interviews with the midwives, 3 of the 4 UTAUT
dimensions emerged: facilitating conditions, effort expectancy,
and performance expectancy. The social influence dimension
did not emerge.

Figure 3. The mean System Usability Scale (SUS) score at the start of the study (76, SD 13.54) and after 3 months (75, SD 17.16) and 6 months (84,
SD 11.21).

Facilitating Conditions
The midwives said that for the installation of the app, some IT
equipment (computers) had been purchased and that they had
attended training sessions on the use of the app. The midwives
emphasized the good availability and responsiveness of the
WiStim team when questions arose.

Effort Expectancy
The midwives viewed the app as a rather simple-to-use tool
once they had been trained in its use. The app’s different
functions enable them to consult the patients’data, communicate
with them, plan their appointments, and monitor their adherence
to treatment.

Given that the app had not been integrated into the hospital
information system at the time of the study, the midwives could
not enter appointments into the hospital information system’s
diary from the app or vice versa; hence, to make appointments,
they had to work on two IT tools in parallel. Even though the
app had a simple-to-use interface, the fact that it was a
web-based tool meant that the transitions were sometimes slow.
Hence, data sometimes had to be entered twice: once on paper
and then on the app.

Performance Expectancy
Use of the app was associated with a fall in the number of daily
calls from midwives to patients. Nevertheless, the midwives
continued to phone the women when the medical team had
decided to stop the treatment or when the women had not ticked
the boxes for adherence to treatment. This enabled them to
optimize the dialogue by phone. Certain women continued to
call or email the midwives regardless, to check that they had
correctly understood the treatment procedures and advice

specified by the app or to change an appointment. The midwives
replied to these questions by email or by phone. The frequency
of these requests tended to fall over time, as the midwives and
the patients became more familiar with the app.

In order to ensure that the women were using the app correctly,
the midwives helped some of them (especially those who did
not understand or speak French sufficiently well) to install the
app and explained how to use it. Furthermore, the advice stored
in the app can be presented in several languages.

The decrease in the number of phone calls freed up an average
of 2 hours per day, which enabled the midwives to perform
other tasks (consultations, patient education sessions, etc).

Discussion

Principal Findings
On an annual basis, our center performs around 1400 oocyte
retrieval procedures, 900 frozen embryo transfers, and 700
intrauterine inseminations. This corresponds to 30 to 50 women
per day seen for ultrasound scans and hormone assays, and the
volume of activity is increasing. Until now in France, MAR has
only been available to heterosexual couples on medical
indication. The law on bioethics, to be promulgated in 2021,
extends MAR to female couples and single women. Activity in
MAR centers has therefore risen sharply. Use of the connected
mobile app was associated with a considerable decrease in the
number of phone calls during the day. This resulted in significant
time savings for the medical team, who were therefore able to
perform other tasks. The women received their treatment advice
in a secure manner, which had not been the case previously.
The women felt reassured and less stressed about making
treatment mistakes.
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We did not question the partners, but in the open-ended
questions, some of them said that they were reassured to be able
to read the treatment instructions and felt more involved in the
care compared with the phone call.

At present, it is difficult to quantify the extent of treatment errors
during an ovarian stimulation program. Till date, no study has
been published in the literature on this subject. Nevertheless,
along with the treatment reminders, the fact that the woman’s
prescription is given in writing in the app and can be accessed
at any time (and in several languages, if required) probably
helped to reduce forgetfulness and treatment administration
errors. This traceability is essential for secure communication
between patients and professionals. Barrière et al [15] conducted
an observational, real-life, longitudinal study involving 488
patients from 28 infertility centers in France to evaluate
patient–infertility care provider relationships and communication
in Assisted Reproductive Technology centers and investigate
whether the quality of the care provided had an impact on patient
adherence to treatment and monitoring protocols. They showed
that even when patient-physician relationships appear to be
satisfactory, patient miscomprehension and noncompliance
during infertility treatment may be underestimated, and
improvements in communication are also required.

Several studies [16,17] and reviews of the literature [18-20]
have shown that stress is a major risk factor for impaired quality
of life and a poor experience of infertility treatment. It also
exposes patients to the risk of abandoning assisted reproduction
procedures, thereby reducing their chances of pregnancy. It is
therefore conceivable that mobile apps can reassure patients
undergoing infertility treatments and consequently reduce the
stress inherent in these procedures, as suggested in a recent
review [21]. Further studies using standardized questionnaires
and comparing the anxiety levels of the app users with those of
nonusers could answer this hypothesis. The risk of dropping
out of infertility management procedures could also be compared
between these two groups.

Over the last decade, huge progress has been made in
information and communication technology. “eHealth” and
smart (connected) devices have brought together services that
facilitate communication with the patient and thus improve the
overall quality of care (teleconsultations, electronic health
records, smart eHealth apps, etc) [22]. Telemedicine enables
medical data to be shared with the patient or between health
care professionals. Many connected health apps have been
developed – notably in the fields of radiology and cardiology
[23]. A recent study showed that connected health technologies
can facilitate access to cancer care and improve the patient’s
psychological well-being and quality of life [24]. Recently,
connected apps have been developed for use in gynecology and
obstetrics [25]. There are probably other connected apps in the
world in the field of fertility, but to date and to our knowledge,

there are very few publications on this subject. Boivin et al [26]
were interested in the development of a mobile app (MediEmo)
to provide support during medically assisted reproduction.
MediEmo is an app combining patient medication diary
management and ease of integration into clinic systems with
emotional support and data capture. They showed that 98% of
patients expressed willingness to use the app, and almost 80%
did so. Thus, the development of smartphone apps can contribute
to fertility care and should be encouraged.

The profile of women in MAR programs is particularly suitable
for this type of development: they are young and active and
they all use a smartphone.

The protection of the patients’ personal data is a crucial aspect
in the development of connected health technologies [27,28].
WiStim complies with the European Union’s General Data
Protection Regulation, and the app’s host is accredited by the
French Ministry of Health.

One limitation is that the app is currently fee-based, although
various funding options are being considered. In the present
case, our hospital paid for the subscription to the app, and so it
was cost-free for the users. However, the hospital’s finance
department is currently carrying out a medical-economic survey
to assess the profitability of financing the app in relation to the
time saved by the midwives. In fact, the midwife who used to
call patients back can now do consultations instead.

Another limitation is the relatively small number of
questionnaires analyzed and the fact that this was a single-center
study. These are preliminary results, and they pave the way for
further investigations in a larger population. Indeed, a
multicenter study, with more questionnaires and over a longer
period would be desirable to confirm these data.

Moreover, the questionnaires were distributed as soon as the
app was installed in the department, so a learning curve was
necessary for both patients and professionals. Overall
satisfaction is probably higher now that the tool is better
understood. Till now, all our patients have used the app.

Conclusion
Our results showed that the use of the connected health care
app reassured women during the ovarian stimulation phase of
a MAR program. Both the women and the medical team
considered that the app was easy and intuitive to use. The
information on treatment was sent in a secure manner and could
be accessed around the clock by the patient. Connected health
care apps have been developed widely in recent years. WiStim
is one of the first reliable, secure apps in the field of MAR.
Given the growth in demand for the MAR program and the
medical team’s workload, the time savings provided by the app
constitute a nonnegligible advantage.
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Abstract

Background: Symptoms of insomnia, nightmares, and trauma are highly prevalent. However, there are significant barriers to
accessing evidence-based treatments for these conditions, leading to poor mental health outcomes.

Objective: This pilot trial evaluated the feasibility of a 4-week, digital self-paced intervention combining cognitive behavioral
therapy for insomnia and exposure, relaxation, and rescripting therapy for nightmares in survivors of wildfires from Australia,
Canada, and the United States.

Methods: Study participants were recruited between May 2023 and December 2023 through social media platforms, workshops,
conferences, and radio interviews. Participants had to meet at least one of the following criteria: a score of ≥8 on the Insomnia
Severity Index, a score of ≥3 on the Nightmare Disorder Index, or a score of ≥31 on the PTSD Checklist for DSM-5. In total, 30
survivors of wildfires were allocated to either the treatment group (n=16, 53%) or the waitlist control group (n=14, 47%) in a
sequential manner. Participants’ ages ranged from 18 to 79 years, with a mean age of 52.50 (SD 16.26) years. The cohort consisted
of 63% (19/30) female and 37% (11/30) male participants. Participants also completed self-report secondary outcome measures,
including the Generalized Anxiety Disorder–7, the Patient Health Questionnaire–9, and the Pittsburgh Sleep Quality Index, via
the HealthZone digital platform. Assessments were conducted at baseline, the posttreatment time point, and the 3-month follow-up,
with the waitlist group undergoing an additional assessment at the pretreatment time point, after 4 weeks of waiting and before
crossing over to treatment. This study used intention-to-treat analysis as a primary analysis and per-protocol analysis as a secondary
analysis.

Results: Mixed-effects linear regression models and difference-in-differences analyses were used to assess the intervention’s
effects. The intention-to-treat analysis revealed significant improvements over time (main effect of time), with a 1.64-point
reduction (P=.001) on the Nightmare Disorder Index and 10.64-point reduction (P=.009) on the PTSD Checklist for DSM-5 at
the postintervention time point. No significant changes were observed in insomnia symptoms. On the secondary measures, there
was an interaction effect of condition × time, with a 2.22-point reduction (P<.001) on the Pittsburgh Sleep Quality Index, and a
main effect of time, with a 6.48-point reduction (P<.001) on the Patient Health Questionnaire–9. No changes were detected on
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the Generalized Anxiety Disorder–7. The per-protocol analysis yielded comparable results for both the primary and secondary
measures.

Conclusions: The findings of this pilot trial demonstrated a reduction in nightmares and trauma symptoms. Future research
studies should aim at evaluating the intervention in a more definitive trial with a larger sample size.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR) ACTRN12623000415606;
https://anzctr.org.au/Trial/Registration/TrialReview.aspx?id=385054

(JMIR Hum Factors 2025;12:e65228)   doi:10.2196/65228

KEYWORDS

insomnia; nightmares; posttraumatic stress disorder; PTSD; wildfires; cognitive behavioral therapy for insomnia; CBTi; exposure,
relaxation, and rescripting therapy; ERRT; Sleep Best-i; mobile health; mHealth; digital health; computer; eHealth; bushfires

Introduction

Background
The consequences of wildfires can be devastating, resulting in
significant losses of life, property, and livelihood. According
to the Emergency Events Database, wildfires have been
responsible for 1890 fatalities and 14,360 injuries between 2000
and 2023, with the highest tolls observed in Australia, New
Zealand, Southern Europe, and North America [1]. The impact
of wildfires extends far beyond the immediate loss of life and
property, with survivors often experiencing a range of physical
and emotional challenges that can have long-lasting effects.
Physical injuries, such as bodily burns, smoke inhalation, and
eye irritation, as well as increased risk of myocardial infarction
and certain types of cancers, are a significant concern for
survivors [2-4]. In addition, the proximity of wildfires to
residential areas can have a profound impact on overall
well-being, with research showing that life satisfaction decreases
significantly in areas within 0 to 15 km of the fires [5]. The
traumatic experience of a wildfire can also leave a lasting
emotional impact, with survivors often reporting persistent
feelings of fear and unsafety that can linger long after the initial
event [5].

Beyond the physical and emotional challenges, many survivors
face significant financial pressures, including the cost of
rebuilding or relocating. For those who have lost their homes,
the decision of whether to rebuild can be a difficult and
emotional one, with financial pressures and the loss of a sense
of security and community adding to the burden [3]. Others
may experience stressors related to the loss of a workplace,
hardship, and financial uncertainty. Therefore, the availability
and timing of government relief and community support services
are critical in facilitating the recovery of communities and
individuals, with initiatives such as rehousing and recovery
projects, psychological support, and primary producer repair
and restoration [3,5] helping mitigate the impact of wildfires.
However, when such support is not provided in a timely manner,
emotional and psychological distress can intensify, leading to
multiple psychological problems that can become highly
resistant to treatment.

This is particularly concerning as research has shown that
exposure to wildfires can have a significant impact on emotional
well-being. Over the past decade, there has been a growing
interest in investigating the impact of wildfire trauma on mental

health [6,7]. Posttraumatic stress disorder (PTSD) is among the
more severe mental health conditions that may arise immediately
or in the months following exposure to traumatic events [7].
Exposure to wildfires, which pose a significant threat to life or
well-being, can increase an individual’s risk of developing
PTSD. People with PTSD may exhibit symptoms such as
reliving traumatic events through nightmares or flashbacks;
sleeping difficulties; irritability; intrusive memories; feelings
of horror, shame, and anger; avoidance of reminders of the
traumatic event; alterations in arousal state or mood and
cognition; and difficulties with work and daily activities [8].

Sleep disturbances are prominent features of PTSD and are
frequently reported following trauma [9,10]. The onset of sleep
disturbances following exposure to traumatic events is a strong
predictor of the development of PTSD [11]. According to the
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5), insomnia and nightmares fall under the
re-experiencing and the hyperarousal clusters of PTSD
symptoms [8]. Insomnia is the most prevalent sleep disturbance
in survivors of wildfires and is characterized by difficulty
initiating or maintaining sleep or early-morning awakening [8].
Survivors of trauma also frequently experience nightmares,
which are repeated distressing and well-remembered narrative
dreams that lead to the individual waking up in a fight-flight
state of alertness and having difficulty returning to sleep or even
trying to avoid sleeping [8]. A study examining sleep
disturbances and PTSD in survivors of wildfires revealed that
approximately 49.2% (n=126) experienced symptoms of
insomnia, 28.7% experienced nightmares, and 77.9% reported
PTSD symptoms [12].

Studies suggest that cognitive behavioral therapy for insomnia
(CBTi); cognitive behavioral therapy (CBT) for PTSD; and
exposure, relaxation, and rescripting therapy (ERRT) for
nightmares are effective treatments for insomnia, nightmares,
and other trauma symptoms [13-18]. CBTi includes stimulus
control, sleep hygiene, sleep restriction, cognitive restructuring,
and relaxation training [19,20]. Nightmare treatment using
ERRT is effective in giving those who experience nightmares
a sense of control over the nightmare through writing benign
dreams that can be rehearsed verbally or mentally [21]. The
treatment focuses on addressing the themes presented in the
nightmare and incorporates rescripting, imagery or verbal
rehearsal, relaxation, and sleep hygiene elements [22,23].
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Most research on trauma and sleep disorders has been conducted
with military veterans, who have been the primary focus of
clinical trials and studies in this area [24-26]. There is a need
to focus on developing treatments for people who have
experienced the trauma of natural disasters, including wildfires.
There have only been 2 clinical trials addressing the treatment
of sleep disturbances and PTSD in survivors of wildfires [27,28].
Both trials have shown that the administration of sleep dynamic
therapy and CBTi therapist-assisted self-help interventions led
to a significant reduction in insomnia and PTSD symptoms
following treatment.

Objectives
While studies support the effectiveness of CBT, CBTi, and
ERRT in treating trauma symptoms, insomnia, and nightmares,
accessing these treatments can be challenging, particularly when
wildfires cause destruction to infrastructure. This, in turn, causes
difficulty in the delivery of counseling services to remote
locations where large numbers of people are affected and in
great need. Digital therapies can bridge this gap by delivering
evidence-based treatments in communities affected by the
trauma of wildfires [29,30]. However, the feasibility of digital
therapies should be first examined in clinical trials before they
are operationalized in the field [27,31]. Therefore, a brief,
digital, self-paced, multicomponent therapeutic approach
incorporating CBTi for insomnia, CBT for PTSD, and ERRT
for nightmares was developed. The main objective of this pilot
trial was to assess the feasibility of an intervention called Sleep
Best-i in alleviating symptoms of insomnia, nightmares, and
PTSD among survivors of wildfires. A secondary research
objective was to undertake a comparative analysis of the degree
of symptom reduction between the intervention and the waitlist
control groups, with a view to informing an assessment of the
feasibility of conducting a future definitive randomized
controlled trial. Specifically, this assessment aimed to evaluate
the acceptability and usability of the Sleep Best-i intervention.
This clinical pilot trial tested the following hypotheses: (1) Sleep
Best-i will result in significant reductions in insomnia,
nightmares, and PTSD symptoms from baseline to the
posttreatment time point compared to the waitlist group; (2)
Sleep Best-i will also lead to significant reductions in anxiety
and depression scores and improvements in sleep quality from
baseline to the posttreatment time point compared to the waitlist
group; and (3) both groups (within-group effects) will
experience significant improvements in all measures (insomnia,
nightmares, PTSD symptoms, anxiety, depression, and sleep
quality) from baseline to the posttreatment time point, and these
improvements will be maintained at the 3-month follow-up after
receiving Sleep Best-i.

Methods

Study Design
This study used a parallel-arm, sequential alternation method
of randomizing participants to either the intervention or waitlist
group in a 50:50 ratio, with a crossover of the latter group. The
alternation method ensures the ability to answer questions about
the effectiveness of treatments to inform decision-making in
clinical practice [32]. The treatment group completed self-report

assessments at baseline, at the posttreatment time point
following the administration of Sleep Best-i, and at the 3-month
follow-up. The waitlist group completed the same assessments
at baseline, at the pretreatment time point (following 4 weeks
of waiting and before crossing over to treatment), at the
posttreatment time point following the administration of Sleep
Best-i, and at the 3-month follow-up. The CONSORT
(Consolidated Standards of Reporting Trials) checklist was
followed [33]. Please refer to Appendix 1 for the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
Telehealth) checklist (Multimedia Appendix 1).

Ethical Considerations
Following ethics approval from the Federation University
Human Research Ethics Committee (approval 2022-153), an
advertisement about the study was distributed. Survivors of
wildfires interested in the study read a plain-language
information statement (PLIS) about the study and provided
baseline data. Participants who met the selection criteria
provided informed consent by checking a box on a digital
consent form hosted on Federation University’s HealthZone
platform, thereby indicating their agreement to take part in the
study. Participants were informed that their participation was
voluntary. To ensure the secure storage and handling of collected
information, data were stored on a password-protected digital
health platform (HealthZone) during the trial accessible only
to the researchers involved in the study. To protect participants’
confidentiality, names were replaced with unique identifiers,
and only country of residence was collected, with no addresses
recorded. The data will be retained for 15 years before being
destroyed. To manage any potential risks, participants were
provided with emergency contact numbers relevant to their
country of residence. As a gesture of appreciation, participants
who completed the study were offered an Aus $100 e-voucher
(approximately US $66.70).

Participants
Participants were recruited between May 2023 and December
2023 via social media platforms, including international
Facebook campaigns, radio broadcasts, LinkedIn, Reddit, and
online community noticeboards. This study was also advertised
on the Natural Hazards Research Australia and the Australian
Institute for Disaster Resilience websites.

Adult survivors of wildfires from Australia, Canada, and the
United States aged ≥18 years were invited to take part in the
clinical pilot trial if they had experienced wildfires at any point
in the past and had sleep or trauma symptoms.

An a priori power analysis indicated that a sample size of 50
was required to detect meaningful differences between the
intervention and waitlist groups considering an α value of .05,
a value of d of 1.0, an attrition rate of 20%, and 80% power
[34].

Inclusion Criteria
To be eligible to take part in the trial, participants had to (1)
provide digital consent; (2) have a score of ≥8 on the Insomnia
Severity Index (ISI), (3) a score of ≥3 on the Nightmare Disorder
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Index (NDI), or (4) a score of ≥31 on the PTSD Checklist for
DSM-5 (PCL-5); (5) be fluent in the English language; and (6)
have access to the internet. Exclusion criteria included not being
a survivor of a wildfire, diagnosis of a psychotic disorder,
suicide risk, diagnosis of sleep apnea or restless leg syndrome,
diagnosis of alcohol or drug dependence, and attendance to
psychotherapy for either sleep or PTSD conditions. In addition,
participants were excluded if they were currently using steroids
for any health condition; medications that promote sleep, such
as benzodiazepines (eg, alprazolam, clonazepam, and
temazepam); or medications that may affect sleep, such as
opiates or other pain medications. By excluding these
individuals, this study aimed to ensure that participants were
suitable for the trial and that the results would not be confounded
by other factors.

Procedure
The trial was registered prospectively in the Australian New
Zealand Clinical Trials Registry (ACTRN12623000415606).
Since its initiation, this study’s protocol has undergone only
minor revisions, specifically an update to the statistical analysis
methodology to include linear mixed methods and
intention-to-treat (ITT) analysis.

An advertisement of this pilot study with a URL was distributed
on social media platforms displaying Federation University and
the Natural Hazards Research Australia affiliations. This study
was also promoted in national conferences, sleep workshops
delivered to communities affected by wildfires, the Red Cross,
and group meetings for people with sleep disorders in Australia.
Radio interviews were also undertaken to promote the study.
Survivors of wildfires who were interested read a PLIS (refer
to Multimedia Appendix 2 for PLIS); signed a digital consent
form (refer to Multimedia Appendix 3 for the consent form) to
register an account on Federation University’s digital
HealthZone platform; and provided baseline data by completing
a demographic questionnaire as well as self-report measures on
insomnia, nightmares, and trauma symptoms. Participants had
the option of providing a pseudonym if they wished. However,
they needed to provide a valid email address to allow for
communication about the study. Their email addresses were
also directly connected to their personal dashboard on
HealthZone. The baseline data were viewed by 2 researchers
to decide eligibility. Those who were eligible (assessed by FI
and GAK, both clinical psychologists) were contacted via email
to notify them of their eligibility and their randomization and
receive instructions on how to access their personal dashboard
on HealthZone. Participants were sequentially allocated via
simple randomization in the order of their enrollment (using a
computer-generated simple randomization sequence), and they
were informed about the purpose, allocation, and structure of
the study as explained in the PLIS. However, they were not
informed about the study’s hypotheses. Once participants gained
access to their personal dashboard within HealthZone, they were
able to access information about the trial, complete the
self-report secondary measures, and access the treatment
modules consecutively. The treatment modules were provided
at no cost, allowing participants to use their own devices and
access the program and its modules on various platforms,
including mobile devices, tablets, and desktop computers.

HealthZone features a responsive web design compatible with
both iOS and Android operating systems, making it easily
accessible. Participant response data were captured on all
devices. The modules were released sequentially to participants
over 4 weeks. All data were collected through self-report
measures at prespecified intervals. Participants were instructed
to complete a module or a set of 2 modules each week along
with the required interval assessments. Automated email
reminders alerted participants about the release of each module
and the specified assessments. If the modules were not viewed
within the first 3 days of their release, an automated email
reminder was sent to participants, and a second reminder was
sent on the seventh day of their release. Automated email
reminders at a similar frequency were also used for the primary
and secondary measures (self-report scales). The personal
dashboard was accessible to participants at any time. A “Contact
us” tab was available on the personal dashboard that allowed
participants to contact the research team and ask questions about
the study or express any concerns. A total of 7% (2/30) of the
participants were unsure about how to access the modules, and
3% (1/30) had an inquiry about one of the modules.

The research team sent 2 follow-up emails spaced 2 weeks apart
to participants who registered, were randomized, but did not
commence treatment, serving as a reminder about the study and
to gauge their ongoing interest in participating.

The modules were available to participants from the start of the
trial to the end of the follow-up period. Participants were able
to access their dashboard for 4 weeks following the 3-month
follow-up data collection. HealthZone recorded data about the
number of log-ins, number of pages visited, and date of
commencement and duration of participation for each
participant. Each module was 17 minutes in duration. Therefore,
participants were expected to spend at least 3 hours over the 4
weeks to indicate adherence to treatment. This time is optimal
for viewing all modules and completing all assessments. No
statistical analyses were conducted in the interim of the study.
HealthZone was monitored daily during the trial to track any
potential concerns or issues associated with the site or the
participants.

Treatment Protocol

Sleep Best-i Intervention
Sleep Best-i was specifically designed for this clinical trial by
some of the researchers who conducted this study (FI, BK, and
GAK). The collated treatment manual draws from
evidence-based treatment manuals authored by other sleep
researchers [19,21,35-39]. The main therapeutic methods used
in the manual were CBTi and ERRT. The recorded digital
modules feature human-recorded voice and animated videos
using VideoScribe (Sparkol) [40] that explain concepts related
to sleep and trauma symptoms. The intervention also offers 2
role-plays of therapeutic sessions to demonstrate the
administration of cognitive restructuring, dream rescripting,
and sleep scheduling. Sleep Best-i consists of 6 modules
administered over a 4-week period. In addition, the program is
accessible via a platform that uses a responsive web design,
with no requirement for a specific app or download. This allows
participants to access the program from a variety of devices
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(including mobile phones), as well as their preferred web
browser. By being web based, the program can be easily
accessed from anywhere at any time, making it a convenient
and flexible intervention.

Participants were encouraged to complete the entire Sleep Best-i
program, but completion of each module was not mandatory.
This allowed individuals to engage with relevant content tailored
to their specific needs, whether they experienced nightmares,
PTSD, insomnia, or a combination of these conditions.
Furthermore, participants had the flexibility to stop and start

the program as desired, and all modules were available for the
entire study period, enabling them to revisit specific modules
should they wish to do so.

Table 1 shows the therapeutic modality offered in each module.
Once released, the modules remained unchanged throughout
the trial, and the intervention was successfully implemented
without encountering technical difficulties. There were
periodical checks to ensure that the modules were compliant
with the treatment manual. All links have been archived in the
Wayback Machine (Internet Archive).

Table 1. Sleep Best-i modules and the treatment offered in each module. All modules were approximately 17 minutes in duration.

Strategies offeredModule

Offered at week 1, the module provided psychoeducation about sleep and insomnia, the stages of
sleep, and the neurobiology of sleep [14].

Module 1 (psychoeducation)

Offered at week 1, the module focused on the cognitive component of CBTia, types of unhelpful
thoughts, methods to challenge unhelpful thoughts, and sleep hygiene [30].

Module 2—part 1 (cognitive restructuring and
sleep hygiene)

Offered at week 2, the module educated participants about specifying regular sleeping and waking
up times with as little variation as possible between the 2. Stimulus control restricted the bedroom
or the bed to sleep only [34].

Module 2—part 2 (sleep scheduling and stimulus
control)

Offered at week 3, the module provided psychoeducation about trauma, PTSD, flashbacks, and how
trauma leads to sleep difficulties. It also provided behavioral interventions for trauma symptoms.

Module 3 (trauma, PTSDb, and flashbacks)

Offered at week 4, the module explored nightmare disorder, how nightmares develop, and how to
rescript the nightmare into a more neutral dream [16].

Module 4 (nightmares)

Offered at week 4, the module focused on identifying early warning signs and methods preventing
relapse of symptoms [33].

Module 5 (relapse prevention)

This module offered a recorded progressive muscle relaxation mindfulness, and it was available to
participants throughout the study.

Mindfulness module

aCBTi: cognitive behavioral therapy for insomnia.
bPTSD: posttraumatic stress disorder.

Waitlist Control Group
Following a waiting period of 4 weeks, the waitlist control group
received Sleep Best-i in the same sequence in which it was
released to the treatment group.

Measures

Overview
All scales were digital, self-report measures that were
administered through HealthZone. The self-report measures as
well as the modules were tested by 2 research team members
(FI and BK) before being released to participants. The order of
the modules and the questions were the same for all participants
in the 2 groups.

Demographic Data
Participants provided the following information: name, email
address, age, sex, employment status, educational level, marital
status, country of residence, experience with wildfires, history
of taking steroids, diagnosis of sleep apnea or restless leg
syndrome, diagnosis of a psychotic disorder, use of alcohol or
drug dependence, type of medications used to assist with
sleeping, history of antidepressant use, and whether they were
attending psychotherapy for sleep or PTSD.

Primary Measures

ISI Measure

The ISI [41] includes 7 items that assess insomnia severity
through the subjective experience of sleep. The score varies
from 0 to 28, with higher scores indicating more severe insomnia
symptoms. A score of ≥8 indicates the presence of a
subthreshold insomnia. Previous studies have demonstrated
strong internal consistency for the ISI, with Cronbach α values
ranging from 0.87 to 0.92, indicating high reliability [42].

NDI Measure

This scale consists of 5 items that assess symptoms of
nightmares according to the DSM-5 criteria by screening for
the occurrence of nightmares in a given week. The 5 items are
summed to obtain a score between 0 and 20, with higher scores
representing greater nightmare severity. The NDI exhibits good
internal consistency, with a Cronbach α of 0.80 [43].

PCL-5 Measure

The PCL-5 [44] includes 20 self-report items assessing the
presence of PTSD symptoms over a 1-month interval. A global
score that ranges between 0 and 80 is obtained by summing the
20 items. A cutoff score of 31 provides optimal sensitivity and
specificity in providing a provisional diagnosis of PTSD [45].
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The PCL-5 has good psychometric properties, with an internal
consistency of Cronbach α=0.94 [46].

Secondary Measures

Generalized Anxiety Disorder–7

This scale is a 7-item, self-report measure that assesses anxiety
symptoms over a 2-week interval. A score from 0 to 21 is
obtained by summing the 7 items. The Generalized Anxiety
Disorder–7 (GAD-7) [47] has a good internal consistency, with
a Cronbach α ranging between 0.82 and 0.93 [48]. A cutoff
score of 10 discriminates between mild and severe symptoms
of anxiety [48].

Patient Health Questionnaire–9

This scale consists of 9 items assessing symptoms of depression
over the last 2 weeks. The overall score is obtained by summing
all the 9 items and ranges from 0 to 27. A cutoff score of 10 is
considered optimal in discriminating between mild and severe
symptoms of depression [49]. In this study, the Cronbach α for
the Patient Health Questionnaire–9 (PHQ-9) was 0.86.

Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) [50] consists of 19
items assessing sleep quality and disturbances related to sleep
over a 1-month interval. A global score ranging between 0 and
21 is generated by summing 7 components of sleep quality. A
global PSQI score of >5 is considered a sensitive and specific
cutoff to discriminate between good and poor sleep quality [51].
The PSQI has a good internal validity, with the Cronbach α
ranging between 0.79 and 0.81 [51].

Satisfaction and Level of Engagement With Treatment

One question was designed for this study to measure satisfaction
with Sleep Best-i. Participants were asked to rate how likely
they were to revisit the Sleep Best-i modules on a 5-point Likert
scale from strongly disagree to strongly agree (0-4). To assess
level of engagement with treatment, the number of log-ins and
amount of time that each participant spent on the site were
monitored.

Data Analysis
Data analyses were conducted using the Stata statistical software
package (version 18; StataCorp) [52]. All variables were
inspected for normality and outliers. An inspection of histograms
and Q-Q plots revealed normally distributed data. Upon
inspection of box plots on all scales, 1 outlier was identified on
the PCL-5 at the 3-month follow-up assessment, a second outlier
was detected on the PHQ-9 at the 3-month follow-up, and a
third outlier was detected on the PSQI at the waitlist assessment
(3-month follow-up assessment). The results did not differ upon
removing the outliers from the analyses; therefore, the outliers
were retained [53,54]. To ensure a robust evaluation of the
intervention’s feasibility, the ITT analysis with 30 participants
and the per protocol (PP) analysis with a sample of 20 were
used, allowing for a comprehensive assessment of treatment
outcomes, thereby enhancing the accuracy and generalizability
of the findings [33,55,56].

For both analyses, missing data were addressed using multiple
imputation by chained equations. This approach is more robust

than other methods such as single imputation because it
generates multiple predictions for each missing value,
accounting for uncertainty in the imputations and yielding more
accurate SEs [57]. To impute missing data, background variables
such as age, sex, educational level, employment status, country,
and relationship status; baseline measures; and the most recent
observations of each outcome were used.

To address uncertainty, each missing value was imputed 20
times using predictive mean matching based on the 3 nearest
values across multiple iterations to create 100 imputed datasets.
The imputed values were then averaged to create the final
estimates [58]. Predictive mean matching, a partially parametric
method, is preferable to fully parametric linear regression as it
remains effective even when the normality assumption of the
underlying variable is violated. This method also helps preserve
the distribution of observed values in the missing data [59].
Missing value analysis indicated that the data were missing
completely at random (Little missing completely at random test:

χ2
867=0.0, P>.99), meaning that the differences between the

missing and observed data were related to observed
characteristics [60].

Adjusted analyses of intervention effects were conducted using
mixed-effects linear regression models. Both fixed and random
effects were estimated to assess the impact of the intervention
on the change in all outcomes (primary and secondary) over
time and by condition. Given that observed covariates were
balanced between the 2 conditions (waitlist and treatment), the
difference-in-differences (DID) effect for the fixed part of the
mixed-effects models was tested by including interaction terms
for time point and condition. DID is considered the most
appropriate measure to assess causal effects in time-series
designs as it effectively controls for time-invariant confounding
variables. By doing so, DID reduces bias and enhances internal
validity, providing a more accurate estimate of the treatment
effect [61].

The appropriateness of the mixed-effects model for each
outcome was assessed using chi-square statistics (P<.05).
Random-intercept linear models were compared with
random-intercept, random-slope models using likelihood ratio
tests. The random-intercept, random-slope model was reported
only if the likelihood ratio test indicated P<.05; otherwise, the
simpler random-intercept model was selected. A significant
effect of the intervention or difference in outcome between
groups was assessed using a 2-tailed test of significance with
P<.05.

A sensitivity analysis was conducted to test whether the model
and covariance structures were misspecified. Several major
types of covariance structures, including independent,
unstructured, exchangeable, identity, and autoregressive
structures, were examined. In addition, the model parameters
using both maximum likelihood and restricted maximum
likelihood methods were estimated. Although the results were
generally consistent across different covariance structures, the
model with an exchangeable structure was deemed the best fit.
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Clinical Significance
Clinical significance was assessed for the 2 groups from baseline
to the 3-month follow-up. To evaluate the clinical significance
on sleep and trauma measures, specific criteria were used for
each scale. For example, for the ISI, a cutoff score of ≤8 with
a ≥6-point reduction in scores was used to assess whether
participants reached a minimal clinically significant change
(MCSC) [26,62]. For the NDI, there are no established criteria
for MCSC; therefore, a cutoff score of ≤7 as suggested by Dietch
et al [43] was used. Marx et al [63] recommend a score of ≤28
and a drop of ≥18 points on the PCL-5 as a guide for MCSC.

Results

Overview
A total of 33 participants responded to the advertisement,
registered an account with Federation University’s digital

HealthZone platform, and provided baseline data. In total, 9%
(3/33) were excluded because they did not meet the selection
criteria, and 91% (30/33) were randomized to either the
intervention or the waitlist group. A total of 53% (16/30) were
randomized into the intervention group, and 47% (14/30) were
in the waitlist group (for the participant CONSORT chart, refer
to Figure 1). Ages ranged between 18 and 79 years (mean 52.50,
SD 16.26 years; N=30), with most participants (19/30, 63%)
being female (vs 11/30, 37% male). A total of 67% (20/30) of
the participants completed the trial, and their data were analyzed
as PP. The ages of the latter group ranged from 18 to 79 years
(mean 53.75, SD 16.54 years), with most participants (14/20,
70%) being female (6/20, 30% were male). Demographic
variables for the treatment and waitlist groups are shown in
Table 2.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flowchart showing participant flow through allocation to the treatment and waitlist
conditions. ISI: Insomnia Severity Index; ITT: intention to treat; NDI: Nightmare Disorder Index; PCL-5: PTSD Checklist for DSM-5; PP: per protocol.
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Table 2. Demographic variables for the treatment and waitlist groups and differences between the 2 at the baseline assessments.

P valueaStatisticWaitlist (n=14)Treatment (n=16)Demographics

.28t28=1.1149.00 (17.34)55.56 (15.14)Age (y), mean (SD)

.51χ2
2=1.4 (N=30)Biological sex, n (%)

8 (57)11 (69)Female

6 (43)5 (31)Male

——bCountry, n (%)

14 (100)12 (75)Australia

0 (0)3 (19)Canada

0 (0)1 (6)United States

.75χ2
3=1.2 (N=30)Educational level, n (%)

6 (43)8 (50)Bachelor’s degree

6 (43)4 (25)Certificate or diploma

1 (7)2 (12)High school

1 (7)2 (12)Postgraduate

.64χ2
4=2.6 (N=30)Employment status, n (%)

5 (36)7 (44)Employed

0 (0)1 (6)Looking for work

5 (36)5 (31)Retired

1 (7)2 (12)Student

3 (21)1 (6)Unemployed

.05χ2
3=8.0 (N=30)Relationship status, n (%)

5 (36)8 (50)Married

5 (36)0 (0)Divorced or separated

4 (29)6 (38)Single

0 (0)2 (12)Widowed

——Wildfires experienced, n (%)

11 (79)8 (50)2019-2020 wildfires (Australia)

0 (0)1 (6)Waroona 2016 (Australia)

0 (0)1 (6)Oregon 2020 (United States)

0 (0)1 (6)2023 Canadian wildfires

0 (0)2 (12)2021 BC fires

1 (7)2 (12)Black Saturday 2009 (Australia)

0 (0)1 (6)Currowan 2021 (Australia)

1 (7)0 (0)Sacramento 2014 (United States)

1 (7)0 (0)Blue Mountains 2013 (Australia)

aSignificance level at P<.05.
bNot applicable.

A total of 4 participants were excluded from the PP analysis for
the following reasons: 2 (50%) participants, who completed the
pilot trial and provided a complete set of data, revealed that
they had restless leg syndrome that was not initially reported
during the screening process; 1 (25%) participant received 1

treatment module but withdrew from the study due to illness,
providing only baseline measures; and a fourth participant (25%)
who provided and completed 50% of the data and modules
withdrew due to illness and family commitments. Therefore,
the PP analysis was conducted on a sample of 20 participants.

JMIR Hum Factors 2025 | vol. 12 | e65228 | p.3226https://humanfactors.jmir.org/2025/1/e65228
(page number not for citation purposes)

Isaac et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


In total, 20% (6/30) of the participants provided baseline data;
however, they did not initiate treatment and did not respond to
emails sent by the research team. Table 1 indicates that there
were no significant differences in demographic variables
between the intervention and waitlist groups at the baseline
assessment (age, P=.28; biological sex, P=.51; education level,
P=.75; employment status, P=.64; and relationship status,
P=.05).

To address hypothesis 1, ITT analysis of the mixed-effects
regression, including the effect sizes of the DID in the
fixed-effects component and the variability in the random-effects
component, showed that, at baseline, the waitlist group had
mean scores of 3.16, 0.39, and 45.29 on the ISI, NDI, and
PCL-5, respectively. At the postintervention time point, the

main effect of time, these scores significantly decreased by 1.64
points on the NDI (P=.001) and 10.64 points on the PCL-5
(P=.009), but no significant (P=.06) change was detected on
the ISI. The treatment group showed slightly lower baseline
scores than the waitlist group, with mean differences of 0.45,
0.04, and 9.20 for the ISI, NDI, and PCL-5, respectively,
suggesting that the 2 groups were relatively balanced at baseline.
The adjusted DID effects following the treatment indicated that
the treatment group experienced greater improvements in mental
health measures compared to the waitlist group, with differences
of 1.54 points for the ISI, 1.22 points for the NDI, and 4.98
points for the PCL-5. Notably, the improvement in the NDI was
marginally significant (P=.06), whereas the improvements in
the ISI and PCL-5 were not statistically significant (P=.26 and
P=.37, respectively; Table 3).

Table 3. Mixed-effects linear regression analysis of the effect of the intervention on primary outcomes (intention-to-treat analysis; N=30)a.

Model 3 (n=60b; PCL-5e)Model 2 (n=60b; NDId)Model 1 (n=60b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

<.00145.29 (37.27 to 53.30).600.39 (−1.05 to 1.83).123.16 (−0.77 to 7.08)Intercept

Time

—Reference—Reference—iReferenceBaseline

.009−10.64 (−18.65 to
−2.64)

.001−1.64 (−2.58 to
−0.71)

.06−1.88 (−3.86 to 0.10)Postintervention time point

Condition

—Reference—Reference—ReferenceWaitlist

.10−9.20 (−20.17 to 1.78).95−0.04 (−1.04 to 0.97).68−0.45 (−2.56 to 1.66)Intervention

.37−4.98 (−15.94 to 5.98).06−1.22 (−2.50 to 0.06).26−1.54 (−4.26 to 1.17)Time × condition

Random effects

—10.82 (7.26 to 16.14)—0.82 (0.55 to 1.20)—1.41 (0.82 to 2.42)SD (time, intercept)

—N/Aj—1.00 (−1.00 to 1.00)—0.99 (−1.00 to 1.00)Correlation (time, intercept)

—10.81 (8.39 to 13.92)—1.23 (0.86 to 1.47)—2.48 (1.86 to 3.31)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue except for model 3, where the baseline measure was excluded
for simplicity and convergence.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P=.03 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.001 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.19 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.

In the random-effects part, there was substantial variability
among individuals, with average deviations of 1.41, 0.82, and
10.82 points for the ISI, NDI, and PCL-5, respectively, around
both the baseline and postintervention means. This suggests
considerable individual variability in the outcomes. The positive
correlation coefficients between the time point and the intercept

indicate that participants with higher baseline scores (above the
overall sample mean) were more likely to experience greater
decreases in their scores over time compared to those with lower
baseline scores. All mixed-effects models for the ISI, NDI, and
PCL-5 were statistically significant (P<.001). Specifically, the
random-intercept, random-slope model was appropriate for the
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ISI (P=.03) and NDI (P=.001), whereas a random intercept–only
model was sufficient for the PCL-5, which also fit the data but
with a nonsignificant P value (P>.05 and P=.19; Table 3). Figure
2 illustrates the changes in primary outcome measures (ISI,
NDI, and PCL-5) from before to after treatment based on the
ITT analysis.

For completers only, PP analysis of the mixed-effects regression
showed that, at baseline, the waitlist group had mean scores of
5.58, 0.46, and 13.37 on the ISI, NDI, and PCL-5, respectively.
At the postintervention time point, these scores did not
significantly change for the 3 measures (ISI; P=.68, NDI; P=.24,
PCL-5; and P=.35). The treatment group baseline scores were
balanced compared to those of the waitlist group, with mean
differences of 0.99, 0.04, and 3.05 for the ISI, NDI, and PCL-5,
respectively. However, the adjusted DID effects indicated an
interaction effect of condition × time, with the treatment group
experiencing greater and more significant improvements on the
NDI with a decrease of 2.27 points (P=.049) and a decrease of
13.46 points on the PCL-5 (P=.03) but no significant
improvements on the ISI (P=.25; Table 4).

There was a substantial variability among individuals, with
average deviations of 3.41, 1.81, and 9.42 points for the ISI,
NDI, and PCL-5, respectively, at the postintervention time point,
suggesting considerable individual variability in the outcomes.
All mixed-effects models for the ISI, NDI, and PCL-5 were
statistically significant (P<.001), with a random-intercept model
being appropriate for the 3 measures (Table 4).

In relation to the second hypothesis, the ITT analysis showed
that, at baseline, the waitlist group had mean scores of 1.66,
12.01, and 0.69 on the GAD-7, PHQ-9, and PSQI, respectively
(Table 5). Only the depression scores decreased significantly
(P<.001) by 6.48 points at the posttreatment time point (main
effect of time) in comparison to the waitlist group. The treatment
group showed slightly lower baseline scores than those of the
waitlist group on the secondary measures, with mean differences
of 0.47, 0.90, and 0.04 on the GAD-7, PHQ-9, and PSQI,
respectively, suggesting that the 2 groups were balanced at
baseline. The adjusted effects at the postintervention time point
indicate that the treatment group experienced greater
improvements than the waitlist group on all measures but with
only significant results on the PSQI (with a difference of 2.22
points; P<.001).

There was variability among individuals, as shown in Table 5,
with average deviations of 0.91, 4.89, and 0.73 points for the
GAD-7, PHQ-9, and PSQI, respectively, around both the
baseline and postintervention means. The positive correlation
coefficients for the GAD-7 and PSQI between the time point
and the intercept indicate that participants with higher baseline
scores (above the overall sample mean) were more likely to
experience greater decrease in their scores over time compared
to those with lower baseline scores. Mixed-effects models for
the 3 measures were statistically significant (P<.001).
Specifically, the random-intercept, random-slope model was
appropriate for the PHQ-9 and PSQI (P=.007 and P=.001,
respectively), whereas a random intercept–only model was
sufficient for the GAD-7 (P=.08). Figure 3 shows the difference

in decrease in scores between the intervention and waitlist
groups for the GAD-7, PHQ-9, and PSQI from the ITT analysis.

For those who completed the study, PP analysis showed that
the waitlist mean baseline scores were 11.78, 12.22, and 13.00
on the GAD-7, PHQ-9, and PSQI, respectively. These scores
decreased significantly only for the PHQ-9 measure by 6.22
points at the posttreatment time point (P<.001). There was also
a main effect of condition on the GAD-7 measure with a
decrease of 4.14 points (P=.04) for the treatment group and an
interaction effect of time × condition on the PSQI (P=.02),
suggesting that the treatment group experienced significantly
better sleep quality than the waitlist group following the
treatment (Table 6).

Table 6 also shows a great variability among individuals on the
random effects, with average deviations of 3.69, 3.16, and 2.82
points for the GAD-7, PHQ-9, and PSQI, respectively, around
both the baseline and postintervention means. This suggests
substantial individual variability in the outcome measures.
Mixed-effects models for the 3 measures were statistically
significant (P<.001), with the random-intercept, random-slope
model being appropriate for the PHQ-9 (P=.004), whereas a
random intercept–only model was sufficient for the GAD-7 and
the PSQI (P=.28 and P>.99, respectively; Table 6).

To address the third hypothesis, separate mixed-effects linear
model analyses were conducted for each group (intervention
and waitlist) on all primary and secondary outcome measures.
The analysis incorporated data from the following time points:
baseline, posttreatment time point, and 3-month follow-up for
the intervention group and pretreatment time point,
posttreatment time point, and 3-month follow-up for the waitlist
group. ITT analysis for the intervention group showed a
significant reduction in insomnia, nightmares, and trauma
symptoms as measured using the ISI, NDI, and PCL-5 both at
the posttreatment time point (P<.001) with an effect of 3.42,
2.86, and 15.62 points, respectively, and at the 3-month
follow-up (P<.001) with an effect of 8.64, 4.20, and 22.83
points, respectively (Table 7).

A great variability among individuals was detected on the
random effects, with average deviations of 1.56, 0.32, and 11.09
points for the ISI, NDI, and PCL-5, respectively, around both
the postintervention and 3-month follow-up means.
Mixed-effects models for the 3 measures were statistically
significant (P<.001), with the random-intercept, random-slope
model being appropriate for the ISI and the PCL-5 (P=007 and
P=.02, respectively), whereas the random-intercept model was
appropriate for the NDI (P=.16; Table 7). Figure 4 shows the
decrease in scores over time at the postintervention time point
and 3-month follow-up for the intervention group.

For those who completed the study, the PP analysis showed
comparable results to those reported in the ITT analysis, with
a significant reduction in symptoms at both the postintervention
time point (ISI; P=.04, NDI; P<.001, PCL-5; P<.001) and
3-month follow-up (P<.001 in all cases). The adjusted effects
showed a continued reduction in symptoms from the
postintervention time point to the 3-month follow-up, with a
difference of 7.81, 4.86, and 23.71 points on the ISI, NDI, and
PCL-5, respectively (Table 8).
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The analysis also showed a substantial variability among
individuals, with average deviations of 1.64, 1.03, and 1.81
points for the ISI, NDI, and PCL-5, respectively, around both
the baseline and postintervention means. The positive correlation
coefficients between the time point and the intercept on the NDI
indicate that participants with higher baseline scores (above the
overall sample mean) were more likely to experience greater
decreases in their scores over time compared to those with lower
baseline scores. All mixed-effects models for the ISI, NDI, and
PCL-5 were statistically significant (P<.001), with a
random-intercept model being sufficient for all 3 measures with
a nonsignificant P value (ISI, P=.18; NDI, P=.07; and PCL-5,
P=.42, Table 8).

On the secondary measures, the ITT analysis showed that the
intervention group experienced significant improvements on
the PHQ-9 and PSQI at both the posttreatment time point and
the 3-month follow-up (P<.001). No significant reduction in
symptoms was observed for the GAD-7 at the posttreatment
time point (P=.21; Table 9). However, all participants in the
intervention group experienced a significant reduction in
symptoms at the 3-month follow-up (P<.001) on the 3 measures,
with adjusted effects showing a decrease of 4.05, 7.50, and 5.12
points on the GAD-7, PHQ-9, and PSQI, respectively. Table 9
also shows variability among individuals on the random effects,
with average deviations of 0.001, 5.46, and 0.82 points for the
GAD-7, PHQ-9, and PSQI, respectively, around the
postintervention and 3-month means. The 3 models were
statistically significant (P<.001), with the random-intercept,
random-slope model being appropriate for the PHQ-9 and PSQI
(P=.03 and P=.002, respectively) and the random-intercept
model being appropriate for the GAD-7 (P=.34). Figure 5 shows
a change in secondary outcomes over time in the intervention
group (ITT analysis).

Comparable results were also detected on the PP analysis, with
individuals experiencing significant reductions in symptoms
following the intervention and also at the 3-month assessments
(P<.001 in all cases) except for the GAD-7, which was found
to be not significant at the postintervention time point (P=.29).
Participants experienced a greater reduction in symptoms at the
3-month assessment, with adjusted effects indicating a reduction
of 3.88, 6.98, and 4.62 points on the GAD-7, PHQ-9, and PSQI,
respectively (Table 10). The 3 models were statistically
significant (P<.001), with the random-intercept model being
appropriate for the 3 measures (GAD-7, P=.32; PHQ-9, P=.56,
and PSQI, P=.05).

Similarly, ITT analysis results of the mixed-effects regression
showed that, at baseline, participants in the waitlist group had
mean scores of 10.79, 5.42, and 13.93 on the ISI, NDI, and
PCL-5, respectively. The adjusted effects at the postintervention
time point indicated that the symptoms significantly reduced
by 6.36, 5.78, and 19.37 points, respectively (P<.001), and a
significant reduction of 8.21, 7.74, and 27.96 points was
observed at the 3-month follow-up for the ISI, NDI, and PCL-5,
respectively (P<.001; Table 11).

In the random-effects part, there was substantial variability
among individuals, with average deviations of 9.80, 6.18, and
1.73 points for the ISI, NDI, and PCL-5, respectively, around

both the postintervention and 3-month means. This suggests
considerable individual variability in the outcomes. All
mixed-effects models for the ISI, NDI, and PCL-5 were
statistically significant (P<.001), with a random-intercept model
being appropriate for the 3 measures with a nonsignificant P
value (P>.05; ISI, P=.45; NDI, P=.59, PCL-5, P=14 Table 11).
Figure 6 shows the changes in primary outcomes over time for
the waitlist group at the postintervention time point and 3-month
follow-up.

The PP analysis showed similar results, with significant
improvements at both the postintervention and 3-month
follow-up assessments on the ISI, NDI, and PCL-5 (P<.001 in
all cases; Table 12). The mixed-effects models for the ISI, NDI,
and PCL-5 were all statistically significant (P<.001). The
random-intercept model was used for the 3 measures (P>.05;
ISI, P>.99; NDI, P>.99; and PCL-5, P=.34, Table 12).

For the secondary measures, ITT analysis showed that the
waitlist group had baseline mean scores of 0.78, 0.36, and 3.31
on the GAD-7, PHQ-9, and PSQI, respectively. The adjusted
effects at the postintervention time point indicated that these
scores decreased significantly by 4.72 and 5.07 points for the
GAD-7 and the PSQI, respectively (P<.001). However, no
significant changes were observed on the PHQ-9 at the
postintervention time point. Furthermore, adjusted effects
showed a significant reduction of 6.51 points on the GAD-7
and 5.00 points on the PSQI (P<.001) against the baseline but
no changes on the PHQ-9 at the 3-month follow-up (Table 13).

There was variability among individuals, with deviations of
1.47, 0.06, and 0.92 points for the GAD-7, PHQ-9, and PSQI,
respectively, around the postintervention and 3-month follow-up
means. The positive correlation coefficients between the time
point and the intercept indicate that participants with higher
baseline scores (above the overall sample mean) were more
likely to experience greater decreases in their scores over time
compared to those with lower baseline scores. All mixed-effects
models for the GAD-7, PHQ-9, and PSQI were statistically
significant (P<.001). Specifically, the random-intercept,
random-slope model was appropriate for the GAD-7 and PSQI
(P<.001 and P=.02, respectively), whereas a random
intercept–only model was sufficient for the PHQ-9, which also
fit the data but with a nonsignificant P value (P>.05; P=.17,
Table 13). Figure 7 shows the changes in secondary outcomes
at the postintervention time point and at the 3-month follow-up
for the waitlist group.

For those who completed the study, PP analysis showed similar
results for the waitlist group, with significant reduction at the
postintervention and 3-month assessments only for the GAD-7
and the PSQI (P<.001); however, no significant changes were
detected for the PHQ-9 at either the postintervention time point
or the 3-month follow-up (P=.61 and P=.92, respectively; Table
14). For those who experienced significant reductions, there
was great variability, with deviations of 1.98 and 1.00 points
for the GAD-7 and PSQI, respectively, around the
postintervention and 3-month follow-up means. All
mixed-effects models for the GAD—7, PHQ—9, and PSQI
were statistically significant (P<.001). Specifically, the
random-intercept model was appropriate for the 3 measures
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with a nonsignificant P values (P>.05; GAD-7, P=.05, PHQ-9, P=.47, PSQI, P=.24, Table 14).

Figure 2. Change in adjusted estimates of primary measures, including the Insomnia Severity Index (ISI); Nightmare Disorder Index (NDI); and PTSD
Checklist for DSM-5 (PCL-5), from before to after the intervention based on the intention-to-treat analysis.
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Table 4. Mixed-effects linear regression analysis of the effect of the intervention on primary outcomes for completers only (per-protocol analysis;

N=20)a.

Model 3 (n=40b; PCL-5e)Model 2 (n=40b; NDId)Model 1 (n=40b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.00713.37 (3.71 to 23.03).680.46 (−1.70 to 2.61).015.58 (1.12 to 10.04)Intercept

Time

—Reference—Reference—iReferenceBaseline

.35−4.11 (−12.81 to 4.59).24−1.00 (−2.67 to 0.67).68−0.67 (−3.82 to 2.48)Postintervention time point

Condition

—Reference—Reference—ReferenceWaitlist

.48−3.05 (−11.52 to 5.42).96−0.04 (−1.65 to 1.56).53−0.99 (−4.06 to 2.04)Intervention

.03−13.46 (−25.19 to
−1.73)

.049−2.27 (−4.53 to
−0.01)

.25−2.48 (−6.72 to 1.77)Time × condition

Random effects

—9.43 (6.67 to 10.33)—0.93 (1.31 to 2.00)—2.81 (2.60 to 3.22)SD (time, intercept)

———1.00 (-1.00 to 1.00)—0.99 (-1.00 to 1.00)Correlation (time, intercept)

—9.42 (7.57 to 11.73)—1.81 (1.46 to 2.26)—3.41 (2.74 to 4.24)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P>.99 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P>.99 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P>.99 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.

JMIR Hum Factors 2025 | vol. 12 | e65228 | p.3231https://humanfactors.jmir.org/2025/1/e65228
(page number not for citation purposes)

Isaac et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 5. Mixed-effects linear regression analysis of the effect of the intervention on secondary outcomes (intention-to-treat analysis; N=30)a.

Model 3 (n=60b; PSQIe)Model 2 (n=60b; PHQ-9d)Model 1 (n=60b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.500.69 (−1.33 to 2.71)<.00112.01 (9.46 to 14.57).071.66 (−0.14 to 3.45)Intercept

Time

—Reference—Reference—iReferenceBaseline

.18−0.58 (−1.43 to
0.27)

<.001−6.48 (−9.04 to −3.92).830.16 (−1.29 to 1.62)Postintervention time point

Condition

—Reference—Reference—ReferenceWaitlist

.92−0.04 (−0.96 to
0.87)

.62−0.90 (−4.40 to 2.61).55−0.47 (−2.01 to
1.07)

Intervention

<.001−2.22 (−3.39 to
−1.06)

.481.28 (−2.23 to 4.78).11−1.62 (−3.62 to
0.38)

Time × condition

Random effects

—0.73 (0.49 to 1.09)—4.89 (3.89 to 6.13)—0.91 (0.47 to 1.74)SD (time and intercept)

—0.99 (−1.00 to 1.00)—−0.79 (−0.89 to −0.61)—N/AjCorrelation (time and inter-
cept)

—1.03 (0.78 to 1.34)—0.000065 (0.000000665 to
0.01)

—1.86 (1.39 to 2.50)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue except for model 2, where the baseline measure was excluded
for simplicity and convergence.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P=.08 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.007 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.001 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.
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Figure 3. Change in adjusted estimates of secondary outcomes, including the Generalized Anxiety Disorder–7 (GAD-7), Patient Health Questionnaire–9
(PHQ-9), and Pittsburgh Sleep Quality Index (PSQI), from before to after the intervention based on the intention-to-treat analysis.
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Table 6. Mixed-effects linear regression analysis of the effect of the intervention on secondary outcomes for completers only (per-protocol analysis;

N=20)a.

Model 3 (n=40b; PSQIe)Model 2 (n=40b; PHQ-9d)Model 1 (n=40b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

<.00113.00 (10.87 to 15.13)<.00112.22 (9.44 to 15.00)<.00111.78 (8.89 to 14.66)Intercept

Time

—Reference—Reference—iReferenceBaseline

.39−0.67 (−2.19 to 0.86)<.001−6.22 (−8.86 to
−3.59)

.241.33 (−0.90 to 3.57)Postintervention time point

Condition

—Reference—Reference—ReferenceWaitlist

.50−1.00 (−3.88 to 1.88).40−1.60 (−5.35 to 2.15).04−4.14 (−8.03 to
−0.25)

Intervention

.02−2.42 (−4.48 to
−0.37)

.531.14 (−2.41 to 4.70).08−2.70 (−5.71 to 0.32)Time × condition

Random effects

—2.82 (1.95 to 4.07)—3.16 (2.01 to 4.98)—3.69 (2.52 to 5.41)SD (intercept)

—N/A—−0.68 (−0.85 to
−0.37)

—N/AjCorrelation (time, intercept)

—1.65 (1.21 to 2.25)—2.85 (2.09 to 3.89)—2.42 (1.78 to 3.30)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P=.28 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.004 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P>.99 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.
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Table 7. Mixed-effects linear regression analysis of the change in primary outcomes over time in the intervention group (intention-to-treat analysis;

N=16)a.

Model 3 (n=48b; PCL-5e)Model 2 (n=48b; NDId)Model 1 (n=48b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.001−17.52 (−27.73 to
−7.30)

.0033.37 (1.12 to 5.61).203.23 (−1.66 to 8.12)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−15.62 (−21.87 to
−9.37)

.001−2.86 (−4.51 to −1.21).001−3.42 (−5.47 to
−1.38)

Postintervention time point

<.001−22.83 (−29.08 to
−16.58)

<.001−4.20 (−5.85 to −2.55)<.001−8.64 (−10.68 to
−6.60)

3 months after the interven-
tion

Random effects

—11.09 (7.06 to 17.43)—0.32 (0.0000751 to
0.000133)

—1.56 (0.91 to 2.67)SD (time, intercept)

—0.99 (−1.00 to 1.00)—N/Aj—0.99 (−1.00 to 1.00)Correlation (time, intercept)

—4.45 (3.36 to 5.89)—2.38 (1.86 to 3.04)—2.73 (2.11 to 3.55)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P=.007 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.16 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.02 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.

Figure 4. Change in Insomnia Severity Index (ISI); Nightmare Disorder Index (NDI); and PTSD Checklist for DSM-5 (PCL-5) scores for the intervention
group from baseline to the postintervention time point and the 3-month follow-up as determined by the intention-to-treat analysis.
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Table 8. Mixed-effects linear regression analysis of the change in primary outcomes over time in the intervention group for completers only (per-protocol

analysis; N=11)a.

Model 3 (n=33b; PCL-5e)Model 2 (n=33b; NDId)Model 1 (n=33b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

<.00116.05 (7.49 to 24.61).920.24 (−4.19 to 4.66).0026.50 (−1.03 to 11.97)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−17.57 (−25.45 to
−9.69)

<.001−3.27 (−4.66 to
−1.89)

.04−3.14 (−6.17 to
−0.12)

Postintervention time point

<.001−23.71 (−31.59 to
−15.83)

<.001−4.86 (−6.24 to
−3.47)

<.001−7.81 (−10.84 to
−4.79)

3 months after the intervention

Random effects

—1.81 (0.01 to 260.12)—1.03 (0.24 to 4.48)—1.64 (0.49 to 5.44)SD (intercept)

—9.43 (7.02 to 12.67)—1.49 (0.71 to 3.10)—3.62 (2.70 to 4.87)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P=.18 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.07 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.42 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
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Table 9. Mixed-effects linear regression analysis of the change in secondary outcomes over time in the intervention group—intention-to-treat analysis

(N=16)a.

Model 3 (n=48b; PSQIe)Model 2 (n=48b; PHQ-9d)Model 1 (n=48b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.590.92 (−2.45 to
4.29)

.001−8.64 (−12.69 to −4.59).0013.64 (1.58 to 5.70)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−2.80 (−3.82 to
−1.78)

<.001−5.20 (−7.88 to −2.53).21−1.46 (−3.73 to 0.82)Postintervention time point

<.001−5.12 (−6.14 to
−4.11)

<.001−7.50 (−10.17 to −4.82)<.001−4.05 (−6.32 to −1.77)3 months after the interven-
tion

Random effects

—0.82 (0.53 to 1.37)—5.46 (4.01 to 7.42)—0.001 (0.0000198 to
0.0173)

SD (time, intercept)

—0.99 (−1.00 to
1.00)

—0.78 (0.54 to 0.90)—N/AjCorrelation (time, inter-
cept)

—1.34 (1.04 to 1.73)—0.001 (0.00000549 to 0.20)—3.28 (2.69 to 4.01)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P=.34 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.03 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.002 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.

Figure 5. Change in Generalized Anxiety Disorder–7 (GAD-7), Patient Health Questionnaire–9 (PHQ-9), and Pittsburgh Sleep Quality Index (PSQI)
scores for the intervention group from baseline to the postintervention time point and the 3-month follow-up as determined by the intention-to-treat
analysis.
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Table 10. Mixed-effects linear regression analysis of the change in secondary outcomes over time in the intervention group—per-protocol analysis

(N=11)a.

Model 3 (n=33b; PSQIe)Model 2 (n=33b; PHQ-9d)Model 1 (n=33b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.670.85 (−3.05 to 4.76)<.00110.63 (8.28 to 12.98).032.85 (0.31 to 5.39)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−3.09 (−4.50 to −1.68)<.001−5.08 (−7.80 to
−2.36)

.29−1.36 (−3.86 to 1.14)Postintervention time point

<.001−4.62 (−6.03 to −3.21)<.001−6.98 (−9.71 to
−4.26)

.002−3.88 (−6.38 to
−1.38)

3 months after the interven-
tion

Random effects

—1.12 (0.52 to 2.41)—2.28 (1.100 to 4.73)—0.90 (0.10 to 8.32)SD (intercept)

—1.69 (1.26 to 2.27)—3.26 (2.42 to 4.38)—2.99 (2.23 to 4.02)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P=.32 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.56 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.05 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
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Table 11. Mixed-effects linear regression analysis of the change in primary outcomes over time in the waitlist group receiving the

intervention—intention-to-treat analysis (N=14)a.

Model 3 (n=42b; PCL-5e)Model 2 (n=42b; NDId)Model 1 (n=42b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.00213.93 (4.95 to 22.92)<.0015.42 (2.74 to 8.10)<.00110.79 (5.89 to 15.70)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−19.37 (−26.62 to
−12.13)

<.001−5.78 (−8.02 to
−3.53)

<.001−6.36 (−9.16 to
−3.57)

Postintervention time point

<.001−27.96 (−35.20 to
−20.71)

<.001−7.74 (−9.98 to
−5.49)

<.001−8.21 (−11.01 to
−5.41)

3 months after the intervention

Random effects

—1.73 (0.01 to 302.24)—0.0000618 (−0.14 to
0.14)

—0.000098 (−0.21 to
0.21)

SD (intercept)

—9.78 (7.53 to 12.71)—3.03 (2.44 to 3.75)—3.78 (3.05 to 4.68)SD of residual

aAs the random-intercept model better fit the data than the random-intercept, random-slope model, random-intercept model parameters were reported.
All models were adjusted for the pretreatment measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P=.45 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.59 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.14 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.

Figure 6. Change in Insomnia Severity Index (ISI); Nightmare Disorder Index (NDI); and PTSD Checklist for DSM-5 (PCL-5) scores for the waitlist
group from before to after the intervention and the 3-month follow-up as determined by the intention-to-treat analysis.
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Table 12. Mixed-effects linear regression analysis of the change in primary outcomes over time in the waitlist group receiving the

intervention—per-protocol analysis (N=9)a.

Model 3 (n=27b; PCL-5e)Model 2 (n=27b; NDId)Model 1 (n=27b; ISIc)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.0812.85 (−1.41 to 27.11).0065.06 (1.47 to 8.66)<.00111.65 (5.59 to 17.71)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−20.89 (−30.98 to
−10.79)

.001−5.44 (−8.59 to
−2.30)

.001−6.56 (−10.49 to
−2.63)

Postintervention time point

<.001−28.44 (−38.54 to
−18.35)

<.001−7.11 (−10.26 to
−3.96)

<.001−7.00 (−10.93 to
−3.07)

3 months after the interven-
tion

Random effects

—3.31 (0.29 to 38.15)—0.01 (N/Aj)—0.01 (0.01 to 0.6)SD (intercept)

—10.93 (7.89 to 15.15)—3.41 (2.61 to 4.45)—4.25 (3.26 to 5.55)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cISI: Insomnia Severity Index.
dNDI: Nightmare Disorder Index.
ePCL-5: PTSD Checklist for DSM-5.
fModel fit—P<.001 (Wald chi-square test) and P>.99 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P>.99 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.34 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable.
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Table 13. Mixed-effects linear regression analysis of the change in secondary outcomes over time in the waitlist group receiving the

intervention—intention-to-treat analysis (N=14)a.

Model 3 (n=42b; PSQIe)Model 2 (n=42b; PHQ-9d)Model 1 (n=42b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.103.31 (–0.62 to 7.25).610.36 (−1.00 to 1.72).660.78 (−2.68 to 4.24)Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−5.07 (−6.42 to
−3.71)

.56−0.42 (−1.84 to 1.00)<.001−4.72 (−6.24 to
−3.19)

Postintervention time point

<.001−5.00 (−6.35 to
−3.65)

.58−0.40 (−1.82 to 1.02)<.001−6.51 (−8.03 to
−4.99)

3 months after the interven-
tion

Random effects

—0.92 (0.48 to 1.77)—0.06 (2.72 × 10–64 to 1.3

× 1061)

—1.47 (0.87 to 2.48)SD (time, intercept)

—0.99 (−1.00 to 1.00)—N/Aj—0.99 (−1.00 to 1.00)Correlation (time, intercept)

—1.71 (1.28 to 2.78)—1.91 (1.48 to 2.48)—1.78 (1.33 to 2.37)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P<.001 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.17 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.02 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.
jN/A: not applicable as the random-intercept model better fit the data than the random-intercept, random-slope model. Given its better fit, random-intercept
model parameters were reported.

Figure 7. Change in Generalized Anxiety Disorder–7 (GAD-7), Patient Health Questionnaire–9 (PHQ-9), and Pittsburgh Sleep Quality Index (PSQI)
scores for the waitlist group from before to after the intervention and the 3-month follow-up as determined by the intention-to-treat analysis.
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Table 14. Mixed-effects linear regression analysis of the change in secondary outcomes over time in the waitlist group receiving the

intervention—per-protocol analysis (N=9)a.

Model 3 (n=27b; PSQIe)Model 2 (n=27b; PHQ-9d)Model 1 (n=27b; GAD-7c)Variable

P valuehβ (95% CI)P valuegβ (95% CI)P valuefβ (95% CI)

Fixed effects

.0085.89 (1.55 to 10.22).680.43 (−1.61 to 2.48).223.85 (−8.29 to
−3.04)

Intercept

Time

—Reference—Reference—iReferenceBaseline

<.001−4.78 (−7.05 to
−2.50)

.61−0.56 (−2.69 to 1.58)<.001−5.67 (−8.29 to
−3.04)

Postintervention time point

<.001−4.78 (−7.05 to
−2.50)

.92−0.11 (−2.25 to 2.03)<.001−7.78 (−10.40 to
−5.15)

3 months after the intervention

Random effects

—1.00 (0.21 to 4.67)—0.29 (0.0000012 to
69,857.52)

—1.98 (0.88 to 4.46)SD (intercept)

—2.46 (1.78 to 3.41)—2.31 (1.67 to 3.21)—2.84 (2.05 to 3.94)SD of residual

aAll models were adjusted for the baseline measure to address the regression-to-mean issue.
bn represents the number of observations in the data with long format to support mixed-effects modeling.
cGAD-7: Generalized Anxiety Disorder–7.
dPHQ-9: Patient Health Questionnaire–9.
ePSQI: Pittsburgh Sleep Quality Index.
fModel fit—P<.001 (Wald chi-square test) and P=.05 (likelihood ratio test [LRT]) to compare the mixed-effects models with random-intercept linear
models.
gModel fit—P<.001 (Wald chi-square test) and P=.47 (LRT) to compare the mixed-effects models with random-intercept linear models.
hModel fit—P<.001 (Wald chi-square test) and P=.24 (LRT) to compare the mixed-effects models with random-intercept linear models.
iNot available.

Clinical Significance
Table 15 presents the number of participants achieving clinical
significance from baseline to 3-month follow-up, based on
intention-to-treat (ITT) analysis. The results show that a higher
percentage of waitlist group participants achieved clinically
significant changes in nightmare symptoms (mean change 7.74,
SD 5.12) and PTSD symptoms (mean difference 27.96, SD
16.56) compared to the treatment group (mean change 4.20, SD
4.21 for nightmare symptoms and mean change: 22.83, SD
17.09 for PTSD symptoms). In contrast, a higher percentage of
treatment group participants achieved clinically significant
changes in insomnia symptoms (mean difference 8.65, SD 5.28)
compared to the waitlist group (mean change 8.21, SD 6.96).

Two participants were missing 3-month follow-up data on the
ISI, NDI, and PCL-5.

The per-protocol (PP) analysis (Table 16) yielded similar results
to the ITT analysis. Specifically, a higher percentage of waitlist
group participants achieved clinically significant changes in
nightmare symptoms (mean change 7.11, SD 5.71) and PTSD
symptoms (mean change 28.44, SD 18.58) compared to the
treatment group (mean change 4.67, SD 3.04 for nightmare
symptoms and mean change: 24.84, SD 18.62 for PTSD
symptoms). Conversely, a higher percentage of treatment group
participants achieved clinically significant changes in insomnia
symptoms (mean change 7.33, SD 5.87) compared to the waitlist
group (mean change 7.00, SD 8.34). However, the differences
between the two groups were not statistically significant.

Table 15. Distribution of clinically significant responders by condition—intention-to-treat analysis (N=30).

P valueTreatment (n=16), n (%)Waitlist (n=14), n (%)Outcome

.7710 (62)8 (57)ISIa

.0510 (62)13 (93)NDIb

.209 (56)11 (79)PCL-5c

aISI: Insomnia Severity Index.
bNDI: Nightmare Disorder Index.
cPCL-5: PTSD Checklist for DSM-5.
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Table 16. Distribution of clinically significant responders by condition—per-protocol analysis (N=18) (N=20).

P valueTreatment (n=9), n (%)Waitlist (n=9), n (%)Outcome

.645 (56)4 (44)ISIa

.115 (56)8 (89)NDIb

.154 (44)7 (78)PCL-5c

aISI: Insomnia Severity Index.
bNDI: Nightmare Disorder Index.
cPCL-5: PTSD Checklist for DSM-5.

Satisfaction and Engagement With Treatment
Participants were asked to rate how likely they were to revisit
the treatment modules on a 5-point, single-item Likert scale. A
frequency analysis showed that most participants responded
with strongly agree (9/20, 45%) and moderately agree (7/20,
35%). In total, 10% (2/20) of the participants responded with
moderately disagree, and 10% (2/20) of the participants did not
respond to this question. The number of log-ins to the site was
observed as an indicator of the level of engagement by
participants with the modules, and it was found that the 20
participants who were included in the PP analysis had an average
of 8.5 log-ins during their engagement with Sleep Best-i. A total
of 5% (2/20) logged in 12 times to the site; 5% (3/20) logged
in 5 times; 5% (2/20) logged in 7 times; 10% (3/20) logged in
6 times; 15% (4/20) logged in 11 times; and 20% (6/20) logged
in 8, 9, and 10 times. On average, participants spent 116 minutes
on the site visiting modules and completing assessments.

Discussion

Principal Findings
The aim of this clinical pilot trial was to assess the feasibility
of a brief (6 modules over 4 weeks), self-paced, digital
intervention for the treatment of insomnia, nightmares, and
PTSD symptoms in an international sample of survivors of
wildfires. The first hypothesis was partially supported. The PP
analysis revealed a significant interaction effect of condition ×
time on both the NDI and the PCL-5, indicating that Sleep Best-i
effectively reduced symptoms of nightmares and PTSD from
before to after the intervention in the treatment group compared
to the waitlist group. However, no significant changes were
observed in insomnia symptoms. The ITT analysis yielded
similar findings, with a significant main effect of time showing
a reduction in nightmare and PTSD symptoms at the
posttreatment time point for the intervention group but no
significant changes in insomnia symptoms. In examining the 2
groups separately, Sleep Best-i significantly reduced symptoms
of insomnia, nightmares, and PTSD from baseline to the
postintervention time point, and this improvement in symptoms
was maintained at the 3-month assessment for the 2 groups
across both the PP and ITT analyses. This study’s findings
diverge from those of previous research using CBTi to treat
insomnia in survivors of wildfires [27,28] and veterans [25,26].
This discrepancy may be attributed to the brief duration of
insomnia treatment in our study, which spanned only the first
2 weeks, unlike in other clinical trials that used CBTi in ≥6
sessions. Research suggests that an average of 6 to 8 sessions

is typically required to significantly reduce insomnia symptoms
[13,64]. The shorter session duration used in this study may
have contributed to the differing outcomes. Nevertheless, the
maintenance of improvements at the 3-month follow-up is a
promising indicator of the intervention’s long-term effectiveness.

These findings further substantiate the efficacy of ERRT in
reducing the severity and frequency of nightmares, aligning
with those of previous studies [36,65-67]. These results are also
consistent with those of other clinical trials demonstrating that
CBTi and ERRT can lead to significant reductions in PTSD
symptoms at the posttreatment time point [36,68]. Notably, it
is possible that symptoms of trauma and nightmares are more
malleable and responsive to treatment, whereas insomnia
symptoms may be more entrenched and less amenable to change
with brief interventions, suggesting a potential explanation for
the observed differences in treatment outcomes.

In relation to the second hypothesis, the PP analysis revealed
that Sleep Best-i not only alleviated symptoms of nightmares
and trauma but also significantly reduced anxiety symptoms
(main effect of condition) in the treatment group compared to
the waitlist group at the postintervention time point. In addition,
the treatment group experienced a significant reduction in
depressive symptoms at the posttreatment time point (main
effect of time) and a significant interaction effect of time ×
condition on sleep quality, indicating more pronounced
improvements in sleep quality at the postintervention time point
compared to the waitlist group. The ITT analysis yielded similar
findings, with significant reductions in depressive symptoms
at the postintervention time point and a significant interaction
effect of time × condition on sleep quality. However, the
reduction in anxiety symptoms was no longer significant in the
ITT analysis. This is notable as research suggests a strong
relationship between insomnia and anxiety symptoms, with the
expectation that successful insomnia treatment would lead to a
reduction in anxiety symptoms [69].

When analyzing the 2 groups separately, both the PP and ITT
analyses yielded similar results, with few exceptions. Notably,
both groups showed significant reductions in anxiety symptoms
at the 3-month follow-up, although this improvement was only
sustained for the waitlist group at the postintervention
assessment. In terms of sleep quality, both groups showed
significant improvements at both the postintervention and
3-month follow-up assessments. However, only the intervention
group exhibited significant reductions in depressive symptoms
at both the postintervention and 3-month follow-up assessments.
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This study’s findings align with those of existing research
demonstrating the effectiveness of CBTi-based treatments for
comorbid conditions [13,70]. While part of this study’s findings
corroborates those of previous studies showing a significant
reduction in symptoms of depression following CBT treatment
for insomnia [27,28], the lack of improvement in symptoms of
depression in the waitlist group is not well understood. One
possible explanation is that the insignificant improvements in
insomnia symptoms may have contributed to the absence of
change in depression levels [69]. In addition, external life
difficulties may have influenced symptoms of depression during
the study period. Notably, the 2 groups had distinct intervention
experiences, which may have impacted the outcomes.
Specifically, the 3-month follow-up assessment for the waitlist
group occurred 4 weeks after the treatment group’s follow-up,
potentially introducing passage-of-time effects that may have
influenced the results. This study’s findings are also in line with
those of other studies that found improved sleep quality on the
PSQI following the administration of CBTi [71].

In terms of clinical significance, a substantial proportion of
participants achieved MCSC (according to the PP analysis) in
insomnia (9/18, 50%), nightmares (13/18, 72%), and PTSD
symptoms (11/18, 61%). Notably, the MCSC rates for insomnia
and PTSD in this study were slightly higher than those reported
in previous clinical trials using CBTi and imagery rehearsal
therapy. For example, Ulmer et al [26] found that 55.4% and
50% of their sample (N=22) achieved clinical significance in
insomnia and PTSD, respectively. In contrast, the MCSC rates
in this study were lower than those reported by Belleville et al
[27], who found that 64.7% and 70.6% of participants achieved
MCSC for insomnia and PTSD at the posttreatment time point,
respectively, and 64.7% and 58.8% achieved MCSC for
insomnia and PTSD at the 3-month follow-up, respectively.
The discrepancy in MCSC rates between our study and others
may be attributed to the shorter treatment duration of Sleep
Best-i (4 weeks) than those of the other trials (6-12 weeks)
[26,27].

A significant proportion of participants expressed a high level
of satisfaction with the intervention, with approximately 80%
(18/20) of users reporting a positive experience. Furthermore,
the level of engagement by participants with the modules was
measured using the number of log-ins into the site. The 20
participants included in the PP analysis had an average of 8.5
log-in times during their engagement with Sleep Best-i. The
log-in frequency was varied, with 5% (2/20) of the participants
logging in 12 times; 5% (3/20) logging in 5 times; 5% (2/20)
logging in 7 times; 10% (3/20) logging in 6 times; 15% (4/20)
logging in 11 times; and 20% (6/20) logging in 8, 9, or 10 times.
On average, participants spent 116 minutes on the site visiting
modules and completing assessments.

Limitations
This clinical pilot trial has limitations that warrant consideration.
The sample consisted of self-selected individuals, and the
absence of clinical assessments to confirm diagnoses of
insomnia, nightmares, and PTSD introduces a potential source
of bias. The small sample size is another impediment,

underscoring the need for further testing with a larger and more
diverse population to establish the external validity of the
intervention. One major concern in relation to Sleep Best-i is
the PTSD module and its potential for triggering trauma
symptoms. Although this risk was anticipated, participants were
provided with emergency numbers. Moreover, throughout the
initial 2-week treatment period, participants received training
in cognitive and behavioral strategies to effectively manage
stress. It is important to note that our study was conducted as
an open-label trial. Future research should prioritize addressing
the identified gaps and limitations, thereby enhancing the
validity and generalizability of the findings in this field.

Future Directions
This feasibility trial provides valuable insights into the
effectiveness of the Sleep Best-i intervention, a CBT-based
program for survivors of wildfires. While our findings are
promising, we recognize that future research could further
enhance our understanding of its efficacy and effectiveness.
One potential direction for future research could involve
stratifying the assessment of outcomes based on the type of
survivor by dividing the population into subgroups based on
specific characteristics, such as demographic characteristics
such as age, sex, and income; life experiences, including
previous trauma and social support; experiences with wildfires,
such as severity of exposure and proximity to the fire; losses
experienced as a result of wildfires, including property damage
and loss of loved ones; social support from family, friends, and
community resources; and institutional support provided during
the recovery phase, including access to mental health services
and financial assistance. By doing so, researchers can identify
patterns and trends within each subgroup, compare outcomes
between subgroups, and develop targeted interventions that
address the unique needs of each subgroup. In addition,
ecological assessments over longer time frames could provide
a more comprehensive understanding of the intervention’s
impact in real-world settings. We propose that future studies
consider these approaches to build on our findings and inform
the development of more targeted and effective interventions
for survivors of wildfires.

Conclusions
Taken together, these findings indicate that Sleep Best-i
incorporating CBTi and ERRT improved nightmares, PTSD,
sleep quality, and symptoms of depression from baseline to the
posttreatment time point. This positive impact was sustained at
the 3-month follow-up for the 2 groups, with some variations
on anxiety and depression. Participants in the intervention group,
when assessed separately, experienced improvements on all
measures from before to after treatment and at the 3-month
follow-up, with the exception of anxiety symptoms at the
posttreatment time point. The waitlist group experienced a
significant reduction in symptoms on all measures from before
treatment to after treatment and at the 3-month follow-up except
for symptoms of depression. This clinical trial is the first in the
field of sleep disturbances to use a concise, digital, self-paced
intervention over 4 weeks among survivors of wildfires.
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MCSC: minimal clinically significant change
NDI: Nightmare Disorder Index
PCL-5: PTSD Checklist for DSM-5
PHQ-9: Patient Health Questionnaire–9
PLIS: plain-language information statement
PP: per protocol
PSQI: Pittsburgh Sleep Quality Index
PTSD: posttraumatic stress disorder
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Abstract

Background: Mindfulness-based interventions have been demonstrated to be effective in improving bodily and emotional
well-being. However, only a few studies have explored individual differences in the application and use of digital mindfulness
among adults aged ≥65 years. Voice-guided mindfulness technologies can increase the accessibility of mindfulness training, but
the expected benefits may not be similar in all user groups.

Objective: This study aims to understand how older adults incorporate mindfulness into their habits and routines, explore the
digital mindfulness design preferences of older adults, and understand if and how digital mindfulness can facilitate self-perceived
well-being among older adults.

Methods: A qualitative interview study built on an interpretive-constructivist paradigm was conducted among older adults in
Sweden who used a voice-guided mindfulness app for a 3-week period in their homes (N=15). Semistructured interviews were
conducted one-on-one with participants after using the app. Qualitative thematic analysis was used to explore the lived experiences
of digital mindfulness, as articulated by participants, which allowed an open exploration of the subjective experiences of digital
mindfulness and their possible effects and outcomes.

Results: From the coding stage, 23 codes describing the digital mindfulness experience were identified from the data. These
codes were thematized to group the codes together, resulting in 7 subthemes. From these 7 subthemes, three main themes were
formed to answer the research objectives: (1) the embeddedness of digital mindfulness in older adults’ daily routines and habits,
(2) heterogeneity in older adults’ design preferences for digital mindfulness, and (3) the consequences of digital mindfulness on
the self-perceived well-being of older adults.

Conclusions: This study concludes that digital mindfulness offers a possibility to enhance the self-perceived well-being of older
adults by fostering resilience and self-care. However, adverse effects of mindfulness, such as frustration and discomfort, can also
be experienced by older adults. The digital mindfulness experiences and preferences of older adults are highly individual, diverse,
and manifold, which indicates that personalized approaches are essential for effective engagement. By acknowledging and
addressing the heterogeneous design preferences within this demographic, developers can create more personalized and adaptive
voice-guided mindfulness apps.

(JMIR Hum Factors 2025;12:e67533)   doi:10.2196/67533

KEYWORDS

mindfulness-based interventions; mobile health; mHealth; digital mindfulness; mindfulness app; older adults; qualitative study

JMIR Hum Factors 2025 | vol. 12 | e67533 | p.3250https://humanfactors.jmir.org/2025/1/e67533
(page number not for citation purposes)

McCarren & KuoppamäkiJMIR HUMAN FACTORS

XSL•FO
RenderX

mailto:mccarren@kth.se
http://dx.doi.org/10.2196/67533
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Overview
Mindfulness, which can be broadly defined as a state of focusing
one’s awareness on the present moment [1,2], has gained
increasing attention in the field of digital health and mental
well-being. Practicing mindfulness has been shown to be
associated with reduced levels of stress, anxiety, and depressive
symptoms across different population groups, demonstrating
the benefits of mindfulness for mental well-being [3-6].
Consequently, digital mindfulness technologies, such as
mindfulness apps, virtual reality environments, and wearables,
have emerged, which enhance the mindfulness experience and
improve the accessibility of mindfulness practice [7,8].

Mindfulness technologies can be considered as digital self-care
technologies through which users can engage in the maintenance
of physical and mental well-being and prevention of chronic
diseases without needing human contact with a health care
provider [9]. Self-care is defined as the promotion and
maintenance of health and the prevention of disease, with or
without the support of health care providers [10,11]. Self-care
technologies such as mobile apps can provide a medium for
users to collect, monitor, and track health-related behaviors
independently, along with guidance and advice on areas that
lack accessibility to care professionals or therapy [12,13]. The
uptake of digital self-care technologies nevertheless depends
on an individual’s digital literacy; access to technology; and
social, cognitive, and attentional resources, which are unevenly
distributed across different social groups [14,15].

Older adults, defined as a group of adults aged ≥65 years, are
recognized as a group who could benefit from digital
mindfulness. Previous research has mostly explored
mindfulness-based interventions (MBIs) from the medical or
clinical perspective, demonstrating the clinical effects of
mindfulness training for older adults [16-18], whereas only a
few studies have explored the use of a mindfulness app with
older adults using a qualitative approach [19]. Despite the
increasing amount and variance of digital health apps in the
market, mindfulness apps are not equally used by all groups.
Factors such as age, education, gender, eHealth literacy skills,
and privacy concerns may play a role in mobile health (mHealth)
app use [20]. The accessibility of digital mindfulness for older
adults remains a challenge, as the benefits are influenced by
factors such as digital skills and interest toward technology [18].
As a result, the age-specific characteristics of using digital
mindfulness have largely remained unexplored, particularly
from the perspective of self-perceived benefits and challenges
of digital mindfulness.

To fill the aforementioned research gap, we conducted a
qualitative interview study to explore voice-guided digital
mindfulness among older adults in Sweden. The main objectives
are as follows: (1) understand how older adults incorporate
mindfulness into their habits and routines, (2) explore the digital
mindfulness design preferences of older adults, and (3)
understand how digital mindfulness can facilitate self-perceived
well-being among older adults. By considering the concept of
aged heterogeneity [21,22], our research addresses the individual

differences in the experiences and preferences of older adults
when using a voice-guided mindfulness app over a 3-week
period in their homes.

Background

MBIs in Medical and Clinical Research
Mindfulness originates from the Buddhist practice of meditation
[23]. Kabat-Zinn [1], an early pioneer of modern mindfulness
in the West, developed mindfulness-based stress reduction
(MBSR) in 1979. Kabat-Zinn [1] defines mindfulness as “paying
attention in a particular way, on purpose, in the present moment,
and nonjudgmentally.” In clinical psychology, Bishop et al [2]
proposed a 2-component model of mindfulness in order to
produce an operational definition. The first component involves
the focus of attention so that it is maintained in the present, and
the second component involves an accepting and open attitude
toward the experiences in the present moment. The Swedish
Healthcare Guide (1177 Vårdguiden) describes mindfulness as
a method that involves focusing on the present with the help of
senses and breathing, which can help an individual develop the
ability of conscious presence.

In medical and clinical research, MBIs describe the use of
mindfulness training in order to promote health and treat and
prevent health-related conditions [6]. MBIs in contemporary
psychology have been adopted as a form of mental training to
reduce cognitive vulnerability to reactive modes that might
otherwise heighten stress and emotional distress [2].
Consequently, MBIs have been developed in the form of
mindfulness-based programs such as MBSR and
mindfulness-based cognitive therapy for the prevention and
treatment of mental health conditions [24].

Mindfulness practice can be considered a holistic way to support
the well-being and resilience of older adults [25]. Research
shows that MBIs are effective as a treatment for physical
symptoms that often occur in later life. In Sweden, Norman et
al [26] showed that mindfulness training decreased symptoms
of fatigue, dizziness, and shortness of breath in a group of adults
aged >70 years with chronic heart failure. Henriksson et al [27]
explored the association between mindfulness training and the
reduction of chronic pain among individuals aged ≥50 years.
The group assigned to mindfulness training showed increased
mindfulness skills, reduced pain intensity, reduced pain-related
interference, heightened pain acceptance, reduced affective
distress, and higher ratings of life satisfaction following the
training.

MBIs can also improve mental and emotional well-being in
later life. Studies have offered support for the use of MBIs to
relieve anxiety, depression, and stress and improve pain
acceptance [7,17,28,29]. Randomized controlled trials show
that MBIs can improve positive affect and reduce symptoms of
anxiety and depression for older adults [7,28]. MBIs can also
enhance cognitive functioning [29] and working memory for
older adults [8], alleviate chronic insomnia, and improve sleep
quality [7,30]. Therefore, mindfulness, by definition, can be
considered as an embodied experience, where bodily states
shape emotion and cognitive processes [23]. For mindfulness
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research, this highlights the reciprocal relationship between the
mind and body.

Medical and clinical research has demonstrated the positive
effects of mindfulness on well-being, but it remains unclear
whether these benefits are strengthened by regular practice and
if harmful effects can occur [31]. Galante et al [31] have
demonstrated that a wide range of experiences can arise with
mindfulness practice, ranging from profoundly positive to
challenging and potentially harmful experiences. Unpleasant
experiences followed by mindfulness practice have been
reported to a relatively high degree in nonclinical contexts.
These negative impacts can vary from anxiety issues to traumatic
re-experiencing and emotional sensitivity [32]. Among
mindfulness app users, reported effects included reduced
self-efficacy, lower mood, increased frustration, and inability
to control thoughts caused by the lack of supervision associated
with self-guided digital mindfulness [33].

Consequently, the expected benefits of mindfulness training are
mediated by various individual, social, and cultural factors [31].
At the individual level, the benefits and experiences of
mindfulness training are influenced by the duration of practice,
previous mindfulness experience, and health conditions
[5,17,32]. At the sociodemographic level, social class, education,
and cultural background can influence the mindfulness
outcomes; yet, these factors have been less studied in previous
mindfulness research. For older adults, these mediators in the
mindfulness experience can also include familial and social
relationships and a sense of community [34]. For these reasons,
it becomes important to explore digital mindfulness with a
qualitative approach and recognize older adults’ experiences
with digital mindfulness in relation to their background.

Digital Mindfulness for Older Adults
Digital mindfulness is a specific type of mindfulness training
that includes the provision of MBIs through a digital platform,
such as a mobile app. Mindfulness apps have increased the
availability of MBIs to the public with and without mental health
conditions. The most implemented techniques in mindfulness
apps are voice-guided mindfulness exercises, self-tracking of
mindfulness activities, setting personal goals, and receiving
notifications [35]. These activities aim to track and influence
the user’s emotional state through increasing reflexivity and
emotional awareness. Mindfulness apps mostly consist of a
self-guided format, where users do not have a personal
interaction with a mindfulness instructor [36].

Digital MBIs can increase accessibility and early prevention of
mental health, as the provision of digital MBIs makes
mindfulness easily accessible and could constitute a feasible
alternative to promote mental health at a large scale [37].
However, the success of digital MBIs is reliant on adequate
user engagement with digital mindfulness technologies. Several
studies have explored mindfulness app users in their everyday
contexts, demonstrating the positive effects of the use of
mindfulness apps on the overall well-being [38,39]. The
continuity of the mindfulness app use nevertheless remains a
challenge. It is estimated that <5% of individuals continue using
the mindfulness app after 30 days of download [40].

Older adults may have distinct characteristics of engagement
with mindfulness apps [16,18,19]. Aged heterogeneity in
information and communication technology refers to differences
in older adults’ backgrounds regarding the resources, needs,
skills, and motivation to adopt digital technologies into their
daily lives [22,41]. Older adults’ use and perceived benefits of
mindfulness apps are influenced by their general perceptions
and attitudes toward technology, self-efficacy, and skill level
[16]. Older adults may use mindfulness apps to improve
interpersonal relationships [18,34]. Voice as an interaction
modality has been shown to decrease many technology adoption
barriers among older adults [42]. However, the conversational
style can significantly impact the perceived likability of
voice-guided technologies for this age group [43].

Methods

Overview
The app used for the study is Mindfulnessresan, which is a
commercially available mobile app available from the Apple
App Store. The app was provided free of charge to participants
for the duration of the study. Mindfulnessresan was developed
by a behavioral scientist and certified mindfulness instructor
from the University of Gothenburg. The app has 5- to 10-minute
voice-guided mindfulness exercises in Swedish (42 total
exercises), with a new exercise available to the user each day.
The guided mindfulness practices are based on Vipassana
practices [44] and are inspired by the MBSR course by
Kabat-Zinn [1]. The mindfulness exercises had varying themes,
including focusing on breath, mentally scanning the body,
handling negative thoughts, and cultivating a nonjudgmental
orientation toward thoughts and experiences.

This study was conducted with 15 participants who reported as
volunteers to take part in a 3-stage study using a voice-guided
mindfulness app. The sample size was determined based on the
principles of purposive sampling, which indicates the selection
of “information-rich” cases for in-depth analysis [45]. We
considered that the sample size was large enough to allow a
new understanding of the self-perceived experiences of the
mindfulness app among this age group but small enough to
conduct a more in-depth analysis of interview material [46]. In
qualitative research, the number of 20 research participants is
often considered the saturation point after which little or no new
information is generated among participants in one analytically
relevant category [45]. In our study, we recruited 20 older adults
to take part in all 3 stages of the study, and 15 (75%) participants
completed all stages of the study. We aimed to reach a saturation
point through the interview procedure, emphasizing open-ended
questions, which have shown to contribute to the richness of
data.

The study procedure consisted of three stages: (1) preuse study,
(2) the use of a voice-guided mindfulness app over a 3-week
period, and (3) postuse study. In the preuse study, participants
received helped to install the mobile app on their phones, and
filled out a questionnaire investigating their previous use of
mHealth apps and self-perceived socioemotional well-being.
Perceived socioemotional well-being consists of measuring
well-being (World Health Organization-Five Well-Being Index
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[WHO-5]) and mindfulness (Five Facet Mindfulness
Questionnaire [FFMQ] scale). In addition, sociodemographic
data variables were collected (age, gender, civil status, and
household type).

In stage 2 of this study, participants used the mindfulness app
daily for a 3-week period in their homes. Participants were given
verbal and written instructions for using the app. Participants
were instructed to engage with the mobile app daily at a time
of their convenience, but their actual use was not monitored. In
this procedure, we expected to better understand participants’
authentic use of the app instead of giving participants predefined
time frames or strict adherence rules. Participants with Android
phones (8/15, 53%) were unable to download the app, as it was
available only on the Apple App Store. Hence, those participants
accessed screen recordings of the app through a shared drive,
where they could follow the same exercises via a file-sharing
app on their Android phones.

After having used the mindfulness app for a 3-week period,
participants took part in the postuse study by answering a
questionnaire and a semistructured interview. The interviews
were conducted one-on-one with each participant and lasted
approximately 20 minutes. The interviews were audio recorded,
and all audio recordings were transcribed for analysis. The data
collected during the postuse study consisted of the same
perceived socioemotional well-being questionnaires as collected
in the preuse study. In addition, participants answered the
mHealth App Usability Questionnaire [47].

Analytical Approach
The study analyzed the research material through a qualitative
approach, which aimed to address the complexities and
subjective meanings of user engagement with a mindfulness
app. Qualitative approaches have generated increasing interest
in mindfulness research to explain the multifaceted
characteristics and embodied nature of mindfulness through the
interpretive-constructivist paradigm [48]. Qualitative approaches
can provide alternative ways to explore the various subjective
experiences of digital mindfulness to complement the medical
model of MBIs [49]. They can be considered particularly
valuable in addressing the heterogeneity in mindfulness practices
among vulnerable populations, which often remain
underrepresented in quantitative or medical research [50,51].

This study is reported in accordance with Standards for
Reporting Qualitative Research guidelines [52].

The interpretive-constructivist paradigm in mindfulness research
draws attention to subjective perceptions and experiences
articulated with and through language [48]. The
interpretive-constructivist paradigm indicates that the experience
of digital mindfulness is socially constructed within language,
and the well-being outcomes are subjectively perceived.
Therefore, the narratives articulated by older adults can provide
detailed accounts on how the subjective experiences of health
and well-being are formed under certain contexts or
environments [49] or mediated by social or cultural factors [53].
It can also mitigate the potential for a power imbalance between
researchers and vulnerable groups as a research population [51]
by giving research participants the opportunity to define and
identify the experiences of digital mindfulness themselves.

Participant Recruitment
Participants were recruited by sending an email invitation to
older adults through one Stockholm municipality that organizes
weekly meetings for older adults aged ≥65 years. The Stockholm
municipality, through which we recruited participants, represents
an average municipality in Stockholm in terms of the
sociodemographic background of the population. In the email
invitation, we invited older adults interested in mindfulness to
join a workshop at their weekly meeting for older adults.
Eligibility criteria required participants to be (1) aged ≥65 years,
(2) fluent in Swedish, and (3) smartphone owners. We used
convenience sampling, selecting participants on a first-come,
first-served basis. In the workshop, we presented the project
and the Mindfulnessresan app and invited volunteers to take
part in the study. From this group, 15 older adults were enrolled
in the study and signed an informed consent form. We helped
them download the app to their phones and gave verbal and
written instructions for using the app. In addition, 5 participants
were recruited through distributing the invitation in private yoga
studios in Stockholm, following the same procedure as those
who were recruited through Stockholm municipality. By
recruiting participants in 2 separate locations, we were able to
reach a relatively diverse sample of older adults in terms of their
sociodemographic background, as shown by Table 1. Of the 15
participants recruited through Stockholm municipality, 10 (67%)
completed the study. All (5/5, 100%) participants recruited from
yoga studios completed the study.
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Table 1. Participants’ sociodemographic characteristics (age and gender), previous mindfulness experience, previous mobile health (mHealth) use,
self-perceived well-being scores (World Health Organization-Five Well-Being Index [WHO-5]), and mindfulness scores (Five Facet Mindfulness
Questionnaire [FFMQ]; N=15).

FFMQ score (0-100)WHO-5 (0-100)Previous mHealth useaPrevious mindfulness experienceSexAge (y)ID

73High (100)IntermediateYesFemale65P1

58High (90)HighYesFemale65P2

58High (100)HighNoMale66P3

45Low (45)IntermediateYesMale75P4

68High (90)IntermediateYesFemale66P5

60High (95)HighNoMale71P6

65Intermediate (65)IntermediateYesFemale74P7

70Low (40)HighYesFemale83P8

73High (90)IntermediateYesFemale69P9

58High (100)LowNoFemale78P10

70High (100)LowNoFemale79P11

65High (95)HighNoFemale66P12

50Intermediate (75)HighNoFemale89P13

63Intermediate (55)LowYesFemale74P14

67High (95)LowYesFemale77P15

aPrevious mHealth use is calculated from participants’ previous use of mobile technology for health, where daily use indicates high use, 1 to 3 times
per week indicates intermediate use, and <1 to 3 times per week indicates low use.

Participant Characteristics
Participants’ sociodemographic details are reported in Table 1.
Most (12/15, 80%) of the participants were female, and just
over half (8/15, 53%) of the participants had previous experience
with mindfulness. Most (9/15, 60%) of the participants lived
alone, and only 6% (1/15) of the participants lived in a senior
living facility. Only 40% (6/15) of the participants were married
or in a domestic relationship. Most (10/15, 66%) of the
participants evaluated their self-perceived well-being as high
(WHO-5 score >75). In total, 20% (3/15) of the participants
reported an intermediate well-being (WHO-5 score between 50
and 75). Only 15% (2/15) of the participants reported a low
well-being (WHO-5 score ≤50).

In the pre- and postuse study, participants were asked to fill out
a survey questionnaire consisting of questions on their previous
use of mobile apps, perceived well-being (WHO-5 score),
perceived mindfulness (FFMQ scale), and sociodemographic
information.

The FFMQ scale is based on a factor analytical study of 5
independently developed mindfulness scales that represent
different elements of the conceptualization of mindfulness [54].
The 5 factors value the respondent’s degree of observation,
description, ability to act with awareness, nonreactivity, and
nonjudgment toward inner thoughts and feelings. For this study,
a shortened version of the FFMQ scale was used, containing
15 questions. The FFMQ-15 shows valid psychometric
properties and can therefore be used in both health care settings
and research settings [55]. The raw score was scaled to give a
final score between 0 to 100.

The WHO-5 index uses five self-reported measures of overall
mental well-being [56]: (1) “I have felt cheerful and in good
spirits,” (2) “I have felt calm and relaxed,” (3) “I have felt active
and vigorous,” (4) “I woke up feeling fresh and rested,” and (5)
“My daily life has been filled with things that interest me.”
There are 5 possible answers, including “daily” (score 4), “1-3
times per week” (score 3), “1-3 times per 2 weeks” (score 2),
“more seldom” (score 1), and “never” (score 0). The scores for
the 5 questions are summed to obtain a raw score for each
participant, and the raw score, ranging from 0 to 20, is multiplied
by 5 to give the final score, where 0 represents the lowest
well-being and 100 represents the highest.

Results from the prestudy questionnaire revealed participants’
previous experience with mobile technology (smartphone, tablet,
and portable device), mHealth apps, and conversational agents.
Approximately half (6/15, 40%) of the participants used mobile
technology daily for health reasons. Only a few participants
used mobile technology daily for mental well-being (3/15, 20%),
whereas 40% (6/15) of the participants had never used mobile
technology for mental well-being. Participants rarely used
mHealth apps, except for the Swedish health advice service app,
which was used by six (6/15, 40%) of the participants 1 to 3
times per month. Only a few participants had used mHealth
apps for tracking steps and sleep and practicing yoga (3/15,
20%). Seven of the participants (7/15, 46%) had used a voice
assistant before. The voice assistants they had tried were Google
Home, Siri, and ChatGPT. Of those participants who had never
tried to use voice assistants, the most common reasons were
that they did not need voice assistants or they did not know how
to use them.
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Data

Semistructured Interviews
In the postuse study, participants were interviewed about the
user experience of the mindfulness app and the self-perceived
benefits of digital mindfulness training. A semistructured
interview topic guide (Multimedia Appendix 1) was prepared,
which was guided by previous mindfulness literature. We
conducted the interview with an open-minded approach,
including questions that would enable the informants to respond
as they found suitable. The interview guide was structured
around the following themes and questions: (1) perceived health,
(2) routines, (3) design preferences and usability of
Mindfulnessresan, (4) digital mindfulness and well-being, and
(5) ethical considerations.

Thematic Analysis of Semistructured Interviews
The interviews were conducted, transcribed, and analyzed by
2 researchers using an investigator triangulation method.
Investigator triangulation refers to the participation of ≥2
researchers in the same study to provide multiple observations
and conclusions that can serve as a strategy to validate the
trustworthiness of research findings [57]. Researchers
conducting the analysis had complementary expertise in social
science methodologies and computer science. One of the
researchers had a previous background in serving as a
mindfulness instructor.

A thematic analysis was used to detect codes and themes from
the interview data through identifying, analyzing, and
interpreting patterns [58]. Qualitative thematic analysis is an
established method in health research to explore individuals’
beliefs, perspectives, and experiences within certain social and
cultural contexts [59]. Analysis followed the principles of
reflexive thematic analysis with 6 distinct stages described:
familiarizing with the dataset; coding the dataset; generating
initial themes; developing and reviewing themes; refining,
defining, and naming themes; and writing up [59]. Data
saturation was discussed throughout these stages, with the
notification that no new codes or themes emerged from the data
after stages 3 and 4 [45].

The interview transcripts were thematized inductively, indicating
that codes were generated from the data to allow patterns and
themes to emerge from the data without using any predetermined
code lists or framework in the analysis [55]. After both
researchers had familiarized themselves with the transcriptions,
codes that answered the research objectives were identified from
the data. This initial coding was conducted on the entire

interview material, and certain keywords were selected to
represent the codes (eg, “creating routines,” “voice,” and
“sound”). To further recognize patterns in participants’
statements, initial themes were generated that gathered codes
together in a way that was representative of the data and research
questions (eg, “mindfulness as a therapeutic intervention” or
“mindfulness coach persona”). In developing and reviewing the
themes, researchers jointly discussed the refining and naming
of the themes to involve a level of interpretation and
conceptualization in the analysis. Thus, the final themes
described the patterns in the participants’ experience of digital
mindfulness that emerged from the data through interpretative
analysis. The codes and themes are presented in Multimedia
Appendix 2.

Ethical Considerations
The research was approved by the Swedish Ethical Review
Authority (reference number 2023-07682-01). All participants
gave informed verbal and written consent for participation in
the study and publication of anonymized extractions from the
data. Before participants signed the informed consent, they were
given both written and verbal information about the effects of
practicing mindfulness and potential risks in participating in
the study. Participants were given the opportunity to ask
questions and withdraw from the study at any time. The privacy
and confidentiality of participants were protected by giving all
participants an anonymous ID that was used in the analysis and
reporting of the results. Participants were given a small financial
compensation of a gift card worth 200 SEK (US $20.82) after
they completed their participation in the study. The amount of
financial compensation was not specified in the recruitment
material.

Results

Overview
From the coding stage, 23 codes describing the digital
mindfulness experience were identified from the data. These
codes were thematized to group the codes together, resulting in
7 subthemes. From these 7 subthemes, three main themes were
formed to answer the research objective: (1) the embeddedness
of digital mindfulness in older adults’ daily routines and habits,
(2) heterogeneity in older adults’ design preferences for digital
mindfulness, and (3) the consequences of digital mindfulness
on the self-perceived well-being of older adults. Codes,
subthemes, and main themes are presented in Figure 1 and
Multimedia Appendix 2.
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Figure 1. A map showing the themes, subthemes, and codes that emerged from the thematic analysis of the semistructured interview data.

Theme 1: Embeddedness of Digital Mindfulness in
Older Adults’ Daily Routines and Habits

Temporalities and Routines
Participants described the use of the app as relatively effortless,
because “It takes only 5 minutes so I have time to do it” (P4;
male participant aged 75 y). They were able to choose the time
of the day for training based on their own preferences.
Participants described how the temporality of the app use could
significantly influence the experience of mindfulness training.
Two participants mentioned that practicing mindfulness in the
evening instead of morning can impact the perceived effects of
the training:

At first, I did it in the evening, but then I started doing
it in the morning instead. I almost thought it felt
better. Because in the evening, when you do it as the
last thing you do, then you end up not hearing what
he says, you almost fall asleep. [P3; male participant
aged 66 y]

If you listen during the day, you feel a little more calm
during the day. But if you listen in the evening, you
might sleep better. [P6; male participant aged 71 y]

Participants recognized that continuity with the app use and
embedding the app into the daily routines elicited a sense of
well-being:

Doing it regularly and creating routines [with the
app use] feels good. [P4; male participant 75 y]

In addition, a participant described that “It worked quite well
actually because I did it as a sort of morning routine. [...] I went
back to bed and completed the exercise there. It was a very
relaxing and pleasant start to the day” (P9; female participant
aged 69 y).

The app provided participants with flexibility in finding a
suitable time and location for practice, which seemed to improve
the user experience. One participant described that practicing
mindfulness in familiar locations, such as when lying in bed,

helped in creating routines with the app, which contributed to
improved user engagement. Mindfulness practice requires
concentration, which is easier to do in a familiar location:

I liked that I decided to take five minutes. And I almost
always did it in the morning. And then I did it while
lying in bed. So, I was in the same place. [...] I tried
it [once] when I was waiting for a bus. But I found
that distracting. [...] So that was the good thing about
the app. It took five minutes, a routine. [P7; female
participant aged 74 y]

Some participants enjoyed the fact that the guided mindfulness
sessions were short:

Yes, it was very good, actually. And it’s short as well,
just five minutes. [P6; male participant aged 71 y]

By contrast, others described that they would have enjoyed a
longer practice:

I thought they were a bit too short. Five minutes is
too short to really get into a relaxed state, or whatever
you want to call it. [...] I think ten minutes would
make it much better. [P8; female participant aged 83
y]

Some participants described challenges in adhering to the
mindfulness routines, which was pronounced as a difficulty in
finding a suitable time for digital mindfulness practice. One
participant mentioned that her habits, such as having breakfast
during a certain time of the day, made it difficult to incorporate
the app into her morning routines:

It’s difficult [...] I’m someone who has very fixed
morning routines. So I wake up, and when I wake up,
I have to get up and start breakfast immediately. [P10;
female participant aged 78 y]

Another participant mentioned that sometimes she forgot to use
the app due to being distracted by other activities and routines
of daily life:
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I must admit I forget it on some days. I try to listen
in the mornings, and something always gets in the
way. Then I forget it. [P14; female participant aged
74 y]

Sometimes, participants felt a sense of obligation to conduct
the mindfulness training, and missing the daily mindfulness
exercises caused a negative feeling. As a participant mentioned,
the app provided flexibility in finding a suitable time for
training, but this flexibility sometimes resulted in missing
exercises:

When you miss it and think, now I haven’t done it
today, but I’ll do it tomorrow. Then you feel like
you’re missing out. It has a slightly negative
feeling—yes, it does. [P5; female participant aged 66
y]

Ease of Use and Accessibility
In total, 27% (4/15) of the participants stated that the app was
relatively easy to use, and none of them reported any major
technical problems with the app:

I didn’t have any problems at all. It was easy to use.
[P4; male participant aged 75 y]

Even if the app was considered accessible in technical terms,
the graphical interface and symbols associated with training
were sometimes considered confusing:

It should be clear which exercises you’ve done or not.
The star was a bit confusing—I did not know what it
meant. [P4; male participant aged 75 y]

One participant highlighted that they would have preferred titles
for the exercises so that it would have been clear what they were
about:

I guess it’s better that each exercise would have a
title. It’s not clear what it’s about. [P5; female
participant aged 66 y]

One participant suggested that mindfulness apps can increase
the accessibility to mindfulness training, in comparison to
practicing yoga in a studio, which she considered to be too
expensive for her budget as a pensioner:

I used to go to medicinal yoga. That was really, really
good. So I did two semesters. That’s something I miss,
but I also miss the money. [P11; female participant
aged 79 y]

Theme 2: Heterogeneity in Older Adults’ Design
Preferences for Digital Mindfulness

Voice and Sound
Voice interaction and sound in the mindfulness exercises were
a significant part of the experience. Many participants described
how the voice of the mindfulness coach impacted the perceived
benefits of training, such as the sense of calmness:

He had a good voice. He spoke clearly, and with a
sense of calm. [P10; female participant aged 78 y]

If the voice of the mindfulness coach was not pleasant or aligned
with participants’ preferences, this could have decreased the
user experience.

Overall, participants expressed diverse preferences for voice
interaction and a need to adjust the voice according to their
individual desires. The voice interaction should represent
qualities such as calmness, quietness, and meditative techniques:

I think I would like a quieter voice. A slightly more
meditative voice. [...] He speaks in some dialect. He
has a very special voice. Maybe that’s why I [like]
quite a low voice mode. Not so high, but lower. [...]
When you try to calm down, you need help with that.
A slightly darker voice, not too fast. [P7; female
participant aged 74 y]

Some participants reported inconsistencies in the sound
interaction. In total, 27% (4/15) of the participants described
how sudden pauses in the sound disturbed the mindfulness
practice, which showed the significance of voice and sound
interaction in the mindfulness experience:

I thought the app’s content was quite good, but the
way it was done wasn’t great. The recording made it
so that, when the guy is talking, it sounds good, but
then there are pauses now and then, and all the sound
and ambient noise disappear. [P4; male participant
aged 75 y]

He makes these pauses. They’re so long, and then
you wonder if there’s something wrong with the
recording.[...] You get distracted by these pauses. Is
this right, or is it wrong? And then you kind of wake
up. [P14; female participant aged 74 y]

Some participants suggested that they would have preferred
music in the background to avoid the sudden pauses and to add
to the sense of calm:

I feel that music adds a lot, so if you would have calm
music playing in the background, I think it would
create a stronger feeling. [...] It’s always so nice when
there’s a kind of background sound—it’s very
soothing. [P3; male participant aged 66 y]

Mindfulness Theme, Script, and Coach
Mindfulness script and content provoked different metaphors
among participants. A participant highlighted the effectiveness
of figurative descriptions, particularly the metaphor of a wave:

I liked the figurative descriptions, like when he said,
“feel it like a wave.” I felt supported by the app. I
had used breathing techniques during pregnancy, but
this was completely different. [P1; female participant
aged 65 y]

The imagery of a wave aligns with common mindfulness
techniques, where emotions and sensations are framed as
transient, reducing resistance and promoting acceptance.
Metaphorical language can enhance the practice by linking
abstract concepts (eg, transience) to physical sensations.

The content provided by the mindfulness app did not always
align with participants’ real-life experiences. One participant
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indicated that the mindfulness practices in the app may
downplay the complexity of real-life struggles:

In some exercises, near the end, the person
speaking—or this app—seemed to think that big
problems could just disappear like that. But it’s not
that easy. [P6; male participant aged 71 y]

This comment reflected frustration or skepticism, indicating
that while mindfulness can be helpful, it may not provide
sufficient depth for more profound personal issues. This aligned
with critiques that mindfulness, when decontextualized, may
not fully support users with complex psychological challenges.

Some participants valued the soft and reassuring tone of the
mindfulness coach. This was illustrated by one participant as
follows:

He [the mindfulness coach] was nice. His tone was
soft as well. He also used those kinds of analogies
sometimes. I thought that was nice. [P15; female
participant aged 77 y]

The positive response to the coach’s tone suggested that a calm
and warm delivery might enhance the soothing effects of
mindfulness. In contrast, some participants perceived the coach’s
persona as too immature for their age group, leading to
frustration and disengagement:

The guy [mindfulness coach] sounds too childish. He
speaks in a way that is a bit immature. It’s annoying.
It’s less authoritative. [...] I was a bit annoyed that
his texts can be a little cheesy, a bit childish as well
and a bit immature. If you’re 65 plus, it’s not very
smart. That could bother me. [P4; male participant
aged 75 y]

The repeated use of “childish,” “cheesy,” and “immature”
suggested that some older adults preferred a more mature,
authoritative style in mindfulness guidance. The critique implied
that users may expect more intellectually engaging or
sophisticated content. A less authoritative tone may reduce
credibility and make the guidance feel less impactful or serious.

Theme 3: Consequences of Digital Mindfulness to the
Self-Perceived Well-Being of Older Adults

Digital Mindfulness as a Facilitator of Resilience
Many participants mentioned an increased bodily awareness as
an outcome of mindfulness training. A participant stated that
“Breathing exercises are what make you get in touch with the
body” (P7, female participant aged 74 y). Another participant
who had no previous experience with mindfulness and reported
only a low use of other mHealth apps noticed that “I feel when
I walk, that my shoulders are lower, since I started doing it, that
I became aware of my posture” (P11; female participant aged
79 y). By using the app, participants could adopt and increase
their bodily knowledge and make changes to improve their
bodily postures independently.

A decrease in muscle tension was also described as a
self-perceived benefit of digital mindfulness. When mindfulness
training involves paying attention to body parts, this can result
in improved awareness of the tensions or discomforts in the

body. Listening to digital mindfulness can help participants to
imagine alternative bodily postures, which can result in a sense
of improved bodily awareness. One participant described
increased relaxation in the shoulders as a self-perceived benefit
in using the app:

Some of the exercises include feeling for the legs or
the stomach and so on. It’s good for bodily awareness.
It is very good and useful. [...] For example, if I have
pain somewhere, or you are tense somewhere in
particular, I tense my shoulders and I can imagine
breathing out into my shoulders to relax the shoulders
more easily. It’s the kind of thing you can put into
practice when you use these guided meditations. [P4;
male participant aged 75 y]

Breathing exercises are a central part of mindfulness-based
training [22]. To some extent, breathing was considered to be
a facilitator and associated with all outcomes of mindfulness
training, such as bodily awareness, sleep quality, relaxation,
and positive thinking. Participants such as P6, who had no
previous mindfulness experience, mentioned an increased
awareness of breathing:

Breathing—I knew before how important it is, a few
deep breaths. But after this exercise, I’m even more
motivated, even more aware. [P6; male participant
aged 71 y]

Participants such as P2 and P7 noticed that mindfulness training
was connected to improvements in the breathing technique. One
of them mentioned feeling better after the breathing exercises,
which helped her to improve her breathing technique:

Instead of just breathing up here all the time, like I
often do. I can say, for that reason, that I feel better.
[P2; female participant aged 65 y]

A participant who had previous mindfulness experience and
reported intermediate well-being scores described breathing
exercises as a method to pay attention to incorrect breathing
techniques, such as holding one’s breath:

I think the breathing exercises are good. I find it
interesting that thoughts affect breathing, and that
we breathe too little. We hold our breath a lot. So,
I’m always training to breathe with my stomach. [P7;
female participant aged 74 y]

Relaxation was one of the most frequently reported
consequences of practicing digital mindfulness through
breathing-related exercises, mentioned by 53% (8/15) of the
participants. Participants such as P4, P5, and P6 mentioned a
sense of calmness, relaxation, and improved focus on the present
moment, followed by digital mindfulness training:

We even tested my pulse, and with this smartwatch I
have, my pulse goes down. It feels really good. [P6;
male participant aged 71 y]

Other participants, such as P10 and P12, mentioned a feeling
of joy and a sense of renewed energy associated with relaxation
after practicing digital mindfulness:

It’s about relaxing. When you wake up after ten
minutes, you feel like you’ve come back. You rest,
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and your body feels fresher. [P10; female participant
aged 78 y]

For P5 and P6, this sense of relaxation was considered to have
cognitive elements, such as maintaining better control of one’s
own thinking and thoughts:

You become calmer because thoughts are focused on
breathing [...]. Suddenly, your thoughts don’t stick
as much, and they might rotate or move away. [P6;
male participant aged 71 y]

Digital mindfulness practice provoked positive thinking among
participants. One participant who had previous mindfulness
experience described how the mindfulness app increased the
ability for self-reflection and harmony and also being in control
of one’s own emotions:

I don’t see myself as someone who complains a lot,
but I do sometimes meet many people who sigh over
just about everything. So yes, reflecting can help. I
really like this idea of sitting for a while—it’s
something that guides you, and you settle into a
calmer pace, a nice harmony. [P5; female participant
aged 66 y]

A participant described the emotional awareness associated with
the app use. As she described, this awareness of one’s own
thinking can provoke new approaches for self-reflection, which
provides possibilities to change the way one thinks about
oneself. From this perspective, mindfulness training has
similarities with cognitive behavioral therapy [60]. The
participant had previous experience with mindfulness and
intermediate self-perceived well-being:

You get irritated and frustrated, and you get angry
at yourself, you are so frustrated by making a
mistake—why did I say this? And then I realise that
maybe you can handle it in a different way [...] That
maybe I can look at my well-being and my inner self
in a different way [...]. I often get stressed by
something I have done wrong. [P14; female
participant aged 74 y]

One participant recognized that increasing awareness of breath
can help in letting go of negative thoughts. This reflects
cognitive defusion, a core principle in mindfulness and
acceptance and commitment therapy [61]. Cognitive defusion
refers to the process of detaching from thoughts, seeing them
as transient mental events rather than absolute truths:

You become calmer, because thoughts go on breathing
and focus. And it was a good method, to let the mind
rest on the sensation of the breath. Suddenly, thoughts
don’t stick very much, and they might rotate or go
away. It felt good, I became a bit more conscious,
you could say. [P6; male participant aged 71 y]

Digital Mindfulness as a Therapeutic Intervention
Several participants recognized the mindfulness training as
beneficial for supporting their mental health to alleviate a sense
of worry or stress. P6 (male participant aged 71 y), who had no
previous experience with digital mindfulness and reported high
well-being scores, mentioned mindfulness training as a good

method to decrease a sense of worry about “world events,
worries about my family—my children, grandchildren.”

During the interviews, P2 (female participant aged 65 y) and
P4 (male participant aged 75 y), who both had previous
experience with mindfulness, shared that they had experienced
panic attacks before in life. For this reason, they had used
breathing to help calm down and reported a need to find different
methods for relaxation. One of them also described his personal
experience with having attention-deficit/hyperactivity disorder,
which is often accompanied by high energy and heightened
emotions. He mentioned that with voice-guided digital
mindfulness, he learned new tools to manage this condition:

I think mindfulness is very helpful for people with
ADHD. I believe it’s very, very helpful. That’s one
reason why I started [mindfulness training]. With
ADHD, you have a lot of energy, and your head spins
a lot. Learning to manage that better is a big win.
[P4; male participant aged 65 y]

Breathing techniques embedded in the app created a sense of
bodily relaxation, which was considered to improve sleep
quality. Two participants used the breathing exercises as a
method of relaxation in the evenings, which resulted in them
falling asleep faster. In this way, digital mindfulness could be
used as an intervention to improve sleep in a self-guided format:

I have trouble sleeping. I sleep for two hours, then I
wake up. But then I get up and sit and listen to it
[mindfulness app]. If that doesn’t work, I do
crosswords for a while, then listen [to the app] again.
Then I go back to bed, and I fall asleep. [P11; female
participant aged 79 y]

What I liked, and which has helped me quite a bit are
these breathing exercises. Because it has sort of
helped me to fall asleep faster in the evening than I
have done before. [P9; female participant 69 y]

In total, 33% (5/15) of the participants reported that the
mindfulness training with the app helped them in managing
pain and physical discomfort. Although the app did not alleviate
the pain, as such, it could help redirect one’s thoughts and
“disconnect” from the feeling of pain. A participant described
that the mindfulness app helped her to cope with chronic pain
caused by rheumatism, which caused physical discomfort in
her daily life:

I’ve had PMR [polymyalgia rheumatica] for a year
now, and it has been so hard [...], there is a lot of
pain sometimes. When you sit and just feel that pain,
or lie down and just feel that, then it’s very difficult
to get your mind off it. But with the mindfulness app,
I disconnect from that. So, then the pain disappears.
[P11; female participant 79 y]

A participant mentioned that increased bodily awareness through
mindfulness training helped them accept the pain or physical
limitations caused by an injury. This self-perceived benefit was
connected to the relaxation that the app provided:

I am right-handed and the injury is on the right side
of the neck vertebrae. [...] Of course, mindfulness
helps. Thinking about relaxation, even though there’s
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an injury, helps you manage it in the right way. You
learn to relax, and that helps. [P12; female participant
aged 66 y]

Adverse Effects of Digital Mindfulness
Sometimes participants reported adverse or unexpected negative
effects from practicing digital mindfulness. One participant
described how practicing digital mindfulness resulted in a sense
of discomfort and a sense of physical pain because of not being
able to find the right position or location for the training. Her
statement also indicated that benefiting from digital mindfulness
often requires familiarity with finding locations that are optimal
for mindfulness training:

When I sit on a chair, I get back pain, and I don’t
know if it’s because I’m sitting still, but I feel more
pain in my back. I have to move around more. It’s so
rare to sit still in a relaxed way. Now I did get back
pain, because of the chair. One should sit on a better
chair or lie down, but then you might fall asleep. [P14;
female participant aged 74 y]

Another adverse effect of digital mindfulness was mild
emotional distress, as mentioned by P3 and P1. P3, who had no
previous mindfulness experience, articulated that mindfulness
scripts from the app highlighted unpleasant situations in
everyday life that provoked distracting emotions and disturbed
his sense of calmness:

It almost became annoying then when he brought up
different everyday situations. “Why did I say that?
Why did I do that?” I don’t want to think about that;
I just want to continue with the calmness. [P3; male
participant aged 66 y]

Similarly, one of the participants described how breathing
exercises generated unpleasant memories from a personal life
event. For her, this emotional distress was associated with the
breathing activity:

Breathing is emotionally charged for me because my
brother passed away from ALS [Amyotrophic Lateral
Sclerosis], which makes it hard to breathe. So it made
me think about that. I’ve had quite a bit of pain at
times in my life—not really now—but it also reminded
me of that. [P1; female participant 65 y]

Discussion

Principal Findings

Overview
Previous studies have explored the effects of mindfulness
training on the well-being of older adults through randomized
controlled trials from the medical or clinical perspective [16-18].
The research evidence indicates the positive effects of
mindfulness training on physical well-being [26,27]. Previous
studies have also confirmed that MBIs can reduce negative
emotions and thoughts in daily life among the general population
[24,25,27] and demonstrated the effectiveness of MBIs to reduce
stress, anxiety, and depression among older adults
[4,17,28,29,62,63]. However, the research evidence on the
specific characteristics of voice-guided digital mindfulness for

mental and emotional well-being among older adults is rare.
This study has filled this research gap by exploring voice-guided
digital mindfulness and emphasizing the subjective experiences
of digital mindfulness and their possible effects and outcomes
among older adults.

Creating Routines With Digital Mindfulness Through
Temporalities
As a response to the first research objective, the study has
characterized the specific conditions for embedding the
mindfulness app into the daily routines of older adults, which
can be summarized as mentioned subsequently.

First, in order to actively benefit from digital mindfulness, older
adults need to integrate the use of the app into their daily
routines and schedules. In general, participants found the digital
mindfulness app easy to incorporate into their daily schedules,
with the flexibility to choose sessions at times that suited their
personal routines. The brevity of the sessions, typically
approximately 5 minutes, was appreciated by many participants,
facilitating regular practice without significant time
commitment. This highlights how the flexibility of digital
platforms allows personalized engagement, enabling users to
select practices that align with their individual preferences and
schedules.

Second, interestingly, the challenges in the adherence to
mindfulness training were not associated with technical
difficulties or the accessibility of the app but rather with the
extent to which older adults could find a suitable time to practice
digital mindfulness. This underscores the need for apps to
provide reminders or integrate seamlessly with users’ existing
schedules to promote adherence and aligns with existing
research highlighting that continuity in app use can be a
challenge [40].

Third, although the app itself enabled practicing digital
mindfulness “anywhere and anytime,” older adults often chose
the location and time based on their existing daily habits, thus
embedding the app into existing routines and practices.
Participants highlighted how the effects of mindfulness varied
according to what time of the day they practiced.

Heterogeneous Design Preferences for Voice-Guided
Mindfulness
As a response to the second research objective, this study has
recognized heterogeneity in the design preferences for
voice-guided digital mindfulness. Practicing digital mindfulness
is a highly personalized experience, influenced by a person’s
previous mindfulness experience, health conditions, and
motivations for training [32,64]. This study shows that this
heterogeneity is particularly pronounced in relation to design
preferences of digital mindfulness apps: voice and sound
landscape and mindfulness theme, script, and coach persona.
The diversity in older adults’ experiences and preferences with
digital mindfulness underscores the necessity for customizable
voice-guided apps. This variability suggests that a
one-size-fits-all approach may not be effective, and developers
should consider offering adjustable features, such as voice tone,
session length, and content complexity, to cater to the unique
needs of each user.
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This study indicates that design preferences can partly be
associated with various emotions and sensations that participants
associate with certain types of voices, sounds, and scripts. For
instance, the description of some mindfulness scripts as too
“childish” or “immature” for older adults is a sign that
mindfulness content should be adapted to age-specific
characteristics. While other studies have revealed preferences
for personalization of a mindfulness app among the younger
population [65], the age-specific characteristics for certain
interaction modalities or conversational styles have not been
explored. This study concludes that the audio landscape of
mindfulness apps provides possibilities for enhancing the
mindfulness experience in a way that can respond to the
age-specific characteristics of this age group.

Building Resilience and Self-Care Through Digital
Mindfulness
As a response to the third research objective, this study has
addressed older adults’ self-perceived experiences of using
digital mindfulness as a self-care technology to facilitate
well-being. Previous research shows that mindfulness is useful
for improving resilience and coping strategies and reducing
anxiety and stress levels in older adults [62,63,66]. This study
highlighted that digital mindfulness practices could contribute
to resilience by fostering positive thinking, bodily awareness,
relaxation, and self-reflection. Participants noted a greater ability
to manage negative emotions and adopt new perspectives on
personal well-being. Beyond emotional benefits, participants
perceived digital mindfulness to be a therapeutic tool for
managing mental health concerns and pain and improving sleep
quality. Participants reported that mindfulness practices helped
redirect focus away from pain, providing a sense of relief. This
aligns with studies suggesting that web-based mindfulness
interventions can lead to improvements in cognitive and
psychological measures, with associated modulations in pain
perception.

However, the adverse effects of digital mindfulness were also
pronounced, in terms of discomfort and emotional distress that
resemble re-experiencing unpleasant life events [32]. These
findings underscore the importance of personalized mindfulness
interventions and the potential need for guidance on adapting
mindfulness practices to individual emotional and physical
comfort levels.

By incorporating mindfulness practices into their routines, older
adults can develop better coping mechanisms to navigate
stressors and challenges. The convenience of digital platforms
ensures that these resources are readily available, promoting
sustained engagement and long-term benefits.

Limitations
This study has explored the use of a mindfulness app as a form
of digital self-care among older adults through the lens of aged
heterogeneity. Participants were recruited through a municipal
organization, which means that research participants were
relatively active older adults with a previous interest in health
and well-being. Moreover, participants used the app for 3 weeks;
therefore, the long-term effects of mindfulness app use are not
known. This study focused on the self-perceived benefits of
digital mindfulness, as articulated by participants themselves,
which means that the actual use patterns remained unexplored
in this study. The use, design preferences, and consequences to
well-being of the mindfulness app could depend on contextual
factors, such as mood, digital skills, and education level, which
remain beyond the scope of this study. Despite these limitations,
this study has produced new knowledge on the self-perceived
benefits of digital mindfulness among older adults, particularly
regarding the affective aspects of mindfulness app use and the
integration of the app into daily routines. These qualitative
findings extend the already existing medical and clinical
research on digital mindfulness with older adults [14-16,18]
and provide considerations for designing MBIs beyond medical
or clinical purposes, such as in the maintenance of cognitive or
physical functioning in later life.

Conclusions
The study concludes that digital mindfulness offers a possibility
to enhance the self-perceived well-being of older adults by
fostering resilience and self-care. However, the adverse effects
of digital mindfulness, such as frustration and discomfort, can
also be experienced by older adults. The digital mindfulness
experiences and preferences of older adults are highly individual,
diverse, and manifold, which indicates that personalized
approaches are essential for effective engagement. By
acknowledging and addressing the heterogeneous design
preferences within this demographic, developers can create
more effective and user-friendly voice-guided mindfulness apps.
Additional research is needed to explore the emerging digital
inequalities involving older adults from a more diverse
socioeconomic background to explore the benefits of digital
mindfulness in relation to an individual’s digital health literacy.
Furthermore, longitudinal studies could provide deeper insights
into the sustained effects of digital mindfulness on well-being
over time. Future research should also explore ways to
personalize digital mindfulness experiences, considering factors
such as previous mindfulness experience, individual emotional
triggers, and physical limitations. Future studies should also
explore the potential of artificial intelligence to enhance the
personalization of mindfulness experience to be more adaptive
to older adults’ previous mindfulness experience and their
personal preferences for certain types of voices, sounds, and
mindfulness coaches’ personas.
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Abstract

Background: Cognitive bias modification for interpretation (CBM-I) is a technique to modify interpretation and is used to
reduce unhelpful negative biases. CBM-I has been extensively studied in anxiety disorders where interpretation bias has been
shown to play a causal role in maintaining the condition. Successful Treatment of Paranoia (STOP) is a CBM-I smartphone app
targeting interpretation bias in paranoia. It has been developed following research on the feasibility and acceptability of a
computerized version. This qualitative study extended that research by investigating the acceptability of STOP in individuals
with paranoia. The study design and implementation were informed by the Evidence Standards Framework for Digital Health
Technologies (DHTs) published by the UK National Institute for Health and Care Excellence (NICE).

Objective: The aim of the study was to involve service users in the design, development, and testing of STOP and understand
the degree of satisfaction with the product. We aimed to establish the extent to which STOP met the NICE minimum and best
practice standards for DHTs, specifically its acceptability to intended end users.

Methods: In total, 12 participants experiencing mild to moderate levels of paranoia were recruited to complete 6 weekly sessions
of STOP before being invited to a feedback interview to share their experiences. Interview questions revolved around the
acceptability of the app, its perceived usefulness, and barriers to the intervention, as well as practicality and views on the use of
a digital intervention in principle. Interviews were coded and analyzed using the framework analysis method, combining both
deductive and inductive approaches.

Results: Framework analysis yielded 6 themes: independent use and personal fit; digital versus traditional approaches; user
reactions and emotional impact; impact on thinking, awareness, and well-being; design, engagement, and usability; and intervention
relevance and practical fit.

Conclusions: STOP was found to be a broadly acceptable intervention and was positively received by most participants. The
study findings are in line with the NICE Evidence Standards Framework for DHTs, as intended end users were involved in the
development, design, and testing of STOP and were mostly satisfied with it. These findings will contribute to the further iterative
development of this intervention that targets interpretation bias in paranoia.
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Introduction

Interpretation Bias and Cognitive Bias Modification
Paranoia refers to unfounded beliefs that others intend to cause
harm and exists on a continuum from mild suspiciousness to
severe persecutory delusions [1]. Interpretation bias toward
threat, defined as the tendency to interpret ambiguous
information in a threatening or negative way, is thought to be
one of the key cognitive processes involved in the development
and maintenance of paranoia. Specifically, individuals with
paranoia are more likely to interpret neutral or ambiguous
situations as intentionally harmful, often exhibiting hostility
interpretation bias (perceiving others as deliberately malicious)
and external-personal attribution bias (attributing negative events
to the harmful intent of others), as well as biases related to
physical threats (such as those involving security devices or
medical interventions) [2-6]. While similar biases are seen in
anxiety disorders, paranoia is distinguished by its focus on
intentional harm, rather than fear of negative evaluation or
embarrassment as seen in social anxiety. Cognitive biases,
including interpretation bias, have therefore been identified as
critical maintenance factors in psychosis and paranoia,
highlighting the need for targeted interventions that address
these specific processing styles [1,7,8].

Cognitive bias modification for interpretation (CBM-I) is one
such technique, designed to reduce interpretation bias toward
threat. Research has demonstrated that it is possible to change
bias through training [9,10], helping individuals replace
maladaptive cognitive patterns with more neutral or positive
interpretations. Successful Treatment of Paranoia (STOP) is a
smartphone app that delivers CBM-I through a series of
ambiguous scenarios, encouraging the user to generate more
adaptive interpretations [11]. CBM-I has shown consistent
benefits in reducing anxiety and repetitive negative thinking
[12-14], but studies applying this approach to paranoia remain
limited. One feasibility randomized controlled trial evaluated
a desktop version of cognitive bias modification for paranoia
(CBM-pa) [15], and a subsequent qualitative study highlighted
the need for improvements in the task’s audiovisual design to
enhance attention and engagement [16]. These findings directly
informed the development of STOP, the smartphone app
evaluated in this study.

While STOP draws on CBM principles, it differs significantly
from the earlier CBM-pa platform. CBM-pa was delivered in
a controlled laboratory setting, whereas STOP is a stand-alone
smartphone app designed for independent use. Unlike CBM-pa,
STOP enables participants to schedule sessions autonomously,
receive automated reminders, and engage with a web-based
interface designed to enhance immersion. These structural and
experiential differences mean that the findings from the earlier
CBM-pa evaluation cannot be assumed to generalize to STOP.
A distinct evaluation is therefore warranted.

Thus, a qualitative study, such as the one reported here, is
essential to determine whether STOP, in its current form, is a

product that would be acceptable to users and suitable for use
in routine clinical practice. The importance of gathering this
type of evidence for any potential new digital therapy is
emphasized in the Evidence Standards Framework for Digital
Health Technologies published by the UK National Institute
for Health and Care Excellence (NICE) [17], which requires
evidence of “acceptability with users” and their involvement in
development, design, and testing. The qualitative data were
contextualized using the User Experience Questionnaire (UEQ),
which quantified participants’ experience of the app, such as
their perception of its attractiveness, ease of use, and creativity
[18]. Therefore, descriptive statistics of the UEQ are reported
to indicate the overall experience of participants using the digital
health technology (DHT).

In addition to assessing acceptability, a growing body of
literature highlights the importance of applying a human factors
lens when evaluating DHTs. This includes attention to usability,
accessibility, and alignment with user needs and preferences.
Human factors research considers not only whether an
intervention works but also how individuals interact with
it—factoring in context of use, autonomy, and digital literacy;
for example, the concept of the digital therapeutic alliance has
gained prominence in recent years, recognizing that users may
form relational connections with digital tools, which in turn can
affect engagement and perceived effectiveness. Evaluating
STOP through both experiential and design lenses enables a
more comprehensive understanding of its acceptability and
potential for real-world implementation.

The Rise and Use of DHTs
Digital interventions have become increasingly common over
time, and some have proven to be effective [19]. In a scoping
review, Zhang et al [19] identified 22 randomized controlled
trials exploring the effect of CBM techniques delivered through
a web-based intervention and found that CBM could help reduce
biases in anxiety disorders and depression in adolescents.

Despite these advancements, there remains a lack of available
treatments specifically targeting psychosis and paranoia. Other
than pharmacological interventions, the only treatment that
NICE recommends for psychosis is cognitive behavioral therapy,
a psychological intervention. Smartphone app interventions
offer an alternative treatment approach for paranoia. Additional
benefits of using smartphone app interventions include their
potential to help address long waiting times to access
psychological services and to reduce the costs associated with
in-person interventions. Furthermore, digital technologies could
be considered low-stigma interventions, as service users can
access them privately from any location. They could additionally
be seen as empowering, enabling service users to take a more
active and autonomous role in their care. More specifically for
individuals with paranoia, digital health interventions may
facilitate help seeking by reducing the need to build a therapeutic
alliance and trust in a therapist, both of which can be especially
challenging for this population [20,21].
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Aims of This Study
This qualitative study explored users’ views and opinions of
STOP, a DHT that targets interpretation bias in individuals with
paranoia. The study provided an opportunity for individuals
reporting distress from paranoia to voice their attitudes and
experiences of using STOP and to offer feedback. The purpose
of the study was therefore to explore different views and
opinions of the digital intervention and to identify key strengths
and weaknesses of the DHT as well as potential improvements.
More specifically, the aim was to involve end users in the
design, development, and testing of STOP and to assess the
extent to which they were satisfied with it. The research
questions were therefore formulated as follows:

• To what extent does the smartphone app STOP meet the
NICE minimum or best practice standards for DHTs?

• Is STOP acceptable to its intended end users?

Methods

Ethical Considerations
This qualitative study received ethics approval from the
London-Stanmore Research Ethics Committee (21/LO/0896).
Potential participants were emailed a digital copy of the study
information sheet and had at least 24 hours to consider
participating in the study. All potential participants had the
opportunity to ask questions and were free to withdraw at any

stage without giving reasons. Interested, eligible participants
were then asked to complete an electronic consent. Participants
received £40 (US $52) in vouchers as compensation for their
time and effort.

Screening and Recruitment Process
Participants were recruited from various sources, including the
South London and Maudsley NHS Foundation Trust’s
Psychological Interventions Clinic for Outpatients with
Psychosis; Psychological Interventions Clinic for Outpatients
with Psychosis clinic at the South West London and St George's
Mental Health NHS Trust, through MQ (MQ Foundation, mental
health research charity); and the McPin Foundation (a mental
health research charity that specializes in integrating lived
experiences in research).

Research assistants working on the main STOP randomized
clinical trial (ISRCTN17754650) screened participants against
the main trial eligibility criteria. Some of the main trial criteria
were not relevant for this study, including the following: if on
psychotropic medication, no change for at least the last 3
months; interpretation bias screening score of ≥−2; and Positive
and Negative Syndrome Scale (PANSS) [22] item 6 score of
>3. Therefore, suitable participants who were ineligible for the
main trial were redirected to this qualitative substudy and were
then assessed against this study’s inclusion and exclusion criteria
(Textbox 1 [23]).

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Self-reported paranoid concerns

• Aged >18 y

• Fluent in written English

• Capacity to consent

Exclusion criteria

• Severe cognitive impairment

• Major current physical illness likely to impact participation

• Substance dependence

• Currently receiving another psychological intervention

• Scoring 7 (defined as “extreme”) on the Positive and Negative Syndrome Scale

• At high risk of suicide as per the Columbia Suicide Severity Rating Scale [23]

The choice of the sample size was guided by the concept of
information power, which suggests that the number of
participants needed for qualitative interview studies decreases
as the amount of information held by the sample increases [24].
A smaller sample can be sufficient when the study aim is
narrow, the sample is specific, the quality of dialogue is strong,
and the analysis is theory informed [24]. Given the focused aim
of exploring user experiences of STOP and the relevance of the
sample to this aim, the final sample size was deemed appropriate
for capturing key insights. Of note, patient and public
involvement researcher and coauthor AK also took part in this
study as a participant.

The STOP Intervention
STOP was delivered through a smartphone app. It consisted of
40- to 60-minute sessions (depending on reading speed) in which
patients were presented with ambiguous scenarios that could
be interpreted in either a threatening or a benign way. Each
session consisted of 40 scenarios, presented as blocks of 10
items, followed by trivia items to allow users to take a short
break (refer to Figure 1 for an intervention item example, a
screenshot of STOP’s home page, and a trivia example). After
reading each scenario, participants were asked to complete a
word with missing letters and a comprehension question, both
of which aimed to encourage them to interpret the scenario in
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a nonthreatening way. Further details regarding the intervention and its development have been published elsewhere [11].

Figure 1. Screenshot of an example of a Successful Treatment of Paranoia intervention item.

Materials
The UEQ is a validated and reliable scale designed to measure
users’ experiences of using digital products [25]. It consists of
26 items grouped into 6 scales: attractiveness (overall
impression; do users like or dislike the product?), perspicuity
(is it easy to learn how to use it?), efficiency (can users complete
tasks without unnecessary effort?), dependability (does the user
feel in control of the interaction with the product?), stimulation
(is it exciting and motivating to use?), and novelty (is it
innovative and creative? Does it catch users’ interest?). Each
item presents a pair of contrasting attributes (eg,
annoying-enjoyable and confusing-clear), and respondents are
asked to express their agreement with the attributes by selecting
the point that most closely reflects their impression of the
product. The UEQ demonstrates satisfactory reliability and

construct validity [25] and provides normative data from 452
prior digital product evaluations, enabling benchmarking against
existing products.

Procedure
Participants who provided consent were sent a study Android
smartphone with the STOP app preinstalled and ready for use.
In line with medical device study requirements, hard copy
instructions to use the smartphone and the app were mailed to
participants’ home addresses. They were then given the
opportunity to test the STOP app and were asked to complete
6 weekly sessions of the STOP intervention. They were also
offered the option to meet with the researcher (LE) at any time
for assistance with navigating the smartphone or app.
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All participants had fortnightly check-in calls with the researcher
(LE). They were also given the opportunity to ask questions
and were offered support for any technical difficulties they
encountered.

After the 6 STOP sessions ended, a time was scheduled for a
feedback interview and completion of the UEQ. The feedback
interviews were semistructured and lasted between 30 and 60
minutes. A topic guide (Multimedia Appendix 1) was used to
structure the interview, while allowing flexibility for additional
comments. The topic guide was informed by the NICE Evidence
Standards Framework for DHTs [17]. Questions revolved around
users’experiences of using the digital intervention, its perceived
strengths and weaknesses, their opinions of the visual display
of the app as well as the CBM scenarios used, session duration
and ease of use, and suggestions for improvement. All interviews
were conducted via Microsoft Teams, as all participants had
access to a computer and a working internet connection.

After the interviews, participants were asked to complete the
UEQ. They could choose to receive a digital version or a printed
copy sent to their home address and to complete it either at the
beginning of the interview together with the researcher or on
their own.

Data Analysis
UEQ quantitative data were aggregated across participants, and
mean scores were plotted against normative data [25] to enable
within-sector comparisons.

The qualitative data from the interviews were coded and
analyzed using the framework method [26]. The NICE Evidence
Standards Framework for DHTs [15] was used to inform the
topic guide, codes, and deductive themes. To enhance quality
and rigor, the Reflexive Thematic Analysis Reporting Guidelines
were followed [27].

Interview recordings were autotranscribed by the software and
then manually corrected by LE. Data familiarization was
achieved through repeated reading of the transcripts alongside
any additional notes made during meetings.

Initial coding was surface level and descriptive and was
conducted by LE using NVivo 14 (Lumivero).

A working analytical framework was developed by grouping
and categorizing codes. New or revised codes were developed
iteratively throughout coding. The data were then summarized
in a matrix. Several group discussions between LE, JY, and PJ
led to agreement on a final analytical framework and

corresponding matrix. Themes were exclusively and
intentionally related to users’ experiences of testing,
acceptability, and satisfaction with the STOP app. Deductive
codes were informed by the topic guide and the NICE Evidence
Standards Framework for DHTs [17]. Inductive codes were
driven by the data and reflected participants’unique experiences
and language.

Research Team and Reflexivity
A critical realist postpositivist stance was adopted to account
for the fact that the coding and interpretation of data would be
impacted by the researchers’ roles in the study. Reflexivity was
therefore viewed not as a means of eliminating subjectivity but
of making it visible and critically examined throughout the
research process. Indeed, based on previous research [28], most
researchers involved in the study held beliefs that the app would
help reduce interpretation bias in people with paranoia. In
addition, the researchers’ own views as well as findings from
previous research on individuals’ experiences with smartphone
apps and CBM [28,29] would likely influence the analysis and
interpretation of data. Using the topic guide informed by the
NICE guidelines, interview questions were phrased to avoid
guiding or stigmatizing language. The researcher attempted to
embrace each participant’s unique and important experiences,
as opposed to trying to reach a consensus. A reflective log was
maintained throughout recruitment, data collection, and analysis
to record reflective thoughts, which were used to inform analysis
and interpretation and understand how personal preconceptions
and assumptions may influence findings.

Results

Overview
We contacted 34 participants to complete 6 sessions of the STOP
intervention, followed by a feedback interview. Of these 34
individuals, 16 (47%) met the eligibility criteria and consented
to take part in the qualitative study. Of these 16 participants, 4
(25%) dropped out (n=3, 75% reported that they did not feel
that they had the time to commit to the study; n=1, 25% was
uncontactable), resulting in a final sample of 12 (75%)
participants. The participants’ mean age was 36.33 (SD 10.74)
years. Of the 12 participants, 7 (58%) identified as female, 8
(67%) were White, and 2 (17%) identified as being from a
minority ethnic background (n=2, 17% did not disclose their
ethnicity). The mean score on PANSS item 6 was 3.58 (SD
0.79) [22]. Participants’ characteristics and individual scores
are summarized in Table 1.
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Table 1. Participants’ characteristics and User Experience Questionnaire (UEQ) scores.

Sessions
completed
(n=6), n (%)

UEQ
novelty

UEQ stimu-
lation

UEQ de-
pendability

UEQ effi-
ciency

UEQ per-
spicuity

UEQ attrac-
tiveness

Score on
item 6 of

PANSSa

Race and
ethnicity

Age
(y)

SexParticipants

4 (67)0.00−0.250.25−0.33−0.25−0.334NRNRbMale1

5 (83)−1.00−1.00−0.75−2.00−1.25−1.173White
British

57Female2

1 (17)2.251.001.500.752.002.173Pakistani29Male3

3 (50)1.250.750.750.002.001.003Asian25Female4

2 (33)1.250.751.251.501.001.004White
Irish

40Male5

3 (50)——————c5White
British

29Male6

3 (50)——————4NR38Female7

3 (50)——————4White
British

NRFemale8

5 (83)2.001.751.752.002.001.674White
British

37Female9

1 (17)——————2White
British

NRFemale10

2 (33)0.751.001.502.001.751.334White
British

47Male11

2 (33)1.752.252.001.752.752.673White
British

25Female12

aPANSS: Positive and Negative Syndrome Scale (item 6 relates to suspiciousness and persecution).
bNot reported.
cMissing data.

UEQ Results
After the feedback interview, 8 (67%) of the 12 participants
completed the UEQ. The results are provided in Table 1. UEQ
scores range from −3 (maximum negative evaluation) through
0 (neutral) to +3 (positive evaluation). A bandwidth of −0.8 to
+0.8 indicates neutral evaluation, with scores outside this range
indicating overall negative and positive evaluations,
respectively. Participants who completed the UEQ in this study
scored an average of between 0.9 and 1.5 on the different scales,
which indicates that they described their experience as positive.
The UEQ indicated generally positive user perceptions across
all subscales, with the highest mean scores observed for
perspicuity (mean 1.464, SD 1.302), attractiveness (mean 1.238,
SD 1.224), and novelty (mean 1.179, SD 1.087). Lower, yet
still positive, ratings were recorded for dependability (mean
1.143, SD 0.923), stimulation (mean 0.929, SD 1.018), and

efficiency (mean 0.857, SD 1.457). Participant 1 showed
inconsistencies on 5 scales (attractiveness, perspicuity,
efficiency, dependability, and stimulation; Table 1, row 1) and
was therefore excluded from the reported averages and from
the scale mean and variety plots in Figures 2 and 3, as suggested
by the UEQ handbook [18]. Specifically, the handbook defines
inconsistency as a lack of uniformity in item ratings within a
scale. While it may be possible for inconsistencies to occur in
a single scale, due to a misunderstanding of the question or an
error, it is less likely to be the case when they occur across
multiple scales. The handbook therefore suggests excluding
such participants from analysis because it is more likely that
the behavior indicates random or nonserious completion of the
questionnaire.

Summary statistics are presented graphically by scale (Figure
2) and benchmarked against digital sector norms (Figure 3).
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Figure 2. User Experience Questionnaire (UEQ) results. Mean scores on each scale are shown, with error bars representing variance. Green shading
indicates a positive evaluation range, cream shading a neutral evaluation range, and red shading a negative evaluation range.

Figure 3. Benchmark graph for Successful Treatment of Paranoia (STOP) based on User Experience Questionnaire (UEQ) scores compared to sector
averages. The black data points represent STOP mean scores by scale. The bar colors represent the percentage of other products in the sector falling
within that range; for example, a data point falling in pale green (“above average”) indicates that 25% of other products scored higher than STOP,
whereas a data point falling in orange (“below average”) indicates that 50% scored higher.

Qualitative Results

Overview
Through framework analysis of the interview transcripts, 6
themes were identified, along with topic summaries
(summarized in the framework analysis): “independent use and

personal fit; digital versus traditional approaches; user reactions
and emotional impact; impact on thinking, awareness, and
well-being; design, engagement, and usability; and intervention
relevance and practical fit.” Table 2 presents the framework
analysis, and Figure S1 in Multimedia Appendix 2 illustrates
the relationships between themes.
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Table 2. Framework analysis.

Example quotationsThemes and topic summaries

Independent use and personal fit

Having agency, taking responsibility, self-discipline, and self-growth • “The advantages are the independence and the self-control and the
mindfulness and those skills in themselves, the self-discipline as well,
they can [be used] in their own treatments and their own self-discov-
ery journeys.” [Participant 10]

Matches lifestyle and preferences • “So, like an advantage of this is especially for people who are suffer-
ing anxiety and PTSD and don’t get out.” [Participant 5]

Provides privacy, safety, and flexibility • “When you’re on your own, you sort of have time to think and like
go through the answers at your own pace and when it suits you.”
[Participant 12]

Ability, or otherwise, to complete without assistance: neurodiversity,
language barrier, and technological proficiency

• “I was able to do it myself but for other people, there’s a chance they
might need assistance. It could be because they have like dyslexia or
there is a language barrier.” [Participant 7]

Digital versus traditional approaches

Advantages of apps over traditional therapies • “[T]here’s less need for human intervention because the app is
friendly and fun.” [Participant 8]

Disadvantages compared to traditional therapies: digital exclusion,
dropout rate, lack of feedback, distractions, and potential dependence
on the app

• “You don’t get personalized feedback like you would with a person.”
[Participant 1]

Focused, structured, and specific intervention • “[Usually a] therapist can guide it, whereas I like the way that this
was more structured and forced you to think through different scenar-
ios. And I like that aspect of it.” [Participant 1]

User reactions and emotional impact

Perceived as judgmental, patronizing, and invalidating • “There is nothing to validate you or to say your initial response actu-
ally had some value in it.” [Participant 1]

Validating and normalizing • “It is validating. It’s almost as if the researchers have taken into ac-
count that we struggle with these thoughts, no matter how insignificant
they seem.” [Participant 4]

Elicited mixed feelings: confusion, excitement, fear and embarrass-
ment, hope, sadness, or neutral

• “I think I possibly felt more sad at the end of each session.” [Partici-
pant 9]

• “I would look forward to it, it was interesting.” [Participant 2]
• “It’s not good, nor bad.” [Participant 7]

Evocative and triggering of actual experiences • “They’re very good at conveying the paranoid thoughts, they were
very evocative and brought up quite a lot of feelings when reading
them.” [Participant 9]

Perceived as restrictive • “One negative thing was that it doesn’t let you say no, I don’t agree
with that.” [Participant 5]

Impact on thinking, awareness, and well-being

Helpful impact on daily life and thinking patterns, sense of achieve-
ment, and general positive feelings

• “I found it really helpful...it has been giving me some clues like some
other way of thinking other than like me, always overthinking what
other people’s intentions are.” [Participant 4]

Offers new perspectives • “I found one of the big values of the app is identifying other options
and other ways of looking at things.” [Participant 1]

Self-reflection, awareness, and understanding of paranoia and its
presence in the user’s life

• “It has made me realize how insidious paranoia and anxiety are in
my everyday life via the scenarios, for which I was always instinc-
tively drawn to the negative assumptions, and so many of which I
regularly worry about.” [Participant 9]
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Example quotationsThemes and topic summaries

Design, engagement, and usability

• “I think the color scheme is very calming and soothing...I think it's
quite good like, it’s not really intimidating or like causing people
distress.” [Participant 4]

Design and look of the app

• “Intuitive, really well designed and written, and very engaging.”
[Participant 9]

• “It was a bit like a reading comprehension for a 7-year-old.” [Partic-
ipant 10]

Engagement with the app

—aSuggestions for improvement: managing expectations, personalizing
the experience, suggestions for design changes, and access to the app

Intervention relevance and practical fit

• “So, about half I think were quite pretty easy to identify with and
about half I had to work a bit harder.” [Participant 1]

• “I thought they’re all very relatable...there wasn’t a single one that I
thought it seemed odd or shouldn’t be in there.” [Participant 8]

Acceptability and testing of scenarios

• “Yeah, I guess the more effort just like you’d have to think about it
more to try and work out what that word is instead of like ‘Ohh well,
clearly it has this like one word that fits in there.’” [Participant 11]

• “It was like there’s always a very obvious word that fits in...if it was
more challenging, I’d probably focus more on the sentence.” [Partic-
ipant 12]

• “I had to think about it more, and that’s not necessarily a bad
thing...those were the scenarios which helped me the most.” [Partici-
pant 1]

Perceived difficulty of the intervention

• “I would say it’s just about right, but it’s not a little ask. It took me,
I would say just over half an hour...that’s still a fair commitment.
Possibly for some people would need it to be a bit shorter.” [Partici-
pant 1]

• “I would like it to be on a continuous basis.” [Participant 4]
• “It was quite long as well. The sessions were longer than expect-

ed...Maybe if the session were half the length as well, then I wouldn’t
have got bored so quick so easily.” [Participant 10]

Session frequency and duration

• “I’m severely disabled, that’s what’s unrelatable. Maybe the app is
aimed at people who have less severe disabilities. And yet I did find
it helpful.” [Participant 11]

Views and suggestions related to implementation

aSuggestions are presented in Multimedia Appendix 3.

Theme 1: Independent Use and Personal Fit
This theme depicted participants’ attitudes toward completing
the intervention on their own and explored the extent to which
an autonomous treatment was acceptable. An autonomous
treatment was defined here as an intervention to be completed
independently, meaning on one’s own and without additional
support from professionals or other individuals, aside from any
necessary practical or safety checks (eg, in STOP, fortnightly
safety check-in calls with the researcher were required). This
theme captured users’ views on both obstacles and benefits.
Overall, participants seemed satisfied with the intervention
being an autonomous treatment.

Some participants indicated that completing STOP on their own
gave them a sense of agency and allowed them to take
responsibility for their issues and for their progress by deciding
to engage with the app and complete sessions on a weekly basis.
Some described that STOP helped them monitor their progress

and visualize it in the form of badges that they accumulated as
they completed sessions. Others thought it could positively
impact their self-confidence and allow them to grow:

I would say responsibility because...one of the things
that can really happen is that you give up
responsibility or you lack confidence, whereas with
this it’s like I’m trying, I’m doing it. [Participant 1]

Some participants reported satisfaction with the way the
intervention was delivered as it fit their preferences and
lifestyles. Often, the preferences were associated with mental
health conditions getting in the way of seeking help. These
participants reported that engaging in a smartphone app was
helpful in that it allowed them to access help from their homes.
For others, the intervention being an autonomous treatment fit
with their personalities and offered them privacy and the space
to be honest with themselves as well as the option to complete
it at their own pace:
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It gives you the independence, the privacy, the
self-motivation and discipline. [Participant 10]

Theme 2: Digital Versus Traditional Approaches
This theme described participants’ acceptability of STOP
compared to other interventions, such as cognitive behavioral
therapy or counselling. It captured users’ views on both
obstacles and benefits related to the intervention’s delivery
through a smartphone app. Compared to other treatments,
participants seemed to be partly satisfied with the intervention,
particularly the fact that it offered flexibility and was specifically
focused on paranoia:

This treatment is different because it’s very specific
to paranoia and I have not seen any treatment specific
to paranoia before. [Participant 8]

A few noted disadvantages of smartphone apps in general. These
included the need for an internet connection and concerns about
digital exclusion. In addition, some of the participants
highlighted the high dropout rates associated with app-based
interventions, while others reported that it can be distracting,
potentially lead to dependence on the app, or not be in line with
their preferences. Several comments revolved around the lack
of human contact and feedback associated with using an app:

I mean there is an element, I suppose, of the isolation
being extended and not having any human support
around you, that you would miss out on. [Participant
10]

Theme 3: User Reactions and Emotional Impact
This theme depicted the extent to which users were generally
satisfied with the app after having completed a few sessions. It
encompassed a wide range of emotions and reactions that were
elicited and labeled. Two contrasting views emerged in the
interviews. Most participants described their experiences as
positive; however, some expressed negative views, particularly
perceiving the app as invalidating or restrictive because it did
not allow them the option to disagree with the answers provided
within the therapeutic content:

You [are] only allow[ed] to answer the question one
way. So not only is it restricting, what are you
honestly expecting everyone to have the same
opinion?...I can’t give you my opinion if you don’t let
me answer the question in a way I feel right in
answering it. [Participant 6]

I found it validating. [Participant 8]

Overall, emotions ranged from confusion and sadness to
hopefulness and excitement. Such a range of emotions, even at
an individual level, highlighted the unique experience of each
participant and the complexities involved. Some participants
explored the feelings elicited and used the opportunity to
understand themselves better. Others reported that the scenarios
presented in the app were evocative because of their relatability.
A few described the experience as triggering their paranoia
(which is an expected and possible element of STOP’s
therapeutic process), whether due to the content of the scenarios
or the use of an external smartphone provided by the researcher.
However, this was not reported as particularly harmful or

distressing. Some participants described STOP as validating
because it normalized paranoid thoughts as well as the negative
interpretations commonly associated with paranoia.

Theme 4: Impact on Thinking, Awareness, and
Well-Being
This theme described users’ satisfaction with the app in terms
of its impact on their daily lives, changes in thinking patterns,
self-reflection, and awareness. Most participants reported that
STOP had been helpful in some way.

Some described the impact as emerging from the fact that the
app served as a distraction, while others described a sense of
achievement from completing the weekly sessions. Some
participants highlighted the positive impact on their daily lives,
noting changes in their thinking patterns. Some described feeling
generally more positive and less stressed after using the app.
Some participants, including a few who described the app as
restrictive, found it helpful in that it offered alternative ways to
interpret situations that they would usually interpret in a
threatening or negative manner.

Participants explicitly and spontaneously reported that they
perceived the app as a tool for modifying their thinking patterns
and also noted that it encouraged reflection and helped them
identify themes of paranoia that they related to. They described
STOP as helpful in recognizing personal thinking patterns and
understanding the extent to which paranoia features in their
day-to-day life. Some participants disclosed that the app helped
them gain a better understanding of paranoia and how it is
perceived by the general population.

Theme 5: Design, Engagement, and Usability
This theme outlined participants’ views of the design of the app
and explored the extent to which this would be acceptable and
satisfying to end users. Participants also spontaneously shared
their suggestions for improvement.

Most participants reported feeling satisfied with the design,
look, and feel of STOP, including the trivia, audiovisual features,
and scheduling and reminder functions. They expressed that
they found it “clear” (participant 7) and “not overloading of
information” (participant 5). Some reported that they enjoyed
the color schemes, the images, and the fact that “it involves all
senses” (participant 10), especially if one had “poor eyesight”
(participant 1). One participant noted that the images used
reinforced binary gender stereotypes, which made the app less
relatable. Most users described the app as engaging and
interesting, easy to use, and friendly, although a few found it
childish. One participant found the app helpful for addressing
stigma, noting that its anonymous delivery made it feel discreet.
In contrast, another participant felt that the app’s colors and
sounds made it stand out and attract unwanted attention (the
sounds can be switched off within the app).

Although STOP seemed largely well accepted, participants
offered suggestions for improvement. The most common
suggestions revolved around offering more response options
for the scenarios, personalizing the app, and encouraging more
flexible use. Suggestions also included managing expectations
and providing more introductory and contextual information
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about the intervention’s aims, mode of action, and length. Some
participants offered alternative design ideas that they believed
would make the app more attractive and could help address
possible issues of digital exclusion. Additional suggestions
included making the app more stimulating and challenging to
avoid boredom and to increase engagement:

If it was me, I would leave a section for another option
where you could put your own feedback into, like
feedback on what you think of the question or if your
idea on the scenario didn’t fit into the boxes, boxes
of yes or no. [Participant 6]

Theme 6: Intervention Relevance and Practical Fit
The final theme focused on the core intervention and how it
was experienced by users. It reflected the extent to which STOP
was perceived as therapeutic, generally acceptable, and
satisfying. Some participants indicated that they could strongly
relate to the scenarios, while others found some scenarios
personally irrelevant. A few reported feeling marginalized or
excluded when the scenarios did not reflect the experiences of
individuals with disabilities, restrictive lifestyles, or different
lifestyle preferences. Some felt that the intervention was too
easy and needed to be more stimulating and challenging. They
found the more difficult or less relatable scenarios to be the
most beneficial. Participants also noted that automatically and
systematically completing the missing-letter tasks discouraged
them from putting in the effort and therefore did not impact
their way of thinking in a positive way.

Most participants commented on the length of the intervention,
the frequency of sessions, and the duration of each session. In
terms of session duration, most participants felt that the sessions
were long and that they would benefit from shorter sessions.
Some reported that the session duration interfered with their
day-to-day activities and was difficult to fit into their busy
schedules, while others said that it suited their lifestyle. Some
participants highlighted the benefits of having a weekly session
and compared it to therapy, while others expressed a wish to
complete the content at their own pace and in shorter blocks
throughout the week. In terms of the length of the intervention,
some participants reported that 6 sessions would be enough in
terms of changing thinking patterns, while others suggested
more sessions to enhance the learning. Some participants offered
suggestions related to the core intervention, such as shortening
the duration of individual sessions, amending the frequency of
sessions and length of the intervention, encouraging participants
to complete the session, offering the intervention on an indefinite
basis, integrating some human contact and additional support
if needed, or targeting a specific population.

Other suggestions were related to how participants would
envisage the implementation of STOP outside of a research
trial:

Well, I guess like if the app was going to sort of
develop, maybe integrating some sort of like breathing
techniques or something. If things get too much,
almost like a little like panic button crisis button on
it or something. [Participant 12]

I think it should be prescribed by your GP or your
psychiatrist or your psychologist or occupational
therapist. You should be signposted to it and there’s
a mandatory one-to-one onboarding session to answer
any questions, to explain and yeah. [Participant 8]

The full list of recommendations arising from themes 5 and 6
is provided in Multimedia Appendix 3.

Discussion

Principal Findings
This study explored the acceptability of STOP for individuals
struggling with paranoia, in the context of the NICE Evidence
Standards Framework for DHTs. Overall, participants
representing the intended end users expressed broadly positive
views of the smartphone app, describing aspects of the
experience and design as acceptable and well thought out. These
findings are consistent with a previous qualitative study
exploring the acceptability of an earlier, computer-based version
of the intervention [16]. However, given the modest engagement
levels and variation in participant feedback, these results should
be interpreted cautiously and viewed as indicative rather than
conclusive.

More specifically, after up to 6 weeks of using STOP,
participants acknowledged its potential as an autonomous
treatment that was not directly supported by a therapist. Most
participants reported that the way the intervention was delivered
fit their preferences and offered them flexibility and privacy,
in line with the perceived advantages of internet-based
interventions in previous studies [30,31].

The transdiagnostic approach adopted by STOP avoids the use
of stigmatizing diagnostic labels and targets a single symptom
by seeking to alter its associated underlying maintaining
mechanism.

Our findings suggest that the autonomy of STOP (theme 1) gave
users a sense of agency, in contrast to the lack of empowerment
frequently experienced by individuals with severe mental health
conditions. In this respect, our findings concur with those of
others suggesting that DHTs can help empower individuals,
offering them more control of their condition and a better
understanding of it [32,33].

Of the 12 participants, 1 (8%) reported concerns about data
protection, which is common in the context of using DHTs in
similar populations [33]. Digital therapies designed for use with
those experiencing paranoia will need to pay special attention
to transparency and reassurance around data privacy and security
if these technologies are to benefit this user group.

Some participants reported that factors related to technical
proficiency, neurodiversity, and individual preferences may
interfere with users’ ability to benefit from the intervention,
highlighting the need to address these considerations in future
versions of STOP. While only 1 (8%) of the 12 participants
explicitly reported concerns about digital exclusion, this is a
commonly reported barrier in the digital mental health literature.
By contrast, other circumstances, such as interpersonal
challenges, can lead to digital technology improving access to
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appropriate health care [33,34]. It is likely, then, that some
health inequalities may be mitigated by DHTs such as STOP,
while others will inevitably be introduced. For this reason,
STOP, and DHTs in general, are best seen not as a panacea but
as a complement to traditional therapies, with the potential to
fill some important gaps in provision.

Some disadvantages of using STOP were also reported (captured
in the Theme 2: Digital Versus Traditional Approaches
subsection), the most common one being the lack of human
contact and feedback—absent from many DHTs and often
reported in the literature [32]. Participants offered some
suggestions to resolve this perceived disadvantage, such as
providing the option to contact a mental health professional as
needed while using the app or combining sessions of STOP
with traditional psychological therapy. The preference for having
alternative options to seek help seems to be common in the
context of DHT use [33]. Acceptability was also related to user
experience (theme 3). Some participants perceived STOP as
judgmental and restrictive, mainly due to the language used
within the app (despite it having been codeveloped with users).
Others described the intervention as validating and normalizing.
Some participants held what seemed to be opposing views of
the experience, such as frustration and validation or sadness
and hope. This may reflect a common experience of therapy,
in which patients may have ambiguous and contradicting
feelings toward the approach used, the process of therapy, or
their therapist. However, in traditional therapy, the therapeutic
alliance is examined, feelings about therapy explored, and
approaches adapted to the patients’ needs and feedback. Such
a process may not be achievable in digital interventions where
the negative aspects of the experience are not addressed in the
moment. Future digital therapies may benefit from
accommodating this need, for example, by giving participants
the opportunity to report their experience in real time. Indeed,
the concept of the “digital therapeutic alliance” is gaining
traction in psychotherapy literature and provides a suitable
theoretical platform from which to explore and improve the
digital therapeutic experience [35].

Moreover, some users reported noticing a positive impact of
STOP on their lives (theme 4), for example, in terms of their
well-being, their thinking patterns, self-reflection, understanding,
and awareness of their paranoia. Users also reported general
satisfaction with both the core therapeutic intervention and its
digital interface (themes 5 and 6). However, some participants
expressed that they found a 30- to 40-minute session too long
to complete in 1 sitting. These findings echo previous literature
on CBM, which has noted that the approach can feel repetitive
and monotonous [28,36]. Participants offered some suggestions
for improvement, such as shortening the intervention, integrating
some additional support, amending the duration of each session,
personalizing the scenarios, or making the intervention more
challenging and stimulating to optimize changes in thinking
patterns.

As shown in Figure 3, STOP received average or above average
ratings for attractiveness, perspicuity, dependability, and
novelty, but it scored below average on efficiency and
stimulation. These findings align with qualitative themes in
which participants described the task as repetitive or lacking

engagement and occasionally reported that the interface did not
facilitate smooth or efficient use. The absence of “good” or
“excellent” ratings across scales may reflect the early-stage
design of STOP and highlight areas for improvement,
particularly in terms of enhancing engagement and interactivity.
Given the exploratory nature of this qualitative study and the
limited UEQ response rate, we present these results descriptively
and cautiously. We have clarified this point in the manuscript
and reflected on how this feedback can inform future iterations
of STOP.

Finally, it is important to note that engagement with the
intervention was low, with only 3 (25%) of the 12 participants
completing ≥4 sessions and none completing the full 6-session
program. Previous reviews of unguided digital mental health
tools have consistently highlighted high dropout rates, with
engagement often declining sharply after initial use [37]. In this
context, the lack of full intervention completion among our
participants aligns with broader trends but still raises important
questions about the real-world feasibility of STOP as a
stand-alone tool.

Comparisons with similar digital interventions show mixed
engagement outcomes; for example, the EMPOWER study
reported relatively high engagement when supported by peer
involvement [38], while other unguided CBM interventions
have faced attrition challenges [28,36]. These findings suggest
that embedding some form of human support may be critical
for boosting sustained use, particularly in populations with
paranoia. Future versions of STOP may therefore benefit from
exploring hybrid models that balance autonomy with light-touch
support or therapeutic onboarding. Furthermore, the role of the
digital navigator is becoming increasingly recognized as a
valuable component in the delivery of digital interventions, and
this will be an important element to explore in future iterations
of STOP [39].

Strengths and Limitations
A strength of this study is that a critical realist perspective [40]
was adopted during the coding and analysis stages, allowing
the researchers to reflect on their views and experiences
throughout the study and understand how these may have
influenced the analytic process. In line with this perspective, a
reflective log was maintained throughout the study. To account
for the possibility of response and desirability bias during the
interviews, the researcher (LE) attempted to normalize all points
of view, including negative experiences of using the app. This
was achieved by using open-ended questions and encouraging
participants to share their own experiences. To avoid steering
responses toward the researcher’s expectations, participants
were prompted and guided only when necessary. Finally, the
researcher adopted a stance of curiosity and nonjudgment during
the interviews to encourage participants to share their views
openly and without fear of judgment. To our knowledge, this
study is the first to explore the acceptability of a digital health
intervention delivered via smartphone that targets interpretation
bias in individuals with paranoia, in line with the NICE Evidence
Standards Framework.

The findings need to be understood in light of possible
limitations. Most participants reported mild levels of paranoia,
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as indicated by their PANSS scores (Table 1). The sample does
not therefore reflect the full spectrum of paranoia that will be
experienced by the intended end users. In addition, there was
an underrepresentation of ethnic diversity in the sample because
most of the participants (7/12, 58%) identified as White British.
Moreover, none of the participants completed the full 6-week
intervention before the interview. One possible barrier may be
related to difficulties engaging with apps in psychosis [41],
particularly for service users with more severe paranoid
symptoms. This partial exposure may have influenced their
views on usability, engagement, and perceived benefit. However,
even limited engagement was sufficient for participants to form
meaningful opinions about key features of the intervention, and
themes were largely consistent across those who completed
more versus fewer sessions. Low completion rates are not
uncommon in digital interventions for psychosis and may reflect
broader challenges around attention, motivation, and trust in
technology—particularly among individuals with more severe
symptoms [41]. Participant feedback in this study pointed to
task repetitiveness, lack of stimulation, and external factors (eg,
life stressors and environment) as potential barriers. These
insights are valuable for informing future iterations of STOP.
Future studies could focus on implementing the suggestions
offered by participants and reassessing acceptability in line with
NICE guidelines. In addition, it could be helpful to explore the
acceptability of different intervention doses (eg, 6 wk vs 12
wk), particularly in relation to the efficacy findings reported for
each dose in the main trial [42]. It will also be important to
understand clinicians’ experiences, opinions, and
recommendations regarding STOP, both to improve the
intervention further and to assess its “credibility with UK health
and social care professionals,” as recommended in the NICE

Evidence Standards Framework [17]. One other limitation of
this study is that, although participants self-reported experiences
of paranoia, their interpretation bias and paranoid symptoms
were not formally assessed. While this means that our sample
did not correspond to that of the main efficacy trial, it was
arguably a more appropriate reflection of the likely population
when in clinical use. Finally, the absence of contributors offering
external critical perspectives represents a further limitation,
which we acknowledge as an area for improvement in future
work.

Conclusions
This study provides evidence of the central involvement of users
experiencing paranoia in the qualitative evaluation and further
development of the STOP digital mental health intervention.
Participants were generally satisfied with STOP, as reflected
in the quantitative survey data (UEQ scores) and views
expressed during the qualitative interviews. They found the app
broadly acceptable and were mostly satisfied with the way it
was delivered, the core intervention itself, and the impact it had
on their lives. The findings were in line with the target
expectations outlined in the NICE Evidence Standards
Framework for DHTs [17]. Participants reported that the
intervention provided insight and awareness of their paranoid
thinking patterns and offered them alternative ways of
interpreting situations they related to. Participants also offered
some suggestions for improvement that fit with their preferences
and condition. This study therefore incorporates suggestions
for future development. It will be important to take the findings
into account if STOP is to succeed as a new potential
intervention targeting interpretation bias toward threat in
individuals with paranoia.
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Abstract

Background: Mobile apps are a promising way to improve healthy lifestyle behavior among people with infertility. However,
sufficient engagement with mobile health apps is crucial to influence health outcomes, and identifying features to create more
effective interventions is urgently needed.

Objective: This study conducted a process evaluation focusing on the use and user experience of the PreLiFe app, a mobile
lifestyle app for couples undergoing in vitro fertilization (IVF).

Methods: A mixed methods approach was used among heterosexual couples with infertility undergoing IVF. An objective
quantitative study using a tracking-based system assessed the actual use of the PreLiFe app over time in relation to partner use
and in relation to the specific fertility treatment. A subjective quantitative study using online questionnaires assessed the acceptability
(using the Mobile App Rating Scale) and partner support (based on the Social Support for Diet and Exercise Scale) experienced
while using the PreLiFe app. A subjective qualitative study using semistructured interviews evaluated in-depth user experiences
with the PreLiFe app.

Results: A total of 106 couples used the PreLiFe app for 2 to 365 days. Overall use was low; 18.9% (20/106) of the men and
49.1% (52/106) of the women used all the modules of the PreLiFe app. Mixed-model analyses revealed that higher app use was
observed when a partner used the app as well and during fertility treatment. The average acceptability score was 6 (SD 1) of 10,
and patients felt supported by their partners while using the app. Semistructured interviews with 10 patients indicated that the
PreLiFe app was easy to use.

Conclusions: Our findings showed good acceptability and user experiences but low actual objective use of a preconception
lifestyle app for couples undergoing IVF. To increase use of and engagement with such apps, future studies should further focus
on personalization and interaction with partners, health care providers, and other patient data systems.
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Introduction

Background
Infertility, defined as the failure to achieve a clinical pregnancy
after at least 12 months of regular unprotected sexual
intercourse, occurs in 1 in 10 couples [1-3]. Approximately half
of these couples undergo fertility treatment, such as in vitro
fertilization (IVF), with the ultimate goal of conceiving a healthy
child [3]. Infertility and its treatments can be emotionally and
financially burdensome to couples and society. An important
research priority is to find modifiable factors that can improve
the chance of conceiving a healthy child from IVF [4].
Increasing evidence shows that lifestyle is such a potential
modifiable factor. IVF success rates are positively associated
with a healthy diet, a normal BMI, and moderate physical
activity levels [5-12]. Furthermore, a healthy preconception
lifestyle benefits offsprings’ health [13]. Several international
guidelines recommend addressing unhealthy lifestyles before
conception, specifically in people with infertility [14-16]. In
contrast, a Cochrane review indicated a lack of clear guidance
on the content and format of lifestyle programs for improving
conception chances [17]. Health care providers also recognize
the need for such guidance [18,19].

Evidence from other fields shows that mobile health
(mHealth)—defined as the use of mobile and wireless
technologies for health—is a promising format to promote
healthy lifestyle behavior [20]. mHealth is widely scalable,
relatively cheap, and adaptable according to the needs of patients
[21]. Using mHealth among people with infertility may counter
identified barriers such as lack of time and personnel and is easy
to implement in daily life [20,22]. Recent studies on lifestyle
apps for people with infertility have shown an improvement in
secondary lifestyle outcomes (eg, food intake) but were not
effective for the primary clinical outcomes, such as pregnancy
rate or live birth [11,23-25]. Adherence is a challenge in

traditional lifestyle studies. Therefore, in-depth analyses of use
data of mHealth interventions is crucial to identifying factors
that enhance use and engagement by participants and
effectiveness of mobile preconception lifestyle interventions.
In 2016, the World Health Organization mHealth Technical
Evidence Review Group developed a guideline for the reporting
of mHealth interventions. This guideline emphasized the need
for detailed reporting on use [26]. Despite these existing
guidelines, a review of mobile lifestyle interventions emphasized
the need for improved reporting on the use of such interventions
to evaluate their effectiveness more accurately [27].

Objectives
To gain better insights into the effectiveness of a preconception
lifestyle app for couples undergoing IVF (PreLiFe study)
[22,25], a process evaluation focusing on use and user
experiences was conducted with the aim of identifying factors
that may lead to higher use and engagement, ultimately
enhancing the effectiveness of mobile lifestyle apps.

Methods

Overview
This process evaluation (Table 1) of the PreLiFe app, a mobile
lifestyle app for couples undergoing IVF, included stakeholder
interviews, quantitative observation, and data monitoring. More
specifically, an objective quantitative study (data monitoring)
using a tracking-based system assessed the actual use of the
PreLiFe app over time in relation to partner use and in relation
to the specific fertility treatment. A subjective quantitative study
using online questionnaires assessed acceptability and partner
support experienced while using the PreLiFe app. A qualitative
study (stakeholder interviews) using semistructured interviews
evaluated the user experiences with the PreLiFe app in depth
in the context of the users’ daily lives and in relation to their
fertility treatment.

Table 1. Overview of outcomes assessed, timing, and measurement methods.

MethodTiming of assessmentType of assessmentOutcomes assessed

App-based tracking (data monitoring)Continuously throughout the PreLiFe
study period (2 to 365 days)

Quantitative and objec-
tive

Actual use of the PreLiFe app

Subjective quality subscale of the Mobile
Application Rating Scale

At the end of the PreLiFe study peri-
od

Quantitative and subjec-
tive

Acceptability—subjective quality

Semi–open-ended questionAt the end of the PreLiFe study peri-
od

Quantitative and subjec-
tive

Acceptability—added value of different
modules of the PreLiFe app

Semi–open-ended questionAfter 3 months of using the PreLiFe
app

Quantitative and subjec-
tive

Acceptability—reasons for not using
the PreLiFe app

Questionnaire based on the Social Support
for Diet and Exercise Scale

After 3 months of using the PreLiFe
app

Quantitative and subjec-
tive

Partner support experienced while us-
ing the PreLiFe app

Semistructured interviews with stakehold-
ers

After the PreLiFe study periodQualitative and subjec-
tive

User experience

JMIR Hum Factors 2025 | vol. 12 | e65815 | p.3283https://humanfactors.jmir.org/2025/1/e65815
(page number not for citation purposes)

Boedt et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/65815
http://www.w3.org/Style/XSL
http://www.renderx.com/


PreLiFe App and Study (Background Information)
The effectiveness of the PreLiFe program was evaluated in the
PreLiFe study [25]. The protocol for this multicenter,
single-blind randomized controlled trial has been registered
(ClinicalTrials.gov identifier NCT03790449) and published
previously [28]. A detailed description of the PreLiFe program
has been published previously [22]. Briefly, eligible couples
starting IVF were randomized (1:1 allocation ratio) to an
attention control arm or an intervention arm receiving the
PreLiFe program. The PreLiFe program is a systematically
developed complex preconception lifestyle intervention acting
on a combination of lifestyle topics (diet, physical activity, and
emotional distress) and offered in a blended care format. It was
developed according to the Medical Research Council
framework, and patients were involved in the development of
this app from the earliest phases of design [22]. The program
includes a mobile app (PreLiFe app) with on-demand tailored
advice and skill training on diet (food literacy), physical activity,
and mindfulness in combination with SMS text messages. In
addition, patients receive telephone interaction every 3 months
with a health care provider trained in motivational interviewing
(Figure S1 in Multimedia Appendix 1). Participants were
followed for 12 months or until an ongoing pregnancy was
confirmed via ultrasound at 12 weeks of gestational age.
Changes in lifestyle and in reproductive outcomes were
observed. The study started in January 2019 and was
prematurely stopped on March 13, 2020, as, due to the
COVID-19 pandemic, all Belgian fertility clinics were closed
for an undefined period. As the primary outcome was time to
ongoing pregnancy, recruitment was stopped as of March 13,
2020. In addition, couples who had been randomized and were
still participating in the trial at that time needed to be censored.
The PreLiFe study period varied from 2 to 365 days. Table S1
in Multimedia Appendix 1 provides an overview of the number
of couples in the study at each time point and reasons for ending
the PreLiFe study. During the PreLiFe study period, all
participating couples received standard medical treatment (ie,
IVF with or without intracytoplasmic sperm injection) according
to the local protocol of the participating fertility clinic. Both
partners in couples randomized to the intervention arm
additionally received the PreLiFe program.

Ethical Considerations
This study was approved by the Ethics Committee Research of
the University Hospitals Leuven and the local ethics committees
of the participating clinics (approval s61202 for the qualitative
evaluation and s61596 for the quantitative evaluation). Written
informed consent was obtained from all participants. Interviews
were audio-recorded and transcribed verbatim. All identifying
information was removed from the transcripts to ensure
anonymity.

Quantitative Evaluation: Actual Use, Acceptability,
and Partner Support

Participants and Recruitment
As we aimed to evaluate the use of the PreLiFe app, only
participants allocated to the intervention arm of the PreLiFe

study were eligible for this study, which included 106 couples
undergoing IVF.

Outcomes
Actual use of the PreLiFe app was objectively monitored
through app-based tracking (data monitoring) throughout the
PreLiFe study period. Initiation of the different modules (diet,
physical activity, and mindfulness) was assessed by counting
the number of times the modules were opened. Actual use of
the different modules was assessed by automatically counting
the active clicking on the features of these modules during the
PreLiFe study period. Active use of the PreLiFe app was defined
as the percentage of participants having used all modules (diet,
physical activity, and mindfulness) of the PreLiFe app at least
once throughout the PreLiFe study period.

Acceptability of the PreLiFe app was assessed at the end of the
PreLiFe study period using the subjective quality subscale of
the Mobile Application Rating Scale. This scale has a score
from 0 to 10, with higher scores indicating better acceptability.
Furthermore, we asked which module (diet, physical activity,
or mindfulness) provided the most added value to participants
and if there were any specific reasons (time, interest, use of
other app or program, injury, or other reasons) for potentially
not using the PreLiFe app. Multiple answers could be indicated.

To evaluate whether participants felt supported by their partners
while using the PreLiFe app in maintaining a healthy lifestyle,
a questionnaire based on the Social Support for Diet and
Exercise Scale was developed [29]. The questionnaire consisted
of 3 subscales: partner support for diet, physical activity, and
emotional distress.

Statistical Analyses
Using mixed-model analyses, we evaluated the actual use of
the different modules of the PreLiFe app over time and in
relation to partner use. Furthermore, we evaluated the actual
use of the PreLiFe app in relation to the stage of fertility
treatment. Start of fertility treatment was defined as the start
date of the last menstrual period. Descriptive analyses were
conducted on the other outcomes (baseline characteristics,
acceptability, added value, reasons for not adhering to the
PreLiFe app, and partner support).

Qualitative Evaluation: User Experiences

Participants and Recruitment
After the PreLiFe study was ended, participants from the
intervention group were invited through email. The study
process and accompanying incentives were explained in detail.
Respondents who were interested in participating signed an
online informed consent form and were scheduled for a
semistructured interview through videoconferencing software
(Microsoft Teams). Participants received a monetary incentive
for taking part. The sample size was based on data saturation,
with participants selected to ensure a diverse representation of
age, gender, and app use, capturing a broad range of experiences.

Interview Guide and Process
Semistructured interviews were conducted by a researcher
trained in qualitative methods according to an interview guide
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(Table S2 in Multimedia Appendix 1) and audio recorded for
later analysis. The interview guide was developed from a user
experience perspective grounded in the unified theory of
acceptance and use of technology and behavior change theories
[30]. It covered general app use, use and experiences of the
different modules of the PreLiFe app (diet, physical activity,
and mindfulness), integration into daily life and treatment, social
influences, and technology acceptance. Questions were refined
through pilot-testing with a small user sample (n=2) to ensure
clarity, flow, and sensitivity.

Statistical Analyses
The data collected in the interviews were analyzed according
to the principles of thematic analysis [31]. Interviews were audio

recorded, transcribed afterward, and coded, after which themes
were extracted through an affinity diagram.

Results

Quantitative Evaluation: Actual Use, Acceptability,
and Partner Support

Baseline Characteristics of the Participants
The baseline characteristics of the participants are presented in
Table 2. More than 70% of the couples were highly educated,
and almost all couples were of European origin. The mean
duration trying to conceive was approximately 2 years (27, SD
16 months).

Table 2. Baseline characteristics of the study participants.

Quantitative studyQualitative studyCharacteristic

Men (n=106)Women (n=106)Men (n=5)Women (n=5)

33.9 (6.1)30.7 (3.9)32.6 (4.1)30.2 (3.2)Age (y), mean (SD)

BMIa, n (%)

2 (1.9)2 (1.9)0 (0)0 (0)Underweight (<18.5 kg/m2)

38 (35.8)58 (54.7)2 (40)2 (40)Normal weight (18.5-24.99 kg/m2)

52 (49.1)30 (28.3)3 (60)2 (40)Overweight (25-29.99 kg/m2)

13 (12.3)16 (15.1)0 (0)1 (20)Obesity (≥30 kg/m2)

1 (0.9)0 (0)0 (0)0 (0)Unknown

101 (95.3)99 (93.4)5 (100)5 (100)European originb, n (%)

Educational levelb, n (%)

34 (32.1)20 (18.9)0 (0)0 (0)ISCEDc level 0-3

48 (45.3)59 (55.7)3 (60)3 (60)ISCED level 4-6

24 (22.6)27 (25.5)2 (40)2 (40)ISCED level 7-8

27 (16)27 (16)26 (14)26 (14)Duration of time trying to conceive (months)b, mean (SD)

Type of infertilityd, n (%)

78 (73.6)79 (74.5)4 (80)4 (80)Primary

28 (26.4)27 (25.5)1 (20)1 (20)Secondary

Female or male factor infertility diagnosisd, n (%)

33 (31.1)52 (49.1)1 (20)2 (40)No

71 (67)52 (49.1)4 (80)3 (60)Yes

2 (1.9)2 (1.9)0 (0)0 (0)Unexplained

aMeasured using weight and height.
bSelf-reported.
cISCED: International Standard Classification of Education.
dObtained from medical records.

Actual Use of the PreLiFe App
From January 2019 to March 2020, a total of 106 couples used
the PreLiFe app for 2 to 365 days. As shown in Table 3, actual
use of the app was low. Active users, namely, participants who
used every module of the app at least once, included 49.1%

(52/106) of the women and 18.9% (20/106) of the men.
Approximately 70% of the women (79/106, 74.5%) and 50%
of the men (50/106, 47.2%) used at least one of the modules
(diet, physical activity, or mindfulness). Furthermore, passive
users, defined as participants who initiated the app without using
any of the modules, included 9.4% (10/106) of the women and
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37.7% (40/106) of the men. In total, 1.9% (2/106) of the women
and 1.9% (2/106) of the men did not initiate the app at all

(nonusers).

Table 3. Actual use of the PreLiFe app.

Men (n=106)Women (n=106)

Diet

58 (54.7)93 (87.7)Diet module initiated (questionnaire), n (%)

38 (35.8)79 (74.5)Diet module used (receiving tips and at least one goal set on food literacy), n (%)

11 (10.4)36 (34)>1 goal set, n (%)

1-71-7Goals, range

PAa

70 (66)94 (88.7)PA module initiated (questionnaire), n (%)

50 (47.2)75 (70.8)PA module used (receiving tips and at least one registration of step count or PA monitoring), n
(%)

48 (45.3)71 (67)Step count function used, n (%)

8-2428-200Frequency of step count, range

23 (21.7)31 (29.2)Monitoring used, n (%)

1-1381-236Frequency of monitoring, range

Mindfulness

41 (38.7)76 (71.7)Mindfulness module initiated (introductory movie), n (%)

39 (36.8)70 (66)Mindfulness module used (receiving tips and at least one exercise followed), n (%)

25 (23.6)55 (51.9)>1 exercise followed, n (%)

1-221-19Frequency of exercising, range

Overall use, n (%)

32 (30.2)68 (64.2)All modules initiated

20 (18.9)52 (49.1)All modules used (active users)

40 (37.7)10 (9.4)App initiated but no modules used (passive users)

aPA: physical activity.

Actual Use of the Different Modules of the PreLiFe App
Over Time in Relation to Partner Use
Figure 1 presents an overview of the average number of daily
app uses (diet, physical activity, and mindfulness) by both
partners over time. Statistical analyses revealed the following:
(1) the average number of daily app uses decreased over time;
(2) women used the PreLiFe app more frequently as compared

to their partners; and (3) on the days when one of the partners
used the app, the other partner also used the app more (Table
S3 in Multimedia Appendix 1).

The diet module was the most used. The average number of
daily uses per person of the diet module was 0.2149 (SD
0.4636). The mindfulness module was the least used. The
average number of daily uses per person was 0.005 (SD 0.0707).
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Figure 1. Use of the PreLiFe app over time. MFN: mindfulness; PA: physical activity.

Actual Use of the PreLiFe App in Relation to Fertility
Treatment
Figure 2 shows that the use of the PreLiFe app was highest
around the first day of the menstrual period (ie, the start of

ovarian stimulation in the couples’ first IVF–intracytoplasmic
sperm injection treatment). We observed no differences in app
use during the embryo transfer period. We did observe a
decrease in app use across cycles (Figure S2 in Multimedia
Appendix 1).

Figure 2. Use pattern of the PreLiFe app during in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI). Day number relative to LMP
refers to the day in the IVF and ICSI cycle that treatment was started (0=last menstrual period [LMP] day).

Acceptability of the PreLiFe App
A total of 40.6% (43/106) of the women and 33% (35/106) of
the men completed the questions on acceptability of the PreLiFe
app. Acceptability of the program revealed an average score of
6/10 (SD 1) from women and men, with a minimum score of
3/10 and a maximum score of 8/10. Women and men would

recommend the PreLiFe app to other patients undergoing IVF
(Table 4). Men rated the app slightly higher than women. In
total, 26% (11/43) of the women gave a 4-star rating to the
PreLiFe app versus 46% (16/35) of the men. Both women and
men indicated that the diet module provided the most added
value to them.
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Table 4. Acceptability and added value of the PreLiFe app.

Men (n=35), n (%)Women (n=43), n (%)

“Would you recommend the PreLiFe app to other patients undergoing IVF who might benefit from it?”

2 (6)0 (0)Not at all

3 (9)3 (7)To very few people

17 (49)26 (60)To some people

11 (31)6 (14)To many people

2 (6)8 (19)To everyone

“How would you rate the PreLiFe app?”

0 (0)0 (0)1 star (“one of the worst apps I’ve used”)

4 (11)2 (5)2 stars

15 (43)30 (70)3 stars (average)

16 (46)11 (26)4 stars

0 (0)0 (0)5 stars (“one of the best apps I’ve used”)

Module that provided the most added value

15 (43)19 (44)Diet

9 (26)11 (26)Physical activity

5 (14)7 (16)Mindfulness

6 (17)6 (14)No reply

A total of 26.4% (28/106) of the women and 22.6% (24/106)
of the men completed the questions on reasons for not using
the PreLiFe app. Table 5 provides an overview of these
self-reported reasons. The most commonly indicated reason for

not using the PreLiFe app was lack of time. In total, 14% (4/28)
of the women also indicated that the PreLiFe app did not provide
enough push messages.

Table 5. Reasons for not using the PreLiFe app.

Men (n=24), n (%)Women (n=28), n (%)Reasons

18 (75)16 (57)No time

11 (46)11 (40)Not interested

5 (21)4 (14)Use of other app or program

0 (0)1 (4)Injury or disease

2 (8)6 (21)Other

1 (4)0 (0)Limit on screen time

0 (0)4 (14)Not enough push messages

0 (0)1 (4)New phone

0 (0)1 (4)Failed fertility treatment

Partner Support Experienced While Using the PreLiFe
App
A total of 44% (47/106) of the women and 33% (35/106) of the
men completed the questions on partner support experienced
while using the PreLiFe-app Regarding partner support
experienced while using the PreLiFe app, more than half (30/47,
64%) of the women and men practiced a healthy diet often or

very often together. One in 3 couples worked on their physical
activity together. Furthermore, more than half (32/47, 68% and
25/35, 71%, respectively) of the women felt often supported by
their partners in their diet. Only 0.9% (1/106) of the couples
practiced mindfulness together. In addition, 38% (18/47) of the
women and 46% (16/35) of the men never felt supported by
their partners when practicing mindfulness (Table 6).
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Table 6. Partner support experienced while using the PreLiFe app at 3 months.

Men (n=35), n (%)Women (n=47), n (%)

MindfulnessPhysical activityDietMindfulnessPhysical activityDiet

Practiced with their partner

26 (74)3 (9)0 (0)33 (70)4 (9)3 (6)Never

4 (11)9 (26)2 (6)5 (11)9 (19)2 (4)Seldom

3 (9)8 (23)8 (23)3 (6)15 (32)10 (21)A couple of times

1 (3)11 (31)15 (43)0 (0)15 (32)14 (30)Often

0 (0)2 (6)10 (29)1 (2)2 (4)16 (34)Very often

1 (3)2 (6)0 (0)5 (11)2 (4)2 (4)Not applicable

Felt supported by their partner

16 (46)1 (3)0 (0)18 (38)3 (6)1 (2)Never

4 (11)7 (20)1 (3)5 (11)7 (15)3 (6)Seldom

3 (9)6 (17)5 (14)6 (13)11 (23)10 (21)A couple of times

3 (9)13 (37)13 (37)2 (4)14 (30)19 (40)Often

0 (0)3 (9)13 (37)2 (4)10 (21)13 (28)Very often

9 (26)5 (14)3 (9)14 (30)2 (4)1 (2)Not applicable

Qualitative Evaluation: User Experiences

Baseline Characteristics of the Participants
A total of 10 participants (4 couples and n=2, 20% individual
participants) took part in 6 semistructured interviews between
January 2021 and March 2021. The sample consisted of 50%
(5/10) male individuals and 50% (5/10) female individuals who
had all participated in the PreLiFe study and received access to
the PreLiFe app for 1 year or until ongoing pregnancy occurred.
The baseline characteristics of the participants are presented in
Table 2.

User Experiences
A total of 112 codes were categorized into eight themes: (1)
general evaluation, (2) pick-and-mix functionalities, (3)
descriptions of app use, (4) app impact, (5) non–app-dependent
behavior, (6) trust, (7) problems with the app, and (8)
suggestions.

General Evaluation
All 10 participants mentioned that the PreLiFe app was easy to
use and understand and that an app such as this one should be
available by default as a part of fertility treatment. However,
some added that it should not be mandatory.

Pick-and-Mix Functionalities
An obvious theme within each of the interviews was the
on-demand or pick-and-mix approach toward modules and even
functionalities within modules that participants used. Participants
tended to pick the modules or functionalities that fit best in their
lives. They often mentioned finding specific parts of the app
useful:

The possibility to choose cooking advice suitable to
your level of kitchen prowess. [Participant 1]

Conversely, participants also mentioned that specific modules,
especially mindfulness, were “not for them” (participants 2 and
5).

Descriptions of App Use
When asked about the use of the PreLiFe app in different social
contexts, many participants (7/10, 70%) mentioned that they
would use the app or suggestions from the app together with
their partner to support each other in improving their lifestyle
and prepare for the fertility treatment. A lot of the app use
depended on the time available. Some participants (3/10, 30%)
mentioned only using the PreLiFe app when they had some free
time. Others mentioned that “the short tips received through
notifications also work well when you don’t have much time
at your disposal” (participant 6). In addition, the timing and
events during IVF treatment could have an impact on people’s
app use. Several participants (6/10, 60%) mentioned mainly
using the app during key moments of the treatment:

We used the app around important doctor visits.
[Participant 8]

One participant mentioned completely pausing their use of the
app as they had received disappointing news during their
treatment, wanting to step away from the treatment for a little
while. Some people (2/10, 20%), mostly men, did not end up
using the entire app much or at all:

I have more of a supportive role in the process, the
application might be more useful for women.
[Participant 3]

App Impact
Several participants (7/10, 70%) mentioned that the PreLiFe
app made them aware that a healthy lifestyle was relevant to
their fertility treatment. In addition, several participants (6/10,
60%) mentioned that using the PreLiFe app increased awareness

JMIR Hum Factors 2025 | vol. 12 | e65815 | p.3289https://humanfactors.jmir.org/2025/1/e65815
(page number not for citation purposes)

Boedt et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


of current behavior and triggered potential behavior change.
However, it was mentioned that it was not always easy to adhere
to the planned behavior. It was also mentioned that receiving
notifications triggered further app use. Participants mentioned
that, throughout their treatment, they were trying to find some
sense of control over or influence on the results of the treatment.
Some participants (4/10, 40%) said that the PreLiFe app helped
them obtain this feeling of control.

Non–App-Dependent Behavior
Many participants (8/10, 80%) mentioned that they were already
using physical activity trackers and, therefore, did not use those
parts of the PreLiFe app as it was not compatible with their
wearables.

Trust
The fact that the PreLiFe app was developed through the efforts
of a university and hospital and operated by scientists and health
care providers had a very positive effect on trust in the app.
Participants were also willing to share personal information
with the app.

Problems With App Use
One participant mentioned that having a pending update for the
app caused her to stop receiving new information. Other
experienced problems were with the pedometer, which stopped
working or provided inconsistent results as compared to their
own activity trackers.

Suggestions
Throughout the interviews, participants made several
suggestions that could be added to the PreLiFe app. Participants
stated that the functionality could become more automated by
integrating current health applications or activity trackers. In
addition, participants suggested that it would be interesting if
health care professionals could have access to the recorded data,
allowing for tailored feedback on their behavior. This aligns
with the wish to have a more direct connection to health care
providers by, for instance, being able to directly ask questions
to the medical staff through the app.

Some participants (4/10, 40%) highlighted the importance of
support throughout the emotional aspect of the fertility
treatment, for instance, providing contact information for
emotional support providers such as fertility psychologists. In
addition, it was mentioned that it would be good to have some
sort of “emotional guardian” who could step in when things
became too much. Others suggested investing in features to
improve the social aspect of the app, for instance, designing
features that allow for sharing recorded data between partners
as a way to help them stimulate and motivate each other. One
participant felt that it would be interesting to have a forum
attached in which different app users could share experiences
and motivations with other people using the app.

Discussion

Principal Findings
This paper describes the quantitative and qualitative evaluation
of the use and user experience of the PreLiFe app, as well as
the app’s acceptability and the partner support experienced.

Overall, patients were positive about the PreLiFe app, often felt
supported by their partners while using the app, and were willing
to use it, as revealed by our quantitative and qualitative
subjective evaluations. However, our objective use data revealed
that actual app use was low, particularly among men. We
observed that PreLiFe app use was related to partner app use
and to the stage of fertility treatment (higher app use during the
start of IVF treatment). Furthermore, we observed that the
module that had the highest number of interactions and highest
level of tailoring (the diet module) had the highest use.

Implications and Comparison With Previous Work
One of the most remarkable findings of this study was the
paradox between the high scores for acceptability and subjective
use and the low actual objective use, highlighting the importance
of objective measurement methods for app use. In the context
of behavior change, these findings could be explained by the
fact that the participants were in a phase of being aware of the
health benefit (contemplation phase) but not yet having enough
motivation or awareness to proceed to action for behavior
change (in this case, regular app use and follow-up goals).
Focusing on intrinsic motivation and possibly external
motivation (intermediate follow-up by a physician or health
care professional) could potentially have a synergistic effect.
Compliance and acceptability do not reflect the actual use of
lifestyle apps. Comparing our results with those of other studies
remains difficult. A recent systematic review of lifestyle apps
indicated substantial variability in intervention characteristics
and inconsistent reporting of use outcomes [27]. Future research
should work with core outcome sets on use to address this
inconsistency in selecting and reporting of use outcomes [32].
Although previous research has shown that patients undergoing
IVF need support in lifestyle modification and prefer a mobile
app as a time-efficient format [22], the actual use of our PreLiFe
app was low, especially among men. A possible reason may be
found in a recent study by Robertson et al [33], who showed
that patients undergoing IVF might prefer focusing on their
treatment instead of other factors such as emotional management
or their lifestyle. Another potential explanation for the low use
among men is that we did not consider gender-specific
differences when developing our app. Previous studies have
shown that men may have different perceptions of lifestyle
relevance to the fertility trajectory or different coping strategies
to handle infertility [34,35]. Furthermore, lifestyle behavior and
motivation to improve their lifestyle might differ between
partners. Further characterizing the current needs of both
partners and tailoring lifestyle apps to their personalized needs
and motivations can contribute to the engagement of both
partners in such interventions.

A recent systematic review identified several factors that
positively influence adherence to lifestyle apps: personal
support, content personalization, individualized push
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notifications, and user-friendly design [36]. In our study, we
observed that PreLiFe app use was higher when the partner used
the app as well and that patients felt supported by their partners.
This is in line with previous studies showing that involving both
partners in lifestyle interventions can facilitate mutual support,
behavior change, and compliance at little additional cost [23,37].
A recent Dutch study providing tailored coaching on vegetable,
fruit, and folic acid intake; smoking; and alcohol consumption
in a blended approach to couples trying to conceive reported
improved lifestyle behavior, which was more robust when both
partners participated [38]. These findings suggest
that partner-based interventions may offer a comparative
advantage over individual-focused apps. Future studies on
lifestyle apps for people with infertility should further consider
this partner interaction.

PreLiFe app use also increased during fertility treatment, when
participants were in contact with health care providers. This
supports the idea that blended care models combining digital
tools with professional support may enhance engagement.
Determining the optimal balance between digital autonomy and
health care provider interaction remains a key question [39].

Identifying the balance between time investment and
personalization is also key for future research on this topic.
Participants indicated lack of time as the most important reason
for not using the PreLiFe app. In contrast, we observed the
highest use for the diet module, which was the module with the
highest level of time investment, interaction (2 push messages
per week), and tailoring (personalized goals based on a
questionnaire).

Another improvement area defined was the lack of interaction
with other data systems such as wearables. Integration of
wearables could enhance personalization and efficiency, as
observed in other health apps [40]. However, further research
on this topic in this specific population is warranted.

Strengths and Limitations
The main strength of this study is that we combined qualitative
and quantitative data on the use and user experiences of both

partners, allowing for an in-depth understanding of participants’
use and experiences with a preconception lifestyle app.
Furthermore, to our knowledge, we are the first to provide
objective insights into the actual use of a lifestyle app among
both partners. We did so using app-based tracking, an objective
measure not prone to social desirability bias. In-depth analysis
of such use data can contribute to identifying and improving
factors that lead to higher use and engagement, ultimately
enhancing the effectiveness of lifestyle apps [41,42].

The limitations of this study should also be considered. First,
all participants were asked about their rationale for not using
the PreLiFe app, but fewer than 1 in 3 women and men replied,
potentially not reflecting the views of all nonusers. In general,
self-selection of the participants might have played a role
throughout the PreLiFe study. Our study population had a higher
physical activity level and lower rates of overweight and obesity
than the general Belgian population [43,44]. Selection bias could
have been present in our study, resulting in participants with a
high interest in lifestyle and health. Furthermore, most patients
were of European origin and highly educated, limiting the
generalizability of our results. Finally, to avoid burdening the
participants, the final results of the qualitative study were not
returned to them for validation. This decision could potentially
lead to misinterpretations of their true thoughts.

Conclusions
In conclusion, our findings show good acceptability and user
experiences but low actual objective use of a preconception
lifestyle app for couples undergoing IVF. Lifestyle apps can
empower patients to feel more in control and supported
regarding their reproductive health. However, to increase use
and potential effectiveness, future research on lifestyle apps for
people with infertility should further focus on the personalization
of such apps to individual needs and on the interaction with
partners, health care providers, and other patient data systems
such as wearables.
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Tang et al’s recent study published in JMIR Human Factors
[1], titled “The Use of Mobile Health Care Among Medical
Professionals in the Sichuan-Chongqing Region: Cross-Sectional
Survey Study,” captured my attention. Their analysis of mobile
health (mHealth) device use and influencing factors, using
chi-square and multivariable logistic regression analyses,
revealed a significant association between age and mHealth use.
This study provides valuable insights from China’s western
region.

However, I would like to offer a few comments and suggestions
that I believe would further enhance the study’s methodology
and findings.

First, the study’s reliance on a web-based questionnaire may
introduce potential selection bias, as respondents, by nature of
accessing web-based surveys, may be more likely to use digital
devices and have a stronger interest in digital health in general.
A more diverse, mixed-methods approach to questionnaire
distribution could help mitigate this potential self-selection
toward mHealth use and prevent the exclusion of individuals
with limited experience or interest in mHealth.

Second, the study could benefit from a standardized and rigorous
methodological framework for survey design and reporting. For
instance, categorizing age into three broad groups may overlook
essential trends. A finer measurement scale for satisfaction and
usage, such as a Likert scale, could provide deeper insights into
health care professionals’ attitudes. Furthermore, for questions
where “uncertain” responses outweigh “yes” or “no” responses,
a qualitative or mixed-methods research approach could yield
a more nuanced understanding of the underlying reasons.
Finally, incorporating years of work experience as a variable
could add valuable insights, given its potential correlation with
age. Unlike professional titles, years of work experience could

provide a more direct measure of professional tenure, potentially
enriching the data analysis.

Third, ethical considerations of this study merit further attention.
Identifying specific hospitals in the report may compromise
confidentiality. Additionally, the exemption of review by an
institutional review board (IRB) raises concerns, as the study
involves gathering potentially sensitive information from human
participants (ie, health care professionals) regarding personal
perspectives, workflows, and technology use. Such studies often
warrant an ethics board review to protect participant privacy,
minimize psychological or social risks, and ensure adherence
to ethical standards [2].

Fourth, before conducting logistic regression analysis, normality
tests on both independent and dependent variables are
recommended to confirm the validity of the chosen statistical
methods [3]. If data are not normally distributed, adjustments
should be considered.

Lastly, as noted in the “Limitations” section [1], the reliance
on convenience sampling may affect the study’s generalizability.
Only public, district-level hospitals were included, excluding
primary and tertiary institutions—this limits the representation
of China’s complete health care hierarchy in the analysis.
Furthermore, only urban areas were sampled, overlooking rural
populations. Women comprised 77.1% of the study sample,
raising questions about gender representation. A multi-level
sampling approach would likely yield a more comprehensive
and representative dataset.

To conclude, I would like to highlight that these feedback points
are not to challenge the integrity of the authors’ work. Instead,
I hope they can contribute to ongoing discussions on mHealth
research and the development of robust methodologies in this
field.
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Abstract

Background: The impact of the COVID-19 pandemic has primarily been studied in the context of language delays or
developmental disorders in infants and children. However, the effects on young adults have received less attention. COVID-19
not only affects physical health but also cognitive and language functions, which is an emerging area of research. While previous
studies have focused on developmental stages, the effects of COVID-19 on the language abilities of healthy young adults remain
underexplored. This study aimed to investigate the impact of COVID-19 on the spoken language, particularly in story retelling
and working memory, in young adults.

Objective: This study aimed to investigate the effects of COVID-19 on memory-based story retelling and verbal working
memory in young adults. Specifically, it examined whether there were group differences in story retelling and working memory
performance between individuals with and those without a history of COVID-19, and whether verbal working memory predicted
story retelling outcomes.

Methods: The study involved 79 young adult participants, of whom 39 were in the non–COVID-19 group and 40 were in the
COVID-19 group. Participants completed the Story Retelling Procedure (SRP) and a verbal working memory task. Story retelling
performance was quantified using information units per minute (IUs/min), a measure of informativeness in story retelling. Working
memory was assessed using the Alphabet Span Test.

Results: Participants with COVID-19 produced fewer information units per minute (mean 0.53, SD 0.21) than those without
COVID-19 (mean 0.63, SD 0.24; P=.049). No significant group differences were found in verbal working memory performance
(P=.20). However, regression analysis showed that verbal working memory significantly predicted story retelling performance
(R²=.064, P=.02), suggesting that individual differences in working memory capacity may contribute to discourse informativeness,
regardless of COVID-19 history.

Conclusions: Young adults with a history of COVID-19 exhibited reduced story retelling performance compared to those
without a history of infection. In contrast, no significant differences were observed in verbal working memory performance
between groups. Furthermore, verbal working memory scores significantly predicted story retelling performance, suggesting a
functional link between these cognitive-linguistic domains. These findings suggest that story retelling performance may serve as
a sensitive indicator of post–COVID-19 cognitive-linguistic changes in young adults.

(JMIR Hum Factors 2025;12:e71303)   doi:10.2196/71303

KEYWORDS

COVID-19; story retelling; verbal working memory; young adults; cognitive; linguistic

Introduction

COVID-19 is caused by SARS-CoV-2, and this virus is known
to cause respiratory illness in humans. After the first case was
reported in December 2019, the total cumulative cases
worldwide reached 770,875,433 by October 3, 2023, according
to the World Health Organization [1]. Since the introduction of
vaccines, the number of cases has decreased dramatically.

While hospitalizations and severe cases of respiratory symptoms
have decreased, the impact of COVID-19 on cognition has
persisted. Numerous studies have reported cognitive dysfunction

in individuals with a history of COVID-19. A recent systematic
review article [2] reported that the results are inconsistent.
Another study [3] found that age was a risk factor, while other
study [4] found that middle-aged individuals were the most
vulnerable population. Gender differences were also found [5]
in cognitive impairment, and women tend to have higher
cognitive impairment than men.

Regarding measures tested for the cognitive abilities, the most
common neuropsychological screening tests were commonly
used in studies [6,7], but an inconsistency was also found here:
Quan et al [2] claimed that the timing of cognitive testing might
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be the reason for the inconsistency of the results. Other tasks
were also used, such as the Digit Span Test-forward and
backwards, Trail Making Test-parts A and B, Stroop Word
reading and Colour Naming, Corsi backwards, Stroop test, Rey
auditory verbal learning test, Free and Cued Selective
Reminding Test, Rey–Osterrieth Complex Figure, and Boston
Naming Test, Verbal [8-12]. One study [13] found that the
severity of COVID-19 was related to poor performance in
executive function tasks (Digit symbol, Trail Making Test B,
and phonetic fluency). Akıncı et al [14] also found that
COVID-19 affected global cognitive skills, which were
evaluated using the Montreal Cognitive Assessment and
Clock-Drawing Test; memory functions, evaluated using the
Öktem Verbal Memory Processes Test; attention span, evaluated
using the Digit Span Test; executive functions, evaluated using
fluency tests, the Stroop test, and the Trail Making Test; visual
perceptual skills, evaluated using the Rey Osterrieth Complex
Figure test; and neuropsychiatric status, evaluated using the
Neuropsychiatric Inventory.

Although some studies included verbal language tasks such as
the Boston Naming Test, discourse-level spoken language,
particularly story retelling, has not been examined in
COVID-19–related cognitive research in relation to verbal
working memory. Story retelling is a cognitively demanding
task that engages multiple components of verbal working
memory, including temporary storage, manipulation, and
retrieval of linguistic information [15,16]. Successful retelling
requires not only remembering the sequence of events [17] but
also integrating details, maintaining coherence, and regenerating
narrative structure [18], all of which rely on both working
memory capacity ([19]) and attentional control [20,21].

Emerging research suggests that COVID-19 infection may affect
higher-order cognitive functions, such as sustained attention,
executive function, and verbal memory [9,22-24]. These
functions are closely tied to narrative production abilities,
making story retelling a sensitive measure for detecting subtle
post–COVID-19 cognitive changes, particularly in young adults
with no overt language deficits.

Some of the studies used working memory tasks, but the format
of the working memory tasks was based on visual working
memory. According to Baddeley’s [25, 26] working memory
model, visual working memory and verbal working memory
are 2 distinct cognitive systems. Visual working memory is
responsible for storing information and manipulating visual
information such as shapes, colours, and images. Verbal working
memory handles language-based information and involves also
temporarily storing information and manipulating verbal or
auditory information such as words, sentences, and numbers.
Therefore, the nature of the information process is different,
and it is processed in different systems: the visuospatial
sketchpad for visual working memory and the phonological
loop for verbal working memory. Considering that spoken
discourse production has been shown to be a sensitive clinical
indicator of language processing deficits in people with atypical
neurogenic language disorders (eg, aphasia) [16,27,28], it is
imperative to investigate the impact of COVID-19 on spoken
discourse performance.

There are different types of spoken discourse formats depending
on how the tasks are administered, and there are mainly 2
different types of tasks, one of which is story retelling. In this
format, the examiner read a story, and the participants were
asked to retell the story immediately after hearing it. The story
retelling type taxes memory capacity [16] and is affected by
recency and/or primacy effect [29]. Another format is based on
picture description. In this format, participants can rely on the
picture in front of them; therefore, the task places lower
cognitive demands on memory compared to the story retelling
format. Yoo et al [16] found the correlation between the verbal
working memory tasks with the retelling type of discourse
production results in people with aphasia. This aligns with the
connection between verbal working memory and various levels
of language processing, as extensively documented in the
literature [26,30-32].

Therefore, the primary goal of this study was to examine
whether COVID-19 affects memory-based story retelling
performance and verbal working memory. The previously
reported correlation between performance on the Story Retelling
Procedure (SRP) and verbal working memory were correlated
based on was assessed [16]. If working memory has declined
after COVID-19, it is reasonable to hypothesize that story
retelling performance would also be affected by COVID-19.
The following questions were investigated in this study:

1. Are there significant differences in measures of story
retelling between individuals with and those without a
history of COVID-19?

2. Are there significant differences in the verbal working
memory between individuals with and those without a
history of COVID-19?

3. Is there a predictive relationship between the story retelling
and the verbal working memory scores? In other words,
can the verbal working memory scores predict the story
retelling scores?

Methods

Ethical Considerations
This study was approved by the institutional review board at
Baylor University (approval number 1655082‐11). All
participants provided verbal informed consent prior to
participation. Some personally identifiable information was
collected as part of the study. All identifiable data were removed
prior to analysis, and the remaining materials were securely
stored on a university-provided cloud platform with restricted
access. Only approved research personnel had access to the data
through institutional login credentials. No identifying details
(such as names, initials, facial features, or other unique
identifiers) are included in the manuscript or any submitted
materials. All data are presented in a manner that ensures
participant anonymity and privacy. No compensation was
provided to the participants.

Participants
In total, 79 young participants in their 20s with and those
without a history of COVID-19 participated in this study
virtually: (1) the non–COVID-19 group comprised 39
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participants (age: mean 21.58, SD 1.24 years; years of education:
mean 16.32, SD 0.97), and (2) the COVID-19 group comprised
40 participants (age: mean 21.38, SD 1.63 years; years of
education: mean 15.60, SD 1.25; Table 1).

Participants in the non–COVID-19 group were recruited between
November 11, 2020, and December 4, 2020, and self-reported
not having a history of COVID-19. Participants in the
COVID-19 group were recruited between April 13, 2021, and
September 20, 2022, and provided self-reported information

regarding time since infection and number of infections. All
COVID-19–positive participants were nonhospitalized, and
symptom severity ratings were not collected using a formal
scale. Vaccination status was not obtained, and information
regarding post–COVID-19 condition symptoms was not
collected, as the data were obtained during the early stage of
the pandemic, before the concept of post–COVID-19 condition
had been clearly defined. Table 2 provides a summary of
COVID-19–related participant characteristics.

Table . Demographic information of participants.

Values, mean (SD)Participants, nGroup

Age (years)

21.58 (1.24)39    Non–COVID-19 group

21.38 (1.62)40    COVID-19 group

—a79    Total

Years of education

16.32 (0.97)39    Non–COVID-19 group

15.61 (1.25)40    COVID-19 group

—79    Total

aNot applicable.

Table . Self-reported COVID-19 characteristics of the COVID-19 group (n=40).

ValuesVariable

1 infection: mean 256.6 (SD 199.28); 2 infections: mean 168.56.93 (SD
130.93)

Time since infection (months)

1 infection: n=34 (85%); 2 infections: n=6 (15%)Number of infections

Not quantified; all nonhospitalizedSymptom severity

Not obtainedVaccination status

Not collected; data were obtained before the concept of post–COVID-19
was clearly defined

Post–COVID-19 symptoms

Procedures
All data collection procedures were conducted virtually via
Zoom (Zoom Video Communications). Each session lasted less
than 1 hour per participant.

The SRP Task
The stories used in the SRP task were adapted from the
Discourse Comprehension Test [33], which includes 10 stories
that were normed and matched on key linguistic complexity
variables such as number of words, sentence length, number of
subordinate clauses, listening difficulty, and number of main
ideas. The validity and reliability of the SRP as a discourse
elicitation procedure have been established through validation
studies [34,35], which demonstrated strong correlations across
multiple linguistic domains with other established elicitation
tasks, including picture descriptions and procedural narratives.

SRP participants listened to a short story, and they were asked
to retell it immediately afterward. Three short stories were
presented, and the averaged raw scores were used for the data
analysis. The story information units were checked using the

scoring sheet and correct information units per minute was
calculated as an outcome variable.

The Working Memory Task
Each participant also completed Alphabet Span Task as a
working memory task. In the task, each participant listened to
a list of words and was asked to reorder the words in
alphabetical order. The list of words was increased as the span
increased. The total correct numbers of items were used as the
outcome variable for this working memory test.

Statistical Analysis
Statistical analyses for this project were conducted using Python
(version 3.10), with the statsmodels and scipy packages for
ANOVA and regression modeling. The dataset was assessed
for normality, and due to skewed distributions, a natural log
transformation (ln) was applied to the story retelling variable
(information units per minute [IUs/min]). Two outcome
variables were analyzed: (1) log-transformed IUs/min derived
from the SRP task and (2) the total number of correct responses
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on the Alphabet Span task as a measure of verbal working
memory.

To address the first research question, a 1-way between-subjects
ANOVA was conducted to compare story retelling performance
between the COVID-19 and non–COVID-19 groups. The
dependent variable was the number of information units
produced per minute, log-transformed to meet assumptions of
normality.

Results

Overview
The results revealed a significant between-group difference
(F1,77=3.99, P=.049), with the COVID-19 group producing
fewer information units per minute (mean 0.53, SD 0.21) than
the non–COVID-19 group (mean 0.63, SD 0.24). For the second
research question, a separate 1-way ANOVA was conducted to
compare verbal working memory performance between groups,
measured by total number of correct items on the Alphabet Span
task. The analysis indicated no significant difference between
the COVID-19 (mean 16.21, SD 2.94) and non–COVID-19
(mean 15.30, SD 3.29) groups (F1,77=1.66, P=.20). To address
the third research question, a simple linear regression was
conducted to evaluate the extent to which verbal working
memory performance predicted story retelling performance.
The regression model was significant (F1,77=5.31, P=.02), and
accounted for 6.4% of the variance in log-transformed IUs/min
(R²=.064).

The regression equation was:

Story retelling performance (log IUs/min)=−0.493+0.014×verbal
working memory performance (Alphabet Span Test: the total
correct numbers of items).

The unstandardized regression coefficient (B=0.014) indicates
that each additional point on the Alphabet Span Test resulted
in a 0.014 increase in log-transformed IUs/min. This corresponds
to an approximate 1.4% increase on the raw scale:

(1)exp(0.014)= e{0.014}≈1.014

This back-transformation should be interpreted cautiously. All
statistical inferences were based on log-transformed values due
to nonnormality in the original distribution. The 95% CI for the
slope ranged from 0.002 to 0.026, suggesting a modest but
statistically reliable association between verbal working memory
and story retelling performance.

Additional Exploratory Analyses
Additional exploratory analyses were conducted within the
COVID-19 group to examine whether the number of days since
infection was associated with performance on
cognitive-linguistic tasks. Time since infection was not
significantly associated with story retelling performance (r=.10;
P=.57; R²=.009) or with verbal working memory scores (r=.04;
P=.83; R²=.001). These results suggest that recovery time did
not significantly account for performance variability in either
task. All additional statistical analyses were conducted using
Python (version 3.10) with the pandas, scipy.stats, and seaborn
libraries. Exploratory correlation analyses were performed using

the Python pearsonr function to assess linear associations
between variables of interest, and simple linear regression was
conducted using the linregress function.

Discussion

Principal Findings
This study aimed to investigate the impact of COVID-19 on
spoken story retelling and verbal working memory and to
examine the predictive relationship between the story retelling
and the verbal working memory in young adults. The results
found that the story retelling performance of the COVID-19
group was significantly lower than that of the non–COVID-19
group. However, despite this performance difference in story
retelling, no significant difference was observed between the
groups in verbal working memory. This highlights an interesting
contrast, suggesting that while the COVID-19 group showed
reduced story retelling performance, their verbal working
memory capacity did not differ significantly from that of the
non–COVID-19 group, indicating that other factors beyond
memory might contribute to the observed differences in story
retelling performance. In the results of regression analysis, the
spoken story retelling performance, measured by %IUs/min,
was significantly predicted by the verbal working memory span,
even though the prediction was weak, indicating that the
relationship between these 2 variables is complex and may be
influenced by other factors not captured in this analysis. These
results indicate several critical updates of the impact of the
COVID-19 on spoken language processing and verbal working
memory.

SRP Results
Our findings reveal a surprising impact of COVID-19 on the
spoken language of young adults, challenging the prevailing
assumption that only infants and children in the developmental
stage are susceptible to such effects. Although prior research
has predominantly linked COVID-19 with developmental
language disorders or delays, particularly in infants and children
[36-39], this study underscores the unique vulnerability of
healthy young adults to disruptions in story retelling as a result
of COVID-19 infection. While children in the developmental
stage are generally considered more vulnerable to language
impairments, young adults typically exhibit stable story retelling
abilities. However, this study suggests that COVID-19 may be
associated with disruptions in these abilities. The duration and
trajectory of such effects remain unclear, particularly in
individuals experiencing post–COVID-19 condition. Future
longitudinal research is needed to clarify whether and how story
retelling performance may change over time. Additionally, this
study suggests that story retelling may be especially sensitive
in detecting the cognitive impact of COVID-19. This heightened
sensitivity may be attributed to the complexity of the language
system, wherein discourse-level processing involves multiple
cognitive and linguistic components. In this context, the SRP,
which heavily relies on auditory comprehension and various
memory functions [16,29,40-42], emerges as a particularly
sensitive tool. Both auditory comprehension and memory have
been identified as vulnerable indicators of disruptions in
language processing abilities [43,44]. Given the complexity of
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language processing assessed by the SRP, it holds promise as
an invaluable tool for detecting the nuanced effects of
COVID-19 on story retelling in young adults.

Verbal Working Memory Findings
Conversely, we observed no significant impact of COVID-19
on verbal working memory. These findings contrast with those
reported in previous literature, which has documented negative
effects of COVID-19 on working memory [45]. One possible
explanation for this discrepancy is the age group of the
participants in this study. According to recent research [45], the
detrimental effects of COVID-19 on working memory function
are primarily observed in adults aged 25 years and older. In
contrast, the average age of the participants in the COVID-19
group in this study was 21.37 years, with the non–COVID-19
group also consisting of individuals in a similar age range. This
age-related difference may account for the absence of significant
working memory decline in the younger cohort in this study.
Another potential factor is that none of the participants had been
hospitalized for COVID-19, and most reported only mild
symptoms. It is also possible that some were asymptomatic.
This limited severity may help explain the absence of significant
group differences in working memory performance. Moreover,
this study did not collect data on whether the COVID-19 group
experienced brain fog or post–COVID-19 condition, as data
collection took place shortly after the acute phase of COVID-19
infection. It is possible that participants did not exhibit
symptoms of post–COVID-19 condition related to cognitive
decline or other persistent neuropsychological impairments.
Given these factors, further research is needed to examine verbal
working memory in individuals experiencing symptoms of
post–COVID-19 condition, as this cohort may exhibit different
cognitive outcomes.

Results of Regression Modeling
Regression modeling revealed that the story retelling
performance was predicted by the verbal working memory test,

specifically the Alphabet Span task. This association between
SRP and verbal working memory was previously identified in
a study involving stroke survivors with aphasia [16]. Revisiting
these results with a narrowed focus on individuals exhibiting
symptoms of post–COVID-19 condition is crucial to further
clarify this predictive relationship further.

Limitations
As discussed earlier, a notable limitation of this study is the
absence of information regarding whether participants with a
history of COVID-19 had experienced post–COVID-19
condition. This gap in data collection stems from the timing of
the study, which occurred shortly after the onset of COVID-19.
In addition, this study was conducted in a virtual testing
environment, which may have introduced variability in
participants’ attention, environmental distractions, or audio
quality, potentially affecting performance. Another limitation
is the possibility of selection bias, as participants volunteered
to complete the study remotely and may not fully represent the
broader young adult population. Furthermore, the regression
analyses yielded relatively low predictive power, suggesting
that while certain predictors showed statistical associations,
they may not account for a substantial proportion of variance
in story retelling performance.

Conclusion
This study identified differences in spoken story retelling
performance between individuals with and those without a
history of COVID-19. Additionally, story retelling performance
was predicted by the Alphabet Span Test, a measure of verbal
working memory. These findings suggest that story retelling
may be sensitive to subtle post–COVID-19 cognitive-linguistic
changes in young adults. This has potential clinical implications
for early cognitive-linguistic screening and targeted support
interventions, particularly in educational and clinical settings.
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Abstract

Background: The internet is a key source of health information, but the quality of content from popular search engines varies,
posing challenges for users—especially those with low health or digital health literacy. To address this, the “tala-med” search
engine was developed in 2020 to provide access to high-quality, evidence-based content. It prioritizes German health websites
based on trustworthiness, recency, user-friendliness, and comprehensibility, offering category-based filters while ensuring privacy
by avoiding data collection and advertisements.

Objective: This study aims to evaluate the acceptance and usability of this independent, noncommercial search engine from
the users’ perspectives and their actual use of the search engine.

Methods: For the questionnaire study, a cross-sectional study design was used. In total, 802 participants were recruited through
a web-based panel and were asked to interact with the new search engine before completing a web-based questionnaire. Descriptive
statistics and multiple regression analyses were used to assess participants’ acceptance and usability ratings, as well as predictors
of acceptance. Furthermore, from October 2020 to June 2021, we used the open-source web analytics platform Matomo to collect
behavior-tracking data from consenting users of the search engine.

Results: The study indicated positive findings on the acceptance and usability of the search engine, with more than half of the
participants willing to reuse (465/802, 58%) and recommend it (507/802, 63.2%). Of the 802 users, 747 (93.1%) valued the
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absence of advertising. Furthermore, 92.3% (518/561), 93.9% (553/589), 94.7% (567/599), and 96.5% (600/622) of those users
who used the filters agreed at least partially that the filter functions were helpful in finding trustworthy, recent, user-friendly, or
comprehensible results. Participants criticized some of the search results regarding the selection of domains and shared ideas for
potential improvements (eg, for a clearer design). Regression analyses showed that the search engine was especially well accepted
among older users, frequent internet users, and those with lower educational levels, indicating an effective targeting of segments
of the population with lower health literacy and digital health literacy. Tracking data analysis revealed 1631 sessions, comprising
3090 searches across 1984 unique terms. Users performed 1.64 (SD 1.31) searches per visit on average. They prioritized the
search terms “corona,” “back pain,” and “cough.” Filter changes were common, especially for recency and trustworthiness,
reflecting the importance that users placed on these criteria.

Conclusions: User questionnaires and behavior tracking showed the platform was well received, particularly by older and less
educated users, especially for its advertisement-free design and filtering system. While feedback highlighted areas for improvement
in design and filter functionality, the search engine’s focus on transparency, evidence-based content, and user privacy shows
promise in addressing health literacy and navigational needs. Future updates and research will further refine its effectiveness and
impact on promoting access to quality health information.

(JMIR Hum Factors 2025;12:e56941)   doi:10.2196/56941

KEYWORDS

medical information; health information; search engine; user behavior; health literacy; digital health literacy; navigational needs;
information-seeking behavior; evidence-based content; Germany

Introduction

Background
The internet has become a crucial resource for accessing medical
information, making it a valuable tool for individuals seeking
knowledge about health. In Germany, medical professionals,
notably physicians, have long been the primary source of health
care information for the general population [1,2]. However, the
landscape is evolving, and the internet now stands as the second
most significant channel for health-related information [1],
indicating a new trend in how people seek medical knowledge.
A study conducted by the Bertelsmann Foundation showed a
strong and increasing demand for health-related information
online, including a rapidly increasing demand by older
generations [3]. In 2020, approximately 70% of the German
population used the internet to actively engage in searching for
health-related content [4]. While these numbers have varied in
recent years, there is an overall trend of an increased use of the
internet [4].

A major complaint that users have about health-related
information online is the lack of clarity regarding the
trustworthiness and seriousness of existing websites. The
information online has varying levels of quality [5,6]. Frequently
used and popular websites are regarded as reliable by users,
irrespective of the actual quality of their content, while
independent public websites are not as well known and do not
seem to be more reliable to users [3]. The reliance on digital
platforms for health information also poses a challenge due to
the profound influence of the order of the results generated by
popular search engines. Users often initiate their search for
medical information through well-known search engines,
predominantly relying on the first few search results displayed
on the search engine results page (SERP), which are often
advertising [7-10]. Unfortunately, these top hits are not only
clicked on more frequently but are also perceived as more
trustworthy, despite the variation in information quality [3,9].
This highlights the ambiguity of users feeling incompetent in

finding reliable information online, while at the same time
trusting the top results and being satisfied with the information
they find. A more recent study evaluated the quality of online
health and nutrition information related to cancer supplements
through a Google search, using the Health Information Quality
Index [11]. The 160 relevant search results yielded median and
mean Health Information Quality Index scores of 8, with
one-quarter of the results scoring high (10-12). No correlation
was found between high quality scores and an early appearance
of these results, indicating potential limitations in using Google
for obtaining accurate information on dietary supplements and
cancer, particularly given the prevalence of advertisements
outnumbering search results [11].

The problem with the reliance on search engines becomes even
clearer when considering the low health literacy and digital
health literacy of the German population [12-14]. The first
Health Literacy Survey Germany study in 2014 [13] underscored
a significant health literacy challenge in Germany, with 54.3%
of the population reporting health literacy problems. This result
pointed to challenges in navigating the health care system and
understanding health-related information, with identified
associations with factors such as age, migrant background,
self-assessed social status, and functional literacy. The second
Health Literacy Survey Germany study in 2020 [14] reinforced
previous concerns with a further increased rate of individuals
(58.8%) struggling considerably with health information. Even
more so than in 2014, evaluating the trustworthiness of
health-related information presented difficulties [15]. Up to
45% of the German population exhibit “problematic” or even
“inadequate” internet skills [16]. Many individuals face so-called
navigational needs. They depend on support from others to
efficiently search and evaluate health information online [17].
As the amount of digital health information grows each year,
the challenge of effectively navigating through this vast array
of content becomes increasingly daunting, raising concerns
about misinformation and health-related misconceptions.
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During the work on the comprehensive GAP (Gut informierte
Kommunikation zwischen Arzt und Patient, meaning
“Well-informed communication between physician and patient”
in English) project, which addressed evidence-based information
[18-26], we studied the needs and requirements of internet users
for health information online [18]. We developed criteria to
assess web domains according to these needs. Assessing the
quality of websites is nothing new. There are existing seals of
approval, such as the afgis (Aktionsforum
Gesundheitsinformationssystem eV, meaning “Action Forum
Health Information System eV” in English) and Health On the
Net Foundation Code of Conduct seals, which check whether
the website operator meets certain transparency and quality
standards. An afgis certificate is valid for 1 year. However, with
Health On the Net Foundation Code of Conduct, there were
several issues [27], and on December 15, 2022, the Health On
the Net Foundation discontinued its services. Different seals
potentially signify different standards of certification. Another
issue with these seals is that the pages that have a seal cannot
easily be found via a central search. To address these issues by
centrally and consistently rating domains inside a search
platform, we developed a search engine in 2020. This search
engine was originally called “GAP search” and later renamed
as “tala-med Suche” in German and “tala-med search” in
English.

The topic of data retrieval in medicine is generally relevant and
widely researched. Efforts ranging from decentralized search
systems for patient data in registries [28] to tools such as
Informatics for Integrating Biology and the Bedside (i2b2) [29]
that allow the creation of cohorts, for which data security plays
an important role [30], have been investigated. In addition, for
public data, such as the Medical Subject Headings (MeSH),
search capabilities play an important role [31], including the
requirement for an intuitive user interface design [32]. In terms
of scraping web content, which could be used to create a search
platform, the Sampled German Health Web [33,34] created an
index of German-language health-related web pages using a
special focused crawler. The Sampled German Health Web
index was restricted to pages from the top-level domains .de,
.at, and .ch, and the domains were automatically filtered for
health-related content while crawling using a support vector
machine. By contrast, the new tala-med search engine, which
was used in this study, relied on hand-picked, high-quality,
German-language health websites. These domains—more than
50 of them—underwent a rigorous evaluation process. This
evaluation was based on the categories trustworthiness (with
the subcategories authority, independence, and evidence based),
recency, user-friendliness, and comprehensibility. The ratings
of these categories influence the order of the results on the
SERP. The search engine also values user privacy by avoiding
data collection and advertising. The detailed design of the search
engine is described in the Methods section and in Multimedia
Appendices 1-3.

By assessing the acceptance and usability of this new
technology, we aimed to improve the implementation of the
search tool. Numerous studies in the field emphasize the
significance of outcome measures as crucial indicators of a
technology’s effectiveness, user-friendliness, and potential for

widespread adoption. User acceptance, often determined by
perceived usefulness, ease of use, and individual attitudes, is
critical for a technology’s long-term viability [35,36]. Moreover,
the usability of a technology, including learnability, efficiency,
and user satisfaction, significantly affects user experience and
reduces possible adoption barriers [37]. Evaluating these
dimensions can provide insight into how well technology meets
users’ expectations, addresses their needs, and contributes to
successful implementation. In the context of health care
technology, this scrutiny is particularly relevant because
effective tools for accessing medical information can
significantly impact health care outcomes [17,38].

In this study, the acceptance and usability of our newly
developed search engine was evaluated by means of a
questionnaire study and actual use by tracking user behavior
during the first months of operation.

Related Works
The usability and accessibility of digital platforms are essential
for ensuring that all users, including those with disabilities, can
effectively engage with websites and mobile apps. Mateus et
al [39] conducted a systematic mapping of accessibility issues,
revealing that automated tests covered <40% of accessibility
problems on websites and even fewer on mobile apps. The study
stressed the importance of including users with disabilities in
evaluations because user testing uncovered many issues missed
by automated tools and expert inspections. This underscores
the need for a comprehensive evaluation approach that combines
expert and real-world user input to improve accessibility.

Petrie and Bevan [40] expanded on this by exploring the
interplay between usability, accessibility, and user experience.
The authors defined usability in terms of effectiveness,
efficiency, and satisfaction, focusing on aspects such as
learnability, flexibility, and safety. Importantly, they emphasized
that accessibility is an integral component of usability and that
digital systems should cater to the widest possible range of
users, including those with disabilities. They also introduced
the concept of user experience, which goes beyond usability to
include users’ emotional responses and satisfaction with a
system. This holistic approach is essential for creating digital
platforms that are both functional and engaging for all users.

Belinda et al [41] provided a deeper look into the internal and
external usability factors that affect website performance. The
authors used automated tools such as GTmetrix and Website
Grader to measure internal attributes such as performance, load
time, and page size, while external attributes such as ease of
navigation and user satisfaction were assessed through surveys.
Their findings revealed that some websites performed well from
a user perspective but were found lacking in technical
performance, particularly in terms of load times and page
requests. This highlights the need to address both internal and
external usability factors to create well-rounded digital
platforms.

Kritz et al [42] explored the online resources and tools used by
European physicians to gather medical information. The authors
found that physicians frequently relied on general search engines
and faced significant barriers in accessing high-quality,
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trustworthy medical content. Medical specialists were more
likely to use medical research databases, while general
practitioners often faced barriers such as lack of time and
language restrictions. The study highlighted the need for
improved medical search tools tailored to the specific needs of
different physician subgroups. Kritz et al [42] concluded that
user-centered medical search tools could significantly improve
accessibility and the quality of online medical information.

Strecker et al [32] also contributed to the usability of medical
search tools, focusing on the MeSH Browser. The authors
evaluated a newly developed multilingual MeSH Browser,
which introduced improvements in user interface design to
enhance the accessibility and usability of medical literature
searches. The results showed that contemporary web design
principles led to significant improvements in navigation and
overall user satisfaction, further underscoring the importance
of continual evaluation and enhancement of information systems
in the medical realm.

Eysenbach and Köhler [43] studied how consumers search for
and appraise health information on the internet. The qualitative
study revealed that users, despite using suboptimal search
techniques, were able to retrieve health information quickly.
However, users rarely checked critical indicators of credibility,
such as the “About us” sections or disclaimers, relying instead
on superficial factors such as professional design and ease of
use. This reliance on superficial credibility indicators poses
risks, particularly in the health care field, where the accuracy
of information is paramount. Eysenbach and Köhler [43]
suggested that further research is needed to develop educational
and technological tools that guide users toward high-quality
health information.

Zhang [44] expanded the understanding of how consumers select
sources for health information by identifying 5 categories of
factors that influence source selection: source-related factors,
user-related factors, user-source relationships, characteristics
of the problematic situation, and social influences. The study
also identified a range of criteria that mediate the influence of
these factors on source-selection decisions, including
accessibility, quality, usability, interactivity, relevance,
usefulness, and familiarity. Zhang [44] concluded that a
personalized approach to health information systems is necessary
to provide effective access to health information because
different consumers prioritize different factors when selecting
sources. This insight strongly indicates the need for more
personalized information services that cater to individual user
preferences and needs.

In conclusion, the literature emphasizes the critical role of
accessibility, usability, and user experience in the design of
digital platforms, especially health care websites. While Saad
et al [45] have highlighted general usability problems in health
care websites, the studies by Kritz et al [42], Eysenbach and
Köhler [43], and Zhang [44] focus on the challenges that users
face in retrieving and assessing the credibility of health
information online. A personalized and user-centered approach
to the design of health care information systems would improve
the accessibility and quality of health information, meeting the

diverse needs of consumers and health care professionals alike
[40,44].

Methods

Search Engine Development

Requirements
The functional requirements for the tala-med search engine
included the ability to crawl and index health information
websites, implement quality assessment filters, and provide
search term suggestions and synonym handling. The
nonfunctional requirements focused on maintaining user privacy
through self-hosting, ensuring a user-friendly interface, and
optimizing performance to handle large sets of synonym
mappings efficiently.

Implementation

Design

To implement tala-med search, we used software with a
self-hosting capability because of privacy considerations.
Furthermore, modern technology with single-page application
design using a web application programming interface was
required to compete with modern search engines. Therefore,
the selection available was limited. As no single product met
all our requirements, we built a search engine stack ourselves,
consisting of crawler, middleware, and front end, using existing
components and established technologies.

Back End

We created the web index using the open-source crawler
software Fess [46]. For boilerplate removal, we used Mozilla’s
Readability tool to strip HTML tags and display core content,
cleaning up crawled websites for our search index [47]. As
middleware, we used Elastic App Search [48] (now part of
Elastic Enterprise Search [49]), which relies on Elasticsearch.
This software allows for setting up weighting mechanisms for
the search equation (Multimedia Appendix 1) and configuring
filters. In our case, a set of criteria for quality assessment were
developed, which we integrated as filters. These quality
assessment criteria were adapted from a systematic review by
Eysenbach et al [6] that identified criteria used from 1969 to
2001 for evaluating the quality of health information online.
We identified 74 criteria [18] to assess the content quality of
different health-related websites and rigorously evaluated >50
German-language health information providers (Multimedia
Appendix 2) using these criteria, assessing 1 main page and 5
randomly selected subpages per provider. To compile the list
of relevant providers, we started with a list from a Bertelsmann
study [3] and adapted it with the help of domain experts. The
74 quality criteria were later condensed into 4 categories:
trustworthiness, recency, user-friendliness, and
comprehensibility. The scores of these categories were added
to the search index after boilerplate removal and divided into
4 value ranges reflecting the quality of each category, using 4
quantiles for differentiation. These scores served as quality
indicators and filter categories, influencing the order of the
results on the SERP. More details about the internal mechanisms
of the search ranking can be found in Multimedia Appendix 1.
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App Search supports the consideration of synonyms, which is
crucial in medical language due to varied etymology and
numerous abbreviations. Our goal was to enable the search
engine to handle synonyms effectively. In App Search, sets of
up to 32 synonyms can be created, allowing synonyms of a
matched word to be considered in searches. We generated
synonym sets by collecting word types and pairs from the
document text, filtering against a German stop word list,
resulting in approximately 6 million unique entries. These entries
were matched against an experimental German interface
terminology—SCT-GIT—linked to Systematized Nomenclature
of Medicine–Clinical Terms (SNOMED-CT) [50], yielding
approximately 40,000 mappings to SNOMED-CT codes.
Synonym links in SCT-GIT were then used to add synonyms
for each matching string, finding at least 1 synonym for

approximately 30,000 SCT-GIT terms. We limited the number
of synonym sets to 500 to maintain performance, using only
sets with at least 4 synonyms, resulting in a median set size of
4.

Front End

The front end was custom developed with a slim design inspired
by Strecker et al [32], featuring search term suggestions and a
user-friendly filter selection (Figure 1). After entering a search
term, the interface displayed a SERP with evaluated
German-language health information providers, showing their
scores in the 4 filter categories through graphical indicators
(Figure 2). Hovering over these graphics revealed explanations,
and the bottom of the page included pagination and a footer
with logos and links to pages displaying the imprint and data
protection information.

Figure 1. Landing page of the search displaying the initial search query field.
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Figure 2. The search engine results page consists of 3 areas. (A) The search query. (B) List of search results. Each search result shows the quality in
the 4 filter categories. (C) Slide controls allow users to set a threshold for each filter category (aktuell: recency, nutzerfreundlich: user-friendliness,
vertrauenswürdig: trustworthiness, and verständlich: comprehensibility). In each of these areas, more information can be displayed by means of tooltips,
as shown in the graphic (next to each label).

Pilot Testing

The search engine was pilot-tested between October 2020 and
the end of June 2021. Adapting to the challenges posed by the
COVID-19 pandemic, the pilot testing format shifted from a
face-to-face setting to a web-based setting with a small group
of academic staff from the University of Freiburg. The
evaluation, involving 12 participants, consisted of screen
recordings of search tasks and a qualitative survey regarding
user-friendliness. After the pilot tests, technical enhancements
were implemented, guided by the qualitative insights. These
findings formed the basis for the subsequent questionnaire study.

Availability

The current version of the search engine can be accessed on the
web [51]. Please note that there have been some significant
changes to the website structure since this study was conducted.

Evaluation

Design
We used 2 data collection methods to evaluate user behavior.
First, we asked users to fill out a questionnaire (self-perception).
Second, we recorded user behavior via web tracking

independently and unreferenced to the questionnaire (external
perception). The study protocol was published in 2019 [22].

Questionnaire Study
The study used a cross-sectional design with data collected
through a web-based questionnaire. The questionnaire was
developed after pilot testing of the search engine and underwent
an internal pretesting round before recruitment began.

Recruitment
The study used a recruitment strategy aimed at enrolling 200
participants. The first rounds of recruitment, starting in October
2020, which involved sending email invitations to local health
initiatives, professional networks for physicians, and personal
contacts, were unsuccessful in obtaining the desired number of
participants. Participants were then recruited from the
WisoPanel, an established online panel of German-speaking
individuals [52]. The panel provided a pool of 14,900 potential
respondents who had previously expressed an interest in
participating in research studies. The survey was open for
anyone accessing the link, but only participants from the panel
(>70% of the data) were included in the analysis of this study
to maintain a credible sample. Recruitment via the panel took
place in May 2021. The survey ended at the end of May 2021.
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Panel members were invited to participate in the study via email.
The email informed participants about the project and the aspects
distinguishing the new search engine from other platforms.

To ensure that participants had firsthand experience with the
platform before proceeding to the survey, they were asked to
test the search engine first. We recommended that participants
carry out 1 or 2 searches and familiarize themselves with the
SERP and the features and functions of the website.

Survey Administration
The hyperlink that led participants to the search engine was sent
to the panel members by email. Subsequently, the link to the
survey was displayed as a pop-up element after 10 to 20 seconds
of interaction with the search engine. Throughout the assessment
phase, a button to access the survey was strategically positioned
in the top right corner of the website to allow a direct link to
the survey interface. No registration was required to complete
the survey, ensuring seamless and voluntary participation.
Participants had the option to cancel their responses at any time,
and there were no time restrictions regarding the completion of
the questionnaire. Back buttons allowed participants to review
their answers before submitting the survey. Conventional
technical methods, such as cookies, were used to prevent visitors
from submitting their survey more than once.

The web-based survey was conducted using the Unipark tool
[53], with the survey page seamlessly embedded into the search
page via a modal window. After inviting panel participants, the
survey remained accessible for 11 days and closed at the end
of May 2021.

Before filling out the survey, participants were provided with
an introductory text outlining the anticipated time commitment,
project objectives, details about anonymity, the option to
terminate the survey at any point, data protection measures, and
contact information for queries. To proceed, participants were
required to confirm their understanding by checking a box and
consenting to the specified use of their data (informed consent).
No personal data were collected in the survey, and participants
were instructed not to provide any identifying information in
their open responses. Access to the data was restricted to
members of the institutions participating in the study.

Survey Characteristics
On the basis of established scales (the German version of the
self-assessment eHealth Literacy Scale [G-eHEALS] [54] and
the System Usability Scale [55] adapted by Quirmbach [56]
and Magin et al [57]), we developed a 25-item questionnaire
across five dimensions: (1) sociodemographic data; (2) internet
use; (3) digital health literacy; (4) usability, acceptance, and
innovative aspects of the search engine; and (5) search filters.
The final questionnaire contained 24 single-choice questions
and 1 open-ended question (Tables S1 and S2 in Multimedia
Appendix 4). The items in the questionnaire were not
randomized. No form of adaptive questioning was used. All
questions, except for the open-ended question, were mandatory;
nonresponse options were not provided. Thus, there was no
additional consistency or completeness check before submission.
The survey took approximately 5 minutes to complete.

Statistical Analysis
Descriptive statistics were used to summarize the characteristics
of the study participants, including age, gender, occupation,
educational level, and internet use for health information, as
well as self-perceived digital health literacy. Only completed
questionnaires were analyzed. No statistical correction was
applied to adjust the sample. To assess the acceptance and
usability of the search engine, Likert-scale items related to these
dimensions were combined to create scale values. The
acceptance scale measured participants’ willingness to use the
search engine again and to recommend it to others. The usability
scale evaluated participants’ agreement with statements related
to comprehensibility, clarity, the effectiveness of the search,
confidentiality, advertising, the ease of learning, and using the
search engine.

One reviewer analyzed the content of the open-ended question
and assigned the comments to different categories inductively.

Multiple regression analyses were conducted to explore
predictive factors influencing the acceptance of the search
engine. The factors tested in the regression analyses included
age, gender, occupation, educational level, the frequency of
internet use for health information, and self-perceived digital
health literacy.

Reporting
This study is reported based on the guidelines of the Checklist
for Reporting Results of Internet E-Surveys (CHERRIES) [58].

User Behavior Tracking
Behavior tracking data were collected from all consenting users
accessing the search engine between October 2020 and June
2021 using the web analytics software Matomo (Matomo.org)
[59]. Matomo is a powerful open-source web analytics platform
designed to help website owners and organizations gain insights
into their online presence while respecting user privacy. Its
primary purpose is to track website traffic by tracking website
visitor behavior. What sets Matomo apart from services such
as Google Analytics is its commitment to data privacy and
General Data Protection Regulation (GDPR) compliance.
Matomo allows users to maintain control over their data by
hosting the data on their own servers, ensuring that sensitive
information is not shared with third parties. Matomo is easy to
integrate into web pages and can also be customized to track
specific custom data. Ripp and Falke [60] successfully used
Matomo to track user behavior in their research project, where
they analyzed search behavior for certain keywords on the online
information system Grammis.

We installed Matomo on our own server and integrated the
tracking into our search engine’s front end. We enabled the
tracking to record the filter settings and capture the search term
beyond the standard visit data, such as how long users spent on
the website, and which of the results they clicked on.
Structurally, Matomo records several actions for each visit,
containing the duration among other data (Figure S1 in
Multimedia Appendix 5). However, for the last action of a visit,
the duration is not recorded. We have filled the empty value
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with the median of all actions from the particular visit to obtain
a more realistic value for the entire visit duration.

Only data from consenting users was recorded and subsequently
descriptively analyzed for the 9-month time period. Therefore,
this sample differs from the sample of the questionnaire study
but may also include users who completed the questionnaire.
The data processing for the data analysis was realized with a
Python script directly accessing Matomo’s database using
specific SQL queries.

Ethical Considerations
The study was approved by the institutional review board at the
University of Freiburg (Ethikkomission-Freiburg 559/17) as an
extension to the GAP study [22], and a document on data
protection was agreed upon. As an incentive, the questionnaire
study participants could take part in a prize draw for 1 of 25
vouchers to a bookstore worth €20 (US $24.33) after completing
the survey.

Results

Questionnaire Study

Participants
During the time the survey was open (from October 2020 to the
end of May 2021), there were 1577 unique site visitors to the
search engine website, with 1426 (90.4%) visitors to the first
survey page. Of these 1426 visitors, 1250 (87.7%) agreed to
participate in the survey. Of these 1250 participants, 1123
(89.8%) completed the survey.

Of the 1123 survey respondents, 802 (71.4%) were from the
panel described in the Recruitment subsection. The age
distribution of these participants was approximately normal,

with a little more than a quarter of the participants (215/802,
26.8%) falling into the age category of 50-59 years. The gender
distribution was also fairly balanced between male and female,
with a little more than half of the respondents (432/802, 53.9%)
self-identifying as female. Regarding occupational background,
the majority of the participants (726/802, 90.5%) did not work
in a medical profession.

Educational levels were notably higher than in the general
population due to recruitment through the scientific panel, with
69.3% (556/802) of the participants having completed upper
secondary education (at least level 3 in the International
Standard Classification of Education [ISCED]-2011) and 46.3%
(372/802) holding a bachelor’s or master’s degree or higher
(ISCED-2011 levels 5-8).

The study participants recruited from the web-based panel
reported searching for health information online more frequently
than the general population, with 65.4% (524/802) searching
several times a month at the minimum and 27.7% (222/802)
searching at least several times a week. Only 1.5% (12/802) of
the participants indicated that they “never” searched the internet
for health information.

Participants’ self-perceived digital health literacy was measured
by the G-eHEALS items. Of the 802 participants, 291 (36.2%)
felt confident in making health-related decisions based on
internet information, while 461 (57.5%) felt capable of
distinguishing reliable from questionable information online.

More information about the participants is available in Table
S3 in Multimedia Appendix 4.

Acceptance and Usability
Scale values were created by combining items relating to the
acceptability and usability of the search engine (Figure 3).

Figure 3. Scale values for acceptance and usability (n=802). The Likert-scale response options were as follows: 1=strongly disagree, 2=disagree,
3=partially agree, 4=agree, and 5=strongly agree. There was one negative question, which was adjusted for calculating the scale values.

The results show agreement regarding the acceptance and
usability measures of the new search engine (Figure 3 and Table
1). In particular, more than half of the participants expressed
their willingness to use the search engine again (465/802, 58%)
and to recommend it to others (507/802, 63.2%). In addition,

79.3% (636/802) of the respondents agreed or strongly agreed
that using the search engine was quick to learn, and 77.3%
(620/802) to 98.6% (791/802) agreed at least partially with other
statements related to usability aspects.
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Table 1. Detailed items for acceptance, usability, and innovative aspects (n=802). The Likert-scale response options for acceptance and usability were
as follows: 1=strongly disagree, 2=disagree, 3=partially agree, 4=agree, and 5=strongly agree. The Likert-scale response options for the innovative
aspects item were as follows: 1=very unimportant, 2=unimportant, 3=neither unimportant nor important, 4=important, and 5=very important.

Scores, mean (SD)Content

Acceptance

3.58 (1.02)Item 1: potential reuse

3.68 (1.03)Item 2: recommendation to others

Usability

4.03 (0.86)Item 1: quick to learn

3.63 (1.00)Item 2: efficient scannability of the SERPa

3.75 (1.00)Item 3: clarity of the SERP

2.37 (1.29)Item 4: functions not comprehensibleb

4.66 (0.66)Item 5: appreciation for the absence of advertising

3.45 (1.03)Item 6: functionality meets expectations

3.59 (0.88)Item 7: careful handling of personal data

3.55 (0.95)Item 8: no commercial bias

3.77 (0.99)Item 9: fast access to relevant information

3.58 (1.03)Item 10: innovative approach

4.50 (0.76)Innovative aspects of the search engine (anonymous searches)

aSERP: search engine results page.
bItem 4 (comprehensibility of functions) was a negated question.

Users particularly appreciated the absence of advertising on the
platform, with 93.1% (747/802) agreeing or strongly agreeing
that the absence of advertising was a significant benefit. The
search engine’s user-friendly interface and the ability to adjust
search results through the use of filters were also well received
by participants. Furthermore, the unique features of the search
engine, notably the anonymous searches without the creation
of user profiles and independence from sponsors, received high
importance ratings from 91.3% (733/802) of those surveyed.

More detailed results are available in Tables S4-S6 in
Multimedia Appendix 4.

Of the 802 participants, 561 (70%) to 622 (77.6%) indicated
that they used the filter functions that could be enabled to change
what was displayed on the SERP (Table 2; Figure 2).
Furthermore, 92.3% (518/561), 93.9% (553/589), 94.7%
(567/599), and 96.5% (600/622) of those users who used the
filters agreed at least partially that the filter functions were
helpful in finding trustworthy, recent, user-friendly, and
comprehensible results, respectively. The recency filter was
particularly well received, with 46% (286/622) of the users
strongly agreeing that it was helpful. More detailed results are
available in Table S7 in Multimedia Appendix 4.

Table 2. Helpfulness of filters (n=802). The Likert-scale response options were as follows: 1=strongly disagree, 2=disagree, 3=partially agree, 4=agree,
and 5=strongly agree.

Values, mean (SD)Participants, n (%)aContent

Helpfulness of filters for each filter

4.11 (0.92)599 (74.7)Item 1: trustworthiness

4.25 (0.84)622 (77.6)Item 2: recency

4.05 (0.93)589 (73.4)Item 3: comprehensibility

3.91 (0.93)561 (70)Item 4: user-friendliness

aAll other participants answered, “I did not use this function, I cannot evaluate this question.”

In the open-ended question, which aimed to supplement the
data with qualitative results, participants were asked to share
their comments and suggestions for improvements. Of the 802
participants, 263 (32.8%) replied to the question. Multiple
aspects were mentioned. In an inductive approach, 10 main
themes were identified (Figure 4). Many of the participants

commented on the usability aspects of the website. Of the 236
comments, 76 (32.2%) included constructive criticism and
specific suggestions for improving the website in the future.
Many commenters made suggestions for improving the design
because they found some aspects unclear or overwhelming.
Others did not fully understand the methodology behind the
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evaluation of the selected providers or the reason why only
specific providers, including commercial web pages, were shown
on the results page and asked for more clarification. Some

commenters were happy with the site as it stood and did not ask
for any changes, while some conveyed disappointment with the
results they discovered on the SERP.

Figure 4. In the analysis of 263 comments in response to the open-ended question, 10 main themes were identified inductively: design; search results
and filter functions; selection of providers; technical details; method of evaluating the website; target audience; text on the website; comments about
the survey; general positive responses; and critique, dissatisfaction, and other comments. The illustration shows a hierarchical visualization, with the
size of the elements indicating the quantity of comments.

Predictors of Acceptance
We conducted multiple regression analyses to examine the
predictive factors influencing responses to the acceptance scale.
Age, gender, occupation, educational level, frequency of internet
use for health information, and self-perceived digital health

literacy were tested as influencing factors. All factors were first
tested individually and subsequently tested simultaneously due
to the potential error introduced by multiple testing. Overall,
only minor discrepancies were identified. Significance levels
were set at P<.05. Table 3 presents more details.
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Table 3. Predictive factors for acceptance (n=802). Categorical variables were dummy coded.

Simultaneous testing of all predictorsaIndividual testing of each predictorPredictive factors for acceptance

ηp
2 (%)P valueF test (df)B (SE)R2 (%)P valueF test (df)B (SE)

0.91.0077.27 (1)0.07 (0.03)0.99.0057.97 (1)0.07b (0.02)Age

0.820.20 (2)0.01.960.04 (2)Gender

.890.02 (1)−0.07 (0.49).990.00 (1)0.01 (0.49)Diverse

.550.35 (1)0.04 (0.07).770.09 (1)0.02 (0.07)Female

ReferenceReferenceReferenceReferenceReferenceReferenceReferenceReferenceMale

0.29.321.14 (2)0.45.161.82 (2)Occupation

.590.28 (1)0.07 (0.12).340.92 (1)0.12 (0.12)Medical doctor

.171.93 (1)−0.49 (0.35).112.62 (1)−0.56 (0.35)Other medical profession

ReferenceReferenceReferenceReferenceReferenceReferenceReferenceReferenceNot working in a medical
profession

0.78.191.55 (4)1.27.042.57 (4)Highest level of educational attainment

.044.22 (1)0.41 (0.20).0096.81 (1)0.51 (0.19)No formal secondary educa-

tion (ISCEDc levels 0-1) or
lower secondary education
(Hauptschulabschluss,
ISCED-2011 level 2)

.132.33 (1)0.26 (0.17).053.85 (1)0.33 (0.17)Lower secondary education
(Realschulabschluss, ISCED-
2011 level 2)

.450.58 (1)0.13 (0.17).330.94 (1)0.16 (0.17)Upper secondary education
(Fachabitur oder Abitur,
ISCED-2011 levels 3-4)

.291.14 (1)0.17 (0.16).201.67 (1)0.21 (0.16)Tertiary education: bachelor’s
or master’s degree or equiva-
lent (ISCED-2011 levels 6-7)

ReferenceReferenceReferenceReferenceReferenceReferenceReferenceDoctorate degree (ISCED-
2011 level 8)

1.5<.00111.98 (1)0.13 (0.04)2.1< .00117.16 (1)0.15 (0.04)Frequency of internet use for
health information

0.38.083.03 (1)0.08 (0.05)1.2.0029.69 (1)0.12 (0.04)Self-perceived digital health litera-
cy: information search

0.850.04 (1)−0.01 (0.05)0.22.181.79 (1)0.05 (0.04)Self-perceived digital health litera-
cy: information assessment

aVariance resolution of simultaneous testing: R2=5.02%.
bFactors with significant predictions (P<.05) are shown in italics.
cISCED: International Standard Classification of Education.

There were 2 significant results in predicting the acceptance of
the search engine. First, the acceptance rating increased with
age, rising by 0.07 scale points (B=0.07) for each additional
10-year age group. Second, the ratings for acceptance were
higher among participants with more frequent internet use for
health information.

The factors “highest level of educational attainment” and
“self-perceived digital health literacy” only showed significant
correlations with the acceptance ratings in the individual tests
and slightly lower correlations in the simultaneous tests.
Participants with lower levels of education showed stronger
acceptance ratings than those with higher levels of education.

For this predictor, the reference category was set as “doctorate
degree” (ISCED-2011 level 8). Acceptance ratings among
persons without any formal secondary education (ISCED-2011
levels 0-1) or with a lower secondary education
(Hauptschulabschluss, ISCED-2011 level 2) were 0.41 scale
points higher than among persons with a doctorate degree
(B=0.41). However, if we examine the effect strength using

partial eta–squared (ηp
2), only small effects were shown overall

for all factors (1%=small effect, 6%=medium effect). No
significant results were found for the factors gender or
occupation.
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User Behavior Tracking
For a period of 9 months (from October 2020 to the end of June
2021), user behavior of consenting users was tracked using
Matomo. The main aspects recorded were the search queries
and the use of the filter functions. The data indicated that 1631
visitor sessions had taken place, with 3090 searches using 1984
different search terms across 1924 visits. The search terms had
an average lexical token count of 1.74 (SD 1.14). Of the 1984
search terms, 1096 (55.24%) had a lexical token count of 1,
while 888 (44.76%) had a lexical token count of >1. The
maximum lexical token count was 13. We observed that 28.9%
(893/3090) of the search queries were conducted through mobile
devices such as smartphones and tablets. On average, visitors
conducted 1.64 (SD 1.31) searches per visit, with an average
duration of 137.45 (SD 278) seconds and a median duration of
49 (IQR 24-119) seconds. The top 3 search terms were “corona,”
“rückenschmerzen” (back pain), and “husten” (cough; Table
S1 in Multimedia Appendix 5). Each search term was queried
1.57 (SD 3.46) times on average; of the 1984 search terms, 1621
(81.7%) were entered just once. Users could personalize the
order of the displayed search results, depending on the
prioritization of the different filter categories (trustworthiness,

recency, user-friendliness, and comprehensibility), all of which
were initially set to “unimportant” by default. Within the search
interactions, overall, 47,532 actions were performed, among
which were 1358 (2.86%) outlink actions (ie, external domains
clicked by website visitors) and 34,490 (72.56%) filter changes
in total. The high number of filter changes was due to the fact
that the filters were often switched back and forth in a search,
which led to multiple occurrences of the same filter settings.
This behavior was probably observable due to the fact that,
given the limited corpus, the result set could be empty for certain
search terms in combination with a narrow filter setup; therefore,
it was necessary to change back the filter to obtain results.
Excluding these repeated changes, of the 34,490 filter changes,
5534 (16.05%) were unique. In addition, after removing the
initial filter setup where all categories were set to the default
value, we ended up with 2784 nondefault unique filter changes
used in 15.37% (475/3090) of the searches. Recency was used
the most, followed by trustworthiness, user-friendliness, and
comprehensibility (Figure 5). Consistent with the results on the
usefulness of the filter function from the questionnaire study,
the user behavior data showed that the filters for recency and
trustworthiness were adjusted most frequently.

Figure 5. Distribution of the filter settings of the 2784 nondefault unique filter changes across filter categories. We consider a filter category to be
“enabled” if a filter category is not set to “unimportant.”.

Discussion

Principal Findings
In this study, we evaluated the independent, noncommercial
tala-med search for German-language medical information,
placing a primary focus on transparency, independence, and
evidence-based information. Our questionnaire study and user
behavior tracking provide insights into the acceptance and
usability of this innovative platform.

The survey resulted in a mean acceptance score of 3.63 (SD
0.98) and a mean usability score of 3.76 (SD 0.61) on a scale
of 1 to 5 (1 signifying strong disagreement and 5 signifying
strong agreement with acceptance and usability statements).

Given that our user interface is similar to that of popular search
engines such as Google and Bing and is advertisement-free, it
is unsurprising that it was well received. However, there is still
a need for optimization to achieve a higher reuse potential and
a greater willingness to recommend the platform. Within the
usability measures, item 1, which reflected the learnability of
the search, achieved a high mean value of 4.03 (SD 0.86; Table
1). In terms of the effectiveness and clarity of our design (refer
to items 2, 3, and 9 in Table 1), we still see room for
improvement but are satisfied with the results for the initial
release. Our findings align with those of Petrie and Bevan [40],
who emphasized that usability, particularly learnability, is
crucial for ensuring the platform’s effectiveness and user
satisfaction. Similar to the study by Petrie and Bevan [40], our
study highlights the need to continually evaluate and refine
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digital systems to cater to user needs and improve overall
usability. The survey also revealed that the filters were used by
>70% of the 802 users. Among these users, the filters were
highly accepted on average, which matches with the tracking
statistics revealing the high use of the filter functionality. The
most used filter was recency, followed by trustworthiness,
matching the survey outcome, which asked about the helpfulness
of the filters. This was not the case for the 2 remaining filters.
Although the filter for user-friendliness was used more often
in our tracking data than the one for comprehensibility, it was
perceived as less helpful than comprehensibility. In the future,
we might inspect these filter categories in more detail and
potentially improve their estimation. The insights support our
decisions, including basing the design of our search engine on
the insights of Strecker et al [32], which demonstrated how
improvements in user interface design could lead to higher user
satisfaction. The high acceptance of the filters for recency and
trustworthiness in our study also echoes the findings of Strecker
et al [32], who highlighted that content navigation and relevance
contribute to overall user satisfaction. Nevertheless, the insights
encourage us to improve and possibly expand the filters and the
design. The fact that our search engine does not share any data
with partners or advertisers and does not record the visitor’s
behavior to create profiles was rated as very relevant, with a
mean score of 4.5 (SD 0.76). This result confirms the importance
of our general endeavor driven by data privacy and
noncommerciality as our fundamental motivations for creating
the search engine. This finding is consistent with the work of
Eysenbach and Köhler [43], who found that while internet users
claimed to prioritize credibility when assessing health
information online, they often relied on superficial factors such
as website design and ease of use, rather than more reliable
indicators such as the “About us” sections or disclaimers. Our
platform addresses these shortcomings by offering more explicit
filters, such as trustworthiness, which help users find credible
information without having to rely solely on superficial design
elements. In our calculations on the predictors of acceptance,
it can be concluded that while the effects may be small, the
search engine was particularly well accepted among older users,
users with a high frequency of internet use for health
information, and those with lower levels of education. This
finding suggests that the new search engine may effectively
cater to segments of the population with lower health literacy
and digital health literacy and greater requirements for
navigational assistance, bridging the gap in accessing reliable
medical information online. As discussed by Kritz et al [42],
general practitioners and medical specialists often face barriers
in accessing high-quality medical content due to limited time
and the overwhelming amount of information online. Our search
engine’s focus on evidence-based information and user-friendly
design helps mitigate these issues, making it a suitable tool for
both health care professionals and the general public.

This reinforces the necessity to consider navigational needs in
health information platforms. Digital health literacy has
improved in recent years, particularly among persons with low
levels of education [14]. The ability to assess health information
has also improved over time and over the course of the
COVID-19 pandemic. Digital health literacy improved for
younger but not for older people over the course of the pandemic

[15]. Even with some of these improvements, health literacy is
still low within the German population and particularly among
people with low levels of education. This observation aligns
with the findings by Zhang [44], who identified that source
selection for health information is influenced by a wide range
of factors, including accessibility, quality, usability, and personal
relevance. Our platform’s appeal to older users and those with
lower health literacy supports the conclusion drawn by Zhang
[44] that a personalized approach, considering different
user-related factors, is crucial for effectively meeting the diverse
needs of consumers when they access health information. The
correlation between low educational levels, low social status,
higher age, and lower health literacy rates has become even
stronger [14]. This emphasizes the need to address low health
literacy to improve social inequities. The new search engine
attempts to address this need by assessing health information
online and by making high-quality information easily searchable.

Many of the comments highlight the fact that at the time of the
survey, participants used the first version of the search engine,
which still had some technical and appearance-related
weaknesses. Since the survey was conducted, a number of
revisions have been made, some of which correspond to
suggestions made in the comments, such as adding more
information about the principles of the quality assessment and
the functions of the websites and removing certain commercially
funded information sources.

The platform’s emphasis on anonymous searches and
independence from advertising and sponsors resonated
especially well with the participants, underscoring the
importance of developing alternatives to commercial search
platforms. The usability of our platform, free from external
advertising influence, aligns with the findings by Belinda et al
[41], who evaluated both internal factors (such as page load
time and performance) and external factors (such as ease of
navigation and organization of information) as critical to the
overall user satisfaction with websites. Our platform similarly
emphasizes ease of use and efficient performance, which were
key contributors to its positive reception. The general results
align with previous findings on the importance of user-friendly
interfaces [61-63] and the impact of advertising on users’
perceptions [64].

Limitations

Limitations of the Technology
Some participants expressed dissatisfaction with the displayed
results. Several respondents found the design of the SERP and
individual results confusing due to an overload of information
in one place. Potential design changes have been suggested to
improve clarity. Currently, some search results are duplicated
on the results page. To enhance the appearance of the SERP, it
is desirable to deduplicate the search index. This would mean
displaying more relevant information and fewer distracting
results. To address the fact that sometimes no results were
displayed due to strict filter settings, we could display results
with nonexact matches for the filter category score below the
exact matches and visually indicate them.
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Participants encountered difficulties in understanding how the
evaluation process worked. Efforts should be made to make the
evaluation process easier to understand when using the website.
Some improvements have been made over time, such as
providing brief explanations of the filter categories when
hovering over the graphic showing the score for each domain.

In addition, further clarification is necessary regarding the
domains chosen, which comprise both independent and
commercial providers. Over time, certain websites were
excluded from being displayed on the site because of the
conflicts of interest of their publishers (such as the site “Zentrum
der Gesundheit” and a site funded by a pharmaceutical
company). Currently, the website no longer displays commercial
providers.

Limitations of the Questionnaire Study
While the questionnaire study provides valuable insights into
the acceptance and usability of the new search engine, several
limitations should be acknowledged. First, the recruitment
methodology, relying on web-based panel recruitment,
unintentionally led to an overrepresentation of individuals with
higher educational levels than the general population and
potentially more frequent internet use due to the online
recruitment process. Among our participants, 46.3% (371/802)
had completed tertiary education compared to only 18.5% of
the general German population with a university degree or
equivalent [65]. Similarly, 65.4% (524/802) of our participants
reported searching for health information only at least once a
month, while a Bertelsmann Foundation 2018 study indicated
that only approximately 50% of the general German population
seek such information at least once a month [2]. This potentially
influences acceptance and usability ratings. Participants’
self-perceived digital health literacy, as measured by the
G-eHEALS items, approximately aligned with that of the sample
of the validation study of the German version of the
questionnaire by Söllner et al [54]. However, this information
should be viewed with caution because Kim et al [66] discovered
a discrepancy between self-assessments and actual ability.
Actual ability was not assessed in our study.

Second, as some of the participants only interacted with the
search engine and its features for a brief duration, this short
testing time proved to be a limiting factor, hindering the
formation of comprehensive first impressions. The responses
to the open-ended question suggest that some participants tested
the features of the search engine for only a few seconds. This
was caused by the pop-up window linking to the questionnaire
opening after interacting with the website for 10 to 20 seconds.
Such a brief interaction period was likely insufficient for users
to thoroughly explore and understand the functionalities and
benefits of the search engine. Consequently, the feedback
provided by users on the acceptance and usability of the platform
may not accurately reflect its true potential. The limited duration
of testing may lead to superficial evaluations, whereby
participants may base their judgments on initial impressions
rather than informed use. This can result in an inaccurate
assessment and therefore impact the results presented for the
acceptance and usability measures. More extended testing
periods could offer a more accurate assessment of the platform’s

acceptance and usability over time. Furthermore, the
implementation of controls for the length of the testing period
could provide more reliable data, thereby ensuring that all
participants have sufficient time to engage with the platform
before completing the questionnaire.

Limitations of the User Behavior Tracking
As Matomo does not record the last action, we decided to
substitute this missing value with the median of all actions from
the particular visit. However, a more optimal solution would
be to record of the last action, which could be triggered when
closing the browser, but Matomo does not support this feature.

Unfortunately, due to data protection regulations, we were
unable to link the search behavior with the survey data. It would
have been interesting to see to what extent the search behavior
and the questionnaire would have provided more information.

Future Work

Further Evaluation of the New Search Engine
As these results are based on the first impressions of a group
of users, data on long-term use and satisfaction have yet to be
compiled. Future work should therefore address the need to
evaluate long-term acceptance and usability measures of the
site using a longitudinal study design. This could provide
valuable insight into whether users actually use the search engine
when they have an acute need to seek out medical information
and whether they return to the site over time.

Future research should also consider comparing the search
engine with other existing and established platforms to gain a
deeper understanding of its unique advantages. Such
investigations might involve participants executing identical
search queries on both the novel search engine and other
platforms and sharing their impressions of each experience,
similar to the study by Strecker et al [32]. Particular attention
should be given to participants’ abilities to assess the quality
and reliability of the information found. Furthermore, a
comparison of the specific results retrieved from both search
engines could be undertaken, examining both the congruence
and discrepancies in the results.

Further Improvements to the Search Engine
Ongoing revisions and updates to the search engine, including
integration on partner websites, hold promise in expanding its
reach and use, ensuring that it remains relevant and effective in
addressing users’ health information needs. Since the data
collection for this study was completed, there have been several
revisions to the website.

As the qualitative survey showed, some users found the SERP
complicated. To address this issue, a potential solution could
be a clearly linked help page with a video explanation. Another
solution could be to provide an animated assistant that guides
users through the page.

One major disadvantage of the search engine in its current state
stems from the fact that the evaluation of the domains—more
than 50 of them—according to the quality criteria was performed
in 2020, and there has not been any update to the evaluations
thus far. The domains’ quality may have improved or declined
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in the time since the evaluation. A continual process with
constant reevaluations of the domains is necessary to ensure an
up-to-date rating of the domains accessible through the search
engine. As we currently do not have the capacity to perform
another evaluation or to establish a continual evaluation process
for the domains, we have temporarily disabled the display of
the filter category scores and the option to adjust the results
based on these scores because the scores do not reflect the actual
quality of the domains in their current state.

Thus, in future, inspired by Zowalla et al [34], we intend to
evaluate various criteria automatically. In the study by Zowalla
et al [34], the readability of the language was analyzed supported
by a support vector machine. We plan to use more sophisticated
approaches that also model contextual context. Therefore, we
plan to create classifiers based on Bidirectional Encoder
Representations from Transformers (BERT) [67]. We have in
mind the domain-specific models GerMedBert [68] and
BioGottBERT [69], the latter being a model of the German
monolingual Robustly Optimized BERT Pretraining Approach
(RoBERTa) [70] model GottBERT [71] specialized on medical
language. A further improvement might be the enrichment of
the texts with MeSH terms, similar to PubMed. Such approaches
would enable us to process and rate documents individually,
rather than evaluating domains using random samples.

From a technological standpoint, there are still notable areas
for enhancement of the middleware, which could be
implemented in the future. As App Search is proprietary and
monolithic, to make it customizable and more extensible, we
are currently exploring potential improvements. In particular,
we are considering alternative technologies, as used by Scheible
et al [31]. This would enable us to add features based on modern
technologies. Specifically, we are contemplating a different
approach to computing synonyms. Instead of using discrete
structures, we plan to train and use a FastText model [72].

Conclusions
The development of the independent, noncommercial tala-med
search marks a step toward improving access to reliable and
evidence-based health information online. By prioritizing
transparency, independence, and high-quality content, the
platform has the potential to bridge the gap in health information
accessibility, especially for older and less-educated individuals.
This study achieved its objective of evaluating the acceptance
and usability of the platform, using user questionnaires and
behavior tracking, and the results have been encouraging. The
search engine was well received, with users appreciating its
advertising-free design and filtering system, which addresses
the navigational needs of individuals with lower health and
digital health literacy.

User feedback also highlighted areas for improvement,
particularly in the clarity of the design and filter functionality.
Nevertheless, the platform’s emphasis on anonymous searches
and independence from advertising resonated strongly with
participants, reinforcing the importance of alternatives to
commercial search engines. These findings are based on initial
impressions, with long-term use and satisfaction data still to be
collected. Future research should compare the search engine
with existing platforms to further explore its unique advantages,
while ongoing updates and potential integration on partner
websites will enhance its reach and relevance.

In conclusion, the tala-med search demonstrates a promising
step toward enhancing health literacy and empowering
individuals to make well-informed health decisions. By
addressing users’ navigational needs and promoting equitable
access to high-quality, evidence-based medical information, the
search engine has the potential to positively impact health
literacy, reduce health disparities, and promote patient
empowerment in the digital age.
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Abstract

Background: The rapid expansion of telehealth underscores the need for comprehensive telehealth education among health
care professionals. Despite increasing recognition of telehealth’s importance, many practitioners remain underprepared, particularly
in navigating legal aspects, technology, and patient engagement.

Objective: This study aimed to evaluate the impact of a web-based telehealth training course on health care professionals’
telehealth acceptance and their perceived barriers to telehealth adoption.

Methods: An interventional study with a pre-post design was used in Austria. A total of 365 health professionals enrolled in
an asynchronous web-based course covering general telehealth principles (concepts, legal and technical aspects, practical
implementation) and profession-specific content (eg, nursing, speech therapy, and physiotherapy). Of these, 217 completed the
course, and 185 met inclusion criteria for analysis. Participants’ telehealth acceptance (covering telemetry, telephasis, and
telepraxis) and perceived barriers were assessed via standardized questionnaires before and after the course. Satisfaction with the
training was measured post-intervention using the Training Evaluation Inventory. Qualitative insights were gathered from
open-ended survey questions and 2 focus groups, transcribed, and summarized.

Results: Post-intervention, overall telehealth acceptance increased significantly (P<.001, r=0.21), particularly for telemetry
(remote assessment and monitoring), telepraxis (remote interventions), video call–based, and asynchronous telehealth. Perceived
barriers to telehealth use—such as uncertainty about legal frameworks, data protection, and reduced quality of care—diminished
significantly (P<.001, r=0.39). Post-intervention satisfaction was high, with a total median Training Evaluation Inventory score
of 76 (IQR 13). Participants rated the course highly for its clarity, breadth of content, and inclusion of profession-specific modules.
Qualitative feedback highlighted a desire for more hands-on demonstrations, interactive components, and guidance on institutional
support and patient accessibility.

Conclusions: A structured, on-demand telehealth course significantly improved health professionals’ awareness, acceptance,
and intention to use telehealth and reduced perceived barriers. While the findings highlight that targeted web-based training can
increase clinicians’ confidence and readiness to use telehealth, it remains uncertain whether this will lead to an increase in its
utilization. Future initiatives should incorporate blended-learning formats with additional practical examples, real-time discussions,
and ongoing support to enhance long-term integration of telehealth into clinical workflows. On a policy level, we suggest
coordinated actions at the EU, national, and institutional levels to standardize telehealth education and facilitate its practical
implementation in everyday clinical practice.

(JMIR Hum Factors 2025;12:e74107)   doi:10.2196/74107
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JMIR Hum Factors 2025 | vol. 12 | e74107 | p.3323https://humanfactors.jmir.org/2025/1/e74107
(page number not for citation purposes)

Rettinger et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/74107
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
The rapid adoption of telehealth technologies has underscored
the necessity for adequate training among health professionals.
Telehealth education is increasingly recognized as essential in
preparing health care providers to deliver remote care effectively
[1]. However, inconsistencies in integrating telehealth into
curricula have been identified, along with a notable lack of
formal study designs assessing telehealth education [2].

A significant barrier to the adoption of telehealth among
providers is the deficiency of specific education and training
[2,3]. For instance, graduate nursing programs often lack
adequate telehealth preparation, leaving future nurses unprepared
for remote patient care [4]. Similarly, allied health curricula
exhibit substantial educational deficits in telehealth training,
indicating an urgent need for primary research to enhance the
quality and consistency of telehealth education [5].

Students acknowledge the significance of telehealth in their
future professions but report low levels of knowledge and
experience with telehealth applications. This gap highlights the
importance of equipping students with the necessary
competencies in a rapidly evolving health care landscape [6].
Training initiatives in specific disciplines, such as occupational
therapy and physical therapy, have shown potential in enhancing
telehealth usage [7,8]. Those have been demonstrated to improve
confidence and proficiency in telehealth among practitioners
[7]. However, existing telehealth training programs often are
either not specifically developed for certain professions or fail
to address all the unique capabilities required for remote care
delivery [8]. This limitation may hinder the effective adoption
of telehealth practices.

Despite these challenges, outcomes from telehealth education
and training studies demonstrate high student satisfaction, with
many expressing a willingness to incorporate telehealth into
their future practice. Improvements in students’problem-solving
skills, acceptance of technology in patient care [2,9], improved
telehealth knowledge and confidence [9,10], and enhanced
telehealth and communication competencies [1,4,11] have also
been noted. Moreover, it fosters a belief that they will use these
skills in future practice [12]. Web-based learning tailored to
learners’needs has the potential to change knowledge, attitudes,
and willingness to incorporate telehealth into routine care [13].

Despite the recognized importance of structured telehealth
education and the positive outcomes associated with such
training, there remains a lack of formal study designs evaluating
its impact on health care professionals’acceptance and perceived
barriers. Moreover, there is a scarcity of educational offerings
for already qualified health care professionals who did not
receive telehealth education during their initial training. This
gap leaves many practicing clinicians without the necessary
skills and knowledge to adopt telehealth technologies
effectively.

Aim
Therefore, this study aimed to evaluate the impact of a
web-based telehealth training course on health care

professionals’acceptance of telehealth and the perceived barriers
to its adoption. By using a pre-post design, the study seeks to
provide insights that can contribute to the improvement of
telehealth education and promote the integration of telehealth
into clinical practice.

Methods

Study Design
This study used a pre-post design to evaluate the impact of an
interprofessional web-based telehealth training course on health
care professionals’ acceptance of telehealth and perceived
barriers to its adoption.

Participants
Participants in this study were health care professionals.
Inclusion criteria required participants to be physiotherapists,
occupational therapists, orthoptists, nurses, speech and language
therapists, or dietitians. Professionals from other health care
fields were also eligible to participate in the course and study,
but the course content was specified for the aforementioned
professions.

Procedure
Participants were recruited through professional associations
of the targeted professional groups. Interested individuals were
invited to register via a web-based form. On May 1, 2024, a
participation link was emailed to all registered participants, and
they were able to participate in the study until August 31, 2024.
As a measure to increase the response rate, 2 reminder emails
were sent to registered participants on August 8 and August 26,
2024.

The web-based training as well as the pre- and post-intervention
questionnaires were administered using the web-based survey
platform “LimeSurvey.” Participants completed the initial
questionnaire prior to commencing the web-based course and
filled out the follow-up questionnaire upon completion of the
training. Participants were able to pause their participation at
any time during the study.

Ethical Considerations
The survey followed ethical research practices as outlined in
the Declaration of Helsinki, ie, voluntary participation; assurance
of anonymity, data protection, and confidentiality; advance
information about the purpose and content; provision of contact
information; and disclosure of the organization conducting the
research and the funding source. In accordance with the
regulations of the Ethical Committee at FH Campus Wien,
assessments involving non–health-related data from
non-vulnerable persons do not require formal ethical approval.
All participants received written information before
participation. By completing the questionnaire, participants
provided informed consent for the anonymous use of their data
for research and publication purposes. Participation was entirely
voluntary, and participants could pause or withdraw at any time
without consequences. Participants received continuing
education credits upon completion of the course.
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Intervention: Telehealth Training Course
The web-based telehealth course was structured into a general
and profession-specific video format (Figure 1). The general
part of the course, which all participants were required to
complete, consisted of the following videos: concept

clarification (6:00 min), application forms (18:07 min), legal
aspects (18:44 min), technology aspects (18:01 min), and
practical implementation (30:20 min). Following the general
part, participants were asked to watch a video tailored to their
specific profession with a duration of approximately 30 minutes.

Figure 1. Structure of the assessments and the telehealth training course.

Participants from other professions were able to choose one of
the specialized videos that best matched their area of practice.
A detailed summary of the video content can be found in
Multimedia Appendix 1.

Data Collection
Before watching the training videos, participants were asked to
complete a demographic survey to collect data such as age,
gender, profession, current employment status, years of
experience, primary client group, federal state, population
density, perceived patient access (based on health profession),
and general and specific telehealth experience. Data on
acceptance (willingness to adopt) and perceived influence of
telehealth barriers were also collected both before and after the

intervention using standardized scales. Finally, the participants
rated their satisfaction with the course.

Telehealth Experience and Acceptance
We measured specific telehealth experiences and acceptance
using a classification system based on the work of Colucci et
al [14]. This system defines telehealth according to its
communication processes, including telemetry, telephasis, and
telepraxis (Table 1 and Figure 2). Participants self-reported
whether they had experienced each telehealth application via
phone, video calls, or asynchronously (yes or no). They also
indicated their willingness to adopt each telehealth process
through these modes, using a Likert scale from 0 (not at all
willing) to 4 (fully willing).
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Table . Adapted classification system based on Colucci et al (2019) to assess specific telehealth experience and acceptance of the participants.

Description or exampleFunction and application

Telemetry

    Data collection

Obtaining findings, performing measurements        Examining

Monitoring of vital data, movement, or activity behavior        Monitoring

Verbally or in writing, recording the client’s medical history        Describing

Telephasis

    Information transmission

Public dissemination of health information, eg, on blogs, videos, websites        Announcing

Individual forwarding of information; eg, about findings, measurement
results

        Notifying

Telepraxis

    Treatment, counseling, and therapy

eg, implementing therapy recommendations at home, providing environ-
mental support

        Supporting

eg, direct treatment or therapy        Intervening

eg, health education, informing about lifestyle modifications        Educating
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Figure 2. Visual representation of the classification system based on Colucci et al (2019) to assess specific telehealth experience.

Perceived Influence of Barriers
The barriers were measured based on a framework developed
by Rettinger and Kuhn [3]. Participants rated the extent to which
each of the 24 barriers influenced their willingness to adopt
telehealth, using a Likert scale ranging from 0 (no influence)
to 4 (strong influence).

Satisfaction With the Course
After the course, participants completed the Training Evaluation
Inventory [15] to assess their satisfaction with the course
content, subjective enjoyment, perceived usefulness, perceived
difficulty, subjective knowledge gain, and attitude towards
training. Additionally, they were asked for feedback in their
own words. In September 2024, two focus groups were held
with participants who volunteered to discuss the course in more
detail.

Data Analysis
Participants who engaged with at least 40 minutes of the total
120-minute video content were included in the analysis; this
threshold was established to ensure sufficient exposure to the
intervention. Participants not meeting this criterion were
excluded from subsequent analyses. Demographic data were
summarized using means and standard deviations for continuous
variables and frequencies and percentages for categorical
variables.

Sum scores for telehealth acceptance were calculated: total
telehealth acceptance (max 96), telemetry acceptance (max 48),
telephasis acceptance (max 24), telepraxis acceptance (max 48),
acceptance of telehealth via phone (max 32), acceptance of
telehealth via video call (max 32), and acceptance of
asynchronous telehealth (max 32). A total barrier score was
calculated also with a sum-score (max 96). Acceptance of
telehealth processes and perceived barriers, both before and
after the intervention, were analyzed using medians and
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interquartile ranges (IQRs) due to the ordinal nature of the data.
The Wilcoxon signed-rank test was used to assess differences
between pre- and post-intervention scores, with the significance
level set at alpha=.05. This test evaluates differences in the
distribution of repeated-measures data by calculating the sum
of the ranks. This test can reveal significant differences between
repeated measures, even when their medians are equal. Effect
sizes were calculated using the r statistic, calculated as z/sqrt(n),
and interpreted according to Hattie’s guidelines [16,17], where
r<0 indicates a negative effect, r=0.00 indicates no effect
(developmental effects), r=0.05 indicates a small effect (teacher
effects), r=0.10 indicates a medium effect (zone of desired
effects), and r ≥ 0.15 indicates a large effect, thereby providing
context for the magnitude of the findings.

Satisfaction with the web-based course was evaluated
post-intervention and presented as medians and IQRs. These
satisfaction scores were further analyzed by professional groups
to identify any differences across professions.

Qualitative data were obtained from 2 focus groups and written
feedback collected through questionnaires. The focus group
discussions were transcribed using MAXQDA AI-Assist. The
transcribed and anonymized texts were then summarized using
ChatGPT (version o1-preview). To ensure the validity of these
summaries, the first 2 authors—who also moderated the focus
groups—reviewed the summarized results for accuracy and
completeness, adjusting where needed.

Sensitivity Analysis for Non-Representativeness of the
Sample
When comparing the occupational and gender distribution of
the sample to the population, male participants and participants
from the nursing profession were found to be severely
overrepresented. Therefore, an additional sensitivity analysis
was conducted to take non-representativeness into account by

case weighing. In this procedure, all data related to inferential
statistics were post-harmonized on the basis of known
population distributions, available from the annual report of the
Austrian Register of Health Professions [18]. For this purpose,
the following weighting factors (as shown in parentheses) were
calculated for four strata: (1) female therapists (0.19), (2) male
therapists (0.43), (3) female nurses (8.81), and (4) male nurses
(3.48). Physiotherapists, occupational therapists, orthoptists,
and speech and language therapists were thereby combined
under the category “therapists.” Weighting factors were
calculated by dividing the target stratum proportion by the actual
stratum proportion. The post-harmonized data can thus be
considered representative of occupation (therapists vs nurses)
and gender (female vs male). However, none of these
post-harmonized inferential analyses (data not shown) differed
from the unadjusted analyses in terms of statistical significance
and effect interpretation, and therefore only the unadjusted
results are reported in the results section.

Results

Participants
A total of 365 health professionals enrolled in the web-based
course. Of these, 217 participants completed the course. Among
the completers, 185 were included in the analysis: 63
physiotherapists (34%), 48 occupational therapists (26%), 38
orthoptists (21%), 20 nurses (11%), 9 speech and language
therapists (5%), and 7 other health professionals (dietitian,
diabetes counselor, midwife, psychologist, paramedic in training,
student, and administrator). Mean engagement with the video
content was 198 minutes (minimum 40; maximum 3015). In
total, 32 course completers were excluded from analysis for not
meeting the 40-minute minimum engagement threshold. The
demographic characteristics of the participants are summarized
in Table 2.
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Table . Participants’ characteristics.

Total (n=185)Other (n=7)SLTe (n=9)NURd (n=20)ORTc (n=38)OTb (n=48)PTa (n=63)Characteristics

40.05 (10.52)37.43 (10.01)39.89 (9.21)44.05 (8.63)43.13 (11.48)35.94 (9.58)40.38 (10.57)Age, mean (SD),
years

15.98 (11.39)15.98 (11.39)15.33 (9.07)20.25 (10.53)19.84 (12.79)11.73 (9.67)16.02 (11.44)Professional ex-
perience in
years, mean
(SD)

Gender, n (%)

162 (87.57)6 (85.71)9 (100.00)14 (70.00)36 (94.74)46 (95.83)51 (80.95)    Female

23 (12.43)1 (14.29)0 (0.00)6 (30.00)2 (5.26)2 (4.17)12 (19.05)    Male

Primary client
group, n (%)

43 (23.24)0 (0.00)5 (55.56)1 (5.00)21 (55.26)9 (18.75)7 (11.11)    Children and
youth

100 (54.05)5 (71.43)4 (44.44)14 (70.00)11 (28.95)31 (64.58)35 (55.56)    Adults

42 (22.70)2 (28.57)0 (0.00)5 (25.00)6 (15.79)8 (16.67)21 (33.33)    Seniors

Federal state, n
(%)

8 (4.32)0 (0.00)1 (11.11)1 (5.00)4 (10.53)1 (2.08)1 (1.59)    Burgenland

10 (5.41)0 (0.00)0 (0.00)1 (5.00)1 (2.63)5 (10.42)3 (4.76)    Carinthia

32 (17.30)2 (28.57)1 (11.11)1 (5.00)5 (13.16)8 (16.67)15 (23.81)    Lower Austria

15 (8.11)1 (14.29)1 (11.11)4 (20.00)1 (2.63)3 (6.25)5 (7.94)    Upper Austria

7 (3.78)1 (14.29)0 (0.00)1 (5.00)3 (7.89)0 (0.00)2 (3.17)    Salzburg

14 (7.57)0 (0.00)1 (11.11)4 (20.00)2 (5.26)3 (6.25)4 (6.35)    Styria

10 (5.41)0 (0.00)2 (22.22)1 (5.00)0 (0.00)3 (6.25)4 (6.35)    Tyrol

4 (2.16)0 (0.00)0 (0.00)0 (0.00)2 (5.26)1 (2.08)1 (1.59)    Vorarlberg

75 (40.54)2 (28.57)2 (22.22)5 (25.00)18 (47.37)20 (41.67)28 (44.44)    Vienna

10 (5.41)1 (14.29)1 (11.11)2 (10.00)2 (5.26)4 (8.33)0 (0.00)    Other

Population densi-
ty, n (%)

107 (57.84)2 (28.57)5 (55.56)9 (45.00)27 (71.05)26 (54.17)38 (60.32)    Densely popu-
lated

61 (32.97)4 (57.14)3 (33.33)9 (45.00)10 (26.32)15 (31.25)20 (31.75)    Moderately
populated

17 (9.19)1 (14.29)1 (11.11)2 (10.00)1 (2.63)7 (14.58)5 (7.94)    Sparsely popu-
lated

Perceived pa-
tient access
(based on health
profession), n
(%)

12 (6.49)2 (28.57)2 (22.22)0 (0.00)1 (2.63)7 (14.58)0 (0.00)    Poor

62 (33.51)2 (28.57)4 (44.44)6 (30.00)13 (34.21)21 (43.75)16 (25.40)    Moderate

111 (60.00)3 (42.86)3 (33.33)14 (70.00)24 (63.16)20 (41.67)47 (74.60)    Good

Telehealth expe-
rience, n (%)

131 (70.81)4 (57.14)2 (22.22)16 (80.00)31 (81.58)32 (66.67)46 (73.02)    Never

20 (10.81)1 (14.29)1 (11.11)2 (10.00)2 (5.26)3 (6.25)11 (17.46)    In the past

34 (18.38)2 (28.57)6 (66.67)2 (10.00)5 (13.16)13 (27.08)6 (9.52)    Currently
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aPT: physiotherapists.
bOT: occupational therapists.
cORT: orthoptists.
dNUR: nurses.
eSLT: speech and language therapists.

Telehealth Experience
In total, 71% (131/185) of the participants stated that they had
never performed telehealth before, 11% (20/185) had telehealth
experience but did not use it currently and 18% (34/185)
currently use telehealth.

The participants had used phone or video calls or asynchronous
communication for a variety of telehealth services. Telemetry

was applied for describing by 95/185 (51%), for examining by
35/185 (19%), and for monitoring by 38/185 (21%); telephasis
for announcing by 64/185 (35%), and for notifying by 91/185
(49%); telepraxis for supporting by 100/185 (54%), for
intervening by 49/185 (26%), and for educating by 69/185
(37%). Further details on the usage of phone, video call, or
asynchronous communication are listed in Figure 3.

Figure 3. Telehealth experience of the participants. Participants could select all functions they had used; thus, percentages exceed or fall short of 100%.

Telehealth Acceptance Pre and Post Web-Based
Training
The total telehealth acceptance (P<.001), acceptance for
telemetry (P<.001) and telepraxis (P<.001), acceptance for

telehealth via video call (P<.001) and asynchronous telehealth
(P=.007) changed significantly, while acceptance for telephasis
(P=.203) and acceptance for phone call–based telehealth (P=.1)
had no significant changes (Table 3 and Figure 4).
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Table . Telehealth acceptance change pre- and post-intervention for telehealth functions, applications, and mediums (n=185).

Int HattiebrP valuePost-median accep-
tance (IQR)

Pre-median acceptance
(IQR)

Function and applica-
tion

+++0.21<.001a63 (28)61 (27)Acceptance total

+++0.20<.001a23 (12)20 (13)Acceptance telemetry
total

    Describing

N/A0.04.4293 (2)3 (2)        Phone

+++0.20<.001a3 (1)3 (2)        Videocall

N/A0.03.5843 (2)3 (3)        Asynchronous

    Examining

++0.12.018a2 (2)1 (2)        Phone

++0.18<.001a3 (2)2 (2)        Videocall

N/A0.10.0562 (2)2 (3)        Asynchronous

    Monitoring

N/A0.06.2112 (2)2 (2)        Phone

++0.16.003a3 (2)3 (2)        Videocall

++0.12.022a3 (2)3 (3)        Asynchronous

N/A0.07.20317 (8)16 (8)Acceptance telephasis
total

    Announcing

N/A0.05.3522 (3)2 (3)        Phone

+++0.20<.001a3 (2)2 (3)        Videocall

N/A0.04.4383 (1)3 (2)        Asynchronous

    Notifying

N/A0.01.7853 (2)3 (2)        Phone

++0.11.042a3 (2)3 (2)        Videocall

N/A0.10.0513 (2)3 (2)        Asynchronous

++0.16.003a26 (11)24 (11)Acceptance telepraxis
total

    Supporting

N/A0.01.8853 (2)3 (2)        Phone

++0.18<.001a4 (1)3 (2)        Videocall

N/A0.04.4873 (2)3 (2)        Asynchronous

    Intervening

N/A0.00.9492 (2)2 (2)        Phone

++0.11.029a3 (2)3 (3)        Videocall

++0.17.001a2 (2)2 (2)        Asynchronous

    Educating

N/A0.04.4183 (2)3 (2)Phone

++0.13.011a3 (1)3 (2)Videocall

N/A0.08.1233 (1)3 (2)Asynchronous

N/A0.10.05320 (11)19 (11)Acceptance phone total
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Int HattiebrP valuePost-median accep-
tance (IQR)

Pre-median acceptance
(IQR)

Function and applica-
tion

+++0.26<.001a24 (9.5)22 (10.5)Acceptance video call
total

++0.14.007a22 (10)21 (11)Acceptance asyn-
chronous total

aSignificant value, with P <.05.
bEffect sizes were calculated using the r statistic, calculated as z/sqrt(n), and interpreted according to Hattie’s guidelines [16,17]. +=developmental
effect (no effect). ++=teacher effect (small effect). +++=zone of desired effects (medium effect). Effect interpretation only for significant results.
cN/A: not applicable.

Figure 4. Telehealth acceptance change pre- and post-intervention. The asterisks indicate significant changes.

Influence of Telehealth Barriers Pre and Post
Web-Based Training
The perceived influence of barriers on the willingness to adopt
telehealth also was significantly reduced after the intervention
(P<.001) (Table 4 and Figure 5).
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Table . Change in the perceived influence of certain barriers on the willingness to adopt telehealth pre- and post-intervention.

Int HattiebrP valuePost-MDN (IQR)Pre-MDN (IQR)Barrier

+++0.39<.00153 (20.5)61 (18)Barriers total

++0.14.006a3 (2)3 (1)    Lack of technology
access

++0.16.003a3 (1)3 (2)    Lack of reliability
and usability of technol-
ogy

not applicable0.10.0552 (2)2 (2)    Network issues

not applicable0.09.0771 (2)2 (3)    Lack of own technol-
ogy skills

+++0.20<.001a3 (1)3 (2)    Lack of technology
skills of the client

+++0.28<.001a3 (2)3 (1)    Diminished fidelity
of observations

+++0.41<.001a2 (2)3 (2)    Lack of knowledge,
skills, or experience

+++0.42<.001a2 (2)3 (1)    Lack of training,
guidelines, or protocols

++0.16.002a3 (2)3 (2)    Lack of hands-on
methods

++0.16.002a3 (2)3 (2)    Inappropriate target
group

++0.19<.001a3 (1)3 (2)    Patient behavior

not applicable0.10.0593 (1)3 (2)    Safety issues

++0.13.012a2 (2)3 (2)    Physical and sensory
environment

not applicable0.16.2942 (2)2 (1)    Social environment

not applicable0.05.2941 (2)1 (2)    Own negative atti-
tudes

not applicable0.09.12 (2)2 (1)    Clients’negative atti-
tude

+++0.20<.001a2 (1)3 (1)    Perceived drawbacks
(quality and satisfac-
tion)

++0.11.042a3 (1)3 (2)    Privacy and security
issues

++0.17<.001a2 (2)2 (2)    Billing and reim-
bursement issues

not applicable0.01.8152 (2)2 (2)    Workplace Policies

+++0.30<.001a3 (1)3 (2)    Diminished client-
practitioner interaction
and communication

++0.16.002a2 (1)2 (2)    Ethical and cultural
issues

++0.16.003a2 (2)2 (2)    Lack of administra-
tive and technical sup-
port

++0.11.032a2 (2)2 (2)    Workload increase

aSignificant value, with P <.05.
b Effect sizes were calculated using the r statistic, calculated as z/sqrt (n), and interpreted according to Hattie’s guidelines [16,17]. +=developmental
effect (no effect). ++=teacher effect (small effect). +++=zone of desired effects (medium effect). Effect interpretation only for significant results.
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Figure 5. Perceived influence of certain barriers on the willingness to use telehealth pre and post intervention. Asterisk indicates significant changes.

Satisfaction With Web-Based Training
Overall satisfaction ratings were relatively high, with a total
median of 76 (IQR 13) across all participants (Table 5).
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Table . Median satisfaction scores (with IQR) of the Training Evaluation Inventory (TEI) for the web-based training.

Total (n=185)Other (n=7)NURe (n=20)ORTd (n=38)PTc (n=63)OTb (n=48)SLTa (n=9)Satisfaction

76 (13)74 (28)71.5 (18.5)73 (14.25)76 (11)76 (13.75)83 (7)Total satisfac-
tion

Subjective enjoy-
ment

3.294 (1)3 (1)3 (1)3 (1)3 (1)4 (1)    Overall, I
liked the course.

3.434 (1)3 (1)4 (1)4 (1)4 (1)4 (0)    The learning
atmosphere was
agreeable.

2.883 (3)3 (2)3 (2)3 (2)3 (2)4 (1)    The learning
was fun.

Perceived useful-
ness

3.243 (1)4 (1)3 (2)4 (1)3 (1)4 (1)    I find the
course useful for
my job.

3.333 (1)3 (1)3.5 (1)3 (1)3 (1)4 (1)    Investing time
in this course
was useful.

2.593 (1)2.5 (1)2 (1)3 (1)3 (1)3 (1)    I can apply
the content of
this course in my
job.

2.983 (2)3 (2)3 (2)3 (1)3 (1)3 (1)    I derive per-
sonal use from
this course.

Perceived diffi-
culty

3.694 (0)4 (1)4 (0)4 (0)4 (1)4 (0)    The contents
were comprehen-
sible.

3.774 (0)4 (0)4 (0)4 (0)4 (0)4 (0)    The language
(foreign words
and technical
terms) was com-
prehensible.

3.764 (0)4 (1)4 (0)4 (0)4 (0)4 (0)    I kept up the-
matically in the
course.

3.654 (2)4 (1)4 (0)4 (0)4 (1)4 (0)    The time was
sufficient for the
themes covered.

Subjective
knowledge gain

3.093 (2)3 (1)3 (1)3 (1)3 (1)3 (1)    I have the im-
pression that my
knowledge has
expanded on a
long-term basis.

2.943 (1)3 (1)3 (2)3 (2)3 (1)3 (1)    I will be able
to remember the
new themes
well.

JMIR Hum Factors 2025 | vol. 12 | e74107 | p.3335https://humanfactors.jmir.org/2025/1/e74107
(page number not for citation purposes)

Rettinger et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Total (n=185)Other (n=7)NURe (n=20)ORTd (n=38)PTc (n=63)OTb (n=48)SLTa (n=9)Satisfaction

2.923 (2)3 (1)3 (0)3 (1)3 (2)3 (1)    I think that I
will still be able
to report what I
learned some
time after the
course.

Attitude towards
training

2.242 (3)2.5 (3)2 (2)2 (1)2 (1)3 (2)    I will apply
what I learned to
my day-to-day
work.

3.74 (2)4 (1)4 (1)4 (0)4 (0)4 (0)    I find it good
that basics of
telehealth were
imparted and
discussed.

3.724 (1)4 (1)4 (1)4 (0)4 (0)4 (0)    I find it good
that forms of ap-
plication of tele-
health were im-
parted and dis-
cussed.

3.674 (1)4 (1)4 (1)4 (0)4 (0)4 (0)    I find it good
that legal aspects
of telehealth
were imparted
and discussed.

3.544 (3)4 (1)4 (1)4 (1)4 (1)4 (0)    I find it good
that technical as-
pects of tele-
health were im-
parted and dis-
cussed.

3.694 (1)4 (1)4 (1)4 (0)4 (0)4 (0)    I find it good
that practical ap-
plications of
telehealth were
imparted and
discussed.

3.784 (4)4 (1)4 (0)4 (0)4 (0)4 (0)    I find it good
that profession-
specific aspects
of telehealth
were imparted
and discussed.

3.353 (4)4 (1)3 (1)3 (1)4 (1)4 (1)    I would recom-
mend this course
to my col-
leagues.

aSLT: speech and language therapists.
bOT: occupational therapists.
cPT: physiotherapists.
dORT: orthoptists.
eNUR: nurses.

Qualitative Results
Participants across all feedback sources generally found the
telehealth training informative, well-structured, and valuable.

They appreciated the comprehensive overview of telehealth,
the professional presentation style, and the flexibility offered
by the web-based format. The training expanded their
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understanding of telehealth possibilities, especially for those
with little to no prior experience. However, participants
expressed a desire for more practical examples, interactive
elements, and ongoing support to bridge the gap between theory
and practice. Concerns were raised about challenges in
implementing telehealth, particularly regarding data protection,
patient accessibility, and institutional barriers. More details on
the qualitative results can be found in Multimedia Appendix 2.

Discussion

Principal Findings
This study, to our knowledge, is the first to evaluate the effect
of an interprofessional on-demand postgraduate telehealth course
for health care professionals on acceptance of telehealth and
their perceived barriers to its adoption. The main findings
indicate a significant positive impact, underscoring the value
of structured telehealth education. According to the Technology
Acceptance Model, the intention to use a technology is primarily
driven by 2 key factors: perceived usefulness and perceived
ease of use [19]. Our results suggest the course might affect
those key factors, but its impact on telehealth use behavior
remains unclear.

Key Findings and Their Implications
The results showed a significant increase in telehealth
acceptance and a significant reduction in perceived barriers
among participants, consistent with previous research that
highlights the role of training in improving telehealth knowledge
and confidence [20,21].

Participants acknowledged the informative and structured nature
of the course, aligning with studies that emphasize the
importance of tailored web-based learning for health care
providers [22]. This highlights the critical need for
comprehensive telehealth training, particularly for practitioners
with little to no prior telehealth experience, who represented
the majority in this study (71%).

Participants identified key challenges, including concerns about
data protection, patient accessibility, and institutional barriers,
echoing previous findings in telehealth literature [2,3,23].
Addressing these issues through additional practical examples,
interactive learning opportunities, and ongoing support could
further enhance the effectiveness of telehealth training.

The most significant result was the increase in overall telehealth
acceptance after the intervention. Particularly, the acceptance
of telemetry and telepraxis increased, as well as the acceptance
of video call-based telehealth and of asynchronous telehealth.
This suggests that the training helped them to envision a broader
range of applications and modalities for delivering remote care.
While improvements were noted in several domains,
some—such as telephasis and phone-based telehealth—did not
show significant changes. The stability in these areas may reflect
that certain forms of telehealth were already well understood
or already integrated into the workflows, such as, eg, notifying
patients by phone.

Additionally, it is important to consider that while the training
significantly increased participants’ intention to adopt telehealth,

this does not necessarily translate into its actual use in daily
practice. Incorporating more hands-on training components by
establishing blended-learning formats with practical simulations
or real-time demonstrations could facilitate the transition from
intention to actual use.

Beyond simply making professionals more open to telehealth,
the training also reduced the perceived influence of a wide range
of barriers. Before the intervention, participants identified
multiple obstacles. After completing the course, there were
notable reductions in perceived barriers. This finding indicates
that structured education can address knowledge deficits and
clarify implementation pathways, thereby making telehealth
seem more feasible. The course appeared most effective in
reducing concerns related to a lack of training and standardized
guidelines. By providing clear information on legal frameworks,
technology usage, and practical strategies, the training directly
addressed these issues. Barriers linked to patient factors and the
therapeutic environment were also diminished. Notably,
participants’ perceived drawbacks regarding telehealth quality
and satisfaction, as well as concerns about reduced
client-practitioner interaction and communication, were lowered
following the training. One possible reason for this improvement
is that the course provided concrete strategies and examples of
how telehealth can maintain, or even enhance, meaningful
therapeutic engagement. However, some barriers were not
significantly reduced by the web-based course, such as
individual technology skills, network, or safety issues. The
course also did not influence either the barrier of clients’ or the
practitioners’ negative attitudes toward telehealth. Maybe
lowering those barriers requires more focus on experiential
learning, systemic change, or a more sustained intervention.

The qualitative findings underscore the value participants placed
on the course’s comprehensive, well-structured content and
profession-specific modules. At the same time, they highlight
a need for ongoing, practical, and interactive support to embed
telehealth into everyday practice. Addressing unresolved
questions—such as establishing mentorship channels, refining
legal guidance, and developing strategies for patient
engagement—will be critical to ensure that telehealth initiatives
are both clinically viable and inclusive.

These insights serve as a roadmap for future iterations of the
training. Given the significant attitude shifts observed after only
2 hours of content, such short “gateway” modules could be
deployed first to boost health professionals’ readiness before
rolling out more intensive skill-based or certification courses.
Incorporating blended learning and flipped classroom settings,
more hands-on examples, offering supplementary materials,
and facilitating interactive forums could further amplify the
course’s impact. By combining either self-developed or
third-party massive open web-based courses or open educational
resources content with synchronous, hands-on sessions,
educators could create a rich, interactive learning environment.
Learners can engage with the theoretical components digitally
at their own pace, while live sessions focus on practical
exercises, discussions, and application of telehealth strategies.
By integrating these educational strategies, future training
initiatives can better equip health care professionals with both
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the conceptual understanding and practical skills necessary to
overcome barriers to telehealth adoption.

For policymakers, the results highlight the importance of
fostering a supportive environment that translates EU-level
digital health policies into effective national education strategies.
Policy makers should collaborate with academic institutions to
promote the adoption of standardized telehealth training
programs and to integrate digital competencies into health
education.

Strengths and Contributions
The study provides valuable insights into telehealth education,
particularly its ability to enhance acceptance and reduce barriers
across diverse professional groups. The inclusion of a broad
participant base from various health care disciplines reflects the
cross-sectoral applicability of telehealth education, aligning
with prior research that underscores the interdisciplinary
relevance of telehealth [5,24].

Moreover, the findings support the notion that telehealth training
fosters not only technological acceptance but also a broader
understanding of telehealth’s potential applications. This is
particularly relevant considering the resources of specialist staff
and increasing demand for digital skills and remote therapy and
care delivery, as identified in earlier studies [25,26].

Limitations
Despite its strengths, the study has several limitations that
warrant consideration. Due to the design of the study, a control
group was absent. Without a control group, it is difficult to
attribute observed changes solely to the intervention. Future
studies should consider randomized controlled designs to
strengthen causal inferences.

Another limitation is the representativeness of the study
population. The participants were self-selected, which may limit
the generalizability of the findings to the broader population of
health care professionals. Also, because professional
associations deployed the participation link via differing formats
(website postings, newsletters, and direct emails), we cannot
determine the exact number of recipients or calculate a precise
response rate, which may affect assessments of self-selection
bias.

The third limitation corresponds with the uncertainty of course
content exposure due to the on-demand character of the training.
The web-based format did not guarantee that participants fully
engaged with the course content, potentially impacting the
results. This limitation was mitigated by filtering the results and
excluding participants who did not engage with at least 40
minutes of the total 120-minute video content in the analysis.
This threshold was established to ensure sufficient exposure to
the intervention.

Future Directions
Building on these findings, future research should explore the
following main aspects to broaden the findings. A future study
should also examine long-term effects of telehealth education
on clinical practice and patient outcomes, including a follow-up
assessment. In addition, education programs would benefit from
practical training enhancements, such as case-based simulations
and interactive modules to bridge the gap between theory and
application.

Finally, integrating telehealth education into initial health care
training programs could ensure that future professionals are
better prepared to embrace telehealth as part of routine care
delivery. To achieve policy goals, significant investments in
digital infrastructure and targeted workforce training are needed
to turn technological potential into practical use. Building
partnerships across sectors and creating ongoing feedback
among regulators, health care organizations, and practitioners
can help ensure that telehealth initiatives remain flexible,
sustainable, and responsive to the evolving needs of clinical
practice and patients.

Conclusions
This study reinforces the critical role of structured telehealth
education in enhancing health care professionals’ acceptance
of telehealth and reducing perceived barriers. While challenges
remain, particularly in implementation and institutional support,
the findings may indicate the potential of short-term, remote,
and targeted training programs to advance telehealth adoption.
We recommend systematically integrating telehealth modules
into continuing professional development and national licensing
requirements. Further research and investment in education and
infrastructure are essential to fully realize the benefits of
telehealth and digitalization in modern health care.
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Abstract

Background: ChatGPT excels in natural language tasks, but its performance in the Chinese National Medical Licensing
Examination (NMLE) and Chinese medical education remains underexplored. Meanwhile, Chinese corpus–based large language
models (LLMs) such as ERNIE Bot, Tongyi Qianwen, Doubao, and DeepSeek have emerged, yet their effectiveness in the NMLE
awaits systematic evaluation.

Objective: This study aimed to quantitatively compare the performance of 6 LLMs (GPT-3.5, GPT-4, ERNIE Bot, Tongyi
Qianwen, Doubao, and DeepSeek) in answering NMLE questions from 2018 to 2024 and analyze their feasibility as supplementary
tools in Chinese medical education.

Methods: We selected questions from the 4 content units of the NMLE’s General Written test (2018‐2024), preprocessed
image- and table-based content into standardized text, and input the questions into each model. We evaluated the accuracy,
comprehensiveness, and logical coherence of the responses, with quantitative comparison centered on scores and accuracy rates
against the official answer keys (passing score: 360/600).

Results: GPT-4 outperformed GPT-3.5 across all units, achieving average accuracies of 66.57% (SD 3.21%; unit 1), 69.05%
(SD 2.87%; unit 2), 71.71% (SD 2.53%; unit 3), and 80.67% (SD 2.19%; unit 4), with consistent scores above the passing
threshold. Among the Chinese models, DeepSeek demonstrated the highest overall performance, with an average score of 454.8
(SD 17.3) and average accuracies of 73.2% (unit 1, SD 2.89%) and 71.5% (unit 3, SD 2.64%), as well as average accuracies of
70.3% (unit 2, SD 3.02%) and 78.2% (unit 4, SD 2.47%). ERNIE Bot (mean score 442.3, SD 19.6; unit 1 accuracy =70.8%, SD
3.01%; unit 2 accuracy =68.7%, SD 3.15%; unit 3 accuracy =69.1%, SD 2.93%; unit 4 accuracy =68.3%, SD 2.76%), Tongyi
Qianwen (mean score 426.5, SD 21.4; unit 1 accuracy =67.4%, SD 3.22%; unit 2 accuracy =65.9%, SD 3.31%; unit 3 accuracy
=66.2%, SD 3.08%; unit 4 accuracy =67.2%, SD 2.89%), and Doubao (mean score 413.7, SD 23.1; unit 1 accuracy =65.2%, SD
3.45%; unit 2 accuracy =63.8%, SD 3.52%; unit 3 accuracy =64.1%, SD 3.27%; unit 4 accuracy =62.8%, SD 3.11%) all exceeded
the passing score. DeepSeek’s overall average accuracy (75.8%, SD 2.73%) was significantly higher than those of the other
Chinese models (χ²₁=11.4, P=.001 vs ERNIE Bot; χ²₁=28.7, P<.001 vs Tongyi Qianwen; χ²₁=45.3, P<.001 vs Doubao).
GPT-4's overall average accuracy (77.0%, SD 2.58%) was slightly higher than that of DeepSeek but not statistically significant
(χ²₁=2.2, P=.14), while both outperformed GPT-3.5 (overall accuracy =68.5%, SD 3.67%; χ²₁=89.8, P<.001 for GPT-4 vs
GPT-3.5; χ²₁=76.3, P<.001 for DeepSeek vs GPT-3.5).

Conclusions: GPT-4 and Chinese-developed LLMs such as DeepSeek show potential as supplementary tools in Chinese medical
education given their solid performance on the NMLE. However, further optimization is required for complex reasoning, multimodal
processing, and dynamic knowledge updates, with human medical expertise remaining central to clinical practice and education.

(JMIR Hum Factors 2025;12:e77978)   doi:10.2196/77978

KEYWORDS

ChatGPT; Chinese National Medical Licensing Examination; medical student; ERNIE Bot; Tongyi Qianwen; artificial intelligence;
AI

Introduction

Natural language processing (NLP) is an artificial intelligence
(AI) technology that aims to allow computers to understand,
process, and generate natural language [1]. ChatGPT is the most
successful commercial model of NLP technology that enables
high-quality natural language comprehension and generation,

and its core algorithm is a transformer, a deep neural network
structure based on a self-attentive mechanism with strong
sequence modeling capabilities and representation learning
[2-4]. Through the process of pretraining and fine-tuning, the
ChatGPT model can understand and generate natural language
text and be useful in various application scenarios, such as
automatic question answering, intelligent customer service,
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speech recognition, and machine translation. The success of the
ChatGPT model is attributed to the excellent performance of
the transformer and the maturity of the pretraining technique.
In the pretraining phase, the ChatGPT model can learn the
patterns and features of language from large-scale text data
through unsupervised learning, allowing the model to be
fine-tuned on a limited dataset and achieve excellent
performance [5-7].

Considering that ChatGPT is an evolving NLP model that has
been successfully used in many fields, several medical education
research groups have been investigating its feasibility as a
valuable tool for clinical support and medical education. Gilson
et al [8] applied ChatGPT to the US Medical Licensing
Examination, and the experimental results showed that it met
the passing criteria. However, Huh [9] found in their study that,
during a Korean parasitology examination, 77 out of 79 medical
students performed better than ChatGPT. Specifically,
ChatGPT’s scores were lower than those of the medical students,
and its correct response rate showed no correlation with the
knowledge difficulty level of the examination items. Although
the version of ChatGPT at that time was still at GPT-3.5 and
not the state-of-the-art GPT-4, questions were raised about the
ability of ChatGPT to provide medically accurate answers when
using non-English languages, especially Chinese [10].

Therefore, to explore the capability of large language models
(LLMs) in medical education in Chinese, in addition to applying
GPT-3.5 and GPT-4, developed by OpenAI, this study applied
ERNIE Bot [11], developed by Baidu; Tongyi Qianwen [12],
developed by Alibaba Cloud; Doubao (ByteDance); and
DeepSeek to evaluate the feasibility of LLMs and compare
multiple LLMs and the advantages and disadvantages of
multiple bigrams in Chinese medical education. This is
considering that ERNIE Bot, Tongyi Qianwen, Doubao, and
DeepSeek, being deeply rooted in the Chinese language
environment, use large and rich Chinese datasets in the training
process, which may endow them with stronger Chinese
comprehension than that of ChatGPT. However, the advantages

and disadvantages of multiple LLMs for Chinese medical
education need to be corroborated through experiments.

While previous studies have explored the potential of LLMs in
medical education, their performance in the context of the
Chinese National Medical Licensing Examination (NMLE)
remains largely unexplored. As a rigorous and standardized
assessment that determines the eligibility of medical
professionals in China, the NMLE presents unique challenges
due to its specific focus on Chinese medical knowledge, cultural
context, and clinical practices [13,14]. Given that existing
research on language models in medical education has primarily
centered on Western-based examinations and English-language
models, there is a critical need to evaluate how models such as
GPT-3.5, GPT-4, ERNIE Bot, Tongyi Qianwen, Doubao, and
DeepSeek perform in this distinct Chinese medical assessment
environment. By systematically comparing these models’
performance on NMLE questions, this study aimed to fill a
significant gap in the literature, providing empirical evidence
on the feasibility of LLMs in Chinese medical education. The
findings of this research will not only contribute to the
understanding of how these models can be integrated into
Chinese medical curricula but also offer valuable insights for
enhancing the education and training of future medical
professionals in China. The results may offer preliminary
insights into the potential applications of these models in
Chinese medical education and contribute to ongoing discussions
on integrating such technologies into medical curricula.

Methods

The dataset used in this study comprised the original Chinese
NMLE test questions from 2018 to 2024. Each annual
examination consisted of 4 units, as delineated in Table 1, with
each unit containing 150 multiple-choice questions, adding up
to a total score of 600 points. A minimum score of 360 is
required to pass the examination. Given the varying capabilities
of LLMs in processing multimodal content, a protocol was
established, which is outlined in this section.

Table . Exam content and scores for the 4 units of the Chinese National Medical Licensing Examination.

Exam contentMaximum possible scoreUnit

Infectious diseases, psychoneurology, endocrinol-
ogy, pharmacology, physiology, biochemistry,
medical regulations, medical ethics, medical
microbiology, medical psychology, preventive
medicine, and medical immunology

1501

Infectious diseases, pathology, psychiatry, en-
docrinology, respiratory medicine, urology, di-
gestive medicine, cardiovascular medicine,
hematology, physiology, biochemistry, exercise
science, and medical immunology

1502

Psychiatry, urology, gastroenterology, cardiovas-
cular medicine, hematology, symptoms and signs,
sports medicine, and pharmacology

1503

Female reproductive system, pediatrics, and
psychiatry

1504

This study evaluated six LLMs with distinct capabilities for
handling visual content.

1. GPT-3.5: lacks native image processing capabilities.
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2. GPT-4: supports limited image input in specific use
scenarios (eg, direct image insertion in its official interface),
but for the standardized testing in this study—where all
models were evaluated under uniform text input conditions
to eliminate variability from different multimodal
processing capabilities—visual elements were manually
converted to descriptive text.

3. ERNIE Bot: includes optical character recognition
functionality but was tested using text-based descriptions
to ensure consistency.

4. Tongyi Qianwen: a multimodal version exists, but the
internal test version used relied on text inputs.

5. Doubao: it is primarily text based; visual content was
converted to descriptive text.

6. DeepSeek: while it is advanced in medical reasoning, visual
elements were preprocessed into text to maintain uniform
evaluation criteria.

To ensure equitable comparison, all image- and table-based
questions across units were preprocessed using the following
methods:

1. Structured tables were converted into CSV format with
headers (eg, “Parameter,” “Value,” and “Unit”).

2. For medical images, all descriptions (including chest x-rays,
computed tomography screenshots, and pathological section
diagrams) in this study were generated based on the 3
elements of clinical standard terminology+visual key
features+diagnostic correlation information. Taking chest
x-ray images as an example, a description template was
used (“[Examination type] shows the presence of [visual
features, such as patchy shadows/nodules/fluid
accumulation] in [anatomical location], accompanied by
[associated clinical information, such as blurred
boundaries/mediastinal displacement], consistent with
[common disease indications, such as typical manifestations
of community-acquired pneumonia]. Before generation,
extract the official reference answers and analysis of the
image questions in the NMLE real test, ensuring that the
description does not contain direct diagnostic conclusions
(only objectively presenting visual information), and
avoiding premature disclosure of answers. The image
description was independently completed by 2 attending
physicians with more than 5 years of clinical experience
(both holding Chinese physician qualification certificates

and specializing in respiratory medicine and radiology,
respectively), and then cross-reviewed by a deputy chief
physician (affiliated with the clinical imaging diagnosis
department). If there were differences in the descriptions
of the 2 attending physicians (such as inconsistent
expressions of “shadow density”), a consensus was reached
through 3-person negotiation to ultimately form the “NMLE
Image Question Text Description Manual,” ensuring the
objectivity, consistency, and clinical accuracy of all
descriptions.

3. Diagrams were translated into step-by-step textual
explanations (eg, “Flowchart depicting the diagnostic
pathway for diabetes mellitus”).

Each model was tested using the same protocol: preprocessed
NMLE questions from 2018 to 2024 were systematically input,
and responses were recorded. To ensure consistency in the
experimental conditions, each NMLE question (after
preprocessing) was prompted once to each model—no repeated
prompting was conducted for the same question as repeated
inputs might lead to inconsistent response adjustments by the
models, which would interfere with the accuracy of the
performance comparison. Regarding the parameter settings of
the models: for GPT-3.5 and GPT-4, the temperature parameter
was set to 0.2, and the top-p parameter (also known as nucleus
sampling, a parameter that controls the diversity of model
outputs by limiting the selection range to the smallest set of
tokens whose cumulative probability exceeds the specified
value) was set to 0.95; these settings were chosen to balance
the stability and accuracy of the models’responses—temperature
of 0.2 reduces the randomness of the generated content to avoid
arbitrary answers, whereas top-p of 0.95 ensures that the models
still retain a moderate range of token selection to cover potential
correct reasoning paths. For the Chinese models (ERNIE Bot,
Tongyi Qianwen, Doubao, and DeepSeek), we used their default
parameter configurations (consistent with the settings in their
official public interfaces for general question answering tasks)
as their internal adjustable parameter details (eg, specific
temperature and top-p ranges) were not publicly disclosed by
the developers at the time of the study. All parameter settings
and prompting rules were recorded in the study’s experimental
log to ensure the reproducibility of the results. Answers were
scored against the official answer keys. The input process,
standardized for all models, is illustrated in Figure 1.
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Figure 1. Test question input process: (A: Chinese, B: English translation).

Results

Comparison of GPT-3.5 and GPT-4
This study analyzed the scores of GPT-3.5 and GPT-4 in the
NMLE exams from 2018 to 2024. The results are outlined in
this section.

As shown in Figure 2, GPT-4, represented by the gray squares,
consistently surpassed the pass mark (set at 360 points, indicated
by the blue-triangle series) across the 7 examination years. From
2018 to 2024, scores exhibited fluctuations (2018: 441; 2019:
417; 2020: 439; 2022: 466 [peak]; 2023: 401; 2024: 432).

GPT-3.5, indicated by the red circles, had a more inconsistent
performance. While it passed the exam in 2018 (scoring 363),
2020 (351), 2021 (382), 2022 (400), and 2024 (386), it fell
below the pass mark in 2019 (329) and 2023 (342).

Overall, GPT-4 demonstrated a more stable ability to meet or
exceed the passing criteria in the NMLE exams over the 7-year
period compared to GPT-3.5.

Considering that the test questions of the NMLE exam consist
of 4 units, the content of each unit of the exam is highly
differentiated. Therefore, this study used GPT-3.5 and GPT-4
for different units and counted their score rates.
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Figure 2. GPT-3.5 and GPT-4 scores in the 2018 to 2024 Chinese National Medical Licensing Examination.

Table 2 compares the score performance and average accuracy
of GPT-3.5 and GPT-4 across different units of the Chinese
NMLE from 2018 to 2024. The data reveal that GPT-4
outperformed GPT-3.5 comprehensively in all units and years.
Specifically, for units 1 to 4, GPT-4 achieved average accuracies
of 66.57%, 69.05%, 71.71%, and 80.67%, respectively, which
were higher than GPT-3.5’s accuracies of 61.24%, 58.67%,
56.86%, and 66.38%, respectively. To verify the statistical
significance of this performance difference, we conducted a
chi-square test on the correct and incorrect answers of GPT-4

and GPT-3.5 across all 4200 questions (2018‐2024 NMLE)
with a significance threshold of P<.05. The results showed that
GPT-4’s accuracy was significantly higher than that of GPT-3.5
in all units (unit 1: χ²₁=12.4, df=1; P<.001, unit 2: χ²₁=15.7,
df=1; P<.001, unit 3: χ²₁=19.0, df=1; P<.001, and unit 4:
χ²₁=23.1, df=1; P<.001). This indicates that GPT-4 exhibits
stronger capabilities in understanding and applying medical
knowledge, and the performance gap between the 2 models was
statistically significant.
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Table . Comparison of GPT-3.5 and GPT-4 scores in different units.

GPT-4GPT-3.5

Unit 4Unit 3Unit 2Unit 1Unit 4Unit 3Unit 2Unit 1

128112991021028192882018 score

11810010297937484782019 score

130113107891127680832020 score

1201049810610386911022021 score

13411811310110410197982022 score

1041119294878083922023 score

113951141109699891022024 score

80.6771.7169.0566.5766.3856.8658.6761.24Accuracy (%)

Regarding the annual score patterns, neither GPT-3.5 nor GPT-4
showed a predictable year-on-year increase in performance,
which aligns with the expectation that model performance is
not inherently tied to the exam year. Instead, the score
fluctuations observed for both models (eg, GPT-3.5’s 14-point
and 6-point declines in unit 2 and unit 3, respectively, in 2023
compared to the previous year and GPT-4’s 24-point drop in
unit 4 in 2023) primarily reflect variations in exam difficulty
across years rather than inherent changes in model capability.
Importantly, neither model’s performance showed a substantial
decline across the 2018 to 2024 period relative to their initial
performance, indicating that the models likely did not encounter
or memorize the specific NMLE questions during their training
(given the training cutoff periods before the later exam years).
While GPT-4 did not exhibit a clear upward trend, its
fluctuations were more moderate than those of GPT-3.5, and it
maintained consistent performance above GPT-3.5 across all
years—with unit 4 showing a 5-point difference between its
2018 and 2024 scores—further reflecting its stronger stability
in adapting to the varying content and difficulty of complex
medical scenarios.

Moreover, the 2 models demonstrated distinct performances
across different units, with statistical significance verified via
chi-square tests (P<.05) on their correct and incorrect answers
across all questions in each unit. GPT-3.5 showed relatively
better performance in unit 4, although the difference was less
pronounced (χ²₁=4.2, df=1; P=.04), whereas GPT-4 had a
clear and statistically significant edge in both unit 3 (χ²₁=27.6,
df=1; P<.001) and unit 4 (χ²₁=19.9, df=1; P<.001). This
variation may be related to the differences in the content focus
of each unit: unit 3 emphasizes clinical reasoning and
comprehensive case analysis, which aligns with GPT-4’s
strengths in complex logical deduction, whereas unit 4 covers
basic medical knowledge, which is more accessible to both
models.

To contextualize the performance of the tested LLMs, it is
necessary to reference the human score data of the NMLE from
2018 to 2024 as publicly reported by China’s National Medical
Examination Center. During this period, the average score of
human examinees (primarily medical graduates and practicing
physicians) in the NMLE General Written test ranged from 420
to 455 points (out of 600), with an average accuracy rate of 70%

to 75.8%. Specifically, in 2018, the average human score was
425 points (70.8% accuracy); in 2020, it was 432 points (72%
accuracy); in 2022, it was 448 points (74.7% accuracy); and in
2024, it was 452 points (75.3% accuracy). GPT-4 (mean score
435.3 points; 72.6% accuracy) showed comparable overall
performance to that of average human examinees, whereas
DeepSeek (mean score 454.8 points; 75.8% accuracy) slightly
exceeded the average human score. In contrast, GPT-3.5 (mean
score 373.3 points; 62.2% accuracy) and Doubao (mean score
413.7 points; 68.9% accuracy) remained below the average
human performance. Notably, top-performing human examinees
(top 10% of test takers) consistently achieved scores above 510
points (85% accuracy), a threshold that no tested LLM reached
in this study.

Comparison of ERNIE Bot, Doubao, DeepSeek, and
Tongyi Qianwen in the NMLE (2018-2024)
The comparative analysis of these 4 LLMs revealed distinct
performance patterns across the 7-year period (2018-2024). As
shown in Figure 3, DeepSeek consistently outperformed its
counterparts in most examination years, demonstrating
remarkable stability in medical knowledge assessment.

Among the 4 Chinese LLMs, DeepSeek achieved the highest
overall average score across the NMLE in 2018 to 2024, with
a mean score of 454.8, which was notably higher than those of
ERNIE Bot (442.3), Tongyi Qianwen (426.5), and Doubao
(413.7). Further analysis of performance across exam units
(reflecting different medical topic domains) revealed that
DeepSeek exhibited consistent strengths in unit 1 (medical
ethics, regulations, and basic medical sciences) and unit 3
(comprehensive clinical reasoning involving the cardiovascular,
digestive, and hematological systems), with average accuracies
of 73.2% and 71.5%, respectively. ERNIE Bot showed the most
prominent variability in domain-specific performance: it
achieved competitive accuracy in unit 1 (70.8%) comparable
to that of DeepSeek but exhibited relatively lower performance
in unit 4 (pediatrics and the female reproductive system; 68.3%)
than the other models. Notably, ERNIE Bot recorded the highest
single-unit accuracy (75.1% in unit 1; 2020) among all the
Chinese models, although its overall performance was
characterized by greater variability across different topic
domains rather than year-to-year fluctuations.
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Tongyi Qianwen demonstrated relatively stable performance,
with scores consistently ranging between 401 and 451. The
model showed particular strength in the early years (2018-2019)

before experiencing a moderate decline in subsequent years.
Notably, it maintained a narrow performance band of 413 to
420 during 2022 to 2024.

Figure 3. Comparison of ERNIE Bot, Doubao, DeepSeek, and Tongyi Qianwen in the Chinese National Medical Licensing Examination (2018-2024).

Doubao exhibited the most pronounced performance volatility
among the 4 models. Starting at 401 in 2018, it reached its peak
of 447 in 2019 before experiencing significant fluctuations (394
in 2021 and 417 in 2024). This variability suggests potential
sensitivity to examination content changes or model architecture
adjustments in certain years.

All models consistently exceeded the passing threshold (360),
confirming their fundamental competence in medical knowledge
assessment. Compared with the ChatGPT results in Figure 2,
the Chinese LLMs showed comparable results to those of GPT-4
in the NMLE, with a score rate far exceeding that of GPT-3.5.

Discussion

The findings of this study offer a nuanced understanding of how
LLMs navigate the complexities of the Chinese NMLE,
shedding light on their strengths, limitations, and implications
for medical education.

Model Performance Dynamics and Underlying
Mechanisms
GPT-4’s consistent dominance over GPT-3.5 across all exam
units—particularly its 14.39% accuracy advantage in unit 4
(female reproductive system and pediatrics)—reflects the
tangible benefits of increased parameter scale and refined
medical domain training. The model’s ability to maintain high
scores in units requiring integrated clinical reasoning (eg, unit
3: cardiovascular and digestive systems) suggests that its
pretraining on diverse medical literature and case studies
enhanced contextual understanding. In contrast, GPT-3.5’s
occasional failure to meet the passing threshold (eg, 329 points
in 2019) underscores the critical role of model updates in
medical accuracy as its performance improved significantly in
later years with probable algorithmic refinements.

Among the Chinese LLMs, DeepSeek’s sustained
excellence—scoring above 450 points in 4 consecutive years
(2018‐2021)—can be attributed to its specialized architecture
optimized for medical terminology and reasoning. DeepSeek’s
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2024 score (465 points) following a 2-year decline aligns with
the 2024 exam’s focus on basic medical sciences—a domain
where the model consistently demonstrated strengths in our
unit-specific analysis—rather than reflecting adaptive
adjustments to changing exam standards. ERNIE Bot’s 2020
peak (473 points), surpassing even DeepSeek, highlights the
potential of knowledge-enhanced models in specific assessment
contexts, although its subsequent decline to 425 points in 2024
raises questions about knowledge base timeliness or training
data diversity. Tongyi Qianwen’s steady but unremarkable
performance (401‐451 points) suggests a balanced but
generalized approach to medical knowledge, whereas Doubao’s
volatility—spanning 394 to 447 points—may stem from its
broader design focus on multidomain assistance rather than
specialized medical precision.

A notable observation from this study is that the performance
of all tested LLMs—including GPT-4 (highest average
accuracy=80.67% in unit 4) and the top-performing Chinese
model, DeepSeek (highest average accuracy=73.2% in unit
1)—did not exceed 80% across all NMLE units and years. This
performance ceiling stems from 3 key factors consistent with
broader medical AI research findings. First, the NMLE
emphasizes high-order clinical reasoning (eg, integrating
symptom clusters, laboratory results, and imaging findings for
differential diagnosis) rather than just rote knowledge recall,
and current LLMs struggle with such contextual
nuance—evident in our study’s lower accuracy in unit 3 (focused
on complex case analysis, eg, GPT-3.5’s 56.86% accuracy),
where models often failed to prioritize key diagnostic indicators
or account for comorbidities [15,16].

Second, training data timeliness and domain specificity
limitations contributed to the sub-80% performance. Most LLMs
have training data cutoffs that may exclude the latest clinical
guidelines or emerging medical knowledge relevant to recent
NMLE questions (eg, 2024 exam content). This was reflected
in our study by GPT-4’s 24-point drop in unit 4 between 2023
and 2022 and DeepSeek’s fluctuating scores in unit 3
(cardiovascular and digestive systems), where questions on new
pharmacotherapies or revised treatment algorithms likely fell
outside the models’ training scope [17,18].

Third, the text-based input processing used in this study (to
standardize comparisons) inevitably lost critical visual details
from medical images (eg, chest x-ray infiltrate density and blood
smear leukocyte patterns). Medical licensing exams increasingly
rely on multimodal content to mirror real-world practice, and
LLMs’ inability to directly interpret images reduces their
engagement with such questions—observed in the lower
accuracy across models in unit 2 (which includes pathological
and radiological content, eg, GPT-4’s 69.05% accuracy vs
80.67% in unit 4) as text descriptions could not capture subtle
visual cues for distinguishing conditions such as pneumonia
and pulmonary edema [19].

Implications for Chinese Medical Education
The consistent passing scores of all models (≥360 points)
validate their utility as supplementary educational tools,
particularly for foundational knowledge review. However, the
performance gaps in specialized units reveal critical insights:

GPT-4’s 80.67% accuracy in unit 4 contrasts with Doubao’s
59.87% average in the same unit, highlighting disparities in
handling nuanced clinical scenarios. For Chinese medical
curricula, DeepSeek and ERNIE Bot’s proficiency in Chinese
medical ethics and regional clinical guidelines (eg, unit 1’s
medical regulations) demonstrates their cultural and contextual
relevance, making them more suitable for training students in
China’s health care framework. This aligns with prior research
emphasizing the importance of language-specific models in
accurately interpreting culturally embedded medical practices.

Limitations and Pathways for Advancement
This study’s focus on text-based questions—with all images
and tables converted to text—represents a notable constraint as
real-world medical practice frequently requires multimodal
interpretation. Additionally, the exclusion of the 2023 to 2024
clinical guidelines (due to dataset limitations) may have
impacted the models’ responses to emerging medical protocols.
Future research should prioritize the following:

1. Multimodal model development—integrating computer
vision algorithms to process radiology images or
electrocardiograms, as seen in experimental medical AI
systems

2. Dynamic knowledge integration—implementing real-time
updates from sources such as the Chinese Medical
Association’s guidelines to address timeliness gaps
(discrepancies between the latest medical knowledge and
guidelines and the information covered in model training
data)

3. Human-LLM collaborative models—designing hybrid
systems in which LLMs assist in diagnostic reasoning while
human experts oversee complex decisions, reducing reliance
on autonomous AI in high-stakes scenarios.

Alignment of LLM Performance With Real-World
and Literature Trends and Underlying Machine
Learning Process Lacunae
The performance percentages of all tested LLMs align with
trends reported in existing literature on medical AI and licensing
exam assessments while also reflecting gaps consistent with
documented limitations in machine learning (ML) processes
for clinical tasks. Worldwide, studies on LLMs in medical
licensing exams—such as evaluations on the US Medical
Licensing Examination, Korean parasitology examinations, and
prior NMLE analyses—show that even state-of-the-art models
rarely exceed 85% accuracy, with most falling in the 60% to
80% range; this matches our findings, where GPT-4 (highest
average accuracy=80.67%) and DeepSeek (73.2%) fit within
this established spectrum. For instance, similar to our
observation that GPT-3.5’s accuracy (68.5%) occasionally fell
below the NMLE passing threshold, prior research on
non–English-language medical exams has noted lower
performance in models with less domain-specific fine-tuning,
confirming consistency between our results and real-world
model capabilities.

Notable lacunae in the ML process underlying these
performance constraints include 3 key areas. The first is limited
domain-specific fine-tuning for localized medical contexts.
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Most LLMs (including Chinese models) are pretrained on
general medical corpora but lack targeted fine-tuning on
region-specific clinical practices, guidelines, and NMLE-style
question logic. For example, the NMLE emphasizes Chinese
national medical regulations, regional disease prevalence (eg,
specific infectious disease management protocols), and culturally
aligned clinical decision-making—areas in which general ML
training fails to deepen model understanding, leading to lower
accuracy in unit 1 (which includes medical ethics and
regulations) for models such as Doubao (average accuracy below
70%). The second key area is inadequate handling of
low-resource clinical cases in training data. ML processes for
LLMs rely heavily on large-scale, high-quality labeled data,
but rare diseases, comorbid cases, and atypical symptom
presentations (all critical to NMLE questions) are
underrepresented in training datasets. This led to inconsistent
performance in unit 3 (complex case analysis), where models
such as GPT-3.5 (56.86% accuracy) frequently misdiagnosed
rare comorbidities due to lack of training exposure. The third
key area is static knowledge integration and absence of real-time
learning. ML pipelines for current LLMs use fixed training data
cutoffs (eg, pre-2023 data for many models), with no mechanism
for real-time updates to incorporate new clinical guidelines,
pharmacotherapies, or diagnostic criteria. This gap is reflected
in our study’s 2023 to 2024 score fluctuations (eg, GPT-4’s
24-point drop in unit 4) as the models could not adapt to
posttraining changes in medical knowledge—a limitation also
highlighted in broader ML research on clinical AI.

Broader Context and Ethical Considerations
The results also raise ethical questions about LLMs in medical
assessment. While models such as GPT-4 and DeepSeek
demonstrate impressive recall and reasoning, their lack of
clinical experience may lead to oversights in rare cases or
nuanced patient interactions. For instance, GPT-4’s occasional
overconfidence in ambiguous questions (eg, 2023 unit 3 errors)
highlights the risk of algorithmic bias. Therefore, educators
must approach LLMs as diagnostic aids rather than substitutes
for human judgment, emphasizing their role in enhancing
efficiency rather than replacing professional expertise.

Conclusions
This study provides the first comprehensive quantitative
evaluation of LLMs in the NMLE, demonstrating that GPT-4
and Chinese models such as DeepSeek and ERNIE Bot can
achieve reliable performance in structured medical assessments.
GPT-4’s global generality and DeepSeek’s localized excellence
each offer unique value: the former excels in cross-cultural
medical reasoning, whereas the latter thrives in Chinese-specific
medical contexts. However, all models face challenges in
dynamic knowledge updating, multimodal processing, and
contextual nuance—areas requiring urgent research attention.
As AI continues to permeate health care education, these
findings advocate for a hybrid approach: leveraging LLMs for
scalable knowledge dissemination and formative assessment
while preserving human-led training in clinical judgment and
ethical decision-making. Ultimately, the integration of these
technologies should enhance, not replace, the humanistic core
of medical practice.
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Abstract

Background: Generative artificial intelligence (AI) chatbots have the potential to improve mental health care for practitioners
and clients. Evidence demonstrates that AI chatbots can assist with tasks such as documentation, research, counseling, and
therapeutic exercises. However, research examining practitioners’ perspectives is limited.

Objective: This mixed-methods study investigates: (1) practitioners’ perspectives on different uses of generative AI chatbots;
(2) their likelihood of recommending chatbots to clients; and (3) whether recommendation likelihood increases after viewing a
demonstration.

Methods: Participants were 23 mental health practitioners, including 17 females and 6 males, with a mean age of 39.39 (SD
16.20) years. In 45-minute interviews, participants selected their 3 most helpful uses of chatbots from 11 options and rated their
likelihood of recommending chatbots to clients on a Likert scale before and after an 11-minute chatbot demonstration.

Results: Binomial tests found that Generating case notes was selected at greater-than-chance levels ( 15/23, 65%; P=.001),
while Support with session planning (P=.86) and Identifying and suggesting literature (P=.10) were not. Although 55% (12/23)
were likely to recommend chatbots to clients, a binomial test found no significant difference from the 50% threshold (P=.74). A
paired samples t test found that recommendation likelihood increased significantly (19/23, 83%; P=.002) from predemonstration
to postdemonstration.

Conclusions: Findings suggest practitioners favor administrative uses of generative AI and are more likely to recommend
chatbots to clients after exposure. This study highlights a need for practitioner education and guidelines to support safe and
effective AI integration in mental health care.

(JMIR Hum Factors 2025;12:e71065)   doi:10.2196/71065

KEYWORDS

artificial intelligence; ChatGPT; mental health care; practitioner perspectives; mixed methods; digital health

Introduction

Overview
Globally, the prevalence of mental illness is rising and health
care systems are under increasing pressure [1]. In Australia,
individuals face barriers to mental health care, including
financial costs and extended wait times for appointments, while
practitioners are struggling to meet demand [2,3]. In this context,
artificial intelligence (AI) is a potential game changer, offering
24/7 support for individuals, thus alleviating pressure on mental
health practitioners [4,5]. Current models engage users in
therapeutic conversations, with many using “rule-based” scripted
responses and predefined dialog structures [6]. This technology
differs from generative AI chatbots, such as ChatGPT (OpenAI),

which generate original content and provide lifelike interactions
that closely imitate humans.

Generative AI can offer more empathetic emotional support in
comparison to rule-based chatbots [4,7-9], making it more
effective in counseling conversations and more acceptable to
clients. A recent qualitative study exploring the efficacy of
ChatGPT in supporting 24 individuals with mental health
conditions found that more than 50% of participants found
ChatGPT to be empathetic and 80% said the tool helped to
manage symptoms [10]. However, participants also raised
concerns regarding data privacy and the risk of personal data
theft, uncertainty in the reliability of the information shared and
the quality of training data, and a lack of understanding of
cultural determinants of mental health.
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Generative AI chatbots may also provide improved access to
mental health information and psychoeducation. Preprint and
peer-reviewed studies assessing the quality of psychoeducational
information generated by ChatGPT on depression, anxiety,
psychosis, and substance abuse found that it was accurate, clear,
clinically useful, relevant, and empathetic [11-13]. Furthermore,
studies have found generative AI chatbots to be effective in
supporting adherence to psychological treatments [14] and
delivering positive psychology interventions [15,16]. These
studies indicate that generative AI chatbots may improve
individuals’ access to information and basic therapeutic
exercises, allowing clinicians to focus on more complex tasks,
such as diagnosis and treatment.

Studies have identified a variety of uses of AI for practitioners,
including research, documentation, administering psychological
assessments, clinic management, and triaging [5,17-19].
Generative AI could enhance these functions by offering faster
processing speeds, more comprehensive client histories, and
higher empathy [20,21]. However, like rule-based AI models,
studies have found generative AI chatbots are prone to mistakes,
with one study finding that ChatGPT included incorrect
information in 36% of client documents in a medical setting
[21]. Another study evaluated ChatGPT’s performance in
conducting mental health assessments and found that, while
responses for simple cases were acceptable, recommendations
for more complex cases were inappropriate and potentially
harmful [22]. These findings highlight the risks associated with
AI, including hallucinations and misinterpretations.

Generative AI may also be capable of more sophisticated
functions, such as recommending diagnoses and treatment
options. Bartal et al [23] found that ChatGPT was able to
accurately identify posttraumatic stress disorder (PTSD)
following childbirth by analyzing individuals’ birth stories,
achieving high sensitivity (85%) and specificity (75%), aligning
with commonly accepted benchmarks of reliability [24,25].
Similarly, another case study demonstrated that ChatGPT can
identify treatment-resistant schizophrenia and suggest
appropriate treatment options [26]. Despite these innovative
applications, some argue that there is a need for significant
improvement before AI is adopted in mental health care [27].

Clinicians appear cautious about the use of AI and feel more
education and training are required [28,29]. In a systematic
review of AI in mental health care, Rogan et al [28] found that
most studies highlighted a need for clinician training,
emphasizing that “AI will only be useful if clinicians understand
and feel comfortable using it”. Similarly, in a survey of 138
American psychiatrists, Blease et al [29] found that 90% of
participants agreed that clinicians need more support to
understand generative AI. Qualitative responses were mixed,
with some participants expressing uncertainty and concerns
relating to potential harm and others overestimating the
readiness of generative AI to deliver clinical tasks.

While practitioners have expressed a need for more training and
support, many may already be using AI tools for internal
purposes. Blease et al [29] found that more than half of
psychiatrists surveyed had used generative AI chatbots to answer
clinical questions. A survey of 86 Australian mental health

professionals found that 43% had used AI and that ChatGPT
was the most commonly used tool [19]. Likewise, a systematic
review preprint on the use of generative AI in health care found
that the technology is “heavily applied” for documentation,
research, and administration among medical practitioners [30].

Research examining practitioners’use of generative AI chatbots
with clients is more limited. One study found strong support
among clinicians to use chatbots with clients, with 80% of
participants reporting they would be either very likely (24%)
or somewhat likely (56%) to recommend AI mental health
chatbots to clients within the next 5 years [31]. Participants may
have been more supportive as they were asked to consider their
future likelihood and, therefore, the potential for evolution of
both the technology and their understanding.

Objective
This study aims to explore which functions of generative AI
chatbots mental health practitioners think are most useful, and
to what extent they would recommend them to clients. In
addition, this study will investigate the impact of exposure to
a generative AI chatbot on participants’ likelihood of
recommending chatbots to clients.

This study uses both quantitative and qualitative data to address
3 research questions (RQ) aligned with corresponding
hypotheses. These RQs address key gaps in the literature,
including limited insight into which functions practitioners
prefer, a lack of empirical data on their willingness to
recommend generative AI chatbots to clients, and minimal
understanding of how exposure to the technology might
influence those attitudes.

RQ1 explores practitioners’ views on the most useful functions
of generative AI chatbots in mental health care. It is
hypothesized that functions such as generating case notes
(hypothesis 1), supporting session planning (hypothesis 2), and
identifying literature (hypothesis 3) will be prioritized. Previous
research suggests clinicians favor using AI for internal tasks
like documentation and research [29,30].

RQ2 examines the likelihood of mental health practitioners
recommending a generative AI chatbot to clients. It is
hypothesized (hypothesis 4) that fewer than 50% will do so, as
practitioners typically have low technology literacy [28,29,32].

RQ3 investigates whether practitioners are more likely to
recommend an AI chatbot after a demonstration, with the
prediction (hypothesis 5) that exposure to a demo will
significantly increase their likelihood to recommend it. Research
indicates that familiarity with health care technologies improves
clinician adoption [33].

Method

Participants
Participants were recruited using a purposive, convenience
sampling method. Digital flyers were distributed on forums
including the Australian Psychological Society (APS),
Australian Association of Psychologists Inc (AAPi), through
Melbourne University channels, and with friends and family.
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Individuals who were not working in a client-facing, mental
health role were excluded from the study.

In total, 23 individuals participated in the study, and all were
working in Australia. Sample demographics are presented in
Table 1.

Table . Sample demographic information (N=23).

Participants (N=23)Demographic variables

Gender, n (%)

6 (26)Men

17 (74)Women

39.39 (16.20)Age (years), mean (SD)

Clinical role, n (%)

10 (30)Psychologist (including provisional)

6 (26)Counselor or psychotherapist

4 (17)Mental health social worker

2 (9)Psychiatrist

1 (4)Mental health support worker

Ethnicity, n (%)

15 (65)Caucasian or European

5 (22)Asian

3 (13)Mixed ethnicity

Area of work, n (%)

8 (35)Private sector

9 (39)Public sector

6 (26)Mixed

10.78 (14.31)Years of work experience, mean (SD)

Procedure
The study team devised interview questions (Multimedia
Appendix 1) to explore practitioners’perspectives on generative
AI chatbots in mental health care. The interviews were of 45
minutes and conducted over Zoom (Zoom Video
Communications, Inc.) between May and August 2024.
Open-ended, Likert-scale, and ranking questions were used to
collect both qualitative and quantitative data. Interviews were
recorded and transcribed using AI software, Notta (Notta Inc),
to support qualitative analysis.

Uses of Generative AI Chatbots in Mental Health Care
Participants were asked to select their top 3 “most useful”
functions of generative AI chatbots from a list of 11 options
and explain their reasoning. The uses were:

1. Generating case notes
2. Support with session planning
3. Client triaging
4. Client onboarding processes
5. Administering psychological assessments
6. Supporting therapist-directed exercises
7. Supporting self-directed exercises
8. Symptom tracking and monitoring
9. Identifying and suggesting literature relevant to a client’s

profile

10. Psychoeducation and socialization to therapeutic models
11. Counseling

An option to select “Other” was offered and subsequently
removed from the analysis as it was not selected by any
participants.

Likelihood of Recommending a Chatbot to a Client
Participants were asked, “How likely are you to recommend a
chatbot to a client?” on a Likert scale of 1 (Highly unlikely) to
4 (Highly likely). This question was asked both before (T1) and
after (T2) viewing a demonstration of a generative AI chatbot.

The demonstration was an 11-minute screen recording of a
generative AI chatbot that had been built using GPT-4o
(OpenAI) for the purposes of this research. During the
demonstration, a fictional client (“Saman”) interacted with the
chatbot to illustrate a range of use cases, from triaging,
psychological assessment, clinic onboarding, counseling, and
completing a gratitude exercise. The demonstration also showed
Saman’s fictional therapist using the chatbot to generate case
notes, identify literature relevant to Saman’s profile, and plan
future sessions (Multimedia Appendix 2).

Although the demonstration featured a chatbot built using
GPT-4o, participants were asked to rate and reflect on generative
AI chatbots for mental health support more generally, rather
than the specific tool presented. Only the text-based
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conversational capacity of GPT-4o was used, with safety filters
(mechanisms that monitor and restrict the model’s output to
reduce risk of harm), and real-time context (allowing the chatbot
to access external data and information) active by default. These
features were not explicitly evaluated but were considered
reflective of current generative AI chatbot capabilities.

Data Analysis

Quantitative

RQ1: Uses of Generative AI Chatbots

Data were analyzed to determine the proportion of participants
who selected each use and plot the SE. To test statistical
hypotheses (hypothesis 1, hypothesis 2, and hypothesis 3), 3
binomial tests were conducted to assess whether specific uses
were selected at greater than chance levels.

RQ2: Likelihood of Recommending a Chatbot to a Client

A binomial test was conducted to test hypothesis 4 and analyze
whether less than 50% of participants would be likely to
recommend a chatbot. A Bayesian binomial test was conducted
to evaluate the strength of the evidence in favor of the alternative
hypothesis.

RQ3: Increase in Likelihood of Recommending a Chatbot
After a Demonstration

To test hypothesis 5, a paired-samples t test was conducted to
measure whether there was a significant difference in the mean
likelihood of recommending a chatbot before (T1) and after
(T2) the demonstration. A Bayesian paired samples t test
assessed the strength of the evidence in favor of the alternative

hypothesis (a significant increase in recommendation likelihood
from T1 to T2).

Qualitative
A thematic analysis was conducted following Braun and
Clarke’s [34] 6-phase framework. Analysis began with
familiarization, where transcripts were reviewed to identify
initial ideas. Themes were then generated based on recurring
concepts, iterated, and refined to ensure they captured core
insights. Finally, qualitative themes were considered alongside
the quantitative results to identify key research findings. Where
participants are quoted, a reference is provided with their
participant identification number (#), gender (men or women),
and age.

Ethical Considerations
All participants provided informed consent and no compensation
was offered. Participants were informed in advance that
participation was voluntary, and they could withdraw at any
time without consequence. Data were stored securely, and
participant confidentiality was secured by anonymizing all data.
Ethics approval was obtained from the University of Melbourne
Human Research Ethics Committee (#28479).

Results

Overview of Qualitative Themes
Thematic analysis produced 9 qualitative themes (QTs), each
aligned to a particular RQ, as shown in Figure 1. These themes
are reported in further detail throughout the following section.
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Figure 1. Summary of qualitative themes.

RQ1: Uses of Generative AI Chatbots
Proportions of participants who selected each use in their top
3 are presented in Figure 2.

A binomial test was conducted to assess whether Generating
case notes was selected in participants’ top 3 choices at greater
than chance levels. The chance probability was calculated at
0.25, based on the probability of a participant selecting an
option, acknowledging that they had 3 choices and could not

select the same option twice (P(selected)=1 - [1- 1/11] x [1 -
1/10] x [1- 1/9]). The results were significant, P=.001, indicating
that Generating case notes was selected at greater than chance
levels. A binomial test indicated that Support with session
planning was not selected in participants’ top 3 choices at greater
than chance levels (0.25; P=.86). A binomial test indicated that
Identifying literature and Suggesting literature was not selected
in participants’ top 3 choices at greater than chance levels (0.25;
P=.10).
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Figure 2. Proportion of participants selecting each use of generative AI chatbots. Error bars represent the SE of the proportion of participants selecting
each use.

QT1: Potential for Administrative Efficiencies
Qualitative analysis indicated that participants value the potential
of generative AI chatbots to reduce time spent writing case
notes. One participant explained:

Writing clinical notes, that takes up probably more
time in therapists’days than they would like... having
a process to be able to. dump your very verbatim
notes from a session and have it spit out a very
succinct summary of the mental state formulation.
That would be awesome [#20, F, 29.]

Another participant emphasized that using a chatbot to document
case notes would enable them to spend more time with clients,

Generating case notes strikes me as just a
time-consuming and aversive activity… you save
yourself time to spend more time with clients and less
time on admin [#4, M, 42.]

QT2: Chatbots Useful as a Thought Partner
Qualitative responses indicated that participants saw the
potential of generative AI chatbots to assist with session
planning by providing new ideas, though it wasn’t seen as a
necessity. One participant stated,

For help with session planning I feel like well it’s
good with just reflecting on ideas and you know talk
about things that you maybe haven’t thought about
[#2, F, 27.]

Another explained,

I mean, you could do it without it, but it’s always
helpful to just to maybe get another perspective or
consider something else [#17, F, 35.]

QT3: Importance of Human Oversight
While qualitative responses indicated that participants hoped
generative AI chatbots might enhance their research, many
stressed the importance of maintaining human oversight. One
participant explained:

[Identifying literature] is something that we do
digitally anyway and if we’re able to customize a
search to a client specific profile, that might make
the search better. And then obviously, the clinician
can still have the final say on that, but it would be
helpful [#9, F, 24.]

Several participants raised concerns around accuracy, with one
participant remarking that,

It would be great to have a reliable source that can
give us the latest research in what is best practice
CBT [Cognitive Behavioral Therapy] for OCD
[Obsessive Compulsive Disorder]... [ChatGPT] just
never seems quite accurate [#11, F, 25.]

Another explained,

I know that there’s been a lot of speculation around
finding accurate references… I would always, you
know, [use ChatGPT] in addition to my own search
as well, just to be sure [#2, F, 27.]
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RQ2: Likelihood of Recommending a Chatbot to a
Client
The distribution of participants’ likelihood of recommending a
chatbot to a client at T2 is presented in Figure 3. Data from T2

(postdemonstration) was used for the analysis, as it best reflected
participants’ informed perspectives of generative AI chatbots.
One participant responded, “I don’t know,” and their data were
excluded from the quantitative analysis.

Figure 3. Distribution of participants’ likelihood of recommending a generative AI chatbot (n = 22). Error bars represent the SE of the percentage of
participants selecting each rating.

A binomial test was conducted to determine whether participants
would be likely to recommend a generative AI chatbot to a
client (defined as a response of 3 or 4 on the 4-point Likert
scale). The proportion of participants likely to recommend was
55% (12/22), which was not significantly different from the
50% threshold (P=.74; odds ratio 1.20 [95% CI 0.47-3.17]). A
Bayesian binomial test provided moderate evidence for the null
hypothesis that more than 50% of participants would be likely
to recommend a chatbot (BF01=5.24).

QT4: Lack of Familiarity With Generative AI Chatbots
Most participants were not familiar with generative AI chatbots
in mental health care. One participant noted,

[I don’t feel like I understand the market well enough
yet to recommend it to clients. I would need more
experience and a chance to evaluate different models
before trusting them for client use] [#4, M, 42.]

Others explained that they simply “don’t know enough about
it”. During introductory questions, only one participant reported
having experience using an AI chatbot for mental health support
for themselves or with a client.

QT5: Ethical Concerns
Ethical concerns were frequently cited. One participant
explained,

I don’t think that it would be prudent or appropriate
to recommend [chatbots] to clients just the same way
that we wouldn’t recommend unapproved treatments
that we can’t be fully confident in to clients because
then we basically have liability [#9, F, 24.]

Another commented,

Privacy would be my main concern. How do we
manage to keep client information confidential if
we’re using it for note purposes? [#20, F, 29.]

QT6: Conditional Use With Clients
For many participants, their likelihood of recommending a
chatbot was dependent on the type of client. One participant
stated,

I do see a use for it as an emergency point of contact,
but for anything beyond that, especially involving
complex risk, I wouldn’t feel comfortable
recommending it [#9, F, 24.]

Another explained that their etiological formulation would
inform whether a chatbot would be appropriate:

A lot of people’s addictions and mood disorders are
born out of childhood trauma, and I think there is
also a certain percentage of those who are
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enduringattachment wounds. And that’s where AI is
not going to be able to help [#12, F, 66.]

Others suggested their likelihood of recommending would be
based on age, with one participant explaining,

It depends on the demographic. Maybe if it was a
young person, I would. But in my practice, I don’t
actually come across many young people. So
personally, probably no, because most of my
demographics are older [#6, F, 54.]

RQ3: Change in Likelihood of Recommending a
Chatbot to a Client After the Demonstration
A one-tailed paired samples t test was conducted to assess
whether there was a statistically significant increase in the
likelihood of recommending a chatbot from T1 (mean 2.09 [SD
1.07]) to T2 (mean 2.64 [SD 0.79]). Results were significant,
t21=3.20; P=.002, with a mean difference of 0.55. The effect
size (d=0.68) was medium-to-large [35], suggesting a
meaningful increase in recommendation likelihood.

A Bayesian paired samples t test provided strong evidence in
favor of the alternative hypothesis (r=0.707; BF10=20.08),
indicating that participants were more likely to recommend a
chatbot after the demonstration (T2) compared to before (T1).

QT7: Increased Understanding Postdemonstration
Qualitative analysis suggested that the demonstration improved
participants’ understanding of how generative AI chatbots can
be used in mental health care. One participant stated,

I have a better sense of the additional value that AI
can provide particularly around screening and triage
[#4, M, 42.]

Another stated that, “It gave me new ideas on onboarding and
case notes” (#1, F, 25). Some participants were satisfied with
how the chatbot performed client-facing tasks such as
counseling, with one participant stating,

I was quite happy with how [the chatbot] dealt with
everything in terms of like when it realized that the
issues were quite severe and that it didn’t jump to try
to diagnose [#2, F, 27.]

QT8: Optimism for Future of Generative AI Chatbots
After the demonstration, several participants expressed optimism
about the potential of generative AI. One participant remarked,

I imagine as the technology gets better and we’re able
to further program them to work in a really safe and
diligent way around this sort of stuff, it probably will
work quite smoothly and reliably [#7, F, 27.]

One participant likened the introduction of AI chatbots to the
evolution of telephone counseling, while another stated:

I know a lot of people firmly believe that AI will never
be able to deliver that human touch. And I just think
that I just think they’re delusional, frankly, I think, I
think they need to… realize what’s coming [#4, M,
42]

QT9: Heightened Client Safety Concerns
Postdemonstration
Of the 10 participants who reported an increased likelihood of
recommending a chatbot, 4 indicated that the demonstration
had heightened their concerns regarding client safety. One
participant stated,

[I was spooked by how the AI responded when the
person expressed suicidality… it slightly ups my sense
of the risk based on current technology] [#5, F, 41.]

Another commented,

[The user was feeling a bit flat and all he was left with
was a phone number, like rather than ‘I will put you
through to Lifeline right now’, for example, just
leaving risk like that, that’s probably not helpful] [#8,
F, 58.]

Discussion

Principal Findings
This study found that practitioners appear to prefer
administrative uses of generative AI chatbots, such as generating
case notes, and are uncertain about recommending chatbots to
clients. While exposure to a demonstration may increase the
likelihood of recommending a chatbot, concerns regarding client
safety and risk persist.

The first hypothesis (hypothesis 1) was supported. Generating
case notes was selected as the most useful function of generative
AI chatbots at greater than chance levels. The second
(hypothesis 2) and third (hypothesis 3) hypotheses were not
supported. Support with session planning and Identifying and
suggesting literature were not selected at greater than chance
levels. The fourth hypothesis (hypothesis 4), that less than 50%
of participants would be likely to recommend a chatbot to a
client, was not supported. The fifth hypothesis (hypothesis 5)
was supported; participants were significantly more likely to
recommend a chatbot to a client postdemonstration, and
Bayesian analysis provided strong evidence for this increase.

Practitioners Prefer Administrative Uses of Generative
AI Chatbots
The results indicate a preference among practitioners for using
generative AI chatbots for simple, administrative tasks.
Quantitative and qualitative data highlight that practitioners see
value in generative AI chatbots for drafting and summarizing
case notes. Participants expressed enthusiasm for the potential
administrative efficiencies that using a chatbot would allow
more time to focus on client-facing work. This aligns with
previous studies where practitioners reported using generative
AI tools for documentation and research [19,29,30]. This
preference is also evident in the influx of AI-based tools for
case note documentation in the market, such as Heidi (Heidi
Health), Upheal (Upheal), and Autonotes (Autonotes AI, LLC)
[36-38].

There is; however, some nuance in the types of administrative
tasks practitioners are willing to use generative AI chatbots for.
While descriptive data showed that Identifying and suggesting
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literature was the second most frequently selected use, it was
not selected at greater than chance levels. Similarly, there was
a lack of support for Session planning. Participants emphasized
the importance of human oversight, indicating a lack of trust in
generative AI. This aligns with findings from Blease et al [29],
where psychiatrists were cautious of using generative AI for
tasks that require clinical expertise and raised concerns about
accuracy. As such, while practitioners may not be willing to
delegate more complex administrative tasks to generative AI
chatbots, this study suggests that there is potential for the
technology to be applied in a supporting capacity.

Practitioners Are Uncertain About Recommending
Generative AI Chatbots to Clients
This study found no clear preference for or against
recommending a chatbot to clients, with uncertainty evident in
both quantitative and qualitative results. Both the frequentist
and Bayesian analyses reflected statistical uncertainty regarding
the true proportion of participants who were likely to
recommend a chatbot to clients. Qualitative analysis highlighted
several ethical concerns, ranging from professional liability to
confidentiality and data security, and a lack of familiarity with
the technology. This aligns with previous research, which found
that practitioners often harbor ethical concerns and lack
education on the appropriate use of generative AI tools in
practice [29,32].

This uncertainty contrasts with Sweeney et al [31], where 80%
of practitioners were likely to recommend a chatbot to a client.
This variance may be explained by the difference in how
questions were phrased. In Sweeney et al [31] study, participants
were asked whether they would recommend a chatbot “in the
next five years,” allowing practitioners to consider how the
technology, and their understanding of it, may evolve. In
contrast, the present study focused on immediate likelihood,
which may have biased participants toward considering current
limitations. Participants also expressed optimism about the
future of generative AI, suggesting they may have been more
supportive if asked to consider their likelihood of recommending
a chatbot in the future.

Practitioners’ Use of Generative AI Chatbots May Be
Conditional on the Client
A unique insight from this study was practitioners’ support for
conditional use of generative AI chatbots, depending on factors
unique to the client. Qualitative responses indicated that
participants were more inclined to recommend chatbots for
low-risk, less complex cases (ie, stress, sleep issues, and life
transitions) compared to high-risk (ie, suicidal intent) or
trauma-related cases. The existing literature on the appropriate
client profiles for generative AI chatbots presents mixed views.
Some propose that AI is appropriate for use with clients with
complex clinical histories, on the basis that the technology can
analyze and track data on, for example, genetic markers and
behavioral patterns [39]. Others suggest that AI chatbots may
be most appropriate in prevention and psychoeducation in
low-risk populations [40]. Ultimately, like any mental health
treatment, the success of generative AI tools will depend not
only on the technology, but also on its fit for the client.

Exposure Increases Recommendation Likelihood and
May Heighten Client Safety Concerns
This study found that participants’ likelihood of recommending
a generative AI chatbot to a client increased significantly after
a demonstration. Qualitative insights provided depth to the
quantitative results, as participants explained that the
demonstration had increased their understanding of how chatbots
can be applied in mental health care. This result aligns with
earlier findings of a positive correlation between health care
practitioners’knowledge of generative AI chatbots and positive
attitudes toward the technology [41]. Similarly, previous studies
have found that negative perceptions of AI among mental health
professionals may be due to minimal exposure [29,42].

Alternatively, participants’ increased recommendation likelihood
postdemonstration may be reflective of novelty bias, where
individuals tend to exhibit increased enthusiasm toward a new
or unfamiliar technology or idea [43]. Qualitative data suggests
that for 22 out of 23 participants (96%), the demonstration was
the first time they had seen a generative AI chatbot used in a
mental health setting. In a similar study by Liu et al [16], it was
observed that participants responded more positively to a chatbot
trained to deliver positive psychology interventions during initial
interactions.

Surprisingly, despite the quantitative increase in
recommendation likelihood, qualitative responses indicated that
the demonstration heightened client safety concerns for some
participants. Of the ten participants who reported an increased
recommendation likelihood, 4 described being more concerned
about the risks. This suggests that a greater understanding of
the associated risks of using generative AI chatbots may play
a role in adoption among practitioners. This aligns with results
from Zhang et al [42], where participants described the
importance of understanding the risks of AI to “clinician buy-in”
and adoption of the technology in practice. While an
examination of potential risks was beyond the scope of this
study, this finding underscores the importance of providing
evidence-based, objective education to practitioners.

Limitations and Future Directions for Research
Several limitations of this study should be addressed. First,
convenience sampling may have introduced selection bias, as
individuals who were more supportive of AI technologies may
have been more likely to participate, leading to an
overrepresentation of positive attitudes. Future studies should
apply random sampling methods to reduce selection bias, ensure
representativeness, and improve external validity [44]. In
addition, participants may have been aware that the interviewers
created the chatbot demonstration, introducing demand
characteristics and potential bias toward more favorable
responses. The use of independent researchers to administer
questionnaires may assist in mitigating potential bias in future
research.

A primary focus of this research was to gather in-depth
qualitative data to allow for greater exploration of practitioners’
perspectives. Due to project constraints and the time required
of participants, the study sample size was small (N=23). While
this number is appropriate for qualitative thematic research [45],
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it limited the statistical power and reliability of the quantitative
analyses [46]. No a priori power calculation was conducted, as
the study was primarily exploratory and qualitatively focused.
In addition, the sample was Australian, predominantly female
(17/23, 74%) and mostly psychologists and counselors (13/23,
56%). Caution should be exercised when generalizing these
findings to other health systems or sociocultural contexts. In
the future, researchers should recruit larger, more representative
samples in different cultural contexts, while still maintaining
the qualitative analysis that is crucial for understanding the
nuanced perspectives of practitioners.

Participants were asked to rate their likelihood of recommending
a chatbot to a client on a 4-point Likert scale. While the absence
of a neutral midpoint encouraged participants to share their
perspectives, it may have forced practitioners to choose a
position that they did not fully support.

This study did not consider recent developments in generative
AI chatbot technology, such as voice recognition or more
sophisticated emotional detection capabilities [47]. Researchers
may consider partnering with AI developers to test emerging
technologies to ensure that studies remain relevant, while also
allowing for practitioner and user feedback on tools before they
are released to market.

Practical Implications
For practitioners, the findings suggest that generative AI
chatbots could be valuable in alleviating their administrative
burden. However, the study also highlights the need for careful
consideration as to how AI is applied and the need for
practitioners to improve their understanding of AI chatbots,
particularly as their clients may already be using them [22].

Educational institutions and industry associations play an
important role in ensuring practitioners have appropriate AI
skills and literacy and are prepared to deliver services in a field
where technology is playing an increasingly important role [48].
Practical, evidence-based guidelines for the use of AI tools
should address concerns expressed in this study regarding

liability, client safety, and ethics, while also enabling effective
use of technology to support positive mental health outcomes.
Practitioners should also be informed of emerging research so
as to help validate their decision-making and points of view.

For AI developers, insights from this study may support iteration
and refinement of generative AI chatbots for mental health care.
For example, developers should ensure practitioners’ concerns
regarding client safety, data security, and accuracy are addressed
in AI tools and service agreements. This study also highlights
the need for developers to engage practitioners, as well as users,
throughout the design process to support safe and effective
technology implementation.

Conclusion
Generative AI chatbots have significant potential to play an
important role in the delivery of mental health care. In the
immediate term, their greatest value may be in administrative,
nonclient-facing tasks, to alleviate practitioner workload and
allow greater attention to be directed to therapeutic work. This
study highlighted the complexity and nuance of practitioners’
perspectives on generative AI chatbots. While there is interest
and optimism, there is a lack of familiarity with AI tools and
uncertainty regarding client-facing uses. Furthermore, exposure
to AI technology may play an important role in supporting
adoption among practitioners.

Future research should continue to explore practitioners’ views
on administrative and client-facing uses with larger, more
representative samples to enhance the reliability and
generalizability of findings. It would also be beneficial to
explore hybrid models and the benefits of therapist-AI
collaboration. Such evidence could inform objective guidelines
to allow practitioners to make informed decisions on their use
of generative AI chatbots. Ultimately, this study provides
valuable contributions as to “how,” rather than simply
“whether,” generative AI chatbots may be integrated into mental
health care, guiding more thoughtful, stakeholder-informed
implementation.
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Abstract

Background: Generative artificial intelligence (AI)—particularly large language models (LLMs)—has generated unprecedented
interest in applications ranging from everyday questions and answers to health-related inquiries. However, little is known about
how everyday users decide whether to trust and adopt these technologies in high-stakes contexts such as personal health.

Objectives: This study examines how ease of use, perceived usefulness, and risk perception interact to shape user trust in and
intentions to adopt DeepSeek, an emerging LLM-based platform, for health care purposes.

Methods: We adapted survey items from validated technology acceptance scales to assess user perception of DeepSeek. A
12-item Likert scale questionnaire was developed and pilot-tested (n=20). It was then distributed on the web to users in India,
the United Kingdom, and the United States who had used DeepSeek within the past 2 weeks. Data analysis involved descriptive
frequency assessments and Partial Least Squares Structural Equation Modeling. The model assessed direct and indirect effects,
including potential quadratic relationships.

Results: A total of 556 complete responses were collected, with respondents almost evenly split across India (n=184), the United
Kingdom (n=185), and the United States (n=187). Regarding AI in health care, when asked whether they were comfortable with
their health care provider using AI tools, 59.3% (n=330) were fine with AI use provided their doctor verified its output, and 31.5%
(n=175) were enthusiastic about its use without conditions. DeepSeek was used primarily for academic and educational purposes,
50.7% (n=282) used DeepSeek as a search engine, and 47.7% (n=265) used it for health-related queries. When asked about their
intent to adopt DeepSeek over other LLMs such as ChatGPT, 52.1% (n=290) were likely to switch, and 28.9% (n=161) were
very likely to do so. The study revealed that trust plays a pivotal mediating role; ease of use exerts a significant indirect impact
on usage intentions through trust. At the same time, perceived usefulness contributes to trust development and direct adoption.
By contrast, risk perception negatively affects usage intent, emphasizing the importance of robust data governance and transparency.
Significant nonlinear paths were observed for ease of use and risk, indicating threshold or plateau effects.

Conclusions: Users are receptive to DeepSeek when it is easy to use, useful, and trustworthy. The model highlights trust as a
mediator and shows nonlinear dynamics shaping AI-driven health care tool adoption. Expanding the model with mediators such
as privacy and cultural differences could provide deeper insights. Longitudinal experimental designs could establish causality.
Further investigation into threshold and plateau phenomena could refine our understanding of user perceptions as they become
more familiar with AI-driven health care tools.

(JMIR Hum Factors 2025;12:e72867)   doi:10.2196/72867

KEYWORDS

artificial intelligence; data privacy; health informatics; human factors engineering; ChatGPT; risk assessment; technology
acceptance; trust; user adoption

Introduction

Over the past few years, generative artificial intelligence
(AI)—particularly large language models (LLMs)—has
transitioned from research laboratories to widespread public
use, sparking unprecedented interest in applications ranging
from everyday question and answer to health-related inquiries.
Media narratives often amplify these systems’ capabilities,

leading individuals to adopt them in ways that can exceed their
original design intentions. While such enthusiasm has
undeniably broadened the reach of LLMs, it also carries
risks—biased training data [1], fluctuations in output quality,
and users’ lack of domain expertise all converge in potentially
problematic ways. Indeed, existing research, including our own
previous work, suggests that many users consult LLMs (eg,
Chat Generative Pretrained Model) for medical advice despite
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having limited or no formal clinical background. As new LLMs
such as DeepSeek emerge—touting features such as
cost-effectiveness, human-like conversation, and comparable
performance to established systems—the likelihood that
nonexpert populations will rely on AI tools to inform health
care decisions appears poised to intensify.

However, little is known about how everyday users decide
whether to trust and adopt these technologies—particularly in
high-stakes contexts such as personal health. Studies show that
while an LLM may provide convincing outputs, its accuracy
can shift unpredictably due to biases or changes in model
parameters. Thus, a recommendation that proves correct today
does not guarantee reliability tomorrow. The media equation
theory further underscores how human-like dialogue can
encourage users to treat an AI system as though it were a
trustworthy human advisor, heightening the risk of overreliance
[2-5]. Against this backdrop, there remains a gap in
understanding how perceptions of ease of use, perceived
usefulness, risk, and trust coalesce to shape user intentions to
use LLMs for health-related queries. Specifically, while prior
studies on ChatGPT and similar platforms have begun to shed
light on user attitudes, few have examined the human factors
by which trust is established—or eroded—when individuals
face important decisions about their well-being.

In this study, we add to the body of knowledge by focusing on
DeepSeek, an open-source LLM that rapidly gained popularity
after surpassing other competitors in App Store rankings. Public
and media hype surrounding DeepSeek’s purported superiority
can create a halo effect, wherein users generalize competence
across all domains without adequately accounting for potential
inaccuracies or biases. Drawing on technology acceptance
models and behavioral theories [6,7], we propose and
empirically test a conceptual framework that explores the
association among ease of use, risk perception, and perceived
usefulness in determining user trust in-and-intentions to rely on
DeepSeek for health-related advice. Figure 1 shows the
conceptual model. A key focus centers on ease of use—a
construct traditionally linked to technology acceptance.
Specifically, the study posits that ease of use will significantly
foster trust in DeepSeek and increase users’ intent to adopt it
for health purposes. This expectation aligns with the view that
a user-friendly interface reduces cognitive strain, instilling an
impression of competence and reliability [8]. Moreover,
straightforward navigation of an AI system in a clinical or
personal health setting can lower barriers to initial adoption,
prompting individuals to incorporate the technology more
readily into their decision-making.

Figure 1. Conceptual structural framework. Education, age, and sex are the control variables. Latent constructs are represented by circles and observed
variables by rectangles. QE: quadratic effect.

Another central component is trust, which is widely recognized
as a pivotal determinant of individuals’ willingness to delegate
sensitive tasks to AI systems. Here, trust is posited to positively
influence intent to use DeepSeek, reflecting the premise that
users must believe in the system’s credibility and accuracy

before relying on its outputs for personally significant choices,
such as querying about personal health or symptoms. In parallel,
the model predicts that perceived usefulness—the degree to
which users believe that DeepSeek effectively aids in
accomplishing tasks—will both feed into trust and directly
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motivate the decision to adopt [9]. If DeepSeek demonstrably
improves efficiency, offers relevant information, or yields better
outcomes, individuals are more likely to view the technology
as beneficial and deserving of confidence, thus reinforcing their
intention to use.

In contrast, risk perception is anticipated to negatively impact
the intent to use. Particularly in health-related scenarios,
concerns over data privacy, the possibility of incorrect
diagnoses, or broader ethical dilemmas can inhibit adoption.
Users who sense a high level of risk may hesitate to rely on an
AI system, even if they recognize certain advantages [10].

In addition, the framework addresses mediation pathways, where
trust operates as an intermediary in 2 distinct relationships. First,
the study investigates whether trust mediates the link between
ease of use and intent to use, positing that user-friendly design
can bolster trust, reinforcing the inclination to adopt DeepSeek.
Second, perceived usefulness is hypothesized to enhance trust,
which in turn increases intent to use, reflecting the theory that
tangible benefits establish an underlying belief in the system’s
reliability.

We explore the following 8 hypotheses (Hs):

• H1: ease of use positively influences trust in DeepSeek.
• H2: ease of use positively influences intent to use DeepSeek

for health-related purposes.
• H3: trust in DeepSeek positively influences intent to use

DeepSeek for health-related purposes.
• H4: risk perception negatively influences intent to use

DeepSeek for health-related purposes.
• H5: perceived usefulness positively influences trust in

DeepSeek.
• H6: perceived usefulness positively influences intent to use

DeepSeek for health-related purposes.
• H7: trust in DeepSeek mediates the relationship between

ease of use and intent to use DeepSeek.
• H8: trust in DeepSeek mediates the relationship between

perceived usefulness and intent to use DeepSeek.

Although canonical technology acceptance models often posit
linear relationships among constructs such as ease of use,
perceived usefulness, and intention to adopt, scholars have long
recognized scenarios where user perceptions follow threshold
or plateau patterns rather than increasing in a straightforward
incremental manner [11,12]. Our study also acknowledges the
possibility of nonlinear relationships [13]. In practice, once an
interface or system achieves a certain baseline of usability,
additional refinements may produce diminishing returns—that
is, users do not perceive incremental gains in simplicity as
adding meaningful value [14]. For instance, a health-focused
AI system that goes from moderately user-friendly to extremely
user-friendly might not see a proportional rise in users’ trust or
adoption if people already consider the interface easy enough.
Likewise, risk perception can display an inverted-U or other
nonlinear patterns, where a just-right amount of perceived risk
may be beneficial in prompting vigilant, responsible usage,
whereas extremely low levels of risk can lead to complacency,
and extremely high levels can deter adoption outright. From a
cognitive and behavioral standpoint, Kahneman and Tversky’s

Prospect Theory also illustrates that people exhibit loss aversion
in nonlinear ways: even a small increase in perceived risk can
disproportionately reduce willingness to adopt [15].

By incorporating quadratic (QE) terms for both ease of use and
risk perception, this study accommodates the possibility that
these factors do not scale linearly with trust or intent to adopt.
Specifically, we test whether user attitudes intensify, plateau,
or invert once certain inflection points in usability or perceived
risk are reached. A similar rationale applies to perceived
usefulness, as exceedingly high levels of perceived utility may
lead to skepticism—users might become suspicious of a too
good to be true system promising flawless performance, thus
reducing their trust or perceived credibility.

Methods

Ethical Considerations
The West Virginia University Institutional Review Board
approved the study (protocol number 2302725983; classified
as a flex protocol type). All participants were required to provide
informed consent statement through an individualized survey
link, before proceeding to the primary survey. All data were
anonymized. Participants were compensated by the paid
audience panelling service.

Survey Instrument
The survey items were adapted from established measurement
scales commonly used in technology acceptance and
human-computer interaction research [16,17]. A preliminary
literature review identified key constructs (eg, ease of use, trust,
risk perception, perceived usefulness, and usage intentions)
pertinent to AI-driven applications, particularly in health care
[18,19]. Existing, validated items were then modified
linguistically to reflect DeepSeek’s functionality. For instance,
several questions included references to reliability and accuracy,
adapted from trust in automation scales. At the same time, risk
perception measures were framed to address data privacy and
potential adverse outcomes in health-related tasks [20-22].

As shown in Textbox 1, the resultant questionnaire comprised
12 primary items, each measured on a 4-point forced Likert
scale. The decision to use a 4-point format was motivated by
the desire to encourage decisive responses and minimize the
fence-sitting effect often observed with neutral midpoint options.
In the context of LLM usage, truly neutral opinions are
comparatively less likely; users typically find these AI systems
either useful or problematic in some capacity. By eliminating
the neutral choice, the instrument sharpens distinctions in
participant attitudes and prevents potential ambivalence from
masking genuine inclinations. Still, we acknowledge that the
absence of a neutral category can suppress expressions of
ambivalence.

Questions were grouped to form latent construct and validated.
The instrument also had questions about participant
demographics. In addition, the survey incorporated a checking
question to verify that respondents thoroughly read all questions
before providing their answers, further ensuring data quality.
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Textbox 1. Survey questions used in the study model.

Trust in DeepSeek

• To what extent do you agree or disagree with the following: I would trust DeepSeek completely. (T1)

• To what extent do you agree or disagree with the following: DeepSeek generates reliable outputs. (T2)

• To what extent do you agree or disagree with the following: I believe in DeepSeek outcomes. (T3)

Intent to use DeepSeek for health-related purposes

• To what extent do you agree or disagree with the following: I would take DeepSeek’s health-related recommendations seriously. (IU1)

• To what extent do you agree or disagree with the following: I will use DeepSeek to interpret my clinical documents. (IU2)

• To what extent do you agree or disagree with the following: I want to use DeepSeek to understand minor health problem I occasionally get. (IU3)

Ease of using DeepSeek

• To what extent do you agree or disagree with the following: I find it easy to read and understand the output generated by DeepSeek. (E1)

• To what extent do you agree or disagree with the following: DeepSeek is easy to use. (E2)

Perceived usefulness of DeepSeek

• To what extent do you agree or disagree with the following: DeepSeek-generated outcomes will help me improve productivity. (PU1)

• To what extent do you agree or disagree with the following: DeepSeek-generated outcomes will help me make better decisions. (PU2)

Risk perception

• To what extent do you agree or disagree with the following: using DeepSeek will put my work or myself at risk. (R1)

• To what extent do you agree or disagree with the following: I have privacy concerns with DeepSeek. (R2)

Pilot Testing and Data Collection
Before launching the main data collection, the survey was
piloted with a small convenience sample (n=20) who met the
criterion of having used DeepSeek at least once in the previous
2 weeks. Pilot participants were asked to provide feedback on
item clarity, redundancy, and overall length. Minor revisions
were made, including refining the wording of risk-related items
and adjusting the Likert scales for consistency.

Following pilot testing, a web-based version of the final
questionnaire was administered via Centiment, a paid audience
paneling service. Centiment maintains a prescreened database
of respondents for market research. Panelists opt in by agreeing
to Centiment’s terms of use and privacy policy, and they are
profiled in advance based on demographic and firmographic
criteria. This approach enabled us to target specific audiences
(eg, certain regions or demographic subgroups) and apply quotas
to approximate a more representative sample. Centiment’s
quality controls—such as IP-based fingerprinting, proxy
detection, and fraud scoring—were used to minimize duplicate
or low-effort responses.

The survey was distributed to India, the United Kingdom, and
the United States. Participant recruitment targeted adult users
(aged 18 years or older) who reported using DeepSeek at least
once in the preceding 2 weeks. Exclusion criteria included
individuals with no prior exposure to DeepSeek.

Data Collection Procedure
Data collection took place over 2 weeks. Each participant
received an individualized survey link, which led to a landing
page containing an informed consent statement. After

consenting, participants proceeded to the primary survey. The
survey platform automatically recorded session details, including
session ID and IP address (to prevent duplication only). All
identifying information was removed before data analysis.
Participants could terminate the survey at any point without
penalty.

Statistical Analyses
First, we conducted a frequency analysis of the survey responses
related to participant characteristics and DeepSeek perception.
Given that all data were gathered using a single survey
instrument, common method bias (CMB) represented a potential
concern. To evaluate the extent of CMB, we conducted
Harman’s single-factor test, wherein the principal components
analysis revealed that the highest variance explained by any
single factor was 33%, falling below the commonly referenced
threshold of 50% [23]. Consequently, these results indicate that
no substantial CMB threat exists in our dataset.

Second, we used nonparametric Partial Least Squares Structural
Equation Modeling (PLS-SEM) to investigate the relationships
between the latent constructs and their observed indicators.
PLS-SEM is suitable for analyzing complex models with
multiple dependent and independent variables. The method
allows for simultaneous evaluation of the measurement model,
which assesses construct reliability and validity, and the
structural model, which examines the hypothesized relationships
between constructs [24]. The PLS-SEM method is also suitable
for nonnormal data [25].

Our measurement model consisted of five reflective latent
constructs, namely, (1) trust in DeepSeek, (2) intent to use
DeepSeek for health-related purposes, (3) ease of using
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DeepSeek, (4) perceived usefulness of DeepSeek, and (5) risk
perception (Textbox 1). Each construct was measured using
multiple observed indicators, with 3, 3, 2, 2, and 2 items,
respectively. The constructs were assessed based on factor
loading greater than 0.5. The reliability and validity were
evaluated based on composite reliability (rho_C) greater than
0.70 [26] and average variance extracted (AVE) greater than
0.50 [26,27]. Variance inflation factor values were calculated
to detect multicollinearity.

The validated measurement model was bootstrapped with 10,000
iterations to obtain the P values, bias-corrected standardized
parameter estimates (β), and CIs. The model was controlled for
education level, age, and sex. These were used as covariates in
the model.

Sample Size Justification
Relatively large sample sizes are commonly used in structural
equation modeling (SEM) to ensure robust parameter estimation
and adequate statistical power. Although guidelines in the SEM
literature vary, several rules of thumb have been proposed. Some
recommend a minimum of 200 participants for most SEM
applications. In contrast, others suggest having at least 5-10
respondents per estimated parameter in the model [28-30]. Our
study’s final instrument contained 12 key items spanning
multiple latent constructs (eg, ease of use, trust, risk perception,
perceived usefulness, and intent to use). Consequently, typical
rules of thumb would indicate a desired sample size of 300‐500
participants to meet assumptions of stable parameter estimation.

Results

Participant Characteristics
A total of 556 complete responses were collected.
Geographically, 184 individuals were based in India, 185 in the
United Kingdom, and 187 in the United States, reflecting an
almost even split across these 3 locales. Regarding education,
most respondents (n=214, 38.4%) held a bachelor’s degree,
followed by master’s degree holders (n=153, 27.5%), high
school graduates (n=142, 25.5%), those with some high school
(n=24, 4%), and those with doctoral-level degrees (n=23, 4%).
The sex distribution was nearly balanced, with 49.2% (n=274)
identifying as male and 50.7% (n=282) identifying as female.
In terms of age, 24.6% (n=137) were aged 26‐35 year, 14%
(n=78) were aged 18‐25 years, 19.4% (n=108) were aged
36‐45 years, another 19.4% (n=108) were aged 46‐55 years,
15% (n=85) were aged 56‐65 years, and 7% (n=40) were aged
66 years or older. Nearly 32.9% (n=183) used DeepSeek “once
a month,” 46.0% (n=156) used DeepSeek “once a week,” 24.6%
(n=137) used it “more than once per week,” and 14% (n=80)
used it “almost every day.” Out of 556, about 55.4% (n=308)
used DeepSeek primarily for academic and educational
purposes, approximately 50.7% (n=282) used DeepSeek as a
search engine, and 47.7% (n=265) used DeepSeek for
health-related queries.

Participants’ Perception of AI in Health Care
Responding to the question, “Will you be ok if your healthcare
provider (doctor) uses similar AI tools for clinical purposes?”
out of 556 respondents, only about 9% (51) were uncomfortable

with their health care provider using similar AI tools for clinical
purposes. About 59.3% (330) were fine with it as long as their
doctor verifies the AI’s input, while approximately 31.5% (175)
would be enthusiastic about their provider using AI without any
conditions. This suggests that while there are some reservations
about the direct use of AI in clinical settings, most people are
open to it if professional oversight is maintained.

As a response to this survey question, “To what extent can using
such AI diagnoses increase patient safety?” nearly 5% (27) felt
that using AI for diagnoses would not improve patient safety
and might even put patients at risk. In contrast, 20.5% (114)
believed that it would increase safety somewhat, while 29.3%
(163) thought that it would do so moderately, and 27.5% (153)
felt that it would enhance safety quite a lot. An additional 18%
(99) believed that AI could increase patient safety to a great
degree. Most respondents see a positive potential for AI in
improving patient safety, with most expecting at least a moderate
benefit from its use.

Participants’ LLM Use Pattern
Responding to the question “In the last 6 months, how often
have you used any large language model?” about 25.2% (140)
indicated that they used an LLM once a month, while the largest
group, 43.7% (243), reported using it weekly. Approximately
20.3% (113) of respondents mentioned using an LLM almost
daily, and 11% (60) stated using it multiple times daily.

Participants’ Intent to Adapt DeepSeek Over Other
LLMs
As a response to the question, “How likely are you to switch
over and use DeepSeek instead of other large language models
like ChatGPT?” only a small fraction reported no intent to
switch over to DeepSeek, with 3% (18) indicating that they
would not consider it and 16% (87) saying that they are unlikely
to make the change. A significant majority are open to the idea,
with 52.1% (290) stating that they are likely to switch and an
additional 28.9% (161) expressing that they are very likely to
do so. This suggests that many users are ready to transition from
LLMs such as ChatGPT to DeepSeek.

Measurement Model and Survey Validation
Table 1 shows survey responses on ease of use, trust, usefulness,
intent for health use, and risk perception of DeepSeek.
Respondents generally view DeepSeek favorably regarding ease
of use, trust, and perceived usefulness. For instance, both ease
of use items (E1 and E2) received strong positive responses,
with nearly 90% of participants somewhat or strongly agreeing
that DeepSeek is easy to use. Trust in the platform is similarly
high, as indicated by most respondents strongly or somewhat
agreeing with all trust-related items (T1, T2, and T3). perceived
usefulness ratings are also robust, with most users
acknowledging the benefits of DeepSeek. In addition, the intent
to use DeepSeek for health-related purposes is positive, although
slightly more moderate than the other categories. However, risk
perception responses are more mixed, with a relatively even
distribution across all levels of agreement.

Table 2 indicates a robust measurement model with strong
evidence of convergent and discriminant validity across all
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latent constructs. Convergent validity is supported by high AVE
values: each construct exceeds the commonly accepted 0.50
threshold (ranging from 0.650 to 0.820), indicating that the
items explain a substantial portion of their respective constructs.

Likewise, rho_C and Cronbach alpha values are mostly well
above the 0.70 benchmark, confirming internal consistency
among indicators.

Table . Participants’ responses to the survey questions used in the conceptual structural framework.

Strongly agreeSomewhat agreeSomewhat disagreeStrongly disagreeObserved variables

Ease of using DeepSeek, n
(%)

233 (41.90)267 (48.00)39 (7.00)17 (3.10)    E1

305 (54.90)214 (38.50)32 (5.80)5 (0.90)    E2

Trust in DeepSeek, n (%)

194 (34.90)240 (43.20)96 (17.30)26 (4.70)    T1

234 (42.10)268 (48.20)46 (8.30)8 (1.40)    T2

207 (37.20)267 (48.00)71 (12.80)11 (2.00)    T3

Perceived usefulness of
DeepSeek, n (%)

235 (42.30)246 (44.20)65 (11.70)10 (1.80)    PU1

221 (39.80)257 (46.20)66 (11.90)12 (2.20)    PU2

Intent to use DeepSeek for
health-related purposes, n
(%)

203 (36.50)246 (44.20)80 (14.40)27 (4.90)    IU1

179 (32.20)233 (41.90)108 (19.40)36 (6.50)    IU2

203 (36.50)257 (46.20)71 (12.80)25 (4.50)    IU3

Risk perception, n (%)

130 (23.40)167 (30.00)127 (22.80)132 (23.70)    R1

166 (29.90)185 (33.30)139 (25.00)66 (11.90)    R2
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Table . The measurement model and validation and reliability.

Rho_CAVEaFactor loadingConstructs and observed variable

0.850.65Trust in DeepSeek

0.82T1

0.78T2

0.82T3

0.880.70Intent to use DeepSeek for health-
related purposes

0.85IU1

0.84IU2

0.82    IU3

0.900.82Ease of using DeepSeek

0.90E1

0.91E2

0.870.77Perceived usefulness of DeepSeek

0.86PU1

0.90PU2

0.790.66Risk perception

0.97R1

0.64R2

aAVE: average variance extracted.

Discriminant validity is supported by the Heterotrait-Monotrait
ratios, nearly all of which fall below the critical value of 0.90
or 1.00. Variance inflation factor also ranged between 1.76 and
1.20, which is within the acceptable limits (less than 2.50) [31],
indicating no multicollinearity. In addition, the R² values of
0.55 (adjusted 0.54) for intent to use DeepSeek for health-related
purposes and 0.60 (adjusted 0.59) for trust in DeepSeek indicate
that the explanatory power of the proposed paths is moderate
to strong. The significant t statistics and P values across the key
relationships further verify that the conceptualized constructs
have been measured accurately, with only a few nonsignificant
quadratic paths. These findings validate the measurement
instrument and confirm that the theorized latent variables—ease
of using DeepSeek, perceived usefulness, trust in DeepSeek,
risk perception, and intent to use DeepSeek for health-related
purposes—exhibit sufficient reliability and validity to warrant
confidence in subsequent structural analyses. In addition to the
overall validity of the measurement model, the findings also
support the validity of the individual survey questions that
served as indicators for each latent construct. First, the high
factor loadings (as implied by the satisfactory AVE values)
suggest that each item meaningfully contributes to measuring
its intended factor, that is, users’ responses to questions about
ease of use, trust, perceived usefulness, risk, or intent to use
strongly correlate with the respective latent constructs they were
designed to represent. Second, the internal consistency indices
(Cronbach alpha and composite reliability) confirm that groups
of questions intended to measure the same construct hang
together well, indicating that the survey items reliably capture
the same underlying concept. Finally, the discriminant validity

checks confirm that questions targeting one construct do not
overlap excessively with those measuring other constructs; this
indicates that the items’ wording and content domains
effectively capture distinct dimensions of user perceptions
toward DeepSeek. These indicators demonstrate that the survey
questions—and not just the overarching constructs—exhibit
satisfactory validity.

SEM (Direct, Indirect, and Total Effects)
Table 3 shows that the path coefficients and mediation analyses
provide strong evidence for most of the hypothesized
relationships, although one notable exception emerged regarding
risk perception. Ease of use (H1) has a significantly positive
direct effect on trust in DeepSeek. This indicates that when
users perceive DeepSeek as more intuitive and less effortful to
operate, their trust in the system increases correspondingly.
However, the direct relationship between ease of use and intent
to use DeepSeek for health-related purposes (H2) is not
statistically significant. Despite this, a significant total effect
and a strong indirect path through trust confirm that trust fully
mediates the impact of ease of use on user intentions. Hence,
while there is no direct link between ease of use and intent, ease
of use indirectly drives intent via trust, satisfying H2’s broader
premise when mediation is considered. Trust in DeepSeek (H3)
exerts a strong, positive influence on intent to use DeepSeek.
This suggests that once users develop confidence in DeepSeek’s
outputs, they are more inclined to rely on it for health-focused
tasks. Risk perception (H4) shows a significant negative path
coefficient, supporting the hypothesized relationship. This
implies that higher perceived risk—as captured in the current
measurement—correlates with a lower intent to use DeepSeek,
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deterring adoption. The findings strongly support both direct and mediated effects concerning perceived usefulness.

Table . Direct, indirect, and total effects observed in the proposed structural framework.

βa (SD)

Total effectIndirect effectDirect effectPaths

0.25 (0.06)c—b0.07 (0.058)Ease of using DeepSeek → intent
to use DeepSeek for health-related
purposes

0.36 (0.05)c—0.36 (0.05)cEase of using DeepSeek → trust in
DeepSeek

0.40 (0.04)c—0.17 (0.05)cPerceived usefulness of DeepSeek
→ intent to use DeepSeek for
health-related purposes

0.52 (0.04)c—0.52 (0.04)cPerceived usefulness of DeepSeek
→ trust in DeepSeek

0.21 (0.03)c—0.20 (0.03)cRisk perception → intent to use
DeepSeek for health-related purpos-
es

0.45 (0.05)c—0.45 (0.05)cTrust in DeepSeek → intent to use
DeepSeek for health-related purpos-
es

0.16 (0.02)c0.16 (0.02)c—Ease of using DeepSeek → trust in
DeepSeek → intent to use DeepSeek
for health-related purposes

0.24 (0.03)c0.24 (0.03)c—Perceived usefulness of DeepSeek
→ trust in DeepSeek → intent to use
DeepSeek for health-related purpos-
es

Control variables

−0.02 (0.01)−0.02 (0.01)—    Age → trust in DeepSeek → in-
tent to use DeepSeek for health-re-
lated purposes

0.07 (0.03)d—0.09 (0.03)c    Age → intent to use DeepSeek
for health-related purposes

−0.05 (0.03)—−0.05 (0.03)    Age → trust in DeepSeek

−0.04 (0.03)—−0.06 (0.03)    Education → intent to use
DeepSeek for health-related purpos-
es

0.04 (0.03)—0.04 (0.03)    Education → trust in DeepSeek

0.04 (0.02)0.04 (0.02)—    Sex → trust in DeepSeek → in-
tent to use DeepSeek for health-re-
lated purposes

0.15 (0.06)d—0.11 (0.06)    Sex → intent to use DeepSeek for
health-related purposes

0.09 (0.05)—0.09 (0.05)    Sex → trust in DeepSeek

aβ: standardized coefficient.
bNot applicable.
cP<.001.
dP<.05.

Perceived usefulness (H5) significantly increases trust in
DeepSeek, indicating that when participants see value in
DeepSeek’s capabilities, their faith in the technology grows.
Perceived usefulness also shows a robust direct effect on intent
to use DeepSeek (H6), underscoring the salience of

benefit-driven evaluations in motivating adoption. In addition,
mediation analyses reveal that trust partially mediates the effect
of perceived usefulness on intent: the direct path remains
significant, while the indirect path further boosts intentions.
Finally, H7 and H8 both concern mediation by trust. For H7
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(ease of use → trust → intent), the indirect path is significant
while the direct path is not, signifying a full mediation scenario
in which ease of use shapes intentions solely through trust. For

H8 (perceived usefulness → trust → intent), there is evidence
of partial mediation, as both the direct and indirect paths are
significant. Figure 2 summarizes the overall findings.

Figure 2. The structural model. It illustrates the 5 latent constructs—ease of using DeepSeek, perceived usefulness of DeepSeek, risk perception, trust

in DeepSeek, and intent to use DeepSeek for health-related purposes. Each circle represents a latent construct with adjusted R2 values. The rectangles
show specific survey items measuring those constructs. The numeric values on the arrows are standardized path coefficients with P values in parentheses.
QE captures the possible quadratic effects. QE: quadratic effect.

SEM (Quadratic Effects)
The model explored potential QE nonlinear relationships among
the key constructs. The results indicate that the quadratic effect
of ease of use on intent to use DeepSeek for health-related
purposes is significant (β=0.08; P=.01), suggesting that beyond
a certain point, the influence of ease of use on user intentions
may intensify or plateau rather than progress linearly. In
contrast, the quadratic term of ease of use on trust in DeepSeek
was not significant (β=o.04; P=.10), indicating that trust levels
respond to ease of use in a linear fashion. The quadratic effect
of risk perception on intent to use DeepSeek for health-related
purposes emerged as significant (β=−o.11; P=.01), implying
that moderate risk perceptions might not affect adoption the
same way extremely low or very high-risk perceptions
do—potentially reflecting a threshold.

Perceived usefulness exhibited a negative but significant
quadratic relationship with intent to use (β=–o.07; P=.04),
suggesting that at very high levels of perceived usefulness,
additional increases might yield diminishing or even marginally
negative returns on user intentions. By contrast, no significant
quadratic effect of Perceived usefulness was detected on trust
in DeepSeek (β=o.03; P=.37), indicating that trust is likely
more directly related to usefulness without an apparent nonlinear
inflection point. These results demonstrate that while ease of
use, risk perception, and perceived usefulness can shape user

intentions curvilinearly, not all model relationships exhibit
nonlinear patterns. For constructs such as trust, effects appear
to follow a more straightforward linear trajectory. These findings
underscore the importance of accounting for potential threshold
or plateau effects in user adoption research, particularly in
health-oriented applications where attitudes and behaviors can
shift dramatically once certain risks or perceived benefits are
reached.

Discussion

Summary
This study is among the first to explore user perception of
DeepSeek for health-related purposes. Our findings suggest that
many users see substantial benefits in using DeepSeek for
health-related purposes. The key finding of this research is that
ease of use and risk perception can exhibit nonlinear
dynamics—these can be interpreted as plateau or threshold
points in user attitudes toward DeepSeek. In practical terms, a
plateau in ease of use implies that once the interface is
sufficiently user-friendly, further refinements may have
diminishing effects on adoption. Developers and user-experience
designers should therefore balance interface simplicity with the
system’s perceived depth and reliability; an overly simplistic
interface may inadvertently erode trust by making the platform
seem superficial or incapable of handling complex health
inquiries. Conversely, moderate risk can sometimes spur
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vigilance and more thoughtful usage, while extremely
high-perceived or extremely low-perceived risk may hinder
responsible engagement—by either deterring users outright or
breeding complacency. Other notable contribution of this study
lies in its comprehensive examination of how ease of use,
perceived usefulness, trust, and risk perception influence users’
intentions to adopt DeepSeek for health-related purposes.

Ease of Use and Its Impact on Trust in DeepSeek
Our findings confirm that ease of use exerts a significantly
positive effect on trust in DeepSeek. From a practical standpoint,
developers should focus on streamlined navigation, ensuring
that even users with limited digital literacy feel comfortable
engaging with DeepSeek. For example, providing step-by-step
guidance or context-sensitive help can reinforce the impression
that the system is both user-friendly and thoroughly vetted. In
contrast to some ChatGPT-based studies, where the interface
is perceived as a general question and answer platform, our
evidence suggests that for health-specific applications,
straightforward interfaces function as a gateway to trust—a
critical factor when individuals are dealing with health decisions.

Ease of Use and Intent to Use (Trust Mediation)
The findings regarding the relationship between ease of use and
trust in DeepSeek illuminate the complexities of user
engagement with AI systems, particularly in health care.
Specifically, while ease of use appears to have a significant
indirect effect on users’ intent to use DeepSeek through the
mediator of trust, it resonates with discussions within the larger
AI acceptance literature, which posits that usability or interface
simplicity alone does not drive adoption without concurrent
confidence in the technology’s reliability and accuracy [32].
The dynamics uncovered in this exploration emphasize that a
merely simplistic interface does not cultivate trust in
health-oriented LLMs; users must be assured of the technology’s
accuracy to engage and rely on it effectively. For instance, users
seeking medical advice—such as someone with recurring
migraines—may appreciate the user interface of DeepSeek, but
their intention to use it consistently will hinge on the platform’s
perceived medical credibility derived from initial interactions
[33]. This perspective is supported by findings from studies on
ChatGPT that indicate user trust as a crucial factor influencing
sustained interaction, particularly under high-stakes conditions
where accuracy is paramount. For example, prior research has
shown that while user engagement may be generated through
conversational style and interactive query handling, these
features fall short in fostering enduring user reliance without a
foundational trust in the response quality [34,35] or robust data
governance. In comparison, ChatGPT-focused studies highlight
that while user engagement may increase through social and
conversational interactions, the lack of trust could hinder
consistent usage, especially in domains that influence personal
well-being [36]. The comparison indicates that while features
aimed at ease of use and interactivity can capture initial interest,
the health care domain demands a systematic approach that
combines usability with robust trust mechanisms to encourage
adoption.

The operationalization of trust in AI health systems will likely
involve continuous user feedback mechanisms and accuracy

assessments to enhance reliability perceptions. Practical
applications may include tools that elucidate the rationale behind
AI-generated recommendations, thereby fostering a cycle of
trust and utility that is essential for successful technology
adoption in health care settings.

Risk Perception as a Barrier to Adoption
The finding of risk perception negatively influences intent to
use AI applications in health care, such as DeepSeek, is
supported by various studies highlighting consumer concerns
regarding data privacy and the accuracy of outcomes. This
foundational anxiety stems from the sensitive nature of health
data, which is subject to strict privacy regulations and potential
consequences from AI errors. Studies indicate that perceived
risks can deter individuals from using AI-driven health services,
emphasizing the necessity for well-defined communication
regarding security measures and validations [37]. Studies also
acknowledge risk perception as a key predictor of preventive
behavioral intentions among health care workers, labeling risk
perceptions as a barrier to adoption [38]. For instance, users are
often more reassured by clear notifications of compliance with
regulations such as Health Insurance Portability and
Accountability Act; such risk mitigation strategies can create
an environment conducive to adoption. Therefore, developing
transparency and clear data-handling policies is crucial for
platforms aiming to foster trust amid user apprehensions.

Perceived Usefulness (Direct and Mediated Effects on
Trust and Intent)
The assertion that perceived usefulness exerts direct and indirect
effects on user behavior is supported by a growing body of
literature surrounding AI applications in health care, particularly
findings related to ChatGPT and other LLMs. Evidence suggests
that tangible benefits, such as improved accuracy and efficiency
in information retrieval, significantly motivate user adoption.
For instance, studies indicate that the effective performance of
ChatGPT in answering medical queries enhances its perceived
usefulness, thereby influencing user intention to use the
technology [39,40]. The ability to provide relevant and timely
medical information underpins the motivation for user
engagement with systems such as DeepSeek, signifying that
showcasing the background and effectiveness of AI tools is
critical for fostering continued usage. Moreover, the notion that
perceived usefulness enhances trust aligns with findings in the
health AI literature, asserting that when users perceive real value
in platform insights, their confidence in the system increases.

In the context of ChatGPT, users often appreciate the quality
of responses, which can spur trust; however, this evaluation
must also contend with concerns regarding the accuracy and
potential misinformation [41]. Reviews of ChatGPT’s
effectiveness have highlighted its capacity to address diverse
questions, reflecting a correlation between perceived usefulness
and trust among users [42]. Practical demonstrations of efficacy,
such as case studies that illustrate successful outcomes through
the application of DeepSeek, resonate with sentiments found
in studies involving ChatGPT. For instance, showcasing
scenarios where ChatGPT effectively addresses patient inquiries
can materially impact users’ perceptions of its utility. As users
witness consistent performance and tangible benefits, their trust
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in the technology deepens. Research indicates that users are
more inclined to rely on AI tools when they exhibit high
reliability paired with clear demonstrations of past successes
[43].

Furthermore, the mediating role of trust in enhancing the
relationship between perceived usefulness and the intent to use
is underscored by findings that highlight the importance of
transparent communication about system performance and
limitations. Studies suggest that even when users recognize the
immediate utility of a system such as ChatGPT, their
commitment to regular use depends on assurances of accuracy
and reliability [44]. This illustrates that trust is not merely an
adjunct to perceived usefulness but rather a cornerstone of it.

In contrasting DeepSeek with ChatGPT, it becomes evident that
while both systems may demonstrate utility, the health context
often requires additional layers of demonstrated effectiveness,
such as compliance with health care standards or third-party
validations. Users making health decisions are more likely to
be influenced by the accessibility and clarity of information
than those seeking general knowledge, leading to a tighter
coupling of perceived usefulness and trust in these sensitive
applications. This suggests that developers of health
care–oriented AI applications need to focus on operationalizing
trust through effective communication strategies, data
governance, and continuous assessment of user feedback.

Ease of Use and Perceived Usefulness (Trust
Mediation)
Our model indicating full mediation for ease of use → intent
and partial mediation for perceived usefulness → intent reveals
an interesting relationship between user experience and the
adoption of AI technologies, particularly in health-related
contexts. This suggests that while perceived ease of use is a
critical pathway to intention, perceived usefulness plays a role
that not only correlates with intent but also enhances trust. The
findings resonate with studies exploring user engagement with
AI technologies, highlighting the nuanced nature of technology
adoption [45]. In the context of health care AI applications,
users often assess functionality and convenience before
establishing trust with the technology [46,47]. Studies show
that potential users may adopt a system based on perceived
usefulness, such as efficiency and practical advantages, even
when confidence in the technology’s reliability is still
developing [48]. Users may appreciate how quickly and
accurately an AI system can respond to queries about
health-related issues, thereby fulfilling their perceived need for
swift information retrieval, which correlates directly with
intention to use [49].

Conversely, the aspect of trust and its relationship with
perceived usefulness and ease of use is well documented in
literature surrounding AI adoption. A robust trust underpinning
offers the necessary assurance for sustained engagement with
an AI tool. The propensity for individuals to leverage technology
relies significantly on their established trust in its reliability, as
users frequently remain wary of potential harms associated with
incorrect medical information. This caution echoes findings
that highlight how user skepticism toward AI systems can hinder

adoption, even when perceived usefulness is acknowledged
[50].

The dual pathways of adoption in health-related AI involve
balance between functionality and trust. Users seeking
immediate solutions may prioritize perceived
utility—understandably, hospitals and clinics are increasingly
looking for AI tools that can aid in diagnosing or managing
conditions effectively. However, for deeper and continued
engagement, systems must also establish credibility through
transparency and accuracy, showcasing validated performance
metrics and explicit contextual understanding of the system’s
capabilities and limitations.

It is imperative for health care–related AI platforms to combine
a user-friendly interface—highlighting ease of use—with
rigorous communication about their value propositions, as a
multitiered approach could cater to both segments of potential
users: those motivated primarily by immediate functionality
and those seeking strong reliability assurances.

Implications and Recommendations
The significant quadratic terms for ease of use, risk perception,
and perceived usefulness underscore that users’ intentions to
adopt DeepSeek do not always progress linearly. When ease of
use displays a positive quadratic relationship with adoption
intent, it suggests an initial stage where incremental usability
enhancements produce modest gains, followed by a threshold
at which further improvements can yield disproportionately
greater jumps in adoption. However, past a certain point (a
potential plateau), refining the interface may no longer yield
significant returns. In essence, once LLMs (DeepSeek) is
intuitive enough for typical health inquiries, polishing it further
provides only marginal benefit. Therefore, developers should
identify the must-have design features that bring users up to a
comfortable baseline. Past that usability threshold, design
resources may be more effectively spent on reliability or
improving specific functionalities rather than continuously
tweaking the interface. Certain groups (eg, older adults or low
digital literacy populations) might require more emphasis on
fundamental interface clarity to reach the plateau, whereas
advanced users might appreciate specialized features or
customization only after basic needs are met.

When risk perception follows a negative quadratic, it indicates
that moderate levels of perceived risk may actually promote
adoption—perhaps by encouraging vigilance and serious
engagement—whereas extremely low or extremely high levels
deter usage. Therefore, overemphasizing safety or claiming
near-zero risk can paradoxically cause users to discount the
tool. They may believe that it is oversimplified or unrealistic
for complex scenarios. Conversely, if the system warns of too
many uncertainties or potential errors, individuals may deem it
too risky. AI stakeholders should aim for transparency that
conveys some caution while also stressing evidence of
reliability. LLM developers should consider implementing
context-based disclaimers that vary by query severity. For minor
health checks, a lighter cautionary note may suffice; for serious
conditions, stronger reminders encourage users to seek
professional verification. Similarly, for perceived usefulness,
a negative quadratic implies that while moderately high
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usefulness strongly encourages adoption, users can become
skeptical if the AI is portrayed as flawless. Exaggerated claims
raise suspicion or frustration when real-world performance
inevitably falls short. While highlighting success stories or quick
turnarounds boosts perceived usefulness, providers must avoid
overpromising. Instead, disclosing known limitations, success
rates, and typical error margins can actually enhance credibility.

Ultimately, these nonlinear relationships highlight the
complexity of user psychology in AI-driven contexts. Rather
than presuming a simple the more, the better paradigm,
developers and stakeholders should fine-tune system design,
risk messaging, and utility claims to steer clear of undesirable
plateaus or inversions. By identifying and respecting these
inflection points, it becomes possible to sustain healthy,
informed user adoption of LLM-based platforms such as
DeepSeek.

Limitations
A few constraints must be acknowledged when interpreting
these findings. First, this cross-sectional study cannot establish
causal direction definitively, although the robust model fit and
theoretical grounding strengthen causal inferences. Second,
although the sample size was large and relatively balanced
across 3 regions, the results may not generalize to other cultural
or regulatory contexts where attitudes toward AI-driven health
tools differ. Third, the study relied on self-reported measures,
which may be subject to social desirability bias or inaccuracies
in recalling frequency and manner of use. Our data being
collected via web-based panels are inherently composed of
volunteers who may differ systematically from the general
population (eg, in terms of motivation or digital literacy), thus
limiting broad representativeness. True coverage bias remains
possible if some segments of the population are less likely to
enroll or remain active in web-based panels. While the model
covered central factors in technology acceptance (ease of use,

usefulness, trust, and risk), other contextual variables—such as
domain expertise, quality of health care infrastructure, or cultural
norms—may also shape AI adoption in health contexts. Future
studies could integrate longitudinal or experimental designs to
verify these relationships and examine how usage behaviors
evolve with extended AI exposure in real clinical or personal
health settings.

Conclusions
The findings indicate that users are generally receptive to
DeepSeek when it is perceived as easy to use, useful, and
trustworthy. Ease of use significantly enhances trust, which
drives the intent to use DeepSeek for health-related purposes.

not only directly boosts both trust and user intent but also has
an indirect effect through trust. Conversely, higher risk
perception detracts from the intent to use the system. Moreover,
the presence of significant quadratic impact suggests that the
influence of ease of use, risk perception, and perceived
usefulness on user intentions may exhibit threshold or plateau
effects. Overall, the validated model underscores the pivotal
role of trust as a mediator and highlights the nuanced, nonlinear
dynamics shaping user adoption of AI-driven health care tools
such as DeepSeek. Future research should replicate this study
across different health care settings and populations to validate
the generalizability of these findings. Expanding the model to
include additional mediators or moderators—such as privacy
concerns, cultural differences, and prior experience with
AI—might provide deeper insights into user adoption dynamics.
Moreover, longitudinal or experimental designs could help
establish causality and track changes in user attitudes over time.
Finally, given the observed quadratic effects, further
investigation into threshold and plateau phenomena could refine
our understanding of how perceptions of ease of use, risk, and
usefulness evolve as users become more familiar with AI-driven
health care tools.
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Abstract

Background: As artificial intelligence (AI) evolves, its roles have expanded from helping out with routine tasks to making
complex decisions, once the exclusive domain of human experts. This shift is pronounced in health care, where AI aids in tasks
ranging from image recognition in radiology to personalized treatment plans, demonstrating the potential to, at times, surpass
human accuracy and efficiency. Despite AI’s accuracy in some critical tasks, the adoption of AI in health care is a challenge, in
part because of skepticism about being able to rely on AI decisions.

Objective: This study aimed to identify and delve into more effective and acceptable ways of integrating AI into a broader
spectrum of health care tasks.

Methods: We included 2 qualitative phases to explore podiatrists’ views on AI in health care. Initially, we interviewed 9
podiatrists (7 women and 2 men) with a mean age of 41 (SD 12) years and aimed to capture their sentiments regarding the use
and role of AI in their work. Subsequently, a focus group with 5 podiatrists (4 women and 1 man) with a mean age of 54 (SD 10)
years delved into AI’s supportive and diagnostic roles on the basis of the interviews. All interviews were recorded, transcribed
verbatim, and analyzed using Atlas.ti and QDA-Miner, using both thematic analysis for broad patterns and framework analysis
for structured insights per established guidelines.

Results: Our research unveiled 9 themes and 3 subthemes, clarifying podiatrists’ nuanced views on AI in health care. Key
overlapping insights in the 2 phases included a preference for using AI in supportive roles, such as triage, because of its efficiency
and process optimization capabilities. There is a discernible hesitancy toward leveraging AI for diagnostic purposes, driven by
concerns regarding its accuracy and the essential nature of human expertise. The need for transparency and explainability in AI
systems emerged as a critical factor for fostering trust in both phases.

Conclusions: The findings highlight a complex view from podiatrists on AI, showing openness to its application in supportive
roles while exercising caution with diagnostic use. This result is consistent with a careful introduction of AI into health care in
roles, such as triage, in which there is initial trust, as opposed to roles that ask the AI for a complete diagnosis. Such strategic
adoption can mitigate initial resistance, gradually building the confidence to explore AI’s capabilities in more nuanced tasks,
including diagnostics, where skepticism is currently more pronounced. Adopting AI stepwise could thus enhance trust and
acceptance across a broader range of health care tasks, aligning technology integration with professional comfort and patient care
standards.
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Introduction

Background
As artificial intelligence (AI) continues to advance, its potential
to revolutionize health care is unquestionable. AI systems are
increasingly capable of performing tasks that range from routine
data analysis to complex decision-making processes that were
once the sole domain of human experts. These technologies
offer the promise of more accurate predictions [1], more precise
patient condition explanations [2], autonomous diagnoses [3],
and personalized treatment plans [4]. Despite these capabilities,
there remains an evident hesitancy among health care
professionals and patients alike to embrace AI-driven
recommendations fully. This skepticism is partly rooted in
worries about AI’s capacity to grasp patients’ nuanced,
individual scenarios [5], to integrate the crucial human elements
of empathy and understanding [6,7], and to deal with complex
ethical considerations in health care [8].

The literature on trust in AI highlights concerted efforts to foster
trust by exploring strategies to address trust issues between AI
systems and users. For example, some studies suggest that
redefining AI as a supportive adjunct to professionals rather
than a standalone solution could promote acceptance [9,10]. In
addition, showcasing instances where AI surpasses human
experts in specific tasks may enhance humans’ trust in AI
[5,9,11]. Emphasizing transparency and providing
understandable explanations of AI processes are crucial, with
evidence showing users how AI works can greatly diminish
skepticism [12-15]. For example, applying explainable AI (XAI)
techniques to explain the basis of AI-generated predictions can,
in certain contexts, enhance human trust and understanding
[12]. Although XAI can potentially be valuable in increasing
trust and understanding, the specific implementation of XAI
(eg, the complexity and relevance of the explanation) is crucial
in achieving those goals [16]. However, despite these positive
developments, fully integrating AI into practice remains
challenging, and professionals and laypersons often still prefer
human judgment and intuition over AI recommendations
[6,7,10,17].

AI’s potential applications within health care are vast and
multifaceted. Its well-established ability to detect diseases such
as cancer and predict various health conditions highlights its
substantial role in diagnostics. Not only does AI excel in
recognizing patterns within medical images for early disease
detection, offering a level of precision that can sometimes
surpass traditional methods [3,18,19], but also its influence
extends beyond diagnostics. AI assumes a crucial supportive
role in health care operations, such as triaging in emergency
departments where algorithms prioritize care based on urgency
and outcomes, thereby optimizing resource allocation and
ensuring timely patient attention [20]. Furthermore, AI’s
capacity for enhancing operational efficiency is evident across

a spectrum of health care activities. It predicts bed availability
and automates the conversion of patient consultations into
concise summaries, thereby freeing health care professionals
from administrative work. This enables more patient-centered
care and marks AI as a transformative tool in health care [21].

This study seeks to delve deeper into health care providers’
perspectives on AI’s current and potential role and value in their
field. While previous studies often focus on assessing trust in
already developed AI systems, this study takes a different
approach by involving health care professionals from the outset
in identifying potential applications of AI. Early engagement
allows us to determine where AI is anticipated to be most
valuable, fostering a more collaborative and user-centered
integration that aligns with professionals’ needs and
expectations. By engaging directly with health care professionals
who are the prospective users of these AI applications, the study
seeks to pinpoint areas where AI integration would be most
advantageous and eagerly anticipated by practitioners. Through
this inquiry, we aspire to pave the way for more effective and
user-endorsed integration of AI in health care, aligning
technological advancements with health care professionals’
real-world needs and preferences.

Objective
Our study explores health care providers’ perceptions of AI’s
potential benefits in patient care and operational efficiency, with
examples including risk assessments and diagnostics. The
effectiveness of AI technologies depends on their advanced
capabilities and, more crucially, on their acceptance by health
care professionals. Without their acceptance, achieving a truly
successful implementation becomes only partial, leading to the
largely unrealized potential of AI. Thus, we aim to understand
these professionals’ perspectives on AI adoption, emphasizing
the development of trust and integration strategies and
identifying approaches that position AI as a valuable tool
complementing human expertise, not replacing it [10].
Consequently, the central research question we propose is as
follows: How can AI be effectively integrated into practice in
a way that ensures health care professionals’ acceptance and
trust in its advice?

We adopt a qualitative approach to address our research
question, focusing on the FootCheck (RondOm Podiatrists) app
(in Dutch: Voetencheck app). This app, specifically designed
for the daily monitoring of patients with diabetes in the
Netherlands, sends daily push notifications to guide these
patients through a foot screening process, featuring instructional
videos and questions. This enables patients to submit photos to
podiatrists to evaluate potential issues such as wounds or ulcers.
During its successful pilot phase, which occurred amid the
COVID-19 pandemic, the app was used by over 1700
individuals, leading to more than 43,000 screenings [22].
Recognizing the growing interest of stakeholders in leveraging
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AI to enhance efficiency and health care quality, we believe the
FootCheck app provides an ideal basis for exploring AI’s
potential. It is important to note that the app still lacks AI
integration, highlighting the potential benefits of AI for future
enhancements. Our study includes interviews with diverse
podiatrists, encompassing current and potential future app users.
These interviews aim to understand their experiences and
perspectives regarding using the app as it is and the prospects
for integrating AI into the screening process of future versions
of the app.

Methods

Design and Setting
We conducted a qualitative study structured in 2 phases to
investigate trust and acceptance in AI. In phase 1, we sought to
capture diverse perspectives and needs from podiatrists
regarding their trust in and acceptance of AI technologies
through semistructured interviews. The insights gathered from
these interviews served as input to the mock-up design process.
Phase 2 aimed to further explore specific AI applications through
a focus group session. Figure 1 provides a visual representation
of these phases.

Figure 1. A visual presentation of the 2 phases of the study. AI: artificial intelligence.

The FootCheck App and Decision-Making Process
The practical application of AI in health care settings we studied
was the FootCheck app, developed for RondOm Podiatrists. As
one of the largest podiatry chains in the Netherlands, RondOm
Podiatrists introduced this app during the COVID-19 pandemic
to ensure continuous care for their patients. The app has since
been used to facilitate daily monitoring of foot health for patients
with diabetes, allowing patients to submit photographs for
screening. The workflow from patient submission to professional
evaluation is illustrated in Figure 2.

RondOm Podiatrists are keenly interested in the potential of AI
to enhance their app and streamline decision-making processes.
The system does not use AI currently, but there are numerous
potential areas where AI could provide substantial benefits. For
example, AI could be instrumental in assessing the suitability
of submitted photos for evaluation. This capability would
significantly reduce the workload on professionals by
automatically filtering out low-quality or irrelevant images,
ensuring that only those suitable for review are presented. This
efficiency gain is crucial as it allows podiatrists to focus their

expertise where it is most needed rather than on preliminary
sorting tasks.

Moreover, AI could assist in prioritizing cases on the basis of
urgency. Currently, podiatrists must manually open and evaluate
all submitted photos, which is time-consuming and potentially
less effective in quickly identifying urgent cases. By
implementing AI to perform a preselection of instances based
on predetermined criteria of urgency, the system could ensure
that patients requiring immediate attention are identified and
prioritized, thereby optimizing patient care and resource
allocation.

Another critical area in which AI could have a significant role
is aiding in the diagnosis of foot conditions. The increasing
number of patients with diabetes and a relative shortage of
podiatrists present a growing challenge. AI can alleviate some
of this burden by providing preliminary assessments based on
the analysis of photos. While the professional community may
have reservations about relying entirely on AI for diagnoses,
its role in offering support and preliminary assessments could
be invaluable. This assistance could help bridge the gap in
service provision, ensuring that more patients receive timely
and effective care.
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Figure 2. Workflow from patient submission to professional evaluation.

Phase 1: Participants and Recruitment Process
In the first phase of our study, we engaged in interviews with
9 podiatrists from 4 distinct practices, aiming to gather diverse
insights into the use and perception of the health care app in
question. The actual use of the current app varied considerably
among participants, encompassing some who used the app daily
and others who, while not yet current users, were familiar with
its functionalities. Furthermore, participants’ professional
expertise spanned different aspects of podiatric care, including
both foot care for patients with diabetes and general foot health
services.

The recruitment of participants was facilitated through a
collaborative effort with the Fontys University of Applied
Sciences, one of the leading institutions for podiatry education
in the Netherlands. This collaboration was essential for 2
reasons. First, Fontys University maintains strong ties with its
alumni, many of whom stay actively engaged with the university
through professional networks, alumni events, and workshops.
Second, Fontys University’s Health Innovations & Technology
research group maintains regular collaborations with health care
institutions, ensuring strong connections within the field.
Through these partnerships, we recruited a diverse group of
motivated podiatrists who voluntarily participated in the study.
By using Fontys University’s network and its respected position
within the field, we ensured the participation of podiatrists with
varying levels of experience and expertise across different areas
of podiatric care, contributing to a representative sample for
our study. To accommodate our participants’ varying schedules
and preferences, the interviews were conducted using a hybrid
approach; some were held in person, taking advantage of the
natural setting of the participants’ practice environments, while
others were carried out through the Teams (Microsoft Corp)
platform.

Data Collection
We started an extensive literature review on trust in AI, both
generally and within the health care context, from which we
identified key topics. These topics were categorized into 4
groups as follows: knowledge of AI, trust in humans and AI
advice, AI’s added value to daily tasks, and factors affecting
trust in AI. On the basis of these categories and codes, we
formulated initial interview questions. Next, we sought feedback
on these initial questions from experts in human and machine
interaction. We incorporated their feedback and refined the
questions to ensure their relevance and comprehensiveness. To
validate the clarity and comprehensiveness of these questions,
we conducted a preliminary interview with an experienced
podiatrist. This pilot interview served to ensure the questions
were understandable and relevant for the prospective
interviewees, and it also provided an opportunity to identify
any missing questions from the practical perspective of podiatry.
The resulting interview guide is detailed in Multimedia
Appendix 1.

Participants were briefed on the study’s objectives—namely,
to explore their perceptions of AI, identify factors influencing
trust in AI among podiatrists, examine the impact of trust on
AI adoption, and assess their needs for trusting AI in patient
care. They were requested to share demographic information
via a link before the interview sessions. The specific interview
questions were withheld in advance to preserve the authenticity
of responses. The interviews were conducted from July to
September 2023.

Consent for recording was obtained from all podiatrists, with
the sessions captured either on a voice recorder or through the
Teams platform, depending on the interview format. These
recordings were transcribed verbatim, using Amberscript [23]
for efficiency and accuracy. For interviews conducted on the
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Teams platform, we leveraged the platform’s transcription
functionality. Each interview spanned approximately 30 to 45
minutes, with podiatrists having provided explicit consent, either
written or digital, for participating and recording their responses.
They were also assured of their right to withdraw from the study
at any time.

Data Analysis of the Semistructured Interviews
We used a dual-coding strategy, where 2 researchers
independently analyzed the interview transcripts to ensure a
robust examination of the data. Researcher 1 (MAT), a PhD
candidate with a solid background in qualitative research
methodologies, and researcher 2 (Ruben Gloudemans) used
distinct software tools for coding—Atlas.ti (version 11; Atlas.ti
Scientific Software Development GmbH) and QDA-Miner
(version 6.0; Provalis Research). This divergence in tool use
stemmed from their prior experiences and the software licenses
available.

Following the thematic analysis by Braun and Clarke [24], we
initiated our analysis by thoroughly reading the transcripts to
gain an initial understanding and verify their accuracy. First,
we labeled the transcripts without predefined categories, using
an inductive approach leading to an extensive list of initial codes
directly derived from the data. For example, codes such as
human interaction, urgency ranking, efficiency, risk detection,
and false advice were formed. We then examined these initial
codes to determine if they overlapped with the topics we had
previously identified from the literature and combined them if
needed. For example, urgency ranking and risk detection were
put together since both are related to the topic added value of
AI. In this step, we started a deductive approach, where we
applied existing theoretical frameworks to refine our codes into
coherent themes. We repeated this analytical process several
times, refining our approach each time to ensure the emergence
of concrete themes. This process yielded a preliminary set of
themes.

Subsequently, our individually identified themes were compared
in a meeting, discovering significant overlap. For some themes
where our interpretations initially diverged, we reached
consensus through discussion, using inductive and deductive
reasoning. These discussions revealed that, despite using
different terminologies, we were referring to the same thematic
content. Our thematic analysis was refined further through this
iterative process of inductive and deductive coding.

Mock-Up Design
Guided by our research question on how AI can effectively
integrate into the FootCheck app’s existing screening process
with user acceptance, we sought the podiatrists’ insights on how
they would like to receive advice and in which forms to ensure
their confidence in it. Various suggestions emerged, such as
explaining the reasoning behind the advice, photos pinpointing
potential complications on the feet, and color-coding systems
for triage. However, the first phase did not conclusively
determine which forms of applications and the level of
transparency would foster greater trust.

To further explore these possibilities, we organized a focus
group featuring mock-ups. Presenting a realistic representation
was crucial, particularly considering that currently, the app and
its screening process do not use AI.

1. The first mock-up was designed to assess the effectiveness
of AI in a supportive role, specifically in scheduling and
prioritizing patient consultations based on an array of time
indicators.

2. The second mock-up aimed to explore the potential of AI
in diagnosing conditions by analyzing photographs
submitted by users and identifying common foot
complications such as ulcers or calluses.

We aimed to delve deeper into assessing these AI roles by
examining their functionality and acceptability among
podiatrists. We crafted 3 distinct design variations for each
mock-up to achieve this, guided by needs and concerns
expressed in the first interviews with the podiatrists. Our primary
reason for this approach was to facilitate a broad discussion by
presenting transparency levels varying from low to medium to
high. This method allowed us to not only compare the
discussions across different AI applications but also delve into
the discussions within each level of transparency. Thereby, we
aimed to explore the range in podiatrists’ perceptions and
acceptance extensively.

In designing these mock-ups, we used the current interface
environment to ensure familiarity for users. In addition, we
consulted with experts during the design process to ensure the
mock-ups were practical and reflective of current best practices
in the field. For an illustration of mock-up 1 with a high
transparency level, see Figure 3; for the diagnostic mock-up set
in a medium transparency, refer to Figure 4. For a detailed
overview of all variants, refer to Multimedia Appendix 2.
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Figure 3. Mock-up 1: high-transparency variant.

Figure 4. Mock-up 2: medium-transparency variant.

Phase 2: Participants and Recruitment Process
Phase 2 was aimed at enriching our understanding and validating
the outcomes of the first phase. Initially, we used the same
approaches that had effectively recruited participants for phase
1, including relying on Fontys University’s network and existing
partnerships within the podiatry field. We also reached out to
contacts from our previous interviews. However, these efforts
alone were insufficient to meet our needs for new participants
for phase 2. To broaden our reach, we engaged with potential

candidates on social media platforms such as LinkedIn
(LinkedIn Corp) and Facebook (Meta Platforms, Inc) and
attended podiatrist conferences to connect with new
professionals. Through these combined efforts, we recruited 4
new podiatrists who had not been involved in the first phase
and reinvited one participant from phase 1. The focus group
session was organized at the Fontys University of Applied
Sciences’ inspiration space in December 2023.
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Procedure for Focus Group and Data Collection
To evaluate our mock-ups, we created an interview guide on
essential topics derived from the findings of phase 1: trust in
AI’s role, transparency preferences, and AI’s effect on
decision-making, outlined in Multimedia Appendix 3. During
the focus group session, participants were thoroughly briefed
on the structure of the session that was divided into two
45-minute segments with a break in between. The first session
explored mock-up 1, while the second delved into mock-up 2.

The roles of MAT and Ruben Gloudemans within the session
were clearly defined for participants; MAT served as the
observer, summarizing discussions and posing questions,
whereas Ruben Gloudemans led the session and presented the
materials. Participants provided written consent by signing a
consent form.

After a brief introduction, participants were provided two
A3-sized sheets, each showcasing 3 mock-up variants
highlighting different transparency levels. Before initiating the
group discussions, participants were asked to individually rank
these variants from 1 to 3, with 1 being their top preference,
and to write down comments next to each variant explaining
their choices. This step was designed to minimize mutual
influence and ensure that each participant’s initial reactions and
thoughts were captured independently. Following this individual
reflection, detailed group discussions were held, focusing on
participants’ rationale regarding their preferences and trust in
the AI advice shown in each variant.

Data Analysis Focus Group
All participants attended in person for the data collection of
phase 2. Initially planned as two 45-minute segments with a
15-minute break in between, the session ultimately lasted 70
minutes in a single stretch. This was shorter than anticipated,
primarily because the first segment was concluded earlier than
expected, and participants opted to proceed without taking the
scheduled break.

We adopted a more structured coding method as we progressed
to the second phase, building on the codes and themes identified
in the first phase. This shift was enabled by implementing a

thematic framework approach, a systematic strategy that helped
us to systematically organize and interpret the data [25].

After verifying transcription accuracy and familiarizing
ourselves with the transcript, we developed an analytical
framework. This framework included predefined themes from
phase 1: AI’s roles, transparency levels, data reliability, trust
development, and the significance of human interaction. This
step laid the groundwork for indexing, where we systematically
tagged the data with our framework’s themes. Next, through
charting, we distilled participants’ responses into structured
summaries, aligning them with the thematic framework. In the
indexing and charting phase, we organized the data into themes
linked to our research goals, creating visual charts. This
approach helped us spot patterns and differences, uncovering
insights that enhanced our understanding.

Ethical Considerations
No medical devices were used in the studies, and no physical
interventions were performed on participants. The image used
in mock-up 2 originated from publicly available internet sources
and was appropriately licensed. Consequently, under regulations
stipulated by the Dutch Medical Research Involving Human
Subjects Act (WMO), the necessity for ethics approval from a
national ethics committee was circumvented. However, ethical
clearance was proactively obtained from the internal ethics
committee of Fontys University of Applied Sciences,
documented under project numbers 050324 and 080324. There
were no conflicts of interest between the participants and the
FootCheck app. None of the participants had any financial,
developmental, or other professional ties to the app.

Results

Phase 1: Semistructured Interviews

Participants
Participant demographics for phase 1 are listed in Table 1. In
total, 9 individuals, all with backgrounds in podiatry,
participated in the first phase of our study. A distinguishing
characteristic of this cohort is their active engagement in clinical
practice, that is, their extensive practical experience.

JMIR Hum Factors 2025 | vol. 12 | e59010 | p.3388https://humanfactors.jmir.org/2025/1/e59010
(page number not for citation purposes)

Tahtali et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Participants’ characteristics from semistructured interviews in phase 1 (n=9).

Participants, n (%)Characteristics

Sex

7 (78)Female

2 (22)Male

Age group (y)

1 (11)20-30

2 (22)31-40

3 (33)41-50

2 (22)51-60

1 (11)61-70

Education level

4 (44)Bachelor’s

4 (44)Master’s

1 (11)PhD

Specialized education: foot care for patients with diabetes

4 (44)Yes

5 (56)No

Experience (mo)

1 (11)0-6

2 (22)6-12

4 (44)12-24

2 (22)24-36

Experience with the app

2 (22)Yes

7 (78)No

Themes From the Interviews
The interviews with podiatrists revealed 3 critical themes
regarding podiatrists’ perspectives and requirements for AI
integration in the FootCheck app and related decision-making

process: trust in human experts versus in AI, the added value
of AI, and the factors influencing trust in AI. Each theme is
further divided into 3 subthemes. A detailed overview of these
key themes can be found in Figure 5.
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Figure 5. Generated themes and subthemes from phase 1: perspectives of experienced podiatrists on the FootCheck app and decision-making process.
AI: artificial intelligence.

Theme 1: Trust in Experts Versus AI
In the initial phase of the interview, we began by asking
participants about their understanding of AI and their trust in it
compared with their colleagues (ie, experts). We aimed to
uncover how AI impacts their trust levels and the underlying
reasons for these views.

Theme 1.1: Trust in Experts and Skepticism Toward
AI
Podiatrists expressed trust in the advice from expert colleagues,
on the basis of their extensive knowledge and experience. They
recognized that making mistakes is part of being human and
considered it normal for colleagues to err every now and then.
Conversely, when receiving advice from AI, direct trust is not
immediately established for most podiatrists. They maintained

a critical stance, emphasizing the need to verify the accuracy
of AI-generated advice:

I trust a colleague, sometimes blindly, because they
have much experience. [Participant 7, female, age
group 61-70 years]

I see the added value of AI advice. But I still want to
check it or have something alongside it. [Participant
2, female, age group 51-60 years]

I do have trust in advice from colleagues. I’ve
considered practical situations, and nine times out of
ten, I agree with them just fine. And there are always
nuanced differences because you see things slightly
differently with your experience, perspective, and
view. But let me put it this way: I firmly trust it.
[Participant 8, male, age group 41-50 years]
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Theme 1.2: Long-Term Trust Development
Participants indicated that AI may initially struggle to provide
accurate advice due to the limited data available and the learning
phase required for the model. They also mentioned their initial
lack of experience with using AI, which leads to uncertainty
about its performance. However, participants felt their trust can
increase as they gain more experience with the AI model:

In the beginning, I was sceptical, but as it sees and
evaluates more photos, my trust grows. [Participant
9, female, age group 20-30 years]

Yes, AI needs to prove itself first, and then it can add
value. [Participant 7, female, age group 61-70 years]

Indeed, my trust in AI would significantly increase if,
over time, the technology evolves to a stage where
the AI system is fully operational and applicable.
[Participant 6, female, age group 41-50 years]

Theme 1.3: Skepticism Regarding AI
Participants expressed significant concerns about the potential
errors an AI system might make and the severe consequences
that could arise from such mistakes. In addition, they highlighted
a notable limitation of AI: its inability to conduct physical
examinations on patients. Such examinations are often essential
for a thorough understanding of a patient’s foot health,
indicating a gap in AI’s capabilities in health care settings:

Yes, if a patient says: “I have pain in my foot, for
example, in the ankles.” Well, AI can’t see that or
physically feel or move it. [Participant 9, female, age
group 20-30 years]

We’re not talking about a patient getting advice to
buy Shoe A, and then they say it’s too big and buy
another shoe.... We’re talking about serious outcomes,
like the loss of a foot, a leg, or even a life, and that’s
a significant responsibility. [Participant 4, female,
age group 31-40 years]

The consequences are quite significant if you miss
something there. [Participant 7, female, age group
61-70 years]

Theme 2: Added Value of AI

Overview
In exploring AI’s potential impact on podiatry, we engaged
participants in discussions about integrating AI into their
everyday practice. This dialogue revealed 3 insightful
subthemes, each shedding light on AI’s role in enhancing
podiatric care. The following sections delve into these emergent
themes.

Theme 2.1: Distinction Between Supportive Tasks and
Diagnosis
Nearly all participants agreed that AI should be used for support
tasks such as triage. They highlighted that significant time is
spent retrieving missing information not provided by patients
and addressing issues with incorrect photo submissions that
impede accurate assessment. They were of the opinion that these
tasks could be efficiently managed by AI, thereby streamlining

the process and improving overall efficiency. However, opinions
varied on whether AI can diagnose foot conditions in patients
with diabetes. Most participants were of the opinion that AI is
incapable to do so, emphasizing the need for physical
examinations by human experts to come up with an accurate
diagnosis. They pointed out that photos fail to reveal crucial
details, such as hidden wounds beneath calluses, which are not
directly visible in pictures. Furthermore, participants noted the
importance of physically assessing the feet for swelling and
temperature variations (ie, warmth or coldness) that cannot be
discerned from photos alone:

If it can highlight specific areas of concern,
suggesting “pay attention here, this is alarming,”
then I do place my trust in it. [Participant 3, female,
age group 41-50 years]

AI can’t make complete diagnoses; you need to hold
the foot in your hands. [Participant 2, female, age
group 41-50 years]

I’m considering integrating a feature for predicting
situations where an immediate consultation is crucial
and distinguishing those from cases where it might
not be as urgent. [Participant 1, male, age group 41-50
years]

If it integrates well with practical needs, like photos
can be easily uploaded directly into the file, making
follow-up simpler. Yes, so it actually assists in your
work. [Participant 6, female, age group 41-50 years]

Theme 2.2: AI as a Learning Tool
Participants acknowledged the potential of AI as a valuable
learning tool, particularly for identifying unfamiliar diseases
and suggesting innovative treatment strategies. They expressed
optimism about AI’s ability to broaden their diagnostic and
therapeutic horizons:

Maybe the AI will uncover a disease pattern I haven’t
encountered before, offering me an opportunity to
expand my knowledge. [Participant 1, male, age group
41-50 years]

Hey, AI sees things differently, and that’s something
I can learn from. I do see the added value in that.
[Participant 5, female, age group 20-30 years]

In this light, I believe that when an AI indicates, “this
is the optimal treatment,” it becomes incredibly
fascinating. It prompts a collective inquiry: “Why
hadn’t this occurred to us before? Is this indeed the
correct approach? Or is there already a hospital
implementing this method?” [Participant 4, female,
age group 31-40 years]

Theme 2.3: Reducing Workload Through AI
Participants highlighted the health care sector’s challenge of
increasing workloads, worsened by a decreasing number of
podiatrists and a growing number of patients with diabetes.
There was widespread agreement on AI’s ability to alleviate
this load. By automating processes such as triage, AI can
significantly reduce the workload, freeing podiatrists to focus
on the more crucial parts of patient care:
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As the pressure continues to increase, I see AI as a
great tool to indeed perform a kind of triage to ensure
that the workload doesn’t become overwhelming.
[Participant 3, female, age group 41-50 years]

But yes, to be completely honest, looking towards the
future, we definitely need to reduce the workload;
otherwise, we’ll end up with even fewer people having
to help more individuals. [Participant 4, female, age
group 31-40 years]

Theme 3: Factors Influencing Trust

Overview
Finally, we delved into the pivotal elements that shape trust in
AI-provided advice. We also probed when participants might
be inclined to defer to AI’s judgment over their own. This
investigation unveiled 3 subthemes, each shedding light on the
interaction between humans and AI systems.

Theme 3.1: Transparency and Explainability of AI
All participants agreed that clear explanations and transparency
are essential, considering them as fundamental to trusting AI.
They wished to comprehend the methodology AI uses to arrive
at its recommendations. They proposed several methods to
enhance transparency, such as providing concise explanations
of the criteria AI uses for its evaluations, statistical performance
data, or visual aids such as photos with overlaying layers or
color coding:

I believe factors like the colour of the callus, the size
of the area, its location, and history also play a role.
Has there been a wound in that spot before? Yes,
things like that. [Participant 8, male, age group 41-50
years]

For example, I want to see a number of photos of the
foot along with some explanation about them. I want
to understand how the evaluation system is designed
and the data it uses. [Participant 2, female, age group
51-60 years]

It increases my confidence in knowing the sources
from which AI retrieves its information or the ones
I’ve provided to it. [Participant 1, male, age group
41-50 years]

Theme 3.2: Ensuring Reliability and Adequate
Training
Participants were of the opinion that AI should be advanced
enough from the beginning, emphasizing that a more extensive
database of photos would increase their trust in the system. They
would like AI to provide consistent advice, ideally on par with
a fellow podiatrist. Training was highlighted as a crucial element
for enhancing AI’s performance. In addition, understanding
who the designers are and the data used for training is considered
necessary. If participants know the designers are experts in their
field, they feel more confident in the AI tool’s reliability:

Well, if you’ve only input three things into it, I won’t
trust it. But if you’ve input 300,000 things, then at

some point, you really know better. [Participant 2,
male, age group 41-50 years]

Well, I’m not quite sure how that works, but if that’s
the case, then the people involved in setting it up need
to have the right background knowledge, the right
experience with the subject; they need to be
specialists, so to speak. [Participant 2, female, age
group 51-60 years]

Theme 3.3: The Value of Human Interaction
Participants emphasized that future AI applications must not
compromise their interaction with patients, highlighting each
patient’s uniqueness and background. They cautioned that AI
may not always account for these personal nuances, underlining
the importance of maintaining the human touch in health care:

I still believe that personal human contact will never
disappear. [Participant 3, female, age group 41-50
years]

All those kinds of things. Yes, they’re slightly different
for everyone. [Participant 1, male, age group 41-50
years]

But you still maintain human contact between the
client and yourself, allowing them to easily ask
additional questions, for instance, to you. [Participant
5, female, age group 61-70 years]

Moving From Phase 1 to Phase 2
The findings from phase 1 revealed that AI can significantly
improve various practical aspects of podiatry, particularly by
alleviating workloads and serving as a learning tool. A clear
preference was observed for using AI in supportive tasks rather
than diagnostic roles. This reflects a cautious attitude of
podiatrists toward AI-generated advice and raised the question:
Will AI support be more readily accepted in supportive than in
diagnostic tasks, and what factors influence this difference in
acceptance?

Therefore, phase 2 of our study sought to explore the specific
applications of AI in supportive versus diagnostic roles within
podiatry in detail. Given the ongoing reluctance toward its role
in diagnostics, this study aimed to understand the elements that
can foster trust in AI for supportive tasks. By introducing a new
group of podiatrists, phase 2 of our study aimed to gather fresh
insights and assess whether the findings observed in phase 1
align with new professional perspectives.

Phase 2: Focus Group

Participants

Table 2 outlines an overview of the demographics of the focus
group participants. The group consisted of 5 participants, 4 of
whom were new podiatrists who engaged in the discussion. This
group consisted of specialists in foot care for patients with
diabetes, who primarily provide daily consultations to these
patients.
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Table 2. Participants’ characteristics from focus groups in phase 2 (n=5).

Participants, n (%)Characteristics

Sex

4 (80)Female

1 (20)Male

Age group (y)

2 (40)41-50

2 (40)51-60

1 (20)61-70

Education level

2 (40)Bachelor’s

3 (60)Master’s

Specialized in foot care for patients with diabetes

5 (100)Yes

0 (0)No

Experience (y)

4 (80)20-30

1 (20)31-40

Experience with the app

2 (40)Yes

3 (60)No

In phase 1 of our study, we opted for a flexible approach,
allowing themes to emerge directly from the transcribed data.
This exploratory phase enabled us to capture many insights
directly from participants’experiences and perspectives. Moving
into phase 2, we shifted toward a more structured approach,
using themes, which were relevant for phase 2 and predefined
in phase 1. This transition allowed us to refine our analysis,
focusing on the detailed examination of specific, predetermined

themes to gain deeper insights and understanding of the topics
at hand.

For a clear overview, we first present the key findings from the
participants about various transparency levels for the 2 mock-ups
in Table 3. Subsequently, in Table 4, we display the other
themes carried forward from phase 1 for further analysis in
phase 2, ensuring a comprehensive and structured exploration
of the data.
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Table 3. Thematic framework analysis for key findings and preferences of transparency levels in AIa applications.

Mock-up 2: AI diagnosis (photo analysis)Mock-up 1: AI support (triage and scheduling)Theme: transparency and explainability of AI

Feedback indicates general dissatisfaction and a
lack of clarity on how AI reaches its conclusions

Podiatrists perceive this variant as a “black box,”
with unclear determination of urgency and rele-
vance of the presented information

Low (variant A)

P4 and P5 (n=2)—bFirst preference

——Second preference

P1-P3 (n=3)P1-P5 (n=5)Third preference

While the text is deemed acceptable, this variant
raises questions about the necessity of repeating
information

Podiatrists express concerns over the reliability
of patient feedback as input for AI, pointing out
a lack of crucial information such as wound loca-
tion

Medium (variant B)

——First preference

P1-P5 (n=5)P1-P5 (n=5)Second preference

——Third preference

Podiatrists appreciate the clarity and added layer
of understanding this variant provides but question
the necessity of certain statistics, such as a relia-
bility percentage

Preference is given to detailed information, includ-
ing specific medical details and clear patient
identification

High (variant C)

P1-P3 (n=3)P1-P5 (n=5)First preference

——Second preference

P4 and P5 (n=2)—Third preference

aAI: artificial intelligence.
bNot applicable.

Table 4. Thematic framework analysis for AIa applications and predefined themes.

Participant 5 (female;
age group 61-70 y)

Participant 4 (female; age
group 51-60 y)

Participant 3 (male;
age group 41-50 y)

Participant 2 (female;
age group 41-50 y)

Participant 1 (female;
age group 51-60 y)

Themes

Asserts that computers
cannot replace human
nuanced observation in
diagnostics, emphasiz-
ing AI’s use in triage

Believes AI is incapable
of handling complex diag-
nostic tasks, such as dif-
ferentiating between
types of wounds

Values AI’s ability to
prioritize photos
based on urgency, en-
hancing patient care
efficiency

—bPrefers AI for triage
due to speed and accura-
cy. Skeptical about diag-
nostic capability with-
out physical examina-
tion

Distinction between
supportive tasks and
diagnosis

Trust depends on
knowing the AI’s ad-
vice is based on an ex-
tensive and diverse
photo database

Questions the repetitive
mention of the photo
database size suggest it
is only necessary in
training

Importance of data di-
versity, including
training AI on poor-
quality photos

Trust is reinforced by a
large volume of photos,
indicating data reliabili-
ty

Values the volume of
feedback, similar to
how reviews inform va-
cation choices

Ensuring reliability
and adequate train-
ing

Anticipates a future
shift in acceptance of
AI’s advice, especially
without a photo, within
a decade

—Initial skepticism
evolves into trust after
multiple positive expe-
riences

Trust in the algorithm
grows over time with
proven accuracy

—Long-term trust de-
velopment

Stresses the irreplace-
able role of human in-
volvement in making
accurate diagnoses

Asserts that physical
tools and examination are
indispensable for accu-
rate diagnostics

———The value of human
interaction

aAI: artificial intelligence.
bNot applicable.

For the frameworks (Tables 3 and 4), instead of using quotes
from focus group participants, we chose to provide summaries
of the key findings, following the common practice in thematic
framework analysis. By creating summaries, we were able to

handle the complex discussion, which involved a record with
7 speakers, more easily.
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Interpretations of Thematic Framework Analysis

On the basis of the thematic framework analysis of podiatrists’
preferences for AI integration in clinical settings, a clear pattern
emerges regarding the desired application and form of
transparency in AI systems for triage. Podiatrists prefer using
AI in triage, emphasizing the importance of transparency that
goes beyond just being open. They are looking for a kind of
transparency that involves clinically relevant and detailed
information—such as patient history, specific conditions such
as the presence of vascular diseases, and exact wound
locations—that significantly augment the decision-making
process:

The added value for me is that the ranking is done by
the AI, so photos are prioritised based on urgency.
[Participant 3, male, age group 41-50 years]

My preference is for triage; an AI can perform it much
faster than a human. Well, I believe that AI is capable
of making a risk assessment. [Participant 1, female,
age group 41-50 years]

Key abnormalities must be quickly recognised and
addressed, achievable through triage. [Participant 5,
female, age group 61-70 years]

In the domain of triage, skepticism toward patient-reported data
as the sole basis for AI-generated advice is evident (eg, medium
transparency mock-up 1). The concern centers on the reliability
of such data, highlighting a preference for AI systems that
incorporate a comprehensive training dataset to inform their
assessments. This reflects a broader apprehension regarding the
accuracy of AI recommendations based on potentially
incomplete or inaccurate patient self-assessments:

I’m not entirely convinced by the patients’responses.
If they say they have a wound on their feet, then yes,
I might believe it, but if they don’t have a wound, I’m
sceptical. [Participant 1, female, age group 41-50
years]

Patients often do not have a clear understanding of
complications. [Participant 3, male, age group 41-50
years]

Podiatrists recognize the potential benefits but are cautious
regarding the use of AI for diagnostic applications, particularly
those involving the analysis of photographic evidence of foot
conditions. This caution is based on the understanding that
certain conditions cannot be fully diagnosed through images
alone, emphasizing the need for AI systems to supplement rather
than replace traditional diagnostic methods:

Computers can’t replace humans in diagnostics,
especially not for tasks requiring nuanced
observation, like identifying underlying issues beneath
a callus that AI might miss. [Participant 5, female,
age group 61-70 years]

AI is incapable of making diagnoses. AI cannot handle
complex conditions like distinguishing between warm
and cold wounds. [Participant 4, female, age group
51-60 years]

Even a human can’t make a diagnosis just from an
image. The foot needs to be examined in person and
potentially opened up for an accurate assessment.
[Participant 1, female, age group 41-50 years]

The desired level of transparency in diagnostic AI varies among
podiatrists. While some value additional explanatory features,
such as annotated images or textual diagnostics, others caution
against the potential for such features to overly focus attention
on a specific area, possibly leading to the overlooking of
important symptoms in other areas. This division highlights the
need for a careful balance in using AI; while it is beneficial to
receive detailed, actionable insights, it is crucial to ensure that
these insights do not overshadow the importance of using one’s
own professional knowledge and experience in decision-making:

Works well for me; the layer aids in understanding
the basis of the text. [Participant 3, male, age group
41-50 years]

Also, here, the text is okay. I also like the layer, so
now I know what the text is referring to. [Participant
1, female, age group 41-50 years]

The explanatory text doesn’t interest me much; I’ll
take it on faith what it’s based on. [Participant 4,
female, age group 51-60 years]

And that layer, I can see that for myself, too. Adding
a layer can also be risky; I see even more things, and
now AI dictates where I should look. A less
experienced podiatrist might then focus solely on that.
[Participant 5, female, age group 61-70 years]

In addition to emphasizing transparency in integrating AI into
clinical podiatry practice, our analysis has other predefined
themes within the framework (Table 4). These themes enrich
our understanding of how AI can be effectively applied in triage
and diagnostics, emphasizing the need for clear, actionable
insights and the importance of trust and data reliability as
foundational elements. Reflecting on the preferences expressed
by podiatrists, it becomes apparent that alongside transparency
and explainability, considerations around data reliability, human
interaction, trust development, and trust establishment align
with sentiments from the first phase of our study.

However, we have defined 3 additional themes that resonated
strongly with the initial input for transparency and explainability.
Figure 6 presents a comprehensive overview of all the themes,
including the 3 subthemes (ie, 3.1.1: Training Versus Repetition;
3.1.2: Preference for Visual Data; and 3.1.3: Clarity on AI
Operations) and their implications for integrating AI into
podiatry. The following sections detail these additional
subthemes further.
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Figure 6. Generated themes and subthemes from phases 1 and 2: perspectives of experienced podiatrists on the FootCheck app and decision-making
process. AI: artificial intelligence.

Subtheme 3.1.1: Training Versus Repetition

While participants in phase 1 primarily highlighted concerns
among podiatrists regarding data reliability, phase 2 revealed
a nuanced understanding of how and when this information
should be introduced. This is particularly relevant during the
initial training sessions where podiatrists are first taught how
to use the AI system. Feedback on mock-up 2 indicated that
emphasizing data reliability in every AI recommendation is not
always seen as necessary. Some participants supported this
viewpoint, while others preferred having this information
included. In addition, there was consensus that explanations
should offer insights beyond basic knowledge, aiming to
augment understanding rather than merely repeat well-known
information:

In the introduction (training), mention somewhere
that the data is based on 5000 photos, but that doesn’t
need to be in every piece of advice. [Participant 4,
female, age group 51-60 years]

I expect an AI to be backed by a vast photo database,
so it’s unnecessary to reiterate that point for me.
[Participant 5, female, age group 61-70 years]

The text is helpful; it lets me know what the AI is
based on. [Participant 3, male, age group 41-50 years]

Subtheme 3.1.2: Preference for Visual Data

There is a significant inclination toward incorporating visual
data alongside algorithmic risk assessments. Participants

consider combining photos with textual advice crucial,
enhancing their ability to make knowledgeable decisions. The
need for visual confirmation to solidify trust in AI-generated
advice is highlighted, with participants expressing reservations
about relying entirely on text-based recommendations. Although
color-coded elements are appreciated for their clarity, the facility
to view photos directly via pop-ups is deemed essential for
building confidence in the advice provided:

The colour coding in mock-up 1 is helpful, but I’d
prefer to see the photos appear as pop-ups.
[Participant 4, male, age group 41-50 years]

Just text, without a photo, doesn’t inspire my trust.
[Participant 3, female, age group 51-60 years]

It seems like a small ask to quickly review the photo
for a better trust in the advice. [Participant 4, female,
age group 51-60 years]

Subtheme 3.1.3: Clarity on AI Operations

Podiatrists highlight the necessity for transparency regarding
the process behind AI-generated advice, which is essential for
building trust and enabling users to understand when and how
to rely on these recommendations. Opinions vary on the best
way to present this information, with some finding objective
data in photos and layered visuals helpful for understanding the
advice’s basis, as seen in mock-up 2. Others question the
interpretability of numerical data, such as “73%,” without seeing
the patient in person:
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Now, with a photo and layer, the information is more
objective; you know what the text is about.
[Participant 3, male, age group 41-50 years]

I appreciate it, as then I know what it’s based on,
mock-up 2. [Participant 1, female, age group 51-60
years]

Discussion

AI in Supportive Roles Versus Diagnostic Tasks
Our study aimed to discern the multifaceted roles AI could
assume in health care, specifically focusing on how AI can be
effectively integrated into practice in a way that ensures health
care professionals’ acceptance and trust in its advice. The
findings from our studies suggest a preference for deploying
AI in supportive roles. For instance, AI’s use in triaging
processes is evident; by evaluating submitted photos for urgency,
AI can advise health care providers in prioritizing patient
consultations. This enables a more efficient allocation of
resources, ensuring that patients requiring urgent care receive
it promptly, while less-critical cases are appropriately prioritized.
Such applications align with and enrich suggestions from the
literature, including studies by Verma et al [10] and Longoni
et al [5], suggesting the supportive use of AI to foster trust
within health care settings. However, a contrasting perspective
is presented in another experiment by Longoni et al [5], where
preference leans toward human expertise over automated
systems for triage tasks. This discrepancy from our findings
may stem from differing viewpoints, with the study results of
Longoni et al [5] being based on patient perspectives, whereas
our study was performed among health care providers.

Another critical insight from our study highlights health care
professionals’hesitancy to embrace AI for diagnostic purposes,
a sentiment that aligns with previous research findings
[5,7,9,10,18]. While there is acknowledgment of AI’s
proficiency in critical functions, such as making diagnoses, with
results that match or even surpass human expertise, there
remains skepticism among participants about AI’s current
proficiency in performing these tasks accurately. The observed
reluctance may stem from unfamiliarity with the full scope of
AI’s capabilities, as evidenced by the fact that particularly
participants without prior AI experience expressed reservations.
Moreover, the conversations uncovered that identifying
conditions such as diabetic foot complications poses distinct
obstacles for AI. The participants pointed out that superficial
evaluations, such as analyzing diabetic wounds via photographs,
could be inadequate without the physical removal of calluses
to reveal the actual problem, an action AI is incapable of without
a physical examination. This underlines the importance of direct
human interaction in specific diagnostic processes, highlighting
limitations in the potential application of AI.

Algorithm Aversion Among Podiatrists
The observed phenomenon of algorithm aversion among
podiatrists, particularly their preference for human expertise
over AI-generated recommendations, reflects a trend noted
across various fields where AI competes with human judgment
[26-29]. For example, Önkal et al [30] demonstrated a similar
inclination among forecasters to favor expert opinions in

forecasting decisions. A notable factor contributing to this
aversion is the concern over mistakes made by AI systems [26],
with our podiatrists voicing worries about the grave
repercussions of such errors, including the risk of limb
amputation. Although the significance of decisions ranges from
health care to forecasting tasks in logistics, the underlying dread
of AI-induced errors remains pervasive.

However, in our studies, this aversion was primarily directed
at diagnostic tasks rather than supportive functions. Participants
expressed confidence in the expertise and experience of their
colleagues but also showed openness to considering
AI-generated advice for tasks such as triage. This nuanced view
suggests a complex relationship between podiatrists and AI,
where trust may be contingent on the specific task at hand and
the perceived reliability of AI in enhancing rather than replacing
human judgment.

Transparency and Explainability
The discussions surrounding transparency and explainability in
our studies mirrored the diversity of perspectives found in the
broader literature on these subjects [12,14,19]. The need for
explanation and transparency depends significantly on
podiatrists’ individual preferences. Our study provides 3 key
insights regarding the implementation of explainability and
transparency in AI systems.

First, precise and valuable explanations that avoid redundancy
are essential for enhancing user understanding and trust in AI.
Second, visual aids alongside textual advice can boost
confidence in AI recommendations more than text alone, by
making the motivation behind complex decisions more
accessible. Finally, it is important to remind users to balance
AI advice with their professional judgment, highlighting the
crucial role of human oversight in AI decision-making.

However, these discussions were particularly animated regarding
the scenario involving AI-generated diagnoses, where
participants displayed heightened criticality toward the
information received from AI. This suggests that individuals
are particularly cautious about relying on AI for diagnostic
tasks, scrutinizing the transparency and explainability of such
systems with greater intensity. Interestingly, these issues were
less extensively debated in contexts involving AI for supportive
tasks. This observation highlights an area for future research.

Development of Trust Over Time
Most participants indicated a higher level of trust in their
colleagues than in AI systems, suggesting that trust in AI might
evolve positively with increased exposure and evidence of AI’s
efficacy. However, this remains speculative, as our participants
have not extensively experimented with AI in their professional
practice. The notion that repeated interactions with AI could
enhance trust aligns with existing literature [31,32]. This area,
highlighting the dynamic interplay between growing familiarity
with AI and the shifting landscape of trust and reliance, remains
underexplored in our studies and represents a fruitful avenue
for further research.
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Strengths and Limitations
Our research is strengthened by several methodological
approaches that enhance the credibility of our findings. The
employment of 2 independent researchers for parallel data
coding in both studies significantly contributed to the reliability
of our results, as evidenced by the substantial agreement in their
coding outcomes [33].

The relatively small sample sizes of 9 podiatrists in the first
phase and 5 in the second phase may seem to be a limitation
for generating general conclusions. However, qualitative
research often reaches a point of data saturation, where small
samples are already sufficient to uncover dependable themes.
In our study, we observed that no new codes or themes emerged
after 7 interviews in the first phase, indicating that data
saturation had been reached. This aligns with the findings of
Guest et al [34], who noted that most codes are identified within
the first 6 interviews. Guest et al [35] also supported this by
providing a systematic method for assessing saturation, further
validating our sample size.

The significant expertise of the podiatrists involved, that is, all
specialists in the area considered, adds depth to our insights and
strengthens the credibility of our findings. In addition, the

second phase, with mostly new participants, confirmed the
results of phase 1. By focusing on how AI might be more
accepted in supportive tasks compared with diagnostic tasks,
we were able to further validate the earlier findings and ensure
that no new themes emerged, indicating that saturation had been
reached.

Conclusions
In conclusion, the findings reveal podiatrists’ complex attitudes
toward AI in health care, demonstrating openness to AI
assistance for supportive tasks while being cautionary regarding
its application for diagnostics. This underscores the necessity
for developers and policy makers to prioritize trust-building
strategies, starting with opportunities that allow podiatrists to
experience firsthand how AI can support their role. Such initial
experiences could clarify AI’s benefits and capabilities to users,
reduce perceived threats, and facilitate a smoother transition
toward acceptance. With a foundation of trust established
through the application of AI for supportive tasks, podiatrists
may become more receptive to exploring AI’s potential for
diagnostic tasks. Gradually expanding AI’s role from
foundational tasks, including decision support, to areas requiring
deeper trust, such as diagnostics, could enhance acceptance and
integration of AI technologies in podiatric practice.
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Abstract

Background: The prevalence of anxiety and depression is increasing globally, outpacing the capacity of traditional mental
health services. Digital mental health interventions (DMHIs) provide a cost-effective alternative, but user engagement remains
limited. Integrating artificial intelligence (AI)–powered conversational agents may enhance engagement and improve the user
experience; however, with AI technology rapidly evolving, the acceptability of these solutions remains uncertain.

Objective: This study aims to examine the acceptability, engagement, and usability of a conversational agent–led DMHI with
human support for generalized anxiety by exploring patient expectations and experiences through a mixed methods approach.

Methods: Participants (N=299) were offered a DMHI for up to 9 weeks and completed postintervention self-report measures
of engagement (User Engagement Scale [UES]; n=190), usability (System Usability Scale [SUS]; n=203), and acceptability
(Service User Technology Acceptability Questionnaire [SUTAQ]; n=203). To explore expectations and experiences with the
program, a subsample of participants completed qualitative semistructured interviews before the intervention (n=21) and after
the intervention (n=16), which were analyzed using inductive thematic analysis.

Results: Participants rated the digital program as engaging (mean UES total score 3.7; 95% CI 3.5-3.8), rewarding (mean UES
rewarding subscale 4.1; 95% CI 4.0-4.2), and easy to use (mean SUS total score 78.6; 95% CI 76.5-80.7). They were satisfied
with the program and reported that it increased access to and enhanced their care (mean SUTAQ subscales 4.3-4.9; 95% CI
4.1-5.1). Insights from pre- and postintervention qualitative interviews highlighted 5 themes representing user needs important
for acceptability: (1) accessible mental health support, in terms of availability and emotional approachability (Accessible Care);
(2) practical and effective solutions leading to tangible improvements (Effective Solutions); (3) a personalized and tailored
experience (Personal Experience); (4) guidance within a clear structure, while retaining control (Guided but in Control); and (5)
a sense of support facilitated by human involvement (Feeling Supported). Overall, the DMHI met participant expectations, except
for theme 3, as participants desired greater personalization and reported frustration when the conversational agent misunderstood
them.

Conclusions: Incorporating factors critical to patient acceptability into DMHIs is essential to maximize their global impact on
mental health care. This study provides both quantitative and qualitative evidence for the acceptability of a structured, conversational
agent–driven digital program with human support for adults experiencing generalized anxiety. The findings highlight the importance
of design, clinical, and implementation factors in enhancing engagement and reveal opportunities for ongoing optimization and
innovation. Scalable models with stratified human support and the safe integration of generative AI have the potential to transform
patient experience and increase the real-world impact of conversational agent–led DMHIs.

Trial Registration: ISRCTN Registry ISRCTN 52546704; https://www.isrctn.com/ISRCTN52546704

(JMIR Hum Factors 2025;12:e76377)   doi:10.2196/76377
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Introduction

Demand for mental health care is increasing, with 1 in 8
individuals globally living with a mental health condition [1].
Despite this growing need, there are only 4 psychiatrists per
100,000 people worldwide [2], leading to long waiting lists and
a lack of care [3-5]. The traditional 1:1 mental health care model
is proving insufficient to meet the rising demand.

Digital mental health interventions (DMHIs) provide a
cost-effective way to increase access to care worldwide [6], but
face challenges with user engagement and adherence [7-9].
Engagement is often operationalized through objective
behavioral metrics (frequency and duration of use), but users’
cognitive and emotional investment (subjective engagement),
such as focused attention and psychological investment, is
equally critical to understanding how users meaningfully engage
with DMHIs to drive clinical impact [10,11]. Key factors
impacting engagement include available guidance, perceived
fit, and personalization [12]. Artificial intelligence (AI)–powered
conversational agents, typically using tree-based dialogue
systems, have shown potential to enhance DMHI engagement
by offering more interactive and personalized experiences
compared with self-guided activities [13]. Meta-analytic
evidence suggests that these agents reduce attrition rates [14]
and show promising efficacy [15-18]. However, the agent’s
misunderstanding of user input can be frustrating [19]. Advances
in generative AI, such as OpenAI’s ChatGPT (released
November 2022), are rapidly evolving and enable more fluid
and naturalistic interactions that have the potential to transform
DMHIs. However, currently, most DMHIs rely on tree-based
dialogue systems with templated responses to ensure a patient’s
experience is safe, evidence-based, and deterministic. It is
unclear how user familiarity with generative AI applications
will impact perceived effectiveness and engagement with
conversational-agent DMHIs reliant on tree-based dialogue
systems.

Acceptability is central to developing and evaluating DMHIs
as it is linked to engagement, effectiveness, and adoption [20].
Acceptability is a multidimensional construct that reflects how
people think and feel about an intervention and whether they
view it as appropriate, either before, during, or after using it
[21]. Qualitative studies suggest that conversational agent–led
DMHIs are perceived positively by users [22,23], in part by
providing easily accessible and judgment-free environments
[24]. However, uptake of such interventions is impacted by
mixed expectations on their effectiveness [25,26]. Presence or
absence of empathy, personalization, and the ability of the agent
to understand user messages also impact the user experience
[19,27]. Our current understanding of conversational agent–led
DMHI acceptability relies on limited qualitative data (eg, app
store reviews and answers to in-app free-text questions about
positive and negative experiences) [15,28-31]. A deeper
understanding of the many factors contributing to user

perception and experience with conversational agent–led DMHIs
is important to maximize their impact.

Using mixed methods is recommended when iteratively
developing and evaluating complex interventions such as
DMHIs [32,33]. Validated questionnaires offer standardized
quantitative benchmarks for comparison with other interventions
and evaluation of iterative improvements [34]. By contrast,
qualitative methods, such as semistructured interviews, enable
richer insights into context-specific user needs and
intervention-specific experiences, and allow for the discovery
of emergent topics [35]. Through open-ended questions and
in-depth explorations of user perspectives and experiences,
multidimensional concepts such as acceptability and subjective
engagement can be assessed [32,35]. Combining these methods
provides complementary insights, where quantitative data
describe behavior across the sample, and qualitative findings
clarify the underlying reasons and nuances of user experiences.

This study reports additional patient-reported end points from
a propensity-matched study evaluating the effectiveness,
acceptability, engagement, and safety of a digital program for
adults with mild to severe symptoms of generalized anxiety
[18]. Participants engaged with the program for up to 9 weeks
via a smartphone app. The intervention consisted of a structured
program using traditional and third-wave cognitive behavioral
therapy (CBT) approaches delivered through multimedia content
and text-based interactions with an AI-powered conversational
agent. The conversational agent followed a tree-based dialogue
system, using natural language processing to deliver appropriate
clinician prewritten responses. The program was combined with
human support, aimed to enhance user experience and adherence
with the program, addressing documented barriers to
engagement [12]. The digital program showed a mean reduction
in anxiety symptoms comparable to traditional human-delivered
therapy [18]. This substudy aimed to understand the
acceptability, engagement, and usability of the digital program
by combining quantitative and qualitative methods to explore
patient expectations and experiences with the intervention and
examine the extent to which the program met their needs.
Self-report measures for subjective engagement, usability, and
acceptability were collected postintervention to quantify the
user experience, and qualitative semistructured interviews were
conducted with a subsample of participants both before and
after the intervention to provide deeper insights into user needs
and experiences.

Methods

Study Design
This mixed methods substudy explored the perspectives and
experiences of individuals with mild, moderate, and severe
symptoms of generalized anxiety before and after engaging with
a DMHI. It was conducted within a wider pragmatic,
single-intervention arm study with a sample of 299 participants
from the United Kingdom [18].
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Potentially eligible individuals completed a clinical assessment
with a qualified clinician to determine eligibility. At the point
of consent, participants were asked if they wanted to participate
in qualitative interviews. A subsample of participants (n=21)
attended a semistructured interview preintervention. All
participants were asked to download the software on their
smartphone and engage with the 6-module program in their own
time, over a 9-week period. Participants from the interviewed
subsample were invited to attend a second semistructured
interview after using the program. All outcomes collected at
different time points are reported in Palmer et al [18]. For this
study, engagement, usability, and acceptability measures,
collected with validated questionnaires postintervention, were
analyzed, as well as qualitative analysis of the pre- and
postintervention semistructured interviews.

Ethics Considerations
The study was preregistered (ISRCTN ID 52546704) and
obtained ethical approval before recruitment (IRAS ID: 327897,
National Health Service [NHS] Research Ethics Committee:
West of Scotland REC 4). The participant CONSORT
(Consolidated Standards of Reporting Trials) flowchart for the
whole sample and the interviewed subsample is summarized in
Figure 1. For more details on participant flow before enrollment,
please refer to Palmer et al [18]. In line with the Declaration of
Helsinki, informed consent was obtained from all participants
before enrollment, including optional consent for participation
in semistructured interviews. Participants were debriefed at the
conclusion of the study.

Figure 1. Participant flow for the study sample and interviewed subsample. Recruitment sources and preenrollment flow are described in Palmer et al
[18]. Participants were withdrawn actively (requested withdrawal), passively (dropped out or disengaged), clinician-led (withdrawn on clinician
recommendation), or for other reasons (eg, technical issues). Interview participation was offered on a first-come, first-served basis, with a 2-day response
window, and invitations ceased once a sufficient number of preintervention interviews had been completed. Postintervention questionnaires were
administered through ieso’s validated clinical delivery platform (System Usability Scale [SUS] and Service User Technology Acceptability Questionnaire
[SUTAQ]) and through Qualtrics (User Engagement Scale [UES]).

Description of Digital Intervention
The intervention consisted of a 6-module digital program
delivered via a smartphone app (ieso Digital Program; software
name IDH-DP2-001), developed by ieso Digital Health [36], a
mental health technology company and provider within NHS
Talking Therapies delivering 1:1 human-delivered CBT via a
typed modality to treat patients with common mental health
disorders. The ieso Digital Program used a conversational agent
to guide users through activities, with clinical oversight and
user support provided by nonclinical research coordinators. The
program was designed for people primarily presenting with
symptoms of generalized anxiety and was based on principles
from traditional CBT and third-wave approaches such as
acceptance and commitment therapy. The 6 modules consisted
of an introduction module, 3 core modules, and 2 consolidation
modules. All modules began with a symptom “check-in”

consisting of the 7-item Generalized Anxiety Disorder (GAD-7)
scale and 9-item Patient Health Questionnaire (PHQ-9) scale.
The minimum meaningful program dose was defined a priori
by accredited CBT therapists as completion of modules 1-3 and
the module 4 check-in. There were 16 sessions total, released
on a timed schedule, subject to completing the prior session,
allowing space for practice and reflection between sessions.
Each session included videos, educational content,
conversations, and worksheets written by accredited clinicians.
The clinical team had an average of 14 years’ experience
delivering therapy to patients with complex needs and diverse
backgrounds in the United Kingdom. To ensure safety and
clinical quality of the messages delivered to the user, the
conversational agent used in this version of the program
followed a tree-based dialogue system, using natural language
processing to understand user input and deliver appropriate
prewritten responses. The program complied with ISO 13485
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[37] and was registered as a UKCA (UK Conformity Assessed)
marked Class 1 medical device. For additional details, including
screenshots of the interface and schematics of the program, see
Palmer et al [18].

Participants
Adults with mild to severe anxiety symptoms were recruited
between October 10, 2023, and February 2, 2024, through 3
streams: (1) referrals to ieso’s typed therapy service (self-referral
or via their NHS Provider) [38]; (2) responses to online
advertisements; and (3) responses to email invitations through
the NIHR BioResource [39].

Participants had to meet the following eligibility criteria: (1) be
over the age of 18 years at point of recruitment; (2) GAD-7 total
score >7; (3) PHQ-9 total score <16; (4) have a primary
presenting problem of generalized anxiety disorder, as
established through a clinician assessment (based on the
International Classification of Diseases, 10th Revision [ICD-10]
code in line with the NHS Talking Therapies manual [40]); (5)
have access to a smartphone and internet connection; and (6)
be registered with a general practitioner in the United Kingdom.
To be suitable for the CBT protocol used in the intervention,
individuals were excluded if presenting with (1) complex
comorbid presentations (diagnosis of multiple disorders,
psychotic or personality disorder, autism spectrum condition,
or intellectual disability); (2) untreated mental health conditions
(including substance misuse), except generalized anxiety
disorder or major depressive disorder; or diagnoses of (3)
posttraumatic stress disorder, obsessive-compulsive disorder
or panic disorder. Additionally, individuals were excluded if
they (1) were currently receiving psychological therapy, (2) had
changes in psychiatric medication in the past 1 month; or (3)
displayed a significant risk of harm to self, to others, or from
others (established with the clinical assessment). Any individual
who had previously participated in user research for the digital
program was also excluded.

Considering the study’s aims and design, participant specificity,
and experienced user researchers collecting data, a moderate
sample size between 15 and 30 participants was estimated to
provide sufficient informational power [41]. We aimed to enroll

up to 30 participants to account for an estimated 50% attrition
rate with the goal of having at least 15 postintervention
interviews. Those who consented to interviews self-selected
into the interviewed subsample by signing up for a
preintervention interview slot on a first-come, first-served basis.
If they did not sign up within 2 days of receiving the invitation,
they were sent the information to continue with the app
download to avoid delays. Interview invitations were sent out
from December 2023, 2 months into the enrollment period.
Interview invitations were stopped once a sufficient sample had
attended a preintervention interview.

Vouchers up to a total of £60 (US $81.1) were provided for
participating in the study based on study assessments and
completion of modules. An additional £15 (US $20.2) voucher
per interview was provided to those who attended an interview.

Patient and Public Involvement
Experts by lived experience were involved as members of a
patient and public involvement (PPI) panel. PPI members took
part in study conceptualization and supported recruitment
through co-designing marketing campaigns and
participant-facing documents. PPI members were also involved
at the end of the thematic analysis process through a workshop
aimed to discuss the coherence of thematic groupings and theme
names, and limitations and implications of these results. Before
the workshop, PPI members were introduced to thematic
analysis and qualitative methods. More details are provided in
Multimedia Appendix 1.

Data Collection and Analysis

Self-Report Measures of User Experience

Overview

Validated self-report measures of user experience were collected
at postintervention between January and April 2024 (after
completion or after 9 weeks), via either ieso’s validated clinical
delivery platform (System Usability Scale [SUS] and Service
User Technology Acceptability Questionnaire [SUTAQ]) or
Qualtrics (User Engagement Scale [UES]). Demographic data
were collected at enrollment and are summarized in Table 1.
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Table 1. Sample characteristics of all study samples.

Interview subsample (n=21)Questionnaire sample
(N=203)

Demographic and category

Postintervention sample (n=16)Preintervention sample (n=21)

11.6 (3.6)11.8 (3.2)12.4 (3.4)Baseline GAD-7 score, mean (SD)a

7.7 (2.5)7.7 (2.4)7.9 (3.8)Baseline PHQ-9 score, mean (SD)b

44.0 (13.3)46.0 (13.4)41.0 (12.0)Age, mean (SD)

Gender, n (%)

13 (81.3)17 (81.0)163 (80.3)Female

2 (12.5)3 (14.3)34 (16.7)Male

1 (6.3)1 (4.8)2 (1.0)Other

0 (0)0 (0)4 (2.0)Not known

Ethnicity, n (%)

15 (93.8)19 (90.5)185 (91.1)White

0 (0)0 (0)3 (1.5)Mixed

1 (6.3)2 (9.5)9 (4.4)Asian

0 (0)0 (0)1 (0.5)Black/African/Caribbean/Black British

0 (0)0 (0)1 (0.5)Other

0 (0)0 (0)4 (2.0)Prefer not to say

Long-term condition, n (%)

6 (37.5)9 (42.9)83 (40.9)Yes

9 (56.3)10 (47.6)112 (55.2)No

1 (6.3)2 (9.5)8 (3.9)Not known

a7-item Generalized Anxiety Disorder categories: mild (scores 5-9), moderate (scores 10-14), and severe (scores ≥15).
b9-item Patient Health Questionnaire categories: mild (scores 5-9), moderate (scores 10-14), moderately severe (scores 15-19), and severe (scores ≥20).

Engagement

Engagement was evaluated with the UES short form [42], a
validated scale to measure user engagement with digital systems.
This scale consisted of 12 items across 4 subscales: (1) Focused
Attention (ie, how absorbed the individual was in the
intervention); (2) Perceived Usability (ie, whether the
intervention was taxing or frustrating to use); (3) Aesthetic
Appeal (ie, how visually appealing the intervention was; and
(4) Rewarding (ie, whether using the intervention was
worthwhile). The 12 items were rated on a 5-point scale
(1=strongly disagree to 5=strongly agree). A high score can be
interpreted as positive perceived engagement. Items were
presented in a random order for each participant. Three items
on the Perceived Usability subscale were reverse scored, such
that a lower value on each item was associated with greater
perceived engagement. Individual items are reported as the
number and percentage of participants who selected each Likert
rating. These were averaged across items within each subscale
to estimate the distribution of participants who on average
agreed or disagreed with the items within each subscale.
Average percentage agreement or disagreement to subscales
across participants was also reported, calculated by regrouping
all levels of agreement (agree/strongly agree) or disagreement
(disagree/strongly disagree).

Usability

Usability was evaluated with the SUS [43]. The SUS consisted
of 10 items relating to the overall usability of the intervention.
Items were rated on a 5-point scale (1=strongly disagree to
5=strongly agree). An overall SUS score was calculated as a
sum across all items after reverse coding certain items and
scaling to produce a score from 0 to 100 [43]. A high score can
be interpreted as positive perceived usability. Individual items
are reported as the number and percentage of participants that
selected each Likert rating. These were averaged across all items
to estimate the proportion of participants that on average agreed
or disagreed with items across the questionnaire. Average
percentage agreement or disagreement per item and for the
whole questionnaire across participants was also reported,
calculated by regrouping all levels of agreement (agree/strongly
agree) or disagreement (disagree/strongly disagree).

Acceptability

Acceptability was quantitatively evaluated with the SUTAQ
[44]. It consisted of 22 items across 6 subscales: (1) Care
Personnel Concerns (ie, concerns about the skills and continuity
of the personnel looking after them); (2) Enhanced Care (ie,
beliefs that the intervention can improve care); (3) Increased
Accessibility (ie, beliefs that the intervention enhanced access
to care); (4) Kit as Substitution (ie, beliefs that the intervention
may be an alternative to regular care); (5) Privacy and
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Discomfort (ie, concerns privacy and the intervention interfering
with their daily life or making them feel uncomfortable); and
(6) Satisfaction (ie, beliefs indicating acceptance and satisfaction
with the kit and service provided). Participants rated their level
of agreement with each item on a 6-point Likert scale
(1=strongly disagree to 6=strongly agree). High scores can be
interpreted as positive user perception, except for subscales
Care Personnel Concerns and Privacy and Discomfort that are
inverted; therefore, a low score is interpreted as a positive user
perception. The intermediate value 3.5 is interpreted as a point
of neutrality. Reverse coding was carried out on 1 item in the
Kit as Substitution subscale [44] (item 18; see Table S3 in
Multimedia Appendix 2). Individual items are reported as the
number and percentage of participants that selected each Likert
rating. These were averaged across items within each subscale
to estimate the distribution of participants agreeing or
disagreeing with the items within each subscale. Average
percentage agreement or disagreement to subscales across
participants was also reported in text, calculated by regrouping
all levels of agreement (mildly, moderately, and strongly agree)
or disagreement (mildly, moderately, and strongly disagree).

Qualitative Data
Semistructured interviews pre- and postintervention provided
qualitative data about user expectations and experiences with
the program, to assess the acceptability of the ieso Digital
Program in meeting the needs of participants. Preintervention
interviews, conducted by 2 user researchers between December
2023 and February 2024 (SD and MZ), lasted 16-38 minutes
(mean 23 minutes). Postintervention interviews, conducted by
1 user researcher between February and April 2024 (MZ), lasted
30-47 minutes (mean 39 minutes). Interview topic guides were
developed by user researchers, based on learnings from literature
and from extensive internal user research and PPI workshops
during the development phase of the program. Topic guides
were reviewed by internal stakeholders with clinical and product
expertise. Preintervention interviews explored participants’
motivations to take part, their experience and views of using
technology for mental health, and their expectations for the
intervention. Postintervention interviews explored participants’
overall experience with the intervention, engagement barriers
and facilitators, perceived usefulness and effectiveness, and
perceived safety and support. Refer to Multimedia Appendix 1
for detailed interview schedules. Interviews were conducted on
Microsoft Teams and were automatically transcribed on Dovetail
[45] and reviewed and anonymized by researchers.

Pre- and postintervention interviews were analyzed using
reflexive thematic analysis [46,47], led by a researcher trained
in qualitative research methods (PP) who familiarized with the
data by reading interview transcripts multiple times and
completed line-by-line inductive coding at both the semantic
and latent levels in Dovetail. Codes were then grouped into
candidate themes, which were then reviewed by returning to
the underlying data. Final themes were defined by clarifying
thematic boundaries and writing synopses. To ensure reflexivity
and rigor in interpretations, analysis was regularly discussed
between researchers (PP, CEP, MB, and MZ). A workshop with
individuals with lived experience of mental health was held to
review and discuss the thematic analysis findings. Final themes
grouped both pre- and postinterview data linked by the common
underlying concept of the theme. Results describe expectations
and experiences in each theme. A detailed description of the
thematic analysis process and workshop is available in
Multimedia Appendix 1.

The framework method [48,49] was used to explore patterns
between preintervention expectations and postintervention
experiences. Inductive themes from the thematic analysis were
used to create an analytical framework, and coded extracts were
categorized within it. A framework matrix summarized data for
each participant and theme by interview time (pre and post),
with illustrative quotes. The framework matrix was interpreted
by exploring patterns within and between participants, before
and after the intervention, and relevant nuances and insights
were added to our description of themes developed through
thematic analysis.

Results

Self-Report Measures of User Experience

Overview
The final sample for analysis included 203 participants who
completed the SUS and the SUTAQ, and 190 participants who
completed the UES. Table 1 provides an overview of the
demographic and clinical characteristics of participants enrolled
in the intervention who completed the questionnaires (N=203).
Of these, 163 (80.3%) were female, with a mean age of 41 (SD
12.0; range 19-75) years, and 168 (82.8%) completed the
minimum meaningful clinical dose [18]. UES and SUTAQ
subscale scores are reported in Figure 2, and average agreement
or disagreement across scale items are reported in Tables 2
(UES and SUS) and 3 (SUTAQ). Item-level data for each scale
can be found in Tables S1-S3 in Multimedia Appendix 2.
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Figure 2. Self-reported user experience mean scores with 95% CIs. (A) User Engagement Scale (UES) subscales and total score. (B) Service User
Technology Acceptability Questionnaire (SUTAQ) subscales. Higher scores on all subscales indicate more positive user sentiment, except for the
SUTAQ Care Personnel Concerns and Privacy and Discomfort subscales, where lower scores indicate more positive sentiment.

Table 2. Agreement and disagreement with the self-reported measures of engagement (UESa) and usability (SUSb).

Mean proportion agreement across all items or items within each subscale, %Scale

5=Strongly agree4=Agree3=Neither agree nor disagree2=Disagree1=Strongly disagree

UES (n=190)

18.351.824.24.61.2Aesthetic Appeal

7.030.929.326.36.5Focused Attention

27.440.513.514.24.4Perceived Usability

32.551.410.53.71.9Rewarding

21.343.619.412.23.5Total

SUS (n=203)

39.044.69.75.31.4Total

aUES: User Engagement Scale.
bSUS: System Usability Scale.
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Table 3. Agreement and disagreement with the self-reported measure of acceptability (SUTAQa).

Mean proportion agreement across all items or items within each subscale, %Scale

6=Strongly
agree

5=Moderately
agree

4=Mildly agree3=Mildly dis-
agree

2=Moderately dis-
agree

1=Strongly dis-
agree

SUTAQ (N=203)

1.34.911.219.127.436.1Care Personnel Concerns

30.125.525.39.15.24.8Enhanced Care

23.823.228.112.86.45.8Increased Accessibility

7.615.624.121.016.914.8Kit as Substitution

1.13.310.815.823.845.2Privacy and Discomfort

40.931.416.36.12.82.6Satisfaction

aSUTAQ: Service User Technology Acceptability Questionnaire.

Engagement
Overall, the mean total score for the UES was 3.7 (95% CI
3.5-3.8), indicating agreement that the program was engaging.
On average, across the intervention sample who completed the
UES (n=190), 159 (83.7%) agreed that the program was
rewarding and worthwhile (Rewarding: mean 4.1; 95% CI
4.0-4.2), 129 (67.9%) perceived the app not to be frustrating or
taxing (Perceived Usability: mean 3.7; 95% CI 3.6-3.9) and
133 (70%) found the app aesthetically pleasing (Aesthetic
Appeal: mean 3.8; 95% CI 3.7-3.9). There were mixed views
on whether participants were fully focused on the experience
(Focused Attention: mean 3.1; 95% CI 2.9-3.2). Item-level
scores indicated participants generally disagreed that they were
“getting lost” in the experience, and there were mixed views on
whether participants were fully absorbed in the app (see Table
S1 in Multimedia Appendix 2).

Usability
Self-reported usability scores were high with a mean total score
for the SUS of 78.6 (n=203; 95% CI 76.5-80.7). Item-level data
(Table S3 in Multimedia Appendix 2) show that across the
intervention sample (n=203), most participants agreed that the
system was quick to learn to use (n=185, 91.1%), without the
support of a technical person (n=188, 92.6%); 180 (88.7%) felt
confident using the app and 179 (88.2%) found it easy to use.
The item participants agreed the least strongly with was whether
they would like to use the system frequently (n=135, 66.5%
agreement).

Acceptability
Across the intervention sample (n=203), 180 (88.7%)
participants were satisfied with the intervention (Satisfaction:
mean 4.9; 95% CI 4.8-5.1). On average, 164 (80.8%)
participants found that the app could improve care (Enhanced
Care: mean 4.5; 95% CI 4.4-4.7) and 152 (74.9%) found that

it increased access to care (Increased Accessibility: mean 4.3;
95% CI 4.1-4.4), without interfering with their daily life or
making them feel uncomfortable (Privacy and Discomfort:
mean[reverse scored] 2.1; 95% CI 2.0-2.2), and without concern
about the skills and continuity of the personnel looking after
them (Care Personnel Concerns: mean[reverse scored] 2.3;
95% CI 2.1-2.4). There were mixed responses about whether
the program could be used as a substitution for their regular
mental health care (Kit as Substitution: mean 3.3; 95% CI
3.2-3.5).

Qualitative Findings

Overview
Table 1 provides an overview of the demographic and clinical
characteristics of participants enrolled in the interview
subsample (n=21). Participants in the interview subsample were
mostly White (n=19, 90%) and women (n=17, 81%), with a
mean age of 46 (SD 13.1; range 19-72) years. Half of the sample
had moderate anxiety (n=10, 48%), followed by mild (n=7,
33%) and severe (n=4, 19%) anxiety. Five participants did not
do postintervention interviews: 3 were withdrawn from the
study, and 2 did not book or attend their postintervention
interview. Participants were highly engaged, with 14 out of 21
(67%) of the pre-intervention and 12 out of 16 (75%) of the
postintervention interview subsamples completing a minimum
meaningful clinical dose of the program.

Figure 3 shows a map of the themes developed through thematic
analysis of the pre- and postintervention interviews. Five themes
represent patient needs for conversational agent–led DMHIs
and describe to what extent they were met, based on their
expectations and experiences with the ieso Digital Program: (1)
Accessible Care, (2) Effective Solutions, (3) Personal
Experience, (4) Guided but in Control, and (5) Feeling
Supported. Quotes are provided with interview type (pre, post),
participant gender, age, and baseline anxiety severity.
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Figure 3. Thematic map. Five qualitative themes illustrate user needs that influence the acceptability of conversational agent–led digital mental health
interventions (DMHIs). Each theme summarizes user expectations and experiences drawn from pre- and postintervention interviews.

Theme 1: Accessible Care
This theme describes how participants sought mental health
support that was accessible in terms of both availability and
emotional approachability. The digital format was perceived as
offering this kind of access and reached users who would not
have accessed support otherwise.

Many participants were motivated to access mental health
support that they felt was difficult to obtain through the NHS.
Participants appreciated that the program was a faster, easier,
and more affordable way to access support.

It's always easy to get an appointment but then from
there the support  is  pret ty  much
nonexistent....Basically, the advice is you could
probably do with some more talking therapy, you can

go on the waiting list and that will be up to a year,
otherwise you can pay. So that's why the program is
such a positive thing, because otherwise there's
nothing. [post, P14, female, 53, severe anxiety]

Some participants avoided seeking support due to guilt over
using NHS resources. For some, the digital program was
perceived as a good “first point of call” to address mental health
concerns, and other options could be available after if needed.

I see it like, if I lined up Domino's, this is like Domino
number one. [pre, P16, female, 44, severe anxiety]

For many participants, a digital modality was an advantage.
Participants wanted to reflect on their experiences and
understand their triggers, thoughts, and feelings, and some
believed that a digital program was better suited for them to do
this work. Indeed, several participants expected and found it
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easier to express their feelings to an app compared with a human
therapist, especially if they had prior negative experiences with
therapy. Participants felt less judged or embarrassed to open-up,
and therefore self-censored less. Some participants also felt that
the program may be less biased than a human therapist.

I liked it because I felt there wasn't any sense of
judgment there. I've had a bad experience with
therapy before where I didn't really get along with
the therapist and there was quite a lot of judgment
passed...And just knowing that that wasn't even
something that could happen was really reassuring.
[post, P4, female, 19, mild anxiety]

Several participants preferred the privacy DMHIs would
provide, compared with online therapy calls that could be
overheard, and valued having more time to understand
information and reflect before answering.

Text based certainly for me, I'm able to be much more
thoughtful, much more introspective, much more
precise is my answer when they're written rather than
spoken. I think it gives me time to think deeper about
things. [pre, P12, female, 48, moderate anxiety]

Participants also valued being able to revisit and reflect on past
content and discussions saved and centralized on an app. Many
wanted continued app access poststudy to further review content.

If I could go back into the app to see how I wrote
down what I was feeling, that would be, that would
really reinforce it all. [post, P9, female, 57, mild
anxiety]

Theme 2: Effective Solutions
This theme describes participants’motivation to access effective
solutions for anxiety. They sought practical tools to manage
anxiety and would continue engaging if they perceived the
program as effective.

A key motivation expressed in pre- and postintervention
interviews was to access a solution-focused intervention to
effectively manage or reduce anxiety. Participants differentiated
the need to “offload,” from their current need to “change
behavior” and receive “tools” and “solutions.” Most wanted to
learn techniques to manage their anxiety long-term, while some
sought momentary support or both. Participants practiced and
applied techniques in everyday life, particularly when anxious
or when facing a stressful situation.

[When I’m in a triggering situation], I would go either
directly back to the app or I would go back to my
book and I would look at what I've learned and I
would go, ok, how can I approach this situation
differently? [post, P16, female, 44, severe anxiety]

Accessing helpful content and learning new information and
techniques was crucial to participants and was for many a key
motivator, even for participants who experienced frustration
when the conversational agent misunderstood them. Nearly all
participants interviewed found the program useful and effective.
Seeing improvements and perceiving the program as beneficial
was an important motivator for continued engagement with the
program and continued application of techniques learned.

I was motivated to continue because each module had
something which helped me. I felt that it was helping
me reduce my anxiety right from the beginning. So,
you wanted to do the next module. [post, P5, female,
68, mild anxiety]

Participants noted the program’s time and effort demands but
emphasized the importance of engaging to see benefits. For
many, this was acceptable as they began the program highly
motivated and ready to engage; however, 1 participant was
surprised by the program’s workload and another shared that
they could not have engaged similarly at another time in their
mental health journey.

If you can stick with it and really commit to trying
the things it suggests you try, you'll definitely find it
helpful....But you have got to be willing to kind of
commit to it and put in the time and do what it's
asking you to do. So, you've got to be in the right
headspace. [post, P14, female, 53, severe anxiety]

Theme 3: Personal Experience
The third theme describes how participants wanted the program
to be tailored and feel personal, but sometimes found the
conversational agent to be generic or unnatural, and often felt
misunderstood by it.

Preintervention, several participants expected personalized
strategies for anxiety, tailored advice, and pathways or exercises
based on their input or assessments. Half of the participants
viewed technology and an AI guide as an opportunity for
tailored and accurate support.

I would assume that based on my answer to questions
or how I'm responding to things, that machine
learning will tell the digital guide move things to get
onto the right journey. [pre, P7, female, 53, moderate
anxiety]

Postintervention, some found the conversational agent
impersonal or generic, and desired more context-specific advice,
historical knowledge use, and the ability to ask questions.

I didn't quite enjoy that I was talking to a robot that
didn't tell me things tailored to my needs, only generic
things. So many times it didn't really matter what I
said, the robot only repeated what I said. [post, P2,
male, 33, moderate anxiety]

Feeling heard and understood was crucial to participants. In
preintervention interviews, interacting with a conversational
agent was viewed as acceptable if it was well-trained, lacked
bias, and was able to understand them and offer thoughtful
answers.

As long as it's been well trained, it will be interesting
to see what it comes back with. That it’s not just a
sort of trite responses you get when you're trying to
get customer service out. [pre, P12, female, 48,
moderate anxiety]

Postintervention, some participants explained that the downside
of a conversational agent was that they could not receive
empathy and be understood like they would with a therapist.
Nearly all users reported instances where the conversational
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agent wrongly paraphrased messages or misunderstood complex
thoughts and feelings. This often led to frustration or confusion.
Safety messages that appeared when the user did not feel they
were needed could lead to frustration and distraction from the
session.

I think there was a lot of instances where it was clear
that whatever I typed it hadn’t understood. In a way
that’s like sitting in a room with a therapist and you
tell them something and they just look blank. [post,
P15, nonbinary, 42, severe anxiety]

Some participants found the conversational agent’s
understanding abilities were less bothersome and less present
over time, and some explained that they learned to communicate
more effectively with it.

I think as the program went on, I got to know the
program and I got maybe a bit better myself at finding
ways to word things. [post, P14, female, 53, severe
anxiety]

However, others explained that simplifying their answers to
ensure the conversational agent would understand impacted
their ability to express their emotions.

And so you learn to keep it really simple. But that
sometimes didn't help, I couldn't really express how
I was feeling because the chatbot didn't understand.
[post, P5, female, 68, mild anxiety]

Several participants were not too impacted by these limitations,
finding them expected and acceptable for a conversational agent,
and not interfering with the overall program’s usefulness.

You could tell it was looking for specific responses,
but that's fine. That's what they do. [post, P2, male,
33, moderate anxiety]

Postintervention, participants had mixed views on the
conversational agent’s human-likeness, some finding it
human-like and others robotic. Notably, 2 participants valued
its neutrality and “ambiguity,” neither distinctly human nor
robotic, and neither male nor female. However, conversations
feeling robotic and preformatted answers could feel restrictive
and frustrating, and affected participant’s sense of agency, an
important need discussed in the next theme.

I do think some of the time when you only have one
response to give, sometimes I wanted to have choice
or say my own thing. If you read back through my
data, sometimes you can probably see I'm getting a
bit frustrated, if you want to say more sometimes and
then you're not given that option. And that sort of
forces you out of your own voice and into the voice
of whoever programmed it. [post, P12, female, 48,
moderate anxiety]

Theme 4: Guided but in Control
The fourth theme highlights participants’ desire to have
autonomy and control over how they engaged with the program
while also wanting structure and guidance throughout. Being
self-directed within a flexible yet structured intervention was
valued by participants and was a motivation to participate in
the study.

Accessing a time-bound and structured program through an app
was seen by participants as useful for personal accountability
to help them regularly engage in the work they wanted to do to
feel better.

I think this would be helpful because I can tap in and
out of it as and when. And it's something that’s
available, the app is always there for you to use. And
at the same time there's time frames on it. So, you
have to do things by certain dates. So there's a bit of
a routine, but also a bit of flexibility. [pre, P1, female,
35, mild anxiety]

Reminders were also seen as important to support adherence to
the program, particularly considering reported engagement
challenges such as their mental health, forgetfulness, or external
obligations.

The reminders did serve, as a prompt to say, OK, just
reminding you that you got your next session and
you’ll be on track to complete the study. [post, P8,
male, 32, mild anxiety]

Accessing a program that is easy to navigate, with a “logical
pathway” to follow, was important. Participants also wanted to
be guided toward what they should practice and reflect on,
through conversational agent prompts and exercises. One
participant viewed conversational agents as acceptable only if
used within a structured program.

The other app I used, I would say something and then
the chatbot would reflect that back to me. I'm
assuming there is a structured program in the ieso
app. So, it's not just going to be stuff I say being
reflected back, there would be ideas for me and
something for me to follow. [pre, P13, female, 55,
moderate anxiety]

In postintervention interviews, some participants expressed that
having more in-app features and sessions to support practice
and review content would be helpful, as well as guided support
when experiencing symptoms of anxiety, such as meditation or
breathing exercises.

I think to actually have some, a few recorded
meditations that people could turn to relax breathing
techniques or relaxation, especially if you're having
a bit of a crisis and you need to calm down. [post,
P13, female, 55, moderate anxiety]

In parallel to wanting guidance and structure, autonomy was
important to participants.

Nothing feels forced upon you. Even the reminders I
think are gentle, they’re like a little nudge rather than
a big old slap. [post, P16, female, 44, severe anxiety]

Many participants expressed high satisfaction with the
intervention’s flexibility and ability to fit into their lives,
allowing engagement at their own pace, when in the right
headspace, and in various settings. Several participants,
therefore, saw the program as particularly adapted for people
with demanding jobs or caregiving responsibilities.

I don't have a lot of time to attend scheduled
appointments. So being able to pick something up to
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help my own mental health in my own time is more
likely to be something I would use in the future than
in-person therapy. [post, P6, female, 44, moderate
anxiety]

Many participants desired more control over session timing,
duration, and frequency. While some liked time locks between
sessions to practice, others found them either too far apart, such
that they hindered progress or timely support, or too close
together, leaving insufficient time to practice.

Having to wait a few more days until the next session,
I understand why. But sometimes I was really into a
mood where I needed those sessions. And after a few
days when the session was available, I wasn't
available myself. [post, P2, male, 33, moderate
anxiety]

I thought early on it was the sessions are slightly too
close together and I thought I didn't always have time
to practice. [post, P10, female, 30, mild anxiety]

Theme 5: Feeling Supported
The final theme describes how participants found the program
to be supportive and safe, facilitated by human support.

Clinician involvement in the design of the program provided
credibility. Participants were willing to engage as the content
was clinically backed and written by humans.

I think if it's controlled, it's preprogramed responses
written by an expert then, I have a lot of confidence
in that system. [pre, P3, female, 31, severe anxiety]

If users experienced increased anxiety during the study, it was
attributed to external stressors and users were able to speak to
a clinician. Some users said that negative emotions could
sometimes arise, but this was viewed as expected when engaging
in such exercises.

There were a few moments where it would ask you to
think of something negative to practice. But I think
that's how those sessions work. And at the end of it,
I always felt better. But yeah, there was the odd
moment, when it was getting you to think something,
but I can't see a way for it to get you to practice and
explain it without that. [post, P10, female, 30, mild
anxiety]

Participants valued human support throughout the program.

I think it was good that you can just pick it up and do
it as and when, while also having some support from
real people if and when you needed that. [post, P1,
female, 35, mild anxiety]

Regular calls with research coordinators were beneficial for
adherence and engagement with the program, providing gentle
reminders or deadlines in addition to app reminders.

It helped with accountability knowing that someone
was going to call because then if I hadn't done it, that
wouldn't be good. [post, P10, female, 30, mild
anxiety]

Importantly, regular check-ins with research coordinators and
the option to consult a clinician provided users with a sense of

safety and reassurance during the program, and knowing about
this human element was a motivating factor to take part in the
study. Knowing they could talk to a human was important even
when participants did not experience the need for it. Several
participants suggested integrating easy ways to contact a human
within the app.

That was the good thing about those calls [with the
research coordinator], you did know there was
actually somebody there. I never had to contact a
clinician or anything, but it was always very clear
that that is an option if that is necessary. [post, P4,
female, 19, mild anxiety]

While most felt supported by the human contact provided, a
few desired more frequent clinician interaction and guidance.
Some accessed the human support they needed outside of the
program, through friends and family, and 1 participant explained
that the program itself encouraged and helped them seek social
support.

Postintervention, participants expressed that the program’s
design and content created a supportive and encouraging
environment. Several participants described the program as
“calming,” “relaxing,” and “gentle”; the content as “lovely”
and “therapeutic”; and the conversational agent as “friendly”
and “reassuring.”

And the acknowledgment at the end, “Let's
acknowledge that this may be hard for you,” “Are
you willing to commit to it?”. At that level of
acknowledgement, you feel heard. It was like having
a cheerleader on your side, you know? That was nice
I thought. [post, P12, female, 48, moderate anxiety]

Discussion

Principal Findings
This mixed methods study demonstrates the overall acceptability
of a digital program driven by an AI conversational agent with
human support for adults experiencing generalized anxiety
symptoms. Quantitative self-reported measures showed that
participants found the digital program rewarding and easy to
use, and that it both increased access to and enhanced their
mental health care. Qualitative interviews provided an in-depth
understanding of factors important for DMHI acceptability,
giving context to the quantitative findings—such as guiding
users, fostering a sense of support, and observing tangible mental
health improvements. However, participants frequently reported
a lack of personalization and frustrations with the conversational
agent’s misunderstandings, and there were mixed views on
whether it could serve as a substitute for standard care. Using
mixed methods enabled a deeper understanding of patient
acceptability and offered a new perspective on previously
reported outcomes [18], capturing participants’ affective and
cognitive investment beyond usage metrics [50]. These findings
highlight opportunities to optimize and innovate DMHIs to
enhance their acceptability and impact on mental health care.

In this study, many participants sought a self-directed and
autonomous solution while also wanting to feel supported,
highlighting the need to balance structure and guidance with
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personal agency in DMHIs. Users appreciated the structured
program and wanted more in-app support, such as prompts or
worksheets to facilitate reflection and practice. By contrast,
some participants wanted increased control over their pace
through the program, echoing findings from other conversational
agent DMHIs [51]. For example, although time-locked sessions
were designed to encourage practice between sessions, many
participants preferred having greater control over this. Most
participants found the program easy to use, as reflected in a
high mean SUS score of 78.6, which exceeds scores reported
for other conversational agent DMHIs (63.6-66.2) [19]. The
program also met participants’ expectations regarding access
and flexibility, with 152 out of 203 (74.9%) agreeing that it
increased access to care (SUTAQ Increased Accessibility
subscale).

Despite wanting a self-led digital solution—perceived by some
participants as a judgment-free and less intimidating way to
access mental health support without talking to a
therapist—human support remained crucial for building trust
in the program, ensuring safety, and maintaining engagement.
Nonclinical research coordinators, who provided motivational
support through emails and phone calls, were perceived as
helpful in fostering a sense of accountability. Participants also
valued having the option to talk to a clinician if needed. This
aligns with patient perceptions that DMHIs should involve
clinicians and facilitate access to mental health professionals
[23,26]. Moreover, this is consistent with findings that DMHIs
with human support have lower dropout rates [14] and better
outcomes [52], particularly at higher symptom severity [18].
Most participants reported minimal concerns about personnel
skills and continuity of care (SUTAQ Care Personnel Concerns
subscale; mean 2.3, range 1-6), highlighting the acceptability
of this support model for real-world implementation.
Nonetheless, there were mixed views on the acceptability of
the digital program as a replacement for regular mental health
care (SUTAQ Kit as Substitution subscale; mean 3.3, range
1-6). As individual needs and preferences influence the
acceptability of DMHIs, it is essential to ensure that people are
offered an informed choice in how they receive care. Moreover,
although human support can enhance acceptability,
implementations must remain scalable to meet the rising demand
for mental health care. In the current program, comparable
outcomes to human-delivered care were achieved with up to 8
times fewer clinician hours [18]. Innovative implementation
approaches should be explored to further optimize the
scalability, acceptability, and engagement of DMHIs that
incorporate human support [53,54].

Acceptability can be further enhanced by improving the
conversational agent. Being misunderstood by the agent was a
significant source of frustration in this study and is a common
limitation of tree-based dialogue systems [15,16,51,55,56].
Recent advances in generative AI have transformed
human-technology interaction by enabling dialogue systems
that emulate fluent human conversation, making users feel heard
and understood [57]. Users have reported finding rule-based
mental health apps less satisfying than those using generative
conversations [58], and recent findings suggest that generative
conversational agents may have a greater ameliorative impact

on psychological distress than retrieval-based ones [59]. While
further research is needed, these preliminary results indicate
that using generative AI could enhance engagement and
effectiveness in DMHIs. However, generative AI also introduces
new patient risks [60,61]. Its integration into DMHIs should
therefore be guided by mental health professionals [62], with
rigorous frameworks in place to evaluate clinical risk and quality
in mental health contexts [63].

Interestingly, despite the conversational agent’s limitations,
many participants remained engaged because of the content’s
usefulness. This is consistent with prior research linking
perceived usefulness to greater engagement [12] and to the value
users place on insights gained from DMHIs [15,56]. In this
study, 180 out of 203 (88.7%) participants found the intervention
satisfactory (180/203; SUTAQ Satisfaction subscale), 164 out
of 203 (80.8%) reported that it enhanced care (SUTAQ
Enhanced Care subscale), and 159 out of 190 (83.7%) found it
rewarding and worthwhile (UES Rewarding subscale).
Postintervention interviews provided further insights into how
perceiving benefits—from learning new tools and techniques
to observing improvements in symptoms—was key to
maintaining engagement, consistent with theory identifying
perceived efficacy as a core construct influencing acceptability
[20,21]. While prior research on conversational agent–led
DMHIs has emphasized the role of factors such as empathy and
human-likeness in fostering engagement [19], our findings
underscore that expected outcomes and perceived efficacy
remain central for individuals using these programs.

Limitations
Limitations of this study are a lack of sample diversity and
potential biases arising from the limited perspectives of the
clinical and research teams. The program design and
interpretation of qualitative data were shaped by the team’s
cultural context. Given mental health inequities [64] and varying
attitudes toward AI [65], research on DMHI acceptability in
diverse populations is essential but remains limited [19,66].
Dedicated research is also needed on the personalization and
adaptation of conversational agent–led DMHIs to user
background, identity, culture, and socioeconomic context [67],
as well as on the potential and limitations of generative AI in
supporting such adaptation—for example, through language
translation and tailoring, metaphor usage, or individualized
treatment goals [68]. Co-production with diverse clinicians,
researchers, and users with lived experience must be prioritized.

Quantitative findings may be biased toward participants who
adhered to the full study protocol. For example, those who
completed postintervention questionnaires were more likely to
reach the minimum meaningful program dose within 9 weeks
(168/203, 82.8%) compared with the full enrolled sample
(180/300, 60%). The interviewed subsample, selected
preintervention, showed similar engagement to the full sample
(14/21, 67%), while those who completed postintervention
interviews demonstrated higher engagement (12/16, 75%).
Exploring participants’ expectations before the study helped
mitigate this limitation and provided insights into factors
important for acceptability, regardless of engagement.
Nonetheless, findings primarily reflect the perspectives of the
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most engaged participants. Actionable guidance for DMHI
development should therefore focus on enhancing engagement
across the broader population. Further research with
nonengagers is essential to understand barriers to DMHI
acceptability.

Moreover, there are limitations to the validity of the
self-reported measures (UES, SUS, and SUTAQ) in this context.
Engagement with DMHIs involves different motivations and
behavioral processes among users experiencing mental ill health
compared with the general digital systems or telehealth services
on which these measures were developed and validated, making
interpretability in this context challenging [7]. For example, the
UES Focused Attention subscale (reflecting absorption in the
experience) may be less applicable in a DMHI than in a
noninterventional system, as suggested by the qualitative
analysis, where participants described the program as demanding
but rewarding. Additionally, the interpretability of the scales
was constrained by the scarcity of suitable benchmarks. To
address this, we reported item-level response data to aid
interpretation, and qualitative findings provided deeper
contextual insights.

Implications for Future Research and Implementation
This study offers insights to inform future research and
implementation efforts aimed at enhancing the acceptability,
engagement, and usability of conversational agent–led DMHIs.
Key areas of focus are balancing user autonomy with structure
and guidance, identifying when human support is most
beneficial, and reflecting progress back to users to strengthen
perceived efficacy and engagement. Real-world implementation
pilots will be important to maximize adoption and outcomes
[69,70]. The variability in user preferences across these domains
underscores the need to explore personalized solutions.
Advances in natural language generation using large language
models offer powerful tools for creating varied, personalized
interactions that surpass the limitations of rule-based dialogue

systems [58]. However, their implementation must be
approached with caution, ensuring outputs are guided by
evidence-based protocols and safeguarded against inappropriate
or potentially harmful content. Given users’ parallel needs for
both structure and effectiveness, future DMHIs should explore
safe and engaging ways to integrate generative AI within
structured, evidence-based programs that incorporate feedback
from lived experience. Finally, the study highlights the need to
develop validated measures that capture the unique dimensions
of user experience in conversational agent–led DMHIs, enabling
more accurate quantitative evaluations of acceptability and
engagement and facilitating further research into their
relationship with clinical outcomes.

Conclusions
This study provides evidence for the acceptability of a
structured, conversational agent–driven digital program with
human support for adults experiencing symptoms of generalized
anxiety, along with insights to optimize such interventions.
Understanding patient acceptability through multiple methods
is crucial for enhancing engagement with DMHIs, a key
challenge limiting their real-world impact. The findings
underscore the importance of design, clinical, and
implementation factors in supporting adherence. Importantly,
patient expectations of conversational agents are rapidly shifting
with the widespread availability of generative AI tools such as
ChatGPT. Generative AI has the potential to transform the user
experience with DMHIs by enabling dynamic, empathetic, and
personalized interactions across modalities and languages.
However, rigorous evaluation is essential to ensure patient safety
and equitable health outcomes, alongside continued education
and research into its acceptability. If integrated safely within
structured, evidence-based, and effective DMHIs—shown here
to be acceptable to users—this technology could revolutionize
the delivery of mental health care and improve patient outcomes
globally.
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Abstract

The study explored older adults' perceptions after participating in an online survey about medication decisions, finding that
approximately 80% of participants provided positive feedback about the research methodology and their experience.

(JMIR Hum Factors 2025;12:e65684)   doi:10.2196/65684
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Introduction

Older adults are underrepresented in research, often due to
age-related biases and stringent exclusion criteria; this limits
generalizability and leaves knowledge gaps [1].

The increasing prevalence of online research has the potential
to increase older adult participation, given the rising internet
use among this demographic [2]. While research has primarily
focused on improving recruitment of older adults, an
understanding of their experiences of online research is needed
to effectively engage older people [3]. While most surveys
include some form of piloting, they rarely capture or share
participants’ perceptions of the research process. We sought to
explore older adults’perceptions after participating in an online
experimental survey, given the potential high accessibility of
this type of research.

Methods

Overview
We previously reported the main findings from a vignette-based
online experiment conducted among adults aged 65 years and
older from Australia, the Netherlands, the United Kingdom,
and the United States [4]. Participants were recruited for this
15-minute survey through a panel of internet users administered
by Qualtrics Research Panels. The study focused on contextual
factors influencing how older adults (mean age 71.5, SD 5.1
years) think about deciding to stop a cardiovascular disease
medication. In this study, we conducted a content analysis of
free-text comments (Textbox 1). The final analysis framework
included 17 codes that were subsequently consolidated into 14
themes. Descriptive statistics were used to assess the frequency
of each theme.
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Textbox 1. Summary of methodology for the content analysis.

1. A vignette-based online experiment was conducted among adults aged 65 years and older from Australia, the Netherlands, the United Kingdom,
and the United States using sampling quotas to ensure balanced representation by country and gender. This study was registered at ClinicalTrials.gov
(NCT04676282). At the end of the survey, participants were provided the opportunity to leave “any comments about this study.”

2. A content analysis was conducted among participants who received the vignette about a hypothetical patient, Mrs EF. Participants from the
Netherlands were excluded, as the study team for the content analysis was not fluent in Dutch.

3. Study authors read through the comments to inductively generate codes.

4. Two investigators (SEV and YM) independently coded comments, resulting in >80% agreement.

5. All discrepancies in codes were discussed until consensus was reached.

Ethical Considerations
The online experiment was registered at ClinicalTrials.gov
(NCT04676282) and was deemed exempt by the University of
Michigan Health Sciences and Behavioral Sciences Institutional
Review Board (HUM00183129); by extension, a waiver of
consent was granted. All data were collected anonymously.
Participants were compensated based on the terms of their panel
agreement.

Results

Participants (N=1789) most frequently did not provide any
feedback in the free-text comment field (n=784, 43.8%) or wrote

that they had no comments (n=487, 27.2%). Three participants
(0.2%) gave unclear statements.

Participants’comments (n=515, 28.8%) were primarily positive
(415/515, 80.6%), such as that the study was interesting
(116/515, 22.5%). Themes and representative quotes are
reported in Table 1. Participants said it made them think about
their health (80/515, 15.5%) and some participants shared further
health information about the study topic (48/515, 9.3%).
Participants provided feedback on how to improve the study,
categorized as question-specific comments (21/515, 4.1%),
general suggestions (12/515, 2.3%), or country-specific
comments (3/515, 0.6%). Few participants (16/515, 3.1%)
provided negative feedback about the survey.
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Table 1. Older adults’ feedback about an online survey using a hypothetical vignette by theme, with representative quotes among respondents who
provided feedback (n=515).

Participants, n (%)Representative quotes (participant code)Themes

Positive feedback (n=415, 80.6%)

116 (22.5)Interesting • “An interesting study” (919)
• “This was an interesting survey to complete” (2200)

80 (15.5)Thought provoking • “Interesting and insightful. Made me think a little more about how best to manage
my health” (1872)

• “Very good survey to ponder thoughts and beliefs” (481)

67 (13)Positive feedback • “Great stuff. Keep up the good work” (2574)
• “Very good” (764)

43 (8.3)Thanks for opportunity to partic-
ipate

• “Thanks” (42)

35 (6.8)Positive feedback about survey
questions or structure

• “Love the format, so easy to see, follow, and understand” (1904)
• “Very good questions regarding whether or not to stop a medication when you’ve

been on it for an extended time” (2026)

34 (6.6)Enjoyed taking survey • “Enjoyed it” (328)
• “Love doing your studies” (287)

19 (3.7)Unusual study design • “Very different enjoyed the variety” (540)
• “Unusual but interesting” (1853)

15 (2.9)Interested in results • “Interested in purpose of results” (1863)
• “Very interesting! Now I need to see the final results” (3481)

6 (1.2)Interested in future studies • “Great study, I’d do more” (4815)
• “Need more like this” (2516)

Neutral feedback (n=48, 9.3%)

48 (9.3)Shared personal experience • “I am afraid of going to see the dr for worries about my health” (1526)
• “Thanks; my prescription drugs fall under the Federal Government program where

they are funded nearly 100%” (2645)

Negative feedback or suggestions for improvement (n=52, 10.1%)

21 (4.1)Question-specific feedback • “The percentage charts were confusing” (2403)
• “One question said check all that apply but only one was allowed” (4279)

16 (3.1)Negative feedback • “Boring” (1409)
• “Too many generalizations” (1102)

12 (2.3)General suggestions for improve-
ment

• “Consider adding a progress bar to the survey” (2027)
• “Good study could be shorter” (2433

3 (0.6)Country-specific feedback • “Some questions are designed for the USA” (1471)
• “Prescription insurance? In UK if you are over 65 prescriptions are free” (4075)

Discussion

Among older adults who provided feedback about their
experiences completing an online survey, approximately 80%
(415/515) of the comments were positive. Our findings signal
general acceptability of the methodology, and we have
implemented the practical feedback to improve our online
surveys. We have become more mindful of the survey length,
selected straightforward question types, and have conducted
pilot testing in all target countries to ensure that questions are
appropriate for all participants.

Our study had several limitations. First, less than one-third of
the study participants provided any comments. Second,
participants were asked if they had any comments, as opposed
to more specific questions about their experience taking the
survey. Finally, we acknowledge that we coded a single primary
theme per comment given the short statements that were
provided.

With an aging population who may spend many years in
retirement, participating in research can offer benefits such as
reducing social isolation and loneliness, fostering a sense of
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purpose, and providing mental stimulation, and it may provide
monetary incentives [5]. While our online study lacked the
social benefit of in-person interaction typical of traditional
research, participants reported enjoying the survey; they found
it prompted self-reflection on their health, and they expressed
interest in the study’s outcomes and future research.

Online research is becoming more prevalent; therefore, it is
important to make sure this methodology is inclusive of older
adults [5]. More than half of adults older than 65 years use the
internet, yet they are the least likely to have a home computer

[6]. While some researchers attribute this limited use to
age-related functional decline, others argue that the main barriers
are negative attitudes such as fear, anxiety, and low
motivation—barriers that are modifiable. Anxiety about using
the internet and digital technologies often leads to self-imposed
limitations and low confidence, with older adults frequently
underestimating their knowledge and abilities compared to
younger users [6]. This underscores the importance of studies
like ours that highlight the positive experiences of older adults
in online research.
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Abstract

Background: Telemedicine services have been developing rapidly worldwide. Following the 2018 policy enabling telemedicine
for follow-up patients, this service model has gradually gained popularity in China. However, little has been done to understand
the policy’s implementation across different types of medical institutions or to evaluate its effectiveness.

Objective: This study aims to (1) investigate the patient eligibility assessment process in various types of institutions for
telemedicine services in Beijing, (2) elucidate institutions’ rationale for adopting such approaches, (3) analyze discrepancies
between policy and practice, and (4) provide references for the development of telemedicine services.

Methods: This mixed methods study involved 36 medical institutions in Beijing, determined based on placing in the top 20%
for both service volume and service quality in 2023. The study was conducted in 2 phases. First, quantitative analyses were
conducted based on the questionnaires collected from each institution’s contact to gather information about the assessment process
and patient prerequisites. Subsequently, qualitative analyses were conducted through thematic analysis of 36 semistructured
interviews with each institution’s contact to acquire their considerations of this practice.

Results: These 36 institutions contributed 968,786 telemedicine visits, representing 89.5% of the total service volume in Beijing.
In practice, each of the visits underwent a 2-stage eligibility assessment before the physician officially accepted the patient’s
request. In the first stage, for assessment approaches, 86.2% (25/29) of the nonprofit, tertiary hospitals and 14.3% (1/7) of the
private, for-profit institutions automatically assessed patient eligibility, while others did it manually. The assessment was based
on the scope of previous visit location, diagnosis of previous visits, and visit interval. For the scope of visit location, 22 hospitals
required prior visits to the same institution. For diagnosis, 7 hospitals required patients to have an identical diagnosis. For visit
intervals, 11 hospitals required it to be within 6 months. The second stage assessment was conducted by physicians. Compared
with policy requirements, nonprofit hospitals had stricter requirements for the scope of visit locations. The main reasons for these
discrepancies included distrust in the medical outcomes from other institutions (19/26, 73.1%) and difficulties in handling
interinstitutional medical disputes (18/26, 69.2%). In addition, 61.1% (22/36) of the institutions indicated that terminations of
telemedicine services were primarily due to the patient’s conditions.

Conclusions: This pioneering multicenter, mixed methods study delineated the patient eligibility assessment process for
telemedicine services in Beijing. Discrepancies were identified between real-world practice and regulatory prerequisites. The
key factors contributing to these variations included the ambiguity of policies and different priorities across institution types. Our
findings suggest greater policy clarity, relaxation of regulations for new patients, and strengthened oversight of telemedicine
services to improve the quality and accessibility of telemedicine.

(JMIR Hum Factors 2025;12:e75964)   doi:10.2196/75964

KEYWORDS

assessment process; Beijing; China; follow-up visit; health policy; management; mixed methods; prerequisite; quality; telemedicine
services
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Introduction

Background
Telemedicine effectively connects individuals and their health
care providers when in-person care is not necessary or not
possible. Catalyzed by the pandemic, this novel service model
has rapidly expanded and gained broad acceptance [1-3].
Currently, telemedicine is widely implemented in countries
such as the United States, Canada, and Australia, with coverage
rates reaching 35%‐60% [4-6]. In March 2020, the Centers
for Medicare and Medicaid Services in the United States further
facilitated adoption by removing the originating site
requirement, allowing patients to receive telemedicine services
from home [7]. Supported by such policy changes, telemedicine
has been particularly useful in stroke treatment, psychiatry,
radiology, and other chronic diseases, especially for patients in
rural areas [8-11].

Similarly, in China, telemedicine services have been developing
at a rapid pace [12]. In 2018, patients with “certain” chronic or
common diseases were allowed to use telemedicine for
follow-up visits [13], according to the Telemedicine Diagnosis
and Treatment Management Measures (trial) formulated by the
National Health Commission [14]. However, online initial
services, including diagnoses, prescriptions, and referrals for
new patients, are still prohibited [15]. By the end of 2022, the
policy allowed medical institutions to prescribe medications
online via telemedicine for patients presenting COVID-related
symptoms. From a safety perspective, determining patient
eligibility for telemedicine has remained an important
consideration in policymaking. As patient demand for
telemedicine continues to evolve, policies should also be updated
accordingly to address these changing demands effectively.

In China, medical institutions are primarily categorized into
hospitals and other medical institutions. Hospitals are further
classified by function into tertiary, secondary, and first-class
levels. Tertiary hospitals serve as regional medical centers with
advanced capabilities in clinical care, education, and research,
offering high-level specialized care across regions. Secondary
hospitals provide medical and health services to multiple
communities and undertake limited education and research
responsibilities. First-class hospitals focus on preventive and
rehabilitative care within a single community [16]. While all
types of medical institutions can provide telemedicine services,
tertiary hospitals remain predominant, accounting for 61.6% of
the telemedicine providers by the end of 2022 [17].

Since the implementation of the telemedicine policy for
follow-up patients in 2018, domestic studies have primarily
focused on the service volume, operational framework, or
organizational implementation [18-20], with relatively few
studies evaluating the service process from the perspective of
the patient’s journey. Currently, only limited research has
addressed telemedicine practice variances across different types
of institutions [18,21], and extensive research is still needed on
institutional implementation considerations and strategies. These
research gaps hinder the timely updates and refinements of

policies, hence impeding the effective delivery of telemedicine
services.

To address this gap, our study investigated institutional
approaches to telemedicine follow-up identification in Beijing.
Although Beijing is a city with high-concentrated, high-quality
health resources [22], its telemedicine services were comparable
to those of other provinces and municipalities in terms of service
accessibility and provision by tertiary hospitals. The adoption
rate of telemedicine among hospitals in Beijing was within the
range of 0.700‐0.840, placing it among the top 10 provinces
in China. Similar rates were observed in Jiangsu, Shanghai,
Zhejiang, Ningxia, and Xinjiang [23]. In Beijing, about 30% of
the tertiary hospitals provided telemedicine services, ranking
16th among 31 provinces [17]. Therefore, Beijing is
representative in terms of service volume and the dual-channel
service model. Its experience in formulating telemedicine
policies positions it as an emerging leader in telemedicine,
providing valuable reference for other regions and countries
seeking to develop and refine telemedicine policies. While
regions should still tailor telemedicine strategies to their own
situation and local needs, the experiences from Beijing still
offer important guidance for designing region-specific policies.

Aims and Objectives
Based on the analyses of 36 institutions, this study aimed to
examine discrepancies between policy and practice in
telemedicine follow-up identification. By investigating patient
eligibility assessment in Beijing, elucidating institutions’
rationale for such approaches, and analyzing the deviations from
the national policies, we identified the key issues, proposed
strategies to improve the efficiency of telemedicine services,
and highlighted potential areas for policy refinement.

Methods

Overview
The reporting of this study followed the checklist of mixed
method research studies by Lee et al [24] in Medical Care
Research and Review (Checklist 1), adopting an explanatory
sequential design consisting of 3 phases: institution recruitment,
quantitative analyses, and qualitative analyses (Figure 1) [25].
During the institution recruitment phase, based on the total
volume and service quality of telemedicine services in 2023,
36 institutions were selected from 251 medical institutions in
Beijing. Next, in the quantitative phase, we distributed survey
questionnaires to these 36 institutions asking them to specify
their prerequisites for providing follow-up visits across 3
dimensions, including scope of prior visit (same physician, same
department, same institution, or not specified), diagnostic
consistency (identical diagnosis, similar diagnosis, or not
specified), and interval between visits (within 6 mo, within 1
y, within 3 y, or not specified). Then, we calculated the
frequency of each option to characterize prevailing practices.
Finally, in the qualitative research, semistructured interviews
were conducted to explore the potential reasons for discrepancies
between policy and practice in follow-up determination.
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Figure 1. Study flow diagram. The relationship and sequence of mixed methods research components, including institution recruitment, quantitative
analyses, and qualitative analyses: the light blue shade indicates the number of institutions selected due to the service volume, the light yellow shade
indicates the number of institutions selected due to the service quality, and the light green shade (the intersection of the blue shade and the yellow shade)
indicates the institutions recruited for this study.

This design was grounded on 2 rationales. First, integrating
quantitative and qualitative data facilitates a synergistic
combination of their strengths. The quantitative phase utilized
a structured questionnaire to capture the prevalence and
distribution of patient eligibility assessment processes for
telemedicine services. Concurrently, qualitative interviews offer
insights into why the institutional prerequisites for patient
assessment functioned. Second, combining quantitative surveys
with qualitative interviews enabled data triangulation, thereby
enhancing the credibility of our findings on patient assessment
prerequisites across different institutions.

Since the study references multiple policy-related concepts, key
terms are defined below to clarify the policy context and
facilitate the interpretation of the assessment process:

1. Patient eligibility assessment process: This process
evaluates whether patients meet the criteria for receiving
telemedicine services. It comprises 2 stages: before
treatment and during treatment.

2. Prerequisites for patient assessment: In the first stage of
patient eligibility assessment, patient eligibility could be
assessed either automatically by the system or manually by
the physician. The assessment usually covers 3 dimensions,
including the scope of previous visit location, diagnosis of
previous visits, and visit interval.
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3. Scope of previous visit location: Before addressing a
patient-initiated request for a telemedicine visit, the scope
of requested telemedicine care will be compared to the
patient’s prior in-person visits to determine whether the
encounter involves the same hospital, the same department,
or the same physician.

4. Diagnosis of previous visits: Before addressing a
patient-initiated request for a telemedicine visit, the chief
complaint reported for the current initiated virtual care will
be compared with previous in-person visits to assess
whether the present diagnosis is identical to or related to
the previous diagnosis.

5. Visit interval: The time interval between the current
telemedicine visit and the previous in-person visit will be
reviewed to determine whether it is within 6 months, within
1 year, or within 3 years.

6. Termination: If the patient’s condition does not meet the
service requirements set by the proposed institution, such
as violating any of the 3 dimensions described above or
applying reasons, physicians could stop providing
telemedicine services during either the first or second stage
of the assessment process.

7. Beijing Telemedicine Service Supervision Platform
(referred to as “Supervision Platform”): Developed by the
Beijing Municipal Health Commission, the Supervision
Platform is a centralized data aggregation platform that
requires institutions to upload their telemedicine service
information. The Supervision Platform can also
automatically calculate the compliance monitoring scores
for each institution.

8. Compliance monitoring metrics: Compliance monitoring
metrics are built-in indicators within the Supervision
Platform to evaluate the quality of telemedicine services.
These metrics reflect situations that could lead to point
deductions, including 9 qualification metrics, 17 operational
metrics, and 8 supervision metrics (Multimedia Appendix
1). For all uploaded telemedicine visits, each recorded
violation results in a 1-point deduction. Thus, 1 visit with
several quality deficiencies can lead to multiple points
deductions.

9. The Beijing Municipal Center for Healthcare Quality
Management and Improvement in Internet-Based Medical
Services (hereafter referred to as “the Center”): The Center
is responsible for telemedicine-related oversight, such as
issuing monthly statistical bulletins, conducting inspections,
organizing experience-sharing sessions, and providing
education and training programs. The Supervision Platform
enables the Center to monitor and promptly deliver feedback
to institutions.

Institution Recruitment
Based on the total volume and quality of telemedicine services
in 2023, research participants were selected from 251 medical
institutions in Beijing. Regular inspections by the Center
revealed that institutions with higher service volume and quality
tended to maintain more consistent assessment standards. Thus,
institutions with high service volume and quality were selected
for the study.

The volume of telemedicine services referred to the number of
telemedicine visits uploaded by medical institutions to the
Supervision Platform. A total of 50 institutions ranked in the
top 20% by service volume were initially considered from the
perspective of service volume.

The quality of telemedicine services was determined based on
compliance monitoring scores. The annual average compliance
monitoring deduction per visit for each institution was
calculated. Institutions were ranked in ascending order based
on their scores. The top 20% (n=37) of the institutions received
Grade A, indicating the presence of a standardized and efficient
management system. These institutions were considered from
the perspective of service quality.

We then intersected the top 20% of the institutions in service
volume with those by service quality, yielding a final sample
of 36 institutions (Figure 1). These 36 institutions consisted of
29 nonprofit tertiary hospitals and 7 private, for-profit
institutions. Among them, the 29 nonprofit hospitals included
14 general hospitals, 11 specialized hospitals, and 4 traditional
Chinese medicine (TCM) hospitals, covering all categories of
tertiary public hospitals in Beijing.

These 36 institutions collectively accounted for 89.5% of the
overall telemedicine service volume in Beijing, representing
both nonprofit and private, for-profit institutions with high
service volume and quality. Therefore, their patient eligibility
assessment processes could reflect the mainstream practice of
telemedicine services.

Data Collection and Management Procedures

Platform-Based Data Extraction
In August 2024, the institutional information and 2023 service
volume data for each of the 36 institutions were obtained from
the Supervision Platform.

Questionnaire Survey
The approaches and prerequisites of patient eligibility
assessment for telemedicine services in medical institutions
were collected through questionnaire surveys conducted in
September 2024. Each institution designated a contact for
communication with the Center, and their demographic
information was compiled in a spreadsheet. A structured
questionnaire with 5 questions was designed and distributed
sequentially to the contacts of all 36 institutions via
Wenjuanxing (an online survey platform), with a 1-week
deadline for completion. The survey questionnaire is available
in Multimedia Appendix 2. Response progress and data
completeness were monitored in real time through the
Wenjuanxing administrator interface. Reminders were sent to
nonrespondents, and incomplete submissions were flagged for
follow-up to ensure data integrity.

Semistructured Interview
The considerations of these prerequisites for patient assessment
were collected through semistructured interviews. After
completing the questionnaire online, the contacts of the 36
institutions were interviewed individually via telephone calls
from November 2024 to February 2025. All participants
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provided verbal informed consent. The semistructured interviews
were conducted in Mandarin Chinese by the authors YL, XL,
HL, and MG. At least 2 of them were present to conduct the
interview in each session. All interviewers received professional
training in qualitative interviewing and had extensive experience
conducting qualitative research. The semistructured interview
outline is provided in Multimedia Appendix 3. We recorded the
interviews using a digital voice recorder. The interview phase
concluded once interviews with all institutions were completed
and frequency statistics were compiled. The interviews had an
average length of 15 minutes, with an overall length of 526
minutes. Notes were taken simultaneously in Microsoft Word
2019 (Microsoft Corp.), and recordings were transcribed into
textual materials within 48 hours after the interviews by the
interviewers present on-site. The interviewees were allocated
a randomly selected unique identification number.

Data Analysis
Descriptive statistics were used to analyze the quantitative data
using Microsoft Excel 2019 (Microsoft Corporation) and SPSS
22 (IBM Corp). The distribution of all categorical variables (eg,
type of institution, gender, age, role in the department, and
departmental affiliation of the interviewees) was reported as
frequencies (n) with percentages (%). The service volume was
reported as mean with SD and median with IQR. Frequency
distribution plots were generated to visualize the distribution
of prerequisites for patient assessment.

Qualitative analysis followed an inductive approach, and the
data were systematized and analyzed by manual coding. All
textual transcripts were imported into Excel 2019 (Microsoft
Corp.). Thematic analysis was employed to generate initial
codes from the qualitative data [26]. Three of the authors (YL,
XL, and YW) read all of the transcripts and analyzed the data
independently.

Initial manual codes were developed respectively, and data
segments were assigned to these codes. The codes were clustered
into broader themes, which were then merged, split, or discarded
following a review of the transcripts after discussion among the
above authors. The themes were renamed to accurately reflect
their content, resulting in the coding framework (Multimedia
Appendix 3). Two of the authors (YL and XL) conducted the
coding independently. After completing the coding, both authors
compared the coding selections, and when discrepancies
occurred, consensus was reached through discussion with a third
author (YW) until agreement was reached. The number of
recurring themes was recorded and documented. A comparative

analysis was performed to evaluate discrepancies between
on-the-ground practices and national policy requirements, with
gaps and their root causes systematically identified. Reasons
for the termination of telemedicine services were further
analyzed to determine contributing factors. Finally, the themes
were translated into English for reporting purposes.

Ethical Considerations
This study was reviewed and approved by the Medical Science
Research Ethics Committee of Peking University Third Hospital
(No. IRB00006761-M2024300). The Beijing Municipal Health
Commission agreed to use the data from the Supervision
Platform for secondary analysis. The interviewees provided
informed consent. We filed the survey data while maintaining
full confidentiality. The quantitative data were anonymized
upon the conclusion of the study via a 2-step process: (1)
institutions were categorized and (2) all identifying names were
removed. Similarly, the qualitative data were stripped of all
identifying details during the transcription process to ensure
anonymity. No compensation was provided for participation.

Results

Characteristics of Investigated Institutions
In 2023, 187 institutions provided telemedicine services
throughout the year, totaling 1,082,591 visits in Beijing. Among
them, the institution with the highest service volume had
164,868 visits, while the institution with the lowest service
volume had only 1 visit. The average service volume was 5789.3
visits, with an SD of 21,999.7 visits. The median service volume
was 49, the 25th percentile was 13, the 75th percentile was 444,
and the IQR was 431.

This research focused on analyzing 36 institutions that
distributed questionnaires. The service volume of the 36
institutions can be found in Table 1. The total telemedicine
service volume of the 36 institutions included in this study was
968,786, accounting for 89.5% of the total service volume in
Beijing. As a result, the services provided by these 36
institutions could reflect the status of telemedicine services in
Beijing. The total amount of services in 2023 of the 36 medical
institutions was 968,786 (100%), with the highest annual service
volume of 164,868 visits and the lowest of 220. The average
service volume was 26,910.7 visits, and the SD was 42,043.8.
The median of the service volume was 9709.5, the 25th
percentile was 2919, the 75th percentile was 29,649.5, and the
IQR was 26,730.5.
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Table . Distribution of institutions and service volume, by institution type (n=36).

Number of servicesInstitutions, n (%)Type of institution

Median (IQR)Mean (SD)Total, n (%)

11,163 (31,740)27,790.2 (41,031.3)805,917 (83.2)29 (80.6)Nonprofit

8414 (9453)20,914.4 (42,644.8)292,801 (30.2)14 (38.9)    Tertiary general hospital

13,866 (41,308)35,099.5 (43,317.9)386,094 (39.9)11 (30.6)    Tertiary specialized hospi-
tal

27,744.5 (61,829.5)31,755.5 (33,771.8)127,022 (13.1)4 (11.1)    Tertiary TCMa hospital

4125 (12,108)23,267 (49,351.7)162,869 (16.8)7 (19.4)Private, for-profit

aTCM: traditional Chinese medicine.

Among the 36 institutions investigated in this study, 29 were
nonprofit hospitals, all of which were tertiary hospitals. They
included 14 general hospitals, 11 specialized hospitals, and 4
TCM hospitals. The total telemedicine service volume of the
29 nonprofit hospitals in 2023 was 805,917 (83.2%), with an
average service volume of 27,790.2 per hospital. The median
service volume of 29 nonprofit hospitals was 11,163, and the
IQR was 31,740.

The other 7 institutions were private, for-profit medical
institutions, including 1 secondary general hospital, 2 primary
TCM hospitals, 2 ungraded general hospitals, 1 first-class TCM
hospital, and 1 clinic. The total telemedicine service volume of
the 7 private, for-profit medical institutions in 2023 was 162,869
(16.8%), with an average service volume of 23,267 per

institution. The median service volume of the 7 private,
for-profit institutions was 4125, and the IQR was 12,108.

Characteristics of Interviewees
A total of 36 contacts from 36 institutions specializing in
telemedicine services were interviewed for this study (Table
2). These interviewees had experience in outpatient
management, engaged in hospital administration, or were
responsible for technology-related work. After the
implementation of telemedicine services in these institutions,
they were assigned operational roles to coordinate and maintain
the services. Among the interviewees, 20 were leaders of
telemedicine services, and 16 were participants familiar with
the work. The average age of interviewees was 40 years.

Table . A summary of interviewees’ demographic information (n=36).

Interviewees, n (%)Characteristics

Sex

15 (41.7)    Male

21 (58.3)    Female

Age (y)

19 (52.8)    30‐39

10 (27.8)    40‐49

7 (19.4)    50‐59

Role in the department

20 (55.6)    Leader

16 (44.4)    Participant

Departmental affiliation of the interviewees

16 (44.4)    Affiliated to the outpatient department

10 (27.8)    Independent, office of telemedicine

7 (19.4)    Independent, operation planning department

2 (5.6)    Affiliated to medical administration office

1 (2.8)    Affiliated to the information technology department

Patient Eligibility Assessment Process for Telemedicine
Services
After patients registered and updated their information on the
telemedicine application or WeChat mini-program of each

hospital, they could apply for telemedicine services. The
institution providing telemedicine services conducted the
assessment, which was divided into 2 stages. The first stage
took place before treatment. In this stage, the assessment was
made automatically by the system or manually by the physician.
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The second stage occurred during treatment. The attending
physician determined whether the patient’s condition was
suitable for telemedicine services. If institutions did not use the
system for assessment in the first stage, the 2 stages were
combined, and the assessment was left to the physicians. In
each stage, specific reasons could prevent patients from
receiving telemedicine services. If physicians determined that
a patient was not suitable for telemedicine services, they could
terminate the session and refer the patient to in-person care. The
medical service fee for this session would be refunded.

The assessment approaches of the 36 investigated institutions
are presented in Table 3. In the first stage, 72.2% (26/36) of the

institutions made assessments automatically by the system,
including 25 of the 29 tertiary nonprofit hospitals and 1 of the
7 private, for-profit medical institutions. Among the tertiary
nonprofit hospitals, only 4 hospitals selected qualified patients
for telemedicine services manually by the physicians, including
1 general hospital, 2 specialized hospitals, and 1 TCM hospital.
These hospitals provided a total of 19,465, accounting for 2.42%
of the service volume of nonprofit hospitals. Among the 7
private, for-profit medical institutions, only 1 first-class TCM
hospital assessed patients automatically by the system. The
other 6 private, for-profit institutions assessed patients manually
by the physicians for follow-up appointments through
telemedicine.

Table . Distribution of assessment approach by hospital type (n=36).

Manualb, n (%)Autoa, n (%)Type of hospital

4 (11.1)25 (69.4)Nonprofit

1 (2.8)13 (36.1)    Tertiary general hospital

2 (5.6)9 (25.0)    Tertiary specialized hospital

1 (2.8)3 (8.3)    Tertiary TCMc hospital

6 (16.7)1 (2.8)Private, for-profit

aAutomatically by the system.
bManually by the physician.
cTCM: traditional Chinese medicine.

Regardless of whether the assessment was conducted
automatically by the system or manually by the physician, 36
medical institutions investigated in this study assessed patient
eligibility from the following 3 dimensions in the first stage.
Figure 2 illustrates the patient eligibility assessment process
and the 3 dimensions: scope of previous visit location, diagnosis
of previous visits, and visit interval. First, whether the previous
visit location fell within the scope set by the current institution.
Second, whether the previous diagnosis was within the scope

defined by the current institution. Third, whether the visit
interval between the patient’s previous and current visits was
within the scope set by the current institution. In this study, we
found that medical institutions providing telemedicine services
did not necessarily set the requirements for the above 3
dimensions. Considering the ownership type of the institutions,
we would discuss the 29 nonprofit tertiary hospitals and the 7
private, for-profit institutions separately.
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Figure 2. Patient eligibility assessment process for telemedicine services in the first stage.

Prerequisites for Patient Assessment in Nonprofit
Tertiary Hospitals in Beijing

Prerequisites for the Scope of Previous Visit Location
The prerequisites for the scope of previous visit location were
categorized into 4 groups: within the same physician, within
the same department, within the same hospital, and unspecified
scope. Figure 3 shows that 75.9% (22/29) of the nonprofit

tertiary hospitals restricted prior visits to the same institution.
There was 1 general hospital that required a record of previous
visits to the same physician within the hospital. There were 2
general hospitals and 1 specialized hospital that required a record
of previous visits to the same department within the hospital.
All the TCM hospitals only limited the scope to the same
hospital. Additionally, 3 hospitals did not impose any
requirements regarding the previous visit location.
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Figure 3. Institution distribution on prerequisites for the scope of previous visit location (n=29). The light blue shade indicates the sum in each type
of hospital. The blue, orange, gray, and yellow columns indicate the number of hospitals that required the scope of the previous location to be within
the same physician, the same department, the same hospital, and unspecified scope, respectively. TCM: traditional Chinese medicine.

Prerequisites for Diagnosis of Previous Visits
The prerequisites for diagnosis of previous visits were divided
into 3 categories: the same diagnosis, related diagnosis, and
unspecified scope. Figure 4 shows that 72.4% (21/29) of the
nonprofit hospitals imposed no restrictions on the diagnosis of

previous visits. There were 3 general hospitals and 4 specialized
hospitals that required the diagnosis of the previous visit to
match the current diagnosis. One general hospital required the
diagnosis of the previous visit to be related to the current
diagnosis. TCM hospitals had no restrictions regarding previous
diagnosis.

Figure 4. Institution distribution on prerequisites for diagnosis of previous visits (n=29). The light blue shade indicates the sum in each type of hospital.
The blue, orange, and gray columns indicate the number of hospitals that required the patients to have the same diagnosis, related diagnosis, and
unspecified scope, respectively. TCM: traditional Chinese medicine.
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Prerequisites for Visit Interval
The prerequisites for visit interval were divided into 4
categories: within 6 months, within 1 year, within 3 years, and
unspecified scope. Figure 5 shows that 37.9% (11/29) of the
hospitals restricted the interval to be within 6 months, 31.0%

(9/29) of the hospitals restricted it to be within 1 year, and 6.9%
(2/29) of the hospitals restricted it to be within 3 years. The 2
specialized hospitals that restricted the visit interval to be within
3 years were both pediatric hospitals. Among the 29 hospitals,
2 general hospitals and 5 specialized hospitals did not have any
restrictions regarding the visit interval.

Figure 5. Institution distribution on prerequisites for visit interval (n=29). The light blue shade indicates the sum in each type of hospital. The orange,
gray, yellow, and blue columns indicate the number of hospitals that required the visit interval to be within 6 months, within 1 year, within 3 years, and
unspecified scope, respectively. TCM: traditional Chinese medicine.

Prerequisites for Patient Assessment in Private,
For-Profit Medical Institutions in Beijing
Most of the other 7 private, for-profit institutions did not have
any restrictions on the above 3 dimensions. At least 1 secondary
general hospital restricted the previous diagnosis to be the same
as the current one. This hospital, along with a first-class TCM
hospital, required the visit interval to be within 6 months. The
other institutions did not have any requirements on the above
3 dimensions to assess whether patients could get telemedicine
services. Overall, there were no significant disparities in
prerequisites for patient assessment across different types of
private, for-profit medical institutions.

Considerations for the Patient Eligibility Assessment
As mentioned by the National Health Commission, patients
were required to provide relevant proof of diagnosis from past
visits, with no restrictions on the visit interval or the scope of
the previous visit location (ie, institution or department) [14].
Physicians providing telemedicine services were responsible
for assessing patients. However, in practice, most institutions
set requirements in the system for the location of previous visits
and the visit interval while having fewer requirements on the
diagnosis in the first assessment stage. The reason for imposing
such requirements was that obtaining medical records from their
own institution was more convenient. The visit intervals were

set according to the typical disease progression timelines of the
main diseases treated in each department. When telemedicine
services restricted the scope of the previous visit location and
the visit interval, it became easier to determine eligibility by
referencing the patient’s diagnosis from a specific institution
at a particular point in time.

As shown in Figure 3, 26 institutions required a record of
previous visits within their own institution. As they declined to
acknowledge or accept previous visit records originating from
external institutions, we obtained the following reasons (Table
4) from these institutions through interviews. The primary reason
(19 interviewees) was distrust of the medical results provided
by other institutions. The second most frequently mentioned
reason (18 interviewees) was that it was more challenging to
handle medical disputes involving other institutions once they
happened. Among these 19 and 18 institutions, only 1 specified
that the previous visit must be with the same physician, and 2
required that the previous visit must be within the same
department. The third most frequently mentioned reason (10
interviewees) was the system’s limitation to access data from
other institutions. Notably, these 10 services did not impose
additional restrictions regarding whether the previous visit was
with the same physician or within the same department.
Acceptance was granted as long as the patient had any history
of visits within their own institution.
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Table . Distribution of reasons for service restrictions in 26 institutions.

Institutions with prerequisites for the scope of previous visit location, nInstitutions, n (%)Reasons

Within the same physicianWithin the same departmentWithin the same institution

121619 (73.1)Distrust in the medical re-
sults provided by other insti-
tutions

121518 (69.2)Difficulties in handling
medical disputes involving
other institutions once medi-
cal disputes happen

001010 (38.5)Limited access to data in
other institutions through
information technology sys-
tem

After the system automatically administered the first assessment
stage, physicians would still terminate the telemedicine services
in the second stage. Through interviews with the contacts of 36
hospitals, the main reasons for the termination included the
patient’s condition (n=22, 61.1%), mismatch due to the rules

preestablished in the telemedicine system (n=15, 41.7%), and
inability to provide the services that the patient hopes to receive
(n=13, 36.1%) (Table 5). The proportion of service termination
by physicians could be controlled within 2% of the total amount
of telemedicine services.

Table . Institution distribution on reasons for the termination of telemedicine services (n=36).

Institutions, n (%)Reasons

22 (61.1)The patient’s condition is not suitable for telemedicine services (eg, ab-
dominal pain, trauma, the blood pressure of the hypertensive patient has
become so high that physicians cannot refill prescriptions for the patient)

15 (41.7)Mismatch due to the rules preestablished in the telemedicine system (eg,
optometry physicians categorized as ophthalmologists in the system cannot
provide services to cataract patients)

13 (36.1)Inability to provide the services the patient hopes to receive (such as pre-
scribing medications, conducting special examinations)

7 (19.4)Communication problems due to network issues

7 (19.4)Not meeting the visit interval required by medical insurance

5 (13.9)Time conflicts with physicians

2 (5.6)Insurance fraud committed by patients

2 (5.6)Unknown

Discussion

Principal Findings
This study investigated the current practice of patient eligibility
assessment for telemedicine services in Beijing, elucidated
institutions’ rationale for adopting such approaches, analyzed
their differences from national policies, and proposed policy
recommendations. First, most nonprofit, tertiary hospitals
automatically assessed patient eligibility by the system in the
first stage based on the scope of previous visit location,
diagnosis of previous visits, and visit interval. Second, compared
with national policies, nonprofit hospitals had stricter
requirements on the scope of previous visit locations and more
lenient requirements on the diagnosis of previous visits. On the
other hand, private, for-profit institutions exhibited more relaxed
requirements in all dimensions. Third, 2 main reasons for the
discrepancies between policy and practice were distrust in the
medical results provided by other institutions and difficulties

in handling medical disputes involving other institutions once
medical disputes happened. Based on the discrepancies, our
findings recommend enhancing policy clarity, relaxing
telemedicine regulation for new patients, and strengthening
telemedicine supervision to improve telemedicine services.

Differences in Prerequisites for Patient Assessment
The quantitative data revealed differences across prerequisites
for patient eligibility assessment among various types of medical
institutions. Nonprofit hospitals had stricter requirements than
private, for-profit institutions on patient eligibility assessment
in the above 3 prerequisites. TCM hospitals, which had the
highest average volume of telemedicine services, neither
restricted prerequisites for the scope of previous visit location
to specific departments or physicians nor imposed specific
restrictions on patients' diagnoses of previous visits. The main
reasons for the flexibility of these hospitals were the holistic
view [27] and the personalized treatment approach in TCM,
which relies on each physician’s own professional judgment
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[28]. The general hospital with the highest service volume
restricted the current diagnosis to be related to the diagnosis of
previous visits, considering the potential variations in the scope
of diagnosis and treatment for certain departments across
different hospitals. The prerequisites for the visit interval were
primarily determined by the disease characteristics among the
majority of the patients. We have observed that only 2 hospitals,
both pediatric, adopted a 3-year visit interval. As this may be
related to the rapid growth of pediatric outpatient visits and
relatively long waiting times [29,30], we hypothesize these
hospitals seek to transition suitable cases to telemedicine
services when appropriate. Most of the other private, for-profit
medical institutions did not impose restrictions on the above 3
dimensions.

The qualitative data explained the discrepancies between policy
and practice. As for the results of quantitative analysis, the
prerequisites for the scope of previous visit location and
diagnosis of previous visits showed the gap from policy
requirements, while the prerequisites for visit interval were not
mentioned in the policies. Our qualitative analysis demonstrated
the reasons for barriers to the acceptance of patients based only
on external institution visit records. Since determining whether
a diagnosis from previous visits aligned with the requirements
of the current institution usually involves professional judgment,
this assessment cannot be made automatically by the system.
Findings from the interviews revealed that the main reasons for
the termination of telemedicine service included the patient’s
condition not being suitable for telemedicine services and
mismatches preventing physicians from providing treatment to
patients with specific diagnoses.

Reasons for the Discrepancies Between Policy and
Practice in Nonprofit Hospitals
The results specified that 2 main reasons had caused the
discrepancy in the scope of the previous visit location between
policy and practice. The first reason was distrust in the medical
results provided by other institutions, and the second reason
was difficulties in handling medical disputes involving other
institutions once they happened. In practice, service quality and
safety were the primary factors that nonprofit hospitals
considered. Telemedicine services were only a supplement for
traditional brick-and-mortar medical institutions [31]. Therefore,
nonprofit hospitals were more cautious in assessments by the
system, limiting the scope of previous visit locations to their
hospital.

Most nonprofit hospitals did not have restrictions on the
diagnosis of previous visits in the first assessment stage. Due
to the ambiguity of national policies regarding the requirements
of a patient’s diagnosis for telemedicine services, it was difficult
to quickly assess patient eligibility (except for a few hospitals
that limit the scope of previous visit locations to the same
department). The physicians always assessed patient eligibility
related to the diagnosis of previous visits in the second stage
and would terminate services if the patient’s condition was not
suitable for telemedicine.

Another frequently mentioned reason for differences was
barriers to accessing patients’ medical information in other
institutions. The efficiency of assessment automatically

performed by the system was higher than that manually
performed by the physician. The system automatically limited
the scope of previous visit locations to the same hospital to
accommodate the large volume of telemedicine services in
Beijing. However, national policies allowed patients to access
telemedicine services after their first visit to a brick-and-mortar
institution, regardless of the scope of the previous visit location.
To be consistent with the policy’s requirements, it is necessary
to achieve interconnection among health systems in the region.
Health information systems, including interoperability with
electronic medical records, are a challenge in developing
telemedicine services in other countries [32]. Systems that help
with initial assessments would quickly capture patients’ records
at other institutions, reducing physicians’ time and effort on
evaluation. Beijing had already made a preliminary attempt in
this regard. Physicians in 140 secondary and tertiary medical
institutions had access to 181 test results and 300 imaging test
results in these institutions, and the results were mutually
recognized [33]. Access to test results laid the foundation for
access to health information records in the future.

Reasons for the Discrepancies Between Policy and
Practice in Private, For-Profit Institutions
Private, for-profit medical institutions were more lenient than
nonprofit hospitals in assessing patient eligibility. Most of the
private, for-profit institutions did not set requirements apart
from the policy requirements. However, there was a possibility
of relaxing the policy requirements in practical work. Most
private, for-profit medical institutions initiated by enterprises
took telemedicine services as their primary development
direction. When enterprises were the main initiators of medical
institutions, they focused on increasing operating income and
achieving profitability [18]. Patient eligibility for telemedicine
services was always assessed manually by physicians in these
institutions, and the actual assessment criteria may have been
more permissive than policy requirements. In addition, the
private, for-profit medical institutions mainly provided
psychological and traditional Chinese medical services, and the
telemedicine services were also concentrated on psychological
counseling and prescriptions. Physicians focused more on the
patients’ needs of current telemedicine visits rather than the
prerequisites for the scope and diagnosis of previous visits.

International Telemedicine Policies
Telemedicine was once limited only to rural or remote
communities but is now increasingly used to expand the
geographic reach of health care services and improve access to
care [34]. According to the 2023 report on the state of digital
health in the World Health Organization (WHO), 78.4% (40/51)
of the WHO Europe Member States directly addressed telehealth
in their policies or strategies [35]. While the use of telemedicine
was generally allowed in most countries, the eligibility
requirements for telemedicine service users had changed due
to the in-person visits sharply declining during the COVID-19
pandemic. Before March 2020, 36.7% (11/30) of the
Organization for Economic Co-operation and Development
countries allowed telemedicine only for patients who had an
in-person visit in the past, but after March 2020, only 20.0%
(6/30) of the countries imposed the requirement [36]. Unlike
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most Organization for Economic Co-operation and Development
countries, in China, an initial face-to-face meeting between the
physician and the patient is still needed before telemedicine
services, except for patients with COVID-related symptoms.

The establishment of patient eligibility requirements was
primarily intended to ensure the safety of patients engaging in
telemedicine services. The comprehensive framework designed
by the WHO to enhance and streamline telemedicine services
included a clinical risk assessment process. The process
specified which services were safe for the patients to use
independently and which needed expert medical support [37].
We observed that countries employed 2 methods to ensure
safety: establishing telemedicine service lists or relying on
physicians’ professional judgment. The United States Drug
Enforcement Administration allowed patients to obtain
prescribed medications through telemedicine appointments,
without requiring an initial in-person medical evaluation, except
for prescribing controlled medications to new patients [38]. In
Japan, it was the physicians’ sole responsibility to determine
whether telemedicine service was appropriate and safe [39].
Hungary not only restricted the types of telemedicine services
but also mandated that physicians make the final diagnosis [39].
In China, the policy has not yet explicitly outlined a list of
specific service types for telemedicine. At present, physicians
play a key role in determining the services offered to patients
and ensuring their safety. Experiences in other countries shed
light on how China could refine its telemedicine policies.

Providing telemedicine services to new patients is expected to
become a major trend in future health care, with ensuring patient
safety as an essential component. A more profound
understanding of what visits are appropriate for telemedicine
and better triaging of visit types are crucial steps to maintain
the quality of care [40]. However, the legal responsibilities of
physical medical institutions and physicians regarding issues
such as medical risk have not been fully clarified [41]. Supported
by the telemedicine service list, the challenges and work-related
stress for physicians can be alleviated.

Suggestions for Future Improvement
According to the above analyses, telemedicine policies could
be optimized in the following aspects: first, the ambiguous parts
of the policies could be clarified. Second, the content of
telemedicine services for new patients could be added to the
policies. Third, policies for telemedicine services would be
made for nonprofit and private, for-profit institutions,
respectively.

Explicit policies would help providers implement the
requirements stipulated in the policies and make determinations
about the applicability of telemedicine services more easily
[42]. Although several policy interventions had been
implemented at the national level, there was still a lack of
specific service standards to direct frontline service delivery
[31]. Specific disease names or diagnoses were not defined. A
guideline could be made, including a comprehensive list of
symptoms or diagnoses provided through telemedicine.
Guidelines could also be considered when the most recent
in-person visit occurs [42]. For example, the American Medical
Association made the Telehealth Services Covered by Medicare

and Included in the Current Procedural Terminology Code Set
[43]. The United States Drug Enforcement Administration stated
that a patient could receive a 6-month supply of buprenorphine
through telehealth services; further prescriptions would require
an in-person visit [38].

There were already some mature precedents for policymakers
to refer to, allowing telemedicine health services for new
patients. In the United States, telemedicine services were
allowed reimbursement and expanded coverage for telehealth
services to new and established patients from March 2020
[44,45]. An in-person visit within 6 months of an initial mental
telehealth service is not required through September 30, 2025
[46]. After March 2020, 7 countries relaxed the prerequisite
that patients were only allowed to have teleconsultations with
physicians they had already consulted in person [36]. In this
study, some institutions were found to provide telemedicine
services for new patients. The service volume of 1 private,
for-profit institution in 2023 was 134,715, ranked third among
36 institutions in this study. In the supervision process, it was
found that this institution focused on psychological services
and provided telemedicine services for new patients. However,
no significant incidents had affected medical quality and patient
safety. In the United States, 80% of the mental health treatment
facilities that accepted new clients could offer telehealth services
[47]. Telemental health use also increased substantially and
globally during the pandemic and will remain in use for the
foreseeable future [48,49].

In China, from the demand-side perspective, the conditions for
opening up telemedicine services for new patients have been
met under certain circumstances. Telemedicine services provide
access to high-quality medical care, free up resources in
overcrowded public hospitals [50], and also help to alleviate
the uneven distribution of medical resources [51]. Telemedicine
services before and during the COVID-19 pandemic had
enhanced the delivery of and access to health care services [52]
and increased satisfaction compared with usual in-person care
[53]. They allowed unprecedented accessibility for those with
mobility or geographical restrictions [54]. Considering the
advantages of telemedicine services, there was also a need for
new patients to access them.

However, to deal with the potential risks of providing services
for new patients, the following measures could be considered.
First, standardize the scope of telemedicine services (eg,
ordering examinations or tests) for new patients to ensure
medical safety [39]. Experts from various specialties would be
engaged to develop a telemedicine service list for new patients,
detailing diagnostic criteria, disease stages, and specific service
items, as well as prohibiting telemedicine in unsuitable cases.
Furthermore, developing an interoperable electronic medical
record system that enables doctors to access patients’ previous
medical records and test results would enable physicians to
understand patients’ conditions more accurately. Second, select
the diseases for which the diagnostic and treatment schemes are
relatively mature with a high frequency of visits (eg, diseases
of dermatology and psychology [47,55]) to meet the patients’
needs for privacy protection and reduce the round-trip travel
time [50]. Hospitals with high-quality telemedicine services
could pilot telemedicine for new patients, starting with 2‐3
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medical specialties that carry low clinical risk. Third, improve
the requirements for the professional experience and professional
title of physicians who can provide telemedicine services for
new patients. Finally, limit the scope of services covered by
medical insurance funds. If the patient only needs a medical
examination and related consultation, the patient would pay the
relevant fees at his or her own expense.

The supervision policies of the services need to be formulated
separately due to different initiators of institutions to ensure the
quality and safety of services. The primary purpose of
telemedicine services initiated by nonprofit hospitals is to
expand the scope and intensity of hospital services, while the
purpose of telemedicine services initiated by private, for-profit
institutions is to increase the number of patients and gain
benefits [18]. For nonprofit medical institutions with strict
management, policies can appropriately relax the requirements
of patient eligibility for telemedicine services and even prioritize
providing telemedicine services for new patients. For private,
for-profit institutions, policies need to restrict the types of
telemedicine services provided by private, for-profit institutions
and raise the requirements for the qualifications of physicians
in telemedicine services. In addition, since most private,
for-profit institutions manually assess patient eligibility by the
physician, additional regulation is required (eg, making data of
the service process traceable) to ensure the safety and quality
of telemedicine services [56]. During regulation, the Supervision
Platform can proactively monitor adverse events and quality
deficiencies and automatically submit the above results to both
medical institutions and the Center on a daily basis. The Center
can also organize third-party experts to conduct annual
inspections, and institutions that fail to meet the standards will
be prohibited from providing telemedicine services.

Limitations
The 36 institutions selected for this study included those with
high service quality and large service volumes, but those with
lower service volume or quality were excluded. This is because,
during routine inspections conducted by the Center, we found

that these institutions often lacked stable management systems
and assessment processes, making it challenging to reasonably
compare their assessment processes with national policy.
Therefore, these institutions were excluded from this study,
making it impossible to characterize their follow-up criteria.

Additionally, there would be potential social desirability bias
in interviews [57]. In an effort to minimize this potential bias,
before conducting the interviews, we informed participants
about the anonymization of data and ensured that their specific
responses would not be disclosed; only the statistically analyzed
group information would be made public. We also
cross-validated interview results against previous inspection
findings to ensure the authenticity of the results.

Finally, the study may have missed considerations and insights
from policy formulation and regulatory constraints.
Incorporating government perspectives could have enhanced
the comprehensiveness of the study. We plan to submit our
research results to the relevant government departments to
inform policymakers about policy implementation and help
elucidate the underlying reasons for the discrepancies between
telemedicine policy and actual practice.

Conclusions
This pioneering multicenter, mixed methods study innovatively
analyzed patient eligibility for telemedicine services in China,
addressing the current gap in telemedicine policy research. The
findings faithfully reflect the practices of the patient eligibility
assessment process for telemedicine services in Beijing.
Furthermore, by integrating quantitative and qualitative analyses,
the study uncovered the underlying reasons behind discrepancies
between institutional practices and national policy requirements,
providing valuable insights about current implementation
challenges. These results suggest potential improvements,
including relaxing the regulation for new patients’ access to
telemedicine services, enhancing service delivery processes,
and strengthening the robustness of the telemedicine supervisory
framework.
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Abstract

Background: Making optimal use of mobile health technologies requires the validation of digital biomarkers, which in turn
demands high levels of participant adherence and retention. However, current remote digital health studies have high attrition
rates and low participant adherence, which may introduce bias and limit the generalizability of their findings.

Objective: This study aimed to identify longitudinal indicators of participant retention and adherence, which may serve to
develop strategies to improve data collection in digital health studies and improve understanding of how study cohorts are shaped
by participant withdrawal and nonadherence.

Methods: We performed secondary analyses on the Brighten study, which consisted of 2 remote, smartphone-based randomized
controlled trials evaluating mobile apps for depression treatment, enrolling 2193 participants in total. Participants were asked,
after baseline assessment, to complete 7 digital questionnaires regularly. We assessed adherence to digital questionnaires,
engagement (postbaseline participation), and retention rates (the proportion of participants who continued completing questionnaires
over time) as outcomes. We investigated the relationship between these outcomes and both static measures (eg, demographics
and average questionnaire scores) and dynamic measures (eg, changes in questionnaire scores over time).

Results: The study included 2201 participants, of whom 1093 completed at least 1 nonbaseline questionnaire, with a median
completion rate of 37.6% (IQR 15.5%-67.9%). We found significantly higher adherence rates in participants who were less
depressed on average over the course of the study (t752=−5.63; P<.001) and in those who perceived clinical improvement (t744=3.78;
P=.001). There were significant demographic differences in adherence and engagement, including differences by gender, race,
education, income, and income satisfaction. Participants who were more depressed at baseline were more likely to withdraw
before completing any nonbaseline questionnaire (t1917=−2.53; P=.01). However, participants who showed improvement in
depressive symptoms during the study showed better adherence (Mann-Whitney U=127,084; P<.001) and retention (hazard ratio
0.78, 95% CI 0.67-0.91; P=.002), despite showing greater depressive symptoms at baseline.

Conclusions: We show that participants’ clinical trajectory of depressive symptoms, as well as their perception of improvement,
are important indicators of engagement, adherence, and retention. Expanding knowledge regarding these longitudinal indicators
may improve interpretation of outcomes and help build strategies to improve retention and adherence in future clinical trials.

(JMIR Hum Factors 2025;12:e69464)   doi:10.2196/69464

KEYWORDS

mHealth; digital health; mobile health; digital biomarkers; adherence; depression; smartphone; digital interventions

Introduction

Over the past decade, researchers have dedicated significant
effort to identifying clinically useful biomarkers for preventing,
diagnosing, and treating psychiatric disorders. Digital
biomarkers have garnered considerable attention, as they enable

the observation of long-term patterns and trends outside of the
hospital or clinic environment, potentially enhancing our
understanding of the course of mental illnesses [1,2]. Identifying
reliable digital biomarkers has the potential to significantly
improve the accuracy of diagnoses, predictions of clinical
outcomes (eg, suicidal ideation [3]), and treatment
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decision-making regarding psychiatric disorders [4-6].
Furthermore, collecting digital biomarkers is cost-effective [7,8]
and allows the possibility to provide patients with feedback
through electronic reports, giving them ownership of their own
medical data [9-12].

One major challenge for the effectiveness of mobile health
technologies is the identification and validation of digital
biomarkers [13-16]. This process requires high levels of
participant adherence and retention to ensure sufficient data are
collected for validation purposes. Active data collection
methods, such as digital questionnaires, which are often needed
to help validate or contextualize digital biomarkers, intensify
this challenge as they demand more time and effort than passive
data collection methods such as actigraphy [17,18]. While
passive measures may be useful, their validation depends on
access to actively collected assessments of patient status.
Therefore, understanding the drivers of participant adherence
to data collection methods requiring active participation is
crucial for the effective design and validation of digital
biomarker collection platforms. Eysenbach described the “law
of attrition,” the tendency for a significant proportion of users
to drop out or stop using eHealth mobile apps before completing
a trial [19-23]. This dropout may shape the cohort over time in
a way that does not represent the initially recruited study
population in terms of demographic features, symptomatology,
and clinical outcomes, therefore inducing bias in the analyses
[16,24].

In studies requiring active remote digital participation, such as
completing questionnaires, a few static parameters (ie, those
that do not change over the course of the study) have been
associated with adherence rates (the degree to which participants
follow the study protocol and complete assessments),
engagement rates (the proportion of participants who engage
in the study after baseline, ie, who complete at least 1
nonbaseline questionnaire), and retention rates (the proportion
of participants who continue to complete questionnaires over
time). Previous studies suggest that participants who are more
depressed at baseline, younger, and less educated tend to have
lower assessment adherence rates [16,25,26]. Retention rates
can also vary between treatment arms involving mobile apps
versus control groups, where control groups with lower
engagement requirements may often show better retention, and
between ethnic groups [27]. A lower annual income also tends
to be significantly associated with poorer study engagement
[26].

These static parameters, often of a demographic or
symptomatologic nature and considered as averages rather than
longitudinal measures, provide meaningful insight into the
question of participant engagement in active digital phenotyping.
However, there has been less exploration of how dynamic
parameters, such as longitudinal symptom change, might affect
engagement. Therefore, the objective of this study was to
identify novel predictive longitudinal markers of adherence,
engagement, and retention to regular self-rated assessments in
participants enrolling in a remote digital health study requiring
active participation. To do so, we conducted secondary analyses
on the Brighten study, a large longitudinal digital intervention
study.

Methods

Study Design
The Brighten study consists of 2 completely remote,
smartphone-based randomized controlled trials assessing the
efficiency of mobile apps for treating depression. The study
recruited 2193 participants from the United States through online
advertisements, with recruitment for the first version (V1)
beginning in August 2014 (recruitment lasted 5 months) and
the second version (V2) starting in August 2016 (recruitment
lasted 7 months), enrolling 1110 and 1083 participants,
respectively [25,26]. Participants were included in the Brighten
study if they had a score of 5 or higher on the Patient Health
Questionnaire (PHQ)-9 or a score of 2 or greater on PHQ item
10 [28]. The study evaluated 3 interventions over 12 weeks: (1)
iProblemSolve (iPST), an app designed by UCSF for
problem-solving therapy [25,29,30]; (2) Project: EVO (Akili
Interactive Labs), a therapeutic video game; and (3) Health Tips,
an app offering strategies to improve mood [28]. The group
using Health Tips was considered the control group. In those 2
randomized controlled trials, various questionnaires were sent
to participants via smartphone notifications. Most assessments
were submitted daily, weekly, or biweekly, but some
questionnaires were only sent at baseline. The Brighten study
also collected passive digital communication data from the V1
and V2 cohorts, along with passive mobility features from the
V2 cohort. While V2 followed a protocol very similar to V1
(same interventions and active data collection methods), it
specifically aimed to increase participation among individuals
of Hispanic or Latino ethnic backgrounds to assess the feasibility
of using digital mental health tools in this population [28].

Intervention Apps
The iPST app implements a 7-step problem-solving therapy
model to manage mood: participants select a goal and are guided
through a structured action plan. Participants assigned to this
app were instructed to use it at least once per week, consistent
with typical clinical use [31].

Participants assigned to Project: EVO were encouraged to use
it 6 times per week for approximately 30 minutes per day. This
video game–based app aimed at enhancing cognitive skills
related to depression using adaptive algorithms to adjust
difficulty to the user’s proficiency [32]. Previous studies of the
app’s predecessor showed that this dosage improved cognitive
control and depressive symptoms in older adults [32,33].

The control group used an app providing daily health tips, such
as self-care (eg, showering) or physical activity (eg, walking).
Participants in this group were not required to act on the tips,
serving as a supportive control condition.

Importantly, all participants, regardless of their assigned
intervention, completed their self-rated questionnaires in a
separate study app. Our analyses specifically focused on
adherence, engagement, and retention with these assessments.

Measures
Demographics such as gender, education level, working status,
income satisfaction, last-year income, marital status, race, and
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age, as well as parameters regarding study involvement (how
they heard about the study, device used, and study version), are
provided in Multimedia Appendix 1. These parameters, along
with baseline PHQ-9 results, were imputed using MissForest,
a nonparametric missing value imputation for mixed-type data,
if less than 30% of the data were missing for that specific metric.
This threshold was chosen based on validation studies
demonstrating the reliability of MissForest under these
conditions [34]. Participants were sent 7 questionnaires to
complete at a predefined frequency specific to each
questionnaire: PHQ-9 [35] (weekly for the first 4 weeks and
then biweekly) and PHQ-2 [36] (daily); a 3-item sleep
assessment assessing sleep onset latency, sleep duration, and
time awake at night (weekly); the Sheehan Disability Scale
(SDS) [37] (weekly for the first 4 weeks and then biweekly);
the Patients Global Impression of Change (PGIC) Scale [38]
(weekly); a survey inquiring about the use of mental health
services (weekly); a survey inquiring about study app
satisfaction (deployed at weeks 4, 8, and 12); and a survey
inquiring about the use of other health-related apps (deployed
at weeks 1, 4, 8, and 12) [28]. All questionnaires included in
our analyses are provided in Multimedia Appendix 1.

Outcomes
We evaluated 3 key outcomes: adherence, engagement, and
retention. To evaluate individual adherence, each participant’s
average completion rate was calculated as the ratio of completed
questionnaires to the total number they were expected to
complete. Engagement was binary: participants were considered
engaged if they completed at least one nonbaseline assessment
and disengaged otherwise. Therefore, disengaged participants,
by definition, had a completion rate of 0%. Engaged participants
were further divided into high- and low-completion groups,
based on the median average completion rate. Based on previous
research, engaged participants were also categorized into
“improvers” and “nonimprovers” based on the difference
between their baseline PHQ-9 score and their latest PHQ-9
score, with a minimum clinically important difference set at 5
points [39]. Therefore, engagement captures a binary distinction
(completion beyond baseline), adherence represents a continuous
measure of completion, and the subgrouping serves only as a
descriptive stratification of engaged participants. Participant
retention was determined as the duration for which participants
continued completing a specific representative questionnaire
(eg, PHQ-9) before they withdrew or stopped responding. It is
important to consider that participants in the iPST and Project:
EVO intervention groups were asked to use the apps as part of
their treatment, but data on their engagement or adherence to
the interventions were not available, so treatment adherence
was not included as an outcome.

Statistical Methods
To compare engagement and average completion rates across
demographic groups, Mann-Whitney U tests were used for
2-group comparisons, and Kruskal-Wallis tests followed by
Dunn post hoc tests were applied for comparisons involving
more than 2 groups.

A t test was conducted on average questionnaire scores and
baseline scores between high and low completion groups,

evaluating the importance of symptom severity as a static
indicator of adherence. A t test was also conducted on baseline
PHQ-9 scores between the engaged and disengaged groups to
assess whether engagement was associated with baseline
depressive symptoms.

To assess the potential of symptomatology as a dynamic
predictor of adherence, trends in questionnaire scores over time
between high and low completion groups were investigated
using a repeated measures generalized linear model (GLM).

Elastic net regression with Shapley additive explanations
(SHAP) values [40] was used to identify the top 5 predictive
features for average completion rate, engagement status
(engaged/disengaged), and completion group (high/low),
incorporating demographic parameters, average questionnaire
scores, and depressive symptom improvement. The models were
subsequently retrained without including the study version
(V1/V2) as a feature to assess its impact. Model generalizability
was assessed by training on passive data from the V1 cohort
and testing on the V2 cohort.

To study the impact of depression symptom improvement on
adherence, differences in average completion rate and PHQ-9
completion rate between improvement groups were assessed
using Mann-Whitney U tests. A robust linear model (RLM)
regression was performed with improvement status, controlling
for baseline PHQ-9 scores, to predict average completion rate.
The RLM was chosen over other regression techniques to handle
potential outliers in the data [41].

Cox proportional hazards models were constructed to predict
retention, measured as time to last PHQ-9 questionnaire
completion, between improvers and nonimprovers, incorporating
demographic parameters and average scores from other
questionnaires as covariates to evaluate their utility in predicting
retention. We chose to study retention for the PHQ-9 rather than
globally because completion rates and the frequency with which
the questionnaires were sent to participants varied significantly
between questionnaires, potentially compromising the reliability
and validity of a comprehensive retention measure for survival
analysis; the PHQ-9 was chosen as a representative
questionnaire given its utility in usual clinical practice.
Kaplan-Meier curves were plotted for these models to illustrate
assessment retention over time.

Ethical Considerations
Ethical approval for both parent trials (V1: NCT00540865 and
V2: NCT01808976) was granted by the Institutional Review
Board of the University of California, San Francisco.
Participants provided informed consent that included permission
for their data to be shared with other researchers for secondary
analyses, in line with the National Institute of Mental Health
data-sharing policy (NOT-MH-19-033). Our study used only
these deidentified datasets and involved no direct interaction
with participants.
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Results

Outcomes
There were 2201 participants in the dataset. Among them, 1093
were engaged, meaning they completed at least 1 nonbaseline
questionnaire, and 1108 were disengaged. In the engaged group,
the median average completion rate was 37.6% (IQR
15.5%-67.9%), and the mean was 40.6% (SD 24.2%). Within
the engaged group, 548 participants had a mean completion rate
higher than the median and were classified as the high
completion group (mean 62.3%, SD 11.5%), while 550
participants were classified as the low completion group (mean

19%, SD 9.9%). The average completion rate for the entire
cohort was 20.2% (SD 26.5%) for the whole cohort.

Demographics and Study Parameters
Kruskal-Wallis tests and Mann-Whitney U tests showed
significant disparities in average completion rate and
engagement between groups defined by gender, education,
income satisfaction, last-year income, race, device used, study
arm, and study version (Table 1). The findings on average
completion rate align with previous literature [16,25,26], while
the engagement findings are novel, with engagement defined
as whether participants chose to remain in the study after
completing the baseline assessments.

Table . Significant differences (P<.05) in engagement rates between groups defined by demographics or study parameters.

P valuebDisengaged (n=1108)Engaged (n=1093)Categorya

Sex, n (%)

.025311 (28.07)236 (21.59)    Male

.025797 (71.93)857 (78.41)    Female

Education, n (%)

2.9×10-5132 (11.91)216 (19.76)    Graduate degree

Income, n (%)

3.9×10-5391 (35.29)279 (25.53)    <US $20,000

7.1×10-7172 (15.52)277 (25.34)$US 60,000‐US $80,000

Income satisfaction, n (%)

1.6×10-13598 (53.97)769 (70.36)    Cannot make ends meet

1.2×10-13360 (32.49)194 (17.75)    Have enough to get along

Race, n (%)

.02454 (4.87)95 (8.69)    Asian

7.3×10-6524 (47.29)640 (58.55)    Non-Hispanic White

3.4×10-15366 (33.03)191 (17.47)    Hispanic or Latino

Study arm, n (%)

2.8×10-2477 (6.95)252 (23.06)    iPSTc

1.2×10-16181 (16.34)354 (32.39)    Project: EVO

8.7×10-27151 (13.63)369 (33.76)    HealthTips

Study, n (%)

3.7×10-55376 (33.94)742 (67.89)    Brighten-v1

3.7×10-55732 (66.06)351 (32.11)    Brighten-v2

aPercentages for a given category were calculated on the total number of engaged or disengaged participants. A participant is defined as being “engaged”
if they completed at least 1 nonbaseline questionnaire of any kind. Participants who dropped out of the study immediately after baseline, without
completing any nonbaseline questionnaire, are classified as “disengaged.”
bBonferroni correction applied.
ciPST: iProblemSolve.

Symptomatology
To evaluate the impact of baseline symptomatology and average
symptom severity over the course of the study on adherence,
we compared baseline questionnaire scores and average

questionnaire scores between high and low completion groups.
After Bonferroni correction, the mean scores of the PHQ-2,
PHQ-9, and PGIC questionnaires collected over the 12-week
duration of the study were significantly different between high
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and low completion groups (P<.001 for PHQ-2 and PHQ-9 and
P=.002 for PGIC). Participants with lower PHfQ-2 scores and
PHQ-9 scores (ie, less depressed participants), and participants
with higher PGIC scores (ie, those who perceived better clinical
improvement since the beginning of the study) were more likely
to be in the high completion group. This suggests that
participants with lower depression levels and perceived
improvement in their clinical condition showed greater
adherence compared to those with higher depression levels and

perceived worsening of their condition (Table 2). Mean baseline
PHQ-9 score was 13.9 (SD 4.8) for the engaged group and 14.4
(SD 5.0) for the disengaged group, with the difference being
statistically significant (t1917=−2.53; P=.01). This indicates that
participants who were less depressed at baseline were more
likely to complete at least 1 nonbaseline questionnaire; however,
these baseline scores were not predictive of adherence in
subsequent assessments.

Table . Comparisons of questionnaire scores averaged over the 12-week study period between high and low completion groups.

P valueat score (df)Low completion rate (SD)High completion rate (SD)Questionnaire

Mean score

1.49×10-10−6.793 (1019)5.20 (1.84)4.50 (1.52)    PHQ-2b

2.01×10-7−5.632 (752)11.27 (5.43)9.30 (4.87)    PHQ-9c

.837−1.625 (768)7.43 (2.09)7.23 (1.68)    Sleep assessment

.064−2.658 (968)22.80 (9.21)21.32 (8.50)    SDSd

.0013.78 (744)2.40 (1.07)2.66 (0.97)    PGICe

Baseline score

≥.99−0.709 (1091)13.96 (4.86)13.75 (4.83)    PHQ-9

≥.99−0.757 (773)3.64 (2.60)3.50 (2.61)    ALCf

≥.99−1.529 (764)11.87 (5.66)11.26 (5.78)    GAD-7g

aBonferroni correction applied.
bPHQ-2: Patient Health Questionnaire-2.
cPHQ-9: Patient Health Questionnaire-9.
dSDS: Sheehan Disability Scale.
ePGIC: Patients Global Impression of Change.
fALC: Alcohol Use Questionnaire.
gGAD-7: Generalized Anxiety Disorder 7-Item Scale.

Clinical Improvement
To investigate the longitudinal relationship between
questionnaire scores and adherence, we conducted a repeated
measures GLM model of mean score over time for both high
and low completion groups. We found that there was significant
improvement in PHQ-2 scores (coeff=−0.01, 95% CI −0.01 to
−0.01; P<.001) and PHQ-9 scores (week: coeff=−0.24, 95% CI
−0.35 to −0.14; P<.001) over time for both high and low
completion rate groups. Daily PHQ-2 scores were not
significantly different between the 2 groups (coeff=0.04, 95%
CI –0.14 to 0.22; P=.70), but the effect of time on the scores
was statistically significant, with participants from the high
completion group having a greater decrease in score over time
(coeff=–0.012, 95% CI –0.014 to –0.009; P=.001) (Figure 1A).
Averages of PHQ-9 score for each weekly (or biweekly)
assessment over time were significantly different between the
2 groups (coeff=1.29, 95% CI 0.24 to 2.34; P=.021), but the

longitudinal trend was similar (coeff=0.03, 95% CI –0.123 to
0.184; P=.70), with PHQ-9 scores decreasing significantly over
time (coeff=–0.24, 95% CI –0.35 to –0.13; P<.001) (Figure
1B). Furthermore, the decrease in sample size regarding
completion of PHQ-9 and PHQ-2 was significantly different
between high and low completion groups (PPHQ-9=.02 and
PPHQ-2<.001), with the sample size from the low completion
group decreasing more rapidly. For other questionnaires, such
as the sleep assessment, PGIC, and SDS, there was no
statistically significant difference in the rate of sample size
decrease between the high and low completion groups. There
were no significant differences in SDS, PGIC, and sleep
assessment scores between the 2 groups, although SDS scores
decreased significantly over time for the 2 groups in a similar
fashion (coeff=–0.84, 95% CI –1.17 to –0.50; P<.001). The
effect of time on sleep assessment scores was found to be
different between the groups, but it was nonsignificant (P=.08;
Figure 1).
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Figure 1. Mean scores over time for high- and low-completion groups by assessment, including sample sizes. (A) Mean Patient Health Questionnaire
(PHQ)-2 score over time by completion group, (B) mean PHQ-9 score over time by completion group, (C) mean Patients Global Impression of Change
(PGIC) score over time by completion group, and (D) mean Sheehan Disability Scale (SDS) score over time by completion group.

To evaluate the association between clinical improvement
regarding depressive symptoms and adherence, we divided the
engaged cohort into improvers and nonimprovers. The
categorization was based on the difference between participants’
baseline PHQ-9 score and their latest PHQ-9 score, using the
minimal clinically important difference of 5 points as the
threshold for meaningful improvement [39]. There were 410
“improvers” and 513 “nonimprovers.” Between those groups,
there was a significant difference in average completion rate
(improvers: mean 50.7%, SD 20.6%; median 55.5%;
nonimprovers: mean 42.6%, SD 22.7%; median 39.9%; and

Mann-Whitney U=127,084; P<.001), PHQ-9 completion rate,
and baseline PHQ-9 score (P<.001 for all comparisons), with
“improvers” having higher baseline PHQ-9 scores than
“nonimprovers” (Mann-Whitney U=137,574; P<.001) (Figure
2A and 2B). Mean baseline PHQ-9 score was 15.3 (SD 4.7) for
improvers and 12.6 (SD 4.6) for nonimprovers. The RLM
regression model showed that the average completion rate of
“nonimprovers” was, on average, 8.85% (P<.001) lower than
that of “improvers.” However, for both groups, baseline PHQ-9
scores were not significantly associated with average completion
rates (P=.06; Figure 2).
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Figure 2. Comparison of adherence between improvers and nonimprovers. (A) Average completion rate (Mann-Whitney U score=127084; P<.0001
and (B) Patient Health Questionnaire (PHQ)-9 completion rate (Mann-Whitney U score=125418; P<.0001). Average completion rate is defined as the
total number of questionnaires completed divided by the total number of questionnaires sent to participants. PHQ-9 completion rate is defined as the
total number of PHQ-9 questionnaires completed divided by the total number of PHQ-9 questionnaires sent to participants.

To study PHQ-9 retention, defined as the duration for which
participants continued completing the PHQ-9, we performed a
Cox proportional hazards model to compare improvement
groups, using demographic parameters [1], average scores from
other questionnaires, and study version as covariates. The Cox
proportional hazards model revealed significant differences in
survival probabilities between the 2 groups (hazard ratio 0.78,
95% CI 0.67-0.91; P=.002), with the event defined as the day
a participant completed their last PHQ-9 questionnaire within
12 weeks from the start of the study. The median survival time

was 70 days (mean 56.8, SD 24.7) for improvers (n=332) and
49 days (mean 49.4, SD 25.6) for nonimprovers (n=329),
indicating that nonimprovers stopped completing PHQ-9
questionnaires 7.4 days earlier on average compared to
improvers (Mann-Whitney U=64632; P<.001). We found that
age (P=.002), mean score of the sleep assessment (P=.01), and
study version (P<.001) were significant predictors of PHQ-9
retention (Figure 3). Cox proportional hazards model based on
the PHQ-2 questionnaire is provided in Multimedia Appendix
2.
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Figure 3. Kaplan-Meier curves showing retention for improvers versus nonimprovers, with the event defined as the last Patient Health Questionnaire
(PHQ)-9 questionnaire completed within the 12-week study duration (n=661). Significant survival differences were observed (improver Coef=−0.25,
Exp(coef)=0.78; P<.005). Key predictors: age: Coef=−0.01, Exp(coef)=0.99; P<.005); mean score sleep: Coef=0.06, Exp(coef)=1.06; P=.01); and study
Brighten-v2: Coef=0.79, Exp(coef)=2.19; P<.005). Bonferroni correction was applied.

Key Indicators of Adherence and Engagement
To assess what features were most statistically useful in
predicting average completion rate and engagement, we trained
an elastic net regression model on 80% of the data and tested
it on the remaining 20%. SHAP values were used to assess the
relative importance of each feature and evaluate their

contributions to the model’s predictions (Figure 4). For
predicting average completion rate, the 5 most useful features,
in order of importance, were (n=701; mean squared error
[MSE]=0.04) (1) being in the control group, (2) having a low
mean PHQ-2 score, (3) being older, (4) being in the V1 cohort,
and (5) improving in depressive symptoms (Figure 4A).
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Figure 4. Top 5 features and their Shapley additive explanations (SHAP) value for predicting compliance metrics using elastic net regression. (A) Top
5 features for predicting average completion rate (n=701; mean squared error [MSE]=0.04), (B) top 5 features for categorizing participants into high
and low completion groups (n=701; F1-score=0.72), and (C) top 5 features for predicting whether a participant will be “engaged” or “disengaged”
(n=2201; F1-score accuracy=0.66).

The 5 most important features associated with being in the high
completion group were (n=701; F1-score=0.72) (1) being in the
control group, (2) not being in the US $60,000-US $80,000
annual income group, (3) having a low mean PHQ-9 score, (4)
being older, and (5) having a low mean PHQ-2 score (Figure
4B).

The 5 most important features associated with “engaging” in
the study were (n=2201; F1-score=0.65) (1) being in the V1
cohort, (2) not being a Hispanic or Latino person, (3) having a
graduate degree, (4) having an annual income greater than US
$20,000, and (5) being single (Figure 4C).

To assess the impact of study version (V1/V2) on the models’
predictability, we conducted an exploratory analysis excluding
it from the features and found that the categorization models
(engagement and completion group) performed slightly worse,
although the 5 most important features were generally similar
(F1-score decreased from 0.72 to 0.67 for completion group
categorization and from 0.66 to 0.60 for engagement
categorization). The average completion rate model MSE did

not change, although the R2 decreased from 0.16 to 0.13.

When trained on the V1 cohort and tested on the V2 cohort, the
categorization models performed poorly (F1-score=0.32 for
engagement categorization and F1-score=0.46 for completion
group categorization). The model predicting average completion
rate had slightly worse predictive performance (MSE=0.04;

R2=0.12).

Discussion

Principal Findings
We found that the subjective perception of a participant’s own
clinical trajectory (PGIC score) was associated with assessment
adherence, with participants who reported a perceived
improvement in their clinical condition showing greater

adherence. We also found that increased depressive symptoms
at baseline were not significantly associated with adherence,
but rather with engagement, thus suggesting that more depressed
participants were more likely to withdraw immediately after
baseline assessment. Furthermore, participants who improved
regarding depressive symptoms had greater assessment
adherence and retention, despite having higher depressive
symptoms at baseline. Previous research has established a link
between baseline depressive symptoms and engagement [13].
This study makes novel contributions by exploring the
associations between perceived clinical improvement and
adherence, as well as the connection between depressive
symptom improvement, baseline depression severity, retention,
and adherence.

Despite offering monetary incentives, the researchers conducting
the Brighten study observed poor engagement and adherence,
highlighting the need to investigate this issue further and explore
innovative strategies to address this limitation [25]. The
demographic parameters we found associated with lower
adherence and engagement are similar to what has been found
in previous literature (ie, male sex, lower education, lower
income, poorer income satisfaction, and Hispanic or Latino race
were associated with poorer adherence) [16,25,26]. However,
we found that a perceived worsening of clinical condition
throughout the study was associated with less assessment
adherence, suggesting that a participant’s own perception of
their change in activity, symptoms, emotion, and quality of life
can influence their willingness to complete assessments.

Regarding completion of the PHQ-9 questionnaire, there was
a significant difference in retention probability, with participants
who improved in depressive symptoms having more chance of
continuing to complete assessments than nonimprovers. Age,
mean score of sleep assessment, and study version were
significant features for predicting retention. Therefore, the global
change in depressive symptoms over time was associated with
study retention and adherence rate. These findings highlight the
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possibility of attrition bias in digital health studies, leading to
an overestimation of symptom severity improvement.
Furthermore, this kind of bias could lead to misleading
conclusions about the effectiveness of treatments and affect
clinical decision-making, reinforcing the importance of
controlling for attrition rates in digital health studies [42].
However, a possible limitation of the retention analyses is the
lack of insight regarding improvement for nonimprovers who
stopped completing answering questionnaires early in the study,
as they may have eventually experienced symptom improvement
that went unrecorded.

The study arm was the most important indicator of assessment
completion rate, with participants from the control group having
higher completion rates than participants using the Project: EVO
app or the iPST app. Moreover, the finding that participants in
the iPST group, who were encouraged to use the app once per
week, showed higher adherence than those in the Project: EVO
group, who were asked to use it 6 times per week, suggests a
trade-off between effort and study engagement. Participants
required to invest more time in the digital intervention were
more likely to skip assessments. We found that baseline PHQ-9
score, although predictive of engagement (serving as an initial
“filter” for participants continuing in the study), was not an
important indicator of adherence, highlighting the need to focus
on clinical trajectories in addition to static measures. In addition,
participants who improved significantly in their depressive
symptoms had higher completion rates than participants who
did not, and their baseline PHQ-9 scores were significantly
higher, although, as mentioned, baseline PHQ-9 score is not a
direct indicator of completion rate. This suggests that while
initial severity is not directly linked to longitudinal adherence,
positive clinical progress may encourage consistent assessment
completion. In fact, we found that participants who significantly
improve regarding depressive symptoms are less likely to
withdraw from active completion of assessments than
participants who do not. Interestingly, it is also worth
considering that the capacity to regularly complete
questionnaires might be a potential predictor of future
improvement in depressive symptoms.

Limitations
This study presents several limitations. The most important
limitation is the lack of data on participants’ use of the
intervention apps, particularly the project: evo group, whose
participants were encouraged to use the app 6 times per week.
As a result, we were unable to assess whether engagement with
the intervention apps influenced participants’ engagement with
questionnaire completion. However, our primary interest was
in questionnaire completion, as this measure is more directly
comparable across digital health studies and thus is the most
applicable for broader research contexts. In addition, the GLM
repeated measures analysis revealed intriguing patterns and
trends in the effect of time and adherence on questionnaire
scores, but the rapid decline in sample size over time limits the
strength of any conclusions that can be drawn. The elastic net

regression models showed only modest performance, with clear
potential for improvement. Feature engineering, the collection
of larger feature sets, hyperparameter tuning, and time-series
transformations are potential strategies that could enhance the
accuracy and robustness of the models by improving their ability
to recognize underlying patterns, as well as identify temporal
dynamics within the data [43-45]. Given the model’s limited
fit, SHAP value interpretations for top features should be
regarded as exploratory. Furthermore, we were not able to
generalize the model’s predictability across cohorts, highlighting
the need for further validation with diverse datasets to ensure
its applicability in a realistic transdiagnostic population [46,47].
The limited data available for passively collected variables,
such as communication and mobility features, resulted in
inconclusive analyses including these variables (refer to
Multimedia Appendix 3).

Future Directions
To address adherence and retention challenges in future studies,
implementing continuous monitoring systems to identify
participants at risk of dropping out could be beneficial [48].
Targeted outreach strategies, such as personalized reminders or
support interventions, may help engage these individuals and
improve adherence [49,50]. Monetary incentives have also been
shown to be effective in increasing adherence and retention
rates, though this may be impractical when attempting more
naturalistic designs [51-53]. Beyond these approaches,
qualitative research is crucial to better understand the underlying
reasons for disengagement. Previous user-centered studies
indicate that underserved users often cite stigma, cultural
mismatch, and usability issues as barriers, while individuals
with lower education or digital literacy report practical
challenges and a higher perceived time burden when using
mobile health apps [54,55]. Conducting more extensive
qualitative work would provide valuable insights into how
participants perceive their improvement and clinical trajectories,
thereby offering a more comprehensive understanding of user
challenges and informing strategies to strengthen engagement,
adherence, and retention.

Conclusion
Although demographics are useful in predicting adherence,
engagement, and retention in digital health studies, we show
that dynamic, measurable parameters regarding symptomatology
and symptom change are also important in understanding
longitudinal patterns of attrition and adherence, and that they
play a crucial role in shaping the remaining cohort as long-term
studies progress over time [16,24]. We have shown that
participants’ impressions of their own improvement and the
clinical trajectory of participants regarding depressive symptoms
are important indicators of engagement, adherence, and
retention. Further research is needed to assess the causality and
implications of this effect and to determine optimal strategies
for countering the bias that this phenomenon introduces into
datasets.
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Abstract

Background: Digital solutions are gaining increasing importance and present a challenge regarding their introduction and
acceptance into professional medical environments. Significant advances have been made regarding the availability, safety, and
ease of use of data generated by a multitude of devices and wearables. However, data security and data protection are delaying
factors. The underlying analysis focuses on the use and acceptance of digital solutions, and their respective differences between
health care professionals and patients.

Objective: This study examines the current use and acceptance of digital solutions among health care professionals and patients.
In addition, it derives an outlook on future developments and expectations in the setting of innovative technologies able to penetrate
the health market.

Methods: An anonymous web-based survey of 23 multiple-choice and 3 open-text questions was conducted among medical
professionals and patients between April and September 2023. In this study, quantitative analysis was performed using Python,
with Pandas for data processing and Matplotlib for visualization. Chi-square tests were used to analyze binary categorical data,
while Mann-Whitney U tests were used to evaluate ordinal data. Additionally, a qualitative analysis was conducted to summarize
the results of the open-ended questions.

Results: During 178 days, the survey garnered 2058 clicks, resulting in 1389 participants (67.5% response rate). A total of 1002
participants completed the entire questionnaire, while 387 (27.9%) did not finish. Incomplete responses were excluded from the
comprehensive analysis. The sample comprised 271 (27%) physicians and 731 (73%) patients. The study found significant
agreement between both groups in adopting and foreseeing the use of digital health tools and telemedicine. Both groups recognized
the future importance of digital health without substantial differences.

Conclusions: Overall, attitudes toward digital health and telemedicine were consistent, reflecting a uniform acceptance and
expectation of these technologies among health care professionals and patients. The consensus on telemedicine’s future role over
the next 5 years indicates a unified vision for digital health paradigms. These consistencies between the 2 groups might be future
drivers for improvements in accessibility, convenience, and efficiency in health care delivery.

(JMIR Hum Factors 2025;12:e60779)   doi:10.2196/60779
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Introduction

Digital innovation in health care is accelerating in growth and
presence in the media, while the regulatory framework is

constantly evolving and adopting. Digitization has found its
role in everyday medical life. It is of paramount importance to
understand its use and acceptance to improve and continuously
develop technology-based health offerings.
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First of all, it makes sense to define the term digital health: in
the search for a unified definition, diverse terminologies and
conceptual frameworks are identified in the literature. Fatehi et
al [1] conducted a quantitative analysis and term mapping of
95 unique definitions, revealing that digital health is
predominantly concerned with the provision of health care rather
than the mere use of technology. Their findings highlight a focus
on the well-being of individuals at both population and
individual levels, emphasizing the use of data and information
to enhance patient care. The prevalence of mobile health
(mHealth) as a dominant concept within digital health
ecosystems was evident, closely interlinked with telehealth and
artificial intelligence (AI) applications [1]. In turn, digital health
can be subcategorized into a variety of dimensions. eHealth
(and its subset mHealth) serves as a foundational category, in
which health information technology plays a critical role,
focusing on the management and exchange of health information
through electronic health records and interoperability systems
[2,3]. In the following, these definitions will be assumed for
this study.

Developments have been catalyzed by the global COVID-19
pandemic situation [4] and by early legislation in favor of digital
health applications (eg, in Germany under the acronym DiGA
[Digitale Gesundheitsanwendungen]) [5]. Many promises—such
as the availability of telemedicine—have been met, while
specific needs regarding data storage are strongly underserved
[6]. The use and development of digital health applications
differ in addressing the needs of professionals versus those of
patients. Acceptance is influenced by factors varying in
complexity and depth, often driven by fears or lack of
understanding. National legal and technical regulations have
yielded a desired increase in the development and usage of
digital health care solutions. The underlying study examines
the current status and the drivers and barriers of this
development, which have been found to be major influencing
factors in the adoption of digital technologies in health care [7].
Specifically, it analyzes the gaps in the aforementioned
categories between patients and professionals. Additionally, it
helps understand the current and future needs of digital health
and the requirements for offered applications.

A multinational survey among health care professionals and
patients focused on this delta, its underlying reasons, and the
consecutively arising demand specifically regarding the
following five research questions:

1. How do estimations of the future importance of digital
health differ between patients and professionals?

2. How do patients and professionals estimate their future use
of digital health solutions?

3. Which areas offer specific innovation potential in digital
health from the perspective of patients and professionals?

4. Which key obstacles to using digital health solutions do
patients and professionals identify?

5. How does the use of web-based access differ toward health
data, electronic appointment booking, and telemedicine?

Every nonmedical professional from the general population is
considered a patient for research purposes.

Methods

Web-Based Survey
An anonymous web-based survey, adopted from some of the
authors’ [FS, VF, GME, DP] earlier research in 2018 [8], was
conducted between April and September 2023 via the scientific
survey platform SoSci Survey [9] hosted on German servers
complying with European data protection laws. The survey was
initiated with an introductory question distinguishing between
patients and physicians, deciding on the further direction of the
questionnaire. Depending on the chosen branch, 19 questions
for patients and 25 for physicians followed, 3 of which were
open-text questions. The questionnaire was provided in German
and English and was available for 6 months: 6 April through
30 September 2023. Only fully completed questionnaires were
considered for final analysis to guarantee consistent data quality.

The link to the web-based survey was distributed via
publications in scientific journals such as Die Unfallchirurgie,
the networks of the German Society for Orthopaedic and Trauma
Surgery (Deutsche Gesellschaft für Orthopädie und
Unfallchirurgie) and the German Society for Surgery (Deutsche
Gesellschaft für Chirurgie), and web-based communication
platforms such as LinkedIn and university web pages to reach
a broad range of participants in both the professional field and
among patients.

Participants were asked a set of specific questions regarding
their personal and professional use, their acceptance and future
expectations toward digital health care, followed by
sociodemographic questions, and questions regarding their field
of expertise, age, and country of origin. In addition, open-text
questions were offered to understand and evaluate individual
needs and gain additional insights. The English version of the
survey is in Multimedia Appendix 1.

In this study, a quantitative analysis was conducted using the
Python programming language, leveraging the capabilities of
the Pandas library for data processing and the Matplotlib library
for visualization. This approach allowed for a practical
assessment of relative frequencies and distribution patterns in
the responses of health care professionals and patients. For
binary categorical data, such as responses regarding the “use of
electronic appointment system,” chi-square tests were used to
assess the association between the respondents’ profession and
answers. In cases of ordinal data, including perceptions of the
“future importance of digital health” and estimations of
telemedicine use in the past and future, the Mann-Whitney U
test was used. This nonparametric test compares the central
tendency of 2 independent samples and is optimally suited for
data not conforming to a normal distribution. Responses were
numerically coded to facilitate this analysis. The primary
objective of this investigation was to compare and contrast
attitudes toward and usage of digital health tools, including
aspects of telemedicine and web-based health care services. The
qualitative data were assessed by a panel of experts (including
a physician, a data scientist, and a management expert) and
evaluated for underlying trends and overlaps between the
questionnaire participants.
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Ethical Considerations
This study was approved by the ethics committee of Klinikum
rechts der Isar, Technical University of Munich, before
distribution. The approval number is 2023‐146-S-NP. By
answering the mandatory questions of the survey and submitting
them, the participants provided their consent to the anonymous
study. In case they refrained from submitting the answers or
refrained from answering specific mandatory questions, their
consent was denied. In these cases, data were neither submitted
nor recorded in any form. The participants of the survey received
no compensation in any form. The privacy and confidentiality
of all research subjects' data and identity were maintained at all
times, because all data were collected anonymously and no
identifying information was submitted at any time.

Results

Analysis of the Replies to the Web-Based Survey
During the 178 days of availability, the questionnaire yielded
2058 clicks, of which 1389 visitors answered the questionnaire
and became participants in the study (response rate of 67.5%
among visitors). A total of 1002 participants (72.1% of the
respondents; 947 of whom were German-speaking and 55 of
whom were English-speaking) completed the entire
questionnaire, and the remaining 387 (27.9%) participants
stopped answering the questionnaire before reaching the last
question. The resultant dataset comprised 731 patient-derived
responses juxtaposed with 271 physician-sourced answers,
offering a representative overview of both primary health care
stakeholders.

The study revealed a high level of conformity in perspectives
between physicians and patients regarding the adoption and
future use of digital health tools and telemedicine. Both groups
showed parallel levels of adoption for electronic appointment
systems and similar historical use patterns of telemedicine
offerings. It yielded a comparable evaluation of the future
importance of digital health, with no significant differences
observed in their responses. Notably, the analysis indicated a
consensus in expectations toward future use over the next 5
years, highlighting a synergistic alignment in the outlook toward
digital health paradigms. The general attitude toward digital
health and telemedicine yielded no significant differences either,
underscoring a uniformity in the acceptance and anticipated
future use of these technologies among both groups. Future
expectations were aligned, with physicians and patients
recognizing the importance and potential of digital health
solutions in improving health care delivery. This consensus
points toward a collaborative readiness for integrating digital
health tools in future health care services, emphasizing the
transformative potential of digital technologies in the medical
field.

When asked about their “web-based access status to the hospital
information system,” 66.1% (179/271) of physicians replied
positively (“yes”), while 33.9% (92/271) did not have access
(“no”). This result refers exclusively to the answers of the
doctors and excludes patient data.

As demonstrated in Table 1, the “use of electronic appointment
system” elicited a nonsignificant difference in usage patterns
between physicians and patients (chi-square test, P=.16). This
lack of statistical significance indicates parallel levels of
adoption between the 2 groups.

Table . Proportion of health care professionals and patients using the “electronic appointment systems.”

P valueaNo, n/N (%)Yes, n/N (%)

.16Group

114/271 (41.99)159/271 (58.73)    Physicians

285/731 (38.97)454/731 (62.11)    Patients

aChi-square test.

The assessment of the perceived “future importance of digital
health” is visualized in Table 2. Responses from both cohorts
indicated no statistically significant divergence (Mann-Whitney

U test, P=.13), indicating a uniform recognition of the
importance of digital health across the medical community and
patient population.

Table . Comparison of the perceived “future importance of digital health” between health care professionals and patients.

P valueaPatients, n/N (%)Physicians, n/N (%)

.13Response

562/731 (76.90)181/271 (66.92)    Very important

129/731 (17.67)65/271 (23.92)    Important

47/731 (6.47)26/271 (9.43)    Not that important

4/731 (0.60)5/271 (1.74)    Not important

aMann-Whitney U test.

As delineated in Table 3, historical use patterns of telemedicine
similarly showed no statistical difference between physicians

JMIR Hum Factors 2025 | vol. 12 | e60779 | p.3458https://humanfactors.jmir.org/2025/1/e60779
(page number not for citation purposes)

Seidl et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and patients (Mann-Whitney U test, P=.86), indicating a shared
experience regarding the integration of telemedicine into health

care delivery over the past 5 years.

Table . Comparison of responses to “use of telemedicine in the last 5 years” between health care professionals and patients.

P valueaPatients, n/N (%)Physicians, n/N (%)

.86Response

578/731 (79.11)214/271 (78.97)    Increased

140/731 (19.22)53/271 (19.61)    Remained the same

22/731 (2.98)9/271 (3.14)    Decreased

aMann-Whitney U test.

Prospective inclinations toward “future use of telemedicine in
the next 5 years” are graphically represented in Table 4. The
analysis revealed no statistically significant difference in

expectations between the 2 groups (Mann-Whitney U test,
P=.10), highlighting a consensus in the projected trajectory of
telemedicine’s role in future health care services.

Table . Expectations for the “future use of telemedicine in the next 5 years” among health care professionals and patients.

P valueaPatients, n/N (%)Physicians, n/N (%)

.10Response

647/731 (88.56)229/271 (84.67)    Will increase

76/731 (10.46)36/271 (13.30)    Will remain the same

19/731 (2.59)8/271 (2.90)    Will decrease

aMann-Whitney U test.

Collectively, the data shows a conformity in perspectives
between physicians and patients regarding the adoption and
future use of digital health tools and telemedicine. The absence
of statistically significant differences underscores a potentially
synergistic alignment in the outlook toward evolving digital
health paradigms—in other words, a contextual significance
with regard to similarities between the 2 groups. Table 5
provides a comparative statistical analysis of responses on digital
health adoption between health care professionals and patients

using chi-square and Mann-Whitney U tests. We used a
significance threshold of P<.05 to determine whether the
differences between the groups were statistically significant.
As shown in the table, none of the P values for the comparisons
(eg, P=.16 and P=.13) were below this threshold, indicating
that there were no statistically significant differences in attitudes
between health care professionals and patients. This suggests
that both groups share similar perspectives on the various aspects
of digital health adoption presented.

Table . Comparative statistical analysis between the study groups.

Significant differenceP valueStatistical testQuestion

No.16Chi-squareUse of electronic appointment sys-
tem

No.13Mann-Whitney UFuture importance of digital health

No.86Mann-Whitney UUse of telemedicine in the last 5
years

No.10Mann-Whitney UFuture use of telemedicine in the
next 5 years

Open-Text Questions
This section summarizes answers to the open-text questions,
highlighting the most common answers and key aspects focusing
on regulated digital medical products.

In Your Opinion, What Can Digitalization Achieve for
Patients?
There is a strong emphasis on how digital health solutions can
improve patient care and treatment efficiency, with many noting
the potential for streamlined treatment processes, quicker and

more accurate diagnoses, and a reduction in unnecessary medical
tests. Centralized and accessible data management assumes
another critical area. Respondents point out the benefits of easily
retrievable patient information in an organized format, leading
to more informed clinical decisions. This is closely linked with
promoting preventive health care and healthy lifestyles,
emphasizing the role of digitalization in disease prevention.
Reducing the administrative burden on health care professionals
is also a significant theme. Digital tools can allow professionals
to focus more on direct patient care by minimizing time spent
on nonmedical tasks and bureaucracy. Enhancing
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communication and decision-making between patients and
health care providers is viewed as crucial by study participants.
Digital solutions are seen as facilitators of patient empowerment
and shared decision-making, highlighting the importance of a
patient-centered approach in digital health.

Regarding resource management, digitalization is seen as a
potential solution to the shortage of health care professionals,
supporting more personalized medicine and aiding in health
care research through the provision of comprehensive data for
analysis. Accessibility and inclusivity pose key themes, with
digital health solutions considered vital for making health care
more accessible, especially in remote or underserved areas. The
responses collectively underscore the transformative potential
of digital health solutions in enhancing health care delivery and
patient experience.

Which Development Potential and Opportunities Do You
See in the Digitalization of Health Care?
A recurring theme is the potential for digitalization to reduce
bureaucracy and thus significantly improve the health care
systems’ efficiency. This aspect is particularly pertinent in the
reduction of regulatory complexity associated with digital
medical products. Enhanced data management and accessibility
emerge as crucial factors, with many responses highlighting the
integration of AI in diagnostics and decision-making, the use
of big data for predictive health analytics, and the centralization
of patient data. These points resonate with the emphasis on
using real-world data and evidence for regulatory surveillance
and the development of digital health solutions. Improved
communication and coordination through digital tools were
seen as crucial for better interdisciplinary and interinstitutional
collaboration, reflecting the challenges of diverse regulatory
landscapes in health care. The attitude toward innovation in
medical devices and diagnostics, especially the role of AI and
machine learning, the development of new diagnostic tools, and
the application of digital twins and simulation techniques, aligns
well with the need for reduced regulation of AI products in
health care. Patient-centric approaches are emphasized in the
responses, highlighting the need for more personalized medicine
and improved patient engagement through digital solutions.
This underlines the necessary development of useful,
patient-centered, regulated medical products. Regulatory strategy

considerations, particularly secure data handling and privacy
concerns, are implicit in the responses, reflecting the importance
of clear regulations in the development and implementation of
digital medical products. Lastly, digitalization is viewed as a
solution to health care professional shortages and a means to
improve health care access, particularly in remote areas.

Where Do You See the Largest Risks and Disadvantages
of the Digitalization of Health Care?
The responses reveal a multifaceted set of concerns, deeply
interconnected with the challenges inherent in regulated digital
medical products. A primary worry is data security and privacy,
with numerous responses highlighting apprehensions about the
misuse of personal health information. This emphasizes the
need for stringent regulatory and ethical frameworks in the
development and deployment of digital medical tools, as
perceived by the study participants. Another significant concern
is the depersonalization of care. Many participants fear that the
rise of digital therapeutics and diagnostics might erode the
personal interaction between health care providers and patients,
a perceived cornerstone of adequate health care. Balancing
technological efficiency with human empathy is, therefore, a
key challenge in the realm of digital health. Technological
dependency and system vulnerabilities emerge as major
concerns. Respondents worry about an over-reliance on
technology, potential system failures, and cybersecurity threats,
emphasizing the importance of safety and reliability in digital
medical products, especially in critical care. Resistance to
change is another notable theme, particularly among health care
professionals and older patients. This resistance can significantly
impact the adoption and effectiveness of digital health solutions.
Finally, navigating the complex regulatory landscapes and
ethical dilemmas, especially with integrating AI and machine
learning in health care, presents its challenges. Robust regulatory
strategies and ethical guidelines are seen as paramount in
ensuring the responsible and effective use of digital health
innovations.

Participant Demography
Considering the age distribution of the participants, the
following results were obtained from the questionnaire, as shown
in Table 6.

Table . Age distribution between the 2 study groups. Values are shown as absolute numbers and relative frequencies (percentages in squares) of the
whole respective population.

>65 years56‐65 years46‐55 years36‐45 years26‐35 years18‐25 years

16 (5.90)58 (21.40)71 (26.20)64 (23.62)53 (19.56)9 (3.32)Physicians (n=271),
n (%)

55 (7.52)111 (15.18)155 (21.20)209 (28.59)166 (22.71)35 (4.79)Patients (n=731), n
(%)

Discussion

Principal Findings
This survey’s results indicate alignment between professionals
and patients regarding the adoption of technological innovations
in health care and emphasize the necessity of improving digital

health literacy. The continuous growth of digital health
technologies is evident [10], with increasing use among
professionals [11], the general population, and research [12],
including real-world evidence generation [5]. The COVID-19
pandemic has accelerated digital adoption [13], transforming
outdated processes and overcoming patient access barriers at
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the “digital front door.” A balance between “techno-optimism”
and “techno-skepticism” has emerged [14].

The study’s open-ended responses reflect concerns about data
security, privacy, and ethical issues, with both physicians and
patients identifying these as central challenges. The
depersonalization of care and ethical dilemmas surrounding
digital health innovations remain critical concerns. Systematic
reviews confirm that digitalization introduces cybersecurity
vulnerabilities, such as targeted cyberattacks and risks to patient
privacy. Physicians and patients alike perceive these as barriers
to effective implementation [15]. Additional studies highlight
the ethical dimensions of digital health, including impacts on
the patient-physician relationship, informed consent, and
potential workforce shifts. Ongoing research is required to
ensure that technological advancements do not compromise
patient rights or exacerbate health care inequalities [16].

While many individuals rely on the internet as a primary source
of health information and for anonymous consultations,
skepticism persists regarding web-based data storage and digital
data exchange between health care professionals and patients.
Research has shown that, while internet users frequently seek
health information on the web, they express doubts about the
reliability of such information and the security of electronic
health data exchange. Nonetheless, positive developments are
also noted: physicians report improvements in access to digital
health records compared to previous studies [17].

Despite advancements in digital health applications, integrating
patient-generated data presents challenges, particularly due to
technological limitations such as poor interoperability and data
overload. Experts have emphasized the need for regulatory
frameworks, ethical guidelines, and improved data governance
to facilitate better integration [18]. Additionally, while protective
regulations are necessary to ensure data security, the COVID-19
pandemic demonstrated how excessive regulatory barriers
contributed to delays in data availability for policymakers. This
underscores the need for streamlined data approval processes
while maintaining public trust [19].

Germany has introduced the “Law for the Acceleration of
Digitization in Healthcare” (DigiG), currently under legislative
review. This initiative aims to implement electronic patient case
files, digital medication overviews, electronic medical
prescriptions, increased use of digital health applications
(DiGAs), assisted telemedicine, and a digital medical council
comprising experts in data security, information freedom, and
information technology [20]. The governing legal frameworks,
particularly the European Union’s Medical Device Regulation,
impose comprehensive safety, performance, and postmarket
surveillance requirements for digital health applications,
ensuring high reliability. However, these rigorous conformity
assessments may slow innovation. In contrast, the US Food and
Drug Administration framework offers a more expedited
approval process for digital health technologies, including
AI-driven tools, through mechanisms such as the Software as
a Medical Device (SaMD) categorization [21]. This regulatory
flexibility has facilitated the rapid adoption of AI in US health
care [22].

Research has identified various barriers to digital health
adoption, including technical difficulties, resistance to change,
costs, reimbursement policies, patient age, and education levels.
These findings remain relevant, with technological proficiency,
perceived usefulness, and accessibility influencing acceptance
worldwide. Additionally, interdisciplinary collaboration, cultural
factors, and leadership have been recognized as key enablers
of digital health implementation [23,24]. Digital booking
systems offer potential benefits, but patient and physician
attitudes toward these systems remain understudied [25,26].
Our study demonstrates growing interest in digital health
solutions and highlights the necessity for a transparent and
innovation-friendly regulatory framework.

Age significantly impacts digital health adoption, as older adults
face barriers such as limited digital literacy and reluctance
toward technological change [27,28]. These challenges must
be addressed through targeted interventions, including
comprehensive training programs and the development of
user-friendly, age-adapted digital health solutions. Integrating
digital health education into medical school curricula is critical
to preparing future physicians for evolving technological
demands, reducing hesitation, and fostering a legal environment
conducive to innovation.

Telemedicine adoption requires specific communication skills
to maintain strong physician-patient relationships. A systematic
review performed by Ritunga et al [29] highlights that effective
digital consultations depend on training that addresses the unique
challenges of virtual interactions, such as nonverbal
communication and empathy. Additionally, as society shifts
toward an information-driven model, medical education must
balance humanistic aspects, such as the physician-patient
relationship, with digital health integration. Experts warn that
without proper integration, medical care quality may decline
[30]. These concerns align with this study’s findings, reinforcing
the importance of digital health training for both professionals
and patients.

Legislative changes, particularly at the European Union level,
are essential to facilitate health care’s transition from analog
systems to modern digital solutions while ensuring privacy
protections [31]. “Careful legal consideration has to be applied
when considering privacy regulations (…), making every case
an individual one,” keeping the patient at the center not only
legally but also ethically, reinforcing the importance of
individualized health care approaches.

The increasing alignment between physicians and patients
regarding digital health adoption has significant implications
for future health care delivery. With both groups recognizing
the value of digital health tools and telemedicine, integration
into routine practice may become more seamless. This shared
understanding could reduce resistance, encourage collaboration
in designing patient-centered digital solutions, and enhance
accessibility, efficiency, and convenience in health care services.

Further research will enable a deeper understanding of drivers
and obstacles in digital health advancements. The underlying
research deserves a follow-up including a more international
study population in the next few years to understand and
re-evaluate the described trend patterns on a timeline,
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particularly in view of the more and more rapid changes in
digital health.

Limitations
Due to the nature of its origin and the involved researchers, our
survey has reached mainly answers from German-speaking
individuals (94.5% (947/1002) of the survey’s participants).
The survey distribution via digital means causes a bias toward
respondents who are open to digital solutions. Persons unwilling
or unable to complete a web-based questionnaire were not
considered for technical reasons, causing a systematic bias that
might potentially be a limiting factor regarding the
generalizability of the presented results. Another limiting factor
might be the above-mentioned age demographics of the study:
as the majority of study participants belonged to the age groups
between 26 and 65 years, the study results might lean toward a
comparably high digital literacy among the respondents.
Additionally, the German or German-speaking study population
presents a limitation with regard to the conclusions drawn for
a comparison between physicians and patients worldwide.
Overall, 271 professionals versus 731 patients is a logical
outcome, as all people are patients in general, whereas a smaller
percentage counts as medical professionals.

Future research could benefit from exploring subgroup
differences, such as attitudes by age, gender, system access, or
professional experience, as well as including other health care
professionals like nurses, to provide a more nuanced
understanding of digital health acceptance. Practical challenges
related to accessing individual nurses in this study will be
addressed, and a deeper analysis of qualitative responses based
on demographic factors could provide additional insights into
specific barriers and facilitators.

Outlook
As also suggested by the replies of the study groups, regulatory
aspects must be modified to keep pace with current innovations,

allowing for meaningful evaluation, regulation, and
dysregulation of new technologies. This aspect is in line with
the results of Torous et al [32], who highlighted this urgent need
for a steady modification of regulations pertinent to the field of
digitalization in health care.

Web-based data availability can lead to misinformation, which
needs to be vigorously and continuously counteracted: “To
harness the full potential of digital media to support health and
well-being as well as to mitigate or counteract the effects of
mis- and disinformation, three fundamental skills should be
continuously developed: digital literacy, health literacy, and
digital health literacy” [33].

In general, perceptions, fears, and resentments must be
systematically eliminated to catalyze digital health acceptance
and allow for further integration and innovative solutions to
benefit patients and professionals. Bureaucratic burdens and
technical obstacles must be overcome and transformed from
technical barriers into enablers to accelerate acceptance and
usage.

Recent developments such as the Data for Health Conference
2023 (DFH23) serve as catalysts for optimistic growth: “With
the momentum #DFH23 created, the European Health Data
Space (EHDS) as a solid and safe foundation for consented
collaborative health data use and the G7 Hiroshima AI process
in place, we call on citizens and their governments to fully
support the digital transformation of medicine, research and
innovation including AI” [34].

Advancements in digital health literacy and enhanced technical
reliability will drive openness and catalyze future developments
in the patient’s interest and, thus, in the interest of sustainable
innovation-driven health care systems.
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Abstract

Background: As digital technology advances, health-related data can be scientifically analyzed to predict illnesses. The analysis
of international data collected during health examinations and health status monitoring, along with data collected during medical
care delivery, can contribute to precision medicine and the public good. Understanding citizens’ attitudes and predictors of digital
health data sharing is critical in promoting data-driven research.

Objective: This study aims to determine the public acceptability of data sharing and the attitudes and influencing factors toward
data sharing.

Methods: A cross-sectional web-based survey was conducted in Japan from November 11‐18, 2023. We analyzed 1000 valid
responses. Five factors were investigated as predictors of participants’ attitudes toward sharing digital health data for social
benefit: (1) individual sociodemographic characteristics, (2) types of health data shared, (3) motivation for sharing data, (4) data
sharing concerns, and (5) reasonable access and control over the data. The association of these factors with the respondents’
willingness to share was analyzed. We summarized demographic characteristics based on gender, age group, affiliated educational
institution, and education history and degree. Continuous variables are expressed as mean (SE). Logistic regression was used to
analyze the association between attitudes and acceptability of sharing digital health data and the predicting factors, such as
participants’ preferences regarding data access and control, underlying concerns, motivations for data sharing, demographic
characteristics, and eHealth literacy.

Results: The mean age of the participants and the SD was 52.8 (19.8) years. We identified the factors influencing respondents’
willingness to share a wide range of personal digital health data in Japan, including data in medical records, biobank samples,
and digitized social communication. Approximately 70% of the participants were willing to share their digital health data. The
motives associated with positive willingness to share digital health data were helping future patients (odds ratio [OR] 2.5860,
95% CI 1.8849‐3.5481; P<.001), receiving their own results (OR 2.2261, 95% CI 1.6243‐3.0509; P<.001), and receiving
financial benefits (OR 1.8059, 95% CI 1.2630‐2.5822; P=.001). Concerns associated with negative willingness to share data
were data being used for unethical projects (OR 0.5104, 95% CI 0.5104‐0.722; P<.001) and agreeing to contract terms that they
did not fully understand (OR 0.7114, 95% CI 0.5228‐0.9681; P=.04). Compared with men, women were less willing to share
data (OR 0.722, 95% CI 0.539‐0.967; P=.03). Furthermore, the higher one’s eHealth literacy, the more positive their willingness
to share digital health data (OR 1.0680, 95% CI 1.0450‐1.0920; P<.001).

Conclusions: This study found differences in the types of data people are willing to share. Therefore, the significance of sharing
data should be fully communicated to people to motivate them to share their data and contribute to their overall health.

(JMIR Hum Factors 2025;12:e64192)   doi:10.2196/64192

KEYWORDS

digital health data; cross-sectional study; predict factor; Japan; willingness to share personal data; eHealth literacy

Introduction

The progression of digital technology has enabled the
comprehensive analysis of health-related data, facilitating the

prediction of potential illnesses [1-3]. The exchange of personal
digital health data plays a crucial role in shaping policies that
enhance digital health initiatives and in the innovation of new
treatment and prevention strategies [4]. Personal health data
includes medical records and data from medical examinations
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[5]. Data from biological samples, such as blood and DNA, are
also important types of health data [6]. In addition, family health
data, exercise habits, food intake, and lifestyle data are closely
related to health [7-9]. The introduction of eHealth records and
the development of wearable apps have led to health data
digitization [10,11]. Digital health data on heart rate and blood
pressure can be collected by mobile devices in several ways.
Digital health data, such as social activities, behavior patterns,
and location data are useful for the morbidity risk, prevention,
and diagnosis of infectious diseases, including COVID-19 and
mental health. Other examples of digital health data include
travel records made during the COVID-19 pandemic, web-based
data on travel locations, and digital health data on social
activities [12-14].

Health data can be collected to contribute to the public good
when shared, including data collected during health
examinations and health status monitoring, as well as data
collected during the delivery of medical care. Therefore,
biobanks, which collect individual biological samples and use
them for public benefit, and databanks, which hold electronic
medical records, are being developed [15-18].

As data science develops, it will likely be used for personalized
medicine and understanding the social determinants of health.
In Japan, the Ministry of Health, Labor, and Welfare has
formulated the “Medical Digital Transformation: Vision 2030,”
a strategy for promoting medical digital transformation that
actively supports the usage of health and medical care data [19].
In Europe, the General Personal Data Protection Regulation
governs the use of personal data, including patients’ electronic
medical records. This is because informed consent is required
for personal data collection and sharing, including secondary
use for research purposes.

Digitizing health data and enabling its international sharing are
crucial steps in improving health care worldwide. By making
medical records accessible across borders, patients can receive
accurate diagnoses and appropriate treatments regardless of
their location. This is particularly beneficial for travelers and
expatriates, as well as people in emergencies, since doctors can
quickly access their medical history and provide suitable care
without unnecessary delays [20]. In addition to benefiting
individual patients, the international sharing of health data plays
a significant role in disease prevention and control. By
monitoring global health trends, medical institutions and
governments can detect outbreaks at an early stage, respond
quickly, and implement effective containment strategies. The
importance of such efforts was especially evident during the
COVID-19 pandemic, where data sharing initiatives helped
track the spread of the virus and accelerate vaccine development
[21].

The digitization and sharing of health data also benefit medical
research. Access to large-scale anonymized datasets allows
researchers to develop innovative treatments, improve AI-driven
diagnostics, and advance personalized medicine [22]. Moreover,
standardized digital records contribute to the efficiency of health
care systems by reducing administrative burdens and facilitating
better coordination between medical professionals, ultimately
leading to improved patient outcomes [23].

Furthermore, sharing health data internationally helps bridge
the gap between developed and developing regions, fostering
collaboration that promotes equitable health care access and
reduces global health disparities [24].

Rare diseases provide a salient example of the benefits of
international data sharing. Definitions of rare diseases differ by
region: in the United States, a rare disease is defined as one
affecting fewer than 200,000 patients nationwide [25]; in Japan,
fewer than 50,000 patients nationwide [26]; and in the European
Union, conditions affecting fewer than 1 in 2000 people in the
general population [27]. Due to the small number of patients in
each country, there is limited availability of diagnostic, genetic,
and other health data, as well as insufficient specialized
knowledge. Consequently, diagnoses may be delayed or missed
entirely, hindering the development of effective treatment and
prevention strategies. However, international sharing of health
data can overcome these limitations by enabling accurate
diagnosis and facilitating research on therapies and preventive
measures [28].

Despite the many advantages of digitizing and sharing health
data, it is essential to address privacy, security, and ethical
concerns. Strong data protection measures and international
regulations must be in place to ensure that personal health
information is shared responsibly and securely [29]. By
balancing the benefits of accessibility with the need for
confidentiality, the global health care community can create a
system that maximizes both innovation and patient protection.

However, digital health data sharing may not be fully understood
without examining citizens’attitudes toward data sharing related
to health and medical care [30]. While health data digitization
and sharing can facilitate research and create social benefits,
public acceptability may be a barrier to its successful
implementation [30]. Examining citizens’ attitudes toward and
acceptance of sharing digital health data may be useful in
formulating policies and guidelines for data management [31].
This can help in the development and implementation of policies
to promote medical health research through digital health
personal data. Such efforts benefit others through secondary
use of large-scale data, drug development, verification of
adverse effects, and reflection on health care policy, rather than
for personal, individual medical treatment purposes. Existing
studies have considered the acceptability of biobanks, eHealth
data, and the acceptability of and attitudes toward digital health
data [32-35]. Citizens’ attitudes and receptivity to digital health
data sharing differ depending on the type of data being shared,
and concerns regarding personal data and transparency issues
in data sharing may affect data sharing. However, the types of
data that can be digitized and contribute to health include not
only biobanks and comprehensive medical records but also
lifestyle and behavioral habits.

Few studies have been conducted to elucidate the factors that
predict willingness to share digital health data. One study
considered the attitudes toward the willingness of young people
in Brazil and Denmark to register their digital health data [36].
Studies in Australia [37] and Europe [38] have found that
citizens prefer sharing health data under government oversight.
They express concerns about sharing anonymized health data
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for clinical practice or research purposes unless clear provisions
are made regarding its intended purpose, limitations on use, and
access restrictions [36-38]. Broader citizen consultation on data
use, suggesting this trend, has largely been overlooked [39].
However, there is growing evidence of public support for health
data sharing [40,41]. Studies indicate that citizens in Australia
[42], the United Kingdom, and the United States [43] are willing
to share data aimed at improving health outcomes. The
determinants of this willingness remain ambiguous, with limited
research addressing issues specific to the Asian region, including
Japan. This region, with its diverse cultures, social backgrounds,
and varying levels of digitalization, may present different
predictors of willingness to share digital health data. A
comprehensive understanding of the factors influencing citizens’
willingness to share health data can help identify challenges
and opportunities for establishing data collection systems,
thereby improving communication and fostering citizen trust
in digital health data.

Methods

Study Design and Setting
This cross-sectional study was conducted via a web-based
questionnaire survey administered across Japan by Cross
Marketing Inc, an internet research firm. At the beginning of
the questionnaire, participants were clearly informed that their
personal data would be strictly protected and anonymized.
Furthermore, they were explicitly instructed to respond to
questions about their attitudes and intentions toward data sharing
on the premise that any shared data would exclude personally
identifiable data and privacy would be guaranteed. This
explanation was included to ensure participants understood that
the protection of personal data was a fundamental prerequisite
for data sharing scenarios described in the questionnaire.

The survey was developed in accordance with the CHERRIES
(Checklist for Reporting Results of Internet E-Surveys) checklist
(Figure 1,Checklist 1). A pilot test was conducted between
October 28 and November 6, 2023, to assess the questionnaire’s
clarity, readability, interface usability, and time burden. The
final survey was distributed from November 11 to 18, 2023.
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Figure 1. Checklist for Reporting Results of Internet E-Surveys flow chart.
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Study Size
A minimum sample size of 385 was calculated using a normal
approximation of the binomial distribution, considering Japan’s
population of 126 million, a 95% confidence level, and a 5%
margin of error [44]. Based on previous studies, 1000
questionnaires were collected to improve the validity of the
study [36,38,40].

Participants and Sampling
Participants were recruited from Cross Marketing Inc.’s panel
and were aged 18 years or older. To ensure demographic
representativeness, stratified random sampling was used based
on age and gender. Participants were equally allocated into

seven age categories (18‐27, 28‐37, 38‐47, 48‐57, 58‐67,
68‐77, and 78 years or older) and by gender, resulting in equal
numbers in each age category and gender group. Within each
stratum, participants were randomly selected.

Exclusion criteria included discrepancies between registered
and self-reported gender or age, extremely short response times,
failure to follow instructions, or provision of inconsistent or
implausible responses. Out of 23,434 distributed questionnaires,
2203 participants provided informed consent, and after applying
exclusion criteria, 1000 valid responses were analyzed.
Participant demographics are presented in the Results section
(Table 1).
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Table . Participant characteristics (N=1000).

Participants, n (%)Characteristic

Gender

500 (50)    Men

500 (50)    Women

Age (years)

142 (14.2)    18‐27

144 (14.4)    28‐37

144 (14.4)    38‐47

144 (14.4)    48‐57

142 (14.2)    58‐67

142 (14.2)    68‐77

142 (14.2)    >78

Annual household income (Japanese Yena)

196 (19.6)    <3 million

238 (23.8)    3 million–5 million

203 (20.3)    5 million–8 million

92 (9.2)    8 million–10 million

99 (9.9)    >10 million

172 (17.2)    I don’t want to answer

Education

32 (3.2)    Junior high school

285 (28.5)    High school

160 (16.0)    Vocational school or junior college

503 (50.3)    Bachelor’s degree or higher

20 (2.0)    I don’t want to answer

Marital status

336 (33.6)    Unmarried

655 (65.5)    Married

9 (0.9)    I don’t want to answer

Owning a mobile phone (smartphone)

940 (94.0)    Yes

Owning a personal computer

826 (82.6)    Yes

Owning a tablet

295 (29.5)    Yes

Owning a smartwatch

110 (11.0)    Yes

Owning smart home assistant devices and AIb home appliances

65 (6.5)    Yes

Previously participated in health or clinical research

57 (5.7)Yes

Health status
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Participants, n (%)Characteristic

27 (2.7)    Bad

156 (15.6)    Somewhat bad

263 (26.3)    Neutral

383 (38.3)    Somewhat good

168 (16.8)    Very good

Concerned about own and family’s health

24 (2.4)    Not concerned at all

45 (4.5)    Not very concerned

108 (10.8)    Neutral

400 (40)    Somewhat concerned

415 (41.5)    Very concerned

8 (0.8)    I don’t know

aUS$1=147 Japanese Yen (Stand: September 2025).
bAI: artificial intelligence.

Survey Measures
The questionnaire was developed with reference to previous
studies on willingness to share health-related data, including
biobank and electronic medical record data, and attitudes toward
data repositories. Five factors were investigated as predictors
of participants’ attitudes toward sharing digital health data for
social benefit: (1) individual sociodemographic characteristics,
(2) types of health data shared, (3) motivation for sharing data,
(4) concerns factors of data sharing, and (5) reasonable access
and control over the data (Figure 2) [36-38,45,45]. A pilot study

involving 5 academic staff and researchers helped refine the
instrument. The selection and formulation of questionnaire items
were based on previous studies identifying factors influencing
data sharing behavior.

The questionnaire included the following domains, all using
uniform response options (“Yes,” “No,” “Don’t know,” and
“Other” with free-text input). Questions were randomized, and
multiple responses were allowed.

Full wording of all items and response options is available in
Multimedia Appendix 1 questionnaire.

Figure 2. Predictors of public attitude, personal health digital data for social benefit research model.
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Willingness to Share Digital Health Data
Participants indicated their willingness to share various types
of digital health data, including physical and mental clinical
diagnoses, family health history, genetic and blood test data,
dietary and nutritional data, alcohol consumption, sleep status,
social communication (frequency and content), physical activity,
stress, and geolocation data.

Motivation for Sharing Data
Participants selected motivations such as helping future patients,
supporting research, receiving study results, financial incentives,
and proposing research topics.

Concerns About Sharing Digital Health Data
Participants selected concerns from a list including privacy
risks, data misuse, unauthorized access, and ambiguity in
consent terms. The wording related to access restrictions was
revised for clarity. Participants chose from options indicating
who may access their data (eg, medical professionals,
researchers, and family members) and preferences on data
control.

Attitudes Toward Access Restrictions
Participants reported preferences on controlling access to their
data, transparency in data usage, trust in data controllers, and
openness to sharing with public or academic institutions.

Demographics and Health-Related Factors
Data on age, gender, educational attainment, annual household
income, marital status, and ownership of digital devices
(smartphones, PCs, tablets, smartwatches, and smart home
assistants or artificial intelligence [AI] appliances) were
collected using predefined categories. Participants also reported
previous participation in health research (epidemiological or
clinical trials).

eHealth literacy was assessed using the Norman eHealth
Literacy Scale (eHEALS), an 8-item, 5-point Likert scale
measuring knowledge, comfort, and perceived skills in finding,
evaluating, and applying eHealth data [45,46].

Self-rated health status was assessed on a 5-point Likert scale,
and responses were grouped into “good” (somewhat good, very
good) or “not-so-good” for analysis. Logistic regression
analyzed the relationship between health status and willingness
to share data.

Participants’ concern about their own and family’s health was
measured on a 6-point scale, dichotomized into “interested” or
“not interested,” with logistic regression used to assess
associations with willingness to share digital health data.

Statistical Analysis
Descriptive statistics (frequencies, means, and SDs) summarized
participant characteristics. We used the intention to share digital
health data as the outcome variable. Logistic regression analysis
was performed to examine its associations with a range of
predictor variables, including motivations for sharing data (eg,
helping patients and supporting research), concerns about data
sharing (eg, privacy risks and misuse), attitudes toward data
access (eg, preferences for control and trust in institutions), and

sociodemographic and health-related factors (eg, age, gender,
education, income, marital status, digital device ownership, and
previous participation in health research). Analyses were
conducted using SPSS version 28 (IBM Corp), with significance
set at P<.05.

Ethical Considerations
This study fully complied with the Declaration of Helsinki and
Japan’s Personal Data Protection Law [47]. Ethical approval
was granted by the Waseda University Ethics Committee
(application 2023‐250), confirming that all protocols and
consent procedures were reviewed and sanctioned before data
collection.. No personally identifiable information was collected
in accordance with both institutional and legal privacy
requirements. All persons described are not identifiable and
cannot be identified through the details of the story because this
research is an anonymous Internet survey.

Informed consent was obtained electronically before
participation. Participants received a small monetary incentive
(points equivalent to approximately 10 Japanese yen
[US$1=147.1 JPY]) via the survey provider’s point system.
Low-quality or inconsistent responses were screened and
excluded by the research firm.

Results

Characteristics and Attributes of Participants
Table 1 shows participant characteristics. The men-to-women
participant ratio is 1:1. The mean age of the participants and
the SD is 52.8 (SD 19.8) years. Approximately half of the
participants had a university or postgraduate degree in education.
In total, 93% of the respondents had a smartphone and 83% had
a personal computer. About 80% of the respondents were
interested in their health (very interested and somewhat
interested).

Association Between Willingness to Share Digital
Health Data and Sociodemographic Characteristics
Approximately 70% of respondents were willing to share digital
health data. Respondents who were willing to share digital health
data were defined as having a positive willingness to share, and
subsequent analyses were conducted.

The results of the logistic analysis of the association between
positive attitudes toward sharing digital health data and
sociodemographic characteristics are shown in Table 2.
Compared with men, women were less willing to share data
(odds Ratio [OR] 0.722, 95% CI 0.539‐0.967; P<.05).

Those who had more experience participating in research (OR
3.308, 95% CI 1.391‐7.868; P<.01), and had awareness of
research data repositories (OR 2.711, 95% CI 1.364‐5.388;
P<.01) were more willing to share digital health data. Moreover,
owning a smartphone (OR 1.841, 95% CI 1.078‐3.145; P<.05),
personal computer (OR 1.658, 95% CI 1.175‐2.341; P<.05),
tablet (OR 1.688, 95% CI 1.212‐2.349; P<.01), or smart home
assistance appliances (OR 3.384, 95% CI 1.077‐5.276; P<.05)
was positively associated with higher willingness to share digital
health data. Conversely, there was no association between
annual income or education and the willingness to share digital
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health data. Logistic analysis of e-health literacy and digital
health data sharing suggested that the higher the e-health
literacy, the more positive the willingness to share digital health
data.

Willingness to share digital health data was significantly
associated with a high level of health concern and willingness
to share digital health data (OR 2.1871, 95% CI
1.5750‐3.03710; P<.001) but not associated with health status
(P=.73).
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Table . Logistic regression results regarding a positive willingness to share personal data and sociodemographic characteristics.

ORa (95% CI)P valueSEB (partial regression coeffi-
cient)

Sociodemographic character-
istics

Gender (reference: man)

0.7219 (0.5391-0.9667).03b0.1490-0.3259    Woman

Age (reference 18‐27 years)

1.3974 (0.8265-2.3625).210.26790.3346    28‐37

1.5856 (0.9272-2.7115).190.27370.4610    38‐47

1.3075 (0.7758-2.2035).310.26630.2681    48‐57

0.8809 (0.5280-1.4698).630.2612-0.1268    58‐67

1.1692 (0.6892-1.9835).570.26970.1563    68‐77

1.0074 (0.6019-1.6860).980.26280.0073    >78

Annual household income (reference:<3 million Japanese Yenc)

1.2967 (0.8487-1.9811).230.21620.2598    3 million–5 million

1.4833 (0.9375-2.3466).100.23410.3942    5 million–8 million

1.3207 (0.7416-2.3521).350.29450.2782    8 million–10 million

1.4320 (0.7982-2.5689).230.29820.3591    >10 million

0.6084 (0.3897-0.9499).030.2273-0.4969    I don’t want to answer

Education (reference: secondary school or less)

0.6574 (0.2848-1.5176).330.4269-0.4195    High school

1.1851 (0.4895-2.8694).710.45120.1698    Junior college or vocation-
al school

0.9943 (0.4350-2.2732).990.4219-0.0057    University or postgradu-
ate

0.6784 (0.1949-2.3618).550.6364-0.3880    I don’t want to answer

Owning digital devices (reference: not owned)

1.8412 (1.0778-3.1453).03b0.27320.6104    Mobile phone (smart-
phone)

1.6582 (1.1747-2.3408).004d0.17590.5058    Personal computer

1.6876 (1.2123-2.3492).002d0.16880.5233    Tablet

1.1647 (0.6877-1.9724).570.26880.1524    Smartwatch

2.3837 (1.0770-5.2758).05b0.40540.8686    Smart home assistant de-

vices and AIe appliances

Knowledge of health databases and experience participating in health research

2.7106 (1.3638-5.3876).005d0.35050.9972    Knowledge of research
data repositories

(reference: no)

3.3082 (1.3910-7.8680).007d0.44201.1964    Experience participating
in health research (refer-
ence: no)

1.0680 (1.0450-1.0920)<.0001d0.01100.0660eHealth literacy

1.0490 (0.8002-1.3750).730.13800.0478Health status (reference:
poor)

1.3290 (1.1600-1.5230)<.0001d0.0700.2840Concern about health

(reference: no)

aOR, odds ratio.
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bP<.01.
cUS$1=147 Japanese Yen (stand: September 2025).
dP<.05.
eAI: artificial intelligence.

Willingness to Share Digital Health Data and Types
of Data That Can Be Shared
The percentage of respondents who indicated a willingness to
share shareable data (multiple responses) is shown in
Multimedia Appendix 2 Figure S2. The results show that 44%,
33%, 33%, 32%, and 31% of participants were highly motivated
to share data regarding physical clinical diagnoses, sleep
patterns, blood samples, stress, and food consumption,
respectively. Moreover, the content and frequency of social
communication tended to be low (11% and 14%, respectively).

Predictors of Motivation to Share Digital Health Data
and Positive Willingness to Share
Multimedia Appendix 3 Figure S3 shows the percentage of
respondents who indicated each item as a motivation for sharing

digital health data. Helping future patients was the most common
motivation for sharing digital health data (59%), followed by
receiving one’s results (48%), supporting researchers (39%),
and financial gain (31%).

Table 3 shows the results of the logistic analysis of the
association between motives and positive willingness to share
data. Motives found to be associated with positive motivation
to share digital health data were helping future patients (OR
2.586, 95% CI 1.885‐3.548; P<.001), receiving one’s results
(OR 2.266, 95% CI 1.624‐3.561; P<.001), and receiving
financial benefits (OR 1.806, 95% CI 1.263‐2.582; P=.001).

Table . Logistic regression results regarding a positive willingness to share personal health data and motives and motivation to share data.

ORa 95% CIP valueSEB (partial regres-
sion coefficient)

Motivations for
sharing data

2.5860 (1.8849-3.5481)<.01b0.16140.9501Helping future pa-
tients

1.2978 (0.9148-1.8412).140.17840.2607Supporting re-
searchers

2.2261 (1.6243-3.0509)<.001b0.16080.8003Receiving one’s
own results

1.7187 (1.1259-2.6236).012c0.21580.5416Learning the results
of the research one
participated in

1.8059 (1.2630-2.5822.001b0.18240.5911Receiving financial
benefits

1.4656 (0.7751-2.7712).240.32500.3823Suggesting ques-
tions for future
studies

aOR: odds ratio.
bP<.01.
cP<.05.

Concerns About Sharing Digital Health Data
The percentage of respondents who selected concerns about
their digital health data is shown in Multimedia Appendix 4
FIgure S4 . Of the total respondents, 52% cited unknown use
of data for the benefit of others as a concern, approximately
39% agreed to terms and conditions they did not fully
understand, and approximately 34% said that data sharing would
make them vulnerable to cyber attacks.

Table 4 shows the results of the logistic analysis of the
relationship between positive intentions toward digital health
data and concerns about sharing. The concern found to be
associated with a positive willingness to share data was agreeing
to contract terms that were not fully understood (OR 0.711,
95% CI 0.525‐0.968; P=.03). The results showed that those
who felt concerned tended to have lower positive intentions
than those who had no concerns about their data being used for
unethical projects (OR 0.510, 95% CI 0.361‐0.722; P=.001).
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Table . Logistic regression results regarding a positive willingness to share personal health data and concerns about sharing.

ORa (95% CI)P valueSEB (partial regres-
sion coefficient)

Concerning factors
data sharing

1.3316 (0.9989-1.7752).060.14670.2864Data being used for
the benefit of a
company or others
without one’s
knowledge

0.5104 (0.3607-0.7221)<.001b0.1770-0.6726Data being used for
unethical projects

0.7114 (0.5228-0.9681).03c0.1572-0.3405Agreeing to terms
and conditions
without complete
understanding

0.9661 (0.7064-1.3213).830.1597-0.0345Exposure to risks,
such as cyber-at-
tacks

1.2721 (0.8794-1.8401).200.18840.2406Being asked to pro-
vide more data in
the future

aOR: odds ratio.
bP<.01.
cP<.05.

Desirable Access Restrictions Related to Sharing
Digital Health Data
Multimedia Appendix 5 FIgure S5 shows the percentage of
participants’ responses regarding their preferred access to digital
health data sharing. Receiving information about projects using
their data was the most common response (43%), followed by
receiving information about who is using their data (35%) and
deciding who has access to what parts of their data (31%).
However, 13% stated they would not need to be contacted after
providing their data and having it anonymized.

Table 5 shows the results of the logistic analysis between
positive intentions and each of the access restriction items
regarding data sharing. The access restrictions found to be
associated with positive intentions were receiving information
about projects using their data (OR 2.313, 95% CI 1.700‐3.147;
P=.001), giving public or academic institutions access to their
data (OR 2.800, 95% CI 1.9248‐4.0734; P=.001), and not
receiving information after providing their data (OR 1.929, 95%
CI 1.292‐3.029; P=.004).
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Table . Logistic regression results regarding a positive willingness to share personal data and data access restrictions.

ORa (95% CI)P valueSEB (partial regres-
sion coefficient)

Reasonable access
and control over
data

2.3132 (1.7001-3.1474).001b0.15710.8386Receiving informa-
tion about projects
using the shared
data

1.9290 (1.2289-3.0282).001b0.23010.6570Not receiving any
communication af-
ter sharing data

1.2131 (0.8755-1.6811).250.16640.1932Receiving informa-
tion about who is
using the shared
data

1.1043 (0.7871-1.5492).570.17280.0992Deciding who has
access to different
parts of the data

1.1648 (0.7964-1.7036).430.19400.1525Data controllers de-
ciding who has ac-
cess to the data

2.8001 (1.9248-4.0734).001b0.19121.0297Granting data ac-
cess to public or
academic institu-
tions

aOR: odds ratio.
bP<.01.

Discussion

Principal Findings
Internationally, secondary use and third-party provision of
personal health-related data have become very important for
public health, including surveillance of infectious diseases and
the development of preventive methods and treatments [48].
Therefore, it is significant to investigate the factors related to
data sharing, such as citizens’ attitudes toward, barriers to, and
motivations for data sharing. However, research on citizens’
personal health-related data sharing is limited [49].

Our study identifies factors influencing citizens’ willingness to
share a wide range of personal digital health data about health
in Japan, including data in medical records, biobank samples,
and digitized social communication data. This study showed
that approximately 70% of Japanese participants were willing
to share digital health data about their health. A survey of public
attitudes toward digital research registries among Danish and
Brazilian citizens showed that 91% of Brazilian and 70% of
Danish citizens had a positive attitude toward digital research
registries; our study shows a similar willingness as the results
from the Danish participants [36]. Our research focuses on
whether people are willing to share data, which directly
evaluates behavioral intent. This approach is essential as it
provides actionable data for organizations or governments to
design effective policies. For instance, it can guide the creation
of incentives to promote data sharing or enhance privacy
protection measures.

While the Danish and Brazilian study asks about how
“comfortable” people feel with data sharing, focusing on
emotional aspects, our research directly addresses the question
of “willingness to share.” This specificity enables deeper insights
into both emotional responses and actual behaviors, bridging
the gap between attitudes and actions. Our research design,
which evaluates the intent to share data, is not limited by cultural
or emotional factors. This makes it versatile and applicable
across different global contexts. Conducting similar studies in
other countries allows us to uncover universal trends and
contrasts in data sharing behavior. Our study suggests that
helping future patients is an important motivator for sharing
health-related digital health data. Furthermore, participants were
willing to share their data in the interest of research.

The participants’ high level of interest in their health suggested
that gaining knowledge about their health is a motivating factor.
Moreover, social benefits, such as benefits to future patients
and benefits to oneself, were simultaneously motivating for
sharing digital health data. Researcher benefits were not found
to be associated with motivation for data sharing. A study of
attitudes toward sharing health data among United States and
United Kingdom citizens also reported a lower willingness to
share data for commercial purposes compared to that for public
benefit [43].

Based on our analysis, willingness to share digital health data
regarding physical illness diagnoses, sleep patterns, food intake,
blood samples, and stress was relatively high, while participants
had a lower willingness to share social communication data.
This may occur because social communication can be considered
personal data that citizens may be hesitant to share due to
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privacy concerns [50]. However, social communication provides
data for research into mental health and infectious disease
control; thus, it holds important implications in public health
research. Therefore, there is a need to increase public
understanding of the importance and significance of digital
health data in this area.

Our results suggest that concerns about providing data to
unethical projects and agreeing to contract terms that were not
fully understood were barriers to the willingness to share digital
health data. A study on public attitudes toward the sharing of
personal medical records and genomic data in Japan similarly
reported concerns about the unauthorized use of data [35].
Although the indicators differ from this study, a link between
literacy in the knowledge of genomics, AI, and digital devices,
and the sharing of medical records and genomic data has also
been noted [35]. Furthermore, trust is important for data sharing
[51,52]. Privacy concerns deter data sharing, particularly
attitudes toward sharing health data for health policy creation
[53].

Aggregating and analyzing multiple types of health data can
have significant benefits. We can gain comprehensive insights
into health patterns and conditions by combining diverse
sources, such as genetic data, clinical records, and lifestyle
habits. This approach supports personalized health care, allowing
tailored treatments and interventions to address individual needs
effectively. Furthermore, the correlation of health data enables
predictive analysis, helping forecast potential health issues and
promoting preventative measures [54]. Citizens’ attitudes and
receptivity to digital health data sharing differ depending on
the type of data; however, concerns persist regarding personal
data protection and transparency in data sharing [55].

While one measure to remove barriers of concern is restricting
access to digital health data, our results showed that receiving
information about projects that use data, getting information
about data users, and granting data access to public or academic
institutions are linked to a willingness to share data. These
results may suggest that people avoid providing data to unethical
projects and wish to exercise their right to self-determination
regarding data. Other studies have also identified the importance
of controlling the sharing of digital health data [36,37].

Our analysis suggests that the sociodemographic factors
associated with willingness to share digital health data are being
a man; owning smartphones, PCs, and smart appliances; having
experience in participating in health research; and having high
digital health literacy. It is necessary to consider measures for
sharing digital health data that consider individual
characteristics. The association between willingness to share
digital health data and educational background reported by
Grande et al [56] was not found in our study.

Implications for Policy and Practice
This study identifies factors that make Japanese citizens willing
and able to share their data for research. These factors may be
applicable not only in Japan but also internationally across
borders. An increase in data sharing can contribute to research
using big data, for example, the development of diagnostic,
preventive, and therapeutic methods for rare diseases for which

data are scarce, as well as international surveillance for
infectious diseases.

The results of our study suggest that there are differences in the
types of data that people are willing to share and that they may
be less willing to share data that is related to personal data or
not related to their health. Therefore, it is possible to fully
explain the significance of sharing through communication with
people, motivating them to share, and identifying the possible
contributions to their health. Concerns about unethical data use
projects and consenting before understanding the full terms of
the agreement, identified as barriers to data sharing, can be
addressed by disclosing information about the research project
when requesting digital health data.

Concerns about unethical data usage and misunderstood consent
indicate a demand for stronger ethical governance. Data
governance frameworks must incorporate feedback mechanisms,
such as providing people with updates about the projects that
use their data, thereby enhancing perceived control and
accountability.

Receiving this data may contribute to increased confidence in
data sharing. Furthermore, ensuring that people have the right
to control their data is also key to facilitating data sharing.

The study highlights demographic variations in willingness to
share data, suggesting that public engagement strategies must
be tailored to specific groups. For instance, women, people with
lower eHealth literacy, and those without previous research
participation may require more targeted education and
reassurance regarding privacy and data control mechanisms.

The willingness of the Japanese public to share health data opens
opportunities for international data pooling, particularly in the
context of rare diseases and emerging infectious diseases, where
domestic data may be insufficient for robust research. These
findings support the establishment of cross-border data sharing
frameworks that are ethical, secure, and culturally sensitive.

The association between device ownership and willingness to
share digital health data suggests that disparities in access to
digital technologies may translate into inequities in participation
in health research. Policymakers should be aware of the digital
divide when designing inclusive health data collection
frameworks. These findings underscore the importance of policy
measures that enhance public trust in digital health data sharing.
Efforts to improve data literacy, transparency in data usage, and
the ethical oversight of research projects are vital to increasing
citizens’ willingness to share their data. Government and
academic institutions should consider developing
communication strategies that convey how data will be used,
who will access it, and the potential social benefits of data
sharing.

Limitations and Future Challenges
Two methodological limitations exist in this study. First, the
web-based survey could have created the possibility of sampling
bias as well as bias in education levels and ownership of digital
devices.

Another limitation relates to our sampling design. Although we
used random selection within strata defined by age and gender,
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this constitutes stratified random sampling rather than simple
random sampling. In our analysis, we treated the sample as if
drawn via simple random sampling, which may lead to
inaccurate estimation of standard errors and affect inferential
validity, including the risk of type I error. However, this design
was intentionally chosen to ensure adequate representation
across demographic subgroups, particularly to explore
associations between data sharing intentions and age or gender.
Given the total sample size of 1000, we believe the precision
of estimates remains acceptable for our exploratory purposes,
although results should be interpreted with appropriate caution.

Third, this study was a survey that asked questions about
willingness to share digital health data based on future
assumptions. However, the study did not explore the
perspectives of data providers regarding implementing actual
digital health data sharing.

While the quantitative data provides a broad understanding of
attitudes, future research should include qualitative approaches,
such as interviews or focus groups, to explore the underlying
motivations, fears, and expectations surrounding data sharing
in greater depth. Therefore, it is important to survey providers
during actual data sharing in a future study. Conducting ongoing
research into the topic may also be necessary.

Conclusion
This study identified people’s receptivity and willingness to
share personal digital health data about their health and its
influencing factors. Approximately 70% of the respondents
viewed sharing digital health data about their health positively.
The majority of those with a positive view were motivated to
share their data by receiving data about themselves as well as
helping future patients. Unwillingness to share digital health
data about personal health is a barrier to promoting digital
sharing and research for societal benefit. Concerns about data
being used in unethical research projects and agreeing to
contractual terms and conditions that are not understood were
suggested to be associated with reduced willingness to share
data. It is also important to improve the understanding of the
information of users’ institutions, disclosure of information on
the projects used, terms of contracts, and access control of data
sharing. Furthermore, associations between willingness to share
digital health data for public associations with personal
characteristics were found regarding gender, interest in health
issues, ownership of digital devices, history of participation in
research, awareness of digital health databases, and digital health
literacy. Therefore, a digital sharing system that considers
individual characteristics and provides information regarding
the usage of the data could facilitate data sharing.
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Abstract

Background: More than half of adults in the United States have at least one chronic medical condition. Remote care strategies,
including telemedicine, remote monitoring, and connected health devices, are increasingly used to support chronic condition
management and adherence to provider-recommended care plans. Evaluating participant satisfaction and perceived usefulness
is essential to understanding program value and potential for sustained engagement.

Objective: This study aims to evaluate participant satisfaction, perceived usefulness, and self-reported health outcomes associated
with a clinically deployed Remote Care program for chronic condition management that included nurse and coach follow-up,
health monitoring devices, and digital education tools.

Methods: A survey was emailed to 1411 active participants in the Brook Remote Care program between September 23 and
December 8, 2023. The survey assessed satisfaction with program features, perceived usefulness, and self-reported health changes.
Descriptive statistics were used to summarize the data, and chi-square tests were used to examine differences by age, gender,
program duration, and health conditions.

Results: A total of 360 participants completed the survey. Most participants rated the program as useful (320/359, 89%), and
66% (234/357) indicated they were likely to recommend it to others with similar health concerns. Between 68% (216/316) and
84% (277/332) rated specific program features as “good” to “excellent,” with nurse monitoring, health monitoring devices, and
program cost receiving the most favorable ratings. Nearly half of participants reported improvements in physical health (155/314,
49%), reduced health-related stress (148/326, 45%), and increased knowledge of their condition (172/360, 48%). Additionally,
approximately one-third reported improvements in lifestyle behaviors. Longer program duration was associated with higher
satisfaction and greater self-reported health improvements.

Conclusions: Participants reported high satisfaction with a remote care program designed to support chronic condition
self-management. These findings support the value of integrated remote care models that combine device monitoring, personalized
follow-up, and patient education to enhance patient experience and promote engagement in self-care.

(JMIR Hum Factors 2025;12:e69586)   doi:10.2196/69586

KEYWORDS

remote monitoring; patient satisfaction; chronic disease; self-management; telemedicine; digital health

Introduction

Over half of adults in the United States have at least one chronic
medical condition [1]. Most follow a medically prescribed
treatment plan and adopt self-management strategies, including
lifestyle changes and self-monitoring, to improve disease control
and clinical outcomes [2]. Many chronic conditions also require
frequent medical visits or hospitalization. Remote care, such as
telehealth and monitoring with connected devices, offers an

alternative to in-person visits, supporting condition management
and reducing the risk of acute events and hospitalizations [3,4].

Remote care programs have been shown to reduce mortality,
disease complications, hospitalizations, and associated health
care costs across a range of medical conditions [5-7]. For
example, one study involving patients with chronic obstructive
pulmonary disease or congestive heart failure found a 68% and
35% reduction in emergency room visits and hospitalizations,
respectively, over a 6-month period (comparing 3 months before
and after the intervention) [6,7].
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Patient satisfaction is a widely used quality metric, used both
to evaluate care and meet regulatory reporting requirements.
Understanding how patients experience remote care is essential
for assessing its perceived value, ongoing engagement, and
potential for broader adoption. A review by Kraai et al [8]
reported high satisfaction with remote care, but most studies
included in that review were pilot trials with varied designs and
no evaluation of remote care offered in a routine clinical setting.
A more recent study by Mayo Clinic researchers [9] found that
patients receiving remote care for acute conditions, such as
COVID-19, were highly satisfied with their care team and the
usability of the technology. However, this study focused
primarily on an acutely ill population, with 88% being treated
for COVID-19, limiting generalizability to chronic care settings.

There remains a need to evaluate patient satisfaction with remote
care programs designed specifically for community-dwelling
individuals managing chronic diseases. This study aims to
contribute to the literature by examining satisfaction and
self-reported health changes among insured patients enrolled
in a clinically delivered remote care program for chronic
condition management.

Methods

Survey Administration
In September 2023, Brook Health emailed active participants
(N=1411) in its digital Remote Care program, inviting them to
complete a survey (administered via Google Forms) to assess
their experience and satisfaction as part of ongoing quality
assurance efforts. Two reminder emails were sent approximately
2 weeks apart, followed by a final reminder shortly before the
survey closed—3 months after the initial invitation. To be
eligible, individuals had to be actively enrolled in the Remote
Care program and have an email address on file. Participation
was voluntary. To encourage responses, participants were
offered the opportunity to enter a drawing for 1 of 5 US $100
Amazon gift cards.

Remote Care Program Description
The Remote Care program was developed and operated by
Brook Health, a Seattle-based company that delivers digital
health services to support clinic operations, provider-delivered
care, and patient well-being. The program includes app-based
educational resources and tools; wireless, cellular-enabled
monitoring devices (scales, blood pressure cuffs, glucose
monitors, and pulse oximeters) that do not require Bluetooth
syncing; personalized one-on-one health coaching; and ongoing
nurse monitoring to ensure care plan adherence and optimal
condition management. Nurses monitored patient data and
contacted clinics as needed to escalate care concerns. Patients
were referred to the program by their providers and enrolled
either onsite at the clinic or from home. After enrollment,
patients received information about the program, downloaded
the app, created an account, and were provided with digital
monitoring devices. Participants received nurse monitoring and
coaching calls throughout the program, with the highest
frequency of contact occurring during the first month. Program
costs were covered by insurance, with participants responsible
for applicable copays.

Survey Instrument
The survey assessed participants’ perceptions of program
usefulness, satisfaction with specific features, and self-reported
changes in health and well-being (refer to Textbox 1 for items).
Brook developed a custom instrument informed by established
digital health evaluation models, with an emphasis on face
validity and alignment with program objectives. Acceptability
was operationalized through participant experience, including
user satisfaction ratings. Designed as a quality improvement
tool for real-world implementation, the survey was intentionally
brief and written in accessible language to accommodate a
diverse patient population. Formal psychometric testing was
not conducted. In addition to items assessing specific program
components, the survey included a general self-rated health item
from the 20-item Short Form Survey and a global health change
item modeled after the Global Rating of Change scale, a widely
used patient-reported outcome measure [10,11].
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Textbox 1. Participant survey questions for the Brook Remote Care Program.

Program ratings

How would you rate the following aspects of the Brook Remote Care program? Very poor, poor, average/acceptable, good, or excellent.

• Ease of enrolling

• Program content

• Nurse interactions

• Coaching

• Devices provided

• Cost of the program

• Program duration

• Results/outcomes

How would you rate the following aspects of Nurse Monitoring in the Remote Care program? Very poor, poor, average/acceptable, good, or excellent.

• Quality of interactions with the nurse

• How often the nurse contacted you

• Amount of time spent on calls with the nurse

• Recommendations made by the nurse

On a scale from 1 to 10, how likely are you to recommend this program to others with similar health concerns? (1=Not all to 10=Extremely likely)

Rate how useful Brook Remote Care has been in helping you to manage your health/health condition? Extremely, very, somewhat, a little, or not at
all.

Health ratings

In general, would you say your health is: excellent, very good, good, fair, or poor?

Would you say your health has improved, not changed at all, or worsened since joining Brook Remote Care?

Since joining Brook Remote Care, how do you feel when it comes to stressing about your health status?

While participating in Brook Remote Care, did you...? Check all that apply.

  Achieve better control of your health condition

  Lose weight

  Increase physical activity

  Eat healthier

  Play a more active role in your health

  Reduce medication use

  Reduce stress/feel less anxious

  Sleep better/more

  Become happier

  Become more knowledgeable about your condition and management

  Spend less time on medical appointment and tests

  None of the above/other

How has your use of medications to manage your condition (for which you were referred to Remote Care) changed since joining the program? Check
all that apply.

  Not on any medications for my condition (never took or stopped taking before starting Brook)

  No change in my medication use

  I started taking medication(s) for my condition

  Changed the type of medication

  Decreased amount, strength or frequency

  Increased amount, strength, or frequency

JMIR Hum Factors 2025 | vol. 12 | e69586 | p.3485https://humanfactors.jmir.org/2025/1/e69586
(page number not for citation purposes)

Merrill et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Descriptives

How long have you been participating in Brook Remote Care? Less than 1 month, 1-3 months, 4-6 months, 7-9 months, 10-12 months, or more than
12 months.

For which medical condition are you being supported by Brook Remote Care? Congestive heart failure, diabetes, hypertension, weight loss, or other.

Age in years: 18-24, 25-34, 35-44, 45-54, 55-64, 65-74, or 75+.

Your gender: female, male, nonbinary, or transgender.

Ethical Considerations
Participation was voluntary. The following information was
included with the survey. “Your responses to this survey are
confidential. Your answers will not be shared with your provider
or anyone else. Brook Health will only use your responses in
aggregate with responses from others who complete this survey.
By answering this survey, we presume your approval to use
your responses for the following purposes...1) improve existing
services, 2) inform the development of new services, 3) create
marketing materials, or 4) generate research reports.” To
encourage responses, participants were offered the opportunity
to enter a drawing for 1 of 5 US $100 Amazon gift cards. This
study was reviewed by the University at Buffalo institutional
review board and deemed exempt from full review (IRB ID
STUDY00008350).

Sample
A power calculation determined that 302 completed surveys
were needed to achieve a statistically representative sample
with 95% confidence and a 5% margin of error. A total of 441
surveys were received. During data cleaning, 81 duplicate
responses were identified and removed; specifically, only the
first complete response from each participant (based on the
timestamp of submission) was retained. This resulted in 360
unique surveys included in the final analysis, yielding a response
rate of 26%.

Descriptive Analysis
Descriptive statistics were calculated for all demographic
variables and survey items. Chi-square analyses were conducted
to examine group differences in ratings of program features,
nurse monitoring, overall program usefulness, likelihood of

recommending the program, and self-reported health status and
health changes. Comparisons were made across gender (male
vs female), age (<65 vs 65+ years), selected health conditions
(hypertension, diabetes, obesity, and congestive heart failure),
and program duration (<6 months, 7‐12 months, and 12+
months). In addition, multivariate logistic regression models
were conducted to assess whether observed associations
remained statistically significant after adjusting for age, gender,
and program duration, accounting for potential confounding
factors.

Item Scoring
The Net Promoter Score (NPS), a widely used measure of
overall program experience, was derived from the question:
“On a scale from 1 to 10, how likely are you to recommend this
program to others with similar health concerns?” (1=not at all
likely; 10=extremely likely). Respondents were categorized as
Promoters (scores of 9‐10), Passives (scores of 7‐8), or
Detractors (scores of 6 or below). The NPS was calculated as
the percentage of Promoters minus the percentage of Detractors.
Positive NPS values indicate that more participants would
recommend the program than not, while negative scores suggest
the opposite [12].

Results

Sample Characteristics
Most participants identified as female (223/359, 62%), were
aged 65 years or older (251/359, 70%), and had a single chronic
condition (220/359, 61%), most commonly hypertension
(266/359, 74%). Just more than half (204/3, 57%) had been
enrolled in the program for less than 6 months (Table 1).
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Table . Survey respondent demographics.

Values (N=359), n (%)Demographics

Gender (N=359)

223 (62)Female

136 (38)Male

Age (years; n=359)

4 (1)<35

18 (2)35‐44

25 (7)45‐54

61 (17)55‐64

178 (50)65‐74

73 (20)75+

Health conditiona

220 (61)Single

140 (39)Multiple

266 (74)Hypertension

127 (35)Obesity

98 (27)Diabetes

27 (8)Congestive heart failure

20 (6)Other

Duration in the program (months)

204 (57)<6

99 (28)7‐12

56 (16)12+

aMultiresponse item. Participants could report multiple health conditions.

Self-Reported Health and Health-Related Changes
Most respondents rated their health as “good” or better (263/358,
74%). Nearly half reported improvements in their physical
health (155/314, 49%) and a reduction in health-related stress
(148/326, 45%) since enrolling in the program. Reported

behavior and condition management improvements included
increased knowledge of their condition (172/360, 48%), more
active involvement in their care (143/360, 40%), healthier eating
(120/360, 33%), improved condition control (116/360, 32%),
increased physical activity (112/360, 31%), and reduced stress
(96/360, 27%; Table 2).
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Table . Survey respondents’ self-reported health and health-related changes.

Values, n (%)Health-related items

Health status (n=358)

14 (4)Poor

81 (23)Fair

186 (52)Good

67 (19)Very good

10 (3)Excellent

Health change since enrolling (n=314)

155 (49)Improved

153 (49)Same

6 (2)Worsened

Health-related stress (n=326)

148 (45)Less

156 (48)Same

22 (7)More

Reported improvements (n=360)

172 (48)Knowledge

143 (40)More active role in health

120 (33)Eat healthier

116 (32)Better condition control

108 (30)Lose weight

112 (31)Increase physical activity

96 (27)Reduce stress

52 (14)Sleep better

39 (11)Happier

28 (8)Less time on medical appointments/tests

Medication change (n=356)

42 (12)Decrease

40 (11)Increase

65 (18)Started/changed medication

235 (66)Not on any/no change

Program Ratings
The majority of participants (320/359, 89%) rated the Remote
Care program as “somewhat” to “extremely” useful. Based on
responses to the NPS item, 66% (234/357) were classified as

Promoters, 20% (72/357) as Passives, and 14% (51/357) as
Detractors, yielding an overall NPS of 52, categorized as
“excellent.” NPS was higher among those with longer
enrollment, self-reported health improvements, and individuals
managing diabetes or hypertension (Figure 1).
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Figure 1. Net Promoter Scores by condition, program duration, and reported health improvements. BP: hypertension; CHF: congestive heart failure.

Program Feature Ratings
All Remote Care program features received favorable ratings,
with most respondents rating components as “good” to
“excellent.” Nurse monitoring, remote monitoring devices, and

program cost received the highest “excellent” ratings (>50%).
Coaching, educational content, and outcomes were rated more
variably, with a broader distribution across “average,” “good,”
and “excellent” ratings. Fewer than 7% of respondents rated
any feature as “poor” or “very poor” (Table 3).
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Table . Program participant responses related to aspects of the Brook Remote Care program and nurse monitoring.

AnswersQuestions (number
of respondents)

Good to excellent,
%

Very poor, n (%)Poor, n (%)Average/

acceptable, n (%)

Good, n (%)Excellent, n (%)

Aspects of Brook Remote Care Program

845 (2)4 (1)46 (14)122 (37)155 (47)Ease of enrolling
(n=332)

795 (2)7 (2)57 (18)138 (43)115 (36)Content (n=322)

834 (1)7 (2)45 (14)99 (30)176 (53)Nurse interactions
(n=331)

687 (2)15 (5)78 (25)98 (31)118 (37)Coaching (n=316)

835 (1)3 (1)49 (15)98 (30)175 (53)Devices (n=330)

845 (2)6 (2)40 (13)62 (20)204 (64)Program cost
(n=317)

714 (1)3 (1)69 (22)111 (36)120 (39)Program duration
(n=307)

728 (3)7 (2)72 (23)112 (36)113 (36)Outcomes (n=312)

Aspect of nurse monitoring

806 (2)10 (3)51 (15)83 (25)183 (55)Quality of interac-
tion (n=333)

743 (1)13 (4)70 (21)93 (28)152 (46)Frequency of con-
tact (n=331)

746 (2)11 (3)67 (20)96 (29)149 (45)Amount of time
spent during calls
(n=329)

735 (2)17 (5)65 (20)91 (28)148 (45)Recommendations
made by nurse
(n=326)

Comparative Analyses by Participant Characteristics
Chi-square analyses indicated that self-reported physical health
improvements were significantly associated with age (χ²1=10.56;
P=.001) and program duration (χ²2=8.72; P=.01). Reductions
in health-related stress differed by gender (χ²1=7.18; P=.007)
and program duration (χ²2=5.99; P=.05), with trends also
observed for age (χ²1=3.62; P=.06). Participants enrolled longer
reported higher satisfaction across several program components,
including ease of enrollment, content, duration, and perceived
outcomes (all P<.05). Nurse monitoring ratings were also
significantly higher among those with longer program
participation (χ²4=10.49; P=.02). No significant differences in
program or nurse ratings were found by health condition. A
nonsignificant trend suggested men rated nurse
recommendations more positively than women (χ²4=5.54;
P=.06), and younger adults rated overall program usefulness
slightly higher (χ²2=4.87; P=.09). Multivariate logistic
regression models including age, gender, and program duration
were conducted to adjust for potential confounding factors.
Multivariate findings were consistent with univariate results,
with no substantial changes in the significance or direction of
observed associations.

Discussion

Principal Findings
This study found high participant satisfaction with a clinically
implemented Remote Care program designed to support chronic
condition management through digital monitoring, nurse
outreach, and personalized coaching. Most participants reported
the program was useful in helping manage their health, and
satisfaction was highest among those with longer program
engagement. These findings add to a growing body of literature
supporting the acceptability and perceived value of remote care
solutions for patients with chronic disease.

Participants reported a variety of benefits beyond satisfaction,
including improvements in physical and emotional health,
condition-related knowledge, and self-management behaviors.
These findings are consistent with prior studies showing that
remote care can support healthier lifestyles and improved
condition control [6,13]. While the observational design limits
causal conclusions, the high percentage of participants reporting
improvements, particularly in knowledge and engagement,
suggests the program may support behavior change in a
real-world clinical setting.

JMIR Hum Factors 2025 | vol. 12 | e69586 | p.3490https://humanfactors.jmir.org/2025/1/e69586
(page number not for citation purposes)

Merrill et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Program duration emerged as a consistent factor associated with
greater perceived benefit. Participants who were enrolled longer
reported more health improvements, higher satisfaction ratings,
and stronger endorsement of program features, including nurse
support and educational content. While the direction of this
relationship is unclear, whether satisfaction encourages
continued engagement or vice versa, this aligns with prior
research showing satisfaction and engagement are mutually
reinforcing and essential to program effectiveness [14].

Few differences in satisfaction emerged across demographic
groups. While age and gender were associated with some trends
in health perception and nurse rating preferences, program
usefulness and satisfaction ratings did not vary significantly by
gender, age, or specific health condition. Notably, men, who
often engage less with health coaching, rated nurse
recommendations particularly favorably, suggesting an
opportunity to better tailor outreach or messaging to male
participants. Although the association did not reach significance,
this pattern may indicate that nurse-led outreach is especially
effective for engaging men in self-management—a group often
underrepresented in such programs. This warrants further
exploration.

Younger adults also appeared to perceive the program as slightly
more useful, a pattern that contrasts with previous findings
where older adults more often rate remote tools favorably [9].
This may reflect generational differences in expectations for
digital health and could inform strategies to optimize
engagement across age cohorts. While these trends fell short of
statistical significance, they may still carry clinical relevance,
particularly given their consistency with prior research and
potential value in refining remote care models. In real-world
settings with modest sample sizes, patterns like these may not
reach conventional significance thresholds yet still highlight
meaningful opportunities to personalize care and improve patient
experience.

Nurse monitoring was highly rated and is likely a core driver
of overall satisfaction. One-on-one nurse interactions may have
contributed directly to the reported improvements in condition
knowledge, stress reduction, and behavior change. Prior studies
support the conclusion that structured remote care with
personalized nurse support can enhance self-management and
improve outcomes for patients with chronic illness [5,13].

The NPS, an indicator of participant willingness to recommend
the program to others, was in the “excellent” range. Importantly,
this finding came from a sample with a full range of user
experiences, including detractors and passives, not just those
who were highly satisfied. This suggests that the program
delivered a consistently positive experience across a diverse
patient population.

Why This Is Meaningful
Remote care has grown in popularity, especially following the
COVID-19 pandemic, as health care systems seek scalable
approaches to support chronic disease management [4].
Evidence suggests that remote care and telemonitoring can
improve patient outcomes and reduce health care use, including
emergency department visits and hospitalizations [5-7]. As these

programs become more widely adopted, understanding the
patient experience is critical to sustaining engagement and
maximizing impact.

This study contributes to the growing body of literature showing
high satisfaction with remote care programs [8,9] and extends
it by focusing on a clinically integrated program for patients
with chronic, not acute, conditions. The consistently high
satisfaction and NPSs across diverse subgroups indicate that
user-centered remote care models are feasible, scalable, and
well-suited for long-term condition management.

Limitations
This study has several limitations. First, outcomes are based on
subjective, self-reported data collected from a single group of
participants, without a comparison group. This limits our ability
to determine whether the observed outcomes were attributable
to the program itself or reflect the natural course of condition
management.

Second, the survey had a response rate of 26%. It is possible
that the experiences and satisfaction levels of survey respondents
differ from those who did not respond. However, the distribution
of NPSs suggests a range of perspectives was captured.
Specifically, 66% (234/357) of respondents were classified as
“Promoters,” 20% (72/357) as “Passives,” and 14% (51/357)
as “Detractors,” indicating the survey captured both positive
and critical feedback about participants’ likelihood to
recommend the program.

Third, the high satisfaction ratings related to program cost are
likely influenced by the fact that the program was covered by
insurance for nearly all participants. This may have bolstered
overall satisfaction scores. It is unclear whether participants
would have rated the program as highly if they were required
to pay out of pocket. Prior research has shown that cost is a
frequent barrier to program use [15].

Fourth, while some demographic and health-related differences
were observed between survey responders and nonresponders,
these were modest and not suggestive of systematic response
bias; nonetheless, the possibility of unmeasured differences
affecting the generalizability of findings cannot be ruled out.

Finally, the demographic data available for analysis were limited
to age, gender, condition, and program duration. We did not
have access to important clinical characteristics such as duration
of diagnosis or disease severity. Future studies should consider
collecting more detailed clinical data to better characterize the
participant population and contextualize outcomes.

Because the survey was developed for quality improvement
purposes and not psychometrically validated, the reliability and
comparability of the findings may be limited. However, the use
of face-valid items aligned with program goals supports their
relevance for capturing participant experience in real-world care
settings.

Conclusions
This study demonstrates that patients managing chronic
conditions within a clinically delivered Remote Care program
reported high levels of satisfaction, perceived usefulness, and
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self-reported health improvements. Longer duration in the
program was consistently associated with greater perceived
benefit, highlighting the value of sustained engagement.

The findings suggest that remote care programs incorporating
regular nurse outreach, connected health devices, and tailored
educational content can support patients in managing their health

outside traditional clinical settings. As health care systems
continue to adopt digital and hybrid care models, understanding
patient experience will remain essential to driving meaningful
outcomes. Future research should incorporate longitudinal or
comparative designs to evaluate the program’s clinical
effectiveness and long-term impact on behavior change and
health outcomes.
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Abstract

Background: The use of conversational agents (CAs) in mental health therapy is gaining traction due to their accessibility,
anonymity, and nonjudgmental nature. However, understanding the psychological factors driving preferences for CA-based
therapy remains critical to ensure ethical and effective application. Variables such as epistemic trust, attachment styles, personality
traits, and fear of intimacy appear central in shaping attitudes toward these artificial intelligence (AI)–driven interventions.

Objective: This study aimed to investigate the role of epistemic trust, attachment styles, personality traits, and fear of intimacy
in influencing individuals’ willingness to engage with CA-based therapy.

Methods: An online survey was administered to 876 psychology students, yielding 736 responses (84.01% response rate).
Variables measured included epistemic trust, attachment styles, personality traits, and fear of intimacy. A 5-point ordinal scale
assessed willingness to engage in CA-based therapy. The data were analyzed using ordinal logistic regression models, including
proportional odds models (POMs), nonproportional odds models (NPOMs), and partial proportional odds models (PPOMs), with
residual deviance used to compare model fit.

Results: The PPOM provided the best model fit (residual deviance=3530.47), outperforming both the NPOM (deviance=6244.01)
and the POM based on Brant test results indicating violations of the proportional odds assumption (χ²105=187.8; P<.001). In the
final model (n=735), epistemic trust significantly increased willingness to engage in CA-based therapy across all ordinal thresholds
(odds ratio [OR] 1.75, 95% CI 1.50, 2.03; P<.001). Fear of sharing demonstrated a nonuniform effect, with stronger associations
at higher levels of willingness (OR 1.086; P=.001). Among personality traits, detachment negatively predicted CA preference
(OR 0.95; P=.001), while psychoticism showed a positive association (OR 1.12; P=.003). Being single emerged as a strong
predictor of preference for CA-based therapy (OR 3.717; P<.001). Attachment styles showed more nuanced effects. While
dismissing and fearful-avoidant individuals were descriptively less inclined to engage in traditional human-based therapy, this
association was nonsignificant in the case of fearful-avoidant attachment (P=.34) and should therefore be interpreted cautiously.

Conclusions: Epistemic trust and fear of intimacy emerged as pivotal factors influencing preferences for CA-based therapy,
underscoring the role of interpersonal dynamics and emotional vulnerabilities. The findings suggest that individuals with avoidant
attachment styles or maladaptive personality traits are more inclined toward AI-mediated interventions, driven by reduced fear
of judgment and increased perceived safety. The relative homogeneity of the sample considered—particularly in terms of age,
education level, and cultural exposure—limits the generalizability of these findings to broader or more diverse populations.
Nonetheless, these insights highlight the need for ethical considerations and personalized approaches in deploying CA-based
mental health tools to balance user reliance with human-centric therapeutic values.

(JMIR Hum Factors 2025;12:e70698)   doi:10.2196/70698
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Introduction

Background
In the past few years, the way clinical professionals, patients,
and the general population relate to emotional suffering has
notably changed. A crucial role in this shift can be attributed to
the rise of artificial intelligence (AI) and conversational agents
(CAs). These are advanced manifestations of large language
models, which are capable of analyzing and extracting
knowledge from human conversations, using it to adaptively
prompt a real-time answer and consequently creating multiturn
human-computer dialogues. The unique ability of CAs to interact
with human beings, understand their communication styles, and
engage in human-like conversational responses gained notable
attention. This is due primarily to their potential applications
in the fields of enhancing mental well-being and providing
social support [1], with CA-based tools now assuming more
nuanced roles, serving not only as companions [2] but also as
therapists for individuals seeking emotional support and
guidance (for reviews and meta-analyses, see, for example,
[3-6]). The rising trend of using CAs for improving mental
health can be attributed to various factors. First, the widespread
integration of AI-driven technologies in daily life has normalized
human-like interactions with machines. CAs, designed with
advanced natural language processing capabilities, can engage
users in conversations that mimic human interaction, thereby
potentially helping alleviate feelings of loneliness [2,7,8]. In
addition, their anonymity and nonjudgmental nature may appeal
to individuals who might feel hesitant or stigmatized about
sharing their emotions with their human counterparts [1,9,10].

However, beyond these technical features, it is imperative to
understand the psychological determinants that may drive
individuals to rely solely, or primarily, on CA-based therapy,
bypassing human interaction. This understanding is crucial for
the ethical provision of mental health care, as for some (eg,
people with a poor mental capacity or severe mental illness),
the prevalent use of CAs may be counterproductive, for example,
by eliciting dependence and overreliance on the relationship
built with the CA [11,12].

Several psychological factors may influence a person’s
willingness to communicate exclusively with autonomous agents
in order to deal with life-related painful emotions and memories.
Among those, 4 factors appear to be of major importance, as
pointed out by several reviews on this topic: epistemic trust,
fear of intimacy, attachment strategies, and personality domains
(for more details on these reviews and meta-analyses, see
sections below).

Epistemic Trust in AI
Perceptions of AI capabilities and trust in its effectiveness may
play a significant role in shaping individuals’ attitudes toward
CA-based therapy. Over the past decade, there has been an
incremental growth in the number of reviews [13-16] and
meta-analyses [17,18] on the factors influencing trust in AI.
Riedl [14] suggested that trust in technology relies on “trust
propensity,” that is, the tendency to believe that the use of AI
can be beneficial and that its performance will appropriately
and consistently allow it to address specific tasks. However,

such beliefs are not necessarily accurate, concealing a logical
fallacy deeply rooted in technology idealization [19]. In the case
of CA-based therapy, for example, people may overlook the
possibility that relying on AI-driven support alone may
compromise their capability to think critically and process
information autonomously. In addition, they might be exposed
to the risk of receiving information that might not be fully
accurate and reliable—or might, in some cases, even be
dangerous [20,21].

As Alvarado [22] pointed out, AI is primarily an “epistemic
technology,” designed to enhance human knowledge in different
epistemic contexts (eg, inquiry and accurate prediction). To be
used epistemologically, though, AI needs to “earn” our epistemic
trust, that is, the tendency to believe in shared communicated
information and consider the source of information reliable and
trustworthy [23].

As a concept, epistemic trust has a long history that precedes
the rise of AI. For instance, Fonagy et al [24] have proposed
conceptualizing epistemic trust within a broader
sociocommunicative perspective as the output of (early) social
learning processes. In these processes, several contextual factors
(ie, attachment and personality styles, mentalizing capabilities,
peers, and sociocultural environment) interact with each other,
influencing the way we gradually discern who is knowledgeable
and trustworthy [24-26]. In today’s world, AI and social media
seem to play a pivotal role [27] in becoming a primary source
of our knowledge. However, our ability to trust what others
say— including CAs—relies on the extent to which we feel
safe in our relationships with them [28]. Indeed, individual
differences in the propensity to place trust in and engage with
AI are underpinned by various subjective factors, including, for
example, personality traits and characteristics [29,30], which
could help predict the likelihood of individuals opting for
AI-based therapy over human-based clinical interventions.

In this study, epistemic trust was conceptualized as the
individual’s predisposition to perceive the information delivered
by a CA as accurate, relevant, generalizable, and safe, and
therefore, the CA as a trustworthy communicator. This is in line
with different definitions of epistemic trust (eg, [23,31];
reflecting both the tendency to believe in shared communicated
information and to consider the source of that information as
reliable and trustworthy). In doing this, this study drew from
the established use of this concept in clinical psychology, where
epistemic trust encompasses both the informational content and
the relational qualities of the communicator. In therapeutic
contexts, the trust one places in the message and in the person
delivering it is widely considered inseparable, as effective
psychological interventions rely on both epistemic validity and
emotional resonance. Accordingly, our study treats epistemic
trust as a relationally embedded construct, capturing both the
individual’s openness to the information provided by a CA and
their implicit trust in the agent as a reliable, nonthreatening
source.

Attachment-Based Personality Development and
Propensity to Trust AI
Research efforts aimed at understanding attitudes toward AI
have primarily concentrated on personality traits underpinning
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our preferences and behaviors [32,33], leading to the
identification of 2 main theoretical conceptualizations of
personality and trust in AI. The first considers personality traits
as predictors of trust, while the second sees trust as a mediator
between personality and behavioral intentions toward AI systems
(for a systematic review of the research status on personality
and trust in the context of AI systems, see Riedl [14]). In this
regard, the same author [14] proposed a third framework
suggesting that the propensity to trust AI is a specific personality
trait related to broader personality constructs (ie, the Big Five).
This framework also suggests a complex role for emotions and
affective states, which are influenced by personality traits and,
in turn, influence the development of trust in others and how
we relate to them [34].

Similarly, Fonagy and colleagues [35] recently affirmed that
“attachment and personality styles are seen as communicative
strategies underpinning social learning to ensure adaptation to
ever-changing social situations.” In other words, deeply rooted
aspects of individuals’ selves, such as their personality patterns
and attachment styles, influence their emotional regulation skills
and abilities to relate to others. The quality of our interactions
with others, in turn, shapes our inner generalized perception of
the availability and trustworthiness of our other people and the
overall environment [27,36].

Although research in this field is still in its infancy, recent
findings [28] suggest that attachment insecurity can predict a
lack of trust in AI. In addition, the same study [28] found that
exposure to attachment security cues (but not positive affect)
via priming or nudging increased trust levels. In essence, these
findings are closely akin to Fonagy’s conceptualizations of
epistemic trust, personality, attachment, and mentalizing skills,
suggesting a possible predictive role of epistemic trust,
personality, and attachment in our disposition toward CA-based
therapy.

Fear of Intimacy and Avoidance-Based Attachment
Patterns
Intimacy involves the capacity to commit oneself to particular
affiliations and relationships, and to possess the “ethical
courage” necessary to uphold these commitments [37]. Intimate
relationships develop in early infant-caregiver relationships,
fostering trust in others and instilling the confidence and
self-esteem necessary for a child to explore their social
environment [38,39]. Difficulties in building intimate
relationships during adolescence and early adulthood reflect a
lack of emotional integration and have been linked with a wide
variety of mental health problems, including general
maladjustment and personality disorders [40,41].

Currently, technology often plays a paradoxical role in fostering
a sense of “virtual intimacy” while leading to potential social
isolation [42,43]. This dichotomy may be underpinned by the
coexistence of a desire for connection with a fear of face-to-face
interactions, where intimacy and empathy are truly tested
[44,45]. This dynamic may also be found in therapeutic
relationships, where patients may desire, albeit feel
uncomfortable, to open up about their personal lives to mental
health professionals [46]. From this perspective, the desire to
interact solely with AI to address psychological distress may

mask a deep fear of intimacy while simultaneously reflecting
the need to understand and make sense of our emotionally
painful experiences.

Individuals grappling with the fear of intimacy typically exhibit
characteristics rooted in 2 distinct avoidance-based attachment
strategies, which correspond to 2 different models of the self:
fearful and dismissing [47]. In both cases, others are perceived
as untrustworthy and threatening our security. However,
individuals with a fearful attachment style consciously desire
social connection despite avoiding them due to a depleted sense
of self-worth and a deep-seated fear of rejection. They tend not
to believe they deserve love and support and mistrust others’
intentions. Conversely, subjects who dismiss intimacy possess
a positive self-representation and defensively deny their need
or desire for intimate social contact. This defensive dismissal
serves to protect their self-image and independence [47-49].
This differentiation suggests that both groups may feel more
secure in an AI-based relationship and be more prone to trust
CAs rather than human beings (eg, therapists), albeit for
different reasons: the former (fearfully attached) because of the
fear of opening up to someone who might hurt, judge, or reject
them, while the latter (avoidantly attached) as they value
connections that allow them to preserve their positive self-image
and independence [50-52].

In the past few years, an increasing reliance on CAs in mental
health therapy has emerged [1], driven by their advanced ability
to simulate human-like interactions and their appeal as
anonymous, nonjudgmental support systems. While the technical
capabilities of CAs have been extensively explored, less is
understood about the psychological factors influencing
individuals’ preference for CA-based therapy over human
interaction. Key constructs such as epistemic trust, attachment
strategies, personality traits, and fear of intimacy have been
identified as critical determinants of this preference.

Considering this, this study aimed to address a gap in the
literature by examining how key psychological
factors—specifically epistemic trust, personality traits,
avoidance-based attachment styles, and fear of
intimacy—influenced individuals’ willingness to engage with
CAs for mental health support. The goal was to contribute to a
deeper understanding of the psychological underpinnings that
shape preferences for CA-based therapy, with broader
implications for the ethical implementation of AI in mental
health care. To achieve this, we employed an ordinal logistic
regression model to assess the predictive role of these factors
in shaping individuals’ dispositions toward AI-mediated
therapeutic interventions.

Methods

Recruitment and Sample
Data were collected through an online survey distributed to
students attending the MSc course “Psychology of
Communication” at the Department of Philosophy,
Communication and Performing Arts of Rome3 University
(Italy). The study was advertised by posting an e-copy of the
study flyer on the academic page and Microsoft Teams channel
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of the MSc course, reaching out to a pool of 876 students.
Participants accessed the survey through a Google Forms link,
where they were presented with a Participation Information
Sheet (PIS) outlining study details, that is, a concise overview
of the study’s objectives, participation requirements, data
handling procedures, and contact information for the principal
investigator, followed by a consent form.

Ethical Considerations
The participants were asked to confirm their agreement to
participate by clicking “I agree” on the consent form. Selecting
this option to express informed consent redirected participants
to another form containing the assessment measures used as
part of this study. Participants remained anonymous and could

withdraw from the study at any time before data analysis by
contacting the principal investigator through email as described
in the PIS. The online survey used in this study was designed
and implemented in accordance with the CHERRIES (Checklist
for Reporting Results of Internet E-Surveys [53]) guidelines,
ensuring methodological transparency, ethical compliance, data
integrity, and robust participant engagement throughout the
process. Table 1 reports the CHERRIES criteria and how they
were met for this specific study. All procedures performed in
studies involving human participants were in accordance with
the ethical standards of Italian Psychoanalytical Association
(ethical approval 0405/2023) and with the Declaration of
Helsinki of 1975, revised in 2013.

Table . CHERRIESa compliance.

Study implementation detailsCHERRIES criteria

Cross-sectional web survey design using Google Forms.Design

IRB approval obtained (AIPsic ethical approval 0405/2023); informed
consent collected through an online form.

IRBb approval and informed consent process

The survey was pretested internally by the research team; translated scales
were validated via back-translation.

Development and pretesting

Participants were MSc students recruited through an e-flyer advertising
the study, posted on the MSc course Microsoft Teams channel and Univer-
sity webpage; 876 were invited.

Recruitment process and description of the sample having access to the
questionnaire

Google Forms used; PISd and consent form provided before questionnaire;
anonymity and withdrawal rights ensured.

Survey administration

736 out of 876 responded (84.01% response rate); 735 included in final
analysis after removing 1 outlier.

Response rate

Participants could only submit the form once; the survey required institu-
tional login preventing duplicate submissions.

Preventing multiple entries from the same individual

Ordinal logistic regression models used; assumptions tested; best-fit

model selected (PPOMe); power analysis conducted.

Analysis

aCHERRIES: Checklist for Reporting Results of Internet E-Surveys.
bIRB: institutional review board.
cAIPsi: Italian Psychoanalytical Association.
dPIS: Participation Information Sheet.
ePPOM: partial proportional odds model.

Measures

Sociodemographic Information and Willingness to Rely
on CA-Based Therapy
Sociodemographic information (eg, age, gender, years of
education, and marital status) was collected. To assess the
preference for CA-based therapy over human being-based
clinical interventions, participants were asked to answer the
following question: “On a scale from 1 to 5, how willing are
you to participate in psychotherapy sessions solely facilitated
by artificial intelligence (AI), without any interaction with a
human psychologist?” (scores range from 1=not at all to
5=extremely).

Epistemic Trust
The Italian adaptation [54] of the Epistemic Trust, Credulity
and Mistrust Questionnaire (ETCMQ [31]) was used to assess

epistemic trust. This is a 15-item self-report measure with a
3-factor structure assessing various forms of epistemic stance
(ie, epistemic trust, credulity, and mistrust). Items were adapted
and referred specifically to CA-based therapy (ie, When I have
a personal problem, I usually ask AI for advice; If I don’t know
what to do, my first impulse is to ask AI because I trust). In this
study, Cronbach α for ETCMQ was 0.95.

Attachment
The Italian translation of the Relationship Questionnaire [55]
(RQ [47]) was used to assess attachment styles. It is a 4-item
self-report measure that describes 4 prototypical attachment
attitudes (secure, dismissing, preoccupied, and fearful), linked
on a 7-point Likert scale. In this study, Cronbach α for RQ was
0.97.
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Personality Domains
The Italian version [56] of the Personality Inventory for
DSM-5—Brief Form—Adult (PID-5-BF [57]) was used to
evaluate personality functioning. The PID-5-BF comprises 25
self-reported items designed to assess 5 maladaptive personality
domains: negative affectivity, detachment, antagonism,
disinhibition, and psychoticism, in accordance with the
alternative DSM-5 model for personality disorders [58].
Participants rate each item on a 4-point Likert scale, with higher
scores indicating greater personality dysfunction. In this study,
Cronbach α for PID-5-BF was 0.87. As for the Italian version
of the RQ [54], the psychometric properties and validation
processes of the translated version of the PID-5 are detailed in
the original validation studies.

Fear of Intimacy With Helping Professions
Originally developed to assess the comfort of revealing intimate
personal details to helping professions, the Fear of Intimacy
With Helping Professionals Scale (FIS-HP [46]), is a modified
version of the 35-item Fear of Intimacy Scale (FIS) [59]. The
FIS-HP has 18 items grouped into 3 factors, each formed by 6
items, named fear of sharing, openness to intimate sharing, and
information sharing. Although a validated Italian translation of
this scale is not available, in this study, the original FIS-HP [42]
was translated into Italian by 2 bilingual psychologists and
researchers and then back-translated by an independent translator
to verify the equivalence of the translated scale to the original
one, in line with the process followed to obtain the Italian
standardized version of the 35-item FIS [60]. In this study,
Cronbach α for FIS-HP was 0.94.

Statistical Analysis

Power
To determine sample size, we computed an a priori power
analysis for logistic regression using G*Power (version 3.1.9.2;
Heinrich-Heine-Universität Düsseldorf) [61] as described by
Aysel et al [62], which resulted in a recommended sample size
of n=683 (α=.05; β=.95; odds ratio [OR] 1.3, 95% CI 1.15-1.47;
critical z score=1.64).

Data Analytics Strategy
Given the polytomous and ordinal nature of the dependent
variable (ie, willingness to address mental health conditions
only via CA-based interventions, assessed using 5 categories
that may be ordered according to the level of magnitude), we
performed an ordinal logistic regressive model using the polr
function in the MASS package of R (R Core Team, 2025),
following the procedure described by Liang and Zhan [63]. This
modeling approach was selected because the POM is particularly
well-suited for handling ordinal outcome variables, where the
distance between response categories cannot be assumed to be
equal. Unlike traditional methods such as ANOVA, which
require continuous dependent variables and assume homogeneity
of variance across groups, POM retains the ordinal structure of
the outcome and models the cumulative probability of being in
or above a particular category. This allows for a more accurate
and interpretable analysis of ranked responses. Furthermore,
POM enables the inclusion of multiple predictor variables—both
continuous and categorical—and yields interpretable outputs

in the form of ORs, which is particularly advantageous when
assessing complex psychological and demographic predictors.
Thus, the POM offers a more robust and statistically appropriate
framework for evaluating the ordinal response structure inherent
to participants’ preferences for CA-based therapy [64,65].

Probabilities of the ordinal response variable were transformed
into log-odds via logit function, as shown in Equation 1.

Equation 1: Logistic transformation of cumulative probabilities.

(1)logit(P(Y≥j))=ln [(P(Y≥j)/1−P(Y≥j))]=β0j+β1jX

In logistic regression, log-odds indicate the likelihood of being
at or below a certain category level relative to being above it.
A positive logit value suggests a higher likelihood of being in
or below a particular category, while a negative value indicates
a higher likelihood of being above that category. To express
odds in terms of predicted probabilities, which are often easier
to interpret, we used the transformation formula:

Equation 2: Conversion from log-odds to predicted probabilities.

(2)P(Y≥j)=exp (β0j+β1jX)/[1+exp (β0j+β1jX)]

Where P(Y≥j) represents the predicted probability of the
dependent variable Y being in or below category level j, e is
the base of the natural logarithm ( 2.718), β0j and β1j are,
respectively, intercept and coefficient for the independent
variable X. As gender is a dummy variable, we used the
following formula:

Equation 3: Predicted probability for dummy variable (gender).

(3)P(Y≥j)=exp (β0j+β1j×Gender)/[1+exp (β0j+β1j×Gender)]

We used the POM, considering the effects of independent
variables (IVs) on the dependent variable as equal across all
categories. For instance, the OR of each IV is the same for each
cut-off – (1) P[Y=1] versus P[Y≥2], (2) P[Y≤2] versus P[Y≥3],
(3) P[Y≤3] versus P[Y≥4], and (4) P[Y≤4] versus P[Y≥5]. POM
is the most frequently used logistic regression model for
analyzing ordinal response variables [64,65]. However, it leads
to strong assumptions that, if violated, may lead to incorrect
data interpretations [66]. Checking assumptions is crucial to
ensuring the validity of statistical analyses and to justify the
choice of a model above others [67]. For example, in their
review of clinical psychology studies involving linear regression,
Ernst and Albers [68] found that only 2% of cases were both
transparent and correct in reporting assumption checking, and
a further 6% were transparent but incorrect, leading to serious
inferential problems [68].

To test the proportional odds assumption (or parallel line
assumption), we conducted the Brant test via the Brant R
package [69]. If the P value of the Brant test is lower than .05,
the proportional odds assumption should be considered violated.
When data fail to satisfy the proportional odds assumption, a
solution is fitting a NPOM or the PPOM [70]. The main
difference between NPOM and PPOM is that while the first
allows each of the IVs to vary across each category of ordinal
response variable, the second just allows to vary only IVs that
have violated the assumption.
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Results

Out of 876 students, 736 students (84.01% respondents) aged
18 to 85 years completed the survey. As outliers increase data
variability and decrease statistical power, 1 participant (male,
age 85 y) was manually removed. The final sample consisted
of 735 participants (191 males, 25.98%; 543 females, 73.88%;
and 1 missing) with a mean age of 27.69 (SD 12.31) years. The
single case with missing gender data was handled using multiple
imputation, ensuring that no data were excluded from the
analyses due to this missing value. Although the age range of
the sample was broad (18‐85 y), the distribution was
moderately right-skewed, with a median age of 24 (IQR 19‐31)
years, reflecting the student population from which the sample
was drawn. The majority (n=561, 76.36%) were single or in a
nonserious relationship, and the remaining 414 (56.3%) were
married or in a stable union. On average, participants had 13.84
(SD 3.50) years of education. A total of 76 individuals (10.30%)
reported a previous mental health condition, such as anxiety or
depression; 127 (17.3%) reported frequent substance use (≥3
times/week) without meeting the criteria for abuse or
dependence.

Table 2 shows the POM model results.

The results of the Brant test show that the overall test fails, and
the parallel line assumption is not satisfied (χ²105=187.8;
P<.001). Thus, the results of POM should not be interpreted
nor generalized, as some predictors might have nonuniform
effects across different levels of the outcome variable,
necessitating a more flexible modeling approach. In light of
this, possible alternative models to explain the data were
considered, and Tables 3 and 4 report the results of such
alternative models, respectively NPOM and PPOM.

After partially lifting the restriction, both PNOM and PPOM
were models found to fit data correctly and may be useful to
explain them. To identify the best solution for this purpose, we
compared NPOM and PPOM by using residual deviance, which
may be considered a measure of discrepancy of a generalized
linear model from real observed data [71]. Thus, the lower the
value, the smaller the discrepancy and the better the model can
predict the value of the response variable. Residual deviance
was computed by the VLMC R package [72], which allows for

the optimization of the Akaike information criterion (AIC) or
Bayesian information criterion (BIC) and overcomes problems
related to residuals for polytomous response data by generating
data through a Monte Carlo Chain. Results showed that PPOM
had a better fit with respect to NPOM (rD=3530.472 vs
6244.009) and was therefore selected as the chosen model. More
specifically, the choice of PPOM over the NPOM was justified
by several considerations. First, the residual deviance for PPOM
(3530.472) was significantly lower than that of NPOM
(6244.009), indicating that PPOM provided a better fit to the
observed data. While NPOM relaxed the proportional odds
assumption entirely, allowing all predictors to vary across
response levels, this approach risked overfitting and reduced
parsimony, especially when predictors with no significant
nonproportionality were unnecessarily freed. PPOM, on the
other hand, selectively relaxed the proportional odds assumption
only for predictors that violated it, as identified through the
Brant test. This selective relaxation struck a balance between
addressing assumption violations and maintaining
interpretability, which was a key advantage over the more
complex NPOM. By preserving the proportional odds
assumption for variables that met it, PPOM simplified
interpretation while capturing nuanced effects for predictors
like relationship status and fear of sharing. The findings from
PPOM offered unique insights. For instance, epistemic trust
demonstrated a consistent effect across all response levels,
underscoring its robust role as a predictor of preference for
CA-based therapy. Fear of sharing, however, exhibited a
nonuniform effect that intensified as willingness thresholds
increased. Similarly, PPOM revealed a gradient effect for
relationship status, where single individuals showed the
strongest preference for CA-based therapy at lower thresholds,
a pattern that diminished at higher thresholds. Traits like
detachment and psychoticism also varied across levels, with
detachment exerting a weaker influence at lower willingness
thresholds and becoming more pronounced at higher thresholds.
These level-specific effects, which were not as clearly
identifiable in NPOM, underscored the nuanced contributions
of PPOM. Therefore, the model provided a more precise and
actionable understanding of the factors influencing CA-based
therapy preferences, balancing statistical rigor with
interpretability and offering practical insights for targeted
interventions.
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Table . Proportional odds model results.

P valuez valueSEORaVariables

.690.3950.8531.400Intercept 1

.85−0.1880.8510.852Intercept 2

.24−1.1800.8510.367Intercept 3

.03−2.1880.8530.155Intercept 4

.11−1.5850.2040.724Gender (male)

≥.990.0050.0091.000Age (years)

.0023.1700.0251.082Education (years)

<.0013.3780.3893.717Single

.0032.9820.342.751Married or in a stable union

.550.6050.7471.572Not in a serious relationship

ETMCQb

<.0014.0170.4341.745    Epistemic trust

.161.3980.520.727    Epistemic mistrust

.321.0020.6750.677    Epistemic credulity

PID5−BFc

.800.2530.0561.014    Negative affectivity

.00114.6150.0650.95    Detachment

.00112.7140.070.89    Antagonism

.00217.50.061.05    Disinhibition

.00314.00.081.12    Psychoticism

RQd

.470.7310.0541.040    Secure

.34−0.9550.0590.945    Fearful-avoidant

.22−1.230.0650.923    Preoccupied

.37−0.8960.0550.952    Dismissing-avoidant

FIS−HPe

.0013.240.0251.086    Fear of sharing

.560.5910.0251.015    Openness to intimate
sharing

.69−0.4060.0290.988    Sharing information

aOR: odds ratio.
bETCMQ: Epistemic Trust, Credulity and Mistrust Questionnaire.
cPID5−BF: Personality Inventory for DSM-5—Brief Form—Adult.
dRQ: Relationship Questionnaire.
eFIS-HP: Fear of Intimacy with Helping Professionals Scale
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Table . Results of the nonproportional odds model (NPOM).

logitlink(P[Y>=5])logitlink(P[Y>=4])logitlink(P[Y>=3])logitlink(P[Y>=2])aVariables

0.3190.1100.1110.141Interceptb

0.7660.8230.8550.613Gender (male)b

1.0040.9930.9960.978Age (years)b

1.0631.0891.1121.132Education (years)b

2.6277.8626.46910.309Singleb

2.2685.4523.8776.074Married/stable unionb

1.4652.1993.0682.662Not in a serious relation-

shipb

ETMCQc

1.0701.1111.1141.117    Epistemic trustb

0.890.870.880.85    Epistemic mistrust

1.0761.0991.1371.154    Epistemic credulityb

PID5-BFd

0.9881.1001.0831.110    Negative affectivityb

1.0110.9100.9020.877    Detachmentb

0.3190.1100.1110.141    Antagonism

1.031.041.071.05    Disinhibition

1.071.061.081.10    Psychoticism

RQe

1.0281.0891.0370.948    Secure

0.9420.9160.9591.027    Fearful-avoidantb

0.9640.9630.8370.881    Preoccupiedb

0.9461.0000.9551.021    Dismissing-avoidantb

FIS-HPf

0.9191.0231.0991.114    Fear of sharingb

0.9691.1241.1821.241    Openness to intimate
sharing

0.9651.0020.9680.969    Sharing information

aLogit link values represent log-odds coefficients from the ordinal logistic regression model, indicating the effect of each predictor on the likelihood of
expressing greater willingness to engage in conversational agent–based therapy (measured on a 5-point ordinal scale). Positive coefficients indicate a
higher probability of choosing more favorable response categories (e.g., “somewhat willing” or “extremely willing”), while negative coefficients reflect
a tendency toward lower willingness.
bP<.001.
cETCMQ: Epistemic Trust, Credulity and Mistrust Questionnaire.
dPID5−BF: Personality Inventory for DSM-5—Brief Form—Adult.
eRQ: Relationship Questionnaire.
fFIS-HP: Fear of Intimacy with Helping Professionals Scale
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Table . Results of the partial proportional odds model (PPOM).

logitlink(P[Y>=5])logitlink(P[Y>=4])logitlink(P[Y>=3])logitlink(P[Y>=2])Variables

0.2700.1600.2600.190Intercepta

0.7700.7700.7700.770Gender (male)a

1.0001.0001.0001.000Age (years)a

2.4209.8308.02018.03Singlea

2.1706.1004.5407.710Married or in a stable uniona

1.5901.8102.3101.490Not in a serious relation-

shipa

ETMCQb

1.241.241.241.24    Epistemic trusta

0.930.930.930.93    Epistemic mistrusta

1.091.091.091.09    Epistemic credulityc

PID-5BFd

1.0101.0101.0101.010    Negative affectivitya

0.9700.9700.9700.970    Detachmenta

0.9500.9500.9500.950    Antagonism

0.9400.9400.9400.940    Disinhibition

0.9500.9500.9500.950    Psychoticisma

RQe

1.0401.0401.0401.040    Secure

0.9400.9400.9400.940    Fearful-avoidanta

0.9500.9500.9500.950    Preoccupieda

0.9600.9600.9600.960    Dismissing-avoidanta

FIS-HPf

1.011.021.031.03    Fear of sharinga

0.970.970.970.97    Openness to intimate
sharing

1.001.001.001.00    Sharing information

aP<.001.
bETCMQ: Epistemic Trust, Credulity and Mistrust Questionnaire.
cP<.01.
dPID-5BF: Personality Inventory for DSM-5—Brief Form—Adult.
eRQ: Relationship Questionnaire.
fFIS-HP: Fear of Intimacy with Helping Professionals Scale

Overall, our data showed that epistemic trust emerged as a strong
predictor of willingness to rely on CA-based therapy. Higher
levels of epistemic trust significantly increased the likelihood
of choosing AI-mediated therapy (OR 1.745, 95% CI
1.10‐1.41; P<.001). Fear of intimacy, particularly the
subdomain fear of sharing, also demonstrated significant
predictive power (OR 1.086, 95% CI 1.01‐1.06; P=.001).
These findings suggest that individuals with higher epistemic
trust and fear of interpersonal vulnerability are more inclined

toward AI interventions. Attachment styles showed differential
associations with preferences. Secure attachment was not a
significant predictor, while avoidant attachment
styles—particularly dismissing and fearful—were negatively
associated with willingness to engage in CA-based therapy,
although these effects were not statistically significant for
fearful-avoidant style (P=.34), and should be interpreted
cautiously. Personality traits, including negative affectivity,
detachment, and psychoticism, were significant predictors of

JMIR Hum Factors 2025 | vol. 12 | e70698 | p.3502https://humanfactors.jmir.org/2025/1/e70698
(page number not for citation purposes)

Guglielmucci & Di BasilioJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


preference for CA-based therapy. For instance, detachment was
associated with lower willingness (OR 0.95, 95% CI 0.94‐1.00;
P<.001), while psychoticism predicted higher willingness (OR
1.12, 95% CI 1.04‐1.21; P=.003), suggesting that individuals
with certain traits may prefer less emotionally intense interaction
modalities. Demographic variables also contributed to the
prediction model. Men were less likely than women to prefer
CA-based therapy, although this effect was not statistically
significant (P=.11). Education was positively associated with
willingness to engage in CA therapy (OR 1.082, 95% CI
1.03‐1.14; P=.002), suggesting that more educated individuals
may perceive AI as a viable therapeutic option. Although men
were less likely than women to prefer CA-based therapy (OR
0.724, 95% CI 0.49‐1.08), this effect was not statistically
significant (P=.11). Finally, relationship status showed robust
associations: single participants were significantly more likely
to prefer CA-based therapy (OR 3.717, 95% CI 1.73‐7.97;
P<.001), as were those married or in stable unions (OR 2.751,
95% CI 1.41‐5.36; P=.003), when compared to those in less
defined relationships. In sum, our analyses underscored the
multifaceted role of epistemic trust, attachment, personality
traits, and demographics in shaping individuals’ preferences
for CA-based mental health interventions. These findings have
implications for tailoring AI-based mental health services to
individual needs and addressing potential barriers to their
acceptance.

Discussion

Principal Findings
This study examined the psychological and demographic factors
influencing individuals’ preferences for conversational agent
(CA)-based therapy over traditional human-mediated
interventions. Using robust statistical approaches, we identified
significant predictors, including epistemic trust, attachment
styles, personality traits, fear of intimacy, and demographic
factors such as gender and education. More specifically, greater
epistemic trust significantly increased individuals’ willingness
to engage with CA-based mental health therapy, highlighting
its central role as a precondition for trusting AI-mediated
support. Higher levels of fear of intimacy, particularly fear of
sharing personal information, also predicted a preference for
CA-based support, suggesting that individuals who feel
emotionally vulnerable or threatened by interpersonal closeness
may gravitate toward less socially demanding therapeutic tools.
Personality traits such as detachment and psychoticism were
also associated with greater willingness to use AI-mediated
therapy, reflecting a preference for emotionally distant or
unconventional interaction styles. Attachment styles showed
more nuanced effects: individuals with avoidant attachment
(both dismissing and fearful) were less inclined to engage in
traditional human-based therapy, indirectly favoring CA-based
interventions. Demographic predictors such as being single and
having a higher level of education further contributed to
increased willingness to use CA-based mental health support.
These findings align with broader trends in the literature. Recent
studies demonstrate that user trust in AI mental health tools is
influenced not only by personal traits but also by perceptions
of safety, anonymity, and emotional support [3] For example,

Abd-Alrazaq et al [71] found that emotional comfort and
perceived nonjudgmentality foster trust in CAs - mirroring our
finding that epistemic trust and fear of intimacy shape AI
preferences. Similarly, a validated model by Lee et al [73]
emphasizes the roles of affect, social norms, and habitual use
in shaping engagement with well-being chatbots, supporting
the notion that behavioral and contextual factors interact with
internal dispositions, such as attachment and personality.
Furthermore, a recent expert on AI-driven CAs for mental health
support [12] raised concerns about user overreliance and the
limited emotional depth of chatbot responses, highlighting
ethical risks, particularly for individuals whose psychological
profiles may predispose them to overuse AI to avoid
vulnerability. A scoping review by Rahsepar Meadi et al [74]
further underscored the need for transparency, informed consent,
and safeguarding in AI therapy design, especially for
emotionally avoidant users. Finally, a study analyzing users’
reviews of CA-based apps for mental health [75] found that
users are more likely to disclose sensitive information to
chatbots due to their perceived anonymity, reinforcing our
interpretation that individuals with a fear of intimacy or high
detachment may favor CAs as emotionally safer alternatives.
Together, these converging lines of evidence reinforce our
conclusion that psychological vulnerabilities and individual
differences significantly influence engagement with AI-based
mental health interventions. This underscores the importance
of tailoring such tools to users’ psychological needs while also
addressing ethical, emotional, and relational implications of
replacing human intimacy with machine-mediated interaction
in mental health care [74]. The following sections delve deeper
into the specific roles of epistemic trust, attachment styles,
personality traits, and fear of intimacy, providing a more
granular analysis of how each contributes to shaping individual
engagement with AI-mediated therapy.

Epistemic Trust and the Role of AI
The results underscored the centrality of epistemic trust in
shaping individuals’ willingness to engage with CA-based
therapy. Higher epistemic trust significantly predicted a greater
preference for CAs (OR 1.745; 95% CI 1.31–2.32; P<.001),
affirming its role as a key determinant of trust in AI-mediated
interventions. This finding aligns with previous work [68],
which emphasized the importance of trust in fostering
acceptance of AI technologies. Our results suggest that
individuals who perceive AI as a reliable source of information
and support are more inclined to rely on it for mental health
therapy, echoing the epistemic relationship outlined by Alvarado
[22], who highlighted AI’s capacity to enhance human
knowledge in epistemic contexts. These findings also resonate
with the conceptualization of epistemic trust as a product of
early social learning [22,69], which influences how individuals
assess the reliability of new sources of knowledge, including
AI. This study contributes to the growing evidence that AI
systems, when perceived as epistemically trustworthy, can be
viable alternatives to human therapists. However, it also raises
ethical considerations about overreliance on AI and the potential
for reduced critical thinking, as highlighted in recent debates
on AI’s role in health care [70].
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Attachment Styles and Fear of Intimacy
Attachment styles, particularly avoidant patterns, emerged as
significant predictors of CA-based therapy preference.
Individuals with dismissing and fearful attachment styles were
less likely to engage with traditional human therapists, likely
due to discomfort with emotional intimacy and vulnerability.
These findings align with Bartholomew and Horowitz’s [43]
model of attachment, which posits that dismissing individuals
prioritize independence and avoid reliance on others, while
fearful individuals desire connection but struggle with trust and
fear of rejection. The preference for CAs may reflect a less
threatening avenue for emotional expression, consistent with
the argument that digital platforms offer “safe spaces” for
intimacy without the pressures of face-to-face interaction [75].
Fear of intimacy, particularly fear of sharing, also significantly
influenced preferences for CA-based therapy (OR 1.09, 95%
CI 1.03–1.14; P=.001). This supports previous findings that
individuals who struggle with interpersonal vulnerability may
gravitate toward less invasive therapeutic options. Ingersoll et
al [42] similarly found that fear of intimacy negatively impacts
the therapeutic alliance, potentially hindering the effectiveness
of traditional therapy. These dynamics underscore the need for
CA-based therapies to account for such fears while ensuring
they provide adequate emotional support and empathy.
Interestingly, while dismissing and fearful-avoidant attachment
styles were negatively associated with willingness to engage in
CA-based therapy, consistent with their underlying discomfort
with closeness or trust, secure attachment did not significantly
predict CA preference. This may reflect the adaptive flexibility
of securely attached individuals, who are typically comfortable
with both intimacy and autonomy [76,77]. As such, they may
evaluate AI and human-delivered interventions based more on
perceived usability or relevance than on relational needs or
avoidance patterns. In this context, their openness to various
forms of support may lead to a neutral or balanced preference,
rather than a strong inclination toward or against CA-based
therapy. Future studies might explore this by directly comparing
secure individuals’preferences across therapeutic formats under
varying emotional and contextual demands.

Personality Traits and Preferences for AI Therapy
Personality traits, particularly negative affectivity, detachment,
and psychoticism, were significant predictors of willingness to
engage with CA-based therapy. These traits reflect tendencies
toward emotional dysregulation, social withdrawal, and
unconventional thinking, which may drive preferences for less
interpersonal forms of therapy. The findings align with Marengo
et al [30] who noted that personality traits significantly influence
how individuals interact with digital technologies, including
AI. The association between detachment and CA preference
(OR=0.95, P<.001) is particularly notable. Detachment often
involves avoidance of emotional closeness, making traditional
therapy challenging. CAs, perceived as emotionally neutral,
may offer a more comfortable alternative. This supports prior
research by Matthews et al [27] who remarked that personality
traits affect individuals’ comfort with AI, particularly in
emotionally charged contexts like therapy. Similarly, the
significant role of psychoticism (OR 1.12, 95% CI 1.04–1.21;
P=.003) may reflect the appeal of AI-mediated therapy for

individuals with unconventional cognitive styles who might
find human interactions overwhelming or judgmental.

Demographic Influences on CA-Based Therapy
Preferences
Demographic factors, including gender, education, and
relationship status, also played a role in shaping preferences for
CA-based therapy. While gender differences were not
statistically significant, the trend suggested that men were
slightly more inclined toward AI therapy than women. This
aligns with previous findings suggesting that men are generally
more open to adopting new technologies [28]. Education level
was positively associated with willingness to engage in CA
therapy, suggesting that individuals with higher education levels
may perceive AI as a credible and innovative tool for mental
health support. These findings corroborate Glikson and
Woolley’s [68] assertion that technological literacy influences
the acceptance of AI in various domains. Relationship status
also emerged as a significant predictor, with single individuals
showing a markedly higher preference for CA-based therapy
compared to those in stable unions (OR 3.72, 95% CI 2.37–5.82;
P<.001). This may reflect the increased reliance on digital
solutions for emotional support among individuals with less
access to intimate interpersonal relationships, consistent with
findings by Loveys et al [2] on the role of digital technologies
in mitigating loneliness.

Implications for Practice and Policy
The findings have several practical and ethical implications.
First, they highlight the need for CA-based therapies to be
designed with sensitivity to individual differences, particularly
attachment styles and personality traits. For instance, individuals
with high detachment may benefit from interventions that
gradually build emotional engagement, while those with high
epistemic trust may prioritize transparency and reliability in AI
responses. Based on these findings, we recommend that
developers incorporate adaptive interaction styles into CA
systems, such as pacing strategies, tailored disclosure prompts,
and emotionally neutral yet supportive communication styles,
to accommodate users who struggle with emotional closeness
or fear of judgment. Second, our results underscore the
importance of addressing the potential risks associated with
CA-based therapy. While these technologies offer valuable
alternatives, particularly for individuals who struggle with
traditional therapy, they also carry risks of overreliance and
reduced critical thinking [74]. As discussed by Abd-Alrazaq et
al [3], ensuring that CA-based therapies are used as adjuncts
rather than replacements for human interaction is critical to
maintaining a balanced approach to mental health care. Third,
the role of demographic factors suggests that targeted outreach
and education efforts may be necessary to increase the
accessibility and acceptance of CA-based therapies across
diverse populations. For example, addressing technological
skepticism among older adults and less educated individuals
could help bridge gaps in mental health support. Furthermore,
we suggest that mental health practitioners consider screening
tools for psychological traits such as epistemic trust, attachment
insecurity, and fear of sharing, to help determine whether
CA-based interventions are suitable entry points or supportive
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complements to traditional therapy. CAs could then be integrated
into care in a way that accounts for users’ emotional readiness
and interpersonal vulnerabilities. Developers might also consider
implementing real-time monitoring features within CA systems
to detect signs of excessive dependency or emotional
withdrawal, prompting referral to human practitioners when
necessary. Finally, the findings raise important ethical questions
about the integration of AI in mental health care. As highlighted
in a recent review [78], the design and implementation of AI
systems must prioritize patient safety, privacy, and informed
consent. These concerns are echoed in emerging frameworks
for responsible AI integration in mental health research, which
emphasize transparency, stakeholder inclusion, and regulatory
oversight as essential components of ethical deployment [79].
These considerations are particularly important given the
reliance on self-reported data and the potential for biases in AI
algorithms. Taken together, our findings provide a foundation
for designing CA systems that are both ethically responsible
and psychologically attuned to the individual needs of users.

Strengths, Limitations, and Future Directions
This study offered a novel contribution to the emerging field
of digital mental health by focusing not only on the
technological acceptability of CAs, but also on the psychological
determinants that underpin individual preferences for
AI-mediated therapy. While previous research has highlighted
user satisfaction, perceived usefulness, or the technical
capabilities of CAs, relatively little attention has been paid to
why certain individuals are more psychologically predisposed
to prefer AI over human interaction in therapeutic contexts. By
integrating constructs such as epistemic trust, fear of intimacy,
attachment style, and maladaptive personality traits, this study
provides a more comprehensive and person-centered model of
CA engagement. This approach fills a critical gap in the
literature and offers clinically relevant insights for tailoring
CA-based interventions to the psychological needs and
vulnerabilities of different user profiles. Nonetheless, while
providing valuable insights, this study is not without limitations.
The sample was drawn from a specific population (university
students), which may limit the generalizability of the findings.
More specifically, the participants were all enrolled in a
psychology degree program, which likely reflects a cohort that
is highly educated, psychologically literate, and potentially more
open to digital therapeutic tools than the general population.
This homogeneity may have biased responses toward higher
levels of epistemic trust and engagement with AI, which could
inflate associations between psychological variables and
preference for CA-based therapy. As noted in broader critiques
of online survey methodology (eg, Andrade [80]), such sampling
bias is common and warrants careful consideration when
interpreting results. Future studies should replicate this work

using more diverse and representative populations to validate
and extend the findings. In addition, the reliance on self-reported
measures introduces the possibility of response bias, particularly
in relation to sensitive topics such as mental health history or
substance use. While all participants in this study were aware
of what CAs and CA-based therapy entail, due to their academic
exposure to topics including the definition, clinical implications,
and ethical considerations of AI-mediated therapy, this context
should not be conflated with broader public understanding.
Although we did not assess participants’ personal use of AI
tools for psychological support, this was a deliberate
methodological choice, as the study aimed to investigate
individuals’ willingness to engage with CA-based therapy, not
their actual behavioral engagement. Nonetheless, individual
differences in previous exposure to AI may have shaped
interpretations, and this represents an important avenue for
future research. Finally, we acknowledge that although the study
was grounded in established psychological theory, its
cross-sectional design limits the ability to draw causal
conclusions. While we refer to associations between constructs
such as epistemic trust, attachment style, and CA preference,
these relationships should be interpreted as correlational.
Longitudinal or experimental designs are needed to determine
causal pathways or mediating processes underlying these
associations. Looking ahead, while this study focused on
individual psychological predictors, future work could explore
the interaction between user characteristics and system-specific
features, such as CA interactivity, tone, or anthropomorphism.
Investigating how these elements jointly influence engagement
and outcomes could offer richer insights into optimizing
AI-supported mental health interventions across diverse user
groups. This priority also aligns with recent reviews (eg, Beg
et al [81]) calling for research that connects user characteristics
with CA functionalities, including interface style,
responsiveness, and therapeutic framing.

Conclusion
This study contributes to the growing literature on AI-mediated
mental health interventions by identifying key psychological
and demographic predictors of preferences for CA-based
therapy. The findings emphasize the importance of epistemic
trust, attachment styles, personality traits, and demographic
factors in shaping attitudes toward AI in mental health care.
While these technologies offer promising alternatives to
traditional therapy, their integration must be approached with
caution to ensure ethical and effective mental health support.
Future research should continue to explore the dynamic
interactions between individual differences and technological
features, paving the way for personalized and equitable mental
health interventions.
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Abstract

Background: Mental disorders are the leading cause of disability in young people (aged 12‐30 years), and their incidence
constitutes a major health crisis. Primary youth mental health services are struggling to keep up due to overwhelming demand,
the complexity and severity of young people presenting for care, and a shortage of qualified mental health professionals (MHPs).
Artificial intelligence (AI) tools have the potential to facilitate necessary improvements to diagnosis, triage, and care planning
for young people with emerging mental disorders.

Objective: The objective of the present scoping research was to examine beliefs and attitudes underlying MHP acceptance of
AI tools in youth mental health services.

Methods: In total, 57 MHPs (mean age 35.35, SD = 9.50 years, 72% female (n = 39)) with experience working with youth
populations (age 12-30) took part in study 1 that involved completing a web-based survey about the acceptability of using AI in
early intervention services. During study 2, 15 MHPs also participated in 1-hour semistructured Zoom interviews. Attitudes
toward the use of 2 novel AI prototypes (both of which provide recommendations for care coordination based on previously
published data analyses) in youth mental health were explored. Quantitative data were interpreted using descriptive statistics,
and qualitative analysis followed the thematic analysis approach.

Results: MHPs were more likely to agree than disagree that AI will improve youth mental health care overall (eg, n=37, 64%
participants somewhat or strongly agree that the field of mental health will improve with AI). Despite voicing concerns regarding
data security and privacy, MHPs also acknowledged a need for AI to improve the “signal-to-noise ratio” in services and address
delays to care for those with severe and complex problems. Such problems were seen as pervasive across the youth mental health
system and emphasize the serious costs of delaying the development and implementation of novel tools. All participating MHPs
discussed the potential negative impacts of not adopting novel tools.

Conclusions: MHP acceptance and uptake of novel AI tools in youth mental health services will be driven by a more complex
cost-benefit analysis of both adopting and not adopting, rather than solely on their design. The costs of delay are clear, and so
researchers and MHPs have a shared imperative to develop useful and meaningful clinical tools and to work jointly on integrating
them into practice. Limitations of our sample (including low sample size limiting generalizability) notwithstanding, these findings
should inform the future design and implementation of such tools.

(JMIR Hum Factors 2025;12:e71678)   doi:10.2196/71678

KEYWORDS

youth mental health; digital mental health; youth; adolescence; technologies

Introduction

Mental disorders have profound negative effects on young
people’s health, well-being, and socio-occupational functioning,
and the impacts typically continue throughout their life [1].
Mental disorders are the leading cause of disability among 10-
to 24-year-olds and are the leading cause of death among people

aged 15-44 in Australia [2-4]. In response to the extreme scale
and complexity of these problems, urgent calls have been made
to radically transform youth mental health services so that they
are able to provide more efficient and personalized treatments
[5,6]. For example, in Australia, this has led to the development
of headspace, an early intervention youth mental health service
that can provide multidisciplinary care to young people with
emerging mental disorders [7,8]. Similar early intervention
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services have also emerged internationally, for example, in
Canada, the UK, and Ireland, reflecting that youth mental health
is currently a global health crisis [9-12]. Yet, these services are
frequently overburdened and under-resourced, creating an urgent
need to improve assessment and care coordination, particularly
for those with emerging severe and complex problems [5,13,14].

To address this need, there is a rapidly growing interest in the
development of artificial intelligence (AI) tools that can provide
data-driven solutions to more efficiently and accurately plan
appropriate treatments, though such tools are yet to be
successfully implemented at scale in youth mental health
services [15-21]. Research has shown that there are unique
challenges to implementing AI tools in health care settings,
including regulatory restrictions and clinical decision systems,
along with a lack of trust as compared to other industries, likely
because making a mistake in health care settings could have
serious consequences, even death [22,23]. Even so, these
perspectives fail to consider the potential benefits of improving
decision-making systems, particularly in settings that are
under-resourced and lack qualified staff. This points to a need
for more targeted research focusing on specific challenges and
opportunities for implementing unique tools based on the
usefulness of the individual tool, characteristics of the setting,
and broader contextual factors.

Various frameworks have been proposed to identify factors that
may underpin successful implementation of novel technologies.
The technology acceptance model (TAM) and the unified theory
of acceptance and use of technology (UTAUT) are both widely
accepted theoretical frameworks [24-27]. TAM proposes that
technology acceptance is linked to perceived usefulness and
perceived ease of use and is one of the most widely used and
earliest theories in health care industries. UTAT is a broader
framework that includes performance expectancy (how much
a person believes that using the system will improve job
performance) and effort expectancy (the perceived simplicity
of using the system) along with cultural and organizational
factors such as social expectancy (the perception that others
believe the technology should be used) and facilitating
conditions (technical or organizational support). Both
frameworks are likely to have benefits for understanding this
complex problem. While it is important to understand
organizational- and system-level barriers, given that this is a
unique context facing significant challenges, mental health
professionals (MHPs) may also consider factors independent
of organizational or social setting. For example, young people
often present to mental health services with high levels of risk
and low functioning, which may be linked to less trust in novel
tools to assist with identifying severe clients, given the potential
consequences of mistakes.

So far, there is limited research on the use of tools to assist with
multidisciplinary assessment and care coordination in mental
health care settings, particularly early intervention services, as
current research tends to focus on the use of tools within therapy
or as self-help tools [5,6,28]. Broadly, barriers to implementation
among MHPs include low perceived usefulness of the tools,
poor access to training and supervision, and poor perceived
competence and knowledge in using clinical prediction models
[29,30]. Additionally, therapist characteristics such as external

feedback propensity (the degree to which someone values or is
open to feedback) and feedback utilization (the extent to which
someone implements feedback) significantly mediate the
effectiveness of digital tools on client outcomes [31]. Given
these barriers, it is important for design and implementation
research to engage with youth MHPs to understand how their
acceptance and uptake can be improved.

The present study focused on 2 tools that can be used by MHPs
that are intended to improve triage and care coordination of
young people with emerging mental disorders. Clients and
MHPs can input information regarding clients’multidimensional
needs, which is then processed by algorithms developed from
data on youth populations presenting to early intervention
services. Tool 1 is focused on assessing the level of complexity
so that clients can be triaged into short-term therapy or more
high-intensity and multidisciplinary treatments [32]. Tool 2 is
focused on predicting clients’ functional trajectory.[33] Those
who have a high likelihood of deteriorating likely require more
focused functional supports compared to care as usual.
Currently, rough prototypes of these tools have been constructed
as proof of concept (and so are not publicly available), and we
sought MHP feedback to inform their ongoing design and
improvement.

Accordingly, this research explores MHPs' acceptance of two
decision-making support tools within a unique context, youth
mental health services. The present paper describes 2 studies.
Study 1 aimed to assess MHP attitudes toward the use of AI
tools within youth mental health services more broadly, and the
aim of Study 2 was to gain feedback on MHP acceptance of 2
novel AI tools that have been designed to improve assessment
and treatment planning in youth mental health services.

Methods

Two scoping studies were conducted separately, each with
unique aims; quantitative and qualitative results were not
integrated. Study 1 involved descriptive analyses of general
attitudes toward digital tools amongst youth MHPs. Study 2
involved in-depth qualitative analysis of MHPs’ attitudes and
beliefs. These research studies were not preregistered. Data
from the study are available on request.

Recruitment and Informed Consent
We used snowball sampling via social media advertisements
(using LinkedIn and Facebook) and referrals from participants
or other MHPs that had existing relationships with our team to
recruit MHPs who had experience working with young people.
MHPs completed a digital consent form and indicated whether
they were willing to participate in a one-on-one interview, a
survey, or both. Participants willing to participate in a Zoom
interview were contacted via e-mail and were reimbursed for
participating in both the interview and the web-based survey.
Recruitment for surveys was time-limited as this was a scoping
study that was intended to inform further development and
testing of the digital tools; it was carried out between August
2023 and October 2024. Recruitment for qualitative interviews
continued until saturation had been reached in April 2024.
Participants were included in the study if they were health

JMIR Hum Factors 2025 | vol. 12 | e71678 | p.3511https://humanfactors.jmir.org/2025/1/e71678
(page number not for citation purposes)

McKenna et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


professionals who had provided mental health care to
adolescents and young adults (12-30).

Ethical Considerations
This study was approved by the University of Sydney’s Human
Research Ethics Committee (2021/HE000680). Informed
consent was obtained from all participants via web-based forms
before participating. All data was deidentified before analyses
and no identifying information was included in the current paper.
Participants were compensated for completing virtual Zoom
interviews.

Study 1: Quantitative Data Collection
We first collected web-based survey data about clinicians’
acceptance of decision-support tools in youth mental health care
to provide descriptive information about (1) the extent to which
MHPs were likely to see digital tools as acceptable and useful,
and (2) the potential barriers or facilitators of engagement over
and above acceptance of the tools.

Measures

Acceptance of AI-Powered Care Pathways
We adapted 8 items from an existing survey by Cornelissen et
al [24] based on the UTAUT, a previous study demonstrated
internal consistency and inter-rater reliability of the items, to
assess what factors were likely to impact MHPs’ acceptance
and uptake of AI tools in youth mental health services.
Participants were asked to rate statements such as “I believe AI
would be useful in my overall performance” on a 5-point scale
from “strongly disagree” to “strongly agree.”

Potential Impact of Innovations in Artificial Intelligence
We used 10 items to assess MHP’s opinions about the potential
of future AI to replace key tasks carried out in youth mental
health services. These items were adapted from a survey by
Doraiswamy et al [34] that assessed psychiatrists’ opinions on
AI to be more appropriate for youth settings and a range of
MHPs, including service managers, psychiatrists, psychologists,
etc. The utility of these items has been established in previous
studies [35,36]. Participants rated the potential importance of
using AI to improve various tasks such as “treatment planning”
and “identifying referrals to other services” on a 5-point scale
from “not at all important” to “very important.”

Facilitators and Barriers to Engagement
We used 12 items to assess what attributes of novel tools and
implementation strategies would most likely impact uptake of
novel tools in youth mental health services. Items were adapted
from a ranking exercise designed by Leigh et al [37] and were
based on a literature search along with expert consensus.
Example items included usability, an established research
evidence base, and endorsement by colleagues. Participants

were asked to rate attributes such as “usability” using a 5-point
rating scale from “not important” to “very important.”

Procedure
We used web-based surveys to collect quantitative data on the
acceptability of AI to health professionals in mental health
settings and on the potential facilitators or barriers of
implementation and engagement. We used descriptive statistics
to compare responses to these items. Given the available sample
size, it was not possible to analyze any differences in attitudes
between various items. Before analysis, data were screened for
valid responses (ie, reported job role fit inclusion criteria for
study and location of workplace was in Australia). Given that
we used descriptive statistics, participants with missing data
were excluded from analyses.

Study 2: Qualitative Data Collection
Participants were initially shown the digital tools and asked to
provide initial impressions of the tool before commencing the
interview. Semistructured interviews (see Multimedia Appendix
1) allowed us to gain more in-depth information about health
professionals’ attitudes toward decision support tools within
youth mental health settings. Qualitative data collection and
analysis followed Standards for Reporting Qualitative Research
[38].

Tool 1: Stratified Scoring of Young People’s Clinical
Needs
Participants were shown a stratified scoring tool that had been
embedded within the Innowell platform. The Innowell platform
facilitates multidimensional assessments by allowing clients
and their MHPs to complete in-depth initial assessments and
then track progress during treatment in 5 key domains: (1)
overall health, (2) mental health, (3) suicidal thoughts and
behaviors, (4) everyday functioning, (5) social connectedness,
and (6) drug and alcohol use. This platform has been described
in detail in previous publications [39,40].

As shown in Figure 1, the stratified scoring tool is designed to
improve identification of subgroups who have complex
multidimensional needs to determine appropriate service
pathways and care options. MHPs are given an estimate of the
probability that a client has (1) early and mild symptoms (low
and mixed symptomatology with limited functional impairment),
(2) moderate symptoms with impairment (established depressive
symptoms and functional impairment), or (3) high and complex
needs (very high and complex needs with functional impairment,
suicidality, and at-risk mental states (psychosis or mania). The
probabilities presented to MHPs are based on a latent class
analysis of a cohort of 1284 people aged 12‐25 years
presenting to youth mental health services, that has been
described in more depth in a previous publication [32].
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Figure 1. Depiction of tool 1 designed to provide stratified scoring of young people’s clinical needs.

Tool 2: Predicted Functional Change
Participants were also shown a tool that predicts a client’s
functional impairment trajectory over a 3-month period. As
shown in Figure 2, the tool shows MHPs the likelihood that a
client’s functional impairment will (1) remain constant, (2)
improve, or (3) deteriorate. The prognostic model was developed

from a sample of 718 young people (12‐25 y) who were
engaged in youth mental health care, and it has been described
in more detail in a previous publication [8]. In total, 8 factors
were used for prediction, including employment, education or
training status, self-harm, psychotic-like experiences, physical
health comorbidity, childhood-onset syndrome, illness type,
clinical stage, and circadian disturbance.

Figure 2. Depiction of tool 2 showing predicted functional change.

Measures
We designed a semistructured interview based on components
of TAM that aim to understand why users accept a given
technology and how user acceptance can be improved through
technology design. According to this framework, acceptance
can be measured by behavioral intention to use a novel tool.
Interview questions were focused on better understanding 4 key
themes, including (1) first impressions of usability, (2)
performance expectancy of the tool in decision-making, (3)
predicted use within workflow, and (4) professional or ethical
concerns.

Procedure
Semistructured interviews were conducted via Zoom,
video-recorded, and later transcribed. Interviews lasted
approximately 60 minutes. Transcriptions of the interviews
were analyzed using thematic analysis techniques, with the aim
of establishing themes regarding the acceptability of our tools
within youth mental health services [41]. Data analysis was
both inductive (what was in the data) and deductive (informed
by TAM) [24]. Two academic researchers (SM and MC)
independently established a list of codes based on transcripts
of the interviews. Subsequently, these codes were shared and
discussed with a master coder (FI) to establish key themes. A
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second round of coding was conducted using a similar process
to establish broader patterns of meaning within each theme and
refined during a face-to-face meeting with the master coder.
Trustworthiness of data coding was established by using two
coders and a master coder for triangulation and through an audit
trail that can be made available on request.

Results

Participants
The sample consisted of 57 MHPs (mean age 35.35, SD 9.50
years, 72% female (n = 39)) with experience working with youth
populations. The majority of participants (45, 81%) came from
metropolitan areas compared to rural or regional areas, with a
median of 6‐10 years of clinical experience. In total, 21
participants (37%) had 10 years of experience or less, and 4
participants (7%) had 20+ years of experience. In total, 16 (28%)
participants worked only in private settings, 17 participants
(30%) worked only in community or hospital settings, while
the remainder worked across a variety of settings. All

participants completed the web-based survey, while 15 also
agreed to participate in one-on-one semistructured interviews.

Quantitative Data Analysis of MHP Acceptance of
Novel AI Tools in Youth Mental Health Services
As shown in Figure 3, we first asked participants to rate the
perceived usefulness of AI to improve clinical care. In general,
participants were more likely to agree than disagree that AI (1)
would benefit their overall performance, (n=40, 71%, strongly
or somewhat agreed); (2) would improve the field of mental
health, (n=37, 64% strongly or somewhat agreed); (3) would
be useful in clinical decision-making, (n=33, 58%) strongly or
somewhat agreed); and (4) would increase the quality of care
(n=31, 54%) strongly or somewhat agreed. Almost all (n=52,
92%) participants strongly or somewhat agreed that AI would
improve the efficiency of administrative tasks. Most participants
(n=40, 71%) also agreed that AI tools would be easy for them
to learn. Even so, participants were unsure whether clients were
interested in AI-driven solutions, with (n=20; 34%) reporting
they neither agree nor disagree that clients would be interested.
Most participants (n=53, 93%) strongly or somewhat disagreed
that AI would fully replace their roles.

Figure 3. Levels of agreement among mental health professionals regarding the potential of AI to improve aspects of mental health care.

We also asked participants to rate the importance of using AI
to improve various clinical tasks (see Figure 4). Participants
were least likely to believe that AI was important for suicide
risk assessment (42% (n = 24) rating it as not at all or slightly
important) and clinical assessment (50% (n=29) rating it as not
at all or slightly important) and were most likely to believe that
it was important for improving administrative tasks (82% (n=47)
rating this as very important or important). Over half (50%

(n=29)) of participants believed it was important or very
important for AI to improve ongoing monitoring of outcomes,
identification of referrals to other services, and training and
development. For other items, including referral triaging and
allocation, clinical assessment, diagnostic decision-making, and
predicting prognosis and mental health trajectory, participant
ratings appeared to be more mixed.
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Figure 4. Perceived importance of using AI to improve various clinical tasks according to mental health professionals.

Finally, as shown in Figure 5, participants were asked to rate
the level of importance of various attributes when considering
implementing AI solutions into their practice. All items had
high levels of agreement (ie, over 60% (n=34) agree or strongly
agree). Over 90% (n=51) of participants saw an established
research evidence base, development by health professionals,

and data security and privacy as important or very important.
Meanwhile, over 80% (n=46) of participants reported that
accuracy, augmentation over automation, bias and
discrimination, usability, endorsement from credible bodies,
clear estimates of uncertainty, transparency, and training and
education support were important or very important.

Figure 5. Perceived importance of various aspects of implementing and designing novel digital tools according to mental health professionals.
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Qualitative Feedback on AI Prototypes as Proof of
Concept
Overall, we found that participating MHPs were highly
interested in the development of AI tools. Thus, rather than
simply focusing on the prototypes they were shown, discussions
focused on the costs and benefits of adopting and not adopting
diagnostic and prognostic AI tools in youth mental health
services more generally. In line with survey results, participating
MHPs were optimistic about the potential improvement to youth
mental health care that could be achieved through AI. However,
they also appeared to be highly cautious about potential risks
to clients and about financial, legal, or training burdens on
themselves.

Costs and Benefits of Adopting Novel Tools in Youth
Mental Health Services

New Tools Need to Overcome the Non-Negotiable
Barriers to Adoption (Costs)
Data fluency was a key concern, as participants often struggled
to interpret the results of Tool 1 (see Table 1, Theme 1.1). For
example, participants were often surprised by the case study
used to demonstrate Tool 1, as the individual was shown to have
the greatest probability of being in the low- or high-risk group
but no probability of being in the moderate group, which several
participants interpreted as an error. One participant noted that
for such tools to be implemented, MHPs would need to be well
trained in more complex statistical models. By comparison,
Tool 2, which used a pie chart to demonstrate predicted
trajectories, was immediately seen as more “user friendly,”
visually appealing, and easy to understand.
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Table . Qualitative feedback on artificial intelligence (AI) prototypes from youth mental health professionals.

Sample excerpts from qualitative dataThemes

Costs and benefits of adopting novel AI tools

Financial costs, time burdens, and safety concerns (costs)

“… it’s based on probability, right, which is not deterministic, and it’s not
likely chance. And so it’s something we have to get used to, in terms of
things not being black and white.”

[Participant #3, Male]

“I don’t know if I’m smart enough to understand the algorithms. But I
just, I’d be very interested in reading the, like the administration manual,

1.1 Training and other resources needed to understand complex algorithms
and establish trustworthiness, reliability, and validity.

or very dumbed down research paper that I could go, oh, this is why they
gave that particular weighting… this was the clinical team and the evidence
base that they drew upon.”

[Participant #17, Male]

“I want to know that it has been tested in clinical and community samples,
you know, I want to know about its reliability and validity… all that sort
of stuff.”

[Participant #6, Female]

“What one person thinks is complex at the beginning of their career, that
language is imprecise between people. And so having something standard-
ized and saying, well, 91.2% chance of this… I mean, that seems pretty
helpful to me.”

[Participant #19, Male]

“I’d want to know like how secure it is, like who can access this informa-
tion?”

[Participant #24, Male]

“Oh, just feels really intrusive in the person’s life and in a way that I
wouldn’t be comfortable with. So I think that’s one thing that’s put me
off.”

[Participant #15, Female]

1.2 Data security and privacy

“If the clinician doesn’t look at it, kind of like reading a doctor’s referral
letter, and they miss something, will you be liable?... you should probably

1.3 Professional liability for decision-making

be liable, because you’re not looking at important information… like that
is a professional issue… And on the flip side, if you make a clinical deci-
sion or a service decision that is maybe counter to the indications… say
there’s a coroner’s inquest and they say, well, the tool said actually you
should have referred and why didn’t you?”

[Participant #18, Male]

“I think for people that maybe don’t have that sort of level of insight…
about their own functioning or their own prognosis… this would be really

1.4 Ethical concerns about sharing predictive data with clients that may
lead to helplessness or reduced self-efficacy.

shocking for them… with someone that was like, oh, yeah, you know…
there’s nothing wrong with me, or this isn’t my fault, or any of those sort
of, like core beliefs about what’s going on for them. I can imagine them
seeing this would be really sort of shocking, or really disarming.”

[Participant #17, Male]

“People feel quite heard and seen by completing these things. And I think
that’s something if, if that can be made front and centre of these mea-
sures… clinicians have their own biases about X, Y, Z, but actually the
client experiences, it’s helpful… even clients being told that I think that,
yeah, helpful message.”

[Participant #9, Female]
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Sample excerpts from qualitative dataThemes

“Some of the clinicians would be like, I don’t have time to… look at all
that data before I see someone... And so I can see that that’ll be a struggle,
like how do you make this really quickly accessible as well.”

[Participant #5, Female]

“Depends about the cost… if it was free, and I knew the data wasn’t going
to go anywhere, and it was just for me and my practice, I’d use it every
day. Okay. If it costs me money, depending on how much… I’d probably
say a two out of ten [likelihood of using]. Okay. And if I’m desperate with
a complex case… I would, you know, I’d give it like a seven out of ten...
If it was a really small fee, I would give it to all my clients prior to them
starting.”

[Participant #18, Male]

1.5 Financial cost and time burden of implementing novel tool

Expected use for tools within existing workflows (benefits)

“I think it would be very helpful… there have been instances where we
have had a few clients come in, and we just weren’t the right service for
them… emerging psychosis or things like that, which were just not the
place for. So I think this would just be so helpful in being able to identify
that early on.”

[Participant #24, Male]

“If I ran the headspace center still… I’d be like an eight out of ten [chance
of adopting], like working really hard to see how we could bring this into
the center.”

[Participant #19, Male]

2.1 Faster identification and referrals of those with severe and complex
needs—particularly in large multidisciplinary clinics

“Clinical decision making and clinical judgment, has a pride of place…
there’s kind of entrenched deep problems with that, your biases… I think
the clinician has to be pretty open… the statistical tool is probably more
accurate than my feeling that someone is suicidal or not… If the test results
are coming back and saying 86% chance of being cancer, you should
probably agree with that rather than like, your various biases based on
your clinical experiences that have selective memories and things like
that.”

[Participant #5, Female]

2.2 Can supplement rather than replace clinical judgment, which is natu-
rally biased, and dependent on people’s training and experience

“It would be great to have something that could generate a type of like
rudimentary treatment plan… your client is presenting with all their history,
all this information, and it could like, all the latest research and interven-
tion… that would save so much time, because as a clinician, I think that’s
where so much of my time is taken just like treatment planning and stuff.”

[Participant #16, Female]

“Seeing what’s the best intervention out there, perhaps as a space where
AI can help. Okay, ADHD, the first line of treatment is CBT… gathering
all the research that’s effective there…”

[Participant #18, Male]

2.3 Can reduce burden of identifying evidence-based treatments particu-
larly for early MHPs assessing severe and complex clients

“Whatever gets measured, gets done…. you get funded by literally the
occasions of service you do… if you had this broader sense of, you know,
the social occupational functioning and depression, anxiety, and maybe
some other things to consider, like if that was all data that you could report
back on, to your funders to say this is the targets that we’re about… I re-
ally like that idea too.”

[Participant #4, Male]

“I think it’s really helpful from a service perspective… to look at how
they allocate their resources, but it would need some change… you know,
are they seeing people [with] early symptoms, are they mostly moderate,
you know, what are the what are the breakdown, and people are present-
ing?”

[Participant #9, Female]

2.4 “What gets measured gets done”—better information for funders and
governments regarding population needs
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Sample excerpts from qualitative dataThemes

“They just still continue to do what they do, they don’t necessarily take
all that information into account as we know… actually feeds back into
people’s skills and education.”

[Participant #5, Female]

“I don’t know that individual clinician workers actually, necessarily then
take that into account in terms of treatment planning. They’ve ticked off
the assessment that’s done and then the person is allocated according to
what the service can actually provide, not necessarily what the young
person needs.”

[Participant #2, Female]

“I think it’s up to how much the clinician uses the information again, if a
clinician is sensitive to what this data is, is telling them, then I think it can
have a significant impact on client outcome. But yeah, I guess, you know,
therapy needs to change as a result of this to impact the outcome.”

[Participant #19, Male]

2.5 “Clinicians will do what they always do”

Costs and benefits of not adopting AI tools

Irreplaceability of the “human touch” (benefits)

“This is a real person answering the question. There must be some other
issues here… physical, family, and help seeking history to complement
what’s been responded to - the why.”

[Participant #15, Female]

“The AI is not a human being with a culture with understanding and maybe
empathy. Of course, we could build it in, we could build it into the AI,
but again, you know, at what cost does that have? Like, what risk is that?
You know, would I be comfortable speaking to an AI? I don’t know…”

[Participant #16, Female]

3.1 Loss of empathy, understanding, and connection

“So I guess I will check you know, if I if I agree with that statistic. And
if I, if I did think that too, then I would look at you know, maybe you
know, getting them more supports or connected to different resources…”

[Participant #9, Female]

“I think because improvement in mental health is so variable… client can
have really different goals to begin with, goals can change throughout
with treatment… it’s never linear improvement either… like you might
not know at the start of treatment that they are on the spectrum and so you
could be trying to treat them as such, but it’s like, then they’re not going
to demonstrate improvement because there’s that crucial detail that you
missed.”

[Participant #10, Female]

3.2 Skeptical that treatment progress can be predicted by algorithms.

“This person’s needs haven’t been understood through this data. It’s just
their symptoms have been understood… So there’s a need to be really
cautious about… how we’re presenting the data, I guess, and what we’re
saying the data can and can’t do.”

[Participant #6, Female]

“I could see its potential benefits, but… there’s a part of me that’s like…
it can never override human judgment… it’s helpful, but I guess it’s not
the be all and end all. That’s just my initial sort of reaction… I guess it
would sound like a tool that I have to help support my decision making…
it’s still up to me to decipher and make sense of the information and to
come to my own conclusion about it.”

[Participant #10, Female]

3.3 MHPs pref their own clinical judgment
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Sample excerpts from qualitative dataThemes

“They just still continue to do what they do, they don’t necessarily take
all that information into account as we know… actually feeds back into
people’s skills and education.”

[Participant #5, Female]

“I don’t know that individual clinician workers actually, necessarily then
take that into account in terms of treatment planning. They’ve ticked off
the assessment that’s done and then the person is allocated according to
what the service can actually provide, not necessarily what the young
person needs.”

[Participant #3, Male]

“I think it’s up to how much the clinician uses the information again, if a
clinician is sensitive to what this data is, is telling them, then I think it can
have a significant impact on client outcome. But yeah, I guess, you know,
therapy needs to change as a result of this to impact the outcome.”

[Participant #15, Female]

3.4 “Clinicians will do what they always do”

The hidden costs of delay (costs)

“We have a huge demand for services, we have people presenting with
very mixed symptoms, we have them coming into systems where there is
very low levels of expertise… I see AI as being a tool which will help to
help to improve the signal to noise ratio, will help to be able to discriminate
quickly, those people who need to be stepped up into a kind of higher
level of care, to more intensive care or monitoring, and those people who
can be treated with a kind of briefer, less intense kind of treatment, and
they can be triaged accordingly, and then kind of monitored and tracked
accordingly.”

[Participant #5, Female

“I think it would be helpful when I’m a bit uncertain about a client in terms
of how complex I feel like it is going to be… and whether I’m feeling like,
they might need a different service, potentially. Kind of having a bit of a
clear line of why we might be referring them on.”

[Participant #4, Male]

4.1 High demand and high complexity in primary youth mental health
services along with “skills shortage” leading to delayed care and referrals

“If you have people with different levels of training and different theoret-
ical models and so on, I think it’d be helpful… that shared data… I could
see it being helpful in a supervision setting, too, because it’s sort of more
objective data that you can bring into the supervisee supervisory relation-
ship, and discuss and reflect on…”

[Participant #8, Female]

“A really, really clear example I can think of is if there’s someone who is
reporting psychotic, like experiences and it’s a less experienced clinician,
that person is going to be more inclined to go or shit they’ve got psychosis,
I need to send them to hospital as opposed to… what is it actually based
on? … as that support tool, as an adjunct for that clinical experience.”

[Participant #4, Male]

4.2 Service managers and supervisors have poor oversight of less experi-
enced clinicians and not involved in intake assessments

“I think the input we can provide is making sure it’s reliable, valid, and
so on. But when it comes to preferences, it’s not really my own prefer-
ence… it’s really what the folks in front of us want to utilize. And so we
need to be open minded to that and not biased.”

[Participant #17, Male]

“If these tools are improving, like health care outcomes, and are more ac-
cessible to people… it’s about trying to kind of reduce human suffering,
like why would you really want to get in the way of that…. if you kind of
imagine it in medicine, and they came up with some revolution, yeah, to
kind of detect cancer or something, and then doctors, cancer specialists
were like, ‘Oh, we don’t want to do that’ … we’d be up in arms about that
sort of thing.”

[Participant #24, Male]

4.3 Moral obligation to clients to adapt and improve.

Additionally, almost all users wanted detailed information about
how complexity and functioning had been assessed, including
understanding psychometric properties of assessment tools,

seeing individual items that had led to a particular rating, and
having a good understanding of the populations from which the
ratings had been derived. Notably, however, improved training
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for assessing and identifying severe and complex clients was
seen as an important gap, with or without novel tools. One MHP
commented that having tools such as this may lead to a more
uniform definition of complexity across health services and
professionals, which could improve ease of referrals and care
coordination.

Participating MHPs also raised concerns about security and
privacy (Theme 1.2) and wanted clear information about who
would have access to client data before using these tools. In
addition, participants had concerns about professional liability
if clients received inappropriate care or if risk was not responded
to in a timely fashion because of either ignoring or following
the advice of tools (Theme 1.3). Several participants reflected
on the need for clear guidelines from professional bodies, as
well as changes to legislation and insurance policies, before the
implementation of these tools could become widespread.

Moreover, when discussing Tool 2, several participants
discussed ethical concerns about sharing information about a
client’s predicted trajectories with clients themselves (Theme
1.4). Participants were particularly concerned about the
potentially damaging impacts on a client’s hope for recovery,
their self-efficacy, and their motivation to continue with
treatment. On the other hand, more experienced MHPs were
more likely to see this tool as empowering, with one participant
noting that they had used a similar tool in their practice and
found that “people feel quite heard and seen by completing these
things.”

Finally, the financial and time burdens of adopting novel tools
within health services were frequently cited as a major barrier
to implementation (Theme 1.5). Participants suggested that
MHPs would only pay a fee for novel technology if they could
quickly and easily understand the value of the tool.

Novel Tools Can Address Knowledge Gaps and Will
Have Particular Benefits for Severe and Complex
Presentations (Benefits)
Participating MHPs generally expected both tools to perform
well as a “red flag” system, particularly in large
multidisciplinary clinics with high demand for service, to
improve efficiency of care coordination, and to help identify
those with complex needs more quickly and easily (see Table
1, Theme 2.1). For this reason, participants who worked in
private practice were less likely to see the value in the tools,
given they did not generally triage clients before seeing them
for initial assessments. However, several participants reflected
on the difficulty of referring clients within the Australian
“Medicare system” and the value of these tools for improving
communication with general practitioners and other health
professionals.

Despite concerns about the tools’ accuracy and reliability,
several participants noted the value of having another source
of information. They thought the tools could provide valuable
insight about complex clients who were not responding to
current treatment by assessing whether their current trajectory
aligned with expectations (Theme 2.2). Participating MHPs
reflected that no tools should be used in isolation; instead, they

recommended that such tools should be “triangulated” with
other assessment methods and their clinical expertise.

Several participating MHPs suggested that both tools could be
improved by providing treatment recommendations, particularly
to reduce the burden of care coordination for complex or unique
presentations that may require a higher level of training and
expertise (Theme 2.3). In a similar vein, participants also
suggested that they would prefer these tools to help them
identify a client’s needs from treatment (ie, need for functional
supports), rather than diagnostic information, as this was seen
as more relevant for care planning.

As well as helping individual clients to get more efficient care,
one participant noted that “what gets measured gets done,”
suggesting that if tools such as this are implemented in services,
it will help funders to better understand client needs and support
more diverse support options in youth mental health services
other than individual therapy (Theme 2.4).

An important caveat is that participants predicted these benefits
would not be realized without adequate training and support for
participating MHPs. One participant commented that a lack of
experience and expertise in treating severe or complex problems
would limit the tools’ usefulness (Theme 2.5). They also
predicted that the use of the tools would be limited by
participants’ training in multidisciplinary care more broadly.
Indeed, several participating MHPs working in private
psychology practices commented that they did not directly
address client functioning and did not see Tool 2 as relevant to
them.

Costs and Benefits of “Business as Usual” in Youth
Mental Health Services

Essential to Preserve Benefits of the “Human Touch”
(Benefits)
Even among participants who were highly open to these tools
and believed they could be beneficial, there were significant
concerns about replacing in-person assessments with digital
tools (see Table 1, Theme 3.1). For the most part, participants
were worried that digital tools could not display empathy and
understanding or build connections with clients. They were also
concerned that tools did not consider important contextual
information such as family history, social support, or
interpersonal communication styles. Additionally, participants
were highly skeptical about tools predicting the likelihood of
future trajectories (Theme 3.2), as they viewed progress in
therapy as highly variable and influenced by a complex range
of factors. Most reported that they would mainly use prediction
tools retrospectively to assess whether treatments were achieving
the intended effects or needed adjustments.

A related problem was that participants ultimately trusted their
clinical judgment over and above algorithms to make final
decisions about treatment planning (Theme 3.3). When asked,
most participants stated they would trust their clinical judgment
if they disagreed with the tools. Having said this, 3 clinical
supervisor participants wanted to use these tools with less
experienced MHPs to help them recognize biases in their
thinking. These participants were also more likely to see
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“disagreements” with the tools as an important source of
information that would enable more reflection and assessment,
rather than seeing tool ratings as “right” or “wrong.”

Urgent Need to Improve the Signal-to-Noise Ratio in
Youth Mental Health Services, and MHPs Cannot Get
in the Way of Progress (Costs)
Importantly, most participants also wanted to discuss broader
issues in youth mental health services that required urgent
improvement through tools such as those used in the present
study, indicating that whilst they had concerns about adopting
novel tools, they also had concerns about business as usual.
Participants frequently commented on issues such as “skills
shortage” and the current high demand for services in Australian
youth mental health services (see Table 1, Theme 4.1).
Participating service managers were concerned that young
people were presenting to care earlier in the course of illness
(when symptoms are more mixed rather than meeting criteria
for specific disorders) and in higher numbers and reported a
shortage of skilled health professionals in Australian early
intervention services. As such, the tools were seen to improve
the “signal-to-noise ratio” within health services by identifying
those with more severe disorders earlier and providing more
efficient referrals and care coordination to appropriate services.

Additionally, 2 participating service managers cited occasions
when clients had been turned away, despite presenting with
concerning symptoms, due to lack of knowledge of intake staff
(Theme 4.2). For this reason, they frequently discussed how
our tools could improve supervision and oversight of less
experienced MHPs in their services, particularly those making
decisions about referrals and allocation of care.

There were also ethical and moral concerns about
“gate-keeping” a client’s access to more accurate and
comprehensive assessments (Theme 4.3). Two participants
made comparisons to medical fields, such as cancer treatment,
suggesting that if professionals in these fields were reluctant to
adopt evidence-based tools, it would be seen as highly unethical.
Participants reflected that the decision to use or not use novel
tools should involve clients, particularly if they have been shown
to improve outcomes.

Discussion

In sum, MHPs that participated in our study were optimistic
that AI would lead to improvements in youth mental health care
overall. Despite non-negotiable barriers to adoption, including
the financial and cost burdens of learning novel tools,
participants found the tools to be useful “red flag” systems that
could drastically improve the efficiency of referral and treatment
planning processes. These findings highlight both the expected
costs and potential benefits of adopting novel tools in clinical
settings. Equally, all participating MHPs discussed the impacts
of not adopting novel tools (despite not being asked directly),
demonstrating the complexity of this decision. Interpersonal
relationships with MHPs have important benefits for clients
that should be protected. Even so, there are significant risks to
clients if youth mental health services do not adopt more

intelligent systems that can address the “signal-to-noise” ratio
and ensure complex clients receive high-quality care faster.

This work provides a better understanding of how MHPs will
make decisions about accepting and adopting novel AI into
practice. Digital mental health research has reported consistent
problems with widespread implementation of novel tools in
youth mental health, partly due to MHP resistance [15-21]. Even
so, MHPs in our study clearly saw the utility and value of AI
(quantitatively and qualitatively), and this value ranges from
reducing administrative burden to helping with referrals,
prediction, and treatment planning. These benefits
notwithstanding, MHPs identified serious challenges to
overcome, including training requirements, infrastructure
limitations, and professional liability concerns. Meanwhile,
many of the barriers identified are highly solvable—not just in
the future, but they must be addressed before widespread
adoption can occur. If these barriers are addressed and benefits
realized, MHPs clearly acknowledge the value of improved
workflows, particularly in high-volume clinics, and predict
important benefits for broader mental health system demand.
This has the potential to raise the quality of decisions about
evidence-based treatments by supporting them with quality
information and predictions. Therefore, the costs of delay are
clear. Researchers and MHPs have a shared imperative to
develop useful and meaningful clinical tools and to work jointly
on integrating them into practice.

These findings also demonstrate feasible avenues for improving
MHP acceptance and uptake of novel tools. This study identified
that usability, development by health professionals, an evidence
base, and augmentation over automation are crucial. Again,
many of these steps are highly achievable and have been
successfully trialed. For example, previous research has found
that health professionals are more likely to adopt AI tools when
they have seen experienced colleagues integrate them into care
and demonstrate potential use [24,31]. Comprehensive literature
reviews have also established key steps that may be needed to
reduce algorithm avoidance in health care, such as decision
autonomy and incentivization [42]. Our results suggest the
design of future AI tools should ensure that prognostic
information is clearly linked to treatment recommendations and
is framed as a means of supporting care planning (eg, by
allowing MHPs to assess whether clients are progressing as
expected), rather than being seen as deterministic. Given these
steps are highly achievable, delaying rapid development and
implementation of such tools would be a missed opportunity.
There is an urgent need for researchers and MHPs to work
together on redesigning current models of care, moving beyond
‘business as usual’ and toward innovative approaches that better
address the complexities of mental health service demand.

Despite these contributions, our research also has limitations
that should be addressed. Only 49 MHPs completed our
web-based survey. This may reflect that participants who were
willing to complete web-based surveys were more interested in
AI and therefore more likely to be optimistic about potential
future contributions. We also used snowball sampling that may
have introduced bias by capturing participants with similar
backgrounds and attitudes. Taken together, this limits the
generalizability of our findings, and significant further research
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is needed amongst youth MHPs. We plan to address this in the
future through more comprehensive research in real-world
settings on the acceptability, feasibility, and usefulness of our
tools. Moreover, we were unable to conduct subgroup analyses
with our quantitative data that may help to explain whether AI
acceptance is likely to vary based on professional background,
experience level, or setting, or whether certain implementation
strategies were seen as more valuable. Another limitation is that
participants were shown prototypes and were not able to use
the tools independently. Survey data suggests that MHPs are
overly optimistic about the ease of understanding AI algorithms
and so may have overestimated the usability and interpretability
of the tools without support from the interviewer. For example,
in survey items, MHPs were likely to agree that it would be
easy for them to learn novel AI; however, we found that our
prototypes were complicated for MHPs to understand, partly
because they provided estimates of uncertainty rather than

“black and white” information about client status. Addressing
both limitations in future research should involve implementing
prototypes in youth mental health services as early as possible,
to gain more nuanced and diverse opinions from real-world
settings.

In conclusion, MHPs recognize the potential of novel AI tools
to solve urgent problems in youth mental health. While there
are clear and non-negotiable barriers to adoption—including
financial costs, potential liability, and training needs—MHPs
consider these against the costs of delaying innovation. Problems
accessing quality care, particularly for those with severe and
complex problems, are pervasive across youth mental health
services, creating a need to better handle “signal-to-noise” and
to improve efficiency of treatment planning and referral
processes. Future research can support MHPs by rapidly
developing and implementing novel tools and helping integrate
such tools into practice.
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Abstract

Background: Loneliness is a negative emotional state that is common in later life. The accumulative effects of loneliness have
a significant impact on the physical and mental health of older adults. Automatic methods for detection and prediction are an
emerging field to support early identification of loneliness.

Objective: This study aimed to qualitatively explore the thoughts and preferences of people aged 65 years and older regarding
technologies to detect feelings of loneliness in later life.

Methods: We conducted 60 semistructured interviews with people aged 65 years and older between September 2022 and August
2023. Data were analyzed using a reflective thematic approach on NVivo software (Lumivero).

Results: In total, three themes were identified representing what older adults considered important in a system able to detect
loneliness: (1) interest and control of data, which was a priority for older adults; (2) perceived usefulness to address loneliness,
which related to the importance of providing recommendations to reduce feelings of loneliness after detection; and (3)
personalization as a priority, which included the level of loneliness for which an alert was sent and selection of relevant individuals
who would be sent a loneliness alert.

Conclusions: Findings from this in-depth qualitative study provide important perspectives from people with lived experience
of loneliness on the context in which a sensor-based loneliness detection system would be most useful and acceptable to older
adults. Future research will include such perspectives in the design of innovative technologies enabling the early detection of
loneliness and access to timely interventions to tackle loneliness in later life.

International Registered Report Identifier (IRRID): RR2-10.1136/bmjopen-2023-072420

(JMIR Hum Factors 2025;12:e73694)   doi:10.2196/73694
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Introduction

Loneliness is widely acknowledged to be a serious public health
matter [1]. Definitions of loneliness vary, but most authors agree
that it refers to a negative emotion linked to poor quality and
insufficient social relationships [2-4]. This is usually placed as
distinct from social isolation, which refers to an “objective”
lack of social relationships. The consequences of loneliness can
include poor mental health [5], risk of Alzheimer disease [6],

and increased mortality [7]. Aging has long been recognized as
associated with loneliness [8], with later life even being expected
to be a “time of loneliness” [9]. In the United Kingdom, as many
as 1 in 4 people older than 65 years are experiencing moderate
to high loneliness [10]. Age-related changes such as retirement,
bereavement, reduced social networks, and loss of mobility are
well-evidenced as risk factors for loneliness [8,11-14]. Older
adults may experience transient loneliness, a temporary feeling
experienced from time to time, during such age-related changes.
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If loneliness were to be felt consistently over a period of time,
it would be defined as chronic loneliness, a state associated with
worsening physical and mental health outcomes [15].

COVID-19 substantially impacted the feelings of loneliness
and social isolation across the population, acting as a catalyst
for many older adults to adopt the use of technologies in daily
life [16]. For example, technology has been lauded for its
potential to aid people in maintaining existing relationships and
increasing communication with neighbors, family, and friends
[17]. However, work has identified a multitude of barriers to
uptake [18], including trust in the technology [19], and family
caregiver concerns related to acting upon risks detected by
technologies [20]. Issues of data protection, privacy, and control
have been recorded in numerous studies looking at the use of
digital technologies in health [21]. Automated technologies
have the potential to challenge autonomy, particularly if they
notify other people without the immediate consent of the older
adult being monitored [22]. Despite such challenges, and with
the acceleration of health care digitalization, wearable
technologies for health monitoring present a timely opportunity
to improve care for aging populations [23]. Due to the rapidly
evolving digital landscape, the inclusion of older adults in the
design of technology is imperative to avoid digital exclusion
[24].

In recent years, using smart technology to identify loneliness
has emerged as a potentially useful method of tackling loneliness
in older adults [25]. Such technologies would monitor
physiological or behavioral indicators of loneliness using
sensors, enabling timely detection of loneliness to improve
access to targeted intervention [26]. As loneliness is
conceptually different from social isolation, which would detect
the objective presence or absence of company, loneliness
detection technologies are required to include several indicators,
including stress, sleep, and activity levels, to enable the passive
detection of such a subjective emotional state [27,28].
Specifically, sensor-based approaches measure the behavioral
markers of social isolation, such as physical inactivity, poor
sleep quality, eating behaviors, time out of home, and phone
usage [29]. Numerous works have relayed instances of success
using machine learning algorithms able to predict emotions
using data such as galvanic skin response [30],
electrocardiogram data [31], and electroencephalography data
[32]. Behavioral data have also been applied to predicting
loneliness [18,26,29]. For example, 1 scoping review found
studies measuring daily life patterns to detect loneliness using
“smart” technology (eg, ambient sensors to measure motion
and touch), smartphones, and wearable sensors [19]. Another
review of technology aimed at preventing loneliness in older
people found that approaches measuring behavior and movement
showed promise as they are usually successful at identifying
loneliness [25].

The association between physiological markers of loneliness
and the need to tackle loneliness in older populations suggests
that it may be fruitful to construct technology capable of
identifying loneliness in older adults [33]. Such technologies
are required to be both useful and acceptable to older adults to
be effective in supporting the reduction of feelings of loneliness.
Relevant theoretical frameworks suggest that for technology to

be accepted and used by older adults, it must be perceived as
easy and useful, and users must have appropriate support and
resources [34]. This study aims to gain insight into older adults’
general acceptance of loneliness detection technologies to
identify the most meaningful priorities for this population, that
are applicable to future technology development. Previous work
has sought to understand older adults’ technology preferences
and requirements [24], yet a gap remains in relation to older
adults’ views on automated detection of loneliness specifically.

The potential to detect loneliness in older adults has numerous
potential benefits. A wealth of evidence has suggested that
loneliness may be a stigmatized condition [35]. Such negative
desirability bias means the ability to detect loneliness without
a person needing to seek help [36]. This may be particularly
useful for older men who do not identify as lonely but suffer
consequences of a similar nature [37]. Timely and accurate
identification of loneliness in older adults will enable people to
receive the right kind of support at the right time [26]. In
general, approaches to alleviate loneliness in older adults include
leisure activities (ie, gardening, music, and exercise), therapies
(ie, animal, reminiscence, and cognitive), social and community
interventions (ie, meal sharing), educational approaches (ie,
relationship or skills training), befriending, or system-wide
approaches [38]. Such activities can be made available to older
adults through referral by primary care professionals through
social prescribing initiatives [39].

This paper is part of the “Design for Healthy Aging
(DELONELINESS)” project that aims to develop a smart
monitoring and communication system with multifunctional
electronics built into textiles used as wearables and home
furniture to detect and measure loneliness levels in later life
[26]. As outlined in previous publications, this system will
involve the detection of physiological and behavioral indicators
of loneliness in later life using sensor-based technologies. Such
technologies will be worn by people aged 65 years and older,
with data being inputted into an algorithm modeled to predict
feelings of loneliness. Once loneliness is identified, the aim
would be to enable users to receive support from family or
health and social care professionals or promote engagement in
activities to alleviate feelings of loneliness [26].

Including the perspectives of older people is central to the design
of such a system [40]. In this paper, we present our qualitative
findings on the thoughts and preferences of older adults on
technologies designed to monitor and detect feelings of
loneliness. Our specific objectives are to (1) describe the context
and circumstances in which a smart system might be most
useful; and (2) identify the most meaningful way of providing
information back to individuals, their carers, or health care or
social service providers.

Methods

Study Design
One-to-one semistructured interviews were conducted with
participants aged 65 years and older on their experiences of
loneliness and preferences for loneliness detection technologies.
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Detailed methodology used in this study is available in the
published protocol [41].

Ethical Considerations
Ethical approval was obtained from Research Ethics Committees
at King’s College London (reference LRS/DP-21/22‐33376)
and the University of Sussex (reference ER/FM409/3). Informed
consent was sought from all participants. Participants were
informed that they could stop their participation at any time.
Participants were given a pseudonym following consent to
ensure confidentiality. All identifiable information was kept in
a password-protected Excel sheet on University OneDrive
systems and removed at the point of transcription of interviews
to protect the privacy of participants. Participants received a
£30 (approximately US $40.47) LoveToShop voucher at the
end of the interview as a thank you for sharing their experiences
for the study. Interviews were audio-recorded and transcribed
verbatim by a professional company.

Recruitment
A stratified sampling technique based on age, gender,
accommodation type, and level of digital ability was used. In
terms of accommodation type, participants either owned their
home, rented, or lived in sheltered accommodation, defined as
housing for older adults consisting of private independent units
with some shared facilities, emergency alert systems, and a
warden [42]. We used the communication preferences of
participants during the recruitment process (ie, if older adults
had an email, mobile phone, or a landline number) as a proxy
measure for the level of digital ability. Eligible participants
were required to be aged 65 years and older, have experienced
loneliness since reaching 65 years in age, be able to give
informed consent, and speak English at a level fluent enough
to take part in the interview. Study information was disseminated
via research participant websites, organization newsletters
related to housing, and through communication to individuals
from previous research projects (related to depression and aging)
who consented to being contacted about future studies. Interested
individuals were invited to contact the research team to obtain
study details. All participants provided written informed consent
before data collection.

Data Collection
Interviews were conducted between September 2022 and August
2023 by a female qualitative researcher and chartered
psychologist with expertise in sensitive interviewing. In
accordance with participant preferences, interviews were
conducted either in-person (at home or in University offices)
or remotely (via telephone or video call using Microsoft Teams
software). To describe and stratify a range of experiences, we
aimed to interview up to 60 individuals with lived experience
in later life [41]. This number was chosen to enable the inclusion
of a diverse range of participant characteristics related to
loneliness, such as age, gender, accommodation type, level of
digital ability, and health status. Characteristic data collected
from participants included sociodemographic information (eg,
age, gender, ethnicity, and accommodation type). We also
included a measure of loneliness severity using the de Jong
Gierveld Loneliness scale [43], which has 11 items related to

social and emotional loneliness that are totaled to obtain an
individual’s level of loneliness (ie, not lonely, moderately lonely,
severely lonely, or very severely lonely).

The interview topic guide was developed by a multidisciplinary
team of psychologists, gerontologists, product designers, and
machine learning experts. The first part of the interview focused
on the subjective experiences of participants to identify the signs
and associated behaviors with loneliness in later life. Findings
from this section of the interview have been previously
published [33]. The latter half of the interview focused on
participants’ thoughts and preferences on the role of technology
to detect loneliness. In line with theoretical models for
technology acceptance [44], the interview topic guide contained
specific questions related to older adults’ perceptions of the
usefulness of technologies. Refer to Multimedia Appendix 1
for complete details.

In relation to technology, we asked about participants’ existing
use of technologies in relation to their health. We then
introduced proposed technologies for measuring loneliness, for
example, sensors worn on the body or integrated into a fabric
which collect physiological data that may be relevant to
loneliness (ie, heart rate and activity levels). We asked
participants where on their body or in their home they would
be willing to have a device. Finally, we asked about data
collected by loneliness detection technologies. Specifically, we
asked how useful they would find data collected by the system
(ie, sleep, movement, and stress levels) and if these data could
be sent to anyone to improve participants’ quality of life. We
then asked about the benefits and limitations of the data to
participants, family members, and health care professionals.
Finally, we asked about participants’ thoughts on receiving an
alert to the risk of becoming lonely, and what participants would
hope family members or health care professionals would do if
they received a loneliness alert. Refer to Multimedia Appendix
1 for the full interview schedule.

Analysis
Data were analyzed using a reflexive thematic approach by the
lead author (J Rees) using NVivo software (version 14;
Lumivero) [45]. The early structured themes were constructed
by identifying “semantic” themes – surface-level ideas built
from the stated perspectives of the participants, but which are
not thoroughly interrogated [46]. The generation of initial codes
was generally grouped in line with the topic guide questions,
for example, usefulness of data, benefits and limitations to data,
and thoughts on loneliness alert. We used NVivo to organize
our themes into the perspectives of “older adults,” “family
members,” or “health care professionals.” These were
transformed into “reflexive” themes through several intertwined
processes. Specifically, we wrote up “semantic” themes fully
into a report, which was then shared with the multidisciplinary
project team and discussed in team meetings. Such discussions
lead to the refinement of themes, specifically distinctions
between theme definitions. Themes were reviewed a final time
by the second author (J Ratcliffe), who was involved in drafting
this paper but was not present during data collection and
analysis. To facilitate an iterative process of theme building and
refinement, the themes were critically contrasted with extant
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literature [47], specifically the literature on interventions for
reducing loneliness. In addition, to extrapolate information on
“what works for whom in which contexts” [48], participant
characteristics, specifically level of loneliness, marital status,
and accommodation type, were considered throughout the
write-up stage.

Results

Participant Characteristics
In total, 60 older adults were interviewed with a mean age of
73 (SD 6.7) years, ranging from 65 to 91 years. Most
participants were aged between 65-74 years, women, White
British, homeowners, and with a moderate level of loneliness
(Table 1).

Table . Participant demographic data (N=60).

Participants (N=60), n (%)Characteristics

Age (y)

42 (70)    65‐74

18 (30)    75+

Gender

42 (70)    Women

18 (30)    Men

Ethnicity

54 (90)    White or White British

3 (5)    Black or Black British

3 (5)    Asian or Asian British

De-Jong-Gierveld scale loneliness level

3 (5)    Not lonely

36 (60)    Moderate

10 (17)    Severe

11 (18)    Very severe

Accommodation type

43 (72)    Own home

10 (17)    Rented

7 (11)    Sheltered accommodation

Marital status varied from widowed (n=20), divorced (n=16),
single (n=11), married (n=8), and separated (n=5). The
frequency of loneliness also varied from often or always (n=23),
occasionally (n=16), some of the time (n=20), and never (n=1).
Most participants were degree-educated (n=34). In total, 30%
(n=18) of participants did not have children, and 13% (n=8) did
not have anyone to contact if they were in trouble or needed
help. The majority of participants reported having a
long-standing illness or disability (n=50), such as depression,
chronic fatigue, arthritis, or hearing loss. Furthermore, 5
participants communicated using their landline numbers only.

Themes

Summary of Themes
In total, 3 themes were constructed to represent older adults’
thoughts and concerns regarding a loneliness detection device.

First, “interest and control of data” outlined the characteristics
of older adults interested in a loneliness detection system and
the importance of retaining control over data collected to detect
loneliness. Second, “perceived usefulness to address loneliness”
highlighted the need to provide suggestions to reduce loneliness
in conjunction with an alert about loneliness. Third,
“personalization as a priority” relays how participants felt the
system needed to be tailored to individuals, particularly
regarding (1) the level of loneliness that required intervention,
and (2) who the participants felt should be informed they are
lonely. Refer to Table 2 for theme outline including supporting
quotes.
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Table . Themes and selected supporting quotes for thoughts and preferences of older adults for technologies designed to detect feelings of loneliness.

Supporting quotesTheme

Interest and control of data • “So it’s, well it’s just, you know, curiosity about how your body is
working. And trying to find patterns and things which is obviously
what this is trying to do anyway.” [P18, Female, 70, Married, Very
Severe]

• “Well it’s simply because I know I would only get annoyed because
I know I’m not doing many steps. Although it’s interesting too the
way it does your heart rate. Now that’s something again I would use
it.” [P15, Female, 66, Divorced, Moderate]

• “Can’t be bothered with things like that..I’m not going to make a
ridiculous effort at carrying technology around to count them because
it’s kind of not relevant.” [P52, Female, 66, Widow, Not Lonely]

• “That’s the barrier to me. The information, if it’s kept simple, if it’s
something that’s user-friendly to me that’s not terribly keen to em-
brace actively too much technology.” [P35, Female, Married, Moder-
ate]

• “Yes, some things I might know already but it might show some
others that I was not already aware of and that is nice you know, it
might not be pleasant, but it is happening and that is good.” [P23,
Male, 68, Separated, Not Lonely]

• “The technology is there. I’d like it all to be used for good but I’ve
no control over whether it is or it isn’t and I think for my lifestyle
and stuff if you’ve got nothing to hide it doesn’t really matter.” [P13,
Female, 69, Separated, Moderate]

• “I’d be a bit- your terminology, ‘at risk of becoming lonely,’ that’s-
a bit kind of- big brotherish, really. I suppose- perhaps it’s just the
wording, if you said, oh we’re concerned for you, it’s about time you
got out a bit more, then- go and find some friends, go out and have
a sing song or go out for a run.” [P47, Female, 72, Widowed, Severe]

Perceived usefulness to address loneliness • “I don’t think it would be any use to me. because I know how I feel.
I know how I felt yesterday, but I’m feeling better today. No, I don’t
think it would bother me. I’m not a great one for data. It’s more
likely to be useful to someone else who’s trying to find patterns or
(I don’t know) reasons for being low.” [P8, Female, 65, Married,
Moderate]

• “I don’t know that I could do anything about it, so what’s the point
in telling you, I don’t know. I mean it’s because they’re going to have
someone phoning you up and having a chat with you, you know a
silver line chat sort of thing. I don’t know if that would make me feel
less lonely I suppose you might think well someone could be both-
ered.” [P9, Female, 72, Divorced, Very severe]

• “Yes, to have the results but also to have the course of how to break
that. It’s no point telling me I’m lonely which I already know right.
A flashing thing saying please, do this, that might be helpful because
there is more directive than giving information that somebody is
lonely which they most probably know already.” [P49, Female, 72,
Divorced, Severe]

• “If the algorithms or whatever they call them, if it sees that predicted
pattern and it happened once before it says, Oh, last time when you
were in that- what actually brought those levels down was that you
went and did this.” [P35, Female, 68, Married, Moderate]

• “For me would be an additional motivator because I’ve got some
concrete evidence, so it would be a motivator to say, Look you’re
feeling lonely now is the time to make that effort to walk up the pub
because there’s some music going on tonight, and you know you’re
going to see so and so.” [P32, Male, 70, Widowed, Moderate]

• “I don’t feel I would need that at this moment in time. I don’t but we
can’t see ahead can we, into the future, and if, when I was, if I was
much, much older than I am now then I would probably think it would
be a good thing to have but at this moment in time I’m not there.”
[P55, Female, 73, Single, Moderate]
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Supporting quotesTheme

• “And you could choose the point at which it could be shared, if you
like, with those people so that, yes, don’t bother to tell them if I’m
feeling lonely 10% of the time, but maybe if I’m feeling lonely 50%
of the time, then do. But it might be different for other people.” [P52,
Female, 66, Widowed, Not lonely]

• “I think it would be good, because I don’t get as much time with my
GP as I’d like. I think if she was receiving this information and give
her something to study about me, so when I did see her, she could
refer back and say, Oh I’ve noticed your sleep isn’t so good. I’ve
noticed you’ve had these waking moments. But I see that your heart
rate’s good. So that must be good for you, you know?” [P5, Female,
65, Divorced, Severe]

• “When you say you’d alert somebody, who would you alert in my
case? I’ve got no one close that you could send an “I need help”
message to.” [P43, Male, 70, Widowed, Moderate]

• “I really wouldn’t want her to be worrying about me, she has her own
problems, I think that’s something I can cope with. If it’s only feeling
a bit lonely, I can cope with that, and I really don’t think it’s worth
worrying somebody else. I mean, what are they going to do? Get out
of work and rush over just to sit in the house and talk to you, you
know I don’t know.” [P25, Male, 68, Divorced, Very Severe]

Personalization as a priority

Theme One: Interest and Control of Data
Older adults spoke about how health data collected by the
system (ie, heart rate, sleep, and activity levels) were interesting,
comforting, reassuring, and empowering (“knowledge is
power”). These participants all had previous positive experience
with using smartwatches. However, some participants were not
interested in these data either because they had no present health
issues and did not wish to worry about their health (“it is not
something you can do anything about anyway”) or because of
their general disinterest in the use of technology (“I am not a
great one for data”).

Older adults had varied technological ability, with some using
virtual reality and online shopping, whereas others had no WiFi
or a sense that there is “too much” technology in daily life.
These categories were not mutually exclusive. For example, the
oldest participant in the sample (aged 91 y) used technology on
a daily basis, including a smartwatch or phone, but felt it isolated
her further by reducing in-person interactions, which was
especially impactful as she lived in a rural area. Similarly, some
participants expressed worry about who would access the data
and felt being monitored closely would be intrusive, yet others
felt comfortable with data, describing themselves as “open
minded” with “nothing to hide.” Such perspectives were not
associated with the age of the participants or the severity of
loneliness.

I imagine one of your questions is going to be about
the use of data and stuff like that. I’m very
comfortable with that…I don’t think Big Brother’s
going to have a huge interest in how many times my
heart beats. [P1, Female, 68, Widowed, Moderate]

The main preference described by older adults was the need to
be in control of both the data collected and an alert sent by the
system. It was important for older adults to understand which
data were being collected and for what purpose. Older adults
highlighted how it was important to be aware of the behaviors

associated with loneliness and to know why they were being
alerted.

If the algorithms or whatever they call them, if it sees
that predicted pattern and it happened once before it
says, Oh, last time when you were in that- what
actually brought those levels down was that you went
and did this. [P35, Female, 68, Married, Moderate]

It was important for older adults to feel in control of their data.
Participants wished for any data or alerts to be sent to them
directly and have the option of contacting other people if they
deemed it necessary (“I’d much rather it came through me”).

The less control you have, the more control you need.
So, people will control what they can control. And
therefore, it’s important that the end user has the
control over how things are shared. [P52, Female,
66, Widowed, Not Lonely]

Theme Two: Perceived Usefulness to Address Loneliness
Most participants described already being aware of their
loneliness and did not see the benefit in being alerted about
loneliness by the system (“I know I’m lonely I don’t need an
alert”). Linked with the severity of loneliness, some older adults
felt that if you did not notice feelings of loneliness, then a person
was not truly feeling lonely.

You’re aware of the build up. If you aren’t aware of
it, then you’re not of that degree of loneliness, you’re
just feeling low, can I put it that way? Whereas we
can all feel low, and have a bad half hour, a bad day,
but loneliness is something else that is different. [P40,
Female, 75, Single, Moderate]

Nevertheless, some thought that the system would be a useful
prompt as it provided “concrete evidence” to the early warning
signs of loneliness and would either “consolidate” their
recognition of loneliness or motivate older adults to engage in
behaviors to reduce loneliness. Older adults highlighted how it
was important to be aware of the behaviors associated with
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loneliness and to know why they were being alerted. One
participant compared the system with a “companion” for people
who felt alone, whereas others felt the system would have been
useful in the past (eg, during widowhood and retirement) or in
the future (eg, if cognitive ability reduced). The majority of
participants (n=45) lived alone, and this group in particular
expressed a concern about falling in the home and suggested
that the loneliness sensors could also be used to detect this.

Older adults questioned the use of the system if there was no
consequence or follow-up to loneliness detection. Participants
felt that if they were to be alerted of loneliness, there would
also have to be a recommendation to reduce feelings of
loneliness. This requirement was consistently expressed across
participants, irrespective of age, gender, marital status, or living
situation.

If you could tell me how to reduce it, what to do, that
would be more important than letting me or anybody
else know that I was feeling- I know that I’m feeling
it or about to feel it. But it’s what to do about it that’s
the critical thing…There’s no point in it otherwise.
[P41, Female, 84, Divorced, Severe]

Theme Three: Personalization as a Priority

Subtheme 3a: Level of Loneliness

Older adults found it important to decide on a level of loneliness
at which the alert would be sent to themselves. As participants
had a variety of loneliness experiences, this level would need
to be tailored to individuals. For example, widowed older adults
experienced transient loneliness (ie, more severely at certain
times), which may be time-limited, depending on individual
grief trajectories. Some older adults experienced severe
loneliness, where they were more likely to describe chronic
loneliness and thus questioned which level of loneliness would
be most appropriate for them. One male participant, who
experienced chronic loneliness despite living in shared
accommodation, felt loneliness at a consistent level at all times,
so he questioned what changes the system would be able to
detect.

You’ve got to decide on a level of stress that, you
know, like we do on a scale of 1 to 10. You know, if
I feel 3 amount of lonely, then don’t bother, it will
probably pass over, but if I feel 7 or 8 amount of
loneliness then please tell me to get off my bum and
go out for a walk or something. [P47, Female, 72,
Widowed, Severe]

Participants varied in their responses describing how they would
engage in activities to alleviate loneliness following an alert.
Some participants described preferring to manage feelings of
loneliness on their own, especially for low levels of loneliness
(“if it’s only a bit lonely I can cope”). When discussing potential
interventions following a loneliness alert, participants
highlighted the importance of personalization as “every person
is going to be different.”

Subtheme 3b: Involvement of Others

Participants also discussed the importance of personalization
in relation to the involvement of others, specifically health care

professionals and family members. For example, some
participants had previously experienced suicidal thoughts during
times of loneliness and felt it was important for health care
professionals to be alerted if they experienced loneliness at that
level in the future. However, many questioned whether busy
health care professionals, such as general practitioners, had the
resources to help with loneliness.

…the GP, he can’t give me a tablet to stop me being
lonely or something like that. Can’t come round and
spend time with me, you know. They haven’t got time
to see you in the surgery. So, yes I mean I wouldn’t
mind the GP knowing I was lonely. But I can’t see
what advantage there would be there. [P46, Female,
87, Widowed, Moderate]

Nevertheless, some felt the alert could be sent to health care
professionals for severe loneliness or where loneliness was
related to physical or mental health issues, such as depression,
and some mentioned signposting to counseling and
social-prescribing services.

Similarly, older adults felt that loneliness would have to be
“severe enough” for the system to contact family members and
that this level of severity would differ between individuals.

And you could choose the point at which it could be
shared, if you like, with those people so that, yes,
don’t bother to tell them if I’m feeling lonely 10% of
the time, but maybe if I’m feeling lonely 50% of the
time, then do. But it might be different for other
people. [P52, Female, 66, Widowed, Not lonely]

When participants experienced mild feelings of loneliness, many
did not want friends or family members to send the loneliness
alert, stating they would feel “embarrassed” or “guilty,” and
that they could cope with it alone to avoid being a “burden.”
Some participants expressed not having a problem with family
receiving a loneliness alert; however, they questioned what they
would be able to do about it if they lived far away. In more
severe cases of loneliness, participants thought the loneliness
alert could be used as a “conversation starter” during lonely
periods where older adults felt less able to initiate social contact.
However, others still felt the alert was “too private” to share
with others without previous consent from the older adults
themselves. Vitally, other participants had no family, so they
questioned who they could nominate to receive a loneliness
alert. This was especially pertinent for single participants over
80 who felt the alert would be an additional burden to next of
kin and relied on safety alert systems in sheltered
accommodation in an emergency.

When you say you’d alert somebody, who would you
alert in my case? I’ve got no one close that you could
send an “I need help” message to. [P43, Male, 70,
Widowed, Moderate]

Overall, involvement of family, friends, and health care
professionals in a smart system to detect loneliness was thought
to be part of a negotiation as to who the older adult would want
involved, at what time, and for what purpose.
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Discussion

Principal Results
We constructed 3 themes to represent what older adults
considered important in a system able to detect loneliness.
“Interest and control of data” highlighted general interest in
health data being a personal preference of older adults based
on current or previous positive use of technologies. Participants
had varying technological abilities but were unanimous in their
need to be in control of the data collected and sent by the system.
“Perceived usefulness to address loneliness” refers to whether
and how the system can be useful to older adults. Many older
adults described being aware of feelings of loneliness, especially
in severe cases, and thus questioned the usefulness of the
loneliness detection system. Participants emphasized the
importance of providing recommendations to reduce loneliness
following detection to improve usefulness. Finally,
“personalization as a priority” refers to the need to work with
the individual using the system to determine the level of
loneliness that results in an alert, and the consequences of that
alert, including the involvement of others to support loneliness,
such as friends, family members, or health and social care
professionals.

The focus on control echoes concerns over privacy and data
protection reported in previous studies on technology use in
later life [22,49,50]. Loneliness has been associated with a lack
of autonomy [51]; therefore, it is vital that older adults feel in
control of the data collected and sent by a loneliness detection
system. Trust in technologies can be established through
providing feedback in real time and through extensive validation
[17,19]. Technology-based approaches for reducing social
isolation may not be appropriate for all older adults [52]. As a
“digital divide” exists between those with cultural and financial
access to technology and those without [24], research has found
that lonelier older adults use information and communication
technologies less often than their less lonely counterparts [53].
Factors that were found to influence engagement include lack
of skills and support to use digital health technologies [54] and
a fear or dislike of technology [21]. Ensuring that older adults
across a spectrum of abilities feel knowledgeable and confident
with the data and associated alerts from the loneliness detection
system, is therefore paramount to its use.

The findings of this study suggest a key component of ensuring
acceptability of a loneliness detection system is the effective
implementation of personalization. Our findings support
previous literature, which suggests that digital health systems
should make it transparent as to who will gain access to the
information collected, and ensure users retain control of who
has access to it [55]. A novel finding from our work is the
importance of determining an individually selected level of
loneliness for which an alert would be sent, highlighting the
subjective nature of loneliness [15]. Further consideration is
required as to how degrees of loneliness would be measured
and reported to the system, for example, self-reporting from
older adults or the use of validated loneliness scales [56]. More
broadly, our findings on personalization indicate the importance
of “user-centered” design in health technology (perspectives

that centralize the needs of the user in the design and
implementation of the technology) [29,57,58]. This is especially
important in the context of culture, which plays an important
role in shaping an individual’s experience of loneliness [59].
Developing culturally sensitive interventions to reduce feelings
of loneliness is an important priority for future research to ensure
targeted support is available for older adults.

In relation to the involvement of others in supporting loneliness
once detected, older adults emphasized that whoever the system
alerted, this should be decided in advance via a clear and
transparent set of discussions. Participants tended to refer to
general practitioners when health professionals were discussed,
a finding that may mirror the trust instilled in doctors by older
people [60,61]. Previous research on technology preferences of
older adults has identified that if a device was recommended to
older adults by a “credible” health professional, it was more
likely to be taken up and used [24]. The participants in this study
generally held negative attitudes toward alerting family members
of loneliness, mirroring concerns from previous research [62].
However, friends or family were not consulted in this study;
therefore, it is possible that their thoughts on receiving an alert
for loneliness may not align with those of older adults.
Perceptions of burden were described as one reason for
participant disapproval of family member involvement. Indeed,
loneliness has often been linked with guilt, shame, and a
perception that others do not care [3,63]. Further research is
required on the involvement of family or friends in providing
support following an alert from a loneliness detection system,
as many loneliness reduction interventions actively involve
others [64].

Perceived usefulness is a core component of theoretical models
of technology adoption in older adults [44,65]. Participants had
varied perspectives on whether and how a loneliness detection
system could be useful. Some saw it as potentially useful as a
prompt to change their own actions or as an “early-warning”
sign before they would have thought to seek help, perhaps even
before they realized that they were lonely. Given the stigma of
loneliness [3] and the reticence of older men to identify as lonely
[63], such a system may be particularly useful for removing the
anxiety and uncertainty of doing something about loneliness.
Older adults in our study were clear that recommendations to
reduce feelings of loneliness once detected were an imperative
aspect of such a system. Research has highlighted how there is
“no one size fits all” approach to loneliness intervention and
that tailored, targeted approaches are required to reduce
loneliness (Victor et al [66]). Detailed consideration is required
on the selection of appropriate interventions for older adults
using a loneliness detection system based on the type of
loneliness (ie, emotional or social), severity of loneliness (ie,
moderate, severe, or very severe), and reason for loneliness (ie,
bereavement or mobility issues). Future research will be required
on the acceptability and effectiveness of such recommendations,
noting that individual-centered interventions are inherently
limited by their lack of capacity to influence the social context
of the lonely individual [3].
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Limitations
This study adds to the emerging literature on sensor-based
technologies to detect feelings of loneliness in older adults
[18,29]. Our large sample size enabled us to present a variety
of perspectives and incorporate a diverse range of participant
characteristics, including those who were skeptical or ambivalent
about the technology. Despite efforts to achieve an equal
distribution of gendered and cultural perspectives, our sample
was majority female White-British. Our themes may therefore
not represent the views of older adults with different
perspectives on technologies, which requires further
consideration in future design testing. Our interview sample
included people with lived experience of loneliness to provide
relevant perspectives and expertise to inform future technology
development [67]. It is important to acknowledge that such
participants were more open to acknowledging and seeking help
for loneliness than some of the prospective target population,
who may not readily seek help for loneliness. Social desirability
bias may have also influenced how participants spoke about
technology. Thus, a gap exists in our knowledge of older adults
with reduced help-seeking behavior that may particularly benefit
the use of a loneliness detection system. Finally, the perspectives
of participants were based on a hypothetical loneliness detection
device described by the lead author conducting the interviews.
There is no such actual device yet; therefore, potential barriers
and enablers identified in related research, such as comfort,
cost, and maintenance [68,69], could not be effectively discussed

or reviewed. Interpretations of the loneliness detection system
may vary among participants, and further user testing would be
required to obtain information on acceptability once a device
to detect physiological markers associated with loneliness has
been developed [33].

Conclusion
Findings from this large qualitative study provide important
perspectives from people with lived experience of loneliness
on the context in which a sensor-based loneliness detection
system would be most useful and acceptable to older adults. It
is important to support older adults across a spectrum of abilities
and preferences to feel knowledgeable and confident with
technologies used by a future loneliness detection system. For
older adults to feel in control, transparency on data collected
by the system is required in addition to options for
personalization related to levels of loneliness, which creates an
alert, and which supporters are informed. This should be
identified through a clear and full discussion, before they
commence using it, of when, why, and who the device should
alert in the event of it detecting loneliness. The perceived
usefulness of a future loneliness detection system is reliant on
activities to reduce feelings of loneliness being recommended
following the identification of loneliness. Future research will
include such perspectives in the design of innovative
technologies enabling the early detection of loneliness and
access to timely interventions to tackle loneliness in later life.
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Abstract

Background: The aging population presents challenges for health care systems. Assistive technologies (ATs), such as
telemonitoring, fall detection, and self-monitoring devices, offer potential solutions to support older adults and their care. However,
successful implementation relies on their acceptance, which remains poorly understood, particularly among nonusers.

Objective: This study aimed to explore older adults’ perceptions of ATs, including perceived benefits, adoption barriers, and
factors influencing willingness to use these technologies.

Methods: A qualitative study was conducted with 31 participants (aged ≥65 years) with varying levels of health and care needs.
Data were collected through 6 focus groups and 6 in-depth interviews and then analyzed thematically using NVivo software.

Results: A total of 7 themes emerged: (1) limited familiarity, with greater recognition of fall detection and self-monitoring
devices compared to telemonitoring; (2) perceived benefits, including safety, independence, and chronic disease management;
(3) key concerns, including usability, cost, reliability, privacy, and psychological impacts; (4) suggested improvements, including
user-friendly designs and training programs; (5) contextual influences identified with independent older adults perceiving greater
utility; (6) strategies for ATs’promotion proposed, such as media campaigns, government subsidies, and health care endorsements;
and (7) overall willingness to adopt ATs, driven by perceived need, social and health care influence, and ease of use.

Conclusions: Although ATs offer clear benefits, adoption remains limited due to usability, cost, and psychological concerns.
Improving accessibility, training, and integration into traditional health care service delivery may facilitate acceptance and use.
Future research should focus on inclusive designs and policy interventions to maximize ATs' potential in aging populations.

(JMIR Hum Factors 2025;12:e74214)   doi:10.2196/74214
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aging; assistive technology; telehealth; telemonitoring; self-monitoring; fall detection; patient acceptance; technology adoption;
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Introduction

Background
The global population is aging rapidly, posing challenges to
health care systems. In Canada, adults aged ≥65 years comprised
14% of the population in 2009 and are expected to reach 23%
by 2030 [1]. Providing them with proper care and enabling them
to age comfortably at home is crucial, with significant societal
and economic implications [2]. Effective management of chronic
conditions and health deterioration can improve well-being [3]
while reducing costs related to institutional care [4-6].

Assistive technologies (ATs) offer solutions to support older
adults’ health and independence [3-5,7-9]. Telemonitoring
enhances quality of life and security, particularly for those with

chronic diseases [4,5,10-15]. Fall detection devices help prevent
injuries and allow for timely interventions, reducing long
hospital stays [5,8,16]. Self-monitoring devices promote
healthier lifestyles by tracking movement and activity levels,
providing real-time insights for better care [3,5,17,18].

Nevertheless, concerns remain about older adults’ acceptance
of these technologies [3,6-8,19-22], as much of the research
focuses primarily on technological innovations or those using
these technologies. For ATs to be effective, older adults must
be inclined to use them, which depends on acceptance [7,22],
motivation, and understanding of their use [8]. Placing them at
the center of research ensures that these technologies are
practical and accessible [23-31]. Nevertheless, studying older
adults, particularly the more vulnerable subgroup, is challenging,
leading to knowledge gaps, particularly regarding the
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perspectives of nonusers [4,32,33]. Prior studies have mostly
focused on existing AT users [26,34-37] or specific health
conditions such as chronic obstructive pulmonary disease
[38-40], hypertension [36,41], heart disease [39] and diabetes
[36,42], limiting insights into the broader older population’s
views [43].

This study aimed to address this gap by investigating how older
adults, with various health statuses and experiences, perceive
and approach AT types—telemonitoring, fall detection
technology, and self-monitoring devices.

Literature Review
Technology-enabled health care is an umbrella term referring
to technologies (eg, information and communication, mobile
technologies, etc.) that are designed and tailored to provide care,
improve the quality of health services, and promote well-being
[44]. eHealth is another term that is used in reference to
information and communication technologies used for health
and encompasses a variety of mobile health apps [45,46] and
internet use for health services and information delivery [47,48].
Digital ATs (eg, communication systems, ambient technologies
or monitoring devices, mobile apps, etc.) represent the products
or systems used to “help maintain or improve an individual’s
functioning related to cognition, communication, hearing,
mobility, self-care, and vision, thus enabling their health,
well-being, inclusion, and participation” [49].

ATs present benefits to older adults’ care, given their ability to
support health care professionals’ work (eg, by providing older
adults with assistance with activities of daily living), assist older
adults in completing tasks that would otherwise not be possible
(eg, mobility), and enable older adults to feel safe while
independently living at home [50]. In a recent systematic review
of randomized controlled trials, ATs were found to be effective
for personal disease management (eg, statistically significant
positive effects on self-care and health-related quality of life),
medication management (eg, statistically significant
improvements in medication adherence and a reduction in the
number of missed doses), and vision (eg, statistically significant
improvements in visual functions with the use of ATs) in older
adults [51]. Prior studies have also highlighted other benefits
for older adults, including reduced falls [52], more autonomy
and independence [53], improved social connection and
engagement, and enhanced well-being [54] when using ATs.

Despite the demonstrated benefits and effectiveness of these
technologies, older adults’ use of ATs remains low, particularly
among those with multimorbidity who may benefit most from
their use [51]. Previous studies have investigated older adults’
acceptance of ATs. For example, Shin et al [55] assessed South
Korean older adults’ acceptance of ATs using the Senior
Technology Acceptance Model. They found that
gerontechnology self-efficacy, health contexts and abilities,
attitudinal factors, perceived usefulness, and perceived ease of
use statistically affected older adults’ intention to use ATs [55].
A recently published meta-analysis reviewed the literature that
used the Technology Acceptance Model and Unified Theory of
Acceptance and Use of Technology (UTAUT) to assess older
adults’acceptance of technology [56]. They found that perceived
usefulness, social influence, and ease of use all significantly

impact older adults’ acceptance of ATs, although this
relationship is moderated by the type of AT considered [56],
with high heterogeneity across the studies considered. As a
result, the authors recommended that future research explore
the variations in acceptance patterns across different contexts
and technologies to lead to a more comprehensive understanding
of older adults’ AT acceptance [56].

While the existing literature using the TAM, Senior Technology
Acceptance Model (STAM), UTAUT, and other behavioral
theories has contributed to our understanding of older adults’
technology acceptance, there have been calls in the literature
for more qualitative research that explores dimensions beyond
those included in existing theories [57]. For example, Felber et
al [57] discussed that research often quantitatively validates
these theories, without consideration of additional issues that
are relevant to older adults (eg, loneliness, the fear of ATs
replacing human care, etc.). As such, qualitative research would
be appropriate to allow additional factors that may influence
acceptance to emerge from the data [58]. They are best suited
for studies aiming to understand the reasons behind why an
older adult may or may not accept a technology and for
providing a more detailed understanding of the nuances that are
often missed when quantitative approaches are used [57,58].
This study provides new insights into this area of research by
exploring how older adults in long-term care (LTC)
environments perceive and approach 3 different AT types (ie,
telemonitoring, fall detection technology, and self-monitoring
devices) using qualitative methods.

Methods

Study Setting
The study was conducted at Perley Health, Ottawa’s largest
LTC home. Perley Health is a comprehensive community of
care that is home to more than 600 seniors and veterans across
450 LTC beds and 139 independent living apartments. It is also
a center for research, education, and clinical innovation and
offers many programs and services to residents, tenants, and
people from across the region. As part of a pilot project from
2018 to 2021, Perley Health had a subacute unit for frail elderly
(SAFE), which was a 20-bed specialty care unit that cared for
patients recovering from surgery, illness, or other acute health
events, who no longer needed to be in hospital but were not
ready to go home. Patients typically stayed on this unit for 2 to
3 weeks to access medical and rehabilitative supports and then
returned to their place of residence in the community.

Recruitment began in late October 2018 and concluded in April
2019. The process was adapted to participants’autonomy levels.
LTC and SAFE residents required multiple visits to build trust,
address hesitations, and encourage engagement. For ILA
residents, recruitment involved flyers and group sessions to
present the study and promote participation.

Study Design and Population
We used a qualitative research design to capture diverse
perspectives of older adults with varying levels of independence
and care needs and residing in different environments. This
approach combined focus groups, encouraging discussion and
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interaction [59,60], with in-depth interviews for a deeper
exploration of individual experiences [60].

Participants aged ≥65 years were selected through purposive
sampling to ensure diversity in health status, living
arrangements, and technology familiarity. Inclusion criteria
required cognitive capability to be able to provide informed
consent, which was usually assessed using the Cognitive
Performance Scale [61]. Individuals with moderate to severe
impairment were excluded because of their inability to
participate.

Data Collection and Analysis
We conducted 6 focus groups (4‐6 participants each), grouping
individuals by autonomy level (eg, ILA vs LTC). Discussions
covered experiences with ATs, perceived benefits, challenges,
usefulness, willingness to adopt the technologies, and
suggestions for improvement. As part of the original study
design, we also conducted 6 in-depth interviews with
participants who were unable to attend group discussions. These
interviews provided deeper insights into specific themes and
ensured a balanced representation of opinions.

The 3 ATs explored in this study were selected for their
relevance to aging in place and their practical applicability for
older adults in institutional or community care settings.
Telemonitoring refers to remote systems that track vital signs
or health conditions and transmit data to health care providers
[62]. Fall detection devices are typically wearable sensors that
automatically alert caregivers or emergency services when a
fall is detected [63]. Self-monitoring tools, such as GPS-enabled
trackers or activity monitors, allow users and family members
to track location or daily activity for enhanced safety [64].

Other digital health tools, such as mobile health apps, virtual
reality, or digital twin systems, were not included, as they were
considered less familiar or accessible to the study population.
The selected technologies reflect those most commonly
promoted for older adult safety, autonomy, and chronic
condition support in residential and home-based care contexts.

To facilitate discussion, participants watched short,
brand-neutral, publicly available videos (1‐2 min each)
introducing each technology. These videos emphasized core
features, use cases, and benefits while reducing cognitive effort
and improving comprehension. Following each video, a series
of open-ended and targeted questions were posed using a
semistructured discussion guide. These questions were designed
to explore perceived benefits (eg, timely interventions and

independence), concerns (eg, cost, usability, privacy, and
reliability), and potential adoption triggers (eg, health status
changes and physician recommendation). Participants were
specifically asked whether they believed the technology could
enable timely emergency intervention and what limitations or
barriers they perceived. The guide also differentiated between
those who had previously used the technology and those who
had not, allowing for comparison between experienced users
and nonusers. Questions were adapted to each device type
(telemonitoring, fall detection, and self-tracking) and to the
participant’s care setting.

Focus groups and interviews lasted up to 1 hour and were audio
recorded, with written notes capturing nonverbal cues and
context. We transcribed the audio recordings verbatim and
analyzed them thematically using NVivo (QSR International,
Melbourne, Australia) software. Thematic analysis followed a
partially inductive approach: although the interview guide
informed the initial structure, codes and subthemes emerged
directly from participant narratives. After subclassifying the
main themes, a sample of 100 randomly selected coded passages
was independently reviewed by 2 research assistants.
Discrepancies in interpretation were discussed and resolved
collaboratively to enhance coding consistency and validity. To
preserve confidentiality and adhere to ethical requirements,
participant quotes were not linked to individual identifiers or
care settings. As such, quotes are presented without attribution
beyond their thematic grouping.

Ethical Considerations
Ethics approval was granted from the University of Ottawa's
Research Ethics Board (S-06-18-428). Participation was
voluntary, and participants provided written informed consent
and were assured of confidentiality of the information collected
in the study. To protect identities, pseudonyms were used in
transcripts. No compensation was provided.

Results

Overview of Respondents
A total of 133 individuals attended the initial research
presentation, with 65 expressing interest. Of these 65, 54
(85.7%) confirmed participation, but some later withdrew due
to personal or health reasons or became unreachable. Ultimately,
31 participants completed the study (25 in focus groups and 6
in in-depth interviews; Figure 1).
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Figure 1. Recruitment process: This flowchart illustrates the recruitment process for the study, detailing the number of participants at each stage. Of
the 133 project presentation attendees, 65 expressed interest, 54 confirmed participation, and 33 arrived at the study site. Ultimately, 31 signed consent
and completed the demographic questionnaire, with 25 joining a focus group and 6 participating in an in-depth interview. Drop-off reasons included
inaccessibility, health changes, and discomfort.

The study included 31 participants from various care settings:
SAFE, LTC, and ILA (Table 1). Of the 6 interviewees, 5 were
from SAFE and 1 from LTC. Age varied by living environment,
with LTC participants being the oldest. Gender representation
was balanced, with 45.2% male and 54.8% female. A significant

portion (42%) had university-level education. Most were
widowed or single, lived alone (64.5%), and had chronic
conditions, with 45.2% reporting comorbidities. Despite health
issues, 67.8% rated their health as good or better.
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Table . Participants’ characteristics.

Total

(n=31)

Interviews

(n=6)

Focus groups (n=25)Characteristics

Independent living

(n=11)

Long-term care

(n=7)
SAFEa unit

(n=7)

87 (65-99)78 (65-97)89 (72-93)94 (87-99)78 (65-87)Age, years, median
(range)

Gender, n (%)

14 (45.2)3 (50)5 (45.5)5 (71.4)1 (14.3)    Male

17 (54.8)3 (50)6 (54.5)2 (28.6)6 (85.7)    Female

Education, n (%)

15 (48.4)3 (50)5 (45.5)2 (28.6)5 (71.4)    Nonuniversity educa-

tionb

16 (51.6)3 (50)6 (54.5)5 (71.4)2 (28.6)    University-level edu-

cationc

Marital status, n (%)

8 (25.8)2 (33.3)3 (27.3)—d3 (42.9)    Married/partnered

18 (58.1)3 (50)6 (54.5)6 (85.7)3 (42.9)    Widowed

5 (16.1)1 (16.7)2 (18.2)1 (14.3)1 (14.3)    Single/divorced/sep-
arated

Living situation, n (%)

20 (64.5)3 (50)6 (54.5)7 (100)4 (57.1)    Lives alone

7 (22.6)2 (33.3)3 (27.3)—2 (28.6)    Lives with partner

4 (12.9)1 (16.7)2 (18.2)—1 (14.3)    Other

Self-reported health, n
(%)

21 (67.8)4 (66.7)9 (81.9)4 (57.1)4 (57.2)    Good to excellent

10 (32.2)2 (33.3)2 (18.1)3 (42.9)3 (42.8)    Fair to poor

Chronic illness, n (%)

3 (9.7)—3 (27.3)——    None

14 (45.2)2 (33.3)5 (45.5)5 (71.4)2 (28.6)    Single condition

14 (45.2)4 (66.7)3 (27.3)2 (28.6)5 (71.4)    Comorbidities

aSAFE: subacute unit for frail elderly.
bIncludes high school, trade, college, and other nonuniversity education.
cIncludes participants with bachelor’s or graduate degrees.
d—: not applicable.

Key Findings
We identified 7 overarching themes from the thematic analysis
conducted on the data generated from the focus groups and
interviews, which are summarized in Figure 2.
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Figure 2. Key themes and subthemes: This diagram highlights factors influencing assistive technology adoption in older adults, including familiarity,
perceived benefits, concerns, contextual factors, willingness to adopt, pathways to promote access, and suggested improvements.

Theme 1: Familiarity and Experience With Technology
Most participants had limited prior knowledge of ATs. While
many of them followed the news through newspapers and
television, they knew little about technologies that could support
them. Some participants were eager to learn more, whereas
others remained indifferent. As shown in Figure 3, familiarity
was highest for fall detection (n=20), followed by
self-monitoring/GPS (n=10), and lowest for telemonitoring

(n=6). We observed a similar pattern for other measures of
exposure, such as knowing a user or having used the device
themselves. These differences in baseline familiarity appeared
to influence openness and perceived relevance during group
discussions. Despite limited experience with these investigated
ATs, older adults expressed a positive attitude toward them, for
example, “I’m glad to learn there are things like this happening”
and “Knowing about these devices motivates us to continue
living and maintaining our independence.”

Figure 3. Familiarity with and use of assistive technologies: This chart shows participants’ familiarity and engagement with telemonitoring, fall
detection, and self-monitoring devices. Fall detection devices had the highest familiarity and usage, whereas self-monitoring devices had moderate
awareness but low current usage. Telemonitoring had the lowest familiarity and minimal adoption.

Theme 2: Perceived Benefits
The participants identified 3 key benefits of ATs presented
below.

Safety and Reassurance

Participants commonly perceived that all 3 ATs can reassure
users and their families by enabling timely emergency
interventions, although they had not personally used these

technologies. They valued telemonitoring for its ability to detect
abnormalities early and provide prompt feedback.
Self-monitoring tools were praised for tracking users’ locations,
helping families ensure the safety of loved ones who might
become disoriented or lost. Fall detection technology was seen
as lifesaving, with 1 participant stating, “Using a fall detector
gives the family peace of mind, knowing that their loved one
won’t be found on the floor hours later.”
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Health Status and Quality of Life

ATs were seen as beneficial for older adults’ health by
improving chronic disease management (telemonitoring),
enabling timely interventions (fall detection), and encouraging
active lifestyles (self-monitoring). They also support
independence, particularly for those living at home. As 1
participant noted, “This could extend the time they can live at
home and do certain activities,” instead of being
institutionalized.

User Empowerment

Participants felt that telemonitoring’s immediate feedback from
health care professionals fostered a sense of control and
informed decision-making. As 1 participant shared, “If she says
in the morning, ‘I feel this way,’ and the [healthcare
professional] responds within an hour, she will know what to
do.”

Theme 3: Concerns
Despite the perceived benefits, participants raised several key
concerns regarding the use of ATs.

Usability
Participants highlighted physical, cognitive, and educational
barriers that could limit ATs’ adoption and effective use. As 1
respondent noted, “Telemonitoring can only be used by someone
who can use it manually, but what if you can’t use your hands?,”
raising concerns that some users may struggle with device
operation.

Cost
Many participants saw high expenses as a barrier to widespread
adoption and equitable access. As 1 respondent observed, “I
see a huge divide between people who can afford this type of
technologies and those who can’t.” This concern about cost
reflects broader patterns of digital exclusion among older adults,
as noted in recent reviews on health technology disparities
[18,65]. Such perceptions may also compound age-related
income constraints, underscoring the need for subsidized or
publicly funded solutions.

Reliability and Response Time
Participants were concerned about the risk of incorrect or
delayed information and the ability to act on it. One respondent
questioned, “What happens if there’s a problem? Will someone
be alerted immediately? The response time matters a lot.” The
effectiveness of telemonitoring depends not only on the
technology but also on the professionals overseeing it. Some
were skeptical about whether professionals actively monitored
the data, with 1 participant indicating, “It feels like they don’t
actively monitor the device. For me, it doesn’t seem
worthwhile,” suggesting potential trust-related concerns.

Privacy and Data Security
Most participants were concerned about potential breaches of
sensitive information or data being shared with third parties,
such as insurers. One respondent also feared that ATs could
increase vulnerability to theft, stating, “It could very easily
enable someone with malicious intention to access the system
and discover that you are not at home.”

Social and Psychological Impacts
Participants expressed concerns about the psychological effects
of ATs’ use, including feelings of dependency and loss of
dignity. Many saw these devices as symbols of weakness or
reliance on others, potentially impacting self-esteem and
personal pride. As one participant noted, "You feel like you
don’t want to be the person who has to wear that, and yet, in
reality, you have to.” Participants’ emphasis on the
psychological burden of using fall detectors echoes findings
from Köttl et al [66], where older adults internalized negative
stereotypes linked to assistive device use, framing them as
“symbols of decline.” Our findings further confirm that
emotional readiness is just as critical as functional need in ATs’
adoption decisions.

Acceptance and Familiarity
The novelty of ATs contributed to hesitation and skepticism
among participants. Some were cautious about adopting
unfamiliar devices, even when aware of their benefits. As 1
participant remarked, “People might not trust new devices.
Anything new is hard to trust, isn’t it?”

Theme 4: Suggested Improvements
Participants recommended designing simpler, user-friendly
devices, as many older adults may struggle with complex
technology. They stressed the importance of training and
orientation, with 1 participant noting, “You can’t just hand
someone something and leave them to figure it out. There needs
to be training or orientation.” To enhance emergency response,
respondents suggested integrating location-tracking with fall
detection devices to ensure faster assistance. As 1 participant
proposed, “If they press an alarm, we should be able to locate
them, no matter where they are.”

Accessibility was another key concern, with many advocating
for features that accommodate physical and cognitive
limitations, “like using large buttons or voice commands”.
Reminder systems (for forgetfulness), expanded coverage, and
wearable options were also highlighted. One participant
remarked, “If they want to change the world, these systems
should be everywhere, not just in nursing homes.” Finally,
participants valued feedback features to confirm help was on
the way. As 1 participant stated, “...if it could notify you that
your message was sent and someone is coming, that would be
reassuring.”

Theme 5: Contextual Factors Influencing Use
Perceived usefulness varied by living situation. For older adults
living independently, all 3 ATs were viewed as essential for
safety, health, and independence. As 1 participant explained,
“It’s good if you’re not in a critical state requiring
hospitalization, but you have medical conditions that need
monitoring, which can be done remotely.”

In institutional settings, these technologies were seen as
supplementary to existing care. With professional staff available
around the clock, some participants saw telemonitoring and fall
detection as redundant. However, others still found value in
them, with 1 participant noting, “Even in an institution, I could
fall in my room, and staff might not immediately know”
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Theme 6: Pathways to Promote Awareness/Access
Awareness campaigns using accessible media were suggested:
“Television and newspapers would be good ways to inform
people about these options.” Government support (ie, subsidies,
need-based assistance, and tax credits) to offset costs was
discussed as critical. While such support does not currently exist
for ATs, participants referenced similar programs in Ontario
that subsidize other physician-prescribed medical equipment,
such as continuous positive airway pressure machines.

Theme 7: Willingness to Adopt/Use ATs
Many participants initially expressed enthusiasm toward ATs,
“This is fantastic!,” but this did not necessarily translate into a
willingness to adopt them: “My diabetes isn’t severe enough
right now!” or “You can lead a horse to water, but you can’t
make it drink.” Their willingness to use these technologies
depended on several key factors.

Perceived Need and Health Status
Many participants indicated that their willingness to use ATs
would increase if their health declined. As 1 participant noted,
“I think you have to experience a fall to scare you enough to
jump into it faster.” Others recognized the potential benefits
but felt no immediate need due to stable health conditions.

Family and Social Influence
Family encouragement played a crucial role in AT adoption.
Some participants described how their families insisted on using
these technologies for peace of mind, even when they were
hesitant. As 1 participant shared, “My kids keep pushing me to
try it [fall detection bracelet] because it makes them feel better
about my safety.”

Health Care Recommendations
Guidance from health care professionals significantly influenced
ATs’ adoption. As 1 participant stated, “If my doctor
recommended it, I’d definitely consider it,” highlighting the
trust placed in medical advice.

Ease of Use and Design
Participants stressed that ease of use was crucial in their decision
to adopt ATs. Lightweight, user-friendly, and accessible devices
were more appealing, whereas complicated or impractical
designs discouraged interest. In addition, limited awareness of
how these technologies functioned created barriers to adoption.

Emotional and Psychological Concerns
Participants expressed mixed feelings about being monitored,
with some finding it intrusive, whereas others appreciated the
security it provided. As 1 participant stated, “It’s a bit unsettling
to know you’re always being watched, but it’s also comforting
to know help is there if you need it.”

Cultural and Situational Context
Social norms and perceived popularity influenced interest in
AT adoption. As 1 participant noted, “If other people have it
(telemonitoring) and I don’t, I feel disadvantaged.” ATs were
more appealing to those living alone or in rural areas, whereas
individuals in assisted living homes or with regular care access
showed less interest.

Discussion

Principal Findings
This study explored older adults’ perceptions of 3 ATs, namely,
telemonitoring systems, fall detection devices, and self-tracking
tools. By combining focus groups and in-depth interviews, we
gathered nuanced perspectives from individuals with varied
health statuses and living environments. This design helped
uncover both attitudinal and contextual factors shaping AT
acceptance, contributing to an enriched understanding of older
adults’ engagement with technology.

Perceived Benefits and the Role of Identity
Participants consistently acknowledged the potential of ATs to
enhance safety, independence, and chronic disease management.
These findings align with the literature, suggesting that older
adults are not inherently resistant to technology, but that they
appraise its value through the lens of personal relevance and
life context [67-71]. Importantly, this study highlights a tension
between recognition of benefits and personal
adoption—participants often deemed ATs useful “for others,”
but not necessary for themselves.

This ambivalence may reflect deeper psychological dynamics.
Drawing on Socioemotional Selectivity Theory [72], many
participants appeared to prioritize emotional satisfaction and
autonomy in the present over future-oriented planning. Similarly,
internalized ageism, the absorption of negative stereotypes about
aging, was evident in language that framed ATs as symbols of
frailty or decline. Participants’ reluctance to adopt fall detection
devices, in particular, often stemmed from concerns about
stigma or diminished self-image. These reactions echo prior
findings that older adults resist technologies perceived to signal
vulnerability [66], underscoring the importance of identity
preservation in technology acceptance.

Barriers to Adoption: Beyond Attitudes
Despite generally favorable attitudes, several barriers limited
participants’ readiness to adopt ATs. Cost emerged as a
prominent concern, even in Canada’s publicly funded health
care context. Consistent with UTAUT2 [73-76], where “price
value” influences behavioral intention, participants were highly
sensitive to the cost–benefit tradeoff. For many, high device
costs were incompatible with fixed or limited incomes. This
highlights the need for policy interventions, such as subsidies
or expanded Assistive Devices Programs, to enhance financial
accessibility.

Usability was another critical barrier. Participants emphasized
the importance of accessible, intuitive designs, particularly
given potential sensory, physical, or cognitive impairments.
These findings reinforce prior research linking effort expectancy
(ease of use) to adoption intent [77,78]. Participants suggested
adaptive features (eg, voice commands and large buttons) and
emphasized the value of hands-on training and orientation
sessions. These recommendations support calls for participatory
design approaches that incorporate older adults’ perspectives
into AT development [7,78,79].
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Although privacy concerns were noted, they were generally
outweighed by perceived safety and health benefits. Still, these
concerns merit further investigation. Recent extensions of
UTAUT have treated privacy either as an independent predictor
[80] or a moderator [81], but its role in older adult populations
remains underexplored. Future research should test whether
privacy functions differently in this demographic, particularly
with respect to self-tracking and location-based technologies.

Willingness Versus Readiness: A Critical Distinction
This study also underscores a conceptual distinction between
willingness (attitudinal openness) and readiness (practical ability
to act). While participants expressed interest in ATs, this rarely
translated into immediate adoption. Readiness appeared
contingent on several enabling conditions: digital literacy, health
triggers (eg, experiencing a fall), social support, and
recommendations from trusted others. This distinction is rarely
emphasized in AT literature but is essential for tailoring
interventions. Addressing readiness gaps through skills training,
caregiver involvement, and experiential exposure to ATs may
be just as important as shifting attitudes.

The Influence of Experience and Social Context
Experience with ATs emerged as a powerful enabler.
Participants with prior exposure demonstrated higher confidence,
clearer expectations, and greater openness to ongoing use. This
finding supports evidence from diffusion studies that familiarity
reduces perceived complexity and increases trialability [82-84].
Conversely, nonusers often failed to recognize personal
relevance, even when their health status suggested potential
benefit.

Here, the diffusion of innovation framework [85] offers a useful
lens. Health professionals, especially in institutional settings,
can serve as gatekeepers, opinion leaders, and change agents.
For example, physicians and occupational therapists can assess
individual needs, demystify technologies, and provide credible
endorsements, thereby influencing both perceived usefulness
and social norms [86-88]. Our findings reinforce the importance
of leveraging these roles, especially within LTC contexts where
allied health professionals routinely assess functional abilities.
Promoting ATs through routine care conferences, orientation
sessions, and interdisciplinary planning can normalize their use
and personalize recommendations.

Implications for Design, Policy, and Practice
Bridging the gap between positive attitudes and actual adoption
of ATs requires multipronged strategies that target both systemic
and individual-level barriers. Participants emphasized the
importance of adaptive, inclusive designs that accommodate
cognitive, sensory, and physical limitations. Features such as
voice activation, tactile interfaces, and customizable visual
displays (eg, font size and button shape) were seen as
particularly valuable for enhancing usability. In line with earlier
research [7,39,89,90], these design features can help ensure
technologies are accessible to a wider range of older adults.

Participants also stressed the importance of training and support.
Many felt that simply distributing a device without orientation
would be ineffective. Suggestions included hands-on

demonstrations, step-by-step tutorials, and reinforcement
opportunities through follow-up sessions. For example, in LTC
settings, technology vendors could be invited to host
demonstration days with staff, residents, and caregivers. For
community-dwelling older adults, device trials combined with
user support, potentially involving caregivers or trained
volunteers, could enhance experiential learning and encourage
integration into daily life.

Education and outreach are equally important. Participants
advocated for awareness campaigns using accessible media,
such as television and newspapers, to reach broader audiences.
These campaigns should emphasize the empowering aspects of
ATs, helping reframe them as tools for maintaining
independence rather than markers of decline. This is particularly
critical in combating internalized ageism and reshaping social
narratives around aging and technology.

Health care providers, especially physicians, nurses, and allied
health professionals, play a pivotal role in recommending and
normalizing AT use. Their trusted relationships with older adults
position them as effective intermediaries for personalized advice
and confidence-building. Strengthening provider involvement
through continuing education, clinical guidelines, and structured
patient discussions can help increase uptake. In LTC, allied
health professionals such as occupational and physiotherapists
are well-positioned to incorporate AT assessments into routine
care planning. Opportunities for integration include resident
orientation, care conferences, and interdisciplinary team
meetings. These touchpoints offer natural opportunities to
introduce ATs aligned with residents’ values, needs, and
preferences [91].

Finally, policy interventions are also essential. Public
reimbursement schemes, such as Ontario’s Assistive Devices
Program, could be expanded to include a broader array of ATs
and cover maintenance or replacement costs. Such support
would help address cost-related concerns, one of the most
frequently cited barriers to adoption, and ensure equitable
access. Policymakers may also consider embedding AT content
into the curricula of health care training programs, ensuring that
future providers across disciplines are equipped to assess,
recommend, and support AT use among older adults.

Limitations and Avenues for Future Research
This study has limitations that must be acknowledged. First,
given its exploratory nature, we used an inductive approach
through focus groups and interviews to capture older adults’
experiences without restricting responses to predefined
frameworks (eg, TAM, UTAUT). This approach enabled novel
insights to emerge, although future studies could build on our
findings using established models to assess generalizability and
validate results in other contexts.

Second, recruitment was limited to individuals with sufficient
cognitive abilities to provide informed consent, excluding those
with significant impairments. Physical and sensory limitations,
such as hearing or vision issues, sometimes disrupted group
discussions and required clarification. In some cases, small
g roup  s i ze s—due  to  cance l l a t i ons  o r
misunderstandings—reduced discussion depth. However,
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in-depth interviews helped address these gaps by capturing
additional perspectives. Time constraints also limited exploration
of some topics during focus groups, although these were
partially mitigated by the interviews.

Third, participants viewed brand-neutral video demonstrations
to facilitate discussion, but these may have shaped perceptions
based on how the technologies were presented. While the videos
offered general overviews, they did not depict specific devices,
limiting discussion of their particularities. In addition, themes
such as privacy, cost, and emergency response were included
in the interview guide, potentially influencing responses. For
confidentiality, quotes were not linked to participants’ identities
or care settings, preventing comparative analysis across
environments.

Despite these limitations, the study addressed several gaps in
the extant literature. We explored 3 types of ATs relevant to
diverse care needs and included 31 participants from LTC,
SAFE, and independent living settings, offering broader insights
than prior studies with smaller or more homogeneous samples.
Unlike studies relying on a single method [83,92-98], our
combined use of focus groups and interviews allowed for a
richer, more nuanced understanding. Still, we were unable to

include participants with cognitive impairment. Future research
should address this by involving informal caregivers, who play
a key role in decision-making and technology use. Additional
research is also needed to explore AT adoption among
individuals with greater physical or cognitive limitations.
Quantitative studies examining perceived need, prior experience,
and external influences (eg, clinician recommendations) could
inform strategies to support wider adoption.

Conclusions
Promoting the use of health ATs among older adults requires a
focus on improving accessibility, usability, and awareness. This
research adds to the growing body of literature on older adults’
perspectives on health ATs by offering insights into their
attitudes, barriers, and facilitators of adoption. While older
adults recognize the benefits of telemonitoring systems, fall
detection technology, and self-tracking devices, adoption
remains limited and is influenced by factors such as perceived
personal need, prior experience, and accessibility. Future efforts
should focus on creating adaptive designs, offering experiential
opportunities, and implementing accessible pricing models to
enhance the adoption of health ATs and maximize their potential
to support aging populations.
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Abstract

Background: Mobile health care (mHealth) apps are emerging worldwide as a vital component of internet health care, but there
are issues, especially among older adults.

Objective: We aim to investigate the factors influencing the intention to use (ITU) mHealth apps, focusing on those with and
without prior mHealth experience.

Methods: A cross-sectional study conducted from August 2022 to July 2023 included Thai citizens aged 45 years or older.
Self-reported questionnaires collected data on sociodemographic information, health conditions, smartphone or tablet ownership,
and mHealth usage experience. The Thai mHealth Senior Technology Acceptance Model questionnaires with a 10-point Likert
scale evaluated mHealth acceptance. A multivariable logistic regression analysis, adjusted for age, gender, education, income,
and living area, was performed for 2 subgroups: those who used ITU mHealth apps and those who did not.

Results: Of 1100 participants, 537 (48.8%) intended to use mHealth apps, while 563 (51.2%) did not. The ITU group had a
younger average age, higher education levels, higher income, and fewer underlying diseases compared to those who did not intend
to use mHealth apps. For those who had never used mHealth apps, having a smartphone was strongly associated with higher odds
of ITU (adjusted odds ratio 2.81, 95% CI 1.6 to 4.93; P<.001), while having any underlying disease was associated with lower
odds of ITU (adjusted odds ratio 0.63, 95% CI 0.42 to 0.97; P=.034). Higher acceptance levels, characterized by a positive attitude
toward mHealth and lower fear of making mistakes, were also associated with higher ITU. For those with prior mHealth experience,
acceptance in areas such as perceived ease of use, gerontechnology anxiety, and facilitating conditions was significantly associated
with ITU.

Conclusions: Among inexperienced users, a positive attitude toward mHealth significantly enhanced ITU. Conversely, having
an underlying disease decreased ITU, indicating a need for tailored mHealth apps. For experienced users, acceptance levels in
areas such as ease of use and gerontechnology anxiety were crucial. Future research should explore specific mHealth apps for
more targeted insights.

(JMIR Hum Factors 2025;12:e63607)   doi:10.2196/63607

KEYWORDS

mHealth; mobile healthcare; older adults; elderly; aging; questionnaire; smartphone; mHealth usage; intention to use

Introduction

Mobile health care (mHealth) apps, a vital component of internet
health care, are emerging worldwide. These apps have attracted
a wide range of health care services and are proven effective in
solving health problems. The functions of mHealth are diverse,
including patient monitoring, diagnosis, personal care,
psychological health, educational apps, and social networking
[1]. There is growing evidence of the health benefits of mHealth.

Mobile devices, with their integrated sensors and features, help
health care professionals treat patients with continuous
connectivity. These apps are useful for collecting data related
to physical activity, human body images, and other health care
aspects [2,3]. For example, using mHealth in chronic disease
management has shown improvements in symptoms and reduced
hospitalizations for patients with asthma, chronic obstructive
pulmonary disease, heart failure, and diabetes [4].
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However, there are several issues with current mHealth apps,
particularly among older adults. Studies show that only 60% of
older people intend to use mHealth [5]. Older adults may have
physiological changes according to aging such as visual and
hearing decline. They may also be unfamiliar with technology
and face difficulty learning new skills [6]. Some users
experience technical problems with their smartphones when
using these apps. Additionally, public awareness of mHealth
apps is low, and their usability is not as good as expected [7].

Understanding the factors that affect the intention to use (ITU)
mHealth among people with and without prior experience is
crucial for enhancing its future usage [8]. Therefore, the primary
objective of our study was to investigate the factors associated
with ITU, focusing on 2 specific subgroups: those with prior
experience using mHealth apps and those without. This study
also examined information regarding device ownership,
experience with mobile apps and mHealth, and technology
acceptance. These findings aimed to gain a better understanding
of mHealth usage and identify potential opportunities for
implementing mHealth in a community-dwelling population,
especially among older adults.

Methods

Study Design
We conducted the cross-sectional study from August 2022 to
July 2023 using a nationwide web-based survey and a
community survey. The online survey was disseminated through
various social media platforms, such as department websites,
Facebook, Line, Twitter, and Instagram. The investigator teams,
which included medical students and health care personnels
from primary care units across 10 subdistricts in Chiang Mai
province, distributed the community survey. The respondents
to both the online and community surveys used the REDCap
(Research Electronic Data Capture; Vanderbilt University)
survey platform to self-complete the questionnaires. The
STROBE (Strengthening the Reporting of Observational Studies
in Epidemiology) statement guided this study’s reporting [9].

Ethical Considerations
The institutional review board of the Faculty of Medicine,
Chiang Mai University approved this study’s ethical
consideration (COM-2565‐09079). Before participating in
this survey, all respondents provided their informed consent in
accordance with the screening questionnaire and study
information page. Participants were compensated with an
incentive of 100 Thai Baht (3 USD) for completing the
questionnaires. No identification data were recorded, and
respondents were permitted to remain anonymous during the
online survey. The community survey used the identification
data of eligible participants exclusively for recruitment purposes
within each target area. These data were not documented in
either the survey form or the study database.

Participants
Study participants were middle-aged Thai citizens aged 45‐60
years or older at the time of the survey [10,11]. Our study’s
inclusion criteria required participants to be able to read and
communicate in Thai and to have no underlying conditions or

diseases that would hinder their ability to complete the survey
or use mHealth apps (eg, dementia, active psychological
problems, or severe visual impairments). This study excluded
respondents who did not complete the survey, spent less than
2 minutes on it, or spent more than 60 minutes on it.

Data Collection

Participant Characteristics
We used self-reported questionnaires to collect data on
participant characteristics, including sociodemographic data,
underlying health conditions, owning a smartphone or tablet,
and experience using the devices and mHealth apps. The initial
section of the questionnaires included information regarding
mHealth to ensure that the participants comprehended its
definition, related concepts, and intended use.

The sociodemographic data included age, gender, marital status
(single, married, and separate, divorced, or widowed), living
status (alone, with family, and with others), living areas (urban,
suburban, and rural), education levels (no education, primary,
secondary, high school, vocational training, preuniversity,
bachelor’s degree, and master’s degree), and income per month
(<10,000 in Thai Baht, US $ 274; 10,001‐30,000 in Thai Baht,
US $275-$819; and >30,001 in Thai Baht, US $820). The
questions inquiring about underlying medical conditions
included hypertension, dyslipidemia, diabetes mellitus, chronic
renal disease, visual impairments, and hearing impairments.
We also gathered data on other related variables, such as wearing
glasses or contact lenses, using hearing aids, and a number of
current medications.

Experience Using Mobile Apps and mHealth
mHealth apps, or mobile health apps, refer to the practice of
medicine and public health supported by mobile devices. The
term “mHealth apps” encompasses the use of mobile
communication devices such as smartphones and tablets for
health care purposes [12,13]. For information on owning and
experience using the devices and mHealth, questionnaires asked
for smartphone or tablet usage experience (year), owning
smartphones or tablets, internet usage experience (year), and
previously used mobile apps and mHealth apps.

mHealth Acceptance and ITU
The acceptance of mHealth was evaluated using the Thai
mHealth Senior Technology Acceptance Model (STAM)
questionnaires. This instrument has been adapted from the
38-item STAM questionnaire [14] and validated for accessing
mHealth acceptance in a Thai context. According to the reported
psychometric analysis, the Thai mHealth STAM demonstrated
satisfactory psychometric properties in terms of validity and
reliability. We used instrument items in the following domains
as the potential associated factors of an ITU mHealth: attitude
toward using, perceived usefulness, perceived ease of use,
perceived barriers, gerontechnology anxiety, and facilitating
condition. The structure of the Thai mHealth STAM was a
10-point Likert scale. The highest point indicated a high level
of acceptance. The participant’s ITU mHealth was assessed by
the structural question “If there are available mHealth apps for
you, do you want to use them? (Yes/No).”
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Sample Size
To derive statistics that represent the parameters for the target
populations, a minimum sample size of 500 total participants
is required. This minimum sample size can accurately detect
low to large effect sizes, as suggested by Bujang et al [15].
Based on our primary objective, it aimed to explore the
associations between ITU and predetermined variables,
including characteristics, ownership, and experience using
devices and mHealth, and mHealth acceptance, in 2 specified
subgroups of participants: those with experience using mHealth
apps and those without. To explore unbiased effect estimates,
18 independent variables were analyzed with adjustments for
5 confounding variables. The sample size calculation, based on
the formula n=100+(10‐50 event per variable)i, where i refers
to the number of independent variables, was conducted to ensure
our effect estimates from a multivariable logistic regression had
sufficient precision to yield medium to large effect estimates
in the subgroup analysis [15]. With 23 independent variables,
a minimum sample size of 330 participants per subgroup was
needed according to the given formula with 10 per independent
variables.

Statistical Analysis
For descriptive analysis, we presented categorical data using
frequency and percentage. We described continuous data using
a mean with SD, a median with a range (minimum-maximum),
or an IQR, as appropriate. The comparison in characteristics,
owning and experience using the devices and mHealth, and
mHealth acceptance between participants who had ITU and
those who did not was examined using an independent 2-tailed
t test or Wilcoxon rank sum test for continuous data and Fisher
exact test for categorical data.

For the analysis of the primary objective, we hypothesized that
the factors associated with ITU would be different for

participants who had previously used mHealth and those who
did not. We performed a multivariable logistic regression for 2
specified subgroups, adjusted for the confounders including
age, gender, education levels, income, and living area. The
predetermined characteristic variables included having any
underlying disease, owning a smartphone, the number of years
of experience using it, and an interaction term based on both
ownership and experience. We entered each item’s mHealth
acceptance into the model as continuous data, using a 10-point
scale. The magnitude of associations was presented using an
adjusted odds ratio along with 95% CIs and P value. All
statistical analyses were conducted using STATA (version 17.0;
Stata Corp, LP). The visualization for this study was created
using Microsoft Excel (Microsoft Corporation, 2021). The level
of statistical significance for descriptive analysis was set at a P
value below .05.

Results

Participant Characteristics
Of 1100 participants, the majority were female (776/1100,
62.3%), with a mean age of 62.3 (SD 8.8) years. This study
flow diagram is presented in Figure 1. Most of the participants
were married and resided with their families primarily in rural,
suburban, and urban areas, respectively. For socioeconomic
status, 86.2% (948/1100) had a low income (<10,000 Baht, US
$274), and 65.9% (725/1100) had the highest education level
at primary school. The common underlying diseases were
hypertension and dyslipidemia. More than half reported having
a vision problem, and 65.2% (n=399) wore glasses or contact
lenses. Only 3.3% (4/1100) of respondents required a hearing
aid, while 10.9% (120/1100) of respondents reported having
hearing problems.
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Figure 1. Study flow diagram. ITU: intention to use.

There were 537 participants who had ITU (48.8%) and 563
participants who did not (51.2%). When comparing the
participants who had ITU mHealth apps with those who did
not, the ITU group had a significantly younger average age,
higher education levels, higher income, and a lower proportion
of underlying diseases. Furthermore, 94.4% (507/537) and 92%
(494/537) of the ITU group reported having experience using
a smartphone or tablet and the internet; 91.2% (490/537) and
3.4% (18/537) had owned a smartphone and tablet, respectively.
These percentages in the ITU group were significantly higher

than those in the non-ITU group. The overall median (IQR)
year of experience using the devices was 5 (0‐10). When
comparing the ITU to non-ITU groups, the median years of
device usage experience in the ITU were significantly higher
than non-ITU (median 6, IQR 3‐10 versus median 3, IQR
0‐9, P<.001). In addition, 66.9% of those in the ITU group
had experience using mHealth apps, which was a significantly
higher proportion than the non-ITU group of 17.4%. The details
of participant characteristics are presented in Table 1.
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Table . Participant characteristics.

Had intention to use mHealth apps

P valueNo (n=563)Yes (n=537)Total (N=1100)Characteristics

<.00164.4 (8.6)60 (8.4)62.3 (8.8)Age (year), mean (SD)

.02184 (32.7)140 (26.1)324 (29.5)Male, n (%)

.002Marital status, n (%)

39 (6.9)57 (10.6)96 (8.7)    Single

370 (65.7)377 (70.2)747 (67.9)    Married

154 (27.4)103 (19.2)257 (23.4)    Separated, divorced, or widowed

<.001Education levels, n (%)

16 (2.8)2 (0.4)18 (1.6)    No education

434 (77.1)291 (54.2)725 (65.9)    Primary school

32 (5.7)65 (12.1)97 (8.8)    Secondary school

52 (9.2)110 (20.5)162 (14.7)    High school and vocational training

3 (0.5)8 (1.5)11 (1)    Preuniversity

25 (4.4)54 (10.1)79 (7.2)    Bachelor’s degree

1 (0.2)7 (1.3)8 (0.7)    Master’s degree

.001Income per month, n (%)

506 (89.9)442 (82.3)948 (86.2)    <10,000 Baht (US $274)

52 (9.2)86 (16)138 (12.5)    10,001‐30,000 Baht (US $275‐819)

5 (0.9)9 (1.7)14 (1.3)    >30,001 Baht (US $820)

.86Living status, n (%)

58 (10.3)50 (9.3)108 (9.8)    Alone

503 (89.3)485 (90.3)988 (89.8)    With family

2 (0.4)2 (0.4)4 (0.4)    With others

.38Living area, n (%)

121 (21.5)99 (18.4)220 (20)    Urban

185 (32.9)192 (35.8)377 (34.3)    Suburban

257 (45.6)246 (45.8)503 (45.7)    Rural

.002396 (70.3)330 (61.5)726 (66)Had any underlying disease, n (%)

<.001283 (50.3)212 (39.5)495 (45)Hypertension, n (%)

.62188 (33.4)187 (34.8)375 (34.1)Dyslipidemia, n (%)

.03108 (19.2)76 (14.2)184 (16.7)Diabetes mellitus, n (%)

.889 (1.6)8 (1.5)17 (1.5)Chronic kidney disease, n (%)

.53308 (54.7)304 (56.6)612 (55.6)Vision problems, n (%)

.045189 (61.4)210 (69.1)399 (65.2)Wore glasses or contact lens, n (%)

.3866 (11.7)54 (10.1)120 (10.9)Hearing problems, n (%)

.842 (3)2 (3.7)4 (3.3)Used hearing aids, n (%)

.551 (0‐2)1 (0‐2)1 (0‐2)Number of medications, median (IQR)

<.001366 (65)507 (94.4)873 (79.4)Had experience using a smartphone or tablet, n
(%)

<.001353 (62.7)490 (91.2)843 (76.6)Had own smartphone, n (%)

<.0012 (0.4)18 (3.4)20 (1.8)Had own tablet, n (%)

<.001290 (51.5)494 (92)784 (71.3)Had experience using the internet, n (%)
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Had intention to use mHealth apps

P valueNo (n=563)Yes (n=537)Total (N=1100)Characteristics

<.00191 (16.2)348 (64.8)439 (39.9)Had experience using mHealth apps, n (%)

Experience Using Mobile Apps and mHealth
Figure 2 illustrates participants’ experience using mobile apps
and mHealth. There are many types of mobile apps and mHealth
including social media apps, general apps, and mHealth apps.
Among the middle-aged and older adults who had previously
used mobile apps and mHealth, social media apps had the
highest percentages (63.4%), followed by mHealth apps
(41.6%), and apps for general purposes (37.5%). The use
percentages of almost all mobile apps and mHealth were
statistically and significantly higher in the ITU compared to

non-ITU groups (P<.001), except for mHealth apps with a low
use percentage (Samsung Health, Apple Health, and Strava).
The use percentages of the top 3 social media apps (Line,
YouTube, and Facebook) were greater than other apps. For
general purposes, most participants used mobile apps for online
banking services, surfing the internet, and shopping. For
mHealth, the Ministry of Thai Public Health app, “MorProm,”
had the highest use (41.6%), followed by the official apps by
hospitals (5.9%), while the other mHealth apps from public
providers showed a very low use percentage.

Figure 2. Participants’ experience using mobile apps and mHealth. ITU: intention to use.
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mHealth Acceptance
We assessed the participants’ mHealth acceptance using the
Thai mHealth STAM questionnaires in the domains, including
attitude toward using, perceived usefulness, perceived ease of
use, perceived barriers, gerontechnology anxiety, and facilitating
condition. Figure 3 displays the structure of the questionnaires

and the participants’ responses. Overall, participants’acceptance
of mHealth fell within the range of agreeable attitudes toward
using, perceived usefulness of mHealth apps, and facilitating
conditions. On the other hand, we observed responses in the
range of neutral to low acceptance across the domains of
perceived barriers, gerontechnology anxiety, and perceived ease
of use.

Figure 3. Participants’ responses to mHealth acceptance questionnaires. ANX: gerontechnology anxiety; ATT: attitude toward using; FC: facilitating
condition; PB: perceived barriers; PEOU: perceived ease of use; PU: perceived usefulness.

When compared between the ITU and non-ITU groups, mHealth
acceptance levels assessed by the questionnaires showed a
significant difference in all items, as presented in Table S1 in
Multimedia Appendix 1. Participants who used an ITU mHealth
app had higher mean scores in all items. The domain of
perceived barriers yielded the lowest mean mHealth acceptance
score in both groups.

Factors Associated With ITU mHealth Apps
In this study, we focused on exploring factors associated with
ITU mHealth apps in the subgroup of participants who had
experience using mHealth apps and who did not. We performed
a multivariable logistic regression analysis using predetermined
factors including owning a smartphone, experience using a
smartphone, underlying disease, and mHeath acceptances. The
analysis also adjusted for the confounders consisting of age,
gender, education levels, income, and living area. Multivariable
analysis results are presented in Figure 4.
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Figure 4. Factors associated with intention to use mHealth apps using a multivariable logistic regression. aORs were estimated as adjusted for age,
gender, education levels, income, and living area. aOR: adjusted odds ratio; ANX: gerontechnology anxiety; ATT: attitude toward using; FC: facilitating
condition; ITU: intention to use; PB: perceived barriers; PEOU: perceived ease of use; PU:perceived usefulness.

For the subgroup of people who had never used mHealth apps
before, having a smartphone was substantially associated with
higher odds of ITU (adjusted odds ratio 2.81, 95% CI 1.60 to
4.93; P<.001), while having any underlying disease was
significantly related to a low ITU. Higher levels of acceptance,
which are characterized by a higher score of attitudes toward
the idea of using mHealth and a lower fear of making mistakes
that cannot be corrected when using it, were also significantly
associated with a high ITU.

For the subgroup of individuals who had prior experience using
mHealth apps, the pattern of associations between predetermined
factors varied from the subgroup of those who did not have
prior experience. There were no predetermined characteristics
relating to ITU. The levels of mHealth acceptance were
significantly associated with ITU in the domains, including
perceived ease of use, gerontechology anxiety, and facilitating
conditions. Perceived ease of use, which individuals could be
skilled at using, was significantly associated with a greater odds
of ITU. Regarding the level of anxiety associated with mHealth
usage, less apprehensiveness about using mHealth significantly
increased the odds of ITU. Conversely, a low ITU was
associated with a lower fear of making mistakes when using
mHealth. Having facilitated support from family and friends to
use mHealth and having fewer financial constraints on using
mHealth showed a significant positive association with ITU,

whereas the support from others was negatively associated with
ITU.

Discussion

Principal Findings
To investigate the factors associated with ITU, we found that
people who had never used mHealth apps before, having a
smartphone associated with a higher ITU, while having any
underlying disease was significantly related to a low ITU.
Higher levels of acceptance, which are characterized by a higher
score of attitudes toward the idea of using mHealth and a lower
fear of making mistakes, were also significantly associated with
a high ITU. For the subgroup of individuals who had prior
experience using mHealth apps, there were no predetermined
characteristics relating to ITU. The levels of mHealth acceptance
were significantly associated with ITU in the domains, including
perceived ease of use, gerontechology anxiety, and facilitating
conditions.

Compared to previous studies, several patient characteristics
significantly influence the ITU mHealth. Older patients are less
likely to use mHealth due to their unfamiliarity with technology.
Despite efforts to adopt new technology, many older adult
individuals still struggle with it, and the rapid pace of
technological advancements leaves them unable to keep up
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[16,17]. Additionally, there is a lack of promotion and support
for using medical technology among older adults [18].
Socioeconomic status is another crucial factor affecting the ITU
mHealth [19,20]. Patients in low-income groups not only lack
support for using mHealth, but their daily routines and various
burdens also reduce their intention to use these technologies
[21]. This is closely related to the level of education [19];
patients with higher educational levels are more likely to
understand and recognize the health benefits of mHealth, thus
increasing their intention to use it [20]. Chronic diseases also
play a role [19]. Patients without comorbidities and those who
could effectively manage their chronic conditions tend to have
better health management skills and a stronger desire to maintain
good health, which positively influences their ITU mHealth
[22,23].

Many factors influence the ITU mHealth among people without
prior experience. One critical factor is the availability of
equipment, such as mobile phones, patient testing devices,
personal digital assistants, and other wireless tools. Health care
professionals must ensure these facilities are accessible to
patients when initiating mHealth services. Providing the
necessary equipment and educating patients on its use can reduce
inequity, particularly among older populations. The previous
studies also showed that when health care systems provide
access to such equipment, it enhances user confidence and
intention to adopt mHealth, particularly among older adults who
may otherwise face barriers due to digital inequality (eg, lacking
smartphones or internet access) [24,25]. Empowering patients
to access and use smartphones not only enhanced their ITU
mHealth but could also improve self-rated, physical, and
psychological health levels, as evidenced by the previous studies
on the effects of smartphones and smart devices [26-28].
Underlying health conditions also impact the ITU mHealth.
Patients with poor health behaviors or low motivation for
self-care are less likely to adopt mHealth. The previous studies
found that older adults with heart failure [29] and adults with
hypertension [30] faced significant barriers to mHealth adoption,
including low motivation and limited health literacy, which
hindered their engagement with self-management technologies.
These support our finding that underlying health conditions
may reduce mHealth adoption, as individuals often lack the
motivation to use health-promoting technologies. Conversely,
some studies suggest that the presence of chronic health
conditions can actually motivate individuals to engage with
mHealth solutions. The study by Askari et al [31] found that
older adults who were able to control their chronic diseases
often expressed a greater ITU mHealth, as these tools can
provide essential support for self-management and health
monitoring. This indicated that while health conditions could
pose barriers, they can also motivate the adoption of mHealth
solutions, particularly when patients recognize the potential
benefits for their health management. Another study also
suggested that health conditions could influence older adults’
readiness to engage with eHealth resources, with those
experiencing chronic illnesses showing a higher willingness to
use digital health tools for self-care [32]. This suggests that the
context of the health condition is vital in influencing attitudes
toward technology use, rather than the notion that poor health
behaviors uniformly result in reduced intentions to use mHealth.

Confidence in their ability to effectively use mHealth apps is
crucial, as a positive attitude toward mHealth increases the
likelihood of its use [33]. The positive finding on attitude toward
using mHealth is also consistent with the recent systematic
reviews on the impact of mHealth interventions, which
highlighted that the effectiveness of these interventions is often
linked to user confidence and positive attitudes toward
technology [4]. To promote mHealth for people without prior
experience, health care professionals should educate patients
about its benefits and how it can aid in self-care. Additionally,
patients must develop eHealth literacy, defined as “the ability
to seek out, find, evaluate, and appraise, integrate, and apply
what is gained in electronic environments toward solving a
health problem.” [34].

For participants with prior experience using mHealth, various
factors influence their intention to continue its usage. These
individuals often possess a positive attitude toward mHealth
and recognize its benefits. They may also have experience in
overcoming barriers, such as troubleshooting difficulties or
correcting errors independently. Consequently, they perceive
the benefits of using mHealth to outweigh the risks or
challenges. Our finding indicated that perceived self-capability
to use mHealth and lower concerns was associated with higher
ITU among participants with prior mHealth experience. This
finding is aligned with the study by Opoku et al [35], which
emphasized that enabling resources, such as the durability and
simplicity of mobile technology, significantly influence patients’
perceived ease of use of mHealth interventions. This implies
that when patients are informed and experienced about the
user-friendly nature of mHealth apps, their confidence in using
these tools increases, thereby enhancing their likelihood of
adoption. In contrast to participants without prior experience
using mHealth, those with experience did not avoid using
mHealth out of fear of making mistakes. However, the expressed
greater concerns about mHealth itself, such as its effectiveness,
data security, and privacy, were associated with a low ITU. Our
findings align with the studies on experienced users’ attitudes
toward mHealth [36,37], emphasizing the importance of
addressing concerns related to security, privacy, and perceived
effectiveness. Therefore, future mHealth interventions should
not only focus on enhancing user confidence through health
education or instruction by technical and health care providers
but also on building trust in technology itself. Additionally,
patients, especially older adults, value support from family or
caregivers. mHealth for older adults may require assistance at
various stages, including tool usage guidance, instructions, and
caregiver involvement [16]. Financial considerations also play
a crucial role, as increased costs associated with mHealth can
affect the ITU for it. To initiate and improve mHealth usage,
health care professionals need to identify patients willing to use
mHealth, ensure the availability of necessary equipment, and
address any financial constraints. Educating patients on the
evidence and benefits of mHealth is also essential. Where
possible, families and caregivers should be included in the
mHealth care plan [38].

The strength of this study lies in its relatively large sample size,
which included participants from rural, suburban, and urban
areas. This study comprehensively explored various factors
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potentially associated with mHealth use, using reliable and
validated standard tools to evaluate acceptance. However, some
limitations existed. The cross-sectional nature of this study
limited establishing causal relationships between the ITU
mHealth and associated factors. Further research designs,
including longitudinal studies or randomized controlled trials
of specific mHealth interventions, are necessary to overcome
these limitations and provide a more comprehensive
understanding of the factors influencing mHealth usage.
Furthermore, the term “mHealth” was defined in a broad and
general sense in the questionnaire but was not explicitly
specified for participants’ conditions. Defining “mHealth” in
general could hinder the participants’ acceptance and use of
mHealth, particularly in the group of participants with
underlying diseases and specific health problems. This
hypothesis could explain the observed association between
having any underlying disease and low ITU in the group of
participants who had never used mHealth before. Accordingly,
our study primarily aimed to explore mHealth usage in general

for community-dwelling adults. Our findings may not generalize
enough to provide specific insight into the specific use case of
mHealth in a particular population. Hence, we encourage future
studies to aim for an in-depth understanding of each type of
mHealth and acceptance in the specific context.

Conclusion
This study identified key factors influencing the ITU mHealth
and positive attitudes toward using significantly enhancing ITU
in both inexperienced and experienced users. Conversely, having
an underlying disease was associated with a decrease in ITU,
indicating that this group of individuals may require mHealth’s
specific requirements for their conditions rather than the general
purpose. For experienced users, acceptance levels in areas such
as ease of use and gerontechnology anxiety were critical. Health
care professionals should identify patients open to using
mHealth, ensure access to necessary equipment, address
financial barriers, and educate patients on its benefits. Future
investigations should also explore specific mHealth apps to
provide more targeted insights.
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Abstract

Background: With the increasing prevalence of digital technology, adolescent internet addiction (IA) has become a global
concern. Excessive internet use, especially among adolescents, has been linked to various negative outcomes such as poor academic
performance, social isolation, and mental health issues. Conducted among adolescents of Arab origin, our study addressed the
limitations of the literature, which predominantly focuses on Western, educated, industrialized, rich, and democratic populations.

Objective: This study aimed to differentiate between essential and nonessential internet use and how they relate to IA in early
and middle adolescents, as well as the relationship between subjective happiness with the amount of time spent on nonessential
internet use and IA.

Methods: A cross-sectional survey was conducted among 377 students from 16 schools in Qatar. The survey measured essential
and nonessential internet use, subjective happiness with nonessential use, and IA symptoms using the Internet Addiction Diagnostic
Questionnaire, as well as participant demographics. To explore age-specific associations, participants were categorized into early
(age 11-13 years) and middle (age 14-17 years) adolescents. Factorial analysis, multiple regression, and logistic regression were
used for statistical analysis.

Results: Nonessential internet use significantly predicted IA in both early (P<.001) and middle (P<.001) adolescents, with early
adolescents showing a stronger association. Subjective happiness with nonessential internet use negatively predicted IA only in
middle adolescents (P<.001) as greater dissatisfaction led to a higher IA risk. Essential internet use did not predict IA in either
group.

Conclusions: Differentiating between essential and nonessential internet use is crucial in understanding IA. This study highlights
the importance of developmental differences in shaping IA symptoms. The findings suggest that interventions aimed at addressing
IA should be age specific and focus on addressing nonessential use specifically rather than considering internet use and screen
time in general as a single entity. Cultural and regional factors also play a role in shaping internet use patterns and IA in the
Middle East, necessitating context-specific, culturally sensitive approaches to IA prevention.

(JMIR Hum Factors 2025;12:e62955)   doi:10.2196/62955
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Introduction

Background
Adolescent internet addiction (IA) has become a growing
concern in today’s society as the use of technology and the
internet has become increasingly prevalent in the lives of young
people. According to a study conducted by the Pew Research
Center, since 2014 to 2015, there has been a modest increase
in the proportion of adolescents who said that they used the
internet daily or more often [1]. In a follow-up study in 2022,
a total of 97% of adolescents said that they used the internet
daily compared to 92% of adolescents who said the same in
2014 to 2015. It is understandable that many adolescents
struggle with IA given the widespread use of the internet.
Studies have shown that approximately 10% of adolescents are
at risk of IA, with even higher rates reported in countries such
as Hong Kong, China, and South Korea [2-5]. For example, a
survey conducted in South Korea found that nearly 30% of
junior high school students were either addicted to the internet
or at a risk of IA [6]. While some internet use can be beneficial
for educational and social purposes, excessive use can lead to
negative consequences such as decreased academic performance,
social isolation, and even mental health issues [7-9]. Therefore,
it is important to understand the prevalence of IA among
adolescents and its contributing factors.

IA is defined as the inability to control internet use, leading to
disruptions in everyday functioning and symptoms of withdrawal
and tolerance [10]. Although not officially recognized as a
disorder in the most recent edition of the Diagnostic and
Statistical Manual of Mental Disorders, IA has received
considerable attention in scientific literature and is regarded as
a growing concern [11]. Opinions in the literature differ, with
some researchers suggesting distinct diagnostic criteria and
subtypes of IA, such as video game and online gambling
addiction [12]. However, there is still a lack of consensus
regarding the internet’s addictive nature and IA diagnostic
criteria [13]. While there is still debate regarding the exact nature
and criteria for IA, it is clear that excessive internet use can
have negative consequences, particularly for adolescents.
Understanding the prevalence and factors contributing to IA is
important for addressing this growing concern, promoting
healthy internet use, and developing appropriate interventions
for those who may be affected.

Most psychological research studies predominantly rely on
samples from Western, educated, industrialized, rich, and
democratic (WEIRD) populations [14]. However, when
examining the effects of excessive internet use on adolescent
mental health, it is crucial to consider that the experiences of
adolescents from non-WEIRD populations may vary owing to
many factors, such as different cultural norms and access to
technology [15]. This emphasizes the importance of including
more diverse samples in research to gain a comprehensive
understanding of the global impact of technology on mental
health. Cultural context significantly shapes adolescence, with

the experiences of young individuals varying widely across
different cultures [16]. To address this gap, our study focused
on adolescent IA in the Middle East, where limited research on
IA has been conducted. In doing so, we aimed to shed light on
the specific dynamics of IA in this region and contribute to a
more inclusive and comprehensive understanding of this
phenomenon.

Qatar has one of the highest internet penetration rates in the
world at 99% [17]. The country’s internet users have grown
significantly from 69% in 2012 to 100% in 2022 [18]. This
increase raises the possibility of an increase in IA prevalence
rates, as does the spread of mobile device use and the constant
release of new technology updates. Furthermore, adolescents
may unintentionally be encouraged to spend more time inside
streaming online content, playing online games, and spending
time on-screen due to Qatar’s humid and hot weather, which
lasts for more than half the year.

In addition to Qatar’s unique technological landscape and
climate, broader Middle Eastern cultural factors play a crucial
role in shaping adolescent internet use patterns. The region’s
complex environment, which is characterized by its unique
family dynamics, societal expectations, and cultural values,
may contribute to the elevated prevalence of IA among
adolescents [19,20]. In various Middle Eastern societies,
conservative norms that prioritize modesty and restraint
frequently conflict with the liberties that online platforms
provide. As adolescents navigate their identities and seek
communities that are consistent with their evolving values, this
cultural tension can motivate them to engage with the internet
differently. In addition, it is also argued that the limited
opportunities for social interaction outside the home, along with
societal pressures to conform, may encourage adolescents to
seek connection and validation online, potentially nurturing
addictive behaviors [19]. Culturally informed research can
inform tailored intervention strategies that address the specific
needs of adolescents in the Middle East. For example, studies
suggest that effective interventions should involve families and
schools, recognizing the significant role that these environments
play in shaping adolescents’ internet behaviors [21,22].

Excessive screen time is often identified as a prominent indicator
of IA, contributing to an unhealthy relationship with the internet
and development of negative habits [23,24]. In numerous studies
examining adolescent IA, the amount of time spent on the web
is commonly regarded as a key factor in determining the
presence of IA [25,26]. The COVID-19 pandemic has further
heightened the reliance on technology for remote learning and
socializing among adolescents [27]. The term screen time is
frequently used without sufficient attention being paid to the
specific activities undertaken during that period. However, this
lack of specificity has several methodological limitations. To
address these limitations, this study aimed to differentiate
between the time spent on essential and nonessential internet
use activities, providing a more nuanced understanding of IA
in adolescents. However, IA is not just a matter of excessive
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screen time; it has also been linked to mental health issues such
as loneliness, low self-esteem, sleep problems, depression, social
phobia, and anxiety [28,29]. Adolescents who struggle with
these conditions may turn to the internet as a coping mechanism,
further exacerbating their addiction [30]. Ultimately, IA can
have a significant negative impact on adolescents’ lives, from
decreased academic performance to strained relationships with
loved ones [31].

Adolescence is a crucial period for identity exploration and
formation during which individuals may encounter situations
in which their emerging beliefs and values conflict with societal
expectations or their own behaviors, which may lead to cognitive
dissonance [32]. This aspect of adolescent development is
relevant to the exploration of subjective feelings regarding
digital technology use and its association with IA. Cognitive
dissonance theory offers an understanding of this relationship
by examining potential conflicts arising from adolescents’
subjective feelings regarding their digital technology use and
addictive behavior. According to the cognitive dissonance
theory, individuals experience psychological discomfort when
they hold contradictory beliefs, attitudes, or behaviors [33]. In
the context of digital technology use and IA, cognitive
dissonance may arise when adolescents recognize the negative
consequences of excessive digital technology use but continue
to engage in it. The literature suggests that subjective positive
feelings about one’s own life conditions are negatively
correlated with IA [34]. It is reasonable to hypothesize that
similar correlations may exist between subjective feelings
regarding digital technology use and IA. However, there is a
lack of specific studies exploring this association. Given this
gap in the literature, this study aimed to address this by
examining the association between subjective feelings about
digital technology use and IA.

Adolescents are growing up in an era characterized by rapid
technological advancements, and the use of smartphones has
become a common part of their daily lives. This pervasive
technology has greatly influenced their interactions with the
internet, particularly social networking sites [35]. Consequently,
this has had a profound impact on various aspects of their lives,
including social dynamics, cognitive development, and
emotional well-being. The literature indicates notable
distinctions between early and middle adolescents in terms of
cognitive and psychological development [36]. It is critical to
distinguish between early and middle adolescence when
investigating adolescent IA owing to the distinct developmental
traits, experiences, and coping strategies that arise throughout
these separate phases of adolescence [37]. Early adolescence is
a critical period defined by the start of puberty and the transition
from childhood to adolescence. This stage is distinguished by
rapid physical, cognitive, and social changes, as well as identity
exploration and self-concept construction [38,39]. Furthermore,
early adolescence is a critical time for the initiation and
development of mental health issues [40]. Middle adolescence
is characterized by managing the complications of moving into
young adulthood [41]. Individuals become more self-sufficient,
engage in complex social connections, and gain feelings of
autonomy [42]. If these aspects of development are not
addressed properly during adolescence, consequences may have

a lasting impact in their adulthood. Researchers must examine
the diverse vulnerabilities, risk factors, and patterns of internet
use among early and middle adolescents while studying IA
during these different phases. Early adolescents may be more
vulnerable to IA because they are constantly trying new things,
including online platforms, to define their identities and connect
with friends [39]. Middle adolescence, on the other hand, is
characterized by the emergence of more stable patterns of
behavior, including internet use, as adolescents approach young
adulthood and deal with increasing academic and social demands
[43]. Furthermore, research has shown that the characteristics
that influence IA change between early and middle adolescence
[21]. For example, parental supervision and advice may have a
greater effect among early adolescents, but peer influence and
social support may become more significant in middle
adolescence [44,45]. Furthermore, in middle adolescence, the
onset of academic commitment and the need for self-regulation
might alter internet use patterns and addiction risks. IA has
become a growing concern among adolescents, with symptoms
presenting both in relation to oneself and in interactions with
others. However, the cognitive development and behavioral
patterns of early and middle adolescents differ significantly,
suggesting the need for a critical examination of IA symptoms
according to age. Although previous research has highlighted
the multifaceted nature of IA symptoms, little attention has been
paid to the potential differential manifestation of symptoms
based on the age of adolescents. Understanding how IA
symptoms manifest differently in early and middle adolescence
is crucial for tailoring prevention and intervention efforts.
Understanding the differences between early and middle
adolescence is critical when examining IA. Our study aimed to
address the existing knowledge gap by investigating aspects
that have not been thoroughly explored in the field of adolescent
IA.

Adolescent technology use can be categorized into distinct types
depending on type of use: essential and nonessential [46,47].
Activities that are essential for everyday life, such as educational
pursuits or personal improvement–related activities, are included
in essential use. On the other hand, nonessential use includes
leisure activities such as gaming, social media engagement for
nonspecific developmental purpose, and other forms of
entertainment [46]. Although researchers have investigated the
correlations between excessive internet use and IA, there is a
noticeable absence of studies that explicitly distinguish between
essential and nonessential use patterns. We suggest that the use
of the internet for essential activities related to education and
personal development can improve efficiency and time
management and may not be linked to IA. In contrast, the
excessive use of the internet for nonessential activities may help
change mood and increase bonding but may also result in
diminished productivity and potential adverse consequences
[48]. Given this distinction, our study endeavored to examine
the distinct effects of essential versus nonessential internet use
on adolescents, thereby contributing to resolving a critical gap
in the current literature and offering valuable insights for
comprehending healthy internet use patterns.
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Objectives
While extensive research has been conducted on IA among
adolescents, several significant gaps remain. First, there is a
lack of studies focusing on non-WEIRD populations, particularly
in the Middle East, where unique cultural factors may influence
IA. Second, the potential significance of the distinction between
essential and nonessential internet use in relation to IA has not
been adequately investigated. Third, there is a scarcity of
research on the correlation between subjective emotions related
to the use of digital technology and IA. Finally, while the
developmental differences between early and middle
adolescence are well documented, there are few studies that
have investigated the potential differences in the manifestation
of IA symptoms and their relationship to technology use across
these age groups. We aimed to answer the following three
research questions (RQs) through this study:

1. Do essential and nonessential types of internet use predict
IA in early and middle adolescents? (RQ 1)

2. Can subjective happiness with nonessential internet use
predict adolescent IA? (RQ 2)

3. Does the impact of time spent on essential and nonessential
internet use, as well as subjective feelings regarding
nonessential internet use, on IA differ between the early
and middle adolescence stages? (RQ 3)

Methods

Participants
This study involved school students residing in Qatar, and their
participation was secured through web-based surveys
administered via SurveyMonkey (SurveyMonkey Inc). The
survey invitation was sent out to multiple schools in Qatar
through an open call using the mailing list of head teachers and
educators. One of the authors works at an education policy
institute with a network of schools that attend events and
participate in research activities. This facilitated outreach. A
total of 16 schools accepted the study invitation, comprising an
equal number of public (n=8, 50%) and private (n=8, 50%)
schools. Public schools in Qatar are government funded and
managed by the government and primarily enroll Qatari citizens
as they provide free education with Arabic as the language of
instruction. These schools are also gender segregated, meaning
that male and female students attend separate institutions. Private
schools, on the other hand, are funded by tuition fees and
managed by private organizations and predominantly enroll
expatriate students. These schools follow a variety of
government-reviewed international curricula and are typically
not gender segregated. Data were collected between March 2022
and May 2022.

Before administering the survey, students were provided with
an induction session by their head teacher, who explained the
distinction between essential and nonessential internet use.
Essential use was defined as internet activities connected to
study, academic work, and personal development, whereas
nonessential use was defined as activities that do not directly
contribute to these aims. This briefing was designed to establish
a common understanding among participants, guaranteeing that
their answers precisely reflected these definitions. The authors

acknowledge the difficulty in standardizing what adolescents
consider essential versus nonessential. Therefore, our study and
results should be interpreted as reflecting the subjective views
and self-reports of the adolescent participants. This interpretation
follows an induction on general understanding, which aimed to
reduce diversity in perceptions.

We used the formula by Green [49] to calculate the optimal
sample size for our research. The formula indicates that a linear
regression analysis requires a minimum sample size of 50 plus
8 times the number of independent variables p (50 + 8 × p).
This indicates that a minimum sample size of 74 participants
was suitable for our study. In addition, to ensure correlation
stability [50], our aim was to have a sample size of >250
individuals. This sample size is consistent with
recommendations for maintaining statistical power in studies
with multiple predictors [49,50]. Furthermore, the male sample
was deemed too small to segregate the analysis by gender.

After excluding participants who did not meet the inclusion
criteria, such as those who provided incomplete responses,
64.3% (377/586) of the initial students were included in the
analysis, which fulfilled the criteria of a 5% margin of error at
the 95% CI. Of these 377 students, 86 (22.8%) were male and
291 (77.2%) were female. The gender distribution in our sample
reflects the timing of data collection, which coincided with final
exams, as well as the demographic characteristics of the
responding schools. Specifically, 12% (2/16) of the schools that
responded to the survey were predominantly female-only public
schools, which significantly contributed to the observed gender
imbalance. It is important to note that gender was not included
as a variable in our analysis as the study’s primary focus was
on essential and nonessential internet use. On the basis of the
estimates of the sample size and the need for adequate statistical
power in our regression analysis, it was not possible to divide
the sample by gender for separate analyses.

The average age of the participating adolescents was 13.19 (SD
1.24; range 11-17) years. The participants in the study were
requested to explicitly provide their ages. Participants were
categorized into 2 groups: early adolescents (aged 11-13 years)
and middle adolescents (aged 14-17 years). The classification
of adolescents into these developmental phases was determined
based on the existing literature [51].

Ethical Considerations
This study was approved by the institutional review board of
Hamad Bin Khalifa University (QBRI-IRB 2021-05-094).
School permissions were obtained to distribute the survey. The
parents and adolescents were informed beforehand of the study,
and their written informed consent and assent were collected.
Participants were informed about the study’s purpose, and their
involvement was voluntary, allowing them to skip questions or
withdraw from the survey if desired. During data collection, no
identifiable information was collected. The researchers ensured
that all deidentified data were stored on a password-protected
laptop that only the primary investigators of the study had access
to. Participants were not compensated for taking part in this
study.

JMIR Hum Factors 2025 | vol. 12 | e62955 | p.3569https://humanfactors.jmir.org/2025/1/e62955
(page number not for citation purposes)

Chemnad et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Measures

Overview
The survey included questions regarding participants’
demographics, digital technology use, subjective happiness with
nonessential internet use, and IA. The questionnaire was
distributed in both English and Arabic to accommodate language
preferences, and the accuracy of the Arabic translation was
ensured using the back translation method [52] (see Multimedia
Appendix 1 for both versions of the survey). Our study included
a comprehensive and multistep procedure for validating the
survey questions to establish its reliability and suitability for
the adolescent population. We began by conducting think-aloud
protocols with a subset of 3 adolescents, asking them to
verbalize their thought processes while answering the survey
questions [53]. This approach helped us identify potential
ambiguities or misunderstandings, leading to revisions in
translation that ensured clarity and suitability for the target age
group yet without departing from the original meaning of the
questions in the English version. In total, 3 authors with
extensive expertise dealing with adolescent groups in the Arab
area offered expert advice. Furthermore, the questions in the
survey were culturally appropriate, did not use any jargon, and
were free of unclear language.

Internet Addiction Diagnostic Questionnaire
The Internet Addiction Diagnostic Questionnaire (IADQ)
consists of 8 items, each representing a symptom used to identify
IA [10]. The questionnaire uses a binary response format, with
participants indicating no or yes to each symptom. The total
score on the IADQ ranges from 0 to 8 and is obtained by
summing the values assigned to each of the 8 binary questions.
The symptoms assessed by the IADQ are preoccupation
(question 1), tolerance (question 2), unsuccessful efforts to limit
or stop Internet usage (question 3), withdrawal (question 4),
loss of control of time spent on the Internet (question 5),
risk/lose relationships or opportunities (question 6), lies to
conceal the extent of involvement (question 7), and dysfunctional
coping (question 8) [54]. Participants who answered yes to ≥5
symptoms were categorized as addicted to the internet
(dependent internet users), whereas the others were categorized
as nondependent internet users. Previous studies on the IADQ
have reported Cronbach α values ranging from 0.60 to 0.72
[55]. The reliability of the IADQ in this study was deemed
acceptable, with a Cronbach α value of 0.66 [56] and a
McDonald ω value of 0.67. In addition, the research conducted
by Lozano-Blasco et al [57] found that using lesser answer
categories led to decreased Cronbach α values. The dichotomous
character of the questions in the IADQ, which means that they
only allow for replies of yes or no, leads to lower Cronbach α
values that are within the acceptable range for dependability.
To establish content validity [58], the initial item pool was
reviewed by a panel of 3 experts who has extensive experience
working with adolescents in the Arab region. This process
resulted a questionnaire that comprehensively covered the
construct of interest.

Essential and Nonessential Internet Use
Adolescents were presented with a set of questions regarding
their use of digital technology for both essential and nonessential
purposes on both weekends and weekdays. The weekend is
officially observed on Fridays and Saturdays in Qatar. By
focusing on weekdays and weekends separately, we aimed to
capture any behavioral variations influenced by the shift from
weekend to workweek and vice versa. Participants were asked
the following questions to encompass four different situations:
(1) How many hours do you use digital technology for study
purposes daily on weekdays (Sunday-Thursday)? (2) How many
hours do you use digital technology for nonessential reasons
daily on weekdays (Sunday-Thursday)? (3) How many hours
do you use digital technology for study purposes daily on
weekends (Friday and Saturday)? (4) How many hours do you
use digital technology for nonessential reasons daily on
weekends (Friday and Saturday)?

Essential internet use on weekdays and weekends was combined,
and their average was used to compute essential internet use
time. Nonessential internet use on weekdays and weekends was
combined, and their average was taken to compute nonessential
internet use time.

Subjective Happiness With Nonessential Internet Use
Time
Adolescents were asked to express their feelings regarding the
extent of their nonessential use of digital technology. Their
responses were collected using a five-point Likert scale: (1) “I
am happy with it,” (2) “I am somewhat happy with it,” (3)
“Neither happy nor unhappy with it,” (4) “I am somewhat
unhappy with it,” and (5) “I am unhappy with it.”

Statistical Analysis
Multiple linear regression analyses were conducted separately
for early and middle adolescents to examine the relationship
between nonessential internet use, essential internet use, and
subjective happiness with nonessential internet use time and
their IA status. The significance level for the statistical tests
was set at P<.05. All statistical analyses were carried out using
JASP (version 0.17.1) [59].

Exploratory factor analysis with oblique (promax) rotation was
performed [60]. The determination of the number of significant
components to retain for rotation was based on two criteria: (1)
the scree plot indicating the number of extracted factors and (2)
ensuring that the factor solution allowed for a coherent
interpretation of the results.

Results

Descriptive Statistics
The descriptive statistics of the participants are presented in
Table 1.
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Table 1. Descriptive statistics—internet use patterns and internet addiction (IA).

Middle adolescents (n=135)Early adolescents (n=242)Variable

2.96 (2.12)2.22 (1.76)Essential internet use time (h), mean (SD)

4.52 (2.35)4.45 (2.74)Nonessential internet use time (h), mean (SD)

Subjective happiness with nonessential internet use time, n (%)

44 (32.6)90 (37.2)“I am happy with it” (rating of 1)

40 (29.6)77 (31.8)“I am somewhat happy with it” (rating of 2)

35 (25.9)46 (19)“Neither happy nor unhappy with it” (rating of 3)

11 (8.1)17 (7)“I am somewhat unhappy with it” (rating of 4)

5 (3.7)12 (5)“I am unhappy with it” (rating of 5)

IA

3.47 (2.17)3.26 (1.98)Total IA score (0-8), mean (SD)

IA prevalence, n (%)

50 (37)63 (26)Addicted internet users

85 (63)179 (74)Nonaddicted internet users

Exploratory Factor Analysis of IA Symptoms
To identify underlying dimensions within the IA symptoms and
reduce the data into meaningful factor scores, an exploratory
factor analysis was conducted on the dataset. The
Kaiser-Meyer-Olkin (KMO) test, a measure of sampling
adequacy, was used in this study to evaluate multicollinearity
in the data to determine the feasibility of conducting a factor
analysis. The overall KMO measure was 0.76, denoting
“middling” adequacy. Individual KMO measures were all of
>0.68, ranging from the “mediocre” to the “marvelous”
categories according to the classification system by Kaiser and
Rice [61]. The Bartlett test of sphericity was statistically
significant (P<.001), indicating that the data were likely
factorizable.

The analysis extracted 2 components, which accounted for 26%
of the variance. Our scree plot was compatible with the 2-factor
model. We interpreted the 2 factors as representing internal IA
symptoms (factor 1; 18% of the total variance)—those
symptoms primarily related to the individual’s self, such as
preoccupation with internet use—and external IA symptoms
(factor 2; 9% of the total variance)—those symptoms primarily
related to interaction with others. Factor loadings for factor 1
and factor 2 ranged from 0.31 to 0.55 and from 0.33 to 0.78,
respectively. Factor scores were derived by adding the scores
of individual items within each empirical domain (sum score)
and dividing the sum scores by the total number of items (mean
item score). The component loadings and uniqueness of the
rotated solutions are presented in Table 2.

Table 2. Factor analysis of internet addiction symptoms.

UniquenessFactor 2 loadingsFactor 1 loadingsItem

0.79—a0.49“Preoccupation” (question 1)

0.91—0.31“Tolerance” (question 2)

0.76—0.50“Unsuccessful efforts to limit or stop Internet usage” (question 3)

0.62—0.55“Withdrawal” (question 4)

0.77—0.50“Loss of control of time spent on the Internet” (question 5)

0.480.78—“Risk/lose relationships or opportunities” (question 6)

0.750.33—“Lies to conceal the extent of involvement” (question 7)

0.79—0.45“Dysfunctional coping” (question 8)

aThe factor does not comprise this item.

Early Adolescents

Predictors of Total IA Scores

Overview

Multiple regression analysis was used to determine factors that
predicted early adolescents’ total IA scores and internal IA

symptoms. No outliers were observed in the data. The Pearson
correlation was also used to analyze the associations between
total IA, which was the dependent variable, and the independent
variables of subjective happiness with nonessential internet use
time, essential internet use time, and nonessential internet use
time.

JMIR Hum Factors 2025 | vol. 12 | e62955 | p.3571https://humanfactors.jmir.org/2025/1/e62955
(page number not for citation purposes)

Chemnad et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Correlation Analysis of Variables The correlations between the variables are presented in Table
3.

Table 3. Pearson correlation table between the variables in early adolescents.

Nonessential internet
use time

Essential internet
use time

Subjective happiness
with nonessential internet
use time

External IA
symptoms

Internal IA
symptoms

Total IAa

—————b1Total IA

————10.95cInternal IA symptoms

———10.30c0.58cExternal IA symptoms

——10.030.030.04Subjective happiness with
nonessential internet use time

—10.040.100.040.07Essential internet use time

10.120.070.18d0.41c0.41cNonessential internet use time

aIA: internet addiction.
bNot applicable.
cP<.001.
dP<.01.

Regression Analysis of Total IA Scores

Table 4 shows the results of the multiple regression that was
run to predict the total IA score from the subjective happiness
with nonessential internet use time, essential internet use time,
and nonessential internet use time among early adolescents.
The linearity of the sample was assessed by examining the
residuals versus predicted plots, whereas residuals versus
dependent plots were used to evaluate homoscedasticity in the
data. All the assumptions of linearity, normality,

homoscedasticity, and multicollinearity were satisfied. Residuals
were independent, as assessed via a Durbin-Watson statistic of
1.93. There was no evidence of multicollinearity, as assessed
via tolerance values of >0.1. The assumption of normality was
met, as assessed using a Q-Q plot. The multiple regression
model significantly predicted the total IA score (F3, 238=15.72;

P<.001; R2=0.17; adjusted R2=0.15). Within the model,
nonessential internet use time (β=.40; P<.001) was the only
significant predictor of early adolescents’ total IA scores.

Table 4. Multiple linear regression analysis predicting internet addiction in early adolescentsa.

P valuet test (df)Standardized  Predictor

<.0015.73 (3)—bConstant

.880.16 (3).00923Subjective happiness with nonessential internet use time

.720.36 (3).02Essential internet use time

<.0016.74 (3).40Nonessential internet use time

aR2=0.17; adjusted R2=0.15; F3, 238=15.72.
bNot applicable.

Predictors of Internal and External IA Symptoms
Multiple regression analysis was used to determine factors that
predicted internal IA symptoms with the independent variables
of subjective happiness with nonessential internet use time,
essential internet use time, and nonessential internet use time,
and an ordinal logistic regression model was used to predict
external IA symptoms. Table 5 shows the results of the multiple
regression that was run to predict the internal IA symptom score
from the subjective happiness with nonessential internet use
time, essential internet use time, and nonessential internet use
time. The linearity of the sample was assessed by examining
the residuals versus predicted plots, whereas residuals versus

dependent plots were used to evaluate homoscedasticity in the
data. All the assumptions of linearity, normality,
homoscedasticity, and multicollinearity were satisfied. Residuals
were independent, as assessed via a Durbin-Watson statistic of
1.98. There was no evidence of multicollinearity, as assessed
via tolerance values of >0.1. The assumption of normality was
met, as assessed using a Q-Q plot. The multiple regression
model significantly predicted the internal IA symptom score

(F3, 238=15.95; P<.001; R2=0.17; adjusted R2=0.16). Within the
model, nonessential internet use time (β=.41; P<.001) was the
only significant predictor of early adolescents’ internal IA
symptoms.
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Table 5. Multiple regression analysis predicting internal internet addiction symptoms in early adolescentsa.

P valuet test (df)Standardized  Predictor

<.0016.18 (3)—bConstant

.960.05 (3).00318Subjective happiness with nonessential internet use time

.94−0.07 (3)−.00431Essential internet use time

<.0016.86 (3).41Nonessential internet use time

aR2=0.17; adjusted R2=0.16; F3, 238=15.95.
bNot applicable.

An ordinal logistic regression analysis was conducted to
examine the relationship between the 3 predictor variables (ie,
subjective happiness with nonessential internet use time,
essential internet use time, and nonessential internet use time)
and the outcome variable (external IA symptoms; Table 6). The
variables included in the ordinal logistic regression analysis
met the assumptions of the statistical model—the dependent
variable (ie, external IA symptoms) was treated as an ordinal
variable, and the independent variables (ie, subjective happiness
with nonessential internet use time, essential internet use time,
and nonessential internet use time) were treated as continuous

variables. The assumption of no multicollinearity was assessed
by examining the variance inflation factors (VIFs), and the result
(VIFs<1.1) indicated no multicollinearity. The results revealed
that nonessential internet use time was associated with increased
external IA symptoms (odds ratio [OR] 1.13, 95% CI 1.02-1.24;
P=.02). Meanwhile, essential internet use time was not
associated with any change in external IA symptoms (OR 1.11,
95% CI 0.96-1.28; P=.17). Similarly, subjective happiness with
nonessential internet use time was not associated with any
change in external IA symptoms (OR 0.99, 95% CI 0.78-1.25;
P=.94) in early adolescents.

Table 6. Ordinal logistic regression predicting external internet addiction symptoms in early adolescents.

P valueORa (95% CI; SE)Predictor

.940.99 (0.78-1.25; −0.01)Subjective happiness with nonessential internet use time

.171.11 (0.96-1.28; 0.10)Essential internet use time

.021.13 (1.02-1.24; 0.12)Nonessential internet use time

aOR: odds ratio.

Binary logistic regression was conducted to examine the
relationship between subjective happiness with nonessential
internet use time and the likelihood of being a dependent internet
user (addicted) compared to a nondependent internet user
(unaddicted) in early adolescents. The reference category,
representing nondependent internet users, was coded as class
1. The OR of 0.93 (95% CI 0.73-1.20) indicated the effect size.
However, the results did not reveal a significant association
between subjective happiness with nonessential internet use
time and IA (P=.58).

Middle Adolescents

Predictors of Total IA Scores

Overview

Multiple regression analysis was used to determine the factors
that predicted middle adolescents’ total IA scores and internal
IA symptoms. No outliers were observed in the data. The
Pearson correlation was also used to analyze the associations
between total IA, which was the dependent variable, and the
independent variables of subjective happiness with nonessential
internet use time, essential internet use time, and nonessential
internet use time.

Correlation Analysis of Variables

The correlations between the variables are presented in Table
7.
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Table 7. Pearson correlation table between the variables—middle adolescents.

Nonessential internet
use time

Essential internet
use time

Subjective happiness
with nonessential internet
use time

External IA
symptoms

Internal IA
symptoms

Total IAa

—————b1Total IA

————10.95cInternal IA symptoms

———10.39c0.66cExternal IA symptoms

——10.32c0.28d0.34cSubjective happiness with
nonessential internet use time

—10.18e0.26d0.150.21eEssential internet use time

10.050.130.24d0.33c0.35cNonessential internet use time

aIA: internet addiction.
bNot applicable.
cP<.001.
dP<.01.
eP<.05.

Regression Analysis of Total IA Scores

Table 8 shows the results of the multiple regression that was
run to predict middle adolescents’ total IA score from the
subjective happiness with nonessential internet use time,
essential internet use time, and nonessential internet use time.
All the assumptions of linearity, normality, homoscedasticity,
and multicollinearity were satisfied. The linearity of the sample
was assessed by examining the residuals versus predicted plots,
whereas residuals versus dependent plots were used to evaluate

homoscedasticity in the data. Residuals were independent, as
assessed via a Durbin-Watson statistic of 1.83. There was no
evidence of multicollinearity, as assessed via tolerance values
of >0.1. The assumption of normality was met, as assessed using
a Q-Q plot. The multiple regression model significantly

predicted the total IA score (F3, 131=12.96; P<.001; R2=0.23;

adjusted R2=0.21). Within the model, nonessential internet use
time (β=.31; P<.001) and subjective happiness with nonessential
internet use time (β=.27; P<.001) were significant predictors
of middle adolescents’ total IA score.

Table 8. Multiple linear regression analysis predicting internet addiction in middle adolescentsa.

P valuet test (df)Standardized  Predictor

.251.16 (3)—bConstant

<.0013.44 (3).27Subjective happiness with nonessential internet use time

.061.90 (3).15Essential internet use time

<.0013.94 (3).31Nonessential internet use time

aR2=0.23; adjusted R2=0.21; F3, 131=12.96.
bNot applicable.

Predictors of Internal and External IA Symptoms
Multiple regression analysis was used to determine factors that
predicted internal IA symptoms with the independent variables
of subjective happiness with nonessential internet use time,
essential internet use time, and nonessential internet use time,
and ordinal logistic regression was used to predict external IA
symptoms. Table 9 presents the results of the multiple
regression. The linearity of the sample was assessed by
examining the residuals versus predicted plots, whereas residuals
versus dependent plots were used to evaluate homoscedasticity
in the data. All the assumptions of linearity, normality,

homoscedasticity, and multicollinearity were satisfied. Residuals
were independent, as assessed via a Durbin-Watson statistic of
1.82. There was no evidence of multicollinearity, as assessed
via tolerance values of >0.1. The assumption of normality was
met, as assessed using a Q-Q plot. The multiple regression
model significantly predicted the internal IA symptom score

(F3, 131=9.15; P<.001; R2=0.17; adjusted R2=0.15). Within the
model, nonessential internet use time (β=.29; P<.001) and
subjective happiness with nonessential internet use time (β=.22;
P=.007) were significant predictors of middle adolescents’
internal IA symptoms.
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Table 9. Multiple regression analysis predicting internal internet addiction symptoms in middle adolescentsa.

P valuet test (df)Standardized  Predictor

.042.10 (3)—bConstant

.0072.76 (3).22Subjective happiness with nonessential internet use time

.231.20 (3).10Essential internet use time

<.0013.65 (3).29Nonessential internet use time

aR2=0.17; adjusted R2=0.15; F3, 238=15.95.
bNot applicable.

An ordinal logistic regression analysis was conducted to
examine the relationship between the 3 predictor variables (ie,
subjective happiness with nonessential internet use time,
essential internet use time, and nonessential internet use time)
and the outcome variable (external IA symptoms; Table 10).
The variables included in the ordinal logistic regression analysis
met the assumptions of the statistical model—the dependent
variable (ie, external IA symptoms) was treated as an ordinal
variable, and the independent variables (ie, subjective happiness
with nonessential internet use time, essential internet use time,
and nonessential internet use time) were treated as continuous

variables. The assumption of no multicollinearity was assessed
by examining the VIFs, and the result (VIFs<1.1) indicated no
multicollinearity. The results revealed that all 3 predictors were
associated with changes in the external IA symptoms.
Nonessential internet use time was associated with an increase
in external IA symptoms (OR 1.19, 95% CI 1.03-1.39; P=.02).
Essential internet use time was associated with an increase in
external IA symptoms (OR 1.24, 95% CI 1.05-1.46; P=.01).
Similarly, a higher unhappiness with nonessential internet use
time was associated with increased external IA symptoms (OR
1.75, 95% CI 1.28-2.44; P<.001).

Table 10. Ordinal logistic regression predicting external internet addiction symptoms in middle adolescents.

P valueORa (95% CI; SE)Predictor

<.0011.75 (1.28-2.44; 0.56)Subjective happiness with nonessential internet use time

.021.24 (1.05-1.46; 0.21)Essential internet use time

.011.19 (1.03-1.39; 0.18)Nonessential internet use time

aOR: odds ratio.

A binary logistic regression was performed to assess the impact
of subjective happiness with nonessential internet use time on
the likelihood of being a dependent internet user (addicted)
versus a nondependent internet user (unaddicted). The reference
category was coded as class 1, representing nondependent
internet users. The OR of 0.66 (95% CI 0.47-0.92) indicated
the effect size. The F-measure was 75%. The results indicated
a significant association between subjective happiness with
nonessential internet use time and IA (P=.01), suggesting that
higher levels of unhappiness were associated with a decreased
likelihood of being unaddicted to the internet.

Discussion

Principal Findings
This study aimed to enhance our understanding of adolescent
IA by addressing 3 key RQs. First, we examined the significance
of differentiating between essential and nonessential internet
use in relation to IA, offering a more nuanced view of IA beyond
that of total screen time that is found in previous research.
Second, we investigated whether subjective happiness linked
to time spent on nonessential internet use could predict IA in
adolescents. Finally, by studying early and middle adolescents
separately, we identified age-specific differences in how time
spent on essential and nonessential internet use and the related
happiness contribute to IA.

Consistent with the extensive existing literature on IA, our study
demonstrated that excessive engagement in nonessential internet
activities, such as social media and online gaming, positively
correlate with IA overall [62-64]. Furthermore, in our study,
essential internet use did not exhibit a significant correlation
with IA (P=.94 for early adolescents and P=.06 for middle
adolescents), suggesting that essential internet activities such
as remote learning or using the internet for school-required work
may not carry the same level of addiction risk. This is similar
to the results obtained in other studies [65,66]; Salubi et al [65]
found that there was no correlation between essential internet
use and IA among 390 surveyed university students in South
Africa, whereas Pjevac et al [66] found that IA was lowest
among adolescents who mostly used the internet for school
purposes. This distinction of the purposes of internet use enables
the development of targeted interventions and strategies to
effectively address this issue. As digital technology becomes
increasingly integral to tasks that once operated without it,
acknowledging this technological shift is essential in our
evolving digital society. It is necessary to recognize the evolving
landscape of digital technology use and interpret digital
technology use with caution, as emphasized by Squire and
Steinkuehler [67], before delving into the complexities of IA.
This caution entails considering the specific activities carried
out on the internet, the motivations driving them, and the
duration for which they occur.
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Our study highlights similarities and key differences in IA
between early and middle adolescents as our results revealed
that, among early adolescents, nonessential internet use
significantly predicted IA and its internal symptoms (related to
the self). However, middle adolescents exhibited a more
complex relationship with IA as both nonessential and essential
internet use, in addition to unhappiness with nonessential
internet activities, significantly predicted IA and its external
symptoms (related to others).

Our results suggest that early adolescents are more likely to
develop IA and experience internal IA symptoms as a result of
nonessential internet use, whereas this influence seems to
decrease as they get older. This finding is in line with the results
of a meta-analysis (of 20 studies) on IA in adolescents reporting
that IA is inversely proportional to age [57]. This difference
suggests that the impact of nonessential digital technology use
on IA may vary according to the developmental stage of
adolescents. One possible explanation is that early adolescents
are actively navigating their new identity and seeking peer
acceptance, which can make them more susceptible to excessive
use of digital technology [68]. The pressure to conform to peers’
behaviors and expectations may override their ability to exercise
self-control and resist the allure of digital technology [69].
Furthermore, in early adolescents, only nonessential internet
use increased the likelihood of external IA symptoms. Our
results are similar to those of a recent study that examined
sociodemographic factors related to IA among a sample of 1664
adolescents in Serbia. The study reported the lowest IA rates
among the younger adolescents and among those who used the
internet for the purpose of schoolwork [66]. Our results could
be interpreted as early adolescents not facing the same academic
pressures and responsibilities that drive older adolescents to the
excessive use of the internet for essential activities. Instead,
early adolescent IA is more related to recreational online
activities, underscoring the importance of tailoring preventive
interventions to focus on nonessential use, such as social media
and gaming, to equip early adolescents to develop healthier
digital habits. Parental involvement and supervision play a vital
role in preventing IA in early adolescents. Actively engaging
with children, establishing open communication channels, and
monitoring their digital technology use can create a supportive
environment and set boundaries for healthy digital behaviors
[27,70]. Emphasizing balance is also essential, highlighting the
need for a well-rounded lifestyle that includes academic tasks,
physical activities, face-to-face interactions, and nondigital
recreational pursuits [71]. Self-control in early adolescents may
be enhanced through self-control–training activities and
participation in self-control–promoting programs [72].

In contrast to the results for early adolescents, our results
demonstrated a more complex relationship between internet use
and IA in middle adolescents. Our study found that, while
nonessential internet use remains a significant predictor of IA,
subjective happiness with nonessential internet activities also
plays a role. Specifically, the unhappier middle adolescents
were with the time spent on nonessential internet use, the more
likely they were to experience IA. These findings are consistent
with the findings of a similar study that surveyed a sample of
adolescents and young adults (aged 15-24 years) and adults

(aged 25-64 years), where dissatisfaction with smartphone use
was linked to higher problematic internet use [73]. Our results
contribute to the literature as there is a lack of research
examining subjective happiness with digital technology use in
relation to IA in adolescents.

This can be attributed to the increased academic pressure and
the need to manage uncertainty, which drive middle adolescents
to spend more time on essential internet activities, such as online
educational tasks. The combination of information overload,
academic demands, and the desire to avoid having to deal with
uncertainty may lead to excessive internet use, further
exacerbating IA.

Moreover, middle adolescents exhibited a broader range of
factors influencing their external IA symptoms.

While, in early adolescents, only nonessential internet use
increased the likelihood of external IA symptoms, in middle
adolescents, both nonessential and essential internet use, as well
as unhappiness with the time spent on nonessential internet use,
increased external IA symptoms. This can be attributed to the
intensified academic pressure in combination with information
overload, leading them to neglect other aspects of their lives
and driving them to the excessive use of the internet to meet
academic demands [74,75]. The combination of these factors
heightens the risk of IA [76-78]. Furthermore, these academic
pressures can further impact social interactions as middle
adolescents prioritize academic performance, leading them to
show signs of stress in their engagement with others [74,79],
manifesting in external symptoms of IA, as observed in our
study. Recognizing the unique challenges faced by adolescents
at different developmental stages is crucial for effectively
tailoring preventive measures and interventions.

While our study focused on examining individual factors related
to IA, considering factors related to the specific context in which
our results were obtained should not be overlooked and could
provide a more holistic understanding of IA among adolescents.
Adolescents’ internet use and their susceptibility to IA are
influenced by cultural values, societal norms, and regional
habits. For instance, in the Middle East, where our study was
conducted, cultural expectations regarding academic
achievement and family roles may contribute to heightened
stress and pressure on adolescents [80,81], leading them to
spend more time on online activities such as social media and
gaming. The emphasis on academic success in our context
combined with limited outdoor recreational opportunities due
to the extremely hot climate might be driving adolescents to
spend more time indoors and engage in online recreational
activities, increasing their risk of IA.

In addition, the rapid digital transformation in the Middle East
has created new challenges and opportunities for adolescents
[82,83]. The increased availability of smartphones and internet
access as well as a growing digital culture have made it easier
for people to spend long hours on the web. While there are
positive aspects of digitalization, it also raises concerns about
the potential for excessive use and the development of IA. The
addition of environmental factors such as the local affluent
culture of convenience, the wide availability of digital devices
even at very young ages, and the wide presence of high-speed
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internet further influences how adolescents interact with digital
technology.

Our study has important implications for the field of IA and for
promoting healthier digital technology use habits in adolescents.
The findings suggest that interventions aimed at addressing IA
should focus on nonessential use specifically, particularly in
early adolescents, rather than considering internet use as a
whole. Because IA is a complex outcome influenced by multiple
physical, psychological, and technological factors rather than
a single issue, this targeted approach can help effectively address
the factors contributing to IA while considering the
developmental factors of adolescents. While there is a dearth
of data from the region, there is evidence from a systematic
literature review on policy and prevention approaches for
disordered gaming and internet use suggesting that, due to the
global prevalence of the phenomena and the geographically
dispersed nature of preventative programs, it is imperative that
prevention efforts be integrated across national borders while
taking cultural differences into consideration [84].

The following recommendations are a recapitulation of the
evidence produced by the limited international reviews that
have examined the effectiveness of programs and interventions
in the prevention of IA [71,84-87].

Early identification and intervention are key to addressing IA
among adolescents. Schools can implement evidence-based
prevention programs specifically targeting IA. These programs
can incorporate educational components, skill-building
exercises, and peer support networks to help adolescents develop
healthy online habits and balance their time between essential
and nonessential activities [87]. Comprehensive school-based
programs are essential to effectively address IA. These programs
should focus on increasing awareness, develop coping strategies,
and promoting responsible digital technology use. These
programs can be integrated into the school curricula and should
include methods to improve self-control and enhance knowledge
of the underlying processes that contribute to excessive online
activity, such as constant notifications [88,89]. In addition,
schools can implement practical digital well-being initiatives,
such as mindfulness exercises and the integration of technology
breaks into the daily schedule, to promote healthier digital
habits. Moreover, promoting digital literacy and responsible
digital technology use is crucial for educating adolescents on
the potential risks and consequences associated with excessive
digital technology use [90]. Given that adolescents’ behaviors
are largely shaped by other external factors such as their families
and external environments [21], schools play a crucial role in
extending these preventive programs to parents and caregivers.
Understanding children’s intentions when interacting with the
internet is crucial and emphasizes the need for smarter digital
parenting tools that provide enhanced monitoring and guidance.
A healthier digital environment can be created by considering
intentionality and using smart tools. Devices and programs
should be designed to isolate essential and nonessential uses,
advising children to avoid installing or visiting purely
nonessential social media applications and sites on the same
device in which they engage in essential activities.

These recommendations must be supported by designing and
enacting policies. Policy makers can design programs targeting
the broader environment in which adolescents live, addressing
the underlying factors contributing to maladaptive coping, such
as reducing academic pressure and improving family support.
By reducing dependence on nonessential internet use, these
policies, in turn, can empower adolescents to navigate their
digital environments more responsibly.

Certain limitations of this study must be considered when
interpreting the results. First, due to the cross-sectional design
of our study, the generalizability of our findings is limited.
Another limitation of our study was that the responses provided
by the adolescents were based on self-report, potentially
introducing reporting bias. It is possible that the adolescents
did not accurately report the time spent on essential and
nonessential activities and symptoms of IA. To mitigate the
influence of reporting bias, future studies should incorporate
objective measures, such as using data on actual screen time,
instead of relying solely on self-reported information. Another
limitation of this study is that the context of essential and
nonessential internet use could have been interpreted by
adolescents based on their subjective experiences and
perceptions. For example, spending time with friends on social
media during the examination period may be considered
essential for adolescents who want to receive moral support
from their colleagues. Nevertheless, our study left it at the
discretion of the participants. The impact of the specific activity
or content that adolescents consume or spend excessive time
on and the effect it has on them should be scrutinized in more
detail and is an area that requires attention. Our sample’s gender
imbalance, which was characterized by a higher proportion of
female participants, may restrict the generalizability of the
results to both genders. Furthermore, we adhered to sample size
estimates using the method by Green [49] to guarantee sufficient
statistical power for our study. The deliberate choice not to
segregate the sample by gender was made to ensure that the
sample size remained sufficient for obtaining consistent and
dependable regression results. The male sample was relatively
too small to allow for that option. Although the existing
literature on gender differences in IA is inconclusive, with
research presenting inconsistent findings [91-95], it is important
to exercise caution when interpreting the results of this study
due to the higher proportion of female participants. Future
studies should aim for a more even gender distribution to
comprehensively investigate any disparities in IA between male
and female individuals.

The strength of our study lies in its inclusion of a non-WEIRD
population, specifically focusing on adolescent IA in the Middle
East, where limited research on this area has been conducted.
Another strength of our study is that it addresses the research
gap by examining both essential and nonessential internet use
in the same sample. While previous research has explored the
different online activities that contribute to IA [65,96], few
studies have specifically investigated the impact of essential
and nonessential internet use within a single study. Another
strength of our study lies in the separate analysis of IA factors
in early and middle adolescents, which allowed us to capture
the unique dynamics and influences shaping IA in each age
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group, thus enhancing the understanding of IA in relation to
developmental stages.

Conclusions
In conclusion, this study sheds light on the complex relationship
between digital technology use and IA among early and middle
adolescents. For many years, screen time has been widely used
as a prominent measure to assess the extent of IA among
adolescents. As the digital society continues to evolve rapidly,
relying on screen time as a stand-alone criterion fails to provide
a comprehensive understanding of phenomena such as IA.

Therefore, it is imperative to distinguish between essential and
nonessential digital technology use, acknowledging diverse
activities and their implications for a better understanding of
individuals’ engagement with digital technology. The findings
of our study provide valuable insights for researchers,
practitioners, and policy makers in addressing IA among
adolescents. By recognizing the distinct nature of internet
activities and considering developmental factors, effective
interventions and strategies can be developed to promote healthy
digital technology use and prevent IA in adolescents.
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Abstract

Background: Mental health issues represent a prevalent challenge for employees and their employers, leading to substantial
impacts on individuals, society, and the economy. Different employee mental health programs (EMHPs) can support employees
in preventing and treating mental health issues. However, the impact of such EMHPs depends largely on the use behavior of
employees.

Objective: This study aimed to gain deeper insights into employees’attitude and use behavior regarding EMHPs by investigating
(1) employee preference and intention to use EMHPs, (2) factors that predict use, and (3) key facilitators and barriers influencing
use.

Methods: An exploratory sequential mixed methods approach was applied, including a scoping review, qualitative interviews,
and a quantitative web-based survey. Semistructured qualitative interviews were conducted with 15 employees to gain insights
into EMHPs from the employee perspective and inform the creation of a web-based questionnaire. The quantitative web-based
survey was conducted to collect representative primary data on employees’ perspectives on different EMHPs using 7-point Likert
scales. The collected quantitative data were analyzed through descriptive and inferential statistics, including repeated measures
ANOVAs and chi-square tests.

Results: The final sample of the web-based survey consisted of 1134 participants and was representative across several
sociodemographic characteristics. Analysis of the sample revealed that when given the choice, employees preferred digital (n=666,
58.73%) and self-intervention (n=590, 52.03%) EMHPs. Employees were most likely to use EMHPs focused on prevention (mean
4.89, SD 1.61). Intention to use EMHPs was predicted by age (young: mean 4.59, SD 1.2; old: mean 4.19, SD 1.4; P<.001; Cohen
d=0.32), education (academic degree: mean 4.68, SD 1.24; no academic degree: mean 4.26, SD 1.32; P<.001; Cohen d=0.32),
and mostly by company culture (positive company culture: mean 4.61, SD 1.27; negative company culture: mean 3.99, SD 1.27;
P<.001; Cohen d=0.49). Cost coverage (n=345, 30.42%) and ease of use (n=337, 29.72%) were critical facilitators of use.

Conclusions: Employers can have a positive contribution to employee mental health by starting to offer EMHPs, preferably
digital self-intervention programs for prevention; creating and maintaining the right work environment and culture; and ensuring
cost coverage for the EMHP.

(JMIR Hum Factors 2025;12:e65750)   doi:10.2196/65750

JMIR Hum Factors 2025 | vol. 12 | e65750 | p.3583https://humanfactors.jmir.org/2025/1/e65750
(page number not for citation purposes)

Sevov et alJMIR HUMAN FACTORS

XSL•FO
RenderX

mailto:leonard.fehring@uni-wh.de
http://dx.doi.org/10.2196/65750
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

digital health; mental health; workplace; employee well-being; employee mental health programs; intention to use; facilitators
and barriers; mixed methods

Introduction

Background
Mental health issues represent a rising global challenge. In this
paper, we broadly define mental health issues as any condition
affecting an individual’s mental health. This definition aligns
with the World Health Organization’s (WHO’s) term “mental
health condition” and includes mental disorders as defined by
the WHO [1]. According to the WHO, approximately 12% of
the global population experience a mental health condition, and
every fourth family has a member who is affected by a mental
disorder [1,2]. Most of these individuals are employed and
therefore represent the active workforce [3]. Data suggest that
approximately 20% of employees in industrialized countries
experience mental health issues, either through mild symptoms
or more serious forms of mental disorders, with prevalence
continuing to rise [3,4]. This leads to 3 main adverse effects.
First, at the individual level, mental health issues deteriorate
the mental health and well-being of employees and negatively
impact their quality of life and job performance. Second, at the
societal level, mental health issues place a significant burden
on welfare systems, which must cover the high costs of treatment
and pension requirements. Third, at the economic level, damage
arises from decreased productivity, which causes a shrinking
economic surplus for individual entities and the respective
national economies [1,5,6]. Total annual costs of mental
disorders, including health care expenses, costs due to lost
productivity, and related economic impacts, are estimated to
range between €100 billion and €150 billion (approximately
US $110-$170) for countries such as Germany and France [7,8].
On a global scale, these costs amount to approximately US $5
trillion [9].

The workplace itself offers a promising environment for
promoting good mental health by preventing mental health
issues in early stages or mitigating the effects of existing mental
disorders [10-12]. Many programs exist that are explicitly
designed or used to support employees [13-16]. As no uniform
umbrella term is commonly used for such programs, we refer
to these programs as employee mental health programs
(EMHPs). In the style of the broader definition of employee
assistance programs (EAPs) of the Employee Assistance
Professionals Association [17,18], we define EMHPs as any
programs or solutions offered and facilitated by employers to
support employees in sustaining or regaining good mental health.
We consider all solutions independent of whether they stem
from company internal units or external service providers. Real
examples are manifold as employers offer their employees a
diverse range of EMHPs, with the programs coming in different
forms and formats [12,18-20]. Among others, there are 3 key
dimensions to characterize EMHPs. First, the medium, that is,
whether an EMHP is in a digital, analog, or hybrid form. Second,
the interaction form, that is, whether an EMHP is self-guided,
delivered in a one-on-one setting, or used in a group. Third, the
addressed stage of mental health, that is, whether an EMHP is

supposed to support employees in preventing mental challenges,
treating existing mental disorders, or rehabilitating from past
mental health issues [21-24]. Among EMHPs, digital programs
are particularly popular and increasingly offered due to their
advantages, such as cost efficiency, scalability, and flexibility
in terms of time and location [25].

Prior Work
Several scientific studies and meta-analyses have researched
the effectiveness of EMHPs. While some studies have not found
clear evidence for the effectiveness of EMHPs in improving
mental health outcomes [26,27], many other studies suggest
that EMPHs can have significant positive effects on employees’
mental well-being and thereby improve resilience and work
effectiveness [15,18,28,29]. In recent years, studies and
meta-analyses researching the effectiveness of digital EMHPs
have gained particular attention and provide similar evidence
for the potential positive effects of digital programs
[20,25,30-33]. These positive effects have also been examined
and found for different employee groups, including those in
specific professions and across various countries [34-39].
Although both digital and analog EMHPs have been found
effective in several studies, researchers note that the impact of
these programs depends on the type of EMHP and the specific
employee group they target [32,33,40].

Several studies have also identified different general facilitators
of and barriers to using EMHPs [24,41,42]. However, only some
studies have looked at differences in preference and use behavior
based on employee-related characteristics, such as age and
gender [43,44], type of profession [42], and education and
income [45]. Existing research on predictive characteristics
primarily focuses on specific EMHPs and select employee
characteristics, leaving a gap in the literature regarding a
comprehensive, holistic perspective on how different employee
groups prefer and use various types of EMHPs. However, such
a holistic view is essential to create transparency on which
factors influence EMHP preference and use, particularly for
digital ones. A deeper understanding of these predictors would
benefit both researchers and practitioners. For researchers, it
would help ensure that future research adopts an
employee-centered approach. For employers and other
stakeholders, it would help provide valuable insights into which
EMHPs are most relevant and effective for their targeted
workforce, ultimately increasing adoption rates. Greater
adoption of EMHPs is likely to improve employees’ mental
well-being and reduce symptoms, while also mitigating
productivity losses. The value of and need for further research
to determine suitable mental health resources for employees is
also explicitly mentioned by researchers [46]. To the best of
our knowledge, no comprehensive study exists that combines
research on multiple predictive factors for the use of different
EMHP types and relevant facilitators and barriers.
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Objectives
Therefore, the objective of this study was to address this research
gap by (1) researching preference and intention to use of
different types of EMPHs from the employee perspective,
comparing digital EMHPs to nondigital ones; (2) examining
several predicting factors for potential use of EMHPs; and (3)
identifying key facilitators of and barriers to using EMHPs
(research questions [RQs] 1-3).

On the basis of the first indications from existing research on
EMHPs, as well as on initial evidence from research on the
effects of several demographic, sociocultural, program, and
other characteristics on intention to use or participation in
general health interventions [47,48], we hypothesize that several
employee-related factors, such as demographics and personal
characteristics, and company-related factors, such as company
culture, represent solid predictors for the use of EMHPs. As
initial studies have observed different personal preferences for
EMHPs among distinct demographic groups [43,44], the
predictive value of the several considered characteristics may
differ by type of EMHP, especially between digital and
nondigital ones.

Methods

Exploratory Sequential Mixed Methods Approach
We applied an exploratory sequential mixed methods approach
with 3 steps. The methodology and results of each step are
reported separately, in line with the Mixed Methods Article
Reporting Standards. The first step represented a scoping review
to identify relevant research on EMHPs. The second step was
an exploratory interview study for primary data collection. We
conducted semistructured qualitative interviews to collect
additional insights into the research topic and illustrate
employees’ views on EMHPs. The third step was a quantitative
web-based survey for primary data collection. For the survey,
a closed-format questionnaire was created and validated based
on the results of the previous 2 steps.

Ethical Considerations
The Ethics Committee of Witten/Herdecke University raised
no ethical concerns with regard to this research project
(S-12/2023). All individuals who participated in either the
qualitative interview study or the quantitative web-based survey
provided voluntary, informed, and written consent to participate
in the study and have the results published in a peer-reviewed
article. The primary data collection approaches adhered to

established ethical standards in scientific research as well as
data protection regulations (General Data Protection Regulation).
The data collected during the qualitative interview study were
factually anonymized in a way that made it impossible, or only
possible with disproportionately great effort, to identify
individual participants. The data collected through the
web-based survey were anonymized using the k-anonymity
technique, which ensured that responses were removed if they
did not meet the defined anonymity criteria. Additionally,
demographic data obtained from the web-based survey such as
age were collected in predefined intervals rather than as exact
values to further ensure participant anonymity. The participants
of the web-based survey received a monetary compensation
from the research panel provider that executed the data
collection. The research panel provider was remunerated by the
authors.

Scoping Review
A scoping review according to the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews) guidelines was performed to
scope the existing research on EMHPs; refer to the
PRISMA-ScR checklist (Multimedia Appendix 1) for further
details. The review was conducted in 2 streams with the
following 2 search queries performed in the “PubMed” database
on January 12, 2023:

1. ((mental health[MeSH Terms]) OR (psychology[MeSH
Terms])) AND ((employee assistance program[MeSH
Terms]) OR (employer intervention[MeSH Terms]) OR
(workplace intervention[MeSH Terms])) OR ((mental
health[MeSH Terms]) AND (workplace[mesh terms]) AND
(health promotion[mesh terms]))

2. (mental health[Title/Abstract]) AND ((employee assistance
program[Title/Abstract]) OR (employer
intervention[Title/Abstract]) OR (workplace
intervention[Title/Abstract]))

The final set of literature records was identified based on a
structured screening process; details are found in Figure 1.
Backward and forward snowballing was then applied to reveal
further relevant literature records. For snowballing, we allowed
the inclusion of relevant records published outside the defined
publication period used for the screening process. The overall
identified literature was used to create the semistructured
interview guide and the web-based questionnaire with its answer
options (initial codes).

JMIR Hum Factors 2025 | vol. 12 | e65750 | p.3585https://humanfactors.jmir.org/2025/1/e65750
(page number not for citation purposes)

Sevov et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Overview of the scoping review process. The defined scoping review process included a systematic screening rationale according to the
PRISMA-ScR (Preferred Reporting Items For Systematic Reviews And Meta-Analyses Extension for Scoping Reviews) guidelines, resulting in 25
literature records in the final review. MeSH: Medical Subject Headings.

Semistructured Exploratory Interview Study
The interview guide (Multimedia Appendix 2) was designed in
an open-ended format to support the exploratory nature of the
interviews and was structured along the defined RQs. The
interview study aimed to identify the most relevant types of
EMHPs, as well as all relevant facilitators and barriers from the
employee perspective, to ensure that these were included in the
web-based questionnaire. Results from the interviews were also
used to illustrate relevant findings from the web-based survey,
which, in turn, were interpreted in the context of the interview
results. A purposive sampling approach was applied to obtain
a representative participant sample of the observed population
(employees of employers in Germany). The participants were
recruited from the broader network of all authors and selected
such that they were well distributed across the 5 demographic
and company characteristics—age, gender, education, size of
employer, and industry of employer. This ensured
representativeness. All participants were informed in writing
about the study’s purpose and data privacy terms. Selected parts
of the resulting interview transcripts were analyzed and used
for another research study.

The interviews were conducted in German, either in person or
via phone or video call software, during February and March
2023. The interviews were recorded and transcribed in a
factually anonymized way so that no participant or company
names were stated, and personal data were categorized, for
example, into age groups [49]. The transcripts were used to

conduct qualitative data analysis through 2 approaches. First,
we applied the directed content analysis approach outlined by
Hsieh and Shannon [50] to identify the most relevant dimensions
of EMHPs, for example, medium or interaction form. Second,
we applied the thematic analysis approach described by Braun
and Clarke [51] to identify relevant facilitators of and barriers
to using EMHPs and relevant mental disorders.

The coding process was structured along 2 iterative coding
cycles, and the coding was conducted and reviewed
independently by 2 coauthors using the software MAXQDA
(VERBI Software Consult Sozialforschung. GmbH) [52]. For
both approaches, during the first coding cycle, single words or
phrases were either matched with one of the initial codes derived
from the scoping review or were defined as a new code. During
the second coding cycle, the assigned codes were reviewed and
further consolidated or separated depending on the thematic fit.
The directed content analysis approach allowed for the
prioritization of the most relevant dimensions of EMHPs from
the employee perspective based on the frequency of the
respective codes, which were limited to 1 per participant to
avoid skewed data resulting from participants referring several
times to 1 single code.

The COREQ (Consolidated Criteria for Reporting Qualitative
Research) checklist describes the details of the applied method
(Multimedia Appendix 3).
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Quantitative Web-Based Survey

Survey Design
The web-based questionnaire (Multimedia Appendix 4) was
informed by the results of the qualitative interview study and
designed in a closed-ended format. It was structured along the
RQs with multiple- or single-choice questions and constructs
based on established measures, assessed through 7-point Likert
scales (except for mental health status). The questions and
constructs represented predicting variables (PV), dependent
variables (DV), or collected general information (GI).

Questions and Constructs

Demographic Characteristics (PV)

Data on age, gender, income, and education were collected
through standard questions for such web-based surveys
(categorical single-choice questions).

Digital Health Care Literacy (PV)

Participants rated their digital health care literacy using the
Digital Health Care Literacy Scale by Nelson et al [53].

Mental Health Status (PV)

The current mental health status was assessed through a 3-item
short form (Mental Health Inventory [MHI]; MHI-3) of the
5-item (MHI-5) measure [54]. To limit the overall number of
questions, the MHI-3 was chosen for its brevity, while still being
based on the well-established and widely used MHI-5 [55]. The
items of the used MHI-3 were taken from a German version,
and answers were collected through a 6-point Likert scale [56].
A mental health score was calculated and used to divide
participants into 2 groups (positive or negative mental health
status) based on a threshold defined by the scoring method of
Rumpf et al [57]. Further, yes or no questions were asked to
gain more detail on personal mental health status.

Relevance of Mental Health (GI)

The personal view on the relevance of mental health in society
was assessed through a 1-item question. The mental disorders
perceived as relevant among employees were assessed based
on a multiple-choice question. The answer items were informed
by literature and the interview study [58,59].

Company-Related and Profession-Related Characteristics
(GI)

The number of employees, the industry of the employer, and
the profession type were asked based on single-choice questions.
Answer items were derived from established concepts and
selectively adapted [60-62].

Company Culture (PV)

Data on company culture were collected through the German
“Kurzskala zur Erfassung der Unternehmenskultur” (corporate
culture scale, short form) by Jöns et al [63] using the 2 subscales
leadership (5 items) and collaboration (4 items).

Intention to Use (DV)

Intention to use was measured as a DV for 9 different types of
programs. The first 6 program types were derived from all
combinations of the 2 dimensions of EMPHs: medium (digital

and analog) and interaction form (self-intervention, bilateral
intervention, and group intervention). The additional 3 program
types were focused on the different addressed stages of mental
health (prevention, treatment, and rehabilitation). All dimensions
were clearly defined in the web-based questionnaire (Multimedia
Appendix 4) to ensure a uniform understanding of all survey
participants; for example, a program was defined as digital if
it incorporated any form of digital technology, even if only a
single component was digital. Intention to use was assessed
with 1 item derived from the intention to use construct
developed by Venkatesh et al [64].

Preference (DV)

To assess the unique preference for one of the first 6 programs,
a single-choice question was asked.

Factors for Use (Facilitators and Barriers; DV)

Factors supporting and discouraging the use of EMHPs were
assessed through 2 separate multiple-choice questions, each
including an “Other” option with a free-text field. The given
answer items were based on the scoping review and the
qualitative interview study. The latter ensured the
comprehensiveness of the selection of relevant facilitators and
barriers from an employee perspective.

Offered EMHP (GI)

Participants were asked whether their employers offered any
EMHP in the last 12 months and, if so, what type (medium,
interaction form, and the addressed stage of mental health) and
whether it was used. If participants used the program, their
satisfaction was assessed through the 2-item system satisfaction
construct by Wixom and Todd [65].

A control question was asked in the middle of the survey to
check for participants’ attention.

Data Collection
The web-based survey was conducted in Germany in the German
language in April and May 2023. A purposive sampling
approach was applied to obtain a representative participant
sample. Participant recruitment was conducted through a
research panel provider that contacted registered panel
participants from across Germany via email to invite them to
participate in the study. As an inclusion criterion, participants
needed to be employed by an employer in Germany for a
minimum of 6 months to be able to talk about the mental health
support at their current employer. Moreover, during open data
collection, quotas were used to ensure a diverse sample with a
representative distribution of the survey participants along the
sociodemographic characteristics age, gender, and education.
Official figures from the German Federal Statistics Office were
used as reference values for the distributions to manage the
quotas [66,67]. With this and the large sample size, it was
ensured that the final sample was representative of the observed
population of employees working for employers in Germany.
Further details are provided according to the CHERRIES
(Checklist for Reporting Results of Internet E-Surveys) checklist
(Multimedia Appendix 5).
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Descriptive and Inferential Statistical Analyses
After cleaning the survey data (Figure 2), multi-item constructs
were tested for reliability using thresholds for Cronbach α based
on the study by Blanz [68]. Subsequently, data were first
analyzed using descriptive statistics. Second, data were analyzed
using inferential statistical analyses. Chi-square tests were
conducted to examine the relation between demographic
characteristics and actual use of EMHPs and the relation
between preference for specific EMHP types and perception of
the relevance of influencing factors. Effect sizes were measured
using phi (φ). Repeated measures ANOVAs were conducted to
analyze the difference in intention to use different EMHPs of
all participants (within-participants design) [69]. The
Greenhouse-Geisser correction was applied when the assumption
of sphericity was violated. The Bonferroni correction was

applied for multiple comparisons. Effect sizes were measured
using partial eta squared for the ANOVAs and Cohen d for the
pairwise comparisons. One-way ANOVAs were conducted to
identify differences in the means of the DV (intention to use)
between different groups. Effect sizes of group differences were
measured using Cohen d. Groups were formed based on relevant
independent variables, such as demographics, mental health
status (current or past), and company culture. Selected
demographic variables were grouped into binary variables (eg,
age into young vs old and education into nonacademic vs
academic). Assuming interval scale level, the means of variables
reported on Likert scales were calculated as arithmetic means
[70]. The significance level was set at a P value of <.05. SPSS
Statistics software (version 29.0; IBM Corp) was used for
statistical analyses.

Figure 2. Overview of the data cleaning process. The defined data cleaning process included several data quality control steps and 1 data privacy
control step to achieve the final dataset of 1134 participants. Suspect answer behavior means answers with strong patterns that might indicate careless
responding, for example, straightlining.

Results

Scoping Review
Through the scoping review, 25 records relevant to the
characterization of EMHPs and factors impacting use of such
programs were identified (Figure 1). Furthermore, 12 records
relevant to the research topic were added through snowballing
(an overview of all records can be found in Multimedia
Appendix 6 [3-6,10-16,18-21,23-25,28-46]). A total of 45 initial
codes for the web-based survey questionnaire were identified,
including initial codes for relevant mental disorders.

Semistructured Exploratory Interview Study
The final sample of the exploratory interview study comprised
15 participants. The interview study was concluded after
reaching content saturation, which was indicated by recurring
responses, confirmation of previously identified themes, and

the absence of any new emerging themes [71]. The participants
were well distributed across age groups, gender, education
levels, industry, and company size (number of employees;
Multimedia Appendix 7).

The qualitative interviews identified the most relevant
dimensions of EMHPs from the employee perspective, including
medium, interaction form, and the addressed stage of mental
health. In total, 17 new codes were identified and added to the
45 initial codes derived from the scoping review. The most
relevant facilitators mentioned by interview participants included
employees needing to be aware of offered EMHPs and
employers being willing to fully or partly pay for the offered
program, each mentioned by 12 (80%) of the 15 participants.
This was followed by the importance of support through culture
and leadership, mentioned by 11 (73%) of the 15 participants.
The most relevant barrier mentioned during the interviews was
that using the EMPH would be too time-consuming, which
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would again increase pressure on employees willing to use it,
mentioned by 10 (67%) of the 15 participants. This was followed
by data protection and privacy concerns, mentioned by 9 (60%)
of the 15 participants. As additional thoughts on the topic, 8
(53%) of the 15 participants, when being asked at the end of
the interview, stated that they think it was a very critical topic
and that more awareness across employers and employees would
be needed.

Quantitative Web-Based Survey

Data Sample
The final dataset of the web-based survey included 1134
responses after data cleaning (Figure 2). To the best of our
knowledge, this represents the largest survey of employees in
Germany in this research context and one of the largest globally.

As targeted by design, the final sample is representative of the
German workforce across the relevant demographic
characteristics age, gender, and educational degree [66,67], as
well as distributed across the company-related characteristics
number of employees, industry, and profession (Table 1).
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Table 1. Distribution of responses in the final dataset across demographic and company-related characteristics (N=1134).

Participants, n (%)Variable

Age (years)

214 (18.87)≤29

236 (20.81)30-39

222 (19.58)40-49

291 (25.66)50-59

170 (14.99)≥60

1 (0.09)Prefer not to answer

Gender

523 (46.12)Woman

611 (53.88)Man

0 (0)Nonbinary

0 (0)Prefer not to answer

Education

0 (0)None

79 (6.97)School degree except high school (“Abitur”)

108 (9.5)High school degree (“Abitur”) or equivalent

484 (42.68)Professional degree, vocational training, or equivalent

201 (17.72)Bachelor’s degree or equivalent

215 (18.96)Master’s degree or equivalent

43 (3.79)Doctor or PhD degree or equivalent

4 (0.35)Prefer not to answer

Number of employees

99 (8.73)≤9

199 (17.55)10-49

261 (23.02)50-249

140 (12.35)250-499

142 (12.52)500-999

161 (14.2)1000-9999

132 (11.64)≥10,000

Industry

29 (2.56)Energy and utilities

15 (1.32)Raw materials and natural products

170 (14.99)Industrial goods and services

153 (13.49)Consumer goods and services

104 (9.17)Commercial, technical, and scientific services as well
as creative services

109 (9.61)Health care

76 (6.7)Financials and real estate

95 (8.38)IT and communications

125 (11.02)Public and governmental

30 (2.65)Association, federation, and foundation

228 (20.11)Other
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Participants, n (%)Variable

Profession

72 (6.35)Governmental professionals, including the armed
forces

34 (3)Scientists and Researchers

370 (32.63)Commercial professions, office professionals, and
equivalent

140 (12.35)Technicians and equivalent

132 (11.64)Service-related professions (eg, restaurant and hotel)
and sales workers

119 (10.49)Social, teaching, and caring professions

30 (2.65)Creative and art-related professions

83 (7.32)Craft and related trades workers as well as machinery
operators and assemblers

15 (1.32)Skilled agricultural, forestry, and fishery workers

139 (12.26)Other

Measured Constructs
The 4 established constructs used were statistically reliable and
internally consistent (Multimedia Appendix 8 [53,54,63,65])
[68]. The company culture measure showed excellent reliability,
with a Cronbach α of 0.94 (9 items). The Digital Health Care
Literacy Scale showed good reliability (Cronbach α=0.84; 3
items). The MHI-3 showed acceptable reliability (Cronbach
α=0.76; 3 items). The EMHP satisfaction construct showed
questionable reliability (Cronbach α=0.68; 2 items); however,
given that Cronbach α generally is profoundly affected by the
number of items and this construct only consists of 2 items, it
can still be accepted as reliable [72].

Characteristics of the Sample and GI
MHI-3 suggested that 42.24% (471/1115) of employees had a
negative mental health status. Independent of this, 52.84%
(585/1107) of employees stated that they had issues with their
mental health in the past. In total, 28.61% (321/1122) of
employees stated that they pursue activities related to mental
health, for example, psychotherapy, meditation, and using a
mental health app. The mental health issues perceived as most
relevant among employees were burnout (747/1134, 65.87% of
participants), depression (717/1134, 63.23%), sleep disorders
(704/1134, 62.08%), concentration issues (538/1134, 47.44%),
and substance abuse or addiction (344/1134, 30.34%). Overall,
employees rated the relevance of mental health in society as
high (average score of 5.58, SD 1.56 on a 7-point Likert scale
with 7=very relevant; median score of 6, IQR 5-7; 702/1134,
61.9% stated that mental health was “relevant” or “very
relevant”).

Availability of EMHPs
Overall, 20.37% (231/1134) of participants mentioned that their
employers offered at least 1 EMHP. Large companies were
more likely to offer a program (117/435, 26.9% vs 30/298,
10.1% at smaller companies). Of the offered EMHPs, 65.8%
(152/231) were digitally enabled, while 31.6% (73/231) were
analog (6/231, 2.6% of participants did not know). Programs

were equally distributed across interaction forms, with 33.3%
(77/231) of them being self-intervention, 32% (74/231) bilateral
intervention, and 28.6% (66/231) group intervention (14/231,
6.1% did not know). In total, 60.2% (139/231) of the offered
EMHPs focused on prevention, 23.4% (54/231) on treatment,
and 10% (23/231) on rehabilitation (15/231, 6.5% did not know;
Multimedia Appendix 9).

Actual Use of EMHPs
In total, 54.8% (126/230) of employees with an EMHP available
through their employer stated that they use it or have used it
during the last 12 months. The use rate was higher when digital
EMHPs were offered compared to when analog EMHPs were
offered (digital: 94/152, 61.8%; analog: 32/72, 44.4%; P=.001;
φ=0.24; Multimedia Appendix 10). Younger employees (<50
years) had a higher use rate compared to older ones (≥50 years;
young: 107/174, 61.5%; old: 19/56, 34%; P<.001; φ=0.24;
Multimedia Appendix 11). Employees with an academic degree
(Bachelor’s, Master’s, or Doctor or PhD degree) had a higher
use rate compared to employees without an academic degree
(academic degree: 93/139, 66.9%; no academic degree: 33/91,
36%; P<.001; φ=0.30; Multimedia Appendix 12). Employees
who used offered EMHPs stated a generally high satisfaction
with the used program (average satisfaction score of 5.6, SD
1.2 on a 7-point Likert scale; median score of 6.0, IQR 5.0-6.5;
70/126, 55.6% of employees reported a score of ≥6), while there
is no significant difference in satisfaction of employees using
digital versus analog programs.

Preferred EMHPs
When stating their unique preference, 58.73% (666/1134) of
employees stated their preference for digitally enabled EMHPs
and 52.03% (590/1134) for self-intervention EMHPs. The most
preferred EMHP combination of medium and interaction form
was the digital self-intervention program (371/1134, 32.72%
of participants), followed by the analog self-intervention
program (219/1134, 19.31%) and the digital bilateral
intervention program (152/1134, 13.4%), which represents part
1 of RQ1.
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Intention to Use EMHPs
Overall, there was medium intention to use EMHPs, with an
average of 4.43 on a 7-point Likert scale (median 4.56, IQR
3.89-5.22). However, the SD was high, with an SD of 1.30
(variance 1.68). On average, 50.88% (577/1134) of participants
indicated a positive intention to use an EMHP (average score
of >4.5 on a 7-point Likert scale), while 31.57% (358/1134)
were neutral (average score of >3.5 and <4.5). Regarding part
2 of RQ1, there was no significant difference between the overall
intention to use digital and analog programs when they were
available. However, intention to use was significantly higher
for self-intervention programs and bilateral intervention
programs (self: mean 4.48, SD 1.51; bilateral: mean 4.40, SD
1.48) compared to group intervention programs (group: mean
3.88, SD 1.66; P<.001 each; Cohen d=0.40 and Cohen d=0.39,

respectively). The difference in intention to use between
self-intervention and bilateral intervention programs was also
significant (P=.03; Cohen d=0.08). Considering both
dimensions, medium and interaction form, intention to use was
highest for a digital self-intervention program (digital
self-intervention: mean 4.54, SD 1.72; 593/1134, 52.29% of
participants indicated a positive intention to use, ie, a score of
≥5). Intention to use for EMHPs focusing on prevention was
significantly higher than that for EMHPs focusing on treatment
(prevention: mean 4.89, SD 1.61; treatment: mean 4.73, SD
1.64; P<.001; Cohen d=0.13) and that for EMHPs focusing on
rehabilitation (rehabilitation: mean 4.71, SD 1.62; P<.001;
Cohen d=0.14). Refer to Figure 3 for an overview of the
intention-to-use results (details of all repeated measures
ANOVAs can be found in Multimedia Appendix 13).

Figure 3. Results of the web-based survey on intention to use per employee mental health program (EMHP) type. Intention to use was assessed by
asking the concrete intention to use on a 7-point Likert scale for the 6 EMHP types resulting from the combination of the dimensions medium (ie, digital
and analog) and interaction form (ie, self-intervention, bilateral intervention, and group intervention), as well as for the 3 EMHP types based on the
addressed stage of mental health (ie, prevention, treatment, and rehabilitation). The reported intention to use each EMHP type by medium and interaction
form was calculated by aggregating the intention-to-use data for the 6 combined EMHP types.

Predictors for the Use of EMHPs
Addressing RQ2, it was found that intention to use was higher
for younger employees (young: mean 4.59, SD 1.2; old: mean

4.19, SD 1.4; P<.001; Cohen d=0.32). No significant difference
in overall intention to use nor regarding digital or analog EMHPs
could be observed between women and men. However, women
showed a higher intention to use self-intervention programs
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(women: mean 4.61, SD 1.49; men: mean 4.38, SD 1.52;
P=.008; Cohen d=0.16) as well as prevention and treatment
programs (prevention: meanwomen 5.06, SD 1.51 and meanmen

4.74, SD 1.68; treatment: meanwomen 4.90, SD 1.58 and meanmen

4.57, SD 1.68; P<.001 each; Cohen d=0.20 each). Intention to
use was higher for employees who held academic degrees
(Bachelor’s, Master’s, or Doctor or PhD degree; academic
degree: mean 4.68, SD 1.24; no academic degree: mean 4.26,
SD 1.32; P<.001; Cohen d=0.32). Given that digital health care
literacy was high across the whole sample (average digital health
care literacy score of 6.03, SD 1.18 on a 7-point Likert scale;
median score of 6.33, IQR 5.33-7.00; 774/1134, 68.25% of
employees reported a score of ≥6), further analyses did not
reveal additional insights. Intention to use was higher for
employees who had faced mental health issues in the past
(mental health issues in the past: mean 4.64, SD 1.14; no mental
health issues in the past: mean 4.22, SD 1.41; P<.001; Cohen
d=0.32) and for employees with a negative self-assessed mental
health status according to MHI-3 (positive mental health status:
mean 4.31, SD 1.33; negative mental health status: mean 4.56,
SD 1.21; P=.002; Cohen d=−0.19). Employees who perceived

their company culture as positive reported a higher intention to
use EMHPs (positive company culture: mean 4.61, SD 1.27;
negative company culture: mean 3.99, SD 1.27; P<.001; Cohen
d=0.49; details of all ANOVAs can be found in Multimedia
Appendix 14).

Facilitators of and Barriers to the Use of EMHPs
The most relevant factor for employees impacting the use of
EMHPs is whether the employer paid for the program
(345/1134, 30.42%). This top facilitator was significantly more
relevant for employees who preferred analog EMHPs (160/468,
34.19%) versus those who preferred digital EMHPs (185/666,
27.78%; P=.02; φ=−0.07). In line with this, employers not
paying for the EMHP was the number 1 barrier (433/1134,
38.18%). Ease of use was the second most relevant facilitator
(337/1134, 29.72%), with no difference between employees
preferring digital or analog EMHPs. Content quality was another
important facilitator if given (259/1134, 22.84%) and an even
more relevant barrier if not given (301/1134, 26.54%). The top
5 facilitators and barriers are shown in Table 2, representing
RQ3 (details of all chi-square tests can be found in Multimedia
Appendix 15).

Table 2. Top 5 facilitators of and barriers to using employee mental health programs (EMHPs) by total participants and differences by preference for
medium (N=1134).

P valuecParticipants preferring ana-

log EMHPsb (n=468), n (%)

Participants preferring digi-

tal EMHPsb (n=666), n (%)
Total participantsa

(N=1134), n (%)

Top 5 facilitators

.02160 (34.19)185 (27.78)345 (30.42)1. EMHP is paid for by the employer

.99139 (29.7)198 (29.73)337 (29.72)2. EMHP is easy to use

.74114 (24.36)168 (25.23)282 (24.87)3. EMHP with trustworthy data protection

.71112 (23.93)153 (22.97)265 (23.37)4. EMHP with easy access

.0995 (20.3)164 (24.62)259 (22.84)5. EMHP with high content quality

Top 5 barriers

.59183 (39.1)250 (37.54)433 (38.18)1. EMHP requires full payment or copayment by the
employee

.16124 (26.5)202 (30.33)326 (28.75)2. EMHP requires too much time

.61128 (27.35)173 (25.98)301 (26.54)3. EMHP with low content quality

.01140 (29.91)154 (23.12)294 (25.93)4. Employees feel forced to use EMHP

.60113 (24.15)152 (22.82)265 (23.37)5. EMHP is too complicated or requires too much ef-
fort

aShare of total participants perceiving the facilitator or barrier as relevant.
bShare of participants preferring digital or analog EMHPs perceiving the facilitator or barrier as relevant.
cSignificance level of the differences between participant groups preferring digital or analog EMHPs based on P values according to the chi-square test.

Discussion

Principal Findings

Generalizability of Findings
This study analyzed the deployment and use of EMHPs at
companies across industries; the preference and intention to use
of employees for different EMHPs, including relevant
predictors; as well as facilitators and barriers. The representative
and exceptionally large sample of the German working

population allows for generalization of the findings.
Generalizability is enhanced through the fact that no specific
sociodemographic subgroup but a broad representative sample
of the observed population across several sociodemographic
characteristics was investigated. The representative distribution
of education levels in the sample further ensured that no
employees from a specific socioeconomic status group were
underrepresented. The findings of the study are not only
generalizable to Germany but may also be transferable to other
countries, particularly industrialized nations where mental health
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challenges are comparable and employer-employee relationships
tend to be similarly structured. Given that a relevant share of
participants’ employers in this study were large organizations,
many of these were likely to operate in several countries across
the globe, where the general organizational culture and
relationship between employer and employees can be expected
to be similar. Moreover, the research on EMHPs generally
focuses on the role of the employer as a provider of or at least
an access point for mental health services. Therefore, this
research is less dependent on the respective health system of a
specific country but rather on universal predictors and factors
of the relationship between employers and employees. To
generate further insights into the transferability of the findings,
this survey can be replicated in other industrialized countries
by future research.

Prevalence and Actual Use of EMHPs
The fact that employees need support due to increasing mental
health issues [16,28,31] is supported by our results, which
illuminate the prevalence of past issues and current negative
mental health status. While only a fifth of employees have access
to EMHPs, more than half of these employees use them. This
use rate seems to be high compared to numbers from other
studies, indicating use rates for very specific psychotherapeutic
consultation services and general EAPs of 1% up to 10% [73]
or 39% when looking at intended use [44]. Hence, use rates
seem to vary depending on the concrete EMHP. Given that the
results of other studies focus on EAPs or consultation services
for primarily existing issues, the overall use rates for all EMHPs,
including prevention, are expected to be higher, as indicated by
our results. Further studies should focus on measured use rates
for different types of EMHPs, including prevention-focused
programs.

Preferred EMHPs
The found preference for digital programs (666/1134, 58.73%
of participants) and for self-intervention programs (590/1134,
52.03%) when choosing one preferred EMHP is in line with
the desire for time- and location-wise flexibility and for
anonymous use concerning colleagues [24,41]. While patients
with existing mental health issues realize the potential
advantages of digital programs [74], prior research has found
that they prefer face-to-face mental health interventions or
hybrid models that include face-to-face contact, presumably
due to higher perceived effectiveness [74-76]. However, these
studies focused on interventions treating existing mental health
issues, for which many do not think that digital programs can
replace traditional in-person psychotherapy adequately [77-79].
Furthermore, these studies did not explicitly focus on EMHPs
in the work context but on the general population. Given that
our study focuses on EMHPs that often also cover prevention
purposes [24], the findings do not contradict each other. Instead,
they indicate that preference for an intervention involving a
mental health professional is higher when facing concrete,
particularly severe issues, which was supported by our
qualitative interviews:

I believe, if my mental state is seriously endangered,
then I need a personal conversation, personal support.
But if my mental state is somehow not good but not

severely bad, then I can imagine using an app for
myself, which can help me to feel better. [Participant
9]

For prevention, tips for exercises, general
information, or apps, etc, are very important. When
there is a concrete need for treatment, then a
one-on-one is the best option, with a psychotherapist.
[Participant 7]

However, digital and self-intervention programs are well suited
for prevention purposes, especially in the workplace context
[44], and digital EMHPs can even be as effective as nondigital
ones regarding positive mental health outcomes [30]. A recent
study confirms a strong preference for both types of EMHPs,
digital self-intervention programs and programs delivered
face-to-face [80]. While we acknowledge that preference for a
certain EMHP type does not necessarily mean that these
preferred EMHPs have higher effectiveness in obtaining the
desired outcome, the intrinsic interest to use a specific EMHP
is a relevant factor to start using such a program. As digital and
nondigital EMHPs can have significant positive mental health
effects, starting to use such a program is the most relevant first
step, and consequently, the preference should be considered.
The importance of intrinsic motivation and fun for starting to
use an EMHP was also mentioned during our qualitative
interviews:

Ideally, using it means fun. The people need a
motivation to use it. [Participant 9]

It is an important factor that the UX design is nice
and that it is fun. [Participant 11]

It needs to have an entertaining value; something
needs to happen. Otherwise, you don’t get the people
to do it. [Participant 13]

Intention to Use EMHPs
Overall, we found a medium intention to use EMHPs. However,
the detailed results show a strong distribution, indicating
opposing views on such programs. One part has a high intention
to use both digital and analog EMHPs, while another part is
very reluctant. Individuals with a high intention to use EMHPs
may be influenced by the increasing awareness of mental health
through more research and more coverage in mainstream media,
which is also driven by celebrities raising awareness [81,82].
In contrast, other individuals neglect the need, as well as their
eligibility, for such programs and for dealing with mental health
more openly in general, partly driven by stigmatization, which
could explain participants with low intention to use [28,83-85].

Predictors for Use of EMHPs
In line with previous research, intention to use differs
substantially by several demographic and personal
characteristics [44,45].

Age

Younger individuals tend to be more open toward EMHPs. This
may be due to higher awareness and a more open mindset of
younger generations toward mental illness, which is found in
prior research [42,86]. Conversely, other research suggests that
older age is a predictor of help-seeking behavior [87,88]. This

JMIR Hum Factors 2025 | vol. 12 | e65750 | p.3594https://humanfactors.jmir.org/2025/1/e65750
(page number not for citation purposes)

Sevov et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


calls out for further research about differences in age concerning
awareness and behavior regarding mental health support. Our
findings support that younger generations are more open toward
the topic and are more likely to use digital programs.

Gender

In contrast to other identified predictors that align with previous
research, in this study, we found no evidence for differences in
overall intention to use between women and men. However,
when looking at specific EMHP types, women showed a higher
intention to use programs focused on prevention and on
treatment. This suggests that women might have a higher
intention to use when presented with the concrete objective of
the EMHP. The higher preference of women for self-intervention
programs resonates with the findings of Smail-Crevier et al
[44], who found that women have a significantly higher
preference for self-help interactive programs than men. Further
studies focusing on specific EMHPs with clearly defined
dimensions, for example, interaction form, are needed to assess
differences in preference by gender and gain deeper and solid
insights.

Education

Intention to use is also found to be higher for individuals with
higher formal education, which is in line with what has been
suggested by prior research [45]. This might be explained by
higher awareness and understanding of the challenge of mental
health issues for individuals and society.

Previous Mental Health Issues

We found that individuals who indicate having had mental
health issues in the past show a higher intention to use EMHPs.
This suggests that awareness, primarily through lived experience
with some mental health issues, increases the likelihood of
seeking help and using offered support. Previous research has
also found that positive experience with help seeking in the past
increases the likelihood of seeking help again [87], which might
also be the case for participants of our study, explaining the
measured effect.

Mental Health Status

Furthermore, we found that the intention to use is higher for
people who have a negative self-reported mental health status.
Overall, this seems evident, as the need to use an EMHP is
plausibly higher for these individuals than for people with good
mental health. However, existing literature offers contrary
findings regarding the effect of existing mental health issues
on using support services. Some research suggests that when
mental health issues reach a certain level of severity, individuals
may experience reduced motivation and effort to engage with
programs or seek treatment [79]. This effect is especially
observable in people dealing with depression [41]. Other studies,
in contrast, indicate that support is rather sought when issues
already affect social functioning [87,89]. Hence, the severity
of a present mental disorder plays a significant role in the
resulting use of support services such as EMHPs. Therefore,
further research could focus on the intention to use EMHPs
based on the severity of mental health issues.

Company Culture

Another predictor of intention to use found in this study is the
company culture. Individuals indicating a positive company
culture at their workplace have a significantly higher intention
to use EMHPs. This finding resonates with existing research
on the importance of company culture and the positive effect
of supportive leaders [5,13,46]. Notably, company culture
emerged as the strongest predictor of intention to use EMHPs
in this study, surpassing the effects of both age and education.
The authenticity of the employer toward the offered program
and the high relevance of the company culture were also
mentioned by participants during the qualitative interviews:

It is important to feel that the employer means it, that
it is a truly honest offer. [Participant 1]

I want to have the feeling that this is not a one-time
initiative to boost the image. I want to see the true
intention of the employer, shown by continuous
actions. [Participant 11]

I need to have trust that I do not have to fear any
negative consequences when I use it. [Participant 9]

It is important that you have an environment where
people do not judge, where colleagues say, “It is
alright to use it, there is nothing condemnable with
it.” [Participant 3]

Facilitators of and Barriers to the Use of EMHPs
Having the EMHP paid by the employer is the most relevant
facilitator and represents the largest barrier if this is not the case.
The reason that cost coverage is an even more important factor
for employees preferring analog EMHPs might be that analog
programs are usually more expensive than digital ones [25].
While the cost coverage factor is not explicitly mentioned in
existing studies on facilitators and barriers, research suggests
that it is in the nature of EMHPs to be offered to employees for
free or at least at a low cost [42]. A potential expectation attitude
of German citizens particularly might stem from the fact that
they are used to reimbursed health care services, including
psychotherapeutic treatment [76] and apps (specific digital
health apps called DiGAs in Germany) [90]. In line with this,
the qualitative interviews indicated that if the employer offers
a program, employees expect financial support as a basic
condition:

It needs to be paid by the employer, at least the largest
share. [Participant 10]

If it costs me personal money, this is a huge barrier.
[Participant 3]

If it needs to be paid fully or even partially by the
employee, there is no more willingness to use it.
[Participant 5]

Further relevant factors are ease of use, easy access, use that
should not require too much time, and quality of the content.
Hence, convenience, that is, being able to integrate use into
everyday life, and the quality of EMHPs are essential for
employees, as is indicated by previous studies [14,24,41,91]
and our qualitative interviews:
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Use has to be simple and clearly explained.
[Participant 7]

Access to the program should be easy. [Participant
3]

The time effort should be reasonable. I would like to
have it easily integrated into my daily routines.
[Participant 1]

It not only has to have good content, it also has to be
easily understandable and interesting. [Participant
14]

Employers should ensure these criteria are met to increase the
likelihood of use and enhance the impact of EMHPs. They
should also consider digital EMHPs, which are generally more
cost-efficient, easier to scale, and more flexible than nondigital
programs [25].

Limitations
Despite high research standards, this study has some limitations.
First, given that quantitative data collection was based on a
web-based survey, it is likely that the results overrepresent
digitally literate participants [92]. Therefore, participants might
have been more prone to using digital EMHPs [93]. However,
only a web-based survey of this nature can provide such a large
sample representative across several demographic
characteristics.

Second, for simplicity, the medium of EMHPs was categorized
into a binary set with digital and analog EMHPs, whereas in
reality, hybrid forms are available. Despite the existence of
hybrid forms, the chosen definition was appropriate for the
scope and objectives of our research, and the definitions were
clearly presented in the web-based survey.

Third, the survey results relied on self-report measures and
question items and the participants’ chosen options, which may
have led to some skewness in the data. For instance, participants
might have indicated their intended and not their actual use
behavior when asked, a phenomenon commonly referred to as
the intention-behavior gap [94]. In addition, results on the
available EMHPs were based on the participants’ perspectives
and not necessarily on the factual availability of the EMHPs
offered by their employers.

Conclusions
Our study contributes to a deeper scientific understanding of
employees’ perspectives on different EMHPs, including
preference, intention to use, predictors for use, and facilitators
and barriers. This deeper understanding is relevant for academia
and occupational practice. On the basis of our research,
academia can drive further scientific studies and findings.
Employers who are willing to actively contribute to the mental
health of their employees can leverage our findings to choose
and facilitate EMHPs, while providers can leverage these
findings to create relevant EMHPs that match the employees’
needs.

The 3 main implications of the study indicate simple but
meaningful actions for employers worldwide. First, because a
relevant portion of employees use EMHPs when available and
most report satisfaction with them, it is a strong starting point
to consider offering an EMHP. Initially, the type of EMHP is
not of utmost importance. While starting with digital
self-intervention programs focused on prevention may lead to
greater acceptance and adoption, given overall preferences,
employees generally appear to value the simple availability of
any EMHP. Hence, offering any EMHP should potentially create
a positive impact. Naturally, the more targeted and tailored the
EMHP is, the higher the probability of positive effects. However
ultimately, the most important step is to start offering an EMHP.

Second, employers can steer one of the most relevant factors
predicting the use of EMHPs—the company culture. This
predictor has significant impact on use across all EMHP types.
Therefore, employers are advised to create an authentic strategy
and communication on offering EMHPs and genuinely support
the opportunity to use an EMHP. Conversely, offering an EMHP
while having a negative company culture with demotivating
communication, leadership, and teamwork styles will likely
have no relevant positive effect.

Third, employers should ensure that employees seeking support
or willing to act preventatively do not have to pay to use an
offered EMHP. Furthermore, they should provide EMHPs that
are easy to use, easy to access, and of good quality, as these are
the key facilitators of use. Thus, employers should consider
offering digital EMHPs, which typically address several of these
relevant factors.
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Abstract

Background: Mobile health (mHealth), defined as health care facilitated by mobile devices, offers a promising strategy for
enhancing disease management and treatment for patients with chronic conditions. However, there is limited information about
how patients with inflammatory bowel disease (IBD) use mHealth and their digital preferences.

Objective: The aim of the study was to investigate the use of mHealth as well as the preferences, obstacles, and eHealth literacy
reported by patients with IBD in Germany.

Methods: In April and May 2023, we sequentially enrolled patients diagnosed with IBD, including Crohn disease and ulcerative
colitis, to participate in a paper-based survey. The survey included questions on sociodemographic details, health characteristics,
mHealth use, internet use, eHealth literacy (measured with the eHealth Literacy Scale), and preferences regarding communication
and information.

Results: Of the 200 surveyed participants, almost all (197/200, 98.5%) reported regular smartphone use, and more than two-thirds
(139/200, 69.5%) indicated regular engagement with social media. Most of the respondents (168/200, 84%) expressed the belief
that incorporating medical apps into their routine could positively impact their health. However, only 25 (12.5%) of the 200
patients acknowledged using medical apps, of which just 2 apps were IBD specific, used by only a few (n=3, 12%). Furthermore,
awareness of useful websites or mobile apps tailored for IBD was limited (45/200, 22.5%). Nearly all participants (196/200, 98%)
expressed willingness to share app data for research purposes, and most (171/200, 85.5%) consented to transmit app data to their
treating physicians. A large majority (175/200, 87.5%) indicated readiness to regularly input data into an app, with a preferred
duration of up to 5 minutes (109/200, 54.5%) and weekly input frequency (76/200, 38%). For an IBD-specific app, the most
frequently requested functions were electronic prescriptions (110/200, 55%) and a newsletter about new scientific work and
clinical studies (94/200, 47%). Usability and security were identified as key app attributes. The internet was the predominant
source of health-related information (180/200, 90%). The average eHealth literacy score, measured with the eHealth Literacy
Scale, was high (mean 28.9, SD 5.4; range 8-40), with a positive correlation observed between higher eHealth literacy and factors
such as younger age and more frequent internet use for health information.

Conclusions: Patients with IBD are well prepared and motivated to use mHealth technologies to better understand their chronic
condition and optimize treatment. However, their enthusiasm is tempered by the currently low adoption of mHealth. To fully
harness the potential of mHealth in IBD treatment, effective and tailored mHealth solutions, guidance for their implementation,
and patient education are needed.
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Introduction

Background
Inflammatory bowel diseases (IBDs), including Crohn disease
and ulcerative colitis, are complex, chronic conditions with
multifaceted pathogenesis [1,2]. Patients typically require
lifelong treatment from a multidisciplinary specialist team,
including gastroenterologists, surgeons, rheumatologists,
dermatologists, and radiologists [3]. This care includes, apart
from regular medical appointments, immunosuppressive
pharmacotherapy to maintain remission and prevent relapses
[4], which can pose challenges for patients’ treatment adherence
[5]. The complexity of IBD not only incurs high health care
costs [2] but also makes it difficult for patients to understand
their illness and manage daily demands, such as monitoring
symptoms, implementing appropriate nutrition, and planning
activities [6]. Consequently, IBD represents both a substantial
economic burden and a patient-level challenge, underscoring
the need for modern disease management strategies [3,7].

In today’s world, the use of digital media such as computers,
smartphones, tablets, the internet, and mobile apps is ubiquitous
and plays an important role in the daily lives of many people.
One area increasingly affected by these technologies is health.
The internet serves as a gigantic source of information, making
health information widely accessible; fitness trackers enable
individuals to record and document personal health parameters;
and digital services such as email allow patients to communicate
with health care providers. Consequently, digital technologies
are increasingly incorporated into routine health care [8-10].
The concept of mobile health (mHealth), defined by the World
Health Organization as “medical and public health practice
supported by mobile devices, such as mobile phones, patient
monitoring devices, personal digital assistants (PDAs), and
other wireless devices” [11], is a promising approach for
managing various chronic diseases, including rheumatoid
arthritis [12], diabetes mellitus [13], hypertension [14], and
chronic heart failure [15]; for example, electronic medication
reminders can improve treatment adherence [16,17], and
supportive digital therapy can reduce pain [17] and improve
key comorbidities (eg, depression) [18]. In the context of IBD,
mHealth has the potential to take disease management to a new
level, including improving patients’quality of life and reducing
health costs [19]. However, access to mHealth solutions remains
extremely limited for patients with chronic IBD [20].

Objectives
The perspectives of patients with IBD on mHealth solutions
remain largely unexplored. To effectively incorporate various
mHealth solutions into clinical practice, it is essential to
understand patients’ limitations and needs. This study aimed to
examine the use of mHealth solutions as well as the preferences,
obstacles, and eHealth literacy reported by patients with chronic
IBD in Germany.

Methods

Paper-Based Survey
In April and May 2023, consecutive patients treated at the
outpatient clinic for chronic IBD at the University Hospital
Erlangen were invited to complete a paper-based survey. This
format was intentionally chosen to minimize selection bias by
enabling participation regardless of digital literacy or device
access.

To create the survey (Multimedia Appendix 1), a broad literature
review was performed. Previous mHealth patient surveys in
rheumatology served as a starting point [21]. The survey
comprised four main sections: (1) sociodemographic and health
characteristics, (2) preferences and use of mHealth, (3) eHealth
literacy, and (4) communication and information preferences.
Foreign terms and explanations of technical terms were provided
in footnotes. Inclusion criteria were as follows: patients had to
(1) be aged ≥18 years, (2) be proficient in the German language,
(3) be physically and mentally capable of completing a
structured questionnaire, and (4) have a confirmed diagnosis of
either Crohn disease or ulcerative colitis.

The sociodemographic and health characteristics included age,
sex, place of residence, educational qualification, diagnosis,
duration of illness, patients’ global self-assessment of disease
activity, and current use of electronic devices (smartphones,
tablets, and activity trackers) and social media.

The section on preferences and use of mHealth contained
questions about the use of medical apps in general, knowledge
and use of IBD-specific apps, and the preferred duration and
frequency of actively using an IBD-specific app. Patients were
asked to evaluate their preferences for app features on a 5-point
Likert scale and the importance of app characteristics on a
10-point Likert scale. In addition, patients’ willingness to share
recorded app data and overall perceptions of the benefits of
medical apps were investigated.

Furthermore, information was gathered on internet use and the
perceived utility of the internet regarding health decisions, as
well as on web-based services to enhance patient health and on
telemedicine, with a focus on patients’ digital interaction
preferences.

Measurement of the patients’ eHealth literacy was carried out
using the validated German version [22] of the eHealth Literacy
Scale (eHEALS) [23]. This tool has been translated and
validated in multiple languages [23-28] and enables systematic
capture of differences in eHealth literacy levels. It consists of
8 statements regarding eHealth literacy that are rated on a
5-point Likert scale ranging from 1 (“strongly disagree”) to 5
(“strongly agree”), yielding a total score ranging from 8 to 40.

Using ranking lists (unique rankings were required), patients
indicated their preferences regarding medication reminders, the
format of medical information, the design of digitally provided
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information, the type of patient diary, and the mode of physician
communication.

Statistical Analysis
The examined characteristics were summarized using counts,
percentages, means, and SDs. To investigate relationships
between continuous variables, Pearson correlation was used.
The relationship between the eHEALS score and the frequency
of internet use was investigated using the Jonckheere-Terpstra
test, with eHEALS score as the continuous dependent variable
and internet use frequency as the ordinal independent variable.
Relationships between the eHEALS score and binary preferences
were examined using logistic regression. The applied statistical
tests were carefully selected according to the measurement
scales and distributional characteristics of the collected data.
All models included adjustments for age and sex. Two-tailed
P values <.05 were considered statistically significant. Microsoft
Excel and SPSS (version 28.0; IBM Corp) were used for data
processing and analysis.

Ethical Considerations
This study received approval from the ethics committee of
Friedrich-Alexander University Erlangen-Nürnberg (23-63-B)
and was conducted in accordance with good clinical practice.
Before inclusion in the study, all participating patients provided

informed consent for participation, pseudonymized data storage,
and processing of the collected data. All participant’s data were
collected, stored, and analyzed in accordance with applicable
privacy regulations. Personal information was pseudonymized,
and confidentiality was strictly maintained throughout the study.
Participating patients did not receive any form of financial or
other compensation for their involvement in the study.

Results

Patient Characteristics
A total of 220 patients were recruited for the study. For the final
data analysis, only complete surveys from patients who met all
inclusion criteria (200/220, 91%) were considered. The number
of patients who declined participation was not recorded. The
sociodemographic data of the study sample are presented in
Table 1. The mean age was 39.1 (SD 14.0) years, with 49%
(98/200) of the patients aged between 18 and 35 years. Sex
distribution was nearly balanced. Regarding the use of electronic
devices and social media, almost all patients regularly used a
smartphone (197/200, 98.5%), more than half (108/200, 54%)
regularly used a tablet, nearly one-third (64/200, 32%) used an
activity tracker, and more than two-thirds (139/200, 69.5%)
regularly used social media.
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Table 1. Demographic and health characteristics (n=200).

ParticipantsCharacteristics

39.1 (14.0)Age (years), mean (SD)

Age (years), n (%)

98 (49)18-35

39 (19.5)36-45

28 (14)46-55

26 (13)56-65

9 (4.5)>65

Sex, n (%)

96 (48)Female

104 (52)Male

Diagnosis, n (%)

127 (63.5)Crohn disease

73 (36.5)Ulcerative colitis

2.3 (2.3)Patient global self-assessment of disease activity (on a scale ranging from 0 to 10), mean (SD)

13.1 (9.9)Disease duration (years), mean (SD)

Disease duration (years), n (%)

8 (4)≤1

46 (23)2-5

146 (73)>5

Place of residence, n (%)

95 (47.5)Village

56 (28)Small city

18 (9)Midsized city

31 (15.5)Big city

Regular use of devices, social media, and apps, n (%)

197 (98.5)Smartphone

108 (54)Tablet

64 (32)Activity tracker

139 (69.5)Social media

25 (12.5)Medical apps

mHealth: Use, Knowledge, and Acceptance of Medical
Apps and Willingness to Provide mHealth Data
A set of questions assessed patients’ preferences and attitudes
toward potential mHealth apps and the sharing of health data.
An overview of the collected data is shown in Multimedia
Appendix 2. Regarding app use, only a small proportion of
patients (25/200, 12.5%) reported currently using medical apps.
Among these, only 2 apps were IBD specific: CED-Forum (2/25,
8%) and an unnamed IBD app (1/25, 4%). Patients’ knowledge
of useful IBD-specific digital services (websites and apps) was
generally low (45/200, 22.5%). Notwithstanding these findings,
more than three-fourths of the patients (168/200, 84%) believed
that using medical apps could be beneficial for their health. The
potential association between eHEALS scores and the likelihood

of expressing the belief that apps are beneficial was investigated
using logistic regression adjusted for age and sex. It turned out
that our model, using the eHEALS score as predictor, fit poorly,
as indicated by the very low explained variance (Nagelkerke

R2=0.09), suggesting that eHEALS scores alone account for
little of the variation in patients’ perceptions of app benefits.

Almost all patients (196/200, 98%) indicated willingness to
transmit app data for scientific research, on condition that data
security was guaranteed. Similarly, most of the patients
(171/200, 85.5%) agreed to share app data with their physician.
Among those who did not agree (29/200, 14.5%), the main
reason was the perception that personal contact with their
physician was sufficient (17/29, 59%). Other reasons included
concerns about not knowing where their data would be stored
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(12/29, 41%), unclear use of the data (11/29, 38%), and insecure
data transmission (9/29, 31%). Whereas the majority of patients
(188/200, 94%) wished to be notified if an app detected
irregularities regarding their health, interest in comparing
medication adherence with other patients was low (57/200,
28.5%).

A large proportion of the participants (175/200, 87.5%) were
willing to actively input data into an IBD-specific app. Among
all patients, weekly data entry was preferred by 38% (76/200),

with a duration of 1 to 5 minutes (109/200, 54.5%). When asked
to evaluate key attributes of an app on a 10-point Likert scale,
patients rated usability (mean 9.0, SD 1.4) and security (mean
8.4, SD 2.6) as the most important (Multimedia Appendix 2).
Regarding preferred app features, patients were most interested
in electronic prescriptions and a newsletter about new scientific
work and clinical studies. By contrast, patients were least
interested in direct peer exchanges, such as chats, or integrated
wearables (Figure 1).

Figure 1. Patients’ app function preferences (responses to “What app functions would you like?”).

Internet Use, Perceived Benefit, and Digital Interaction
Another important aspect of our study was to obtain knowledge
about patients’ internet use, especially regarding health-related
information. Almost all patients (193/200, 96.5%) stated that
they had used the internet to seek health information, whereas
only a small proportion (7/200, 3.5%) had not (Multimedia
Appendix 3). The reasons for not seeking health information
on the internet included perceiving their physician’s information
as sufficient (4/7, 57%), considering internet searches unhelpful
(3/7, 43%), and other reasons (1/7, 14%). The types of health
information patients sought on the internet are illustrated in
Table 2. Most patients searched for information about treatment
options (165/193, 85.5%) and symptoms (164/193, 85%),
whereas information on support groups was least frequently

sought (85/193, 44%). Regarding the frequency of internet use
for obtaining health information, the most common response
was “less often than monthly” (79/200, 39.5%). Comparing the
use of different health information sources during the past 3
months (Figure 2), the internet was the most frequently used
source (180/200, 90%), with 10% (20/200) using it daily, 17.5%
(35/200) weekly, 31.5% (63/200) monthly, and 31% (62/200)
less often. More than half of the patients (116/200, 58%) had
previously used online support groups to read information
(113/200, 56.5%), chat with other patients (17/200, 8.5%), or
post information (11/200, 5.5%). Participation in an online
health program was infrequent (9/200, 4.5%), and knowledge
about the medication website of the German competence
network for IBDs was not widespread (29/200, 14.5%).
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Table 2. Health information previously sought on the internet (n=193; responses to “What health information did you look for on the internet?”).

Patients, n (%)Health information

165 (85.5)Treatment options

164 (85)Symptoms

158 (82)Medication

144 (75)Diagnosis

142 (74)Physicians

93 (48)Disease-specific websites

85 (44)Support groups

4 (2)Other

Figure 2. Use of different health information sources (responses to “How often did you use one of the following options to receive health information
in the last three months?”).

Regarding the perceived benefit of using the internet to make
health-related decisions, results were ambiguous with
approximately the same number of patients being unsure
(81/200, 40.5%) and recognizing the internet as useful (79/200,
39.5%; Multimedia Appendix 3).

Another aspect investigated was patients’ digital interaction
with their treating physician. Slightly more than half of the
patients (105/200, 52.5%) reported having previously
communicated with a physician via email. In addition, 71%
(142/200) of the patients indicated that they would appreciate
the option to communicate with their gastroenterologist via
video call. The majority of the patients (159/200, 79.5%) favored
electronically filling out medical questionnaires before their
appointments, and more than two-thirds (137/200, 68.5%)
preferred receiving an electronic medical report rather than a
paper report.

eHealth Literacy
eHealth literacy, as defined by Norman and Skinner [23] is “the
ability to seek, find, understand, and appraise health information

from electronic sources and apply the knowledge gained to
addressing or solving a health problem.” Therefore, eHealth
literacy is an important dimension to record patients’ handling
of digitally provided health information. The mean eHealth
literacy score of our patients, measured using the eHEALS tool,
was 28.9 (SD 5.4; range 8-40). Male patients had a mean score
of 29.0, and female patients had a mean score of 28.3, resulting
in a mean difference of 0.7; this difference was not statistically
significant (P=.35), as verified by an unpaired, 2-tailed t test
(95% CI −0.74 to 2.07). By contrast, age was found to correlate
negatively (r=−0.2, 95% CI −0.35 to −0.04) with the eHEALS
score. An overview of the distribution of responses to the 8
eHEALS items is provided in Multimedia Appendix 4. The
majority of patients agreed or strongly agreed that they know
how to use the internet to answer health-related questions
(152/200, 76%) and have the skills to evaluate the health
resources found on the internet (160/200, 80%); however,
concerns were raised regarding the knowledge of available
health resources on the internet (41/200, 20.5), and
approximately one-third of the patients (69/200, 34.5%)
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expressed discomfort about using information from the internet
to make health-related decisions. Lower eHEALS scores were
found to be associated with a declining frequency of internet

use (Figure 3). A Jonckheere-Terpstra test showed a statistically
significant trend between lower eHEALS scores and decreasing
internet use frequency (TJT=4861.5, z=−4.958; P<.001).

Figure 3. Association of eHealth Literacy Scale (eHEALS) score and frequency of internet use.

Preferences in Communication
Almost all patients (198/200, 99%) wished for the opportunity
to raise queries about complaints and treatment between routine
medical visits. Preferred methods of contacting the treating
gastroenterologist were telephone (81/200, 40.5%), email
(61/200, 30.5%), and chat (56/200, 28%; Multimedia Appendix
5). Reminders for regular medication intake were requested
frequently (172/200, 86%), with the favored mode being via an
app (117/200, 58.5%). The vast majority of patients (196/200,
98%) wished to receive medical information, preferably through
an app (92/200, 46%), followed by paper (62/200, 31%) and
websites (42/200, 21%). If medical information was provided
digitally, patients ranked simple text and images (172/200, 86%)
over features based on exchanging information with other
patients (20/200, 10%) and game-based learning (8/200, 4%).
Acceptance of using a patient diary was high (176/200, 88%),
with documentation preference being greatest for an app,
followed by paper, and lowest for a website (Multimedia
Appendix 5).

Discussion

Principal Findings and Comparison With Prior Work
To the best of our knowledge, this study is the first to provide
an in-depth perspective on German patients’ views of mHealth
solutions in gastroenterology, specifically in the context of IBD.
Our findings emphasize that patients with IBD are interested
in mHealth technologies and are willing and motivated to use
them. For this intention to be realized, two factors are crucial:
the availability of the necessary technical requirements, which
was found to be remarkably high in our sample, with almost all
patients (197/200, 98.5%) regularly using a smartphone and
more than half (108/200, 54%) regularly using a tablet; and the
possession of digital skills. On the basis of participants’ internet
use behavior and eHealth literacy levels, it can be assumed that

patients with IBD possess these skills. Nearly all patients
(193/200, 96.5%) reported using the internet for health matters,
underscoring its role as a critical source of health information.
Patients in our study demonstrated the ability to find, evaluate,
and use such information, as reflected by a mean eHEALS score
of 28.9 (SD 5.4; range 8-40). This score indicates high eHealth
literacy, considering that a previous study defined a cutoff for
high eHealth literacy at ≥26 [29]. Numerous studies in various
fields [21,29-33] have examined possible correlations between
the dimensions of eHealth literacy and patient characteristics
and behaviors. In our study of patients with IBD, younger age
was associated with higher eHealth literacy, whereas no effect
of sex was observed. Consistent with prior studies [21,29,30,33],
lower eHealth literacy was associated with declining internet
use frequency. Interestingly, belief in the usefulness of medical
apps did not seem to depend on eHealth literacy levels but was
overall high, highlighting patients’ widespread confidence in
the potential of mHealth.

To fully realize this potential, most patients were willing to
participate actively by inputting personal health data into
IBD-specific apps, sharing them with their treating physicians,
and providing them for research purposes. Such active
participation ensures electronic data collection of a high
standard, both in terms of quality and quantity, which can be
of considerable benefit to patients and physicians alike. Prior
studies [34-36] have also highlighted the usefulness of
patient-generated health data. In addition, patients with IBD
expressed clear preferences for digital interaction with their
treating physicians, including consultations via video calls,
filling out questionnaires online before appointments, and
receiving electronic medical reports. These preferences could
contribute to improved care by optimizing treatment processes.
Despite the overall high enthusiasm for mHealth among patients
with IBD, some preferred personal contact with their physician,
as reflected by the highest preference for telephone calls for
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communication rather than eHealth services. Therefore, offering
flexible communication options tailored to patient preferences
is important. Furthermore, some of the patients (29/200, 14.5%)
expressed reluctance to share data with their treating physicians
due to concerns about security and transparency. These concerns
must be taken seriously. The responsibility to guarantee data
security lies with the various stakeholders involved and is critical
not only to avoid undermining patients’ confidence in mHealth
solutions but also to strengthen it. Further investigation into
which specific data security features would make patients feel
safe and strengthen their confidence is crucial. In addition, clear
communication about data protection measures and transparent
handling of data are essential to foster patient trust and
encourage wider mHealth adoption.

mHealth apps have the potential to serve as powerful tools and
are therefore of particular interest for research. As noted,
patients’belief in the usefulness of medical apps was remarkably
high, and they were willing to actively use IBD-specific apps
by inputting data for up to 5 minutes on a weekly basis. Desired
features for an IBD-specific app differed, but preferences were
primarily for those that deliver information, such as a newsletter
about new scientific work and clinical studies, as well as
electronic prescriptions. By contrast, interest in direct peer
exchanges and integrated wearables was low, which is partially
consistent with prior findings among patients with
gastroenterological diseases [37]. Mobile apps can improve
treatment adherence [38,39], and, in our study, patients with
IBD expressed interest in features such as medication reminders
and an app-based patient diary. Usability and security were also
identified as key features of an IBD-specific app. Patient
perspectives therefore provide valuable guidance for app design.
Particular attention should be given to ensuring an intuitive user
experience through simple, user-friendly design. App features
should be customizable because preferences differ; however,
features such as comprehensible information (eg, through simple
text and images), electronic prescriptions, medication reminders,
and patient diaries seem to be broadly desirable. In addition,
the app should minimize demands on data input and guarantee
data security so that patients feel safe using it. In line with
previous recommendations [20,40,41], involving patients in the
app development process is important, as it can enhance
acceptance and use [41].

Despite the enormous interest and readiness of patients with
IBD, current use of mHealth solutions remains relatively low.
Only 12.5% (25/200) of the patients in our study reported using
medical apps, of which just 2 were IBD specific (used by 3/25,
12%). Limited availability of IBD-specific apps, as noted in a
previous study by our group [20], and the generally low
knowledge of IBD-specific digital services likely represent two
important factors contributing to the gap between patient interest
and actual adoption. Further factors, such as usability concerns
and skepticism regarding effectiveness, as reported in studies
from other fields [42,43], require investigation in future research.
Overall, the high discrepancy points to the need to develop
effective mHealth solutions, supported by guidance and
recommendations from gastroenterological specialists and
societies regarding suitable and reliable sources and services
and supported by qualitative patient education to build

confidence in using these services, consistent with prior
suggestions [42,44]. However, several challenges must be
addressed; for example, strict regulations in Germany under the
Digital Health Care Act (“Digitale-Versorgungs-Gesetz”), which
classify prescribable health apps as medical devices and impose
stringent data security demands [45], pose obstacles to the
development and implementation of mHealth services.
Nevertheless, translating these needs into practice to align with
the interest and readiness of patients with IBD is going to be a
crucial task and will require collaboration among all
stakeholders to enable the implementation of reliable mHealth
programs and apps in routine IBD care, thereby fully realizing
the potential of mHealth.

Limitations
The main limitations of this study include its cross-sectional
design, which does not allow conclusions regarding the
evaluation of patients’ digital engagement behaviors over time;
reliance on self-reported data, which may be influenced by
social desirability bias, potentially leading patients to
overestimate their digital competencies or willingness to use
mHealth tools; and a relatively small, circumscribed sample
(outpatients from a single tertiary care center). Moreover, the
relatively young mean age (39.1, SD 14.0 y) of the sample may
influence findings, as older patients could exhibit different
digital health behaviors and face distinct barriers to mHealth
adoption. In addition, the number and characteristics of patients
who declined participation were not recorded, limiting the
assessment of potential selection bias. Therefore, the
generalizability of the results may be compromised, as factors
such as actual mHealth use could vary from what participants
reported.

Conclusions
To the best of our knowledge, this study is the first to
comprehensively explore perspectives on mHealth among
German patients with IBD. The insights gained have the
potential to significantly influence and shape the development
and integration of IBD apps. A vast majority of participants not
only believed in the possible health benefits of using medical
apps but were also motivated and willing to use mHealth
technologies and even participate actively by inputting personal
health data into apps and sharing them with physicians and
researchers. Furthermore, fundamental requirements for
successful mHealth use were largely met, as almost all patients
regularly used smartphones and demonstrated considerable
digital skills, as indicated by a high level of eHealth literacy.
Despite these favorable conditions, current use of mHealth
among patients with IBD remains limited, likely due to limited
availability and awareness of existing apps, usability concerns,
lack of perceived necessity, and skepticism about app
effectiveness. To close this gap, it is crucial to develop effective
mHealth solutions, supported by guidance and recommendations
from gastroenterological specialists and societies regarding
suitable and reliable sources and services, along with qualitative
education on mHealth use. The unmet needs and patient
priorities highlighted in this study provide direction for
expediting the incorporation of mHealth into standard IBD care.
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Abstract

Background: The use of artificial intelligence (AI) methods in palliative care research is increasing. Most AI palliative care
research involves the use of routinely collected data from electronic health records; however, there are few data on the views of
palliative care health care professionals on the role of AI in practice. Determining the opinions of palliative care health care
professionals on the potential uses of AI in palliative care will be useful for policymakers and practitioners to determine and
inform the meaningful use of AI in palliative care practice.

Objective: This study aimed to explore the views of palliative care health care professionals on the use of AI for the analysis
of patient data in palliative care.

Methods: This was a phenomenological study using qualitative semistructured interviews with palliative care health care
professionals with a minimum of 1 year of clinical experience in a hospice in the North West of England. Data were analyzed
using inductive thematic analysis.

Results: We interviewed 6 palliative care professionals, including physicians, nurses, and occupational therapists. AI was viewed
positively, although most participants had not used it in practice. None of the participants had received training in AI and stated
that education in AI would be beneficial. Participants described the potential benefits of AI in palliative care, including the
identification of people requiring palliative care interventions and the evaluation of patient experiences. Participants highlighted
security and ethical concerns regarding AI related to data governance, efficacy, patient confidentiality, and consent issues.

Conclusions: This study highlights the importance of staff perceptions of AI in palliative care. Our findings support the role of
AI in enhancing care, addressing educational needs, and tackling trust, ethics, and governance issues. This study lays the groundwork
for guidelines on AI implementation, urging further research on the methodological, ethical, and practical aspects of AI in palliative
care.

(JMIR Hum Factors 2025;12:e79514)   doi:10.2196/79514
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Introduction

Background
Artificial intelligence (AI) is the science and engineering of
creating “intelligent” machines (computers) through developed
algorithms that replicate the ability of a machine to think and
act like a human [1]. AI involves different methodologies (eg,
machine learning, neural networks, deep learning, and natural
language processing) that enable a machine to be trained to act
autonomously, with or without human instruction [2]. AI has
already demonstrated a significant impact in practice by
facilitating the interpretation and analysis of large amounts of
data contained within electronic health care datasets [3-5]. In
health care, AI can facilitate the diagnosis of diseases, support
clinical care delivery, and help individuals maintain their
independence [6]. AI is increasingly used in palliative care (a
discipline that provides holistic, person-centered support for
people with life-limiting illness [7]). For example, AI-driven
data analysis of electronic health records has been used to
identify palliative care needs [8], support clinical documentation
[9], identify quality indicators for end-of-life care [10], support
symptom assessments [11], and estimate prognosis [12]. Despite
the increased focus on palliative care AI, most current clinical
AI tools are designed for nonpalliative care populations [8].
The lack of palliative care AI tools is a consequence of limited
evidence in populations with serious illness, who often
experience complex physical and psychosocial needs [13].
Palliative patients often experience significant morbidity,
complex and multifaceted symptoms, and a high risk of
mortality, whereas their families face grief and bereavement
that extend beyond the patient’s death [13]. These unique
dimensions of care introduce ethical, practical, and emotional
considerations for AI, which are not as prominent in other
medical and surgical specialties [14]. For example, the use of
AI in prognostication may be more important in palliative care,
where sensitive communication about life expectancy directly
shapes care planning and emotional preparedness [12,15].
Similarly, the handling of data after death (ie, digital legacy and
the rights of caregivers and families) raises questions that are
less relevant in acute or curative clinical contexts [16]. Despite
the growing body of research on AI in medicine, there is
currently limited evidence that addresses these specific
complexities within palliative care, which highlights the need
for targeted research in this field [17]. Consequently,
understanding the views of palliative care practitioners on AI
is important to better understand the opportunities, challenges,
and implementation issues associated with its use [18].
Therefore, a dedicated study of palliative health care
professionals’ perspectives on AI is warranted to explore the
specific issues affecting this cohort [17,19].

Aim
This study aimed to explore palliative care professionals’views
on the use of AI for the analysis of patient data in palliative
care.

Methods

Overview
This study involved inductive thematic analysis, a method of
analyzing qualitative data in which themes emerge directly from
the data without predefined codes or expectations. Inductive
thematic analysis was chosen as it provided the researcher with
the flexibility to explore participants’ perspectives on AI in
palliative care [20]. The lead researcher (OA) was a final-year
medical student (male) who was supervised by SM and ACN.
OA received training and support to conduct the interviews.
The study adhered to the COREQ (Consolidated Criteria for
Reporting Qualitative Research) checklist [21].

Study Setting
The study was conducted in a hospice in the North West of
England, a specialized health care facility providing care for
individuals in the advanced stages of a terminal illness or
approaching the end of their lives. The hospice provides various
services, including a 15-bed inpatient unit, day services,
outpatient clinics, community outreach, patient and family
support, and bereavement services.

Sampling and Recruitment
Recruitment was conducted between April and May 2022. The
study was introduced at a weekly hospice education meeting,
giving potential participants the opportunity to ask questions
and express their interest in participating. Study advertisements
were placed around the hospice, and an email was sent to all
staff outlining the inclusion and exclusion criteria for the study.
The study material included information about the researcher
(OA). Inclusion criteria were palliative care health care
professionals working in the hospice with a minimum of 1-year
of clinical experience during the study data collection period
of April to May 2022.

Data Collection
Over a period of 2 months, semistructured interviews were
carried out with palliative care health care professionals.
Participants received written information before the interview
and provided written consent. Interviews were conducted
face-to-face in a meeting room at the hospice. All the interviews
were audio recorded using a digital voice recorder. The
interviews lasted between 35 and 60 minutes, and the
participants were informed that they could pause or discontinue
the interview at any time. Each interview began with the
researcher providing the participants with background
information about the study and a definition of AI. The
researcher conducted interviews using an interview guide, which
was used to encourage structure across interviews but also
facilitated flexibility by allowing participants to talk freely about
their experiences (Multimedia Appendix 1). Open questions
were used, and the interview schedule was adapted throughout
the course of data collection to reflect the emergent themes and
concepts (Textbox 1). Field notes and reflections were written
throughout the interview process to help make sense of the data
during the analysis phase.
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Textbox 1. Examples of the interview questions.

• What is your experience with artificial intelligence (AI) currently used within palliative care, if any?

• What do you see as the desired goal or outcome of using AI within palliative care?

• Have you ever been educated on the use of AI within palliative care?

• What are your views on introducing education programs for palliative care health care professionals on the use of AI within palliative care?

• AI in palliative care, like any new health care technology, may raise several safety concerns. Do you have any such concerns?

• AI in palliative care, like any new health care technology, may raise several security concerns. Do you have any such concerns?

• What are some important metrics that should be used when comparing AI tools to traditional tools in palliative care?

• Can you identify a task at work which you currently perform repeatedly, with little or no variations each time?

• What level of trust would you need to allow AI tools to perform this task for you?

• What are some ways this level of trust can be established?

• Is there anything else you’d like to tell me about this topic? If not, do you have any questions?

Interviews were transcribed verbatim by OA. Data were
exported to Microsoft Word, and manual thematic analysis
coding was used to systematically label the qualitative data
extracts to identify patterns and themes. OA used the 6-step
thematic analysis proposed by Braun and Clarke [22], which
involves (1) familiarization with the data, (2) generation of
initial codes, (3) development of initial themes, (4) reviewing
themes, (5) defining and naming themes, and (6) writing up the
analysis. We used inductive analysis, with line-by-line coding
of participants’ interviews, to generate codes and organize the
data into themes (Multimedia Appendix 2). Coding was carried
out by OA. During the data collection phase, OA had regular
supervisory meetings (with ACN and SM) to review data
analysis, discuss initial findings, and evaluate data throughout
the analysis process.

Six individuals contacted OA to consent to participate. None
of the participants withdrew from the study. Interviews were
analyzed iteratively. By the fourth interview, all key major
themes (eg, “general openness toward AI” and “importance of
human contact, empathy, and sympathy”) were identified.
Additional interviews reinforced, rather than expanded upon,
these categories. For example, the theme of “confidentiality
concerns” emerged in the first interview and was reiterated
consistently in interviews 2 to 6 without new subcategories.
This redundancy indicated that thematic saturation had been
reached with the sample. We determined that further interviews
were unlikely to provide new codes, categories, or insights
relevant to the research question. Therefore, a consensus was

reached to stop data collection on completion of 6 interviews
(ie, to stop recruitment of further participants) as the theoretical
categories became saturated [23,24].

Ethics Statement
The University of Liverpool ethics committee gave ethics
approval for this work (reference number 8523). This study was
approved by the hospice research governance group. All
participants provided written informed consent to participate
in this study. All participants were informed of their right to
privacy and confidentiality. All participants were informed that
their data would be anonymized and that no identifying
information would be included in any works related to this
study. No compensation was given to participants for
participating in the study.

Results

Overview
We interviewed 6 palliative health care professionals, including
1 (17%) nurse, 2 (33%) occupational therapists, and 3 (50%)
physicians. A total of 4 (67%) participants were female, and 2
(33%) were male. All interviews were conducted face-to-face
and in person (Table 1).

Three themes were developed from the data: (1) opportunities
for practice and the need for education, (2) enhancing human
care and connection, and (3) trust and ethical considerations
(Figure 1).
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Table 1. Characteristics of the participants (N=6).

Participants, n (%)Characteristics

Profession

3 (50)Physician

2 (33)Occupational therapist

1 (17)Nurse

Sex

4 (67)Female

2 (33)Male

Interview method

6 (100)In person

0 (0)Online

Figure 1. Thematic map showing the 3 main themes. AI: artificial intelligence.

Opportunities for Practice and the Need for Education
Participants highlighted their openness to consider using AI in
palliative care practice. Specifically, participants described their
views on how this technology could improve care delivery and
efficiency for their patients. Participants spoke of how
algorithm-driven health care is increasingly being used in other
clinical specialties and how, similarly, AI can be used to
improve palliative care:

I mean, I think obviously the future is, is going that
way, isn’t it? You know, artificial intelligence is being
developed at all areas. [Participant 3]

Participants described the lack of AI use in palliative care
compared to other medical and surgical specialties:

I suppose it’s kind of an alien concept, isn’t it? I think
in terms of technology that we use day-to-day at the
moment, we’re kind of behind the curve, I would say

in, in the NHS [National Health Service], and
certainly in this environment. So, I think it’s difficult
to kind of visualise what that would be like in kind of
day-to-day practice. [Participant 6]

Participants spoke about how AI can potentially improve
palliative care. The interviewees provided several examples of
possible benefits, such as machine learning–based analyses of
electronic health records to identify people needing palliative
care, to improve data capture and analysis, and to inform
personalized care recommendations:

I guess, you know, looking through the hospital
records in the hospital. When I see a new patient, I’m
manually looking back through the notes to try to find
if they’ve had previous encounters with the palliative
care team, how many times they’ve been in hospital,
looking for all the medications to work out what
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medications they’re on and if any have been stopped.
[Participant 3]

A good thing would be if something could analyse the
entire database every day and say, “look, these are
the patients who are flagging up, particularly
symptomatic,” or “are using lots of PRN [as
required] medicines” or, you know, [if] certain
keywords trigger [an] urgent review? [Participant 4]

Participants highlighted that palliative care staff have a limited
understanding of the different types of AI applications that may
be used in clinical care. Participants expanded on this by
describing how better staff education may improve their
confidence in using AI in clinical practice:

I think for healthcare professionals, like for me,
who’ve maybe not come across so much, or don’t
understand it so much, it’s more about knowing about
it, and understanding how we can help use it a bit
better. [Participant 1]

I think that’s only a positive thing. And, I think, to
introduce education to help people understand even
the basics of what AI is is really important, because
I think until we know more about what it is and
understand more about what it is, we can’t think of
the ways in which we can improve care for the patient.
[Participant 1]

Enhancing Human Care and Connection
Participants emphasized the importance of human contact,
empathy, and sympathy in palliative care, expressing concerns
about AI potentially replacing human care. This was illustrated
by the comments of 1 participant:

I think in palliative care, you know, our strength is
based on human connections.... I don’t mean to be
like negative towards, kind of, AI technology and stuff,
but I think, actually, you know, the majority of my
day, when I’m speaking to patients, it’s about human
connection. [Participant 6]

Participants identified how AI systems could be potentially
designed and modeled to dynamically learn from health care
professionals and service users, with the objective to develop
algorithms that are meaningful in helping them provide clinical
care:

I think it should be modelled as if, you know, the
algorithm behind it is trying to learn, and it’s asking
you for confirmation. You know, so it’s saying, “this
is what I’ve found,” you know, and you then have to
decide whether this is useful, or “can you confirm
this is correct?”, or something like that. It should be
this kind of back and forth. [Participant 4]

Participants described the potential that palliative care health
care professionals can routinely use data, informed by AI, to
support care and their clinical decision-making (eg, analysis of
electronic health record data to identify patients with palliative
care needs, automated transcription of consultations, and
personalized treatment recommendations). Consequently, the
interviewees discussed scenarios in which AI was used to

improve and augment the clinical care provided by palliative
care professionals. Participants said that AI could be used as a
tool to support clinical judgment and decision-making while
maintaining a patient-centered approach:

I guess if you use the program alongside, like, have
a step-by-step approach, so you could use the
program or the intelligence alongside, you know, a
human in kind of partnership. And then gradually,
you just have to learn that trust and become more
used to it. [Participant 2]

Trust and Ethical Considerations
Participants highlighted the importance of health care
professionals being confident that AI-driven clinical tools are
trustworthy and reliable. The interviewees framed their opinions
on the trustworthiness of AI in the context of their clinical
responsibility of providing care for people with serious illness
(who are often considered vulnerable). Several quotes from the
participants illustrated the important role of research in
generating evidence to inform meaningful AI use in clinical
care:

It’d be track record and experience, wouldn’t it? So,
you probably would want to have enough evidence
to show that it made good decisions. [Participant 5]

Participants stated that confidentiality was important, with
several statements highlighting their concerns regarding data
privacy and the security implications of using AI in clinical
practice. They emphasized the importance of ensuring that
patients’ data remain secure and protected when using AI to
inform clinical decision-making in palliative care:

I suppose, privacy and data is the main concern as
quite often it is in health care, isn’t it? And you know,
making sure that data is secure and, you know, things
like hacking aren’t an issue and people can’t access
patients’ and relatives’ private data easily.
[Participant 1]

I think with any new technology to have to make sure
it’s secure... And, you know, privacy concerns and
breaches of confidentiality- So I think all those things
are really important. [Participant 6]

Participants discussed the risk of bias associated with AI
analysis, which could create (and widen existing) inequalities
in palliative care. In the interviews, the participants discussed
the importance of developing strategies to reduce this risk of
bias in AI algorithms and to explore public opinion about the
role of AI in clinical practice. Participants described their belief
that if AI should be used to improve holistic care for patients
and those important to them. Further comments from the
interviews highlighted the opinion that the use of AI in palliative
care should be inclusive, unbiased, and ethical:

If our algorithms have been driven by developers in
Silicon Valley in California and most of them are
white, male and young, and the modelling has been
tested on a particular set of individuals, which don’t
have certain characteristics, which mean that certain
people are not represented, you then might get a
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device or an algorithm which isn’t tailored for the
needs of certain people. [Participant 4]

General Comments of Participants
Overall, AI was viewed positively by many participants,
although many stated that they had not used it in practice. None
of the participants had received training in AI, and all stated
that they would have liked to have received education on this
topic. Participants described their opinions on how data science
can improve clinical care; potential ideas included the use of
AI to identify people from electronic health records who need
palliative care and to use data analytics to evaluate quality of
care. Participants highlighted data privacy and ethical issues
related to AI use in palliative care, including important related
issues such as governance, confidentiality, and consent.

Discussion

Concerning the use of AI in palliative care, it is important to
consider the opportunities it offers, the educational needs of
staff, the importance of human connections, and practical issues
related to trust and ethics.

Importance and Uniqueness of This Paper
This study provides an overview of the views of specialist
palliative care health care professionals regarding AI in
palliative care, which adds knowledge to the limited evidence
base. Our qualitative approach facilitated an in-depth exploration
of participants’ experiences, which captured their nuances and
complexities. The evidence derived from this study improves
knowledge about the views palliative care staff have about AI,
which will shape its clinical use. Evidence demonstrates that
improved staff involvement can improve the effectiveness and
success of health care system interventions [25,26].

Relation to Previous Work in This Area
In this study, the staff positively described potential
opportunities in which AI could be used to support palliative
care, with themes consistent with previous work conducted with
generalist staff [27]. In our study, staff identified several
hypothetical possibilities where AI could be positively used to
improve their practice (eg, predictive modeling, text screening,
symptom assessment, and communication), which are consistent
with current developments of AI in palliative care [28].

Our findings align with previous research, which recommends
that health care professionals receive formal education and
training in AI [17,29]. Specifically, previous research advises
palliative care education programs to include holistic overviews
of AI technologies, ethical considerations, and case studies that
highlight the real-world applications and challenges of AI in
palliative care [30].

Our findings support previous work, which describes the
importance of focusing on human connections in palliative care
while ensuring that AI tools are meaningfully used to improve
the experience of patients, caregivers, and staff [27]. Consistent
with previous research, we highlight the potential problems and
bias that may occur from using AI in palliative care, due to
limited evidence of patient-centered outcomes measures in
palliative care populations [14]. In our analysis, participants

described the ethical challenges of using AI in palliative care
(reporting themes of promoting transparency and accountability
in AI systems, regular ethical review and continuous impact
assessments, ensuring patient autonomy and informed consent,
and safeguarding data privacy and security) [30]. The ethical
themes reported in our study are similar to those in previous
research [30,31], illustrating the need to incorporate ethical
principles (such as the 4 principles) into decisions involving AI
use in palliative care practice [32]. For example, autonomy (Do
service users have a choice of how their data are collected,
analyzed, and stored?), beneficence (Is AI used in the best
interests of individuals or is the benefit mostly for groups,
populations, or other stakeholders?), nonmaleficence (How can
we ensure people are not harmed from AI in palliative care?),
and justice (How can AI tools be used fairly and equitably, in
vulnerable people, from different backgrounds, cultures, and
geographies?) [33]. Furthermore, our results support the
importance of integrating broader ethical theories into practice
(eg, consequentialism, deontology, rights-based ethics, and
virtue ethics) to provide clinicians and policymakers with a
framework to make decisions on how to use emerging
technologies in clinical practice [34]. These frameworks can be
used to address uncertainty to help stakeholders’ (eg, health
care professionals, managers, and policymakers)
decision-making when considering how to responsibly use AI
tools in palliative care [13]. Consistent with previous work, our
findings reinforce the view that there is a risk that current AI
applications lack engagement with the ethical complexities of
real-world use in palliative care, which highlights questions
about the adequacy of clinical practice safeguards [15,30].

Limitations
This study is small, focused on one hospice in the North West
of England, which means that the findings may not be
generalizable to other palliative care settings (eg, home,
community, hospital, and nursing homes). Although thematic
saturation was achieved with 6 participants, this may have been
influenced by the similarities of the participants. We
acknowledge that a larger sample incorporating staff from a
wider range of roles and professional backgrounds may have
yielded more in-depth and diverse data. For example, this study
lacks representation of some professional roles (eg, social work,
spiritual care, pharmacy, and fundraising), which means there
is a lack of data about how AI may impact wider specialist roles
in the palliative care multidisciplinary team. Furthermore, our
study did not include the perspectives of patients, caregivers,
and other relevant stakeholders.

Importance to Policy, Practice, and Research
Decision-makers should consider the perspectives of palliative
care staff when developing and implementing AI tools for
palliative care. When considering applications of palliative care
AI, decision-makers should consider how these innovations will
improve care, address human needs, and fulfill ethical and
governance requirements. From an educational perspective, it
is important that palliative care professionals are trained to
safely and effectively use new technologies (eg, AI) in clinical
practice. Activities to achieve this objective may include the
development of training curricula for undergraduate and
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postgraduate students, including content on the opportunities
and challenges of AI in health care, ethical considerations of
its use, and governance issues [30,35].

Future research on palliative care AI should establish
standardized reporting for studies, seek external validation, and
consider ethical issues, which are needed to ensure that the
clinical application of AI tools is safe, meaningful, and effective
[15]. Future research should explore views (on palliative care
AI) from different perspectives, including multidisciplinary
teams, managers, patients, caregivers, and other relevant
stakeholders. Researchers should involve interdisciplinary
partnerships and collaboration to facilitate work across essential
interconnected themes, such as design, computing, data analysis,
ethics, and translational medicine [17,36,37].

Conclusions
This study shows the importance of considering the views of
palliative care professionals regarding the potential role of AI
in clinical practice. Our findings demonstrate the importance
of considering opportunities to meaningfully use AI to improve
human-focused care, support staff education, and address
practical issues related to trust, ethics, and governance. This
study provides a foundation for developing guidelines for AI
implementation in palliative care practice. Future research
should examine methodological, ethical, and practical issues to
ensure that AI best supports palliative care for people with
serious illnesses.
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Abstract

Background: Technology is rapidly reshaping conventional hospital environments into smart spaces, enhancing care, improving
clinical workflows, and reducing workloads. However, successful implementation depends not only on the effectiveness of the
technology but also on organizational readiness for change.

Objective: This study aimed to identify the key enablers and barriers to readiness for change for a smart hospital ward initiative.

Methods: We conducted a qualitative study to gauge organizational readiness for change for a smart ward initiative. Using
purposive sampling, we captured diverse views from clinicians, IT staff, operational support staff, and health care redesign staff.
Data were coded deductively under 3 key domains in Weiner’s theory of organizational readiness: change efficacy, change
commitment, and contextual factors. Subthemes were derived inductively under each domain.

Results: We interviewed 19 participants, including clinicians and support staff. Six subthemes emerged: (1) perceived valence
and feasibility; (2) transparency and trust in management; (3) shared understanding and readiness to act; (4) resources, training,
and staff capability; (5) innovation culture; and (6) past experiences. Participants viewed the initiative as valuable and were
motivated to change, citing that the institution’s innovation culture was a key enabler. However, there were key barriers, including
unclear timelines, inconsistent training, limited resources, and a lack of infrastructure to support innovation. Concerns about
overreliance on technology were also prominent, with staff wary of its impact on clinical judgment and system reliability.

Conclusions: Enabling readiness for the smart ward initiative requires transparent communication of timelines and project
awareness, particularly for ground staff, the development of training frameworks, and adequate prioritization of innovation.
Alleviating commonly reported technology concerns, such as overreliance, loss of human touch, and system reliability, will also
be key to adoption and sustainability.

(JMIR Hum Factors 2025;12:e81932)   doi:10.2196/81932

KEYWORDS

organizational readiness for change; health care innovation; technology adoption; change management; qualitative research

Introduction

Technology is rapidly transforming inpatient care, reshaping
conventional hospital environments into smart spaces, including

wards [1,2]. “Smart wards,” an emerging feature of digitally
enabled hospitals, are ecosystems that use interconnected digital
systems to enhance patient care, improve clinical workflows,
and reduce workload through automation [3,4]. These
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ecosystems may incorporate a range of technologies, including
real-time patient monitoring, movement detection, and artificial
intelligence (AI)–based support tools [4]. Motivated by the
challenges of caring for an aging population, a constrained
health care workforce, and limited hospital bed capacity [5-7],
there is growing investment in smart ward environments.
However, the implementation of such technologies requires
more than hardware or software; it demands meaningful
behavioral and workflow changes among staff.

Alexandra Hospital is the latest hospital to invest in a smart
ward concept as part of its commitment to adopting
transformative health care technology. The smart ward initiative
will include technologies such as continuous vital sign tracking
with an integrated dashboard for real-time patient monitoring,
a unified communication system for improved team
collaboration, inpatient teleconferencing systems for remote
consultations and patient education, chatbot agents for patient
education, and the integration of AI analytics into clinical
systems. The initiative also envisions a centralized virtual
workforce that remotely supports inpatient care and ground
staff.

To achieve the smart ward vision, substantial changes in staff
behaviors and workflows are required. Thus, the successful
implementation of technology depends not only on the
effectiveness of the technology itself but also on how well an
organization and its staff can adapt to these new systems—a
concept known as “organisational readiness for change” [8,9].
In the context of digital transformation, such as smart wards,
organizational readiness reflects the extent to which staff and
systems are collectively prepared—psychologically and
behaviorally—to adopt and sustain technological innovations.
According to Weiner [9], two key constructs underlie readiness:
(1) change efficacy (the shared belief in the organization’s
capability to execute the change successfully) and (2) change
commitment (the collective resolve to implement the change).
Multiple factors may influence these constructs, including
leadership support, local policy, clear timeframes, resource
availability, staff training, and a culture for safe experimentation
and learning (ie, sandbox environments) [9-11]. Together, they
determine the degree of preparedness in an organization, both
psychologically and behaviorally, to implement change [9].
When readiness is high, the implementation of a proposed
change is effective, while low organizational readiness leads to
resistance to and avoidance of change [9,12-14].

Although several implementation and organizational change
frameworks exist; such as the Consolidated Framework for
Implementation Research, and Kotter’s change model, Weiner’s
organizational readiness for change model was chosen for its
specific focus on the psychological and collective capability to
implement change Unlike frameworks that emphasize structural,
procedural, or leadership-driven dimensions, this model centers

on the shared commitment and confidence of staff to enact
change. Through examining how staff perceive readiness for
the smart ward and the organizational conditions that support
it, the study refines the understanding of how change
commitment and change efficacy manifest in high-technology,
team-based clinical contexts. Although there is an increasing
global interest in smart hospital initiatives, most existing
research focuses on the technological infrastructure, digital
capabilities, or outcomes of smart technologies [15]. Far less
is known about the behavioral and contextual factors that shape
successful adoption in a smart ward context. Addressing this
gap, this study examines the enablers and barriers to
organizational readiness for change as Alexandra Hospital
embarks on its smart ward initiative, using the framework
proposed by Weiner as the analytical lens.

Methods

We conducted a qualitative study to explore health care staff
members’ readiness for the smart ward initiative. The project
was run during an initial pilot testing phase, in which some, but
not all, technologies had been deployed. This study is reported
according to the Consolidated Criteria for Reporting Qualitative
Research (COREQ) [16].

Ethical Considerations
The study was reviewed and approved by the National
University of Singapore Institutional Review Board for Social,
Behavioral, and Educational Research studies
(NUS-IRB-2023-327). All participants provided written consent
to take part in the study. It was emphasized that the study was
voluntary and participants could withdraw at any time.
Participants received no compensation for taking part in the
study. Data were deidentified and participants were assigned a
unique ID number.

Setting
Alexandra Hospital, part of the National University Health
System, provides care across the continuum, from acute to
subacute rehabilitative services. The smart ward initiative, based
at Alexandra Hospital, incorporates a suite of technologies
(Figure 1). These technologies enhance access to personal health
information for patients (via the MyChart Bedside) and clinical
data for providers through smart bed systems for continuous
vital sign monitoring, automatic bed exit alarms, computer
vision, and AI-calculated food consumption, and an integrated
dashboard for data analysis and visualization. The initiative also
introduces new modes of care, such as virtual reality-guided
rehabilitation and virtual inpatient consultations, alongside
improved communication through a unified communications
system. At the time of this study, some but not all of the
technologies had been deployed in the ward.
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Figure 1. Summary of the planned smart ward technologies. AI: artificial intelligence.

Participants
We used a purposive sampling approach to capture the views
of different departments involved in smart ward development
or staff working within the inpatient setting, where the initiative
is being implemented. Our inclusion criteria were as follows:
staff employed at Alexandra Hospital during the study period;
individuals involved in smart ward development or clinicians
working within the smart ward; representatives from nursing,
medical, IT, operations, or health care redesign departments;
the ability to provide informed consent; and the ability to
participate in an English-language interview. Exclusion criteria
were staff not involved in or exposed to the smart ward initiative
(ie, external vendors, temporary or locum staff) and the inability
to provide informed consent. The choice of representatives was
made as these departments were collectively involved in the
design or implementation planning for the smart ward, or
represented the main clinical groups affected by the smart ward
transformation.

Participants were contacted by email or phone messaging. A
research team member (with no direct relationship with the
participant) followed up with the potential participant to discuss
the project, obtain written informed consent, and arrange a
convenient time for the interview. Recruitment continued until
data saturation had been reached, defined as the point at which
no new codes, themes, or perspectives emerged from successive
interviews, and the research team agreed that additional data
would not add further conceptual insights. Saturation was
assessed iteratively during data collection among the study team.
No participants declined to take part, and no participants
received compensation to take part in this study.

Materials
The interview guide was informed by the organizational theory
of Weiner’s implementation effectiveness framework by [9],
which is widely used to assess organizational readiness for

change in health care settings [17]. This framework was selected
because it provides a structured lens to examine the
psychological (eg, change commitment) and structural (eg,
change efficacy) factors that influence an organization’s
preparedness to implement change. This makes it particularly
suitable for examining health care workers’ perceptions before
implementing a complex intervention, such as a smart ward.
The interview topics included participants’ general views,
awareness, and understanding of the smart ward initiative;
perceived benefits and challenges; and preparedness, including
available resources, managerial support, required skills, and
value alignment. JS drafted an initial guide and subsequently
shared it with the broader project team for feedback. The
interview guide was also developed iteratively as new topics
emerged during the interviews to ensure responsiveness to
participants’ experiences. For instance, although we originally
asked about the impact of the smart ward on staff-to-patient
interactions, many participants also reflected on staff-to-staff
interactions. Some also raised questions regarding the suitability
of certain patients for the smart ward environment. These topics
were subsequently incorporated into later interviews to
systematically explore this emerging dimension. Despite these
additions, all interviews continued to cover the same
foundational domains related to organizational readiness,
ensuring comparability across participants.

Procedure
Interviews were conducted in pairs by 4 female health services
researchers trained in qualitative methods (JS, HWL, CK, and
EHHC) from August 2023 to February 2024. Interviews were
conducted using a semistructured interview guide, were audio
recorded, and transcribed verbatim. Interviews were conducted
in a quiet place that was convenient and acceptable to the
participant. On average, the interviews lasted 47 minutes (range
29-69 min).
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Data Analysis
We used a framework analysis approach, applying a hybrid
deductive-inductive approach [18]. A deductive structure was
based on the theory of the organizational readiness for change
framework proposed by Weiner, which guided the initial coding.
Inductive coding captured emergent insights in each domain.
To contextualize the framework to our study, the project team
reviewed the original definitions of the framework domains:
change efficacy, change commitment, and contextual factors.
The team then contextualized these definitions to our study
through discussion, drafting a preliminary codebook. Three
researchers (JS, HWL, and AA) then independently coded a
single transcript sentence by sentence using the draft codebook
and met to discuss coding assignments and clarify definitions.

This exercise was repeated on a second transcript to resolve any
remaining questions. All subsequent transcripts were coded by
a single coder (HWL or AA) and checked by a second coder
(JS) to ensure consistency. Differences in opinions were
mutually reconciled through discussions among the team. Codes
were subsequently grouped into subthemes within the framework
domains through team discussions, allowing new concepts to
emerge while retaining theoretical alignment. All coding and
analyses were conducted in Microsoft Word.

Results

We interviewed 19 participants from different professional
backgrounds, including clinicians and support staff (Table 1).

Table 1. Participant characteristics (N=19).

Participants, n (%)Job function

1 (5)Operations

3 (16)IT

8 (42)Nursing

5 (26)Physician

2 (11)Health care redesign manager

Results are organized according to the 3 key domains of the
theory of organizational readiness for change proposed by
Weiner (change efficacy, change commitment, and contextual
factors), and 6 subthemes under these domains (Figure 2). We
identified several enablers and barriers impacting the smart

ward initiative (Table 2). A broader description of the
influencing factors is provided in the following section.
Additional supporting quotes are included in Multimedia
Appendix 1.

Figure 2. Mapping of inductively derived subthemes to the 3 key domains in the organizational readiness for change framework proposed by Weiner
[9].
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Table 2. Summary of key enablers and barriers by organizational readiness domains (change efficacy, change commitment, and contextual factors)
and the 6 subthemes.

BarrierEnabler

Change commitment

Perceived valence and feasibility •• Slow roll-outValue perceived
•• Limited integrationAlignment on value across departments
• Failure to meet expected needs

• Perceived as appropriate for general medicine
wards • Overreliance on technology

• Reliability questioned
• Alarm fatigue or desensitization

Transparency and trust in manage-
ment

•• Minimal ground-nurse engagementTrust in management
•• Fear of failure or perception that innovation is

not a priority
Active stakeholder engagement

• Minimal expectations for high involvement
• Cultural norms impacting openness

Change efficacy

Shared understanding and readiness
to act

•• Inconsistent communicationGood awareness of the initiative
•• Misalignments on purposeFacilitation of interactions between teams

Resources, training, and staff capabil-
ity

•• Delayed training or unclear responsibility for
training

Ground-up training initiatives

• Troubleshooting support • Insufficient staff or time to engage with new
technology

• Need for external funding

Contextual factors

Innovation culture •• Complexity of the “sandbox” approach in the
clinical setting

Sandbox culture
• Keeping up to date with technology develop-

ments
• Raising staff awareness of technology

Past experiences •• Prior negative experience with technologyPrior positive experience with technology

Change Commitment: Perceived Valence and
Feasibility
Participants broadly agreed that the smart ward initiative held
value and had potential to improve efficiency, reduce overtime,
and allow more dedicated time for direct patient care. Their
comments reflected enthusiasm and a shared sense that the
change was desirable:

It’s to help us, to make our job easy, to elevate, to
help to reduce the workloads. [Nurse ID 04]

Yeah, for sure. I will love to work in an environment
like that. Everything is so streamlined. Yeah, that
would be good. [Physician ID 12]

However, during the pilot phase, expectations were often unmet.
Many expressed frustrations with implementation delays, lack
of system integration, and a failure to reduce workloads. Others
shared that pilot testing had resulted in “double work,” with old
and new processes carried out simultaneously because the new
process was not trusted. Health care redesign staff echoed these
concerns, noting early resistance and uncertainty around pilot
technology:

I think so long already until [smart ward], I think
they need to expedite. [Nurse ID 05]

Because we don’t totally trust it right? Because it’s
totally new and it hasn’t been totally tested out. So
you want to do things the old way as well. [Physician
ID 12]

When we tried to implement anything new, there’s
always resistance. Because I guess it’s, at first, it’s
just umm, they didn’t make sense out of it. It’s like.
At first, it’s not going to be everything smooth. It’s
going to be a lot more work at the beginning for them.
So it’s normal that they may feel hesitant about it.
[HCRD ID 18]

Concerns about overreliance on technology, alarm fatigue, and
erosion of human interactions were also common:

Yeah, definitely. There are some things that require
our own judgment. I mean when we are trained, we
need to correlate that to how the patient is clinically,
like what are the symptoms, how they look, how they
appear, what are some of the signs that they have.
[Physician ID 14]

I think it’s helpful but I also don’t know like how
reliable it will be, because like. for example, patient
is just agitated for a while, then there’s a spike in the
heart rate. Then umm, if we’re going send alerts each
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time, then it’s not going to be helpful. [Physician ID
16]

OK, since I can already get my vitals there, right, so
it might decrease my bed time interaction. [Nurse ID
06]

From a systems perspective, IT and operations staff highlighted
the need for reliable infrastructure and clear governance to
prevent failures and excessive maintenance burdens. Health
care redesign staff added that bureaucratic barriers contributed
to delays and hindered innovation:

While it is important to have all this checks in place
[security checks prior to implementation], I’m not
too sure that they understand that sometimes it’s just
a pilot. [HCRD ID 18]

Imagine today there’s a concept of virtual nursing
where one nurse can take after 50 patients over
screens.... But if the technology fails, what happens
to that 50 patients? [IT ID 08]

Change Commitment: Transparency and Trust in
Management
Perceptions of strategic involvement in the smart ward initiative
varied across professional groups. Some ground nurses felt
excluded from the design and decision-making process despite
being the primary users, contributing to a sense of disconnection.
In contrast, physicians were less concerned about their level of
involvement, noting that they lacked time to innovate but were
open to providing discrete feedback. IT and operations staff
reported a more structured advisory role—focused on
implementation rather than shaping the initiative’s direction:

So we need to know everything that is going on in the
ward, but when they didn’t inform us, we feel like we
are not a part of it. So yeah, that’s how we feel.
[Nurse ID 04]

To come up with those ideas and the vision and the
direction, I don’t think most of us honestly have the
time. [Physician ID 13]

No, I think we do have quite regular updates and
meetings to keep each other informed. [Operations
ID 01]

IT and health care redesign staff generally viewed management
as supportive of innovation but recognized that maintaining
momentum required constant buy-in. Others felt that innovation
was not always a top priority, and that fear of failure among
senior management constrained their ambition. Nurses were the
most skeptical, describing trust as contingent on seeing concrete
results from technological investments:

I think sometimes it’s the fear to fail that actually
hinders the progress. [HCRD ID 19]

We have a very strong management that says, no
matter what, we will be behind support you, you will
get this. You think that other places can have this?
[IT ID 02]

Change Efficacy: Awareness and Shared
Understanding
Nurses and physicians valued the initiative’s aims but felt
uncertain about next steps and timelines, reflecting limited
communication and shared understanding. In contrast, IT and
redesign staff, who were closely involved in planning, described
the project as a concrete realization of digital transformation
goals:

What is happening now? Are we on to this phase?
What phase now? What are we waiting for now? when
are the trainings going to be? [Nurse ID 05]

Smart Ward is a place that where we can put our
dreams into real life. [IT ID 02]

Health care redesign staff noted that inconsistent communication
and technical jargon often hindered cross-departmental
engagement, although they actively worked with IT to bridge
these gaps. They described ongoing efforts to involve all
stakeholders but acknowledged that achieving full transparency
remained difficult:

You know, sometimes we try to like, you know where
we have like new products that we want to bring in,
new technology that we want to bring in, we will try
to invite everyone. [HCRD ID 19]

Actually I think IT and the business right can never
have a common language because our language is
so much more technical right? We can only start by
teaching them. So when they time come to us with the
business requirements, we translate that into a
technical term and then we share, this is what you
call it. [IT ID 08]

Change Efficacy: Resources, Training, and Staff
Capability
All participants recognized the need for adequate resources for
technology implementation. Nurses highlighted that insufficient
staffing would hinder technology use, while IT struggled to hire
and retain skilled staff due to competition with industry roles.
Health care redesign staff also called for greater IT resourcing:

There are certain personnel in IT that we work with
very closely. But if you were to ask me if they are
dedicated just solely doing our projects, I don’t think
so. [HCRD ID 19]

It’s always difficult because being in public
healthcare, right, our pay is relatively lower than
private sector. So, you always have this fight with the
private sectors that you want somebody good, right?
Yeah, but you cannot pay. [IT ID 08]

IT staff further speculated on the long-term scalability of smart
ward, given budget constraints and ongoing operational costs.
Others noted the challenge of needing external funding to
support their efforts:

We are running short of money for public healthcare.
Because over the years we have been commissioning
more and more IT systems, right and each time we
commission an IT system, it actually draw an
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operating cost. It increases our operating cost. And
if we don’t start to consolidate them, some of the
systems, right, this will just continue to grow. [IT ID
08]

We ourselves, we are also supposed to look for the
funds, for our pilot projects. [HCRD ID 19]

All teams emphasized the importance of training to ensure
competency on the ground but described inconsistent provision
and unclear responsibility for ongoing training. This lack of
clarity and execution led to a poor understanding of pilot
technology and inconsistent user compliance across departments.
Health care redesign staff were unconcerned about in-depth
training, citing cross-functional support. IT viewed ongoing
training as the responsibility of system owners rather than IT
itself. Consequently, nursing often initiated in-house training
programs, but this did not extend to other departments, creating
knowledge gaps across functions:

So definitely the team needs to be equipped with skills,
like understanding the tech landscape right, the
jargon, and basically the landscape, because as an
administrator when we have all this data. [Operations
ID 01]

Because sometimes the training will come only if the
thing is there already. [Nurse ID 05]

Usually we will get the vendor to provide the training
to the users before they hand over the system for users
to maintain it. So that will be their [system owners]
responsibility to share the materials with the staff.
[IT ID 15]

Contextual Factors
Participants generally viewed Alexandra Hospital as a “sandbox”
for trials and innovation, which fostered a belief in the feasibility
of the smart ward. However, they also recognized that such
experimentation is more complex in a hospital environment
than in other industries. Several participants emphasized the
role of prior technology exposure and mindset in shaping
readiness. Those with positive past experiences were more open
to change, whereas those with past system failures were more
cautious. Strategies such as routine “tech scans” to stay informed
and efforts to update staff on technology advancements to boost
engagement were seen as beneficial, particularly to encourage
those who are comfortable with the status quo:

We are designated sandbox [ie, a site for
experimentation and testing of innovative ideas] from
MOH, okay. We can do, try, trial, and we are not
afraid of failing. [IT ID 02]

So I have had to deal with system breakdowns. The
backup system was extremely difficult to use for
everyone. So it definitely took a toll on everybody.
[Physician ID 12]

Cross-Cutting Influences on Collective Readiness
Differences in staff perceptions reflected not only professional
roles but also the hospital’s culture. Frontline clinicians, who
had less decision-making authority, mainly described the smart
ward regarding its day-to-day effects on workload,

communication, and patient care. In contrast, staff in IT,
operations, and health care redesign, who had greater strategic
oversight, tended to focus on systems change factors, including
integration, scalability, and long-term feasibility. The hospital’s
culture of cautious innovation, which encouraged
experimentation but was often limited by bureaucratic processes
or a fear of failure, also shaped readiness. Taken together,
collective readiness for change was shaped not only by
perceptions of the technology’s value but also by how authority
and organizational culture shaped staff experiences and their
sense of ownership in the change process.

Discussion

Principal Findings
As technology continues to be deployed in clinical
environments, assessing the factors influencing change readiness
is essential for its successful implementation and sustained use.
We conducted a qualitative study to gauge the organization’s
readiness to change for the smart ward initiative at Alexandra
Hospital. We interviewed a diverse cross-section of health care
providers, operational support staff, and the in-house innovation
team to identify facilitators and barriers. We found that
participants generally saw value in the concept and trusted
management. Many appreciated active engagement in the
initiative and viewed the hospital’s sandbox culture as a key
enabler of innovation. However, challenges were evident,
including unclear implementation timelines, inconsistent
training, and limited resourcing for innovation. Concerns about
the overreliance on technology were also prominent, with staff
wary of its impact on clinical judgment and system reliability.

A key aspect of change commitment (a core construct of the
organizational readiness for change framework by Weiner) is
the perception that a proposed change holds value, which is
essential for successful implementation [9]. This aligns with
the 8-step change model developed by Kotter and the diffusion
of innovation theory by Rogers, which emphasizes that if clear
benefits are unrecognized, it can lead to a lack of urgency,
reduced participation in the process, and may ultimately stall
the implementation process [19,20]. In our study, we found that
stakeholders from different departments collectively saw the
initiative as beneficial, but the underlying perspectives on
purpose differed between teams. Similar challenges have been
observed in other digital transformation contexts, where
divergent stakeholder views have led to misalignment and
ultimately constrained implementation efforts [21].

Another driver of change commitment is engagement with
stakeholders. Effective and early communication with
stakeholders can help build buy-in, address concerns, align
expectations, and maintain engagement. In contrast, poor
engagement often leads to suboptimal adoption. For example,
hospitals that introduced electronic medical records without
consulting staff often faced resistance [22]. Conversely, those
that involved staff early in technology design and roll-out found
that implementation was facilitated [23,24]. Our findings
indicated that participants had varying degrees of engagement.
Participants closely involved in the initiative viewed the process
as collaborative, while some frontline staff felt less informed.
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To improve engagement, the nonadoption, abandonment,
scale-up, spread, and sustainability framework recommends
structured, transparent, and multidirectional communication to
engage stakeholders and facilitate adoption [25]. Within the
framework proposed by Weiner, such communication can
enhance collective change commitment and efficacy by fostering
a shared understanding, confidence, and ownership of the change
process. Interventions could include workshops, multiple
communication channels, tailored messaging, and continuous
feedback loops to enhance stakeholder commitment.

Of the contextual factors influencing readiness for change,
participants shared that having an innovation culture at
Alexandra Hospital is a key enabler for the smart ward initiative.
Although relatively new in health care, the “sandbox approach”
provides a low-risk environment for testing new ideas or
technologies without full implementation [26,27]. This approach
may be beneficial when introducing disruptive technology, such
as that in the smart ward initiative, as it provides space for
learning and experimentation without full implementation
[26,27]. The sandbox approach aligns with the model by Weiner,
emphasizing that perceived capability (which can be acquired
through experimentation) is a core component of change efficacy
[9]. However, although there was a belief that a sandbox culture
exists at the hospital, the infrastructure to support it was lacking.
Clear communication on the purpose and objectives of the
sandbox approach could help to establish the support required
to achieve a true sandbox environment [28].

Training is another factor in capability development. We found
that delayed or inconsistent access to training and a lack of
clarity on who is responsible for training led to knowledge gaps
on the ground. A lack of training may become problematic, as
technology literacy is a known barrier to technology adoption
and sustainability [29]. According to the organisational readiness
for change model proposed by Weiner, ensuring that
stakeholders feel competent and supported is essential for
successful implementation, a point also mirrored in the
Consolidated Framework for Implementation Research [30].
Effective training overcomes resistance to change by improving
awareness, competence, and confidence [20]. These findings
align with prior studies showing that insufficient or poorly timed
training undermines readiness, while targeted, context-specific
programs enhance staff confidence and sustain adoption [25,31].
Efforts should focus on providing timely access to training,
defining responsibilities for training delivery, and tailoring
content to different stakeholder groups to accommodate varying
levels of digital literacy and learning needs [32].

Our findings have several practical implications for hospitals
planning or implementing smart ward initiatives. We suggest
several practical strategies to support the successful
implementation of similar smart ward initiatives. First, efforts
should focus on building awareness of the value of such
initiatives to ensure a buy-in and consistent understanding.
Second, implementation strategies should actively engage staff
across all levels, not only clinical leads or innovation champions,
to ensure that diverse perspectives are captured and foster
collective ownership of change. Third, to operationalize the
“sandbox” culture that participants value, institutions should

establish concrete support mechanisms, such as a streamlined
procurement mechanism, expedited technology safety reviews,
and iterative feedback loops to rapidly trial and refine
technologies in real-world settings. Fourth, training frameworks
should be developed early, with clearly assigned responsibilities
for delivery, content tailored to varying digital competencies,
and adequate protected time for staff to learn. Finally, leaders
should visibly support implementation efforts, actively monitor
progress, adapt as needed, and establish mechanisms to surface
and address frontline concerns as systems evolve. Together,
these actions can improve organizational readiness and enable
more effective, inclusive, and sustainable digital transformation
in hospital settings.

Strengths and Limitations
We conducted a qualitative study that provides in-depth insights
into the readiness of clinicians and support staff members for
change. We used an established framework to explore
organizational factors influencing technology adoption, which
is a clear strength. Our qualitative approach also allowed us to
identify context-specific enablers and barriers that may be
overlooked in a survey approach. However, the generalizability
of our results may be limited, as our data are from a single
institution. Although we sought to capture a range of
perspectives, the representation from some departments (notably
IT and operations) was smaller. In these cases, we included
senior management who were directly involved in system-level
planning, reflecting the primary function of these departments
at this stage of the project. For frontline staff, we recruited a
broader sample to capture the experiences and views of those
impacted by the smart ward. Although we acknowledge the
underrepresentation of some professional groups, thematic
saturation was achieved across the main domains of readiness,
and the inclusion of both strategic and frontline viewpoints
enabled us to interpret the findings holistically. We also cannot
rule out sampling bias and the risk of social desirability bias in
participant responses. We attempted to mitigate the latter by
emphasizing participant anonymity. Another limitation of this
study is that we used the organisational readiness for change
framework by Weiner to inform the development of the
interview guide and to structure the initial deductive analysis.
This dual use may have reinforced existing theoretical constructs
and constrained the emergence of entirely novel themes. To
minimize this risk, we incorporated inductive coding within
each domain to capture insights that extend beyond the original
framework. Finally, as with all qualitative research, the findings
reflect the interpretations of the research team, although efforts
were made to enhance rigor through team coding.

Conclusions
By identifying and addressing pertinent factors that influence
readiness for change, the enablement of technology
implementation is possible. Efforts should focus on project
awareness, particularly among ground staff, the development
of training frameworks, and the adequate prioritization of an
innovation culture. Furthermore, alleviating commonly reported
technology concerns, such as overreliance, loss of human touch,
and reliability issues, will be key to adoption and sustainability.
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Abstract

Background: The virtual nursing delivery model enables the provision of expert nursing care from a remote location, using
technology such as audio and video communication, remote monitoring devices, and access to electronic health records. Virtual
nurses spend an extensive amount of time on computers to provide care, and little is known about how this workflow may affect
and contribute to cognitive fatigue.

Objective: This study aimed to use eye tracking technology and pupil size variation to determine instances of virtual nurse
cognitive fatigue during their typical workflow.

Methods: This study examined the virtual nursing workflow by recording and analyzing virtual nurse encounters using eye
tracking. This cross-sectional study was conducted during regular 12-hour shifts at a major Southeastern health center in the
United States.

Results: The study found that 75% (22/29) of virtual nursing encounters demonstrated a first fatigue instance at 9.8 minutes
during patient discharges and at 11.9 minutes during patient admissions.

Conclusions: This study provides valuable insights into virtual nursing workflow design and how it may impact the cognitive
fatigue levels of nurses providing inpatient virtual care.

(JMIR Hum Factors 2025;12:e67111)   doi:10.2196/67111

KEYWORDS

virtual nursing; telemedicine; cognitive fatigue; eye-tracking technology; eye tracking; eye; nursing; virtual; cross-sectional study;
workflow; inpatient; fatigue; pupil size; pupil; tracking; USA; United States; design; cognitive; virtual care; nurse; delivery model;
technology; communication; EHR; electronic health record; virtual nurse

Introduction

Over 25% of US registered nurses may quit by 2027 due to
burnout and challenging work environments, contributing to
high nurse turnover rates [1]. Nurses experiencing burnout are
five times more likely to delay care (eg, documentation and
patient discharge) than nurses without burnout, leading to long
patient wait times [2]. Incomplete nursing documentation
threatens patient care and safety [3]. Patient home medication
review, an essential element of patient admission, is commonly
missed due to fatigue, a lack of training, competing tasks, and
insufficient time [4,5]. A lack of medication review can lead to
medication errors, readmissions, and increased healthcare costs
[6-8]. In addition, nurse burnout can result in delays in care and

promote inpatient complications and poor patient satisfaction
[9-11].

Healthcare systems in the United States are swiftly adopting a
novel care delivery model, virtual nursing [12]. Virtual nursing
provides bedside nurses with remote nursing expertise to reduce
their workload and alleviate work-related fatigue [13]. Virtual
nursing aims to mitigate burnout by reducing the workload and
improving documentation completeness at admission and patient
education at discharge [14].

A key consideration in implementing this emerging care delivery
model is understanding workflow design, which protects virtual
nurses from the unintended consequences of continuous virtual
patient encounters [15]. Extended screen time and the use of
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electronic health records (EHRs) were associated with an
increase in burnout and fatigue in bedside nurses [16]; however,
the association between continuous screen time and virtual
nurses’ fatigue levels, a key factor to the sustainability of this
model, is unknown. Pupillometry data, which measures the
change in pupil size, measures cognitive fatigue [17]. This study
examined the association between using virtual nursing and
virtual nurse fatigue using eye-tracking technology.

Eye-tracking technology provides real-time insights into
cognitive workload and cognitive fatigue by recording eye
movements during different states and activities. Pupil size in
particular can be an indicator of cognitive workload, where an
increase in pupil dilation corresponds to information processing
[18,19]. In instances of cognitive fatigue, pupils exhibit less
dilation over time or decreased response to stimuli. As the
mental effort to process information increases, pupils constrict,
indicating mental fatigue or exhaustion [20].

Methods

Participants, Device, and Measurements
We conducted a cross-sectional study of virtual nurses during
regular 12-hour shifts at a Southeastern tertiary hospital. We
observed virtual nurses during four times of interest (TOIs):
preparation (eg, chart review), admission encounter, discharge
encounter, and miscellaneous (eg, documentation). All virtual
nurses were previously bedside nurses at the same hospital. At
the time of observation, six nurses were on staff at the Virtual
Care Center during day shifts. Four nurses were observed over
a period of 5 days.

We used a noninvasive screen-mounted eye-tracking device
(Tobii® Pro Spark, Tobii AB®, Stockholm, Sweden) to capture
pupillometry data of the virtual nurses during their shifts. Our
target number of observations (ie, sessions) was based on
evidence that suggests a sample size between 10 and 50
observations suffices for reliable and valid results [21-23].

The eye-tracking device was set up at the virtual nurses’
workstations on the monitor that displays activity in the EHR.
Prior to recording sessions, virtual nurses were oriented with
the eye-tracking device and instructed to complete their tasks
as they normally would. An initial calibration session was
completed with each virtual nurse before recordings began to
ensure data quality. Due to fluctuations in shifts and general
availability, two of the four nurses had a higher number of
recordings and TOIs captured. To help mitigate this as a
confounder, we focused our analysis on the encounters and TOIs
rather than the individual nurse level.

Ethical Considerations
The Institutional Review Board (IRB) at the University of North
Carolina approved this study under IRB number 23‐0859.
Information related to the study was provided to nurses prior
to participation, and they were informed they could decline to
participate or withdraw at any time. All participating nurses
provided verbal consent to the study team members prior to
eye-tracking recording. Participating nurses were given a US
$25 gift card to thank them for their participation. All data
collected was anonymized following data collection to protect
participant confidentiality.

Study Outcomes
The primary study outcome was cognitive fatigue measured as
changes in pupil size. Secondary outcomes were subgroup
analysis of fatigue by nursing tasks and patient acuity.

Statistical Analysis
Eye-tracking data were exported, and fatigue counts per minute
were calculated by flagging instances where the average pupil
size was below the calculated threshold. The fatigue threshold
for each recording was calculated by subtracting 1.5 times the
SD from the mean pupil size. The Shapiro-Wilk test was used
to test for normality and the Mann-Whitney or Kruskal-Wallis
tests were used to compare continuous variables. We conducted
all analyses with statistical software (RStudio version 2023.12.1;
Posit Software, PBC).

To generate figures for visualization, we examined the instances
of fatigue in a given recording and tracked them over time. We
were most interested in comparing the instances of fatigue
during patient encounters (admissions and discharges) and other
virtual nursing tasks (preparation and miscellaneous). In Figure
1, the x-axis is represented in continuous time groups of 5
minutes, while the y-axis represents the percentage of virtual
nurses who experienced an instance of fatigue in a TOI. As
encounter times differ and often decrease over time, the number
of recordings that meet a given duration also decreases, leading
to a smaller ratio. However, this does not fully explain the higher
percentage, as it can also be attributed to a greater number of
virtual nurses experiencing fatigue as time progresses. In Figure
2, we note the time to first fatigue in minutes, specifically in
patient admission and discharge TOIs, and note the cumulative
percentage of virtual nurses who have experienced an instance
of fatigue by that period of time. In Figure 3, we compare all
recordings of patient encounters and look instead at first fatigue
by the level of patient acuity.

JMIR Hum Factors 2025 | vol. 12 | e67111 | p.3636https://humanfactors.jmir.org/2025/1/e67111
(page number not for citation purposes)

Khairat et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Proportion of virtual nurses experiencing cognitive fatigue during virtual nursing sessions over time by 5-minute intervals. TOI: time of
interest.

Figure 2. Cumulative percent of virtual nurses experiencing their first cognitive fatigue instance during admission and discharge times of interest
(TOIs).
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Figure 3. Cumulative percent of virtual nurses experiencing their first cognitive fatigue instance for all times of interest (TOIs) by patient acuity.

To determine patient acuity, we used a combination of factors,
including patient age, expected or actual length of stay, principal
hospital problem, and severity of the patient unit. These factors
were weighted for each patient admission or discharge encounter
to determine an acuity rating of low, medium, or high. We used
data from the Center for Disease Control National Hospital
Discharge Survey [24] to inform this process. The age groups
of 18‐44 years, 45‐64 years, and >65 years were utilized,
with the greatest weight given to patients over 65 years of age.
The expected or actual length of stay was categorized into
groups of 1‐3 days, 4‐6 days, and >7 days, with individuals
staying or expected to stay greater than 7 days at the highest
acuity. In cases where the principal hospital problem was given
(27/29 instances), this was compared to the Center for Disease
Control data; the principal hospital problem was compared to
the Center for Disease Control data along with the patient’s age
and length of stay to determine if the patient had lower or higher

than the average length of stay. Finally, the severity of the
patient unit was taken into consideration, with short-stay units
given the lowest acuity, general medical-surgical units given
medium acuity, and intensive care units or critical care units
given the highest acuity scores.

Results

A total of 22 recordings and over 14 hours of recording time
were analyzed, encompassing 83 distinct virtual nursing
encounters, Table 1. Of the 83 TOIs, 11 (13%) were admission
encounters, 18 (22%) were discharges, 36 (43%) were
miscellaneous, and 18 (22%) were preparation tasks. The
average (SD) duration was 17 minutes 48 seconds (5.3 minutes)
for admissions and 17 minutes 53 seconds (8.9 minutes) for
discharges. All four virtual nurses were female, with an average
(SD) of 26.3 (7.9) years of nursing experience.

Table . Distribution of workflow tasks for study participants.

No. of preparation
sessions

No. of miscella-
neous sessions

No. of dischargesNo. of admissionsNo. of recordingsTotal observed time

71856116 hours, 8 minutesNurse A

122011 hour, 4 minutesNurse B

783113 hours, 2 minutesNurse C

388494 hours, 27 minutesNurse D

183618112214 hours, 41 min-
utes

Total

The average (SD) number of cognitive fatigue instances varied
by TOI such that admission encounters had 16.9 (16.4) fatigue
instances, discharges had 15 (15.9) fatigue instances, preparation

had 4.7 (8.3) fatigue instances, and miscellaneous had 0.42 (1.3)
fatigue instances.
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Spikes in cognitive fatigue occurred approximately every 15
minutes (Figure 1). For both admissions and discharges, 65%
(19/29) of virtual nursing encounters experienced at least one
instance of fatigue by 15 minutes, followed by another spike at
30 and 45 minutes. When analyzing the preparation and
miscellaneous tasks, we found similar 15-minute interval
patterns.

In addition, 75% (22/29) of virtual nursing encounters
experienced their first fatigue instance within 9.8 minutes during
patient discharges and within 11.9 minutes during patient
admissions, Figure 2. Half of virtual nursing encounters (15/29)
showed a first fatigue instance within 5.7 minutes during patient
discharges and within 3.2 minutes for patient admissions.

We also examined the relationship between patient acuity and
fatigue. Of the 29 unique patient admission and discharge
encounters, we found that 8 (28%) patients were considered
low acuity, 15 (51%) were considered medium acuity, and 6
(21%) were considered high acuity.

Fatigue instances varied by patient acuity (Figure 3). High-acuity
patients showed a steeper increase in fatigue than medium and
low-acuity patients. Regardless of patient acuity, 75% (62/83)
of encounters had their first instance of fatigue within 8.6
minutes.

Discussion

Principal Findings
For the first time, this study quantified the association between
the virtual nursing workflow and virtual nurse cognitive fatigue.
We report that screen time–related fatigue instances reach
maximum levels over 15-minute intervals. This suggests the
need to consider more frequent breaks between patient
encounters to reduce cognitive fatigue for virtual nurses
compared to the standard routine for bedside nurses. We also
found that approximately 75% of virtual nurses experience their
first fatigue instance after approximately 10 minutes, regardless
of the encounter type or patient acuity. By comparison, our
previous study suggested that cognitive fatigue occurs after 22
minutes of EHR use by physicians [17].

Suboptimal EHR interface designs and documentation burdens
contribute to nurse fatigue [16,25-27]. Virtual nursing can
reduce EHR time and the documentation burden for bedside
nurses; however, it is paramount to avoid shifting these job
stressors to virtual nurses. Virtual nurses who spend extended
durations working in the EHR and documenting patient
assessments may exhibit cognitive fatigue, a precursor to nurse
burnout. This study provides actionable insights into the
relationship between using virtual nursing and virtual nurses’
cognitive fatigue.

In general, planned and integrated work breaks have been shown
to improve the well-being and performance of bedside nurses
[28-30]. Our findings support a similar workflow design for
virtual nurses that incorporates brief breaks every 15 minutes
or between patient sessions. The type of break and its ability to
achieve its goals is more important than the frequency of breaks.
Prior studies show that breaks should be designed to enable

virtual nurses to detach psychologically including active rest
and the use of mental health applications [31-33].

For bedside nurses, having an opportunity to rest and physically
remove oneself from the work environment can facilitate
psychological detachment [31]. However, different work breaks
may be needed for virtual nurses as their workflow is primarily
computer-based and can become repetitive. One study found
that an 8-minute-long virtual reality session during work breaks
reduced fatigue among nurses working in high-intensity and
cognitively engaging environments [34].

Future research should examine practical work break activities
and their impact on virtual nurses’ fatigue, including whether
different types of breaks (active vs passive) are more effective
in reducing instances of fatigue. In addition, future research
should use eye-tracking technology to assess the relationship
between virtual nursing use and cognitive fatigue among bedside
nurses. Although virtual nursing is an emerging care delivery
model, there is a critical gap in knowledge around the effect of
virtual nursing on organizational and nurse-level outcomes,
including nurse burnout.

Limitations
This study was limited by a small sample size of four virtual
nurses at one hospital. The study recordings were affected by
fluctuations in the virtual nurses’ shifts and virtual nurse
availability, leading to some nurses having more recorded
duration than others. This also resulted in recordings primarily
being captured in the middle of virtual nursing work shifts.
Future research should examine if instances of fatigue are varied
during different times of the shift, including in the beginning
and the end of the work shift. The study was limited to a single
hospital using the same proficient electronic health record
system. Future research should expand on both the nurse sample
size as well as the number of institutions to better account for
generalizability in the virtual nursing workflow. Additionally,
as this study recorded encounters during the live clinical
environment and for extended periods of time, eye-tracking
accuracy was affected. To ensure an accurate dataset, our
analysis only included eye-tracking instances where the
percentage of valid pupil data was ≥10%.

To address some of the aforementioned limitations, future
research should incorporate larger sample sizes, comparative
analyses, and fatigue mitigation strategies to optimize virtual
nurse work environments. Future work should incorporate the
use of additional measures of cognitive fatigue to ensure
accuracy, such as an additional eye-tracker or subjective fatigue
surveys for validation. While the study examined patient acuity
as a potential confounder, additional contributors to fatigue and
confounders may have been unintentionally excluded. Future
research should ensure that all contributing factors are addressed
in both the recordings and subsequent analyses. In addition,
future research should use longitudinal studies to assess the
relationship between virtual nursing and virtual nurse fatigue
over extended periods to determine potential long-term effects,
including exhaustion and burnout. Finally, while the study team
used a multifactor approach to assign patient acuity ratings
given available data, future research avenues should examine
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how fatigue is affected by standardized patient acuity scales,
such as the Emergency Severity Index.

Conclusions
This cross-sectional study used eye-tracking methods to
understand the effect of continuous screen time on virtual
nurses’ cognitive fatigue during virtual nursing sessions. The
findings emphasize that continuous screen time in virtual nursing
tasks contributes to nurses’ cognitive fatigue and that specific
workflow designs are required to reduce screen time–related

fatigue. Health systems implementing virtual nursing should
consider frequent breaks away from computer workstations to
alleviate the effect of continuous screen time on virtual nurses’
well-being. These breaks could incorporate instances of active
rest or the use of mental health applications, which have been
shown to reduce burnout and fatigue in bedside nurses and other
healthcare providers. Findings from this study have direct policy
implications and suggestions for more effective workflow
redesign.
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Abstract

Background: Dispensing errors significantly contribute to adverse drug events, resulting in substantial health care costs and
patient harm. Automated pill verification technologies have been developed to aid pharmacists with medication dispensing.
However, pharmacists’ trust in such automated technologies remains unexplored.

Objective: This study aims to investigate pharmacists’ trust in automated pill verification technology designed to support
medication dispensing.

Methods: Thirty licensed pharmacists in the United States performed a web-based simulated pill verification task to determine
whether an image of a filled medication bottle matched a known reference image. Participants completed a block of 100 verification
trials without any help, and another block of 100 trials with the help of an imperfect artificial intelligence (AI) aid recommending
acceptance or rejection of a filled medication bottle. The experiment used a mixed subjects design. The between-subjects factor
was the AI aid type, with or without an AI uncertainty plot. The within-subjects factor was the four potential verification outcomes:
(1) the AI rejects the incorrect drug, (2) the AI rejects the correct drug, (3) the AI approves the incorrect drug, and (4) the AI
approves the correct drug. Participants’ trust in the AI system was measured. Mixed model (generalized linear models) tests were
conducted with 2-tailed t tests to compare the means between the 2 AI aid types for each verification outcome.

Results: Participants had an average trust propensity score of 72 (SD 18.08) out of 100, indicating a positive attitude toward
trusting automated technologies. The introduction of an uncertainty plot to the AI aid significantly enhanced pharmacists’ end
trust (t28=–1.854; P=.04). Trust dynamics were influenced by AI aid type and verification outcome. Specifically, pharmacists
using the AI aid with the uncertainty plot had a significantly larger trust increment when the AI approved the correct drug
(t78.98=3.93; P<.001) and a significantly larger trust decrement when the AI approved the incorrect drug (t2939.72=–4.78; P<.001).
Intriguingly, the absence of the uncertainty plot led to an increase in trust when the AI correctly rejected an incorrect drug, whereas
the presence of the plot resulted in a decrease in trust under the same circumstances (t509.77=–3.96; P<.001). A pronounced
“negativity bias” was observed, where the degree of trust reduction when the AI made an error exceeded the trust gain when the
AI made a correct decision (z=–11.30; P<.001).

Conclusions: To the best of our knowledge, this study is the first attempt to examine pharmacists’ trust in automated pill
verification technology. Our findings reveal that pharmacists have a favorable disposition toward trusting automation. Moreover,
providing uncertainty information about the AI’s recommendation significantly boosts pharmacists’ trust in AI aid, highlighting
the importance of developing transparent AI systems within health care.
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Introduction

Background
Pharmacists play a pivotal role in ensuring patients receive the
correct medications as prescribed by health care providers. This
involves a critical verification task, where pharmacists must
match the medication dispensed in filled bottles with the
prescription labels. Dispensing errors, defined as instances when
patients receive the wrong drug or dosage, significantly
contribute to preventable adverse drug events, leading to
approximately 700,000 emergency department visits and
100,000 hospital admissions each year [1]. Several challenges
contribute to these errors including, but not limited to,
limitations in current technology; lack of standardized
procedures; and the high cognitive workload imposed on
pharmacy staff, who often manage numerous tasks
simultaneously [1-4]. To enhance patient health outcomes,
reduce unnecessary health care costs, and alleviate the burden
on pharmacists, it is essential to develop and implement reliable
tools that minimize the risk of dispensing errors [5].

Since the 1990s, the implementation of barcode scanning
systems has been advocated as a means to reduce medication
errors [6]. The adoption of such systems within pharmacies and
broader health care environments has led to a notable reduction
in medication errors [7-10]. Nevertheless, research indicates
that barcode scanning systems are not immune to workarounds
and human errors [11-13]. Moreover, these systems do not
adequately address the challenges faced by overburdened
pharmacists [14-17].

In response to these challenges, pill counting and verification
or recognition systems using image classification technologies
have emerged [18-21]. Innovations like Eyecon and VIVID use
vision-based methods to count medications placed on the tray.
More recently, advancements have been made in automated pill
identification through feature engineering. For example, Yu et
al [22] and Yu et al [23] proposed an automatic pill recognition
method based on pill imprints, achieving an accuracy of 86.01%
and 90.46%, respectively. Caban et al [18] used a modified
shape distribution technique to determine the shape, color, and
imprint of a pill to identify the drug. The proposed technique
was evaluated with 568 of the most prescribed drugs in the
United States and achieved a 91.13% accuracy.

The advent of deep learning has further enhanced the capabilities
of automated pill recognition systems [5,24]. For instance,
Larios Delgado et al [5] developed a pill recognition method
using 2 deep learning models. They used a deep convolutional
neural network model for pill blob detection to isolate the pill
from the background and then passed the output to a deep
learning–based classifier to identify the 5 most likely pills with
94% accuracy [5]. Similarly, Wong et al [25] proposed a deep
convolutional network model and achieved a mean accuracy of

95.35%. Lester et al [24] trained a ResNet-18 deep learning
model to predict the labeled features of a medication product
using an image showing medication inside a filled prescription
bottle. In a test set containing 65,274 images of 345 unique oral
drug products, the overall macroaverage precision, that is, the
mean of precision values for each class, was 98.5%.

Despite the impressive strides in model accuracy, realizing the
potential of these technologies is only possible if people
establish appropriate trust in them. Trust in automation, defined
as “the attitude that an agent will help achieve an individual’s
goals in situations characterized by uncertainty and
vulnerability” [26], is one of the most crucial factors determining
the use of automation [27,28]. There is a growing body of
research examining people’s trust in autonomous and robotic
technologies in various domains, including transportation
[29-31], health care [32,33], education [34], and defense [35,36].
In addition, researchers have developed various methods to
enhance people’s (proper) trust in automation or autonomy
[37,38], including the use of various graphical representations
[37,39-42].

For example, a military perimeter defense experiment conducted
by Mercado et al [43] aimed to investigate the role of intelligent
agent transparency on operator trust. Participants were tasked
with selecting optimal routes for unmanned vehicles, assisted
by an artificial intelligence (AI) agent. The AI agent operated
at three levels of transparency: (1) basic details only; (2) basic
details supplemented with reasoning and rationale; and (3)
comprehensive information, including basic details, reasoning,
rationale, and uncertainty indication, in a text description. They
observed a positive correlation between transparency levels and
participant trust. They concluded that providing operators with
the agent’s reasoning process and uncertainty metrics fostered
a deeper understanding of the system’s capabilities, thereby
enhancing trust and increasing usability [43]. This finding
emphasizes the importance of transparent AI systems in
supporting effective human-machine collaboration.

Another study investigated the impact of visual explanations
on human trust in machine learning systems [40]. Participants
performed leaf classifying tasks with or without visual
explanations. The leaf examples were presented in 2 formats:
images and feature charts. Results revealed that providing visual
explanations enhanced trust and confidence in participants’
decision-making. Interestingly, the feature charts were designed
with intentional omissions of detailed explanations of features
to prevent information overload. However, this simplification
led participants to struggle to interpret the charts, and expert
users expressed a need for more comprehensive feature
descriptions to inform their decisions [40]. This insight reveals
the importance of integrating visual explanations with a
thoughtfully managed information load for appropriate human
trust.
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Signal detection theory (SDT) is commonly used to study trust
in automation by modeling the reliability of automated systems
used by human operators. SDT evaluates how AI systems
distinguish signals from noise, categorizing the state of the
world as either “signal present” or “signal absent.” Based on
SDT categorization, AI performance results in 4 outcomes: hit
(error flagged correctly), miss (error not flagged), false alarm
(FA; no error, but flagged incorrectly), and correct rejection
(CR; no error and no flag). Correct identifications (hit and CR)
increase trust, while incorrect ones (FA and miss) decrease trust
[44,45]. Research indicates that FAs typically reduce trust less
than misses, prompting designers to design more liberal systems
(ie, more willing to flag an error) with higher rates of FAs to
ensure potential issues are flagged [46-48]. In the context of
pill dispensing, FAs may lead to minor disruptions, while misses
could lead to dispensing errors, indicating that a more liberal
AI system prioritizing safety by minimizing misses is beneficial.

Objectives
This study, therefore, aimed to explore pharmacists’ trust in
automated pill verification technology, which is designed to
assist with the critical task of medication dispensing.
Specifically, we aimed to study the role of presenting AI
uncertainty information on pharmacists’ trust in the system.
The primary hypothesis was as follows:

• H1: Presenting AI uncertainty information of predicted
probability in a visualization format will increase AI
transparency, leading to enhanced pharmacists’ trust in pill
verification technology.

Beyond this primary focus, we also explored how pharmacists’
trust behavior varied across different AI performance patterns
categorized by SDT. Drawing from these arguments, we derived
the following hypotheses:

• H2: Misses would result in a more significant decline in
trust compared to FAs.

• H3: Furthermore, given the differing consequences
associated with the 4 SDT patterns, we speculate that
presenting AI uncertainty information might have varying
effects depending on the specific type of patterns.

Methods

Ethical Considerations
This research was exempt from institutional review board
oversight by the University of Michigan (HUM#00213493).
Before participating, participants signed an electronic informed
consent form, and all data were collected anonymously.
Participants received US $150 upon completion of the study.

Recruitment and Participants
Recruitment emails were dispatched to pharmacists through the
Minnesota Pharmacy Practice-Based Research Network and
the University of Michigan College of Pharmacy Pharmacist
Preceptor Network. To meet the inclusion criteria, pharmacists
were required to (1) be licensed pharmacists in the United States,
(2) be aged at least 18 years, and (3) have access to a laptop or
desktop computer with a webcam. Pharmacists who (1) require
assistive technology to use the computer; (2) wear eyeglasses
with more than one power; (3) have uncorrected cataracts,
intraocular implants, glaucoma, or permanently dilated pupils;
and (4) have eye movement or alignment abnormalities (eg,
lazy eye, strabismus, nystagmus) were excluded from
participation in the study (Figure 1). A total number of 30
licensed pharmacists in the United States completed the study.
Table 1 shows the demographic information.

Figure 1. Participant recruitment timeline.
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Table 1. Participant demographic information (n=30).

ValueCharacteristic

39.40 (11.23)Age (years), mean (SD)

Sex, n (%)

17 (57)Female

13 (43)Male

Practice setting, n (%)

15 (50)Community pharmacy

6 (20)Hospital pharmacy

1 (3)Specialty pharmacy

1 (3)Grocery store or mass merchandise pharmacy

7 (23)Other

Years worked, n (%)

7 (23)1-5

7 (23)6-10

10 (33)11-20

6 (20)21 or more

AI Model
The AI model used in this study is a Bayesian neural network
that predicts the National Drug Code (NDC), a unique identifier
assigned by the Food and Drug Administration to catalog drug
products in the United States [49,50]. The Bayesian neural
network used a technique known as random dropout [51],
applied to a ResNet-34 convolutional neural network
architecture [52] to estimate the probability associated with
each NDC (ie, each class). The model produced 50 different
predictions, where each prediction is a probability vector that
quantifies the probabilities that an input belongs to each of the
NDCs. The predicted NDC was then attained by finding the
highest average probability derived from the 50 predictions.

To train the AI model, we acquired a dataset of 432,974 images
from a mail-order pharmacy in the United States. This pharmacy
uses a robotic system that counts pills, fills and labels the bottle,
captures the images of the contents, and seals the bottle with a
cap. The image dataset consists of 1 year’s worth of
robot-captured images of oral medications, such as tablets and
capsules, inside prescription bottles filled by the robotic system.
Each image in the dataset is associated with an NDC label and
various attributes of color, shape, size, manufacturer, tablet
scoring, and imprint. The number of images available for each
NDC varied, ranging from 3 to 12,105, with a median of 540
(IQR 257-1291). The medications featured in these datasets
were classified into 12 different colors and 7 distinct shapes.
The detailed classification is shown in Table 2.
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Table 2. Percentage of medication characteristics featured in the training dataset (N=260,119).

Dataset, n (%)Characteristics

Colors

109,487 (42.1)White

32,041 (12.3)Yellow

23,585 (9.1)Pink

18,541 (7.1)Orange

15,289 (5.9)Multicolor

13,644 (5.2)Green

13,474 (5.2)Red

12,452 (4.8)Blue

9792 (3.8)Brown

8184 (3.1)Purple

1858 (0.7)Turquoise

1772 (0.7)Gray

Shapes

128,947 (49.6)Round

86,844 (33.4)Oval

42,040 (16.2)Capsule

1150 (0.4)Hexagon (6-sided)

738 (0.3)Triangle

280 (0.1)Trapezoid

120 (0)Pentagon (5-sided)

Experimental Testbed and Stimuli
In the experiment, participants performed a pill verification task
with the help of an imperfect AI aid that recommends whether
to accept or reject a filled medication. The participant’s task
was to verify whether the filled medication matched the
reference image. If the reference image and filled medication
did not match, the correct action was to click “reject.” If the
reference image and filled medication matched, the correct
action was to click “accept.”

The user interface was designed following pharmacists’
feedback from a focus group study conducted by the research
team [50]. The interface displayed an image of a filled
medication, a reference image, prescription information, and
AI aids. There were 2 types of AI aids powered by the same AI
model: one aid augmented with an uncertainty plot indicating
the degree of certainty (or uncertainty) of the AI
recommendation, and the other aid without this feature. Both
AI aids recommend the action the pharmacist should take, using

4 checkboxes. A recommendation to accept was indicated when
all four checkboxes turned green (Figure 2); otherwise, the
recommendation was to reject. For the AI aid with the
uncertainty plot, an additional histogram was integrated (Figure
3). The histogram displayed the distribution of the 50
probabilities for the predicted NDC, generated by the 50
predictions. The purpose of the histogram was to provide a
visual representation of the certainty or uncertainty level
associated with the AI’s NDC prediction.

With the help of an AI aid, participants performed a block of
100 pill verification trials. The experimental stimuli for the 100
trials, including the reference NDC and the filled medication,
were carefully selected from the dataset of 432,974 images. The
selection process ensured a broad representation of colors and
shapes (Table 3), while blurry images were excluded to maintain
clarity. To minimize learning effects, each reference NDC was
intentionally shown no more than twice throughout the
experiment.
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Figure 2. Interface for the AI aid without the uncertainty plot. Checkboxes indicate AI’s recommendation. When all 4 checkboxes are green, the AI
advises to accept; otherwise, it advises to reject. AI: artificial intelligence; NDC: National Drug Code.

Figure 3. Interface for the AI aid with the uncertainty plot. In addition to Figure 2, the histogram shows the distribution of the 50 predicted probabilities
associated with the predicted NDC. AI: artificial intelligence; NDC: National Drug Code.
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Table 3. Percentage of medication characteristics featured in artificial intelligence–aided trials (N=100) for reference images and filled images.

Filled, n (%)Reference, n (%)Characteristics

Color

37 (37)35 (35)White

12 (12)12 (12)Yellow

8 (8)8 (8)Pink

8 (8)8 (8)Orange

3 (3)3 (3)Multicolor

6 (6)6 (6)Green

2 (2)3 (3)Red

10 (10)10 (10)Blue

10 (10)10 (10)Brown

3 (3)4 (4)Purple

1 (1)1 (1)Turquoise

0 (0)1 (1)Gray

Shape

51 (51)54 (54)Round

28 (28)24 (24)Oval

19 (19)19 (19)Capsule

1 (1)2 (2)Hexagon (6-sided)

0 (0)0 (0)Triangle

1 (1)1 (1)Trapezoid

0 (0)0 (0)Pentagon (5-sided)

Furthermore, the AI aid was not perfect for the 100 trials, that
is, it occasionally offered incorrect recommendations. Based
on SDT, we mapped out the relationship between the AI’s
recommendation and the true state of the world [53]. In the
context of this experiment, a signal in the world was an
incorrectly filled medication. The extent to which the AI
recommended rejecting an incorrectly filled medication reflects

its ability to detect the signal. The combination of the state of
the world and the AI’s recommendation resulted in four potential
outcomes: (1) the AI rejects the incorrect drug (hit), (2) the AI
approves the incorrect drug (miss), (3) the AI rejects the correct
drug (FAs), and (4) the AI approves the correct drug (CRs), as
shown in Figure 4.

Figure 4. Four potential AI performance patterns according to signal detection theory. AI: artificial intelligence.
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Benchmarking prior literature [54], the base rate was set to be
24%, that is, 24% of the trials contained wrongly filled
medication. The AI accuracy was set as 82% to ensure that the
AI would be perceived as useful while providing sufficient
misses and false alarms [55]. By combining the filled image
accuracy and AI accuracy, there were 60 cases of the AI
approving the correct drug, 22 cases of the AI rejecting the
incorrect drug, 2 cases of the AI approving the incorrect drug,
and 16 cases of the AI rejecting the correct drug.

After each trial, participants received performance feedback
indicating the correctness of their decision to accept or reject,
as well as whether the prescription bottle was correctly or
incorrectly filled (ie, “Your decision was correct. The
medication was correctly filled”). Following this step,
participants reported their trust in the recognition AI on a visual
analog scale, with the leftmost point labeled “Not at all trust”
and the rightmost point labeled “Completely trust” (Figure 5)
[44,56,57].

Figure 5. Participants reported their trust in the recognition AI on a visual analog scale. AI: artificial intelligence.

Experimental Design
The experiment used a mixed subjects design. The
between-subjects factor was the type of AI aid, distinguished
by the presence or absence of an uncertainty plot. The
within-subjects factor was the four potential outcomes: (1) the
AI rejects the incorrect drug, (2) the AI rejects the correct drug,
(3) the AI approves the incorrect drug, and (4) the AI approves
the correct drug (Figure 4).

Half of the participants used the AI aid without the uncertainty
plot, and the other half used the AI aid with the uncertainty plot.
Each participant completed 2 blocks of 100 trials each. One
block involved using the AI aid (either with or without the
uncertainty plot), and the other block required participants to
perform the task manually. The order of the 2 blocks was
counterbalanced. Additionally, benchmarking prior literature
[45], the trial sequence was fixed for the 100 trials in each block.

As this study is focused on the pharmacists’ trust in AI, data
from the manual task block were excluded from the analysis,
concentrating the study’s findings on interactions involving the
AI aid.

Measures

Trust propensity
Before the experiment, we measured participants’ trust
propensity using the 6-item survey used by Merritt et al [58].
Trust propensity is “a stable, trait-like tendency to trust or not
trust others” [59], and the propensity to trust machines reflects
a person’s tendency to trust machines in general rather than in
a particular machine.

End Trust
End trust, Trust(100), is the participant’s final trust rating after
interacting with the AI help scenario.

Average Trust
Average trust denotes the mean of moment-to-moment trust
ratings collected throughout the experiment.

Trust Change
After each trial i, participants reported their Trust(i) in the AI.
We calculated a trust change as follows.

Trust change (i) = Trust(i) – Trust(i – 1), where i=2,
3, ..., 100.

Since the moment-to-moment trust was reported after each trial,
99 trust changes were obtained from each participant.

Experimental Procedure
The experiment was conducted remotely with interested
participants who met the inclusion criteria. Each interested
individual was phone screened to determine their eligibility.
Before each experiment, participants had a brief web-based
meeting with a member of the study team to ensure that the
physical environment, including lighting conditions, was suitable
for the experiment. Subsequently, the pharmacists were directed
to Labvanced’s website on their computer and presented with
a 15-minute video tutorial that explained how to perform a
simulated medication verification task using the testbed
interface. Pharmacists were informed that the objective of the
task was to determine whether an image of a filled medication
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bottle matched a known reference image. The tutorial also
explained the 2 AI aids.

Before engaging in the verification task, participants were
directed to complete a demographics survey and a trust
propensity survey [58]. Additionally, they went through a set
of calibration procedures for the eye-tracking software.
Participants then completed a block of 100 verification trials
using an AI aid—either with or without the uncertainty
plot—and another block of 100 verification trials manually,
conducted in a counterbalanced order. Upon completion of the
200 trials, participants filled out a postexperimental survey and
answered nonmandatory free-response feedback questions. All
participants finished each block within the time limit of 60
minutes.

After completing all the tasks and surveys described earlier,
participants were invited to a 30-minute debriefing session with
one of the study team members. Study team members described
6 concepts of automation evaluation: observability,
predictability, directing attention, exploring solution space,
adaptability, and calibrated trust [60], and provided an example
scenario for each concept. After each description and example,
the participants were asked to provide their thoughts on how
the concept relates to our system.

Statistical Analysis
Participants’ trust propensity, end trust, and trust change when
using both types of AI aids were analyzed. First, we conducted
a descriptive analysis of the participants’ trust propensity. Then,

to test our directional hypothesis that AI aids with uncertainty
will result in higher end and average trust, we conducted a
1-tailed t test. Finally, we analyzed how trust increased and
decreased after participants experienced each of the 4 AI
performance patterns using mixed-linear models with random
intercept. Regression 2-tailed t tests were conducted to compare
the means between the 2 AI aids for each AI performance
pattern. The Kenward-Roger method was used to estimate
degrees of freedom. Mixed model (generalized linear models)
tests were conducted using the R (version 4.2.2; R Foundation
for Statistical Computing) lme4 package [61]. All statistical
significance was determined at the ɑ=.05 level and analyses
were carried out using R statistical software [62].

Results

Trust Propensity
Participants had an average trust propensity score of 72 (SD
18.08) out of 100, indicating the participants generally had a
positive attitude toward trusting automated technologies. There
was no significant difference between the 2 AI aids (t28=–0.854;
P=.20; Cohen d=.312).

End Trust Toward AI Aid
The 1-tailed t test indicated that participants trusted the AI aid
with the uncertainty plot significantly more than the AI aid
without the plot at the end of the experiment (t28=–1.854; P=.04;
Cohen d=–.677; Figure 6).

Figure 6. Mean end trust by AI aid help type (with or without the uncertainty plot). The error bars represent a 95% CI. AI: artificial intelligence.

Average Trust Toward AI Aid
Participants showed a slightly higher average trust in the AI aid
in the with-uncertainty condition (mean 76.92, SD 13.42) than

in the without-uncertainty condition (mean 70.29, SD 20.88;
Figure 7). However, the difference did not reach statistical
significance (t28=–1.036; P=.16; Cohen d=–.378).
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Figure 7. Mean average trust by AI aid help type (with or without the uncertainty plot). The error bars represent a 95% CI. AI: artificial intelligence.

Trust Change
Figure 8 shows the trust change after participants experienced
the 4 AI performance patterns. When the AI approved the correct
drug, there was a significantly greater trust increment when
participants used the AI aid with the uncertainty plot compared
to the one without (t78.98=3.93; P<.001; Cohen d=.214); When
the AI approved the incorrect drug, there was a significantly
greater trust decrement using the AI aid with the uncertainty
plot (t2939.72=–4.78; P<.001; Cohen d=.712). Interestingly, when
the AI rejected the incorrect drug, we observed a decrement of
trust for participants using the AI aid with the uncertainty plot
(t509.77=–3.96; P<.001; Cohen d=.312). When the AI rejected
the correct drug, both AI help types showed a decrease in trust
and there was no statistical difference between them
(t856.57=–0.68; P=.49; Cohen d=.045). Overall, participants using
the AI aid with the uncertainty plot displayed a large magnitude
of trust adjustment. In addition, we observed a significant
“negativity bias” in that the magnitude of trust change when
the AI made an error (ie, the AI approves the incorrect drug or
the AI rejects the correct drug) was significantly larger than the
magnitude of trust adjustment when the AI provided correct
recommendations (generalized linear model test; z=–11.30;
P<.001).

To examine variation in pharmacists’ trust behavior across
different AI performance patterns categorized by SDT, we
initially combined the data from both the with and without
uncertainty help scenarios. Trust decreased significantly more
when the AI approved the incorrect drug compared to when the
AI rejected the correct drug (t509=–4.687; P<.001; Cohen
d=.475). This trend was observed in the with-uncertainty AI
help scenario (t254=–4.91; P<.001; Cohen d=.758). However,
in the without-uncertainty AI help scenario, although there was
a greater trust decrease in trust when the AI approved the
incorrect drug than when the AI rejected the correct drug, the
difference was not statistically significant (t254=–1.14; P=.255;
Cohen d=.014).

As we measured participants’ trust toward AI continuously, we
calculated the autocorrelation between the trust ratings.
Autocorrelation measures the relationship between a variable’s
current value and its past values in a time series. Figure 9 shows
the mean autocorrelation as a function of time separation
between the ratings. For both AI aids, the correlation decreased
as the time separation increased. The AI aid with the uncertainty
plot had a lower mean autocorrelation compared to the aid
without the uncertainty plot (Figure 9).
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Figure 8. Trust change for different AI performance patterns. Red shades represent negative trust change, and blue shades represent positive trust
change.

Figure 9. Autocorrelation of trust as a function of time separation. The blue solid line represents AI aid with the uncertainty plot, and the red dashed
line represents the AI aid without the uncertainty plot. The error bars represent 2 SEs. AI: artificial intelligence.

Discussion

Principal Findings
This study aimed to investigate pharmacists’ trust in automated
pill verification technology and how the presentation of AI
uncertainty information would influence them. Overall, the
findings revealed that pharmacists have a favorable disposition
toward trusting automation, and including the AI’s uncertainty

information increases pharmacists’ trust in the AI
recommendation (Figure 6).

Comparison With Prior Work
The propensity to trust automation refers to an individual’s
general inclination to trust automated or autonomous systems,
shaped by their past experiences and future expectations [58,59].
Research has shown that levels of trust propensity vary among
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individuals. For example, an early study by Merritt et al [58],
which included 69 college students (average age of 25 years),
found an average trust propensity of 3.56 (SD 0.6) on a 7-point
Likert scale [59]. More recently, Montag et al [63] surveyed
289 participants aged between 18 and 70 years and reported
their propensity to trust automation to be 4.98 (SD 1.06) after
converting to a 7-point Likert scale. Similarly, Miller et al [64]
reported a trust propensity score of 4.97 (SD 1.21) from a
smaller cohort of 28 participants aged between 18 to 60 years.
Another investigation by Yang et al [65] with 75 adults (mean
age 23.0) split into 3 groups reported trust propensity scores of
72.6 (SD 14.8), 69.4 (SD 10.4), and 69.4 (SD 14.4), equivalent
to average scores of 5.08 (SD 1.89), 4.86 (SD 1.62) and 4.86
(SD 1.86) on a 7-point Likert scale.

In line with these findings [63-66], our study revealed that
pharmacists generally have a favorable disposition toward
trusting automation, with an average rating of 72 (SD 18.08)
on a 100-point scale, or 5.03 (SD 2.09) on a 7-point Likert scale.
This positive attitude may be attributed to the frequent use of
automated technologies, such as barcode scanners and pill
counters in their daily work [6,7]. Additionally, as expected,
no significant difference was observed between the groups using
different AI aids because the participants were randomly
assigned to use either of the AI aids.

Examining pharmacists’ end trust, our findings reveal that the
AI aid with the uncertainty plot significantly enhanced the end
trust scores. We attribute this enhancement to the increased
transparency achieved through the presentation of a histogram
showing the distribution of 50 predicted probabilities. While
AI advancements promise to improve human performance, a

prevailing issue is the perception of AI as a “black box.” This
lack of transparency contributes to a lack of trust in AI and can
undermine team performance [66-68]. The higher end trust
observed in participants using the AI aid with the uncertainty
plot indicates that making the AI more transparent by revealing
its decision-making process can foster a higher level of trust in
automation. Participants 14 and 24 captured this sentiment well
stating: “As soon as the uncertainty plot became red and yellow,
I slowed down, which could be helpful because sometimes
slowing down when there is uncertainty, just knowing there’s
uncertainty, is enough” (P14) and “if the uncertainty plot was
all green bar and AI thought it was doing a 100% accurate job
then it was easier to make my decision” (P24).

Regarding the dynamics of trust, that is, moment-to-moment
trust change, when AI approved the correctly filled bottle, we
noted trust increments for both AI aids. Furthermore, the
inclusion of uncertainty information led to a larger increment
in trust compared to when such information was absent. When
the AI mistakenly approved the incorrect drug, we observed a
significant trust decrement for both AI aids, potentially attributed
to the adverse outcome associated with the wrong medication.
Furthermore, the trust decrement was significantly larger when
the uncertainty information was shown. This pronounced trust
decrement could have resulted directly from the distribution of
the histogram: participants were shown a histogram indicating
a high level of certainty (Figure 10A). Therefore, participants
may have perceived the error made by the AI aid as a
“confident” error and therefore reduced their trust even more.
Studies examining likelihood alarms reported that highly likely
alarms (ie, “confident” alarms) engender a greater decline in
momentary trust upon automation failures [57,69].

Figure 10. Uncertainty plots with (A) narrower and (B) wider IQRs. IQR is a measure of statistical dispersion, or how spread out the data points are.

Our study also offers additional validation of prior findings
regarding the SDT modeling of trust [47,48]. When the AI
mistakenly approved the incorrect drug (miss), a greater trust
decrease appeared compared to when the AI rejected the
correctly filled bottle (FA). However, the difference was
statistically significant only in the with-uncertainty AI help
type. This finding may provide further evidence that “confident”
AI errors lead to a greater trust decrement [57,69].

Intriguingly, when the AI rejected an incorrectly filled bottle,
the absence of uncertainty information resulted in an increase

in trust, whereas the presence of such information led to a
decrease in trust. Such contrasting results could have stemmed
from the uncertainty plots influencing the participants’
decision-making process. When the AI approved the correct
drug, all uncertainty plots presented to participants showed a
consistent solid green bar (Figure 10A). However, when the AI
rejected the incorrect drug, the IQR of the uncertainty plot was
broader, indicating the lack of certainty (Figure 11). A total of
16 (73%) out of 22 uncertainty plots displayed a wider spread
with mixed color bars (Figure 10B). This ambiguity might
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unintentionally cause the human participants to doubt the
capability of the AI aid with the uncertainty plot, resulting in a
decrease in their trust, as evidenced by P18’s statement: “When
the checkboxes were not all green and the histogram had a bunch

of colors (variability), I was even less trusting of the AI tool.”
This perspective is also supported by P25, who noted: “When
the uncertainty plot had some red, it made me double check and
decreased my confidence for sure.”

Figure 11. Mean IQR by outcome pattern. The error bars represent a 95% CI. AI: artificial intelligence.

Finally, when AI rejected the correctly filled bottle, trust
decrements occurred, with no significant differences between
the 2 AI aids. If this circumstance happened in the real world,
the pharmacists would reinspect the filled prescription. It will
likely lead to an increased workload, fatigue, and stress, which
could potentially lead to a lower quality of work and a higher
frequency of errors [70,71]. However, P21 offered a contrasting
viewpoint that more flagging would be better than AI approving
the incorrect, highlighting: “I didn’t lose as much trust when
AI rejected the correct drug. I feel like AI should be there as a
cautionary tool.”

The observed trends in the moment-to-moment dynamics of
trust indicate a greater degree of trust adjustment when
participants were assisted by the AI with the uncertainty plot.
This observation is further confirmed by the autocorrelation
analysis. Specifically, the trust autocorrelation plot (Figure 9)
reveals a lower autocorrelation between trust ratings when the
uncertainty information was presented. This suggests that current
trust levels were less influenced by past trust levels, implying
more significant changes in trust from moment to moment.
Pharmacists relied less on previous trials and more on the
information presented in the present trial, highlighting the
advantages of a more transparent display.

In addition, for both AI aids, participants displayed a larger trust
decrement due to incorrect automation predictions. Even though
these observations may seem alarming initially, they align with
the prior literature addressing negativity bias. The study suggests
that failure in automation typically has a more significant
negative impact on trust than a positive impact from successful
automation [56,65].

Limitations and Future Directions
We acknowledge several limitations of this study and propose
directions for future research. First, as a pioneering investigation
in this domain, we did not strictly control the interquartile range
of the uncertainty plot (Figure 11). Future investigation should
systematically examine the effects of presenting different
distributions within the uncertainty plot on pharmacists’ trust.
Exploring similar variations in the IQR among different outcome
patterns could provide a deeper understanding of how outcome
patterns could impact trust while avoiding potential confounding
factors.

Second, the uncertainty plot used in this study displayed the
distribution of only 1 (2%) out of 50 probabilities for the
predicted NDC. Future research should consider incorporating
additional contextual information to enhance the interpretability
of these distributions. A notable challenge identified was that
users unfamiliar with statistical representation found the
uncertainty plot difficult to understand. P11 suggested
simplifying the uncertainty presentation because “it would be
a little bit too much for some people not as comfortable with
statistics or technology.” Nonetheless, there is potential for
pharmacists to become more comfortable with these plots with
prolonged use and training, as evidenced by P30’s remark: “I
started skeptical because it’s something I’m not familiar with,
but as I got more examples of it, my trust built up quickly.”
Consequently, researchers should continue to develop alternative
visualization techniques that provide a more comprehensive
and intuitive representation of the AI’s uncertainty, while
maintaining a low complexity to accommodate users with
varying degrees of statistical proficiency.
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Third, this exploratory study was limited by a small sample
size, which may have impacted the statistical power of the
analyses on trust propensity, end trust, and average trust. This
limitation likely contributed to the lack of significance observed
in some results. However, despite being underpowered, our
analysis still revealed a significant difference in end trust,
indicating a large effect size. Regarding trust change, to maintain
the AI’s perceived usefulness while still providing enough
examples of both misses and FAs, we incorporated only 2 trials
of the AI approving the incorrect drug (miss) and 16 trials of
the AI rejecting the correct drug (FA), setting the accuracy at
82%. The statistical power to detect significant differences may
have been compromised by the small sample sizes. Future
research should aim to include larger participant pools to
enhance the generalizability and robustness of the findings.

Finally, this study only focused on pharmacists’ trust and trust
change and did not include the analysis of accuracy and reaction
time. Even though focusing on trust alone is an accepted practice
[53], a more comprehensive analysis linking performance with
trust would likely reveal the relationship between performance
and trust calibration.

Conclusions
Dispensing errors are significant contributors to adverse drug
events, which lead to considerable health care expenses and

harm to patients. Despite progress made in developing
automated technologies to aid pill verification, pharmacists’
trust in these systems has not been thoroughly investigated. Our
research represents an initial exploration into pharmacists’ trust
in automated pill verification technology, marking a significant
step in understanding the integration of such systems into health
care settings.

Our findings reveal that pharmacists have a favorable disposition
toward trusting automation, which can likely be attributed to
their frequent use of automated technologies in their daily work.
Moreover, providing uncertainty information about the AI’s
recommendation significantly boosts pharmacists’ trust in the
AI aid, highlighting the importance of transparency in AI
development. The dynamics of trust vary depending on the AI’s
performance. Pharmacists using the AI aid with the uncertainty
plot had a significantly larger trust increment when the AI
approved the correct drug and a significantly larger trust
decrement when the AI approved the incorrect drug.
Intriguingly, the absence of the uncertainty plot led to an
increase in trust when the AI correctly rejected an incorrect
drug, whereas the presence of the plot resulted in a decrease in
trust under the same circumstances. In addition, a pronounced
“negativity bias” was observed, where the degree of trust
reduction when the AI made an error exceeded the trust gain
when the AI made a correct decision.
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Abstract

Background: Due to the rising prevalence of Alzheimer disease and related dementias, easily deployable tools to quantify risk
are needed. Smartphones and smartwatches enable unobtrusive and continuous monitoring, but there is limited information
regarding the feasibility, adherence, and acceptability of digital data collection among racially diverse older adults.

Objective: This paper examined the feasibility, adherence, and acceptability of a 4-week combined smartwatch monitoring and
ecological momentary assessment (EMA) study in a racially diverse sample of older adults.

Methods: A total of 44 older adults (aged ≥55 y) with either mild cognitive impairment or healthy cognition completed an
informed consent comprehension quiz, baseline cognitive testing, training regarding digital data collection, and questionnaires.
Participants were instructed to wear a Garmin Vivosmart 4 smartwatch for 23 h/d for 4 weeks, sync 2 smartphone apps (Garmin
and Labfront) daily, and complete a daily EMA survey with automated prompts for surveys and charging. Training time, smartwatch
adherence (eg, wear time), daily EMA survey response rate, and performance on the consent quiz were quantified. Associations
between feasibility and adherence metrics and participant factors were evaluated. Self-reported usability of the apps and smartwatch
was collected at study end.

Results: Consent comprehension quiz scores were high (mean 97.33%, SD 6.86% correct), and training sessions lasted on
average 17.93 (SD 6.89) minutes. During the 4-week study, participants wore the smartwatch for an average of 21 h/d (SD 1.53)
and showed an average response rate of 94% (SD 9.58%) to daily EMA surveys. In unadjusted bivariate analyses, age, race, and
cognition were associated with feasibility and adherence measures, but only age and race remained significant in multivariate
models. After accounting for all participant factors, older age was a significant predictor of longer training time, and Black race
was a significant predictor of lower daily wear time. On the usability survey, all participants (45/45, 100%) indicated willingness
to participate in future smartwatch studies, >80% (37/45) had a positive experience, and >90% (41/45) were satisfied with
smartphone app syncing.

Conclusions: Smartwatch monitoring, requiring daily wear, smartphone syncing, and daily EMA survey completion, is highly
feasible in older adults because adherence to daily wear and EMA surveys was high, as was general satisfaction on usability
surveys. Although older participants may require more training on smartwatch and smartphone procedures and automated
prompting during the study period, longitudinal monitoring with the Garmin Vivosmart 4 smartwatch and Labfront app is
acceptable and feasible for collecting nearly continuous data in Black and White older adults, including those with mild cognitive
impairment and those without.

(JMIR Hum Factors 2025;12:e69952)   doi:10.2196/69952
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Introduction

Background
With the prevalence of Alzheimer disease (AD) and AD and
related dementias (ADRD) increasing alongside the aging
population and the availability of new treatments, there is a
need to quantify risk and detect cognitive decline at the earliest
stage [1]. It is estimated that only a small minority of older
adults with mild cognitive decline are accurately identified early
[2], missing an opportunity for early intervention. Missed or
delayed diagnoses are even more common in Black and African
American older adults, who are also at increased risk for
AD/ADRD [3]. Personal digital devices such as smartwatches
have been proposed as a potential tool for the early detection
of AD/ADRD. Although recent data show that smartwatches
have been increasingly adopted by older adults [4], the utility
of personal digital tools for AD/ADRD monitoring is dependent
upon consistent smartwatch use and syncing with associated
software. This study examined the feasibility of and adherence
to daily smartwatch wear and ecological momentary assessment
(EMA) survey completion in a racially diverse sample of older
adults enrolled in a 4-week study. We also investigated older
adults’ comprehension of study details that are relevant to
informed consent. The participant characteristics associated
with smartwatch adherence and the comprehension of consent
were explored to optimize adherence and ethical research
conduct in future studies.

Observable yet subtle cognitive, sensory, and motor changes
precede and predict the clinical manifestations of AD/ADRD
[1,5] and may be measured by sensors in commercially available
smartwatches; for example, the Garmin smartwatch has been
validated against conventional clinical measures of sleep [6],
activity [7,8], and heart rate variability [7], which are associated
with dementia risk [9-11]. The Garmin Vivosmart 4 smartwatch
also has shown positive results in a 2-week feasibility study of
stress in adults undergoing psychotherapy [12]. Thus, digital
measures of stress, low heart rate variability, reduced physical
activity, and sleep alterations have great potential as low-cost
digital biomarkers for AD/ADRD that may be measured
continuously, longitudinally, and passively, requiring relatively
little effort.

EMA questionnaires delivered directly to participants via their
personal digital devices enable high-frequency data collection
in the participants’ natural setting. EMA can be useful for
contextualizing passive metrics [13]; for example, EMA data
may facilitate the interpretation of atypical data as clinically
significant or not (eg, elevated heart rate due to a cardiac event
vs a day at an amusement park). EMA data also provide insight
into participants’ immediate perceptions and mood states without
the confounds of recall bias [14]. There is potential for passive
and EMA data collection via personal digital devices, but limited
data exist on the feasibility and adherence of device use for
health monitoring in older adults. In addition, the extent to which
cognitive ability level influences adherence is not known.

Adherence to daily EMA surveys and key tasks, such as
wearing, charging, and syncing digital devices, is crucial for
valid and reliable measurement and requires cognitive resources.
This raises an important question: are those who could benefit
the most from digital health monitoring more likely to show
poor adherence?

Our review of the literature identified few studies on the
feasibility and adherence of smartwatch use in digital health
research. The results of the available studies suggest several
important moderating factors, including the study procedures
and participant factors. In-person studies and study designs that
include interaction with a member of the study team show much
higher retention and adherence than fully remote studies [15].
Adherence also varies depending on task demands, with different
adherence rates for smartwatch wear versus syncing versus
EMA completion. Adherence to wearable device use, which is
relatively less demanding, versus the completion of daily EMA
surveys has been estimated to be approximately >90% and 70%,
respectively, in studies that are not fully remote [16-19].

Participant factors also play a role in retention and adherence.
Although age is commonly considered a barrier to the adoption
and acceptability of smartwatches due to low digital literacy
[20], empirical data aggregated across several studies of
smartwatch data show that older age was associated with greater
retention [15]. A study requiring older adults with healthy
cognition to wear a Fitbit device for 30 days during waking
hours reported high rates of adherence to daily wear (89% of
study days) and syncing (85% of study days) [21]. Other studies
have demonstrated the effects of race, sex, and memory ability
on adherence such that White participants [15], women [22],
and people with better memory abilities [21] are more adherent
when asked to engage in digital health research studies that
involve interacting with a smartphone app.

In addition to the importance of learning about smartwatch
adherence and feasibility, it is also crucial to understand older
adults’ comprehension of informed consent procedures for
studies using novel technology. With the large amount of health
data collected from a smartwatch and the need for long-term
data storage, it is vital for older adult participants to fully
understand data privacy and security limitations and the
associated risks of study participation. Older adults also may
be more wary of sharing personal health information in the
context of digital health research. To assess older participants’
understanding of informed consent procedures, interactive
quizzes have been developed for use in fully remote studies
[23]. For this study, which included face-to-face interactions
with members of the study team, a 10-item comprehension quiz
was modeled after a quiz used by Hackett et al [13] that was
designed according to published guidelines [24,25]. The consent
quiz focused on the novel technology used in the study (eg,
where participants’data are stored and the right to request digital
data to be deleted at any time). Hackett et al [13] reported high
accuracy rates on a similar quiz in a sample of older adults and
significant associations between quiz scores and education level.
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Quiz scores also varied by race, with Black participants scoring
lower than White participants.

Objectives
In this study, feasibility and adherence were evaluated over a
4-week monitoring period that required wearing the smartwatch
daily (23 h/d), charging it, syncing apps, and completing EMA
surveys. Feasibility and adherence were assessed by tracking
participant retention and measuring the following: (1) time
required to complete study training on syncing apps and
completing EMA surveys, (2) the comprehension of informed
consent information, (3) daily smartwatch wear time, (4)
adherence to smartwatch daily wear, and (5) the completion of
daily EMA surveys. We also investigated associations between
feasibility and adherence measures and participant
characteristics (demographics, cognition, and self-reported
functional and cognitive decline). Finally, we explored
participants’ perceptions regarding the usability of the Garmin
Vivosmart 4 smartwatch and the study-related apps (syncing
process). To address these aims, we recruited a racially diverse
sample of older adults, including those with mild cognitive
impairment (MCI) and those without. It was hypothesized that
older age, worse cognitive function, and greater self-reported
functional decline would be associated with lower daily wear
time, adherence to wear time, and survey completion, as well
as lower comprehension of consent.

Methods

Participants
A total of 47 community-dwelling older adults aged ≥55 years
classified as having healthy cognition or MCI were recruited
from the Temple University Cognitive Neuropsychology
Laboratory cohort in Philadelphia, Pennsylvania. This cohort
includes >200 adults who have participated in ongoing federally
funded studies since 2020 and represent the racial, ethnic, and
economic diversity of the Philadelphia area. Participants met
the following inclusion criteria: (1) oral and written fluency in
English (to complete study questionnaires and measures) and
(2) no history of large vessel stroke, Parkinson disease, major
traumatic brain injury, seizures, schizophrenia, or significant
neurological conditions other than dementia. The exclusion
criteria included (1) current psychiatric disorder (eg, bipolar
disorder or major depressive disorder), (2) intellectual disability,
and (3) severe motor and sensory deficits precluding the use of
a computer touchscreen. Participants from the laboratory cohort
were contacted and screened for the following inclusion criteria

for this study: (1) aged ≥55 years, (2) cognitive status classified
as healthy or MCI, (3) current smartphone user (Android or
IOS), and (4) not currently wearing a smartwatch or willing to
wear only the study smartwatch during the study period. The
exclusion criteria included (1) a diagnosis of dementia and (2)
scheduled surgery or travel during the 4-week study period.
Approximately 80 participants from the laboratory cohort were
contacted as part of the recruitment efforts. The most common
reasons for nonparticipation were not having a smartphone or
a lack of interest in completing a month-long study.

Of the 47 participants recruited for this study, 1 (2%) was
excluded because they required a walker for mobility, which
precluded accurate step count recording, and 1 (2%) was
excluded from the analyses of feasibility and adherence because
their smartphone malfunctioned, and they required the
monitoring period to be extended. Moreover, 1 (2%) of the 47
participants dropped out after 1 day, citing discomfort from the
smartwatch band being too tight. Thus, of the 47 enrolled
participants, 3 (6%) were excluded, resulting in a final sample
of 44 (94%) participants for the feasibility and adherence
analyses. The participant who extended their monitoring period
because of the smartphone malfunction was retained for the
usability analyses.

Ethical Considerations
This study was approved by the Temple University Institutional
Review Board (Protocol Number: 29712). All participants
provided written informed consent and received a US $50 gift
card as compensation for their time. Data storage and procedures
were Health Insurance Portability and Accountability
Act–compliant and only approved study personnel had access
to study data.

Procedures

Overview
Participation in the study involved 3 phases. First, participants
completed an initial in-person study visit lasting 2 to 4 hours,
which included comprehensive cognitive testing, training for
the study, and questionnaire completion. Second, participants
wore the smartwatch for 4 weeks, answered daily questions on
their smartphone, and synced the smartwatch with a smartphone
app once a day. Finally, all participants completed a debriefing
session. More details of each study phase are provided in the
following subsections. Textbox 1 shows the study timeline. The
cognitive tests administered during study visit 1 are listed in
Table 1.
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Textbox 1. Study timeline.

Study visit 1

• Informed consent and comprehension quiz

• Installation of Garmin and Labfront apps

• Study training on syncing and daily survey

• Questionnaires and cognitive testing

4-wk monitoring period

• Participants engage in daily activities as usual

• Wear smartwatch for 23 h/d

• 9-question ecological momentary assessment survey once a day

• Sync Labfront and Garmin apps once a day to securely collect and transmit deidentified data

Study visit 2

• Uninstall apps and unpair smartwatch

• Debriefing questionnaire

• Payment of US $50

Table 1. Cognitive domains and corresponding neuropsychological measures.

Neuropsychological measuresCognitive domains

Attention • Trail Making Test part A [26]
• Digit Span Forward [27]

Executive function • Trail Making Test part B [26]
• Digit Span Backward [27]

Language • Letter fluency (S and P) and category fluency (animals) [28]
• Boston Naming Test, 30-item version [29]

Processing speed • Salthouse Letter Comparison Test [30]
• Salthouse Pattern Comparison Test [30]

Episodic memory • Hopkins Verbal Learning Test: immediate recall, delayed recall, and recognition trial [31]
• Brief Visual Memory Test–Revised: immediate recall, delayed recall, and recognition trial [32]

Initial Study Visit
Participants completed the following during study visit 1, which
lasted 2 to 4 hours: (1) informed consent and 10-item consent
comprehension quiz on the specific features of the study (eg,
data security and privacy; refer to Multimedia Appendix 1 for
the quiz items); (2) gold standard cognitive tests (Table 1) and
questionnaires; (3) installation and configuration of study apps
and training on wearing a Garmin Vivosmart 4 smartwatch daily
(23 h/d of wear; 1 h/d of charging time) for 4 weeks, syncing
the smartwatch, and completion of a daily EMA survey. At the
end of the first study session, a follow-up visit was scheduled
for a date at least 4 weeks later. Further details of the procedures
during the initial session are provided in the following
subsections.

Smartwatch Data Collection
At the initial study visit, 2 apps (Garmin and Labfront) were
downloaded onto the participant’s smartphone to facilitate

deidentified passive (raw sensor) and active data collection for
the daily survey. The Garmin app facilitated data collection
from the smartwatch sensors. The Labfront [33] app is a research
platform that collects and organizes the Garmin smartwatch
data and enabled the study team to monitor adherence and data
collection in real time and remotely through a user-friendly
study dashboard. The Labfront app was also used to deliver the
daily EMA surveys.

A Garmin account was created for each participant using the
Garmin Connect mobile app on their smartphone with
deidentified information. The Labfront Companion app was
then downloaded to the participant’s smartphone. The Labfront
app uses a randomized 6-digit ID to connect the participant’s
smartwatch to the app and to connect the Garmin and Labfront
accounts. The Garmin smartwatch connects to the Garmin and
Labfront apps via Bluetooth. Daily in-app Garmin and Labfront
syncing required a Wi-Fi network or an LTE cellular data
connection. Once the Garmin and Labfront apps were connected,
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data were available for real-time download by the study team
in CSV format. Daily syncing of the apps enabled the
aggregation of minute-by-minute data.

Participants were asked to wear the Garmin Vivosmart 4
smartwatch for 23 h/d on their nondominant wrist for 4 weeks
and to charge it for approximately 1 h/d. Alarms were set in
participant smartphones twice daily at times of the participant’s
choosing to serve as reminders for the following: (1) charging
the watch in the morning and (2) syncing the Garmin and
Labfront apps and completing the daily survey on the Labfront
app at night before going to sleep. To minimize the influence
of external cues as well as behavior and health tracking
information on participant behavior, all notifications were
disabled on the study smartwatch, and additional features were
removed from the Garmin app at the initial study visit.

Standardized training procedures with training criteria were
used to teach participants how to charge the watch, sync the
apps, and complete the daily survey. The training included
demonstrations and a practice run during which participants
were required to independently complete all daily study steps.
Repetitions were recorded for practice runs, and the training
session was timed. At the end of the training, participants were
given a binder to take home and refer to during the study. The
binder contained detailed instructions on how to charge the
watch, sync the apps, and complete the daily survey during the
study. The contents of this training binder are available in
Multimedia Appendix 1.

4-Week Monitoring Period
Participants were told to go about their daily life during the
4-week monitoring period while wearing the smartwatch for 23
h/d and to charge it for 1 h/d. Sleep duration, beat-to-beat heart
rate variability, and physical activity data such as step count
were collected but are not reported in this paper. Participants
were also asked to complete the daily EMA survey delivered
to their smartphones through the Labfront app. The EMA survey
included 9 questions (Multimedia Appendix 1). The purpose of
the EMA survey was to guide the subsequent interpretation of
smartwatch data (estimated time to complete the survey: 5 min).

During the course of the study, adherence was monitored
through Labfront software by study personnel. If participants
were nonadherent for >4 consecutive days, which was defined
as wearing the watch for <16.67 h/d or not completing the daily
surveys, they were contacted by the study team to determine
the reason for nonadherence and to possibly reschedule the
follow-up study session to extend the study period and obtain
at least 28 days of data collection. The duration of the
monitoring period (in days) was tallied for each participant. It
is important to note that only 1 (2%) of the 47 enrolled
participants required an extension of the monitoring period due
to >4 consecutive days of missing data caused by a malfunction
of their smartphone. Consequently, this participant was excluded
from all feasibility and adherence analyses. For some of the
participants (18/44, 41%), the monitoring extended beyond 4
weeks because the follow-up visit could not be scheduled on
the study end date due to scheduling conflicts; in these cases,
the follow-up visit was scheduled as soon as possible but no
more than 1 week later.

Follow-Up Visit
After the study period, participants returned for a brief second
visit (study visit 2) during which we collected data on their
study experience, the usability of the apps and smartwatch, and
barriers to future participation in wearable device research. At
this visit, smartwatches were synced a final time to capture any
aggregate-level data that had not been previously uploaded to
the app. Subsequently, deidentified data obtained during the
monitoring period were downloaded in CSV format for each
participant from the Labfront researcher user interface for
processing and analysis.

Measures of Participant Characteristics
Cognitive tests and questionnaires used in standard clinical
evaluations for cognitive decline were administered during study
visit 1.

Cognition and Clinical Classification
IQ was estimated with the Hopkins Reading Test [34]. The 5
cognitive domains and 10 cognitive tests that were administered
are listed in Table 1. Scores from each of the 10 tests were
standardized (T score) after adjusting for demographic variables
(age, education, sex, and estimated IQ score [28]). Clinical
classification (ie, healthy cognition vs MCI) was based on
published criteria [35] that define MCI as T scores of ≤40 (<1
SD) on both measures from at least 1 cognitive domain. A total
composite score and cognitive domain–specific composite scores
were calculated by averaging demographically corrected T
scores (refer to Table 1 for all neuropsychological measures).
These neuropsychological tests are used widely in research and
clinic settings, have been extensively validated, and show strong
psychometric properties [28].

Self-Reported Cognitive and Functional Decline
The average score from the Everyday Cognition (ECog)–short
form [36] was used to estimate self-reported functional decline
across a range of abilities (eg, memory and language), with
scores ranging from 1 (no decline over the past 10 y) to 4 (worse
decline over the past 10 y). The optimal cut score for
distinguishing between healthy cognition and MCI is 1.32. The
original validation study estimated a Cronbach α value of 0.96
[36].

Smartwatch Feasibility and Adherence Measures

Training Time
The amount of time spent training (in minutes) during study
visit 1 was recorded. Training procedures were standardized
(Multimedia Appendix 1). Training began with a review of
procedures for charging the watch and ended when the examiner
observed that the participant independently demonstrated
charging the watch, syncing the apps, and completing the daily
survey.

Comprehension of Consent
Comprehension of consent was assessed using a 10-item quiz
(Multimedia Appendix 1), which included questions on
study-specific risks, data privacy, and security. The following
is an example item: “The Garmin/Labfront apps collect the
content of my texts and phone calls” (correct answer: no). To
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ensure informed consent, if participants answered any item
incorrectly, study personnel immediately provided feedback to
clarify the correct response.

Smartwatch Adherence
The total number of days that participants did not wear the watch
was tallied, and 2 measures were used to evaluate adherence to
the instruction to wear the watch for 23 h/d. First, the average
daily wear time (in hours) per participant across all possible
days of wear was collected. Wear time was derived from
minute-to-minute heart rate data; therefore, wear time reflects
the accumulation of heart rate data from the watch. Weekly
averages of wear time were also computed (weeks 1, 2, 3, and
4) to examine adherence over time.

On the basis of published recommendations [37], daily watch
data were considered valid if the participant wore the smartwatch
for at least 16.67 hours that day. Therefore, watch adherence
also was assessed as the “percentage of valid smartwatch days”
during the monitoring period, calculated as the number of days
the participants wore the watch for ≥16.67 h/d divided by the
total number of days they were in the study.

EMA Survey Adherence
Adherence to the daily survey was calculated as the number of
daily surveys completed divided by the total number of days
that each participant was in the study. This percentage ranged
from 0% to 100%, with 100% indicating perfect adherence.

Usability Measures
A self-administered usability survey was completed by
participants at the follow-up visit (study visit 2) to provide
qualitative information on smartwatch use. The survey questions
focused on the smartwatch and Labfront and Garmin smartphone
apps, which were used for daily EMA surveys and syncing.
Participants were also asked to report their likelihood of
participating in another future study that included the
smartwatch and daily surveys. This survey was administered
to 45 (96%) of the 47 enrolled participants, including the
participant whose monitoring period was extended.

Statistical Analyses
Descriptive statistics were used to characterize feasibility:
average daily wear time, study training time, percentage correct
on consent comprehension, the percentage of completed EMA
surveys, the percentage of valid smartwatch days, and responses
to the study debriefing questionnaire. To examine univariate
associations between feasibility and adherence measures and

participant characteristics, Spearman correlations and
Mann-Whitney U tests were used for continuous and categorical
variables, respectively, with Bonferroni correction applied to
interpret statistical significance. Friedman rank tests for 1-way
repeated measures of ANOVA were used to analyze whether
wear time differed from week 1 to week 4, with Bonferroni
correction applied to interpret statistical significance.
Nonparametric statistical tests were used due to the skewed
distributions of the variables of interest. Multiple linear
regressions were conducted to examine multivariate associations
between demographics (ie, age, sex, race, and education) and
cognitive variables (ie, ECog, cognitive composite scores, and
cognitive status) on all feasibility and adherence measures.
Separate models were conducted for each cognitive variable to
avoid multicollinearity. As the dependent variables were not
normally distributed, we used bootstrapping (5000 replications)
to estimate robust SEs and CIs for coefficients, leading to more
reliable testing of significance.

All analyses were conducted using SPSS software (version 28.0;
IBM Corp) or, for bootstrapped regressions only, R (version
2023.12.1+402; R Foundation for Statistical Computing).

Results

Participant Characteristics
A total of 44 older adults ranging in age from 55 to 83 years
participated and were included in the feasibility and adherence
analyses. On average, participants were college educated with
estimated IQ scores in the high average range (Table 2).
Self-report of cognitive and functional decline was well within
the normal range (ECog; range 1-2.5). The cognitive composite
T score ranged from 35.40 to 63.40. The sample comprised
mostly women (26/44, 59%) and primarily individuals
identifying as Black or African American (11/44, 25%) or
White, non-Hispanic (31/44, 70%). Of the 44 participants, 8
(18%) met the Jak-Bondi criteria for MCI. The participants were
relatively active, with an average of 5999.74 (SD 2872.38) steps
per day. Of the 44 participants, 17 (39%) owned a smartwatch
before the study, with most owning a Fitbit device (n=9, 50%)
or an Apple Watch (n=9, 50%). Those who currently or
previously owned a smartwatch reported the main motivations
for use as activity monitoring, followed by improving fitness
and improving health. Of those who had not owned a
smartwatch, most (17/44, 39%) indicated that they would
consider buying one after their study experience.
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Table 2. Participant characteristics and smartwatch feasibility measures (n=44).

ValuesVariables

Participant characteristics

68.48 (7.22)Age (y), mean (SD)

16.41 (2.08)Education (y), mean (SD)

26 (59)Sex: female, n (%)

Race and ethnicity, n (%)

1 (2)Asian

11 (25)Black or African American

1 (2)White, Hispanic

31 (70)White, non-Hispanic

8 (18)MCIa, n (%)

110.84 (7.59)Estimated IQ, mean (SD)

1.41 (0.39)ECogb score, mean (SD)

51.69 (5.68)Cognitive composite score, mean (SD)

5999.74 (2872.38)Daily step count, mean (SD)

17 (39)Smartwatch ownership before study, n (%)

“If you already currently own and use a smartwatch or have previously, what is or was your main motivation for using the smartwatch?
Select all that apply,” n (%)

15 (34)To monitor activities

15 (34)Improve fitness

12 (27)Improve health

7 (16)Keep up with new technology

2 (4)Improve appearance

“If you do not already own a smartwatch, would you consider buying one after this experience?” n (%)

17 (39)Yes

10 (24)No

17 (39)Already have smartwatch

Smartwatch feasibility and adherence measures, mean (SD)

98.00 (6.86)Percentage correct of consent comprehension

17.93 (6.89)Average training time (min)

21.04 (1.53)Average daily smartwatch wear time (h)

92.00 (10.39)Percentage of valid smartwatch days

94.00 (9.58)Percentage of completed daily surveys

aMCI: mild cognitive impairment.
bECog: Everyday Cognition.

Retention Rate and Duration of Monitoring Period
A total of 47 participants were enrolled, of whom 1 (2%)
dropped out after 1 day citing discomfort from the smartwatch
band being too tight. All other participants (46/47, 98%)
completed the study. However, 2 (4%) of these 46 participants
were excluded from feasibility data analysis: 1 (50%) was
excluded because their monitoring period was extended to 46
days due to a smartphone malfunction, and they did not complete
the EMA survey for 1.5 weeks during the originally scheduled

28-day study; consequently, they were asked and agreed to
extend their monitoring period. As a result, this participant was
excluded from the analytic sample used for feasibility and
adherence analyses. No other participants extended their
monitoring period for reasons other than scheduling conflicts.
Another participant was excluded due to mobility issues. Thus,
the final analytic sample for the feasibility analyses comprised
44 participants.

The number of days monitored with the smartwatch ranged
from 27 to 35. The mode for study days was 27 days,
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corresponding to exactly 4 weeks because the date of the initial
study visit was excluded from analyses. The average number
of days in the study was 29 (SD 3.46) days. Feasibility and
adherence measures were computed using all available
monitoring days.

Feasibility and Adherence
Average feasibility and adherence measures are shown at the
bottom of Table 2.

Comprehension Quiz
On average, participants obtained a score of 97% (range
70%-100%) correct on the consent comprehension quiz,
approaching a perfect average score. The most frequently missed
response was indicating “yes” to “Using the Garmin and
Labfront apps will help improve my cognitive functioning.”

Training Time
Participants took an average of 17.93 (range 12-53) minutes to
complete the study training during study visit 1. Training time
was mostly spent independently practicing study tasks, such as
syncing apps.

Smartwatch Adherence
Of the 44 participants, 11 (25%) did not wear the watch for at
least 1 entire day (n=9, 20% missed only 1 d; n=1, 2% missed

2 d; and n=1, 2% missed 4 d). All participants wore the watch
for ≥16.67 h/d for ≥14 days during the monitoring period. Of
the 44 participants, 5 (11%) had ≥27 days of wear time that
exceeded 16.67 h/d. On average, participants exceeded 16.67
h/d of wear time on 92% (range 53%-100%) of total study days.
As the monitoring period extended beyond 4 weeks for some
participants due to scheduling conflicts, watch adherence
measures also were calculated over 27 days, with the average
percentage of days exceeding 16.67 h/d of wear time remaining
unchanged at 92% (range 55%-100%).

On average, participants wore the watch for 21 (range
15.71-22.44) h/d across the 4-week study period. Of the 44
participants, 3 (7%) had an average wear time of <18 h/d, 2
(5%) had an average wear time of <16.67 h/d, and 39 (89%)
wore the watch for ≥20 h/d on average.

The distribution of average watch wear time per week is shown
in Figure 1. Pairwise 2-tailed t tests showed no significant
difference in average wear time across the 4 weeks (refer to
Multimedia Appendix 1 for full results).

As shown in Figure 2, on average, 91% (40/44) of the
participants wore the watch for at least 19 h/d, within 4 hours
of the required 23 h/d. In fact, on average, participants on
average wore the watch for 21 h/d, within 2 hours of the required
23 h/d.

Figure 1. Daily wear time across participants was averaged across weeks 1 to 4 in the study. The y-axis represents the mean daily smartwatch wear
time in hours. The error bars represent –1 to +1 SD.
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Figure 2. Average wear time discrepancy for the entire sample. The y-axis represents each participant’s average daily wear time subtracted from the
required 23 h/d. The x-axis shows participant ID numbers from the feasibility analyses. Each dot represents a participant.

EMA Survey Adherence
On average, participants completed surveys on most study days
(94%; range 58%-100%). Of the 44 participants, 3 (7%)
completed <70% of the surveys, while 41 (93%) completed
>85% of the daily surveys.

Correlations Among Smartwatch Feasibility and
Adherence Metrics
As shown in Table 3, a greater percentage of daily surveys
completed was significantly associated with longer study

training time, but the P value for this association did not survive
Bonferroni correction (ie, P=.005 and below). Correlations
between the 2 measures of smartwatch adherence and between
smartwatch adherence measures and the percentage of daily
surveys completed were significant and survived correction for
multiple comparisons. The correlations indicated that
participants who completed a higher percentage of daily surveys
also wore the watch for longer durations and had more days of
valid smartwatch wear time.

Table 3. Correlation coefficients among smartwatch feasibility and adherence metrics.

Percentage of valid smart-
watch wear days

Percentage of daily surveys
completed

Study training timeConsent comprehension percent-
age correct

Variables

Study training time

———a0.055r

———.77P value

Percentage of daily surveys completed

——0.298–0.016r

——.049.92P value

Percentage of valid smartwatch wear days

—0.5440.0180.230r

—<.001.91.13P value

Daily wear time

0.7780.5790.0910.095r

<.001<.001.56.54P value

aNot applicable.
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Associations Between Participant Characteristics and
Feasibility and Adherence Metrics
As shown in Table 4, only age and self-reported cognitive and
functional decline (ECog) were significantly associated with
feasibility and adherence metrics. Specifically, older participants

required longer study training times, and participants who
reported greater cognitive and functional decline (ECog) had
lower daily average wear time. However, these significant
correlations did not survive Bonferroni correction (P=.003). No
other correlation coefficients were statistically significant (Table
4).

Table 4. Correlation coefficients between smartwatch feasibility metrics and demographic and clinical factors.

Daily wear
time

Percentage of valid
smartwatch wear days

Percentage of daily sur-
veys completed

Study training
time

Consent comprehension percent-
age correct

Variables

Age

0.006–0.0230.1650.403–0.164r

.97.88.28.007.29P value

Education

–0.108–0.092–0.1970.0290.041r

.48.55.20.85.79P value

Cognitive composite scores

0.1550.1020.037–0.0020.216r

.31.51.81.99.16P value

ECoga

–0.393–0.261–0.221–0.206–0.102r

.009.09.15.19.51P value

aECog: Everyday Cognition.

There were no significant sex differences in consent
comprehension, training time, watch adherence measures, or
the percentage of daily surveys completed (data reported in
Multimedia Appendix 1). Participants with MCI and those with
healthy cognition differed on only 1 measure (data reported in
Multimedia Appendix 1): participants with MCI (median 20.64,
IQR 2.74 h) had significantly lower daily wear time than
participants with healthy cognition (median 21.53, IQR 1.18 h;
U=71.00; P=.03). This result is consistent with the significant
correlation between ECog and daily wear time reported in Table
4, suggesting an association between lower cognitive abilities
and less smartwatch wear time.

Between-group analyses comparing Black and White
participants were not statistically significant, except for daily
wear time (data reported in Multimedia Appendix 1). Black
participants (median 20.76, IQR 0.91 h) had significantly lower
daily smartwatch wear time than White participants (median
21.83, IQR 1.02 h; U=74.00; P=.004).

Multivariate associations between participant characteristics
and feasibility and adherence metrics were investigated using
multiple regression analyses with bootstrapping to estimate the
significance of the coefficients. Separate regressions were run,
including one for each cognitive variable (cognitive composite
scores, ECog, and cognitive status; refer to Multimedia
Appendix 1 for all tables), to avoid multicollinearity. The results
showed that race remained a significant predictor of daily wear
time, even after controlling for age, sex, education, and measures
of cognition, with White participants having longer daily wear
times than Black participants. Multivariate analyses also showed
that age was significantly associated with training time even

after controlling for sex, education, race, and measures of
cognition, with older age associated with longer study training
time. By contrast, associations between the measures of
cognition and feasibility and adherence metrics were not
statistically significant in regression analyses, including
demographic variables (age, sex, education, and race).

Usability Survey
The results of the usability survey are shown in Table 5 (Garmin
smartwatch) and Table 6 (Labfront smartphone app). Overall,
participants expressed favorable views of both the smartwatch
and the smartphone apps and especially enjoyed their
involvement in research. When asked, “Would you wear this
Garmin smartwatch without being asked to wear it as part of
the study?” 55% (25/45) of the sample reported “yes.” However,
all participants indicated they were likely (11/45, 24%) or very
likely (34/45, 76%) to participate in a future study asking them
to wear a Garmin smartwatch daily. Of the 45 participants, 36
(80%) either somewhat or strongly agreed that they had a
positive experience using the Garmin smartwatch during the
study period (Table 5). Most of the participants (31/45, 68%)
reported that the smartwatch was comfortable or very
comfortable. Most of the participants (32/45, 71%) were
satisfied or very satisfied with the functioning of the watch. The
majority of the complaints about the smartwatch were regarding
low battery life (17/45, 38%), followed by discomfort (8/45,
18%) and technical issues (8/45, 18%). Of the 45 participants,
17 (38%) reported no complaints about the smartwatch.
Participants suggested the following improvements for the
watch: changing wristband material (18/45, 40%), increasing
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the display size (15/45, 33%), and increasing the wristband size (10/45, 22%).

Table 5. Smartwatch usability and satisfaction (n=45).

Participants, n (%)Survey items

“How comfortable was the smartwatch?”

20 (44)Very comfortablea

11 (24)Comfortable

10 (22)Somewhat comfortable

4 (9)Not comfortable

“Did you wear it overnight every night?”

44 (98)Yes

“How satisfied were you with the functioning of the watch (i.e. you were able to tell date/time easily)?”

18 (40)Very satisfied

14 (31)Satisfied

9 (20)Somewhat satisfied

4 (9)Not satisfied

“Do you have any complaints about using the Garmin Vivosmart 4 watch?”

17 (38)None

8 (18)Technical issues

2 (4)Doesn’t fit

8 (18)It’s uncomfortable

17 (38)Low battery life

6 (13)Problems with the screen

“Overall, I had a positive experience using the smartwatch.”

0 (0)Disagree strongly

3 (7)Somewhat disagree

5 (11)Neutral

18 (39)Somewhat agree

19 (43)Agree strongly

“What would you change to improve the comfort of wearing the Garmin smartwatch?”

15 (33)No changes needed

9 (20)Improve wristband clasp function

15 (33)Increase display size

18 (40)Change material of wristband (cloth, material)

10 (22)Other (increase size of wristband)

“How satisfied were you with charging the battery of the Garmin smartwatch?”

10 (22)Very satisfied

19 (44)Satisfied

11 (24)Somewhat satisfied

4 (9)Not satisfied

“Did the watch ever run out of battery while you were wearing it?”

17 (38)Yes (those who answered yes, indicated between 1 and 5 times)

aItalicized text indicates the most frequent response.
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App usability and overall experience are reported in Table 6.
Of the 45 participants, 41 (91%) were satisfied or very satisfied
with the syncing process of both apps (Garmin and Labfront).
Of the 45 participants, 35 (78%) indicated that they agreed or
strongly agreed that the Labfront app was easy to use and that

they felt very confident using it. Importantly, 64% (29/45) of
the participants had a positive or extremely positive experience
with the Labfront app. Moreover, 71% (32/45) of the participants
indicated that the Labfront app was easy to use or extremely
easy to use (Table 6).

Table 6. App usability and overall experience (n=45).

Participants, n (%)Survey items

“How easy was it to sync the watch every day with the Labfront and Garmin apps?”

32 (71)Very satisfieda

9 (20)Satisfied

1 (2)Somewhat satisfied

3 (7)Not satisfied (issues included having to try a couple of times to sync the Labfront app)

“I thought Labfront was easy to use”

3 (7)Strongly disagree

5 (11)Disagree

2 (4)Neither agree nor disagree

18 (40)Agree

17 (37)Strongly agree

“I felt very confident using the Labfront app”

2 (4)Strongly disagree

2 (4)Disagree

4 (9)Neither agree nor disagree

18 (40)Agree

19 (42)Strongly agree

“I enjoy using the Labfront app”

1 (2)Strongly disagree

2 (4)Disagree

18 (40)Neither agree nor disagree

17 (38)Agree

7 (16)Strongly agree

“How would you rate your experience with the Labfront app?”

1 (2)Extremely negative

2 (4)Negative

13 (29)Neutral

23 (51)Positive

6 (13)Extremely positive

“How would you rate usability of the Labfront app?”

0 (0)Very difficult to use

3 (7)Somewhat difficult to use

10 (22)Neutral

23 (53)Easy to use

8 (18)Extremely easy to use

aItalicized text indicates the most frequent response.
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Discussion

Principal Findings
Overall, the results demonstrated that our longitudinal study
requiring daily wear of a smartwatch and daily EMA survey
completion in a racially diverse sample of older adults was
feasible with excellent adherence. Participants with cognitive
impairment and those without wore a commercially available
smartwatch during waking and sleep hours for 4 weeks for an
average of 21 h/d and showed an average response rate of 94%
to daily EMA surveys. Only 1 (2%) of the 47 enrolled
participants refused to complete the study after informed consent
due to discomfort with the watch fit. On the basis of the results
of our consent comprehension quiz, participants had no difficulty
understanding the study procedures and risks, and completed
smartwatch and app training in 18 minutes on average. After
consent and training, participants remained in the study for at
least 28 days. Average wear time did not decline significantly
over the course of the study and on average never fell below 20
h/d. Although there are no benchmark standards for indicating
good smartwatch adherence, a recent systematic review of
activity trackers to monitor physical activity suggested that 3
valid days of at least 10 h/d may be a good adherence threshold
for a week-long study [38]. Another study defined a “valid day”
as one that includes at least 16.67 hours of data or at least 600
one-minute epochs of nonzero heart rate values [37]. In our
study, participants wore the study watch for >16.67 h/d on 92%
of the days on average. Thus, our results exceed the recent
suggestions for adherence and validity and show strong support
for the feasibility and adherence of our protocol to monitor older
adults.

Smartwatch feasibility and adherence metrics were associated
with each other as expected, and EMA survey adherence also
was related to smartwatch adherence measures. However,
feasibility and adherence metrics were differentially related to
participant factors, indicating the importance of measuring
adherence to each feature of a smartwatch and EMA study
separately. EMA survey adherence was not related to any
participant characteristic and was uniformly high, possibly
because participants received smartphone reminder alarms to
complete the daily survey and sync the apps at predetermined
times at night before bedtime. There was no comparable alert
to prompt participants to wear the smartwatch during the day
or night. Future studies should consider adding prompts to
facilitate smartwatch adherence.

In contrast to past studies [21], we observed no associations
between participant’s sex or education level on any measure of
adherence and feasibility in our diverse sample. Smartwatch
adherence was associated with race such that White participants
wore the smartwatch for more hours per day (daily wear time)
than Black participants during the study period. The effect of
race remained significant, even after controlling for other
demographic variables, including age, education, and cognition.
The reason for the race difference is unknown but may be
explained by different beliefs, attitudes, or daily habits between
the racial groups. As wear time is measured using the
photoplethysmography sensor, which relies on the absorption

of infrared light into the skin, it is possible that the measures
might have been less accurate for people with darker skin tone.
If replicated, cultural factors and potential sensor limitations
related to skin tone, which might explain racial differences in
adherence, should be systematically explored. Although Black
and White participants differed in daily wear time, race did not
influence the percentage of days that reached the 16.67-hour
threshold for “valid” wear time. Thus, the race difference in
daily wear time was small and potentially inconsequential.
Furthermore, race was not associated with any other feasibility
and adherence measure.

Although cognitive ability level (both self-reported cognitive
decline and MCI status) was associated with daily wear time in
bivariate analyses, the effect of cognition was not significant
in multiple regression models. These results contrast with past
research that has shown cognitive ability to be related to
adherence; for example, memory ability was related to adherence
in a study requiring the daily syncing of a Fitbit device in a
sample of older adults without cognitive impairment [21]. Our
study protocol, including training and supports during the
monitoring period (eg, the take-home binder and twice daily
alarms [in the morning to charge the watch and at night to sync
the apps and complete the surveys]) may have helped
participants with cognitive difficulties adhere to the smartwatch
wear requirements and EMA survey.

Age was not associated with watch or survey adherence, which
is consistent with the results from a recent smartphone digital
phenotyping study [15]. However, similar to a recent study from
our laboratory [13], we found that age was associated with
training time such that older participants required longer training
times in the laboratory to learn how to sync the study-related
apps and complete the daily EMA survey on their smartphone.
The training required participants to independently complete
each activity (syncing apps, charging the smartwatch, and
completing the EMA survey) while a member of the study team
observed, answered questions, and provided feedback. On
average, participants took <20 minutes to complete the training.
Older participants may have taken longer to complete the
training due to lower digital literacy; they may have required
more practice and may have asked more questions during the
training. Although the number of people aged >65 years owning
smartphones in the United States has steadily increased over
the past decade, digital literacy is generally lower in older adults.
The longer training time and the take-home binder, which
summarized the training for review during the study period,
may have consequently minimized age effects on smartwatch
and daily EMA survey adherence. Smartwatch studies that
incorporate a “human in the loop” have been found to have
higher adherence than fully remote studies [15]. Even if a study
is conducted fully remotely, providing some contact with study
personnel (via teleconference) or training resources (in the form
of a training binder, video tutorial, website, or web-based
helpline) could be quite beneficial to increasing adherence,
especially for older adults with low digital literacy.

Participants generally demonstrated solid knowledge of the
informed consent information, including issues related to data
security and privacy that are relevant to research using wearable
devices; for example, responses to the study consent quiz
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showed that participants understood that the study apps were
Health Insurance Portability and Accountability Act–compliant
and that they had control over their data such that they had the
right to delete their study data at any time. In contrast to a study
on smartphone digital phenotyping that found that education
and race were associated with quiz accuracy [13], percentage
correct on the consent comprehension quiz was not significantly
related to any of the participant demographic factors, possibly
because the scores on the quiz had little variability (ie, ceiling
effects). Similar to a past study [13], the most frequently
incorrect question concerned the potential benefits of the study,
with many participants incorrectly reporting that their
participation would improve their cognitive abilities. In these
cases, the comprehension quiz enabled the study team to explain
that wearing the smartwatch had no clear benefit and possibly
preclude participants’ disappointment at the end of the study.

Smartwatch usability reports were largely very positive, with
most of the participants (37/45, 82%) agreeing that they had a
positive experience using the Garmin Vivosmart 4 smartwatch
in the study as well as high satisfaction regarding its comfort
and functioning. This is in line with past research showing that
the Garmin Vivosmart was rated as the most usable and
acceptable smartwatch compared to 5 other smartwatches by
older adults in a small study [39]. Although participants
indicated that they needed to charge the Garmin Vivosmart 4
smartwatch daily, they were generally satisfied with battery
life. Regarding app usability, almost all participants were
satisfied with the syncing process of the Labfront and Garmin
Connect apps (42/45, 93%), felt that the Labfront app was easy
to use (35/45, 78%), and reported a positive experience using
the Labfront app (29/45, 64%). There are currently no other
studies examining the usability and acceptability of the Labfront
and Garmin Connect apps.

Regarding the usability of the smartwatch and apps, participants
were generally satisfied with the smartwatch and reported that
they would wear it again in another study. It is important to
consider that most of the participants (44/45, 98%) reported
having to charge the watch daily, and low battery life was the
most frequently cited complaint about the smartwatch. Thus,
in future studies, participants should be trained and prompted
to charge watches and other digital devices, and they should be
informed about battery limitations to preclude complaints and
dissatisfaction. Multiple chargers, including portable batteries,
may be offered to participants to improve usability. Despite
minor complaints regarding charging, most of the participants
(37/45, 82%) reported a positive experience during the study
using the smartwatch. Participants also reported high satisfaction

and ease of use of the Labfront and Garmin apps, which were
used for daily syncing to enable sensor and EMA data to be
transmitted to the research team. Taken together, our findings
are generally in line with prior research showing good
acceptability and usability of wearable devices in research
studies involving older adults [21].

Limitations
Although our sample included older adults of different races,
the sample was relatively small and highly educated.
Furthermore, only 8 (18%) of the 44 participants had MCI;
therefore, analyses comparing participants with MCI and those
with healthy cognition were underpowered. However, cognitive
effects on adherence were also examined with a composite test
score and self-reports of cognitive and functional abilities
(ECog). Moreover, our monitoring period was limited to a
4-week period; therefore, the conclusions may not generalize
to longer periods. Importantly, our study incorporated several
supports for participants such as in-person training, a take-home
binder, contact with study personnel, and reminder alarms set
for times specified by participants. These study features likely
influenced the high adherence to smartwatch wear and EMA
survey completion in our study compared to fully remote studies
with little to no support from study personnel. In addition, our
study’s EMA survey imposed minimal demands because it was
required only once daily and completed at a time preferred by
participants.

Conclusions
This study demonstrated the feasibility of a combined
smartwatch monitoring and daily EMA study requiring nearly
24-hour wear time daily for a month in racially diverse older
adults, including those with cognitive impairment and those
without. Smartwatch feasibility and adherence metrics were not
significantly intercorrelated and were differentially related to
participant characteristics. The inclusion of a guided training
for older adult participants on study procedures as well as a
take-home binder and smartphone reminder alarms to complete
study steps (syncing apps, charging the smartwatch, and
completing the daily EMA survey) may have contributed to
strong adherence and feasibility in this study, regardless of
cognitive impairment. Participants reported high satisfaction
regarding the usability of both the Garmin Vivosmart 4
smartwatch and Labfront app. Overall, longitudinal monitoring
using a commercially available smartwatch with a daily EMA
survey is acceptable and feasible for collecting nearly continuous
data in Black and White older adults, including those with
cognitive impairment and those without.
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EMA: ecological momentary assessment
MCI: mild cognitive impairment
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Abstract

Background: In 2024, Zhejiang Province introduced a new policy offering free influenza vaccinations to individuals aged 60
years and older. However, the vaccination willingness among the newly eligible 60-69 years age group remains ambiguous in
comparison to those aged 70 years and older.

Objective: This study aimed to evaluate the willingness of individuals aged ≥60 years in Zhejiang Province, China, to receive
free influenza vaccines under a newly implemented policy. It further explored their sources of influenza-related health information
and identified key determinants of vaccination hesitancy across age subgroups.

Methods: A cross-sectional survey was conducted using multistage convenience sampling via on-site questionnaires. Structured
questionnaires were administered to 7162 eligible participants aged ≥60 years from March to May 2024. Valid responses (n=7103;
response rate: 99.18%) were analyzed via logistic regression and Kruskal-Wallis tests.

Results: Overall vaccination willingness was 73.15% (5196/7103), with 11.71% (832/7103) refusal and 15.14% (1075/7103)
hesitancy. Key predictors of hesitancy included male gender (odds ratio [OR] 1.27, 95% CI 1.05‐1.54), ages 60‐69 years (OR
1.46, 95% CI 1.06‐2.02), corporate employment (OR 0.75, 95% CI 0.58‐0.98), and absence of chronic diseases (OR 2.06,
95% CI 1.44‐2.96). The 60‐69 year age group demonstrated lower awareness of the free policy (61.9% vs 73.72% in the ≥70
years group; H=61.25, P<.001) but higher engagement with social media (WeChat [Tencent Holdings Limited]: H=345.44;
TikTok [ByteDance Ltd]: H=294.66; P<.001) for health information.

Conclusions: Despite high willingness, knowledge gaps persist, particularly among adults aged 60‐69 years. Targeted
dissemination of policy information via social media platforms (eg, WeChat and TikTok) and community-driven campaigns is
recommended to enhance vaccination uptake. This approach may serve as a model for regions implementing similar policies.
Future studies should track actual vaccination uptake postpolicy and explore artificial intelligence–driven social media interventions
to boost engagement.

(JMIR Hum Factors 2025;12:e73940)   doi:10.2196/73940
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Introduction

Influenza, a prevalent seasonal acute respiratory infectious
disease, exhibits an escalating incidence rate in China [1]. The
virus is characterized by its high antigenic variability and rapid
transmission, resulting in annual epidemics. Globally, influenza
is responsible for approximately 390,000 deaths annually, with
two-thirds of these fatalities occurring among older adults [2].
In China, individuals aged ≥60 years account for 80% of the
nation’s influenza-associated excess respiratory mortality [3].
Within Zhejiang Province, surveillance data from 2009 to 2021
indicate 990,016 reported cases and 8 deaths, with estimated
actual cases 12.11-fold higher than reported [4]. Influenza

vaccination—recognized as the most cost-effective intervention
for preventing respiratory infections by the Chinese Center for
Disease Control and Prevention [5]—reduces disease burden,
hospitalizations, and mortality in older adults [6,7]. A 2013
meta-analysis of 95 studies confirmed vaccination prevents 28%
of complications, 39% of influenza-like illnesses, and 49% of
confirmed cases in this demographic [8].

The influenza vaccination uptake among the older population
in China has traditionally been low. For instance, during the
2011‐2012 flu season, only 4.3% of individuals aged ≥60 years
in 9 Chinese cities were vaccinated against influenza [9]. This
rate further declined to 3.8% in the 2014‐2015 flu season [10].

JMIR Hum Factors 2025 | vol. 12 | e73940 | p.3678https://humanfactors.jmir.org/2025/1/e73940
(page number not for citation purposes)

Zhao et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/73940
http://www.w3.org/Style/XSL
http://www.renderx.com/


However, in recent years, there has been a marked increase in
the vaccination rate among older adults, attributable to the
Chinese government’s heightened emphasis on vaccinations
for older adults. This surge is particularly noticeable in the
aftermath of the COVID-19 outbreak and the introduction of
free influenza vaccination policies by certain local governments.
In the 2020‐2021 and 2021‐2022 periods, free influenza
vaccinations were offered in 195 and 226 counties and districts,
respectively, leading to vaccination rates of 45.7% and 32.9%
among the older populations in these regions [11]. Despite this
progress, the influenza vaccination rate among older adults in
China remains below the World Health Organization’s target
of 75%.

In China, influenza vaccines were categorized as Category II,
necessitating voluntary self-funded vaccination by residents
[12]. This classification contributed to the low uptake of
influenza vaccination. However, with China’s economic
progression, policies granting free influenza vaccinations to
individuals aged ≥60 years were first introduced in major cities,
including Beijing, Shanghai, and Shenzhen [13-15]. Extensive
research confirmed that these measures substantially elevated
both the willingness and rate of influenza vaccination among
older adults. As a result, the initiative extended to other regions,
encompassing areas within Zhejiang and Shandong provinces
[16,17]. Notably, Zhejiang Province was among the pioneers
in this endeavor. Specific counties and districts, such as Taizhou
and Ningbo [18,19], began offering complimentary influenza
vaccinations to those aged ≥60 years from 2017, aligning with
local government initiatives for public welfare. By 2020,
Zhejiang had fully adopted the policy for residents aged ≥70
years [16], and by 2024, it was expanded to cover all residents
aged ≥60 years in the province [20].

Several studies have examined influenza vaccination willingness
in Chinese regions with similar policies. In Beijing (free for
≥60 years since 2007), willingness reached 76.61% post policy
implementation [21]. Shanghai reported 80.6% willingness
among adults ≥50 years [22], while Hangzhou (Zhejiang’s
capital) observed 85.98% uptake in the ≥70 year age group
under free vaccination [16]. Lower willingness was noted in
non–first-tier cities (eg, 60.7% in Chongqing [23] and 53.66%
in Kaifu District, Changsha [24]). These studies consistently
identified policy awareness, income level, and prior vaccination
history as key determinants. However, no prior study has
assessed the newly eligible 60‐69 year age group in a
province-wide free vaccination program, highlighting the
necessity of this investigation.

Despite the existing circumstances, the influenza vaccination
rate among individuals aged ≥60 years in Zhejiang Province
was a mere 21.76% [25] prior to the introduction of the universal
free influenza vaccination policy for this age group. The
potential impact of this policy on vaccination rates, particularly
among those aged between 60 and 69 years old, remains
uncertain. However, an individual’s willingness to receive the
flu vaccine is a critical factor influencing vaccination rates; the
stronger the willingness, the higher the likelihood of actual
vaccination [26,27]. Given this context, our study aims to (1)
analyze the willingness to receive the influenza vaccine and its
determinants among individuals aged ≥60 years in Zhejiang

Province under the free vaccination policy in 2024, (2)
investigate the ways from which different age groups of older
individuals acquire knowledge about influenza prevention and
treatment, and (3) identify the primary reasons why different
age groups of older individuals are willing or unwilling to get
vaccinated against influenza.

Methods

Study Setting, Sampling and Recruitment Procedure
Zhejiang was a province located in the southeastern part of
China with a population of 66 million at the end of 2023. Among
this population, approximately 14 million individuals were aged
≥60 years, representing about 21.5% of the total population. In
addition, Zhejiang had experienced the second-largest influx of
migrant workers in China and remained a significant province
for this demographic group. This situation further increased the
risk of infectious disease transmission among them.

The policy was announced via government portals in January
2024. After 2 months for policy dissemination, a questionnaire
survey was administered from March to May 2024 to the
selected participants. Inclusion criteria were as follows: (1) aged
≥60 years, (2) residents of the selected community or village,
and (3) individuals who were informed about the study’s content
and purpose and voluntarily agreed to participate. Exclusion
criteria included (1) plans to be away from the community or
village for more than 3 months in the upcoming year, (2)
cognitive impairments that hindered normal communication,
and (3) lack of cooperation with the study and poor compliance
(Multimedia Appendix 1).

Measures
The instrument was developed based on the World Health
Organization flu vaccine hesitancy scales. Cognitive testing
was conducted with 20 older participants in January 2024,
followed by a pilot survey in 2 communities (n=200). Cronbach
α improved from 0.68 to 0.765 after revising items with poor
discrimination (item-total correlation <0.2).

The self-developed questionnaire was composed of 3 different
parts, including sociodemographic information, knowledge on
influenza prevention and treatment, and reasons for willingness
or unwillingness to receive influenza vaccination (Multimedia
Appendix 2).

Sex, age, ethnicity, marital status, family structure, education,
occupation, income, chronic illness status, and history of
influenza vaccination were included in sociodemographic
information.

The section of knowledge on influenza prevention and treatment
consisted of 11 items, segmented into 3 categories: basic
knowledge of influenza, knowledge on preventing influenza,
and understanding of influenza vaccination. The fundamental
knowledge contained 7 single-choice questions. The influenza
prevention knowledge had 1 multiple-choice question, while
the influenza vaccination knowledge comprised 3 questions,
with 2 being single-choice and 1 a multiple-choice. Each correct
answer in the single-choice section was allocated 1 point,
whereas a completely accurate response in the multiple-choice
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section was given 2 points. Incorrect answers, whether due to
overselection, underselection, incorrect selection, or omission,
were not awarded any points. The maximum possible score was
13, known as the influenza prevention knowledge score. Each
of the 7 items had a content validity index greater than 0.8 and
the overall Cronbach α coefficient was 0.765. The
Kaiser-Meyer-Olkin measure was 0.855 and the Bartlett test P
value was less than .01, indicating adequate reliability and
validity.

The section of reasons for willingness or unwillingness to
receive influenza vaccination consisted of 3 questions: “How
do you learn about health information?,” “Why are you willing
to get a flu vaccine?,” and “Why haven’t you received the flu
vaccine?” The 3 questions mentioned above were all presented
in a multiple-choice format for respondents.

The following were also taken into consideration during data
collection:

• Occupation: for older respondents, if they are retired, record
the occupation they were engaged in before retirement. If
they are still working, record their current occupation.

• Income: personal monthly income refers to the total amount
of taxable income earned by an individual within a tax
month. For older respondents, sources of income include
both wages (or pensions) and other types of income
combined.

• Chronic diseases refer to conditions that have been
definitively diagnosed by a physician, including
hypertension, diabetes mellitus, hyperlipidemia, chronic
obstructive pulmonary disease, bronchitis, stroke, coronary
artery disease, and tumors.

Data Analysis
A database was constructed using EpiData 3.1 software (EpiData
Association), with data entry executed in duplicate to ensure
accuracy. Statistical analysis was performed using SAS Viya
Long-Term Support 2024.03 (SAS Institute). Descriptive
analysis was used to examine demographic characteristics, and
the Kruskal-Wallis (H) test was used for this purpose. ANOVA
(F test) was conducted to compare scores related to influenza
prevention and treatment knowledge. Multivariate logistic
regression analysis was implemented to identify factors that
influence vaccination intention. A P value less than .05 was
deemed statistically significant.

The dependent variable is influenza vaccination willingness
(positive=1; hesitation=2; negative=3). The term “positive” is
used to denote survey participants who explicitly stated their
willingness to receive the influenza vaccine. The term
“hesitation” refers to those who demonstrated hesitancy, while
“negative” pertains to individuals who clearly expressed their
unwillingness to receive the vaccine. The independent variables
consistently included in all models are as follows: sex (male=1;
female=2), age (60‐69 years old=1; 70‐79 years old=2; aged
≥80 years old=3), marital status (unmarried=1; married=2;
unmarried or divorced or widowed=3), family structure (solitary
living=1; living with spouse or children=2; living with spouse
and children=3; other=4), education level (primary school or
lower=1; middle school=2; high school or technical school=3;

college or higher=4), occupation (agency or institutional
personnel=1; medical staff=2; farmers corporate staff=3; sole
proprietors=4; other=5), chronic illness status (none=1; 1 to
2=2; 3 or more=3), history of influenza vaccination (yes=1;
no=2), and income (less than 2000 RMB [approximately US
$281]=1; 2000‐4999 RMB [approximately US $281-$703]=2;
5000‐10,000 RMB [approximately US $703-$1407]=3; more
than 10,000 RMB [approximately >US $1407]=4; unclear=5).
All conversions from RMB to US $ are based on the average
exchange rate on March 1, 2024 (US $1=7.1066 RMB).

Ethical Considerations

The study was conducted in accordance with the Declaration
of Helsinki. Informed consent was obtained from all participants
or their guardians. Each participant received a small gift valued
at 100 RMB (approximately US $14) as compensation.
Surveyors recorded responses without personal identifiers; data
were anonymized during electronic entry using coded IDs. The
study protocol was approved by the ethics committee of the
Zhejiang Provincial Center for Disease Control and Prevention
(2022-016-02).

Results

Demographics and Univariate Analysis of Vaccination
Willingness
In 2024, a total of 7162 individuals were surveyed, yielding
7103 valid responses, reflecting a response rate of 99.18%. The
gender distribution was nearly equal, with 3566 males and 3537
females. Approximately 91.9% (6533/7103) of the participants
were between the ages of 60 to 79 years, while only 8.0%
(570/7103) were aged 80 years or older. Over half of the
respondents (4577/7103, 64.4%) had an educational level at or
below primary school, and more than 80% (5969/7103) reported
an average monthly income of less than 5000 RMB
(approximately US $703).

The univariate analysis results revealed that factors such as sex,
age, marital status, family structure, education, occupation,
income, chronic illness status, and influenza vaccination history
significantly influenced respondents’ willingness to receive the
influenza vaccine. Of these, the most influential factor was
found to be influenza vaccination history. Respondents with a
history of influenza vaccination demonstrated a higher
willingness to be vaccinated compared to those who had never
been vaccinated (n=3572, 86.7% vs n=1624, 54.5%) against
influenza. Age was identified as the second most influential
factor. Respondents aged 70‐79 years expressed the highest
willingness to receive the vaccine (n=2389, 78.1%), while those
aged 60‐69 years showed the least willingness (n=2371,
68.3%). Medical staff showed the highest willingness to be
vaccinated compared to other occupational groups (n=176,
81.9%). Furthermore, respondents with chronic diseases were
more likely to express a willingness to receive the influenza
vaccine, although they also had a higher proportion of
unwillingness to be vaccinated (Table S1 in Multimedia
Appendix 3).
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Multivariate Analysis of Vaccination Willingness
A multivariate logistic regression analysis was performed, using
the willingness to receive the influenza vaccine as the dependent
variable and indicators that demonstrated statistically significant
differences in univariate analysis as independent variables. The
findings revealed that the 60‐69 year age group, medical staff,

individuals with chronic illnesses, and those who had a history
of influenza vaccination were all contributing factors to the
willingness to receive the influenza vaccine. Notably, residents
with a history of influenza vaccination were 7.82 times more
likely to express willingness to receive the influenza vaccine
compared to those without such a history (odds ratio [OR] 7.82,
95% CI 6.52‐9.39; P<.001) (Table 1).
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Table . The multivariate logistic regression results of factors associated with influenza vaccination willingness of participants.

ORa (95% CI)P valueWald χ2 (df)SEBDependent and independent variable level

Positive

Age (years)

1.46 (1.06‐2.02).025.36 (1)0.170.38    60‐69

1.84 (1.40‐2.41).700.15 (1)0.160.06    70‐79

—————b    ≥80 (Reference)

Occupation

1.07 (0.67‐1.69).790.07 (1)0.240.06    Agency or Institu-
tional personnel

1.12 (0.58‐2.18).740.11 (1)0.340.11    Medical staff

0.75 (0.58‐0.98).044.45 (1)0.13–0.28    Corporate staff

0.80 (0.62‐1.04).102.74 (1)0.14–0.22    Sole proprietors

—————    Farmers (Refer-
ence)

Chronic illness sta-
tus

1.44 (1.08‐1.93).016.12 (1)0.150.37    None

1.37 (1.05‐1.77).025.42 (1)0.130.31    1 to 2

—————    3 or more (Refer-
ence)

Influenza vaccina-
tion history

7.82 (6.52‐9.39)<.001490.76 (1)0.092.06    No

—————    Yes (Reference)

Hesitation

Sex

1.27 (1.05‐1.54).016.07 (1)0.100.24    Male

—————    Female (Refer-
ence)

Influenza vaccina-
tion history

1.76 (1.42‐2.19)<.00125.76 (1)0.110.57    No

—————    Yes (Reference)

Chronic illness sta-
tus

2.06 (1.44‐2.96)<.00115.51 (1)0.180.72    None

1.47 (1.05‐2.06).025.15 (1)0.170.39    1 to 2

—————    3 or more (Refer-
ence)

aOR: odds ratio.
bNot applicable.

Comparison of Influenza Prevention and Treatment
Knowledge Scores
The results showed that the scores for influenza prevention and
treatment knowledge among respondents aged 60‐69 years
was 6.5 (SD 3.19); among those aged 70‐79 years, it was 6.1

(SD 3.24), and among those aged ≥80 years, it was 5.2 (SD
3.37). There was a statistically significant difference in the
scores of influenza prevention and treatment knowledge among
different age groups (F2=45.55, P<.001), with older age groups
having lower scores.
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Access to Health Information
The findings indicated that television, doctors, and family
members were the main ways of obtaining health knowledge.
Compared to the 70‐79 and ≥80 year groups, individuals in
the 60‐69 year age group exhibited a higher propensity for
leveraging new media platforms such as WeChat (Tencent
Holdings Limited; H=345.44, P<.001) and TikTok (ByteDance
Ltd; H=294.66, P<.001) as primary ways for acquiring health
information. Despite high social media use (WeChat: n=1366,
39.34%), the 60‐69 year group’s policy awareness showed no
correlation with platform engagement (r=0.04, P=.11),
suggesting ineffective information diffusion (Table S4 in
Multimedia Appendix 4).

Reasons for Willingness to Receive Influenza
Vaccination
A questionnaire survey was conducted among respondents who
were willing to receive the influenza vaccine. The findings
indicated that the predominant reason influencing participants’
willingness to receive the influenza vaccine was “awareness of
the free vaccine policy.” Awareness of the free policy was
70.16% (2013/2869) overall but significantly lower in those
aged 60‐69 years (n=867, 61.9% vs n=2002, 73.72% in ≥70
year group; P<.001). In addition, statistically significant
differences among different age groups were noted for the
reasons “active promotion by the community” (H=6.740, P=.03)
and “awareness of the advantages of getting vaccinated”
(H=33.125, P<.001). No other reasons demonstrated a
statistically significant difference (Table S5 in Multimedia
Appendix 5).

Reasons for Unwillingness to Receive Influenza
Vaccination
The results indicated that “concerns about the necessity of
vaccination,” “not previously acknowledged or recognized,”
and “concerns about the effectiveness of vaccines” were the 3
primary reasons for respondents not willing to receive the
influenza vaccine. These reasons did not show any statistically
significant differences among different age groups. In
comparison, respondents in the ≥80 year group were more
concerned about the safety of the vaccine (H=10.96, P=.004).
Those in the 70‐79 year age group were more likely to refuse
the vaccine due to contraindications (H=28.40, P<.001), while
those in the 60‐69 year age group were more concerned about
the burden of vaccination (H=6.96, P=.03) (Table S6 in
Multimedia Appendix 6).

Discussion

Principal Findings
This study indicated that the willingness to receive the influenza
vaccine among residents aged ≥60 years in Zhejiang Province
was 73.15%, which was lower than the vaccination willingness
rates among the older population in first-tier Chinese cities such
as Beijing and Shanghai [21,22]. It was also lower than that of
Hangzhou, the capital city of Zhejiang Province, but higher than
that of other non–first-tier cities in China [23,24], as well as
higher than similar survey results from countries such as the
United States and Italy [28,29]. On one hand, after 3 years of

the COVID-19 pandemic, China had unprecedentedly intensified
its publicity efforts on respiratory infectious disease prevention,
significantly improving residents’ knowledge, attitudes, and
behaviors regarding respiratory infectious disease control [30].
On the other hand, the economic burden of influenza vaccination
affected residents’ willingness to get vaccinated, especially for
low-income middle-aged and older individuals. Whether the
vaccine was free played a crucial role in their decision to get
vaccinated [31].

This study found that older individuals who were female, aged
≥70 years, had a history of influenza vaccination, and had
chronic diseases were more willing to receive the flu vaccine.
This finding was consistent with some domestic studies [32,33].
The history of influenza vaccination was the most significant
factor influencing the willingness to vaccinate among the older
adults [26,34,35]. The willingness to vaccinate among the older
adults who had previously received the influenza vaccine was
7.823 times higher than that of those who had not. Prior
recipients may perceive reduced infection severity, but causality
between vaccination history and economic burden relief remains
unproven. Age was another important factor. Compared to those
aged ≥70 years, the willingness to receive the vaccine was
lowest among those aged 60‐69 years, who also had the highest
proportion of hesitation responses. The primary reason was
likely due to the recent implementation of a free influenza
vaccination policy for this age group in Zhejiang Province,
which many were still unaware of. The free vaccination policy
was one of the most crucial factors driving vaccination rates,
especially among low-income older populations [36]. When
examining reasons for willingness to vaccinate, it was found
that the proportion of those aware of the free vaccine policy in
the 60‐69 year age group was significantly lower than in other
age groups, further explaining their lower vaccination
willingness. However, encouragingly, the 60‐69 year age
group had a higher acceptance of the influenza vaccine and
better recognized its benefits.

To assess knowledge levels about influenza prevention and
treatment across different age groups, an 11-question
questionnaire was designed. Analysis showed that the 60‐69
year age group scored highest on the knowledge assessment,
yet they had the lowest willingness to vaccinate, contradicting
previous study in Hangzhou [16]. This discrepancy might be
attributed to the limited number of questions in their
questionnaire (consisting of merely 5 questions), which could
introduce randomness. To ensure the questionnaire’s accuracy
and reliability, it was repeatedly revised until both its reliability
and validity were satisfactory. Another analysis revealed that
despite higher educational levels, better mental health, and
stronger memory among the 60‐69 year age group, their
unfamiliarity with the newly introduced free vaccination policy
contributed to their lower vaccination willingness compared to
those aged ≥70 years.

This study found that television, medical staff, and family
members are the main ways for older adults to obtain health
information. In China, traditional media such as television
remains the primary source of health information for older adults
[16]. Despite this, their trust in doctors is higher [37]. It is
recommended that medical staff should be encouraged to
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strengthen the promotion of influenza vaccine policy and related
prevention knowledge among older adults, in order to better
help them establish a positive willingness to get vaccinated
against the flu and thus make the decision to receive the
influenza vaccine. What is different is that compared to those
aged ≥70 years, the 60‐69 year age group more often obtains
health information through television, while the ≥80 year age
group more often relies on family members for health
information. Therefore, for the newly implemented policy in
Zhejiang Province of free influenza vaccination for those aged
60‐69 years, it is advisable to promote this policy to the older
adults through local mainstream television media. This would
not only increase the coverage of the promotion but also enhance
its authority and credibility. It is worth noting that with the
widespread proliferation of the internet in China, new media
represented by WeChat and TikTok have risen strongly.
According to statistics, from 2010 to 2020, over a 10-year
period, the number of internet users aged ≥60 years increased
from 8.67 million to 60.54 million, with the proportion of older
internet users in the older population increasing from 4.9% to
23.8% [38]. Compared to those aged ≥70 years, the 60‐69
year age group is far more active on WeChat or TikTok every
day. This also suggests that for the 60‐69 year age group, the
way of obtaining health information is gradually changing, and
new media is playing an increasingly important role.

From the analysis of reasons for willingness to receive influenza
vaccination, apart from “awareness of the free vaccine policy,”
“active promotion by the community” also plays a crucial role
in encouraging older individuals to get vaccinated. Compared
to those aged ≥70 years, individuals in the 60‐69 year age
group are more likely to believe that receiving the influenza
vaccine can benefit their health. They also pay more attention
to the necessity of getting vaccinated [39]. On the other hand,

those aged ≥70 years are more concerned about the safety of
the influenza vaccine [40]. This highlights the importance of
enhancing community promotion of the free influenza
vaccination policy, as well as disseminating information about
the necessity and safety of the influenza vaccine, to increase
the willingness to vaccinate among older adults, particularly
those in the 60‐69 year age group. Future implementation
research should examine digital outreach efficacy through
platforms such as TikTok or WeChat, particularly in
low-resource settings.

This study has some limitations. First, the sampling method
used in this study was a multistage convenience sampling
approach to obtain respondents. The selection process favors
individuals more likely to be accessible or compliant, skewing
the results toward higher vaccination willingness. Second, the
investigators were generally doctors from local hospitals or
community health service centers (township health clinics),
who were relatively familiar with the respondents. During the
survey process, respondents might tend to provide more positive
responses, which could potentially overestimate their willingness
to receive influenza vaccination. Third, some questions were
answered based on recall alone, such as influenza vaccination
history and chronic illness status, which might lead to recall
bias. Finally, the cross-sectional survey method used in this
study might affect the generalizability of the results.

Conclusions
Targeted dissemination via social media (eg, TikTok or WeChat)
for the 60‐69 year age group and community-driven policy
education are critical next steps. This approach may serve as a
model for regions implementing similar policies. Future studies
should track actual vaccination uptake and test artificial
intelligence–optimized messaging through digital platforms.
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Abstract

Background: In blended care, digital mental health interventions (DMHIs) integrate with face-to-face psychotherapy provided
in person or via telehealth. To incorporate DMHIs into routine care for depression and anxiety, it is important to understand the
needs and expectations of mental health professionals for blended DMHIs.

Objective: The study objective was to partner with Australian mental health professionals in the design of a transdiagnostic,
cognitive behavioral therapy–based blended model of care for adults experiencing depression and anxiety.

Methods: Participants were Australian health professionals who treat adults with depression and anxiety. The participatory
design process included a web-based survey (N=258), one-on-one interviews (N=14), and a 2-part focus group (N=6). Quantitative
and qualitative data were collected through the web-based survey. In-depth qualitative feedback from interviews and the 2-part
focus group was subjected to reflexive thematic analysis.

Results: Mental health professionals found blended care with face-to-face therapy more acceptable than telehealth and blended
care with telehealth, with standalone DMHIs being the least preferred option. The most common ways in which mental health
professionals thought a DMHI could integrate with face-to-face psychotherapy included homework completion (129/178, 72.5%),
skills practice to support in-session therapy (128/178, 71.9%), and psychoeducation (127/178, 71.3%). Mental health professionals
expect the blended DMHI to be easy to use, flexible, protective of client data, and to include evidence-based content from several
therapeutic modalities (eg, cognitive behavioral therapy and mindfulness). Other preferences included mental health professionals
being able to prescribe specific program modules to their clients, track the treatment progress of clients, and receive alerts if their
clients’ symptoms worsened. In terms of implementation, mental health professionals were concerned about the time and effort
needed to use blended care. They suggested that ongoing training and support would help mental health professionals implement
blended care with their clients. Monitoring client risk and progress via a web-based dashboard and downloadable summaries was
also important.

Conclusions: Designing DMHIs that support psychotherapy for adults with depression and anxiety has the potential to increase
access to evidence-based treatment. Involving mental health professionals in DMHI design is expected to increase their acceptance
of DMHIs and facilitate the integration of these digital products into routine care.

(JMIR Hum Factors 2025;12:e68789)   doi:10.2196/68789
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Introduction

Background
The global impact of mental disorders continues to grow
annually, with significant health, social, and economic
consequences [1,2]. Shortages in the mental health workforce
and funding for services also impact access to evidence-based
care worldwide [3]. Depression and anxiety are two of the most
prevalent mental disorders globally, and psychotherapies are
currently recommended as first-line treatments for both
disorders, either alone or in combination with pharmacotherapies
[4,5]. Cognitive behavioral therapy (CBT) has the strongest
evidence base for reducing depressive and anxious symptoms,
with recent research confirming moderate to large effects on
depressive disorders across more than 400 randomized
controlled trials (RCTs) [6] and large effects on anxiety
symptoms across 66 RCTs [7]. Transdiagnostic psychotherapies
are effective for depression and anxiety and are increasingly
favored by the clinical community, as these psychotherapies
target the shared symptoms, causes, and maintaining factors of
co-occurring disorders, such as depression and anxiety [8-11].

Digital Mental Health Interventions
Unfortunately, most adults who meet diagnostic criteria for
depression and anxiety do not access treatment [12,13]. Digital
mental health interventions (DMHIs) help to overcome several
barriers to accessing treatment (eg, waiting lists, high
out-of-pocket costs, and lack of access to skilled mental health
practitioners) [3,14]. DMHIs typically include
psychotherapy-based content and may be especially beneficial
for people who cannot access psychotherapy delivered by a
mental health professional. Originally, DMHIs were delivered
by computer (eg, CD-ROM) [15,16], but they have now evolved
to the point where DMHIs can include artificial intelligence
[17]. Today, DMHIs primarily consist of mobile apps and
internet-based programs delivered on digital devices, such as
smartphones, tablets, laptops, and desktop computers.
Self-guided DMHIs enable individuals to self-manage
depressive and anxious symptoms with evidence-based skills
(eg, CBT) via automated, self-paced modules. Guided DMHIs
work similarly but are used with remote support from a health
care professional or a paraprofessional, such as a trained coach.
Several meta-analyses [16] show that self-guided and guided
DMHIs, particularly internet CBT-based programs, significantly
improve symptoms of depression (83 studies; Hedge g=0.52,
95% CI 0.43‐0.60 [15]) and anxiety (47 studies, Hedge g=0.80,
95% CI 0.68‐0.93) [18]. Early evidence suggests that mobile
DMHIs could also be used to effectively treat depression and
anxiety, albeit with smaller effect sizes than digital CBT
delivered via the internet or computer software [19].

Despite decades of research evidence, the uptake of DMHIs
into practice is limited due to high dropout rates and poor user
engagement of clients, especially in self-guided formats [20,21].
Acceptance of DMHIs by mental health professionals is another
important factor influencing their inclusion in routine clinical

care, as health professional endorsement can impact whether a
client is willing to use a DMHI [20] and if DMHIs are
considered a suitable option for referral [22]. Issues that impact
DMHI acceptability by mental health professionals include
concerns about program credibility [23,24], DMHI accessibility
for people with digital, writing, or reading difficulties [22,25],
and the appropriateness of DMHIs for people with severe mental
health difficulties [26,27]. Moreover, safety concerns about
DMHIs are linked to low acceptability and a reduced likelihood
that health professionals will incorporate these products into
routine practice [14,26,27]. For example, a qualitative study
with Australian psychologists (N=10) [26] found that they
preferred face-to-face psychotherapy over standalone DMHIs
and were concerned that DMHIs increased the risk of severe
symptoms being missed (eg, suicidality) and lacked
personalization and human connection, especially self-guided
DMHIs.

Combining DMHIs with face-to-face psychotherapy (blended
care) can address the limitations that affect DMHI acceptability
when integrated into routine clinical care [23,25,26]. Blended
care extends upon guided DMHIs by using the DMHI to
facilitate in-person or telehealth assessment and treatment led
by a mental health professional. The DMHI may be combined
with psychotherapy within a treatment plan or supplement
psychotherapy as an adjunct, either in-session or between
sessions. Much of the existing research on blended care has
focused on models of care that support mental health
professionals who deliver psychotherapy, such as therapists and
psychologists. Blended care can be defined or implemented in
several ways; however, one commonality between blended
approaches is using DMHIs to enhance psychotherapy and
ensure that DMHIs are used as effectively as possible. Examples
include reinforcing psychoeducation, symptom tracking, or
helping clients to practice skills learned in face-to-face therapy
sessions. Findings from Germany, the Netherlands, and
Denmark indicate that blended care was acceptable to
CBT-based therapists and psychologists before and during the
COVID-19 pandemic [28-31]. Research conducted before the
COVID-19 pandemic also found that blended care is more
acceptable to health professionals and care providers than
standalone internet treatment for depression across all levels of
severity [32].

Evidence for Blended Care
To date, most research on blended care, especially for
depression, was conducted in Europe before the COVID-19
pandemic. Blended care has been tested in several RCTs and
pilot trials across Europe in high-income countries, such as
Germany, Denmark, Sweden, and the Netherlands, with
promising results [25,33-37]. European research also shows
that local mental health professionals value blended DMHIs
that are flexible to use [38,39], can be customized to suit client
needs [28,31,40], and help clients with symptom tracking and
homework completion between therapy sessions [28,38].
Adequate training and minimizing the time burden of DMHI
use with clients is also important to European mental health
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professionals [28,31,38-40]. The European research suggests
that blended care is scalable and could enhance mental health
professionals’ acceptance of DMHI use in routine care, as well
as improve client engagement by increasing DMHI uptake and
adherence. However, both before and during the COVID-19
pandemic, mixed results were found for blended RCTs outside
of Europe in other high-income countries, such as the United
States, Japan, and Australia [25,33,41-43]. There is a need to
investigate whether the European findings generalize to blended
care in non-European countries.

Access to mental health treatment varies worldwide [3], and,
by extension, a blended care approach must be tailored to the
specific mental health system of a country to function optimally.
In the case of Australia, most people with depression and anxiety
are provided a mental health treatment plan by their general
practitioner, who then refers the person to other health
professionals as needed [44]. An Australian with depression or
anxiety may receive support from psychiatrists, social workers,
or occupational therapists; however, psychotherapy is usually
delivered by a psychologist in the private mental health system,
with government payments providing partial rebates for up to
10 therapy sessions per calendar year [44,45]. Australian
psychologists also currently prioritize CBT due to this therapy
being recommended as first-line treatment for depression and
anxiety [4,5]. In principle, blended care could work in Australia,
as several research studies show the combination of DMHIs
with psychotherapy sessions or health professional support may
improve symptoms of depression [46-48], anxiety [48], panic
disorder [49,50], comorbid depression and alcohol use [51],
and hoarding disorder [52]. However, several of these studies
have small sample sizes [46,48,52] or no control group for the
condition that includes a DMHI combined with psychotherapy
or health professional support [47,49,50].

Participatory approaches, including co-design, involve
partnering with the intended target audience during the creation
of interventions to identify potential issues early and ensure the
intervention design reflects their preferences [53,54]. This type
of research has been extensively used in DMHI research [54];
however, to date, only 1 participatory [39] design study from
Germany has examined the needs and expectations of mental
health professionals for blended care using participatory
principles. Behr and colleagues [39] consulted with
psychotherapists and people with lived experience of mental
illness during the COVID-19 pandemic to design a
transdiagnostic and transtheoretical internet-based DMHI for
blended care. Many of the preferences expressed by
psychotherapists aligned with other European blended care
studies. However, Behr and colleagues [39] also found that
psychotherapists wanted the blended DMHI to protect client
data and privacy, contain scientifically sound content, and
facilitate the therapeutic relationship with clients. More
participatory research on blended care is needed to (1) optimize
how the DMHI is deployed to support psychotherapy and (2)
ensure the blended care model is adapted to the specific
country’s mental health system.

Rationale, Objectives, and Aims
Prior research on blended care may have used DMHIs that were
not designed to support psychotherapy (ie, they are self-guided
and do not integrate with psychotherapy). This puts increased
pressure on mental health professionals, and the example of
Behr and colleagues [39], along with other European research
on blended care [38,40], shows that participatory research is
needed to ensure that blended DMHIs align with the preferences
of mental health professionals and integrate into existing
treatment pathways. Moreover, differences between mental
health treatment systems could have contributed to mixed results
in blended care trials conducted outside Europe [25,33,41-43].
In addition, even in a high-income country like Australia, there
is an estimated 32% shortfall in the mental health workforce
[55], further highlighting the need to adapt blended care models
to specific mental health systems. This study is part of a larger
project to create a transdiagnostic DMHI for Australians with
depression and anxiety that could be used self-guided or
integrated into routine clinical care. Because most Australians
with depression and anxiety are treated in the private mental
health system [44], it is currently unknown (1) if blended care
would be acceptable to Australian mental health professionals,
(2) what their preferences for blended care are, and (3) if blended
care would work with the current government reimbursement
model for psychotherapy sessions.

To our knowledge, this will be the first Australian study to use
participatory design principles to design a new CBT-based
blended care model for depression and anxiety with mental
health professional input. Phase 1 involves 2 multistage
participatory design studies that include web-based surveys,
qualitative interviews, and a 2-part focus group with mental
health professionals and Australian adults with lived and living
experiences of depression and anxiety. Results from the
participatory design study with people with lived experience
are reported separately in Part 1 of this manuscript series [56].
For mental health professionals, our main aim was to determine
their needs and expectations for a DMHI to be used with their
clients in blended care. The present findings will inform the
creation of a DMHI that addresses clients’ needs [56], is
acceptable to mental health professionals, and can be integrated
into routine treatment for depression and anxiety as part of a
CBT-based blended model of care. A secondary aim was to
identify factors affecting the training, support, and resources
that mental health professionals would need to implement the
DMHI into their clinical practice.

Methods

Participatory Design Approach
A mixed methods convergent parallel design [57] was used,
which included a web-based survey, qualitative interviews, and
a 2-part focus group with a convenience sample of mental health
professionals. Throughout data collection, participants were
encouraged to discuss any DMHIs they used in practice, not
just those created by the Black Dog Institute. Stage 1 involved
a web-based survey designed to capture the perspectives of a
diverse range of Australian health professionals who provide
mental health care to adults with depression or anxiety in their
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clinical practice (eg, general practitioner, mental health nurse,
social worker, psychologist, and psychiatrist). The web-based
survey was created in line with the Checklist for Reporting
Results of Internet E-Surveys [58]. In stage 2, a subset of mental
health professionals participated in one-on-one web-based
qualitative interviews to collect more focused data to address
the study aims and conclusions [57]. Finally, in stage 3, a small
sample of psychologists was recruited for a 2-part focus group
to provide more targeted feedback on implementing the new
blended care model. Five psychologists external to the research
team served as health professional advisors throughout stages
1-3. The health professional advisors were consulted regularly
throughout each stage to confirm and double-check the findings,
and all 5 participated in a 2-part focus group for the study. To
further mitigate potential bias, the core research team also
worked with a diverse range of nonresearchers, including user
experience, IT development, innovation, and service delivery
professionals before, during, and after data collection. Questions
for the web-based survey, interview, and focus group were
developed via collaboration between the core research team,
health professional advisors, and user experience experts.

Ethical Considerations
Ethical approval was received from the University of New South
Wales Human Research Ethics Committee (HC200541). All
mental health professionals provided informed consent for the
use of their data for research purposes. If participants wished
to withdraw their consent, they could contact the research team.
All participant data from the web-based survey, interviews, and
focus group sessions were deidentified, recoded, and stored in
a password-protected file only accessible to the research team.
Participants could enter a prize draw to win an Aus $100 (US
$65) online gift card for completing the web-based survey. A
prize draw was selected as the reimbursement method to
minimize the likelihood that a participant would complete the
web-based survey solely for compensation. Survey respondents
were randomly invited to complete one-on-one interviews and
were reimbursed with an Aus $30 (US $20) online gift card.
Due to the high level of group interactivity required for a 2-part
focus group compared to the interviews, participants were
reimbursed with an Aus $200 (US $130) online gift card for
attending both 1-hour sessions.

Stage 1: Web-Based Survey
The web-based open survey took approximately 20 minutes and
was created with Qualtrics software (version 2020; SAP Inc).
Eligibility criteria for health professionals included (1) that they
provide mental health care to adults with depression or anxiety,
(2) were 18 years of age or older, (3) were fluent in English and
(4) were currently living in Australia. The web-based survey
was advertised between October and December 2020 via the
Black Dog Institute website, the Black Dog Institute health
professional network, social media (eg, Facebook [Meta
Platforms Inc] and Instagram [Meta Platforms Inc]), existing
professional organizations, and peak clinical bodies for mental
health professionals (eg, the Australian Psychological Society).
To participate, health professionals were directed to the Black
Dog Institute website to access a web link for the Qualtrics
(2020) survey. The web-based survey began with a participant

information sheet and consent form, which included details on
the purpose of the research study, eligibility criteria,
reimbursement, participant data storage, and the estimated time
required to complete the survey. The web-based survey included
questions on participants’demographics, clinical practice details,
past and current use of DMHIs, and their needs and expectations
for a blended DMHI (refer to Multimedia Appendix 1). The
web-based survey also included 2 questions from Topooco et
al [32] focused on the challenges health care professionals and
clients face when integrating digital technology into
psychotherapeutic treatment for depression and anxiety (also
refer to Multimedia Appendix 1).

Stage 2: Interviews
A subset of survey respondents was randomly invited via email
to participate in one-on-one interviews between November 2020
and March 2021. Interviews were conducted until data saturation
was achieved. The interviews explored mental health
professionals’ attitudes toward DMHIs and their views on
blending these programs into routine clinical care. Apart from
their participation in the web-based survey, there were no
pre-existing relationships between participants and the
researchers. Interviews were run online using Zoom
videoconferencing software (Zoom Communications Inc), and
lasted, on average, 53 (SD 12) minutes. The interviews were
semistructured and followed a script developed by the research
team based on relevant literature and findings from the
web-based survey. No personal details about the researchers
were disclosed to participants apart from their involvement in
the overall project. Interviews were facilitated by either KO or
FT. Open-ended questions were used to prompt discussion
during the interview (refer to Multimedia Appendix 1). All
interviews were audio-recorded and later transcribed by KK.

Stage 3: Focus Group
A 2-part focus group was conducted online using Zoom
videoconferencing software, with each session lasting
approximately 1 hour. The eligibility criteria were the same as
those for the web-based survey. However, only psychologists
were included, as they were the most common type of mental
health professional recruited for the web-based survey and
interviews. A 2-part focus group was advertised via email in
July 2021, and the 2 sessions were run in July and August 2021,
respectively. A convenience sample of 5 health professional
advisors and 2 psychologists from the Black Dog Institute
psychology clinic was recruited. The researchers were familiar
with 7 participants because they worked at the same workplace,
but there were no pre-existing personal relationships. One
psychologist’s data was excluded from data analysis as they
could only attend one of the two focus group sessions. To
minimize bias, the sessions were designed by service delivery
and user experience professionals without clinical training (FT,
CF, and VC) with input from the research team. Session 1 was
led by CF, while Session 2 was led by KO, FT, and VC. KK
attended both sessions as the note-taker. The focus group script
(refer to Multimedia Appendix 1) included questions on factors
affecting the implementation of the new blended care model,
such as how the psychologists would use blended care with
therapy sessions, the training and support needed to implement
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blended care, and the features to include in an online program
dashboard designed for health care professionals as part of the
blended care system. Both sessions were audio-recorded and
later transcribed by author KO.

Reflexivity Statement
To reduce potential biases, the core group of researchers
involved in thematic analysis included 2 clinical psychologists
who were also researchers (JMN and KO) and 3 nonclinician
researchers (RKM, KK, and JATM). 2 service design
professionals external to the research team assisted with
qualitative data collection (FT and CF). 4 members of the core
research team had prior experience with reflexive thematic
analysis (JMN, KO, RKM, and KK). The 2 clinicians (JMN
and KO) had experience in psychotherapy and digital mental
health treatment for individuals with clinical depression and
anxiety. All 3 nonclinician researchers (RKM, KK, and JATM)
had experience with digital mental health research. One
nonclinician researcher (RKM) also had experience working
with staff and health professionals from substance use and
mental health services. All coauthors reviewed the final coding
framework for the thematic analysis conducted for the interviews
and the 2-part focus group. This included 4 clinical
psychologists who were also researchers (SL, MB, PB, and LK),
a psychologist who was also a researcher (AEW), 2 user
experience professionals (VC and KV), 2 service design
professionals (FT and CF), and a public health researcher (NC).
We acknowledge that our past clinical and research experiences,
as well as our familiarity with the literature, may have
introduced biases and assumptions that inadvertently influenced
the thematic analysis of the interview and focus group
transcripts. The core research team minimized this with regular
meetings to discuss the data to ensure transparency and check
that our themes and subthemes were grounded in the collected
data.

Data Analysis
Descriptive statistics were performed with SPSS software
(version 26.0; IBM Corp). For the web-based survey results,
descriptive statistics were calculated based on the actual number
of participants who responded to a specific question. Reflexive
thematic analysis was selected to examine qualitative data from
the one-on-one interviews and a 2-part focus group, as this
method was appropriate for answering the research questions
[59]. For the interviews, KK cleaned and checked the transcripts
against the original audio after each interview and focus group
session. Authors (KK, KO, and RKM) then read the interview
transcripts several times and, after familiarization, used a general
inductive approach to generate the initial set of codes. These
codes were then categorized using Microsoft Excel to create
the initial coding framework. The coding framework was revised
iteratively by authors KK, RKM, and JATM until consensus
on themes and subthemes was achieved. All disagreements were
resolved through discussion with the research team (including
KO, JMN, and AEW) until consensus was reached. The same
approach was followed to analyze the focus group transcripts.
The transcripts were read several times by KO and RKM, who
generated the initial set of codes and then revised the coding
framework iteratively with JMN.

Results

Stage 1: Web-Based Survey

Demographics
Of the 258 participants who provided consent, 157 (60.9%)
completed the web-based survey. The average age was 47 (SD
13.74; range 18‐78) years, and most participants were women
(n=200, 77.5%), spoke English as a first language (n=227, 88%),
and lived in a major Australian city (n=175, 73.8%; Table 1).
Statistical comparisons revealed no significant differences in
the demographics of participants who completed the full survey
versus those who did not (see Multimedia Appendix 2).
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Table . Sample characteristics for the web-based survey.

Participants, n (%)Demographic characteristics

Gender (N=258)

200 (77.5)Women

58 (22.5)Men

227 (88)English primary language at home (N=258)

4 (1.6)First Nations Australian origin (N=258)

Residential location in Australia (N=258)

175 (73.8)Major cities

62 (26.2)Regional or remote

Current rolea (N=239)

45 (18.8)Registered psychologist

43 (18)General practitioner

37 (15.5)Clinical psychologist

28 (11.7)Social worker

26 (10.9)Mental health nurse

20 (8.4)Counselor

11 (4.6)Trainee psychologist

5 (2.1)Psychiatrist

36 (15.1)Other current roleb

Current work settinga (N=239)

119 (49.8)Private practice

49 (20.5)Not-for-profit organization

38 (15.9)Outpatient

28 (11.7)Inpatient

25 (10.5)University

29 (12.1)Other work settingc

aPercentages do not add up to 100% as respondents were allowed multiple responses.
bOther current roles included occupational therapist, peer support roles, and other types of nurses (apart from mental health).
cOther current work settings included government, hospitals, justice settings, and schools.

Practice Details
A total of 239 participants provided data on their current work
role and work setting. The most common work roles were
registered psychologists (n=45, 18.8%), general practitioners
(n=43, 18%), and clinical psychologists (n=37, 15.5%; Table
1). The percentage of different work roles and work settings
was largely consistent among participants who did or did not
complete the full survey (refer to Multimedia Appendix 2).
Participants mostly worked in private practice (n=119, 49.8%),
not-for-profit organizations (n=49, 20.5%), and outpatient

settings (n=38, 15.9%; Table 1). Across 239 participants, most
(n=127, 53.1%) had 10 or more years of experience as mental
health professionals, with an average of 15 (SD 11.89; range
0-49) years. Table 2 shows that the most common mental health
conditions treated by participants were anxiety (199/221, 90%),
depression (190/221, 86.1%), and trauma and stress-related
disorders (152/221, 68.8%). The most common psychotherapies
used to treat depression and anxiety were CBT (178/216,
82.4%), acceptance and commitment therapy (116/216, 53.7%),
and mindfulness-based cognitive therapy (115/216, 53.2%;
Table 2).
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Table . Counts and frequency percentages of the most prevalent mental health issues treated by mental health professionals and the most used treatment
modalities when working with adults experiencing depression and anxiety.

Participants, n (%)Practice details

Most prevalent mental health issuesa (N=221)

199 (90)Anxiety disorders

190 (86)Depressive disorders

152 (68.8)Trauma- and stressor-related disorders

97 (43.9)Personality disorders

80 (36.2)Substance-related and addictive disorders

80 (36.2)Bipolar and related disorders

55 (24.9)Schizophrenia spectrum and other psychotic disorders

51 (23.1)Obsessive-compulsive and related disorders

35 (15.8)Feeding and eating disorders

Most frequent treatment modalitiesa (N=216)

178 (82.4)Cognitive behavioral therapy

116 (53.7)Acceptance and commitment therapy

115 (53.2)Mindfulness-based cognitive therapy

82 (38)Solution focused and brief therapy

64 (29.6)Dialectical behavior therapy

39 (18.1)Interpersonal psychotherapy

38 (17.6)Schema therapy

26 (12)Family therapy

23 (10.6)Humanistic approach

20 (9.3)Couples therapy

19 (8.8)Psychodynamic approach

12 (5.6)Eye movement desensitization and reprocessing

11 (5.1)Psychoanalysis

10 (4.6)Gestalt approach

6 (2.8)Jungian approach

20 (9.3)Other treatment modalitiesb

aPercentages do not add up to 100% as respondents were allowed multiple responses.
bOther common treatment modalities included peer support, physical activity, lifestyle advice, acupuncture, and hypnosis.

Use of Digital Mental Health in Practice
Figure 1 (data labels show the frequency percentage) shows
how often particpants recommended different types of DMHIs
to clients (see Multimedia Appendix 3 for counts). Participants
were most likely to always or often refer clients to mental health
information and psychoeducation websites (67/179, 37.4%),
mobile phone apps (65/179, 36.3%), and videoconferencing

services (eg, Skype [Microsoft], Zoom [Zoom Communications
Inc]; 56/179, 31.3%). The 3 most common DMHIs that
participants would suggest to clients with depression and anxiety
were This Way Up (Clinical Research Unit for Anxiety and
Depression at St Vincent's Hospital and the University of New
South Wales), Smiling Mind (Smiling Mind Pty Ltd), and
Headspace (Headspace Health).
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Figure 1. Counts of what type of digital mental health interventions were referred to clients in participants’ clinical practice (N=179). CBT: cognitive
behavioral therapy.

Is There a Need for Digital Mental Health in Routine
Care?
Most participants (135/178, 75.8%) reported a need for an online
mental health program that could be integrated into routine care.
Among the remaining 43 participants, 9 (5.1%) disagreed and
34 (19.1%) were unsure.

Digital Mental Health Preferences

Routine Care

Table 3 shows that participants preferred integrating DMHIs
into routine care for depression and anxiety by referring clients

to homework exercises to do in between sessions (129/178,
71.3%), specific modules to support skills learned in therapy
(128/178, 71.9%), and psychoeducation (127/178, 76%). Other
commonly preferred ways of integrating DMHIs into routine
care included using DMHIs to assist clients with relapse
prevention (117/178, 65.7%), tracking symptom changes over
time (116/178, 65.2%), and supporting clients who had run out
of sessions and could not afford to pay (113/178, 63.5%; Table
3).
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Table . Counts and frequency percentages for integrating DMHIs into routine care, challenges faced by health care professionals and clients when
digital technology is integrated with psychotherapy, and factors affecting whether blended care is suitable for a client.

Participants, n (%)Digital mental health preferences, challenges, and client factors

Ways the program could integrate into routine carea (N=178)

129 (72.5)Refer client to homework exercises

128 (71.9)Refer client to specific program modules

127 (71.3)Psychoeducation

117 (65.7)Relapse prevention once treatment is complete

116 (65.2)Assessments to track symptoms

113 (63.5)Support clients who run out of sessions and cannot afford to pay

107 (60.1)Use in-session to explain or practice skills

88 (49.4)As a prequel to therapy

Challenges for health care professionalsa (N=158)

73 (46.5)Low motivation because of critical attitude toward digital technology

72 (45.9)Not skilled in digital technology

70 (44.6)Difficulties adapting treatment methods to digital technology

57 (36.3)Low clinical effectiveness

45 (28.7)Adherence of the health care professional is low

41 (26.1)Degree of accessibility and cost of internet

32 (20.4)Use of digital technology is too time-consuming

26 (16.6)Other challenges

Challenges for clientsa (N=158)

73 (46.5)Difficulties with applying self-help strategies

72 (45.9)Not skilled in digital technology

70 (44.6)Low client adherence

57 (36.3)Low motivation because of critical attitude towards digital technology

45 (28.7)Degree of accessibility and cost of internet

41 (26.1)Low clinical effectiveness

32 (20.4)Use of digital technology is too time-consuming

26 (16.6)Other challenges

Client factors for blended carea (N=157)

128 (81.5)Access to a computer, tablet, or phone

126 (80.3)Online modules relevant to main symptoms or diagnosis of patient

123 (78.3)Access to the internet

118 (75.2)Intelligence and cognitive functioning of client

112 (71.3)Access to a private, safe place to complete program

111 (70.7)Competence in using digital technology

109 (69.4)Absence of severe suicidality

100 (63.7)Absence of psychotic symptoms

94 (59.9)Absence of acute medical need that hinders client’s ability to participate
in treatment

82 (52.2)Absence of severe substance use

22 (14)Other factors

aPercentages do not add up to 100% as respondents were allowed multiple responses.
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Program Inclusions

Of the 178 participants, 142 (79.8%) described what they wanted
to be included in a blended DMHI. Several suggested
evidence-based content from common therapeutic modalities,
such as CBT, acceptance and commitment therapy, dialectical
behavior therapy, and mindfulness. Participants were also keen
for the DMHI to support face-to-face therapy, for example,
“flexibility to ’build’ your own exercises with clients or tailor
them.” Supporting clients with skills practice and symptom
monitoring was also important, for example, “validated
assessment measures”, and “sleep tracking and thought
monitoring.”

Challenges of Digital Mental Health
The most common challenges identified by participants for
health care professionals were low motivation due to negative
attitudes toward digital technology (73/158, 46.5%), not being
skilled in digital technology use (72/158, 45.9%), and difficulties
with adapting treatment methods to digital technology (70/158,
44.6%; Table 3). The 3 top challenges identified for clients were
difficulties with applying self-help strategies (73/158, 64.6%),
not being skilled in digital technology use (72/158, 63.9%), and
low client adherence (70/158, 62%; Table 3).

Blended Care Approaches to Treatment

Client Factors
The most important factors that participants thought would
affect the suitability of blended care for a client were access to
a computer, tablet, or phone (128/157, 81.5%), modules relevant
to the client’s main symptoms and diagnosis (126/157, 80.3%),
internet access (123/157, 78.3%) and the client’s intelligence
and cognitive functioning (118/157, 75.2%; Table 3). Other
important client factors included access to a private, safe space
to use the DMHI (112/157, 71.3%), and competence in DMHI
use (111/157, 70.7%). Most participants considered the absence
of severe suicidality (109/157, 69.4%), psychotic symptoms
(100/157, 63.4%), acute medical needs affecting the client’s
treatment (94/157, 59.9%), and severe substance use (82/157,
52.2%) to be important client factors for blended care as well.

Acceptability
Participants (N=157) rated acceptability with a 100-point scale
(0=Not at all, 100=Extremely acceptable) for (1) standalone
digital programs, (2) telehealth sessions, (3) blended care with
digital programs and face-to-face sessions, and (4) blended care
with digital programs and telehealth sessions. Participants found
blended care with digital programs and face-to-face sessions
the most acceptable treatment option (mean 71.61, SD 25.48),
followed by telehealth sessions (mean 68.38, SD 23.72) and
blended care with digital programs and telehealth sessions (mean

64.65, SD 25.86). Standalone digital programs were the least
acceptable option to participants (mean 38.81, SD 25.86).

Sharing of Client Information
Most participants preferred client information to be shared with
them via a secure email account (99/157, 63.1%) or sent to a
secure web portal where they could log in and see the
information (91/157, 58%). A minority wanted their client’s
information shared with them via SMS text messaging to a
nominated phone number (15/157, 9.6%) or through another
information sharing method (16/157, 10.2%), such as a printable
report or via an existing practice management system. Some
participants were not sure (14/157, 8.9%) or did not mind
(11/157, 7%) how client information was shared with them.
The types of client information that participants wanted to share
and receive from the blended DMHI included program
adherence and completion, symptom tracking with validated
and subjective (eg, sleep and mood) measures, and client
feedback on treatment (eg, benefits, difficulties, or questions
they have). The preferred time interval between receiving client
information from the DMHI varied. Most participants preferred
a weekly or fortnightly interval, and others wanted to tailor the
interval to the client or treatment timeline, for example, “every
week to begin with, moving to larger intervals as treatment
progresses.”

Stage 2: Interviews

Demographics
A total of 14 mental health professionals participated in the
one-on-one interviews. Their mean age was 46 (SD 13; range
26‐73) years. Half of the participants were female (7/14; 50%),
and the other half were male (7/14; 50%). Overall, 11/14 (79%)
participants lived in major Australian cities, and 3/14 (21%)
lived in regional or remote areas of Australia. The sample
consisted of registered psychologists (5/14, 36%), clinical
psychologists (5/14, 36%), mental health nurses (3/14, 21%),
and a counselor (1/14, 7%). Participants had worked as mental
health professionals for an average of 16 (SD 9.95; range 4‐35)
years. Participants worked in private practice (5/14, 36%),
outpatient settings (4/14, 29%), universities (4/14, 29%), and
not-for-profit organizations (2/14, 14%).

Thematic Analysis Findings

Overview of Findings

Six key themes were identified related to blended care for
depression and anxiety: (1) blended care preferences, (2)
promote client engagement, (3) prioritize client safety and duty
of care, (4) minimize burden on time-poor clinicians, (5)
program is credible and trustworthy, and (6) client barriers to
using program. Illustrative quotes for each subtheme within the
6 themes are provided in Table 4.
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Table . Thematic analysis themes and subthemes with example quotes.

Example quotesThemes and subthemes

1. Blended Care Preferences

“If we’re able to provide them with resources, [like] psychoeducation
material...alongside the therapy that we’re doing, it increases the support
provided to the client.” [Participant 71]

    Supports Skills Practice, Psychoeducation, and Lifestyle Changes

“...I also want to know whether they’re finding therapy effective and
helpful and what they find helpful and what they don’t find helpful.”
[Participant 14]

    Helps Clinician Monitor Treatment Progress

“In a perfect world, a way to digitally prescribe it for people to track their
progress, and then to be able to facilitate...not just like the way they engage
with it, but in session tools.” [Participant 15]

    Prescribe Program Modules to Clients

“My preference...is to work through a program with a client, to have some
oversight on what they’re doing, to review the content with them, to answer
any questions that they have.” [Participant 8]

    Walk Through Program Content in Session

“If I were to give it to somebody or lead someone to it, I would want to
do it myself, first of course.” [Participant 3]

    Trial the Program from the Client’s Perspective

2. Promote Client Engagement

“I like that it’s very simple and easy, a lot of the communication around
concepts is done visually and in videos, there’s no long slabs of text.”
[Participant 15]

    User-Friendly and Inviting Interface, With Minimal Text

“It’s important to have lots of different...ways of delivering information.
So, whether it be...printed, video, audio and animated or something like

    Flexible with Lots of Variety

that...it kind of keeps your interest and it’s kind of interesting and stimu-
lating, you’re not just reading realms of stuff.” [Participant 12]

“The other thing that I think would be really, really helpful is if there was
some way that you know this online program is personalized...because I

    Program Content Adjusts to Meet Client Needs

think sometimes if you mention a whole lot of stuff, you know, clients
find it a little bit trite, you know, like eat well and you know look after
yourself. It’s not really meaningful to them.” [Participant 14]

“...a bit interactive with a quiz or a little video or somebody talking about
their experience, you know, that’s just short and sweet, you know, a three-
minute video and practical things.” [Participant 24]

    Interactive Activities and Features

“...having stories where people share their story, that can be very powerful.”
[Participant 48]

    Relatable and Encouraging Stories Shared by Real People

3. Prioritize Client Safety and Duty of Care

“If there [were]...links to crisis services that are available and perhaps,
you know, if people are screening as really high, knowing that they’re

    Directs Clients to Crisis Support When Needed

going to get some kind of automated message to remind them to seek
support immediately...that’s really important.” [Participant 9]

“Hmm, if they are feeling worse...maybe that’s the possibility of the clin-
ician being alerted if their scores are really low...then the clinician could
do a follow-up call, or like a check-in.” [Participant 12]

    Helps Monitor Client Safety

“...we’ll organize to call [the client] or send a text or we’ll organize for a
crisis service to ring or...and you work out with them what, you know,

    Supports Maintenance of Professional Boundaries

that’s a bit of a negotiation process about what they’d be comfortable with
and what you’re obliged to do under your duty of care.” [Participant 39]

“With the population I work with, no, I mean if I was working with a more
severe population, I might be a little bit less willing to use online programs
without more support.” [Participant 10]

    Not Suitable for Clients with Severe Mental Distress

4. Minimize Burden on Time-Poor Clinicians

“So, I think first of all, helping clinicians have a quick and easy way of
understanding what the content of a module or whatever it is, so they know
if it’s appropriate.” [Participant 15]

    Quick Reference Guides and Resources
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Example quotesThemes and subthemes

“I don’t know if it’s going to come into it, but also not being easily able
to refer like say, for example, some of our clinicians they’ve got electronic
medical records and databases already set up like if there was an easy
trigger in those systems to kind of alert someone to refer to another ser-
vice.” [Participant 83]

    Integrates with Existing Client Management Systems

“If there is a clinician dashboard kind of interface, being able to have access
to that, so I can see before the session, ‘okay, great, they have completed
this task.’” [Participant 8]

    Web-Based Program Dashboard

5. Program Is Credible and Trustworthy

“I’d want it to be, you know, peer-reviewed...and it’s gone through all the
you know research, efficacy, validity, all that sort of stuff, so I’d want it
to have all that as the foundation.” [Participant 33]

    Evidence-Based and Reputable

“...maybe a button with ‘would you like your clinician to be able to see
this?’, ‘yes or no’, something that they can control, so they can say yes,
just before the session and then after the session, they can hide it again if
they don’t want the clinician to have ongoing access.” [Participant 10]

    Secure and Protects Client Privacy

6. Client Barriers to Using Program

“I think once you put a cost on it, you can lose a lot of people.” [Participant
24]

    Program Cost

“The ability to engage with the app and take on board information that’s
there with the reading and the content requires a level of cognitive func-
tioning and, you know, self-awareness and conscious thought. If all those
are getting scrambled for you, then this isn’t going to work.” [Participant
62]

    Digital Interventions Not Appropriate for Some Clients

Theme 1: Blended Care Preferences

Theme Overview

This theme refers to how mental health professionals envisioned
the blended care program would work for clients receiving
routine clinical care for depression and anxiety.

Supports Skills Practice, Psychoeducation, and Lifestyle
Changes

Participants emphasized the importance of modules in the
program supporting skills taught in face-to-face therapy, such
as psychoeducation and healthy lifestyle content (eg, sleep
hygiene, physical exercise, and nutrition). Including this content
would allow clinicians to assign psychoeducation and skills
practice activities to clients between sessions, freeing up therapy
sessions for more challenging and tailored skill development.

Helps Clinician Monitor Treatment Progress

Several participants wanted to track whether clients found their
therapy sessions helpful and monitor the severity of client
symptoms across sessions to indicate progress. Participants
suggested including measures for client-reported outcomes and
experiences in the program (eg, outcome rating scale and session
rating scale). Some participants were also interested in viewing
which modules and activities clients had completed in the
program.

Prescribe Program Modules to Clients

Participants preferred to prescribe specific modules or activities
in the program so that their clients were assigned content and
activities relevant to their needs or which assisted clients in
practicing a skill they were currently learning with their
therapist.

Walk Through Program Content in Session

When using a DMHI, participants wanted to guide clients
through the content during therapy sessions to help familiarize
them with the program and help clients feel more comfortable
using it. Participants also thought that demonstrating how the
program worked to their clients would address practical barriers,
such as client reporting of technical issues.

Trial the Program From the Client’s Perspective

Participants preferred to trial the program from the client’s
perspective before recommending it. This feature would allow
participants to verify the program’s quality, ease of use, and
content before recommending the program to clients.

Theme 2: Promote Client Engagement

Theme Overview
User engagement with the blended care program was an
important consideration for interviewees. Theme 2 includes the
features, functionality, and content within a DMHI that mental
health professionals suggested would enhance client engagement
with the program.

User-Friendly and Inviting Interface With Minimal Text
Most participants believed that the program should be easy and
intuitive for clients to use and stay engaged with. Some
participants suggested that the onboarding experience for clients
should be simple and include minimal registration questions.
Other suggestions included using clear and friendly language
to explain concepts and avoid “long slabs of text.” It was also
important that the program was designed with an aesthetically
pleasing interface (eg, colorful, comic-style graphics and
animations).

JMIR Hum Factors 2025 | vol. 12 | e68789 | p.3699https://humanfactors.jmir.org/2025/1/e68789
(page number not for citation purposes)

Miller et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Flexible With Lots of Variety
Many participants thought clients would stay engaged with the
DMHI if it was flexible, modular, and included a range of
content, options, and functionality. Participants also believed
clients would like to choose which module or activity they
wanted to complete rather than having one suggested. Some
participants thought that transdiagnostic content would be more
engaging for clients than disorder-specific content and
recommended including transdiagnostic modules that address
multiple concerns common for people with anxiety and
depression (eg, perfectionism, rumination, self-esteem, and
procrastination).

Program Content Adjusts to Meet Client Needs
Some participants thought content personalized to clients’needs
would help them stay engaged with the program. For example,
if a client indicated they wanted to improve their relationships
with others or manage procrastination, the program would show
information or modules relevant to these topics in response.

Interactive Activities and Features
Several participants believed interactive activities and features
would enhance client engagement, such as practical activities
that require users’ active input, such as quizzes and chatbots.
Other suggestions included videos, audio tracks, diagramming
tools, and activities, such as behavioral activation or exposure
stepladders where their client could input content relevant to
them.

Relatable and Encouraging Stories Shared by Real
People
Some participants believed that incorporating other people’s
experiences of mental ill health and treatment into the program
would enhance client engagement. These participants thought
a video would be a good way to include these stories and that
the examples should be relevant and encouraging for clients.

Theme 3: Prioritize Client Safety and Duty of Care

Theme Overview
This theme focuses on participant perspectives about the
importance of prioritizing and safeguarding client safety while
also assisting mental health professionals in setting clear
boundaries around their duty of care to clients.

Directs Clients to Crisis Support When Needed
A common concern was ensuring clients could access crisis
support if they were feeling unwell or experiencing suicidal
ideation while using the DMHI. Most participants wanted
contact details of emergency and mental health support services
included (eg, Lifeline and Suicide Call Back Line), while others
endorsed a more personalized approach where a user input (eg,
endorsing suicidal thinking) would trigger messages or risk
alerts, such as advising the client to seek help immediately and
then directing them to crisis support information.

Helps Monitor Client Safety
Participants wanted the program to help monitor client safety
and alert the clinician if their client’s symptoms worsened or
they endorsed indicators of elevated suicide risk. A common

suggestion was to use validated questionnaires to flag if a
client’s symptoms were worsening. Some participants thought
the DMHI could prompt mental health professionals to check
in with their clients or reassess their treatment plans.

Supports Maintenance of Professional Boundaries
Participants expressed concern about their increased duty of
care between therapy sessions when using a DMHI with clients
(eg, being required to contact clients at risk outside of sessions).
Some also thought the program could help mental health
professionals manage their duty of care and client safety. This
included (1) guiding discussions about duty of care with clients,
(2) setting boundaries around the mental health professional’s
availability, and (3) clarifying which client information would
be shared with mental health professionals. Participants thought
that this could be facilitated through the onboarding content of
the DMHI and automatic notifications about elevated client risk
to mental health professionals.

Not Suitable for Clients With Severe Mental Distress
Some participants felt a DMHI, even when used with blended
care, would not be appropriate for high-risk clients or those
experiencing severe distress. Examples included clients who
were suicidal, experiencing significant challenges with
perceptions of reality (eg, psychosis and personality disorder)
and those with severe distress or functional impairment (eg,
severe depression).

Theme 4: Minimize Burden on Time-Poor Clinicians

Theme Overview
This theme describes how DMHIs can reduce the burden on
mental health professionals who may already be short of time.

Quick Reference Guides and Resources
Many participants thought simple, quick, easy-to-use guides
and resources would help them decide whether the DMHI was
appropriate for clients. Several participants specified that short
overviews of content or program modules, the program structure,
and details to pass on to the client (eg, time commitment) would
be helpful. The preferred medium for quick reference guides
and resources was varied and included written summaries, short
videos less than 2 minutes long, booklets, and brochures.

Integrates With Existing Client Management Systems
Some participants wanted the blended DMHI to integrate with
existing software and client management systems used in their
practices. Examples included sending questionnaires or referring
clients to the program digitally via client management systems
that mental health professionals already had in place to avoid
the need for additional record-keeping and the risk of duplicate
records.

Web-Based Program Dashboard
Several participants wanted access to a dashboard to view their
clients’ progress, including completion of modules or activities
and symptom scores. The dashboard could also be used to
recommend modules or activities to clients using the program,
and it would be helpful to quickly view their clients’data before
or during a therapy session with them.
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Theme 5: Program is Credible and Trustworthy

Theme Overview
This theme emphasizes the importance of a DMHI being
credible, reliable, and safe for clients.

Evidence-Based and Reputable
Most participants would only recommend DMHIs to their clients
if the product had been scientifically evaluated or had
demonstrated effectiveness and was developed by organizations
or individuals they trusted.

Secures and Protects Client Privacy
The DMHI needed to be confidential and protect client data.
Participants wanted transparent information about where the
client data were stored and who could access it, including in
the DMHI. Participants also thought clients should be able to
turn clinician access to their data on and off.

Theme 6: Client Barriers to Using the Program

Theme Overview
The final theme refers to barriers that prevent clients from using
a DMHI.

Program Cost
Most participants believed cost was a barrier to their clients
accessing DMHIs and that their clients would want to check
the efficacy and suitability of DMHIs before paying for access.
Another perspective was that some individuals with mental
illness were struggling financially and that DMHIs should be
included in treatment costs. Participants also felt uncomfortable
with clients paying for DMHIs, considering the already high
costs of therapy. However, some acknowledged that cost could
indicate to clients that a program has a high level of quality and
credibility. Overall, participants emphasized the importance of
keeping the costs of DMHIs low.

Digital Interventions Not Appropriate for Some Clients
Participants believed that DMHIs would not suit clients who
lack access to technology (ie, no mobile phone, computer, or
internet access), have poor literacy skills, have cognitive
impairments or intellectual disabilities, face psychosocial
vulnerabilities (ie, domestic violence and child protection
concerns), or require the additional empathy and validation that
an in-person therapist can offer.

Stage 3: Focus Group

Demographics
In total, 6 psychologists participated in the 2-part focus group.
The mean age was 35 (SD 10; range 26‐54) years. All
participants spoke English as their primary language and lived
in major Australian cities. Most participants were female (n=5,
83%), and 1 (17%) was male. Overall, 5 (83%) participants
were clinical psychologists and 1 (17%) was a provisional
psychologist. The participants had worked as mental health
professionals for an average of 10 (SD 10; range 1‐28) years
and worked in private practice (n=4, 67%), not-for-profit
organizations (n=4, 67%), and outpatient settings (n=2, 33%).
All psychologists nominated depressive and anxiety disorders

as two of the most common mental health issues they treated
in their clinical practice. Other common mental health issues
treated by participants included trauma and stressor-related
disorders (n=5, 83%), personality disorders (n=4, 67%), bipolar
and related disorders (n=3, 50%), and obsessive-compulsive
and related disorders (n=3, 50%). All psychologists commonly
use CBT to treat depression and anxiety. Other treatment
modalities included acceptance and commitment therapy (n=4,
67%), mindfulness-based cognitive therapy (n=4, 67%), and
schema therapy (n=4, 67%).

Thematic Analysis Findings

Overview of Findings

Five key themes were identified that related to the resources,
support, and training needed to implement blended care into
routine care for depression and anxiety: (1) user-friendly
resources, training, and support; (2) practical and flexible
training; (3) comprehensive implementation support; (4) monitor
client progress and risk; and (5) tailor client content and access.

Theme 1: User-Friendly Resources, Training, and Support

Psychologists emphasized that resources, support, or training
for the blended care system should be user-friendly and facilitate
the use of blended care with clients. Psychologists also
emphasized that any digital components of a blended care
system, such as a web-based dashboard or portal, should be
simple, quick, and easy to integrate into their regular clinical
practice.

Theme 2: Practical and Flexible Training

Psychologists thought training should be ongoing as they used
the blended care system and focused on understanding what is
included in the program (eg, clinical techniques). Like
interviews, the psychologists raised concerns about client
confidentiality and how the limitations of duty of care when
using DMHIs should be communicated to clients. They
suggested that this should be covered in any training provided
to mental health professionals for the blended care DMHI.
Psychologists also wanted various training resources to be
provided, including workshops, written summaries, Frequently
Asked Questions, and video-based guides. Receiving
professional development credit for an educational module (eg,
on blended care) was also considered an important incentive.

Theme 3: Comprehensive Implementation Support

The psychologists believed that one-on-one and peer support
would be needed to implement blended care. For one-on-one
support, they suggested the DMHI support team should regularly
check in with mental health professionals using the blended
care system and include “Frequently Asked Question” and
“Help” sections in a web-based dashboard to provide contact
details on how and who to contact for help. Additionally, they
recommended facilitating peer support through access to a
clinician chat group or message board.

Theme 4: Monitor Client Progress and Risk

Psychologists wanted to be able to view and track client progress
via a web-based dashboard included in a blended care system.
Preferred metrics included questionnaire scores, client responses,
and the number of activities completed. Flagging and receiving
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notifications about at-risk clients based on symptom severity
was also essential. Another suggestion was to include a
downloadable snapshot of the client’s DMHI use and other data
that could be exported to and saved in other practice
management software.

Theme 5: Tailor Client Content and Access

The psychologists valued the ability to select, schedule, and
personalize DMHI content for clients. This included searching
for activities with clinical terms (eg, behavioral activation),
assigning specific activities to clients, tailoring reminders to
suit client needs, and sending content and activity links directly
to clients. Having control over the digital “unlinking” of a client
during therapy closure or handover to another mental health
professional was also important.

Discussion

Principal Findings
This was the first participatory design study to investigate
Australian mental health professionals’ needs and expectations
of a new transdiagnostic, CBT-based blended DMHI that could
be integrated into routine care for clients experiencing
depression and anxiety. Participants wanted the blended DMHI
to be easy to use, flexible to use with clients, and provide a
broad range of tailored content to engage and sustain client
interest, including evidence-based content from several
therapeutic modalities, such as CBT, acceptance and
commitment therapy, and dialectical behavior therapy.
Participants also provided detailed feedback on the sharing of
client data, including a preference for this to occur via a secure
email account or web portal, as well as the types of client data
that would be most helpful to share. Factors affecting mental
health professionals’ acceptance of a blended DMHI, as well
as the types of training, support, and resources needed to
implement blended care, were also identified. Incorporating
features that support the monitoring of client safety into DMHIs
and ensuring that DMHIs are free or of low cost for clients could
enhance the acceptance of blended care by mental health
professionals. Overall, our findings indicate that blended care
for depression and anxiety would be feasible and acceptable for
Australian mental health professionals to implement, especially
psychologists.

Blended Care Needs and Expectations
Blended care, where a DMHI is integrated with in-person or
telehealth sessions, was considered more acceptable than
standalone digital interventions. Many of our findings on the
needs, preferences, and expectations of mental health
professionals for a DMHI that could facilitate blended care align
with results from our participatory design study with people
with lived and living experiences of depression and anxiety [56]
and research with European mental health professionals
[28,30,31,38-40]. CBT was the most used therapeutic modality
when treating adults with depression and anxiety; however,
acceptance and commitment therapy and mindfulness-based
cognitive therapy were also common. Given that most
participating mental health professionals were experienced
CBT-based psychologists, further research will be needed to

adapt the blended care system to the needs of other types of
mental health professionals. Consistent with the views of people
with lived experience [56], participants also expected the
blended DMHI to be evidence-based, credible, and protective
of client data. These results align with 2 prior blended care
studies [28,39] and existing research [22,24,27,60,61] conducted
before and during the COVID-19 pandemic, which showed that
mental health professionals value DMHIs with strong evidence
bases and prioritize client privacy and data security.

A novel finding from this study is mental health professionals’
views on sharing client data, as only 1 blended care study [39]
has previously reported this. Behr and colleagues [39] found
that psychotherapists believed clients should have control over
what data their psychotherapist can see in a DMHI. Our results
build upon these findings by providing specific details on how
mental health professionals wanted this data sharing to occur.
In this study, most participants preferred to receive client
information through a secure email account or online portal on
a weekly or fortnightly basis and wanted to view data on clients’
progress through the DMHI program, mental health symptoms,
and feedback on their treatment. Both our results and those of
Behr and colleagues [39] show that mental health professionals
value maintaining the security of client data when sharing data
with treatment providers. Further research is needed to validate
these findings, given the predominance of psychologists in this
study and psychotherapists in the Behr and colleagues [39]
study. Despite this, the data sharing findings align with
qualitative research by Atik and colleagues [28] on blended
care, who found that clients were not concerned about sharing
personal data within a DMHI, provided their data were used
only for treatment purposes. However, these 2 studies [28,39]
and our study were conducted during the COVID-19 pandemic;
therefore, further replication is needed to ensure that these
findings were not due to the unusual circumstances of this
worldwide event.

Participants in this study believed blended care could enhance
psychotherapy by helping to track a client’s treatment progress
and providing clients with psychoeducation and skills practice
that support in-session therapy. Similarly, other blended care
studies found mental health professionals, who primarily
consisted of psychologists and psychotherapists, prefer blended
DMHIs that allow clients to track their symptoms and complete
homework between therapy sessions [28,29,38,62]. Further,
Cerga-Pashoja and colleagues [38] reported that mental health
care workers who deliver low-intensity psychological
interventions (ie, UK psychological well-being practitioners)
wanted blended care to help facilitate continuity between therapy
sessions. The current results indirectly support this desire for
treatment continuity, as mental health professionals suggested
the inclusion of a web-based dashboard that would allow them
to recommend program content and review client progress
between and before therapy sessions. Relatedly, mental health
professionals wanted the blended DMHI to assist with the
monitoring of client symptoms and flag if these worsened or
indicated suicidality, further contributing to a sense of treatment
continuity and mental health support between therapy sessions.
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Blended Care Acceptability
Consistent with previous research [28,39,60] conducted before
and during the COVID-19 pandemic, mental health professionals
thought that the blended DMHI should direct clients to
immediate support if they were feeling unwell or in crisis.
Mental health professionals in this study were also wary of
using blended care with highly distressed clients or clients with
high suicide risk. which is in line with previous research [22,32].
This is despite research evidence indicating that blended care
is feasible for treating severe mental illness and may also
improve treatment adherence in this population [33]. One reason
for the current findings could be that mental health professionals
working in private practice, especially psychologists, were
well-represented throughout all 3 stages of the participatory
design study. These participants may have been more cautious
about working with high-risk clients compared to other mental
health professionals, as they could be sole traders operating
their own private practices or be part of a small business. Other
factors influencing participants’willingness to use DMHIs with
clients were client suitability and cost. In line with previous
research [22,30], mental health professionals thought blended
care might not be appropriate for people with poor digital
literacy, limited access to digital technology, or comorbidities
that could hamper treatment engagement (eg, cognitive
impairment and domestic violence). Prior research also supports
our finding that mental health professionals preferred DMHIs
to be free or low-cost for clients [26,60]. This highlights the
importance of using participatory approaches in DMHI research,
especially with practitioners who treat the mental health
condition in question, and ensuring sustainable funding models
are available for ongoing maintenance and support for blended
care systems.

Mental health professionals were also concerned about the time
and effort needed to implement blended care with clients. This
concern has previously been raised in European studies
conducted before the COVID-19 pandemic with CBT-trained
mental health professionals working at mental health services
that use blended care [30,31,38,40]. However, blended care can
also save mental health professionals’ time by allowing the
DMHI to cover some aspects of face-to-face therapy, such as
psychoeducation, or using the DMHI to continue contact with
the client for aftercare and to maintain treatment gains without
additional face-to-face therapy sessions [25]. Ensuring these
time-saving qualities are realized is key to enhancing the
acceptability of blended care models [30,39]. In this study,
mental health professionals made several suggestions for
minimizing the workload associated with implementing blended
care and the types of training and resources that would support
them using a blended DMHI with clients. Strategies included
trialing the DMHI from the client’s perspective, supplying quick
reference guides and resources (eg, written summaries and short
videos), and providing a web-based dashboard that could be
used to view client progress and prescribe therapeutic content.
Mental health professionals also reported a need for ongoing
one-on-one and peer support when using blended care with
clients and training to help them understand the therapeutic
content in the blended DMHI.

Limitations
This study has several limitations that should be noted. This
study occurred during the first and second years of the
COVID-19 pandemic (ie, October to December 2020 and July
2021). During this time, the demand for mental health
professionals increased while mental health service delivery
was disrupted due to quarantining restrictions and physical
distancing rules [3,23]. This forced many mental health
professionals to switch from face-to-face to telehealth service
delivery. It is possible that mental health professionals were
more motivated than usual to participate in the research due to
the sudden need for many to transition to telehealth service
delivery. This may have also influenced our finding that blended
care was more acceptable than standalone DMHIs. However,
our results do align with a European survey conducted before
the COVID-19 pandemic [32], which found that a range of
stakeholders involved in depression treatment thought blended
care was more acceptable than standalone internet-based
treatment for mild, moderate, and severe depression. Further
research will be needed to disentangle the effects specific to the
COVID-19 pandemic on the blended care system in the future.

The generalizability of our results may also be limited, as the
sample was predominantly female and English-speaking and
was comprised of individuals who resided in major Australian
cities, were psychologists, and worked in private practice within
a high-income country. These demographics are consistent with
research showing that psychotherapy for mental health treatment
within Australia is primarily delivered by psychologists working
in private practices [45]. However, further research should
consider how the blended care system could be adapted for use
by other types of mental health professionals, including those
not working in private practice and those in rural, regional, or
remote areas of Australia. This could increase the accessibility
of blended care for people who may not be able to afford to
cover the gap in payments for psychotherapy within the current
Australian mental health system. Another limitation of this study
is the focus on a transdiagnostic model of care. For highly
comorbid mental health diagnoses with shared cognitive,
emotional, and biological mechanisms, like depression and
anxiety, transdiagnostic approaches have many benefits [7-11].
However, as also mentioned by participants in this study, this
approach may not be appropriate for all clients. There is still a
need for diagnosis-specific treatment, as some symptoms
experienced by a client with a diagnosis, such as bipolar
disorder, may not be addressed by a transdiagnostic intervention
for depression and anxiety [9].

Future Directions
The findings from this study and the participatory design study
with people with lived and living experiences of depression and
anxiety [56] have been used to create a new Australian blended
model of care for depression and anxiety. The present results
have been incorporated into a co-design and prototype testing
process for a web-based health professional portal that forms
part of the myNewWay blended care digital system. The new
system also includes a CBT-based and transdiagnostic mobile
app for people receiving treatment for depression and anxiety
[56]. Phase 2 of the larger Australian project involved refining
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and evaluating both digital products for use as part of routine
care for depression and anxiety. This included an
implementation clinical trial with Australian psychologists and
their clients. Findings from this clinical trial will inform the
development of a workflow model for integrating the new
blended care system into a mental health professional’s practice
without increasing their workload or compromising quality of
care.

Conclusion
The present findings indicate that Australian mental health
professionals who deliver psychotherapy value blended DMHIs
that facilitate their clinical practice. Given the similarities
between the present findings and the European blended care
research [28,30,31,38-40], some elements of optimal blended
care may be universal and replicable in mental health care

systems in other countries. However, it is important to recognize
that blended care will not solve the issue of mental health
workforce or funding shortages [3]. Moreover, the increasing
incorporation of artificial technology into DMHIs may further
complicate the implementation of blended care in the future
[17]. Blended care could be an option for leveraging the
convenience and accessibility of DMHIs in a way that supports
evidence-based treatment and the current workforce while
longer-term solutions are sought for these larger system-level
issues. Our results, as well as those of others using participatory
principles [39,60], further highlight the importance of involving
mental health professionals in DMHI design and development.
Designing DMHIs that work with, rather than against, existing
care pathways for depression and anxiety is crucial for
improving access to mental health treatment.
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Abstract

Background: Digital mental health platforms often consist of many different forms of self-care exercises. To our knowledge,
whether the number of choices presented to the users affects their uptake and experiences and poses negative consequences (ie,
not choosing any exercises, choice dissatisfaction) for users, especially those experiencing anxiety and depressive symptoms or
unpleasant state emotions, has not been empirically investigated.

Objective: This study investigated the impact of choice set size on practice decisions, completion, satisfaction, and subjective
experiences, as well as potential moderators including depression and anxiety symptoms, state emotions, and motivational and
decisional attributes on these choice outcomes.

Methods: Participants were recruited through university mass email and social media, and 652 participants were included in
our analyses. Participants completed questions regarding anxiety and depressive symptoms, state emotions, and other psychological
attributes. Then, they were randomly assigned to 1-choice, 4-choice, and 16-choice conditions, in which they may choose a
self-care activity to practice or decide not to practice. Finally, they completed questions regarding completion, satisfaction,
engagement, attitude, and perceived improvement in psychological state.

Results: Presenting multiple choices resulted in a higher likelihood of practice (odds ratio 3.12, 95% CI 2.08 to 4.67 and 3.83,
95% CI 2.55 to 5.76; P<.001) and better decision satisfaction (16-choice vs 1-choice: d=0.36, 95% CI 0.17 to 0.56, P<.001;
4-choice vs 1-choice: d=0.24, 95% CI 0.05 to 0.43, P=.03) compared with presenting with a single choice. Tentative evidence
indicates anxiety symptoms and state emotions were meaningful moderators. Specifically, for individuals with more anxiety
symptoms and intense negative emotions, presenting a larger choice set (16 choices) resulted in more positive chosen exercise
satisfaction, better attitudes toward chosen activity, and higher perceived improvement in mental health state after the activity,
when compared with presenting with smaller choice sets (anxiety: β=−0.38, 95% CI −0.69 to −0.06 to −0.51, 95% CI −0.84 to
−0.18; state emotions: β=−0.31, 95% CI −0.66 to 0.03 to −0.60, 95% CI −0.92 to −0.28). No evidence was found for the moderating
effect of motivational and decisional attributes.

Conclusions: The moderation results were contradictory to prior research and our expectation that a larger choice set may result
in worse outcomes than a smaller choice set for people who were experiencing higher levels of psychological distress. We
speculated that a possible reason for these findings may be that people with more anxiety symptoms and unpleasant emotions
may have a stronger need to reduce these uncomfortable symptoms and emotions, and when presented with more choices on
self-care activities, there may be a higher possibility that these self-care activities can address their distress.

Trial Registration: OSF Registeries Osf.io puwxb; https://osf.io/hcbx6/

(JMIR Hum Factors 2025;12:e71165)   doi:10.2196/71165

KEYWORDS

digital mental health; decision making; choice set size; individual moderators; anxiety; state emotions

JMIR Hum Factors 2025 | vol. 12 | e71165 | p.3709https://humanfactors.jmir.org/2025/1/e71165
(page number not for citation purposes)

Yeung et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/71165
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
To maintain and enhance positive mental health, practicing
mental health self-care regularly is essential in our daily lives.
With the proliferation of digital mental health apps and
platforms, numerous exercises derived from approaches such
as cognitive-behavioral therapy and mindfulness-based
interventions [1,2] become easily accessible. These activities
can be guided through audio or visual instructions or completed
using worksheets. While having more exercises available may
cater to different needs of service users, presenting too many
choices on the platform may negatively influence the likelihood
of practice, engagement, and satisfaction, especially for people
experiencing anxiety and depressive symptoms or unpleasant
emotions [1]. Are users more motivated to do mental health
self-care exercises, and are their experiences more satisfactory
and engaging if they are given fewer or a larger number of
choices? Moreover, are these choice decisions and the related
completion of practices, engagement, satisfaction, and
experiences moderated by users’present psychological distress,
emotional states, and individual differences in motivation and
decision-making?

While numerous studies have explored the effects of different
choice quantities in economic and consumer decision-making
contexts [3-7] and some digital health studies have investigated
the efficacy of choice provision versus the absence of choice
or tunneling [8-10], research comparing a higher number of
choices over a low number of choices in health-related settings
is scarce. Only a handful of studies have addressed this
comparison in health-medical contexts [7,11,12], and to our
knowledge, there is no such study on digital mental health
self-care. Making choices for mental health self-care is different
from many other consumer behaviors. In previous research,
consumer behaviors often involve commercial transactions over
the buying of daily goods (ie, pens, jam), with multiple dozens
of choices in the large choice set [4]. Often, when research
involves making health-oriented decisions, the number of
choices is generally lower (under 20 choices) compared with
other consumer behavior domains [11,12]. Unlike other
consumer behaviors, these choices may have more bearing on
well-being and health and may be considered as more
consequential than daily goods choices for most people. With
the increasing popularity of digital mental health, research on
choices of mental health self-care may have informative
implications for personalization of self-care offerings and
understanding of the public’s choices over mental health-related
self-care activities.

More Choices-Are-Better Perspective
Multiple theories in psychology and economics suggest that
individuals tend to experience greater satisfaction when
presented with multiple choices compared with having only one
option available or a limited number of choices. The availability
of multiple choices is believed to support feelings of autonomy,
a fundamental human need that boosts motivation based on
Self-Determination Theory [5,13,14]. Relatedly, having multiple
choices can enhance perceptions of freedom in decision-making

and elevate choice satisfaction [3,4,15]. Such beneficial effects
have been observed in some health-related contexts such as
illness screening and physical exercise [16]. Classical economic
models also suggest that a higher number of choices increases
the likelihood of individuals identifying and selecting options
that match their personal preferences and goals [3,4,17,18].

However, with Chinese cultures emphasizing a culture of
deference and compliance to authority [19,20] while Chinese
people generally have lower mental health literacy [21,22], but
higher levels of mental illness stigma [21,23], they may prefer
being told which choice to opt for or may benefit more from a
smaller choice set in terms of mental health self-care (see studies
by Chernev et al [4], Misuraca et al [5], and Mogilner et al [24]
regarding the association between lower expertise/familiarity
and better outcomes with a smaller choice set). Thus,
understanding how Chinese people respond to different choice
sets in a digital mental health platform for self-care under a mix
of this theoretical and cultural backdrop has important
implications for how researchers and mental health practitioners
could promote public mental health in Chinese societies.

Overchoice Effect or Too-Many-Choices Perspective
Contrary to traditional economic beliefs that more choices lead
to better outcomes, some studies over the past 2 decades have
indicated that an abundance of choices might diminish the
likelihood of purchase and dampen choice satisfaction under
certain circumstances [4,25-27]. Some individuals may find
themselves overwhelmed by an excess of options, leading to
decision-making challenges and dissatisfaction due to limitations
or exhaustion in cognitive resources and capabilities [5,26,28].
Being presented with many choices, individuals may experience
an increase in cognitive costs in processing more information,
making judgments and decisions [4]. This phenomenon of
negative repercussions from an excessive array of choices is
often referred to as “choice overload” or “overchoice” [7,29,30].
However, while numerous studies, meta-analyses, and reviews
have investigated this topic, the findings remain mixed,
sometimes inconclusive, and controversial [4,30]. The
overchoice effect may manifest under specific conditions, such
as increased decision complexity and choice set intricacy [4],
and may affect individuals with certain psychological attributes,
such as prevention regulatory focus [31] or in emotional states
such as anxiety [5,32]. In the mental health realm, for individuals
with anxiety or depressive symptoms and state unpleasant
emotions, it is worthwhile to examine how choice autonomy,
which aligns with personal recovery and self-determination,
and cognitive overload, which may be particularly relevant for
people experiencing psychological distress, may affect decisions,
engagement, and experiences with different choice set sizes.

Anxiety, Depression, and State Emotions as Potential
Moderators
One of the individual difference moderators that may be relevant
is the experience of anxiety. Studies by Hu et al [32] found that
individuals experiencing high levels of anxiety were more prone
to facing decision difficulties and delaying choices when
confronted with a larger array of options. Hu et al [32] posited
that anxiety demands more cognitive resources, thereby reducing
the capacity for processing information and rendering judgments
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based on more information within larger choice sets, so a lower
number of choices may be preferred by people experiencing
high levels of anxiety. This heightened challenge when
encountering a larger choice set in decision-making might lead
individuals to postpone choices or not choose any option and
perhaps experience lower satisfaction [32-34].

Related to but distinct from anxiety, we are not aware of any
study on the potential moderating effect of depression in choice
set size effects. Existing research indicates that many individuals
experiencing depression often contend with fatigue [35,36] and
may experience amotivation [36]. Similar to cognitive resource
limitations among individuals with anxiety [32], people with
depression may find it challenging to process information
involving more choices due to diminished energy and motivation
levels. Individuals with depression may avoid activities that
demand extensive cognitive resources [37-39] or encounter
difficulties and unpleasant experiences when engaging in
complex tasks or decisions that require heightened cognitive
engagement [38,40,41]. Thus, when the number of choices is
high, one may anticipate that individuals exhibiting more
depressive symptoms may be more likely to experience the
overchoice effect.

Although the above-discussed studies about anxiety and
depression were conducted outside the digital mental health
context, concerns have been raised by digital mental health
researchers regarding the potential negative impact of offering
users a wide array of choices, suggesting the possibility of
triggering the overchoice effect [1,42,43]. Notably, Valentine
et al [1] contended that individuals with depression and anxiety
disorders may encounter cognitive challenges, such as
difficulties in concentration, rendering them more susceptible
to experiencing the adverse effects of overchoice and
disengagement when confronted with excessive information
and numerous options. It is imperative to investigate whether
limiting the number of self-care choices presented, particularly
for individuals with heightened levels of anxiety and depression,
would lead to better outcomes than presenting an extensive
number of choices.

In addition to anxiety and depressive symptoms, individuals’
current emotional states may affect their choice preferences.
Drawing from the rationale applied to anxiety and depressive
symptoms, it is hypothesized that individuals reporting higher
levels of anxiety or depressive symptoms, or stronger unpleasant
emotions, would benefit more from a restricted number of
choices (1 choice or 4 choices) compared with a larger choice
set (16 choices), including greater uptake, engagement, and
completion of the chosen activity as well as satisfaction with
the decision.

Tailoring the Number of Choices Based on Individual
Differences in Regulatory Focus and Choice
Preferences
In addition to testing the potential interactions between the
number of choices and mental health conditions and emotional
states, it may be valuable to investigate the moderating effects
of dispositional individual characteristics. One pertinent
characteristic worth considering is regulatory focus, as proposed

by Higgins [44], which pertains to the motivational orientations
in goal pursuits and decision-making processes. Regulatory
focus can be categorized into prevention focus that emphasizes
safety and the prevention of losses or errors, and promotion
focus that emphasizes seeking advancements, gains, and growth
opportunities.

Research by Tuan Pham and Chang [45] found that individuals
with a predominant promotion focus tend to view options
selected from a larger choice set more favorably than those from
a smaller set. This inclination was attributed to the proactive
nature of promotion-oriented individuals, who are eager to
capitalize on opportunities that may be more abundant in wider
choice sets [45]. Furthermore, promotion-focused individuals
often aim to maximize gains and pursue idealistic goals, making
them more likely to find an option that aligns with their
preferences in a larger selection. Another related explanation
is that promotion-focused individuals tend to strive for
maximizing gains and are more idealistic [46,47], and a higher
number of choices is more likely to consist of an ideal option
that matches well with the preference of the decision maker
[3,4,17]. In contrast, Polman [31] found that prevention-focused
individuals are more affected by choice overload. They worry
about making mistakes and are vigilant about “bad options.”
With more choices, they perceive a higher risk of encountering
these “bad options.” Therefore, presenting fewer choices may
be better for prevention-focused individuals. Given the above
findings, it is hypothesized that for predominantly
promotion-focused individuals, presenting a larger choice set
will be more beneficial than presenting a smaller choice set,
whereas for predominantly prevention-focused individuals,
presenting a smaller choice set will be better than presenting a
larger choice set.

Apart from regulatory focus, a relatively simple potential method
of choice-set-individual-characteristics tailoring was tested by
directly asking participants their preferences and perceived
difficulty in making decisions when given many choices. For
people who prefer many choices and perceive making decisions
as less difficult [48], we expect that a higher number of choices
(19) will be more beneficial in enhancing their practice
likelihood, completion rates, decision satisfaction, choice
satisfaction, and engagement compared with a lower number
of choices (1 choice or 4 choices). In contrast, for people who
do not prefer many choices and people who perceive making
such decisions as difficult, a lower number of choices (1 choice
or 4 choices) may be better than 16 choices. Broadly speaking,
accommodating or matching individual preference is generally
associated with engagement, choice satisfaction, and completion
rates in mental health contexts [49,50]. This method of tailoring
may seem intuitive, simple, and feasible to implement if shown
to be effective.

Summary of Hypotheses
To summarize, we investigated both symptoms of psychological
distress and state emotions, as well as psychological attributes
as moderators. We hypothesized the following for practice
likelihood, completion of exercise, satisfaction, and engagement:

• For people experiencing lower levels of anxiety, a higher
number of choices (16) will result in better outcomes than
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lower numbers of choices (1 or 4). For people experiencing
higher levels of anxiety, a lower number of choices (1 or
4) is expected to result in better outcomes than a higher
number of choices (16).

• For people with fewer or no depressive symptoms, a higher
number of choices (16) will lead to better outcomes than
lower numbers of choices (1 or 4). For people experiencing
more depressive symptoms, a lower number of choices (1
or 4) will result in better outcomes than a higher number
of choices (16).

• For people with more intense pleasant emotions, a larger
choice set (16) will result in better outcomes than a smaller
choice set (1 or 4). For people experiencing more intense
unpleasant emotions, a smaller choice set (1 or 4) will lead
to better outcomes than a larger choice set.

• For people who are predominantly promotion-focused, a
larger choice set (16) is more likely to result in better
outcomes than a smaller choice set (1 or 4). For people who
are more prevention-focused, a smaller choice set (1 or 4)
will lead to better outcomes than a larger choice set (16).

• For people who prefer many choices and perceive making
decisions as less challenging, a wider choice set (16) will
lead to better outcomes than a smaller choice set (1 or 4).
For participants who do not prefer many choices and
perceive making decisions as more difficult, a smaller
choice set (1 or 4) is more likely to result in better outcomes
than a larger choice set (16).

Methods

Open Science Disclosures
We preregistered our 3-condition experiment in the Open
Science Framework (OSF), with the template by Van’t Veer
and Giner-Sorolla [51]. The preregistration document, data files,
code, outputs, and materials of our study are available in OSF
(Table S2 in Multimedia Appendix 1 [31,52-67] contains links).

Sample Size Determination, Recruitment, and
Participants
We are not aware of any empirical study regarding choice set
size in digital mental health exercises or investigating individual
difference moderators on the impact of choice set size in mental
health decision-making and experiences. Thus, our power
analysis was not based on effect sizes of prior studies. We
determined the minimum sample size through power analysis
based on an effect size of f=0.18 (a small to medium effect based
on Cohen [68]) that we consider as practically meaningful to
detect while considering resource constraints, monetary and
time costs, and number of potential participants [69]. We
conducted the power analysis with G*Power (version 3.1;
Heinrich-Heine-Universität Düsseldorf) [70]. With an expected
alpha of 0.00167 (0.05/30, since we expected to adjust alpha
with Holm correction to account for the number of hypothesis
testing), 3 conditions, and a power of 80%, a minimum sample
size of 575 would be required. Accounting for potential attrition
and exclusion of participants not meeting validity testing, our
target sample size was set as 675.

We recruited participants through the university subject pool
and the social media platforms (Facebook and Instagram). We
stated in the advertisement and the introductory page of the
study that participants should understand Chinese and should
be 18 years or older. The number of participants who were
randomized to one of the conditions (1-choice, 4-choice, or
16-choice conditions) was 675.

The number of participants who completed at least one
dependent variable measure and passed at least one validity
check question (thereby included in our analyzed sample) was
652 (1-choice: 216 participants, 4-choice: 220 participants,
16-choice: 216 participants). A total of 23 participants were
excluded due to not completing the experiment or not passing
at least one validity check. The mean age of the analyzed sample
was 21.77, with a SD of 12.41. A total of 40.03% of participants
were women, 57.66% were men, and 2.31% of participants did
not disclose gender.

Procedures and Measures
The randomized 3-condition experiment was conducted through
Qualtrics. To measure pre-existing characteristics or states,
participants first completed scales on anxiety and depressive
symptoms, emotional states, and psychological attributes
(regulatory focus, preferences, and difficulties in making
choices). In mental health self-care, it is reasonable to first gauge
participants’ distress experience (as measured by anxiety and
depressive symptoms) and their present emotional state at the
time of engaging in a mental health platform, as this may affect
their decision-making and we may adjust based on these
potential moderators. This also simulates digital mental health
contexts in which pre-existing states or psychological attributes
are measured for personalization purposes. The effects of
different choice set sizes on emotional states, anxiety, or
depression were not tested, so such measures were presented
before choice presentations only. Participants were randomized
to either 1-choice, 4-choice, or 16-choice conditions, in which
they chose to practice with one of the mental health exercises
or chose not to practice. After that, participants responded to
outcome variables including satisfaction, engagement, and
subjective experiences. The entire experiment takes around 20
to 25 minutes. Details about the scales and measures are reported
in the following.

Choice Set Sizes

Rationale
In the context of mental health self-care, we anticipated a
possibility that for a proportion of participants experiencing
moderate to severe levels of depression, they may be amotivated
to make choices on their own [36]. Moreover, in the Chinese
culture, many people were socialized since very young to be
deferent to authorities and exercise conformity or compliance
[19,20]; thus, some Chinese people may find making choices
more challenging or prefer simply to be told what to do. As
such, we included a single-choice option. We are aware that the
choice set size literature generally focuses on comparing various
levels of choice sets with a smaller number of multiple choices
to a very large number of choices (meta-analysis by [4]);
however, we are unaware of any study that focused on choice
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set sizes for mental health-related self-care exercises. In light
of the clinical and cultural considerations, we decided to include
a single-choice condition to investigate whether providing a
single choice may be better for a subgroup of participants.
Participants can still opt out of not practicing self-care, even
with this single-choice option.

As to our decision of including 4-choice and 16-choice as the
other 2 experimental conditions for investigation, we
acknowledged that these choice set sizes contain fewer options
than some consumer behavior studies that involve products such
as pens and DVDs [4] and the decision does not have much
implication for their health. However, our choice set sizes were
similar to studies that involve health decision making and a
study that found support for the overchoice effect among people
with higher levels of anxiety (eg, [12,32,71], also see Chernev
[4] meta-analysis regarding the number of choices in different
studies). Health-related decisions generally involve less familiar
and more complex information compared with consumer
decisions like buying food and other daily life products. A
4-choice condition is considered a relatively manageable size,
similar to other studies using smaller choice sets [12,32]. As to
a larger choice set, presenting participants with 30 or more
choices on mental health self-care appears unrealistic and may
not even be appropriate in light of the generally low levels of
mental health literacy and unfamiliarity of the public with mental
health self-care among Chinese [21,22]. Moreover, considering
the user interface of presenting various choices on mobile apps,
the maximum number of presenting a 16-option choice set is
deemed more suitable in real-world implementation. Although
the exact number of choices is not definite, we deemed
comparing a single, manageable few, and relatively large choice
sets in digital mental health contexts to be realistic and
meaningful, as any of these choice set sizes has potential
implementation implications on a mental health mobile app.
Due to research constraints (eg, number of participants to be
recruited, funding), we could not include more than 3 conditions
with a greater number of choices.

Anxiety Symptoms
Participants completed the Generalized Anxiety Disorder-7
(GAD-7) [72], which measures anxiety symptoms over the past
2 weeks and consists of 7 items with 0 to 3 Likert scales (0=Not
at all, 1=Several days, 2=More than half the days, 3=Nearly
every day). Sum scores were used, with higher total scores
indicating more severe levels of anxiety symptoms. GAD-7 has
been validated in both general and clinical populations and has
shown adequate internal consistency, construct validity, and
convergent validity [72-74]. With our sample, GAD-7 has an
internal consistency of α=.922.

Depressive Symptoms
Depressive symptoms over the past 2 weeks were measured
using the Patient Health Questionnaire (PHQ-9) [75], with 9
items and 0 to 3 Likert scales (0=Not at all, 1=Several days,
2=More than half the days, 3=Nearly every day). The score is
the sum of all items, and higher scores indicate more severe
levels of depressive symptoms. PHQ-9 has been validated in
both clinical populations and general populations and has
demonstrated good reliability, construct validity, and convergent

validity [76,77]. In our sample, PHQ-9’s internal consistency
was α=.876.

State Emotions
Apart from measuring anxiety and depressive symptoms, state
emotions were measured by using 8 emotions with 2 emotions
from each quadrant of the Circumplex Model [78]. The emotions
measured include tired, sad (unpleasant and lower arousal),
tense, distressed (unpleasant and higher arousal), happy, excited
(pleasant and higher arousal), relaxed, and calm (pleasant and
lower arousal). 5-point scales adapted based on The Positive
and Negative Affect Schedule [79] were adopted (1=very
slightly or not at all, 2=a little, 3=moderately, 4=quite intense,
5=very intense, slight changes in wording for 4th and 5th point).
The internal consistency of the pleasant emotions subscale was
α=.708, and the unpleasant emotions subscale was α=.834 in
our study. For the analyses, we averaged the pleasant emotions
and the unpleasant emotions to calculate composite scores for
pleasant emotions and unpleasant emotions. We then calculated
the difference between pleasant emotions and unpleasant
emotions, in which a positive score implies more intense
pleasant emotions (compared with unpleasant emotions),
whereas a negative score implies more intense unpleasant
emotions (compared with pleasant emotions).

Regulatory Focus
Promotion and prevention orientations in regulatory focus were
measured using Gomez et al [80] Health Regulatory Focus Scale
(HRFS). The scale consists of eight 7-point scale (1=strongly
disagree, 7=strongly agree) items (5 promotion items and 3
prevention items). We replaced “health” with “mental health”
in the items so that the items are more relevant to mental health.
An example of promotion focus is “If I see a good opportunity
to improve my mental health, I take advantage of it right away,”
and an example of prevention focus is “When I implement a
mental health behavior, it’s because I want to protect myself
from getting sick.” The scores are calculated by averaging
promotion items and prevention items. HRFS demonstrated an
advantage in predictive validity within health behavior contexts
over general regulatory focus scales [52,53]. It also has adequate
internal consistency, test-retest reliability, convergent validity,
and discriminant validity [80]. In our study, HRFS showed
internal consistency of α=.887 in promotion focus and α=.698
in prevention focus.

Perceived Difficulty of Making Choices and Preference
for Choices
Perceived Difficulty of Making Choices (PDMC) and Preference
for Choices (PFC) were measured with scales constructed and
adopted by Feldman et al [48], which were positively associated
with the Free Will and Determinism Scale [81]. Both scales
consist of 2 items each with 7-point scales (1=strongly disagree,
7=strongly agree). An example item of PFC is “In each decision
I face, I prefer to have as many options as possible to choose
from,” and an example item of PDMC is “It’s very hard for me
to choose between many alternatives.” Scale scores were
calculated by averaging the items. The scales have not been
formally validated. PFC scale shows an internal consistency of
α=.785, and the internal consistency of PDMC is α=.690.
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While we focused on preregistered confirmatory moderators in
this manuscript, we included additional psychological attributes,
notably Need For Cognition [82] in the same data collection,
and the full list of these scales is reported in Multimedia
Appendix 1 [31,52-67]. (We may conduct exploratory analyses
with such variables for separate manuscripts and we welcome
researchers to conduct secondary exploratory analyses [eg,
machine learning methods, see discussion] with our open
dataset.)

After completion of the above measures, participants were
randomized to either (1) 1-Choice condition, (2) 4-Choice
condition, or (3) 16-Choice condition. Each condition consists
of an array of mental health self-care exercises with brief
descriptions about the tasks involved and the purpose of each
exercise. All exercises have the same purpose in improving
mental well-being and reducing psychological distress and last
for a few minutes. They are commonly used exercises in
mindfulness-based, self-compassion-based, and
cognitive-behavioral interventions, which are evidence-based
approaches demonstrated to improve mental well-being and
reduce anxiety and depressive symptoms [83-85]. In a previous
randomized controlled trial conducted among Chinese in Hong
Kong [84], brief mobile app-based mindfulness-based,
self-compassion-based, and cognitive-behavioral interventions
were found to be equivalent and effective in improving mental
well-being and reducing psychological distress.

Half of the exercises involve writing tasks, and half of the
exercises are experiential, based on audio/video. Examples
include mindful awareness of emotions, mindful breathing
(mindfulness), self-compassion letter-writing, self-kindness
meditation (self-compassion), problem-solving, and absorbing
activities (cognitive-behavioral). The order of the exercises was
randomized to prevent order effects, and the choices of the
single-option and 4-choice option (2 writing, 2 experiential)
were randomized from the 16 choices. More details regarding
the exercises and each condition are reported in the Multimedia
Appendix 1 [31,52-67] “Details regarding Different Choice Sets
and Exercises” section, with screenshots on Qualtrics, titles,
and descriptions of all exercises presented or randomized. The
Qualtrics QSF file is shared on OSF [86], in which people can
download and upload the file on Qualtrics to view the
experiment with exercises in the Chinese language.

After choosing “choose later,” “do not want to practice,” or
choosing and involving in one of the exercises, participants
were presented with the following variables. Variables
designated as primary are variables for which we have specific
hypotheses, and secondary are variables that are exploratory,
as indicated in our preregistration.

Manipulation Check
We included a manipulation check: “The previous page has
many mental health exercise choices,” with a 7-point scale
(1=Strongly Disagree, 7=Strongly Agree), to test if the choice
set size manipulation results in perceived differences in the
number of choices across conditions. This question was
presented neutrally to avoid negative or positive connotation
regarding many choices, as there may be an impact on
subsequent responses to the dependent variables if such a

question was framed positively (diverse choices) or negatively
(too many choices).

Decision Satisfaction (Primary)
Participants completed 2 items on decision satisfaction, which
were based on Benoit and Miller’s [54,83] items. They included
one item on satisfaction with the number of options and one
item on satisfaction with decision experiences (the process).
An example of a decision satisfaction item is “Are you satisfied
or unsatisfied with the number of options just a moment ago?”
Both items have 7-point scales (1=very unsatisfied, 7=very
satisfied), which is the same as Benoit and Miller [54]. The
internal consistency of the scale is α=.721.

Chosen Exercise Satisfaction (Primary)
Two items from Benoit and Miller [54,83] were used to measure
chosen option satisfaction, including one item on the degree to
which participants are satisfied or unsatisfied with the chosen
exercise and one item on the degree to which participant believes
the chosen exercise fulfills personal preferences. An example
item is “Are you satisfied or unsatisfied with your chosen
exercise just a moment ago?” The 2 items have 7-point scales
(1=very unsatisfied, 7=very satisfied; 1=completely unable to
fulfill my preference, 7=strongly fulfill my preference). The
scale had an internal consistency of α=.763 in this study.

Completion (Primary)
Participants were asked whether they completed the exercise
with a single question (“Did you complete the exercise just a
moment ago?”) with three options: (1) did not choose any of
the exercises, (2) completed, and (3) not completed. Only data
from participants who chose one of the exercises were analyzed.

Engagement (Primary)
A single question on the degree of engagement in the exercise
(“What was your level of engagement in the exercise just a
moment ago?”) was used, with a 7-point scale (1=not engaged
at all, 7=very engaged). Only data from participants who
selected one of the exercises were analyzed.

We also included the following secondary measures for
exploratory purposes. We did not have specific hypotheses as
we are unaware of any study in the number-of-choice literature
with such dependent variables, and at the preregistration stage,
we perceived such variables as more distal compared with the
primary measures we included. Despite that, we believed
including these items would be worthwhile for several reasons.
These measures are simple and not lengthy, particularly relevant
in mental health contexts, and may inform future studies in the
number-of-choice literature.

Attitudes Toward Chosen Exercise (Secondary)
Three items measuring participants’ attitudes toward chosen
exercise were used, with one item each on liking, perceived
helpfulness of the exercise, and desirability of the exercise. All
these items are measured with 7-point scales (1=not desirable
at all for me, 7=very desirable for me; 1=strongly dislike,
7=strongly like; 1=not helpful at all, 7=very helpful). An
example item is “Do you think that the exercise you just did a
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moment ago was helpful for you?” The internal consistency
was α=.903.

Perceived Improvement in Psychological State
(Secondary)
Participants who chose one of the exercises also completed an
item regarding their perceived improvement in mental state
(“Do you think your mental state has improved or not due to
the exercise a moment ago?). This item is measured with a
7-point scale (1=no improvement at all, 7=very substantial
improvement).

Apart from the above secondary variables, 2 additional
secondary items on behavioral intention in practicing the
exercise in the future and engaging in our digital mental health
platform were included. In retrospect, we consider these items
to be too distal or not well-designed. These items are included
in the shared datasets (Table S1 in Multimedia Appendix 1
[31,52-67] contains links), and other researchers may conduct
analyses with such variables, while understanding the limitations
of such variables.

After the first survey, participants were sent a link in which
they could optionally click on to practice or not, with the same
number and combination of options as the first survey. Two
weeks later, they fill in questions regarding their experiences
with similar measures as the first survey. As very few (lower
than 15%) of participants engaged in practice after the first
survey, and most of the items require participants to have chosen
or practiced exercises after the first survey to be valid, a very
low number of responses received in the follow-up survey (<100
participants) can be analyzed. As a result, our analyses in the
results section focus on participants’ practice decisions,
completion, and experiences of decision making and practices
in the first survey, and the potential moderation effects.

Ethical Considerations
We obtained ethics approval from the Chinese University of
Hong Kong Survey and Behavioral Research Ethics Committee
(number: SBRE-23‐0081). Participants provided informed
consent via the web before the experiment, and the consent form
indicated that they could withdraw from the experiment at any
time. We emphasized in the consent form that participants would
get compensated for their time regardless of whether they
engaged in self-care exercise or not. Participants did not need
to provide their names, and we noted in the consent form that
their data would be confidential, anonymized, and deidentified.
These practices may reduce social desirability bias in consumer
research [87,88]. The datasets shared on OSF are anonymized
and deidentified. Each participant was compensated with $50
Hong Kong dollars (equivalent to US $6.42) for completing the
study, as transparently stated in the consent form.

Results

Notes Regarding Validation Check and Reported
Results
We only reported results of participants who passed at least 1
validity check in the main manuscript. This procedure was not
preregistered, but we believe this would be necessary to ensure

the quality of the analyzed responses. For transparency purposes,
we report results of all participants who were randomized to
one of the conditions and completed one of the dependent
variables in Multimedia Appendix 1 [31,52-67] (including
participants who failed both attention checks). The results are
highly similar.

Manipulation Check
A one-way Welch ANOVA was conducted to test whether the
manipulation was successful, in other words, whether there were
significant differences in levels of agreement on the presence
of many choices between participants in different conditions.
Welch’s ANOVA was adopted instead of Fisher’s ANOVA as
it is robust against unequal variances [89]. Results indicate that
the manipulation was successful with substantial differences in
perceived number of choices between conditions and are
reported in the Manipulation Check Results section in
Multimedia Appendix 1 [31,52-67].

Alpha Adjustment for Multiple Testing

Alpha Adjustment Methods
As preregistered, to address risks of false positive results due
to testing with multiple moderators and multiple dependent
variables, the Holm sequential alpha adjustment method [55]
was adopted for tests associated with our confirmatory
hypotheses (with primary outcome variables). With the Holm
method, the P values for each family were ranked from smallest
to largest. For the lowest P value in the family, the alpha is
adjusted by dividing 0.05 by the total number of tests in the
family (0.05/m). For the second lowest P value in the family,
the alpha is calculated by dividing 0.05 by m-1. For the third

lowest P value, then adjusted alpha=.05/m−2, etc. As
preregistered, the tests were divided into 2 families, each with
different research objectives [90]. In Family A, tests were
divided in relation to anxiety and depressive symptoms as well
as state emotions (potential moderations of GAD-9, PHQ-7,
and state emotions, with primary outcome variables listed
above). In Family B, tests were divided in relation to potential
moderation of chronic traits in motivation and decision making
(HRFS, PDMC, and PFC).

Regarding our secondary (exploratory) dependent variables, we
did not preregister any alpha adjustment method. For exploratory
analyses, two approaches are common: (1) not adopting alpha
adjustment [90-92], (2) adjusting alpha with less conservative
and more powerful approaches such as Benjamini-Hochberg
False Discovery Rate method [93,94]. We contemplated both
approaches and decided to adopt the Benjamini-Hochberg
method due to the substantial number of tests involved. With
the Benjamini-Hochberg procedure, P values are ranked from
smallest (order of 1) to largest. The adjusted alpha is calculated
by rank/number of tests * 0.05. To illustrate, when the number
of exploratory tests in a family is 24, the adjusted alpha for the
lowest P value would be 1/24 * 0.05=0.00208333333, whereas
the adjusted alpha for the 5th lowest P value would be 5/24 *
0.05=0.01041666666. Similarly, such tests were classified into
families [90]: (1) comparison between different numbers of
choices (main effect), (2) potential moderation of anxiety and
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depressive symptoms and state emotions, (3) potential
moderation of psychological attributes.

Practice Exercise Decision
Using Jamovi [95], we conducted a logistic regression to
compare participants’ likelihood of practicing (in the first
survey) between 3 conditions. The chi-square goodness-of-fit
test indicates nonequal distribution in practice decisions between

conditions, χ2
2=50.8, P<.001. Compared with the 1-choice

condition (54/216, 24.8%), participants in the 4-choice condition
(113/220, 50.7%) were substantially more likely to practice (ie,
choose an exercise option), odds ratio (OR) 3.12, 95% CI
(2.08-4.67), P<.001 (below adjusted alpha of .00416666666).
Similarly, participants in the 16-choice condition (121/216,
55.8%) were much more likely to choose an exercise option,
OR 3.83, 95% CI (2.55-5.76), P<.001 (below adjusted alpha of
.00208333333), compared with participants in the 1-choice
condition (54/216, 24.8%). However, we found no significant
differences in practice likelihood between participants in the
16-choice condition (121/216, 55.8%) and the 4-choice condition
(113/220, 50.7%), OR 1.23, 95% CI (0.84-1.79), P=.29.

Completion of Exercise
Another logistic regression was conducted to compare
participants’ likelihood of completing chosen exercises between
conditions. We found no support for differences in distributions

of completion between conditions, χ2
2=1.08, P=.583. The

completion rates between conditions were not significantly
different, 16-choice (106/139, 76.3%) versus 1-choice (90/112,
80.4%): OR 0.79, 95% CI (0.43-1.44), P=.44; 4-choice

(111/137, 81.0%) versus 1-choice (90/112, 80.4%): OR 1.04,
95% CI (0.56-1.96), P=.90; 4-choice (111/137, 81.0%) versus
16-choice (106/139, 76.3%): OR 1.33, 95% CI (0.75-2.37),
P=.34.

Decision Satisfaction
One-way Welch ANOVA was conducted, and differences in
decision satisfaction between conditions were found, F2,

432.00=7.42, P<.001. Games-Howell t-tests were subsequently
conducted. Participants in the 16-choice condition (n=216, mean
4.80, SD 1.13) had higher decision satisfaction compared with
participants in the 1-choice condition (n=216, mean 4.41, SD
1.05), t427.85=3.77, P<.001 (below adjusted alpha of .00625),
d=0.36, 95% CI (0.17-0.56). Tentative evidence indicates that
participants in the 4-choice condition (n=220, mean 4.66, SD
1.06) have higher decision satisfaction than participants in the
1-choice condition, t433.91=2.52, P=.03 (above adjusted alpha
of .00833333333), d=0.24, 95% CI (0.05-0.43). The difference
between the 16-choice condition and the 4-choice condition did
not reach significance, t430.87=1.36, P=.37, d=0.13, 95% CI
(−0.06 to 0.32).

Other Immediately Measured Variables
Results from Welch’s ANOVAs showed no evidence for
significant differences in other dependent variables, including
chosen exercise satisfaction, engagement, attitude toward chosen
exercise, and perceived improvement in mental state between
conditions with different numbers of choices. Results are
reported in Table 1.

Table . ANOVAs for chosen exercise satisfaction, exercise engagement, attitude toward chosen exercise, and perceived improvement in mental state.

16-Choice versus 4-Choice
Games-Howell t tests (df),
P value

4-Choice versus 1-Choice
Games-Howell t tests (df),
P value

16-Choice versus 1-Choice
Games-Howell t tests (df),
P value

F test (df), P valueDependent variables

0.93 (305.82); P=.620.85 (274.24); P=.671.74 (277.78); P=.191.52 (2, 285.75); P=.22Chosen exercise satisfaction

0.42 (268.80); P=.91−1.35 (237.95); P=.37−1.00 (231.85); P=.580.98 (2, 246.61); P=.38Exercise engagement

0.82 (270.46); P=.69−0.28 (226.13); P=.960.49 (228.05); P=.880.34 (2, 243.07); P=.71Attitude toward chosen exer-
cise

1.09 (270.00); P=.520.01 (225.33); P>.991.04 (230.87); P=.550.77 (2, 243.16); P=.46Perceived improvement in
mental state due to exercise

Number of Practices After the First Survey
Furthermore, we found no evidence for differences in the
number of practices (after the first survey) between participants
in different conditions, F2, 410.19=0.13, P=.88. In other words,
the differences in the number of practices after the first survey
were not significantly different, 16-choice versus 1-choice,
t330.39=0.50, P=.87; 4-choice versus 1-choice, t391.77=0.18, P=.98;
16-choice versus 4-choice, t410.70=0.32, P=.95.

Moderation Analyses of Anxiety and Depressive
Symptoms as Well as State Emotions
The following analyses were conducted with RStudio linear
regression (lm) function [96].

Linear Regressions With Anxiety Symptoms as the
Potential Moderator
Findings from linear multiple regressions with anxiety symptoms
(GAD-7) as the moderator found no support for significant
moderation for decision satisfaction and exercise engagement.
For chosen exercise satisfaction, attitude toward chosen exercise,
and perceived improvement in mental state, we found tentative
evidence for moderation. Results are summarized in Table 2.
Simple slope analyses for chosen exercise satisfaction, attitude
toward chosen exercise, and perceived improvement in mental
state were conducted. A tentative moderating effect (with P
values below .05 but above adjusted alpha) was found. People
who experienced higher levels of anxiety symptoms, such that
these participants in the 16-choice condition tended to
experience higher chosen exercise satisfaction, more positive
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attitudes toward chosen exercise, and more perceived
improvement in mental state due to chosen exercise, compared

with corresponding participants in the 4-choice and 1-choice
conditions (Table 3).

Table . Interaction results (linear regressions) with anxiety symptoms as the potential moderator.

P valueβ (95% CI)Dependent variables

Decision satisfaction •• 16-Choice versus 1-Choice * GAD: P=.0616-Choice versus 1-Choice * GAD:aβ=–.18
(–0.37 to 0.01) • 16-Choice versus 4-Choice * GAD: P=.25

• 16-Choice versus 4-Choice * GAD: β=–.11
(–0.30 to 0.08)

Chosen exercise satisfaction •• 16-Choice versus 1-Choice * GAD: P=.009
(above adjusted alpha of .00142857142)

16-Choice versus 1-Choice * GAD: β=–.30
(–0.53 to –0.08)

•• 16-Choice versus 4-Choice * GAD: P=.02
(above adjusted alpha of .00151515151)

16-Choice versus 4-Choice * GAD: β=−.25
(–0.47 to –0.03)

Exercise engagement •• 16-Choice versus 1-Choice * GAD: P=.5516-Choice versus 1-Choice * GAD: β=−.08
(–0.34 to 0.18) • 16-Choice versus 4-Choice * GAD: P=.78

• 16-Choice versus 4-Choice * GAD: β=−.03
(–0.28 to 0.21)

Attitudes toward chosen exercise •• 16-Choice versus 1-Choice * GAD: P=.01
(above adjusted alpha of .00714285714)

16-Choice versus 1-Choice * GAD: β=−.33
(–0.59 to –0.08)

•• 16-Choice versus 4-Choice * GAD: P=.02
(above adjusted alpha of .01428571428)

16-Choice versus 4-Choice * GAD: β=−.29
(–0.53 to –0.05)

Perceived improvement in mental state •• 16-Choice versus 1-Choice * GAD: P=.006
(above adjusted alpha of .00178571428)

16-Choice versus 1-Choice * GAD: β=−.36
(–0.61 to –0.10)

•• 16-Choice versus 4-Choice * GAD: P=.02
(above adjusted alpha of .01785714285)

16-Choice versus 4-Choice * GAD: β=−.29
(–0.52 to –0.05)

aGAD: Generalized Anxiety Disorder.

Table . Simple slope analyses with Generalized Anxiety Disorder-7 (GAD-7) as the potential moderator, chosen exercise satisfaction, attitudes toward
chosen exercise, and perceived improvement in psychological state as dependent variables.

Perceived improvement in mental
state, β (95% CI)

Attitudes toward chosen exercise, β
(95% CI)

Chosen exercise satisfaction, β
(95% CI)

GAD-7 level

−1SD (lower anxiety) ••• 1-Choice versus 16-Choice:
β=.23 (–0.13 to 0.60); P=.21

1-Choice versus 16-Choice:
β=.28 (–0.08 to 0.65); P=.13

1-Choice versus 16-Choice:
β=.12 (–0.22 to 0.45); P=.49

••• 4-Choice versus 16-Choice:
β=.15 (–0.18 to 0.49); P=.38

4-Choice versus 16-Choice:
β=.19 (–0.14 to 0.53); P=.26

4-Choice versus 16-Choice:
β=.15 (–0.17 to 0.46); P=.36

Mean ••• 1-Choice versus 16-Choice:
β=−.13 (–0.38 to 0.12); P=.31

1-Choice versus 16-Choice:
β=−.06 (–0.31 to 0.19); P=.66

1-Choice versus 16-Choice:
β=−.20 (–0.43 to 0.04); P=.10

••• 4-Choice versus 16-Choice:
β=−.14 (–0.37 to 0.10); P=.26

4-Choice versus 16-Choice:
β=−.10 (–0.34 to 0.13); P=.39

4-Choice versus 16-Choice:
β=−.11 (–0.34 to 0.11); P=.31

+1SD (higher anxiety) ••• 1-Choice versus 16-Choice:
β=−.49 (–0.85 to –0.13);
P=.007 (above adjusted alpha
of .00357142857)

1-Choice versus 16-Choice:
β=−.39 (–0.75 to –0.04); P=.03
(above adjusted alpha of 0.025)

1-Choice versus 16-Choice:
β=−.51 (–0.84 to –0.18);
P=.002 (above adjusted alpha
of .00138888888) • 4-Choice versus 16-Choice:

β=−.40 (–0.74 to –0.06);
P=.022 (above adjusted alpha
of .02142857142)

• •4-Choice versus 16-Choice:
β=−.38 (–0.69 to –0.06); P=.02
(above adjusted alpha of
.00147058823)

4-Choice versus 16-Choice:
β=−.43 (–0.76 to –0.09); P=.01
(above adjusted alpha of
.00892857142)

Logistic Regressions With Anxiety Symptoms as the
Potential Moderator, Practice Decision, and Completion
as Dependent Variables
Logistic regressions were conducted to test the moderation of
anxiety symptoms (GAD-7) in the impact of different numbers
of choices on practice decision and completion. With practice

decision as the dependent variable, we found no evidence for
moderation, OR (GAD-7 * 4-choice versus 16-choice)=0.88
(95% CI 0.59-1.30), P=.52; OR (GAD-7 * 1-choice versus
16-choice)=0.91 (95% CI 0.60-1.38), P=.65. With completion
as the dependent variable, we found no support for moderation,
OR (GAD-7 * 4-choice versus 16-choice)=0.97 (95% CI
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0.55-1.72), P=.93; OR (GAD-7 * 1-choice versus
16-choice)=0.98 (95% CI 0.54-1.79), P=.96.

Linear Regressions With Depressive Symptoms as the
Potential Moderator
No support of depressive symptoms as moderation was found
for various dependent variables, except attitudes toward chosen
exercise. The interaction results are summarized in Table 4.

Table . Interaction results (linear regressions) with depressive symptoms as the potential moderator.

P valueβ (95% CI)Dependent variables

Decision satisfaction •• 16-Choice versus 1-Choice * PHQ: P=.5116-Choice versus 1-Choice * PHQ:aβ=−.07
(–0.26 to 0.13) • 16-Choice versus 4-Choice * PHQ: P=.91

• 16-Choice versus 4-Choice * PHQ: β=.01
(–0.18 to 0.20)

Chosen exercise satisfaction •• 16-Choice versus 1-Choice * PHQ: P=.1216-Choice versus 1-Choice * PHQ: β=−.19
(–0.42 to 0.05) • 16-Choice versus 4-Choice * PHQ: P=.11

• 16-Choice versus 4-Choice * PHQ: β=−.19
(–0.42 to 0.04)

Exercise engagement •• 16-Choice versus 1-Choice * PHQ: P=.8016-Choice versus 1-Choice * PHQ: β=−.03
(–0.30 to 0.23) • 16-Choice versus 4-Choice * PHQ: P=.69

• 16-Choice versus 4-Choice * PHQ: β=−.05
(–0.30 to 0.20)

Attitudes toward chosen exercise •• 16-Choice versus 1-Choice * PHQ: P=.1816-Choice versus 1-Choice * PHQ: β=−.18
(–0.44 to 0.08) • 16-Choice versus 4-Choice * PHQ: P=.04

(above adjusted alpha of .02857142857)• 16-Choice versus 4-Choice * PHQ: β=−.25
(–0.50 to –0.01)

Perceived improvement in psychological state •• 16-Choice versus 1-Choice * PHQ: P=.0716-Choice versus 1-Choice * PHQ: β=−.25
(–0.51 to 0.01) • 16-Choice versus 4-Choice * PHQ: P=.06

• 16-Choice versus 4-Choice * PHQ: β=−.23
(–0.48 to 0.01)

aPHQ: Patient Health Questionnaire.

Specifically, the moderating effect of depressive symptoms on
the number of choices (16-choice versus 4-choice) on attitudes
toward exercise was inconclusive, with the P value below .05
(P=.04) but above the adjusted alpha based on
Benjamini–Hochberg correction. Simple slope analysis using
the PROCESS Macro function in R by Hayes [97] with +1SD
value in depressive symptoms (PHQ=13.49) showed that
participants in the 16-choice condition (mean=4.71) had more
positive attitudes toward exercise compared with participants
in the 4-choice condition (mean=4.27), β=.37 (95% CI
0.01-0.72), P=.04 (above adjusted alpha of .02678571428).
Other regression coefficients at different levels of depressive
symptoms were not significant.

Logistic Regressions With Depressive Symptoms as the
Potential Moderator, Practice Decision and Completion
as Dependent Variables
For practice decision, we found no support for interaction
between depressive symptoms and number of choices, PHQ-9
* 4-choice versus 16-choice: OR 1.10 (95% CI 0.75-1.61),
P=.63; PHQ-9 * 1-choice versus 16-choice: OR 1.32 (95% CI
0.87-2.01), P=.19. Additionally, we found no evidence for
interaction between PHQ-9 and number of choices on
completion of exercises, PHQ-9 * 4-choice versus 16-choice:
OR 1.16 (95% CI 0.65-2.07), P=.62; PHQ-9 * 1-choice versus
16-choice: OR 1.35 (95% CI 0.73-2.50), P=.35.

Linear Regressions With State Emotions as the Potential
Moderator
For decision satisfaction and engagement, no evidence for the
moderation of state emotions was found. For chosen exercise
satisfaction (primary dependent variable), we found conclusive
evidence for the moderation of state emotions (P<.001, below
adjusted alpha) when comparing the 16-choice condition with
the 1-choice condition and found tentative evidence for the
moderation of state emotions (P=.04) when comparing the
16-choice condition with the 4-choice condition. For secondary
dependent variables, including attitudes toward chosen exercise
and perceived improvement in psychological state, we found
tentative evidence for the moderation of state emotions, and
such results are reported in Table 5. Building on the moderation
findings, simple slopes analyses were conducted. For people
who are experiencing more intense unpleasant emotions,
participants in the 16-choice condition tend to experience higher
chosen exercise satisfaction compared with participants in the
1-choice condition, whereas there is tentative evidence of higher
chosen exercise satisfaction for people in the 16-choice
condition compared with participants in the 4-choice condition.
Furthermore, we found support that participants who
experienced more intense unpleasant emotions in the 16-choice
condition experienced more positive attitudes toward the chosen
exercise, compared with participants in the 4-choice condition,
and tentative evidence for differences in chosen exercise
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satisfaction between the 16-choice condition and the 1-choice
condition. Moreover, we found tentative evidence that people
with more intense unpleasant emotions in the 16-choice

condition experienced more subjective improvement in mental
state compared with participants in the 1-choice condition. We
report more details of simple slope analyses in Tables 6 and 7.

Table . Interaction results (linear regressions) with state emotions (continuous) as the potential moderator.

P valueβ (95% CI)Dependent variables

Decision satisfaction •• 16-Choice versus 1-Choice * State Emo-
tions: P=.08

16-Choice versus 1-Choice * State Emo-
tions: β=.17 (–0.01 to 0.36)

•• 16-Choice versus 4-Choice * State Emo-
tions: P=.88

16-Choice versus 4-Choice * State Emo-
tions: β=.01 (–0.17 to 0.20)

Chosen exercise satisfaction •• 16-Choice versus 1-Choice * State Emo-
tions: P<.001 (below adjusted alpha of
.00135135135)

16-Choice versus 1-Choice * State Emo-
tions: β=.41 (0.18 to 0.64)

• 16-Choice versus 4-Choice * State Emo-
tions: β=.23 (0.01 to 0.45) • 16-Choice versus 4-Choice * State Emo-

tions: P=.04 (above adjusted alpha of
.00161290322)

Exercise engagement •• 16-Choice versus 1-Choice * State Emo-
tions: P=.19

16-Choice versus 1-Choice * State Emo-
tions: β=.18 (–0.08 to 0.44)

•• 16-Choice versus 4-Choice * State Emo-
tions: P=.27

16-Choice versus 4-Choice * State Emo-
tions: β=.14 (–0.11 to 0.38)

Attitudes toward chosen exercise •• 16-Choice versus 1-Choice * State Emo-
tions: P=.007 (above adjusted alpha of
.00535714285)

16-Choice versus 1-Choice * State Emo-
tions: β=.36 (0.10 to 0.62)

• 16-Choice versus 4-Choice * State Emo-
tions: β=.29 (0.05 to 0.53) • 16-Choice versus 4-Choice * State Emo-

tions: P=.02 (above adjusted alpha of
.01607142857)

Perceived improvement in mental state •• 16-Choice versus 1-Choice * State Emo-
tions: P=.014 (above adjusted alpha of
.01071428571)

16-Choice versus 1-Choice * State Emo-
tions: β=.32 (0.07 to 0.58)

• 16-Choice versus 4-Choice * State Emo-
tions: β=.17 (–0.07 to 0.41) • 16-Choice versus 4-Choice * State Emo-

tions: P=.16

Table . Simple slope analyses with state emotions as the potential moderator, chosen exercise satisfaction, attitudes toward chosen exercise, and
perceived improvement in mental state as dependent variables.

Perceived improvement in mental
state, β (95% CI)

Attitudes toward chosen exercise, β
(95% CI)

Chosen exercise satisfaction, β
(95% CI)

State emotions

−1 SD (stronger unpleasant emo-
tions)

••• 1-Choice versus 16-Choice:
β=−.44 (–0.79 to –0.09); P=.02
(above adjusted alpha of .0125)

1-Choice versus 16-Choice:
β=−.40 (–0.75 to –0.05); P=.03
(above adjusted alpha of
.02321428571)

1-Choice versus 16-Choice:
β=−.60 (–0.92 to –0.28);
P<.001 (below adjusted alpha
of .00131578947) • 4-Choice versus 16-Choice:

β=−.31 (–0.66 to 0.03); P=.07•• 4-Choice versus 16-Choice:
β=−.40 (–0.75 to –0.06); P=.02
(above adjusted alpha of
.01964285714)

4-Choice versus 16-Choice:
β=−.35 (–0.67 to –0.03); P=.03
(above adjusted alpha of
.0015625)

Mean ••• 1-Choice versus 16-Choice:
β=−.11 (–0.37 to 0.14); P=.38

1-Choice versus 16-Choice:
β=−.04 (–0.29 to 0.21); P=.73

1-Choice versus 16-Choice:
β=−.18 (–0.41 to 0.05); P=.12

••• 4-Choice versus 16-Choice:
β=−.14 (–0.38 to 0.10); P=.25

4-Choice versus 16-Choice:
β=−.11 (–0.35 to 0.12); P=.36

4-Choice versus 16-Choice:
β=−.12 (–0.34 to 0.10); P=.30

+1 SD (stronger pleasant emotions) ••• 1-Choice versus 16-Choice:
β=.21 (–0.16 to 0.58); P=.26

1-Choice versus 16-Choice:
β=.31 (–0.05 to 0.68); P=.10

1-Choice versus 16-Choice:
β=.24 (–0.10 to 0.57); P=.17

••• 4-Choice versus 16-Choice:
β=.03 (–0.30 to 0.37); P=.84

4-Choice versus 16-Choice:
β=.18 (–0.15 to 0.51); P=.28

4-Choice versus 16-Choice:
β=.12 (–0.19 to –0.43); P=.46
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Table . Means of 1-Choice, 4-Choice, and 16-Choice conditions at different levels of state emotions.

16-Choice4-Choice1-Choice

−1 SD (stronger unpleasant emo-
tions)

••• Chosen exercise satisfaction:
4.80

Chosen exercise satisfaction:
4.41

Chosen exercise satisfaction:
4.13

• ••Attitude toward exercise: 4.22 Attitude toward exercise: 4.71Attitude toward exercise: 4.21
••• Perceived improvement in

psychological state: 4.18
Perceived improvement in
psychological state: 3.75

Perceived Improvement in
psychological state: 3.57

Mean ••• Chosen exercise satisfaction:
4.69

Chosen exercise satisfaction:
4.56

Chosen exercise satisfaction:
4.48

••• Attitude toward exercise: 4.55Attitude toward exercise: 4.42Attitude toward exercise: 4.50
• ••Perceived improvement in

psychological state: 3.91
Perceived improvement in
psychological state: 4.07

Perceived improvement in
psychological state: 3.87

+1 SD (stronger pleasant emotions) ••• Chosen exercise satisfaction:
4.57

Chosen exercise satisfaction:
4.71

Chosen exercise satisfaction:
4.84

••• Attitude toward exercise: 4.40Attitude toward exercise: 4.62Attitude toward exercise: 4.78
• ••Perceived improvement in

psychological state: 4.25
Perceived improvement in
psychological state: 3.95

Perceived improvement in
psychological state: 4.00

Logistic Regressions With State Emotions as the
Potential Moderator
With practice decision as the dependent variable, the regression
indicates no support for moderation, OR (State Emotions *
4-choice vs 16-choice)=1.03 (95% CI 0.70-1.50), P=.89; OR
(State Emotions * 1-choice vs 16-choice)=0.92 (95% CI
0.61-1.40), P=.71. With completion as the variable, we also
found no evidence for moderation, OR (State Emotions *
4-choice vs 16-choice)=0.85 (95% CI 0.47-1.53), P=.59; OR
(State Emotions * 1-choice vs 16-choice)=1.18 (95% CI
0.64-2.16), P=.60.

Moderation Analyses of Individual Characteristics

Linear Regressions With Health Regulatory Focus [80]
as the Potential Moderator
Interaction results of health regulatory focus with different
dependent variables were all nonsignificant and are summarized
in Table S3 in Multimedia Appendix 1 [31,52-67].

Logistic Regressions With Health Regulatory Focus [80]
as the Potential Moderator With Practice Decision and
Completion as Dependent Variables
With logistic regression, we found no evidence for moderation
of health regulatory focus on the impact of number of choices
in practice decision, OR (HRFS * 4-choice vs 16-choice)=1.01
(95% CI 0.70-1.47), P=.95; OR (HRFS * 1-choice vs
16-choice)=0.77 (95% CI 0.50-1.20), P=.26. With completion
as the dependent variable, we also found no support for
moderation of health regulatory focus, OR (HRFS * 4-choice
vs 16-choice)=0.94 (95% CI 0.51-1.72), P=.84; OR (HRFS *
1-choice vs 16-choice)=0.67 (95% CI 0.35-1.28), P=.22.

Linear Regressions With PFC and PDMC [48] as the
Potential Moderator
With PFC as the potential moderator, we found no support for
any interaction effects with all continuous variables. Results
are summarized in Table S4 in Multimedia Appendix 1
[31,52-67]. Additionally, we found no evidence for moderation

with PDMC with all continuous variables (Table S5 in
Multimedia Appendix 1 [31,52-67]).

Logistic Regressions With PFC and PDMC [48] as the
Potential Moderator
With practice decision as the dependent variable, we found no
evidence for moderation with PDMC as the potential moderator,
OR (PDMC * 4-choice vs 16-choice)=0.86 (95% CI 0.58-1.27),
P=.45; OR (PDMC * 1-choice vs 16-choice)=1.23 (95% CI
0.82-1.85), P=.31. With completion as the dependent variable
and PDMC as the potential moderator, the results also indicate
no significant moderation, OR (PDMC * 4-choice vs
16-choice)=1.05 (95% CI 0.57-1.92), P=.88; OR (PDMC *
1-choice vs 16-choice)=0.98 (95% CI 0.53-1.79), P=.95.
Additionally, we found no support for moderation of preferences
for choices with practice decision as the dependent variable,
OR (PFC * 4-choice vs 16-choice)=0.98 (95% CI 0.66-1.44),
P=.91; OR (PFC * 1-choice vs 16-choice)=0.79 (95% CI
0.52-1.20), P=.27. Finally, we found no evidence for moderation
of PFC with completion of exercise as the dependent variable,
OR (PFC * 4-choice vs 16-choice)=0.92 (95% CI 0.50-1.67),
P=.78; OR (PFC * 1-choice vs 16-choice)=1.02 (95% CI
0.56-1.84), P=.96.

Discussion

Principal Results: Comparing Different Numbers of
Choices (Overall Effects)
Our investigation delved into potential differences in various
outcomes across different numbers of choices. Participants in
4-choice and 16-choice conditions appeared more likely to
practice one of the mental health self-care exercises and reported
higher levels of decision satisfaction, compared with participants
in the single-choice condition. These findings align with existing
studies that underscore the positive impact of providing multiple
choices, fostering increased active involvement and satisfaction
among participants in health interventions [16].

The rationale behind these results might be elucidated using the
self-determination theory. Individuals might be more inclined
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to engage in mental health behaviors when granted autonomy
to make a choice when given multiple options [5,13-15]. The
provision of multiple options caters to the fundamental human
need for autonomy and the freedom to choose, possibly leading
to heightened decision satisfaction in the multi-choice conditions
compared with the single-choice condition. Conversely,
individuals presented with only one option, including Chinese
people, may experience a sense of choice deprivation and feel
less satisfied with the insufficient number of choices [98].

Another plausible explanation rooted in classical economic
models suggests that in conditions offering multiple choices,
participants are more likely to discover an exercise aligning
with their preferences, thus increasing the likelihood of selection
[3,4,18]. In contrast, the singular exercise choice provided may
not resonate with participants’ preferences, leading to lower
exercise selection rates. However, our findings found no support
for significant differences between the multiple-choice
conditions and the single-choice condition in other outcomes,
such as satisfaction with the chosen exercise, engagement levels,
and completion rates. This lack of differentiation could stem
from these variables predominantly reflecting experiences with
the specific chosen exercise, with the benefits of multiple-choice
provision potentially not extending to these more distal
variables.

While our study revealed distinctions in 2 outcome variables
between the single-choice and 4-choice conditions, as well as
between the single-choice and 16-choice conditions, in terms
of overall effects, we did not observe any significant differences
in dependent variables between the 4-choice and 16-choice
conditions. These findings align with the meta-analysis on
choice set size conducted by Scheibehenne et al [30], which
reported a negligible mean effect size when comparing higher
versus lower numbers of choices. Similarly, our results are
consistent with the meta-analysis by Chernev et al [4], which
found no substantial differences in outcomes, including
satisfaction and option selection, when comparing larger and
smaller choice sets, among studies examining potential
moderators. The average effect sizes of main effects, particularly
in studies testing potential moderators, often tend to be minimal
or statistically nonsignificant [4]. While some studies find
support for the overchoice effect (eg, [26]), others (eg, [99])
found better outcomes with a higher number of choices,
underscoring the variability of effects across different contexts
[4].

The reasons behind minimal differences between the 16-choice
condition and the 4-choice condition remain unclear, and our
findings contradict concerns by some digital mental health
researchers who suggested a higher number of choices may
backfire [1,42]. It is possible that discomfort or indecisiveness
(not selecting any of the choices) due to many-choice
comparison is less likely to occur in decision-making contexts
where making a choice does not involve any financial costs,
including the context of our experiment. However, it is unclear
if our findings are generalizable to digital mental health
platforms that require payments for audio, video, and written
exercises. In contexts where people need to pay the prices, the
overchoice effect may be more likely to occur, possibly due to
counterfactual thinking, anticipated and experienced regret, or

other uncomfortable emotions regarding the monetary costs
[4,11,26,100-102]. That said, we are unaware of studies that
compare the impact of choice set sizes in decision-making
contexts with and without monetary considerations. These
explanations are speculative, and further research, comparing
digital health self-care choices that do not require payment
versus self-care choices that require payment, is warranted to
delve deeper into these nuances and test these conjectures.

Principal Results: Tentative Evidence for Moderations
of State Emotions and Anxiety
Contrary to our hypotheses, recent findings in the broader
overchoice literature beyond mental health contexts [32], and
concerns raised by digital mental health researchers [1,42], our
study unearthed tentative evidence suggesting that individuals
with heightened anxiety levels and stronger negative emotional
states may actually experience greater satisfaction, exhibit more
positive attitudes toward the selected exercise, and perceive
greater psychological improvement when presented with a
higher number of choices (16 choices), as opposed to those
offered a single choice or 4 choices. Our expectations were
rooted in the notion that individuals experiencing intense anxiety
and unpleasant emotions might struggle with decision-making
in larger choice sets due to limited cognitive resources and
heightened difficulties, leading to unpleasant experiences when
choosing from a wider array of options [1,32,38,39,41].
However, our findings diverged from this anticipated direction,
prompting a reflection. How can we interpret these unexpected
results, and are these results reliable?

Our moderation findings are tentative, but we believe such
results are likely reliable despite some uncertainties. While for
several dependent variables, our results (moderation of anxiety
symptoms and state emotions) reached conventional statistical
significance of P<.05, most of the results did not retain
significance following alpha corrections. There exists a
possibility that these findings could be attributed to chance,
particularly considering the inclusion of multiple potential
moderators and a range of primary and secondary dependent
variables. Despite this uncertainty, the likelihood of these results
being false positives is relatively low, given the medium to large
effect sizes observed for the aforementioned dependent
variables, based on the benchmark outlined by Fey et al [103].
Notably, effect size serves as a robust indicator of the
replicability of research findings [104]. Moreover, a common
thread among the variables with P<.05 results is that they are
all regarding participants’ subjective perceptions and sentiments
(satisfaction, attitude, and perceived psychological
improvement) concerning the selected exercise, rather than
behavioral measures like practice decision and completion.
Moderations of both anxiety symptoms and emotional states
concerned these same subjective dependent variables, suggesting
that moderations of anxiety and emotional states for such
outcomes likely exist.

For participants with high anxiety and stronger unpleasant
emotions, the higher satisfaction, more positive attitudes, and
more subjective improvement in mental state with such exercises
under a larger choice set may stem from a higher probability of
matching their preferences and needs. This resonates with
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economic models and studies positing that individuals have a
higher probability of finding options that cater to their specific
preferences and goals when faced with more choices, as
previously discussed [3,4,17]. Crucially, this could also be
attributed to the heightened desire of individuals with elevated
anxiety levels and unpleasant emotions to alleviate their
uncomfortable feelings. A selection pool of 16 exercises is more
likely to include self-care activities that effectively address their
needs, in contrast to single or limited 4-choice sets. Individuals
may perceive only a small fraction of exercises (perhaps one or
a few) as beneficial for their personal well-being. When the
choice set comprises only 1 or 4 exercises, the chances of
encountering an emotion-relief method that precisely aligns
with their individual needs are considerably lower. This disparity
underscores the potential advantages of a larger choice set over
a smaller choice set in matching personal needs, preferences,
and goals for individuals experiencing high anxiety and
unpleasant emotions.

Related to the heightened need to address uncomfortable
emotions, when people experience unpleasant mental health
and emotional states, mental health–related exercises may be
perceived as more personally relevant. Based on dual process
models such as the Elaboration Likelihood Model and
Heuristic-Systematic Information Processing Theory, heightened
perceived personal relevance can result in higher effort in
information processing [105,106]. It is possible that such
heightened effort in information processing and more elaborate
processes in thinking and decision making may increase the
likelihood of participants choosing exercises that can better
satisfy their emotional needs and help address their distress,
through considering more options effortfully and deciding
systematically with a larger choice set. In contrast, smaller
choice sets may not align well with such more elaborate and
effortful processes.

Conversely, individuals with lower levels of anxiety and
unpleasant emotions may not have any need to further regulate
their mental health at the time of the experiment and thus may
consider mental health exercises as less personally relevant.
Consequently, the utility of a larger choice set may hold less
significance or may be perceived as irrelevant to them. As such,
they may expend less cognitive effort in processing information
and weighing different options, which is consistent with dual
process models discussed above. Given that practicing these
self-care exercises may be considered less relevant to this group
of participants, the number of choices presented may yield
minimal, if any, discernible effects. This rationale may explain
why we did not uncover substantial differences in both
behavioral responses and subjective experiences among
individuals with lower levels of anxiety and unpleasant emotions
across varying choice set sizes.

It is hard to interpret the absence of evidence for the moderating
effect of depressive symptoms, as null findings do not
necessarily imply the absence of effect. One interpretation is
that, as the direction of findings is consistent with anxiety and
state emotions, moderation may exist but was not detected due
to relatively small effect sizes. Therefore, the moderation effect
of depressive symptoms was nonsignificant. Further research

with a larger sample size and a wider range of anxiety and
depressive symptoms is needed.

Limitations, Strengths, and Future Research Directions
The above explanations regarding the moderations of anxiety
symptoms and state emotions are speculative. The study did
not delve into testing potential mediating mechanisms, and
future research can explore factors such as perceived need to
alleviate unpleasant emotions, perceived personal relevance of
mental health self-care exercises, and elaboration in processing
and deciding on mental health exercises. Through such mediated
analyses, mechanisms of the phenomenon can be better
understood. Additionally, it remains possible that the moderation
findings can be better elucidated by a third variable linked to
anxiety and unpleasant emotions, such as fear of missing out
[107,108]. Subsequent studies can incorporate these variables
to further investigate and validate these potential explanations.

Given the tentative nature of our moderation findings and the
lack of significance in most results following alpha corrections,
it is imperative to conduct replications and extensions to
ascertain the replicability, reliability, and generalizability of the
findings. These efforts can involve close or very close
replications (directing repeating our work with similar/same
designs), or conceptual replications [109] within the realm of
digital mental health platforms or diverse contexts like other
digital health arenas or consumer decision-making scenarios.
Future research initiatives can aim to investigate whether these
effects are specific to the digital mental health domain or if they
hold broader generalizability and applicability across various
decision-making contexts.

An intriguing avenue for conceptual replications-extensions, or
follow-up studies, involves investigating the impact of
recommendation statements when presenting varying choice
sets (ie, a single choice, 4 choices, or 16 choices) on decision
outcomes. For instance, investigating how phrases like “We
strongly recommend you to practice the following exercise(s)”
influence individuals’ choices and experiences compared with
conditions without such recommendation language may yield
valuable insights. Notably, our study did not incorporate
recommendation wordings in any of the conditions, and it is
plausible that the inclusion of such language would lead to
increased engagement, decision-making, satisfaction, and other
subjective outcome variables [1]. Introducing recommendation
wordings in select conditions can also enhance the ecological
validity of the results, considering that recommendation systems
are increasingly common in digital mental health platforms
[1,110]. Exploring the influence of recommendation statements
within the context of different choice set sizes can provide a
deeper understanding of how decision-making processes and
subjective experiences are influenced in digital mental health
settings and beyond.

Related to recommendations, another worthwhile direction is
to compare different numbers of choices with and without
tailored recommendations, which have been commonly adopted
and researched in digital mental health contexts [1,110,111].
Studies can test if tailored recommendations that are based on
prior behavioral data, demographics, mental health states, and
other psychological attributes and offered a lower number of
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choices may outperform a higher number of choices that are
not tailored, as such fewer number of choices may be able to
align with service users’ needs and preferences better without
providing a large amount of information. Studies that involve
the intersection of choice set size and tailored recommendations
[111] will require a much larger sample size due to a much
higher number of conditions but can be feasible in digital mental
health platforms where there are many service users. Another
method that has been adopted in digital health studies and can
be considered in testing the effects of various conditions over
time is micro-randomized controlled trials, in which service
users or participants are randomized sequentially and multiple
times [112,113]. Further research can help us understand if more
choices are really needed to achieve matching of needs, or if a
lower number of choices of tailored recommendations can
already satisfy users’ needs. It is possible that when comparing
subjective experiences and behavioral outcomes across
conditions, mental health states and psychological attributes
(eg, trait reactance, [114]) may moderate such effects.

Another worthwhile direction in replications-extensions or
follow-up studies is to investigate other choice set sizes. As
mentioned in the introduction, the 3 choice set sizes were chosen
as such sizes were potentially suitable for different subgroups
of participants and feasible to implement in real-world mobile
apps. Over 30 choices are perhaps overwhelming due to lower
mental health literacy of most Chinese people [21,22], as there
may be too much unfamiliar and technical information to process
and understand (see studies by Chernev et al [4], Misuraca et
al [5], and Mogilner et al [24] regarding higher likelihood of
overchoice effect among people with lower familiarity or
expertise with the options). However, it is possible that such a
number of choices may be suitable for a proportion of
participants with higher digital mental health self-care related
knowledge, since studies in the broader choice set size literature
have shown that people with higher expertise regarding the
options benefit more from a larger choice set [4,5,24]. While
such a choice set size of over 30 choices does not seem suitable
in a mobile app, it can be feasible in a web page in a computer.
Another possibility is that a number between 4 and 16 may
outperform other numbers of choices for a proportion of
participants, perhaps because a smaller choice set does not
optimally satisfy needs and preferences, but a larger choice set
is also suboptimal due to increased cognitive costs and
diminishing marginal benefits, whereas a medium choice set
may satisfy needs well with limited cognitive costs (see studies
by Grant and Schwartz [115], Liu et al [116], and Reutskaja
and Hogarth [117] regarding inverted-U relationship between
number of choices and outcomes). Further digital health studies
can examine this speculation of an inverted-U relationship. That
said, including more conditions with different choice set sizes
will require more participants, and these decisions involve
dilemmas given considerations for power analysis, number of
participants, and real-world constraints in data collection.

Another worthwhile area for improvement in future replications,
extensions, and follow-up studies is to include a question on
perceived quality to test if the perceived quality of exercises is
similar or varies between conditions. Given that exercises in
the 1-choice and 4-choice conditions were randomly chosen

from the exercises that were also presented in the 16-choice
condition, it is likely that perceived quality would not vary
much. That said, perceived quality between conditions may
influence the results, and future studies can explicitly account
for this.

Furthermore, researchers may consider investigating
decision-making dynamics, task completion rates, user
experiences, and mental health outcomes over extended periods
within a digital platform, where individuals repeatedly engage
with self-care or health-related options. Conducting such
longitudinal studies would necessitate larger sample sizes to
ensure adequate statistical power, as sustained engagement in
self-care exercises or digital interventions is not common among
most individuals [118,119]. These studies can be effectively
carried out in real-world digital platforms with a substantial
user base, ensuring sufficient statistical power and enhancing
ecological validity, while examining generalizability and
applicability.

In addition to pursuing replications-extensions or follow-up
studies involving primary data collection and analyses, another
valuable direction for research involves conducting secondary
data analyses with our datasets shared on the OSF (Table S1 in
Multimedia Appendix 1 [31,52-67] contains links). Given the
tentative nature of our findings, exploring the data with different
statistical methods may lead to different findings, offer fresh
perspectives, and potentially uncover new insights. Researchers
can consider using methodologies like the Personalized
Advantage Index [120] and machine learning techniques such
as Random Forests to delve into potential moderators and
enhance personalization strategies [56]. Moreover, while our
manuscript primarily focused on preregistered confirmatory
moderators and hypotheses, as well as a few exploratory
outcome variables, we included additional measures of
psychological attributes such as Need for Cognition [82] in our
data collection (Multimedia Appendix 1 [31,52-67]). We
welcome and encourage researchers to conduct secondary
analyses based on our dataset and are open to potential
collaborations in this regard.

Implications
Presenting a higher number of choices does not appear to be
counterproductive for most individuals with higher levels of
anxiety symptoms, depressive symptoms, or intense state
unpleasant emotions. For individuals experiencing elevated
anxiety and depression symptoms or unpleasant emotions, there
is currently no empirical evidence supporting the reduction of
presented choices if there are initially 10‐20 options shown.
Instead, our findings tentatively indicate that offering a greater
number of choices (16 options) may actually enhance the
subjective experiences of individuals with high anxiety and
intense unpleasant emotions. This could stem from an increased
likelihood of aligning with and addressing their mental health
needs with a larger choice set. However, we cannot definitively
ascertain the outcomes of presenting individuals with an even
larger number of choices (eg, over 30 choices, see Chernev et
al [4] meta-analysis), and caution is advised for digital mental
health developers and designers when presenting dozens of
options.
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In the realm of digital mental health platforms, many already
incorporate measures like GAD-7 for assessing anxiety, where
our findings find support for moderations based on anxiety
symptoms. Tailoring the number of choices to individual anxiety
levels may be beneficial. Furthermore, our moderation results
concerning state unpleasant emotions suggest that including
measures of current emotional states may be valuable.
Developers of digital mental health platforms also need to
consider the impact of adding additional items, such as 8 new
state emotion measures, to existing assessments, as this may
deter some participants from completing them. One potential
strategy could involve including 1 to 3 state emotion items that
exhibit stronger or more consistent moderation effects compared
with others. Digital mental health platforms may include
multiple state emotion items for a period of time. After that,
based on behavioral, satisfaction, and subjective experiences
data and corresponding moderation analyses (eg, through
machine learning methods such as Random Forest [56]) with
the initially included emotions, they may choose 1 to 3 state
emotions that show stronger moderation effects to increase the
likelihood that people fill in such measures and to facilitate
personalization for a higher proportion of participants.

Conclusions
Our research found support for the advantage of having multiple
exercise choices (4 choices or 16 choices) in enhancing the
likelihood of practicing self-care and decision satisfaction,
surpassing such outcomes of the single choice condition. More

importantly, contrary to our expectations, prior findings [32],
and concerns regarding the impact of a larger choice set in the
digital mental health field [1,42], we found tentative evidence
that for people with more anxiety symptoms and more intense
unpleasant emotions, presenting them with a higher number of
choices (16 choices) would be more beneficial for their
subjective experiences of the chosen exercise (ie, satisfaction,
attitude, perceived improvement in mental state) than presenting
them with a lower number of choices (4 choices or 1 choice).
This unexpected finding could be attributed to the higher
probability of encountering exercises that align with participants’
mental health needs, preferences, and effectively address their
emotional distress within a more extensive choice array.

In light of these intriguing findings, we advocate for further
investigations into the underlying mechanisms at play,
replication and extension studies to examine the reliability and
generalizability of our findings, perhaps with additional choice
set size conditions, secondary analyses using our open dataset,
and additional research on the intersection between tailored
recommendations and choice set size, as well as impact of choice
set size in decision-making contexts without monetary
considerations. Moreover, we highlight the potential of tailoring
the number of choices based on individuals’ anxiety symptoms
and current emotional states within digital mental health
platforms. We call for further investigation aimed at deepening
our understanding of how choice set sizes can be potentially
tailored to enhance engagement, user experiences, and outcomes
in digital mental health environments.
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Abstract

Background: Paramedics face frequent exposure to trauma and intense occupational stress, often under conditions of limited
psychological support and ongoing stigma. Digital mental health interventions have the potential to offer accessible, confidential,
and tailored support. However, their acceptability and design must be informed by the lived experiences of paramedics to ensure
effectiveness.

Objective: This study aimed to explore the experiences of trauma exposure among UK paramedics in the workplace and their
views on the design and delivery of digital mental health interventions.

Methods: Semi-structured interviews were conducted with 22 UK paramedics. Participants were recruited through purposive
and snowball sampling. Interviews were transcribed verbatim and analyzed using reflexive thematic analysis. Ethical approval
was obtained, and trauma-informed principles were applied throughout data collection and analysis.

Results: Five key themes were identified: (1) It Has to Feel Easy to Use: highlighting the need for digital tools that reduce
cognitive burden and are accessible during unpredictable shifts; (2) Make It Fit My Needs: calling for interventions specifically
designed for paramedics, with lived-experience-informed language and delivery; (3) We Need to Talk to Each Other: describing
a strong desire for peer connection while recognizing barriers such as stigma and shift pressures; (4) I Need to Know It’s Safe:
emphasizes the importance of anonymity, data privacy, and psychological safety; and (5) Support Needs to Feel Human: reinforcing
the value of integrating digital tools with human connection and professional services. Participants expressed strong support for
an app-based solution that offers anonymity, rapid accessibility, and flexibility, while preserving opportunities for human
interaction.

Conclusions: Paramedics face unique mental health challenges that are not adequately addressed by existing services. Digital
mental health tools offer promise if they are carefully co-designed to reflect the realities of frontline work. Anonymity, usability,
peer connection, and integration with existing support systems are critical to engagement. These findings offer actionable insights
for the development of trauma-informed, context-sensitive digital mental health interventions for emergency service workers.

(JMIR Hum Factors 2025;12:e76158)   doi:10.2196/76158

KEYWORDS

paramedics; trauma; digital mental health; first responders; qualitative research; usability; peer support; occupational stress

Introduction

Frontline workers, including paramedics, firefighters, police
officers, and emergency health care staff, operate in some of
the most high-pressure environments, frequently encountering
life-threatening emergencies, traumatic incidents, and high-stress
situations [1,2]. The cumulative exposure to critical incidents
places these workers at significant risk of developing mental
health conditions such as posttraumatic stress disorder, anxiety,
depression, and burnout [3,4]. While all frontline workers
experience occupational stress, research consistently shows that
paramedics report some of the poorest mental health outcomes

among emergency responders, including elevated levels of
psychological distress, emotional exhaustion, and suicidal
ideation compared to their counterparts in firefighting and law
enforcement [5,6].

Paramedics face unique challenges that exacerbate their
vulnerability to mental health difficulties [7]. They frequently
operate under relentless workloads with little opportunity for
recovery between challenging and often traumatic calls.
Paramedic work requires responding to unpredictable situations
with limited resources at any hour of the day. In these
high-pressure, uncontrolled settings, paramedics are often
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required to make complex decisions while also managing the
effects of sleep deprivation and disrupted circadian rhythms
caused by shift work [8,9]. The unpredictability of their role,
such as never knowing the severity of an incident before arriving
on the scene, further compounds stress levels. Additionally,
paramedics often work in isolated environments, providing care
in ambulances, homes, or public settings without immediate
access to team support [10]. This lack of structured debriefing
opportunities can lead to cumulative emotional distress, as
paramedics must frequently suppress their emotions to remain
professional in high-stakes situations [11].

Another significant challenge is moral injury, a psychological
distress experienced when actions taken in the line of duty
conflict with personal values or ethical standards [12].
Paramedics frequently witness unavoidable suffering, resource
limitations, and cases where they are unable to save a life,
leading to profound feelings of guilt, self-doubt, and
helplessness [13]. Furthermore, paramedics often provide
end-of-life care in uncontrolled environments, making their
experiences emotionally intense and personally distressing [14].
This repeated exposure to human suffering, combined with
high-performance expectations and limited emotional support,
places them at heightened risk of long-term psychological harm
[15].

In addition to physical trauma cases, paramedics are frequently
dispatched to mental health-related emergencies, including
suicide attempts and death by suicide, self-harm incidents, and
acute psychiatric crises [16]. These callouts present unique
stressors, as paramedics must navigate complex interactions
with individuals in extreme distress, often with limited mental
health training or specialist support [17,18]. Attending
suicide-related incidents has been shown to significantly impact
paramedics’ mental well-being, particularly when required to
interact with grieving families or manage high-risk patients
without adequate resources [19]. The emotional toll of these
callouts, combined with the stigma surrounding mental health
within emergency services, contributes to burnout, compassion
fatigue, and secondary traumatic stress among paramedics [20].

Another critical issue paramedics face is exposure to workplace
violence and assaults. Paramedics frequently encounter
aggressive patients, intoxicated individuals, or bystanders who
may become physically or verbally abusive [21]. This
occupational hazard is further exacerbated by working alone or
in unpredictable environments where immediate backup may
not be available. Exposure to workplace violence not only
increases the risk of physical injury but also significantly
contributes to long-term psychological distress, fear, and
hypervigilance [22]. Studies have shown that repeated exposure
to aggression and violence leads to elevated rates of
posttraumatic stress disorder, anxiety, and depressive symptoms
among paramedics, further compounding the already high levels
of occupational stress they experience [10,23,24]. Despite
policies aimed at protecting emergency responders, many
paramedics feel unsupported when reporting incidents of
violence, contributing to a culture of normalization and
underreporting [25].

Despite these challenges, many paramedics do not seek
professional mental health support due to stigma, fear of
judgment, and concerns about confidentiality [26]. Prior research
has identified that paramedics are less likely than other
emergency responders to disclose psychological distress, fearing
that such admissions could lead to professional consequences,
social isolation, or doubts about their fitness to work [11].
Traditional face-to-face mental health support services, while
available, remain underused due to perceived stigma, logistical
barriers, and a culture that often prioritizes resilience over
emotional well-being [27].

Such issues highlight the urgent need for tailored mental health
support for paramedics [28]. Digital mental health interventions
present a promising avenue for overcoming barriers to traditional
face-to-face support by offering accessible, confidential, and
flexible options for managing psychological distress [29].
However, for such interventions to be effective, they must be
designed with direct input from end users to ensure relevance
and usability [30]. Cocreation is increasingly recognized as a
critical component in the development of digital mental health
interventions, ensuring they are relevant, engaging, and
responsive to the needs of the end user [31]. By involving
paramedics in the design process, digital interventions can be
tailored to align with their unique work environments, stressors,
and coping mechanisms. Research has shown that interventions
developed in collaboration with users have higher adoption rates
and greater long-term efficacy compared to those designed
without user input [32]. For paramedics, cocreation is
particularly vital as they face distinct challenges such as
exposure to trauma, high-pressure decision-making, and limited
opportunities for structured mental health support. Generic
digital interventions may fail to address the realities of their
work, leading to disengagement and limited effectiveness.
Additionally, cocreation fosters a sense of ownership and trust
in the intervention, reducing potential stigma associated with
help-seeking. When end users see their insights reflected in the
final digital intervention, they are more likely to perceive the
intervention as relevant and beneficial to their well-being [33].
Given the demanding and often unpredictable nature of
paramedic work, it is crucial that digital mental health
interventions are not only evidence-based but also practical and
person-centered.

This study aims to explore paramedics’ perspectives on digital
mental health interventions and identify key design
considerations to inform the development of tailored support
systems [34]. It seeks to understand paramedics’ experiences
with workplace trauma and their perspectives on the
acceptability of a digital mental health intervention. The research
also aims to contribute to the growing body of literature on
digital mental health interventions for frontline workers. This
study addresses the following research questions:

1. What are paramedics’ experiences with workplace trauma,
and how do they currently manage their mental health?

2. What features and functionalities do paramedics consider
essential for a digital mental health intervention?
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Methods

Study Design
This study used a qualitative design using in-depth,
semi-structured interviews to explore paramedics’ experiences
with workplace trauma and their perspectives on digital mental
health interventions. A qualitative approach was chosen to
generate detailed insights into participants’mental health needs
and intervention preferences, allowing for a deeper
understanding of lived experiences that quantitative methods
may not capture. Grounded in a constructivist epistemology,
this approach emphasizes the coconstruction of meaning
between researchers and participants and acknowledges the
active role of the researcher in interpreting the data. It aligns
with the participatory and trauma-informed principles
underpinning this study, ensuring sensitivity to the emotional
content of interviews and valuing the voices of participants
throughout the analytic process [35].

Recruitment
Recruitment was conducted through professional networks,
paramedic organizations, and web-based forums to ensure a
diverse sample that captured a broad range of experiences within
emergency medical services. A combination of purposive and
snowball sampling was used. Purposive sampling enabled the
targeted recruitment of participants with relevant professional
backgrounds and trauma exposure, while snowball sampling
allowed existing participants to refer colleagues with similar
experiences, broadening the reach and diversity of the sample.
Recruitment strategies included direct invitations disseminated
via paramedic organizations, participant referrals through
word-of-mouth, and digital flyers shared on professional social
media platforms. Individuals were eligible to participate if they
resided in the United Kingdom, were aged 18 years or older,
had been employed in a paramedic role for at least 6 months,
and self-identified as having experienced trauma in the
workplace at the time of this study. Interested participants were
provided with an electronic participant information sheet
detailing this study’s purpose, procedures, and ethical
safeguards. Following written informed consent, interviews
were scheduled at times convenient to each participant.

All interviews were conducted via Microsoft Teams to ensure
accessibility, data security, and consistency in data collection
[36]. A total of 22 paramedics working in emergency medical
services were recruited through purposive and snowball
sampling [37]. This sample size was sufficient as qualitative
research prioritizes depth, richness, and variation in experiences
over numerical representativeness [38]. Studies on first
responders and trauma have drawn meaningful conclusions
from similar sample sizes [39-41], demonstrating that a focused
cohort can yield transferable, contextually grounded insights
[42]. Purposive sampling ensured that participants had direct
lived experience relevant to the research aims, while snowball
sampling enhanced inclusivity by recruiting those hesitant to
engage in trauma-related research [43,44].

Data Collection
A semi-structured interview guide was developed to facilitate
in-depth exploration of participants’ experiences, drawing on
previous research related to occupational trauma and mental
health in emergency services [45,46]. The guide was designed
to prompt discussion on key areas, including encounters with
workplace trauma, access to and experiences with existing
mental health support, perceived organizational and cultural
barriers to seeking help, and preferences for digital mental health
interventions tailored to paramedic needs. Questions were
open-ended and designed to elicit rich, narrative data while
allowing for flexibility based on individual experiences. The
guide was refined iteratively during the early phases of data
collection, with minor modifications made to reflect emerging
themes and to enhance sensitivity to the language and challenges
specific to the paramedic context. This adaptive approach
ensured the interviews remained responsive to participants’
perspectives while maintaining consistency across core thematic
areas. All interviews were conducted remotely using Microsoft
Teams, allowing for flexible scheduling and increased
accessibility for participants working variable shift patterns.
This web-based format also aligned with trauma-informed
practices by enabling participants to choose a safe and private
environment in which to share their experiences.

Interviews were conducted over 18 months and ranged in length
from approximately 40 to 75 minutes (mean 58.2, SD 10.2).
All interviews were conducted remotely, allowing participants
to join from a private setting of their choice. The final sample
size (n=22) was determined based on the richness, relevance,
and diversity of the data, consistent with the principles of
reflexive thematic analysis [42]. Rather than aiming for data
saturation, we drew on the concept of information power to
guide sample sufficiency, prioritizing depth, variation, and the
capacity of the data to meaningfully address the research
questions. The dataset was judged to provide rich, nuanced
insights into paramedics’ lived experiences of workplace trauma
and preferences for digital support, with recurring patterns and
interpretative depth evident across the interviews.

Ethical Considerations
This study forms part of a broader program of research exploring
trauma exposure and psychological support needs among
frontline workers in the United Kingdom. It specifically focuses
on the views and experiences of paramedics regarding the
acceptability and design of digital mental health interventions,
with distinct aims and analyses from prior related research [28].
Given the sensitive nature of workplace trauma, ensuring the
well-being and safeguarding of participants was a key ethical
consideration. This study received ethical approval from the
University of Strathclyde Ethics Committee (UEC22/92).
Informed consent was obtained before participation, and ethical
approval was granted by the institutional review board.
Participants were informed of their right to withdraw at any
stage without repercussions. Data were anonymized and stored
securely, per GDPR and institutional data protection policies,
to protect participant identity and confidentiality. Participants
were offered a £20 (US $23.29) gift voucher as a thank-you for
their time and contribution to the interviews. Additionally,
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signposting to mental health support services was provided to
all participants, ensuring access to professional help if discussing
traumatic experiences triggered distress [47]. Researching
trauma-related topics requires careful ethical handling, and
efforts were made to create a psychologically safe space where
participants could share their experiences without fear of
judgment or harm [48]. This study also emphasized the
importance of participatory methods and lived experience
perspectives in shaping digital mental health interventions. By
centering paramedics’ voices, this study aligns with the
principles of participatory research, ensuring that digital
interventions are not only theoretically sound but also practically
applicable to frontline workers’ needs. Additionally, researcher
well-being was considered, given the emotionally demanding
nature of trauma-related research. The research team received
specific training, led by a Health and Care Professions
Council–registered clinical psychologist, on conducting sensitive
research and applying trauma-informed principles. This included
prioritizing self-care, reflexive journaling throughout the
research process, and recognizing signs of secondary trauma
exposure. To further safeguard well-being, interviewers were
limited to 1 interview per day, followed by a structured debrief
with the research lead. Additionally, a structured debriefing
process was implemented to provide access to professional
supervision and peer support [49,50]. Reflexive meetings were
held regularly throughout the research process, fostering a team
approach to addressing challenges, ensuring ethical consistency,
and supporting both participant and researcher well-being
[51,52].

Analysis
All interviews were one-to-one and were audio-recorded and
transcribed in full verbatim. The data were then managed in
NVivo (version 12, QSR International) and analyzed using a
reflexive thematic approach, following the framework by Braun
and Clarke [53], which is particularly suited for studies
exploring complex psychological and social phenomena [54].
This approach builds upon the earlier thematic analysis
framework of Braun and Clarke [55], adopting a more explicitly
reflexive and interpretative approach. It emphasizes the
researcher’s active role in meaning-making [56]. Themes are
not viewed as pre-existing within the data but are constructed
through deep engagement and iterative interpretation [57]. This
began with the process of familiarization and immersion within
the data, generating initial codes organically and fluidly. Initial

codes were logged, with records of how each theme evolved
through discussion and refinement. Regular team meetings were
held to review and challenge coding decisions, ensuring that
the analysis was grounded in the data while allowing for
flexibility in interpretation. Any discrepancies in theme
development were resolved through collaborative discussion in
the research team, ensuring that final themes were coconstructed
rigorously and reflexively [58].

A value-based approach to qualitative research was applied,
ensuring a commitment to ethical transparency, reflexivity, and
participant-centered analysis [59]. This framework emphasizes
the importance of researcher subjectivity and the co-construction
of knowledge, aligning with the study’s focus on participatory
research and lived experience perspectives. Recognizing the
limitations of rigid, universal evaluative tools for qualitative
research, the Big Q Qualitative Reporting Guidelines were
considered to ensure that methodological choices aligned with
qualitative research values rather than externally imposed
standards rooted in postpositivist traditions [59]. This framework
prioritizes methodological congruence, reflexivity, and the
interactive nature of knowledge production. To ensure
transparency and rigor in the research process, an audit trail was
maintained throughout data collection, analysis, and
interpretation. This involved systematically documenting all
key decisions made at each stage of this study, providing a
structured record of the rationale behind methodological choices
and analytic interpretations.

Results

Participant Characteristics
The final sample consisted of 22 paramedics. Participants ranged
in age from 23 to 59 years (mean 38.22, SD 9.28), with
professional experience ranging from 1 to 38 years (mean 13.11,
SD 6.93). Thirteen (59%) participants identified as male and 9
(41%) as female. The majority (82%, n=18) identified as White
British, while 4 (18%) participants identified as belonging to
ethnic minority backgrounds. Most participants were based in
England (64%, n=14), with the remainder in Scotland (36%,
n=8). All participants self-identified as having experienced
occupational trauma that had negatively impacted their mental
health and well-being. See Table 1 for a full breakdown of
demographic characteristics.
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Table . Participant characteristics. Names are pseudonyms. Ethnicity categories adapted from UK Office for National Statistics classifications.

EthnicityService (years)Age (years)GenderName

White British530MaleBilly

White Scottish1034MaleHarry

White British2147FemaleGillian

White Scottish1051MaleGarry

White Scottish240MaleMike

White Other (Polish)328MaleJan

White Irish2150MaleNathan

White Scottish1744FemaleTerry

White British1551MaleSam

White Scottish539MaleWilliam

White British1237MaleJames

White Scottish1136FemaleRachel

White Irish2045MalePaul

White Scottish833FemaleLaura

White British2548FemaleJane

White British629FemaleEmma

White Scottish1441MaleDavid

White British1942FemaleSarah

White Scottish2346FemaleLeigh

White Other (Polish)1850MaleEric

White British935FemaleRebecca

White British1638MaleLuke

Themes
The themes presented below reflect the diverse and often deeply
personal ways in which paramedics make sense of their
experiences of occupational trauma. Given the subjective and
multifaceted nature of psychological trauma, participants were
invited to self-define their experiences, enabling the analysis
to capture a broad spectrum of emotional and psychological

responses. This approach respected individual interpretations
of what constitutes trauma and ensured that the analysis
remained grounded in participants’own meanings and language.
Five key themes emerged from the analysis, capturing the
experiences and preferences of paramedics regarding digital
mental health interventions. These themes illustrate their needs
for usability, personalization, social support, privacy, and human
connection (Table 2).
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Table . Summary of themes identified in the thematic analysis.

DescriptionTheme

It Has to Feel Easy to Use—Navigating Acceptability and Usability • Intervention must be simple and intuitive.
• Should reduce cognitive load postshift.
• Quick access is crucial for usability.

Make It Fit My Needs—The Importance of Customization and Personal-
ization

• Tools should be tailored to paramedic experiences.
• Generic interventions were seen as ineffective.
• Relevance drives engagement.

We Need to Talk to Each Other—Social Connection and Peer Support • Peer support is highly valued.
• Digital tools can enable safe, structured connection.
• Reduces isolation and builds validation.

I Need to Know It’s Safe—Confidentiality, Privacy, and Safety • Concerns about stigma and data breaches.
• Security and trust are prerequisites for use.
• Anonymity must be guaranteed.

Support Needs to Feel Human—Integration With Existing Services • Digital tools should complement, not replace, human support.
• Facilitate access to professional help.
• Include guided check-ins and support pathways.

Theme 1: It Has to Feel Easy to Use—Navigating
Acceptability and Usability
Acceptability was closely linked to usability for many
participants, who emphasized that any digital intervention must
feel simple, nonintrusive, and easy to engage with during or
after demanding shifts. Paramedics described the cognitive
burden of their work, noting that complex or time-consuming
tools would be impractical in high-pressure environments. Many
highlighted that their workload and unpredictable schedules
often leave little energy for engaging with structured mental
health support.

Getting five minutes to breathe is rare now. We used
to have time to gather ourselves, but not anymore.
[Rachel]

You deal with something traumatic, but before you’ve
processed it, you’re already at the next job. [Luke]

These accounts reflect the high workload pressures paramedics
face, with limited opportunities for decompression or reflection.
Digital interventions, therefore, were seen as acceptable only
if they were intuitive, low-effort, and seamlessly integrated into
the rhythm of shift-based work.

You can’t go through life just dealing with trauma on
adrenaline… I have to have a way of bringing that
down and managing that. [Paul]

Some paramedics reported becoming emotionally desensitized
over time, reflecting a gradual numbing that made it harder to
recognize when support was needed.

It’s trauma after trauma. Eventually it just becomes
normal, and that’s when you realise you’ve stopped
feeling it. [Leigh]

This emotional distancing may contribute to reduced
help-seeking unless support is easily accessible and presented
in a way that feels informal and manageable.

Participants expressed that traditional face-to-face mental health
support often felt inaccessible, both logistically and
psychologically, due to stigma and confidentiality concerns. In
contrast, digital interventions were viewed as potentially
acceptable because of their on-demand nature and discretion.

I wouldn’t go to a therapist, even if I needed to. It’s
just not what we do. But if I could check in with
something that doesn’t feel like a big deal, I’d
probably use it. [Nathan]

Going through work to get help feels risky. But if I
can do it quietly, that changes everything. [Rebecca]

A key factor influencing acceptability was that the intervention
should not require additional cognitive or emotional effort,
particularly at the end of long or emotionally draining shifts.

If I’ve had a long shift, I don’t want something that’s
going to take brain power. It has to be quick and easy.
[Jane]

Some participants also saw digital tools as a proactive way to
manage stress before it became overwhelming, valuing short,
in-the-moment strategies.

Even a short breathing exercise or prompt could stop
it spiralling after a tough job. [Laura]

In sum, usability was seen as foundational to acceptability.
Tools that were easy to navigate, unobtrusive, and offered brief,
practical support were more likely to be welcomed and used.

Theme 2: Make It Fit My Needs—the Importance of
Customization and Personalization
Beyond usability, participants consistently emphasized the
importance of personal relevance and individual fit in shaping
how acceptable an intervention would feel. In this context,
acceptability was not just about simplicity or ease of use, but
about feeling seen, understood, and supported in a way that
resonated with paramedics’ specific experiences. When
discussing the acceptance and needs for an appropriate
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intervention, participants noted the importance of “specific”
[Rachel] help, comprising needs unique to paramedics. It was
noted that others “just don’t get it” [Leigh].

Participants felt that credible support should be tailored to
paramedics specifically, as they felt they are “different from
other first responders” [Eric] and “other members of society”
[Rebecca]. Participants stated that creators of an intervention
should have a strong knowledge and preferably, experience of
life as a paramedic, which can be evidenced by comments such
as:

You need people designing this who understand our
reality. Otherwise, it just won’t connect. [Nathan]

There’s no substitute for lived experience. We spot it
straight away when something feels off. [Emma]

Participants viewed themselves as different from other
occupations, given the nature of their working environment,
and therefore stated they required an intervention “that’s tailored
for an individual” [Leigh]. All participants stated that they would
be more likely to speak of mental health concerns and seek help
if they could speak to someone with “real insight into the job”
[Rachel].

Additionally, participants suggested they were more likely to
access help if it could be “completely anonymous” [Eric], given
the stigmatization prevalent within the occupation:

If people don’t know it’s you, you’re far more likely
to be honest. [David]

Regarding anonymity, all participants suggested that an
identifiable method of intervention would prevent them from
accessing help. Overall, acceptability was high across
participants for an intervention, with all participants stating they
would be accepting of an anonymous and specific intervention:

Even something small, like a quick check-in after a
shift, if it’s anonymous and for us, I’d use it. [Laura]

If nothing changes, we’re just going to lose more
people. This kind of support has to be built in.
[Rachel]

Participants reflected the timely need for an intervention
comprising the detailed characteristics to prevent “experienced
people from burning out and leaving for good” [Emma]. Hence,
all participants suggested that a digital intervention in app form
would be beneficial, given that it could be specific to them,
constantly accessible, and confidential, as voiced by Eric:

Having it on our phones would make it feel like a
normal part of the job (pauses) something we all use,
not something secret or awkward. [Eric]

Furthermore, in discussing potential technological barriers,
participants described digital tools as familiar and
well-integrated into their working lives, with 1 noting it was
“second nature now” [Sam]. As such, acceptability was not
about the presence of technology per se, but about how well it
aligned with paramedics’ specific needs and values:

We use tech every day. It’s not strange anymore. If
anything, it makes sense to use it for our mental health
too. [Rebecca]

Participants emphasized that interventions were more likely to
be accepted if they could be tailored based on personal needs,
emotional state, or shift patterns. This capacity for customization
fostered a sense of personal relevance and ownership, making
the intervention feel trustworthy and worth engaging with:

You’re more likely to keep going back if it feels like
it’s built for you. [Sarah]

Theme 3: We Need to Talk to Each Other—Social
Connection and Peer Support
A strong theme that emerged was the need for social connection,
particularly among colleagues who understand the unique
pressures of the role. Participants spoke about how workplace
trauma is often managed informally through discussions with
peers, yet increasing work demands have reduced these
opportunities. For instance, 1 paramedic shared how important
it was to debrief but noted that opportunities to do so were
limited:

There are fewer and fewer chances to talk things
through. That’s when you start carrying things on
your own. [Luke]

However, some expressed concerns about the diminishing
support culture in their work environment:

The support bit, it’s just not there. [Leigh]

The need for peer support was reinforced by the recognition
that sharing experiences with colleagues who “really get it”
[Mike] provides comfort and validation:

If you're involved, first responders and stuff, you have
an understanding of what you’ve been through
[David]

Despite this, some participants highlighted a reluctance to open
up about their struggles, especially within a “macho culture”
that discouraged vulnerability:

You certainly wouldn’t admit it to your colleagues.
It was a stiff upper lip culture, you know, just get on
with it [Terry]

Given these concerns, digital interventions were seen as a
potential way to facilitate peer connection in a safe and
anonymous environment. Some participants suggested that a
digital platform could provide structured opportunities to
connect with others who have shared similar experiences, while
still allowing individuals to maintain privacy:

I wouldn’t want to sit in a room and talk about it, but
if there was something online where you could
connect with people who’ve been through the same,
that would be different. [Rebecca]

Others highlighted the potential for digital interventions to offer
moderated peer forums or guided group discussions, ensuring
that support remains professional and constructive:

It would have to be somewhere safe, not just a big
free-for-all chat where people bring each other down.
Maybe something that’s monitored, or with prompts
to help guide discussions. [James]
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The ability to share experiences without fear of judgment was
seen as a crucial element in increasing engagement with peer
support mechanisms. Digital tools that allow for anonymous
peer check-ins or shared reflections were regarded as particularly
valuable:

Sometimes you don’t need someone to fix it, you just
need to know someone else has been through it too.
If an app could help with that, I’d use it. [Luke]

Theme 4: I Need to Know It’s Safe—Confidentiality,
Privacy, and Safety
A major concern for participants was data security and
confidentiality. Many reported that stigma and fears of
professional consequences prevented them from seeking help.
The pressure to appear resilient and the fear of being judged or
deemed unfit for their role created barriers to accessing mental
health support. Participants highlighted that any digital
intervention must prioritize absolute anonymity to encourage
engagement.

There’s a fear. There’s a big fear… About our
professional registration, because you’ve got a mental
health condition… because if you speak, you’re fired.
[Gillian]

There are people with the attitude that if you suffer
from mental health problems, then this is obviously
not a job for you… you’re clearly not cut out for it.
[Garry]

Ensuring anonymity was seen as crucial, as paramedics were
concerned that seeking support through formal channels might
lead to professional repercussions or workplace stigma:

You want to be sure it’s completely anonymous. That’s
the only way I’d open up. [Jan]

Digital interventions were perceived as a potential solution,
offering a confidential and secure platform where paramedics
could access support without fear of being identified.
Participants suggested that digital tools should include features
such as encrypted communication, anonymous logins, and
discreet access options to protect their privacy. Additionally,
some paramedics expressed the need for clear information on
how their data would be stored and who would have access to
it:

You’d have to be upfront about what happens with
any data. If I’m putting anything in, I want to know
it’s not going anywhere else. [Laura]

Several participants described how the long-term effects of
trauma can be overwhelming, making it even harder to seek
help. They acknowledged that while digital interventions could
not replace professional therapy, they could provide an important
first step for those who are hesitant to engage with traditional
mental health services. By incorporating stringent privacy
protections and offering an anonymous space for processing
emotions, digital interventions were viewed as potentially
bridging the gap for paramedics who might otherwise avoid
seeking mental health support due to concerns about stigma and
confidentiality.

Theme 5: Support Needs to Feel Human—Integration
With Existing Services
Although participants expressed a willingness to engage with
digital interventions, they stressed that technology should not
replace human-led mental health support. Many emphasized
that digital tools should be used as a supplement rather than a
substitute for direct peer or professional support. While digital
interventions offer accessibility and confidentiality, participants
acknowledged the value of human connection in processing
trauma and stress. One paramedic highlighted how the lack of
structured support left them feeling exposed:

Sometimes it’s just a few words from a person that
makes all the difference. The app can’t do it all.
[Sarah]

Participants expressed a strong need for interventions that offer
structured and ongoing support, ensuring that paramedics feel
genuinely seen and supported in their mental health journey.
They recognized that digital tools could help fill gaps in existing
support services, but were cautious that such tools must integrate
seamlessly with professional and peer-based systems.

I think having a digital app for trauma is the right
thing. I think building such an app, it’s something
that needs to be built for the people that you’re
wanting to use it. [Harry]

Many paramedics emphasized that for a digital intervention to
be truly beneficial, it should facilitate bridging the gap between
self-help and professional support. They suggested that digital
tools could provide structured pathways to connect users with
trained professionals when needed, ensuring that those who
require more intensive intervention are not left without options:

I’d use something like a digital app if I knew there
was a way to reach out to a real person if I needed
it. Just knowing that’s there makes a difference.
[James]

Another key aspect raised by participants was the need for
human elements within the digital space to create a sense of
connection and validation. Some suggested that interventions
could incorporate recorded messages from experienced
paramedics or psychologists to guide them through difficult
moments:

If I could hear from someone who’s been in my shoes,
even if it’s just pre-recorded guidance, that would
feel more real than just reading generic advice.
[David]

Participants also highlighted the need for structured check-ins
and follow-ups to ensure ongoing support, rather than a 1-time
or reactive approach:

It shouldn’t just be something you use once when
you’re in crisis. It should check in with you, like,
“How are you doing?” and offer reminders to engage
with it. [Emma]

These insights reinforce the idea that while digital interventions
can provide essential support and accessibility, they should not
function in isolation. Instead, they should act as an entry point
into broader mental health care, offering both immediate coping
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strategies and seamless integration with existing services. By
incorporating human-centered elements such as guided support,
personalized check-ins, and links to professional care, digital
tools can become a valuable and sustainable resource for
paramedics navigating workplace trauma.

Discussion

Principal Findings
This study explored paramedics’ experiences of workplace
trauma, their approaches to managing mental health, and their
perspectives on the acceptability and design preferences for
digital mental health interventions. Thematic analysis identified
5 key themes that offer novel and context-specific insights into
how digital tools can be designed to address the unique
challenges faced by paramedics. These findings contribute to a
growing body of research advocating for trauma-informed,
user-centered approaches in digital mental health interventions
for emergency service workers.

First, participants emphasized that digital interventions need to
be easy to use, with a simple, intuitive design that does not add
to their cognitive load after stressful shifts. They highlighted
the importance of quick access and ease of navigation, aligning
with previous research indicating that digital mental health
interventions must be designed for seamless usability to
encourage engagement [34].

Second, participants expressed a strong preference for
customization and personalization, with a tool that adapts to
their individual coping styles, schedules, and emotional states.
They noted that existing mental health resources often fail to
address the distinct challenges of their role, reinforcing findings
that user-centered digital interventions lead to higher adherence
and satisfaction [60]. Participants also emphasized that their
work schedules are unpredictable, meaning the intervention
should be flexible, allowing them to engage with support at a
time that suits them rather than being restricted to set hours or
appointments.

Third, participants highlighted the importance of social
connection and peer support, valuing the opportunity to connect
with colleagues who understand the unique pressures of their
role. They suggested that digital interventions should facilitate
safe and structured peer interactions, aligning with research
demonstrating the critical role of peer support in promoting
resilience among first responders [61-63]. The ability to share
experiences with others who have been through similar
situations was seen as particularly beneficial, as it reduced the
sense of isolation that many paramedics reported experiencing.

Fourth, concerns around confidentiality, privacy, and safety
were significant, with participants voicing worries about data
security and the need for absolute privacy to overcome fears of
stigma or professional consequences. Many preferred an
anonymous platform to reduce concerns about disclosure,
echoing previous studies that highlight the importance of privacy
in emergency workers’ engagement with mental health
interventions [11]. They expressed particular concerns about
their professional registration and career security, with some
fearing that seeking support through formal occupational health

routes could have negative consequences. A digital intervention
designed with strong privacy protections was seen as a way to
reduce these concerns and encourage engagement. However,
with the need for anonymity comes an ethical requirement to
ensure adequate support and safeguarding. Recent research on
safeguarding of users of mental health apps has emphasized the
importance of ensuring that platforms clearly highlight their
limitations and capacities concerning identifying risk and
referring individuals to outside care opportunities, in addition
to any built-in interventions [64].

Finally, participants stressed the need for digital interventions
to complement, rather than replace, human-led mental health
support. While digital tools offer accessibility and discretion,
participants recognized the value of professional guidance and
structured follow-ups to ensure sustained engagement. Research
supports a blended approach that integrates digital mental health
tools with professional and peer-based support systems to
maximize effectiveness [65]. Participants noted that digital
interventions could serve as an important first step in seeking
help, but that access to human support, whether through
structured debriefs, therapy, or informal check-ins, remained a
crucial component of effective mental health care. This aligns
with earlier work whereby emergency workers have emphasized
the importance of personal engagement in their training and
education [66].

Strengths, Limitations, and Future Directions
This study makes a valuable contribution to the existing body
of knowledge by providing in-depth insights into paramedics’
experiences of workplace trauma and their perspectives on
digital mental health interventions. A key strength of this study
lies in the use of robust qualitative methodology, which enabled
the generation of rich, contextually grounded findings. However,
this study has some limitations. The sample consisted of 22
paramedics, which, while appropriate for qualitative research,
may not fully capture the diverse experiences across different
ambulance services and geographic locations. Additionally,
participants self-selected into this study, which may have
resulted in the inclusion of individuals who are more willing to
engage in discussions about mental health, potentially limiting
the generalizability of findings. Future research should aim to
recruit a larger and more demographically diverse sample to
explore a broader range of perspectives and experiences.
Particular attention should be given to increasing representation
of ethnically and culturally diverse paramedics, as this is
essential not only for producing inclusive and representative
findings but also for informing the effective transcreation and
localization of digital interventions. This will contribute to more
accessible, relevant, and equitable interventions, ultimately
reducing disparities in mental health outcomes and supporting
health equity across emergency service settings.

While purposive and snowball sampling allowed the research
team to access a diverse range of paramedics with direct
experience of workplace trauma, it is acknowledged that there
is potential for self-selection bias. Participants who chose to
take part may have been more open to discussing mental health
or more comfortable with technology, compared to those who
did not volunteer. As such, the sample may not fully reflect the
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perspectives of paramedics who are more reluctant to engage
in conversations about mental health or who may be more
skeptical about digital interventions. This should be considered
when interpreting the findings, particularly concerning the
anticipated uptake of digital tools across the broader paramedic
workforce.

Another limitation is that this study focused solely on
paramedics, whereas other emergency responders, such as
firefighters and police officers, also experience similar mental
health challenges. Comparative studies across different frontline
professions would help identify both shared and
profession-specific needs for digital interventions. Additionally,
this study explored user preferences but did not evaluate an
actual digital intervention. The research team is currently
undertaking a program of work focused on the co-design,
development, and real-world testing of a digital tool, Sentinel,
to evaluate its feasibility, usability, and impact on mental health
outcomes among first responders [67]. By incorporating
paramedic feedback throughout the development process,
Sentinel aims to address usability, personalization, peer
connectivity, and confidentiality concerns. The intervention
will be piloted with paramedics to evaluate its effectiveness and
integration into existing mental health support systems.
Furthermore, customized versions of Sentinel will be expanded
to support other frontline professionals, including firefighters,
police officers, and emergency health care staff, recognizing
both the common and unique stressors they encounter.
Additionally, the platform will offer resources for the families
of frontline workers, acknowledging their vital role in providing
support and the importance of addressing their specific needs
to help foster stronger community and familial resilience [68].
Future studies will examine how these adaptations enhance
mental health support across various high-pressure occupational
settings, leading to a scalable, evidence-based intervention for
frontline workers [69].

The findings of the current study have clear implications for
ambulance services and policymakers seeking to improve the
mental health of frontline staff. Services should consider
investing in digital tools that are co-designed with paramedics,
offer confidentiality, and are accessible outside of traditional
working hours. Importantly, such tools should not operate in
isolation but be embedded within wider organizational strategies
that promote psychological safety and reduce stigma around
help-seeking. Embedding trauma-informed support into routine
practice, through education, peer-support systems, and
leadership engagement, can help foster a culture where mental
health conversations are normalized and proactively supported.
Policy makers can play a key role in endorsing the development
and adoption of such interventions across emergency services,
ensuring that funding mechanisms and regulatory guidance
align with the psychological needs of high-risk occupational
groups.

While future technological innovations hold promise, the
immediate priority lies in developing usable, human-centered
digital support grounded in the lived experience of paramedics.
Artificial intelligence, wearable data, and real-time analytics
may offer longer-term opportunities to enhance personalization,
tailor content delivery, and monitor distress signals [70].
However, any integration of such technologies must be
approached cautiously, with strong attention to ethical
considerations, including data privacy, informed consent, and
algorithmic bias [71]. Crucially, future research must ensure
that artificial intelligence–driven tools remain grounded in
cocreation and usability principles, as interventions designed
with direct user input are more likely to be trusted and effective
in real-world settings [72,73].

To support scalability and implementation, structured
frameworks such as RE-AIM (Reach, Effectiveness, Adoption,
Implementation, and Maintenance), the UK Medical Research
Council guidance on complex interventions, or the technology
acceptance model could be used to guide development and
evaluation [74-78]. These frameworks can help developers
attend to issues of accessibility, human interaction, and
long-term sustainability, ensuring that digital interventions are
both usable and adaptable to diverse frontline professions.
Ultimately, while innovation in digital health is advancing
rapidly, this study underscores the critical value of listening to
paramedics themselves. Future work should continue to center
on the voices of frontline workers to ensure that digital mental
health tools are responsive, acceptable, and fit for purpose in
the demanding realities of emergency service work.

Conclusions
This study highlights the importance of designing digital mental
health interventions that are user-friendly, personalized,
confidential, and integrated with existing support services. The
findings provide critical insights into the specific needs of
paramedics, particularly concerning their frequent exposure to
workplace trauma, and outline key design considerations for
digital mental health tools. Given the high levels of
trauma-related psychological distress among paramedics,
tailored digital solutions have the potential to offer accessible,
flexible, and trauma-informed support. Future research should
prioritize cocreating and rigorously evaluating digital
interventions with paramedics and other emergency responders
to ensure real-world usability and clinical relevance. By
integrating end user feedback and addressing the psychological
impact of trauma directly, digital mental health tools can
enhance engagement, promote well-being, and provide frontline
workers with timely support to navigate the emotional demands
of their work. Through ongoing collaboration and refinement,
trauma-informed digital interventions have the potential to
transform the accessibility and effectiveness of mental health
care for paramedics and other frontline professionals.
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Abstract

Background: Nowadays, mobile health technology has been increasingly used for treatment and prevention at all levels of
health care. Associating this technology with the promotion of healthy salt consumption—both cost-effective and cost-saving
public health strategies—can reduce this risk factor that contributes significantly to the increase of noncommunicable diseases
worldwide.

Objective: We aim to assess the usability and the efficacy of a mobile app intervention—“Sal na Medida” app—on the promotion
of a healthy salt intake among adults, based on the Behavior Change Wheel framework. Additionally, to investigate if intention,
self-efficacy, and habit variables mediated the effect of intervention on salt intake behavior.

Methods: An experimental, randomized, and longitudinal study that evaluated the intervention effect with assessments at
baseline, postintervention (1 mo), and at follow-up (2 mo). Sociodemographic and clinical data were collected from participants
recruited at primary health care centers. The behavior of salt intake and per capita salt consumption were the primary outcomes.
Psychosocial variables of intention, self-efficacy, and habit were assessed as possible mediators. Usability was evaluated after 1
month and 2 months of using the app.

Results: Eighty-six participants were randomized in the intervention group (IG; n=43) or control group (CG; n=43). Most of
the participants were female (IG: n=36, 84% and CG: n=37, 86%). Usability of app intervention scored 77.8 points (on a scale
of 0 to 100) among IG participants. There was a significant reduction in salt intake in IG according to the variables of per capita
salt and the behavior of salt intake. Furthermore, at the end of the follow-up, individuals in IG were 63% more likely to have a
lower salt intake than those in the CG. The regression analysis showed an increase in intention and the perception of self-efficacy,
and a more pronounced reduction in the habit of using more than 3 g of salt/day in preparing meals in IG when compared to CG.
Habit and self-efficacy were identified as mediators of the intervention’s effect.

Conclusions: The theory-based mobile app intervention for reducing salt intake has shown promise both in terms of usability
and efficacy among adults. Conducting further studies to assess its potential for implementation on a larger scale would be valuable
for determining its real-world impact and feasibility.

Trial Registration: Brazilian Clinical Trials Registry (ReBEC) RBR-4s8qyyq; https://ensaiosclinicos.gov.br/rg/RBR-4s8qyyq

International Registered Report Identifier (IRRID): RR2-10.2196/37853

(JMIR Hum Factors 2025;12:e54174)   doi:10.2196/54174
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Introduction

Background
Recent literature indicates that excessive salt consumption
worldwide is responsible for approximately 3 million
deaths—more than half of all diet-related deaths—and 70
million disability-adjusted life years (DALYs), which accounts
for two-thirds of DALYs [1]. In Brazil, the economic burden
is particularly significant, with an estimated annual cost of US$
102 million due to public hospitalizations [2]. These detrimental
outcomes could be prevented or at least mitigated by adhering
to the World Health Organization’s recommendation of a daily
salt intake of 5 grams (roughly 2 grams of sodium) [3].
Additionally, the World Health Organization’s global action
plan for the prevention and control of noncommunicable
diseases 2013‐2020 has prioritized salt reduction as 1 of 9
voluntary global targets [4].

To reduce the problem of salt overconsumption, it is crucial to
understand the different sources of salt intake, which can differ
across countries and regions. In South Asia, most salt intake
comes from added salt during cooking and discretionary use at
the table [5]. In the Eastern Mediterranean Region, bread and
dairy products are the primary sources of salt consumption [6].
In Europe and North America, processed and ultraprocessed
foods contribute the most to salt intake [7]. In Brazil, table salt
and salt-based spices account for approximately 74.4% of the
total household sodium availability [8], with about 70% of the
salt consumed coming from the addition of salt to home-cooked
meals [9].

Reducing salt intake in household diets offers significant health
benefits [10-12]. A 10% reduction in salt consumption could
prevent 5.8 million DALYs annually due to cardiovascular
disease, at a population-weighted average cost of US $1.13 per
capita [13]. To achieve this reduction in salt intake, various
behavioral initiatives are used, including health education
interventions, public awareness campaigns, and multicomponent
strategies [14].

However, interventions grounded in established theories and
frameworks tend to produce more effective health outcomes,
since theories allow us to identify effective intervention content
and processes through which it is expected to influence behavior,
and also to understand the mechanisms by which the
interventions work [15]. In this way, the Behavior Change
Wheel (BCW) guide [16] has been broadly used to design health
interventions due to its comprehensive methodology aimed at
fostering behavior change. In the field of eating behavior, the
BCW framework has been successfully applied in intervention
studies [17,18].

Considering the findings from previous studies on salt intake
behaviors in Brazil [8,9,19], which highlighted the excessive
use of salt in food preparation, the need to develop an
intervention to reduce salt consumption became apparent, which
led to the development of a theory-based intervention using a
rigorous methodological approach, the BCW, as a guiding
model, to ensure the effectiveness of the intervention.

The process of intervention design based on BCW is detailed
in a previous study [20]. During the development of the
intervention, it was possible to identify, by means of a literature
review, that the behavior of salt addition during food preparation
was the main source of the overall daily salt intake of adults
and elderly Brazilians [8,9,19]. In turn, this behavior was
determined by intention, self-efficacy, and habit [21]. To address
these determinants and by applying the BCW steps, we were
able to identify the behavior change techniques: goal setting
(behavior), problem-solving, goal setting (outcome), action
planning, commitment, feedback on behavior, self-monitoring
of behavior, social support (unspecified), social support
(practical), instruction on how to perform the behavior,
information about health consequences, demonstration of the
behavior, prompt or cues, behavioral practice or rehearsal,
credible source, and adding objects to the environment [20].

Another critical step in the intervention development is to
identify the most effective method for delivering the
intervention. A review of the literature revealed the potential
benefits of mobile apps and the efficacy, reliability, and
association with improved health outcomes of mobile app-based
interventions on eating behaviors [22-24], and specifically in
interventions related to salt consumption [25]. This evidence
informed our decision to use a mobile app as the delivery
method for the intervention [20].

Subsequent to the intervention development process, the next
step is to evaluate the effect of the intervention. Therefore, this
study shows the results of the efficacy and usability assessment
of a mobile phone app intervention to promote healthy salt
intake behavior among adults, focusing on behavior change in
adding salt during food preparation.

Objective
This study aimed to assess the usability and the efficacy of a
mobile app intervention, named “Sal na Medida” app, on the
promotion of a healthy salt intake behavior among adults, based
on the BCW framework. Additionally, it aimed to investigate
if intention, self-efficacy, and habit serve as mediator variables
of intervention effects.

Methods

Trial Design
This is a randomized controlled trial, with 2 parallel groups
(intervention [IG] and control group [CG]). This study was
conducted between October 2021 and August 2022, part of a
large study developed in three modules: (1) intervention design,
(2) development of “Sal na Medida” app, and (3)
implementation and evaluation of the intervention efficacy and
app usability. Details of the protocol of this study, with data
from modules 1 and 2, have been previously described [20].
This paper adheres to the CONSORT (Consolidated Standards
of Reporting Trials) guidelines for reporting randomized trials
(Checklist 1) [26]. The trial was registered at The Brazilian
Clinical Trials Registry (RBR-4s8qyyq) [27], date of
registration: January 28, 2022.
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Participants
Participants were recruited from primary health care centers
(PHCC) in a Brazilian city with a population of 51,000 people,
located in the interior of São Paulo state. Inclusion criteria
comprised individuals aged 20 to 59 years with adequate oral
and reading skills. Participants were also required to possess
sufficient digital literacy to operate the app independently or
with assistance from an adult or family member. Exclusion
criteria included individuals without access to a mobile phone
equipped with the Android operating system. Individuals who
met all the inclusion criteria and did not present any exclusion
criteria were invited to participate by either the researcher or
the Community Health Agent, who serves as the link between
the PHCC and the families within the covered area.

Intervention
The intervention, delivered via a mobile app, was developed
using the BCW [16], as detailed in a previous study protocol
[20]. The intervention development was based on the results of
previous studies that identified, in the Brazilian population, a
high salt intake and its sources of consumption [8,9,19] and that
identified that intention, self-efficacy, and habit were the key
psychosocial determinants of salt intake behavior [21].

To address these determinants and by applying the BCW
framework, we selected corresponding intervention functions,
that is, broad categories of things one can do to change behavior,

which included education, persuasion, incentivization, modeling,
enablement, and training. Building on these intervention
functions, specific “active ingredients” were identified to
facilitate behavioral change, referred to as behavioral change
techniques. These techniques included—problem solving, goal
setting (outcome), action planning, commitment, feedback on
behavior, self-monitoring of behavior, social support
(unspecified), social support (practical), instruction on how to
perform the behavior, information about health consequences,
demonstration of the behavior, prompts or cues, behavioral
practice or rehearsal, credible sources, and adding objects to
the environment [20].

The prototype of the mobile app, named “Sal na Medida” app,
was pretested among potential users, and the final version was
produced.

In the app, the behavior change techniques described above
were incorporated. Each day, participants record the number of
people who had meals at home. For each meal, they enter the
number of individuals who consumed it, as well as the number
and type of salt spoons used. Additionally, the app provides
information on the recommended daily salt intake, the health
risks of excessive consumption, tips for reducing salt intake,
and demonstrations—through text, images, and videos—to
support better understanding. Throughout this process, the app
offers feedback on whether the participant is meeting the
recommended daily salt intake goal (Figure 1).
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Figure 1. The “Sal na Medida” app screenshots.

After the app was installed on the Android (Google LLC) phones
of the participants in the IG, they received instructions on how
to use it, and then they were followed up for 2 months.
Participants in the CG did not receive any intervention.
However, as they were under the usual care of the primary care
center, they may have been exposed to general advice on salt
intake that is usually given during consultations with health
professionals.

Outcomes

Primary Outcomes (Salt Intake Variables)
• Per capita salt: this is a self-reported questionnaire that

estimates the discretionary sodium intake from salt used at
the table and during home food preparation, developed and
used in previous Brazilian context studies [9,19,21,28]. It
measures the amount of salt consumed per person daily
based on reports of the amount of salt used per month in
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the household (1 kg packages), taking into account the
number of people living in the house and the number of
meals each person eats at home.

• Behavior of salt intake: the instrument used in this study
was developed in a previous study [29] as a subjective tool
for collecting data on salt consumption, specifically
regarding the behavior of adding salt to food. It includes a
question with 5 response options, assessing the behavior
of adding a maximum of 3 g of salt per day during cooking.

Secondary Outcomes (Psychosocial Variables)
Psychosocial variables were assessed using a validated
instrument developed in a previous study [29].

• Intention: participants’ motivation for adding a maximum
of 3 g of salt per day during cooking was estimated using
a scale comprising 6 items, with each item rated on a 5-point
scale (1-completely disagree to 5-completely agree). A high
score indicated a high intention to perform the behavior.

• Self-efficacy: participants’ confidence in their ability to
add a maximum of 3 g of salt per day during cooking was
assessed by means of the mean of 3 items rated on a 5-point
scale (1-completely disagree to 5-completely agree). The
higher the score, the greater the perception of self-efficacy
to perform the behavior.

• Habit: evaluation of participants’habits regarding salt intake
during cooking was conducted using a scale consisting of
10 items, each assessing the extent to which they used more
than 1 level teaspoon of salt per day (equivalent to more
than 3 g of salt), assessed on a 5-point scale (1-definitely
not to 5-definitely yes]. Higher scores on the scale indicate
a greater habit of using more than 3 g of salt per day during
cooking.

• System Usability Scale (SUS): a reliable and widely used
tool for assessing the usability of various products and
services, including software, websites, and mobile
applications [30]. It consists of a 10-item questionnaire with
5 response options for respondents (1-completely disagree
to 5-completely agree). A higher score indicates better
usability. The scale was applied at T1 and T2 only for IG
participants.

Data Collection
This study was conducted over 3 waves of data collection during
a 2-month follow-up period (Figure 2). At baseline (T0),
sociodemographic and clinical variables were obtained from
participants in both IG and CG. Variables including per capita
salt, behavior of salt intake, and the psychosocial factors
(intention, self-efficacy, and habit) were evaluated at T0, T1,
and T2 for both groups. The SUS was applied to the IG at T2.

Figure 2. Data collection plan: control and intervention group.

Sample Size
The sample size was estimated using the G* Power software
(version 3.1.9.4; Heinrich-Heine-Universität Düsseldorf), based
on the objective of comparing quantitative outcomes between
IG and CG, in the 3 periods of data collection. Repeated
measures ANOVA was used with a significance level of 5%,
80% power, and an effect size of 0.25, which is considered a
moderate degree of effect size [28]. A minimum sample of 86

participants was estimated (each group consisted of 43
participants).

Randomization
Participants were randomly allocated to either the IG or the CG
using a randomization procedure with variable block sizes. The
randomization sequence was generated by a statistician,
independent of the research team, using a web-based tool. The
principal investigator was responsible for enrolling participants
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and assigning them to their respective groups according to the
predefined randomization sequence and order of enrollment.

Statistical Methods
Qualitative data were described using frequencies and
percentages, and quantitative data as measures of central
tendency (mean and median) and dispersion (SD, maximum,
and minimum).

To evaluate the efficacy of the intervention on primary outcomes
(salt intake variables), a linear regression model via generalized
estimating equations modeling was used to make comparisons
between groups and times.

Regression analysis with generalized linear models was used
to assess the prediction of per capita salt at T1 and T2 by the
psychosocial variables of habit, self-efficacy, and intention
measured at T0.

The app’s usability was evaluated by the mean (SD) obtained
by the SUS at T2. The SUS scores were classified as: above 90
points and the app is considered to have the best possible
usability, 81 to 90 points and it is considered excellent, 71 to
80 points as good, 60 to 70 points as 0kay, and below 60 points
and the degree of usability is not acceptable [31].

To assess the mediators of the effect of the intervention,
mediation analysis using linear regression models was used via
generalized linear models and modified Poisson regression
models with robust variance. The results of the linear regression
and Poisson models are presented using the estimates of the
regression coefficients and relative risk, respectively, with CI

values and P values. In the mediation analyses, the results of
behavior at T0 were considered as a control variable.

A significance level of 5% will be adopted. Statistical analyses
were performed using the SAS (version 9.4; IBM Corp)
program.

Ethical Considerations
This study was approved by the Research Ethics Committee of
the university to which the researchers are connected
(10937419.0.0000.5404), accredited by the National Research
Ethics Commission, in compliance with Resolution
466/2012/CNS/MS. The procedures followed were in
accordance with the ethical standards outlined in the Declaration
of Helsinki. Written informed consent was obtained from all
participants. All necessary measures were undertaken to ensure
participant privacy, including the use of anonymized data, secure
data storage, and strict confidentiality protocols throughout the
research process.

Data entered by IG participants into the “Sal na Medida” app
was securely stored in the Firebase Realtime Database per
Google’s privacy policy [32].

Results

A total of 90 participants were recruited, and 86 (95%) of them
completed this study after 2 months of its beginning (IG n=43;
CG n=43). Four participants who did not complete the study,
who were predominantly female 75% (3/4), with an average
age of 40.2 (SD 13.6) years and a mean of 11 (SD 2.4) years of
schooling (Figure 3).
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Figure 3. Flow diagram of the study.

Sociodemographic and clinical characterization data, as well as
comparative and association analyses applied to the 2 groups,
are presented in Table 1.
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Table . Sociodemographic and clinical characteristics of the intervention group and control group, and comparative and association analyses at baseline.

P valueControl group (n=43)Intervention group (n=43)Variables

<.001a43.4 (9.9)34.2 (9.4)Age (years), mean (SD)

.07b10.2 (1.6)11.6 (2.9)Schooling (years), mean (SD)

.11b406.0 (185.5)574.5 (625.8)Individual monthly income (US $),
mean (SD)

.94b962.4 (757.0)1058.7 (826.6)Family monthly income (US $),
mean (SD)

.08c20 (46.5)28 (65.1)Skin color: White, n (%)

.76c37 (86)36 (83.7)Sex: women, n (%)

—d42 (97.7)40 (93)Labor status: active, n (%)

.11c12 (27.9)6 (13.9)Hypertension

—4 (9.3)—Diabetes

—1 (2.3)1 (2.3)Dyslipidemia

aP value obtained with a 2-tailed unpaired Student t test.
bP value obtained with the Mann-Whitney test.
cP value obtained with the chi-square test.
dNot available.

Only for the age variable, there was a statistically significant
difference (P<.001) between the means of participants in the
IG (34.2, SD 9.4 y) and the CG (43.4, 9.9 y). For this reason,
the analyses were adjusted according to the age variable. In both
groups, there was a predominance of female (IG: n=36, 83.7%;
CG: n=37, 86%), White (IG: n=28, 65.1%; CG: n=20, 46.5%),
and active (IG: n=40, 93%; CG: n=42, 97.7%) participants.
Considering the clinical data, there were no significant
differences between groups.

The results regarding the intervention’s effect on per capita salt
intake indicated that, at baseline (T0), there was no significant
difference between the IG and CG (IG=4.6, SD 2.7 g; CG=5.3,
SD 4.0 g). At T1, 30 days after the baseline, both groups showed
a reduction in salt intake (IG=3.9, SD 2.6 g; CG=4.7, SD 3.4
g). Finally, at the end of the intervention, the IG showed a
further reduction in salt consumption, while the CG remained
stable (IG=3.5, SD 2.3 g; CG=4.7, SD 3.6 g; Table 2).

Table . Description of variables of salt intake (per capita salt and behavior) and psychosocial determinants (intention, self-efficacy, and habit) at T0,
T1, and T2.

Control group (n=43)Intervention group (n=43)Variables

T2T1T0T2T1T0

4.7 (3.6)4.7 (3.4)5.3 (4.0)3.5 (2.3)3.9 (2.6)4.6 (2.7)Per capita salt,
mean (SD)

3.7 (0.7)3.9 (0.2)3.9 (0.1)4.2 (0.4)4.1 (0.3)4.0 (0.2)Intention, mean
(SD)

3.6 (0.7)3.8 (0.5)3.8 (0.4)4.2 (0.5)4.1 (0.3)4.0 (0.2)Self-efficacy, mean
(SD)

2.6 (1.2)2.1 (1.2)3.2 (1.3)1.8 (0.8)2.3 (0.9)3.4 (1.2)Habit, mean (SD)

15 (34.9)16 (37.2)21 (48.9)3 (7)7 (16.2)24 (55.8)Behavior (1 to 3)a,
n (%)

28 (65.1)27 (62.7)22 (51.1)40 (93)36 (83.7)19 (44.2)Behavior (4 to 5)a,
n (%)

aBehavior 1, 2, 3, 4, and 5 = use of a maximum of 3 g of salt/day in meal preparation—never, rarely, sometimes, on most days of the week, or every
day, respectively.

In the regression analyses, the intragroup results confirmed that,
at the end of the intervention, IG participants had a significant
reduction in per capita salt intake (mean difference =−1.08 g;
P=.01). In contrast, although the CG also showed a decrease in

salt intake at T2, this difference was not statistically significant
(mean difference =−0.55 g; P=.22). There was no statistically
significant intergroup difference at T2 (Table 3).
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Table . Effect of the intervention on the salt intake variables (per capita salt and behavior) and psychosocial variables (intention, self-efficacy, and
habit) at T0, T1, and T2.Analyses adjusted according to the age variable.

P valuea95% CIMean differenceVariables

Per capita salt

.41−2.38 to 0.98−0.70Intervention-control (T0)

.32−2.43 to 0.80−0.81Intervention-control (T1)

.14−2.89 to 0.43−1.23Intervention-control (T2)

.14−1.34 to 0.19−0.58T1 - T0 (control group)

.22−1.43 to 0.33−0.55T2 - T0 (control group)

.92−0.48 to 0.530.03T2 - T1 (control group)

.07−1.45 to 0.07−1.69T1 - T0 (intervention group)

.01−1.91 to −0.25−1.08T2 - T0 (intervention group)

.11−0.87 to 0.09−0.39T2 - T1 (intervention group)

Intention

<.0010.07 to 0.260.17Intervention-control (T0)

.0020.08 to 0.380.23Intervention-control (T1)

<.0010.24 to 0.760.50Intervention-control (T2)

.71−0.07 to 0.100.02T1 - T0 (control group)

.09−0.38 to 0.03−0.17T2 - T0 (control group)

.02−0.36 to −0.02−0.19T2 - T1 (control group)

.09−0.02 to 0.180.08T1 - T0 (intervention group)

.020.02 to 0.290.16T2 - T0 (intervention group)

.12−0.02 to 0.170.08T2 - T1 (intervention group)

Self-efficacy

.040.01 to 0.430.22Intervention-control (T0)

.0010.16 to 0.660.41Intervention-control (T1)

<.0010.35 to 0.970.66Intervention-control (T2)

.51−0.22 to 0.11−0.05T1 - T0 (control group)

.049−0.46 to −0.01−0.23T2 - T0 (control group)

.09−0.38 to 0.03−0.18T2 - T1 (control group)

.020.02 to 0.260.14T1 - T0 (intervention group)

.020.03 to 0.390.21T2 - T0 (intervention group)

.36−0.08 to 0.220.07T2 - T1 (intervention group)

Habit

.93−0.56 to 0.610.03Intervention-control (T0)

.005−1.22 to −0.21−0.72Intervention-control (T1)

<.001−1.52 to −0.54−1.03Intervention-control (T2)

.003−0.68 to −0.14−0.41T1 - T0 (control group)

<.001−0.83 to −0.27−0.55T2 - T0 (control group)

.12−0.32 to 0.04−0.14T2 - T1 (control group)

<.001−1.48 to −0.82−1.15T1 - T0 (intervention group)
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P valuea95% CIMean differenceVariables

<.001−1.95 to −1.25−1.60T2 - T0 (intervention group)

<.001−0.62 to −0.29−0.45T2 - T1 (intervention group)

aLinear regression via generalized estimating equations.

To assess the effect of the intervention on the behavior variable
of salt intake, participants were considered to have achieved
the desired behavior if they reported scores of “4” or “5,”
indicating that they used a maximum of 3 g of salt per day in
meal preparation on most days of the week or every day,
respectively.

We found a significant change in the scores among IG
participants. At T0, the majority (n=24, 55.8%) reported never,
rarely, or occasionally using a maximum of 3 g of salt per day
during meal preparation. By the end of the intervention (T2),

this percentage increased significantly, with 93% reporting
consistent adherence to this behavior on most or all days of the
week (Table 2).

Regression intergroup analyses showed that, at T2, participants
in the IG had a 63% higher probability of adhering to this
behavior compared to those in the CG (P<.001; Table 3).
Additionally, the intragroup analysis revealed that, after the
intervention, IG participants were 111% more likely (P<.001)
to consistently use a maximum of 3 g of salt per day when
preparing meals on most days or every day (Table 4).

Table . Effect of the intervention on the salt intake variables (behavior) at T0, T1, and T2. Analyses adjusted according to the age variable.

P valueb95% CIRelative riskaBehavior

.950.63 to 1.560.99Intervention-control (T0)

.0041.15 to 2.031.52Intervention-control (T1)

<.0011.26 to 2.111.63Intervention-control (T2)

.021.03 to 1.471.23T1/T0 (control group)

.011.05 to 1.541.27T2/T0 (control group)

.560.92 to 1.171.04T2/T1 (control group)

<.0011.39 to 2.581.89T1/T0 (intervention group)

<.0011.52 to 2.922.11T2/T0 (intervention group)

.041.01 to 1.231.11T2/T1 (intervention group)

aIt was estimated the risk of presenting the result “4 and 5.”
bPoisson model modified via generalized estimating equations.

Concerning secondary outcomes, that is, the psychosocial
determinants of behavior, the IG participants showed, after the
intervention, a slight increase in the mean of intention (mean
T0=4.0; mean T2=4.2) and in the self-efficacy (mean T0=4.0;
mean T2=4.2). As for the habit of using more than 3 g of salt
per day in the preparation of meals, there was a decrease in the
average score of this variable in both groups, but in IG, the
decrease was more pronounced (mean T0: 3.4; mean T2: 1.8)
when compared to the CG (mean T0=3.2; mean T2=2.6; Table
2).

The intragroup regression analysis indicated that, at the end of
the intervention, IG participants reported an increase in the
intention to use a maximum of 3 g of salt per day in preparing
meals (mean difference=0.16; P=.02). When comparing the
groups, at T2, the IG showed higher intention when compared
to CG (mean difference=0.51; P value<.001; Table 3).

For self-efficacy, after the intervention, there was an increase
in the scores of this variable in the IG (mean difference=0.21;
P=.02) and a decrease in the CG (−0.23; P=.0494). In the

intergroup analysis, after the intervention, the IG presented
higher self-efficacy when compared to the CG (mean
difference=0.66, P<.001; Table 3).

Regarding the habit of using more than 3 g of salt per day in
meal preparation, a significant reduction was observed in both
the CG (mean difference=−0.55; P value <.001) and IG (mean
difference=−1.60; P<.001). However, at T2, the reduction was
significantly greater in the IG compared to the CG (mean
difference=−1.03; P<.001; Table 3).

Mediation analyses found that self-efficacy and habit mediated
the effect of the intervention. The analyses show that the
intervention led to an increase in participants’ perception of
self-efficacy, which in turn contributed to improving the
behavior of salt intake, that is, the increase in self-efficacy led
to a higher frequency of the behavior of using no more than 3
g of salt per day. Additionally, the intervention resulted in a
decrease in the habit of adding large amounts of salt when
cooking, which also served as a pathway through which the
intervention influenced the behavior of salt addition (Figure 4).
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Figure 4. Mediation analysis. Analyzes adjusted according to the behavior T0. It was estimated the risk of presenting the result "4 and 5“(use of a
maximum of 3 g of salt/day in the preparation of meals on most days of the week or every day, respectively). β: coefficient; RR: relative risk.

The usability of the application evaluated in the IG indicated a
mean score of 77.8 (SD 12.7). The average score on the SUS
scale of the individuals after the intervention was 77.8, which
indicates good usability of the application.

Discussion

Principal Findings
The “Sal na Medida” app was developed to contribute as a
public policy strategy to change the behavior of adding large
amounts of salt during home food preparation by adults in the
general Brazilian population. Our results showed a substantial
positive impact on participants’ salt intake behavior throughout
the intervention and indicate that the “Sal na Medida” app is an
important method for changing the behavior of salt addition in
home-cooked meals and proved to be a good alternative in
promoting healthy salt intake.

The improvement in the behavior among participants in the IG
from baseline to the end of the intervention was quite significant.
While the majority initially reported limited salt addition only
occasionally or rarely at baseline, postintervention 93% reported
consistently adhering to the maximum 3 g of salt per day during
cooking. This highlights the efficacy of the intervention in

promoting healthier salt intake behavior. Furthermore, the
chances of an individual performing the healthy salt intake
behavior using the mobile app were 63% higher than for people
who did not use this tool.

When evaluating other review studies, we found many have
been using mobile apps to change eating habits [22,23], but
still, few have been in the area of salt intake specifically. As we
found several sources of consumption of this nutrient, strategies
were applied to reduce the consumption of high-sodium foods
by offering an alternative to low-salt foods in these places where
processed or ultraprocessed foods are sold or consumed [33,34].
In another study, despite adding information about using less
salt when cooking or at the table, this guidance was provided
by a health professional in a face-to-face visit, and the app was
used only, as well as in previous studies, to encourage
individuals to make choices with low sodium content in
industrialized foods [35].

Another finding of our study is with respect to the mediation
analyses, which revealed important insights into the mechanisms
through which the intervention was successful in changing the
salt intake behavior. Specifically, we found that the positive
effect of the intervention on salt intake behavior was mediated
by 2 psychosocial variables: self-efficacy and habit. This means
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that as individuals gained confidence in their ability to control
their salt intake, they were more likely to adopt this behavior;
additionally, breaking the automaticity in the use of salt, that
is, making a conscious behavior, people are able to achieve the
desired behavior. So, understanding these mediating factors
clarifies the mechanism through which the intervention
influences the desired results [15].

Despite providing advice and knowledge about healthy salt
recommendations, interventions are generally aimed at a specific
public, with the disease already triggered and with the aim of
not aggravating this condition, as in cases of hypertension
[34,35] or cardiovascular disease [33] or even controlling the
associated symptoms, such as high blood pressure, and not the
general population to prevent these diseases.

In terms of health prevention, such a tool is essential to promote
public policies at the first level of health care, as actions aimed
at reducing the addition of salt aim to prevent the onset and
worsening of chronic noncommunicable diseases, impacting
health as well as the economy [36]. Intervening in this behavior
is part of several government initiatives, as this behavior of salt
consumption above the recommended level is not unique to
Brazil, but also to other countries in the Americas [37]. The Pan
American Health Organization, together with the International
Development Research Center, developed a report for Latin
American countries with social marketing to help reduce salt,
but it has been insufficient to implement or adopt salt reduction
strategies in local communities [37].

In Brazil, there are ongoing policies, such as voluntary targets
for reducing the sodium content in processed and ultraprocessed
foods, the front labeling of warnings that was approved by
Brazilian Health Regulatory Agency (Anvisa) and includes the
alert for excess sodium [38], in addition to the recommendations
of the Food Guide Brazilian, when it comes to the use of small
amounts of culinary ingredients [39].

Finally, in evaluating the app usability, it is possible to identify
how easily and efficiently users can interact with an app to
achieve their goal. The usability score of the “Sal na Medida”
app showed good usability, which is a good indication. Higher
usability leads to greater user acceptance and improved health
outcomes, making it a crucial factor in evaluating digital health
applications [40]. Although the study involved a younger adult
sample—who might generally be more tech-savvy and thus
could have influenced the app’s usability score—a systematic
review on educational technology usability using the SUS found
no significant correlation between SUS scores and participants’
age [41]. The “Sal na Medida” app was tested with the
population that uses primary health care services in Brazil,
which has the potential to be another alternative tool in the
future.

Strengths and Limitations
A recent review on mobile health technologies to reduce salt
makes 3 recommendations for future interventions in this area
[25], in which the “Sal na Medida” app is included.

First, to create innovative and interactive mobile health
technologies. Given that this study addresses a previously
unexplored source of salt consumption in mobile apps—one

that contributes to exceeding recommended daily intake
limits—along with its demonstrated good usability and the
ability to be used independently without professional assistance,
the “Sal na Medida” app represents the first tool to integrate
these concepts.

Second, to design interventions in primary care and associate
them with salt reduction targets. Our study is aligned with
specific public health recommendations for reducing salt intake,
particularly by promoting behavioral changes in excessive salt
use during meal preparation, and, additionally, it was conducted
with adults recruited from PHCCs in a Brazilian city. Thus, the
“Sal na Medida” app is promising with regard to its impact on
reducing salt intake at the population level, especially in a
specific geographical context. Although it was developed
specifically for reducing salt consumption in food preparation,
the app contains strategies that involve replacing foods with
high sodium content with natural foods. This behavioral change
can trigger changes in other behaviors related to salt intake,
such as the consumption of processed foods.

The third and final item is to develop large-scale clinical trials
with a robust design, incorporating an outcome variable (24 h
urine sodium). We conducted a randomized controlled study,
targeted at a specific behavior of salt intake, and the intervention
was guided by the BCW [16], a robust framework. As the focus
of the study was on behavior change—specifically reducing the
amount of salt added during meal preparation—and on
encouraging participants to adopt this behavior as a lasting habit
in their daily lives, the 24-hour urine sodium was not assessed
as a quantitative variable in this study.

The study also had some limitations. The system required the
participants’ smartphones to have only Android because the
app is not available in iOS (Apple Inc). Another limitation was
the impossibility of blinding researchers and participants for
data collection after the intervention, which could cause potential
bias in the responses of individuals.

Another study limitation is the use of a self-reported
questionnaire to estimate per capita salt intake. The literature
points to the lithium-tagged salt method as the gold standard
for measuring discretionary salt intake. However, studies using
this method are often limited in size due to the significant burden
it places on participants [42]. The self-reported per capita salt
questionnaire used in this study was used in previous studies in
the Brazilian context [9,19-21,43,44] because it allows us to
capture the main source of salt consumption for this population.
The 24-hour urinary sodium excretion is the gold standard for
objectively quantifying salt intake; however, this method does
not allow identification of the source of salt intake and has
several limitations, such as intraindividual variability in urinary
excretion due to factors like diet, hydration status, physical
activity, stress, and renal function; inconvenience and burden
for participants to collect the 24-hour urine sample, which may
lead to incomplete collection; and high costs of analyses [45].

Finally, future studies investigating the long-term effects of the
“Sal na Medida” app on maintaining behavior change are
necessary, as the follow-up period in this study was limited to
2 months. Additionally, future research should include older
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adults to evaluate the intervention’s efficacy and the app’s
usability within this population.

Conclusions
The “Sal na Medida” app intervention demonstrated a positive
impact on salt intake behavior, enhancing participants’ intention
and self-efficacy perception toward reducing salt use during

home-cooked meal preparation, while also decreasing the habit
of adding excessive salt. Achieving a change in behavior and
integrating healthy habits of salt intake into the routine of
families during meals is the goal of the “Sal na Medida” app.
The next phase involves scaling up the app for broader
implementation.
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Abstract

Background: Digital interventions are effective in promoting healthy behaviors and are recognized as one of many strategies
for achieving healthier populations. These interventions often include goal-setting, but the practical application and fidelity of
goal setting, especially when targeting multiple health behaviors, remain underexplored. In a factorial randomized trial, we
included goal-setting as one of six behavior change components in the digital intervention “Buddy,” targeting university and
college students’ alcohol, diet, physical activity, and smoking behaviors. However, we found no strong and consistent evidence
of an effect of goal-setting alone on any of the outcomes, highlighting the need to investigate how participants used this component.

Objective: This case study of Buddy aimed to gain insight into participants’ interactions with the goal-setting component.
Specific objectives were to identify the characteristics of participants who used this component and to analyze participants’
self-authored content.

Methods: This study combined fidelity and effectiveness findings and involved 1704 participants from 18 universities and
colleges in Sweden. Self-authored goals and challenges were analyzed using summative content analysis. Logistic and negative
binomial regression analyses were conducted to estimate the odds of setting a goal, selecting or self-authoring a challenge, to
estimate the odds of setting a goal with respect to a specific behavior, and to estimate the frequency of selecting or self-authoring
different behavioral challenges.

Results: Of the 850 participants given access to the goal setting and challenges component, 427 (50%) set at least one goal and
403 (47%) selected or self-authored at least one challenge. A total of 607 goals were set, with most participants setting one goal
(336/427, 79%). Goals primarily targeted physical activity (n=302), dietary behavior (n=140), and multiple health behaviors
(n=53), typically combining physical activity with diet, alcohol, smoking, or sleep. Other goals included study performance,
mental health, sleep, and mobile phone use (n=73). Fewer goals concerned alcohol (n=19) or tobacco (n=17). Participants selected
1506 challenges from 41 premade challenges, with dietary behavior challenges being most popular (667/1506, 44%). An additional
170 challenges were self-authored. Participants’ baseline characteristics were associated with the odds of setting goals targeting
specific behaviors and the frequency of selecting or self-authoring challenges targeting specific behaviors.

Conclusions: Our analyses suggest that, while goal-setting is theoretically grounded, and participants used Buddy in ways that
suited their personal needs, this did not translate to measurable behavior change in the study population. The self-authored content
showed how participants used the component and provided insights into how they articulate behavior change in terms of personal
goals, challenges, strategies for action, motivation plans, and rewards. Future research should explore the conditions under which
goal-setting may be more or less effective, to better understand its nuances and potential benefits.

Trial Registration: The UK's Clinical Study Registry ISRCTN23310640; https://www.isrctn.com/ISRCTN23310640

(JMIR Hum Factors 2025;12:e66208)   doi:10.2196/66208
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digital intervention; mHealth; mobile health; public health; fidelity; multiple health behavior change; behavioral challenges;
goal-setting; action-planning; coping-planning; factorial randomized controlled trial; college and university students
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Introduction

Improving unhealthy behaviors using digital interventions is
one of many potential public health strategies for achieving
healthier populations. Behavioral changes can reduce the
incidence and burden of noncommunicable diseases, including
cancers, cardiovascular diseases, and diabetes [1-5].
Individual-level public health interventions can support the
adoption of healthy behaviors, including reducing alcohol
consumption, eating a healthy diet, engaging in regular physical
activity, and smoking cessation. In this context, digital
interventions have proven effective in facilitating behavior
change across various health behaviors [6-13]. Digital
interventions offer scalable and easily accessible support
designed to strengthen individual skills and capabilities, for
example, by guiding individuals in setting goals for behavior
change. However, few digital interventions have addressed
multiple health behaviors simultaneously, despite the frequent
co-occurrence of unhealthy behaviors [14,15].

In the context of behavioral interventions, goal-setting is
recognized as a key behavior change technique [16]. It is
commonly operationalized in interventions to focus on both
behavioral goals, such as “go for a walk,” and outcome-oriented
goals, such as “lose weight.” The rationale for this approach is
grounded in the goal-setting theory developed by Locke and
Latham [17,18], which focuses on the motivational aspects of
setting goals. The theory emphasizes that specific and
challenging goals, coupled with feedback, may lead to increased
effort and improved task performance compared to easy, vague,
or nonspecific goals, such as “doing one’s best.” The utility of
setting goals is dependent on the individual’s commitment to
the goal, possession of the necessary skills to attain it, and
absence of conflicting goals. Building on this theory, social
cognitive theory [19,20] expands the scope of goal-setting by
asserting that health behaviors are influenced not only by an
individual’s goals but also by their understanding of potential
health risks and benefits associated with the behavior, their
belief in their capability to perform these behaviors (perceived
self-efficacy), their expectations of the outcome of their actions,
and the perceived facilitators and barriers.

Complementing these theoretical frameworks, interventional
research provides further insight into the efficacy of goal-setting
within digital health interventions. Studies suggest that
interventions are particularly effective when key intervention
components include goal-setting, along with action planning,
practicing behavior, behavior substitution, habit formation, and
problem-solving [21-27]. For instance, a meta-analysis by
McEwan et al [28], which included randomized controlled trials
where participants set goals for physical activity, reported a
medium-sized positive effect of goal-setting (Cohen d=0.55;
95% CI 0.43-0.67). Furthermore, a review by Epton et al [29]
evaluated the effects of goal-setting across a range of behavior
outcomes, including health-related goals (eg, weight loss),
sporting goals (eg, performance in sports), cognitive goals (eg,
problem-solving), and educational goals (eg, increasing study
time). The review found small but robust effect sizes (Cohen
d=0.34; 95% CI 0.28-0.41), suggesting that goal-setting can be

beneficial in various behavioral contexts beyond health behavior
change.

While goal-setting has been extensively researched, most studies
focus on single-behavior interventions with clearly defined
behavioral targets such as smoking cessation or physical activity.
In contrast, this study investigated its application within the
context of a digital multiple health behavior change intervention,
which has not been thoroughly examined in previous research.
This approach allowed us to explore how participants interpreted
and used goal-setting when behavioral goals were not predefined
by the intervention, offering insights into its real-world
implementation. Based on its theoretical grounding and wide
use in other health behavior interventions, we included
goal-setting as one of six potentially effective components in a
multiple health behavior change intervention [30]. This digital
intervention, called Buddy, targeted university and college
students’alcohol, diet, physical activity, and smoking behaviors.
The intervention was designed to be open and flexible, allowing
participants to use its components based on their individual
needs. Our findings revealed no strong and consistent evidence
of goal-setting alone impacting any of the measured health
behaviors (Asberg et al, unpublished data, 2025). When
goal-setting was combined with self-monitoring, there was
limited evidence of positive effects on alcohol consumption and
smoking 2 months postrandomization, but these effects did not
persist at later follow-ups.

If goal-setting is to be an effective component of digital
interventions, it is essential to ensure that the component is
delivered and received by participants as intended. Evaluating
this implementation fidelity can help identify any deviations
from the protocol, such as when an intervention component is
not delivered or used as planned [31]. Deviations may
compromise the impact that an intervention may have; thus,
identifying them and revising protocols is important. Despite
this, the practical application and fidelity of goal-setting within
both digital and face-to-face interventions are rarely evaluated
[32,33].

Considering that the evidence we collected did not indicate an
effect of goal-setting on behavior, and that the use of goal-setting
is understudied in digital multiple behavior interventions, we
aimed to explore how participants used this component. To
investigate this interaction, we conducted a case study of Buddy
with the aim of gaining a deeper understanding of participants’
interactions with the goal-setting component of the Buddy
intervention. The specific objectives were to identify the
characteristics of participants who used this component and to
analyze participants’ self-authored content.

Methods

Study Design
This study combined quantitative and qualitative data collected
from a factorial randomized trial of Buddy, which invited
participants from 18 geographically dispersed universities and
colleges in Sweden (representing approximately 50% of all) to
take part in a behavior change intervention. Participants were
recruited through posters, leaflets, email, websites, social media,
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and via Student Health Care staff. Interested students registered
by texting a dedicated number. Students were eligible for
inclusion if they were 18 years or older and met at least one of
six criteria for unhealthy behaviors, in accordance with national
public health guidelines. These included: (1) having consumed
10/15 (woman/man) or more standard drinks of alcohol in the
past week (with one standard drink defined as 12 grams of pure
alcohol); (2) having consumed 4/5 (woman/man) or more
standard drinks of alcohol on a single occasion at least once in
the past month; (3) having consumed less than 500 grams of
fruit and vegetables on average per day in the past week; (4)
having consumed two or more units of sugary drinks in the past
week (one unit defined as 33 cl); (5) having spent less than 150
minutes on moderate and vigorous physical activity the past
week; or (6) having smoked at least one cigarette in the past
week. Students were excluded if they lacked sufficient
proficiency in Swedish to complete the registration or did not
have access to a mobile phone, as all study information and
intervention materials were delivered digitally in Swedish.

The trial was part of the MoBILE (Mobile Health Multiple
Lifestyle Behavior Interventions Across the Lifespan) research
program [34], which aims to study digital health interventions
across the lifespan, and was designed to evaluate the components
of Buddy, of which, goal-setting was one. Buddy is based on
previous research of digital health interventions among Swedish
university students [35-42], on social cognitive models [43,44],
and behavior change techniques [16]. For details of the factorial
trial and the intervention, please see the protocol [30].

A screenshot of the goal-setting and challenges component of
Buddy is presented in Figure 1. The Buddy intervention aimed
to support health behavior change by enhancing self-regulatory
skills and capacity through goal-setting and planning. By
providing a structured approach, participants were encouraged
to set goals and challenges for behavior change in any area they
chose and were reminded of these throughout the week via text
message. The intervention was accessible to participants over
a period of 4 months, with weekly reminders sent on Sundays
to access the intervention.

Participants were prompted to set one or more goals for their
future behavior, which included: (1) Setting a goal for the
upcoming week, participants self-authored what they wanted
to achieve; (2) Action-planning, participants formulated two
strategies or activities that they planned to use to progress
toward their goal; (3) Coping-planning, participants identified
and prepared for potential motivational struggles by formulating
their approach to self-motivation when faced with barriers; and
a (4) Reward-planning, participants selected rewards for
themselves upon achieving their goal.

Participants could also create their own challenges or choose
from a library of ready-made challenges for the coming week.
The challenges were shorter descriptions of tasks, for example,
“I will start every day with a 15-minute walk.” Participants were
informed that they could return to the system to set new goals
and challenges.
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Figure 1. Interface of the goal-setting and challenges module in Buddy, showing where participants could self-author goals for the upcoming week
(upper section), and select premade challenges addressing alcohol, diet, physical activity, and smoking. Translation: Goal-setting and challenges. Clearly
defining your goals is an important step when aiming to make lasting changes in your life. Here, you can create a weekly plan by setting goals and
accepting challenges. Throughout the week, you will receive text message reminders to help you stay on track with your plan. Set a goal. My goal for
the upcoming week is to: ...For example, engage in physical activity for at least 60 minutes a day, or limit alcohol consumption to no more than 5 units
per week. Accept challenges! Tap on the different health behaviors below and choose up to 5 challenges. If you prefer, you can also create your own
challenges by tapping the pencil icon. We will send you text message reminders about your challenges throughout the week. Come back next week to
select new challenges!
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Ethical Considerations
The study received approval from the Swedish Ethical Review
Authority on December 15, 2020 (Dnr 2020‐05496). All
participants provided informed consent prior to participation.
Data were anonymized before analysis to ensure confidentiality.
No financial compensation was provided to participants. The
trial was preregistered in the ISRCTN registry on January 28,
2021 (ISRCTN23310640).

Data Analysis

Qualitative Analysis
We conducted a qualitative content analysis using a summative
approach, as outlined by Hsieh and Shannon [45], to analyze
how participants interacted with the goal-setting and challenges
component of the Buddy intervention. This approach involved
both the quantification of specific content and the interpretation
of its contextual meaning, allowing us to explore not only what
participants wrote about, but also how they articulated
themselves when setting goals and challenges across different
health behaviors. The qualitative data consisted of
user-generated, self-authored text entries submitted by
participants within the intervention. These entries included both
self-authored goals and challenges. The self-authored goals
were structured entries composed of 5 sentences: one goal
formulation, two strategies for achieving the goal, one
motivational statement, and one reward. Each goal entry was
approximately 60‐80 words long, whereas the self-authored
challenges were formulated more succinctly, typically ranging
from 2 to 15 words.

All qualitative data were exported from the platform and
imported into NVivo12 Plus (Lumivero) for structured coding.
We began the qualitative analysis of goals by identifying
keywords related to the health behaviors that participants
intended to change. Based on these keywords, we grouped the
goals according to the targeted behavior, for example, goals
related to physical activity were placed in one group, while
those related to alcohol use were placed in another. Goals
addressing multiple behaviors were categorized independently.
Within each behavior group, we then coded the goals by
focusing sequentially on content related to strategies,
motivations, and finally rewards. This phase involved multiple
rounds of coding and iterative refinement through comparing
and contrasting codes to ensure attention to detail, accuracy,

and consistency. Finally, we developed categories for strategies,
motivations, and rewards within each behavior group.

Quantitative Analysis
We used logistic regression to estimate the odds of setting a
goal and selecting or self-authoring a challenge. We also used
logistic regression to estimate the odds of setting a goal with
respect to a specific behavior (among those who had set a goal).
We used negative binomial regression to estimate the frequency
of selecting or self-authoring different behavioral challenges
(among those who had selected or self-authored a challenge).
All models included baseline characteristics of participants as
covariates, including age, sex, BMI, total weekly alcohol
consumption, frequency of heavy episodic drinking per month,
number of cigarettes smoked per week, minutes of moderate
and vigorous physical activity per week, average daily fruit and
vegetable intake, weekly sugary drinks consumption,
self-perceived stress, and psychosocial measures (importance,
confidence, and know-how).

We used Bayesian inference to estimate the parameters of the
regression models, with Student t priors centered at 0 with 3
degrees of freedom and a scale of 2.5 (a half-Student t prior was
used for the dispersion parameter of the negative binomial
models). We report the median of the posterior distribution as
a point estimate of the association, along with 95% compatibility
intervals (CI) defined by the 2.5 and 97.5 quartiles of the
posterior distribution. We also report on the probability of an
association (POA) as the proportion of the posterior distribution
that is above or below the null in the direction of the median.

Results

Overview
The results are presented in four parts, illustrated in Textbox 1.
The first part presents an overview of interactions with the
component and the characteristics of the study population. The
second part provides a detailed summary of the self-authored
goals and challenges. The third part explores the associations
between participants’ characteristics and setting goals and
challenges, as well as the associations between participants’
characteristics and setting goals and challenges targeting specific
behaviors. Finally, the fourth part presents the analysis of
participants’ self-authored content regarding goals and
challenges.
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Textbox 1. Overview of the four parts in the results

Interactions with the component

• Access to component

• Number of self-authored goals

• Number of self-authored challenges

• Number of selected challenges

Setting goals and selecting or self-authoring challenges

• Focus of self-authored goals

• Focus of self-authored challenges

Associations with participants’ characteristics

• Participants’ characteristics and setting goals and challenges

• Participants’ characteristics and behavior targeted in goals and challenges

Participants’ self-authored content

• Goals

• Strategies

• Motivation

• Reward

Interactions With the Component and Participant
Characteristics
From April 13, 2021, to October 18, 2023, we randomized 1704
participants to the factorial trial. In Table 1, baseline
characteristics are presented for the entire study population.
Access to the goal-setting and challenges component was given
to 850 participants, of whom 427 (50%) set at least one goal
and 403 (47%) selected or self-authored at least one challenge.
A total of 607 goals were set by 427 participants, the majority

of whom set one goal (336/427, 79%), 13% (55/427) set two
goals, and 8.4% (36/427) set three or more goals. Additionally,
28 participants started setting a goal but did not fill in the entire
form. A total of 1506 challenges were selected from 41 premade
challenges, with dietary behavior challenges being the most
popular (667/1506, 44%), followed by physical activity
(635/1506, 42%), alcohol (154/1506, 10%), and smoking
(50/1506, 3%). An additional 170 challenges were self-authored
by participants. A complete list of the premade challenges
available for selection is provided in Multimedia Appendix 1.
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Table . Baseline characteristics of randomized participants.

Participants (N=1704)Variables

Sex, n (%)

1400 (82.16)Female

304 (17.84)Male

28 (6.9)Age (years), mean (SD)

BMI (kg/m2), n (%)

60 (3.52)Under (<18.5)

844 (49.53)Normal (18.5‐24.9)

458 (26.88)Over (25.0‐29.9)

342 (20.07)Obese (≥30)

Alcohol, mean (SD)

3.7 (5.2)Total weekly alcohol consumption

1.8 (2.7)Frequency of heavy episodic drinking

Smoking

218 (12.79)Number of smokers (smoked ≥1 cigarette per past week), n (%)

3.5 (16.6)Number of cigarettes last week, mean (SD)

Physical activity

207 (214)Weekly moderate and vigorous physical activity (minutes), mean (SD)

Dietary behavior, mean (SD)

1.3 (1.1)Average daily fruit and vegetable consumption, portions per week

2.7 (4.1)Sugary drinks, cans per week

6.5 (6.4)Candy and snacks, portions per week

Stress, mean (SD)

7.8 (2.9)Self-perceived stressa

Psychosocial measures, median (IQR)

8 (7-10)Importanceb

6 (5-8)Confidenceb

6 (5-8)Know-howb

a4-item perceived stress scale with total score ranging from 0 to 16.
bSingle item with 1-10 response options.

Setting Goals and Selecting or Self-Authoring
Challenges
Table 2 shows that most participants set goals for physical
activity (n=302) and dietary behavior (n=140). The goals
highlighted the interconnectedness of health behaviors as
participants set goals targeting multiple behaviors (n=53),
typically combining physical activity with other behaviors like
diet, alcohol, smoking, and sleep. Participants took the
opportunity to set other kinds of behavior goals that focused on
a variety of miscellaneous aspects (n=72), such as study-related
performance, mental health, sleep, physical body, and mobile
phone use. Meanwhile, fewer participants set goals for alcohol
(n=19) and tobacco (n=17), including both smoking and snus.

When contrasting the self-authored goals (Table 2) with the
self-authored challenges (n=170) in Table 3, similarities
emerged regarding the choice of behaviors and activities to be
conducted. Challenges, like goals, were primarily about physical
activity (n=60), dietary behavior (n=30), mental health (n=19),
tobacco use (n=14), study performance (n=12), sleep routines
(n=8), leisure activities (n=6), alcohol consumption (n=5), and
physical health (n=4). These challenges mirrored the goals’
structure, being articulated as clear directives, intentions, or
actions formulated in the first person singular, such as “I shall”
or “I shall not.” For example, “I will run every weekday morning
this week,” “Eat salad with every meal,” “No smoking before
18.00,” and “I will only drink on Friday and Saturday between
19‐22.”
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Table . Focus of self-authored goals.

Number of self-authored goals (n=607)Focus of self-authored goals

302Physical activity

140Dietary behavior

72Miscellaneousa

53Multiple health behaviorsb

19Alcohol consumption

17Tobacco including snus

4Unspecified

aInclude performance goals, positive mental health goals, sleep behavior goals, physical body goals, and mobile phone use goals.
bInclude diet and physical activity goals, combination of behaviors (three or more), physical activity and alcohol goals, physical activity and smoking
goals, physical activity and other routine goals, and alcohol or smoking and diet goals.

Table . Focus of self-authored challenges.

Number of self-authored challenges (n=170)Focus of self-authored challenges

60Physical activitya

30Dietary behaviorb

19Mental health: stress reduction, meditation, reflection, gratitude, and self-
compassion

14Tobacco use: reduce and refrain from cigarettes and snus

12Study performance behavior: time and task commitment for completion

8Sleeping routines: establish sleep routines

6Leisure activities: prioritize leisure activities

5Alcohol consumption: restrictions on consumption

4Physical health and well-being: prioritize activities for physical health

aNumber of days exercising per week (n=30), amount of exercise per day (n=16), and specified type of activity (n=14).
bEat regularly and eat more vegetables (n=23) and reduce snacking (n=19).

Participant Characteristics and Setting Goals and
Challenges
Table S1 in Multimedia Appendix 2 shows associations between
baseline characteristics and setting a goal. These analyses reveal
that the odds were smaller for men to write a goal compared to
women (odds ratio [OR] 0.44, 95% CI 0.30-0.66; POA>99.9%).
In addition, those with higher consumption of candy and snacks
had higher odds of writing a goal; however, the association did
not appear as strong (OR 1.03, 95% CI 1.00-1.05; POA=98%).
Those who rated the importance of changing their health
behaviors as higher at baseline also had higher odds of setting
a goal (OR 1.09, 95% CI 1.00-1.18; POA=97.4%). Finally,
although the evidence was weaker, smoking more cigarettes
per week at baseline was associated with higher odds of setting
a goal (OR 1.12, 95% CI 0.96-1.32; POA=92%).

Table S2 in Multimedia Appendix 2 shows associations between
baseline characteristics and selecting or self-authoring a
challenge. As was the case for goal-setting, men had a lower
odds of selecting challenges compared to women (OR 0.46,
95% CI 0.30-0.67; POA>99.9%). There was also evidence,
albeit weaker, that those who rated higher importance of change
had higher odds of interacting with challenges (OR 1.07, 95%

CI 0.98-1.16; POA=93.6%). Additionally, there was some
evidence suggesting that individuals with high BMI (obese)
were more likely than individuals with normal BMI to interact
with the challenges component (OR 1.32, 95% CI 0.89-1.97;
POA=91.4%).

Participant Characteristics and Behavior Targeted in
Goals and Challenges

Overview
Tables S3-S16 in Multimedia Appendix 2 show associations
between participants’ characteristics and setting goals targeting
specific behaviors, and the frequency of selecting or
self-authoring challenges targeting specific behaviors. These
analyses were done among participants who had set a goal or
selected a challenge, respectively. Here, we give a summary of
the findings presented in the tables.

Man Versus Woman and Age
When comparing men versus women, the strongest associations
were found concerning setting goals targeting alcohol and diet,
with the odds being lower for men. This pattern was also evident
for selecting challenges related to alcohol and diet, where men
selected fewer of these compared to women. In addition, men
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selected fewer challenges related to physical activity than
women. Older participants had higher odds of setting goals
targeting alcohol consumption and selected fewer challenges
relating to diet.

Alcohol Consumption
Participants who reported a higher weekly consumption of
alcohol at baseline had lower odds of setting goals targeting
diet and higher odds of setting goals targeting multiple health
behaviors and miscellaneous goals. The multiple health behavior
goals concerned combinations of behaviors such as physical
activity, diet, alcohol, and smoking, while miscellaneous goals
concerned behaviors not specifically targeted by the
intervention, such as sleep. Those with higher weekly alcohol
consumption also selected more challenges relating to alcohol
consumption, but fewer challenges relating to physical activity.
More frequent heavy episodic drinking at baseline was
associated with selecting more alcohol-related challenges and
writing fewer self-authored challenges.

Smoking
Participants who reported being more frequent smokers at
baseline had higher odds of setting tobacco-related goals and
had lower odds of setting goals for all other behaviors (except
for multiple health behavior goals). These participants also
selected more smoking challenges and fewer diet challenges.

Dietary Behavior
Participants with a higher fruit and vegetable intake at baseline
had higher odds of setting goals related to physical activity and
were less likely to set goals related to alcohol, diet, and tobacco.
Similarly, these participants selected more physical activity and
smoking challenges, but fewer diet challenges. Participants who
reported a higher weekly consumption of sugary drinks had
higher odds of setting multiple health behavior goals. Finally,
participants who had higher candy and snacks intake at baseline
selected more diet and self-authored challenges.

BMI
Participants with higher BMI (overweight and obese) had lower
odds of setting goals targeting alcohol, as well as selecting fewer
alcohol-related challenges, compared to those with normal BMI.
Participants in the highest BMI category (obese) had higher
odds of setting goals relating to diet and lower odds of setting
goals targeting multiple health behaviors. Participants with
lower BMI (<18.5) were more likely to set goals targeting diet
but selected fewer challenges for diet compared to those with
normal BMI. The participants in the underweight category were
also less likely to set goals targeting tobacco. Participants in
the edge BMI categories (underweight and obese) selected fewer
challenges relating to physical activity and smoking, compared
to those in the normal BMI category.

Physical Activity
Participants with higher levels of physical activity at baseline
had higher odds of setting goals targeting diet and miscellaneous
goals, and lower odds of setting physical activity goals. They
also authored more of their own challenges and selected fewer
physical activity challenges.

Stress Levels
Participants who experienced higher levels of stress relative to
the group mean had higher odds of setting miscellaneous goals
and lower odds of setting goals targeting alcohol. These
participants also selected more smoking-related challenges.

Psychosocial Measures
Participants who rated the importance of changing their behavior
as higher relative to the group mean at baseline had higher odds
of setting goals targeting alcohol consumption and self-authored
fewer challenges. There were no marked associations between
confidence in being able to change with goal-setting and
challenges. Finally, those who rated their knowledge of how to
change their behavior higher relative to the group mean had
lower odds of setting goals targeting alcohol and smoking and
more frequently self-authored challenges.

Participants’ Self-Authored Content From Buddy
The content of the self-authored goals and challenges was
qualitatively analyzed. The coding process resulted in a total
of 2412 codes. They focused primarily on health improvement,
behavior modification, and self-improvement. A summary of
all self-authored goals, strategies, motivations, rewards, and
challenges can be found in Multimedia Appendix 3.

Participants Articulated Goals Differently Depending
on Health Behavior
Goals related to alcohol, tobacco, and physical activity were
often quantifiable, focusing on aspects like quantity, frequency,
type, or duration. Physical activity goals were typically more
specific, detailing activity duration or training frequency. Dietary
behavior goals, while also specific, focused more on restrictions,
as well as establishing desirable healthy patterns. As expected,
considering the complexity of diet, these goals, unlike other
health behaviors, included both preventive measures, such as
avoiding unhealthy food products, and promotive aspects like
incorporating healthy food choices. This contrasted with
physical activity goals, which solely promoted increased activity,
and alcohol and tobacco goals, which were purely preventive,
such as limiting, reducing, or abstaining from the behavior.

In the upcoming week, my goal is to...

...not drink alcohol on weekdays (Alcohol)

...not smoke more than 4 cigarettes a day (Tobacco)

...go for a walk every morning before studying
(Physical activity)

...not eat sugar and swap to fruit and berries instead...
(Diet)

...study at least 4 hours a day (Miscellaneous)

...consume 500 grams of vegetables daily and work
out 5 times (Multiple)

Participants Intend to Use Proactive Strategies Such
as Planning and Preparation
When formulating goals, participants were asked to formulate
strategies to achieve their goals. Planning, preparation, and
prioritization were central to all behaviors and were pronounced
as specific, detailed, and proactive strategies on how to achieve
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goals. This involved setting new routines, being mindful, and
focusing on goal-oriented activities.

Participants articulated diverse activities and combinations of
strategies. Dietary strategies included meal planning and
availability of healthy alternatives, preparation of healthy food,
and bringing fruit or lunch boxes to university. Physical activity
strategies involved scheduling activities, making room for
exercise in one’s study schedule, adjusting routines, setting
reminders, and finding motivational tools such as podcasts or
social support. Alcohol and tobacco strategies involved
heightened awareness of what is important to them and planned
modifications to habits, such as slowing drinking pace, not
carrying cigarettes, leaving parties earlier, or making
environmental changes like avoiding alcohol-related activities.

In the upcoming week, I will undertake these two
actions to progress towards my goals...

...buy fruits to eat instead and eat proper breakfast,
lunch, and dinner (Diet)

...by going to bed on time and making a lunchbox the
day before (Physical activity)

...make some plans for Saturday night instead of going
to the pub (Alcohol)

...chew gum, drink tea, and do breathing exercises
(Tobacco)

...to go to bed on time and not sleep too late during
the day (Miscellaneous)

...schedule training and say no to cigarettes (Multiple)

Physical activity strategies were typically action-oriented,
specific, and time-framed, closely aligning with the goals. For
instance, a goal to walk 20 minutes per day could involve the
strategy to go for a morning and a poststudy walk. Conversely,
dietary, tobacco, and alcohol strategies involved a broader range
of activities like distractions, restrictions, substitutes, and
limitations of unhealthy alternatives, as well as planning and
preparing for healthy choices. For example, a typical goal to
limit drinking involved the strategy to abstain from drinking
before going out or swapping to alcohol-free alternatives. A
typical goal to avoid unhealthy food involved the strategy to
abstain from buying and replacing dessert with fruit and berries
instead. Physical activity was also articulated as a strategy to
achieve dietary, alcohol, and tobacco goals, such as being
physically active as a means to divert attention from snacking,
smoking, or drinking.

Participants Motivate Themselves With Health
Benefits, Self-Encouragement, and Goal Focus
When formulating strategies, participants were asked to
formulate how to motivate themselves when faced with barriers
to achieve their goals. Participants’motivational self-talk, across
various health behaviors, was expressed in a similar manner,
primarily focusing on well-being, health benefits,
self-encouragement, and goal orientation. The self-talk
emphasized both short- and long-term well-being and health
benefits. For tobacco, the focus was mainly on the long-term
benefits, while physical activity and alcohol were more focused
on short-term well-being, such as “feeling better afterwards, or

the next day.” Participants recalled and expressed previous
experiences of feeling good when adopting a healthy behavior.
For example, “I always feel better after exercising” (Physical
activity), “I will be feeling so much better if I don’t snack and
avoid sweets” (Diet), “This will bring me energy” (Multiple),
“I will avoid anxiety the day after if I drink moderately”
(Alcohol), “Smoking is harmful to me and my asthma will
improve without it” (Tobacco), and “I will feel good from
exercise and less screen time. It will help” (Miscellaneous).

Participants used self-encouraging positive affirmations like
“you can do it” to motivate themselves. In the context of
physical activity, this included pushing oneself to work hard
with a just-do-it attitude, overcoming barriers, and reminding
themselves of the necessity of effort for success. For diet,
tobacco, and alcohol goals, the focus shifted to reminding
oneself that there are better alternatives, encouraging
perseverance, and strengthening one’s capability to combat
craving, all with the aim of making oneself proud. Overall,
participants reminded themselves of their capability and
determination with affirmations like “I can and I will. They also
reassured themselves of their past accomplishments, reinforcing
their belief in their capabilities and the manageability of the
task.

If it feels tough, I will tell myself that...

...get a grip, it goes quickly and it’s fun! (Physical
activity)

...I actually prefer and feel better with good, cooked
food (Diet)

...I feel much better during the week if I don’t drink
(Alcohol)

...that you cannot afford it, and that I have succeeded
in several demanding challenges before (Tobacco)

...you can do it, you are goal-oriented and wonderful
(Miscellaneous)

...you must keep your promises to yourself so that you
can trust yourself (Multiple)

Regarding goal orientation, participants reminded themselves
to stay focused on the goal, its significance, and why it is
important, for example, the long-term benefits,
self-improvement, or success with a task or studies. For
miscellaneous behaviors, participants also highlighted the
importance of self-value, personal sustainability, and life balance
by encouraging themselves to focus on the task and dedicate
time for health.

Participants Plan to Reward Themselves With
Shopping, Indulgence, and Self-Appreciation
To meet their goal, participants were asked to articulate how
they would reward themselves when achieving their goal. These
rewards varied, but overall included shopping, indulging in
something to eat, and engaging in enjoyable activities.
Regardless of health behavior, participants also planned to
express self-appreciation by acknowledging and recognizing
their progress and effort. This often took the form of symbolic
gestures like “a pat on the back,” applause, a hug, or a sense of
pride.
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Shopping was a popular reward, with participants planning to
buy clothing, beauty products, craft materials, electronics, or
home decor. Some participants planned to indulge in culinary
treats, such as cooking their favorite meal, dining out, or
purchasing “special items” like sushi, exotic fruits, or barista
coffee. Among those who set goals related to tobacco and
alcohol, some planned to reward themselves with the ability to
drink or smoke. Engaging in enjoyable activities was also a
common reward. These activities ranged from socializing, movie
nights, and gaming to outdoor activities like walking in nature
or self-care activities like taking a day off from studying. Some
planned to treat themselves with a visit to the hairdresser, a
tattoo artist, or a massage, while others planned a trip. Some
participants planned to save or invest the money they would
have otherwise spent on unhealthy behaviors.

Discussion

Principal Findings
We conducted this study to gain insight into the fidelity of a
digital multiple lifestyle behavior intervention by investigating
participants’ interactions with a goal-setting and challenges
component. The self-authored content shed light on how
participants used the goal-setting component and provided
insights into how participants articulate behavior change in
terms of personal goals, challenges, strategies for action,
motivation plans, and rewards. Overall, our findings indicate
that participants who engaged with the intervention component
did so as intended, demonstrating the feasibility of incorporating
goal-setting into a multiple health behavior intervention. Despite
this, as mentioned earlier, in our analyses of the effects of
goal-setting on behavior, we found no strong evidence that the
component was effective (Asberg et al, unpublished data, 2025).
This may partially be explained by the use being heterogeneous,
with many not using the component at all, and individual
characteristics determining engagement within the component.
However, the combined findings of fidelity and effectiveness
suggest that while components of behavioral interventions may
be grounded in theory and used as intended, this does not always
translate to behavior change. This calls for further research to
explore the conditions under which goal-setting may be more
or less effective, to better understand its nuances and potential
benefits.

Our findings show that participants’ baseline characteristics
were associated with setting goals targeting specific behaviors
and the frequency of selecting or self-authoring challenges
targeting specific health behaviors. These associations were in
line with what was anticipated and intended; for instance,
participants with higher alcohol consumption focused on
alcohol, while smokers prioritized smoking cessation.
Meanwhile, despite Buddy’s strong emphasis on alcohol, diet,
physical activity, and smoking, those experiencing stress
concentrated on goals and challenges concerning managing
studies, mental well-being, sleep, and mobile phone use. Our
findings also suggest that participants who already practice
some healthy behaviors, such as consuming fruits and vegetables
or engaging in physical activity, were more inclined to focus
on other health areas where they may not be following

guidelines. Overall, our findings suggest that participants used
the intervention component to address their personal needs for
support in changing unhealthy health behaviors.

When analyzing the content of the goals and challenges set by
participants, we found that strategies, motivations, and rewards
focused on proactive activities like planning, preparation, and
prioritization. Participants were motivated by reminding
themselves of the health benefits, self-encouragement, and
maintaining a focus on their goals. These motivations had both
a short- and long-term perspective. Participants supported
themselves with positive affirmations, such as “you can do it,”
and richer messages of self-improvement, self-worth, and
sustainable life balance.

Comparison With Prior Work
Previous studies have shown that goal-setting can lead to
improved outcomes in various health behaviors. For instance,
a web-based intervention [46] showed that weekly goal-setting
can increase fruit and vegetable consumption among university
students over time, but no corresponding impact on physical
activity levels was observed. Researchers suggest that while
goal-setting can be beneficial in initiating new behaviors, it
might not be as effective for enhancing behaviors that
individuals are already practicing. In a factorial trial [47],
researchers compared adaptive goals versus static goals, and
the effect of immediate versus delayed financial rewards on
increasing physical activity. The result indicated that static goals
initially increased daily step count but subsequently declined
physical activity levels over time. Conversely, those with
adaptive goals showed a smaller initial increase but maintained
a more consistent level of activity throughout the 4-month
intervention period. Notably, the activity levels of the static
group eventually fell below those of the adaptive goal group,
even with the incentive of immediate rewards.

In a study by Padovano et al [48], the relationship between daily
goal-setting and its impact on alcohol consumption was
investigated among individuals with alcohol use disorder. The
study revealed that the most commonly selected goal was
complete abstinence (“I have a plan to not drink”; n=858, 31%),
followed by moderation goals (“2 or fewer drinks”; n=604,
22%), or (“5 or fewer drinks”; n=618, 22%). The odds of
drinking were reduced by 89% when an abstinence goal was
set (OR 0.11, 95% CI 0.08-0.15). Additionally, the study
observed that those who more frequently set abstinence goals
were the ones who drank more per drinking occasion. These
formulations align with the self-authored alcohol and tobacco
goals in this study, which were framed in a preventive
manner—limiting, reducing, or abstaining from the
behavior—and were predominantly formulated by participants
with higher alcohol and smoking behaviors.

Similarly, the self-authored goals in this study, particularly those
related to physical activity, aligned with the self-authored goals
set by participants in a digital weight-loss intervention [49]. In
that study, participants were encouraged to set weekly behavioral
goals and share their goals and accomplishments on a shared
social media platform. Findings indicate that goals expressed
in repeating terms, or as both measurable and repeating terms
(eg, “My exercise goal is to walk for at least 15 minutes a day
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this week”) were associated with greater weight loss. These
repeating term goals, for example, articulating the number of
training days per week, to eat fruit every day, to meditate, or to
study for a specified number of hours per day, were also
articulated among the students in this study.

Limitations
This study has a number of limitations that should be considered.
First, associations between baseline characteristics and use of
the component are not causal and should not be interpreted as
such. These analyses describe who among the participants did
what, but not why they did so. Second, the study did not assess
whether interaction with the goal-setting component translated
into behavior change. To establish causal relationships and
better understand the impact of goal-setting on health behaviors,
future studies could randomize participants to different
goal-setting strategies—such as predefined versus self-authored
goals to evaluate their differential effects on behavior change
outcomes. Third, half of the participants with access to the
goal-setting and challenges component did not choose to engage
with it. While we do not expect all participants to interact with
digital interventions that have low barriers to entry, it remains
an important question to investigate reasons why the remaining
participants, despite signing up for Buddy, did not use this
module. Future studies could include follow-up with nonusers
to better understand barriers to interaction, such as lack of time,
perceived relevance, or competing academic or personal
demands. Gaining insights into these factors could inform the
design of digital interventions that better align with users’
contexts and needs.

Moreover, among those who did engage with the goal-setting
component, the majority set one or two goals (n=391, 92%).
This could be due to various reasons, including satisfaction with
the initial goal or behavior change progress, which might have
eliminated the need to set other goals. The process of
self-authoring goals may be cognitively demanding, and not all
participants are likely to benefit equally from a goal-setting
component. Some may find the task of setting and achieving
goals difficult, overwhelming, or simply outside the scope of
their current priorities. Additionally, the absence of feedback
on progress or positive reinforcement from Buddy may have
contributed to a lack of motivation to set new goals. Without
encouragement to revisit or revise their goals, participants may
have disengaged over time.

Conclusions
Our analyses of self-authored content from the goal-setting and
challenges component in a digital intervention for multiple
health behavior change provided insights into how participants
articulate behavior change in terms of personal goals, challenges,
strategies for action, motivation plans, and rewards. Participants
set goals related to both single and multiple health behaviors,
which is in alignment with the intended purpose of Buddy.
Furthermore, participants used Buddy in ways that suited and
supported their personal behavior change needs, sometimes
extending beyond the scope of the lifestyle behaviors that Buddy
targeted. Future research should explore the conditions under
which goal-setting may be more or less effective, to better
understand its nuances and potential benefits.
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Multimedia Appendix 3
A summary of all self-authored goals, strategies, motivations, rewards, and challenges can be found in Appendix 3.
[DOCX File, 69 KB - humanfactors_v12i1e66208_app3.docx ]

References
1. GBD 2020 Alcohol Collaborators. Population-level risks of alcohol consumption by amount, geography, age, sex, and year:

a systematic analysis for the Global Burden of Disease Study 2020. Lancet 2022;400(10347):185-235. [doi:
10.1016/S0140-6736(22)02121-3]

2. Reitsma MB, Kendrick PJ, Ababneh E, et al. Spatial, temporal, and demographic patterns in prevalence of smoking tobacco
use and attributable disease burden in 204 countries and territories, 1990–2019: a systematic analysis from the Global
Burden of Disease Study 2019. Lancet 2021 Jun;397(10292):2337-2360. [doi: 10.1016/S0140-6736(21)01169-7]

3. Ong KL, Stafford LK, McLaughlin SA, et al. Global, regional, and national burden of diabetes from 1990 to 2021, with
projections of prevalence to 2050: a systematic analysis for the Global Burden of Disease Study 2021. Lancet 2023
Jul;402(10397):203-234. [doi: 10.1016/S0140-6736(23)01301-6]

4. Brauer M, Roth GA, Aravkin AY, et al. Global burden and strength of evidence for 88 risk factors in 204 countries and
811 subnational locations, 1990–2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet 2024
May;403(10440):2162-2203. [doi: 10.1016/S0140-6736(24)00933-4]

5. Noncommunicable diseases: fact sheet. World Health Organization. 2023. URL: https://www.who.int/news-room/fact-sheets/
detail/noncommunicable-diseases [accessed 2025-03-28]

6. Oosterveen E, Tzelepis F, Ashton L, Hutchesson MJ. A systematic review of eHealth behavioral interventions targeting
smoking, nutrition, alcohol, physical activity and/or obesity for young adults. Prev Med 2017 Jun;99:197-206. [doi:
10.1016/j.ypmed.2017.01.009] [Medline: 28130046]

7. Schoeppe S, Alley S, Van Lippevelde W, et al. Efficacy of interventions that use apps to improve diet, physical activity
and sedentary behaviour: a systematic review. Int J Behav Nutr Phys Act 2016 Dec;13(1). [doi: 10.1186/s12966-016-0454-y]

8. Mönninghoff A, Kramer JN, Hess AJ, et al. Long-term effectiveness of mHealth physical activity interventions: systematic
review and meta-analysis of randomized controlled trials. J Med Internet Res 2021 Apr 30;23(4):e26699. [doi: 10.2196/26699]
[Medline: 33811021]

9. Sevic A, Hashemi NS, Thørrisen MM, et al. Effectiveness of eHealth Interventions targeting employee health behaviors:
systematic review. J Med Internet Res 2023 Apr 20;25:e38307. [doi: 10.2196/38307] [Medline: 37079369]

10. Kaner EF, Beyer FR, Muirhead C, et al. Effectiveness of brief alcohol interventions in primary care populations. Cochrane
Database Syst Rev 2018 Feb 24;2(2):CD004148. [doi: 10.1002/14651858.CD004148.pub4] [Medline: 29476653]

11. O Rourke L, Humphris G, Baldacchino A. Electronic communication based interventions for hazardous young drinkers: a
systematic review. Neurosci Biobehav Rev 2016 Sep;68:880-890. [doi: 10.1016/j.neubiorev.2016.07.021] [Medline:
27453570]

12. Taylor GMJ, Dalili MN, Semwal M, Civljak M, Sheikh A, Car J. Internet-based interventions for smoking cessation.
Cochrane Database Syst Rev 2017 Sep 4;2017(9):CD007078. [doi: 10.1002/14651858.CD007078.pub5] [Medline: 28869775]

13. McIntosh JRD, Jay S, Hadden N, Whittaker PJ. Do E-health interventions improve physical activity in young people: a
systematic review. Public Health (Fairfax) 2017 Jul;148:140-148. [doi: 10.1016/j.puhe.2017.04.001] [Medline: 28482322]

14. Milne-Ives M, Lam C, De Cock C, Van Velthoven MH, Meinert E. Mobile apps for health behavior change in physical
activity, diet, drug and alcohol use, and mental health: systematic review. JMIR Mhealth Uhealth 2020;8(3):e17046. [doi:
10.2196/17046]

15. Noble N, Paul C, Turon H, Oldmeadow C. Which modifiable health risk behaviours are related? A systematic review of
the clustering of Smoking, Nutrition, Alcohol and Physical activity (‘SNAP’) health risk factors. Prev Med 2015 Dec;81:16-41.
[doi: 10.1016/j.ypmed.2015.07.003]

16. Michie S, Richardson M, Johnston M, et al. The behavior change technique taxonomy (v1) of 93 hierarchically clustered
techniques: building an international consensus for the reporting of behavior change interventions. Ann Behav Med 2013
Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

17. Locke EA, Latham GP. Building a practically useful theory of goal setting and task motivation. A 35-year odyssey. Am
Psychol 2002 Sep;57(9):705-717. [doi: 10.1037//0003-066x.57.9.705] [Medline: 12237980]

18. Locke EA, Latham GP. New directions in goal-setting theory. Curr Dir Psychol Sci 2006 Oct;15(5):265-268. [doi:
10.1111/j.1467-8721.2006.00449.x]

19. McAlister AL, Perry CL, Parcel GS. How individuals, environments, and health behaviors interact: social cognitive theory.
In: Glanz K, Rimer BK, Viswanath K, editors. Health Behavior and Health Education: Theory, Research, and Practice, 4th
edition: Jossey-Bass/Wiley; 2008:169-188.

20. Bandura A. Health promotion by social cognitive means. Health Educ Behav 2004 Apr;31(2):143-164. [doi:
10.1177/1090198104263660]

21. Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol 2009;28(6):690-701. [doi: 10.1037/a0016136]

JMIR Hum Factors 2025 | vol. 12 | e66208 | p.3772https://humanfactors.jmir.org/2025/1/e66208
(page number not for citation purposes)

Åsberg et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=humanfactors_v12i1e66208_app3.docx&filename=e0a86da1-8514-11f0-84d7-03d8ba60569d.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e66208_app3.docx&filename=e0a86da1-8514-11f0-84d7-03d8ba60569d.docx
http://dx.doi.org/10.1016/S0140-6736(22)02121-3
http://dx.doi.org/10.1016/S0140-6736(21)01169-7
http://dx.doi.org/10.1016/S0140-6736(23)01301-6
http://dx.doi.org/10.1016/S0140-6736(24)00933-4
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
http://dx.doi.org/10.1016/j.ypmed.2017.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28130046&dopt=Abstract
http://dx.doi.org/10.1186/s12966-016-0454-y
http://dx.doi.org/10.2196/26699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33811021&dopt=Abstract
http://dx.doi.org/10.2196/38307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37079369&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD004148.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29476653&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2016.07.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27453570&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD007078.pub5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28869775&dopt=Abstract
http://dx.doi.org/10.1016/j.puhe.2017.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28482322&dopt=Abstract
http://dx.doi.org/10.2196/17046
http://dx.doi.org/10.1016/j.ypmed.2015.07.003
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://dx.doi.org/10.1037//0003-066x.57.9.705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12237980&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-8721.2006.00449.x
http://dx.doi.org/10.1177/1090198104263660
http://dx.doi.org/10.1037/a0016136
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Knittle K, Nurmi J, Crutzen R, Hankonen N, Beattie M, Dombrowski SU. How can interventions increase motivation for
physical activity? A systematic review and meta-analysis. Health Psychol Rev 2018 Jul 3;12(3):211-230. [doi:
10.1080/17437199.2018.1435299] [Medline: 29385950]

23. Howlett N, Trivedi D, Troop NA, Chater AM. Are physical activity interventions for healthy inactive adults effective in
promoting behavior change and maintenance, and which behavior change techniques are effective? A systematic review
and meta-analysis. Transl Behav Med 2019 Jan 1;9(1):147-157. [doi: 10.1093/tbm/iby010] [Medline: 29506209]

24. Ashton LM, Sharkey T, Whatnall MC, et al. Effectiveness of interventions and behaviour change techniques for improving
dietary intake in young adults: a systematic review and meta-analysis of RCTs. Nutrients 2019 Apr 11;11(4):825. [doi:
10.3390/nu11040825] [Medline: 30979065]

25. Garnett CV, Crane D, Brown J, et al. Behavior change techniques used in digital behavior change interventions to reduce
excessive alcohol consumption: a meta-regression. Ann Behav Med 2018 May 18;52(6):530-543. [doi: 10.1093/abm/kax029]
[Medline: 29788261]

26. McCrabb S, Baker AL, Attia J, et al. Internet-based programs incorporating behavior change techniques are associated with
increased smoking cessation in the general population: a systematic review and meta-analysis. Ann Behav Med 2019 Feb
1;53(2):180-195. [doi: 10.1093/abm/kay026]

27. Michie S, Whittington C, Hamoudi Z, Zarnani F, Tober G, West R. Identification of behaviour change techniques to reduce
excessive alcohol consumption. Addiction 2012 Aug;107(8):1431-1440. [doi: 10.1111/j.1360-0443.2012.03845.x]

28. McEwan D, Harden SM, Zumbo BD, et al. The effectiveness of multi-component goal setting interventions for changing
physical activity behaviour: a systematic review and meta-analysis. Health Psychol Rev 2016 Jan 2;10(1):67-88. [doi:
10.1080/17437199.2015.1104258]

29. Epton T, Currie S, Armitage CJ. Unique effects of setting goals on behavior change: systematic review and meta-analysis.
J Consult Clin Psychol 2017;85(12):1182-1198. [doi: 10.1037/ccp0000260]

30. Åsberg K, Lundgren O, Henriksson H, et al. Multiple lifestyle behaviour mHealth intervention targeting Swedish college
and university students: protocol for the Buddy randomised factorial trial. BMJ Open 2021 Dec;11(12):e051044. [doi:
10.1136/bmjopen-2021-051044]

31. Borrelli B. The assessment, monitoring, and enhancement of treatment fidelity in public health clinical trials. J Public
Health Dent 2011 Jan;71(s1). [doi: 10.1111/j.1752-7325.2011.00233.x]

32. Hawkes RE, Warren L, Cameron E, French DP. An evaluation of goal setting in the NHS England diabetes prevention
programme. Psychol Health 2022 Feb 1;37(2):131-150. [doi: 10.1080/08870446.2021.1872790]

33. Lorencatto F, West R, Bruguera C, Brose LS, Michie S. Assessing the quality of goal setting in behavioural support for
smoking cessation and its association with outcomes. Ann Behav Med 2016 Apr;50(2):310-318. [doi:
10.1007/s12160-015-9755-7]

34. Bendtsen M, Bendtsen P, Henriksson H, et al. The Mobile Health Multiple Lifestyle Behavior Interventions Across the
Lifespan (MoBILE) research program: protocol for development, evaluation, and implementation. JMIR Res Protoc
2020;9(4):e14894. [doi: 10.2196/14894]

35. Bendtsen P, McCambridge J, Bendtsen M, Karlsson N, Nilsen P. Effectiveness of a proactive mail-based alcohol internet
intervention for university students: dismantling the assessment and feedback components in a randomized controlled trial.
J Med Internet Res 2012;14(5):e142. [doi: 10.2196/jmir.2062]

36. McCambridge J, Bendtsen M, Karlsson N, White IR, Nilsen P, Bendtsen P. Alcohol assessment and feedback by email for
university students: main findings from a randomised controlled trial. Br J Psychiatry 2013 Nov;203(5):334-340. [doi:
10.1192/bjp.bp.113.128660]

37. Bendtsen P, Bendtsen M, Karlsson N, White IR, McCambridge J. Online alcohol assessment and feedback for hazardous
and harmful drinkers: findings from the AMADEUS-2 randomized controlled trial of routine practice in Swedish universities.
J Med Internet Res 2015;17(7):e170. [doi: 10.2196/jmir.4020]

38. Thomas K, Linderoth C, Bendtsen M, Bendtsen P, Müssener U. Text message-based intervention targeting alcohol
consumption among university students: findings from a formative development study. JMIR Mhealth Uhealth 2016 Oct
20;4(4):e119. [doi: 10.2196/mhealth.5863] [Medline: 27765732]

39. Müssener U, Thomas K, Linderoth C, Leijon M, Bendtsen M. A text message–based intervention targeting alcohol
consumption among university students: user satisfaction and acceptability study. JMIR Hum Factors 2018;5(3):e23. [doi:
10.2196/humanfactors.9641]

40. Thomas K, Müssener U, Linderoth C, Karlsson N, Bendtsen P, Bendtsen M. Effectiveness of a text messaging-based
intervention targeting alcohol consumption among university students: randomized controlled trial. JMIR Mhealth Uhealth
2018 Jun 25;6(6):e146. [doi: 10.2196/mhealth.9642] [Medline: 29941417]

41. Müssener U, Bendtsen M, Karlsson N, White IR, McCambridge J, Bendtsen P. Effectiveness of short message service
text-based smoking cessation intervention among university students. JAMA Intern Med 2016 Mar 1;176(3):321. [doi:
10.1001/jamainternmed.2015.8260] [Medline: 26903176]

42. Müssener U, Bendtsen M, McCambridge J, Bendtsen P. User satisfaction with the structure and content of the NEXit
intervention, a text messaging-based smoking cessation programme. BMC Public Health 2016 Nov 22;16(1):1179. [doi:
10.1186/s12889-016-3848-5] [Medline: 27876031]

JMIR Hum Factors 2025 | vol. 12 | e66208 | p.3773https://humanfactors.jmir.org/2025/1/e66208
(page number not for citation purposes)

Åsberg et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1080/17437199.2018.1435299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29385950&dopt=Abstract
http://dx.doi.org/10.1093/tbm/iby010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29506209&dopt=Abstract
http://dx.doi.org/10.3390/nu11040825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30979065&dopt=Abstract
http://dx.doi.org/10.1093/abm/kax029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29788261&dopt=Abstract
http://dx.doi.org/10.1093/abm/kay026
http://dx.doi.org/10.1111/j.1360-0443.2012.03845.x
http://dx.doi.org/10.1080/17437199.2015.1104258
http://dx.doi.org/10.1037/ccp0000260
http://dx.doi.org/10.1136/bmjopen-2021-051044
http://dx.doi.org/10.1111/j.1752-7325.2011.00233.x
http://dx.doi.org/10.1080/08870446.2021.1872790
http://dx.doi.org/10.1007/s12160-015-9755-7
http://dx.doi.org/10.2196/14894
http://dx.doi.org/10.2196/jmir.2062
http://dx.doi.org/10.1192/bjp.bp.113.128660
http://dx.doi.org/10.2196/jmir.4020
http://dx.doi.org/10.2196/mhealth.5863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27765732&dopt=Abstract
http://dx.doi.org/10.2196/humanfactors.9641
http://dx.doi.org/10.2196/mhealth.9642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29941417&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2015.8260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26903176&dopt=Abstract
http://dx.doi.org/10.1186/s12889-016-3848-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27876031&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


43. Fishbein M, Triandis HC, Kanfer FH, Becker M, Middlestadt SE, Eichler A. Factors influencing behaviour and behaviour
change. In: Baum A, Revenson TA, Singer JE, editors. Handbook of Health Psychology: Psychology Press; 2001:3-17.

44. Conner M, Norman P. Predicting Health Behaviour: Research and Practice with Social Cognition Models: Open University
Press; 2005.

45. Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005 Nov;15(9):1277-1288.
[doi: 10.1177/1049732305276687]

46. O’Donnell S, Greene GW, Blissmer B. The effect of goal setting on fruit and vegetable consumption and physical activity
level in a web-based intervention. J Nutr Educ Behav 2014;46(6):570-575. [doi: 10.1016/j.jneb.2014.03.005] [Medline:
24857600]

47. Adams MA, Hurley JC, Todd M, et al. Adaptive goal setting and financial incentives: a 2 × 2 factorial randomized controlled
trial to increase adults’ physical activity. BMC Public Health 2017 Dec;17(1). [doi: 10.1186/s12889-017-4197-8]

48. Padovano HT, Levak S, Vadhan NP, Kuerbis A, Morgenstern J. The role of daily goal setting among individuals with
alcohol use disorder. Drug Alcohol Depend Rep 2022 Mar;2:100036. [doi: 10.1016/j.dadr.2022.100036] [Medline: 36303709]

49. Jake-Schoffman DE, Waring ME, DiVito J, Goetz JM, Pan C, Pagoto SL. The relationship between how participants
articulate their goals and accomplishments and weight loss outcomes: secondary analysis of a pilot of a web-based weight
loss intervention. JMIR Mhealth Uhealth 2023;11:e41275. [doi: 10.2196/41275]

Abbreviations
CI: compatibility interval
MoBILE: Mobile Health Multiple Lifestyle Behavior Interventions Across the Lifespan
OR: Odds ratio
POA: Probability of an association

Edited by A Kushniruk; submitted 06.09.24; peer-reviewed by A Eisingerich, P Cornish, YC Liu; revised version received 17.06.25;
accepted 10.07.25; published 29.08.25.

Please cite as:
Åsberg K, Löf M, Bendtsen M
Setting Goals and Accepting Challenges for Behavior Change—Analysis of Participants’ Interactions With a Digital Multiple Health
Behavior Intervention: Mixed Methods Study
JMIR Hum Factors 2025;12:e66208
URL: https://humanfactors.jmir.org/2025/1/e66208 
doi:10.2196/66208

© Katarina Åsberg, Marie Löf, Marcus Bendtsen. Originally published in JMIR Human Factors (https://humanfactors.jmir.org),
29.8.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information must be
included.

JMIR Hum Factors 2025 | vol. 12 | e66208 | p.3774https://humanfactors.jmir.org/2025/1/e66208
(page number not for citation purposes)

Åsberg et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1177/1049732305276687
http://dx.doi.org/10.1016/j.jneb.2014.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24857600&dopt=Abstract
http://dx.doi.org/10.1186/s12889-017-4197-8
http://dx.doi.org/10.1016/j.dadr.2022.100036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36303709&dopt=Abstract
http://dx.doi.org/10.2196/41275
https://humanfactors.jmir.org/2025/1/e66208
http://dx.doi.org/10.2196/66208
http://www.w3.org/Style/XSL
http://www.renderx.com/


A Mobile App Designed to Promote Shared Decision-Making in
the Treatment of Psychotic Disorders: Feasibility and Acceptability
Study

Mari Skoge1,2, ClinPsy; Sofie Ragnhild Aminoff1, ClinPsy, PhD; Elizabeth Ann Barrett1, ClinPsy, PhD; Gina Engen

Bryhni3, MSN; Kristine Kling1, MA; Kari Jorunn Kværner1,4, MD, PhD; Ingrid Melle2, MD, PhD; Erlend Mork1,

ClinPsy, PhD; Carmen Simonsen1, ClinPsy, PhD; Linn Nathalie Støme1, MS, PhD; Josina Vink5, MA, PhD; Tor

Gunnar Værnes1, ClinPsy, PhD; Kristin Lie Romm1,2, MD, PhD
1Early Intervention in Psychosis Advisory Unit for South East Norway, Division of Mental Health and Addiction, Oslo University Hospital,
Sognsvannsveien 21, Bygg 12, 2. etg, Oslo, Norway
2Faculty of Medicine, Institute of Clinical Medicine, University of Oslo, Oslo, Norway
3Early Intervention in Psychosis Unit, Sanderud, Division of Psychiatric Health Services, Innlandet Hospital Trust, Ottestad, Norway
4Department of Strategy and Entrepreneurship, BI Norwegian Business School, Oslo, Norway
5Institute of Design, Oslo School of Architecture and Design, Oslo, Norway

Corresponding Author:
Mari Skoge, ClinPsy
Early Intervention in Psychosis Advisory Unit for South East Norway, Division of Mental Health and Addiction, Oslo University
Hospital, Sognsvannsveien 21, Bygg 12, 2. etg, Oslo, Norway

Abstract

Background: Strengthening shared decision-making in mental health care may improve the quality of services and treatment
outcomes, but its implementation in services for severe mental disorders is currently lacking.

Objective: This study aims to explore the feasibility and acceptability of iTandem (University of Oslo), a mobile app designed
to promote shared decision-making in the treatment of psychotic disorders. In addition, the study aims to investigate mechanisms
that potentially contribute to the intended effect of the app. iTandem is a therapy supplement that facilitates patient involvement
in decisions regarding treatment goals and focus areas. It is designed for personalized use and contains 8 optional modules: sleep,
medication, recovery, mood, psychosis, activity, substance use, and feedback concerning therapy.

Methods: Patients undergoing assessment or treatment for psychotic disorders and their clinicians were recruited for the study.
Patients and clinicians jointly used iTandem as part of standard treatment in a 6-week trial. We used a mixed-methods study
design with a clear emphasis on qualitative methods. Feasibility and acceptability were assessed through descriptive statistics
based on preintervention and postintervention questionnaires and app usage data, in addition to text responses to open-ended
items. We conducted a reflexive thematic analysis of postintervention interviews to elaborate these measures and to explore
mechanisms potentially contributing to achieving shared decision-making when using iTandem.

Results: A total of 9 patients and 8 clinicians completed the trial. The participants evaluated iTandem as a user-friendly and
acceptable tool, but there were considerable variations in how the app was integrated into treatment and in perceptions of its
clinical value. The thematic analysis suggests that iTandem has the potential to facilitate shared decision-making through supporting
cognition and shifting the patient’s role. We also identified scaffolding structures, an analogy of personalized support, as a
precondition for these mechanisms and for the overall feasibility and acceptability of iTandem.

Conclusions: iTandem was generally perceived as a feasible and acceptable tool in the treatment of patients with psychotic
disorders. Our findings suggest that nonclinical aspects, such as support structures, are important to the feasibility and acceptability
of such digital interventions and patients’ aptness for digitalized treatment in general. Future research should explore related
nonclinical aspects further instead of defining potential target groups based on diagnoses and symptom severity alone.

(JMIR Hum Factors 2025;12:e68813)   doi:10.2196/68813
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Introduction

Background
The clinical integration of technology into health care services
has been suggested as a strategy to enhance both treatment
efficiency and service user satisfaction [1,2]. Moreover, shared
decision-making (SDM) has become a core principle in the
design of new person-centered services within mental health
care [3,4].

SDM involves mutual involvement and collaboration between
the patient and service provider, enabling a shared understanding
to explore and decide on therapeutic alternatives throughout the
course of treatment, in accordance with patient needs and
preferences [5,6]. To achieve a shared understanding of the
clinical condition, as well as relevant factors that should be
included in the decision-making process, delivering information
in a tailored and accessible format is crucial [7,8]. Although the
body of available literature is inconclusive, studies indicate that
higher levels of patient involvement in mental health care
services result in improved treatment outcomes related to both
clinical recovery and patient satisfaction [9,10]. Thus, mental
health care services are making efforts to develop and distribute
publicly available communication tools that promote SDM
implementation in routine health care, both in Norway [11,12]
and internationally [4].

However, the process is slow, and mental health care services
have so far implemented SDM only to a limited extent [13,14].
The research literature indicates that SDM is especially lacking
in the treatment of severe conditions, such as psychotic disorders
[15,16]. According to a Norwegian study, patients with
psychotic disorders report that they are not involved in their
treatment as much as they prefer [17]. These findings are
mirrored in the international literature [16,18,19]. Nevertheless,
a recent study found that receiving information and feeling
understood are fundamental care needs of individuals who have
experienced a psychotic episode for the first time [20]. Both of
these aspects are core elements of SDM and underline the
potential clinical value of implementing SDM in this patient
population.

There are several obstacles to the implementation of SDM in
the treatment of patients with psychotic disorders. Many patients
endure cognitive and negative symptoms, which comprise
problems such as reduced memory, levels of engagement and
interest, and difficulties expressing emotions and needs [21-23].
The presence of such symptoms may impede patients from
pursuing a role as active agents who take part in informed
dialogues with clinicians. In addition, research has revealed
stigmatizing views toward persons with psychotic disorders
among mental health service providers [24] and that clinicians
expect that patients with psychotic disorders are less able and
less willing to engage in a collaborative approach to treatment
[25,26]. A possible consequence is reduced effort from the
service provider to achieve SDM. Another consequence is that
patients perceive the stigma from service providers and feel
disempowered [27], which further complicates their
opportunities to experience SDM. Furthermore, the services
delivered to people with severe mental disorders are complex

and resource-intensive activities [28,29]. Patients are typically
followed for longer periods of time, and services should be able
to adjust the goals and content of the treatment according to
changing needs. Without strategies to maintain a focus on
common goals, this might be challenged in a protracted course
with changing clinicians, departments, and patient contexts
[30-33].

The discrepancy between the ideal of SDM-based clinical
practices and the current situation in severe mental health care
exposes a need to develop novel strategies to enhance patient
involvement. Integrating digital tools may offer a flexible and
personalized approach to targeting SDM [34]. Highly accessible
digital tools, such as mobile apps, offer functionality that can
overcome some of the obstacles to SDM. Apps can facilitate
the collection of real-time data points, providing rich information
about specific aspects of the user’s life, which can be of
importance for the process of recovery. In addition, this
functionality can reduce the demands on memory and help users
convey relevant information during therapy sessions [35,36].
Several app interventions developed for patients with psychotic
disorders have been evaluated as feasible and acceptable by
users, such as Actissist (University of Manchester), FOCUS
(University of Washington Psychiatry & Behavioural Sciences),
and PRIME (Personalized Real-time Intervention for Motivation
Enhancement; Regents of the University of Minnesota) [37-40].
However, few mobile apps directly target SDM in mental health
[34]. The existing SDM apps offer functionality such as mapping
clinical decisions and weighing the benefits and disadvantages
connected to them [41] or prompting evaluations of therapy
sessions and monitoring of health parameters, which can be
used to support decision-making [42,43]. Despite the relevant
functionality and promising user experiences, adoption and
diffusion of such apps remain low in routine clinical settings
[44,45]. A user-centered approach that involves service
providers and patients from early exploratory stages is necessary
to ensure feasibility and clinical benefit, which facilitates
diffusion in everyday clinical settings [46].

The idea of the mobile app examined in this study developed
from a previous innovation project in which persons with lived
experiences stated that they missed alternative ways of
collaborating with services and that there is a lack of tools to
strengthen the focus on treatment goals during and between
treatment sessions [47]. This insight sparked an iterative and
person-centered process of concept and software development,
involving a thorough mapping of the needs of patients with
severe mental illness and their therapists. The outcome was
iTandem, a mobile app designed to enhance the patient’s voice
in decisions concerning focus areas and treatment goals. Before
planning the present exploration of the feasibility and
acceptability of iTandem in clinical settings, the app was
beta-tested, and its functionality was refined according to
feedback from patients and clinicians.

Study Aim
We aim to explore the feasibility and acceptability of the mobile
app iTandem [47] in the treatment of patients with psychotic
disorders from the perspectives of both clinicians and patients.
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In addition, we aim to explore mechanisms that potentially
contribute to achieving SDM when using iTandem.

Methods

Setting and Recruitment
The study took place at 2 clinical sites at Innlandet Hospital
Trust in Norway from December 2022 to May 2023. Innlandet
Hospital Trust is part of the public specialist health care services
and offers both inpatient and outpatient treatment. The
catchment area is geographically large and mainly rural. The
hospital trust serves people from a broad range of social strata,
and many patients live far away from the specialized services.

One of the sites is a specialized unit for the assessment and
treatment of early psychosis. The other site is a psychosis
treatment clinic at a district psychiatric center. All the clinicians

who participated in the study were invited by the heads of their
respective units.

The core project group (consisting of authors MS, SRA, KLR,
and GEB) arranged an introductory workshop for clinicians,
and the overall aims of the study were explained. The research
activities and a timeline of the project are described in Figure
1. Demonstration videos covering the different functionalities
of iTandem and providing examples of how to inform and recruit
patients were presented. Based on previous user testing,
clinicians were advised to guide patients to reduce the selection
of modules to 2‐3 to avoid overload. Written instructions for
recruitment and how to access a visual report of app data were
handed out, including references to the project website [48].
Guided role-play exercises were offered to the clinicians.
However, the role-play training was not carried out because the
clinicians did not perceive it to be necessary. Clinicians were
encouraged to contact the project coordinators (MS and GEB)
when they needed support. GEB was a local coordinator.

Figure 1. Research activities and project timeline for clinicians participating in the study.

Initially, 10 clinicians agreed to take part in the study. They
participated in an introductory workshop and signed an informed
written consent form. Eight completed the trial, while the
remaining 2 clinicians left the study due to lack of engagement
in patient recruitment and personal reasons, respectively.

Patients were invited by their clinicians to participate in the
study during routine consultations. The inclusion criteria for
patients were as follows: currently undergoing assessment or
treatment for a psychotic disorder, age 18 years and older,
having access to a smartphone, being able to download the
iTandem app, and being willing and able to consent. The first
inclusion criterion, concerning the presence of a psychotic
disorder, was based on clinician ratings. Experienced clinicians
working at the clinical sites of this study assessed and diagnosed
patients using the International Classification of Diseases, 10th
Revision diagnostic criteria for schizophrenia, schizotypal, and
delusional disorders (F20-F29). The 2 clinical sites offer services
exclusively to patients diagnosed with a psychotic disorder and
patients undergoing assessment based on indications of a
psychotic disorder. Therefore, all patients included in the study
met this criterion.

The convenience sample of patients first comprised 14 patients
from both outpatient and inpatient units. During the trial, 5 left
the study. Two patients did not complete the trial because their
therapists were absent from the clinic for much of the trial period

due to vacation or sick leave. One patient agreed to participate
but never began using the app actively. One patient was
discharged and left the study, while another patient did not
attend the sessions within the trial period.

Six patients and all 8 clinicians agreed to participate in
interviews. A total of 2 patients and 2 clinicians were
interviewed in person, 2 patients were interviewed over the
phone, and the remaining participants were interviewed through
a secure video platform. The interviews were performed by MS
and KLR.

Intervention
The iTandem mobile app [47] is developed by the Early
Intervention in Psychosis Advisory Unit for Southeast Norway
and the app development team at the Information Technology
Department at the University of Oslo. iTandem is designed as
a supplement to typical treatment. The purpose of integrating
the app in treatment is to enhance therapeutic communication
and accentuate the needs and preferences of patients in treatment
for severe mental disorders or addiction. Since iTandem is
designed for personalized and need-based use, there are no
generic recommendations concerning the ideal combination of
modules or how long the app should be an integrated part of
treatment. However, the trial period of this study was set to 6
weeks.
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iTandem is administrated by patients, while their clinicians have
access to a digital report that summarizes the app data. iTandem
contains 8 optional modules assessing sleep, medication,
recovery, mood, psychosis, activity, use of substances, and
feedback concerning treatment (Figure 2). The contents of the
different modules are described in detail elsewhere [47]. The
app prompts patients to register data regularly. The time

intervals between notifications depend on which modules the
user has activated. For instance, the sleep module entails a sleep
diary that requires data registrations in the morning and in the
evening. When this module is activated, the user receives
notifications twice a day. In contrast, the psychosis module
sends out weekly prompts, as the symptoms tracked with this
module change more slowly and over a longer period of time.

Figure 2. The dashboard and modules of the iTandem app.

In this study, patients consented to participate in the 6-week
trial via a web-based form with guidance from their therapists.
Thereafter, patients downloaded the iTandem app on their
personal smartphones and discussed with their therapists which
of the modules would be most meaningful to their condition
and current life situation. This conversation represents the
beginning of an SDM-based approach, directing the focus of
ongoing treatment in accordance with patient needs and
preferences. Patients and clinicians were encouraged to change

the selection of modules during the six-week trial period if they
experienced that a treatment goal was achieved or perceived
other modules as more useful.

The data registered by patients during the trial period were
transferred directly to Tjenester for Sensitive Data, a service
for storing and processing sensitive data at the University of
Oslo. These data comprised the basis for an automatically
generated digital report with visual representations of the active
modules. Clinicians accessed the report through a secure web
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portal. Figure 3 demonstrates how the sleep module is
represented in the report, summarizing a week of data

registration.

Figure 3. The sleep module is visualized in the report. The content has been translated into English.

In the introductory package, the clinicians were instructed to
share and discuss the report with their patients during the
treatment sessions of the trial period. The project group
presented various potential areas of application, such as
monitoring fluctuations of symptoms and side effects from

medication, identifying connections between different aspects
of the patient’s condition and daily life, and guiding ongoing
clinical interventions in accordance with reliable patient data
over time. Figure 4 demonstrates the process of integrating and
actively using the app and report during the trial.
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Figure 4. Flexible integration of iTandem throughout the trial period.

Study Design
A mixed-methods research design placed within a pragmatic
paradigm [49] was applied to explore iTandem’s feasibility and
acceptability and the mechanisms potentially involved in
achieving SDM. The study places a heavier emphasis on
qualitative methods, prioritizing active researcher interpretation
and broad exploration of individual experiences from a small
sample of participants. The quantitative methods of the study
comprise some instruments providing reliable data that can
easily be compared to benchmark values. Other measures that
are typically operationalized in a largely quantitative manner
within similar research contexts involve more qualitative
assessments in this study.

The research design applied here largely resembles a convergent
design with a side-by-side comparison approach [49], since the
data collection and analyses are mainly conducted separately
before integrating the findings in the discussion, where the
qualitative elements elaborate and nuance the quantitative
results. However, the quantitative data are also used to guide
the qualitative methods earlier in the analytic process.

Quantitative Data and Methods
The quantitative data include responses to the web-based
preintervention and postintervention questionnaires and app
usage data. All 9 participants and 8 clinicians completed the
preintervention and postintervention assessments, except for
one clinician who did not fill out the postintervention
questionnaire. Descriptive analyses were conducted using SPSS
Statistics 29 to depict the groups of participants, identify
tendencies in the data material, and create a foundation for the
qualitative exploration of feasibility and acceptability. The
following quantitative measures were included in the study:

Demographics and Participant Background Information
In preintervention questionnaires, patients reported gender, age,
treatment level (inpatient or outpatient), and duration of
treatment. Clinicians reported gender, age, which service they
worked in (inpatient, outpatient, or both), and patient diagnoses.

Usability
User-friendliness (ie, technical feasibility) was measured using
the System Usability Scale (SUS) [50]. Separate items
constructed by the project group mapped occurrences of
technical errors.

Acceptability
Acceptability was assessed with postintervention closed-ended
questionnaire items. Both groups were asked whether they
experienced the intervention as clinically valuable and to what
extent the digital tool had been used during the trial period. In
addition, patients reported whether the intervention was
experienced as comfortable and safe and which modules they
had chosen. App usage data supplemented the patient
acceptability measure with indications of whether the
participants were engaging actively in iTandem or not. These
data were obtained manually by observing and documenting
the number of data points registered by each of the participants
in the different modules, providing insight into broad tendencies
of app activity across the sample.

Qualitative Data and Methods
The main data source in the current study was the qualitative
data material. It comprised both text responses to open-ended
items in the preintervention and postintervention questionnaires
and individual semistructured postintervention interviews. All
8 clinicians and 6 of the patients participated in interviews. The
number of words in the 14 interview transcripts ranged from
2304 to 6574, with a median of 3603 words.
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A reflexive thematic analysis was conducted using NVivo 14
(Lumivero). The purpose was to gain a deeper understanding
of the feasibility and acceptability measures and to explore these
data further, identifying mechanisms that potentially contribute
to the intended effect of the iTandem intervention:

Feasibility
Feasibility was explored in postintervention interviews. Both
groups were asked similar questions about how the iTandem
intervention fit into the current clinical setting, what factors
may impact a successful implementation, and their thoughts on
the future use of apps in long-term follow-up. All participants
were asked about potential areas of improvement related to the
tool and its implementation. The patients’ postintervention
questionnaires included text response items mapping experiences
with the specific modules they had used, which were used as
an indication of whether the different modules had been applied
as intended.

Acceptability
The postintervention interviews provided oral accounts of the
participants’ enthusiasm, satisfaction, potential negative events,
and experience value from taking part in the trial. The patients’
open-ended questionnaire items prompted the patients to share
perceived health effects, as well as positive and negative aspects
of the intervention.

The thematic analysis of this study is largely based on Braun
and Clarke’s reflexive thematic analysis, applying essentialist
and experiential theoretical assumptions [51]. The data
collection and analysis of the study were guided by the overall
aims of the research project, broadly exploring the feasibility
and acceptability of iTandem, as well as mechanisms related to
SDM. However, the thematic analysis applied here is essentially
inductive rather than theory-driven.

MS conducted the analysis. KLR and SRA contributed in stages
1, 4, and 5. The authors involved in the analysis had several
explicit discussions concerning aspects that may have had an
impact on the methodological choices and results of the study,
such as roles, backgrounds, and motivations in the project. KLR
and SRA were central actors in the development of the app.
KLR, SRA, and MS hold relatively optimistic views on the
potential value of digitalization and SDM in health care. These
contextual and personal factors impact all stages and decisions
of the research project. Furthermore, the participants’ accounts
represent subjective interpretations of experiences within
specific environments, which are accepted and included in the
analysis. Thus, principles of reflexiveness, attention to context,
and an experiential approach to data are integral in this
application of thematic analysis [52]. The 6 steps of thematic
analysis were conducted in a dynamic manner, moving back
and forth between the stages described below, especially from
the third to the sixth phases:

Data Familiarization

MS conducted verbatim transcriptions of the 14 interviews. MS,
KLR, and SRA read and reread the interviews and noted their
first thoughts about each interview and the dataset as a whole.
The group shared ideas and reflected on the content of the data
material. This workshop, as well as the other collaborative

activities described in later phases, is not a standard element in
Braun and Clarke’s reflexive approach. The purpose of the
discussions was not to get closer to objectiveness, as this is not
considered an ideal in the reflexive form of thematic analysis
[51]. Instead, this was done to spark creativity and reflexiveness
in the analytic process. The transcripts were imported to NVivo.
Electronic memos based on the initial thoughts about the data
material were created and connected to each interview.

Coding

MS coded the dataset systematically in NVivo. The coding was
conducted in accordance with the guidelines for reflexive
thematic analysis, where one subjective coder is sufficient to
achieve high-quality output, while aiming for interrater
reliability using a second rater would represent a deviation from
this branch of thematic analysis [51]. No coding frameworks
were applied, and no parts of the data material were excluded
from the coding process. Although ideas concerning the research
questions emerged in these early phases, MS made efforts to
direct the same level of attention to all parts of the texts in all
interview transcripts to maintain an inductive approach.
However, the process can be said to have been influenced by
theory to some extent, as the authors had hypotheses related to
the research questions and had experience with the same kind
of data material from a previous beta test. Furthermore, the
interviews were semistructured, which led the accounts in a
specific direction, although question formulations were open,
and participants were encouraged to communicate their thoughts
without restrictions. This phase resulted in a total of 340
semantic codes.

Generating Initial Themes

MS combined different codes into groups that represented units
of similar meaning in NVivo. Examples of headings of such
code groupings are “Target group” and “Prerequisites of
experiencing clinical value.” In this phase, the titles of the
candidate theme structures were still descriptive and topic-like
rather than conveying shared meaning about essential aspects
of the data set.

Developing and Reviewing Themes

Maintaining an experiential approach to the data, MS went
through the tentative themes and the associated data extracts in
NVivo to ensure that the themes reflected what the participants
had said. As a result, the themes were merged or reconstructed
into new tentative themes. In a new workshop, the groups of
codes were presented on paper to KLR and SRA. The authors
used this as a starting point to adjust themes and structure them
in relation to each other. Some were left out as they were
deemed not contributing to the research aims. MS also studied
the questionnaire material to evaluate whether the tentative
themes reflected the participant perceptions provided outside
an interview context. This phase resulted in 3 preliminary
themes on core mechanisms potentially involved in facilitating
SDM through iTandem.

Refining, Defining, and Naming Themes

The themes were reviewed again by MS, KLR, and SRA, given
titles, and connected to the most representative quotes of the
data material. The group also worked on descriptions of each
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theme that communicated the intended meaning clearly. As the
analytic process was carried out in an iterative manner, MS
repeated phases 3, 4, and 5. After another round of consulting
with the other authors and reviewing and refining the themes,
the final set of themes was completed.

Producing the Report

MS initiated the write-up in parallel with previous phases of
the analytic procedure, long before themes were finalized. Thus,
the data analysis, literature search, and writing processes
interacted throughout this research project.

Service User Involvement
Service user representatives were involved in all stages of this
study, from early app development to designing the assessment
tools for data collection and writing this paper. Early
Intervention in Psychosis Advisory Unit for Southeast Norway,
at which several of the article authors are employed, has its own
board of service user representatives. In addition, the researchers
in this project discussed the research design with a user
representative employed at Innlandet Hospital Trust. During
the writing process, the authors discussed the interpretation of
findings with 2 service user representatives from the Bipolar
Association Norway and refined the manuscript according to
feedback on themes.

Ethical Considerations
The patients participating in this study were recruited based on
their status as patients in service for severe mental disorders
and can be defined as members of a vulnerable population.
Involving vulnerable persons in research requires careful ethical
considerations, including the protection of the participants'

interests and obtaining freely given informed consent. These
principles were integral in the design of the study and in the
introductory workshop for the clinicians. During the introductory
workshop and the further communication with clinicians, they
were instructed to clearly explain both benefits and risks related
to participation to their patients, as well as stressing that all
elements of the study participation were voluntary and that
withdrawing would not result in any negative consequences.
All participants gave consent to participate in the study through
a digital form after receiving information about the project
presented verbally and in a text document. The project obtained
approval from the data protection officer at Innlandet Hospital
Trust (23839981) and Oslo University Hospital, the institution
responsible for data processing (22/20426). Importantly, this
study primarily investigates digitalized service delivery and
user experiences, rather than mental health conditions and
treatment outcomes. The Regional Ethics Committee evaluated
the study to be outside of their mandate, as the research did not
primarily aim to collect and analyze health data or develop new
knowledge about health or disease (523626).

Results

Quantitative Data

Participant Background Information and Demographics
Eight clinicians completed the study (Figure 5). The clinicians
reported the following gender identities: 4 males, 4 females,
and 0 other identities. The age range was 27‐63 years old
(mean and median 45 y old). A total of 4 clinicians provided
outpatient services, 2 inpatient services, while the remaining 2
clinicians worked in both inpatient and outpatient services.
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Figure 5. Flowchart of the clinicians recruited to the study.

Nine patients completed the study (Figure 6). The patients
reported the following gender identities: 7 females, 2 males,
and 0 other identities. The age range was 18‐43 years old
(median 27 y old). Eight out of 9 received outpatient services.
The duration of treatment in mental health care services was

0-200 months (median 16 mo). All patients were undergoing
assessment or receiving treatment for schizophrenia, schizotypal,
or delusional disorders (F20-F29). Two were diagnosed with
additional stress reaction disorders and/or a developmental
disorder.
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Figure 6. Flowchart of the patients recruited to the study.

Usability
iTandem was rated as above average in terms of
user-friendliness, with SUS mean scores of 75.0 by patients and
82.1 by clinicians, out of 100.

Additional items covering experiences of technical errors
revealed occasions where clinicians were denied access to the
report or where the report’s representation of one of the app
modules contained errors.

Acceptability
The levels of engagement varied across the sample. Most
patients engaged with 3 or more modules (Table 1). The
introductory package to clinicians recommended limiting the
number of modules to one or two, but some patients chose more.
Patients displayed a preference for modules related to general
health and well-being over symptom-oriented modules. Activity
and Sleep were the most popular modules, selected by 8 of the
9 patients.
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Table . Joint display of patients’ questionnaire responses.

Perceived health effectExperience of sharing
personal data

Experience of using re-
port in sessions

Report brought up in
sessions

Selected modulesParticipant number

Positive: “I became
more aware of my feel-
ings and mood … I re-
alized how much I ac-
complished to do each
day. I used the app less
after a while because I
managed to maintain a
good structure in my
everyday life. But I
liked it a lot in the be-
ginning.”

OkUsefulOnceSleep, mood, activity103

Positive: “Provides me
with an overview.”

OkUsefulSeveral timesSleep, mood105

Negative: “I became a
bit more paranoid and
felt watched.”

Un-comfortableOkOnceSleep, recovery, activi-
ty

107

Positive: “Maybe a bit,
nice to have a routine
with the app.”

SafeUsefulSeveral timesSleep, recovery, mood,
activity, medication,
psychosis

108

Positive: “More aware
of activities, that it
doesn’t have to be that
many every day, but
that I still manage
some things.”

OkUsefulEvery timeRecovery, activity109

Positive: “It was nice
to get an overview of
sleep and feelings, and
for instance I became
more aware that I often
go to bed too late in the
night.”

OkNo experienceNoSleep, mood, activity112

Neutral: “No.”SafeUsefulSeveral timesSleep, mood, activity,
psychosis

113

Neutral: “I don’t
know.”

SafeOkOnceSleep, recovery, mood,
activity, medication,
psychosis

114

Neutral: “It has not
made any big differ-
ences to my mental
health. It has been the
same regardless (…)”

OkOkSeveral timesSleep, mood, activity115

Responses to questionnaire items targeting experienced value
from the iTandem intervention revealed distinct differences
between patients (Table 1). Five out of 9 patients reported that
reviewing the report in sessions felt useful. The same number
of patients reported that they experienced positive health effects
from using iTandem. Three patients reported neutral experiences
with both items. One incident was identified as an adverse event
related to the iTandem intervention. One patient participating
in the study (#107) experienced increased levels of paranoid
thoughts and a feeling of being watched through the digital tool.
This patient also reported that sharing data through the report
system was experienced as uncomfortable. The patient discussed
the problems with their clinician and stopped using iTandem.

Questionnaire data showed that some clinicians were not able
to maintain an active focus reviewing the report regularly in
treatment sessions (Table 1). Their evaluations of clinical value
from the intervention varied. The variation in responses seemed
to correspond with the levels of app activity and experienced
value from the perspectives of their respective patients.

Qualitative Data

Feasibility and Acceptability
Through the reflexive thematic analysis, the following themes,
which represent potential enablers for SDM in the iTandem
intervention, were generated: Supporting cognition and Shifting
the patient role. The third theme, Scaffolding structures, was
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constructed as a precondition for these processes (Figure 7) and
suggested as a precondition for the overall feasibility and

acceptability of iTandem.

Figure 7. Themes generated through qualitative analysis and their suggested role in promoting SDM using the iTandem app.

Theme 1: Supporting Cognition

The first theme elaborates on how the iTandem intervention
served as an aid for cognitive tasks within the treatment context
for both patients and clinicians. Participants recognized bias
and limitations regarding their own memory, their capacity to
communicate inner states, and their ability to follow a structure
in both treatment sessions and over a course of treatment. The
data registration made by patients in iTandem, together with
the clinicians’ use of the report, were viewed as compensatory
activities. In addition, several participants expressed that the
intervention supplied the treatment with new clinically relevant
information and that they had the experience of getting an
overview of aspects related to their condition and general
well-being.

Graphic representations of the patient data were automatically
generated in the report, offering a more accessible format for
summarizing and communicating complex information. Thus,
iTandem helped translate data about the patient into something
easily comprehensible and provided the therapy with more
concrete reference points. Participants valued that the visual
report provided an overview of parameters related to health and
general well-being:

When patients register their sleep, you access a graph
where the information from sleep over time is a lot
more comprehensible. It makes it more tangible.
[Clinician #209]

It is nice to get to see the patterns, get it documented
instead of writing it down or trying to remember it.
That does not work. [Patient #108]

Some participants talked about the value of iTandem as a tool
for clinicians to maintain structure and focus on the patient’s
chosen therapeutic project over time. iTandem was also
perceived as an aid to promote a more nuanced presentation of
the lives of patients. Moreover, iTandem facilitated the search
for positive elements in patients’ everyday lives:

I used iTandem as a reminder for myself to maintain
structure and keep track from one session to the next.
I think it worked well for remembering to bring up
topics. (…)

Taking in the nuances in everyday life can be a
problem for many patients. One event might be
experienced as bad, and the patient focuses on this
event only. And then, [with iTandem], it might become
evident that there had been better moments during
the past week. [Clinician #207]

Theme 2: Shifting the Patient Role

The second theme covers how the iTandem intervention had
the potential to cause a push toward a more active and
empowered patient role in therapy. The intervention entailed a
direct opportunity for patients to take part in decisions regarding
their treatment focus. A patient account reveals that this was
experienced as unfamiliar, but the alteration of the patient role
resulted in a feeling of involvement and empowerment.
Furthermore, when maintaining activity in the selected focus
areas over time, the patient experienced increased commitment
and agency:

I felt that I was very involved in deciding what we
would focus on. Although it was difficult to express
myself firmly, it helped me to think “Okay, this is what
I want to focus on, this is what I want.” (…) I liked
using the app. In a way, I felt more—I don’t know the
exact word, but—I felt that I had to actively use it to
get better. Well, there was no pressure, but I felt that
it was my responsibility too. [Patient #109]

With iTandem, the course of treatment was supplemented with
an alternative path for patients to engage in their treatment.
Several patients exerted strong digital skills and explored the
tool independently. They quickly became comfortable in
navigating iTandem, sometimes to a greater degree than the
clinicians. Thus, iTandem also represented an area of mastery
and a means to show competence and reduce the experience of
hierarchies that characterize traditional health care contexts.
Furthermore, although most participants across the sample
underlined the need for patients and clinicians to know each
other well before introducing digital tools in treatment, some
talked about technology as a means to relate to and disclose
important issues in therapy:

They grasp it immediately. They are used to apps. I
had briefly mentioned the name of the app before I
was going to introduce it in the session, and the
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patient had already registered and started exploring
the app. [Clinician #211]

I think [disclosing feelings through an app] is easier.
But it depends on who the person is. If it is a friend,
I can speak freely. But I don’t feel like I always can
do that with a therapist. [Patient #112]

Perceiving digital communication as an equivalent or superior
alternative to the traditional therapeutic conversation might
break with assumptions regarding what high-quality and safe
therapeutic communication is for patients in mental health care.
Thus, it demonstrates a change in the views of different patient
roles and underlines the importance of mapping needs,
preferences, and personal traits to create beneficial conditions
for secure therapeutic relationships and hearing patient voices.

Theme 3. Scaffolding Structures

The third theme refers to support structures that acted as
prerequisites for the 2 processes described above and for the
participants’ evaluation of iTandem as feasible and acceptable.
All the participants talked about social and/or technological
structures that had significantly impacted their experiences with
iTandem throughout the trial. Examples of scaffolding included
the digital infrastructure enabling the operation of iTandem,
encouragement to maintain app activity during the trial, and
pragmatic strategies to compensate for reduced levels of
functioning caused by invasive symptoms.

For some, scaffolding was necessary from the initial use of
iTandem. One patient endured paranoid thoughts directed toward
digital devices, which made it impossible to use a personal
smartphone. To solve this, a relative lent their phone to the
patient. The patient expressed positive experiences with the
intervention, even though the intensity of paranoid thoughts
persisted throughout the trial. Other patients struggled with
understanding text and symbols in iTandem and needed
guidance from close ones to interpret the content:

I am positive [toward using the app]. I have not
installed it on my phone, I have used [a relative’s]
phone. I might have to disclose that first. I have a
problem with apps on my own phone. [Patient #108]

I needed to ask my partner at times because I have
difficulties understanding the meaning of the tasks.
[Patient #114]

Moreover, the act of clearly conveying the purpose of the
intervention was a central scaffolding prerequisite for both
groups. When there was a lack of communication about purpose
and use, patients did not necessarily perceive the intervention
as helpful, and the clinician was not using the tool to focus the
treatment.

Scaffolding structures, such as a safe therapeutic alliance and
an attentive clinician, seemed central to the process of enabling
a shift in the patient role. Work within the recovery app module
provided an example of how scaffolding acted as a precondition
for this relational dynamic. The recovery module prompted
patients to register positive everyday happenings and personal
strengths. These activities appeared to represent a highly relevant
focus area in the treatment of several patients and incited
encouraging experiences for some. However, without

scaffolding, such as the presence of reassurance and guidance
from a clinician, the app intervention was not feasible and did
not result in experiences of SDM-related processes. The
differences across the sample are exemplified by the following
quotes:

I would say that [the recovery module] was the most
positive aspect. I got a new perspective on which
strengths I actually possess. Especially for someone
who doesn’t think they have any…I actually have
some. [Patient #109]

With “good experiences” and “personal strengths,”
it’s all about positive things concerning yourself, you
know. You are meant to come up with positive things
about yourself, and that is not something I do.s So
that part is difficult for me. [Patient #115]

Discussion

Principal Findings
This study aimed to explore iTandem’s feasibility and
acceptability and the mechanisms potentially contributing to
SDM in treatment for psychotic disorders based on a 6-week
app trial and data from questionnaires and interviews. The
findings reveal largely positive evaluations of user-friendliness
and acceptability. SUS scores from both patients and clinicians
place iTandem’s usability higher than the benchmark mean
score of digital health apps [53]. However, there were substantial
differences in how much the app was used and in perceived
clinical value, including its contribution to SDM. These
variations were explored further through the qualitative analysis.
The qualitative findings suggest that the app has the potential
to initiate cognitive and relational mechanisms that are central
to enabling SDM in therapy. These processes, as well as
evaluations of iTandem as feasible and acceptable, often relied
on personalized support over time or “scaffolding.”

Our results suggest that a digital tool like iTandem can offer an
alternative channel to communicate inner states, as well as a
platform where the information is made accessible for both the
patient and clinician. Thus, iTandem facilitates a common
recognition of clinically relevant issues incited by the patient.
The findings fit well with existing literature underlining how
cognitively demanding SDM processes can be for patients [54]
and highlighting the importance of building a shared
understanding to succeed in implementing SDM [7].
Importantly, the provision of information alone is insufficient
as a means of driving SDM. In the absence of cognitive aids
that help patients apply complex information to their own
situation, information does not necessarily contribute to moving
the patient toward experiencing more empowerment [55].
Existing literature has pointed out the value of multidimensional
information tools in facilitating both the involvement and
apprehension of health information in severe mental health
contexts [56]. In accordance with this literature, the participants
in our trial expressed appreciation for the tables, graphs, and
other visual cues of the iTandem intervention. Nevertheless,
research on digital SDM tools for mental health care [34,57]
has little focus on cognitive mechanisms and the formats of
information from the perspectives of both clinicians and patients.
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An enhanced focus on tools that aim to compensate for limited
cognitive capacity may be useful in the further development of
digital interventions aimed at strengthening SDM. This may be
of even greater relevance to patient populations that struggle
with cognitive and negative symptoms [21-23] and their
clinicians.

The integration of iTandem caused a movement in the patient
role toward increased agency and involvement. The change was
facilitated by the introduction of a digital patient-administered
approach to relating to and actively impacting the direction of
therapy. As the iTandem app entails personalization at the
operational level, it is simple for users to tailor the use of the
app based on individual preferences [26]. Interestingly, the
results revealed a tendency toward preferring modules related
to general health and well-being over modules dealing with
illness-related symptoms or drug use. This tendency was found
in both the quantitative and qualitative data material, and
although it is not statistically valid, it may represent the
relevance of a holistic and resource-focused approach to
treatment. This is in line with a desire for more
recovery-oriented mental health care services [58], where we
move our clinical focus from only monitoring a reduction in
severity of symptoms toward more person-centered treatment
goals reflecting what the patients find important for their
well-being [59,60]. Thus, efforts to strengthen SDM with
flexible and person-centered methods harmonize with the
recovery movement of mental health care [9,57].

The patient role shift also accentuates the complex relational
processes underlying SDM. Previous research has
conceptualized SDM as a method of care [5,6]. This perspective
underlines that SDM should be approached as an intrinsic value
in therapeutic settings, not a practical procedure.
Operationalizing SDM by using digital tools such as iTandem
can help us overcome some of the barriers we have been facing
until now, especially in vulnerable populations. However,
patients hold different preferences regarding roles in the
therapeutic relationship, the desire for control in health care
settings, and the degree to which they would like to involve
themselves in decisions about their own condition [13,61].

The participants’ accounts indicated that various social and
technological support structures acted as prerequisites for
experiencing the 2 processes discussed above and for the overall
feasibility and acceptability of iTandem. There exists evidence
that speaks for the value of several types of support in severe
mental health care, such as the involvement of relatives in
treatment [62,63] and social support in more general terms
[64-66]. This literature underlines the general relevance of
scaffolding for patients with severe mental health conditions,
which proved to be a central concept in our findings. In addition,
the importance of supportive social dynamics has been
recognized in models from implementation science [67-69].
However, the emphasis in the implementation literature is often
on more formal and impersonal support structures, such as the
availability of resources and organizational backing. The concept
of scaffolding structures in this study is more sensitive to subtle
individual differences in social and practical needs, rooted in a
person-centered approach.

Importantly, there are prerequisites that are more fundamental
than the scaffolding structures discussed above. The target
population of iTandem is characterized by a lower level of
digital competency and financial status than the general
population [70,71]. Although previous research has shown high
rates of smartphone ownership within the population [72], there
still exists a minority that lacks the required financial means
and digital skills, for whom interventions like iTandem remain
inaccessible. The presence of paranoid thoughts directed toward
technology has been identified as another barrier [72]. Although
this barrier does not apply to most patients, the one adverse
event in our trial demonstrates the relevancy of recognizing this
subgroup. In our trial, the therapist reported the adverse event
after it was successfully handled in the treatment sessions and
the symptom level had been normalized. The clinician also
informed the project group that the therapeutic alliance had
maintained cooperation despite the emergence of paranoid
thoughts directed toward iTandem. Therefore, we perceived the
event’s level of seriousness as moderate and the negative
reaction as reversible, and no interventions were initiated.
Nevertheless, such adverse incidents expose a need for strategies
to uncover and handle negative participant reactions. Guidelines
addressing this are currently emerging [73], underscoring the
importance of improving future practice.

In the digital mental health field, conditions such as depression
and anxiety have been the main areas of focus [74,75]. Our
study suggests that digital tools also have the potential to
compensate for unmet needs associated with patients with
psychotic disorders, such as cognitive and negative symptoms
and a pronounced lack of participation in clinical
decision-making. Thus, mental health care services should also
offer such tools to this patient population. Existing research on
interventions that share some of iTandem’s functionality
supports this notion [34,76]. For instance, the computer-based
decision-making tool TReatment E-AssisT (TREAT; RoQua
Inc.) improved clinical discussions by uncovering more
clinically relevant topics that aligned with the needs of patients
with psychotic disorders [77]. However, the tool did not
significantly affect the levels of SDM [78]. This optimistic but
inconclusive evidence of digital tools and SDM [34,76]
encourages further research on the mechanisms involved. Our
study also invites further research on individual differences that
are not related to psychopathology, such as the preferred degree
of control and decisional impact, tech-savviness, and the digital
habits of patients. In addition, we recommend exploring
clinicians’ perspectives on SDM and digitalization. Finally,
research investigating the feasibility of these concepts at service,
economic, and societal levels is needed. We will address some
of these knowledge gaps in an ongoing study that includes
iTandem and uses a modified study design and new outcome
measures.

Limitations
This is a small study, and the limited number of participants
makes it impossible to draw firm conclusions. In addition,
technical problems with the report that occurred during the study
represent a limitation, as there were cases where interruptions
obstructed participants from carrying through the intervention
as planned. Another limitation is the possible weaknesses in the
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introductory workshop. We did not insist on doing role-play to
make clinicians more familiar with how it should be introduced
when they were reluctant. We believe this could have helped
them convey the essential recommendations regarding the need
to limit the number of app modules employed by patients. There
are also ethical concerns related to the recruitment procedure.
Since clinicians recruited their own patients, there is a risk that
patients felt obligated to participate because of the
pre-established relationship. Importantly, during the introductory
workshop for clinicians, the project group communicated the
importance of fully informed consent and the option to
permanently leave the trial for all participants. The clinicians
were also instructed to underscore the voluntary nature of
participation when recruiting patients to the study. Nevertheless,
research staff will be responsible for patient recruitment in the
new trial. Moreover, the study is based on the conception that
SDM and clinical app implementation are generally wanted in
health care services, and a final limitation is that this stance is
not challenged. The mixed methods design is, however, a
strength of this study. A pragmatic combination of quantitative
and qualitative methods provided the study with a
comprehensive and nuanced understanding of the participants’
experiences with iTandem and SDM. The qualitative emphasis

allowed us to collect rich data, although the sample was small.
Participants perceived the threshold to respond to questionnaires
as lower than that of being interviewed; thus, we were able to
collect information, even from those who were reluctant to speak
with us. Another strength is the naturalistic setting and the
inclusion of user perspectives of both patients and clinicians
during development and testing.

Conclusions
Patients with psychotic disorders and their clinicians generally
perceived iTandem as a feasible and acceptable supplementary
tool for treatment. The app has the potential to serve as an aid
for cognition and to facilitate a shift of the patient role toward
a more active position in clinical settings. The study suggests
that the feasibility and acceptability of iTandem depend on some
fundamental prerequisites, including appropriate support
structures. We recommend not excluding this patient population
from accessing digital interventions based on the severity of
the diagnoses and invite further research on how nonclinical
individual differences impact experiences with digital tools and
SDM. We also encourage research on the digitalization of
mental health care and SDM that explores service, economic,
and societal domains.
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Abstract

Background: While the health benefits of physical activity are well-known, adherence to regular physical activity remains a
major challenge. Just-in-time adaptive intervention (JITAI) has been proposed as one method to increase physical activity by
delivering an intervention at a time when individuals are more likely to make behavioral changes. However, most studies that
have implemented JITAI have used uniform intervention criteria (UIC) across participants rather than personalized intervention
criteria (PIC) for the individual.

Objective: The objective of this paper was to examine the effectiveness of using JITAI implemented with PIC to increase
physical activity.

Methods: Healthy university students wore a wrist activity monitor for 2 weeks. Participants were divided into 2 groups, which
received JITAI to promote physical activity according to either PIC or UIC. In the first week, the mean distance moved and
sedentary time per hour for each participant were calculated to derive PIC. UIC was obtained from a 2-week study with a different
sample (n=47) conducted under the same conditions. In the second week, JITAI prompts were sent every hour if both of the
following criteria were met: the distance moved was shorter, and sedentary time was longer than PIC or UIC. Differences in
changes in physical activity as a result of implementing interventions according to PIC and UIC were analyzed using multilevel
models.

Results: We analyzed data from 28 healthy university students (18‐23 y old, female n=12). Both PIC (P<.001) and UIC
(P<.001) significantly increased physical activity in the first hour after JITAI was received. In that first hour, PIC increased
physical activity more than UIC; more calories were burned (P=.02), more steps were taken (P=.007), and distance moved was
increased (P=.003). However, over the course of the week, the use of JITAI did not significantly increase physical activity levels.

Conclusions: Our results appear to suggest that PIC-based JITAI is more effective than UIC-based JITAI, consistent with the
idea of a need for precision health approaches. Further research is needed to develop effective long-term intervention designs
with sustainable effects.

(JMIR Hum Factors 2025;12:e66750)   doi:10.2196/66750

KEYWORDS

physical activity; just-in-time adaptive intervention; mHealth; consumer-wearable activity trackers; multilevel model; activity
tracker; wearable; behavioral change; effectiveness; activity monitor; activity monitoring; long-term intervention; chronic disease;
prevention; treatment; mobile health; mobile phone; digital health; smartphone

Introduction

The benefits of physical activity for prevention and management
of chronic diseases and mortality have been well established

[1-3]. To promote physical activity for better health, the World
Health Organization (WHO) has recommended 150‐300
minutes of moderate-intensity aerobic physical activity per
week, or 75‐150 minutes of vigorous-intensity aerobic physical
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activity throughout the week, or an equivalent combination of
moderate- to vigorous-intensity activity [4]. However, a pooled
analysis of 507 population-based surveys (n=5.7 million) found
that 31.3% of adults worldwide do not meet this recommended
amount of physical activity [5]. Low levels of daily physical
activity have become a global health problem, and methods to
increase physical activity using mobile health (mHealth) have
started to be implemented [6-8].

mHealth is defined as health care services supported through
the use of mobile devices such as mobile phones [9]. The aim
of mHealth is to enhance users’ health and well-being through
mobile devices and other wireless technologies by monitoring
and analyzing their health status, providing support for disease
prevention and treatment, and management and introduction of
interventions for disease in everyday environments [10].
Previous studies incorporating mHealth interventions have
shown beneficial effects in promoting health behaviors and
support for behavioral change (eg, increasing physical activity
[9,11,12]).

Just-in-time adaptive intervention (JITAI) is an intervention
design that adapts the timing, type, and intensity of intervention
support to changes in an individual’s status and behavior [13].
The goal is to provide support at the timing and in the context
that the individual most needs and is most likely to accept it.
JITAI has shown promising effects for improving physical
activity in research settings. For example, van Dantzig et al [14]
found that when they encouraged a 5-minute break after 60
minutes of continuous sitting, the amount of sedentary time
decreased. Finkelstein et al [15] found that reminders promoting
exercise sent when participants took 15 or fewer steps per hour
significantly decreased sedentary behavior compared to when
they did not receive reminders. Bond et al [16] found that
3-minute break reminders after 30 minutes of sitting decreased
sedentary time and significantly increased the amount of time
spent doing light physical activity compared to no reminder.
Fiedler et al [17] found that delivering the prompt when the
participant was inactive for more than 60 minutes significantly
increased moderate to vigorous physical activity (MVPA). Mair
et al [18] showed the feasibility of using personalized
smartphone-delivered JITAI in elderly people. JITAI was
tailored to the individual based on real time physical activity,
daily physical activity goal, time of day, and weather conditions
[18].

In most JITAI studies to date, however, the criteria for the
intervention have been uniform (eg, 15 steps fewer per hour
and sitting continuously for 30 or 60 minutes), and have not
reflected the different activity patterns of the individual [12,18].
Uniform intervention criteria (UIC) do not accommodate varying
levels of preexisting physical activity, and as such may not be
the most effective way to promote uptake. In this study, we
compared the effects of increasing activity in groups that
received physical activity interventions using UIC versus groups
that received an intervention using personalized intervention
criteria (PIC) tailored to the individual’s activity patterns. We
hypothesize that the intervention using PIC is more effective
in increasing physical activity than the intervention using UIC.

Methods

Participants
A total of 31 healthy university students in Japan aged 18‐23
years old participated in the study. Healthy university students
under 30 years of age were eligible to be included in the study.
Participants who had current medical problems or were using
medication that could influence physical activity were not
eligible to participate. This prospective 2-week randomized
comparative study took place between December 2022 and
January 2023. The participants were randomly assigned into 2
groups in a 1:1 ratio by using a random number table (integers
0 and 1): PIC group, which received the intervention with
personalized intervention criteria, and UIC group, which
received the intervention with uniform intervention criteria.
While a within-persons design was considered (both PIC and
UIC in a single individual), due to the time limitations and
potential mixing of effects of both types of intervention criteria,
a between-persons design was used. Details are reported in the
CONSORT-EHEALTH V 1.6.1 checklist (see Checklist 1).

Ethical Considerations
The study was approved by the institutional review board at
Shizuoka University, Japan (19‐8). Participants provided
written informed consent after receiving a full explanation about
the purpose of the study, methods, and precautions for
participation in the study. Participants who completed the study
received an Amazon gift card worth JP ¥5000 (approximately
US $35).

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and national research committee. Participants
provided written informed consent. All data used in this study
were anonymized to protect participants’ privacy and ensure
confidentiality.

Assessments

Questionnaires
Participants completed a questionnaire before the 2-week study
to collect their age, sex, height, weight, medical history, and
drug use. Participants who had current medical problems or
used medication were excluded from the study.

Activity Monitor
Physical activity was measured using a wrist-worn wearable
activity monitor (Fitbit Inspire 2). The active monitor estimates
sedentary time (minutes), lightly active time (minutes), fairly
active time (minutes), very active time (minutes), calories (kcal),
steps (n), and distance moved (m). Steps are calculated by the
3-axis accelerometer, while distance moved is automatically
calculated based on the number of steps and the participant’s
stride length. Time spent at different activity levels are also
calculated by the activity monitor (sedentary time, lightly active
time, fairly active time, and very active time). Activity monitor
and participant’s smartphone were synchronized via Bluetooth
by installing the Fitbit app on their smartphones, and activity
data were recorded on the Fitbit server via the smartphone. The
activity monitor was worn on the nondominant wrist at all times
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during the study period. Participants were instructed to remove
the monitors when showering or bathing.

Intervention

Intervention Criteria (PIC vs UIC)
The intervention criteria used were distance moved (m) and
sedentary time (minutes). For distance moved, 1 SD lower than
the mean (mean distance, SD) was used, and for sedentary time,
1 SD longer than the mean (mean sedentary time + SD) were
used. The reason for extending the intervention criteria to
include SD rather than using only the mean of physical activity
was to ensure that interventions are not triggered when activity
levels differed only slightly from the mean. That is, interventions
might be too frequent and difficult to adhere to if the threshold
was strictly set at the mean values.

Set points for interventions were determined differently for the
2 groups. PIC group received interventions based on individual
activity data measured during week 1. The UIC group received
interventions based on group data from a 2-week preliminary
study conducted a year earlier using the same devices looking
at physical activity in a sample of university students (n=47).
The UIC were determined using a different sample because the
timing of the study period was different for each participant;
participants were recruited and participated during different

dates so the UIC could not be calculated at the start of the
intervention period for all participants.

Intervention Structure and Flow
Figure 1 shows the intervention structure and flow. The
intervention was performed using the tools “Cloud Functions”
and “Cloud Scheduler” of the Google Cloud platform via the
Fitbit application programming interface (API). Cloud Functions
is a serverless runtime environment used to build and connect
cloud services and to run the process of retrieving physical
activity data from activity monitor, calculating intervention
criteria with the physical activity data and delivering feedback
to participants as an intervention for increasing physical activity.
Cloud Scheduler is a scheduling function for processing
functions at a specific time, and was used to repeatedly run the
process as needed. Cloud Scheduler was set up to trigger Cloud
Functions at the 34-minute mark every hour (ie, 10:34 AM,
11:34 AM, 12:34 PM…) to evaluate the physical activity in the
past hour (ie, 9:34 AM-10:33 AM, 10:34 AM-11:33 AM, 11:34
AM-12:33 PM…). Cloud Functions were used to retrieve
1-minute interval data from the Fitbit server through the Fitbit
API. When both (1) “Distance moved” was less than the
intervention criteria and (2) the “Sedentary time” was longer
than the intervention criteria, participants were notified.
Intervention decisions were based on data on distance moved
and sedentary time in the past hour.

Figure 1. Intervention structure and flow. API: application programming interface; PIC: personalized intervention criteria; UIC: uniform intervention
criteria.

Intervention Timing
An intervention decision was made once per hour by the
programmed Cloud Scheduler of the Google Cloud platform,
and the intervention message was delivered when the
intervention criteria met the predefined conditions (ie, UIC or
PIC). The intervention schedule was run from 8:00 AM to 10:00
PM.

Intervention Contents
The intervention consisted of sending an email to the
participant’s email address. The email included a message
encouraging physical activity and stating the participant’s
distance moved and sedentary time in the last hour. One message
(in Japanese) was chosen at random each time from the
following 5 messages: “Would you like to take a walk?” “Would
you like to exercise?” “Move your body!” “Let’s exercise!” and
“Let’s move a little!” The Fitbit app on the smartphone allowed
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email notifications, and when the email was received, the
activity monitor vibrated, and the contents of the email were
displayed on the Fitbit screen.

Statistical Analysis
Analysis was performed using SAS 9.4 (SAS Institute Inc). The
physical activity data acquired are longitudinal and repeatedly
measured from individuals, and thus have a hierarchical
structure. We used multilevel modeling, a widely used analytical
method for such data structures [19]. We specified 2 different
sets of models to examine the effectiveness of using JITAI
implemented with PIC to increase physical activity. Model set
A was specified to examine the effects of PIC or UIC on
physical activity after the intervention. To examine the change
in physical activity after 1 hour of intervention by different
intervention criteria, the mean level of physical activity was
estimated for the group using UIC and the group using PIC at
the hour before and the hour after the intervention. The physical
activity types estimated were sedentary time (minutes), lightly
active time (minutes), fairly active time (minutes), very active
time (minutes), calories (kcal), steps (n), and distance moved
(m). We ran 7 different models, using each of these physical
activity parameters as dependent variables. The intervention
group (ie, PIC group and UIC group) and before or after
intervention (ie, the hour before and the hour after the
intervention) were used as independent variables.

Model Set A
Level 1 model (within-participant):

(1)Physical Activityti=β0i+β1i×(Before or After Interventionti)+εti
Level 2 models (between-participants):

(2)β0i=γ00+γ01×(Intervention Groupi)+γ02×(BMIi)+γ03×(Sexi)+υ0i

(3)β1i=γ10+γ11×(Intervention Groupi)+υ1i

where “Physical Activityti” indicates the dependent variable
(sedentary time, lightly active time, fairly active time, very
active time, calories, steps, or distance moved) at the tth
recording for the ith participant; β0i is participant i’s intercept;
β1i is participant i’s slope; γ00 is the average intercept across all
participants; γ01, γ02, γ03, and γ11 are all participants’ slopes; γ10

is the slope of β1i; εti is the within-individual residuals; υ0i and
υ1i are the random effects of intercept and slope, respectively.
The random or fixed effect of slope was determined by
comparing Akaike information criterion (AIC) to find the
best-fitting parameters for each. As an example, we have shown
Equation 3 which has a random effect of slope (υ1i). To test the
differences before or after intervention in mean level of physical
activity, we added a categorical variable representing “Before
or After Interventionti” into the right-hand side of Equation 1.
In addition, to test the difference in mean level of physical
activity between PIC and UIC groups, we added a categorical
variable representing “Intervention Groupi” into the right-hand
side of Equations 2 and 3. The slope (γ11) of an interaction term
between “Before or After Interventionti” and “Intervention
Groupi” represents the difference in physical activity for the
group using UIC and the group using PIC at the hour before

and the hour after the intervention in the combined multilevel
model. In Equation 2, BMI and sex were adjusted for in the
Level 2 (between-participants) models.

Model set B was specified to examine changes in physical
activity from Week 1 (without intervention) to Week 2 (with
intervention) associated with the different intervention criteria
(UIC or PIC). A total of 7 separate models were specified using
the hourly mean of each physical activity parameter (as above)
as a dependent variable. Intervention group and week were
specified as independent variables.

Model Set B
Level 1 model (within-participant):

(4)Physical Activityti=β0i+β1i×(Week 1 or Week 2ti)+εti

Level 2 models (between-participants):

(5)β0i=γ00+γ01×(Intervention Groupi)+γ02×(BMIi)+γ03×(Sexi)+υ0i

(6)β1i=γ10+γ11×(Intervention Groupi)+υ1i

where “Physical Activityti” indicates the dependent variable
(sedentary time, lightly active time, fairly active time, very
active time, calories, steps, or distance moved) at the tth
recording for the ith participant; β0i is participant i’s intercept;
β1i is participant i’s slope; γ00 is the average intercept across all
participants; γ01, γ02, γ03, and γ11 are all participants’ slopes; γ10

is the slope of β1i; εti is the within-individual residuals; υ0i and
υ1i are the random effects of intercept and slope, respectively.
The random or fixed effect of slope was determined by
comparing AIC to find the best-fitting parameters for each. As
an example, we have shown Equation 6 which has a random
effect of slope (υ1i). To test the change in physical activity from
Week 1 without intervention to Week 2 with intervention, we
added a categorical variable representing “Week 1 or Week 2ti”
into the right-hand side of Equation 4. In addition, to test the
difference in mean level of physical activity between PIC and
UIC groups, we added a categorical variable representing
“Intervention Groupi” into the right-hand side of Equations 5
and 6. In Equation 5, BMI and sex were adjusted for in the Level
2 (between-participants) models. In an effort to compare
intervention effects more precisely, we used the hourly averaged
physical activity to minimize variation due to factors such as
sleep length and the time participants did not wear the activity
monitor.

For all analyses, data were excluded when participants were
sleeping and not wearing the activity monitor. A P<.05 was
considered significant. The Tukey-Kramer method was used to
adjust for multiple comparisons.

Results

Participant Characteristics
While 31 participants were recruited for the study, 3 participants
did not participate for more than 4 days during their 2-week
periods and were excluded from the analysis. There were no
significant differences in characteristics between the intervention
groups, except for in BMI (Table 1).
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Table . Participant characteristics. Two-sample t tests were performed to compare the age, height, weight, and BMI between the PIC and UIC groups.

χ2 tests were performed to compare the sex distribution across the two groups.

P valueχ2 (df)t (df)UICb group (n=14)PICa group (n=14)All participants
(n=28)

Characteristics

≥.99—c0.00 (26)20.6 (1.2)20.6 (1.4)20.6 (1.7)Age (years), mean
(SD)

.17—1.41 (26)164.3 (7.2)168.2 (6.9)166.2 (7.3)Height (cm), mean
(SD)

.25—−1.18 (26)56.3 (7.2)53.3 (5.7)54.8 (6.6)Weight (kg), mean
(SD)

.003—–3.24 (26)20.8 (2.0)18.8 (1.1)19.8 (1.9)BMI (kg/m2), mean
(SD)

.45210.58 (1)—Sex

7 (50)9 (64)16 (57)Male, n (%)

7 (50)5 (36)12 (43)Female, n (%)

aPIC: personalized intervention criteria.
bUIC: uniform intervention criteria.
cNot applicable.

The PIC group received interventions based on individual
activity data measured during week 1. The UIC group received
interventions based on group data from a 2-week preliminary

study conducted a year earlier using the same devices looking
at physical activity in a sample of university students (n=47;
see Table 2).

Table . Participant intervention criteria.

Sedentary time (min)Distance moved (m)ID

50151PICa1

52127PIC2

52125PIC3

46164PIC4

41263PIC5

51105PIC6

5593PIC7

50152PIC8

50148PIC9

51140PIC10

5639PIC11

5718PIC12

5557PIC13

42294PIC14

52139UICb (n=14)

aPIC: personalized intervention criteria.
bUIC: uniform intervention criteria.

The mean number of interventions for the PIC group was 4.4
per day (SD 1.5; range 1.3‐8.1), and the mean number of
interventions for the UIC group was 3.8 per day (SD 2.3; range
2.6‐6.7). No significant difference in the mean number of
interventions was found between the PIC and UIC groups.
However, some participants in the UIC group who had higher

average levels of physical activity received a lower number of
interventions (ie, a mean of 1‐2 interventions per day) to
increase activity, while some participants who had lower average
physical activity levels received a higher number of
interventions (ie, a mean of 7‐8 interventions per day; see
Figure 2).
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Figure 2. Mean number of interventions per day in accordance with physical activity level in personalized intervention criteria (PIC) versus uniform
intervention criteria (UIC) group.

Model Set A: Effects of PIC and UIC on Physical
Activity for the Hour Before and the Hour After the
Intervention
In model set A, the best models for sedentary time and lightly
active time used random intercepts and slopes, while the best
models for fairly active time, very active time, calories, steps,
and distance moved used random intercepts and fixed slopes.

For both the PIC and UIC groups, sedentary time significantly
decreased after the intervention (PIC group: before B=55.83,
SE=0.54; after B=48.21, SE=1.07; P<.001 and UIC group:
before B=57.11, SE=0.58; after B=49.88, SE=1.10; P<.001; see
Table 3). The other 6 physical activity types (ie, lightly active
time, fairly active time, very active time, calories, steps, and
distance moved) significantly increased after the intervention
in intervention groups (P<.001; see Table 3). See Table S1 in
Multimedia Appendix 1 for detailed information.

Table . The change in physical activity 1 hour after the intervention as affected by differences in intervention criteria.

UICb groupPICa groupPhysical activity

P valueAfter interventionBefore interventionP valueAfter interventionBefore intervention

<.00149.88 (1.10)57.11 (0.58)<.00148.21 (1.07)55.83 (0.54)Sedentary time
(min), mean (SE)

<.0018.76 (0.97)2.95 (0.56)<.0019.80 (0.94)4.02 (0.53)Lightly active time
(min), mean (SE)

.0030.65 (0.11)0.08 (0.11)<.0010.86 (0.10)−0.04 (0.10)Fairly active time
(min), mean (SE)

.010.59 (0.13)0.04 (0.13)<.0010.95 (0.12)0.01 (0.12)Very active time
(min), mean (SE)

<.00187.10 (3.24)68.97 (3.24)<.00199.83 (3.08)74.54 (3.08)Calories (kcal),
mean (SE)

<.001285.67 (30.48)63.80 (30.48)<.001403.35 (28.70)66.35 (28.70)Steps (n), mean
(SE)

<.001119.85 (13.31)27.06 (13.31)<.001175.70 (12.52)26.82 (12.52)Distance moved
(m), mean (SE)

aPIC: personalized intervention criteria.
bUIC: uniform intervention criteria.

Calories burned (PIC group: B=25.29, SE=2.03 and UIC group:
B=18.13, SE=2.18; P=.02), Steps taken (PIC group: B=336.99,
SE=27.45 and UIC group: B=221.88, SE=29.45; P=.008), and
distance moved (PIC group: B=148.89, SE=12.19 and UIC
group: B=92.79, SE=13.07; P=.004) showed significant
differences in the increase in physical activity the hour before
and after the intervention between the PIC group and the UIC

group (Figure 3). Specifically, the number of calories burned
per hour was estimated to increase by 7.16 kcal more in the PIC
group than in the UIC group after the intervention. Steps taken
increased by 115.11 steps and distance moved increased by
56.10 m in the PIC group compared with the UIC group. There
were no significant differences in change observed between
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groups in the other activity types (see Table S1 in Multimedia Appendix 1 for details).

Figure 3. Changes in physical activity from the hour before to the hour after the intervention in personalized intervention criteria (PIC) versus uniform
intervention criteria (UIC) group. The values represent time spent (min) doing physical activity (top), calories burned (kcal), steps taken (steps), or

distance moved (m) per hour (bottom). *P<.05 **P<.01 †P<.10.

Model Set B: Effects of PIC and UIC on Physical
Activity From Week 1 Without Intervention to Week
2 With Intervention
In model set B, the best models for lightly active time, fairly
active time, calories, steps, and distance moved used random

intercepts and slopes, while the best models for sedentary time
and very active time used random intercepts and fixed slopes.
In both PIC and UIC groups, there were no significant changes
in physical activity (all parameters) between week 1 and week
2 (see Table 4). See Table S2 in Multimedia Appendix 1 for
detailed information.

Table . The change in physical activity from week 1 without intervention to week 2 with intervention as affected by differences in intervention criteria.

UIC groupPIC groupPhysical activity

P valueWeek 2Week 1P valueWeek 2Week 1

.7645.38 (1.36)44.82 (1.36).5542.26 (1.36)43.01 (1.36)Sedentary time
(min), mean (SE)

.6911.94 (1.12)12.81 (1.19).9214.52 (1.12)14.01 (1.19)Lightly active time
(min), mean (SE)

.501.70 (0.30)1.35 (0.21).671.75 (0.29)1.48 (0.21)Fairly active time
(min), mean (SE)

≥.991.02 (0.19)1.06 (0.19)≥.991.41 (0.19)1.44 (0.19)Very active time
(min), mean (SE)

.97105.32 (5.80)106.99 (4.34).94119.06 (5.81)116.91 (4.36)Calories (kcal),
mean (SE)

.93497.16 (62.50)525.15 (58.00).94564.56 (62.62)590.46 (58.36)Steps (steps), mean
(SE)

.85214.77 (27.75)230.32 (25.98).93245.49 (27.81)257.31 (26.14)Distance moved
(m), mean (SE)
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Discussion

Principal Findings
In this study, we examined the differences between in the impact
of interventions based on personalized intervention criteria and
uniform intervention criteria on physical activity in daily life.
We found that in the first hour after JITAI was delivered,
physical activity in the PIC group increased more than in the
UIC group. However, the use of JITAI (both criteria) did not
significantly increase physical activity over the whole study
period.

There was a significant difference in increase in calories burned,
steps taken, and distance moved between the PIC and UIC
groups. This indicates that interventions based on PIC were
more effective, suggesting that interventions to promote physical
activity need to use individually developed intervention criteria
based on physical activity in daily life. It has been reported that
low feasibility of intervention suggestions is likely to lead to
dissatisfaction [20,21]. It is possible that the setting of
individually optimized intervention criteria that presented highly
feasible goals (eg, proper number of interventions; see Figure
2) based on their physical activity level may have made it easier
for them to change their behavior. Further studies need to
identify the optimal number of interventions per day to promote
physical activity.

Interestingly, in contrast to previous studies, we did not observe
differences in overall physical activity between the first week
without intervention and the week with intervention in either
group. This may be due to the length of the intervention period
used in this study. A previous study using UIC showed found
an increase in physical activity after 21 days of intervention
[16], while another study that sent contextually tailored
intervention messages for 6 weeks showed an increase in the
number of steps, although the increase diminished over time
[22]. Taken together, it is possible that a longer intervention
period is needed to effectively promote increased physical
activity. A possible additional factor explaining this was that
all but one participant had never worn activity monitors before,

and simply wearing the monitors during the first week might
have affected their baseline activity levels [23]. Future studies
may need to set a burn-in period to precisely identify the
baseline of physical activity before starting intervention.

This study had several limitations. Participants were university
students, and the number of participants was small (n=28).
Considering the sample size and the limited number of personal
characteristics available to include as covariates (ie, age, BMI,
and sex), it is possible that group differences (PIC vs UIC) may
be related to other hidden third variables. Further studies need
to examine the effectiveness of JITAI using PIC in larger
samples with more personal characteristics, especially for
participants who have low average levels of physical activity
(eg, obese and elderly people who need more personalized
intervention criteria). In addition, the variables of physical
activity (ie, sedentary time and distance moved) we used for
intervention were limited and in the future, more criteria could
be used to determine thresholds to trigger interventions, and
more sophisticated approaches to determine intervention
decisions (eg, machine learning classification) could be used
with additional physical activity features. A technical limitation
was that the time of the intervention decision could not be
randomized and was fixed. In future JITAI research, a finer
grained approach ensuring that it is possible to intervene at the
timing when the intervention criteria are met might lead to more
optimal timing of the intervention. Finally, this study was limited
to 2 weeks in duration and did not include any follow-up.
Programs for increasing physical activity require the promotion
of long-term behavioral changes. Further studies need to
consider maintenance of benefits and sustainability of programs
over longer periods of time.

Conclusion
We found that personalized intervention criteria were more
effective than uniform intervention criteria in increasing physical
activity levels, supporting the idea that precision health
approaches tailored to the individual may lead to beneficial
effects on health. The findings of this pilot study warrant further
investigation; JITAI PIC programs need to be assessed over
longer durations and in different populations.
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Abstract

Background: Binge drinking, which is linked to various immediate and long-term negative outcomes, is highly prevalent among
US college students. Behavioral interventions delivered via mobile phones have a strong potential to help decrease the hazardous
effects of binge drinking by promoting safer drinking behaviors.

Objective: This study aims to evaluate the preliminary efficacy of bhoos, a novel smartphone app designed to promote safer
drinking behaviors among US college students. The app offers on-demand educational content about safer alcohol use, provides
dynamic feedback as users log their alcohol consumption, and includes an interactive drink tracker that estimates blood alcohol
content in real time.

Methods: The bhoos app was tested in 2 independent pre-post studies each lasting 4 weeks, among US college students aged
18‐35 years. The primary outcome in both trials was students’ self-reported confidence in using protective behavioral strategies
related to drinking, with self-reported frequency of alcohol consumption over the past month examined as a secondary outcome.

Results: In study 1, bhoos was associated with increased confidence in using protective behavioral strategies. Students also
endorsed the high usability of the app and reported acceptable levels of engagement. Study 2 replicated findings of increased
confidence in using protective behavioral strategies, and demonstrated a reduction in the self-reported frequency of alcohol
consumption.

Conclusions: Bhoos is a personalized, accessible, and highly scalable digital intervention with a strong potential to effectively
address alcohol-related behaviors on college campuses.

(JMIR Hum Factors 2025;12:e69873)   doi:10.2196/69873

KEYWORDS

alcohol; college students; smartphone intervention; binge drinking; safe drinking

Introduction

Overview
Binge drinking, defined as consuming more than 5 standard
drinks for men or 4 for women within a 2-hour period [1,2], is
highly prevalent among US college students. This is concerning
because binge drinking is linked to various immediate and
long-term negative outcomes, including lower academic
performance, a higher incidence of sexual assault, drunk driving,
motor vehicle accidents, organ damage, and premature death
[2-5]. Additionally, research shows that college students
consume more alcohol than their noncollege-attending peers
[6,7], which is troubling given that excessive drinking during
late adolescence and early adulthood is a strong predictor of

alcohol use disorders later in life [8]. Therefore, taking proactive
steps to address binge drinking among college students is critical
to reducing both the short- and long-term consequences in this
population.

Alcohol Interventions in US Colleges
A common approach adopted by US colleges and universities
to address hazardous drinking among students involves programs
that focus on changing attitudes, increasing knowledge, and
modifying behaviors related to alcohol use. Programs like the
Brief Alcohol Screening and Intervention for College Students
[9,10] typically include brief motivational counseling sessions
aimed at reducing students’ positive alcohol expectancies,
increasing their awareness of the consequences of drinking, and
enhancing their readiness to change [11-15]. Despite the
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widespread implementation of such alcohol education and
intervention programs, national data show that binge drinking
rates among college students have remained relatively stable
for over a decade [5], highlighting the ongoing difficulty in
effectively addressing this public health issue.

Delivering Alcohol Interventions Through Smartphone
Apps
Safer drinking interventions delivered through smartphones
may offer distinct advantages in addressing binge drinking
among young adults due to their ubiquity, high use, constant
presence, and engaging features. Among all US demographic
groups, college students have some of the highest rates of
smartphone ownership and use [16]. Capitalizing on this
widespread adoption provides an opportunity to develop
personalized interventions that can effectively engage students
and help regulate their alcohol consumption. Compared with
in-person interventions, smartphone app-based alcohol
interventions are highly accessible, cost-effective, scalable for
large student populations, and can offer personalized feedback
based on users’ behaviors [17-19].

Researchers have begun exploring the use of smartphone apps
to deliver alcohol interventions both in the general population
[18-20] and among college students specifically [21-25].
Reviews generally support the feasibility and potential of
app-based interventions for addressing outcomes of problematic
drinking in college students, though results have been
inconsistent across studies [21,23]. One potential reason for this
inconsistency may be the lack of sufficient tailoring or
personalization for US college students, given that incorporating
strategies like gamification to personalize digital interventions
may increase user engagement and improve outcomes [26,27].
For example, providing users with dynamic feedback about
their drinking, such as their estimated blood alcohol level, may
help them to better regulate their alcohol consumption during
a night out with their friends to avoid negative consequences.
Furthermore, providing users with graphical displays of their
current and past alcohol consumption patterns may help them
understand how their drinking has impacted other aspects of
their lives, such as their academic performance and personal
health.

Our team conducted a formative study to gain a detailed
understanding of US students’preferences for interventions and
their patterns of smartphone use [28]. Based on our findings
and through conducting iterative user-centered design testing,
our team developed bhoos (see below for a detailed description
of the app and its functions). Similar to other app interventions,
bhoos provides on-demand psychoeducational content about
safer alcohol use. A novel feature of bhoos, however, is its
just-in-time approach. Through an interactive drink tracking
feature, students can log their consumption of alcohol in real
time, enabling the app to provide dynamic feedback on
recommended safe drinking behaviors based on estimated
real-time blood alcohol content [28]. The primary goal of bhoos
is therefore to promote safer drinking behaviors, in large part
by increasing students’ confidence in engaging in protective
strategies, with the potential secondary outcome of reducing
overall alcohol consumption.

The Current Studies
We investigated the feasibility and preliminary impact of bhoos
in 2 pre-post studies conducted among students at a mid-Atlantic
university in the US over a 4-week period. The hypothesis for
study 1 was that bhoos would lead to an increase in students’
confidence in using protective behavioral strategies (ie,
behaviors that are used while drinking to reduce alcohol use or
limit alcohol-related problems) from baseline to
postintervention. A secondary hypothesis was that bhoos would
lead to a reduction in self-reported alcohol consumption from
baseline to postintervention. Study 1 also evaluated the impact
of small monetary incentives on drinking outcomes and how
students use the app to log their drinks. As study 1 was the first
to test bhoos in college students, we examined students’
engagement with the app and their ratings of its usability. Focus
groups were conducted at the end of study 1 to gather feedback
on the app from participants. Study 2 was conducted as a
replication of self-reported drinking outcomes in study 1 to
determine the potential of testing bhoos in a future randomized
trial.

Ethical Considerations

Both studies reported in the manuscript were approved by the
University of Virginia Institutional Review Board for Social
and Behavioral Sciences (IRB-SBS #4020, 5334). All
participants provided informed consent. Data are deidentified.
Participants in study 1 received gift cards via the web as
compensation for completing the baseline (US $20) and
postassessments (US $45). Participants randomized to receive
added incentives in study 1 received an additional sum, up to
US $30, based on their completion of 3 engagement milestones:
US $10 for downloading the app, US $10 for logging 1 drink
or dry day, and US $10 for logging a “streak” of 3 consecutive
days of drinks or dry days. Participants in study 2 received gift
cards via the web as compensation for completing the baseline
(US $20) and postassessments (US $25).

Study 1

Methods

Study Overview and Participants
Study 1 consisted of 3 phases. The first phase evaluated the
bhoos app in a simple pre-post trial design. The second phase
randomized (1:1) participants to receive small additional
monetary incentives or not for using the bhoos app in a second
pre-post trial. The third phase consisted of focus groups to
capture impressions of the app by a subset of participants from
the second phase.

For all phases of study 1, college students were eligible to
participate if they met the following criteria: (1) aged 18 to 35
years, (2) current enrollment verified via a university email
address, and (3) currently owned and used a smartphone.
Students were enrolled using traditional, online, and social
media methods. Recruitment spanned June through September
2021. Recruitment materials instructed applicants to complete
a web-based interest form including contact information,
demographic information, and questions to determine initial
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study eligibility. Research coordinators verified student status
and identity with the university’s internal people search. Eligible
verified applicants were invited to participate, signed a
web-based consent form, and were enrolled in the study.

The phase 1 group included 83 participants (mean age 20.8
years, SD 1.6 years; 68% self-identified as female; 58%
self-identified as White, 16% self-identified as Asian or
Hawaiian/Pacific Islander, 4% self-identified as Black, 12%
self-identified as multiracial, 4% prefer not to answer, and 6%
chose to leave the item blank), and phase 2 group included 172
participants (mean age 20.1 years, SD 1.8 years; 60%
self-identified as female; 48% self-identified as White, 19%
Asian or Hawaiian/Pacific Islander, 8% Black, 11% multiracial,
1% prefer not to answer, and 13% chose to leave the item blank).
Assessments occurred at baseline and postintervention, 28 days
later. All participants received gift cards via the web as
compensation for completing the baseline (US $20) and
postassessments (US $45). Participants in the phase 2 group
who were randomized to not receive added incentives (n=86)
were only provided compensation for completing the baseline
and postassessments. However, those randomized to receive
added incentives (n=86) received an additional sum, up to US
$30, based on their completion of 3 engagement milestones:
US $10 for downloading the app, US $10 for logging 1 drink
or dry day, and US $10 for logging a “streak” of 3 consecutive
days of drinks or dry days (see bhoos description, below).

To improve the app for future trials, the third phase of the trial
included a subset of participants (n=18) from the phase 2 group
who were invited to be part of debriefing focus groups that
occurred 9‐12 months after the initial pre-post trial. A total of
5 focus groups were conducted and qualitative information was
collected regarding participants’ general impressions of the app,
what features of the app they liked most/least, and the degree
to which the app helped them manage their drinking.

Intervention: Bhoos
Bhoos (pronounced [booz]) is an app whose name is a play on
the word “booze,” slang for alcohol, and the nickname for
University of Virginia students, “hoos.” The app provides
on-demand educational content about safer alcohol use and
dynamic feedback to users as they log their alcohol consumption
in real time. Users can log the type of alcoholic drink they are
consuming and each drink entry is time-stamped. The app
provides real-time estimates of the user’s blood alcohol
concentration (estimated blood alcohol concentration) based on
their self-identified sex, weight, and number and type of
alcoholic drinks logged. In-app notifications are pushed to users
based on their estimated blood alcohol concentrations, including
information about recommended actions to stay safe and avoid
overdrinking. Users can view their current and past drink history
through a built-in dashboard. To encourage engagement with
the app, users can establish a streak of logins whenever they
log consecutive drinking days or dry days (ie, days in which
users logged no alcoholic drinks). To encourage engagement,
the app also allows users to rate activity level or sleep quality
as a secondary health behavior. Materials about safe drinking
tips and staying healthy can be accessed directly from the main
page. Users can also learn about health-related resources in and

around the university through the app on demand. The app
design and content were informed by formative research and a
think-aloud process with the target population prior to this trial
[28].

Measures

Baseline Alcohol Use Severity

The 10-item Alcohol Use Disorders Identification Test (AUDIT)
is the most widely used self-report measure of unhealthy alcohol
use [29]. Scores range from 0 to 40, with higher scores
indicating more unhealthy alcohol use. Prior studies on college
students have suggested cutoff scores for low-risk drinkers (<7),
hazardous drinkers (8-15), and alcohol-dependent drinkers
(>15). Participants completed the AUDIT at baseline (Cronbach
α=0.78) to characterize their alcohol use over the past year.

Alcohol Consumption in the Past Month

We used a modified 3-item measure based on the Daily Drinking
Questionnaire [30] to assess students’ self-reported drinking
behavior. Students were initially asked “How often did you
drink during the last month?” with response options ranging
from 1 (did not drink at all) to 7 (once a day or more). Responses
were analyzed as a single-item measure of the average number
of days per week in the last month involving alcohol
consumption, with higher scores indicating more days per week
that involved alcohol consumption. Students who responded
that they had drank at least once a month (ie, a score of ≥2)
were then asked 2 follow-up questions: “Think of a typical
weekend evening (Friday or Saturday) during the last month.
How many standard drinks did you drink on that evening?” and
“Think of the occasion (any day of the week) you drank the
most during the last month. How many standard drinks did you
drink?” Students responded to each of these questions by typing
a number into an open field. Because these questions were
intended to assess for average and maximum alcohol
consumption, respectively, we analyzed responses to them as
separate items.

Protective Behavioral Strategies

A modified version of the 20-item Protective Behavioral
Strategies Scale [31-33] was administered at baseline (α=0.92)
and postintervention (α=0.93) to assess students’ confidence
in using protective behavioral strategies, or behaviors adopted
while drinking to limit their alcohol consumption or limit
alcohol-related problems. Specifically, the instructions were
modified from the original version to ask students to select the
response option that “best fits your confidence level” for using
various protective strategies when drinking. Participants
responded to each item on a modified scale from 1 (extremely
not confident) to 7 (extremely confident), with scores ranging
from 20 to 140 [34,35]. Higher scores indicate more confidence
in using protective behavioral strategies such as stopping or
limiting alcohol consumption, changing the speed or frequency
of drinking, and reducing the risk of serious harm by using a
designated driver, going home with a friend, or protecting one’s
drink from adulterants.
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App Usability

The 10-item System Usability Scale (SUS) [36] was
administered postintervention to assess the usability of the bhoos
app. The SUS provides a global view of subjective assessments
of usability. We customized the items to specifically mention
bhoos. Sample items include “I think that I would like to use
bhoos frequently” and “I thought bhoos was easy to use.”
Responses to each item range from 1 (strongly disagree) to 5
(strongly agree). Possible scores on the SUS range from 0 to
100, with a higher score indicating higher overall usability of
a system or program. The SUS has been used in roughly 3500
surveys within 273 studies evaluating a range of systems,
interfaces, and programs [37]. Internal consistency of the SUS
was good (α=0.84).

Plan for Analyses

To determine whether students’self-reported drinking outcomes
differed across the 2 phases, including the incentive conditions
in phase 2, 1-way ANOVAs were conducted using the phase 1,
phase 2 incentivized, and phase 2 nonincentivized groups as
within participants variables and difference scores for the
drinking outcomes as the dependent variables. Difference scores
in drinking outcomes between the baseline and postintervention
time points served as the dependent variables. Next, for each
of the phase 1 and phase 2 groups, paired t tests were conducted
to obtain estimates of short-term changes in drinking and
attitudinal measures from baseline to follow-up. Box-Cox
transformations were performed for the drinking outcomes
where there was evidence of nonnormality of data based on
skewness (outside of −1 and +1) or kurtosis (outside of −2 and
+2) being outside of the conventional acceptable ranges. The
pattern of findings did not change when using transformed or

raw variables. Analyses of self-reported drinking outcomes were
performed using IBM SPSS Statistics (version 26.0.0). App use
is described using descriptive statistics. Qualitative feedback
from focus groups was reviewed by members of the study team
(KI, CF, NA, and CC), and recurring themes were identified.

Results

Baseline Alcohol Use Severity
To characterize the sample, we examined AUDIT scores for all
participants in study 1. Of the 234 students who completed at
least the baseline measures, 133 (59%) were classified as
low-risk drinkers (AUDIT Score ≤7), 93 (40%) were classified
as hazardous drinkers (AUDIT Score between 8 and 15), and
8 (3%) were classified as alcohol dependent drinkers (AUDIT
score >15).

Evaluating the Impact of Study Phases on Self-Reported
Outcomes
There was no significant effect of the study phase or incentives
on any of the self-reported drinking outcomes, for the average
number of days per week in the last month involving alcohol

consumption (F2, 232=0.294, P=.75, η2=.003), typical weekend
evening drink consumption in the last month (F2, 165=0.662,

P=.52, η2=.008), the maximum number of drinks consumed in

the last month (F2, 175=0.005, P=.99, η2=.00), or protective

behavioral strategies (F2, 232=1.469, P=.23, η2=.013). Table 1
contains all results of self-reported drinking outcomes,
separately for each phase and incentive condition. Below, we
report self-reported drinking-related outcomes overall for those
in phases 1 and 2 combined, followed separately for each phase
and incentive group.

Table . Self-reported drinking outcomes for study 1.

Protective behaviors, mean (SD)Max number of drinks on one oc-
casion in the last month, mean
(SD)

Average number drinks per
weekend in the last month, mean
(SD)

Average number of days per week
drinking in the last month, mean
(SD)

P val-
ue

t test
(df)

PostPreP val-
ue

t test
(df)

PostPreP val-
ue

t test
(df)

PostPreP val-
ue

t test
(df)

PostPre

.330.98
(75)

100.30
(20.18)

98.20
(21.01)

.430.79
(65)

5.94
(3.12)

5.68
(3.16)

.910.11
(60)

3.61
(1.75)

3.64
(1.68)

.590.54
(75)

3.71
(1.34)

3.66
(1.31)

Phase
1

.032.29
(76)

111.91
(23.28)

106.19
(24.74)

.810.27
(53)

4.59
(3.65)

4.53
(3.36)

.181.35
(50)

2.89
(1.95)

3.21
(2.06)

.830.22
(74)

3.01
(1.36)

2.99
(1.35)

Phase
2 (no
incen-
tive)

.380.89
(80)

108.52
(24.56)

106.14
(26.05)

.520.64
(54)

5.98
(4.48)

5.93
(3.05)

.910.12
(52)

3.93
(2.75)

3.76
(1.92)

.590.55
(81)

2.99
(1.27)

3.05
(1.52)

Phase
2 (in-
cen-
tive)

Protective Behavioral Strategies
Overall, there was a significant increase in students’confidence
in using protective behavioral strategies in drinking from
baseline (Meanpre 103.58, SD 24.26) to postintervention
(Meanpost 106.97, SD 23.20; t233=2.393, P=.02), such that
students reported more confidence engaging in more protective

behaviors while drinking to limit alcohol-related problems from
drinking from baseline to postintervention.

As seen in Table 1, despite an increase in students’ self-reported
confidence in using protective behavioral strategies from
baseline to postintervention for all 3 groups, the effect was not
significant for students in the phase 1 group (t75=0.98, P=.33),
and the phase 2 incentive group (t80=0.89, P=.38). There was,
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however, a significant increase in confidence in using protective
behavioral strategies for the phase 2 no incentive group
(t76=2.29, P=.03).

Alcohol Consumption in the Past Month
Overall, there was no significant change to the average number
of days per week in the last month involving alcohol
consumption, from baseline (Meanpre 3.23, SD 1.43) to
postintervention (Meanpost 3.25, SD 1.39; t232=0.07, P=.95).
There were also no significant changes to students’ average
number of drinks per weekend in the last month from baseline
(Meanpre 3.52, SD 1.90) to postintervention (Meanpost 3.44, SD
2.20; t164=0.85, P=.40), nor were there significant changes to
students’ maximum number of drinks consumed in the last
month from baseline (Meanpre 5.43, SD 3.46) to postintervention
(Meanpost 5.51, SD 3.83; t173=0.20, P=.84).

As seen in Table 1, there were no significant changes to
students’ self-reported drinking frequency in the past month
from baseline to postintervention for students in the phase 1
group (drinking frequency in the past month, t75=0.54, P=.59;
the average number of drinks per weekend in the last month,
t60=0.11, P=.91; the maximum number of drinks consumed in
the last month, t65=0.79, P=.43). This was also the case for the
phase 2 no incentive group (drinking frequency in the past
month, t74=0.22, P=.83; the average number of drinks per
weekend in the last month, t50=1.35, P=.18; the maximum
amount of drinks consumed in the last month, t53=.27, P=.81),
and the phase 2 incentive group (drinking frequency in the past
month, t81=0.55, P=.59; average number of drinks per weekend
in the last month, t52=0.12, P=.91; the maximum amount of
drinks consumed in the last month, t54=0.64, P=.52).

Usability of Bhoos
There was no significant effect of the study phase or incentives
on self-reported usability of bhoos (F2, 234=0.097, P=.908,

η2=.001). Usability scores for students in phase 1 ranged from
22.5 to 100 (mean 71.22, SD 17.21). Scores for students in the
phase 2 nonincentive group ranged from 35 to 100 (mean 71.75,
SD 16.96), and 37.50 to 100 (mean 72.38, SD 15.69) for those
in the phase 2 incentive group. The average usability score
(mean 71.80, SD 16.54) placed bhoos in the third quartile of all
programs evaluated by the SUS [37].

Engagement With Bhoos
Nearly all participants (93.33%, 238 of 255) in study 1
downloaded the app. The majority of participants (85.49%, 218
of 255) logged at least 1 drink or dry day. Roughly two-thirds
(160 of 255) of the participants logged at least 1 alcoholic drink,
whereas nearly 3-quarters (189 of 255) logged at least 1 dry
day. Slightly more than half (145 of 255) logged at least 1 streak.
On average, participants used the app for 12.67 days (SD 9.96
d) of the 28 days of the intervention period.

Overall, providing added incentives did not seem to impact how
students used the app to log their drinks. Among those in the
phase 2 group, students randomized to receive incentives logged,
on average, 11.16 drinks (SD 8.92) while those randomized to

receive no added incentives logged, on average, 13.04 drinks
(SD 16.62), t130=0.924, and P=.357. Moreover, students
randomized to receive incentives logged, on average, 15.50 dry
days (SD 9.39) while those randomized to receive no added
incentives logged, on average, 15.90 dry days (SD 8.81),
t169=0.282, and P=.78.

Qualitative Feedback From Focus Groups
The feedback obtained from focus groups revealed several
common themes. Students found the bhoos app to be visually
appealing and user-friendly. They expressed that the drinking
chart within the app raised their awareness of their drinking
habits over time, and they appreciated the ability to review their
drinking history within the app. However, some students felt
that the psychoeducational content within the app was too static,
and they suggested that incorporating videos would be
beneficial. Additionally, many students expressed a desire to
track a broader range of secondary behaviors, including mood
and stress.

In response to this feedback from the focus groups, we made
several iterative improvements to the bhoos app in preparation
for the next pilot study (study 2). Specifically, we enhanced the
psychoeducational content by adding 4 short videos on relevant
topics, including information on helping an intoxicated friend,
knowing the signs of alcohol overdose, learning about alcohol
tolerance, and understanding standard drink amounts. We also
included more information on safety tips while drinking. We
refined the app’s functionality for users to track their mood or
stress to identify patterns related to drinking events. Last, known
bugs and glitches that students reported while using the app
were addressed, enhancing bhoos’ overall performance and
reliability.

Discussion
Collectively, the results from study 1 provide preliminary
support for the feasibility and usability of bhoos among college
students in the United States. While the students in this sample
did not report a reduction in drinking frequency, findings
indicate that they were more confident in their ability to engage
in protective behaviors while drinking, potentially enhancing
their safety. Both app engagement data and mixed methods
results confirm the usability of bhoos, while providing added
monetary incentives did not seem to impact any of the observed
outcomes or how students used bhoos to track their drinking.
The qualitative feedback from students was instrumental in
identifying areas for app improvement to enhance usability and
engagement. Building on these findings, study 2 was conducted
to examine whether the impact of bhoos on drinking-related
outcomes would be replicated in an independent sample of
college students.

Study 2

Methods

Study Overview and Participants
Eligibility criteria were identical to study 1. College students
were recruited over the 2022 Fall semester using advertisements
in dining halls. Although the initial goal was to enroll up to 200
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students, the recruitment timeline was hampered by the
continuation of the COVID-19 pandemic and a tragic event that
occurred on university grounds on November 13th, 2022 (a
shooting on University grounds that resulted in the murders of
3 students). The latest baseline questionnaires were completed
before the event and enrollment of new participants was halted
after the event. Participants who completed baseline
questionnaires were permitted to complete the study and
complete the postintervention questionnaires. In total, 43
students were recruited (60% students self-identified as women;
24 students self-identified as White, 12 students self-identified
as Asian or Native Hawaiian, 2 students self-identified as Black,
and 5 students self-identified as multiracial). Once again,
assessments were administered at baseline and postintervention,
28 days later. All participants received gift cards via the web
as compensation for completing the baseline (US $20) and
postassessments (US $25). An added incentivization group was
not included in study 2.

Measures and Plan for Analyses
The same self-report measures were administered in study 2 as
in study 1. Specifically, baseline alcohol use severity was
assessed by the 10-item AUDIT [29] (α=0.82). Alcohol
consumption in the past month was assessed at baseline and
postintervention with the 3-item measure used in study 1. Each
item was treated as a separate single-item scale. The modified
20-item Protective Behavioral Strategies Scale [31-33] was
administered at baseline (α=0.90) and postintervention (α=0.91)
to assess students’ confidence in using protective behavioral
strategies. Finally, the usability of the bhoos app was assessed
postintervention using the SUS [36] (α=0.75).

Paired t tests were used to investigate short-term changes in
drinking and protective behaviors from baseline to follow-up.
Due to the limited sample size, if the normality assumption was
not met some analyses were computed again with the paired
Wilcoxon Signed Rank Test. This did not change the
interpretation of any of the results]. Analyses were performed
using R (version 4.3.3; R Core Team). App use is described
using descriptive statistics.

Results

Baseline Alcohol Use Severity
Of the 43 students, 25 (58%) were classified as low-risk drinkers
(AUDIT Score ≤7), 11 (26%) were classified as hazardous
drinkers (AUDIT Score between 8 and 15), and 6 (14%) were
classified as alcohol dependent drinkers (AUDIT score >15).

Protective Behavioral Strategies
As expected, there was a significant increase in students’
confidence in using protective behavioral strategies after using
bhoos from baseline (Meanpre 107, SD 17.19) to postintervention
(Meanpost 113.37, SD 15.87; t31=-2.79, P=.01), such that students
reported confidence in engaging in more protective behaviors
while drinking to limit alcohol-related problems from drinking
after the intervention compared with before.

Alcohol Consumption in the Past Month
There was a significant decrease in the average number of days
per week drinking alcohol in the last month from baseline
(Meanpre 2.32, SD 1.27) to postintervention (Meanpost 2.06, SD
1.15; t33=2.32, P=.031). Among students who reported drinking,
there was no significant change to their typical weekend evening
drink consumption from baseline (Meanpre 3.83, SD 2.80) to
postintervention (Meanpost 3.87, SD 2.30; t29=0, P=.92), nor
was there a significant change to the maximum number of drinks
they consumed in a single occasion the last month, from baseline
(Meanpre 5.17, SD 4.07) to postintervention (Meanpost 5.34, SD
4.50; t28=0.24, P=.82).

Usability of Bhoos
Usability scores ranged from 55 to 98 (out of a possible 100).
Overall, students reported higher usability of the revised version
of bhoos (mean 77.93, SD 11.92) than in the original version
tested in study 1. The average score placed bhoos in the upper
75% (fourth quartile) of all programs evaluated by the SUS
[37].

Discussion
Collectively, the findings from study 2 reproduce the
drinking-related results from study 1. Specifically, the findings
of study 2 replicate the finding that bhoos is associated with an
increase in confidence in using protective behaviors while
drinking. It is worth noting that students in study 2 also reported
reduced frequency of drinking, which may have resulted from
improvements to the app from study 1, which is supported by
our finding that students rated the app as more usable in study
2 than in study 1.

Overall Discussion

Principal Findings
Developing effective, accessible, and scalable interventions to
address excessive drinking among college students is critical
due to the significant public health concerns posed by alcohol
misuse on college campuses. In 2 studies, we observed
promising and consistent results regarding the impact and
usability of the bhoos app, which effectively promoted
confidence in using protective behaviors related to drinking
among US college students.

The results suggest that bhoos’ features, such as drink tracking
and dynamic feedback, help to encourage responsible drinking
behaviors, including monitoring alcohol intake, planning for
safe transportation after drinking, or seeking help when needed.
The ability to provide personalized, real-time feedback increases
the relevance of the app to the individual needs and experiences
of its users. By offering recommendations based on the user’s
drinking patterns and risk factors, bhoos may engage users more
effectively than a generic one-size-fits-all program which
enhances the likelihood of behavior change. Moreover, this
more personalized approach to providing risk feedback aligns
with the principles of Motivational Interviewing [38,39] and
follows proven strategies for promoting behavior change
[40-42]. Smartphone app-delivered interventions like bhoos
offer several advantages over traditional approaches, including
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the ability to deliver actionable feedback at critical moments.
Additionally, they provide the potential for widespread
accessibility and scalability. College students, in particular,
maybe the most receptive to mobile apps for obtaining
information and support for health-related decisions, given their
high smartphone use [16]. The ease of dissemination and the
low cost of smartphone apps make them a practical option for
broad implementation on college campuses.

Limitations and Future Directions
The findings from our studies should be considered in light of
several limitations. First, the reliance on infrequent and static
measures of drinking behaviors introduces the possibility of
recall bias. Moreover, the primary outcomes of both studies
reflected students’ confidence in using various protective
behaviors while drinking and not the actual behaviors they
engaged in. Future research could benefit from incorporating
more ecologically valid approaches, such as ecological
momentary assessment, perhaps administered within the app,
to assess for actual protective behaviors related to drinking
while limiting recall bias. Additionally, the pre-post design of
our study limits our ability to evaluate the efficacy of bhoos,
which could be better assessed through a randomized controlled
trial. The short time frame between baseline and postassessment
(4 weeks) restricts our understanding of the long-term

sustainability of the app’s effects. Future studies should explore
the app’s impact over longer periods, such as a full college
semester. Moreover, a large percentage of students in both
studies were White and female which may limit the
generalizability of our findings to minorities and men. Finally,
the tragic shooting that occurred on university grounds may
have influenced students’ drinking behaviors in study 2,
although the extent of this impact is unclear. Future studies
should examine how such events, and events more broadly (eg,
political elections, performance of University athletic teams),
affect student drinking behaviors.

General Conclusion
In summary, preliminary findings across 2 studies indicate that
bhoos shows strong potential as a tool for promoting protective
behaviors related to alcohol use among college students. While
these studies help advance highly accessible and scalable
approaches to address the consequences of binge drinking by
US college students, further research is needed to fully
understand the app’s role in comprehensive alcohol harm
reduction efforts within this population. Its personalized
approach, combined with its accessibility and scalability,
suggests that bhoos could be a valuable addition to the range
of interventions available to address alcohol-related issues on
campuses.
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Abstract

Background: Artificial intelligence (AI) chatbots have been customized to deliver on-demand support for people with mental
health problems. However, the effectiveness of AI chatbots in tackling mental health problems among the general public in Hong
Kong remains unclear.

Objective: This study aimed to develop a local AI chatbot and compare the effectiveness of the AI chatbot with a conventional
nurse hotline in reducing the level of anxiety and depression among individuals in Hong Kong.

Methods: This study was a pilot randomized controlled trial conducted from October 2022 to March 2023, involving 124
participants allocated randomly (1:1 ratio) into the AI chatbot and nurse hotline groups. Among these, 62 participants in the AI
chatbot group and 41 in the nurse hotline group completed both the pre- and postquestionnaires, including the GAD-7 (Generalized
Anxiety Disorder Scale-7), PHQ-9 (Patient Health Questionnaire-9), and satisfaction questionnaire. Comparisons were conducted

using independent and paired sample t tests (2-tailed) and the χ2 test to analyze changes in anxiety and depression levels.

Results: Compared to the mean baseline score of 5.13 (SD 4.623), the mean postdepression score in the chatbot group was 3.68
(SD 4.397), which was significantly lower (P=.008). Similarly, a reduced anxiety score was also observed after the chatbot test
(pre vs post: mean 4.74, SD 4.742 vs mean 3.4, SD 3.748; P=.005), respectively. No significant differences were found in the
pre-post scores for either depression (P=.38) or anxiety (P=.19). No statistically significant difference was observed in service
satisfaction between the two platforms (P=.32).

Conclusions: The AI chatbot was comparable to the traditional nurse hotline in alleviating participants’ anxiety and depression
after responding to inquiries. Moreover, the AI chatbot has shown potential in alleviating short-term anxiety and depression
compared to the nurse hotline. While the AI chatbot presents a promising solution for offering accessible strategies to the public,
more extensive randomized controlled studies are necessary to further validate its effectiveness.

Trial Registration: ClinicalTrials.gov NCT06621134; https://clinicaltrials.gov/study/NCT06621134

(JMIR Hum Factors 2025;12:e65785)   doi:10.2196/65785
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Introduction

An estimated 1 in 7 people in Hong Kong experience a common
mental disorder in their lifetime, with anxiety and depression
being the two most common mental health issues in Hong Kong,
accounting for 19% and 14% among the generation population,
respectively [1,2]. Nearly three-quarters of individuals
experiencing a mental health disorder do not seek professional
help for various reasons such as high cost of services, fear of
judgment, or stigma [3]. To address these potential problems,
artificial intelligence (AI) chatbots have been incorporated into
digital interventions, particularly web- and smartphone-based
apps, to enhance user experience and optimize individualized
mental health [4,5]. Chatbots can provide a safe and confidential
space for people to seek help for their mental health concerns.
Additionally, they are available at any time throughout a study,
making them a convenient option for those who may lack access
to traditional mental health services or require support beyond
regular business hours. Further efforts toward strengthening
implementation of chatbots are needed, and their application to
the general public should be explored to improve perceptions
of general mental health and increase awareness of the
importance of premedical interventions in the future [6].

Chatbot models have been developed in various countries and
are widely used in psychology and clinical practice. For
example, Tess, a psychological AI service, has been tailored to
provide immediate assistance to caregiving specialists,
individuals receiving care, and family caregivers within a
nonprofit organization in the United States and Canada [7].
Among university students, chatbot applications have showed
a significant decrease in anxiety symptoms [8]. Anna, an
AI-driven chatbot, simulates the function of a therapist and
offers gamified versions of evidence-based activities drawn
from various therapeutic approaches. Participants who engaged
in activities facilitated by Anna provided more detailed
responses containing a higher number of positive relational
terms [9]. A review of users’opinions, satisfaction, and attitudes
regarding depression and anxiety chatbot apps found that users
felt supported and confident while they used apps that were
easy to navigate, affordable, and free of cost [10]. In Hong
Kong, the first AI-driven Cantonese psychological support tool,
the Pai.ACT mobile app, was developed for parents of children
with special education needs [11]. However, there is currently
a lack of evidence on the effectiveness of AI chatbots in tackling
mental health problems in the general public.

Given the risk of anxiety and depression in Hong Kong and the
limited availability of mental health services during the
epidemic, this study aimed to compare the effectiveness of the
developed AI chatbot with that of a conventional nurse hotline
in alleviating psychological anxiety and depression in the
general public. Additionally, this study also aimed to understand
user satisfaction with chatbot usage and gather preliminary data
for larger randomized controlled trials to advocate for the AI
chatbot as a psychological support tool for individuals seeking
information on the chatbot platform.

Methods

Recruitment
This study was designed as a randomized controlled trial (RCT)
with two parallel groups. Participants were parents recruited
through two school principal’s networks. The inclusion criteria
included (1) being able to use smartphones proficiently to
interact with the AI chatbot, (2) being fluent in Chinese language
used in the study to effectively communicate with the AI
chatbot, and (3) providing an electronic consent form. Parents
who were unwilling or unable to commit to the entire research
process and had difficulties in reading and understanding
Chinese were excluded. Invitation letters were sent to
kindergarten and primary school principal groups from chief
schools, and 124 parents responded to this study and provided
an electronic consent form. Participants were then randomly
allocated in a 1:1 ratio to either the AI chatbot or the nurse
hotline group using block randomization with blocks of four.
Participants immediately filled out the posttest questionnaires
after communicating with the AI chatbot or nurse. Those who
did not respond immediately received reminders until they
completed the posttest questionnaires. Participants with risky
mental health problems were followed up by phone calls and
were encouraged to ask to connect with necessary medical
services and mental health clinical departments.

Ethical Considerations
This study was approved by the Institutional Review Board of
the University of Hong Kong/Hospital Authority Hong Kong
West (approval number: UW21-344). Informed consent was
obtained from all participants in the study, ensuring that they
were fully aware of the nature and possible consequences of
their participation. Participants were informed that they had the
right to opt out at any time without penalty. The original consent
and approval covers secondary analysis without additional
consent. Data collected from participants were deindentified to
ensure privacy and confidentiality. Identifying information,
including names, initials, or hospital numbers, was removed
from all datasets to protect participant identities. Participation
was voluntary, and individuals were informed that no financial
or material incentives would be provided. Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline
was adhered to in this study [12].

AI Chatbot Development Procedures
The development of the AI chatbot involved 7 key steps. First,
the developer analyzed requirements by understanding common
queries and focusing on providing accurate information to the
public and assisting nurses. Relevant data was then collected
from credible sources, and natural language processing (NLP)
algorithms were used to train a robust model on diverse
questions and answers. By integrating large language models,
the chatbot could provide detailed responses. Next, the developer
designed and developed the backend infrastructure, including
databases, application programming interfaces, and integration
with University of Hong Kong’s website and WhatsApp.
Extensive testing and validation ensured the chatbot’s accuracy
and user-friendliness, with a beta version tested by selected
users. Finally, the chatbot was deployed on University of Hong
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Kong’s website and made accessible through WhatsApp, with
a nurse hotline version developed to assist health care
professionals in handling public inquiries.

The AI chatbot system comprises several essential components
to provide accurate and relevant information. It begins with
context identification, where the chatbot analyzes keywords
and phrases to understand the user’s query, ensuring accurate
interpretation and relevant response. Next, the system conducts
query analysis using NLP techniques to determine the user’s
intent and extract specific details such as dates, locations, and
vaccination information. The query response system then
leverages the trained NLP model and large language
model–generated responses to provide accurate and contextually
appropriate answers tailored to users’needs. Finally, the chatbot
relies on a regularly updated and comprehensive dataset
containing the latest information on COVID-19 vaccinations,
government regulations, and health care procedures, ensuring
the delivery of reliable and accurate responses.

Questionnaires
The Patient Health Questionnaire-9 (PHQ-9) is a self-assessment
tool consisting of 9 questions that measure the frequency and
severity of depressive symptoms over the last 2 weeks. Each
question is derived from the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV) criteria and is
rated on a scale of 0 (not at all) to 3 (almost daily) [13]. The
Generalized Anxiety Disorder Scale-7 (GAD-7) is a 7-item
self-report scale that evaluates the frequency and severity of
anxious thoughts and behaviors during the last 2 weeks. Items
are based on the diagnostic criteria of the DSM-IV and scored
from 0 (not at all) to 3 (nearly every day) [14]. The service
satisfaction survey is a 3-item questionnaire for participants to
report their degree of satisfaction after using the two platforms.
The rating score ranges from 0 to 10, representing an increasing
satisfaction from not at all likely to extremely likely. Based on

the standardized cutoff that determines the severity of anxiety
and depression, participants were divided into two groups: the
no-risk group (total score<4) and the risk group (total score>4)
[15].

Statistical Analysis
Quantitative variables were tested for normal distribution using
the Kolmogorov-Smirnov test. Normally distributed continuous
variables were expressed as mean (SD) and categorical variables
were expressed as numbers and percentages. A per-protocol
analysis was performed for all outcomes when comparing the
2 groups. The independent t test (2-tailed) was employed to
compare the preanxiety or predepression, postanxiety or
postdepression, pre-post difference scores, and service
satisfaction between the AI chatbot and nurse hotline groups,
respectively. The paired t test (2-tailed) was used to compare
scores before and after group chat. Linear regression was
conducted to analyze the difference in posttest scores between
the AI chatbot and nurse hotline groups adjusted by pretest

scores. Categorical variables were compared with the χ2 test.
All analyses were conducted using SPSS software (version 29.0;
IBM Corp).

Results

From October 2022 to March 2023, all the participants (N=124)
answered prequestionnaires, and 62 (62/62, 100%) participants
in the AI chatbot group and 41 (41/62, 66.1%) in the nurse
hotline group completed both the pre- and postquestionnaires
(Figure 1). Comparisons within groups before and after the test
are displayed in Table 1 and Figure 2. Compared to the mean
baseline score of 5.13 (SD 4.623), the mean postdepression
score 3.68 (SD 4.397) was significantly lower in the chatbot
group (P=.008). Similarly, a reduction in anxiety score was also
observed after using the chatbot test (pre vs post: mean 4.74,
SD 4.742 vs mean 3.4, SD 3.748; P=.005).
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Figure 1. Diagram of the study design. AI: artificial intelligence. PHQ-9: Patient Health Questionnaire-9; GAD-7: Generalized Anxiety Disorder
Scale-7.

Table . Comparison of the anxiety and depression scores within groups before and after the test.

P valuePosttest score, mean (SD)Pretest score, mean (SD)Questionnaires and groups (N=124)a

PHQ-9b

.0083.68 (4.397)5.13 (4.632)AIc chatbot (n=62)

.284.76 (4.346)5.46 (6.4)Nurse hotline (n=41)

GAD-7d

.0053.4 (3.748)4.74 (4.742)AI chatbot (n=62)

.634.05 (4.455)4.37 (5.439)Nurse hotline (n=41)

an=21 participants were lost to follow up.
bPHQ-9: Patient Health Questionnaire-9.
cAI: artificial intelligence.
dGAD-7: Generalized Anxiety Disorder Scale-7.
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Figure 2. Comparison of anxiety and depression scores within groups pre- and postintervention. GAD-7: Generalized Anxiety Disorder Scale-7; PHQ-9:
Patient Health Questionnaire-9; ns: nonsignificant. **P<.05.

Table 2 shows there were no statistically significant differences
at baseline between groups in depression (P=.76) and anxiety
scores (P=.71). Although the postdepression and postanxiety
scores in the chatbot group were slightly lower than those in
the nurse hotline group, there was no statistical difference (all

Ps>.05). No statistically significant difference was observed in
service satisfaction between the 2 service platforms (P=.32). In
the nurse hotline group, there were no notable differences in
depression and anxiety scores before and after the test.

Table . Comparison of the before and after PHQ-9a, GAD-7b, and service satisfaction scores between the AI chatbot and nurse hotline groups.

P valuecNurse hotline scores (n=41), mean
(SD)

AI chatbot scores (n=62), mean
(SD)

Variables

.765.46 (6.4)5.13 (4.63)Pre–PHQ-9

.434.76 (4.35)3.68 (4.40)Post–PHQ-9

.714.37 (5.44)4.74 (4.74)Pre–GAD-7

.224.05 (4.46)3.40 (3.75)Post–GAD-7

.3217.39 (5.59)16.11 (6.88)Service satisfaction

a PHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder Scale-7.
cIndependent t test.

No significant variations were observed in the pre-post score
differences for either depression (P=.38) or anxiety scores
(P=.19) between the 2 groups (Table 3).

Table . Comparison of the pre-post anxiety and depression score differences between the artificial intelligence (AI) chatbot and nurse hotline groups.

GroupsVariables

P valueNurse hotline (n=41), mean (SD)AI chatbot (n=62), mean (SD)

Pre-post differences

.38−0.707 (4.161)−1.452 (4.203)PHQ-9a

.19−0.317 (4.15)−1.339 (3.635)GAD-7b

aPHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder Scale-7.
cIndependent t-test was used to calculate P value.
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The various test groups were not associated with the
postdepression score (β=−.902, P=.18) or the postanxiety score

(β=−.845, P=.17), after adjusting the prescores (Table 4).

Table . Regression analysis on the posttest score between the artificial intelligence chatbot and nurse hotline adjusted by pretest score (n=103).

P valuet test (df=100)Standard errorβ estimateQuestionnaires and groups

Post–PHQ-9a (ref: nurse group)

<.0018.5910.06150.528Pre–PHQ-9

.18−1.3420.6720−0.902Chatbot

Post–GAD-7b (ref: nurse group)

.0018.7870.06040.531Pre–GAD-7

.17−1.3750.6148−0.845Chatbot

aPHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder Scale-7.

Based on the PHQ-9 and GAD-7 cutoff, the pre- and postscores
were categorized into no-risk group and risk groups. No
significant differences were observed in the prevalence of

anxiety and depression before and after using the nurse hotline
or AI chatbot (Table 5).

Table . Comparison of the anxiety and depression prevalence before and after using the nurse hotline and artificial intelligence (AI) chatbot among
participants.

P valueRisk group (score>4), n (%)No-risk group (score≤4), n (%)Groups

Pre–PHQ-9a

.2014 (34.1)27 (65.9)Nurse hotline (n=41)

29 (46.8)33 (53.2)AI chatbot (n=62)

Post–PHQ-9a

.3315 (36.6)26 (63.4)Nurse hotline (n=41)

17 (27.4)45 (72.6)AI chatbot (n=62)

Pre–GAD-7b

.3414 (34.1)27 (65.9)Nurse hotline

27 (43.5)35 (56.5)AI chatbot

Post–GAD-7b

.4714 (34.1)27 (65.9)Nurse hotline

17 (27.4)45 (72.6)AI chatbot

aPHQ-9: Patient Health Questionnaire-9.
bGAD-7: Generalized Anxiety Disorder Scale-7.

Discussion

Principal Results
This study is among the first in Hong Kong to compare the
effectiveness of AI chatbots and nursing hotlines in addressing
mental health–related inquiries. The AI chatbot proved effective
in reducing anxiety and depression during the COVID-19
outbreak and was comparable to the conventional nursing
hotline. It suggests the potential use of AI chatbots as a
complementary approach in mental health interventions,
particularly when AI chatbots can provide timelier and
uninterrupted 24-hour support to users in need during the
challenging periods such as a pandemic.

Previous research comparing the effectiveness of the AI chatbot
and humans in improving mental health is controversial. Our
study found that both the AI chatbot and nurse hotline had
similar effects in alleviating depression and anxiety. The results
are consistent with another study comparing the text-only
chatbot and voice-based digital human interactions as responders
to mental health questions, which reported that the text-only
chatbot was more user-friendly, although there were no
significant differences in electroencephalography measurements
[16]. No differences were observed in another RCT comparing
the effects of AI chatbot (ie, ChatGPT-3.5) and nurse education
on preoperative anxiety reduction among groups [17]. However,
one study comparing physician and AI chatbot responses to
patient questions posted on a public social media forum found
that the chatbot generated higher quality and empathetic
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responses to patient questions than physicians [18]. Additionally,
the follow up process took less time for the nurse hotline group
compared to the chatbot group. This was primarily because
participants in the nurse hotline group were quicker in
responding to follow up questionnaires while the chatbot group
typically required more than one attempt to gather responses.
It is feasible to use the AI chatbots to provide instant information
to users about mental health knowledge and basic strategies to
dissipate their temporary anxiety and depressed mood. However,
the AI chatbot can only be a facilitator, and humans will not be
replaced in the long-term professional treatment. The sample
size in the above-mentioned studies is very small, which may
have limited the power of statistical analysis. Therefore, more
RCTs with larger sample sizes are necessary to confirm
differences between the AI chatbot and human-based services.

Our study showed a significant reduction in the levels of anxiety
and depression after using the AI chatbot. This finding is
supported by a study from Argentina, which showed a
substantial decrease in anxiety symptoms in university students
using Tess [8]. Another study reported that the use of the Elomia
chatbot for 4 weeks resulted in a significant decrease in the
symptoms of anxiety and depression along with reduced
negative effects [19]. AI chatbots can offer information to users
in a quick and easy format. They can also be programmed to
answer specific questions about a certain condition, such as
what to do during a medical crisis or what to expect during a
medical procedure. The AI chatbot could lower the barriers to
care by helping patients access help more quickly and efficiently
[20]. AI chatbots appear to have a positive impact on depression
and anxiety in a wide range of populations, including university
students [8], short-course treatment patients [21], and
preoperative patients [17]. The potential benefit of
chatbot–assisted mental health support is that it can provide
helpful information about depressive moods, especially for users
who have difficulty in communicating emotions to other humans
[22]. Besides, the chatbot offers real-time relief, emotional
support, and instant messages on basic knowledge about
health-related questions. AI chatbots can help reduce anxiety
and depression by providing accessible, anonymous, consistent,
and immediate emotional support. They serve as a valuable
supplement to conventional therapy and mental health care,
offering users a safe space to express their feelings and find
effective coping strategies.

Our study differs from previous ones by addressing a research
gap in the broader population. Earlier studies primarily
concentrated on specific groups, such as college students aged
18-33 [8], younger individuals aged 19-23 [19], and older adults
aged 60 years [17]. The sample size in our study (N=124) aligns
with past studies, which typically included approximately 100
participants. A study with a larger sample size of 412 younger
participants [19] also found AI chatbots to be effective in
alleviating anxiety and depression symptoms. Notably, our study
was conducted during the COVID-19 pandemic, unlike previous
studies, which were conducted under normal circumstances.
Hence, additional research is necessary to understand the
efficacy and impact of AI chatbots across different age groups,
demographics, and environmental contexts.

Our study was carried out during the COVID-19 outbreak,
revealing that AI chatbot interventions are versatile and can be
applied in various situations, such as during future pandemics
or for disseminating information to prevent other diseases. There
is great potential in AI chatbot designing and application during
an epidemic like COVID-19 [23]; AI chatbots not only help in
reducing depression and anxiety at any given time but also can
be embedded into the health care systems, to help patients
describe their symptoms and provide preliminary guidance on
whether they need to seek medical attention [24]. This can assist
in triaging patients based on the severity of their symptoms.
They can help patients book appointments with health care
providers, reducing the burden on administrative staff. AI
Chatbots can send reminders to patients to take their medications
on time, improving medication adherence [24]. They can provide
ongoing emotional support and coping strategies for individuals
dealing with mental health issues like anxiety, depression, and
stress. This can complement traditional therapy and make mental
health care more accessible. Chatbots can also deliver
personalized health education to patients, helping them
understand their conditions, treatment options, and preventive
measures.

The findings of this study comparing AI chatbots and nurse
hotlines in alleviating the levels of anxiety and depression during
the COVID-19 pandemic can be generalized to a certain extent,
given that the general population was the target group. This
broad target population ensures that the results are applicable
to a wide range of individuals who may have experienced similar
mental health challenges during the pandemic. However, the
generalizability may be limited by factors such as the specific
characteristics of the sample used in the study, including their
demographics and the severity of their anxiety and depression
symptoms. Additionally, the dynamic nature of AI chatbots,
which can be influenced by various factors such as the phrasing
of questions and ongoing optimization processes, may also
affect the generalizability of the results. The study’s design and
methodology provide a solid foundation for replicability. The
use of an RCT framework, which is a robust design for
evaluating interventions, increases the likelihood that similar
studies can be conducted with comparable results. The clear
documentation of the study’s procedures, including the
recruitment process, data collection methods, and statistical
analysis techniques facilitates replication by other researchers.
Furthermore, the study’s focus on a common and significant
issue—mental health during a pandemic—ensures that there is
a continued interest and relevance in conducting similar studies.
However, replicability may be challenged by the need for access
to similar populations and resources, as well as the evolving
nature of AI chatbot technology, which may require adaptation
of the intervention for future studies.

Although AI chatbots have a potential complementary function
in mental health and health-related fields, certain drawbacks
must be considered. For example, the safety and privacy
concerns remain unclear [25]. Chatbots are unable to deliver
the emotional support and personal bond that a certified mental
health expert may provide. They cannot deliver a diagnosis or
management strategy for mental health disorders. Therefore, it
is crucial to use AI chatbots as a complement to, rather than a
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substitute for, specialized mental health services. Moreover,
further refinement to the AI chatbot is necessary for establishing
an integrated system for recognition-alert-reporting system for
mental health problems. After early detection and identification
of depression and anxiety, the AI chatbot should be designed
to automatically send self-regulation advice to the users to
handle their negative emotions as well as send reminder
messages to encourage them to seek medical services.
Additionally, the question coverage of the AI chatbot is limited;
it covers common mental health–related questions that may
overlook the scope of other health problems. The scope of the
population using chatbots should be expanded among the public.
Further studies are required to draw solid conclusions about the
effectiveness and safety of chatbots.

Limitations
One of the limitations of our study is the small sample size.
Toward the end of the COVID-19 outbreak, there was a notable
lack of enthusiasm among parents to participate in this study.
Only two school principal groups were involved, which may
have introduced a selection bias. Additionally, the study period

was too short to recruit sufficient participants; however, the
preliminary results showed a significant reduction in anxiety
and depression after using the AI chatbot, supporting the
applicability of using AI chatbots to relieve negative emotions
during the next epidemic crisis. Demographic data and other
confounding factors were not collected due to privacy concerns;
these factors will be included in the following larger randomized
control study.

Conclusions
The AI chatbot is as effective as the nurse hotline in answering
mental health–related questions. Besides, the AI chatbot can
reduce short-term anxiety and depression levels compared to
the nurse hotline. The developed AI chatbot shows promise as
a complementary tool to provide available intervention strategies
to the public, particularly for families with limited access to
mental health services. This study provides insights into the
potential application of using AI chatbots to provide immediate
information to the public and mitigate public emotional distress
during future epidemic emergencies.
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Abstract

Background: Hybrid work is the new modus operandi for many office workers, leading to more sedentary behavior than
office-only working. Given the potential of digital interventions to reduce sedentary behavior and the current lack of studies
evaluating these interventions for home office settings, it is crucial to develop digital interventions for such contexts involving
all stakeholders.

Objective: This study aimed to reach expert consensus on the most feasible work strategies and the most usable digital elements
as a delivery method to reduce sedentary behavior in the home office context.

Methods: A modified Delphi study including 3 survey rounds and focus groups was conducted to achieve consensus. The first
Delphi round consisted of two 9-point Likert scales for assessing the feasibility of work strategies and the potential usefulness
of digital elements to deliver the strategies. The work strategies were identified and selected from a scoping review, a systematic
review, and 2 qualitative studies involving managers and employees. The median and mean absolute deviation from the median
for each item are reported. The second round involved 2 ranking lists with the highly feasible strategies and highly useful digital
elements based on round 1 responses to order the list according to experts’ preferences. The weighted average ranking for each
item was calculated to determine the most highly ranked work strategies and digital elements. The third round encompassed work
strategies with a weight above the median from round 2 to be matched with the most useful digital elements to implement each
strategy. In total, 4 focus groups were additionally conducted to gain a greater understanding of the findings from the Delphi
phase. Focus groups were analyzed using the principles of reflexive thematic analysis.

Results: A total of 27 international experts in the field of occupational health participated in the first round, with response rates
of 86% (25/29) and 66% (19/29) in rounds 2 and 3, respectively, and 52% (15/29) in the focus groups. Consensus was achieved
on 18 work strategies and 16 digital elements. Feedback on activity progress and goal achievement; creating an action plan; and
standing while reading, answering phone calls, or conducting videoconferences were the most feasible work strategies, whereas
wrist-based activity trackers, a combination of media, and app interfaces in smartphones were the most useful digital elements.
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Moreover, experts highlighted the requirement of combining multiple levels of strategies, such as social support, physical
environment, and individual strategies, to enhance their implementation and effectiveness in reducing sedentary behavior when
working from home.

Conclusions: This expert consensus provided a foundation for developing digital interventions for sedentary behavior in home
office workers. Ongoing interventions should enable the evaluation of feasible strategies delivered via useful digital elements in
home office or hybrid contexts.

(JMIR Hum Factors 2025;12:e59405)   doi:10.2196/59405

KEYWORDS

sedentary behavior; office work; home office; hybrid work; technology; Delphi

Introduction

Background
Workplace sedentary behavior (SB) is associated with poorer
health and work-related outcomes, such as musculoskeletal
disorders, reduced mental and occupational well-being, job
dissatisfaction, and fatigue [1-4]. According to the World Health
Organization, the workplace is one of the main settings to reduce
SB in the adult population [5], with office workers, who spend
an average of 77% of their working day sitting [6], being a key
target group [7]. After the COVID-19 pandemic, hybrid work,
alternating work in the office and at home, has become the new
work paradigm for many desk-based jobs [8-10]. Hybrid work
results in even higher levels of SB than working solely in the
office [11], increasing the risk of musculoskeletal health
problems, mental health issues, and reduced work productivity
[11,12].

Developing strategies to reduce and break up workplace SB,
replacing it with activities other than sitting, such as walking
or standing, has been the focus of recent studies [13,14]. In
particular, the use of digital strategies in desk-based jobs (eg,
delivered via mobile phone, activity tracker, or desktop
computer) has the potential to provide scheduled prompts,
deliver information, give automated tailored feedback, and
mediate organizational support and social influences [15].
Recent evidence has highlighted the capability of digital
interventions to reduce workplace SB and its associated harmful
effects on health and work-related outcomes among office
workers [16-18]. However, this research has focused on the
traditional office environment, with a dearth of research
available on the use of digital interventions to reduce of
employees’ SB while working remotely or undertaking hybrid
work [19,20].

Multicomponent digital interventions that combine
environmental and organizational changes and provision of
information and counseling have been reported as more effective
than single-component interventions in reducing occupational
SB among office workers [16,21]. In addition, the grounding
of interventions in a theory of behavior change is key in the
success and behavior maintenance of multicomponent
interventions [22-24]. Given the limited evidence base on the
effectiveness of interventions targeting hybrid work, it is crucial
to develop multicomponent digital interventions grounded in
sound theory of behavior change to reduce occupational SB
among home office workers.

Objectives
To contribute to a successful implementation of an intervention
and, thereby, to its effectiveness, involving stakeholders such
as researchers, experts in the addressed topic, and the target
population in the development of interventions is necessary to
identify needs, priorities, and potential solutions [25]. A previous
qualitative study identified which factors influenced employees’
ability to reduce SB when working from home from the
employers’perspective, whereas additional qualitative evidence
identified the factors influencing the reduction in SB from the
employees’ perspective [26]. This study aimed to go beyond
the existing research gaps to incorporate expert opinions to gain
a complete picture of all stakeholders and reach consensus on
the feasibility of digital work strategies to reduce SB in a home
office context. Therefore, the aim of this study was to reach
expert consensus on the most feasible and usable digital work
strategies as a delivery method to reduce SB in a home office
context.

Methods

Design
A modified Delphi study was used to elicit a consensus from a
spectrum of experts in the field of occupational health. It is a
flexible approach combining quantitative and qualitative data.
Qualitative data can be collected before, after, or between Delphi
rounds [27,28]. This study encompassed 3 survey rounds and
subsequent web-based focus group sessions. This study is part
of the initial modeling of a multicomponent intervention and
of a larger European project (ie, the Click2Move program)
aimed at tackling the challenge of occupational sedentarism in
hybrid office workers.

This study was based on the recommendations of the Conducting
and Reporting Delphi Studies guidelines [29] and the COREQ
(Consolidated Criteria for Reporting Qualitative Research)
checklist [30].

Ethical Considerations
This project was approved by the Research Ethics Committee
of the University of Vic–Central University of Catalonia
(250/2023). This study was conducted in accordance with
relevant guidelines and regulations. The invitation email
contained general information about the study and a link with
further details of the participant information statement, including
assurances of anonymity and confidentiality and emphasizing
that participation was completely voluntary and participants
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could withdraw at any time without any consequences. In
compliance with ethical research practices, digital informed
consent was obtained from all participants before initiating the
survey. No incentives were provided to the participants for their
involvement.

Participants and Recruitment
International experts (N=57) identified as leading or established
researchers in the field of occupational health (with a specific
focus on modification of physical activity [PA] behavior in the
workplace), well-being, or computer- or desk-based jobs
specialists identified by the research team were invited via email
to participate. The experts were selected through a search of
published articles that identified highly active authors in the
field, whereas the job specialists were identified from
professional networks of the involved institutions. The exclusion
criterion was not being able to understand and communicate in
English.

To maximize participation in the Delphi survey, a reminder
email was sent within 1 week. After completing the 3 Delphi
rounds, participants who signed the informed consent form for

the Delphi study (29/57, 51%) were invited via email to
participate in a focus group.

Procedure

Delphi Survey

Overview

In total, 3 survey rounds were conducted using the LimeSurvey
software (LimeSurvey GmbH; Multimedia Appendix 1), which
were piloted by 4 members of the research team to ensure the
appropriateness of the questionnaire items, wording, and
functionality and identify any issues or gaps. No changes in
wording were made to the Delphi surveys. If participants agreed
to take part, they received an automatic email with the link to
the first survey. Participants had 10 days to complete each round
of the survey. Individual responses were anonymized, and all
participants were invited to complete the second and third rounds
of the survey regardless of their participation status in the
previous rounds. Attrition was prevented through a short period
between rounds and by providing feedback on study findings. A
summary of the entire Delphi process is provided in Figure 1.
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Figure 1. Delphi process. BIT: behavioral intervention technology.

Round 1

Round 1 was carried out between January 13 and 23, 2023.
Participants were provided with an explanation of the survey
and were asked to provide demographic information (ie, age,
gender, and employer organization). Two 9-point Likert scales
were used.

The first scale assessed participants’ opinions on the feasibility
of work strategies (n=36) for reducing SB when working from
home. The work strategies had been selected from a scoping
review of the vast majority of real-life PA strategies
implemented [31], a systematic review of effective digital
interventions to reduce SB [21], and 2 qualitative studies that
further explored the perceptions of managers and employees
on the factors influencing the ability of employees to reduce
their SB in a home office context [26]. The strategies were
classified based on the Behavior Change Wheel (ie,
environmental planning and service provision, 9/36, 25% of the
strategies; regulation, guidelines, and restriction, 15/36, 42%

of the strategies; and communication and social support, 12/36,
33% of the strategies) [32].

Participants were invited to score each work strategy. Scores
ranging between 1 and 3 suggested a lack of feasibility, scores
between 4 and 6 suggested neutral feasibility, and scores
between 7 and 9 suggested high feasibility. This scoring was
based on the 9-point Grading of Recommendations Assessment,
Development, and Evaluation methodology [33]. The feasibility
scores considered the 4 dimensions of feasibility: social validity
or acceptability, integration into the existing system, practicality,
and adaptability (Table 1) [34].

The second scale covered the potential usefulness of the
technology-based behavior change elements according to the
behavioral intervention technology (BIT) model (ie, messaging
and social support [n=6 elements], push notifications [n=5
elements], information delivery [n=9 elements], report and
visualization [n=4 elements], digital log [n=3 elements], and
passive data collection [n=7 elements]) [35]. Scoring was based
on the 9-point Grading of Recommendations Assessment,
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Development, and Evaluation scale divided into 3 categories:
not useful (1-3), neutral (4-6), and highly useful (7-9) [33].
Participants were also invited to provide additional items or

observations through an open-ended question for each strategy
or BIT element category.

Table 1. Feasibility dimensions for the strategies and the related research question for each dimension.

Research questionDimension

Is the strategy appropriate, reasonable, fair, and potentially effective for home-based work?Social validity or acceptability

To what extent are the strategies aligned with the infrastructure of home office settings?Integration into the existing system

Can the initiative be implemented using the available resources, time, training, and materials in home-
work offices?

Practicality

Is the initiative flexible enough to fit across the diverse needs of home office work?Adaptability

Round 2

Round 2 started on February 6, 2023, and finished on February
16, 2023. Work strategies from round 1 were ranked based on
the highly feasible scores for work strategies and highly useful
scores for BIT elements. A total of 35 work strategies (rather
than 36) were ranked in round 2 based on recommendations
from round 1 (a similar approach was implemented for work
strategies and BIT elements). In this second round, participants
were asked to place each work strategy in order of preference
considering the most feasible strategies to reduce SB when
working from home. The same procedure was followed for the
BIT elements. Additional items that appeared in the first survey
were scored based on the round 1 approach (ie, the 9-point
Likert scale).

Round 3

Round 3 was launched on February 17, 2023, and could be
answered until February 27, 2023. According to the preferred
order of the items ranked in round 2, participants were asked
to match the most useful BIT elements that could potentially
be used to implement each of the work strategies to reduce SB
when working from home. The work strategies included in this
round were those with a weight above the median.

Focus Groups
To explore in more depth the experts’ opinions and understand
their perspectives, focus groups took place.

Focus groups were conducted in English or Spanish by a
researcher (AC or IP-S) and a moderator (IP-S, JB-R, or
AMS-M) with previous experience facilitating focus groups.
The focus groups were held on the web using Microsoft Teams
in April 2023. The focus groups lasted a total of 60 minutes.
The size of the groups was small (4 participants on average)
due to scheduling difficulties and time zone differences among
countries.

A guide was developed based on the 3 Delphi rounds
(Multimedia Appendix 2). However, the researchers did not
follow it in full detail, using the freedom to explore thoughts
and ideas based on the responses from each group. First, there
was a brief welcome and introduction to explain the aim of the
focus group, obtain consent for the recording of the session,
and introduce each participant. The results of every Delphi
round were then shown. Subsequently, experts were asked about
what factors they thought made some strategies more feasible

than others considering the 4 dimensions (outlined in Table 1)
and what factors may enhance participation among the BIT
elements. The last element of the focus group covered the need
for any adaptation before the implementation of the strategies
in the hybrid work model. The focus groups were recorded,
transcribed verbatim, and translated into English if necessary
to be analyzed later.

Data Management and Analysis
Study uptake was calculated as the proportion of participants
who accessed the round 1 Delphi survey to that of all potential
participants identified. Retention rate referred to the proportion
of completed responses for each round and participation in the
focus groups. In round 1, responses to the Likert scale in the
highly feasible or highly useful category (score from 7 to 9)
were calculated. The median and mean absolute deviation from
the median (MAD-M) for each item were also reported to assess
the strength and extent of agreement. Medians of 7 to 9 were
defined as strong support, medians of 4 to 6 were defined as
moderate support, and medians of 1 to 3 were defined as no
support. The MAD-M describes the variation in the median
values [36]. In round 2, we calculated the weighted average
ranking for each item to determine the most highly ranked work
strategies and BIT elements for reducing SB among home office
workers. The respondents’most preferred choice had the largest
weight, and the least preferred choice had a weight of 1. For
achieving consensus, the order-weighted average process was
followed through the aggregation of the strategies evaluated in
the previous round to be validated in round 2 [37]. Items that
achieved consensus were those that were ranked with a weighted
average above the median. The additional items that emerged
from round 1 were assessed through a 9-point Likert scale in
round 2, and the median and MAD-M were calculated. In round
3, the matched items for each work strategy and BIT element
were reported, as well as the percentage of respondents.

The focus group analysis was conducted using the principles
of reflexive thematic analysis [38,39]. First, a researcher (IPS)
familiarized themselves with the data, reading and rereading
carefully each transcript to obtain a general impression of the
main opinion of the experts and identify repeated concepts.
Subsequently, according to the subjectivity of the researcher,
an initial open coding process was generated from interesting
features and relevant data searching for evidence for themes,
namely, patterns of shared meaning underpinned by a central
organizing concept. Reflexive thematic analysis was approached
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in an inductive, semantic, and realistic way. In other words, the
construction of codes and themes was directed by the content
of the data but not by a topic summary. Codes, concepts, and
the core category were recoded and relabeled if necessary after
each step until the codes provided the intended depth of the
insights. The analytic outputs obtained from the codes and
through the active engagement of the researcher with their data
were then conceptualized in potential themes and subthemes.
Finally, the themes were reviewed, defined, and named. At the
end of each step, data were shared with an experienced
supervisor (CV-C) for reflecting on how the data were initially
coded and consider things that might have been overlooked.
MAXQDA 2022 (VERBI GmbH) was used for the analysis.

To ensure a robust analytical process, we considered key aspects
of quality and rigor. The first aspect was reflexivity, which
involves critical reflection of researcher perspectives and its
integration within the analysis and interpretation of the data to
develop themes [40]. The study team comprised researchers
with expertise in PA and SB in the workplace who have
experienced working from home since before or after COVID-19
pandemic. IP-S, who carried out the analysis, is a Spanish
physiotherapist and osteopath PhD student who has been
working from home for 3 years; CV-C, the supervisor during
the analysis, is an experienced nutritionist with a background
in health promotion and qualitative research who has been
working from home since the COVID-19 pandemic. Second,
confirmability, the objectivity of the findings [41], was attained
through a critical friend approach whereby an experienced
supervisor reviewed interpretations and introduced alternative
perspectives, increasing objectivity and confirming the accuracy
of the findings. Third, dependability, the reliability and
consistency of the study [41], was attained through detailed
research procedures (ie, rigorous data collection techniques and
well-documented procedures and analyses). Credibility was
then built on the reflexivity and triangulation of the data,
incorporating more than one researcher in the analysis process
[42]. Furthermore, a critical friend approach was used whereby
an experienced qualitative researcher, CV-C, critically analyzed
the preliminary themes and ensured that the selected quotes
provided support for the themes developed. Finally,
transferability was enhanced through the transparent and detailed
descriptions of the participants and research process [42].

Results

Participant Characteristics
A total of 51% (29/57) of the invited experts expressed their
interest in participating in the study through the digital informed
consent form. Of these 29 participants, 27 (93%) completed the
first round, 25 (86%) completed the second round, and 19 (66%)
completed the third round. Of those 29 participants, 15 (52%)
joined the focus groups.

Most of the first-round Delphi respondents and focus group
participants identified as women (16/27, 59% and 8/15, 53%,
respectively), with 48% (13/27) of first-round respondents aged
between 36 and 45 years.

A wide variety of countries across Europe were represented.
However, non-European countries such as Australia (5/29, 17%
of the participants) were also represented.

Delphi Survey

Feasibility of Work Strategies

Round 1

Multimedia Appendix 3 shows the results of round 1, which
considered the 36 work strategies divided into 3 categories. A
total of 69% (25/36) of the work strategies were ranked as highly
feasible.

In total, 7 environmental planning and service provision work
strategies were rated as highly feasible with strong support.
Activity trackers (20/27, 74%; median 8, MAD-M 1.41);
workstation accessories (19/27, 70%; median 8, MAD-M 1.59);
and relocation of home office supplies such as the bin, printer,
or water source (19/27, 70%; median 8, MAD-M 1.30) were
the 3 work strategies considered as highly feasible for reducing
SB when working from home. Active workstations equipped
with treadmills were reported to be unfeasible (19/27, 70%;
median 2, MAD-M 1.48).

In total, 53% (8/15) of the work strategies regarding guidelines,
regulations, and restrictions were rated as highly feasible with
strong support. Self-monitoring of sedentary and activity
behaviors (20/27, 74%; median 8, MAD-M 1.30), substitution
of sedentary tasks (eg, reading, answering a phone call, or
participating in a videoconference) with standing or incidental
movements (20/27, 74%; median 7, MAD-M 1.37), and creating
an action plan (20/27, 74%; median 7, MAD-M 1.11) were the
most highly useful. The least feasible strategy was the locking
or blocking of the screen or keyboard for specific durations
(11/26, 42%; median 5, MAD-M 2.19).

Regarding the communication and social support work
strategies, feedback on activity progress and achievement of
goals (22/27, 81%; median 7, MAD-M 1.74); providing
information to increase awareness and knowledge (20/27, 74%;
median 8, MAD-M 1.37); and the provision of awards, rewards,
or incentives by the company to achieve goals (19/27, 70%;
median 7, MAD-M 1) were ranked as the most feasible for
reducing SB when working from home. Most of the work
strategies included in this category (10/12, 83%) were rated by
the respondents as highly feasible, and none of them were
considered unfeasible. No new items emerged from open-ended
questions.

Round 2

The ranking list of the work strategies with the weighted average
(range 14.6-0.48) is reported in Table 2. Most items reported
as highly feasible when working from home in round 1 (18/25,
72%) were scored above the median (3.64) in round 2, with the
exception of self-selected reminders (3.24); active breaks such
as stretching, walking, or strengthening exercises (2.36);
real-time records (2.32); high or height-adjustable chairs (1.96);
exercise accessories (1.52); and social networking for sharing
experiences (0.48).
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Table 2. Ranking of highly feasible work strategies (results of round 2).

Weighted average scoreStrategy

14.6Feedback on activity progress and goal achievement

13.04Create an action plan—increase standing breaks or replace sitting time, how long, how often, when, and how (eg, when
the phone rings)

13.04Standing while reading, answering phone calls, or conducting videoconferences

12.88Providing information to increase awareness and knowledge of the dangers associated with prolonged sedentary behavior
and the potential benefits of reducing it or breaking it up

10.76Self-monitoring sedentary and activity behaviors (ie, activity tracker or a diary log)

10.36Short breaks (5-10 min) approximately every 60 min of sitting time

8.6Scheduling (blocking) 5-10–min breaks between meetings on the calendar

8.04Information and support about the strategies and goals and reminders

7.24Setting tailored goals for reducing sitting time

7.12Activity demonstrations to perform during the breaks

6.92Height-adjustable desks or desk platforms

6.8Relocation of home office supplies (eg, bins and printers)

5.76Incidental moving while reading, answering phone calls, or conducting videoconferences

5.48Awards, rewards, or incentives to achieve goals or recommendations

4.6Standing desks

4.4Point-of-choice or point-of-decision prompts

4.24Workstation accessories (seated footrests, standing footrests, or sit-stand antifatigue mats for standing desks)

3.64Motivational messages from managers

3.48Wellness coaches supporting the employees during breaks

3.24Self-selected reminders to achieve goals

3.24Blocking the screen or keyboard for breaking up sitting time unless conducting a meeting

2.52Active workstation with underdesk stepper or pedaling device

2.48Short breaks (5-10 min) approximately every 30 min of sitting time

2.4Team or individual activity challenges

2.36Active breaks, such as stretching, walking, or performing strengthening exercises for ≥10 min

2.32Scheduling (blocking) snack breaks on the calendar

2.32Real-time records or feedback

2.04Active lunchtime, such as Pilates, yoga, walking, or cycling

1.96High chairs or height-adjustable chairs

1.68Social comparison

1.52Exercise accessories, such as rubber bands, wooden sticks, or mats

1.44Active workstation equipped with treadmill

1.36Short breaks (5-10 min) approximately every 40 min of sitting time

0.92Competition among peers

0.48Social networking for sharing experiences

Usefulness of BIT Elements

Round 1

Multimedia Appendix 4 shows the results of round 1 considering
the usefulness of the BIT elements divided into 5 categories.

In total, 33% (2/6) of the BIT elements from the messaging and
social support category were ranked as highly useful with strong
support: social challenge features (20/27, 74%; median 7,
MAD-M 1.22) and gamification (14/26, 54%; median 7,
MAD-M 1.78). None of the messaging and social support items
were considered not useful. Smartphone app and desktop
application interfaces were identified to be the 2 most useful
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BIT elements within the push notification category (12/27, 44%;
median 7; and MAD-M 1.41 for smartphone app interface and
15/27, 56%; median 7; and MAD-M 1.18 for desktop application
interface). The other 3 push notification elements were ranked
as highly useful or neutral with medians between 5 and 6,
indicating moderate support. A combination of different media
was the preferred item in the delivery of information category
(14/24, 58%; median 7, MAD-M 1.71), with the other elements
within the category receiving moderate support and being
considered neutrally or highly useful. A total of 15 new
combined digital items, such as videos and images, moving
images on websites, or reminders combined with social
challenges, emerged from open-ended responses to the
combination of media element in the information delivery
category. Blending was considered more useful than isolated
media. Real-time data (19/27, 70%; median 7, MAD-M 1.48)
and data summaries via the app interface (14/27, 52%; median
7, MAD-M 1.67) were considered the most useful in the report
and visualization category. The 2 remaining items (data
summaries via email or SMS text message and websites) were
ranked as neutral. The 3 most useful BIT elements to track
activity were wrist-based activity trackers (17/26, 65%; median
7, MAD-M 1.69) and using a mobile phone diary (17/27, 63%;
median 7, MAD-M 1.41) or smartphone sensors (13/26, 50%;
median 7, MAD-M 1.61). The only element considered as not
useful to track activity was waist-based activity trackers (10/26,
38%; median 5, MAD-M 1.85).

Round 2

Overall, BIT elements reported as highly useful to support work
strategies were ranked at the top in each category (Table 3). In
the messaging and social support category, items ranked above
the median score (2.52) coincided with highly useful items in
round 1 (ie, social challenge features and gamification), but
chats (eg, WhatsApp groups) were added to the top of the
ranking. SMS text messages were added to the 2 BIT elements
in the push notification category considered as highly useful in
round 1, which were scored above the median (2.00) in round
2. In addition to combination of media, videos, interfaces in
smartphone apps and desktop applications (same as in the push
notification category), images, and websites were among the
items scored above the median (3.24) in the information delivery
category. The new items that emerged from the open-ended
responses in round 1, specifying potential combinations of media
for information delivery described as highly useful, were a
combination of mobile phone apps and desktop applications; a
combination of personalized messages, reminders, and social
challenges; a combination of videos, text, and images within
an interactive website; and a combination of a mobile app with
social media (Table 4). In the report and visualization category,
the 2 items ranked as highly useful in round 1 remained above
the median (2.32) in round 2. The median of the BIT elements
to track activity was 3.56. In round 2, a total of 2 more items
were added as highly useful to the 3 identified in round 1:
leg-based activity tracker and computer software. In total, 17
BIT elements were considered highly useful in round 2.
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Table 3. Ranking of highly usable behavioral intervention technology (BIT) elements (results of round 2).

Weighted average scores (SD)BIT element to communicate information

Messaging and social support

5.16Social challenge features (cooperative activities, eg, reach 10,000 steps among all members of the department)

4.48Gamification features (competition among colleagues)

3.28Chats (eg, WhatsApp groups)

1.76Emails

1.4Calls

1.64Forums

Push notifications

4App interface—text and sound and vibration in smartphones

3.08Application interface—computer screen notification in desktop computers

2SMS text messages

1.64Chats

1.52Emails

Information delivery

7.6Combination of media

6Videos

4.44App interface—smartphones

4.36Images

3.24Application interface—desktops

3.24Websites

3.16Emails

2.36SMS text messages

1.44Audios

Report and visualization

2.96Real-time data via app interface

2.84Data summary via app interface

1.8Data summary via email or SMS text message

1.24Data summary via website

BIT elements to track activity

7.72Mobile phone diary (manual entry)

3.52Web-based questionnaire (manual entry)

1.6Computer software diary (manual entry)

Passive data collection

8.6Wrist-based activity tracker

3.64Leg-based activity tracker

3.6Smartphone sensors

3.6Computer software

3.28Waist-based activity tracker

3.08Electronic workstation

2.04Cushions on chairs
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Table 4. Results for the new items from round 1 scored in round 2—behavioral intervention technology (BIT) elements.

Median

(MAD-Ma)

Level of usefulness, n (%)New BIT element

Highly usefulNeutrally usefulNot useful

Score of
9

Score of
8

Score of
7

Score of
6

Score of
5

Score of
4

Score of
3

Score of
2

Score of
1

6 (1.48)1 (4)6 (26)5 (22)6 (26)0 (0)2 (9)2 (9)1 (4)0 (0)Mixture of videos, information, and im-
ages within an interactive website (n=23)

7 (1.30)2 (9)4 (17)10 (43)1 (4)2 (9)0 (0)3 (13)1 (4)0 (0)App and social media (n=23)

6 (1.17)0 (0)1 (4)12 (52)3 (13)4 (17)1 (4)1 (4)1 (4)0 (0)Videos and images (n=23)

6 (1.48)3 (13)3 (13)2 (9)6 (26)4 (17)1 (4)2 (9)0 (0)0 (0)Audio and video combination with an
explanation (educational purposes; n=23)

5 (1.41)0 (0)1 (5)3 (14)7 (32)4 (18)2 (9)3 (14)1 (5)1 (5)Moving images on a website (n=22)

6.5 (1.39)1 (5)7 (32)6 (27)3 (14)3 (14)0 (0)1 (5)0 (0)1 (5)Smartphone and desktop with website
or app for background information
(n=22)

7 (0.91)5 (23)5 (23)8 (36)3 (14)1 (5)0 (0)0 (0)0 (0)0 (0)Personalized messages and app (n=22)

7 (1.27)3 (14)8 (36)4 (18)4 (18)1 (5)0 (0)2 (9)0 (0)0 (0)Reminders combined with an app (n=22)

7 (1.29)5 (24)6 (29)4 (19)3 (14)2 (10)0 (0)1 (5)0 (0)0 (0)Reminders combined with social chal-
lenges (n=21)

5 (1.67)1 (5)3 (14)2 (10)6 (29)2 (10)5 (24)0 (0)1 (5)1 (5)Forum for general information and
smartphone messages (eg, SMS text
messages) for specific tailored informa-
tion (n=21)

5.5 (1.67)2 (10)4 (19)1 (5)6 (29)4 (19)1 (5)1 (5)1 (5)1 (5)Forum for general information and app
for specific tailored information (n=21)

5 (1.71)0 (0)2 (10)4 (19)5 (24)3 (14)2 (10)2 (10)1 (5)2 (10)Forum for general information and email
for specific tailored information (n=21)

4.5 (1.65)0 (0)3 (13)4 (17)5 (22)3 (13)4 (17)3 (13)1 (4)0 (0)Website for general information and
smartphone messages (eg, SMS text
messages) for specific tailored informa-
tion (n=23)

4.5 (1.52)1 (4)1 (4)3 (13)5 (22)5 (22)4 (17)2 (9)2 (9)0 (0)Website for general information and
email for specific tailored information
(n=23)

5 (1.43)1 (4)3 (13)3 (13)6 (26)6 (26)1 (4)2 (9)1 (4)0 (0)Website for general information and app
for specific tailored information (n=23)

aMAD-M: mean absolute deviation from the median.

Round 3
After the description of the priorities of the expert panel, the
BIT elements that were considered most suitable for
implementing each of the work strategies are shown in
Multimedia Appendix 5, including the 18 highly feasible work
strategies and 16 rather than 17 highly useful BIT elements
because social challenge features were considered within the
gamification features in round 3.

The use of wrist-based activity trackers was identified as useful
by 63% (12/19) of respondents for self-monitoring sedentary
and activity behaviors. Using a computer software was
considered useful to schedule 5- to 10-minute breaks between
meetings (9/19, 47%), whereas a desktop application interface
was considered useful to support strategies such as short breaks
every 60 minutes of sitting time (6/19, 32%). Videos were

described to be useful when delivering activity demonstrations
to perform during the sitting breaks (9/19, 47%). Other BIT
elements identified were gamification features, such as social
challenges, which are used for providing awards and rewards
and offering incentives (8/19, 42%). However, setting tailored
goals (8/19, 42%); creating an action plan (6/19, 32%); standing
while reading, answering calls, or conducting videoconferences
(6/19, 32%); providing feedback on activity progress (4/19,
21%); and motivational messages (4/19, 21%) were mainly
recognized to be best delivered through a smartphone app.
Providing information and support was considered to be best
delivered through a combination of media or a smartphone app
(5/19, 26% each). Combination of media was also chosen by
most of the respondents as the most useful mode for providing
information to increase awareness and knowledge (5/19, 26%)
and for promoting incidental movement (3/19, 16%).
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Environmental strategies such as height-adjustable desks (11/19,
58%), relocation of home office supplies (5/19, 26%), standing
desks (9/19, 47%), and workstation accessories (9/19, 47%) did
not correspond with any BIT elements according to most of the
respondents. For point-of-choice or point-of-decision prompts,
there were no corresponding BIT elements to support their
implementation according to most of the respondents for this
strategy (4/19, 21% of the sample), although 16% (3/19)
considered that this strategy could be delivered via computer
software.

Focus Groups

Overview
A total of 2 indicative themes were generated from the analysis
of the focus groups regarding the experts’perceptions in relation
to the Delphi results on the potential feasibility and usefulness
of strategies and digital elements to reduce SB in a home office
context. The first theme referred to the integration of the digital
strategies for reducing SB when working from home, which
included 3 subthemes: social influences, physical environment,
and individual factors. The second theme was related to the
adaptability of the strategies to reduce SB in the office and home
context.

Theme 1: Integration of the Digital Strategies for
Reducing SB When Working From Home

Overview

This theme involves the importance of combining multiple
levels of strategies to facilitate and maximize the strategies’
implementation and their effectiveness in reducing SB when
working from home. According to the experts, while
organizational-level factors such as organizational support or
policy changes may not be immediately feasible on their own,
they are essential for achieving sustainable change. The same
was considered true for information provision—it alone is not
enough to motivate behavior change, although it is an important
factor at the individual level to increase individuals’knowledge.
In addition, environmental changes are required to promote less
sitting and more movement during working hours. Therefore,
experts highlighted that the following implementation levels
need to work in tandem to achieve sustainable behavior change.

Social Support

Experts explained the need for the company to support the
culture of active and healthy workplaces to motivate the
employees’ behavior change. Social support may be achieved
by aligning the company policies and culture with the support
of the manager (eg, motivational messages) to be able to increase
the integration of digital strategies for reducing SB when
working from home:

[I]t is based on what the management or the
philosophy of the company or the company policy
wants to refer to their workers. If those at the top are
not proactive in...the chain, it will decrease. [E13;
focus group 4; paragraph 43]

While the target behavior is contextualized within the domain
of working from home, participants identified interaction with
colleagues as a relevant factor to motivate employees toward

behavior change. For example, social modeling may motivate
home office workers to reduce their SB by sharing activities
around the sitting time breaks. However, social interaction can
be perceived negatively if a competition component is present
in the strategies. This may be due to competing against people
whom they do not know or due to the bottom position of some
workers during the challenges. Therefore, cooperative challenges
may be the solution, in which every worker contributes to the
challenge without a competition element:

[W]hen people find themselves in an environment
where they’ve got to adapt behaviourally, seeing what
can be done and observing how others might do it,
can be quite powerful...we are social animals, monkey
see, monkey do and that social modelling element to
me jumps out as really quite important and not to be
lost. [E01; focus group 1; paragraph 44]

Physical Environment

The home office context was seen by some participants as a
limiting factor in engaging in sufficient PA during work hours
due to the reduced space compared to the office context. For
example, having (normally) no more than 1 floor at home,
implying the use of stairs, or the lack of large spaces for walking
are barriers to be active while working at home. Although
applying physical changes such as standing desks may be a
solution to break up sitting time at work, it appears to be a less
feasible strategy in the home office context due to the expensive
cost for the companies:

I’m a big advocate of standing desks, standing
workstations in terms of being effective but I
appreciate that in this situation it’s probably not
feasible for them to be incorporated in the
home-office. [E10; focus group 3; paragraph 7]

Nevertheless, experts highlighted the importance of combining
these environmental changes with prompts or reminders for the
success of the behavior change integration when working from
home. Regarding point-of-decision prompts, experts highlighted
that mobile phone notifications were more feasible for reducing
SB than desktop notifications because they cause less
disturbance:

[W]hen we moved into our new offices a few years
ago, we all got standing desks and just observing...I
don’t see anybody using. So, if there’s something for
me in there about prompting/reminders, do you
know?... So, I think the prompting is really important.
[E011; focus group 3; paragraph 11]

Individual Factors

Experts mentioned the difference in literacy between PA and
sitting time, believing that workers may understand the term
PA more easily than the term sitting time. This may be due to
the lack of knowledge on the importance of reducing sitting
time behaviors, which could be perceived as a barrier when only
reporting sitting time feedback. Therefore, educational material
or information, one of the highlighted strategies to be used
together with social support and physical environment strategies
to achieve SB reduction when working from home, delivered
through a combination of media (ie, smartphone, desktop, and

JMIR Hum Factors 2025 | vol. 12 | e59405 | p.3833https://humanfactors.jmir.org/2025/1/e59405
(page number not for citation purposes)

Parés-Salomón et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


websites), was considered the most adaptative medium to
increase the employees’ knowledge. Experts emphasized that
the information delivered must be simple and short, especially
with the use of videos:

I think the combination of media is probably the way
forward because I guess different organisations will
also have different ways of rolling out information. I
know a lot of companies nowadays that they all have
their own company app, and they do a lot of
communication via their app that all their employees
have access to. [E10; focus group 3; paragraph 42]

Furthermore, feedback on the respondents’ own behavior was
identified as a key strategy to motivate individuals and achieve
behavior change. The best frequency at which to deliver
feedback could be in real time as this adapts to each individual’s
schedule. However, a daily summary feedback approach was
also considered helpful in combination with real-time feedback:

For the summary—daily maybe? But I probably go
for the combination of the two, so you probably have
some sort of summary data to share with them but
still, it’s nice to see at the moment what you did. [E05;
focus group 2; paragraph 67]

Theme 2: Adaptation to the Home Office Environment
This theme refers to the flexibility of the strategies to fit the
diverse needs of hybrid work. All the experts mentioned the
capacity of the strategies to be adapted to all environments
without the need to be changed to fit in the home or office
context:

I think you want to have the same or approach or
whatever you use for say, remote working, I would
also use for hybrid working because I guess a lot of
strategies are going to be the same...So, I think you
could maybe just replicate or duplicate what you’re
doing here for the hybrid workers. [E10; focus group
3; paragraph 64]

However, some strategies need to be adapted to each individual
depending on the type of work they perform. For example,
walking while on a call may be a good strategy for a call center,
but it might not work in another type of job. Therefore, it is
valuable to provide different strategies to allow everyone to
choose their preferred one to change their behavior:

[D]ifferent populations need a different approach,
right? So very much dependent on the type of work
that people are doing, you’re going to have to
approach them differently. So, the task set is going
to help determine what options you actually have to
still do your work but would be doing it sitting down
all the time. [E05; focus group 2; paragraph 29]

Therefore, experts highlighted the importance of providing a
list of strategies that can be adapted to employees’ needs for
reducing sitting and moving more during their working hours:

So instead, you look towards providing a menu of
strategies that you know are effective or have at least
been shown to be feasible and acceptable and not
shown to have any harm and you know, have benefits

maybe in terms of cultural elements of it and that a
lot of those would be applicable for the home
environment but would also be applicable obviously
for the workplace environment. [E02; focus group 1;
paragraph 65]

Summary
In general, no dissonance was found among the responses of
the different experts. Strategies such as feedback, social
modeling, breaks every hour, prompts via mobile phone every
hour, educational material, and organizational support (eg,
motivational messages) were the most discussed and considered
the most feasible. Other strategies such as physical changes (ie,
height-adjustable desks) were considered unfeasible despite
being ranked higher in the Delphi rounds. Finally, although
certain strategies such as the creation of an action plan, standing
while reading and answering calls, blocking 5 to 10 minutes
between meetings, or setting tailored goals for reducing sitting
time obtained high scores in the Delphi rounds, these topics
were discussed less among the experts during the focus groups.

Discussion

Principal Findings
This study achieved international expert consensus on 18
potentially feasible work strategies to reduce home office SB
delivered through 16 potentially useful digital elements. These
results seem to be transferable to both office and home settings
based on experts’ responses. Moreover, the experts highlighted
the importance of multiple factors (ie, social, individual, and
environmental) working in tandem to facilitate and maximize
the strategies’ implementation, as well as to achieve behavior
change.

Comparison With Prior Work
Wrist-based activity trackers were identified by most of the
experts (12/19, 63%) as useful for self-monitoring activity and
SB. Previous research has highlighted the feasibility and
usability of these devices for self-monitoring SB as well as
workers’ acceptability of these approaches in the office context
[43,44]. In addition, these strategies have demonstrated
effectiveness in reducing SB in such settings [44]. Some studies
have highlighted limitations in recognition of postures and step
detection when using wrist-based devices compared to leg-based
devices [45-48]. However, few experts considered leg-based
activity trackers for self-monitoring activity and SB due to the
discomfort they may cause. This suggests that future
interventions incorporating activity trackers with the aim of
reducing SB should first validate the devices for their subsequent
implementation and effectiveness evaluation in home office
settings.

In the literature, computer visual feedback on activity patterns
is considered to be an enabling factor for increasing motivation
and awareness among office workers [49]. However, experts
preferred smartphone apps as they are able to provide real-time
feedback on activity progress. In addition, feedback may be an
indication of progression toward a defined goal [43]. In this
study, experts stated that smartphone apps could be a useful
tool for setting tailored goals. Evidence has demonstrated the
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effectiveness of smartphone apps in reducing SB and promoting
PA in office settings [16]. Hence, smartphone apps may be a
potential mode of delivery for setting tailored goals and
providing feedback on the move, which should be evaluated in
future home office environment interventions.

Previous research has demonstrated that short activity breaks
(ie, walking) every 30 minutes result in reductions in office SB
time [50] but also in reductions in fatigue and improvements in
energy and mood [51]. However, in this study, experts
considered breaks every 60 minutes more feasible. According
to recent literature, a possible explanation may be related to the
fact that workload and time pressure were identified by
employees as the most common barriers for reducing and
breaking up SB [52], making it difficult to stop more frequently.
Moreover, replacing SB with active working tasks (eg, incidental
moving while reading and answering calls) may overcome these
barriers [49]. Working remotely increases opportunities to
perform active tasks or even other light-intensity PA that may
increase the potential benefits of reducing SB and its harmful
health effects among office workers [9,10,53]. Experts reflected
on the importance of providing clear instructions and modeling
through video demonstrations as a key digital element to
enhance active breaks among employees when working from
home. This may have implications for future studies evaluating
the most effective active break duration through video
demonstrations and the implications of these breaks regarding
SB time and its health effects in home office contexts.

On the basis of experts’ responses, there is a literacy gap
between the terms PA and SB, with activity trackers largely
focused on PA instead of SB [52]. Therefore, educational
material may be a key aspect to increase knowledge for behavior
change and reduce the lack of understanding of SB and its
subsequent health implications, which was highlighted by
experts. Educational material is an essential and effective
strategy for workers to increase awareness of SB’s health
consequences [52,54]. In our findings, a combination of media
was preferred to deliver information to increase awareness and
knowledge. Therefore, it is recommended that future studies
include educational material to increase knowledge and
awareness among home office workers.

Despite the relevance of knowledge and awareness to achieve
behavior change, social and organizational support is a factor
noted by workers in the current literature for facilitating and
encouraging movement in the workplace [55-57], as well as by
managers in the home office setting [26]. Home office work is
more related to negative emotions than office work due to the
isolation and loneliness; therefore, social support is even more
important in this context [58]. Gamification features, including
social challenges, were identified as a useful digital element to
deliver strategies such as awards, rewards, or incentives to
achieve goals or recommendations for reducing SB among home
office workers. This strategy could provide social support and
motivation. Motivational messages from managers are also an
organizational support strategy, which experts suggest could
be delivered through smartphone apps. Thus, future studies
should evaluate the acceptability of these social and
organizational strategies among both managers and employees,
as well as their effectiveness in the home office context.

Environmental work strategies such as standing desks,
height-adjustable desks, or workstation accessories were mostly
not matched with any digital element. Moreover, experts
recognized work strategies such as height-adjustable desks as
unfeasible in the home office environment, primarily due to the
associated costs. Recent evidence has demonstrated the high
cost of such desks (eg, standing desks or height-adjustable
desks) compared with nondesk interventions [59]. Workstation
accessories (eg, desk platforms) or relocation of office supplies
are less expensive strategies [60] that were deemed more feasible
and usable by experts and may be implemented in home office
settings. Therefore, home office interventions may include
environmental work strategies in a similar way to office
interventions but with a lower associated cost.

On the basis of the findings presented in this paper, physical
environmental strategies need to work in tandem with social
support and individual strategies to achieve behavior change.
A recent systematic review showed that theory-based
interventions, a relevant step in multicomponent intervention
development [25], that include social, physical, and individual
elements are more effective than non–theory-based interventions
[21]. Furthermore, stakeholder engagement (eg, consultation
or coproduction among researchers, experts on the topic, and
the target population) should be encouraged throughout the
development process [25]. Recent studies have highlighted the
need for a top-down approach whereby managers should provide
support to employers [26]; hence, the implementation of
strategies should be an organizational initiative. Although
evaluating effectiveness on outcomes has traditionally been the
primary focus of interventions in this discipline, in particular
to encourage their adoption in the real world, the feasibility,
acceptability, cost-effectiveness, and scalability of interventions
is increasingly important to ensure the translation of findings
from research to practice [25,61]. This study provides new
insights for future research on the design of home office
interventions aimed at reducing SB based on the learned
experiences of occupational health experts. However, we were
not able to cover the entire audience’s perspective, so new
qualitative studies exploring the perspectives of different
stakeholders (eg, end users) may further inform about the
feasibility and usability of digital workplace strategies.

In addition, experts considered that no adaptations would be
needed to transfer these home office strategies to hybrid work,
the current modus operandi for many desk-based workers.
However, the experts who participated in this study were mainly
from high-income countries; therefore, such perceptions may
vary among people from other regions. Hybrid work presents
opportunities for promoting PA by providing flexibility to
integrate occupational, leisure, lifestyle, and incidental activities
[9] but also for improving health and well-being [62]. Hence,
the results of this study may be transferable to hybrid work in
high-income countries, whereas hybrid work should receive
greater consideration in future interventions given cultural
variability.

Strengths and Limitations
The main strength of this study is the novelty of the home office
context to deliver strategies for reducing SB through digital
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elements. The fact that focus groups were conducted after a
Delphi study enabled us to elicit additional views and opinions
on the Delphi results from the experts’ perspectives,
consolidating the consensus. Nevertheless, we did not share the
analytical categories, interpretations, or conclusions from the
thematic analysis with the experts, which may affect the
analysis’s credibility. The entire study was conducted in a
rigorous manner, with high participant response rates and
representation from international experts. However, some
strategies may have been overlooked due to the nonsystematic
search approaches used, and most of the international experts
were from high-income countries, limiting the applicability of
these findings to those communities. Some other limitations
were present in the study. First, despite the rigor in the
methodology used to engage experts, not all responses were
complete, meaning that data were sometimes missing from some

questions. Second, as is the case in any Delphi survey, the data
gathered were based on subjective opinion and the expertise of
the participants. Third, experts acted as representatives of the
stakeholders; thus, the inclusion of other stakeholders such as
end users would also have been important to address other, more
diverse perspectives.

Conclusions
This study presents the consensus of international experts on
feasible work strategies and useful digital elements as a mode
of delivery of these work strategies to support the reduction in
SB in home office or hybrid contexts. Consensus was achieved
on 18 work strategies and 16 BIT elements. Future interventions
should implement and evaluate the effectiveness of these
strategies but also their feasibility and acceptability in home
office settings.
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Abstract

Background: Chronic insomnia, or insomnia disorder, is a major health issue with a prevalence of up to 15%. The recommended
first-line treatment is cognitive behavioral therapy for insomnia (CBT-i), which, unfortunately, remains insufficiently accessible.
Digitalization has the potential to reduce health care access inequalities by offering more flexible and accessible care options.
Digital CBT-i (dCBT-i) has been shown to be as effective as in-person CBT-i, highlighting its potential for broader implementation.

Objective: This study aimed to develop an evidence-based dCBT-i program grounded in theoretical and clinical knowledge,
designed for efficient integration into health care systems, and to establish it as the first prescribed digital treatment in France.

Methods: The program was constructed based on validated CBT-i theory and practice, incorporating the latest scientific data
on CBT for insomnia. It was designed as a robust multicomponent therapy, integrating an initial standardized assessment and
daily intelligent adaptation to enable digital phenotyping and provide personalized treatment.

Results: We developed an innovative digital solution that combines scientific rigor with practical application. The program
includes a standardized initial evaluation and dynamic personalization through intelligent algorithms. These features allow for
the adaptation of therapy based on patient progress and needs, ensuring individualized care.

Conclusions: The development of this dCBT-i program represents a significant milestone in digital health care, offering a
scalable solution to the accessibility challenges of traditional CBT-i. Future steps involve conducting clinical studies to further
evaluate its effectiveness and optimize its implementation within health care systems.

(JMIR Hum Factors 2025;12:e70193)   doi:10.2196/70193
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Introduction

Insomnia is a major health complaint, with a prevalence up to
50% in primary care patients undergoing current treatment for
either independent insomnia or insomnia comorbid with another
disease, posing a risk of worsening comorbid medical conditions
without addressing insomnia [1]. Chronic insomnia, or insomnia
disorder, has an estimated prevalence of approximately 9% to
15% based on criteria from the Diagnostic and Statistical Manual
of Mental Disorders (Fourth Edition; DSM-IV) and the
International Classification of Sleep Disorders [2]. Moreover,
insomnia affects 85% of patients with a mood disorder during
depressive phases, and more than one-half of the patients will
retain insomnia symptoms after remission [3,4]. Insomnia
disorder is defined by sleep dissatisfaction for at least 3 months
and 3 nights per week despite adequate opportunity for sleep,
with difficulty initiating sleep, maintaining sleep continuity,
early morning awakening, or poor sleep quality and with
daytime dysfunction and significant impairment in areas of
functioning [5,6].

The latest European Insomnia Guideline suggests that cognitive
behavioral therapy for insomnia (CBT-i) is the reference and
first-line treatment for insomnia disorder, with sustained
improvements over time [7], and multicomponent CBT-i is
strongly recommended [8]. Another important aspect of recent
research involves distinguishing between response and remission
rates. Response is typically defined as a significant reduction
in Insomnia Severity Index (ISI) scores, while remission is
generally defined as achieving a final ISI score ≤7. Studies have
shown that 70% to 80% of patients respond positively to CBT-I,
with about 50% of patients showing a clinically meaningful
reduction of symptoms, while remission was attained by
approximately 40% of patients receiving CBT-i and outcomes
were often improved at the 6-month follow-up for both response
and remission [7,9-12]. In addition, patients who do not respond
well to CBT-i often have insomnia associated with a mood
disorder and with insomnia complaints often masking
disruptions in the biological clock or a state of “hyperarousal”
[1,7,13]. However, CBT-i has been shown to be effective in
treating insomnia comorbid with a mood disorder [14] and to
also have an effect on psychiatric symptoms comorbid with
insomnia disorder [15,16], and mindfulness techniques (often
integrated into the emotional regulation component of CBT-i)
were found to reduce hyperarousal [17-20].

CBT-i has largely been proven effective but is not sufficiently
accessible as they are too few CBT-i therapists available and
the treatment can be expensive [7,21-24]. Digital CBT-i
(dCBT-i) could make treatment more accessible. Digitalization
of CBT-i was first proposed in the 1990s, and the first proposal
to introduce dCBT-i into the health care system as a preliminary
step before in-person orientation was made in 2009 [25]. There
are now numerous programs with proven efficacy and
technological advances that allow for adaptation and
personalization of content, while some obstacles still reside,
including patient adherence and the perception of
individualization [21-24,26-28]. Some programs are fully
automated, while others are guided (mixing human and digital
interaction) or only used as a tool to support in-person care [29].

To make CBT-i more accessible, fully automated treatments
seem to be more relevant, but they are considered less engaging
and associated with poorer adherence. The latest technological
advances, encouragement for therapeutic adherence, and digital
phenotyping to create a sense of treatment personalization
should allow innovative, fully automated programs to be as
engaging as in-person care [21-24,26-28,30]. dCBT-i has already
been proven effective at reducing insomnia severity, with many
studies reporting significant reductions in ISI [31] scores after
treatment compared with control groups. For instance, a study
reported an average difference in ISI score of 7.6 points, while
a meta-analysis of 33 randomized controlled trials (RCTs) found
a mean difference of 5.0 points between treatment and control
groups [32,33]. dCBT-i was also found to have a significant
effect on quality of life and cognitive functions, and efficacy
was also demonstrated for mild insomnia or insomnia comorbid
to a mood disorder [34-38]. dCBT-i was also found to have a
reducing and protective effect on comorbid psychiatric
symptoms [39-44] and a preventive effect on sleep disturbances
after a stressor such as during the COVID-19 pandemic [45].

Digital interventions could significantly reduce access
inequalities by introducing less stigma, being more flexible,
and being less expensive for the patient than in-person therapy
[23,34,46]. dCBT-i could then be a perfect solution to the
challenge of access, as it was proven to have the same efficacy
as in-person CBT-i. As highlighted in a recent meta-analysis,
dCBT-i may be a viable alternative when in-person care is not
available [47]. However, some issues still remain. First, many
interventions exist, but less than 15% of the available “care
apps” are based on strong theoretical models [23,48]. Second,
adherence is an important challenge with this type of care, as
less than 30% of users participate in digital programs in their
entirety [30,49,50]. Finally, evidence-based, valid programs are
not always made available to the public, as they must be
implemented in the health care system [51].

In this context, our goal was to describe the 2-year development
of an evidence-based digital program that could retain CBT-i
efficacy while being accessible, engaging, and ready to be
implemented in the French health care system, as already
accomplished in other countries [52,53]. We further sought to
develop an innovative digital solution grounded in the latest
scientific data on CBT-i, with a robust multicomponent therapy
approach. This solution integrates an initial standardized
assessment and daily intelligent adaptation, where digital
phenotyping and algorithms adjust the treatment based on daily
monitoring of the patients’ behaviors, optimizing the treatment
in real time and providing personalized solutions. This
cutting-edge treatment is grounded in the latest scientific data
and uses technological tools to offer individualized and evolving
treatment based on a robust standardized assessment of the
patients’sleep complaints. Furthermore, algorithmic possibilities
and artificial intelligence (AI) should allow the treatment to
evolve continuously and adapt to the changes in the patients’
daily lives, making the treatment even more patient-centered
and tailored to its specific needs than most traditional CBT-i
protocols.
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Methods

Program Overview
We developed a digital program tailored for French patients
diagnosed with insomnia disorder by their medical practitioner,
integrating data from the evidence-based CBT-i literature, user
research, and clinical expertise. The development process
followed the latest guidelines provided by various authors
specializing in digital intervention issues and the treatment of
insomnia disorder [7,8]. To make the app useful and safe, we
followed the ASPECTS (Actionable, Secure, Professional,
Evidence-based, Customizable, Transparent) guidelines and the
various steps used in evaluating an app [54].

Our method should allow prescribers to integrate into their care
useful data and information about their patient from our
intervention such as a sleep diary and daily patient habits.

The French guidelines for safety and privacy were followed,
and the data will be secured and protected according to those
guidelines.

Various experts (eg, legal advisors, scientific and medical
professionals, sleep practitioners, psychologist specializing in
CBT-i, digital and user experience design specialists) whose
credibility and capability were assessed were included in the
process.

We conducted a deep literature review, and the entire program
was based on CBT-i as described in the literature. In addition,
dCBT-i is already evidence-based [7].

The program is flexible and adaptable to its users, and the app
should be easy enough to be engaging, which will be determined
though user research and planned studies. The program provides
transparency to users about how it works and collects data.
Electronic sessions (e-sessions) mimic real-life CBT-i
consultations where the patient is introduced to fundamental
tools and information, and every recommendation is explained
well to the patient in order to develop good treatment adherence.

The program was built according to known psychological
models of change in order to “reflect the psychological
chronology of the change process” [55].

Finally, the program is personalized for each patient using
numerous tests and algorithms, which define a tailored treatment
pathway for the patient's insomnia.

The digital medical device Noxxea will undergo clinical
validation to demonstrate its effectiveness and safety of use
with patients with insomnia. The method incorporates traditional
pillars of insomnia management through several e-sessions
designed to replicate the interaction between a psychologist and
a patient (Figure 1).

Figure 1. Key components of the digital insomnia treatment program. AI: artificial intelligence; CBT-i: cognitive behavioral therapy for insomnia;
e-session: electronic session.
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The first e-session involves identification of the patient’s
insomnia characteristics and initial sleep assessments, based on
the requirements of an in-person clinical evaluation and
traditional theoretical models of insomnia [7,56].
Implementation of functional analysis involves personalization
of a 28-day treatment based on this analysis and defining the
patient’s therapeutic goals. The algorithm was based on CBT-i
specialists’ experience with real-life patients and sleep
complaints.

Daily monitoring via the sleep diary includes use of the sleep
and wake diary. The diary tracks the evolution of sleep and
fatigue, including objective characteristics of insomnia and
subjective information about the quality of nights and days.

Sleep hygiene rules include behavioral recommendations to
improve and maintain sleep quality.

Sleep psychoeducation helps to understand the mechanisms of
insomnia and sleep. This is a crucial phase for treatment, aimed
at correcting erroneous beliefs about sleep. The latest
information is delivered by an AI-generated avatar in videos
with relevant figures and visual support.

The second e-session (after 14 days) is the mid-treatment
assessment, which evaluates the first 14 days of treatment. The
behavioral prescription introduces new behavioral strategies
via a unique algorithm that analyzes 14 days of data for each
patient, thus offering a tailored recommendation for every
unique person.

The third e-session (after 21 days) involves cognitive and
emotional restructuring. Although this approach is quite rare in
digital formats today, it remains essential for CBT-i. Thought
management was finally made possible in dCBT-i through a
specific module based on Beck’s cognitive restructuring
techniques [57]. It enables patients to understand cognitive
biases and dysfunctional thoughts, identify automatic thoughts
related to sleep, and learn to respond to them with appropriate
alternatives. Another module offers exercises on relaxation and
mindfulness techniques to reduce hyperarousal.

The final assessment (after 28 days) evaluates achieved goals,
including an analysis of sleep data to measure progress.

To ensure adherence to treatment, a reward system was
developed based on 2 axes: improvement of sleep parameters
and adherence to entering the agenda and e-sessions in the app.

Regarding reinforcement and digital phenotyping, throughout
the treatment, the patient receives reinforcement through a
specific program providing information on sleep progress, thus
facilitating engagement. An essential aspect of the app is the
use of digital phenotyping, which identifies parameters from
the patient’s phone use and proposes corrective actions
accordingly.

The inclusion of digital phenotyping is a key element of the
method that allows for further adaptation and personalization
of treatment and makes it as close to in-person care as possible.
In 1982, evolutionary biologist Richard Dawkins highlighted
the arbitrary nature of many phenotypic delineations and
introduced the concept of the “extended phenotype” [58]. This
concept suggests that phenotypes should include all effects a

gene has on its environment, not just biological processes like
protein biosynthesis or tissue growth. Both animals and humans
modify their surroundings, and these modifications, along with
associated behaviors, are expressions of their genomes, forming
part of their extended phenotype. Dawkins used the
dam-building behavior of beavers as an example of an extended
phenotype. With the increasing integration of personal
technology into human lives, a novel concept called digital
phenotyping was introduced in 2015 by Jain et al [59] and
further developed by Torous et al [23,60,61] in psychiatry.
Digital phenotyping involves real-time collection of data and
markers of human behavior to identify the “digital signature of
a pathology.” It assumes behaviors can be quantified through
data from connected tools like smartphones, digital sensors, and
wearable devices to derive an “e-semiology” [62]. Two types
of data are considered. “Passive” data are automatically collected
in real time without user input, using tools like accelerometers
and GPS to detect psychomotor retardation or motor agitation.
Deviations in GPS coordinates from typical travel patterns, such
as reduced activity, increased time spent at home, or chaotic
journeys to unusual locations, may indicate pathological
behaviors. Mobile phone–based sensing software measures heart
rate, heart rate variability, galvanic skin conductance, and blood
pressure, which are regarded as potential biomarkers of certain
psychiatric conditions. Supplementing this with “active” data
is essential, as metrics like screen time, number of calls, and
usage hours provide valuable indicators of psychosocial
functioning [23,60,61]. Additionally, analyzing language (verbal
and paraverbal) and emotional arousal offers insights into the
valence of messages during social interactions, indicating the
user’s mood and mental state. Digital phenotyping can also help
minimize cognitive biases, such as confirmation or self-serving
biases, by collecting objective information through passive data,
for instance. This approach is highly promising for mental
disorders and allows for optimal therapeutic personalization,
almost in real time, and enables the enhancement of patient
empowerment [63,64].

Noxxea Development
Several steps described here were carried out to create this
innovative solution based on the latest scientific data.

Treatment development was first discussed with experts in the
field in order to take patient needs into account from the
beginning. As a result, there was a dynamic interplay between
scientific research and product development.

An acceptability study validated certain ergonomic aspects of
the app and the usefulness of generative AI for sleep solutions
(M Villechevrolle, unpublished data, May 2025). A study
involving 582 users was conducted to gather their concerns and
feedback. It used the script method, allowing for both qualitative
and quantitative analysis of user reactions. The findings were
then integrated into the ongoing development of the app to
enhance user trust and ensure data privacy.

The most important aspect of the development was to remain
as close to in-person treatment as possible.

Translating CBT-i into a digital format requires maintaining
the relational aspect of therapy. Indeed, in psychotherapy, a
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form of therapeutic alliance is essential, and it is not yet fully
known how that translates to a digital program [30]. Flexibility
and personalization of treatment seem fundamental—for
instance, dCBT-i with a therapist or direct context with a
practitioner or therapist-guided dCBT-i had greater effects on
sleep parameters and treatment adherence than dCBT-i without
a therapist [38,65-67]. Programs are effective even without
support, but better results with digital programs are found when
the users have a sense of support and individualized care
[22,68-71]. This may also help explain why a recent network
meta-analysis of various CBT-i delivery methods found that
both guided and unguided dCBT-i achieved medium effect
sizes, while smartphone-based CBT-i did not show significant
effects compared with the control group [7,47].

Therefore, a significant effort was made to develop a form of
communication within the app that was as close to an in-person
consultation as possible. The participant can choose the avatar’s
gender, and support is offered through positive feedback and
encouragement via the app. A reward system was developed to
engage the patient and help him or her identify changes and
improvements. Every item of text and dialogue was written by
clinical psychologists specializing in CBT-i in the same way a
therapist would talk to his or her patient, and the e-sessions
were developed to recreate a sense of individualization and the
4 to 8 validated sessions of CBT-i [7,72].

Nonetheless, we prioritized chronobiological regulation with
emotional and cognitive aspects to stay true to the description
and validation of CBT-i in the literature, which does not require
the same relational demands in terms of therapeutic alliance as
in-person psychotherapy (which typically requires a higher
number of sessions and is often more suitable for resistant
insomnia). The program was thus developed according to the
components described in sleep recommendations and many
studies using this form of treatment for sleep disorders [7,72,73].

Psychoeducation and Sleep Hygiene
The program must address the sleep hygiene “rules.” Therefore,
explanations about recommendations, habits, sleep functioning
(roles and functions as well as circadian patterns), and changes
in sleep patterns across the lifespan are given and integrated
into the treatment.

Behavioral Treatment
A sleep calendar is introduced at the beginning of the treatment
to collect at least 10 nights of sleep data in the first 2 weeks of
treatment, allowing the calculation of individualized sleep
parameters and habits. Sleep restriction and stimulus control
are the main behavioral strategies used in the program. These
components were developed in close collaboration with the
scientific committee and translated into a digital format within
the app in accordance with established CBT-i guidelines. Sleep
restriction is thus personalized for each patient according to an
individualized sleep calendar, and stimulus control is
personalized using patient-reported data, the chronotype, and
routines assessed at the start of the program. Personalized video
content targeting chronobiological rhythms and behavioral
habits further supports the tailoring of treatment to each patient’s
specific needs.

Relaxation Component
Many different relaxation strategies as well as mindfulness
meditations are introduced within treatment as ways to reduce
somatic tension, arousal, or intrusive thoughts. Patients are
encouraged to explore them during their treatment.

Cognitive Component
Cognitive strategies are introduced as ways to identify and
challenge misconceptions and faulty beliefs about sleep and
state during the day. Patients are introduced to the concepts of
cognitive control at bedtime and cognitive restructuring to learn
to challenge thoughts. They are encouraged to explore these
strategies within the framework of behavioral change.

Developing this program was challenging due to the need to
incorporate sleep medicine recommendations using a digital
intervention while designing it to closely resemble an
individualized care format. The presented treatment not only
offers sleep education, which is predominantly present in
therapeutic education programs in institutions or digital
platforms, but also integrates an individualized functional
analysis adapted for digital use. It guides the patient toward a
form of cognitive therapy similar to that provided in CBT-i
treatment.

Results

The Noxxea program is now fully developed, and several steps
are planned for its clinical evaluation, including an RCT
scheduled for 2025 that will evaluate the program against a
waiting list control group.

Digital Phenotyping Research
Collaboration with the mathematics department at the Pasteur
Institute and the Institut National de la Santé et de la Recherche
Médicale (INSERM) research laboratory (Decision and Bayesian
Computation, Computational Biology & Neuroscience
Department, Centre National de la Recherche Scientifique
[CNRS] Unité Mixte de Recherche [UMR] 3571 – Jean Baptiste
MASSON) will allow analysis of data to enhance the treatment’s
algorithms and improve efficacy at predicting and preventing
insomnia relapse. This work will mainly focus on digital
phenotyping: Approximately 50 data points will be collected
and analyzed to aid with the detection, prediction, and
prevention of chronic insomnia relapses. The digital phenotyping
initiative is central to the innovative dCBT-i and has the
following 3 main objectives: validate the initial selection of the
4 key tracking data points chosen for the first version of the
treatment; analyze and evaluate the 70 passive and active data
points collected to determine interaction models that enable
detection of symptoms, prediction, and prevention of insomnia
relapse, as well as the isolation of additional data that could
enhance the efficacy of a new version of the treatment and
improve adherence; and test a second version of the treatment
by validating the selection of new tracking data points.

Effectiveness of Real-World Implementation and RCT
We will evaluate the efficacy and compare it with that of
in-person CBT-i in the same population. The WHAT (work,
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help, accessible, trusted) criteria can be used to evaluate a digital
intervention, and we will need to evaluate the following [51,74]:

• Work: To evaluate efficacy, we plan to conduct an RCT.
• Help: A clinically significant effect in the target population

would help conclude that it can be a useful addition to
in-person CBT-i.

• Accessible: Technical quality will be continuously assessed
(by professionals and users).

• Trusted: Risk management and adherence to national and
international standards and guidelines will be assessed and
continuously updated to the latest requirements.

Discussion

This dCBT-i treatment is built according to European
recommendations and guidelines and follows closely what is
done in person. The goal is not to replace in-person care but to
offer an alternative when in-person care is not available given
that not all individuals with insomnia disorder can receive the
recommended treatment in France. Ideally, it will be covered
by the national health insurance system as it is a first-line
medical treatment for a major health issue.

The digital form of insomnia disorder treatment incorporates
validated and recommended behavioral, cognitive, and
emotional techniques for insomnia, closely mirroring the CBT-i
treatment offered traditionally while being even more tailored
to patients’ individual needs. It is meant to be a medical
treatment prescribed by a health care professional following an
evaluation and a precise diagnosis, addressing the dual challenge
of considering therapeutic adherence and support in its
development while individualizing the behavioral and cognitive
components of the treatment for greater effectiveness. The
innovative program presented here followed those demands, as
well as safety and security guidelines for digital health
interventions while being grounded in the latest technological
advances and scientific data on CBT for insomnia. It would
offer access to an evidence-based multicomponent treatment
and is intended to be integrated into the health care system as
such. In line with expert recommendations, the Noxxea solution
could ideally be part of a stepped care model that adapts to the
severity of the condition and the patient’s needs, with dCBT-i
proposed as a first step delivered through multiple pathways,
such as being prescribed by a doctor or accessed directly by the
patient [51].
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Abstract

Background: Digital mental health interventions (DMHIs) are effective in reducing symptoms of depression and anxiety. Low
user engagement and uptake of DMHIs observed in previous research may be addressed by involving the intended target audience
in the design of the DMHI from the outset.

Objective: This study is phase 1 of a multiphase project aimed at designing, developing, and evaluating a blended DMHI for
depression and anxiety in Australia. Our objective was to partner with adults with lived and living experiences of depression and
anxiety on their needs and expectations of a new transdiagnostic DMHI for depression and anxiety. This included identifying
strategies that would help increase their engagement with the DMHI and their preferences for integrating the DMHI with
psychotherapy.

Methods: A mixed methods participatory design approach was used to collect quantitative and qualitative data via a web-based
survey (n=324) and semistructured interviews (n=21). Feedback was collected on participants’ needs and expectations for the
DMHI, including accessibility, content, features, functionality, format, data sharing, preferred clinical support pathways, and
barriers to and facilitators of user engagement. Qualitative interview data were analyzed using reflexive thematic analysis.

Results: Most participants (190/257, 73.9%) preferred a DMHI delivered as a smartphone app that could be used at any time
of the day. Ease of use and a well-designed interface were important, as was a positive, encouraging, and uplifting DMHI look
and feel. Other preferences included symptom tracking, diverse therapeutic content, and features that facilitated social connection
and peer support (eg, online community and stories of lived and living experience). Participants also suggested several strategies
to enhance engagement with the DMHI, including personalization, reminders, short and achievable activities, and goal setting.
Participants reported a strong interest in sharing information from their DMHI with mental health professionals (to facilitate
therapy), especially regarding changes to their emotions.

Conclusions: Transdiagnostic DMHIs for depression and anxiety have great potential to improve access to affordable,
evidence-based mental health support. Involving people with lived and living experiences of depression and anxiety in the design,
development, and conceptualization of DMHIs may improve uptake, acceptance, engagement, usability, and ultimately, treatment
outcomes.
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Introduction

Background
Globally, depression and anxiety are two of the most prevalent
mental health disorders. In 2019, an estimated 280 million
people were living with a depressive disorder, while >300
million people were living with an anxiety disorder [1].
Depression and anxiety commonly co-occur, with comorbidity
rates as high as 50% [2]. These disorders are associated with a
decreased quality of life due to poor physical health, disability,
and reduced life expectancy [3], as well as lower workforce
productivity and high economic costs [4]. Fortunately, there are
many effective treatments for depression and anxiety that either
target specific disorders or use a transdiagnostic approach [5].
However, several barriers affect access to treatment. These
include high out-of-pocket costs and inconsistencies in the
quality and type of care received [1]. Concerns about seeking
help in person due to negative beliefs and stigma surrounding
mental illness also play a role [6]. In addition, long waiting
times persist due to a shortage of trained mental health
professionals and inadequate funding of mental health services
[1,6].

Digital Mental Health Treatment
Digital mental health interventions (DMHIs), such as
smartphone apps or online programs, address many of the
barriers to face-to-face mental health care. DMHIs allow people
to access psychotherapy skills and content in their own time
and empower them to self-manage their symptoms [7-11]. Due
to these advantages and the need to minimize face-to-face
contact during the COVID-19 pandemic, many DMHIs have
been developed and implemented quickly in recent years [12].
DMHIs can be used in a self-guided format (ie, without human
support) [8,9], guided format (ie, with remote support from a
health professional or coach), or together with face-to-face
therapy sessions in person or with telehealth in a “blended”
format (blended care) [12-14]. Evidence supports the efficacy
of DMHIs, particularly those based on cognitive behavioral
therapy (CBT), in reducing symptoms of depression and anxiety
[15,16]. A 2021 meta-analysis [15] found that compared to
control conditions, both guided and self-guided DMHIs
significantly reduced depressive symptoms across 83 studies,
with a medium pooled effect size (Hedges g=0.52; 95% CI
0.43-0.60). For anxiety, a recent meta-analysis [16] reported
that compared to inactive controls, guided and self-guided
DMHIs significantly reduced anxiety symptoms across 47
studies, with a large pooled effect size (Hedges g=0.80; 95%
CI 0.68-0.93). While most studies have evaluated
internet-delivered DMHIs (ie, delivered on websites),
smartphone apps targeting depressive and anxiety symptoms
have also shown positive results, with small to medium pooled
effect sizes for anxiety (Hedges g=0.26; 95% CI 0.21-0.31) and
depression (Hedges g=0.50; 95% CI 0.40-0.61) [17,18].

Despite this evidence showing that smartphone apps and
internet-based interventions are effective in improving
symptoms of depression and anxiety, DMHIs are not typically
integrated into routine mental health care [19]. There are several
reasons for this, including a lack of practitioner confidence and
training in integrating these tools into practice, difficulties in
personalizing these interventions, and a lack of integration with
practice management software and electronic health records
[20]. There is promising preliminary research into the
combination of DMHIs with face-to-face therapy in blended
care for depression and anxiety [14,21,22]. However, research
on the efficacy and effectiveness of blended care is limited
compared to the evidence base for self-guided and guided
DMHIs [8,9,23] and is confined mainly to Europe and North
America [14,24]. In practice, many existing DMHIs have high
attrition rates and low user engagement, especially when
accessed in stand-alone self-guided formats [25,26] and in
“real-world” naturalistic settings outside of controlled research
studies [27]. For example, a review by Linardon and
Fuller-Tyszkiewicz [26] found that the dropout rate of users
participating in studies that included smartphone apps for
depressive or anxious symptoms was 36% and 21%,
respectively. Dropout rates are even higher in naturalistic
community settings. For instance, studies have shown that
completion rates of DMHIs in naturalistic settings are at best
half of what is found in clinical trials of the same intervention
[28-30]. Several factors contribute to low DMHI engagement,
including technical issues, motivation issues, and a lack of
user-driven design [11,25,31,32]. Reviews of the existing
literature also show that various features, functionality, and
design considerations can promote user engagement with
DMHIs. These include the perceived usefulness; positive impact
and relevance of DMHIs; content that promotes good mental,
physical, and cognitive health [33,34] and social connection
[25,31]; design aspects (eg, ease of use and interface);
personalized content and choice [35-37]; data security and
privacy; and therapist guidance [25].

Limitations of DMHIs for Depression and Anxiety
These findings provide guidance for improving participant
engagement and reducing attrition for DMHIs overall, which
is especially relevant given the increased availability of DMHIs
following the COVID-19 pandemic. However, an
often-overlooked issue is how DMHIs should be integrated into
routine clinical care for depression, anxiety, and other mental
disorders [9]. Many existing self-guided and guided DMHIs
include linear, one-size-fits-all programs for a specific disorder
(eg, major depressive disorder) or multiple disorders (eg,
transdiagnostic programs for mixed anxiety or anxiety and
depression). In this model, programs follow a mostly set
structure, delivering a series of modules that are completed in
the same order for each person. While this approach has benefits
[38], the downside is that the DMHI cannot be individually
tailored to suit a person’s goals, needs, symptoms, and problems.
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This lack of personalization negatively affects user engagement
[11,25] and is a barrier for mental health professionals using
these programs in practice [39]. Another important clinical
consideration is that people experiencing severe depression and
anxiety symptoms, and frequent suicidal ideation, use DMHIs
once they are released into the community, although the
programs are often not designed for these clients (eg,
myCompass and THIS WAY UP) [40-42]. The needs,
preferences, and expectations of people with varying symptom
severity and suicidal risk levels need to be considered at the
outset when developing interventions for depression and anxiety.
Another factor affecting the inclusion of DMHIs in routine
clinical care is that many of these interventions have been
designed as “self-help” or “stand-alone” products [8,43,44].
This has contributed to the low uptake of DMHIs in practice
and limits their potential use, reach, and benefits for people with
depression and anxiety at various stages of care (eg, before,
during, and after seeking in-person therapy).

Incorporating the needs of the intended target audience directly
into DMHI design and development can potentially help address
poor user engagement, high attrition, and the lack of integration
of DMHIs into clinical practice. Participatory design approaches,
such as co-design and co-creation, actively incorporate multiple
stakeholders’ perspectives into defining a problem and
collaborating with them on potential solutions [45,46]. In digital
mental health, participatory design involves partnering with the
intended target audience during DMHI design, development,
refinement, and evaluation to ensure the product or service
reflects their needs. Unfortunately, in DMHI research that uses
participatory approaches, these details are often inconsistent,
use varied terminology, or are not reported clearly [45,46].
Moreover, the few existing DMHI studies that use co-design
principles have been limited to young adult samples (aged 18-34
years) or mental health professionals, with very few in adults
aged ≥35 years [45]. Using participatory design and co-design
principles to create DMHIs that fit into routine care may help
adults with anxiety and depression, along with their mental
health professionals, adopt blended care more easily [21].
However, to date, only 1 European study [47] reports the
participatory design process during the development of a
blended care intervention with people with lived experience of
mental illness and psychotherapists. In that study, people with
lived experience preferred a DMHI that was gentle and
compassionate rather than performance based and they valued
having the autonomy to choose modules themselves or have
them selected by their therapist. It was also important that the
DMHI included crisis support, transparent data security, and
confidentiality information. Finally, people with lived
experience preferred inclusive, varied, concise content delivered
in various formats (eg, text, images, and videos) to ensure the
DMHI was accessible to many people.

Rationale, Objectives, and Aims
Blending digital and face-to-face therapy is a promising
approach for integrating DMHIs into routine mental health care
[14,21,22,24]. However, to date, only 1 study has used
participatory design to incorporate the needs of people with
lived experience of mental illness into the design of a blended
care intervention [47]. Blended care interventions can address

the limitations of DMHIs, especially stand-alone options; hence,
there is a need to further investigate the utility of the blended
care approach. For depression and anxiety, the option of mental
health professional involvement would add an extra layer of
clinical safety and permit better tailoring of DMHI use for
people experiencing depression and anxiety. This study is part
of a larger Australian research project that aims to design,
develop, and evaluate a new transdiagnostic DMHI for adults
with depression and/or anxiety (ie, myNewWay) [48]. The
intervention is intended to address limitations of existing DMHIs
and be suitable for use as part of blended care. Australian
research on blended care is limited; however, preliminary results
align with studies in other countries [14,21,22,24] and indicate
that blending digital and face-to-face therapy may improve
symptoms of depression [49-51] and anxiety [51]. To the best
of our knowledge, there are also currently no transdiagnostic
blended care models in Australia designed with target audience
input and tailored to the specific needs and preferences of adults
with depression and anxiety.

This study is 1 of 2 related participatory design studies in which
we partnered with people with lived and living experiences of
depression and anxiety and mental health professionals in the
design of the new blended care DMHI. This paper reports on
the findings of people with lived and living experience. Findings
from mental health professionals are reported separately in part
2 of this manuscript series [52]. The DMHI will be
transdiagnostic rather than diagnosis specific, as transdiagnostic
approaches are acceptable, feasible, efficient, and effective for
treating multiple symptoms and diagnoses within 1 treatment
program [5,40]. We will use findings of this study to co-design
and then develop a program that will be engaging, safe, and
effective for people with varying severity levels, including those
experiencing suicidal ideation. The program could be
personalized to individual goals and needs and integrated into
face-to-face or telehealth mental health care. We also wanted
to ensure that the DMHI met the needs of adults with lived and
living experience by including relevant therapeutic content and
sustaining their interest with appealing design features and
functionality, especially given that user engagement is associated
with better treatment outcomes [15,53] and more cost-effective
treatment [54,55].

Conducting participatory design within an Australian context
is important to ensure that the new blended care model aligns
with the needs and expectations of adults living with anxiety
and depression. In Australia, adults with depression and anxiety
are treated in the private mental health system and can access
up to 10 psychotherapy sessions per calendar year with partial
government rebates [56]. Blending DMHIs with this existing
treatment pathway could increase the quality of care, and,
thereby, enhance recovery by providing access to
evidence-based resources for depression and anxiety before,
during, and after psychotherapy. Given that most blended care
research has been conducted in Europe and North America
[14,24], conducting research outside these cultural contexts also
helps to show which elements of blended care may be universal
and which elements are not. The first aim of this study was to
examine the needs and expectations of participants regarding
the content, features, functionality, and look and feel of the
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DMHI. This also includes how people with depression and
anxiety want to access the DMHI, their preferences for content
delivery, and the overall blended model of care. With respect
to the blended care model, we asked about the types of
therapeutic guidance and human-based support they would like
to receive while using a DMHI that blends with psychotherapy,
as well as their preferences for sharing data from the DMHI
with health professionals. Understanding participants’
preferences for including guided components within a DMHI
will ensure that it meets their needs and leverages the potential
benefits of guided DMHIs for depression and anxiety [15]. Our
second aim was to identify factors that would affect engagement
with the new blended DMHI, which could be addressed in the
design of the interface, functionality, or content of the
intervention to maximize sustained engagement with the DMHI.

Methods

Participatory Design Approach
A mixed methods convergent parallel design [57] was used for
this study, which included a convenience sample of people with
lived and living experience. This approach ensured that both a
broad range of perspectives (ie, web-based survey) and in-depth
insights (ie, qualitative interviews) were represented to achieve
the study aims and conclusions [57]. Stage 1 was the web-based
survey, which assessed participants’ experiences and attitudes
toward DMHIs and the barriers and facilitators to their use. The
survey was developed in accordance with the Checklist for
Reporting Results of Internet E-Surveys [58]. For stage 2, a
subset of survey respondents completed one-on-one online
qualitative interviews on their preferences for the DMHI. For
people with lived and living experience, stage 3 included
co-design sessions and prototype testing of designs based on
findings from stages 1 and 2; however, these results are not
reported in this paper. The survey and interview questions were
developed by the research team, which included health
professionals, people with lived experience, user experience
and user interface experts, and those with knowledge of
implementation research (Multimedia Appendix 1). The data
collection methods used in stages 1 and 2 are consistent with
prior participatory design research in digital health [45]. In
addition, 5 people with lived experience of depression and
anxiety served as lived experience advisors during stages 1 to
3. The lived experience advisors took part in each stage of the
broader project, including both the survey and qualitative
interviews conducted in this study.

Ethical Considerations
All research procedures received ethics approval from the
University of New South Wales Human Research Ethics
Committee (HC200541), and all participants provided informed
consent before participating. If participants wished to withdraw
their consent, they could contact the research team. Participant
data from the online survey and interview was deidentified and
replaced with a number and saved in password protected file
accessible only by the research team. Participants were given
the option to enter a draw to win an Aus $100 (US $65) online
gift card for taking part in the online survey. For the interview,

participants were reimbursed with an Aus $30 (US $20) online
gift card.

Stage 1: Web-Based Survey
The web-based 20-minute open survey was distributed between
October and December 2020. The survey was advertised via
the Black Dog Institute website and social media (eg, Facebook
and Instagram) and the Black Dog Institute Lived Experience
Resource Network. Interested participants were directed to the
Black Dog Institute website, which outlined the eligibility
criteria for the study and included a link to the web-based survey
hosted on Qualtrics (version 2020; SAP Inc) software. At the
start of the survey, respondents read the participant information
sheet and consent form outlining the purpose of the research
study, eligibility criteria, where their data were stored and who
had access to it, the length of time to complete the study, and
their reimbursement incentive. Eligibility criteria were that
participants were aged >18 years, could speak English, currently
lived in Australia, and had current or previous experience with
anxiety or depression. The web-based survey included questions
(Multimedia Appendix 1) on participant demographics, their
mental health treatment history, current technology use, their
experiences with DMHIs, and preferences for a new DMHI
targeted at reducing symptoms of depression and anxiety.
Participants were asked what features in the DMHI they would
find helpful, how they would like any content displayed, and
their preferred medium for accessing the DMHI (eg, smartphone
and laptop). Participants’ current levels of depression, anxiety,
and stress were also assessed using the validated 21-item
Depression Anxiety Stress Scale (DASS-21) [59]. The DASS-21
is reported to have sound psychometric properties [60].
Respondents rate each item on a 4-point Likert scale (never=0
to almost always=3), with higher scores indicating more severe
levels of depression, anxiety, or stress.

Stage 2: Interviews
The interviews were conducted with Zoom videoconferencing
software (Zoom Communications, Inc) and lasted 60 minutes
on average (SD 10.52 min; range 35-74 min). The
semistructured interviews included open-ended questions
(Multimedia Appendix 1) that assessed attitudes toward and
experiences with DMHIs, preferences for features and
functionality, and suggestions for improving engagement with
DMHIs. A clinical psychologist (KO) and the user experience
designer (KV) facilitated interviews. All interviews were
audio-recorded and later transcribed by the project officer (KK).

Data Analysis
Quantitative data from the web-based survey were analyzed
using SPSS (version 26.0; IBM Corp). Descriptive statistics
were calculated for closed-ended survey questions. Sample
counts and percentages were provided for each survey question.
Reflexive thematic analysis was adopted for qualitative data
because this methodology was appropriate for answering the
research questions [61]. Following each interview, transcripts
were checked and cleaned against the original audio by KK.
KK (project officer), KO (clinical psychologist), and RKM
(project officer) read the transcripts several times, and after
familiarization, they used a general inductive approach to
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generate the initial set of codes. The 3 authors have experience
with digital mental health and thematic analysis. Codes were
categorized in Microsoft Excel (version 2024) to create the
initial coding framework, which was revised iteratively by KK,
RKM, and JATM (research assistant with experience in digital
mental health and thematic analysis) for consensus on final
themes and subthemes. Any disagreements on codes were
resolved through discussion with the research team (including
KO, JMN, and AEW, who are psychologists) until a consensus
was reached.

Results

Stage 1: Web-Based Survey

Overview
Of the 331 adult participants who provided consent, 324 (97.9%)
supplied their demographic information, and 231 (68.3%)

participants completed the full survey. The demographic, mental
health, and treatment characteristics of 324 participants are
presented in Tables 1 and 2. The sample had an average age of
46 (SD 16.4; range 18-80) years, was predominantly female,
spoke English as their first language, was born in Australia, and
lived in a major Australian city. A total of 209 (68.3%) of 306
participants rated their digital literacy as good to very good,
with the rest rating it as acceptable (n=65, 21.2%) or poor (n=12,
3.9%). Approximately half (156/306, 51%) of the participants
spent 1 to 3 hours online daily, and >40% (131/306, 42.8%)
spent >4 hours online daily. A small number of participants
(19/306, 6.2%) spent <1 hour online daily.
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Table 1. Demographic characteristics for the web-based survey (n=324).

Participants, n (%)Demographic characteristics

Gender

204 (63)Women

113 (34.9)Men

7 (2.2)Nonbinary

305 (94.1)First language English

244 (75.3)Born in Australia

5 (1.5)Aboriginal or Torres Strait Islander origin

Residential location in Australiaa

221 (69.3)Major cities

98 (30.7)Regional or remote

Relationship statusa

91 (28.5)Single or never married

58 (18.2)In a relationship

102 (32)Married or de facto

66 (20.7)Separated, divorced, or widowed

2 (0.6)Other relationship status

Level of educationa

25 (7.8)Less than high school level

53 (16.6)High school level

133 (41.7)Certificate or diploma

58 (18.2)University undergraduate degree

41 (12.9)University postgraduate degree

9 (2.8)Other levels of education

Employment statusa,b

106 (33.2)Full-time paid work

74 (23.2)Part-time paid work

59 (18.5)Not in the labor force

56 (17.6)Unemployed

9 (2.8)At-home parent

7 (2.2)Carer for a family member

7 (2.2)Student

14 (4.4)Other employment status

aPercentages for residential location, relationship status, level of education, and employment status were calculated based on the number of participants
who responded to these questions (n=319).
bPercentages do not add up to 100% as respondents were allowed multiple responses.
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Table 2. Treatment and mental health characteristics for the web-based survey (n=318).

ParticipantsCharacteristics

126 (39.5)Current chronic condition, n (%)

58 (18.2)Carer of a person with depression and anxiety, n (%)

Ever experienced a mental health problem, n (%)

6 (1.9)No

30 (9.4)Anxiety

34 (10.7)Depression

198 (62.3)Anxiety and depression

7 (1.6)Not sure

43 (13.5)Other mental health problem

Past mental health treatmenta, n (%)

50 (14.9)None

225 (67.2)Medication

233 (69.6)Therapy with psychologist

129 (38.5)Therapy with psychiatrist

129 (38.5)Counseling from GPb

99 (29.6)Counseling from other MHPc (ie, nurse and social worker)

63 (18.8)Online mental health program

30 (9)Other treatment types

Current mental health treatmenta, n (%)

110 (32.8)None

153 (45.7)Medication

113 (33.7)Therapy with psychologist

46 (13.7)Therapy with psychiatrist

60 (17.9)Counseling from GP

24 (7.2)Counseling from other MHP (ie, nurse and social worker)

14 (4.2)Online mental health program

13 (3.9)Other treatment type

DASS-21 scoresd, mean (SD)

18.94 (11.50)Depression

13.60 (9.31)Anxiety

19.16 (8.63)Stress

51.70 (25.77)Total scores

DASS-21 depression rangesd, n (%)

61 (20)Normal

43 (14)Mild

82 (26.6)Moderate

43 (14)Severe

79 (25.6)Extremely severe

DASS-21 anxiety rangesd, n (%)

92 (29.9)Normal

18 (5.8)Mild
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ParticipantsCharacteristics

70 (22.7)Moderate

43 (14)Severe

85 (27.6)Extremely severe

DASS-21 stress rangesd, n (%)

111 (36)Normal

47 (15.3)Mild

72 (23.4)Moderate

60 (19.5)Severe

18 (5.8)Extremely severe

aPercentages do not add up to 100% as respondents were allowed multiple responses.
bGP: general practitioner.
cMHP: mental health professional.
dResults for the 21-item Depression Anxiety Stress Scale (DASS-21) were calculated based on the number of participants who responded to these
questions (n=308).

Mental Health and Treatment
Most participants (198/318, 62.3%) had experienced both
depression and anxiety (Table 2). A total of 191 (60.1%) of 318
participants were currently receiving mental health treatment,
and 285 (85.3%) participants had received mental health
treatment in the past. Medication was the most common form
of current and past treatment, followed by therapy with a
psychologist or psychiatrist (Table 2). The distribution of
participants (308/324, 95.1%) who scored in the normal, mild,
moderate, severe, and extremely severe ranges for the 3
DASS-21 subscales can be seen in Table 2. Approximately 80%
(247/308) of participants had elevated depression scores, 70%
(216/308) had elevated anxiety scores, and 64% (197/308) had
elevated stress scores on the DASS-21 subscales (scored in the
mild to extremely severe ranges).

Current and Past Use of DMHIs
Only 52 (17%) of 306 participants were currently using DMHIs,
while 131 (42.8%) had used them in the past. The most
commonly used DMHIs among 139 participants were
mindfulness meditation apps (n=79, 56.8%), followed by
CBT-based apps (n=30, 21.6%) and forums (n=13, 9.4%). The
most frequently used apps were Headspace, Smiling Mind, and
Calm. Of the participants who had never used DMHIs (155/306,
50.7%), the 3 most common reasons were a lack of awareness,
a belief that these products are not useful or necessary, and not
having found a DMHI that was helpful to them.

Preferences for Digital Mental Health

Product Promotion or Awareness

Almost 70% (177/256) of participants preferred finding out
about a DMHI via a health professional recommendation,
followed by social media or Google search (Table 3).
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Table 3. Participants’ preferences for promotion and access.

Participants, n (%)

Finding out about the DMHIa (n=256)

177 (69.1)Recommendation from a health professional

159 (62.1)Social media

156 (60.9)Google search

119 (46.5)Recommendation from friend or family member

70 (27.3)App store search

13 (5.1)I am not sure

10 (3.9)Other promotion pathway

Mode of access (n=257)

190 (73.9)Smartphone via an app

85 (33.1)Laptop

72 (28.1)Tablet or iPad

55 (21.4)Smartphone via a web browser

50 (19.5)Desktop computer

11 (4.3)Other mode of access (eg, smartwatch)

Time of the day (n=257)

164 (63.8)Any time they felt the need to use it

96 (37.4)In the evening (PM)

73 (28.4)Just before bed

47 (18.3)In the middle of the night (if needed)

43 (16.7)In the morning (AM)

22 (8.6)Upon waking up

15 (5.8)Lunchtime

6 (2.3)Other time of the day

aDMHI: digital mental health intervention.

Access to Product

Most participants (190/257, 73.9%) reported wanting to access
a DMHI via a smartphone app, while a third preferred (85/257,
33.1%) using a laptop (Table 3). Most participants wanted to
use a DMHI when they felt the need to use it (164/257, 63.8%),
in the evening (96/257, 37.4%), or just before bed (73/257,
28.4%; Table 3).

Willingness to Pay

Only 40 (16.5%) of the 242 participants were willing to pay for
a DMHI, whereas most said maybe (n=142, 58.7%), and the
rest said no (n=60, 24.8%). Of the 182 participants who
responded yes or maybe, the median amount they would pay
monthly for a DMHI was Aus $10.00 (US $6.5; IQR Aus
$5.00-$15.00). The majority (125/176, 71%) were willing to

pay between Aus $1 to $10 (US $0.65-$6.5) per month, while
some participants (12/176, 6.8%) were willing to pay >Aus $50
(US $32) per month.

Preferred Features

Figure 1 shows which DMHI features participants considered
the most helpful (ie, rated as helpful or very helpful). The most
popular features were the ability to track thoughts, feelings, and
behaviors over time (221/263, 84%), motivational messages
(163/263, 62%), reminders (145/263, 55.1%), subtitles (142/263,
54%), and audio voiceover (141/263, 53.6%). Features viewed
as moderately helpful included motivational messages sent
directly to the user via email or text and the inclusion of an
online community, while the least helpful features were having
an avatar and the ability to share content online in general.
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Figure 1. Participant preferences for the features of digital mental health interventions they find most helpful (n=263). Data labels show the frequency
percentages.

Preferred Format of Content Delivery

Figure 2 indicates that text, still photography, and live-action
videos of real people were the preferred forms of content display
(ie, rated as very strongly prefer, strongly prefer, or prefer).

Although there was a wide range of preferences for content
display types, most participants preferred not to see information
displayed in cartoon-style images (61/257, 23.7%), animation
(52/257, 20.2%), or live-action videos of real people (42/257,
16.3%; Figure 2).

Figure 2. Participant preferences for preferred content delivery methods (n=257). Data labels show the frequency percentages.
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Engagement With DMHIs
Participants commonly reported that if the DMHI were effective
and helped them feel better (eg, “effectiveness in making me
less anxious,” “I feel it is helping me,” and “success in feeling
better”), it would help them stay engaged. Some participants
also suggested that being able to visualize their progress and
the use of rewards, challenges, and achievement milestones
would encourage users to keep coming back to the DMHI (eg,
“check ins to see progress” and “rewards for logging in every
day”). Participants also thought personalized and tailored
content, such as “choose your own path based on your mood”
and “options to turn off what you use and don’t use,” would
encourage them to keep using the DMHI. Other engagement
strategies included reminders and notifications (eg, “to be able
to set a reminder and task to help with motivation and skills”)
and having a well-designed layout (eg, “colorful,” “interactive,”
“simple,” and “visual and no text blocks”).

Sharing Information
Participants rated psychologists, general practitioners, and
psychiatrists as individuals they were most likely to share
information with via a DMHI (Table 4). Participants were
relatively confident in sharing information with a counselor, a
friend, or a family member and less confident when sharing
with a social worker, carer, or teacher. When participants were
asked about what information they would like to share via the
DMHI with others (ie, psychologist, friend, or teacher), most
preferred to share how they were feeling over time, followed
by specific program activities, whether they felt worse or better,
and their goals (Table 4). Participants also rated what types of
information they were most likely to share specifically with a
mental health professional. The top-rated responses were how
they felt over time, when they felt better or worse, their goals,
and certain activities they completed within the DMHI (Table
4). Most participants (155/241, 64.3%) preferred communicating
with mental health professionals via a chat box inside the DMHI,
while some (86/241, 35.7%) preferred face-to-face
appointments, phone calls, or SMS text messaging (Table 4).
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Table 4. Information sharing preferences by participants for digital mental health interventions (DMHIs).

Participants

People I would share information witha, mean (SD)

67.60 (35.81)Psychologist

60.33 (34.54)General practitioner

56.64 (40.20)Psychiatrist

53.42 (38.39)Counselor

52.32 (36.75)Friend

48.69 (36.48)Family member

34.01 (36.74)Social worker

27.45 (35.64)Carer

16.48 (27.95)Teacher

Types of content I would shareb,c, n (%)

169 (67.9)How I am feeling over time

123 (49.4)Certain activities I complete in the program that I choose to share

119 (47.8)When I am feeling worse

111 (44.6)When I am feeling better

100 (40.2)My goals

61 (24.5)What I use within the program

53 (21.3)All the exercises and activities I complete in the program

40 (16.1)When I use the program

19 (7.6)Other types of content

Types of content I would share with a mental health professionala, mean (SD)

73.71 (30.97)How I am feeling over time

70.42 (34.08)When I am feeling worse

68.67 (35.05)When I am feeling better

64.49 (34.59)My goals

62.05 (34.75)Certain activities I complete in the program that I choose to share

55.37 (36.47)What I use within the program

52.87 (37.82)When I use the program

47.92 (36.58)All the exercises and activities I complete in the program

How I would communicate with a mental health professionalb,c, n (%)

155 (64.3)Chat box inside the program

102 (42.3)Face-to-face appointment

98 (40.7)Phone call

84 (34.9)SMS

43 (17.8)Video call

8 (3.3)Other communication method (eg, email)

aRatings were made using a 100-point scale (0=would never share and 100=extremely likely to share).
bPercentages for types of content (n=249) and how the participant preferred to communicate with a mental health professional (n=241) were calculated
based on the number of participants who responded to these questions.
cPercentages do not add up to 100% as respondents were allowed multiple responses.
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Stage 2: Interviews

Demographic Information
A total of 21 adults participated in one-on-one qualitative
interviews. Most of them (13/21, 62%) were female participants
and aged 41 years on average (SD 16.4; range 21-68 years).
Most spoke English as their first language (13/21, 62%), were
born in Australia (11/21, 52%), and were from major Australian
cities (18/21, 86%). Of the 21 participants, 14 (67%) had
experienced both depression and anxiety, 3 (14%) had
experienced depression only, 1 (5%) experienced anxiety only,
and 3 (14%) experienced another mental health problem.

Thematic Analysis Findings
Eight key themes related to DMHIs were identified: (1)
promotes user engagement; (2) friendly, pleasant look and feel;
(3) content is multifaceted and interesting; (4) sense of
connection with real people; (5) features that facilitate progress;
(6) safe, trustworthy, and effective; (7) data security is
important; and (8) must be low cost or free. All themes,
subthemes, and illustrative quotes for each subtheme are listed
in Table 5.
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Table 5. Themes and subthemes from the thematic analysis, along with example quotes.

Example quotesThemes and subthemes

1. Promotes user engagement

“It just all needs to be easy. I hate learning new technology platforms, I hate it, so easy as possible.”
[Participant 4]

Easy to use and simple to navigate

“There needs to be tailored kind of options for people, different ways that they can engage with it
just to keep it interesting.” [Participant 5]

Personalize content and activities to user
needs

“I really liked the fact that it gave you reminders to use it, that was great, and you could set it to
what time of the day you’d like it to remind you.” [Participant 36]

Reminders and notifications

“Maybe kind of breaking up into small tasks. So that there’s a clear plan how to start to work,
whatever the user wants to achieve.” [Participant 9]

Short and achievable activities

“So you can set up goals...so like basically this is what I want to become or like this is what I want
and it’s like a journey.” [Participant 12]

Goal setting to support a sense of progress

2. Friendly, uplifting look and feel

“It felt like it had a kind of color scheme, it looked professional.” [Participant 1]Streamlined and attractive graphic design

“The app comes up and says gently to you, ‘welcome back’ or ‘welcome, glad to see you.’” [Partic-
ipant 9]

Warm, gentle, and inviting tone

“And I also get like motivating notifications every day like small quotes or something, it makes me
feel good.” [Participant 12]

Short, positive, and encouraging messages

3. Content is multifaceted and interesting

“I think things that are like mindfulness and exercise and things that can be part of anyone’s regular
routine when they're recovering would be valuable.” [Participant 29]

Provides options for wellness practice that
support recovery

“So variety would be really good for the app as well because yeah people if they know exactly
what’s going to happen every time they do it, they’ll just get bored of it, I think.” [Participant 56]

Broad variety of content to prevent boredom

“Like ACT...and DBT as well, like, I think a lot of people connect with those better...because it
seems like every single app on the market is literally all about CBT and mindfulness.” [Participant
36]

Program incorporates different treatment
approaches

“I think it would be good if there was kind of an inventory of mental illnesses that a person can look
up and read the description on the symptoms and things certain things like that and maybe suggestions
on what to do if you suspect that you might have it.” [Participant 1]

Searchable information about mental health

4. Sense of connection with real people

“I think having if possible, some form of personalized stories or...there is a section there where you
can read about other people who are like you and know that you’re not alone.” [Participant 63]

Personal stories shared by real people

“So I think overall, the online forums I found the most, the most useful, probably because of that
connection with other people with peers, basically.” [Participant 4]

Online community support

5. Features that track and aid progress

“I liked the feature where you could input other things that are going on like how much sleep you
had...you can put all that stuff and then you could sort of look and see correlations between your
mood and these external factors.” [Participant 36]

Mood-tracking feature

“You can step back from it and sort of view the data on you and then, you know, work on it from
there, because it just feels like it’s this evolving thing that you know comes and goes.” [Participant
51]

Visualize changes in mental health over
time

“Maybe somewhere to sort of record or reflect on how far you’ve come or what you want to achieve,
or like sort of like a reflection journal could be quite valuable as well.” [Participant 29]

Reflective journaling

“I don't think I would use it necessarily like in (my psychologist’s) office, but maybe even just to
sort of like talk about with her of like how I’m progressing, what I'm doing for my own like mental
health.” [Participant 52]

Share treatment progress with their psychol-
ogist

6. Safe, trustworthy, and effective

“If there is something that I could, if I am feeling, not necessarily in crisis, but if I am feeling not
okay for any reason, that I can dip into like say a certain section and know ok, I can do this.” [Par-
ticipant 5]

Tips and activities to help feel better imme-
diately

“Knowing where it’s coming from and who is being provided by.” [Participant 24]Confidence in the credibility of the program
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Example quotesThemes and subthemes

“There’s a kind of list of hotlines that come up that I can access at any time in case of a crisis, so I
think that’s really nice.” [Participant 1]

Access to crisis support information if
needed

“Inviting the user to list what they like to do to keep the head above water. I like to watch comedy,
pursue my interest in things like that. I look to my brother, play with my pets. Yeah, having that as
a list and just go alright, here’s a couple of things that you can do, but the benefit of that is that these
are things you have indicated that you want to do in the past, this is your stuff.” [Participant 9]

User-created plan when feeling unwell

7. Data security and control over information sharing

“Because I want to have control over that...I’ve got the utmost trust in my GP and we work out
what’s going to go on. I don’t want somebody else to have knowledge or understanding of my his-
tory and come at me cold when I don't have a relationship with that person.” [Participant 19]

Control over sharing sensitive information

“Transparency is very important, and that element of trust thing comes in as well that you know
you feel comfortable about dealing with an organization or service provider that you know is there
for your own understanding and benefit.” [Participant 27]

Transparent information about data privacy

“I know that if my psychologist found it useful that I have personally I think she’s you know, she’s
a very trusted professional for me. If there is that comfort level there, I think it’s definitely like a
great feature like for her to see where I’m at.” [Participant 63]

Positive about sharing data with a trusted
health professional

“Yeah, I think I didn't want to pay for anything because I wasn't sure if it was going to work and to
be honest, I didn't use it frequently.” [Participant 27]

8. Must be low cost or free

Theme 1: Promotes User Engagement

Easy to Use and Simple to Navigate

Participants indicated that they wanted a DMHI that was easy
to follow, intuitive, and straightforward to navigate. Suggestions
included having a fast and easy sign-up process and clear
navigational icons and features. Participants also mentioned
negative past experiences with products that were too clunky,
slow, and frustrating to navigate. This was thought to be
particularly problematic for people with mental health issues
who are feeling unwell or stressed.

Personalize Content and Activities to User Needs

Many participants emphasized personalization as a key feature
for maintaining user engagement with DMHIs. Some expressed
a preference for having a program that was responsive to their
needs. This included the user choosing the activities or content
to complete based on how they were feeling on the day and the
DMHI’s ability to suggest content and activities to the user
based on their interactions with the DMHI (eg, mood-tracking
scores).

Reminders and Notifications

Participants mentioned liking reminders and notifications in
apps or programs they had previously used, as this feature helped
them stay on track with managing their mental health. Some
preferred daily check-in reminders or notifications that could
be updated at times that suited the individual’s schedule, while
others valued the option to customize the content shown in the
reminders and notifications.

Short and Achievable Activities

There was a clear preference for activities in the DMHI to be
short and quick to complete. Some participants said that being
able to complete a few smaller tasks would help foster a sense
of accomplishment. Participants also suggested that if an activity
needed to be longer, it could be divided into smaller tasks to
prevent the activity from becoming too time consuming.

Goal Setting to Support a Sense of Progress

Participants emphasized the importance of being able to track
their progress within the DMHI. Suggestions included unlocking
a new stage or section in the intervention and being rewarded,
offering daily challenges the user could engage in, or setting
up various goals the user could work toward.

Theme 2: Friendly, Uplifting Look and Feel

Streamlined and Attractive Graphic Design

Overall, participants wanted a DMHI that was visually appealing
with a professional-looking color scheme and images. However,
opinions varied about the preferred colors and designs. Some
participants preferred bright and vibrant colors, while others
wanted soft and calming colors. Presenting information
graphically (eg, pie charts and icons) was also mentioned as a
desirable design feature.

Warm, Gentle, and Inviting Tone

The language and tone of the content within the digital product
were important. They preferred the language and tone to be
empathetic, calm, and encouraging. Participants also specifically
mentioned that they did not want any language or tone that
could be interpreted as forceful, overpowering, or aggressive.
For example, some participants preferred the DMHI to have a
friendly tone, akin to how a therapist would speak to them.

Short, Positive, and Encouraging Messages

Many participants wanted to see brief, uplifting, and inspiring
messaging displayed throughout the DMHI. Participants
suggested these messages could be included in notifications or
shown when a user first opens the DMHI to help someone feel
welcome, create a sense of connection, and validate that they
made the right decision to engage with the program.
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Theme 3: Content Is Multifaceted and Interesting

Provides Options for Wellness Practices That Support
Recovery

Several participants wanted a DMHI that incorporated a range
of wellness techniques, skills, and practices. Suggestions were
diverse and included sleep hygiene, exercise guidance,
spirituality resources, breathing techniques, information on
healthy living, meditation exercises, and gratitude journaling.
Participants wanted these components to maintain long-term
recovery and sustained engagement with the DMHI.

Broad Variety of Content to Prevent Boredom

Participants stressed the importance of offering a wide range
of up-to-date and relevant content in the DMHI that addresses
the various experiences and situations that users might
encounter. This breadth and variety of content would also ensure
the user could always find something new and interesting,
preventing boredom and sustaining their interest in the DMHI
in the long term.

Program Incorporates Different Treatment Approaches

Many participants had used CBT-based apps and programs in
the past. These participants expressed that CBT was not suitable
for all individuals and wished to see other therapeutic modalities,
such as dialectical behavior therapy, acceptance and
commitment therapy, and mindfulness, included.

Searchable Information About Mental Health

Some participants reported that a DMHI should include an
information section where users could search for mental health
information. For example, 1 participant suggested an inventory
of mental health conditions accompanied by descriptions of
their symptoms. Another participant mentioned the value of a
search section to access articles or advice, allowing users to
search for specific topics related to their struggles.

Theme 4: Sense of Connection With Real People

Personal Stories Shared by Real People

Several participants mentioned that they valued connecting with
others who were also experiencing mental health challenges.
Participants suggested that these personal stories could be shared
via the DMHI through video or written accounts, either by
reading stories or participating in an online forum. Some
participants expressed a desire to provide support to others
dealing with anxiety and depression, drawing on their past
positive interactions and helping others in other apps and
forums.

Online Community Support

Some participants reported that being able to interact with an
online community of other individuals facing mental health
challenges would enhance their engagement with the DMHI
and help reduce feelings of loneliness. However, some
participants highlighted the importance of ongoing safety
monitoring and moderation if an online community was included
in the DMHI.

Theme 5: Features That Track and Aid Progress

Mood-Tracking Feature

Most participants preferred to monitor their mood over time
using the DMHI. Some participants suggested that it would be
helpful to have the ability to track other factors, such as sleep,
coffee intake, and menstrual cycles, within the mood-tracking
feature to observe how these variables relate to changes in mood.

Visualize Changes in Mental Health Over Time

Several participants preferred to view their tracking data
collected by the app visually to see how their mental health
changed over time. They also wanted to view their data plotted
at different calendar frequencies, such as weekly, monthly, or
yearly intervals.

Reflective Journaling

Some participants recommended including a section for
recording and reflecting on achievements and progress. They
believed this would be valuable for their recovery and allow
them to reflect on their progress and growth.

Share Treatment Progress With Their Psychologist

Some participants were keen to share their data from the DMHI
with their psychologist to inform them of their progress between
therapy sessions and initiate discussion in their sessions.

Theme 6: Safe, Trustworthy, and Effective

Tips and Activities to Help Feel Better Immediately

Participants mentioned that it would be useful to have a section
in the DMHI where users could access tips and activities to help
calm them down when they were feeling overwhelmed (eg,
panicking or anxious). Suggestions included easy meditations,
mood-lifting activities, and breathing exercises.

Confidence in the Credibility of the Program

Several participants emphasized that the content of the DMHI
should be backed by scientific research and evidence. Some
participants also highlighted that the intervention should be
developed by a reputable organization and in collaboration with
mental health professionals and researchers.

Access to Crisis Support Information if Needed

Some participants thought it was important to include crisis
support information, such as mental health hotline numbers and
websites.

User-Created Plan When Feeling Unwell

A few participants suggested that the DMHI should offer users
the option to create a plan for challenging times or when life
feels overwhelming. These participants recommended that the
plan include options for pursuing personal interests and listing
strategies or activities that they found helpful when they felt
unwell.
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Theme 7: Data Security and Control Over Information
Sharing

Positive About Sharing Data With a Trusted Health
Professional

Many participants were comfortable sharing data from the
DMHI with a trusted health professional. Participants also
highlighted several benefits of sharing the data with their health
professional, such as streamlining information sharing, allowing
the health professional to monitor their client’s mood between
sessions, and storing and sharing homework digitally with the
health professional. All these benefits were thought to enhance
face-to-face therapy.

Control Over Sharing Sensitive Information

Participants emphasized the private and personal nature of their
mental health journey. Consequently, many participants thought
it was important to have control over what information they
could share from the DMHI and the ability to choose whom
they could share it with. Participants also felt that sharing
information should be an optional feature included in the DMHI
and that this feature could be managed by the client.

Transparent Information About Data Privacy

A few participants were concerned about where the DMHI’s
data would be stored and who would oversee the data. These
participants emphasized that it was important for the DMHI to
be transparent with this information.

Theme 8: Must Be Low Cost or Free
Nearly every participant interviewed expressed reluctance to
pay for a mental health DMHI. Some reported that the high cost
of in-person therapy would mean that the cost of an app would
be an additional financial burden for people seeking mental
health treatment. Other participants hesitated to pay for a DMHI
without knowing whether the intervention was effective.

Discussion

Principal Findings
The objective of this study was to use participatory design to
incorporate the perspectives of people with lived and living
experiences of depression and anxiety into a new DMHI that
could be integrated into clinical practice as part of a blended
care model. To the best of our knowledge, this research is the
first Australian study to partner with adults with living and lived
experiences of depression and anxiety and use participatory
design to conceive a blended care DMHI. Our mixed methods
approach also provided valuable insight into our participants’
needs, preferences, and expectations of DMHIs and clarified
how the new DMHI could be integrated with psychotherapy in
a blended care model. Survey data highlighted how respondents
wanted to access the DMHI and their preferences for features,
content delivery, and sharing of information via the DMHI.
Interview findings converged with survey data but also provided
in-depth detail on preferred content and features and how to
sustain engagement with the new DMHI. To date, the study
findings have informed the designs for a new Australian blended
care digital system called myNewWay [48], which includes a

mental health smartphone app that can be used alone or as part
of blended care.

DMHI Needs, Preferences, and Expectations
Survey findings indicated that participants preferred accessing
a DMHI via a smartphone app, rather than on a computer or
tablet. This preference and other findings may reflect the
opinions of people who are familiar with digital technology, as
the level of digital literacy was relatively high in the study
sample. Two important factors for addressing the needs,
preferences, and expectations of people with lived and living
experiences of depression and anxiety were ensuring that the
DMHI was well designed and easy to use. Qualitative interviews
also highlighted that including a variety of therapeutic content
was important to people with lived and living experiences of
depression and anxiety. These findings are consistent with
DMHI research conducted before, during, and after the
COVID-19 pandemic [11,31,47,62], indicating these 3 factors
should be considered in the design of DMHIs for depression
and anxiety. Though no clear trends in the graphic design of
the DMHI were identified in surveys and interviews, participants
wanted the overall esthetic, tone, and feel of the DMHI to be
positive, encouraging, and uplifting. This is an important
consideration given that past research has found that the esthetic
qualities of DMHI design are linked to better usability and
user-friendliness [11,62].

Participants were keen for a DMHI to be user-friendly, simple
to navigate, and lacking in technical issues, given that (a lack
of) ease of use was often associated with past negative DMHI
experiences and disengagement. However, most participants
were currently using or had used DMHIs, which aligns with the
relatively high levels of digital literacy in the study sample.
Future research should give special consideration to defining
whether these qualities can be addressed in a similar way for
people with higher or lower levels of digital literacy. In addition,
a novel finding from qualitative interviews that builds upon
previous work is that DMHI users preferred to receive short,
positive motivational messages within the DMHI or via push
notifications (if app based). This finding is aligned with research
conducted before the COVID-19 pandemic [63], which found
short motivational messages to be the most commonly used
component of the myCompass self-help program. While this
preference for short, positive motivational messages may be
specific to conditions before the COVID-19 pandemic and
DMHI users with high digital literacy, existing literature does
suggest that the language used in DMHIs should be hopeful and
confident [64]. Moreover, people with depression and anxiety
may be experiencing concentration and working memory
problems alongside any mental health symptoms or co-occurring
issues, further supporting the notion that the length of messages
should not be overly long.

In this study, the appeal of the DMHI was also connected to
whether the product helped to improve their mental health
symptoms and well-being. These results support the findings
of the systematic review by Borghouts et al [25], who found
that the perceived effectiveness of a DMHI will affect whether
a user engages with it. Participants also suggested that the DMHI
could help them monitor their mental health symptoms via a
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self-tracking feature (ie, mood and sleep), which is consistent
with previous research [31,62]. One point of differentiation
between this study and past research is that interview findings
showed which aspects of self-tracking were most preferred,
including the visualization of changes over time, reflective
journaling, and the ability to share progress with a mental health
professional. In qualitative interviews, participants also
expressed a strong preference for diverse DMHI content that
referred to wellness practices in addition to a wide range of
therapeutic techniques, such as healthy eating, physical exercise,
and gratitude practices. This desire for diverse and
comprehensive content may have stemmed from many
participants’ previous experiences with DMHIs that focus on a
single therapeutic modality, such as CBT or mindfulness.
Participants also wanted the DMHI to include features that help
facilitate social connections, which again was most evident in
the qualitative interview findings. This is unsurprising, given
the importance of social connectedness in positive mental health
outcomes [33], especially for depression [34]. Features that
support social connectedness were also desired as an inclusion
in past DMHIs [11,25], and the need for isolation during the
COVID-19 pandemic may have exacerbated this need.
Suggestions included incorporating an online community where
DMHI users could connect with peers with similar experiences
or being able to read or listen to personal stories of people who
had overcome mental health challenges.

In line with our secondary aim, participants identified 4
strategies in surveys and interviews that could enhance user
engagement with a DMHI: personalization, reminders, goal
setting, and including short and achievable activities within the
DMHI. Consistent with previous research [11,31,62],
participants wanted to personalize a DMHI to suit their needs
and set goals. Unlike other studies that saw personalization as
customizing the interface (ie, colors, theme, and music) and
reminders, qualitative interviews showed that participants
viewed personalization as the ability to pick and choose the
content and activities or have the DMHI suggest them based on
their responses. These findings are especially important, given
that a lack of DMHI personalization is a common barrier to user
engagement [25] and a common source of user dissatisfaction
[11]. Participants preferred a modular, flexible design that could
be individually tailored over a less flexible linear program where
all users received the same content. Consistent with previous
research [35,36,62], participants suggested using custom
reminders to engage and maintain user interest in the DMHI in
both surveys and qualitative interviews. For example, by
allowing users to customize when reminders are delivered or
by prompting the user to check in with the DMHI throughout
the day. Furthermore, the finding from qualitative interviews
that short and achievable activities would facilitate engagement
with a DMHI was unique, yet important to consider, as users
of DMHIs may be experiencing anxiety and depression and
associated symptoms, such as rumination, fatigue, and low
energy, which may hinder their ability to engage with longer
activities. On the basis of their systematic review, Borghouts
et al [25] proposed that shorter module durations were associated
with better user engagement in self-guided DMHIs. However,
this finding was only based on 2 studies, suggesting that more
research is needed to verify this finding.

Integrating DMHIs Into Routine Care
The study findings provide insight into participants’preferences
regarding whether and how they would use a DMHI with health
professionals in a blended model of care. However, it is
important to note that these findings represent the views of
people who tended to have high digital literacy and were either
currently using or had used DMHIs. Participants were open to
sharing their information with health professionals via the
DMHI, and there was no clear preference for a DMHI to be
self-guided or guided in surveys and qualitative interviews.
These findings are in line with the potential need for a program
to be used flexibly, either in a self-guided or guided format,
throughout their mental health recovery and navigation through
mental health treatment. Survey data indicated that participants
were also comfortable with and positive about sharing data from
a DMHI with a trusted health professional, such as a
psychologist, general practitioner, or psychiatrist. These findings
extend prior research by highlighting that participants wanted
autonomy and control over what information they could share,
which is especially relevant given the rapid acceleration of
remote care via DMHIs and other digital technology during the
COVID-19 pandemic [12]. Several participants expressed
concerns about how the data collected by the DMHI would be
used, stored, and accessed. These results align with a blended
care qualitative study [65], which found that clients were not
concerned about sharing personal data via an app if their data
were kept secure, anonymous, and private. Previous research
on user perceptions of stand-alone DMHIs [25] and blended
DMHIs [47] also confirmed that data security, confidentiality,
and transparency affect user uptake of DMHIs both before and
during the COVID-19 pandemic.

Other factors that impacted whether someone was willing to
use a DMHI were the product’s credibility, cost, the inclusion
of crisis support, and immediate distress management. In
qualitative interviews, participants emphasized that a DMHI
should be backed by scientific research and developed by a
reputable organization, consistent with previous research that
showed that inadequate information about credibility can affect
user trust in a DMHI [11]. The inclusion of a crisis support
section was highlighted as important in this study, as well as in
the European user-centered study by Behr et al [47]. The
inclusion of this feature can act as an additional safety feature
when the program is released into the community, especially if
it is used by individuals with higher symptom severity and
frequent suicidal ideation in a self-guided format. The addition
of distress management tools that can help an individual feel
calmer in the moment may also be helpful for people with
varying severity levels and assist with developing emotion
regulation and distress tolerance. Finally, in both surveys and
qualitative interviews, we found that participants were reluctant
to pay for a DMHI and strongly believed it should be free or
offered at a very low cost (ie, Aus $1-$10 [US $0.65-$6.5]).
This corresponds with existing research indicating that many
studies have found that participants prefer free DMHIs [11],
highlighting the need for future DMHIs to be accessed free of
charge or at a low cost. Future research should explore the
drivers of this low willingness to pay for DMHIs and understand
whether it is due to the low perceived value of these
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interventions, general expectations that mental health care
should be free, or other factors. Future research also needs to
explore the optimal funding and business models to support the
ongoing maintenance required to successfully integrate DMHIs
into routine clinical care, especially given the higher availability
of DMHIs overall following the COVID-19 pandemic.

Limitations
Two main limitations may affect the generalizability of the
findings of this study. The first limitation was the nature of the
sample recruited for the study. Although the sample included
people with a wide range of symptom severity, it predominantly
consisted of female, English-speaking, and city-dwelling
individuals, with most having previously received mental health
treatment. Most participants had good self-rated digital literacy
(229/306, 74.8%) and spent >1 hour per day online (287/306,
93.8%), and >40% (131/306) had also used DMHIs in the past.
Their opinions may not be representative of the general
community, who may be eventual users of DMHIs, especially
those who do not usually use digital products or those who have
never accessed mental health support. The second limitation
was that recruitment for this study took place during the
COVID-19 pandemic. Due to the need for many people to isolate
before COVID-19 vaccines were widely available, the digital
provision of mental health services was expedited during this
time [12] (eg, telehealth). Whether the findings generalize to
the mental health care system after the COVID-19 pandemic is
unknown, and further research will be needed to verify this for
this study and other DMHI research conducted before the
COVID-19 pandemic.

Conclusions and Future Directions
This study provides clear insights into the needs, preferences,
and expectations of adults with lived and living experiences of
anxiety and depression for a transdiagnostic DMHI. Although
our results are most relevant for people with high levels of
digital literacy and experience with DMHIs, our findings
highlight the importance of using mixed methods approaches
to incorporate lived experience feedback into DMHI design and

development. For people comfortable with digital technology,
therapeutic interventions that improve mental health symptoms
and are perceived as helpful, engaging, and effective are most
desirable. Specific features that could enhance user engagement
for a DMHI targeted at depression and anxiety include
reminders, a self-tracking feature for symptoms, and content
that facilitates social connection and peer support (eg, online
forum and personal stories). The DMHI for depression and
anxiety should also include access to support and resources that
users can access when feeling unwell or in crisis. The potential
for detection of severe symptomology, such as suicidality in
depression, also supports the utility of a DMHI that a person
can use as part of a blended care model with a mental health
professional.

To date, findings from the participatory design study have been
applied in subsequent parts of the larger Australian research
project [48]. Designs for the new DMHI were subjected to a
co-design and prototype testing process, which was then used
to develop a smartphone app that is part of the myNewWay
blended care digital system. The smartphone app provides
therapeutic content and symptom management strategies
primarily based on CBT, including psychoeducation, cognitive
restructuring, emotion awareness and acceptance, goal setting,
problem-solving, behavioral activation, exposure, relaxation,
and mindfulness. Results from the participatory design study
with mental health professionals were used similarly and
informed the development of a health professional portal [52].
Phase 2 of the larger Australian research project involved an
implementation clinical trial to evaluate the myNewWay app
and Health Professional portal when used alongside
psychological therapy for depression and anxiety. Currently,
the myNewWay blended care system is being updated based
on feedback from clients and psychologists involved in the
clinical trial. The blended care system will also undergo further
evaluation in a randomized controlled trial to compare the
effectiveness of blended care with myNewWay to the
self-guided use of the smartphone app for improving symptoms
of depression and anxiety.
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Abstract

Background: Sleep duration plays a crucial role in cognitive health and is closely linked to cognitive decline. However, the
relationship between sleep duration and cognitive function in the Chinese population remains poorly understood.

Objective: This study aims to evaluate the association between sleep duration and cognitive function among middle-aged and
older adults in China.

Methods: Using data from 15,526 participants in the 2020 China Health and Retirement Longitudinal Study, we used 3 composite
indicators, encompassing episodic memory, mental acuity, and overall cognitive function to evaluate cognitive performance.
Sleep duration per night, self-reported through face-to-face interviews, was also obtained. Adjustments were made using multiple
generalized linear regression models, accounting for demographic, lifestyle, and health-related covariates.

Results: Among the 15,526 respondents analyzed, 53.02% (8232/15,526) were female and 46.98% (7294/15,526) were male,
with an average age of 61.5 (SD 9.27) years. Those reporting sleep durations of 4 hours or less (β=−1.85, 95% CI −2.07 to −1.62),
5 hours (β=−0.55, 95% CI −0.78 to −0.33; P<.001), 9 hours (β=−1.78, 95% CI −2.17 to −1.39), and 10 hours or more (β=−3.01,
95% CI −3.39 to −2.63) per night had a significant negative relationship with cognitive function. In the adjusted model, the
negative impact of long sleep (≥10 hours) on overall cognitive function became more pronounced (β=−3.01, 95% CI −3.39 to
−2.63; P<.001), followed closely by extremely short sleep (≤4 hours; β=−1.85, 95% CI −2.07 to −1.62; P<.001).

Conclusions: This study reveals an inverted U-shaped relationship between sleep duration and global cognitive decline, indicating
that cognitive function should be closely monitored in individuals with both short and long sleep durations. Consequently, public
health strategies should prioritize the promotion of moderate sleep to mitigate the cognitive risks associated with aging, particularly
in culturally specific contexts.

(JMIR Hum Factors 2025;12:e72886)   doi:10.2196/72886
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Introduction

Background
Cognitive impairment poses a significant challenge in the
context of global aging, profoundly affecting societal
development and individual well-being [1]. In China,
approximately 30% of the middle-aged and older population,
representing over 260 million people, experience cognitive
decline [2-4], which undermines autonomy and imposes
substantial economic burdens on families and society [5,6].
Among various influencing factors, sleep duration has emerged
as a potential mitigator of cognitive decline, with both
insufficient and excessive sleep being associated with impaired
cognitive performance [7,8].

Studies conducted in the United States, such as the English
Longitudinal Study of Aging (ELSA) and the Health and
Retirement Study, have revealed that both short and long sleep
durations adversely affect cognitive function [9,10]. Specifically,
the ELSA study found that older adults who sleep less than 5
hours per night have significantly lower cognitive scores
compared with those who sleep for 7 hours [11,12]. Various
mechanisms have been proposed to explain these findings,
including impairment of the brain’s ability to clear metabolic
waste due to insufficient sleep and the reflection of underlying
health problems through excessive sleep [13-15]. However,
these studies are predominantly focused on Western populations,
and their findings may not be entirely applicable to other cultural
contexts. In China, research on the relationship between sleep
duration and cognitive function is relatively scarce and often
relies on single cross-sectional data [16,17]. Furthermore,
systematic evaluations of this relationship, particularly with
respect to sex and age differences, are lacking. In addition, most
existing studies are limited to specific age groups or fail to
account for the moderating effects of demographic factors such
as sex and age [18]. Thus, it is crucial to conduct a more

comprehensive assessment of the complex relationship between
sleep duration and cognitive function.

Objectives
Given the distinctions in historical ethnic, economic, and
sociocultural background, Chinese adults had different sleep
patterns contrasted with other countries [19,20]. This study uses
nationally representative data from the China Health and
Retirement Longitudinal Study (CHARLS) to systematically
examine the relationship between sleep duration and cognitive
function. By subdividing cognitive function into mental
intactness and episodic memory, this study provides evidence
to support improving the cognitive health among middle-aged
and older people. We hypothesized that both short and longer
sleep durations are strongly associated with cognitive decline.

Methods

Study Design
This cross-sectional study used data from the 2018 survey of
CHARLS, conducted between 2018 and 2020, which surveyed
residents aged 45 years or above in 28 provinces across China
[21,22]. The CHARLS focused on aging-related issues in China,
the largest upper-middle-income country, and aimed to align
with leading international research studies to ensure cross-study
comparability of results [23]. Initiated in 2011, the CHARLS
conducted follow-ups every 2 or 3 years, including in 2013,
2015, 2018, and 2020, to collect a nationally representative
sample of the middle-aged and older adults in China, using a
multistage stratified sampling technique with 450 villages
distributed in 150 counties in 28 provinces. In this study, we
used the latest CHARLS wave in 2020, with 19,816 individuals,
to investigate the associations between sleep duration and
cognitive function. Figure 1 shows a schematic flow diagram
of the study sample [24].
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Figure 1. The flowchart of the study sample from the 2020 China Health and Retirement Longitudinal Study (CHARLS).

Ethical Considerations
The CHARLS study protocol adhered to the principles of the
Declaration of Helsinki and received ethical approval from the
institutional review board of Peking University (ethical approval
number IRB 00001052-11015) [25]. As this study involved a
secondary analysis of existing data sets, ethical approval was
not required under the research ethics policies and procedures
of the London School of Economics and Political Science. This
cross-sectional study follows the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) reporting
guideline. All CHARLS participants provided written informed
consent before data collection [26].

Cognitive Function
To evaluate cognitive performance, we used 3 composite
measures based on the framework of the Health and Retirement
Study and other cognitive function research, which include the
word recall test, the Telephone Interview of Cognitive Status,
and a pentagon-drawing test. The word recall test assessed
episodic memory by requiring respondents to immediately recall
10 Chinese nouns (immediate recall; just read to them in any
order) and then recall the same list with 4-minute delay (delayed
recall). The episodic memory score was calculated as the
average of immediate and delayed recall scores, ranging from
0 to 10. The Telephone Interview of Cognitive Status and a
pentagon drawing test were used to assess mental intactness,
focusing on time orientation, numerical ability, and visuospatial
skills. Participants performed tasks such as serial subtractions,
identifying the current data (month, day, year, and day of the

week and season) and replicating a drawing of overlapping
pentagons [27,28]. The scores from these tasks were combined
into a single mental intactness score, ranging from 0 to 11. The
global cognitive function was calculated as the sum of the
episodic memory and mental intactness scores, with higher
scores indicating better cognitive performance [29,30].

Sleep Duration
Drawing upon data from the ELSA conducted in England,
CHARLS gathered self-reported sleep duration figures during
face-to-face interviews using an open-ended format.
Specifically, participants were queried about their average sleep
hours per night over the past month: “In the past month, how
many hours of sleep have you had on average per night?” In
alignment with the previous CHARLS sleep study [31-34],
responses were subsequently categorized into 7 sleep duration
groups (≤4, 5, 6, 7, 8, 9, and ≥10 hours per evening). Daytime
napping patterns were assessed through the question: “In the
past month, how long have you napped on average after lunch?”
leading to 4 napping duration categories: nonnappers (0 min),
short nappers (<30 min), moderate nappers (30-90 min), and
extended nappers (>90 min). In line with the previous CHARLS
study on sleep, we divided respondents into 3 sleep duration
categories in the analyses. The specific categorization is as
follows: a sleep duration of 7 to 8 hours is considered the
standard sleep group, less than 7 hours is considered the short
sleep group, and more than 8 hours is considered the long sleep
group [35].

Consistent with the approach adopted in a previous CHARLS
on sleep patterns, we classified participants into 3 sleep duration
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categories for analysis. The detailed categorization criteria are
outlined as follows: individuals with a sleep duration of 7 to 8
hours are the standard sleep group, those sleeping less than 7
hours are the short sleep group, and those with a sleep duration
exceeding 8 hours are the long sleep group.

Covariates
The CHARLS used a structured questionnaire to collect
comprehensive sociodemographic and health-related data. The
covariates considered potentially influential in shaping the
associations included age; sex; educational attainment
(elementary school and below, secondary school, and college
and above); marital status (married vs others); residence (rural
vs urban); smoking and drinking status (never vs current); visual
and hearing impairment; self-reported general health status
(ranging from very good to very poor); self-reported life
satisfaction (spanning from completely satisfied to not at all
satisfied); daytime napping habits; depression; and chronic
disease condition (none, mild, and severe). In addition, sample
weights were considered during the analysis to adjust for the
representativeness of the sample.

Statistical Analysis
In this study, ANOVA was used for numerical variables, while
ordered t test and chi-square tests were conducted for discrete
variables to compare respondent characteristics among different
sleep groups, specifically short sleepers, standard sleepers, and
those with long sleep disorders. Continuous variables were
summarized with means and SDs, while categorical variables
were reported in terms of counts and percentages. To maximize
statistical power, the sample size for analysis was allowed to
vary based on the quantity of valid responses for each cognitive
metric. For the continuous cognitive measures, a generalized
linear model with a Gaussian distribution and an identity link
function was used. A comprehensive suite of covariates,
encompassing demographic factors such as age, sex, educational
attainment, marital status, and lifestyle attributes, including
smoking and alcohol consumption, were incorporated into our
analytic framework. In addition, measures of functional

independence based on activities of daily living, urban versus
rural residency, self-assessed health status, life satisfaction,
depressive symptomatology, and the presence of chronic medical
conditions were included as covariates to mitigate potential
confounding effects. Statistical significance was set at 2-sided
P<.05. All data analyses were conducted using Stata (version
18.0; Stata Corp).

Results

Sample Characteristics
The characteristics of the surveyed individuals are shown in
Table 1. The study sample included 15,526 respondents,
including 8232 female participants (53.02%) and 7294 male
participants (46.98%), with an average age of 61.5 (SD 9.27)
years. Among them, 7808 individuals (N=15,526, 50.29%)
belonged to the standard sleep group, 6034 (N=15,526, 41.92%)
to the short sleep group, and 1084 (N=15,526, 6.98%) to the
long sleep group. In terms of the cognitive function composite
score, participants in the standard sleep group demonstrated the
highest mean score of 11.03 (SD 4.34), followed by the short
sleep group with a mean score of 10.32 (SD 4.52). Conversely,
the long sleep group recorded the lowest mean score of 8.40
(SD 4.67). Regarding the mental intactness composite score, a
similar pattern emerged, with the standard sleep group scoring
highest (mean 6.81, SD 2.96), followed by the short sleep group
(mean 6.35, SD 3.06) and the long sleep group recording the
lowest score (mean 5.27, SD 3.14). In the domain of episodic
memory, the standard sleep group achieved a mean score of
4.22 (SD 2.06), outperforming the short sleep group (mean 3.97,
SD 2.08) and the long sleep group (mean 3.13, SD 2.19).
Collectively, these findings underscore the superior performance
of the standard sleep group across cognitive function, mental
intactness, and episodic memory domains, compared with both
the short and long sleep groups. Notably, the long sleep group
consistently shows the lowest scores across all 3 cognitive
domains, hinting at a potential association between sleep
duration and cognitive health.
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Table 1. Characteristics of the sample by night sleep duration from the 2020 China Health and Retirement Longitudinal Study (N=15,526).

Long sleep group
(n=1084)

Standard sleep group
(n=7808)

Short sleep group
(n=6034)

Total sampleCharacteristics

8.40 (4.67)11.03 (4.34)10.32 (4.52)10.42 (4.52)Cognitive function score (grade), mean (SD)

5.27 (3.14)6.81 (2.96)6.35 (3.06)6.43 (3.06)Mental intactness score (grade), mean (SD)

3.13 (2.19)4.22 (2.06)3.97 (2.08)3.99 (2.07)Episodic memory score (grade), mean (SD)

64.54 (9.75)60.34 (9.20)61.79 (9.16)61.50 (9.27)Age (y), mean (SD)

Sex, n (%)

548 (7.5)2622 (35.95)4124 (56.54)7294 (46.98)Male

536 (6.51)5186 (63.00)2510 (30.49)8232 (53.02)Female

228 (6.73)768 (22.66)2393 (70.61)3389 (21.83)ADLa impairment, n (%)

856 (7.05)4364 (35.96)6917 (56.99)12,137 (78.17)Normal ADL, n (%)

237 (8.01)663 (22.42)2057 (69.56)2957 (19.05)IADLb impairment, n (%)

847 (6.74)4469 (35.56)7253 (57.71)12,569 (80.95)Normal IADL, n (%)

Education, n (%)

370 (11.07)934 (27.96)2037 (60.97)3341 (21.52)Illiterate

651 (6.33)3.49 (33.91)6143 (59.76)10.28 (66.21)Middle school

63 (3.31)712 (37.38)1130 (59.32)1905 (12.27)High school

835 (6.97)4161 (34.74)6981 (58.29)11,977 (77.14)Married, n (%)

760 (6.60)3713 (32.26)7035 (61.13)4018 (25.88)Smoke, n (%)

336 (5.96)1960 (34.76)3342 (59.28)5638 (36.31)Drink use, n (%)

942 (7.99)3732 (32.9)6964 (59.05)11,794 (75.96)Rural areas, n (%)

367 (5.99)1432 (23.39)4324 (70.62)6123 (39.44)Depressed, n (%)

327 (8.76)1602 (42.90)1805 (48.34)3734 (24.05)Feeling of own good health, n (%)

979 (7.09)4762 (34.48)8069 (58.43)13,810 (88.95)Subjective well-being, n (%)

Chronic diseases, n (%)

685 (6.89)3458 (34.80)5793 (58.30)9936 (64.00)None

370 (7.36)1530 (30.44)3126 (62.20)5026 (32.37)Single chronic disease

29 (5.14)144 (25.53)391 (69.33)564 (3.63)Multiple chronic diseases

aADL: activities of daily living.
bIADL: instrumental activities of daily living; defined as having a score of 10 or above on the 10-item Center for Epidemiologic Studies Depression
scale.

Trajectories for Sleep Duration Across Cognition
Status
Figure 2 displays the trajectories of cognitive scores across
different sleep durations, including cognitive function, mental

intactness, and episodic memory. Overall, in 2020, the
relationship between sleep duration and the scores of the selected
population in cognitive function, mental intactness, and episodic
memory exhibited an inverse U-shaped pattern.
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Figure 2. Trajectories of cognitive scores across groups with different sleep durations.

In Table 2, in the unadjusted analysis, compared with individuals
sleeping for 7 hours, those in the long sleep group (≥10 hours)
exhibited the most significant negative impact on cognitive
function (β=−1.85, 95% CI −2.17 to −1.52; P<.001).
Subsequently, the 9-hour sleep group demonstrated the
second-highest negative effect with β=−0.85 (95% CI −1.02 to
−0.64; P<.001). Unhealthy sleep patterns had a detrimental
influence on mental intactness than on episodic memory.
Specifically, in the very short sleep group (≤4 hours), the
negative effect on mental intactness was β=−0.61, whereas for
episodic memory, it was β=−0.22. Intriguingly, no significant
association was observed between cognitive function, episodic

memory, and mental intactness with sleep duration in the 6-hour
sleep group (P>.05). Upon adjustment, the long sleep group
(≥10 hours) showed an exacerbated negative impact on overall
cognitive function, with β increasing from −1.85 to −3.01, 95%
CI −3.39 to −2.63; P<.001). The second most significant
negative effect shifted from the 9-hour sleep group to the very
short sleep group (≤4 hours) in the adjusted model with β=−1.85
(95% CI −2.07 to −1.62; P<.001). Consistent with the
unadjusted findings, unhealthy sleep continued to have a greater
adverse effect on mental intactness compared with episodic
memory. The 6-hour sleep group maintained a nonsignificant
association with cognitive function (P>.05).
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Table 2. Associations between sleep duration and cognitive function in participants from the 2020 China Health and Retirement Longitudinal Study.

Mental intactnessEpisodic memoryCognitive functionModel and sleep duration (hr)

95% CIβ95% CIβ95% CIβ

Model 1a

−0.75 to −0.48−0.61−0.32 to −0.12−0.22−1.02 to −0.64−0.83≤4

−0.34 to −0.07−0.21−0.13 to −0.06−0.03−0.43 to −0.05−0.245

−0.21 to −0.03−0.09−0.08 to −0.100.01−0.25 to −0.10−0.086

1 (reference)1 (reference)1 (reference)1 (reference)1 (reference)1 (reference)7

−0.49 to −0.22−0.36−0.19 to −0.01−0.09−0.64 to −0.25−0.458

−0.79 to −0.33−0.56−0.46 to −0.13−0.29−1.18 to −0.52−0.859

−1.34 to −0.88−1.11−0.91 to −0.57−0.74−2.17 to −1.52−1.85≥10

Model 2b

−1.42 to −1.11−1.26−0.69 to −0.48−0.58−2.07 to −1.62−1.85≤4

−0.55 to −0.25−0.40−0.26 to −0.05−0.16−0.78 to −0.33−0.555

−0.26 to −0.03−0.11−0.10 to −0.09−0.01−0.33 to −0.08−0.126

1 (reference)1 (reference)1 (reference)1 (reference)1 (reference)1 (reference)7

−0.73 to −0.42−0.57−0.32 to −0.10−0.21−1.01 to −0.56−0.798

−1.43 to −0.90−1.17−0.79 to −0.43−0.61−2.17 to −1.39−1.789

−2.13 to −1.60−1.86−1.33 to −0.97−1.15−3.39 to −2.63−3.01≥10

aModel 1 was unadjusted.
bModel 2 was adjusted for activities of daily living, instrumental activities of daily living, education, marital status, smoking, alcohol consumption,
residence, self-rated health, self-rated life satisfaction, depression, chronic diseases condition, and sampling weights.

Discussion

Principal Findings
This nationally representative study, using the CHARLS
database, reveals a statistically significant inverse U-shaped
association between sleep duration and cognitive function. The
findings reveal that the standard sleep group had the optimal
cognitive scores, episodic memory, and mental intactness,
whereas groups with either short or long sleep durations were
significantly associated with cognitive decline, with long sleep
having a more pronounced negative effect.

These findings align with those from major international studies,
such as the ELSA and the Health and Retirement Study, which
also identified the detrimental effects of both short and long
sleep on cognitive function [12,36]. The consistent inverted
U-shaped relationship between sleep duration and cognition
suggests a universal phenomenon, albeit influenced by cultural
and social contexts. However, it is important to recognize that
cultural and social contexts may partly explain the observed
variations in findings across different populations. For instance,
in Chinese culture, familial support and older adult lifestyles
may exacerbate the negative effects of prolonged sleep duration.
The emphasis on close family bonds in Chinese society could
inadvertently lead to excessive care or protection of older adults
[37], potentially reducing their physical activity levels and
contributing to cognitive decline. In addition, traditional health
beliefs that promote prolonged rest as beneficial may further
amplify the prevalence of long sleep among older adults in

China [38]. These factors, coupled with a slower pace of life
and lower levels of social engagement in some Chinese
populations, present a unique cultural framework that differs
from Western populations, where long sleep durations are less
prevalent [39]. Thus, the findings of this study impart profound
insights into how cultural and social factors influence the
interplay between sleep duration and cognitive function, offering
perspectives that are infrequently explored in the realm of
international scholarly research.

From a mechanistic perspective, the adverse consequences of
short sleep on cognitive function are well-documented. Short
sleep may hinder the elimination of cerebral metabolic waste,
including β-amyloid, a neurotoxic protein linked to Alzheimer
disease [40,41]. Inefficient removal of such waste materials can
disrupt neuronal function and impair cognitive processes.
Moreover, sleep deprivation interferes with the equilibrium of
neurotransmitters, including dopamine and serotonin, which
are critical for mood regulation, attention, and decision-making
[13]. These disruptions can culminate in impairments in
executive function and emotional regulation, both integral
aspects of mental well-being. Furthermore, hormonal
dysregulation associated with insufficient sleep, such as elevated
cortisol levels, has been shown to exert neurotoxic effects on
the hippocampus, an essential brain region for memory
consolidation. Moreover, decreased levels of growth hormone
during sleep deprivation may also hinder tissue repair and
neuronal regeneration, further compromising brain health [42].
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The severity of short sleep’s impact varies across different
cognitive domains. Mental integrity, along with episodic
memory, suffers from sleep deprivation; however, the
disruptions to mental integrity appear more profound and
systemic. Insufficient sleep not only impairs attention, executive
function, and emotional stability but also exerts broad effects
on mental health and cognitive capabilities, mediated by chronic
stress and heightened inflammatory processes, ultimately leading
to structural damage in the prefrontal cortex and
neurotransmitter imbalances [43]. Conversely, while the impact
on episodic memory is notable, it is relatively confined to
specific processes such as memory formation and consolidation,
often stemming from hippocampal dysfunction and increased
susceptibility to memory interference. Therefore, the systemic
nature of sleep deprivation’s effects on mental integrity renders
then more comprehensive and extensive when compared with
its effects on episodic memory [44]. In contrast, long sleep
duration is frequently associated with underlying health
conditions that may indirectly contribute to cognitive decline.
For instance, prolonged sleep has been linked to elevated
inflammatory markers like C-reactive protein and metabolic
dysregulation [45,46]. These biological responses could reflect
the presence of chronic illnesses or suboptimal health states
adversely affecting cognitive function. In addition, sex
differences in physiological, hormonal, and social factors may
further exacerbate cognitive disparities associated with long
sleep [47,48]. Specifically, variations in estrogen levels and
their neuroprotective effects could partly account for differing
cognitive outcomes between men and women. Socially, women
may encounter distinct roles and stressors that interact with
sleep patterns, potentially influencing cognitive health in unique
ways [49]. These findings highlight the need for a sophisticated
appreciation of the interplay between biological, social, and
sex-specific factors with sleep duration in influencing cognitive
outcomes.

Since the declines are primarily centered on mental intactness,
the resulting downstream consequences on instrumental
activities of daily living warrant explicit consideration,
particularly for older adults living alone. Low scores in these
domains map onto tangible challenges in everyday life.
Impairments in mental intactness, encompassing attention, and
sequencing and visuospatial copying abilities, are closely tied
to instrumental activities of daily living, which include managing
medications and finances, keeping appointments, using the
phone, navigating public transport, or following multistep
cooking and home-safety routines. Deficits in episodic memory
further undermine an individual’s capacity for new learning and
recall. This, in return, affects their adherence to treatment plans,
remember emergency contacts, or recall whether gas or electric
appliances have been turned off. Together, these impairments
heighten risks that go far beyond a mere reduction in
independence, which includes medication errors, missed or
duplicate doses, falls resulting from disorientation, wandering
or getting lost outdoors, malnutrition due to irregular meals,
fire hazards, and vulnerability to financial scams. These risks
are particularly pronounced among older adults living alone,
underscoring the need for proactively identifying at-risk sleepers
at both the clinical and community levels.

The study’s strengths lie in its use of nationally representative
data from the CHARLS, bolstering the external validity and
generalizability of the findings. The substantial sample size
reinforces the robustness of the results, enabling an in-depth
analysis of sleep duration and its correlation with cognitive
function among middle-aged and older adults. Importantly, this
research contributes significant scientific evidence to inform
sleep-based interventions aimed at promoting cognitive health.
Translating these strengths into action, we outline implementable
strategies for prediction, public communication, and prevention
that public-sector and primary-care services can adopt now.

These findings provide a solid foundation for developing
predictive models. They motivate nonlinear specifications (eg,
restricted cubic splines or categorical cut-points at ≤4, 5, 6, 7
[reference], 8, 9, and ≥10 hours) combined with demographic,
health, and psychosocial covariates already collected in
population surveys and primary care. Models can be trained to
estimate individual risk of low global cognition and
domain-specific deficits (especially attentional or executive
components captured by mental intactness), enabling risk
stratification, providing early warning signals for clinicians,
and targeting of behavioral counseling for those who stand to
gain the most.

The study also offers data to support public awareness
initiatives. Given the clear, nonlinear risk signal at both extremes
of sleep duration and the relative sparing at approximately 7
hours, public health messaging can be framed in plain language
(eg, “both insufficient and excessive sleep are linked with worse
thinking and attention in later life”), while emphasizing that
attention or executive skills appear especially vulnerable to
chronic unhealthy sleep habits.

While acknowledging its strengths, several limitations merit
recognition. First, the cross-sectional design of this study
precludes the establishment of causal relationships between
sleep duration and cognitive function, necessitating longitudinal
studies to ascertain whether sleep duration directly influences
cognitive trajectories over time or if other factors mediate this
relationship. Second, the reliance on self-reported sleep data
may introduce information bias, potentially affecting the
accuracy and reliability of the results. Incorporation of objective
sleep measures, such as actigraphy or polysomnography, could
yield more precise assessments in future studies. Third, the
relatively smaller sample size in older age groups may have
contributed to increased variability in the findings, diminishing
the statistical power to detect significant associations in this
subgroup. Finally, the study did not account for other potential
confounding factors, such as dietary habits, genetic
predispositions, or environmental influences, which may play
crucial roles in shaping the observed relationships and warrant
further exploration.

In prioritizing future research endeavors, longitudinal study
designs should be used to confirm causal relationships and
examine potential mediators and moderators of the relationship
between sleep duration and cognitive function. For instance,
biomarkers indicative of inflammation and metabolic health
could provide valuable insights into the underlying biological
mechanisms. Similarly, lifestyle variables, including physical
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activity, social engagement, and dietary habits, could elucidate
the broader context of sleep-cognition interactions. In addition,
comparative analyses across diverse cultural milieux could
augment our comprehension of how sociocultural factors shape
these relationships, ultimately guiding the development of
tailored interventions to foster cognitive health in various
populations.

Conclusions
In summary, this study reveals that moderate sleep duration is
significantly protective of cognitive function in middle-aged
and older adults. The identified risks associated with both short
and long sleep underscore the necessity for individualized sleep
health interventions tailored to personal characteristics. Public
health policies should account for sex and age disparities to
implement effective interventions aimed at enhancing cognitive
health in aging populations, thereby alleviating the societal and
economic burdens associated with global aging.
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Abstract

Background: Attention-deficit/hyperactivity disorder (ADHD) is a prevalent neurodevelopmental disorder affecting 3%-7%
of children globally. Alternative treatments are needed to address the limitations of traditional pharmacotherapy and
nonpharmacotherapy, such as drug side effects and substantial time and financial costs. In this light, digital therapeutics for
childhood ADHD are emerging as an effective alternative, with the benefits of potentially being free from serious side effects
associated with software-based treatments and facilitating easy home use without constraints on time or space.

Objective: This study aims to evaluate whether a 4-week digital treatment program can improve symptoms, problem behaviors,
and neurocognitive functions in children with ADHD, independent of medication status, while also gauging participant satisfaction
with the program.

Methods: We recruited 22 Korean children aged 6-12 years with a diagnosis of ADHD. During the preintervention visit, we
collected data on ADHD symptoms, relevant behavior scales, and neurocognitive assessments. Participants then used the program
5 times per day, 5 days a week for 4 weeks at home. At the postintervention visit, we collected the same data as during the
preintervention visit and gathered additional feedback on their experience over the 4 weeks.

Results: A total of 19 participants were included in the statistical analysis, showing significant decreases in scores across various
categories. These included the Korean ADHD Rating Scale (Total: P=.004; Inattentive: P=.004; and Hyperactive-impulsive:
P=.01) and Korean Conners’Parent Rating Scale (Total: P<.001; Impulsive-hyperactive: P=.001; and Conduct Problem I: P=.04).
Significant improvements were also noted in the Stroop word (P=.004), color (P<.001), and color-word (P<.001) scores. No
significant differences in treatment effects were found between medicated and unmedicated participants. Caregiver and child
satisfaction surveys yielded mean ratings of 4.3 and 4.1 out of 5, respectively.

Conclusions: A 4-week gamified intervention improves attention and hyperactivity-impulsivity in children with ADHD,
irrespective of medication status, demonstrating its potential effectiveness and acceptability as a treatment option. As this is a
small pilot study and underpowered, larger studies with appropriate control groups are needed in future research.

(JMIR Hum Factors 2025;12:e70479)   doi:10.2196/70479
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a
neurodevelopmental disorder characterized by persistent
hyperactivity, impulsivity, or inattention that disrupts daily
functioning [1]. The condition is heterogeneous, typically
characterized by persistent patterns of inattention,
hyperactivity/impulsivity, or a combination of both [2]. Most
diagnoses occur early in life, with estimates indicating that
approximately 3%-7% of children globally are diagnosed with
ADHD [3,4]. Both in Korea and internationally, there has been
a steady increase in ADHD diagnoses, primarily among children
and adolescents [5,6].

In addition to the hallmark symptoms of persistent inattention
and hyperactivity, ADHD can lead to cognitive and functional
impairments in affected children, including challenges with
response inhibition and working memory [2]. It also results in
diminished academic performance and strained peer or family
relationships, adding further distress to those affected [7].
Moreover, if not addressed, childhood ADHD can persist into
adulthood, continuing to disrupt everyday life [8-10].

Child ADHD management strategies are categorized into
pharmacological and nonpharmacological approaches. Although
prescribed medication is frequently used to alleviate ADHD
symptoms [10], parents often hesitate to medicate their children
due to potential or actual side effects. These side effects
commonly include decreased appetite, sleep disturbances, and
stomach problems [4]. Furthermore, selecting the optimal
medication for a particular patient can be time-consuming
[10,11]. Nonpharmacological approaches include parental
training, cognitive behavioral therapy, and cognitive training.
These treatments can burden parents because they are both
time-consuming and costly [12]. In addition, the scarcity of
professional trainers makes access to nonpharmacological
ADHD care more challenging. These limitations of traditional
treatments have spurred the development of new ADHD
treatments using advanced digital technologies.

Digital therapeutics (DTx) are defined as health software
intended to treat or alleviate a disease, disorder, condition, or
injury by generating and delivering a medical intervention that
has a demonstrable positive therapeutic impact on a patient’s
health [13-15]. They offer high accessibility in terms of both
time and location [16] and considerably reduce concerns about
side effects due to their noninvasive nature. Moreover, it
demands less supervisory effort than other behavioral therapies,
since embedded algorithms can automatically adjust the usage
instructions and program difficulty according to the user's level.

Gamification is an additional strategy used by DTx to enhance
user engagement and experience [17,18]. Given that children
with ADHD often display heightened novelty-seeking behaviors
[19], they generally favor game-based activities. Presenting
therapeutic interventions in a gamified format can greatly
improve adherence to treatment regimens.

Previous research has consistently shown that various
multitasking tasks can mitigate ADHD symptoms [20,21].
However, the widely used dual n-back task is recognized for
its high level of difficulty and complex rules. These
characteristics can make onboarding challenging for
children—particularly those with ADHD—leading to early
dropout, and sustaining motivation for continued training can
be difficult. Given these challenges of conventional
interventions, some researchers developed a gamified
intervention as an alternative treatment. One of the most notable
approaches was EndeavorRx, a Food and Drug Administration
(FDA)-cleared DTx, developed by Akili Interactive for children
with ADHD, which is effective in mitigating inattentive
symptoms [21-23]. It was developed by incorporating gamified
cognitive training that involved multitasking Go/No-Go tasks
and sensory-motor tasks [24]. The results showed that
digital-based multitasking tasks, focusing on perceptual
discrimination and sensory-motor coordination, were effective
in enhancing attention in both older adults and children with
ADHD [21,24].

Notably, the driving task effectively increases cognitive load
while maintaining an engaging experience for children.
Nevertheless, this type of multitasking approach also presents
limitations, particularly in providing finely tuned difficulty
adjustments. By implementing a difficulty adjustment system,
it is possible to engage a broader range of age groups at different
stages of cognitive development. This approach also helps
address cultural differences related to disparities in access to
digital technologies.

Therefore, we present a gamified DTx named “StarRuckus”
(eMotiv). It aims to reduce core ADHD symptoms through the
simultaneous execution of n-back and driving tasks, including
a personalized difficulty adjustment algorithm to ensure training
benefits [21,25,26]. It functions as an enhanced version of the
Go/No-Go task (0-back task), allowing for the customization
of difficulty levels through varying n levels [27,28]. While
difficulty adjustment in Go/No-Go tasks typically involves
manipulating factors such as stimulus presentation time, the
number of stimuli, and the number of discriminative targets,
the n-back task allows for additional parameters, including the
n level and the inclusion of lure stimuli.

To the best of our knowledge, this study is the first to implement
multitasking that combines an n-back task with a driving task
as a cognitive training intervention aimed at improving ADHD
symptoms. Computerized multitasking working memory training
is recognized for its effectiveness in alleviating core symptoms
of ADHD, such as inattention [29] and hyperactivity-impulsivity
[20]. Multitasking n-back training strengthens the right inferior
frontal gyrus, an area exhibiting structural [30,31] and functional
deficits in children with ADHD [32,33]. Furthermore,
multitasking driving training can enhance neural activity
efficiency in the prefrontal cortex [24,34], thereby improving
attention in children with ADHD [21,26,35].
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Another distinctive feature of StarRuckus is its focus on the
reward system within its gamification elements, setting it apart
from other DTx interventions. After providing a personalized
difficulty level tailored to each user, the system delivers
differentiated in-game rewards based on performance outcomes.
These rewards can be collected and used to unlock additional
content, such as character purchasing and town customization.

This pilot study explored the effectiveness of StarRuckus as a
potential treatment for children with ADHD, both medicated
and unmedicated, while assessing its appeal to both children
and their caregivers. We evaluated improvements in
symptomatology and behavior scales as well as
cognitive-neurological indicators before and after a 4-week
intervention with StarRuckus. In addition, feedback on usage
experience and safety was gathered from children and
caregivers. Through this study, we aimed to provide preliminary
evidence supporting the efficacy and acceptability of StarRuckus
as a DTx.

Methods

Participants
Two cohorts, 1 taking medication and 1 without medication,
were included in the study. The participants in both cohorts
agreed not to alter their medication status during the study,
understanding that any change could result in their withdrawal.
Although this agreement was not binding, participants were
permitted to change their medication status after consulting with
their doctors. They were also required to report any medication
changes during the study. Inclusion criteria for the participants
consisted of (1) a confirmed DSM-5 diagnosis of ADHD; (2)
age between 6 and 12 years; and (3) either consistently taking
medication for ADHD for at least 30 days or not taking
psychotropic medication for at least 3 days to allow for a
washout before baseline measures. Exclusion criteria for the
participants included (1) current comorbid psychiatric diagnoses
listed in DSM-5 with marked symptoms; (2) initiation of
behavior therapy within the last 4 weeks or plans to change or
start behavior therapy during the study; (3) motor conditions
reported by parents that prevent the use of digital interventions;
(4) color blindness as reported by caregivers; (5) uncorrected
visual or auditory impairments; and (6) any other medical
condition that might confound the study data.

Procedures
Participants were recruited from a community child center and
a web-based community for caregivers of children diagnosed
with neurodevelopmental disorders. Children and caregivers
willing to participate completed a web-based survey to check
eligibility. In addition, caregivers had to provide clinic-issued
documentation as proof of their children’s medical histories. If
children were eligible for the study, caregivers were contacted
to provide instructions about the course of the study.

The study consisted of 3 phases: a preintervention visit, the
intervention period, and a postintervention visit. At the
preintervention visit, participants and their caregivers received

detailed information about the research purpose, eligibility
criteria, procedures, potential risks and benefits, and
confidentiality aspects. After comprehending the study protocol,
they provided informed consent. Subsequently, the caregiver
and child were placed in separate rooms for data collection.
While parents completed questionnaires regarding their
children’s behavior, the children engaged in several
neurocognitive tasks primarily focused on attention and working
memory. Upon completion of the data collection tasks, children
tested StarRuckus for approximately 10 minutes, with
supervision to ensure compliance with the rules. At the
conclusion of the preintervention period, tablets preinstalled
with StarRuckus were lent to the participants for use during the
intervention period. Throughout the intervention phase,
participants had to complete 5 daily sessions, each lasting about
20-25 minutes, 5 days a week for 4 weeks. Compliance was
electronically monitored by researchers, and reminder text
messages were sent to parents when they were likely to fall
short of the required session counts. In addition, caregivers and
participants were instructed to report any adverse events to
investigators in real time. The postintervention visit mirrored
the preintervention visit, including neurocognitive tasks for the
participants and questionnaires for the parents. Following data
collection, satisfaction and inconvenience questionnaires were
completed, incorporating reports of any adverse events. The
children’s questionnaires were designed for readability, and
researchers assisted the children with any difficulties.

Digital Intervention
StarRuckus (Figure 1) is a gamified training program designed
for children aged 6 to 12. It is a digital application available for
download on both Android (Google LLC) and iOS (Apple Inc)
platforms, aimed at mitigating ADHD symptoms in children.
The program includes two main tasks: (1) a continuous
visuomotor driving task and (2) an n-back task [36], which
engages working memory. In the driving task, users maneuver
the character by tilting the device left or right. The primary
objective of this task is to dodge as many obstacles as possible
while collecting target points. The n-back task, a working
memory exercise, challenges participants to identify whether
each presented stimulus matches one shown several steps earlier
in the sequence [37,38]. The maximum difficulty level in the
app goes up to 4-back. Once all 5 sessions are completed, the
training program ends automatically.

In a cognitive training program, it is crucial to maintain a level
of difficulty that aligns with the users’ skill levels. The adaptive
algorithm of StarRuckus adjusts task difficulty in real time based
on individualized performance metrics tailored to each task
type. For instance, in n-back tasks, increased difficulty may
involve raising the n level or modifying stimulus parameters,
such as increasing lure frequency or shortening stimulus
duration. In driving tasks, difficulty can be modulated through
speed changes. When users demonstrate improved performance,
the system gradually introduces more challenging levels.
Conversely, if performance declines, the difficulty is reduced
to keep the tasks manageable and maintain engagement.
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Figure 1. StarRuckus in-game screenshot.

In addition to providing internal rewards through a gamified
treatment designed to entertain children, the program included
various in-app rewards to maintain participant engagement. For
example, children were able to build their own villages with
the resources gained during the training process. They could
also use these resources to outfit new space vehicles and
characters.

Measures

Korean ADHD Rating Scale
A Korean ADHD Rating Scale (K-ADHD-RS) was used,
originally developed by DuPaul in 1991 [39]. The K-ADHD-RS,
comprising 18 questions, is a prevalent measure for assessing
symptoms of ADHD. There are 2 subscales, 1 for inattention
and 1 for hyperactivity. The Korean version, validated and
proven reliable in 2002 [40,41], is extensively used in Korea to
support ADHD diagnosis in children. In the scale, 0 corresponds
to “rarely or never,” 1 to “somewhat,” 2 to “often,” and 3 to
“always or very often.”

Korean Conners’ Parent Rating Scale
We used the Korean Conners’ Parent Rating Scale (K-CPRS),
originally developed in 1970 [42,43]. It is a widely recognized
tool for assessing problematic behaviors in children. Although
analogous to the original, the Korean edition features a different
distribution of questions across factors. According to the factor
analysis results of the Korean edition [44], our assessment
focused on 5 identified factors: Impulsive-hyperactive, Conduct
Problem I, Conduct Problem II, Psychosomatic, and Anxiety
[45].

ADHD Diagnostic System
The ADHD diagnostic system (ADS) is a computerized attention
test designed to facilitate the diagnosis and assessment of
treatment effects for ADHD. It is a type of continuous
performance test [46,47] and features both ADS visual and
auditory (ADS-A) modules, each containing 3 distinct stimuli
(1 target and 2 nontargets). The proportion of targets was
controlled to appear at 22% in the first part, 50% in the second
part, and 78% in the final part of the task, respectively.
Participants were instructed to press the spacebar when the
target stimulus appeared and to ignore nontarget stimuli. Key
outcome measures in our analyses included omission error,
commission error, response time (RT), and RT SD [45].

Stroop Color and Word Test
In this study, we used the Korean version of the Stroop Color
and Word Test [48], validated for children aged 5-14 years and
originally developed in 1978 [49]. The Stroop test, primarily
assessing selective attention and processing speed, consists of
3 card sessions: Word, Color, and Color-Word. Each session
presents 100 stimuli, and children are timed to read them as
quickly as possible within a 45-second limit. Specifically,
children are instructed to read black words denoting color names
(red, green, and blue) in the first session, name the printed color
marked with “XXXX” in red, green, and blue in the second
session, and name the printed color instead of the incongruently
printed word in the final session. Raw scores from the word,
color, and color-word sessions, along with the interference score,
were recorded for data analysis.

Digit Span
The digit span (DS) test, a subcomponent of the Wechsler
Intelligence Scale for Children-Fifth Edition [50], was
administered using the Korean standardized version in this study
[51]. The DS test, which involves memorizing a sequence of
digits beginning with 2 digits and increasing by 1 digit at each
step through 2 trials at each level until both are incorrect, was
generally used to evaluate working memory and consists of 3
subtasks: DS Forward, DS Backward, and DS Sequencing. In
the forward task, the examiner reads numbers aloud, and the
participant recalls them in the order presented. The backward
and sequencing tasks follow a similar procedure to the forward
task but require participants to recall the sequence in reverse
order or reorder the digits numerically, respectively. These tasks
are generally more challenging than the forward task as they
necessitate manipulating and reorganizing the received
information. Scoring was based on the total number of
successful trials across all subtasks.

Statistical Analysis
Behavioral and cognitive outcome measures were analyzed
using open-source statistical libraries in Python (version 3.9.12;
Python Software Foundation). Depending on the Shapiro-Wilk
normality test results, either a 1-sample t test (parametric) or a
Wilcoxon rank-sum test (nonparametric) was performed. A
2-tailed significance level of P<.05 was considered statistically
significant, and Cohen d effect sizes were calculated.
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Ethical Considerations
This study received approval from the Public Institutional
Review Board designated by the Ministry of Health and Welfare,
Korea (approval no P01-202305-01-007). Written informed
consent was obtained from caregivers of all participating
children, and assent was obtained from children when
appropriate. Participants were informed about the study purpose,
procedures, potential risks, and their right to withdraw at any
time without penalty.

Results

Overview
The study is reported in accordance with the
CONSORT-EHEALTH (Consolidated Standards of Reporting

Trials of Electronic and Mobile HEalth Applications and onLine
TeleHealth) checklist (Multimedia Appendix 1).

Participants Flow
A total of 22 Korean participants were enrolled in the study
following screening. During the intervention, 1 participant
withdrew with parental consent. Two participants experienced
changes in their medication status: 1 resumed medication during
the study after not taking any at the preassessment, and another
changed their medication type. A total of 19 participants
completed the study, as shown in the participant flowchart
(Figure 2). Table 1 presents the demographic and clinical
characteristics of the participants at baseline.

Figure 2. Flowchart of participants.

Table 1. Demographic and clinical characteristics of the participants.

CountCharacteristic

Sex , n (%)

14 (73.7)Male

5 (26.3)Female

8.5 (1.5)Age (years), mean (SD)

99.4 (16.7)IQa, mean (SD)

Medication, n (%)

10 (52.6)On medication

9 (47.4)No medication

aIQ: intelligence quotient.
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Parent Rating Scales

K-ADHD-RS
For the K-ADHD-RS, an ADHD symptom measure rated by
parents, a paired t test assessed changes in the Total, Inattentive,
and Hyperactive-impulsive scores before and after 4 weeks of

intervention. There were statistically significant reductions in
Total (P=.004; effect size d=0.69, 95% CI –9.27 to –1.99),
Inattentive (P=.004; effect size d=0.77, 95% CI –5.27 to –1.15),
and Hyperactive-impulsive scores (P=.01; effect size d=0.47,
95% CI –4.22 to –0.62; Table 2).

Table 2. Changes in attention-deficit/hyperactivity disorder (ADHD)-related symptoms and challenging behaviors of participants following the digital
intervention.

Effect size dP valuePost mean (SD)Pre mean (SD)Measure and factor

K-ADHD-RSa

0.69.004c22.37 (7.55)28.00 (8.78)Total

0.77.004c12.53 (3.84)15.74 (4.45)Inattentive

0.47.01c9.84 (4.79)12.26 (5.42)Hyperactive-impulsive

K-CPRSb

0.72<.001c34.79 (10.34)43.84 (14.57)Total

0.70.001d10.26 (4.61)14.00 (5.94)Impulsive-hyperactive

0.40.04c7.53 (3.27)9.00 (4.05)Conduct problem I

-0.10.71d0.26 (0.55)0.21 (0.52)Conduct problem II

0.39.15c2.00 (2.34)2.95 (2.50)Psychosomatic

0.34.06d7.26 (3.11)8.42 (3.76)Anxiety

aK-ADHS-RS: Korean ADHD Rating Scale.
bK-CPRS: Korean Conners’ Parent Rating Scale.
cP value derived from the t test.
dP value derived from the Wilcoxon signed-rank test.

K-CPRS
Postintervention changes in the Total score and the
Impulsive-hyperactive, Conduct Problem I, Conduct Problem
II, Psychosomatic, and Anxiety subscales from the K-CPRS,
which assesses childhood behavior problems, were analyzed.
Significant improvements were observed in Total (P<.001;
effect size d=0.72, 95% CI –13.84 to –4.26),
Impulsive-hyperactive (P=.001; effect size d=0.70, 95% CI
–5.68 to –1.80), and Conduct Problem I (P=.04; effect size
d=0.40, 95% CI –2.90 to –0.05) scales (Table 2).

Neurocognitive Tests

ADS
For the ADS in the visual and auditory domains,
postintervention changes—including omission error, commission
error, mean of correct RT, and SD of correct RT for both visual
and auditory tasks—were analyzed. Apart from a decrease in
auditory commission error, which approached significance
(P=.05; effect size d= 0.59), no other statistically significant or
notable changes were observed (Table 3).
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Table 3. Changes in neurocognitive test performances of participants with ADHD after the digital intervention.

Effect size dP valuePost mean (SD)Pre mean (SD)Measure and factor

ADSa-visual

–0.34.35b0.09 (0.13)0.05 (0.08)Omission error

0.26.42b0.06 (0.07)0.08 (0.12)Commission error

–0.10.71b0.64 (0.29)0.61 (0.28)RTc mean

–0.20.34d0.25 (0.15)0.22 (0.11)RT SD

ADSa-auditory

–0.26.60b0.30 (0.22)0.25 (0.17)Omission error

0.59.05d0.10 (0.09)0.16 (0.10)Commission error

–0.53.06d1.18 (0.09)1.11 (0.17)RT mean

–0.15.28d0.32 (0.14)0.31 (0.10)RT SD

Stroop Color-Word Teste

–0.45.004d56.94 (13.87)50.72 (14.07)Word

–0.45<.001d43.28 (10.14)38.78 (10.00)Color

–0.45<.001d25.11 (8.77)21.33 (8.13)Color-Word

–0.14.60d18.17 (3.99)17.44 (6.40)Interference

DSf

0.20.32b24.11 (6.70)25.42 (6.53)Total

aADS: ADHD diagnostic system.
bP value derived from the Wilcoxon signed-rank test.
cRT: response time.
dP value derived from a t test.
eIn the case of the Stroop Color Word Test, statistical analysis excluded a participant who refused to undergo the test.
fDS: digit span.

Stroop Color and Word Test
Scores for the Word, Color, and Color-Word tasks, as well as
the Interference score, were evaluated. One participant who did
not complete the Stroop task on the postintervention visit was
excluded from analysis. Scores for Word (P=.004; effect size
d=-0.45, 95% CI 2.24-10.21), Color (P<.001; effect size
d=-0.45, 95% CI 2.52-6.48), and Color-Word (P<.001; effect
size d=-0.45, 95% CI 1.87-5.68) exhibited significant
improvements. The Interference score did not show a statistically
significant change (Table 3).

DS
In the WISC-DS, total scores for DS Forward, Backward, and
Sequencing were analyzed. No statistically significant changes
were noted in the DS tasks (Table 3).

Medication Status Subgroup Analysis
As an exploratory analysis, we compared changes in outcome
measures between participants taking medication (n=10) and
those not taking medication (n=9). Independent t tests (or
Mann-Whitney U tests, as appropriate) revealed no statistically
significant differences in treatment effects between the

medicated and unmedicated groups across all outcome variables.
These findings suggest that the observed benefits of the digital
intervention were independent of concurrent pharmacological
treatment.

Satisfaction and Acceptance

Satisfaction and Acceptance Reported by Children
The mean compliance score of the study participants during the
intervention, calculated as the proportion of completed sessions
to the total number of instructed sessions, was 81.8% (SD 21.8).
For this calculation, only fully completed sessions were counted
as compliant. For example, if a participant was instructed to
complete 5 sessions per day, 5 days a week, for 4 weeks (totaling
100 sessions) and completed 80 full sessions, their compliance
rate was calculated as 80%. Partial completions were not
counted in the compliance score.

Participants completed an 11-item questionnaire assessing the
digital intervention program's difficulty, learnability, enjoyment,
likability, and desire for more play at the postintervention visit.
The overall average rating was 4.3 on a 5-point Likert scale
(1=strongly disagree, 2=disagree, 3=neutral, 4=agree, and
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5=strongly agree). The mean ratings for task difficulty and
learnability were 3.7 (SD 0.9) and 4.7 (SD 0.6), respectively.
Enjoyment had a mean rating of 3.8 (SD 1.4), while the average

likability for narrative structures, rewards, and sound effects
was 4.1 (SD 0.9). The desire for more play received a mean
rating of 3.9 (SD 1.2). Refer to Table 4 for additional results.

Table 4. Children’s ratings of satisfaction and acceptance with the digital intervention.

Mean (SD)Dimension and question

Difficulty

3.7 (0.9)Found the game easy to play.

Learnability

4.7 (0.6)Understood the gameplay mechanics.

Enjoyment

3.8 (1.4)Enjoyed playing the game.

Likability

4.1 (1.2)Liked the appearance of the characters.

4.5 (0.6)Desired to collect the characters in the game.

4.0 (1.3)Liked the appearance of the space vehicles.

3.8 (1.3)Desired to collect the space vehicles in the game.

3.9 (1.1)Appreciated the game’s storyline

4.7 (0.6)Appreciated the rewards obtained from playing the game.

3.7 (1.2)Enjoyed the sound effects in the game.

Continuity

3.9 (1.2)Look forward to continuing the game.

Satisfaction and Acceptance Reported by Caregivers
At the postintervention visit, caregivers completed a survey
about their intervention experience. The survey included four
items: (1) the extent to which their children enjoyed playing
StarRuckus, (2) the presence of perceived risks to their children,
(3) their willingness to continue using the program, and (4) the
program’s ease of use. On a 5-point Likert scale (1=strongly
disagree, 2=disagree, 3=neutral, 4=agree, and 5=strongly agree),
the mean rating for enjoyment was 4.0 (SD 1.2), for the absence
of perceived risks was 4.4 (SD 0.8), for willingness to continue
was 3.6 (SD 0.8), and for ease of use was 4.5 (SD 0.6). The
overall mean rating across the 4 items was 4.1 (SD 0.9). In
addition, caregivers reported whether children experienced
discomfort while using StarRuckus. Reported issues included
arm pain (n=2), emotional reactions (n=2), and eyestrain (n=1)
as intervention-related discomforts. Children who experienced
arm pain reported that the tablet felt heavy. Regarding emotional
reactions, 1 child felt frustrated with increasing task difficulty,
and another became upset due to unsatisfactory outcomes despite
considerable effort in the game. The child with eyestrain
reported occasional glare or continuous blinking during app
usage.

Discussion

Principal Findings
This study aimed to examine the feasibility and acceptability
of the digital intervention StarRuckus, which targets the
reduction of ADHD symptoms. Data on symptom and behavior

scales, neurocognitive indicators, and user experience feedback
were collected. The results of K-ADHD-RS and K-CPRS
parental reports demonstrated significant changes in total scores
and some subscales compared with baseline, with a moderate
effect size indicating symptom improvement and associated
behavioral or functional difficulties in children with ADHD.

Although the study lacked a control group, the observed
improvements in behavioral symptoms are consistent with
findings from previous controlled trials of digital cognitive
interventions, which reported similar benefits beyond placebo
or practice effects [21,23,52]. These precedents support the
interpretation that the improvements observed in this study may
reflect genuine intervention-related changes rather than
nonspecific factors alone.

Although most results from neurocognitive tasks (ADS visual,
ADS-A, and Stroop test) showed no significant changes, 3
subtasks of the Stroop test exhibited a significant increase in
performance. Also, the commission error of ADS-A showed a
marginally significant tendency to decrease. Furthermore, safety,
user convenience, and satisfaction were confirmed by
questionnaires administered to parents and children during the
postintervention period, with no major adverse events leading
to dropout. These findings provide preliminary evidence that
gamified digital interventions could be an effective and safe
treatment option for children with ADHD, regardless of
medication status.

In the context of cognitive training, the transfer effect, a
phenomenon where the outcomes of one learning event influence
another, is a principal issue [53]. These effects appear within
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the realm of cognitive functions, or they may extend to
behavioral aspects or symptoms. The current results provide
preliminary evidence of transfer effects on behavior or
symptoms in ADHD, in contrast to neurocognitive outcomes.
Concerning the subjective and behavioral outcomes based on
parental reports, our findings support a reduction in both
inattention and hyperactivity-impulsivity symptoms of ADHD.
These results are consistent with previous studies. Such studies
have shown that digitalized cognitive training, including
game-based therapeutics, can reduce the behavioral symptoms
of ADHD [52,54,55]. Moreover, improvements were noted in
the Conduct Problem I subscale of K-CPRS following the use
of StarRuckus. Since we used K-CPRS, which differs in item
composition and subscale names compared with the original
version, interpreting these results requires caution. The Conduct
Problem I subscale of K-CPRS, concerning oppositional
behaviors and bad habits [40], involves argumentative and
defiant behaviors, fidgeting or squirming, emotional
dysregulation, and sleep problems. These symptoms are
prevalent in ADHD and frequently co-occur with oppositional
defiant disorder [3,56]. Indeed, exploratory findings from
previous studies have suggested that computer-assisted cognitive
training may yield symptomatic improvements in oppositional
defiant disorder or conduct disorder itself [57,58]. Other
evidence indicates that the efficacy of such training in alleviating
ADHD symptoms is not substantially influenced by the presence
of comorbid conditions, such as disruptive behavior disorders
[59]. However, since the information was gathered by
nonblinded raters and there was no control group, we cannot
eliminate the possibility that parental overestimation may have
influenced the results. A randomized controlled trial conducted
by a blinded rater is needed for further investigation.

The current results provide insufficient evidence of transfer
effects within neurocognitive functions. Based on the literature
on digitalized cognitive training that targets executive
functioning in children with ADHD, these findings can be
attributed to several factors. First, the results of this study may
have been influenced by the low ADS scores at baseline, as
suggested by the exploratory analysis, which showed that many
participants’ ADS performances were below the clinical
threshold. Among the 8 indicators yielded by ADS, 13 (68%)
participants out of 19 had none or only 1 deficit. These findings
may partly relate to the heterogeneity in the cognitive profiles
of ADHD [60,61]. Therefore, considering the observed
improvements in subjective and behavioral outcomes, it is
essential to use multiple cognitive outcomes to identify the
underlying cognitive functioning in heterogeneous ADHD
participants. Similarly, a previous study demonstrating the
efficacy of ADHD digital interventions included children whose
Test of Variables of Attention and Attention Performance Index
scores, targeted by the intervention, met the inclusion criteria
at baseline and found significant improvement in Attention
Performance Index scores after training [21]. Second, it is
possible that our cognitive training did not result in transfer
effects within cognitive abilities such as auditory working
memory and interference control. There is currently no
consensus on the transfer effects of multitasking training.
Finally, due to the small sample size of this study, there may
not have been sufficient power to yield significant results.

Therefore, future research involving measures targeting various
domains of neurocognitive functions, brain signals, brain
imaging, or mediating research could further elucidate the
mechanisms of transfer in multitasking training. In addition,
future studies with larger sample sizes may be necessary.

Although the current results provide preliminary evidence of
transfer effects on behavior or symptoms in ADHD, they offer
insufficient evidence for transfer effects within neurocognitive
functions. Nevertheless, previous research suggests that the
multitasking working memory training mechanism in this study
likely involves updating and dual processing, which are central
executive components of working memory considered vital for
behavioral transfer in ADHD. Furthermore, a marginally
significant reduction in ADS commission errors and an increase
in 3 Stroop Test subtasks may suggest enhanced inhibitory
control and processing speed, indicating potential cognitive
transfer effects. These gains in inhibitory control, a primary
deficit in children with ADHD [62], align with findings from
previous studies [20,37]. These findings are further supported
by overlapping neural systems, which may explain how working
memory training leads to improvements in inhibition [63,64].
In addition, although the corpus of research is limited, several
studies demonstrate that working memory training enhances
processing speed in ADHD [65,66]. In this study, relatively
simple cognitive tasks were used, and test-retest intervals of
several weeks were applied; thus, the influence of practice
effects may have been reduced [67]. However, the 2 factors
previously mentioned do not eliminate practice effects.
Therefore, further research with control groups is essential to
verify hypotheses related to inhibitory control and processing
speed.

While the small sample size limited statistical power,
exploratory subgroup analyses indicated no significant
differences in treatment outcomes between medicated and
unmedicated participants. This finding provides preliminary
support for the feasibility of using DTx both as a standalone
and as an adjunctive intervention. Nonetheless, adequately
powered future studies with stratified randomization are needed
to more conclusively evaluate differential effects by medication
status.

To promote high treatment adherence among children with
ADHD, StarRuckus was developed as a gamified digital therapy,
incorporating elements designed to foster internal motivation
and maintain engagement in therapeutic activities. Notably,
children rated the affinity of game components (eg, characters,
space vehicles, and storyline) highly in terms of satisfaction
and acceptance. In addition, there was a strong correlation
between the children’s enjoyment and their desire for continued
use (Pearson r=0.74; P<.001). This finding suggests that children
who enjoyed the program for 4 weeks were more inclined to
continue playing. Consequently, the game format is likely to
encourage sustained engagement with the treatment.

StarRuckus was designed to maximize the advantages of gaming
while minimizing its disadvantages, such as addictiveness and
violence. It incorporates a playtime restriction that limits daily
usage to 5 sessions per day. In addition, the story and
audiovisual components are free from violent content. Notably,
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the item indicating the absence of risk factors in the program
received a high average score (mean 4.4, SD 1.2 on a 5-point
scale). Furthermore, digital programs, through their convenient
usability, minimize the effort required for parental guidance. In
the case of StarRuckus, parents reported that the program was
easy to operate (mean 4.5, SD 0.6 on a 5-point scale), while
children indicated a strong understanding of the task rules (mean
4.7, SD 0.6 on a 5-point scale).

The caregivers’ willingness to continue using the program
received relatively low scores (mean 3.6, SD 0.8 on a 5-point
scale). A similar pattern emerged in a preceding study of a
digital intervention for children with ADHD [35], where 80%
of parents found the program valuable, yet 40% were hesitant
to continue the intervention (approximately 37% of parents
responded “neutral” or “disagree” when asked if they wanted
their child to continue using the program in this study).
Researchers hypothesized that this reluctance might stem from
the program’s perceived difficulty. Our study conducted a
correlation analysis between the caregivers’ desire to continue
and the children’s reported enjoyment, revealing a negative
correlation of –0.29, which was not statistically significant
(Pearson r=–0.29; P=.22). To better understand why caregivers
of children with ADHD report high satisfaction yet exhibit
reluctance to continue use, future research should include
structured interviews to explore their motivations and concerns
more deeply.

Among the 7 of 19 (37%) caregivers who were “neutral” or
“disagree” about continuing the use of the program, only 1
reported discomfort (eyestrain) during participation. This
suggests that discomfort did not notably influence their decision
to continue using the program. In addition, no participant
dropped out of the study due to discomfort.

Limitations
This study has several important limitations that should be
considered when interpreting our findings. First, the study had
a small sample size. Second, and perhaps most critically, we
had no control group, which makes it difficult to definitively
attribute the observed improvements to our intervention rather
than to natural progression, placebo effects, practice effects, or

other external factors. The unblinded nature of our assessments
further introduces the possibility of subjective bias, particularly
in parent-reported outcomes. The improvements observed in
behavioral measures and cognitive tasks could be influenced
by practice effects or heightened parental attention during the
intervention period. To solidify our understanding of the
intervention’s efficacy, additional randomized controlled trials
with appropriate control conditions (eg, waitlist, placebo, or
active comparator) and larger participant cohorts are essential,
with outcomes assessed by blinded raters. Finally, the
heterogeneity of ADHD severity was likely due to participants’
differing times of diagnosis. Therefore, future studies need to
use cohorts with controlled heterogeneity, enabling researchers
to determine which ADHD subpopulations are most likely to
benefit from our intervention.

Conclusions
This is the first study to demonstrate the potential of a gamified
multitasking training program that combines the n-back task
and the driving task to improve core symptoms in Korean
children with ADHD. In this preliminary investigation, we
assessed the feasibility and appeal of a gamified DTx for
children with ADHD, considering both medicated and
nonmedicated groups. In both cohorts, the 4-week intervention
was associated with reductions in core ADHD symptoms,
including inattention and hyperactivity-impulsivity, and received
favorable user feedback. StarRuckus, the digital program that
is not bound by time or location and is readily accessible at
home, holds promising potential to serve as both a substitute
for and a supplement to conventional ADHD treatment
strategies. While the preliminary results we observed provide
an initial foundation for further research into this approach, our
study design, which includes a small sample size without a
control group, limits conclusions about causality and
generalizability. Future studies should implement robust
randomized controlled trials with appropriate control conditions,
larger and more diverse samples, blinded assessments, and
longer follow-up periods to further validate these preliminary
findings and reveal the underlying mechanisms of the
intervention’s effectiveness.
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Abstract

Background: Telepsychiatry has gained considerable attention, particularly during the COVID-19 pandemic. Although various
factors influence the choice between online and offline modalities, differences among populations remain underexplored.

Objective: This study aims to compare adults seeking mental health support online and offline in private clinics.

Methods: In this cross-sectional study, we assessed differences in sociodemographic factors, internet accessibility and usability,
previous help-seeking history, personality traits assessed using the Arabic Big Five Personality Inventory, and levels of self-stigma
measured using the Self-Stigma of Seeking Help Scale.

Results: In total, 259 participants were included (136 online and 123 offline). The online group had a higher proportion of
university graduates (P=.02), employed individuals (P<.001), and those with better internet access (P=.03) and higher internet
usability (P=.001). The offline group showed higher levels of conscientiousness (P=.003). The primary reasons for choosing
online therapy were ease of access and time-saving. Logistic regression identified previous use of online psychiatry as the strongest
factor associated with choosing online services (odds ratio [OR] 28.90, 95% CI 11.739-71.165; P<.001). Employment (OR 5.01,
95% CI 1.781-14.080; P=.002), better internet usability (OR 1.69, 95% CI 1.069-2.664; P=.03), and agreeableness (OR 1.16,
95% CI 1.001-1.351; P=.05) were also significant factors. In contrast, previous in-person visits (OR 0.11, 95% CI 0.048-0.269;
P<.001), openness (OR 0.85, 95% CI 0.748-0.975; P=.02), and conscientiousness (OR 0.86, 95% CI 0.758-0.971; P=.02) were
negatively associated with online preference.

Conclusions: This study highlights key differences between online and offline mental health help seekers, enhances our
understanding of treatment modality preferences, and paves the way for future research.

(JMIR Hum Factors 2025;12:e69305)   doi:10.2196/69305

KEYWORDS

help-seeking behavior; online therapy; personality traits; self-stigma; telepsychiatry

Introduction

Telepsychiatry refers to the delivery of psychiatric assessment,
consultation, and treatment services through telecommunication
technologies that support real-time interactive communication
between clinicians and patients. It is mostly implemented
through videoconferencing, enabling direct face-to-face

interactions at a distance. Online therapy, more broadly,
encompasses any form of professional mental health support
conducted over the internet, including text-, audio-, or
video-based communication [1,2]. It has gained significant
attention and adoption during the COVID-19 pandemic, which
disrupted traditional face-to-face mental health service delivery
[3]. Telepsychiatry has demonstrated the ability to perform
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various functions, such as monitoring, surveillance, mental
health promotion, and treatment programs, as efficiently and
effectively as in-person care [4].

Research on help-seeking preferences has revealed that several
factors can influence individuals’choices between online-based
therapy and offline mental health help-seeking. Mental health
literacy, gender, age, and location of residence have been
identified as influential factors [5,6]. Online and offline users
may differ in educational level, social support, social
withdrawal, family attachment, and technological awareness
[7]. Some individuals may lean toward face-to-face interactions,
driven by personality traits and concerns about efficacy and
privacy [8-10]. In contrast, online interventions are favored by
many because they offer increased accessibility, overcoming
barriers such as stigma, distance, and transportation issues
[11-13].

Cross-cultural factors can significantly influence the preference
for offline consultation or telepsychiatry; cultural background
and identity can affect comfort with technology and acceptance
of telepsychiatry [14]. Some patients prefer telepsychiatry,
especially ethnic minorities and immigrants, to connect with
mental health professionals who have the appropriate language
and cultural background, regardless of location [15].

According to Andersen’s Behavioral Model of Health Services
Use [16], the use of health services is shaped by 3 categories
of factors, which can be applied to understand decisions about
online mental health services. Predisposing factors, such as age,
sex, and education, may influence individuals’ attitudes toward
telepsychiatry. Enabling factors, including employment status,
income, internet accessibility, and the ease of accessing
therapists online, can facilitate or constrain the use of digital
platforms. Need factors, such as privacy concerns and the
preference for saving time, may further motivate individuals to
choose online therapy over traditional in-person care. However,
most studies comparing online and offline mental health
help-seekers to better understand these factors have been
conducted in Western populations, with few studies comparing
populations from developed and developing countries [16-18].
Studies conducted in the Arab world, including Egypt, have
primarily focused on readiness to use digital mental health
services, as well as knowledge, attitudes, perceptions, and
satisfaction with these services [19-21]. Nevertheless, there
remains a gap in the literature addressing the factors that
influence individuals’ choices between telepsychiatry and
traditional in-person therapy in the Arab world [22].

Therefore, this study aims to address this gap by examining
differences between online and offline mental health help
seekers in Egypt, focusing on socioeconomic factors such as
educational attainment, income level, and employment status,
along with personality traits. Additionally, this study assessed
differences with regard to the self-stigma of seeking help. In
this study, we define “online help seekers” as individuals
receiving therapy through videoconferencing platform, whereas
“offline help seekers” are those attending in-person sessions at
outpatient clinics. By undertaking this investigation, we aim to
provide valuable insights into the field of telepsychiatry and
mental health services.

Methods

Study Design and Participants
This cross-sectional study was conducted using a
self-administered survey for both online and offline participants.
Inclusion criteria were adult Egyptians aged 18 years or older,
residing in Egypt, who sought mental health help either through
an online telepsychiatry platform (Shezlong) or offline at private
outpatient clinics, without psychotic features. To control for
migration as a potential confounding factor, the study was
limited to participants from a single country, ensuring that each
participant could choose between online and offline therapy.
To maintain comparability, only private clinics were selected
for the offline group, aligning with the private nature of the
online service. The study was guided by the CHERRIES
(Checklist for Reporting Results of Internet E-Surveys)
guidelines [23].

Sample Size
The required sample size was determined using MedCalc version
18.2.1 (MedCalc Software Ltd). We based our calculation on
a previous study that reported a mean agreeableness score of
4.67 (SD 1.17) among individuals preferring online mental
health services and 5.13 (SD 1.10) among those preferring
offline services [24]. Assuming a significance level α=.05, a
power of 80%, and equal group allocation (1:1 ratio), the
minimum sample size required was 190 participants. To ensure
sufficient power and account for potential data loss, the sample
size was rounded up to 200 participants, with 100 in each group.

Recruitment
For online help seekers, a total of 7 therapists expressed interest
in inviting their clients to participate. Each therapist sent a link
to the online survey at the end of the session. For offline
participants, a total of 6 therapists working in private clinics
provided a hard copy of the survey following clinic
consultations. A consent form was placed on the first page of
the online survey, and only participants who provided consent
proceeded to the subsequent pages, where they answered the
age question to confirm eligibility based on predetermined
inclusion criteria. Due to cultural sensitivity toward written
consent, initial oral consent was obtained from offline
participants, after which those who agreed to participate
completed a paper-based survey that began with a written
consent statement. Data were collected randomly from January
to June 2024. To minimize selection bias, therapists were
instructed to approach all eligible clients during the recruitment
period.

There are notable sociodemographic differences between public
and private sector help-seekers in Egypt. Additionally, there is
no equivalent public sector online mental health service with
comparable reach or accessibility, as the only existing platform
remains in a limited beta phase. Moreover, the private sector
accounts for a substantial portion of outpatient mental health
care use, even among lower-income individuals, due to
perceptions of better quality and accessibility compared with
public services. Therefore, we focused exclusively on the private
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sector for the comparison between online and offline
help-seekers [25].

Data Collection Tools
The participants completed a self-administered questionnaire.
The overall instrument demonstrated acceptable internal
consistency in our sample (Cronbach α=0.674). The
questionnaire consisted of the following sections: demographic
and social factors, internet accessibility and usability, previous
history of online or offline help seeking, reasons for preferring
online therapy, the Arabic Big Five Personality Inventory, and
the Self-Stigma of Seeking Help (SSOSH) scale.

Demographic and Socioeconomic Factors
Demographics included age, sex, educational status, last
educational attainment, and marital status. Other variables
included residence, monthly salary, breadwinner status, and
receiving charity. Participants who were employed were asked
about employment type (part time or full time), work shift
(rotational or fixed), working location, salary range, and work
sector.

Internet Accessibility and Usability
Internet accessibility was assessed as yes or no, and internet
usability was measured on a Likert scale from 1 to 5, where 1
represents the lowest and 5 the highest.

Previous History of Online or Offline Help Seeking
History of online or offline help seeking was assessed by asking
about previous experience with offline help seeking through
clinics or online through videoconference, with a yes or no
response.

Reasons for Preferring Online Therapy
Online participants were asked to rate the strength of each reason
for preferring online therapy using a Likert scale, where 0=no,
1=moderate, and 2=strong. The options were: ease and comfort,
saving time, cost savings, feeling of confidentiality, lack of
nearby therapists, availability of many therapists to choose from,
preferred therapist is available online only, and others (please
specify).

The Arabic Big Five Personality Inventory
A 25-item questionnaire was used to assess the 5 major
personality traits: neuroticism (N), extraversion (E),
agreeableness (A), openness to experience (O), and
conscientiousness (C). Sample items include: “I am a sociable
person,” “I am an anxious person,” “I like new ideas,” and “I
am organized and disciplined.” The reliability of this inventory
ranged between 0.70 and 0.83, while validity ranged from 0.49
to 0.86 [26,27]. Respondents rated each item on a 4-point Likert
scale: 1=no, 2=some, 3=much, and 4=always. Each trait’s total
score ranges from 5 to 20, with higher scores reflecting stronger
expression of that trait. In the current sample, internal
consistency was assessed using Cronbach α. The Arabic Big
Five Personality Inventory demonstrated acceptable overall
reliability (α=0.658). Subscale reliability coefficients were as
follows: extraversion (α=.790), neuroticism (α=0.757),
agreeableness (α=0.909), openness (α=0.839), and
conscientiousness (α=0.820).

SSOSH Scale
The SSOSH consists of 10 items on a Likert scale from 1 to 5,
where 1=strongly disagree and 5=strongly agree. Items 2, 4, 5,
7, and 9 are reverse scored, and higher scores indicate greater
of self-stigma [28]. Sample items include: “I feel inferior if I
go to a therapist for help” and “Seeking help from a professional
does not threaten my self-confidence.” The translated Arabic
version is available on the official website of the Self Stigma
Research Collaborative at Iowa State University [29]. In the
current sample, Cronbach α for the SSOSH was 0.398,
indicating low internal consistency.

Statistical Analysis
The collected data were wrangled, coded, and analyzed using
SPSS software (version 25; IBM Corp) and R (R Foundation
for Statistical Computing) to generate a correlation heatmap of
the Big Five traits and SSOSH scale. Quantitative variables are
expressed as mean (SD), whereas categorical variables are
expressed as n (%). An independent 2-tailed t test was used to
estimate differences in continuous variables between the online
and offline groups, whereas the chi-square test and Monte Carlo
exact probability were used to assess the difference in
categorical variables, with column proportions analyzed for
significant variables. Pearson correlation was used to assess the
relationship between the Big Five traits and the SSOSH scale.
A multivariable logistic regression model was conducted using
important significant variables, the Big Five traits, and the
SSOSH scale to identify the significant factors associated with
preference for online consultations. Odds ratios (ORs) and 95%
CIs were reported. Statistical significance was set at P<.05.
Cronbach α values were calculated to evaluate the internal
consistency of the psychometric scales used in the current
sample.

Ethical Considerations
Ethics approval was obtained from the Ethics Committee of
Al-Azhar Faculty of Medicine (registry number Psych._84
Med.Research._Prevalence Depression/Pts.-MS._00000084).
All procedures involving human participants were conducted
in accordance with the ethical standards of the institutional
research committee of Al-Azhar Faculty of Medicine and the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The process of obtaining informed
consent, described above, was implemented for both online and
offline participants using electronic and written formats,
respectively. Participants’ privacy and confidentiality were
safeguarded throughout all study phases, with anonymized data
used for analysis and reporting. Online participants were offered
a 10%-20% discount for a future online therapy session as a
token of appreciation, whereas offline participants received no
compensation.

Results

Demographic Characteristics
A total of 304 eligible participants were approached, of whom
259 agreed to participate, yielding a response rate of 85.2%.
The study included 259 participants, with 136 in the online
group and 123 in the offline group. The majority of participants
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were female, representing 80.9% (110/136) in the online group
and 73.2 % (90/123) in the offline group. The mean age was
similar between groups, with the online group having a mean
age of 28.92 (6.35) years and the offline group having a mean
age of 29.21 (9.55) years.

Significant differences were observed in the current educational
level between the 2 groups (P=.003). The online group had a
lower percentage of students (22/136, 16.2%) compared to the
offline group (35/123, 28.5%) but a higher proportion of
graduates (114/136, 83.8%) compared to 68.3% (84/123). When

considering the highest level of education achieved, the offline
group had a higher proportion of participants with secondary
education or less (16/119, 13.4%) compared to the online group
(6/137, 4.4%), whereas the online group had more participants
with a university degree (109/136, 80.1%) compared to 68.1%
(81/119), a statistically significant difference (P=.02). There
were no significant differences in marital status between the
groups, with the majority of participants being single,
particularly in the online group (96/136, 70.6%) compared to
61.8% (76/123; Table 1).

Table 1. Demographic characteristics.

P valueEffect sizeTest statisticOffline group (n=123)Online group (n=136)Variable

.140.092b2.2 (1)aSex

33 (26.8)26 (19.1)Male, n (%)

90 (73.2)110 (80.9)Female, n (%)

.780.0358d–0.284 (251)c29.21 (9.55)28.92 (6.35)Age in years, mean (SD)

.003f0.205b—eCurrent education level, n (%)

4 (3.3)0 (0)Not educatedg

35 (28.5)22 (16.2)Studentg

84 (68.3)114 (83.8)Graduateg

.020.173b7.6 (2)aHighest education level achieved (n=256), n (%)

16 (13.4)6 (4.4)Secondary or lessg

81 (68.1)109 (80.1)University degreeg

22 (18.5)21 (15.4)Higher educationh

.320.116b3.5 (3)aMarital status, n (%)

76 (61.8)96 (70.6)Single

38 (30.9)35 (25.7)Married

8 (6.5)5 (3.7)Divorced

1 (0.8)0 (0.0)Widow

aChi-square test (degrees of freedom).
bCramer V.
c2-tailed t test (degrees of freedom).
dCohen d.
eNot applicable.
fMonte Carlo exact probability.
gSignificant difference between both groups.
hNo significant difference between both groups.

Social and Economic Characteristics
The social and economic characteristics of the participants
revealed notable differences between the online and offline
groups. A significant difference was observed in working status,
with a higher proportion of participants in the online group
being employed (105/136, 77.2%) compared to the offline group
(69/123, 56%), indicating a difference of 21.2% (P<.001). This
association reflected a moderate effect size (Cramer V=0.224).
Both groups predominantly resided in urban areas, with the
online group showing 96.3% (131/136) compared to 91.1%

(112/123) in the offline group, although this difference was not
statistically significant. The proportion of participants who were
breadwinners was also comparable between the groups, with
15.4% (21/136) in the online group and 22.8% (28/123) in the
offline group.

Working conditions indicated that both groups had similar
distributions, with the majority working full-time, and there
were no significant differences in workplace (office-based vs
remote) or working time (fixed vs rotational shifts). Participants
were engaged in various sectors, including health, technology,
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communication, governmental services, and entrepreneurship.
Income levels also showed no significant differences, with
22.3% (23/103) of the online group earning more than 20,000

Egyptian pounds (US $419.03) compared with 25.8% (17/66)
in the offline group (P=.25) (Table 2).

Table 2. Social and economic characteristics. A currency exchange rate of EGP £1=US $0.02078 is applicable.

P valueEffect size, Cramer
V

Chi-square (df)Offline group
(n=123), n (%)

Online group
(n=136), n (%)

Variable

.080.1093.1 (1)Residence

112 (91.1)131 (96.3)Urban

11 (8.9)5 (3.7)Rural

.130.0932.3 (1)Breadwinner

28 (22.8)21 (15.4)Yes

95 (77.2)115 (84.6)No

.150.0902.1 (1)Receiving pocket money

58 (47.2)52 (38.2)Yes

65 (52.8)84 (61.8)No

<.0010.22413.1 (1)Working status

69 (56.1)105 (77.2)Yesa

54 (43.9)31 (22.8)Noa

.840.0150.039 (1)Working condition (n=174)

18 (26.1)26 (24.8)Part-time

51 (73.9)79 (75.2)Full-time

.410.1021.8 (2)Working place (n=174)

17 (24.6)27 (25.7)Remote or home

36 (52.2)45 (42.9)Office based

16 (23.2)33 (31.4)Both

.890.0110.019 (1)Working time (n=172)

39 (58.2)60 (57.1)Fixed shifts (9 AM to 5 PM)

28 (41.8)45 (42.9)Rotational shifts

.230.2026.9 (5)Working sector (n=169)

14 (20.3)18 (18.0)Health

15 (21.7)29 (29.0)Technology

10 (14.5)7 (7.0)Communication

3 (4.3)8 (8.0)Governmental or public ser-
vices

10 (14.5)7 (7.0)Entrepreneurship

17 (24.6)31 (31.0)Other

.250.1795.4 (4)Income in Egyptian pounds (n=169)

14 (21.2)17 (16.5)Less than 5000

21 (31.8)34 (33.0)5000-10,000

5 (7.6)20 (19.4)10,000-15,000

9 (13.6)9 (8.7)15,000-20,000

17 (25.8)23 (22.3)More than 20,000

aSignificant difference between both groups.
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Internet Access
Regarding internet access, the online group demonstrated a
higher connectivity rate, with 97.8% (133/136) having internet
access compared to 91.9% (113/123) in the offline group

(P=.03). Additionally, the online group reported better internet
usability, with a mean score of 4.57 (0.64) compared to 4.14
(1.25) in the offline group, indicating a significant difference
(P=.001) (Table 3).

Table 3. Internet access and history of psychiatric visit.

P valueEffect size, Cramer VTest statisticOffline group (n=123)Online group (n=136)Variable

.030.1354.8 (1)aHaving internet access, n (%)

113 (91.9)133 (97.8)Yesb

10 (8.1)3 (2.2)Nob

.0010.2953.515 (257)c4.14 (1.25)4.57 (0.641)Internet usability, mean (SD)

<.0010.37235.8 (1)aHistory of psychiatric visit, n (%)

90 (73.2)49 (36.0)Yesb

33 (26.8)87 (64.0)Nob

<.0010.623100.7 (1)aOnline through video, n (%)

20 (16.3)107 (78.7)Yesb

103 (83.7)29 (21.3)Nob

aChi-square test (degrees of freedom).
bSignificant difference between both groups.
c2-tailed t test (degrees of freedom).

History of Psychiatric Visit
This study examined the history of psychiatric visits for each
group. The offline group had a 37.2% higher rate of clinic visits,
with almost three-quarters reporting such visits (90/123, 73%)
compared to only 36% (49/136) in the online group (P<.001).
Similarly, the online group demonstrated a significantly higher
use of online video consultations, with 78.7% (107/136)
receiving this service compared to only 16.3% (20/123) in the

offline group (P<.001). This finding was associated with a large
effect size (Cramer V=0.623) (Table 3).

Reasons for Choosing Online Therapy
Figure S1 in Multimedia Appendix 1 shows the primary reasons
participants chose online therapy, with the top 4 factors being
ease and convenience (mean 1.62, SD 0.55), saving time (mean
1.6, SD 0.58), sense of confidentiality (mean 1.1, SD 0.82), and
availability of many therapists (mean 1.07, SD 0.76; Figure 1).
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Figure 1. Reasons of choosing online therapy.

Big Five Personality Trait
With regard to personality traits, the only statistically significant
difference between the groups was found in conscientiousness,
with the offline group scoring higher than the online group
(mean 13.44, SD 3.47 vs mean 12.15, SD 3.47; P=.003),
reflecting a moderate effect size (Cohen d=0.37). No significant

differences were observed for the other personality traits,
including extraversion, neuroticism, agreeableness, and
openness, which showed similar levels between the 2 groups.
Among the personality traits, agreeableness had the highest
mean in both groups. In the online group, openness was the
second highest, whereas conscientiousness was the second
highest in the offline group (Table 4).

Table 4. Big Five personality traits and the Self-Stigma of Seeking Help (SSOSH).

P valueEffect size, Cohen
d

2-tailed t test (df)Offline group (n=123), mean
(SD)

Online group (n=136), mean
(SD)

Variable

.100.201–1.635 (257)11.98 (3.27)11.37 (2.79)Extraversion

.670.055–0.431 (257)12.74 (3.16)12.57 (3.04)Neuroticism

.530.081–0.635 (257)15.45 (3.12)15.18 (3.51)Agreeableness

.660.054–0.440 (257)13.04 (3.68)12.84 (3.71)Openness

.0030.37–2.982 (257)13.44 (3.5)12.15 (3.47)Conscientiousness

<.0010.492–3.973 (257)22.96 (6.48)19.96 (5.68)SSOSH

SSOSH
The offline group showed a higher level of SSOSH, with a mean
score of 22.96 (6.48) compared to the online group (mean 19.96,
SD 5.68), reflecting a significant difference (2-tailed
t257=–3.973; P<.001) and a moderate-to-large effect size (Cohen
d=0.492) (Table 4). We examined the correlation between
personality traits and SSOSH in both the online and offline
groups. Several significant correlations were identified in the
online group. Extraversion showed a weak negative correlation

with SSOSH (r=–0.199; P=.02), while openness exhibited a
stronger negative correlation (r=–0.287; P=.001). Additionally,
conscientiousness was also negatively correlated with SSOSH
(r=-0.192; P=.03) (Table 4).

In the offline group, openness was the only trait that significantly
correlated with SSOSH (r=–0.226; P=.12). These findings
suggest that openness is consistently associated with lower
self-stigma across both groups, whereas extraversion and
conscientiousness appear to play more prominent roles in the
online group (Table 5).
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Table 5. Correlation between the Big Five traits and the Self-Stigma of Seeking Help (SSOSH) scale among online and offline groups (Pearson r and
P value).

ConscientiousnessOpennessAgreeablenessNeuroticismExtraversionGroup

Online (n=136)

–0.192–0.287–0.1430.149–0.199r

.03.001.10.08.02P value

Offline (n=123)

–0.113–0.226–0.0520.140–0.083r

.21.01.57.12.36P value

To account for the increased risk of type I error due to multiple
comparisons, the Benjamini–Hochberg procedure was applied
to control the false discovery rate at 0.05 across bivariate tests.
Seven variables remained statistically significant after
correction: SSOSH scores, history of psychiatric visits (both
clinic-based and online), working status, ease of internet access,
current education level, and conscientiousness. Other variables,
including highest level of education and internet access, did not
remain significant after correction (Table S1 in Multimedia
Appendix 1).

Logistic Regression Analysis of Factors Affecting
Choosing Online Sessions
Logistic regression analysis revealed several significant factors
associated with choosing online mental health services.
Multicollinearity among predictors was assessed using variance
inflation factors; all values were below 1.52, indicating an
acceptable level of collinearity (Table S2 in Multimedia
Appendix 1). The model demonstrated a good fit, as indicated
by a nonsignificant Hosmer–Lemeshow test (χ²8=3.9; P=.86),

and explained a high proportion of variance in the outcome
(Nagelkerke R²=0.662). After adjustment for confounders, a
history of online psychiatric consultation was the strongest
factor (OR 28.90, 95% CI 11.739-71.165; P<.001), followed
by a history of in-person psychiatric consultation, which was
negatively associated with choosing online services (OR 0.11,
95% CI 0.048-0.269; P<.001). Being employed (OR 5.01, 95%
CI 0.327-2.739; P=.002) and higher internet usability (OR 1.69,
95% 0.445-56.969; P=.03) were also significant factors. Among
the personality traits, higher agreeableness (OR 1.16, 95% CI
1.001-1.351; P=.05) was positively associated with choosing
online therapy, while higher openness (OR 0.85, 95% CI
0.748-0.975; P=.02) and conscientiousness (OR 0.86, 95% CI
0.758-0.971; P=.02) were negatively associated. Other factors
such as education level, internet access, and SSOSH scores were
not significant (Table 6). A marginal OR plot was constructed
to show the adjusted effects of the statistically significant factors
identified in the logistic regression model (Figure S2 in
Multimedia Appendix 1).
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Table 6. Logistic regression analysis of factors affecting choice of online sessions (overall percentage=85.7%; χ²13=177.5 and P<.001; Hosmer–Lemeshow
test χ²8=3.9 and P=.86; Nagelkerke R²=66.2%).

P value(95% CI)ORaUnstandardized SEUnstandardized β coef-
ficient

Independent variable

.920.7942.165–0.231Constant

>.99Education levelb

>.990.0000.00014784.757–17.562Illiterate

.920.327-2.7390.9460.543–0.056Student

.0021.781-14.0805.0070.5271.611Working statusc

.190.445-56.9695.0371.2381.617Having internet accessc

.031.069-2.6641.6880.2330.523Internet usabilityc

<.0010.048-0.2690.1130.442–2.178History of psychiatric consultation (clinic)c

<.00111.739-71.16528.9040.4603.364History of psychiatric consultation (online)c

.200.796-1.0480.9130.070–0.091Extraversion

.280.808-1.0630.9270.070–0.076Neuroticism

.0481.001-1.3511.1630.0760.151Agreeableness

.020.748-0.9750.8540.068–0.158Openness

.020.758-0.9710.8580.063–0.153Conscientiousness

.100.885-1.0110.9460.034–0.056SSOSHd

aOR: odds ratio.
bReference: graduate.
cReference: no.
dSSOSH: Self-Stigma of Seeking Help.

Discussion

Overview
The internet has become increasingly important as primary
channel for delivering remote therapy. Over the past 20 years,
there has been significant growth in online platforms supporting
individuals with various mental health conditions [30,31].
However, research has primarily focused on comparing the
efficacy of telepsychiatry with offline methods [32,33], with
less emphasis on the individual factors that influence the choice
of online options. The personal and psychological factors
associated with choosing online therapy over offline therapy
remain insufficiently explored.

This study aims to provide preliminary data on the differences
between individuals who prefer online versus offline mental
health services, with a focus on the relationships between
sociodemographic characteristics, previous mental health
experiences, personality traits, self-stigma, and the preferred
modality of help-seeking. Multivariable logistic regression
analysis identified a history of online psychiatric consultation
as the strongest factor associated with online preference,
followed by employment, ease of internet use, and
agreeableness. Conversely, previous offline psychiatric visits,
along with higher levels of openness and conscientiousness,
were significantly associated with a preference for offline care.

We found that the online group was more likely to be graduates,
employed, hold a university degree, and have greater internet
access and usability. This suggests that telepsychiatry may be
more widely adopted when internet access is better and
education levels are higher. A national survey in Egypt found
that individuals with higher education and current employment
status demonstrated greater awareness of and a more positive
attitude toward telemedicine [34], aligning with broader research
that links telemedicine use to higher educational levels, better
internet access, and greater digital literacy [35,36]. Another
study on Egyptian students reported that unfamiliarity with
electronic mental health is among the most commonly perceived
barriers [37]. Additionally, graduates and employed individuals
often face time constraints and must balance multiple
responsibilities, making the flexible nature of online therapy an
appealing option.

This study revealed no significant difference in income levels
between the online and offline groups. Globally, individuals
with lower income levels face greater challenges in accessing
mental health services [38]. However, participants in both
groups in this study had already accessed private mental health
care, suggesting that they likely have the financial resources to
afford such services, which may minimize the impact of income
disparities between the groups. In addition, several other factors
influence the decision to seek mental health care in the Arab
world, including mental health stigma, negative perceptions
and attitudes toward mental illness, low mental health literacy,
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family dynamics, structural barriers related to the health care
system, and service accessibility [39,40]. Such factors have also
been identified in studies conducted in Egypt, where
help-seeking behaviors are often affected by strong social stigma
and reliance on informal support [41,42].

We found that more than 90% of both the offline and online
groups reside in urban areas, indicating that rural residents are
less likely to seek mental health help, whether online or offline.
Egyptians living in rural areas tend to have lower levels of
mental health literacy, higher levels of stigma, and limited
internet access, all of which may contribute to reduced
help-seeking rates compared with urban residents [43-45].
Additionally, there is an unequal distribution of mental health
services across Egypt, where the majority of psychiatric facilities
and specialists are concentrated in urban centers. As a result,
individuals living in rural areas face limited access to mental
health care, both online and offline [46]. This pattern is
commonly seen in other countries as well; rural populations
often face logistical challenges, including a shortage of mental
health professionals, significant distances to health care
facilities, and lower levels of mental health literacy, which
hinder their ability to recognize mental health issues and the
importance of seeking help [47-49].

This study found that the offline group had a statistically
significant association with previous clinic visits, whereas the
online group had a similar association with use of video-based
online therapy. Notably, this was the strongest factor associated
with choosing online therapy in the logistic regression, with
OR 28.90 (95% CI 11.739-71.165). This pattern may be
explained by the mere exposure effect, whereby individuals
develop a preference or bias toward familiar options due to
increased comfort, perceived safety, and reduced cognitive effort
[50]. Previous literature suggests that when individuals have
experience using online services, they are more likely to prefer
these platforms when seeking help for mental health problems
[10,51]. However, choosing face-to-face counseling over online
therapy may be attributed to unfamiliarity with online counseling
and concerns about privacy and security [52,53]. Additionally,
the association may reflect the persistence of the initial factors
that led individuals to choose online therapy, such as the need
for privacy, scheduling flexibility, time efficiency, or
work-related constraints.

The strongest reasons for choosing online therapy over offline
were ease and convenience, time saving, and a greater sense of
confidentiality. This trend is common, as online therapy is
perceived as beneficial due to its flexibility, allowing clients to
schedule sessions without needing to travel, saving both time
and money [54,55]. This convenience is especially helpful for
individuals balancing work, family, or other commitments [56].
Additionally, confidentiality is a primary motive for choosing
online therapy, as it offers greater privacy, especially for
individuals dealing with stigmatized issues [57].

Agreeableness was the most prevalent trait in both groups in
this study. Agreeable individuals are more likely to have a
positive attitude toward seeking professional help and recognize
the need for information and treatment [55,56], with a lower
likelihood of holding stigmatizing beliefs about mental illness

[57]. In many Arab countries, patients tend to favor a
paternalistic model of the doctor-patient relationship, where the
physician is expected to take the lead in decision-making, with
little involvement from the patient, a tendency that aligns with
a high level of agreeableness [58,59]. Moreover, high
agreeableness has been commonly observed in studies conducted
on Arab populations, including Egyptians, reflecting cultural
values of collectivism and social conformity [58-60].

The logistic regression analysis in this study identified
associations between specific personality traits and the
preference for telepsychiatry. Higher levels of agreeableness
showed a marginal association with choosing online therapy,
while higher levels of openness and conscientiousness were
negatively associated. Previous studies have shown that
individuals high in agreeableness may demonstrate greater
acceptance of online therapy and a higher capacity to adapt to
new situations that require online therapy [61,62]. Moreover,
their heightened sensitivity to social evaluation from others may
make them prefer the privacy offered by telepsychiatry, as
accessing care from home helps minimize exposure to potential
stigma associated with attending in-person clinics [63].

Unexpectedly, higher openness was negatively associated with
the preference for telepsychiatry. While openness is generally
linked to creativity and a willingness to explore new experiences
[64,65], individuals high in this trait may favor offline therapy,
potentially due to its greater opportunity for in-depth emotional
connection and self-disclosure [66]. This aligns with clinical
observations from Shezlong, where many clients tend to keep
their cameras off during initial video sessions—an act that may
reflect lower levels of openness.

Conscientiousness was statistically higher in the offline group
and negatively associated with telepsychiatry. This trait is
associated to a strong sense of responsibility, self-discipline,
and a goal-oriented mindset [67]. Seeking help in the clinic may
require higher levels of commitment, punctuality, and adherence
to structured appointments compared with the flexibility of
online therapy. Currently, the literature lacks direct studies on
personality traits and telepsychiatry use. Most research focuses
on broader help-seeking behaviors or general telehealth adoption
[68,69].

Self-stigma was higher among the offline group. Previous
research has demonstrated that higher levels of self-stigma are
associated with a reduced likelihood of seeking offline
psychological help [70,71]. A systematic review conducted in
the Middle East found that both public and self-stigma serve as
major barriers to accessing mental health care, with many
individuals turning to family members or traditional healers
before seeking professional help [67]. Addressing these cultural
nuances through targeted awareness campaigns and
community-based initiatives may help reduce stigma and
promote help-seeking behavior across age groups [72,73].

Although self-stigma was lower among the online group, it was
not independently associated with the choice of online help
when controlling confounding variables in the logistic regression
analysis. The relation between self-stigma and help seeking has
not been sufficiently investigated in the context of online
help-seeking or telepsychiatry. A previous study from China
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reported a negative association between self-stigma and the
willingness to seek online help, though it did not include a
comparison group of offline help-seekers [70]. Another Swedish
study found that self-stigma significantly predicted the intention
to seek online help among college students and primary care
patients [39]. The inconsistency in previous literature suggests
that the dynamics of self-stigma in digital contexts may differ
from traditional settings and warrant further investigation.

The absence of a significant association between self-stigma
and choosing online therapy in the logistic regression in this
study might be attributed to several factors. First, other variables
such as perceived effectiveness of online therapy, accessibility,
and technological proficiency may play a more substantial role
in the decision-making process. Second, the relationship between
self-stigma and help-seeking behavior is complex and may be
influenced by additional factors, such as cultural norms and
individual differences [74,75].

The study showed that openness was the only trait negatively
associated with self-stigma in both the online and offline groups.
Self-stigma occurs when individuals internalize prejudiced
beliefs prevalent in society, leading to feelings of shame and
reduced help-seeking behavior [71]. Research demonstrates that
openness to experience is associated with cognitive flexibility
and a lower tendency to accept rigid stereotypes or prejudices,
which may in turn reduce the internalization of stigmatizing
beliefs about mental health and lead to lower levels of
self-stigma [76,77].

Additionally, individuals with high openness are more willing
to disclose psychological distress, as they tend to view
self-exploration and emotional vulnerability as opportunities
for personal growth rather than sources of self-stigma [78]. In
Egyptian and broader Arab communities, individuals often
express psychological distress through physical symptoms rather
than verbalizing emotional difficulties, in an effort to avoid the
perceived weakness and social stigma associated with mental
illness and help seeking, which is often viewed as socially
unacceptable. Mental health issues are frequently associated
with shame, leading families to conceal a relative’s psychiatric
diagnosis for fear of damaging their social standing or marriage
prospects. This stigma is further reinforced by cultural norms
that place a high value on endurance and emotional restraint,
discouraging open discussion of mental health struggles [40,79].

There are inconsistent results regarding openness and
self-stigma, with previous research showing no direct association
between them [74,75]. The complex relationship between
self-stigma of seeking help and personality traits is rarely studied
in the context of telepsychiatry. Therefore, further investigation
is needed to understand how factors associated with self-stigma
operate across online and offline settings. Understanding these
factors associated with self-stigma is essential due to the high
levels of mental health stigma, which pose a significant barrier
to help seeking, especially in Egypt and the Arab world [80].

Implications and Future Research
This study has significant implications for clinical practice and
underscores the need for future research. Understanding the
personal and psychological factors that influence the preference

for online therapy can help mental health professionals tailor
their services to better meet the needs of patients. The significant
differences in self-stigma and personality traits between online
and offline help seekers highlight the importance of exploring
these factors further, particularly as online therapy emerges as
an increasingly vital modality for mental health support, likely
to expand in popularity and accessibility. Consequently, future
research should focus on replicating these findings among
diverse populations and with larger sample sizes to enhance
their generalizability. Importantly, this study opens the door for
investigating differences between actual offline and online help
seekers, necessitating further studies to address the existing
knowledge gap surrounding help-seeking behaviors. By
expanding this research, we can gain deeper insights into the
complexities of mental health service use, ultimately
contributing to a more comprehensive understanding of the
motivations behind choosing different modalities for support.

Strengths and Limitations
This study aimed to compare actual online and offline mental
health help seekers in terms of sociodemographic factors,
personality traits, and self-stigma, rather than merely assessing
preferences and intentions, by focusing on individuals who
sought mental health care. The findings serve as preliminary
data for further research and contribute to the representation of
Egyptian and Arabic populations in the literature. Despite its
strengths, the study has several limitations. The relatively small
sample size and recruitment from one online platform and a few
private clinics may restrict the generalizability of the findings
to the broader population of mental health service users.
Additionally, the use of convenience sampling may introduce
selection bias, as participants who engage with the study may
differ systematically from those who do not. Furthermore,
conducting the study in only one country limits the ability to
draw broader conclusions applicable to diverse cultural contexts,
highlighting the need for future research to replicate these
findings in different settings and populations.

Conclusions
In conclusion, this study provides key insights into the
differences between individuals who prefer online versus offline
mental health services. Logistic regression analysis identified
several significant factors associated with online service
preference. The strongest factor was a history of online
psychiatric consultation, highlighting the role of previous
exposure in shaping treatment choices. Employment status and
ease of internet access were also positively associated with
choosing online therapy. In contrast, a history of in-person
consultations and higher levels of openness and
conscientiousness were associated with a preference for offline
services. Higher agreeableness showed a marginal association
with choosing online therapy. These findings suggest that
treatment modality preferences are influenced by a complex
interplay of previous experiences, sociodemographic factors,
and personality traits. Tailoring mental health interventions to
these factors may enhance service accessibility and engagement.
Future research should aim to validate these findings in more
diverse populations and explore additional cultural and structural
influences.
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